other crops. Starting in the 1920°s material was accumulated systematically. Seed
storage is managed in large cold chambers at -18 °C. Seeds are kept in glass jars,
covered with bags containing silica gel (active collection) and in aluminum bags
under vacuum (base collection).

The maintenance of the collection requires regeneration. Each year be-
tween 8 and 10 % of the collection is grown either in the field or in glasshouses.
Regeneration becomes necessary when: (1) the quantity of stored seed has dropped
below a pre-set threshold, due to supply to users, (2) viability falls below a pre-set
threshold, (3) phenotypic evaluations of the accessions need to be conducted or
(4) new accessions, which require multiplication and characterization, enter the
collection. Regeneration is carried out locally to ensure genetic integrity and to
minimize genetic erosion. Voucher specimens, photographs and written documen-
tation are used to monitor the identity of the material. Special attention has to be
given to out-pollinating species, which are either multiplied in small glasshouses
or in isolation plots in the field.

Since the majority of genebank accessions globally are stored in the form
of seed, seed longevity is of particular importance for crop germplasm preserva-
tion. At the IPK research was initiated for a range of crops stored in the genebank
over decades. Variation between and within crop species was detected.
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Pacmenus npeobpasyrom snepeuio coinya 6 IHepauio XUMU4ecKux ceaseu
U NOIMOMY SAGIAIOMCS PYHOAMEHMOM IKOCUCHEM U npombluiennocmu. Tlonuma-
HUe mo2o, KaK pacmeHusi KOHMpOIUpyIom Hapabomxy buomaccul, Kax npeoopa-
3YI0M SHEPIUI0 COTHYA U KAK UCHONb3YVIOM ee 05l CO30aHUS OP2AHO8 U MKAHel
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S6TILEMCSL HE MOIbKO BANCHOU (DYHOAMEHMANLHOU 3a0ayel, HO U KIIOYeEbIM NYHK-
Mom 01 OU3ALHA HOBLIX COPMO8 Ol OUOMEXHOL02UYECKUX CUCTEM NOBbIULEHHOU
npoodyKmueHocmvio. B nacmosiwyei pabome nposedena unmezpayus uHgopmayuu
0 2eHax, (DYHKYUOHAbHO AHHOMUPOBAHHBIX KAK YYACMHUKU OMEema HA NoGbl-
WEHHYIO UHCONAYUIO U OUPOEPEHYUANbHO IKCIPEeCCUPYiouUxcs 6 omeem Ha
9MOM cmpecc 2eH08 No pe3yIbmamam Mema — AHAIU3A MPAHCKPUNIMOMHBIX OQH-
Hoblx. Dol nposeden cpagHumenvbHblli aHAIU3 KOMNOHEHMHO20 COCMABA PEeKOH-
CMPYUPOBAHHOU 2eHHOU Cemu U UOEHMUPUYUDOBAHbL KOPOB8ble KOMHOHEHNIbL
cemu, nPeOCmMAasieHHble Y WUPOKO20 CREKMpPA 6U008 YEEMKOGbIX PACMEeHUll, d
maxoice Komnonenmol, cneyuguunvie ons C3 u C4 31akos.

Kniouesvie crosa: abuomuueckuti cmpecc, cmpeccoycmoudugocms, cee-
Mool cmpecc, celbCKoe X03AUCMEBO.

Genetic mechanisms of plan response to light stress: reconstruction of gene
networks and evolutional prospects

Bobrovskih A.V.!, Ermakov A.A.", Zubairova U.S.!, Konstantinov D.K.!, Levina
A.B.%, Kolodkin A.N.>*°, Heidari S.°, Doroshkov A.V.!*
!Institute of cytology and genetics SB RAS, Novosibirsk, Russia; *Novosibirsk
State University, Novosibirsk, Russia; VU University Amsterdam, Amsterdam,
Netherlands, *University of Amsterdam, Amsterdam, Netherlands; °The University
of Luxembourg, Luxembourg Centre for Systems Biomedicine, Luxembourg; *Fer-
dowsi University of Mashhad, Mashhad, Iran. *ad@bionet.nsc.ru

Plants transform the energy of the sun into the energy of chemical bonds
and therefore are the foundation of ecosystems and industry. Understanding how
plants control biomass production, how they convert the energy of the sun and
how to use it to create organs and tissues is not only an important fundamental
task, but also a key point in the design of new varieties for biotechnological sys-
tems with increased productivity. In this work, we integrated information on genes
functionally annotated as participants in a response to increased insolation and
differentially expressed in response to this stress genes based on meta-analysis of
transcriptome data. A comparative analysis of the component composition of the
reconstructed gene network was carried out and the core components of the net-
work represented in a wide range of flowering plant species, as well as compo-
nents specific for C3 and C4 cereals, were identified.

Key words: abiotic stress, stress resistance, light stress, agriculture.

Pactenns — BakKHBIN HepreTHdYecKwid 0a3Mc KaK €CTECTBEHHBIX JKOCH-
CTeM, TaK ¥ MHO)XECTBA TEXHOTCHHBIX IporieccoB. [loHMMaHne TOro, KaKk pacre-
HUSI KOHTPOJIUPYIOT HapaOOTKy OMOMAcCH, Kak Mpeo0pas3yIoT SHEPTHIO COJIHIIA U
KaK HCIIOJIB3YIOT €€ [T CO3JaHHs OPTaHOB M TKAHEH SIBIISETCS HE TOJIBKO BaXKHOM
(hyHIaMeHTaNbHOW 3a/1a4eil, HO M KJIIOYEBBIM ITYHKTOM [T JU3aifHa HOBBIX COp-
TOB PacCT€HHUU C MOBBILIEHHOW MPOAYKTUBHOCTBHIO. Y CTaHOBIJIEHO, YTO PACTEHUS
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MIPUCTIOCOOJICHBI K OMPEICICHHBIM XapaKTEpPUCTUKAM MHCOJISIIMK U BBIXOJ 33 UX
npezess! (HampuMep, MpH JOMOIHUTEIBHBIM HCKYCCTBEHHBIM OCBEIIEHUEM pPac-
TEHHUH B TEIUIMIAX) OBICTPO MepecTaeT MPUHOCHTH MPONOPLIUOHATIBHOE U3MEHE-
HHe 6nomaccel. OIHUM M3 BXKHEHIIMX OrpaHUUuSHUH MPOIECCOB POCTA M Pa3BH-
THSI IPY TTOBBIILICHHOW MHCOJISILIUY SIBJISIETCS OKUCIUTEIBHBIN cTpecc (POTOCHHTE-
THUYECKHX TKaHeH U HeocTaToyHast 3 (EeKTUBHOCTh aHTHOKCHIAHTHOM CHCTEMBL.
Tak, B TeueHHe AHS ONTHMAIbHbIE XapaKTEPUCTUKH (POTOCHHTE3a 3JIAKOBBIX pac-
TEHUH, KITFOYEBbIE JJIsl HAKOIUICHHsI OMoMacchl HaOIOIAI0TCsl B yTPEHHHUE U Be-
YepHHE Yachl, TOT/IA KaK B cepeilnHe THS (POTOCHHTETHIECKUE TKAHN HaXOSTCS B
COCTOSIHMM OKHCJIMTENIBHOTO cTpecca. MaTeMaTHiecKue MOAENH, KaK HarpuMmep
[1], MOTYT CITy>KUTH HHCTPYMEHTOM JJIsI OTIPEZICTICHUS ONITUMAIBHBIX XapaKTepH-
CTHK MHCOJISIIUH AJIs1 paOOTHI KITFOUEBBIX (POTO3AMNUTHBIX MEXaHU3MOB PACTEHHH.

OTBeT Ha THIEPUHCOJIALHUIO SIBISIETCSI KOMITJIEKCHBIM M 3aTparuBacT opra-
HHU3M Ha Pa3HOM ypPOBHE — OT MOJIEKYJISIPHOTO 10 MOP(OIOTHYECKOTO U TpedyeT
CHCTEMHOI0 H3y4eHHs. Brepsble MHpOpMAmyUs O T€HETHYECKHX MEXaHH3Max
Obla cucTeMaTH3upoBaHa B 0030pe [2]. ABTOPBI IPUBOIAT 0030p MOJISKYIISIPHBIX
MHIIEHEeH yIbTpaHoIeTOBOr0 00IyYeHHs], KpOME TOTO, PACCMaTpUBasi MOJIEKY-
JSIpHBIE MEXaHU3MBI U MOpdoiornyeckre n3MeHEeHHEe PacTeHuil oA eficTBUEM
o0JryyeHus. ABTOPBI TAK)K€ OTMEYAIOT MHOTO()AaKTOPHOCTH ICHCTBUS THIIEPUHCO-
JSIIMY Ha METa0O0JIMUECKHE MPOLIECChl PACTEHHUS ¥ HEI0CTATOUHYIO U3yYEHHOCTh
3HAYUMOCTH OTJEJIbHBIX (PaKTOPOB HA yCTOHYMBOCTH K YJIbTPa(hUOIETOBOMY H3-
JY4EHHIO.

I'mneprHCOMSIIUST B pa3HBIX 30HAX (POTOCHHTETHUECKUX TKAaHEH aKTHBHO
n3yvaercs Ha KyKypyse Zea Mays. B ctatbe [3] mpHBOIUTCS aHAIN3 TKAHEBBIX (HH-
3MOJIOTHYECKHUX IPOLIECCOB, CBA3AHHBIX C TUIEPOOIydeHHEM. ABTOPBI OTMEYAIOT,
YTO TMIIEPHHCOIISIINS YMEHBIIIAET POCTOBYIO 30HY IUTACTUHKH JicTa. AHanu3 RNA-
seq (GSE95858) mokazai, 9To B IPOIIECC BKIFOYEHBI (PaKTOPHI PETYILIIIN POCTa H
TPaHCKPUIITHI, yIaCTBYIOIINE B TOPMOH-CIIEIIU(IIECKUX My TSIX.

M3BeCcTHBI OT/IENbHBIE KOMIIOHEHTBI PETYJISITOPHOM CETH OTBETa Ha CBETO-
BO€ O0JIydeHHE Ha MOJICNIFHOM opraHu3me apaduporncuce. Hanpumep, B craTbe
[4] Ha Arabidopsis thaliana navinen oauH U3 Kio4eBbix JokycoB (UVRSE), koto-
pHIi siBisieTcst 3G GEKTOpHBIM I TpaHcKpunuuoHHoro ¢akropa HYS. Cospe-
MEHHOE COCTOSIHHE MPOOJIeMBI OTpaskaeT cTaths [5]. O030p paccmarpusaet ¢oTo-
peuentop s UVRS [6], KoTOpbIN akTUBUPYETCS B OTBET Ha MPOJIOJKUTEIBHOE
1 XpOHUYECKOe 00IyueHne; KpaTkocpouHblil 0TBeT Ha UV-B n3iyuenne BbI3bIBa-
eTcst MmeHee cnenuduaabiMu MAP-kunazamu [7]. Kpome toro, B 0030pe mo-
JIpOOHO OXapaKTepHU30BaHBI MOP(HOIOTHUECKHE N3MEHEHHS PACTEHHUH, TOABEPT-
HYBIIUXCS THUNEPUHCOISINN. B cpaBHEHMH ¢ KOHTPOJIBHBIMH, TaKHE PAaCTECHHSA
AMEIOT 00JIee TOJICTHIC JIUCThS, YKOPOUCHHBIC YEPEIIKH U CTeOIH, yCHIICHHOE 00-
KOBOE BETBJICHHE ¥ H3MEHEHHBIE IIPONIOPLINH KOPHS K MOOETy.

OTMedaeTcsi, YTO BaXXHYIO POJIb B IIepeaue CUrHaja IIpy OTBETE Ha TUIe-
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PHHCOJALUIO IMEIOT aKTUBHbIE (DOPMBI KUCIIOPOAA, KOTOPHIE aKTUBHPYIOT COOT-
BETCTBYIONIME yTH [8]. ABTOpBI OTMEUAIOT, 4TO POHOBOE U3NTyUCHHUE B XOJIE HOP-
MaJIbHOT0 MeTadoJIn3Ma HE3HAYMTENILHO BIMSET Ha BHIPAaOOTKY pajMKajoB, Of-
HaKO CTUMYJIMPYET CTPECC, KOTOPBII MPOSBIISETCS B a1aNTHPOBAHHOM U3MEHEH-
HOM peJIOKC-CTaTyce aHTHOKCHAAHTOB [9]. OnHako cepbe3Has TUIEPUHCOIISINS
BBI3BIBAET MOBBILIEHUE aKTUBHBIX (OPM KHCIIOpOa B (POTOCUCTEMAX, IETEKTUPY-
€MOe Ha pa3HbIX OpraHu3Max (JIMCThS IIMUHATA, JTUCThSI 000a caJgoBOTO, JIUCTHS
puca). B ycnoBusix abHOTHYECKOTO CcTpecca KOHLEHTPALMH aKTUBHBIX (POPM KHC-
JI0pOJia MOJYJINPYIOT aKTUBHOCTB NEPOKCHIA3, KOTOPbIE HCIONIB3YIOT Crienn(u-
yeckue cyocTpaThl a7t 60pObI ¢ panukanamu [10]. B cTpeccoBbIX ycinoBHIX Hpe-
KpaIaroTcsl POCTOBBIC ITPOIIECCHI, a PH BO3BPAILICHUH YPOBHS PaJNKAIOB B IIpe-
JIeTTBl HOPMBI IIPOMCXOANT BOCCTAHOBIICHHE POCTA.

B Hacrosimei paboTe mpoBeeH MeTa aHaIN3 TPAaHCKPUIITOMHBIX JaHHBIX
OTBETa Ha TUIIEPUHCOJIAIHIO C BBIABICHHUEM MEPCIIEKTUBHBIX T€HOB-KAHANAATOB.
HaiineHHble reHbl ObUIM HMHTETPUPOBAHBI C U3BECTHBIMU ICHETHUECKUMH PETYIIs-
TOPHBIMH KOMIIOHEHTaMH OTBETa Ha CBETOBOM cTpecc Y A. thaliana. PekoHcTpyu-
poBaHHas TeHHasI ceTh COCTOUT W3 104 M3BECTHBIX TeHOB U oborarieHa 245 Ho-
BBIMU reHaMU. BbuTi 0OHapy KeHbI paHee He ONMCaHHbIe OJI0KH, CBSI3aHHBIE C IPO-
neccurrom pubocomansHbix PHK (16 reHoB), perysisinueid )acMOHaTHOTO CHT-
HaJlbHOTO NTH (5), MpOTEO0COMANIbHBIM KaTaboau3MoM (7), HOHHBIM TPaHCIOP-
ToM (10), a Tak)Ke HaTM4IKE B CETH CEPUH TIIyTaTHOH S-TpaHcdepas, KOTOpHIE CIIo-
COOHBI 32 CYET BOCCTAHOBJICHHOTO TIIyTaTHOHA OCYIIECTBIISTH PETCHEPALHIO JIH-
rornepekuceil B MeMOpaHax, CHIDKas IMOCJIEACTBHS OKHCIUTEIBHOTO CTpecca.
[IpunensHOE ycniieHHe aKTHBHOCTH AHTHOKCHAAHTHOW CHCTEMBI SIBISETCS TeEp-
CIIEKTUBHBIM ITyTE€M CHIDKCHUS Harpy3Kd Ha ()OTOCHHTETUIECKUE TKAHHU U, TAKHM
o0Opa3oM, yBenmmdeHus nepuoaa 3QPeKTHBHON aKKyMYJISIUHA YHEPTHUH, YTO T103-
BOJIUT COKPATHUTh IIEPHOJ] BETE€TALMH U CJCIaTh BO3/E/IBIBAHNE 3JIAKOBBIX pacTe-
HUH B YCIOBHUAX PUCKOBAHHOTO 3eMutefienusi Oosee 3¢ (heKTHBHBIM.

[Tpu momorny NOAXOA0B CPaBHUTEILHON ICHOMHUKH, METa aHalk3a TPaH-
CKPUITOMHBIX IAHHBIX U TI0/IX0/I0B MOJIEKYJISIPHOM (hUIOr€HHH HaMH OBbLIN COTIO-
CTaBJICHbl PEKOHCTPYHPOBAHHBIE M PACIHIMPEHHBIC CETH OTBETa HAa CBETOBOU
ctpecc Mexny A. thaliana, Zea mays, Oryza sativa, Hordeum vulgare u Triticum
aestivum. Bpun HIEHTUGUIIMPOBAHBI KOPOBBIE KOMIIOHEHTHI CETH, TPEICTABICH-
HBIE Yy IIUPOKOTO CIIEKTpa BHJOB I[BETKOBBIX PACTEHUM, a TaK)Ke KOMIIOHEHTBI,
cnenuduanbie 11 C3 u C4 3makoB.

Buaronapnocru: lccrnenoBanue BBHITOJHEHO IpH (PUHAHCOBOH MOA-
nepxxke PODU u [IpaBurensctBa HoBocnOupckoii o6act B paMKkax HAyqHOTO
mpoekra Ne 19-44-543021.
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