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O PE3YJIBTATAX IOBTOPHOI'O U3YYEHUSI
IJIA3BMOT'EHE3A BOKPYT SIJIEP - CIIPEMUEB Y PICEA
ABIES (L.) KARST.

Yyoorapy A. A.

bomanuueckuii Cao (Mncmumym) AHM

BBenenue

Bompoc o muTormiazMe MyXCKHX TaMeT Y MOKPHITOCEMEHHBIX M TOJIOCEMEHHBIX
B JINTEpAType IMOJHUMAJICS HEOMHOKpaTHO. OH U CETOJHS BOJHYET 3MOPHOJIOTOB,
IIUTOJIOTOB W TEHETHKOB. [J1aBHBIE CIIOPHI UAYT BOKPYT MOKPBITOCEMEHHBIX ([ MHBSp,
1891; CrpacOyprep, 1892; Hapamms, 1911; [lognyOHas-ApHoibau, 1964; MroHTIHHT,
1967; Ueborapn, 1972, 1985; barsiruna, 1974; banaukosa, 1975). Cpeau sMOproI0TOB
HET €IWHOTO MHEHHS: yYacTBYyeT JHM IHTOIUIa3Ma B OIUIOMIOTBOPEHUH, TOYHEE B
00pa3oBaHUN HEOIUIA3MBI 3UTOTHI, UMEETCS JIU MPUHIUIMUATIBLHOE OTINYNEC MEXKITY
CIICPMUSIMU OJTHOM TMapbl; KaKOBa CyJb0a KICTOUHBIX OPTraHEIJI MYKCKUX M KEHCKHX
ramMeT B M CHHTaMHaX TIOCTCHHTaMHBIX TIPOIleccax.

Jlo xoHIa He pelmieH BOmpoc, OONamaroT JH SApa - CIIEPMHUU XBOMHBIX CBOEH
MUTOIUTa3MOl. HeT emuHOro MHEHHS M B BOIPOCE: KaKWe OPTaHEeIUTBI ITUTOTLIa3MbI
criepMmusi, Oyaydd BHECEHHBIMH B SIHICKICTKY, IMPOMOJDKAIOT CBOW OWOTEHE3.
PaccmarpuBas ramMeToreHes XBOHHBIX, Kak B)KHOE 3BEHO PEMpPOyKTHBHON OHOIOTUN
BBICIIUX PACTCHUH, CJIeIyeT OXHIaTh, 4TO JajJbHEWIIee yNTyOJIeHHOE H3yYeHUE
rario- Jurioda3 packpoeT HaM HOBBIC (DAKThI CTAHOBIICHUS U TCHJICHITUH 3BOJIFOIIUN
MTOJIOBOTO PAa3MHOKEHUS PACTEHUH.

Bwmecre ¢ TeM, kak Tokazan aHaiau3 JuTepatypsl (MomkoBud, YeboTaps, 1986),
CIIEPMHOTeHE3, KaK BIPOYEM H OIUIOAOTBOPEHHE, y OONBIIMHCTBA TOIOCEMEHHBIX
M3y4eH BEChbMa HEAOCTATOYHO. [IpUXOmWUTCS KOHCTAaTHpPOBaTh, YTO IJIABHBIMHU
UCCJICZIOBAHUSIMH OCTAIOTCS pabOTBI, IPOBOAMMEBIC B KOHIIE TPOIILIOTO U HaYaJIe HAaIllero
Beka (Hofmiester, 1858; Byitnmukwuii, 1899; Ferguson, 1901; Miyake, 1903; Ko3y06oB,
1982; Momkosud, 1992 u ap.). DTHM, BEpOSITHO, OOBSICHAETCS TO, YTO KaK B PAaHHHUX
TaK ¥ B TTOCIIEAYIONINX ITyOIHKAIMAX BCTPEUAIOTCS TUaMETPATHHO MPOTHBOIIOIOKHBIC
MHEeHUs. 1 XOTS Te ¥ IpyTHe NCCIeIOBATEIIN 3aTPAruBarOT CX0KUE BOPOCH (DUIIOTCHUH,
3BOJIIOLIMHU M HACJIEAOBaHUs poauTenbckux npusHakoB (Hofmeister, 1858; Strasburger,
1892; Chamberlain, 1957; Llunrep, Pazmonoros, 1972; Ko3yoos, 1974, 1982; Singh,
1978; MomikoBu4, 1992), B 11e710M 4€TKOE IOHMMAHUE B 3TUX BOIPOCAX OTCYTCTBYET.

JlanHoe cooOllieHne, BEpOsSTHO, 3aUHTEPECYET U3YUAIOIINX MYKCKOM raMeToreHe3
XBOWHBIX, B WacTHOCTH y Picea abies (L.) Karst., XoTS TOTOMY, 9TO OXHOMY W3
aBTOPOB HE/IABHO OITyOIMKOoBaHHOM paboTs! (MomrkoBuy, Yeboraps, 1986) mpumiocs
MMOBTOPHO BO3BpAIIaThCsl K HAMEYaTAHHOMY M paccKa3aTh O BEChbMa CYIECTBEHHBIX
JIOTIOJIHUTEIILHBIX TOIPOOHOCTSIX B TMPOXOKICHUM CIIEPMHOTEeHEe3a. [J1aBHOE CBOE
BHUMAaHHE COCPEIOTOUMIIH Ha JOMOIHUTEIbHBIX MOJPOOHOCTSIX, MPOTEKAOIINX B XOJIE
W cpasy mnocJe AeneHus sapa 0azaapHoH (criepMaroreHHoN ) kieTku. Kak Ham kaxercs,
MIPEJCTaBIEHHBIA JKCIIEPUMEHTAIBHBII MaTepHasl TI0 HOBOMY PacKpbIBae€T MHOTHE
CTOPOHBI CIIEPMHUOTCHE3a U OILIOIOTBOPEHUS B IICJIOM.

B noaTBepkaeHNE TOBTOPHOTO U3YUCHHSI CTIEPMUOTEHE3a Y €T OOBIKHOBEHHOM U
MIPUBOIUM OoJiee JIeTalbHOE OMMCAHUE MPolecca 000COOICHHS TUTOTIa3MbI BOKPYT
CECTPUHCKUX sifep - crnepMueB. Peub MAET O LUTOIUIa3MOTEHE3e B XOAE JEICHUS
0a3zanpHON (TeHepaTHBHOM, CIIepMaTOTeHHOM) KiieTkn. Hamm HaOmoneHns crapainuch
OTpa3uTh Ha TIIATEIFHO BHITTOJHEHHBIX PUCYHKAX, BOCCO3/1aBasi Iporiecc 000Co0IeHus
IIATOTIA3MBl M TIOBENCHUS CECTPUHCKUX SIIEpP CIEPMHOKIETOK B MPOTaMHOU (a3bl
OTUIOIOTBOPEHHUSI.

OnuceiBasi XapakTep W 3Tallbl UHAUBH/yaTH3aIMH [TUTOILIA3MbI MYKCKUX TaMET
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y Picea abies (L.) Karst., Ham X0oTenoch HE TOJIBKO NMPHUBIEYb BHUMaHHE K Oosee
TIIATEILHOMY H3YUYCHHUIO FAMETOreHe3a XBOMHBIX BOOOIIE, HO U HalUTH 0oJiee MOJIHOe
O0ObsSICHEHHE TOMY, Kakasi 4acTb MYXXCKOW LHTOIUIA3MBbl IONAJacT B SHIEKIETKY,
00paTuTh BHUMAHHE Ha BCEOOIIHOCTh BBIABUHYTHIX HAMU IPUHLUIIOB I'aMETOTEHE3a
(Yebotaps, 1972, 1986) ¢ HEyMOIMMBIM [TOCTMEHOTHYECKUM OTCEBOM, OTOPACHIBAHHEM,
ab0peBualMel TeHeTHYECKH HETTOJTHOIICHHBIX (TallION/IHBIX. ) CTPYKTYP.

MarepuaJbl 1 METOAbI

OObeKTaMu  HCCIIENOBAaHMS IOCIYXHIM Pa3HOBO3PACTHbIC ceMANOUKH Picea
abies (L.) Karst., 3adukcupoBaHHBIC Yepe3 ONMpeneIeHHOEe BpeMsl ITOciie CBOOOIHOTO
omnbuUIeHUs. J{OTIONHUTENBHBIA JKCIIEPUMEHTANbHBI Marepuail OblT BBIOpaH B
ropojickoM AeHaponapke u borannueckoMm cany r, Kummnesa (1984- 1988), Bozpact
JepeBbeB AocTur Oosee 15 setr. Ouxcupyromei KuaKocTbio nocyxuia cmeck C. I
Hapammna. [locrosHHBIE Tpenaparsl OKpAalIMBAJIMCh JKEJIE3HBIM TI'€MaTOKCHINHOM
W U3ydYalInch HaMHU B CBETOBBIX MuKpockomax “Nf, Ng” m “Jenaval” (Karl Zeiss).
[ToBTrOpHOE H3yUeHHE IPOBOIMIIN C IOMOIIBIO HOBOT'O 00JI€€ COBEPIIEHHOI'0 HEMELIKOTO
MHUKPOCKOTIa C UCIOIb30BaHNEeM 00beKTHBOB 40x 1 60X nMmmepcnoHHbIX - 90x 1 100x.
Bonpime yBenuyeHus: MOPOAWIM TPYIHOCTH Apyroro mnopsaka. Jlemo B ToM, 4to, B
OTJINYMH OT OOJIBIIMHCTBA MIOKPHITOCEMEHHBIX, CIIEPMUH XBOMHBIX HACTOJIILKO BEJTUKH,
YTO siIpa BBIXOAAT AAJIEKO 3a ToJsie 3peHust aaxe oobekruBa 60X. Ilpu m3yyenum
nporecca 3aKiIagku gparmoriacta - 000JI0YKH CHEPMHEB - Mbl PYKOBOJCTBOBAJIUCH
TEeM, 4TO IUIa3MajleMMa IPEACTaBIIsAeT cO00M MEIKOrpaHyIMPOBAHHYIO MEMOpaHy, Majio
OTIIMYAMYIO OT 0OOJIOUKH sIJIpa criepMHeB. Takue CTPYKTYpbI B CBETOBBIX MHKPOCKOTIAX
HEBO3MOXXHO HM3Y4YHTh OOBCKTUBAMH CYXOH HMMEpPCHU. PUCYHKH BBIONHEHBI C
MOMOUIBIO PUCOBaJIbHOTO anmapata PA- 4.

Pe3yabrarhl uccie10BaHuS

Onrcanne CHepMHOTEHE3a y el OOBIKHOBeHHOW (Picea abies (L.) Karst.)
MBI HauMHAeM C KpaTKOM XapaKTEepHUCTHUKM TIOMABIIETO HAa HYLEJUIYC HBLIHIIEBOTO
3epHa (I13). 3penbiii Mykckoi TaMeTO(UT el OOBIKHOBEHHOM, KakK mokazaiu A. M.
MomkoBuy (1986), A. M. MomkoBuy, A. A. YeGorape (1986), xapakrepusyercs
BEChbMa YeTKOH opranu3anueii, Mopdoorueii u pazmepamu. HetpynHo yoeaurscs, 94to
o (opMe TBUTBIIA OKPYIIIAs, CIeTKa YIDIOMICHHAs, C ABYMsI BO3AYIIHBIMH MEIITKAMHU.
ITocnennre MOBOTBHO 3HAYUTENHHBI M HA WX JIOTIO MPUXOAUTCA 73 OOIIETO AraMeTpa
113, xotopsrit cocrasmser 48.3 M. bazambnas kietka (BK), BTOpas mo BenmnmumHe
cTpykrypa I[13, B oinume oT Apyrux KIETOYHBIX 00pa30BaHMid, HMeEeT Ooliee MIOTHYIO
[UTOIUIa3MY, IPaKTUYECCKHU JIMIICHHYI0 Bakyosei. [Ipu ¢ukcamum xunkoctero C. I,
HapamwmHa n okpanmBaHuM KeJIE3HBIM T€MaTOKCHIIMHOM COCTOSTHHE I11a3MaTHYeCKUX
W TIPOTOIUIA3MAaTHYECKUX CTPYKTYp BechbMa dYeTko pa3inmduMmbl. bK ormensercs
YeTKOW MeMOpaHOHW OT KJIETKH TPYOKH (BEreTaTWBHON), ITUTOIIa3Ma KOTOPOi MeHee
TUTOTHAS, CONEP’KUT KpaxMajbHbIE 3epHAa U MHOTOYHCIICHHBIE MEJKHE BaKyolu. Sapo
BK nmoBonmsHO kpynHoe (3.1 X 2.8 HM), cierka BBITSHYTOH (GopMbl ¢ ABYyMs (MHOTIA
TpeMsl) SAPBIINIKAMHU, CO CIA0BIMU XPOMAaTHHOBBIMY IJIBIOKaMU 10 riepudepuu. SAmnpo
KIIETKU TpyOKH MeHblne siapa BK, sapeIko oHO, KpyIHOE, C PBIXJION CTPYKTYPOId,
KapronnMda Kak ObI JHIIEHa XPOMATHHOBBIX HUTEH, paBHOMEPHO paccesiHa METKUMHU
XpoMaTHHOBBEIMU 3epHaMu. Kitetka Hoxkka (KH) mmeeT mua30BHAHYIO OpMY, TTIOTHO
npuxkara Kk BbK, ee nuromsiasma MeHee IUIOTHAsl, 4eM y MOCJIEAHEH, XOTS TaKke
paBHOMEpHO 3epHHCTA W JIMIICHA BaKyolleH. Snpo oBalmbHO YIJIMHEHHOW (OPMBI C
YEeTKOM XPOMAaTHHOBOU CTPYKTypoi. OTMETUM Takxke (pHc. 1), 4TO OT MPOTaTHATBHBIX
kietok (IIK1 m I1K2) BHIeH MHTEHCHBHO OKPAIICHHBIH OCTATOK ILIA3MaTHYECKOTO
CTYCTKA.

Ox3unHa [13 mpocnexxnBaeTcsi maxxe B CBETOBOM MHKPOCKONE, MPHUYEM B 30HE
BO3JIyIITHBIX MEIIKOB OHA TIPUHUMAET CBOCOOPa3HYyIO (PBIXJIYIO) CTPYKTYPY, BIIPOUEM,
BEChbMa XapaKTEePHYIO JJIsl COCHOBBIX. MIHTHHA, Kak BUJIHO U3 PEACTABICHHOTO pHC. 1,
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0CTaeTCsl B KOHTAKTe C LUTOIIa3MOH KIETKH TPpyOKH, obecneunBas npopactanue [13 u
POCT MBUIBLEBON TPYOKH.

OtmeTtnM emie TOT ¢akT, 9YTo 70 Bhixona crepmueB (Cr) B MBUIBLEBYIO TPYOKY
(IT) GazanpHAs KJIETKA M KIETKAa HOXKKA 00pas3yioT Kak ObI OOIMuii KoMIUIeKe (pHC.
2), KOTOPBIN coXpaHsieTcsi 10 KOHIA rmporaMHoi ¢asbl. [1o cOCTOSHHIO ITUTOTLIIA3MEI,
MUTOTUYECKOW aKTUBHOCTH SIJIep, OTCYTCTBHIO OOONOYKH (MX pa3AeisioT JHIIb
cobctBeHHble Tuazmanemmbl), BK nu KH BenyT ce0s upe3BblYaliHO aKTUBHO, YeM H
00BsCHSIETCS aKTUBHBIN JIM3UC KJIETOK HyLEJUTyCa Ha ITyTH MbUILLEBOH TPYOKH.

[Ipopacranue TBUIBLEBOrO 3€pHA IPOMCXOAMT, KOTAA IPOPOCTKOBas IOpa
OKa3bIBAETCS B HEMTOCPEICTBEHHOM KOHTakTe ¢ HymnemrycoMm. pyrue I13 (puc. 3) He
oOpasytot ¢pynkunonansHbie 1T 1 Bckope nerenepupyior.

B ommmuun ot nuBerkoBwix, I1T enu OOBIKHOBEHHOW IO IIMPUHE MOYTH PaBHA
muametpy 113 u nerko “nmpoxnansiBaet” cebe MyTh MEKAY HYLEIUIAPHBIMH KICTKAMU.
Ko Bpemenn Boixoga BK-KH n3 I13 qymna [T paBaa npumepHo Tpem auamerpam [13. K
3TOMY BPEMEHHM LIUTOIUIA3Ma KJIETKH TPYOKH YK IIOBCEMECTHO 3aIl0JHEHA IIACTHIHBIM
kpaxmasioM. B nienom conepxumoe pactymieit IIT B cBeTOBOM MUKPOCKOIE CO3[aeT
BITEUaTIICHHE TIeHNCTO0Opa3Hoi Macchl; oHa (I1T) 3anonHeHa KpaxMaabHBIMU 3€pHAMHU
(amusonyacTaMM), MHUTOXOHJIPUSIMM W JIp. CTPYKTypamu IuToruiasmbl. Sjppo KT
CTaHOBHTCS JBYSIPBIIIKOBBIM, JIOMACTHOH (OPMBI, ¢ MEIKUMH MHOTOYHCICHHBIMH
XpOMaTHPOBAaHHBIMU TJIBIOKAMHM WJIM  XJIONBEBUIHBIMU 0Opa3oBaHusAMHU. JIumib
HeOoJbIIast, ONITHYECKU OoJiee IIOTHAs, 3epHUCTas Macca okpyxaeT siipo KT.

ITomHbIi BEIXOM Oa3aIbHON KIETKH W3 MBUIBIICBOTO 3€pHA BHACH HA puC. 3. Pamom
HAXOJUTCS KJIeTKa HOXKKA. L{nToriasma u Toil 1 Apyrou, Kak | siipa, 9eTKO Pa3IHunuMBl,
XOTsSI B LIEJIOM OHM Kak OBl MOBTOPSAIOT TO K€ SIEPHO-TNIA3MEHHOE COOTHOIIEHHE,
dopMy M MecTo pacmonoxeHus siaep B kKierke. OQHAaKo, Takoe COCTOSHHE, Kak
YBUIUM jajblie, Bckope Mensercs. SAapo BK Obictpo yBenmuuBaer cBou pasmepsl,
coxpasss okpyriyo (opmy. OHO comepKUT ueTblpe M Oojiee KPYNHBIX SIPHIIIKA.
Kapuonnazma paBHOMEPHO 3aIll0JHEHA MHTEHCUBHO OKPAIEHHBIMH XPOMAaTHHOBBIMU
HUTAMU (TpearnpodazHoe COCTOsTHUE XpOoMOocoM). [lepe/iHsist 4acTh KIETKH BBITSHYTA,
3a7Hss Tynas - B nesioM bK npuoGperaer sitneoOpasznyro konpurypammio. [Togodnyro
(dopMy MMeEeT M KJIeTKa HOXKKa, KOTOpasi BO3HUKAET, BEPOSITHO, TAKXKE TOJI JCHCTBHEM
BOCXOZSILIETO M HHUCXOJSIIETO TOKOB IUTOIUIAa3Mbl. M3 mpencTaBleHHOro pUCyHKa
3 MOXHO TakXe 3aKJIIOUUTb, YTO PSAAOM PpAaCIONOKEHHBIC KIETKH HyLelTyca
TTOJIBEPTAIOTCSI MHTCHCUBHOMY JIM3HUCY (Pa3pyIICHHIO).

Puc. 1. IIsuisnesoe 3epHo (I13) Picea abies (L.) Karst. na ¢a3e nauana npopacranus
B MUKPONUJISIPHOI YacTu ceMANOYKH (5-6 1eHb nmocie nonaganus 13 Ha Hynentye
cemsanoukn). bazanbnas kiaerka (bK) ¢ 110THOI 3epHUCTOH IUTOILIA3MOI, KPYIHBIM
saapom (AABK) u ¢ 1Byms ssApbIIIKaMu.

JIunzoobpazuas knerka Hoxka (KH) ¢ ymwiunenHsiM sapoM (SIKH) 3amoiHEHHBIM XpOMAaTHHOBBIM M
y3eJIKaMH, 00pa3yIoNIMH CeTYaTO-TpaHy IPHYIO CTPYKTYpy. Bropas nporanmanshas kinerka (I1K2) B Bune
TEMHOTO CT'yCTKa ngmxaTa K o6onouke nbuibLp! (OIT). BM - Bo3aymHbIi Memok; K - 3k3uHa. YB. 60x, 15x
(o Yybotapy, 1992).

Mp!1 OTMETHIIH ellle B peAblayel padoTe, 4To siapo - kineTku Tpyoku (IKT) nepBeim
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ocrasisieT [13 u Bcerna HaxonuTcs O0amM3K0 K KoHUMKY pactymei [1T. Benen 3a AKT
unet bK, 3a Hell kieTka HOXKKa, KOTOpas MOIKE MEpeMelIaeTcs B MEPENHIO YacTh
BK. OcnoBnas nuromnasma KT ¢ kpynHbIMU KpaXMaJbHBIMH 3€pHaMU PACHOIOKEHA
B pacTylleil 4acTu, BKJIIOYas 30HY PpACIIOJIOKEHHUS 0a3aJbHON KJIETKH U KICTKH
HOXKH. CriefyeT OTMETUTh, uTo, Boias B 1T, anemeHTsl 6a3anbHON KIECTKUA 3aMETHO
pacTyT, MpUYeM IUIOTHOCTh IMTOIUIA3MBl U Sijpa HE CHUXKAETCA, B TO K€ BpeMsd
«ocBoOoauBieecs» Mecto B I3 3aHMMaeT omHa KpymHas ¥ MHOTO 0Oojiee MENIKHX
BakyoJeii (puc. 4).

[anee mpocienyM 3a COCTOSIHUEM SApa M LUTOIUIA3Mbl Oa3albHON KIETKH B X0
BCTYIUICHWS €€ B JeneHue. Ha puc. 5 MOXHO BHIETh, KaKk MUTOIDIa3Ma Oa3abHOM
KJICTKHM TIepeMellaeTcsi B MepeqHior Jacth (K koHurky [1T), mpuoOperaer jionactHyro
WM BOPOHKOOOPa3Hylo (OpMy, TeM CaMbIM KakK Obl «IIpOINIaThIBACTY» KIIETKY HOXKKY.
Henp3zst 3a0bIBatTh 1 TOT (pakT, 4To GazaybHasi KJIETKa MEepPeMeIacTcs B CIIOKHON CHCTEMe
TIPOTHUBOTIONIO’KHO JIBUTAIOIIUXCST TOKOB muToruiasMel pactyineid 11T, B koropoii ona (BK)
CTPEMHUTCH K sTiTIeKIIeTKe. HenmIHe 0TMETHTb, ¥ UTO Ha IPOTSHKEHUH BCEH IPOTaMHOM (ha3bl
BKu CI1 coxpansroT onpeneseHHy 0 JUCTAHIHIO OT pacTytero korurka [T, TpyHo ckazars,
kakoBa poib KI1B camonemxennu BK, T. k. oHa 3aHMMaeT 1ieHTp Hanpasiisironiel yactu bK, Ha
nanHoi (hase (Bpemenn) pocra [T pasmiuuns mex ity BK 1 KH emie 6onee uyscrurenbhbl. U
xotst B KH nporiecch! necTpyKimn noka He HaCTYITHIIH, SIIEPHO- TTa3MEHHbBIE COOTHOILIEHHS
3HAYUTENIBHO M3MEHWIIICh; CHU3MWIIO CBOIO INIOTHOCTB COAEPKUMOE IIUTOIIIA3MBbI U SI7Ipa.

Puc. 2. Poct nbiibuesoii Tpyoku (IIT) B Hynestyce cemsinouku Ha 4-5 1eHb nocJjie Ha4aja
npopactanus nblLibueBoro 3epHa (I13) Picea abies (L.) Karst.

IIT mpsiMasi, ZOBOJNBHO INIMpPOKAs, 3allOJHEHA IUIACTHIHBIM KpaxmaiaoM. BakyosspHbli anmapar ciabo

pas3But. Cudonorennoe simpo (C51) nepemectmiiochk K pactymemy koHuHKy IIT. I'eneparnBHas kierka

(I'K) u xnerka Hoxka (KH) nmponoimkaior ocraBaTbcst Ha MECTE; X HUTOIUIa3Ma PAaBHOMEPHO 3epHUCTA.

a - o0t Bua cemsinouku ¢ Tem ke [13 u IIT. VB. 5x, 3,5x; 0 - 90x, 7x (o Uyborapy, 1992).

[To cBoeit cyOMUKpOCKONMUYECKOH opranu3anuu 0asanbHas kietka Picea abies (L.)
Karst. BoO MHOrOM HallOMHHAET T€HEPaTUBHYIO KJIETKYy IIBEeTKOBBbIX (YeboTaps, 1972).
Mpt yxe ykazanu (Uebotaps, MomikoBud, 1986), uro usydas yiasTpacTpykrypy Picea
asperata, panmysckuii smOopuonor H.Camefort (1978) mokazan, uro ruromiazma bK
COAEP’KUTMHUTOXOHIPUH, IPOIIIACTUIbL, JUKTHOCOMBI MPEAY IUPOBAaHHbIN BAKYOJISIPHBIH
anmapar. [Ipu 3ToM >HIOMIA3MAaTHYECKUI PETUKYITIOM, KaK MPAaBHUIIO, TPAaHYISPHBIA,
no3xe arpanynsipHbiil. ToT ke aBTop, ToBopst 0 cTpyKkType bK, ykas3siBaeT, uTo Bckope
nocne nenenust bK B ee opraHmszannm HacTymaeT ONpEeNIEHHBIN Caj, YIpPOIIEHUE
YABTPACTPYKTYPHOH OpraHU3allMy: SHIOMIa3MaTHYECKUH PETUKYIIIOM peaylupyeTcs,
MCYE3aI0T CTPYKTYPhI 101K, TOSBIISIOTCS TIM30COMBI, BBI3BIBAIOIINE JIN3UC KIETOK
MUKpOINHNJIE, AHLEKIETKH, Ky/la yCTpEMIIeHa IbUIbLIEBast TPyOKa. ABTOP OTMEYAET TaK
K€, 9TO K MOMEHTY OIUIOJIOTBOPEHHUS B ITUTOIUIa3ME CIIEPMUEBOM KJIETKH OCTaIOTCS
JHIIb WHQOPMAIMOHHBIC OPraHeUIbl: TUIACTHABI (MPOIJIACTHIBI), MHUTOXOHJIPHH,

7
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HOJ'II/IpI/I6OCOMI:I U CTPYKTYPBI TUIIA JIN30COM.

i®

—_—

Puc. 3. /IBa nbuibueBbIxX 3epHa (I13). B MukponuiasipHoii yactu cemsinouxku Picea abies (L.)
Katst.

OO01uii BUI MUKPONUWISIPHOM YacTH HyLEIUTyca CEMSIIOUKH C pacTyLiel MbuIblieBoil TpyOkoil. bazanpHas

kinetka (BK) u kietka Hoxkka (KH) cipoerpoBanst Apyr Ha né)yra. BereraruBHas kieTka éKﬂeTKa %3161(14)

BK u KH. V¥B. 3,5x, 7x (10 Uy! 1992)

Oorara TJIaCTUAHBIM KpaxMaJioM, PacIiOJI0KCHHBIM BOKPYT oTapy,

Puc. 4. IIsibueBas Tpyoka (I1T) Toii :xe cemsinouku Picea abies (L.) Karst., uto u Ha puc. 3.
CnepmatorenHast 6azanpHast kietka (BK) u kinetka Hoxka (KH) mMeror ognHakoByI0 Gopmy, HO pa3HbIe
pasmepbl. Briepenu Onmmsko k pactyimiemy koHuuky 1T siqpo xmetkn tpyOxm (KT) Tak ke oxpyskeHO
HEeOOJIBILINM YU4aCTKOM LUTOILIa3MBbl OOraThIM IUIACTUAHBIM KpaxmaiioM. YB. 20X, 7x (mo Yy6otapy, 1992).

10 MEM
| PR

Puc. 5. bazanbnas kietka (cnepmarorentnast) kierka (bK) u kierka noxka (KH) Picea
abies (L.) Karst., cO10kupoBaHHbIe B 00111eM KOMILJIEKCE.
Snpo (51) u nurormasma Crl mo cpaBHenuro ¢ Cr2 Gonee 3HaunTensHBI SIBK B panHeil mpodase neneHus,
IIUTOIIa3Ma aMeOOoHIHON (OPMBI, paBHOMEPHO 3epHHCTA. KileTka HOXKa ONTHYECKH MEHee IIOTHA, C

mesnkumu BakyorsiMu. SIKH mo cpaBHenuio ¢ mpenpiayiueil Gpa3oil yMEHBLINIOCH U COACPKUT TOHKYIO
XPOMaTHHOBYIO CeTKy. YB. 90X, 7x (mo Uyborapy, 1992).
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Henenue BK y Picea abies (L.) Karst. HaunnHaetcs 3a 9-10 qHEH 10 «BXOXKICHUS
cnepmusi B sinexnerky. Jemnenuto BK mpenmectByer mepeMenieHue siapa B ICHTP
kieTku. Ochb aHadarndeckod (QUrypbl MHTO3a IO OTHOIICHHWIO K JIMHHOW OCH
mBUTBbIIeBON TPyOkH (cM. poto 8a. B pabore Momkoud, UeboTtaps, 1986) cmemieHa
Ha 130-140°, 9TO BEepOATHO MPENOMPEAEAeT Pa3HOE KOJUYECTBO, Ja M KayecTBO,
IIUTOIUIa3MbI CIIEPMHUOKIICTOK. BMecTe ¢ TeM Ha 3aBeplIaroIIeM dTare CliepMUOreHe3a
UMEIOTCS U JIPYTHE OTIMYUTEIbHbIE MOMEHTHI. ECIU KapHOKHHE3 MPHBOAUT K
00pa30BaHUIO JBYX JOBOJILHO KPYIHBIX U Majl0 OTIMYAIONIMXCS M0 pasMepy suep,
MIEPEXO/SAIINX B WHTEPKUHE3, TO IIUTOKUHE3, KaK CIPABEIINBO OTMEUAIOT U JPyTUe
aBTopsl (Camefort, 1978), eme Ha Ha9amIbHBIX dTamax GOpMUPOBAaHUS (hparMoruiacta
npuocTtaHaBiuBaeTcs. Jlamee HeOoJblMe ydacTKu (parMoriacTa pacragaroTcs, a
MPOTOILIACT CIIEPMHEB JI0 KOHIIA OCTACTCs Pa3/ICIICHHBIM IIIEPOX0OBATOM I71a3MaJIEMMOM.
CkazaHHOE MOXKHO TIPOCIICIUTD HA TIPUMEPE JABYX MOCIICAYIOLINX PUCYHKOB (pUC. 6 1 7),
BBITIOJTHEHHBIX MTOCIIE TIIATEIBHOTO U3Y4YSHHUSI MHOTOUMCIICHHBIX CPE30B U IPENapaTos.,
OTIIMYAIOIINXCS OTIMYHON AP PEPEHITNPOBKON OKPAIIIEHHBIX CTPYKTYP.

Puc. 6. Yuacrok nblLibueBoit Tpyoku (IIT) Picea abies (L.) Karst. Ha ¢a3e 3aBepuieHust
ACJCHUs 0a3a/IbHOM KJIETKH.

O60cob6nenne TUTOIIA3MbI BOKPYT siIep - CIepMUEB 3aBepiieHo. [1ma3smanemMma okpykaromiast HpOTOl‘UIaCT

cnepmuokietok (CIT1 u CI12) xopomio npocnexuBaercst. Kitetka Hoxka (KH) BrumotHyro npukara k Crl,

LUTOILIa3Ma KOTOPOTO MOJTHOCTBIO OKpyXkaeT ee. CTpenka nmokaspiBaeT Hampasinenue pocta [IT. YB. 90x, 7x

(o Yy6otapy, 1992).

Ha puc. 6 BuaHBI IBa siapa — CIIEPMEB U HA4aJIo 3aKJIAAKH (PparMoriacta MexKIy
Humu. [lo cBoeil Qopme cecTpUHCKHE sIpa IMOTHOCTHIO OTPa)XKatOT COCTOSHUE
IUTOIUIa3Mbl MaTepUHCKOU (0a3anbHOM) KiIeTku. Dopma 00IIeH IUTOIIA3MbI PSAIOM
PacTooKEHHBIX CIIEPMUOKIECTOK COOTBETCTBYET TEM MPOLEcCCaM  IBMKCHHS TOKOB
LUTOIJIa3Mbl, KOTOPbIE HMEIOT MECTO B XOJI€ POCTa MbLIbLIeBOH TpyOku (Kamust, 1962;
Yeborapsp, 1964, 1965). Kitetka HOXKA (pUC. 5, 6) «IIPUCTpOCHA» B MEpEIHEN YacTh
CHEPMHOKJIETKH | ¥ K 3TOMY BpEMEHH OOHAPYKUBAET IIPU3HAKU JCTIPECCUN, SAPBILIKH
B €¢ spe HCUe3aloT, a B KapHOIUM{Qe NPOSBISIOTCS WHTEHCHBHO OKpAIllCHHEBIC
reTepoXpOMaTHHOBBIE CTPYKTYpbl. ClieyeT yka3aTb M Ha TO, 4YTO BCKOpe, IO
3aBepuieHnto neneHust BK, B cTpykType W (YHKUMHM CIEPMHOKIETOK HACTYMAIOT
yeTkue Mopdonoro-QpyHKIHOHATIbHbIE U3MEHEHHS siapa (CM. puc. 6): ¢parmoract
KaK TAaKOBOM IIOJIHOCTBIO HCUE3ACT, €r0 POJIb BBIIOJIHACT IUazmaiemMma. Crepmust
OTITMYAFOTCS MKy COO0H 110 (hopMe 1 IITOTHOCTH HHTCHCUBHOCTH OKPAIINBAEMOCTH ),
CTPYKTYpE M XapakTepy pacrpelelieHHss XpoMaTuHa B KapuoiuMmde, KOIUYECTBY H
TUIOTHOCTH SAPBINIEK, COCTOSIHUIO M XapaKTepy MOJIOKEHHUS TUIa3MEHHOM W sIIepHOM
MeMmOpaH (puc. 7). JABmKyImuecs: ciepMHOsIpa y €Jd, KaKk BIIPOYEM U Y IIBETKOBBIX,
COXPaHAIOT MEePBOHAYAIBHOE MOJIOKEHUE B pacTyllel NbUIbLEBOH TpyOke. B 1enom,
3TOT MEPUOA OTIMYAETCS HHTEHCHBHBIM POCTOM sJIEp M IUIA3MaTH4YECKOH Macchl,
coxpaneHueM TecHoro kortakTa mexxmy CIT1, CI12 m KH.

Bonee nmponBuHyTOE COCTOSTHIE CTIEPMUOTEHE3a MBI PEACTABUIIN Ha pHC. 7an 70,TIe
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oT (pparmMoruIacTa OCcTaNnuch JULIb Cliebl. Peub et o BO3HUKHOBEHHH (00pa30BaHNN)
riazmasiemmsl (111), KoTopas mpocMaTpuBaeTcst Ha XOpoIo (GUKCUPOBAHHBIX 0OBEKTAaX
¥ YMEpPEHHO TUTOTHO OKpairieHa. B qanaom cimydae onu (11m) 9eTko mpocieknBaroTCs Kak
pasneIsIrone 00Ty 0 IMUTOIIa3My MaTEepPUHCKOH (0a3aabHOM) KIETKA MEXKIY ITBYMS
cecTpuHCKUMU siipaMu. C 3TOr0 MOMEHTA MPaBUIIbHEE TOBOPHTH O CIIEPMHUOKIIETKAX
(CIT), kaK 0 roJIbIX KJIETKAX, TUIICHHBIX 000JI0YEK, T. €. O TIOJIOBBIX KJIETKaX, TPOTOILIACT
KOTOPBIX OTPaHUYEH JIMIIb TUIa3MaleMMOH.

c,_.—-— —_— -
e
f,,EE-
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10 MEM

Puc. 7. /IBa yyacTka nocjaeaoBaTeIbHO MPOAOJIBHOIO cpe3a OHOM U TOIi ke MbLIbleBOM
TPYOKH B 30He¢ pa3MelleHHsl CIePMHOKJIETOK. a - cecTpuHckue aapa cnepmues (CII1 u
CII2) npenejibHO NJIOTHO COMUKEHHBIX.

Mexny HUMH JIETKO TpociexuBaercs miasmanemma. SICml KpymHee, COOEpPKUT TPU SIPBIINIKA, €TO
HpoToILIacT aMe00nHO00pa3HbIi oxBaThIBaeT KieTKy HOXKY (KH); 6 - e ske ciepmuoxnierkn KH Ha BrOpom
cpese. CIUIOIIHBIMY JIMHUSMU 0003HAYEHBI OCTPOBKH HUTOIUIa3Mbl COOTBETCTBCHHBIX CIIEPMUOKIIETOK. VB.

an 0 -90x, 10x (mo Yy6orapy, 1992).

W3 mnpuBeneHHOro pUCyHKAa 7 HETPYIHO YCTAaHOBHTH, YTO CECTPHUHCKHE
CIICPMHOKJIETKH TIO CBOEMY MOP(QOPHU3NOIOTHIECKOMY COCTOSIHUIO (CTPOCHUIO)
nerxko ommmunMbl: Crl kpynaee Cn2, muTomiazMa €ro UMeEeT JIOMAacTHYIO (opmy,
MeCTaMH € 3aMETHBIMH MHBAarMHALUAMHU, PABHOMEPHO CTPYKTYpUPOBaHA, UHTEHCUBHO
OKpamiuBaeMas. SIIpo CHEepMHOKIETOK, IJIaBHBIM 00pa3oM, OKpYIoi ¢(opmbl co
MHOTHMH, pa3HOM HHTEHCUBHOCTH OKPAIIMBAEMOCTH, AIPBIIIKAMA, MUKPOSAPBIIIKAMHI
Y PAaBHOMEPHOM, XOPOILIO IPOSABIIEMOI XpOMaTUHOBOM CETKOM. B nienom nurorasma,
U PO BTOPOTO CIIEPMUS OTIIMYAIOTCS OT IIEPBOTO: XOTs B KapuonuMQe oOHapyKUBaeM
MOAO0OHBIE e HUTEBUIHBIE XPOMATHHOBBIE CTPYKTYPBI (XpomMocoM). OIHAKO 3aMeThTe,
MOCJIEZIHNE MEHEE MHTEHCUBHO OKAIlMBAIOTCS, TEM CaMbIM IpHUIaBas sJpy phIXJIOe
COCTOSIHHME; IOJ00HOE YMEHBIICHHWE IUIOTHOCTH, IIOKAa, M B MEHbBLICH CTEleHH,
HaOJII0aeM U MO OTHOILEHHMIO K LIUTOIUIa3Me, KOTopas M0 00beMYy TaKKe yCTyNaeT
TAKOBOM MEPBOI0 CIEPMHSI.

Hexkoropsie uccienoBareu, OMUCkIBas poiiece crepmuorenesa y Picea abies (L.)
Karst. (Camefort, 1965), cpaBeiinBo OTMETHIIH, YTO 00pa30BaBLIMICS (parMoIiacT
MEXly JIByMs CHEPMHUSAMHU BCKOPE MCUE3AET, T.€. UMEET JIMILIb BPEMEHHBIN XapakTep.
Ho Henb3st coracuTbes ¢ TEM, UTO /1BA CIIEPMHUS - sIIpa TEM CaMbIM OCTAIOTCS B 00LIEM
nporomacte. Beap peub uIeT He O KIETKax BOOOILE, a O ramMerax, IojbIX KIETKax,
MPOTOIUIACT KOTOPBIX, KaK y>K€ OTMETUIIH, OTPAHWYCH JIUIIb TIa3MajIeMMOH.

OcTtaHoBUMCS IOPOOHEC HAOTTMCAHHUH IPYTUX CIIEPMHUO-KJIETOK, HATIPEICMHT aMHON
(haze pasBurus (puc. 7-10). DT (pa3pl HAMU TAKKE TINATEIBLHO OBLTU U3YUYCHBI IO
ummepcueil. Ha nux npumepe HaMm XOTeNOCh TaKk)Ke MOKa3aTh HEJOCTHYIO cuctemy I13-

10
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[T, kak ocHOBHOE «TpeOoBaHHE» MporamMHOW (hazbl. YoayHbIe MPOIOIBHBIE CPE3bl
yepe3 Bcro cuctemy I13-IIT (cm. puc. 3, 4, 8, 9): I13 GyHKIMOHATBHBIX NBUIBLEBBIX
TpyOOK Ha NPOTSDKEHMH JIOJTOW NMPOraMHON (ha3bl COXPAHSIOT CBOIO C(HEpUUECKYIO
(hopMy U 3aTIOTHEHBI OOJBINION BaKyoJbto, oTXozsrei B I1T.

Kak BuiHO, BO3HUKIIIHE KIETKU-CTIEPMHH B PE3YJIbTaTe ACTICHNS 0a3aIbHOM KIETKH,
BO MHOTOM pa3nnyarorcs. Pasnugust Mexx 1y mapoi criepMUOKIETOK UMEIOT TEH ICHIUIO
HapacTaTbh, YBEIMYMBATHCS Ha NPOTSHKEHHHM MPOraMHOW (asbl OIUIOJOTBOPEHUSI.
Otmerum, uro Bruepeau bK, 6musko k konumky IIT, cpenyu mioTHO pacmoIOKEHHBIX
aMHJIOIUIACTOB HAXOAWTCS SIAPO KIETKH TPYOKWU.  SIOPBIMIKO sipa HHTEHCHBHO
OKpAIllUBaeTCs B TO BpPEMs, KaK SAPO MOTEPSB OKPYyDIyr (GOpMy, CTAaHOBUTCS
JIOTIaCTHBIM, MECTAaMH CO CBOE0Opa3HBIMU MPOTyOepaHamMu. B onTuueckn cBETION
KapruonuMde BUAHBI MEIKUE, PEJKO PACTIONOKEHHbBIE MO Mepruepruu XpOMaTHHOBEIC
mIbI0KH. Psimom (vmu Biepenu) cepmusi-1 pacnono->keHa KieTka HoKKa. Ee pasmepsl
YMEHBIIWINCH, SAPO NpUoOpeno Ooinee pe3Kuil pUCYHOK, 00BbEM IIMTOILIa3Mbl XOTh
U MEHbIIE MPEeIbIIYLIEr0, OAHAKO I10 NPEKHEMY HWHTCHCHBHO OKpAIIMBAETCS, UTO
CBHIICTEIBCTBYET O €€ (DM3MOJOTHICCKON JCATEIBHOCTH. Smpa CIepMEEB OKPYTIIOi
(OpMBI ¢ IBYMSI SLIPBIIIKAMH U pAaBHOMEPHO 3epHUCTON Kapuonumdoid. B memom siapo
CII1 no cpaBuenuto ¢ CII2 mMeHee MHTEHCHBHO OKpalll€HO, YTO CBUAETEIHCTBYET,
BEPOSITHO, O 3aBEPIIEHNN IOCTMUTOTHYECKO AKTUBHOCTH U BXOXK/IEHUU B MHTEPKUHES.
Kak yxxe ormerninu, siapo CII2 ¢ Tpems SApBIIIKaMu UMEET ciierka 0ojiee TEMHBIH LBET,
COZAEPKUT MEJIKO PACHONIOKEHHBIN 10 sIPY XpOMaTHH, a uroruiazMa CII2 ontudecku
MEHEe IUI0THAs1, PABHOMEPHO OKpAIlCHA U JINIIEHA KaKuX-I100 Bakyosiel. [LluToriazma
CII1 ontruueckn Oosnee TUIOTHASA, B HEM BUIHBI MHOTOYHCICHHBIE TEMHOOKPAIICHHBIE
MUTOXOHJIPUM M Pa3U4HONW (OPMBI MPOIUIACTUIBI. TeMHOOKpPAIIEHHBIE CTPYKTYPBI
Kak Obl opueHTHpoBaHbl o JunHe ocH [IT. OTMeTuM, 4To 3epHUCTOCTH saep Oonee
BBIPAXKEHA, YEM Y IIUTOILIA3MBI.

Ha npyrom cpe3e (puc. 8) MbI ToKa3bIBaeM Te JKe CIEPMUH, 9TO ¥ Ha pHc. 9. OOparaer
Ha ce0sl BHUMaHUE, YTO OKPY)KEHHas IUIa3MajleMMOI LUTOIUIa3Ma CIIEPMHOKIIETOK B
CpeIHel yacTh ONTHYECKH MEPEeKPhIBAeT APYT Apyra (HaxiecTka). [Ipruem y mepsoro
crepmusl OHa JMH3000pa3Ha. KieTka HOXKa Takxke JMH3000pa3sHa M CMeIIeHa ¢
00Ky OT (h)POHTATBHON YaCTH CHEPMHUOKIIETKH. DTOT PUCYHOK OXBaTBIBAET BCIO TaK
Ha3bIBAEMYIO CHCTEMY IBUIBLIEBOE 3€PHO - MblIbIeBas TpyOka (UYeboraps, 1965). Ilpu
3TOM oOpamaer BHUMaHue oOee cocrosiHue crepmuokierkd. Crnl kpynnee Cn2,
LUTOIJIa3Ma OKpallleHa B 00Jjiee MHTEHCUBHBIN 1BET, B HEH BUIHBI MHOTOYNCIICHHbIE
TEMHOOKpAIIEHHbIE Tela - BEPOSTHO MHUTOXOHAPHH M mporutactuasl. [lo wmepe
3aBEpILICHUS] MPOTaMHOM (a3bl OMIIOAOTBOPEHHS Pa3INnIHe MEXKIY CIICPMHOKICTKAMH
CTaHOBSITCS OoJiee SBHBIMU.

Puc. 8. OGocobnennbie nuromnasmoii cnepmuokiaeTku (Cnl m Cn2) mepenBHMHYTHI K
pactymemy koHunky nbuibueBoii Tpyoku (IIT). IIT-II3 coxpaHsiloT OUHOJIOrHYECKH
LEJIOCTHYI0 CHCTeMY.

OcHOBHas TPOTOILIa3Ma KJICTKU TPYOKH IepeMellieHa B pacTyIyto yacts ¥ BOkpyr Cr. 13 n 3HaunTensHas
gactb IIT ontudecku mpospauna. L{pTomnasma CpeMHOKIETOK B MEXSJIEPHOM HPOCTPAHCTBE KaK ObI

(HaxJecToM.) IepeKphIBacT ApyT Apyra. YB. 20x, 7x (o Yybotapy, 1992).

B 3aBepmeHnn cka3aHHOTO MBI BEIHY)KJIEHBI €Ille pa3 00paTUTh BHUMAaHHE Ha JIBE

mukpodororpaduu (puc. 10 a, 6), npuBeACHHBIE B YIOMSIHYTOH HaMU IyOJIHKAIIUH
(MomxkoBuu, Yeborapp, 1986). HerpymHo 3aMeTHTh, 4TO Jake Ha JIOBOJBHO

11
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MOCPCACTBECHHO BOCIIPOU3BCACHHBIX MI/IKpoq)OTOFpa(bI/I}IX BUJHBI IIJIa3MaJICMMHBIC
pa3rpaHuvuCHUs MPOTOIUIACTA KAXAOI0 CliepMus, T.C. MCXKAY CHCPMHUAMMU - KIICTKAMU
XOpOo1I0o BUAHBI pasaCIUTEIIbHBIC MGMGpaHLI.

=

Puc. 9. MenuanbHbiii cpe3 cnepmuokiierok (Cnl u Cn2) Toii e nbLIbIEBOi TpyOKH, 4TO U HA pHc. 8.
Brnepenu waymmit Cnl kpynnee Cn2. Ero murorasma Oonmee Oorata  LMTOIUIa3MaTdHde CKAMH 0Opa3OBaHMAMU
COXpaHsET TECHBIN KOHTAKT ¢ KieTkoil Hoxkoi (KH). Slnpo xmetkm tpyOxu (IZIKT) MOJIBEPraeTcs JeCTPyKTHBHBIM
nporeccaM. B 30He pacronoxkenns KIeTok - crepmueB mbuibleBas TpyOka (I1T) 3amMeTHO pacmupeHa M HaNoNHEHa

iactuHbM kpaxmanoM (K) (mo Yyborapy, 1992).

Wrak, MBI TpOCMOTpeNH IOCTATOYHBIM MaTepuan STOW 3aBepIuarorieit Qassl
HPOraMHUM ¥ MPUIUIM K BBIBOAY, YTO y €11 OOBIKHOBEHHON KaXKAbIM CHEpMHUN MMEET
CBOIO IIUTOIUIa3My, OIPAaHWYECHHYIO JIHIIb IUIa3MaJeMMOW, KOTOpash COXpaHAETCs
BIIIOTH 110 BxoxkjeHus [IT B mukponune. [{o Toro, kak IIT gocturaer nocnegHorwo, y
BTOPOTO CIIepMUs 00HAPYKUBAIOTCS TPU3HaKK Ae3unTerpauun (puc. 10). IaTeHCHBHO
OKpallICHHAasl MEJIKO3epHHUCTas KapuoiauMda mociaeIHero, Kak Obl ChbeKHUBAsICh, OTXOIUT
0T 00OJIOYKH; SAPBILIKH SJIpa CKYyYMBAIOTCS M YMEHBLIAIOTCS B Pa3Mepe; 3aMETHO
yOBIBaeT M 00bEM ITUTOIIA3MEI. [10 cCpaBHEHHIO C MPeABITYINMHA (ha3aMH U y TIEPBOTO
CHEepMUs KOJIMYECTBO IIUTOIIA3MBI 3aMETHO YMEHBINIAETCS, B TO BpPEMs Kak sIPO TO-
NPEKHEMY COXPaHsET CBOIO (hopMy, 00BEM U CTPYKTYPY.

10 MEM
[e—-1

Puc. 10. Yuacrok xoHuHMKa pacTyuleil mplibueBoil TpyOkn Picea abies (L.) Karst. Bomu3u
MHKPONUJISIPHOTA B X012 CeMSIHOYKH YaCTH AHLEKIeTKHU.

Cnepmuoknerkn (Cnl n Cn2) mo MopdodusnonornueckoMmy coctostHuio paszmuunbl. Sapo Crnl kpymHee, ©

OOJTBIIMMH 1 MaJIBIMHE /IpBIIKaMu, Kapronumpa paBHOMEPHO 3amoTHeHa 3epHICTBIMU CTPYKTypamiL. LpTorna3ma

Crnl 6ornee 3HaUMTENBHA C BEITSHYTHIM BIEPEH yIACTKOM, 00HAPYKMBACT MPU3HAKH AECTPYKIHH. SIIPO OKPYKEHO

HE3HAYUTENBHOH YacThIO UTOIJIA3MBI. T - sappo xnerku Tpyoku. YB. 90X, 7x (1o I-IngTapy, 1982)

HOBTOpHOC HU3y4YCHUC OAHOI0 H3 Hanbojee CIOKHBIX U CIIOPHBIX BOIPOCOB B

raMeToreHe3e XBOMHBIX Ha mpumepe Picea abies (L.) Karst. Ha TexHUYeCKH HOBOH
OCHOBE U Ha JIOTIOJIHUTEIBHOM MaTepualle MPUBEIHN HAC K CICAYIOIIEMY 3aKII0UCHUIO.
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3akaouenmne

[losTannas Bu3yanu3zanus ciepMuorenesay Picea abies (L) Karst. aBisiercst yacTbio
TOTO DKCTIEPUMEHTAILHOTO MaTeprasa, KOTOPBIA TOBOPHUT B TIOJIB3Y CYIIECTBYIOIIETO
MHeHus (Strasburger, 1879, 1892; Dixon, 1894; Hirase, Coulter, Chamberlain, 1901,
1918; Coulter, 1897 — uur. o Sterling, 1963), a ©MEHHO - npejicTaBUTEIICH CeMelcTBa
Pinaceae ciepMuy peicTaBISIOT COOOH KIIETKH, T. €. KaXKI0€ SAPO CIIEPMHUEB OKPYKEHO
coOcTBeHHOU muTomiazMoi. Takum 00pa3oM, BCIied 332 yKa3aHHBIMU aBTOPAMHU MBI
MOJITBEPIK/Ia€M: MY>KCKHE FaMEeThI, B JAHHOM CITy4ae €11 OOBIKHOBEHHOM, TPEICTABIISIOT
c000if caMOCTOATEIhHBIE KIIETKHA. DTO MHEHHUE HE COBIA/IACT C YTBEpKIeHneM Fergus-
son (1901) u Camefort (1978) u yrouHseT MHEHHE, BRICKA3aHHOE TI0 ’TOMY BOIIPOCY B
ynomsiHyToi padore (Momkosuy, Yeboraps, 1986).

PeTtpocniekTUBHBII aHaIHM3 CIIEPMUOTEHE3a Y IOKPBITOCEMEHHBIX, T7I€ B OTIIMYHE OT
XBOWHBIX YBOJIOIMOHHO 3aKperieHa (yHKIMOHAIbHAS 3aBUCUMOCTD BTOPOTO CIIEPMUS
OT TEPBOTrO (CECTPUHCKOTO, OCYIICCTBISIONIETO KOIYISIUIO - OIUIOIOTBOPEHUE
SWIEKIIETKH) W TA€ BO3HUKIINE CIEPMUOKIETKH BCETJa YETKO pa3[eNeHbl H
CaMOCTOSATENEHO ABUTAIOTCS (TTepemertaroTcs ) B [T v 3apoapimeBoM Meike (C MOMEHTa
UX TOSIBJCHHS W BIUIOTH JIO BXOXKJICHHS OJHOTO M3 HUX B SHICKICTKY) COXPaHSIOT
TIOJTHBIN KOHTAaKT. B TakoM e cOMOKHPOBAaHHOM MOJOKEHHU MTPOXOIUT MPOIBUKECHUE
u xierka HoxKU B [IT. Ona (KH) mocTosHHO 3aHUMAaeT OHO TMOJOXKEHHUE - BIIEPEIU
(umu cOoky) mepBoro cuepmus (cM. puc. 6, 7, 8, 9 ). OTMeTHM, 4TO KJIETKa HOXKKA -
CECTpHHCKas KJIeTKa 0a3albHOM (CIIepMaTOreHHOH) KIETKH M Ha MPOTSHKEHUH BCETO
Tepro/ia criepMaToreHesa Takyke HaXoAuTcs B TeCHOM cOmmkernu ¢ bK.

[ToBeneHne KiIeTKH HOXKH M ee MOp(ho(dyHKIMOHANbHAS 3aBUCHMOCTH CIIEpBa
oT 0azajbHOM, a Mocyie OT OHOM M3 CIEepPMHUEBBIX (BMEPEH ABHUTAIONIEHCs) KIETKH
3acnyxuBatoT BHUMaHui. OO0 ocoOoM MOp(ODYHKIIMOHAIEHOM B3aUMOJCHCTBUU
KH u nepBoro cniepmusi roBopsT npuBeeHHbIe HaOmonerns: KH moytn noiaHoCThIO
OKpy’keHa ameOOWIHBIMHA BBIpocTamMH OaszanmpHOW KieTku (puc. 5), KH muotHO
«TIPHUCTPOCHA» COOKY BIEPEIN IBHTAIOMIETOCcS criepmusi (puc. 7), TO U CIIEPMUI
TOJIKAET €€, TO JU OHa OYKCHpYyeT CHepMHOKICTKH (puc. 6, 7). OmHaxkmbl, 0OTOHSSI
JIBUTaronIyrocs OazanpHyto kietky (B I1T), cBoe monmokeHue He MEHSET 0 KOHIA
NPOraMHOTO Mporecca.

Mbl HE CMOIIM TPHBECTH (POTO-PUCYHKH MOATBEPIKIAIONINE TO, YTO BTOPOU
CIIEPMUI, OCTAIOIIMICSI B palloOHE KaHAIBIEBBIX KIIETOK, WM MEXAY SULEKICTKON
M HYLEJTyCOM, W ONMM3KO K MPHEMHOM BaKyOJH, BCEIa COXpPaHSET BOKPYT ceOs
HEOOJIBIIOW OCTAaTOK COOCTBEHHOM ITUTOIUIA3Mbl. Y HAC CIIOXHJIOCH BIICUATIICHHE,
YTO 3aJ0JTr0 JO0 TOTO, KaK MEPEIHUM CIEpMHIl NOCTUIaeT SUIEBYIO KIIETKY, BTOpast
CIICPMHUOKIIETKA OOHapy)XMBaeT Mpu3HaKu je3uHTerpanuu (puc. 10), B 1eirom
MpHUBEIIIed K ee JercHepanuu - pe3opOuuu. [Ipm ATOM TPYHHO COMIIACUTBCS C
OBITYIOIIIUM MHEHHUEM, OYJITO OKPYXKAFOIIIAas ITUTOTIa3Ma JIBYX SI/Iep - CIIEPMHEB B XO/Ie
MIPOJIBIKEHMSI ¥ BXOXKACHHS OJTHOTO M3 HHUX B SHIEKIETKY CMEITHBAETCS.

Co BpemeHneM knaccndeckoid padotsl C. I. HaBammna (1911), B KoTOpOIi IPUBEICHBI
noapoOHOCTH 00 00pa30BaHNK MYKCKHX IMOJIOBBIX saep y Lilium martagon, Bo3HuKIa
OTKpHBITas JUcKyccust Mexxay HuM, JI. [uabspom u O. CtpacOyprepom; C. I. HaBamuu
OCIapuBaJ Y4acTUE IIUTOIIA3MbI CIIEPMHEB IIBETKOBBIX PACTCHHUN B OTLUIOIOTBOPEHUHU
(T.e. B 0OpazoBaHNM HeorIa3Mbl 3UTOTH - A.A.YeboTaps), DTOT BOIPOC, CITyCTs CTO
JIET HEOTHOKpPATHO OyAuMpyeTcsl W B Halle Bpems. B cBoe BpeMsi MBI BBICKa3bIBAINCH
B nosib3y yrBepkaenust C. I. HaBammna, monTBepikiasi ero BHICKAa3bIBaHUS B HAIIUX
CBETOONTHYECKUX M 3JIEKTPOHHOMHUKPO- CKOMMYECKHUX HCCICAOBAHUSAX Ha TPUMEpE
OoJsblION rpyniel UBETKOBBIX pacteHuil (Yebotaps, 1969, 1972; Chebotaru, 1985,
1990). B To Bpems Haiu ucclieI0BaHMs XBOMHBIX IIOKA3aJIH, YTO IUTOILIa3Ma CIIEPMUS,
YYacTBYIOIIETO B OTUIOIOTBOPEHUH BCJIE] 33 €T0 SIIPOM, BCE YK€ COIPOBOXKIAET €To
BILJIOTH JIO SIMIIEKIIETKH M OKPYIKAET SAPO BOHUKIIEH 3UTOTHI, TEM CAMBIM MMPUHAMAET
yuactue B o0pa3oBanuu ee Heoruiazmbl (Chesnoy, Tonias, 1971; Yebotaps, 1986, 1990;
MormkoBuy, 1992 u ap. ).
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W3 BbIme cka3aHHOTO clienyeT O0COOCHHO MOTYEPKHYTh M TO, YTO Ha MpHMEpe
raMeToreHe3a U CepMHOreHe3a XBOMHBIX, KaK HaM MPEACTaBIISCTCS, MOXKHO CAEaTh
JPYTOH MCKIIOUUTENIbHO Ba)KHBIM BBIBOJ (- OTCEMBAHHE BTOPOIO CIEPMUS) ITO
TIPOSIBJICHHWE BCEOOIIHOCTH SIBJICHHUS aOOpeBHAIMK (OTCEMBAHMS) TMPEATaMETHBIX H
raMeTHBIX 00pa30oBaHMii, 3aKOHOMEPHO HAOJIOAaEMOE Yy BBICIIMX pacTeHuil. B aTtom
MCCIIeIOBAaHUH MBI TTOJTy4aeM MTOJTBEPKACHUE B TIOJIB3Y BBIABHHYTOW HAMH TUTIOTE3BI O
BCEOOIIHOCTH 32aKOHOMEPHOCTH YCTPaHEHNH PacceBaHUU (a00peBHALlN) TeHETHYECKH
HETOJHOLEHHBIX cTpYKTyp (UebOoraps, 1972, 1984, 1992).

Ha nmpumepe rameroreHesa XBOWHBIX, IZI€ CIIEPMHOI€HE3Y MPEALIECTBYIOT IISTh
JENCHUH TaljIOUAHBIX CTPYKTYp, II€ C KaKIbIM AEJICHUEM OAHO M3 CECTPUHCKHUX
00paszoBaHUl KaK ObI OTCEKAETCs (OTIYKAACTCS) OT JATHHEHIIIETO YIaCTHs B KOHEYHOM
(buHampHOM) pe3ysibTare, JIETKO YyOEMUTBhCS, 4YTO 3aKOHOMEpHas aOOpeBuaIus
NpEAraMeTHBIX M TaMETHBIX 00pa3oBaHMi B raMeToreHe3e 3TO (He 4YTO MHOE, Kak)
nposiBJIeHUE (IeHCTBHE) TaPBUHCKOTO OTOOpa Ha TaMETHOM ypoBHE. TakuM oOpaszom,
B ramerorenese (9 u &) NPOMCXOOMT 3aKOHOMEPHOE OTCEMBAHHUE, OTUYKICHUE
TeHETUYECKU HeTUITNYHBIX BUAY PEIPOAYKTUBHBIX CTPYKTYP. K Takum cnenyer otHecTH
1 BTOPOE SIAPO-CIIEPMUH, €r0 IIUTOILIA3MY, KOTOpasi, KaK YBUIUM, OABEPTaeTCs MOJTHOM
JIEeCTPYKIINH.

CrnenoBarenbHO, OTCeMBaHME - aOOpeBHAaLUUsl MPEAraMEeTHBIX M TaMETHBIX
00pa3oBaHui - ABJICHUE 3aKOHOMEPHOE B raMETOr€HE3€ BBICILINX JIa M HU3LINX PACTCHUH.
Kak un B mpemsioynmx padorax (Yeborapp, 1972, 1984, 1990) mMbI KOHCTaTHpyeM:
raMeTOreHe3y XapaKTepHbl ONpelesIeHHblE (CTapTOBBIE) YHCIA MHUTOTHYECKHX
JIEJICHUH, CTPOTO MOBTOPSIOIIUECS] M3 MOKOJICHUS B MOKOJICHHE. BO3MOXXHO MMEHHO
TAaKOe YMCIIO JENEHHH TaruocTpyKTyp (amh @ ¥ nath &y XBOWHBIX, aBa &, TpH
d u Goree y IBETKOBBIX), 3aKPEIUIEHHOE HACJIEICTBEHHO, CBUJETENLCTBYET 00
0TpabOTaHHOM MEXaHU3ME HBOIIOLIMOHHOTO Pa3BUTHS IOJIOBOJIESATEIBHOMN ajanTanu,
CTaB TE€M 3aKOHOMEPHBIM SBICHHEM, IZ€ YUCJIO MEHOTHUECKUX U MHUTOTHYECKHX
JEeNICHUH ralIOnAHbBIX CTPYKTYp OOeclieunBaeT Kak Obl «OUMIICHUE)», OCBOOOKICHUE
XPOMOCOMHBIX HOCHUTEJIEH HACIEJCTBEHHON MH(POPMAIMH OT JUIIHETO, TeHETHUECKU
aTUIIMYHOTO (TTACCHBHOTO) TPY3a, BO3HHUKIILIETO ITO]] BITUSHUEM 9K30T€HHOTO BO3ICHCTBHS
B (uiorenese. IHbIMU clOBaMM, MOKHO YTBEPXKIaTh: 3aKOHOMEPHOE OTCEHBAHUE -
ab0peBualMs CTPYKTYP PEIPOAYKTHBHOM cdephl, IPOUCTEKAIOIee Ha CThIKE IIepexoaa
cropouTt - raMeTouT - CHOPO(HUT, COCTABISIET OCHOBY (HaYaI0, HICTOKH ) JAPBUHCKOTO
otbopa. 3nech GopMUPYETCs, KaK MBI YBUICIIH, HOpMa PEAKIINH B X0Ie SMOPHOHATEHOTO
pazButust (Ueboraps, 1972, 1985) Ha ¢done xecrovaiinieid KoHKypeHuu (00psObI) B
X0JIe 3MOpHoaanTaluy, OeCYMCICHHOTO KOJIMYECTBA MOJIOBBIX 3a4aTKOB.

B T0 e Bpems oTcemBaHWE - aOOpEBHAIMIO TPEATaMETHBIX M TaMETHBIX
00pa3oBaHUi HE CIIEAYET pacCMaTpUBAaTh KaK MPON3BOJILHBIH, TOITAIKUBACMbIH H3BHE
npolece, OT TeHETUYECKH JEeTEPMUHUPOBAHHBIN MOP(OIOTHIECKH CaMOPETyJISIpHBIH.
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Introduction

The available scientific literature includes also data referring to the structure of
vegetative organs from species of Paeonia; we refer to papers published the late 19th
century [4, 6] and in the 20th century [3, 12]. Some of these data are found in the syn-
thesis on the anatomy of dicotyledons [5, 11] or anatomy of angiosperm in generally
[7]. Between the analyzed species are also included P. peregrina Mill. (P. romanica
Brandza), the investigated organs being the stem and the petiole lamina.

A comparative anatomical study on three species of Paeonia from Romania Flora
(P. peregrina, P. tenuifolia, P. triternata) belongs to Georgeta Filipescu (1972), inves-
tigating all vegetative organs, emphasizing their common structural features, as well
as those that are different; in addition the author reveals adaptive changes caused by
environmental conditions in which plants grow.

In this contribution we resume the anatomic study on the species Paeonia pereg-
rina Mill., perennial, xeromesophylic plant, protected as natural monument [10]. It is a
Balkan species, spread sporadically in the forests, from the steppe and silvosteppe, in
the southern part of the country, in clearings, at forest edges, in Quercetalia pubescentis
association [1, 8, 9, 10].

Materials and methods

Investigated material (underground and aboveground vegetative organs) was col-
lected from natural forest reserve Garboavele-Galati, in phenophase anthesis, in 2014.
In order to fulfill the present study, the vegetal material has been fixed and preserved
in 70% ethylic alcohol. The sections were cut with a microtome and a botanical razor.
The obtained sections were then colored with iodine green and alaun-carmine. The next
stage was mounting the sections in gel. The micrographs were performed by means of
a Novex (Holland) microscope, using a Sony (Cyber-shot) camera.

Results

The root. The root system is represented by thin roots, some tuberous, all rich in
reserve substances [8].

a. Thin root (Fig. 1: 1-3). At the sectioned level, the structure is secondary, as a
result of the activity of both lateral meristems: phellogen and cambium. The phellogen
produces a relatively thick blanket of suber (5-6 layers, the external ones undergo-
ing exfoliation) and one of thin phelloderm. The primary cortex is a relatively thick
(5-6 layers) amyliferous parenchyma. The central cylinder is very thick, resulted, in
large part, from the bifacial activity of cambium. The cambium produced a thin ring
of phloem (sieve tubes, companion cells and parenchyma cells) and a very thick area
of xylem, with two subzones: one thin axial zone (with a few vessels separated by
amyliferous parenchyma cells) and a external zone (with vessels dispersed irregularly,
separated by a few cellulosic parenchyma cells and libriform fibers, with external wall
extremely thick).

b. Tuberous roots (Fig. 1: 4-6). The structure resembles with the structure of a
rhizome. At the periphery a periderm is present; the phelloderm cells are not different
from those of thick cortical amyliferous parenchyma. The central cylinder is very thick,
almost entirely amyliferous. In the fundamental parenchyma numerous vascular bun-
dles are present, elongated, arranged on a circle and separated by very broad medullary
rays, parenchymatous-cellulosic, amyliferous type. All vascular bundles have less pri-
mary phloem (sieve tubes, companion cells) and more primary wood (cellulose vessels
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and parenchyma cells). The root axis has little xylem vessel, often solitary, dispersed in
amyliferous fundamental parenchyma.

The stem (Fig. 2). The cross-sectional contour of the stem (80-85 cm height) is
circular, with less prominent ribs.

The epidermis presents very small cells, with very thick and covered by cuticle
external wall. From place to place stomata are visible, which protrude slightly over the
epidermal cells.

The cortex is relatively thick (25-30 layers), with collenchyma on the outside and
parenchymatic cellulosic in rest, the cell size increasing to the central cylinder. From
place to place some aerial cavities of irregular shape and different size are observed.

The central cylinder is very thick and includes: a very tortuous ring of vascular
bundles and an extremely thick medulla, parenchymatous-cellulosic. The vascular bun-
dles are numerous, very close to each other, with very different sizes; the largest being
located next to the stem ribs. All vascular bundles are linked by very narrow medullary
rays (sclerified and lignified) and have, at the periphery of the phloem, few thin cordons
of sclerenchyma fibers, extremely thick and intensely lignified.

The vascular bundles, especially large ones, show both primary structure (phloem
with sieve tubes and companion cells; and xylem with vessels and parenchyma cells)
and secondary structure (in phloem we also found parenchyma cells and in wood libri-
form fibers appear).

1

Fig. 1. Cross section through the root. Fig. 2. Cross section through the stem.
1. Thin root — overview; 2. Thin root — central 1. Median part of the stem — overview, 2-3 —
cylinder detail, 3. Thin root — exterior layers vascular bundles detail, 4. Inferior part of the
detail; 4. Tuberous roots — overview, 5. Tu- stem — overview, 5. Inferior part of the stem
berous roots -— exterior layers detail, 6. Tu- — vascular bundles detail, 6. Inferior part of
berous roots — vascular bundle. the stem — pith.

To the base of the stem (which is much thicker), the ribs are attenuated; the vascu-
lar bundles are very large in the primary cortical parenchyma. The entire phloem of all
vascular bundles forms a thin ring and the xylem forms a much thicker ring, both rings
very tortuous. Many periphloemic sclerenchyma fibers are very close, resulting in 1-3
mechanical cordons at the periphery of each vascular bundle.

The leaf has leaflets obovate-oblong, 2-3 sectate or pinnately lobate, on the upper
surface shows craving along ribs [8].

The petiole (Fig. 3: 1-2). The contour of cross-section through petiole is circular-
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elliptical, modified by two latero-adaxial ribs, which delineates a relatively wide and
deep ditch. The epidermis presents cells with thick external wall and cover by a thin
cuticle. The fundamental parenchyma is colenchymatic type under the epidermis and
meatic in the rest. In this parenchyma 7-8 vascular bundles are arranged in an arc, the
median-abaxial one being very large and the ones from latero-adaxial ridges being very
small. In the median bundles parenchyma cells in phloem and libriform fibers in wood
are also observed, evidence that the secondary structure is forming. Groups of scler-
enchimatic fibers are observed at the periphery of vascular bundles.

The lamina (Fig. 3: 3-6). The epidermis frontally viewed shows large cells, irregu-
lar contour, with strongly sinuous sidewalls. The stomata, numerous per unit area, are
localized in the lower epidermis, so the leaf is hipostomatic. The epidermal cells next to
the ribs are polygonal elongated, with numerous punctuations in the side walls.

In cross-section through lamina, the median rib (and sometimes the lateral one)
protrudes very much the underside of the lamina and contains a vascular bundle with
primary structure. The epidermis presents isodiametrical cells on median ribs, with dif-
ferent sizes and sometimes tangentially elongated between lateral ribs, always higher
in the upper face of the lamina. The mesophyll comprises a low palisade layer of cells
on the upper face and many cells of spongy tissue underside, so the lamina has a bifa-
cial heterofacial structure. Some palisade cells presents septa relatively deep from the
outer wall to lumen. The vascular bundles from lateral ribs (higher-order) are small and
very small, some having only phloem elements. On the analyzed material we did not
observed oxaliferous cells, cells mentioned by Filipescu in 1972.

Discussions

P. peregrina is a perennial species, sporadic
in our country, showing both thin roots and tu-
berous roots, with different thickness. If the very
thin roots are a primary central cylinder diarch
and triarch, the tuberous roots present a second-
ary structure, with moderate collenchymatosus
parenchyma, many cells containing calcium
oxalate. Both meristems produce secondary tis-
sues, but cambium produce a lot of secondary
xylem. In xylem thickness is observed areas
where parenchyma predominates. These areas
alternate with areas in which prevail vessels and
wood fibers.

Through their structure, many of tuberous
roots remember of rthizomes; in their fundamen-
tal cellulosic parenchyma is observed numerous
vascular bundles radial elongated, with primary
structure, arranged in a circle and separated by
very large medullar rays, parenchymatous cel-
lulosic, arlny%iphﬁf type; all tlie Vascullar bundles e
present a little phloem and a lot of xylem. In the . .
organ axis there are few vessels, often solitary, lF l%egiblg Eof)f,:ri,cig)nztl},l;‘:;:ﬂgehfl";slcelﬁ:'r
separated by a l(?t of am_yhpher parenchyma. blade, 3. Lamina — median rib, 4. Lamina —
Such a structure, intermediary between the root overview, 5. Superior epidermis, 6. Inferior
structure and rhizome structure, is not recorded epidermis.

in specialized works consulted.

C(')Iilpared to other authors [2, 3], we have not seen brahisclereide at the available
material.

The stem presents stomata that prevailing over the epidermis; and at the basal level
the two vascular tissue form two concentric rings, very sinuous, the phloemic one be-
ing in direct contact with sclerenchyma cords from the periphery of former vascular
bundles of primary structure.

MZIGIEMIAL b G B $
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The foliar blade is hipostomatic, with bifacial heterofacial structure; the palisade tis-
sue having short cells, many of them being provided with longitudinal septum to superior
epidermis, as mentioned by other authors [2, 11]. At the analyzed material did not notice
oxaliferous cells (mentioned by Filipescu in 1972).

The histo-anatomical traits of vegetative organs, correlated with living conditions
in which plants live, reflect the meso- xerophile character of Paeonia peregrine Mill.

Conclusions

In conclusion we can affirm that the secondary structure of thin roots is resulting
from both lateral meristems activity (phellogen and cambium); tuberous root structure
partially resembles with a rhizome, most part of conductive tissue forms collateral bun-
dles arranged in a circle and separated by medullary rays, very broad, rich in starch
granules. The stem shows both primary and secondary structure. The mechanic tissues
are represented by hypodermic collenchymas and sclerenchyma (cordons of sclerency-
ma fibers, libriform fibers and medullary rays). The leaf presents hipostomatic lamina
and bifacial heterofacial structure, the palisade tissue being monolayered, comprised
from short cells and, here and there, with radial septa on external walls.
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THE PRIMERS FROM THE MUDR TRANSPOSON -
MOLECULAR MARKERS OF TOMATOES GENOTYPES

Lilia Pasa, Valentin Mitin, Angela Deaghileva, Lidia Tumanova
Institute of Genetics, Physiology and Plant Protection of the ASM

Introduction

Cultivated tomato is one of the most consumed vegetable crops and a well-studied
object in genetics, genomics, and breeding [5]. Despite the fact that many tomato va-
rieties differ in productivity, shape, size, color, taste, flavor, stress tolerance, and nu-
merous other traits, very few polymorphlsms within the cultivated tomato gene pool
have been 1dent1ﬁed even using sensitive molecular markers [3]. Thus, although the
study of genetic markers for tomato has been conducted over 30 years through vari-
ous approaches, the problem of identifying new types of molecular markers, allowing
genome fingerprinting of different varieties of tomato, is actual [11].

Recent data show that a very rich source of molecular polymorphism and an ideal
tool for genome analysis are transposable elements (TE) [1, 2, 7, 9, 10]. TEs are DNA
fragments that can move from one genomic location to another by a process called
transposition, and they make up a fairly large portion of eukaryotic genomes [6, 4].

The aim of this study was to determine the genetic polymorphism of tomato geno-
types — spontaneous forms used in amelioration and perspective breeding, using ET
MuDR primers as molecular markers.

Materials and methods

Twenty two tomato genotypes were analyzed — spontaneous forms used in amel-
ioration Lycopersicon esculentum var. racemigerum, L. esculentum var. cerasiformae,
L. pruniformae, L. esculentum var. cheesmaniae and varieties: Buran, Delta, Elvira,
Jubiliar 60/20, Mary Gratefully, Mihaela, Milenium, Nistru, Nota, Perfect peel, Prestij,
Rio Grande, Tomis and new hybrids created in IGFPP of ASM: Rio Grande x Delta,
Rio Grande x Nistru, Nota x Buran.

Total DNA was extracted from seedlings by a modified CTAB method [8].

The complete sequence of maize transposable MuDR presented in GenBank con-
sists of 4942-bp, terminates in almost identical 215-bp TIRs (terminal inverted repeats)
and carries two convergent, transcribed genes: mudrA and mudrB, separated by only a
225-bp intergenic region [12]. 13 primers: were tested the primers E1 (tgccattatagac-
gaagagcgg ), E 2 (ggcgttggcttctatgatctg), E 3 (aaacagaaaggtgacagegcet) belong to the
region TIR of MuDR, the primers N 39 (ttggcgtactcctctceteg, 5°—37), N 40 (gtctte-
ctactgcggetget, 5°—3”), N 44 (tgtagatggccacaattggatg, 5°—3’), N 42 (aacccagatatgcat-
ggacca, 3°—5’), N 45 (cactccactggcgaaatcaa, 3°—5” ), N 46 (ccttgtcggtggtggagaag,
3’—5’) belong to the region MudrA of MuDR and D 14 (tcatcatctacggaagggttgtc,
5’—37), E 10 (tgccaccttgtacctctggaa, 5°—3), E 7 (tcatctggttgttgecacagga, 3°—57), D
15 (N 80) (ggtcgtttatctcttcgaacctgt, 3°—5”) — to the region MudrB of MuDR. So, de-
pending on primers and the objects of study, the experimental research was divided in
three groups (tab. 1).

Tabel 1.The primers’ groups and the analyzed objects of study

Number | Primers Genotypes
1. TIR Jubiliar 20/20, Prestij, Milenium, Tomis, Mihaela, Elvira
1I: MudrA | Jubiliar 20/20, Prestij, Milenium, Tomis, Mihaela, Elvira, Perfectpeel, Rio Grande
1. MudrB | L. esculentum var. racemigerum, L. esculentum var. pruniformae, L. esculentum var.
cheesmaniae, Nota, Nota x Buran, Buran, Delta, Rio Grande x Delta, Rio Grande,Rio
Grande x Nistru, Nistru, L. esculentum var. cerasiformae
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The PCR mixture, in a volume of 25 pl, contained: 66 mM tris-HCI (pH-8,4), 16
mM (NH4)2S04, 2,5 mM MgCl2, 0,1% Tween 20, 7 % glicerol, 100 pg * ml-1 Bovin
Serum Albumin, 0,2 mM dNTP of each, 1,25 U Taq DNA polymerase (Fermantas), 5
pM primer and 5-10 ng DNA.

The PCR included 8 cycles: 95°C — 1 min, 40°C — 2 min, 72°C — 1 min, followed
by 35 cycles: 95°C 30 sec, 65°C — 1 min, 72°C — 1 min.

The products of amplification were divided into 1,5 % agarose gel by electro-
phoresis (5-8 V/cm) in a migration buffer of Tris/borate EDTA with ethidium bro-
mide, viewed in the UV (302 nm), photographed and authenticated using GelAna-
lyzer 2010 program.

Results and discussions
TIR primers determined the amplification of 2-7 monomorphic and polymorphic
fragments, with variable ratio (fig. 1, tab. 2).

“"M123456 MI123456

e

; v S llltﬂl]” .
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i S0 ,* Q * Q A
- e
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Fig. 1. The electropherogams of the amplification products with homologous primers

TIRSsE1(A), E2 (B.),E 3 (C).
{ulgéza}})?O/ZO (1), Prestij (2), Milenium (3), Tomis (4), Mihaela (5), Elvira (6), M. GenRulerT 100bp DNA
adderPlus

Tabel 2. The lenghth of amplicons of the tomato genotypes identified with TIRs of

MuDR primers
Genotype | Jubiliar 60/20 Prestij Milenium Tomis Mihaela Elvira
Primer
bp
E1l 650 650
590 590 590
518
506 506 506 506 506 506
403 403 403 403 403 403
338 338 338 338 338 338
265 265 265
235
180 180 180
E2 680 680 680 680 680 680
490 490 490 490 490 490
258 258 258
E3 657
610 610 610
550
517
489
390
360
327 327 327
273

Analizing the obtained data, we concluded that in case of the E 2 primer, the fre-
quency of polymorphic fragments specific to a unique genotype is zero, also in case of
the E 1 primer- 0,22, and E 3-0,77. Also, the E 1 and E 3 primers generated polymor-
phic specific spectrums 100 %, from the analized genotypes.

MudrA primers determined amplification of the 3-8 fragments (fig. 2, tab. 3). In
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case of the N 40 primer for the genotype Jubiliar 60/20 and N 41 primer for RioGRande
and Milenium, no fragment was amplified.
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Figure 2. The electropherogams of the a ‘Pllﬁcatlon products with homologous

primers MudrA N 39 (A), N 40 (B), N 42 (C), N 45 (D), N 46 (E), N 41(F).
1. Rio Grande, 2. Perfectpeel, 3. Elvira, 4. Mihaela, 5. Tomis, 6. Milenium, 7. Prestij, 8.
Jubiliar, M. GenRule¥T DNA LadderMisx.

Tabel 3. The lenghth of amplicons of the tomato genotypes identified with MudrA

primers
Genotype Rio Perfectpeel | Elvira | Mihaela | Tomis | Mile- | Prestij | Jubiliar
Grande nium 60/20
Primer
bp
N 39 1250 845 845 845 845 845 845
783 783 783 783 783 783
690 690 690 690 690 ggg 705
463 463 463 463 463 463 463 463
333 333 333 333 333 333 333 333
N 40 996 996 996 996 996 -
740 740 740 740 740
655 655 600
505 505
420 420 420
355 355 355 355 355 355 355
335
N 41 - 667 667 667 667 - 667 667
548
502
378 378 378 378 378
291
N 42 813 813 813 813 813 813
680 680 680 680 680
562 562 562
516
437 437 437 437 437 437 437 437
N 45 665 665 665 665 ggg 665
452 452 452 452 452 452 452
404 404 404 404 404 404 404 404
N 46 931 931 931 593 500 931 931
778 778 420 778
720 720 500 720 720
593 593
560 526
500 500 500 500 500 500
420 420 420 420 420 420
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In case of primers from MudrA region, the frequency of unique polymorphic
fragments that are genotype specific is relatively low. The potential of primers to
generate polymorphic spectrums that are genotype specific varies in larger limits.

The N 40 and N 46 primers showed a medium potential of discrimination, generating
polymorphic spectrums of 62 and 71 % from analized genotypes. The N 39, N 41, N 45
primers were less effective for differentiation of analized genotypes, generating 12-37
% of polymorphic spectrums that are genotype-specific.

The primers from the MudrB region determined amplification of 7-12 fragments

(fig. 3; tab. 4).
SRR gl §% B
1500 e : | wrx!‘ ' '
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1000. -
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Figure 3. The electropherogams of the amplification products with homolougus
primers MudrB D 14 (A), D 15 (B), E 10 (C), E 7 (D).
L.esculentum var. racemigerum (1), L. pruneforme (2), L. cheesmaniae (3), Nota (4), Nota x
Buran (5), Buran (6), Delta (7), Rio Grande x Delta (8) Rio Grande (9), Rio Grande x Nistru (10),
Nistru (11), L. esculentum var. cerasiformae (12). M. GenRulerT 100bp DNA LadderPlus.

The most amplicons generated by primers from the MudrB region are monomorphic,
rarely polymorphic. The frequency of amplicons that are genotype specific varied from
0 (D 14 and E 10 primers) to 0,1 (D 15) and 0,33 (E 7). A small number of polymorphic
fragments that are genotype specific determined a small share of polymorphic spectrums
that are genotype specific, which varies from 0 % (E 10 primer) to 27 % (E 7).

Most polymorphic spectrums of the Nota x Buran, Rio Grande x Delta and Rio
Grande x Nistru hybrids are polymorphic without parental forms spectra.

Usually, identified fragments in the electrophoretic profile of the hybrid are found
at least in one parental form. Simultaneously, for the hybrid Nota x Buran and Rio
Grande x Delta, fragments amplified are not found at any parental form.

The spontaneous forms of tomatoes analyzed showed especially monomorphic
fragments, found in forms created by amelioration. In these forms no unique genotype
specific fragment was identified.

Generalizing the presented data, we conclude that all analyzed primers highlight
common monomorphic fragments for the analyzed genotypes, so it may be used in
taxonomic identification of Licopersicon esculentum. Primers which generated
polymorphic spectrums that are genotype-specific may be applied in studying the inter-
variety polymorphism of tomatoes.
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Tabel 4. The lenghth of amplicons of the tomato genotypes identified with MudrB primers

Genotype*
1 | 2 [ 3] 4| s e[ 7] 8] o9 [w]u]|nr
bp
D14 | 1227 1227 1227 1227 1227 1227 | 1227 1227 | 1227
1000 | 1000 | 1000 | 1000 | 1000 1000 | 1000 1000

904 904 904 904 904 904 904 904 904 904 904 904
801 801 801 801 801 801 801 801 801 801 801 801
710 710 710 710 710 710 710 710 710 710 710 710

527 527 527 527 527 527 527 527 527 527 527 527
405 405 405 405 405 405 405 405 405 405 405 405
298 298 298 298 298 298

D15] 888 888 888 888 888 888 888 888 888 888 888 888
743 743 743 743 743 743 743 743 743 743 743 743
686 686 686 686 686 686 686 686 686 686 686 686
518 518 518 518 518 518 518 518 518 518 518 518

380 380 380 380 380 380 380 380 380 380 380 380

E 10| 1093 1093 | 1093 1093 1093 1093 | 1093 | 1093 | 1093 | 1093 - -

310 310 | 310 310 | 310
210 | 210 210
E7 1540 1136
1083 1083
838 | 838 | 838 | 838 838 838 838 | 838 | 838 | 838 | 838

639 639 639 639 639 639 639 639 639 639 639 639
535 535 535 535 535

516 516 516 516 516 516 516
500 500 500 500 500
425
396
396 370 370

245 245 245 245 245 245 245 245 245 245 245 245

Note: *- 1. L.esculentum var. racemigerum, 2. L. esculentum var. pruneformae, 3. L. esculentum var. cheesmaniae, 4.
Nota, 5. Nota x Buran 6. Buran, 7. Delta, 8. Rio Grande x Delta, 9. Rio Grande, /0. Rio Grande x Nistru, //. Nistru, /2.
L. esculentum var. cerasiformae

Tabel 5. The primers homolo%ous to different regions of MuDR perspective for the

tomato genotypes identification
Primers Genotypes
E 1 Jubiliar 20/20, Prestij (+), Milenium (+), Tomis, Mihaela, Elvira
E 3 Jubiliar 20/20 (+), Prestij (+), Milenium (+), Tomis (+)

N 39 Jubiliar 20/20 (+), Prestij (+), Rio Grande (+)

N 40 Prestij, Milenium (+), Tomis, Mihaela, Elvira
N 41 Tomis (+), Elvira, Perfectpeel

N 42 Rio Grande (+)

N 45 Jubiliar 20/20, Milenium (+), Perfectpeel

N 46 Jubiliar 20/20 (+),Tomis, Elvira, Perfectpeel (+)

D14 Buran, Rio Grande, L. esculentum var. cerasiformae
D15 Nota x Buran, Rio Grande x Delta
E 7 Nota x Buran (+), Rio Grande x Delta (+), Delta (+), Nistru (+)

(+) - polymorphyc distinguished fragment
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Conclusions

We described the DNA- polymorphism of some tomato genotypes using ET MuDR
primers.

We concluded that all analized primers generate enough monomorphic amplicons,
which can be considerated to distinguish Licopersicon esculentum.

The tomato forms created by amelioration have more pronounced polymorphism
than wild forms, where monomorphic amplicons predominate.

We selected the primers E 1 and E 3 homologous to TIR regions of ET MuDR,
N 39, N 40, N42, N 45, N 46 homologous to the mudrA region of ET MuDR and D
14, D 15, E 7 homologous to the region mudrB perspective, for the tomato genotypes
identification.
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Introduction

Detection of the genetic factors that cause or predispose to CAD remains the topic
of many scientific papers in this field. They were investigated separately or associated
in the European population, but the genetic complexity of this disease was not fore-
seen, new approaches being needed [2, 6].

Studies, aimed at identifying the genes responsible for the heritability of CAD,
have uncovered several candidate genes with different roles in vascular biology that
are believed to be involved in the pathogenesis of CAD. Of these more important are
renin-angiotensin system, endothelial dysfunction and homeostasis genes: ACE gene
and angiotensin Il type 1 receptor gene (AGT1R), Asp298Glu (A/G) of eNOS and of
platelets (P1A1/2) GPIIb/Illa receptor polymorphisms. Polymorphisms within these
system genes have been extensively studied in relation with CAD, however, findings
are conflicting [1, 3, 5, 6, 7]. To clarify these data, we studied association of genes
polymorphism with conventional risk factors and cardiovascular complications.

The aim of the current study was to assess the association of gene polymorphisms
with conventional risk factors and cardiovascular complications patients with CAD.

Material and methods

The case control study was conducted in 2007-2011 and included 405 patients with
acute coronary episodes admitted to the Municipal Clinical Hospital ,, Sfanta Treime*,
Chisinau. The control group consisted of 290 matched persons without CAD (data
used for matching were age, sex, residence and professional activity). Sex-distribution
in the study group was uniform, male / female ratio being 2:1, that is two times more
males (P<0.001). Mean age was 57,93 + 0,34 years, with insignificant variation in the
control group (P>0.05).

The study was bicentric, case-control, approved by the National Ethics Committee
for Clinical Trials and Drug Development of Ministry of Health of the Republic of
Moldova (Nr.331, 03.06.2010). All subjects were native-born citizens and residents of
the Republic of Moldova, had comparable socio-economic status, and were ethnically
matched.

Patients were included in the study in the order of their hospital admission, after
clinical and enzyme stabilization and obtaining informed consent, this type of patient
selection ensuring randomness of the study group.

Criteria for inclusion in the study were the clinical diagnosis of acute Q wave and
non-Q-wave myocardial infarction, unstable or exercise angina pectoris, in agreement
with recommendations of the European Society of Cardiology [4].

Exclusion criteria: hypercholesterolemia (total cholesterol >8mmol/L) and second-
ary hypertriglyceridemia, pacemaker implant with evidence of ventricular preexcita-
tion, atrioventricular conduction blocks (2nd or 3rd degree sinoatrial or atrioventricular
block), active liver disease, acute gastrointestinal diseases, severe kidney disease and
associated diseases that influence life expectancy.

Standard questionnaires were used to collect data on past and current medical his-
tory, examination results, and also personal and demographic data, cardiovascular risk
factors, family history of CAD, hemodinamic data; lipidogram, blood glucose level,
cardiac enzymes, instrumental investigations- ECG and echocardiography.
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Polymorphism of renin-angiotensin system: I/D of ACE gene and A1166C geno-
type (cytosine or adenine variants, A/C) of AGTIR gene, Asp298Glu (A/G) of eNOS
gene and PIA1/2 (A1A2) genotypes of GPIIb/Illa receptor gene were identified by
amplified polymerase chain reaction and restricted fragment length polymorphism in
the Institute of Genetics and Plant Physiology of the Academy of Sciences of Moldova
[3.5].

Data were computer processed by variation, association and descriptive analysis
methods. The relationships between the studied phenomena were determined by using
simple linear regression, quantitatively expressed by the correlation coefficient “r”
For estimating genetic frequencies we used POPULATION GENETIC ANALYSIS by
Nei Masatoshi, Director of the Institute of Molecular Evolutionary Genetics, Diploid
Data Set at the Genetics Center, New York University, Langone. Frequency of studied
genes loci was calculated with the help of Hardy-Weinberg equilibrium.

Results and discussions

Stratification of coronary patients according to ACE I/D polymorphism confirmed
the prevalence of homozygous individuals with risk deletion/deletion (D/D) genotype
as compared with the controls (19,64% vs. 11,03%, respectively, y2=8,77, P<0,05),
while genotype II was present in the control group (33,11% vs. 19,64%, 2 13,31,
P<0,01). There were no significant differences in the number of heterozygous I/D
in both groups (60,72% vs. 55,86%, respectively, p>0,05). ACE I/D polymorphism
genotyping and the estimation of the allele frequency revealed significant differences
in the presence of risk D allele in patients with CAD compared with controls (78,65%
vs. 61,24%, OR=1,29, y2=8,77, P<0,05). Compared with those in which this was not
present (1), the analysis of the risk factors and clinical manifestations showed that ACE
D/D homozygous or ACE I/D heterozygous genotypes in patients with CAD was as-
sociated with increased prevalence of hypertension (90,91% and 88,24% vs. 78,18 %),
systolic blood pressure (155,32 + 1,46 mm Hg and 140,5 £ 1,31 mm Hg vs. 125,42 +
1,36 mm Hg), diastolic blood pressure (95,42 + 1,35 mm Hg and 90,6 £ 1,28 mm Hg
vs. 80,5 = 1,84 mm Hg) and recurrent angina pectoris (40,00% vs. 34,11% vs. 23,64%,
respectively, P<0,01).

No statistically significant differences were found between carriers of genotypes
I/I, D/D or I/D in terms of degrees of hypertention. Considering the spectrum of risk
factors and the clinical presentation according to ACE gene polymorphism recorded in
this study, it appears that the presence of D allele and, in particular, homozygous D/D
state are associated with blood pressure values exceedlng the optimal level [r_ ,~0.81,
P 5y <0,01]. The carrier of D allele and heterozygous I/D state was associated with
recurrence of angina symptoms [r =0,42, P(ID-1I)<0,05] and a significantly higher
risk of cardiovascular death [r._ =0, 27, P(ID 11)<0,05].

Genotype frequencies of AGTIR cytosine or adenine variants (A/C) in the group
of patients with CAD were: A/A genotype was detected in 72 (25,74%) of the patients,
C/C —in 47 (16,78%) and A/C —in 161 (59,28%). In the control group genotype fre-
quencies were: 31(10,69%) C/C carriers, 162 (55,86%) A/C and 97 (33,40%) A/A car-
riers. No significant differences in the presence of the studied genotypes were found
(P>0,05).

Genotyping AGT1R A/C polymorphism showed no conclusive differences between
the presence of the risk allele C in CAD patients (72,83% vs. 70,71%, P>0,05), or non-
risk allele A frequency (27,17% vs. 29,29%, P>0,05), compared with controls.

Comparative analysis of the characteristics of CAD patients grouped according
to A/C polymorphism of AGT1R gene, revealed the association of homozygous C/C
state or heterozygous A/C state with increased prevalence of hypertension (95,49% and
89,44% vs. 68,33%, P<0,05).

Estimation of the association between clinical determinants and A/C polymor-
phism of AGTR gene showed that the presence of the risk CC genotype in the coro-
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nary patients is associated with increased prevalence of hypertension [r, = 0.88, P(CC-
AA)<0.01] compared with homozygous AA genotype. Analysis of association indices
in patients with CAD certify that between the carrier of the D risk allele of ACE gene
and the C risk allele of the gene AGT1R was a moderate positive correlation (r =0.58,
¥2=35.30, P<0.001).

The distribution of Asp298Glu eNOS gene polymorphism frequencies in CAD pa-
tients showed no differences between them and control in terms of frequency of A/G
genotype (53,21% vs. 57,93%, P>0.05) and risk allele AA frequency (63% vs. 79%,
P>0,05). No significant age-related differences were found, but there was a tendency
towards accumulation in women (37,84% vs. 24,27%, P=0,06).

Comparative analysis of the characteristics of CAD patients grouped according
to Asp298Glu eNOS gene polymorphism, revealed that homozygous state with risk
genotype AA or heterozygous A/G state are associated with increased prevalence of
hypertension (96,00% and 87,91% vs. 69,64%, P<0,05), with no clear difference in
terms of obesity (57,33% and 44,96% vs. 37,50%, P>0,05).

Analysis of clinical manifestations shows that almost 89,33% of the AA genotype
carriers had arterial hypertension grade II-11I, while such levels of hypertension were
found in only 69,64% of the GG carriers and in 85,23% of AG carriers. Analysis of
echocardiographic findings showed reduced ejection fraction <50% in more than half
of AG genotype (57,05%), the same being also found in patients with genotypes GG
and AA (42,86% vs. 46,67%, respectively).

Estimation of the association between clinical determinants and Asp298Glu eNOS
gene polymorphism has shown that compared with non-carrier individuals (GG), ho-
mozygous AA state and heterozygous carriers (AG) in coronary patients are associated
with increased prevalence of arterial hypertension [r,=0.84,P, ,<0,01].

Analyzing the frequencies of PIA GPIIb/Illa receptor genotypes according to the
polymorphism detected by Mspl enzyme digestion we found that risk haplotype A2A2
was detected in 63 (22,50%) of the patients and 28 (9,66%) controls, the difference
being statisticaly significant (y2=16.28, P<0.001). Significant age-group differences
were not found, but a trend of male prevalence (53,39% vs. 43,24%, P=0,006).

Analysis of A1A2 GPIIb/Illa polymorphism genotyping revealed that mutant A2
allele tents to be more common in the CAD patients compared with controls (72,85%
vs. 70,71%, P=0,06). At the same time, the frequency of recessive Al alleles in the
coronary patients was lower than in the controls.

Platelet membrane glycoproteins play an important role in platelet adhesion and ag-
gregation. The allelic variants for GPIIb/Illa bind to fibrinogen being the key reaction
in the process of platelet aggregation. The presence of PIA2 allele leads to increased
functional activity of receptors and is associated with intense adenosine diphosphate
(ADP) induced platelet aggregation in vitro.

The analysis of the relationship between the carrier-state of different genotypes and
risk factors revealed a significant difference between genotypes A1A1, A1A2 and A2A2
carriers and the prevalence of smoking (48,68% and 53,90% vs. 69,84 %, respectively,
P<0,01), and mixed dyslipidemia (59,21% and 75,17% vs. 63,49%, P<0,05). Note the
statistically significant difference between groups in terms of the share of old myocar-
dial infarction in the history of the study patients: A2A2 genotype was detected more
frequency than A1A1 (20,63% vs. 9,21%, respectively, P<0.05).

Analysis of biochemical characteristics in relation with A1/A2 GP IIb/Illa gene
polymorphism showed that A2/A2 genotype was associated with higher prothrombin
levels as compared to A1A1 and A1A2 variants (106,96 £ 0,52% vs. 90,83 £ 0,59%
vs. 80,00 + 1,05%, P<0,05). Signs of grade II and III heart failure were present in
25,53% of A1A2 genotype carriers, 15,87% of A2A2 and 14,47% of A1A1 (P>0,05)
genotype.

It is noteworthy that one fourth of the risk A2A2 and A1A2 genotype carriers pre-
sented Q wave acute myocardial infarction, compared with A1A1 carriers (28,36%,
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22,22% vs. 19,73%, respectively, P<0,05).

It can be said that the presence of the A2 allele and homozygous state A2A2 were
associated with the presence of dyslipidemia [r,= 0,53, P 105 01a<0,05], smoking [r,
= 0.643 P onoaian<0,01], as risk factors and a high frequency of previous myocardiai
infarction.

Conclusions
Carrier state of D/D genotype and D allele in ACE gene is a marker of increased
risk for CAD and is associated with a high frequency of hypertension and cardiovascu-
lar death, being positively correlated with the risk CC polymorphic variant of AGTR1
gene. A2/A2 genotype of GP IIb/Illa receptor gene is associated with susceptibility
to CAD and high frequency of myocardial infarction and dyslipidemia, particularly in
smokers.
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Introduction

Actually, genetic and genomic science is redefining the understanding of the con-
tinuum of human health and illness [59].

The health definition has evolved over time, at the same time with the development
of biology and medicine as has its measurement. Because health cannot be measured
directly, a number of variables have been used as indicators of the concept of health.
Prior to the mid-1900s, negative indicators such as mortality and disease rates were
used with the idea that the lower the rate, the healthier the population. Mortality or
morbidity rates continue to be used as broad indicators when comparing populations
such as infant mortality rates or rates of specific diseases. However, a view of health
as something much broader than the mere absence of disease has led to an evolution in
thinking about the framework for health determinants [26].

A report by the Institute of Medicine in Washington (1999) reported explored core
concepts of health, proposing a model of determinants that illustrated how individual
characteristics (biology and life course, lifestyle and health behavior, illness behav-
ior, personality and motivation, and values and preferences) and environmental char-
acteristics (social and cultural, economic and political, physical and geographic, and
health and social care) influence health-related quality of life (symptoms, functional
status, health perceptions, and opportunity) [30]. Kaplan and colleagues [35] proposed
a framework that “builds bridges between levels rather than attributing primary im-
portance to one level or another.” Their multilevel approach to health determinants
includes pathophysiological pathways, genetic/constitutional factors, individual risk
factors, social relationships, living conditions, neighborhoods and communities, insti-
tutions, and social and economic policies as the major forces that affect health [26].

Thereby, health is determined by several factors including genetic inheritance, per-
sonal behaviors, access to quality health care, and the general external environment
(such as the quality of air, water, and housing conditions). In addition, a growing body
of research has documented associations between social and cultural factors and health
[5, 44].

The urgency of health problem is also conditioned by the fact that, till now, the
,health” phenomenon’s definition itself has not been clarified by science and contem-
porary medicine continues to maintain the nosologic direction. In 2013, Furdui and Ci-
ochina proposed a comprehensive definition of the human organism’s health, reflected
through the prism of the most important features [65]. According to this definition after
its recent review, integral human health is a complex multi-dimensional integral struc-
tural, metabolic, informational, physiological, mental and social state of the human or-
ganism, wherein its structural, metabolic, informational and physiological matrices are
reproduced in ontogenesis according to the organism’s genetic development program
through the interaction with intrinsic and extrinsic factors: I) in the antenatal period,
at the zygote formation stage — that of gametes, at the embryo stage - that of cells and
tissues, at the fetus stage - that of tissues and organs; at the stages of zygote, embryo
and fetus as integral systems - with the maternal organism; II) in the postnatal period —
that of the child with the parents, the environment, and the lifestyle, actions that cause
the genetical, physiological and psychological potential’s externalization and that: 1)
take place in the phylogenetically determined limits of intensity, inter-coordination and
integrity of the informational, structural, metabolic and physiological processes, of or-
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ganogenesis, of the genesis and functions manifestation of organs and vital systems,
of the activity level, rhythmicity, autonomy, their coordination, and 2) ensure a) the
achievement of physiological, psychic and social needs at the level, generating sensa-
tions of satisfaction, b) perception and identical reflection of the organism’s internal
and external environment, ¢) adequate orientation in the environment and adaptation to
it, d) conscious and creative realization of daily activities and self-defense, ¢) opposi-
tion to own and others’ intentions and actions, that may harm the person oneself, the
society or nature, f) lack of pain sensation, g) reproduction of sanogenic offspring.

This definition is based on the fact that integral human health is determined by
interrelations between genetic and environmental factors, and the genetic factor consti-
tutes the basis of the organism’s sanogenicity development.

Till now, human genetics have included only research regarding the manifestation
of hereditary characters or different diseases and no data which would include genetic
health determinants have been obtained. Therefore, the existing data as well as the
well-established genetic regularities will be used to elucidate the genetic bases of hu-
man health.

Nowadays, the importance of genetics is well recognized in single gene related
disorders, where mutation to a single gene results in the expression of clinical disease.
The inheritance of common diseases is usually polygenic and disease outcome is also
dependent on environmental factors [20].

The progress in genomics demonstrate immense promise in early prevention, char-
acterization and prognostication for ,,many Mendelian diseases for sure, but potentially
for chronic diseases as well” [37, 53]. Genomic medicine, one aspect of personalized
medicine, ,,is a way to customize medical care to your body’s unique genetic makeup”
[22].

Traits determined by a single gene or allele are rare in human beings [21]. The vast
majority of human diseases (e. g., cancer, heart disease, and diabetes) are complex
traits affected by a large number of genes [13, 51]. Likewise, almost all human traits of
interest to social scientists are complex, such as personality, cognition, motivation, and
health behaviors. These traits are likely the consequence of many genetic and environ-
mental factors, as well as interactions among them [27, 39, 38]. Therefore, it is impor-
tant to incorporate multi-genetic and multi-environmental factors in gene-environment
interaction (G x E) research on complex social outcomes [43].

Typically, understanding the genetics of human health begins with the identifica-
tion of genetic variants associated with specific diseases. Epidemiologic studies play a
key role in identifying these associations. Assigning causality can be difficult, however,
because of the multifactorial nature of most diseases. Even when a genetic mutation
conferring increased risk is present, health outcomes may be influenced by a variety of
environmental exposures, behaviors, and other genes, and interaction among some or
all etiologic factors may occur [42].

The completion of the Human Genome Project in 2003 was a major driver for the
current period of biomedical discovery, the pace of which continues to accelerate [16].
Genetic predisposition plays a central role in most common diseases, and is the primary
cause of most rare diseases [9]. Enormous advances have been made in the understand-
ing of genetic disease [18], but at the same time remain poorly understood mechanisms
through which various factors, including genetic ones, determine human health, rather
than manifestation of a disease.

Prenatal Genetic Programming. Handwerger and Aronow [24] argue that the
genetic program that directs human placental differentiation is poorly understood. The
placenta performs many different functions, including 1) exchange of substrates, gases,
and other factors between the maternal and fetal circulations; and 2) synthesis and
secretion of protein and steroid hormones, growth factors, and other substances vital
for regulation of maternal and fetal metabolism and growth [3]. Most of these biologic
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actions occur at the trophoblast layer of the placental villous that is composed of two
cell types: syncytiotrophoblasts and cytotrophoblasts [24].

Cytotrophoblast differentiation results from a dynamic genetic program in which
some genes within specific functional groups are induced, while others within the same
groups are repressed [24].

Blastocyst is stage of pre-implantation embryo development, when murine embryo
is composed of 150 compacted blastomeres, arranged in a spherical form [23]. At the
blastocyst stage, the cells divide into germ cells that form embryoblast (indoors) and
trophoblast (outdoors). Embryoblast cells are pluripotent stem cells, thus giving rise to
all the tissues of the body, except those that compose the placenta and fetal envelopes.
Trophoblast cells can give rise only to the placenta and the fetal envelopes. Embryonic
stem cells, like embryonic germ cell (EG) may also come from the primordial germ
cells that form eggs and sperm, can be isolated and cultivated in vitro where continue
to multiply and maintain their differentiation capacity [60].

These statements demonstrate high differentiation capacity of embryonic cells in
various tissues and organs, based on the same genetic information, and this allows as-
suming that differentiation can be intentionally controlled and directed by applying of
external sanogenic factors at the very well identified stages.

There is an increasing recognition that prenatal development is not simply an un-
folding of a genetically determined timetable that is disrupted only in the context of ex-
posure to extreme insults, but rather that the prenatal environment plays a critical role in
shaping the developing fetus and contributes to individual differences in development.
Normative changes in the prenatal environment, including variations in the exposure to
maternal hormones, alter the developmental trajectory and may, in a predictive fashion,
adapt the fetus for the postnatal environment. This issue of Zero to Three will consider
new research illustrating the importance of prenatal influences such as maternal stress
and stress hormones that critically influence the developmental program and the influ-
ence these factors have on adaptation to the postnatal world [14].

Most genes are expressed from both parental chromosomes; however, a small
number of genes in mammals are imprinted and expressed in a parent-of-origin specific
manner. These imprinted genes play an important role in embryonic and extraembry-
onic growth and development, as well as in a variety of processes after birth. Many
imprinted genes are clustered in the genome with the establishment and maintenance
of imprinted gene expression governed by complex epigenetic mechanisms. Dysregu-
lation of these epigenetic mechanisms as well as genomic mutations at imprinted gene
clusters can lead to human disease [33].

The “fetal origin of disease’ hypothesis proposes that adulthood hypertension, insu-
lin resistance, and dyslipidemia, leading to markedly increased rates of cardiovascular
disease and non-insulin-dependent diabetes in adult life, originate through adaptation
that the fetus undergoes when the environment (for example: nutrition) in early life is
poor, caused by either maternal under-nutrition or placental insufficiency. These func-
tional and structural changes of the newborn develop in likely different time windows,
mainly during pregnancy, but also in very early childhood [1]. Hocher [28] proposed
that an event occurring during a critical early period of life might permanently alter the
organ structure and function in response to environmental factors. Such events may
lead to cardiovascular / metabolic and renal diseases in later life.

Novel discoveries in the field of molecular epidemiology that can help explain
susceptibility to exposures and disease will be demonstrated using the multifunctional
enzyme paraoxonase 1 (PON1) as an example [29].

Paraoxonase 1 is an enzyme involved in oxidant defense by hydrolyzing oxidized
lipids [41] and also plays a key role in the detoxification of some organophosphate
pesticides [12]. Thus, individuals with low PON1 levels and activities may be more
susceptible to organophosphate exposures and oxidative stress, which occurs when
there is an excess of damaging reactive oxygen species. PON1 genetic variants and
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lower enzyme levels have been linked to adverse health outcomes including oxidative
stress-related conditions such as cardio-vascular disease and obesity [25, 6, 17, 40,
57]. Therefore, it is of considerable clinical interest to characterize the protective role
of endogenous antioxidant enzymes against the development of obesity and metabolic
syndrome (MetS) in children. Previous reviews of PON1 research have shown that age
and genetics are key factors associated with PON1 variability and, thus, susceptibility
[29].

Monk, Spicer si Champagne (2012) consider that studies of the impact of prenatal
maternal distress suggest that this form of early life adversity can lead to neurobiologi-
cal, behavioral, and psychological consequences for infants. Moreover, this distress
can also lead to altered mother-infant interactions during the postpartum period, which
has been demonstrated to shift developmental trajectories. Thus, it is evident that de-
velopment is a dynamic process during which shifts in the experiences of the fetus and
infant can have profound consequences. In the case of maternal distress, the psychoso-
cial characteristics of the mother can induce these effects, raising the question of how
these effects are achieved. An evolving approach that has been applied to address this
question involves exploring the biological mechanisms through which environmental
exposures shape the activity of genes within the developing organism. This epigenetic
perspective has been a significant breakthrough in linking the psychological and physi-
ological experiences of an individual to mechanistic pathways within cells that either
enhance or reduce gene expression with consequences for multiple biological and be-
havioral outcomes [47].

The same source indicates that the developmental origins of disease risk have been
established through epidemiological studies in humans and illustrate the profound im-
pact of early life adversity. During prenatal development, the fetus is particularly vul-
nerable to the effects of a broad range of environmental exposures, with consequences
that can persist into infancy, adolescence, and adulthood. In particular, maternal dis-
tress during pregnancy, in the form of exposure to chronic or acute stressors, depres-
sion, and/or anxiety, can influence both fetal and infant behavioral and physiological
outcome measures.

Epigenetics, human diseases and health. Every cell in the organism carries an
identical genome, however, despite the stability of these instructions, the terminal phe-
notype within an organism is not fixed and deviation is caused by gene expression
changes in response to environmental cues.

Although there are many possible causes of human disease, family history is often
one of the strongest risk factors for common disease complexes such as cancer, cardio-
vascular disease, diabetes, autoimmune disorders, and psychiatric illnesses. A person
inherits a complete set of genes from each parent, as well as a vast array of cultural and
socioeconomic experiences from his/her family. Family history is thought to be a good
predictor of an individual’s disease risk because family members most closely repre-
sent the unique genomic and environmental interactions that an individual experiences
[36]. Inherited genetic variation within families clearly contributes both directly and
indirectly to the pathogenesis of disease [26].

Genetic factors affect but do not determine human behavior, and their effect de-
pends largely on the environment in which individuals live [56]. As animal and human
studies show, changes in environmental conditions can influence expression of genes
related to various phenotypes [2, 4, 10, 11, 49, 63].

DNA methylation, histone modification and RNA-associated silencing are the ma-
jor ways these changes are controlled [34]. These mechanisms affect the transcription
rate of certain genes involved in the pathogenesis of cardiovascular diseases. Exam-
ples of epigenetically regulated genes involved in the pathogenesis of cardiovascular
and metabolic diseases are the genes of the renin-angiotensin system (RAS), the per-
oxisome proliferator-activated receptors (PPAR) system, or the glucocorticoid receptor
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[7,31].

Different cell types execute distinctive programs of gene expression that are high-
ly responsive to developmental, physiological, pathological and environmental cues
[45].

Complex human traits are likely to be affected by many environmental and genetic
factors, and the interactions among them [43].

Epigenetic modifications are crucial for gene expression regulation during the cell
cycle, development, differentiation, and in response to environmental or biological
variations [8]. Epigenetic mechanisms are key regulators of pluripotency maintenance
and also of cell fate specification [62].

Epigenetic factors known to cause such direct and indirect effects are well-docu-
mented but their exact mechanism has not been accurately elucidated.

Epigenetic information regulates the accessibility of chromatin to transcription fac-
tors and thereby coordinates gene expression. Consequently, epigenetic changes in-
fluence various biological processes, including cell differentiation, aging, and cancer
[61].

Cytosine methylation, one of the best-known epigenetic markers, is often associ-
ated with gene silencing and is generally found at CpG dinucleotide sites in vertebrate
genomes [61].

The study of gene-environment and gene-gene interactions represents a broad class
of genetic association studies focused on understanding how human genetic variability
is associated with differential responses to environmental exposures and with differen-
tial effects depending on variations in other genes [26].

It is known that the epigenome is susceptible to dysregulation throughout life; how-
ever, it is thought to be most vulnerable to environmental factors during embryogen-
esis, which is a period of rapid cell division and epigenetic remodeling [19, 15]. The
normal timetable for reprogramming of methylation of non-imprinted and imprinted
genes during early development, begins with the primordial germ cells (PGCs) of each
of the parents (FO) through gametogenesis, fertilization, the embryonic period of the
offspring (F1), followed by the maintenance of methylation in somatic cells and the
development of germ cells that will become F2 [32, 54, 58]. These dynamic stages rep-
resent windows of potential vulnerability to epigenetic dysregulation [32]. While the
maintenance of imprinted genes throughout the preimplantation period is essential for
normal embryonic development, demethylation of other genes is needed to make the
genome broadly available to the developing embryo. Thus, after fertilization and prior
to implantation, the embryo undergoes genome-wide demethylation, with the excep-
tion of imprinted genes (which retain the methylation profile of the parent-of-origin)
and some retrotransposable elements [19]. Beginning when the embryo is in the blas-
tocyst stage (starting day 5 post fertilization for humans) and before implantation into
the uterine wall (about 7 days post fertilization), methylation patterns in non-imprinted
genes are reestablished de novo by the DNA methyltransferases DNMT3a and DN-
MT3Db and their cofactor DNMT3L [54, 50]. DNA methylation patterns are maintained
by DNMT1, which restores full methylation to hemi-methylated CpG sites following
DNA replication; this maintenance is critical for normal development [54, 52].

The epigenetic impact of postnatal mother-infant interactions has also been ex-
plored in both humans and animals and, as has been previously described, may be an
important consideration in studies of prenatal adversity. Deprivation of parental care,
such as that observed in institutionalized infants, has been found to have broad epige-
netic consequences. Among institution reared (since birth) children aged 7-10 years,
analysis of blood samples indicates an increased DNA methylation throughout the ge-
nome when compared to age-matched children reared by their biological parents [48].
Among the differentially methylated genes are those implicated in brain development,
including genes within vasopres-sinergic, serotonergic, glutamatergic, and GABAergic
pathways. The epigenetic effects of childhood abuse have also been observed in human
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brain tissue [46].

If genes are silent and does not synthesize proteins only when stimulated by en-
vironmental factors, through epigenetic factors, it means that not only genes but also
epigenetic factors play an important role in the development and phenotypic variability
of the body [55]. As the H. Wu and Ye Sun [64], show, epigenetics can explain better
how cell differentiation runs and how stem cells turn into differentiated cells.

Thus, now, health is regarded as a unique dynamic process that is specific to each
person and depends on a lot of genetic and environmental factors. The specificity of
influence on health creation manifests itself lifelong starting with the gametogenesis
period. Especially intensively occurs accumulation of the specific indices of sanogenic-
ity in the organism’s early development period. The source of genetic information on
health creation is obtained from parents at the time of zygote formation and is mani-
fested according to the principles underlying genetics.

The creation and the maintenance of health take place in accordance with the ge-
netic program of the organism’s development, the achievement of which depends on
the environment. Action of the genetic and environmental factors is dialectical by its
nature.

Genes which are included in DNA contain genetic information not only about sa-
nogenic indices of the future organism but also about pathogenic ones. There are ap-
proximately 2,000 genetic diseases; most of which are manifested at birth or during
human development.

More than 900 indices reflecting sanogenicity and pathogenicity are inherited by
autosomal dominant type: polydactyly, brachydactyly, disproportionate dwarfism, he-
mochromatosis, night blindness, exostoses, etc. More than 800 indices are transmitted
by autosomal recessive type: albinism, multiple metabolic diseases such as phenyl-
pyruvic oligophrenia, galactosemia, mucopolysaccharidoses etc. There are about 150
known indicators of the human organism’s normogenicity and pathogenicity the inher-
itance of which is caused by genes located in X and Y sex chromosomes.

The autosomal dominant, the autosomal recessive types of inheritance as well as
that coupled with X chromosome and the codominant type are characteristic of mono-
genic indicators, each of which is encoded on chromomere only by the alleles of one
locus. In case of the autosomal dominant inheritance type, if one parent is homozygous
according to the gene which controls a dominant index and the other - according to the
gene which controls a recessive index, then, within the first generation, all the children,
in accordance with the first Mendel’s law, will possess only dominant clues. If in one
parent the dominant gene is heterogeneous whereas the second parent is homozygous,
half of the children will possess the dominant index while the other half — the reces-
sive one. Recessive index is manifested when the gene that controls it is homozygous.
If both parents are heterozygous for the same indicator, it is possible that 25% of their
children will possess the indicator which is controlled by a recessive gene.

Conclusions

Health of the integral organism is determined by interrelations between genetic and
environmental factors. The genetic program constitutes the fundamental basis of the
human organism’s sanogenicity development. Elucidation of the mechanisms through
which genes are expressed and how they are influenced by other genes, proteins and
environment will serve as a basis for developing strategies of creation, maintenance
and directed strengthening of health. In order to estimate the health level, exploratory
research for the identification of genetic markers of sanogenicity is needed.
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Introduction

Nowadays, modern biotechnologies as a contemporary stage of the development of
science in general, as well as the exponent of scientific and technical progress, having
a deep implication in the traditional perception of the sphere of medical genetics [4, 9].
As in other modern scientific specialties, prenatal cytogenetic diagnosis (PCD) has to
solve significant challenges and critical issues related to the prevention of genetic dis-
eases and birth of children with numerical and structural chromosomal abnormalities.
Thus, PCD allows diagnosing of cytogenetic pathologies, and, firstly, of chromosomal
abnormalities in fetuses before birth.

Diagnosis of chromosomal abnormalities, using all the spectrum of biotechnolo-
gies, should be performed in prenatal period [2, 6]. The essence and value of PCD
is determined mainly by the information on the genotype and phenotypic manifesta-
tions in fetuses and preventing the birth of children with genetic diseases. These issues
are analysed from all points of view, taking into consideration the vital prognosis and
quality of life. In some situations when severe pathologies that are incompatible with
life are diagnosed in the fetus, therapeutic abortion can be used as solution, since the
main priority is healthy life without disability. The decision to save the pregnancy is
a problem for the couple, for the parents and/or for the future mother. The methods of
PCD represents some reliable and widely applied tests, and during the counseling the
medical geneticist giving the comprehensive and precise information for the patient
about the role, risks and benefits, indications and contraindications of these investiga-
tions [10, 13]. During the medical genetic counseling the basic principle is to create the
reliable relation between the physician and the patient.

Introducing the new methods of prenatal diagnosis and genetic testing have led to
the emergence of a whole range of ethical issues, related to the increase of the misuse
of genetic information and discrimination based on genetic characteristics [12]. One of
the main principles to correct the negative processes, caused by using the new biomedi-
cal technologies in the practice of medical genetics, is correct, comprehensive, authen-
tic information of patients, their relatives, patients from various social and professional
groups, the the community and the public as a whole with respect to achievements, ca-
pabilities and limitations of modern genetic technologies. In this context, significantly
increased the role of medical-genetic counseling since it ensures informing and advis-
ing the patient and his family about the hereditary pathology that contribute to making
certain decisions about genetic testing and reproductive health. Intervention effect on
genes, in patients with genetic hereditary diseases represents one of the largest fields of
research of the 21st century [1, 7, 14].

Diagnosis of fetal chromosomal abnormalities should be population-wide through
implementing the technologies of prenatal cytogenetic diagnosis. Of invasive prenatal
diagnostic methods most commonly administered amniocentesis with fetal karyotype
study at 16-18 weeks of gestation. Knowledge of prenatal testing in I and II trimesters
of gestation and their carrying out should become a priority. It is known that 5-10% of
children with chromosomal abnormalities are born in families of “high-risk groups”,
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and 95%-90% are born in families that did not have indications for medico-genetic
counseling [4, 9]. This is explained by the fact that in any family and in healthy couple,
the genetic risk is 3-5%. Anyone can accidentally fall into the category of increased
genetic risk, and addressing to specialist and respecting the indications by the pregnant
woman justifies the need for prenatal tests. Prenatal screening offers the possibility of
early diagnosis of severe fetal pathologies in early stages of pregnancy. At the same
time, it allows to select a specific group of pregnant women for invasive prenatal diag-
nosis, i. e. amniocentesis, using cytogenetics investigation in culture of fetal amniocyte
cells [5, 11].

Prenatal cytogenetic diagnosis has an exceptional significance for the medical-ge-
netic counseling since it allow transition from calculations of risk by means of formal
genetics to precise individual prognosis for the health of individual child in groups of
high genetic risk for chromosomal abnormalities. The selection of pregnant women
suitable for prenatal cytogenetic diagnosis is carried out by geneticists conform clinical
indications such as: advanced maternal age, historical information concerning the birth
of children with chromosomal pathology, parent carriers of balanced chromosomal ab-
errations or mosaics, ultrasound markers for chromosomal pathology, mutagenic fac-
tors which have had an impact on the embryo in the first trimester of pregnancy, history
of the birth of children with isolated or multiple congenital anomalies, and couples with
previous repeated miscarriages etc. Medical-genetic counseling represents the main
topic in the group of indirect methods of investigation of the pregnant woman for the
prevention of chromosomal abnormalities [3, 8, 15].

Based on the above-mentioned issues, the aim of the present work consists in high-
lighting the role of the PCD in identifying chromosomal abnormalities at the early
stages of development, while respecting the principles of good bases of prenatal medi-
cal genetic counseling. To achieve this goal, were developed the following objectives:

1. As early as possible (up to 16 weks of gestation) diagnosing of possible markers
for chromosomal abnormalities in fetuses using of clinical and pedigree analysis, ultra-
sound, and biochemical markers to determine the indications for cytogenetic analysis
(PCD with fetal karyotype study);

2. Studying and respecting aspects of good principles of prenatal medical genetic
counseling;

3. Determining the incidence of chromosomal abnormalities in fetuses in prenatal
period during 21 weeks of gestation;

4. Evaluating the results of invasive prenatal genetic diagnosis in pregnant women
during the first and second trimesters of pregnancy and studying the sharing of fetal
chromosomal abnormalities;

5. Developments of algorithms of prophylaxis and genetic diagnosis in pregnant
women at risk within the medical genetic counseling.

Materials and methods

During the the investigation we are used the prospective medical genetic counseling,
aimed at identifying the target group of 12938 of pregnant women at risk, in which was
administered the investigation at the Center of Human Reproduction and Medical Ge-
netics of the Institute of Mother and Child, in the period from 2005 to 2014. Of these,
in 4731 (36.6 = 0.4%) of women have made prenatal cytogenetic diagnosis: amniocen-
tesis and chorion villi sampling. Patients were divided into two clinical groups:

» Group [ —4731 (36,6 £ 0,4%) pregnant women at medium and high genetic risk
with positive family and obstetrics history of complications (risk grade > 6 %);

* Group II — 8207 (63,4 + 0,4%) pregnant women at low genetic risk (risk grade
<6 %).

During the medical genetic counseling of pregnant women was obtained the nec-
essary information concerning the data which allowed the construction of pedigree of
each family. Obtaining the data (i. e., family and obstetrical history), studying the labo-
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ratory values and the information from genetic analysis allow the calculation of degree
of genetic risk in different groups of studied women.

Inclusion criteria for PCD administering to pregnant women were: complicated
course of pregnancy with risk factors from obstetrical history, stopping of fetal devel-
opment, empty embryonic sac, spontaneous abortions in obstetric history, oligo- and
polyhydramnios; ultrasound markers of chromosomal abnormalities; advanced paren-
tal age (maternal age over 35 years and paternal age over 40 years); the presence in
the family of children with mental and physical delay; one of the parents is a carrier
of structural balanced chromosomal aberration; the history of birth of children with
congenital anomalies, neural tube defects, spina bifida; contact with ionizing irradia-
tion during pregnancy; the use of medicines with teratogenic potential before or after
conception etc.

For diagnosis of chromosomal abnormalities in fetuses it is proposed to use the
complex methods of prenatal diagnosis, invasive as well as non-invasive, which are
complemented to each other.

Ultrasound examination is recommended to all pregnant women to determine the
exact term of pregnancy, to determine the fetal development and to diagnose the fetal
anomalies. Ultrasonography of the fetus is recommended in stages of pregnancy where
this method is most informative for imaging the fetal anomalies and ultrasound markers
for chromosomal aberrations, i. e., in 11 — 13 weeks plus 6 days of gestation, at 16 — 18
weeks and in 20 — 21 weeks of gestation.

Prenatal cytogenetic diagnosis, i. €. amniocentesis with fetal karyotype study was
conducted in 4731 women at medium and high risk during 16 — 18 weeks of gesta-
tion.

Results and Discussion
The indications for medical genetic counseling were determined by general prac-
titioners and gynecologist, conform to the program of obligatory medical insurance

UNIC.

Table 1. Distribution of pregnant women by age

Age, years
Studied groups 17-24 25-29 30-35 3644 Mean age
years years years years

abs. % abs. % abs. % abs. % M=£m %
Group I (n=4731) | 767 | 16,2 | 937 | 19,8 | 2171 |1 45,9 | 856 | 18,1 29+5,6

Group II (n=8207) [ 3085 | 33,2 [ 3273 | 35,3 [ 1803 [ 28,3 | 46 [ 3.2 23+4,8

The age of pregnant women at medium and high risk which were included in the
study ranged from 17 to 44 years (average 26,1 + 5,3 years). The term of pregnancy at
the time visit to geneticist was from 6 to 22 weeks of gestation (mean value 14 + 5,1
weeks of gestation).

It is known that there is a correlation between the age of pregnant women and the
risk of fetal anomalies. Based on this fact we are divide the overall group of pregnant
women to two studied groups by age. At the same time, we note that more than half of
the women were aged between 25 — 35 years (65,7% in Group I —and 63,6% in Group
IT). The same trend was mentioned for both studied groups, the highest share of women
studied were aged 25 — 29 years (35,3% in Group I vs. 19,8% in Group II); the second
place occupies the number of pregnant women aged from 30 to 35 years, i. e., 28,3% for
Group II and 45,9% in Group I, and the lowest share of pregnant women recorded were
from 36 to 44 years (18,1% in Group I vs. 3,2% in Group II). The share of pregnant
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women aged from 17 to 24 years was 33,2% in Group I and 16,2% in Group II (fig.1).

50 459
10 137 353

%: T 198 " Lotul |
- 8 o
i ]

17-24 ani 25-29 ani 3035 ani 36-44 ani
Fig. 1. Distribution of pregnant women by age.

We draw attention to the fact that in healthy families and couples genetic risk is 3
—5% [1]. Anyone can accidentally fall into the group of high genetic risk, and address-
ing to geneticist and respecting the indications by the pregnant woman reasoned the
need for prenatal genetic tests. Despite these well-known facts, only 11% of the studied
women were consulted by the geneticist before conception, and other 8% of women
used folic acid before conception. Thus, our data suggests that only 19% of pregnant
women have had folic acid supplement in dose of 400 — 800 mcg daily before planning
their pregnancies, 57% of pregnant women takes the folic acid supplement during the
first trimester of pregnancy and 24% of pregnant women have not given folic acid sup-
plement during pregnancy (fig. 2).

50 < 54%

preconceptional primul trimestru nu au administrat

Fig. 2. Folic acid supplementing.

Another important aspect is that administration of prophylactic doses of folic acid
before conception prevents occurrence of neural tube defects, spina bifida, etc. [5]. Ac-
cording to data from the literature, the deficiency of active folate in women before con-
ception and during the first trimester of pregnancy can lead to CA of nervous system,
anencephaly and other anomalies, including folate dependent CA of cardiovascular
system [2, 6].

Ultrasound examination before 22 weeks of gestation allow prenatal detection of
markers for chromosomal aberrations and anomalies of different organs and systems
of fetus. USG was used in studied pregnant women at informative terms of gestation, i.
e., in 12 — 14 weeks of gestation, in 17 — 18 and in 20 — 21 weeks of gestation. We are
noted the fact that both in the Group I and in Group II were diagnosed CA in the fetuses
which are incompatible with life, 247 cases in Group I and 164 cases in Group II. It
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has been demonstrated that fetal ultrasound performed at 11 — 14 weeks of gestation
was enable to reveal markers specific for CA in the fetus and markers of chromosomal
aberrations in 86% of cases.

Thus, ultrasound examination allow to detect severe fetal pathologies in 12 — 14,
17 — 18 and 20 — 21 weeks of gestation in Group I and II of sudied pregnant women,
1. e., in terms of gestation where markers of CA and chromosomal aberrations can be
detected.

The indications for invasive methods of prenatal diagnosis were: diagnosed severe
fetal anomalies, abnormal values of biochemical parameters (i. e., low or high levels of
serum alpha-fetoprotein), and ultrasound markers for chromosomal diseases, such as
thickening of neck zone, poorly visualized nasal bones, cystic formations in choroids
plexus, cerebral ventricular enlargement, oligo- and polihydramnios, etc.), and in this
case the risk for pregnancy was rises up to 0,6%. 4731 (36,6 + 0,4%) of studied preg-
nant women passed the invasive prenatal dlagn051s procedures, i. e., amniocentesis
with karyotype study of the fetus.

Table 2. Methods of prenatal diagnosis, 2005 — 2014

Used invasive | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | Total
method
Chorion villi | 22 24 19 21 29 27 3 7 14 9 175
sampling
Amniocentesis | 305 | 369 | 434 | 482 | 398 | 389 | 443 | 531 | 616 | 764 | 4731
Total 327 | 393 | 453 | 503 | 427 | 416 | 446 | 538 | 630 | 773 | 4906

In Table 3 shown that during the period from 2005 to 2014 in the Center of Human
Reproduction and Medical Genetics, Institute of Mother and Child, were carried out
4906 procedures of cytogenetic investigations, including 175 procedures of chorion
villi sampling and 4731 procedures of amniocentesis.

Chromosomal abnormalities are genetic changes that occur as a result of specific
chromosomal mechanisms: abnormal segregation of chromosomes in meiosis or mi-
tosis, the aberrant chromosomal recombination, erroneous repairing of chromosome
breakage. We are note especially that chromosomal abnormalities can occur spontane-
ously as a result of the “de novo” mutation.

Diagnosis of chromosomal abnormalities in fetuses by cytogenetic methods with
the study of fetal karyotype in amniocyte cell cultures has contributed to reveling aber-
rations of fetal karyotypes before their birth. In the following table are presented cases
of fetal chromosomal abnormalities which were diagnosed during the years 2005 —
2014 in 164 pregnant women (3,540,3%).

Table 3 shows that from the total number of studied women the most frequent abnor-
malities are cases of aneuploidy, of which autosomal trisomies are the most common,
i. e. Down syndrome in 75 cases (1,6+0,2 %), Patau syndrome in 9 cases (0,2+0,06%)
and Edwads syndrome in 20 cases (0,4+0,09%). Have been diagnosed also gonosomale
abnormalities, i. e. Turner syndrome in 8 cases (0,17+0,06%) and Klinefelter syndrome
in 10 cases (0,2+0,07%). During the years 2005 — 2014 have been diagnosed prenatal
the triploidy in 6 cases (0,1£0,05%) and 31 cases (0,640,1%) of other structural chro-
mosomal syndromes.

In situations when is diagnosed numerical or structural chromosome abnormality
which is incompatible with the life, the abortion may be a therapeutic option, with legal
support, but controversial in ethic terms. During the medical genetic counseling these
aspects can be analysed from all points of view, taking into account the vital prognosis
and quality of life. The patients were offered medical genetic counseling. The decision
to save the pregnancy is depend from the preferences of the couple, of parents and/or
mother.
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We are note that methods of prenatal diagnostic are considered as safe tests which
applied in current practice, and geneticist during the medical genetic counseling give
correct and comrehensive information about role, advantages, riscs, indications and
contraindications of investigations.

Table 3. Changes of number of cases of fetal karyotype abnormalities revealed by prenatal

diagnosis in 2005 — 2014

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

Total/
mean

abs,
(%)

Chromosomal
abnormalities

abs,
(%)

abs,
(%)

abs,
(%)

abs,
(%)

abs,
(%)

abs,
(%)

abs,
(%)

abs,
(%)

abs,
(%)

M=m %

3
0,9)

Down
syndrome

7
(1.8)

7
(1,5)

4
(0.8)

5
(1.2)

5
(1.2)

5
(L1)

10
(1,9)

14
(2.2)

15
(1,9)

75
(1,6+0,2)

Patau
syndrome

1
0,3)

2
0.4)

2
(0,5)

1
0.2)

1
(0,2)

2
0,3)

9
(0,2+0,06)

Edwards
syndrome

4
(L1)

3
(0,7)

3
(0,6)

1
(0.2)

2
(0,5)

1
(0,2)

3
(0,6)

2
(0.3)

1
0,1

20
(0,4+0,09)

1
0,3)

Turner
syndrome

2
(0.,5)

1
0.2)

1
(0.2)

1
(0,2)

1
(0,2)

1
0,

8
(0,17+0,06)

2
(0,6)

syndrome

3
0,7)

2
0.4)

1
0.2)

1
(0,2)

1
0,

10
(0,2£0,07)

syndrome

1
(0,2)

3
(0,6)

1
0,1

5
(0,140,05)

Cases of | Triplo-X | Klinefelter

Triploidy

2
(0,6)

1
(0,2)

1
(0,2)

1
(0,2)

1
0,1

6
(0,1+0,05)

4
(1,2)

Other
syndromes

2
(0.,5)

4
0,9)

1
0.2)

2
(0,5)

2
(0,5)

2
0.4)

5
0,9

3
(0,5)

6
0.8)

31
(0,6+0,1)

13
(3.9)

TO-
TAL

15
3.9

20
“4.4)

12
(2.4)

10
(2.3)

13
(.1

11
(2,5

21
(3.9

21
(3.3)

28
(3,6

164 (3,5+0,3)

Prenatal diagnosis includes non-invasive screening tests, such as ultrasound and
biochemical tests as well as invasive diagnostic methods, such as amniocentesis and
chorionic villi sampling [10, 3]. Prenatal screening offers the possibility of early di-
agnosis of severe fetal pathologies at early terms of pregnancy, and allow to select a
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specific group of pregnant women for invasive prenatal diagnosis, i. €. amniocentesis,
which is one of the most effective medical measures for prevention of genetic patholo-
gies (Down syndrome and other chromosomal aberrations), which is administered for
pregnant women with a high genetic risk. Prenatal cytogenetic diagnosis procedures
have allowed detection of chromosomal pathologies of fetuses in the early period of
intrauterine development (16 18 weeks of gestation), without harming the health of the
mother.

The present study allowed us to use and introduce in practice in the framework of
medical genetic counseling some algorithms for the prevention and diagnosis of birth
defects and chromosomal abnormalities, which are adapted to the condition of our cur-

rent activity.

Stages of the algorithm presented have facilitated the tactics of medical service for
the pregnant women at risk, which were addressed to the medico genetic counseling.
Pregnant women have been informed, counseled and investigated for diagnostic pur-
poses on early period of fetal development. During the medical genetic counseling we
pointed out that preventive measures taken before conception and during the first tri-
mester of pregnancy which are necessary for preventing the congenital anomalies.

According to its basic principles, the medical genetic assistance, including prenatal
diagnosis should be offered to those who need it, according to medical indications,
regardless of income levels of patients and from other social and legal conditions. Pre-
natal diagnosis (PD) is based on the principle of “voluntary”. The essence and value
of prenatal diagnosis is determined mainly by the information on the genotype and
phenotypic manifestations in fetuses and preventing the birth of children with genetic
diseases. These issues are explored in all aspects taking into consideration the vital
prognosis and quality of life.

Medico-genetic counseling should be administered before the prenatal diagnosis.
Geneticist offers the information of women related to the pathology, disease evolution,
including the terms of manifestation [3]. After confirming the diagnosis and making the
decision of family or couple should respect the right and legal issues in according to
the local normative acts of the country. Only parents and by no means health workers,
take decision on fate of the fetus. In a case of indication can e used repeated medical
genetic investigation in the case of invasive prenatal diagnosis and other non-invasive
genetic and laboratory tests. Similarly, the family receives full information and signs
the Informed Consent to genetic testing or investigation, and the geneticist is guided by
the basic principles and must offer the following family information:

*  The precise name(s) and general features of pathologies which may be diag-
nosed as a result of the PD. Will mention the influence over the future status of the
child, parents and members of his family.

* Genetic risk calculation and description of the probability that the child may be
affected. The risk can also be expressed as a percentage, proportion or in words.

* Possibility of unfavorable results and sporadic cases of “de novo” mutations.
Probability of obtaining the laboratory end ultrasound data informative for the diagno-
sis and prophylaxis of hereditary pathologies.

» Resources for improvement of child born with genetic pathology, including phar-
maceutics treatment and social support, from which parents will benefit.

* Possible measures to solve the problem, if the child will be affected. For example,
the birth a child in family or state medical institution, refuse and protection of rights,
termination of pregnancy, treatment of fetus during the pregnancy or immediately after
the birth.

» Explaining the laws of hereditary transmission of pathologies (Mendelian, com-
plex, “de novo” mutations), and principles of treatment, resistance to symptomatic
therapy of hereditary pathologies, as majority of genetic pathologies and chromosomal
abnormalities are not treated during prenatal period.

* No genetic tests cannot guarantee the health of children, as well exists some
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persons with gene mutations which have not phenotypic and clinical manifestations.
Moreover, the specialists can have only partial information about the family and about
genetic risk (in situations where one or both spouses are healthy from phenotypic point
of view, but are carriers of chromosomal structural mutations, Robertsonian transloca-
tions which confer the risk to transmit the gene mutation to offspring, in more severe
form).

* Information about existence the programs of non-invasive prenatal diagnosis,
and biochemical screening is only first stage of prenatal diagnosis which not allow to
make individual precise diagnosis.

* Name and contact address of the specialized institution for the persons in the case
of diagnosis of pathology in fetus.

The above principles and aspects of regulation medical and genetic counseling and
prenatal diagnosis, having a general character and are not include all the organizational
and clinical problems which are present in current practice of geneticist. Of course it
is necessary to consider the possibilities of genetic tests that are changing and growing
so fast.

The achievements of the modern biotechnologies development offers new oppor-
tunities which can influence on human beings. On the one hand, implementation of
new biomedical methods open new ways and directions of research, and, on the other
hand, presents a real danger not just for physical health, but also for the spiritual hu-
man values and for preserving the moral traditions of the society. Such hazard is often
accompanied by epochal scientific discoveries, such as, for example, the accomplish-
ments in the field of nuclear physics. Scientific discoveries in itself represents only one
tool in the hands of mankind. The future and the fate of humankind depend largely on
how we handle our powerful force, as well as biomedical technologies, including ge-
netic technologies.

Conclusions

Methods of prenatal cytogenetic diagnosis, i. e., studying of fetal karyotype, and
medical genetic counseling contribute to diminishing the prevalence of chromosomal
aberrations in newborns.

Thanks to the methods of PCD it was possible to take the measures for prevention
of birth 164 (3,5+0,3%) children with chromosomal anomalies diagnosed during pre-
natal period before 21 weeks of gestation.

Studying the sharing of fetal chromosomal aberrations before 22 weeks of gestatn
in was showed the fact that more prevalent were the cases of Down syndrome — 75
cases (1,6+0,18%), Edwards syndrome — 20 cases (0,44+0,09%) and structural chromo-
somal abnormalities — 31 cases (0,7+0,12%).

The principles and fundamental values become advisable to follow in current prac-
tice within the medical and prenatal genetic counseling in order to rationalize and mod-
ernize the medical service as well as by reason of the necessity of readjusting the local
medical system to international provisions.
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Introduction

Cardiomyopathy is defined by structural and functional abnormalities of thr ven-
tricular myocardium that are unexplained by flow limiting coronary artery disease or
abnormal loading conditions [8]. The recent ESC Guideline (2014) adopt the classifica-
tion system in which all cardiomyopathies are divided by specific morphological and
functional criteria and then grouped into familial/genetic and non-familial/non-genetic
subtypes, including of the presence of extracardiac diseases. The hypertrophic cardio-
myopathy (HCM) is defined by the presence of increased left ventricular (LV) wall
thickness that is not solely explained by abnormal loading conditions. This definition
is available for adults and children, but no specific etiologic factor [9].

HCM is a common genetic cardiovascular disease with the overall prevalence esti-
mated between 0.02-0.23% in adults [13, 28]. In pediatrics registries, the prevalence of
HCM in children is unknown, but population-based studies report an annual incidence of
0.3 to 0.5 per 100,000 [11, 18]. Recent publications indicate that the HCM accounts for
42% of childhood cardiomyopathy and has an incidence of 0.47/100,000 children [6].

The HCM is marked by phenotypic and genotypic heterogeneity. In up of 60% of
adolescent and adults with HCM, the disease is an autosomal dominant trait caused by
mutation in cardiac sarcomere protein genes (Tablel) [12, 25].

Table 1. Casual genes for Hypertrophic Cardiomyopathy

Gene | Symbol | Frequency
Established Causal Genes
3-Myosin heavy chain MYH7 ~25%
Myosin-binding protein C MYBPC3 ~25%
Cardiac troponin T TNNT2 ~3%-5%
Cardiac troponin I TNNCI1 ~3%-5%
a-Tropomyosin TPM1 ~1%
Myozenin 2 (calsarcin 1) MYOZ2 1:250
Myosin light chain 1 MYL3 Rare
Myosin light chain 2 MYL2 Rare
a-Actin ACTC1 Rare
Titin TTN Rare
Telethonin TCAP Rare
Possible causal Genes

Myosin light chain kinase 2 MYLK2 Rare
a-myosin heavy chain MYH6 Rare
Cardiac troponin C TNNC1 Rare
Caveolin 3 CAV3 Rare
Phospholamban PNL Rare

Many genes are involved in HCM and all types of mutation have been reported
(missense, frameshift, nonsense, splice site, and small deletions and insertions). The
two most frequently mutated genes are MYBPC3 and MYH7 [17]. But most of HCM
patients are heterozygous for a mutation, in 3-5% of the cases, patients carry two mu-
tations in the same gene, or different genes (digenic). The association of the different
mutations is characterized with a more severe phenotype with younger age of onset and
more adverse events [12, 20]
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The diagnosis of HCM is a clinical one, made on the basis of an increased LV
wall: 15 mm or more, or 13 mm or more in relatives of HCM patients. This diagnostic
condition is assessed using echocardiography or cardiac magnetic resonance imaging.
Management of children with HCM is indispensable to the clinical evaluation of ext-
racardiac manifestations and signs suggestive of etiology can direct specific cases of
HCM (Table 2).

Table 2. Examples of signs and symptoms suggestive of specific diagnoses [9]

Symptom/sign Diagnosis

Learning difficulties, mental retarda- | « Mitochondrial diseases
tion * Noonan/LEOPARD/Costello syndrome
* Danon disease

Sensorineural deafness » Mitochondrial diseases (particularly with diabetes)
* Anderson-Fabry disease
* LEOPARD syndrome

Visual impairment * Mitochondrial diseases (retinal disease,
optic nerve atrophy)

* TTR-related amyloidosis (cotton wool
type vitreous opacities)

* Danon disease (retinitis pigmentosa)

* Anderson-Fabry disease%jcataracts,
corneal opacities)

Gait disturbance * Friedreich’s ataxia

Paraesthesia /sensory abnormalities/ | « Amyloidosis )

neuropathic pain * Anderson-Fabry disease

Carpal tunnel syndrome * TTR-related amyloidosis (especially

when bilateral and in male patients)

Muscle weakness e Mitochondrial diseases

* Glycogen storage disorders
e FHL1 mutations

« Friedreich’s ataxia

Palpebral ptosis * Mitochondrial diseases
* Noonan/LEOPARD syn (1978) drome
* Myotonic dystrophy

Lentigines/café au lait spots * LEOPARD/Noonan syndrome

Angiokeratomata, hypohidrosis * Anderson-Fabry disease

However, it should be underscored that in principle, any degree of wall thickness
is compatible with the presence of the HCM genetic substrate clinical and genetic test-
ing. Owing to age-dependant penetrance, a negative clinical test does not exclude the
possibility of developing HCM at a later age. Patients may develop sudden arrhythmic
death, progressive heart failure, and atrial fibrillation. Treatment is based on symp-
toms, and whether left ventricular outflow tract obstruction, family history and risk
for sudden cardiac death are present. Possible modalities are pharmacologic, surgical
myectomy or percutaneous alcohol septal ablation, or a combination of therapies, and
implantable cardioverter defibrillator (ICD) [12, 14, 24].

The clinical sensivity can by depended on variable factors such as age or family
history. At the same time, genetic testing plays an important role in management strat-
egy and prognosis, differentiated by age (Table 3).

In the positive genetic test, the child need at regular cardiological evaluation to
detect clinical and echocardiographic signs and to estimate the risk of sudden cardiac
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death (SCD). If the genetic tested are negative, relatives without the mutation can be
discharged from cardiological follow-up.

Table 3. Proposed Clinical Family Screening with Echocardiography or Cardiovascular
Magnetic Resonance (and 12-lead Electrocardiography) for Detection of HCM Left Ven-

tricular Hypertripy *[16]

Age <12 yrs

Optional unless:

Malignant family history of premature death from HCM, or other adverse complications
Competitive athlete in an intense training program

Onset of symptoms

Other clinical suspicion of early left ventricular hypertrophy

Age 12-21 yrs #
Every 12-21 month

Age >21 yrs

Imaging at onset of symptoms, or possibly at 5-yrs intervals at least through midlife< more
frequent intervals for imaging are appropriate in families with malignant clinical course, or
history of late-onset HCM

Predictive genetic testing of relatives is only possible if a pathogenic mutation has
been identified. For risk stratification, there are major and possible risk factors. Risk
factors in adult studies are well described. Studies have been inconsistent in children,
which may reflect the varying etiologies of HCM. All children with HCM should be
guided by the best interests of each child in accordance with international standards for
good practice.[4, 5, 7, 22, 25, 27].

Material and methods

A retrospective study was performed on 23 children with HCM, aged before 19
years, hospitalized in Department of Pediatric cardiology of Child and Mother Institute
(2008-2012). HCM was defined as primary, inappropriate hypertrophy in non-dilated
heart with normal or exaggerate systolic function in the absence of valvular outflow
obstruction or underling systemic disease, with absolute wall thickness above +2 SD
for age, and exceeding the 95th centile [1, 3, 10]. All subjects underwent detailed as-
sessment that included clinical history (symptoms, when they started, date of diagnosis
of the disease, family history data on evolution, past and present therapy, etc.), clinical
examination, 12-lead electrocardiogram (ECG) and transthoracic echocardiographic
study (2D, M- mode, and Doppler); ECG Holter monitoring. Each clinical case was
analyzed with reference to detection the presence of unfavorable risk factors at primary
diagnosis.

Results and discussion

The study group included 23 children, aged between 1, 5 month to 17,8 years, male
prevalence. The average age of children was 7.2 years and 9(39,1%) are infants. Clini-
cal characteristics of the patient population are listed in Table 4.

It is important to note that nearly half of the children (11 children) were asympto-
matic. The most common symptoms were cardiac murmur, palpitations or chest pain or
discomfort. Three patients presented symptomatic heart failure due to systolic dysfunc-
tion. Symptoms caused cardiac examination family, who confirmed this positive family
history in five patients, including cardiac death in young age.

The 12-lead ECG is a fundamental initial diagnostic strategy for early evaluation.
In our study only one patient had a normal ECG, but more than 95% of children had the
abnormal ECG, preponderant signs of LV hypertrophy (98%). Simultaneously, standard
ECG and Holter ECG monitoring are confirmed arrhythmia in some children (7 pts),
including 5 children with asymptomatic tachycardia (supraventricular and ventricular),
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an infant with asymptomatic Wolff-Parkinson-White (WPW) syndrome.

More recently, clinical suspicion sufficient to trigger genetic testing can be raised
by: WPW pattern in PRKAG, important in some glycogen storage diseases [2, 26]. The
signs of LV hypertrophy and arrhythmias also considered a marker for early ventricular
dysfunction and risk factor for sudden death in children [7, 21, 23].

Table 4. Patients clinical characteristics

Female, n (%) 9(39)
Age at diagnosis, yrs
Cohort mean, yrs (£2SD) 7,2+4,3
Age <l yr, n (%) 9(39,1)
Age >1 and < Syrs, n (%) 2(8,7)
Age >5 and < 10yrs, n (%) -
Age >10 and <18yrs, n(%) 12(52,1)
Presenting signs and symptoms
Asymptomatic 11(47,8)
Murmur, n(%) 10(43,5)
Family history of HCM, n(%) 2(8,7)
Family history of sudden death, n(%) 3(13)
Syncope/near syncope, n(%) 2(8,7)
Dyspnea on exertion, n(%) 2(8,7)
Palpitation/chest disconfort, n(%) 5(21,7)
Heart failure, n(%) 3(13)
Echocardiographic data
Left ventricular morphology
Asymmetric septal hypertrophy, n(%) 20(87)
Concentric left hypertrophy, n(%) 3(13)
Left ventricular outflow tract obstruction, n(%) 13(56,5)
Septal wall z-score in diastole,
Mean £2SD 11,344,7
Posterior wall z-score in diastole,
Mean £2SD 42424
Septal/posterior wall ratio, 3,1+1,9
Mean +2SD
Fractional shortening,
Mean+2SD 45+8.9
Other cardiac anomaly, n(%) 1(2,3)

Echocardiography (2D, M-mode and Doppler) is considerate at key to the nonin-
vasive diagnosis of HCM. This test allow for the morphology, structural abnormalities
and hemodynamic disturbances in HCM, some of which have profound prognostic val-
ue [1, 3]. All children in our study had normal or supernormal systolic function in ob-
structive and nonobstructive variants in HCM. Most patients (87%) had a asymmetric
form of LV, typically involving the septum. Distribution and extend of LV hypertrophy
was diverse. Among the 23 study patients, the basal anterior septum showed the highest
average maximal LV septum thickens (range 6,3 to 40 mm), elevated according to BSA
and 5 of them have the LV wall thickness more 30 mm. In some time the concentric LV
hypertrophy (3pts) explains early cardiac dysfunction and heart failure. Many pediatric
studies have demonstrated the importance of the patterns of LV hypertrophy in estimate
the risk factors and treatment [14, 15].

Phenotypic expression and presence of family history of HCM genetic consultation
conditioning of children included in the study. The risk of SCD in patients with HCM is
significantly higher in the 8-16 year age range than in the 17-30 year age range, which
is a strong argument for family screening to be carried out at an early age in families
with HCM [19, 27] Summarizing the results of the investigations and clinical data, we
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identified the presence of adult risk factors for sudden cardiac death. At the same time,

according to pediatric publications in HCM in children are discussed and other risk
factors, such as signs and symptoms at early age, almost 50% of our cases. The man-
agement strategy in HCM provides highlighting risk factors, of our patients who were
present: syncope, family history, extreme parietal hypertrophy, left ventricular outflow
obstruction output and arrhythmia. We are guided by the recommendations of pediatric
studies that have mapped this HCM various diseases in children, including extracar-
diac involving other systems and organs. According to these descriptions, 3 suspected
mitochondrial disease 2 infants with family history of HCM, where CMH has been
associated with neurological disorders, muscle and eyes. Patients with multiple condi-
tions and risk factors for SCD and their parents underwent clinical examination, EKG
and genetic including blood samples was collected for DNA extraction in order genetic
diagnostic reference centers after possibility. The guiding principle is that a genetic or
a clinical test in a child should have an impact on management; lifestyle and further
clinical screening All HCM patients and relatives should be fully informed by virtue of
some from genetic counseling. Certified genetic counselors play an important role by
collecting detailed family planning. The multidisciplinary approach has a considerable
advantage in everyday assessment of children with HCM.

Study limitation
This study is a retrospective descriptive analysis and has limitations intrinsic to
such an analysis. There are a low number of patients, incomplete family history, clini-
cal evaluation was not performed at the same time, imaging tests were not conducted
by a similar protocol. The most important limitation is the lack of results of genetic
tests which would help in confirming the etiology of children HCM cohort described.

Conclusions

HCM is a complex and heterogeneous disease, pediatric occurs at all ages, it is
characterized by marked diversity in clinical presentation, often is asymptomatic,
mainly with morphological pattern of asymmetric left ventricular hypertrophy, with
or without obstruction. Sometime HCM associated extracardiac manifestations, which
the non-sarcomeric etiology confirming in pediatric cases of HCM. All patients with
HCM should to take advantage of genetic consultation, important to refine diagnosis
and prognosis, and to provide optimal management for families, including multidisci-
plinary approach.

Bibliography

1. Afonso LC, Bernal J, Bax JJ, et. al. Echocardiography in Hypertrophic Cardiomyopathy.
/I JACC. 2008, 1:787-800.

2. Arad M, Maron BJ, Gorham JM, et. al. Glycogen storage diseases presenting as hypar-
trophyc cardiomyopathy. // N Engl J Med. 2005; 352:362-372.

3. Anderson M, Wayangankar S, Sivaram CA. Systolic anterior motion of the posterior
leaflet in hypertrophic cardiomyopathy. / Echocardiography. 2014, 31(4):E128-9.

4. Bos JM, Towbin JA, Ackerman MJ. Diagnostic, prognostic, and therapeutic implications
of genetic testing for hypertrophic cardiomyopathy. // J Am Coll Cardiol. 2009, 54(3):201-11.

5. Christiaans I, van Engelen K, van Langen IM, et. al. Risk stratification for sudden car-
diac death in hypertrophic cardiomyopathy: systematic review of clinical risk markers. // Eu-
ropace. 2010, 12(3):313-21.

6. Colan SD, Lipshultz SE, Lowe AM, et. al. Epidemiology and cause-specific outcome of
hypertrophic cardiomyopathy in children: findings from the Pediatric Cardiomyopathy Registry.
// Circulation. 2007, 115:773-781.

7. Decker JA, Rossano JW, Smith EO, et. al. Risk factors and mode of death in isolated
hypertrophic cardiomyopathy in children. / J Am Coll Cardiol. 2009, 54(3):250-4.

8. Elliot P, Andersson B, Arbustini E, et. al. Classification of the cardiomyopathies: a po-
sition statemen from the European Society of Cardiology Working group on myocardial and
pericardial diseases. // Eur Heart J. 2008, 29:270-276

51



Journal of ASM. Life Sciences. No. 2(326) 2015 Plant Genetics and Breeding

9. Elliott PM, Anastasakis A, Borger MA et. al. 2014 ESC Guidelines on diagnosis and
management of hypertrophic cardiomyopathy: the Task Force for the Diagnosis and Manage-
ment of Hypertrophic Cardiomyopathy of the European Society of Cardiology (ESC). // Eur
Heart J. 2014, 35(39):2733-79.

10. Kampmann C, Wiethoff C M, Wenzel A et. al. Normal values of M mode echocar-
diographic measurements of more than 2000 healthy infants and children in central Europe. //
Heart. 2000, 83:667-672.

11. Lipshultz SE, Sleeper LA, Towbin JA, et. al. The incidence of pediatric cardiomyopathy
in two regions of the United States. // N Engl J Med. 2003, 348:1647—1655.

12. Marian AJ. Hypertrophic cardiomyopathy: from genetic to treatment. // Eur J Clin
Invest. 2010; 40:360-369.

13. Maron BJ, Gardin JM, Flack JM, et. al. Prevalence of hypertrophic cardiomyopathy in
a general population of young adults. Echocardiographic analysis of 4111 subjects in the CAR-
DIA Study. Coronary Artery Risk Development in young adults. // Circulation. 1995, 92:785-
789.

14. Maron BJ, Maron MS, Semsarian C. Genetics of hypertrophic cardiomyopathy after 20
years: clinical perspectives. // J Am Coll Cardiol. 2012, 60(8):705.

15. Maron BJ, Maron MS. Hypertrophic cardiomyopathy. // Lancet 2013, 381(9862):242-
55.

16. Maron BJ. Seidman JG, Seidman CE. Proposal for contemporary screening strategies
in families with hypertrophic cardiomyopathy. // J Am Coll Cardiol. 2004, 44:2125-1232.

17. Morita H, Larson MG, Barr SC et. al. Single-gene and increased left ventricular wall
thickness in the community: the Framingham Heart Study. // Circulation. 2006, 113:2697-2705

18. Nugent AW, Daubeney PE, Chondros P, et. al. Clinical features and outcomes of child-
hood hypertrophic cardiomyopathy: results from a national population-based study. // Circula-
tion. 2005, 112:1332-1338.

19. Ostman-Smith I, Devlin AM. A simple method for assessing the regression or progres-
sion of ventricular hypertrophy in the growing child and adult: the value of left ventricular wall-
to-cavity ratios. // Eur J Echocardiogr. 2001, 2;22-30.

20. Pinto YM, Wilde AAAM, van Rijsingen IAW, et. al. Clinical utility gene card for:
hypertrophic cardiomyophaty (type 1-14). Eur J Hum Genetics. 2011, 19; doi:10.1038/
ejhg.2010.243.

21. Roberts WC. Fifty years of hypertrophic cardiomyopathy. / Am J Cardiol. 2009,1
03(3):431-4.

22. Spirito P, Autore C, Formisano F, et. al. Risk of sudden death and outcome in patients
with hypertrophic cardiomyopathy with benign presentation and without risk factors. / Am J
Cardiol. 2014, 113(9):1550-5.

23. Shah N, Chintala K, Aggarwal S. Electrocardiographic strain pattern in children with
left ventricular hypertrophy: a marker of ventricular dysfunction. // Pediatr cardiol 201, 31:800-
806.

24. Vriesendorp PA, Schinkel AF, Van Cleemput J, et. al. Implantable cardioverter-defibril-
lators in hypertrophic cardiomyopathy: patient outcomes, rate of appropriate and inappropriate
interventions, and complications. / Am Heart J. 2013, 166(3):496-502.

25. Watkins H, Ashrafian H, Redwood C. Inhered cardiomyopathies. /N Engl ] Med. 2011,
364:1643-1656.

26. Weidemann F, Niemann M, Breunig F, et. al. long-term effects of enzyme replacement
therapy on Fabry cardiomyopathy. // Circulation. 2009, 119:524-529.

27. Wren C, O'Sullivan JJ, Wright C. Sudden death in children and adolescents. Heart.
2000; 83:410-413.

28. Zou Y, Song L, Wang Z, et. al. Prevalence of idiopathic hypertrophic cardiomyopathy
in China: a population-based echocardiographic analysis of 8080 adults. / Am J Med. 2004,
116:14-18.

52



Journal of ASM. Life Sciences. No. 2(326) 2015 Human and Medical Genetics

ULTRASTRUCTURAL EVALUATION AND HISTOLOGICAL
PECULIARITIES OF ANDROGENETIC STRUCTURES OF
BARLEY

Larisa Andronic, Ecaterina Macovei, Svetlana Smerea
Institute of Genetics, Physiology and Plant Protection of the ASM

Introduction

Androgenisis is based on three crucial events: i) repression of gametophytic devel-
opment and leads to the dedifferentiation of the cells; ii) restore of cell divisions and
of embryonic potential; iii) formation of embryo-like structures. As shown by several
experiments, embryogenic development during in vitro androgenesis is induced by the
application of different types of abiotic stresses, including heat shock, cold, and starva-
tion, among others [6]. The stress converts a cell destined to produce a male gameto-
phyte i.e. a pollen grain, into an embryogenic cell that will develop into a sporophyte,
i.e. an embryoid [8, 9]. Reprogramming of cellular metabolism can occur through the
repression of expression related to starch biosynthesis and the induction of proteolytic
genes (e.g. components of the 26S proteasome, metalloprotease, cysteine, and aspartic
proteases) and stress-related proteins (e.g. GST, HSP, BI-1, ADH) [6].

It is know that androgenesis can run in two ways: through reprogramming and
direct proliferation of microspores or callus induction as indirect result of dediferentia-
tion of somatic cells of anther. In the first case, microspores after the second meiotic
phase, proliferate within exine and form multicellular structures, which subsequently
lead to embryogenic structures and exine degeneration. In the second, proliferation of
somatic cell of anther conducts to the callus formation. Unfortunately, trigger mecha-
nism of dedifferentiation remains unclear and the induction of microsporal embryogen-
esis is a major task in solving androgenesis [4, 7].

Therefore, the embryogenic microspore is an extremely complex in vitro biological
system where cellular responses to abiotic stresses co-exist with the reprogramming
towards a new developmental fate and the cessation of the old programme. All these
simultaneous changes must be reflected in a dramatic remodeling of cell architecture.

Considering that histological characterization of androgenic structure has been lit-
tle reported the purpose of work is to study the ultrastuctural aspects of androgenetic
structures with different embryogenic capacity for barley cultivars.

Materials and methods

The spring (Galactic, Unirea, Sonor) and winter (Stralucitor) barley cultivars served
as biological material.

Donor plants, for culture in vitro of anthers, were grown in controlled conditions,
in optimal conditions concerning photoperiod, light intensity, temperature and nutri-
tion, according standards recommended by Cistue et al. [3]. Spikes were collected
when most of the microspores were at the mid to late-uninucleate stage. For cytologi-
cal identification of meiosis stages the anthers were fixed in Carnoy solution (3:1) and
stained with aceto-carmine. Collected spikes were rinsed in water with three drops
of Tween-20 (0,1%) and under running tap water for 10 min; after that the spikes
(60-80 mm long) were sterilized with 70% ethylic alcohol followed by 5,2% sodium
hypochlorite (dilution with distillate water 1:1). At last, in laminar airflow hood the
anthers were excised and incubated in culture medium.

For induction the dedifferentiation and reclaim sporophytic development were used
different schemes of pretreatment and various hormone balances of nutrient medium.
According to the obtained data, positive response of anthers to in vitro condition was
generated by cold pretreatment and Mannitol inanition. The main effective schemes
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were found: 1) T=4 °C, Mannitol 0.34M, followed by the passage supplemented with
0,17M Mannitol; ii) T=4 °C, during 10-14 days or iii) Mannitol — 0,17M. As induction
medium we used three variants: C3 (Jacquard et al., 2003), N6 (Chu, 1978) and FHG
(Hunter, 1988). The schemes of pretreatment and the medium composition conducted
according [1]. For each variant in medium 25-30 anthers were inoculated in Petri dishes
and incubated at 25£2 °C in dark for 14 days.

After 30 days the explants were transferred to dishes with fresh medium and ex-
posed to a constant temperature 2542 °C, with 16 hours photoperiods and light 20001ux.
Every 30 days we performed passages, respecting the aseptic rules.

Embryogenic and non-embryogenic cells population derived under in vitro anthers
culture were used for cytological examination, using semi- and ultra-thin sections.
Samples were fixed with 4% aqueous glutaraldehyde and post-fixed with 1% osmium
tetroxide. After dehydration in ascending ethanol concentrations and propylene oxide
the material was embedded in a mixture of Epon. Semi-thin sections, produced on
ultramicrotome UMTP 3, were stained with methylene blue. Thin sections, were pre-
pared at LKB ultramicrotome and stained in 4% uranyl acetate and in lead citrate. For
transmission electron microscopy analysis, the specimens were analyzed with an elec-
tron microscope EMB 100 BR.

Results and discussion

According to the previous data was reported that microspore embryogenesis for
barley pass via a complex morphogenetic pathway dependent not only on the pretreat-
ment conditions, but also of a lot of interrelated factors, including the genotype pecu-
liarities [1]. As results of optimized technique for initiation in vitro embryogenesis for
evaluated cultivars (Galactic, Sonor, Unirea and Stralucitor), was established that cold
stress (+40 °C) in complex with mannitol starvation generate reorganization involving
anther wall cells (tapetum, endothecium) degeneration and microspores reprogram-
ming.

In the anthers with androgenic response as result of dedifferentiation inside micro-
spore, embryonic structures were generated, accompanied further by the exine break
and destruction of sterile anther tissues (endothecium and tapetum).

At the first stage it is reported the cell wall differentiated, plasmodesmata formation
(Fig. 1). Also at this phase were differentiated the traheids (Fig. 1 B).

These structures are criteria for determination of the tissue and indicate the be-
ginning of differentiation. Cells organelles, such as mitochondria and plastids, are at
young stage and are represented by promotocondria and proplastids, with a compact
matrix without developed intern membrane system (Fig. 1 C).

In the vacuole cavity has been established minor accumulations of starch (Fig. 1 A, D). In
some cases were attested aggregates of lipid compounds precursors of sporopollenin (Fig. 1 C).

This component is a mixture of biopolymers, containing fatty acids, phenylpropa-
noids, phenolics and traces of carotenoids. Sporopollenin is a major component of the
tough outer (exine) walls of pollen grains. It is know that the sporopollenin is built up
via catalytic enzyme reactions in the tapetum, and both the primexine and callose wall
provide an efficient substructure for sporopollenin deposition. As is reported by Ari-
izumi and Toriyama [2], the currently accepted understanding of the molecular regula-
tion of sporopollenin biosynthesis, must be review. These new approach would explain
the occurrence of these compounds in the cells of microsporal origin.

The nuclei are characterized by an unbalanced distribution of heterochromatin (Fig.
1 E). In the compact peripheral zone predominate active cells with meristemic char-
acteristics. Near the cell wall can be found lomosome-like bodies, vesicular structures
involved in wall development (Fig. 1 F).

After several reproductive cycles, the structures derived from microspores with
embryogenic potential derived meristematic centres characterized by compact arranged
cells with hyperchromatic cytoplasm due to high content of organelles and intracellular
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compounds, major centrally located nuclei, lack of central vacuole. Histological studies
showed that globular structures originated at sub-marginal region and were covered by
the epidermis. The somatic embryos formed independently or very close and appeared
to be linked by their basal region [1].

Fig. 1. Ultrastructure of cells at the globular stage. Structural aspect of cells from different zone.
A, B —intern compact zone, C, D — medium layers, E, F — compact zone from periphery.

In pre-embryonary stage are distinguish two areas: the compact and spongy area in
which cells lose their adhesion (Fig. 2).

The compact area is characterized by strong adhesions and cells with high metabol-
ic activity, not differentiated vacuome. It is found presence of many mitochondria and
proplasdids (Fig. 2 A—E). In the spongy zone, the cells lose contact, had large vacuoles
with reduced cytoplasm arranged parietal (Fig. 2 F-H). Heterochromatin is distributed
mainly perimembranar (Fig. 2 H). Mitochondria have differentiated internal membrane
system. It is also noted the presence of lomosome-like bodies, denoting intense process
of cell wall formation.

For both embryogenic structures in interphase are characteristic four morphologi-
cal types of nuclei:

- nuclei with major areas of heterochromatin distribute balanced on the surface of
the nucleus with little diffuse chromatin (Fig. 2 C),

- nuclei with major areas of heterochromatin distributed unbalanced, denoting
asymmetric distribution of genetic material (Fig. 2 A, F, G),

- nuclei with small areas of peripheral heterochromatin, indicating a metabolic hy-
peractivity (Fig. 2 B, H),

- interphase nuclei with typical differential nucleoli (Fig. 2 E).

In late developmental stage, the globular structures that formed embryos, exhibit
polarity (apical and basal regions) and tracheary differentiation, which elements were
distribute among the meristematic cells. Further sub-cultivation conducted to embryo
differentiation or loss of cell adhesion and cell vacuolization [1].

In the embryogenic structures that formed a/bino plants are found cells with reduced
cytoplasm, cavity being filled up with macromolecular compounds likely polysaccha-
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ride (Fig. 3 D, E). Abundant storage and compounds mobilization probably cause an
inhibitory effect on mitochondria, present in a major number (Fig. 3 C). Inactive status
of these organelles is confirmed by their compact matrix and undeveloped internal
cristae. Also, the plastids are undifferentiated, while the interphase nuclei are typical
morphology, showing a high functional level (Fig. 3 A, B).

Fig. 2. Structural overview of distinct zone at pre-embryonic stage.
Fine structure of cells from compact zone - A, B, C, D, E; internal structure of cells from spongy zone — F, G, H.

Fig 3. Ultrastructural aspects of embryogenic structure derived albino plants.
A- morphological aspect of nucleus; B general aspect of proliferative cell; C- fragment of cytoplasm with mul-
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tiple mitochondria; D, E — storage of macromolecular compounds in vacuole cavity.

Specific for embryogenic structures which led to the formation of green regenerants
are presence of amyloplasts and accumulation of phenolic compounds. Cells from embryo-
genic structures are different degree of differentiation of the vacuoles (Fig. 4). Mitochondria
are present in a major number. Nuclei are with typical structure and balanced distribution of
heterochromatin and distinguished nucleoli (Fig. 4 A, B, D). Nucleolar organization reflects
high metabolic activity that is necessary for the synthesis of ribosomal subunits and realiza-
tion of translational processes. The cell wall is thin. Additional primary starch deposit in
plastids is observed insignificant reserves stored in vacuome cavity.

It is known that an important prerequisite for the potency expression is the nutrient sub-
strate, such as starch, which serves as a source of energy for metabolic needs at the initial
stage. The accumulation of phenolic compounds can conduct to modification of in vitro
degradation of IAA by [AA-oxidase. Consequently, the genotype with maximum in vitro
protection for IAA is regarded as the best genotype for androgenesis [5].

For embryogenic structures that generate green regenerants is characterized the
development of the endoplasmic reticulum, presence of plasmodesmata, which proves
the relationship between the cells within the tissue.

Based on obtained data were not established specific structural features between
evaluated barley cultivars. The embryogenic structures derived from in vitro anthers
culture present different ultrastructural aspects depending on the proliferation capacity
and further development.

Fig 4. Ultrastructural aspects of embryogenic structure derived green plants. )
A - morphological aspect of nucleus; B - general aspect of proliferative cell; C, D, E - structural aspect of prolif-
erative cells fragments, it is certified the presence of amyloplasts and phenolic compounds.
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Conclusions

On base of ultrastructural study of the formations derived via microspore embryo-
genesis were revealed:

- the embryogenic initiation it is marked by the differentiation of plasmodesmata
and tracheary elements, while there has been characterized by a high variability of nu-
clei morphology, expressed in unbalanced chromatin distribution, reflecting a position
effect;

- at pre- and embryogenic stages is observed differentiation of vacuoles, plastids.
In cells with high proliferative capacity is remarkable presence of mitochondria in an
increased number;

- embryogenic tissue, which subsequently generated albino plants are characterized
by huge accumulations of starch and polysaccharides;

- in realization of androgenic potential an important role play the organelles of
energetic systems: plastids and mitochondria, proving cytoplasmic factors involved in
establishing embryogenic capacity.
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Introduction

Plants respond to virus infection with a number of structural, physiological and
genetic modifications, which lead to disease development. The process of disease de-
velopment in plants is still not fully understood, but two models have been proposed:
the competitive model, where the viruses compete with the host for resources and the
interaction model, where the disease develops as a consequence of viral components
interfering with host processes [8]. In case of systemic infections the viruses dramati-
cally affect photosynthesis, respiration and carbohydrate synthesis [16; 31].

The contribution of viral infection to the enhancement of somatic and meiotic re-
combination, resulting in rearrangements that could, potentially, be transmitted to the
next generation, has been recognized [5; 20]. According to the previous data, it was
established that viral infection can contribute to chromosome breaks [3; 24], modifica-
tion of chromatin condensation [24], activation of transposing elements [9], cell prolif-
eration and gene expression [14; 18; 29].

Exposure of maize plants to Barley stripe mosaic virus seems to activate transpos-
able elements and to cause mutations in the non-infected progeny of infected plants
[20]. The induction by the Barley stripe mosaic virus of an inherited effect means
that the virus has a non-cell-autonomous influence on genome stability. The authors
reported a threefold increase of homologous recombination frequency in both infected
and non-infected tissue of tobacco plants with either tobacco mosaic virus or oilseed
rape mosaic virus. A similar increase in DNA recombination was also observed in the
progeny of the infected plants, indicating that pathogen-induced recombination can
lead to heritable adaptations to environmental stresses [11].

A lot of researches regarding plant viruses, reveal that the character of systemic
symptoms of virus infection in plants is determined by the expression of both host and
virus genes. The consequences of viral infection are highly variable, thereby leading to
a continued lack of understanding of these effects.

The goal of the study was to analyze the expression levels of superoxide dismutase
(SOD) and ascorbate peroxidase (4PX) genes, involved in antioxidant metabolism and
of pathogenesis-related proteins (PR-3, PR-5, PR-10) in barley plants derived from
susceptible cultivars to Barley stipe mosaic virus.

Materials and methods

Biological material. The experiments were performed on spring barley (Hordeum
vulgare L.) cultivars Galactic, Sonor and Unirea. Seeds were obtained from healthy
(mock-inoculated that served as control variant) plants and infected mechanically with
barley stipe mosaic virus (BSMV) (virus variant). BSMV is a virus with straight tu-
bular particles, with segments of about 22 nm in diameter and of three length (100-
150 nm). The genome is represented by single-stranded RNA molecules, comprising a
functionally tripartite genome. The plants at the 2 leaves stage were infected two times
at 2-days interval with inoculum of BSMYV using carborundum powder. Inoculum was
obtained by grinding leaf tissue in distillate water (1:2). Initially, extract was prepared
from field-grown barley plants that presented symptoms specifically to those induced
by BSMV and showed positive response to negative staining test [15]. The seeds col-
lected from diseased plants served as materials for further evaluation.
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The seeds were sown in pots filled with a mixture of soil, peat and sand with six
each (three pots for each experimental variant) and grown in controlled conditions
(Sanyo chamber). Samples (0,3 — 0,5 g from the middle part of the youngest, but fully
developed leaf) at the 3th leaf stage were collected, frozen in liquid nitrogen and stored
at -800C for further analysis.

RNA isolation and Reverse Transcription PCR. Total RNA was isolated using
TRI Reagent (Applied Biosystems) according to the manufacturer’s instruction. The
RNA quantity and quality was assessed spectrophotometric (A 260/280 nm) and by
electrophoresis in MOPS-formaldehyde 1,4% agarose gel.

The samples were treated with RQI DNA-ase (Promega) to remove the residual
DNA. First-strand cDNAs were synthesized from 0,6 ug total RNA using Oligo(dT18),
random hexamer primers (Fermentas) and RevertAid Reverse Transcriptase (Fermen-
tas) according to the manufacturer’s instructions.

Real Time PCR analysis. Five genes were selected for investigations (table 1):
superoxide dismutase (SOD, GenBank: AK252295), ascorbate peroxidase (APX, Gen-
Bank: AJ006358) and pathogenesis-related (PR) proteins: PR-3 (GenBank: AJ276226),
PR-5 (GenBank: AJ276225), PR-10 (GenBank: AJ220734). As reference gene was

used a-tubulin (GenBank: Y08490) [33].

Table 1. Characteristics of primers and amplicons

Gene Sequence Lenth of specific amplicons, bp
o-tubulin 5"-TCCATGATGGCCAAGTGTGA-3’ 126

5"-ATGTCGCTTGGTCTTGATGGT-3"

SOD 5'-CCGAAGATGAAATCCGCCAT-3’ 126
5"-CGGCCAATGATTGAATGTGG-3’

APX 5"-CGGAGCTTTTGAGTGGTGACA-3’ 107
5"-CCGCAGCATATTTCTCCACAA-3’

PR3 5'-AGTTGGCCTTGACAAGAAGCG-3’ 104
5"-CGCATAACGTCAAGGACGAAG-3’

PRS 5"-ACGACATCTCGGTTATCGACG-3’ 153
5"-TTATTGCCACTGCAGGCGT-3’

PRIO 5"-CTAGGGTGTTCAAGACGGA-3’ 122
5"-CCCTGAGCTTCGCCACACA-3’

qRT-PCR was performed with Maxima SYBR Green/ROX qPCR Master Mix
(Fermentas) on a DTprime Real-time cycler (DNA-Technology, Russia) with the fol-
lowing cycling parameters: 10 min at 950 C, 5 cycles of 10 s at 950C, 20 s at 640 C, 40
cycles of 15s at 950 C, 40 s at 600C. The specificity of PCR products was verified by
dissociation curve analysis and agarose gel electrophoresis 2% in TAE buffer [26]. The
experience was carried out in triplicate independent cDNA synthesis (for each sample
of RNA) and in double repetition qPCR (n = 6). The relative expression was calculated
via the 274 method [21].

Statistical analysis of the experimental data was performed according to Clever

[7].

Result and discussion
In barley progenies obtained from virus infected plants the activity of Apx and Sod
was in decline in most variants. A no statistically deviation was established only for the
expression of Apx in cv. Sonor (table 2).
Similarly, no changes in activity of SOD were detected in the early response to local
lesion-producing Tobacco mosaic virus in tobacco [17]. According to the Clarke et al.
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[6], in symptomless virus—plant interactions, the activity of SOD decreased. Reactive
oxygen species, especially hydrogen perox1de and callose have similar patterns of in-

duction in plants inoculated with mild and aggressive virus isolates [30].

Table 2. Transcriptional activity of studied genes in barley leaves in healthy and progeny

of virus infected plants

Treatment
Gene Genotype Control Virus
Sonor 0,5175+0,0443 0,3543+0,0387*
Sed Galactic 0,7675+0,0719 0,6317+0,0760*
Unirea 0,5772+0,0339 0,4643+0,04203*
Sonor 0,3183+0,0379 0,3327+0,05 49
Apx Galactic 1,8255+0,4343 0,9937+0,1761*
Unirea 0,8307+0,0856 0,5433+0,0250*
Sonor 0,0947+0,0091 0,0065+0,0012*
PR-3 Galactic 0,7102+0,0624 0,1712+0,0137*
Unirea 0,0297+0,0046 0,0333+0,0065*
Sonor 0,1974+0,0219 0,0513+0,0053*
PR-5 Galactic 0,1638+0,0236 0,7525+0,0665*
Unirea 0,1065+0,0133 0,3043+0,0286*
Sonor 0,0142+0,0017 0,0025+0,0005%*
PR-10 Galactic 0,0446+0,0044 0,0155+0,0016%*
Unirea 0,0173+0,0029 0,0202+0,0035%*

* - significant difference from the control at P<0,05.

Susceptible plants respond to viral infection by activating of some genes, includ-
ing pathogenesis-related proteins (PR) [32]. If initially, it was considered that PR pro-
teins associated with plant response against viruses by local lesion, then after more
researches, has been established that PR proteins can be synthesized in tobacco plants
systemically infected with tobacco mosaic virus [13]. Subsequently, similar data were
found for other hosts which have exhibited sensitivity to various viruses [32].

The results of the present study showed a general up- or down-regulation effect of
transcriptional activity of PR-3 and PR-10 genes in dependence of genotype. The sig-
nificant decrease of the PR3 activity was established for treated variants of cv. Galactic
and cv. Sonor (93% for cv.Sonor and 76% for cv. Galactic, respectively less than in the
control). A similar tendency was find and for PR10 activity (fig. 2).

The up-regulation of genes related to pathogenesis was reported for PR5 for all
treatment variants. The highest increase (by 4,6 times) was detected for cv. Galactic.
According previous cytogenetically studies this genotype present more plasticity. It is
know, that the PR-5 is related to stress mediated by jasmonate or ethylene signaling
pathway [19]. Their activity in young plant in normal condition is less, but in case of
pathogenesis significantly increases [28]. Also, PR10 exhibit ribonuclease, and PR-3 -
chitinase activity, which are more specific.

The role of different types of PR proteins remains unclear. PR proteins with peroxi-
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dase activity (type PR-9) or ribonuclease (type PR-10) is involved in antiviral protec-
tion while the PR-3 promotes infectious process [32].

It is considered that the accumulation of PR proteins depends on the viral strain.
The RNA-ase activity was most critical in case of acute symptoms. Similarly, B-1,3-
glucanase activity is elevated in soybean plants that experienced serious symptoms
against mosaic virus comparative to the symptomless plants [1]. According to the elec-
trophoretic spectrum of PR proteins in extracts of Datura stamonium healthy and in-
fected with strains of potato virus X plants were found only quantitative differences,
which proved to be dependent on the viral strain vulnerability [cited from 32].

It is known that plant viruses are capable of reprogramming host gene expression
provided evidence of a possible connection between this phenomenon and the patho-
genicity of viruses by reporting a correlation between the intensity with which infec-
tion interrupts the expression of cellular genes (‘shut-off’) and the severity of viral
symptoms [25].

Previous research on the susceptible interaction of potato and PVY  showed
changes in the cytokinin level in inoculated leaves [10]. In addition, photosynthesis
related genes and genes involved in perception, signaling and defence response were
shown to be involved in the early response to virus inoculation [2].

Differential gene expression in chlorotic tissues infected with the wild-type pepo
strain of Cucumber mosaic virus (CMV) and two strains carrying coating proteins mu-
tants with diverse chlorosis severity showed that CMV inoculation appeared to have
similar effects on the transcriptional expression profiles of the symptomatic chlorotic
tissues, and only the magnitude of expression differed among the different CMVs [23].
Gene ontology analysis with biological process and cellular component terms revealed
that many nuclear genes related to abiotic stress responses, including responses to cad-
mium, heat, cold and salt, were up-regulated, whereas chloroplast- and photosynthesis-
related genes (CPRGs) were down-regulated, in the chlorotic tissues.

For susceptible race cultivars to Rice tungro spherical virus (RTSV) was found that
about 11% and 12% of the genes in the entire genome were differentially expressed.
Nearby 30% of the differentially expressed genes (DEGs) were detected commonly for
two virus strains (TN1 and TW16) [27]. The authors related that stress response proc-
esses were significantly overrepresented in both TN1 and TW16. Evident differences
between strains included defense and development-related genes regulated in asympto-
matic plants even with a very low level of RTSV, and that the TN1- and TW16-specific
gene regulations might be associated with regulation of RTSV accumulation in the
plants.

Barley (Hordeum vulgare L.) has a physical map of 4.98 Gb, with more than 3.90 Gb
anchored to a high-resolution genetic map, projecting a deep whole-genome shotgun
assembly, complementary DNA and deep RNA sequence data onto this framework sup-
ports 79,379 transcript clusters, including 26,159 ‘high-confidence’ genes with homol-
ogy support from other plant genomes [22].

Druka et al. [12] described the expression of genes in 15 tissues at different ontoge-
netic stages. By applying Barleyl GeneChip platform it was described 18,481 gene
transcripts present more than twice in at least one tissue. The number of genes ex-
pressed in a single tissue varies between 10 189 in the anther and 14 805 in crown. The
expression of about 14,943 genes may vary more than 4 times, and the other 3, 538
being constituent.

For evaluated virus-host system were established evident modifications in tran-
scriptional activity of genes including: (1) suppression of genes involved in antioxidant
metabolism; (2) activation or suppression of genes for jasmonate synthesis or chitinase
activity in dependence of genotype specificity; (3) up-regulation of genes for stress-
related transcription factors such as PR10.

According Boyco and Kovalchiuc [4], infection with a compatible virus result in
activation of various signals such as small RNAs, what spread systemically from the
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place of infection to non-infected tissues, including those that form the gametes. The
signal results in a loss or gain of DNA methylation at the specific loci, effect transmit-
ted to the immediate progeny.

The obtained results evolved the complexity of the pathogenic process and reveal
that the plant defenses against viral infections are diverse as form.

Fig. 1. Electropherograms of amplification products of the primers for gene
A - a-tubulin, B - Sod, C - Apx, D - PR3, E — PR5, F — PRI0 in control (1, 11, 20) and virus (2, 12, 21) leaves of barley
genotype: I) Galctic, II) Sonor, III) Unirea.

Conclusions
Were established the quantitative deviations in expression levels of some genes in
leaves of barley seedlings of cultivars Galactic, Sonor and Unirea obtained from plants
infected with barley stripe mosaic virus.
The activities of genes involved in antioxidant metabolism (4PX and SOD) were
decreased in most variants of barley virus infected progenies. The expression of the

63



Journal of ASM. Life Sciences. No. 2(326) 2015 Plant Genetics and Breeding

Apax gene was reduced by about 35-46% for cv. Galactic and Unirea, while the activity
of Sod gene was less influenced by viral infection, conducting to the diminution by 18
to 31% (for cv. Galactic and Sonor respectively).

The relative expression of genes for pathogenesis-related proteins was significantly modi-
fied in studied pathogen-host systems. The obtained data showed up- or down- regulation of
PR3 and PR10 in dependence of genotype, whereas for PR5 was reported only the up-regula-
tion effects for all treated variants. Thus, the expression of PRS gene was by 2.8 and 4.6 times
higher in progeny of cv. Unirea and Galactic obtained from plants infected with BSMV.
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Introducere

Deteriorarea stratului de ozon, cu potentiale repercusiuni asupra vietii planetare,
ca urmare a cresterii dozei de radiatii UV ce ajung la nivelul solului, este o consecinta
directd a revolutiei tehnico-stiintifice ce a pus omenirea in fata problemei unor modificari
de lunga durata ale mediului ambiant.

Alegerea fasolei, Phaseolus vulgaris L., drept “specie tinta” se justifica prin faptul
ca aceasta planta reprezinta una dintre sursele principale de proteina, ieftina si de buna
calitate (23-33%), o buna parte a cercetarilor actuale avand drept scop selectionarea
unor genotipuri bogate in proteine, care sa inlocuiasca progresiv cerealele, capabile sa
atingd o productivitate optima in conditii extreme de stres abiotic [7].

In esentd, s-a urmarit caracterizarea suportului ereditar pe baza caruia soiurile in-
vestigate dau raspunsuri diferite, decelabile la nivel molecular, biochimic si fiziologic.
Este cunoscut faptul ca fasolea este o platd de zi scurta si prezintd sensibilitate la iradi-
ere UV-B [5, 6, 7].

Material si metode .

Material vegetal: Phaseolus vulgaris L. (Linnaeus 1753). In cazul experimentelor
in care am urmadrit raspunsul la iradierea UV prin sinteza de flavonoizi, fotoreparatia,
efectele citogenetice ale radiatiilor UV la nivelul meristemului radicular al radacinilor
primare, am luat in studiu drept material vegetal sase soiuri romanesti de fasole: Avans,
Ardeleana, Star, Ami, Diva, Vera, create si omologate in Romania.

Determinarea continutului in lignina pe plantule s-a efectuat atat la cele sase soiuri
romanesti, cat si la soiuri sud americane (Pinto, Arroz,Orfeo, Vilmorin-Negro si Tor-
tola) [7], iar raspunsul la iradiere, tradus prin sinteza de izoflavonoizi, I-am analizat la
Saxa (soi nemtesc) [6, 7].

Campurile experimentale, folosite in scopul efectudrii observatiilor de natura
agronomica (apartinand Statiunii de Cercetare si Dezvoltare Agricold Podu Iloaiei —
Iasi), au fost insdmantate respectand perioadele si tehnicile specifice culturii fasolei,
adaptate conditiilor meteo-climaterice si pedologice caracteristice regiunii. In camp
au fost cultivate soiurile: Avans, Ardeleana, Star, Ami, Diva, Vera, Pinto, Arroz, Orfeo,
Vilmorin-Negro si Tortola [4].

Analizele biochimice vizand determinarea masei proaspete si a substantei uscate,
a aciditatii totale, a continutului in: cenusa, substante solubile, flavone, polifenoli,
lignina, pigmenti asimilatori (clorofile si caroteni), aminoacizi, proteine, vitamina C,
minerale, au avut drept material biologic vegetal plante apartinand soiurilor romanesti,
provenite din seminte germinate in conditiile iradierii cu spectru UV total si care au
supravietuit Tn numar mare in camp, si anume: Avans, Star, Ami, Diva, Vera [3].

Tehnica si conditiile de iradiere: temperaturd constantd 25°C; sursele de lumina:
lampi UV, conform descrierii Surugiu si Maniu, 2002.

Etape si metode de lucru:
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1.Determinarea continutului de flavonoizi: au fost puse la germinat in total cate
20 de seminte a cate sase soiuri romanesti de fasole (Avans, Ardeleana, Star, Ami, Diva
si Vera). Pentru toate variantele de tratament, plantulele au fost supuse iradierii, in cutii
de plastic acoperite cu filtre Schott tipul WG (WG360, WG320, WG305 in functie de
fiecare caz in parte), timp de 20-40h. Atat probele cat si martorul au fost prelucrate con-
form metodei de extractie a flavonoizilor, imediat dupa incheierea iradierii: izolarea si
identificarea flavonoizilor prin tehnica cromatografiei pe hartie, extractia flavonoizilor,
citirea rezultatelor.

2.Determinarea continutului de izoflavonoizi (la soiul nemtesc Saxa): s-a fo-
losit metoda de inducere a sintezei izoflavonoizilor, de izolare prin migrare pe placa
de cromatografie de sticla acoperitd cu silicagel in strat subtire, extractia de pe placa
si dozarea, precum si existenta si eficacitatea mecanismului de protectie prin fotore-
paratie. Au fost iradiate cu radiatii de lungimi de unda diferite (obtinute cu ajutorul
filtrelor WG360 si Q) frunzele primare apartinand aceleiasi plante, timp de 30 minute.
Rezultatele (caracteristicile de absorbtie ale izoflavonoizilor) au fost citite la spectro-
fotometrul UVIKON 940, la lungimi de unda specifice, si anume: 342nm si 344nm
pentru cumestrol.

3.Determinarea continutului in lignina la soiurile roméanesti (4mi, Vera,
Ardeleana,Avans, Diva Star), cat si dintre cele sud americane (Pinto, Arroz, Orfeo,
Vilmorin si Tortola). Plantulele au fost puse la iradiat in UV/lumina alba, doua variante
de iradiere: cu filtru WG360 si cu filtru WG310. A urmat: izolarea compusilor peretelui
celular si extractia ligninei, formarea complexului lignina-acid tioglicolic.

4.Formarea dimerilor la nivelul ADN ca urmare a iradierii UV si fotoreparatia
prin intermediul ADN—fotoliazei, dovedita experimental prin scaderea continutului in
dimeri la nivelul ADN, determinat prin intermediul testului ELISA [8].

Iradierea UV-B in scopul inducerii dimerizarii cu sau fara filtru WG360. Timpii
de iradiere au fost de 30 de minute 1n cazul iradierii UV-B si de 60 de minute in cazul
iradierii UV-A.

5.Studiile citogenetice: probele prelucrate prin metoda Feulgen. Au fost puse la
germinat n total cate 20 de seminte a cate sase soiuri romanesti de fasole (Avans, Arde-
leana, Star, Ami, Diva si Vera). Plantulele etiolate, provenite din seminte germinate in
intuneric au fost supuse, in functie de scopul urmarit, iradierii timp de 0,5h; 1,5h; 3h, in
boxa cu radiatii combinate: UV-B, UV-A si lumina albastra (iradierea UV/lumina alba).
Au existat sase variante experimentale ( cinci variante de iradiere: WG360, WG320,
WG305, WG275, Q si una control). A urmat fixarea materialului vegetal, hidroliza,
colorarea cu colorant Cart, efectuarea preparatelor microscopice si examinarea prepa-
ratelor la microscop. Calcularea indicelui mitotic (IM) s-a efectuat conform formulei:
IM= nr. nuclei in mitoza x100/nr. total de nuclei [7].

6.Studiile vizand variatia unor parametrii agronomici si biochimici cét si com-
portamentul in mediul natural al unor soiuri de fasole, germinate in mediu UV-B
au presupus: germinarea a cite 100 seminte din fiecare soi (Avans, Ardeleana, Star,
Ami, Diva, Vera, Pinto, Arroz, Orfeo, Vilmorin-Negro si Tortola), iradierea UV total
(timp de 48h), insamantarea pe loturi experimentale. S-a urmarit: procentul de seminte
germinate; timpul corespunzator fiecarei perioade de vegetatie; procentul de plante
rasarite; masa proaspatd si substanta uscatd; aciditatea totald; continutul in: cenusa;
substante solubile; flavone; polifenoli; clorofile si caroteni; aminoacizi; proteine; vita-
mina C; lignina; minerale.

Rezultate si discutii

Determinarea continutului de flavonoizi: comparand rezultatele obtinute prin
iradierea 1n aceleasi conditii a plantulelor apartinand acelorasi soiuri, variind doar dura-
ta de iradiere (40 h si respectiv 20 h) se constata ca apar diferente in raspunsul la stresul
iradierii prin sinteza pigmentilor ecran. In cazul unei durate mai mari de iradiere, fla-
vonoizii sintetizati in carja hipocotilard se separa prin migrare in doua benzi, situatie
neintdlnita n cazul Tnjumatatirii duratei de iradiere, ceea ce sugereaza o anumita deca-
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lare in timp a inducerii sintezei flavonoizilor cu greutiti moleculare diferite [7].

In ceea ce priveste influenta duratei iradierii UV-B (WG 305nm), s-a observat ca
existd o corelatie pozitiva, in cazul soiurilor Diva, Star, Ami si Ardeleana, in sensul ca
odata cu cresterea duratei de iradiere creste si continutul in pigmenti ecran. In cazul
soiurilor Vera si Avans, s-a observat scaderea cantitatii de pigmenti la o durata de iradi-
ere mai mare, “demonstrand ca, desi aceste soiuri au capacitatea de a reactiona rapid
prin sinteza unei cantitati mari de flavonoizi, avand rezistentd foarte buna in cazul unei
iradieri intense dar de scurtd duratd, in timp se dovedesc a fi sensibile, comparativ cu
celelalte soiuri investigate. Un soi valoros din punctul de vedere al tolerantei la iradi-
erea UV-B ar trebui sa sintetizeze in timp scurt o cantitate insemnata de flavonoizi si sa
isi mentind aceasta capacitate si la o durata de iradiere mai mare [7].

Comparand cantitatile de flavonoizi sintetizati in frunze cu flavonoizii sintetizati
in carja hipocotilara, la aceleasi sase soiuri de fasole, se constata cd, in toate situatiile,
cantitdtile sunt mai mari in frunze, in conformitate cu datele citate din literatura [7].

Determinarea continutului de izoflavonoizi: cantitatea de 3-arilocumarina
sintetizatd in frunza supusa iradierii cu spectru UV total este mai mare decat cea
sintetizata in frunza martor. Nefiind vorba de variabilitate la nivel individual (frunzele
iradiate apartinand aceleiasi plante) si nici de influenta altor factori externi, cu exceptia
lungimii de unda a radiatiilor, putem concluziona ca sinteza unor cantitati mai mari de
flavonoizi in frunzele supuse actiunii nocive a radiatiilor UV reflectd stresul pe care
il reprezintd acest factor pentru plantd, fiind un marker de cuantificare a gradului de
lezare la nivel ADN.

Determinarea continutului in lignina: s-a constatat ca la soiul Ami continutul
in lignina scade in urma iradierii, la Vera ramane constant, in timp ce la Avans, Diva,
Star si Ardeleana creste. In urma iradierii UV-B, se remarca o stimulare a sintezei de
lignina in cazul soiurilor Pinto si Orfeo, in timp ce la soiurile Arroz si Vilmorin are loc
o inhibare a sintezei. La Tortola nu se inregistreaza nici o schimbare in ceea ce priveste
procentul de lignind in peretele celular al plantelor supuse sau nu tratamentului cu
UV-B [7].

Formarea dimerilor la nivelul ADN ca urmare a iradierii UV si fotoreparatia
prin intermediul ADN-fotoliazei: comparand, pentru fiecare soi in parte, cantitatile
de ADN dozate la probele martor cu cele obtinute la probele supuse iradierii se con-
stata cd, la toate cele sase soiuri testate, cantitatea de ADN creste in urma iradierii UV
— B. Pentru soiurile Ami si Vera, s-a constatat cd numarul de dimeri nu creste in urma
iradierii UV-B si nici nu are loc procesul de fotoreparatie (numarul dimerilor de timina
nu se reduce in urma iradierii UV-A), ceea ce dovedeste ca, in cazul acestor soiuri,
efectele iradierii UV-B la nivel molecular pot fi letale pentru celule. Numarul mai mare
de dimeri aparuti in urma iradierii in cazul acestor doua soiuri poate fi explicat prin
sinteza unor cantitdti mai mici de flavonoizi in cérja hipocotilara a plantulelor aclima-
tizate apartinand acestor soiuri, comparativ cu Star, Avans, Ardeleana, in timp ce 1n
cazul soiului Diva s-au sintetizat tot cantitati reduse de flavonoizi, in urma iradierii cu
UV cu lungime scurtd de unda. La Diva s-a constatat cresterea numarului de dimeri de
timind in urma iradierii UV-B, cat si o usoara scadere a numarului dimerilor de timina
in urma iradierii UV-A, fapt ce demonstreaza cad a avut loc procesul de fotoreparatie.
% Rep.=7,2% [5, 7].

Studiile citogenetice: cea mai mica valoare a IM, comparativ cu martorul cat si cu
toate celelalte variante de iradiere, se intdlneste la varianta de iradiere cu spectru UV
total. Inhibarea diviziunii celulare cat si cresterea evidenta a frecventei aberatiilor in
cazul variantei de tratament cu UV cu spectru total (Q), indiferent de soi si indiferent de
durata iradierii, dovedeste nocivitatea radiatiilor UV-C cu lungime scurtd de unda.

Studiile vizand variatia unor parametri agronomici si biochimici cit si com-
portamentul in mediul natural al unor soiuri de fasole germinate in mediu UV-B
au dovedit comportamentul diferit in functie de soi si chiar de locul de provenienta al
fiecaruia in parte, soiurile sud-americane Pinto, Orfeo, Arroz, Vilmorin, Tortola nu au
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ajuns la maturitate [1, 2, 3].
Concluzii

Sinteza pigmentilor ecran este un fenomen care depinde atat de factorii interni
(informatia ereditara, interactiunea intre celule, organul sau tesutul investigat), cat si de
cei externi (lungimea de unda a radiatiilor, durata iradierii, conditiile de germinare).

Sinteza izoflavonoizilor are loc in timp, cantitatea lor fiind cu atat mai mare cu cat
leziunile la nivel ADN sunt mai puternice, drept raspuns la stres.

In camp, apar diferente 1n ceea ce priveste perioadele de vegetatie, in special intre
soiurile avand origini diferite.

Analizele biochimice arata ca iradierea UV-B induce un dezechilibru al regimu-
lui hidric, creste continutul in flavone, polifenoli, lignind, minerale si aminoacizi
esentiali.

UV aprodus leziuni ale ADN, tipul aberatiilor induse fiind destul de variat, procen-
tele de aparitie a mutatiilor fiind Insd asemandtoare cu a mutatiilor naturale.

Se constatd un comportament relativ uniform al soiurilor pentru toti parametrii
analizati, diferentele de raspuns fiind minime, astfel incat nici unul dintre soiuri nu
poate fi considerat deosebit de rezistent sau de sensibil la iradierea UV.
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PROBLEMELE ACTUALE iN AMELIORAREA SI
ORGANIZAREA PRODUCERII SEMINTELOR DE LEGUME

Vasile Botnari
Institutul de Genetica, Fiziologie si Protectie a Plantelor al ASM

Introducere

Legumicultura in Republica Moldova a fost si continua sa ramana una din princi-
palele ramuri ale agriculturii, menita sa asigure populatia cu legume in stare proaspata
si industria de conserve cu materie prima. Importanta social-economica a acestei ra-
muri rezultd din ponderea legumelor in alimentatia populatiei, utilizarea intensiva a
terenurilor si fortei de munca, obtinere de productii sporite precum si a unor venituri
esentiale. Conditiile pedoclimatice favorabile, traditiile si experienta acumulata permit
cultivarea a peste 60 specii de plante legumicole si obtinerea unor recolte bogate pre-
cum si a unui beneficiu impunator la majoritatea culturilor [2]. Drept dovada servesc
indicii dezvoltarii legumiculturii inregistrati in perioada anilor pana la independenta
(1982-1992), in care anual, recolta globald de legume depasea nivelul de 1300 mii
tone, inclusiv circa 700 mii tone erau prelucrate si peste 250 mii tone exportate in stare
proaspata.

Pe parcursul anilor recolta globala s-a redus considerabil (de circa 3 ori), provocand
diverse dificultati pe piata internd si externa, industria de conserve, fiind asigurata cu
materie prima la nivel de 15-20% din potentialul de prelucrare a condus la disparitia
multor fabrici [4].

Potrivit recomandarilor stiintifice pentru o alimentatie corectd a unei persoane
sunt necesare anual 90-110 kg de cartof si 140-150 kg de legume. Satisfacerea acestor
cerinte intru asigurarea securitatii alimentare necesita producerea a circa 450-500 mii
tone de cartof si 550-600 mii tone de legume.

Suprafata de cultivare a legumelor si bostdnoaselor in ultimii 10-15 ani constituie
40-45 mii ha, iar pentru cultivarea cartofului — 23-25 mii ha. In aspectul speciilor legu-
micole, suprafete mai mari au fost cultivate cu tomate (12-14 mii ha), pepeni si dovleci
(8-9 mii ha), ceapa (4-6 mii ha), varza (5-6 mii ha), castraveti (3,8-4,6 mii ha) si mor-
cov (3,5 mii ha), iar mai mici - cu sfecla rosie (2,3 mii ha), mazare de gradina (1,7 mii
ha), ardei si patlagele vinete (1,2-1,5 mii ha).

Structura de cultivare a legumelor inregistrata in ultimii ani este departe de cea
optimala, care si corespunda mai pe deplin cerintelor pietii, securitatii alimentare,
varza, ardeiul, si castravetele - 7-8%, vinetele, morcovul si sfecla de masa - cate 4-5%
[2,4].

Cauzele principale ale reducerii productiei de legume 1n ultimii ani sunt pe langa
lipsa pietelor sigure de desfacere a productiei legumicole, decalajul dintre preturile la
factorii de productie (fertilizanti, pesticide, combustibil si lubrifianti, tehnica agricola
etc.) si de comercializare a legumelor, discordanta dintre preturile de achizitionare a
materiei prime si pretul de cost al acesteia, precum si nerespectarea tehnologiilor de
cultivare 1n noile conditii de producere, neimplementarea pe scard larga a celor avan-
sate, lipsa de asistenta stiintifica in ramura, nesolutionarea problemelor ce {in de iriga-
rea culturilor legumicole, colectarea, pastrarea si comercializarea legumelor.

O situatie si mai dificild se atestd In producerea semintelor de legume, din cauza
insuficientei semintelor de categorii superioare (baza si prebaza), care conform Legii
despre Seminte se mentin de catre institugiile de cercetdri se multiplica seminte de
categorii necunoscute. La moment nu se efectueaza lucrari de ameliorare conservativa
si de mentinere a soiurilor la culturilor de varza, ceapa, radacinoase, cucurbitacee, le-
guminoase si verdeturi.
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In trecut asistenta stiintifici in legumiculturd si controlul metodic asupra
implementarii varietatilor legumicole, masurilor agrotehnice si tehnologiilor de culti-
vare se efectuau de catre Institutul de Legumiculturd din mun. Tiraspol care mai mult
de doud decenii nu intretine legaturi de colaborare cu Ministerul Agriculturii si alte
institutii de stat din Republica Moldova.

Dezvoltarea durabila a legumiculturii necesita un studiu permanent asupra nivelu-
lui de producere, creare a soiurilor si hibrizilor noi, elaborarea si implementarea unor
metode si tehnologii de producere a semintelor, rasadurilor si de cultivare a legumelor,
in stare sa asigure o productie cu o valoare biologica si competitivitate Tnaltd in conditii
deficitare de apa si resurse energetice. Este evident faptul ca declinul economic, legal
de trecerea la economia de piatd a conditionat reducerea esentiald a activitatii stiintifice
in crearea de noi soiuri si hibrizi, lucrarilor de ameliorare si producere a semintelor
de categorii superioare (prebaza si baza), de mentinere a calitatilor culturale a soiurilor
omologate.

Din lipsa de cadre, sub limita eficientei se efectueaza lucrarile de ameliorare si pro-
ducere a semintelor la bostanoase si zarzavaturi. Totalmente sunt abandonate lucrarile
de ameliorare la culturile bienale: varza, morcov, sfecla rosie, ceapa si usturoi. Din
lipsa propriilor realizari majoritatea varietatilor legumicole incluse in ultimii ani in
Registrul Soiurilor de Plante sunt de provenienta striina, la care este problematica or-
ganizarea multiplicarii semintelor in conditiile republicii [8].

Starea actuald si lipsa asistentei stiintifice corespunzatoare necesitd crearea unui
centru de cercetare §i extensiune in legumicultura a rezultatelor stiintifice, pregatire a
cadrelor de calificare superioara, precum si organizare unor discutii, seminare, loturi pi-
lot demonstrative, zile deschise, indrumari si servicii pe teren, coordonarea programel-
or de productie si posibilitatilor de comercializare a produselor legumicole, inclusiv si
a semintelor.

Introducerea si mentinerea in productie a soiurilor si hibrizilor valorosi necesita
as1gurarea an de an, a unor cantitdtii importante de semmte In acest scop, procesul
propriu zis de ameliorare trebuie continuat cu lucrari spec1a1e de producere si Tnmultire
a semintei In cantitati cerute de unitatile agricole. Rolul stiintei in dezvoltarea le-
gumiculturii precum si a intregului sector agrar este indiscutabil, in special al biolo-
giei, geneticii si ameliorarii, fiziologiei si protectiei plantelor. Dezvoltarea prioritara a
stiintelor naturii este conditionatd nu numai de necesitatea intensificarii producerii si
sporirii eficacitatii agriculturii, dar si a bunastarii omului.

Actualmente sunt omologate si incluse in Registrul Soiurilor de Plante al Repub-
licii Moldova 697 soiuri si hibrizi de le~gume si cartof [8]. Cu toate cd numarul de
soiuri a crescut considerabil nu putem afirma ca acestea satisfac pe deplin cerintele
pietei interne si externe in ce priveste asigurarea pe tot parcursul anului a legumelor in
stare proaspata de calitatea si asortiment necesar.

Soiurile existente [8, 9] au un potential productiv inalt, insd se realizeaza numai
la nivel 30-40%, in primul rand, din cauza plasticitatii ecologice scazute a varietatilor
introduse din alte zonei geografice, rezistentei slabe la boli si daunatori. Crearea de
noi soiuri i hibrizi tolerante si/sau rezistente la agentii patogeni si daundtori devine o
sarcind primordiala [7]. Lipsa soiurilor si hibrizilor rezistenti la temperaturi scazute la
speciile iubitoare de caldura (tomate, ardei, vinete, castraveti, pepeni) impune produ-
cea legumelor prin metoda de rasad cu cheltuieli suplimentare de energie, care conduce
la majorarea costurilor si diminuarea competitivitatii productiei. Lipsa soiurilor extra
timpurii cu capacitati de germinare si fructificare la temperaturi mai scazute nu permit
infiintarea culturilor prin Insdmantarea direct in camp. In lipsa soiuri rezistente la seceta
si cu cerinte scazute fata de umiditate se aplica norme mari de irigare, care de asemenea
sunt foarte costisitoare.

Pentru industria de conserve sunt cerute soiuri cu un continut ridicat de substanta
uscatd, zahdr, vitamine, pigmenti si alte calitati care lipsesc la multe din soiurile omolo-
gate. Pentru piata interna si externd se cer legume cu insusiri atraga—toare la forma,
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culoare, gust, aroma, rezistente la transportare, pastrare indelungata.

O problema si mai acutd pentru stiintd este mentinerea principalelor caractere si
insugiri ereditare ale soiurilor deja omologate. Autorii (mentinatorul) au obligatiunea
sd multiplice si sa furnizeze material de bazd pentru categoriile biologice superioare [5,
6]. Insd majoritatea soiurilor omologate locale au fost create in fostul Institut Moldove-
nesc pentru Legumicultura si Agri~cultura Irigatd din mun. Tlraspol unde din motive
cunoscute nu se reproduc seminte de categorii biologice superioare in cantitati necesare.
Acecasta este una din cauzele ce a influentat scaderea calitatii semintelor de legume pe
piata interne. lesirea din aceasta situatie consta in aceea ca Ministerul Agriculturii si In-
dustriei Prelucratoare sa deter—mine persoane juridice si fizice cu pregatirea respectiva
(mentinatori) care perfectionand schemele de ameliorare conservativa, tehnologiile
de hibridare sa asigure obtinerea semintelor de legume si material saditor de cartof
cu puritate, valoare biologica si culturald sporita, libere de viroze, agenti patogeni si
daunatori.

La momentul actual nu dispunem de un sistem si un control eficient asupra verigilor
de producere si comercializare a semintelor de legume. Din aceasta cauza piata este
invadata cu seminte de puritate biologica si valoare culturalda nesatisfacatoare, stare
fitosanitard inacceptabila.

In rezultatul privatizarii si parceldrii terenurilor agricole, 1in gospodariile
producatoare de seminte a devenit imposibild respectarea asolamentelor si spatiilor ob-
ligatorii de izolare a culturilor cu polenizare incrucisata. Insuficienta mijloacelor finan-
ciare si tehnice complica respectarea intocmai a tehnologiilor de cultivare, recoltare,
extragere, conditionare si pastrare a semintelor. Ca rezultat, a sporit considerabil volu-
mul semintelor neconditionate. Din lipsa unei fabrici de procesare similare celor pentru
porumb si sfecla de zahar in circuitul comercial semintele de legume sunt incluse sub
forma de semifabricat, cu un potential redus de productivitate, uniformitate si calitate.

Analiza declinului in producerea si comercializarea semintelor de legume si
bostanoase confirma lipsa unui sistem de asigurare a pietii cu sortimentul si calitatea
necesara a acestora. Luand in consideratie starea deplorabila actuald, complexitatea
multilaterala la producerea si comercializarea semintelor, evident este necesara organi-
zarea unui centru (asociatie, concern) republican cu functii de coordonare (fig.), care
in baza de contract cu structurile economice din ramura ar organiza toate etapele de
producere, achizitionare si comercializare a semintelor [1, 3].

Tarile cu o agriculturd avansata, dispun de regulamente stricte si norme tehnice de
producere, supraveghere, certificare si comercializare a semintelor, menite sa asigure
calitatea respectiva a acestora.

Sporirea competitivitatii semintelor necesita elaborarea unui complex de masuri
organizatorice, stiintifice §i agrotehnice, orientate spre asigurarea pietii $i posibilitatilor
de export cu sortimentul si calitatea respectiva a acestora. In sistemul de producere a
semintelor trebuiesc bine determinate verigile de producere a categoriilor superioare
si certificate. Particularitatile acestui sistem pot fi deter—minate de catre institutiile ra-
murile de cercetari stiintifice, fiind apoi, reglementate si adoptate de catre Ministerul
Agriculturii si Industriei Alimentare.

Valoarea biologica si culturala a soiurilor de legume se manifestd mai deplin la
plantele crescute din seminte de prebaza si baza. Puritatea biologica a varietatilor
trebuie mentinuta de institutiile stiintifice cu profil de ameliorare, eliberandu-se pentru
multiplicare gospodariilor autorizate in producerea semintelor de legume pentru con-
sum. Semintele de baza la cultura tomatelor, patlagele vinete, ardei, varza, castraveti,
radacinoase si bostanoase se recomanda a fi reproduse numai o singura data, la legumi-
noase: mazarea de gradina, fasole, bob, care se caracterizeaza printr-un coeficient mic
de inmultire — pana la trei ori, iar pentru productia marfa pot fi utilizate seminte de
a treia reproducere. La cultivarea verdeturilor se folosesc seminte de prima si a doua
reproducere.

Controlul calitatii semintelor in intreprinderile si cooperativele agricole, gospodariile
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de fermieri si taranesti, precum si in organizatiile de achizitionare si comercializare,
indiferent de forma de proprietate, 1l exercitd Agentia Nationala pentru Siguranta Ali-
mentelor, care Impreuna cu producétorii si comercializatorii poarta raspundere de puri-
tatea, valoarea culturald si comercializarea acestora producatorilor de legume.

Coancernul
Republican
Saemimte”
Studiu asupra
‘*‘-nit:jl“;p;:m Fabricade |
. T, conditionarc, tratarc si
mnplementarea in ’ ;
. . ambalarc
productic 4 noi
varietiti
Institutile de cerectare Producatorii de Tnireprinderile de
cu profil de amchnramz cominte achizitionare si
producerea semintelor certifi CF‘},[ o comercializare,
bazA lol demonstraliy agromagavine

Fig. 1. Structura centrului republican pentru producerea si comercializarea semintelor de
legume.

In scopul implementarii tehnologiilor avansate, exercitarii unui con—trol eficient,
care sa contribuie la sporirea calitatii se recomanda concentrarea producerii semintelor
de legume in baza fostelor gospodarii si asociatii specializate, care actualmente inca
dispun de careva bazd material-tehnicd, specialisti s1 experientd in acest domeniu.

Intru imbunatatirea callta‘;n evitarea amestecurilor in perioada recoltarii, depozitarii
legumelor, extragerii si conditiondrii semintelor este rational ca de‘;matoru de licente
sa fie autorizati in producerea semintelor de soiuri concret nominalizate pe parcursul a
mai multor ani. Aceasta va conduce la o eventuala specializare si insusire mai detaliata
a particularitatilor caracteristice soiului dat, reglarea volumelor de productie precum si
evidentierea celor mai competitivi producatori de seminte.

Ameliorarea situatiei la producerea semintelor de legume ar contribui la exclud-
erea de pe piata interna a semintelor neconditionate, reducerea pierderilor rezultate din
utilizarea acestora, majorarea volumului de producere a semintelor in valoare de 100-
120 mln. lei, perfectionarea permanenta a specialistilor, pastrarea genofondului si bazei
material- tehmce angajarea in munca a circa 5-7 mii persoane.

Si mai dificila este situatia legatd de producerea cartofului pentru seminte. Cu toate
ca acest produs ocupa un loc deosebit in alimentatie si dispune de mari rezerve de valo-
rificare pe piata interna, din lipsa de finante cercetérile se marginesc doar la testarea
soiurilor de import.

Cauze ce retin dezvoltarea culturii cartofului in republicd sunt multiple, dar prin-
cipala o constituie lipsa unui sistem de producere a materialului saditor. In situatia
creatd are loc un import haotic al cartofului semincer si alimentar, o mare parte a caruia
este de calitate inferioard, de soiuri neomologate si necorespunzatoare conditiilor pedo-
climaterice locale.

Traditiile, experienta bogata, conditiile pedoclimatice favorabile sunt premize re-
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ale pentru dezvoltarea durabild si sporirea potentialului economic al legumiculturii.
Optlmlzarea suprafetelor de cultivare a legumelor si majorarea volumului de productie
pana la 1 mln tone anual ar permite incadrarea in muncad a circa 150 mii de persoane.
In actualele conditii economice, un hectar de legume, cu unele exceptii, poate asigura
o productie cel putin de 150-200 mii lei. Legumicultori cu experienta produc legume la
o rentabilitate de peste 100%. Aceste constatari denota ca investitiile in legumicultura
pot fi recuperate intr-un termen mult mai redus in comparatie cu alte ramuri ale agri-
culturii.

Cercetarile stiintifice si experientd Tnaintata dovedesc ca in conditiile noastre rec-
olta posibild de seminte la sfecla rosie si mazarea de gradina este de 1800-2000 kg/ha,
la morcov si varza alba - 1000-1200, la ceapa — 800-1000, la ardei si castraveti — 170-
180, la tomate — 130-150 kg/ha. Realizarea potentialului indicat ar satisface pe deplin
necesitatile pietii interne si posibilitatile de export, in deosebi in térile CSI, republicile
Baltice si Romania, in care semintele din Republica Moldova sunt solicitate de culti-
vatorii de legume.

In pofida conditiilor climatice favorabile, importantei economice si sociale inalte,
producerea semm;elor de legume s-a redus considerabil. In urma reformei agrare i
privatizarii gospodariilor semincere s-a marit considerabil numarul agentilor economici
care activeaza 1n producerea si comercializarea semintelor. Multi dinte ei, ne dispunand
de o baza material-tehnica corespunzatoare, sunt dispusi sa cuprinda un numar cat mai
mare de specii si soiuri, ceea ce deseori complica amplasarea culturilor in spatiu si
obtinerea semintelor de calitate.

Intru evitarea amestecurilor in perioada recoltdrii, extragerii si conditiondrii
semintelor se recomandd a limita la minimum soiurile din aceiasi specie. Pentru
imbunatatirea calitatii semintelor trebuie ca producdtorii sa fie autorizati in produce-
rea semintelor de soiuri concret nominalizate pe parcursul a mai multor ani. Aceasta
v-a conduce la o eventuald specializare si Tnsusire mai detaliatd a particularitatilor
soiurilor, reglare a volumelor de productie precum si evidentierea celor mai competitivi
producitori si realizatori de seminte.

Certificarea culturilor semincere reprezintd un sistem de verificare a ansamblului
de masuri destinate producerii de sdmanta si material saditor, efectuat sub aspectul
puritatii biologice a starii fitosanitare, a modului de aplicare tehnologiilor, care permit
identificarea caracterelor de tipicitate in vederea mentinerii si confirmarii pe baza de
documente a identitatii, puritatii biologice si starii fitosanitare a semintelor i materi-
alului saditor. Certificarea semintelor si materialului saditor prin controlul culturilor
semincere in cAmp are ca scop mentinerea si promovarea in productie a materialului
biologic prin soiuri si hibrizi valorosi, adoptati la conditiile ecologice de cultura, care
sd valorifice cu inalta eficientd economica potentialul productiv al solului.

Pentru efectuarea lucrarilor de certificare de o importanta deosebita este cunoasterea
in detaliu a soiurilor si hibrizilor supusi certificarii, precum si cauzele ce pot duce la
modificarea structurilor genetice, aspecte ce trebuie sa fie posedate temeinic de catre
toti specialistii inclusi 1n procesul de certificare.

Caracteristicile genetice ale unei populatii pot fi influentate n procesul de transmi-
tere a genelor de la o generatie la alta de anumiti factori, cum ar fi: marimea populatiei,
diferentele de fertilitate a variabilitate a indivizilor, sistemul de Tmperechere, mutatia,
migratia genelor, segregérile intarziate, selectia naturala g.a.

Principalul obiectiv al sistemului si schemelor de producere si Inmultire a semintelor
este mentinerea puritatii lor biologice, a capacitatii de productie, pastrarea sanatatii
semintelor si asigurarea la timp a producatorilor agricoli cu sdmanta, care sa posede
insusirile originale ale soiului si hibridului creati de ameliorator.

Concluzii

Traditiile, experienta acumulatd, conditiile pedoclimatice favorabile sunt premize
reale pentru revitalizarea legumiculturii. Productia de legume poate fi majorata pana la
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1 mln. tone anual.

Luand 1n consideratie, complexitatea multilaterald la producerea si comerciali-
zarea semintelor, este necesara organizarea unui centru (asociatie, concern) republican
cu functii de coordonare, care in baza de contract cu structurile economice din ramura
ar organiza toate etapele de producere, achizitionare si comercializare a semintelor.

Dezvoltarea durabild a legumiculturii necesita un studiu permanent asupra nivelu-
lui de producere, creare a soiurilor si hibrizilor noi, elaborarea si implementarea unor
metode si tehnologii de producere a semintelor, rasadurilor si de cultivare a legumelor,
in stare sa asigure o productie cu o valoare biologica si competitivitate Tnalta in conditii
deficitare de apa si resurse energetice.
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Introducere

Biopreparatele glicozidice naturale, folosite in testarile in vivo si in vitro au fost
extrase si purificate din seminte de Lycopersicum esculentum (ENLE), din frunze de
Digitalis purpurea (ENDP) si din seminte de Capsicum annuum (ENCA). Aceste gli-
cozide furostanice naturale contin ca glucid glucoza, galactoza si xiloza (ultima in
semintele de ardei iute), gruparea agliconica de natura sterolica fiind reprezentata de
neotigogenina (ENLE) sau gitogenind (ENDP si ENCA).

Bioregulatorii de natura steroid-glicozidica sunt cunoscuti a avea efecte stimula-
toare evidente in procesul de formare a structurilor calusate, in special in cazul unor
explante provenite din frunze §i mai putin in cazul explantelor provenite din hipocotil.
Unii dintre acestia pot induce chiar formarea directd de embrioizi somatici, din ex-
plante, embrioizi cu potential sporit de crestere si dezvoltare ulterioara a plantelor vig-
uroase.

Plecand de la aceasta premisa, am testat biopreparatele glicozidice din punct de ve-
dere al influentei asupra procesului de diviziune mitotica si, implicit, a cromosomilor.
In acest scop s-a utilizat urmatoarea metodologie:

1. folosirea unor plante — test, cu cariotip si ciclu celular bine caracterizat. Planta
test aleasd in acest scop este Secale cereale.

2. expunerea carioselor, la actiunea unor solutii continand biopreparatele glicoz-
idice furostanolice amintite, in diferite concentratii. Germinarea s-a realizat in solutiile
de derivati polianionici glicozid-furastanolici testate.

3. consecutiv germinarii, s-a procedat la fixarea materialului.

4. pe materialul fixat s-au efectuat urmatoarele determindri: stabilirea indicelui
mitotic, determinarea procentului de aberatii cromosomiale in ana-telofaza mitozei.

In general, actiunea diferitilor compusi asupra diferitelor specii de plante, depinde
de concentratia cu care se actioneaza asupra materialului genetic. In experimentele
efectuate, compararea s-a facut cu martori care au germinat in aceleasi conditii, dar in
apa distilatd, comparativ cu variantele experimentale la care germinarea s-a realizat in
solutiile testate.

Materiale si metode

Material biologic: cariopse de secara.

Reactivi: preparate de derivati polianionici glicozid-furastanolici; apa distilata;
fixator (alcool-acid acetic 3/1); HCI IN; HCI1 50 %; acid acetic 45 %.

Modul de lucru:

Germinarea. Germinarea s-a realizat in cutii Petri tapetate cu hartie de filtru,
umectata cu apa distilata (pentru variantele martor), sau cu solutiile de derivati poliani-
onici glicozid-furastanolici (in cazul variantelor experimentale). Germinarea a avut loc
la intuneric, la 23 — 24 °C, pana in momentul in care radacinitele au atins lungimea de
cca. 10 mm. Pentru a respecta aceste conditii, placile Petri au fost plasate in termostat
programat la temperatura dorita. Radacinitele cu lungimea adecvata au fost obtinute dupa
48 de ore.
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Spalarea, fixarea, hidroliza, colorarea si efectuarea preparatelor microscopice
s-au realizat conform metodologiei standard de colorare si observare a cromosomilor
la plante (Cimpeanu si colab., 2002).

Preparatul Concentratia Notatie Observatie
Tomatozid 0,005% T In apa distilata
Tomatozid 0,03% T In apa distilata
Moldstim 0,005% M In apa distilata
Moldstim 0,03% M In apa distilata
Tomatozid oxidat 0,005% Tf Oxidat
Tomatozid oxidat 0,03% Tf Oxidat

Rezultate

In graficele care urmeaza sunt reprezentate numarul de celule analizate de-a lun-
gul acestui experiment, atat pentru martori, cat si pentru probe, in urma vizualizarii
acestora la microscopul optic. De pe fiecare lama au fost analizate cate zece campuri
si numarate celulele in interfaza, profaza, metafaza, anafaza, telofaza din totalul de
celule.

Dupa cum observam din graficul de mai sus, la Secale cereale, derivatul poliani-
onic glicozid-furostanolic T (0,005%) nu influenteaza semnificativ celulele aflate in
diviziune, acest lucru dovedind o usoara scadere de la 12,7 (in cazul martorului) la 10,5
(in cazul probei tratate).

1001]  g4.8
80 1
2 60 I:|.celule in . —
= interfaza| 3 'cetu? in
S 40 W celule in E inter a?a
= s ® Hcelule in
S 904 diviziune °© diviziune

(=]
|

martor proba
martor proba

Fig.1. Frecventa totala a celulelor in di- Fig. 2. Frecventa totald a celulelor in di-

viziune mitotica la Secale cereale in cazul viziune mitotica la Secale cereale in cazul

tratamentului cu derivatul polianionic gli- tratamentului cu derivatul polianionic gli-
cozid-furostanolic T (8 005%). cozid-furostanolic T (0,03%).

In cazul derivatului polianionic glicozid-furostanolic T, de concentratie 0,03%, scaderea
procentului de celule in diviziune este mai mare, de la 15,2% (pentru martor) la 10,9% (pen-
tru proba tratatd).

Derivatul polianionic glicozid-furostanolic M (0,005%) nu a provocat la Se-
cale cereale, scaderi semnificative ale procentului de celule in diviziune mitotica, la
concentratia amintitd, comparativ cu varianta martor. Situatia este similara si in cazul
concentratiei de 0,03% a solutiei de derivat polianionic glicozid-furostanolic.

Nu sunt prezentate rezultatele in cazul utilizarii derivatului polianionic glicozid-
furostanolic Tt (0,005% si 0,03%), deoarece cariopsele nu au germinat in prezenta
acestuia.

Concluzionand, din cele comentate mai sus si reprezentarile grafice, rezulta ca
solutiile de derivati polianionici glicozid-furostanolici utilizate, T si M, la ambele
concentratii de lucru (0,005% si 0,03%), au un efect bioinhibitor slab asupra diviziunii
mitotice a celulelor meristemelor radiculare la Secale cereale.
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Fig. 3. Frecventa totald a celulelor in di- Fig.4. Frecventa totala a celulelor in di-

viziune mitotica la Secale cereale in cazul viziune mitotica la Secale cereale in cazul

tratamentului cu derivatul polianionic gli- tratamentului cu derivatul polianionic gli-
cozid-furostanolic M (0,005%). cozid-furostanolic M (0,03%).

In cazul tuturor derivatilor polianionici glicozid-furostanolici investigati, proportia
A-T aberante a fost superioard celei prezentate de catre martorii germinafi in apa
distilata, in cazul acestora din urma, prezenta aberatiilor incadrandu-se in nivelul nor-
mal de mutatii spontane.

OA-Tnormale
mA-T aberante

OA-T normale
mA-T aberante

% celule

% celule

martor proba

Fig. 5. Proportia A-T aberante in cazul Fig. 6. Proportia A-T aberante in cazul

tratamentului cu derivat polianionic gli tratamentului cu derivat polianionic
cozid-furostanolic T (0,005%). glicozid-furostanolic T (0,03%).
100
77,8
80
@ 2
2 & OA-T normale % OA-T normale
o o
: 40 mA-Taberante| mA-T aberante
20
0 =
martor proba martor proba

Fig. 7. Proportia A-T aberante in cazul Fig. 8. Proportia A-T aberante in cazul
tratamentului cu derivat polianionic gli- tratamentului cu derivat polianionic
cozid-furostanolic M (0,005%). glicozid-furostanolic M (0,03%).

Concluzii
Indicele mitotic la Secale cereale prezinta o scadere la variantele de tratament cu derivati
polianionici glicozid-furostanolici. Cresterea valorii acestui parametru nu a fost depistata la nici
una dintre variantele experimentale. Aparitia de mutatii structural cromosomiale a fost crescuta
procentual fata de variantele martor. In general, au fost prezente mai frecvent aberatii de tip:
ana-telofaze cu punti, punti si fragmente, fragmente.
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Fig. 11. Ana-telofaza cu punti. Fig. 12. Interfaza cu micronucleu (original).
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Introduction

Sclareol is a labdane-type diterpene alcohol [9] with antibacterial, antifungal prop-
erties and growth regulating activity [4], thus being very useful for perfumery and
flavoring [8, 14, 22].

This compound has been reported in four plant species from different botanical
families: Salvia sclarea (Lamiaceae), Cistus creticus (Cistaceae), Nicotiana glutinosa
(Solanaceae) and Cleome spinosa (Brassicaceae) [4].

Most of the commercially produced sclareol is derived from cultivated clary sage
(Salvia sclarea L.), which is a pluriannual herb commonly cultivated for its essential
oil [1, 6, 19, 11, 21]. The relatively easy farming of this plant and its high sclareol
yield has encouraged clary sage producers to begin genetic improvement programs and
expand S. sclarea L. plantations. According to European Herb Growers Association
(Europam), the annual cultivated area of clary sage in France is 5 000 ha and 2 000 ha
in Bulgaria and Moldova [16].

Despite the expanded cultivation area of clary sage, the annual production and the
sclareol yield is very variable, which is caused by the different synthesis and acumu-
lation capacities of this compound in inflorescences [3]. The success of increase of
sclareol content by S. sclarea breeding programs could be ensured through ability to
regulate the sclareol synthesis metabolic pathway.

It is known that, the biosynthesis of sclareol proceeds in two steps — from geran-
ylgeranyl diphosphate (GGPP) to labda-13-en-8-o0l diphosphate and sclareol. The first
reaction is catalyzed by labda-13-en-8-o0l diphosphate synthase and the second — by

sclareol synthase (Figure 1) [4].

OPP

sclareol synthase

_—

LPP synthase
—

GGFPP LFP Sclareol

Fig. 1. Biosynthetic pathway of sclareol in Salvia sclarea L.
(GGPP - geranylgeranyl diphopsphate, LPP - labda- 13-en-8-ol diphopsphate).

Sclareol synthase has been successfully cloned and functionally characterized and
its synthesis pathway had been reconstructed in recombinant £. coli, using genetic en-
gineering through overexpression for metabolic biosynthesis of sclareol [23].

Chemical synthesis would seem to be another obvious option for the obtaining of
sclareol. However, due to its highly complex structure, an inexpensive synthetic proc-
ess for this compound is still difficult [15]. So, the analysis of the transcriptional activ-
ity of genes involved in the biosynthesis of secondary metabolites, including sclareol,
correlated with the selection of valuable parental forms is a current objective of mo-
lecular breeding.

The investigation of the molecular basis of the sclareol biosynthesis provides op-
portunities for further research in a wide range of areas, from structure — function to
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genetics of disease resistance, via metabolic engineering of fragrance ingredient pre-
CUrsors.
Materials and methods

Plant material. Twenty-eight genotypes of clary sage, from Aromatic and Medicinal
Plants Collection of the Institute of Genetics, Physiology and Plant Protection, ASM,
including 13 hybrids and 15 parental forms were evaluated in this study (Table 1). Bio-
logical samples for each genotype were collected at 4-6 pairs of leaves stage from five
independent plants, grown in field conditions and immediately frozen in liquid nitrogen
for further analysis (Figure 2).

Fig. 2. Cultivation in field conditions of clary sage plant material.

Primer design for real-time PCR. The design of primers was performed using
PRIMERS3 web tool (http://primer3plus.com/web_3.0.0/primer3web_input.htm).

The primer pairs for the studied genes were designed based on mRNA sequences:
IN133922.1 Salvia sclarea (clary) sclareol synthase; JQ478434.1 Salvia sclarea (clary)
labd-13-en-8-ol diphosphate synthase [22] (Table 2). The clary sage actin (NCBI:
HM231319.1) was used as a reference gene (Table 2) [25].

RNA isolation. Total RNA was extracted from a bulk of five leaves of each geno-
type using TriReagent (Ambion, Applied Biosystems), according to the manufacturer’s
instruction.

These samples were treated with dsDNase (Thermo Scientific) to remove the
residual DNA. First-strand cDNAs were synthesized from 0,6 pg total RNA using
Oligo(dT18), random hexamer primers (Thermo Scientific) and RevertAid Reverse
Transcriptase (Thermo Scientific).

Real Time PCR analysis. qRT-PCR was performed with gene-specific primers
(Table 2) and Maxima SYBR Green/ROX qPCR Master Mix (Thermo Scientific) on
a DTprime Real-time cycler (DNA-Technology). The amplification program used for
gRT-PCR was: 95 °C for 10 min, 950 C for 15 s and 60 0C for 30 s, 40 cycles of 95°
C for 15 s, 60° C for 30 s, and 72° C for 30 s, followed by a melting curve cycle from
60°C to 90° C. All samples were analyzed in three replicates performed in three differ-
ent runs.

Primer specificity was assessed by agarose gel electrophoresis as well as from melt-
ing curve analysis of every reaction. The relative expression was calculated via the 274
method [16].

Quantitative determination of the sclareol by HPLC. Extraction of essential oil
from S. sclarea L. was carried out according to the method specified in the European
Pharmacopoeia [12, 25]. The fresh plant samples were subjected to hydrodistillation in
Ginsberg equipment and kept in freezer compartment prior to be used in the study.

The samples of essential oil were analyzed by HPLC (Gilson: 303 pump series,
803C manometric, 231 injector, RI 131 refractive index detector, Kipp & Zonen BD41
recorder), with the hexane solvents gradient system for elution with 1.0% (v/v) isopro-
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pyl alcohol. It was used a column type SGX CN (Prague) 150 x 3,5 mm, mobile phase
at a flow rate of 0,7 ml/min and operating pressure of 18 Bar. Detection was done at
270 nm.

Table 1. Salvia sclarea L. genotypes used in investigations

Q Form *

& Form *

Hybrid F1-2 **

(K44XL15)F X
0-47) F,

x L-15) B,

1 |S.s. Turkmen/N'S_ | 15 | (K-36 x 0-41) F, x| 17 [S s. Turkmen/N S_ x (K-36 x
0-19) F, x 0-22)°B, 0-41) F, x 0-19)F, X 0-22) B, x
x L-15)'F L-15)F ] F,

1 |S.s. Turkmen/NS, [ 2 [(S-1122 528 S 18 [[S. s. Turkmen/N S_ x (S-1122
KSO)FxO48)3F 528 S, x K-50) F, x 0-48 F ] F,

1 [S.s. Turkmen/N'S, [ 4 | (Rubin x S1122 19 |[S. s. Turkmen/N S_ x (Rubin x
9S3) F, x (0-56 x 11229 S))F x (0-56 x V-24) F))
V-24)F) F, F]F,

3 [(V-24-86 809 S, x| 4 |(Rubin x SI122| 20 [[(V-24-86 809 S, x 0-33 S)F X
0-33S) F, 9S3) F, x (0-56 x (RubinxSllZZ 9S,)F, x (0-56 x

V24)F) F V-24)F F, | F

3 [(V-24-86 809 S3 x| 9 |(S1122 528 S, x S. | 21 [[(V-24-86 809 S.x0-33S) F.x

0-3386) F, s. TianShan/sud) F (S1122 528 S, x 8. s. Tian"Shan/
x S. s. Tian-Shan sud) F, x S. *s. Tian- Shan/sud)
sud) B B.]F,

3 [(V-24-86 809 S, x| 11 | Cr.p. 160, 22 [ [(V-24-86 809 S, x 0-33 S6) F, x
0-33 S6) F Cr.p.160S, ]F

16 | M-69 655 S, 12 [(S-1122 528 S. x| 23 |[M-69 655 S, x (s 1122 528 S,

Rubin x S-786)F x(Rubmng786)F x (0-33S, X
x (0-33 S, x L-15) L-15)F)F]F
F)F
16 | M-69 655 S 15 | (K-3 xO4l)F o) | 24 | IM-69 655 S, x (K-36 x 0-41)F,,
! FxL-15B, " WE xL-15BJ F, 0
16 [ M-69 655 S, 13 | (M-69 429-82 S, x| 25 [M 69 655 S, x (M-69429-82 S,
0-40 S) F x0-40 S)F.| F,

10| Cr.p. 11§, I | S.s. Turkmen/N S7 | 26 [Cr.Fp. 11S,, x(S. s. Turkmen/N

15 | (K-36 x 0-41) F,x| 7 |(M-44S,x L-15)F, x | 27 | [(K-36 x 0-41) F, x 0-19)F
0-19)F x 0-22) B; x L-15)] B, 0-22) B, x L-15)] F, x (M-4 4?s
L-15) F, x L- 15)‘% x L-15)] B F,

14 | (K-50) FS x S 1122 6 | (0-57S,x 0-21S,) F, | 28 | [(K-50)F, x S 1122(102+113)F
(102+113)  F, x x K-43) F, x (0-57 S, x 0-21Sj
K-43)F, F]F,

5 [(M-55+130 S, x| 7 | (M-44 S, x L-15)F, | 29

[(M-55+130 S, x (K-44 x L-15
F,x 0-47) F, x'(M-44 S, x L-15
F x L-15)B]F,

* | — 16 clary sage parental forms

]
**17— 29 clary sage hybrids

Estimation of sclareol concentration in essential oil extracts from clary sage hy-

brids was performed by absolute calibration method, using as reference standards sclar-
eol pure solutions. Sclareol concentration was estimated as the product of peak height
and half-height length [5].

Data analysis. Statistical analysis of the experimental data was performed accord-

ing to Dospehov [27]. For calculation of descriptive statistics (arithmetic mean, stand-
ard deviation etc.) and Pearson’s coefficient of correlation was used Microsoft Excel
spreadsheet program.
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Table 2. The specific primers used for qRT-PCR

Access number Nucleotide succession (5’- 3°) Tm Amplicon, bp

F: GAGCACCAGCAGCGATTAT 56,7
EMBL: JN133922.1 133
R: GAGAGTTGCTTAGGACGGATTT 58,4

F: GACTCCAGAAACAACCCACATT 58,4

EMBL: JQ478434.1 138
R: CCCAGACGACCCTCCACAAGA 63,7
F: TGGATTTGCTGGAGACGATG 57,3

NCBI: HM231319.1 293
R: CACGATTGGCCTTGGGATTA 57,3

Result and discussions

Selection of parental forms is an important first step in any breeding program. The
ability to assess accurately genetic differences between parents and subsequently to
predict progeny performance could enhance the efficiency of breeding programs [2].

Actually there is a great temptation to use molecular genetics in plant breeding [7,
17]. But, as selection methods based on phenotypic data rely on accurate estimation of
breeding values of individuals or groups, similarly, molecular techniques require the
accurate estimation of breeding values of alleles from phenotypes [21]. So, molecular
genetics does not provide a quick fix to breeders, but rather slightly increased response
to selection in part of the genome at a great cost.

Because molecular techniques provide powerful tools to study genetics and physi-
ology of crops, it has been investigated the transcriptional activity of LPPS and SS
genes governing the biosynthesis of sclareol in clary sage.

The primary aim of this study was to assess expression levels of SS and LPPS
genes in some parent lines and hybrid combinations. In case of the SS no specific prod-
uct was identified and this gene was excluded from further investigations. Real-Time
PCR results were considered only for one gene — LPPS. For this gene a specific DNA
fragment of 133 bp was amplified (Figure 3).

The analysis of LPPS transcriptional activity for 15 parental genotypes and 13 hy-
brid combinations showed that relative expression ranged from 0,2 to 5,8 conventional
units. The quantity of transcripts in parental forms was relatively lower compared to
clary sage hybrids.

acrin {283 &}
LFPFS [I335p}

ML I 3 4+ 3 6 7T &8 2 oM 1253 M M IR PLENMIDDHE MDD N IIT XN

Fig. 3. Gene expression profile obtained using primers for LPPS gene and actin.
(M — 1000 bp Ladder, parental forms: 1 — 15, hybrids: 17 — 29).

In the case of studied hybrids the highest activity of gene was revealed for (/M-69
65559x (M-69 429-82 83 x 0-40 S5)F7]F 1, followed by [Cr. P. 11 S11 x (S. s. Turkmen/N
S7]F1, [S. 5. Turkmen/N S7 x (Rubin x S1122 9S3)F1 x (0-56 x V-24) F1)F7 ] F1 and
[M-69 655 S9 x(K-36 x 0-41)F20-19)F1 x L-15)B5]F1 but the lowest values were
recorded for /(V-24-86 809 S3 x 0-33 S6)F7 x (S1122 52883 x S. 5. Tian-Shan/sud) F5
x S. s. Tian-Shan/sud)B5]F1 and [(V-24-86 809 S3 x 0-33 S6)F7 x (Rubin x S1122 953)
Flx(0-56 x V-24)F1)F7]F1 (Figure 4, A).

For the parental forms the highest transcript accumulation level of LPPS gene was
detected in S. s. Turkmen/N S7, followed by (S-1122 528 S3 x K-50) FI x 0-48) F6
while the lowest quantities were observed in case of Rubin x S1122 9 S3) F1 x (0-56 x
V-24) F1 and Cr. P. 11 S11 (Figure 4, B.).
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Fig. 4. Relative expression of LPPS gene for hybrids (A) and parental forms (B) .
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Results obtained for genetic groups have revealed an association between tran-
scriptional activity of LPPS gene and heterosis effect. Thus, 11 (19-29) of the 13 in-
vestigated hybrids have shown quantitative values of the transcriptional activity higher
than such in parental forms. In six cases (22 hybrids, 24, 25, 27, 28 and 29) observed
differences were significant (Figure 5).

Hybrid vigor is substantial and important for most commercial traits in plants [10,
13, 14]. At genetic level heterotic groups in clary sage have not been well studied or
described. The characterization of genetic variability and an estimation of the genetic
relationships among varieties are essential to clary sage breeding programs. Thus, these
findings could represent a substantial advantage to predict the heterosis expected from
crosses at all levels.

The second aim of this study was to estimate correlations between a series of pro-
posed heterotic groups and hybrid performance for sclareol content in clary sage.
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Fig. 5. Relative expression of LPPS gene for clary sage genetic groups
(the genotypes order on the diagram is as follow: hybrid FI1/F2, Q form and & form)

The results obtained for the biosynthetic capacity show high intrapopulational vari-
ability of S. sclarea. Thus, the content of sclareol has varied from 1,9 % (hybrid no. 29)
to 10 % (hybrid no. 25) (Figure 6).

The comparative analysis of data obtained for clary sage hybrids, in most cases
ascertained a positive correlation (Pearson's correlation coefficient r = 0,7) between the
quantitative parameters which were studied — sclareol content in essential oil and LPPS
transcriptional activity (Figure 7).

As example, the highest values of LPPS transcript concentration for the M-69 655
S9 x (M-69 429-82 S3 x 0-40 S5) F7] F1 hybrid correlates with biochemical data. Also,
the data for the [(M-55+130 S4 x (K-44 x L-15) F2 x 0-47) F6 x (M-44 S84 x L-15) F1 x
L-15) B6] F2 hybrid, which showed the lowest amount of sclareol in essential oil corre-
lates with the decreased level of transcriptional activity of the analyzed gene (Figure 7).

Summarizing, the obtained data support the hypothesis that LPPS gene transcrip-
tional activity level could be useful in sclareol content prediction in clary sage.
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Fig. 6. Sclareol content for Fig. 7. The correlation between sclareol
clary sage hybrids. content and LPPS gene transcript level.
Conclusions

The level of relative expression of the LPPS gene was determined and its involve-
ment in the biosynthesis of sclareol in Salvia sclarea L. was demonstrated. Quantitative
RT-PCR results revealed six heterotic groups (no. 22, 24, 25, 27, 28, 29), for which the
level of LPPS gene transcriptional activity was correlated with heterosis effect.

The results revealed that the highest values of LPPS transcript concentration for the
[M-69 655 S9 x (M-69 429-82 S3 x 0-40 S5) F'7] F1 hybrid positively correlates with
biochemical data — sclareol content in essential oil. Thus, such hybrid combination can
be succesfully used in breeding programs.

The performed study ascertained the opportunity to predict heterosis effect based
on the information about the levels of relative expression of genes, involved in second-
ary metabolites biosynthesis.
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OF MOLDOVA IN THE CONTEXT OF THE IN SITU
CONSERVATION OF CROP WILD RELATIVES
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Introduction

Under the conditions of global climate change, dramatic degradation of natural
resources, growth of human population on the Earth, food shortage and maldistribu-
tion of food, the role of crop wild relatives (CWR) as one of stabilizing factors of
civilization development significantly increases [19, 3, 5]. CWR of natural flora have
the wide spectrum of valuable traits and properties — resistance to draught and limiting
temperatures, diseases and pests, increased content of bioactive substances and main
nutrituents. Gene pool of these species created during evolution is a valuable source
material and is used in various agricultural crop plant breeding [6, 4, 14, 10, 16, 12, 13,
15, 9 et.al.]. Along with cultivated species CWR form a part of plant genetic resources,
the diversity of which determines national food security. This fact promotes increase of
interest to this component of agrobiodiversity, deepening of studies on various aspects
of their evaluation, conservation and use [19].

Laboratory of plant genetic resources of the Institute of Genetics, Physiology and
Plant Protection of the Academy of Sciences of Moldova conducts complex studies on
inventory, collection, investigation and conservation of genetic resources of crop plants
and their wild relatives. Special attention is paid to investigation of natural populations
of CWR, search for the germplasm possessing useful properties. Among CWR of fruit
crops growing in forest ecosystems of Moldova, an important role belongs to hazelnut
(Corylus avellana 1..) and cornelian cherry (Cornus mas L.).

In situ conservation of hazelnut biodiversity represents a challenging issue of high
priority in the context of current trend of reduction of areas of pure hazelwoods and de-
creased presence of this culture in many forest types. On the other hand, share of wild
fruit tree-shrub cultures including cornelian cherry increases among the main species
used for restoration of forests. For this purpose, for example, more than 2 million seed-
lings and young plants of cornelian cherry from the material grown in forest tree nurs-
eries in 2002-2008 were planted. This species is of exceptional interest not only due to
its role in forest conservancy but also as a fruit and medicine culture [21, 11, 8].

Purpose of investigations was to identify current status of growth and ex sifu con-
servation of populations of abovementioned species in different soil-climatic zones of
the Republic of Moldova.

Materials and methods

Investigations were conducted in 2007-2014 years in all ecological zones of the
republic. Inventorying of cornelian cherry and hazelnut populations was performed in
forest ecosystems of more than 30 forest stations and protected natural areas. Position-
ing of trees was performed using Garmin eTrex H — a GPS navigation device. Also
some morphobiological characteristics of studied objects were determined — height of
trees, tree stem diameter, fructification pattern, phenotypic manifestation of their resist-
ance to environmental stresses, including premature drying.

Results and discussion

Cornelian cherry and hazelnut are important components of forest ecosystems of
many countries. Natural habitat area of Corylus avellana is rather extensive - from
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Mediterranean seaboard of the North Africa to Great Britain and Scandinavian Penin-
sula, and in the East — to the Ural, Caucasus Mountains, Iran and Lebanon (Thompson
et al., 1996). Cultivated form of hazelnut (filbert) is a valuable crop that ranks sixth in
production volume among other species of nut plants [2]. In Cornus L. genus, which in-
cludes about 60 species, the most economically valuable is C.mas, occurring in the wild
form in the Central and South-Eastern Europe and also in the South-Western Asia. In
mountainous areas it grows at a height of up to 1400 m above the sea level [11]. Forest
forms of cornelian cherry differ from cultivated ones in that they have irregular fruiting
and lower quality of fruits. In many European countries interest to this crop is growing,
high-productive varieties have been created and industrial plantations are exploited.

In the territory of Moldova, cornalian cherry and hazelnut occur in all natural
zones, more frequently in Codri, Priprutie, in Transnistrian and Tigech highlands, less
frequently in southern and northern regions [23, 24, 7, 1]. In the central zone of the Re-
public the largest forest areas are concentrated (48%). Dominating species here include
beech (Fagus sylvatica), durmast oak (Quercus petraea) and common oak (Quercus
robur). Among various forest types we should note the beech oak-forests in combina-
tion with Carpinus betulus, Fraxinus excelsior, Tilia tomentosa and Acer platanoides,
and also common and durmast oak forests with hornbeam, mono-dominant durmast
oak forests and etc. Hazelnut and cornelian cherry grow in the undergrowth of said
associations along with hawthorn, dogwood, spindle tree, blackthorn, smoke-tree and
other species, forming sometimes brushwood of various densities.

It was noted that land topography and vegetation conditions influence on the growth,
functional state and fructification of populations of Corylus avellana and Cornus mas,
their resistance to drought and other unfavorable environmental conditions. Plants
growing in forest stations located in Edineti, Soroca, Nisporeni, Straseni, Calarasi and
some other forest stations were in the best state among natural populations of hazel-
nut. Biometric measurements of plants were made and showed that height of cornelian
cherry bushes varied within 2-7 m, and tree stem diameter was 3-20 cm. Diversity was
noted with regard to shape and size of fruits and their taste qualities. Hazelnut bushes
were as high as 4-7 m, sometimes up to 10 m, and had 2-5 main stems 2-16 cm in diam-
eter. Some results of positioning of populations of these species and plant morphologi-
cal data are given in the table 1.

Particular attention should be paid to the issue of intraspecific diversity of cornelian
cherry and hazelnut in their natural habitats when determining the degree of genetic
erosion under the conditions of dramatic fragmentation and significant anthropogen-
ic pressure on forestlands, characteristic for the Republic of Moldova. On the other
hand, survey of mono-dominant and mixed artificial plantations of hazelnut and cor-
nelian cherry in different forest stations (Vadul lui Voda, Susleni, Anenii Noi, Singerei,
Chiscareni, Bobeica, Cazanesti and etc.) revealed their ineffective use (solely for fruit
harvesting) and the absence of any management. However it should also be noted that
these sites are ideal “natural laboratories” where valuable genotypes can be found and
selected for their reproduction and introduction in the forestry. Selected forms could
become valuable sources for traits important for breeding of new productive cultivars
and hybrids resistant to environmental stresses.

An important component in the system of conservation of hazelnut and cornelian
cherry biodiversity is their conservation in ex situ collections in the field gene banks
and also using in vitro technologies. Thus it is possible not only to increase safety of
conservation of accessions and to better safeguard them against the influence of unfa-
vorable environmental factors, but also to carry out more effectively the research works
on study of genetic diversity of populations, identification, evaluation and introduction
of valuable genotypes in production. Table 2 shows data on the main collections of
Corylus, held by some research institutions worldwide.

(GF-1, GF-2, GF-3, L-4, L-5, L-6, 4-28). The highest yield of kernels was observed
in cultivars Panakhesskiy (51,5%), Cherkesskiy-2 (51,2%) and Ata-Baba (50%).
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Table 1. Some geographical areas of distribution of Corylus avellana and Cornus mas in
the forest stations of the National Forestry of Moldova

Forest Stations Eva(:g?etion D H N NorthPosmomngEast
Corylus avellana L.
N.A.Codrii 10.07.08 5 4 1 47°06'42" 28°21'66"
Ocnita 24.08.07 3-5 4 2 48°26'48" 27°35'89"
Chigcareni 26.06.12 5-9 5-10 P 47°32'20" 28°00'62"
Mandresti 26.08.08 3 3 1 47°28°80" 28°16'78"
NR Plaiul Fagului 28.10.09 1-15 6-8 10 47°17°76" 28°02'90"
NR Plaiul Fagului 30.09.14 7-13 8-15 11 47°07'01" 27°56'33"
Bobeica 27.09.11 3-7 3-4 P 46°55'96" 28°33'70"
Sangerei 27.06.12 5-12 6-8 P 47°34'71" 28°17'97"
Scoreni 28.08.08 2-4 2-3 20 47°05'49" 28°33'74"
Telenesti 26.08.08 4-9 4-5 P 47°29°34" 28°23°34"
Telenesti 26.08.08 2-8 3-4 12 47°29°24" 28°29°32"
Capriana 29.08.08 2 3 3 47°07°84" 28°28°72"
Straseni 05.08.11 10-12 5 1 47°05°75" 28°33°86"
Cimislia 15.08.13 5-8 3-4 P 46°30°48" 28°45°28"
Calarasi 29.05.09 3 7 1 47°12°85" 28°18°21"
Calarasi 29.05.09 12-14 8 2 47°12°88" 28°18°20 "
Baius 29.07.13 8-12 6-8 P 46°29°91" 28°2"8°35"
Cornus mas L.
Nisporeni 30.0911 6 6 1 47°00°16" 28°14°74"
Hirbovat 28.05.09 3 34 13 46°51°97" 29°23°86"
Hirbovit 28.05.09 1,5=3 2-3 21 46°51°97" 29°23°81"
NPA Seliste-Leu 07.11.14 4-6 4 1 47°06°36” 8°05°27”
Sangerei 27.06.12 5-7 4 P 47°36°05" 28°08°57"
Sangerei 27.06.12 3-5 4-4,5 P 47°37°43" 28°09°17"
Criuleni 04.08.11 3-6 4 P 47°16°48" 29°07°06"
Telenesti 26.08.08 5 6 38 47°27°91" 28°29°47"
Mandresti 26.08.08 3 3 6 47°28°40" 28°15768"
Cociulia 25.09.13 3 5 1 46°17°60" 28°22°17"
Ocnita 24.08.07 3-6 34 2 48°26°47" 27°35°86"
Capriana 29.08.08 10 2 1 47°07'89" 28°28'77"
NR Pidurea Domneascd | 07.10.14 6-10 4 2 47°36'43" 27°23'69"
NR Péadurea Domneasca | (07.10.14 3-5 5 1 47°35'47" 27°25'75"
Bobeica 27.09.11 12-20 6-10 11 46°55'45" 28°33'85"
Chigcareni 26.06.12 4-6 3-4 P 47°31'92" 27°59'09"
Straseni 28.08.08 6,5 5 1 47°06'60" 28°34'58"
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Straseni 05.08.11 22 9 1 47°05' 96" 28°00' 60"
NPA Sarata Galbena 16.10.14 2-7 2 46°42'85" 28°24'64"
Calarasi 29.05.09 4 3 1 47°12'88" 28°18'19"
NR Plaiul Fagului 30.09.14 5-10 4-6 3 47°18'85" 28°05'64"
Zloti 16.08.13 6-8 5 1 46°41'19" 28°54'69"
D — tree stem diameter, cm; H — plant height, m; N — number of plants, pcs.; P - plantation; NR- natural rezervation;

NPA - natural protected area

Table 2. World’s germplasm collections of Corylus [17]

Crop Genus Genebank Accessions Type of accession (%)
Grouping
Nuts, Fruits Inscode | Acronym | No. % WS | LR | BL | AC | OT
and Berries
Hazel Corylus | USA026 COR 837 28 13 13 | 25 | 48 1
Hazel Corylus | TUROO! AARI 413 14 100
Hazel Corylus | UKR046 KPS 188 6 1 99
Hazel Corylus | AZE009 | HSCRI 169 6 32 1 22 | 46
Hazel Corylus | ESP014 | IRTAMB | 120 4 6 94
Hazel Corylus | UZB031 | UzRIH- 118 4 100
VWM
Hazel Corylus O(tshag)rs 1153 | 38 3 9 [ 13 ] 37| 39
Hazel Corylus Total 2998 | 100 5 23 | 13 ] 30 | 29

The latter and the line 4-28 were distinguished by the largest nuts. Selected geno-
types were characterized by higher resistance to abiotic and biotic stress factors.

These forms can be introduced in agricultural production. At present, only one ha-
zelnut cultivar (Tonda Gentile Romana) of Italian origin has been regionalized in the
Republic of Moldova As to cornelian cherry, 4 cultivars (Corn cu fructe mari, De Baim-
aclia, De Bucovat, De Orhei) obtained in the Practical Scientific Institute of Horticul-
ture and Food Technologies were included in the Catalogue of Regionalized Cultivars
along with one form as a seedling stock.

Conclusions

Conducted investigations resulted in detection of distribution, description of some
morphobiological traits of plants and determination of safety of conservation of 2 spe-
cies of fruit crop wild relatives — hazelnut and cornelian cherry in forest ecosystems of
different soil-climatic zones of Moldova;

It was found that preservation of populations of studied species directly depends
on the degree of degradation of the main types of forests of durmast oak, common oak,
beech, hornbeam and oak associations and etc. In this regard it is necessary to conduct
knowledgeably the required forestry measures to prevent degradation of forest stand
structure;

In the works on restoration of forest areas the share of seedlings of hazelnut and
cornelian cherry introduced in the structure of forest forming species must be strictly
observed;

For the purpose of determination of the degree of genetic erosion, intraspecific di-
versity of said populations must be studied using various methods, including molecular
passportization;
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For comprehensive study, guaranteed conservation and sustainable use of cornelian
cherry and hazelnut, National collections of these crops must be created with relevant
electronic databases.
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Introduction

Origanum vulgare L. (Oregano) is a herbaceous perennial species from the family
of Lamiaceae known and used for centuries. Multiple investigations have been carried
out in different countries [16, 20, 31, 32, 33] to use and put in value the species. Differ-
ent biotypes, genotypes, forms, and taxons of Oregano have a strictly local distribution
and are distinguished through accentuated morphological and biochemical diversity
[11, 19] which is confirmed by the studies on the species, subspecies in the definite
areal of prevalence. The relevance of the studies on provenance of Oregano is also
determined by the importance of the species as a medicinal, aromatic, culinary, spicy,
ornamental, and meliferous plant, supported by the chemical composition — essential
oil, flavonoides, vitamins etc. synthesized and accumulated in the aerial part of the
plant [34]. Thus, the essential oil [6, 35, 37] and, especially, its major components —
carvacrol and thymol, are responsible for the antimicrobial [7, 9, 21], antifungal [8, 24,
40] and antioxidant [7, 22, 25, 27, 37, 41, 42] action, as well as the capacity to inhibit
bacterium growth [6, 7, 24, 29, 36, 38]. Oregano essential oil is also successfully em-
ployed for its antispastic and antiseptic action [7, 40]. In addition, O.vulgare possesses
sedative, carminative, emenagogous, diuretically, and other actions. It is also utilized
as an aromatizer, preservative in food products [15]. The antimicrobial and antifungal
properties of Origanum vulgare essential oil are successfully employed for flavouring
and preservation, storage of food products [3, 8, 9, 11, 36]. It is known that the decoc-
tion of O.vulgare possesses antioxidant activity, while its hydroalcoholic extract dem-
onstrates antimicrobial effect [24]. O. vulgare extracts and essential oil are strong can-
didates to replace synthetic chemicals used by the industry [38]. Six subspecies have
been recognized within O. vulgare L.: subsp. vulgare L., subsp. glandulosum (Des-
fontaines) letswaart, subsp. gracile (Koch) letsw., subsp. Airtum (Link) letsw. subsp.
virens (Hoffmanns. & Link) Ietsw, subsp. viridulum (Martrin-Donos) Nyman [18].

This work is a continuation of our previous research [13, 14] which includes new
genotypes selected for the essential oil content of Origanum vulgare L. subsp. vulgare
and Origanum vulgare L. subsp. hirtum (Link) letswaart. [18].

Materials and methods

The biological material is presented by five genotypes of O.vulgare ssp. vulgare
L. (Ovv) and five genotypes of O.vulgare ssp. hirtum (Link) Ietswaart (Ovh). The
genotypes have been selected from the Aromatic and Medicinal Plant Laboratory col-
lection of the Institute of Genetics, Physiology and Plant Protection. In order to deter-
mine the content of essential oil, the samples of fresh herbs, aerial part of the plant,
were harvested in the morning hours at the flowering stage. Essential oil was isolated
by hydrodistillation for 60 minutes, using the Ginsberg apparatus: 50 g of fresh aerial
part per 200 ml of water. The content of the essential oil was recalculated per dry mat-
ter. Following distillation, the essential oil was dried over anhydrous sodium sulphate
and stored at 4-6 °C. Qualitative and quantitative analyses of the essential oil was
conducted using GC coupled with Mass Spectrometry (GC-MS): gas chromatograph -
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Agilent Technologies 7890; mass selective detector 5975C Agilent Technologies with
a quadruple, capillary column (30m x 0.25mm 1i.d., film thickness 0.25 pum) at the HP-
5ms non-polar stationary phase. The injector and detector temperatures were 250 °C
and 280 °C, respectively, using a temperature gradient from T1 = 70° C (2 min), T2 =
200° C (5° C/min) to T3 =300° C (20° C/min, 5 min). Mobile phase: helium 1ml/min,
injected volume of essential oil - 0,03 pl, split rate - 1:100. The identification of the
chromatographic peaks was performed with the aid of the software package AMDIS
™ coupled with NIST database. Extraction and total polyphenols determination were
carried out by means of procedure according to method described in European Pharma-
copoeia with modifications — only total polyphenols were determined, measurements of
phenolic compounds not adsorbed by hide powder were not performed. The amount of
polyphenols was determined spectrophotometrically, expressed in gallic acid according
European Pharmacopeia (5,0:221) with modifications [26].

Results and discussion

The earlier investigations on the assessment of the Origanum vulgare L collec-
tion have demonstrated the phenotypical diversity corraborated by both the indices of
quantitative characters and differences in the content and qualitative and quantitative
composition of the essential oil of O.vulgare ssp. vulgare L. (Ovv) and O.vulgare ssp.
hirtum (Link) letswaart (Ovh ) [13,14].

The assessment of the promising Ovv and Ovh genotypes in view of the content of

the essential oil has confirmed the findings of the precedent years [11,12] that the sub-
species O.vulgare ssp. vulgare is poorer in essential oil than the subspecies O.vulgare
ssp. hirtum (Table 1) and that this important character varies in the genotypes of the
both species considerably. Thus, in the case of the O.vulgare ssp. vulgare subspecis, the
content of essential oil varies from 0,168 % (dry matter) in the Ovv2-38 genotype to
0,360 % (dry matter) in the genotype Ovv7-38. The O.vulgare ssp. hirtum genotypes
are characterized by an elevated content of essential oil, the indices of this character
ranging from 2,315% (dry matter) (genotype Ovh7-4) to 4,705% (dry matter), 4,923%
(dry matter) in the genotypes Ovh8-40 and Ovh1-78.
A similar difference in the content of essential oil was recorded in Hungary [17] for
O.vulgare ssp. hirtum and in China and Pakistan for Origanum vulgare [15]. Estimation
of the essential content in O. vulgare (ssp. vulgare and ssp. hirtum) from the wild flora
of Albania also confirms the variability of this character [12]. A very high difference
in the content of essential oil (0.1%-1.8%) has been attested in O.vulgare ssp. vulgare
in Austria [23]. The variability of this character has also been recorded for the spe-
cies O.vulgare ssp. glandulosum (Dest.) letswaart (2,5-4,6 %) in Tunisia [27]. It has
been also demonstrated that breeding programs have resulted in the development of
O.vulgare ssp. hirtum genotypes characterized by a very high content of essential oil
(7-8, 6%) [35].

Table 1. Variability of the essential oil content in the genotypes Origanum vulgare ssp. vulgare
L. and Origanum vulgare ssp. hirtum (Link) Ietswaart

Origanum vulgare ssp. vulgare Origanum vulgare ssp. hirtum
Genotypes Essential oil content, Genotypes Essential oil content,
% (dry matter) % (dry matter)
Ovv 2-38 0,168 Ovh 7-40 2,315
Ovv 3-38 0,077 Ovh 8-40 4,705
Ovv 5-38 0,205 Ovh 1-78 4,923
Ovv 6-38 0,239 Ovh 4-78 3,505
Ovv 7-38 0,360 Ovh 6-87 3,540
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The O.vulgare ssp. vulgare stands out for both the content of essential oil and its
composition. Qualitative and quantitative analyses performed through GC GC-MS
techniques have identified in the essential oil of O.vulgare ssp. vulgare from 18 com-
ponents in the genotype Ovv2-38 to 29 components in the genotype Ovv7-38, the iden-
tifcation being at a propotion of 92,38%-98,80% (Table 2). Our earlier investigation
[13, 14] has revealed forty one components in other genotypes. Some authors have
identified forty two components in the O. vulgare ssp. vulgare population in Lithuania
[30] and Germany [2]. In Austria though, a higher number (53) of components has been
identified [23].

The concentration of the components identified in the essential oil isolated from the
genotypes O. vulgare ssp. vulgare varies with the genotype. The major component of
the essential oil in the genotype of this subspecies is D-germacrene that recorded the
values 0f 26,01%- 33,98% (Table 2). The second major component is B-caryophyllene.
This component demonstrated values ranging between 12,16% in the genotype Ovv3-
38 and 33,16% in the genotype Ovv6-38. The other component, (+)B-bisabolene is
contained at insignificant concentrations in the essential oil isolated from the genotypes
Ovv7-38 (6,83%), Ovv5-38 (9,62%), Ovv2-38 (12,65%), and Ovv6-38 (16,04%),
while it has not been identified in the essential oil in the genotype Ovv3-38. y-elemene
is present in the essential oil of all the genotypes at a relatively increased concentrations
making 3,56%-16,79 %.

The essential oil extracted from all the O. vulgare ssp. vulgare genotypes assessed
contains B-bourbonene, B-caryophyllene, y-cadinene, y-muurolene, caryophyllene ox-
ide, B- guaiene, and d-cadinole, ordinarily, at minor concentrations. The other two com-
ponents, 1-butanol-3-methyl-acetate and trans-ocimene have been identified in each of
the four genotypes at values ranging between 0,83% and 1,88% and 0,57% and 2,81%,
respectively. As for the minor components, the presence of thymol (0,32% — 1,45%)
has been shown in three genotypes of Ovv5-38, Ovv6-38, Ovv7-38 and that of Carvac-
rol (0,54% — 3,58%) in the essential oil of the genotypes Ovv3-38, Ovv5-38, Ovv6-38.
The earlier assessed genotypes [13, 14] also contained carvacrol and thymol in the
essential oil though at more elevated concentrations. Thymol occurs at low concentra-
tions in the oil of our genotypes. A similar value has been attested for this species in
Hungary [43]. In total, the presence of thirteen minor components has been demon-
strated for the essential oil in each of the three genotypes (Table 2).

Thus, we can conclude that the essential oil major components in the O. vulgare ssp.
vulgare genotypes assessed include Germacrene D (26.01-33.98%); B-caryophyllene
(12,16-33,16%); y-elemene (3,56-16,79%); while B-bisabolene (6,83-16,04) is the ma-
jor component in four genotyps, their concentrations varying considerably. The chemo-
types of O. vulgare ssp. vulgare are following: 1. germacrene D/ B-caryophyllene/ B-
bisabolene; 2. germacrene D/ B-caryophyllene/d-cadinole/ y-elemene; 3. germacrene
D/ y-elemene/ B-caryophyllene/ B- bisabolene; 4. B-caryophyllene/ germacrene D/ -
bisabolene; 5. germacrene D/ f-caryophyllene/y-elemene/B-bisabolene.

These genotypes differ from the earlier assessed ones of O. vulgare ssp. vulgare
[13, 14] in both the number of major compound and their concentrations. For example,
germacrene D and B-caryophyllene occur at much more elevated concentrations, while
ocimenele (cis- and trans-), on the contrary, at quite low ones. The variability of the
number and concentrations of the major components contained in the essential oil of
O. vulgare ssp. vulgare from wild flora in other countries also varies within consider-
able limits. So, the specimen from wild flora of Lithuania contains in the essential
oil the followmg major components: f-ocimene, germacrene D, B-caryophyllene, and
sabinene, each component at different concentrations in the specimen from various
localities [30].

The major components of the essential oil isolated from the O. vulgare collected in wild
flora of Kosovo include sabinene, 1,8-cineole, caryophyllene oxide, B-caryophyllene,
p-cymene, a-terpineol, and germacrene D with an accentuated variability in the con-
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centration of each component [28]. It should be mentioned that B-caryophyllene in
some of our genotypes occurs at much higher concentrations than those recorded in
Kosovo.

Table 2. The qualitative and quantitative composition of Origanum vulgare ssp. vulgare L.
essential oil

Nr. Component Rt Area %
pic sample [ Ovv2-38 | Ovv3-38 | Ovv5-38 | Ovv6-38 | Ovv7-38

1 ;;}:t‘;tt2“°1'3'methyl' 3,55 | 1,65 . 188 | 091 | 083

5 | Sabinene 5,42 - 1,59 0,62 - 4,16

6 | 1-Octen-3-ol 5,45 - - - - -

7 | B-Pinene 5,52 - - - - -

8 | 3-Octanone 5,64 - - - - -

9 | B-Mircene 5,74 - - - - 0,33
10 | 3-Octanol 5,82 - 1,68 - - -
11 | a-fellandrene 6,10 - - - - -
12 | y-Terpinene 6,37 - - - - -
13 | p-Cymene 6,56 - - 1,19 0,11 0,54
14 | Limonene 6,67 - - - - 0,48
15 | Eucalyptol 6,74 - - - - -
16 | trans-Ocimene 6,82 - 1,76 0,57 0,85 2,81
17 | cis-Ocimene 7,08 - 1,15 - 1,72 1,50
18 | y-terpinene 7,38 - - 2,11 0,29 0,78
19 | 4-Thujanol 7,60 - - - - -
20 | Linalool 8,38 0,37 1,07
21 | Camphor 9,46 - - - - -
22 | Borneol 10,18 - - - - -
23 | 4-Terpineol 10,48 - 0,75 - 0,49 2,09
24 | a-Terpineol 10,82 - - - - 0,73
25 | Timol metil ether 12,22 - - - - -
26 | Linalyl acetate 12,51 0,46 - - 0,57 0,46
27 | Timol 13,45 - - 1,45 0,69 0,32
28 | Carvacrol 13,82 - 2,91 3,58 0,54 -
29 | 2.5-Diethylphenol 13.99 - - - - -
30 | B-Bourbonene 15,97 0,96 2,28 0,79 0,66 1,15
31 | B-Caryophyllene 16,86 31,45 12,16 15,02 33,16 13,21
32 | B-Cubebene 17,08 0,73 - 0,75 - 0,33

Undecadien-2-

33 one,6,10-dimethyl 17.57 0,51 ) 0,59 i )

34 | a-Caryophyllene 17,70 1,59 2,10 1,03 1,48 1,60
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35 | (+)Aromadendrene 17,88 - 1,31 - 0,36 1,06
36 | D-Germacrene 18,38 32,29 26,01 33,98 32,78 31,02
37 | Humulene 18.60 0,60 - - 0,51 0,39
38 | y-Elemene 18,75 3,82 6,75 16,79 3,56 8,32
39 [ (+)p-Bisabolene 18,98 12,65 - 9,62 16,04 6,83
40 | y-Cadinene 19,36 1,40 3,95 0,94 1,06 2,96
41 | y-Muurolene 20,61 2,27 5,64 0,77 1,23 5,65
42 | (-)Spatulenol 20.66 0,97 2,23 2,46 - -
43 | Caryophyllene oxide 20,81 2,18 3,52 1,37 0,58 1,54
44 | B-Guaiene 22,10 2,27 5,84 1,10 0,75 3,01
45 | 8-Cadinole 22,39 2,41 9,11 1,26 0.86 4,37
46 | a-Muurolene 23,23 0,45 1,61 - - 0,45
47 | Sclareol 31,26 - - 0,73 0,49 0,10
No. identified compounds 18 19 22 24 29
Total, identified compounds % 98,66 92,38 98,60 98,80 98,09

In the essential oil of some provenances of O. vulgare ssp. vulgare in Turkey, the
major components include caryophyllene oxide (34.44%), B-caryophyllene (20.40%),
and d-cadinol (7,02%) [4]. The last component, d-cadinol, has been also recorded in
the genotypes O. vulgare ssp. vulgare assessed by us, its concentration varying from
0,8% to 9,11% (Table2), and in the oil of the earlier assessed genotypes [13,14]. In
the other species, O. vulgare L. ssp. viride (Boiss), ocimene is the major component
(35.1%) with the highest concentration [3]. In our O.vulgare ssp. vulgare genotypes,
ocimenes are minor components and they are not present in the essential oil of all the
genotypes assessed.

The qualitative and quantitative analyses of the essential oil separated by hydrodis-
tillation from five O. vulgare ssp. hirtum genotypes have revealed a different number
of components, it varying between 18 in Ovh8-40, 25 in Ovh4-78 and Ovh6-87, representing
99,87 t0100% of the total essential oil extracted (Table 3). Other researchers have de-
tected from 19 [21] to 56 [33] and even 81 [39, 40] or 103 [25] components.

The major components of the essential oil in all the O. vulgare ssp. hirtum geno-
types evaluated are carvacrol at a concentration varying between 74.63% and 88.13%
depending on the genotype. The second major component is y-terpinene (3,59-10.69%),
followed by p-cymene (2,23-5,06%), the rest of the components being minor at con-
centrations up to 1% or some of them being at concentrations slightly increased in
some genotypes as in the case of f-Caryophyllene (1,49-2,10%) and a-terpinene (1,24-
1,45%) (Table 3).

It can be concluded following from the above that carvacrol (74.63-88.13%),
v-terpinene (3,59-10,69%), and p-cymene (2,23-5,06%) are the major components in
the essential oil of the genotypes O. vulgare ssp. hirtum assessed. The O.vulgare ssp.
hirtum genotypes are divided into two chemotypes: 1-Carvacrol/y-terpinene/p-Cymene
and 2- Carvacrol/y-terpinene/p-Cymene/B-Caryophyllene.

Elevated concentrations of carvacrol (70-93%), that is the major component in the
essential oil of O. vulgare ssp. hirtum, have been found by other authors [25, 31, 35,
43] in both O. vulgare ssp. hirtum and O. vulgare ssp. scabrum [1]. In the essential oil
of O.vulgare ssp. hirtum from Sicilia, the major components are thymol (24,0-54,4%),
y-terpinene (9,8-30,5%), p-cimene (5,2%) [40]. Thymol is shown to be one of the ma-
jor components along with carvacrol in O.vulgare ssp. hirtum growing wild in South-
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ern Italy [11, 12, 33]. In other biotypes of Italy, the major components are thymol and
alfa-terpineol, or linalyl acetate and linalool [11]. Other samples of Albania have the
major components thymol, carvacrol, linalool and thymol in Albania [12]. In O. onites
essential oil the major components are carvacrol, thymol and linalool [19]. In the es-
sential oil of our genotypes, linalool is a minor component, but linalyl acetate has not
been identified.

It has been found that the content and composition of the essential oil are stable in both
O. vulgare ssp. vulgare and O. vulgare ssp. hirtum during the whole flowering period, which
is the time of harvesting [43]. The highest oil content in O. onites is at the full flowering
stage [19]. According to the findings published by some authors, the content and composi-
tion of the essential oil are not dependent on the cultivation conditions of O. vulgare (ssp.
hirtum, creticum, samothrake) [2]. Other researchers claim that the concentration of the
major components (sabinene and ocimene) is dependent on the cultivation conditions [9]

Table 3. The essential oil qualitative and quantitative composition of O. vulgare ssp.
hirtum (Link) Ietswaart

Nr. Component Rt Area %
pic sample Ovh Ovh Ovh Ovh Ovh
7-40 8-40 1-78 4-78 6-87

1 | 1-Butanol-3-methyl- 3,55 - - - - -

acetate

2 | Origanene 4,48 0,45 0,28 0,40 0,90 0,64
3 | a-Pinene 4,64 0,19 0,12 0,17 0,41 0,25
4 | Camfene 4,95 0,06 - 0,04 0,14 0,07

5 | Sabinene 5,42 - - - 0,15 -

6 | 1-Octen-3-ol 5.45 0,42 0,19 0,16 0,11 0,27

7 | B-Pinene 5,52 0.06 0,05 0,11 0,07

8 | 3-Octanone 5,64 - - 0,05 - -

9 | B-Mircene 5,74 0,78 0,71 0,78 1,35 0,97
10 | 3-Octanol 5,82 - - - - -
11 | o-fellandrene 6,10 0,10 - 0,10 0,16 0,13
12 | a-terpinene 6,37 0,62 0,90 0,59 1,45 1,24
13 | p-Cymene 6,56 2,35 2,45 2,23 5,06 3,56
14 | Limonene 6,67 0,17 - 0,18 0,29 0,22
15 | Eucaliptol 6,74 - - - 0,16 -
16 | trans-Ocimene 6,82 - 0,16 - - 0,10
17 | cis-Ocimene 7,08 - - 0,04 0,11 0,07
18 | y-terpinene 7,38 4,10 8,84 3,59 10,69 9,72
19 | 4-Thujanol 7,60 0,31 0,15 0,49 0,41 0,36
20 | Linalool 8,38 0,20 0,62 0,17 0,17 0,24
21 | Camphor 9,46 - - - - -
22 | Borneol 10,18 0,24 0,27 0,24 0,42 0,36
23 | 4-Terpineol 10,48 0,37 0,28 0,33 0,44 0,33
24 | o-Terpineol 10,82 0,10 - 0,09 0,15 0,09

(=]
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25 | Timol metil eter 12,22 0,07 - - 0,10 -
26 | Linalyl acetate 12,51 - - - - -
27 | Timol 13,45 0,24 0,17 0,23 0,20 0,23
28 | Carvacrol 13,82 | 87,14 | 82,63 88,13 74,63 79,54
29 | 2.5-Diethylphenol 13.99 0,31 - - - -
30 | B-Bourbonene 15,97 - - - - -
31 | B-Caryophilene 16,86 0,98 1,49 0,85 2,10 0,76
32 | B-Cubebene 17,08 - - - - -
34 | a-Caryophyllene 17,70 0,15 0,23 0,13 0,17 0,11
35 | (+)Aromadendrene 17,88 - - - - -
36 | D-Germacrene 18,38 0,24 0,19 - - 0,13
37 | Humulene 18.60 - - - - -
38 [ y-Elemene 18,75 - - - - -
39 | (+) B-Bisabolene 18,98 0,35 0,34 0,45 0,12 0,23
No. identified compounds 24 18 24 25 25
Total identified compounds, % 99,94 100 99,87 100 99,94

Some studies have concluded that the productivity and content of the essential oil
in O. vulgare depend on the techniques of planting material production [5].

Antioxidant action of Origanum vulgare species is supported not only by the essen-
tial oil, but also by the polyphenols that contains the plant. From this point of view, the
genotypes of O.vulgare ssp. vulgare as well as O.vulgare ssp. hirtum were evaluated
in the content of polyphenols. The obtained results demonstrate the variability of the
content of these compounds in the genotypes of both subspecies. Rich in polyphenols,
expressed as gallic acid (GA) (mg/100g) are genotypes belonging O.vulgare subspecies
ssp. vulgaris: from 99,25 £+ 1,598 to 166,43+ 3,594. The genotypes of O.vulgare ssp.
hirtum, synthesizes and accumulate polyphenols from 53,51+ 0,684 to 85,59+0,719
mg/100g.

The results should be confirmed that between the essential oil and polyphenols
content of O.vulgare subsp. vulgare as well as O.vulgare ssp. hirtum there is a negative
correlation: A high content of essential oil correlate with the low polyphenols content.

Conclusion

The diversity of Origanum vulgare ssp. vulgare L. and Origanum vulgare L. ssp.
hirtum (Link) Ietswaart genotypes has been confirmed through the essential oil content,
qualitative and quantitative components.

The content of essential oil varies between 0,077% and 0,360% in the genotypes
O.vulgare ssp. vulgare, and between 2,315% and 4,923% in the O.vulgare ssp. hirtum
genotypes.

Qualitative and quantitative analyses performed using GC GC-MS techniques have
found from 18 to 29 components in the O.vulgare ssp. vulgaris essential oil, depending
on the genotype, the identification ratio being 92,38%-98,80%.

The component number varies between 18 and 25 depending on the genotypes of
O. vulgare ssp. hirtum, this constituting 99,87%-100 % of the essential oil.

The major components in the essential oil of O. vulgare ssp. vulgare include
Germacrene D (33,98-26,01%); p-Caryophyllene (12,16-33,16%); y-Elemene (3,82
—16,79%), while - Bisabolene (6,83-16,04) is the major component in four geno-
types.
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The O. vulgare ssp. vulgare genotypes are divided into five chemotypes: 1. ger-
macrene  D/B-caryophyllene/B-bisabolene; 2.Germacrene D/B-caryophyllene/6-
cadinole/ y-elemene; 3. germacrene D/ y-elemene/ B-caryophyllene/ B- bisabolene; 4.
B-caryophyllene/ germacrene D/ - bisabolene; 5. germacrene D/ B-caryophyllene/y-
elemene/p- bisabolene.

The major components in the essential oil of O. vulgare ssp. hirtum are carvacrol
(77,61-85,88%), followed by p-cymene (3,64-9,33%) or y-terpinene (8,22%) and p-
cymene (5,30%).

The O.vulgare ssp. hirtum genotypes are divided into two chemotypes: 1-carvacrol/
y-terpinene/p-cymene and carvacrol/y-terpinene/p-cymene/ f-caryophyllene.

The variability of the content of polyphenols in the genotypes of both evaluated sub-
species has been demonstrated. Rich in polyphenols, expressed as gallic acid are geno-
types belonging O.vulgare ssp. vulgaris: from 99,25 + 1,598 to 166,43+3,594 mg/100g.
The genotypes of O.vulgare ssp. hirtum, synthesizes and accumulate polyphenols from
53,51+ 0,684 to 85,59+0,719 mg/100g and O.vulgare ssp. hirtum — from 53,51+ 0,684
to 85,59 = 0,719mg/100g.

The results should be confirmed that between the essential oil and polyphenols
content in both species is a negative correlation: A high content of essential oil correlate
with the low polyphenols content.
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Introduction

Sunflower is one of the most important oil crops in the world due to higher adapta-
tion capability, mechanization use and preference by customers as vegetable oil. Sun-
flower areas are not larger in the world because the income is lower due to influenced
more from environmental conditions as a summer crop. To increase production, it is
important for decreasing of effects of factors reduced seed yield utilizing from higher
production techniques in addition to develop higher yielding cultivars [43, 79, 47].

Weeds and broomrape (Orobanche cumana Wallr.) parasite exist among the most
limiting factors for sunflower production in especially in Eastern Europe and Black Sea
Region which have more than 60% of world sunflower planted areas [45]. Broomrape
is a parasite affecting sunflower yield severely until 100%. Broomprape is holoparasitic
weed (angiosperm) which lacks chlorophyll and dependent on host plant for nutrients
and it develops new aggressive races historically against sunflower resistant genotypes.
New races of broomrape such as F, G and H other than 5 known races (A, B, C, D and
E) were observed in mostly in Balkan and Black Sea region and also in Spain [85, 63,
17, 41, 22, 78, 64, 26, 43, 46]. Therefore, new hybrids should have resistant genes
against these new races or Clearfield technology [6, 53, 54, 4, 39, 44, 80, 55,18].

Clearfield system with Imidazolinone (IMI) tolerant hybrids and IMI herbicide as
post emergence application control successfully broomrape and common weeds [57,
4, 8, 18, ]. Similarly, Express Sun system and Sulfonyl Urea (SU) herbicide resistant
cultivars and post emergence SU group herbicide is also used efficiently especially in
Central and Eastern European countries. Clearfield and Express Sun technologies were
accepted widely in almost all sunflower grower countries with restriction of growing
of genetically modified crops due to not being biotech product [83, 40, 51, 52, 86, 23,
24,33, 34,37, 15,44, 67, 45, 47].

The development of IMI herbicide resistance in sunflower. Imidazolinone (IMI)
tolerant wild sunflower popula—tion was discovered firstly in soybean field in Kansas,
USAin 1996 [1, 59] then IMI tolerance genes were transferred via backrossing and two
IMI (IMISUN-1 and IMISUN-2) tolerant lines were developed firstly in USDA sunflower
program in Fargo, ND, US [3]. The IMI herbicides control weeds by inhibiting a key en-
zyme in the branched chain amino acid biosynthetic pathway, acetohydroxyacid synthase
(AHAS; EC 4.1.3.18) also known as Acetolactate synthase (ALS) [83, 9-11].

Clearfield system were introduced to farmers firstly in 2003 in Turkey lately Argen-
tina, USA and other countries [17]. In Clearfield technology, IMI post emergence her-
bicides (Imazamox (40 g/1)) applied 6-8 leaf stage control efficiently both broomrape
and major broadleaf weeds such as Xanthium strumarium Wallr. Chenopodium album
L., Echinochloa cruss-galli, Sinapsis arvensis L., Amaranthus spp., Solanum nigrum
L., Datura stramonium L. ragweed, Avena spp. etc. resulting important yield losses
in sunflower [16, 54, 65, 42, 18, 51, 36, 52, 49, 27, 21, 15, 44]. After application IMI
herbicide, chlorosis could seems depends on applied herbicide amount and application
method but it disappear generally in a week [23, 62]. On the other hand, Anastasov
H. (2010) indicated that imazamox results considerable changes in the sunflower leaf
anatomy, a reduction of stomata number and an increase in the thickness of leaf lamina
(blade) after applied at suggested dose as post emergence.

Ahas locus confers resistance to IMI tolerant sun—flower [12, 50]. The inherit-
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ance of IMISUN is additively controlled by two genes, one partially dominant allele
Ahasl1-1 and a modifier gene [59, 12, 38]. However, this IMI trait has lower oil content
in the seed due to the wild parent around the resistant gene [74-76].

The second IMI tolerance source known as CL Plus was developed by seed muta-
genesis and selection with imazapyr in sunflower [72]. While the Clearfield® system
is based on two genes (4haslI-1 and an enhancer, [83]), the CL Plus system, based
on the allele Ahasli-3 alone or in combination with Ahasl1-1 [71-76]. This new traits
present better stability of the herbicide tolerance in different environmental conditions,
permit developing new herbicide formulations providing more flexible and reliable
weed control, higher oil content, etc. than previous IMISUN trait [71-73, 88, 89, 68,
69]. Clearfield Plus® trait results higher accumulation of biomass after IMI application
at the above-ground and root level because of displaying lower inhibition of the AHAS
enzyme extracting by IMI [73, 88, 89, 84].

The development of SU herbicide resistance in sunflower. Sulfonyl Urea (SU)
herbicide tolerance sunflower were discovered from wild sunflower isolates ANN-KAN
and ANN-PUR in Kansas, US, (which is the same field discovered IMI resistance wild
population) [2]. SURES-1 and SURES-2 lines were developed with resistance to sul-
fonylurea herbicides by introgression of mutations, respectively then transferred into
elite breeding lines produced from these crossings [58, 25, 60, 31, 32]. The target-site-
tolerance is the result of the mutation P197L at the AhaslI locus and the inheritance of
this trait is dominant way as exhibiting completely resistance to tribenuron [60, 50, 19,
28, 29, 74-76]. While White et al. (2003) mentioned that at least two ALS gene cop-
ies existing in these SU sunflower lines, Bruniard and Miller (2001) pointed out three
putative ALS genes. However, Miller and Zollinger (2004) indicated that differences
in crop injury among SURES lines (4hasl-2/4hasl1-2) are the result of the presence of
modifier genes. Some studies were carried out to determine SU resistance allele spe-
cific markers and in vitro techniques in the lab [13, 20].

ExpressSun® technology is the same type of tolerance as SURES obtained by EMS
mutagenesis over the line HA89 [82]. Sulfonylurea tolerant sunflower cultivars (Ex-
pressSun technology) were introduced for farmers in 2007 (USA) and using commonly
in many countries especially in Eastern Europe [77, 30, 28, 29, 56].

SU herbicides control more weeds and also cheaper than IMI are used widely in
sunflower production in the world. However, SU resistant hybrids have the less control
on both broomrape and some common weeds such as Xanthium, Cirsium, etc. so they
should be combined with broomrape resistance together [23].

Current stiuation herbicide resistance in sunflower. Farmers like this technol-
ogy due to offering well control on both broomprape and also common weeds but they
should wait until 6-8 leaves stage to apply IMI herbicide for efficient broomrape control.
These delaying applications result sometimes not well control of already grown weeds.
Therefore, combining broomrape resistant genes with IMI resistance in the same hybrid
give farmers more options both for application time and amount depending on weed
infestation in their fields [41, 44]. Additionally, seed companies also develop new toler-
ant hybrids every years mostly combining or adding new traits to broomrape tolerance
such as downy mildew resistance as well as IMI herbicide resistance together because
Clearfield system is one of the best and efficient option to control both broomrape and
major broadleaf weeds [23]. Now, sunflower hybrids combined these traits (IMI + Orb,
Orb + SU) have started to sell recently and are preferred widely by sunflower growers.
However, due to CL Plus and ExpressSun resistant genes developed by chemical muta-
tion it needs provisional contracts to use by sunflower breeders widely [44].

Although Clearfield and SU technologies were used widely, there are some arising
problems in the production such as herbicide residue problems and effects on follow-
ing crops, gene escaping to wild species, weed tolerance, tolerant sunflower cultivars

102



Journal of ASM. Life Sciences. No. 2(326) 2015 Plant Genetics and Breeding

response to ALS inhibiting her—bicides, volunteer plants of tolerant sunflower cultivars
have lower sensitivity to other ALS inhibiting herbicides compared to conventional
cultivars and hard control of these volunteer sunflower plants [40, 71, 74, 87, 81, 7, 66,
70, 44, 45, 33-35].

Future directions of herbicide resistance in sunflower. Furthermore, broomrape
and herbicide resistant hybrids combined all three traits (Orb + IMI + SU) will be de-
veloped with using IMI and SU resistant genetic material soon in the future. These new
hybrids combined these traits present more economical results to sunflower producers
as reducing cost and increasing income per area with giving herbicide selection based
on broomrape and weeds in their fields [44].

To provide sustainable and durable broomrape management, herbicide tolerance
should be incorporated with resistant genes to different broomrape races in order to
avoid breaking of resistance rapidly in the following years. New, more reliable, lower
cost and rapid screening methods should be added for efficient herbicide tolerance
in addition to phenotypic control and tests at V2-V4 stages such as molecular mark-
ers, in vitro screening, etc. Some proved methods were also developed such immature
embryo [9], seed germination bioassays for screening IMI-tolerance [84, 10, 27] and
SU-tolerance [20] and marker assisted selection especially for introgression of genes
for herbicide resistance into high yielding sunflower germplasm [50, 13, 71-76]. On
the other hand, new herbicide molecules need to develop for efficient weed control
in sunflower due to limited selective herbicides for the sunflower and higher cost of
herbicide registration [14, 74-76]. Therefore, research studies should be performed to
develop new herbicide resistance genes to supply alternative choices, to increase the
productivity and the competitive ability in sunflower.
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ANALIZA FACTORIALA A SPECIFICITATII CIUPERCII
ALTERNARIA ALTERNATA (FR.) KEISSLER

Galina Lupascu, Sofia Grigorcea, Nadejda Mihnea, Svetlana Gavzer

Institutul de Genetica, Fiziologie si Protectie a Plantelor al ASM

Introducere

Lipsa soiurilor cu rezistenta durabild este legatd in mare masura de interactiunile
puternice planta x patogen x mediu. Cele trei elemente sunt in stransa interdependenta,
formand un sistem patologic care determina orientarea si caracterul bolii [1]. Una din-
tre cele mai raspandite si pagubitoare boli intalnita in ultimul timp In lume la tomatele
de cultura este alternarioza, provocatd de fungii genului Alternaria Nees [3, 5, 6],
fenomenul atestandu-se si in Republica Moldova [8].

Alternaria prezinta un gen de fungi cu numeroase specii, tulpinile carora manifesta
atat saprofitism cat si parazitism. Conform surselor bibliografice contemporane, dintre
speciile Alternaria, A. alternata se manifesta in ultimul timp cu frecventa si agresivitate
inaltd, ocupand nisele ecologice sau micsorand aria de extindere a speciei 4. solani
(EIL. et Mart.) Sorauer care Tn multe regiuni prezinta specia de baza la tomate [4].
Specia A. alternata are o specializare larga, cauzand diverse maladii la un cerc larg
de specii de plante agricole si tehnice: tomate, grau, sorg, orz, floarea-soarelui, rapita,
bumbac, s.a., cauzand pierderi economice enorme.

A. alternata este o sursa importantd de micotoxine, asa ca: alternariolul, alternariol
monometil eterul, acidul tenuazonic, altertoxina, care au o specificitate pronuntata pen-
tru planta gazda, dar totodata sunt dependente de conditiile de mediu [2, 7].

In acest context scopul cercetarilor a constat in elucidarea rolului factorului de
genotip al tomatelor, graului si soiei la interactiunea cu filtratele de cultura ale fungului
A. alternata, izolat din frunze de tomate.

Material si metode

Cercetarile s-au efectuat conform modelului de analiza bifactoriala, in cadrul careia
3 culturi taxonomic indepartate — tomate, grau si soia (fiecare reprezentate de 4 soiuri)
au fost examinate 1n baza reactiei plantelor la filtratele de culturd A. alternata, izolata
din frunze de tomate cu semne de ulceratii sau brunificari, si supuse testului ANOVA
(pachetul de soft STATISTICA 7). Semintele/boabele au fost tratate timp de 18 ore cu
filtrate de cultura (FC) ale 4 tulpini de A. alternata [9], iar in calitate de martor a servit
varianta apa distilata. Experienta s-a efectuat la temperaturd optima: 24-25°C (6 zile) si
joasa: 14-15°C (21 zile). In calitate de indici-test ai reactiei plantelor, au servit impor-
tante caractere de crestere si dezvoltare la etapa timpurie a ontogenezei — lungimea
radacinitei si tulpinitei.

Rezultate si discutii

S-a constatat ca raspunsul plantelor la cele 4 FC a fost diferentiat, functie de cultura,
genotip, caracter §i izolata fungului, acesta incadrandu-se in categoriile: lipsa de
reactie, inhibare, stimulare. Ponderea factorului genotipic in sursa de variatie a cresterii
radacinitei a constituit 88,9; 70,0; 34,0% si 89,9; 52,6; 53,9%, respectiv, culturilor de
tomate, grau si soia, pe fondal de temperaturad optima si nefavorabild (tab.1, 2).

In ceea ce priveste rolul factorului genotipic in sursa de variatie a cresterii tulpinitei,
valorile au constituit 80,4; 76,4; 17,8% si 86,0; 67,9; 66,4%, respectiv, culturilor de
tomate, grau si soia, pe fondal de temperatura optima si nefavorabila (tab.3, 4).
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Tabelul 1. Analiza bifactoriala a relatiilor plante de cultura x filtrat de cultura Alternaria
alternata la temperatura 24-25°C (test-obiect lungimea radacinitei)

Sursi de variatie Tbertate | 'phtvatelor * | sursa de variagie (%)
Tomate
Genotip 3 12161,1%* 88,9%
Izolatd A.alternata 4 427,5 3,1
Interactiuni genotip x izolatd A.alternata 12 801,0* 5,9%
Efecte aleatorii 681 296.,4 2,2
Grau
Genotip 3 25869%* 70,0%*
Izolatd A.alternata 4 6143* 16,6*
Interactiuni genotip x izolata A.alternata 12 4635% 12,5%
Efecte aleatorii 1648 304 0,8*
Soia
Genotip 3 1458,0* 34,0*
Izolatd A.alternata 4 1892,2%* 44.2%
Interactiuni genotip x izolatd A.alternata 12 779,9* 18,2%*
Efecte aleatorii 1212 153.9 3,6

*- p<0,05.

Tabelul 2. Analiza bifactoriala a relatiilor plante de cultura x filtrat de cultura Alternaria
alternata 1a temperatura 14-15°C (test-obiect lungimea radacinitei)

Sursi de variatie %ﬁigtea(tl: guprg?rg:gloi: surgog;l;i'g:’lit;?izll(%)
Tomate
Genotip 3 23352,9% 89,9*
Izolatd A.alternata 4 1210,2%* 4,7*
Interactiuni genotip x izolatd A.alternata 12 1225,5%* 4,7*
Efecte aleatorii 1155 186,8 0,7
Grau
Genotip 16940* 52,6*
Izolata A.alternata 4 3052* 9,5%
Interactiuni genotip x izolatd A.alternata 12 10962%* 34,0%
Efecte aleatorii 1717 1276 4.0
Soia
Genotip 3 3242,2% 53,9*
Izolatd A.alternata 1672,3* 27,8*
Interactiuni genotip x izolatd A.alternata 12 874,4% 14,5%
Efecte aleatorii 1289 226,8 3,8

*- p<0,05.
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Tabelul 3. Analiza bifactoriala a relatiilor plante de cultura x filtrat de cultura Alternaria
alternata la temperatura 24-25°C (test-obiect lungimea tulpinitei)

Sursi de variatie (?rade de Sunvla medie a Contribu.ﬁa.in
libertate patratelor sursa de variatie (%)
Tomate
Genotip 1908,25%* 80,4%*
Izolata A.alternata 4 76,81 3,2
Interactiuni genotip x izolata A.alternata 12 272,23% 11,5%
Efecte aleatorii 681 116,47 49
Grau
Genotip 3 2358%* 76,4*
Izolata A.alternata 4 347* 11,2%
Interactiuni genotip x izolata A.alternata 12 266* 8,6%
Efecte aleatorii 1648 115 3,7
Soia
Genotip 3 546,4% 17,8%
Izolata A.alternata 4 1815,3* 59,0%
Interactiuni genotip x izolatd A.alternata 12 650,5% 21,1%*
Efecte aleatorii 1212 64,8 2,1
*- p<0,05.

Tabelul 4. Analiza bifactoriala a relatiilor plante de cultura x filtrat de cultura
Alternaria alternata la temperatura 14-15°C (test-obiect lungimea tulpinitei)

Sursi de variatie (’Trade de Sun}a medie Contribu.tia. in
libertate | a patratelor | sursa de variatie (%)
Tomate
Genotip 3 3728,4% 86,0*
Izolata A.alternata 4 368,6* 8,5%
Interactiuni genotip x izolata A.alternata 12 177,7* 4,1%*
Efecte aleatorii 1155 60,9 1,4
Griu
Genotip 3 14702* 67,9%
Izolata A.alternata 4 1799%* 8,3*
Interactiuni genotip x izolata A.alternata 12 4608* 21,3*
Efecte aleatorii 1717 541 2,5
Soia
Genotip 3 8094* 66,4%*
Izolata A.alternata 4 833* 6,8%
Interactiuni genotip x izolata A.alternata 12 2953* 24,2%
Efecte aleatorii 1289 303 2.5
*- p<0,05.
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Concluzii
Faptul ca factorul genotipic in reactia plantulelor la tulpinile 4. alternata (izolate din
tomate) a prezentat valori mai inalte pentru plantulele de tomate, releva specificitatea
de reactie mai pronuntatad a acestora, comparativ cu graul si soia, si deci — o posibila
specializare a patogenului A. alternata pentru tomate. Fenomenul necesitd efectuarea
unui monitoring continuu al evolutiei patogenului in scopul mentinerii durabilitatii
caracterului de rezistenta a tomatelor la alternarioza.
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Introducere

Printre cele mai valoroase si durabile creatii ale civilizatiei umane se afld si cul-
turile agricole. Selectarea si ameliorarea culturilor agricole este una dintre primele si
cele mai fundamentale valori intelectuale. Agricultura a luat nastere atunci cand omul
primitiv, vanator si culegator de ceea ce 1i oferea natura, a selectat si a plantat semintele
acelor plante care le recolta prin eforturi la distante mari.

Anume selectarea si ameliorarea plantelor, care ii ofereau sursa de hrand a fost
prima etapd (cea de genezd) a agriculturii si a civilizatiei umane, etapa, care fiind
continuatd sute si mii de ani s-a incununat cu crearea marelor culturi agricole: gréul,
orezul, porumbul cartoful si a altor multor culturi. In ultimii 200 de ani au fost create
doar doud dintre marile culturi agricole: sfecla pentru zahar si floarea soarelui.

Etapa, asa zisd primitiva, care a durat mii de ani, s-a Incununat cu un buchet de
creatii dintre cele mai valoroase — culturile agricole, care si azi servesc civilizatia umana,
asigurind nu doar hrana, dar si sursele de energie, de protectie a solului, a sanatatii, a
frumusetii acestui pamant. Pe parcursul realizarii acestei mari si fundamentale opere au
fost inventate si perfectionate si metodele genetice de selectie si ameliorare.

Actualmente crearea si ameliorarea culturilor agricole este o stiinta foarte complexa
si prin realizarile sale asigura eficientizarea intregului complex de stiinte si activitati
in agriculturd. Este demonstrat ca peste 50% din tot progresul obtinut in agricultura
in ultimii 50 de ani, se datoreaza crearii si implementarii de noi soiuri si hibrizi. In
Republica Moldova potentialul noilor soiuri si hibrizi la principalele culturi e de 3-4
ori superior potentialului soiurilor vechi, loclale. Dar nivelul mondial este inca si mai
presus.

Actualmente selectia si ameliorarea culturilor agricole se bazeaza pe realizarile
stiintifice in stiintele biologice (botanica, fiziologie, genetica, fitopatologie s.a.) si ag-
ricole si pe experienta mondiala si metodele, eficienta carora e confirmata cu rezultate
reale.

In acest domeniu Moldova a avut si mai are realizdri competitive nu doar pe piata
locald si regionala, dar si pe cea mondiala (la unele culturi). Soiurile si hibrizii de grau,
porumb, floarea soarelui, legume, vitd de vie si alte culturi erau apreciate si utilizate
nu doar in tarile CSI dar si in multe alte tari. Hibrizii si-au demonstrat avantajele pe
cele mai necuprinse lanuri din Rusia, Belorusia, Kazahstan, asigurind productii de 2-3
ori mai mari ca cele create in zonele respective (au fost obtinute productii de 15,3 t/ha
porumb boabe la hibrizii timpurii de porumb in Belorusia si de 18,4 t/ha hibrizii mai
tardivi in Turkmenistan, iar recordul la productia de porumb in Moldova este detinut de
hibridul M450, la sectorul Zirnesti din r-nul Cantemir si acest record (17,6 t/ha) inca nu
a fost depasit de vre-un hibrid strdin.

Actualmente in domeniul ameliordrii plantelor s-au acumulat mai multe probleme,
dar exista si solutii posibile, care nu se realizeaza. In ceea ce urmeaza vom enumera
doar unele dintre acestea.

Probleme si posibile solutii
Resursele genetice reprezintd materialul initial pentru ameliorare, mentinerea,
evolutia, si chiar crearea, resurselor genetice cu calitati, Insusiri speciale, este o necesi-
tate si o problema de interes comun, si acest domeniu e necesar sa fie finantat din
resurse publice.
Dat fiind resursele genetice un material genetic exceptional, absolut necesar, este
necesara si o atitudine responsabila din partea organelor publice, intru mentinerea si
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evaluarea acestor resurse, 1n asigurarea accesului amelioratorilor, si a creatorilor aces-
tor resurse, la utilizarea acestora. Cazuri, cand creatorii acestor resurse, care in decurs
de zeci de ani au studiat, ba chiar au creat mai multe mostre, clone, linii cu insusiri
valoroase, nu au acces liber in a le utiliza, sunt insuportabile.

Insd nici genofondul creat (existent) nu este utilizat la maximum in programele
de ameliorare. Nu este studiat si utilizat la reala valoare fenomenul heterozisului. La
culturile, la care heterozisul a fost studiat si utilizat (porumb, floarea soarelui, legume,
etc.) avem creati si implementati hibrizi competitivi, la alte culturi Inca ne bazam pe
soiuri, desi posibilitati si exemple de utilizare a heterozisului exista chiar si la culturile
autogame (grau, de exemplu). Timpul soiurilor traditionale a trecut. Timpul hibrizilor
actuali, traditionali, trece. Vine timpul soiurilor hibride cu multiplicare vegetativa, cu
fixarea efectului maximal al heterozisului.

Cele mai evidente realizari in genetica si ameliorare In Moldova au fost obtinute in
studierea si aplicarea androsterilitatii, in ameliorarea si producerea de seminte. Si la po-
rumb, si la floarea soarelui, cercetarile androsterilitatii au fost realizate la cel mai Tnalt
nivel. Efecul economic de la aplicarea acestor realizari doar la porumb pe o suprafata de
peste 2,2 mln ha (sectoare seminciere) este colosal — a fost asigurata calitatea genetica a
semintelor (peste 2,5 mln tone) si exclusa castrarea manuala pe o suprafatda de 2 min ha,
ceea ce a adus pe parcursul anilor 1965-2015 o economie de 16 mln zile-om, in valoare
de 320 mln dolari. Un efect economic aproximativ de acelasi nivel a fost determinat de
sporirea calitdtii genetice a semintelor. latd doar un exemplu ce ne poate da genetica.
La obtinerea unor realizari remarcabile 1n studierea si utlizarea andrsterilitatii au con-
tribuit acad. A.E. Covarschii, m.c. T.S. Cialik, m.c. A.F.Palii, d.st.a. Eugenia Partas si
multi altii — la porumb; acad. Maria Duca si colaboratorii la floarea soarelui. Insd tema
nu este epuizatd — androsterilitatea reprezintd mecanismul genetic, care face posibil
utilizarea fenomenului de heterozis.

Actualmente majoritatea cercetarilor si lucrarilor de ameliorare sunt orientate spre
imbunatatirea culturilor agricole existente. E bine. Dar e putin.

E necesar crearea de noi culturi, care ar utiliza mai eficient factorii naturali (in
primul rand factorul energetic), tehnogeni si socio-umani. latd argumentele: actualmente
in agricultura Moldovei culturile de camp utilizeaza energia fotosintetic activa (EFA)
doar in jur de 1% din posibilele 5%. De ce? In primul rand pe terenurile insdmantate
cu culturi de primavara: porumb, sfecla pentru zahar, floarea soarelui s.a. — peste 750
mii ha (50% din terenul agricol insdmantat) in lunile aprilie si mai — deci cel putin
60 de zile, energia solara nu este asimilatd de aparatul foliar, care ¢ abia in formare.
Pentru a exclude acest fenomen sunt necesare culturi noi, care fiind insamantate de cu
toamna, ar forma aparatul foliar Incepind din primele zile de temperaturi pozitive, deci
cu 50-60 de zile mai Tnainte decat culturile actuale. Aceste culturi, cu plantare de cu
toamna, rezistente la temperaturi scazute, cu crestere rapidd, ar mai fi necesar sa aiba
o insusire foarte importanta: sa fie multiplicate vegetativ. Inmultirea vegetativa ar crea
posibilitati de multiplicare extinsd (pe min de ha) a unor exemplare unicale, obtinute
prin incrucisari, modificari genetice si selectii individuale.

Crearea unor asemenea culturi este un obiectiv foarte important si greu de realizat,
necesitd cercetdri fundamentale in genetica si ameliorare. Poate fi efectuat doar printr-
un program special, finantat din buget. Cine va realiza aceasta idee se va incununa de
onoare.

O cultura cu unele asemenea caractere — plantare de cu toamna, crestere intensiva si
acumulare de biomasa, poate fi creata, prin incrucisaria unor specii din familia Apoace-
ae. Aceasta cultura energetica ar acumula 4-5% de EFA, comparativ cu 2-2,5% maxi-
mum, obtinuti la sorgul zaharat si hibrizii de sorg-iarba de sudan, ar permite obtinerea
biomasei incepind cu luna mai (deci cu 60-70 de zile mai timpuriu, comparativ cu cele
mai eficiente culturi actuale).

Un alt program de ameliorare ar fi crearea culturilor, care ar utiliza EFA in lunile
iulie-august-septembrie, deci in decurs de 90 de zile pana la ingheturile de toamna!
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Aceasta problema poate avea doud solutii (variante) distincte: 1) crearea sau selectarea
de culturi cu perioada de vegetatie scurtd, semanate dupd recoltarea spicoaselor, cu
rezistentd la seceta, crestere intensiva, receptivitate la irigatie. O altd solutie pentru
acumularea EFA 1n lunile iulie-septembrie, sau cel putin iulie-august ar fi promova-
rea culturilor de toamna (inclusiv grau, triticale, culturi oleaginoase, tehnice, furajere,
energetice), care ar vegeta si fotosintetiza activ pe durata integrala a perioadei aprilie-
septembrie.

E actual un program de selectare si ameliorare a culturilor energetice, cu o efi-
cacitate fotosintetica de 2-3 ori mai mare,comparativ cu culturile agricole actuale; in
special este actuala selectarea si ameliorarea culturilor, care sintetizeaza hidrocarburi
(componenti care contin doar atomi de H si C), introducerea unor asemenea culturi din
alte zone (desi in flora locala exista astfel de plante), selectarea si ameliorarea cultur-
ilor de alge, care deasemenea sintetizeaza si acumuleaza hidrocarburi. Aceste lucrari
de selectare si ameliorare a culturilor energetice ar necesita o perioada mai lunga (5-6
generatii) pentru realizare si ar fi rational sa fie finantate din buget printr-un program
special.

O alta directie si posibilitate strategica in ameliorare ar fi crearea culturilor, soiurilor,
hibrizilor de culturi cerealiere cu Insusiri si capacitati de acumulare (fixare) a azotului
din atmosfera. Aceastd posibilitate poate fi realizatd printr-un program special de 8
generatii, selectdri si ameliorari pentru fiecare din principalele culturi cerealiere. Ar fi o
realizare care ar reduce cu cel putin 50% consumul de fertilizanti de N.

Ameliorarea actualmente tot mai mult se bazeaza si se integreaza cu genetica. Baza
geneticd a creatiilor noi in ameliorare va ramane si pentru viitorul apropiat — hibridiza-
rea si selectia, androsterilitatea, dar tot mai mult si mai intens va cuceri teren modifica-
rea geneticd, recombinarea OMG.

Programele de ameliorare ar fi necesar sa fie orientate mai mult spre obtinerea
unor hibrizi rezistenti la factorii nefavorabili (In primul rand seceta, temperaturi Tnalte/
scazute, boli si daundtori). Toate aceste ameliorari pot fi realizate relativ mai usor in
cadrul cultivarilor existente, utilizind in primul rand (in special) metodele genetice, in-
clusiv si in special modificarea genetica — OMG — transferul insusirilor necesare, cara-
cterelor ameliorative valoroase de la alte specii, genuri de plante sau animale. Hibrizi
de porumb rezistenti la seceta creati si lansati in ultimul timp de catre compania Pioneer
au insusirea de rezistentd transmisa de la animale (scorpion).

Deci si posibilitati exista, resurse si mecanisme genetice, necesitati acute exista,
posibilitatile materiale, tehnice, financiare, trebuie identificate, create (inclusiv si in
special resursele financiare, tehnice, intelectuale necesare). Alfel vom fi condamnati
la importul continuu a realizarilor in domeniu, ceea ce ne va costa mult mai scump,
comparativ cu realizarea unor programe in tara.

Implementarea realizirilor in domeniul geneticii si selectiei. Cele mai mari si
mai prestigioase si fabuloase descoperiri, realizari ale geneticienilor i in general a
savantilor, daca nu se aplica in practicd, daca nu aduc bine societatii — delicat vorbind
raman doar ca niste hulubasi, care se lanseaza pe la ceremonii, festivitati, umbra zboru-
lui carora atat doar pot s@ mangaie, sd Impace mintea si sufletul creatorului, sa-i creeze
o iluzie ca si el a facut ceva, ca nu si-a irosit viata in zadar. Atat doar! Pind nu se
utilizeaza spre binele societatii orice realizare stiintifica e un capital mort. Implemen-
tarea, aplicarea creatiilor geneticienilor, amelioratorilor, este o sarcina, o etapa, de cea
mai mare importanta! Intarzierea cu aplicarea creatiilor amelioratorilor gi geneticienilor
nu numai ca devalorizeaza, ba chiar in unele cazuri anuleaza aceste creatii, dar aduc
prejudicii colosale nu numai stiintei (descurajeaza creatorii, devalorizeaza creatiile) dar
mai ales economiei. $i aceste cazuri sunt multiple si in istorie si in timpul de fata. lata
doar un exemplu.

Porumbul hibrid, cea mai mare realizare a geneticii secolului XX — in SUA a fost
introdus in agricultura incepind cu a.1932, in 1940 ocupa 90% din suprafata cultivata
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si a dublat productia de porumb la hectar. In fosta URSS implementarea a fost lansati
cu 33 de ani mai tarziu si de la lansare (1955) pana la extinderea pe toatd suprafata a
durat 25 de ani (in Moldova implementarea hibrizilor de porumb a fost finisata catre
1963, deci mai inainte cu 17 ani decat in alte regiuni). Intarzierea cu implementarea
hibrizilor de porumb a costat — 1 min de tone de porumb anual la un milion de hectare,
in fosta URSS la 20 miIn de hectare (echivalentul a 20 mln tone), in 33 de ani de retinere
— 660 min de tone de porumb. La pretul de 150 dolari tona, suma pierderilor depaseste
100 mlrd de dolari sau 3 mlrd anual. [atd pretul aproximativ al ignorantei, al retinerii
realizarilor genetice doar intr-o tara, desi mare, dar nu unica. Au pierdut, dar mai putin,
si toate tarile care au iIntirziat cu 10-12 ani. Dar asta a fost demult.

Acum, cea mai mare realizare a geneticienilor in fitotehnie o prezinta organismele
modificate genetic, OMG. La multe culturi — soia, bumbac, porumb soiurile si hibrizii
OMG ocupa zeci de mln de hectare, in total peste o suta saizeci de milioane de hectare
in 30 de tari. Avantajele OMG sunt clare si demonstrate. Pericolele — mai mult imagin-
are, mai mult inventate de interesele de concurenta. Noi, si nu numai noi — mai multe
tari europene, am inventat multe bariere legislative, economice, informationale 1n calea
acestei realizari genetice. Dacd aceasta repulsie fatda de OMG va mai dura, noi vom fi
scosi din cursa pentru piata, cand se va deschide poarta, cand se vor lua baricadele din
calea OMG.

Péana nu-i tirziu, pan’ inca nu am pierdut sansa, trebuie sa revedem atitudinea fata
de OMG, pastrind prudenta si vigilenta, sa admitem potenta. Parlamentul UE a scos
restrictiile la implementarea OMG (in ianuarie 2015). Acum fiecare tarda decide, vom
decide si noi.

Implementarea realizarilor stiin‘;iﬁce In genetica, In ameliorare, este un proces
cornplex Dar initiativa trebuie sa vina de la creatori, ei trebuie sa faca primii pasl
sa-si scoatd creatiile la dans in hora economiei de piata, sd le vada cea mai capricioasa
doamni — Economia de Piatd, care poate respinge azi ceea ce cauta ieri cu lumanarea,
si poate cauta cu Infrigurare ceea ce respingea mai ieri categoric. Asa-i hora pietii, asa-i
hora vietii.

Promovarea e mult mai usoara daca este sustinutd de conducerea tarii. Exista mul-
tiple exemple.

Regele Frantei, Ludovic XIV, ca sd promoveze cartoful, purta la haind un buchet de
flori de cartof. In cinstea cercetatorului Parmantie, in suburbia Parisului au fost ridicate
2 monumente, pe unul fiind reproduse cuvintele regelui:”’Credeti-ma, ca va veni ziua
cand Franta va va fi recunoscatoare pentru ci ati dat paine lumii flaimande.”.

Senatul Imperiului Rus 1n a.1765-1766, la 23 de sedinte a discutat problemele leg-
ate de implementarea cartofului. Parlamentului nostru numai asta nu-i ajunge! Insa nu-i
vorba de cartof dar de agricultura in general, de implementare!

Asta a fost demult. Dar iata exemple mai proaspete. Porumbul hibrid a fost imple-
mentat in fosta URSS inclusiv si in Moldova prln efortul conducerii de virf a tarii de
atunci CC al PCUS, Nikita Hrusciov. Asa a fost In majoritatea tarilor europene, si nu
numai in cele comuniste. In Moldova crearea si implementarea hibrizilor de porumb,
floarea-soarelui, crearea A.S.P., institutelor si laboratoarelor de genetica si ameliorare
~ toate s-au realizat la decizia si cu contributia categorica a conducerii tarii. Toate ace-
stea au contribuit radical la dezvoltarea cercetarilor de genetica si ameliorare. Ultima
reformare, despre care nu putem spune nimic bun, realizatd in 2008, tot este opera
conducerii de atunci a tarii. Speram ca interventia conducerii de varf in problemele
cercetarilor de genetica si ameliorare sa fie mai eficienta decat reformarea din 2008.

Activitatea institutiilor de cercetare de profil agrar in conditiile economiei de piata
e Etapele si directiile principale de cercetare
Problemele, rezolvarea carora necesita aplicarea stiintei agrare, sunt multiple si de
o importanta vitala si includ: asigurarea securitatii alimentare, energetice, scologice,
sociale, demografice, intelectuale precum si renasterea satului.
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Evolutia economiei na‘;ionale spre o economie de piata este ireversibild. Activitatea
institutiilor de cercetare trebuie sa fie adaptata la conditiile economiei de pla‘ga Capaci-
tatea de a se acomoda adecvat si operativ la cerintele pietii este decisiva in asigurarea
succesului activitatii. Acest proces de acomodare este de lunga durata si include mai
multe etape si componente obligatorii, precum si 0 mare diversitate de modalitati con-
crete.

Etapele principale ale activitatii Institutului de cercetare-dezvoltare in conditiile
economiei de piata sunt urmatoarele:

1) Aprecierea pietii; 2) Crearea valorilor intelectuale (soiuri si hibrizi); 3) Protectia
proprietatii intelectuale; 4) Aplicarea (utilizarea) produselor intelectuale.

Directiile principale ar fi urmatoarele:

1. Pastrarea si valorificarea resurselor naturale, genofondului de plante si ani-
male.

2. Crearea si aplicarea soiurilor si hibrizilor de plante si animale.

3. Producerea de seminte si material saditor pentru piata internd si pentru export.

4. Pregatirea cadrelor stiintifice.

5. Informatizarea si instruirea agricultorilor in vederea aplicarii realizarilor
stiintifice.

6. Comercializarea realizarilor stiingifice.

¢ Modalitatile de finantare

Stiinta e rational sa fie finanfata de beneficiarii, care aplica rezultatele realizarilor
stiintiifce. Insd acest principiu nu trebuie absolutizat. In ceea ce priveste stiinta agrara
se propun urmatoarele variante de finantare:

1. Prin alocarea din buget a 4-5% din impozitul obtinut de la complexul agro-
industrial.

2. Prin comercializarea directa a realizarilor stiintifice beneficiarilor.

Fondul bugetar de dezvoltare a stiintei agrare se repartizeaza de catre Minister-
ul Agriculturii institutiilor de cercetare de profil conform contractelor si proiectelor
de cercetare prin concurs. Din acest fond bugetar se finanteaza prioritar urmatoarele
directii:

Protectia solului, apelor, resurselor naturale;

Pastrarea si evaluarea genofondului de plante si animale;
Informatizarea si propagarea realizarilor stiintifice;
Pregatirea cadrelor si instruirea agricultorilor;
Cercetarile fundamentale 1n stiintele biologice si agrare;
Cercetdrile privind argumentarea actelor normative.

Ca exceptie pot fi finantate din buget si unele programe de creare a soiurilor si
hibrizilor, care cer o duratd de realizare de peste 5 ani. insd ca regula aceste directii
trebuie sa fie finantate prin comercializarea directa a rezultatelor catre beneficiari, prin
defalcarea a 12-15% din venitul obtinut de la aplicarea acestor realizari.

N

* Aprecierea pietii

Dat fiind ca 1n conditiile economiei de piatd dicteazd cumparatorul este necesar ca
in primul rand sa analizam si sd apreciem real, in dinamica, piata cu toate elementele
ei:

1. Ce producem? Soiuri, hibrizi, seminte, material saditor, recomandari.

2. Volumul pietii. Cat producem — pentru intern §i pentru export.

3. Pentru cine producem? Cine sunt cumparatorii — destinatarii.

4. Capacitatea de plata a cumpardtorilor.

5. Pretul de producere si pretul de realizare.

6. Concurentil.

7. Legislatia, licentierea, restrictiile.

8. Cerintele fata de calitatea productiei.
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9. Dinamica pietii, inclusiv factorii geopolitici.
10. Stimularea, dirijarea, evolutiei pietii in directia necesara.

* Crearea proprietatii (valorilor) intelectuale.

Despre rolul si importanta stiintei am putea vorbi mult, cu argumente multiple.
Mentionam doar cateva exemple: 1) crearea si implementarea hibrizilor de porumb
asigurd peste 50% din cresterea productiei la aceasta culturd, obtinuta in ultimii 60 de
ani, iar retinerea cu 33 de ani a implementarii hibrizilor de porumb in URSS a adus
pierderi de peste 100 mlrd dolari; 2) revolutia verde, soiurile de grau intensive, au
salvat de la foame sute de milioane de oameni.

Crearea valorilor intelectuale este poate cea mai complexa etapa a procesului de
cercetare-dezvoltare. Succesul in aceasta activitate depinde de mai multi factori si
mai ales de interactiunea lor. Factorii decisivi care determind succesul in cercetare
si aplicare: 1. Ideea; 2. Informatia; 3. Cadrele; 4. Tehnica, tehnologia, materialele; 5.
Finantele; 6. Aplicarea (utilizarea) rezultatelor in productie. Nici un factor separat nu
asigurd succesul. Numai imbinarea lor favorabild asigurd succesul.

In linii mari institutiile de cercetare acopera mecesitatile principalelor ramuri ale
complexului agroindustrial, Tnsa unele modificari ar putea fi operate ca sa asigure o
functionare mai buna, o finantare si o dotare materiala corespunzatoare. Cea mai grava
situatie este in pregatirea cadrelor, asigurarea cu tehnicd si materialele, care practic
depind de nivelul de finantare. Daca stiinta agrara (precum si toata stiinta), nu va fi
sustinuta si finantata la nivelul cuvenit, Moldova va fi nevoita sa plateasca foarte scump
pentru realizarile stiintifice din import (soiuri, hibrizi, rase de animale) ceea ce va
agrava si mai tare criza din economia tarii. Deja in anii 2014-2015 importul de seminte
ne costa de zeci de ori mai mult decat ar fi necesar pentru finantarea stiintei agrare, care
ar putea produce tot necesarul in acest domeniu.

* Protectia proprietati intelectuale

Protectia creatiilor intelectuale e un obiectiv important si greu de realizat ca si crea-
rea acestei proprietati. [gnorarea acestei axiome de cele mai multe ori duce la devalori-
zarea realizérilor stiintifice, demolarea procesului de cercetare.
ale, care pot fi clasificate (conventional) in urmatoarele clase:

1. Legislativ-administrative — legi, decizii ale guvernului, ministerului, decizii
judecatoresti. Obligatia de protejare legislativa a proprietatii intelectuale 1i revine statu-
lui, dar si creatorii de valori trebuie sd adopte o pozitie activa.

2. Economico-financiare — principalul sa fie cointeresati si creatorii si beneficiarii
de produse intelectuale in protectia proprietatii intelectuale.

3. Genetice (de origine): a) Produsele intelectuale trebuie sa contina elementele,
care nu pot fi reproduse fara acceptul (participarea) autorilor; b) Produsul intelectual
trebuie sa posede caractere (insusiri) deosebite, inconfundabile, care ar evidentia acest
produs.

4. Informationale — orice informatie, care poate servi la penetrarea protectiei val-
orilor intelectuale trebuie sa fie accesibild numai unui cerc restrans de persoane. Orice
informatie care poate servi la protectia creatiei intelectuale trebuie raspandita pe larg
tuturor consumatorilor produsului intelectual.

5. Socio-umane — acest nivel de protectie a creatiei intelectuale presupune soli-
daritatea tuturor creatorilor, excluderea a oricaror forme de discreditare reciproca a
produselor intelectuale, excluderea sub orice forma a preludrii produselor intelectuale
ale altor creatori. Creatorii trebuie sa fie ei insusi un exemplu in protectia valorilor in-
telectuale ale altor autori.

6. Restabilirea si respectarea dreptului decisiv al autorilor asupra creatiilor in-
telectuale.

7. Combinative sau complexe — nici unul din procedeele (metodele) indicate mai
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sus, separat nu asigura integral protectia proprietatii intelectuale. Ea poate fi asigurata
doar printr-o imbinare eficienta a mai multor metode si procedee.

Protectia trebuie sa fie relativa, limitata in spatiu si timp, altfel se va stopa progresul
tehnico-stiintific.

* Implementarea (comercializarea) creatiilor intelectuale

Implementarea (utilizarea) realizarilor stiintifice reprezinta o etapa foarte importanta
in complexul cercetare-dezvoltare. Aceasta etapa la randul ei contine mai multe com-
ponente obligatorii:

Aprecierea pietii posibile de implementare.

Crearea modelului functionabil.

Testarea inovatiei in laborator, institutie, Comisia de Stat.
Inregistrarea in Registul de Stat, patentarea.

Organizarea producerii inovatiei (hibrid, soi, procedee, etc.)
Familiarizarea beneficiarilor cu avantajele inovatiei.

Incheierea contractelor de utilizare a inovatiei (comercializarea).
Instruirea beneficiarilor in procesul utilizarii inovatiei.
Cointeresarea beneficiarilor in utilizarea inovatiei.

10. Alte componente inclusiv instruirea cadrelor, care se ocupa de implementare.

Realizarea acestor componente a procesului de 1rnplementare poate fi efectuata cu
succes de structuri speciale, de specialisti bine pregatiti in problemele relatiilor cu ben-
eficiarii. Incercarile de a include cercetatorii stiintifici ca responsabili de implementare
nu este cea mai bund solutie, ba chiar dimpotriva — vor fi dereglate ambele procese — si
cercetarea si implementarea.

In institutiile de cercetare de profil agrar e necesar sa fie realizat un program special
de promovare, implementare si comercializare a creatiilor intelectuale, care poate fi
executat cu succes doar de o structura specializata in domeniul relatiilor comerciale cu
produsele intelectuale.

R e T

e Stimularea act1v1ta¢11 de cercetare si inovare

In contextul economiei de piata succesul in act1v1tatlle de ceretare-inovare este de-
terminat nu doar de idee (baza teoreticd), informatizarea si competenta cadrelor, utila-
jul si tehnologiile moderne, dar iTn mare masura de cointeresarea participantilor la acest
proces. Baza legislativa pentru stimularea materiala a participantilor la crearea si utili-
zarea valorilor intelectuale, in primul rand la crearea si implementarea soiurilor, hibriz-
ilor de plante, serveste Legea nr. 915-XIII din 11.07.96, despre protectia soiurilor de
plante. Articolul 12, p.6 al acestei legi prevede pentru remunerarea autorilor utilizarea
a cel putin 15% din profitul obtinut de la comercializarea soiului, hibridului. Existenta
unei baze legislative este o conditie necesara, dar nu si suficientd pentru a stimula au-
torii. Se mai cer §i bani. Sursele financiare necesare pentru cointeresarea autorilor pot
si trebuie sa fie obtinute prin comercializarea creatiilor intelectuale.

Utilizand modelul expus mai sus fostul Institut "Porumbeni” a implementat hibrizi
de porumb in 10 tari, in 8 dintre care prezenta Institutului era permanenta si vizibila.
Cota hibrizilor "Porumbeni” in Moldova constituia 95-97%, iar in Belorusia — 65-70%.
Producerea de seminte in 22 ani (1987-2008) a depasit 1369 mii tone, inclusiv 700 mii
tone in Moldova. Sursele obtinute de la comercializarea semmtelor constituiau baza
financiard a modelului de stimulare — fondul de premiere a autorilor constituia anual
1,5-2 mlin lei.

. improprietirirea autorilor. Privatizarea creatiilor intelectuale

In conceptia impusd de Hotararea Guvernului nr.761 din 24.06.2008 si in formula
si structura de organizare si functionare actuala, institutele de profil agrar nu vor putea
realiza programe de cercetare competitive. Prin aceasta Hotarare s-a efectuat diviza-
rea Institutelor de stat in institutii publice si gospodarii de stat, separarea cercetarii
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de structurile de producere si implementare. Aceasta divizare contravine experientei
mondiale si locale, de integrare a procesului de cercetare si implementare, chiar insusi
scopului declarat in Hotarare, care prevede concentrarea resurselor, nu divizarea. Di-
vizarea institutelor in cele doua unitati a condus la scumpirea serviciilor reciproce (cel
putin cu 20% TVA), intre aceste doua structuri a aparut conflict de interese.

Reforma nu a rezolvat nici o problema a institutiilor de cercetare din complexul
agroindustrial (problema mentinerii si atragerii cadrelor, dotarii tehnice, comercializarii
productiei intelectuale si altele) dar a creat noi dificultati in activitatea de cercetare si
implementare.

In scopul asigurdrii tarii cu hibrizii performanti, semmi;e de calitate si tehnologii
eficiente pentru pla‘;a internd si export, mentinerii si renovarii potentialului intelectual
si material, asigurarii unei protectii sociale si sporirii nivelului de trai a colaboratorilor
se propune o solutie bazatad pe analiza profunda a experientei mondiale si locale sa fie
restabilite institutele de cercetare-dezvoltare ca intreprinderi de stat si sa fie transfor-
mate 1n societdti pe actiuni cu participarea membrilor colectivelor (in favoarea mem-
brilor colectivelor).

Dreptul decisiv asupra creatiilor intelectuale (soi, hibrid, metoda, clona, tehnologie,
etc.) trebuie sa fie acordat creatorilor (autorilor),nu statului.

Argumente in favoarea privatizarii institutelor si creatiilor intelectuale:

1) Proprietatea privata si-a demonstrat eficacitatea in toate domeniile, inclusiv si
in domeniile de activitate cercetare-dezvoltare;

2) Institutiile de Stat de profil in tarile fostei URSS si lagarului socialist si-au
demonstrat ineficacitatea totala in conditiile economiei de piata;

3) Capitalul privat nu este interesat sa faca investitii in institutiile de stat;

4) Toata sfera agriculturii, inclusiv producerea, prelucrarea si comercializarea
semintelor, materialului saditor este privata;

5) Privatizarea va atrage capitalul privat in modernizarea institutiilor;

6) Transfomarea institutelor in societati pe actiuni ale colectivelor si acordarea
autorilor dreptului decisiv asupra creatiilor, vor spori interesarea colaboratorilor in
obtinerea unor rezultate performante, vor spori salarizarea, protectia sociala, va stopa
exodul cadrelor.

E necesara urgentarea privatizarii dat fiind ca valoarea institutelor scade considera-
bil (anual cu 20-25%), datorita reducerii cotei produselor intelectuale pe piata interna
si externa

Numai revenirea urgenta la o forma eficienta de organizare si functionare a insti-
tutelor, care ar garanta cointeresarea creatorilor, respectarea drepturilor autorilor asupra
creatiilor intelectuale, vor asigura mentinerea potentialului intelectual, genetic si mate-
rial, sporirea bunastarii colaboratorilor, continuitatea si eficacitatea cercetdrii, crearii si
implementarii valorilor intelectuale.

Concluzii si propuneri

Genetica si ameliorarea prezinta cel mai eficient domeniu de cercetare si impleme-
tare pentru a asigura eficientizarea agriculturii si securitatea alimentara, energetica,
demografica si ecologica a tarii. Alocatiile pentru acest domeniu e necesar sa fie radical
sporite;

Sa fie lansat si realizat (in 3-5 ani) un program de stat de studiere, ameliorare si
implementare a culturilor energetice;

Sa fie aplicate toate modalitatile si posibilitatile de stimulare materiala si morala a
creatorilor de valori in domeniul ameliorarii plantelor;

Dreptul de proprietate asupra creatiilor intelectuale (soi, hibrid, clond, metoda, teh-
nologie, etc.) sa fie acordat autorilor (cercetatorilor), nu statului.
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INSTITUTE OF PHYTOTECHNY “PORUMBENI”
ACHIEVEMENTS AND GENETIC PROGRESS IN MAIZE
BREEDING

Pintilie Pirvan, Vasile Maticiuc, Silvia Mistret
Institute of Crop ,, Porumbeni, R. Moldova

Introduction

High potential of production and wide application of maize in many spheres of hu-
man activities, places this crop like the most popular cultivated spices in the world.

Thanks to economic importance for a long time, there were taken measures for
continuous development of maize crop. Among them it is counted the foundation of
separate scientific unit for studding of this crop - Institute of Crop “Porumbeni”.

Within forty years Institute has been subject to many changes both the name as stat-
ute, but the many objectives generally remains the same. Staring from agro industrial
needs it offers the following:

a) development of competitive hybrids of maize and sorghum of different maturity
groups and purpose of utilization;

b) development and improvement of technologies for cultivation of hybrids and
parental forms;

¢) seed production of superior biological categories;

d) processing and keeping of hybrids and parental forms.

e) application of scientific elaborations and advanced experience in maize and sor-
ghum growing.

Institute of Crop “Porumbeni” in order to improve agricultural efficiency on the
base of productive hybrids and their high adaptability to biotic and abiotic factors, has
evaluated an integral program of scientific research and works in breeding for develop-
ment and implementation of maize hybrids.( PIRVAN, P. 2014)

The main directions of this program are based on the activities of the Institute:

a) studding, identification, maintaining and diversity of germplasm.

b) development and identification of inbred lines of maize with high combinability.

¢) sevelopment of competitive hybrids of different maturity groups and purpose of
utilization.

d) seed production of parental forms and hybrids for Moldova and for export.

¢) promotion and implementation of hybrids with high genetic potential.

The germplasm of maize includes: cultivated hybrids, inbred lines which are used
like the parental forms, and improved synthetic populations, cytoplasmic male sterility
sources possessing certain characters and agronomic traits, special genetic stocks, local
unimproved populations and wild spices related to maize. The basic part of Molda-
vian maize germplasm is kept in Institute of Phytotechny “Porumbeni” and plays the
significant role both for breeding programs of inbred lines development and also for
improvement and development of new synthetic populations. (CABULEA, 1,2004).

A very important direction of maize breeding program is the development of inbred
lines adopted for a specific climatic conditions of cultivated regions, used to create
a new hybrid combinations. There are following stages in inbred lines development:
selection of initial breeding material ant it improvement, breeding within and between
descendants from different generations of inbreeding according to main valuable agro-
nomic traits, evaluation of combinability.

In order to encourage breeders, collection of foreign and local inbred lines from
Institute has been conventionally classified by germplasm groups: European Flint, Ca-
nadian dent, Reid, Iodent, Lancaster, BSSS-B37, Minnesota 13, Osterland, Mindsen-
pustai. In order to develop the initial breeding material for hard maize with flint kernels
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and high carotene content there were used inbred lines which came from local popula-
tions Portocaliu, Hanganesc and Cincvantino. ( MICU V, 2008)

The biological material for pop corn inbred lines development has included local
varieties, American synthetic populations: White Rice, Yellow Pearl, Queens Golden,
South American, Argentine, Ladyfinger, Reid, hybrids of Mc Hone Seed Company
(USA), BC 503(Yugoslavia), local inbred lines and lines from the world-wide collec-
tion and other genetic sources from Evert and Flint convarieties which have endosperm
with corneous starch content.

Sugar inbred lines have been developed from local populations in hybrids making
crosses with genetically distinct germplasm sources, inclusive 40 samples from USA,
Canada, Romania and France.

Development of inbred lines was traditionally base on pedigree and backcross
method. In first selfing (S1) generation phenotypic selection has included: percent of
germination and intense rate of plant growing in optimal conditions and low temper-
atures, precocity, drought resistance, high productivity and pollinated capacity, low
moisture content during harvesting, cob and plant diseases tolerance, prolonged activ-
ity of leaves after physiological maturity (stay green), tolerance at high density and
other important traits for mechanical harvesting. Biological maize material for special
use (pop-corn, sugar maize, high carotinoid content), have been selected and analyzed
according to main grain traits in the laboratory of biochemistry, physiology and bio-
technology.

The main criterion in selection of perspective (pilot) inbred lines by the agronomi-
cal trait was and remains the general and specific combinability.

In order to appreciate the combinability, of families S4-S5 generations, after a rig-
orous screening in fist breeding generations, have been crossed with 4-5 testers from
alternative germplasm groups. After breeding researches have been selected only 5-6%
from the investigated families. The best families with high combinability have been
studded and omogienizated in working collection from breeding laboratories, based on
them it was created a great number of hybrids.

According to traditional methods the process of development and selection of in-
bred lines with high combinability takes up to 10 years. There are just several inbred
lines given in Table Nr 1, parental forms of commercial hybrids.

An essential contributions in inbred lines development belong to: professor Simion
Musteata doctor of science Pantelimon Borozan, Nicholas Vanicovici, Vitalie Mirza,
Grigore Pritula, Silvia Mistret, Eugenia Partas and others.

Breeding works with maize for special purpose have been finalized with develop-
ment of 6 inbred lines of Flint type, 6 inbred lines Everta and 9 convarieties of sugar
maize (tab. 1.3), which are the parental forms in 15 registered hybrids. Main contribu-
tion for development of these inbred lines belongs to a doctor of agricultural science
Vasile Maticiuc.

According to current legislation inbred lines can be patented as intellectual prop-
erty it is no less important achievements compared to commercial hybrids, because
development of maize hybrids is based on hybridization between inbred lines. In this
way, hybrids as a final product of breeding process can be released in different formula-
tions, depending on cultivation region and purpose of utilization.

The program of hybrids development was based on heterotic patterns appreciated
in the world practice, and membership of parental forms for germplasm group of basic
inbred lines.

Selection of performing hybrids is based on trial results in different climatic con-
ditions and efficiency of this program was provided by a number of ecological trials
and many years of testing. Annually in preliminary trials in the course of many years
about 4500-6100 hybrids combinations are studied and are compared with checks (an-
nually 2-3 for testing) and finally 20% -30% of hybrids selected by breeders are tested

in Concurs Trials (CT).
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Table 1. Inbred lines FAO 170 — 460 which are used in registered hybrids for grain and silage

Group of
Nr. Name of . Type of . Developed hybrids with original
d/a | inbred line m%t:{)lty gylpam Pedigree P gred lines &
MKP 33 250 Dent Reid mixt P 212 CRf, Bemo 182 CRf
MKP 42 250 Dent Reid mixt P174 MRf, 175 MRf, 176 MRf
MKP 36 180 | Semident | Dot Bemo 172 CRf
Dent
MKP 41 180 Dent Canadian Bemo 172 CRf
. Flint P 174 MRf, 175 MR,
5. | AN61S/95 200 Flint European 176 MRf, " 212 CRf
6 | MKP55 210 Semident Lancaster Porumbeni 270, Alimentar 325
7 | MKP 56 220 Dent Lancaster Porumbeni 270
8. | MK 276 420 Dent Todent Eg;’u[gnl\?ﬁ{lfl 352 ﬁl\l\/}[%%
9. | MK 271 300 Dent BSSS-B37 Porumbeni 359 AMRf
10 | MK 262 330 Dent BSSS-B37 Porumbeni457, Porumbeni 375
11 | MK 267 320 Dent BSSS-B37 Porumbeni 458
12 | MK 396 420 Dent Todent mixt Porumbeni 458 MR,
13 | AS 808 330 Dent BSSS-B37 Porumbeni 359 AMRf
BSSS-B37, .
14. | AS 814 400 Dent Lancaster’ Porumbeni 457 MRf{, 458 MRf
15 | AS 587 460 Dent Todent Porumbeni 461 MRf
16 | AS 591 460 Dent Todent Porumbeni 462 MRf
17 | AS 585 440 Dent Todent Porumbeni 443 MRf
18 [ 3070 460 Dent Lancaster Porumbeltjlcl);‘{l%lqbgglnimbem 375,

We would like to pay your attention that, selected hybrids after first year of testing
in Concurs Trials (CT) are checked in ecological trails in Moldova, Russia, Republic
of Belarus and Kazakhstan.

The main breeding traits in the process of selection are: earliness, grain produc-
tion, green and dry mass, content of dry substance in grain and green mass, root and
lodging resistance, diseases and pest tolerance. For the hybrids of special utilization
biochemical analysis for qualitative indexes (content of carotene, pro-vitamin, solv-
able polysaccharides of total sugar and others), this is a component part of breeding
process of pilot hybrids combinations. Also we have analyzed kernels consistence of
hard maize, volume of expansion of pop corn, taste, aroma and the texture of pericarp
of sugar maize.

Thus in 40 years of activity in the Institute there were created tens of thousands
of maize hybrids, from which only 1-2% being submitted to Official Trials. Breeding
process concomitant with applied researchers had lead to submission to State Commit-
tees of different countries over 200 new maize hybrids, 96 of them are registered in
Official Catalogs of plant varieties in Moldova, Russia, Republic of Belarus, Ukraine
and Kazakhstan.

In the late 70s — early 80s have appeared maize hybrids of a new generation: Mol-
davian 385 and Moldavian 420.
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Table 2. Inbred lines which are used as parental forms in registered hybrids for special purpose

mredtime | Ptmee | U o0 | brids.
Mk 195CRf | Local population Flint 300 Moldovenesc 349 CRf
Mki 3202 Mk195 x Soi Ro- Flint 350 Porumbeni 393 MRf
manian
Mki 280 Soi Romanian Flint 390 Porumbeni 348 MRf
Mki 2494 3929 x Os440 Flint 350 Porumbeni 397 MRf
Ungaria
DMki 3312 | Mk195 x Mki 280 Flint 350 Porumbeni 397 MRf
Mke 5410 White Rice — SUA Everta 400 Porumbeni 356 MRf
Mke 4565 Mke 4691 x 346 Everta 400 Porumbeni 396 MRf
Mke 4221 Sintetic MHSC — Everta 400 Porumbeni 396 MRf
SUA
Mke 9408 Sintetic MHSC — Everta 400 Porumbeni 394 MRf
SUA
Mks 9¢,mc Tulius — SUA sugar 190 Porumbeni 198 su
Mks 3CRf Extra early — SUA sugar 190 Porumbeni 198 su
Mks 36/5 346 x Mks 5su sugar 400 Porumbeni 340 su
Mks 155/4 Mks36/5 x Mks4 sugar 350 Porumbeni 341 su
Mks 7 Elita — SUA sugar 400 Porumbeni 342 su

Implementation of these hybrids has opened a new epoch in maize growing in
Moldova.

Corresponding hybrids have considerably exceeded the hybrids which were pro-
duced before them not only in yield but in the process of seed production.

A stage of no less important was the researchers of maize mail sterility. As a result
of the research we have received hundreds of analogous of male sterility, maintains
of sterility and restorers of fertility, which became a genetic base for development of a
new hybrids with seed production based on cytoplasmic male sterility.

In 80s there was created a laboratory for development of maize hybrids for regions
with limited temperatures, which had a main goal of implementing the early maturity
hybrids in Russia and Republic of Belarus. As a result of fruitful cooperation have been
created hybrids of Bemo group: (Bemo 181,Bemo 182) and hybrids: Moldovenesc
215, Moldovenesc 330 which have been considerably expanded in 1990-2000.

The total area of cultivation of hybrids of the brand “Porumbeni” in 1990-2014
in Moldova and in the former CSI countries has constituted over 11 million hectares,
including hybrids promoted in recent years — over 2,5 million hectares. New maize
hybrids usually exceed 5% of previous hybrids productivity level, which ensures an
economic effort of 300lei/ha.

Annually there were produced 10-15 thousand tons of maize seed, being ensured
domestic and export market needs. During last 20 years there were produced and com-
mercialized about 250 thousand tons of maize seed which provided planting of more
than 10 million hectares of corn. On the base of parental forms of the Institute, in
CIS countries there were produced more than 170 thousand tones of seed material.
In Moldova currently “Porumbeni” hybrids are grown on the 70-75% of total areas
planted with corn. With performance hybrids the obtained success is due to the promo-
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tion of scientific results.

Table 3. Commercial hybrids developed in Institute of Crops “Porumbeni”

N . Type of Group.of Year Ot.‘ Country of hy-
ame of hybrid grain n}%glg)ty l;flglcs;l;:f:)()gn brid production
Porumbeni 385 MRf Dent 280 1981 Moldova
Porumbeni 420MRf Dent 400 1981 Moldova
Moldovenesc 257 MRf| Semident 250 1984 Rusia, Belarus,
Moldova
Moldovenesc 215MRf | Semident 210 1986 Rusia, Belarus,
Moldova
Moldovenesc291 MRf Dent 290 1986 Moldova
Bemo 181CRf Semident 180 1988 Rusia, Belarus
Bemo 182 CRf Semident 190 1993 Rusia, Belarus
Moldovenesc 425 MRf Dent 400 1990 Moldova
Porumbeni 295 A CRf Dent 300 1995 Moldova,
Ucraina, Rusia
Porumbeni 212 CRf Semident 200 1998 Belarus
Bemo 172 CRf Semident 170 2000 Rusia, Belarus
Porumbeni 348 AMRS Flint 350 2000 Rusia, Belarus,
Moldova
Porumbeni 458 CRf Dent 450 2001 Moldova,
Ucraina, Rusia
Porumbeni 459 MRf Dent 460 2003 Moldova
Porumbeni 457 AMRf Dent 450 2004 Moldova
Porumbeni 396 MB Everta 400 2003 Moldova
Porumbeni 176 CRf Semident 170 2006 Rusia, Belarus
Porumbeni 375 AMRf Dent 370 2006 Moldova
Porumbeni 461 MRf Dent 460 2007 Moldova
Porumbeni 374MRf Dent 370 2013 Moldova
Porumbeni 383MRf Dent 400 2013 Moldova
Porumbeni 402 MRf Flint 400 2013 Moldova

Traditionally in Institute are organized Demonstrative Plots , scientific-practical
seminars with participation of seed producers and farmers. Scientists from Institute
participate with scientific reports at congresses, conferences and symposiums organ-
ized by the Academy of Science of Moldova , and with informational reports at semi-
nars in different regions organized annually by MAIA.

Annually Institute of Crop “Porumbeni” participates at local and international ex-
hibitions: Made in Moldova”, “Moldagroteh”, “Farmer”, “Infoinvent”, ‘“Proinvent”,
scientific results of the Institute have been awarded with diplomas , medals of gold
and silver. Institute has participated with exhibits at exhibitions held in cities: Minsk,
Moscow, Ashkhabad, Cluj-Napoca, lasi and Bucharest.

For a long times an inseparable part of Institute activity was training of highly
qualified stuff.
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The results of this activity are demonstrated by supporting 35 PhD dissertations
at eight specialties. In this section we have to mention the merit of famous scientists
such as: Tikhon Chealik, Borovschi Mihail, Vasile Micu and Semion Musteata. In the
frames of institute in 2011 it was opened the doctoral specialty 411.04 “ Breeding and
Seed production” . At present moment three young scientists are studding here. During
last year’s seven research-scientists have received title of docent, two of them received
right to became a leader of respective specialty.

In 2014 it was held an international scientific conference, dedicated to anniversary
of 40 years from Institute foundation, in which was mentioned by the Academy of Sci-
ence and the Ministry of Agriculture and food Industry contributions of geneticist and
breeders - Vasile Micu,Simion Musteata, Grigore Pritula, Vitalie Mirza, Alexandru
Rotari, who has been working during four decades and continue to work in Institute
and make their essential contributions in order to support and fulfill the tasks facing the
staff of the Institute.

The successes obtained by the Crop Institute ”Porumbeni” during four decades
is the evidence of the integration of scientific researches and breeding process with
implementation in production.

For the future we are looking for a new ways of deepening of scientific researches,
training of highly qualified personal, implementation of elaborations in production at
the level of present requirements, and of course an important factor , conditions of final
economic interest.

Conclusion

According to current legislation inbred lines can be patented as intellectual prop-
erty it is no less important achievements compared to commercial hybrids, because
development of maize hybrids is based on hybridization between inbred lines. In this
way, hybrids as a final product of breeding process can be released in different formula-
tions, depending on cultivation region and purpose of utilization.

The main result of activity of Crop Institute “Porumbeni” is the development and
submission to State Comite more than 250 maize hybrids of different maturity groups
and purpose of utilization , among them 96 hybrids are registered in Official Catalogs
of Plant Varieties in Moldova, Russia, Republic of Belarus, Ukraine and Kazakhstan.
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IDENTIFICATION OF AMELIORATIVE POTENTIAL OF GRAPE-
VINE GENETIC RESOURCES

Savin Gheorghe
Research and Practical Institute for Horticulture and Food Technologies

Introduction

The grapevine (Vitis L.) is a crop with a millenary traditions in our republic, has a
major contribution to the diversification of the market offering product of high healing
property. Socio-economic changes during recent decades, the fragile stability of the en-
vironment (including the phenomenon called “Climate Change”) advance new require-
ments for grapevine varieties: increased quality and productivity; plasticity, advanced
resistance to adverse environmental conditions, particularly to the abiotic; diverse natu-
ral, ecologically production; economic efficiency. It is through this prism is designed
the strategy of accumulation, study and use in breeding programs of the diversity of
genetic resources, which is part of sustainable development strategy of vitiviniculture,
continuous improvement in the assortment is an essential component of food security.

It was mentioned [16, 17], that in case of genetic uniformity of existing assortment
(represented mainly by Vvinifera L.) are created epiphytotic conditions for different
diseases, and another consequence of industrial-scale cultivation of a limited assort-
ment — ignoring of existing genetic diversity both in its wild form (in situ) and in its
preserved form (ex situ) or culture (on farm), resulting in “genetic erosion” [1].

The effect of climate change on viticulture has primarily an economic impact: phe-
nological stages can advance with 10-20 days, shifting of optimal climatic conditions
for forming of qualitative production from traditional assortment, and the traditional
style of produced wines could be changed, generating and social problems [9].

The analysis of developments of climate parameters in Republic of Moldova for
different periods of years reveal some trends in their change, and in these conditions it
was found that grape production decreased by 17.4% on average in years with extreme
temperatures in summer (loss amounts vary between 2.4% and 46.1%) [18].

The practice of genetic improvement confirms that significant progress is deter-
mined by the presence of favorable genetic diversity and application of efficient preb-
reeding and breeding (bio) technologies [16,17]. But cardinal solving of the problem of
grapevine protection against biotic and abiotic stress factors can be achieved by creat-
ing new varieties, whose resistance is provided by plant genetic constitution, a shining
example in this respect was the progress achieved in grapevine breeding in Republic of
Moldova [16, 17, 19, 20, 23].

In the present study are indicated some current targets in grapevine amelioration,
including assessment of ameliorative potential of genetic resources presented in the
grapevine gene pool of the institute.

Materials and methods

The research was performed on the experimental fields of Grapevine Genetic Pool
(Genofong), located in the south of the Chisinau city (46 © 58°39.65 “N 28 © 46°21.68
and” E, altitude 201 m). Weather conditions of experimental fields correspond to the
conditions of wine area Codru. In study were included diverse varieties and elites with
various directions of grape use and from diverse ecological-geographic and genetic
origin. Each genotype is given by 5-10 stocks. The scheme of planting 3.0 x 1.25 m.
Phytotechnical processes applied for experimental sectors are the standards for indus-
trial plantations.

Evaluation and description of genotypes was performed according the List of de-
scriptors for grapevine varieties and Vitis species [4].
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The statistical analysis was performed according to the method used in breeding
[22] under STATGRAPHICS 5.0 software systems.

Results and discussions

Analysis of F1 generations of interspecific hybrids allowed to establish correlation
character between grape quality and resistance to wintering conditions and to pathogen
[16, 20, 23]: values of linear correlation coefficients between berry quality and resist-
ance to wintering and between berry quality and resistance to Plasmopara viticola in
offspring populations are small and insignificant (r = -0.02 + 0.14), which determines
that the descendants have inherited these traits independently. This regularity was con-
firmed by subsequent generations of descendants, involving seedless parental compo-
nents (r = -0.08 + 0.12). In biological material the high quality of berries, including
seedlessness and productivity, resistance to mildew and frost are found in different
combinations and are a practical confirmation of the hypothesis concerning the possi-
bility of free combination of these characteristics. This confirms the absence of linkage
between genes or complex of genes that determine studied characters or even if genes
are present in the same chromosome, their position is far from one another, so that link-
age does not occur. Consequently, there are not the genetic barriers for transmission
through heredity to hybrid offspring of quality and resistance.

For the first time was argued possibility of creating such a assortment for the Car-
pathian-Danubian-Pontic geographical niche and succeeded in creating pioneering vari-
eties with traits - quality, including seedless, productivity, early maturation, diverse use
and resistance to biotic and abiotic unfavorable factors: Moldova, Codreanca, Pamiati
Negrulea, Struguras, Decabrischii, Urojaindi, Apiren alb, Apiren negru de Grozesti,
Apiren roz, Apiren roz Basarabean and Apiren roz extratimpuriu [16].

Note that the potential of crossingovers (V.vinifera x Complex interspecific hy-
brids) mentioned by Negrul’ and Sorial [21, 24] concerning the quality of production
and Vvinifera appearance, including leaf, and today presents a beneficial biological
material to explore, adding other facets such as seedlessness and productivity, explor-
ing in the frame of V.vinifera the resistance to abio- and bio- stress factors of old auto-
chthonous varieties [2, 14, 15, 16].

In general, improving of assortment, especially for table grapes, was determined
by crucial moments of social development and by natural disasters [8]: the first (such
as, for example, the industrial revolution) formulated requirements to the appearance
and commercial qualities of grapes, while natural disasters (invasion of pathogens and
pests, environmental pollution, climate change) continually motivates complex genetic
improvement - creating variety of diverse use, resistant to bio- and abio- unfavorable
factors of the environment.

Actually, 80% of table grapes traded in the world are seedless, and the market in
the sequel requests seedless varieties without rudiments [5]. For these reasons, the ob-
jectives of the breeding programs, in general, are the following: seedlessness, specific
taste and new flavors, most advanced therapeutic qualities, attractive and large berry,
bright colors, crisp pulp, lax and uniform bunch, very early or late ripening, transport-
ability, technological quality, resistance to low temperature and pathogens etc. [5, 3, 8,
10, 17].

Wine producers are turning increasingly to the adaptability properties of the vari-
ety, and consumers — to quality, personality of wine and breeder’s task is therefore to
achieve both goals, embodied in the same genotype [13].

Given the complex objectives formulated by actual vitiviniculture, the research
activities are directed to assess the diversity of genetic resources - as potential donors
of characters in grapevine breeding [7, 10, 12, 17].

In the last decade they were developed technological processes that contribute to
improving efficiency of breeding process. It is proposed reducing the length of breeding
cycle by applying modern biotechnology [11]: manipulation of culture conditions - re-
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ducing juvenile period and accelerating fructification, stimulate germination and seeds
growing, stimulate flowering, the application of molecular biology technologies.

In grapevine breeding, in particular of varieties resistant to pathogens, it was dem-
onstrated the advantage of applying marker assisted breeding, compared to traditional
phenotypic methods, in predicting accumulation of resistance genes in hybrid progeny
[6]. The process of selecting resistant progeny is recommended to be carried out in two
stages: phenotypic for selecting plants resistant to infections, at the initial stage and
based on molecular markers for selected plants - at the final stage.

The study of genetic potential of characters required for breeding programs enable
the creation of new generations of varieties that meet in genotype and allow fruition of
becoming climate conditions (phenomenon of “Climate Change”): frequent tempera-
ture fluctuations during wintering including severe temperatures, and adverse condi-
tions during the growing season - long drought altering with critical high temperature.

Along with grapevine breeding objectives mentioned above, and other features re-
quired for future varieties are: restoration of architectonic from dormant eyes of multi-
annual wood and possess the ability to provide and harvest. Likewise, it is desirable to
provide a specific architecture of genotypes adapted to mechanization processes, early
fruiting etc. Such genotypes will serve as prebreeding components for future variety for
a viticulture without support or with simplified support, creating more favorable condi-
tions for using the space, sunlight, and other natural resources

Taking into account space factors of breeder activity - the triangle formed by the
demands of society, environmental conditions and the potential of the diversity of ge-
netic resources [17], we can specify a number of features and formulate some goals for
breeding, specific to these components (see Figure).

The success of this program lies in a wide variety of genetic resources and of se-
lected material, including pre-breeding.

The prebreeding program designed by us, is oriented to the creation of progeny pop-
ulation with different levels of seedlessness, diverse use, including industrial process-
ing, advanced resistance to unfavorable factors of the environment, and represent the
main objective in the use of biodiversity. The first results are a number of pioneering
genotypes already homologated, some of them patented, which simultaneously serve
original biological material for current and future breeding and prebreeding programs
[16, 17]. “Explosion” of table grape varieties, obtained recently in Ukraine and Russia
with use as parental components of some new varieties created in Moldova, also evalu-
ated in other geographic areas [12] confirmed the value and potential of these resources
as prebreeding material.

Following the evaluation and use of genotypes of diverse origin, we find the pres-
ence in gene pool of genetic resources that meet in various combinations of quality
attributes, resistance, early maturation - components necessary to further improve as-
sortment and exemplified by the fragment shown in the table.

The necessary components for quality of table grapes - large berry, early ripening,
muscat flavor are concentrated in varieties Azur, Greaca, Victoria, Antigona, Doci Nim-
ranga, Xenia, Aromat de Iasi, Avgalia, Muscat timpuriu de Bucuresti, Alma-Atinskii
rannii, Kardishah, Muscat iantarnai, Kavkazkii rannii, Kirghizkii rannii, Donetkii gem-
ciug, Belgradskii rannii, Kievskii zolotistai, jemciujnai Muscat, Muscat Kubanschii,
Muscat titrondi, Prezentabil, Original, Olimpia etc. Some of genotypes simultaneously
possesses more of said characters, and in this respect are highlighted the genotypes
from Bulgaria, Hungary of which were selected varieties with big berry, advanced re-
sistance to wintering and Plasmopara viticola.

With a high resistance to environmental factors are characterized genotypes Nade-
jda, Elegy, Jemciug ustoicivai, Teli muscotaly - I, [I-159, Naranksizu group, including
the early ripening varieties Kavkazkii rannii, Kardishah, Donetkii gemciug.

Most of genotypes for wine grape included in the study are characterized by an in-
creased resistance to fungal diseases and frost, allowing winemaking in the first decade
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of September — Hibernal, Cristal, Cunleany, Drujba etc.
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Diversity of seedless genotypes was completed with new sources of seedlessness:
Sverhrannii bessemeannai Magaracia, Kish-mish AZOS, Interlaken, Rusbol, Perlett,
Otilia, Himrod — early ripening; Bessemeannai Melnica, Calina, Kish-mish tairovschii,
Mecita, Surpriz — with early-medium ripening; Kish-mish unicalinai, Romulus, Besse-
meannai Magaraci — medium and Kish-mish Hisrau, Iubilei VIR, Tarnau — with late
ripening. Most of them have good adaptability to environmental conditions. Varieties
Kis-mis AZOS, Rusbol, Kish-mish unicalinai, Romulus have a complex resistance to
adverse environmental conditions.

We note increased ameliorative potential of new seedless varieties created in
Moldova: very early ripening, productivity, high accumulation of sugars, diverse di-
rection of use, including technological processing, advanced or increased resistance to
unfavorable factors [16, 17].

Old autochthonous varieties represent a valuable source in creating a sustainable
viticulture, because some genotypes are the product of evolution, had high adaptability
to abiotic environment, including drought, cold and diseases (Coarna Neagra, Coarna
alba, Grasa de Cotnari, lordan, Feteasca Neagra, Rara Neagra and others) [2, 15]. Va-
rieties Francusa, Feteasca alba and Feteasca regala showed a high potential of adapt-
ability to climatic stress in three viticulture zones of Moldova Hills: Cotnari, lasi and
Bujoru Hills [14]. Exploration and cumulation of resistance to abio- and bio- factors in
old native varieties (V. vinifera) involves the application of the methods of molecular
biology. Conjugation of these studies would create a new generation of perspective
genetic resources with high adaptability.
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Table 1. Diversity of geographical and genetic origin of resources with ameliorative poten-
tial ISPHTA grapevine gene pool, fragment)

Genotype name Country of origin Genetic origin
Antigona Yugoslavia Muscat de Hamburg x Galan
Azur Romania Coarnd neagra x Cardinal
Avgalia Russia Madelein Angevin x Galan
Cabernet severnai Russia (Galan x V.amurensis) x polen mixture from

V.vinifera x V.amurensis hybrids
Cilina Romania Braghina x Sultanina
Centennial seedless USA Gold x Q25-6
Cristal Hungary (Amurskii x Cialoti Laios) x Villard blanc
Cunleany Hungary (V.vinifera x V.amurensis) x Caraburnu
Drujba Bulgaria Misket Kailishki x (Villard blanc x Muscat de
Hamburg)
Favorit Hungary Chasselas Victoria x Regina viilor
Hibernal Germany Seibel 7053 x Riesling cl.239
Muscat d’Adda Italy Muscat de Hamburg (self-pollination)
Muscat Plevenski Bulgaria Muscat de Hamburg x Perla de Csaba
Muscat timpuriu de Romania Coarna alba x Regina viilor
Bucuresti
Octeabrionoc Ukraine Nimrang x Alphonse Lavalle
Original Ukraine Ceaus roz x Datier de Saint Vallier
Orion Germania Optima (Riesling x Silvaner) x Muler Thurgau) x
Villard blanc
Perlette USA Regina viilor x Sultanina
Prezentabil Bulgaria Pleven x Villard Blanc
Romulus USA Ontario x Kis-mis alb
Schif Russia Saperavi severnai x (Pinot noir x V.amurensis)
Xenia Rumania Bicane x Muscat de Hamburg
Conclusions

Were established the principles, becomes the basis for formulation and realization
of the future breeding programs:

- insignificant coefficient of correlation obtained in multidimensional studies of P
and F1 regarding heredity of resistance to some unfavorable factors of environment and
of quality of production, including seedlessness and productivity, denote explicit the
possibility of free combination in a single genotype of studied characters;

- absence of genetic barrier between hereditary factors determining resistance and
quality offers the possibility to create and select a genotypes with advanced resistance
and quality.

Practical confirmation of possibility for free combination of studied characters
was materialized in revelation, selection and homologation of varieties and elites with
advanced resistance to frosts, to downy mildew and high quality: Moldova, Pamiati
Negrulea, Urojainai, Struguras et al. The following application in breeding process
of formulated principles was completed with the creation, revelation, selection and
homologation of seedless varieties and elites with advanced resistance and quality:
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Apiren alb, Apiren roz, Apiren negru de Grozesti, Apiren roz extratimpuriu, Apiren roz
Basarabean.

Created biological material (varieties, elite, descendants) meets in one genotype:
productivity; quality, including seedless; adaptability to stress factors and represents
a valuable genetic pool and the potential of these genetic resources may increase and
fructify biodiversity of components in prebreeding.
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CHARACTERISTICS OF TOMATO VARIETIES AFTER
VALUABLE ECONOMIC FEATURES

Iulia Siromeatnicov, Eugenia Cotenco, Tatiana Calalb, Renata Ciobanu
Institute of Genetics, Physiology and Plant Protection of the ASM

Introduction

Tomatoes represent both an important vegetable food crop and an ideal model for
research on cell cultures and tissues in vifro. Large and ever-growing needs of agricul-
ture and light industry for quality products in sufficient quantity could not be currently
met basing on existing technologies and traditional methods. To resolve this issue the
task was set to develop and widely implement new principles and technologies based
on molecular and cellular biology achievements [1].

One of the most important issues of improving agricultural crops, including veg-
etables, was development of new varieties that combined high productivity, increased
resistance to unfavourable environmental factors, precocity, big and qualitative fruits.

To accelerate creating such varieties it was necessary to develop and improve tech-
nologies and research methods. Traditional breeding programmes applied sexual hy-
bridization of phylogenetically related tomato species. In the synthesis of distant hy-
brids between crop and spontaneous species there were used various in vitro methods
and techniques, embryo culture on media culture, embryonic callus culture [2].

The study of the phenomenon for transmitting characteristics from parents to the
offspring and changing qualities was a young branch in the biological sciences that
might have the right to become “the engine of the contemporary biology”.

The data resulting from the tests performed during the study of the various ele-
ments and peculiarities of technologies for tomato cultivation enabled the development
of fundamental principles and inter-specific hybridization methods qualities, aspects
that needed to be taken into account when choosing crossing components and only in
this way it was possible to create numerous direct-producer inter-specific hybrids that
might combine the satisfactory quality and sufficient crop quantity of species obtained
through the in vitro development cycle.

Such a manifestation of quantitative characters complicated selection works
through the hybridization, as variability induced by environmental factors was main-
tained in the progeny, whereas improvement success depended on the genetic effect
and heritability of the selected character. Success in this area consisted in obtaining
distant hybrids with high potential for variability and heritability [3, 4].

Incompatibility of hybrids was the most effective obstacle to changing between
species, so it was necessary to develop the methods as a source for genetic basis [5, 6, 7].

In vitro cultures allowed manipulation with the genetic material that was impos-
sible a few decades ago. Thus they opened possibility for obtaining new genotypes to
improve the entire gene pool of tomato varieties.

New genotypes required evaluating biological characteristics of complex methods
of analysis applied to determine their application value. The results of recent stud-
ies [8], demonstrated the necessity of integrating anatomic parameters when studying
drought tolerance of tomatoes.

Data on structural genetic variability were practically missed and although the
structures were stable over the years and regulated genetically, quantitative structural
changes in stressogenic factors activity, including drought, were very informative, es-
pecially in tomatoes, because they represented classical biological systems for reveal-
ing genetic aspects and adaptive to the factors of the abiotic stress [9].

To achieve the improvement targets it was necessary to know the genetic potential
of each variety to highlight and include the improvement genes playing an effective
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role in determining the valuable economic characteristics [10].

At the same time there appeared the issue of studying the genetic determinism of
adaptive responses of genotypes based on elucidating key genetic factors that deter-
mined the variability of quantitative characters depending on adverse environmental
conditions [11,12,13].

The issue of removing all causes that might result in the reduction of the agricul-
tural plant crop was of major importance.

One of the main reasons that reduced the crop quantity was the abiotic stress factor
that might sometimes decrease production to the level of 70% [14].

A special role among the factors strongly affecting plant yield belonged to droughts.
Droughts subject to separate or complex impact of high temperatures and water defi-
ciency was the main limiting factor for agriculture.

Avoiding and minimizing the negative effects of drought required a deep knowl-
edge of resistance mechanisms and genetic control at different stages of plant develop-
ment [15].

The goal of the current research was to obtain in vitro the new tomato forms with
diverse genetic variability, increased productivity, high resistance to drought, cold, dis-
eases and pests.

Material and methods

Investigations were carried out in the laboratory of “Genetics of Plant Resistance”
and the experimental fields of the Institute of Genetics, Physiology and Plant Protection
of the Moldovan Academy of Sciences (ASM). The following research methods were
used: the hybridological method (intra- and inter - specific hybridization); obtaining the
intra— and inter - specific hybrids, in vitro tissue and cell culture method (sub-culturing,
callus induction, embryogenesis and regeneration of seedlings, adapting to in vivo con-
ditions; somaclonal variability, histo-anatomic study by classical methods, cyto - and
histo-responses chemical processes method description of valuable forms after UPOV
requirements.. 30 genotypes (hybrids, lines) which were studied under field conditions
served as the object of this study. The research was conducted in two repetitions of 25
plants in each variant including varieties standards (Elvira, Peto 86), evaluation sam-
ples were used as a complex of parameters indicated in the UPOV requirements. Histo-
anatomic study was performed with the microscope “Micros” (Austria) using classical
methods and examining 30 micro-preparations in 4 forms including the check.

Results and discussions

Inter-specific hybridization and biotechnological methods (in vitro saving of the
immature embryo resulted in developing the tomato collection with valuable quantita-
tive characteristics for improvement.

Inter-specific hybrids of the first generation obtained in vitro for long periods under
field conditions were identical to the parental forms directly in the morphology of plant
shoots, inflorescences, flowers. For them there was characteristic the vigorous bush,
creeping with indeterminate growth and strong branching.

Hybrid combinations obtained from crossing with spontaneous forms L.hirsutum,
L.chilense and L.peruvianum have exploited yellow - orange, red colours in the F1
generation.

In F2 generation 908 genotypes were grown in the field of which 797 (87,8%) were
fertile. The plants were vigorous with many branches, increased leaf number, green
leaves were large open and closed and the fruits were red, yellow, yellow-green, green,
orange, purple, violet - open, closed purple, violet with anthocyan, lemon yellow, yel-
low striped with black, yellow with brown stripes of different sizes.. The hybrids ex-
ceeded spontaneous paternal forms in fruit size, but did not reach the fruit yield. In F3
generation there were examined 731 plants, of which 660 (90,3%) were found fertile.
In F4 generation there were studied 360 hybrid plants. All plants were fertile with
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fruits of red colour. Plants’ growth and branching were determined and the number of
leaves was average Through hybridization and inter-specific biotechnological methods
(in vitro immature embryo saving) there was created a collection of tomatoes with valu-
able quantitative characters for improvement..Based on the data obtained were identi-
fied new sources of productivity and increased resistance, which were included in the
hybridization process and new lines were developed.

Also, the histological and anatomical study there was conducted and basing on
screening there were selected bio-morphometric investigations of Iulihirsutian variety
and as the check of Elvira, Anatolie, Peto 86 varieties of 30 newly in vitro created
genotypes (cultivars, lines, hybrids) [16, 17]. The histo-anatomic study of these four
genotypes was carried out by using a complex of parameters: the epidermis thickness,
cuticle thickness, mesophilic thickness, palisade mesophyll, sponge mesophyll and the
correlation between them; number tector of hairs, glandular stomata per unit area; pres-
ence or absence of oxalic sandbags and the distribution in mesophilic etc.

Table 1. Histo-anatomical indexes in the foliage apparatus of tomato genotypes

Number/ sq. mm

Genotype Stomata Glandular hairs Tector hairs

Ep.s. Ep.i. Ep.s. Ep.i. Ep.s. Ep.i.
v.Elvira (check) | 4,5+0,04 | 5,6+0,05 | 1,44+0,01 | 1,10+0,01 | 1,1%0,02 1,9+0,02
v. Tulihirsutian 4,7+0,04 | 5,8+0,03 | 1,60+0,2 [ 1,30+0,01 | 1,2+0,01 3,6+0,02
v.Peto 86 check | 4,1+0,05 | 4,6+0,05 | 1,11+0,01 | 1,04+0,01 | 1,2+0,03 1,8+0,02
v.Anatolie 4,1+0,03 | 4,8+0,04 | 1,73+0,02 | 1,20+0,01 | 2,8+0,03 | 3,2+0,03

Note: Ep.s. —Moderate, distributed in the middle area of mesophyll between the MP and MS; Ep.i. — lower
epidermis;

The results showed that the variety Iulihirsutian - from 0,91 to 0,92 (tab.2) was
characterized by maximum photosynthetic activity compared with other analyzed gen-
otypes. Structural peculiarities of these genotypes (increased number of secretory and
tector hairs, stomata presence and openness of octiolei, especially on adaxial leaf epi-
dermis, thickness of palisade and sponge mesophyll, and the correlation between them)
resulted in histo-anatomical organization of leaf tolerance to drought and a significant
contribution in establishing a greater photosynthetic activity of the above-mentioned
genotypes.

The analysis of new genotypes showed a correlation between the indexes of pro-
ductivity, leaf / plant surface and the anatomical ones (glandular hairs density, tectors
and the way of distributing the oxalic sandbags). The highest correlation indexes were
between productivity and secretory hairs density, productivity value, leaf area and pro-
ductivity and oxalic sandbags location in the adaxial part, then decrease took place
between productivity and the number of leaves tiers, plant height and productivity and
the smallest index was between the plant height and leaf area.

Based on the data obtained there were identified new sources of higher productivity
and resistance, which were included in the hybridization process and development of
new tomato populations (lines and varieties) and submitted to the State Commission
for Plant Varieties Testing and two varieties were approved for cultivation in the open

field in Moldova.

Tulihirsutian variety was obtained through inter-specific hybridisation of the spon-
taneous variety Solanum Lycopersicum hirsutum var glabratum C.H.Mill. producing
small green fruits with glandular hairs and the variety Solanum Lycopersicum Prizior
with medium-sized red fruits, with undeveloped embryos and ova in in vitro culture. It
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was individual selection from F6 generation. It was the variety of determinant growing
type, looking normal and healthy, well developed, with 4-6 branches on the main stem
rod. The main shoot length was 55-70cm.

Table 2. Histo-anatomical indexes of the foliar apparatus in tomato genotypes

MP thickness thichﬁess Ratio
Genotype (mkm) (mkm) MP:MS Oxalic sandbag
(min;max) (min;max) (min;max)
v.Elvira (check) 207-226 275-293 0,75-0,77 | Moderate, middle area of
early mesophyll  distributed be-
tween the MP and MS
v.Iulihirsutian 249-269 273-291 0,91-0,92 | Many primarily in MP, elon-
gated form in MP and spheri-
cal when crossing between
MP and MS
v.Peto 86 check 202-219 273-290 0,73-0.75 | Few, distributed in the MS
v.Anatolie 205-211 260-264 0,78-0,79 | Moderate, middle area of
mesophyll distributed in the
between the MP and MS

Note: MP — mesophyllic palisade; MS - mesophyllic sponge

The length of internodes between I-IV inflorescence was (6, 8, 8, 10) cm. The
number of nodes was 8-9. Leaves were ordinary of type 2,27-30cm long and 24-26¢cm
wide. The leaf colour was dark green, embossed. The limb was sectarian and feathery.
Leaves position towards the central axis was oriented horizontally. Inflorescence was
of intermediate type (tying the 2nd and 3rd). The flower was yellow with a diameter
of 2-2,5cm, completely open with 5-6 petals sepals at the level of petals. The inflores-
cence was simple of 5-7 flowers. The first inflorescence appeared after the 4-5th node,
the subsequent - after 1-3rd node. The fruit pedicle was without geniculate articulation.
The pedicel length from the point of abscisic to calix (sepals) was 2,5 - 3cm. The fruit
curling was absent from the stem. The immature fruits were light green, the ripen ones
were dark red. The number of seminal lodges per fruit was 3. The number of seeds per
fruit was over 100. The seeds were oval - round with hairs that gave them a silver or
gray colour depending on the drawing. The number of seeds per gram ranged from 300
to 370. The fruit weighed 95-100 grams and was round and uniform. The fruits were
with fleshy pericarp and inner pulp. In the fruit base there was an average groove. The
top of the fruit was flat. The duration of the vegetation period from plant emergence to
ripening was 76 days, early variety. The content of dry substances in fruit was 6,24%
compared to the check 6,02%, sugar 4,72 to 5,75%, Vitamin C from 45,6 to 57,5 mg
/%, titrated acidity 0,35-0,41mg /%. The overall harvest was 59,5- 57,6 t / ha, by 10%
higher than that with the standard form, commodity production was 86,9%.

The variety was productive, with high taste qualities, tolerant to drought. It was
recommended for growing seedlings, for fresh consumption and industrial process-
ing. It was more resistant to Stolbur than the standard variety Elvira. The variety was
productive with high taste qualities and was tolerant to drought. It was recommended
for growing seedlings, for fresh consumption and industrial processing. It was more
resistant to Stolbur as compared to the standard variety Elvira.

lulihirsutian variety was created as a result of intra-specific hybridization (Potoc
variety x variety Nota). The variety was productive, with high taste qualities, tolerant
to drought.. It was recommended for growing seedlings, for fresh consumption and
industrial processing. It was more resistant to Stolbur than the standard variety Elvira.
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This hybrid was reproduced by in vitro culture as a result of which there were obtained
regenerants retarding the improvement process for 2 years. (2 generations). Individual
selection was made using F4 generation.

e

Fig. 1 Variety Iulihirsutian

Plants with the determinant type of growth were well developed with 4-6 branches.
The main branch length was from 55 to 65 cm. The length of the internodes of the I-IV
inflorescence was (4,4, 6,8) cm. The leaves are of common type 1 with the length of
24 to 26 cm. and the width from 16,5 to 19 cm. The leaves’ colour was dark green. The
limb was sectarian and feathery. The limb was sectarian and feathery. Leaves position
towards the central axis was oriented horizontally. The inflorescence of the type (tying
the 2nd and 3rd) predominated multi-even. The inflorescence was 8 cm long. The first
inflorescence appeared after the 4-5 the node, other appeared after 1-2 nodes. The yel-
low flower was from 1,7 to 2 cm in diameter, open with 5-6 petals and normal sepals.
The number of flowers in the 1st chiorchina was 6.5 and fruits - 5,0 In the 2nd chiorchi-
na there were 6 flowers, 5-fruits, in the 3rd - 6-7 flowers and 6 fruits. The number of
flowers The number of fruits on the main stem was 19,5 and flowers 15,6. There were
100 flowers and 85 fruits per plant. The first flower of the inflorescence was missing.
The pubescent style was missing. The fruit pedicel lacked the knees. The pedicel length
from the point of abscisic up to calix was 1,3-1,5 cm.

Fig. 2 Anatolie variety in memory of Prof, Acad. Jacota
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The fruit weighed 65-90 grams, round and slightly elongated, uniform, without
wrinkling the stalk. The colour of unripe fruit was green, that of the mature fruit was
dark red. The fruit height was 4,84cm, fruit diameter —4.90 cm. Fruit base there was an
average sized groove, the top of the fruit was flat and on some fruits slightly sharp. Peri-
carp thickness was 0,50 - 0,60cm, the pulp thickness was 3,80-3,95 cm. The number of
seminal lodges equalled to 3. The number of seeds per fruit was over 100. The vegeta-
tion period lasted for 118 to 125 days, the late variety. Fruits contained the dry matter
from 5,3 to 7,0, sugars from 4,9 to 5,1% the ascorbic acid from 35,6 to 59,5%, mg /%.
The titrated acidity was 0.32 to 0.35%. The general harvest was from 45,7 to 43,3t/ ha
compared to 97% in the check. 94,07% share of fruit as goods. The variety was resist-
ant to low temperatures and and was cultivated through seedlings and seeds.

Conclusions

A collection of tomato with valuable quantitative characters for improvement was
created by inter-specific hybridization and biotechnological methods (in vitro saving of
the immature embryo)

Iulihirsutian variety and Anatolie variety in memory of Prof, Acad. Jacota was
characterized by maximum photosynthetic activity compared with other analysed
genotypes. Structural peculiarities of these genotypes (increased number of secretory
and tector hairs, stomata presence and the degree of octiolei openness, especially on
adaxial leaf epldermls palisade and sponge mesophyll thickness and the correlation
between them) determined the histo-anatomical organization of leaves with tolerance
to drought and a significant contribution to establishing a greater photosynthetic activ-
ity of the above-mentioned genotypes.

Productivity indices of the above-mentioned genotypes correlated with the density
of glandular hairs, leaf area / plant and oxalic sandbags location in the adaxial part of
leaves.

There were identified new sources of higher productivity and resistance that were
included in the improvement process and development of new tomato varieties and
submitted to the State Commission for Plant Varieties Testing and besides two varieties
were approved for cultivation in the open field in the Republic of Moldova.
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Introduction

The sunflower is one of the four most important oilseed crops in the world, and
the nutritional quality of its edible oil ranks among the best vegetable oils in cultiva-
tion. Typically, up to 90% of the fatty acids in conventional sunflower oil are unsatu-
rated, namely oleic (C18:1, 16-19%) and linoleic (C18:2, 68-72%) fatty acids. Palmitic
(C16:0, 6%), stearic (C18:0, 5%), and minor amounts of myristic (C14:0), myristoleic
(C14:1), palmitoleic (C16:1), arachidic (C20:0), behenic (C22:0), and other fatty acids
account for the remaining 10% [30].

Generally speaking, sunflower oil has not been widely used for non-food purposes
yet because of its limited supply and higher price as opposed to soybean oil and other
industrial oils [13]. The same authors, however, state that, besides the use of sunflower
oil in the human diet, this oil can have a wide variety of uses in different industries,
such as illumination oil, soaps, cosmetics, pharmaceuticals, emulsifiers, lubricants and
greases, drying and semi-drying oils in paints, varnishes and other coatings, plastics
and polymers, synthetic rubber manufacture, fat liquors for the leather industry, or sub-
stitutes for diesel fuel.

The fatty acids content depends on the genotype well as on environmental factors,
especially the location, soil type, precipitation, and most importantly the air tempera-
tures (max. and min.). Oil quality in sunflower (fatty acids and tocopherols) has been
subjected to significant genetic changes using induced and spontaneous mutations. The
first significant results were obtained by Soldatov (1976), who treated the seeds of the
variety VNIIMK 8931 with a solution of dimethylsulfate (DMS), which caused a muta-
tion with a high oleic acid content. Based on this mutation, Soldatov (1976) developed
the variety Pervenets, which had an oleic acid content of 75%. Based on this variety,
sunflower breeders worldwide developed hybrids and lines with a high oleic acid con-
tent (85-92%).

Fernandez-Martinez et al. (2007) point out that a great deal of variation in the levels
of all fatty acids and tocopherols in sunflower oil has been developedby searching for
natural variations in world collections and to a larger extent by the mutagenesis. When
it comes to the most common fatty acids, in the case of high linoleic acid content ge-
netic variability present in the world collections was used, whereas with high levels of
oleic, palmitic and stearic acids induced mutations were employed. Also, in the search
of sources with a high linoleic acid content wild sunflower species can be used.

Thus, Seiler (1992) determined that a number of wild species of sunflower contain
high levels of linoleic acid. Among these, the highest level can be found in H. porteri
(83.2%). Seiler et al. (2012), on the other hand, recommend certain populations of H.
pumilus for obtaining high linoleic acid content and some other wild species for obtain-
ing high levels of palmitic and stearic acids.

Using induced mutations, Ivanov et al. (1988), Osorio et al. (1997), Fernandez-
Martinez et al. (1997), and Mancha et al. (1994) obtained mutants with a high palmitic
acid level. Furthermore, Osorio et al. (1997), Fernandez-Moya et al. (2005), and Man-
cha et al. (1994) obtained mutants with a high stearic acid content.

Tocopherols are a family of fat soluble antioxidants of great value for both nutri-
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tional and technological properties of seed oil. Sunflower seeds mainly contain alpha-
tocopherol (95% of the total tocopherols), which has a great vitamin E value but a
low in vitro activity. Conversely, beta-tocopherol shows more balanced in vitro and in
vivo antioxidant properties [38]. Significant changes in the type and levels of tocophe-
rols were discovered in spontaneous mutations by Demurin (1993) and Demurin et al.
(1996).

Velasco and Fernandez-Martinez (2003) studied the variability of tocopherol conent
in 952 accessions and in the old Peredovic populations and found two lines that were
of interest in this regard - one with a high beta-tocopherol content and the other with
high levels gamma-tocopherols. Using induced mutations (a solution of ethyl methane
sulfonate (EMS)), Velasco et al. (2004) separated in the M4-5 generation lines with
high levels of gamma-, beta-, and delta-tocopherols.

Ayerdi Gotor (2008) pointed out the importance, variability, and possibilities for
increasing the levels of tocopherols and phytosterols.

The objective of this paper was to make a review of the genetic variability of oil
quality components in sunflower using own results and those of other authors.

Genetic progress achieved in oil quality components in sunflower. Sunflower
breeders and geneticists have in the decades past greatly altered the levels of oil quality
components, first and foremost the levels of the most common fatty acids and toco-
pherols using induced and spontaneous mutations as well as using the modern breed-
ing methods (biotechnology at the molecular level). The only case where insufficient
progress has been made are phytosterols as minor components that have important
impact on oil quality.

The main parameter that determines oil quality is the fatty acid composition and
the mutual relationship among fatty acids. The first genetic source with a high oleic
acid content was obtained by Soldatov (1976) using induced mutations (treatment of
sunflower seeds with a 0.5% solution of dimethyl sulfate). In the M3 generation he se-
lected genotypes with an increased oleic acid content so that by the end of the breeding
process a variety called Pervenets was developed that had 78-85% of oleic acid in its
oil. The variety Pervenets has been used by breeders worldwide to develop lines and
hybrids with a high level of oleic acid. Later on, Andrich et al. (1992) and Ivanov and
Ivanov (1992) obtained new mutant lines with a high oleic acid content (Table 1).

Compared with mutant lines with a high oleic acid content, there has been less
progress in finding sources of high linoleic acid using mutagenesis. However, sunflow-
er breeders and geneticists have developed a number of lines with a high linoleic acid
content using the variability present within populations of cultivated sunflower.

Using mutagenesis lines have been developed that have high levels of palmitic
acid. In some instances the level of this acid goes up to 30%, as opposed to 5-6% found
in standard sunflower genotypes.

Mutant lines with a high palmitic acid level were developed by Ivanov et al. (1988),
Osorio et al. (1997), and Salas et al. (2004). For their part, Fernandez-Martinez et al.
(1997) obtained a mutagenic line (CAS-12) that has both a high palmitic acid content
and a high oleic levels (Table 1).

Significant results have been achieved in developing mutagenic lines with high
levels of stearic acid [22, 10, 11]. The same authors obtained a mutagenic line which is
both high stearic and high oleic (Table 1). Three mutagenic lines with medium to high
stearic acid content have been developed by Osorio et al. (1995), while Miller and Vick
(1999) developed lines that are low in stearic acid (LS-1 and LS-2). These same authors
also selected a line (LP-1) which has a low palmitic acid content. When it comes to
material low in total saturated fatty acids, Vick et al. (2002) and Seiler (2004) reported
obtaining such mutant lines.

In the case of our own breeding program, great attention has been paid to develop-
ing lines with different levels of fatty acids and tocopherols.
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Table 1. Mutant lines for the most common fatty acids in sunflower oil

Oil type Lines References
Soldatov, 1976
High oleic PerC\i/elnSlets Ivanov and Ivanov, 1992
Andrich et al., 1992
High linoleic 2698-L Miller and Vick, 2001
s 158
p - - sorio et al.,
High palmitic CAS-37 Salas et al.. 2004
HP line Demurin, 2003
High palmitic-oleic CAS-12 Fernandez-Martinez et al., 1997
CAS-3 Osorio et al., 1995
High stearic CAS-30 Fernandez-Moya et al., 2005
CAS-14 Fernandez-Moya et al.,2002
High stearic-oleic CAS-15 Fernandez-Moya et al., 2005
Low stearic Iﬂg:% Miller and Vick, 1999
Low palmitic LP-1 Miller and Vick, 1999
Low total saturated RS1 and RS2 Vick et al., 2002
acids NMS 2229 Seiler, 2004
]S\,i[eezgiilclm to high CAS(':%SC_ éS-4, Osorio et al., 1995

A large number of such lines have been developed. Looking at the variability of
fatty acids in our germplasm, the extreme values (min. and max.) in the B lines range
as follows: 3.0-11.5% for palmitic acid, 0,6-6,2% for stearic, 20,7->90% for oleic, and
2,6-87,1% (Table 2).

Table 2. Variability of the levels of the main fatty acids in the oil of different sunflower
genotypes (%) (Skorié, 2013)

Extreme values Palmitic Stearic Oleic Linoleic
Min. 3,0 0,6 20.7 2,6
Max. 11,5 6,2 90,2 87,1

High oleic mutant lines are controlled by a certain number of genes. The existance
of a single dominant gene, Ol, has been reported by Fick (1984), while Miller et al.
(1987) discovered a major gene, Ol, and a gene modifier, Ml. Three complementary
genes, Oll, OI2, and O3, have been reported by Fernandez-Martinez et al. (1989),
whereas Demurin et al. (1996) found the Ol gene with incomplete penetrance deter-
mined by genotypic epistatic factors of reversion. Five genes - Oll1, O12, Ol13, Ol4, and
Ol5 - have been presented by Velasco et al. (2000), while Lacombe et al. (2001) have
discovered a high oleic locus, oleHOS, and a suppressor locus, Sup. Also, the mode of
inheritance of fatty acid content in mutant lines with high (low) levels of palmitic and
stearic acids has been discovered and determined. These findings will not be discussed
in detail in the present paper.

Sunflower oils with modified tocopherols. Tocopherols and phytosterols are im-
portant minor components of sunflower oil, as they significantly affect oil quality.

Natural tocopherols are present in four isomers: alpha (5, 7, 8-trimethyltocol), beta
(5, 8-dimethyltocol), gamma (7, 8-dimethyltocol), and delta (8-methytocol). Standard
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sunflower oil predominantly contains alpha-tocopherol (95%) and some beta- (3%) and
gamma-tocopherol (2%) as well. The modification of the tocopherol profile through a
partial substitution of alpha-tocopherol, with its weak in vitro antioxidant action, by
other other tocopherol derivatives is an important goal in developing sunflower oil with
improved oxidative stability [27].

The discovery by Demurin (1993) that within the sunflower collection there are
examples of spontaneous mutations when it comes to tocopherols has made it possible
manipulate tocopherol types and contents in the sunflower oil. The first spontaneous
mutation occurred in the line LG-15 in which the recessive gene tphl is present, which
in the homozygous form produces 50% alpha- and 50% beta-tocopherol. The second
mutation was the recessive gene tph2 found in the line LG-17, which resulted in the
expression of 5% alpha- and 95% beta-tocopherol when homozygous. The third was
the presence of both tphl and tph2 in the line LG-24, leading to the manifestation of
8% alpha-, 84% gamma-, and 8% delta-tocopherol in the homozygous state. Lines with
different tocopherol types and contents discovered by Demurin (1993) are shown in
Table 3.

Using induced mutations, Velasco et al. (2003) obtained mutant lines IAST (over
75% beta-tocopherol) and T589 (up to 48.5% beta-tocopherol). The same authors de-
veloped mutant line T2100 with 95% gamma-tocopherol. Velasco et al. (2004) reported
developing mutant lines IAST-1 and IAST-540 that contained 95% gamma-tocopherol
as well as the line IAST-4, which had over 65% delta-tocopherol (Table 3).

Table 3. Mutant lines high levels of tocopherols (alpha-, beta-, gamma-, and delta-)

Tocopherol Lines Percentage of total toco- References
pherol content
Alpha Common sunflower 95 Demurin, 1993
Beta LG-15 50 Demurin, 1993
IAST-5 >75 Velasco et al., 2004
T589 30.4-48.5 Velasco et al., 2003
Gamma IAST-1, IAST540 >95 Velasco et al., 2004
LG-17 95 Demurin, 1993
T2100 95 Velasco et al., 2003
LG-24 84 Demurin, 1993
Delta TIAST-4 >65 Velasco et al., 2004

Skori¢ et al. (2008) have reported part of their resultsbased on which it is possible
to develop sunflower hybrids with different oil quality.

To the above results, we should add our own findings on developing male lines
(restorers) by crossing the Demurin (1993) lines with high-oil lines. In the segregat-
ing generations (F2, F3, and F4), recombinations have occurred with different types
and levels of tocopherols. The variability of the newly developed recombinant restorer
lines is very great. Thus, in some of the lines the alpha-tocopherol content ranged be-
tween 3.7 and 1,282.8 mg/kg oil (ppm). With beta-tocopherol the range was between
0 and 462.8, with gamma- between 0 and 751.8, and with delta- between 0 and 329.8.
Looking at the total tocopherol content, great differences were present. The minimum
level was only 86.7 in one of the lines, while the maximum level recorded in one of the
newly developed lines was as high as 1,970 mg/kg oil (ppm) (Table 4).

In order that the concrete variability of tocopherols in the inbred lines can be seen,
we have selected a certain smaller number of the restorer lines for analysis (Table 5).
Thus, for example, the line RHA-S-1 had equal amounts of alpha- and beta-tocophe-
rols. Also of interest is the tocopherol composition in the line RHA-S-58, where equal
levels of alpha-, beta-, gamma-, and delta-tocopherols (25% each) were recorded. The
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line RHA-S-59 is interesting, as it has only gamma-tocopherol. From the breeder’s
point of view, another interesting line is RHA-S-132, which had 80% gamma- and 20%
delta-tocopherol (Table 5).

Table 4. Variability of thocopherol levels in the oil of different sunflower genotypes

mg/kg oil (ppm)
Extreme values Alpha Beta Gamma Delta Total
Min. 3,7 0 0 0 86,7
Max. 1282,8 462,8 751,8 329,8 1,970

From the point of view of breeding, also of interest is a group of restorer lines with
a high oleic acid content and very low levels of linoleic acid, predominant levels of
alpha-tocopherol, mostly a high oil content, and certain tolerance of Phomopsis (Table
6). Among this group of restorers, high oleic acid levels are found in Rus-rf-ol-54,
Rus-rf-01-77, Rus-rf-01-207, Rus-rf-0l-209, Rus-rf-0l-222, and Rus-rf-01-242 (Table 6).
When it comes to low linoleic acid content, there are two lines with as little as 1% of
linoleic acid and six with 2%. Five lines have a very high seed oil content, ranging from
54.7 to 59.13%. Ten of the restorers have less than 50% of oil in their seeds. In any
case, all these restorer lines deserve to be crossed with select female lines and tested for
their agronomic value in terms of combining abilities (GCA and SCA).

Table 5. Restorer lines with different tocopherol levels (%) (Skori¢, 2013)

Line Alpha Beta Gamma Delta
RHA-S-1 50 50 0 0
RHA-S-9 90 10 0 0
RHA-S-13 20 80 0 0
RHA-S-23 30 Tr. 60 10
RHA-S-25 40 10 40 10
RHA-S-53 60 20 20 0
RHA-S-58 25 25 25 25
RHA-S-59 0 0 100 0
RHA-S-132 0 0 80 20
RHA-S-134 80 20 0 0

Molecular research of components of sunflower oil quality. In the last 10-15
years, major advances have been made in sunflower research at the molecular level
aimed at testing oil quality in this crop. The molecular basis of a modified fatty acid
content in the seed oil of sunflower has been studied through a QTL and a candidate
gene approach by Fernandez-Martinez et al. (2004). According to these authors, a
number of sunflower genes coding for enzymes involved in the fatty biosynthetic path-

_way in seeds have been cloned and their polymorphism studied [28].

As Skori¢ (2012) collected and analyzed in detail the achievements in the field of
molecular research of fatty acids and tocopherols, it is not necessary to repeat these
findings in the present paper. Molecular research of sunflower oil quality components
should be the subject of a voluminous review paper. What is important to note is the
fact that molecular research in this field is taking place on a daily basis and that signifi-
cant results have been achieved that can help a lot sunflower breeders in their develop-
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ment of sunflower hybrids with different oil quality.

Table 6. High-oleic Rf lines with predominant alpha-tocopherol content

No. Line conf}?(fgtizz)cl:c}%) Tocopherols (%) cofl)tiel:nt Phomopsis
Oleic | Linoleic | Alpha | Beta (%) (0-5 seale)
1. | Rus-rf-0l-27 85 4 100 - 47.68 4
2. | Rus-rf-0l-38 89 4 100 - 54.70 4
3. | Rus-rf-0l-39 87 5 100 - 4487 4
4. | Rus-rf-ol-54 90 2 100 - 51.71 3
5. | Rus-rf-o0l-67 89 2 100 - 49.41 4
6. | Rus-rf-0l-68 87 4 100 - 47.88 4
7. | Rus-rf-0l-70 85 5 100 - 43.71 4
8. | Rus-rf-ol-77 91 1 100 - 58.39 4
9. | Rus-rf-ol-78 88 2 100 - 56.00 4
10. | Rus-rf-o0l-80 87 4 100 - 45.98 4
11. | Rus-rf-o0l-91 88 3 100 - 55.26 3
12. | Rus-rf-0l-94 86 3 100 - 43.55 4
13. [ Rus-rf-ol-134 85 6 100 - 43.46 4
14. [ Rus-rf-o0l-140 84 4 100 - 46.43 4
15. | Rus-rf-ol-142 88 2 100 - 59.13 3
16. | Rus-rf-ol-154 84 4 100 - 53.90 3
17. | Rus-rf-0l-206 88 3 100 - 42.02 4
18. [ Rus-rf-0l-207 90 2 100 - 53.46 4
19. | Rus-rf-0l-209 90 1 100 - 52.83 4
20. | Rus-rf-0l-222 90 2 100 - 52.57 4
21. | Rus-rf-0l-242 91 3 100 - 52.57 4

The possibility of developing sunflower hybrids with novel oils. Sunflower
breeders and geneticists have developed a large number of inbred lines with different
composition of the main fatty acids (oleic, linoleic, palmitic, and stearic) using induced
and spontaneous mutations. Of special value are the mutant lines with high levels of
the above fatty acids. Also, sunflower geneticists have developed inbred lines with high
levels of beta-, gamma, and delta-tocopherols.

The question is why it is important to have all the above sources with different
levels of fatty acids and tocopherols. The genes that have been discovered are of great
practical importance in developing sunflower hybrids with different oil quality. Thus,
Garces et al. (2009) have concluded that the aforementioned variability will enable the
development of hybrids with novel oils that can successfully be used in homesteads for
preparing high quality foods. Also, it will open up new possibilities in the food industry
as well as in non-food technologies (biolubricants and biodiesel).

The new variability of fatty acid and tocopherol contents enables the development
of sunflower hybrids with significantly higher oil stability at increased temperatures
[30]. Karlovi¢ et al. (1997) studied our hybrids using the Rancimat test at 100°C and
reported that the standard oil (linoleic type) was stable for 8 hours, oleic type for 36
hours, and oleic type with a high gamma tocopherol content for over 150 hours. These
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findings speak for themselves when it comes to the importance of developing hybrids
with a high oleic acid content and high levels of beta- and gamma-tocopherols.

Spanish results are an even better illustration of the importance of developing hy-
brids with different levels of fatty acids and tocopherols. Using the Rancimat test at
180°C, Marmesat et al. (2008) state that a sunflower line that has high levels of oleic
and palmitic acids and a high level of gamma-tocopherol (HDHPSD-gamma) also has a
high degree of stability at frying temperatures. The same authors state that a mixture of
HDHPSD-alpha + HOHPSO-gamma tocopherols is an outstanding combination of oils
for use in the food industry that ensures not only oxidative stability but also provides
the necessary amount of vitamin E.

Besides tocopherols, phytosterols are another minor component of sunflower oil.
From the point of view phytosterol content and genetics, the most significant results
have been achieved by Ayerdi Gotor (2008). This author analyzed in detail the levels,
variability, and types of phytosterols in the oils of sunflower, rapeseed, maize, olive,
and palm. Based on the results of that study, the most common component in the oil are
beta-sitosterols. The levels of campasterol and stigmasterol, on the other hand, are sig-
nificantly lower. The same author concludes that beta-sitosterol and gamma-tocopherol
are important antioxidants. Ayerdi Gotor (2008) also reports that the stability of phy-
tosterols is signicantly higher than that of tocopherols. Another important contribution
by Ayerdi Gotor (2008) is the study of correlations among tocopherols, phytosterols,
and fatty acids. She concludes that there are significant positive correlations among the
types of tocopherols and phytosterols as well as between tocopherols and phytosterols.
Another important finding is the presence of significant positive correlations between
oleic acid and alpha-, beta-, gamma-, and delta-tocopherols.

Based on the variability of fatty acids and tocopherols achieved by using spontane-
ous and induced mutations, it is possible to develop sunflower hybrids with different oil
quality (novel oils). Thus, Fernandez-Martinez et al. (2007) conclude that is desirable
to work on five new oil types, namely high oleic (suitable for salads and cooking), high
stearic-oleic (for the production of healthier margarines) high palmitic-oleic (for high
performance frying operations without hydrogenation), high and stable linoleic (ap-
plications in the coating industry - a novel therapeutic nutrient), and mid and high oleic
combined of in vitro antioxidant (usable for biodiesel, deep frying, and biodegradable
lubricants). Skori¢ et al. (2008), for their part, mention at least seven new types of oil
in addition to the standard one. Apart from those mentioned by Fernandez-Martinez
et al. (2007), these are high oleic (Ol + tphl genes), high oleic (Ol + tph2 genes), and
high oleic (Ol + tphl tph2 genes). Skori¢ et al. (2008) conclude that in addition to the
aforementioned types of oil it is possible to develop at least 15 other types of hybrid
sunflower with altered oil quality, which presents a range of possibilities for both food
and non-food uses of sunflower oil. The conclusion of Fernandez-Martinez et al. (2007)
is that the combination of several quality traits in a single phenotype will enable the
tailoring of specialty oils for specific uses in the food and non-food industries. The
novel fatty acids and tocopherol traits are in all cases governed by a reduced number of
genes and can be easily managed in breeding programs aimed at developing cultivars
incorporating these traits. Skori¢ et al. (2008) conclude that to define the parameters of
the future novel sunflower oils, geneticists, breeders, physiologists, and representatives
of the food industry should join forces with medical scientists, nutritionists, and spe-
cialists from other fields in a multidisciplinary effort to find the answers to a multitude
of questions on future uses of sunflower oil. The sunflower kernel and its novel oil can
be used as the basis for a wide range of high-quality final products.

Conclusions
Based on our own results and those of other authors, the following conclusions can
be made:
- The oil of common sunflower genotypes ranks among the best vegetable oils in
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the world;

- Using induced and spontaneous mutations, mutant sunflower lines have been de-
veloped that have high levels of the most common fatty acids (oleic, linoleic, palmitic,
and stearic) in their oil. The number of genes for these mutant lines and the mode of
inheritance in the F1 and F2 generations have been determined as well. Also, their ge-
netics at the molecular level has been studied to a large extent;

- Induced mutations have been used to develop mutant lines with high levels of
beta-, gamma-, and delta-tocopherols. Through spontaneous mutations the genes tphl,
tph2, and tphltph2 have been discovered, which enables great breeding interventions
in the genetic manipulation for tocopherol type and content;

- The great genetic variability that has been achieved in the cases of fatty acids and
tocopherols makes it possible to develop hybrids with different oil quality (novel oils)
for use in both the food and non-food industries;

- Sunflower breeders and geneticists have the task of making the necessary changes
of phytosterols in addition to fatty acids and tocopherols, which will increase the pos-
sibilities for developing even more diverse sunflower hybrids;

- Some of the novel sunflower oils can be used for medicinal purposes as preven-
tion against cardiovascular disease.
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Introduction

Using only traditional methods of selection are not enough for a successful selec-
tion-blood-stock of work in present time. The selection on productive indication is
impossible without studying the genophond of investigated species anal estimation of
intraspecific genetical change. One of the directions of using given immunogenetical
investigations in selection appears the study of genetical structure of selective popula-
tion, herd, and lines on markers genes. By investigation of many scientists is demon-
strated the reliability of attraction of genetical markers of blood in estimation of the
cattle’s genotype [1, 2, 4, 8,9, 10, 11].

The genetical markers of blood’s groups appear to be a convenient model for real-
izing of control proceeding of the selection processes in herds and the estimation of
level of selection work on consolidation of herds, lines, blood groups, consolidation of
desired indications in the animal’s group [14, 16].

The using of groups of bloods opens a wide possibility for detail study of micro-
evolution process in species. They allow to realize a constant control of genophond’s
changes, to expose the regularity of its change in accordance with direction and con-
crete particularity of selection-race work and on this base to work out methods of cor-
rection of selection, to high its effect and rational using of the race’s genophond.

During a long period of time by us is negotiated a constant control of changes in
the genophond of Moldovan black-motley type in the herd TES ”Maximovca”. As for
example earlier we informed about the analysis of immunogenetical processes that
happened in the herd TES “Maximovca” [18], the monitoring of allelophond [5], im-
munogenetical structure of bulls - cows and their descendants [6], and also the evalua-
tion of genetical structure of used lines of bulls [7] in given herd.

The aim of this researches was to give a genetical evaluation of joung-heifers
of moldovan black-motley type — descendants of different bulls date of birth 2003-
2013.

Material and methods

The object of study served joung-heifers of moldovan black-motley type — descend-
ants of 11 bulls: Abiturint 1861 (n=28) and Captain 2354 (n=16) date of birth 2003-
200; Abhazian 835 (n=15) and Svet 732 (n=39) - date of birth 2004-2005; Dichii 788
(n=40) - date of birth 2005-2006; Academic 767 (n=13) and Chiparus 79 (n=11) - date
of birth 2007-2008; Sinior 7415 (n=67) - date of birth 2008-2009; Meteor 376 (n=15) -
date of birth 2011; Caras 656 (n=20) - date of birth 2013 and Vladika 266 (n=11) - date
of birth 2007, in all 275 heads. The base for holding investagion served the expertise of
materials the reliable origin of the young race date of birth 2003-2013.

The groups of blood were determited by standard sulphur tests with utilization 49
monospecific serum from 9 genetical system. Genotypes of groups of blood and also
reliance of animal’s origin were exposed by family-genetical analysis according to
Miercurev E. [13]. The indicators of genetical distances were subtracted by the formula
Serebrovski A.S. [15] and Nei M. [3] on the base of the distribution analysis of the
frequencies of the antigens of bloods groups.
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Results and discussion
According to the results of hold investigations were exposed the differences in the
antigene spectrum at descendants of 11 bulls (table 1). According to AEA locus antigen
A2 is exposed at descendants of all bulls with different frequency meeting, antigene
Z’ is exposed only among descendants of bulls Caras 656, Svet 732, Senior 7415 and
Vladika 266 with frequency meeting from 0,0150 (Sinior) till 0,0909 (Vladika).

Table 1. The frequency meeting of antigens at descendants of different bulls
Bulls
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28 | ¢, [046[037]0,13]0,18]0,72]009]038]045] 040|090 | 0,54
29 | ¢, [053]056[027]025]095]0,18]046]|057]040] 1,0 [0,73
30 | E [082]087]047]023] 057081061070 0,80 [ 0,80 [ 0,64
31 | R, [003[037[027]0,18]002][ 0 0o |oo1]| o 0 | 0,00
32 | R, [028[012]033]026]050]027]0,15]0,10(0,13]040] 027
33 | w [o068[062]053]036]030]0,18]031]0,15]0,73 0,65/ 0,54
1 2 | 3 4 5 6 7 8 o [ 10| 11| 12| 13

34 | X, [o11| o [007]002]005][000] 0o [003] 0 0o |o,18
35 | X, [0,68]0,68[093[067]055[082]053]044]033]0,10] 045
36 | ¢ [007]006] 0 |005]005] 0 0 [007] o [035]0,18
37 | v [o14f050]027]0,18]005]0,18]0,15[001][ 0 0 |0,09

38 F 1093 1,0 10,80 1,0 1,0 1091 1,0 | 1,O | 1,0 | 0,85 1,0
39 v 102110,12 0,60 0,18 | 0,02 | 0,45 | 0,15 ] 0,18 | 0,67 0 0
40 J, 0 0,18 | 0,27 | 0,07 | 0,20 | 0,18 | 0,08 | 0,27 | 0,20 | 0,60 | 0,64
L
M

41 025]0371047]059 | 0,62 0,09 [0,230,24(0,73[0,55] 0,00
42 003| o 0 0 0 |0,09(0,08]|0,06[007[005] 0
43 1 s | o [006]007]013[010] 0 [008[007[ 0 [005]0,18
44 U | 0o [006]007] 0 [005] 0 0 |[0,03]0,27005] 009
45 | H 050087053097 1,0 0,74 0,77 [0,950,73]0,80] 0,82
46 U | o |10 o [003]o002]| 0 0o [001]007] o |[o000
47 |H"| 0o |o012] 07 o [o007]| o 0 (004 0 0 0
48 U | o |006] 0 |o002[010] 0 0 (o001 o 0 0
49 | z 007]037[0,13]028] 047 |0,00]023]0,19](0,13]025] 0,64

In accordance to AEB locus at descendants of all bulls from 25 studied antigens
were found out only 6. At the most quantity of antigens were not found at the descend-
ants of bull Academic 767 — 14 (Il, »P,P,QT,T,D,IJ, K, O, P, B”), at
descendants of bull D1ch11 788 on given focus were not. exposed the least quantlty of 6
antigenes - ,K’, P°,B”.

Among tfle exposed of 6 antigenes (B,, G, O,, Y, E’,, Q’) at descendants of all
bulls is noticed a high frequency meeting *of antlgene Y “which varied from 0,3250
(Dichii 788) till 1,0 (Abkhazian 835, Meteor 376).

The antigene B”is exposed only at the descendants of bulls Capitain 2354 and Svet
732, that is affirmed by execution earlier by estimation of genetical structure used lines
of bulls in the herd TES ”Maximovca” and characteristic for descendants of bulls lines
Vis Beak Aidial and Pavni Farm Arlinda Cif [8]. A low frequency meeting of antigens
P2,Q, T1,K’, J°2, P’, peculiar in baze for the all analysed descendants.

According to AEC locus from 10 studied antigens 2 were absent (antigen’s R1 and
C’) at descendants of bulls Chiparus 79, Academic 767 and Meteor 376, antigen L' is
not exposed at descendants of bulls Meteor and Caras. A high frequency meeting of
bearer of antigens E and W is exposed at descendants of al bulls.

According to AEF locus are exposed both antigen’s F-V. A high frequency meeting
antigenes F is peculiar to descendants of bulls Capitain 2354, Svet 732, Dichii 788,
Academic 767, Sinior 7415, Meteor 376 and Vladika 266 - 1,0, at descendants of bulls
Abhazian 835 the frequency constituted 0,80. The frequency meeting of antigene V
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varied from O - descendants of bull Caras till 0,67 — descendants Meteor 376.

According to AEJ locus the antigene J2 is not exposed only at descendants Abit-
urint 1861, and at the rest of descendants the frequency meeting varied from 0,07 (the
descendants of the bulls Svet 732) till 0,64 (the descendants of bull Vladika 266).

According to AEL locus the antigene L is exposed at all analyzed bulls, the fre-
quency meeting varies from 0,09 ( the descendants Chiparus 79 and Vladika 266) till
0,73 (the descendants of Meteor 376).

According to AEM locus the antigene M is not exposed at descendants of 5 bulls,
at the rest descendants the frequency meeting was low and compied 0,03 - 0,09 — de-
scendants of Abiturient 1861 and Chiparus 79 correspondingly.

According to AES locus from 6 studied antigenes a high frequency meeting is ex-
posed at the descendants of all bulls — bearer of antigene H', antigenes U’, H”, U” were
absent at many descendants.

According to AEZ locus a low frequency meting of antigene Z possessed the
descendants of bull Abiturient 1861 (0,07), but the bull Dichii 788 and Vladika 266
proper a higher frequency meeting — 0,47 and 0,64 correspondingly.

The estimation of saturation of antigene factors estimated at descendants showed,
that it is lower at the descendants of bull Academic 767 and Sinior 7415 and makes up
accordingly 19,3 and 21,2%, but at descendants Caras 656 and Captain 2354 higher —
28,6 and 29,6%, figurel.

g

Fig. 1. The saturation of antigens factors of descendants of different bulls.

In the examined period of time were studied the relationships formed between de-
scendants of different bulls (phylogenesis in space and in time), for what was used the
method of unsuspended in pairs cluster.

From the results of the analysis of table 2 it is seen, that the least genetical distance
is exposed between the descendants of bulls Academic 767 and Sinior 7415 (d = 0,13),
and the biggest — between the descendants of bulls Abhazian 835 and Dichii 788 — (d

=0,31), that is confirmed by the picture of dendrogram, figure 2.

As it is seen, the descendants of the estimated bulls make up 4 separate clusters.
In the first cluster enter the descendants of bulls Sinior — Academic, the second cluster
Abiturient — Captain, the third cluster Abkhazian — Chiparus, the fourth cluster Meteor
— Caras. More over the line belonging of bull in the first three clusters is various, only
in the fourth cluster the both bulls (Caras, Meteor) belong to the line Vis Back Aidial.
The bull Sinior (I cluster), Capitain (II cluster) the same belong to the line Vis Back
Aidial. What touches upon descendants combined into the III cluster, then it should be
marked, that the bull Abkhazian belongs to the line Montvik Chieftain, but Chiparus to
line Pavni Farm Arlind Cif.

How to explain, that the descendants of bulls a various lines turned to be genetical
close between breeding stock them and even make up separate clusters?

150



Journal of ASM. Life Sciences. No. 2(326) 2015 Animal Genetics and Breeding

First, before we carried out a detailed analysis of the use of bulls of various lines in
the herd TES “Maximovca” in the period from 1985 till 2005 jears [7].

Table 2. The genetical distances (d) and genetical resemblance (r) between the descend-
ants of bulls used in the herd TES ”Maximovca”

Code 1 2 3 4 5 6 7 8 9 10 11
Academic 767 | 1 - 1083[0,72]0,75]0,76 | 0,83 | 0,83 [ 0,84 0,84 | 0,87 [ 0,72
Chiparus 79 2 lo17| - |o,78]0,85]0,75]0,83]0,76|0,81 0,76 0,84 | 0,75
Meteor 376 3 |027]021] - |0,77]0,78]0,77]0,69] 0,74 [ 0,70 | 0,78 | 0,71
Abhazian 835 | 4 [0240,15[023| - [0,69(0,79 (0,77 [0,78 0,69 [ 0,77 | 0,75
Caras 656 5 10,23]0,25]0,22]0,30| - ]0,76]0,73]0,77]0,78 | 0,80 | 0,78
Svet 732 6 |0,17]0,16]0,22]0,20]0,24] - |o0,78]0,81]0,78]0,82]0,75
Captain 2354 | 7 |0,16[023]0,31]023[027]0,22| - [0,83]0,81[0,81]0,72
?8l)6itlurient 8 |o,16]0,18]0,25(0,22]0,23[0,18[0,17| - [0,80]0,82]0,73
Dichii 788 9 |o,16[0,24]0,30[031]0,21{022[0,19]0,20 - [0,84]0,74
Sinior 7415 10 [0,13]0,16[0,220,230,19]0,18[0,19[0,17|0,16| - [0,78
Vladika 266 11 [0,27]0,24]0,29]0,25]0,22]0,25[0,28 0,270,226 0,21 | -

Vladika 266

Caras 656
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Fig. 2. Microphilogeny relationship between descendants of different bulls
in the herd TES “Maximovca”.

It was established, that the line of Vis Back Aidial was much more retired in accord-
ance to immunogenetical indicators from all other lines.

In further, beginning with 2005, the consolidation over breeding stock of Moldovan
black-motley type were held by bulls of the line Vis Back Aidial, belonged to various
branches, as it was foreseen the laying and breeding out the new line with the aim of
consolidation of desirable sign (abundant lactic, high percentage of body fat).

Secondly, every two years, he drafted a plan for the consolidation of breeding the
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various bulls for breeding stock. Therefore, descendants obtained from the use of the
following bulls, inherited in it’s of genophond’s, both maternal genes and paternal.
Dulls Academic (line Rozeiph Sitation) and Chiparus (line Pavni Farm Arlind Cif)
were used in individual selection by markers of alleles for the further obtaining of
homozygotes calves.

In that way, from the results of the analysis microphilogeny between the descend-
ants of bulls, that belong to different lines (Vis Back Aidial, Rozeiph Sitation, Pavni
Farm Arlind Cif and Montvic Chiftane), it follows that in further selection-blood-stock
of work with broodstock of moldovan black-motley type in the herd TES “Maxi-
movca” the utilization of bulls of line Vis Back Aidial at a certain time is desirable to
stop as the reserve of genetical changes of this population is not isufficient for to further
breeding.

Conclusions

The greatest quantity of antigenes is not exposed on AEB locus at the descedants of
bulls Academic 767 — 14 (I1, 12, P1,P2,Q, T1, T2, D’, I, J’2, K*, O’, P’, B”), Abituri-
ent 1861 — 11 (P1, Q, T1, T2, I’, J’2, K’, P’, Y', B”, G") and Capitain 2354 — 10 (P1,
T1,T2, D°,G,J’2,K’,0’, P, G”).

For the increase of genetic change of the population of moldovan black-motley
type in the herd TES ,,Maximovca” is necessary in the plans og selection to use bulls
of that lines in wich the genetical distance is the greatest wiht the bulls of line Vis Back
Aidial.
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IMPROVEMENT OF TSIGAIE SHEEP BREED
OF MOLDOVAN TYPE

Ivan Tofan, Petru Liutcanov, Oleg Masner

Scientific-Practical Institute of Biotechnology in Animal Husbandry and
Veterinary Medicine, Maximovca, Republic of Moldova

Introduction

Tsigaie sheep’s contribution to the economy of the Republic of Moldova is based on
a wide range of products required by the local population which are obtained from these
animals.

These can include fattened sheep meat, lamb meat and sheep’s milk from which cot-
tage cheese and albuminic cottage cheese are made, as well as valuable raw materials for
light industry — semi-fine wool and sheepskin.

Breeding of Tsigaie breed of sheep in the Republic of Moldova takes its roots in the
southern part of Bessarabia, known as Budjac steppe, the sheep being brought here as far
as the 18th century by Bulgarian settlers.

According to the external appearance and morph-productive type (wool-milk), origi-
nal Tsigaie sheep breed (indigenous type) accounted for some belated animals with rela-
tively reduced production indices.

The average body weight of breeding Rams constituted 65-70 kg, while sheep’s — 40-
42 kg with a gross production of wool of 3,9-4,2 kg and 2,2-2,3 kg accordingly. Young
sheep aged 12-14 months had average mass of 30 kg with a yield of 3,7 kg of wool and
length of wool fibers of 8,4 cm with wool quality indices 56-58 [3, 4, 5, 7].

Attempts in the ‘50 of the last century to improve the breed of sheep Tsigaie in
Moldova with the Merino breed, have given negative results. For improving local sheep
of Tsigaie type a program has been drawn up by the State which relied on the crossing of
the Tsigaie sheep of wool-milk type with Rams-breeders of wool-meat type from ,,Cer-
nomorskii” farm from Crimea and the Rams specializing in meat-wool from «Roza Lux-
embourg» farm, Donetsk region (Ukraine). In the period from 1962 until the year 2000
as a result of the work of selection (5 stages) there was created a new type of Tsigaie
sheep for wool-meat-milk, and in 2005 it was approved by the State Commission under
the name «Elite Type of sheep (Ovis aries L.) Tsigaie Moldovenescy.

The work was completed by growing ,,in and of itself” of sheep with genotype that
includes 10,8% of the blood of indigenous Tsigaie for wool-milk; 48,7% Tsigaie for
wool-meat and 40,5% Tsigaie for meat-wool [6].

Tsigaie Moldovenesc sheep possess advantages over standard requirements of Tsi-
gaie breed according to the production of wool by 46,8% on average, body weight by
32,0% and milk production by 57%.

Material and method

The research object were Tsigaie sheep of Moldovan type (Tsigaie Moldovenesc) for
wool-meat-and-milk, different groups of sex and age from breeding farm of the Agricul-
tural production Cooperative ,,Elita-Alexanderfeld”, Cahul district.

Testing of sheep in order to continuously maintain and improve the productive quali-
ties of pure breed, was carried out according to the methods and techniques of ,,Instruc-
tion for breeding Tsigaie breed of sheep with elements of selection” [1] and ,,Guidelines
for the evaluation of sheep’ products in the Republic of Moldova” [2].

Formation of nuclei of selection in order to obtain the required production capacity
with progeny was carried out using the method of independent selective limits.

The main stages of the research and evidence taken into study were:

- record of sheep giving birth calculation of prolificacy;
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- individual testing of each youth at weaning (3-3,5 months) by the provisional evalu-
ation after development of body weight and length of woolen strand, with its subsequent
ranking according to the scoring scale;

- complete evaluation of youth from the previous year at the age of 12-14 months
(outward appearance and constitutional type, body weight, basic characteristics of woo-
len sheepskin, including quality (fineness) of wool, strand’s length, quantity and color of
wool oil, curling, homogeneity and expanding of wool, wool production at first cut);

- evaluation of the wool production related to reproductive herd (mechanized shear-
ing with individual evidence of sheepskin through the weighting with precision of 0,1
kg);

- evaluation of the body weight of sheep through individual weighing of all of the
flock in the autumn, and classing the flock after this character;

- creating of the selection nuclei and calculation of the difference and intensity of se-
lection by the following groups: breeding Rams, sheep-ewe, ewe-lambs and male lambs
of 15-18 months.

Statistical processing of numerical material obtained in the research has been real-
ized according to the existing programs, according to the methods of N. Plohinschii [8]
and application of special programmes.

Results and discussion

Prolificacy of Tsigaie breed sheep of Moldovan type as required is minimum 100-
120%.

From the results obtained in the research (tab. 1) for the years 2011-2014 shows
us that the prolificacy in agricultural production Cooperative ,,Elite-Alexanderfeld”
amounted to 106,4 percent.

At the same time we can mention that 2013 was the most prolific year, as from the
1276 sheep were born 1430 heads of lambs with the percentage of fertility of females of
112,3 %.

Also of lambs obtained in the reference year, 21,5 percent or 308 heads came from
twin births.

On the basis of «The recommendations with respect to technology of sheep products
in the Republic of Moldovay the evaluation of male lambs and ewe lambs has been car-
ried out at the age of weaning (3,0-3,5 months) depending on live weight and length of
fibers, assigning the appropriate points (tab. 2).

Table 1. Results of births

Lambs were obtained
The vear Nr of sheep and ewes including twins Total lambs per 100
y that gave birth, heads | total heads g sheep and ewes, %
heads %
2011 1308 1368 120 8,8 104,6
2012 1103 1146 86 7,5 103,9
2013 1276 1430 308 21,5 112,1
2014 1271 1332 122 9,2 104,8
Total 4958 5276 636 12,1 106,4

Thus, in the III-V score points were framed 1367 heads of ewe lambs with body
weight between 21,10 to 26,30, wool length between 5,89 to 6,70 cm respectively and
590 heads of male lambs with body weight between 26,01 to 31,46 kg and corresponding
length of wool between 6,41-7,58 cm.

This youth was further increased in order to reproduce the breeding herd along with
commercializing to other farmers ‘ households.
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Table 2. The results of the evaluation of youth at weaning according to body mass and length
of wool fibres

° Male lambs Ewe lambs

e

o . .

S ° Body weight, | Wool length, o Body weight, Wool

» | Heads ) kg em Heads %o kg length, cm
I | 39 | 284 ]20,50+0,08 | 5,68=+0,09 162 8,8 116,61+0,13]5,83+0,18
1| 407 | 29,2 |23,34+£0,15] 5,83+0,08 322 17,4 1 18,91 £0,11 | 5,57 £0,09
| 271 | 19,5 26,01 £0,25 | 6,41 +£0,07 | 561 | 30,3 |21,10+0,12 | 5,89 + 0,06
IV ] 122 8,8 [26,46+0,08 | 7.46+0,12 | 323 17,5 1 22,47+0,06 | 6,59 0,09
V| 197 | 14,1 |31,46+0,36 | 7,58 +0,20 | 483 | 26,0 | 26,30+0,30 | 6,70 = 0,10
D

&

5| 1393 [ 100 | 24,47+0,17 | 6,29+0,10 | 1851 | 100 | 21,92+0,15 | 6,16+ 0,09
>

<

On the whole of the appreciated herd we can mention that the body weight of male
lambs (1393 heads) and ewe lambs (1851 heads) was 24,47 kg and 21,92 kg respectively,
and wool length of 6,29 cm and 6,16 cm respectively.

In accordance with the ,,Evaluation instruction of Tsigaie breed of sheep with el-
ements of selection” in the reference period (2011-2014) there were subject to com-
plex appreciation, 271 heads of male lambs and 1590 of ewe lambs at the age of 12-14
months. The percentage of elite class ewes in the flock constituted 40% and of male
lambs 95,9%.

Body weight of evaluated male lambs of the elite class was on average 49,69 = 0,33
kg. In relation to the minimum requirements of the standard type for body mass which
constitutes 45,0 kg, weight of evaluated male lambs is increased by 4,69 kg or 10%.

This index is also greater by 1,0% for ewe lambs (table 3).

Table 3. Results of youth evaluation at 12-14 months, (M + m) 2011-2014

Class | n | % | Body weight, kg | Raw wool, kg | Wool length, cm
Rams

Elite 260 95,9 49,69 + 0,33 4,80 + 0,08 12,65 + 0,09

Total 271 100 49,30 = 0,34 4,77 £ 0,37 12,60 = 0,08
Ewes

Elite 648 40,8 40,41+ 0,11 4,01 +0,03 12,44 + 0,06

Total 1590 100 36,14 £ 0,10 3,70 £ 0,02 12,09 + 0,03

In accordance with the requirements of the industry for the production of carpets
in the country, the selection focused on wool fibre length that would be no less than
9 cm. In accordance with the previous standards (GOST) for the processing industry,
woollen fibre length was for young rams 12,65 + 0,09 cm and ewes 12,44 + 0,06 cm,
which is higher than the minimum requirements of the type by 15,0% and 38,2% cor-
respondingly.

On the basis of the annual complex evaluation of a selection group there were
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selected rams-breeders, sheep, breeding replacement youth. In total during the period
2011-2014 there have been selected (tab. 4) 105 breeding rams with body weight of
80,52 + 0,74 and woolen production of 6,95 + 0,24 kg, 3891 sheep with body mass of
57,69 £+ 0,09 kg and woolen production of 4.59 + 0,01 kg, 176 breeding young rams
with body mass of 51,25 £+ 0,31 kg and woolen production of 6,15 + 0,10 kg, 224 ewes
for breeding with body mass of 42,22 + 0,18 and wool production of 4,89 + 0,05 kg.

Table 4. The composition and level of production selected EnterpriseDB sheep (M + m) kg

Rams Sheep

The

year | n | Body weight, kg [ Raw wool, kg | n | Body weight, kg | Raw wool, kg
2011 | 21 86,33+ 1,70 7,28 £0,30 | 1173 59,65+ 0,20 4,47 + 0,02
2012 4 82,25+ 1,00 6,15+0,11 740 55,34+ 0,10 4,55+0,01
2013 | 26 76,65 + 1,28 6,62 0,10 | 1143 59,05+ 0,16 4,76 + 0,03
2014 | 54 80,01 +£ 0,94 7,04 £0,17 835 55,19+ 0,15 4,88 + 0,02
Total | 105 80,52 + 0,74 6,95 +0,24 | 3891 57,69 + 0,09 4,59 + 0,01

The RAM Ewe lambs

2011 | 21 50,85 + 1,00 6,08 £0,19 68 42,01 £0,40 4,58 + 0,09
2012 | 41 48,68 + 0,50 5,88 +£0,14 27 41,11 £ 0,30 494 +0,18
2013 | 68 52,67 +0,59 6,01+ 0,10 89 43,02 + 0,29 4,92 + 0,06
2014 | 46 | 51,63+£054 | 6,610,107 | 40 | 41,55+035 5,29+ 0,10
Total | 176 | 51,25+0,31 | 6,15+0,10 | 62 | 42,22+0,18 4,89 + 0,05

The selection nuclei animals according to the body mass and wool production are
more superior according to the standard requirements for the breeding Rams by 0,7%
of body mass and 15,8% of the production of wool, that of sheep - after body weight
by 15,4% and by 14,8% according to wool production, breeding young rams — by 13,9%
according to body mass and by 2,5% according to the production of wool, breeding ewes
— by 5,6 % according to body mass and by 8,7% according to the production of wool.

Conclusion
Performance Indices obtained in the result of a task of selection work and well
planned improvement of sheep of Tsigaie Breed of Moldovan type created from Tsigaie
breed, considerably exceed the minimum requirements of the standard type after body
mass production, wool and fibre length.
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CTEPUWIMBALIUA TPUPOJHBIX ITOITYJIALTUA
CJIMBOBOU IJIOAOXKOPKU LASPEYRESIA
FUNEBRANA Tr. ( Lepidoptera , Tortricidae)

Myciaex Moxammesn
Hncmumym cenemuxu, gpuzuonoeu u 3awumol pacmenuii, AHM

Beenenne

[IpoGnembl  TONyYEeHHS  DKOJOTHYECKHM  YUCTOW  CENbCKOXO3SHCTBEHHON
NPOAYKUMU W O3JOPOBJICHHUSI OKPYXalOWIEH Cpeabl BBIIBUTAIOT HEOOXOOUMOCTD
Pa3pabOTKH SKOJIOTHUECKU O€30MacCHBIX CUCTEM MHTETPUPOBAHHOM 3alUThl PACTECHUN
0a3upyIOINXCsl HA NPEUMYILIECTBEHHOM HCIIOJIb30BAHUN OMOJIOTHUECKUX CPEICTB,
CHCTEM HaITPaBJICHHBIX Ha AKTUBHU3AINIO IIPUPOIHBIX 3aIIUTHBIX CHUJI arpOOMOIIEHO30B,
HalpaBJICHHBIX HAa CHIDKCHUE 3aTpaT dHEPreTHUECKUX M (PMHAHCOBBIX CPEJICTB Ha
MPOBE/ICHUE 3AIIUTHBIX Meporpustuil [6,7,8,9]. Cpenu OMOJIOTHUECKUX METOIOB U
0€30MaCHBIX CPEACTB 3aIUTHI PACTEHUN OOJIBIIOE MECTO OTBOAUTCS] OMPaLMOHATBHBIM
npenaparam, CO34aHHbBIM Ha OCHOBE OMOJIOTMUECKY aKTHUBHBIX BEILIECTB, BHIICTICHHBIX U3
pacTeHHi WM HACEKOMBIX U X CHHTETHUECKUM aHaJIoraM: IpernaparaM ropMOHaIbHON
MPHUPOJBI, WHTHOMTOpPaM CHHTE3a XUTHHA - TaK HAa3BIBAEMBIM PETyISATOpPaM poOCTa,
pasBUTHSL U Pa3MHOKEHMs HACEKOMBIX; (pepoMoHaM, aTTpakTaHTam, peresuieHTaM,
JIeTepreHTaM -peryisiTopaM MoBeIeHUsT HaceKoMbIX [2,3,4,5,6,9]; ctumynaropam pocta
M YCTOHYMBOCTH PACTEHUH K OOJE3HSIM W BPEAMTEINISIM, PACTUTEIBHBIM 3KCTPAaKTaM
W MacliaM, JIOBYIIKaM ¢ Ono(H3MYeCKMMH aTTpakTraHTamu [7,8,9];HaTypaibHBIM
XAMHUYECKAM CpPEICTBAM C TIOHMKEHHOW TOKCHYHOCTHIO [6,7]. CodueraHme 3THX
CPEICTB 3alUThl PACTEHHH IO3BOJNIET CHU3WUTH SKOJOTHYECKYIO0 OMACHOCTh U
3arparsl 3Hepruu Ha 30-40% u Oosiee Ha MPOBEJCHNE 3AIUTHBIX MEPONIPUITHH [6].
Pa3paboTka Taknx 0e30MacHBIX CHCTEM 3aLIUThI CIIMBBI SIBISETCSI OCHOBHOM 3a1aueii
HaIllUX UCCIICJOBAHHMH.

MarepuaJj U MeTOAMKA

IToneBple MCCNENOBAaHUSA N0 XMMHYECKONW CTEPWIM3AlMA CaMIOB  CIMBOBOHN
TUIOIO’KOPKHU B (DEPOMOHHBIX JIOBYIIKaX, 00pabOTaHHBIX 6€301aCHBIM CTEPHIIN3ATOPOM
[1% pacTBOp aHanora oBeHWIbHOTO TopMoHa Insegar 25 WG (fenoxicarb, 250g/kg),
BapuaHT— V2]- ObuIM IpoBeieHbI B c1MBOBOM caxy OOO «Arpodpuoy, copra Creninei
n Kabapnunka, B 2012 na miomanu 4 rekrapa. OTaloHOM [BapuaHT-V 1] ciaykui
OCTaJIbHOM y4acTok caja B 8 ra, oOpaOarbiBaeMblii XMMUYECKMMH HHCEKTHIUIAMH
[0 CXeM€ HPUHATOM Ui AaHHOH 30HBL Crepuimsyromue (pepoMOHHbIE JIOBYLIKH
BBIBEIIMBAJIM IIOCJE€ OTJIOBA TEPBBIX CaMIIOB Ha KOHTPOJbHBIE  (EepOMOHHBIE
JIOBYIIKH, KOTOPbIC MO TPU IUTYKW Ha JCISHKY BBIBEIINBAIN JIO MOSBICHUS OEoro
OyToHa, OMTHOBPEMEHHO KaK Ha ATaJIOHE TaK M Ha SKCIIEPUMEHTAJILHOM BapuaHTe, IS
omnpeneneHus PeHOTOrHIECKIX CPOKOB PA3BUTHUS BPEAUTEIIS K ONPEIEIICHUS INIOTHOCTH
HOIYJSALUI CIMBOBOM MJIONOXKOPKH, Ha 00ouX BapuaHTax. JloBymiku oOpalaTbiBaiu
CTEPHIIN3aTOPOM dYepe3 Kaxkaesle 15-17mHel, (pepoMOHHBIE WCIIAPUTEIIH 3aMEHSITH
gepe3 kaxapie 30 aaeil. Ha KOHTPOIBHBIX JOBYIIKAX KJICUKHE BKIAABIIIN 3aMEHSIITH
Mo Mepe 3arpsi3HeHus, Ho He peke uem uvepe3 15 mHeill .OueHky QuTocaHUTapHOI
00CTaHOBKM NPOBOAMIM Ha OOOMX BapHaHTaX M0 OOLIENPHHATBIM METOIMKAM
n3JI0KeHHbIM B KH.«Indruméri metodice pentru testarea produselor chimice si bio-
logice de protectie a plantelor de daunatori, boli si buruieni Tn RM / Centrul de Stat
pentru Atestarea Produselor Chimice si Biologice de Protectie si Stimulare a Cresterii
Plantelor.- Chisinau : S.n. 2002 (F.E.-P.“Tipografie Centrala[1]. Maremarnueckyo
00pabOTKy JIaHHBIX TPOBOAMIIH 10 MeToaukam Jlocmexos 1985.
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Ta6auna 1. JuHaMHUKa OTJIOBA CAMIIOB CJIMBOBOH ILIO0KOPKH HA yYACTKe
crepuausanuu B caxy OO0 «Arpo6puo», nentpajibHas 3oua Moagosi, 2014

Jarst Yucs10 0TIIOBJIEHHBIX B Yuces10 0TIIOBJIEHHBIX B
y4ernbl CaMIOB/JIOBYLIKY B cpeaHem/ CaMIOB/JIOBYIIKY B cpeaHem/
omnbITe, 110 HOBTOPHOCTAM JIOB 3TaJI0He, 110 NOBTOPHOCTAM J10B
1 2 3 1 2 3

29.04.14 9 2 0 3.6 10 6 3 6.3
30.04.14 3 2 0 1.6 4 2 4 33
07.05.14 4 2 0 1.6 23 13 4 13.3
13.05.14 3 4 0 23 41 12 3 18.6
20.05.14 5 19 0 8.0 70 30 2 34
27.05.14 15 23 1 13.0 100 41 23 82.0
28.05.14 1 0 0 0.3 18 5 7 10.0
03.06.14 1 0 0 0.3 28 5 1 10.3
10.06.14 0 0 1 0.3 45 9 4 19.3
19.06.14 0 5 0 1.6 21 0 2 7.6
24.06.14 5 2 0 2.3 11 3 2 5.3
02.07.14 0 0 0 0.6 10 3 3 53
08.07.14 0 0 0 0 13 2 0 5
15.07.14 2 0 0 0.6 7 1 2 3.6
22.07.14 5 0 2 23 25 5 11 13.6
30.07.14 3 2 0 1.6 30 7 3 13.3
05.08.14 0 1 0 0.3 5 4 2 3.6
11.08.14 0 0 0 0 3 2 11 53
27.08.14 0 0 0 1 0 1
03.09.14 0 0 0 0 2 0.6

BCET0 112 40, 3 707 251.3

Tabsmmna 2. Buonornyeckoi 3ppexTHBHOCTH MeTO[ CTEPUIU3ANUS CIAUBOBOM

IIOA0KOPKH,

cauBoBoii cax OO0”.Arpo6puo” nenrpajibHas 30Ha Mool 2014

Bapuanr onbiTa

Yucao mnjaoaos, (IIT.)

buou.

BaHHBIX, (1IIT)

Oocaeno- IoBpexnéHHBIX,

(mT.)

3¢ peKTUBHOCTH
% 10 OTHOIIEHHE K
3TaJIONY, B %

[TepBoe mokomenue 1

V1-XuMudecKuii TaJIOH 300 23 0,66 -

V2-Crepunuszanusi camIiioB 300 0,6 0,1 84,8
Bropoe nokosnenue 2

V1-XuMuueckuii 3TaJIoH 300 4.6 23 -

V2-Crepunusarus caMIioB 300 2,0 0,66 71,3

HpI/IMe‘IaHI/IeZ S(b(i)eKTPIBHOCTB CTCpUIM3ali 10 CPAaBHCHUIO C XUMHWYCCKUM 3TAaJIOHOM
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Pe3yabrarhl ucciienoBaHui

B cimBoBoM cary AOO “Arpobuo” c. bauoit, B LlenTpansHo# 30HbI MOJII0BEI, Ha TLIOIIA/IH
4 ra mpoBOIMJI MCCIIEOBAHUE MO M3y4YEHUE CE30HHOW JIMHAMHUKHU JieTa 0a00YeK CIMBOBOI
TIOJIOKOPKK Ha TONOBBIE (DePOMOHBI W OlCHKE A(PPEKTUBHOCTH METOA CTEpPIIH3AIHS
CaMIIOB B JIOBYIIIKaX, 00pa0d0TaHHBIX OMOpAIMOHATIHEHEIM TIpemapaToM WHcerap, B CHIDKEHUH
TUIOTHOCTH MOMYJISIMI CIIMBOBOM U1010%k0pKu. Havano néra caMIioB CIIMBOBOM MIIO0KOPKU
Ha CHIHAJIbHBIC JIOBYIIKKM oT™MeueHo 29.04.14 (B cpemeM 3 ocoOb / noByiky). [locie gero
JIOBYLIKH 00pa0OTaHHbIE CTEPUIN3ATOPOM PA3BECEIIH 110 BCEMY IKCTIEPUMEHTATEHOMY YUaCTKY
u3 pacuéra 10 wr/ra. Pesynsrarel omioBa 0aboyek Ha KOHTPOJBHBIC JOBYIIKH Ha 000MX
BAapUAHTax Ipe/cTaBieHbl B Tabmuie 1. Yucno oTnoBneHHbIX 0aboyek 3a 5 qHel B cpeqHeM
Ha JIOByLIKY Bapsuposano oT 0,3 1o 26,0. 3a nepuos Beretauuy Ha 3TaTOHHOM BapUAHTE
OTIIOBIEHO 655,2 caMia, a B cpeaHeM Ha JoBymky 218,4. Ha BapmanTe crepuimsaiuy -
203,4 u 67,8 camua. Uto cBuyerenbeTByeT 0 Oonee 3PHEKTUBHOM CHIKEHHH YHCICHHOCTH
BpEAUTENS HA BApUAHTE CTEPUIM3ALMH YeM Ha STAJOHHOM BapuaHTe. DTO MOATBEPAUIOCH U
IPH aHAJIN3E TUI0JI0B HA UX MOBPEKIEHHOCTH CIIMBOBOH ILIOI0KOPKO#L (Tab. 2). Tak , mporeHT
TIOBPEX/IEHHBIX TUIOJIOB HA BApPUAHTE CTEPUIM3AlNU 1O TokoneHus He npesbiman 0,3% u
2,0%, Torma KaKk Ha XUMUYECKOM 3TaJIOHHOM BapUaHTE OH COCTaBMJI COOTBETCTBEHHO 2 % u
7%. buonornueckas 3HeKTHBHOCTD METO/A CTEPIIIN3AINSA CAMIIOB CIMBOBOW TIOJOKOPKH
npeBbicuia 3G PEKTUBHOCT ITAIOHHOTO XUMHYIECKOTO BAPUAHTA 110 MOKONeHUM Ha 84,8% u
71,3%. Bo3moxkHO 1ipu OoJiee BHICOKOW YMCICHHOCTH Pa3HUIIA MEX/y BapHaHTaMK ObLia Obl
MEHee JIEMOHCTPATUBHOM. OTBIT HEOOXOAUMO MMOBTOPHUTH Ha O0JIee OOIIMPHBIE TIOIIAIH.

BriBoabI

JlaHHBIE OTIIOBA CAMIIOB Ha KOHTPOJIbHBIE JIOBYIIKH [OKA3aJIM YTO TIOTHOCTH TOMYJIALIAH
CIIMBOBOM TIIOJI0KOPKM Ha HAyayo OmbiTa Oblia paBHas. B najbHeiliieM Ha XUMHYECKOM
BApUAHTE OHA Hapacraja ObICTPEE YeM Ha BAPUAHTE CTEPUIIM3AIIUY. 3a TIEPHOJ] BEreTallui Ha
ITAJIOHHOM BAapUaHTE OTJIOBICHO Ha 3 KOHTPOJIBHBIC JIOBYIIKH 655,5 camiia , a Ha BapHaHTE
crepunuzanuu -203,4 camia.

[TpolieHT TOBPEXAECHHBIX IJIO0B CIMBOBOM TUIOM0KOPKOW MO BapuMaHTaM B TEPBOM
TIOKOJICHUH COCTaBIUT: Ha 3TanmoHe 2%, B ombiTe 0,3%; BO BTOPOM MMOKOJICHHUH - Ha 3TaJOHE
7% n B ombite 2%. DHHEKTHBHOCT CTEPUITH3AIIHS 110 TIOKOJICHUSIM cocTaBma 85-71.3%.
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Introduction

The pollution of soil with heavy metals is a global concern as a result of the human
activities, in particular by the extraction and processing of raw materials, transport,
urban areas etc. Although the current technologies for the cleaning of the contaminated
areas such as mechanical isolation, pyrometallurgical separation or chemical treat-
ment are effective, they are usually expensive with a high consumption of time and
resources. More recently, the use of plants for the metal extraction (phytoremediation)
has emerged as a promising alternative in removing the excess of heavy metals from
the soil and water [7]. Examples of such species are Salix alba, Helianthus annuus,
Brassica juncea, Arabidopsis halleri etc. A special interest may be granted to species
that grow in substrates with high concentrations of potentially toxic chemicals and also
can produce bioactive compounds. This is applicable to compounds that do not change
their composition from the presence of the high concentrations of potentially toxic
substances from the substrate, and are produced in large quantities such as essential
oils [10].

The basil, Ocimum basilicum L., belongs to the Lamiaceae family and is native to
India and China and today is spread in almost all countries around the globe [8]. Some
experimental studies demonstrate the ability of basil to remediate the environment pol-
luted with heavy metals, nitrates and pesticides [3]. The essential oil produced by the
basil plants is used in traditional medicine, cosmetics, aromatherapy, showing antimi-
crobial activities, insecticidal, antioxidant, etc. [13, 17].

Cerium (58Ce 1ao.11¢) 18 the most abundant of the rare Earth elements, about 50 ppm
in the Earth’s crust and is used in the composition of metal alloys, for the better heat
resistance, oxidation and better control shape of steel, polishing and discoloration of
glass, auto catalysts, ceramic coatings, polishing precious stones, capacitors, semicon-
ductors, etc. Pollution sources with this element are: cerium ore exploitation and refin-
ing, field leakage of coal and plant biofuel, improperly disposed devices [11].

The aim of this paper was to assess the ability of two basil cultivars to germinate
and grow under an artificially contaminated substrate with cerium and to sustain any
further testing in this regard.

Material and methods

The material used was represented by seeds two basil cultivars (Ocimum basilicum
L.), Sweet Genovese and Red Rubin, obtained from Seedaholic.com Ireland. Sweet
Genovese variety presents a mature height between 35-45 cm, requiring 3-6 days for
germination and is green leaves cultivar. Red Rubin cultivar reaches at maturity a
height between 60-75 cm, with the leaves and stems of purple pigmentation.

Germination and growth of the plants was carried out in Petri dishes of 9 cm di-
ameter on filter paper (25 seeds per plate, 3 replications per treatment). The treatments
consisted in application of different concentrations of Ce (10, 20, 50, 200, 400 mg / 1
Ce), prepared from the Ce,(SO3), * 8H,O, or distilled water for control version, the
solutions were applied in a “volume of 4 ml / plate. To ensure uniformity in the growth
conditions a growth chamber was used (Snijders Scientific) with a photoperiod of 12h:
12h, temperature 22-24 °C, and humidity 60%.
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The number of germinated seeds was recorded daily until the 8th day inclusive.
The length of root and hypocotyle and the fresh biomass were recorded at 8 days after
the experiment installation. For the anatomical analyses, the vegetal material has been
fixed and preserved in 70% ethylic alcohol. The sections were cut (roots and hypoco-
tyls of the plantlets) with a microtome and a botanical razor. The obtained sections were
then colored with iodine green and ruthenium red. The micrographs were performed
by means of a Novex (Holland) microscope, using a Sony (Cyber-shot) camera. For
statistical analysis, ANOVA and Tukey tests were used at p < 0.05.

Results
The number of germinated seeds recorded after 8 days of the experiment is shown
in Table 1. It was found that treatment with different concentrations of cerium influ-
enced the number of germinated seeds compared to control, but these differences are
not statistically significant. The percentage of germinated seeds was between 84% and
89.32% for Sweet Genovese, 73.32% and 90.64% for Red Rubin.

Table 1. The number of germinated seeds in Sweet Genovese and Red Rubin at
different Ce concentration after 8 days

trf:{;‘e‘l‘l‘ts 0 mg/l 10 mg/l 20 mg/l 50mg/1 | 200mg/1 | 400 mg/!
Sweet 22,33+£2 | 21,66+0,88

Genovese | 22:33£1,45 [ 210,88 ns | 22+1ns | 22+1,15ns o s

Red Rubin | 18,33+1,45 | 210,88 ns | 19:00+0.57 | 21.66+1.33 1 212088 | 55 6640 ns

The values are means of 3 replication + standard error (25 seeds / replicate); ns — no statistical significance
according to the Tukey Test (p<0, 05.)

Morphometric evaluation of the plantlets

The length values of the vegetative organs of the basil plantlets are presented in
Table 2 and Table 3. Root elongation was reduced between 17,43% and 85,82% com-
paring with the control plantlets from Sweet Genovese and with 19,31% to 75,87%
for Red Rubin at the 20 — 400 mg/I Ce treatments. At 10 mg/l Ce the root length had
comparable values with the control for Sweet Genovese and increased values with
14,48% compared to control without a statistical significance in the case of Red Rubin.
In Figure 1 are presented the basil plantlets on the Petri dishes after 8 days of cerium
treatment. At the concentration of 400 mg/l of cerium, plantlets are visible smaller in
length for both cultivars.

Table 2. The root length (mm) of Sweet Genovese and Red Rubin cultivars at different Ce

concentration
goerium | mg) 10 mg/l 20 mg/1 50mg! | 200mg1 | 400 mgn
Gslvl‘;e\?:se 22.56:0,83 22,4;:;0,74 18,63::1,04 1842*:|:1 7,06&0,79 3,21:2,51
Red Rubin | 24.86+1,41 28,4?1:;:1,25 20,06::1,28 15219,8 8,5::2,77 6:|:>!(<)%65

The values are means of 3 replication + standard error (25 seeds / re[)licate); * - significant statistical
differencens (E < 0,05); ** - significant statistical differences (p < 0,01); ns — no statistical significance
according to the Tukey Test

The hypocotyls length of Sweet Genovese was reduced with 20,07% comparing
to control at 200 mg/l Ce and with 45,37% at 400 mg/l Ce. The 10 — 50 mg/1 Ce treat-
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ments did not influence the hypocotyls length. The 200 and 400 mg/l Ce treatments
reduced the hypocotyls length of Red Rubin with 21, 98% and 20,70% comparing with
the control. For the same cultivar, the 10 mg/l Ce treatment increased the hypocotyls
length comparing with the control with 28,75%.

Fig. 1. The morphology of basil plantlets treated with different cerium concentrations.
A — Sweet Genovese Control; B — Red Rubin Control; C — Sweet Genovese 400 mg/ 1 Ce; D — Red Rubin

400 mg/1 Ce.

Table 3. The hypocotyls length (mm) of Sweet Genovese and Red Rubin cultivars at dif-
ferent Ce concentration

Cerium
treatments 0 mg/l 10 mg/l 20 mg/1 50 mg/1 200 mg/l 400 mg/l

Sweet 5,66+0,25 6,2+0,30 |5,73+0,23 | 5,06+0,22 | 3,46+0,12

6,33+0,25
Genovese ns ns ns ** **
+ + + =+ +
Red Rubin | 5.46+0,19 7,03**0,23 5,63+0,33 | 4,6+0,16 4,26**0,24 4,33**0,16
ns ns

The values are means of 3 replication + standard error (25 seeds / replicate); * - significant statistical differ-
ences (p < 0,05); ** - significant statistical differences (p<0,01); ns — no statistical significance according

to the Tukey Test

Concerning the biomass the cerium treatments acquired statistical significant dif-
ferences only at 200 and 400 mg/l Ce for Sweet Genovese. All the other treatments
were comparable to the control (Table 4).

Table 4. The biomass (mg) of Sweet Genovese and Red Rubin cultivars at different Ce

concentrations
Cerium
treatments/ 0 mg/l 10 mg/l 20 mg/1 50 mg/l 200 mg/1 400 mg/l
Cultivars
Sweet 13.61+0.64 15,89+0,69 | 12,14+0,43 | 13,27+£0,52 | 10,74+0,57 | 10,08+0,41
Genovese ’ ’ ns ns ns ok ok
. 13,61+£0,42 | 11,53+0,21 | 13,44+0,61 | 2,1+0,42 9,41+0,50
Red Rubin | 12,57+0,58 s s s s s

The values are means of 3 replication + standard error (25 seeds / replicate); * - significant statistical differ
ences (p < 0,05); ** - significant statistical differences (p< 0,01); ns — no statistical significance according
to the Tukey Test

The effects of the cerium treatments on the basil plantlets presented a correlation with
the investigated morphological parameters depending on the Ce concentrations. The corre-
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lations are negative, moderate to strong, for the root and the hypocotyls length and the fresh

biomass (Table 5).

Table 5. Pearson correlation coefficient of cerium treatments concentrations and the inve

tigated morphological parameters

Cultivar/Parameter Root length Hypocotyle length Fresh biomass
Sweet Genovese -0,95 -0,97 -0,80
Red Rubin -0,86 -0,65 -0,90

Anatomical evaluation of basil plantlets under cerium treatments. After the applica-
tion of the cerium treatments the anatomical structure of the basil plantlets was analyzed and
the images of the sections are presented in Figures 1 to 5. The root structure is described in

Table 6 and the structure of the hypocotyls in Table 7.

Fig. 2. Root structure of basil
plantlets in control.
A — Sweet Genovese (100x); B - Sweet Genovese (400x); C A — Sweet Genovese SOOX ; B - Sweet Genovese (400x); C

—Red Rubin (100x); D - Red Rubin (400x). (Ep-epidermis, Co-
cortex, En- endodermis, Pr- pericyc, Ph- phloem, Xy- xylem)

antlets in control.

Fig. 4. HyPoco le structure of basil
p

A — Sweet Genovese (100x); B - Sweet Genovese (400x);

C—Red Rubin (100x); D - lg
trichom, Gl- glandular trichom,
En- endodermis, Pr- pericycle,

M- medulla)
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Table 6. Anatomical root features of basil plantlets

Treatment /
Cultivar

Sweet Genovese

Red Rubin

Control
(H20)

The rhizodermis presents numerous
root hairs very long; the cortex is dif-
ferentiated into three sub areas: exoder-
mis, single ply, having cell walls with-
out suber; cortex is very thin; endoderm
cells with very high radial Caspary
thickening walls; the stel is diarh type
structure, highlighting the two phloem
bundles and two xylem bundles;

The structure is similar to the root
of Sweet Genovese except that cells
of the rhizodermis are smaller, the
exodermis cell walls are lightly
suberificated, cortex cells are longer
and medulla place is occupied by
the newest vessels of metaxylem in
contact one with other.

10 mg/1 Ce

The root hairs are extremely numer-
ous, exodermis has large cells; the
cortex is very thick, emerges radial
Caspary thickening in their walls; In
this way, compared to the control the
treatment increase the thickness of the
root.

The cortex is thinner with 3 to 4 lay-
ers and less visible Caspary thicken-
ings; the root hairs are rare;

20 mg/l Ce

The cortex is thinner.

The root hairs are rare and shorter.

50 mg/l Ce

The root hairs are rare but longer.

The root hairs are rare but longer

200 mg/l Ce

The root hairs are rare

The root hairs are rare

400 mg/l Ce

The root hairs are rare; the cortex is
thicker, 4-5 layers, and the number of

the xylem bundles is grater 13 tol4.

The root hairs are rare, thicker and
shorter.

Table 7. Anatomical hypocotyle features of basil plantlets

Treatment /

Sweet Genovese

Red Rubin

Variety
The epidermis has uniseriated pluricel- | The hairs are frequent, with dif-
lular hairs, the cortex is thick, the en- | ferent lengths and very thick, rare
Control | dodermis has cells with visible Caspary | glandular trichoms, with a swollen
(H20) thickenings, the stele presents two xylem | cuticle on the glandular cells, the
bundles and the phloem bundles under- | stele structure is similar to root
went a division and there are four bun-
dles.
The hairs are numerous and shorter (2-4 | Rare tectorial and glandular tri-
10 mg/l Ce cells); choms, the xylem bundles have
8 fewer vessels with thinner walls
lightly lignified.
More numerous tectorial trichoms The hairs with different sizes, rare
20 mg/l Ce glandular trichoms, very thin cor-
tex and thicker stel
Longer hairs and visible short and plu- | Numerous hairs and rare glandular
50 mg/l Ce ricel%ular glandular hairs P hairs s
Very numerous tectorial trichoms and | Rare hairs
less numerous glandular ones, the stele
structure is different because the two
200 mg/1 Ce | xylem bundles are divided and the two
halves are rotated with protoxylem ves-
sels next to medulla and metaxylem ones
close to cortex.
Similar structure to 200 mg/l Ce and the | The hairs are numerous with differ-
400 mg/l Ce medulla has more cells s

ent lengths and rare glandular hairs
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Discussions

The obtained values indicate that the analyzed basil varieties may germinate in the
presence of cerium without being significantly affected. Also, the relatively normal
development in terms of morphology of the basil plantlets at concentrations up to 50
mg / | of cerium may indicate the presence of some physico-chemical or physiological
mechanisms that allow the plants to reduce the toxicity of this metal. The ability of the
basil to grow and develop under contaminated substrate is known for different pollut-
ants. The basil is a tolerant plant, growing in some substrates containing up to of 10-25
mg / kg of Cr, Pb, Ni, Cd, with stimulating effects in regard to certain morphometric
parameters and the production and composition of the essential oil [9].

In our study, we found that the cortex of the treated plantlets with a solution of
cerium was thicker than that of the untreated plantlets. Also there are more numerous
Caspary thickenings and xylem bundles. The anatomical structure of the hypocotyls
revealed a stress reaction to the treatment with the cerium solution by thickening of the
cortex and an increased number of tectorial trichome on the surface of the epidermis,
which has a protective role [15]. These findings are similar with other studies. Gomes et
al., 2012 [5] found that the root endodermis and epidermis of Pfaffia glomerata treated
with 90 umol Cd/l was thicker than that of untreated plants and suggests a possible role
of the endodermis in limiting cadmium translocation to shoots.

The basil seeds produce mucilage when are in direct contact with water. Such mu-
cilage has a composition high in pectin and uronic acids [2, 14]. The presence of mu-
cilage at the time of germination can thus contribute to adsorption of toxic elements by
the compounds stated above, as is the case of copper [6], allowing relative germination
and growth in optimal conditions. In the case of chromium, it is considered that the
formation of deposits in the periplasmic region of the root cortical cells is a mechanism
that maintains a low concentration of this metal in the cytoplasm, contributing to meta-
bolic detoxification [1]. However it is believed that the same mechanism is involved
in detoxification of other elements such as Cu, Zn, Co, Ni, Mo. For Cu and Zn, where
basil can reduce the toxicity by confining these elements in the cellular wall, process
confirmed by radioisotope studies, showing that pectins and uronic acids have a high
affinity for these metals [12]. Cerium is a rare metal, found in the Earth’s crust in con-
centrations up to 60 mg / kg. It is considered alongside other rare metals as a possible
fertilizer at low concentrations, stimulating germination of rice seed [4]. Although rare
metals toxicity is not as high as that of other elements, their increasing use in differ-
ent industries may increase the risks associated with these metals [11]. Using plants as
methods for decontamination of polluted substrates can bring a number of advantages
over other technologies, among which reduced costs and increased sustainability. In
this respect, particular interest can be given to the plants that can be grown on polluted
substrates then use as a raw material source containing no contaminants [7].

Basil falls into this category since the volatile oil is free of contaminants and oil
production can be developed under relative optimal conditions in the presence of met-
als such as Cd (up to 10 mg / I) Cu (up to 150 mg / I) Pb (at concentrations up to 500
mg /1) and As in concentration of 25-100 uM [16].

The obtained values in terms of germination and growth of the analyzed basil varie-
ties in the presence of relatively high concentrations of cerium may indicate that basil is
a potential species that can grow in substrates contaminated with this element. Detailed
analysis is needed, both physiological and biochemical, to establish this potential.

Conclusions
Genovese and Red Rubin cultivars grow normal in condition of cerium treatments
at the concentration of 10, 20 and 50 mg / 1 and higher cerium concentrations 200 and
400 mg / 1 exert an inhibitory effect on the growth of the two basil cultivars. The ana-
tomical structure revealed a stress reaction to the treatment with the cerium solution by
thickening of the cortex, increased number of tectorial tricome and a decreased number
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of root hairs.
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Introduction

Cyanobacteria are an important group of microorganisms that play crucial role in
both terrestrial and aquatic ecosystems. Species are beneficial as a food source, as well
as producers of carotenoids, antioxidants and other secondary metabolites.

A phylogenetic approach may be an indispensable tool to detect strains of potential
value for the production of various secondary metabolites and to insure the quality and
safety of biological products. However, most existing phylogenetic studies lack preci-
sion and use mostly rDNA or single gene approaches, thus preventing a more detailed
understanding of the cyanobacteria evolutionary trajectories.

Advances in molecular and genome studies have revealed the main genes involved
in different stages of secondary metabolites production. Several genes have been iden-
tified de novo in triacylglycerol (TAG) biosynthesis pathway and are known to be in-
volved in lipid synthesis (rbsL, me g6562, accA, accD, dgat g2354, dgat g3280, gat
27063), production of malic enzyme subunits (ACCase and diacylglycerol acyl trans-
ferase), and carotenoid synthesis (crtB, crtP, crtQ-1, crtQ-2, crtL, crtL-2, crtO, crtR).
The first two gene groups are well studied in relation to biofuel production, while the
third group has been widely employed in the pharmaceutical, cosmetics, and food in-
dustry for natural dyes and antioxidants.

Carotenoids are a specific metabolite involved in the photosynthesis performed by
cyanobacteria. The carotenoids serve as light-harvesting pigments in photosynthesis,
and protect the cells against photooxidative damage [4]. Carotenoids play a central
role in the deactivation of 3Chl* and 102*, and the reduction of reactive oxygen spe-
cies (ROS) formation due to the thermal dissipation of excess light energy at the level
of 1Chl* [6]. In addition carotenoids are able to mitigate the effects of ROS such as
superoxide and peroxilipids radicals [3, 11, 14].

In cyanobacteria, various carotenoids have been identified, including the unique
ketocarotenoids, echinenone and 4-ketomyxol, and the carotenoid glycosides, myxol
glycosides and oscilloldiglycosides (B-carotene, B-criptoxanthin, zeaxanthin, calox-
anthin, lutein, lycopene, nostoxanthin, echinenone, canthaxanthin, 3-OH echinenone,
deoxymyxol, myxol, ketomyxol, hidroxymyxol, oscillol etc.). Major carotenoids in cy-
anobacteria include b-carotene, its hydroxyl and keto derivatives, and the carotenoid
glycosides [16]. It is well known that the carotenoid composition depends on growth
conditions such as light intensity, growth stage, composition of nutrient medium, and
intensity of ROS formation [5, 9, 10]. However, the diversity in carotenoid composition
might be due to the presence of specific carotenogenesis pathways.

In the biosynthesis pathway of carotenoids, four enzymes convert geranylgeranyl
pyrophosphate to f-carotene: phytoene synthase phytoenedesaturase, C-carotene desat-
urase and lycopene cyclase. Four desaturation steps are needed in the conversion from
phytoene to lycopene, and two distinct pathways are known among cyanobacteria: the
plant type and the bacterial type [16]. The plant-type requires three enzymes: CrtP
(phytoenedesaturase), CrtQ (z-carotene desaturase) and CrtH (cis-carotene isomerase),
and the bacterial type uses only one enzyme, Crt/ (phytoenedesaturase) to convert phy-
toene to lycopene. The bacterial type is rarely found in cyanobacteria, and only in
strains which retain ancestral properties of carotenoid biosynthesis. These observations
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suggest that in the evolution of cyanobacteria species, the gene Cri/ was replaced by
CrtP [19]; and that the gene CrtP is found throughout species of cyanobacteria, play-
ing an important role in the synthesis of carotenoids. For these reasons, a phylogenetic
approach can be used to detect potentially efficient carotenoid producers as well as
identify unknown isolates and suitable primers for screening for useful genes.

Materials and methods

Genes CrtP of 14 cyanobacteria were found using BLAST search algorithm [1]
of Anabaena sp. PCC 7210 CrtP from NCBI Nucleotide database. For all samples
(excluded uncultured bacterium and identical Anabaena = Nostoc PCC 7120 samples)
corresponding 16S sequences were found (Table 1). Resulted sequences (15 for crtP1
and 13 for rRNA small 16S subunit) were combined in correspondent single text files
(format fasta) and aligned using MUSCLE 3.5 [2] in Mesquite 3.03 [8]. Alignments
were examined visually and ambiguous regions were adjusted manually resulting in
1350 characters from 1910 base pairs alignment total length for c7¢PI and 1479 vs.
1489 nucleotide base pairs for rRNA 16S. Maximum Likelihood (ML) approach was
applied to generate phylogenetic trees using GARLI 1.1 [20]. We run 5000000 itera-
tions using GTRGAMMA rates model. Phylogenetic support was assessed by 100 rep-
lication of bootstrap analysis using PAUP* 4.0a109 [13].Conserved regions in CrtP
alignment were found visually based on identity of first and second codon positions
with no or some differences (less than in five sequences from 15) in third codon posi-
tions.

Table 1. Sequences of crtPI gene and rDNA small 16S subunit used for phylogenetic analysis

Species Strain CrtP 16S rRNA
Accession #/ posi- | Product/ Protein | NCBI Reference | Product
tion in genome ID Sequence
Anabaena sp. | PCC Y15114 phytoene See Nostoc 1bid.
7120 desaturase sp.PCC 7120
CAB56040.1
Anabaena PCC | CP003659 Reg. phytoene KM019919.1 168 ri-
cylindrica 7122 4412834.. desaturase bosomal
4414607 AFZ59250.1 RNA
Anabaena ATCC | CP000117 Reg.: phytoene NR_074300.1 16S ri-
variabilis 29413 6025392.. desaturase bosomal
6027184 BAB73531.1 RNA
Calothrix sp. PCC | CP003943 Reg.: | phytoene phy- [ NR 102891.1 168 ri-
7507 4124330.. toene desaturase bosomal
4125464 CAB 56040.1 RNA
desaturase AFY
34025.1
Cylindrosper- | PCC | CP003642 Reg.: phytoene NR 102462 168 ri-
mum stagnale | 7417 3596561.. desaturase bosomal
3597711 AFZ25297.1 RNA
Geitlerinema | PCC [ CP003591 Reg.: phytoene NR 102448.1 168 ri-
sp. 7407 1360418.. desaturase bosomal
1361866 AFY65636.1 RNA
Nodularia CCY | CP007203 Reg.: phytoene CP007203.2 168 ri-
spumigena 9414 2429160.. desaturase Reg 1454563... | bosomal
2430283 AHJ28780.1 1456044 RNA
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,Nostoc azol- | 0708 | CP002059 Reg.: phytoene NR 074259.1 168 ri-
lae’ 2958611.. desaturase bosomal
2960379 ADI64708.1 RNA
Nostoc PCC | CP001037 Reg.: | Amine oxidase | NR 074317.1 168 ri-
punctiforme | 73102 3436797.. ACCS81307.1 bosomal
3438236 RNA
Nostoc sp. PCC | CP003548 Reg.: phytoene CP003548.1 16S ri-
7107 4841724.. desaturase Reg. 201748... | bosomal
4843495 AFY44694.1 203226. RNA
Nostoc sp. PCC BA000019 phytoene NR _074310.1 168 ri-
7120 | REG.: 2196420.. desaturase bosomal
2198212 BAB73532.1 RNA
Nostoc sp. PCC | CP003552 Reg.: phytoene CP003552.1 16S ri-
7524 5638496.. desaturase Reg. bosomal
5640281 AFY50457.1 2137997... RNA
2139363
Oscillatoria PCC | CP003607 Reg.: phytoene NR_102463.1 168 ri-
acuminata 6304 1499581.. desaturase bosomal
1500940 AFY80941.1 RNA
Rivularia sp. PCC | CP003549 Reg.: phytoene NR 102458.1 168 ri-
7116 5251957.. desaturase bosomal
5253652 AFY56622.1 RNA
Uncultured clone | KP445989 Reg.: | phytoene desatu- n. a. n. a.
bacterium 66415 5912..7700 rase

n. a. — not applicable

Results and discussions

We conducted an ML analysis of gene crtP/ on 15 cyanobacteria samples in order
to reveal phylogenetic relationships between these taxa. Closely related taxa in which
the CrtP gene had not been previously described, should contain copies of the gene that
vary only slightly. An ML analysis of the gene Cr¢P in 15 taxa of cyanobacteria has
shown that the placement of species on a phylogenetic tree does not necessarily corre-
spond to their taxonomical affiliation (Fig. 1). Although Anabaena group (three taxa) is
basal for the whole tree, it includes one of the Nostoc samples (PCC7120) and does not
have any significant statistical support. Other Noctoc CrtP genes are dispersed all over
the tree and do not build any stable clade. Additionally, Nostoc Cr¢P genes are located
together with any other gene isolated from this genus. This tree topology might be a
result of misidentification, but more likely it reflects some problems in the current taxo-
nomical boundaries of the genus Nostoc. We observed similar patterns for Anabaena
samples (Fig. 1). These two cyanobacteria groups might be artificial and polyphyletic,
supported by 16S and %etR single gene phylogenies [18], and a genome-wide cyano-
bacteria phylogeny [12]. Another explanation for the scattered placement of Cr¢P in
taxonomically closely related taxa might be horizontal gene transfer. However, more
isolates and genes should be included in such an analysis to detect possible horizontal
gene transfer events in the evolution of branching filamentous cyanobacteria.

In addition, the topology of Cr¢P and 16S trees is not symmetrical (Fig. 1-2). Simi-
larly, on both trees, Geitlerinema and Oscillatoria are nested together and this clade
has significant bootstrap support. In general, Cr¢P tree has more statistical support
compared to rDNA 168 tree, mostly because of more conserved and similar sequences,
which produced better alignment. For other taxa that follow some similarity in topol-
ogy amongst separate clades, sample placement impedes phylogenetic resolution. This
might be due to different evolutionary trajectories of Cr¢P and the small ribosomal
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subunit. Our trees are also difficult to compare with other phylogenetic schemes of
branching filamentous cyanobacteria [Tomitany 2007; Shih et al. 2012] mostly due to
sampling quantity. Nonetheless, a common feature to all trees discussed here is wide
scale polyphily of various taxa, as shown in data sets of Anabaena and Nostoc (Fig.

— CP000117 Anabaena varigbilis ATCC29413

CPO03552 Nostoc sp, PCC7524

CP003549 Rivuiaria sp. PCC7116

| CP003591 Geitlerinema sp. PCC7407

CP003607 Oscillatoria acuminata PCC6304
CP002059 ‘Nostoc azollae’ 0708

CP003642 Cylindrospermum stagnale PCC7417

CP003943 Caiothrix sp. PCC7507

CP007203 Nodularia spumigena CCY9414
r KP445989 Uncultured bacterium clone 66415
CPO01037 Nostoc punctiforme PCC73102

CP0O03548 Nostoc sp. PCC7107

CP003659 Anabaena cylindrica PCC7122

BAD00019 Mostoc sp. PCC7120

¥15114 Anabaena sp. PCC7120 0.09

Figure 1. ML tree of crtP1 gene for 15 cyanobacteria isolates. Thick lines show the branch-
es with sufficient (over 70%) bootstrap support.

CP003552 Nostoc sp. PCC7524

NR_074317 Nostoc punctiforme PCC73102

NR_102448 Geitlerinema sp. PCC7407

NR_102463 Oscillatoria acuminata PCC6304

NR_102891 Caiothrix sp. PCC7507

CP0020589 ‘Nostoc azollae” 0708

CP007203 Nodularia spumigena CCY9414

KM19919 Anabaena cylindrica PCC7122

[ NR_102462 Cylindrospermum stagnale PCC7417

NR_102458 Rivularia sp. PCC7116

NR_074300 Anabaena variabilis ATCC29413

444303888 Nostoc sp. PCC7120

CP003548 Nostac sp. PCC7107 0.02

Figure 2. ML tree of 16S rRNA gene for 13 cyanobacteria isolates. Thick lines show the
branches with sufficient (over 70%) bootstrap support.

Phylogenetic analysis can be helpful in the identification of unknown isolates. Thus
on our tree, the CrtP gene of an unknown bacterium (clone 66415, acc. # KP445989)
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is nested together with the gene of Nostoc punctiforme. These sequences possibly rep-
resent the same or closely related species - for example, the sequences of Anabaena sp.
PCC 7120 (acc. # Y15114) and Nostoc sp. PCC 7120 (acc. # BA000019) are identical
as Kaneko et al. (2001) suggest; they occupy the same position on the tree [7].
Alignment of amino acid sequences of the genes can also be used for primer de-
signed to screen useful genes for DNA amplification. For the CrtP gene we have de-
termined the fragment with total length 1350 nucleotide base pairs (450 amino acids)
with no introns and a uniform structure, excluding Anabaena cylindrica (strain PCC
7122, genome acc. # CP003659) which contains a small insert of seven amino acids in
the beginning of the sequence following the first conserved region. Both starting and
ending part of this fragment with length of 39 nucleotide base pairs are well conserved
(same amino acids with no changes or minor differences in 3rdcodon positions) are
very suitable for primer design. The total length of the fragment allows significant
overlap for its amplification using forward and reverse Sanger sequencing (200-300
bp). This fragment contains seven other well conserved regions each with a length over

20 nucleotides that is needed to cover the sufficient primer length (Fig. 3).

Mesquite File Fdit Characters Taxa®Trees Matrix Select  Analysis Window Help D8 D I FH=
ortPl_aa alignCUT.nex

Taxon | Charcter

| L [¥15114 Anabaena PCCTZLO
1| CPO00117_Anabaena_aria bilis_&
fF 3| Crooiesa_Anabaena_odindrica PO
| 4 |BADDODIS Mostoc PCC7120

|

acter Martrix 1
| 5 |CPOD3552 Nostoc PCCTS24

=
= TCPDDJSAS_MstuL_MCFJD?
Ay | 7 | CPODI037_Mostoc_nunctiforme_PC
| & |CPoO2055 Nostoc azollae_ 0708
| 9 |KP495363 Unc bart 65415
| 1D | CPODIEL? Cylindros permurn_stagrial
- | 11 | CPODIOH3 Calothrix_PCC7S07 A
| 12 |CPorige7 Osdllateria_acuminaia_Pod
| 13| CPDOT203_Kodularia_spumigens_CCY
| 14 | CPODIG49_Rivularia_PCC7116

Fig. 3. Alignment of crtP1 gene with starting region (positions 1- 39) quite suitable for
primer design.

Thus, phylogenetic analysis of single gene sequences of our selected data set can
be useful in three instances: 1) targeting of prospective candidates of useful metabolites
through revealing the phylogenetic relationships between them, 2) identification of un-
known isolates, 3) screening of targeted genes using PCR methods.
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Introduction

In the development of life throughout the Earth’s history, during a long-term evolu-
tion, all existing organisms, in one way or another, have fully adapted to the various
environmental conditions on our planet [1]. The living organisms have had to adapt not
only to the physicochemical conditions, such as temperature, pressure, composition of
the atmosphere, light, and humidity, but also to the natural fields of the Earth: geomag-
netic, gravitational, electrical, and electromagnetic fields. The living organisms have
evolved in an environment characterized by the presence of low-intensity electromag-
netic fields, such as the Schumann waves (7.8-0.8 Hz) [2]. Everything that happens in
the cells of living organisms is associated with these natural fields.

Within a relatively short historical period, the technogenic human activities have
had a significant impact on natural objects and thus dramatically upset the delicate bal-
ance between the living organisms and the environmental conditions, which has been
formed over thousands of years. This factor has led to many irreparable consequences,
in particular, to the extinction of some animals and plants, numerous diseases, a reduc-
tion in the average duration of life of people in some regions, and infertility. In recent
decades, research into the effect of natural and anthropogenic factors on the human
body and other living organisms has been conducted [3].

In modern life, people are constantly being faced with the conditions in which the
natural electric field of the atmosphere can be shielded or distorted by metal roofs of
houses, reinforced-concrete buildings, vehicles, etc. Electric fields are absent in sub-
marines and spacecrafts, where the plants will play an important role in the regenera-
tion of the gas composition and the replenishment of food products in the future [4,
5]. Therefore, the biological role of natural electric fields in the life of organisms, in
particular plants, is an urgent problem.

Along with the natural fields, there are artificial technogenic fields produced by the
operation of commercial frequency generators, microwave and EHF devices, transmit-
ters, etc. In addition, the frames of reinforced-concrete buildings partially shield and
partially distort natural electromagnetic fields [6, 7] and thus inflict harm to living
organisms. This effect is of particular importance to growing organisms which undergo
constant cell division and to the regeneration and reproduction processes in mature
organisms.

In recent decades, these processes have been the subject of many scientific stud-
ies.

It is known that exposure to low-frequency low-intensity fields has beneficial ef-
fects on seed germination and plant growth [8, 9]. In our studies of this phenomenon,
we used a magnetic field with a flux density of 40-50 uT and a frequency of 1-10 Hz for
the pre-germination treatment of dry seeds for 1 h. Positive results were obtained with
respect to some parameters, such as seed germination, growing capacity, germination
uniformity, yielding capacity, and growing season length. In addition, the differences
induced by the energy component in the zone of seed treatment with a field with the
above parameters were identified.

Treatment was conducted in buildings made of white ashlar limestone in environ-
mentally safe regions of the city, in open areas in the field, in various parts of an indus-
trial reinforced-concrete building with a high level of electromagnetic interference, and
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in a special shielded room. Despite the fact that a magnetic field with fixed parameters
was used in all the experiments, results of these experiments were different.

Material and methods

Seeds of wheat of the Odesskaya 51 cultivar were taken for the experiment. Seed
germination was conducted in Petri dishes on moist filter paper. The seeds taken as a
reference sample were not subjected to any treatment. Ordinary tap water was used for
moistening. In the experiments, dry seeds placed in Petri dishes were treated for 1 h;
after that, the seeds were moistened and left to germinate.

Experiment 1: treatment and germination in limestone house no. 1 in an environ-
mentally safe region of the city.

Experiment 2: treatment and germination in a room in an industrial reinforced-
concrete building on the side facing the television tower located at a distance of 300 m
from the building.

Experiment 3: treatment in a room in an industrial reinforced-concrete building on
the side facing the television tower; germination in a grounded metal cabinet.

Experiment 4: treatment in a room in an industrial reinforced-concrete building on
the side opposite of the television tower; germination in a grounded metal cabinet.

Experiment 5: treatment and germination in limestone house no. 2 in an environ-
mentally safe region of the city in the zone of action of a constant magnetic field gener-
ated by home appliances (column loudspeakers).

Seed germination percentage and sprout length were measured in the experiments.

Results
100 - 100 +
80 1 304
6017 60 |
4047 Oexperiment 0 O experiment
L~ H reference B reference
20+ 20
0- 0.
Germination Sproutlength
parcentage

Fog. 1. Experiment 1.

The “Germination percentage” diagram shows the results of comparative calcula-
tion of the percentage of germinated seeds on the 7th day in the experimental and refer-
ence samples.

The “Sprout length” diagram shows the results of calculation of the percentage of
seeds in which the sprout length is greater than the average sprout length in this experi-
ment.

The results show that, under natural environmentally safe conditions, the seeds in
the experimental sample exposed to a positive effect of the magnetic field give better
results than the seed of the reference sample.

The “Germination percentage” diagram shows the results of the comparative cal-
culation of the percentage of germinated seeds on the 7th day in the experimental and
reference samples.

The “Sprout length” diagram shows the results of calculation of the percentage of
seeds in which the sprout length is greater than the average sprout length in this experi-
ment.

The experiment was conducted in the presence of various technogenic fields (elec-
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trical power cables, reinforced-concrete building fittings, emissions of television trans-
mitters and retransmitters). The results show that the seeds in the experimental sample

were more sensitive to external fields, including harmful technogenic emissions.
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Fig. 2. Experiment 2.
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Fig. 3. Experiment 3.

The “Germination percentage” diagram shows the results of the comparative cal-
culation of the percentage of germinated seeds on the 7th day in the experimental and
reference samples.

The “Sprout length” diagram shows the results of calculation of the percentage of
seeds in which the sprout length is greater than the average sprout length in this experi-
ment.

In the experiment, the magnetic field treatment was conducted with the above pa-
rameters in the presence of technogenic fields (similar to Experiment 2), while germi-
nation was conducted in a grounded steel cabinet to exclude the impact of any external
fields.

The results on the germination percentage were better in the reference sample. The
data on the sprout length in the experimental sample were better than in the reference
sample.

The “Germination percentage” diagram shows the results of the comparative cal-
culation of the percentage of germinated seeds on the 7th day in the experimental and
reference samples.

The “Sprout length” diagram shows the results of calculation of the percentage of
seeds in which the sprout length is greater than the average sprout length in this experi-
ment.

In this experiment, treatment was conducted under conditions of a significant
weakening of the effect of the television tower, while maintaining all other technogenic
fields. Germination was conducted in a grounded steel cabinet similar to Experiment
3.

The results show that there is no difference in the germination percentage of the
experimental and reference samples, while the number of sprouts with a length greater

175



Journal of ASM. Life Sciences. No. 2(326) 2015 Plant and Animal Biotechnology

than the average sprout length in the experiment is larger in the experimental sample.
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Fig. 4. Experiment 4.
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Fig. 5. Experiment 5.

The “Germination percentage” diagram shows the results of the comparative cal-
culation of the percentage of germinated seeds on the 7th day in the experimental and
reference samples.

The “Sprout length” diagram shows the results of calculation of the percentage of
seeds in which the sprout length is greater than the average sprout length in this experi-
ment.

In this experiment, the effect of a constant magnetic field induced by the magnets
of a home audio system was studied. Treatment and germination were conducted in
close vicinity (0.7 m) to the magnetic field source. The germination percentage of the
experimental sample was lower than that in the reference sample. With respect to the
number of seeds with the sprout length greater than the average sprout length in this
experiment, the results of the experimental sample were also worse than in the refer-
ence sample.

Discussion

To optimize the technique of exposing dry seeds to a low-frequency low-intensity
magnetic field, experiments were conducted under different environmental conditions
associated with the presence of natural and technogenic electromagnetic fields. In the
development of the technique, it was found that the magnetic field treatment of seeds
leads to an increase in the sensitivity of the seed cells to external fields. Seed treat-
ment with a low-frequency magnetic field under natural conditions and germination
under the same conditions (Experiment 1) give a positive effect in the development
of spouts compared to the reference sample because the cells of the germinating seed
receive an additional stimulation pulse. In addition, the response to the harmful effects
of technogenic fields increases. This fact is illustrated by Experiments 2-5, which were
conducted in the presence of various technogenic fields. The development of seeds in
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the experimental samples was worse than that in the reference sample. Thus, seed treat-
ment and germination under the same conditions with exposure to technogenic fields
(Experiment 2) shows a delay in development in the experimental sample with respect
to both seed germination and sprout length in comparison with the reference sample. In
the case of treatment in the zone of action of technogenic fields and germination under
neutral conditions in a grounded metal cabinet (Experiment 3), the results show that, in
the absence of technogenic fields, the experimental sample is superior to the reference
sample in the sprout length and inferior in the germination percentage. In Experiment
4, treatment was conducted at a distance from the television tower; this condition led
to the same results on the germination percentage in the experimental and reference
samples; germination under neutral conditions of a metal cabinet also showed the ad-
vantage of the experimental sample. The experiment (seed treatment and germination)
conducted under the action of a constant magnetic field generated by a home audio sys-
tem yielded results identical to those of Experiment 2, where the seeds were subjected
to technogenic fields of industrial origin.

These facts suggest that, at the initial stage of development of an organism, in the
period of active cell division, the role of the energy component of the environment
becomes more significant. Therefore, the absence of any field of artificial technogenic
origin is of particular importance in this period.

Taking into account the general laws governing the development of organisms at
the cellular level, we can assume that technogenic fields play a particular role for a hu-
man body at the moment of impregnation and initial development of the body when the
cells of the embryo most actively respond to the surrounding fields.

Conclusions
The exposure of dry seeds to a low-frequency low-intensity magnetic field of natu-
ral origin has a positive effect on the development of plants.
Technogenic fields of industrial and domestic origin negatively affect the growth
and development of organisms.
It is necessary to take into account the negative impact of artificial technogenic
fields on the human body, especially during pregnancy.
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RECENT ACHIEVEMENTS IN MICROBIOLOGICAL
PLANT PROTECTION

Leonid Volosciuc, Boris Panzaru, Natalia Lemanov, Arcadii Nicolaeyv,
Tatiana Scerbacov, Svetlana Nicolaev, Pantelimon Zavtoni, Liviu Moraru

Institute of Genetics, Physiology and Plant Protection of the ASM

Introduction

Plant pests need to be controlled to maintain the quantity and quality of food and
feed produced by growers around the world. Different approaches may be used to
prevent, mitigate or control of plant pests. Beyond good agronomic practices, growers
often rely heavily on pesticides that have contributed significantly to the improvements
in crop productivity the past years [6, 8].

However, the environmental pollution caused by use of pesticides, has led to con-
siderable changes in people’s attitudes towards the use of pesticides in agriculture.
Under such circumstances exploitation of living organisms to reduce the activities of
crop pests causing activity of useful micro-organisms seems to be the most appropriate
alternative to chemicals. Biological control refers to the purposeful utilization of intro-
duced or resident living organisms to suppress the activities and populations of one or
more plant pest [4, 6].

There are the following trends in bio-pesticides development:

» Bio-pesticides are not new they are in use since ages but grower/ industry acceptance
happened in last 7 — 8 years.

» Global bio-pesticide market was $ 1.3 billion in 2011, and 63 % of it was microbial
basis active ingredients.

» Projected to grow to 3.2 billion by 2017 (15.8 %).

» North America dominates bio-pesticides market with share of 40 %.

» Asia pacific and Europe are expected to be fastest growing market in near future due
to stringent regulations for pesticides and increasing demand for organics.

» Overall bio-pesticides represent 2 % of pesticides market.

» Growth is hindered by well established crop protection chemical market, variable
efficiency of bio-pesticides, less awareness among growers.

The overwhelming advantages of bio-pesticides are their high selectivity to target
pests and safety to non-target and beneficial organisms. In the sustainable intensifica-
tion of agriculture through green economy, the biopesticides have an immense role.
They are amenable to bio-intensive pest management and ideally suited for organic
niche products including export-oriented commodities. They can also be tailored to
IPM programmes for increased efficacy, higher yield and lower chemical load. These
are also effective as pesticide resistance management tools in order to prolong the life
span of precious green chemical pesticides. The biopesticide development must also
be targeted for integrated cropping systems. They are renewable, sustainable, offer an
improved impact profile, and reduce pesticide residues.

Materials and methods

The ultimate success of bio control depends on how well the searching and screen-
ing process is done. There is no single way to search or screen. Both depend on the
target pathogen, the crop and the cropping system. These isolates are then screened for
their activity against the pathogen in laboratory and green house conditions. Any suita-
ble isolate found are then evaluated for their efficacy under the field conditions [8, 9].

The isolates that fail to perform well in the field are again subjected to the in vitro
evaluation to ascertain the cause of their failure before they could be rejected.

Testing in laboratory and field experience was carried out in four repetitions ran-
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domized respectively, in accordance with the general requirements of experiences of
this kind [10].

Results and discussions

The role of useful microorganisms in the biological protection of plants. Plant
protection has immensely contributed to the success of Green Revolution and sustained
production of food and feed. Due to intensification of

agriculture, loss of biodiversity, reliance on monocropping, and biotic stresses due
to pests and pathogens have increased and led to several problems like pesticide resi-
dues in food stuff, environmental pollution, disorder of ecological equilibrium. For
these reasons, management of pests will continue to play a pivotal role in sustaining
production and productivity in agriculture [3, 4].

United States Environmental Protection Agency (EPA) for characterizations of mi-
croorganisms, whether indigenous or introduced are an important component of the
environment, have proposed the following classification of Bio-pesticides as certain
types of pesticides derived from natural materials such as animals, plants, bacteria, and
certain minerals:

1. Microbial pesticides — consist of micro-organism (fungi, bacteria, viruses and
protozoa) as active ingredient.

2. Biochemical pesticides — plant extracts, pheromones, soaps and fatty acids, nat-
ural plant growth regulators. Avermectin, Pyrethrins, Spinocid from natural products
but not bio-pesticides.

3. Natural enemies — parasitoids, predators and pathogens of pests.

Bio-pesticides use is directed in:

» First deployed on speciality high value crops, vegetables and greenhouse crops
to manage residue.

» Now they are being applied on all type of broad acreage crops (cereals, oilseed,
sugar, fiber, forage grains).

» To date 400 plus active ingredients have been registered across globe and 1250
plus products based on these active ingredients have been registered.

» Products based on various Bacillus thuringensis strains dominate the market.

» Other major products are based on Beauveria, Metarhizium, Trichoderma, Bacil-
lus subtilis, Pseudomonas flourescens and entomopathogenic NPV.

Commercialization of biological preparations. Although the number of bio con-
trol products in plant disease management is increasing, these products still represent
only 1% of the agricultural control measures while fungicides account for 15% of total
chemicals used in agriculture [1, 2, 5]. In recent years many small and large entrepre-
neurs have entered into the commercial production of bio control agents resulting into
the entry of various bio- control products into the world market.

Commercialization of bio-control products is a multi-step process involving a wide
range of activities [5, 6, 7]: isolation of micro- organism from the natural ecosystem;

 Evaluation of bio-agent both in vitro and under glass house conditions; testing of
the best isolate under field conditions; mass production; formulation; delivery; compat-
ibility, registration and release.

Although the development and approval of a biological preparation activities are need-
ed expensive long, though the world were recorded several biological means (table 1).

Recent Achievements microbiological plant protection in Moldova. Based on
the severity of the phytosanitary issues, caused by the action of pests on the background
of worsening ecological situation resulting from the application of pesticides to combat
them, now the need to develop alternative means of plant protection increases, among
which a more important one being the biological products made of various useful mi-
croorganisms. Microbiological protection recorded remarkable results in controlling
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various pests (pathogenic agents of diseases, insect and mite pests, and weeds), perma-
nently extending the range of the useful agents that are used, as well as the spectrum of
the protected crops. There is a growing awareness that microbial pesticides are inher-
ently different from chemical pesticides, with fundamentally different modes of action
and that they should therefore be assessed on their own merits and problems and data
requirements should be set accordingly. However, the basis for the proposed data re-
quirements needs improved scientific justification.

Table 1. List of bio control products

Target
No. | Bio control agent Product disease/ organ- Crop Manufacturer
ism
Ageobacterium Agrobacte- .
1 | radiobacter strain Galtrol rlumc lteu;;efa- %rrrllﬁgl’egstlss’ AgBllJos(Xlem,
Ageobacterium Agrobacte-
2 | radiobacter strain Nagol rium tumefa- ()Ft;ne}{nelr\l]tals, Bio-care
K 1026 ciens uits, Nuts
Bascillus subtillus Rhizoctonia, Gustafon,
3 strain GB34 GB34 Fussarium Soyabean USA
4 | Bascillus subtillus |~ Kodiac, Rhizoctonia, | Wheat, barley, Growth
strain GB03 companion | Aspergillus peas products, USA
Pseudomonas au- L Pythium, Vegetables and .
5 reofaciens strain ;3 lootillgst’s Rhizoctonia | Ornamentals in ECOSté)rlrll Sys-
- p solani green houses
Pseudomonas .
Fire blight, Fruit crop, To- | Plant Health
6 JZ?r%flsgesnocg Frostban bunch rot mato, Potato Technologies
Streptomycine Soil borne Ornamentals, Kemira Oy,
7 griseoviridis Mycostop pathogens Tree seedlings Finland
g | Trichoderma har- | Root shield, [ Soil borne Green house Bio works,
zianum T-22 plant shield pathogens nurseries USA
Trichoderma har- . Botrytis cin- Most of the Bio works,
9 zianum T-39 Trichodex erea food crops USA
Ampelomyces Fruits, Or-
10 | quisquallis 1solate AQI10 Iﬁm’ggvy namentals, E%?ngn,
M-10 Vegetables
Aspergillus flavus Aspergillus Circleone
11 AF3 J] Alfa guard Aavus Cotton globa,USA
Gliocladium cat- . . .
: Prima sto Soil borne Vegetables, Kemira Agro
12 enulc}tlbiag train soil guar pathogens Herbs, Spices Oy, Finland

The scientists of the Institute of Genetics, Physiology and Plant Protection of Acad-
emy of Sciences of Moldova, by isolating, identifying and determining biological par-
ticularities of various useful microorganisms (viruses, bacteria and fungus) have de-
veloped original technological procedures of production and application and submitted
for approval some biological preparations effective in controlling pests with the most
severe impact on crops. These were submitted for approval or extension of the scope of
use of National Council for Approval of Products for Phytosanitary Usage and Fertiliz-
ers.

Baculoviral preparation Virin-HSP was elaborated to fight Helicoverpa armigera
which in recent years recorded expanding the area of spreading, as well as the spectrum
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of attacked crops. The product is made on the basis of nuclear polyhedrosis virus with
a high degree of specificity of the insect host and has titer of 6 billion polyhedra/g in
the form of paste. The preparation has specific action on insects and causes noctuide
epizootic phenomena acting on subsequent generations and protecting crops. In the
Republic of Moldova it is recommended to protect vegetables (tomatoes, peppers),
technical crops (sugar beet, sunflower, and tobacco), and cereals (corn), decorative and
medicinal plants. Consumption norm — 0,2 kg/ha.

Paurin - contact bactericide obtained under bacterium Pseudomonas fluorescens
BKM CP 330 D expected to combat the pathogen Agrobacterium tumefaciens Sm. fnd
Town. in orchards and grapes, as well as root rots in vegetable crops, soybeans (Fusari-
um gibbosum, Rhizoctonia solani, Pytium debaryanum, Alternaria sp., Penicillium sp.,
Aspergillus sp.) and in potato (Fusarium solani, Pectobacterium carotovorum).

Trichodermin Th-7F SC - fungicide constituted under 7richoderma harzianum
strain Th-7F (CNMN F-16) expected to combat pathogens in vegetable crops (Rhizoc-
tonia solani Kuechn, Botrytis cinerea Pers, Sclerotinia sclerotiorum de Bary, My-
rothecium verrucaria, Ascochyta cucumis (melonis) Fautr. Et Roum, Colletotrichum
lagenarium E. et H., Fusarium spp., Streptomycetes, Pythium debaryanum Hesse);
decorative (Rhizoctonia solani Kuechn, Botrytis cinerea Pers, Sclerotinia sclerotiorum
de Bary; Fusarium spp., Verticillium dahliae Kleb.); tobacco (Fusarium spp., Vericil-
lium dahliae Kleb., Thielaviopsis basicola Ferr, Pythium debaryanum Hesse, Botritys
cinerea Pers); grape-vine (Botrytis cinerea) Pers.

Trichodermin SC proposed as liquid fungicide constituted under Trichoderma ligno-
rum strain M-10 expected to fight pathogens in sunflower (Sclerotinia sclerotiorum),
soybean (Fusarium spp.), grape-vine (Botrytis cinerea), and ensuring high biological,
economic and ecological effectiveness. The preparations enhance also the biological
indicators of crop development.

Gliocladin SC - fungicide obtained on the basis of the active substance of Trichode-
rma virens strain 3X, expected to fight white rot in sunflower (Sclerotinia sclerotiorum),
soybean (Fusarium spp.), grape-vine (Botrytis cinerea). The preparation ensuring high
biological, economic and ecological effectiveness.

Prospective directions of crop production by applying useful microorganisms

Induced Systemic Host Resistance. Induced resistance is the most indirect form
of antagonism. Induced resistance can be local or systemic. Salicylic acid (SA) and
non-expressor of pathogenesis-related genes1 (NPR1) are key players in systemic ac-
quired resistance Trichoderma harzianum when inoculated on to roots or on to leaves
of grapes provides control of diseases caused by Botrytis cineria on leaves spatially
separated from the site of application of the bio control agent. Many classes of com-
pounds are released by the Trichoderma sp. into the zone of interaction and induce
resistance in plants. The first class is proteins with enzymztic or other activity. Fungal
proteins such as xylanase, cellulases and swollenins are secreated by Trichoderma spe-
cies. Trichoderma endochitinase can also enhance defense, probably through induction
of plant defense related proteins [1, 8].

Other proteins and peptides that is active in inducing terpenoid phytoalexin bio-
synthesis and peroxidase activity in cotton, e.g., the small protein, SM1, which has
hydrophobin-like properties, were found to be produced by strains of 7. virens. Another
hydrophobin-like protein produced by T22 that induces both enhanced root develop-
ment and disease resistance was identified. Another group of proteins that induce de-
fense mechanisms in plants are the products of avirulence-like (Avr) genes.

Infectious diseases of insects. Infectious agents are living units that must invade
the insect host in order to initiate an infection. Unlike parasites and predators, patho-
gens do not always kill the hosts. Infection usually involves reproduction of the agent.
The specific characteristics of the infective stages of pathogens greatly influence how
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they contact and infect their hosts. The infectious agents responsible for transmission
of the pathogen are susceptible to many environmental factors. Survival of the infec-
tive stage of insect pathogens outside the host is a major factor in the development of
microbial insecticides. Some pathogen species may be very host specific, while oth-
ers may be able to infect a wide range of insect species. The host range of a pathogen
is especially important when considering a non-indigenous pathogen for introduction
into a new habitat. Sub-lethal infections are not uncommon and these may include be-
havioural and developmental changes as well as a decrease in the fecundity of infected
adults. Insects are infected by an incredibly large number and diversity of pathogen
species. Most insect pathologists believe that there are actually more species of insect
pathogens than there are species of insects. The major pathogen groups containing
species that infect insects are: viruses, bacteria, fungi, protozoans, microsporidia, and
nematodes.

Insect pathogens are used in biological control in at least three different ways: in-
undative applications, inoculative releases, management of naturally occurring patho-
gens, and introduction of exotic pathogens as classical biological control agents.

 Inundative applications are those in which insect pathogens are applied in large
quantities with the goal of killing as many individuals of the pest population as quickly
as possible. Replication of the pathogen in the host and production of additional infec-
tious propagules may be desirable, but is not usually required for microbial insecticides
to be effective.

* Inoculative applications are those in which small quantities of insect pathogens
are applied or released into an insect host population. The goal is to produce infections
in at least a few hosts, which will, in turn, produce numerous infectious propagules that
will infect many more susceptible hosts.

* Management of naturally occurring pathogens are important components of the
natural enemy complex of many insect species, including pest species. Some groups of
pathogens, such as microsporidia, may not always maintain host insect densities below
economic thresholds, but they suppress the rapid increase of pest populations. Insects
pathogens and are often responsible for the decline of populations that have exceeded
the economic threshold. In most cases the major goal for managing naturally occurring
insect pathogens is to elicit an epizootic earlier in the season, before the host densities
have exceeded the economic threshold. This can be accomplished by inoculative re-
leases of the pathogen or by changing cultural and phyotosanitary practices to promote
an epizootic.

Conclusions

Biological control is the best alternative to pests suppression. Bio agents them-
selves being non-pathogenic to plants need to be formulated in a way that favors the
activity and survival of microbe it contains.

The pace of biopesticide research is increasing. From the beginning of 2006 through
early April 2015, 4 biological preparations had been registered with National Council
for Approval of Products for Phytosanitary Usage and Fertilizers. Many of these are
agriculture related and registered for use as such. The value of microbiological means
of protection developed by the scientists of the institute does not consist just in their
considerable biological, environmental and economic effects, but also their possibility
to be included in conventional and organic farming systems.

Achieving maximum efficiency of biological preparations may be registered at the
establishment [IPM, which is a kind of management using different strategies and tech-
niques such as cultural, biological and chemical in controlling insect pests and diseases
in agricultural crops.

In further research and development on biopesticides must be given high priority
and agriculturists in general and policy makers in particular must be educated about the
dangers of handling and application of chemical pesticides, and importance of sustain-
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able agriculture to feed ever growing population.
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SCIENTIFIC AND RESEARCH PRIORITIES OF
ACADEMICIAN A.A. ZHUCHENKO

A. A. Zhuchenco Jr.

The State scientific institution All-Russian Selective and Technological Institute of
Horticulture and Nursery Breeding of the Russian Academy of Sciences (RAS),
Moscow, Russia

Academician A.A. Zhuchenko’s basic researches in
special genetics and ecological genetics of cultivated
plants, recombinogenesis, biomonitoring, agroecology,
plant breeding, variety testing and seed breeding, as
well as on the strategy for adaptive intensification of
a%riculture have gained worldwide recognition. A.A.
Zhuchenko is widely known to scientific communities
in Russia and elsewhere as a prominent biologist who
created an ecological genetics school (61 doctoral and
Ph.D. theses defended under his guidance and supervi-
sion); he published 665 scientific }?apers, including 25
monographs, that have won a high appraisal of global
scientific community (for reviews of A.A. Zhuchenko’s
works see: Gichner T., Biologia plantarum, 1982, Vol.
24,N6. P. 406; Robbelen G., Z. fur Pflanzenzucht. 1983.
Bd 91, N1, S.86; Grebenschikov I., Biol. Zen tralblatt.
1984. Bd 103, N4, S.103;see also publications about
A.A. Zhuchenko: Rich V. Scientists take share of blame for this year’s poor Soviet har-
vest, Nature: Int. Weekly J. Sci. 1987. Vol. 329, N 6138, P. 382; Zhuchenko Alexander,
Who’s Who in the world: 9th edition 1989-1990. Wilmette (USA), 1990; Zhuchenko
Alexander Alexandrovich, Int. Biogr. Centre: men of achievement. Cambridge, 1991,
and many others).

For the first time in contemporary world practice, A.A. Zhuchenko has carried a
systems analysis of the adaptive potential of cultivated plants, identified crucial fea-
tures and qualitatively new mechanisms of adaptive responses of plants during ontog-
eny and phylogeny, substantiated and formulated the key concepts of plant genetics,
ecological genetics of cultivated plants, ecological and genetic foundations of the adap-
tive system of plant breeding, adaptive crop production, and the strategy for adaptive
intensification of agriculture.

Academician A.A. Zhuchenko is among the earliest who advanced special genet-
ics of cultivated plants based on first-time-ever extensive experimental evidence from
long-term comprehensive studies on the genus Lycopersicon (Tourn.) Mill., including
evolution, taxonomy, physiology, embryology, cytology, and biomathematics, exam-
ining world plant collections for yield, morpﬁologicaﬁ physiological and cytological
traits, developing lines, forms, mutants, multimarker mutants, cuﬁivars, cultivar gene-
alogy, growing techniques and crop management practices, heterotic hybrids, meth-
odological basis for estimating recombination frequency, combining ability, construct-
ing genetic and cytological maps, refining pot trials, variety trial and seed breeding
systems, etc. The monograph Tomato Genetics (1973) came to be one of the first books
on special genetics of cultivated plants in the world literature, highlighting, for the first
time, crucial genetic features of a model plant, such as tomato, both in terms of general
and special genetics, and their significance in tackling plant breeding, seed growing,
and crop management tasks.

In tﬁe latter half of the XX century, many biological disciplines began to undergo
the process of “’ecologization”. Ecological genetics (Ford, 1964) came to be one such
newly emerging area combining genetic and ecological knowledge. The fourth and
final edition of the book on ecological genetics by the British biologist E.B. Ford was
published in 1975. The second edition of the book on ecological genetics by German
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geneticists K. Stern and P. Tigerstedt appeared in 1974. The fundamental notions dealt
with in these and other publications on ecological genetics practically did not differ
from those treated in famous works on population genetics. Tﬁe authors have explored
the evolution and adaptation of natural populations in particular ecosystems. The noted
American biologist and geneticist R.C. Lewontin, who has made a significant contribu-
tion to the development of the mathematical basis of population genetics and theory
of evolution, wrote, by way of criticizing the one-sidedness of the approach of the
“’ecological genetics” school that emerged in the 1970s, that in the long run it is not
enough to demonstrate that hot summer favors bandless snail shells and that snails
with a yellow shell occur in areas with colder winters (Lewontin 1978). The authors of
publications entitled ‘’ecological genetics’ were criticized by eminent geneticists for
their attempts to combine genetics and ecology into a single discipline as lacking unity
and integrity, particularly for the formal approach taken in combining the above two
disciplines and for seeking to give “’ecological genetics™ the status of an independent
scientific discipline without having elucidated the fundamental principles and mecha-
nisms of the effect of ecological factors on heritability and variability of characters in
higher organisms (Lerner, 1976; and others). Published in 1980 was academician A.A.
Zhuchenko’s book Ecological Genetics of Cultivated Plants: Adaptation, Recombino-
genesis, Agrobiocenocis gased on extensive experimental evidence on recombinogen-
esis in Drosophila, tomato, Arabidopsis, corn, wheat, etc., accumulated at the world’s
first Institute of Ecological Genetics founded by him, and comprehensive generalized
data on adaptation, agrobiocenology, and ecology. For the first time the adaptive po-
tential of cultivated plants is treated as a function of interrelationship of the genetic
systems of ontogenetic and phylogenetic adaptation. The author also looks at the resist-
ance of plants to abiotic and biotic stresses, formation of genotypic variability available
for selection to act upon (taking recombination system functioning as an example),
establishes the relationship between potential productivity and ecological sustainability
at the level of species, agrocenosis and agroecosystem, as well as the habitat-forming
role of plants and agrocenoses, develops the methodology for increasing the level and
broadening the range of genotypic variation in plants through induced recombinogen-
esis and reduced selective elimination of recombinants.

The academician A.A. Zhuchenko’s school (1979-1987) was the first to start exten-
sive practical and basic-research application of remote sensing and control of plants.
A.A. Zhuchenko was the first to determine the significance otg plant biomonitoring at
the level of plant, population and agrolandscape for studying adaptation in the gen-
otype-environment system. For the first time a problem-oriented information-meas-
urement complex comprising a number of modules was constructed for ecogenetic
studies and applied research, proper instrumentation and automation of scientific ex-
periments in II)Diology developed, including aerial photography and satellite imagery,
with concurrent twenty-four-hour monitoring of the dynamics of readings from sensors
recording plant growth and development, p otosyntﬁ,esis, transpiration, water uptake
and yiel§ E)rmation of various crops and crop varieties, in phytotrons and in the field
(Zhuchenko, Zelikovsky et al., 1981). To this end, the Center for Automation and Me-
trology (CAM) and the Institute of Ecological Genetics of the Academy of Sciences of
Molc(fjova developed and put into operation the first-ever problem-oriented information-
measurement complex, BIOTRON, representing an automated research system (ARS
BIOTRON). The ARS BIOTRON made it possible to conduct comprehensive, multi-
parameter studies of the dynamics of plant adaptive responses at tﬁe organ, organis-
mal, and population levels under controlled environmental conditions, with automatic
processing of the data obtained through application of specialized software packages.
The above studies were being carried out under the guidance and supervision of acad-
emician A.A. Zhuchenko at the Institute of Ecological Genetics of the Academy of
Sciences of Moldova and at the Design Office “’Biopribor™ SBioinstrument) (research
efforts of and scientific papers by scientists such as Z.1. Zelikovsky, Yu.A. Ton, E.L
Kleiman, E.I. Blank, ang others) where the first-ever water flow, turgescence, ‘’leaf-
air” temperature, plant growth, fruit growth and other sensors were developed. All
of this made the generation of qualitatively new information on adaptive responses
of crop plants under controlled environmental conditions possible. Pg tomonitoring
came to be a new methodology for continuous, long-term observation ofy the dynamics
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of morphophysiological, biochemical and ecological parameters of a growing or a dor-
mant plant providing a most accurate assessment of the adaptedness o%a crop variety to
a given environment. The new methods offered a tool for following, in a remote mode,
the dynamics of responses of individual crops, crop varieties, forms and genotypes to
critical environmental factors affecting plant productivity.

As aresult, the academician A.A. Zhuchenko’s school has won the highest appraisal
of the Presidium of Russian Academy of Sciences (RAS). It has been demonstrated, for
the first time ever, that reliable comparative characteristics (patterns) of expression and
redistribution of adaptively significant and agronomically important characters across
crop species, varieties, hybrids and plant forms can only be obtained through simulta-
neous multi-parameter (multi-variable) recording of relevant information in problem-
oriented modules enabling not only control of variables, such as temperature, humidity,
light intensity and mineral nutrition, within a given range of values, but also assessment
og the dynamics of key adaptive responses and interrelations of these. At the suggestion
of academician B.E. Paton, the above research efforts and research-and-development
complex were transformed into an All-Union Biological Research Center within the
system of RAS.

In the 1980s, A.A. Zhuchenko’s school examined, for the first time, the problem
of an ever increasing cost of each additional food calorie which, as demonstrated in
his book Energy Analysis in Agriculture (1983), came to be a sort of “’cost™ for dis-
ruption of bioﬁ{gical g}alance in agroecosystems resulting from genetic uniformity of
crop plants at the species, population and organismal levels, as well as changes in the
structure (composition) of agrobiocenosis subsystems due to extensive fertilizer and
pesticide application. Thus, the doubling of the yield potential of major farm crops
calls for a 10-fold increase in inputs of depletable energy, including mineral fertilizers,
}f)esticides, farm equipment, etc. While extensive cropping systems produced 40 to 50

ood calories per unit anthropogenic energy, as few as 2—4 food calories, i.e. 10-20-fold
less, are normally produced under chemico-technogenic intensification (Zhuchenko et
al., 1983). In this paper, the authors examine a strategy for improving agroecosystem
productivity through more efficient natural energy resource utilization with special em-
phasis on the most judicious exploitation of edaphoclimatic conditions in each crop
producing area, as well as optimal agroecosystem organization pattern. Moreover, the
crucial and most challenging task of crop breeding and management practices involves
overcoming or, at least, slowing down the exponential increase in depletable resource
inputs 1per unit yield increase, including food calorie. It is for this reason that a para-
doxical situation has developed by early XXI century where a sector relying on most
energy-efficient organisms — poikilothermal plants utilizing virtually unlimited and
ecologically safe solar and atmospheric (CO2, N, O2) resources — ended up among
the most resource- and energy-wasteful and environmentally unsafe sectors. By and
large, each succeeding improvement over the attained maximum yielding capacity and
total yield, even where the crop is grown on the “’best possible™ soil, tends to become
increasingly more input-intensive and ecologically vulnerable, such that the worse the
edaphoclimatic conditions, the higher the “’cost” of each yield increase, with the coef-
ficient of utilization of mineral fertilizers, ameliorants and other chemico-technogenic
inputs decreasing, particularly so with increasing rates of application. Concurrently, the
extent of environmental pollution is dramatically increased. This calls for increasing
emphasis on the capacity of crop plants for more efficient utilization of not only anthro-
pogenic resources (resource- anf energy-efficiency coefficients of cultivars) but also
not-readily-available soil mineral nutrients and moisture. Note that just three elements
— carbon, hydrogen and oxygen — account for 98.5 % of the weight of living organisms,
with more than 95 % of a plant’s dry matter essentially being the solar energy accumu-
lated during photosynthesis. It is believed that in order to produce 1 g of dry matter,
plants utilize an average of 1.5 g of CO2 captured from 2.5 m3 of air (Pal, 1973). An-
nually synthesized biomass amounts to 180—200 billion tons, of which less than 4 % is
used as agricultural produce. And the fact that crop production came to be an energy-
wasteful (exponential growth of fossil fuel-based energy inputs per additional unit of
yield increase) and most environmentally unfriendly sector (water and wind erosion of
soil, destruction of natural landscapes and disruption of the water regime of rivers, pol-
lution of environment with pesticide residues, nitrosamines, etc.), not only locally but
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also globally, is at variance with both natural-science laws and common sense. At the
same time, gioenergy analysis suggests that in the energy balance of yield formation,
even in technologically most intensive agroecosystems, the share of the solar energy
is in excess of 99 %. Therefore, according to A.A. Zhuchenko, the real significance of
using chemico-technogenic inputs (fertilizers, ameliorants, pesticides, irrigation, etc.)
is that of ensuring, Wiﬂ% the aid of small anthropo%enic energy flows, maximum utiliza-
tion of solar energy by agrophytocenoses, as well as by their food chains and trophic
levels, rather than replacin pgotosynhesis, respiration and other processes naturally
occurring in plants, soil and agrobiogeocenoses (Zhuchenko, 1983, 2010).

A.A. Zhuchenko, for the first time ever, highli}%hted the importance of evolution-
a?/—genetic, ecological and bioenergetical approaches which is crucial to the shaping
of agrobiocenotic genetics as a major branch of ecological genetics of cultivated plants,
considering that the accumulated evidence on the genetic nature of ontogenetic and
phylogenetic adaptive responses at supraorganismal levels (population, biocenosis,
ecosystem, landscape, and even biosphere) is fairly extensive. Therefore, it is no mere
chance that studies 1n autecological and synecological population genetics, phytocenot-
ic and symbiotic genetics and %reeding of cultivated plants become increasingly com-
mon %Zhuchenko, 1980, 2010).

The main subject of research in ecological genetics of cultivated plants is the rel-
evant adaptive potential of crop plants viewed as a function of its component genetic
programs of ontogenetic and phlzdo%enetic adaptation, as well as the effects of their
interrelationship. An approach like this, adopted by A.A. Zhuchenko, is primarily due
to the dual nature of the adaptation itself attained by organisms through their modifica-
tive and/or genotypic variability. Such functional structuring of the adaptive potential
can be traced back to works of Darwin, Baur, Darlington, Layzer and others. Note that
while in the XIX century the adaptation problem was a central one in biology and syn-
thetic theory of evolution, nowadays it came to be so in economy, technology, politics,
etc. as well. As a basis for systematization and analysis of huge data arrays accumu-
lated during biological studies of the adaptive potential of higher eukaryotes, includ-
ing cultivated plants, A.A. Zhuchenko employed a discrete-systems a]pproach enabling
one to initially structure the system functionally into its constituent elements and then,
through analysis of realization patterns of the individual system components, as well as
interactions of these, to elucidate the mechanisms of functioning of the adaptive system
as a whole at various levels of its organization (individual, population, species, cenosis,
ecosystem, and biosphere).

A.A. Zhuchenko’s basic researches are protected by 24 certificates of authorship
and set forth in his notable monographs: Tomato Genetics (1973), Ecological Genetics
of Cultivated Plants: Adaptation, Recombinogenesis, Agrobiocenosis (1980), Adaptive
Potential of Cultivated Plants: Genetic and Ecological Bases (1988), Adaptive Crop
Production: Genetic and Ecological Bases (1990), Strategy for Adaptive Intensifica-
tion of Agriculture (1994), Basic and Applied Research Priorities of Adaptive Inten-
sification of Crop Production in the XXI Century (2000), Adaptive System of Plant
Breeding: Genetic and Ecological Bases, in two volumes (2001), Ecological Genetics
of Cultivated Plants (2003), Ecological Genetics of Cultivated Plants and Agrosphere
Problems: Theory and Practice, in two volumes (2004), Resource Potential for Grain
Production in Russia: Theory and Practice (2004), Adaptive Crop Production (Ge-
netic and Ecological Bases): Theory and Practice, in three volumes (2008, 2009), Eco-
logical Genetics as an Independent Scientific Discipline: Theory and Practice (2010),
Adaptive Strategy for Sustainable Development of Agriculture in Russia in the XXI
Century (Genetic and Ecological Bases): Theory and Practice, in two volumes (2009,
2011), Mobilization of Genetic Resources of Flowering Plants through Their Identifi-
cation and Systematization (2012), The Role of Flowering Plant Resource Mobiliza-
tion, ldentification and Systematization in Shaping the Adaptive-Integrated System of
Agrocenosis, Agroecosystem and Agrolandscape Protection (2012) and others. In these
monographs, the author outlines genetic and ecological bases of the adaptive potential
of cultivated plants, unravels qualitatively new e%fects of the integrated functioning
of its component genetic systems of ontogenetic and Ehylogenetic adaptation, identi-
fies priorities in managing adaptive responses in plant breeding, variety trials and seed
growing to be considered in dléveloping comprehensive plant breeding and crop man-
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agement programmes, agroecological macro-, meso- and microzoning of agricultural
territories, designing adaptive agroecosystems and agrolandscapes, implementing an
integrated plant protection programme, switching to an adaptive-innovative strategy
for intensification of crop production and agriculture in general.

The global novelty of the key theoretical concepts and practically significant con-
clusions set forth in A.A. Zhuchenko’s monographs lies in the fact that results from
basic research into adaptive responses and mechanisms of biocenotic self-regulation
in agroecosystems and agrolandscapes, while having been generalized in the synthetic
theory of evolution, biocenology, ecomorphology, phytogeography and other disci-
plines, largely remain outside the crop production theory and practice. Yet, it is the lack
of proper %asis for and natural—scientii'Il)c soundness of the agricultural development in
the XX century that came to be the prime cause of its global crisis by the turn of the
XXI century. The analysis of negative trends in modern global and domestic agricul-
ture performed by A.A. Zhuchenko suggests that these stem from violation of laws
and principles of adaptive management of biologically complex ecosystems, such as
agrocenoses and agro andscalpes. Seeing the management of adaptive responses of crop
s%emes and varieties, as well as other agroecosystem biotic components, as a prima
objective of ecological genetics of cultivated plants, he substantiated the advisabil-
ity of a systems analysis of traditionally separately explored issues, such as adapta-
tion, recombination and agrobiocenosis. He demonstrated that it is the comprehensive
apﬁroach to studying the above problems that enables efficient use of basic science
achievements with a view to enhancing production and environment-improving func-
tions of agrolandscapes. Based on this, he formulated the cardinal ecogenetic principles
of a strategy for adaptive intensification of crop production. These are: optimization of
the spatiotemporal organization of agrophytocenoses, development of crop varieties
and hybrids combining high potentia pI‘Od}l’lCtiVity and ecological stabilit%/, designing
agroecosystems and agrolandscapes on the basis of evolutionary apllaroac (enhanced
biodiversity of crop species, their agroecological specialization, exploiting biocenotic
self-regulation mechanisms and structures), spatiotemporally adaptive deployment of
farm crops in macro-, meso and microzones, adaptive land management, implementing
adaptive-integrated plant protection programmes, transition to a strategy of adaptive
intensification of agriculture.

Theoretical conclusions of academician A.A. Zhuchenko regarding the adaptive
potential of cultivated plants open up fundamentally new possibilities for managing
their adaptive responses during both ontogenesis (variety-specific crop management
practices, agroecological macro-, meso- and microzoning OF an agricultural territory,
designing adaptive agroecosystems and agrolandscapes, an adaptive-integrated plant

rotection programme) and phylogenesis (gan adaptive plant breeding system ensuring
unctional interdependence of stages in the development of new varieties and hybrids,
their testing by state organizations, seed growing management, as well as the develop-
ment of qualitatively new areas of selection (biocenotic, bioenergy-based, symbiotic,
edaphic, ecological, design-aesthetic, etc).

The number of A.A. Zhuchenko’s supporters and followers is rapidly growing.
Many of those, in Russia and elsewhere, w}}jlo have to do with land, agriculture, bio%—
ogy, genetics, ecology and who care about the destiny of people inhabiting the planet
Earth, know him an§ think highly of him. To us, he came to be a guru to w%om we are
devoted, whom we follow an§ whose ideas we are expounding.
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CU DEMNITATE SI DRAGOSTE PENTRU PAMANT SI OAMENI
Mebru Corespondent Andrei Palii la 75 de ani

Cénd incercam s determindm componentele, care influenteaza
destinul unei persoane, de unde vine succesul in viatd, putem usor
evidentia cel putin trei componente distincte:

» genetica (de la parinti);

» scoala (de la invatatori, nu de la treptele si bancile scolii, dar
si de la parinti;

» efortul personal, munca zilnica, an de an, spre a urca treptele
vietii.

In personalitatea multstimatului m.cor. al A.S., profesorului
universitar Andrei Palii, toate aceste componente au contribuit
printr-o interactiune beneficd.

Vine din v1ta de tarani din satul Scorteni, r-nul Telenesti
(nascut pe 1 mai 1940). Dar de unde mai putea sd vind, daca
nu din tarani, din sat, un om, un copil, iubitor de pamant si de
carte. A avut noroc si de 1nvatat0r11 de la scoala din sat, care
i-au cultivat dragostea pentru carte pentru cmre in profun21me

Fiind eminent din scoald, a pasit timid, dar sigur, pragul unei
vestite (chiar celei mai Vestlte) scoli agrlcole — din Cocorozeni, sat aproape vecin cu satul natal al
viitorului academician. Aceasta scoala agricold, a dat tarii zeci de oameni de creatie, academicienii
Andrei Lupan, Mihail Lupascu, Ilie Untila, Alexandru Ciubotaru i alfii; Simion Grosu Ion Ustian
— conducitori de stat si multe alte personahtatl Aici, in anii de studentie a viitorului profesor univer-
sitar, activa un colectiv de adevirati profesionisti devotati neamului: Nicolae Lupan, Gavriil Hariuc,
Boris Pucalov si multi altii, care cunosteau si iubeau profesia in profunzime, iubeau si tineau la co iii
veniti de la sate ca la ai lor. Aici a deprms tiranul Andrei Palii munca, cartea, respectul pentru colegi
si profesori, omenia venita de la parinti s-a cristalizat in suflet si in atitudine.

De la scoala agricola din Cocorozeni la Universitatea Agrara € 0 treapta superioard, € o logica
s urci o treapta mai sus. La aceasta universitate (pe atunci in a.1958-63 — Institutul Agricol) a contin-
uat nu doar studiile, dar s-a implicat si a insusit metodele de cercetare stiintifica, sub conducerea unor
profesori eminenti: M.I. Sidorov, A.E.Covarschii, N.G. Nicolaeva, B.P. Pucalov G.N. Vanicovici si
multi altii. A deprms cercetarea ca o activitate foarte responsablla care cere sinceritate, acuratete
capa<:1tat1 de analiza si sinteza. Toate aceste calitdti le-a demonstrat cu prisosinta viitorul profesor
universitar. A absolvit universitatea eminent si a satisficut serviciul in armata, a fost invitat si selectat
de cétre renumitul acad. A.E. Covarschii sa fie parte din renumita scoala st11nt1ﬁca incepand cu doc-
torantura, apoi continuand cercetarile in genetica porumbului in cadrul A_S.

Din anul 1965 s-a dedicat cercetirilor stiintifice in domeniul geneticii si ameliorarii plantelor, fi-
ind aspirant la Sectia de Genetica a plantelor din cadrul ASM. Ulterior, fiind ales prin concurs, ocupd
functia de colaborator stiintific inferior (1968 — 1971), iar apoi de colaborator stiintific superior (1971
—1974) in aceiagi Sectie. Inanul 1970 a susfinut teza de candidat (doctor) in stiine agricole in cadrul
ASM. Intre anii 1974 — 1975 a fost sef de laborator pentru Ameliorarea calitatii bobului de porumb
In Institutul de Cercetéri Stiintifice pentru porumb si sorg ASP, Hibrid”.

Din anul 1975 pind in prezent activeazd cu succes in cadrul Universitatii Agrare de Stat din
Moldova, indeplinind in diferite perioade, diferite functii: docent, prodecan, prof. univ., sef catedrd
de ameliorare genetica si biotehnologie a culturilor agricole, decan al Facultatii de Agr0n0m1e Preda
cursurile de Genetica si Ameliorarea plantelor.

Gradul stiintific de Doctor Habilitat in biologie pe specialitatea 03.00.15. — genetica obtine in
anul in anul 1984 la Institutul Ucrainean de Cercetari Stiintifice in Fitotehnie, Ameliorare si Genetica
,, V. Turiev”.

La etapa initiala de incadrare in lucru stiintific A. Palii a efectuat importante investigatii cu privire
%a controLul genetic §i utilizarea in practica a diferitor tipuri §i surse de androsterilitate citoplasmica

a porumb.

Incepind cu anul 1968 pin in prezent acorda o deosebita atentie cercetdrilor teoretice §i practice
consacrate studiului §i utilizarii variabilitatii genetice in procesul de ameliorare a porumbului pentru
calitatelf bobului. Cercetarile au fost initiate si, la prima etapd, indeplinite sub conducerea acad. A.
Kovarski.

In urma cercetarilor efectuate Impreund cu colaboratorii (m. c. al ASM T. S. Cialic, dr. h. V.
L. Tiganas si dr. Domnica Tiganas) a creat o colectie de circa 400 analogi linii consangvinizate, ce
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contin in genotipul lor genele 02, fi2, wx, su2, care se foloseste in programele de genetica si amel-
iorarea calitdtii bobului de porumb, atit la noi in tara, cit si in alte institutii peste hotare. ~ Pentru
prima datd a fost descoperitd o gend noud a endospermului — ¢fl2, care comﬁtioneazé manifestarea
fenotipicd a genei fI2 Intr-o singurd doza si un confinut sporit de lizind $i meteonind in bob. Au fost
depistate noi surse genetice cu un coninut Tnalt de lizind in bob, inclusiv 5, care au in genotipul lor
alela 02 si 2 —alela fi2.

Utilizarea diferitor metode genetice si de ameliorare a permis crearea unui bogat material initial
pe baza caruia au fost obtinute citeva variante de hibrizi speciali de porumb: cu endospermul fainos si
un continut sporit de lizina si proteind in bob; cu endospermul semisticlos sau sticlos si un continut
sporit de lizind 1n proteind; cu endospermul ceros si un continut de 99 — 100% de amilopectina in
amidonul din bob, In comparatie cu 75% amilopectina in amidonul porumbului comun.

Aceste cercetdri s-au finalizat prin crearea si omologarea in Republica Moldova a 6 hibrizi spe-
ciali de porumb. Prof. univ. A. Palii este de asemenea coautor a 2 soiuri de griu durum de toamna si
2 soiuri de soia, omologate in republica, dispune de 1 brevet de inventie.

Dr. h. A. Palii prin cercetérile sale, in mod deosebit, contribuie la dezvoltarea geneticii si amel-
iorarea plantelor. Rezultatele cercetrilor au fost publicate in 210 lucréri stiintifice, inclusiv o
monografie. A publicat lucrdri stiinifice 1n editurile din Rusia, Ucraina, Belarusi, Ungaria, SUA, Gre-
cia, lugoslavia, Japonia, inclusiv in revistele unionale de specialitate: Genetica, Jloxnaoer BACXHHJI,
Cenvcroxossiicmeennas ouonoeus, Qusuonoeus pacmenutl g.a. A participat la diferite Congrese si
Conferinte republicane si internationale.

Prof. univ. A. Palii manifesta o activitate rodnicd in domeniul pregatirii specialistilor de inalta
calificare. Sub conducerea lui au fost pregatiti 2 doctori habilitafi in stiinte si 10 doctori in stiinte,
inclusiv 3 cetateni din alte fari. In prezent este condugcdtor stiintific a 3 doctoranzi. A publicat circa 40
lucriri didactico-metodice, inclusiv trei manuale. In anul 1998 a editat primul manual ,,Genetica”,
in limba romind pentru studentii facultatilor de biologie din republica apreciat cu Premiul Nagional
pentru Stiinta si Tehnica (2004), iar n a. 2014 — un valoros manual n ameliorarea plantelor, apreciat
cu premiul A.S. a Moldovei.

Ca o recunoastere a meritelor sale in cercetdrile de genetica vegetala si in activitatea didactica
prof. univ. A. Palii devine in anul 1998 academician al Academiei Internationale de Stiinte Ecologice
si Securitate Vitala (or. S. Petersburg), iar in anul 2000 academician al Academiei Internationale in
domeniul Invatamintului Agrar (or. Moscova?, in anul 2007 — m.c. al ASM, iar in 2012 Doctor Hon-
oris Causa al Universitatii de Stiinte Agricole si Medicind Veterinara ”lon lonescu de la Brad” din
[asi.

" Este decorat cu medalia ,,Meritul Civic” (1993), ordinul ,, Gloria Muncii” (2005), Medalia
. Dmitrie Cantemir” (2010). Premiul Academiei de Stiinte a Moldovei pentru realizari stiintifice
valoroase ale savantilor in anul 2014 (martie, 2015).

In diferite perioade, prof. univ. A. Palii activeaza in calitate de membru al Consiliului National
pentru Acreditare si Atestare, membru al Consiliului National pentru decernarea Premiului de Stat,
vice-presedinte al Societatii geneticienilor si amelioratorilor din Moldova, membru al Consiliului
National pentru soiurile de plante, membru a Comisiei Nationale pentru biosecuritate, membru al
colegiului de redactie a revistei ,,Stiinta Agricola”.

Daci in cazul dat scolile de profesura si-au facut datoria cu cinste, apoi efortul depus depus a
fost decisiv in formarea personalitdtii m.cor. al A.S. Andrei Palii, in formarea unei cariere de succes
in stiintd, in pedagogie (pregatirea cadrelor) si in familie. In toate a depus efort, daruire totald si a
obtinut succes.

Realizérile profesorului universitar Andrei Palii in stiintd (domeniile geneticii, pregatirii cad-
relor) sunt remarcabile, recunoscute si apreciate. Cei mai mari specialisti in fosta U.R.S.S. din ge-
netica si ameliorarea porumbului — acad. M.I.Hadjinov, G.S. Galeev, A.E. Covarschii, au sustinut,
promovat si admirat creatiile tnarului savant. Continuand activtatea in domeniu, a trecut treptefe sef
de laborator la A.S.P. Hibrid”, sef de catedra, decan al faculttii de agronomie a Universitatii Agrare,
profesor emerit, laureat al Premiului de Stat, laureat al premiilor internationale.

Cu talentul de profesor adevarat, cu dragoste si daruire pentru tineri rimane si se manifestéd in
plind forta creatoare.

MICU Vasile - academician al A.S.M. si al academiilor agrare din Rusia, Ucraina, Belorusia, Romania
DUCA Maria- academician al A.S.M., rector al Universitatii A.S.M.
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UDC: 582.475.2:577.2

ABOUT THE RESULTS OF THE STUDY OF THE PROCESS OF SPERMOGEN-
ESIS AT PICEA ABIES (L.) KARST. Ciubotaru Alexandru // Journal of Academy of Sciences
of Moldova. Life sciences. 2015, No 2(326), p. 4-15.

A re-light optical research spermatogenesis Picea abies (L.) Karst shows that contrary to
the assertions Fergusson (1901) and Camefort (1978) sperm spruce are cells: each core is sur-
rounded by a private limited cytoplasm plasma membrane. At the same time, this study clarifies
our opinion expressed in the together published work on this issue (Moszkowicz, Chebotari,
1986). It was also found that the sperm from plazmogenez spruce is completed by the end of the
programmed phase of fertilization, ie, by the mioment of the contact with the pollen tube ovule
nucellus. Reproached position of the slperm nuclei for the entire period of growth of the £ollen
tube, creates a single view of the cytoplasm, but large size of male gametophyte spruce and care-
ful microscopic analysis of the same drugs had allowed to clarify the phylogenetic question.

30 references, 10 figures.

Key words: angiospermae, evolution, gamet, gametophyte, gimnospermae, manofilie, phy-
logeny, pollen grain, sperm cell, sporophyte.

UDC: 582.675.1

CONTRIBUTION TO THE KNOWLEDGE OF VEGETATIVE ORGANS STRUC-
TURE OF PAEONIA PEREGRINA MILL. Mereacre Anca, Boz Irina, Toma Constantin //
Journal of Academy of Sciences of Moldova. Life sciences. 2015, No 2(326), p. 16-19.

The authors investigated the vegetative organs structure of Paeonia peregrina Mill. (P.
romanica Brandza), protected as natural monument included in the Critical list of vascular
plants from Romania. The structure of tuberous roots reminds of the structure of a rhizome,
the conductive tissue forming collateral vascular bundles, disposed on a circle and separated by
large medullary rays. The mechanic tissues of the stem are represented by hypodermic collen-
chyma and sclerenchyma (periphloemic fibers, libriform and medullary raysgl. The foliar blade
presents a bifacial-heterofacial structure, having a single layer of palisadic tissue, consisting of
short and occasionally septate cells on the outer side. 12 references, 3 figures.

Key words: anatomy, natural monument, Paeonia peregrina.

UDC: 577.2.08 : 631.52

PRIMERII TRANSPOZONULUI MUDR - MARCHERI MOLECULARI AI GENO-
TIPURILOR DE TOMATE. Pasa Lilia, Mitin Valentin, Deaghileva Angela, Tumanova Lidia.
// Journal of Academy of Sciences of Moldova. Life sciences. 2015, No 2(326), p. 20-25.

We have studied DNA- polymorphism of some tomato genotypes using primers comple-
mentary to the sequence encoding the TIR, mudrA and mudrB regions of maize transposable
MuDR. Two primers homologous to TIR region of MuDR, five primers homologous to the
mudrA region MuDR and three primers homologous to the region mudrB have been selected
as perspective for the tomato genotypes identification. We suggest that all analyzed primers
highlight common monomorphic fragments for the analyzed genotypes, so it can be used in
taxonomic identification of Licopersicon esculentum. Primers which generated polymorphic
spectrums genotype-specific may be applied in studying the inter-variety polymorphism of to-
matoes.

12 references, 5 tables, 3 figures.

Key words: molecular marker, MuDR, polymorphism, transposons, tomato.

UDC: 616.12-005.4-08:615.37

GENETIC FACTORS THAT PREDISPOSE TO CORONARY ARTERY DISEASE.
Capros Natalia, Barbacar Nicolae, Istrati Valeriu, Popescu Victor, Butovscaia Cristina // Jour-
nal of Academy of Sciences of Moldova. Life sciences. 2015, No 2(326), p. 16-29.

The aim of the study was to evaluate the fenetic factors that cause or predispose to coronary
artery disease (CAD). The case control study was conducted in 2007-2011 and included 405
patients with coronary artery disease and acute ischemic episodes admitted to the Municipal
Clinical Hospital ,,Sfanta Treime*, Chisinau. Insertion/deletion (I/D) genotypes of angiotensin-
convertin enz?rme (ACE) and A1166C polymorphism of angiotensin II type 1 receptor gene,
Asp298Glu gA G) genotypes of the endothelial nitric oxide synthase (eNOStgl and PIA1/2 (A1A2)
genotypes of GPIIb/I1Ia receptor polymorphisms were identified by amplified polymerase chain
reaction and restricted fra%ment ength polymorphism. The authors concluded that the carrier
of D/D genotype and D allele in ACE gene, being positively correlated with the risk C/C poly-
morphic variant of angiotensin II type 1 receptor gene was associated with hypertension and
cardiovascular death. A2/A2 %enot Ee of glycoprotein (GP) IIb/Illa receptor gene was associ-
ated with susceptibility to CA andy igh frequency of myocardial infarction and dyslipidemia,
particularly in smokers. 7 references.
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Key words: coronary artery, genetic diagnosis, genetic factors.

UDC: 575.17

HUMAN HEALTH. ROLE OF GENETIC AND EPIGENETIC FACTORS. Furdui
Teodor, Ciochina Valentina, Glijin Aliona, Vrabie Valeria, Didilica Ina // Journal of Academy of
Sciences of Moldova. Life sciences. 2015, No 2(326), p. 30-37.

This paper specifies some genetic and epigenetic fgctors that not only underlie the genesis
of different diseases but also ensure human sanogenicity. For the first time, a complex definition
of the human health assumed as a basis of sanocreatology has been proposed. Integral human
health is determined by interrelations between genetic and environmental factors, and genetic
factors constitute the basis of the organism’s sanogenicity development. The paper includes a
description of particularities and the importance of prenatal genetic programming and the role of
epigenetic modifications in determinism of the human organism’s sanogenicity. 65 references.

Key words: human health, genetic factors, epigenetics, sanogenity, disease.

UDC: 616:575

PRENATAL DIAGNOSIS AND MEDICAL GENETIC COUNSELING. Sprincean
Mariana, Halabudenco Elena, Barbova Natalia, Egorov Viadimir, Stratila Mihai, Etco Lud-
mila, Secrieru Viorica, Nour Veronica, Usurelu Natalia, Sacara Victoria. // Journal of Academy
of Sciences of Moldova. Life sciences. 2015, No 2(326), p. 38-46.

Aim of presented study consists of highlighting the role of the PCD in identifying chro-
mosomal abnormalities at the early stages of intrauterine development, while respecting the
practice background of medical genetic prenatal counseling. The data obtained in the PCD and
its evaluation allow to carry out prenatal diagnosis of 164 cases of chromosomal abnormalities
that amounted 3,5+0,3% from all pregnant women which passed the PCD during the respective
period.The PCD (i. e., fetal karyotyping) as well as medical genetic counseling contribute to the
reduction the prevalence of chromosomal abnormalities in newborns.

15 references, 3 tables, 2 figures.

Key words: prenatal diagnosis, hereditary congenital malformations.

UDC: 616-053.2:616.127-009.51-085

GENETIC ISSUES IN PEDIATRIC HYPERTROPHIC CARDIOMYOPHATY. Stamati
Adela // Journal of Academy of Sciences of Moldova. Life sciences. 2015, No 2(326), p. 47-52.

Hypertrophic cardiomyopathy (HCM) is a common genetic cardiovascular disease. It is
marked by phenotypic and genoty%)ic heterogeneity. A retrospective study was performed on 23
children with HCM, aged before 19 years, hospitalized in Department of Pediatric cardiology
of Child and Mother Institute (2008-2012). All subjects underwent detailed assessment: clinical
history and examination, 12-lead and Holter monitoring electrocardiogram (ECG) and tran-
sthoracic echocardiographic study. Each clinical case was analyzed with reference to detection
the presence of unfavorable risk factors. We are guided by the recommendations of pediatric
studies, including extracardiac involving. According to clinical data, 3 infant was suspected for
mitochondrial disease. The multidisciplinary approach has a considerable advantage in every-
day assessment of children with HCM. 28 references, 4 tables.

Key words: genetic, pediatric hypertrophic cardiomyopathy

UDC: [633.16:631.523]:581.84(478)

ULTRASTRUCTURAL EVALUATION AND HISTOLOGICAL PECULIARITIES
OF ANDROGENETIC STRUCTURES OF BARLEY. Andronic Larisa, Macovei Ecateri-
na, Smerea Svetlana // Journal of Academy of Sciences of Moldova. Life sciences. 2015, No
2(326), p. 53-58.

The induction of microzpores dedifferentiation and reclaim of sporophytic development
is a complex process, dependent by a lot of factors, including pretreatment conditions and the
genotype peculiarities. In results ot application various experimental variants, distinguished by

retreatment schemes and nutrient media, had been obtained androgenetic positive response for

arley cultivars (Galactic, Sonor, Unirea and Stralucitor). The embryogenic structures derived
from in vitro anthers culture present different ultrastructural aspects in dependence of prolifera-
tion capacity and further development. In realization of androgenic potential, an important role
it is found for organelles of energetic systems: plastids and mitochondria, proving cytoplasmic
factors involved in establishing embryogenic ability. 9 references, 4 figures.

Key words: androgenesis, anthers, barley, embryogenic structures, in vitro culture, non-
morphogenic structures, ultrastructure.

UDC: 632.3:633.16+633.16:631.52(478)

EXPRESSION OF SOME GENES IN BARLEY UNDER VIRAL INFECTION.

Andronic Larisa, Port Angel, Duca Maria // Journal of Academy of Sciences of Moldova.
Life sciences. 2015, No 2(326), p. 59-65.

Impact of viral infection on susceptible host includes a variety of responses affecting struc-
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tural aspects, physiological and genetic processes. Using qRT-PCR, it was established quantita-
tive deviations in expression levels of some genes in leaves of barley seedlings obtained from
plants infected with barley stripe mosaic virus. The activity of genes studied in the present
experiment was clearly influenced by viral infection. In barley progenies obtained from virus
infected plants the expression of genes involved in antioxidant metabolism (Apx and Sod) was
decreased in most variants. The relative expression of genes for pathogenesis-related proteins
was significantly (P<0,05) modified in evaluated barley cultivars FGalactic, Sonor and Unirea).
The obtained data showed up- or down- regulation of PR3 and PR 10 in dependence of genotype,
whereas for PR5 was reported only the up-regulation effects for all treated variants.

33 references, 2 tables, 1 figures.

Key words: antioxidant system, barley stripe mosaic virus, gene expression, pathogenesis-
related proteins, susceptibility, viral infection.

UDC: [635.65:631.52]:581.1.036

QUANTIFYING EFFECTS OF ULTRAVIOLET LIGHT ON PHASEOLUS VUL-
GARIS L. IN ORDER TO IDENTIFY GENOTYPES WITH DIFFERENT CAPACITIES
FOR USING SOLAR RADIATION. Bara Csilla luliana, Iurea Dorina, Cotenco Eugenia,
Vochita Gabriela // Journal of Academy of Sciences of Moldova. Life sciences. 2015, No
2(326), p. 66-69.

The objective of these surveys was to establish the effects of UV radiation (beneficial or
harmful) on Phaseolus vulgaris L. in order to identify genotypes with different capacities for
using solar radiation. The content of flavonoids, izoflavonoids, lignin was determined, dimer
formation at the DNA level was traced as a result of UV irradiation and DNA photolysis pho-
toreparing, cytogenetic studies were carried out and, respectively, studies on the variation of
agronomic and biochemical parameters of the germinating bean varieties under natural envi-
ronment and UV-B environment. There was a relatively uniform response of varieties to all
analyzed parameters, the differences in response was minimal, so none of varieties could be
considered particularly sensitive or resistant to UV irradiation. 9 references.

Key words: agronomic parameters, effects, genotypes, irradiation, Phaseolus vulgaris L.

UDC: 631.52:635.1/.6(478)

ACTUAL PROBLEMS OF SELECTION AND ARRANGEMENT OF SEED PRO-
DUCTION OF VEGETABLE CROPS. Botnari Vasile. // Journal of Academy of Sciences of
Moldova. Life sciences. 2015, No 2(326), p. 70-75.

Tradition, experience, favorable soil and climatic conditions are a prerequisite for a real
recovery of vegetable production in Moldova. The annual gross harvest of vegetables can be
increased to 1 million tons. The planned development of vegetable production requires constant
scientific mg)port for the creation of new varieties and hybrids, development and introduction of
new methods and technologies for the production of seeds, seedlings and cultivation of vegeta-
ble crops, can ensure economically feasible crop levels of high quality harvests under conditions
of shortage of water and energy resources. 9 references, 1 figure.

Key words: development, vegetable growing, variety, hybrid, seeds, production, scientific
support.

UDC: [581.1:633.4]:631.

EVALUATION OF POLYANIONIC GLICOSIDIC FUROSTANOLIC DERIVATIVES
IMPACT ON TESTING PLANT SPECIES MITOTIC DIVISION AND CHROMOSOMES.
Cimpeanu Mirela M., Cimpeanu Cristian S., Csilla Bara Iuliana, Cotenco Eugenia, lurea Dorina D.
// Journal of Academy ofpSciences of Moldova. Life sciences. 2015, No 2(326), p. 76-79.

Glicosidic biopreparations were tested in these studies to reveal their impact on the process
of mitotic division and implicitly of chromosomes. It was found that mitotic indices of Secale
cereale demonstrated decrease in treatment variants of glycoside-furostanolic polyanionic de-
rivatives. Increase in the value of this parameter was not detected in any of the experimental
variants. A structural chromosomal mutations percent increase was determined for the variants
studied compared to check variants. Usually aberrations were present more frequently with
types of: ana-telophase with decks, bridges and fragments, fragments. references, 12 figures.

Key words: polyanionic — furotanolic glycoside derivatives, Secale cereal.

UDC: 633.8:582.949.27:577.18(478)

EXPRESSION OF GENES INVOLVED IN SCLAREOL BIOSYNTHESIS IN SALVIA
SCLAREA L. Duca Maria, PortAn%ela, Sestacova Tatiana, Martea Rodica, Goncearuc Maria
// Journal of Academy of Sciences of Moldova. Life sciences. 2015, No 2(326), p. 80-86.

Salvia sclarea L. has received attention for its broad range of pharmacological activities
and used for fra]%rances and cosmetics industry. However, little is known at the genetics of the
secondary metabolites synthesis in that plant. In this research, the real-time PCR was used
to estimation of LPPS and SS gene expression, involved into sclareol metabolic pathway. An
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increased transcriptional activity of LPPS gene in hybrids compared with parental forms was
identified. Thus, the level of LPPS gene relative expression in most cases correlated with hybrid
vigor in clary sage. Moreover, a positive correlation between transcriptional activity of IZPPS
gene and sclareol content was revealed. Application of molecular breeding approaches could
contribute to an easy and quick selection of parental genotypes for high performance hybrid
creation.

27 references, 2 tables, 7 figures.

Key words: gene expression, HPLC, LPPS, Real-Time PCR, Salvia sclarea L., sclareol.

UDC: [630%18:582.894]:630%165(478)+[630%18:633.898.42]:630%165(478)

INVENTORYING OF CORNELIAN CHERRY AND HAZELNUT POPULATIONS
IN FOREST ECOSYSTEMS OF MOLDOVA IN THE CONTEXT OF THE IN SITU
CONSERVATION OF CROP WILD RELATIVES. Ganea Anatolie // Journal of Academy
of Sciences of Moldova. Life sciences. 2015, No 2(326), p. 87-91.

The article gives experimental data on in situ inventorying (GPS-positioning) of populations
of cornelian cherry (Cornus mas L.) and hazelnut (Corylus avellana L.) in forest ecosystems of
all soil-climatic zones of the Republic of Moldova, and describes some morphobiological traits
of plants. Results and opportunities of conservation of genetic resources of these species in
the conditions of ex situ collection are shown and the necessity for deeper investigations of
intraspecific diversity of their populations is pointed out. 24 references, 2 tables.

ey-words: cornelian cherry, ex situ conservation, forest ecosystems, hazelnut, in situ con-
servation, inventorying.

UDC: 633.8:631.527

BIOCHEMICAL DIVERSITY OF THE ORIGANUM VULGARE SSP. VULGARE L.
AND ORIGANUM VULGARE SSP. HIRTUM LINK) IETSWAART GENOTYPES FROM
MOLDOVA. Gonceariuc Maria, Balmus Zinaida, Benea Ana, Barsan Victoria, Sandu Tatiana.
// Journal of Academy of Sciences of Moldova. Life sciences. 2015, No 2(326), p. 92-100.

Five genotypes of O.vulgare ssp. vulgare L. and five genotypes of O.vulgare ssp. hirtum
have been assessed. The diversity of O. vulgare ssp. vulgare. and O. vulgare ssp. hirtum geno-
types has been confirmed through the essential oil content, qualitative and quantitative com-
ponents. The content of the essential oil separated by hydrodistillation varies between 0,077%
and 0,360% in the genotypes O.vulgare ssp. vulgare, and between 2,315% and 4,923% in the
O.vulgare ssp. hirtum genotypes. Qualitative and quantitative analyses performed using GC GC-
MS techniques have found from 18 to 29 components in the O.vulgare ssp. vulgaris essential
oil, depending on the genotype, the identification ratio being 92,38%-98,80%. The component
number varies between 18 and 25 depending on the genotypes of O. vulgare ssp. hirtum, this
constituting 99,87-100 % of the essential oil. The major components in the essential oil of O.
Vulfr’are ssp. vulgare include Germacrene D (33,98-26,01%); B-Caryophyllene (12,16-33,16%);
v-Elemene (3,82 — 16,79%), while - Bisabolene (6,83—16,0d) is the major component in four
genotypes. The O. vulgare ssp. vulgare genotypes are divided into five chemotypes: 1. Ger-
macrene D/B—Caryophyllene/}ﬁBisa olene; 2. Germacrene D/ —Caryophyllene/é‘)-a)Cadinole/
v-Elemene; 3. Germacrene D/ y-Elemene/ B-Caryophyllene/ - Bisabolene; 4. f-Caryophyllene/
Germacrene D/ - Bisabolene; 5. Germacrene D/ -Caryophyllene/y-Elemene/B- Bisabolene.
The major components in the essential oil of O. vulgare ssp. hirtum are carvacrol (77,61-
85,88%;, followed by p-cymene (3,64-9,33%) or y-terpinene (8,22%) and p-cymene (5,30%).
The O.vulgare ssp. hirtum genotypes are divided into two chemotypes: 1-carvacr01/ty-terpinene/
p-cymene and carvacrol/y-terpinene/p-cymene/ B-Caryophyllene. The variability of the content
of polyphenols in the genotypes of both subspecies has been demonstrated. Rich in polyphenols
are genotypes belonginf O.vulgare ssp. vulgaris: from 99,25 + 1,598 to 166,43+3,594 mg/100g.
The genotypes of O.vulgare ssp. hirtum, synthesizes and accumulate polyphenols from 53,51+
0,684 to 85,59+0,719 mg/100g. 42references, 3 tables.

Key words: composition, essential oil, Origanum vulgare ssp. hirtum, genotip, Origanum
vulgare ssp. vulgare, polyphenols.

UDC: [633.854.78:631.8]:631.55

HERBICIDE RESISTANCE BREEDING IN SUNFLOWER, CURRENT SITUA-
TION AND FUTURE DIRECTIONS. Kaya Yalcin. // Journal of Academy of Sciences of
Moldova. Life sciences. 2015, No 2(326), p. 101-106.

Sunflower grows in summer so it influences greatly more from environmental factors then
it could not compete efficiently with other crops (commonly wheat in rainfed areas and corn,
sugarbeet, etc in irrigated lands) in the rotation. Therefore, breeders should develop new higher
yielding and dry tolerant cultivars and also should find new production techniques to increase
groduction with reducing of effects of environmental factors influenced seed yield. Weeds and

roomrape (Orobanche cumana Wallr.) exist among the most limiting factors for sunflower
production in especially in Eastern Europe and Black Sea Region. Clearfield Technology which
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using post emergence Imidazolinone (IMI) herbicides with IMI resistant cultivars presents ef-
ficient results both control broomrape and major broadleaf weeds in sunflower production. Fur-
thermore, Sulfonyl Urea (SU) herbicide as post application like IMI is also another method to
control weeds eff%]ciently and it is preferred being cheaper than IMI. Farmers prefer commonly
this technology because of well control on both broomprape and also common weeds in Eastern
Europe. Recent trends in sunflower breeding and production is combining broomrape resistant
genes with IMI resistance ((IMI + Orb) and also some other disease resistance such as downy
mildew in the same hybrid give farmers more options better control weeds. Future trend is com-
bined all three traits (Orb + IMI + SU) in the hybrids to present more economical results and
efficient solutions to control weeds in their fields. 90 references.
Key words: broomrape, control, herbicides, races, resistance, sunflower, weeds.

UDC: [582.28:632.4]:581.083

FACTORIAL ANALYSIS OF SPECIFICITY OF THE FUNGUS ALTERNARIA AL-
TERNATA (FR.) KEISSLER. Lupascu Galina, Grigorcea Sofia, Mihnea Nadejda, Gavzer
Ll?\(;e;tlft{ag. // Journal of Academy of Sciences of Moldova. Life sciences. 2015, No 2(326), p.

In the article are presented data on the action specificity of Alternaria alternata culture
filtrate, isolated from tﬁe sick plant of tomatoes, on the tomatoes, wheat and soya plant growth.
It was established that the responding reaction of the plants was differentiated, being manifested
by stimulation or inhibition, and depended from the plant cultivar, variety, fungus strain and
temperature conditions. Through factorial analysis it was established that in comparison with
wheat and soya, at tomatoes the share of the genotypic factor in the response reaction at the
fungus action was higher, that reveals a possi%le specialization of the pathogen for the host-
plant-tomatoes.

9 references, 4 tables.

Key words: Alternaria spp., soya, specialization, tomato, wheat.

UDC: 581.5(478)

PLANT BREEDING REQUIRES IMPROVEMENT. Micu Vasile // Journal of Acad-
emy of Sciences of Moldova. Life sciences. 2015, No 2?326), p. 111-118.

This article highlights main issues and possible solution in plant breeding in free market
conditions, including phases and objectives for creating intellectual goods, forms and possi-
bilities of financing, protecting and promoting intellectual goods (races, hybrids, technologies),
fostering the authors and other aspects.

_ Key words: breeding, financing, implementation, privatization, research genetics, stimula-
tion.

UDC: 633.15:631.523/.524(478)

INSTITUTE OF CROP “PORUMBENI” ACHIEVEMENTS AND GENETIC
PROGRESS IN MAIZE BREEDING. Pirvan Pintilie, Maticiuc Vasile, Mistret Silvia. // Jour-
nal of Academy of Sciences of Moldova. Life sciences. 2015, No 2(326), p. 119-124.

The results achieved in the framework of integral research and works to improve the crea-
tion and implementation of hybrids of corn over the course of 40 years of activity of the Institute
of Crop ,,Porumbeni”. Creating competitive hybrids focuseson inbred lines with high combined
capacity, adapted to the specific climatic conditions of cultivation areas. In this context, the final
product of the hybrids that process improvement is achieved in different formulas depending
on the area of cultivation and the directions for use. Over the course of 40 years of work at the
Institute were created tens of thousands of corn hybrids of them just 1-2% being transferred to
the official testing. Research were completed by the sending in the State Commissions of the
Plant Varieties over 250 new hybrids of corn, of which 96 were included in the Official CATA-
L%)IG of Plant Varieties of Moldova, Russia, Belarus, Ukraine and Kazakstan. 3 references, 3
tables.

Key words: applied research, hybrid, inbred lines, mayze, breeders.

UDC: 634.8:631.524(86):634.864(06)

IDENTIFICATION OF AMELIORATIVE POTENTIAL OF GRAPEVINE GENETIC
RESOURCES. Savin Gheorghe. // Journal of Academy of Sciences of Moldova. Life sciences.
2015, No 2(326), p. 125-130.

In the present study are indicated some current targets in grapevine amelioration, includin
assessment of ameliorative potential of genetic resources presented in the grapevine gene poo
of the institute. Are presented some theoretical conclusion concerning the absence of genetic
barriers for transmission through heredity to hybrid offspring of quality and resistance and prac-
tical realization of this hypothesis — created ﬁiologica material (varieties, elite, descendla)mts)
meets in one genotype productivity; quality, including seedless; adaptability to stress factors
and representing a valuable prebreeding components. In Institute’s grapevine gene pool are
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presented a wide diversity of genotypes with complex characteristics: increased quality and pro-
ductivity; seedlessness, very early ripening , advanced or increased resistance to unfavorable
factors of environment — a necessary gasis %or future improvement of assortment.

24 references, 1 figure, 1 table.

Key words: breeding, genetic resources, grapevine, resistance, V. vinifera.

UDC: [635.64:631.4]:332.36 (478)

CHARACTERISTICS OF TOMATO VARIETIES AFTER VALUABLE ECONOMIC
FEATURES. Siromeatnicov lulia, Cotenco Eugenia, Calalb Tatiana, Ciobanu Renata. // Jour-
nal of Academy of Sciences of Moldova. Life sciences. 2015, No 2(326), p. 131-137.

Distant hyﬁridization and biotechnological methods (in vitro immature embryo saving and
histo-anatomical analyses) have resulted in developing tomato collection with valuable quantita-
tive features for improvement. The lulihirsutian variety and Anatolie variety in memory of Prof,
Acad. Jacota has been characterized by maximum photosynthetic activity compared with other
analyzed genotypes. Structural peculiarities of these genotypes (increased number of secretory
and tector hairs, stomata presence and openness of octiolei, especially on adaxial leaf epidermis,
mesophyll thickness palisade, spongy and correlated between them) have resulted in histo-ana-
tomical or%anization with leaf tolerance to drought and a significant contribution to establishing
a greater photosynthetic activity of the above-mentioned genotypes. Based on the data obtained
there were identified new sources of higher productivity and resistance, which were included in
the hybridization process and development of new tomato populations (lines and varieties) and
submitted to the State Commission for Plant Varieties Testing and two varieties were approved
for cultivation in the open field in Moldova. 17 references, 2 tables, 2 figures.

Key words: hybridization, in vitro culture, histo-anatomical analyses, genotypes, hybrids,
lines, varieties.

UDC:633.854.78:631.52

GENETIC VARIABILITY OF OIL QUALITY COMPONENTS IN SUNFLOWER
AS A FUNCTION OF DEVELOPING HYBRIDS WITH NOVEL OIL. Skori¢ Dragan,
Sakac Zvonimir, Demurin Yakov. // Journal of Academy of Sciences of Moldova. Life sciences.
2015, No 2(326), p. 138-146.

Sunflower is one of the most important oil crops in the world, and its oil is one of the high-
est quality vegetable oils. Oil quality is determined by the fatty acid composition, tocopherol
content and type, phytosterols, carotenoids, and some other compounds. Standard sunflower oil
contains linoleic, oleic, palmitic, and stearic fatty acids as well as several other fatty acids that
are found in traces. The objective of this paper was to make a review of the genetic variability
of oil quality components in sunflower using own results and those of other authors. Standard
sunflower o1l is linoleic in type, but using induced mutations genotypes have been developed
that have high levels of oleic, palmitic, and stearic acids, and the mode of inheritance of these
traits (gene number and type) has been determined. Also, some results have been achieved in the
study of the mode of inheritance at the molecular level using marker genes. Standard sunflower
oil contains predominantly alpha tocopherols (>95%). Using spontaneous mutations the genes
tphl, tph2, and tph1tph2 have been discovered that control (%ffgrent levels of alpha, beta, gam-
ma, and delta tocopherols. Also, Spanish researchers used induced mutations to obtain mutants
with high levels of beta and delta tocopherols. In one of our own studies, the restorer line RHA-
S-59 was found to contain only gamma tocopherol SIOO%), while 20 other restorer lines had
only alpha tocopherol (100%). It has been scientifically proven that phytosterols (campesterol,
stigmasterol, and beta-sitosterol) also play an important role in determining oil quality and that
different %lenot?lpes have different levels of these substances.It has been shown that in genotypes
that have high levels of oleic acid coupled with high levels of beta, gamma, or delta tocopherol a
certain synergy occurs that increases oxi stability up to 15 times compared to standard sunflower
oil. Using the existing genetic variability of components that determine oil quality it is possible
to develop sunflower hybrids with novel oil. Thus far, the most has been done in the develop-
ment of high-oleic hybrids. 39 references, 6 tables.

Key words: fatty acids, oil quality, phytosterols, sunflower, tocopherols.

UDC: 636.22/.28.082.(478.9)

GENETIC CHARACTERISTIC HEIFERS MOLDOVAN TYPE OF BLACK-MOT-
LEY CATTLE - DESCENDANTS VARIOUS OF BULLS. Konstandoglo Alexandra, Focsha
{/Zzée;ité'g. // Journal of Academy of Sciences of Moldova. Life sciences. 2015, No 2(326), p.

In the article are the results of research and monitoring of changes in the gene pool of the
Moldovan type black-Motley cattle in the herd STE “Maximovca.” Identified differences in an-
tigenic sgectrum of blood groups in the offspring of 11 bulls used in the herd during the period
2003 to 2013 years. Among the identified 6 antigens (B2, G2, 02,Y2, E’2, ({) the descendants
of all the bulls a there is a high frequency of occurrence of Antigen Y2, which varied from 0,32
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(Dichii 788) to 1.0 (Abkhazian 835, Meteor 376). On AEB-locus Antigen B” identified only by
descendants of bulls Captain 2354 and Svet 732, as evidenced by the earlier assessment of the
genetic structure of the used lines of bulls in the herd STE “Maximovca” and is a characteristic
of the descendants of the bulls line Vis Back Ajdiala and Pavni Farm Arlinda Chief. A study of
relationship between the descendants of various bulls set the closest were the descendants of
the bulls Academician 767 and Signor 7415, the genetic distance is 0,13, and most distant de-
scendants of the bulls Abkhazian 835 and Dichii 788. The study of the relationship established
between the descendants of the different bulls showed that the closest were the descendants of
the bulls Academician 767 and Signor 7415, the genetic distance is 0,13. The most distant - de-
scendants of the bulls Abkhazian 835 and Dichii 788, the genetic distance is 0,31.
18 references, 2 tables, 2 figures.
g Key words: individual selection, blood group, heifers, descendants of the bulls, genetic
1stance

UDC: 636.32/.38

IMPROVEMENT OF TSIGAIE SHEEP BREED OF MOLDOVAN TYPE. Tofan Ivan,
Liutcanov Petru, Masner Oleg // Journal of Academy of Sciences of Moldova. Life sciences.
2015, No 2(326), p. 153-156.

This paper deals with appreciation of the herd of sheep of Tsigaie race of Moldovan type
which specializes in wool-meat-and-milk direction of production, at birth, at 3-3,5 months of
age, 12-14 months of age. There is presented productivity of animals of different age groups
selected in the selection nucleus in relation to the minimum requirements of the standard. Ac-
cording to the animals’ body mass and wool production, the animals of selection nucleus are
more superior to the official percentage requirements for breeding Rams by 0,7% to the body
mass, and by 15,8% to production of wool; while the sheep are superior according to the body
weight by 15,4% and according to the wool production - by 14,8%; breeding lambs - by 13,9%
and 2,5% according to the body mass and wool production respectively; breeding ewes - by
2,6"@1 according to body mass and by 8,7% according to the production of wool. § references,

tables.

Key words: breeding rams, Moldavian type, race Tsigaie, sheep.

UDC: 634.22:632.9

STERILIZATION OF NATURAL POPULATIONS OF THE PLUM WORM
LASPEYRESIA FUNEBRANA TR. (LEPIDOPTERA, TORTRICIDAE). Musleh Mohammed
// Journal of Academy of Sciences of Moldova. Life sciences. 2015, No 2(326), p. 157-159.

Plum moth (Grapholita funebrana Tp) in plum garden the Central Zone of Moldova, an
area of 4 hectares traps with sex pheromones. Insecticide analog yuvenilnog insect hormone
“Insegar”, dose of 0,6 kg / ha.

9 references, 2 tables.

Key words: monitoring chemical sterilization, plum moth sex pheromones.

UDC: 581.1.04:631.526.32

MORPHO-ANATOMICAL ASPECTS OF TWO BASIL CULTIVARS PLANTLETS
UNDER EXPERIMENTAL HEAVY METAL CONTAMINATION. Burducea Marian, Lo-
biuc Andrei, Rosenhech Elida, Toma Constantin, Zamfirache Maria-Magdalena. // Journal of
Academy of Sciences of Moldova. Life sciences. 2015, No 2(326), p. 160-166.

The present paper investigates the ability of two basil cultivars to germinate and develop in
experimental Ce pollution. In higher concentration treatments, anatomical observations of roots
indicate reduced number of root hairs, an increased number of hairs, and reduced numbers of
ﬁlandular hairs in hypocotyls. The treatments did not influenced germination, but the root and

ypocotyle length were reduced at higher concentrations (200-400 mg/l Ce). The presence of
mucilage at germination may contribute to the absorption of this element from the solutions, as
shown for copper. The results justify further evaluation of the phytoremediation potential of the
two cultivars.

17 references, 7 tables, 5 figures.

Key words: anatomical structure of plantlets, heavy metal, phytoremediation potential of
basil cultivars, pollution of soil.

UDC: 575.86

PHYLOGENETICAL APPROACH FOR THE SEARCH OF VALUABLE META-
BOLIC PRODUCTS IN CYANOBACTERIA. Cepoi Liliana, Golan Jacob, Gryganskyi
fg;irlz% 5 // Journal of Academy of Sciences of Moldova. Life sciences. 2015, No 2(§26), p.

Based on CrtP %ene analysis we showed how phylogenetic approach could be used for
detection of potentially efficient carotenoids producers, identification of their unknown isolates
and for primer design for the screening of useful genes. ML analysis of the gene c7¢P in 15 taxa
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of (g/anobacteria has shown that two cyanobacteria grou]l))s — Anabaena and Nostoc might be
artificial and polyphyletic. More isolates and genes should be included in such analysis to detect
possible horizontal gene transfer events in evolution of branching filamentous cyanobacteria.
Phylogenetic analysis can be helpful in identification of unknown isolates. So, on our tree crtP
gene of unknown bacterium (clone 66415, acc. # KP445989) is nested together with the gene
of Nostoc punctiforme and possibly represents the same or closely related species. For crtP
gene we have determined the fragment with total length 1350 nucleotide basepairs (450 amino
acids) with no intones and pretty uniform structure with small insert of seven amino acids in the
beginning of the sequence right after first conserved region. Both starting and ending part of this
fragment with length of 39 nucleotide basepairs are well conserved (same aminoacids with no
changes or minor differences in 3rd codon positions) are very suitable for primer design.

20 references, 3 figure, 1 table.

Key words: 16S rRNA gene, CrtP gene, Cyanobacteria, phylogenetical approach.

UDC: 581.14:573.6.086.83

ON THE EFFECT OF ADVERSE FACTORS IN THE PRESOWING SEED TREAT-
MENT WITH A LOW-FREQUENCY MAGNETIC FIELD. Sidorenko A., Groisman 1.,
fhgbclzev A. // Journal of Academy of Sciences of Moldova. Life sciences. 2015, No 2(326), p.

73-177.

Experiments on the exposure of dry wheat seeds to a magnetic field in a frequency range of
1-10 Hz with a flux density of 40-50 uT have shown that, in the period of active cell division,
the cells of plants become more sensitive to external fields. In view of this fact, the seeds of the
experimental sample show better results on germination percentage and spout length than the
seeds of the reference sample against the background of natural fields under environmentall
safe conditions. Under the action of technogenic electromagnetic fields, the experimental seeds
showed worse results on germination percentage and sprout length than the reference seeds; this
fact proves the enhancement of the negative role of these fields on the cells of the developing
or%anism.Taking into account the general laws governing the development of or%anisms at the
cellular level, we can assume that technogenic fields play a particular negative role for a human
body at the moment of impregnation and initial development of the bodﬁr when the cells of the
embryo most actively respond to the surrounding fields. 9 references, 5 figures.

Key words: developing cells, low-frequency low-intensity magnetic field, natural fields,
plant seeds, technogenic fields.

UDC: 632.937.1: 579.6.

RECENT ACHIEVEMENTS IN MICROBIOLOGICAL PLANT PROTECTION.
Volosciuc Leonid, Panzaru Boris, Lemanov Natalia, Nicolaev Arcadii, Scerbacov Tatiana,
Nicolaev Svetlana, Zavtoni Pantelimon, Moraru Liviu. // Journal of Academy of Sciences of
Moldova. Life sciences. 2015, No 2(326), p. 178-183.

Plant diseases and pest insects are among the main constraints affecting the production
and productivity of crops both in terms of quality and quantity. Use of chemicals continues to
be the principal activity to mitigate the negative imlll)acts of chemical plant protection. The en-
vironmental concerns, health conscious attitude of human beings and other hazards associated
with the use of pesticides and using of biological means to control of the crop pests is gaining
importance. Biological control involves the use of large spectrum of beneficial organisms and
their products (biological active substances, useful microorganisms and viruses, entomophag-
es), that reduce the negative effects of pests and promote positive responses by the plant. In our
institute, over several years, a number of commercial products based on different viral, fungal
and bacterial antagonists have been registered. These commercial products include, Virin-HSP,
on the Nuclear Polihedrosis Virus, as active ingredient, Paurin, on the antagonist bacteria Pseu-
domonas fluorescens, Trichodermin and Gliocladin, on fungus genus Trichoderma as active in-
gredient. The value of approved biological means lies not only in the biological, ecological and
economic implications, but also the possibility of their inclusion in conventional and organic
farming systems.

9 references, 1 tables.

Key words: biocontrol, biopreparation, ecology, Gliocladin, pathogen agent, Paurin, pest,
Trihodermin, Virin-HSP.
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PE®EPATbBI

YIK: 582.475.2:577.2

O PE3VJIBTATAX IIOBTOPHOI'O W3YYEHUA TIPOLHECCA OBOCOBJEHUA
HUTOIJIABMbBI (IINIASMOT'EHE3A) BOKPYT SIJEP — CIPEMUEB ¥ PICEA ABIES (L.)
i(zlsRST. Yebomapev A.A. // 3Bectus Akagemun Hayk Momnnossl. Hayka o xusan. 2015, Ne 2(326), c.

-15.

[IpoBenieHO MOBTOPHOE CBETOONTHYECKOE HCCieI0BaHue criepmuorenesa Picea abies (L.) Karst n
TOKa3aHo, yTo Borpeku yTBepskaeHusaM Fergusson (1901) u Camefort (1978) ciepmun enm 00bIKHOBEHHOM
TNPEJCTABIAIOT COOOM KIETKH: KaXJ0€ SIPO OKPYXKEHO COOCTBEHHOW LHMTOIUIA3MOH OTrpaHMYEHHOH
IIa3ManeMMoil. B To ke Bpemsd, JaHHOE HCCIEIOBAHWE YTOYHSET HAIle MHEHHE, BBICKAa3aHHOE B
COBMECTHO OIyOIMKOBaHHON padoTe mo JanHoMYy Borpocy (Mommkosid, YeboTaps, 1986). YeranosneHo
TaKKe, YTO TIA3MOTEHE3 Yy CIEPMHEB €l OOBIKHOBEHHOW 3aBEpIIAETCS K KOHILY MPOraMHOH (azbl
OTIOZIOTBOPEHHS, T.€. K MOMEHTY KOHTAKTa ITBUTBIIEBOH TPYOKH ¢ HyLIEILTycoM ceMsi3adarka. COmmKkeHHoe
TIOJIOKEHHUE S7Iep CIIEPMHUEB Ha BCEM MEPHOJIEe POCTA MBUIBIEBON TPYOKH, CO37aBa0 MHEHHE O CANHON
IIUTOILTa3Me, OJJHAKO 3HAYMTEIBHBIE Pa3MepPhl MyKCKOTO raMeTo(uTa em 0OBIKHOBEHHOM 1 TIIATEIbHBIH
MHUKPOCKOITMYECKHI aHaIIN3 TeX JKe TPerapaTtoB MO3BOIMIN BHECTH SCHOCTb B 3TOM (DUIOTCHETHIECKOM
Borpoce. buo.- 30, puc.-10.

Kniouesvie cnoga: ravMera, raMeTo(uT, Tol0CeMEHHbIE, MOHODHIIHS, TOKPBITOCEMEHHBIE, ITBLIBIEBOE
3epHO, CIIEPMUOKIIETKA, CIOPODUT, (PUITOTCHHMS, IBOTIOLHSL.

YAK: 582.675.1

BKJIAJl B IO3HAHUE CTPYKTYPbI BETETATUBHbIX OPTAHOB PAEONIA PEREG-
RINAMILL. Mepeaxpe Anka, bos Upuna, Toma Koncmanmun. // I3Bectis Axagemun Hayk MonmoBeL
Hayxa o xwmsnu. 2015, Ne 2(326), c. 16-19.

ABTOpBI HCCIIEIOBATIN CTPYKTYPY BETeTaTHBHBIX opraHoB Paeonia peregrina Mill. (P. romanica
Brandza), oxpaHseMoro kak MamMATHHK TPHPOABI M COCTOSIIETO B KPHTHYECKOM CITHCKE COCYIHCTHIX
pactenni Pymbinnn. CTpykTypa KIIyOHEBBIX KOPHEH HAallOMHHACT CTPYKTYPY KOPHEBHMIIA, TPOBOJISIIAS
TKaHb 00pa3yeT MOOOYHbIE COCYRHCTBIE MyYKH, PACTIONOKEHHBIC MO OKPYXHOCTH M pasieicHbIC
OONBIINIMH CEpAIICBUHHBIMY JIy4aMu. MeXaHIIecKie TKaH| CTEONs MPEICTaBICHbl THIIONCPMIYCCKOM
KOJUICHXMMOM ¥ CKJICPCHXUMOH (TIepuio3MHbIC BOJIOKHA, THOPH(POPMHBIC U CEPALCBHHHBIC JYUH).
JluctoBas TIACTHHKA TMPEJICTABISIET JBYCTOPOHHIOIO-MHOTOCTOPOHHIOID CTPYKTYpY, MMEIONIYIO OXHH
CIION TaJMCATHOI TKAHH, COCTOSINEH M3 KOPOTKMX M MHOTAA C TMEperopojkaMy KIETOK Ha BHEIIHEH
cropone. bubn.- 12, puc.-3.

Knrouesvie croga.: anaToMus, TaMATHUK TPUPOJBI, Paeonia peregrina.

YIK: 577.2.08 : 631.52 .

MOJIEKYJISIPHBIE MAPKEPBI VIS TEHOTHITMPOBAHUS TOMATOB - [TPAUMEPBI
N3 OBJIACTH MUDR TPAHCIIO30HOB. Ilawa Jlunus, Mumun Banenmun, Hacunesa Anscena,
Tymanosa Jluous. // U3sectust Axanemun Hayk Monnossl. Hayxka o xuzum. 2015, Ne 2(326), c. 20-25.

Uccnenosan JJTHK monumopdusM HEKOTOPHIX I'€HOTHIIOB TOMATa C MCIOJIB30BAaHMEM MpaiMepoB,
KOMILIEMEHTapHBIX TocienoBarenbHocTIM TIR, mudrA u mudrB obmactsm TpancmosoHa KyKypy3bl
MuDR. bpum BeIOpaHBl HpaiiMepsl TIEPCHEKTHBHBIC IS WACHTU(HKAIMM TEHOTHIIOB TOMara —
nBa mpaiimepa, romonormunsie TIR obmacty, mare mpaiivepoB, romomormynelx mudrA obmactd u
TpU mpaiimepa, romosoruunble mudrB obmact MuDR. Tloka3ano, 4yto TpH HCIIOIB30BAaHMH BCEX
TNpaiiMepoB CHHTE3UPYETCS TPYIIA aMILTMKOHOB OJMHAKOBOH JUIMHBI, YTO MOXET OBITH HCIIONB30BaHO B
TAKCOHOMHYECKOM HeHTHUKauuU Licopersicon esculentum. TTonMMOpQHBIA CHEKTp crienupuIecKnx
AMIUTIKOHOB MOKET OBITh MCIIONE30BaH B M3yUCHHN BHYTPHBH/IOBOTO ITOMIMMOP(U3Ma I'eHOTHIIOB TOMATa.
bubn.- 12, Tab.- 5, puc.-3.

Knrouesvie cnosa: MuDR, MONEKyIIsIpHBIE MapKepbl, MOTUMOP(H3M, TOMATBI, TPAHCTIO30HEI.

YAK: 616.12-005.4-08:615.37 .

IT'EHETHYECKHE ®AKTOPHI MNPEJIPACIIOJATAIOIIIME K HWIIEMUYECKOHN
BOJIE3HU CEPAUA. Kanpow Hamanes, bapoaxap Huxonau, Hcmpamu Banepui, [lonecky Buxmop,
Bymosckas Kpucmuna. // V3Bectust Axagemun Hayk Mommosel. Hayka o xusuu. 2015, Ne 2(326), c.

Llenmpio Hamero mcciaefoBaHus OBUIO M3yYEHHE TCHETHYECKHMX (PAaKTOPOB IMPEAPACTIONAraloNInx
K nmemuyeckoil 6onesnn cepaua (MBC). Hamm mpoBeneHHO MccienoBaHWe THIA CITydail-KOHTPOJb
¢ 2007 mo 2011 B xoTopoMm OblTO BKIIOYEHO 405 MAIMEHTOB C MIIEMHYECKOW OONE3HBIO Cepila
TOCIIMTAIN3MPOBAHHBIX B MYHHUIMIIANBHON KIMHMYeckod OonpHune “Cesrtas Tpowma”, ropona
KummneBa. B kauectBe mpenpacnonararomux k MBC reHeTndyecknx MapKepoB OBUIH HCCIEIOBAHBI C
TIOMOIIIBIO MOJMMEPA3HOH NenHON peakimy [/D reHOTHIBI aHTHOTeH3MH-TIPEBPANIAIONIETo (hepMeHTa
(ACE) u A1166C monumophu3M reHa aHTHOTEH3MHOBBIX perertopos I Tuma, Asp298Glu (A/G) rexorun
okcnyia asota cunrtassl sHpotenuss (eNOS) n PLAL/2 (£1A2 ) TEHOTHII Te€Ha DIMKONPOTENHOBBIX 11b/
I11a perienTopoB. ABTOPHI NPHUIILIA K BBIBOAY, 4T0 HOocHTeu D/D reHoTHIa aHrMOTeH3HHITPEBPAIAero
(epMeHTa MONOXKUTENBHO KoppemupyeT ¢ moiuMop¢noi Bapmantoid C/C TeHa aHTHOTEH3HMHOBBIX
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penentopo | Tuma u ¢ aprepuanpHOi runeprensueid. A2/A2 reHotun rmmkonporenHoBbIX IIb/Il1a
penenrTopoB acconmmpoBanock ¢ MBC, wHbapkroM MHOKapaa W BBICOKOH YacCTOTOW AMCIHIUICMUAM,
0COOCHHO Y KYpHJIBIINKOB. brOIL.- 7.

Knrouesvle cnosa: KopoHapHBIE apTEPHI, TCHETIUECKAs TUATHOCTHKA, TeHETHIECKHE (haKTOPBL.

YIK: 575.17

3JJOPOBbE YEJOBEKA. POJIb TEHETHYECKOI'O W J3INUIEHETUYECKOI'O
D®AKTOPOB. Qypoyii @. U., Yoxuns B. K., Luoicun A. I, Bpabue B. I, JJuounuxs Y. B. // U3Bectus
Axanemun Hayk ﬁ%}OMOBLL Hayxa o xwuzuu. 2015, Ne 2(326), c. 30-37.

B pabote paccMOTpeHbI HEKOTOPBIE TeHETHYECKHE W AIUTCHETHIEeCKHE (PaKTOPBI, KOTOPHIC JIEKAT B
OCHOBE HE TOJIbKO T'eHEe3HCa Pa3IMiHbIX 3a00J1eBaHH, HO U B 00€CIICYeHNH CAHOT€HHOCTH YeJI0BEYECKOr0
opranu3ma. Briepble ObUIO IIPEIOKEHO KOMILIEKCHOE ONPEeICHHE 3I0POBbs YelOBEKa, OCHOBAHHOE®
Ha 0a3e CaHOKPEeaToJOTHH. 3J0POBbE YEIOBEKA B IEIOM OINPEENAeTCs B3aUMOCBS3IMH TEHETHUYECKUX
(hakTOpOB M OKPY’KAIOIIEH CPeibl, a TeHETHYECKHE (hAKTOPBI SABJISIOTCS OCHOBOW Pa3BUTHS CAHOTEHHOCTH
opranusma. CraTbsi BKJIIOYAET ONMCAHUE OCOOCHHOCTEH M 3HAYMMOCTH I'€HETHYECKOTO IepHHATAILHOTO
IIPOrPaMMHPOBAHUS M POIM DIMTEHETHYECKNX HM3MCHCHMI B PA3BUTHH CAHOTEHHOCTH YENOBEYECKOIO
opranusma. buon.-65.

Kniouesvle crosa: 60ne3Hb, reHeTHYCCKHE (AKTOPBI, CAHOTEHHOCTB, YEIIOBEKA, IIUTCHETHKA.

YIK: 616:575

MPEHATAJIBHAS JUATHOCTHUKA " MEJUKO-TEHETUYECKOE
KOHCYJIBTUPOBAHME. Cnpunuan Mapuana, Xanabyoenxo Enena, bapbosa Hamanvs, Eeopos
Braoumup, Cmpamuna Muxaun, Eyko Jlwomuna, Cexpuepy Buopuxa, Hoyp Beponuxka, Ywypeny
H%rgailgﬂ, Caxaps Buxmopus. // 3Bectust Axagemun Hayk Monmossl. Hayka o sxmsan. 2015, Ne 2(326),
c. 38-46.

Llempio mpescTaBIeHHONW PabOTHI ABIACTCSA OCBEIICHUE poiu [PEHATAIBHON LUTOTEHETHYECKOH
auarnoctuxu (T1LIJ]) B BbIsSIBICHNH XPOMOCOMHBIX aOeppaliyil Ha PaHHUX CTAAHUAX BHYTPHYTPOOHOTO

Q3BUTHS, COXPAHSIA OCHOBHBIC TIPHHIUIIEI MEIUKO-TEHETHIECKOTO PEHATANBHOTO KOHCYTFTHPOBAHHSL.

ﬁaﬂﬂme, nionyyeHHsie ¢ momorpio [TLJ] 1 ux oneHKa, Mo3BOMIHIIH IPOBECTH IPEHATAJIbHYIO0 TMarHOCTHKY
B 164 ciydasx XpoMOCOMHBIX abeppatui, 4to coctaBuio 3,5+0,3% ot Beex ciryuaeB OepeMEHHOCTH, I7ie
Obuta uconp3oBana [11J] B TeueHue cootercTBYyHOMIEr0 nepuoza. [11J] (kapuorunupopanue mwioza), a
TaKKe MEIUKO-TeHETHIECKOE KOHCYIBTHPOBAHHE CTIOCOOCTBYIOT YMEHBIICHHIO YaCTOTH XPOMOCOMHBIX
aHOMaJINii y HOBOPOXIeHHBIX. buon.- 15, tad.- 3, puc.-2.

Kniouesvie cnosa: mpeHaTanbHas IHATHOCTHKA, HACTEICTBCHHBIEC BPOJKICHHBIC TOPOKH Pa3BHTHSL.

YIK: 616-053.2:616.127-009.51-085 N .

T'EHETUYCEKHUE MMPOBJIEMbI JETCKOHN T'MIOEPTPO®UYECKOU
KAPIUOMMONATHHN. Cmamamu Adena. // Nzsectns Axagemun Hayk Momossl. Hayka o xki3HH.
2015, Ne 2(326), c. 47-52

l'umeprpoduueckas xapamommonarus (IKMII) sBusercs pacmpocTpaHEHHBIM TEHETHIECKIM
3a00JIEBAHMEM CEPICYHO-COCYANCTOH CcUcTeMbl. 300JeBaHUE XapakTepu3yeTcs (HEHOTHINYECKOH
M TCHOTUITMYECKOH TeTepOreHHOCTBI0. PeTpocneKTHBHOE HCcnenoBaHWE OBUIO TPOBEAEHO 1t 23
pereit ¢ 'KMII B Bo3pacte no 19 ner, rocnuranusuposanssix B Otnenenue Jlerckoit Kapauonoruu
HHcturyta Marepn n Pebenka (2008-2012). Bee manueHTs TpOXOaMIN AETaNbHOE H3yUICHHUE: I/ICTOEI/I}I
Oone3Hu M ocMOTp, 12-KaHaJIBHOE M XOINTEPOBCKOE MOHMTOpPHpOBaHUE d1ekTpokapauorpamMmsl (IKI)
W TpPaHCTOpakaJbHOE SXOKapamorpadmdeckoe mccienoBanne. Kakmplil KIMHHYCCKHH ciydail ObLT
NpOaHaJIM3UPOBAH CO CCHUIKOH Ha 0OHapy)KEeHHE NPUCYTCTBHS HEONAronpHsATHBIX (akTOPOB prcka. Ml
PYKOBOZICTBYEMCS PEKOMEH TALIMSIMH [IEIUATPHIECKHX HCCIEN0BAHNH, B TOM YHCIIE C 3KCTPaKapAHaIbHBIM
BMEIIATeNbCTBOM. [I0 KIMHHYECKMM JaHHBIM, Y TPOMX MJIAJICHELEB I0J03peBacTCs Haludue
MHUTOXOHJPUAIBHON Oose3HH. MeXIUCIMIUTMHAPHBIHA TI0/IX0]] UMEET 3HAYNTEIbHOE MPEUMYIIECTBO B
noBceHeBHOM M3yueHun aeteit ¢ [KMIL. bubi.- 28, tab.- 4.

Kniouegble croga: reHeTHIECKAs IETCKas TUMEpTpodidecKkas KapAHOMHOMATHSL.

VIK: [633.16:631.523]:581.84(478)

YABTPACTPYKTYPHBIM AHAJIM3 U TUCTOJOIMYECKHE OCOBEHHOCTH
AHJIPOTEHHBIX CTPYKTYP Y SIMMEHS. Auoponux Jlapuca, Maxoseii Examepuna, Cmeps
Csemaana // 3sectus Axanemun Hayk Momossl. Hayka o sxisam. 2015, Ne 2(326), c. 53-58.

WNunykuys  nenudpepeHIMpoBKr  MUKPOCIOP M BOCCTAHOBJICHHE  CHIOPOGUTHOTO PasBUTHS
TPEJICTABISET CIOKHBIHN MPOLECC, 3aBUCSIIMI OT MHOKECTBa (PaKTOPOB, B TOM YHCIIE NPEABAPHTEILHOM
npenoopaboTKnIOcOOCHHOCTEI TeHOTHITA. B pesyibTaTe neonb30BaHms pa3InyHbIX SKCTIEPHMEHTATBHBIX
BAapHUAHTOB, OTIIMYAIOIIMXCS 110 CXeMaM Npeao0paboTKe M cOCTaBy MHUTATENBHBIX Cpesl, ObUT MONydYeH
aHjporeHHblii oTBeT 11s copToB AuMeHs (I'anaxtuk, Conop, Yuups u Ctpamyuutop). IMOpHOreHHbIE
CTPYKTYpbI, MOTYYCHHBIC TPH in Vitro KyJIBTHBHPOBAHHE MBUIBHUKOB, NPEACTABIAINA PA3IHYHBIC
YIBTPACTPYKTYPHBIE aCIIEKTBI B 3aBUCHMOCTH OT TIPOJIH(EpUpPYIOMIeii CIOCOOHOCTH U HalbHEHIIEero ux
pa3BuTH. B peanu3anuy aHaporeHHOro MOTeHIMANa BAKHYIO POJIb HTPAalOT OPraHeLIbl SHEPTeTHYECKOM
CHCTEMBL: IUTACTHIbI 1 MUTOXOH/PHIL, TOKa3bIBast y4acThe MUTOMIA3MaTHISCKUX (PaKTOPOB B pean3aLiun
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IMOPHOTEHHOTO TOTeHIMaNa. buod.- 9, puc.- 4.
Kniouesvie cnosa: aupporeHes, KylbTypa in Vitro, HOH-MOP(OTEHHbIE CTPYKTYpbl, IBUIBHUKH,
YIBTPAaCTPYKTYpa, SMOPHOTCHHBIE CTPYKTYPBI, SUMEHb.

VIK: 632.3:633.16+633.16:631.52(478) .

JKCIIPECCHS HEKOTOPBIX I'EHOB SAYMEHSA IIPU BUPYCHOU HH®OEKIHH.
Anoponux Jlapuca, Ilopm Anorcena, /lyka Mapus. // VizBectus Axamemun Hayk MommoBel. Hayka o
xu3HU. 2015, Ne 2(326), c. 59-65.

BimstHne BUpycHOHM MH(EKINN y BOCHPUAMUMBBIX XO3€B BKJIIOYAIOT B Ce0S PasiiyHbIC OTBETHI,
3aTParuBaloNie CTPYKTYPHBIC ACIEKTHI, (Emnonoml{ecme U TeHEeTHYeCKue TMporecchl. l3ydenue
skcrpeccun reHoB Metofom IIIIP B peansHOM BpeMeHH, BBIABIO M3MEHEHHE YPOBHS TPAaHCKPUITIHH
B JIUCTBSIX POPOCTKOB SUMEHS, MOJYYCHHBIX OT PacTeHUH, MHQUIMPOBAHHBIX BUPYCOM IITPHXOBATOH
MO3auKH STuMeHs. [1oKa3aHbl KoNMM4eCTBEHHBIE M3MEHEHHUS SKCIPECCHHU N3YUCHHBIX TEHOB B 3aBUCHMOCTH
OT (pM3MONIOTHYECKOTO CTaTyCa PACTEHUH (310pOBbIC UM BUPYCHBIE). B IIOTOMCTBE SUMEHSL, 10Ty 4eHHBIX
OT MH()HMIMPOBAHHBIX BHPYCOM PAaCTCHHMH AKTHBHOCTH T'CHOB, BOBJICUCHHBIX B AHTHOKCHIAHTHOM
metabomusme (Apx u Sodg B OONBIIMHCTBE BAPHAHTOB ObUIA TOHMKEHA. Y BCEX M3Yy4EHHBIX COpTax
sumens ([amaktik, CoHOp M YHHPS) SKCIPEcCHs TeHOB, KOAMPYIOIIHE OEIKH, CBA3aHHBIE C TTATOTCHE30M
(PR), Obina 3nauutensHo u3meHeHa (P<0,05). Pesymbrarsl ucciaeoBaHNid MOKA3aIM MOBBILICHHE I
HOHMKEHUE, B 3aBHCHMOCTH I'€HOTHIIA, YPOBHS TPAaHCKPUILMU TeHoB, kogupyromux PR3 u PR10, B
TO BpeMs Kak jis PRS ycraHOBIEHO BO3pacTaHue KOIMYECTBA TPAHCKPUIITOB y BCEX TPEX M3yUYEHHBIX
TCHOTHITIOB STYMEHS. BH%.- 33, 1a0.- 2, puc.-1.

Knrouegvle cnoa: aHTHOKCHIAHTHAS CUCTEMA, OCITKH CBS3aHHBIE C [IATOTEHE30M, BUPYC IITPUXOBATOM
MO3aUKH STIMEHsI, BUPYCHAs MHPEKIHS, BOCIPUUMUYNBOCTb, SKCIIPECCHS TCHOB.

VIK: [635.65:631.52]:581.1.036

KOJMYECTBEHHOE BO3JIEMCTBHUE YJIBTPAOHUOJIETOBOI'O M3JIYUYEHUS HA
PHASEOLUS VULGARIS L. C HEJbIO BBIABJIEHUSA TEHOTUIIOB C PA3JIMYHBIMHA
BO3MOXKHOCTAMU JJISA UCTIOJBb30BAHUA COJHEYHOU PAAUALWUU. bopa Kcuna
FOnuana, FOps Jlopuna, Komenxo Eseenus, Boukuya Tabpuena // 3Bectns Axanemun Hayk MonmoBeL
Hayxka o sxu3Hu. 2615, No 2(326), c. 66-69.

[lenbr0 JaHHBIX HCCNENOBaHUE ObUIO ompereneHne BO3AeHcTBHs YD-u3nydenus (IOIE3HOTO
Win BpenHoro) Ha Phaseolus vulgaris L. s Toro, 4ToObl BBIIBUTH TCHOTUIIBI C Pa3IUYHBIMU
BO3MOXKHOCTSIMH ISl MCIIONIb30BAHUS CONHEYHOM pajMaliMu. BbUIo ONPENeNeHo CcolepKaHue
(r1aBOHOU 0B, M30(IABOHOKIOB, JIUTHIHA, KOHTPOJIMUPOBAIach 00pasoBanue quMepoB Ha yposHe JJHK
B pesynbrare YO-o0mnyuenus u Gporopenapaiuu Gporonusuca JJHK, ObuUH poBeieHb! IUTOTCHETHYECKHE
HCCJICIOBAHUS U, COOTBETCTBCHHO, UCCIICIOBAHMS 110 H3MECHCHHIO arPOHOMUUYCCKUX M OMOXUMHUYCCKHUX
apaMeTpoB, KaK U MOBE/ICHHE B €CTECTBEHHOW Cpejie NpopaIuBaHus cCopToB dacomu u cpeis YO-B.
Bblta ycTaHOBJICHA OTHOCUTEIILHO OJIMHAKOBAS PEAKIMS COPTOB IS BCEX AHATU3UPYEMbIX TApaMETPOB,
OTBETHBIE PA3INYKSI MUHUMAIIbHBI, i HE OJ[HH U3 COPTOB HE MOXET CUUTATHCS OCOOCHHO YYBCTBUTENBHBIM
WM YCTOHUMBBIM K YD-00my4enuto. bubm. -9

Kniouegble c106a: TeHOTHIIBI, U3TyueHUE, SPPEKThI, arpOHOMHUECKHE MPUHAKH.

VIK: 631.52:635.1/.6(478)

AKTYAJIBHBIE TTPOBJIEMbBI CEJEKIIMA W OPIAHM3AIIMM CEMEHOBOJCTBA
OBOIIHBIX KYJIBTYP. Fomnape Bacunuii // V3Bectnst Axanemun Hayk Monnossl. Hayka o sxu3H#.
2015, Ne 2(326), c. 70-75.

Tpaguuuy, HAKOTUICHHBIH OIBIT, OJNATONPHATHBIC MOYBEHHO-KIMMATHICCKUE YCIOBHUS SBIAIOTCS
peasbHOI MPENNOCHUTKON JUIsl BOCCTAHOBJICHHUS OBoOMIeBojcTBA B Pecnyomuku Monnosa. Eskerommsiit
BAJIOBOH cOOp OBOIIEH MOXKET ObITh yBedM4eH 10 | MitH ToHH. [IManOMepHOE pa3BUTHE OBOIIECBOACTBA
TpedyeT MOCTOSHHOM HAayYHOW MOIIEPXKH JUIsl CO3/IaHus HOBBIX COPTOB M TMOPHJIOB, pa3paboTKH
M BHE/IPEHHS HOBBIX METONOB M TEXHOJNOTHMH TPOW3BOJACTBA CEMSH, PAacCaibl M BO3/CIBIBAHMUS
OBOIIHBIX KYIBTYpP, CMOCOOHBIX TapaHTUPOBATH MOMyYEHHE SKOHOMUYECKH ONPABIAHHBIX YPOBHEH
BBICOKOKAYECTBEHHOTO YpOyKasi B YCIOBHSX JIe(hUIIUTa BO/IBI M SHEPTreTHUECKUX pecypcos. bub. -9, puc. -1

Kniouesvie cnosa: pa3BuTHE, OBOIIEBOJACTBO, COPT, I'MOpPHA, NMPOM3BOACTBO, CEMEHA, HAay4qHas
TIOJUICPIKKA.

YIK: [581.1:633.4]:631.8

OLEHKA BO3JEUCTBHS ®YPATOHOJIBHO-IOJUAHUOHHO IUNIMKO3UAHBIX
NPON3BOJHBIX HA TECTHUPOBAHUE MUTOTHYECKOI'O JEJEHHUSA BHJIOB
PACTEHUU U XPOMOCOM. Kvivnany Mupena M., Kviunany Kpucmuan C., Bapa FOnuana Kcuna,
é((o;gg;mo Egzegwl, Ops JJopuna J]. /| U3Bectns Axagemun Hayk Momnossl. Hayka o sxm3am. 2015, Ne

,¢. 76-79.

B nanHOM HccnenoBaHuy OBUIH MCTIBITAHbI ITMKO3HAHBIE OMOTIPENapars! 171 TOT0, YTOOb! BBISBUTH
UX BO3ACHCTBHE Ha MPOLECC MUTOTUYECKOTO AEIEHHSA, B YACTHOCTH, XPOMOCOM. YCTaHOBJIEHO, YTO
MHUTOTHYECKHE ToKazaremn Secale cereale NEMOHCTPHPOBAM CHIDKGHHE B BapuHaHTax o0pabOTKH
DIIMKO3UJIHO — QypOCTaHOIBHO — MOJIHAHHOHHBIMH [IPOU3BOHBIMH. POCT 3HaY€HMs JaHHOTO Mapamerpa
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He OOHapyXMBAIM B KakUX-THOO BapHaHTaX OSKCIEPHMEHTOB. BBUT ompeseneH NpONEHTHBIH pOCT
CTPYKTYpPAIbHBIX XPOMOCOMHBIX MyTAlHH IS M3y4aeMbIX BapHAHTOB B CPAaBHEHHH C KOHTPOJEM.
OO0BbIYHO abeppanyy yaiie MPUCYTCTBOBAIM y THIIOB aHaTeno(hasbl ¢ MOCTaMHU, MOCTBI M ()parMeHTH,
¢parmentsl. bubm. -5, puc. -12

Kntouesvie cnosa: Secale cereale, noniaHuOHHbIE — (hypATOHONbH - ITUKO3K/IHbIE IPOU3BOHbIE.

VIK: 632.3:633.811:631.52

AHAJIM3 3KCIPECCUM T'EHOB YYACTBYIOIINX B BUOCHUHTE3E CKJIAPEOJIA
Y SALVIA SCLAREA L. Jlyka Mapus, Hopm Ausxcena, [llecmaxosa Tamvsana, Mapms Poouxa, [onuapyk
Mapus. // MizBectns Axanemum Hayk Mommossr. Hayka o sxms3an. 2015, Ne 2(326), c. 80-86.

Wangeii (Salvia sclarea L.) 3acmyxuBaer BHEMaHHs Onaromaps CBoeH (apMaKoIOrH4ecKoit
AKTHBHOCTH M MCIONB3YETCs B Map()IOMEPUH, KOCMETHYECKON ¥ MHIIEBOI MPOMBIIIICHHOCTH. TeM He
MeHee, JUTsl JaHHOTO BUJIa HEJJOCTATOYHO XOPOIIO U3yYeHa FeHETHKA CHHTE3a BTOPHIHBIX METa00INTOB.
B atom uccnenosanum, 1P B peansHOM BpemeHn OblTa MCIOTB30BaHa AN OLEHKH dKcnpeccrn LPPS
u SS reHoB, yyacTByIOmKX B MeTabomnu3Me ckinapeona. Y ruOpunoB Salvia sclarea L. 1o cpaBHEHHIO
C poauTENbCKUMH (hopMamy ObLTa BBISBICHA YCHICHHAS TPAaHCKPUIIHOHHAS aKTHBHOCTH reHa LPPS.
Takum oOpazoM, y mandes ypoBeHb OTHOCHTEIbHON dKcnpeccun rena LPPS B GonpimncTBe ciydaes
KoppenupyeT ¢ ruOpuHoi cuioil. Kpome Toro, Obiia BbIsBIEHA MONOKUTENbHAS KOPPETSALHS MEXKITY
TPaHCKPHIIIMOHHON aKkTUBHOCThIO TeHa LPPS wu comepxanmem ckmapeona. [lpuMeHenue mMeTosoB
MOJIEKY/ISIPHON CEJIEKIMH MOXET CII0COOCTBOBATH OBICTPOMY M IPOCTOMY OTOOPY DOIMTENBCKUX
TEHOTHIIOB TSl CO3/IaHMsI BBICOKOIIPOU3BOIUTEIBHBIX ruOpusioB. buti.- 27, tab.- 2, pnc.-?.

Kntouesvie cnosa: LPPS, Salvia sclarea L., BOXXX, I[P B peampHOM BpeMeHH, CKIapeod,
HKCIPECCHs TCHOB.

VAK: [630%18:582.894]:630%165(478)+[630%18:633.898.42]:630%165(478)

MHBEHTAPM3ALIUA TONVISAOIMU KWU3WJIA W JIEHIUHBI B JIECHBIX
9KOCUCTEMAX MOJIJIOBbBI B KOHTEKCTE KOHCEPBALUU IN SITU JAUKHUX
POANYEU KYJIBTYPHBIX PACTEHWUMN. ans A.1.//V3Bectus Axanemun Hayk Momnossl. Hayku
o xm3uu. 2015, Ne 2(326), c. 87-91.

B crarpe mpuBOIATCSA SKCTIEpUMEHTATBHBIE TaHHbIE 0 nHBeHTapi3anii (GPS-mo3uninoHnpoBanmio)
in situ momyssiui kusuna (Cornus mas L.) u netunst (Corylus avellana L.) B TECHBIX 9KOCHCTEMAX BCEX
TIOYBEHHO-KIIAMATHIeCKHX 30H PecryOmmkim MonmgoBa, omicaHbl HEKOTOpPBIE MOP(O-OHOMOrHIecKre
npu3HAKK pactenuid. [[oka3aHbI pe3yNbTaThl U IIEPCIICKTUBBI KOHCEPBAIIMHI TCHETHYCCKHUX PECYPCOB ITHX
BHJIOB B YCIOBHSX KOJUTEKIIHH €X Situ M OTMEUdeHa HeOOXOAMMOCTh Ooee yrTyOneHHBIX HCCIeqOBaHHIT
BHYTPHBHI0BOTO Pa3HOO0pa3us uX momysumid. buon.- 24, tab.- 2.

Kntouesvie cnosa: necHsle S5KOCUCTEMBI, JICTINHA, KU3WI, HHBEHTAPH3AIMA, KOHCEPBALWS in Sifu,
KOHCEpBaLys ex Sifu.

YIK: 633.8:631.527

BUOXUMUYECKHUE PA3BHOOBPA3ZUSA MOJJABCKHUX T'EHOTHUIIOB ORIGANUM
VULGARE SSP. VULGARE L. ORIGANUM VULGARE SSP. HIRTUM. I onuapyx Mapus, Baimyut
3unauoa, bena Ana, Bvipcan Bukmopus, Candy Tamvana.// I3Bectus Axanemun Hayk Monmossr. Hayka
o0 xm3Hu. 2015, Ne 2(326), c. 92-10&

[lonTBepKaeHO pa3sHOOOpa3ne TEHOTHIIOB IO COAEPIKAHHIO, KAYeCTBCHHOTO M KOJNMYECTBEHHOTO
cocTaBa d(UPHOTO Macia ISATH HOBBIX reHoTHNoB O. vulgare ssp. vulgare L. v TIATh HOBBIX TEHOTHIIOB
O.vulgare ssp. hirtum (Link) letswaart. Comepkamne 3(HpHOTO Macna, BBIICICHHOE METOIOM
TUIPOIUCTIILIAINE Y TeHoTUNoB O.vulgare ssp. vulgare Bapsupyet B mpenenax 0,077% — 0,360% u
Mexnay 2,315% n 4,9313% reHotunos O.vulgare ssp. hirtum. KauecTBEHHBIHN 1 KOMMYECTBEHHBIN aHATH3a
MIPOBEJICHHbIE METOJIOM IXX, I'X-MC ycranoBmwm ot 18 1o 29 xommonentoB y O.vulgare ssp. vulgare,
KoTopbie cocTapisioT 92.38-98.80%8 a¢upHoro macna. I'enotunsl O.vulgare ssp. hirtum B 3pupHOM
MacJie coiepkar ot 18 1o 25 xommoneHToB, npu uaeHTHGuKanua 99.87-100%.

OCHOBHBIC KOMIIOHEHTBI 9()HMPHOrO Macia TEHOTHIIOB Da3HOBHIHOCTH Vulgare SBISIOTCS:
repmakper J[ (33.98-26.01%); B-xapuodmmnen (12.16—33.16%5; y-enemer (3.82 — 16.79%) u s
4 renotnmoB — f3- Oucabomnen (6.83-16.04), a TEHOTHIIBI ENATCA HA IMATh XEMOTHIIOB: repMakper [/
B-xapuoduiien/B- oucabonen; repmakper Jl/ B-kapuoduiien /O-kaguHon /y-enemeH; repmakpex Jl/

-enemen/ B-xapuoduimien/ - 6Hca60neH;g-KapH0q)HnneH/ repmakpes J1/ - 6ucabonen; repmakpe 1/
E-KapI/IO(bI/IJIJIGH/ y-enemet/ - bucabonen; OCHOBHBIC KOMIIOHEHTHI B 3pupHOM Macie O. vulgare ssp. hir-
tum sBnstoTCs KapBakpod (77.61-85.88%), p-uumen (3.64-9.33%) wnu y-tepnuHeH (8.22%% U p-IIMEH
(5.30%). I'enoTHIIBI 3TOM Pa3HOBHUAHOCTH JEIATCS HA J[BA XEMOTHIT: KapBaKpOJ /Y- TEPIUHEH /p- IMMEH
1 KapBaKpoJ /Y- TEPIHUHEH / P-IUMeH / B-Kapn(g)ﬂnneH. Coneprxanue TONH(MEHOIOB TAKKE BapbUPYyET
BO BCEX IEHOTHUINAX 00enX pa3sHOBUIHOCTIX: B O.vulgare ssp. vulgare — 99.25 £ 1.598 — 166.43+3.594
mr/100r u B O.vulgare ssp. hirtum: 53.51+ 0.684 — 85.59+0.719 mr/100r. OT™MedeHO OTpHIIATENbHAS
KOPPEJSILHS MEX]Ty cofiepyKaHueM 3UPHOTO Maciia 1 NOMH(EHOIIOB: BBICOKOMY COJEPKaHHIO dQHPHOTO
Macya COOTBETCTBYET HU3KOE cofiepkaHue TonipeHonos. bubm.- 42, Tabum. - 3.

Kirouesbie cnoBa: Origanum vulgare ssp. hirtum, Origanum vulgare ssp. vulgare, TCHOTHII,
KOMITOHEHTBI, TIOH(EHOIBI, 3GHpHOE Maco.
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YIK: [633.854.78:631.8]:631.55 .

CEJIEKIIMS TIOACOJJHEYHHUKA HA YCTOUMYMBOCTb K TI'EPBUIAJAM,
HACTOSIIASL CUTYALUA W BYAYIMUE NEPCHEKTUBBI. Kaiiss Anyun. // UzBectus
Axanemun Hayk Momnossl. Hayka o sxkms3nu. 2015, Ne 2(326), c. 101-106.

[TofcomHEeYHNK MPOU3PACTALT IETOM, 4TO 00YCIIABIMBALT CYIIECTBEHHO OOIbIIee BIUSHIE (AaKTOPOB
OKpYKalollell cpeibl Ha NAHHYIO KYJBTYpy, KOTOpas, TakuM 00pa3oM, HE MOXET KOHKYpHpOBAaTh
3 eKTHBHO B CEBOOOOPOTE C APYIUMH KyIbTypamu (OOBIYHO C TIIICHHIICH B OOTapHBIX paiioHaX H
KYKYpY30Hi, caxapHOI CBEKJIOH U T.1. B OpOIIaeMbIX 3eMIsIX). Takum 00pa3oM, CeNeKIHOHEPHI TOIKHEI
pa3padoTaTh HOBBIE BRICOKOIPOAYKTHBHBIE F TOIEPAHTHBIE K 3aCYXE COPTA, a TAKKe TOTKHBI HANTH HOBBIE
METOJBI MPOM3BOACTBA JUISl YBEIMUYEHHS YPOXKAHHOCTU M COKPAIICHHS BO3ICHCTBHS SKOJNOTHYECKUX
(axTopoB, BIHIOMKX HA ypoXkaiHOCTh cemsiH. Cpenu OONBIIMHCTBA (PAKTOPOB, OrpPaHUYMBAIONINX
IPOM3BOZICTBO ITOJICOITHEYHHKA B 0coOeHHOCTH B BocTounoii EBpore u pernone UepHoro Mopst, COpHSKH
u 3apasuxa (Orobanche cumana Wallr.) 3anumator ocoboe mecto. Texnomorus Clearfield, kotopas
Ipe/IoiaraeT CIoib30BaHKe MOCIEBCX00BOH 00paboTky repounmaamu nmuaazonuaona (IMI) ¢ IMI
YCTOWYMBBIME COPTaMH, MPEACTABISET dQPEKTUBHBIC PEIICHHe sl KOHTPONS 3apa3suXd U OCHOBHBIX
IIMPOKOJIMCTBEHHBIX COPHSIKOB B POM3BOJCTBE MO/ICONHEYHNKA. Kpome Toro, mpuMeHeHne repOoniuIoB
cynbhormmoueunbl (SU) mocne IMI, sBisieTcst ApYTUM MPEATOYTHTEIBHBIM CIIOCO00M 3((HEKTHBHOTO
YHUUTOXKEHUS COPHSAKOB, TaK Kak CTOMMOCTb JaHHBIX o0paboTok Himke, dem IMIL. ®epmepst
HPEINOYUTAIOT 0OBIYHO 3Ty TEXHOJOTUIO W3-32 KOHTPOJIA, KaK HaJl 3apa3uXoi, TaK M HaJl XapaKTePHBIMH
copusikamu B Bocrounoii Eporne. [Tocnenue TeHeHINNT B CENEKIUH 1 IPOU3BOJICTBE MOICONTHEUHHIKA
3aKITIOYAI0TCS B 00bEIMHEHIN TeHOB YCTOMYMBOCTH K 3apasuxe ¢ ycroitunBocThio kK IMI (IMI + Orb), a
TaK’Ke HEKOTOPBIMHU IPYTHMH BHAaMHU yCTOWYMBOCTH K O0JIE3HAM, HAIpUMeEp K JIOKHOH MYJHHCTOH poce,
B paMKaX OHOTO rubpria 1 JatoT pepmepam O0ombIe BO3MOKHOCTEH JTydIle KOHTPOIUPOBATH COPHAKH.
Bynymee TeHneHus B coueTaHnu Beex Tpex npusHakoB (Orb + IMI + SU) y rubpunos npexncrasiser
Oosee IKOHOMUYIHOE U d(QPEKTHBHOE pelieHne it 00pbOBI ¢ COPHIKAMHU Ha moJsiX. buom.- 90.

Kouegvie cnosa: OACOIHYX, 3apa3nxa, packl, CONPOTHBIEHNE, KOHTPOJIb, TePOHIIVIBI, COPHSIKL.

YIK 575.1+635.64

DAKTOPHBIU AHAJIU3 COIEHU®UYHOCTU I'PUBA ALTERNARIAALTERNATA (FR.)
KEISSLER. Jlynawxy I'anuna, I'pucopua Coogbuﬂ, Muxnst Haoeocoa, I'asszep Ceemnana. // VI3Bectus
Axanemun Hayk Monnossl. Hayxka o xusan. 2015, Ne 2(326), c¢. 107-110.

B pabore npezcTapienb! JaHHbIE OTHOCUTENBHO CHEHM(HIHOCTH ICHCTBHS KYJIBTYpPAIBHOTO (DHITBTpara
rpuba A. alternata, BbIIENEHHOTO U3 OOLHOTO PACTEHHMS TOMATa Ha POCT HPOPOCTKOB TOMATa, MIICHHUIIBI U COHL.
YCTaHOBJIEHO, YTO OTBETHAS PEaKIysl pacTeHHi Oblia HEOTHO3HAYHON — HHIMOMPOBAHIE MM CTUMYJIPOBAHHE
pocTa M 3aBHCENa OT BUAA PACTeHHs, COpTa, mTamMa rpuda. DakTOPHBIM aHAIM30M BBIBJICHO, YTO 110
CPaBHEHMIO C TIIICHHUIEH ¥ COeH, Y ToMara BKJIa/] TeHOTHITIYECKOro (hakTopa B OTBETHOM PeaKIii Ha JeHCTBHE
Ep%@ 695m %onzme, YTO CBHIETEIBCTBYET O BOSMOXKHOM CIIEIHATM3AIIN TPHUOA K PACTEHHIO XO3SFHA — TOMATY.

nOm.- 9, 1a0.- 4.
Knouesvle crnosa: Alternaria spp., TIEHNIA, COsl, CIICIUATH3ALUS, TOMAT.

VAK: 581.5(478) .

CEJIEKLISI PACTEHUU HYXJIAETCS B YIYUIIEHWUN. Muky Bacunuu. /| V3Bectus
Axanemun Hayk Monnosel. Hayka o sxusnm. 2015, Ne 2(326), . 111-118.

B cratbe ocBemarTCs OCHOBHBIC BOIPOCH W BO3MOXKHBIC PCIICHUS B CEJICKIMH PACTCHUH B
YCIOBHSIX CBOOOIHOTO PHIHKA, B TOM YHCIIE ATAIlbl U 33/[aud CO3[aHHSI MHTEIUICKTYaJIbHBIX TOBApOB,
(OpMEI ¥ BOBMOKHOCTH (DHHAHCHPOBAHNIS, 3aIUTA U TIPOIBIKCHIE HHTEILICKTYaIbHBIX TOBAPOB (Pachl,
mgpnum, TEXHOJIOTUH), CTAMYJIUPOBAHUE ABTOPOB U JAPYTHE ACTICKTHI.

Knouesvle cnosa: TEHETHYESCKHE WMCCICIOBAHUS, (DMHAHCUPOBAHWE, PEATH3AIMS, PUBATH3AIS,
CTUMYJISILIHSL.

YIK: 633.15:631.523/.524(478)

UHCTUTYT . PACTEHHEBOACTBA  «IIOPYMBEHb»  JOCTWXEHHUA U
IT'EHETUYECKHUU MMPOI'PECC B CEJEKUWWU KYKYPY3bI. [Tvipsan [Tunmunue, Mamuuyx
Balcluézulﬁz, ‘{Mucmpeu Cunveus. // 3Bectust Axagemnn Hayk Monnossl. Hayxka o sxu3nu. 2015, Ne 2(326),
c. 119-124.

[IpuBeseHb! pe3ynbTaThl HAyYHBIX HCCIIEI0BAHNH 1 CEIEKIMOHHBIX PadOT 110 CO3aHNE U BHE/IPEHHE
B [IPOU3BO/ICTBO THOPHIOB KYKypy3bl Ha nIpoTsikeHue 40 et nesrenpHoctn MHCTHTYTa PacTeHneBozicTBa
“TTopymbens”. Jloka3aHo, 4To Hanbosee LEHHBIM B CO3/JAHUHM BBICOKOYPOXKAHHBIX THOPUIIOB SIBISIOTCS
CaMOOTIBIIEHHBIE THHNM, COUCTAONINE BBICOKYI0 KOMOMHAIMOHHYIO CIIOCOOHOCTH U IPUCIIOCOOIEHHOCTD
K pa3HbIM KIMMaTHYECKUM YCIOBUSM Bo3zienbiBanus. Ha mpotsikenue nestensHoctn MHCTHTYTA OBLITH
CO3MAHBI ICCATKH THICAY THOPHIOB KyKYpYy3bl, H TOIbKO 1-2% U3 HUX MepenaBaanch Ha O(UIHaIbHEee
tectupoBanne. CeNeKIMOHHBIH MPOIECC COBMECTHO € IPHKIAJHBIMU HCCIEOBAHUAMH 3aKOHUMIINCH
nepenaun B [ocynapcTBeHHbIX KoMucenii pasHbix cTpa 6onee 250 ruOpUIIOB KYKypy3bl, U3 KOTOPBIX
96 BxmoueHsl B odurmanbaeie Permcrpsr  Momnosbl, Poccun, Pecrryomuku bemapych, Ykpannsl u
Kazaxcrana. bu6i.- 3, Ta0.- 3.

Kniouesvle cnosa: Kykypy3a, CeleKius, THOpH, THOpEAHbIE TMHUH, TTPHKIIA/IHBIE HCCIEI0BAHMSL.
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UDC: 634.8:631.524(86):634.864(06)

ONPEJEJEHUE  AMEJMOPATUBHOI'O IIOTEHLHUAJIA T'EHETHUYECKHUX
PECYPCOB BUHOT' PAJIA. Casun ['eopeuit. // 3Bectus Axagemun Hayk MongoBsl. Hayka o sxu3Hu.
2015, Ne 2(326), c. 125-130.

B HacTosmeM nccie10BaHuH OMICaHbl HEKOTOPbIE aKTya bHBIE 33/1a4l CETEKI[HH BUHOTPAIa, B TOM
YuCie OLEHKa METHOPaTUBHOIO MOTEHIMAIa TEHETUUECKUX PECYPCOB, IPEICTABIEHHBIX B HHCTUTYTCKOM
KOJUIEKIIUH BUHOTpaa. [IpencTaBneHbl HEKOTOpbIE TEOPETHYECKHE BEIBOIB! 00 OTCYTCTBUH I'€HETHIECKHX
OapbepoB U Tepefadd 110 HACNEACTBY TMOPHIHOMY IOTOMCTBY KadeCTBEHHBIX IPU3HAKOB |
YCTOWYMBOCTH M TPAKTUUYECKAsT PEan3alisl STON THIOTE3bI — CO3aHHBIA OMONIOTHUECKUI MaTepua
(copra, SnWTHBIC JMHWY, TOTOMKH) KOMOMHHpPYET B paMKax OJ[HOTO T'€HOTHINA IMPOXYKTHBHOCTB;
KaueCTBEHHbIE XapaKTEPHCTHKH, B TOM YHCIE OTCYTCTBUE KOCTOUEK; MPUCIOCOOIIEMOCTh K CTPECCOBBIM
(axtopam ¥ mpencTaBiseT co0Oi LEHHbIE KOMIOHEHTH! MPECENeKIMH. B MHCTUTYTCKON KOJUIEKIHH
TeHETHYECKHX PECYPCOB BUHOTPAIA MIPEICTABICHO UPOKOE pa3HO00pa3ie TeHOTUIIOB ¢ KOMILIEKCHBIMH
XapaKTePUCTUKAMH: XOpOIIHE KAaueCTBEHHBIE NPU3HAKM M MPOAYKTUBHOCTH; OTCYTCTBHE KOCTOUEK,
paHHUIT CPOK CO3PEBaHUS, MOBBIMICHHAS YCTONYMBOCTh K HEONAroNpUATHBIM (hakTopaM OKpYKaroliei
cpe/bl — HeoOXoaMMast OCHOBA JIIsl Oy/IyIIero ymyqIleH s accopTumenta. buo.- 24, ta6.- 1, puc.-1.

Kntouesvie cnoga: cenexuysi, FeHeTHYECKHE PECYPChI, BAHOTPA/I, YCTOMUHUBOCT, V. vinifera.

YIK: [635.64:631.4]:332.36 (471)

XAPAKTEPUCTUKA COPTOBTOMATAITIOSKOHOMUYECKA L EHHBIXITP3HAKOB.
Coipomsimnuxos FOnus, Komenxo Eeeenus, Kanano Tamvsna, Yobany Penama /| U3Bectus Axkagemun
Hayx Monyossl. Hayka o sxnsnn. 2015, Ne 2(326), . 131-127.

Hcnonp3yst oTHaneHHYI0 THOPHAM3AINIO, OMOTEXHONOTHMYECKHE METOMbl (COXpAaHEHHE 3PEibIX
3apOJIBIIICH B KYIBTYpE in Vitro W THCTO-aHATOMHYCCKHE AHATW3bI) CO3MANM KOJUICKIUI0 TOMATOB C
IICHHBIMHU KOMMYECTBEHHBIMH MpH3HaKaMu Ui ceekuui. Copra IOnmuxupcyTrnan u AHaTonue B maMsTh
akagemMuka A. YKakoTa XapakTepr3yIoTcss MAKCUMATbHOM %)OTOCHHTGTHHGCKOﬁ AKTUBHOCTH 10 CPABHEHHIO
C IPyTUMH HCCIeyeMble TeHOTHIaMU. CTPYKTYpHBIE 0COOSHHOCTH 3THX TeHOTHIIOB (BBICOKOE KOMTHYIECTBO
CEKPETOPHBIX M TAKTIUIBHBIX BOJNIOCKOB, HAJIMUYNE YCTHHUI[ M CTEIICHh 00C3BOKUBAHS, 0COOCHHO OCHOBA
SMHUAEPMHCA HA aJaKCHAJBHON CTOpOHE JHCTA, TOMIIMHA MANHCAZHOTO U Ty04aTtoro mesoduimia u
KOPPEILIIHI0O MEKIy HHMH) ONPENeiseT THCTO-aHATOMHUYECKYIO CTPYKTYpYy JIHCTa TOJEPAHTHBIA K
3acyxe, IMEIOT 3HAYUTENbHBIH BKJIAA B YCTaHOBICHHE (OTOCHHTETHYECKOH AKTHBHOCTH HM3YYECHHBIX
reHoTUIoB. Ha OCHOBE MOMYYCHHBIX [AaHHBIX OBUTH CO3JaHBI HOBBIC MCTOYHHKH MPOTYKTUBHOCTU U
YCTOMYMBOCTH, KOTOpbIE OBLTH BKJIIOYEHBI B MPOIECCEe THOPUAN3ALMNN M CO3JaHHE HOBBIX TOMYIALHIL
TOMATOB (JIMHUI U COPTOB) M Ha 6a3e TecTUpOBaHMs B [ 0CyapCTBEHHON KOMHICCHH TI0 COPTOUCIIBITAHUIO,
ObLn paiioHnpoBaHbl B PecyOmuku Mongosa. bubmn.- 17, 1a6.- 2, puc.-2.

Kntouesvie cro6a: TCHOTHIIBL, THOPHAM3AIS, THOPHJIBI, THCTO - AHATOMIIECKUN aHAIM3, KYIbTypa
in vitro, TMHUAY, COPTA.

YIK: 633.854.78:631.52

TFEHETHYECKASI  U3MEHUYUBOCTb  KAYECTBEHHBIX KOMIIOHEHTOB
MNOJACOJHEYHOT'O MACJIA B 3ABUCUMOCTH OT PA3PABOTKH T'HBPHUIOB C
HOBBIMUW MACJAMM. lkopuy Jlpacan, Caxay 36onumup, Jemypun Hros. // zsectnst AxaneMun
Hayx Monnossl. Hayka o xuznan. 2015, Ne 2(326), c. 138-146.

[ToycomHeYHNK SBISIETCS OTHON M3 CAMBIX BAXKHBIX MACTHIHBIX KYJIBTYP B MEDE, M €70 MaCJIO SIBIISETCS
OJTHUM M3 CaMBIX JyYIIHX IO KauecTBY CPEAM PacTUTENBHBIX Macenl. KadecTBO Macna ompenensercs
COCTaBOM JKHPHBIX KHCJIOT, COZlEp)KaHHEM U THIIOM TOKo(epona, (pUTOCTEPUHAMH, KapOTHHOMIAMH,
M HEKOTOPBIMH JIPYTUMH coefnHeHuIMU. CTaHTapTHOE MOACOTHEYHOE MACIO COACPIKUT JIMHOJEBYIO,
OJICMHOBYIO, TTAJIbLMUTHHOBYIO M CTEAPUHOBYIO JKUPHBIC KUCIOTHI, @ TAKXKE HECKOJIBKO APYTHX SKHPHBIX
KHCIIOT, KOTOPbIE HAXOIATCS B CIIEOBBIX KOMMYecTBax. Llenpio faHHO# paboThl ObLTO co3aHne 0030pa
TeHETHYECKOH M3MEHYMBOCTH KOMIIOHEHTOB Ka4ecTBa Maciia B MOJICOTHEYHNKE Ha OCHOBE COOCTBEHHBIX
PEe3yNBTaTOB M PE3yNbTaTOB APYTHX aBTOpoB. CTaHZApTHOE MOACOTHEYHOE MAcIO OTHOCHTCS K
JIMHOJIEBOMY THILY, HO C TIOMOIIBIO MH/TYLIUPOBAHHBIX MyTallMii ObUIN pa3paboTaHbl TEHOTHIIE!, KOTOPbIE
MMEIOT BHICOKHI YPOBEHb OJIEMHOBOM, TTAIbMUTHHOBO! M CTEAPHHOBOI KUCIIOT, @ TaKKe ObLT OTpeereH
CIoco0 HacleoBaHUs STHX MPU3HAKOB (YHCIO TeHOB M THI). Kpome TOro, HEKOTOpHIE Pe3yNbTaThl
OBUTH JIOCTHTHYTHI PU M3YYEHUH HACIEAOBAHUA HA MOJEKYIIPHOM YPOBHE C MOMOIIBIO MapKEepHBIX
reHoB. CTaHmapTHOE MOJCONHEYHOE MAco COMAEPKUT MPEHMYILIECTBEHHO anb(ha Tokodepor E)> 5%).
C moMOIIIBIO CIIOHTAHHBIX MyTamuii reHoB tphl, tph2 u tphltph2 Obu10 00HApPYKEHO, YTO TOCICAHUE
KOHTPOJIMPYIOT pasiM4HOe coiepikanue aibda, Oera, raMma m Jensra TokogeponoB. Kpome Toro,
MCTIAHCKHE HCCIIENOBATEIN HCMONb30BANM HHAYIHPOBAHHBIE MYyTAIMM IS TOMYYEHHS MYTaHTOB C
BBICOKUM YpOBHEM Oera M JienbTa TOKO(eposnoB. B onHOM M3 Hammx COOCTBEHHBIX HCCIIETOBAHHI
OBLIO YCTAHOBJICHO, YTO JIMHKS BOCCTAHOBHTEND (epTribHOCTH RHA-S-59, comepKuT ToIbKO raMma-
toko(epona (100%), B To Bpems kak 20 ApYrHX JMHUH BOCCTAHOBUTENEH COMEPKAT TONBKO anbda
Toxodepor (100%). beito HayyHO mOKa3aHO, YTO (PUTOCTEPHHBI (KaMIECTEpOI, CTUTMACTEpOol U OeTa-
CUTOCTEPOIT), TAK)KE HTPAIOT BAXKHYIO POJIb B OTIPE/IENICHIN KaYeCTBA MACIIA M PA3INYHBIX TeHOTUIIOB IMEIOT
PasIMYHOE COZIepKaHKE STUX BENIECTB. BBIIO MOKA3aHO, YTO B TEHOTHIIAX, KOTOPHIE XapaKTePH3YIOTCS
BBICOKUM COJIEp/KaHHEM OJICMHOBOM KHCIOTHI B COYETAHHH C BBICOKMM YPOBHEM OeTa, raMMa MU JIENbTa
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TOKO(epoIia BOSHAKACT OIPEIEICHHBIH CHHEPTH3M, YTO MOBBIIIAET YCTOHYHBOCTh K OKHUCICHHIO 10 15
pa3 Mo CPaBHEHMIO CO CTAHJAPTHBIM ITIOJICOHEYHBIM MAcioM. [Ipu MCHONB30BaHMH CYIIECTBYIOIIEH
TeHETHYECKOIl M3MEHYMBOCTH KOMIIOHEHTOB, KOTOpBIC ONPENENIOT KayecTBO Maclia, MOKHO CO3/aTh
ruOpu/Ibl TIOJCONTHEYHUKA C MAclIoM HOBOTO cocrasa. Jlo cux mop, HanOoIbliee BHAMAHHE YAEIAIOCh
pa3paboTKe BEICOKOMACTHYHBIX THOpUIOB. buoi.- 39, Ta6.- 6.

Kniouesvie crosa: sxUpHbIE KHCIIOTHI, Ka4eCTBO Macna, (pUTOCTEPOIIbl, MOACOIHEYHUK, TOKO(EPOIIBL.

VIK 636.22/.28.082.(478.9)

T'EHETUYECKASA XAPAKTEPUCTUKA TEJOYEK MOJIABCKOI'O THUIIA YEPHQ-
MNECTPOIO CKOTA - IOTOMKOB OT PA3IMYHBIX BbbIKOB-ITPOU3BOJIUTEJIEN.
Ko;tfmclm(z)oa/zo A., @oxwa B. // 3Bectns Axanemun Hayk Monmossr. Hayka o smsan. 2015, Ne 2(326),
c. 147-152.

B crarse mpuBeeHEI pe3yIbTaThl HCCIEI0BAHIHN H KOHTPOILS H3MEHEHHH B TEHO(OH/IE MOJIaBCKOTO
Tuna yepHo-necrporo ckora crage STE "Maximovca”. BrisBieHbl paziuyuus B aHTUTEHHOM CIIEKTpe
TPYIII KPOBU Y IOTOMCTBA 11 OBIKOB-IPOM3BOMHTENEH, HCIIONB3YEMBIX B cTaje B meproa ¢ 2003 mo 2013
rT. Cpenu BeIsiBIEeHHBIX 6 anTureHoB (B2, G2, 02,Y2, E’2, Q’) y moTOMKOB BceX OBIKOB-IPOM3BOIUTENEH
HaOJFoaeTcsl BEICOKAs YacTOTA BCTPEUAeMOCTH aHTHIeHa Y2, Kotopas BapprpoBana ot 0,32 ([ukwmit
788) mo 1,0 (A6xazuan 835, Meteop 376). [To EAB - nokycy auturen B” BBISBIEH TONBKO Y TIOTOMKOB
OskoB Karmmran 2354 u Ceet 732, 4T0 TOATBEPIKAACTCS TIPOBEICHHOH paHee OICHKOH TeHETHYECKOH
CTPYKTYPbI HCIIOJIb30BaHHBIX JIMHUH ObIKOB-TIpon3Boautenel B crafe STE “"Maximovea” u XapakTepHo
IUT TIOTOMKOB OBIKOB-Tipom3Boxuternelt muHmi Buc bok Aifnmana w [Maan ®apm Apnuama Yuda.
N3ydenne B3aMMOOTHOIIECHUH, CIOKUBIIMXCSA MEXKIY MOTOMKAMH Pa3IUYHBIX OBIKOB-TIPOM3BOMHUTENEH
MOKa3ano, 4T0 Hamboiee ONMM3KUME OKA3aiiCh TOTOMKH ObIKOB Akamemuk 767 u Cunbop 7415,
reHernyeckas jaucranims pasna 0,13, a HauOonee yJaaeHHBIMH - IOTOMKH ObIkOB AOxaszuaH 835 u
Juxnit 788, renetnyeckas guctanmus — 0,3 1. bubmn.- 18, tab.- 2, puc.-2.

. Knioyesvie cnoga: rpymnma KpoBU, NOTOMKH OBIKOB, TEHETHUECKOE PACCTOSHUE, WHANBUAYaTbHBINA
ot6op.

YIK: 636.32/.38 . .

CEJIEKLIUS OBEL] HHTAHCKOH TOPOAbI MOJAABCKOI'O THIIA. Togan Hsan,
Jhoyxaros I[lemp, Mawnep Onee. /| V3Bectus Axagemim Hayk Mommoser. Hayka o sxm3nm. 2015, No
2(326), c. 153-156.

B crarbe m3nokeHa OLEHKAa CTaja OBELl MOJIABCKOTO THIA IMTailCKOH IOPOMIBI, KOTOpas
CIICIUAM3UPYETCS Ha MSACO-IIEPCTHOM M MOJIOYHOM HAINpPaBICHHU TPOW3BOJCTBA IIPH POXKICHHH, B
3-3,5-mecsuHoM U 12-14 mecsiunom Bo3pacte. [IpencraBnensl pe3yabTaTsl NPOAYKTUBHOCTH KUBOTHBIX
Pa3HBIX BO3PACTHBIX I'PYIII, OTOOPAHHBIX B IUIEMEHHOE SJPO HAa OCHOBE MHHHUMANBHBIX TPeOOBaHHIA
cramapra. Ilo Macce Tera M HPOM3BOACTBY IMIEPCTH JKMBOTHBIE IUIEMEHHOTO Spa IPEBOCXOAT
ouIMaNbHbIE POLIEHTHBIE TPeOOBAHMS 10 pa3BeieHuIo: 1is OapaHoB Ha 00,7 % o Macce Tena u Ha 15,8
% 110 TPOU3BOACTBY LIepCTH; 11t oBell Ha 15,4% u 14,8%; s sruat Ha 13,9% u 2,5%; nms oBenemarok
Ha 5,6% 10 Macce Tena 1 Ha 8,7% 110 MPOM3BOJICTBY IIEPCTH COOTBETCTBEHHO. bHOI.- 8, Ta0.- 4.

Kntouesvie cnosa: oBIbL, OapaHbl Ipom3BoauTed, Momnasckuit Tar, Luraiickas mopona.

VIK: 634.22:632.9 .

CTEPWIM3BALMS TMPUPOAHBIX TMONVJSALIUKA CIUBOBOU IJIOJOXKOPKHU
LASPEYRESIA FUNEBRANA TR. (LEPIDOPTERA, TORTRICIDAE). Mycnex Moxammeo. //
M3ectus Axagemun Hayk Monmosel. Hayka o sxusan. 2015, Ne 2(326), ¢.157-159.

Creprimizalys TPUPOIHBIX MOMYIIAIHH CIMBOBOH IIOIOKOPKH B (hepOMOHHBIX JIoByIIKax (10 mr./
ra) 00pabOTaHHBIX HE TOKCUYHBIM CTEPUIN3aTOPOM MPOBOAWIN B ciBoBoM caxy OO0 « ArpoOpuo»
¢ .bauéitto LleHTpanpHas 30HBI MOJIOBBL, Ha IUTOMIAIN 4 TeKTapa B CPABHCHHH C XUMHYCCKHMH
MHCEKTHIUIaMK IPUMEHSIEMBIMH X03sicTBOM. bron.- 9, Tad.- 2.

Knrouesvie cnosa: TONOBBIX (DEPOMOHOB CIMBOBOW IUIONOKOPKH, MOHHTOPHHI XHMHYECKas
CTEpPUITH3ALIHS.

VIK: 581.1.04:631.526.32

MOP®O-AHATOMHUYECKHUE ACITEKTBI IPOPOCTKOB JIBYX COPTOB BA3ZUJIMKA
HA ®OHE J3KCHEPUMEHTAJIBHOI'O 3ATPS3HEHUS TAKEJIBIMA METAJIUIAMM.
Bypoyua Mapuan, Jlobok Anodpeit, Pocenxeu Enuoa, Toma Konemanmun, 3amgpupaxe Mapus-Mazoanena
//V M3pectus Axanemun Hayx Monmossl. Hayka o xmsHu. 2015, Ne 2(326), c. 168-166.

B nacrosmeit pabote nccnenyercs ciocoOHOCTB BYX COPTOB 0a3MINKA K IPOPACTAHHIO H PA3BUTHIO
Ha (oHe IKcIIepuMeHTaIbHOTO 3arpsisHeHus uepueM (Ce). [Ipu 00padoTke BRICOKMMH KOHIIEHTPAIIHSMH,
AHATOMUYECKHE HAOMIOICHNMS KOpPHEH YKa3bIBAIOT HA YMEHBIICHHE KOJNMYECTBA KOPHEBBIX BOJIOCKOB,
YBETUYEHHIO YHCIIa BOJIOCKOB, M YMEHBIICHHIO YHCTIA KEIE3UCTHIX BOTOCKOB B THMOKOTHIIAX. OOpaboTka
HE MOBJIHSUIA HA IPOpACTaHne, HO JUIMHA KOPHS M THIIOKOTUIIS COKPATHIIMCh P HCTIONB30BaHMN Oolee
BbICOKHX KoHIeHTpauui (200-400 mr/n Ce). Hanuuune cnusu npu npopacTaHui MOKET CocOOCTBOBATh
TONVIOMIEHNIO 3TOTO EMEHTA U3 PacTBOPOB, KAK OBUIO MPOJEMOHCTPUPOBAHO I MeIH. Pesynbrarsl
OTIPaB/IBIBAIOT JANIbHEHIIINE HCCIIEN0OBAHUS U OLIEHKY (PUTOPEMEINAIlIOHHOTO OTEHIIHANA JABYX COPTOB.
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bubn.- 17, puc.-5, pucyHkos -7.
Knrouegbvle croga: aHaTOMHUUeCKasi CTPYKTYPa IPOPOCTKOB, TSHKEIbIA METAILT, (PUTOPEMEIMAIINOHHbIIT
TIOTEHIIUAJ COPTOB Oa3UITHKA, 3arPA3HCHHUC TIOYBBI.

YIK: 575.86 .

OWIOTEHETHYECKMUTIOAXOABOIPEJEJEHUU IEHHBIXMETABOJIMYECKHUX
MPOJAYKTOB U3 UMAHOBAKTEPUMN. Yenou Jluruana, Tonan Kaxob, Ipucancrkuti Anopuii //
W3Bectns Axanemun Hayk Monmossl. Hayku o xmsam. 2015 Ne 2(326), c. 167-175).

Ha npumepe rena CrtP moka3aHo, KakuM 00pa3oM (HIOIEHETUYECKHIl aHAn3 MOKET OBITh
NPUMEHEH JUIS TOMCKAa MOTEHUMAIbHBIX IIPOM3BOAWTENCH KapOTHHOWIOB, I HWICHTH(UKALMH
HEM3BECTHBIX M30JIATOB M JUISl TIPOCKTHPOBAHMS MPAiiMEpPOB C LEJIbI0 TOKCKA TOJE3HBIX reHoB. ML
ananu3 rena CriP 15 TakCOHOB MAHOOAKTEPHH 0Ka3a1 4To ABE rpymnbl-Anabaena si Nostoc MOTYT ObITh
MCKYCCTBEHHBIMHU MM NTONU(pUICTHIECKUMH. DUIIOTeHeTHIECKUN aHATIN3 MOXKET OBITh IPUMEHEH TaKke
J1s ICHTU()UKAIMY HEM3BECTHBIX M30/4TOB. Ha Hamem (uitoreHeTHIeckoM AepeBe MOTydeHHOM IS
rera CrtP HensBecTHbIN H301aT (KJIOH 66415, acc. # KP445989) naknansiBaetcst Ha Nostoc punctiforme
PCC 73102 u ciemoBareIbHO, SBISCTCSA TEM JKE IITaAMMOM KIIH JKe OYeHb OIM3KnuM K Hemy. [l rena CrtP
ObLT ompejieneH yyactok obmeit mHoi 1350 map ocHoBaunuit (450 aMuHOKHKCIOT), €3 HHTPOHOB, C
TOMOTEHHOH CTPYKTYPOH U MHCEPIOHHBIM YYaCTKOM U3 7 aMHHOKHCIIOT B HAa4aJIe MOCIE10BaTebHOCTH,
HEIMOCPEACTBEHHO 110CJIe IEPBOI0 KOHCEPBATHBHOIO yyacTka. HauasbHble ¥ KOHIEBbIE y4aCTKH JaHHOTO
¢parmenTa qauHOM 39 Map OCHOBAaHMI KOHCEPBATHBHEI (OXHU W TE JK& AMUHOKHCIOTHI UITH MI/IHO}E)HBIC

Q3JIMYHs B 3aBUCHMOCTH OT TPETHEro OCHOBAHMS B KOJIOHE) M TIOJIXOJIAT ISl iu3aiiHa 1paiiMepos. buoi.
50, Tabmui -1, pUCYHKOB -3.
Kntouegwie cnosa: ren 16S rRNA, ren CrtP, dunorenernyeckuii ananus, Llinanobakrepun

VIK: 581.14:573.6.086.83 .

IMOBOYHBIE SOPEKTHI MNPEAITIOCEBHOU OBPABOTKHN CEMJSIH
HU3KOYACTOTHBIM MATHUTHBIM MOJIEM. Cuodopenko A., Ipoiicman U., Llubaes A. //
W3Bectns Axanemun Hayk Mommossr. Hayka o ximsam. 2015, Ne 2(326), c. 173-177.

DKCHEpUMEHTBI 10 BO3/ICHCTBHUIO HA CyXH€ CEMEHA ITIIEHHUIIbl MATHUTHBIM T10JIEM B IHANIa30HE YaCTOT
1-10 T'u ¢ mmotHOCTRIO TIOTOKA 40-50 m T moka3anm, 4To B MEPHOA aKTHBHOTO KJIETOYHOTO JICTCHHS,
KJIETKH PACTEHUH CTAHOBATCS O0Jiee YyBCTBUTEIBHBIMU K BHEITHUM TOJISIM. BBH Ty 3TOTO (haKTa, cemeHa
9KCIEPUMEHTANBHBIX 00Pa3I[0B OKA3bIBAIOT JTYUIIIHE PE3YIBTATHI [0 BCXOKECTH U JUTMHE TIPOPOCTKA, YeM
ceMsiHa KOHTPOJILHOTO 00pasia Ha oHe ecTEeCTBEHHBIX MOJICH B IKOJIOTHYECKH OE30TACHBIX YCIOBHUSX.
Moyt BO3/EiiCTBHEM TEXHOTEHHBIX SJIEKTPOMATHUTHBIX MOJIEH, SKCIIEPUMEHTAIbHBIE CeMEHA MOKa3alu
XY/LINE Pe3ysbTarhl 0 BCXOKECTH U JUTMHE NPOPOCTKA, YeM CeMEHa KOHTPOJIBHOM TPYIIIIBL; 3TOT (haKT
MOATBEPIKIACT TUMOTE3y 00 YCHICHUH OTPHUIATENBHON POJIM THX IMOJeH Ha KIETKH Pa3BUBAIONIETOCS
OpraHu3Ma.

[puHKMas BO BHUMaHHE OOIIME 3aKOHOMEPHOCTH Pa3BHTHS OPraHM3MOB Ha KIETOYHOM YPOBHE,
MBI MOJKEM TpPEAIONOKUTh, YTO TEXHOTCHHbIC I10JIs, MTPAIOT OIPEIENICHHYI0 HEraTUBHYIO POJb JUIs
OpraHM3Ma 4ejiOBeKa B MOMEHT IPONHUTKH U TIEPBOHAYAIBHOTO PAa3BUTHUS Tejla, KOT/a KIETKH SMOPHOHA
HanboJiee aKTUBHO pearupyroT Ha okpyxkatomue nous. bubn.- 9, puc.-5.

Kniouegvle crosa: HU3KOYACTOTHOE MANOMHTCHCHBHOE MArHMTHOE MOJIE, CEMEHa pACTeHHIl,
Pa3BUBAIOIINECS KIETKH, IPUPOJHBIC OIS, TEXHOTCHHBIE TTOJIL.

YIK: 632.937.1: 579.6. . .

HNOCJEIHUE JOCTUXEHUSI B MUKPOBHOJIOTUYECKOU 3AILIMTE PACTEHUU.
Bonowyx  Jleonuo, Ilvinzapy Bopuc, Jlemanoe Hamanvs, Huxonaese Apkaduii, lepbakos Tamwsna,
Huxonaes Ceemnana, 3asmonu Ilanmenumon, Mopapy Jlusuy. // i3sectus Axamemun Hayk MonmoBEL
Hayxka o xu3nu. 2015, Ne 2(326), c. 178-183.

OcHoOBHasi LENb HCCIENOBAHWM COCTOSUIO B AQHAIM3E PE3YNbTATOB IMONTYYCHHBIX B pE3ysbTaTe
pa3paboTKH M TECTUPOBAHMS OMOIOTMYECKHX TIPenaparoB IPeiAHa3HAYCHHBIX IS O0PbOBI C BPEIHBIMH
OpTaHM3MaM1 OCHOBHBIX CENbCKOXO3SCTBEHHBIX pacTeHuiA. McceoBanns MpoBEICHB! C IPUMEHEHHEM
Bupyca sinepHoro nonmesposa Helicoverpa armigera Hbn., antaronncruuecknx 6axrepuii Pseudomonas
fluorescens BKM CP 330 D, mukpockommaeckux rpudoB Trichoderma lignorum mramm M-10 u Tri-
choderma virens, mrramm 3X). Pazpaboransl OpuriHaIbHBIE TEXHOIOTHYECKUE IPOLIECCHI IIPOM3BO/CTBA
W npuMeHeHus 4 GUONOTMYECKHX MPENaparoB, 3aperMCTPUPOBAHHBIX JUls GOPBOBI C BPEAHBIMH
OpraHU3MaMH OCHOBHBIX CENIbCKOXO3SHCTBEHHBIX KYJIbTYp. L[eHHOCTh 3aperucTpHpOBAaHHBIX CPEICTB
CBOJIUTCSL HE TONBKO B BBHICOKOH OMONOTHYECKOH, SKOTOTHIECKOH M SKOHOMHIECKON (P(HEKTHBHOCTH,
HO ¥ B BO3BMOXKHOCTH X MCIIOJIb30BAHHS B CUCTEMaX KOHBEHIIMOHHOTO M SKOJIOTMYECKOTO 3eMIISEIHS.
bu6m.- 10, Tabd.- 1.

Kniouegvle cnosa: aToreHHbIE areHTh, BpEIHbIE Oprann3msl, ononpenaparst, Bupuu-XCI1, [Taypuw,
Trihodermin, Gliocladin, sxosorus, OHoornyecKas 3ammTa.
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