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Genes controlling adaptive traits of pine and spruce trees

D.S. Karzhaev, S.S. Baranova, N.A. Pavlov, G.V. Kalko (Saint Petersburg Forestry Research
Institute; Saint Petersburg State Forest Technical University)

Climate change has received increasing attention in recent decades. The question of adaptation of
forest forming species to these changes is of great importance in strategic planning of reforestation.
Plant adaptation depends to a large extent on individual genes responsible for the response to
growing conditions. One of the groups of genes responsible for adaptive traits are photoreceptors,
which determine the plant’s response to light quality.

The aim of the research was to identify polymorphisms in two genes of photoreceptors in pine
and spruce growing in the Leningrad region. To study the genes, primers were designed for
the sequence of genes in the reference genome of Norway spruce. DNA was isolated from spruce
and pine needles by STAB method. PCRs were performed using the designed primers on DNA
from both species. The PCR products obtained were analyzed by Sanger sequencing.

Sequencing revealed 13 SNPs in the PhyO gene, including 12 heterozygous SNPs in the pine
population and 1 polymorphic SNP in the spruce population. The data obtained indicate
the conservativeness of the PhyO gene, in which, despite a significant number of heterozygous
sites in pine, there are no species-specific mutations. The identified polymorphisms result in
5 non-synonymous substitutions in the amino acid composition, including a mutation described
earlier in Swedish populations of Norway spruce as the first case of latitudinal cline detection
in this gene. The presence of the previously described polymorphism in another geographic
population of Norway spruce may indicate the importance of the gene in shaping the adaptive
response of the plant. When analyzing the CRYI gene, 35 SNPs were detected, including
34 species-specific SNPs and 1 polymorphic SNP in the spruce population. This polymorphism
has not been previously described in Norway spruce.

Key words: Norway spruce, Scots pine, photoreceptors, local adaptation, PhyO, CRY1, SNPs
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ITomuMop(u3M B reHax, KOHTPOJIMPYIOIMX AAANTHBHbIE IPU3HAKKA COCHBI M €JTH
J.C. Kapxkaesn, C.C. bapanosa, H.A. I1asios, I'.B. Kaasko

B nocieaHue necsiTuiieTus Bee 60Jbliiee BHUMaHKE yAesieTCs Tpo0ieMe U3MEHEH sl KJMMara.
Bompoc aganrariu recoo0pa3yomnux MopoI K 3TUM U3MEHEHUSIM UMeeT OOJIBIIToe 3HAUCHHC B
CTPaTerMYECKOM IUTAHUPOBAHUH JIECOBOCCTAHOBJICHHS. AanTalvs PaCTeHHI B 3HAYUTESIBHOM
CTEINEHU 3aBUCHUT OT OTHEJbHBIX TEHOB, OTBEYAIOLIMX 3a PEAKIMIO Ha YCIOBUS CPEIbl ITPOU3-
pactanusi. OMHOM M3 TPYIIT TEHOB, OTBEYAIOIINX 3a amallTUBHBIC TIPU3HAKHU, SIBIISTIOTCS (DOTO-
PELEITOPbI, KOTOPBIE OMPEACIISIOT PEaKLIMIO paCTeHUsI Ha KAYeCTBO CBETa.

Llenbio Haieilt paboThl ObUIO BbISIBEHHE MOJIMMOPGU3MOB B IBYX I'eHaX (DOTOPEeLEenTOpoB Yy
COCHBI U eJI1, Tipou3pacTtatoimnx B JIeHuHrpaackou odaactu. st u3yuyeHusi TeHOB ObLIM CKOH-
CTPYMPOBaHbI MpaiiMepbl Ha MOCIEI0BATEILHOCT T€HOB B pe(hepEHCHOM T'e€HOME €JIM OOBIK-
HoBeHHoii. [IHK Boigesnsuin u3 xsou enu u cocHbl CTAB-meTomom. TP 6butn mpoBeaeHs! ¢
HCMO0JIb30BaHUEM pa3paboTtaHHbIX paiiMepoB Ha JIHK oboux Bunos. [Moayyenusie [T P-nipo-
JDYKThl aHATU3UPOBAIUCH C TOMOLIBIO CEKBEHUPOBaHUs 110 CaHrepy.

B pesynbraTte cekBeHupoBaHusi BeisiBaeHbI 13 SNP B rene PhyO, cpenun KoTopbsix 12 reteposu-
rotHbIX SNP B monynsitiuu cocHbl 1 1 nonmumMopdHsblii SNP — B monynsiiuu enu. [lonyyeHHBIe
JIAaHHBIE YKa3bIBAIOT Ha KOHCEPBATUBHOCTh TeHa PhyO, B KOTOPOM, HECMOTPST Ha 3HAUUTEJIbHOE
KOJIMYECTBO reTePO3UTOTHBIX CAUTOB Y COCHBI, HET HU OAHOM BUaOCenbUIHON MyTalinu. Boi-
SIBJIEHHBIE MOJUMOP(MU3MbI MPUBOAIT K 5 HECUHOHMMUYHBIM 3aMeHaM B COCTaBe aMUHOKMC-
JIOT, B TOM YMCJIe MyTalliM, OTIMCAHHOM paHee B IIBEACKUX IOIMYJISIUIX eI eBPOIeiicKOi KaK
MepBbIi Cilyyail oOOHapyXeHUs IIMPOTHOMN KIMHAIBLHOCTU B 9TOM reHe. [IpucyTcTBue 1aHHOTO
noaumMopdusMa B Apyroii reorpacduyeckoii MOMyaslMU eIu eBPOorneicKoi MOXKET yKa3bIiBaThb
Ha BaXkHOE 3HavYeHUe reHa B (POpMUPOBAHWM alaliTUBHON peakiuu pacteHus. [1pm aHanmse
reHa CRY106b11u ooHapyxeHbl 35 SNP, cpenn koTtopsix 34 BunocrnenuuaHbie 1 1 moaumopd-
HbBII — B mONyJsiLuy e1u. JJaHHbIN ToIuMopdu3M paHee He OMUCaH y €11 eBpPONeicKOI.

KiroueBble cjioBa: e1b €BpOITEMCKas, COCHAa OOBIKHOBEHHas, (DOTOPELENTOPHI, JOKAIbHAas
amantauus, PhyO, CRY1, SNPs
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BBenenne

CocHa OOBIKHOBEHHasi U €Jb €BpOIleii-
cKas — JiecooOpasylolue ApPeBECHbIE MOPOJbI,
UMeEIoIMe OO0JIbIII0E IKOHOMUYECKOE U DKOJIO-
ruyeckoe 3HaueHue. MHdopmarus o moimmMop-
(buzmax B reHax, KOHTPOJIUPYIOLIMX BaxKHEUIIINE
aJlanTUBHBIE MPU3HAKW Y 3TUX BUIOB, MOXET
3HAYUTENBHO YIYUIIUTh CTPATerMyecKoe TiaHu-
POBaHUM JIECOBOCCTAHOBJIEHUSI B YCJIOBUSIX KJTW-
MaTUYECKUX U3MEHEHUIA.

Apeas COCHBbl 3aHMMaeT OOIIMPHBIE TLIO-
manu B EBporie u Asumn. Bun cocrour u3 cemu
MOABUOB, Teorpaduiyecku pacnpoCcTpaHEeHHbIX
Ha TEPPUTOPUSX CO 3HAUMUTEJIbHO pasinyalo-
IUMUCS KJIMMaTUYECKUMU YCJIOBUSIMU: B BOC-
touHoii EBporre, B ropax Kpeima n KaBkasa, B
3aMajHou, IEHTPAJIbHOM, CEBEPO-BOCTOYHOM
(AxyTtus) u 1oro-BoctouHoit (3abaiikaibe) 4ya-
crsax Cubupu, Ha JansHeM Boctoke Poccuu, a
Takke B Jlarumanauu, B a3uaTckux cternsix Poc-
cun u KazaxcraHna [2, 4]. Bua BeTpoOIbLIsIeMBbliA.
Hnst Pinus sylvestris L. He BbISIBICHO 3HAYUTEb-
HOI TMOpUIM3ALIMU C APYTMMU BUIAMM, BEpO-
SITHO, TIOTOMY YTO OOJIBIIIMHCTBO POACTBEHHbIX
TaKCOHOB UMEIOT HeOOJIbIIIOe pacpocTpaHeHUE
WIN He mepecekaroTcs ¢ 3TuM BugoM [30]. Tem
He MeHee, o maHHBIM W. Wachowiak m W. Prus-
Gtowacki [38], pu mpom3pacTaHUM B OXHOI
MECTHOCTU coceH BUIOB P. sylvestris , P. mugo
Turra u P. uliginosa Neumann MOTyT CyIIECTBO-
BaTb MX MHOTOUYMCIEHHbIe TMOpunbl. [ToToK re-
HOB YCHEIIHO MPOXOAUT OT KoMIuiekca P. mugo
K P. sylvestris.

Enp eBpomeiickass (Picea abies (L.) H.
Karst.) — npyroit BeTpoomnbuUIsieMblil Jiecoo0pa-
3YIOLIMI BUO — MMeeT 3 00JIacTU pacIpocTpa-
HeHwust: bopeanbHyo, Kapnatckyio u Anbnuii-
cko-bankaHnckyilo. Ha tepputopuu Poccuu ¢
ceBepa apeaJsl eJid OrpaHUYMBAETCS] 30HOM JIECOB,
¢ tora — mupotoit [losnechs, e BcTpeuyaroTcs
OCTPOBHbIE MECTOMPOU3PACTAHUSI ITOrO BUIA
[3]. YcraHOBIEeHUE TpaHUIIBI HA BOCTOKE ape-
ajga YCJIOXHEHO M3-3a IIMPOKOW 30HBI MHTPO-
IPECCUBHOIN TruOpunu3auuu mexny P abies n
P. obovata [1].

DTU BUAbBI XBOMHBIX IBOJIOLMOHHO Pa3o-
ek 140 MmrmmmoHoB et Hazan. OHu, Bepo-
SITHO, MMEIOT OOILIMI MeXaHW3M peryjupoBa-
HUs1 (eHodas, MpOoSIBISIONIMICS B TUHAMUKE
3aKJIaIKU TI0YEK, OT KOTOPOM 3aBUCUT BpeMs
MprocTaHOBKa pocTta moberos [6]. CocHa u efb
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MMEIOT HEKOTOphIE Pa3inuuus B CBOMX (DoToIle-
pUOAMYECKUX peaklusiX. POCT B BBICOTY CesIHIIEB
€JI €BpOIIeICKOI OYAET IMPOJ0JIKATHCS HEOIpe-
JIeJICHHO JOJITO IIPU ITOCTOSHHOM OCBEIIEHUU,
CESIHIIBI COCHBI OOBIKHOBEHHOM paHO WJIM TTO31-
HO TePeCTaloT pacTu U c(hOPMUPYIOT BepXyIIey-
Hble TMOYKHM TIPU BCEX CBETOBBIX PEeXUMaX. DTO
3aTpyJHSIET OINpenejeHre KPUTUUYECKON Mpo-
JIOJDKUTEIbHOCTH TEMHOTO BPEMEHU CYTOK, CTH-
MyJIMpYIOIIel 3aKJIaaKy modek y cocHbl. Kpome
TOTrO, BUJBI Pa3INYaloTCs MO MX BBDKMBAHUIO B
SKCIEPUMEHTAX TI0 Tiepecaake: TMOMYISIUU eJIH
€BpOMNENCKONM MOXHO TlepeMellaTh Ha Tropasio
OOJbIIIME IIUPOTHBIE PACCTOSIHUSI, Y€M COCHBI
OOBIKHOBEHHOI1, KOTOpasi He IIEPEHOCUT 3HAUM -
TeJIbHBIX TIepeMeleHnii Ha ceBep [17, 28, 35].

IMoaTBepxmeH ¢dakT, 4To (PEeHOIOTMIECKIE
MPU3HAKU €I U COCHBI, TaKWE KaK pacITycKa-
HME BEreTaTUBHBIX IMOYEK U CE30HHOe (hop-
MHUPOBaHUE TEPMUHAIbHBIX IOYEK, SIBJISIOTCS
agalTMBHBIMUA M BBICOKO HacjemyeMbiMu. I1pu-
YeM 3Ta afarTaiys HOCUT JOKaIbHBIM XapaKTep
U TPOUCXOAUT BIOJb IIMPOTHBIX TI'PATUEHTOB
[6, 11, 24].

DTU XBOWHBIE JepeBbs 00JIANAIOT TUTAHT-
ckumu reHomamu (24,6 u 18,2 Gb y cocHbl u
enu, coorBeTcTBeHHO (https://nealelab.ucdavis.
edu/crsp/)). [locne 3aBepiieHUS IIPOEKTOB MO UX
cekBeHupoBaHuio: (Exb o0bikHOBeHHas1 Norway
spruce (Picea abies) — Umed Plant Science
Centre, Sweden (Dr. Par Ingvarsson, $12M,
2010); CpemuzeMHOMOpCKasi cocHa Maritime
pine (Pinus pinaster), cOCHa OOBIKHOBEHHasl
Scots pine (Pinus sylvestris) — European Union
(Dr. Maria-Teresa Cervera, INIA CIFOR, Spain,
$10M, 2012); Cubupckas 1ucTBeHHMIIA Siberian
larch (Larix sibirica), cubupckast KenpoBasi Co-
cHa Siberian pine (Pinus sibirica), cocHa OOBIK-
HoBeHHas (Pinus sylvestris) — Siberian Federal
University, Russia (Dr. Konstantin Krutovsky,
$2M, 2012, $3M, 2014) Tpebyercs gaabHEiiIast
pa3paboTrka O6MOMH(MOPMALIMOHHBIX, T€HOMHbIX
pecypcoB 3Tux BuaoB. C 11eIbl0 Pa3BUTUS CPAB-
HUTEJIbHOM TeHOMWKHU cemelicTBa Pinaceae, BbI-
SIBJICHUSI TEHETUYECKUX Bapualuii, JeXaliux B
OCHOBE pa3IMuMil MeXI1y BUIAMU U MEXKIY 0CO-
OsSIMU OTHOTO BMIA, OBLI 3alyIIEeH IIPOEKT pe-
cekBeHupoBaHus xBoiiHbIX CRSP (Comparative
Re-Sequencing in Pinaceae (CRSP; http://
dendrome.ucdavis.edu/NealeLab/crsp/), B pe-
3yJIBTaTe OCYILIECTBICHUSI KOTOPOTO ObIIN OOHA-
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pyxeHsl 3803 SNP y cocHbl OOBIKHOBEHHOI U
3417 SNP y enu eBporieiicKoi.

B nocnenHee BpeMst Ha XBOMHBIX IPEBECHBIX
Mopoax MoJyYUIu IIUPOKOe pacpoCTpaHEeHUe
MOJHOTEeHOMHBIE acCOlIMaTUBHBIE UCCIeN0Ba-
Hust (GWAS), BbISIBJISIIOIIME KOPPESLIUY TPEH-
JIOB B afianTalluM K KJIMMaTUYEeCKUM (aKkTopam,
a Takke Ipu3HaKaM MPOAYKTUBHOCTU U 3HAYU-
MbIXx SNP [7, 8,9, 15, 27 u np.].

Hna sdpdexkTuBHoro npumeHeHus GWAS
HEOO0XOIMMO OIEepUpoBaTh OYEHb OOJBIINMU
HabopaMu JaHHBIX. DTU HCCeIOBaHUS BechbMa
JIOPOTH U 4YacTO HE CTOJb UH(MOPMATUBHbBI s
HEMO/JIEJIbHBIX OPTAHU3MOB C OOJIBILIUMU U CJ1a00
U3yYEeHHBIMU FEHOMaMU, TAKUMMU KaK Y XBOMHBIX
nepeBbeB. i1 TaKuX BUIOB YacTO C YCIIEXOM UC-
MOJIb3YIOT CTPATErnI0, COUETAIOLIYIO TTOITYJISIIIU-
OHHYIO TeHETHKY, (PU3UOJIOTUIO U UCCIICTOBAHUSI
9KCIPECCU TeHOB-KaHauaaToB [12].

YCTaHOBJIEHO, YTO amanTalus XBOMHBIX K
YCJIOBUSIM CpeJibl MOXKET OBITh CBSI3aHA KaK C M0-
nuMopdusmom nocienosareabHoctu JJHK [10,
11, 12, 29], TaK ¥ C SNIUTEHETUYCCKOM PETYJISIIIM -
el aKcIpeccuu reHoB [5, 34, 36, 41, 42]. 3aBu-
cuMasl OT TeMIepaTypbl SMUTreHeThYecKasl «Ia-
MSITh», OOYCJIOBJIEHHAST TEMIIEPaTypOii BO BpeMsl
pPaHHEro pa3BUTHUS SMOpUOHA, ObLIa OOHapyXe-
Ha y P. abies. Dta «mamMaTh» BIWSIET HAa CPOKU
MpoxXoXaeHus: deHosornyeckux Gas movexk y
notoMcTBa [21, 40]. DnureHeTnYecKass M3MEH-
YUBOCTb OMpPENEseT IKCIPECCHIO TEHOB U CBSI-
3aHa ¢ M3MeHeHusIMu B MeTunpoBannu JJHK.

Y pacreHuii reHeTMYecKasi MU3MEHUMBOCTh
Ha ypoBHe TociaenoBareabHocTu JJHK wyacto
BBICTPAMBAETCSd B IIMPOTHBIX WMJIM BBICOTHBIX
KJIMHAX, oTpaxasl Tubo aganTaluio K TpajaucH-
TaM OKpYxKallleil cpelbl, TMO0 MUTPALIMOHHbIE
ITyTH, IO U TO, U apyroe [16].

Uccnenosarenamu Bemetca mnouck SNP B
1LIeJIeBbIX TeHaX B pa3HbIX YacTSIX apeajia BUIOB.
Oxupaaercsi, yTO TMOMYJSIMU, pacrpeneeHHbIe
MO CUJIbHBIM I'paMeHTaM OKpPYXarollel cpembl,
Oy/IyT IEMOHCTPUPOBATH KIMHAIbHBIE MATTEPHbI
YaCTOT F€HOB ISl TEX JIOKYCOB, KOTOPbIE MOABEP-
raloTcsd JUBEepreHTHOMY oToopy [16].

HenaBHue uccienoBaHus MOKa3bIBalOT, YTO
IpyMIbl JIOKYCOB, YYaCTBYIOLIMX B JIOKAJIbHOU
ajanTalyy K KJIMMaTy, MOTYT pa3inyaThbcs B 3a-
BUCUMOCTH OT TPaJIMEHTOB OKPYKAIOIIIEi Cpebl
WM B Pa3HBbIX IPOCTPAHCTBEHHBIX JIOKALIUSIX
y BMIIOB JIECHBIX JiepeBbeB [25]. YcraHOBIIEHO,
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YTO U3MEHEHUSI KJIMMAaTa HapyllaloT JOKAJIbHYIO
aJanTalnio pacteHuit [26, 39].

leHeTnueckue MeXaHU3MBbI HACTYILJICHUS
deHosornyeckux (a3 Haubosiee U3y4yeHbl y MO-
nesibHOro pacteHust Arabidopsis thaliana. Bpemst
MHAYKLIWY LBETCHUSI Y apabuaoIicuca KOHTPO-
JIMPYETCST CJIOXKHBIMU PETrYJISITOPHBIMU CETSIMU,
KOTOPBIE OTCJIEKMBAIOT U3BMEHEHUS B OKPYKat0-
el cpene, THULIUUPYSI LIBETCHUE B ONTHUMAaJIb-
HBIX YCIIOBUsIX. B KOHTposIe BpeMeHU LIBETCHUS
apabumoricuca y4yacTByloT okoso 180 reHoB (11o-
Ka3aHO Ha OCHOBE BBISIBJICHUs MYyTalldil C TIOTe-
peii (pyHKIIMKM WM aHaJIn3a TPAaHCTEHHBIX pacTe-
HUIA), y9aCTBYIOIIMX B 6 METAOOTMIECKUX ITyTSIX:
doronepuon (the photoperiod), sIpoBU3aIINS
(the vernalization), u3MeHEHME TeMIlepaTypbl
okpyxatolieir cpeanl (the ambient temperature
pathway), Bo3pacTHo# (the age), aBTOHOMHBIA
(autonomous), rud6epeTMHOBBIN (gibberellin).
DT MHOTOUYMCIIEHHBIE TE€HbI PEryJIupyroT He-
0OOJIbIIOE YMCIIO «T€HOB-MHTETPATOPOB», B TOM
yucie jgokyc nsereHus T (FT) [18]. Mexanus-
MbI peryasinuu (heHOJIOTUYECKMX W3MEHEHMIA
Y HEMOJEIbHBIX PACTEHUI COCHbI OOBIKHOBEH-
HOM 1 €M €BpOIEHMCKON M3YYEHBI B MEHbIIECH
creneHu [22].

BrisgBiena ocobast ponb reHa FTL2, romo-
Jlora MHTerpaTMBHOrO reHa apabumomncuca FT,
B bopmMupoBaHnn (eHOJIOTHIEeCKNX (a3 y ean
[11, 12] u cocHbl [6, 24]. ITokazaHO, 4YTO ypoO-
BeHb 9Kcnpeccun reHa FTL2 cBs3aH co CpoKaMu
3aKJIaJKM ITOYeK KaK Yy eJId, TaK U Y COCHBI [6].
VYposenb skcnpeccuu Pa FTL2 cBs3aH c Tipe-
KpameHueM pocta y enu [20]. UccnenoBaHus Ha
TPAHCTEHHBIX PACTEHUSIX €JIU €BPOIIEHCKOM MO/ -
TBEPXKIAIOT, YTO Bbicokas akcnpeccusi Pa FTL2
BBI3BIBACT IpeKpalleHue pocta mooderos [23], a
SNP B mpomMoTOpe 3TOro reHa 1eMOHCTPUPYIOT
CWIbHYIO KJIMHAJbHYIO0 Bapraunio B CKaHIuHA-
Buu [11, 23].

s eau, KpoMe TOro, ObLIO MOKAa3aHO, YTO
Bapualuy B reHax (hOTOIEepUOINIECKOTO IMyTH 1
LMpPKaIHBIX YaCOB TAKXKe CBSI3aHBI C Teorpadu-
YyecKUMHU KimHamu [11, 12].

Y cocHbl OOBIKHOBEHHOI HaOMIOmaNIach
KJIMHaJdbHas mupoTHas Bapuauus SNP B PhyP
[19], dhnl (nerunpun), FTL2 u PRRI (1upkan-
HbIE yachl) [24].

YcTaHOBIEHO, UTO Y €JIM €BPOTICHCKOM TIpe-
KpallleHue pocTa IMOOEroB M 3aKjagka IoYeK
CTUMYJIMPYIOTCSI KOPOTKUM JHeM. PacteHusim U3
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IOXKHBIX IIUPOT TpedyeTcst He MmeHee 7—10 yacoB
TEMHOTBI, TOTJIa KaK PAacTeHUsSIM U3 CEBEPHBIX
HIUPOT JocTaToyHo 2—34yacoB. PacmyckaHue
MOoYeK, ¢ APYroil CTOPOHbBI, TIOUYTU TTOJHOCTHIO
KOHTpoJupyeTcsd Temnepatypoit [20]. g enu
BBISIBJICHO, YTO (DOTOMEPHUOANYECKUIT KOHTPOJb
3aKJIaJKU MOYEK TakKe JOCTOBEPHO 3aBUCUT OT
MPOAOKUTEbHOCTU TEMHOTO Meproia CyTOK.

ITokazaHa BaXXHOCTb HE TOJBKO TMPOAOJ-
JKUTEJIbHOCTU CBETJIOro (TEMHOTr0) BPEMEHM Cy-
TOK, HO M KauecTBa cBeta. dutoxpomsel (Phy) n
kpunToxpomsl (CRY) BocprHUMAIOT KpacHBIN
(R) / manbHwmii kpacHsiii (FR) v cunwmii cset (B),
COOTBETCTBEHHO, U UIPAlOT (DYHIAMEHTATbHYIO
poJib B (hOTONMEPUOINYECKOM MYTU Y PACTEHUIA,
CIIOCOOCTBYS MX POCTY M pa3BuTHio. s enu eB-
pOTIENCKOM XapaKTepHa aganTUBHAs LLIMAPOTHAsI
CKJIOHHOCTbh K 3aTeHeHuto (Hu3kuili R:FR wunu
cBeT, oboramieHHbit FR). Enb eBporneiickas —
TEHEeBBIHOCJIMBOE XBOMHOE IepeBO, TOTPEOHOCTD
B JaJIbHEM KPacHOM CBeTe JJIsl pOCcTa KOTOPOTO
YBEJIMUMBAETCS B IIIMPOTHOM HAMpaBICHUU K
ceBepy. [Ipu yMeHbIIEHUM B CMEKTPe AaJbHETO
KpPacHOTO CBeTa IpeKpalllaeTcsl pocT U 3aKia-
JbIBAlOTCST MOYKU. PU3MOJOTMUYecKue 3Kcre-
PUMEHTHI Ha eJId eBPOIeCKOI MmokKa3aiu, 4To
TeHOTUIIbI M3 BHICOKUX IIMPOT HE pearupyroT Ha
BO3IIEIICTBME KPACHOTO CBETa BO BpPEMsI MCKYC-
CTBEHHO! JUIMHHOW HOUM U 3aBSI3bIBAIOT TTOUKH,
B OTJIMYME OT FEHOTHUIIOB U3 00Jiee I0XKHBIX 1I1-
pot [13, 20].

JI1st cocHBI OOBIKHOBEHHO# BBISIBJICH I1O-
JOOHBI MEXaHU3M TIPU POCTE WUTOJIOK B JIJTUHY.
ITokazaHo, 4TO JalbHUI KpacHBIN CBET TpeOy-
eTCs JUTSl YIUIMHEHUST XBOU Y COCEH U3 CEBEPHBIX
mpoT (ceBepHee 642), HO OH He TaK BaxkeH
JUISL FOKHBIX TIOMYJISILUiA 3Toro Bujaa. IlepBbiM
3TaroM TMOJITOTOBKU K 3UME Y COCHBI SIBJISIETCSI
MpeKpalieHue BHITTUBaHUS XBOU OCEHbIO, a Y
eI eBpoMeicKoll — OCTaHOBKa pocTa mobera u
3aKjIanKa rmoyek [14].

KonuuecTBo reHOB XBOMHBIX pacTeHUid, pe-
arupymlourx Ha CreKTpajlbHble CBOHCTBA CBETA,
3HAYUTEJbHO 0O0JIbIIIE, YeM F'€HOB, KOAUPYIOIINX
doropenenTopsl. CekBeHupoBanue PHK BuI-
aBmiio 274 reHa, nuddepeHIMATBHO 3KCIIpec-
CUPYIOIIUXCS Y €11 B I03KHBIX U CEBEPHBIX MPU-
ponHbix nonynsauusix LIBeunu B OTBET Ha CBET
¢ Huskum oTtHoueHuem R:FR. 3axBar sk3oma
BKJIIOYAJl aHaJU3 YHUKaJIbHO OOJIBIIIOTO Ha0O-
pa maHHbIX (1654 nepeBbeB), KOTOPBIA BBISBIII
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MHUCCEHC-Bapuallii B KOAUPYIOLIUX OOJACTSIX
9 nuddepeHIUATBHO  3KCIPECCUPYEMBIX — Te-
HOB-KaHJUAATOB, KOTOPbIC CJEAOBAIM IITUPOT-
HOMY KJIMHY YacTOT aJuiejieli U TeHOTUITOB. DTU
TeHbl BKJIIOYAIM 5 TPAaHCKPUIILIMOHHBIX (haKTo-
POB, BOBJIEYEHHbIX B )KU3HEHHO BaXKHbIE MPOLIEC-
Chbl, TaKMe KaK 3aKjaaka U pacIiyCKaHHWe IMOoYeK,
MeTa0OJIMYECKUIA ITyTh JIMTHUHA Y aKKJIMMAaTH-
3alMsI K XOJIOMY, a TAKKe TeHbI, YIaCTBYIOIINE B
peMoIeIMPOBaHNY KJIIETOYHOM CTEeHKH, YTOJIIIIE-
HUM BTOPUYHON KJIETOUYHOM CTEHKM, peaKIInu
Ha TOJOJaHWE€ WM MMMYHHbBIII OTBET PaCTCHMSI.
S. Ranade m M.R. Garcia-Gil mpunumm K BBIBO-
Iy, 9TO T€HbI META0OJMYECKOTO ITyTH JIMTHUHA
¥ UMMYHUTETA UTPAIOT POJIb B COACMCTBUM JIO-
KaJlbHOM amanraunu K cBeTy [32]. Ha mepcmex-
TUBHOCTb M3YYEHUs TOJUTSHHON amantanuu y
COCEH K JIOKJbHBIM YCJIOBUSIM MPOU3PACTAHUS
YKa3bIBaIOT U JApYyrre aBTopsl |36, 37].

Obnapycenue wupomHoil KAUHAALHOU 8apua-
Yuu 'y eau U COCHbl

J. Chen u coaBTOpHI y €11 €BpOIEICKO B
18 momyasiumsix BBISIBUJIM HaJIMuMe KJIMHAJIbHOMN
Bapuauuu 4actoT SNP B 5 13 18 u3y4eHHBIX re-
HoB-KaHnunatoB: Pa GI, Pa PhyP, Pa PhyN (Bce
TPU Te€Ha OTHOCATCS K (POTONEPUOINUECKOMY
nytv), Pa PRR7 (doToneproanyeckuii myTb,
HupKagHble Yachl) U Pa FTLZ2 (MHTerpaTUBHBIN
reH). [eHbl-KaHmUmaTel OBLIM BHIOpPAHBI Cpe-
I TEHOB IIyTH (POTONEPHMOAMIECKOIO KOHTPO-
sy Arabidopsis thaliana [18] ¢ mpuMeHeHUEM
npaiiMepoB, pa3padboTaHHBIX B IpoekTe CRSP
(http://dendrome.ucdavis.edu/crsp/) u c yue-
TOM HHMOpMAILIMK, TIOJyYEHHON B pe3yJbrare
SKCMEPUMEHTOB M0 UCCICNOBAHUIO BPEMEHM
3aKiaaku mouyek [20] m uzydeHus: KOHKPETHBIX
CEMENCTB TeHOB [22) y enu eBporieiickoit. B 006-
et cinoxnoctu 24,8 % SNP reHoB-KaHIMIATOB
n 18,8 % SNP «KOHTPOJIBHBIX» TeHOB MOKA3aIn
3HAYUTEJIbHYIO JIUHEUHYIO PErpecCuio ¢ IIMpPO-
TOI Ha ypoBHe 3Haunmoctn 5 % [11].

len-unmeepamop Pa FTL2

B wuccnepoBaHusx eaM  OOBIKHOBEHHOM
OBIJTO TTOKa3aHo, 4To 3Kcrpeccust reHa Pa FTL2,
B OTJIMYME OT APYTMX M3y4aeMbIX T€HOB, B 3Ha-
YUTEJIbHOI CTEIeHU CBf3aHa ¢ IIUpoToi. To
€CTh ATOT TeH, romMoJyior reHa F7T, KOHTPOJUpY-
IOILIET0 1IBETEHUE Yy TOKPBITOCEMEHHBIX pac-
TEHUI, SBJISIETCS KJIOYEBBIM HMHTETPATOPOM
(oToreproaNYECKUX U TEIUIOBBIX CUTHAJIOB B
KOHTpPOJIE PUTMOB pPOCTa TOJIOCEMEHHBIX pac-
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TeHuid. JlaHHBIE TTOKa3bIBAIOT, YTO pas3UYHbIC
aJanTUBHBIC peaklMM Kak Ha (OTOIepuos, Tak
M Ha KaueCcTBO CBeTa MPU 3aKJIaaKe MOoYeK OIo-
cpenoBaHbl TeHOM Pa FTL2 v y ceBepHBIX, U Y
IOXKHBIX TIONYJISILUKA enu eBporeiickoit [11, 20].
VYpoBHU akcnpeccun reHoB Pa PRR7, Pa CCAl
u Pa GI neMOHCTPUPYIOT OYEHb TOHKYIO T de-
PEHIIMALIMIO 10 IIMPOTHOMY T'PaJUEHTY. ABTOPbI
[10JIaraloT, YTO He3HAYMUTEJIbHbBIE PA3INUMs B UX
9KCIIPECCUM MOTYT BBI3BIBaTb 3HAYMTEIbHbBIC
M3MEHEHUS 9KCIIPECCUU B HIDKECTOSIIINX, PEry-
JIMPYeMBIX MU I'eHax, TaKUX KaK reH-UHTerpa-
Top Pa FTL2, 9To MpUBOAWT K IWUBEPTCHTHOMY
BPEMEHM OCTAHOBKM POCTa IOOEroB U 3aKJIaAKU
MOYEK B I0KHBIX 1 CEBEPHBIX MOy Isausx [11].

SNP 6 eenax ghomonepuoduueckoeo nymu

ITo manubiM J. Chen u coaBTOpOB, B reHe
Pa PRR7 (uupKanHble 4achkl) TpU U3 IISITU OO0-
HapyXeHHbIX SNP okazanuch 3HaYUMBIMU TIPU
BBISIBJICHUM KJIMHAJIBLHOCTU pPACHpeaeieHUs] UX
YacTOT B 3aBUCUMOCTH OT IIUPOTHI MPU UCTTONb-
30BaHUM MeTOAOB Fst (3HaYMMOCTb Ha YpOBHE
0,01) u anocrepuonHbix maHcoB (Logl0(P.O.);
P.O., posterior odds; pelaroliee 10Ka3aTeIbCTBO)
B 18 monyssaumsx ey eBpomneiickoii. JIist omHoro
n3 3tux SNP Taxke mokazaHa 3HAYMMOCTb ILIM-
POTHOTO rpalgMeHTa ero 4actoT Ha ypoHe 0,05
npy ucnoab3oBaHMM Metojga Bayenv BE 3na-
gyuMble SNP OBl Takske MACHTU(UIIMPOBAHBI
B JpYroM IMpeAIosaraéMoM TIeHe LMPKaIHbIX
yacoB — B Pa GI [11]. B rene Pa PhyO (¢poto-
peLenTop KpacHOIo/majJbHEero KpacHOro CBETa)
JIOCTOBEPHON 3aBUCHMOCTH pacIipefesieHusT Ya-
croT SNP B 3aBUCHMOCTU OT reorpaduyeckoi
mpothl J. Chen 1 coaBTopbl B 18 HIBeacKux
MOIYJISLMSX €11 €BPOIEHCKON HE YCTAHOBUWJIM.
Tem He meHee S.S. Ranade u M.R. Garcia-Gil
rpu GoJiee MO3AHEM HccieaoBaHuu 1654 ocobeit
e U3 pasHbiX pernoHoB llIBeruu ompenenu-
M 3HaunMoe SNP ¢ HeCMHOMMYHOI 3aMeHOI
Asn835Ser B reHe PhyO, nmeroliee caMblii Kpy-
TOM IIMPOTHBIA KJIMH CPeIy BCEX APYIUX IOJIM-
Mopdu3moB [33]. Takke 3TUMM aBTOpaMu OBLIO
I0Ka3aHO KJIMHAJIbHOE IIMPOTHOE pacIipeaeie-
Hue yactoT ogHoro SNP B rene CRY1.

Y enu B rere Pa PhyP (doropenenTtop kpac-
HOTo cBeTa) nmokasaHa moctoBepHas (P <0,01)
3aBUCUMOCTDb OT IIMPOTHOTO KJIMHA ISl OIHO-
ro SNP [11].

VY cocHBI OOBIKHOBEHHOM BapHuallsl HyKJICO-
TUJIOB B IBYX JIOKycax (putoxpomoB PhyP ((potope-

31

LiernTop KpacHoro ceeta) u PhyO (dboTtopeuenTtop
KpacHOT0/majIbHEro KPacHOTo CBETa), TOMOJIOTOB
PhyBw PhyA Arabidopsis thaliana, cooTBETCTBEHHO,
B TpeX MOMYJISILUSIX (B CeBepHOI U 10KHOU DUH-
JISHIWU Y B ceBepHOi McrmaHuu) Oblia HU3KoI. B
12—15 nocnenoBarenbHOCTX (2980 1 1156 map oc-
HOBaHUI B KaXIOM M3 JIOKYCOB) ObLIa BbISIBICHA
OYeHb HU3KAasi HECCUHOHUMUYHAsSI U3MEHYMBOCTh B
nokycax PhyPu PhyO[19].

TakuM 00pa3oM, y €11 U COCHBI BBISIBIICHBI
IIMPOTHBIE KIMHBI B yactotax SNP B psne re-
HOB (DOTOIEPUOINIECKOTO MYyTH, B TOM YMCIIE B
reHax (boTOpeLenToOpoB U LIMPKAJTHBIX YACOB, U
B reHe FTL2, romonore reHa-mHTerpaTopa F7T,
KOHTPOJIMPYIOLIEro LIBETEHUE apaduaoIcuca.

Tem He MeHee, aBTOpPbI COMHEBAIOTCS B J10-
CTaTOYHOCTH IOKAa3aTeJIbCTB TOrO, YTO MACHTH-
¢unmpoBaHHbie SNP 1eficTBUTENBHO SIBISIOTCS
MPUYMHON 3aKJIaAKW IMOYeK y XBOMHBIX. UTO-
ObI TIOATBEPAUTH POJIb UACHTUMUIIMPOBAHHBIX
M SNP 1 JTOKycOB, OHM CUMTAIOT ITOJIE3HBIM
MIPOBEPUTH, HaOJIOJaeTCs U U3MEHYMBOCTh
BIOJIb IIMPOTHOTO KJIMHA B 9TUX T'€HaX Y TOTO XKe
BUAA B APYIMX PETHMOHAX WX y APYTUX OJIM3KO-
POICTBEHHBIX BUIOB [12].

Lenbio Hacrosieir pabOThl OBLIO BBISIB-
JICHUEe HYKJICOTHUAHBIX U aMMHOKMCJIOTHBIX
nojaumopcdusmoB B reHax PhyO u CRY1, xonu-
pyomux (GOTOpelenTOpbl KpacHOIro/oaabHEero
KpPacHOTO M CHMHEro CBeTa, COOTBETCTBEHHO, Y
COCHBI OOBIKHOBEHHOM U €JT1 €BPOTICICKOIA.

Marepuasibl 1 METOIbI HCCJIEIOBAHUS

OO0pasibl XBOM ObLIM COOpaHbl B JIECHBIX
KyJBTypax cocHbl (Bo3pacT 11 net) u enu (11 u
8 JeT), pacriojioKeHHBIX B Jpy:KHOCEITHCKOM
Y4aCTKOBOM JIECCHMYECTBE [aTYMHCKOIO JICCHU-
yectBa (JleHuHrpanckas o6j1.). belto oTobpaHo
1o 20 00pa310B XBOM KaxXKI0Ir0 BUIAa C KOHTPACT-
HbIM (DEHOTUIIOM II0 BpPEMEHM HACTYIUIEHMSI
denomormuecknx das. ¥ nepeBbeB M3MEPSIINCH
BBICOTA, IMAMETP W JIMHEHBIN IPUPOCT 3a BEre-
TALIMOHHBIN NIEPUOL, Y €JIEW YUUTBIBAIOCH BPEMSI
pacmycKaHUs ITOYEK, C 1IeJIbIO BBISIBICHUS paH-
HUX U TTO3IHMX T10 pacyCKaHUIO (hopM.

JHK m3 xBom BBIIEISIIN MOIUGPHUIINPO-
BaHHbIM CTAB-MeTOoOOM C WUCIIOJB30BAaHUEM
xuakoro azota [31]. TP mposogumm ¢ mpaii-
MepaMu, pa3pabOTaHHBIMM C MCIOJIb30BaHM-
eM 06asbl gaHHbIX PlantGenlE u wHCcTpymeHTa
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PrimerQuest™Tool c caiira (https://www.idtdna.
com/).

[Ipaiimepnl, pazpaboTaHHbIE IJ151 T€HOB (O-
TOPELICITOPOB €JIM €BPOINENCKON MCITOJIb30BaIU

n g amrmddukauun dparmenros JJHK co-
cHbl. [TocmegoBaTeIbHOCTU MTpaliMEPOB, TEMIIC-
paTypbl OTXKHUIa U OXUAaeMble pa3Mepbl aMILIU-
KOHOB ITPEJICTaBJICHbI B TAOJIUIIE.

Tabnauia

XapaKTepI/ICTI/IKI/I NCITOJIb30BAHHBIX HpafIMCpOB

ITpaiimep ITocnenoBaTenbHOCTD, 5'>3' —_ Waentudukarop reHa
g9 ’% = B 6a3e JaHHBIX
2 < s =
< = O~
Q. ~ < o
O = 5 o
E = = s
5% Z2
= g O a
o
PaPhyO_F GGAGAAGGGACCAGTTGTTT
= 565 MA_6809g0030
PaPhyO R TCCTGCCGAATGTATGCTAAT 56 -680%
PaCRY1_F CTGGGTTCCAACTATCCACTAC
= 2 MA_10428291g0010
PaCRY1 R GGTACAATGCCTCCACTACTC 520 - 10428291¢0

PeaxkunonHast cMech coaepxkaia 1 x Taq-0y-
dep (2,5 MM Mg?*); 200 MM dNTP; 2,5 U Taq
JAHK-mmonumepasel  («EBporen»,  Poccus);
0,4 MxM kaxpgoro mpaiimepa; ~ 20 Hr MaTpuy-
Hoii IHK M CTepuibHYI0 IUCTUIMPOBAHHYIO
Boay. O0beM peakLUu — 25 MKJI. YCJIOBUSI aM-
wmmpukamuu: 95°C B TeyeHMe 3 MUH, 3aTeM
30 rmkioB 95 °C B Teuenue 30 c, T, °C B TEUEHUE
30 ¢, 72 °C B TeueHue 45 ¢ U PUHAIBHBIN LUK
youHeHus — 72 °C B teyeHue 5 MmuH. [1pogyKThl
peakiuy OYMIIAIN C MTOMOIIbIO MATHUTHBIX Ya-
CTWII, 3aTeM MMPOBOIMIN TepMuHUpyromyio [TLP
¢ ucroigb3oBaHueM Habopa BrilliantDye™
Terminator Cycle Sequencing Kit 3.1 ¢ mpssMbIM
1 00paTHBIM IIpaiiMepaMu, IIepeocakaeHHUE IIPO-
JIYKTOB peakiK CIIUPTOM U CEKBEHUPOBAHUE 11O
Merony CsHrepa ¢ MCHOJIb30BaHUEM T€HETUYE-
ckoro aHanmzatopa Applied Biosystems 3500.
IMocnemoBatensHOoCcTM JJIHK  OBITM  BBEIpOBHE-
HBl ¢ nomouiblo nporpaMmbl UniproUGENE,
Poccus.

Pe3yabraTnl 1 uX 00cyKIeHune

Bunbl enb eBporieiickass U cocHa OOBIK-
HOBEHHAsI IIpUHAIIEXAaT K OJHOMY CEMEICTBY
Pinaceae. HecmoTpsa Ha psn dusnomormaeckmnx
U DKOJIOTMYECKMX pa3IMuuii OHM 00JIafaioT
CXOJHBIMU YepTaMU MEXIy CO0ON W JAPYyTUMHM
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XBOMHBIMU, B TOM YMCJI€ B OpraHU3alMu T'eHO-
Ma. Tak, mrg momcka SNP B amanTMBHBIX TeHaxX
enu epporieiickoii J. Chen ¢ coaBropamu ObuIU
HCTOJIb30BaHbI MTpaiiMephbl, MepBOHAYAIBHO pa3-
pabotaHHble 17151 Pinus taeda L. Ix oTOupanu u3
Habopa 800 xopomro aMIUIMGHUUUPYIOIINXCI W
TeHEPUPYIOLIMX MOCAEI0BATeIbHOCTA C BBICO-
KMM KayecTBOM MPOYTEHUS NpaliMepoB, KOTO-
pble ObLTIM MPOBEPEHBI HAa OTIEIbHBIX 00pa3lax
KaXxJoro u3 7 BUAOB, BKJIOYEHHBIX B MPOEKT
CRSP [11].

DUTOXPOMBI, PELENTOPHl KPacCHOTO/maib-
HEero KpacHOro CcBeTa, W KPUITOXPOMBI, pe-
LIENTOPbl CUHEro CBETa, SIBJISIOTCS OAHUMM U3
HauboJiee MMPOKO U3YYEHHBIX CEHCOPHBIX (hO-
TOPELIENITOPOB Y pacTeHUil. DTU CTPYKTYpHO
pas3JIMuHbIe PELENTOPbl CTAHOBATCS (hOTOXUMU-
YeCcKM aKTHBHBIMU TOJIbKO B OTBET Ha OIpese-
JIEHHbIE IJTMHBI BOJIH CBETa, BIMSIOIINE HA MPO-
LIECCHI PA3BUTHUS Y PACTCHUIA.

Ha wmomenbHOM pacreHum  Arabidopsis
thaliana noxazaHo, utro reHbsl Phy u CRY gBns-
I0TCSI BAXKHBIMU KOMITOHEHTAMU PETYJISITOPHBIX
cereil, ompeaensiomuyx (heHoJIornyeckoe pas-
ButHre 3Toro Buaa [18]. [TokazaHo, 4TO 1 Ha en
€BpOMNEeNCcKOi TeHbl MyTu (oTomeproaa, B TOM
yyciae TeHbl (POTOPELEenTopoB, W LUPKATHBIX
4acoB OINOCPENIOBAHHO, Yepe3 TeH-UHTerpaTop
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Pa FTL2, perynupyloT pocT 1o0OeroB 1 3aKkiaaaKy
TePMUHATbHBIX TTOYeK [11].

S.S. Ranade mn coaBTopwl [32] y enu eBpo-
Meickoil OoOHapyXuiu | CHHOHUMUYHYIO U
1 HECUHOHUMUYHYIO 3aMEHY B KOIMUPYIOIIUX
obnactsax PhyO. YacToTsl 000ux MyTaluii ooia-
Jlajid IMPOTHOM KJIMHAIBHOCTHIO. Takke aBTO-
paMu ObLT BBISIBIEH | HECMHOHUMUWYHBINH SNP
B reHe CRYI, 4acToTbl KOTOPOTO TaKXe 3aBU-
cenu OT reorpadudeckoit mmpoTel. J. Chen u
coaBTopbl [11] Takxke BeisiBUIIM 1 SNP B ipyrom

¢dparmenTte reHa PhyO 'y enu eBpomnelickoii. Pac-
MpeaejeHrue YacTOT 3TOM MyTallMK OBLIO C1a00
CBSI3aHO C reorpauyecKoi MUPOTOM.

ITpu cexkBeHUpoBaHMU (HpParMeHTOB TIeHa
¢uroxpom O (PhyO) y cocHbl OOBIKHOBEHHOM
HaMmu ObUTO OoOHapyxKeHo 12 SNP reteposuror-
HbBIX B TIOIYJISILIMMA COCHBbI, @ B MOMYJISIIIAU €11
eBpomnelickoil — 1 SNP, paHee oInMcaHHBII B
IIBEICKOM TTonyIauun eiaeid [32]. BeisBineHHBIC
MyTalLlMM OTBEUAIOT 3a 8§ CMHHOHMMUWYHBIX U 5 He-
CMHOHVMMMWYHBIX 3aMEeH aMHUHOKHUCIIOT (puc. 1).

Picea c9g EEEONVEIKLKTFGIQEEKGPVVLIVNACSSRDLEENVVGVCFVAQDVIWQRIA o
Pinus EEEQNVEIKLKTFGIQEEKGPVVLIVNACSSRDLEENVVGVCFVAQDVTWORIA
774T16; ATA/ATT
Ala777[; GCA/ACA 788Prg; CCA/CCC
751Asp; GAT/GAC 783Cys; TGC/TGT 798Arg; AGG/AGA
His755[888; CAT/CGT 784Ser; TCC/TCT Gly803M8l; GTT/GAT
Picea 250 MDKFTHLQGDYRAIVQNPNPLIPPIFGADEYGYCSEWNPAMEKLTGWKREEVIG .
Pinus MDKFTRLOGDYRATIVONPNPLIPPIFGDEYGYESEWNPAMEKL TGWKREEVI[Y
832Val; GTA/GTG
Asn835 ;ATG/GTG
806Leu; CTT/CTC GluB418l; GAG/GAT
Picea 04 KMLVGEVFGIHRMSCQLKGQDGLTKLRIVLNJAMAGKETEKFPFSFFDRHGKNT
Pinus KMLVGEVFGIHRMSCQLKGODGLTKLRIVLNNAMAGKETEKFPFSFFDRHGKNT
Picea gcg PALLSANKRTDAEGITTGVFCFLHVTSTELQOALQVORMAEQAAMDRLKELAYT .
Pinus EALLSANKRTDAEGIITGVFCFLHVTSTELQQALQVQRMAEQAAMDRLKELAY I
Picea ROE
Pinus s ROE s
Puc. 1. BBIpaBHI/IBaHI/Ie AMUHOKMCIIOTHOM MOCJIeN0BATEIbHOCTUA MMOJIYYE€HHBIX

[N P-npoaykToB Ha pedhepeHCHYIO TTocaea0BaTeIbHOCTh reHa Pa Phy O (3eeHbIM LIBETOM
0003HaYeHbI HECUHOHMMUWYHBIE 3aMEHBI, CEPhIM — CHHOHUMMWYHbBIE 3aMEHBI)

B rene, konupytoiem kpuntxpom 1 (CRY1),
obHapyxeHo 34 BugocnenuduuHbix SNP, otiu-
YaIIUX COCHY OT eau, a Takke 1 SNP — pas-
JIMYHBIA B HONYJSIUMU eau. JJaHHble MyTauuu
MPUBOIIT K 7 CHHOHUMMYHBIM U 25 HECUHOHU-
MUWYHBIM aMUHOKMCJIOTHBIM 3aMeHaM (puc. 2).

DKcIlepUMeHTabHbIe JaHHbIE CBUICTEIIb-
CTBYIOT O TOM, YTO M3y4aeMble IOCJIEIOBATE/Ib-
HOCTU (PparMeHTOB TE€HOB (OTOPELCITOPOB
CRY1w PhyO cxonHbl y oco0eii Kax10ro Bujaa.

TTocnenoBaTeIbHOCTY M3yd4aeMoro hparMeH-
Ta reHa PhyO (543 1.0.) y ocobeit coCHbI OOBIK-
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HOBEHHOW U €JI1 €BPOIEHCKON UMEIOT BBICOKUIA
YPOBEHb TOMOJIOTMH, TaK KaK OOJBIIMHCTBO MY-
Taluii B TeHE MPEICTaBIEHbI TETEPO3UTOTHBIM aJl-
JIEJISIMU Y COCHBI, TIPY 9TOM HU OJIHA U3 BBISIBJICH-
HBIX MyTallMii HE SIBJISIETCSI BUIOCIICIIU(PUIHON.
IMosyyeHHble pe3yiabTaThl B 3HAYMTEIBHON CTe-
TEHU COIJIACYIOTCS C paHee OIyOJIMKOBAaHHBIMU
JTAaHHBIMM, B KOTOPbIX 0003HAUE€Ha HU3Kasl YacTo-
Ta CHHOHUMMYECKUX 3aMeH Mexxny Pinus sylvestris
u Picea abies B noxyce PhyO[19].

Tlpu cexBeHMpoBaHUU (pparMeHTa TeHa
CRY1 (563 11.0.) GbLIO BBISBIEHO 33 BUIOCIIEII-
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Glu478
Gly479

; GAG/GAT
; GGC/GCC
481Ser; TCT/TCA
486Arg; CGA/CGT

Asp489ll; GAT/GCT ‘ 498Thr; ACA/ACT
Picea 45g LGSNYPLPIVEISTAKERLQEGLSEMWQREADARASLENGTEEGLGESL
Pinus LGSNYPLPIVEISTAKERLOILSEMWOREAJARASLENGTEEGLGESL
511Ala;GCT/GCC
Prob14 ;CCA/TCA 525Arg; AGA/CGA || Alab46 ; GCG/ATG
Aspb15 ;GAC/GAA || Asnb526 ;AAC/GAC || G1nb48 ; CAA/CAC
GIn516[EM8; CAA/ARA || His529f8ll; CAT/GGT || Tyr551888; TAT/GAT
Met51 788 ATG/TTG || Leu5308M8; CTT/TTT || G1lv5538ll; GGT /GCT
Picea co7 ENANASLPDOMDVDREPVRNNTHLAARSODDQLVPSISNAVORAYVGYT ..
Pinus ENANAS LDV DRE PVRENTAARSQDDOLVPS T SNEVERARVEY T
Ser563@M; TCT/GCT || Thr574E8; ATA/ACA
Pro564 ;CCA/CGA I1leb78 ;ATA/ACA
569Glu; GAA/GAG Ser57288; GCC/GCT 586Thr; ACG/ACA
Picea 55 LSQAASSSPSEQAEVPSNTDSGIASAASSOQFLGQSTWSMTRGLIEDLP o,
Pinus LSQAASSERSEQAEVPSNEDSGlASARS SOQFLGQSTWSMIRGLIEDLP
Thr597[8; ACT /ATT
Asnb98 ;AAT/AGT
Asp599 ; GAT/CAT
Pro601 ;CCC/GCC
Val60SE; GTC/GCC
Asn610 ;AAT/AGT
Picea NVTNDYJOMOVLDEQNESHSTADSSSILRGRDDMSSGGIVP
. 595 635
Pinus NV Y POMOELDEQEE SHSTADSSSILRGRDDMSSGGIVP

Puc. 2. BelpaBHMBaHME aMUHOKMCIOTHOM ITOC/Ieq0BaTeIbHOCTH IToaydeHHbIX [T P-npoaykToB
Ha pedepeHCHYIo TocienoBaTeIbHOCTh reHa Pa CRY (3eneHbIM 11BeTOM 0003HAYE€HBI
HECMHOHMMMUYHBIE 3aMEHbI, CEPbIM — CUHOHUMUYHBIE 3aMEHbI)

MGUYHBIX MyTallMy, OTJIMYAIOIIMX HYKJICOTH]I-
HYIO OCJIEN0BATEIBbHOCTD €11 OT COCHBI, a TaK-
ke 1 SNP — B nonyssaium enu. Takum o0Opa3oM,
HYKJIEOTU/IHBIE TOCJIEeI0BaTEIbHOCTH TeHa CBe-
TOYYBCTBUTEJbHOTO TIMUTMEHTAa KPUIITOXPOM |
(CRY1I), pearupylolllero Ha CUHUIA 1IBET, pa3iu-
YaloTCs y €M U COCHBI Ha 5,9 %.

BbiBobI

1) IIpu cekBeHupoBaHMHU (pparMeHTa TeHa
PhyO y emm eBpomeiickoii ooHapyxeH 1 SNP,
BBI3LIBAIOIIMII HECUHOHMMUYHYIO 3aMEHY aMU-
HOKMCJIOT, KOTOPHIIA ObLI paHee OIMKMCaH B IIBEI -
CKMX TIOITYJISILIMSIX.

2) B wusyyenHom ¢dparmenrte (438 11. H.)
reHa CRY1y enuv eBporieiickoit oOHapy>KeH Ol H
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paHee He oncaHHbIi SNP, y COCHBI OMTHOHYKIIE -
OTHIHbIE TOJUMOPDU3MBI HE BBISIBJICHBI.

3) I1oka3aHo BBICOKOE CXOJCTBO MOCIEI0Ba-
TeJabHOCTEel (hparmeHTa (446 1. H.) reHa PhyO'y
COCHbI OOBIKHOBEHHOM U €] €BpOMNENCKOM.

Hccnedosarnue ebinosneno 6 pamkax 2ocyoap-
cmeenHoeo 3adanus DedeparvHoeo aceHmcmea
snecHoeo xozaicmea om 29.12.2022 Ne 053-0001 1-
23-00 no memam «Mapkupoearnue 2eH08, KOHMPO-
AUPYOWUX BadCHelwUue adanmuehvlie NpUHAaAKU
eau, 0451 UCNOAb308AHUSL NPU NAAHUPOBAHUU NECHbIX
KYAbMYp 6 YCA0BUAX MEHAIWe20cs KAUMama» u
«Hcnonvzoeanue MoACKYAAPHBIX MAPKEPOE 2eHO8,
KOHMPOAUPYIOWUX 8AdCHeluUe a0anmueHbvle npu-
3HAKU COCHbL 00bIKHOBEHHOI, 0151 CIMPAMe2u4ecKo-
20 NAGHUPOBAHUSL 1€COB0CCMAHOBACHUS 8 YCAOBUIX
KAUMAMUYECKUX USMEHEHULD>.
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