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IIpoBeneH aHaaU3 IMHAMUKU IIPOPACTAHMSI CEMSH MOIEIbHOTO pacTteHus Arabidopsis thaliana nocie Bo3-
JeicTBUs Y-u3nydeHus B fo3ax 50, 100 u 150 I'p. O6beKkTaMu uccaeqoBaHus BBIOpaHbl IMHUM: abi3-8 ¢ My-
Tauueii B reHe ABI3 1 CO CHUKEHHOI YYBCTBUTEILHOCTBIO K IIPUPOIHONM (hopMe aOCIIM30BOM KMCIOTHI 1
reHotur aba3-1 ¢ myrauueii B reHe ABA3 1 TOHMXXEHHBIM YPOBHEM 3HIOTCHHOM aOCIIM30BOM KUCIOTHI.
B kxauectBe KOHTpOJISI UCTIONIb30BaH IUKUiA TNl Col-8. st u3yyeHus1 BIUSIHUS Y-U3TYyYEHUS Ha pa3jiny-
HbIE aCIeKThl MpOpacTaHUs CEMSIH (BCXOXECTh, BpeMsI M CKOPOCTb ITpOpacTaHusi, CHHXPOHHOCTbD ITpopac-
TaHUS ITapTUM CEMSIH) IIPOBeAeHA OlleHKA KMHETUKHY IIPOpacTaHus Ipy ImoMoIiy rmakera Germinationmet-
rics 11 cpeanl mporpammupoBaHust R. KoHTponbHbIe 1 0061ydyeHHBIE ceMeHa (MCTOYHUK U3JTyYeHUST —
%0Co) BhIpalMBaIM Ha IUTATENBHOI cpene Mypacure—CKyra MOJIOBUHHON KOHIEHTPALUK B KOHTPOJIH-
pyeMbIx ycroBusx. [IpopactaHue olleHMBaIU B TeYeHKE TTEPBBIX 6 CYT MOCJIe epeHoca B (GUTOTPOH IO pa3-
PBIBY 9HAOCTIEpMA M TIOSIBJICHUIO Kopellika. Bcero mpoBeaeHbl TpU He3aBUCUMBIX SKCIIEPUMEHTA C TPeMs
OMOJIOTMYECKMMHU ITOBTOPHOCTAMU B Kaxka0oM. OTMe4YeHO 0oJiee BhIpaKeHHOE BIUSIHUE Y-U3JTy4YeH s B 10-
3e 150 I'p Ha Bce uccnenyemble reHOTUITBI. Kitactepusaliys BCX0XeCTH MoKa3aia, YTO pacipeaesieH1e IIpo-
LIEHTa MPOpacTaHUsl CeMSTH 110 JHSIM OOJIbllie 3aBUCUT OT T'€HOTHUIIa, YeM OT J03bl Bo3aeiicTBus. Jlyuiue
ITOKa3aTeJIi BCXOXKECTH, CKOPOCTH U BpEMEHHOTO MHTepBasia Mexy mpopactanueM 10 1 90% ceMsiH oTMe-
YeHBI Y HEOOIyYeHHBIX CeMsTH TUHUM abi3-8. [1onydyeHHbIe pe3yabTaThl U CPAaBHUTEIbHBINM aHAIU3 C paHee
OITyOJIMKOBaHHBIMU JAHHBIMU TTO3BOJISTIOT YTBEPKIATh, YTO OLIEeHKA KWHETUKH TTPOPaCTaHUsI TP TTOMOIITN
naketa Germinationmetrics 115t R — HarsanHbI 1 1OCTaTOYHO MH(MOPMATUBHBIM MHCTPYMEHT JJIs1 U3y4de-
HUS BJIUSTHUSI MOHU3UPYIOIIETO U3TYYSHUST M MHBIX a0MOTUYECKUX (haKTOPOB Ha Pa3IMIHbIE ACTIEKTHI MPO-
pacTaHusl CeMSsIH.

KnoueBbie ciioBa: Arabidopsis thaliana, KuHeTUKa IpopacTaHusl, Y-U3Jly4eHue, adCLIM30Bast KUCI0Ta
DOI: 10.31857/S0869803123020030, EDN: EOKPNW

Bbixon u3 cranuu MoKosl U MpopacTaHue CEMSIH
SIBJISIIOTCSl OMHUM M3 KJIIOYEBBIX U, B TO XK€ BpeMs,
XpYIKUX 3TAloB B XXU3HEHHOM 1IMKJIE pACTEeHUH U
orpeaessieT Hayajao pocTa paCTeHUM B €CTECTBEHHBIX
WIN CeJIbCKOXO3SIUCTBEHHBIX 3KocucTtemax. OaHUM
U3 OCHOBHBIX (PUTOTOPMOHOB, PETYJIMPYIOLIUX MO-
KO ceMeHHU, sIBsieTcs abciu3oBas kucioTa (ABK).
ITpopacraHue ceMsiH, B CBOIO ouepelib, KOHTPOJIUPY-
ercst 6amancoM ABK u ruboepennoBbix KUciaot [1].
Bo Bpewms pazsutus cemssH ABK koHTpoaupyeT no3a-
HUE CTaJAuM CO3PEeBaHUS 3apOAbIIIA U YCTOHWUYUBOCTD
K JecuKalMyd C MNOMOIIbIO ceMmeicTBa (akTopoB
TpaHCKpUIIIUU ¢ ToMeHoM B3, B Tom uunciie ABSCISIC
ACID INSENSITIVE 3 (ABI3, AT3G24650) |2]. ABI3
konupyeT JIHK-cBs3biBarowuii 6€10K, SIBISIOIIMNIMA-
Csl BAXKHBIM KOMIIOHEHTOM Tiepenauu curHaioB AbK

U PEryjsiTopoM Iepexoia OT CTaguM 3apoiblilla K
PaHHUM 3TartaM pa3BUTHUS TPOPOCTKOB [3].

ABK ygacTByeT B OTBEeTe CEMEHM, ITPOIICAIICTO
cTpatuduKalnio, Ha BOAHBINA cTpecc. B ycioBusix
JeduumnTa BOIbl MPOPACTAIONINI 3apOAbIII ITPOXO-
mut ABK-omocpenoBaHHYI0 KOHTPOJBHYIO TOUYKY
pa3BUTHSI, KOTOpasli Iiepe3anycKaeT MporpaMMbl
I03IHETO SMOpPUOTeHe3a, U ero AajibHelilee IIpeBpa-
IeHWe B aBTOTPOGHBIII MPOPOCTOK OJIOKMPYETCH.
3apoabiliy, MpopacTaHUe KOTOPBIX 3a0JI0KUPOBAHO,
OCTAaIOTCS XXU3HECOCOOHBIMM, HO HAXOASITCS B CO-
CTOSTHMM IIOKOSI M1 OCMOTOJIEPAHTHOCTHU, ITOKA B MX
kJreTkax npucyTcTByeT ABK [4].

Cunre3 ABK HaunHaeTcs B riacTumax M3 KCaH-
TODMILIOB U IIOCJIE CEpUM MOCJIeIOBaTEIbHbBIX IIpE-
BpatneHni npeamectBeHHMK ABK BBIXoanT B 1IMTO-
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IU1a3My, Tae IIpeBpaniaeTcs B aOCIM30BbII albIeT UL,
KiroueBBIM KOMIOHEHTOM TIOCJIEAHEr0 3Tara Ouo-
cuHTe3a ABK sgBnsieTcs cynbdypaza MOTUOIEHOBOTO
kodakTopa (Moco-cynbhypasa, aabaeTHA-OKCUIA-
3a), Kogupyemast reHoM ABA3 (AT1G16540) [5]. Mo-
co-cylib(pypasza peryjampyeT IpeBpallicHue abCcn30-
Boro anpaeruga B ABK u ydacTByeT BO MHOXECTBE
OMOJIOTMYECKMX ITPOILIECCOB, TAKUX KaK aKTUBUPYEMbIIA
ayKCUHOM CUTHAJILHEIN ITyTh, IBVXKEHHUE YCTHUILI, 3a-
IIMTHAs peakius Ha OaKTeprualbHbIe MH(MEKIIUT, Pe-
aKius Ha aOMOTUYECKUI cTpecc (X0JIol, TeIUIo, OC-
MOTHYECKUIA cTpecc) [6—8].

Kpome xonTpOIsa mpopactanusd cemsdH ABK tak-
>K€ y4acTBYET B BETreTaTUBHOM pPa3BUTHUU PACTCHUIA,
CTUMYJIMPYS POCT ITPU HU3KUX KOHLEHTPALMSIX U MO~
naBysisl ero npu Bbicokux [9]. Tlpu 3TOM OnHON U3
Ko4YeBbIX (pyHKIMU ABK siBisieTcs He TOJIbKO y4ya-
CTHE B Ipolieccax pocTa U pa3BUTHS pacTeHU, HO U
KOHTPOJIb BHYTPMKJIETOUHOIO OTBETa Ha BO3Ieii-
CTBHE PAa3HOOOPA3HBIX CTPECCOPOB, BKIIIOYAs] MOHU-
supytolee usnydeHue [10]. B pamkax uccienoBaHusi
3 HeKTOB XPOHUUECKOTO paluallMOHHOIO BO3Ieii-
CTBUS B Tonyysiumsix Pinus sylvestris, pacioloXeH-
HBIX Ha TePPUTOPUSIX, 3aTPSIBHEHHBIX PATUOHYKIIH-
JamMu B pe3yiabTare aBapuu Ha YepHOObUIbCKON
ADC, ObLT MpoBeNeH aHaJIM3 TPAaHCKPUIITOMA XBOU
P. sylvestris METOI0M BBICOKOITPOU3BOAUTEILHOTO Ce-
kBeHnpoBannsg PHK u BerstBiieHsr nuddpepeHInab-
HO 3KCIPEeCCUpYIOIIMecs: TeHbI, 00IIre IJIs 3arpsis3-
HEHHbIX PAIUOHYKJIUIAMM MOMyassuuii: MacaHbl,
Kynaxun n 3a6opre Kmamouie [11]. VI3 mati BeISB-
JIEHHBIX T€HOB C TIOHU>KEHHOM 3KCNPECCUE YEThIpe
ObLIIM CBSI3aHbI C OTBETOM Ha CTpecC: TPAHCKPUIIT
AHMOHHOM MEePOKCUIa3bl, BOBJIEUEHHbII B allONTO3,
U TPU TPAHCKPUIITA, CBS3aHHBIE C CUTHAJIMHIOM
abcruzoBoit kuciaotel (ABK) — CIPKK ARATH,
CIPKA ARATHwu SLACI _ARATH [11]. KoHueHTpa-
uun ABK, kak MHruouTopa mnpopacTaHusl CEeMSIH
[12], cHUXXanuCch B MPOPOCTKaX STUMEHs TTocjie 00J1y-
YEHUSI CEMSIH B CTUMYJIMPYIOLLIMX MaJlbIX 103aX Y-U3-
Jaydyenus [13].

YuutsiBas poab ABK B mpopacTaHuM CEMEHU U B
OTBETE PaCTeHUs Ha CTpecc, KUHEeTUKa MpopacTaHus
ceMsH ABK-myTraHTOB mpencraBisieTcsi nH(opma-
TUBHBIM MapaMeTpoM IS OLEHKM BO3IeiCTBUS
CTpecCcOBBIX (DAKTOPOB HA PaHHEM 3Tarle XKU3HEHHO-
ro HMKJia pacteHuii. Ileab naHHOI pabOThI 3aK/II04Ya-
Jlach B U3YYEHUU BIUSIHUS Y-U3JTyYEHUS] HA PA3IUY-
HbIE aCMEKThI MPOPACTAHUS CEMSIH TTPU TOMOIIU Ma-
keta Germinationmetrics (Bepcus 0.1.3 [14]) nas
cpenbl mporpammupoBanus R (Bepcust 3.6.3 [15]).

MATEPHUAJIBI U METOJMWKA
Obsexm uccnedosanus

st vu3ydeHUs1 TMHAMMKU MpPOpAacTaHUsl CeMsiH
Arabidopsis thaliana nocne y-obnyyeHus B no3ax 50,
100 u 150 I'p oOBekTaMU MCCIETOBAaHUS BBIOpAHBI

PAJUALIMOHHASA BUOJIOTUA. PAAMOSKOJIOI'UA
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JIMHWUM, MyTaHTHBIE IO TeHaM, CBsI3aHHBIM ¢ ABK-
CUTHAJIMHTOM: abi3-& MajloBOCIIpUUMYNBAsT K TIPU-
ponHoit popme S-(+)-ABK, comepXut myrauuio B
reHe ABI3, uyro npensrcrByeT S-(+)-AbK-omocpe-
JOBAaHHOMY CUTHAJIMHTY [16]; aba3-1, c HapyleHneM
cuHTe3a ABK, comepXuT pelieCCUBHYIO MyTall1IO T'e-
Ha ABA3, xommpylomero Moco-cynbdypasy [17].
BOkotun Col-8 ObLT KUCIOJb30BaH B KauyeCTBE KOH-
Tpossi. CeMeHa OBUIM MOIyYEeHBI U3 KoJuteKiuu MH-
cturyTa XKan-ITsepa bypxena (HaumoHamsHBI MH-
CTUTYT  CEJIbCKOXO3SIMCTBEHHBIX  HCCJIENOBAHUIA,
Bepcans, ®pannust).

Obayuenue u npopauwgueanue cemsan A. thaliana

CeMeHa TMKOTO TUIIa U MYTaHTHBIX JUHUI MO~
Beprayiv BO3IeHCTBUIO Y-U3IydeHUs Ha YHUKAJIBHOM
Hay4yHoi yctaHoBke I'YP-120 (Poccust) 8 ®I'BHY
BHUUPAD (uctounuk usznydeHus — °Co) B Oy-
MaXKHbIX MakeTax. J103bl OCTpOro o0JydyeHMsT cocTa-
Buiu 50, 100 u 150 I'p mpu MottHoCcTH 10361 460 I'p/4.

CeMeHa BBHIpalllMBaJIM Ha ITMTATeILHOM cpene
Mypacure—CKyra IoJIOBUHHOM KOHIIEHTpAI1, CO-
JiepxKalleil pacTBOpPbl MakKpo- M MUKPO3JIEMEHTOB,
XeJart XKeesa, arap-arap u MES Oydep ¢ nobaBiaeHM-
eM 0.3% caxapossl. [Tocie o0irydeHus ceMeHa Imome-
Iy B XoJoaibHUK (+4°C) Ha 48 4 1151 crpaTtudu-
Kalli¥, TOCJIe YeT0 WX IMEepPeHOCWIN B (UTOTPOH
(+21°C, 55% BIaXXHOCTU U IUIOTHOCTU (POTOCUHTE-
TUYeCKOTO (POTOHHOTO NMOTOKA 80 MKMOJIb/C M%) 11
WHAYKIIUU TIpOpacTaHusl.

BcxoxecTb ceMSIH OLIeHUBAIU B TeUEHUE TEPBBIX
6 cyT 110CTIe IepeHoca B (GDUTOTPOH I10 pa3phIBY SHIO-
criepMa U TTOSIBJIEHUIO KOPEIKa.

Bcero mpoBeneHBI TpU HE3aBUCUMBIX 3KCIIEPU-
MEHTa C TPpeMsI OMOJIOIrMYECKMMU TTOBTOPHOCTSIMU B
KaxnoMm. OgHa GUoIoTHYECKasI TOBTOPHOCTH OMHOIO
aKcnepuMeHTa coctosuia u3 20—36 ceMsH Kaxmoi
uccienyemoit tuHuu (Col-8, abi3-8, aba3-1) Ha no-
3y. Mtoro ucrnoib3oBanb! 0kojio 1000 ceMsTH KaxXmoi
JINHUM.

Pacuem nokazameneii npopacmanus

Huist BbrurcieHus nokasareseii (BCXoxXecTb, Bpe-
MSI U CKOPOCTb IMpOpacTaHusl), HEOOXOMUMBIX IJIsi
MOCTPOEHUSI KpUBOIi MpopacTaHusi ceMsiH, B Germi-
nationmetrics UCnojab3yeTcsl YeTblpexnapaMeTpuye-
ckas pyHkuust Xwuia [18], onuceiBaeMasi ciaeayto-
el GopMyJIoii:

b, b, b
fx) =y =y +ax/(x +c)),
e x — Bpems (B IHSX); ¥, (¥ intercept) — OTpe30K,
OTCEKaeMbIii Ha OCU Y (MHTEPCEMNT), MO3BOJISIET Olle-
HUTh BpeMsl Havajia npopactanus (lag); a (asymp-
tote, %) — aCUMIITOTa, SKBUBAJICHT MPOLICHTA BCXO-
xectu; b (shape and steepness, yCIOBHBIE €AUHUILIBI) —
nokasarejib CKOPOCTM TIpopacTaHusl, OMpeaessiio-
it popMy 1 KpyTU3HY KpuBoii mpopactanus; ¢ (half-
Ne 2
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Puc. 1. Kpuas npopactanus ceMstH reHoTuna Col-8. BepTrkaabHast OCbh — BCXOXeCTb, % ; TOPU3OHTATbHAS OCh — BPeMsI, THU.
FPHF curve — KxpuBasi IIpopacTaHusl, OCHOBaHHasl Ha YeThIpexmnapaMeTpuueckoil yHkuuu Xwuia; RoG curve — KpuBasi CKO-
poctu npopactanust; TMGR — BpeMst MAaKCUMAaJIbHON CKOPOCTH IIPOPACTAHUS; 150 gery, — BEPTUKAIbHAS IMHUSL, yKA3bIBAIOLLASI
BpeMs1, HeoGxonumoe [Uist npopactaHust 50% XKU3HECTTOCOGHBIX CeMSIH; 15 ora] — BEPTUKAIbHAS IMHUS, YKa3bIBAIOILAsl BpEMSI,
HeoOxoaumoe it mpopactanust 50% cemsiH, yJI0XeHHbIX Ha cyoctpat; MGT— BepTUKaibHAsI IMHUS, YKa3blBaloOlllasl CpenHee
BpeMs npopactanus; Uy, 1o — TOPU3OHTAIbHAS JIMHUS, TIOKa3bIBAIOLIas BDEMEHHOM MHTepBall Mexy npopactanuem 10 u
90% ceMsiH. -

Fig. 1. Seed germination curve of Col-8 genotype. The vertical axis — germination, %; the horizontal axis — time, days. FPHF
curve — germination curve based on the four-parameter Hill function; RoG curve — germination rate curve; TMGR is the time of
maximum germination rate; /s g¢rm, — vertical line indicating the time required for germination of 50% of viable seeds; #s5 a1 —
a vertical line indicating the time required for the germination of 50% of the seeds sown on the substrate; MGT is a vertical line
indicating the average germination time; Ug, | is a horizontal line showing the time interval between the germination of 10 and

90% of seeds.

maximal activation level, gHu~!') — monymakcumaib-
HBII ypOBEHb aKTHBALIMM; OTpaXkaeT CKOPOCTh IPOpac-
TaHusa 50% XU3HECITOCOOHBIX (TIPOPOCIITIX) CEMSTH.

KpuBble mipopactaHusi ceMsiH, MOCTPOEHHbIE C
TOMOIIBIO  YeTBIpexmapaMeTprudeckoit  (pyHKIIMU
Xumnaa, OCHOBaHBI Ha MEIWAHHBIX 3HAYCHMSIX TPEX
MOBTOPHOCTEI KaXk10T0 9KCIEPUMEHTAIBHOTO yCJIO-
BUS B TpEeX HE3aBUCUMBIX 9KCITEPUMEHTAX.

Cmamucmuueckuil aHaau3

JJ1st CTaTUCTUYECKOTO aHaIM3a KCIIepUMEHTab-
HBIX JaHHBIX 1 BU3yaJIU3aluy IOJIYYeHHbBIX Pe3yJib-
TaTOB MCIOJIh30BaI HA0Op ImakeToB tidyverse, rstatix
v Hmisc misg R. JI1s1 u3ydeHust cBsI3u MeXay oKas3a-
TEJISIMU IIpOpacTaHMsI MCHOJIb30Bajach HellapaMeT-
pudeckas paHroBas Koppeasnonsg Cnupmena. CtaTtn-
cTUYecKasi 3HAYMMOCTb Pa3Iuuuii IpUHUMAaJach Mpu
ypoBHe p < 0.05. [Ins1 mocTpoeHUsT MepapXuiecKom
KJIacTepu3aliy MCITOIb30BaAJIM OMOIMOTEKM pandas
u seaborn si3plKa mporpaMmmupoBaHusi Python 3.8.

PE3VJIBTATDBI

st TIOCTpOeHUsI KPUBOM IIPOpACTaHUSI CeMSIH
WUCIONIb30Baach 4eThIpexIiapaMeTpudueckast (yHK-
ousg Xuiuia, KaK METoHd anmpoKCHUMAallud KPUBOM

PAAVUAITMOHHASA BUOJIOTUA. PAAMOBKOJIOI'UA

[18], onpenensitoniast BCXOXECTb, BpeMsl I CKOPOCTbh
npopactaHus. [Tpumep KprBoii mpopacTaHus CEMSIH
npencraiieH Ha puc. 1. KpuBble mpopacTaHusi KOH-
TPOJIBHBIX U Y-00JYYEHHBIX CeMSIH A. thaliana nuko-
ro tumna (Col-8) u MuHUl ¢ HapylIeHUSIMU CUHTE3a
(aba3-1) u peuenuum (abi3-8) AbBK HarnsamHo nipen-
cTtaByieHbl Ha puc. 2. KonnyecTBeHHbIE MapaMeTphbl
KPUBBIX MTpOpacTaHus AaHbI B Ta0. 1.

Kpome ocHOBHBIX YeThIpex Mokasateneii (v, a, b, ¢),
(PyHKIMA PACCUNTHIBAET U APYTUE NTAPAMETPHI, B TOM
yuciae: TMGR (time at maximum germination rate) —
BpeMsl MaKCUMaJIbHOW CKOPOCTU MpOpacTaHUsl —
BpEMEHHAas TOUKa, Mocjie KOTOPOii MTHOBEHHAsI CKO-
pocTb npopactaHus (instantaneous rate of germina-
tion) cHuxaercs; Uy, 1 (uniformity) — BpeMeHHOIA
UHTEpBAI Mexay IpopactanueM 10 m 90% cemsaH
(Tabm. 1).

M3 HeoOmyuyeHHBIX CeMsTH MaKCUMaJTbHOE 3HaYe-
HUE aCUMITOTHI @, T.€. BCXOXECTH, OTMEUYEHO Y JI-
Huu abi3-8 (a = 93.05%). Y KOHTPOJIBHBIX CeMSTH
3TOTO Xe TeHOTHIIA 3apEeTUCTPUPOBAHBI CaMbIe BBICO-
KHe 3HaYeHUsT CKOPOCTH IIpopacTtanus 50% xusHe-
CIMIOCOOHBIX CEMSTH I MaKCUMAaJIbHOM CKOPOCTH TIPO-
pacranus (¢ = 1.64 gueit~!, TMGR = 1.61 nnueii), a
TaKxKe caMblid KpyToit mombeM K acummnToTe (b = 10.71).
Jluausa abi3-§ xapakTepusyeTcss caMbIM KOPOTKUM
Ne 2
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Puc. 2. KymynsituBHbIe KpUBble IPOpPAcTaHUsl HEOOIYUYEHHBIX U Y-00i1y4eHHbIX ceMsiH Col-8 (aukuit Tun), aba3-1 (ABK-ne-
buuuTHasg TuHUS), abi3-8 (IMHMS ¢ HapylIeHUsIMU BocripuuMunBocTH K ABK). BepTrkanbHast och — Ipopactanue, %; ropu-
30HTaJIbHAasi OChb — BpeMsl, 1HU. KpacHas KprBasi OCHOBaHa Ha YyeThIpexnapamMeTpruieckoil hyHKIIMYU XWjlla U OITMCHIBAET MPO-
pacraHue; CUHsISl KpUuBasi — KpYMBasi CKOPOCTHU MTpOpacTaHUsl.
Fig. 2. Cumulative germination curves of non-irradiated and y-irradiated seeds Col-8 (wild type), aba3-1 (ABA-deficient line),
abi3-8 (line with impaired susceptibility to ABA). The vertical axis is germination, %; the horizontal axis is time, days. The red
curve is based on the four-parameter Hill function and describes the germination; blue curve — germination rate curve.

BPEMEHHBIM MHTEPBAJIOM MEXy Ipopactanuem 10 u
90% cemsan (Uy, 1o = 0.68 nHeit y HEOOTyYEHHBIX Ce-

MsIH).

BimsiHre moHM3MpyoIIero u3JydeHus: Obuio 6ojee
BeIpaxkeHo st nukoro tTuma Col-8 m ABK-ngeduimr-

PAJVUALIMOHHASA BUOJIOTUA. PAAOBDKOJIOI'UA

Horo reHotuna (aba3-1). Camast HU3Kasl BCXOXKECTh
HaOJogaiach y ooiaydeHHbIX B mo3e 100 I'p cemsiH

Col-8 (a = 66.67%). Y ceMsH aba3-1, 006JIydeHHBIX B

TOM 63 Ne 2

mo3e 50 I'p, orMedyeHBl MHMHMMAJIbHBIE 3HAYCHUS
KPYTU3HBI KpuBOii mpopactanus (b = 3.17), ckopo-
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150 BOHAAPEHKO u np.

ctu TpopactaHus 50% KXKM3HECTTOCOOHBIX CEMSH
(¢ =1.08 gHeii~!) 1 BpeMeHM MaKCUMaJIbHOI CKOPO-
ctu npopactanusi (TMGR = 0.88). Camoe BBICOKOE
3HaYeHME BpEMEHHOro MHTEpBaja MeXIy mpopacTa-
aHreM 10 m 90% ceMmsTH Takke 0OHAapykeHO y 00ITy-
yeHHBbIX B 103¢e 50 I'p ceMsiH iuHuu aba3-1 (Uyy 1o =
= 1.62 nHs).

C nomo1iipio K03 pulieHTa paHTOBOM KOoppeJsi-
muu CriupMmeHa (puc. 3) ObUia BbISIBJI€HA CTaTUCTH-
YeCKHM 3HauYMMasi oTpuliaTelbHasi KOPPeasilusl MexX-
oy mapamerpamu b u Uy, |, (tho = —0.97), TMGR n
Uy 19 (tho =—0.66) 1 mexny c u Uy, 1y (tho =—0.55).
CuibHasl CTaTUCTUYECKY 3HAYMMasl TTOJIOKUTETbHAs
KoppeJriiys ooHapyxkeHa Mexmny ¢ 1 TMGR (rho = 0.97).

IMux popacTaHus ceMsTH IMHUY ¢ HEXBATKOM DH-
noreHHoit ABK aba3- I mpuiencs Ha 1-it n 2-i1 nHU.
st cemsti pukoro tua Col-8 1 tuHuu abi3-8 Hau-
BBICIIIME 3HAYEHUS IIPOLEHTAa MpOpacTaHUs 3a(UK-
CUpOBaHKI BO 2-1i ieHb (puc. 4). B niesiom nepapxuye-
cKasl KjlacTepu3aliis BCXOXECTH MoKa3ajia, YTO pac-
MpeaeaecHe TIPOLEeHTA TPOPACTAHUST CEMSTH IO THSIM
0oJIbllIe 3aBMCUT OT T€HOTUIIA, YEM OT JI03bI BO3/IEii-
ctBus. Y-ObsyueHue B nosze 150 I'p, onHako, no3so-
JIVJIO BBIIECIUTh UCCIEAyeMble TEHOTUITbI B OTHC/Ib-
HBII MOAKJIACTEpP, YTO HAIVISAHO NpPEICTaBJIEHO Ha
puc. 4.

OBCYXIEHUE

Buonoeuueckas unmepnpemayus ouHamuxu
npopacmaHusi CeMsH Ha 0CHO8E KYMYASIMUBHbIX KPUBBIX
npopacmanusl, NOCMPOCHHbIX NPU NOMOULU
4-napamempuueckoil yukyuu Xuina

B npakTrke ceMeHHOTO KOHTPOJIS [UIST OTIpeiese-
HUS TIOCEBHBIX KAa4eCTB CEMSH, T.€. COBOKYITHOCTU
CBOIICTB CeMsIH, XapaKTepU3YIOIIMX CTEIIEHb UX ITPU-
TOIHOCTU UISI TTOCEBa, MCIIONBL3YIOTCS IOKa3aTeln
J1abopaTOPHOM BCXOXECTH M SHEPTUY MpOpacTaHUSI
[19]. BcxoxecTh — cIOCOOHOCTh ceMsIH 0Opa30BbI-
BaTh HOPMAaJIbHO pa3BUTHIEC ITpopocTku [20] — pac-
CUMTHIBAETCI KaK JOJIST TIPOPOCIINX ceMsH (B %) 3a
onpenesieHHbI cpoK (B ocHOBHOM, 7—10 gHeii) oT
yuclia 3aJIOKEHHBIX Ha IpopaliuBaHue. DHEPruio
npopacTtaHus (B %) — CIIoCOOHOCTbL CEMSTH OBICTPO U
IpYyXHO TIpopacTaTh [20] — BRIYUCIISIOT HA KOHKPET-
HEBI AeHb IIPOpacTaHusl, ONPeAeICHHBIM IJIST KasKI0-
ro Buma pacteHuii u ykazanubelii B TOCT 12038-84
[19]. YrioMsiHyThIE 1Ba TTapaMeTpa CBUAETEIbCTBYIOT
0 CITOCOOHOCTH CEMSTH IIPOpaCTaTh 3a OIpeae/ICHHBIIA
CPOK MpU ONaroIpUSITHBIX IS TAaHHOM KYJIBTYPBI
YCIOBUSIX cyOcTpaTa, TeMIlepaTypbl U BIaXXKHOCTH,
OOHAKO OHM HEIOCTATOYHO WH(GOPMATUBHBI IS
OLIEHKM BJIMSHUS a0MOTUYECKNX (PAaKTOPOB Ha MpPO-
pacTaHue U ONpeaesIeHUSI MOTeHIIMAIbHOM CTPeCcco-
YCTOMYMBOCTU PACTEHUIA.

bru1o IpeaANnpUHATO HECKOJIBKO ITOIIBITOK YITPO-
CTUTb OIPECACICHUE ITapaMCTpOB IIpopaCTaHUA CE-
MAH IIYTEM 06’I>CZLHHCHI/IH Pa3/IMYHbIX nokasaTeJiei B

PAAVUAITMOHHASA BUOJIOTUA. PAAMOBKOJIOI'UA

Taomuna 1. [TapameTpbl KpMBOI MpOpacTaHUsSI KOHTPOJIb-
HBIX U Y-OOJy4eHHBIX ceMsiH A. thaliana nuxkoro Tumna
(Col-8) n nmuHMii ¢ HapylIeHusIMU cuHTe3a (aba3-1) n pe-
uenuuu (abi3-8) abcumn3oBOil KUCIOTHI

Table 1. Parameters of the germination curve of control and
v-irradiated seeds of A. thaliana wild type (Col-8) and lines
with impaired synthesis (aba3-1) and reception (abi3-8) of
abscisic acid

I'eHo- Ho3za y-
U,
TUn | o0;ydeHus, I'p a b ¢ | TMGR| Y9010
0 83.33]9.60 [ 1.52| 1.49 | 0.70
50 81.94| 9.30 | 1.55| 1.51 | 0.74
Col-8
100 66.67| 7.57 | 1.21| 1.17 | 0.72
150 75.00| 7.53 | 1.52| 1.47 | 0.90
0 79.17| 4.04 | 1.19| 1.05 | 1.36
50 79.17| 3.17 | 1.08| 0.88 | 1.62
aba3-1
100 75.00| 3.82 | 1.20 | 1.04 | 1.45
150 73.61| 5.04 | 1.61 | 1.49 | 145
0 93.05|10.71{1.64 | 1.61 | 0.68
50 83.33]| 6.40 | 1.37 | 1.31 | 0.96
abi3-8
100 83.10| 10.11 | 1.62 | 1.58 | 0.71
150 75.00| 7.02 | 1.63| 1.56 | 1.04

IMpumevanue. [TapameTpsl paccuMTaHbl HA OCHOBE MEIMAHHBIX
3HAYEHUI TpeX MOBTOPHOCTEM KaXKAOro 3KCIIEPUMEHTAIBHOTO
YCJIOBUS B TPEX HE3aBUCUMBIX 3KCIepUMeHTax. MUHUMATbHbIE
3HaYeHMUSI MapaMeTpa yKa3zaHbl KYpCUBOM, MAKCUMAJIbHBIE — MO~
JTIY>KUPHBIM LIPUGTOM.

eIVHBbII MHAEKC uiu 3HayeHue [18, 21]. OnHako cBe-
JIeHNe HEeCKOJIbKUX MapaMeTpOB MPOpaCTaHUSI K O -
HOMY ITOKa3aTeJII0 TaeT HETIOJTHYIO KApTUHY TUHAMMU -
KM IpopacTtanus. YeTblpe mapamMerpa GyHKIMN XTI~
JIa TO3BOJSIOT KaK MNpsSMYyI0, TaK M KOCBEHHYIO
OUOJIOTUYECKYIO MHTEPIIpETALIMI0 JUHAMUKU TPO-
pacTaHusI CeMsIH U BIIMSIHUS TIPeABapUTEIbHOI 00-
paboTKM ceMsSH Ha popacTtaHue [18].

®dopma 1 KpyTU3Ha KPUBOM IMpopacTaHUs KOH-
TpOJMPYIOTCS mapameTpoM b. Uem Oonbiie b, Tem
Kpyuye MoabeM K aCUMIITOTE @ U TeM KOopoude BpeMsi
MEXIy HayajJoM MpopacTaHUsi U MaKCUMaJIbHbIM
npopactranueM. El-Kassaby et al., aHanuzupys Kpu-
Bble TpOpacTaHUsl CTPaTUDUIIMPOBAHHBIX U HECTpa-
TU(GUUIMPOBAHHBIX CEMSIH COCHbI CKPYYEHHOU IIN-
PpOKOXBOITHOI (P. contforta) mokKa3aju, 4YTo rmapamMeTp b
KpUBOi1 mpopacTaHusi CTpaTU(ULIMPOBAHHBIX CEMSTH
HE KOppEeJMPOBaJl C UX BCXOXECThIO (@), UTO YKa3bl-
BaeT Ha TO, YTO KPYTU3HA KPUBOW MpOpacCTaHUsl He
CBsI3aHa ¢ OoJsiee BBICOKOI BcxoxkecThlo [18]. B Ha-
LIUX 9KCIEPUMEHTAIbHBIX JaHHBIX TaKXe Habitona-
Ne 2
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Puc. 3. KoppensitimoHHast MaTpuiia Ha OCHOBE pacueTHbIX MokasaTesiel (pyHkuun Xuuia. CTaTUCTUYECKU He3HAYMMBbIe 3Ha -
yeHus1 nepedepkHyThI (X). Dose — mo3a (0, 50, 100, 150 I'p); @ — acumnToTa; b — 1MokKaszaresib CKOPOCTH IIPOpacTaHUsI, OIpe-
Aessoluii GopMYy M KpYTH3HY KpUBOM ITPOPACTAHMS; ¢ — HOTYMAaKCUMAJIBHBINA YPOBEHb aKTUBALMH; Diye50 — TIPOLOIIKHUTEIb-
HOCTb BPEMEHH MEXIy Ha4yaJoM ITpOpacTaHus U npopactaHreM 50% XU3HECTIOCOOHBIX CEMSIH; 15 1oy — IIPOpPacTaHue 50%
CEMSIH, YIOXKEHHBIX Ha CYOCTPAT; 150 Germinated — IIPOPAacTaHue 50% xu3HecrocoOHbIX ceMsiH; TM GR — BpeMsi MaKCUMAaIbHOM
ckopocTu npopactanus; Ugy ;o — BpeMeHHOI1 MHTepBa Mexay npopactanueM 10 1 90% cemsin; AUC — muioluaib Mo 3MIK-
puyeckoit kpuBoit; MGT — cpenHee popacTaHue; Skewness — KO3(PGUIIMEHT aCUMMETPHUH.

Fig. 3. Correlation matrix based on the calculated parameters of the Hill function. Statistically insignificant values are crossed
out (X). Dose — dose (0, 50, 100, 150 Gy); a — asymptote ; b — shape and steepness of the germination curve; ¢ — the half-max-
imal activation level; Dy,,50 — the duration between the time at germination onset and that at 50% germination; s o, — germi-
nation of 50% of the seeds laid on the substrate; f5) Germinated — £ermination of 50% of viable seeds; TMGR is the time of maxi-
mum germination rate; Uy 1o — time interval between germination of 10 and 90% of seeds; AUC is the area under the empirical
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curve; MGT — medium germination; Skewness — coefficient of skewness.

eTCsA OTCYTCTBHE 3HAYMMOI KOPPEISIINN MEXIY T1a-
pametpamu a u b. OlieHKa KoadduimeHTa paHTOBOI
koppesiiuu CriupMeHa, OMHaKO, BBISIBUJIA BBICO-
KYI0 OTPULIATENILHYIO KOPPESILINIO MEXIY TTapaMeT-
pamu b u Uy, o (tho = —0.97, p <0.05). Takum oOpa-
30M, YeM BBIINIE b WM Kpyde MOObeM KPUBOM, TeM
MEHBIIIE TPOMEXYTOK BpeMeHHN MEXITy IIpopacTaH!-
eM 10 1 90% ceMsTH ¥ COOTBETCTBEHHO TeM 0oJiee O~
HOPOIHO MpopacTaHue.

IMoryMakcuMaJIbHBI YPOBEHb aKTUBALIUU C SIB-
JIsIeTCsl 9KBUBaAJIEHTOM TTapaMeTpa CKOpOCTH ITpopac-
tanust [R50'], mpennoxenHoro [22]. Ilpomomku-
TEJILHOCTb BpEMEHU MeXIy HayaJloM IpopacTaHus U
npopactaHueM 50% KM3HECIIOCOOHBIX CEMSH ¢
OMpENEIEHO TTapaMeTpoM Dy, sy, ABJISAIOIIUMCH 3] -
(EKTUBHBIM MHINKATOPOM CKOPOCTH MPOpaCTaHUSI,
PaBHOMEPHOCTU U SHEPIUM IIpopacTtaHus. YeMm BbI-
ure 3HadyeHue D), sy, TEM OBICTpEEe M paBHOMEpHEe
IpopacTaHue U Kpyde KpuBasi mpopacTaHus (T.€. BbI-
ute 3HaueHue b) [18]. Dy, 5o 1 b, TaKMM 0Opa3oM, SIB-

PAJUALIMOHHASA BUOJIOTUA. PAAMOSKOJIOI'UA

JISTIOTCS  TIOJIOKUTETBHO KOPPETUPYIOIINMHK  T1apa-
MmeTpamu (puc. 3).

TMGR — BpeMsI MaKCMMaJIbHOM CKOPOCTH IIPO-
pactaHusi, T.e. BpeMeHHasl ToukKa, Iocje KOTOpOii
MI'HOBEHHAasl CKOPOCTh IIpopacTaHus (instantaneous
rate of germination) cHukaeTcs (MaKkCMalbHasi TO4U-
Ka Ha KpMBOM CKOPOCTH IIpopacTaHus (instantaneous
slope)) [14, 18]. YeM MeHblIIe BpeMeHN HEOOXOAMO
JUIST AOCTUXKEHUSI MAKCUMAaJIbHOI CKOPOCTH, TEM BbI-
IlIe DHEPTUs IIPOPACTaHUSI CEMSIH M KOpOUYe BpeMsI
rmpopactaHus 50% K13HECTTOCOOHBIX CEMSTH, T.€. BbI-
e ckopoctb ([R50'] = ¢) [18] u cOOTBETCTBEHHO
MEHbIIIe BPEMEHHOI MHTepBajl, HEOOXOAUMBbII ISl
npopactanus 10—90% cemstH. Takum o6pa3oM, ObI-
JIU OXUJIaeMbl TTOJIOKUTEIbHAS KOPPESLIUS MEXITy
MOJIyMaKCUMaJIbHbIM YPOBHEM aKTMBAllUU ¢ U
TMGR, u orpuuarenpHast — mexny TMGR u Uy,
(puc. 3). IIpumevarensHo, yTo TMGR oTIn4aeTcs ot
BeanuurHbl uka (Czabator’s peak value, PV), korto-
poe IIpencTaBiisieT co00if MaKCMMAaJIbHOE YacTHOE,
MOJy4YEHHOE MyTEM JIeJICHUS MOCIeI0BaTeIbHbIX KYy-
Ne 2
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Puc. 4. Knactepusaiiysi BCXOKECTH, BBIPaXKEHHO B IMTPOLIEHTAX IO JHSIM C IIBETOBBIM pacmpeneieHuem o nose (K — Heoby-
YeHHbI! KOHTPOJb, 50, 100, 150 I'p) u reHOTUITY, HEOOTYUYEHHBIX U Y-001y4eHHbIX ceMsiH Col-8 (nukuii tTumn), aba3-1 (ABK-
neduuuTHas TMHUS), abi3-8 (JIMHUS ¢ HapylleHUus MU BocripuuMuuBoctu K ABK).

Fig. 4. Clustering of germination, expressed as a percentage by day, with color distribution by dose (0 — non-irradiated control,
irradiated at doses 50, 100 or 150 Gy) and genotype of Col-8 (wild type), aba3-1 (ABA-deficient line), abi3-8 (line with impaired

susceptibility to ABA).

MYJISITUBHBIX 3HAYEHUM BCXOXECTU HAa COOTBETCTBY-
oliee BpeMs MHKyOanuu [21]. JpyrumMu cioBamu,
PV — 510 MakcuManbHas BCXOXECTh, JcJACHHAs Ha
oOliiee BpeMs TpopacTaHus, Toraa Kak TMGR tipen-
CTaBJISIET COOOM MaKCUMAaJIbHYIO CKOPOCTh IIpopac-
TaHUSI B OIIPEACICHHBIII MOMEHT WM HEeOOIbIION
MHTEpBaJ BpeMEHU, KOTOPBIIA aJIbTEPHATUBHO MOXHO

PAAVUAITMOHHASA BUOJIOTUA. PAAMOBKOJIOI'UA

Ha3BaThb MTHOBEHHOI CKOPOCTBIO TIpopacTtanus [18].
TMGR onipenensieT TOYKY nepernda KpuBoii mpopac-
TaHUsI, B TO BpeMsI KaK B OIpeleIeHUN YHUKATbHOM
¢dopMBbI U MaciiTaba CUTMOBUAHOM KpuBoii, PV paB-
HOILIEHHO JII000i1 Apyroii Touke KpuBoii. TakuM 06-
pa3oM, ¢ Ouojiorndeckoii Touku 3peHust, TMGR sB-
JseTcs1 60J1ee 3HAYMMBIM napamMeTpoM [ 18].
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(6)

Puc. 5. lNpenckazannbie hyHKIIMOHATBHBIE TTApTHEPHI 6e1KOB (a) ABA3 1 (6) ABI3 o nanHbIM (pyHKIIMOHATTBHOTO oboratie-

Hus B nporpammHoii cpene STRING [31].

Fig. 5. Predicted functional partners of proteins (a) ABA3 and (b) ABI3 according to functional enrichment in the STRING soft-

ware environment [31].

IIpopacmanue cemsan AbK-mymanmuoix aunuii

T'enoTnm abi3-8 cogepxnt “cnaduiii” abi3 ammens
1 XapaKTepU3yeTcss HOPMaJIbHbIM 1IBETOM CEMSH, B
OTJIMYKE OT CEMSIH “CHJILHBIX” ajuiesieil (TaKux Kak
abi3-3, abi3-4, abi3-5u abi3-6), KOTOpPBIE OCTAIOTCS
3€JICHbIMU Ha TPOTSDKEHUW Bcero pasButust [23].
Myrauuu B reHe ABI3 HapylIaloT ITOKOI ceMsiH [4] u,
npy 6JaronpusITHBIX YCJIOBUSIX OKPYXKalollei cpenbl
(cBeT, TeMmeparypa, BJIaXXHOCTb), JaXe CBEXeco-
OpaHHBIC ceMeHa npopacTtatoT. JIuaus abi3-§, mano-
BOCTIpUMMYMBas K npuponHoit popme ABK, comep-
>KUT aMUHOKMCJIOTHYIO 3aMeHY B foMeHe B1 nmpoayk-
Ta reHa ABI3 c npeBpallleHueM JieliliMHa B TO3ULIUH
298 B heHunananuH [16]. Dra MyTanys, Mpeanoo-
JKUTEJIbHO, HapylIaeT B3auMoeiicteue o0enkos ABI3
u ABI5 (puc. 5), 4TO IIPUBOIUT K N30MPATEIbHON HE-
yyBCTBUTENIbHOCTU K S-(+)-ABK [16]. M3BecTHBI
Tpu (paKkTOpa TPAaHCKPUIILMU, UHTUOUPYIOIIUE MPO-
pacranue cemsiH (PILS5, ABI3 u ABIS, puc. 5, 6), Ko-
TOopble 00pa3yloT (byHKIMOHAIbHBIA MOIYJb, KakK
MOCPENCTBOM PEryIsSIUMU TPAaHCKPUITLIMUU, TaK U
MexoenkoBoro B3aumoneiictBusi [4, 24]. ABI3 u
PIL5 coBmecTHO akTMBUPYIOT 3Kcnipeccuio SOMNUS
(KJII04eBOI1 OOpaTHBIN PEryJsITOp MpopacTaHUs ce-
MSIH), HaIIpSIMYIO CBSI3bIBASICh C €r0 MPOMOTOPOM BO
BITUTABIINX Body ceMeHax A. thaliana, Torma Kak
PILS peryaupyer CBETO3aBUCUMYIO 3SKCHPECCUIO
MPHK SOMNUS naxe B orcytcTBue ABI3 [24]. ITaT-
TepH 3Kkcrnipeccun SOMNUS Bo BpeMs co3peBaHUS
CeMsIH aHaJIoTUYeH TMaTTepHy 3kcrnpeccun ABIS u
Em 1 — nByX ceMsi-crieiM(pUUHBIX TEHOB, TAKXKe pery-
ympyeMbix ABI3 [24].

Panee coo01ianock, 4To y reHoTuIa abi3-§ ¢ Ha-
pymieHusimu S-(+)-AbK-omocpenoBaHHOTo curHa-
JIMHTa HE OTMEYEHO CTaTUCTUYECKM 3HAYMMBIX pa3-
YU MexXIy o0ydeHHBIMHU B 1o3ax 100 u 150 I'p ce-

PAJUALIMOHHASA BUOJIOTUA. PAAMOSKOJIOI'UA

MEHaMM U KOHTPOJEM, a Y-usjlyueHue B nose 50 Ip
BBI3BAJIO OBICTPOE IIpopacTaHue B paHHUE Yackl [25],
MpPOSIBUB CTUMYIUpYyIomnii 3ddexT. B Hameit pado-
Te Jy4llIre IoKa3aTeJn BCXOXKeCTH, CKOPOCTH U Bpe-
MEHHOTO UHTepBaja Mexay npopactanveM 10 u 90%
CeMsIH OTMEYeHbl y HeOOJydeHHBIX CEeMSIH JIMHUU
abi3-§ (Tabn. 1).

Chan 1 coaBT. ToKa3saJju, 4To Ha (poHe abrmoTnde-
CKOTO cTpecca (KpoMme TTOBBIIIIEHHOU TeMITepaTyphl 1
OKUCJIUTEJIbHOTO CTpecca) YpOBHU TPaHCKPUIITOB
ABA3, NCED3 u AAO3 nosslatotcd [26]. Dtu Tpu
(GYHKIMOHAIBHBIX TTapTHepa (puc. 1, a) sSBASIOTCS
KIIIoueBbIMU (pepMeHTaMu B 6uocuHTe3e ABK.

JIunus aba3- 1 cogepxut mytauuio G-to-A B no-
noxeHnuu 3707 B rene ABA3, xomupyiloimem Moco-
cynbdypasy [27]. YuuteiBast pojab MOJMOIEH-COIEP-
Kalux (hepMEHTOB BO MHOTUX acleKTaX XKM3HU pac-
TeHUI1, MyTaHTHEIE 110 A BA3 TMHUM NEMOHCTPUPYIOT
nieiiorporiHbie peHoTutbl [28]. Pactenus nuHum
aba3- 1 xapaKTepu3yIlOTCsI HOHMXKEHHBIMU YPOBHSIMU
ABK B BereraTuBHbIX TKaHSIX B HOPMaJbHBIX U
CTPECCOBBIX YCIIOBUSIX, KOTOPbIE, TEM HE MEHEE, BbI-
e, 4yem y 0osnbiinHeTBa Jpyrux AbK-ngedunutHeix
myTaHTOB (abal, aba?2) [17].

H3-3a neduniuta ABK cemena aba3-1 npopociu
ObICTpee CeMSIH APYTrUX MUCCAeAyeMbIX T€HOTUIIOB
(MUK mpopacTaHus CeMSTH Ipuiiescs Ha 1-it u 2-it mHu,
puc. 4). [TloHuxeHHbIi ypoBeHb ABK, BeposiTHO, sIB-
JIsIeTCsl TaKKe MPUUYMHOM YyBCTBUTETbHOCTU T€HOTU -
na aba3-1 x ocTpoMy BO3IEUCTBUIO Y-U3IYYEHMUS,
KOTOPOE YMEHBIIIAET CKOPOCTh U OMHOPOIHOCTh MPO-
pacranus. B paHee onyGimMkoBaHHOM aHajmM3e 22 WH-
JUBUAYaAJbHBIX MapaMeTPOB IpOpacTaHus B WIEH-
TUYHOM 3KCIEPUMEHTE [25] ITOKa3aHo, 4TO Y-U3Jy-
YyeHre B MAaKCUMabHOI HcciaemoBaHHoi no3e 150 I'p
OTpULIATEJIbHO BIUSLIO Ha IapaMeTPhbl, XapaKTepusy-
Ne 2
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FOIIINE BCXOXECTh, BPEMSI, SHEPTUIO U CHHXPOHHOCTh
npopactanust AbBK-gebuinmuTHoro reHoTumna.

IIporeHT IpopacTaHus WU BCXOXECTh (%), 6e3-
YCIIOBHO, SIBJISIETCSI OMTHUM M3 OCHOBHBIX ITApaMeTPOB
OIIEHKH ITapTHU CEMsTH, KOTOPBIM, OMHAKO, HE MOXKET
XapaKTepu30BaTh KWHETUKY ITpollecca MpopacTaHUsl.
Jaxke COBOKYITHOCTb IPOLIEHTa TPOPACTAHUSI U CPe/l-
HETO BpeMEeHM HeIOoCTaTOYHA IUIST ONTMCAaHUsI aKTHB-
HOCTH IpOpacTaHus TTapTUU CEMSTH B 3aJJaHHBI TTe-
puon BpemeHu [29]. Ilepuon BpeMeHU MEXIy IpO-
pacTaHueM MEPBBIX U MOCICTHUX CEMSH, Bapyallus
CKOPOCTH MMpOpacTaHus ¥ BpeMs IpopacTaHus 60J1b-
IIUHCTBA CEMSTH — OIHU U3 MapaMeTPOB, BIAUSIIOLINX
Ha TIepHroJ BHeCeHUS ynoOpeHusI, cOOp ypoKasi 1 TT0-
JIEBOE CO3PEBAHUE CETbCKOX03SIMCTBEHHBIX KYIbTYD,
TakXe 3T MapaMeTpbl MOTYT BBICTYIIaTh IMOKa3aTe-
JIIMHM XXU3HECITOCOOHOCTH U CTPECCOYCTOMIMBOCTU
ceMsH [29].

Bpewmsi, ckopocTh, OTHOPOZHOCTb W CUHXPOH-
HOCTb SIBJISIIOTCSI BaXKHBIMM M3MEPSICMBIMU acIieKTa-
MU, TH(GOPMUPYIOLIVMHU O JMHAMUKE TIPOliecca Mpo-
pactanusl. [ToCKOJIbKY 3TU mapaMeTpbl SIBJISIOTCS Xa-
PaKTepPUCTUKOM CEJIbCKOXO3SIIMCTBEHHBIX KY/IBTYD,
OHU BaXXHBI IJIsT (GU3HOJIOTOB, CEMEHOBOJOB, DKOJIO-
roB, arpoHoMoB [30].

SAKIIIOYEHHME

Kpusbie mpopactaHusi ceMsiH, MOCTPOEHHbIE C
TOMOIIbIO  YeThIpeXnapaMeTpuyeckoil  (yHKIUU
Xunna n3 makera Germinationmetrics B cpele IIpo-
rpaMMHUpOBaHus R, SABASI0TCS HADISIAHBIM UHCTPY-
MEHTOM JIJI aHaJIu3a TUHAMUKM TIpoliecca Ipopac-
TaHUs TIAPTUU CEMSIH, KOTOPbIii MOXET ObITb MC-
MOJIb30BaH IS OLIEHKU KWHETUKU TMpopacTaHus
CeMSH MOcCJie CTUMYJIMPYIOIIETO WIN YTHETAIOIIEeTO
BO3JICUCTBUSI MOHU3UPYIOLIETO U3JIYYEHUS U IPYyTUX
abuoTUYecKUX (hakTOpoB Ha pa3jaWyHbIE aCMEKThbI
MpOpacTaHuUs CEMSTH, U, KaK CIeACTBUE, JIST OLIEHKH
CTPECCOYCTONYMBOCTHU T€HOTHUIIA.

IIpoBeneHHBIE HCCIIeNOBaHUS IIOKa3ajld BhBIpa-
XKEHHOE BUsIHUE Y-u3nydyeHus B 1o3e 150 Ip Ha ce-
MeHa BCEX UCCIeAYEeMbIX TeHOTHUIIOB, BBIICIUB TIPU
aHa/IM3e UepapxXuIecKol KilacTepu3alliy 3Ty J03y B
OTHENbHBIN MOOKJIACTED.
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HccnenoBaHus npoBeneHbl B pamkax [ocynapcTBeH-
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Seed Germination Kinetics as an Informative Tool for Assessing
the Impact of Ionizing Radiation
(on the Example of Arabidopsis Thaliana Aba-mutant Lines)
E. V. Bondarenko*#, D. D. Babina’, M. Yu. Podobed®, A. S. Mitsenyk?, and P. Yu. Volkova“

¢ All-Russian Research Institute of Radiology and Agroecology, Obninsk, Russia
*E-mail: bev_1408@mail.ru

We have analyzed the kinetics of seed germination of the model plant Arabidopsis thaliana after y-irradiation
at doses of 50, 100 and 150 Gy. The following lines were selected as study objects: abi3-8 with a mutation in
the ABI3 gene and with reduced sensitivity to the natural form of abscisic acid and aba3-1 genotype with a
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mutation in the ABA3 gene and a reduced level of endogenous abscisic acid. Wild type Col-8 was used as a
control. To study the effect of y-radiation on various aspects of seed germination (germinability, germination
time and rate, synchrony of germination, etc.), the germination kinetics was assessed using the Germination-
metrics package for the R programming environment. Control and irradiated seeds (radiation source — 60Co)
were grown on half-strength Murashige-Skoog medium under controlled conditions. Germination was as-
sessed during the first six days after transfer to the phytotron by the rupture of the endosperm and the appear-
ance of a root. In total, three independent experiments were carried out with three biological replications in
each. A more pronounced effect of y-radiation at a dose of 150 Gy on all studied genotypes was noted. Ger-
mination clustering showed that the distribution of the percentage of seed germination by day depends more
on the genotype than on the dose of exposure. The best indicators of germination, speed and time interval
between germination of 10% to 90% of seeds were noted for non-irradiated seeds of the abi3-8 line. The re-
sults obtained and a comparative analysis with previously published data suggest that the assessment of ger-
mination Kinetics using the Germinationmetrics package for R is a clear and quite informative tool for study-
ing the effect of ionizing radiation and other abiotic factors on various aspects of seed germination.

Keywords: Arabidopsis thaliana, germination kinetics, y-radiation, abscisic acid
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