
AHHOTI1POBAHH1IH OTlffiT 

o pe3yJII>TaTax Hl1P no rpaHry 3a 2018 ro).1; 

Komcypc 2018 ro.r(a Ha coHcKaHHe rpaHTOB 

.r(IDI II0).1;.r(ep)l(KH HaycIHO-HCCJie.r(OBaTeJibCKOH pa60TbI 

acrrRpaHTOB H MOJIO.r(bIX coTpy.r(HHKOB MrY 

HarrpaBJieHHe ERononrn, rroqBoBe.ueHHe H 6HoTeXHOJIOrHH 

Illmpp rpaHTa 091-18-220 

1. HaRMeHoBaHHe Hl1P no rpaHry: «lbyqeHHe cpeHOTHrra Stay green y MYTaHTa 

Arabidopsis thaliana no reHaM rnyTaMaT.uerR.uporeHa3hI» 

2. CTpyKrypHoe rro.r(pa3.r(eJieHHe (Kacpe)J;pa, na6opaTop:IDI): XHMHqecKHH cpa:r<yJII>TeT, 

Kacpe.upa TeopeTHqecKOH H rrpHKJia,ZlHOH opraHHqecKOH XHMHH H IIOJIHMepH3aIJ;HOHHbIX 

rrpou;eccoB 

3. HcrroJIHHTeJib Hl1P: BHJIMIHeH llapMI BaneHTHHOBHa 

4. Koop.r(HHaTbI HCIIOJIHHTeIDI Hl1P 

5. O)l(H.r(aeMhle pe3yJII>TaThI B cooTBeTCTBHH c 3a51BJieHHbIM rrnaHoM pa6oTbI 

Tio HTOfaM HCCJie.r(OBaHHH 0)1(H.r(aIOTC51 CJie.r(ylOIIJ;He pe3yJibTaTbl: 

1. Ey.r(eT orrpe.r(eJieHa .r(HHaMHKa H3MeHeH:IDI )l(H3Hecrroco6HocTH JIHCTbeB pacTe

HHH JIHHHH gdhlgdh2 H Col-0 B ycnoB:IDIX .r(JIHTeJII>Horo Bbl.r(ep)l(HBaH:IDI B TeMHOTe H 

6y.r(eT ycTaHOBJieHo, ecTh JIM pa3HHu;a Me)l(.r(y MJTaHTOM H .r(HKHM THIIOM no 3TOMY rra

paMeTpy. 3To II03BOJIHT ycTaHOBHTh JIH6o HCKJIIOqHTh D-BapRaHT cpeHOTHIIa Stay 

green y pacTeHHH JIHHHH gdhlgdh2. 

2. Ey.r(eT orrpe.r(eJieHa .r(HHaMHKa CHH)l(eH:IDI cpyHKIJ;HOHaJihHOCTH cpoTOCHHTeTH

qecKoro arrrrapaTa pacTeHHH JIHHHH gdhl gdh2 H Col-0 c rroMOIIJ;hIO cpnyopRMeTpHH H 

6y.r(eT ocyIIJ;eCTBJieHO cpaBHeHHe o6eHX JIHHHH no .r(aHHOMY rrapaMeTpy. 3To II03BOJIHT 

orrpe.r(eJIHTb CTerreHb cpyHKIJ;HOHaJibHOCTH cpoTOCHHTeT~eCKOfO arrrrapaTa rrpH CTape

HHH H c.r(eJiaTb Bbl6op Me)l(.r(y A, B H C BapRaHTaMH cpeHOTHrra Stay green y MJTaHT-

HbIX pacTeHHH. 

3. Ey.r(eT HCCJie.r(oBaH xapaKTep 3KcrrpeccHH reHoB-MapKepoB cTapeH:IDI y pacTe

HHH o6eRx JIHHHH. 



3. Ey,ZJ;eT Mccne,IJ;oBaH xapaKTep 3KcnpecclIH reHoB-MapKepoB CTapeHIDI y paCTe

mrli o6eHX nHmrli. 

Ha ocHOBaHlIH 3THX ,IJ;filIHbIX 6y,IJ;eT c,IJ;enaH BI>IBO,IJ; o BapHaHTe cpeHonrna Stay green, 

pa3BlIBfilOID;erocH npH HOKaYT-MJTa:QIDIX reHOB, KO,ZJ;HpYJOID;HX I'llJTaMaT,ZJ;erJIJJ:poreHa3Y 

pacTemrli. B ,IJ;anI>HeillrreM 3TO rro3BOnHT BI>IHCHHTI> ponI> rllJTaMaT,IJ;erJIJJ:poreHa31>I B pe

ryIDIII;IIB nporpaMMI>I cTapeHHH pacTemrli. 

6. OcHOBHI>Ie rronyqeHH1>1e Hayqm,1e pe3ynI>TaT1>1 

6.1 H1yqeeue npoeuu,aeMocTn KJieTO'IHhIX MeM6pae KaK noKa3aTeJI.a 

~u1eecnoco6eocTn 

KoH,IJ;yKToMeTp.HtiecKoe Mccne,IJ;OBaHHe npolIBI(aeMocTM KneTO"lffil>IX MeM6paH rro3-

BOnHeT OI(eHHTI> )l(H3Hecrroco6HOCTI> KneTOK pacTemrli, qTo oqeHI> BIDKHO npH IDyqeHlIH 

oco6eHHOCTeii pa3BITTIDI HH,IJ;yl(HpOBaHHOro CTapeHIDI. 

B pa6oTe (Miyashita, 2008) pacTeHIDI gdhl gdh2 rrorM6anH rrocne meCTM CJTOK B 

TeMHoTe, paCTeHIDI ,IJ;HKoro TMIIa - rrocne 12 CJTOK. B HamHX ycnoBIDIX MJTaHTHI>Ie pac

TeHIDI )l(HlllI HeCKOlll>KO ,IJ;Olll>me, II03TOMY o:u:eHKY )l(H3Hecrroco6HOCTM npOBO,LUf.JIH rro

cne 0, 4 lI 8 CJTOK Bl>I,IJ;ep)l(HBaHIDI B TeMHOTe. 

Ha rpacpHKe (pMCJHOK 1) npe,IJ;CTaBneHI>I pe3ynI>TaTl>I M3Mepemrli. 3a MaKCHMann

HYJO nplIHHMaeTCH 3JieKTp.HtieCKaH npOBO,IJ;HMOCTI> paCTBOpa :mncy6aI(lIH lllICTl>eB IIOCJie 

HarpeBaHIDI B HeM JIHCTl>eB apa6JIJJ:OIICMCa rrpH 80°C B TeqeHHe ,IJ;Ba,IJ;I(aTH MHHJT. 
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Ilo rpaqnmaM BH,lI;HO, qTo npOHHQaeMOeT:O MeM6paH B ttyJieBOM ,n;eH:O y o6ettx 

JIHHHM 6:orna Ha O,lI;HHaKOBOM ypOBHe. Iloene qeTDipex eyTOK B TeMHOTe HaqHHaIOT npo

}JBJI}JTbe}l pa3JIHqH}l: poeT npoHHQaeMoeTH MeM6paH y MYTaHTa gdhlgdh2 npottexo,n;HT 

3HaqHTeJI:OHO 6:01eTpee no epaBHeHHIO e paeTeHH}JMH ,lI;HKOro THna. Iloene BOe:OMH ey

TOK B TeMHOTe 3JieKTpttqeeKa.H npOBO,lI;HMOeT:O paeTBOpa eoeTaBAAJia 77 ,5 ± 7' 7%, B TO 

BpeM}l KaK y paeTeHHM ,n;ttKoro Tttna - Beero 13,8 ± 0,6%. Eonee KPYTOM poeT KpHBOM 

H3MeHeHH}l MeM6paHHOM npOHHQaeMOeTH y MyTaHTa gdhl gdh2 H TaKHe eHJI:OH:Oie pa3-

JIHqfi}l B yTeqKe 3JieKTpOJIHTOB Me)K,n;y JIHHH}JMH nOKa3:0IBaIOT, qTo KJieToqH:oie MeM6pa

HbI JIHHHH gdhl gdh2 npH ,lI;JIHTeJI:OHOM B:OI,n;ep)KHBaHHH B TeMHOTe pa3pyrnaIOTe}l e 60-

nee B:OieOKOM eKopoeT:OIO, qeM y paeTeHHM ,lI;HKOro THna. 3To MO)KeT eBH,lI;eTeJI:oeTBOBaT:O 

0 TOM, qTo gdhl gdh2 npH HH,lJ;yQHpOBaHHOM TeMHOTOM eTapeHHH nortt6aeT paH:orne 

paeTeHHM ,lI;HKOro THna. BH3YaJI:OHO 3TO npO.HBAAeTe.H noTepe:H: paeTeHH}JMH zypropa H 

npH3HaKaMH OTMHpaHH}l HH)KHHX JIHeT:OeB. 

Ilo ,n;aHH:OIM (Miyashita, 2008) y paeTeHHM JIHHHH gdhlgdh2, Bbiparn:eHH:OIX Ha 

noqBe, noene Tpex eyTOK B TeMHOTe Ha KOHqHKax JIHeT:OeB po3eTOK Ha6JIIO,n;aJIH HeKp03, 

a noene rneeTH eyToK B TeMHOTe npaKTHqeeKH Bee MYTaHTH:Oie paeTeHH}l nortt6antt. 

PaeTeHH}l JIHHHM gdhl H gdh2 (MYTaHTH:Oie TOJI:OKO no reey GDHJ H GDH2 eooTBeT

eTBeHHO) BeJIH ee6.H TaK )Ke, KaK paeTeHH}l ,lI;HKOro THna: B yeJIOBH}JX ,lI;JIHTeJI:OHoro BbI

,n;ep)KHBaHH.H B TeMHOTe OHM nortt6antt TOJI:OKO qepe3 12 eyTOK. IlpH Bbiparn:HBaHHH 

paeTeHHM B qarnKax IleTpH nttrn:o 30% MYTaHTH:OIX paeTeHHM gdhlgdh2 nepe)KHJIH B:OI

,n;ep)KHBaHHe B TeMHOTe B TeqeHHe qeT:Oipex eyToK; noene rneeTH eyTOK OTeyTeTBH}l 

eBeTa Bee MYTaHTHble paeTeHH}l norH6aJIH, B TO BpeM}l KaK paeTeHH}l ,lI;HKoro THna no

rtt6antt JIHIII:O noene 12 eyTOK B:OI,n;ep)KHBaHH}l B TeMHOTe. 

B HaIIIHX yenoBH}JX KaK MYTaHTH:Oie paeTeHH.H, TaK H paeTeHH}l ,n;HKoro Tttna, )KH

JIH B TeMHOTe HeeKOJI:OKO ,lI;OJI:OIIIe. 3To MO)KHO o6o}leHHTb ,n;pyrHM B03paeTOM paeTeHHM 

Ha MOMeHT Haqana 3KenepHMeHTOB (B pa6oTe (Miyashita, 2008) 14 ,n;Heii, y Hae - 21 

,n;eH:o ), ,n;pyrttM eoeTaBoM epe,n; (y (Miyashita, 2008) 0,4% arap, y Hae - 0,8% qnnoren:o) 

H, B03MO)KHO, KaKHMH-TO yeJIOBH}JMH, HeontteaHHbIMH B eTaT:oe (Miyashita, 2008). 
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IIo.r.rycrnHHbie HaMH ,n;aHHbie xopomo COOTHOC51TC51 c JIHTeparypHblMH ,n;aHHblMH: 

MJTaHTHhie pacTeHH51 JIHHHH gdhl gdh2 60.r.ree tJYBCTBHTeJibHbI K ,n;nMTenI>HOMY oTcyT

CTBHIO CBeTa H B TaKHX ycnOBH51X rH6ttyT 6bICTpee pacTeHHM ,IJ;HKOro THIIa. IlpH ,IJ;JIH

TeJibHOM BI>I,n;ep)l(HBaHHH B TeMHOTe MJTaHT apa6M,n;orrcMca gdhl gdh2 xapaKTepM3yeTC51 

MeHbmeM: )l(H3Hecrroco6HocTbIO no cpaBHeHHIO c pacTeHH51MH Col-0. 

6.2 Ou.euKa MaKCHMaJ11>uou <t>oToxuMuqecKon 3<l><l>eKTHBHocTu <t>oTocucTeMhl II 

KaK O)J.Horo H3 napaMeTpOB 3<l><l>eKTHBHOCTH <l>oTOCHHTe3a 

,[(AA orrpe.n;eneHH51 MaKCHMaJibHOM <l>oTOXHMHqecKOM 3<l><l>eKTHBHOCTH <l>oTOCH

CTeMbl II pacTeHHM HCIIOJib3YIQT pacqeTHbIM rrapaMeTp F v!F M, KOTOpbIM rrpe,n;cTaBAAeT 

co6oM: OTHomeHHe (FM - F o)IF M H IIOKa3bIBaeT )l;OJIIO CBeTOBOM 3HeprHH, rrome,n;meM: Ha 

<l>oTOXHMHqecKHe peaKU:HH. B HCCJie,IJ;OBaHH51X ero HCIIOJib3YIQT B KaqecTBe HH,IJ;HKaTopa 

<l>oTOXHMHqecKOM aKTHBHOCTH, a TaK)l(e ,IJ;JI51 ou;eHKH CTeIIeHH ,n;erpa,n;au;HH <l>oTOCHHTe

TMqecKoro arrrrapaTa (<l>CA). B HOpMa.r.rhHbIX HecTpeccoBbIX ycnoBH51X ,n;AA 60.r.rbillHH

CTBa pacTeHHM 3HaqeHHe 3TOro IIOKa3aTeAA paBHO 0,83. IlpH B03,IJ;eMCTBHH Ha pacTeHH51 

CTpeCCOBbIX <l>aKTOpOB IIOKa3aTeJib Fv/FM CHH)l(aeTC51. 

B rrpou;ecce 3KcrrepHMeHTa pacTeHH51 BhI,n;ep)l(HBaJIH B TeMHOTe B TeqeHMe 0, 2 H 

4 cyToK. TaKHe cpoKH 6hrnH o6ycnoB.r.reHbI TeM, qTo nocne 4 cyroK B TeMHOTe pacTeHH51 

Tep51IOT ryprop H cTaHOB51TC51 oqeHb xpyrrKHMH, a cne,n;oBaTeJibHO, HHCTPYMeHTaJibHO 

Tpy,n;HO,IJ;OC'I)'IIHblMH )];AA HCCJie,n;oBaHH51 <l>.r.ryopecu;eHU:HH xnopoq,11:.r.r.r.ra a. 

0,n;HaKo B rrpou;ecce Mccne,n;oBaHH51 6hrno o6Hap~eHo, qTo rrocne Bb1,n;ep)l(HBa

HH5l pacTeHHM B TeMHOTe B TeqeHHe qeTbipex cyTOK BH,IJ; KpHBOM <l>.r.ryopecu;eHIJ;HH CTa

HOBHTC51 HeTHnHqHbIM (p11:cyHOK 2). MaKCHMYM B TOqKe p 11:cqe3aeT, H MaKCHMYMOM Ha 

KpHBOM <l>.r.ryopecu;eHIJ;HH CTaHOBHTC51 TOqKa J. 
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PHC)7HOK 2 - BH,L( KpMBhIX c)myopecn;eHD;Im pacTemlli apa6H,L(oncHca .J11fHHH Col-0 H 

gdhl gdh2: 0 cyr - nocne 0 C)'TOK B TeMHOTe; 2 cyr - nocJie 2 cyroK B TeMHOTe; 4 cyT -
nocne 4 cyroK B TeMHOTe 

Bcne.z:i;cTBMe Toro, qTo a.nropHTM pacqeTa napaMerpoB <i>OTOCMHTe3a npe.l(IIOJiaI'aeT, qTo 

MaKcHMyM q,nyopecn;eHD;Im xnopo<l>MJina Ha6mo.n;aercH B To"IJKe P, pacqeT nocne 

qeTbipex C)'TOK B TeMHOTe CTaHOBHTCH HeKoppeKTHbIM, If .lJ;aHHbie MHTepnpeTHpOBaTb B 

paMKax KJiaccM"IJecKoli Mo,n;eJIM <l>nyopecn;eHD;Im xnopo<l>MJIJia HeB03MOJKHo. lli 6onee 

qeM 30 napaMerpoB, onpe,n;eJIHeMbIX B OJIP-TecTe, a,n;eKBarHo pacc"IJHTbIBaeTcH TOJibKO 

Fv!FM, HO BCJie,n;cTBHe oTcyrcTBMH HOpMaJibHoro MaKCHMyMa B ToqKe P, ero 3HaqeHHe 

nocne Bbl,n;ep)Kf.[BaHHH pacTemlli B TeMHoTe B TeqeHHe qeTu1pex cyroK nonyqaeTCH 3a

HIDKeHHbIM no OTHomemno K peaJibHOM)'. Ilo3TOMY cpaBHMBarh Fv!FM no a6coIDOTHOH 

BeJIMqlfHe Me)J()zy nepBbIMM ,n;B)'MH If qeTblphMH C)'TKaMM Bbl,n;ep)JGIBaHHH B TeMHOTe He

KOppeKTHO. 0,n;HaKO TeH,n;eHD;HH K Hapymemno HOpMaJibHOro xo.n;a KpIIBOH xapaKTepHa H 

.lJ;JIH .n;HKoro THITa, M .lJ;JIH MyraHTa gdhlgdh2, no3TOMY cpaBHMBarh Fv/FMnocne qeThipex 

cyToK Me)J()zy JIMHHHMM .n;onycTHMo. TaKHM o6pa3oM, Ha6mo,n;aH ,n;HHaMlfKY cHIDKeHHH 

Fv/FM y Col-0 H gdhlgdh2 B npon;ecce HH,IzylU1pOBaHHoro TeMHoTo.H CTapeHHH, MbI He 

MO:JKeM cy.lJ;HTh 06 a6comoTHOH BeJIMqlfHe Fv/FM, HO MO:JKeM on;eHHTb pa3JIMqlfe 3Haqe

mrn: 3Toro napaMeTpa Me)J()zy JIMHHHMM. 
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PHCYHOK 3 -l13MeHeHHe FvlFMY JIHHHii apa6H,L1;oncHca gdhlgdh2 H Col-0 npH BbI,l1;ep
)J(JIBaHHH B TeMHOTe B TeqeHHe 0, 2 H 4 cyroK. 3HaK * nOKa3bIBaeT 3HaqfiMbie pa3.JIWIIDI 

Me)K)zy .JilIHIDIMH no KpHTepmo MaHHa-YHTHH npH P < 0,05 

Ilo.rryqeHHbie HaMH pe3yJibTaibI )];eMOHCTPHpYJOT 6oJiee Me)];JieHHoe CHIDKeHHe 

Fv/FM B TeqeHHe H:H.eyD;HpOBaHHOro CTapeHIDI y MyraIITa gdhlgdh2, qeM y pacTeHHH 

)];HKOro THIIa Col-0 (pHCYHOK 3). Ha cpoHe 3aMe)];JieHHoro KaTa6oJIH3Ma XJiopocpHJIJioB H 

nO)];aBJieHHOH 3KCnpeccHH reHOB RX )];erpa,n:aI(IDI H 6oJiee Me)];JieHHOH )];erpa,n:aI(IDI XJIO

pocpHJIJia b OTHOCHTeJibHO XJIOpocpHJIJia a, 60JibillruJ YCTO~OCTh <I>CA MyraIITHbIX 

pacTeHIIH K ycJIOBIBIM ,lJ;JIHTeJibHOH TeMHOTbI no cpaBHeHmo c paCTeHIBIMH )];HKOro THIIa 

CBH,Ll;eTeJibCTByeT o cp)'HKI(HOHaJibHOM xapaKTepe cpeHOTHIIa Stay green. 

6.3 U:cCJie,aonauee 3Kcnpeccee reuon pacna,aa mopocjmJIJIOB, ecnOJIL3YeMbIX 

B Ka'leCTBe reHOB-MapKepoB CTapeHDB 

Ha pHCYHKe 4 npHBe,lJ;eHa cxeMa ,lJ;erpa)];aI(IDI XJiopocpHJIJioB, KpaCHbIM BbI)];eJieHhl 

HCCJie)];OBaHHbie HaMH reHbr. XrropocpHJIJI b-pe.lJ:YKTa3a KO.lJ:HpyeTcH reHoM NYC 1 ( HOMep 

JIOKYCa At4g13250). reH PPH (At5g13800) KO)];HpyeT cpeocpHTHHa3Y, Kaia1IH3HpYJOIIJYIO 

OT)];eJieHHe OT cpeocpHTHHa cpHTOJibHoro cpparMema c o6pa3oBaHHeM cpeocpop6H,L1;a a. 

<I>eocpop6H,Z1; a OKCHreHaJa, KaraJIH3Hpyiom;ru1 npeBpam;eHHe cpeocpop6H,L1;a a B KpaCHbIH 

Kara6oJIHT, KO)];HpyeTcH reHoM PAO (At3g44880). SGR - 3TO rpyrrrra peryAATOpHbIX 
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6eJIKoB. 3KcnpeccIDI reHOB ceMeiicTBa SGR 3HaqwreJThHO H3MeIDieTC» B CTapeIOIIUfX illl

CTMIX apa6H,1J;oncMca. K HMM OTHOCHTCH reHbI SGRJ (At4g22920), SGR2 (At4g11910) H 

SGRL (Atlg44000). 

Xnopo4JHIV'I b 

~NOL 
r14ApOKCMMeTH11-xnopo4>11n11 a 

i HCAR 
Xnopo4>HJt11 a 

CLH1,2/ ~fACS 

Xnopo¢1111n111~p, a <l>eocf>HTMH a 

MCS ~ 
<l>eocl>op6MA a 

@) 
KpacHblM KaTa6011HT XJ1opo4>KJV1a 

RCCR 

fleptsH-.HblM 4>nyopec1411pyt0w,MH KaTa6omrr xnopo$HJIJla 

MES16/ ~ CYP89A9 

He<t>nyopecl\HPYIO~MH <1>11yopec14Mpyio~HM Kara6011HT 
KaTa6011HT XllOPOcPMJlJla XJ10po4>M11na AMOKC06MJIHHOBoro nma 

~ 
Heq,,1yopecu,epytoW,iotH KaTa6011MT 

xnopocl>r.t.nna AffOKC06MJIMHOBoro nma 

PHC)'HOK 4 - Il)'Th ,IJ;erpa,nau;IDI xnopoqnuIJioB c )'Ka3aHHeM reHOB, KOmpoilllpyIOIIUiX 
CTa,IJ;MM HX pacna,na (no Oda-Yamamizo, 2016). I'eHbI, BhI6paHHbIC ,IJ;IDI HCCilC,IJ;OBaHIDI, 

Bhl,IJ;eneHbI KpaCHbIM 

OcHOBJ>IBaHCh Ha nMTeparypHbIX ,IJ;aHHbIX, ,IJ;IDI Mccne,IJ;oBaHIDI ,IJ;erpa,nau;IDI xnopo

<PMnnoB Ha ypoBHe 3KcnpeccMM Mhl Bb16panM reHbI NYCJ, PPH, PAO, SGRJ H SGR2~ 

nOCKOJThK)' 3KCnpeccIDI 3THX reHOB 3HaqHTeilbHO noBblmaeTCH IIpH CTapeHMM, a M)'TaH

Thl no 3THM reHaM ,IJ;eMOHCTpHpyroT <PeHOTHII Stay green. 

Ilpo6onowoToBKY npoBO,IJ;Hilll ,IJ;BYM5J cnoco6aMH: B nepBoM cnyqae oT6HpanM 

I(CJThie p03CTKH nocne Bbl,IJ;ep)KHBaHHH pacTeHHH B TCMHOTe B TeqeHHe 0, 4 H 7 C)'TOK. 

3KcnpeccHIO reHOB ,IJ;erpa,nal(MM xnopo<PMnnoB B I(CJThIX po3eTKax onpe,IJ;eJuum: ,IJ;IDI co

OTHeceHIDI 3THX ,IJ;aHHblX c pe3yJThTaTaMH no CO,Il;Cp)KaHHIO H COCTaBY xnopo<i>MnnOB (co

,Il;Cp)KaHHe xnopo<PmIJioB onpe,IJ;eIDlilll B po3eTKax apa6H,l];oncMca). 

Bo BTOpOM cnyqae OT6HpanM TOJThKO nepByro rrapy HaCT05IITUfX illlCThCB c Ka)K,IJ;OH 

p03CTKH nocne Bhl,Il;Cp)KlffiaHHH pacTeHHii B TCMHOTe B TeqeHHe 0, 2, 3, 4 H 5 cyTOK. B 
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rrpou;ecce pa3BHTIDI rrpopOCTKa nepBbIMH pa3BOpaqJffiaJOTC.sI ce.w.r,n;OJibHI>Ie JIHCTb.sI, 

4>opMHpyroIIUieCH ern;e B 3apo,Ll;h1me. OHR He CqJITaIOTCH HaCTOIDI(HMH JIHCTMIMH. ,[(aJiee 

4>opMHpyeTCH nepBaH napa HaCTOHrn;HX JIHCTbeB. Pa3BHTHe KIDK,n:oro JIHCTa pacTeHIDI B 

60JibillOH CTeneHH aBTOHOMHO, H pa3HI>Ie JIHCTbH B O,n;HOH p03eTKe HMeIOT pa3HI>IH 4>H-

3HOJIOrWiecKHii: B03pacT. Ilpou;ecc cTapeHIDI pacTeHHii paHI>me Bcero HaqmiaeTCH B 

nepBOH nape HaCTOHrn;HX JIHCTbeB KaK B CaMbIX CTapIDHX. AHaTOMWieCKOe COOTBeT

CTBHe OT06paHHI>IX y pa3HI>IX pacTeHHii JIHCTbeB n03BOJIHJIO rrpocJie,n;HTI> pa3BHTHe CTa-

peHIDI B KOHKpeTHOM opraHe. 

Hccne,n;oBaJIH 3Kcrrpeccmo reHOB .n;erpa.n;aIJ;IIll xnopo4>HJIJioB B po3erKax apa6H

.n;oncHca JIHHHii: gdhl gdh2 H Col-0 nocne Bbl,n;ep:>KHBaHIDI pacTeHHii: B TeMHOTe B Teqe

HHe 0, 4 H 7 cyroK. J13 pttcYHKa 5 cne.n;yeT, "tJTO, no cpasHeHHIO c pacreH.IDIMH ,n;HKoro 

THITa, y MyraHTHI>IX pacTeHHii cHIDKeHa 3KcrrpeccIDI reHOB PAO, SGRlH SGR2. 
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PHCYHOK 5 - Ilpo4>HJIH 3KcrrpeccHH reHOB .n;erpa,n:aIJ;IIll xnopo4>HJIJioB B po3erKax 
apa6H,n;oncHca nocJie Bbl,n;ep:>KHBaHIDI pacTeHHH B TeMHOTe B Te"tJeHHe 0, 4 H 7 CYTOK 

IlpH Hccne,n;oBaHHH 3KcrrpeccHH reHoB .n;erpa.n;an;HH xnopo4>HJIJioB B nepBoii: nape 

HaCTOHrn;HX JIHCTbeB apa6H,n;oncHca nocne Bbl,n;ep:>KHBaHIDI pacreHHii: B TeMHOTe B Teqe

HHe 0, 2, 3, 4 H 5 cyroK 6I>rno o6Hap)')KeHo, "tJTO .n;JIH ,n;HKoro THITa xapaKTepeH no.n;neM 

3KCnpeccHH BCex reHOB B Te"tJeHHe nepBblX 2 cyTOK B TeMHOTe H 6onee ITJiaBHOe rrpo

.IJ:OIDKeHHe no.n;neMa .n;o KOHD;a 3KcnepHMeHTa (pHCYHOK 6). Ilo cpaBHeHHIO c pacTeHHHMH 

Col-0, y MyraHTa 3KcrrpeccIDI Bcex Hccne.n;yeMI>IX reHOB .n;erpa.n;aIJ;IIll xnopo4>HJinoB 6h1-

8 



na 3HaqJITeJThHO HIDKe. IIpo.n;oJDKruorn;eroc51 no;n,eMa 3KcrrpeccHH B TeqeHHe 3KcnepH

MeHTa TaK )Ke He Ha6mo.n;aJIH. 
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BpeMR BblAep>t<HBaH1t1,, B TeMHOTe, C\fTKll'I 

NYC1 PAO PPH SGR1 SGR2 

PHCYJIOK 6 - IIpocpHJIH 3KcrrpeccHH reHOB .n;erpa.n;au;HH XJiopocpHJIJIOB B nepBoiI nape 
HaCTOIDJWX JIHCTbeB apa6H.LI;oncHca nocJie BhI.LI;ep)KHBa.HIDI pacTeHHH B TeMHOTe B Teqe

HHe 0, 2, 3, 4 H 5 C)'TOK 

M)'Tau;HH no remlM .n;erpa.n;au;HH XJiopocpHJIJIOB npHBOMT K nmmnemno cpeHOTHIIa 

Stay green C HJIH D (Kusaba, 2013). <I>eHOTHII Stay green Ha3hIBaIOT KOCMeTttqeCKHM, 

ecJIH 3aMe.n;JieHHe .n;erpa.n;au;HH XJiopocpHJIJIOB He COIIpOBO)K,lJ;aeTC51 CHlf)KeHHeM cpym<IJ;H

OHaJThHOCTH cpOTOCHHTeTttqeCKoro anrrapara, xapaKTepHDIMH nepeCTpoiiK.aMH MeTa6o

JIH3Ma H .n;pyrHMH rrpH3HaKaMH cTapeHIDI (THIIhI C, D, E). EcJIH o,n;HoBpeMeHHo c 3a

.n;ep)KKOH .n;erpa.n;au;HH XJIOpOcpHJIJIOB IIpOHCXO.n;HT 3a,n;ep)l(Ka HJIH 3aMe.n;JieHHe co6CTBeH

HO cTapeHIDI, TO TaKOH Stay green Ha31>rnaeTcH cp)'HKIU'IOHaJTuHDIM (THIIhI AH B) (Thom

as, 2000). B pa6oTe (Schelbert, 2009) coo6rn;anoc1>, qr:o rrpH .n;nHTeJTuHOM B1>1.n;ep)KHBa

HHH B TeMHoTe MYTaHT apa6H.LI;oncttca no reHY cpeocpeTHHa3hI PP H .n;eMOHCTPHJ>YeT 

KOCMeTttqecKHli (THII C) cpeHOTHII Stay green. ToT )Ke cpeHOTHII npo5IBIDIIOT pacTeHH51 

apa6H.LI;oncttca, MJTaHTHDie no reey XJiopocpHJIJI b pe.n;yKTa3hl NYC 1; pacTeHH51 apa6tt

.n;oncttca, MJTaHTHDie ITO reey SGRJ. MyTam ITO reHaM cpeocpop6M a OKCHreHa3hI PAO, 

B OTJIHqHe OT npe.LI;hI.zzyrn;HX, .n;eMOHCTpHpyeT KoM6HHa:u;rno pa3HOBMHOCTeiI C H D: 
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TaKHM o6pa30M, HapyrneHIDI B 3KcnpeccHH ,n:a)l(e o,n:Horo reHa ,n:erpa.n:a:U:HH xno

pocpmrnoB MO)l(eT npHBeCTH K no.s.cBJieHHIO cpeHOTHna Stay green. 0,n:HaKo y pacTeHHH 

gdhl gdh2 ocna6JieHa HH~Kl(M.SI 3KCnpecCMM Cpa3y HeCKOJibKHX reHOB, yqaCTBYIOIUMX B 

pa3HblX CTa,n:IDIX ,n:erpa,n:a:o:HM xnopocpMJIJIOB. 3To MO)l(eT roBOpHTb 0 ,n:e:H:CTBMM o6rn:e.H 

npHqHHbl, ,n:eHCTBYIOme.H ,n:o Haqana ,n:erpa.n:a:o:MH xnopocpHJIJIOB H npHBO.lJ:.Sime.H K 06-

meMY yrHeTeHHIO 3KcnpecCMH COOTBeTCTBJIOII(MX reHOB. 

BhIBO)J;hl 

1. B:o1c0Koe ocTaToqHoe co,n:ep)l(aHMe xnopocpHJIJIOB y MYTaHTHDIX pacTeHMH 

npH ,n:JIHTeJibHOM B:oi,n:ep)l(HBaHHH B TeMHOTe ( cpeHOTMn Stay green) CB.SI3aHo c Hapy

rneHMeM ,n:erpa,n:a:o:MM xnopocpHJIJIOB Ha ypoBHe 3KcnpeCCHH reHOB. 

2. IIpH ,n:JIHTeJI:oHoM B:oi,n:ep)l(HBaHHH B TeMHOTe ,n:JI.SI pacTeHHH gdhl gdh2 xa

paKTepHa 6onee Me,n:neHHa.s.c ,n:erpa,n:a:u:IDI cpoTOCMHTeT~ecKoro annapaTa no cpaB

HeHMIO c pacTeHIDIMM Col-0. 3To roBopHT o cpyHK:U:MOHaJibHOM xapaKTepe cpeHOTMna 

«stay-green» y pacTeHMH gdhlgdh2. 

3. )l{H3Hecnoco6HocTb MYTaHTHbIX pacTeHMH npH ,n:JIMTeJibHOM BhI,n:ep)l(HBa

HMM B TeMHOTe CHM)l(aeTC.SI 6:01cTpee, qeM y pacTeHMH .lJ:MKOro TMna. 

4. IIpH ,n:JIMTeJI:oHoM B:o1,n:ep)l(HBaHMM pacTeHMH B TeMHOTe He,n:ocTaTOK aK

TMBHOCTM r,IJ.r npHBO.lJ:HT K nepecTpOHKe MeTa60JIH3Ma, KOTOpa.SI o6ycJIOBJIHBaeT 

HapyrneHMe pa3BHTM.SI CTapeHIDI, M CHM)l(eHMIO )l(M3Hecnoco6HOCTM MYTaHTHblX pac

TeHMH. 

TaKHM o6pa30M, npoBe,n:eHHoe Mccne,n:oBaHMe noKa3bIBaeT, qTo cpeHOTMn Stay green, 

B03HMKaIOmMH y pacTeHHH apa6H,n:OITCHCa B pe3yJibTaTe HOKayTHpOBaHIDI ,n:Byx re

HOB, o6ecneqHBaIOII(MX aKTMBHOCTb rnyTaMaT,n:erH,n:poreH3bl, HOCMT cpyHKI(MOHaJib

HbIH xapaKTep, TO eCTb .SIBJI.SieTC.SI He npocTO HapyrneHMeM ,n:erpa,n:a:o:MM xnopocpMJI

JIOB, a cB.s.c3aH c HapyrneHHeM pa3BMTIDI cTapeHIDI (THITbI A HJIM B). 
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7. Ilpe.z:i;rronaraeMoe HCITOJib30Bamfe pe3ynnTaToB, B TOM qHcne B yqe6HoM rrpou:ecce: 

Pa3pa6oTaHHbIH 3KCI1epHMeHTaJibHbIH ITO.[(XO.[( MO)K'.eT 6nITb HCI10Jib30BaH rrpH H3yqe

HHH CTapeHH5.I pacTeHHH. IlonyqeHHbie pe3yJinTaTbl HCCJie.[(OBaHH5.I MOf'YT 6nITb BIOilO

qeHbl B rrporpaMMbl crreU:HaJIH3HpoBaHHbIX yqe6HbIX KJPCOB. 

llcrroJIHHTeJib HllP no rpaHzy BHJib5.IHeH Ilapb5.I BaneHTHHOBHa 

( I10.[(I1HCb) 
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