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BaykKaeMbl€ KOJUIETH, IOPOTHE UUTATENH !

B Texymem HOMepe KypHaia BameMmy BHH-

MaHUIO MPEAJIOKEHBI PE3yJbTaThl HKCIEPU-
MCHTAJIbHbIX pa60T T10 KJITOYEBBIM HAITPaBJICHUAM
TCHETHKH.

PyOpuka «I'eHeTrka 4emoBekay IMpeacTaBiIcHA
JIByMsl CTaThsIMH, B IIEPBOM U3 KOTOPBIX paccMa-
TpHUBaeTCs BapuaHT reHa 7RPMS, nverommii agan-
TAllMOHHOE 3HAY€HHE ISl KOPEHHOI'O HAaceJCHUs
Cubupu, a BO BTOPOH — 00CYKIa0TCs FeHETHYC-
CKHE aCIEeKTHI BEICOKHUX CITOPTUBHBIX JOCTHKECHHH.

B crarbsix no nanpasnenuto «leHeTuka u ce-
JICKIIUA paCTeHHﬁ» MPpUBOAATCA HOBBIC JJaHHBIC O
HaCIIeTOBaHHH MTPHU3HAKOB MIIICHUIIB, CBI3aHHBIX C
TUIIOM Pa3BUTHS, TPOIYKTUBHOCTBIO U YCTOMYUBO-
CTBIO K 3200JICBAHUSIM. YIIEIICHO BHUMAHUE TCHETH-
YECKOMY Pa3HOOOPa3HIO PENKUX BUIOB PACTCHHM,
(MITOTeHETHYECKIM OTHOIIICHISIM BHYTPH OJTHOTO
13 POJOB BOAOPOCIEH, a TaKkKe FeHETHYECKOMY
KOHTPOJIO Pa3BUTHS NAPA3UTHUECKUX PACTCHHH.

Pesynbrarhl 3KCIIepUMEHTATBHBIX PA0OT Ha KH-
BOTHBIX M3JIOKCHBI B pasaeciax «Dusunogornueckas
reHeTuka» u «Puiorenerukay». [ lpusenens! ceuae-
TEJIbCTBA O HAJIMYMU €CTECTBEHHBIX MEXaHU3MOB
3allHThI Oﬂb(paKTopHOFO SMUTEIMS OT IPOHUKHO-
BEHHUS MAaTOTEHOB M KCEHOOMOTHKOB. [TomyueHs!
JIaHHbIE, BaYKHBIE JJIs1 TOHUMaHUS MOJIEKYJISPHBIX
MEXaHU3MOB IMMaTOTreHe3a OMUCTOPX03a, a TaKkKe
JUTSL yCOBEPIICHCTBOBAHIS METOI0B IMMYHO/IHAT -
HOCTHKH OIMHMCTOPX03a U ACCOLUMPOBAHHBIX C HUM
3aboseBanuii. [IpeioskeH HOBBIN METOUYCCKUN
mpreM (UIOTEHETHIECKOTO aHAIN3a HACEKOMBIX.
O00011IeHBI CBEIIEHHS O TEHETHYECKOM pa3Hoo0pa-
31U JJOKAEBBIX YepBeil Ha Teppuropuu Poccun.

Broporo anpens ormernina ro0miei
akanemuk Jlronmuina AnnpeeBHa bec-
najoBa. BuaHelil yueHslii B obiactu
TEHETUKH, CEJIEKI[N U CEMEHOBOJICTBA
3epHOBBIX KynbTyp, JI.A. becnanosa
B HACTOSIIIEE BPEMS SIBISETCS OJHUM
U3 BEAYIIUX CeleKnnoHepoB Poccum.
Ona aBTOop 129 BBICOKOYPOXKAHHBIX,
00J1a1al0NMX BBHICOKUM Kaye€CTBOM
3epHa, COPTOB IIICHUIBI M TPUTHKA-
ne. 3a OONBIION BKIAJ B arpapHyo
HayKy, ITOJATOTOBKY BBICOKOKBaJIH(H-
LIIPOBAHHBIX KaApOB, oOecrieueHne
MIPOJIOBOJILCTBEHHOW 0O€30MacHOCTH
ctpanbl JI.A. becranoBa oTrmeueHa
BBICOKMMHM TIPABUTEILCTBEHHBIMU Ha-
rpajamMH ¥ 3BaHUSMHU (CM. CTaTbio O
obwisipe B [lucemax B BaBuioBckuit
xypHai: http://www.bionet.nsc.ru/
vogis/download/anniversary/appx5.
pdf). Penaxiust »xypHaia cepaeuHo mo-
3apasisiet Jliommumry AunpeeBny bec-
MaJIOBY, WIEHA PEAAKIIMOHHOIO COBETa
«BaBUIIOBCKOTO *KypHalla TeHeTHUKU U
CEIIEKIINN, C FOOMIIEEM 1 JKEIaeT HOBBIX
TBOPYECKHX CBEPILCHHN!

Crnenyroiuii Homep KypHaia Oyaer
TIOCBSIIEH 3BOIIONMOHHON TeHETHKE U
nomectukanuu. B 2017 rony ucnosnusi-
ercs 100 et co AHA POXKIEHUS BbIa-
IOLIErOcs YYEHOTO, TeHETHKA-3BOJIIO-
LUOHUCTA, JACHCTBUTEIBHOTO YJEHA
Axanemuu Hayk CCCP JImutpus Kon-
cranTnHOBHYa bemsiera (1917-1985).
K sTomy cobbiTHIO prypoueHa Mexy-
HapozHasi KoH(epeHuus «benseBckue
YTEHUS», KOTOpas OyIeT MPOXOANUTH
¢ 7 no 10 aBrycra Ha 6a3ze Mucruryra
uutosoruu u renetuku CO PAH (http:/
conf.bionet.nsc.ru/belyaev100/). B pam-
KaxX MEpONpUSTHS 3aIJIaHUPOBAHO OT-
KPBITHE MEMOPUAJIBHOM CKYJIBIITYPHOU
xommosunnu «/[.K. benses ¢ nomectn-
poBanHoi ymennei» (http://icg.nsc.
ru/belyaev100/) kak naHb HmamsTu Be-
JIMKOMY Y4€HOMY 1 YHUKAJIbHOMY Hay4-
HOMY JKCIIEPUMEHTY.

B Texymem roay Ha cTpaHuIax
XKypHaJla HaliJIeT OTpakeHHe U APyroe
3HaAMeHareJIbHOe coObITne — 60-1eTue
WHcTuTyTa LUUTONOTHHM U TEHETHKH

CO PAH.

Axaoemux PAH B.K. [Llymnoiui
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ITonuMop@du3M reHa Xoja0g0Boro peuernropa TRPMS8
YV KOpeHHOTo HaceneHusi Coupn: BO3MOXKHOE
aJarTUBHOe 3HaueHue noammopduima rs11563208

Ha CeBepO-BOCTOKe A3umu

B.A. Maasipuyk ®, M.B. AepeHko

DepepanbHoe rocyfapCcTBEHHOE GIOAXKETHOE YUpeXAeHre Hayku MHCTUTYT 6ronornyeckux npobnem Cesepa [lanbHEBOCTOYHOTO OTAENEHUA

Poccuinckon akapemnn Hayk, MaragaH, Poccua

leH TRPMS8 konmpyeT xonogosoi peuentop TRPMS8, nmetowwmin 60sb-
LIOe 3HayeHe B NpoLeccax ajanTaunm K Xonogy, a Takxe B npouec-
cax meTabonvsma 1 UIMMyHHOro oTBeTa. PaHee 6binio 06Hapy»KeHo,
YTO BapuaHTbl nonumopdusma reHa TRPMS8, pacnpocTpaHeHHble B
nonynAumnAX YenoBeka, aCCoOLMNPYIOTCA C PasNNUYHON YyBCTBUTENb-
HOCTbIO K Xonogy. B HacTosLein paboTe nccnefoBaHa M3MeHUYVBOCTb
BCEX DK30HOB M NMpueralLmx MHTPOHHbIX NOCieAoBaTelbHOCTeN
3TOro reHa B BbI6OpKax KopeHHoro Hacenenms Cubupw, npeacras-
nAawoLero pervoHanbHble rpynnbl CeBepo-BoctouHo, LieHTpanb-
Holi, KOxHoW 1 3anagHor Cnbupu. M3 21 BaprabenbHoro fokyca B
LEeBATU CNyyasx YacToTa NPOV3BOAHDBIX ajsienei coctaBuna 6onee
10 % (nokycbl rs28901637, rs11562975, rs10929319, rs28901644,
rs7593557,rs12185590, rs10171428, rs11563208, rs11563071). Pas-
NNYHbIe BapUaHTbl 3TVX Hanbonee YacTbiX y KOPEHHOro HaceneHna
Crbrpun nonnMopdHbIX TOKycoB GopMupytoT 26 rannoTunos. Nomu-
MO O6LUX AJIsi BCEX PErVMOHasIbHbIX BbIGOPOK rannotunos (7 ranno-
TUMOB, PaCNPOCTPaHEHHbIX C YacToTom 2-28 %), B KaXKA0oW 13 npo-
aHaNM3MPOBaHHbIX BbIOOPOK BbIABNEHbI YHMKasIbHbIE FarnioTUmMbI.
M3 HUx 6onbLUOi MHTEpEC NpefCTaBAAET ranioTUM, XapaKTeprsy-
IoWUNCca NponssoaHbiM annieniem T B nokyce rs11563208 n pacnpo-
CTpaHeHHbI € YacToTon 14 % Ha ceBepo-BOoCTOKe A3nu (y KOPAKOB
1 yykyelt). CUHOHMMUYHaA 3aMeHa B NIoKyce rs11563208 moxeT
nMmeTb GYHKLMOHaNIbHOE 3HaUYeHMe, MOCKOJIbKY COOTBETCTBYOLLas
3TOMY JTOKYCY aMUHOKUC/OTa (M30neiumrH B no3uumm 1016 6enka
TRPM8) pacnonoxeHa B GyHKLMOHaNbHO BaxXHOM TRP-gomeHe u,
cnepoBaTeNibHO, MOXKeT MOBAUATb Ha NPOLIeCChl TepMOpeLienLUui.
MNpepnonaraeTca Takxe, YTO NOABMIEHVE ranaoTUMNa, HecyLero
annenb rs11563208-T, 06ycoBNeHO HEOOXOANMOCTbIO MPOTUBO-
LeNncTBOBaTb MHMMbUpoBaHmio perentopos TRPM8 co cTopoHbl
NMOJIMHEHACBILEHHbIX XMPHbIX KAC/IOT, KOTOPbIMK 0boralleHa Tpa-
OVLMOHHAA AreTa KOPEHHOro HaceNleHrA CeBepPO-BOCTOKa A3unm
(3CKMMOCOB, UyKYen N KOPSKOB).

KntoueBble crioBa: reH TRPMS; 5K30M; OQHOHYKNeoTUaHbIe
nonrMopdr3Mbl; NONYNALMN YENOBeKa; afanTUBHas SBOSIOLMS.
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Polymorphism of the cold receptor
gene TRPMS in native populations
of Siberia: putative selective role
of rs11563208 polymorphism

in Northeast Asia

B.A. Malyarchuk ®, M.V. Derenko

Institute of Biological Problems of the North FEB RAS, Magadan,
Russia

The TRPM8 gene encodes the cold-activated receptor
TRPMS8, which has an important role in cold adaptation
as well as in metabolic and immune responses. Previ-
ously, it has been found that polymorphic variants of the
TRPM8 gene, which are present in human populations,
are associated with different cold sensitivity. In the pres-
ent study we have investigated variability of all exons
and adjacent intronic sequences of this gene in samples
of native populations of Siberia, including regional
groups from Northeastern, Central, Southern and West-
ern parts of Siberia. In 9 out of 21 variable loci revealed,
the frequency of the derived alleles accounts for more
than 10 % (loci rs28901637, rs11562975, rs10929319,
rs28901644, rs7593557,rs12185590, rs10171428,
rs11563208, and rs11563071). Different variants of
these polymorphic loci, which are most frequent in
native Siberians, generate 26 haplotypes. In addition to
7 haplotypes shared by all regional groups and present
there at frequencies of 2-28 %, unique haplotypes were
found in all regional samples. One of them characterized
by derived allele T at rs11563208 locus is very interest-
ing because it is spread at the frequency of 14 % only in
Northeast Asia (in Koryaks and Chukchi). A synonymous
substitution at rs11563208 locus may have a functional
role because the amino acid residue (isoleucine at posi-
tion 1016 of TRPM8 protein) corresponding to this locus
is located in functionally important TRP-domain and,
hence, it can influence thermoreception processes. It is
assumed that the appearance of the haplotype carrying
the rs11563208-T allele may be due to the necessity to
counteract the inhibition of TRPM8 receptors by polyun-
saturated fatty acids, which are typical of the traditional
diet of native people of Northeast Asia (Siberian Eskimo,
Chukchi and Koryaks).

Key words: gene TRPMS; exome; single nucleotide
polymorphisms (SNP); human populations; adaptive
evolution.



OJIOZIOBBIE PELETITOPBI, OTHOCSIIMECS K CEMEHCTBY I10-

TEHIINAI-3aBUCUMBIX KaTHOHHBIX KaHaioB TRP (tran-

sient receptor potential), umMeroT OombIIOE 3HAYCHUE B
npoleccax aJlanTaluy K HU3KOi TeMIeparype oKpyKarolei
cpensl (McKemy et al., 2002; Voets et al., 2004; Ramsey
et al., 2006; KoseipeBa, Boponosa, 2014). Ilox BiustHIEM
pa3iuuHbIX (PAKTOPOB, B TOM YHCJIE TEMIIEPaTypbl, IPOKC-
XOJST U3MEHEHUS] B MOHHOW TPOHUIIAEMOCTH KaHAJIOB, YTO
B CBOIO O4epenb NMPUBOAUT K U3MEHEHUSIM MEMOPaHHOTO
INOoTCHI MaJia. HaI/IJ'Iy‘iLUI/IM KaHAuJaTOM [Jis BBIABIICHUA
crier(puuecKux rTeHeTUIEeCKNX M3MEHEHUH ITPH a/lanTaluy K
HHU3KHUM TeMITepaTypam Npe/CTaBIsieTCsl XOJI00BOH PEIenTop
TRPMS8 (Haymos u ap., 2012; Ko3sipesa, Boponosa, 2014).
OTOT perenTop akKTUBUPYETCS TIOHIKECHHON TeMITepaTypoi
(amxke 25 °C), HEKOTOPBIMH XUMHYSCKAMU areHTaMu (MEH-
TOJIOM, MIMJIMHOM U SYKaJIMNTOJIOM), a Takxe (docdaru-
TUnHO3UTON-4,5-6ndocdarom (PIP2) — curHamsHBIM MeM-
O6pannbiM aurmmaoMm (McKemy et al., 2002; Rohacs et al.,
2005). B mpoBeneHHBIX paHee UCCIENOBaHUAX MOKA3aHOo,
YTO HEKOTOpbIe MyTaliu B reHe 7RPMS& uenoBeka accoIu-
UPYIOTCS C PA3IMYHON YyBCTBHTEIBHOCTBIO K XOJOIY. DTO
YCTaHOBIICHO KaK Ha nHaAnBUIyanbHOM (Ko3sipesa, BopoHoBa,
2014), Tak u Ha momysAEoHHOM ypoBHe (Ilotanosa u mp.,
2008; babenxko u ap., 2015).

I'en xononoBoro penentopa TRPMS denoBeka mpeacTaB-
JeH 27 3K30HaMH, UMeeT pasmep mnpumepHo 102 Teic. map
HYKJICOTH/IOB (T.T1. H.) M PacIIOJIOKEH Ha XpoMocome 2 B
paiione 2q37.1 (Tsavaler et al., 2001). Monnsiii kanan TRPMSE
c(hopMHUpPOBaH YETHIPHMSI HIEHTHUYHBIMU CyObEIMHUIIAMHI
Oenka. Kaknas u3 HMX MMEET HIECTh TPAHCMEMOpPaHHBIX
JIOMEHOB, OKPY>KAIOUIUX LEHTPAJIbHYI0 HOHHYIO 1Opy. N- 1
C-TepMHHATIBHBIE TOMEHBI HAaX0IATCs B urorasme (Peier
et al., 2002; Latorre et al., 2011). B C-trepMuHaNBEHOM YacTH
Haxonutcst TRP-1oMeH, BKIIFOYAOIIHI KOHCEPBAaTUBHBIC OOK-
cel TRP1 u TRP2, a Tak:ke caiiThl CBSI3BIBAHUS C MEHTOJIOM
n MemOpaHHbIM (Qocdomunuaom PIP2. Dkenpeccust reHa
TRPMS8 nipoucxXoJuT B KJIETKaX CEHCOPHBIX HEHPOHOB.

Bornee pannue uccinenoBanust HI3MEHIHBOCTH reHa 7TRPMS
OCHOBBIBAJIMCH IIABHBIM 00pa30M Ha aHaJIn3e MommMophr3Ma
HECKOJIbKHX JIOKYCOB OJIHOHYKJICOTHJJHOTO MOJIUMOpdu3Ma
(OHII): nokycoB 1s28901637 u rs11562975 B neBsiTH STHH-
yeckux rpynmax CesepHoit EBpasun n Amepuku (IToranosa
u 1p., 2008) u moxycoB rs13004520, 1s28901637,rs11562975,
187593557 urs11563071 y Kupru30B B CpaBHEHHUH C TAHHBIMA
IIpoexra 1000 renomos (babGenko u ap., 2015). Pesymnbrarst
MCCIIE/I0BAaHUIT CBUJIETENILCTBYIOT O BOBMOYKHOM CEJIEKTHBHOM
3HAYCHNH TOJMMopdm3Ma Jtokyca 111562975 npu aganrarwm
K X0JI0/ty. MeX/y TeM BIOJIHE BO3MOXKHO, YTO CEJIEKTHBHOE
3HAYCHUEC MOTYT UMCTb U IPYTUEC, ITOKA HE N3YUCHHBIC JIOKYChI
rera TRPMS. JInst TOro 94T00BI MOTYYUTH TAKOTO poza HHPOP-
Manuio, B HacTosmiell pabore HaMH M3y4YeH MOIUMOPHU3M
9K30HOB U MPUJICTAIOINX HHTPOHHBIX HOCHCI[OBaTeHbHOCTeﬁ
rera TRPMS B BeiOOpKax KopeHHOTO HaceneHus Crnoupu.

MaTtepwuanbl n metogbl

CekBeHHPOBAHME HK30MOB M MPHICTAIOMINX HETPAHCIIH-
PYEMBIX yYACTKOB TCHOB IPOBOIWIA C IIOMOIIBI0 CHCTEMBI
Agilent SureSelectXT Human All Exon V5+UTRs (Agilent
Technologies) ra mrarpopme HiSeq 1500 (Illumina, CIIIA)
s mectu obopasnoB JJHK ot mpencraBuresneii KOpeHHOTO

leHeTuKa yenoBeka

HaceneHust Cubupu (3 xopsika, 2 3BeHa u | 3BeHK). B ka-
yecTBe pepepeHTHOI MOCIIen0BaTENFHOCTH HCIOIb30BaIN
reHoMHy10 c6opky GRCh37.p13. AHHOTaIMIO BapuaHTOB
nojuMopdr3Ma BBIMOJHSUIIN C TOMOIIBIO cepBepa SeattleSeq
Annotation.

B paboTe mcronb3oBaHbl TaKXKe JaHHBIE O MOTHOIK30M-
HOM NOJUMOp(H3ME, CreHEPUPOBAHHBIE U3 HYKICOTHUIHBIX
MOCIIEA0BATENLHOCTEH LENBIX TEHOMOB OT MpEACTaBUTENCH
kopeHHoro Hacesnenus Cesepo-Bocrounoit Asum (4 scku-
Moca, 5 uykdeid u 16 kopsikos, 1o nanubM (Clemente et al.,
2014)) u npyrux pernonoB Cubupu: Lentpansaoit Cubupu
(8 aBeHOB, 13 »BeHKOB, § sikyToB), FOxHO# CrbupH (3 TYBHH-
11a, 2 mopua, 6 antaiiues, 17 OypsaT, 6 MOHIOJIOB), 3amaIHON
Cubnpwu (3 xera, 3 xanTta, 3 MaHCH, 3 ceNbKyma, 6 HEHIIEB,
2 HraHacaHa, 1o JanubeM (Pagani et al., 2016)).

J1u1st BBISIBIICHUS TAIJIOTUIIOB U3 TEHOTHUIIOB C HEU3BECTHOM
rameTHOH ¢a3oit mpumersn anroput™ ELB (Excoffier etal.,
2003) makera nporpamm Arlequin 3.01. JloctoBepHOCTB pas-
JMYHMHA B 4aCTOTaX raruloTUIIOB B PErMOHANIBHBIX BBIOOPKAX
OLICHUBAJIY C IOMOLbIO TOUHOTO TecTa Puruepa. s nomyye-
HUS METMaHHBIX CeTel rarioTunoB reHa 7RPMS ucnonb3oBa-
s iporpammy Network 4.6 (www.fluxus-engineering.com).

Pesynbratbl n 06cyKaeHne
AHai3 HK30HOB U MTPUIIETAIOINX K HUIM HHTPOHHBIX MOCTIe-
nmoBatenbHOCTeH reHa TRPMS (cymMapHas JunHA IPUMEPHO
80 T.1m.H.) y 114 npencraBuTeneii KOPEHHOTO HACEICHUS
Cubupu, CeKBEHUPOBaHHBIX B HAcTOsILEH pabote U paHee
(Clemente et al., 2014; Pagani et al., 2016), moxa3an Hanu4He
21 BapuabenpHOH Mo3uIKy. B OONIBIIMHCTBE CIydacB 4acToTa
MIPOM3BO/IHBIX BAPHAHTOB MOJIMMOP(hHU3Ma B BEIOOpKE CHOUp-
CKOTo HacesieHHs1 He npesbimana 10 %, u ToIbKo B NEBATH
MO3UIUAX OHA cocTaBisuia 6onee 10 % (Tabm. 1).
Paznnunble BapuaHThl HanboJiee 4acThIX Y KOPEHHOI'O
HaceneHus: Cubupu moIMMOpP(HBIX JTOKycOB (cM. Tadim. 1)
(opmupyror 26 ramorumnos (Tabi. 2). Bo Bcex pernonans-
HBIX BBIOOpKax OOHApy>KEHO CeMb T'allNIOTHIIOB (IalUIOTHIIBI
3,9,10, 12, 18, 23 u 26, cM. Tabx. 2), pacupoCTpaHEHHBIX
¢ 9acToToH OT 2 10 28 %. BOJBIIMHCTBO TallJIOTHIIOB OTHO-
CATCS K YHMCITy YHHKaJIbHBIX, 3aPETHCTPUPOBAHHBIX TOJIBKO
B ONHOW W3 PETHOHANBHBIX BBEIOOPOK. JTO TarmoTUIs! 19,
20, 22 B CeBepo-Bocrounoii Cubupu, ratutorunst 1 u 14 B
Hentpanpuoit Cubupwu, ramioruist 2, 7, 8, 15, 17 B KOxHol
Cubwnpwu, rarmiotunsl 5 u 24 B 3amagaoit Cubupn.
[IpumeuarensHo, yTo ramiotun 19 — oguH U3 rpynmnsl
YHUKAQJIBHBIX, PACIIPOCTPAHEH € JJOBOJIBHO BBICOKOHM 4aCTOTON
(14 %) B BBIOOpKax n3 CeBepo-Bocrounoit Cubupu (y Kopsi-
KOB M UyKueit). HacTora BcTpeyaeMoCTH Apyroro pacrpocTpa-
HEHHOT'0 Ha ceBepo-BocToke Cubupu ramtorumna 25 (16 %)
JIOCTOBEPHO BBIIIE, YEM B APYTUX PETHOHAIBHBIX IPYIIAX
Cubupu (p = 0.04 npu cpasuennu ¢ Llenrpansroii Cubupsio,
p =0.008 npu cpaBHeHnu ¢ 3amaaHoit Cubupsio, Ho p = 0.05
TIpH CpaBHEHHH C BeIOOpKaMu u3 FOkHO#M Crbmpn).
lNannmorun 19 otuuaercs ot ramnoTuna 12, xapakTepusyto-
IIErocs MPEJKOBBIMHU BApHAHTAMH MOIUMOp(U3Ma JIIIsT Kax-
JIOT0 U3 TIPOaHAIN3UPOBAHHBIX JIOKYCOB, TI0 TIATH MO3UIINSAM —
1o TpeM B uHTpoHax (rs10929319, rs28901644, rs10171428)
M T10 IBYM B 9K30HaX (157593557 n rs11563208). "arutorumn 25
OTJIMYAETCS OT raluioTuna 12 1mo 4eTsIpeM MO3ULUSAM — T10
JaByM B HHTpoHAX (r$10929319 u rs12185590) u o nBym B
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Polymorphism of the cold receptor gene TRPM8 B.A. Malyarchuk
in native populations of Siberia M.V. Derenko

Ta6nuua 1. NMonnmopdHble Nokycbl reHa TRPM8 KopeHHoro HaceneHna Crbrpu ¢ YacToToW NPor3BOAHOrO annens 6onee 10 %

OHIN YacTtoTa npon3BogHOro HykneotnaHasa 3ameHa Jlokanunsayma nokyca, aMMHOKNCIOTHaA
annens, % 3aMeHa C HOMepPOM KOAOHa

Ta6bnuua 2. YacToTbl rannot1nos no fiokycam rs28901637, rs11562975, rs10929319, rs28901644, rs7593557, rs12185590,
rs10171428,rs11563208, rs11563071 B nonynaumsax Cnubupu

Homep fannotmn CeBepo-BocTouHasn LleHTpanbHas Cnbupb  KOxHas Cnbrpb 3anaaHaa Cnbupb
rannoTtuna Cnbupb (n = 25) (n=29) (n=34) (n=20)

MpumeuaHue. 3pecb 1 ganee n — paamep BbIGOPKM. [InNa aHanm3a Ucnonb3oBaHbl AaHHblE, onybnrnkoBaHHble B pabotax (Clemente et al., 2014; Pagani et al., 2016).

aKk30HaX (1s28901637 u 1s7593557). Kak BumHo, rarutotunbl 1 25 (rs11563208 m 1s28901637 cOOTBETCTBEHHO) K 3aMEHaAM
19 u 25 otnmruarotces ot rarwiotumna 12 B mo3unuu 1s10929319  aMUHOKHCIIOT He TPUBOAAT (M. Ta0II. 1). V3 yKka3aHHBIX BBIIIE
MHTPOHA U B MO3ULMHK 157593557 ok30Ha. MyTanus B ociiei-  3aMeH B 9K30HaX (DyHKIHMOHAILHOE 3HAY€HHE, BUIUMO, MOYKET
HEM JIOKYCe MPUBOINT K AMUHOKHCIOTHOM 3ameHe Ser419Asn,  MMeTh TOJIBKO CHHOHMMHYHAS 3aMeHa B JIokyce 1511563208,
OCTaJIbHBIC MYTallMM B SK30HHBIX JIOKyCaxX TraluloTHUIOB 19  Tak Kak COOTBETCTBYIONIAsl 3TOMY JIOKYCY aMHHOKHCIIOTA
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Monumopdusm reHa xonoposoro peuentopa TRPM8 B.A. Manapuyk 2017
y KOpeHHoro HaceneHua Cnbupu M.B. lepeHko 21.3
Ta6nuua 3. YacToTbl reHOTUNOB U anneneit (%) nokycos rs11562975 1 rs11563208 reHa TRPMS8 B nonynaumsax Cnbupn
Monynauma [eHoTVNbI Annenn [eHoTVMbI Annenn
GG ............. Gc ............. cc ............ G ............... c ................ c c .............. CT ............. TT .......... c ................ T ...............
..................................................................................................... r5”562975 r511553208
28.6(8) 3.6(1) 82.1(46) 17.9(10) 64.3(18) 35.7(10) O 82.1(46) 17.9(10)
43.8(14) 94(3) 68.8(44) 31.2(20) 90.6(29) 94(3) O 95.3(61) 4.7(3)
353(12) 11.8(4) 70.6(48) 29.4(20) 79.4(27) 206(7) O 89.7(61) 10.3(7)
20.0(4) 5.0(1) 85.0(34) 15.0(6) 90.0(18) 10.0(2) O 95.0(38) 5.0(2)

MpumevaHue. Micnonb3oBaHbl fJaHHble, ony6nrkoBaHHble B (Clemente et al,, 2014; Pagani et al., 2016), a Takxe pe3ynbTaTbl HacToALEN PaboTbI.

(u3oneiinmn B mo3unuu 1016 6enxa TRPMS) pacnionoxeHa B
(hyHKnoHaIpHO BaxkHOM TRP-moMene storo 6enka. Brioae
BO3MOXKHO, YTO CAHOHMMUYHAsl 3aMeHa B JIoKyce rs11563208
MIPUBOIUT K U3MEHEHHIO YPOBHA 3KcIpeccuu reHa TRPMS,
TEM CaMbIM BJIUSIS HA MTPOIECCHI TEPMOPELIETIIINH.

B psne myOnukannii BBICKa3bIBAJIOCH MPEATIONOXKEHUE O
TOM, 4TO TosMMopu3M Jiokyca 1511562975 cesizan ¢ anarn-
Taruei K xonoxy. Tak, OpLTO TTOKa3aHO, UTO YYKIH, TPOYKUBA-
IoIIMe B CypoBbIX ycnoBusx Kpaiinero Cesepa, OTaH4aroTCst
ot nonynsiimid FOxuoi Cubupu n LlentpansHoit Azun (Ty-
BUHIIBI, Ka3aXH, IIOPIIBI, XaKaChl) [0 YaCTOTE aJuIeIel JTIOKyca
rs11562975 (ITorarosa u ap., 2008). ¥ sxuTerneid BBICOKOTOPbs
B Kuprusuu vacrora mpousBogHOrO (MUHOPHOTO) aJiienst
rs11562975 B montopa pasza Hmke (p < 0.01), gvem y xurenen
HU3Koropbs/cpenHeropbs (badenko u ap., 2015), uro, mo
MHEHHIO aBTOPOB YIIOMSIHYTOH PabOThl, MOKET OBITH CBSI3aHO
C Pa3HOM 4yBCTBUTEIBHOCTHIO K X0I0Ly. Pe3yinbrars! husmo-
JIOrO-TeHETHUECKHIX MCCIIEI0BAHMI TAK)KE CBUCTEILCTBYIOT
0 B3aUMOCBSI3H MEXy MTOJIMMOPPU3MOM Jiokyca 1511562975
W 9yBCTBUTENBHOCTHIO K Xonoxy (Koseipesa u mp., 2011,
2014). Mexnay TeM HpPOBEICHHOS HAMH HCCIICAOBAHHE IT0-
Ka3aJo, 94TO 4aCTOThl TEHOTUIIOB U aijielnieil 3Toro jokyca B
PETHOHANBHBIX CHOMPCKUX BBIOOPKAX JOCTOBEPHO HE pas-
myarorcst (Tadin. 3). Bo3MoXkHO, 4TO 10 Mepe yBEeTHYCHUS
pa3Mepa BEIOOPOK IOSIBSITCSI M 3HAYMMBbIE PA3JINYUSI 110 JIOKYCY
rs11562975. CnenyeT OTMETHTH, YTO IO paclpeaeTIeHUI0
rarIOTUIIOB, BKIIIOYAIOMIMX B CBOW COCTaB MPOM3BOIHBII
BapuaHT C B okyce 1511562975 (nepBble mecTh raryIoOTUIIOB
B Tabm. 2), Taroke He HAOMIOMAaeTCsl JOCTOBEPHBIX PAa3THINi
MeK1y BIOOpKaMH. TOJIBKO 9acToTa TarIoTHIIA 6 HECKOIBKO
noBbiiieHa B Llentpanbroit Cubupu, u Tam e 00HapyKEeH
YHUKaJIBHBIH ramrorur 1.

Tem He MeHee, HECMOTpsI Ha MaJyible 00bEMBI BEIOOPOK, B
pacmipenesieHnyd TeHOTUIIOB U ajuieseit okyca rs11563208
HaOJIFOIAIOTCS TOCTOBEPHBIC PA3ITHUMS MEKAY TPYIIIaMU U3
Cesepo-Bocrounoii n Lenrpansuoit Cubupu (p = 0.026 st
reHoTunoB u p = 0.036 s anneneii) (cm. Tadin. 3). B ocrans-
HBIX CPAaBHEHHSIX IOCTOBEPHBIX PA3INUNil HE BBISIBICHO, XOTS
yacToTa npon3BoaHoro ayuielst T Ha ceBepo-BocToke CuOmpu
3aMETHO BBIIIE, YeM B JPYTHMX PETHOHAIBHBIX BBIOOPKAX.
B Br100pKax kopenHoro Hacenenus Cesepo-Bocrounoit Cu-
6upu 70 % anneneit T mpuxoaUTCs HA YHUKAIBHBIH JUISl 3TOTO
peruona raminotun 19. Mcnonb3oBanue MeToia MeIMaHHbIX
ceTell mokas3ano, 94To ramioTan 19, BeposiTHee Bcero, cop-
MHUpoBaJIcs Ha 06a3e ramrorumna 18, 00HapyKeHHOTO BO BCEX
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peruoHabHbIX BeIOOpKax Cubupu, HO yaie (dactota 19 %)
Ha 1ore Cubupu (cMm. pucyHok). Kpome 3Toro, B MeanaHHOH
CETH T'aIIOTUIIOB BUIHO, 4TO ayutelb rs11563208-T Bo3HuKan
Ha 0a3e pa3IMYHBIX rarIOTUIIOB HECKOJIBKO pas.

Cremyer OTMETHTB, 9TO 110 JaHHBIM [IpoekTa 1000 reHomMOB
(http://www.ensembl.org) gacTora BCTpe4aeMOCTH aJuIemst
rs11563208-T gocturaer BHICOKMX 3HAYEHUI B pa3lIUYHbBIX
PETHOHATBHBIX BEIOOpKax HaceneHns Mupa. Tak, B JIaTnHCKON
Awmepuke (Komym6us, Mekcuka, Ilepy, ITyapro-Puxo) stor
MoKa3aTellb COCTaBIsIeT B cpenHeM 32 %, B Boctounoii A3uun
(Kwurait, SAmorns, Beetnam) — 8 %, B EBpone — 25 %. Onnako
B JIATHHOAMEPHUKAHCKHUX M €BPOIEHCKUX IPYTIIax OTCYTCTBYET
amnens T nokyca rs28901644, B coueTaHNM ¢ KOTOPBIM HaX0-
mutcs BapuanTt rs11563208-T B rarmorumne 19, xapakrepHoM
Jutst KopeHHoro HaceneHus: CeBepo-Boctounoit Cubupn.
Mexny Tem amnenb 1$28901644-T npucyTCTBYET C 4aCTOTOM
22 % B mommymsimusax BocTogHoH A3nH, B CBS3H C Y€M MOYKHO
MpenoiaraTh HAIMYKE TarIoTHIa 18 Wit poICTBEHHBIX eMy
raruIoTUIOB (BKJIFOUas ramioTun 19) y Hacenenus Boctounoit
Azun. I IpOBEPKH 3TOTO MPEATIONOKEHNS HEOOXOIUMBI
JIOTIOJTHUTENBHBIC NCCIIEJOBAHNSI.

Takum 00pa3om, NPOBEAEHHOE HMCCIIEOBaHKUE 0KA3aJIo,
YTO B MOMYJISAIMAX KOPEHHOTO HaceneHnst Cubupu HaOmonaeT-
Cs1 IOCTaTOYHO BBICOKOE PAa3HOOOpa3ne raruioTHIioB, chopMu-
POBaHHBIX KOMOMHAIMSMH aJljIesieil HanboJiee MOJIMMOP(PHBIX
JIOKYCOB, KOTOPBIE PACTIONIOKEHBI B 9K30HAX U IPHIIETAIOLINX
UHTPOHHBIX OCNIEA0BATENBHOCTSIX reHa TRPMS. nTtepecHo,
YTO B IOIYJISIUSAX CEBEPO-BOCTOKA A3HH TTOJIYYHJI JIOBOJIBHO
6oIbIIIOE PACTIPOCTPAHEHHUE YHUKAIbHBIN TalUIOTHII, BKIIIO-
YarolMi 3aMeHy B (DYHKIIMOHAIBHO BaKHOM yYaCTKE, KOIH-
pytoieM TRP-nomen xonmogoBoro perienropa TRPMS. Otot
penenTop MpeacTaBIseT cO00H (HU3MOTOTHIESCKIH TaTInK
xomona (McKemy et al., 2002; Peier et al., 2002). Ho omgna
JIMIIB TEMIIEpaTypa He MOkeT akTuBupoBath TRPMS Bo Beex
TKaHSX, HOCKOJIBKY €T0 3KCIPECCHs IPOUCXOIUT B HEPBHBIX
OKOHYAHUSIX, THHEPBUPYIOIINX BUCIIEPAJIbHBIC OPTaHbl, TAKHE
KaK MOYEBOM ITy3bIpb U HUKHUK OTAEI JKEJIyJOYHO-KHILIEeU-
HOTO TPAKTa, a TAK)Ke B HEHEHPOHHBIX KJIETKAX MPOCTATHI U
mouesoro 1my3sips (Tsavaler et al., 2001; Stein et al., 2004).
OTH KJIETKH HE UCITBITHIBAIOT OXJIAXKICHUS 10 TEMIIEpaTyphbl,
HeoOxomumoii juts aktuBaniud TRPMS (menee 25 °C). Tlo-
9TOMY aKTHBAIUs XOJOMOBBIX PELEHNTOPOB MPOUCXOAUT C
y4acTHEM H/IOT€HHbBIX MOJYJISITOPOB, TAKHUX Kak Jn30pocho-
munuael 1 pochaTuaAnINHO3UTON. JINTHAHBIE MOTYIISITOPHI,
TakuM 00pa3oM, MIpaloT JBOWHYIO POJIb — 3TO HACTpOMHKa
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Polymorphism of the cold receptor gene TRPM8
in native populations of Siberia

SQ2

MeguaHHas ceTb rannoTunos reHa TRPMS8 B nonynauuax Cnbupn.

B.A. Malyarchuk
M.V. Derenko

YepHbIM LIBETOM OTMeYeHbI rannoTurbl, 06Hapy>KeHHble Y KopeHHOro HaceneHnAa CeBepo-BocTouHoi Cubrpw, xentbiM — LieHTpanbHoi Cnbrpw, KpacHbIM —
I0xHoM Cnbupu, ronybsim — 3anagHoi Crbmpw. fannotunbl 0603HaueHbl 6ykBamm SQ i HOMEPOM B COOTBETCTBUM C AAHHBIMU Tab. 2, MeANaHHbIE BEKTOPbI —
KpacHbIMU TouKamu, bykBamvi mv 1 Homepom. BykBamu T oTMeUeHbl rannoTurbl, Hecywue annenb T B lokyce rs11563208. Kak B1AHO, 3TOT annenb noasnaetca
He3aBMCMMO HEeCKOMbKO pa3: B raniotune SQ19 Ha 6a3e SQ18, B rannotune SQ22 Ha 6a3e SQ21, B rannoTrne SQ24 Ha 6a3e SQ23, B8 rannoTvne SQ11 Ha 6ase

SQY, B rannotune SQ14 Ha 6a3e SQ13, B rannotnnax SQ4 n SQ2 Ha 6a3e SQ3.

TEMIIEpaTypHOI 4yBCTBUTEIFHOCTH XOJIOZOBBIX PELENITOPOB
KOXKU U JIPYIMX TKaHEW, KOHTaKTUPYIOLUIUX C BHELIHEH cpe-
TIoH, 1 perynsaist aktiBHOCTH TRPMS8-skenpeccupyronmixces
HEHPOHOB, KOTOPHIMH MHHEPBUPYIOTCSI BHYTPCHHUE TKAHU U
oprausl (Rohacs et al., 2005; Andersson et al., 2007). [Tomu-
HeHackImeHHbIe xupHbIe KucaoTs! (ITHXKK) (apaxunonosas,
JIOKO3areKCaeHOoBast M dIKO3areHTaeHoBas) HHIHOUPYIOT
penentopsl TRPMS, akTuBHpyeMblie X0I100M, HIIUIMHOM U
MeHTosoM (Andersson et al., 2007).

Kaxk n3BecTHO, B TpaIMIIMOHHOI! TeTe KOPEHHOTO Hacele-
HUSI CEBEPO-BOCTOKA A3HMHM (ICKMMOCOB, YyKUel U KOPSIKOB)
U37IpeBIIe Mpeodaaid MICcO U KUpP JJACTOHOTHX U KHTOB,
Oorarsiii JOKO3areKCaeHOBOI M SHKO3aIIeHTaeHOBO JKUPHBI-
mu kucioramu (Lapinski et al., 1995). DTu sxupHbIe KUCIOTHI
JTOJDKHBI OKa3bIBAaTh HHTHOUpYIOmuii 2pdekT Ha XOI0I0BkIe
ka"anel TRPMS, uto B ycnoBusax Kpaitnero Cesepa, mo
BCEil BUIUMOCTH, HeE sBIsieTcs d(PPEKTUBHON CTpaTeruei.
Bo3moxkHO, mosiBiIeHHE TamoThna 19, Hecymero amiens
rs11563208-T, 00ycmoBieHO HEOOXOAMMOCTHIO KOMITCHCH-
posath HeratuBHoe BozzelicTBue [THXK Ha TepmodyBCTBH-
TenbHOCTH KaHajoB TRPMS. B rakoMm cirydae mommmopduzm
nokyca rs11563208 rena TRPMS$ (B 1OTIOIHEHHUE K JIOKYCY
rs80356779 rena CPT1A (Cardona et al., 2014; Clemente et
al., 2014)) MOXXET CITy’>KUTh eIIle OJHUM IPUMEPOM TOTO, KaK
JcOaiaHe B IMTAaHWH NEPBBIX JKUTENEH APKTHKH CTaJ TIPH-
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YUHOH (PUKCAIMU TCHHBIX BapUAHTOB, KOTOPBIC TIO3BOJIMIIH
CMSITYUTh MPOSIBJICHUE META0OTMYCCKUX U3ICPIKEK MTOTpeoIie-
HUS1 KUPHOM MULIH.
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HeKoToppble acrieKThl acCoLaliiii TeHOB C BBICOKMMMU

CITOPTMBHBIMMU OOCTVDKEHUAMU

L.B. Mocca! @, A.B. Kuabuesckuitl, A.A. KyHAacl, AA. l"om{apl, C.A. Mununu?, K.B. )Kyp1

TToc NApCTBEHHOE HayyHoe yupexaeHue «MHCTUTYT reHeTuKu u uutonorun HauroHanbHom akagemun Hayk benapycuy», MuHck, Pecny6nuka benapycb
Y y' Yy y y y y y
locypapcTBeHHOE yupexaeHune «[opoaCcKoi LLEHTP ONMMMUIACKOTO pe3epsa Mo eAoBbIM AncumnanHam», MuHck, Pecnybnvka benapycb

BonbLWMHCTBO paboT Mo reHeTrKe CnopTa HanpaBfieHO Ha BblAiBIEHWE
pasnnuunin Mexay reHoTUnamMm CNoPTCMEHOB 1 KOHTPOJbHOW rpynmbl.
OueBMAHO, reHeTMYECKNe Pa3nnumA JOSXKHbI ObITb U Cpeaun cnopT-
CMEHOB pa3Hoii KBanvdrKaLym, NOCKObKy yem 6onblue 6naronpu-
ATHbIX 4/1A CNOpTa anenein CoaepXnTcsa B reHOTUe aTneTa, Tem 6onee
BbICOKMX Pe3y/ibTaTOB OH MOXET AOCTNYb. Kpome Toro, cnopTuBHas
OAAPEHHOCTb 3aBUCUT He TOSTIbKO OT HaNIMUMA TeX AN UHbIX NOMN-
MOPHbIX BapNAHTOB reHOB, HO 1 OT YPOBHA WX KCMpeccuu, Kotopas
MeHAETCA B NpoLiecce TPEHUPOBOK Y Pa3HblX JltoAen No-pasHoMmy.
Llenb nccnepoBaHuna — CpaBHUTb FEHOTUMbI AaTIETOB Pa3HOW CNOPTUB-
HoW KBanndmKaLmm 1 NPoaHanM3npoBaTb N3MEHEHME aKTUBHOCTA
reHoB, obecrneyrBaloLLyX afanTaLmio CNOPTCMEHOB K GU3NYECKUM
Harpy3kam. Metogom lNLP npoaHanusnpoBaHbl reHoTunbl 143 npea-
ctaButenen 18 HauMoHanbHbIX KOMaHA benapycun no pasHbim BuAam
cnopTa. CpaBHEHME reHOTUMOB CMOPTCMEHOB Pa3HOW KBanudrKauum
(MacTepoB cnopTa, MacTepoB CriopTa MeXXAyHapPOAHOTO Knacca, 3aciy-
YKeHHbIX MacTepoB CropTa) MOKa3aso, YTo Yem Bbllle KBanndmkaumsa
CMOPTCMEHOB, TEM Yallie BCTPEYaloTCA B UX reHoTMNax 6naronpuaTHble
LA CNopTa anfenbHble BapuaHTbl, YTO JOKa3blBaeT HEOOXOAUMOCTb
COOTBETCTBYIOLLErO reHeTMYeCKOro noTeHumnana Ana AOCTUKEHWUA Bbl-
COKMX CMOPTUBHbIX pe3ynbTaToB. Y 15 BbICOKOKBaNUQMLMPOBaHHbIX
CMOPTCMEHOB-KOHbKOOEXKLIEB NPOBEJEH aHasIN3 SKCNPeCcCuy reHoB
UCP2, HIFTA v MTHFR B OTBET Ha ABYXHe[EeSIbHYIO0 TMNMOKCMYECKYI0
TPEHUPOBKY. BbIABNEHO CTaTUCTUYECKM 3HAaUMMOe yBENNYeHne cpefHe-
rpynnosoro yposHa MPHK reHos UCP2 n MTHFR B OTBET Ha rMnoKcuio,
B TO BPeMsA Kak aKkcnpeccuna reHa HIFTA ctaTUCTUYeCcKn 3Ha4Mmo CHU-
3unaco. MNpwy 3ToM HAMBMAYaNbHbIE YPOBHM 3Kcnpeccmmn reHoB UCP2,
HIF1A n MTHFR Kak Ha HayanbHOM 3Tarne rmnoKCMYeCcKon TPEHNPOBKMY,
TakK 1 MO ee OKOHYaHUN Yy CMOPTCMEHOB CYLLIECTBEHHO Pa3fiMyanuch.
Ha npumepe reHa UCP2 noka3aHo BnvsHWe nonnmopdusma Ha sKc-
npeccuio reHa: na Hocutenei rerotuna Val/Val rena UCP2 yctaHoB-
neHa 6onee BbICOKas akTMBHOCTb reHa Mo CPaBHEHMIO C HOCUTENAMM
reHoTunos Val/Ala n Ala/Ala. CnegoBaTenbHO, FeHOTUNMPOBaHKE U
aHanm3 3KCNpPeccuMm reHoB NMeIoT 6osbLLOoE 3HaUYeHUe 1A oTbopa u
NOArOTOBKM CMOPTCMEHOB.

KntoueBble cnoBa: cnoptusHas ycnewHocTb; MLUP-aHann3; AHK-nonu-
MOopdU3MbI; NPporpaMmmbl 0T60Pa; IKCNPECCUA FEHOB.
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Some aspects of gene association
with high sport achievements

LB. Mosse! ®, A.V. Kilchevsky', L.A. Kundas!,
A.L. Gonchar!, S.L. Minin?, K.V. Zhur!

TInstitute of Genetics and Cytology of NAS of Belarus, Minsk,
Belarus
2 Minsk City Olympic Reserve Skating Center, Belarus

Most papers on sport genetics identify differences
between genotypes of athletes and a control group.

It is obvious that the genetic differences should also
be among sportsmen with different qualifications.
Additionally, athletes’ performance depends not only
on their genotypes, but also on the gene activities,
which can be different during the training process in
various athletes. The aim of the study was to compare
genotypes of athletes with different qualifications and
to analyze the change in expression of some genes
responsible for the physical performance. Genotypes
of 143 elite sportsmen of 18 national teams were
analyzed by PCR method. A comparison of the geno-
types of Masters of Sports, International Masters of
Sports and Honored Masters of Sports showed that
the frequencies of favorable gene variants were higher
in the genotypes of more qualified athletes; it proves
an appropriate genetic potential necessity for high
achievements in sports. The analysis of UCP2, HIF1A
and MTHFR gene expression changes in response to
two-week hypoxic training was performed on 15 skat-
ers of high qualification. We found that average UCP2
and MTHFR mRNA levels had significantly increased
after the training but the expression of the HIF1A gene
had reduced. At the same time, individual athlete vari-
ability in UCP2, HIF1A and MTHFR gene expression was
revealed. Genotype influence on gene expression was
shown with the help of the UCP2 gene - its activity was
higher in sportsmen with Val/Val than with Val/Ala or
Ala/Ala genotypes. Consequently, genotyping and
analysis of gene expression is very important for ath-
lete selection and training.

Key words: athletic performance; PCR analysis; DNA
polymorphisms; selection programs; gene expression.



0 BCEM MHpPE aKTUBHO BEIYTCS HCCIEOBAaHUs, HAllPaB-
JICHHBIE Ha BBISIBIICHHE HH()OPMATHBHBIX MOJIEKYJISIPHO-
TeHETHYECKUX MApPKEPOB, O3BOJISIFONINX YIy4IINTh OT-

0O0p NEepPCIEKTUBHBIX CIOPTCMEHOB, a TAKXKE TOBBICUTH Pado-

TOCIOCOOHOCTB ATJIETOB U MX PE3YIbTaTUBHOCTD.

B pa3paboraHHyr0 HaMH paHee CHCTEMY T€HETHYECKOTO
TectupoBanus B criopte (Mocea u zip., 2013) ObLTH BKITFOUEHBI
TEHBI, aIbTEPHATHBHBIC BAPHAHTHI KOTOPBIX ACCOIIMUPOBAHBI
C BBIHOCIIMBOCTBIO JINOO CO CKOPOCTHO-CHIIOBBIMHU CITOCO0-
HOCTSIMH: T€HBI CEPACIHO-COCYUCTON CUCTEMBI (T€HBI pOCTa
SH/IOTENNS KPOBEHOCHBIX COCYI0B, CHCTEMbI TPAHCIIOPTA KHC-
JI0pO/Ia, TeHETHYECKHE (haKTOPEI TPOMO00OPa30BaHNs), TEHBI,
OTBETCTBEHHBIE 3@ IIPOYHOCTh KOCTEU U COCIUHUTEIbHON
TKaHH, TE€HbI YIJIEBOIHO-)KHUPOBOTO OOMEHA M TE€HBI TICHXO-
SMOLMOHAJIBHOTO COCTOSTHUSA YenloBeka. TecTupoBaHue Crop-
TCMEHOB I10 Ha3BaHHBIM I'€HaM MO3BOJISIET PEILIUTh JABE 3a/1a4H:
OIIPEeNIETIUTH OArONPHATHBIE AJIIENH, JAIOIIHE TPEUMYIIIECTBA
B Pa3HBIX CIIOPTUBHBIX CHEIHATN3AINSX, U BBIIBUTH HEOIAro-
MIPUATHBIC BAPHAHTHI TEHOB Y CIIOPTCMEHOB Il BO3MOYKHON
KOPPEKTHPOBKH UX (P (PEKTOB.

[IpoBeneHo MOIEKYAAPHO-TEHETUUECKOE TECTUPOBAHHE
450 BBICOKOKBaJIH(DUIIMPOBAHHBIX CHOPTCMEHOB, MPECTa-
BUTENEH 25 OMMMITHICKIX W HAITHOHATBHBIX KOMaH] Pa3HBIX
BHJIOB CIIOPTa, C IIEIIbIO BBISIBICHHS Hanbosiee MH(HOpMaTnB-
HBIX MapKepoB, ONPEEIAIONINX CIIOPTUBHYIO OaPEHHOCTb,
MOCKOJIbKY MMEHHO 3TH CIIOPTCMEHBI SBJISIFOTCSI MOTCHIIU-
AIBHBIMHA HOCHUTEJISIMHA T€HOTHIIOB, OJIarompHATHBIX JUIS CO-
OTBETCTBYIOIMX BUOB crtopTa. Ha 0CHOBaHNU BBISBICHHBIX
pa3nuuuil B yacToTax OJaronpHuATHBIX BapUAHTOB I'€HOB y
CIIOPTCMEHOB pasHbIX cnenuanm3anuii (Moccas u ap., 2010,
2012a, 6; Kyxrunckas u ap., 2012; XKyp u ap., 2013; Kynnac
u 1p., 2013) 66112 pazpaboTana mporpamMma oTo0pa HAYNHATO-
IIMX CIIOPTCMEHOB M0 YETHIPEM CIIOPTHBHBIM HAITPABIICHUSIM:
CKOPOCTHO-CHJIOBOMY, TPEOYIOIIEMY BBIHOCIUBOCTH, UIPO-
BOMY H CJIOKHO-KoopaAnHarmmoHHOMY (Moccea u ap., 2013).

WHTEpecHBIM MpeaCTaBIIsIOCh CPABHUTH TEHOTHIIBI aTie-
TOB Pa3HOW CIIOPTUBHOW KBaIM(HUKAIMK, TAK KaK BIIOJHE
JIOTUYHO TIPEATIONOKUTD, UTO YeM 00JIee BHICOKHE PE3YIbTATHI
MOKA3bIBACT CIIOPTCMEH, TEM OOJIbIle OJIATONPUATHBIX IS
3aHATHUS CIIOPTOM aJuleNel TOJKEH ColepKaTh €ro TeHOTHII.
Kpome Toro, n3BeCTHO, UTO pe3yIbTaTHBHOCTD aTJIETOB 3aBH-
CHT HE TOJIKO OT HAJIMYMS T€X WM WHBIX BAPHAHTOB TCHOB,
HO Y OT aKTUBHOCTH PaOOThI TUX F'€HOB, KOTOPAsi MEHSIETCSI B
TIpoIiecce TPEHUPOBOK Y pa3HBIX JIIOACH Mmo-pa3HoMy (Stepto
etal., 2009). AHanu3 SKCIpeccuy FeHOB CIOPTUBHOM yCIIeI-
HOCTHU — OJIHO U3 HauboJiee akTyaIbHbIX HAIIPABICHUIN TeHe-
THKH CHOpTA.

Taknm 00pa3om, 11e7b HAIIEro MCCIEAOBAHUS 3aKII0Ya-
JIaCh B CPaBHEHUM I'€HOTHUIIOB aTJETOB PAa3HOW CIIOPTUBHOMU
KBanM(UKAIMN U aHAJIN3€ W3MEHEHUH aKTUBHOCTH T'CHOB,
o0ecIeunBalOIINX /1Al TAIMIO0 K HHTEHCHBHBIM (PH3NYECKUM
HarpysKam.

MaTtepwuanbi n metogbl
[TpoBeneHne MOJIEKYISIPHO-TEHETHYECKOTO TECTHPOBAHUS
CIIOPTCMEHOB 0100PEHO KOMUTETOM I10 3THKE TOCYapCTBEH-
HOTO yupexaeHus «PecyOnKaHcKui HayHO-TTPAKTHYECKAH
HeHTp cropra» (MuHCK).

[IpotectupoBans! 00pa3nbl KpoBu 143 BRICOKOKBaIH(U-
IIMPOBAHHBIX CIIOPTCMEHOB, B TOM YHCJIE 74 MacTEpOB CIIOp-

leHeTuKa yenoBeka

ta (MC), 59 MacTepoB cropTa MeXIyHapOJHOIO Kiacca
(MCMK) u 10 3acmyxernsIx MactepoB criopta (3MC). Cnopt-
CMEHBI BXO/IMJIN B COCTaB 1§ OMMMIUIICKNX 1 HALMOHAIIBHBIX
komaH]| benapycu, npoxoIuBIINX MEAUIMHCKOE 00cieno-
BaHHe Ha 0aze PecmyOnmMKaHCKOTO HAayYHO-TIPAKTHYECKOTO
HIeHTpa criopra MuHHCTEpCTBA cropTa U Typu3Ma PecrryOmmku
benapyce. Cpeny 00cie1oBaHHbIX CIIOPTCMEHOB ObLIN Npe/I-
CTaBUTEIH NUKINIECKUX BH/IOB CIIOpTa (TIIaBaHKUe, TPeOHOM
CJIAJIOM, aKaJieMUYecKast rpedirs, BeIOCIopT, OEroBbIe BUIbI
JIETKOM aTJIeTUKU, KOHBKOOGKHBIH CIIOPT), UTPOBBIX BHUIOB
cropTta (XoKKkeii ¢ maiiboif, 6ackeT0o, TEHHHUC), CKOPOCTHO-
CWJIOBBIX (TsDKenasi aTieTHKa, JeTKas aTieTHKa (MeTaHue
KOIIbs), CTpean0a U3 JIyKa), CIOKHOKOOPIAUHAIIMOHHBIX
(cTopTHBHAsi THMHACTHKA, aKPOOATHKA) 1 KOMOMHIPOBAHHBIX
BHUJIOB CHIOpTa (COBPEMEHHOE IATHOOphE, OHATION).

B kayecTBe OMOIOrHYECKOro Marepuara st UCCIe0BaHUs
ucnonbizoBanu JIHK n PHK, BeimenenHsle 3 JeMKOITUTOB
neprdepuIeckoil KpOBHU € IIOMOIIbIO HAOOPOB COOTBETCTBY-
IOLIUX peareHToB A 3xcTpakuun («Cuntom», Poccns). I'e-
HOTHIIMPOBaHUE MPoBeeHo 1o 11 reHHsIM momumopdu3Mam
10 reHoB.

TecrupoBanue nonumopdusmos renoB VEGFEF —634G/C
(rs2010963), HIF 14 C1772T (rs11549465), MTHFR C677T
A1298C (rs1801133,1rs1801131), UCP2 Ala55Val (rs660339),
AMPD C34T (rs17602729) Bemonusnu metopom [P B
pearbHOM BPEMEHH C UCTIOIb30BaHNEM ITPAHMEPOB U 30HI0B
coOcTBeHHOTO Mu3aiHa. [locienoBarenbHOCTH MpaiiMepoB
Y 30H/IOB, a TAaKXKEe TEMIIEPATypHbIE PEKUMbI PEaKkLnil am-
INUKAUKA TPUBEJCHBI B TaOmune. Peakuio mpoBOIIIH
B KOHEYHOM 00beMe 10 MKJII B CIICTYIOIINX YCIOBHSX: 5 MK
2x cynepmukca aist [P iTaq Universal probes supermix
(Bio-Rad, CIIA), mo 300 #HM mpsiMoro u 0OpaTHOTO Tpaii-
Mepa, 1o 50 HM kaxoro 3oHaa u 15 Hr uccnegyemoit JTHK.

I'eneTnyeckoe TecTupoBaHue MOIUMOP(GHU3MOB reHoB MB
A79G (rs7293) u PPARG Prol2Ala (rs1801282) ocymrect-
BJISUIN C MCTIONIb30BaHIEM HAOOPOB MpaiiMepOB 1 30H/I0B KOM-
nanuu Applied Biosystems (C 2506456 1, C 1129864 10
COOTBETCTBEHHO) COTJIACHO MHCTPYKIUH MPOU3BOAUTEIS.
l'enotunmposanue nonmumoppusmos renos ACE Alu Ins/
Del (rs4646994), BDKRB2 1/D (rs5810761), ACTN3 R577X
(rs1815739) mpoBoaniy ¢ MprUMEHEHNEM OMTMCAHHBIX B JINTE-
parype meronuk (Rigat etal., 1992; Wang et al., 2010; Zempo
etal., 2011).

VY 15 BBICOKOKBaTU(UIIMPOBAHHBIX CTIOPTCMEHOB HAIIHO-
HaJIbHOM KoMaH 16l PecryOnmikn benmapych 1o KoHbKOOEKHOMY
cropty OblIa poaHaIu3upoBaHa dkcnpeccus reoB UCP2,
HIF 14w MTHFR B OTBEeT Ha IBYyXHEECTIbHYIO THIIOKCHIECKYTO
TPEHUPOBKY (Ha BEJIOTpEHa)Kkepe), KOTopas MpUMEHsSIeTCs B
npoheCcCnoHaIbHOM CIIOPTE ISl TOBBILIEHHSI BBIHOCIIUBOCTH.
CropTcMeHBI TPEHUPOBAIIUCH B YCIOBHAX TUIIOKCUH (MOjie-
mupyemasi Beicota — 10 3200 M) exXeTHEBHO TI0 J[Ba Jaca Ha
MpoTsKeHnH 14 qHel o cxeme, yka3aHHOM B METOINYECKHUX
PEKOMEHJANUSIX, C MOCTOSIHHBIM KOHTPOJIEM HACHII[AEMOCTH
KpOBH KHCI0po oM. OCHOBHBIE TapaMeTpbl TOPHOTO KIIMMaTa
CO3/1aBaIM U TMOJAEPKUBAIN C TOMOIIbI0 YCTaHOBKH Low
Oxygen Systems (I'epmanus).

OTHOCHUTENBHBIN KOJIWYECTBEHHBIH aHAJIN3 SKCIPECCHU
IEHOB IIPOBOAMIIN METOJ0M IIOJINMEPA3HON LIEIIHON PeaKLuu
¢ 00paTHO! TpaHCKPUTIHEH ¢ TeH-CIeM(pUIHBIME Tpaiime-
pamu TagMan Gene Expression Assays (Hs00153153 ml,

BaBuNOBCKMI XKypHan reHeTUKN n cenekuyumn « 21«3 - 2017
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TemnepaTypHble pexrmbl amnanduKaluum 1 NocnefoBaTeNbHOCTY NpaiMepoB 1 30HAOB
NSl reHOTUNMpPOoBaHUs nonmopodmramos reHos VEGF, HIF1A, MTHFR, UCP2 v AMPD

leH/nonumopdusm HasBaHne MNocnepoBaTenbHOCTb NPaNMepPOB 1 30HA0B TemnepaTypHbIii
(5'—3") npoounb

VEGF VEGF_F agcagaaagaggaaagaggtagc 95° - 10 MnH

Z634G/C e e e B TR Bl 95°_ 20 ¢

(rs2010963) i, CAaag A g A 65°-30c }
VEGF_C [FAM]ccctgtegctttcgetgetc[BHQ1] 40 unknos
VEGF_G [ROX]ccctgtccctttcgetgctc[BHQ2]

HIF1A HifR tttcagggcttgcggaac 95°-10 MnH

C177oT H,thaatttactccctatatcc ................................................................. 95°—20 ¢

(rs11549465) 99 g e 65°-30¢C
HifC [FAM]tcgatcagttgtcaccattagaaagcagt[BHQ1] 40 unknos
HifT [ROX]tcgatcagttgtcatcattagaaagcagt[BHQ2]

MTHFR 677F tgacctgaagcacttgaaggagaa 95° -5 MUH

C677T eSS D D DR 95°- 10 ¢

(rs1801133) OTTR 99230 gl Caaaga 57°-20c¢ }
677C [FAM]atgaaatcggctcccg[BHQ1] 40 unknos
677T [ROX]atgaaatcgactcccg[BHQ2]

MTHFR 1298F ggaggagctgctgaagatgtg

A1208C e S T T T T R

(rs1801131) J298R o cteccgagaggraaagaacaaa

(MynbTUNNEKC) 1298A [Cy5]aaagacactttcttcactg[BHQ2]
1298C [6TET-AH]agacacttgcttcactg[BHQ1]

uce2 UCP2-F ttgcagatccaaggagaaagtca-3’ 95° -5 MUH

Ala55Val e 95°_15¢

(rs660339) R sk ke atect A 64°-60 }
UCP2-1 [FAM]cgctacagccagcgccagtacc[BHQ1] 40 unknos
ucpP2-2 [ROX]cgctacagtcagcgccagtaccg[BHQ2]

AMPD AMPDF agccaccatgattacaga 95°—-10 MuH

CIAT e e T 95°— 20 ¢

(rs17602729) AMPDR 190t g CagCaad 61°-30c¢ }
AMPDW [FAM]tgcaatactcacgtttctcttcagc[BHQ1] 40 unknos
AMPDM [ROX]tgcaatactcacatttctcttcagct[BHQ2]

Hs01075227 ml, Hs00195560 m1 (Applied Biosystems)) B
COOTBETCTBHH C MHCTpYKIHer nponspoautens. Cuntes kJJHK
BBIITOJTHSUTH ¢ TIOMOIIIBbI0 Habopa Maxima First Strand cDNA
Synthesis Kit (Thermo Scientific). YpoBens sxcnpeccuu usy-
YaeMbIX F'€HOB HOPMAJIM30BAIN OTHOCHTEJIBHO IKCIPECCUH
reHa «jgomMaimHero xossiiicrsay GAPDH (Hs03929097 g1,
Applied Biosystems), B CBSI3H € 4e€M 3TOT [1OKa3aTesb MPe-
CTaBJICH B YCJIOBHBIX SIMHHIAX.

st nerexin GIIroopeceHInH, a TakKe IEpBUYHON 00-
PabOTKH pe3yNbTaTtoB MPUMEHSIIH IPOr paMMHOE o0ecrieueHne
CFX96 Manager 3.1 (mpubop CFX96, Bio-Rad, CIIIA) B
ABTOMAaTHYECKOM PEXKHME.

CrarucTiyeckyo 00paboTKy JJaHHBIX TIPOBOJIMIIN B ITAKETE
mporpamm Statistica 10.0, 3a UCKITIOYEHNEM aHAIH3a 3aBH-
CHUMOCTH JIByX KaTeTrOpHaJIbHBIX TapaMeTPOB — CIIOPTUBHOM
KBaJ'II/I(bI/IKaLlI/II/I U T'CHOTUIIOB aTJICTOB, KOTOprﬁ BBIIIOJIHEH
¢ ucrons3oBanueM ¢yHkunn Fisher.test makera Stat mpo-
rpammMbl RStudio (quist Tabnun pazmeproctu nxm (Agresti,
2002)). CpaBHEHHE CPETHETPYIIOBBIX 3HAYCHU I IKCIIPECCHU
MIPOU3BOJMIMN C MOMOLIBIO KpuTepust Manna—Yuruu. s
MIPOBEPKH Pa3IUUUi MEXIY ABYMS BHIOOPKAaMM MapHBIX U3-
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MEpPEHUN ypOBHEU dKCIIpeccuu puMeHsiin T-kpurepuii Buii-
KOKCOHA. Pa3nuuus cyuTany CTaTUCTUYECKN 3HaYMMbIMU IIPU
p=0.05.

PesynbraTbl n 06CyxaeHMne

CpaBHeHMe reHOTMMOB aT/1IeTOB

pa3Hoi KBanudukauum

IIpoBenen aHanu3 pacrpeneieHus alIebHbIX BapHAaHTOB
9 reHoB, aCCOIMUPOBAHHBIX CO CIIOPTUBHOHN YCIEUIHOCTBIO,
B TEHOTHIIAX aTJIETOB C PA3IMYHON CHOPTHUBHOM KBanmdu-
KallUEeH.

[Ipn pazpeneHny CIOPTCMEHOB HA TPYHIBI B 3aBUCHMO-
CTH OT CIICIHAJIM3alIH, BBIOOPKA aTJICTOB CaMON BBICOKOM
kBanuukanun (3MC) okazanach CIUIIKOM MaJia Jyisi oOHa-
PY)KEHHs CTAaTUCTUYECKN 3HAYMMBIX PA3IWIUN B 4aCTOTAX
BCTPEYAEMOCTH AJJICJIBHBIX BAPUAHTOB UCCIIETyEMBIX T€HOB.
[Tpu cpaBHEHUM TEHOTUIIOB BCEX BBICOKOKBaIM(UIIMPOBAH-
HBIX CHOPTCMEHOB 0€3 ydeTa CIenHaIn3allii BbISIBICHO
clefyroulee pacupeeeHle 4acToT aleIbHbIX BapHAaHTOB
psizia TEeHHBIX MOJIUMOP(U3MOB, OYEBHUIIHO, OJIATONPUSTHBIX

Human genetics
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Pro/Pro C/C
Pro/Ala c/T
Ala/Ala /T
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HIFTA
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PPARG AMPD

Puc. 1. YacToTbl BCTpeyaemMocTy annenbHbix BapraHToB reHoB MB, VEGF, PPARG, HIFTAn AMPD B rpynnax CmOPTCMEHOB C Pa3finyHoOm KBanudukaumen.

Juist pasubix crienmanuzanuid: C/T+T/T rena HIF14A (MC —
4.1 %, MCMK - 11.9 %, 3MC — 20.0 %), C/C rena VEGF
MC-2.7%,MCMK-10.2 %, 3MC —22.2 %) n Ala/Alarena
PPARG (MC -0 %, MCMK —4.5%,3MC—-16.7 %) (puc. 1).

s monmumopduoro Bapuanta Prol2Ala rena PPARG BbI-
SIBJICHA 3aBUCHMOCTB YacTOTHI BCTpedaeMocTu ciaydas Ala/Ala
OT KBamu(puKaIuu criopreMeHoB (x2 = 16.74; p < 0.05): uem
BBIIIIE KBaTM(UKAIMS ATIETOB, TEM HYalle B UX TEHOTHUIIAX
BCTpeYaeTCsl JaHHBII BapUaHT I'eHa.

s momumopduzmor C1772T HIFIA u —634G/C VEGF
CTaTUCTHYECKHU 3HAYNMBIX PA3JIMUNil B PACTIPEAEIICHUH JaCTOT
TEHOTHIIOB OOHAPYXEHO He OBLIO, YTO, BEPOSITHO, 00YCIIOB-
JICHO HEIOCTATOYHBIM Pa3MepOM BBIOOPKH CIIOPTCMEHOB C
Hambonee Bricokoi kBanmpukanuenr (3MC). Oxnako mpu
oosemaenn 3MC u MCMK B oiHy rpynity BBISIBICHBI 3Ha-
YHMBbIE PA3JINYKsl B pACIPEACICHUH NOIMMOP(HBIX BAPUAHTOB
C1772T rena HIF 1A n —634G/C rena VEGF: ycTaHOBIIEHO,
uto B rpymnne cnoprecmeHoB MCMK+3MC Hocurenu reHo-
tunoB C/C rena VEGF u CT+TT rena HIF' 14 BcTpevarotcs
3HaunTenbHO Hamre (p < 0.05), wem B rpynme MC.

[Nony4ueHHBIE Pe3ynbTaThl MOKHO OOBSICHUTH BaKHOH po-
JIbEO 3TUX T'€HHBIX BAPUAHTOB /ISl CIIOPTHBHOMN YCIEITHOCTH.
Tak, nanmnune annens T rena HIF 1A OBBIIaeT TPAHCKPHII-
[IUOHHYI0 aKTUBHOCTH T€Ha M cTabmibHOCTh Oenka HIFla,
Omaromapst yeMy YBEIHMYMBAETCSl yCTOMYMBOCTH KJIETOK K
runokcnn; aymiens C rena VEGF accolmupoBaH C TIOBBIIICH-
HOHM aKTUBHOCTBIO I'eHa, OOJIBIIUM TPUPOCTOM KPOBEHOCHBIX
COCY/IOB, YTO YBEINYUBAET MAaKCUMAJIbHOE OTPEOIeHNE KUC-
JIOpoJia B OTBET Ha a9pOOHbIE HATPY3KHU; AJJIETbHBIN BAPHAHT
Ala/Alarena PPARG oGecrieunBaeT MOBBIIICHHYO YyBCTBH-
TEJILHOCTb TKaHEH K MHCYJIMHY, YTO CIIOCOOCTBYET OOJIbILIEMY
MPUPOCTY MBILIEYHOH CHITBI B OTBET Ha (PU3UUECKHE HATPY3KH
(Axwmetos, 2009).

Hamu Taxoke oTMeueHo, 4To B TpyImnax oolee KBaauduim-
POBaHHBIX CIIOPTCMEHOB YaCTOTa BCTPEUAEMOCTH OI1aronpu-
aTHoro ayutenbHoro Bapuanrta /I rena ACE Bwime (MC —
17.6 %, MCMK — 28.8 %, 3MC — 33.3 %), a 4aCTOTHI BCTpe-
yaemMocTH HebmaronpuaTHeix BapuantoB T/T rema AMPD
MC - 4.1 %, MCMK - 1.7 %, 3MC — 0 %) n X/X rena

leHeTuKa yenoBeka

ACTN3 (MC —-17.6 %, MCMK —11.9 %, 3MC — 0 %) Huxe,
4eM y MeHee KBaTU(pHUIUPOBaHHEIX (prc. 1 u 2). OqHaKo 3TH
pe3yabTaThl OKA3aJINCh CTATHCTHYECKH HE3HAYNMBIMH.

[ToBBIIIEHHYIO YaCTOTY BCTPEYAEMOCTH AJJICIbHOTO BapH-
anTa I/l rera ACE MOXHO OOBSICHUTH TEM, YTO 3TOT BAPHAHT
obecrieunBaeT BBICOKYIO adpOOHYI0 pabOTOCIOCOOHOCTD
CIIOPTCMEHOB, MO3TOMY YeM Bl KBAIU(UKALNS CIOPT-
CMEHOB, TEM Yallle B MX T€HOTUIAX BBIABIAETCS BapuaHT /1
(Montgomery et al., 1998; Sgourou et al., 2012).

Hwuskast yacrora Bctpeuaemoctu Bapuanta T/T rena AMPD
Y CIIOPTCMEHOB BBICOKOH KBaTH(PHUKAIIMN MOXET OBITH 00y-
CJIOBJIEHA TEM, UTO aJjiesib T aCCOIMMPOBAH C CHHTE30M YKO-
POUYEHHOTO OeNiKa C MOHWKEHHOW aKTHBHOCTBIO aJICHO3UH-
MoHOdoOchaT-ne3aMruHa3E — (hepMeHTa, PETYIUPYIOIIEro
SHEPreTUYECKHE MPOLECCHI B KIIETKE, YTO CHIYKAET CKOPOCTh
BOCCTAHOBJICHHS CIIOPTCMEHA T0CJE BHITIOIHEHUS BBICOKO-
WHTEHCUBHBIX (hM3UIECKUX Harpy3ok (AxmeTos, 2009).

Uro xacaeTcst HU3KOM YaCTOTHI BCTPEYaeMOCTH aJIENIbHOTO
BapuanTta X/X rena ACTN3 B reHOTHNaX BBICOKOKBaIH(U-
IIMPOBAHHBIX ATJIIETOB, TO ATOT (PAKT MOKHO OOBSICHHUTH TEM,
YTO y HOcHTenel BapuaHTa R/R ObIcTpble MBIIIEUHBIC BO-
JIOKHA CITOCOOHBI I0J] BO3ACHCTBHEM TPEHUPOBOK IPEBpa-
IIaThCsl B MEIUICHHBIE, T. €. HOCUTENH BapuanTta R/R moryt
YCOBEPILCHCTBOBATh CBOW adpOOHBIC KauecTBA U TOBBICHTH
BBIHOCJIMBOCTB. B TO e Bpemsi HocuTenu renoruna X/X He
MOT'YT M3MEHHTh COCTaB CBOMX MBIIIL, BHITTOJIHSA HArpys-
KI CKOpPOCTHO-CHIIOBOTO Xapakrepa (Janssen, 2001). [Toaro-
My Hanuuue anjiesst R Gosee OnaronpusTHO HE TOJIBKO JJIs
CTIIOPTCMEHOB CKOPOCTHO-CHJIOBBIX BUIOB CIIOPTA, HO U IS
aTJIETOB, TPCHUPYIONINX BEIHOCIMBOCTD. [l0oTydyeHHbIE HAMHU
JTAaHHBIC COITIACYIOTCS C pe3yiabTaTaMM JIPYTUX HCCIeloBa-
tenet (dpyxesckas, 2006; Kikuchi et al., 2015), xotopsre
yCTaHOBUIIH, 4TO yacToTa R annens rena A CTN3 npeBanupyer
Yy CIOPTCMEHOB, 3aHUMAIOIIUXCS KaK CKOPOCTHO-CUIOBBIMU
BU/IaMH CIIOPTA, TaK U BUJIAMH CIOpPTA, TPEOYIOUINMHU BBI-
HOCIIUBOCTH.

Hns monmumopdusix BapuantoB Ala55Val UCP2, 1/D
BDKRB2, A79G MB cTaTHCTUYECKH 3HAYUMBIX Pa3IHIUil B
pacmpeeIeHIN 4YacTOT TEHOTHIIOB B 3aBUCHMOCTH OT KBaJIH-

BaBuNOBCKMI XKypHan reHeTUKN n cenekuyumn « 21«3 - 2017

299



Some aspects of gene association
with high sport achievements

%
100

I X/X Ala/Ala
92
80
70
60 - R/X Val/Ala
50
40 -
30+
20 +
10
o R/R Val/Val

3MC MCMK  MC
ACTN3

3MC MCMK  MC
ucpP2

3MC MCMK  MC

1.B. Mosse, A.V. Kilchevsky, L.A. Kundas
A.L. Gonchar, S.L. Minin, K.V. Zhur

D/D D/D
I/D I/D
D/D I/l
3MC MCMK  MC
BDRKB2 ACE

Puc. 2. YacToTbl BCcTpeyaemocTu annenbHbix BapuaHTos reHoB ACTN3, UCP2, BDRKB2, ACE B rpynnax CmOPTCMEHOB pasfinyHomn

KBanunomKalmu.

(huKarmm CIOpTCMEHOB OOHAPYKEHO He OBLITO, UTO, BEPOSTHO,
00yCIJIOBIICHO MaJIbIM pa3MEepOM BBIOOPKH CIIOPTCMEHOB C
HaunOosee Bbicokol kBanmdukauend (3MC). 3aciyKeHHble
MacTepa CIIopTa — 3TO BBIJAIOIINECS CIIOPTCMEHBI, YEMITHOHBI,
camasi MaJOYMCIICHHAs T'PYIIA CPEAN MPOTECTUPOBAHHBIX
CHOPTCMEHOB. TeM He MeHee, KaK BUIHO U3 puc. 1 u 2, B TpyI-
ne 3MC gacToTa TOMO3UTOT 110 «OJIarOMPHUATHBIMY AJIISNIM
3HAUUTENBHO BbllIe, ueM B rpynmnax MC u MCMK, mexny
KOTOPBIMU Pa3jIM4ui Npaktudecku Her. Ilpuuem g rexa
UCP2 pa3nuuusi BIUDIOTHYIO TIPHOIMKAIOTCS K CTATUCTUIECKA
3HaYMMBIM. CJIeZI0BaTeNIbHO, U ISl 9THX TE€HOB MOYKHO I'OBO-
PHUTH O HAOJIFOTAEMOM TCHICHIIMH: YSM BBIIIC KBATU(PUKATIHS
aTJIeTOB, TEM YAIlle B MX TEHOTHIIAX BCTPEYaAIOTCs Onaromnpu-
SATHBIC BApUAHTHI TCHOB.

Taxum 0Opa3oM, oTy4eHHBIE PE3yIIbTaThI I03BOJIAIOT Clie-
JIaTh BBIBOZ O TOM, YTO ISl TOTO, YTOOBI CTaTh BBIJAIOIIMMCS
CHOPTCMEHOM, HEoOX0IMMO 001a1aTh COOTBETCTBYIOIIUM
IeHETHUYECKUM TIOTEHIINAIIOM, B OTCYTCTBHE KOTOPOTO JTI00bIE
YCHIIHSI MOTYT OKa3aThCsl HEIOCTATOYHBIMHU.

OnpepeneHue 3Kcnpeccun psAga reHoB
CMOPTUBHOM YCNELHOCTH
Jlnst mccnemoBanus ObUTH BHEIOPAaHBI aCCOIMUPOBAHHEIC CO
CIIOPTUBHOM YCTIEITHOCTHIO U DKCIIPECCUPYIOLTUECS B KPOBU
reasl UCP2, HIF 1A n MTHFR. TTpoBeieHHBIH aHaH3 H3Me-
HEHHS SKCIIPECCUU 3TUX TCHOB Y KOHBKOOE)KIICB BEISIBIII CTa-
TUCTUYECKH 3HAUMMOE YBEITMUEHHUE CPETHETPYIITIOBBIX YPOB-
neit MPHK rena UCP2 ¢ 0.39+0.05 no 1.55+0.09 ycn.en.
(»=<0.05)urena MTHFR ¢ 0.20+0.02 10 0.66+0.05 ycn. en.
(p £ 0.05) B oTBET Ha CTUMYJIHPYIOIIEE U aJalTUPYIOIEe
JIEHCTBUE IBYXHEJEJIBHON TMIIOKCUYECKON TPEHUPOBKH.
I'er UCP2 — onuH U3 TipeicTaBUTENCH ceMelcTBa pa3oo-
niaronmx 0enkoB. OH MPUHUMAET y4acTHE B TEPMOTCHE3E,
peryisinnn 0OMeHa )KUPOB U pacxoja SHEPTHH, B 3aIUTE OT
AKTUBHBIX (POPM KHCIOPOA, a TAKXKE BIUICT HA CEKPCIHUIO
WHCYIIMHA U Heliponporekuuio. [IpensTcTByst BhipadboOTKe
WHCYIMHA KJICTKAMH MTOPKEITyI0UHON KeTIe3bl, MPOAYKT I'eHa
UCP?2 cnioco0CTByeT JHITONN3Y — UCTIONB30BaHNIO KUPHBIX
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KHCJIOT B KQUECTBE MCTOYHMKA SHEPTHH, UYTO yBEIHMUHBACT
paboTOCIIOCOOHOCTh M BBIHOCIMBOCTH opranm3Ma (Brand,
Esteves, 2005). B oTBer Ha TpeHHPOBKY a’spoOHOIT Harpas-
JIEHHOCTH 3KCIIPECCHs TeHA B CKEJIETHBIX MBIIIIAX YeIOBEKa
YBEIMYMBACTCS, B CBOIO OYEpEb ITOBBIIICHHAS aKTHBHOCTh
réHa U3MCHACT MPOAYKIHIO INNIUKOJIUTUYCCKUX U OKUCIU-
TEJILHBIX (PEPMEHTOB, B PE3YJIBTATE YETO MPOUCXOIUT CIABHUT
B CTOpPOHY 0OoJiee H5KOHOMHOTO crocoba sneproodecmneue-
HUS — OKHCIUTENbHOTO (hochopunupoBanus (Buemann et al.,
2001). Taxum obpa3om, yBennueHne sxcnpeccnn rena UCP2
CBHJICTEIILCTBYET O TIepexo/ie Ha 0os1ee SKOHOMUYHBIH crloco0
9HEProoOeceueHus.

DepMeHT MeTHIICHTETparuapodonarpeayKkrasa, Koaupye-
Mol reHoM MTHER, katanu3upyet BoccTaHoBIeHHe 5,10-me-
TUIIEHTETparuapodoara B S-MmeTuiterparugpodonar, Koro-
PHIf ABISETCS aKTHBHON (OpMOil (OTHeBOH KHCIOTHI, He-
00X0IMMOi 17151 00pa30BaHUsI METHOHNHA U3 TOMOIMCTEHHA
U Janee — S-aJJeHO3UIMETHOHHMHA, UTPAIOILEro KIIUEeBYIO
poisib B npouecce Merunuposanust JAHK. MerunupoBanue
JIHK xoHTpOImpyeT akTHBHOCTh MHOTOUYHCIICHHBIX TCHOB, B
TOM 4YHCIIe 33/IeHICTBOBAHHBIX B IPOLIECCE aAaNTaluK K Qu-
3UYECKUM Harpy3KaM 1 K THIIOKCHH, a TAK/KE OTBETCTBEHHBIX
3a POCT MBIIICYHOHN TKaHU M CHHTEe3 MUTOXOHApHiA (Barres,
Zierath, 2011; Terruzzi et al., 2011). CienoBaTenbHO, yBEIH-
yeHue sKkcnpeccun rena MTHFR B OTBET Ha UHTEPBaJIbHbIC
THUITIOKCHYECKHE TPEHUPOBKH MOXKET CBHJCTEIHCTBOBATH O
3aIlyCKEC BBIHICICPCUNCIICHHBIX MPOLECCOB JJid aJanTalnuu
OpraHu3Ma K T'MIIOKCHH.

B 10 e BpeMsi CpesHeTpyIIoBOH ypOBEHb 3KCIPECCHU
reHa HIF 1A B OTBET Ha TUIIOKCUIO CTaTUCTHYECKU 3HAUUMO
camsmics ¢ 3.04+0.25 no 1.61+0.13 ycn. exn. (p <0.05). Oto
MOXHO OOBSICHHTBH TE€M, YTO MPOXYKT reHa HIF 1A cimyxuT
BEIYyLIUM TPAHCKPUIILUOHHBIM PETYIATOPOM I'€HOB, OTBET-
CTBEHHBIX 3a PEaKIMIO Ha HEAOCTATOK KHCIOpoAaa, odecrie-
YMBaeT OBICTPBIC U a7eKBAaTHBIC OTBETHI HA TUIIOKCHYECKUI
CTpecc, aKTHBU3UPYET I'eHbI, PEryJIMPYIOLINE IPOLECC aHTHO-
TeHe3a, Ba30MOTOPHBII KOHTPOJIb, JHEPTETHICCKUH MeTabo-
u3M u 3putporod3 (Ameln et al., 2005; Lundby, Gassman,

Human genetics
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Puc. 3. inguBuayanbHble pasnnuna yposHeit MPHK reHos UCP2, HIFTA n MTHFR y cnopTcmMeHOB
B OTBET Ha MMMOKCNYECKYIO TPEHVPOBKY.

2006). [TosTOMy B OTBET Ha THIIOKCHIO YPOBEHB dKcIpeccuul rena HIF 14 6p1cTpo
M PE3KO BO3PACTALT JUIA 3aITyCKa KOMIUIEKCa TeHOB, OTBETCTBCHHBIX 32 aJIal Talluio
K Henocrarky kuciopona (Doring et al., 2010), u B To Bpemsi, KOrJa akKTUBHOCTb
JTAaHHBIX TEHOB YBETMUNBACTCS, KcIIpeccus reHa HIF 1 A yxe CHIKaeTCsl, IIOCKOITb-
Ky HU OJ{Ha OMOJIOTHYECKasi CHCTEMa HE MOXKET JUTUTEIEHOE BPEMsI HAaXOANUTHCS B
COCTOSIHUH TepeHaIpsKECHHS.

Heo0xoanmMo 0OTMETHTB, 9TO I3MEHEHUE aKTHBHOCTH T'eHA Y K)KJ0T0 CIIOPTCMe-
Ha HOCHUT WHIMBHAYalIbHBINA XapakTep (puc. 3). Tak, skcripeccust rena UCP2 niox
BO3/ICHCTBHEM I'MIIOKCHM yBenuuniach y amiera Ne 11 B 1.8 paza, a y cnoprcmena
Ne 14 — 6onee guem B 12 pa3. OOparmaeT Ha ceOs BHIMaHHE TaK)Ke WHANBUIYaTbHBII
XapakTep 0a30BOT0 ypOBHS AKCIPECCHU ATOTO T€HA — Y Pa3HBIX CHOPTCMEHOB OH
kosieoetcst ot 0.13 mo 0.87 ycin. en. (cM. puc. 3).

WHnuBuyanbHbIe pa3Inins B JUHAMHUKE aKTHBHOCTH OBUIHM BBISBICHBI U TIPH
aHanmse sKcrpeccun reHoB HIF 1A w MTHFR xak Ha 6a30BOM ypOBHE, TaK M O]
BO3/ICHCTBHEM THIIOKCUU (CM. pHC. 3).

Takum 00pa3om, Harpy3Ka OJMHAKOBOH HHTEHCUBHOCTH U3MEHSIET HKCIIPECCHIO
TEHOB Y Pa3HBIX CIIOPTCMEHOB B PA3HOH CTETICHH U J]ayKe B Pa3JIMUHBIX HAIPaBIIC-
Husx. [TonmyueHHbIe HAMU JTaHHBIE YKA3bIBAIOT HA HEOOXOAMMOCTh HHANBU/IYaIb-
HOTO TOZIX0a K COCTAaBJICHUIO ITPOTPAMMBbI TPEHHPOBOK M (hapMaKOJIOTHIECKOTO
obecrieueHusI.

leHeTuKa yenoBeka

N.B. Mocca, A.B. Kunbuesckuia, J1.A. KyHpac
AJ1. Tonuap, CJ1. MuHumH, K.B. XXyp
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Puc. 4. Skcnpeccua reHa UCP2 y cnopTcmeHoB
Ha HayanbHOM 3Tarne rmnoKCMYeckom TpeHu-
POBKM B 3aBUCMOCTM OT BapuaHTa NoAnMop-
¢du3sma Ala55Val.

B Hay4HOli TuTEpaType npaKTu4ecKu
OTCYTCTBYeT MH(pOpPMAHI O TOM, Kak
9KCIIPECCUPYIOTCS UCCIIEAyeMble HaMU
T'€HbI B IF€TEPO3UTOTHOM COCTOSIHHM, T. €.
TIpY HAJTMYUH OJTarONpUsATHOTO M HeOIa-
TOINIPHSATHOTO TOTIMMOP(HBIX aJuiesei B
oJiHOM reHorure. Paboraer iu oauH u3
aneneit uian 06a, o0yciIoBIMBas cpen-
HUH ypOBEHb CHHTE3a COOTBETCTBYIO-
iero npoxykra. [loaromy npezacrasisi-
JIOCh UHTEPECHBIM CPaBHHUTH HKCIpEC-
CHIO TOMO- M T€TEePO3UTOTHBIX aJlJIeIIh-
HBIX BAPUAHTOB ICHOB.

Hamu mpoananusupoBaHa B3auMo-
CBSI3b Pa3HbIX MOJMMOPQHBIX BapHaH-
toB Ala55Val rena UCP2, C1772T rena
HIF1A4,C677T n A1298C rena MTHFR
C YPOBHSIMH HX JKCIIpECCHH. YCTa-
HOBJICHBI CTAaTHCTHYECKH 3HAYMMbIE
pa3nu4Ms B aKTHBHOCTH PabOTHI TeHa
UCP2 — nop BO3A€HCTBHEM THIIOKCUU
y BapuantoB Val/Ala n Ala/Ala sxkc-
Hpeccust reHa HIDKe, 9eM y TOMO3HUTOTHI
Val/Val (0.33+0.06 n 0.30+0.03 coot-
BercTBeHHO npotuB 0.71+£0.13 ycn.en.;
p <0.05) (puc. 4). CaenoBaTensHO, A
romo3urotsl Val/Val rena UCP2 xapak-
TepHa OoJiee BBICOKAsi aKTHBHOCTD, YTO
00yCIIOBIMBAET MOBBIIICHHYIO CIIOCO0-
HOCTb UCIIOIb30BATh )KUPHBIC KUCIIOTHI
B KaueCTBE MCTOYHHMKA JHEPTUH U,
COOTBETCTBEHHO, YBEIIMYMBAET pado-
TOCIIOCOOHOCTH M BBIHOCIHBOCTH Op-
raHu3ma. DTO MOATBEPIKIAET BBICOKAs
9acToTa BCTPEYaeMOCTH ayiens 55Val
y TIpeJcTaBUTENEei BUJOB CIIOPTa, Tpe-
HUPYIOIIMX BBIHOCIUBOCTH (Buemann
et al., 2001).

Cynst 10 NOJTyYeHHBIM JTaHHBIM, aK-
TUBHOCTb reTepo3urotsl Val/Ala rena
UCP?2 npakTH4YeCKU HE OTIIMYAETCS OT
9KCIIPECCUH TOMO3UTOTHOTO BapHaHTa
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Ala/Ala, yTo 1MO3BONSIET KOPPEKTHO OLIEHUBATh BKJIAJ| JIaH-
HOTO TE€TEpPO3UTOTHOTO BAPHAHTA B MOTEHIMA CIIOPTCMEHA
IIPU MHTEPIPETALNN PE3YIbTaTOB TeHETHYECKOTO TECTHPO-
BaHMSI.

Hns monmumopousmoB C1772T rena HIFIA, C677T n
A1298C rena MTHFR cTaTUCTUYECKH 3HAUUMBIX pa3IuIUi
B DKCIIPECCHU B 3aBUCHUMOCTHU OT aJJICIbHOIO BapHaHTA HE
BBISIBJICHO.

Takum 06pazom, HcciieTOBaHUE YPOBHEH SKCIIPECCHH TEHOB
CIIOPTUBHON YCHEIIHOCTH SBJISETCS BaKHBIM ITAloM IpU
MOATOTOBKE MPO(ECCHOHATBHBIX CIIOPTCMEHOB, MOCKOIBKY
CBEJICHUS 00 aKTUBHOCTH PaOOTHI TEHOB MOTYT BBICTYIIATh B
KaueCTBE JIOMOJHUTEIBHOTO KPUTEPHUs, XapaKTepU3YIOLIeTo
a/IaTTAIMIO aTJIeTa K NHTEHCUBHBIM (DU3HUECKIM Harpy3Kam.

3aknioyeHune

CpaBHEHHE TEHOTHIIOB CIIOPTCMEHOB Pa3HON KBanupuka-
1M (MacTepoB CIOPTa, MAaCTEPOB CIOPTa MEXYHAPOIHOTO
KJlacca, 3aciIy’>KeHHBIX MacTepOB CIIOPTa) TI0Ka3aJIo0, YTO YeM
BBIIIE KBAJIM(UKAINS CIOPTCMEHOB, TEM Yallle BCTPEUAroT-
Csl B MX TCHOTHIIAX OJIArONpPUSATHBIC ISl CIIOPTa aJuICJIbHBIE
BapuanThl. Tak, yactorsl renoturioB C/T+T/T rena HIFIA u
C/C rena VEGF B rpymiie ciOpTCMEHOB ¢ KBATH(UKAITHIMA
MCMK +3MC 10CTOBEPHO BBIIIE, YEM B IPYyMIIE CIIOPTCME-
HoB ¢ kBaydukarmeit MC (p <0.05). ITomoOHas 3aBHCUMOCTh
BBIABJICHA U TSI YaCTOTHI BCTPEYaeMOCTH ToMo3uToThI Ala/Ala
rena PPARG. CiienoBarelIbHO, MOXKHO CJIEJIaTh BBIBOJI O TOM,
4TO JJId JOCTUIKCHUA BbIAAOIINXCA PE3YJIbTAaTOB aTJIETy HE-
00X0aMMO 00J1a/1aTh COOTBETCTBYIOIINM T'€HETHUECKUM TO-
TEHIINAJIOM, B OTCYTCTBHE KOTOPOTO BCE YCHIIMS MOTYT OKa-
3arbcsi 0e3pe3ybTaTHBIMU.

Amnamms skeripeccuu renos UCP2, HIF 1A n MTHFR mio-
Ka3aJl, 4To y CIIOPTCMEHOB IO/ BO3ACHCTBHEM IMITOKCHIECKIX
TPEHUPOBOK, HAIIPABJICHHBIX Ha IMMOBBIIIECHNE BEIHOCJIMBOCTH,
MIPOUCXOIUT CTATUCTHUYECKH 3HAYNMOE YBEIIMUEHHUE CPEIHE-
rpynnoBsIX ypoBHeH aktuBHOCTH TeHOoB UCP2 u MTHFR u
CHIDKEHMeE dKcrpeccuu reHa HIF 1 A. ITpu 3ToM yCTaHOBJIEHBI
WHINBUAYyallbHBIE PA3]IN4Msl B aKTUBHOCTH T'€HOB Ha pas-
JMYHBIX 3Tarax TPEHUPOBKH y PA3HBIX CIIOPTCMEHOB, YTO
CBUACTCIILCTBYET O HeO6XOHl/IMOCTI/I WHAWBUAYAJIbHOTO MOJ-
X0JIa K X TTOJTOTOBKE.

Ha npumepe rena UCP2 noka3zaHbl CTaTUCTUYECKU 3HA-
YUMBIE Pa3IMYMsl YPOBHEH DKCIIPECCUH I'eHa y HOCHTEleH
Pa3HBIX aJUIEIBHBIX BapHaHTOB monuMopduima Ala55Val:
y obmanateneii romo3urotsl Val/Val ycranosiena Ooinee
BBICOKas KCIIPECCHSI T'eHa 110 CPABHEHUIO C HOCUTEIISIMH aJl-
nenpHBIX BapuanToB Val/Ala u Ala/Ala. [lomy4eHHsle TaHHBIC
TIO3BOJISIIOT OTBETUTH Ha BOITPOC O TOM, KaK 3KCIIPECCHPYIOTCS
I'CHBI IIPpU HAJIUYHUU B IT'€TCPO3UTOTC 6ﬂaFOHpI/IHTHOFO n HEC-
OIaronpUATHOTO MOTUMOP(HBIX AJUIENeH, YTO HEOOXOIUMO
YUHUTBIBATH JUT KOPPEKTHOW OLICHKHU BKJIA/Ia TETEPO3UTOTHOTO
BapUaHTAa B CIIOPTUBHBIN IIOTEHLIMAII CIIOPTCMEHA.

Takum 00pa3oM, KOMITJICKCHBIH TOAXOJ, BKIIOYATOIIHA
B ce0sl KaK ONpe/e/IeHne TeHOTHIIOB ATJIETOB, TaK U aHAJIH3
IKCIIPECCUU I'€HOB, OTBCTCTBCHHBIX 3a agalTalluio K WH-
TEHCHBHBIM (PU3UYECKUM Harpy3kam, obecmeumBaeT Ooiee
3G PEeKTUBHBII OTOOP MEPCHEKTUBHBIX CIOPTCMEHOB M I10-
3BOJISIET KOPPEKTUPOBATH [TPOTrPaMMy TPEHUPOBOK JUISI KaXK-
JIOTO CIIOPTCMEHA MHIUBUAYAIIHO C LIEJIbI0 COXPAHEHHS €TO
3710pPOBBS 1 MTOBBIIICHUS PE3YIBTaTHBHOCTH.
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(P PEeKTUBHOCTD OJb(PAKTOPHOI'O TPAHCIIOPTA
HaHOYaCTUIL OKcuaa MapraHiia (I1I) npym ogHOKpaTHOM
VI MHOTOKPAaTHOM MHTpPaHa3aJIbHOM BBeJIeHI

A.B. Pomamenxol 2@, M.B. Illapanosal, A.B. ITerposckuit!, M.IT. Momxusu!

! DepepanbHoe rocyapcTBeHHoe GIofKeTHOE HayuHoe yupexaeHue «DenepanbHbIi UCCNeA0BaTENbCKMU LIEHTP VIHCTUTYT LUTONOMN U reHeTUKM
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B SKCnepmmeHTax ¢ MHOropasoBbIM NHIFaNALMOHHbIM BBeleHNEM
HaHOpPa3MepPHbIX YaCTUL, OKCUAOB METaJIJTIOB NOKa3aHO OTCYTCTBUE
3HauYMMOW B3aIMOCBA3N mMexay Konm4yecTtsom I'Ipe‘q'bﬂBJ'leHI/llh N KOH-
LleHTpaLl,VleVl MeTasna B 060HATENbHbBIX NlyKoBuMLax. 3710 obCcTOATEND-
CTBO CTaBUT BOMPOC O BO3MOXXHOM CHUMEHNN Bd)d)eKTI/IBHOCTI/I 3axBaTa
TBEPAbIX YaCTuL OHbCI)aKTOprIM anuTennem nNpu NOBTOPHbIX NOCTY-
NJeHNAX B HOCOBYIO MONOCTb. B p,aHHOIZ pa60Te npoeefeHo cpaBHe-
Hune 3¢¢EKTVIBHOCTVI Ha3aJIbHOro TpaHCNOPTa MarHUTOKOHTPACTHbIX

Olfactory transport efficiency
of the manganese oxide
nanoparticles (II) after their
single or multiple intranasal
administrations

HaHOYaCTML, NPU NX OAHOKPATHOM M MHOFOKPATHOM MHTPaHa3aibHOM
BBe[leHN 1 OLleHeHO NX BO3AeNCTBUE Ha MOPGOPYHKLMOHANbHbIE
XapaKTepUCTUKIN ONbGaKTOPHON cncTemMbl. COFMAcHO MosyyYeHHbIM
[aHHbIM, HakonneHne MnO-HY B 060HATENbHbBIX NyKOBULIAX MblLLel

A.V. Romashchenkol 2@, M.B. Sharapoval,
D.V. Petrovskiil, M.P. Moshkin!

TInstitute of Cytology and Genetics SB RAS, Novosibirsk, Russia

2nstitute of Computational Technologies SB RAS, Novosibirsk,

CHUXaeTCA NPU NX NOBTOPHbIX MHTPaHa3a/lbHbIX anminkaunax. Kpome Russi
ussia

TOro, CHUXeHne 3peKTUBHOCTM 0NbPaKTOPHOrO TPaHCMopPTa, Habsto-
Jaemoe Nnpv MHOroKpaTHoM BBeaeHun MnO-HY, yacTrnuHo BoccTa-
HaBNMBAETCA NPV UHTPaHa3anbHOM annavKaumm mykonutuka (0.01 M
N-aueTun-L-umcrterH). Mpu 3TOM KOHLEHTPaLMA YacTuL, B 060HATENb-
HbIX JlyKOBMLaXx 6blna NponopLroHanbHa 06bemy AaHHON CTPYKTYpPbI,
KOTOPbIN, B YaCTHOCTU, 3aBUCUT OT KONMYECTBA CUHAMTUYECKNX KOH-
TaKTOB MeX[y OOOHATENbHBIMU TyKOBULLAMY 1 ONlb)aKTOPHbIM 3MnTe-
nviem. CnegyeT OTMETUTb, YTO NPY MHOTOKpaTHOM BBefeHrn MnO-HY
Y MbILLEN CHUXKAETCA TONLMHA ONbdaKTOPHOTro anuTenms. Takum
06pa3om, Npyi MHOFOKPaTHOM MHTPaHa3anbHom BeegeHur MnO-HY
CHWKaeTcA 3¢ GeKTMBHOCTb 0/bPaKTOPHOrO TPAHCMOPTa HaHOYaCTHL,
13 HOCOBOW MOMOCTU B MO3T, YUTO COYETaeTCs C YBeSIMYeHNEM BA3KO-
CTU MYKO3aJIbHOTO CJTOAl U CHXKEHVIEM KONIMYECTBA CYHAMTUYECKNX
KOHTaKTOB MeX [y 0BOHATENbHbIMM TyKOBULAMY 1 0NlbGaKTOPHbBIM
anuTenvem. MonyyeHHble pe3ynbTaTbl CBUAETENbCTBYIOT O HAMUNM
€CTeCTBeHHbIX MEXaHN3MOB 3aLL1Tbl 0IbhaKTOPHOrO SNUTENNS OT
NPOHVKHOBEHVISI MAaTOreHOB U KCEHOOVOTNKOB U MO3BONAOT CHOPMY-
NPOBATb KOHKPETHbIE MpaKTUYecKme peKomeHaaLuu, Kacatowmecs
WHTpaHa3anbHO annivKaLuym IeKapCTBEHHbIX NMpenapaTos.

In experiments with reusable inhalation of nano-sized
metal oxide particles, it has been shown that there is
no significant relationship between the number of pre-
sentations and the metal concentration in the olfactory
bulb. This fact raises the question of a possible decrease
in the efficiency of particulate capturing by the olfac-
tory epithelium after their repeated application into the
nasal cavity. In this study, we compared the effective-
ness of nasal transport of paramagnetic nanoparticles
after their single and multiple intranasal administration
and evaluated their effects on the morphological and
functional characteristics of the olfactory system. Based
on the data, the accumulation of MnO-NPs in the olfac-
tory bulb of mice was reduced after repeated intranasal
application. In addition, the decrease in the efficiency
of olfactory transport observed after repeated adminis-
tration of MnO-NPs was partially restored by intranasal
application of mucolytic (0.01 M N-acetyl-L-cysteine). In
this case, the concentration of particles in the olfactory
bulb was proportional to the volume of the structure,
which in particular depends on the number of synaptic
contacts between the mitral cell of the olfactory

bulb (OB) and olfactory epithelium (OE). It should be
noted that multiple intranasal injections of MnO-NPs
reduce mouse OE thickness. Thus, repeated intranasal
introduction of MnO-NPs reduces the efficiency of
nanoparticle olfactory transport from the nasal cavity
to the brain, which is combined with the increase in
the viscosity of the mucosal layer and the reduction

in the number of synaptic contacts between OB and
OE. These results indicate the presence of the natural
mechanisms of protection against the penetration of
pathogens and xenobiotics into the olfactory epithe-
lium; they also allow us to formulate practical recom-
mendations on intranasal drugs delivery.

KntoueBble cnoBa: HAHOYACTULbI; UHTPaHa3aNbHOE BBELEHME;
MarHUTHO-pe30HaHCHasA Tomorpadua; Ha3anbHbIN TPAHCMOPT.
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IpoIecce CBOEH KU3HEIEATEIILHOCTH OPTaHu3M I10-

CTOSIHHO ITOAIBEPraeTCsl BO3ACHCTBUIO TBEP/BIX a9P030-

neii (TA), B cocTaB KOTOPBIX MOTYT BXOJHUThH Pa3HO00-
pasnble kceHoOnoTHKU. Ocenasi Ha CIM3UCTBIX BEPXHUX U
HIDKHHX JIBIXaTEIbHBIX ITyTeH, pa3iuuHble KOMIOHEHTH TA
CTIIOCOOHBI IPOHUKATH B KPOBB U, KaK CIIEACTBHE, HaKaIlIU-
BaThCsl BO BHYTPEHHUX opraHax. Kpome Toro, 1emnblii pss
TBEPABIX YACTHL] PA3ITHMYHOI IPUPOABI (BUPYCHI, OKCHUIBI M-
TAJIIOB U T. /I.) CIIOCOOCH IPOHMKATH B IEHTPaJIbHYIO HEPBHYIO
cucremy (LIHC) B 06x01 reMato-3HIE(paTnIecKoro 6apbepa
C TIOBEPXHOCTH CIM3UCTOH HOCOBOM monocTH (Sherry Chow
et al., 2008; Minoshima, Cross, 2008). [IpenmnonoxuTensHo,
MEXaHU3M IOJJOOHOTO TPAHCIIOPTa 3aKJII0YAETCS B 3aXBaTe
BBEJICHHOTO COECZIMHEHHS KIIETKaMH OJTb()aKTOPHOT'O TTUTEIIHS
U TTOCTIETYTOIIEM NTepeMEILICHIH B 060j1ee ITyOOKHE CTPYKTYPbI
Mmo3sra. B [THC ¢ nmoMorisio Ha3aaIpHOTO TpaHCIIOpTa MPOHH-
KaloT IPENMYIIECTBEHHO YIbTPATOHKHE YACTHIIBI PAa3MEPOM
<0.5 mxm (Mistry et al., 2009). M3BecTHO, 4TO HECKOIBKO
rpym BupycoB nonaznatoT B [IHC mMitekonuTaronyx riiaBHbIM
o0Opa3zom yepe3 oIb(PaKTOPHBIN IMyTh. B skcrepuMenTax Ha
00e3bsiHax, KOTOPBIX MHTPaHa3aJIbHO 3apaskajid BUPYCOM
MOJMOMMENINTA, OBUIM TIOJYYEHBI MEPBbIC J10KAa3aTeIbCTBA
IIPSIMOTO MOCTYIIJIEHUS] HAHOA3PO30JIeH U3 HOCOBOM MOJIOCTH
B Mo3T. OJTHAKO pa3pymIeHne OJb(AKTOPHOTO SIMUTEIHS CYIlb-
(haToMm 1MHKA [TPEeIOTBPALIAIO TPOHUKHOBEHHE BUPYCa B MO3T
(Faber et al., 1944). B psize paGoT IpoIeMOHCTPHPOBAHO, YTO
MHTpaHa3aJbHasl alIIMKANS MbIIIaM U KpbICaM HAHOYACTHUI]
OKCHJIOB MapraHiia, THTaHa U KPEMHHUS TaK)Ke NPUBOAUT K
MX HaKOIUICHUIO B TOJIOBHOM MO3T€, M B TIEPBYIO OYEPENb B
onbdakTopHbIX JyKoBHLax (Oberdorster et al., 2004; Elder
et al., 2006; Wang et al., 2008; Wu et al., 2011). OrmeueHO
TaKXe, YTO WHTAJIALHUs HAHOPA3MEPHOTO a3po30iisl OKCHJIA
MapraHIia >KUBOTHBIM C OKKIIIO3HEH OTHOW HO3JIPH COIIPOBO-
JKJIAETCsl CYIIECTBEHHBIM POCTOM KOHLEHTPALUH METajlia B
0Ib(aKTOPHON TYKOBHIIE, PACTIOIIOKECHHOW HITCHIIATEPaTFHO
10 OTHOIICHHIO K OTKPBITOMY HOCOBOMY Xoay. B koHTpasna-
TepaJbHOM JIyKOBHUIE coiep:kaHue Mn ocTaercst Ha ypoBHE
xouTposs (Elder et al., 2006).

[Ipu cpaBHEHMN TOKCHYHOCTH PACTBOPUMBIX M HEPACcTBO-
PHUMBIX (hOPM PA3IUUHBIX KCEHOOMOTHKOB ObLIH O0OHAPYKEHBI
ompezaeneHHsie ocobeHHocTH. Ha kymprype kietok AS549
OBLIO ITOKA3aHO, YTO CyNepliapaMarHiTHbIE YaCTHIIbI JKeJe3a
CIOoCOOHBI BBI3BIBATH OHOIeNIoueuHble pa3pbiBbl JJHK. Tok-
CHYHOCTb TBEP/IBIX YACTHI] MOJKET TAK)KE TIPOSIBISITHCS B TOM,
YTO, IPOHHUKAS B KJIETKY C TOMOIIBIO SHJOIIUTO3a, OHH MO/~
BEPraloTCsi YaCTUYHOMY PACTBOPEHHIO U TEM CaMbIM CO3/IAI0T
Goee BBICOKYIO JIOKAJIBbHYIO KOHIIeHTpanuio noHoB (Chat-
topadhyay et al., 2015). Kpome Toro, B uccienoBanuu, npo-
BEJICHHOM Ha KyJbType kiieTok PC-12, mpoieMOHCTpUpPOBaHO,
YTO KaK okcu Mapraia (40 M), Tak u xjaopug mapranana (II)
CHIKAET KOHIIEHTPALHIO J0(haMUHa U eT0 METa0O0JINTOB, TIPH
9TOM KOHIIEHTpALKs CBOOOIHBIX PaIMKaJIOB B IIATh Pa3 BbILIE
IpH 100aBIICHUH B KYJIBTYPY OKCH/Ia MapTaHIia 0 CPABHEHHIO
¢ aHanornyHoii nozoit MnCl, (Hussain et al., 2006). [Tomumo
TOTO, IEJIbII PsiJi HEOPraHNYECKUX HAHOYACTHIl CIIOCOOEH
IIPY TIOTIAZIaHUH BHYTPb KJIETKHU TTOJABISTH aKTHBHOCTh MU-
toxouapuii (Hussain et al., 2006). Takum 00pazoM, MPOHUK-
HOBEHHE TBEPABIX YaCTHLl OaKTepUaIbHOW, BUPYCHOM HIIH
HEOpraHU4YECKOM MPUPOBI U3 HOCOBOI MOJIOCTH B MO3T MOKET
MPOBOIMPOBATh PA3BUTHE PA3IUYHBIX HEBPOJIOTHYECKUX
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HapyuieHuid. Tak, OHUM U3 NEPBBIX CUMITOMOB Pa3BHUTHS
psana nemenmmii (6one3ns [lapkuHcoHa, O0NME3HE ATBITEH-
Mepa U Jp.) SIBISCTCS HapyIICHUE BOCIPHATHS 3aIaXOBBIX
CTHMYJIOB, ITO3TOMY BO3JeHCTBHsI (PAaKTOPOB Cpelbl, B TOM
YHcIie KOMIIOHEHTOB BBIXaEMBIX a3PO30JIeH, pacCMaTpUBAIOT
B Ka4eCTBE BO3MOYKHBIX KOJOTHYCCKUX (DAKTOPOB PHCKA JUIS
nmaHHbIX 3a0osieBanuii (Calderon-Garcidueiias et al., 2013).

B skcnepuMeHTax ¢ MHOTOPa30BbIM HHTAISIIHOHHBIM BBE-
JICHUEM HAaHOPa3MEPHBIX YaCTHI[ OKCHIIOB METAIIIOB IIOKA3aHO
OTCYTCTBHE 3HAUMMOM B3aMMOCBS3M MEXKIY KOJINYECTBOM
MIPEIbABICHNN U KOHIICHTpAIHeH MeTaia B 000HATEIbHBIX
nykosunax (Elder et al., 2006; Yu et al., 2007). 3To KOCBEeHHO
yKa3bIBaeT Ha CHIYKEHHUE 3aXBaTa TBEP/bIX YacTHL] OJIb(HaKTop-
HBIM 3ITUTEINEM B IIPOIIECCE MX MHOTOKPATHOTO MOCTYIUICHHS
B HOCOBYIO TIOJIOCTh. OTHAKO Cpelr HAYyYHBIX ITyOIUKAIHA
OTCYTCTBYIOT PaOOThI, TIOCBSILEHHBIE MPSIMOMY H3Yy4EHHIO
M3MEHEHUH 01b(PaKTOPHOTO TPAHCTIOPTA HAHOYACTHIL TIPH FIX
MTOBTOPHBIX UHTAJIAIIUAX.

Hawubornee BeposTHBIH IyTh NIPOHUKHOBEHHS TBEP/IbIX Ya-
CTHUI] U3 HOCOBOH IOJIOCTH B MO3I — HEHPOHAJIbHBIN 3aXBaT
(ombakTOpHBIC HEHPOHBI, HEMPOHBI TPOWHHUYHOTO HEPBA)
1 UX MOCHEAYIOINN aKCOHAJIbHBIM TPAaHCCUHANITUYECKUN
TpaHCTIOPT B OoJiee TTyOOKHE CTPYKTYpHI MO3ra. YdacTHe
KIICTOYHOTO TPAHCIIOPTa B MEPEMCIICHHH TBEPIBIX YACTHUIT
13 HOCOBOH TIOJIOCTH B MO3T OBUIO MMOKAa3aHO Ha NpUMEpe
WHTpaHa3aIbHON alTUTMKAIIIH BUPYCHBIX HAHOYACTHIL, KOTO-
poe HapyIIaeTcs IPH BBEICHUH HHTHOUTOPOB aKCOHATBHOTO
TPAHCIIOPTa M WH/IYyLHPOBAHHOM arlonTo3e OJb()aKkTOPHBIX
ueiiponos (Faber et al., 1944). Kpome ¢pn3nko-xuMmaeckux
CBOHCTB CaMHX YacTHUIl, Ha 3((HEKTUBHOCTH HA3aJIBHOTO
TpaHCIOPTa KOMIIOHEHTOB TA BIHsET UX B3aUMOJIEHCTBUE C
MYKO3aJIbHBIM CIIOEM OJTb(aKTOPHOTO ATIHUTENHS, TIPOHUIIAC-
MOCTB KOTOPOTO B IIEPBYIO OUCPEIb OTIPEACISACTCS BI3KOCTHIO
cekpeTa, IPOAYLHPYEMOro KIETKaMHU jKelie3 Ha3aJbHOIo
SIUTENHSI, 1 MHTEHCHUBHOCTHIO MPOAYKIIMU CITU3U. Bospac-
TaHUE BSI3KOCTH MPOAYIIPYEMOU CIIU3HU SBISICTCS OTHUM U3
OCHOBHBIX CUMIITOMOB TaKUX 3200JIEBaHUH, KAK MYKOBHCIIU-
JI03 ¥ XpOHHYECKasi 00OCTPYKTHBHAs OOJE3HB JIETKHX, a YBeE-
JUYCHIE HHTCHCUBHOCTH MPOIYKIINU CEKpeTa HaOmronaeTcs,
HarpuMmep, pU pa3InuHbIX BUJIAX PUHUTA (aJUleprudecKui,
BazoMoTopHBIH U 1p.) (Kim, Ho, 2010). JlaHHBIX 0 BIUSHUN
TA Ha MOp(}OPYHKIHOHAIEHOE COCTOSTHHE MYKO3aIbHOTO
CJIOSI CJIM3HUCTHIX MPAKTUYECKHU HET.

Mapraner (II) cmoco6eH yMeHbIIATh BpeMs peslaKCaIin
MIPOTOHOB TIPH MPOBEICHUN MAarHUTHO-PE30HAHCHOW TOMO-
rpaduu (MPT), 4T0 1103BOJISICT TOBOJIBHO TOUHO ONPEACTUTh
MECTa ero JIOKAITH3AINH ITPH PA3TUIHBIX CIOCO0aX BBEICHHS.
Onwmpasick Ha 3TO CBOMCTBO MapTaHIICBEIX COCTUHCHHI, paHee
HaM# OBLIO MMOKAa3aHO, uTO Yepe3 12 4 mocie oMHOKPaTHOTO
WHTPAHA3AIHOTO BBEICHHS MBIIIAM MarHUTOKOHTPACTHBIX
HaHO4YacTHI[ Okcuaa mapranma (MnO-HY) nabmromaercs
3HaYUTeNbHOEe yBenuueHue ypoBHs MPT-curnana B o6o-
HATEIBHBIX JTyKOBUIIAX KHUBOTHBIX BCIIC/ICTBHE YBEIHUCHUS
KOHIIEHTpAIIMM MapraHia B JaHHBIX cTpykTypax (Moshkin
et al., 2014). [TockobKy OKCHJIbI Maprasiia — Kpaite ciado-
pacTBOpUMBIC COSAMHEHHUS AaKe TPHU JTH30coManbHBIX pH
(pH ~ 4.0 (Elder et al., 2006)), HabnroaemMoe HaMH yBeJIn4e-
Hre MPT-curnana B 000OHSTEIbHBIX JIYKOBUIIAX MBILIH ObLIO
CBS3aHO C HAKOIUICHWEM MMEHHO YaCTHIl MapraHia, a He
noHoB (Mn?"). B 1aHHOM HCCIIEJOBAHUM, C HCIIONB30BAHUEM
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T1-e3Bemennoit MPT, in vivo oxapakTepr3oBaHO HaKOTLIE-
Hue MnO-HY B 000HATETBHBIX TyKOBHUIIAX U OJIb(PAKTOPHOM
SMUTEJINH MBIIIH TIPH UX OTHOKPATHOM M MHOTOKPATHOM WH-
TpaHa3aJIbHOM BBeZleHHH. Jlanee ¢ TOMOIIIBIO TOBEICHYECKOTO
TECTUPOBAHUS 1 TUCTOJIOTUYECKUX METOIOB OBUIH OTMMCAHbI
M3MEHEHUs 3a11aX0BOT0 BOCHPHATHS 1 MOP(POIOTHYECKUX Xa-
PaKTEpUCTHK OJIb(MAKTOPHOTO AMUTEIHS TPH OTHOKPATHOM U
MHOTOKPaTHOM HHTPaHa3aJIbHOM IPEAbSIBICHIN HAHOUACTHII.
J17151 OLIEHKH COCTOSTHHS 0Tb(hAKTOPHOTO AIUTENHNS HCIOIB30-
BAJIMCh JIBA NIApAMETpa: €ro TOJIIMHA, KOTOpas U3MEHSIeTCsI
TP MaccoBOM THOeNN 000HATETHHBIX HeifponoB (Hurtt et al.,
1988), 1 00beM 00OHATETBHBIX JTYKOBHI, KOTOPBIH, B YaCTHO-
CTH, OTIPE/ICNISICTCS KOJIMYECTBOM CHHAIITHYECKUX KOHTAKTOB
MEKAY OJb(AKTOPHBIMU HEMPOHAMHU U MUTPATBbHBIMH KIIET-
Kamu (BHEIIHUH miekcumopdHueli cioit (Bhatnagar et al.,
1987)).

MaTtepwuanbl n metogbl
“KusortHble. Pabora BeinonHeHa Ha 6a3e [leHTpa renerunye-
CKHX pecypcoB sadopatopHbix kuBoTHEIX UIul" CO PAH
(RFMEFI161914X0005). DkcriepuMeHTHI MTOCTaBICHEI Ha
camuax Meimeir SPF-craryca nnOpennoii munun CS57BL/6J
B Bo3pacte 12—14 men. (28-32 r). Ilocme orcangku B 3-He-
JISTBHOM BO3PAcTe M JIO0 MCCIICOBAaHUN MBIIIEH COAepIKain
IPyMIIaMH 1O TIATh 0CO0EH OJJHOTO 110J1a B CTaH/IaPTHBIX KIIET-
Kax (35x25x12 cm) mpu temmeparype 2224 °C u uckyc-
cTBeHHOM cBeToBOM pexuMe 14C: 10T. bpukeTrpoBaHHbIN
kopM («Yapay, [Tapnosckuit I[Tocas) 1 Boxy MBI OJTydanu
ad libitum. B xadecTBe MOACTUIOYHOTO MaTepHaia IpuMe-
HSUTH 00ECIIBIICHHBIC JIPEBECHBIC OITHIIKH.

HNnTpana3zanbHoe BBegeHue MnO. J[71s1 momydeHust HaHO-
yactu, MnO (MnO-HY) k 0.5 mi 0.2 M pactBopa MnCl,,
comepxkarmero 12 % Tween 20, mobasmsumm 0.5 mu 0.4 M
pactBopa KOH, conepsxaiero 16 % Tween 20, nocie dero
AKTHBHO TIEPEMEIINBAIM C ITOMOIIBIO BOPTEKCA B TEUCHUE
30 c. [lanee momy4eHHbIE YaCTUIIBI OTMBIBAJIH, IJISI YEro MX
ocaxxaanu neHTpudyruposanuem mpu 12000 00./MuH B Te-
yerne 15 mun. [locie ynaneHus HagocagodHON )KUIKOCTH K
0CaJIKy 4acTHII J0OaBIISUIN IEMOHN3UPOBAHHYIO BOJY B 00b-
eMe, paBHOM 00bEMY HCXOTHOTO PACTBOPA, M COHU(HUIINPOBA-
7m B Teuenue 1 9 mpu remneparype 22 °C Ha yIsTpa3ByKOBOM
romoreHmsatope QSonica Q700 ¢ Hemorpy>kHBIM 30H10M Cup
Horn (5.5” cup) (QSonica, CIIIA) (110 B, 50/60 'y, yacrora
20 xI', momHOCTE 300 BT1/1; 9ncno mmukiaoB ON/OFF (30 ¢/
30 c) — 60). IIpouemypy OTMBIBKH IPOBOAMIN YETHIPE Pasa,
MoCJIe Yero nojydaiu cradbuibHblili pactBop MnO-HY. Ko-
mgectBo Tween 20 B MOTyYHBIIEMCS KOJJIOUAE OTPEICs-
mu ¢ omonipio UV-criekrpodoromerpun (NanoDrop 2000,
Thermo Scientific, CILIA) na nnuHax Bons 210-280 uM, rae
WHTEHCUBHOCTH CBETOIOINIOIIEHNSI JaHHOTO COEINHEHHS
MakcuMaibHa (Xia, Xu, 2000). Mcxos u3 Mory4eHHbIX JaH-
HBIX, KOHIIeHTpaiust Tween 20 B pactBope MnO-HY nocne
otMbIBOK He mpesbimana 0.5 %. Takum obpa3om, cyTouHas
n03a nosmcopbara-20, KOTOPYIO MOJTydaad KUBOTHBIC B
IKCIIEPUMEHTE, COCTABIIsIa 2 MI/KT, YTO Ha MOPSIOK HIDKE
MaKCHMaJIFHO JOIYCTHUMOMN CyTOUHOH 10351 25 mr/kT (Bartsch
etal., 1975). DU3NKO-XUMHUYECKHE XapaKTEPHUCTUKH HCTIOJIb-
30BaHHBIX YaCTULl IPEACTAaBJIICHbI HA pUC. 1.

Mopdomoruro u pazmepst MnO-HY (cm. puc. 1, @) n3yqanm
C ITOMONIBIO TPAHCMHUCCHOHHON JIEKTPOHHON MUKPOCKOTINH
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JEM 1400 (JEOL, Slmonwust) ¢ uudpoBoii kamepoii Veleta
(SIS, Tepmanns). [Ipenapatsr copdbupoBanu B Tedenne 30 ¢
Ha MeJHble ceTKu (copper grids), mokpeITeie (HOPMBAPOBOI
wieHkoii (formvar-coated), craOMIN3UPOBAHHOI HANTBLICHUCM
yrepona ¢ momonisio Vacuum Evaporator JEE-420 (JEOL,
Snonust). M3nMuIky >KUAKOCTH YIAISIN (GHUIBTPOBAIEHON
OyMaroi, ceTKH BBICYLIMBAJIM Ha BO3AyXe. B kaxaom mpe-
napare onpeaessiin cpeauuil pazmep HY nyrem nsmepenus
100 gacTuI ¢ Y4eTKUMH I'PaHUIIAMH € TIOMOIIBIO TPOTPAMMBbI
iTEM, Bepcus 5.2 (JEOL, Slnonus). Cpeanuii nuamerp
(Mean+ SD) MnO-HUY cocrasnsir 138+53 um (em. puc. 1, a).
XapakTepuCTHKY KPUCTAIUINIECKON PEIIETKH UCTIOIb30BaH-
HEIX B pabore Hanowyactul (Mn;0,-HY, Mn,O,-HY, MnO-
HY) mpoBonmny ¢ MOMOIIBIO TIOPOIIKOBOH IH(PAKTOMETPUN
Ha CTAHIMHU CHHXpOTpoHHOro m3mydenus (BOIIII-3, USD
CO PAH) (Evdokov et al., 2009). 9To MeTo/, OCHOBaHHBI
Ha PEHTTCHOBCKOHN AMQpPaKIny, HanboJee MOIXOANUT s
WICHTU(HUKALIH U XapaKTepHU3aIui KPUCTAIUTHUECKIX (a3 B
Beiectse. JJudpakiuto ot 0Opasiia CHUMAIA B MOHOXPOMATH-
YECKOM M3JTy4eHUH ¢ JuTnHOH BomHE! 0.1516 HM B qrama3zone
yrioB ot 45 no 75°. Unertudukamnms a3 oCcyIecTBIsIIach
C UCIOJIb30BaHKEM 0a3bl JaHHBIX ITporpaMMbl Match, paspa-
6orannoit pupmoii Crystal Impact. Beuto ycranosneHo, 9To
KOJIJIOU]T SIBJISIETCSI MOHO(a3HbIM OKCHI0M Mapranna MnO u
YaCTHIbI, BXOJMBIINE B €0 COCTaB, HE UMENIN CPOPMHUPOBAH-
HOM KpPHUCTAJUIMYECKON PEILIETKH.

[TapameTrpst MnO-HY B cycnien3nu onpeaensiiu METOI0M
JIMHAMUYECKOTO CBETOPACCESHUS IIPH yIyiax paccestHust 90° u
temneparype 22 °C u snexTpodopesa ¢ moMomipio Zetasizer
NanoZS (Malvern, BennkoOputanust) B COOTBETCTBUH € IPO-
TOKOJIOM TIPOU3BOAUTENS (CM. puc. 1, ).

Mapraser sIBIsIETCs TapaMarHeTHKOM, TOTOMY CIIOCOOEH
COKpaliarh BpeMs criuH-pereryaroit penakcarun (T1). st
MnO-HY ObutM mosy4eHsl XapakTepHCTHUECKHUEe BpeMeHa
penakcany Ha CBEPXBBICOKOTIONEHOM Tomorpade BioSpec
117/16 USR (Bruker, I'epmanns) — 11.7 Tin. O6parnast Be-
smuvna penaxcarmu (T171, mc™1) naxonunace B mpsiMo mpo-
MOPLUMOHAILHOM 3aBHCUMOCTH OT KOHILEHTPAIIMK MapraHIia
it MnO-HY (cwm. puc. 1, 6).

Cxema 3xcniepuMeHTOB. [Ipu nccnenoBaHny HAKOMIJICHUS
MnO-HY B 00OHATENBHBIX JIYKOBUIIAX MBIIIEH HEHAPKOTH-
3MPOBAHHBIM JKUBOTHBIM BBOJMJIM B OJHY (9KCIIEPUMEHT C
OJIHOKPATHBIM BBE/ICHHEM ) WJIH B 00€ HO3/IpH (IKCIIEPUMEHT
C MHOTOKPATHBIM BBEJCHHEM) KOJUIOMHBIE PACTBOPHI Ha-
HoyacTHll 1o 10 MKJI Ha HO3.PIO.

[Ipu oHOKpPAaTHOM HHTpaHA3aJILHOM BBE/ICHUH (DU3HOJIOTH-
yeckuil pactBop (Tpynma 1, n = 6) Wi KOJUTOUIHBIA pacTBOP
HaHo4acTHIl (Tpynma 2, n = 6) BBOAWICS B OJHY HO3/PIO 3a
12 u no MPT-ckanupoBanusi. C TOMOIIBIO MOJTy4eHHbIX T1-
B3BemeHHbIX MPT-u300paxenuii onpeaesnsin HakoIJIeHne
HAHOYACTHII B TKaHU. PaHee Hamu Obl1a MokasaHa BEICOKO/I0-
CTOBEpHas koppessiuusa Mex 1y ypoBHeM MPT-curnana u kon-
nenTparpeit Hanodactur; MnO B Tkanu (Moshkin et al., 2014).
Taxxe ¢ momombio T1-B3Bemenusx MPT-u3o0paxkenuii y
MbIIIIeH onpenesisiin Hakorienne MnO-HY B onbakTopHOM
snuTenuu. Jlanee oleHnBaIM MOBEACHISCKUN OTBET KaKIOU
oco0u Ha 3amax BOJBI U 3arpsi3sHeHHON camMkamu (C57BL/6J)
nocTWwiIKK. [Tociie OKoHYaHUst BCeX TECTOB )KUBOTHBIX TPYIIIT
3a0MBaJIN ¥ OTOMPAITH TUCTOIOTHYESCKUI MaTepHal s OTpe-
JICTICHNS! TOJIIMHBI 01b()AKTOPHOTO STIHTEIHSL.
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Puc. 1. Dusnko-xvmmnyeckme xapaktepuctmkn MnO-HY:

TKaHb’

a - NpoCBeyYMBaloLLan 3NeKTPOHHaA MUKpockonua MnO-HY; 6 — pacnpefeneHne 3HaueHnin rmapoauHammyeckoro paaguyca MnO-HY B KonnonaHom pacTeo-
pe C NoMOLLbo MeToa ANHAMMYECKOrO CBETOBOTrO paccesHus; 8 — xapakTepuctuka MnO-HY kak MPT-KOHTpacTa — 3aBUCMMOCTb BPEMEHW CMH-peLleTyaTomn
penakcauuy npoToHoB (T1) OT KOHLEeHTPaL MU MapraHLua B BOAHOM KoniougHom pactsope MnO-HY.

[Ipu mccrieqoBaHNN HAKOIUICHUS HAHOYACTHII B OOOHS-
TEJBHBIX JTyKOBHIIAX TPH MHOTOKPAaTHOM BBeeHnr MnO-HY
KOJUTOMTHBIN PacTBOpP YACTHI[ BBOIWIM MbIlIaM (rpymma 3,
n = 6) B ogHy HO3apIo B 00beMe 10 Mki. MHTpaHa3ampHYIO
ANIDIAKAIIIO HAHOYACTHII ITPOBOIMIIN B TCUCHHE 6 HENIEITh JIBa
pasa B HEJIEII0, TaK YTOOBI MKy BBEICHUSMHE IIPOXOIUIIO HE
MeHee 2 rHei. Takum 06pa3om, 00111ee KOTHMIECTBO BBEICHUH
(n) cocraBmno 12. [Tocie 12-ro BBeIeHHUS MBIIIIAM IPOBOIIITH
MPT-uccrnenoBanue u ¢ momoripio T1-B3BenIeHHBIX H300pa-
JKeHnit oreHnBaan HakoruieHne MnO-HY B 000OHSATENBHBIX
JYKOBHIIAX U OJIb(aKTOpHOM smuTennd. Janee B onbhakTop-
HOM TECTE UCCIICI0BAIIN TIOBSICHYCCKUI OTBET KayKI0# 0co0U
Ha 3arax 3arps3HenHoi camkamu (C57BL/6J) moncTuiku.

Jlnist miccrienoBaHMs BITUSTHAS MyKOJIMUTHKA Ha 3aXBaT YaCTHII,
MBIIIIAM TPYIIIBI 3 TI0 OKOHYAHUH MMOBEICHUECKOTO TECTHPO-
BaHMS WHTPAHA3AJIHHO BBOAWIIM B KX TyT0 HO3/IPIO 1Mo 10 MK
0.01 M N-anerun-L-nucrenna (ALLI®), mocie dero gepes
20 mMuH B onHy Ho3apio BBoxmid 10 mxi MnO-HY u gepes
12 g mpoBomwmt MPT-ckannpoanue. [Tocie okoHIaHHS BCex
TECTOB KUBOTHBIX TPYIITEI 3 3a0WBAH 1 OTOUPAIIH THCTOIIO-
THYCCKHUI MaTepual JUIst OTIPEICIICH I TOIIIUHBI OTb(akTop-
HOTO DITUTEITHS.

MPT-uccaexosanusi. Haxorrenne MnO-HY B oGous-
TEJIBHBIX JIYKOBHIIAX MBIIIH OBLIIO HCCIICOBAHO C TOMOIIBIO
MarHUTHO-PE30HAHCHOH TOMOTpa i Ha CBEPXBBICOKOMIOb-
HoM Tomorpade BioSpec 117/16 USR (Bruker, I'epmanns) —
11.7 Tn.

3a 5 MHUH 10 UCCIeI0BaHNs MBIIIIEH 00€3IBIKHUBAIIH T'a30-
BbIM Hapko3oM (Isofluran, Baxter Healthcare Corp., CILIA)
npu oMol HapkozHoro anmnapara (The Univentor 400 Ana-
esthesia Unit, Univentor, Mainera). TemmnepaTypy ’KHBOTHBIX
TIOJIICPKUBAITH C IIOMOIIBIO BOAHOTO KOHTYpa B TOMOTpadu-
YECKOM CTOJIMKE-KPOBATKE, UMEBIIIEM TEMIICPATYPY MOBEPX-
HoctH 30 °C. Ilog HIDKHIOI YacTh TYJIOBHINA TTOMEMIATH
MTHEBMAaTHUYCCKUH matyuk abixanus (SA Instruments, Stony
Brook, N.'Y., CIIIA), 4uTo mo3BoJIs10 KOHTPOJIUPOBATH IITyOH-
Hy HapKo3a.

Wudopmanus o pacrpeeieHI MapraHiia o CTPyKTypaM
MO3ra MbIIIH ObLIa MMOJIYYeHa Mo pe3yibratam T 1-B3BelicH-
HBIX M300pakeHmit ¢ ucrons3oBanneM mertoga FLASH (fast
low angele shot). ITapameTpbl UMITYJIbCHOI 1TOCIIEIOBATEIb-

Ddusnonornyeckas reHeTuKa

Hoctu Metona: TE = 2.5 mc, TR = 200 mc; mapameTps! u30-
OpaskeHus: pasmep 2.5%2.5 cm, marpuna 512 %512 Touex,
TommuHa cpesa 0.5 MM, paccrosHue Mexay cpezamu 0.5 M,
KOJTMUYECTBO CpPe30B 15, opueHTalust Cpe30B aKcHaIbHAs;
o01iee BpeMsi CKaHMPOBaHUS 6 MUH.

Jlig mpuBeneHUsl K HOpMaJIbHOMY pacHpeieseHUIO 3Ha-
yeHns MHTeHCHBHOCTH MPT-curnana iorapudmupoBamm —
log,(MPT-curnain). O6paborky MPT-ckaHOB NpOBOAMIN B
nporpamme Imagel.

Oab(pakTOPHBIH TeCT BBHITONHIICS IO MOTUPHUIIAPO-
BaHHOH cxeme habituation—dishabituation (Schellinck et al.,
1995). IToBeneHueckoe TeCTUPOBAHUE MPOBOIMIH YEPE3 IBOE
cytok nocsie MPT-ckanupoBanus 1 HapkoTuzauu. Kierky ¢
YHCTBIM ITOACTHIIOM U IBYMsI ITyCTBIMU Tipooupkamu (1.5 mir),
MMPUKPCIVICHHBIMH C IIOMOLIBIO CKOTYA K ITIPOTHUBOIIOJIOKHBIM
CTEHKaM KJIETKM, MOMEIAIN I0J BBITSKKY. [lanee Tectu-
pyeMOMy XMBOTHOMY JIaBajli CBOOOIHO INEpEeMEIIaThes 10
KJeTKe B TeucHue 10 MUH, ITOCJIC YCT'0, HC BBIHUMAas ) KUBOTHOC
U3 KJIETKU, B MPOOMPKH aKKyPaTHO IOMEINAIN 3aIaxOBBII
ctumyl. /lanee B TedeHre 2 MUH ¢ IOMOIIBIO NP POBOIL Ka-
Mepbl PErUCTPUPOBAIIN MOBECHNE KUBOTHOTO. B KadecTBe
3aMaxoBbIX CTUMYJIOB MCIOJB30BAIN TUCTHIUIMPOBAHHYIO
BOJIY W 3arpsiI3HEHHYIO TIOJICTIIIKY M3 KIIETKH, I7IE B TCUCHHUE
5 nHe# coaepkanoch 5 caMOK, BO3PACT KOTOPBIX COCTABIISI
10—-12 Henenb. J{as OLCHKH MTOBEACHYCCKOTO OTBETA KUBOT-
HOTO Ha IMPEIOCTABISIEMbIC 3AITaX0BbIe CTUMYJIBI HA ITOJY-
YCHHBIX BUACO3aINCAX MOAUYUTHIBAIN BPEMA O6HIOXI/IBaHI/I§I
Kaxoi npobupku. OOHIOXWBAaHUEM CUHTAJIOCh BCTABaHHE
Ha 3aJ{HHUE JIANKH HETOCPEICTBEHHO PSIOM C 3aMaXOBBIM
CTUMYIIOM (pHC. 2, 2).

TI'uctosniorust HocoBoii mosoctu. Ilocne nposenenuss MPT
¥ TTIOBE/ICHYECKHX TECTOB )KUBOTHOE YMEPIBIISIIH, HCIIOJIB3YSI
100 % yrnexucislii ra3, KOTOPbIH T0JjaBaIk B FepPMETUYHO 3a-
KPBITYIO KJIETKY C )KMUBOTHBIM BHYTPH B TEUEHHUE KAK MUHIMYM
2 muH co ckopocThio 200 mi/muH. [lepen oTeneHreM roI0BbI
OT TYJIOBHILA HOCOBYIO IOJIOCTb MBI poMbiBanu 10 % 3a-
OythepeHHBIM (hopMAaTIITHOM, TTOCIIE YETO YEPETI C YIATICHHBIMU
MSTKAMH TKaHSIMH 1 MBIIIIIAMH TToMeIai B 4 % dopmanun
U Iep>Kajiy B HEM HE MEHee CyTOK. 3aTeM IPOBO/IMIIHN A€KaJb-
IIUHAIIIO C TOMOIIBI0 pacTBopa « TpumoH-by B Teuenue 4 cyT,
TIOCJIE Yero Yeperl 3aJIMBalIH napapuHOM, TOTOBUIIN KOpPOHap-
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Puc. 2. CpaBHeHMe 3 deKTUBHOCTM onbdakTopHOro TpaHcnopta MnO-HY npu nx ogHokpaTHOM
N MHOFOKPaTHOM MHTPaHa3asibHOM BBELIEHWNV U XapaKTepuncTrka GakTopoB, OKa3blBaKOLMUX BANA-
HMe Ha AaHHbIN npoLecc.

a- ypoBeHb MPT-curHana B 060HATeNbHbIX lyKOBMLAX Mbllwen yepes 12 4 nocne seegeHna MnO-HY;

6 — KopoHapHble T1-B3BelleHHble MPT-306pakeHns HakonneHna MnO-HY B 060HATENbHbIX NyKOBMLLAX
(ON) mMbiww yepes 12 4 Nocne NHTPaHa3abHOM anmnavKaLMmn YacTuUL; 8 — NOBeAeHYeCKana peakLma caMmLioB
C57BL/6J rpynn 1-3 Ha NOACTUAKY C 3anaxoM CamMOK 1 AUCTU/SIMPOBaHHYIO BOAY; 2 — YCTaHOBKa AJA Mpo-
BefleHNA 0NbGaKTOPHOro TECTUPOBAHNA; 0 — CPaBHEHVIE TONLLMHBI onbpakTopHoro snutenua (03) y xu-
BOTHbIX 1-3 rpynn; e — ypoBeHb MPT-curHana Ha T1-B3BeLLeHHbIX U306paxkeHnAX B 061acTh onbdakTop-
HOro 3NuTeNnuA y Mbilwen 1-3 rpynn Yepes 12 4 nocne HTpaHasanbHow anmankauum MnO-HY; x - cpas-
HeHune obbema OJ1y ocobeir 1-3 rpynm; 3 — k03dPrLmeHT Koppenauun obbema OJ1 c ypoBHem MPT-cur-
Hana B OJ1 uepes 12 4 nocne nHTpaHasanbHoro BeeaeHna MnO-HY. A, B, C — gocTtoBepHble oTanuma no
LSD-TecTy, p < 0.05; * pocToBepHble oTnnyma no t-tecty CtblopeHTa, p < 0.05. KoHTposnbHas rpynna (rpyn-
na 1) - 0cobu, KOTOPbIM OJHOKPATHO MHTPaHa3anbHO BBOAWIU dr3Monornyeckmnii pacteop; [IMnO-HY],
(rpynna 2) n [MnO-HY],, (rpynna 3) — %1BOTHble, KOTOPbIM IM60 OAHOKPATHO, NGO MHOTOKPATHO
MHTPaHasanbHo BBoAnAn MnO-HY; [MnO-HY]; ;+myKonutuk — mbiwm rpynnbl [MnO-HY], 5, koTopbim 3a
20 MVH 10 BBEAEHUA HAHOYACTUL, 3aKananu B Hoc 10 Mk mykonutrka (0,01 M N-auetun-L-uncrenna).
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HBIE CPE3bl TOJILIUMHON 5 MKM, KOTOpPbIE
BIOCJIC/ICTBIN OKPAIIINBAJIN TEMATOKCH-
JIMHOM ¥ 031HOM. Mopdonoruueckue
HUCCICAOBAHUS BBIINTOJIHAIN C IIOMOIIBIO
MOJISIPU3AIMOHHOTO MUKPOCKOTa AXio
Imager (Carl Ceiss, I'epmanus) B mmpo-
XOJISIIIEM CBeTe ¢ IH(POBOIl Kamepoi
AxioCam ERcS5s. [Tomy4ueHHbIe JaHHBIE
AQHAJM3MPOBAIU C TIOMOIIBIO CBOOOTHO
pacnpocTpaHIeMoro nakeTa IporpaMm
ImageJ. [nsa ka)xI0ro KMBOTHOTO 00-
CUUTHIBAJIM 110 TPH KOPOHAPHBIX THCTO-
JIOTUYECKUX CPe3a HOCOBOW IMOJIOCTH
MBIIIHN, CAETAHHBIX B 00JIaCTH ONb(aK-
TOPHOTO SIMTENNS HA PACCTOSIHUU HE
MeHee 0.5 MM apyr ot npyra. Ha kax-
JIOM cpe3e TIPOBOAMIN U3MEPEHHE TOJI-
IIMHBI 0JTE()AKTOPHOTO SITUTEIHS HE Me-
Hee yeM B 20 pa3in4HbIX y4acTKax HO-
COBOMH IOJIOCTH.

Crarucruka. J{1s cpaBHEHUS BYX
CpeIHuX HcIoab30Baiu t-rect CThIo-
JieHTa. J[1s MHOKECTBEHHBIX CPaBHEHHI
cpenanx ucnonbp3oBam LSD-Tecr (least
significant difference). BzanmosaBucu-
MOCTH HCCIEAYEMbIX MPU3HAKOB OIle-
HUBAJIN C TOMOIIBIO TapaMETPHIECKOTO
koa(duumenTa xoppesiuu [Tupcona.
JlarnbIe BeIpakamyn kak cpeqane + SE.

Pesynbratbl

VYposens no3uruHoro MPT-koHTpacra,
N3MEPEHHBIH B OJIb(AKTOPHBIX JIYKO-
BUIAX yepe3 12 4 mocie ogHOKpaTHON
HHTpaHa3aIpHON armumukar MnO-HY
(rpymma 2), CyIiecTBEHHO ITPEBOCXOIUIT
TaKOBOW y KOHTPOJIBHBIX 0co0eil (cM.
puc. 2, a, LSD-tecr, p < 0.05). Bmecte
C TEM I10CJIe MHOTOKPAaTHOTO BBEJICHHUS
HAHOYACTHIl YPOBEHb CHTHAJIA HE OT-
JMYaJCs OT KOHTPOJISA U OBLI Cylle-
CTBEHHO HIWJKE, YEM Y MBIIIEH, KOTOPBIM
MnO-HY BBOIMIN OIXHOKPATHO (CM.
puc. 2, a, 6, LSD-tecr, p < 0.05).

[Tpn nccnenoBaHUM MTOBEICHUCCKOM
peakIny Ha 3aI1axoBble CTUMYJIbI ObLIO
YCTaHOBJIEHO, YTO TOJBKO CaMI[bl KOH-
TPOJILHOH rpymnmsl (rpynma 1) pemon-
cTpupoBaiu OoJbliee BpeMs OOHIOXH-
BaHUS NPOOMPKHU C MOACTUIIKOMH, 3a-
TPSI3HEHHOW CaMKaMH, YeM MpPOOHpPKH
¢ Bojo# (cMm. puc. 2, 6, 2, LSD-tecr,
p < 0.05). )KuBotHsie 2-i u 3-if rpymm
TPaTHIM OJMHAKOBOE BpeMs Ha OOHIO-
xuBaHue oboux crumynoB (LSD-tecr,
p>0.05). Kpome Toro, ocodu 3-ii rpym-
IIbl B TEYCHHE TeCcTa OOHIOXMBAIH 3a-
[aXOBbIe CTUMYJIbI MEHEE MPOJOJIKH-
TEJIBHO 110 CPAaBHEHHIO ¢ TpynmaMu 1
u 2 (cMm. puc. 2, 6, LSD-tect, p < 0.05).
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DddeKTUBHOCTb ONbdakTopHOro TpaHcnopta MnO-HY
NP1 OAHOKPATHOM 1 MHOTOKPAaTHOM MHTPaHa3asibHOM BBEAEHUN

Jlis oLileHKH BKJIa/ia BA3KOCTH MYKO3aJIBHOTO CJIOS B CHU-
KeHue P(PEeKTHBHOCTH 3aXBaTa HAaHOYACTHUI] OIb(aKTOP-
HBIM SIUTENINEM IMPHU MHOTOKpaTHOM BBeaeHuH MnO-HY,
JKMBOTHBIM 3-# IpYIIBI MOCJIE OKOHYAHHS OJb()AKTOPHOTO
TeCTHPOBaHMS BBOIMIHN B HOC MykoiuTHK (0.01 M N-arnetni-
L-miucrenn), 3arem yepe3 20 MUH HHTpaHa3aJIbHO allTUTHIIN-
poBasiu MnO-HY. [lanee yepe3 12 4 npoBoauiIn MOBTOPHOE
MPT-ckanupoBanue. Mcxons U3 NOJyYEHHBIX PE3YIbTATOB,
BBE/ICHHE MYKOJIMTHKA JIOCTOBEPHO YCHIIHIO ypoBeHb MPT-
CUrHajia B OOOHSTEJIBHBIX JIyKOBUIAX )KUBOTHBIX I'PYIIIHI 3
KakK 10 CPaBHEHUIO C KOHTPOJEM, TaK U MO CPABHEHUIO C
npensiaymnm ckanuposanueM (LSD-recr, p < 0.05). Tem He
MeHee 3HadeHuss MPT-curHana B 000HATEIbHBIX JIYKOBHUIAX
y 3THX 0co0ei OBIIN I0CTOBEPHO HMXKE, YEM y KHBOTHBIX,
koTopsiM BBoAmM MnO-HY onnokpatHO (cM. puc. 2, a,
LSD-tect, p < 0.05).

i orieHKH MOP(OIOTHIECKIX N3MEHEHNH, TIPOHCXOS-
KX B OJT6(aKTOPHOM 3ITUTEINH U OOOHSATEIBHBIX JTyKOBHIAX
MBIIIH TPU OTHOKPATHOM U MHOTOKPAaTHOM MHTPaHAa3aIbHbIX
BBE/ICHUSAX HAHOYACTHUI], MBI UCTIONIb30BasH T1-B3BelICHHbBIE
MPT-u300paxkeHns: U THCTOJIOTHYECKUE CPEe3bl HOCOBOM
MOJIOCTH JKMBOTHOTO (CM. pHC. 2, 0—dic). MHOTOKpaTHOE
uHTpaHa3anbHOe BBeneHne MnO-HY mpuBommio k mocrto-
BEPHOMY CHIYKEHHIO TOJIMHBI 0J1b()AaKTOPHOT'O SIUTEIHS 110
CPaBHEHMIO KAK C KOHTPOJIbHOM IPYIIION KUBOTHBIX, TaK U
¢ ocobsiMu, kotopsiM MnO-HY BBoamN 0gHOKpATHO (t-TEecT
CrpronenTa, p < 0.05). IIpu 3T0M OTHOKpaTHOE BBEICHHUE Ha-
HOYACTHUI] HE BJIUSIIO HA TOJIIMHY OJIb(AKTOPHOTO SIIUTEIHS
(cMm. puc. 2, 9, t-tect CthionenTa, p > 0.05). UccrenoBanue
¢ momompio T1-B3Bemennorr MPT nakomnenus MnO-HY
B OOOHSITENILHOM SIHUTEINU TI0KA3aJ0, YTO IPH OJHOKpAT-
HOM BBEJCHUHM HAOJIOAAIOCh TOCTOBEPHOE YBEIUUCHHE
MPT-curnana B ob(akTOPHOM SMUTEIUH 110 CPAaBHEHUIO
C KOHTPOJILHOHM Tpymmoii u ¢ ocodsmu, kotopsim MnO-HY
BBOJIMUIM MHOTOKpaTtHO (cM. puc. 2, e, LSD-tect, p < 0.05).
Hwu y oHO 113 Tpex rpyIIT JOCTOBEPHBIX PA3INIMi B 00beMax
O0OOHSTENIBHBIX JIYKOBHII HE OOHAPYKEHO (CM. puC. 2, drc).

WnnuBuayanbHble BapHaluy 00beMa U MHTEHCHBHOCTH
MPT-curnana B 0OOHSATEIBHBIX JTYKOBHIAX, OTPAYKAIOMIETO
HaKOIUICHHE MapraHIia, He KOpPEeJIUpPOBAIId MEX,1y COOOM IpH
oxHoKpatHOM BBeneHnn MnO-HY. Bmecte ¢ Tem B rpymme
JKUBOTHBIX, KOTOpbIM MnO-HY BBOIMIN MHOrOKpaTHO,
MHTEHCUBHOCTh HAKOIJICHUS MapraHia B OOOHSATEIbHBIX
JyKOBHIIaX uepe3 12 1 1ocie nX COBMECTHOTO C MyKOJIHTHKOM
MHTPaHa3aJIbHOTO MPEIbSIBIICHUS BRICOKOJIOCTOBEPHO KOppe-
JUpOBajia ¢ 00bEeMOM OOOHSTEIILHBIX JIYKOBHUIL (CM. pHC. 2, 3,
r=0.90, p=0.012).

O6cyxpeHue

B mannoit pabote HAMHU TIOKA3aHO, YTO OJHOKPATHOE MHTPA-
HazaJlbHOE BBEIEHUWE MarHMTOKOHTpacTHbIXx MnO-HY npu-
BOJIUT K 3HAYUTEIbHOMY YBEIMYEHNIO KOHIIEHTPALIUH YaCTHUI]
B OOOHSTENBHBIX JIyKOBUIAX MBIMIH. [IpH 3TOM ypOBEeHb
MPT-curnana B JIyKOBUIIAX MBbIIIEH KOHTPOJIBHON IPYIIIBI
1 KHUBOTHBIX, KOTOpBIM BBOAMIM MnO-HY B TeueHue 6 He-
JIeTTb, HE paznuyaics. B mpeaBapuTenbHbIX IKCIIEPUMEHTAX
YCTaHOBIICHO, YTO KOHIIEHTPALHSI MapTaHNa B OO0HATEIIBHBIX
JYKOBHIIAX MPHU OJHOKPATHOM HMHTPAaHA3aJbHOM BBEICHHUU
MnO-HY 3a 4 Hempenu cHMXKAETCS A0 (OHOBBIX 3HAYCHHUIL.
Hcxons n3 3Toro MOKHO MPEANON0KNTE, YTO OTCYTCTBHE pa3-
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HULBI B ypoBHe MPT-curnana B 000HSTENbHBIX JTYKOBUIIAX
KOHTPOJIGHOW TPYTIITBI MBIIIEH B 0CO0eH, KOTOPHIM MHOTO-
kpatHo BBoAWIM MnO-HY, siBiisieTcs crneacTBUEM CHUKEHUS
3 PEeKTUBHOCTH 3aXBara TBEPAbIX YACTHILl OJb(AKTOPHBIM
SMHUTEINEM P MHOTOKPATHOM TIpeabsBIeHHH yacTuil. [1o-
JIOOHBIE pe3yNbTaThl ObUIM MOJTYYEHBI B SKCIEPHUMEHTaX C
MHOTOPa30BbIM CYyOXPOHUYECKUM MHTAIISIIIMOHHBIM BBE/ICHH-
€M HaHOPa3MEPHbIX METAIINIECKNX YacTHIl. KoHIIeHTparust
YacTHIl B OOOHATENBHBIX JIYKOBUIIAX B ATHX IKCIIEPUMEHTAX
IIPY MHTPaHA3aJIbHOM BBEJICHHHU OIpE/eNsieTcsl KOHIIEHTpa-
el 4acTHUIl B MPEIBIBIIEMOM KOJUIOMTIHOM PacTBOpE, a
He KonmdecTBoM amummkanuit (Yu et al., 2007). CHibkenue
3¢ GEKTUBHOCTH 3aXBaTa YaCTHUI] OKOHYAHHSIMHU OOOHSITEIb-
HBIX HEPBOB MOXET OBITH CIIEICTBHEM JIBYX HE3aBUCHMBIX
MIPOIIECCOB: C OIHOM CTOPOHBI, YMEHBIICHHUS KOJIMUYECTBA
0J1b()aKTOPHBIX PELENTOPHBIX KJIETOK, KOTOPHIE, BEPOsITHEE
BCETO, 3aXBaThIBAIOT TBEPAbIC YACTHIBI C MOMOIIBIO 3HIO-
IIUTO32 U3 HOCOBOM ITOJIOCTH M INEpEeMEIIaloT uxX B Ooiee
r1yOoKue CTpyKTypbl Mo3ra (Mistry et al., 2009), a ¢ gpyroit
CTOPOHBI, U3MEHEHHUS BI3KOCTH MYKO3aJIbHOTO CJIOS, O/THA W3
(DYHKIMH KOTOPOTO — 3aIIUTA SMUTEIHS OT OCEIAIONINX Ha
€ro MOBEPXHOCTH MATOTeHOB U kKceHoOnotukos (Cone, 2009).
Kak roBopuiock BhITIe, HanOOIEe BEPOSTHBIA MyTh MPO-
HUKHOBEHUSI TBEP/IBIX YACTUI] N3 HOCOBOH MOJIOCTH B MO3T —
3TO aKCOHAJIbHBIN TPAHCIIOPT. Y YaCTHE aKCOHATIBLHOTO TPaHC-
MIOpPTa B ITPOLIECCE MEPEMEICHNUS KCEHOOMOTHKOB U3 HOCOBOM
MOJIOCTH B MO3T OBUIO TIPOAEMOHCTPUPOBAHO HA IpUMEpE
JIBIDKEHUS BUpYyCa MOJMOMHUEIINTA, repreca U MHTpaHasaib-
HOTO BBE/ICHHS XJIOpUAa Mapranna. B o6oux cioydasx npen-
BapUTEIbHOE BBEJCHUE B HOC KOJIIXMIMHA, HHTHOUTOpaA TO-
JUMepu3anuu TyOynnHa, GJOKMPOBAJO MX HAKOIUIEHHE B
obousaTenpHBIX TyKoBHIax (Faber et al., 1944; Mikloska et al.,
1999; Pautler, Koretsky, 2002). B Hameit paboTe 1715 OleHKH
MOp(OIOrHYeCKUX H3MEHEHHH B 0JIb()aKTOPHOI cucreme
BCJIE/ICTBHE MHTPAHA3aIbHON aIlUIMKALMK HAHOYACTHIl MbI
MCTIOJIB30BAJIM J[BA MapaMeTpa: TOIIUHY OJb(AKTOPHOTO
AMUTENHS U 00beM OOOHSTENBHBIX JyKoBHIL. [Ipr MaccoBoii
rubenn onb(hakTOPHBIX HEHPOHOB, C OTHON CTOPOHBI, TOJIK-
Ha yMeHbIINThCs TommmHa srutenus (Hurtt et al., 1988), ¢
JIPYTOM, HCXOJIsl U3 ITAaHHBIX JINTEPATYPBI, OJIb(YAKTOPHBIE TUC-
(hyHKIMU Pa3TUIHOTO TeHe3a (Hampumep, HH()EKINOHHEIE,
TOKCHYECKHE, BO3PACTHBIC) IPUBOIAT K U3MEHEHUIO 00beMa
OOOHSITENBHBIX JIYKOBHI] 32 CUET CHUIKCHHSI KOJUYECTBA
CHHANTHYECKUX KOHTAKTOB MEXy Ob()aKTOPHBIMH HEHPO-
HaMW ¥ MUTpanbHbIMH KieTkamu (Bhatnagar et al., 1987).
CoracHo NOJIyYeHHBIM pe3yJlibTaTaM, OJTHOKpPAaTHOE BBejie-
HHE YaCTHI[ HE TIPUBOIMIIO K 3HAYMMBIM MOP(HOIOTHIECKUM
M3MEHEHHSM TOJIIMHBI OTb()AKTOPHOTO SIUTEINHS 1 00beMa
OOOHSTENBHBIX JYKOBHIIL. [Ipr 9TOM MHOTOKpaTHOE BBEJICHUE
HAHOYACTHUI] MBIIIIAM JTOCTOBEPHO CHMKAJIO TOIIMHY UX 000-
HSTEIBHOTO SIUTEIHS, HO Ha 00beM 0JIb(haKTOPHBIX JIyKOBHUI]
JIOCTOBEPHOTI'O BIIMSIHUSI HE OKa3bIBaJIO. YUUTHIBAs, YTO MPU
MHTPaHA3aJIbHOM BBEJICHUU Cyib(aTa IMHKA N3MCHEHUS B
TOJIIMHE OTb()AKTOPHOTO SIUTENNS BO3MOXHO 3a()MKCHPO-
BaTh ye uepes cyTku (Matulionis, 1975), MOXXHO 3aKITIOUUTD,
YTO OJHOKpaTHOe 3akambiBanue MnO-HY B HOC MBIIIH, B
OTJINYHE OT CyOXPOHUYECKOTO, HE TPUBOJIMT K OCTOBEPHBIM
MOP(}OJIOrHUECKIM U3MEHEHUSIM B O0OHSTEIIbHOM SITUTEIIHH.
Taxum 00pa3om, THOETH KIETOK B OJIb(AKTOPHOM SITHTEITHN
IIPY MHOTOKPATHOM BBE/ICHHH YaCTHIl MOYKET BHOCHTD BKJIA]]
BaBuNOBCKMI XKypHan reHeTUKN n cenekuymmn « 21«3 - 2017
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Olfactory transport efficiency of the MnO-NPs
after their single and multiple intranasal injection

B [IPOLIECC CHIDKEHUS 9 (EKTUBHOCTH 3aXBaTa U TPAHCIIOPTa
TBEPABIX YaCTHUIl U3 HOCOBOH MOJIOCTH B MO3T.

B Harmem skcniepiMeHTe CHIDKCHUE BPEMEHH OOHIOXHBa-
HUSI IOZICTHIIKH C 3aI1aXOM CaMOK HaOJII0IAJIOCh HE TOJIBKO Y
CaMIIOB C BBIPA)KCHHBIMH MOP(OIOrN4eCKUMI H3MEHEHHAMHI
0716(haKTOPHOTO SIHTENHS, KoTopsiM MnO-HY BBOMIIN B HOC
MHOTOKPATHO, HO U 'y CaMI[0B 0¢3 BhIPaKCHHBIX U3MCHCHUN B
TOJIIMHE OOOHSTEIBHOTO ITUTENNS, KOTOPBIM YACTUIIBI BBO-
JIITHCB TOJIBKO O/IMH pa3. Bo3aMoXkHOCTB TOTO, UTO YKE OTHO-
KpaTHOC MHTpaHa3aJIbHOC BBCACHUC HAHOYACTUIL] TPUBOAUT
K (DYHKIIMOHAJIFHBIM HapyIICHISIM B padoTe 01b(paKTOPHOH
CHCTEMBbI, IMEET BAXHOE MaToreHeTHuecKoe 3Hadenue. Ha-
pyumieHue O6OHHHI/I)I CJIIYXKUT JUArHOCTUYCCKUM KPHUTCPUEM
TaKUX HEWpOJeTeHepaTHBHBIX 3a00NeBaHNN, Kak 0OJEe3Hb
[Tapxkuncona u Oone3np Anbureiimepa (Mesholam et al.,
1998). Kpome Toro, y maie€HTOB € MOATBEPKACHHBIM KIIMHU-
YECKHM JMAarHO30M «JeTpeccusn HaOII0aeTcsl HapyIeHne
B pabore oibdakTopHO# cuctembl. [Ipu 3ToM onbdakTopHas
JC(hYHKIMS pacCMaTPUBACTCs B KAYECTBE OTHOM M3 BO3MOXK-
HBIX MPUYHMH Pa3BUTHA JETPECCHH, UTO MOATBEPXKIEHO Ha
Pas3INYHBIX SKCTIEPUMEHTAIBHBIX MOJICIISX, B KOTOPBIX Y KH-
BOTHBIX MCKYCCTBCHHO MOOABIAIN BOCIIPUATUE 3allaXOBbIX
CTHMYJIOB C TOMOIIBI0 0ATEOIKTOMUH MITH pa3pyIIeHns 000-
HATEJIBHOTO SITUTENHNS, YeM BBI3BIBAIIN TIOBEICHICCKHE, NM-
MYHHBIC, SOHIOKPUHHBIC 1 6I/IOXI/IMI/I'-IGCKI/IC N3MCHCHUA, XapaK-
TepHbIe [T nenpeccuBHoro cocrossuus (Harkin et al., 2003).

[TepBbIM OapbepoM Ha MYTH MPOHUKHOBEHHS TBEPHBIX
qacTul U3 HOCOBOM ITOJIOCTH B MO3I SIBJISETCS MYKO3aJib-
HBIA CJIOH, KOTOPBIA MPECTaBISACT COO0H MOPUCTHIN TeNb,
3aIIMIIAIOMINN TTOBEPXHOCTh OJb()AKTOPHOTO STHUTEIUS OT
IMPOHUKHOBCHUSA Pa3JIMYHBIX MATOI'C€HOB U KCGHOGI/IOTI/IKOB.
IToka3aHo, 4TO TBEPAbIE YACTULIHI B OCHOBHOM IIPEOI0JICBAIOT
MYKO3JILHBI CJIOH Yepes3 IMOpbl, B KOTOPBIX BI3KOCTh CEKpPETa
3HAQUUTCIIbHO HUXKEC, YEM B OCTaJIbHOM YacTHu MYKO3aJIbHOT'O
rens (Olmsted et al., 2001). Tak, mpu MyKOBHCIHIO3€E THA-
METpP M KOJINYECTBO TOpP 3HAYUTEIILHO CHI)KAIOTCS, YTO CTa-
HOBHUTCS HEIIPEOJOIMMBIM 0apbepoM Jiaxke Uil BUPYCHBIX
gacturl (Verkman et al., 2003) u npuanHON OYeHb HU3KOU
3(GPEKTUBHOCTH in Vivo TeHHOW TPaHC(HEKINHU, TEM CaMbIM
3arpyaHsis jiedeHrne qaHHoro 3adonesanus (Kitson et al.,
1999). ins onieHKH BKJIaa H3MEHEHHS BSI3KOCTH MYKO3aJIh-
HOTO CJIOSl B CHIDKeHHE 3(P()EKTHBHOCTH 3axBara TBEPJIBIX
qyacTHI Oﬂbq)aKTOpHI)IM OMNUTECIUEM IIPHU MHOTI'OKpAaTHOM
npenbsapieHuH MnO-HY, MBI HCTIONB30BaIM MYKOJIUTHK,
KOTOPBIN IIPH TIPEIBAPUTEIILHOM HHTPaHa3aIbHOM BBEICHUHT
3HAYUTCJIIbHO ITOBbIIIAJI HHTCHCHUBHOCTH HAKOIIJICHUS B 060-
HATENBHBIX JIYKOBHIIAX MBIIIN BBEJCHHBIX B HOc MnO-HY.
Kpome Toro, B 10JIB3y TUTIOTE3BI 00 YBEITHUCHUHU BS3KOCTH
MYKO3QJILHOT'O CJIOS TP MHOTOKPAaTHOM HHTpaHa3aJIbHOM
BBE/IEHUN HAaHOYACTHIl TOBOPUT TO, YTO B OTIMYHE MBIIIEH,
koTopsIM MnO-HY BBoguics B HOC TOJIBKO OJUH pas, y
JKMBOTHBIX, TOABEPIIINXCS MHOFOKpaTHOﬁ I/IHTpaHa?)aJ'leOﬁ
anmTuKanyy, npeabssieane MnO-HY 6e3 mykonnTika He
BBI3BIBAJIO HAKOIUICHHS MapraHia He TOJBKO B OOOHSTEINb-
HBIX JIYKOBHIAX, HO ¥ B ITOAJEPKUBAIOIIUX U PELENITOPHBIX
KJIETKaX OJb(paKTOpHOTO 3muTenus (cMm. puc. 2, a). [lpu
9TOM TIPEJBAPUTEILHOE BBEICHHE MYKOJIHMTHKA YCHIIMBAJIO
HaKOIIJICHHUEC 4aCTUll BO BCCM OJ'Ib(baKTOpHOM OIIUTCIINU, a HC
TOJIBKO B 0Jb(DaKTOPHBIX HelipoHax. [TorydeHHbIe pe3yabTaThl
CBUJICTEIBCTBYIOT O BKJIAJIE ITPOIIECca YBEINUCHHS BI3KOCTH
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MYKO3JILHOT'O CJIOSI B CHU)KEHHE IPOHUIIAEMOCTH OJIb(aKTOp-
HOTO STUTENHS [JIs1 HAHOYACTHII.

Takum oOpazom, B HaOIOqaeMOe HaMH CHIDKEHHE Y dek-
TUBHOCTHU 3aXBaTa TBEPABIX YaCTHUIL OJ'Ib(baKTOpHI)IM JIIU-
TEIHEM MBIIIM IPU UX MHOTOKPAaTHOM HHTPaHA3aJIbHOM
MIPE/IBSIBICHUH BHOCST BKJIAJI JIBA OCHOBHBIX ITpoIlecca: TH-
0eJ1b 01b(haKTOPHBIX HEHPOHOB U YBEJIHMYCHUE BSI3KOCTH MY-
KO3aJIbHOTO CJIOsl. B Mosib3y COBMECTHOTrO JNEHCTBHUS DTHX
(haKTOPOB CBHIETEIBCTBYET TO, UTO TIPH MPEIBAPUTEIEHOM
HWHTpaHa3aJIbHOM NPEAbABICHUN MYKOJIWTHKA MbIllaM, KO-
TOPBIM CYOXpOHNYECKH BBOAWIH B HOC MnO-HY, Tpancnopt
HaHOYACTHIl B MO3r Hampsimyto (r = 0.90, cm. puc. 2, 3) 3a-
BHUCEI OT 00beMa OOOHATENILHBIX JIYKOBHUIL. B TO ke Bpems
M3BECTHO, 4TO 00BeM rnolymsapHoro crost OJI, roe pacrio-
JIO)KCHBI CHHANTHYECKHE KOHTAKThl MUTPAIBHBIX KIETOK U
oJb(haKTOPHBIX HEHPOHOB, cocTaisieT 10 30 % oObema Beeit
mykoBuisl (Royet et al., 1988). IlomydenHsie pe3yabTaThl
CBHJICTEJILCTBYIOT O HAIMYMH €CTECTBEHHBIX MEXaHM3MOB 3a-
I THBI OHb(l)aKTOpHOFO OIUTEINA OT IPOHUKHOBCHUS IIaTOIC-
HOB M KCEHOOMOTHKOB, a TAKXKE IMTO3BOJISIOT C(hOpMyIHpoBaTh
KOHKPETHBIE TPAKTHYECKHE PEKOMEHJIAINH, KacarolIrecs
HHTpaHa?;aJ'leOﬁ alrJIMKaluun JICKAapCTBECHHBIX MpETiapaTrosB,
a UIMEHHO: MIPEANOYTUTEIbHOE CHIDKEHNE YaCTOTh HHTPaHa-
3aJbHBIX BBEICHUH M YBEJIMYEHHE I03UPOBKH.
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OnuncTopxo3, 06yCNOBEHHbIN NapasnTUPOBaHNEM KOLLaubel ABY-
ycTku Opisthorchis felineus B >kenuHbIX NPOTOKaX NeYeHN YenoBeka u
PbI6OAAHBIX MAEKOMUTAIOLLMX, PAaCPOCTPAHEH NPENMYLLECTBEHHO
Ha TeppuTopum 6biBwero CHI 1 cTpaH BocTtouHol EBporbl. 9To 3a6one-
BaHWe NPVBOANT K HapyLUEHNAM QYHKLMIA NeYeHN 1 MOLXKeNyA0UYHON
enesbl: XonaHrmTam, XoneumcTuTy, prbposy neyeHu, naHKpeaTuTy.
CeKpeTOpPHO-IKCKPETOPHbIN GENKOBbI MPOAYKT refIbMUHTOB CYUTa-
eTcA KnoyeBbIM GaKTOPOM B CUCTEME B3aVIMOOTHOLLEHWI «NapasnT—
X03AVH» 1 onocpeayeT MHOroobpasue nNnenoTPOMHbIX MaTOreHHbIX

3 HEKTOB BAUAHNA re/IbMUHTOB Ha OPraHn3m xo3aunHa. Llenb gaHHom
paboTbl — onpefeneHne MexaH3ma CeKpeLmy napasmnTapHbix 6esKos
TUOPEAOKCUH NEPOKCMAA3bI U FYTaTUOH-S-TpaHcdepasbl B yCIOBUAX
OKMC/INTENBHOTO CTpecca in vitro. MeTogom BectepH-6510T aHanu3a ¢
MCMNonb30oBaHNeM cneundrnyecknx aHTUTesN NPOTUB PEKOMOVHAHTHbIX
6enkoB onnctopxa O. felineus NnokasaHo, YTO FreNbMUHTBI SKCKPETU-
pYyIOT 6K/ TMOPEAOKCUH NEPOKCMAA3Y U ryTaTUOH-S-TpaHCchepasy
B cpepy MHKy6aumm in vitro. Npy 3Tom MoaenupoBaHme OKUCINTEb-
HOrO CTpecca in vitro NPUBOAUT K YBENUUYEHNIO COofiepKaHuns 6enkos
TUOPEAOKCUH NepoKCMAa3sbl U MyTaTUOH-S-TpaHcdepasbl B cpese
NHKy6auumn. C MOMOLLbI0 MMMYHOMMCTOXUMUN NMPOLEMOHCTPUPOBAHO,
YTO TMOPEAOKCUH NepoKcmAaasa 1 ryTaTuoH-S-TpaHcdepasa obHapy-
YKUBAKOTCA B TKAHAX XKESTUHbIX MPOTOKOB 3KCMNEPUMEHTASIbHbIX XKNBOT-

Mechanisms of trematodiases
pathogenicity: the presence

of the secretory proteins from
the liver fluke Opisthorchis
felineus in the gallbladder tissues
of the patients with chronic
opisthorchiasis
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Opisthorchiasis caused by the liver fluke Opisthorchis

HbIX (XOMAKOB), a TakXe nogen, 60/bHbIX OnMCTOPXO30M. I'IonyquHble
AaHHble BaXKHbl 4114 NOHNMaHUA MOJTIEKYTAPHbBIX MEXaHN3MOB NaTo-
reHe3a onncTopxo3a, a Takxe AJsia yCoBepLeHCTBOBaHNA METOAOB
NMMYHOOMArHOCTUKM ONMUCTOPXO3a N acCoOLMNPOBAHHbIX C HUM 3a60-

felineus infection remains a serious public health
problem in the former USSR and Eastern European
countries. O. felineus infests the bile ducts, the liver and
gallbladder of many fish-eating mammalian species,

NeBaHui. including humans. Opisthorchiasis leads to a number
of related diseases of the liver and pancreas: liver
fibrosis, cholangitis, cholecystitis, liver cysts and pan-
creatitis. Excretory-secretory products of the parasite
are considered to be key factors in host-parasite rela-
tionships and mediate pathogenic pleiotropic effects
on the host organism. The aim of this study was to
determine the helminthic proteins (thioredoxin peroxi-
dase and glutathione-S-transferase) in the gallbladder
tissues of the experimental animals and patients with
opisthorchiasis disease. We demonstrated by immuno-
histochemistry assay using antibodies against recom-
binant O. felineus proteins that thioredoxin peroxidase
and glutathione-S-transferase could be detected in the
biliary duct epithelium of the experimental animals
and in human gallbladder tissues. Moreover, these
proteins could also be detected in human gallbladder
infiltrated cells and underlying connective tissues. The
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KAK UUTUPOBATD 3TY CTATbIO:

results are important for understanding the molecular
mechanisms of opisthorchiasis pathogenesis, as well
as for improvement of the immunodiagnostics of the
opisthorchiasis and opisthorchiasis-related diseases.

Key words: opisthorchiasis; excretory-secretory
products; reactive oxygen species; thioredoxin peroxi-
dase; liver fluke Opisthorchis felineus; immunohisto-
chemistry; gluthathione-S-transferase.
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omaubs AByyctka (Opisthorchis felineus), npefcTaBUTEIb

Napa3uTUUYECKUX IUIOCKUX uYepBel Kiacca Tpemaroisl

cemeiictBa Opisthorchiidae, — omuH U3 Bo3OyaUTENCH
onucropxo3a. O. felineus pacpoCTpaHeH Ha TEPPUTOPUU
ctpan OpBiero CHI' u Bocrtounoit EBpomsr. Onucropxu
Mapa3uTHPYIOT B )KETYHBIX MPOTOKAX YEJIOBEKA U PHIOOSTHBIX
miekonutaronmx (beap, 2005; Pakharukova, Mordvinov,
2016). OnucTopxo3 MPUBOANT K HAPYIICHUAM (DYyHKINH TIe-
YEHH 1 TIO/KEITYA0YHOMN JKeIe3bl, BBI3BIBACT TUCKUHE3NH HKEl-
YEBBIBOJAIIIUX HyTeﬁ, 3a6OHeBaHI/I§I JKEJIyJKa U KUIIECYHHUKaA,
BEreTocoCyaucTyro nuctonnio (Sripa et al., 2007; Ogorodova
et al., 2015; Pakharukova, Mordvinov, 2016). PazButue paka
JKCJIYHBIX MPOTOKOB, XOJAHI'MOKAPIIUHOMBI, HAIIPAMYIO CBSI-
3aHO C JUTMTENEHOW OMUCTOPXO3HOM MHBa3mei (Sripa et al.,
2012). PoncTBenHbIe BHIBI 3TOTO cemeiictBa (O. viverrini,
Clonorchis sinensis) SBISIOTCSI IPUYMHON Pa3BUTHUSI XOJIAH-
THOKapIIMHOMBI U TIPU3HAHBI MEXTyHapOIHBIM areHTCTBOM
1o uccnenoBanuio paka (IARC) bnonornyeckuMu KaHmepore-
HamH yesioBeka kiracca | omacHoctu (Kaewpitoon et al., 2008;
IARC, 2012). B macrosmiee BpeMs TIPSIMOIl CBSI3U MEXKIY
ornucropxo3oM O. felineus y nroneit n 3a0071€BaeMOCTBIO XO-
JIAHTHOKapHuHOMOU He noka3aHo (Pakharukova, Mordvinov,
2016). Ogaaxo xaHueporeHHsIi noternuan O. felineus Ha
9KCTIEPUMEHTAILHOI MOJIeNH (TPhI3yHAaX) B [IEJIOM TaKoH XKe,
kak y O. viverrini u C. sinensis (Maksimova et al., 2015).

Cauraercs, 4To SKCKPETOPHO-CEKPETOPHBIH IPOAYKT OIH-
CTOpXa — OINH U3 KIIFOYEBBIX KOMITOHEHTOB €TI0 aTOTCHHOTO
ﬂeﬁCTBHﬂ 1 BO MHOT'OM OIPCACTIACT MCXaHU3M B3aHMOHeﬁ-
CTBUS «Iapa3suT—Xo3stu». [IpomomkurensHoCTh xu3Hu O. fe-
lineus B opraHu3Me 4elIOBeKa COCTaBIsIeT He MeHee 30 Jiet, 4yTo
CBUJIETEJILCTBYET 00 YCTOMYMBOCTH Mapa3uTa K 3allUTHBIM
cucremam opranusma (besp, 2005). ITo-BuanMomy, TaKkyio
3aIIUTY BBITOJIHSAECT KOMIUICKC OCITKOBBIX IIPOTYKTOB, CEKPETH-
PYEMBIX FeJIbMHHTaMU B OKPYKAIOLIYO CpeLy. DTH BellecTBa
COBMECTHO C (pU3MYeCKUM BO3JCHCTBHEM reJIbMHHTOB MOTYT
CTUMYJIHMPOBATH IATOTOKCHUYECKHE ITPOIIECCHI B OKPYKAFOITHX
TKaHAX, YTO B KOHCYHOM UTOT'C IIPUBOJAUT K MATOJIOTUUCCKUM
n3MeHenusM (Sripa et al., 2012).

CocTaB CEeKpeTHpyemMoro nporeoMa, MOJIydeHHOTO TpH
MHKyOaluu B3poCiibix ocobeid in vitro, oncau st O. felineus
(JIsBoBa 1 11p., 2014) 1 npyrux GIM3KOPOICTBEHHBIX TpeMa-
tox. benku tTnopenokcun nepoxcunasa (TPx) n myrarnon-

Ddusnonornyeckas reHeTuKa

S-tpancdepasza (GST) BxomsT B cocTaB 3TOro mMporeoma u,
BEPOSTHO, BEITTOIHSIOT (PYHKIIMIO BHEIITHEH 3aIIUTHI TeTbMIH-
TOB OT aTaK{ KUCIOPOIHBIX PAJUKAIOB IPH CTOIKHOBCHHU
¢ ’o3uHO(mIamMu 1 HelTpoduiamu (Suttiprapa et al., 2008;
Dalton et al., 2013; JIsBoBa u 1p., 2014). Kpome toro, TPx
MOIYIUPYET pa3BUTHE UMMYHHOTO OTBETA, OCYIICCTBIASA
AKTHBALIMIO MaKpO(]aros 1o aJikTepHATHBHOMY ITyTH, HAITPaB-
JICHHOMY Ha CHIDKEHHE BOCTIATUTEIHHBIX MIPOIIECCOB M YCH-
JIeHue pernapaTuBHBIX nporeccos (Dalton et al., 2013). Otu
0eJIKM y MIIEKOIIMTAIOIIUX YYaCTBYIOT BO BHYTPUKIICTOUHOM
3aMIUTe KIETOK OT KHCIOPOIHBIX PaJUKaIOB.

Heo0xonumMo 0TMETHTB, 9TO IO CHX IO HE U3BECTHO, €CTh
JIM PA3IMYMsl MKy CEKPETOPHBIMH OEIIKaMH, TI0JTyYeHHBIMU
MIpU MHKYOAIlMU OIMCTOPXOB in Vitro B HEOIATOMPHUATHBIX
JUTSL TEIBMUHTOB YCIIOBHSIX WHKYOAIlUu, M in Vivo BHYTPH
JKEITYHBIX IPOTOKOB MJICKOIUTAIOIINX. TaKue pasinyms MOTyT
OBITH OOYCIIOBIIEHBI TEM, YTO 000JI0YKa TpeMaro] o0ragaeT
CIOCOOHOCTHIO YaCTUYHO CIIYIIUBATHCS B CPEy MHKYOAIIUH
NP HEOJIArONPUSITHBIX yCitoBUsIX. [Ipr 7TOM HECOBEpIICHCTBO
METOJIOB MO KaHUS TPEMATOJ in Vitro MOKET OOBSICHATH
HAJIMYHE B CPEJIC HHKYOAINH [UTOIUIA3MAaTHICCKIX (DepMEH-
toB TPx 1 GST. Takum 00pa3oM, 10 CHX TIOP HET HPSAMBIX J10-
Ka3aTeIbCTB, YTO ITH OCIIKH IeHCTBUTEIEHO CEKPETHPYIOTCS
TeIIEMUHTAMU in vivo. KpoMe TOro, CHEKTp CEKPETOPHBIX
0€JIKOB uepBeil, MOJy4YeHHBIX Ha MOJIENIU IPBI3YHOB, — HE TI0-
Ka3aTelb TOTO, YTO TIPOUCXOHT IIPH OTIMCTOPX03€ YSIIOBEKA.
Henp manHON paboTer — ompenenenue OenkoB TPx u GST
OIMUCTOPXA B TKAHSX YKEITUHBIX IPOTOKOB H JKEITIHOTO ITy3bIPsI
9KCIIEPUMEHTATBHBIX KUBOTHBIX, @ TAKKE YKETIHOTO MY3BIPs
YEITOBEKA.

MaTepmanbl n metoabl
Buomarepunan. Merauepkapuu Opisthorchis felineus 6bmn
BBIJICJICHBI U3 MMOJKOKHBIX MBIIICYHBIX TKAHEH 3apPayKCHHBIX
prI6 (136) U3 p. OOB (Pakharukova et al., 2015). HlecTs-Bo-
CeMb HEJICBHBIX XOMSIKOB Mesocricetus auratus TIOIBEprad
3apakeHHuIo nepopanbHo 50 meraunepkapusmu. ITporoxon
SKCIIEPUMEHTAIBHBIX paboT ¢ XoMskamu ObLT 0700peH Ko-
muccueit mo 6uostuke Uul" CO PAH (IIporokomr Ne 25
or 12.12.2014). O0pa3ibl OromaTepualia 4ejaoBeKa — TKaHU
JKEITIHOTO ITy3BIPS — IMOYYCHBI OT IMAI[HEHTOB C XOJCIINCTH-
TOM H XOJICJTUTHA30M TIPH BHIITOITHCHUH JIAITAPO CKOITHIECKOM
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Excretory-secretory proteins
of Opisthorchis felineus in mammal tissues
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Puc. 1. CopgepxaHue 6enkoB GST (a) n TPx (6) B cpesie nHKybauum
in vitro (=) n Npn BO38eNCTBUM Ha YepBen nepekncu Bogopoaa (+)
yepe3z4un 24 .

Crpenkoli 0603HauYeH CUrHan, cooTBeTcTBytowmin 6enky GST (a) n TPx (6).
MpepcTaBneHbl TUNWYHbIE pe3ynbTaTbl UCCNEA0BaHNN.

onepauuu M0 YAAJICHUIO JKEIYHOro Iy3bIpst B I'oponackoi
kiuHIYecKkoil OompHMIe Ne 2 1. HoBocmOupcka. Matepuan
OT MAIEHTOB C OITMCTOPX030M OTOMPAJIH B OIBITHYIO IPYTI-
ny (2 4enoBeka), MaTepuall OT MAMEHTOB 0e3 OIHCTOPX03a
(30 genoBek) — B KOHTpONbHYIO. [IpoTOKON HCCIIeOBaHUSA C
UCIIONIb30BaHNEM MaTepHaa MalueHToB OblIT 0100peH ATH-
yeckoit komuccueir HUU monexynsipHoii 6uonoruu u ounodu-
3ukH, T. HoBocubupcek (ITporoxon Ne 2/2016 ot 27.10.2016).

HMmmynorucroxumusi. OOpasipl e4eHN TPEX KOHTPOIIb-
HBIX M TPEX 3apa)KEHHbIX ONMUCTOPXaMU XOMSKOB (pUKCHpPO-
Basu B 3a0ydepennom 10 % opmannHe B TedEHHE OTHOTO-
cemu quel npu 4 °C, 3areM 00pa3inbl 00€3B0XKHBAIN B CEPUT
BO3PACTAIOIIEro IpajJueHTa STUIOBOIO CIHMPTa U KCHUIIOJIA,
3aKIIIOYAIM B CHHTETHYECKYIO NMapaMHOBYIO CMECh. Takum
K€ CIIOCOOOM TO/IrOTABIUBAIIM 00PA3Ibl CTCHKH JKEITHOTO
my3bIpst yesnoBeka. Cpesbl TOMIMUHON 4 MKM M3TrOTaBINBaIN
Ha poTalmoHHOM MUKpoToMe (Microm, ['epmanns), okpari-
BJIM TEMaTOKCHIIMHOM M 303MHOM MJIH TIPOBOANIA HMMYHO-
rucroxumuto (Kovner et al., 2016) ¢ paHee noiy4yeHHBIMH
MEPBUYHBIMH aHTUTEIAMH NTPOTUB PEKOMOMHAHTHOTO OeTKa
O. felineus TPx (pa3senenue 1:100) (Ilerpenko u np., 2016)
WM IEPBUYHBIMHU aHTHTEIAMH IIPOTUB PEKOMOMHAHTHOTO OelI-
ka O. felineus GST 28 x/la (pa3Benenne 1:20) (PazymoB u ap.,
2016), nanee 0OpadaTHIBaIM BTOPUYHBIMHI aHTHTEIIAMH, Me-
yenbiMi HRP (Abcam, CIIIA). AHasu3 roToBbIX Ipernaparos
TIPOBOIMIIN C TIOMOIIIBIO CBETOBOTO MUKpOCKoma Axiolmager
Al ¢ ¢porokamepoit AxioCam MRc (Carl Zeiss, 'epmanus).
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KyasTuBupoBaHue yepseii in vitro u BectepH-010T aHa-
Jm3. Bapocuneix uepseit O. felineus BBICIANN U3 )KEITIHBIX
MIPOTOKOB MIEYEHH XOMSIKOB uepe3 3—4 Mec. Iociie 3apakeHusl,
npomeiBasii Oonee 10 pa3 B QpU3NOIOTHYECKOM pacTBOpE
(0.9 % p-p NaCl), 3arem Heckonbko pa3 B cpene RPMI-1640,
comepxamieir 1 % miroko3y, 100 MKI/MKI CTPEHITOMHUIIUHA,
100 mxr/Mkn neannminHaa, 0.25 Mxr/min amportepunrHa B
(Sigma, CIIA), n uHKyOMpOBaNy B TEUYCHUE OJHOTO JHS B
armocdepe 5 % CO, npu 37 °C (Pakharukova et al., 2015).
UYepes oauH AEHDb IS MOJAEIMPOBAHUS OKHUCINUTEIHHOTO
cTpecca B cpeny nodasisimu 0.5 MM niepexucsk Bogoposa. 13
nyHOK otoupanu 200 MK cpenbl uepes 4 u 24 4 B 00pasiisl
JT00ABHMIIM MTPOTEA3HBI HHTHONTOPHBIA KOKTEHIH (Amresco)
n xparnm npu —80 °C. DKCIepuMeHTbI ObUTH TOBTOPEHBI TPH
pasa. BectepH-0s1oT aHaNM3 NPOBOJMIIM C TIOMOIBIO CTaH-
JTApTHON METOIMKH, UCTIONB3Ys PaHEe MOTyUYCHHBIC aHTUTENA
nporus TPx (passenenue 1:1000) (ITerpenxo u ap., 2016)
i GST 28 k/1a (passenenue 1:500) (Pazymos u ap., 2016) u
CTaHAAPTHOE KOJINYECTBO CPEIbI KyAbTUBUPOBAHUS — 30 MKJI.

Pesynbratbl

Copepxanne TPx B cpeme WHKyOammu B3pOCIHBIX YepBei
AQHAIM3UPOBAIIM ¢ OMOIIBI0 MeToa Bectepr-0iot (puc. 1)
yepes 4 u 24 4 ot Hauasa skcriepuMenTa. OOHapyKeHO, YTO B
TEYCHUE BPEMEHN MHKYOaINy TeIbMUHTOB B Cpezie HaOmoaa-
eTcsl yBEJIMUeHNE HHTEHCUBHOCTH curHaiioB OenkoB GST, uto
CBH/JICTEIILCTBYET O HAKOIICHHH 3THX OSITKOB B OKPYKAIOIIEH
cpene (cMm. puc. 1), 6emox TPx gepes 4 4 mMpUCYTCTBYET B
cpezie MHKyOanuu B 00JIbIIOM KotndecTBe. Takum 00pazom,
reJIbMUHTBI SKCKpeTupytot oenku TPx u GST, koropsie Ha-
XOIATCS B cpeqe MHKyOanuu. MIHTepecHo, YTo BO3/IEHCTBHE
MIEPEKUCHIO BOZOPO/Ia BBI3BIBACT YBEINUCHNE HHTEHCUBHOCTH
curnanoB 6enkoB TPx u GST 1o cpaBHEHHIO ¢ KOHTPOJICM.
Takum 006pa3zom, MOIETHPOBAHNE OKHCIUTEIBHOTO CTpecca
in Vitro TPUBOJNT K YBEINYEHHIO cofep kanus 0enmkoB TPx u
GST onucropxa B cpee nHKyOanuu (cM. puc. 1).

Jnis m3ydenHns criocoOHOCTH YepBeii SKCKPETHPOBATh OEKH
TPx 1 GST B 5keMYHBIX TPOTOKAX IPOBEIEHBI UMMYHOTHUCTO-
XMMHUUECKHE UCCIIeI0BAaHHsI 00pa3LOB MeUYeHH KOHTPOIBHBIX
1 3apaKEHHBIX OITUCTOPXaMH XOMSKOB (pHC. 2) C aHTHTEIIAMH,
MOTyYEHHBIMU Ha pekoMOuHaHTHBIE Oenku O. felineus TPx
u GST.

Ha puc. 2, 6 B TpOTOKE JKEITIHOTO ITy3BIPST BHJICH OMTHCTOPX
(O), BHyTpH ommcTopxa — siina. TkaHu ompcTOopXa MOYTH
MOJHOCThIO MPOKPAIINBAIOTCSA aHTUTEIaMU NpoTuB TPx.
YV urunnpoBaHHbIX XUBOTHBIX Oenkn TPx u GST obnapy-
JKEHBI B KJIETKAX CTEHKH JKETYHBIX ITPOTOKOB — XOJIAHTHOLH-
Tax; B KJIETKaX )KEIYHBIX IIPOTOKOB KOHTPOJIbHBIX )KUBOTHBIX
peaxIist Ha aHTHTeNa He HaOmonaeTcs (CM. puc. 2, a). Takum
obpazom, napasurnaeckue 6enxu TPx nu GST nonanaror Ha-
PYKY Y BBISIBJISIFOTCSI B KJIETKaX SIHUTEIIHS KEITIHBIX [TPOTOKOB
9KCTIEPUMEHTAIBHBIX JKUBOTHBIX.

Pesynbrarhl HcCIenOBaHUM C UCTIONB30BaHUEM 00pa3IoB
JKEITYHOTO ITy3bIPs MAIIMEHTOB, CTPAAAIOIINX OIIUCTOPXO30M,
MOKAa3aJIM, YTO 3TU OENKH TaKke€ MOTYT NPHUCYTCTBOBATH B
KJIETKaX SMHUTEIHS JKEIYHOTO IMy3bIps 4yesoBeka (puc. 3).
Kpome X0oaHrHonuToB, IPH KCIOIB30BAaHUH aHTHTE K Oell-
kaM TPx n GST cnenngudecknm o0pa3oM OKpaITHBAIOTCS
TaKOKe KJIETKU HHQMIBTPATA U TTOJIEKAIIEH COSAMHNTETEHON
TKaHH.
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CekpeTopHble 6enku Opisthorchis felineus
B TKaHAX MIEKOMUTAOLLNX

O6cyxpeHue

B pabore BriepBbie MOKa3aHo, 4TO B CO-
CTaBE CEKPETUPYEMOr0 MPOTEOMa OITH-
cropxa O. felineus nipu mapasuTupo-
BaHMM Ha YEJIOBEKE HAXOMSTCS OCJIKM
TPx n GST. Ba)xHO OAYEPKHYTH, YTO
9TH O€JKM HaKaIUIMBAIOTCSI B TKAHSIX
JKEITYHBIX IIPOTOKOB U, BEPOSITHO, MOTYT
y4acTBOBAaTh B MEXaHM3MaX B3aUMOOT-
HOILICHUH «I1apa3uT—XO35SHH.

Ponp mapasurapubix 6enkoB TPx u
GST B pa3BUTHH OIIHICTOPX03-aCCOIHU-
poBanubix 3a0oneBanuii TPx u GST B
HacTOsIIIIee BPeMs HCCIIeIOBAHA TOIBKO
(parmenTapno. Vimerommuecs B muTepa-
Type JaHHbIE O 3HAYEHHUH MTapa3uTapHBIX
0€eJIKOB BO B3aMMOOTHOUICHHSIX «Iapa-
3UT—XO3SUH» [IPU TEITbMUHTHBIX TPEMa-
TOJIHBIX 3a00JIEBAHUSIX B ITOIABIISIONIEM
OOJIBIIMHCTBE TIOJIYYCHBI B pE3yNIbTaTe
MCCIIEIOBAHUI IIMCTOCOMO30B (Tapa-
3UTapHBIX 3a00J€BaHNH, BBI3BIBAEMBIX
TpemaronamMu poaa Schistosoma) u B
MEHBIIIEH CTETIEHH — TPEMATOI030B Te-
1aTro-OMImapHOi CUCTEMBI, K KOTOPBIM
OTHOCSITCS, B YaCTHOCTH, OIUCTOPXO3,
BBI3BIBaeMBIid O. viverrini, U KIOHOP-
x03, 00ycnoBneHHsI C. sinensis, a Tak-
ke (acumores, BbI3bIBaeMbId Fasciola
hepatica. 1o cpaBHeHHIO ¢ paboTamu,
MOCBSIICHHBIMHU 3THM T'eJIbMHHTO3aM,
MOJICKYJISIPHBIE UCCIIEA0OBAHUS OIH-
cTopxo3a, BeI3biBaeMoro O. felineus,
HaxOoIITCS Ha HadyalabHOH craguu. M3-
BECTHO, YTO THOPEJIOKCHH TIePOKCH 1a3a
F. hepatica obnamaeT IMMyHOMO/TYJTH-
PYIOLIMMH CBOWCTBAMH B OpraHH3MeE
X031MHa — CHMXaeT ypoBeHb THI-0T-
BeTa M yCHIIMBaeT crenedb TH2-oTBeTa
nMMmyHHOH cuctemsbl (Dalton et al.,
2013), HampaBlIeHHBIN HAa CHUKECHHE
BOCHAJMTEIBHBIX IIPOLIECCOB, YCHIICHHE
3aKUBJIeHUs paH. Kpome Toro, moxa-
3aHO, 4TO cekperupyemas O. viverrini
TITyTaTHOH-S-TpaHcdepasa crmocobHa
perynupoBarh Iponrepanuio KIeToK,
JIEHCTBYSl KaK MUTOT'CH, Yepe3 aKTH-
Barmio AKT u ERK myreit mepemaun
curnaina (Daorueang et al., 2012). Yuu-
TBIBasI TOT (DAKT, YTO XPOHUYECKHUH OITH-
CTOPXO03 NMPHUBOAUT K PAIY CEPHE3HBIX
OCJIO)KHEHHH, B YaCTHOCTH K XOJIAaHT'HO-
(hubpo3y, a TaKKe XOJIaHTMOKAPIIMHOME
(Sripa et al., 2007; Maksimova et al.,
2015), 6enxu TPx u GST, HakarumBa-
IOIINECS B XOJIAHTHOLIUTAX [UTUTEIBHOE
BpEMs, UTPAIOT, BEPOSITHO, BAKHYIO
pOJIb B IaToreHe3e 3a00JIeBaHuUs U BO3-
HUKHOBCHHUU €ro OclokHeHui (Sripa
et al., 2012). Takum oGpa3om, moIy-
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Puc. 2. Pe3ynbTaTbl MMMYHOTMCTOXMMUYECKOTO OKPALLUMBAHYSA CPE30B NMeYeHn KOHTPOJIbHBIX
XKMBOTHbIX (a) 1 )KNBOTHBIX C TPEXMECAUYHOW MHBA3MeEN ONMCcTopXamm (6-2) C NCnosib3oBaHEM
antuten npotus O. felineus TPx (a, 6, 2) n GST (8).

3 — 3NUTENNI XKeNYHOro NPOTOKa; O — ONUCTOPX B NPOTOKE XeNYHOro ny3bipa. [peAcTaBneHbl TUNMYHbIE
pe3ynbTaThbl UCCNefoBaHWiA. YBenuyeHue: a,2 X100, 6, 8 x400.

Puc. 3. Pe3ynbTaTbl MIMMYHOMMCTOXMMMYECKOTO OKPALLMBAHWSA CPE30B XeNYHOro Ny3blps Nofen,
He CTpagaloLMxX onUcTopxo3oM (a, 6), U NaLMeHTOB, 60/bHBIX ONCTOPXO30M (8, 2), C UCMOsb30Ba-
HVEM aHTUTEN NMPOTUB PeKOMOVHaHTHbIX 6enkoB O. felineus TPx (a, 8) n GST (6, o).

3 — 3NUTENNI XeNYHOro Ny3bips. MpeAcTaBneHbl TUNMYHbIE Pe3yNbTaTbl UCCNEA0BAHUIA.
YBenuyeHune: a, 6 x100, 8,2 x400.
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YEHHBIE PE3yJIbTaThl UMEIOT BXKHOE 3HAUCHUE JISl Pa3BUTHSI
IpeACTaBICHUH 0 MeXaHHM3MaxX IIaTOTeHe3a OIHCTOPX03a,
BeI3BaHHOTO O. felineus, 1 OMHUCTOPX03-aCCOMMPOBAHHBIX
3a00JIeBaHUM YeJIOBEKa.

BaxHO OTMETHTB, 4TO, 110 pe3yabTaTaM HAILEro UCCIEN0-
Banus, 0enku TPx u GST O. felineus o6manarot BEIpaXeHHOH
MMMYHOTEHHOCTBIO IIPU OOHApY)KEHHU B TKAHSX YEJIOBEKA.
BeposiTHO, ecTh BOBMOKHOCTh HAXOXKIICHUS STHX OCNIKOB B
OMOJIOTMYECKNX JKUAKOCTSIX TAIEHTOB C OMHCTOPXO30M, B
YaCTHOCTU B KPOBH U jxeiun. K coxaneHuro, B Hacrosiiee
BpeMs IMarHOCTHKA OIUCTOPX03a METOIOM HMMMYHOdep-
MEHTHOIO aHajn3a He BCerja JaeT rapaHTUPOBAHHBIN pe-
3yibTar. Yacto pesyabrar JUarHOCTUKH JIOKHOOTPHULIATEb-
Hb1i (CoOcTB. HEomyOI. JaHHBIE). DTO MOXKET OBITH BEI3BAHO
KaK OTHOCHTENIFHO cl1aboil CTerneHbl0 MHBA3WUM MalueHTa
OIUCTOPXOM, TaK H HEAOCTATOUHOH AP (PEKTUBHOCTHIO aHTHU-
TeJl B KOMMEPUYECKH JOCTYIHBIX Habopax i BbISBICHUS
onucTtopxo3a. Ha oCHOBaHMM IOJIyYCHHBIX PE3YJIHTATOB
MOYKHO ITPEAIIOI0KHUTh, YTO UCIIOIb30BAHUE AaHTHTEI IPOTHB
cekxpetopHbIx 6enkoB TPx 1 GST O. felineus ymydmuT METOIBI
MMMYHOJIMarHOCTHKH OIMUCTOPX03a M acCOIMHPOBAHHBIX C
HUM 3200JIeBaHHH.
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KaHuguaaTHbIe aHTpeBMaTuueckue Ijia3MugHbIe
KOHCTPYKIIUM 00/1aZlal0T HI3KO MMMYHOT€HHOCTBIO

T.C. Henomusinmx, T.B. Tpery6uak, C.H. fIxy6urkuii, O.C. TapaHos, P.A. Makctotos, C.H. H_[eAKyHOB@

DepepanbHoe GlofKeTHOE yupexaeHne HayKin [0CyAapCTBEHHDIN HayYHbIN LEHTP BUPYCONOrin 1 buotexHonorum «Bektop», KonbLoso,

HoBocnbupckas obnactb, Poccus

PeBmatomnaHbIn apTput (PA) — TAxKenoe cuctemHoe 3aboneBaHuve coegu-
HUTENbHOW TKaHW C NPeMyLLeCTBEHHbIM NOpPaXeH1eMm CyCcTaBOB Mo
TUMY XPOHMNYECKOTO NPOrPeCCUPYIOLLErO 3PO3UBHO-AECTPYKTUBHOIO
nonvapTpuTa 1 BHeCycTaBHbIMU NpoasneHuamu. MNpwu PA paspyLwatoT-
€A XpsALLEBble MOBEPXHOCTM CYCTaBOB, HAbMIOAAIOTCA fereHepaTUBHbIe
N3MeHeHVA NOAXPALLEBON KOCTHOW TKaHW, HapyLlaeTcA NOABUMKHOCTb
CyCTaBoB, NponcxoanT ux gedopmauuna. PA ctpagaet okono 1 % veno-
Beveckon nonynauun. dddeKTrBHbIN cnocob neyexns PA - 6ronoru-
yeckas Tepanus C NOMOLLbI0 PEKOMOUHAHTHbBIX 6eNKOB-aHTaroHNCTOB
BOCMaNNTENbHbIX LUTOKNHOB. Hanbonee WMpOoKo B KIMHNYECKON
NPaKTUKe UCMONb3YIOT UHIMOUTOPbI PakTopa HEKPO3a onyxone

(TNF - tumor necrosis factor) — pekombuHaHTHble TNF-peuenTopbi 1
aHTuTena K TNF. OfHaKo 3T MeTofbl IeYEHUA He fnLLEHbI TOH6OYHbIX
¢ PekToB. OTMEYaeTCcA NOBbILEHHAA BOCMPUMMYNBOCTD NaLMEHTOB K
NHGEKLNOHHBIM 3a60N1€BaHMAM, YBENNYMBAETCA PUCK Pa3BUTHA OHKO-
NOrMYECKMX 1 ayTOMMMYHHbIX naTtosioruii. Kpome Toro, 4acto npowc-
XOOUT CHUXeHWe 3GPeKTUBHOCTM fleUeHnsa 13-3a Pa3BUTUA UMMYHHO-
ro oTBeTa Ha TepaneBTNYecKuin 6enok. MobouHble 3 deKTbl CBA3aHbI C
perynapHbIM CUCTEMHbIM BBeZJeHNEM BOSbLUNX O3 PEKOMOVNHAHTHOTO
6enKa, OfHMM 13 CNocoboB peLLeHnsa 3ToN NPOo6IEMbl MOXET CTaTb
reHHas Tepanua. OCHOBOW HOBbIX reHOTepaneBTMYECKMX NpenapaTos
Ans neyenns PA u gpyrvx 3aboneBaHnin YenoBeka MOryT CTaTb reHbl
pasnnUHbIX BUPYCOB, KOAVPYIOLME Pa3Hble UMMYHOMOZYNMPY-

owme 6enku. NMokcBmpycobl obnagatoT becnpeLiefeHTHbIM MO CPaBHe-
HUIO C BUPYCaMU JpYrrX CEMeNCTB HAboPOM reHoB, NPOAYKTbI KOTO-
pbix 3G PeKTVBHO MOAYNMNPYIOT 3aLLUTHbIE GYHKLIMM OpraHM3Ma X03au-
Ha. B yaCcTHOCTWY, B reHOMax OPTOMOKCBUPYCOB €CTb FeHbl, KOANPYHo-
wue TNF-cBasbiBatowme 6enku. PaHee B pa3nnyHbIX Ta6OPaTOPHbIX
MogensAx 6bio NoKasaHo, UTo pekoMouHaHTHbI TNF-cBA3bIBatoWwniA
6enok CrmB asnsaetca adpdekTnBHbIM 6nokatopom TNF. dbdekTrB-
HOCTb NIeYEHWS MOXKET CHMXKATbCA M3-3a Pa3BUTUA UMMYHHOO OTBeTa
Ha TepaneBTNYeCKUii 6eNoK, MO3TOMY Takuve NpenapaTbl AOKHbI 06na-
[aTb HN3KON UMMYHOTEHHOCTbI0. B HacTosALwen paboTe nokasaHo, 4To
KaHAnAaTHble aHTVPeBMaTUYeCKne reHoTepaneBTNYecKme niasmma-
Hble KOHCTPYKUWMK, KogrpyoLmne nokesupycHbiii TNF-ceasbiBatoLwnii
6enok, obnafaloT ropasfo MeHbLUeli IMMYHOTeHHOCTbIO MO CpaBHe-
HUIO ¢ 6eNKOBbIMU NpenapaTamu.

KntoueBble cnoBa: peBMaTONAHbI apTPUT; UMMYHOF€HHOCTb;
reHoTepanus; OpTONOKCBMPYCHbI TNF-cBsA3biBatoWmiA 6enok.
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Candidate antirheumatic
genotherapeutic plasmid
constructions have low
immunogenicity

T.S. Nepomnyashchikh, T.V. Tregubchak,
S.N. Yakubitskiy, O.S. Taranov, R.A. Maksyutov,
S.N. Shchelkunov®

State Research Center of Virology and Biotechnology “Vector’,
Koltsovo, Novosibirsk region, Russia

Rheumatoid arthritis (RA) is a serious systemic disease
of connective tissue, mainly affecting joints but also
with different extra-articular manifestations. In the
course of RA the degenerative changes occur in
cartilage surfaces of affected joints and also in sub-
chondral bone tissue, joints get deformed and lose
their mobility. RA affects about 1 % of the global
human population. Biological therapy with recombi-
nant protein inhibitors of inflammatory cytokines is

an effective and well-accepted treatment of RA. TNF in-
hibitors such as recombinant receptors or monoclonal
antibodies are the most widely used biotherapeutics
in clinical practice. However, this treatment has some
serious side effects. The patients treated with TNF
inhibitors are more susceptible to infection diseases,
they are also at higher risk of developing neoplastic

or autoimmune disorders. Biotherapeutics become
less effective or even lose their efficiency with evoking
specific antidrug antibodies. These drawbacks are in
general associated with repeated systemic injections
of large amounts of recombinant protein required

to achieve the therapeutic efficacy. Genetic therapy
might provide a good and effective solution. Viral
genes coding forimmunomodulatory factors could be
used to create new gene therapy products to treat RA
and other human disease. Poxviruses, as compared to
other viral families, have an unprecedentedly rich set
of such immunomodulatory genes. In particular, they
have genes encoding TNF-binding proteins. Previously
in a variety of laboratory models we have shown that
recombinant TNF-binding protein CrmB can effectively
block TNF. In this work we demonstrated that candi-
date antirheumatic genotherapeutic plasmid construc-
tions encoding poxviral TNF-binding proteins have low
immunogenicity.

Key words: rheumatoid arthritis, immunogenicity,
genotherapy, ortopoxviral TNF-binding protein.



eBMaTouAHbIH apTput (PA) — cucTeMHOE ay TOUMMYHHOE

3a00JIeBaHNE COETMHUTEIILHON TKaHH C TPEMMYIIIECTBEH-

HBIM TOPXKEHHEM CYCTAaBOB I10 THITY XPOHHYECKOTO
[IPOrPECCUPYIOLIET0 SPO3UBHO-AECTPYKTHBHOTO TOJIHAPTPHU-
Ta U BHECYCTaBHBIMHU TPOSBIEHUSIMU. PA cTpagaeT Okojio
1 % uenoBeueckoit momynsauuu. IIpu orcyrcTBuM nedyeHus
(HeonTUMAIbHOM JICUEHUH) PA3pPyIIAIOTCSA XPSILEBbIE MO-
BEPXHOCTH CYCTAaBOB, OTMEUAIOTCs JACTCHEPATUBHBIC M3Me-
HEHUS TTOXPAIIEBON KOCTHOW TKaHN — HApYIIASTCsl TIO/IBHIK-
HOCTh CYCTaBOB, IMPOUCXOIUT UX Aedopmarus (Brasington
etal., 2010).

[Tpu Tepanmu PA 0CHOBHBIMU MHIICHSIMH SIBIISIIOTCS BOC-
MaJIUTENbHbIE IUTOKUHBI, U MIPEX/E BCero (akTop HEKpo3a
omyxonei (TNF), oiiH 13 0CHOBHBIX MEAMATOPOB ATOTO 3a00-
nesanus. Hanbonee pacnpocrpanennast n 3¢ GeKkTHBHas CTpa-
Terust OMOJIOTUUECKOM TepaIny — UCIIOJIb30BaHHE IPErapaToB
Ha ocHoBe aHTHTeN K TNF (amammmymad, nHpmukcnMad) wim
pactBopumoro TNF-penenropa (stanepuent) (Venkatesha
et al., 2015). OnHako Omojornyeckas Tepanusi UMEeT sl
HEJIOCTaTKOB: TMOBBIIIAETCSI BOCIPUUMYHUBOCTD MAI[EHTOB K
MH(EKINOHHBIM 3a00JI€BaHMSM, YBEIUUNBACTCSI PUCK pas-
BUTHSI OHKOJIOTHYECKHX U ayTOMMMYHHBIX narosnoruii (Lee
et al., 2010; Sfikakis, Tsokos, 2011), Tpebyercss MHOTOKpAT-
HOE CHCTEMHOE BBEJCHHE OOJIBIINX 703 PEKOMOMHAHTHOTO
oenka (Lee et al., 2010; Evans et al., 2013; Drutskaya et al.,
2014). ITosToMy B HacTosIee BpeMs akTyalbHa pa3padoTka
METOJIOB T'€HHOH Teparuy, OCHOBAaHHOW Ha BBEICHHH Tepa-
MEeBTUYECKUX TeHOB. OIMH U3 CIIOCOOOB JI0CTaBKU — BBEJIE-
HUE TIa3MUJ, COAEPKAIINX T'€Hbl, KOAUPYIOIINE HMMYHO-
monynupytome 6enku (Li, Huang, 2006; Hemomusmunx
u ap., 2016).

Bupycr1 B mporiecce cBoeii IBOIOIIH BEIPAOOTAIIH pa3iid-
HBIE CTPATETHH MPEOIOJICHNUS 3AIUTHBIX PeaKkunii Opranus-
Ma xo3sinHa. [TokcBUpyCHI 00s1a1a10T OecnpereZIeHTHBIM, 110
CPaBHEHUIO C BUPYCaMH JIPyTHX ceMeiicTB, HAOOPOM T€HOB,
MIPOIYKTHI KOTOPHIX 3(P(PEKTUBHO MOAYIHPYIOT MHOTOUHC-
JICHHBIE 3alUTHBIE (YHKIMU opraHu3ma xo3zsimHa (Shchel-
kunov, 2012; Shchelkunova, Shchelkunov, 2016). B gactHo-
CTH, OPTOMOKCBHPYCHI ICTEPMUHHPYIOT CHHTE3 Oestka CrmB,
COCTOSIILIETO M3 JBYX JIOMEHOB: N-KOHIIEBOT'0, CBSI3bIBAIOIIIC-
ro TNF, u C-KkoHIIeBOTO, CBSI3BIBAIOIIETO XEMOKHHEI. B pa3-
JUYHBIX JIaDOPATOPHBIX MOJEJNIX MMOKA3aHO, YTO PEKOM-
OounanTHbI Oenok CrmB (47 x/la) MOXHO HMCIOIB30BATH
B KadecTBe 3PdexruBHoro 6mokaropa TNF (I'mmesa u mp.,
2006; Gileva et al., 2006, 2015; LsipeHaoOpx)UEB U Ap.,
2013, 2014). OnHako npenaparsl i Teparnuu 3a00IeBaHHA
JIOJDKHBI 00/1a7aTh HU3KOH MMMYHOTCHHOCTBIO, MTOCKOJIBKY
BBISBJICHO, 4TO 3(()EKTUBHOCTH JICUCHHST MOXKET CHIKATHCS
13-32 pa3BUTHUSI UMMYHHOI'O OTBETA Ha TEPANeBTUYCCKUIL
oemoxk (Krieckaert et al., 2012; Bendtzen et al., 2015; Chen et
al.,2015; Engetal., 2015). Iloka3aHo, 9TO CHHTE3UPOBAHHBIN
B OakTepuanbHbIX KieTkax ykopoueHnslid TNF-BD (17 x/la)
s pexTrBHO cBsA3bIBaeTCs ¢ yenoBedeckuM TNF u obmamgaer
MeHbIIEH o cpaBHeHHIO ¢ CrmB MMMYHOT€HHOCTBIO TIPH
MHOT'OKpaTHOM BBelleHHHU J1abopatopHbIM xkHuBOTHBIM (Tpe-
ry6uax u ap., 2015).

Lenpto manHON paboTHl OBUTIO M3yYeHHE WHIYKIHUH MM-
MYHHOTO OTBETa IIPH BHYTPUMBILIEYHOM BBEJICHHH I1JIa3-
mug pcDNA-CrmB mmun pcDNA/sTNF-BD, xonupyrommx
nomHopasMepuslil TNF-cBsi3piBaronmii 0enok CrmB Bupyca
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HarypaibHOH ocnbl (variola virus, VARV) niu ero ykopodeH-
HBII BapuaHT, coaepxainii Tonbko N-koHueoit TNF-peuern-
TOPHBIA JIOMEH, [0 CPAaBHCHHUIO C BBEACHHUEM IpPEIapaToB
COOTBETCTBYIOIUX PEKOMOMHAHTHBIX OEJIKOB.

MaTtepwuanbl n metogbl

BakrepuajabHble IITAMMBI B KYJbTYPBI KJIeToK. [lITamm
E. coli XL2Blue, TMHUY KJIETOK TIOYKH apUKAHCKOH 3eNIeHOM
MapThIKa CV-1 1 MpruHBIX (prdpodiactoB 1929 nomydeHst
13 KOJUIEKIIUH KYJIBTYP MUKPOOPTaHU3MOB M KYJIBTYD KIIETOK
I'HI Bb «Bextopy. JIuamo kinerok CV-1 KymsTHBHpOBAIN
B cpene DMEM («brnonoT», Poccust) ¢ nodasnennem 10 %
SMOPHOHAIBHOI ChIBOPOTKH KOpoB («buonoT», Poccus).
Jliist KynbTypaabHBIX pabOT MCHONIB30BAIH MIECTHIIYHOUHBIE
rtanmetsl pupmbl Orange Scientific (CILA).

PexomouHaHTHBIE 0eiku. B pabote rcmosbp30Bau 6eI0K
CrmB VARV, BeineneHHb1 ¢ TOMOMIBI0 ad(hUHHON XpoMaTo-
rpaduu U3 KyJIbTypalibHON cpefibl KiteTok Sf-21, 3apameHHbIX
pekoMOuHaHTHBIM OakynoBupycoM (Jlebenes u mp., 2001);
TNF-BD (Tpery6uak u ap., 2015) n BupnonHs1ii 6e1ox A30
VARV (Pazymos u sp., 2005), CHHTE3UpOBaHHBIE B KJICTKAX
E. coli v Bbienenssie ¢ ucnonb3oBanneMm Ni-NTA araposs
cornacHo pekoMeHanusM ¢pupmer-usrorosurens (QIAGEN,
I'epmanust). KauecTBo oumMcTKH OEIKOB OINMpPEAEISUIN C TIO-
Motipio 3nekrpodopesa B [TAAILL Konnenrpauuto 6enkos
onpenemnsn o metoxy bpaadopaa (Bradford, 1976). dus
MOJYYEHHBIX TPenapaToB peKoMOMHAHTHBIX OenkoB CrmB
n TNF-BD noarsepkeHa ux criocOOHOCTb HEHTPaIM30BaATh
nuToTokcnyeckoe aeiicrsue TNF yenoBeka v MbIIIM HA KyJIb-
Type kietok 1929, kak onmcano B (Gileva et al., 2006).

PexoMOnHaHTHBIE MIa3MUIbI. PekoMOMHAHTHBIE I11a3-
muasl pcDNA/CrmB, pcDNA/sTNF-BD u pcDNA/GFP
nojyyaju BcTpauBaHueMm nocienoBarenbHoctedt JHK,
koaupytrommx Oenku CrmB, TNF-BD wiu GFP, B mutasmuny
pcDNA3.1. CTpyKTypy CO3IaHHBIX IIa3MH/ TIOITBEPIKIATH
CCKBCHUPOBAHHEM.

[TonyueHHBIMU PEKOMOMHAHTHBIMHU TUIA3MH/IAMH HITH BEK-
TopHO# Ta3mMuaoit pcDNA3.1 TparcdopmupoBann KomIe-
TEHTHBIC KIeTKHU E. coli mramMma XL2Blue n kynsTHBHpOBa-
i 1ipu 3G PeKTUBHOM adparmu u Temneparype 37 °C, 15 u.
OuncTKy pexkoMOMHAHTHBIX Tu1a3MuAHbIX JJHK u3 momyqen-
HBIX KyJBTYp NPOM3BOAMIN IpH TIomoIy Habopa EndoFree
Plasmid Giga Kit ¢pupmber QIAGEN (I'epmanusi) B cooTBeT-
CTBHU C PEKOMEHAAIMSIMHU NTPOU3BOIUTEIISL.

Kusornbie. B skcrepuMeHTax MCIONB30BAIN MBIIIEH
muanu BALB/c, camok, Bo3pacrt 6 Hent, maccoii 16—18 1, mosy-
uyeHHbIX 13 BuBapus ['HL Bb «Bekrop». X congeprxanu npu
€CTECTBEHHOM CBETOBOM PEXXHME M IOCTOSHHOM JIOCTYIE K
BoJie ¥ Tu1e. JKMBOTHBIX COJIEpPIKaJIN U BHIBOJIUIIN U3 DKCIIE-
pHMEHTa B COOTBETCTBHMU C ITPAaBWJIAMH, MIPUHITEIMU EBpo-
MEeHCKO KOHBEHIIMEH 110 3aIUTE XKMBOTHBIX, HCTIOIb3YEMBIX
JUTSE SKCTIEPUMEHTaNIbHBIX 1ese (CtpacOypr, 1968).

Tpancdexkuus KyabTypsl kjaeTok CV-1. Knetku nmuanm
CV-1 Ky7IbTHBHPOBAJIH, KaK OMICAHO BHIIIE, 10 (POPMUPOBa-
HUS KJIETOYHOTO MOHOCIOS Ha 8085 % MOBEPXHOCTH JIYHKH.
CwmenmBanu 2 MKT ma3mMuasl pcDNA/GFP ¢ 15 mxi imrmo-
¢exramuna (Invitrogen, CIIA) B koHnenTpamuu 1 mr/mi,
nob6asisu 1 M cpenst DMEM u octasisiiu Ha 15 MuH npu
KOMHaTHOM TeMIlepaType, 3aT€M HAHOCWIJIM Ha MOHOCIOH
KIIETOK, IPEIBAPUTENBHO JIBAXK/IbI TPOMBITHIN cpenoit DMEM

Physiological genetics



KanAnAaaTHble aHTMPEBMATUYECKNE NNa3MUaHble
KOHCTPYKLMI 0651aiatoT HM3KON UMMYHOTEHHOCTbIO

6e3 chIBOpOTKHU. Uepes 5 u ynansuiu cpesy, KIeTKH 3aJIBau
cpenoit DMEM c 2 % 3MOpHOHaIbHON CBIBOPOTKH KOPOB
n uaKyonposanu npu 37 °C B teuenue 48 4. B kauectse
KOHTPOJIS. UCHOJIb30BaJIM HETPaHC(HEUPOBAHHBIC KIIETKH.
Iponykunto GFP anammsuposanu B xiretkax CV-1 mytem
BU3YaJIN3alMU B IPOXOSIIIEM YIBTPA(HOIETOBOM CBETE.

Mukpockonuyeckoe ucciaeJ0BaHue IPOBOIMIN C IO0-
MOIITBI0 MCCIIEIOBATENHCKOTO MUKpocKkoma Axiolmager Al
(ZEISS, TI'epmanus), ocHameHHoOro nudpoBoil kamepoii
BbIcOKOro pasperieHuss HRC, duyopecueHTHbIM OJI0KOM U
cucteMoil aHanm3a uzobpaxenus AxioVision Rel. 4.8.2.,
BKJIFO4asi MOIYJIb MHOTOKaHAJIbHOH (uryopecueHunu Multi-
dimensional Acquisition. Vicrionib3oBanu Habop (GuiIbTpoOB:
EXBR 450-490, BSFT 510, EMLP 515. O6wextuBsl EC Plan
Neofluar: x10, x 20, x40.

HWmmynuzauus ;kuBoTHBIX. [lorydeHHbIMU IpenapaTamMu
PEKOMOMHAHTHBIX TJIa3MUA WM OEITKOB MMMYHU3HUPOBAIH
Mmbimei. JKuBoTHbIE OBIITM Pa3OMTHI Ha IIECTh TPYII IO
TUITy BBOAUMOTO TIpernapara: nepBoii rpymnmne (KOHTPOIbHOI)
BBomwM tasmMuaayio JIHK pcDNA3. 1; Bropoit — pcDNA/
sTNF-BD; tperbeii — pcDNA/CrmB; gerBeproii — 6e10K
A30; naroit — 6enok TNF-BD; mectoii — 6emok VARV-CrmB.
Mcnonbs30BaHO 1O WIECTh KUBOTHBIX Ha rpynmy. Ilepen
MMMYHHM3aIMeH TIPOBOMIM KOHTPOJIBHBIA 3a00p KPOBH M3
perpoopOuTanbHOro cuHyca. KonuuecTBo mpenapara ais
6enkoB Opany U3 pacueTa 5 MKI/MBIIb, masmMugHoi JJHK —
100 Mxr/mpms. [Ipenaparst B o0beme 100 MK BBOAMIH
BHYTPUMBIILIEYHO B MPABYIO 3aJHIO0 Jamy. IMMyHH3a11O
TIPOBOAMIIN ¢ MHTEpBajioM 14 cyT. Bcero mpoBeneHo geTripe
MOCIIEI0BATEIbHBIC IMMYHH3AIINH.

Yepe3 12 cyT mocie KaxJol MMMyHH3alMK 3a0upain
KPOBb M3 PETPOOPOUTAIBHOTO CHHYCA y IIECTH KUBOTHBIX
13 KaXK/I0H TPYTIIBI U OTACISIIN CBIBOPOTKY.

HNmmyHopepmenTHbIii anaau3 (MDA ) koHLeHTpauy aH-
THUTEJ IPOTHB PEKOMOMHAHTHBIX BUPYCHBIX OEJIKOB MPOBOIH-
mu B 96-myHOUHBIX TuTaHIeTax (Costar). bemku VARV-CrmB,
TNF-BD wnu A30 ¢ koHIeHTpanueit 1 MKr/mi copoupoBaiu
Ha JTHO JIyHOK 1ipH Temmeparype 4 °C B Teuenue 16 4. Jlanee
TUTAHIIET ITPOMBIBAIN TpH pa3a Oydepom PBS B coueranumn
¢ Teun 20 (PBST). B kaxnayto nynky BHOcuiM 1o 100 MK
0.5 % BCA B PBST, nnky6upoBaiy npi KOMHaTHOHN TeMIIepa-
type 2 4. CoepKUMOe JIyHOK yAaJIsiiIH, 3aTeM HAaHOCHIIH 110
100 MKJI TBYKpaTHBIX pPa3BeJCHUN MOJYyYEHHBIX CHIBOPOTOK
(ot 1:2 no 1:256) B PBST, conepxamem 0.5 % BCA, n un-
KyOupoBau 1ipu Temrieparype 37 °C B TedeHHE OJTHOTO Jaca.
AHanM31pOBaIIM CMECh UMMYHHOH CHIBOPOTKH, TIOJTyYEHHON
OT IIECTH >KUBOTHBIX KaXKIOH rpynmel. Jlanee KUIKOCTh U3
JIYHOK YJaJIsSIM U JIyHKH TpH pa3a npomsiBanu PBST. 3atem
B JIyHKU BHOCHIIH 110 100 MKJT KOHBIOTATa MEPOKCUIA3bI Xpe-
Ha C aHTUTEIAMHU KO3bI IIPOTUB UMMYHOIJIOOYIMHOB MBIIIH
(pasBenenne 1:5000, Bio-Rad), pas6asnennoro 0.5 % BCA
B PBST, u unkyouposanu npu remneparype 37 °C B TedeHue
OJTHOTO 4aca. 3aTeM KHAKOCTb W3 JYHOK YJallsuld, JTyHKH
TpH pa3a npombiBasu Oyepom PBST, no6aBmisiim B Kaxayro
JyHKY 110 100 MKJI TPOSIBIISIOIETO PACTBOPA M HHKYOHPOBAIN
B TEMHOTE TIPHU KOMHATHOH Temmeparype 30 muH. Peaknuio
OCTaHaBJIMBAJIN J100aBJICHNEM B KaKAYIO JIYHKY 110 100 MK
1 1 HCI. lHTEHCHBHOCTD OKpAIIMBaHMS OIPEJEIIsUIN, 13-
Mepsisi ONITHYECKYIO TUIOTHOCTB TIPH JJIMHE BOJIHBI 495 HM.
B kauecTBe KOHTpOINS HEeCTIEIM(UIECKOTO CBSI3BIBAHUS HC-
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MOJIB30BAJIM JIYHKH, B KOTOPBIX BMECTO M3y4aeMbIX OEJIKOB
6511 copbupoBan BCA.

Crarncruyecknii anajau3. CpaBHEHHE Py IPOBOAUIN
C TIOMOIIBIO IBYCTOPOHHETO f-TecTa CThIOAEHTA /IS 3aBUCH-
MBIX (CpaBHEHHE CHIBOPOTOK OIHOW IPYIIIBI )KUBOTHBIX TIPH
COpOIMH pa3HbIX OCIIKOB) MM HE3aBUCHMBIX BEIOOPOK (CpaB-
HEHHUE ChIBOPOTOK, MOJYYEHHBIX OT )KUBOTHBIX U3 PA3JTMYHBIX
rpym). Koppeknuto Ha MHO)KECTBEHHOE TECTHPOBaHNE IIPO-
BozvuH 110 Metonty benbsimuan—Xox6epra (FDR-koppekius).
J10CTOBEPHBIMH CUUTAIIMCH OTINYHS TIPH KOPPEKTUPOBAHHOM
3HavueHun p < 0.05.

Pesynbtatbl
AHaau3 cuHTe3a Oeqka GFP, HampaBisieMoro njaiasmu-
noii pcDNA-GFP, in vitro n in vivo. 1ns noareepxaeHus
BO3MOXXHOCTU MPOAYKIIUN peKOMGI/IHaHTHI)IX 66HKOB, T'CHbI
KOTOPBIX BCTPOEHHI B BeKTOp pcDNA3. 1, mpoBoxmmm TpaHc-
tdexmuio knetok auHUA CV-1 miazmunoir pcDNA/GFP, kak
yKa3zaHo B pazzaene Marepuainsl u Metofsl. [Tponykuus GFP
OpL1a Moka3zana B kieTkax CV-1 myTeM BH3yalu3aIyy B TIpo-
XOJISIIIIEM YIIBTPa(h)HOIETOBOM CBETE.

Hanee onpenensiu sxcnpeccuro rera oeska GFP B Bekrope
pcDNA3.1 in vivo. g 3T0T0 CHOPMHUPOBAIH ABE TPYIIIHI
M0 IIECTh )KUBOTHBIX. MBIIIaM MEPBOM TPYIITBI BBOAMIH
BHYTpUMBIIIEYHO B 7103¢ 100 MKr/MbIib 1iazmuay pcDNA/
GFP; BTOpOi#i (KOHTPOIBHOM) TPpyTITE — ITa3Muay pcDNA3. 1.
UYepes 3 u 7 cyT nocie HHBEKIMU TPEX )KUBOTHBIX U3 KX 10U
rpynmnbl BbIBOOAWJIN U3 OKCIICPUMEHTA, U3TOTaBJIMBAJIA HaA-
THUBHBIE TIPETIApPaThl MBIl Oepa (MEeCTO BBEIEHHS ), KOTO-
Ppble aHATU3UPOBAIIN C TIOMOIIIBIO TIOMUHECIIEHTHOTO MUKPO-
CKoOIIa.

Uepes 3 cyT obHapyXHBajach y3Kas IMOJIOCKa Xapak-
teproro st GFP 3eneHoro cBedeHus O X0y paHEBOTO
kaHana (puc. 1, a). Uepes 7 cyT nocjie MHbEKIUU TIa3MHJIbI
pcDNA/GFP 30Ha 3e71€HOTO CBEUEHUS pacIpOCTpaHsIIach Ha
3HAYUTEIIFHOE PACCTOSHUE OT MeCcTa MHbEKIuH (puc. 1, 0).
VY Mblmei KOHTPOIBHOM I'PYIIIBI CBEUCHHE HE 0OHAPYKEeHO.

AHaJIN3 UMMYHOT€HHOCTH PeKOMONHAHTHBIX IJIa3MHJ
u OesakoB. IMMyHU3MpOBalIn MbIIEH MpenapaTamMH BeK-
TopHOU TwIasMubl pcDNA3.1, peKOMOMHAHTHBIX TUIA3MUJT
pcDNA/sSTNF-BD, pcDNA/CrmB, pekoMOHHaHTHBIX OSITKOB
A30, TNF-BD mwi VARV-CrmB. KonmuecTtBo crierudude-
CKHX aHTUTCII B IMOJIYYCHHBIX CBIBOPOTKaX ONPEACIISAIN C 110~
Morpio UDA. AHann3npoBamy cMech IMMYHHOM CBIBOPOTKH,
TIOTyYCHHOW OT IIECTH XKMBOTHBIX Ka)KIOH TPYIIITBL.

[Tocue nepBoii ¥ BTOPOH KIMMYHH3AIMHU HE OBLIO TOCTOBEP-
HOT'O OTJINYNMS KOHIIEHTPALIUH aHTUTEJ K IIEIEBBIM O€JIKaM 110
CPaBHEHUIO C KOHTPOJILHBIMH CBIBOPOTKAMH, TOJIyYCHHBIMHU
10 UMMYHH3a1 1.

[ocne TpeTheit IMMYHH3AIINH CISTTN(PUISCKAH IMMYHHBINA
OTBET OBUI BBISIBJICH TOJIBKO JJISI MBIIIEH, KOTOPBIM BBOJIHIIH
pekomOuHanTHBIN Oestok CrmB (puc. 2, a). [Tocne yerBep-
TOW MMMYHHU3aIlMM KOHIIEHTpanus anturen Ha oesnok CrmB
yBennumiack (cM. puc. 2, 6). Kpome Toro, MeHee BbIpakeH-
HBIH creruGUYHBIA UMMYHHBIA OTBET OOHApYyKEH MOCe
YEeTBEPTOH MMMYHHM3ALUHU Y MBIIIEH, IMMYHU3UPOBAHHBIX
pexomOnHanTHBIMU Oenkamu A30 n TNF-BD (cwm. puc. 2, 6).
Jns ocTanbHBIX TPYII MbIILIEH HE MOKa3aHO JOCTOBEPHOE
OTIIMYUE KOHLEHTPALMNH aHTUTEN K IEJIEBBIM OelKaM 10
CPaBHEHUIO C KOHTPOJIEM.
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Puc. 1. HatvBHbIN Npenapat mbilwubl 6egpa.

OnyopecueHTHaA MUKpockonua. kcnpeccma GFP B MblleYHo TKaHu
Ha 3-1 (a) n 7-e cyT (6) nocne nHbekuyuy nnasmuabl pcDNA-GFP. x200.

O6cyxpeHune

LIMTOKMHBI — KIJIIOYEBBIE MOIYJISTOPHI BOCIAIUTEIBHBIX U
UMMYHHBIX PEaKkIMii — WIparoT LEHTPAJIbHYIO POJb B pas-
BUTHH BOCIIAJMTENILHBIX M ayTOMMMYHHBIX 3a00JICBaHU, B
TOM YHCJIE PEBMAaTOUAHOTO apTpurta. OXHUM N3 OCHOBHBIX
MEeJIMaToOpOB IaTorenesa »Tux 3adoneBanuil spisiercst TNF
(Hemmomusiux u ap., 2016). B Hacrosiiee Bpemst OHOIOTH-
yecKas Tepanusl ¢ moMouplo antaronuctoB TNF ycnemno
UCTIONB3YETCs ISl JICYCHUS] PEBMATOHM/THOTO apTpUTa, B TOM
guciie u B Buae MoHoTepanuu (Karampetsou et al., 2010).

HecMmotpst Ha BBICOKYIO A (PEKTHBHOCTh OMOIIOTHIECKOM
TEparuy, B MOCJIEHee BpeMsi Bce OOIbIIIe HCcieioBareeit
3aJIal0TCs BOIIPOCAMHU €€ 0e30MacHOCTH. Y MalUeHTOB, PH-
Humarowux anTu- TNF npenaparsl, Bo3pacTaeT pucK pa3BUTHUS
CEepbE3HBIX JICTOYHBIX U KOXKHBIX MH(EKINI; HHOT/Ia HAaOIoa-
I0TCSI Pa3jIMYHbIe Ay TOMMMYHHbBIE 3200JI€BaHUsI, OTMEYACTCSI
Oonee BrIcoKast yactota muMpom (Lee et al., 2010; Sfikakis,
Tsokos, 2011). [ToGounbie 3¢ deKxTs Tepanuu OEIKOBBIMU
AQHTAarOHUCTaMH LIMTOKMHOB OOYCIIOBJICHBI B 3HAYHUTEIILHOM
CTEIEHH €€ CHCTEMHBIM XapakTepoM. [IJist ToCTrkeHus! iede0-
Horo 3(hdexra TpedyroTcs 00JBIINE 035l TEPAIEBTHIECKOTO
Oerka, HeoOxoauMbI ToBTOPHBIC HHbeKIUH (Lee et al., 2010;
Evans et al., 2013; Drutskaya et al., 2014).

Kpowme Toro, orMeueHo 00pazoBaHKe aHTHTEI IIPOTHB OHO-
TepaneBTHYeCKUX Mojekyn. Ha mpumepe ananumymada u
STaHEepLeNnTa IpH JICYCHNH PEeBMATOMJHOTO apTpUTa MOKa-
3aHO, YTO YPOBEHb TaKUX aHTHTEN 00paTHO KOPPEIUPYET C
3¢ PeKTHBHOCTBIO TEpANMU U YPOBHEM OHOTEPANIEBTHUECKUX
MOJIEKYNl B chiBOpoTke mammeHToB (Krieckaert et al., 2012;
Chen et al., 2015). [TokazaHo, 4TO B IPUCYTCTBUH crieludu-
4ecKuX aHTuTes UH(IMKcuMab ci1abo IeTeKTHPYETCs B Chl-
Bopotke nanueHToB (Eng et al., 2015). HecmoTps Ha TO 9TO
HEHEHTpaIU3YIOINE AaHTUTEIIA HE CBS3BIBAIOTCS C aKTHBHBIM
caiiToM OMOTepareBTUUECKOI MOJIEKYJIbI M HE TIPETSTCTBYIOT
€€ CBSI3BIBAHMIO C JIMTAHJOM, OHH MOTYT CIIOCOOCTBOBAThH €€
SHJIONUTO3Y M JeTpajialliy, CHUXKas, TaKUM o0pa3oMm, d¢-
(dexTuBHOCTH Tepanuu (Bendtzen et al., 2015). Kpome Toro,
OTMEUEHBI CJIyYall M CEPhE3HBIX AJUIEPTUUYECKHUX PEaKLIuil
(Schellekens, 2002; Shankar et al., 2007; Vincent et al., 2013).
Helitpanuzytoliye aHTUTENa MOTYT pearupoBarh U € SHAOTCH-
HBIMH O€JIKaMH, IPUBO/IS K PA3BUTHIO CHCTEMHBIX ITaTOJIOT Ui
(Li et al., 2001; Casadevall et al., 2002). Takum o0pazom,
HeKellarelibHasi IMMYHOT€HHOCTh MOXKET CTaTh CEPhe3HBIM
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Puc. 2. CpaBHeHne metogom MDA cbiBOPOTOK, MOSTYUYEHHDBIX OT XXMBOT-
HbIX, UMMYHV3MPOBaHHbIX NpenapaTtamu nnasmuaHbix JHK unu 6enkos.

Mo ocn X npuBeaeHbl AaHHbIe 418 CbIBOPOTOK PasfiNyHbIX FPYnn MblleN.
pPcDNA — MMMyHM3aLmMA MPOBOAMNACh BEKTOPHOI NNasmMuaon 6e3 BCTaBKM
(oTpuuaTenbHbln KOHTPosb); PcDNA/STNF-BD — BekTOpHOI Nnasmmaon co
BCTaBKOW reHa, kogupytowero TNF-ceasbiBatowuin fomeH 6enka VARV-CrmB;
pcDNA/CrmB - ¢ reHOM, KOAUPYIOLLMM NosTHopasmMepHbIn 6enok CrmB; A30 -
npenapaTomM BbICOKOMMMYHOreHHOro o6onoyeyHoro 6enka A30 BHO (nono-
KnTenbHbI KoHTponb); TNF-BD - npenapatom TNF-cBA3biBatoLLero fomeHa
6enka CrmB; CrmB - npenapaTtom nonHopasmepHoro TNF-ceA3biBatoLLero
6enka CrmB. Ctonbukamu nokasaHbl CpefjHVe 3HAYEHNA ONTUYECKON NNOTHO-
CTU 11 3HAYEHNA OWNGKM CPeLIHEro, MoyYEeHHbIe NPY COPOLUM Ha NNAHLIETDI
ana VIOA npenapatoB pasHbix 6enkoB. [peactaBneHbl pesynbraThl, MONyYeH-
Hble nocne TpeTbel (a) n ueTsepTol (6) UMMyHU3aLMW.

MIPETSITCTBUEM Ha ITyTH CO3/IaHNsI OMOTEeparneBTHIeCKuX mpe-
naparoB (Pineda et al., 2016).

IepcrieKTHBHBIM HAIIPABICHUEM JIEIEHUST Ay TOMMMYHHBIX
3a00JICBaHUM SABISETCS pa3BUTHE I'eHHOHM Tepanuu. [ eHHas
Tepanus o0nanaer psaoM HPEUMYILECTB 110 CPAaBHEHHUIO C
Oronornyeckol Tepanuel OeIKOBBIMHU IpeTapaTaMu: ooecre-
YMBaeTCs cTaOMIIbHAS IOITOBPEMEHHAS SKCTIPECCHS TePaIeB-
TUYECKOTO TeHa; IICJICBOM OCJIKOBBIN MPOIYKT KOHIICHTPH-
pyeTcst B MECTe HaTOJIOTHH M MUHUMHU3HPYIOTCSI CHCTEMHBIE
no6ounsie a3 dexrsr (Evans, Robbins, 1999). ITpn skcripeccnun
TEpPaIeBTUYECKOT0 reHa HEMOCPEICTBEHHO B MECTE BBEJICHUS
JUTS TOCTHDKEHUS TePareBTUIECKOTo P dexra morpedyercs
TOpa3Io MEHbINIAS KOHIIEHTPANKs OelKa, YeM IPH HHBEKIINT
pexkomOuHanTHOTO Oejika (Bandara al., 1993; Gouze et al.,
2003; Kim et al., 2003); ormagaeT He0OXOJUMOCTH TTOBTOP-
HBIX UHBEKIUH.

B Mozenu koiiareH-nHIyIMPOBaHHOTO apTpUTa y KPBIC
HaMH HeJIaBHO ObLIa TOKa3aHa BOSMOKHOCTb T€HHOH Teparnu
9TOro 3a00JICBaHUS B PE3yNbTaTe JABYKPAaTHOTO BHYTPHMBI-
IIEYHOTO BBEJCHMS PEKOMOMHAHTHOHW TuiazMuabl pcDNA/
STNF-BD, xogupyromeit TNF-BD 6enka CrmB Bupyca Ha-
TypanbHOii octibl (Lenkynos u ap., 2016).
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KanAnAaaTHble aHTMPEBMATUYECKNE NNa3MUaHble
KOHCTPYKLMI 0651aiatoT HM3KON UMMYHOTEHHOCTbIO

W3BecTHO, YTO ONIMH M3 KIIIOUEBBIX (DAaKTOPOB, ONPEAEIIs-
10X 3QPEeKTUBHOCTh TCHHON TEPAITNH, — UMMYHOTEHHOCTb
MPOJyKTa TpaHCcreHa. Tak, B SKCIIEpUMEHTax Ha KpbICax C
HCTIONIb30BaHUEM PEKOMOMHAHTHBIX aI€HOBUPYCOB U JICHTH-
BUpYCcoB, kKoaupyronwx IL-1Ra i GFP, 65110 mokaszano, 9to
IeJICBO IIPOTYKT Y IMMYHOKOMIIETCHTHBIX )KUBOTHBIX HE J1e-
TEKTHpYyeTCs yke yepe3 21 CyT, B TO BpeMsi Kak y OeCTHMYCHBIX
JKMBOTHBIX OH OOHApYy>KHBAJICS Ha MPOTSHKEHUN 110 KpaiHei
mepe 5 mec. (Gouze et al., 2007). M3BecTHO, 9TO MIMMYHOTEH-
HOCTbh PEKOMOWHAHTHBIX IJIA3MU/IHBIX BEKTOPOB CYIIIECTBEH-
HO HIDKE, 9eM y pekoMOnHaHTHBIX BHpycoB (Li, Huang, 2006).

Lenpto nanHON paboTh! OBIIO M3yUYEHHE HHAYKIMN TyMO-
paJIbHOTO UMMYHHOI'O OTBeTa Ha TeparneBruueckue TNEF-
CBSI3BIBAIOIINE OCTIKU TMPHU BBEIEHUM TEPANEBTUUECKH (-
(heKTHBHBIX 7103 MIPETIAPATOB ITUX PEKOMOMHAHTHBIX OEIIKOB
(Gileva et al., 2000) wiu peKOMOMHAHTHBIX TUTA3MUJ, KOJIH-
pytommux nanasie 6enkn (ILlenkynos u ap., 2016).

HNmmyHOTeHHOCTH peKOMOMHAHTHBIX OeskoB VARV-CrmB
u TNF-BD npoBepsisin 0THOCUTEIBHO BUPUOHHOTO TTOKCBHU-
pycHoro 6enka A30, HCITOTB3YEMOTO B TAaHHOM CITydae B Ka-
gecTBe KOHTPOIsL. A30 — 60K, HEOOXOIMMBIH IS CIMSTHUS
MeMOpaH BUpyca U KIETKH, MHIYLHPYeT CUHTe3 B-KkiieTkamu
BUpyCHeUTpamm3ytommx antuten (Pasymos u ap., 2005) u
SIBIISICTCS OZIHUM U3 KJIIOUEBBIX aHTUT€HOB, BBI3BIBAIOIINX UM-
MYHHBIH OTBET, IIPH TIONaJJaHuK BUPYyCa B OpranuiM. Beidop
6emka A30 Kak KOHTPOJIS B JAHHOM 3KCIIEpUMEHTE 00y CITOB-
JICH TeM, 4TO JJIsl HEeTO TI0Ka3aHa BHICOKasi IMMYHOTCHHOCTh
(Sakhatskyy et al., 2008).

[Tmasmuaa pcDNA3.1 — 3ppeKxTuBHBIA BEKTOP IS MPO-
JYKLUH 1IeTIeBBIX OeIKOB in vivo. Ha ero ocHOBe HaMu ObLTH
co3nanbl pekoMOnHaHTHbIEe 11a3Muabl pcDNA/TNF-BD u
pcDNA/CrmB.

[TockonbKy OTCYTCTBOBaJIa IOCTATOYHO YYBCTBHUTEIbHAS
cucTeMa JICTEKIUH MPOIYKLUH LEJEBbIX PEKOMOMHAHTHBIX
BUPYCHBIX OCIIKOB i Vivo, HAMH BBITIOITHEHbBI SKCIIEPUMEHTHI
o a"Hanuzy npoaykimu 6enka GFP, ren koroporo 6bu1 BCTpO-
€H B Ty ’K€ CaMyI0 BeKTOpHY10 masmMuay pcDNA3.1. Ha stoit
MOJIENTBHOM CHCTEME OBLIIO IPOIEMOHCTPUPOBAHO, UTO CITYCTSI
3 cyT nocie BHYTPUMBIIICYHOH HHBEKIINH MBIIIAM ILIA3MHbI
pcDNA/GFP B MblilieuHOM TKaHU 3aHECH KOHCYHOCTH Ha-
OJTFOAJICS YETKO JIOKAJIM30BAaHHBIN CHHTE3 IIEJIEBOr0O OelKa
IO XO/Ty paHEBOTo KaHaia (CM. puc. 1, a), a Ha 7-€ CyT B 30HE
MHBEKIMHU BbISIBICHBI 2 QekTuBHas Hapaborka Oenka GFP u
€ro pactpoCTpaHeHre B OM3JeKaIye TKaHu (cM. puc. 1, 6).

AHanu3 MHAYKIUU CUHTE3a aHTHTE] HMPOTHB IIEJEBBIX
0eNKOB MPHU BBEJACHUU COOTBETCTBYIOIIMX IUIA3MUJ WU
MPEnapaToB OUYNIIEHHBIX PEKOMOMHAHTHBIX OEIIKOB ITOKa3all,
YTO TIOCJIE TIEPBOH U BTOPOH BHY TPHMBIIICYHBIX HHBEKIINH C
MHTEPBAJIOM B JIBE HEJEJU MPOIYKIUH CIIEHU(DUIHBIX aHTH-
TEJI HY JUTA OFHOTO M3 U3Yy4aeMbIX MTPENapaToB BBISIBICHO HE
6bu10. [locie TpeTheil MHBEKINU BBIPAKEHHBIH MMMYHHBIH
OTBET YCTQHOBHWJIM JUUISL TPYIIIBI MBIILIEH, UMMYHHU3UPOBaH-
HBIX peKoMOMHAaHTHBIM OenkoM CrmB (cm. puc. 2, a). dns
OCTAJIBHBIX I'PYINIT MBIIIEH NPH 3TOM HE 3a(hUKCHPOBAIH
JIOCTOBEPHOE OTIIMYME KOHLEHTPAIMHA aHTHUTEN K I[eJIEBBIM
Oenkam 1O cpaBHEHHUIO ¢ KOHTpojeM. [locrme derBepToit
MHBEKIMN HapSAIy C YBEJIMYECHHBIM YPOBHEM aHTHTEI IPO-
tuB Oesika CrmB BbIpakeHHBIH CHEUUPUYHBIA UMMYHHBINA
OTBET BBISIBHJIM TaKXKe Ul MbIIIEH, NMMYHU3UPOBAHHBIX
pexomOnHanTHBIMU Oenkamu A30 n TNF-BD (cwm. puc. 2, 6).
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HOJ’Iy'-IeHHI)Ie PE3YybTaThl CBUACTCILCTBYIOT O TOM, YTO
crier(pUYeCKNil IMMYHHBIH OTBET ITPOTHB IIEJIEBBIX OCIKOB
IIPY MHOTOKPATHOH MHBEKIINHU TEPANIEBTUUECKUX 7103 PEKOM-
OMHAHTHBIX I1a3Mu HE ACTCKTUPYCTCA, B TO BPEMS KaK 1JIsd
PEKOMOWHAHTHBIX OENKOB OH OOHApPY>KMBACTCS YKe IMOCIe
TpeTheii-4eTBEpTOH MMMYHH3AINHU, YTO MOXET YKa3bIBaTh
Ha 3aTpyAHCHUS IIPpU JVIUTCJIBHOM NPUMEHCHNUU TOCIICIHUX.

Taxum 00pazom, Ha OCHOBaHHH PE3YIIETATOB IPOBEICHHOTO
MCCIIEIOBAHUS MOXKHO 3aKJIFOUUTD, YTO JIOKAJHHOE BBEJCHUE
peKOMGI/IHaHTHbIX mj1asMunuJ], HarpaBJIAOINUX CUHTE3 TCpa-
MeBTUYECKNX OeTKoB, 00yclaBIMBaeT ropas3lo MEHBIIUH
MMMYHOTCHHBIH 3()()EKT 110 OTHOLICHUIO K ATUM OeJIKaMm 110
CPaBHEHUIO C UHBEKLMEH IIPEnaparoB COOTBETCTBYIOLIUX
PEKOMOMHAHTHBIX OCITKOB.
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AHannus nmoamMop@usMa 3Kk30Ha-4
reHa VERNALIZATION-A1 y BUIOB
TIOJINIIJIOVHOV ITIIIeHUIIbI
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DepepanbHoe rocyaapcTBeHHOe blogKeTHOe HayyHoe yupexaeHne «DefepanbHblii CCNEA0BATENBCKNIA LEHTP VHCTUTYT LUTONOMN N TeHETUKN
Cunbupckoro otaeneHnsa Poccuiickon akagemmm Hayk», HoBocnbnpck, Poccna

OOHVMUY U3 KNIOYEBbBIX FEHOB B CENEKLMN NLLEHWLbI, BIMAKLLMX

Ha afanTUBHOCTb N YPOXKaNHOCTb KYNbTypbl, ABNAOTCA reHbl VRNT.
B HefaBHUX NccnenoBaHMAX YCTaHOBNEHa accoLmaLma noavMmop-
du3ma HyKneoTgHoM NOCNefoBaTENbHOCTM YETBEPTOMO SK30Ha
reHa VRN-AT ¢ BaprabenbHOCTbIO KONMYECTBEHHbIX MOKa3aTenemn
pAAa arpOHOMUYECKM LIEHHbBIX NMPU3HAKOB 03UMOW MLIEHWL b,
TaKuX Kak YyBCTBUTENbHOCTb K MPOAOMKMNTENbHOCTU APOBU3aLnn,
MOPO30CTONKOCTb, BPEMSA BbIXOa B TPYOKY 1 BpeMsA KONOLIeHUs.
OpfHako 3Tn nccnefoBaHuA 6binn BbIMOSIHEHbI HA OFPaHNYeHHOM
Konnyectee copTos T. aestivum v He oxBaTbiBanu Apyrme BuAabl No-
NMNAONAHON NIWeHNUUbl. B paHHUX nccnefoBaHNAX He npeanona-
rafniocb Hanuuusa 6onee yem ogHon Konuu reHa VRN-AT Ha reHoM.
Kpome Toro, TonbKo HeiaBHO 6bINI0 NOKa3aHo, uTo reH VRN-D4
otnunyaetca oT VRN-AT Bcero no HeCckosibKUM OAHOHYKNEOTUAHbIM
MyTauuam. B HacToAwe paboTe NpoaHann3nMpoBaHo pacnpege-
NeHne rannoTUnoB 3K30Ha-4 reHa VRN-AT B 158 obpa3suax 6 Bugos
TeTPanIoVAHOM 1 5 BULOB reKcanaongHoON NeHnLbl, HecyLmnx
pa3nnyHble annenu 3Toro rexHa. na ngeHtndrkaumm raniotmnos
5K30Ha-4 reHa VRN-AT 6bin pa3paboTaH KOGOMUHAHTHbBIN MapKep,
OCHOBaHHbIN Ha MoaynAUMK Kpuen3Hbl monekyn AHK. Monnmop-
$U13M 3K30Ha-4 BbIABMIEH UCKITIOUNTENBHO B FeKCanIongHOM rie-
HULIe N aCCOLMMPOBaH C HalMumemM He MeHee YeM ABYX KOMUIA reHa
VRN-AT B reHOMe. 3a UCKNOYEHEM OHOTO 0b6pasLia, MyTaHTHbIN
TUMN 3K30Ha-4 BCTPeYancs ToNbKo B KOMOUHALMY C AUKUM TUMOM.
PaspaboTaHbl annenb-cneyudryeckme npanmepsl, bnarogaps
KOTOPbIM, B OT/INYME OT CYLLECTBYIOLNX METOAO0B, MOXKHO UCKITIO-
ynTb rannoTunbl reHa VRN-D4 B xope aHanm3a rannotunos VRN-AT.
B pe3ynbTaTe pacluypeHns aHanm3mpyemoro yyactka naeHTnoum-
LMpOBaHbl AOMOSHUTENbHbIE FanaoTUMbl, aCCOLMMPOBAHHbIE C
nonMmopdr3mMoM aeHNHOBbIX TPAKTOB B UHTPOHe-4. [pun 3Tom
nosny4YeHo pacLyeneHne no raniotTuny cpean o6pasLoB., Xxapak-
TEPU3YIOLMXCA TONIbKO OAHUM, VKM, TUMOM 3K30Ha-4 VRN-AT,

a Tak)Ke JOMUHAHTHbIX ansienei 3Toro reHa. Ha ocHoBaHMK ycTa-
HOBJIEHHbIX accoLMaLnii Mexay ranioTMnom v annenbHbIM Ba-
pviaHTom reHa VRN-AT B TeTpannongHon nweHuvue Buga Triticum
dicoccum ngeHTNGMUNPOBaH HOBbIN, MPEANONOXKNTENBHO JOMM-
HaHTHbIN, annenb 3Toro reHa (o6o3HaueH Vrn-ATk), Hecywwmin

42 n.H. Hcepumio B 0651aCTK NpoMoTopa.
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Analysis of the VERNALIZATION-A1
exon-4 polymorphism in polyploid
wheat

A.F. Muterko®, E.A. Salina

Institute of Cytology and Genetics SB RAS, Novosibirsk, Russia

One of the key genes that influence the adaptability of
wheat to environments and yield are the VRNT genes.

In recent studies, an association of missense mutations
within VERNALIZATION-AT exon-4 with modulation of
quantitative values of such agronomically valuable traits
as frost tolerance, vernalization requirement duration

and flowering time of wheat was shown. However, these
investigations were carried out exclusively in T. aestivum
varieties and have not covered other species of polyploid
wheat and different VRN-AT alleles. The earlier studies did
not consider more than one copy of VRN-AT per genome.
Furthermore, only recently it was shown that only several
SNPs distinguish the VRN-D4 and VRN-AT genes. In the
present study, VRN-AT exon-4 polymorphism was inves-
tigated in 158 accessions of 6 tetraploid and 5 hexaploid
wheat species carrying the different VRN-AT alleles. To
identify the VRN-A1 exon-4 haplotypes, a co-dominant
marker was designed, based on modulation of the curva-
ture of the DNA molecule. Polymorphism of the VRN-AT
exon-4 was revealed only in hexaploid wheat accessions
and was associated with the presence of not less than two
copies of VRN-AT per genome. With the exception of one
accession, the mutant type of exon-4 was identified only in
combination with the wild type. Furthermore, allele-speci-
fic primers were designed to identify the VRN-D4 gene or
in order to exclude its impact on the results during analysis
of the VRN-AT haplotypes. By expanding the region being
analyzed, additional haplotypes, which are associated
with polymorphism of adenine tracts within intron-4,
were identified. Haplotype segregation was attained
among accessions carrying only intact exon-4 of VRN-AT
and among dominant alleles of this gene. Finally, based
on the associations revealed between the VRN-AT alleles
and haplotypes, the new putative dominant VRN-AT allele
(designated Vrn-ATk) carrying a 42-bp insertion within
the promoter region was identified in tetraploid wheat

of Triticum dicoccum.

Key words: wheat; VRN-AT; exon 4 polymorphism;
haplotypes.



€00XOAMMOCTb BO3ACHCTBUS YCIOBUN HU3KHX TEM-
nepatryp ¥ yKOpOUeHHOTO (OTOomepHroaa Uil WHUIU-
aliy Tepexojia PacTeHUs! K PENPOAYKTUBHON CTa UK
pa3BUTHUsI 0OYCIIOBIMBAET €ro0 MOTPEOHOCTh B SIPOBHU3AIHH.
V nmreHunsl OTpeOHOCTH B SIPOBU3AIMHI JIETEPMUHNPOBAHA
AJJIETbHBIM COCTOSTHUEM reHOB cucteMbl VRN: VRN (TpaHc-
KPHITLMOHHBIN (akTop cemerictBa MADS-box); VRN2 (zinc-
finger CCT nomen conepsxammuii res — ZCCT); VRN3 (romosor
reda FLOWERING LOCUS T); VRN4 (nymnukaius TeHa
VRN-A1 B xopotkoM 1uiede xpomocombl 5SD) (Yan et al., 2003,
2004b, 2006; Kippes et al., 2015). ccnenoBanne renoB VRN
MMEET KII0YEeBOC 3HAYCHHE B CEJICKIINH MIICHUIIBI, TOCKOJIb-
Ky UX DKCIPECCHUs BIUACT HA PsALl alPOHOMHYECKH LIEHHBIX
MIPU3HAKOB, ONPEEISIONINX aallTUBHOCTD U YPOXKAWHOCTD
KyJBbTYPBI B YCIOBHSAX OKPYXaroOUeH cpesbl KOHKPETHOTO
reorpaguueckoro pernona. OaHaKo u3-3a 0COOCHHOCTEH
pacrpoCTpaHEHHs B MIICHUIIE aJUIeNel Pa3INIHBIX TCHOB
VRN, a Taxoke UX pa3IMIHOTO BIMSHUA Ha (peHoTH Hanbosee
MEPCIEKTUBHO HCCIe0BaHie TeHOB VRN,

T'erst VRNI xapTupoBaHBI B CEpPEeIUHE UIMHHOTO TUIEYa
XPOMOCOM ITsiToM romeosnornueckoit rpynmsl (Yan et al., 2003)
1 aCCOLMMPOBAHbI C PETyJISALUEH Iepexoia OT BEreTaTuBHOM
K perpoxyKTHBHOM cTaauu pa3sutws (Danyluk et al., 2003).
JlomunanTtaeie amenu VRNI o0ycloBIMBAIOT SIPOBOH WITH
(hakynbTaTUBHBII THI pa3BUTHS (OTCYTCTBHE HOTPEOHOCTH B
SIPOBU3AIIMH WM €€ YaCTHYHOE COXPaHEHNE COOTBETCTBEHHO),
TOT/Ia KaK PEIIECCUBHBIC aJUICNIN XapaKTepH3yIOTCsl HE00X0-
JIUMOCTBIO B SIPOBU3AIMU U OOYCIIOBIMBAIOT O3UMBII THIT
pa3BuTHs. B To Bpemsl Kak aqbTepHATHBHBIE JOMHHAHTHBIC
ajuieny reHoB VRN oka3bIBalOT pa3iuuHOE BIHUSIHUE HA KO-
JIMYECTBCHHBIC IMOKA3aTCIIN psAda Ka4€CTBECHHBIX NPHU3HAKOB
B SIPOBBIX COPTaX, MOIUMOP(HHU3M PELIECCUBHOTO AJUIENs Vin ]
ACCOLIMUPOBAH C MOAYJISALNEH 4yBCTBUTEIBHOCTH K IPO-
JIOJDKUTENILHOCTH SIPOBHU3ALIMH, MOPO30CTOMKOCTH, BPEMEHU
BBIXO/Ia B TPYyOKy | KoyomieHus o3umoi mmeHuns! (Chen et
al., 2009; Dhillon et al., 2010; Eagles et al., 2011; Diaz et al.,
2012; Lietal., 2013; Yan et al., 2015).

CrpykrypareHoB VRN nipencTaBieHa BOCBMBIO SK30HAMH,
IIECTh U3 KOTOPBIX KOMUPYIOT 1Ba (PYHKIMOHAIBHBIX IOMEHA
(MADS- u K-60kchbr) (Yan et al., 2003), obecrieunBarommx
Oerrok-0eTKOBBIE B3aWMOJICHCTBHS M CBSA3BIBAHHE C PETy-
JISITOPHBIMH TTOCIIEIOBATEIBHOCTIMA a(EKTOPHBIX T'€HOB.
IlepBbIit 5K30H KomupyeT ToMeH cynepceMeiictea MADS —
SRF-TF (Treisman, 1992). AMHHOKHUCIIOTHAs TTOCIIEI0BA-
tenpHOCTh fomeHa SRF (Serum Response Factor) cemeii-
crBa TF (Transcription Factor) Bkitouaer B ce0si HECKOIBKO
(hyHKIIMOHATHFHO aKTUBHBIX CAWTOB, TAKUX Kak calT (ocdo-
PWIMPOBaHMS, AUMEPHU3ANNH, a TaKKe CalT, oOecrieunBaro-
i cBsi3biBanre MADS-60ke conepxaiero 6enka ¢ JJHK
(Santelli, Richmond, 2000). YactuaHo 2-ii, a TakKe SK30HBI
3—6 KOAMPYIOT aMUHOKHUCIIOTHYIO ITOCIIEI0BaTeILHOCTE K- 10~
MeHa, KOTopasi, KaK NpaBHJIO, IETEKTUPYETCs BO BCEX TPaHC-
KpunuuoHHBIX (akropax SRF-tuma. K-Ookc BoBiIeueH B
Oenmok-OenKkoBeIe B3auMozecTBus ¢ qpyrumu MADS-6oke
coaeprkarmmu oenkamu (Yang et al., 2004) mocpencTBom 00-
pa3oBaHus cynepcnupaitbHbIX cTpykTyp (Lupas etal., 1991).

N3 Tpex romeonoruuHslx reHos, VRN-AI, VRN-BI u
VRN-D1, nonumopdu3m HYKJICOTHIHON MOCIEI0BATEIb-
HOCTH KOJMPYIOIIEH YacTH, aCCOIMUPOBAHHBIN C BINSHUEM
Ha PsJ] MPU3HAKOB, NMEIONIMX OOJNBIIOE 3HAYECHHE B CEJICK-
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LMK O3UMOM MMIIEHHUIIBI, BBISBICH TOJILKO 111 reHa VRN-AI.
B 3aBucuMocCTH OT Tuma HyKiIeoTHAa B mo3unuu 20 . H.
4ETBEPTOro HK30Ha reHa VRN-AI paznuuaror C- u T-Tumnsl
sKk30Ha-4, obo3Hauennbie 3aech kak Ex4C u Ex4T ramio-
tumnel. Mucenc-myrtanus C—T B sx30He-4 rena VRN-AI,
MIPUBO/AIIAST K 3aMENICHNIO KOHCEPBATHBHOTO JICHIIMHA Ha
(eHMTANIAHUH B aMUHOKHCIIOTHOH IOCJIEI0BATEIbHOCTH
K-nomena (Leu''7—Phe!'7), BnepBrie maenTH(GUIAPOBAaHA B
03UMBIX COpTax MATKOM nieHuusl Triticum aestivum uz CILIA
(Chen et al., 2009). BoisiBneHHbI TOIUMOP(U3M B YETBEPTOM
9K30HE ACCOLMMPOBAIH C PA3IMINEM BO BPEMEHH BBIXOJA B
TpyOKy M BpeMEHEM KOJIOIIeHHMsI. B 4acTHOCTH, 03MMBIE COp-
Ta, XapaKTepU3YIOIIHECs SK30HOM-4 TUKOTO TUTa (TarIOTUIT
Ex4C), BBIKONAIINBAINCH PaHBIIIE, YEM COPTa C MyTaHTHBIM
tunoM (rarwtotun Ex4T) (Chen et al., 2009). ITozxe ana-
JIOTMYHBIC HAOMIONEHHMS TTOATBEPAMIN M Ha aBCTPATUHCKUX
copTax  IOTIOTHWIIN UX HOBBIMU JAHHBIMH, YKa3bIBAIOITNMHU
Ha accormanmio ramoruna Ex4T ¢ moBeimenneM Mopo3o-
CTOMKOCTH O3UMBIX COPTOB 7. aestivum M NMOTPEOHOCTHIO B
nponopkuTensHoU sipoBm3anuu (Eagles et al., 2011). Kpome
TOTrO, MPEAINONIaraeTcs, 4To MNockonbKy K-momMeH BoBledeH
BO B3auMoJeiicTBue ¢ ApyrumMu MADS-00ke comepxammmu
6emxamu, C/T monmMopdu3M B 4eTBEPTOM SK30HE THITOTETH-
YEeCKH MOXKET BIMATH Ha PSJ] APYTUX MPU3HAKOB, BHIPAKCH-
HOCTh KOTOPBIX aCCOIMUPOBaHa ¢ 3Kcnpeccueit rena VRN-A 1
(Eagles et al., 2011).

I'er VRN-A 1 B TeKcarutonIHON NIIICHUTIC MOKET OBITH Ipe/I-
CTaBJICH AByMs U Oosee konusimu Ha renoM (Diaz et al., 2012;
Wiirschum et al., 2015). Ectp mpennonoxeHue, 9To 4icio
koruid VRN-A1 MO3NTHBHO KOPPEIHUPYET C MOTPEOHOCTHIO B
MIPOJOJIKUTENIBHON SPOBU3ALINH (IIPOLOTKUTENBHOCTD SPOBU-
3aUH O OJIHOTO HACHIILICHNS, KOT/Ia JallbHEHIIIee yBeIude-
HUE NEPHUOJIA SIPOBU3ALUH YK€ HE IPUBOIUT K COKPAIIEHUIO
BPEMEHH JI0 KOJIOUICHHUS) U CPOKAMM KOJIOLICHHUS MIITCHUIIBI
(Diaz et al., 2012). Tem He MeHee TaHHOE MPEAIOIOKECHIE
OCTAETCsI IUCKYCCHOHHBIM, TIOCKOJIBKY cpeu Konuil VRN-A 1
TakKe HAOII0IaeTCs TOMUMOPGU3M IK30HA-4.

CremyeT OTMETHTb, 9TO BCE CYIIECTBYIOIINE NCCIIEI0BAHUS
nonuMopgu3ma 3k30Ha-4 rera VRN-A I TpoBOIMIIACH HCKITIO-
YUTENBHO Ha copTax 1. aestivum 1 B HACTOSIEE BPEMsI OTCYT-
CTBYIOT JaHHBIE 00 aHAJIOTMYHBIX UCCIICTOBAHMUSX JUIS APYTHX
BUJIOB TIOJINTION/THON ITIICHUIBI. B OONBIIMHCTBE cityuaes
aHaJIH3 BBIMOJHSICS 0€3 yueTa KonmuiHoCTr reHa VRN-A 1, uto
0COOEHHO BayKHO JIJIS TEKCATUTONTHOH MIIICHHUITBI, B KOTOPOH,
K ipumepy, y 1. aestivum, 6onee 90 % copToB HeCyT JBe-TpH
kornu atoro rena (Wiirschum et al., 2015) ¢ paznuunbiMu
KOMOWHAIMSIMHU TarutoTHIoB 3k30Ha-4 (Diaz et al., 2012).
Kpome Toro, HenaBHee MO3UIMOHHOE KIOHMPOBAHUE T'eHA
VRN-D4 BBISBUIIO, YTO TOJBKO YETHIPE OJHOHYKJICOTUIAHBIX
nmonumopdmzma (OHIT) otmmgarot ero ot VRN-AI (Kippes
et al., 2015). CnenoBaresibHO, pe3yabTaThl MPEIBIIYIINX HC-
CJIE/I0BaHHH JIOJDKHBI OBITh IIEPECMOTPEHBI TAKKE C yUETOM H
3TOTO OOCTOSITENBCTBA, TIOCKOIBKY MPH HCTIOIb30BaHHUH CYIIIe-
CTBYIOIIUX METOIOB AHAJIN3A HE MPEICTABISETCS BOZMOXKHBIM
pasnuuuTh SK30HBI-4 TeHOB VRN-AI u VRN-D4. Hakower,
CYIIECTBYIOIINE METOABI UACHTU(HUKAINK THIA HK30HA-4
VRN-A1 nMeroT psifi HETOCTATKOB, KOTOPBIE OTPAHUYMBAIOT
UX IIUPOKOE NMPUMEHEHHE B MCCIECOBAHUM BIMSHUSA COOT-
HOILIEHUs yuciia Konui reHa VRN-AI ¢ pa3nu4HbIM TUIIOM
9K30Ha-4 Ha (EHOTHII.
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B Hacrosieit padote mosuMophu3M S3K30Ha-4 HCCIICTyeTCsI
B JIOMHHAHTHBIX M PEIECCUBHBIX ajuleisix reHa VRN-A1 'y
npeacrasureneil 11 BU0B rekcarionIHON U TeTParIOnAHON
nIeHuIs. {7 mpoBeieHus KaueCTBEHHOTO U KOJTMUeCTBEH-
HOTO aHAJIN30B ONTHMHU3UPOBAaHA ajuleNb-crenuduaeckas
TLIP u pa3paboransl ocodoro Tuna kogoMuHanTHele JTHK-
MapKepbl K raroTunam sk3oHa-4 reHa VRN-Al. Anamnu3
BBIIIOJIHEH C YY€TOM BIIMSAHUA reHa VRN-D4 Ha pe3ysbTaTbl
MCCIICIOBaHUS.

MaTepmanbl n metogbl

I'enernuecknii marepuan. Mccnenosanu renomuyo JJHK
158 00pa3LoB MATH BUOB IeKCAIIONTHOM MILIEHUIIbI (TeHOM-
ueiid coctaB BBAYAYDD): T aestivum L., T spelta L., T. ma-
cha Dekap, T. compactum Host, T. sphaerococcum Percival
W LIECTH TETPAIUIONAHBIX BUI0B (reHoM BBAYAY): T. durum
Desf., T turgidum L., T. polonicum L., T. carthlicum Nevski,
T’ dicoccum Schrank u T. dicoccoides Korn.

AHanu3upoBaId MECTHBIE COPTAa O3MMOM MATKOW mMiie-
HULBI BUAa 1. aestivum, a Takke 0Opasipbl, MOIyUYECHHbIEC U3
HaunonanbHol cucTeMbl 3apOJbIIEBON IUIa3Mbl pacTeHUN
(National Plant Germplasm System (NPGS), http://www.
ars-grin.gov/cgi-bin/npgs), IPK Gatersleben (https://gbis.ipk-
gatersleben.de/GBIS_I/home.jsf) n Harmonansnoro neHrpa
IeHETUYECKUX PecypcoB pacTeHuit Ykpaunusl (yuriev1908@
gmail.com).

Axerpaxuus JHK, amninunduxanus u reab-anekrpogo-
pe3. Toransnas JIHK skcTparupoBaHa n3 4eThIpex THEBHBIX
npopocTioB ¢ npumenenneM LITAB (o Doyle et al., 1987, ¢
Monudukanueit). JTHK BeimeneHa U3 IBYX-TISTH HHIUBHITY-
AJBHBIX PACTEHHUH KaXK10ro 00pasia.

PeaknuonHas cMech Ui NOIMMEPA3HON LIETHOM peKIuu
(ITLIP) Bxmrowana: JIHK (~60 ur), 20 MM Tris-HCI (pH 8.8),
10 MM (NH,),SO,, 2.5 MM MgCl,, 1 MM KCl, 0.1 % Triton
X-100, 250 mxM dNTPs, 1.5 % AMCO, 3 HI/MKI KaKJI0T0O
npaiimepa, 0.05 E/mxn Taq monmmepasbsl. Hykneornansie
MOCJIEIOBATEILHOCTH MTPaiMEPOB U TeMIIeparypa OTKHIa
npuBeaeHs! B Tabm. 1. [TLIP BeImomHeHa 1o ciueayromei mpo-
rpamme: neHaryparms 94 °C (2 mun); 36 IUKIOB aMIUTH(H-
karuu: 94 °C (10 ¢), orxur (10 ¢), 74 °C (40 ¢) ; puHanbHAS
anonramus 72 °C (5 muH).

Onexkrpodopes MPOAYyKTOB aMIUTU(BHUKAINN MPOBEICH B
HeJeHATYpUpYyIONuX nonuakpuiamuanbix rensx (ITAAD) B
ONTUMHU3UPOBAHHBIX paHee ycinoBusax (Muterko et al., 2016),
YCHIMBAIOIINX aHOMAJIEHO MEUICHHYIO MUTPALIUIO HCKPHB-
nennbix mMojekyn JJHK. Araposusiii resiab-anekrpodopes
BBINOJIHEH C UCIONIb30BaHUEM 1.5 % arapo3HbIX reieil B
I1xTBD Oydepe. [TAAT u arapo3ssle reau ObLIM BU3yaIn3U-
POBaHBI ITyTeM OKparBanust Opomuiom 3tuus (0.5 MKr/min)
W TOKYMEHTHPOBaHBI IIpH oMoty cucteMs! «Gel Doc XR»
(Bio-Rad Laboratories).

CexBenupoBanue ¢pparmentoB IIIP. [Ipoxykter TP
MepeoCcakaalIy 3TAaHOJIOM B IIPHCYTCTBUHN JIMHEHHOTO aKpHII-
amuna (15 Mxr) B kauecTBe HocuTens. B ciyvae Hanmmuus B
amMIUTMQHKaTe HECKOJIbKUX LIEJNEBbIX ()PAarMEHTOB HY)KHbBIE
AMITJIMKOHBI OBUTH BBIPE3aHBI U3 arapo3HbIX U MOIHMAKpUIIa-
MUJTHBIX TeJICH M OUMIIEHBI Ha CIIMH-KOJIOHKaX ¢ silica-meM-
Opanoii. CekBeHUpOBaHHE IPOBENICHO ¢ MoMolbio «BigDye
Terminator v3.1 sequencing kit» 1 mocieIyroniM aHaIn30M
npoaykToB Ha «ABI 3130x1 Genetic Analyzer» (LIKIT «Ie-
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HoMmuka» CO PAH). HykneoTunHsle mocieaoBaTeIbHOCTH
AQHATM3UPYEMBIX Y9aCTKOB TeHa VRN-Al nemnoHupoBaHBI
B GenBank noxg momepamu moctyma: KU844092 (Ex4C),
KU844091 (Ex4T), KT983448 (Ex4C), KT983449 (Ex4C.1),
KU844093 (Ex4C), KX874600 (Ex4C.sph), KX874601
(Ex4T), KX874602 (Ex4C.m), KX874603 (Ex4C.s),
KX874604 (Ex4C.s), KX874605 (Ex4C.f), KX874606
(Ex4C.1), KX874607 (Ex4T), KX874608 (Vrn-Alk).

AHajau3 gaHHbIX. {715 BccieoBaHus pacnpesesieHus
KPUBU3HBI U BBISABJICHHUSA JIOKAJIbHBIX I/ISFI/I6OB npeamnoiara-
emyto popmy monexyn JJHK paccuntanm n3 HyKICOTHIHBIX
TMOCIIE/I0BATEIbHOCTEH, OCHOBBIBAsICh Ha KOH(POPMAITMOHHBIX
rnapaMeTpax JIBOMHOHM cIUpaju, U3BJICUYCHHBIX 110 paHee
ormmcanHoMy criocoOy (Muterko et al., 2015). TpexmepHsie
Mozenu cripainy Mostekyn JIHK Bu3yann3upoBaHb! ¢ HCTIONb-
3oBanueM PyMOL Molecular Graphics System, Version 1.7.2
(Schrédinger, LLC).

Pacnpenenenune xpususnsl Monekynsl JJHK anamusupo-
BaJIM B CKOJIB3sIIIIEM OKHe pazmepoM 40 1. H. u marom 1 m. H.
B kagecTBe KpuBHU3HBI MOJIEKYIBI B o3utun i +1 (1 <i<n)
OBUTIO MPUHATO 3HAYEHHE, 00pAaTHOE PaaUyCy ONMHCAHHOM
OKpPY>KHOCTH TPEYTOJIbHUKA, BEpIIMHBI KOTOPOTO JIeXkKaT Ha
ocu cmpany ¢ koopanHaramu i—20; i; i+20 n. 1. Kpusuzay
OLICHMBAJIM B €IMHMIAX KpHBH3HBI Mojekyisl JJHK, roe B
KauecTBe €AMHUIIBI TPHHATA cpenHsas kpuBusHa JIHK B kpu-
CTAJTM3UPOBAHHOM HyKIeocoMHOM Kope (1/42.8 A).

Pesynbtatbl
Pa3pa6orka xonomuHanTHbIX JJHK-mapkepoB nis1 ana-
Jun3a noaumopdusma sx30Ha-4 rena VRN-AI. Ananus
HYKJICOTH/THOH MOCIIeI0BaTeIbHOCTH AJIBTEPHATHBHBIX rarlio-
THUTIOB 9K30Ha-4 BBIBIUI, uTO C/T monmumopdusm acconnupo-
BaH C HapylICHUEM aJICHUHOBOTO TpakTa (A-Tpakt, AnTm,
n+m>4), nporsokeHnoctsio 5 1. 1. (A(T),) (puc. 1). A-tpak-
THI HHAYIHPYIOT JOKaNbHBIE M3rn0bI MoneKkyisl JIHK u ompe-
JIensiioT ee mobanphyto kpuBusHy (Koo et al., 1986). M3o-
rHyTble Mojiekynasl JJHK MuUrpupyor anomanbHO MeUIEHHO
B [TAA resnsix o CpaBHEHHIO C HEN30THYThIMH MOJIEKYJIaMU
Toit >xe jyuHEI (Marini et al., 1982), nmpu sTom pemraroriee
3HaYeHHE UMEIOT JuinHa U Jokanu3anus A-tpakroB (Koo et
al., 1986; Diekmann, 1992). B cBsi3u ¢ 3THM HcclienoBaHa
BO3MOKHOCTb HCHOJIb30BaHMS PA3HUILIBI B CKOPOCTH MUTPALIMN
[TL{P-¢pparmenToB ¢ paznuuHoit kpuBusHoit JJHK, o0ycios-
JICHHON MOTUMOP(GU3MOM A-TpakTa, Uil UACHTH(PHUKAINN
aNbTEepHATUBHBIX TAIUIOTUNOB dK30Ha-4 reHa VRN-AI. TILP
Obl7a ONTUMU3MPOBAHA C Mapoil mpaiimMepos, Ex4F2m3 u
Ex4R, 0XBaTBIBAIOIINX yYaCTOK OT MHTOPOHA-2 (YaCTHIHO)
JI0 cepenuHbl UHTpoHa-4 rena VRN-AI. Hykneotuanas no-
CIIeZI0BaTeIbHOCTH caiiTa orTxura mpaiimepa Ex4F2m3 pas-
JMYaeTCsl B TOMEOJIOTHYHBIX TeHOMax Tonbko aByms OHII,
JIOKJIN30BAaHHBIMHU BO BTOPOH M C€ABMON MOZUIUSX OTHOCH-
TEJILHO 3'-KOHII, TT03TOMY JIJIsl TIOBBIIICHHS CIIEHU(PUIHOCTH
CBsI3bIBaHUA Ipaiimepa ¢ nociegosaresnbHocThio JHK n3
reHomMa A ObUTO HCKYCCTBEHHO CO3/1aHO HapyIICHHE KOMIIIe-
MEHTApHOCTH B TpeThel Mo3uiuu oT 3'-koHna. B pesynsrare
pasneneHus IpoayKkTos amiuudukanyu B ITAA rensx B yc-
JIOBUSIX, YCHJIMBAIOIINX aHOMAJIBHO MEUICHHYIO MUTPALIUIO
n3orayTeix Mosiekyn JJHK, HaOnromaercst xoporio 3ameTHast
pasHuIa B ckopoctu murparmn pparmentos I11P, cooTeT-
ctBytomux C- u T-tuny 3k30Ha-4 reHa VRN-A4 1. AMIIMKOHBL,
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Analysis of the VERNALIZATION-A1 exon-4
polymorphism in polyploid wheat

Ta6bnuua 1. MapameTpbl Nparimepos, ncnonb3yembix ansa MLP

A.F. Muterko
E.A. Salina

Mpanmvep MocnepoBatenbHOCTb PaszpaboTumk
npavmepa (5'-3') nparmepa

VRNTAF gaaaggaaaaattctgctcg Yan et al., 2004a

VRNT-INT1R gcaggaaatcgaaatcgaag

Vrn-Al-intr_F ccgtcgaaaggatcgctactg Muterko et al.,

Vrn-Al-intr_R1  cttgtccccgtgagctacttac 2016

Ex1/C/F gttctccaccgagtcatggt Fu et al,, 2005

Intr1/A/R3 aagtaagacaacacgaatgtgaga

Ex4F2m3 ttgttccttcctgtcccaacc Eagles etal. 2011

Ex4R ctttgctgaacttctctge (MopmmKaLyA)

Ex4FA ttcacctctagcectaccccaac

Ex4R ctttgctgaacttctctge

Ex4F2m3 ttgttccttcctgtcccaacc

V4/R2m3 ccagttgctgcaactccagg

Ex4outV4F2m3  cctgtcccacccaaagttacta

Ex4R ctttgctgaacttctctge

Ex4F2m3 ttgttccttcctgtcccaacc

Ex4AR245m3 gaccagttcgaataccgaagaa

Ex4outV4F2m3  cctgtcccacccaaagttacta

Ex4AR245m3 gaccagttcgaataccgaagaa

Temnepatypa Amnanduuunpy- Annenb/ Pasmep MLP
omkura, °C eMblIl y4acToK rannoTtun dparmeHTa, n.H.
58 VRN-A1 vrn-Al 713
ripomotop Vrn-Ala.1 944
Vin-Ala.2 924,944
Vrn-Ala.3 765
Vrn-A1b 691
Vrn-Ald 685
Vrn-Ale 659
Vin-A1f 658
Vr-ATi 713
Vrn-Alk 755
vrn-A"1 705
Vin-A"1g 681
Vrn-A"1a 671
vrn-A"1b 656
60 VRN-A1 vrn-Al 541
VHTPOH-1
56 VRN-AT Vrn-Alc (Langdon) 522
MIHTPOH-1 Vrn-Alc(L369) 2188
60 VRN-A1/VRN-D4  Ex4(C/T) 389
K30H-3-4 Ex4Cf 387
58 VRN-A1/VRN-D4  Ex4(C/T) 523
K30H-3-4 Ex4Cf 521
59 VRN-D4 VRN-D4 265
3K30H-3-4
57 VRN-A1 Ex4(C/T) 380
K30H-3-4 Ex4Cf 378
58 VRN-A1/VRN-D4  Ex4C.sph 592
SK30H-3-5 Ex4Cf 588
Ex4C.m/ Ex4T 591
Ex4C.s 590
57 VRN-A1 Ex4C.sph 583
SK30H-3-5 Ex4Cf 579
Ex4C.m/ Ex4T 582
Ex4C.s 581

naeaTuunupytomue ramwrotunn Ex4T, comepkat A-TpakT
JUIMHOH 5 TI. H., JIOKaJIM30BaHHBIN BOIM3M IIEHTpa (parMeH-
Ta, 1 MUTPUPYIOT aHOMAJILHO ME/JICHHO B pe3yJibTare Oosee
cunpHOTO M3ruba Momnexyis! JJHK (cM. puc. 1), B To Bpems kak
y ¢parmenToB Ex4C A-TpakT HapyIIeH BCIECTBUE MyTallnu
LEHTPaJbHOTO HYKJICOTH/A, YTO HHUBEJIUPYET KPUBU3HY Ha
TaHHOM yd4acTke. PasHuma mexny ¢parmenramu I[P ra-
wrotunoB Ex4C (GenBank: KU844092, KT983448) u Ex4T
(GenBank: KU844091), u3mMepeHHast OTHOCHTEIILHO MapKepa
MOJIEKYISIPHOTO Beca, cocTaBisna 10 50 M. H. B YCIOBHAX
teKTpodopesa, yCHINBAIOIINX aHOMAIEHO MEJUICHHYIO MH-
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rpauuio uckpusieHHbIX Moaekyn JHK, nmpu satom paznuune
B CKOPOCTH MHI'PAlliU 3THX (pParMEHTOB HE HAOIIONAIOCH
B arapo3HbIX I'elisiX U IIPH NPOBEACHUM 3jiekTpodopesa B
I[TAAT B cranmapTHbIX ycioBusx. Takum obpazom, TTI[P-
(hparMeHTHI aJbTEPHATHBHBIX TATUIOTHIIOB 3K30Ha-4 MOXHO
OBLIO I0CTOBEPHO 0003HAYNTD, ITIOATBEPIKAAst 3PHEKTUBHOCTD
MIPUMEHEHHUST pa3pabOTaHHOTO METOAA Ul HACHTH(UKAINT
qukoro (Ex4C) n myranrtaoro (Ex4T) Turma yeTBepToro 3k30Ha
reHa VRN-AI.

B HeckombkuX 00paslax aMIUIMKOHBI, IETEKTHPYIOIINE
rartotun Ex4C, obnananu 0ojiee BBICOKOW CKOPOCTBIO MH-
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AHanus nonumopduama sk3oHa-4 reHa VERNALIZATION-A1

Y BULOB MOAMMNIOVAHOW MLUEeHNLbI

rpanuu (cM. puc. 1), JaHHBIA BapuaHT
rarorotTuna o6o3HaueH kak Ex4C.f
(GenBank: KT983449). B pesynbrare
CPAaBHUTEJIBHOTO aHAIM3a HYKJICOTH]I-
HBIX TIOCIIEIOBATEIBHOCTEH (pparMeH-
toB Ex4C n Ex4C.f ycranosneHo, 4to
ramtotun Ex4C.f xapakrepusyercs
2 n.1. nenenueid u OHIT (C—G) B 00-
nactu uHTpoHa-4. Kpome Toro, qanHas
Jleselus JTOKaJnu30BaHa B CTPYKType
A-TpakTa ¥ IPUBOIUT K COKPAIICHUIO
€ro JUIMHBI OT 7 10 5 M. H., 4YTO CONpo-
BOXKJIAETCSl yMEHBIICHHEM yIyla M3ruda
n pacupsamieHueM Mogaekynsl JHK
(em. puc. 1). l'amnorun Ex4Cf Obun
ACCOIMMPOBAH C JOMMHAHTHBIM ajule-
neMm Vin-Ala (Vin-Ala.1/2), a Taxxe
amnenamu Vin-Ale u Vin-Ali. Kpome
TOTO, /1B 00pa3lia TeTParIOnHOH ITiie-
Hutel BUaa 1. dicoccoides (P1 352322,
UA0300256), oOpa3er rekcarionIHoH
nureHutibl Buga 7. spelta (UA0300246)
u T aestivum (TRI 3088), Hecymme
PELeCCUBHBIN alelnb vin-A 1, Takoke Xa-
paxrepu3oBaiuch rarorunom Ex4Ct.

JanHble aHann3a Hauboee pacmpo-
CTPaHCHHBIX B ITOJUTLTOUTHOH MIIICHU-
1€ IOMUHAHTHBIX ajuieneii rena VRN-A 1
(Vin-Ala/b/c/e/i), nnenTHOUIHPOBAH-
HBIX B HCCIIETyeMOM I'€HETHUECKOM Ma-
Tepuase, ObUIN JIOTIOIHEHBI Pe3yJIbTara-
MU aHAJIH3a HAXOAAIINXCS B OTKPBITOM
JIOCTyIE HYKJICOTHIHBIX ITOCIIE]0Ba-
TEJILHOCTEW OOJIBIIMHCTBA M3BECTHBIX
auteneit reHa VRN-AI, B TOM 4ucie
amneneit, HICHTUGUIUPOBAHHEIX B
IUILIONIHOM mieHuue 1. monococcum
(Vrn-A™1a/b/f/g/h). YcranoBneHo, 9TO
BCE JOMUHAHTHbIE ajuienu rena VRN-A 1
XapaKTepU3YITCs MHTAKTHBIM JK30-
HOM-4 ¢ rarioturiom Ex4C nmm Ex4C.f.

Myrantsbiii ramnorun Ex4T uaen-
TU(QHULIUPOBAH TOJBKO B 00pa3lax rex-
CAIUTOMIHOW TIIICHUIIBI, HECYIIUX pe-
LIECCUBHBIN annens vrn-Al. 3a UCKIo-
yenuem odOpasna TRI 290 (GenBank:
KX874601), rarutorun Ex4T nerektu-
poBaH TosbKO B komOuHaim ¢ Ex4C.
B cBs3u ¢ aTUM Ipenrnonaraercs, uTo
MYTaHTHBIHN TuT 3K30Ha-4 (Ex4T) acco-
[IMMPOBaH C HAJMYHMEM HE MEHee YeM
nByX komuii reHa VRN-AI c anbrep-
HAaTUBHBIM TaIUIOTUIIOM JK30Ha-4 Ha
reHoM. Bce terpamionsnbeie 00pasisl
BHE 3aBUCHUMOCTH OT BH/Ia XapaKTepU30-
BAJIMCh UCKITIOYUTEIBHO AUKUM THUTIOM
skzona-4 (Ex4C u Ex4C.f). B rekca-
TUTOU/IHOW MIIEHHIIE C PELleCCUBHBIM
anenem vrn-Al odpasIpl C eANHIIHBIM
ramnorunoM Ex4C Berpeuanucs kpaiine

leHeTuKa 1 cenekuma pacteHun
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E.A. CanuHa 21.3
Ex4C/Ex4T

ExaT BIGAGG G AAITEITITIT G AVAITI

Ex4Cf AIGAG GAITEITIT G ARITEITTIT G AANTIC
Ex4C EGHEG G AN G EEIRITEIET G AV

JK30H-4
... B4 CACAATATATAAAAAAACAAGAA
7 Ex4Cf 5 CACAATATATAAAAA--GAAGAA
R ExaAC CACAATATATAAAAAAACAAGAA
/7
! WNHTpOH-4

dnekTpodopes Exat Exac
B MNAArene <
Npwv HU3KOW TemnepaType bg,\“ N bg&
& F Ex4C/4T < Ex4C/4T
\\
DR - e
______ > 4
' . .- . - -9
S DO AN RO P
S 2 N% RS NP ,\'f’c)
SN LSRR ARG SR SR e
R TR R

Puc. 1. Cxema pa3paboTKy KOLOMVHAHTHBIX MapKEPOB K ranioTunam 3K3oHa-4 reHa VRN-AT,
OCHOBaHHbIX Ha M3MeHeHUN Kp1BU3HbI MoneKynbl [HK.

penko u npeodnananu y Buga . sphaerococcum, a Takxe B coprax 1. aestivum u3
crpan 3anaanoit Esponst (Jlomn. marepuaisil).

HoBbiii angiens Vin-Alk uieHTUGUUUPOBAH B TeTPANVIOUIHON NMILEHULE
T. dicoccum. CornacHo nauusiM JIHK-MapkepHoro ananusa, 0opasiisl 1. dicoccum
(PI 191091 u PI 276015) mecyt nomuHaHTHEIN amtens Vin-Ala.3 (Muterko et
al., 2016), KOTOPBIN COACPKUT UHCEPITMEO MOOMIFHOTO TEHETUICCKOTO AIEMCHTA
B obnacty npomoropa. OJTHAKO B HACTOSILEM HCCIECJOBAaHUU YCTAHOBJICHO, YTO
raruotunt Ex4C, uaentudunuposannsiii B oopasmax PI 191091 u PI 276015
(GenBank: KU844093), ne npucym ayuteno Vrn-A1la, KOTOpsIi XapakTepu3yeTcst
rarutotuniom Ex4C.f. B cBsi3u ¢ 3TUM NpoBelieH aHaiu3 MEePBUYHON CTPYKTYPBI
yYacTKa, OXBaTHIBAIOIIETO IPOMOTOP, 9K30H- | M 9acTHYHO UHTPOH-1 rera VRN-A 1,
B naHHBIX oOpasmax Buma 1. dicoccum (GenBank: KX874608). B pesynbrare
aHa/M3a HyKJICOTHIHOU mocienoBarenbHOCcTH [IIIP-hparMeHTOB MIHHOW OKOJIO
760 1.H., MOyYeHHBIX B X071¢ aMmIntidukanuu ¢ mapoit mpaiimepoB VRN1AF u
VRNI1-INTIR, naentuduimpoBana nHCEPIHS MPOTSHKEHHOCTHIO 42 1. H. B 0011acTH
npomotopa rena VRN-AI (puc. 2).

WHceprus ToKann30BaHa B TO3UIUH —122 1. H. OTHOCHTEIHHO IPEAIIoIaraeMo-
ro 17t TeHOB VRN cTapTOBOTO KOJIOHA M HE MMEET aHaJIOTOB CPEJIN M3BECTHBIX
anneneii rena VRN-A1. B cTpykType MHCEPIMHU BBLAETSACTCA MOTU-A-TPaKT Mpo-
TSOKEHHOCTBIO 21 M. H., KOTOPBIH (DIaHKUPOBAH MPSIMBIM MOBTOPOM H3 15 m.H.
(CCCAACCACCTGATA), mpu 3TOM HOBTOp, JOKAJIU30BAaHHBII CO CTOPOHBI
S5'-koHIIa, TaKKe (IaHKUpOBaH NPsIMbIM TOBTOpoM JuTnHOH 6 1. H. (TCCTCA) (cm.
puc. 2, 6). IHTepecHO, 4TO MPOUYTEHHE MOCIE0BATEILHOCTH, CIENYIONIEH cpasy
TIocJIe Moau-A-TpakTa, CTAHOBUTCSI HEBO3MOYKHBIM ITPH YTEHHUHN KaK C MPSMOH, TaK
U ¢ 00paTHOI! 1Ieny BCIIEACTBUE HAJIOKEHHUS! ITMKOB (DIIFOOPECIICHIIMN Ha XPOMATo-

1 [lononHutenbHble maTepuanbl cM. B [Npunoxexnnn 1 no agpecy:
http://www.bionet.nsc.ru/vogis/download/pict-2017-21/appx5.pdf
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Puc. 2. gentudukaunsa annensa Vrn-ATk.

a - snektpodopes B MAAT npoayKToB amnnundukauum, nonyyeHHbix B xoge MLP c napoin npaimepos VRNTAF/VRN1-INT1R B o6pasuax, Hecywmx Vrn-Ala,
Vrn-ATk n vrn-AT; 6 — xpomaTorpammbl cekBeHvpoBaHus annens Vrn-ATk c obenx, komnnemeHTapHbix, uenein IHK; 8 - cTpyKTypa nHcepuum B 06nactu

npomotopa annens Vrn-Alk.

rpamme (CM. puc. 2, 0). DTo HaOIIOZEHUE CBUAETEILCTBYET O
nonuMopdu3mMe JUTMHBI TOJIH-A-TPaKTa CPed aMIUIMKOHOB.
JleficTBUTENEHO, TIPH AIEKTPO(Ope3e MPOTYKTOB aMILTH(H-
karmu B [TAA rensix B MecTe JIOKaJIU3alny 1eIeBoro Qpar-
MeHTa HaOJoaeTes nuieiid, npeacraBaeHHbIH (parMeHTaMu
OospIneil ATMHBI M UX TeTepopyiekcaMu. VHTepecHo, uTo
MUHHMaJIbHAs AJMHA OJIH-A-TpakTa B 21 1. H. COOTBETCTBYET
nByM BuTKaM criupanu JJHK, mocine uero cnenyer auBeprex-
ST AMITJTMKOHOB.

[To cymiecTByromeit HOMEHKIIAType, HOBBIH ayuieb 0003Ha-
4eH Kak Vrn-A1k. CoracHo nacrnopTHBIM JJAHHBIM, 00pas3Iibl
PI 191091 u PI 276015 xapakTepu3yroTcs SPOBBIM THIIOM
paszButus. Kpome toro, JIHK-mapkepHbIii aHanu3 He BBISIBUIL
B TAaHHBIX 00pa3lax JOMUHAHTHBIX ajuiesieii reHoB VRN-B1 u
VRN-B3 (Muterko et al., 2016). B cBsi3u ¢ 3TuM npeamnoara-
eTcs, 4TO MHCepIus pasmepoM 42 11. H. B ipomorope Vin-Alk
MOXET OBITh aCCOLMMPOBAHA CO CHHKEHHEM MOTPEOHOCTH B
SIPOBHM3ALIMH U SIPOBBIM TUIIOM pa3BUTHsA MieHUIbl. Hakonern,
omuH 3 00pasuoB 7. dicoccum (P1191091), Hecymuuii amenb
Vin-A 1k, Obl1 BbIpaIleH B TETUIMYHBIX YCIOBUSIX, B OTCYTCTBHE
SIPOBHU3ALINH, HA YIUIMHEHHOM (oTomneproze (24 1) ¥ TeHOTH-
nupoBaH 1o renam VRN-A1, VRN-BI u VRN-B3 ¢ ucnons3o-
BanueM JIHK-mapkepos. B pe3ynbsrare reHoTUNINpOBaHUS HE
BBISIBJIEHO JJOMHUHAHTHBIX ajieieil renoB VRN-B1 n VRN-B3.
Bpewmst 10 kostomenus 3Toro o0pasia cocTaBmiIo 92 iHs, 4To
XOPOIIIO COomIacyeTcs CO BpEMEHEM I[BETCHHUS, YKa3aHHBIM B
ero macrnopre (99 gueit).

HUnentuduxanus rena VRN-D4. T'en VRN-D4 nipencras-
nsiet coboii ayrniukanuio rena VRN-A1 B KOpPOTKOM Tuieue
xpomocoMmsl 5D, ciienoBaTenbHO, OH HE XapaKTepeH JJisl TET-
paIrIOUIHBIX BHJOB MIIEHUIBL, Y KOTOPbIX D reHoM OTCyT-
cTByeT. JIOMMHAaHTHBIN U PELleCCUBHBIN ajuienu reHa VRN-D4
Pa3INYaroTCs 10 €ro MPUCYTCTBHIO MM OTCYTCTBHIO COOT-
BETCTBEHHO.
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Wnentudukanmto rera VRN-D4 ocyniecTBISIN B XO/IE all-
nenpb-cnenuduueckoit [TLP (AC-TTLP) ¢ npsimbiM nipaiimepom
Ex4F2m3 (ucmoiap3yeMBIM TaKkKe B OTIPEIeICHIH TarIoTHITA
9K30Ha-4) U ajurenb-cnenu(uIecKkuM 0OpaTHBIM IIpaiiMe-
pom V4/R2m3, pazpadoranusim k OHIT (C/A) B ueTBeprom
9K30HE, 110 KOTOPOMY, COITIACHO JINTEPATYPHBIM JaHHBIM,
red VRN-D4 otnnuaercs ot rena VRN-A1 (Kippes et al.,
2015). Lenesoii I1LP-pparmenT 264 1. H., 1eTEKTHPYIOLINIT
VRN-D4, BBIsIBIICH TONBKO y 00pastioB Buaa 7. sphaerococcum
(3a mcxiroueHuem obpasua Cltr 17737). CnemoBarensHo,
nIeHTU(UIMPOBAHHBIE B JIAHHBIX 00pa3lax rarIoTHIIbI K-
30Ha-4 BKJIIOYAIOT B ce0s KaK raruioTuibsl rena VRN-A1, Tak u
ramioTun resa VRN-D4, KOTOpbli OTIMYaeTcs OT rarioTuia
Ex4C rena VRN-A1 Tonbko OHOM TpaHCBEpCHEH B 9K30HE-4 U
HE OTIIMYMM OT TIOCJIETHETO MIPU JaHHBIX YCIOBUSX aHAIN3A.

Juddepennnannsa odpasuos ¢ ramiorunom Ex4C no
nouMoppu3my HHTpoHa-4 reia VRN-A1. Ananu3 uatpo-
Ha-4 BeIABIII Ooee 10 A-TpakToB, 0OIIas MPOTSKEHHOCTD
KOTOpBIX cocTasisieT okono 30 % ot ero aAnuHbl. Beicokas
IUIOTHOCTH JIOKAJIN3alui A-TPaKTOB HA JAHHOM y4acTKe I10-
BBIIIAET BEPOSITHOCTh BO3SHUKHOBEHHS MyTalluii UX MEpBUY-
HOHU CTpYKTYphl. M3mMenenne KpuBu3HbI (POPMBI) MOJIECKYIT
JIHK, acconnupoBaHHOE C TOIUMOPPH3MOM A-TPaKTOB, MO-
KeT OBITH BIIOCIIE/ICTBUH JIETEKTUPOBAHO TIPH EKTpodopese
B [TAAT" B cBsI31 ¢ THM C 11€J1b10 MTOBBINICHUS HH)OPMATHB-
Hoctu [11]P-ananu3a ganHoro paitona rena VRN-A 1 v oiy4e-
HUSI IOTIOTHUTENBHBIX TallIOTUTIOB YYaCTOK aMIIH(UKANT
Obu1 pacmpeH B ctopony 3'-koHna Ha 200 . H. {1 aTOTO0
ObLT pa3paboTan cnienuuyuHblid K TeHy VRN-AI oOparHbIii
npaiimep Ex4AR245m3 u nposenena [P B komOuHaImm ¢
npaiimepom Ex4F2m3.

DuekTpodopes npoaykToB ammaupukanuu B [TAA
reyie WACHTU(GUIUPOBAT TIATH IeNeBhX (parmeHToB [1L[P
(puc. 3), COOTBETCTBYIONIMX IATH PA3TMYHBIM TaIIOTHIIAM

Plant genetics and breeding



AHanus nonumopduama sk3oHa-4 reHa VERNALIZATION-A1

Y BULOB MOAMMNIOVAHOW MLUEeHNLbI

reHa VRN-Al (GenBank: KX874600-
KX874607). BeisiBneHO pacmieruieHne
ramnoruna Ex4C Ha ueTsIpe BapuaHTa
(Ex4C.f, Ex4C.m, Ex4C.s, Ex4C.sph),
KOTOPBIE MOTYT OBITH YE€TKO Pa3IMUNMBbI
M0 U3MEHEHHUIO CKOPOCTH MHI'PALNA
(hparmenTos [P B xome anexrpodope-
3a B [TAAT. AHanu3 mepBUYHON CTPYK-
TYpPBI JaHHBIX TAIUIOTHIIOB OOHAPYKHIT
nonuMopdu3M A-TpakTa, JJIOKaIH30BaH-
HOTO B UHTPOHE-4. MUHNMaIbHAS [ITH-
Ha A-TpakTa, paBHas 7 I.H., yCTaHOB-
nena juis rarotunos Ex4C.s u Ex4C.f.
Tamnoruner Ex4C.m u Ex4C.sph xa-
PaKTEpU3YIOTCS YBEIMYCHNEM JITTHHEI
A-tpaxra 10 8 ¥ 9 1. H. COOTBETCTBEHHO.
JlmmHa A-TtpakTa B rartorurne Ex4T co-
OTBETCTBYET €TO IPOJIOIKUTEIBHOCTH B
ramorurne Ex4C.m (8 m. 1.).
YckopeHne MUTpaluy aMIUIMKOHOB
uepe3 ITAA renb, acCOIUUPOBAHHOE C
yBEJIMYEHUEM JJIUHBI A-TpakTa oT 7 10
9 1.H., CBHACTETHCTBOBAJIO 00 YMEHB-
IMIEHUN KPUBU3HBI COOTBETCTBYIONINX
mostekynt JTHK (cwm. puc. 3). Kpome Toro,
(hparMeHTHl, 1ETEKTHPYIOLINE Tario-
tun Ex4C.f, MmurpupoBany Ha TOM Xe
ypoBHe, uTo U (parmentsl Ex4C.sph.
O6a nomuMopdHBIX A-TpakTa B JaH-
HbIX Qparmentax (Ex4C.f u Ex4C.sph)
JIOKAJU30BaHbl MPUOIU3UTEIBHO Ha
OJMHAKOBOM PAcCTOSTHUH OT LIEHTPA,
a, CII/I0BATEIbHO, B CIIydae paBeHCTBA
MOPOXk/IAEMbIX MU YIJIOB U3ri0a OymyT
OKa3bIBaTh OJAMHAKOBOE BIIMSHHE Ha
noasuxkHOCTh Monekyn JJHK. Taxum
o0pa3oM, HabmOgacMOe U3MCHEHHE
cxkopoctu murparwu [IL[P-pparmenTon
AJIBTEPHATUBHBIX TAIUIOTHIIOB TIPETIO-
naraert, uyto kpuu3Ha JIHK monexynbt
Ipu JAJIMHE A-TpakTa, paBHOU 5 1. H.,
COOTBETCTBYET KPHBHM3HE MOJICKYIIBI C
JUHON A-TpakxTa, paBHOM 9 . H. Cre-
JIOBaTeNbHO, MOKHO yTBEPXkAaTbh, 4TO
MaKcUMajibHas KpUBU3HA A-TpakTa
JIOCTUTAEeTCs, KOrJa ero JJIMHa paBHA
7 1.H., 1 TIPONOPINOHAIBHO yOBIBaET
MpHU JalbHEHIIEM yBEIUYCHUU HIIN
yMeHbleHnH urcia A-T nap HyKieoTu-
JI0B (TIpY OJMHAKOBOM HYKJICOTHIHOM
OKPY’KEHHUHU U HACHTHYHBIX yCIOBHSIX).
JIOTIONTHUTENIBHO BBISIBIICHHBIE Ta-
wrotursl Ex4C.m u Ex4C.sph unentu-
(bUIMpoOBaHBI HCKITIOYNTEIHHO B TeKCa-
IJIOMAHOW TIIEHUIE HapsAly C rarJio-
tunamu Ex4C.s, Ex4C.f u Ex4T, npu
atom ramtotun Ex4C.sph (GenBank:
KX874600) o6Hapy»KeH TOJIBKO B 00pa3-
nax 1. shaerococcum m TONBKO B KOM-
OowmHarww ¢ rarutotunioM Ex4T (Ta6m. 2).

leHeTuKa 1 cenekuma pacteHun
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Puc. 3. Tannotunbl reHa VRN-AT, petektupyemble B xoae lNLP c napon npanmepos Ex4F2m3/
Ex4AR245m3.

a - cynepnosnuma npepckasbiBaemMbIx TPEXMepPHbIX Mogenei monekyn IHK, peTekTnpyowmx rannotunsl
3K30Ha-4 VRN-AT; 6 - anektpodopes B MAAT ¢pparmerTos MLP, AeTeKTUPYIOLLMX NATb Pa3fINYHBIX ranio-
TnoB VRN-AT n VRN-D4; 8 — pacnpepenerue KpvsusHbl Monekyn IHK MLP-GparmeHToB, AeTEKTUPYOLLMX
anbTepHaTBHbIE rarioTHMbL.

Takum 00pa3om, rekcaruion/Has MIIeHUIa BKII0YaeT B ceOsl MoHbIi Habop aHa-
TU3NPYyEeMbIX TarmIoTunoB VRN-AI, npu stom ramnotunsl Ex4C.m u Ex4C.sph
SIBIISIFOTCS IEMAPKALIMOHHBIMHU MO OTHOIIEHHIO K TETPAIION IHBIM BUJAM MIIEHUIIB,
a rariotun Ex4C.sph Beinensier Bun 7. sphaerococcum 3 TeKCaIUION/IHBIX TTIIe-
Hu1. B o6pasnax, comepikammx He MeHee AByX Koruii reHa VRN-A ¢ pa3nuIHbIM
turoM sk30Ha-4 (Ex4C, Ex4T), ramnotnn Ex4T ObuT acconnmpoBaH ¢ raruioTUIIOM
Ex4C.m, HO HEe HA00OPOT, TTOCKOJIBKY BBISIBJICHBI 00pa3Libl FEKCAIJIONIHOM MIlie-
wunel Buga 7. aestivum (TRI 834, TRI 1948, TRI 3111) u T sphaerococcum (P1
190982, PI 278650), necyuue Tonbko ramotuit Ex4C.m rena VRN-A1. B cBsizu ¢
9TUM Mpenmnonaraercs, yto ramiotun Ex4T nusepruposan u3 rarwiotuna Ex4C.m.
s onpenenenns ramwotunoB reHa VRN-A1 B obpasnax 7. shaerococcum (PI
277142, P1 70711, PI 324492, PI 190982 u PI 278650), necymux ren VRN-D4 u
JIETEKTHPYIOLIMX J1Ba M 00Jiee aMIUIMKOHA C Pa3IMYHON CKOPOCTHIO MHUIPALMH B
ITAA renax (rammotumst Ex4C.sph, Ex4Cs n Ex4T B o6pasnax P1277142, P1 70711,
PI 324492, u ramutorumnsr Ex4C.m u Ex4Cs B 00pa3max PI 190982, PI 278650),
ObUT pa3paboTaH ayienb-creruduyueckuii npaimep Ex4FoutV4, uckirovaromnuii
aMIUTH(HUKAINIO TTOCIIEA0BATENBHOCTH TeHa VRN-D4 BciencTBre YaCTUYHOI 1Mo-
TepH KOMIUIEMeHTapHocTH 3'-koHna rpaitmepa ¢ JIHK-marpureit, uro o0ycinosieHo
HanmnureM OHII 1 nckyccTBEHHO BBEICHHOTO HEKOMITJIEMEHTapHOTO HYKJIEOTH A
(MucmaTyaa). HecMoTpst Ha TO, 4TO MOCIIEOBATEILHOCTD NpaiMepa, HACHTHIHAS
yuacTky reHa VRN u3 A reHOMa (32 UCKITIOUYCHHEM UCKYCCTBEHHOTO MUCMATYA),
BaBuNOBCKMI XKypHan reHeTUKN n cenekuymmn « 21«3 - 2017
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Tabnuua 2. PacnpefeneHvie rannoT1noB 3K30Ha-4 B 06pa3Lax NoNUNIOUAHON NIUEeHNLbI, HECYLLMX pa3nunyHble annenu reHa VRN-AT

Annenb lannoTun s3k30Ha-4 reHa VRN-AT
v mA] .............................................. E X 4 cf .................................................

Ex4C.m

Ex4C.s

Ex4C.sph/4T

Ex4C.m/4T

Ex4T
VmAm ........................................... E X 4 cf .................................................
VmA1b76 ..................................... E X 4 CS .................................................
VmAIe ............................................ E X 4 cf .................................................
VmA“ ............................................ E X 4 cf .................................................
VmA]k ............................................ E X 4 cs .................................................
. VmA,C(Lang don) .......................... E X 4 cs .................................................

OTJIMYAETCSl OT aHAIOTHYHBIX yYacTKOB 3TOTO TeHa u3 B u
D renomoB nmenunst Tonbko asymst OHII, moxanuzoBaH-
HBIMH BOJIN3M LIEHTpa MpaiiMepa, IPOAYKThI aMITH(UKAINT
rera VRNI n3 B u D reHOMOB IIpH HCIIOIB30BaHUH OOIIETO
JUIsS. TpeX T€HOMOB OOpaTHOro rnpaiimMepa He HaOIIONAINCh
Jake Tpu Temrieparype oTkura Hike 56 °C. Tem He MeHee
Ex4FoutV4 Obln1 mpuMeHEH B KOMOMHAIMKM C OOpaTHBIM
npaiimepom Ex4AR, kotopslii ciennduuen k reny VRN-A1.
AHanuz nponykroB amrundukanuu B [IAAD He BRIABII
(parmenToB, aerekrupytommx ramiotun Ex4C.s (cm. puc. 3).
CnenoBarensHo, reH VRN-A1 B obpasuax 1. shaerococcum
PI 277142, PI 70711 u PI 324492 npencraBieH BapuaHTa-
mu ¢ ramorunamu Ex4C.sph u Ex4T, Torna kak oOpasisl
PI 190982 u P1278650 Hecyt ramnorun Ex4C.mrena VRN-A1,
a ramtotun Ex4Cs B qaHHBIX 00pa3nax MpHUHAUICKHUT TCHY
VRN-D4. Kpome TOro, J0Kaau3alus OpsMOro mpaiiMepa
Ex4FoutV4 npuBoIuT K CMELIECHHIO JIOKAJIbHOIO H3ruda
modekyisl JJHK, naaymmpyemoro nomumMoppHEIM A-TpakToM
(A;—A,), Omke K HEHTPY (pparMeHTa, YTO COIPOBOKIAETCS
Oosiee CHMMETPHYHBIM pacpe/ieeHIeM [100aIbHON KPHUBU3-
HBI MOJeKy:bl. [Ipennonaraercs, 4To cMMMeTpUYHAast KPUBU3-
Ha CIVIQ)KMBAET 3aBUCHMOCTb CHIIBI COTTPOTUBIICHHUS TeNICBOI
MaTpuie OT OPHEHTALUU MOJeKyJbl. [ToaTomy ckopocTb
murpanuu moiexyn JJHK mis hpparMenToB, AeTEKTHPYIOITIX
ramtorunt Ex4C.f, y koTopeix n3rud B obiacTu JaHHOTO
A-tpakra Gosbliie, yeM y amruinkoHoB Ex4C.sph, cHmkaeTcs.

O6cyxpeHue

B Hamem npejpiiyneM ncciaeJOBaHuU y4acTKa IpoMOTopa
reHa VRN-AI ObliM ONTHMHU3HPOBAHBI YCIOBHS IS Ha-
omronenus koHdopmannonHoro nomumopgusma JIHK, gro
TMO3BOJIMJIO AMCKPUMHUHUPOBATD aJlJIENbHBIC BAPHAHTBI, Pa3in-
garomuecs Mexy coooit mo OHII B mpenenax ageHHHOBOTO
tpakta (Muterko et al., 2016). B HacTosimem uccieqoBaHuH
moayJsiuust KpuBuzHsl Mosiekyn JIHK, oOyciosnennas no-
muMopdu3MoM A-TpaKTOB, B3ATA 32 OCHOBY IS pa3paboTKH
ocoboro tuna xogomuHaHTHEIX J|HK-mapkepos, mo3Bos-
IOIIMX B XO/I€ OJAHOW PeaKK Ka4eCTBEHHO Pa3IMuUTh aJlb-
TEpHATHBHBIC AJIJIEIH, TPE/ICTABICHHBIC B PA3IIMYHBIX KOITHIX
JTAaHHOTO T'eHa.
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W3BecTHO, YTO OTHOCUTEIBHAS TTOJBIKHOCTD N30THYTHIX
monekyn JIHK uepe3 [TAA renb JMHEHHO 3aBUCUT OT KBa-
npata nx kpuBu3HH (Koo et al., 1988). CaenoBarensHo, 1is
¢parmenroB JTHK oxnHakoBOI ATMHBI MOXKHO IMOTYYUTH
CYILIECTBEHHYIO PAa3HHUILy B CKOPOCTH MMIpPAIUH, AOCTATOU-
HYIO JJIsl UX JIOCTOBEPHOTO pa3rpaHMUYCHUS B XOJI€ aHANIN3A,
ecJIM UX KpPHBH3HA Oy/eT MOJYJIHpOBaHAa ¢ MaKCHMaJIbHOM
ammntynoit. [lapy npaitmepoB s nposenenus [P nox-
Oupanu TakuM 00pa3oM, 4TOOBI MOTUMOP(HHEIN A-TpakT
pacriosiarajcst BOJIM3M LIEHTpPa LEJNEBbIX (PParMeHToB, YTO
o0ecrieunBaeT ONTUMAIBHYIO aMILIUTYLy MOIYJISLUH IJI0-
6aTbHOI KPUBU3HBI M CKOPOCTH MUTPAIINH COOTBETCTBYIOIIHX
monekyn JIHK udepe3 [TAA rens. CMmenieHue J0KaabHOTO
n3ruda, MHAYIHPOBAHHOTO A-TPAaKTOM, K LICHTPY MOJICKYJIbI
JIHK mpuBoauT k ee 6oiiee CHMMETPUYIHOMY TI00aTEHOMY
M3ruody ¥ CIIIaKMBAHHIO 3aBHCUMOCTH CHIIBI COIIPOTHBIICHUS
reJIeBOi MaTpHulle OT OpHEHTAIMU MOJIeKyIbl. Kpome Toro, mo-
CKOJIbKY 3aMmeuieHne monekyi JJHK B resie naxoaures B akc-
MOHEHIINATLHON 3aBUCHMOCTH OT X JUTHHBI, TO BEPOSITHO, YTO
Juist pparMeHTOB OOJIbLICH JUTMHBI U3MEHEHHE KPUBU3HBI HX
MOJIEKYJT OKa3bIBaeT OoJiee CHIIbHOE BIUSIHNE HA M3MEHEHHUE
ckopocTty murpanuu yepes ITAA rens. YBennuenue pazmepa
AQHAJIM3UPYEMOTr0 y4yacTKa 3HaYUTEJIbHO MOBBICHIO UH(OP-
MaTUBHOCTh aHAJIN3a M MPHUBEIO K HACBIIICHUIO BBIOOPKHU
JIONOJIHUTENBHBIMHY rartotunamu resa VRN-A 1. B pe3ynbrare
OBLIO MOJTyUYEHO paclIeIJIeHHE 110 TaIJIOTUITY Cpe/i 00pa3LoB,
XapaKTEPHU3YIOUINXCSI TONBKO OTHIM, TUKHM, TUITOM 3K30Ha-4
reHa VRN-AI. Kpome Toro, yBenuuuiach pasHULa B CKOPOCTH
MUTPALUK AJIBTePHATUBHBIX TaIUIOTHIIOB, YTO MO3BOJIMIIO
6omnee Touno naeHTUUIMpoBaTh pparmentsr [1L[P, netek-
tupyromue ramtorun Ex4C.f. brarogapst mononHuTensHO
BbIsiBIEHHOMY ramioruny Ex4C.m, ynamoce yCTaHOBUTH
(husteTHIeCKyro IMHHIO, B KOTOPOH ANBEPTUPOBAI FarIoTUI
Ex4T n npon3omnuio AByX3TarHoe cOOBITHE MyIbTHILTHKAINT
reHa VRN-AI B nBe, a 3aTeM TP KOIIUHU MOCIIEA0BATENBHO.

B nacrosiuee Bpems npeioxeHno Heckonbko JIHK-mapke-
POB, WACHTH()UIMPYIOMMX TAIUIOTUITBI 3K30Ha-4 1 7 TeHa
VRN-AI, OONBIIMHCTBO U3 HUX OCHOBAHBI HA METOIC pe-
cTpukimonHoro anamu3a gpparmenTos [1L[P (Chen et al., 2009;
Eagles et al., 2011; Li et al., 2013; Yan et al., 2015). B Heko-
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YyacToK nepeKpblBaloLLMXCA NMNKOB c])moopecueHme CeKBeHOrpamMmm rannoTunos

Ex4C.s, Ex4T, Ex4C.sph

Puc. 4. YacTb xpoMaTorpamMmmbl CEKBEHVPOBaHVA NPOAYKTOB amnandukaumm ¢ napoi npaimepos Ex4F2m3/Ex4AR245m3 obpasua T. sphaerococcum

(P170711).

YKa3zaHa no3unuua B HyKNeoTUAHON NoC/IeAoBaTeIbHOCTU, NOC/e KOTOPOW NPOYTEHKE XPOMATOrpaMMbl CTAHOBUTCA HEBO3MOXHbIM BCNI@ACTBME HANOXeHNA
nMKoB ¢opecLeHLNN CEKBEHOrpamm Tpex pasHbix rannotunos VRN-AT n VRN-D4.

TOPBIX UCCIIEJOBAHUSIX TAIJIOTHIT 9K30HA-4 BBISBIISUIN B XOJ1€
aHaJM3a XpOMaTorpaMM CEKBEHHPOBAHUSI COOTBETCTBYIOLIUX
aMIUIMKOHOB (Zhang et al., 2015) nim cy6knonos (Chen et al.,
2013), a taxke ¢ ucrionszoBaHueM KASP-renotunupoBanus
(Diaz et al., 2012). B otnuume OT MpeUIOKEHHBIX B HACTO-
AIIeM HCCIIeIOBAaHUN CIIOCO00B, OHM OoJiee TpyAOeMKHE,
9KOHOMHYECKH 3aTpaTHbIe U TPEOyIOT OOJIbIle BPEMEHH IS
MOJTyYEHHS PE3yJIbTaTa, OCKOJIBKY COAepIKaT OOIbIIIee YHCIIO
9TaIoB aHaIHM3a. B OONBIIMHCTBE CITydacB MapKephl SIBIISTFOTCS
JIOMUHAaHTHBIMH. Kpome Toro, OHM He O3BOJISIIOT OIPE/IeNTUTh
MPEAIOIaraéMoe COOTHOIIEHNE KOMHI C albTePHAaTUBHBIM
raruIoTUIIOM 3k30Ha-4. C MX MOMOIIBIO HE MPE/ICTABISIETCS
BO3MOYKHBIM BBITIOJIHUTB BCE BBILIENU3IIOKEHHOE C ITOITPABKOI
Ha npucyTcTBUe reHa VRN-D4 wnu JOMHUHAHTHOTO ajulemst
VRN-AI B TeTepOo3uroTHbIX 0Opasnax.

UccnenoBanue nonumopdusma 3k30Ha-4 0CIOKHAETCS
HaJIMYHeM HECKONBKHUX KOmuil reHa VRN-AI ¢ pa3muaHBIMA
ralyIoOTUIIaMM B Pa3HBIX COOTHOUICHHUSX. B mpembiaymmx
UCCJIEIOBAHUSX UICHTU(HKAIMS 00pa310B, HECYILMX OJIHO-
BPEMEHHO JTUKUH{ M MYTaHTHBIH THUIIBI YETBEPTOTO HK30HA,
MIPOBO/IMIIACE 10 HAIMYHUIO JIBOMHOTO MTHKA HA XpPOMATOT paM-
me cekBenuposanus (Diaz et al., 2012; Zhang et al., 2015).
OnHako HE BCET/Ia YJaeTCsl YeTKO OTIMYHUTh TAKyI0 001acTh
XpOMaTorpaMMBbl OT IIyMa, 0COOEHHO B CITy4asix, IJIe YHCIO0
KOIHI C pa3IMYHBIMU TaIIOTHIIAMH 3K30Ha-4 HEOAMHAKOBO.
Kpome Toro, kak ObUTO TIOKa3aHO B HACTOSIIEM HCCIIEN0BA-
HUW, HAJTUYKC B OQHOM M3 KOIMUU XOTS ObI 1 In. H. Aeneruu/
MHCEPLUH IPUBOJIUT K HEBO3MOXKHOCTH JTAJIbHEHIIIETo Mpo-
YTEHHS XPOMATOTPAMMBbI CEKBEHHPOBAHUS BCIECICTBUE HAJIO-
JKSHUSI TIMKOB (MTIOOPECHEHIINH (PPArMEHTOB Pa3HOM JUTHHBI
u TpeOyeT pa30oMeHHsl MOCIIe0BATeIbHOCTH Ha HECKOJIBKO
YJacTeH, IPH 3TOM Y4aCTOK JIOKAIN3AINY ACTCIIUH/HHCEPLIIUT
BBITIA/1aeT U3 aHanu3a. Ha puc. 4 mponsutiocTpupoBaHa 4acThb
XpOMAaTOrpaMMbl, KOTOPasi OXBAaThIBAET YUACTOK JIOKAJIU3AIIMU
noymMopdHOro A-Tpaxra (A,—A,) B MHTpoHe-4 reHa VRN-A1
MOJTYYECHHBIX B XOJIC€ CEKBEHHPOBAHMS NPOAYKTOB aMILIU-
¢ukauuu ¢ napoi npaiimepoB Ex4F2m3 n Ex4AR245m3
obpasua 7. sphaerococcum (P1 70711), Hecymiero Tpu ajib-
TE€PHATUBHBIX ramoruna u red VRN-D4. U3 puc. 4 BuaHo,
4TO0 TOMMOphu3M A-TpakTa (A;—A,) IPUBOIUT K CMEILIEHUIO
MTUKOB (DITFOOPECIICHIINN U3 Pa3HBIX KOIUH U B PE3yNbTaTe K
HaJIO)KEHHIO U TIEPEKPHIBAHUIO UX CIIEKTPOB, ATO JIETaeT He-
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BO3MO)KHBIM ITPOYTEHHE MEPBUYHOI CTPYKTYPBI OCTIE caifTa
JoKanm3anuy genennu. HakoHern, cekBeHNpoBaHUE TpedyeT
GospIIie BpeMeHH Ha IPOOOIOATOTOBKY M ITPOBEACHUE CaMOI
MIPOIETyPHI.

AHanmm3upyeMblii B HACTOSIIIEM HCCIIEIOBAaHUN y4acTOK
reHa VRN-AI siBnsieTcsi OTHOCUTENbHO KOHCEPBAaTUBHBIM
MEXIy TOMEOJIOTHYHBIMU reHaMu VRN, 4to TpeboBaso
pa3paboTKy 0co60ro THIA MPaitMepOB K OMHOHYKJICOTHIHO-
My nonmumopdusmy u ontumusanuio TP s momydenus
LeNIeBbIX (parMeHToB. AJutenb-crenuduieckue npaiiMepsl
Ex4F2m3, V4/R2m3, Ex4outV4F2m3 n Ex4AR245m3
ObutH paspaboraHbl TakuM oOpazom, uro OHII-myrarmus,
pasinuaroiasi TOMeoJIoruuHble TeHbl VRN, a Takke reH
VRN-D4, nokain3oBaHa BO BTOPOH MO3ULUU OTHOCUTEIILHO
3'-xoHua mpaiimepa. Kpome Toro, HCKycCTBEHHOE Hapylie-
HHE KOMIUIEMEHTapHOCTH OBbLIO CO3[aHO B MO3MLMHU 3 (OT
3'-KOHIIa) JJIS1 TOTIOTHUTEILHOW JIeCTa0MIIN3aINKA JTBOMHON
crnupanu JIHK npu ycrnoBun oTCyTCTBUS KOMILIEMEHTap-
HOCTHU B cocefHel mo3unuu 2. MCKyCCTBEHHO BBEJCHHBIMH,
HEKOMITJIEMEHTApHBIN, HYKICOTH]] TOAOUPANCS UCXOAS W3
OKpY’KaloIllel ero HyKJICOTUIHON MOCIeN0BaTeIbHOCTH U B
COOTBETCTBUM C JAaHHBIMU O BIUSHUM TUIIA HEKOMIUIEMEH-
TapHOI Mapbl HyKJICOTHIOB HAa CTA0MIFHOCTE IBOMHOM CIIH-
pamu (Liu et al., 2012). [Tpeanonaraercs, 9T0 NPUCYTCTBHE
HECIapeHHOTO HYKJIEOTHa BO BTOPOI MO3UIMHK OT 3'-KOHIA
npaiiMepa npuBOIUT K paciuiereHuto cnupanu JHK, koropoe
OXBaThIBACT TpU HyKyeoTHaa (¢ 1-ro mo 3-i HyKIeoTHI OT
3'-KOHIIa mpaiimMepa), UCKIIF0Yasi TeM CaMbIM BO3MOXKHOCTh
anonrauu uenu JJHK-nonmumepaszoit. Eciu sxe IHK-marpuna
COJEPKUT HYKIEOTH]I, KOMIUIEMEHTAPHBIH HYKJIEOTHIY BO
BTOPOM MO3UIIUK OT 3'-KOHIIa MpaiMepa, TO eIUHCTBEHHAs
HEKOMITJIEeMEHTapHasl mapa B mo3urmy 3 (0T 3'-KoHIIa) He OKa-
3bIBACT 3HAYUTEILHOTO BIUSHUS Ha 3P ()EKTUBHOCTD OTXKHUTa
rpaiiMepa U BO3MOXHOCTh MOCJIEYIOLIEN €ro JIOHraluu B
xoze ITL[P (Liu et al., 2012). B xone [1L{P-anami3a ¢ yuactiuem
JF000T0 M3 AJUIENb-CIIeNN(UIECKUX PaiiMepOB HE BHISIBICHO
HELIEJIEBBIX ITPOYKTOB PEAKIMHU, 00YCIOBICHHBIX aMILIH(u-
KaIrel anbTepHaTUBHBIX ayuteseH, pazmmgarontixcs mo OHIT
B CaliTe OTKUra mpaiiMepa. B cBs3u ¢ 9TUM npenanonaraercs,
gro jokanu3anusa OHII Bo BTopoii mo3unuu 1 BBeJCHUE UC-
KyCCTBEHHOT'O HEKOMIUIEMEHTapHOTO HYKJICOTHIA B TPETHIO
MO3UIMIO OTHOCHUTENBHO 3'-KOHIIa MOTYT CTaTh OOIINM IIpa-
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Analysis of the VERNALIZATION-A1 exon-4
polymorphism in polyploid wheat

BUJIOM IIpH pa3padOTKe ajuieb-CleUu()UISCKUX MpaiiMepoB
JUTS MApKHAPOBAHMUS OHOHYKJICOTHIHOTO TTOMTUMOp(dr3Ma BHE
3aBHCHUMOCTH OT 00BEKTa UCCIICIOBAHUSI.

B npenpiynmx uccienoBaHusx noJuMophusM dk30Ha-4
reHa VRN-AI ananu3mpoBaiu B HEOONBIIONW BBHIOOPKE 00-
Pas3II0B OHOTO BUIa TeKCATUIOWAHOW MeHUIE! (1. aestivum).
B nacrosmielr pabore HE TOJBKO PACHIUPEHO KOJUYECTBO
BHJIOB TEKCAIUIOWAHON MINEHUIIBI, HO Takke JOOaBICHBI U
IIIUPOKO PACIPOCTPAHCHHBIC TCTPAIUION/HEIC BUMIBL. B pe3yib-
TaTe yJIaJloCh OXBATUTh BCE HANOOJIEE YaCTO MPUBJICKACMbBIC
B CEJICKIMIO BUIBI TONUIUIONIHON MIIIEHUIBI, a TaKXKe BCe
BCTpeYarolieecs B HUX pasnooOpasue amieneii rena VRN-A1.
B xone ananmu3a 11 BUIOB MICHUITBI HACHTADUIIMPOBAH JIUIIIb
oZIMH 00pasel, KOTOPBIA HeCeT MyTaHTHBINA AK30H-4 (TarIOTHIT
Ex4T) B omUHOYHOM IIPECTABICHUH. B CBS3M C STHM HEIIB35
HCKJIFOYUTH BEPOSTHOCTH TOT0, YTO JAHHBIN 00pa3ell SABISCTCS
MYTaHTOM, B KOTOPOM Of[HA M3 KOnHid reHa VRN-A I comepxut
W3MEHCHUS B IEPBUYHON CTPYKTYPE aHAIN3UPYEMOTO YIaCT-
ka. Bo Bcex ocranpHbIX ciydasx ramiotun Ex4T BeisBieH
TOJIBKO B KOMOMHAIMH ¢ rarroturnoM Ex4C.m u ToBKO B 00-
pasIiax reKcarIogHON MIISHHUIIEI ¢ HHTAKTHBIM IPOMOTOPOM
1 UHTPOHOM- | reHa VRN-A1 (peueccuBHbIi amnens vin-Al).
CremoBarebHO, MOKHO YTBEP)KIATh, YTO MOJIUMOP(PHU3IM
A-Tpakra B ueTBepTOM 3K30HE VRN-A [ HabmonaeTcst HCKII0-
YUTEIBHO B 00pa3iiax IeKCarIOUIHOMN IIIICHHIIbI, COIepKa-
IIUX HE MEHee IBYX KOIHii 3Toro reHa. Kpome Toro, CkpuHUHT
nmoctymHBIX B GenBank mocnenoBarenpHOCTEH SK30HA-4 TeHA
VRN-A1 BoisBun ramiotun Ex4C.s B 00pa3iax TUIioniHON
MIICHUIIB! BUAOB 1. monococcum v T. urartu, 910 TaxKe Mof-
TBEpPIKIACT ero OoJee paHee IPOUCXOKICHHE U XapaKTePU3yeT
Kak JUKHHA THI, B TO BpeMsI Kak MyTaHTHbIH ramiotun Ex4T
JUBEPTHPOBAT TOCIE AJUTOTIOIUIUIONIN3AIIH U3 PEIECCHB-
Horo amens vin-Al ¢ ramnotunom Ex4C.m B rekcamioun-
Hoii mieHuie. Takum 00pa3oM, B 00pa3iiax reKcaruionIHOu
MIIICHUIIB, TeTeKTHpYyIomux ramtotun Ex4T, mpucyrcrue
reHa VRN-D4 wnu nomuHanTHoro amienst VRN-A1 B rerepo-
3UTOTE MOXKET OBITh YCTAHOBJICHO 0 HAJIMYHIO Crieiuduye-
ckoro st Hux ramtotuna Ex4C.s (umu Ex4C.f mns amrens
Vrn-Ala).

Panee Obl10 mokaszano, uro Vin-Ala n Vin-Alb umeror
ramotun Ex4C (Eagles etal., 2011). Tem He MeHee B uTepa-
TYPHBIX HCTOYHUKAX OTCYTCTBYIOT JAHHBIC O TIOJIMMOP(H3ME
9K30Ha-4 B OOJIBIIMHCTBE JAPYruX ayiencit rena VRN-AIL.
Torma ke OBIIO BBICKAa3aHO MPEATIONOKEHHE, YTO aJUICTH
Vin-Ala n Vin-A1b umerot obuiero OMmkalmIero mpeaka ¢
HWHTAKTHBIM TIpoMoTopoM rera VRN-A1 (Eagles et al., 2011).
B macrosiiiemM ncciegoBaHUH yCTAHOBJICHO, YTO BCE JOMH-
HaHTHbIE ajuienu reHa VRN-A 1 iMeroT raruioT|Il JUKOTO TUIla
Ex4C.s nnu Ex4C.f. Kpome Toro, nokasaHo, 4to, HECMOTPsI Ha
TO, uTo amnenu Vrn-Ala n Vin-A1b xapakTepu3yroTcs HIeH-
THYHBIMH TIOCIICAOBATEIBPHOCTAMH 3K30HA-4, MIPOUCXOMISAT
OHHM U3 Pa3HbIX QMIMTHYECCKUX JIMHUHN, Y3JIbI KOTOPBIX MIPE/-
crasnens rartotunamu Ex4C.s u Ex4C.f cooTBeTCTBEHHO.

HenaBuee uccnenoanue 6onee 1100 03UMBIX COpPTOB
MSATKOW TIICHUIIBI TIOKA3aJl0, YTO TOJBKO OKOJIo 7 % HecyT
onHy Kormio VRN-A 1, Toraa Kak MOaBIISIOIIee OOIBITHHCTBO
COPTOB COZIEPIKAT MPAKTHUCCKU C PAaBHOH BEPOSITHOCTHIO JIBE
WJIA TPH KOIIMHU 3TOTO T'€Ha, U TOJIBKO B Tpex coprax (0.3 %)
JIETEKTUPOBaHO 4eTbipe kormuu VRN-A1 (Wiirschum et al.,
2015). OmgHaxo OHO IPOBOMIIOCH O€3 y4eTa IPUCYTCTBHS TeHa
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VRN-D4, cnenoBarenbHO, HENb3s yTBEPKAATh, 4YTO B COPTax,
JUTS KOTOPBIX BBIABJIICHO YeThIpe Koy reHa VRN-A 1, onHa u3
KO He siBsieTcst reHoM VRN-D4, nockonbky yuactok JTHK,
aHaJIM3UPYEMBIH JIJIsI OTIPEICIICHUS YU CIIa KON, UICHTHYCH
U1 000X TeHOB. B HacTosmem mcciaeoBaHIH Cpeau 00-
Pas3IoB IreKCaIIONTHOH MIIEHHIIBI C PEIIECCHBHBIM aJuIeJIeM
vin-Al 75 % o0pa31oB HECIU OHOBPEMEHHO 00a, AUKUN U
MyTaHTHBIH, Tuna 3k30Ha-4 (Ex4C/Ex4T), cnemoBarensHo,
o0agany He MeHee YeM IByMs Komusimu reHa VRN-A1. O6-
pasibl ¢ MPEANON0KUTENBHO OJTHON KOMHUEH periecCUuBHOIO
amrenst vin-Al (rammorunbel Ex4C.f, Ex4C.s wimn Ex4C.m)
UACHTU(QHUINPOBAHBI IIABHBIM 00pa3oM B oOpasnax BHIa
T. sphaerococcum, a Taxxe B coprax I. aestivum U3 CTpaH
3amamHoit EBpombl, 9TO commacyercs ¢ pe3ylbTaTaMH HC-
cirenoanust (Wiirschum et al., 2015) o pacnpocTpanenuro
COPTOB MSATKOMW MILEHULB! 7. aestivum ¢ Pa3IUYHOU KOIUM-
HOCTBIO TeHa VRN-A1.

[TockonbKy B JaHHOM pabOTe yCTAaHOBJIEHO, YTO JTUKHH THIT
sk30Ha-4 (rarmorun Ex4C) xapaktepen s reHa VRN-D4,
reHa VRN-Al B TeTparyiONIHOW W, BEPOSTHO, TUILTIOTHON
IMIICHAIE, a TAKKe JUIST N3BECTHBIX JOMMHAHTHBIX ajuteseit
VRN-A1, To He0OOXOIMMOCTb B UICHTU(HUKAIMH TAITIOTHIIOB
9K30Ha-4 CyIIECTBYET TOIBKO JJIs TEKCAIIIONTHOH MIICHUIIB,
Hecyllel pelecCUuBHbIN aenb vin-A1.

B namem npenpiayiem uccieaoBaHuy reHoB VRN B rek-
CaIJIONIHBIX M TETPAIUIONAHBIX BUAAX MIIEHHIIBI, COIIACHO
pesynsraram JIHK-mapkepHoro ananusa, amnens Vin-Ala.3
OBLT OIIMOOYHO UACHTU(PHUIIUPOBaAH B 0Opasuax 7. dicoccum
PI 191091 u P1276015 (Muterko et al., 2016). Oxgnako ycTa-
HOBJICHHBIC B 9TOH pad0OTe acCOIMAINN MEX Ty TaluIOTUITIAMHI
u amiensiMu reHa VRN-A1 mocTaBuiiv 1MoJl COMHEHHE paHee
MOJTY4YEHHBIE PE3yIbTaThl. AHAJIN3 MEPBUYHON CTPYKTYPbI
¢parmentos I1[P manubx oOpasnos 7. dicoccum BBISBHI
HOBBIN ayienb, Vrn-Alk, XapakTepu3yrOIIUNACs HHCEPIHEH
JUTHHOM 42 11. H. B 00macT mpoMoTtopa reHa VRN-A 1. acep-
1T JIOKAJIMN30BaHa Ha yJacTKe, KOTOPBIH HE MepeKphIBACTCS
MYTalMSIMH, UACHTA(DUIMPOBAHHBIMH B U3BECTHBIX aJUICIISAX
reHa VRN-AI, 94To NMOBBIIAET 3HAYUMOCTD ajiens Vin-Alk
B HMCCIICIOBAHNH JIOKAJIN3ALNN PETYISITOPHBIX CAaHTOB U
aHaJKM3e BIMWSHUS MOJIUMOPPU3MA PA3ITUYHBIX YYACTKOB
MIPOMOTOpPA HA TPAHCKPUIILMOHHYIO aKTUBHOCTH I'€HOB
VRNI. CornacHO MaciOpTHBIM JITaHHBIM, 00pas3ist PI 191091
u PI 276015 otHocsTCes K sipoBBIM. KpoMme Toro, B TaHHBIX
obOpasmax He 00HapY)XCHO TOMHHAHTHBIX alieleil TeHOB
VRN-BI n VRN-B3 (Muterko et al., 2016). D10 maet ocHo-
BaHME MPEAIOIOKHUTE, YTO ajens Vin-Alk oOycnoBiuBaeT
SPOBOW THM Pa3BUTHSA. XOTSA TeHETHYECKU aHAMHU3 OymeT
HEOoOXOIMM TS TOITBEPIKICHHUS CBSI3U MEXXKY TIPUCYTCTBHEM
amnenst Vin-Alk n oTcyTCTBHEM MOTPEOHOCTH B SPOBU3a-
IIUM, TEM HE MEHEE HaJIMYME B JAHHBIX 00pa3lax TUIoTe-
THYECKUX T'€HOB, HE aJUICNBHBIX VRN, HO C COMOCTaBUMBIM
BIIMSIHUEM Ha OT3BIBUMBOCTH K SIPOBU3AIMU KAXKETCS MaJo
BEPOSATHBIM.
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NpeHTuduranma u xapakrepucrtuka MPHK reHos
penennTop-nmogo6HbIX KmHa3 MhyGSO1 1 MhyGSO2
B I1apa3uTuYeCcKoOM pacTteHuun Monotropa hypopitys

Ha CTaAU IIBeTeHUS

A.B. H_[eHHMKOBa@, E.3. Kounesa, A.B. Beaenxuir, M.A. @uaromns, O.A. Illyasra, H.B. PaBun, K.I. CkpsiouH

MHCTTYT 6romnHkeHepun, OefiepanbHbli NCCNeA0BaTENbCKNIA LeHTP «DyHAaMeHTaNbHble OCHOBbI 61I0TEXHONOMUM» POCCMINCKOM akagemui Hayk,

Mocksa, Poccua

B npouecce dopmMmpoBaHmnsa opraHOB pacTeHnA 6anaHc Nporpam-
MUPOBAHHOIO AeNeHNA U NO3ULNOHHON AnddepeHLPOBKI KNeTOK
NOAAEPKMBAETCA 3a CUET MEXKNETOYHOrO 06MeHa coobLeHnAMY

C MOMOLLbIO CUFHASbHBIX MOJEKY T, U36MpaTesibHO y3HaBaeMbIX pe-
yentopamu. Cpeaun nocnegHux napanoru GASSHO1 n GASSHO2 -
KMHa3bl C efLnH-60oraTbiMmy MOBTOPaMK, y4acTByoLLMe B perynaumm
NOEHTUYHOCTY 1 QYHKLMOHNPOBAHWSA Pa3fIMUHbIX KIIETOK KOPHA 1
anugepmunca. lfeHbl GASSHO oxapaKTepun3oBaHbl raBHbIM 06pa3om
B Arabidopsis thaliana. ix HecCoMHeHHaa 3HAYNMOCTb B COYETaHUN

C KOHCEPBATUBHOCTbIO 6A30BbIX MPOLIECCOB OHTOreHe3a NpugaeT
n3yyeHuio KnHas GASSHO y opyrvx BUgOB pacTeHUI, OTANYAIOLLMX-
CA TUMNOM NUTAHNA Y HETPAJULIMOHHBIM Pa3BUTMEM, OCOOEHHYI0
aKTyanbHoCTb. Llenbio paboTbl 6bina ngeHTMdrKauma reHos GASSHO
y NpeacTaBUTeNa NOKPbITOCEMEHHbIX, NogbenbHuKa Monotropa hypo-
Dpitys, KOTOPbI ABAAETCA 6ecxNoPOoPUNNbHBIM MUKOrETEPOTPOdOM.
B pe3synbraTe npoBeeHHOro Novcka cpeam AaHHbIX CeKBEHNPOBa-
HUA TPAHCKPUMTOMOB PA3/INYHbIX TKaHel (KOPHU C aiBEHTUBHbIMU
NoyKamu, NPULBETHVKM 1 LiBETKM) ABYX MHAMBUAYANbHbIX PaCTEHUIA,
HaxoAALWMXCA Ha CTafMU NMO3[Hero UBeTeHus, 6binn naeHTndunumpo-
BaHbl HeMosHble nocnefoBaTenbHOCTM MPHK BYX napanornyHbix re-
HoB MhyGASSHO1 (MhyGSO1) n MhyGSO2. CTpyKTypHbI aHanmn3 Ko-
AVPYEMbIX UMV HEMOMHbIX aMUHOKUCIOTHBIX NOCejoBaTeIbHOCTEN
BbIAB//I KOHCEPBATUBHbIE [JOMEHbI, XapaKTepHble A PeLlenTOPHbIX
KWHa3 ¢ nerunH-6oratbiM1 NOBTOpPamu, B NoceoBaTeIbHOCTU
MhyGSO1 1 N-KoHLeBOW neiLH-60raTblii LOMEH B NMociefoBaTesib-
HocT MhyGSO2. OunoreHeTnuecknii aHanus 6enkos MhyGSO1 u
MhyGSO2 nogTsepaun nx roMonoruo ¢ KuHasamm GSO1 1 GSO2 'y
npegcTaBuTenein Rosids n Asterids. Mpu 3Tom 6AMKanLWMMK FOMOno-
ramu 6enkoB MhyGSO1 n MhyGSO2 oka3zanucb KnHasbl GSO1 1 GSO2
y npepactaBuTener nopsaaka Solanales (Asterids). KonvyectseHHbIN
aHanus TpaHckpuntoB MhyGSOT n MhyGSO2 BbiBUN SKCNpeccuio
060X reHOB B LIBETKaxX U NPULIBETHIMKAX, a reHa MhyGSOT — Takxe

B KOPHAX C MOYKaMu. XapaKkTep 3KCNpeccum ncciesyembix reHoB

B COBOKYMHOCTU C M3BECTHbIMM AaHHbIMK O reHax GSOT n GSO2

(A. thaliana) npegnonaraeT B3aMMOAONONHALLYIO AeATENbHOCTb
napanoros GASSHO B curHasnbHbIX NyTAX Pa3BUTUA NOAbESIbHNKA,

B YaCTHOCTM B OTBETE Ha K30reHHYI0 caxapo3y U B pasBUTUM PENpo-
OYKTUBHbBIX OPraHOB 1 SMOPUOHANbHBIX COLBETUNA.

KnioueBble cnosa: Monotropa hypopitys; MukoreTepoTpod; TpaHc-
KpUNTOM; peLienTopHble KnHa3sbl; GASSHO; mexkneTouHas curHanu-
3aLus; anvKanbHasa MepucTemMa; CTBOSIOBble KNEeTKY; SMOproreHes;
anuaepmunc.
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Plant organ formation is based on the balance of the
programmed cell division and positional differentiation
maintained by intercellular communication mediated by
signaling molecules and receptors. In Arabidopsis thali-
ana, two paralogous leucine-rich repeat receptor-like
kinases, GASSHO1 and GASSHO?2, redundantly partici-
pate in the regulation of various root cells identity and
functioning and the proper epidermis patterning. The
GASSHO genes are characterized mainly in A. thaliana.
Their significance in combination with the conservation
of basic developmental processes justifies the study of
GASSHO kinases in other plant species with different
nutrition and developmental features. The aim of this
work was to identify the GASSHO genes in an angio-
sperm plant, pinesap Monotropa hypopitys, which is a
non-photosynthetic achlorophyllous mycoheterotroph.
In different tissues (roots with buds, bracts, and flowers)
of two individual plants at the late flowering stage, the
transcriptomic data search identified 3'-partial mRNAs
of two paralogous genes, MhyGASSHO1 (MhyGSO1) and
MhyGSO2. Structural analysis of the encoded amino acid
sequences revealed conserved domains, specific for
leucine-rich repeat receptor-like kinases, in MhyGSO1,
and the N-terminal leucine-rich domain in MhyGSO2.
Phylogenetic analysis of MhyGASSHOs confirmed their
homology with GSO1 and GSO2 kinases of the Rosids
and Asterids representatives. The closest homologues of
MhyGSO1 and MhyGSO2 were GSO1 and GSO2, respec-
tively, of the Solanales members (Asterids). Quantifica-
tion of the MhyGSO1 and MhyGSO2 transcripts revealed
expression of both genes in flowers and bracts, and
MhyGSOT1 - also in roots with buds. In combination with
known data about GSOT and GSO2, it allowed us to as-
sume the redundant activity of MhyGASSHO paralogues



KAK ULUTUPOBATbD 3TY CTATbIO:

in signaling pathways, in particular, in response to
exogenous sucrose and in development of reproductive
organs and embryonic inflorescences.

Key words: Monotropa hypopitys; mycoheterotroph; tran-
scriptome; receptor-like kinases; GASSHO; intercellular
signaling; apical meristem; stem cells; embryogenesis;
epidermis.

LleHHukoBa A.B., Koumesa E.3., beneukuin A.B., QuniownH M.A,, LWynbra O.A., PaBrH H.B., CkpsabuH K.I. ipeHTndukaums n xapak-
TepucTtuka MPHK reHoB peventop-nogo6Hbix kuHas MhyGSO1 n MhyGSO2 B napasuTtuyeckom pactenun Monotropa hypopitys Ha
CTaguu uBeTeHnA. BaBUNOBCKUI XXypHan reHeTukn n cenekymu. 2017;21(3):334-340. DOI 10.18699/VJ17.250

HOW TO CITE THIS ARTICLE:

Shchennikova A.V., Kochieva E.Z., Beletsky A.V., Filyushin M.A., Shulga O.A., Ravin N.V., Skryabin K.G. Identification and characteriza-
tion of mRNAs of receptor-like kinases MhyGSO1 and MhyGSO2 in flowering parasitic plant Monotropa hypopitys. Vavilovskii Zhurnal
Genetiki i Selektsii=Vavilov Journal of Genetics and Breeding. 2017;21(3):334-340. DOI 10.18699/VJ17.250

TCUCHUC JKU3HU PACTCHUEC TOCTOAHHO HAXOAUTCA B IIPO-

ecce (opMUPOBAHUS HOBBIX OPTaHOB, OalaHCHPYS

MEXJly IPOTPaMMHUPOBAHHBIM KJICTOUHBIM JICIIEHUEM
U TO3UIUOHHON AU HepeHITUPOBKOI KiIeTOK. McTouHrKOM
CTPOUTEIBHOIO MaTepHaja CIy’KaT MOMYJSIMU CTBOJIOBBIX
KJICTOK B alMKaJbHBIX MEpPHUCTEMax 1Modera u KOpHs, KOTO-
PBIC 3aKJIaABIBAIOTCA C IEPBBIX CTa[ll/Iﬁ pa3BUTHA 3apOobllla
(Aichinger et al., 2012). ®yHKIIHOHIPOBAHUE 3TUX KIETOK
OCYIIECTBIIACTCS 32 CUET 0OMEHa COOOICHNSIMH Yepe3 Kile-
TOYHBIC MeM6paHbI C IIOMOIIbIO CUTHAJIBHBIX MOJICKYJI, I/I36I/I-
parenbHO y3HaBaeMbIX penentopamu (Takayama, Sakagami,
2002). OqHUME U3 TaKUX PELENTOPOB SBISIOTCS PELENTOp-
Hele kuHa3bl (RLK), cocraBnsronue oxono 60 % cemeiicTa
KWHAa3 B MOJICTIFHOM pacTeHun Arabidopsis thaliana. bonsmas
MX 9aCTh — 3TO KMHA3BI C MOBTOPAMH, OOTATBIMHU JICHIIMHOM
(LRR-RLK) (Shiu, Bleecker, 2003). benxu LRR-RLK yua-
CTBYIOT B PETYIISIINA MHOTHX aCIEKTOB Pa3BUTHsI PACTEHUSI.
B A. thaliana, nanpumep, ERECTA (ER) oka3bIBaeT Bius-
Hue Ha (opmy opraHoB u apxutektypy cousetus (Torii et
al., 1996; Yokoyama et al., 1998), CLAVATAI (CLV1) — Ha
OamaHc Mexay caMOOOHOBJICHHEM U An(p(depeHINPOBKOI
cTBOJIOBBIX KiteTok (Schoof et al., 2000), HAESA — na unu-
IIHAIHAIO CO3PEBaHMS I[BETKOBBIX opranos (Jinn et al., 2000),
RECEPTOR-LIKE PROTEIN KINASE 2 (RPK2) — na pas-
BUTHE TbUTbHKKA (Mizuno et al., 2007). Kpome Toro, KuHassl
LRR-RLK wurparoT cymiecTBeHHYIO poJib B HHUITHAIINN 00-
pa3oBaHus U CTPYKTYPU3ALMN SIUEPMHUCA, OT YETO 3aBUCST
yCHEIHOe IMOPUOHATIPHOE PAa3BUTHE M KU3HECIIOCOOHOCTh
mpopocTtka (Javelle et al., 2011).

Ha ceropusinrauii 1eHb N3BECTHBI HEKOTOPBIE PETYISTOPHI
MexaHu3Ma (opmupoBanus KyTukyisl (Abe et al., 2003;
Aharoni et al., 2004; Hooker et al., 2007; Moussu et al., 2013;
De Giorgi et al., 2015; Fiume et al., 2016). Kurazsr LRR-
RLK, RECEPTOR-LIKE PROTEIN KINASE 1 (RPK1) u
TOADSTOOL 2 (TOAD2) moanepXnBaioT UASHTHIHOCTD
LEHTPAJIBHOTO JIOMEHA IPOTOIEPMAIIBHBIX KJIETOK BO BPEMsI
smbpuorenesa (Nodine, Tax, 2008). Ha pannei craauu pas-
BUTHSA 3UTOTHI AU(D(PEPEHINPOBKA SMUICPMATBHBIX KIETOK
3aBUCHT OT aKTUBHOCTH (hakTopoB TpaHckpunimn ARABI-
DOPSIS THALIANA MERISTEM L1 (ATML1) u PRO-
TODERMAL FACTOR2 (PDF2), BbIKITIOY€HHE KOTOPBIX
MPUBOJUT K MOTEPE UACHTUIHOCTH SMHJICPMATIBHBIX KIIETOK
1 HeXXU3HecnocoOHocTr aMOproHa (Abe et al., 2003). Kpo-
me ATML1 u PDF2, obparnas curHaapHAS ST BKIIOYACT
Takke peuentopHyto kuHazy ARABIDOPSIS CRINKLY4
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(ACR4), xoopauHHpYS NOAAEPAKAHUE UACPMATIBHON HICH-
TUYHOCTH BO BHEIITHEM KJIIETOYHOM citoe sMOprona (Moussu et
al., 2013). Ha Gosee mo3aneid, moOyssipHOi CTaany pa3BUTHS,
KOI/1a SHIOCIEPM HauWHAET HaKallJIMBaTh 1IEJUTI0N03Y, aKTH-
BUPYETCsl BTOPOM CUTHAJbHBIA MYTh, BKIIOYAIOIINN peLem-
topuble knHa3el GASSHO1 (GSO1) u GASSHO2 (GS0O2), a
TaKKe sHocnepM-crennpuyabii cyoTmmznas ABNORMAL
LEAFSHAPEI (ALE1) (Tsuwamoto et al., 2008). JlarHbIit
MYTh OIOCPENYeT yCUIICHHE Pa3BUTHSI SMOPHOHAIBHON Ky-
THUKYJIBI, TEPMETH3HUPYsI SMOPUOH U CTAOMIIM3UPYS DIUIEP-
MaJbHYIO HIEHTHYHOCTH KIeTok (Moussu et al., 2013; San-
Bento et al., 2014). OxHOBpeMEHHOE BBIKIIIOUCHHE I'CHOB
GSO1 n GSO2 Benet K UCKPUBIICHUIO 3apOABIIIEH 1 BHICOKOM
MPOHUIIAEMOCTH KyTHKYJIBI, @ TAK)KE K CITUTIAHUIO CeMsI0NIei
Y aHOMaJIbHOMY PAacHpOCTPAHEHUIO YCTHHUI] HA CEMSIONSX B
3apojpiiie u B mpopoctke (Tsuwamoto et al., 2008).

B anukanbHOI KOpHEBOW MEpHUCTEME SIUAECPMUC HA KOHUH-
K€ KOpHsI pOPMHPYETCS TOTOMCTBOM MHHITHAIICH KOJITyMEJITbI
KOPHEBOTO YeXJIMKa B pOoKCcHMMalibHOM Meprcteme (Campilho
et al., 2006), Hax KOTOPOH HAXOMUTCS TIOKOSAIIMKACS LEHTP
(TTII, v QC) — rpynia U3 HeCKOIBKUX PEIKO ACIISAIINXCS
ctBoJIOBBIX KJIeTOK (Drisch, Stahl, 2015; lomyesa u ap., 2016).
TTonmeprxannio MOIMIAIINH CTBOJOBBIX KiIeToK B I11] crroco6-
ctByeT (akrop Tpanckpuniun WUS-RELATED HOMEO-
BOX 5 (WOX5) (Drisch, Stahl, 2015; OmenkoBa u ap.,
2016). Unentuanocts 111 11 OKpyKaronIux ero HHUIHAJICH,
a TaKXXe pajinajbHOE CTPYKTYPHUPOBAHUE KOPHS 3aBUCST
ot TpaHckpuniuoHHbx GakropoB SHORTROOT (SHR) u
SCARECROW (SCR), B3anMOACHCTBYIOMNX C OeIKaMU
JACKDAW (JKD) u MAGPIE (MGP) (Wildwater et al., 2005;
Ogasawara etal., 2011). Crierudukanus Cyap0bl 31uaepMaib-
HBIX KOPHEBBIX KJIETOK CBSI3aHA C TPAHCKPUIIIMOHHBIMH (hak-
topamu WEREWOLF (WER), GLABRA2 (GL2), GLABRA3
(GL3), ENHANCER OF GLABRA3 (EGL3) u CAPRICE
(CPC) (Song et al., 2011) 1 MEKKICTOUHBIM COOOIICHUEM,
OITOCPEOBAHHBIM JABYMS perienTopHbIMH knHa3aMu (ACR4 u
CLV1) u curnaneaeiv nentugom CLAVATA3 (CLV3) (Stahl
et al., 2013). Penentopnas xuraza SCRAMBLED (SCM)
00pabaTpIBaeT MO3UIIMOHHBIE CUTHAIBI AU((HEPESHINPOBKH
snuIepMaNbHBIX KIeTOK B kopHe (Kwak, Schiefelbein, 2007,
2014).

[Mokostmuiicst IEHTp ABISETCS HCTOYHUKOM CUTHAJIOB, ITOAI-
JICPIKUBAIOIINX CBOMCTBA CTBOJIOBBIX KJIETOK Y OKPY>KAFOLHX
ero nannuanei. [Tapamornunsie kuHa3slr GSO1 u GSO2
COBMECTHO yYacTBYIOT B TIO3UTHBHOW PETYISIINU JICICHUS
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Receptor-like kinases MhyGSO1
and MhyGSO2 in Monotropa hypopitys

HMHUIHAJICH KOJIyMEIUIbI, a Takke B KOHTpousie nuddepeH-
IIUPOBKU UX JOUEPHUX KJIETOK M MACHTHUYHOCTU CTBOJIOBBIX
kierok kopHs (Racolta et al., 2014). Kpome Toro, GSO1 u
GSO2 KOHTPOJIUPYIOT POCT KOPHS MPOPOCTKA, MOAYIUPYS
OIIOCPENOBAHHBIN Caxap030i CUTHAIbHBIN [Ty Th, @ TAKKE HH-
TETPUPYIOT CUTHAIIBI, IIOCTYTIAIOIINE OT Ha/I3eMHBIX OPTaHOB
Y HULIX CTBOJIOBBIX KJIETOK, JUISI TPABUIILHOTO CTPYKTYPHPO-
BaHMs KOPHEBOTO 3MMIEPMHUCA U MOAJEP)KAHHUS AKTUBHOCTH
anukanpHOI Mepuctemsl (Racolta et al., 2014). Beixmouenue
00enx KMHa3 BbI3bIBACT YCUICHHE MUTOTHUECKOTO JCICHUS B
[1L1, 9T0, BEpOSATHO, IPEACTABISIET COOOI KOMITEHCHPYIOTYIO
CTpareruio OOHOBIICHHUSI MHUIMAJIEH co cOouBIeiics mudde-
PEHIMPOBKOI 1 HAPYLIEHHBIM IIPOCTPAHCTBEHHO-BPEMEHHBIM
MATTEePHOM KJIETOYHOTO JeNeHus. J|BOHHAsT MyTalus TaKkxKe
MIPUBOJINT K 1e(heKTHOH T hepeHIIMPOBKE JOUEPHUX KIICTOK
MHHLUAJIEH KOIyMeJUIbl ¥ TOHM)KEHHOMY HaKOTIICHHIO Kpax-
Maua B KireTkax koxymeintsl (Racolta et al., 2014).

ITockonbky renst GASSHO oxapaKTepU30BaHbI IIaBHBIM
00pa3oM B A. thaliana, nx HECOMHEHHAsI 3HAYUMOCTb B CO-
YETAaHUU C KOHCEPBATUBHOCTBHIO 0A30BBIX MPOILECCOB pa3-
BUTHS npujaeT nzyuenuro knHa3 GASSHO B npyrux Bugax
pacTeHuil 0COOCHHYIO aKTyallbHOCTh. B Hacrosiiiel padore
™Mbl uaeHTuuImposamn MPHK 1ByX reHOB, TOMOIIOTHYHBIX
reHaM GASSHO, B mukoretepoTpoHOM pacteHnu Monotropa
hypopitys. Bbuti oxapakTepu30BaHbl CTPYKTYpa, puitoreHus 1
MIATTEPH SKCTIPECCHHU TEHOB B PA3JIMUHbIX TKAHAX M. hypopitys
Ha CTaJIH IIBETCHUSI.

MaTeleaﬂbl n metogbl

B pabore ucronp30Banb! JaHHbIE CEKBEHUPOBAHMS TeHOMa (He
OIy0JIMKOBAHO) U TPAHCKPUIITOMOB KOPHEH C a/IBEHTHBHBIMH
MTOYKaMH, IPUIIBETHUKOB 1 11BeTKOB (Ravin et al., 2016) nByx
WHIMBHIYaJIbHBIX PACTEHUH NOIbeNbHUKA M. hypopitys. Pac-
TCHU 6I)IJ'II/I co6paH1)1 Ha CTaauu IBETCHUA (COI_lBeTl/Ie COCTOUT
13 MTOJTHOCTHIO C(HOPMHUPOBAHHBIX IBETKOB) B aBrycTe 2015 T
B XBOMHOM Jtecy Karyxckoit 0061acTH, IPUBE3EHBI BMECTE C
JIEPHOM U COIEPIKAIUCH B YCIOBUAX TEIUIALBI IIPU PETYIIN-
PYEMBIX apaMeTpax OCBEIIEHHOCTH H BJIXKHOCTH B TEUCHUE
Hezenu. bubmorexn MPHK mnomy4eHs! Ha ocHOBE cyMMapHO
PHK, BbiiesienHol ¢ momoripio Habopa RNeasy Plant Mini
Kit (QIAGEN, CIIA), u cekBeHHpPOBaHBI C HCIOIH30BAHH-
em mardopmsl [llumina HiSeq2500 (Illumina Inc., CIIA).
Bcero momydyeno 10-15 miiH KOpOTKUX (pa3MepoM OKOJIO
100 HYKJICOTHIOB) YTCHHUH IS KAXIOTO TPAHCKPHUIITOMA,
KOTOpBIE OBIIIM COOPAaHBI B TPAHCKPHUIITHI C UCTIONB30BAHUEM
nporpammsl Trinity v.2.1.1 (Haas et al., 2013). Unentudu-
KaIllMI0 TEHOB PEIeNTOPHBIX KuHa3, romonoroB GASSHO,
MIPOBOJIMIIA MIOCPEJCTBOM CPAaBHEHMS TPAHCKPHIITOB C TO-
cienoBareabHOCTsIMEA U3 Oanka maHHbXx NCBI (http://blast.
ncbi.nlm.nih.gov/). 'eHHyI0 SKCIPECCHIO BBEIYHUCISIIN KakK

XapakTtepuctuku reHoB MhyGASSHO nogbenbHuKa

A.V. Shchennikova, E.Z. Kochieva, A.V. Beletsky ...
O.A. Shulga, N.V. Ravin, K.G. Skryabin

YHCJIO TPAHCKPUIITOB Ha MUJIJIMOH TPAHCKPUIITOB B TpaHC-
KPUITOME ¢ HOpMaJIM3alnel Mex 1y 00pa3aMy ¢ OMOLIBIO
nporpamMHoro obecrieuenust RSEM (Li, Dewey, 2011). /lan-
HbIC, ITOJTYYCHHBIC I Ka)K,HOﬁ Iapbl TPAaHCKPUIITOMOB OAHO-
TO BUJa, yCPEIHSIIN U BEIYUCILUIH CTAHAAPTHOE OTKIIOHEHHUE
HOPMaQJIN30BAHHOTO YHUCIIA TPAHCKPHUIITOB Ka)KJAOTO T€HA OT
CpeIHero 3Ha4eHMs ¢ MOMOIIbio mporpaMmbl Excel. [l
CTPYKTYPHOTO aHaJlM3a I0CIIeA0BATEIILHOCTEH HCIIONIB30-
Banu nporpammsel NCBI-CDD (http://www.ncbi.nlm.nih.
gov/Structure/cdd/wrpsb.cgi) u Clone Manager 7.11 (http://
clone-manager-professional.software.informer.com/). Cpas-
HUTENBHBIN U QUIOTeHETHYCCKUN aHAIHU3bI TOCIICI0BATEIIb-
HOCTEH T'€HOB W KOJIMPYEMbIX MMHU OEJIKOB MPOBOIMIH C
momomsio porpamm NCBI BLAST (http://blast.ncbi.nlm.
nih.gov/) u MEGAG6 (Tamura et al., 2013) ¢ noctpoernem
JIpeBa METOJIOM MaKCUMaJIbHOTO MpaBonogoous (maximum
likelihood), ocHOBanHOTO Ha Monenu xoppeknnu [lyaccona
(Poisson correction) (Zuckerkandl, Pauling, 1965).

Pesynbratbl

MPHK nByx renos, MhyGSOI u MhyGSO2, npeanonoxu-
TEeJILHO Kopupytomux oprosnoru kunasel GSO1 (4. thaliana),
ObUTH MICHTU(HUIUPOBAHBI B TPAHCKPUIITOMAX PA3INIHBIX
TKaHel (KOPHU C aJBEHTUBHBIMHU PETIPOYKTUBHBIMH ITOYKaA-
MM, IPUIIBETHUKH, LIBETKH ) TO/bEJIbHUKA U 3apETHCTPUPOBa-
HBI B 6a3e NCBI (cMm. Tabnmy).

CrpykTypHbIi aHanu3 nocnenosarensHoctel k/JJHK renos
MhyGASSHO w xoaupyeMblX UMH aMUHOKHCJIOTHBIX I0-
CJIeI0BATEIBHOCTEH MOKa3all, YTO yAaJI0Ch COOPaTh TOIBKO
nertonubie kJ{HK (6e3 cron-komona). [IpuanHoli HemomHOM
COOPKH TPAHCKPHUIITOB MOXKET OBITH HEIOCTATOYHOE Ka4€CTBO
UCXOAHOTO MaTepuaa, MPUTOTOBICHHBIX OMOINOTEK WU
cexBenupoBanus. [lomydennsie k/IHK Obltm Tpanciupo-
BaHbI, COOTBETCTBEHHO, B HEIOJIHbIE OEJIKOBBIE IOCIIEI0Ba-
texpHOCTH MhyGSO1 (mpeanonokuTenbHO, OTCYTCTBYIOT
30 C-xonneBbix amuHoKncsoT) 1 MhyGSO?2 (mpucyTcTByIOT
nepsbie 250 13 Bo3MoxHbBIX 1250 amuHOKKCIOT). [ €HOMHBIH
MOUCK TIOATBEPIMII CYIIECTBOBAHUE MICHTH(DUIIMPOBAHHBIX
TpanckpuntoB MhyGASSHO n He 0OHapy KK TeHOB, TOMO-
noruyabix GSO?2 (A. thaliana). CornacHo nanabiMm NCBI-
CDD, nns mocienoBarensHocTelt 6emkoB MhyGASSHO
xapakTepHbl N-TepMHHAIBHBINA OOTaThlii JICHIIMHOM JOMEH
LRRNT u 6orarsie neiiiaoM noTopsl LRR, a B 0osee nosHo
cobpannom 6enke MhyGSO1 mpucyTcTByeT KatamnTude-
CKHUH JIOMEH CepHH-TPEOHNHOBON KnHa3bl (puc. 1). Ananms
aMUHOKHCIIOTHBIX nocnenoBarensHocTelt B NCBI-BLAST
nmoaTBepaAni, uto reHsl MhyGSOI n MhyGSO?2 xogupyiot
penenropubiec kuHa3el LRR-RLK, nHanbonee uaeHTHIHBIC
GSO1 u3 A. thaliana. ITpu 3tom MhyGSO1 nemonctpupyet
6omprmree cxonctBo ¢ GSO1 1 BceMu H3BECTHBIME €70 OPTOJIO-

Ha3BaHune
reHa

Kog poctyna
NCBI

Pazmep MPHK,
KON-BO HYKNeoTnioB

fomonor
B A. thaliana

Pa3smep 6esnka, Kon-8o
AMUHOKMCIIOTHBIX OCTaTKOB

MaeHTnYHOCTb
romosnory, %
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* 20 * *
MhyGSOl_ : MTPEKEFFS SIELL-3CD----5DSE 102
GSO1_ ¢ -MQEL--- TSR -=iG--0eETINN 100
GSO2_ ¢ MORNS--- FieF ST 510G S GOREEQRD- 100
MhyGSO2_ : --MSTTQMFHFUIRF SVLE-SYHEVIR 99
MhyGSOl_ : 211
GSO1_ 209
GS02_ 210
MhyGSO2_ : 208
»
300 * 320 *
MhyGSOl_ : BEeEH AR ¥ QBLN Sicrilss SrIGEE LGETCRRLTRGIT : 321
GSO1_ : AA G Pk J oL el LET MW QLOGLT B LI @ N1, 00 E ET G S @R D ¢ 319
GS02_ B T Gl e 1=n NQLQGMI DS i S BEE N EF : 320
MhyGSO2_ : c } G 1 Ol L LA N & I : 250
MhyGSOl_ : b 431
GSO1_ i 429
GS02_ D K| g 5 : 430
MhyGS02_ @ oo e e ——————————————— e H -
» -
* 460 * 480 * 500 * 520 * 540 *
MhyGSO1_ : EIGNCSEL P42 HE T[EK iR LKLY LHLRENNLE T PAT LGN CIROLYT LDLADNIZL S GIIT BjET R GY L) 541
GSO1_ 51T DOE T GNCT LIS F GNEIARGIAT PlEs TEHL K HL T HLRONEI L GEL PAS LGN CHOLYT LDLADNFL S GET PES F GF LIS 539
GS02_ : M PIE I GNCTRILEH) [ GNIIRSGAT PRSI GEILK LML HLREN QMY I DLADNSL S GSI RS E GE Lig 540
MRYGSO2_ 1 oo o -
LRR-RI
» u
560 * 580 * 600 * 620 * * 660
MhyGSO1_ : [HASSNTNERTHEA BNRENGS Th DEEf¥E P SIEALIAR LRLGYNISE T GR T BOS G 2 sleNELT GHL PRELE : 651
GSO1_ B .0 G L EDEILA LEH! G EDEIR-LI GKI BLpIGETE LELLDM S INT I : 649
GS02_ BT OGN L EDE{LISY LI FEISSIE! EGDIR:L) FTGRI PV A3GHAIBEL S LLDT SiiNfL 5 GINT Bils : 650
MRYGS02 _ § e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e : -
]
* 760 *
MhyGSO1_ : Kilas SKLY EcllarEER : 761
GSO1_ i SELYELRLSENERT GE T
GSo2_ i o) SKLFELRLEZNEVGT GE T Y
MhyGS 02 &t — o H -
MhyGSO1_ : 871
GSO1_ 869
GS02_ : 869
MhyGSO2_ : -
* 900 * 920 * 940 * 960
MhyGSOl_ : S5 VT T S AMSETE A i HEGGESFHLS SRRESEVRCRY SEEERQVE KR 7 T [RYGF| 981
GSo1_ : 1S VVITSAT SRL 3 QR--HDFFREVGHES - TAYME SEEH0ATHR)SAIR A 56D T ES 976
GS02_ : AT VVIT SAT SELTATE -Q [ G 5 sHAKWIND T M F : 973
MhYG S0 & m H -
MhyGSO1_ : 1089
GSO1_ 1086
GS02_ 1081
MhyGSO2_ : -
MhyGSOl_ : 1197
GSO1_ TEKSDVY SMGIVLMEIVTGKMPT)o} DRiss : 1193
GS02_ : AESYGYIAPEYAYSLENTEKSDVY SMGIVLMEI VT GRM BTy (iF I paDM VR VE TRHLISk @3 Ret}d 1R A AL T D 8 Rl
MO YGS 02 & — H -
* 1260 *
MhyGSO1_ : 2 AL QC T KRS ;1223
GSO1_ : VERS PN OIS YT s POER PS SRQACDS LLHVYNNRTAGYKKL~ -~ - 1 1249
GS02_ LN E Y e AR el T Y POER PE SROASEYLLNVENNRAASYREMQTDTDK : 1252
MhyGSO2_ : B e L e L LB : -

Puc. 1. CpaBHUTENbHbIN aHaNM3 aMMHOKMCIOTHBIX NocfieaoBaTtenbHocTeln 6enkoB MhyGSO1 n MhyGSO2 (nogbenbHuk M. hypopitys) n n3BeCTHbIX
KnHa3 GSO1 n GSO2 (A. thaliana).

CnnowHown nuHwei BoigeneH N-KoHLeBol 6oraTbii neiuyHom aomeH LRRNT. MyHKTUPHbIMY IMHUAMY NOKa3aHbl 6oraTble neiyuHom nosTopsl LRR-RI, wrpmxo-
BOW — KaTaIMTUYECKNIA JOMEH CePUH-TPEOHNHOBOW KnHa3bl STKc_IRAK.

leHeTnKa 1 ceneKkumA pacTeHnin BaBnNoBCKNIA )KypHan reHeTuKnN n cenekumn « 2132017 337



Receptor-like kinases MhyGSO1
and MhyGSO2 in Monotropa hypopitys

100[ NtoGSO1 XP 009593374 Nicotiana tomentosiformis

10011 NtaGSO1 XP 016509707 N. tabacum
100 CanGSO1 XP 016548496 Capsicum annuum

MhyGSO1 M. hypopitys Asterids

NtoGSO2 XP 009608147 N. tomentosiformis

100 MhyGSO2 M. hypopitys

67 NtaGSO2 XP 016469143 N. tabacum
83

CanGSO2 XP 016554541 C. annuum  _|
CsaGSO1 XP 010434316 Camelina sativa

100
GSO1 OA097463 A. thaliana

BnaGSO1 XP 013660918 Brassica napus
BraGSO2 XP 009123608 B. rapa . .
Rosids; Brassicales
CsaGSO2 XP 010445856 C. sativa

GSO2 OA090459 A. thaliana

—_
0.2

Puc. 2. HeykopeHeHHOe dpuroreHeTyeckoe ApeBo, MOCTPOEHHOE Ha OCHOBE CPAaBHUTENIbHOTO
3BOJIIOLMOHHOTO aHanM3a aMMHOKUCIOTHbBIX MocneaoBaTenbHocTen 6enkos MhyGASSHO u mnx
opTonoros — kKuHa3 GSO1 n GSO2 y npefctasutenein Rosids (Brassicales) n Asterids (Solanales).

[lepeBo NocTpoeHo B MacluTabe, rae AnviHa BETBEN OLIEHMBAETCA KaK YMCIO 3amMeLleHunii Ha caiT. Cyuye-
CTBEHHbIEe 3HaueHuA bootstrap (NpoLeHTHOe cofepKaHue fepeBbEB, B KOTOPbIX aCCOLMMPOBAHHbBIE TaK-
COHbI Knactepusytotca Bmecte) Ana 1 000 BbIGOPOK NoKasaHbl B OCHOBaHMM BeTBY. HanpoTyB Ha3BaHmi
6enkoB 13 6a3bl AaHHbIX NCBI ykasaH kof AoCTyna B reHHOM GaHKe.

ramu u3 npencrasurenei Rosids u Asterids, B To Bpems kak MhyGSO2 naubonee
6mm3ok Oenmkam-opronoram GSO2 n3 Asterids.

CTpyKTYpHO-(QHIOTeHETHYECKOE CPAaBHEHHE aMUHOKHCIIOTHBIX ITOCIIEI0BATEI b~
Hocteit MhyGSO1, MhyGSO2 u optomoroB GSO1 u GSO2 y npencraButenei
Asterids u Rosids (Bkitouast 4. thaliana n npyrue Brassicales) nmokasaso Hanbomnee
TecHyo knactepusanmto 6enka MhyGSO1 ¢ kunazamu GSO1 y npezacraButeneit
Asterids u 6exa MhyGSO2 ¢ kxunazamu GSO2 Takxe y nmpencrasureneii Asterids
(puc. 2). [Tapanorn GSO1 u GSO2 y npencrasureneii Brassicales kiacrepusyrorces
000CO0JICHHO ¥ BMECTE COCTABIISIIOT CECTPUHCKYIO KJ1a Ty Jutsi Tpybl 6enkoB GSO1
n GSO2 y npencraButeneit Asterids.

Bronndopmarnueckuii anam3 Xxapakrepa 3Kcpeccuu BeisiBiT Hannune MPHK
MhyGSO1 v MhyGSO?2 B uBeTKkax 1 npuiBeTHruKax. [Ipu aTom quHaMuka sxcrpec-
CHH 3THX T€HOB MEHSIETCSI TPOTHBOIIONOKHBIM 00pa3oM. B KOpHSIX ¢ aIBEeHTUBHBIMI
noukamu npucytcrByet Toiabko MPHK rena MhyGSO! (puc. 3).

O6¢cyxpeHue

‘YHUKaIBHBII PEICTaBUTEIh IIBETKOBEIX ceMelicTBa Ericaceae (mopsinox Ericales B
cocrase 0azanbHOM rpymmbl Asterids), 6ecXI0poQHILIbHBII MUKOTETEpOTPOQ, MOIb-
eNbHUK M. hypopitys ToTydaeT MUTaTeNbHbIE BEIIECTBA OT KOPHEH aBTOTPOHBIX
JIepeBbEB uepe3 MuKopu3Hblii cumono3 (Leake, 1994). Do pactenne mponsBoauT
TBICSIYH ITbIICOOPA3HBIX CEMSIH, PA3BUTHE KOTOPHIX 10 (OPMHPOBAHUS II0YEK 3aHU-
Maet okoJio aByx JieT (Wallace, 1975; Leake et al., 2004). B Teuenne nepBoro roga
ceMeHa IPeoJI0IeBAI0T MOPPOPU3HOIOTHIECKOE COCTOSHHE MTOKOS TOJT BIMSHUEM
CUTHAJIOB OKpY>KalOlLIed CpeJibl, @ BO BTOPOM T'0Jl HAKATUIMBAIOT C TIOMOILBIO MH-
KOPH3bI TOCTATOYHBIC I pOCTa HE(OTOCHHTE3UPYIOIIETO PACTEHHS YIIICPOIHbIC
pecypesl (Leake et al., 2004). Takum 0Opa3om, 3apobIIl HAXOJUTCS B CIISIIEM
COCTOSIHMU IO TOJIyY€HUs] BHEIIHUX M BHYTPEHHUX MHIYKTHBHBIX CHUTHAJIOB.
[Tpopacranne ceMsH 3HaMEHYeTCs TPOHUKHOBEHHEM T'PHOOB 1 (hOPMUPOBAHUEM
MHUKOPH3HOHM KOpHEBOH cucTeMbl. Jlanee Ha KOpHAX (POPMUPYIOTCS aJBEHTHBHBIC
MOYKH, COJeprKaIlie IMOPHOHAIIBHOE COLIBETHE, U3 KOTOPBIX B UHIYKTHBHBIX yC-
JIOBUSIX pa3BUBAETCA HAJ3EMHAs aCTh PACTEHUSI — IIBETOHOC C TIPHIIBETHUKAMHU U
conBerueM Ha koHie (Wallace, 1975; Leake et al., 2004).
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B MhyGSO1
MhyGSO2

|
| |
i ‘

KopHu/noukn [MpuuseTHukn  LiBeTkn

N
T

KONMNYeCTBO YTEHUN

HopmanmoeaHHaﬂ 3KCNpeccus reHa,

Puc. 3. XapakTep akcnpeccumn reHoB
MhyGASSHO B TKaHAX nofbenbHMKa
M. hypopitys Ha cTagnmn LiBeTEHNA.

B HOpME 3apOIbIIT CEMEHHBIX pacTe-
HUH COIEPIKUT KOPEILIOK U MTOYCUKY, 13
KOTOPBIX Pa3BUBAIOTCS TIIAaBHBIE KOPEHB
u mober. Takke B 3apoppIlIe MPUCYT-
CTBYIOT THIIOKOTHJIb U ceMsinoiu. [1o-
JOOHO OMOCPETOBAaHHOMY MHKOPH30H
MHUTAHUIO W yIAJCHHUIO CUTHAIBHBIX
myTeit pOTOCHHTE3a U3 SIIEPHOTO U I11a-
crugaHoro reaomMoB (Ravin et al., 2016),
peAyluupoBaHHAs CTPYKTypa 3apoibl-
1112 MOJTbeNIbHUKA 00pa30Baliach, BEPOSIT-
HO, KaK ITPOTYKT SBOJIOIIH B ITPOIECCE
MIPHUCIIOCOOICHUS K )KU3HU B IIPAKTHIC-
CKH JIMIIICHHBIX CBETA JICCHBIX apeasiax.

CTpyKTypHas ¥ TeHETHUECKAst PeIyK-
1S TTOJbEIbHUKA HE KOCHYJACH JITH-
JIepMHECa, KOTOPBIH SIBISICTCS HEOTHEM-
JIEMOW YacThIO KaK 3apofbllia, TaK U
pacTeHus B IeJoM, Oiaromapsi cBoei
3amuTHON QyHKuMU. Mnentudukarms
MPHK renoB MhyGASSHO, xoqupyio-
mux peuentopasie LRR-RLK kuHa3bt
MhyGSO1 u MhyGSO2, cBuneresb-
CTBYeT O HAJIMYNHA KOHCEPBATHBHOTO
MEXaHW3Ma PETYISIUN Pa3BUTHUS DITH-
JIepPMUCa 3apOJIbIIIa, KOPHSI U, BEPOSITHO,
Haa3eMHO yactu M. hypopitys.

DWIOreHETUYECKU aHanu3 TeHOB
MhyGASSHO upeamnonaraer cyiie-
CTBOBaHHUE OOIIETO TPEANICCTBEHHUKA
reHoB GASSHO, romonoruunoro GSO1,
JI0 paszelieHus pacteHuil Ha Rosids u
Asterids. B To e Bpems TeHBI, T0100-
Hele GSO2, BUAMMO, MOSIBUIIUCH B pe-
3yJIbTATEe YBOJTFOIIMOHHBIX AYIUTHKALMHN,
MPOU3OIIEANINX TTOCTE Pa3AeICHUS
Rosids u Asterids. [losTomy ¢ mocra-
TOYHOM CTEIIEHBIO YBEPEHHOCTH MOYXKHO
roBopuTh 00 optonorunt GSO1-kuHa3 y
M. hypopitys (MhyGSO1) u A. thaliana
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Pevnentop-nopo6Hble KnHasbl MhyGSO1
1n MhyGSO2 y Monotropa hypopitys

(GSO1). Ipu stom 6enok MhyGSO2, nmapasoruyHbIi
MhyGSO|1 n opronornussiii npencraButTesiM kinansl GSO2 y
Asterids, e sBisiercst opronorom GSO2 (A. thaliana). Takum
00pa3zoM, MOXKHO IpeAronaraTh (yHKIIMOHAIBHOE CXOJCTBO
mexny MhyGSO1 u GSOI1 (4. thaliana). ®yHKINN Xe
MhyGSO2, BeposITHO, TIPON3OLIEIIIETO B IIPOLECcCe AYTIIH-
Kaluu oduiero npemecTseHHuka renos GSO/ n3 Asterids
¥ OOHOBHUBIIErO CBOM (DYHKIIMOHAJIBHBINA CTATyC, JOJIKHBI
AHAITM3UPOBATHCS OT/ENBHO, Tak Kak GSO2 oxapaKkTepu3oBaH
TONBKO B A. thaliana.

Xapakrep sxkcnpeccun reHoB MhyGSOI n MhyGSO2, pas-
JIMYHBIHN 110 TMHAMUKE 1 TIEPECEKAIOMINIiCs B IPUIIBETHUKAX 1
[[BETKAX MMOIbEJIbHUKA, IPE/IIOIaraeT B3auMO/IOIIOHSIOLILY O
JIeSITENIbHOCTD B CUTHAJIBHBIX MyTsX. B A. thaliana sxcripec-
cust GSOI nu GSO2 obnapyxeHa B CTpydOUKax, CEMEHaX U
L[BETKAaX, HO HE B JIUCThSIX U cTeOJIe; B KOPHSX MIPUCYTCTBYET
B ManbIx koinumdectBax MPHK GSO! (Tsuwamoto et al.,
2008). B nBerke GSO! skcnpeccupyercss B THIYHMHOYHOM
HUTH U pbUIbLIE NecTHKa, a GSO2 — B NBUIBIEBBIX 3€pHAX U
Pa3IeTUTENbEHOM CII0€ MEXTy OyTOHOM M IIBETOHOXKKOH; B
Pa3BUBAOLINXCS 3aPO/BIIIAX, CEMSIONISIX U THITOKOTHIIE TeHbI
akTHBHBI paBHOMepHO (Tsuwamoto et al., 2008). B teuenue
IMIECTH JHEH IOCJe MPOPACTaHUS MAaTTEPHBI SKCIPECCUHU
GSOI u GSO2 xommieMeHTapHsbl, ypoBeHb GSO! Bblle
ypoBHs GSO2, GSO!I npenMyIiecTBeHHO MPUCYTCTBYET BO
BHYTPEHHUX ClI0gX KOpHs, [1L] 1 anukanbHOM MepucTeme no-
6era, a GSO2 — BO BHEIIHUX CJIOSIX M AlTMKAILHON MEpHUCTEME
KopHsi, Bkirouast [ 1] v nauimanu kopaesoro yexirka (Racolta
et al., 2014). IIpoctpanctBennas skcnpeccus MhyGSOI n
MhyGSO2 Bo B3pOCIIOM PAaCTE€HHH, IyCTh HE CTOJIb JICTalH-
3UPOBaHHAs, OJTHAKO COOTBETCTBYET XapaKTepy dKCHPECCHU
GSOI u GSO2. Tlogo6uo GSO! n GSO2, TpaHCKPHUIITHI
MhyGSO1 ipucyTCTBYIOT B KOpHSIX, a MhyGSOZ2 — oTCyTCTBY-
1oT. Kpome Toro, akruBHoCcTE MAyGSO1 MOXET pactpocTpa-
HSTHCS] HA KOPHEBBIE a/IBEHTUBHBIE MOYKN (IMOPHOHAIIBHBIE
COIIBETHSI), UTO TAKIKE COOTBETCTBYET XapaKTepy 3KCIPECCU
GSOI1. Tlockombky MhyGSO2 He siBisiercst oprosiorom GSO2,
akTUBHOCTh GSO2 Ha BcexX CTaAMSIX Pa3BUTHS 3apOJbIIIa
(Tsuwamoto et al., 2008) MokeT He pacrpoCTpaHATbCS Ha
MhyGSO2. Orcyrcteue MPHK GSOI u GSO2 B crebne u
mucteax u Hanmmane MPHK MhyGSO1 uw MhyGSO2 B nipen-
T0JIaraeMbIX IIPUIBETHUKAX KOCBEHHO TIOATBEP)KIAI0T PENPO-
JYKTHBHYIO TIPHPOJLY TIPOPOCTKA MObEIbHUKA. DKCIIPECCUS
MhyGSOI1 n MhyGSO?2 B 1iBeTKe, BO3MOYKHO, TOBOPHUT 00 UX
AKTHBHOCTH B PETIPOAYKTHBHBIX OpraHax, oJ00HON aKTHB-
Hoctu GSOI u GSO2 (Tsuwamoto et al., 2008).

WHTerpupyst curHajiel SHIOAEPMBI, COCYAUCTON TKaHU U
snuaepmuca, kuaassl GSO1 u GSO2 y4acTByrOT B moaaep-
JKaHUH [TPABUIILHOM CXEMBbI KJIETOYHOT'O JISJICHHUS ¥ crielu(u-
KaIli¥ B HUIIIE CTBOJIOBBIX KIETOK M anmaepmuce (Racolta et
al., 2014). Byayun BOBJICUEHHBIMH KaK B 3aBUCHMYIO, TaK U
B HE3aBHUCHUMYIO OT caxapo3sl curdanusanuio, GSO1 nu GSO2
CTUMYJHUPYIOT Pa3BUTHE MPOpocTKa A. thaliana B mponecce
nepexoja OT 3apOJBIIIEBOT0 T€TEPOTPOPHOTO MUTAHUS K
dhoroaBrorpodrOMy pocty (Racolta et al., 2014). T'etepo-
Tpo(HOE NMUTaHWE, XapPAKTEPHOE W JUIS 3apOAbIIa, M s
B3pocIoro pacteHus M. hypopitys, TOBOPUT 00 y4acTHH KH-
Ha3 MhyGSO1 u MhyGSO2 B oTBeTe Ha 9K30I'€HHYIO caxapo-
3y, OCTYHAOLIYIO0 Yepe3 MUKOPHU3Y OT KOpPHEH aBTOTPO(HBIX
JIepEBHEB.
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Takum 00pazoM, B Mapa3uTHYECKOM BBICHIIEM PAaCTEHUU
M. hypopitys naeHTH(GUINPOBAHBI [Ba MAPATOTUYHBIX TEHA
MhyGASSHO. CtpyKTypHO-(HUIOTCHETHICCKUI aHATN3
MOKa3aJl, YTO KOAMPyEeMble TeHaMH OeJIKM MpUHaIeKar ce-
MEHCTBY PELENTOP-NOJOOHBIX CEPUH-TPEOHNHOBBIX KHHA3
¢ 6orareimu neiinmaOM noBTopamu. IIpu atom MhyGSO1 n
MhyGSO2 sinsitorest napanioramu, 1 MhyGSO1 — oprosiorom
knHa3el GSOI (4. thaliana). XapaxTep 3KCIIpeccH TeHOB B
COBOKYITHOCTH C JIAHHBIMH 3BOJIIOIIMOHHOTO aHAJIN3a 1 JIUTe-
paTypHBIX HUCTOYHUKOB MO3BOJNMI CHAENATh MPEAION0KEHHIE
0 BO3MOXKHBIX (DYHKIMSIX T€HOB. [loydeHHBIE pe3yIbTaThl
CBHJICTEJILCTBYIOT O KOHCEPBAaTHBHOCTH MEXaHU3MOB PETYIIsI-
IIUM PA3BUTHUS AMHEPMUCA ITOKPHITOCEMEHHBIX C y4acTHEM

renoB GASSHO.
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Co3aHye HOBOTO /IS MATKOM MINeHNITbI TeHOTUIIA —
HOCHTEJISI ABYX JIOKYCOB MSAITKO3E€PHOCTHU SHIOCIIepMa
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TexHonornyeckoe HasHayeHve 3epHa 1 MyK1 MAFKOW MLUEHULbI
onpenenAeTca B 3HAUNTENIbHOW CTEMEHUN CTPYKTYPOI SHAOCNEPMa
3epHOBOK. Ee 3MeHUMBOCTb y COPTOB MATKOW MLIEHNLIbI 3aBUCUT B
OCHOBHOM OT MHOXXECTBEHHOTO annenv3ma no ogHoMmy fiokycy, Ha,

B Xpomocome 5D, nprBoAALLero K HenpepbiBHOM Bapraunm 3Toro
npri3Haka. JHAOCNEPM 3epHa MOXET U3MEHATHLCA OT TBEPA03EPHOro
CTEKNOBUZHOTO, NPUroLHO0 A APOXKEBOro XneboneyeHuns, 1o
MAFKO3€PHOr0 MyYHNCTOrO, 611aroNpPUATHONO ANA KOHAUTEPCKUX U
TEXHNYECKUX Lenen. Kpome Toro, Ha laHHble NPr3HaKK, 0COGEHHO Ha
CTEKNOBUAHOCTb, CUIbHOE BAINAHME OKa3blBaloT YC/IOBUA BblpalLynBa-
HUA. PaHee B xpomocomy 5A nuHum 84/98" 6bin MHTPOrpeccMpoBaH
nokyc Ha-Sp ot Aegilops speltoides Tausch., KOTOpbIli CH/XaeT TBepAo-
3ePHOCTb 1 CTEKNTOBULHOCTb SHAOCNEPMA, MOAOOHO AOMUHAHTHOMY
annento nokyca Ha. B gaHHol paboTe BnepBble onncaHbl NonyyeHve n
NCNbliTaHNE CynepmMArko3epHbIX J'IVIHVIVI, B reHOTUMne KOTOPbIX 06'be,£l,l/|-
HeHbl romeoannesibHble NoKycbl Ha-Sp nuHun 84/98" n Ha markosep-
Horo copTa Chinese Spring. JInHUK BblAeNneHbl U3 LECTOr0-BOCbMOro
NMOKOJIEHUNIA CAMOONbIIEHHbIX FTMO6PYAOB F,. OHY CTabUNbHO B NMOMEBbIX
1 TEMSINYHBIX YCIIOBUSAX AEMOHCTPUPYIOT 60SIbLLYIO, YEM POAUTESTb-
cKune GopMbl, MArKO3EPHOCTb. DTN IMHUM MOTYT GbITb MCMOJNIb30BaHbI
B CEMeKLUMM COPTOB MLIEHWLbI, AN MKW 13 KOTOPbIX HE NOTpebyioTcs
XMMUYECK/E Pa3pbIXSINTENN B KOHAUTEPCKOM NPOM3BOACTBE. BO3MOX-
HO TaKXe X NPUMeHeHMe B TEXHNYECKMX LIeNsaxX Aa Npon3BOACTBa
6rosTaHona. Kpome TOro, 3T AMHUN MOTYT NOCSYKUTb FrEHETNYECKOW
Mogzenbto ANnA n3yyeHns GyHKUMOHaNbHOWM akTUBHOCTM roMeoaniesb-
HbIX FEHOB B C/TOXKHbIX MOAVMIONAHbBIX FeHOMaX PacTeHUIA.

KnioueBble cfioBa: MArkas nieHnLa; CTpyKTypa sHAoCnepma
3ePHOBKM; NOKycbl Ha 1 Ha-Sp; cynepmsarko3epHble NVHUM NWeHNLbI.
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The development of a new bread
wheat genotype carrying two loci
for endosperm softness

A.V. Simonov!®, A K. Chistyakoval, E.V. Morozoval,
L.V. Shchukinal, A. Bérner?, T.A. Pshenichnikoval

TInstitute of Cytology and Genetics SB RAS, Novosibirsk, Russia
2 Leibniz Institute of Plant Genetics and Crop Plant Research
(IPK), Gatersleben, Germany

The technological purpose of grain and flour wheat is
largely determined by the grains endosperm struc-
ture. Its variability among wheat varieties depends
mainly on the multiple allelism for a single Ha locus on
chromosome 5D leading to a continuous variation of
the trait. The grain endosperm can vary from hard and
vitreous suitable for yeast baking to soft and floury
favorable for confectionery and technical purposes.
Furthermore, these traits, especially vitreousness, are
strongly influenced by the growth conditions. Earlier,
the Ha-Sp locus was introgessed into chromosome 5A
of the bread wheat line 84/98" from Aegilops speltoides
Tausch., which reduces endosperm hardness and vitre-
ousness, like the dominant allele of the Ha locus. This
paper is the first to describe the obtaining and testing
of the supersoft lines combining in their genotype the
homoeoallelic loci Ha-Sp of the line 84/98" and Ha of
the soft grain cultivar Chinese Spring. The lines were
isolated from 6-8 generations of self-pollinated F,
hybrids. They consistently exhibit a greater grain soft-
ness than the parental forms under both greenhouse
and field conditions. These lines can be used in the
breeding of wheat cultivars, the flour of which will not
require chemical baking powder in the confectionery
industry. It is also possible to use them for technical
purposes for the production of bioethanol. In addition,
these lines may serve as a genetic model for the study
of the functional activity of homoeoallelic genes in the
complex polyploid genomes of plants.

Key words: bread wheat; grain endosperm structure;
Ha and Ha-Sp loci; supersoft wheat lines.



©XHOJIOTMYEeCKOe Ha3HaueHHe 3epHa IMIISHUIbI OIpe-

JIENSIETCS] MyKOMOJIBHBIMH MTapaMeTPaMH, 3aBUCAIIIUMHU

OT CTPYKTYpHI 3HJI0CIIepMa 3epHOBKH. OCHOBHAS M3-
MEHYMBOCTb CTPYKTYPbI HAOCIEPMA Y MATKOU MIIEHULbI —
CTEKJIOBHHOCTE/MYYHHCTOCTD U TBEPJ03EPHOCTH/MATKO3EP-
HOCTb — 3aBHCHT OT aiieneld rTeHoB Pina v Pinb, ClieTUICHHBIX
B Jiokyce Ha B xpomocome 5D (Symes, 1969; Morris, 2002).
CuHTe3 ¢ JOMUHAHTHBIX aJUIEeH 3THX TeHOB OEJIKOB ITypo-
WHJIOJIMHOB TIPUBOAUT K (POPMUPOBAHUIO MSTKOTO MYYHH-
cToro sHzpocrepMa. Takum 00pa3zom, Myka K3 pa3MOJIOTOTO
3epHA COCTOUT U3 OTHOCHUTEIBHO MEJIKHX YacTHUI] Kpaxmala
B OesrkoBO# 000510UKe, HE JOCTYNHBIX ApoxokaM (KozpmuHa,
1955). MyTanunu reHoB B JI0Kyce Ha TPUBOIAT K HapyIIEHUIO
CHHTE3a ITypOUH/IOJNHOB, BCIECICTBHE YETO KpaxMalbHbIC
3epHa CJIMIAIOTCS B MOHOJIUTHYIO CTEKJIOO0pa3HyIO CTPyK-
Typy. [Ipu pa3mosie cTeKIIOBUAHOTO 3epHA MyKa COCTOUT U3
OTHOCHTEJILHO KPYITHBIX OCKOJIKOB HE3AIMIIIEHHOTO Kpaxma-
J1a, JIOCTYITHOTO JIJIS IPOXOKEH.

VY TeTparoniHoro npeaka B xpomocomax 5A u 5B npou-
301N AEJIELH TeHOB Pina n Pinb B ToMe0alIeNbHBIX JOKY-
cax, UTO BBI3BIBACT BBHICOKYIO TBEP/IO3EPHOCTh y BHIA TBEp-
nout menuts (Gautier et al., 2000). CeeKInOHHbIH mporece
MIPUBEI K TTOSBIEHHIO y MATKOM MIIIEHUIIB MHOKECTBA Perec-
CHUBHBIX aJuieNiell TeHoB Pina w Pinb, B TOM 4YHCIC HYNb-
ajienei, cuHTe3 Oellka ¢ KOTOPBIX B Pa3HOW CTENeHU Hapy-
mreH. Cpenn COpTOB MOXKHO HaOMIOIaTh HeTPEepHIBHYIO BapHa-
IIUFO 3THX PU3HAKOB — OT MATKOTO MYYHHCTOTO 10 TBEPIOTO
CTEKJIOBUJIHOTO 3HAOCIEPMa, TaK JKe, KaK y TBEpIOH NILIeHHU-
1161, TakuM 00pa3zoM, I3MEHYMBOCTB CTPYKTYPBI HIOCTIEpMa
COPTOB MSITKOHW IIICHHIIBI B OCHOBHOM 3aBHCHUT OT aJuleseit
omHoro Jiokyca Ha na xpomocome 5D. Kpome Toro, Ha 1aHHbBIE
MIPU3HAKH, 0COOEHHO Ha CTEKJIOBUIHOCTD, CHIIbHOE BIMSIHUE
OKAa3bIBAIOT yCIIOBUSI BBIPAIIMBAHHSI.

Panee Hamu ObUT OOHApPYXKEH HOBBIH JIOKYC Ha-Sp Msrko-
3epHOCTH B XpPOMOCOME SA, HHTPOTPECCHPOBAHHEIN B ITHUIO
84/98Y ot Ae. speltoides Tausch. (Pshenichnikova et al., 2010).
JluHust mosry4deHa Ha OCHOBE TBepJ03epHoro copra Ponuna,
HOCHUTEISI PEIIECCUBHOTO aJuielis JIoKyca Ha B XpomMocome
5D. UuTtporpeccupoBanHslii Iokyc Ha-Sp, mogodHO 10Mu-
HAHTHOMY JIOKycy Ha, npuBoami K GpopMHPOBaHUIO 3epeH
C MSTKHMM MOJYCTEKJIOBUIHBIM 3HAOCHEpMOM. ITocKomnbky
nokycel Ha-Sp w Ha roMeoaluienbHbl, ©X MOXXHO OOBEIH-
HUTH B OTHOM I'CHOTHIIC U U3YyYUTH COBMECTHOC ﬂeﬁCTBHe Ha
CTPYKTYPY 3€PHOBKH.

Jlnst mpon3BozcTBA pa3HBIX MYYHBIX U3/EJUI TpeOyroTcs
3€pHO U MyKa C Pa3HbIMU TEXHOJOTMUYECKHMU CBOMCTBAMU
(Pefia, 2002). B mpomn3BoACTBE Ka4E€CTBEHHOTO JPOXKEBOTO
xJie0a BayKHbI BHICOKAst TBEP/I03EPHOCTD U CTEKJIOBHHOCTb.
Kpexeps! nnu Oenast Jiamnina rOTOBITCS W3 3epHa CpejHeit
TBEPAOCTH U CTEKJIOBUAHOCTHU. [IJIsi KOHANTEPCKUX IIETeH,
HaINpoTHB, UMEIOT 3HAUYCHNE MATKO3EPHOCTh U MyYHHCTOCTb
3epHa nuieHuIbl. O0oraleHne reHeTHIeCKOro pa3Hooopasus
IIIEHAIBI 33 CUET €IIe OAHOTO FeHa MATKO3EPHOCTH 3HIO-
CriepMa pacuIupsieT CIIEKTP BO3MOKHOCTEH IIeJICHaNpaBiIcH-
HOT'O TEXHOJIOTMYECKOTO UCIIOJIb30BAHHS 3€PHA U MYKH.

Lenpro paboTHI CTaNO CO3/IaHIE TOMO3UTOTHBIX JIMHHAHN C
00BbeIMHEHHBIMH B OZTHOM I'€HOTHIIE JIOKYCAMH MSTKO3epHO-
cti Ha u Ha-Sp 1 X OLIEHKA B Pa3JIMYHBIX YCIOBUSAX CPEJIBL.
s sToro Obla MpoBeneHa THOPUAM3AIMS MATKO3EpHOTO
copra Chinese Spring u muanu 84/98%, u B TeueHue psijia
342
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CaMOOIIBIJICHHBIX MTOKOJIEHUH MPOJOIIKAICS 0TOO0p, COmpo-
BOXKIABIIUICS TEXHOJIIOTHYECKUM aHaIn30M. K HacTosmemy
BPEMEHH M3 IIECTOr0-BOCHMOTO MOKOJCHUH BBIJCICH PsI
JIMHUI ¢ 00JIee MSTKUM OTHOCUTEIBHO POIUTENBCKUX (POPM
MYYHHCTBIM SHIOCHEPMOM 3€PHOBKH.

MaTtepwuanbl n metogbl

I'eneTnyecknii MaTepuaJ. B kauecTBe UCXONHBIX POJU-
TEJILCKUX TeHOTHUITOB HCIIOJIb30BAHBI HHTPOTPECCUBHASI O3H-
mast sinHust 84/98% u3 komtekuun «Apcenan» (Lapochkina,
Yatchevskaya, 1997) u copt Chinese Spring. OHE UMerOT
MSTKOE 3€PHO CO CTEKIIOBHHOCTBIO B PA3HBIX YCIOBHSIX OKO-
10 50 % u quamerpom yactun Myku (JJUM) ot 11 1o 15 Mxm.
Copt Chinese Spring HeceT JOMUHAHTHBIH aJuTeNb JoKyca Ha
XpoMocoMBbI 5D, oGecrieunBaomuii MATrko3epHOCTb. JIMHUs
84/98¥ yHacnenoBajia OT PELMIIMEHTHOTO TBEPIO3EPHOTO
copta Ponmna penieccuBHBIN amyens jokyca Ha. OHa HeceT
MHTPOTPECCUPOBAHHBIN OT Ae. speltoides MOKyc MATKO3epHO-
ctu Ha-Sp B kopoTkoM 1u1eue xpomocoMsl SA (Pshenichnikova
etal., 2010). O HaTUYUH HHTPOTPECCUH B IUCTAIEHON 007a-
CTH KOPOTKOTO TIJIEYa TaK)Ke CBUETEIBCTBYET MPUCYTCTBUE
cybrenomepHoro nosropa Spelt52 (Salina et al., 2001). s
AQHATM3HUPYIOIETO CKPEIUBAaHNS MCIIOJIb30BAIN TBEPAO3Ep-
Hyto Junuio 170/98' u3 komnekumu «ApceHan», HOCHTENS
PELIECCUBHBIX aJlIeNeil.

YenoBusi MpoBeieHNs dKcepuMeHTa. BeipamuBanne
MarepHasa MpoBOIIIN B OCEHHUI U BECEHHHI ITIEpPHOIbI Be-
rerauuu (¢ OKTAOps Mo SIHBaph U ¢ (eBpalsi 10 Mail COOTBET-
CTBEHHO) B YCJIOBHSX rHapornioHHoH Terumimbsl ML ul” CO PAH
C MCKYCCTBEHHOM MO/ICBETKOM. B kauecTBe cyOcTpara ncrosns-
30BaJIM KEPAM3HT, a JyIsl IuTaHus — pactBop Kxona. ['nOpust
pa3HBIX TOKOJICHWH BhICeBamu ceMbsiMH 1o 10 mt. Kpome
TOT0, HEKOTOPBIE CEMbU MO3AHUX MokoseHn# 1o 20—-100 mwt.
BoeipamuBanu Ha noisix UIul" CO PAH (r. HoBocubupck).
Pasmuoxenune rudpunos F, nposoaumu B 2010 r. B 3emus-
HeIX Terumiax uHetutyta IPK (Farepcneben, I'epmanns).

MeTonnka onpeneneHusi TEXHOJIOTHYECKHX CBOHCTB.
MyKOMOJIbHBIE TOKA3aTEeJIN H3y4alli B COOTBETCTBHHU C METO-
JIMKaMH, TPUHATHEIMU B Poccrn A71st COPTOMCIIBITAHUS COPTOB
CeJIbCKOXO3SIUCTBEHHBIX KYIBTYp (MeToauka. .., 1988).

CTeKkI0BUIHOCTD 3€pHA OLEHUBAJIN 10 XapaKTepy IO-
MIEPEYHOTO Cpe3a y KaXK/I0T0 PacTeHUsI 110 OTAeNbHOCTH. [1pn
9TOM ISl IOCTHXKEHUSI MAKCUMaJIbHO BO3MOYKHOM TOYHOCTH
WHIUBHUIyaJIbON OI[EHKU HCIIOIb30BAIH BCE 3€PHA, KOTOPHIE
JTaBaJio pacteHne, Ho He Ooree 100. DTOT mOIX0T MO3BOISICT
CJIeNnaTh BBIBOJI O TOMO- MJIM TE€TEPOTeHHOCTH CEMEH, a TaKkKe
HaOJIIOIaTh TUHAMUKY U3MEHEHHS PU3HAKA B TOKOJICHUSIX.

Jlnst mocneyronero aHaian3a Ha TBEPIO3EPHOCTH 3€pHA
OT/ICNIbHBIX THOPUHBIX PACTEHUI PaH)KUPOBAJIN 110 CTEKJIIO-
BUAHOCTHU. TBepro3epHOCTH onpeensiny Ha mpudope [TCX-4,
JUIS1 KOTOPOT'O TpeOy1oTCst TpoOBI 3epHa 110 6 T. DTH MPOOEI co-
CTOSUIU M3 CMECH 3€PEH C HECKOJIBKMX PACTEHHUH, Pa3/IeJICHHBIX
B IPYIIIIBI 110 TIPHHIUITY POACTBA U CXOKEH CTEKIIOBUAHOCTH.
O TBepAO3EPHOCTH CY/AT 1O TUAMETPY YaCTUI] MYKH, TTOITy-
YEHHOM npu pa3moJie mpookl 3epHa. Yem Oonbiie UM, Tem
GoIbIIe TBEPIOCTH 3€PHOBOK.

Omnpenenenne ynpyroctu (P), pactsoxumoctu (L) u cuibt
myku (W) npoBouiin Ha asibBeorpade y 0ToOpaHHBIX TOMO-
3UroTHbIX ceMeit F—F¢ 13 50-100 r myku (oaHa-1Be HOBTOP-
HOCTH COOTBETCTBEHHO).
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JIyist HaTJISITHOTO TPaUUeCcKOro OTOOpaKeHUs pacipe-
JICNICHNs] CeMell M0 TBEPA03ePHOCTH M CTEKIIOBHIHOCTH, a
TaK)Ke CTATUCTHYCCKUX OICHOK HCIOJB30BAIN TPOTPAMMBI
MS Excel u Past.

Pe3ynbraTbl

Kak ObulO yCTaHOBJIEHO paHee MOHOCOMHBIM aHaJIM30M,
UHTporpeccuBHas TuHUA 84/98Y HeceT rOMEeONIOTHIHBIH TeH
Ha-Sp ot Ae. speltoides Tausch. B xpomocome SA (Pshenich-
nikova et al., 2010). [ToaToMy JIMHHS UMEET MSITKOE MOy CTEK-
JIOBUJIHOE 3€PHO, €TO CTCKJIOBUIHOCTb B PA3HBIX YCIOBHAX
BbIpamuBanus coctaisieT 50-70 %, a UM 11-15 mxwm.
PenunuenTnsiii copr PopuHa — TBEpAO3€pHBIL, UIMEET CTEK-
noBuAHOCTE 85-90 %, JJTUM 6onee 23 mxMm. TunmunbIi 06pa-
3€I] MSTKOH MIICHUIBI C AKTUBHBIM JIOKYCOM MSTKO3EPHOCTH
Ha xpomocomst 5D — copt Chinese Spring. CTeKk/I0BUAHOCTh
€ro 3¢pHOBOK B PA3IMYHBIX yCIOBHX nopsanaka 50-75 %, a
JUM —11-15 Mxwm.

Ha puc. 1 npeacrasieHsl XapakKTepUCTUKH 3HOCIIEPMa
rpynin pactenuii 1Byx nonyssuuii F, Chinese Spring x 84/98%
u F, 170/981x 84/98". TlepBast momyJsiiusi — MOTOMCTBO OT
JIBYX MSATKO3EPHBIX T€HOTHUIIOB, a BTOPas — IIOTOMCTBO OT
TBEPI03EPHON M MATKO3epHO# inHui. ¥ ruopuios F, Chinese
Spring x 84/98“ Habmionanach 3HaUUTENbHAsT TPAHCTPECCHS
0 CTEKJIOBUTHOCTH SHI0CTIepMa. VI3MEeHUNBOCTh BBIXOIMIIA
3a paMKM 3HaYE€HUH POIUTENBbCKUX TE€HOTHUIIOB, €€ MPEAEITbI
coctaBuiu 26.8-92.4 %. I3MeHUnBOCTH BTOPOU MOMYISALUN
IO CTEKJIOBUTHOCTH COCPEIOTOUCHA TPAKTUYECKH B TIpe/iesax
ot 50.1 10 96.9 %.

CTeKkNOBUAHOCTh TECHO KOPPEIUPYET C TBEPAO3EPHO-
CTBI0, YTO OBIJIO OTMEUEHO Ha Pa3IMYHBIX 00pa3Lax MsrKoi
meHnisl. [Ipu 3ToM TBEp103epHOCTh MEHBINE 3aBUCHUT U
ot ycnosuit cpensl (Jynnyk, Epmakosa, 1978). [loatomy B
F, Taxske ObLI IPOBEJIEH aHAIU3 TBEPAO3EPHOCTHU C LEINIBIO
BBIICHUTB, HACKOJIBKO TECHOM OKa)KETCsl UX KOPPEIALIUS TIPH
B3aUMOJICHCTBHHM JIBYX I'€HOB. 3€pHO, 00BbEANHEHHOE C pac-
TEHUM CO CXOKEHN CTEKJIOBUAHOCTBIO B IPYIIIBI 10 HABECOK 110
6 1, 661T0 pazmoroTo s onpenenenus JJUM — nmokazatens
TBepo3epHOCTH. Ha puc. 2 moka3aHo pacripeneneHie STHX
rpynn pacreHuil no UM u cTeknoBuaHOCTH. JIUMUTEL U3-
MeHUnBOCTH coctaBuiu st JJTUM ot 10.17 mo 20.23 MkM, a
JUTS CTEKIIOBUIHOCTH — OT 27 10 92 %. KosddumnmenT xop-
pemsiiiuu 7 = 0.83. OgHako B mpezenax paHroB O CXOKUMU
3HaueHussME UM HaOmonamm CymecTBEHHBIE Pa3Indus 10
CTEKJIOBUIHOCTH (cM. puc. 2). Hanpumep, i 3epHa ¢ JUYM
14-15 MKM pa30poc 3Ha4YEHHH CTEKJIIOBUAHOCTH ObUT OT 45
10 85 %, a mms 3epua ¢ JJUM 12—13 MKM OH COCTaBISIET OT
33 1o 65 %. Takum obpazom, cpeau nonynsauuii F, Chinese
Spring x 84/98% cTaHOBUTCS BO3MOXKHBIM BECTH OTOOp pac-
TEHWI Ha MEHBIIINE CTEKIOBHIHOCTD U TBEP/I03EPHOCTD, UEM
y poauTene.

JanpHelmmit oTo0p B MOCIIe0BAaTENbHBIX ITOKOJICHHSX CO-
MPOBOXKIAJICS TPYAHOCTSIMH, CBSI3aHHBIMU C TOCTOSTHHBIM pac-
IICIUICHUEM B CEMbSIX OT HanOoJee MATKO3ePHBIX PACTEHUN —
HOCHUTeJeH TOMUHAHTHBIX ajuiesneit jokycos Ha u Ha-Sp. Ha
puc. 3 mpuUBEICHBI JaHHBIE TI0 CTPYKTYPE SHAOCIIEPMA TPEX
THIIOB ceMeili F B cpaBHEHHH ¢ pomuTenAMu. Beimensinecs
TBEPI03EPHBIC paCTeHUsI (HA PUCYHKE 0003HAYCHBI «1)) C BbI-
COKHMH CTEKJIOBUAHOCTHIO U [JUM cTabmipHO mepemaBain
9TH NMPU3HAKH B PSAY HOKOJICHUH U O0Jiee He PacIeTIsUIHCh,
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Puc. 1. PaHXupoBaHue rpynn pacteHnii AByx nonynaumi F, Chinese
Spring x 84/98" (a) n F, 170/98'x 84/98" (6).

Kaxpaa Touka cCOOTBETCTBYET rpynne paCTeHI/IVI CO CXOXeW CTEKNOBUAHOCTbIO.
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Puc. 2. Pacnpepfenenue rpynn pacteHnin F, Chinese Spring x 84/98%
no cteknoBnaHocTn u JUM.

O - nnHwia 84/98"; X — Chinese Spring; 0 - F, CSx 84/98™.
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Puc. 3. OTHOCUTeNIbHAsA N3MEHUYNBOCTb CTEKIOBUAHOCTY 1 TBEpAo3ep-
HocTu (OYM) BHYTpM cement Fs Chinese Spring x 84/98%.

O - nuHwia 84/98"; X — Chinese Spring; ¥, +, A — cembu F5 CSx 84/98".
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The development of a new bread wheat genotype
carrying two loci for endosperm softness

A.V. Simonov, A K. Chistyakova, E.V. Morozova
L.V. Shchukina, A. Borner, T.A. Pshenichnikova
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Crekn. - cTeknoBMAHOCTb; UM — anameTp yacTmL MyKu.

MokazaTenu TBep03epHOCTUN 1 AaHHble anbBeorpada y oTobpaHHbIX CynepMArko3epHbix ceMeli (nonesas Beretauus)

TexHonormnyecknii nokasaresnb JInnua 84/98“*  Chinese Spring
CTEKHOBMHOCT b % ............................... 5 0 5 ......................... 5 0 ..................
ﬂmaMeTp qacm u MyK ,,. MKM .................. 145 ......................... 14 7 ...............
CVmaMYKMW_ .............................. 5 21 ................
ynpyroc-rbTec-raP_ .............................. 5 28 ...............
paCTHMMMOCTbTQCTaL_ .............................. 3 3 ...................
oTHomeHmep/L_ .............................. 16 .................

*TennnuHbii ypoxali.

Oy/1y4u TOMO3UTOTHBIMH HOCUTEIISIMU PELIECCUBHBIX aJUICIICH.
[aiee atu pacteHus He oTOupanu. Bropas rpymnma pacteHwii
¢ JIUM oxono 13 mxm Ha ypoBHE 84/98"Y nmuHNM 0OHApYXH-
BaJia OOJIBIIYI0 M3MEHYMBOCTD 110 CTEKJIIOBUJHOCTH — OT 25
10 96 % (obo3HaueHb! «A»). Tpersst Tpynma (0003HaUeHa
«*») TOXKE MMeJ1a BBICOKYFO M3MEHUHBOCTD 110 CTEKIIOBH/IHO-
ctu, ot 0 10 83 %, a 3Hauenus: J[UM kosnedasnuce B mpeaenax
11-19 mxM. Cxopee Bcero, 3TH CeMBH MPOU3OIILIN OT TeTe-
PO- ¥ AMTEeTEPO3UTOT 110 TeHaM fHa u Ha-Sp cOOTBETCTBEHHO.
W3 BTOpOW M TpeTheil rpymni oTOMpaiy CEMbH C HAUMEHb-
MIMMHU TOKA3aTeIsIMA CTEKJIOBHIHOCTH M TBEPJIO3EPHOCTH
(puc. 4), B KOTOPBIX BEPOSITHOCTD BBIJICTICHHSI TOMO3UTOT ObLIIa
Oomble.

[Toromku HanboIee MATKO3EPHBIX PACTEHUH B 3HAUNTEIb-
HOH 9aCTH OKa3bIBAINCH 03UMBIMH. O 3aTpyIHECHHON PEKOM-
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Fg Fg Fg Fe
........... 15543373175
........... ”5106”21200
........... 6 70683766422
........... 5 06567624347
........... 5 53536536
........... 0 92162171096

OMHAIIMY MHTPOTPECCUPOBAHHON XPOMOCOMBI C XPOMOCOMOI
5A nmeHnIsl y tuopunoB ¢ auHAEH 84/98% coolmmanocs B
npensirymux padorax (CumoHoB u ap., 2009; Pshenichnikova
et al., 2010; CumonoB, ITiennynukosa, 2012). Do cyxano
mosie 11t otOopa. Ha puic. 4 mpuBeneHa nmoHas cxema 0T00-
pa CynepMsrko3epHBIX PaCTEHHH, KOTOpast MTOKa3bIBAET, YTO
Bech 0TOOp Oepet Havasio ot ogHoro u3 200 nepBoHAYaIBLHO
BBIPAILCHHBIX pacTenui F,.

K HacTosiieMy BpeMeHH U3 TOTOMCTBA MO3/THUX MOKOJICHHUH
ruOpu0B MydyHUCTBIX 00pa3uoB Chinese Spring x 84/98Y
BBIJICJICHBI JIMHUHU C OYSHb MATKO3EPHBIM MYYHHCTBIM HJI0-
CIIEPMOM 3€PHOBKH, CTEKJIOBUIHOCTBIO MeHee 50 % u [JTUM
10—12 mxM (cM. puc. 4). DTu CBOICTBA COXPAHSITUCH Y TMHUN
B TTOJICBBIX M TETUTHYHBIX yCIOBUAX. [I[pOBEICHBI MCTIBITAHUS
(u3rdecKux cBOMCTB Tecta y munuil F—F; Ha ansseorpade.
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DTy TUHUM UMEIOT OUY€Hb HU3KYIO CHITY MYKH: 0T 42 110 76 ef.
anpBeorpada (tabmuma). I KOHAUTEpCKUX m3mennui (Te-
COYHOE TICYCHbE, NPSHUKH, ONCKBUTHI) MPEANOYTHTEIBHO
HCIIOJIb30BaHUE UIMEHHO TAKOH MYKH, 6€3 TPUMEHEHUS XUMHU-
yeckux pasperximteneit (Pefia, 2002).

O6cyxpeHue

B nacrosmiee Bpemst 1okyc Ha-Sp — €TMHCTBEHHBIN H3yUYeH-
HBIM PUMEp HHTPOTPECCHH F'eHa MATKO3EPHOCTH 3HI0CTIEpMa
B MSTKYIO TIIEHUILY OT AUKOro copoanya. B Hameii paGore
BIIEpPBBIE OOBbEANHEHBI B OJTHOM T€HOTHUIIE JBa TOMEOAILIEIb-
HBIX T€HA, ONPEJIENIIONNX XapaKTePUCTHKN dHI0CTIepMa
3€PHOBKH, M U3yUeH UX COBMECTHBII A3 (eKT Ha MyKOMOJIbHbIE
ToKazareny — CTeKIIoBUAHOCTE U JIUM. [1o oTnensHOCTH TeHBI
BBI3BIBAIOT (POPMHUPOBAHHE 3€PEH C MATKUM ITOTYCTEKIOBH/I-
HBIM SHAOCIICPMOM 1 JOCTATOYHO HU3KHUM JUAMETPOM YaCTHUI]
Myku. HecMoTps Ha TO, 4TO TOMUHAHTHBIH ajliens JIoKyca Ha
obecrieunBaeT MATKO3epHOCTh, BapHaOEIbHOCTh MO CTEKJIIO-
BUJIHOCTH MOXKET YXYAIIATh TEXHOJIOTMYECCKUE CBOMCTBa MYKH
JUISL KOHAUTEPCKUX U3/1eNIUil. DTO BBI3BIBAET HEOOXOAUMOCTh
MPUMEHEHNST XUMHUYECKHUX J100aBOK JJIsI IOCTHKEHUS BBICO-
KOTO MOTPEOUTENILCKOTO KAa4yeCTBAa KOHIUTEPCKUX W3/IEINH.
OXuIanocek, 9To THOpUABI TUHUU 84/98Y ¢ MATKO3EpPHBIM
00pa3IoM MIIEHUIIBI MOTYT JaTh 00iee MyYHHCTOE U MATKOE
3epHO BCIIEACTBHE B3aUMOACHCTBUS ABYX JIOKYyCOB, Ha-Sp u
Ha. JleicTBUTENBHO, €CIM U3MEHUYUBOCTD CTEKIOBUIHOCTH
P MOHOTHOPHHOM CKPEIIMBAHUH C yYaCTHEM T'€Ha JIOKY-
ca Ha-Sp Haxoauiacek B mpefeiax poIuTenbecKux Gpopm, To
MpU JUTHOPUIHOM CKPEIIMBAaHUU JHANa30H U3MEHUYNBOCTH
ObUT OYEHb HIMPOKHUM. BcenencTBre B3aMMOICHCTBUS JIBYX
nokycoB, Ha-Sp v Ha, BblieleHbl CEMbU PAacTEHUH CO CTe-
KJIOBUIHOCTBIO 3epHa MeHee 50 %, 6osee MydHHCTOTO, 4eM
y ponuteneil. B nanpneiiimemM oTOMpany TOIBKO CEMBHU C
caMol HU3KOM CTeKJIOBUIHOCTHIO. K 11ectoMy-BocbMOMYy 110-
KOJICHHIO OBUTH BBIACIICHBI JINHUY C Y3KOH BApHaOEIbHOCTHIO
KaK MO CTEKJIOBUIHOCTH, TaK U MO JJMAMETPY YacCTHI] MyKH,
CYIIECTBEHHO OTIMYAIOIINECS OT POUTENEH 110 JaHHBIM I10-
KazaTelsM (puc. 5). DTo MOATBEpKAaeT MPUCYTCTBHE 000X
MCXOJHBIX JIOKYCOB MAT'KO3€pHOCTH B T€HOTHIIE JIMHUH, KO-
TOpBIE ASHCTBYIOT Ha MIPOSIBJICHUE MTPU3HAKa aiquTHBHO. Kak
MOKa3aJl TEXHOJIOIMYECKUH aHaIN3 3€pHA JIMHUHI TEIIMYHON U
TIOJICBOH BereTanuii, OHO CTAOMIIBHO COXPAHSIET 3TH CBOMCTBA.

Takum 06pa30M, HaMHu IOJYYCHbI JIUHUNU C HOBBIMHU IJIsA
MSATKOW MIIEHUIBI CBOMCTBAMHU 3€pHA U MyKH. MyKy Takux
TEHOTHIIOB MO>KHO MCIIOJIB30BaTh KaK HEMOCPEICTBEHHO JIS
IMPOU3BOJACTBA KOHAUTCPCKUX I/I3}16.HI/II>1, TaK U B Ka4CCTBC
YAY4IIATEIS] KOHAUTEPCKUX CBOMCTB MYKH XJ1€00IIEKapHOTO
Ha3Ha4YeHHs. JTO TO3BOJMT M30€XKaTh agaNTalldH CHIPbS B
MIPOM3BOJCTBEHHOM IPOIECCE MyTEM BHECEHUS PAa3IUYHBIX
XMMHYECKUX JJ00aBOK, B YACTHOCTH XMMUYECKUX PA3PBIXIIH-
Teneil. B HekoTophIX cTpaHax, Harpumep B Kanane, 3epHo ¢
TaKUMU MIOKa3aTeJIAMU MMPEACTABIIACT OTJIeJ'IbeIﬁ TOBaprIﬁ
knacc (Canadian Grain Commission..., 2015).

[Tpumepom UCTIONB30BaHUS TEHETHUCCKUX MaHUYIISIAN
JUIS CO3JIaHMsI HOBOM 3J1aKOBOH KYJIBTYpBI C PACIIMPEHHBIM
KPYTOM KOHEYHOTO TE€XHOJIOTHUECKOTO HAa3HAYEHUsS 3e€pHa U
MYKH{ CIIyXHT TOJIydYeHHEe MATKOW Pa3HOBHIHOCTH MIICHU-
st 7. durum (Morris, Fuerst, 2013) myTem BBeICHHUS JIOKyca
MSATKO3EpHOCTH 3HJ0cnepMa Ha U3 XpoMocoMbl 5D MsATrkon
MIICHALBI. DTO TO3BOJISIET TENEPh MCIIOIB30BATh TBEPAYIO
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Puc. 5. smerunsocTtb UM 1 cteknosuaHocTn cpean nunuii Fg Chinese
Spring x 84/98" B cpaBHEHUW C POAUTENAMMN.

O - nuHuia 84/98"; X — Chinese Spring; & — pacTeHus Fg CS x 84/98".

TIIEHUILY IS TPOM3BOJICTBA HE TOIHKO MAKapOHHBIX U3/IEITHH,
HO ¥ Pa3JIMYHBIX BHJIOB XJe0a.

3HauMTeNbHAS BApUAOEIBHOCTH 110 CTPYKTYPE SHAOCIEp-
Ma 3epHOBKH MSTKOM MIIEHUIIbI, KOTOpas 00HAPYKUBACTCS
TOJIBKO Y 3TOTO BHUJIA 3TAKOBBIX, IMECT OOJIBIIIOC 3HAUCHIC B
pa3Hl/I‘1HI)IX KyJ'II/IHapH])lX U TCXHUYCCKUX LCIAX. HOJ’Iy‘-IeHH])IC
JIMHHUH, BO3MOYKHO, MOT'YT CITYKUTb TEXHUUECKUM ChIPEM ISt
mpou3Bo/ICTBa OrodTanona. B Benukobpuranuu, Harpumep,
JUTS OTHX LIEJICH CYIECTBYET CIICIHATbHOC CEJICKIIMOHHOE Ha-
npasnenne. OHO HAIlEJICHO Ha CO3/[aHNe COBPEMEHHBIX BBICO-
KOYPOXKAMHBIX COPTOB MIICHHUIIBI IS AUCTUIUISIINN CIIUPTHBIX
HAIMKUTKOB U Tmoiy4deHus: ouosranoia (Kindred et al., 2008;
David et al., 2015).

Co3/1aHHBIN HAMU TEHETHYECKUI MaTepHa MOYXKET ObITh UC-
I10JIB30BaH U B (byH[laMeHTaﬂbeIX HCCJIICJOBAHUAX B KAUCCTBEC
MOJIENN B KCIIEPUMEHTAX 10 M3YyUYeHUIO (yHKIIMOHAIBHOMN
aKTHBHOCTH TOMEOAJIENBHEIX T€HOB B CIOKHBIX ITOJIUTIIO-
WJIHBIX TEHOMAaX PacTeHUM.
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O11eHKa JIMHUI CUHTeTNUYEeCKOM IIIIeHUIIbI
(Triticum durum/Aegilops tauschii) 110 BereTalilliIOHHOMY
IIeproay U YCTOMUMBOCTY K OO/Ie3HAIM

B.IL. lllamanuu! @, VI.B. TToronxkas!, C.C. lllerreaes!, B.E. IToxepykosal, A.IO. Tpymenko!, A.C. Uypcun!, A. V. MopryHos?

T ®epepanbHoe rocyapcTBeHHOE 60AKETHOE 06Pa30BaTENbHOE YUpeXAeHMeE BbICLIEro 06pa3oBaHNa «OMCKIIN FOCY4apCTBEHHbIN arpapHbIi
yHusepcuteT um. [.A. CtonbinmHax, Omck, Poccna
2 MpeacTtaBUTENnbCTBO MeXAYyHapPOAHOTO LIeHTPa MO ynyuLleHnio KyKypy3bl v nweHuubl (CIMMYT), AHkapa, Typuuna

K npropuTeTHbIM HanpaBneHNAM pa3BUTUA PacTeHEBOACTBA B
Poccnn oTHOCATCA pocT BaloBOro NPOvn3BOACTBA 3€PHA MLIEHNLbI

1 NOBbILWEHNe CTabWNbHOCTU ypOoXKasA Mo rogam. YpoxaHOCTb 3epHa
KOMMEepYEeCKMX COPTOB 3HAUMTENbHO BapbUpyeT 13-3a rPOMaZHbIX
noTepb OT BO3AENCTBNA HebnaronprATHbIX GOTUYECKNX 1 abnoTnye-
cKkux pakTopos. MoBblLEHME YCTONUYNBOCTM K CTPECCOBBIM daKTopam
CO3/4aBaeMbIX COPTOB MATKOW MLLIEHULIbI MOXeT ObITb AOCTUIHYTO 3a
CYeT NpUBReYEHUA B rMOpMAM3aLIMI0 BCEro pasHoobpasuns reHeTnye-
CKUX pecypcoB 6n13KopoACTBEHHbIX BUAOB 1 pofoB. [peacTaBneHbl
pe3ynbTaTbl EHOTUMMNYECKOW OLLEHKM IMHWI reKcaniongHoOM CUHTe-
TNYECKON MiweHnubl, co3gaHHbix B CIMMYT ckpelurBaHmnem copToB
TBEPAON NnwweHnubl cenekunm CenekLMoHHO-TeHeTUYECKOTrO NHCTUTY-
Ta (r. Opecca, YkpanHa) n copta Pandur n3 PymbiHum (T. durum Desf.,
reHoMm AB) ¢ Ae. tauschii Coss. (reHom D), a Takxke 15 NVHWUIA CUHTETU-
YecKoW nweHnLbl cenekummn Knotckoro yHmuBepcuteta (AnoHusa), no-
NYYEHHbIX CKpeLYMBaHeM copTa TBepaon nweHmubl Langdon (CLLUA)
¢ dopmamu armnonca pasfiMyHOro SKONOrMYeCcKoro NPONCXOKAEHNA.
WccnepoBanua nposefeHbl B 2016 1. Ha onblITHOM none OMCKOro rocy-
[apCTBEHHOrO arpapHoOro yHMBepCuTeTa B YC/IOBUAX IOXKHOW necocTe-
nv 3anagHoin Cnbrpu. Mexay CUHTETKaMK BblSBIIEHbI FeHOTUMYe-
CKM1e pas3nmnuma no NPOAOCIKUTENbHOCTY NEPUOAA KBCXOLbl—KOMOLLEe-
HMe» 1 MO YCTONUMBOCTY K 6onesHAM. Hanbonee ckopocnenble MHUN
oTMeYeHbl B rnbpraHon kombuHauun Aisberg/Ae.sq.(511). TnbpugHoie
KombuHauun Ae.sq.(369) ¢ coptom TBepAol nweHuubl Aisberg, Ae.sq.
(310) c coptom Ukr-Od 1530 1 Ae.sq.(223) c coptom Pandur xapakre-
PU3YIOTCA KOMMIEKCHOW YCTOMUYMBOCTBIO K rPUGHBIM 60ne3HsaM. B Le-
JIOM BapbypOBaHMe CTerneHy NopaX)eHna NNMHUIA pPKaBUNMHON Obino B
npepenax ot 5 go 70 %, myyHucTom pocoit — oT 10 go 90 %. BoigeneHsl
JIMHAW C BbICOKOW KOMMJIEKCHOWN YCTONYMBOCTbBIO K MyYHNCTOW poce,
6ypol 1 cTe6NEBON pXKaBUMHE, MOMYUYeHHble CKpeLYnBaHeM CopTa
Ukr-od 1530.94 ¢ Ae. tauschii (392); (629); (1027); (1031) v nuHuin
Langdon/Ku-2074; Langdon/Ku-2075; Langdon/Ku-2100; Langdon/
Ku-2079. BoigeneHHble Mo KOMMAEKCY LeHHbIX MPU3HAKOB JIMHUMW CUH-
TETVKOB MLIEHWLbl NPEACTaBNAT MHTEPEC B KaUeCTBe NCXOLHOMo
mMaTepuana Afia cenekuMOHHbIX MPOorpamm.

KnioueBble cfioBa: CMHTeTMYeCKan NiueHnLa; GeHOTMNMPOBaHNE;
BEreTaLIOHHbI Nepurog; 6ypas 1 cTebneBasn pkaBUriHa; My4YHUCTan
poca; yCTONUMBOCTb.

Evaluation of synthetic wheat
lines (Triticum durum/Aegilops
tauschii) for vegetative period
and resistance to diseases

V.P. Shamanin! @, L.V. Pototskayal, S.S. Shepelev!,
V.E. Pozherukoval, A.Yu. Truschenkol,
A.S. Chursin!, A.I. Morgunov?

T Omsk State Agrarian University named after PA. Stolypin,
Omsk, Russia
2 CIMMYT-Turkey, Ankara, Turkey

The growth of the total wheat production and increase
of yield stability from year to year are some of the pri-
orities of agriculture in Russia. The yield of commercial
varieties significantly diversifies due to huge losses of
their potential under the influence of negative biotic
and abiotic factors. Increase of resistance to stress
factors in the emerging varieties can be achieved by
utilizing the diversity of the genetic resources of relat-
ed wild species and genera in crosses. The results of

a phenotypic evaluation of the synthetic hexaploid
wheat lines of CIMMYT breeding created by crossing
durum wheat varieties from Institute of Breeding and
Genetics (Odessa, Ukraine) and variety Pandur from
Romania (T. durum Desf.,, AB genome) with Aegilops
(Ae. tausshii Coss., D genome), and also 15 synthetic
wheat lines of Kyoto University breeding (Japan)
created by crossing durum wheat variety Langdon
with different ecological forms Aegilops are presented.
Research was performed on the experimental field of
Omsk SAU under conditions of southern forest-steppe
of West Siberia in 2016. Between synthetics, there was
revealed a genotypic difference in the vegetative peri-
od duration and resistance to diseases. Lines of hybrid
combination Aisberg/Ae.sq.(511) were characterized
as the most early-maturity genotypes among the lines
studied. The hybrid combinations Ae.sq.(369) with va-
riety Aisberg, Ae.sq.(310) and Ukr-Od 1530, Ae.sq.(223)
and Pandur are characterized by complex resistance to
fungal diseases. Most of the lines demonstrated high
and moderate resistance to rust fungus, severity rang-
ing from 5 to 70 % and severity of powdery mildew
being 10-90 %. Lines derived from variety Ukr-Od
1530.94 and accessions Ae. tauschii (392); (629); (1027);
(1031) and lines Langdon/Ku-2074; Langdon/Ku-2075;
Langdon/Ku-2100; Langdon/Ku-2079 are character-
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ized by complex resistance to powdery mildew, leaf
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and stem rust. The synthetic lines with a complex of
economically valuable traits present interest as an
initial material for breeding programs.

Key words: synthetic wheat; phenotyping; vegetative
period; leaf and stem rust; powdery mildew; resistance.
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armagaass CUOMpPh — OAWH W3 BaKHEHITUX MHUPOBBIX
PETHOHOB TI0 IIPOU3BOICTBY MIICHHUIBI U 00ECIEYECHHUIO
IIPOJIOBOJIBCTBEHHON 0€3011aCHOCTH HACEJICHUs 3eMIIH.
JlanbHelilee NOBBILIEHUE YPOKAHHOCTH MIIEHULBI B MUPE
YCIIOXKHSCTCS TeHICHIIMEeH N3MEHEHHMS KITMMAaTa, Ierpagaieit
3eMellb, 0Tepeil MI0M0POIUS TIOYBBI U IOSIBJICHUEM HOBBIX
BHPYJCHTHBIX pac Bo30ynuTenei 6onesneit (Climat...,2011).

B nepuon ¢ 2011 o 2016 r. Poccuiickas ®enepauus sKc-
nopruposaia B cpefHeM 17.9 muH T mmenunst B rog (http:/
faostat.fao.org). IlomoxuTenpHas SKCTOPTHAS AWHAMHKA
meHnIs B Pocenu, 0e3yciioBHO, cBsi3aHa ¢ BHEAPCHUEM B
MIPOU3BOICTBO HOBBIX, OOJIEE MPOIYKTHBHBIX COPTOB. OIHAKO
YpOXKaiHOCTh KOMMEPYECKHX COPTOB 3HAUUTEIBHO BAPBU-
pYeT 1o rojaM 3a CY4eT OIPOMHBIX IOTEph MX IMOTEHIHAa
T0/1 BJIMSIHMEM HEOJIarONpUSsITHBIX YCIOBHUH, MPEXK/IE BCETro
13-3a 3aCYXH U MOpaKeHHUs 00JIE3HAMH, B YaCTHOCTH OypOi,
cTeOJIeBOH PrKaBUMHON U MyYHUCTOH pocoii. Exkeronnsre no-
Tepu ypoxkast Mmoryt gocturatbk 3040 % u 6osee (Shamanin,
Morgunov, 2009). Yrpo3a NpoOHUKHOBEHHUS HAa TEPPUTOPHUIO
Poccun BupynentHo#t pacel Ug99, Bo3OyauTens creOneBoit
PKaBUMHBI, ¥ aKTHBHBIA (OpMOOOpa30BaTENbHBII MpoIecc
B IOIYJSIUAX MAaTOTEHA TAKXKe HECYT CEPhE3HYIO YIpo3y
MIPOM3BOJICTBY 3€pHA IMIIEHUIIBI, TOCKOJIbKY I'€Hbl YCTOWYH-
BOCTH K CTEOJIEBOI p)KaBUMHE TEPSIOT CBOO () (HEKTUBHOCTD
(lamanwus u ap., 2012, 2016; Shamanin et al., 2016).

CuHTeTHYECKUE MIICHUIBI C NMPUBICUCHHUEM TeHETHYe-
CKOTO MoTeHIMaNa Aegilops tauschii MIUPOKO UCTIONB3YHOTCS
B CEJIEKI[MOHHBIX IPOTpaMMax, U4TO CIIOCOOCTBYET CyIle-
CTBEHHOMY PACHIMPEHHUIO TCHOTHIHYECKOTO Pa3sHOOOpasus
MCXOJIHOTO Marepualia 1 NoJIy4YeHUIO HOBBIX (JOPM IMIICHHIIbI,
YCTOMUYUBBIX K OMOTHYECKHM U aOMOTHYECKHM CTPECCAM.
CHHTETHKH CITy’KaT KakK ISl COXPaHeHHMs, TaK 1 JUIsl HCTIOJIb-
30BaHMsI FeHO(OH/1a TMKKX COPOIUUEH B CENIEKIINH MIICHUI[BI
(Mujeeb-Kazi et al., 2008; Trethowan, Mujeeb-Kazi, 2008;
Ogbonnaya et al., 2013).

OOBIYHO CHHTETUKHU MOJYYaIOT MYTEM MCKYCCTBEHHOTO
CKpemuBanus TBepaoi mmeHuns! (7. turgidum ssp. durums
2n =28, AABB) c srunoncom Tayma (A4e. tauschiiy 2n = 14,
DD), nonopa D reHoma rexcariouanoi neHuns! (1. aesti-
vum; 2n =42, AABBDD) n nmocnemyromero yaBoeHHs Ynciia
XPOMOCOM, 1 JIUIIH HEOOJBIIIOE YUCIO CHHTETHKOB CO3IAI0T
¢ yuactueMm 1. dicoccoides v T. dicoccum (Ilepimna, 2014).

I'uOpuu3arust Mexly CHHTETHYECKIMHU TeKCarIon aMu
1 MATKOH (TeKCaruIonIHOH) MIIeHUIEeH n3-3a paBHOTO YHC-
Jla XpOMOCOM OCYIIECTBIISICTCS JIerue, 4eM CKpelIMBaHNe
MSATKOW TIIEHHUIBI C JUIUIOWIHBIMU U TETPAIUIOUAHBIMHU
JIMKOPACTYIINMH BUIaMH, YTO TIO3BOJISIET TTOYYaTh LICHHBIC
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PEKOMOMHAHTBI M OTOMPATh TEHOTHUIIBI C MOJE3HBIMHU arpo-
HOMHUYecknmu cBoiicTBamu (Qi et al., 2007).

Haunnas ¢ CCPCANHBI BOCBMUANCATBHIX I'OJA0B ITPOULIOTO
cToNeTHs OBLTO MOy4YeHO 1Mo BceMy mupy Oomee 1500 popm
CHHTETHYECKOH IIICHUIILI, B ToM urciie 900 Ha ocHOBE Ae. tau-
schii. Ienerndeckoe pasHooOpasue reaoma D Ae. tauschii
HAMHOTO BbIIIIe cyOreHomMa D MSTrKoii MIIIeHHUIIbI, B Y4CTHOCTH
10 YCTOWYUBOCTHU K OCHOBHBIM JIICTOBBIM OOJIC3HSIM H BPEITH-
TeIsM, OMoXuMHUYeckoMy coctay 3epHa (Dvorak et al., 1998).

B ceneknnoHHBIX TporpamMmax Ae. tauschii paccMaTprBa-
€TCs KaK MePCIICKTHBHBIA HCTOYHUK 000TaIICHUS KYIBTYPHON
NMIEHUNIbI TAKUMH CCICKIUOHHO-IIECHHBIMU MPU3HAKaAMU,
Kak BbIcOKHEe «Macca 1000 3epen», «IpOoayKTUBHOCTD IJIaB-
HOTO KOJIOCa», «3aCyXOyCTOHYHBOCTHY» U «BBICOKOE KaueCTBO
3epHa» (Ogbonnaya et al., 2005; van Ginkel, Ogbonnaya,
2007). Pe3ynsraThl HCCTIEIOBAHMI [TOKA3AIIH, YTO ITOTyICHHBIC
JIMHHAY TeKCATUTONTHOW CHHTETUYECKOU MIIICHUIIB! 00T Jaf0T
YCTOIYMBOCTHIO KO MHOTUM a0MOTHUECKUM CTpeccaM (3acyxe,
BBICOKHM TEMIIEpaTypam, 3aCOICHHOCTH MOYB), OHU XOPOIIIO
aJanTHPOBAIIICH TI0 BCEMY MHPY, 0COOCHHO B 3aCyIUINBBIX
ycnosusix (Gill et al., 2006). [IppopuTeTHBIM HallpaBIeHHEM
B CEJICKI[MH IIICHHIIBI SBIISIETCS YBEIHMUCHNE YPOIKAHMHOCTH
1 JIEMEHTOB MIPOIYKTUBHOCTH CHHTCTUKOB. [10ITy4eHBI CHH-
TETUYCCKUEC MIICHUIBI C BBICOKUMHU MTOKa3aTCJIsIMU MPOAYK-
TUBHOCTH IJIABHOTO Kojtoca, Macchl 1000 3epeH, O0IBIITNM KO-
JUYECTBOM MPOAYKTHBHBIX PACTCHUH C CIUHHIIBI TUTOIIAIH
(Cooper et al., 2012; Cooper, 2013).

TpaauioHHAasI CTpaTeT st UCTIOIb30BAHMS CHHTETUUECKIX
MIICHUI] B CEJCKIMH MOApa3yMeBacT MajdbHEHIee CKpe-
IUBAHUE CUHTCTUKOB C JIYUIIMMH adallTUBHBIMU COpTaMHU
MIIEHUIBI C TTOCIEIYIONMMH OEKKPOCCAMH M MOTyUYeHHEM
CHUHTETUYECKUX OEKKPOCCHBIX JIMHUH MIIEHUIIBI C IECHHBIMHU
pexomMOuHausiMu OT joHopa reHoma D (Mujeeb-Kazi et
al., 2000; Mujeeb-Kazi, Delgado, 2001). Kak mpaswuio, s
CHHTETHKOB Ha OCHOBE 7. durum JDOCTaTOYHO OJHOTO-JIBYX
OEKKpPOCCOB JIJIsl ONYUYCHHUS! JIMHUI C JKeJTaeMbIMHU arpoHO-
mudecknmu npusHakamu (Trethowan, van Ginkel, 2009).

B nacrosimee Bpems TpeOyroTCsl TalbHEHICe CCKBEHU-
POBaHNUE I'CHOMA CUHTCTUYCCKUX MIICHUII, l/IZleHTI/l(bI/IKaLlI/IH
MOJIE3HBIX TEHOB B repMoIuiasme Ae. tauschii ¥ uxX UHTPO-
JIYKIUSI B TCHOM MSITKOM MIIEHUIIBI, & TAKIKE COBEPIICHCTBO-
BaHHUC CTPATCIruu HCIIOJIb30BaHUSA CUHTCTUYCCKUX IMIICHUIL
B CEJICKIIMOHHBIX ITpOrpaMmax. B cBsi3u ¢ 3TUM peanu3aius
OTPOMHOTO T'eHETHYECKOTO MOTEHIIHATA, KOTOPBIM 00JIa1at0T
CHHTCTHYCCKHUC INIICHUIBI, BO MHOT'OM 3aBHUCHUT OT TIIATCIIb-
HOTO M3y4YeHHs] (PEHOTUIIOB CHHTETHKOB B Pa3HBIX IIOYBEHHO-
KJIMMAaTHYECKUX YCIIOBHUSX.
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OueHKa NMMHUI CUHTETUYECKOW MLIEeHNLbI
(Triticum durum/Aegilops tauschii) B 3anagHoi Cubupu

I_Ieﬂl) Halumx I/ICCJ'le[lOBaHI/lﬁ — OLCHUTH U BBIACJIUTH HAU-
Oosee HEHHBIEC JIMHUH T'eKCAIIONTHOW CHHTETHYECKOH IIie-
HUIBI ¢ TEHOMOM Ae. fauschii a7t CeJIeKINU B YCIOBHAX
3anaanoit Cubupwu.

MaTtepwuanbi n metogbl

Ha onbitHOM mosie Omckoro I'AY B 2016 1. mpoBeaeHO U3-
y4EHHE JTUHHUHA TeKCaruIOMJIHOM CHHTETUYECKON MIIEHUIIBI
cenekmu CIMMY T (mutomunk 16-SYNT-PYT), cozmanHbIxX
CKpPEIMBAHUEM COPTOB TBEPAOH MIICHUIIBI ceneknnuu Cenex-
IIHOHHO-TeHeTH4YecKoro nHeTtuTyTa (T. Onmecca, YkpanHa) u
copra Pandur (Pymsraus) (Triticum durum Desf., renom AB)
¢ arunonicom Tayma (Aegilops tauschii Coss., syn. Aegilops
squarrosa,renoM D), a Taxke 15 TUHMI CHHTETHYECKOM TTIITe-
HUIBI ceneknun Knorckoro ynusepcurera (Smonust), momy-
YEeHHBIX CKPEIIMBaHUEM copTa TBepoH numenunp Langdon
(CIIA) ¢ hopmamu 3THIONCA PA3TMIHOTO YKOIOTHIECKOTO
npoucxoxkaeHus. Beero usydeno 126 nuHuit.

Kaxxayro 1MHUIO BBICEBAIHU IO OAHOMY TOTOHHOMY METDY,
yepe3 MsATh HOMEPOB MOOYEPEAHO pa3MeIlalyd KOHTPOIb
Ne 1 (cpennepannuii copr [lamsitn A3znesa) n koHTposb Ne 2
(cpenuenosauuii copt CepebOpucrast).

B TedyeHnne Bereranuu pacTeHHWA MPOBOIMINA (PEHOIOTH-
YecKHe HaOIIOACH!SI, UMMYHOJIOTHYECKYIO OLICHKY CTEIIEH!
U TUIIA YCTONYMBOCTHU pacTeHUH (B JMHAMUKE, HE MEHee de-
TBIPEX-TISITH YYETOB) IO CIEAYIOIINM OONE3HSIM: MyYHHCTOH
poce — 110 00IenpHHATOH MeToarke (3axapeHko u 11p., 2000);
Oypoii, cTeOeBOl pHKaBUMHE M CENTOPHO3Y — 10 MEXK/TyHa-
poxnoii mxane CIMMYT (Koiimmbaes u ap., 2014). Pacuer
TUTOIIA M 1101 KPUBOH pa3BUTHsI 00JI€3HN (MyYIHHCTOMH POCHI,
Oypoii u crednesoii pxaBunHsl), [IKPB, npoBoxumu no Metoy
Jlxoucona n Bunkuncona (Couanosa, JInxernxko, 2011).

Ha ocuose [TKPB onpenensimu naaekc ycroiunsocta (1Y)
COPTOB TIIEHUIIBI K OCHOBHBIM martoreHam (/Ipskos, 2003)
o opmyre:

ITIKPb

copra

~ TIKPB '

KOHTPOJIsL

ny

Ecnu unnexc naxogures B npegenax 0.10-0.35, copt cuu-
TaeTcs BBICOKOYCTOWYHBBIM, 0.36—0.65 — cpenHeyCTOHUUBBIM,
0.66—0.80 — cmaboycroiunBeM, 0.81 — BOCIPHIMYUBBIM.

JloCTOBEpPHOCTD Pa3IN4Mil OT CTAaHAAPTHOTO COpTa, Kod(d-
(unmeHTH Bapuanum paccuuTbiBain no meroauke b.A. Jlo-
cnexoBa (1985) ¢ ucronms3zoBanuem nporpammsl Excel.

Pe3ynbtatbl

Bereranuonnsblii nepuoa. /lanHble 10 BApbUPOBAHUIO I1E-
pHOIa «BCXOIBI—KOJIOMICHHUE Y JIMHUI CHHTETHYECKOH ITIIe-
HUILBI TPUBCICHBI B Ta6ﬂ. 1. HOJIy‘leHH]:le PE3YJIBTAThI ONIbITA
CBHJICTEIBCTBYIOT O TOM, YTO MO IPOIOKUTEIBHOCTH MEK-
(hazHOTO TIEpHONA «BCXOABI—KOJIOUICHUE», KOTOPBIH TECHO
KOppeJMpyeT ¢ 00IIel UIMHON BEreTallMoHHOTO TepHoJIa,
MEKAY JUHUSIMA BHYTPH KaXKI0H rMOpHIHON KOMOMHAIINT
OBUTH CYIIIECTBEHHBIC PA3ITHUMSL.

Koa¢dumueHt Bapuanui B pa3iddHbIX KOMOUHAIIHIX
CKpenBaHus cocTapisin ot 3.1 10 15.9 %. B menom o Bcem
WCTIBITAaHHBIM JIMHUSIM BapbUPOBAHKE IAHHOTO ITepro/ia ObLITO
B npefenax oT 35 1o 68 cyT. BeiieneHsl TMHUN, Y KOTOPBIX
MIEPHO]] «BCXOABI—KOJIOIIEHHUE)» COOTBETCTBOBAJ 3a1aIHOCHU-
OMPCKHUM cOpTaMm sIPOBOH MATKOM IMIIICHHIIBI — OT CpeTHEPAH-
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Hero tuna (cranaapt I[lamsatn Asuesa) 10 CpeHENO3JHEro
(cranmapt Cepebpucras). Copra mo3mHecmenoro tuma (0osee
44 cyT) B 3amagHoit CHOMPH HE BO3MCITBIBAIOTCS, TAK KaK OHH,
MIPEUMYIIECTBEHHO, HE CO3PEBAIOT 10 HACTYIUIEHUS PaHHUX
OCEHHHX 3aMOPO3KOB. B CBS3M C 3TUM CHHTETHYECKUE IMHUT
C MO3/THAM TIEPHO/IOM BBIKOJIAIIMBAHUS MOTYT TIPE/ICTABIISAT
CEJICKIIMOHHBII MHTEPEC TOJIBKO KaK HICTOUHUKH JAPYTUX MTPHU-
3HAKOB: «KAaUeCTBO 3€PHAY, KYCTOHUMBOCTH K OOJIE3HIM» U JIp.

OTMeueH MoaMMOpHHU3M MEXIy CHHTETHKAaMHU, OITy4YeH-
HBIMH OT pa3inuHbIX opM Ae. tauschii. OcoOeHHO 3HAYNMOE
BIIMsIHUE TeHOMa D ripociexnBaeTcst B KOMOMHAIIUSX C COPTOM
TBep0ii muenunsl Aisberg. Hanpumep, tnanm B KoMOnHamm
JaHHOTO copTa ¢ hopMoii Ae.sq.(511) umesu IPoOIOIHKUTEIb-
HOCTb IIEPHOJIa OT BCXO/IOB JI0 KOJIOIICHHUS HA YPOBHE CpE/IHE-
pannero cranjgapta [lamstn Asuesa (35-38 cyt). Jlunun,
MOJTyYEHHBIC OT CKpeluBanus Aisberg ¢ popmoii Ae.sq.(369),
HA000pOT, OKA3aJIMCh OYCHDb MO3HECHENBIMH, C TIEPHOIOM
«Bcxonpl—KkonoueHue» ot 51 10 59 cyt. [lonyyennsle naHHbIE
CBUICTENILCTBYIOT O CYIIECTBEHHOM BIMSHUM reHoMa D Ha
MPOJOJIKUTENBHOCTD TIEPHOJA «BCXOABI—KOJIOIICHHE).

Ha ocnose copra Ukr-Od 1530.94 monmy4ens! uHMN U3
ISITH THOPHTHBIX KOMOMHAIHMH, B KOTOPBIX y4acTBOBAJIU pas-
maHble popmel armiornca: de.sq.(310), Ae.sq.(392), Ae.sq.
(458), Ae.sq.(629), Ae.sq.(1027).

Pa3max BapbUpOBaHUs CPEIHUX 3HAYCHUN TPOAOJIKUTEIb-
HOCTH PacCMaTPHBAEMOTO TIEPHOJIa MEK LYy ITUMH KOMOMHA-
LUUSIMU COCTaBMJI BOCEMb JIHEH, oT 44 1o 52. BuyTpu ogHoit
KOMOMHAIMH MEXY JIMHUSIMH Pa3JInyusl 1O POJIOIDKUTEIb-
HOCTH TIEPHO/Ia «BCXOBI—KOJIOIICHNE» JOCTHTANN 13 mHei,
Harpumep B komOuHammsax Ukr-Od 1530.94 ¢ Ae.sq.(310),
Ae.sq.(392), Ae.sq.(1027). KoadhdumueHt Bapuanuu B 3THX
KOMOMHAIMSAX MO HEPHOY «BCXO/IbI—KOJIOMIEHHE) COCTABUIL:
c de.sq.(392) — 15.9, Ae.sq.(310) — 13.5 %. Taxxe BBICOKOI
M3MEHYHMBOCTBIO MTPU3HAKA BHYTPH KOMOMHAIMK C COPTOM
Langdon otnuuanuchs TuHUH U3 SIMOHNHM — BaphbHpPOBAHHE
JIAHHOTO MpH3HaKa coctaBuiio 13.5 %.

Takum o0pa3om, reHoMbl D, mepenanHbie rHOpHIaM OT
tdhopm srmonca Ae.sq.(310), Ae.sq.(392), Ae.sq.(1027) n
AMOHCKUX (OPM, 0OYCIOBIMBAIOT BBICOKHH TOIUMOP(HU3M
IO ITPOIOJDKUTEIIBHOCTH NTEPUO/IA OT BCXOJIOB JI0 KOJIOIICHHS.

YacToTa BCTpeuaeMOCTH U3y4EHHBIX JINHUHN SPOBOTO THIIA
M0 TIPOAOJDKUTEIHHOCTH TIEPUOAA «BCXOIBI—KOJIOIICHHUE)
npeJcTaBieHa Ha puc. 1. BONbIIMHCTBO M3y4YaeMbIX JTUHUN
BBIKOJIANITIBAJIMCE TIO3HEE CPEeTHENI031HeTo cTanaapTa (68 %
muHUiT). Ha ypoBHe cpennenosnuero cranpapra Cepedpu-
crast — 24 u cpennepannero — [lamsitu AsueBa — 9 % nuHui.

B xomOnHanmmsx copToB TBepaoil mmeHUIsl Pandur u
Leuc 84693 ¢ Ae.sq. (409) auHuK UMENN B OCHOBHOM O3UMBIH
TUNA pa3BUTHs. B M3ydyaeMbIX TMOPHUIHBIX KOMOMHALMSAX
BBIKOJIOCHJIOCH JIMIIb 110 OJHOM JMHUH, TIPH 3TOM HPOAOI-
JKUTETHHOCTh M3y4aeMOTO MEpHoJia JAHHBIX JIMHUH Oblia
MPaKTUYECKH PAaBHOW U cocTaBmiia B komOuHarmu Leuc 84693
c Ae.sq.(409) 51 cyt, a Pandur ¢ 4e.sq.(409) — 53 cyt. Tompko
O3MMBII THIT pa3BUTHS HAOMIIONAIICS Y IMHUN B THOPUIHBIX
komOuHarusx Ukr-Od 761.93/4e.5g.(392) u Leuc 84693/
Ae.sq.(1026).

Kaxk 06110 OTMEUEHO BBILIE, TMHUH B THOPHTHOI KOMONHA-
n Aisberg/4e.sq.(369) uMerot oueHb 1o3Hee KOJIOIeHNUE,
B cpenHeM 56 cyT. Jluans rubpuaaoit komOmHamn Aisberg/
Ae.sq.(369)//Demir uMmena npogoHKATETBHOCTh H3y4aeMOTO
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Ta6bnuua 1. Pe3yanaTb| BapbrpoBaHUA Nepnoaa «BCXO4bl—KONTOWEeHE» yJ'IVIHI/IVI CYHTETUYECKON MLUEeHNLbl

Popntenbckue popmbl Kon-o fimHun Paszmax Xep. £ 5x Koapduunent
9 .................................................. 6‘ ............................................... BapbUPOBaHUR, BapuaLm, %
......................................................................................................... cyT
Coprt T.durum O6paszey Ae. tauschii
Aish Ae.sq.(369) 8 51-59 56+1.13 5.8
ISDEII e e L e e e
g Ae.sq.(511) 9 35-38 36+0.38 3.1
Ukr-Od 1530.94 Ae.sq.(310) 3 42-55 44+3.25 13.5
6
6

Ukr-Od 952.92 Ae.sq.(1031) 8 45-55 51+1.59 8.8

* B rubpuaHoil KOMBVHALMW BbieNeHa oOfjHa INHA APOBOTO TWMa Pa3BUTKA. Xcp. — CPEAHEE 3HaueHNe; S, — ownbKa cpefHeil.

707 OueHka Ha YCTOMYUBOCTH K IPUOHBIM 00s1e3HsAM. {7151 peanu3anuu noTeH-
6ol [panxa copToB B ycioBusAxX 3amanHoi CuOupH HeMaloBakHOE 3HAYCHHE MMEEeT
N YCTOWYMBOCTH K MOPAXKEHUIO TPUOHBIMH OOJIE3HIMHU.
© v v
o 50f OnuH U3 nokasaresei, MO3BOIAIOIINN KIACCU(PUIMPOBATh COPTA IO YPOBHIO
3 YJaCTHYHOH yCTOHYMBOCTH K OONE3HM, — MHIEKC YCTOHYMBOCTH. MeXy CHHTE-
3 40
S THUKaMHU HaOIIOAAJICs 3HAYUTENBHBIA MOIMMOP(H3M 10 HHACKCY YCTOHUMBOCTH K
z
530} OCHOBHBIM JINCTOBBIM TIaTOreHaM (TabJ1. 2).
£ B ruOpuaHpIx KoMOMHAIMAX ¢ yaacTHeM copta TBepaoit mmeHuts Ukr-Od 1530
g 207 1 pa3HbIX (hOPM STUIIOTICA OTMEYEHO BApPhHPOBAHNE HHAEKCA YCTOHYNBOCTH K Myd-
S 1ol Hucroit poce (0-0.9), Oypoii pxxaBuune (0—1.0) u crebnesoit pxxapunne (0-1.0).
. Haubonpmmit monrmMopdn3M 1Mo HHAEKCY YCTOWIUBOCTH K MyYHHCTOH poce OTMe-
0 c ! c ! o S yeH B ruOpHAHBIX KOMOMHANMX ¢ oOpasnamu Ae.sq.(392), Ae.sq.(511), Ae.sq.(629),
penHe- pefHe- o3[He- .. o
paHHMe nosmHMe  crienble Ae.sq.(1031) u smonckumu popmamu Ae. tauschii (uapexc ycroituusoctu 0.1-1.0).
ITo ycToitunBoCcTH K Oypoil prkaBunHE OIUMOPGHOCTH TI0 JAHHOMY ITOKa3aTeIio
Puc. 1. YacToTa BCTpeuaemocTv il crkTe-  OblJTa XapaKTepHa JUIs IMHUH ¢ yaacTreM 4e.sq.(392), Ae.sq.(1027) u Ae.sq.(1031)
TA4ECKON MILEHNLIbI MO NMPOACIKUTENBHOCTH (unpekc ycroitunoctu 0-0.9) U 10 yCTOWYMBOCTH K CTEONIEBON pKaBUMHE — JUISI

nepriofa «BCXofbl—KOMOLEHVE» B CPefHEM

10 FUGPAHBIM KOMGMHALMAM. nuHAR ¢ ygactueM Ae.sq.(629) u Ae.sq.(1027) (napexc ycroitunsoctr 0.1-1.0).

I'mOpuaHbIe KOMOMHAIINH, TIOJTyYE€HHbIE OT CKPEIIMBAHMS COPTA TBEP/IOM ITIIICHHIIBI
Aisberg ¢ popmoii 4e.sq.(369), Ukr-Od 1530 ¢ Ae.sq.(310) u Pandur ¢ Ae.sq.(223),
XapaKTepU3yIOTCSl HanOOJbINEH JONeH THHUH ¢ KOMIUIEKCHON YCTOMYMBOCTBIO K
Mesk(a3HOTO Nepro/ia Ha YpOBHE Cpell-  MYYHHCTOU poce, Oypoii n crebieBoit pxasunHe (MY cocrasmi 0-0.5 B cpennem
Heno3aHero crangapra Cepebpucras 1o rHOpHIHON KOMOMHAIMHK). Y OOJBIIMHCTBA JMHUN OTMEUCHA BBICOKAS U yMe-
(45 cyT), uTO, BEepOSITHO, OOYCTIOBICHO  PEHHAs yCTOWYMBOCTH K PKAaBIMHHBIM OOJE3HIM, MOpAKEHUE BApPbUPOBAIIO OT 5
pe3ynbTaTOM JOMONHUTENBHOTO ckpe- 10 70 %, mopakeHre My4HUCTOH pocolt coctaBuno 10-90 %. CranaapTHele copTa
myBanus ¢ coprom Demir. [To3auecne-  [MTamsitu A3ueBa u CepeOpucTasi B 3HAYUTEIbHOM CTENEHH MOPaXKaIUCh MyYHUCTON
1€ (POPMBI CHHTETHKOB PEKOMEHAYIOT-  pocoit — 90 %, Oypoit pxxaBunnoit — 80 1 90 % u crebieBoii pxxkaBunHON — 80 %
Csl B CENICKIMIO KaK MCTOYHHWKH IIeH-  COOTBETCTBEHHO. Ha oHe CHIIbHOTO MOpaskeHNns CTaHIapTHBIX COPTOB MYYHUCTON
HBIX TIPU3HAKOB IIPHU CKPEIIMBAaHUU ¢  Pocoil 87 % CHHTETHUYECKHX JIMHUI SPOBOTO THUIA PAa3BUTHSI UMENU BBICOKYIO U
SIPOBBIMH COPTaMH, BO3/EIBIBAEMBIMH  CPEAHIOI yCTOHUUBOCTD, 10 % — cpeaHIol BOCHIPUUMYHMBOCTE U 3 % — BOCHIpH-
B PETHOHE. HUMYHUBOCTH (pHC. 2).

350 VavilovJournal of Genetics and Breeding - 2132017 Plant genetics and breeding



OueHKa NMMHUI CUHTETUYECKOW MLIEeHNLbI
(Triticum durum/Aegilops tauschii) B 3anagHoi Cubupu

2017
213

B.M. WamaHwuH, N.B. Motoukasn, C.C. LLenenes ...
A.10. TpyweHko, A.C. YypcuH, A.. MopryHos

Ta6bnuua 2. JIuMnTbl UHAEKCa yCTOVIl-II/IBOCTVI JIVHAA CUHTETMYECKOW MWEeHKLbI K IMCTOBbIM NaToreHam

PopnTenbckue dopmbl

Kon-Bo nuHuin

NHpekc yCTOI7ILII/IBOCTI/I, JINMUTDI

Bypas CrebneBas
pXKaBuMHa pKaBuvHa

MyuHucran
poca

Ukr-Od 1530.94

* B rubpuaHoil KOM6VHALIMW BbifieNieHa OfiHa NINHA APOBOrO TWMa Pa3BUTKA.

BrICcoKy10 1 CpeTHIOI0 YCTOMYMBOCTD (TIOpakeHHeE B Ipejie-
nax 0-20 %) x Oypoit p>kaBunHe TPOsIBIIN 92 % TMHUI CHHTE-
THYECKOH IMIIEHUIIBI IPOBOTO THIIA PA3BUTHS, CPEITHIOI0 BOC-
MPUUMYHUBOCTD — 5 % M BOCIPUUMUNBOCTD — 3 %. Bricokyro
Y CPEJTHIOI0 YCTOMYMBOCTSD (TopaxkeHue B npeaenax 0—20 %)
CHUHTETHYECKOH MIICHUIIBI K CTEOJICBOH pKaBUNHE TIOKa3aIl
95 % sApOBBIX JTHHUI, CPETHIOI0 BOCIPHUUMUYHUBOCTE — 2 %
(mopasxernne 10 50 %) u BocipuuMuuBOCTb — 3 %. Xapakre-
PHCTHKA JTyUIINX CHHTETHKOB, BBIICIICHHBIX 110 yCTOMYNBOCTH
K JINCTOBBIM IaTOr€HaM, IpecTaBieHa B Taoi. 3.

Pacder ruomaan moax KpUBOH pa3BUTHA 00JIE3HH TIOKA3aJ,
YTO MHTEHCHUBHOCTH Pa3BUTHS OOJIE3HEH Y JIMHNIT-CHHTETHKOB
Obu1a B 2—8 pa3 HUKE, YEM Y CTaH/IapTOB.

BrICcOKOH KOMIIIEKCHOW YCTOHYHMBOCTBIO K TpeM BO30Y-
JITEIISIM O0JIe3HEH OTIIMYAIOTCS JIMHUM SIPOBOTO TUIIA Pa3BH-
s ruopuaHbIx komouHanuit: Ukr-Od 1530.94/4e.5q. (392);
Ukr-Od 1530.94/4e.5q.(629); Ukr-Od 1530.94/4e.5q.(1027);
Langdon/Ku-2074; Langdon/Ku-2075; Langdon/Ku-2100;
Langdon/Ku-2079 (1Y Bapeupyer ot 0 1o 0.4). JIunuu Ais-
berg/4e.sq.(369); Ukr-Od 952.92/4e.5q.(1031); Pandur/Ae.sq.
(223) u Langdon/Ku-2100 Takxe XapakTepu3yOTCs Kak
YMEPEHHO YCTOHUUBBIC K cenTopuo3sy (3—4 Oasa).

BbineneHHbIE IMHUN PEKOMEH/TyeTCsl HCIIOJIb30BaTh B Kade-
CTBE MCXOJHOTO MaTrepuaia Juisl CeJIeKIMHN Ha yCTOHYUBOCTD
B ycioBusiX 3anaiHoit Cudupu.

O6cyxpeHue

B npenernax n3y4eHHbIX IMHUN CHHTETUKOB BBISIBIICHbI 3HAYH-
TEIbHbIEC TCHOTUITUYECKHE PA3JINIHSI [0 POAOIKUTEIBHOCTH
BETETALMOHHOTO Neprosa. JInanu rubpuaHoi KoMOnHAINT
Aisberg/Ae.sq.(511) xapakrepr30Baiuch Kak HandoJee CKOpo-
CTEJIble TEHOTUIIBI N3yYaeMbIX JIMHUH. B moneBrIx ycnoBusax
MOpakeHUE PTHUX JIMHUI Oypoil u cTeOneBoi prKaBIMHOMN

leHeTuKa 1 cenekuma pacteHun

80y MyuHucTas poca
S 70 Il bypas pKaBuMHa
g 60 | Il Cre6neBas pkaBuMHa
1%
©
T 50+
x
©
I 40
=
£ 30t
3
z 201
o
101
0 N oo .
0-0.35 0.36-0.65 0.66-0.80 >0.81

NHpekc ycTonumeocTn

Puc. 2. OTHOCHTeNbHaA YacToTa yCTONYMBOCTW/BOCMPUNMUYNBOCTHI
K 601e3HAM Y NIMHUIA CUHTETUYECKOW MLUEHMNLbI.

BapeupoBaio ot 5 10 30 %, aABe TUHUU OBUIM MMMYHHBI K
cTe0JIeBOM pKaBUMHE, YTO CBHJECTEIILCTBYET O XOPOIIEH MX
MEPCIIEKTHBE B KAUECTBE HCXOAHOTO MaTepuaa.

[Monmmopdn3m 1o neproy «BCXOIbI—KOJIOMICHUE» OTME-
4eH y JUHUM B ruOpuanbix komOunausx Ukr-Od 1530.94 ¢
Ae.sq.(310), Ae.sq.(392), Ae.sq.(1027), a Takxke y THHUHN U3
Snonnu. CkpelyBaHre COPTOB TBEPAOH MIICHUIIBI ¢ 00pa3-
oM Ae.sq.(409) o0yciaoBiIMBacT B OCHOBHOM O3UMBIH THIT
Pa3BUTHS PACTEHUH.

Jlunnm ¢ Hanbosnee KOPOTKHUM IIEPHOIOM OT BCXOJOB O
KOJIOLIEHHS [IeJIECO00Pa3HO UCIIONB30BaTh HEMIOCPEICTBEHHO
JUIs AajbHEHIeld OLEeHKH B MUTOMHHUKAX B CEJIEKIMOHHOM
Ipolecce N0 KOMIUIEKCY XO3AHCTBEHHO LIEHHBIX TPU3HAKOB.
[To3nHecnenble TUHUH, BBIACISIOIINECS 110 YCTOHUMBOCTHU K
00ne3HsIM, TAKKE ITPEACTABISIIOT HHTEPEC JUIsl IPAKTUIECKOH
CEJIEKIINU B KaY€CTBE MCTOYHUKOB LIEHHBIX MPU3HAKOB.
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Ta6nuua 3. XapakTepucTiiKa TyyLnX MMHUA reKCarniongHON CUHTETUYECKON MNWEeHNLbI MO NoKa3aTesiam
YCTOMYMBOCTY/BOCNPUMMUNBOCTA K 6ONE3HAM

Ne CopT, nnHWA MyuHucTasa poca bypas pxaBunHa CrebneBan p)KaBymHa CenTtopnos,
obpasua %  MKP6 WY  %/mun  TIKPE WY 9%/mun  MKPE uy OV
peakuum peakuun
CpepHepaHHue
1 MamaTn A3neBa - ctaHaapT 90 1450 0.8 80S 1530 1.0 80S 585 1.0 9
cpenHepaHHW

7 CepebpucTan — cTaHAapT 920 1710 0.9 90S 1195 0.9 80S 665 1.1 9
cpefHeno3gHun
52 ............... |_ angdon/Ku480420 ............. 0 ............. 0 40M5 ........... 6 90 ......... 0 4 ......... 2 OM ............. 8 0 .......... 0 1 ........... 6 .....................
121 ............. U kr0d153094me$q(1027)0 ............. 0 ............. 0 ............. 1 5MR ........... 2 925 ...... 0 2 ......... 10M5 ........... 5 0 .......... 0 1 ........... 9 .....................
............................................................................................................ nognHecnenHe
. 43 ............... U k rOd 1530 9 4/Ae Sq( 1027) - 0 ............. 0 ............. 0 ............. R .................. 0 ............. 0 ............ 5 05 .............. 1 69 ........ 0 3 .......... 7 .....................

68 ............... A ISberg/AeSq(369)0 ............. 0 ............. 0 40M5 ........... 5 60 ......... 0 5 .......... 4 0M ............. 140 ........ 0 2 .......... 3 .....................

69 ............... U kr0d153094/,4e5q(629) ............ 10 .......... 100 ......... o 1 ........... R .................. 0 ............. 0 ............ 2 OM ............. 6 o .......... 0 ] ........... 7 .....................

75 ............... U kr0d153094/Aesq(629) ............ 10 .......... 2 10 ......... 0 2 ........... R .................. O ............. O ............ 5 M ............... 3 0 .......... 0 1 ........... 6 ....................

77 ............... U kr0d153094/Aesq(310)30410 ......... 0 340M5 ........... 5 075 ...... o 4 ......... 2 0M5 ........... 125 ........ 0 2 .......... 7 .....................

36 ............... U krOdgszgz/Aesq(mg,])o ............. 0 ............. 0 ............. 2 OMR 445 ......... 0 4 ......... 10M5 ........... 125 ........ 0 24 ....................

112 ............. P andur/Aesq(ZB)m .......... 5 70 ......... 0 540M5 ........... 5 45 ......... O 4 ......... 2 OM ............. 8 4 .......... 0 1 ........... 3 .....................

21 ............... L angdon/Ku2074 ........................... 10 .......... 130 ......... 0 1 ........... 5 MR ............. 15 ........... 0 ............ 2 0M5 40 .......... 0 1 ........... 5 .....................

32 ............... |_ angdon/Ku2075 ........................... 10 .......... 100 ......... 0 1 ........... 2 OMR ........... 1475 ...... 0 1 .......... 2 OMS ........... 6 0 .......... 0 1 ........... 5 .....................

74 ............... |_ angdon/Ku209750 .......... 6 10 ......... 0 5 ........... 10MR ........... 1525 ...... 0 1 .......... 4 05 .............. 100 ........ 0 2 .......... 6 ....................

108 ............. L angdon/Kuzmo ........................... 10 .......... 130 ......... 0 2 ........... 10M ............. ”75 ...... 0 1 .......... 4 05 .............. 140 ........ 0 2 .......... 3 .....................

109 ............. |_ angdon/Ku20790 ............. 0 ............. 0 ............. 2 OM ............. 2 15 ......... 0 2 ......... 6 05 .............. 2 05 ........ 0 3 .......... 9 .....................

MpumeyaHne. Tunbl peakymn: S — NonHaA BOCNPUMMUMBOCTb; MS — ymepeHHasa BocnprummunsocTb; MR — ymepeHHasa ycTonumBoCTb; M — npomexxyTouHas

YCTOMUMBOCTb; R — MONHaA yCTONYMBOCTD.

[ToneBas oneHKA JMHUI CHHTETHUKOB B YCIIOBHUSX FOKHON
necoctenu 3amnaaHoi CuOMpH mokasaa, YTo JMHUU CUHTCTH-
KOB ITPECTABIISIIOT OOJIBIION HHTEPEC B KAYECTBE UCXOIHOTO
Marepuiia B CEJICKIIMM Ha YCTOWYMBOCTh K TPUOHBIM Oores-
HM. BOJIBIIMHCTBO JIMHUM CHUHTETHUKOB XapaKTEPU3YIOTCS
BBICOKOH M CpeTHeH yCTOMYMBOCTHIO K TPHOHBIM OOIE3HSIM.
[TopaxeHre CHHTETHKOB Oypoil M cTeO/IeBOH pKABIMHOMN
BapbUpoBaso ot 5 10 70 %, mopaskeHue My4HUCTON POCOH —
ot 10 o 90 %. Haubonbmmit momumopdusm remoma D o
YCTOWYMBOCTH K TPHOHBIM OOJI€3HSIM TPOSIBIISIETCS B THOPUA-
HBIX KOMOHMHAIUAX ¢ obpasuamu Ae.sq.(392), Ae.sq.(629),
Ae.sq.(1027) n Ae.sq.(1031).

Bnusiaue renoma D obpasna Ae.sq.(369) B xomMOnHAIMN
¢ copToM TBepaoi nieHunpsl Aisberg; Ae.sq.(310) ¢ coprom
Ukr-Od 1530 u Ade.sq.(223) ¢ Pandur oOycnaBiuBaeT KoM-
TUICKCHYIO YCTOHYMBOCTH K TPHOHBIM OOJIE3HSIM.

CKOpOCTb pa3BUTHS MATOr€HA MyYHHUCTOH pOCHI, Oypoii n
cTe0IeBO PXKABINHBI y CHHTETHKOB ObLIa B IBA-BOCEMbB Pa3
HIDKE, YeM Y BOCTIPUMMYMBBIX CTaH1apTOB. OTAeTbHbIC TNHAN
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MPOSIBUIN T€TEPOreHHOCTh M0 YCTOMYMBOCTH K JTHCTOBBIM
[aToreHaM, 9TH JIMHUU TPEOYIOT JaJIbHEWIIEro U3y4eHus M
0TOOPOB YCTOHYMBEIX PACTCHUH.

Jlmaun, nonydyennsie ckpemuBanuem copra Ukr-Od
1530.94 tBepmoit mieHuib (YkpanHa) u 00pasios Ae. taus-
chii (392); (629); (1027); (1031), a Taxke TUHUU CETEKITUU
Kunorckoro ynnsepcurera Langdon/Ku-2074; Langdon/Ku-
2075; Langdon/Ku-2100; Langdon/Ku-2079 omnuuarorcs
BBICOKOH KOMIUIEKCHOM YCTOMYMBOCTBIO K MyYHUCTOH poce,
Oypoii 1 cTeOIeBOH pKaBIHHE.

B pesynbrare heHOTUMHMPOBAHUS JIMHUI CHUHTCTUYCCKOI
MIIICHUITB 0OHAPYKEHBI YHUKAJIBHBIE TI0 XO3SWCTBEHHO ICH-
HBIM TIpU3HaKaM (DOPMBI, SIBISIOMIAECS IICHHBIM HCXOTHBIM
MaTepuasoM JUId CeIeKIIMOHHBIX IPOrpaMM, KOTOPBII T03BO-
JIUT PAaCIIUPUTH TEHOTHITIYECKOE Pa3HO00pasne CO31aBaeMbIX
COPTOB C MPUBICUYCHUEM TUKUX COPOAUYEH MIIEHUIbI. BbI-
COKMI T€HeTHUYECKUI MOTEHIMaJl CHHTETUYECKOW IMILIEHULIbI
M0 YCTOWYMBOCTH K OMOTHYECKHM CTpeccaM COCTAaBISAET
€llle HeJJOCTaTOYHO HCIIOIb30BAHHBIN PE3EpB I CO3AAHUS

Plant genetics and breeding



OueHKa NMMHUI CUHTETUYECKOW MLIEeHNLbI
(Triticum durum/Aegilops tauschii) B 3anagHoi Cubupu

aJIalITUBHBIX COPTOB C II€JIbIO MOBBIIIECHHUS CTAOMIBLHOCTH
MPOU3BOJICTBA 3€PHA IMIIICHHUIIBI Ha (DOHE MOTEIUICHUSI KIIMMAaTa
Y BO3PACTAHUs SIIUIACMHUH OOJIe3HEH.
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Pabora nposenena npu ¢punancosoit noaaep>xke PH® (mpo-
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VI3MeHUMBOCTD VI MEXKITOITV/ISIIVIOHHAaS

nuddepeHIalNs PeJKOro Braa

Gueldenstaedtia monophylla Fisch. (Fabaceae)

ILIO. Ceatoruna ®, E.C. Konnuenxo, O.B. Aoporuxa

DepepanbHoe rocyaapcTBEHHOE OloAXKeTHOe yupexeHne Hayku LieHTpanbHbli cubupcknii 6otaHnyecknin cap Cnbrnpckoro otaeneHns

Poccuiickon akagemnn Hayk, HoBocmbupck, Poccun

B paboTe n3yueHa reHeTMYeCKasa N3MEHUYMBOCTb PEAKOrO BMAA MONbLEH-
WTeATNM ofgHONUCTHON (Gueldenstaedtia monophylla) n3 cemv npupoaHbIX
nonynsAuui B LEHTPaNnbHOM YacTu ee apeana (OHryganckmin painoH Pecny6-
nukn Antai). Ana xapakTeprucTMKN reHeTUYeCKoro pasHoobpasus 3Toro
PENNKTOBOro BMAA Kak Ha BUAOBOM, TaK 1 Ha NMOMYNALNOHHOM YPOBHe
6b1n1 ncnonb3osaH SDS-anekTpodopes 3anacHbix 6enkos ceMaH. Monunen-
TULHbIE CNEKTPbI CEMSAH CoAep»Kanm oT 17 4o 32 6eNIKOBbIX KOMMOHEHTOB,
13 KOTOPbIX 28 6b1n1 nonMmopdHbIMUK. B nonynauuax G. monophylla Bbi-
ABJIEH OCTaTOYHO BbICOKUI YPOBEHb reHeTUYeCcKoro nonumopdrsma, Be-
NNYNHA MHIEKCA FeHETNYECKOrO CXOACTBA BHYTPU U3YYEHHbIX MONyALmiA
Bapbuposasna ot 0.673 po 0.813. Hanbonbluas M3MEHUMBOCTb 3aMacHbIX
6enKkoB ceMsAH ycTaHoBIeHa B nonynAuuax MHereHb (0.673) n Manas VHa
(0.734). Camblin HU3KUI YPOBEHb U3MEHUYMBOCTU NOANMNENTULHBIX CMEKT-
poB BbifiBNeH B nonynauuy bonbwown Anomat (0.813). leHeTnyecKan guc-
TaHumA Nei mex gy nsydeHHbIMn nonynaumammn coctasuna 0.018-0.215,
Hamnbonbluan aucTaHumaA no 6enkosbiM cnekTpam (0.215) HallgeHa Mexay
nonynauuamu MiHereHb n Manas WHsa. Monynsauua VHereHb — Hanbonee
yAaneHHaa oT ApYrmx U3yyeHHbIX Hamu nonynaumi, anctaHuma Nei mexay
3TON nonynAymen 1 Bcemu octasbHbiMu BapbupyeT ot 0.113 o 0.215.

C nomoLypblo aHanm3a monekynapHon gncnepcmun AMOVA ycTaHOBIIEHO,
4YTO AONA BHYTPUMNONYNALMOHHON N3MEHUMBOCTU cOCTaBnAeT 53 %, a Mex-
nonynAunoHHom — 47 %. BO3MOXKHO, [OCTAaTOYHO BbICOKOE reHeTnyeckoe
pasHoob6pasme B nonynsauuax G. monophylla obecneunBaetca u nopaep-
KMBaeTCA 3a cYeT Takux bruonornyeckmx ocobeHHocTel B1aa, Kak nepe-
KpeCTHOe onblieHne, 60Mbluas NPOACIKUTENBHOCTb XU3HW U ASINTENb-
HbI PenpoayKTVBHbIN Neprogd. Pe3ynbTtaTbl CCNeA0BaHUA NOKa3blBaloT,
YTO HEKOTOpPbIE pefKue BUAbl CMOCOOHBI NOAAEPKMBATb 3HAUMTENIbHOE
reHeTMyeckoe pasHoobpasue gaxke npv He6ObLIOM pa3mepe NonynALMA.
Cyas No 4OCTaTOYHO BbICOKOMY YPOBHIO FreHETUYECKON N3MEHUYNBOCTU
ronbAeHLWTeATAN OLHONNCTHON, MOXHO NPEAMONIOXKUTb, YTO B HacTosALee
BPEMS reHeTNYECKUA fpeid U MHOPVANHT He NPeACTaBNSIOT yrpo3bl AfA
ee BblKMBaHWA. Mpun pa3paboTKe oxXpaHHbIX MEPOMPUATUI ANA AaHHOFO
B/ja OCHOBHOE BHUMaHWe cneflyeT yaenuTb COKPaLLeHNo aHTPOMOreHHoM
Harpysku B MecTax npouspactaHusa nonynauuii U NpefoTBpalLeHNIo pas-
pyLieHus mectoobutanuii G. monophylla.

KnioueBble cnoBa: reHeTUYeCKoe pasHOObpasune; peaKknin Bug;
Gueldenstaedtia monophylla; SDS-anektpodopes; nonumopdusm
3arnacHbIX 6esIKOB CeMsIH.
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Variability and interpopulation
differentiation of the rare
species Gueldenstaedtia
monophylla Fisch. (Fabaceae)

LYu. Selyutina ®, E.S. Konichenko, O.V. Dorogina

Central Siberian Botanical Garden SB RAS, Novosibirsk,
Russia

Genetic variability of the rare species Guelden-
staedtia monophylla from 7 natural populations in
the central part of its range (Ongudai district, Altai
Republic) was studied. To characterize the genetic
diversity of this rare relict species at the population
level, SDS-electrophoresis of seed storage proteins
was used. Polypeptide spectra of seeds contained
from 17 to 32 protein components, of which 28
were polymorphic. The populations of G. mono-
phylla were revealed to have a sufficiently high
level of genetic polymorphism, the genetic similar-
ity index within the populations studied ranged
from 0.673 to 0.813. The highest variability of seed
storage proteins was found in the populations
Inegen (0.673) and Malaya Inya (0.734). The lowest
level of variability of the polypeptide spectra was

in the population Bol'shoy Yaloman (0.813). The Nei
genetic distance between the populations studied
was 0.018-0.215, the greatest distance in the pro-
tein spectra was found between Inegen and Malaya
Inya (0.215). Inegen was the most remote from

the other populations, the Nei distance between
this population and all other populations varying
from 0.113 to 0.215. With AMOVA, it was found

that the share of intra-population variability is

53 % and inter-population, 47 %. Perhaps this high
genetic diversity in populations of G. monophylla

is provided and maintained by such biological char-
acteristics of the species as cross-pollination, high
life expectancy and a long reproductive period. The
results of our study suggest that some rare species
are able to maintain high levels of genetic diversity,
even in a small-size population. The relatively high
level of genetic variability indicates that the current
genetic drift and inbreeding do not pose a threat to
the survival of the species.

Key words: genetic diversity; rare species;
Gueldenstaedtia monophylla; SDS-electrophoresis;
seed storage proteins polymorphism.



CHETUYCCKOC Pa3HOOOpa3ue — OMUH M3 OMOJOTHYUCCKUX

aCIIEKTOB, UMEIOIINX OTPOMHOE 3Ha4YEHNE JUIsl pa3paboTKh

CTpaTeruil OXpaHbl PEAKUX U HAXOSAIINXCS MO yTPO30ii
ucue3nosenus BunoB (Kaljund, Jaaska, 2010; Gordon et al.,
2012). N3ydeHnne TeHETHYECKOTO Pa3HOOOpasns BHIA CITy-
JKUT Hay9HOH OCHOBOM /ISl OXPaHBI €ro TeHO(OH/1a, a TAKKE
JUIsl BOCCTAHOBJICHHSI €r0 T€HOTHITUUECKOH CTPYKTYpPBI PH
peunTponykimn (Kypasies u ap., 1999). YpoBeHs reneTu-
YEeCKOT0 Pa3Ho00pasust PeAKUX BHJIOB MOXKET CYIIECTBEHHO
BJIMSITH HA CIIOCOOHOCTH X TOMYJISIUE aJarTHPOBaThCs K
M3MEHEHHSIM OKpPY’Karolel Cpesibl U, CIEA0BATENbHO, HA UX
nmanbHeimee BepkuBanue (Ilpumak, 2002; Frankham et al.,
2002). HeBO3MOXHO OIIEHUTH MEPCIEKTUBBI JaIbHEUIIEro
CYIIECTBOBAHUS BHJa 0€3 3HAHWS T'€HETHUECKOH CTPYKTYPbI
ero nonyisiiuit (Frankham, 2003; Gordon et al., 2012; Lopes
etal., 2014). J]ys mojyiepkanust reHETHYECKOTO pa3HOO0pasust
B MOIYJISIINSAX OYSHB BaxkeH pasmep momyisiiuu (Frankham,
2005). YMeHbIIeHUE pa3Mepa MOMYJISIIHI TPUBOAUT K ITOTepe
TEHETUYECKOTo noiumMopdusma, a Takke K IeHETHUECKOMY
npeiidpy n maOpuanHTY (Lande, 1993; Kaljund, Jaaska, 2010).
PesynbraTsl MHOTOUNCIICHHBIX MCCIJIEIOBAHUH aJJIO3MMHOMN
namenuynBoctu (Hamrick, Godt, 1990, 1996) u 6osee mo3nHux
pabot Ha ocHOBe Takux MapkepoB /IHK, xkak RAPD, AFLP,
ISSR u SSR, mokazanu, 4To reHeTHUECKOE pasHOOOpasue
BU/IOB, MPEJICTABICHHBIX MaJeHbKUMH H30JUPOBAHHBIMU
MOMYJISAIUSAMH, KaK MPaBUIIO, HIKE, YEM y IIUPOKO pac-
npoctpaneHnsix Bumos (Willi et al., 2006; Li et al., 2012).
B nonrocpouHoii nepcrekTuBe CHUKEHUE TeHETUUECKON Ba-
pHaOEeNIbHOCTH B MaJIbIX MOMYJISIIUAX MOXKET MPHUBECTH K
MOTEepe CIOCOOHOCTH a/IalTHPOBATHCS K M3MEHEHHSIM OKPY-
sKarolen cpeasl. [1o3romy onieHKa ypoBHSI U CTPYKTYPBI I'e-
HETUYECKOTO pa3HO00pasns 0COOCHHO BayKHA IS YCTICIITHOTO
COXPAHECHHUS PEAKHUX BHJIOB, IPE/ICTABICHHBIX HEOOIBIINMHI
TOMYJISIUSIMH.

Gueldenstaedtia monophylla Fisch. (cem. Fabaceae Lindl.),
TIOJIBJICHIITETHS OTHOJIMCTHAS — PEAKUN BUJI, TEMUPHIEMHK
enTpanbHoil A3uu, B mpeienax CBOEro MU3bIOHKTHBHOTO
apeaJia BUJ ITPE/ICTABIICH MAJIOYHCIICHHBIMH, H30JIMPOBaHHbI-
mu nomtynsimsivu (Pekne n ncuesatomme pactenus Cuoupw,
1980). Bup BcTpeuaeTcsi B ropHO-CTENHOM Tosice LlenTpans-
Horo, pexe FOro-Bocrounoro Antas, a Takxe B TyBe n MoH-
rommu (Hamzanos, 1986; Ik, 2003; Zhu, 2004). OcHoBHOI
y4acTok apeaja pacroioxeH B LleHTpaasHOoM Antae, Bce
COBPEMEHHBIC MECTOHAXO0XK/ICHUS BH/IA COCPEOTOUECHBI OJIH3
rpaHMIBl YeTBepTHYHOTO oneneHenus (Kpacnast kaura PO,
2008). ITo muenuto A.U. [Tsaka (2003), G. monophylla umeer
crieU(pUIHBIN apeal, OXBaThIBAIOIINI apHTHbIE HU3KOTOPbSI
u cpenseropss LlentpanpHoit Asun. Xapakrep apeana, Ipe-
CTaBJIEHHOI'0 M30JIMPOBAHHBIMH, 3HAYUTEIBHO YaJICHHBIMH
JpYT OT pyra y4acTKaMH, MO MPE/IIOI0KEHHUIO aBTOPA, TOBO-
PHT O TOM, YTO 3TH MECTOOOMTAHHS — «CHIIHO 00CTHEHHBIC
JIepUBaThl IpeBHEN HArOPHO-KCEPOPUTHOM PaCTUTEIILHOCTH,
KOTOpBIE TOCTIOJICTBOBANIN 37IECh HA CYXUX TOPHBIX CKIOHAX
o tieicTorieHoBoro moxononanus» (I1sk, 2003. C. 134).

[MonbaeHmTeATHS OTHOIMCTHASI BHEeCeHa B KpacHyo KHH-
ry P® (2008) B craryce — 3 (R) — penkwuii Bun u B Kpacayio
kaury Monrommu (Mongolian Red Book, 2013), kateropust
peaxoctu — B2ab (iii). B pernonanbubix cBonkax (Kpachas
kuura Pecrryonmkn Anrait, 1996; Kpacuas kaura Pecryommkn
TriBa, 2002) Bug ormeueH B craryce 2 (U) — ysi3BUMBII TaKCOH.

QdunoreHeTnKa

Ienp HacTOsIIIEH PaOOTHI — UCCIICIOBAHUE TEHETUYCCKOM
W3MEHYHBOCTH U BHYTPUBUAOBOH Ar((hepeHITHAIIIN PEIKOTO
Buna G. monophylla Ha 0CHOBE TTONMICIITUAHBIX CIIEKTPOB
3aracHbIX OCIIKOB CEMSIH.

MaTtepuanbi n metopbl
W3zyuenwue nomynsuuit u coop cemsia u3z G. monophylla npo-
BOJMJIM B CEMHU MPHUPOIHBIX MecTOOONTaHMIX OHIryaalcko-
ro paiiona PecnyOmuku Anraii B 2006 1. Bee momyssiunm
MCCIIeIOBAaHbl B NETPOMUTHBIX (T.€. KAMEHHUCTBIX) CTEIIsX,
pacronoXeHHBIX Ha BeicoTe 650-950 M Hax ypoBHEM MOps
Ha CKJIOHAX F0XKHOM, FIOr0-BOCTOYHOM 1 10T0-3aI1a/IHOM 3KCIO-
3unui KpyTusHoit no 30° (puc. 1).

Caapmkap (SAL). Ilpassrit 6eper p. Campmxap, 6mau3
yerbs (50°31'29.71" . m1., 86°36'10.86" B. 11.). PazHoTpaBHo-
XoJoiHonoNbIHHAS cTenb ¢ Caragana pygmaea (L.) DC. Ha
MEJKOIIEOHNCTOM CKJIOHE FOKHOW SKCIO3HMINU KPYTHU3HOU
10 20°, obmee npoektuBHoe nokpsiTHe (OITIT) — 7 %, npo-
extuBHoe nokpeitue (I111) Gueldenstaedtia monophylla—2 %.
B tpaBoctoe nomunupytot Artemisia frigida Willd., Potentilla
acaulis L., Panzerina lanata (L.) Sojak, Thymus mongolicus
(Ronn.) Ronn., Polygala tenuifolia Willd.

Boasmoii Uabrymens (ILG). JleBriii Geper pexn
Bonpmoit Unerymens, 2 kM ot ycrbs (50°36'32.22" c.mr.,
86°3024.64" B.n1.). CHIBHO 3aKyCcTapeHHas pa3HOTPaBHO-
371aKOBasi CTEIb, C BBIXOAAMH KaMHEH Ha CKJIOHE IOro-BOC-
TOYHOM SKCMO3ULINU KpyTHU3HOU 20-25° Ha BbIcOTE 750 M Hax
ypoBHeM Mopsi. OIIIT cocrasisiet 40 %, [1I1 Gueldenstaedtia
monophylla — 1 %. B TpaBsSIHOM MOKpOBE TOMHUHUPYIOT Ely-
trigia geniculata (Trin.) Nevski, Koeleria cristata (L.) Pers.,
Carex supina Wild. ex Wahlend., Potentilla acaulis, Artemisia
frigida; B xycTapHUKOBOM sipyce TipesacTaBieHsl Caragana
pygmaea, Cotoneaster melanocarpus M. Pop., Berberis si-
birica Pall., Spiraea trilobata L., S. hypericifolia L.

Yyii-O03b1 (CHO). OxpecTHOCTH TPHUPOTHO-X03IHCTBEH-
Horo npeanpusaTtus «Uyi-Oo3e» B 3 kM 0T ycThs p. Uys
(50°24'03.08" c. 1., 86°40'44.82" B. 11.). 3aKycTapeHHas KO-
BBITBHO-MPHUCOBO-OCOYKOBAsS CTEIb CO CKaJIbHBIMH BBIXOJAMH
Ha I0r0-BOCTOYHOM CKIJIOHE KpyTu3HOH 10 30° Ha BbICOTE
840 m Han ypoBHeM Mopsi. O0Iee NPOEKTUBHOE MOKPHITHE
oxoso 30 %, INIT Gueldenstaedtia monophylla — 1-2 %. [lo-
muHUpyIot Carex supina, Iris potaninii Maxim., Stipa capil-
lata L. KycrapuukoBsiii sipyc umeet [1I1=5 % u npencrapicH
Brachanthemum baranovii (Krasch. & Poljak.) Krasch.,
Caragana pygmaea, Spiraea trilobata w Pentaphylloides
parvifolia (Fisch. ex Lehm.) Sojak.

Boasoii Slnoman (BJL). IIpassrii 6eper p. bonsmioit So-
MaH, 3 KM oT ycTbs (50°31'09.66" c.m1., 86°32'54.85" B. 11.).
CKIJIOH I0r0-BOCTOYHOM 9KCTO3ULIMU KPYTHU3HOH 25°. Pa3Ho-
TpaBHas ctenb ¢ Caragana pygmaea. OIII —20 %, II1 Guel-
denstaedtia monophylla—2 %. Jomunantsr: Dracocephalum
peregrinum L., Artemisia frigida, Ziziphora clinopodio-
ides Lam., Echinops ruthenicus M. Bieb., Polygala sibirica.

Mauslii liioman (MJL). OkpectHoctu ¢. Manbiit Sno-
MaH, JIeBbIil Oeper p. Madbeiii SlnomaH, 5 KM OT yCThs
(50°29'09.56" c. 1., 86°34'40.41" B. 11.). PazHOTpaBHAs CTETIH
¢ Caragana pygmaea Ha KAMEHUCTOM CKJIOHE F0’KHOH 3KCTIO-
3ULUH, KPYTU3HOH 10 15-20°. O011ee npoeKTHBHOE MTOKPbI-
tue — 25 %, Il Gueldenstaedtia monophylla — 2 %. Ilpe-
obnanator Artemisia frigida, Potentilla acaulis, Hedysarum
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Variability and interpopulation differentiation of the rare
species Gueldenstaedtia monophylla Fisch. (Fabaceae)

Puc. 1. KapTa-cxema nsyueHHbix nonynaumin G. monophylla.

gmelinii Ledeb., Thymus mongolicus, Orostahus spinosa (L.)
C.A. Mey.

Huerens (ING). Ycrbe p. ApryT, npaBsiii 0eper p. Apryt
B 7 kM oT ¢. IHerens (50°14'48.93" ¢. 1., 86°40'56.78" B. 1.).
PaznoTrpaBHast cTenb Ha KAMEHHUCTOM CKJIOHE CO CKaJbHBIMHU
BBIXOJIaMU I0KHOW HKCTO3UIMU, KPYTU3HOU 10 15-20°.
Oomee npoexrusHoe nokpsiTHe — 40 %, I1I1 Gueldenstaedtia
monophylla—2 %. Jomunrupytot: Thymus mongolicus, Pulsa-
tilla turczaninovii Kryl. & Serg., Dracocephalum bungeanum
Schischk. & Serg., Polygala sibirica L. B xycTapHIKOBOM
apyce npexacrasiensl Caragana pygmaea, Spiraea trilobata
u Berberis sibirica. B hpuTo1IcHO3¢ OTMEUCHBI PACTCHUS, 3a-
Hecennble B KpacHyto kaury Poccuiickoit @eneparin (2008)
n Kpacuyto xuury Pecnyomukn Anraii (1996): Euforbia
rupestris C.A. Mey, Allium vodopjanovii Friesen, Astragalus
stenoceras C.A. Mey u Astragalus macroceras C.A. Mey.

Manasa Uusa (MIN). OkpectHoctu ¢. Manas Wus
(50°27'29.22" ¢. 1., 86°40'06.88" B. 11.). CKIIOH F0r0-3a11a/1HO#
SKCIO3UINH KpyTH3HOH 5°. BeccTebenpHOMATIaTKOBO-X0-
nogHomnonbiHAast crernb. OITI — 30 %, ITIT Gueldenstaedtia
monophylla — no 1 %. B TpaBocTOC TOMUHUPYIOT Artemisia

frigida, Potentilla acaulis, Thymus mongolicus, Echinops
ruthenicus, Panzerina lanata.

Dnekrpodopes mpooguwinu no meroxy U.K. Leammli
(1970) ¢ momudpukammsamu (Aradonos, AradonoBa, 1992).
[pumensimu 18 % pazpensiomuil noauakpuiIaMUIHbIA U
5 % KOHUEHTpUPYIOIIHH Tenu. PaszMep reieBbIX MIacTUH
13-20 cm, TommuHa — | MM. J{71st omieHKH ArekTpodopeTnde-
CKOM MOJIBIKHOCTH TTOJIUTIETHTHBIX (DPAKIIUH NCTIONB30BAITH
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OeNKoBBIE MapKepbl ¢ M3BECTHOH MOJIEKYJISIPHOW Maccoii
(«Fermentasy, JInuTBa). Dnekrpodope3 3amacHBIX OEIKOB
MIPOBOJIMIIM MHANBU/IYAIBHO JUISl KQKIOTO0 CEMEHH, IpoaHa-
JU3UPOBAHO 10 23—46 ceMsSH U3 KaXI0H MOMyIsIHH.

Ha ocHoBe 1oiTy4eHHBIX ITOJIUIENTHIHBIX CIIEKTPOB CTPOU-
JIU MaTPUIIEI 110 Hamauro (1) mim orcyTeTBurio (0) KOMITOHEH-
Ta. JlJIsl OLIeHKU YPOBHSI M3MEHUYMBOCTH OCJIKOBBIX CIIEKTPOB
B TIOIYJISILMAX HUCIIOJIB30BAIM HHIEKC cXOACTBa (), paccun-
tauHbli o Gopmyne (Nei, Li, 1979):

S =2nxy/(nx + ny),

e 2nxy — YUCII0 00X MEKTPOPOPETHISCKHX MOTOC, HX —
YHCJIIO0 IIEKTPOPOPETUUCCKUX TTOJIOC Y 00pa3iia X, 71y — YHCIIO0
mosyioc y obpasma y.

MeXnomysSHOHHY 0 H3MEHYHBOCTD OLCHUBAITH M0 KOI()-
(unmenty reneruueckoii aucranimu M. Nei (1972). Craru-
CTHYECKyT0 00paboTKy JaHHBIX M ITOCTPOCHHUE JCHAPOT PAMMBI
npoBou ¢ omomrsio nporpamm POPGENE (Yeh et al.,
1999) u GENALEX (Peakall, Smouse, 2012).

Ha ypoBeHb BHY TPUIIONYIISIIHOHHOH N3MEHYNBOCTH MOTYT
OKa3bIBATh BIIMSHUE HE TOJIBKO pa3Mep MOMYIISINK U CTEIICHb
€€ N30JIMPOBAHHOCTH, HO M INIOTHOCTb paciipe/iesieH st 0co0eit
(Chenetal., 2014; Wuetal., 2014). IToaToMy TOTTIOTHUTEIEHO
OLICHUBAJIX OOLIYIO IUIOTHOCTh M IUIOTHOCTh T€HEPATHBHBIX
0co0eil B TOMyJISIHUsIX.

Pesynbratbl 1 06cyKaeHue

B pabote B kauecTBe MOJIEKYISPHBIX MapKepOB HCIIOJIb30-
BaHbI 3aMlaCHbIE OCIIKM CEMsIH, TaK KaK OHU — IPOIYKTHI 3KC-
MIPECCHN TEHOB M MOTYT J1aBaTh MH(OPMAIINIO O CTPYKType
U COCTOSHUU cOOTBeTcTByomux y4dactkoB JIHK. Anamus
6emkoB cemsH G. monophylla Iokazaj T0CTaTOYHO BBICOKYIO
BHYTPHITOMYJISIIMOHHYI0 M3MEHYMBOCTH OSIIKOBBIX CIICKTPOB.
Bce nmpoanann3npoBaHHbBIE MOJUIENTUIBl PaCIpeieIeHb
MIPENMYIIIECTBCHHO B trama3zone ot 14 1o 116 x/la. benkoBsie
CHEKTPBI COCTOAT U3 17-32 KOMIIOHEHTOB, U3 KOTOPBIX 28
(88 %) momumopdusie. [To amekTpodhopeTHIeCcKoil MONBUX-
HOCTH UX MOJKHO Pa3/ieInTh Ha TPU 30HBI.

3ona 1 (66-116 k/la) BKIrOUaeT OT 3 10 4 MHTCHCUBHO
OKpalleHHBIX KOMIOHEHTOB U 5—8 ¢ MeHee MHTEHCUBHOUN
okpackoii. B 30ome 2 (25-35 k/la) mpucytcTByeT oT 2 n0 4
MHTEHCHBHO OKPAIICHHBIX KOMIIOHEHTOB M 3—7 criabookpa-
meHHbIX. B 30ne 3 (14-20 k/la) y pa3HbIx 00pa31oB NpHCyT-
cTByeT 6—10 KOMITOHEHTOB.

J171s OIeHKH M3MEHYUBOCTH OCJIKOBBIX CIIEKTPOB HA BHYT-
PUMNOMYJIAIMOHHOM YPOBHE HCIOIb30BATIN HHAEKC CXOJICTBA
(S): uem Gompiie 3HaUEeHNE KOI(DPHUIIECHTA, TEM MEHBIIIE U3-
MEHYHMBOCTH B nomysiiun. Cambiii Huskuit (0.813) ypoBeHs
M3MEHYMBOCTH IOJIMIIENITUAHBIX CIIEKTPOB OOHApyXeH B
noryssiuy bombimoit Snoman (tadm. 1).

HanGonbmas n3MEHYMBOCTD 3alacHBIX OCIKOB CEMSH
BbIsIBIIeHa B nonmynanusax Muerens (S = 0.673) u Manas Nus
(S = 0.734). BaxusIM (hakTOpOM, BIHSIONIAM Ha YPOBEHB
BHYTPHITOIYJISIIMOHHOTO Pa3HO00Pa3ys, SIBISIETCS INIOTHOCTD
reHepaTuBHBIX 0cobeii B momyisiimu (Masayuki, 2003). B na-
IIEM HCCIIEI0OBAHUH ATOT MIOKa3aTelb He ObLIT CKOPPEITUPOBAH
C YPOBHEM I'€HETHYECKOH N3MEHYMBOCTH (CM. Tadm. 1).

Pe3ynbrarsl paboThl IEMOHCTPUPYIOT JOCTATOYHO BHICOKHI
YpOBEHb BHYTPHUBHIOBOH M3MeHUUBOCTH y G. monophylla
B CPaBHEHHUHM C BEIMYMHAMH, NPUBEICHHBIMHU IS APYTHX

Phylogenetics



M3mMeHUnBOCTb 1 MexxnonynAumoHHan anddepeHumaumna
penkoro Buaa Gueldenstaedtia monophylla Fisch. (Fabaceae)
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0. CentoTuHa, E.C. KoHnyeHKo
B. 21.3

n.
O.B. loporuHa

Ta6bnuua 1. [noTHOCTb 0co6el 1 reHeTYecKana M3MEHYMBOCTb B nonynaumax G. monophylla

0612 NIOTHOCTb,
oc./m?

Monynauuna

MNOTHOCTb reHepaTMBHbLIX  Y1CN0 NOANNENTUAHBIX
ocobeit, oc./m?

WHpekc cxoacTea, S
KOMMOHEHTOB

n pumMmedaHne. [vcraHuma MeXxXay U3yyYyeHHbIMK nonynaynamm (KVIHOMeprI) BbllLe ANaroHanu, MHAEKC reHeTnYeckon anctaHumm Nei Huxe araroHanm.

PEAKHX BUJOB M BUJIOB C OTPAaHUYCHHBIM PACIIPOCTPAHEHHEM
(Gitzendanner, Soltis, 2000). ITomry4enHble HaMH TaHHBIE CO-
IJIACyIOTCs C pe3yJIbTaTaMy MCCIIeIOBaHUH, TOKa3bIBAIOIIHX,
YTO HEKOTOPBIE PEIKHe W MCYE3aI0Ne BHIBI MOTYT IOJ-
JIep>)KUBATh BBICOKUH YPOBEHb FEHETHYECKOTO Pa3HOO0pasust
Jlake TIpH MajibIX pasmepax ux nomyisiuid (Rossetto et al.,
1995; Ci et al., 2008; Gordon et al., 2012; Zhao et al., 2012;
Chen et al., 2014; Wu et al., 2014).

C Halei TOYKH 3peHHs], JOCTATOUYHO BBICOKOE reHeTHYe-
cKoe pasHooOpasue B nomymsanusax G. monophylla obecne-
YMBACTCS M MOIACPKUBACTCS 32 CUCT TAKMX OMOJIOTHYECKUX
0COOEHHOCTEH BU/A, KaK MEPEeKPECTHOONBUIIEMOCTD U JUIN-
TeNBHBIA PENPOAYKTHBHEIN niepuon. G. monophylla — mipe-
MMYIIECTBEHHO MEPEKPECTHOONBIISIEMbIH BU. Takue BUIbI,
KaK MPaBUIJIO, UMEIOT 3HAYUTEIBHO 0O0Jiee BBICOKHUE YPOBHH
TEeHETHYECKOTO pa3HoobOpa3us, yeM camoonsuriemsre (Ham-
rick, Godt, 1996; Nybom, 2004). /lns G. monophylla xapak-
TepHa OOJbLIAst NPOAOJDKUTEIBHOCTD KU3HU B COUYETAHUU C
JUTTETIbHBIM T'€HePAaTHBHBIM IIeprofoM. Tak, obras npoxo-
JKUTEIIBHOCTB ’KU3HH PaCTeHUH 5TOro BUa focturaet 80 Jer,
TIPU 3TOM F€HEPaTUBHBIN MEPHOJT MOXKET ATUThCS 0KkoJI0 60 et
(Cemroruna u ap., 2008). ITo muenuto H. Nybom (2004),
MIPU COKPAIICHUH YUCICHHOCTH TIOMYIISIINI JTONTOXHUBY X
BUJIOB TH BHJIbI MOTYT ITOJJIEPXKHUBATh 00JIee BHICOKUH ypo-
BEHb TeHETHYECKOTO TOTMMOP(HH3Ma, 4eM KOPOTKOXKUBYIIIHE.
TBeproceMsaHHOCTb, npucymmas cemeHam G. monophylla n
XapakTepHas JUlsl BCex IpeacTaBuTesel cemeiicta Fabaceae,
HIO3BOJISIET CEMEHAaM JUTUTEIIEHOE BPEMsI COXPAHATHCS B [IOUBE
M MaccOBO IPOPACTaTh MPH HACTYIUICHUH OJArONpHUSITHBIX

QdunoreHeTnKa

YCIOBHH. DTO BEJIET K YBETMUECHHUIO YHCIEHHOCTH MOMYIISIIINT
¥ TTOBBIIICHNIO YPOBHS T€HETHUECKOTO TTOIMMOphH3MA.
dunoreorpaduyeckre UCCIETOBaHUS [TOKAa3bIBAIOT, YTO
PEIUKTOBBIC MOMYISALNHN, COXpPaHUBIINECST B pedyruymax,
KakK MpaBUJIO, UMEIOT 0o0Jiee BBICOKOE I'EHETHYECKOE W/HITH
raruIoTHITHOE Pa3Hoo0pasue, 4YeM Te, KOTOPhIE TOBTOPHO 3ace-
i mectooouTanus (Lumaret et al., 2002; Petit et al., 2003;
Schonswetter et al., 2005). G. monophylla — penmuKTOBBI BU
(ITsax, 2003), uTo TakkKe MOXKET CITY>KUTh MPEIIOCHUIKOMN J10-
CTaTOYHO BBICOKOTO YPOBHSI €70 T€HETHIECKOH M3MEHINBOCTH.

JUisl OLIeHKN YPOBHS MEKIOMYISILIMOHHON H3MEHUYNBOCTH
OCIIKOBBIX CIICKTPOB UCIOJIb30Banu aucTannuio M. Nei
(1972). Mexny monymIsiusaMu JUCcTaHIuS Nei BapbupyeT OT
0.018 1o 0.215; mo GeTKOBBIM CIIEKTpaM HAMOOJBINAS JTUC-
tanius (0.215) BeiABIeHA MeXIy momynauusMu VHereHs
n Manas Wus (tabn. 2). [lomynsauus Maerens Hanbonee
reorpa)MueCcKy ¥ TCHETHYECKH N30JMPOBAaHA OT JPYTHX H3-
YUEHHBIX HaMH MOy IUcTaHus Nei Mex 1ty JaHHON
MOMYISIHEH 1 BCEMU OCTAIbHBIMHU MOMYIISIIUSIMH BapbUPyeT
ot 0.113 mo 0.215.

HawuOosbiiee cXoacTBO 10 OEIKOBBIM CIICKTpaM 00Hapyke-
HO My nomynsamusaymu Canpxap u boismoi Mnmsrymens
(0.018). INomymnsiumst bonpimoit Siioman nmeeT 3HAYUTEITLHOE
cxonctBo ¢ nonyssinusivu Canbokap (0.054) u Manas Uust
(0.064). Beicokue 3HaueHUs KOAPPUIHEHTA UACHTHIHOCTH
YKa3bIBaIOT Ha OJIM3KOE TEHETHUECKOE POACTBO AAHHBIX I10-
1L 1112078

Amnanmm3 rmaBHbIX KoopauHat (Principal Coordinates Analy-
sis —PCoA) rnoka3aii, 4To OJIMIENTHAHBIC CIEKTPBI PACTCHUH
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Puc. 2. AHanu3 reHeTYeCKoN noapasaeeHHoCTU cemy nonynaunin G. monophylla meTonom rnaBHbIX KOOPAMHAT.

OOJIBIIMHCTBA N3YYEHHBIX MOMYJISILINIA B 3HAYUTEIILHOM CTere-
HU Onmu3kH (puc. 2). OTaensHyro rpymry GopMHpPYIOT 0co0n
nonynsiuy MiHereHs, 4To MOATBEPKAAeT UX TEHETHIECKYTO
000CO0JICHHOCTB.

B xozme anHanm3a MaTpuIil METOAOM TJIABHBIX KOOPJIMHAT
OBUIO YCTaHOBIIEHO, YTO TEpBasi U BTOpasi TIIABHBIC KOOP-
nuHaTel onuceiBaoT 21.4 u 34.7 % W3MEHYUBOCTH COOT-
BerctBeHHo. Ha I'K1 npuxonures 21.4 % n3MeHInBOCTH, HA
I'K2 —-34.7 %.

C nomoltikto aHanu3a MoseKkyisipHoi nucnepcun AMOVA
BBISIBJICHO, YTO Ha JJOJIFO BHY TPHITOIYIISIIMOHHOM N3MEHYNBO-
cTH npuxonutcs 53 %, MeXnonyIsquoHHoN — 47 %.

Ha ocHoBe pacuera reHeTH4eCKO AUCTaHIMY U UICHTHY-
HocTH Nei BBISIBICHA HEBBICOKas AudepeHrnanus MexIy
OOJIPIIMHCTBOM M3y4YeHHBIX nomymsinuid G. monophylla (3a
UCKJIIOUSHUEM TOMYJISILUK MIHEreHb) 110 CPaBHEHHIO C PSIJIOM
JIpYTHX penkux BuaoB. Tak, s peaxoro Buna Astragalus
crassicarpus var. trichocalus reHeTHuecKast AUCTAHIHS CO-
craBmia 0.429-0.715 (Rogenski et al., 2009), s pexkoro
SHIIEMHUYHOTO BUAA Astragalus nitidiflorus mudpupenimanms
Mexay nomynsinusamu pasHa 0.279 (Vicente et al., 2011), y
penkux BunoB Astragalus olchonensis Gontsch. u Astraga-
lus sericeocanus Gontsch. BBISIBICH KOQHUIIMEHT CXO/ICTBA
Mexay nonynsusmu 67.7 u 56.0 (Joporuna u np., 2012).
[Tory4yeHHbIe HaMK Pe3yJIbTaThl COMIACYIOTCS C IAHHBIMH, BbI-
SIBJICHHBIMHU JJIs1 IPYTHX BUIOB: Y penkoro Buna Hedysarum
theinum Krasnob. reHeTHuecKas TUCTAHIINS MEXIY MOITYIIsI-
nusimu coctasmiia 0.085-0.182 (3esiruna, Jloporuna, 2013);
Y 9HIEMUYHOTO BUsia Rheum tanguticum MEXIOMyIISIIHOHHAS
nuctanius 0.062—0.183. OnHoON U3 NPUYUH BBISABICHHON
M3MEHYMBOCTU MEXIy nonyssiuusimu G. monophylla moxer
CIy’KHTh €€ OOMTaHHE B IKOJIOTHUECKH OJHOPOIHOH cpere.
W3BecTHO, UTO HEBBICOKAs TeHETHYECKas OIPA3ICICHHOCTD
MOMYJISIUNA MOXKET OBITh 00YCIIOBIIEHA OJTHOPOHOCTBIO KO-
JOTHYECKUX ycimoBuii oonranus Buna (Karron et al., 1988).

Pesynbrarhl Hamero ncciae0BaHus MOATBEPKIAIOT paHee
OIyOJIMKOBaHHBIC JJAHHBIE O TOM, YTO HEKOTOPBIE PEIKHUE
BUJIBI CITOCOOHBI MOAZIEP’KUBATH BHICOKOE TEHETHUECKOE pa3-
HOOOpa3ue Jaxke Ipu HEOOJBIIOM pa3Mepe MOMYIISIHi.
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[Tosry4yeHHBIC TaHHBIC MMO3BOJAT pa3paboTaTh CTPATETHIO
oxpausl G. monophylla B €CTECTBEHHBIX MeCTaxX OOWTaHMUS,
a TakXe MOCITyXaT OCHOBOI Ul COXpaHEHHs BUIA ex Sifu,
co3/1aHus OaHKa CEeMSTH ¥ PEMHTPO/YKLIUH T'HOJIbICHIITSATHH
OIIHONMCTHOH. B HacTosmiee BpeMs B nomynsausix G. mono-
phylla oTMedeH 10CTaTOYHO BBICOKMH ypOBEHBb I'€HEeTHde-
CKOTO pa3zHoOOpasusi, CJIe0BaTe)IbHO, OCHOBHBIE ITPUYHHBbI,
YTPO’KAOIIHEe BBKUBAHUIO BU/IA, HOCAT XapaKTep BHEITHUX
BozzeiicTBril. OCHOBHOM (haKTOp, KOTOPBII CTABUT MOJ YTPO3Y
OJsarornosiyyHoe CyliecTBoBanue nonyssinuid G. monophyl-
la, — TOTHOE WM YaCTHYHOE pa3pyIIeHHEe MECTOOOUTAHUH,
TIO/IBEPTAOINXCS B IOCIIEJHEE BPEMsI HHTCHCHBHOMY BBITIACY
1 BO3pacTarollell peKpealuoHHON Harpy3Ke.

C ydeToM y3KOii CTIeraIn3aliy 1 HaJIN9nsl HEMHOTOUHC-
JICHHBIX TIOMYJSIIIMK B MpEAEiax JN3bIOHKTUBHOIO apeaia
OCHOBHBIC MEPBI IO OXpPAaHE 3TOI0 BUAa JOJIKHbI 6bIT]: HarpaB-
JICHBI Ha TonAep kanue 3(pekTHBHOTO pa3Mepa MOMYISIHA
U 3aIIHUTY €r0 €CTECTBEHHBIX MECT OOUTaHMUS.

KoHdnuKT nHtepecos
ABTOpBI 3asBISIIOT 00 OTCYTCTBUHM KOH()IMKTA HHTEPECOB.

Cnucok nuTepatypbl

Aracdonos A.B., Araponosa O.B. SDS-anexrpodopes OenkoB 3HIO-
crepMa BUIOB Elymus ¢ pa3nu4HO# reHOMHO# cTpykTypoil. Cuo.
6uon. xypHai. 1992;3:7-12.

Joporuna O.B., XKmyns E.B., 3Baruna H.C. M3MeHUNBOCTD | CIICIH-
(UYHOCTD AMEKTPOPOPETHIECKUX CIIEKTPOB 3allaCHBIX OCJIKOB Ce-
MsiH ipencraBurteneit Astragalus (Fabaceae). Turczaninowia. 2012;
15(4):52-57.

Kypasnes 10.H., Kopens O.I"., Myzapox T.U., Peynosa I". /1., Ko3bipen-
ko M.M., Aprtiokosa E.B., Mtomko M.B. MonekynspHble Mapke-
PBI UTA COXpaHEHUs] peAKNX BUIOB pacteHuil Jlampaero Boctoka.
®usnoin. pacrenuid. 1999;46(6):953-964.

3psruna H.C., Jlopornna O.B. I'enernueckas muddepennnanus An-
tae-CasiHckoro sunemuka Hedysarum theinum Krasnb. (Fabaceae)
M0 JaHHBIM MEXMHKpPOCATEIUTUTHOro aHanu3a reHomuoi JIHK.
T'eneruka. 2013;49(10):1183-1189.

Kpacnast kaura Pecriy6iukn Antait. HoBocubupcek, 1996.

Kpacnas kuura Pecny6onuku TeiBa. Pacrenus. Hoocubupck, 2002.

Phylogenetics



M3mMeHUnBOCTb 1 MexxnonynAumoHHan anddepeHumaumna
penkoro Buaa Gueldenstaedtia monophylla Fisch. (Fabaceae)

Kpacnas xaura Poccniickoit @eneparin. Pacrenns n rpudst. M., 2008.

Hamszanos B.B. Tronbnenmrenarus ogHoiauctHas — Gueldenstaedtia
monophylla Fisch. buonorudeckue ocobennoctn pactenuii Cuou-
pH, Hy)atommuxest B oxpane. HoBocubupcek, 1986.

IIpumax P.B. OcHoBbI coxpanenust duopaszHoodpasus. M., 2002.

ITsx AWM. [erpodursr Pycckoro Antas. Tomck, 2003.

Penxue u ncuesaromue pacrenuns Cudbupu. HoBocubupcek, 1980.

Cemoruna W.10., Yepkacosa E.C., KapnayxoBa H.A. buonornueckue
ocobenHoctu peaxoro Bupa Gueldenstaedtia monophylla (Faba-
ceae) B LlentpansHom Antae. boran. xypH. 2008;9(93):1414-1423.

Chen L., Chen F., He S., Ma L. High genetic diversity and small genetic
variation among populations of Magnolia wufengensis (Magnolia-
ceae), revealed by ISSR and SRAP markers. Electronic J. Biotech-
nol. 2014;17:268-274. DOI 10.1016/j.¢jbt.2014.08.003.

Ci X.Q.,ChenJ.Q.,LiQ.M., LiJ. AFLP and ISSR analysis reveals high
genetic variation and inter-population differentiation in fragmented
populations of the endangered Litsea szemaois (Lauraceae) from
Southwest China. Plant Syst. Evol. 2008;273:237-246.

Frankham R. Genetics and conservation biology. Comptes Rendus Bio-
logies. 2003;326:22-29.

Frankham R. Stress and adaptation in conservation genetics. J. Evol.
Biol. 2005;18:750-755.

Frankham R., Ballou J.D., Brosco D.A. Introduction to Conservation
Genetics. Cambridge: Cambr. Univ. Press, 2002.

Gitzendanner M.A., Soltis P.S. Patterns of genetic variation in rare and
widespread plant congeners. Am. J. Bot. 2000;87(6):783-792.

Gordon S.P., Sloop C.M., Davis H.G., Cushman J.H. Population ge-
netic diversity and structure of two rare vernal pool grasses in central
California. Conserv. Genet. 2012;13:117-130.

Hamrick J.L., Godt M.J.W. Allozyme diversity in plant species. Plant
Population Genetics, Breeding and Germplasm Resources. Eds.
A.H.D. Brown, M.T. Clegg, A.L. Kahler, B.S. Weir. Sunderland:
Sinauer Press, 1990.

Hamrick J.L., Godt M.J.W. Effects of life history traits on genetic di-
versity in plant species. Philos. Trans. Roy. Soc. Lond. B. 1996;351:
1291-1298. http://dx.doi.org/10.1098/rstb.1996.0112.

Kaljund K., Jaaska V. No loss of genetic diversity in small and isolated
populations of Medicago sativa subsp. falcate. Biochem. System.
Ecol. 2010;38:510-520.

Karron J.D., Linhart Y.B., Chaulk C.A., Robertson C.A. Genetic struc-
ture of populations of geographically restricted and widespread spe-
cies of Astragalus (Fabaceae). Am. J. Bot. 1988;75(8):1114-1119.

Lande R. Risks of population extinction from demographic and envi-
ronmental stochasticity and random catastrophes. Amer. Naturalist.
1993;142:911-927.

Leammli U.K. Cleavage of structural proteins during assembly of the
head of bacteriophage T4. Nature. 1970;227(5259):680-685.

LiY.Y., Guan S.M., Yang S.Z., Luo Y., Chen X.Y. Genetic decline and
inbreeding depression in an extremely rare tree. Conserv. Genet.
2012;13:343-347.

Lopes M.S., Mendonc D., Bettencourt S.X., Borba A.R., Melo C., Bap-
tista C., da Camara Machado A. Genetic diversity of an Azorean
endemic and endangered plant species inferred from inter-simple

QdunoreHeTnKa

2017

0. CentoTuHa, E.C. KoHnyeHKo
B. 21.3

n.
O.B. loporuHa

sequence repeat markers. AoB Plants. 2014;6:1-15. DOI 10.1093/
aobpla/plu034.

Lumaret R., Mir C., Michaud H., Raynal V. Phylogeograpical varia-
tion of chloroplast DNA in holm oak (Quercus ilex L.). Mol. Ecol.
2002;11:2327-2336.

Masayuki M. Population genetics of threatened wild plants in Japan. J.
PL. Res. 2003;116:169-174.

Mongolian Red Book. Ed. Ts. Shirevdamba. Ulaanbaatar: Admon Print
Press, 2013.

Nei M. Genetic distance between populations. Amer. Naturalist. 1972;
106(949):283-292. http://dx.doi.org/10.1086/282771.

Nei M., Li W.H. Mathematical models for studying genetic variation in
terms of endonucleases. Proc. Natl. Acad. Sci. 1979;76:5269-5273.

Nybom H. Comparison of different nuclear DNA markers for estimating
intraspecific genetic diversity in plants. Mol. Ecol. 2004;13:1143-
1155. http://dx.doi.org/10.1111/j.1365-294X.2004.02141 .x.

Peakall R., Smouse P.E. GenALEXx 6.5: genetic analysis in Excel. Popu-
lation genetic software for teaching and research-an update. Bioin-
formatics. 2012; 28: 2537-2539.

Petit R.J., Aguinagalde I., de Beaulieu J.L., Bittkau C., Brewer S.,
Cheddadi R., Ennos R., Fineschi S., Grivet D., Lascoux M., Mo-
hanty A., Muller-Starck G.M., Demesure-Musch B., Palme A., Mar-
tin J.P.,, Rendell S., Vendramin G.G. Glacial refugia: hotspots but
not melting pots of genetic diversity. Science. 2003;300:1563-1565.

Rogenski C., Smith M., Esselman E. ISSR marker diversity of the
threatened Astragalus crassicarpus var. trichocalyx in Illinois popu-
lations. Trans. Illinois St. Acad. Sci. 2009;102(3/4):149.

Rossetto M., Weaver P.K., Dixon K.W. Use of RAPD analysis in de-
vising conservation strategies for the rare and endangered Grevillea
scapigera (Proteaceae). Mol. Ecol. 1995;4:357-364.

Schonswetter P., Stehlik 1., Holderegger R., Tribsch A. Molecular evi-
dence for glacial refugia of mountain plants in the Europe Alps. Mol.
Ecol. 2005;14:3547-3555.

Vicente M.J., Segura F., Aguado M., Migliaro D., Franco J.J., Martinez-
Sanchez J.J. Genetic diversity of Astragalus nitidiflorus, a critically
endangered endemic of SE Spain, and implications for its conserva-
tion. Biochem. Syst. Ecol. 2011;39:175-182.

Willi Y., Van Buskirk J., Hoffmann A.A. Limits to the adaptive potential
of'small populations. Ann. Rev. Ecol. Evol. System. 2006;37:433-458.

Wu F.Q., Shen S.K., Zhang X.J., Wang Y.H., Sun W.B. Genetic diver-
sity and population structure of an extremely endangered species:
the world’s largest Rhododendron. AoB Plants. 2014. DOI 10.1093/
aobpla/plu082.

Yeh F.C., Yang R., Boyle T. POPGENE: Microsoft Windows-based
freeware for population genetic analysis. Release 1.31. 1999. avail-
able at http://www. ualberta.ca/~fyeh/index.htm.

Zhao X.F., Ma Y.P., Sun W.B., Wen X., Milne R. High genetic diversity
and low differentiation of Michelia coriacea (Magnoliaceae), a criti-
cally endangered endemic in southeast Yunnan, China. Int. J. Mol.
Sci. 2012;13:4396-4411.

Zhu H. A tropical seasonal rain forest at its altitudinal and latitudinal
limits in southern Yunnan, SW China. Gard. Bull. Singap. 2004;56:
55-72.

BaBuNOBCKMNI XKypHan reHeTUKN 1 cenekuymmn « 21«3 - 2017

359



ﬂ ®unoreHeTtuka
~ OPWUTVMHA/IbHOE MCC/IEAOBAHUE / ORIGINAL ARTICLE

BaBunoBcKuii xypHan reHeTrku 1 cenekuymn. 2017;21(3):360-367
DOI 10.18699/VJ17.253

Differentiation between some Ulva spp.
by morphological, genetic and biochemical analyses

M.M. Ismail! @, S.E. Mohamed?

" Marine Environmental Division, National Institute of Oceanography and Fisheries, Alexandria, Egypt
2 Department of Molecular Biology, Genetic Engineering and Biotechnology Research Institute, Sadat City University, Sadat City, Egypt

Ulva is most common green seaweed in Egypt coast, it used as a
source of food, feed, medicines and fertilizers in all the world. This
study is the first time to investigate the morphological, genetic
and biochemical variation within four Ulva species collected

from Eastern Harbor, Alexandria. The morphology description of
thallus showed highly variations according to species, but there is
not enough data to make differentiation between species in the
same genus since it is impacted with environmental factors and
development stage of seaweeds. Genetic variations between the
tested Ulva spp. were analyzed using random amplified polymor-
phic DNA (RAPD) analyses which shows that it would be possible
to establish a unique fingerprint for individual seaweeds based on
the combined results generated from a small collection of prim-
ers. The dendrogram showed that the most closely species are

U. lactuca and U. compressa, while, U. fasciata was far from both

U. lactuca and U. compressa. Meanwhile, U. linzea is showed to

be a unique species. The biochemical composition (e.g. protein,
carbohydrate, lipid and pigment composition) of the collected
Ulva spp. grouped the collected Ulva spp. into two groups

(U. fasciata and U. lactuca) and other (U. compressa and U. linzea).

Key words: morphological character; genetic; biochemical; RAPD;

Ulva spp.
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Pasnauuust MeXOy HEKOTOPbIMU
BusmamMu poza Ulva, BbIIBJIEHHBIE
nmyTeM MOpP@dOJI0rn4eckoro,
reHeTUYEeCKOro 11 6MOXMMUYEeCKOTO
aHa/IM3a

M.M. Ucmanal @, C.2. MoxaMe/s,2

1 OTgen uccnefoBaHUin MOpCcKom cpefbl HaumMoHanbHOro MHCTUTYTa
okeaHorpadu n pbIbonoBcTBa, AnekcaHapus, Ervner

OTaen monekynapHon 6uonorun MiccnenoBaTtenbckoro MUHCTUTYTa
reHHoW NHXeHepun 1 6rnoTtexHonornin, CafaTcKuin yHUBEPCUTET,
Capar, Ervner

YnbBa — camas pacnpocTpaHeHHas 3efeHas BOLOPOCSb,
obuTatowasn y nobepexba Ernnrta. Bo Bcem Mupe oHa mc-
Nosb3yeTcs B KaUeCTBe NPOAYyKTa MUTaHNA, MPUMeHAETCA
B MeJMILMHCKNX LeNifX, a TakKe NAET Ha yaoobpeHus n
dypax. B ctatbe npuBoasaTca pesynbTaThl NEPBOro nUccne-
[l0BaHMA MOPDONOTrMYecKnx, reHeTUYeCcKnx n broxmmm-
YeCKNX Pas3nnymin mexay YeTblipbMaA BrAaMn BOAOPOCEN
popaa Ulva, o6pa3ubl KoTopbix 6binn cobpaHbl B BoctouHol
6yxTe ropoga AnekcaHapuu (Eruner). Mpu nccnegosaHun
Mopdonorum Tannyca 6111 BbiABMEHbI 3HAUUTESIbHbIE
Buaocneumdrnyeckre pasnnmums, Ho JaHHbIX 4f1A TOro,
YTOObI OTAENNTL OAVH BUA OT [PYroro B npeAenax ogHoro
1 TOTO XK€ POAa, HelOCTaTOYHO, MOCKOJbKY Ha YKa3aHHbIN
NPU3HaK BIVAIOT Kak 3Konormyeckne ¢paktopbl, Tak U CTa-
LA pasBUTUA pacTeHus. [eHETNYECKME Pa3nnuuua mexay
MNCCNefoBaHHbIMY BUAAMY YNbBbl aHANIM3UPOBAM C MOMO-
b0 MeToAa ClyYaiHO amnnduLmMpyemon NonumMopedHoi
[HK (RAPD). AHann3 geHaporpamMmmbl nokasan, 4to Hanbo-
nee 6nv3Kkm apyr K Apyry supabl U. lactuca n U. compressa,
Torga Kak U. fasciata anaeTca BUGOM, OTAANEHHbBIM KaK OT
U. lactuca, Tak n ot U. compressa. B 10 e Bpems 6b1510 no-
KasaHo, uto U. linzea aBnaeTtca yHUKanbHbIM BULOM. Paznu-
Yuis, BbIAABNIEHHbIE MeXAY BUAaMU ynbBbl MeTogom RAPD,
roBOPAT O BO3MOXHOCTY MONyYeHUA «GUHrepnpuHTa» ana
VNHANBULYaNbHBIX BOLOPOC/EN NPU NCMOIb30BAHUN INLLb
HeboNbLLIOro Yncna npanmepos. Ha ocHoBe cBoero 61Moxm-
MUYECKOro cocTaBa (6eIKOBOroO, yrneBOgHOro, MMMNNAHOrO
1 MUTMEHTHOTO) CO6paHHble BUAbI OblIv Pa3buTbl Ha ABe
rpynnbi: B ogHy Bownu U. fasciata v U. lactuca, a B gpyryto —
U. compressa wn U. linzea.

KnioueBble cnoBa: Mopdonornieckunii NprsHak; reHeTnye-
cKuin; broxmmnyecknii; RAPD; ynbBa.



tuce, including species previously placed in the genus

Enteromorpha (monostromatic tubular thalli) (Hayden
etal., 2003), is well known for its wide distribution in marine,
freshwater and brackish environments on a global scale in the
intertidal and shallow subtidal zones of rocky shores all over
the world (Reed, Russell, 1979; van den Hoek et al., 1995;
Shimada et al., 2007, 2008; Ichihara et al., 2009). The genus
Ulva was first identified by Linnaeus in 1753 (Kong et al.,
2011). Since many taxonomists and phycologists have been
involved in the identification of Ulva species (Wolf et al.,
2012) which are notoriously difficult to classify due to the
morphological plasticity expressed by many members as well
as the few reliable characters available for differentiating taxa
(Heech etal., 2009; Wolfet al., 2012). It is morphology heav-
ily influenced by environmental conditions, age of the thallus,
and life style, making difficult the delineation of species by
morphological features alone (Wolf et al., 2012).

Until 2003, leafy forms and tubular forms were generally
attributed to two separate genera, Ulva and Enteromorpha,
respectively. However, intermediate forms between Ulva and
Enteromorpha had been observed in some circumstances and
there was evidence that under certain environmental condi-
tions some species could switch from a morphotype to the
other (Tan et al., 1999). Bliding (1968) recognized eight Ulva
species in Europe and used mainly microscopic characters:
cell size and shape in the blade and basal area (both in surface
view and in section), thallus thickness, cell arrangement,
chloroplast position and number of pyrenoids. Several authors
have questioned the validity of morphological characteristics
for identification purposes, because of the large variation
observed between individuals at different sites and between
individuals at the same site in different seasons (Mshigeni,
Kajamulo, 1979; Tanner, 1986). Seaweeds have an interesting
chemical composition that makes their commercial exploita-
tion attractive to produce functional or health promoting food.
Ulva is a good source for food, development of novel drugs
and functional foods, pharmaceutical and agricultural applica-
tions (Costa et al., 2010; Wijesekara et al., 2011).

Recent studies based on molecular data carried out in
different parts of the world invariably have shown a higher
species diversity than suggested by morphology, revealing
cryptic species and introduced taxa not previously detected
(Loughnane et al., 2008; O’Kelly et al., 2010). The molecular
data produced in the last 10 years have led to a much better
characterization of species concepts and circumscriptions
(Hayden et al., 2003). Recent improvements in DNA ex-
traction procedures have made it possible to obtain partial
sequences from type specimens, and in some cases this has
led to unexpected results. For example, it has been shown that
the molecular identity of the type specimen of U. lactuca does
not match that of specimens that have since been assigned to
this name, and corresponds to the entity named U. fasciata
(O’Kelly et al., 2010).

Genetic variation between Ulva species are assessed by
the presence or absence of each product. Random Ampli-
fied Polymorphic DNA (RAPD) technique based on the
Polymerase Chain Reaction (PCR) has been one of the most
commonly used molecular techniques to develop DNA mark-
ers (Bardakci, 2001). Polymorphisms can occur due to base

_|_he green algal genus Ulva commonly known as sea let-
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substitutions at the primer binding sites or to differences in the
regions between the sites. RAPD markers have been used for
species identification, analysis of population structure, analy-
sis of genetic impacts of environmental stress and analysis of
genetic diversity (Williams et al., 1993).

The aim of the present study was to provide information on
the morphology, genetic and biochemical characters of most
common Ulva spp. in Eastern Harbor of Alexandria.

Materials and methods
Collection and identification of Ulva species. Four species
of Ulva were handpicked collected in spring 2014 at depth of
0.2 m or less from rocky of Eastern Harbor water, Alexandria
(longitudes 29°53'-29°54" E and latitudes 31°12'-31°13" N)
which are excellent domains for seaweed attachment (Fig. 1).
All samples were brought to the laboratory in plastic bags
containing seawater to prevent evaporation. In laboratory,
seaweeds were cleaned from epiphytes and rock debris and
given a quick fresh water rinse to remove surface salts. On
the same of collection; some of fresh samples were processed
as herbarium specimens and deposited in the Taxonomy Mu-
seum Marine Environmental Division (National Institute of
Oceanography and Fisheries, Kayet Bay, Alexandria, 21556,
Egypt); other of them were preserved in 5 % formalin seawater
for morphology study and the other cleaned seaweeds were
then air dried in the shade at room temperature (25-30 °C)
on absorbent paper for estimation of moisture content. Then,
they were pulverized in a cereal grinder for 5 min and sieved,
using a 100 mesh sieve, to obtain a fine and homogeneous
powder that was stored in hermetic sealed plastic bags and
stored at —20 °C until for genetic and biochemical analysis. All
seaweeds were identified taxonomically following the meth-
ods of Taylor (1960), Abbott and Hollenberg (1976), Aleem
(1993), Jha et al. (2009). The names of the species were used
according to Guiry, Guiry (2011) and were confirmed using
algaebase website.

Morphological studies. Macroscopic observations on the
algae included the thallus colour, length, texture and, if at-
tached morphotypes were found, the holdfast was screened.
The following microscopic characteristics were recorded: cell
sizes of at least ten randomly chosen cells, thallus thickness,
shape and arrangement of the cells in surface view, shape
and arrangement of the chloroplast in surface view (cap-like
appearance or not) and number and distribution of pyrenoids.

Genetic studies. DNA extraction. About 500 mg of the
freeze algae (20 °C) was ground in a pre-cooled mortar and
pestle by adding liquid nitrogen. DNA was isolated from
samples by CTAB method (Doyle, Doyle, 1987).

RAPD-PCR. Amplification of genomic DNA was per-
formed in 25 pl reaction mixture containing 9.5 ul water,
0.5 pl of RAPD primer, 12.5 ul PCR master mix and 2.5 pl
DNA. RAPD-PCR was performed by 14 different RAPD
primers (Tab. 1) after checking the DNAs by agarose gel
electrophoresis. PCR bands were checked again by agarose
gel electrophoresis after PCR analysis. Amplification done
with 5 cycles; denaturation at 94 °C for 1 minute, annealing
at 40 °C for 30 seconds and extension at 72 °C for 1 minute,
40 cycles; denaturation at 94 °C for 45 seconds, annealing
at 60 °C for 1 minute and extension at 72 °C for 45 seconds,
final extension at 72 °C for 11 minutes. The amplified prod-
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Mediterranean Sea

Fig. 1. Location of collected seaweeds.

uct kept in 4 °C until gel electrophoresis. 12 pl of each PCR
product was electrophoresed on 1.2 % agarose gel in TAE
buffer (40 mM Tris acetate, | mM EDTA, pH 8.0) at 80 V for
1 hour. The gel was stained with ethidium bromide and photo-
graphed.

Biochemical studies. Biochemical studies including ash
content which was estimated by ashing the ground dried
samples overnight in a muffle furnace at 525 °C, the protein
fraction (% of DW) was calculated from the elemental N deter-
mination using the nitrogen-protein conversion factor of 6.25
according to AOAC (1995), total carbohydrate was estimated
by following the phenol-sulphuric acid method of Dubois et
al. (1956), using glucose as standard, lipids were extracted
with a chloroform-methanol mixture (2:1 v/v) then were dried
over anhydrous sodium sulphate, after which the solvent was
removed by heating at 80 °C under vacuum (AOAC, 2000) and
the pigment contents e. g. chlorophyll a and b were extracted
in 90 % acetone, estimated spectrophotometrically according
to the method of Jeffrey, Humphrey (1975) and carotenoids
were estimated in the same extract of chlorophyll at 480 nm
by Ridley method (1977).

Statistical analysis. Results are expressed as mean + stan-
dard deviation (SD) from three replicates. Data obtained
were analyzed statistically using SAS (6.12) to determine
the degree of significance using one way analysis of vari-
ance (ANOVA) at probability level p <0.05, followed by the
Community Analysis Package (CAP) 4.0. The relationships
between the Ulva spp. were determined by cluster analysis
(Richard, Peter, 2007).

Results and discussion

Morphological and taxonomical

description of Ulva species

Algal collection were identified as presented in the literatures,
checked for synonyms and latest accepted names, referred to
its systematic groups and described. The collected species
were identified as Ulva compressa, U. fasciata, U. lactuca
and U. linzea (Phylum: Chlorophyta; Class: Chlorophyceae;
Order: Ulvales; Family: Ulvaceae). There was significant
variation in morphological characteristics of Ulva spp.
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Table1.The sequence of the RAPD primers used in the study

Primer number

Nucleotide sequence
(5-3)

Genus (1): Ulva compressa (Linnaeus) Grev

Synonyms: Enteromorpha compressa (Linnacus) Nees,
E. intestinalis (L.) Nees, subsp. compressa De Silva and
Burrows.

Morphological description: Thalli green color, up to
20 cm, 1-2.5 mm broad membranaceous, flat, narrow bladed
form, tapering upward, waving margin, branching at the base,
attached at first by a short cylindrical stipe (Fig. 2, a).

Surface view: Surface cells minute, polygonal, irregular
arrangement, cell contents chloroplast with pyrenoids 1-2 per
cell (Fig. 2, b).

Remarks: It is present in peaches and act as habitats for
different polycheates sp.

Genus (2): Ulva fasciata Delile

Synonyms: Ulva lactuca f. fasciata (Delile) Hering, Phy-
coseris fasciata (Delile) Montagne.

Morphological description: Thallus yellow to dark green
in colour, thin, up to 40 cm long, 812 cm wide at base,
tapering upward to less than 1.5 cm wide at tip and deeply
divided into a number of lobes, 1-3 c¢m broad lobes; sheet
like, blades irregularly linear with slightly irregular margins
with occasional coarse microscopic marginal teeth or spine
projections (Fig. 3, a).

Surface view: Cells in surface view polygonal, palisade like
with two cells thick and irregularly arranged. Cells uninucle-
ate, chloroplast plate-like filling outer part of cell and having
two pyrenoids (Fig. 3, b).

Remarks: It is the most common species in collected
season and place. It is good habitats for polycheats and zoo-
plankton spp.

Genus (3): U. lactuca Linnaeus

Synonyms: U. lactuca efolia Gray, U. fenestrate Postels
and Ruprecht, U. stipitata Areschoug, U. crassa Kjellman.

Morphological description: Thalli bright green, much
broader (15-20 c¢cm) than long (10-15), flat, rounded, foliose,
leafy, soft, broad, membranous with undulated margins and
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Fig. 3. (a) U. fasciata and (b) surface view of cells of blade.

normally wider at the top than at the base resembling a lettuce
leaf (Fig. 4, a).

Surface view: Under microscope examination; surface cells
have various shapes and sizes with no regular arrangement
with rounded angles, chloroplast usually fills the outer end
of the cell with one or more pyrenoids. Transverse section of
frond shows the two layers of cells (Fig. 4, b).

Remark: Thenatural blades of U. lactucaand U. fasciata were
more rigid than other tested Ulva spp. This characteristic was
attributed to the number of strata of cells intransversal section.

Genus (4): Ulva linzea Linnaeus

Synonyms: Enteromorpha linza (Linnaeus) J. Agardh,
U. procera (K. Ahlner) Hayden.

Morphological description: Thalli green in color, com-
pressed, linear lanceolate, unbranched, flattened, up to 30 cm
long and less than 1.0 cm broad in basal part which are tapered
from the base towards the apex to become spine like, with
wave margin (Fig. 5, a).

Surface view: Microscope examination showed that the
cells in surface view generally polygonal without regular ar-
rangement, interspace between cell is wide and no hollow parts
in blades. Cell is taller than broad, uninucleate, chloroplast
with the large number of pyrenoids (Fig. 5, b).

As shown from previously morphological examination,
there are significantly different in macroscopic description.
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Fig. 5. (a) U. linzea and (b) surface view of cells of blade.

On the other hand, there are some similarity in microscopic
examination so these methods are not suitable for differen-
tiation between Ulva spp. There are little data related to our
study, the morphological and anatomical structure (thickness
of marginal, mid, and basal regions; cell height in transverse
section and cell size in surface section) of U. rigida signifi-
cantly affected by thallus age (Phillips, 1988), seasons and lo-
cations (Dural, Demir, 2001). Cell size is known to vary under
different environmental conditions such as salinity (Koeman,
van den Hoek, 1981), temperature and light availability (Is-
rael et al., 1995) and for these reasons does not seem to be a
good characteristic for identification. Pyrenoid number and
distribution useful for identification (Koeman, van den Hoek,
1981) but the pyrenoids can be very hard or even impossible
to observe if the cells contain many starch grains (Malta et al.,
1999). Pettett (2009) stated that the ability of Ulva to switch
morphological characteristics under different environmental
conditions makes Ulva taxonomy difficult so it should be used
more advanced methods like genetic information. Genetic
information reassigned the genus Enteromorpha to the genus
Ulva (Hayden et al., 2003).

Genetic variation
Data in Table 2 showed a total of amplified fragments 31,
38, 38 and 31 over all the 14 random primers using the ran-
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Table 2. Amplified, absent, polymorphic and common bands over all random primers Ulva species

Species No of amplified No of absent
bands bands
U. compressa 38 13
U. fasciata 31 20
U. lactuca 38 13
U. linzea 31 20
S S
s g s g
5 ¥ 58 g 5 ¥ 5 3
g & & N 2 §© & N
& s 8 £ & s 8 £
bp = > > > > = > > > > =
0 - p)

Fig. 6. RAPD polymorphism in four Ulva species.

Primer No. 11 (5'-CTGCTGGGAC), Primer No. 12 (5'-CCTTGACGCA),
Primer No. 13 (5'-GTCCCGACGA) and Primer No. 14 (5'-GTCCGGAGTG).

dom amplified polymorphic DNA technique for U. fasciata,
U. lactuca, U. compressa and U. linzea, respectively. The
ratio of the common fragments was 32.25 % for each of
U. fasciata and U. linzea and 26.32 % for each of U. lactuca
and U. compressa.

It is worthy to mention that each of the genomic DNA of
U. lactuca and U. compressa had thirty-eight (38) amplified
fragments over all used primers of them twenty-eight (28)
polymorphic fragments with a ratio of 73.68 % for each of
the two species.

Meanwhile, each of the genomic DNA of U. fasciata and
U. linzea had thirty-one (31) amplified fragments as present
bands of them twenty-one (21) polymorphic fragments with
a ratio of 67.74 % for each of the two species.

Data in Table 3, revealed that the genetic similarity between
U. lactuca and U. compressa had the score of 0.79, meanwhile
it had the score of 0.55 between U. fasciata and U. linzea.
These results clearly indicated that the species U. lactuca is the
closest one to species U. compressa and the species U. linzea
was the most divergent from species U. fasciata. Moreover,
the phylogenetic relationship indicated by the dendrogram
in Fig. 6 and confirmed the aforementioned results obtained
from Table 3.

The dendrogram (Fig. 7) showed that the most closely spe-
cies are U. lactuca and U. compressa (Guidone et al., 2013).
However, U. fasciata (Pasad et al., 2009) is showed to be far
from both U. lactuca and U. compressa. Meanwhile, U. linzea
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No of polymorphic % of common % of polymorphic

bands bands bands
28 .................................... 2 6 3 2 ................................ 7 363 .............................
21 ..................................... 3 22 5 ................................ 5 774 .............................
28 .................................... 2 6 3 2 ................................ 7 363 .............................
21 ..................................... 3 22 5 ................................ 5 774 .............................

showed to be a unique species, suggesting that it is quite dif-
ferent than the other three species at the level of RAPD-PCR
primers used in this study. Moreover, these clustering dendro-
gram suggests that using more primers could be beneficial to
confirm these results.

Biochemical characteristics of Ulva spp.

The biochemical composition (moisture content, ash, protein,
carbohydrate and lipid) of Ulva spp. is illustrated in Table 4.
No significant differences were noticed in moisture content
in all tested Ulva spp. which ranged between 82.142 to
85.545 % DW. Our results are in agreement with Moustafa
and Saeed (2014) who stated that the moisture content of
macroalgae within the range 83.67-86.98 % DW.

Ash value was highest in U. fasciata (22.987 % DW) fol-
lowed by U. lactuca (21.345 % DW) then U. linzea (20.897 %
DW) and U. compressa (20.135 % DW). The present study
showed no significant differences in the ash content between
Ulva spp. and ranged between 20.135 to 22.987 % DW. Our
results are consistent with the observations reported by Wong
and Cheung (2001) who stated that the ash content of U. lactu-
ca range between 21.3-24.6 % DW and 25.4 % DW for
U. fasciata (McDermid, Stuercke, 2003). Khairy, El-Shafay
(2013) recorded that the ash content of U. lactuca which range
between 17.6-23.4 % DW in spring which the same season
of collected samples.

The protein content of Ulva spp. had significant difference
among Ulva species. The protein content of U. compressa
(22.056 % DW) was higher than other species while the
protein content of U. fasciata (13.091 % DW) was the lowest
one. This observation is similar to that observed Dhargalkar
et al. (1980) who detected that protein content varied among
different genera and also in different species of the same
genus, Fleurence (1999) reported that the protein content of
Ulva spp. range of 10-26 %, and Kokilam, Vasuki (2014)
stated that Ulva sp. had protein content within the range of
10-20 % (DW).

The level of carbohydrate was very high compared to pro-
tein and lipid. There are significant variations in carbohydrate
between Ulva species. The carbohydrate content of U. fas-
ciata was richer than other Ulva spp. (46.670 % DW), while
the lowest carbohydrate content was recorded in U. linzea
(33.221 % DW). These results were in conformity with Khairy
and El-Shafay (2013) who recorded that the carbohydrate con-
tent of U. lactuca ranged from 42.1 to 46.5 % DW and Mou-
stafa and Saeed (2014) detected that the carbohydrate content
in Ulva sp. ranged between 49.21 to 51.37 % DW in spring.

In comparison to protein and carbohydrate, lipid exhibited
no significant different and low proportion in Ulva spp. The
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Table 3. Genetic similarity matrix among four Ulva spp. based on polymorphic RAPD band

Species U. compressa U. fasciata
U Compressa .......................... 1 ............................................... 0 64 ..............
U fasaam ............................... o 6 4 ......................................... 1 ....................
U / ac tuca ................................ o 79 ......................................... 0 67 ..............
U / mzea .................................. 0 6 4 ......................................... 0 55 ...............

U. lactuca U. linzea
079 ......................................... 0 64 .......................................
067 ......................................... 0 55 ........................................
........................... 1067
067 ......................................... 1 .............................................

U. linzea (4)

BUNE % § FHIX
[T T VTN

U. compressa (3)

U. lactuca (2)

R 9§ IR

U. fasciata (1)

[ L L L L L B L LB B R B ]

0.65 0.70 0.75 0.80

0.85 0.90 0.95 1.00

Fig. 7. RAPD cluster analysis of four Ulva species depending upon simple matching coefficient and using

the UPGMA clustering method.

Table 4. The mean (£ SD) contents of moisture, ash, protein, carbohydrate and lipid (% dry weight) in the different Ulva spp.

% DW Moisture Ash Protein Carbohydrate Lipid
U. compressa 83.027+1.12 20.135+0.21 22.056+1.01 29.572+2.22 2.646+0.66
U. fasciata 83.358+1.03 22.987+0.89 13.091+£0.89 46.670+2.25 4.395+0.85
U. lactuca 85.545+0.87 21.345+0.71 16.416+0.08 39.733+1.23 3.875+£0.13
U. linzea 82.142+0.65 20.897+0.14 15.728+0.45 33.221+0.34 3.476+0.03
F-value 128.774 131.252 803.971 48.981 10.168
P-value 0.0001 0.0001 0.0001 0.0001 0.0001
highest concentration of lipid was recorded in U. fasciata and 357 Ol Chl.a
the lowest concentration was observed in U. compressa. These 0k Chl.b
results were in consistence with those of Dawes (1998) who ' B Total chlorophylls
stated that seaweeds exhibit low lipid contents. McDermid, £ 25t M Carotenoids
. (2]
Stuercke (2003) stated that the most macroalgae contained [
lipid less than 4 % DW. < 20
As shown in Figure 8, the pigment contents were sig- & 15|
nificantly different between Ulva spp. The highest chloro- 2 I
phyll a was registered in U. linzea (1.662 mg g! FW) & 107 I
followed by U. compressa (1.522 mg g'! FW), then U. fas- o0s | .
ciata (1.154 mg g' FW), and U. lactuca (0.667 mg g ! FW). 1
. . 0 1 1 1
Chlorophyll b was observed to be the richest U. linzea Urcompressa U fasciata U lactuca U inzea

(1.090 mg g' FW), while the lowest chlorophyll b was noted
in U. lactuca (0.224 mg g-! FW). The greater total chlorophyll
value was observed in U. linzea (2.792 mg g-' FW) follow-
ed by U. compressa (2.578 mg g~! FW). The minimum value
was noted in U. lactuca (1.023 mg g! FW). On the other
hand, the maximum carotenoids was noted in U. compressa
(0.507 mg g~ ! FW) followed by U. linzea (0.321 mg g ! FW).
The lowest ratio was recorded in U. lactuca (0.24 mg g ! FW).
Similar findings and trends were also reported by Dere et
al. (2003) who detected that the pigment contents varied
significantly with respect to the algal taxa, stations and
depth. Moustafa, Saeed (2014) detected the total pigment of
Ulva spp. ranged between 2.52-5.22 mg/g DW.

QdunoreHeTnKa

Algal species

Fig. 8. Variation in photosynthetic content of the collected Ulva spp.
(mg/g FW).

The reliable taxonomic identification of Ulva species is
unlikely to be obtained on the basis of morphology alone
(Malta et al., 1999). However, the traditional generic names
represent a useful morphological distinction between the
two-thallus types and, for the purposes of this research; the
genera will be referred to as separate for the sake of clarity
and continuity with previous authors.
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170 79.2 35 0

U. compressa

U.linzea

U. fasciata
I—‘ U. lactuca

Fig. 9. The relationships of four Ulva species based on variation in bio-
chemical composition expressed as Euclidean distance ward tree using
CAP software.

The CAP program was used to measure the relationships
between biochemical composition of Ulva spp. based on simi-
larity estimates using ward tree building methods that indicate
the species in this tree are divided into two major groups
(U. compressa and U. linzea) and (U. fasciata and U. lactuca)
which are closely related to each other (Fig. 9), respectively.
Biochemical analysis of the collected Ulva spp. confirmed
there are similarity between U. lactuca and U. fasciata and on
the other hand, between U. linzea and U. compressa.

The reliable taxonomic identification of Ulva species is
unlikely to be obtained on the basis of morphology alone
(Malta et al., 1999).

Conclusion

The present investigation represented initial steps in creating
areliable database on morphological, genetic and biochemical
variation between Ulva spp. collected from Eastern Harbor,
Alexandria, Egypt. Taxonomical study of seaweeds should
be not depend on morphological description and biochemical
composition only because were not enough for differentiation
between seaweeds especially Ulva species. These characters
more affected by age, seasonal changes so it should be used
genetic methods which are more specialization and accuracy,
while RAPD-PCR is useful in differentiation between Ulva
species. It may also be useful in detecting relationship be-
tween species within a genus. Future work in the seaweeds
differentiation and classification should be performed by
modern genetic technology to study the variation between
different species.
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1CMob30BaHNA HETPaAMLIMOHHbIX METOA0B aHanu3a. /13BecTHo, uto

The mitochondrial gene order
and CYTB gene evolution
in insects

ES. Sharko!, A.V. Nedoluzhko?®), S.M. Rastorguevz,

MOneKynApHaa 3BOMOLMA NAET He TONbKO NyTeM e4UHUYHbIX HYK/eo-
TULHbIX 3aMeH, HO U BKJIoYaeT B ceba bonee KpyrHble reHOMHble nepe-
CTPOWIKY, TaKne Kak M3MeHeHue nopaaka reHoB. [eHbl MUTOXOHAPW-
anbHon AHK (MTAHK) poctaTouHO YacTo MCMONb3YIOTCA B KayecTse
MapKepa Ana punoreHeTUYECKNX NCCIefOBaHNIA Y MHOTVIX OpraHun3-
MOB, B TOM YMC/e YNEHUCTOHOINX, NOCKoNbKY MTAHK MHOrokonuiHa,
HacnegyeTcs Mo MaTePUHCKON NIHUW, He MOABEPXKeHa peKoMOMHaLmm
1 AOCTAaTOYHO ObICTPO (OTHOCKTENbHO ALEPHOrO reHOMa) HakannvBaeTt
MyTauuu. K HacTosLiemy BpemeHM B 06LLefOCTYMHbIX 6a3ax AaHHbIX
cobpaHo 60nbLLOe KONMYECTBO MOJSHbIX HYKEOTUAHbIX NOC/Ief0Ba-
TefIbHOCTeN MUTOFeHOMOB (TbICAYM OPraHV3MOB), OAHAKO UX dunore-
HETUYECKUI aHaNn3 UMEET CBOU CNIOXKHOCTU, 0COBEHHO ANnA npea-
cTaBuTenen Knacca Hacekomsle (Insecta), ubsi aBONOLMA 3aHUMaET
3HAUMTENbHbIN OTPE30K Freoornyeckoro BpemeHu. Lienbto gaHHoro
nccnenoBaHms Gbina oLeHKa BO3MOXHOCTY UCMOJb30BaHUS HOBbIX
METOAMNYECKUX MPUEMOB GUNOreHeTUYECKOro aHaM3a HaCEKOMbIX.
CpaBHMBaloTCA ABa Cnocoba GpunoreHeTMYeckoro aHanmsa. Mepsbliii
MeTOZ MCMOosb3yeT M3MEHUMBOCTb HYKIEOTUAHOW NOC/IeA0BaTeNIbHO-
ctn MTAHK, BTOpO — NOPAAROK FreHOB B MOMHbIX MUTOXOHAPUANbHbIX
reHoMax KaK JoMNoNHUTENbHbI MapKep. Moka3aHo, UTo NopALoK
reHOB MOXET OblTb MPUMEHEH B KaYeCTBE JOMOSIHUTENIbHOTO MapKepa
npu ¢punoreHeTUYECKNX NCCNefoBaHUAX NpeacTaBuTenei otTpaga
Hymenoptera. Pa3paboTaHa nporpamma mitoSpider, ¢ nomoLibto Ko-
TOPOW BblsiBNEHbI 63 NOCIe0BaTeNIbHOCTA MATOFEHOMOB HAaCEKOMBbIX,
rae KoimyecTBa reHOB OT/IMYAOTCA OT CTaHAAPTHOTO (417 BbICOKOOP-
raHn3oBaHHbIX Metazoa).

KntoueBble crioBa: NopAAoK reHoB; MuToxoHapuranbHaa [HK; Haceko-
Mble, Hymenoptera; nepenoHyaTokpbinblie; mitoSpider; CYTB; ¢puno-
reHus.
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Over millions of years of evolution, the genomes of
modern insects have accumulated a significant num-
ber of mutations, which often can lead up a blind alley
when carrying out phylogenetic research. Genomic
differences between some representatives belonging
to the same family or group are often so great that
they demand using nonconventional methods of the
phylogenetic analysis. It is known that molecular evo-
lution goes by the way of not only single nucleotide
substitutions, but also by larger genomic reorganiza-
tions, such as insertion or deletion of large genome
fragments, and even changing the order of genes.
Mitochondrial DNA genes (mtDNA) are quite often
used as markers for phylogenetic research into many
organisms including arthropods, because mtDNA is
multicopied, is inherited maternally, does not undergo
recombination and accumulates mutations quickly
enough (relative to the nuclear genome). To date, a
large number of full nucleotide sequences of mitoge-
nomes (thousands of organisms) has been deposited
in public databases; however, their phylogenetic ana-
lysis has obstacles, especially for representatives of the
insects (Insecta), whose evolution takes a consider-
able part of geological time. In this work we describe
the application and a comparison of two ways of the
phylogenetic analysis for different groups of insects.
The first method uses the variability of the nucleotide
sequence of mtDNA, and the second one analyses

the order of genes in full mitochondrial genomes of
insects that can be used as an additional marker in
phylogenetic research into representatives of the order
Hymenoptera.

Key words: gene order; mitochondrial DNA; Insects;
Hymenoptera; mitoSpider; CYTB; phylogeny.



OsIBJICHHE U Pa3BUTUE METOJ0B COBPEMEHHOIO CEKBE-
aupoBannsa JJHK (next-generation sequencing — NGS)
CIOCOOCTBOBAIIO 3HAYUTEIILHOMY MPOTPECCY B 3BOJIIO-

LUOHHON OMOJIOTMH, BKJIIOYAsl MPOBEACHUE MHOTOYHCIICH-

HBIX paboT B 00JIACTH T€HOMHKH, TPAHCKPUITOMHUKH HIIH

snureHomuku. K Hacroamemy BpeMenu npumenenue NGS-

TEXHOJIOTUW CTaJI0 PYTUHHOW MpPOUENYypOil, KOTOPYIO HUC-

MOJB3YIOT MHOTHE HCCIIEI0BATENbCKUE TPYTIITBL, B TOM YHCIIE

B Poccun (Rastorguev et al., 2013; Nedoluzhko et al., 2016;

Sokolov et al., 2016). Ycnex 3TUX METOIOB ITPUBEIT K IKCIIO-

HEHIMAJIBHOMY POCTY KOJHMYECTBA OTCEKBEHHPOBAHHBIX H

AQHHOTHPOBAHHBIX TEHOMOB (SIICPHBIX N MUTOXOH/IPUAIIbHBIX ),

KOTOpBIE JISTIOHUPOBAHBI B PA3JIMYHBIC O0LIEAO0CTYITHBIE Oa3bl

JMaHHBIX. DT nocnenoBarenbHocTH JJHK akTHBHO puMeHs-

10TCS B (DMIIOTEeHETHYECKUX M (PHITOTCHOMHBIX HCCIICOBAHMSX.

I'ensr Mutoxonapuansraoi JIHK (MT/IHK) cunrarorces npu-
3HaHHBIMU MOJIEKYJISIPHBIMU MapKepaMH U 3a/ICHCTBOBaHbI B
Pa3IUYHBIX SBOJTIONUOHHBIX NCCIIEOBAHNSX, TOCBSIICHHBIX
CHCTEMaTHKe U TeHETHYECKOMY Pa3HOOOPA3UI0 KMBOTHBIX U
pactenuil. B mociemnnee BpeMs I MOJOOHBIX paboT cTann
HCTIOIb30BATHCS TTOJTHBIE MTOCIIEI0BATEIEHOCTH MUTOXOHIPH-
aJIbHBIX TEHOMOB, KOTOpbIe Ooliee MH(OOPMATHBHBI, HEXKEITH
otnensHbIe reHsl MTIHK, X ¢pparMeHTs! Hiin HeKOAUPYTOIITHe
peruonsl (Li et al., 2012; Mao et al., 2015).

KosnuecTBo reHOB B MUTOXOHAPHAIILHOM T€HOME DYKapHOT
(BKITIOUAst OHOKIIETOUHBIE) BAPBUPYET OT TAKCOHA K TAKCOHY:
HarpuMep, 91ciio OEIOK-KOIUPYIOMINX TEHOB MOXKET MEHSTh-
cs1 ot 3 o 67, a rensl TpancnoptHeix PHK (TPHK) 1 BoBCe
MoryT orcyTcTBoBaTh (Adams, Palmer, 2003). MuTtorenom
MHOTOKJIETOYHBIX JKHBOTHBIX, 38 HCKJIIOYEHHEM IPE/ICTaBU-
tenedt Tuna Knidaria, B OOJIBIIMHCTBE CIIy4aeB COAEPIKUT
37 renos: 13 Genmok-komupyronmx reHos, 22 reHa TPHK n
nBa reHa puoocomanphoi PHK (Castellana et al., 2011; Kayal
etal., 2012).

B panee onmyOnMKOBaHHBIX paboTax, IOCBAIICHHBIX OIpe-
JITICHUIO TIOCIIE0BATEIBHOCTH U TIOPsAKY TeHoB B MT/IHK
HacekoMbix (Babbucci et al., 2014; Jiang et al., 2016; Nedo-
luzhko et al., 2016), BrICKa3aHO MPEIONOKEHHUE, YTO KOJIH-
YEeCTBO I'€HOB 1 NX MOPSIOK 3HAYNTEIHHO BAPBUPYIOT BHYTPH
KaK HeOOJIBIINX, TaK U 00Jiee KPYIHBIX TAaKCOHOB BBICOKO-
OpPTraHM30BAHHBIX AYKAapHOT (HANPUMEp, YICHUCTOHOTHX).
Bornee Toro, maHHbe O KOIWYECTBE, AYIUIMKALMSIX M SJIUMH-
HUPOBAHUU MHUTOXOHJPHAJILHBIX TE€HOB MOTYT CIIYXKHTh JI0-
MOJIHUTENBHBIM NCTOYHUKOM MH(OPMAIUN JUIs TIOHUMAHUS
(hMIIOTCHETHYECKUX B3aMMOCBS3EH 3BOJIIOIIMOHHO JPEBHHUX
JKUBOTHBIX, TI03BOJISISI YTOYHUTDH (B TOM YHUCIIE C HIOMOILBIO
pa3zHooOpa3HBIX OMOMH(OPMATHIECKUX TOAXO0A0B) (uito-
TEHETHYECKOE MOJIOKCHNE KOHKPETHOT'O TAaKCOHA.

Hacrosmiee uccnenoBaHie HapaBieHO Ha OLCHKY BO3-
MO>KHOCTEH MCIOJIb30BaHHSI HOBBIX METOJHMUECKIX IPHEMOB
(pmitoreHeTHYECKOro aHalM3a y HaceKoMbIX. [l aHammsa
onyonukoBaHHbIX B 0aze nanubix NCBI (HaunonanbHblit
1eHTp 6motexHonornyeckoit madopmarwm CIIA) MuTox0oH-
JIpUaIbHBIX TEHOMOB HAaCEKOMBIX IPUMEHSUTHCH data mining
texHojoruu. Hamu paspaborana mporpamma mitoSpider,
KOTOpasi HO3BOJISIET OLIEHUTH KOJIMYECTBO T€HOB B OITyOINKO-
BaHHBIX nocieaoBatenbHocTsIX MTIHK.

Haiinennsle 1ociaen0BaTebHOCTY MUTOXOHAPHUAIIBHBIX
TEeHOMOB TIpe/ICTaBUTENCH oTpsioB HacekoMbIx Coleoptera,
Diptera, Hemiptera, Hymenoptera, Lepidoptera u Orthoptera

QdunoreHeTnKa

(maubosiee yacto npencrasicHbl B 0aze NCBI) Obutn wc-
TIOJTF30BAHBI JJIS TPOBEACHNUS (PHIIOTCHETHUECKOTO aHAIN3A,
OIHPAFOIIETOCS Ha MOPSAOK TeHOB. [lapamiensHo utst ipe-
CTaBUTEJNIEH ATHX K€ OTPSJOB BBINOJHsUICSA (PUIOreHeTH-
YECKUH aHAJIM3 Ha OCHOBE M3MEHUYMBOCTH HYKJIEOTHIHOU
MOCJIEIOBAaTENBHOCTH TeHa IuToxpoma b (CYTB) u Bcex
6enok-koaupyromux renoB (CDS) mt/IHK. Ilokazano, uro
(hroreHeTHYECKOe IEPEBO, IOCTPOSHHOE B COOTBETCTBUH C
nopsiaxoM renoB B MT/IHK y orpsina Hymenoptera, B ocHOB-
HOM COBIAJIO ¢ (PUIIOTEHETHYECKHUM JEPEBOM, IOCTPOCHHBIM
C MICTIOh30BAHNEM HYKJICOTHIHOM ITOCIIeIOBATEIFHOCTH TeHa
CYTB. TlockonbKy B otpsinax Hemiptera, Diptera, Coleoptera,
Orthoptera, u Lepidoptera nopsiiok resos B MT/IHK dakTu-
YeCKHM HEeM3MEHEH, (PMIOTeHeTHYeCKass PEKOHCTPYKITHS TI0
9TOMY TNIpPHU3HAKy HeBO3MOXkHaA. [IpomeMoHCTpHpOBaHO, YTO
B3STBII B Ka4eCTBE MapKepa MOpPsIIOK T'eHOB JIeJIaeT TOIO0JI0-
THIO (PMITOTEHETHYECKOTO iepeBa OoJiee TOUHOU, MPHOIIKast
€€ K TOIOJIOTHH, TOCTPOSHHOM 0 BCEM OCIOK-KOIUPYIOIINM
redam y Hymenoptera. Kpome Toro, B crarbe o0cyxaaercs
00HapyKeHHOE 3HAYUTEITFHOE YNCII0 MUTOXOHIPHATBHBIX T'e-
HOMOB HACCKOMBIX,, KOJIMYECTBO TEHOB B KOTOPBIX OTIHYACTCS
0T CTaHIapTHOro Hadopa (37 reHoB).

MaTtepuanbi n metopbl
Jiist coopa nnpopmaruu B 6ase gnanabix NCBI, Ha si3bike Perl
aBTOpaMU ObLTa HallMCaHa IIporpaMMa mitoSpider, ocHOBaH-
Has Ha EntrezAPI (API ncbi) (ucxomHbIi KOx MpOrpaMMBbI
JIOCTYTIEH 110 afpecy: https://github.com/megaphragma/mito-
Spider). IIporpamMmMa mo3BOJNSAET MOTYYUTHh CTATUCTHKY IIO
TeHaM U MX TOPSAAKY B MUTOTCHOMAX, TAKXKE C €€ TIOMOIIBIO
MOXHO MOJYYUTh HYKJICOTUIHBIC MTOCICA0BATCIIBHOCTU BbI-
OpaHHBIX OPTaHU3MOB, KOTOPBIE MTPEACTABICHBI B OTKPBITOM
jpocryne. JlaHHBIH MPOrpaMMHBIA MTPOAYKT MCITOIB30BAJICS
Juisi cOopa CTaTUCTUKHU O KOJIMYECTBE T'€HOB U HX IOPSJIKE B
MHUTOXOH/IPHAIIBHBIX TEeHOMaX BCEX HACEKOMBIX, NPEICTaB-
JICHHBIX B 0a3e JaHHBIX (mitoSpider MOKET IPUMEHSATHCS IS
TAKCOHOB ITPOM3BOJILHOTO PAHTA).

C momomrsio mitoSpider Bce MUTOTEHOMBI HACEKOMBIX,
10 Ha3BAHUSM KOTOPBIX MOXKHO OBUIO ONPEJEIIUTh, YTO OHU
HEIoJIHbIe W/Win ayOnupytomuyecs (pa3Hble BEpCUH TeHOMa
OIIHOTO 1 TOTO K€ BU/1a), OT(OMIIBTPOBBIBAIUCH HA ITPEABAPU-
TEJILHOH cTauu. B nTore crarncTuky Mo KOJM4ecTBY TEHOB
U UX MOpsIKy cobupanu aus 895 mocienoBarenbHOCTEH
m1/IHK HacexoMbIx.

[TonHbIE MUTOXOHPHAIIBHBIC TCHOMBI HACEKOMBIX U3 OT-
psnoB [IBykpsuibie (Diptera), Xectrkokpsuibie (Coleoptera),
IIpsmoxpeuteie (Orthoptera), TTomyxectrkoxpsuisie (Hemi-
ptera), [lepenonuarokpsuisie (Hymenoptera) u Yenryexpsi-
abie (Lepidoptera) Obuin 0TOOpaHbI JyIst oCcTpoeHus (huio-
TEHETUIECKNX PEKOHCTPYKIUII HA OCHOBE MOPSIKA TEHOB B
UX MOCIEI0BAaTENbHOCTH MpHU oMoy nporpammsl MLGO
(Hu et al., 2014) co cranaapTHBIMM HACTPOHKaMH, KOTOpast
UCTIONIBb3YET METO/I MAKCHMAJIBbHOTO TIPaB0NIO100Hs IS CTa-
THUCTHYECKOH Moyiesi. J{yist BOSMOYKHOCTH CpaBHEHHMS TIOPSIIKa
I'CHOB Yy pa3HbIX BUIOB I'€HbI 6bIJ'II/l PacCIIOJIOKEHBI COTIIAaCHO
HX IOCJIEA0BATEILHOCTH B MUTOI€HOME, HaunHas ¢ tRNA-Ile
U CIICIYFOINUX 332 HUM TeHOB tRNA-GIn u tRNA-Met.

ITapannensno B mporpamme MEGA 7.0 u MeTOZ10M Makcu-
MansHOTO Tipasaononoous (Maximum likelihood) st kmacre-
puzarmu (Kumar et al., 2016) ¢ monensto 3amen Tamypsi—Hest
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OTpAAbl HACEKOMbIX

Puc. 1. KonnuecTBo n3BeCTHbIX (Ha MioHb 2016 I.) MUTOXOHAPWANbHBIX FTeHOMOB B Kflacce Hacekomble € OTKIOHEHNUAMM OT CTaHAAPTHOTO KONMYecTBa
reHOB 1 X NMPOLEHTHOE COOTHOLLEHVE OT OBLLEro YMcia MMUTOreHOMOB AJIst KaXKA0ro OTpAa.

MPOBOAMJIICS (PUIOTCHETHUCCKUIN aHAJIN3 C UCIIOIb30BaHHEM
HYKJICOTHAHOHN mocnenoBareinbHocTH reHa CYTB u3 Bcex
0TOOpaHHBIX PaHee MOJHBIX ocienoarenpHocTei MTIHK.
HykieoTuHbIe OCISI0BATEIEHOCTH TIPSIBAPUTEIIBHO ObLITH
BBEIPOBHEHBI ¢ moMotnpio anmroput™a ClustalW. Taxum sxe
METOJIOM PEKOHCTPYHUPOBAIHCH (PHIIOTCHETHICCKUE ICPEBhS
110 13 GeI0K-KOAUPYIOIUM I'eHaM JJIsl BHIOpaHHBIX OTPSI/IOB
HacekoMbIX. OObeHeH e HH(OPMAIIH TT0 TIOCIIEI0BATEIh-
HOCTH HYK1€0TH10B reHa C'YTB ¥ OPSsIIKY T€HOB BBITTIOIHSITH
B nporpamme TNT, ucnonb3yst BcTpoeHHbII ckpunT “hybtree.
run” (Goloboff et al., 2008).

Tormonoruio GUIOTeHETHIECKUX ICPEBHEB, TOCTPOCHHBIX C
MTOMOIIIBIO JIBYX TIOAXO/I0B, CPABHUBAJIN, UCIIOJIB3YSI IIPOTPaM-
My TreeKO co cranmapTHBIME TTapameTpamu. B pesymbrare
MIPOBEACHHOTO aHAJIM3a TOJTyYali 3HAUYCHUE TUCTAHINH (strict
distance) Mexy IByMsi TONOJIOTUsAMU. MIckoMast AUCTaHIIUS
MIPEACTaBISIET COOOH PACCTOSTHAE MEKIY ABYMS ACPEBBSIMH,
€CJIM OTCYTCTBUC HCKITIOUCHHH JUTS YBOJTFOIIMOHHO 3HAYHMBIX
COOBITHI HE IPUHUMAETCsl BO BHUMaHue. TakuMm 00pazom, uem
ommke muctanius TreeKO k Hyiro, TeM Onmke TOTONIOTHH
BETBIICHUSI IIOCTPOCHHBIX JICPEBHCB, a YeM OITIKE K CAMHUIIC,
TeM cuibHee Tonosoruu pasnyatorcs (Huerta-Cepas et al.,
2010; Marcet-Houben, Gabaldon, 2011).

Pesynbratbl
[Iporpamma mitoSpider mo3Bonmna o6HApY ) UTH 8§95 TOI-
HBIX MUTOXOH/IPHAJIbHBIX TEHOMOB HACCKOMBIX B 0a3e JaH-
Hbix NCBI (uronb 2016 ) (http://www.treefrog.ru/geneorder/
[Mpunoxennel.xlsx), mprdem B 63 U3 HUX OBUTH BBISBICHBI
OTKJIOHEHUS OT CTaH/IAPTHOTO KOJIMYECTBA TeHOB (00JIbIIE MITH
MenbIe 37). Ha puc. 1 mokazaHo pacnpeneneHue «HecTaH-
JTAPTHBIX» MUTOXOH/IPUAJIEHBIX TEHOMOB T10 Pa3JINYHBIM OT-
psinam kiacca Hacexomple 1 X IPOIIGHTHOE COOTHOIIICHHE OT-
HOCHUTEJIBHO OOIIEro YKcIia ormyoIMKOBaHHBIX MUTOI'€HOMOB.
W3 oOmieit BEIOOPKH MHUTOTCHOMOB, OTCOPTHPOBAHHBIX
npu omMomu mitoSpider, OBLUTH B3STHI TOCISIOBATEIIEHOCTH
mT/IHK mectu otpsino Hacekombix: Coleoptera, Diptera, He-
miptera, Hymenoptera, Lepidoptera u Orthoptera (Han6oxee
yacto npeacraniensl B 6aze NCBI). C ncronp30BaHHEM 3THX
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MHUTOI€HOMOB OBUIO MOCTPOCHO MIECTh (PUIIOreHETHYECKUX
nepesbeB (J{o11. MaTepHrabl)!, 0CHOBaHHBIX Ha TIOPSIKE TEHOB
(meron Maximum likelihood) (puc. 2), u emie mecTs Guto-
reHeTndeckux gepesbeB (Meron Maximum likelihood) — Ha
JTAHHBIX 00 M3MEHYMBOCTH MUTOXOHIpHagpHOTO TeHa CYTB.

Tononornu uoreHeTHUECKHUX IEPEBLEB OBLTH ITPOAHAIIH-
3UpOBaHBI ¢ momoInsto mporpamMmMsl TreeKO. ITokazano, uto
(rtoreHeTHYECKHE NIEPEBbS, OCTPOCHHBIE HA OCHOBAHUH
TOpsi/IKa TEHOB MUTOXOH/IpUaJIbHBIX reHoMOB Hymenoptera,
B 3HAYUTEJILHOW CTEIIEHH COBITANIN C TEMH, KOTOPbIE ObLIH MO-
CTPOEHBI C HCIIOJIb30BaHIEM HYKJICOTHIHOI ITOCIIe10BATEIb-
Hoctu reHa CYTB, B OTAMYUE OT IPYTUX OTPSAA0B HACEKOMBIX
(Hemiptera, Diptera, Coleoptera, Orthoptera u Lepidoptera),
TJIE TIOPSIIOK TeHOB (PaKTUIECKN HEM3MEHEH, TI03TOMY HE He-
CeT JOTOIHUTENFHOM nHpOopManun (cM. TadIuIy).

Boree Toro, nodaBiieHrne JaHHBIX 110 HOPSIKY FEHOB K HY-
KJICOTHIHBIM TocienoBarenbHocTsIM CYTB y Hymenoptera
YTOYHSET TOMOJIOTHIO (PUIIOTEHETHYECKOTO JIepeBa, MPHOIIH-
JKasl ee K TOIOJIOTMH, TOCTPOCHHOM 110 BCceM OeJIOK-KOIUpy-
oM resam. 3HadeHus auctannuu TreeKO npu cpaBHeHNN
¢unorennn CYTB nporus CDS pasael 0.232, B TO BpeMst Kak
IpY J0OABJICHUH JaHHBIX I10 TIOPSIJIKY TEHOB K HYKJICOTHIHBIM
nocaenosareabHocTIM CYTB oun cHmkammch 10 0.195. B to
JKE BPeMs TIOPSI0K TCHOB HE MOJKET OBITh MCITOIB30BaH IS
(buIoreHeTHYECKHUX MOCTPOCHUH rpesicTaButeneit Hemiptera,
Diptera, Coleoptera, Orthoptera u Lepidoptera, mockonbKy oH
WJICHTUYEH Yy OOJBIIMHCTBA OMYOINKOBAHHBIX K HACTOSILEMY
BPEMEHU MUTOT€HOMOB.

Kak n B npyrux uccnenoBarusx (Dowton, 1999; Mao et al.,
2015; Kim et al., 2016), Hamu TOKa3aHO, YTO MOPSAOK TCHOB
B orpsiie Hymenoptera Moxker paznuyarbcst Jaxke y Hpel-
CTaBHUTEJICH OTHOTO pojia, HarpuMep y mmMeneit (Bombus sp.)
i GexanbHbIX muen (Melipona sp.).

Ananu3 63 MUTOT€HOMOB HACEKOMBIX, B KOTOPBIX OBLUTH BBI-
SIBJICHBI OTKJIOHEHHS OT CTAaHJAPTHOTO KOJTMIECTBA FEHOB IS
Metazoa, mokasai, 4To HaunOoJee 4acTo U3 MUTOXOHAPHAIIBHO-
IO TeHOMa HACEKOMBIX JIMMHHUPYIOTCS TeHbl trn-Ile u ATPS

1 JononHuTtenbHble MaTepuasnbl cM. B MpunoxkeHumn 2 no agpecy:
http://www.bionet.nsc.ru/vogis/download/pict-2017-21/appx6.pdf
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The mitochondrial gene order
and CYTB gene evolution in insects

F.S. Sharko, A.V. Nedoluzhko, S.M. Rastorguev ...
A.A. Polilov, E.B. Prokhortchouk, K.G. Skryabin

MokasaTenu gncraHummn MeXxay Tononornammn fepesbes, MOCTPOEHHbIX B COOTBETCTBUN C NOPALKOM reHOB B mTOHK

1 Ha OCHOBe nocnegoBaTesibHoCcTU reHa CYTB

Knacc Hacekomble
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MI/ITOXOH,EI,pI/IaJ'IbeIe reHbl

Puc. 3. l'eHbl, Hanbonee yacTo OTCYTCTBYIOLWME B MOMHbIX MUTOr€HOMaXx (oTmMeueHbI l-IeprIM) nméo npeacTtassieHHble ABYyMA N 6onee Konuammn

(oTmMeueHbl 6enbim).

(ue obHapyxeHsl B 18 1 15 MUTOreHOMax COOTBETCTBEHHO).
Tem He MeHee MBI He BBISIBUIIM KaKUX-JTHOO0 3aKOHOMEPHOCTEH],
KOTOpBIE MTOATBEPANIN Obl HANPABICHHBIH OTOODP MO 3TOMY
npuzHaky. [To-BuauMoMy, COOBITHS YTEepH HEKOTOPHIX TEHOB
B MUTOT€HOMAaX HACEKOMBIX ClTy4aiiHbl. boee Toro, Hepenko
Jaxe equHu4Hasg myrauus B reie TPHK moxer npusectu k
norepe ero QyHKIMOHAIBHOCTH. TakkKe CTOMT OTMETHTB, YTO
B [TOCJIEIOBATENIEHOCTSAX MUTOXOHAPHAIBHBIX TEHOMOB Hace-
KOMBIX Yallle OTCYTCTBYIOT HEKOTOpBIE OEIOK-KOIUPYIOIINE
rensl, 1o cpaBHenuio ¢ TPHK u pPHK, x Tomy e Hamu He 00-
Hapy>k€HO HU OJTHOTO CITy4as AYTIMKAIIUU 3THX TeHOB (puc. 3).

Kpowme Toro, TunuuHasi HyKJI€OTHIHAS TIOCJIEA0BATENb-
HOCTBb pazMepoM 69 map ocHOBaHHWI, OOHapy)XCHHAsT HAMHU
Mexay reHamu trnQ ¥ trnV B OIyOJIMKOBAaHHOM paHee MUTO-
TEeHOME MUKPOCKOIINIECKOTO KyKa Scydosella musawasensis
(Nedoluzhko et al., 2016), He dopmupoBana XapaKTepHYIO
HIMUIBKY IPU aHAIHU3€ €€ BTOPUYHON CTPYKTYPHI.

O6cyxpeHue

Mapxkeps! MT/IHK akTHBHO HCIIONB3YIOTCS B (DUIIOT€HETHYE-
CKHUX HMCCIICIOBAHNUAX HACEKOMBIX, OJJHAKO MTOJ0OHBIE PEKOH-
CTPYKIIMU HEPEKO IPOTUBOPEUAT IPYyT APYTY B 3aBUCUMOCTHU
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OT MEeTO/1a, BEIOOpa 00BEKTOB ¥ reHOB. Ha ceroqusmnmii 1eHb
JUISL YTOYHEHUS! (PUIIOTeHETHYECKHUX CBS3eH MEXJy opra-
HU3MaMHU TPUMEHSETCS JIOTOIHUTENbHAsT HH(pOopMaIus 00
nccieIyeMbIX TakcoHax. B Hamieit pabore B kauecTBe J0-
MOJIHUTEJIBHOTO MapKepa ObLI MCIOIB30BaH MOPSIIOK TEHOB
B MUTOXOH/IPHAIbHOM T€HOME HAaCEKOMBIX.

[ToxydeHHbIE pe3ynbTaThl MOKA3bIBAIOT MEPCIIEKTHBHOCTh
UCIIOJIb30BaHMsI MH(POPMAIIMU O MOPSI/IKE TEHOB B Ka4eCTBe
JIOTIOJIHUTENTBHOTO (PMIIOTEHETHYIECKOTO MapKepa JIs OT/JCTb-
HBIX BHJIOB, POJIOB M CEMEHCTB MEPETTOHYAaTOKPhIIbIX. Harm
JIaHHBIE YKa3bIBAIOT HA TO, YTO MH(POPMALHS O MOPSIAKE TEHOB,
J00aBIeHHAs K JAHHBIM O HYKJIEOTHIHOH TOCIJIEI0BATEIbHO-
ctu rena CYTB, yimydiaeT TONOJIOTHI0 (PHITOTeHeTHYECKUX
MOCTPOCHUH, TPHOIMKAs UX K QUIIOTEHETHYECKUM JEPEBbSIM,
MTOCTPOEHHBIM C MICTIONB30BAHNEM BCeX 13 OeIOK-KOTUpyTo-
mux renoB MT/IHK.

Panee HanOouIbIIIeEe YKMCIIO TIEPECTPOCK BHYTPH MUTOXOH-
IpuaigbHOTO reHoMa Hymenoptera O6v110 00HApPYXEHO Y
Mapa3suTHIECKUX BUJIOB, U IEPBOHAYAIBHO ITPEATIONArajoch,
YTO CYILECTBYET CBsI3b MEXKAY Mapa3uTU3MOM U MHOTOYHC-
JICHHBIMH TTepecTpoiikamu B reHoMme (Dowton, Austin, 1999),
OJIHAKO B JajbHEHIIEM 3Ta rurore3a OblIa ONPOBEPTHYTA.

Phylogenetics



MopafoK MUTOXOHAPVANbHbBIX FTEHOB KaK JOMNOMAHUTENbHbIN
MapKep B GprnoreHeTUYeCKX NCCIEA0BAHUAX HACEKOMbIX

B nacrosiiee Bpems IPUHATO CUUTATh, YTO 3TU IEPECTPOUKHU
9BOJIIOIMOHHO HeHTpansHb! (Boore, Brown, 1998). Hexoro-
pbIe MIPUMEpPHI TIEPECTPOCK B MUTOXOHAPHAIBHBIX TE€HOMAX
ObLT OOHAPYKEHBI U B JIPyTUX, 00Jiee BBICOKOOPTaHU30BaH-
HBIX TaKCOHAX XMBOTHBIX, HO MX 3BOJIIOIIMOHHAS IIEHHOCTD
ocTaeTcs HesICHOM.

Pazpaborannas Hamu nporpamma mitoSpider nmo3Bosmnia
00HApYXUTHh 63 TOCIET0BATEIFHOCTH MHUTOTEHOMOB Hace-
KOMBIX, Y KOTOPBIX BBISIBIICHBI OTKJIOHEHHSI OT CTaHAAPTHOTO
KOJIMYECTBA T€HOB (AJ11 BBICOKOOPTraHU30BaHHbBIX Metazoa).

Hamu mokazaHo, 4To Haubojee 4acTo M3 MUTOXOHJIPH-
AJBHOTO T€HOMA HAaCEKOMBIX 3JIMMUHHUPYIOTCS HEKOTOpPHIE
0eJI0K-KOAMPYIOINE I'eHbl, KOTOPbIE, BEPOSITHO, MUTPUPYIOT
B SJIEPHBIN TeHOM B mporecce »Bomrormu (Berg, Kurland,
2000). MbI npemonaraeM, 4To B ciiydae S. musawasensis
HUMECJIIM MECTO 3aMEHbI, KOTOPLIC JNCAKTUBUPOBAJIU I'CH trnl.
Crenyer 0co00 OTMETUTB, YTO AATEKO HE BCE MOTHBIE MUTO-
XOH/IpHAJIbHBIE TEHOMBI C HECTAHAAPTHBIM KOJIMYECTBOM
I'C€HOB OTCEKBCHUPOBAHLI IMTOJTHOCTBIO. HO-BI/IL[I/IMOMy, CTOJIb
3HAUUTENNBHOE KOTMYECTBO «HECTAHAAPTHBIX» MUTOI€HOMOB
CBSI3aHO C WX HM3KOKAUYECTBEHHOU de novo cOOpKoil U cex-
BCHHUPOBAHUEM, a TAKIKE MOXKET 06’])§ICH§ITI)C§I HeraBI/IHI)HOﬁ
aHHOTaIMeH MUTOT€HOMOB TIpH 3arpy3ke B 6a3y NCBI, urto
MOKA3aHO B HACTOSIIEH paboTe M B MCCIEIOBAHMSAX HAIINX
kosuter (Gissi et al., 2008).

bnarogapHocTn
Pabota BrInonHeHa npu GprHAHCOBOM nopaep:kke PHD (mipo-
exT Ne 14-24-00175).

KoH)NuKT nHTepecos
ABTOPEI 3asBIISIOT 00 OTCYTCTBUH KOH(IMKTAa HHTEPECOB.
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leHeTyecKoOe pa3HOOOpasue B1UI0B KOMILJIEKCA
Aporrectodea caliginosa Ha TeppuTopum Poccun

C.B. ]_UEXOBLIOBl@, E.B. ToaoBanoBaZ, H.D. Basaposal, 10.H. Beaosa3, AL BepMaH4, E.A. ,A,ep)l(MHCKMﬁs,
M.IL. llamkos®, C.E. [Teabrex!

T MepepanbHoe rocyaapcTBEHHOE GIOAKETHOE HayuHOe yupexaeHue «DefepabHbIil UCCIeoBATENbCKII LIEHTP VIHCTUTYT LUTONOTN 1 FeHETUKM
Cunbupckoro otaeneHns Poccuiickon akagemum Hayk», HoBocnbupck, Poccus

2 DepepanbHoe rocyapcTBeHHoe GlogkeTHoe 06pasoBaTeibHOe yupexaeHue Bbicliero o6pa3osaHusa «OMCKWIA FOCYAAPCTBEHHDIN Nefjarornyeckunin
yHuBepcuTeT», OMCK, Poccun

3 DepepanbHoe rocynapcTBeHHoE BloKeTHOe 06pa3oBaTENbHOE yUPeK/EHNE BbICILIEro 06pa3oBaHuA «BoOTOACKNI FoCyAapCTBEHHbIN
yHMBepcuTeT», Bonoraa, Poccua

4 DepepanbHoe rocynapcTeeHHoe GIOKETHOE yupexeHie Haykn UHCTUTYT Gronoruuecknx npobnem Cesepa [anbHeBOCTOUHOIO OTAENEHNSA
Poccuinckon akagemnn Hayk, MaragaH, Poccua

5 YupexpaeHvie obpazoBaHunsa «<BUTeBCKIMI rocyaapCTBEHHDBIN yHuBepcuTeT um. .M. MawwepoBa», Butebck, Benapycb

6 DepepanbHoe rocyapcTeeHHOE BIOKETHOE YupeskaeHue Hayki HCTUTYT GU3MKO-XUMIUYECKIX 1 G1ONOrMYeckux Npo6nem NoYBoBeeHs
Poccuiickon akagemmn Hayk, MywmHo, Poccna

[loxpeBble yepBy Komnnekca Aporrectodea caliginosa — 06bluHble
obyTaTeN MHOTX @HTPOMOreHHbIX U eCTECTBEHHbIX OMOTOMOB,
HepeaKo AOMUHAHTbI coobulecTs. CUMTAETCA, UTO Ha TeppUTOPUM
Poccnm BcTpevatoTca ABa nogsuga: A. ¢. caliginosa w A. c. trapezoides.

B nocnepHee Bpema K STOMY KOMMJIEKCY OTHOCAT 1 Buf Aporrectodea
longa. B ctatbe caenaHa nonbiTka 0606LWeHNA NonyYeHHbIX MaTepu-
aroB O reHeTNYeCKOM PasHO06Pa3nn Ha3BaHHbIX TAKCOHOB YepBel,
cobpaHHbIX Hamu B Poccun, a Takke B HEKOTOPbIX ToUuKax benapycu n
KasaxctaHa. MNopsupg A. c. caliginosa Ha Tepputopun Poccnn npegcTas-
neH AByMA GUNOreHeTNYECKUMI INHUAMU — BTOPOI U TPeTben, Npwu
STOM MOCNEAHAA JOMUHMPYET (oKono 73 % obpasuos). Kpome Toro,
NINHWN UMEIOT PasfINYHYI0 PacNpPOCTPaHEHHOCTb: BTOpas 06HapyxeHa
NpaKTUYeCcKn Ha BCeN NCciegyeMon Tepputopum, TpeTba BCTpeyanach
B He6OMNbLIOM KONMYeCTBe Touek Ha neprdepun o6cnefoBaHHON
TeppuTopun. feHeTnyeckas N3MeHUYNBOCTb YepBei BTOPOW INHUN
3aMeTHO BblLLE, YeM TPETbeW, @ BpeMA ANBEPreHLUn NOYTH B TPK pasa
6onblue. YacTb 06pasLoB, ONpefeneHHbIX Mo CTENEHN MUTMEHTaLMK
KakK A. c. caliginosa, imena rannotun cox1 A. c. trapezoides; pe3ynbtatbl
aHanu3a AfepHbIX NocneaoBaTeNbHOCTEN NOATBEPAUIN ANATHO3.

Genetic diversity
of the Aporrectodea caliginosa
complex in Russia

S.V. Shekhovtsovl ®, E.V. GolovanovaZ,
N.E. Bazaroval, Yu.N. Belova3, D.I. Berman?,
E.A. Derzhinsl(yS, M.P. Shashkov®, S.E. Peltek!

TInstitute of Cytology and Genetics SB RAS, Novosibirsk, Russia
2 Omsk State Pedagogical University, Omsk, Russia

3 Vologda State University, Vologda, Russia

4Institute of Biological Problems of the North FEB RAS,
Magadan, Russia

5 PM. Masherov Vitebsk State University, Vitebsk, Republic

of Belarus

6 Institute of Physicochemical and Biological Problems of Soil
Sciences RAS, Pushchino, Russia

Takum 06pasom, cTeneHb MUrMeHTaL MM y Ha3BaHHOTO MOABMAA MOXET
3HauNTeNbHO BapbUpoBaTb. Kpome Toro, fBa o6pasua A. longa nmenn
nocnefoBaTenbHOCTU, AEHTUYHbIE NOCNef0BaTENbHOCTAM dunoreHe-
TUYeCKoM NHMKM 1 3Toro BUAa, N3BECTHON ¢ ceBepa 3anagHow EBponsl.
70 nepBble clyyan BbiABNeHWA B 3anagHon Cnbrpu A. c. trapezoides

n A. longa. NMpusepeHHble AaHHble CBUAETENbCTBYIOT O TOM, YTO B pAAY
A. c. caliginosa — nuHus 2 - A. c. caliginosa — nuHua 3 — A. . trapezoides

n A. longa HabnopaeTcs CHUXKEHNE U FeHETUYECKOW N3MEHUVBOCTH

1 BCTPEYAEMOCTHU.

KnioueBble C/l0Ba: AOXKAEBbIE UEPBY; BUABI-KOCMOMOAUTbI; Lumbri-
cidae; Poccus; cox1; uMToxpomoKcugasa.

Earthworms of the Aporrectodea caliginosa species
complex are abundant in many anthropogenic and
natural habitats and often predominate in earthworm
communities. In Russia, there are two subspecies of
the complex, A. c. caliginosa and A. c. trapezoides; Apor-
rectodea longa was also recently mentioned as a puta-
tive member of the complex. In this study, we made
an attempt to review available data on the species
complex studied based on our collection from Russia,
Belarus, and Kazakhstan. The subspecies A. c. caliginosa
is represented in Russia by two genetic lineages, 2 and
3, the former being the prevalent (about 73 % of the
total sample). Additionally, these lineages have differ-
ent distributions: while lineage 2 was found in almost
all locations studied, lineage 3 was detected only in a
few samples from the periphery of the region studied.
The genetic diversity of lineage 2 significantly exceed-
ed that of lineage 3, and its estimated divergence time
was almost three times as high. A subset of individu-
als with pigmentation characteristic of A. ¢. caliginosa
contained cox1 haplotypes of A. c. trapezoides; analysis
of nuclear gene sequences confirmed this diagnosis.
Thus, pigmentation intensity in this subspecies was
demonstrated to vary to a significant degree. In addi-
tion, we analyzed two A. longa individuals from West
Siberia and the Urals; their cox7 sequences were identi-
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KAK UUTUPOBATbD 3TY CTATbIO:

cal to those from the lineage 1 of this species from the
north of Western Europe. These are the first reports
of A. c. trapezoides and A. longa from West Siberia. On
the whole, both genetic diversity and abundance was
shown to decrease in the following series: A. c. caligino-
salineage 2 - A. c. caliginosa lineage 3 - A. c. trapezoi-
des and A. longa.

Key words: earthworms; peregrine species; Lumbric-
idae; Russia; cox1; cytochrome oxidase.
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0X/IEBBIE YEPBHU UIPAIOT KJIFOUEBYIO POJIb B AKHU3HH 1104~

BEHHBIX COOOIIECTB M BO MHOTOM OIIPEJEISIIOT IPO-

JYKTUBHOCTh TOYB. B Hacrosiiee Bpemsi onucaHo
oxoio 4000 BumoB moxaeBbix uepseit (Hendrix et al., 2008),
13 KOTOPBIX Ha Tepputopuu Poccun Berpedaercs okoso 60
(Bceromnonora-Ilepens, 1997). [Ipu 3ToM 0000 BaskHOE 3HA-
YeHHE UMeeT HeOObIIIasi TPyIIa, COCTOAIIAs N3 HECKOIBKHUX
JIeCSATKOB BUAoB-KocMmoronutoB (Michaelsen, 1903; Hendrix
et al., 2006; Tiunov et al., 2006; Hendrix et al., 2008; Blake-
more, 2009, 2012). Cauraetcs (Hendrix et al., 2008), aTo 10
HayaJia ToJIoIeHa apeai ceM. Lumbricidae, BKITFOYaroIIero B
ce0st mpubnu3uTensHo 385 BUIOB, ObUT OrpaHUYEH TEppU-
Topueii Ha fore 3anagHol EBpoms, He TOABEepraBIIeiics oe-
JICHEHHIO. 3a TpeJesbl TOH 30HBI CMOTIIM BBIMTH BCETrO
b 0koj0 20, OOJBIIMHCTBO M3 HUX 3aCENWIN U ApYyrue
KOHTHHEHTH. OCOOEHHO CHIIbHBI U3MEHEHHS B COCTaBE CO-
0O0IECTB JIOKAEBBIX YepBEH HA 3eMIISIX, HAXOASAIINXCS 10T
AQHTPOIIOI'€HHBIM BO3/IEHCTBUEM, OJIHAKO B €CTECTBEHHBIX
MECTOOOMTaHUIX KOCMOIIOINTHI TAKKE 3a4aCTyIO BHITECHSIIOT
mectHbIe BUABI (Tiunov et al., 2006).

K aT0i1 rpyrnmne oTHOCUTCSI U KOMILIEKC BUJIOB Aporrecto-
dea caliginosa Savigny, 1826. IlpencraBuTenu ero BcTpeya-
I0TCS Ha BCEX KOHTHHEHTAX (32 UCKIIIOUCHHEM AHTAPKTH/IBI).
Hepenko yTBepkIatoT, 4To 4epBu KomIuiekca A. caliginosa —
caMble MHOTOUYHCIICHHBIE U YaCTO BCTPEUAOIINECs Ha CEllb-
CKOXO3STIICTBEHHBIX 3eMJISIX M JIyrax yMepeHHOM 30HbI [1ae-
apkruku (Pérez-Losada et al., 2009).

Kommnieke 4. caliginosa BKiro9aeT B ce0st 4€THIPE TOABHIA:
A. c. caliginosa Savigny, 1826; A. c. trapezoides Dugés (1828);
A. c. nocturna (Evans, 1946) u A. c. tuberculata (Eisen, 1874)
(Pérez-Losada et al., 2009). IlepBrie nBa BCTpeUaroTcs Ha
tepputopun Poccun (ITepens, 1979; BeeBononosa-Ilepens,
1997). CnenyeT OTMETUTH, YTO B 3alaJHON JIUTEpAType Ha-
3BaHHbBIE TAKCOHBI CIUTAIOTCS OT/CIBHBIMU BUAAMH, A B OTE-
4yecTBeHHOW — monBuaamu (Beesonomosa-Ilepens, 1997; Pé-
rez-Losada et al., 2009). DTOT TaKCOHOMHYECKHI BOIPOC
OKOHYATEIbHO HE Pa3pelIeH, U B JaHHOW paboTe Mbl IPHHU-
MaeM OTE€YECTBEHHYIO CHCTEMY.

Moposiornueckue pa3anyus MeXIy MOJABHIAMHU HE BCe-
T1a BeIpakeHsl 4eTko. Tak, A. ¢. trapezoides n A. c. nocturna
MUTMCHTUPOBAHEL, a A. ¢. caliginosa u A. c. tuberculata —Her;
IIPU 3TOM HEPEAKO BCTPEUAIOTCSl YEPBU C IPOMEKYTOUHOM
okpackoit (Pérez-Losada et al., 2009). Cuuraercs, 410 y
MPEJICTaBUTEIICH BCEX YSTHIPEX MO/IBU/IOB MOSICOK pacrioyara-

QdunoreHeTnKa

©TCsI Ha OTHUX W TeX )K€ CerMEHTax, TeM He MEHee 3a4acTyI0
MO>KHO OOHApYXHUTh OTKJIIOHEHHS oT tuarno3a (Shekhovtsov
etal., 2016a). Paznuuns Mexxay MOJIBUIAMH KaCaroTCs TAKKe
(hopMBI 1 TTONIOKEHUS TyOePTATHBIX BAJTUKOB, OJJHAKO OITHCA-
HBI pa3JINYHBIC TPOMEKYTOUHBIC BAPHAHTHI THX MTPU3HAKOB
(Pérez-Losada et al., 2009).

W3BectHO, 9TO It KOMIUIEKca A. caliginosa, Kak W IS
MHOTHX JIPYTUX BUIOB JIOXKIEBBIX YepBEl, XapaKkTepHa BbI-
COKasi CKpbITasi reHeTn4eckas u3MeHunBocTh (Pérez-Losada
etal., 2009; Fernandez et al., 2011a, 2012, 2013; Porco et al.,
2013; Shekhovtsov et al., 2016a). M. Pérez-Losada ¢ xomre-
ramu (2009) nokaszanu, 4yTo B Ipeaenax KOMIUIEKCa MOXKHO
BBIJICTIUTH JIBE BETBH, OJHA W3 KOTOPHIX BKIIIOYAET B ceOs
A. c. caliginosan A. c. tuberculata, Bropasi— A. c. trapezoides
u A. c. nocturna. Kpome T0ro, MOJIeKyJIspHO-TeHETUYECKHE
JAaHHBIE JAf0T OCHOBAHMS OTHECTH K KOMITJIEKCY €Ie BHJ
A. longa (Ude, 1826), a Takxe, BO3MOXHO, H HEKOTOPHIC
JpyTrHe CpeIM3eMHOMOPCKUE BUABI posia Aporrectodea.

Amnanms komruiekca A. caliginosa, mposeaennsiii R. Fer-
nandez ¢ komteramu (2012), B eOM MOATBEPIUIT BBIBOJIBI
M. Pérez-Losada c xomuteramu (2009): npencrasutenu 4. lon-
ga TakXKe OKa3ajich ONM3KUMH POJACTBEHHUKaMH A. caligi-
nosa, xak n A. giardi (Ribaucourt, 1901) u Tpu Buga pona
Nicodrilus (N. monticola Ontenienta & Babio, 2002, N. fet-
ramammalis Ontenienta & Babio, 2002 u N. carochensis
Ontenienta & Babio, 2002). Bpems auBepreHINHA BUAOB,
BXOZSIIHMX B KOMILJIEKC, 110 JJAHHBIM aBTOPOB, IIPUXOUTCS HA
TUTHOTICH —KOHEI] MUOIICHA.

W3BecTHO, 4TO ISt MHOTHX BHUJIOB JJOXKIEBBIX YepBEH Xa-
paKTepHO NPUCYTCTBHE HECKOJIBKUX CHIIBHO JIMBEPIUPOBAB-
X (GUITOTEHETHYECKIX JIMHUH, MOP()OTOTHUECKIE PA3ITAINs
MEXy KOTOPBIMU OOBIYHO HE BRIpaKeHBI. J{iist Buna A. longa
3T0 OBLTO MOKa3aHo B padote (King et al., 2008); s 4. c. ca-
liginosa n A. c. trapezoides — B ctatbsax (Pérez-Losada et al.,
2009; Fernandez et al., 2012). BenmunHa reHETUIECKUX pac-
cTostHUH 1o MuToXoHApHansHo! JIHK Mexny Ha3BaHHBIMU
JUHASIMHU COOTBETCTBOBAJA YPOBHIO MEKBHIOBBIX Pa3IAIHNA
(okoio 10 %), a Ha huITOreHETHYECKNX JIEPEBAX B IPEACTax
KOMIUIEKCA JIMHUM OBLIM PACIOJIOXKEHBI B CAMBIX Pa3HBIX
MecTax. Ecii OCHOBBIBAaTHCS JINIIIb Ha TAHHBIX MOJICKYIISIPHO-
TCHETUYECKOTO aHAJIM3a, TO 3TH (PUIOTCHETHYCCKUE JTMHUA
MOXKHO KBJIM(HUIIUPOBATH KaK BUJIbI-{BOMHUKH; TEM HE MEHEE
MOKa3aHO, YTO OHHM HEPENKO OOMTAIOT CHMITaTPUYHO W HE
MMEIOT KaKHX-TN00 MOP(OIOTHUECKUX HITH SKOJIOTHYECKUX
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paznuunii. Kpome Toro, MarepuasnoB 1o pasjinuusM MExKIy
SEPHBIMI TEHOMaMH1 00CYXXJaeMBbIX JIMHUN HA HACTOSIINI
MOMEHT HE/IOCTAaTOYHO.

leorpaduueckas pacnpocTpaHEeHHOCTh (HUIOTEeHETHYEe-
CKUX JTMHHUN u3y4eHa cinabo. Hanbomee mogpoOHbIe JaHHBIE
umerotes s A. ¢. trapezoides. R. Fernandez ¢ xomreramu
(2011a, 2013) mokasaiuu, 4TO IOJBHJI BKIFOYAaeT B ce0s JiBE
(mitoreHeTHYECKNe TUHUN (KQXKIYI0 U3 KOTOPBIX MOXHO, B
CBOIO OYepe/lb, PA3/ICIUTh HA HECKOIBKO TPYII), U TPAHUILY
UX PacCHpOCTPAHEHHOCTH MOXKHO [TPOBECTH MPUOIU3UTEIBHO
o 42-i mapamienu. Mcxons U3 3TOro, aBTOPHI 3aKIFOUHIIH,
YTO JIMHUS | MMeeT eBpOCHOMPCKUIL apealt, a TMHUS 2 — cpe-
JIM3EMHOMOPCKHH. DTOT BBIBOJI, OJTHAKO, MOXET OKa3aTbhCsl
MIPeX/IeBPEMEHHbBIM, TaK Kak 3a mpenenamu Mcnanum nc-
CJIeIOBAHO Majio Toyek. KpoMe Toro, aBTophl MOKa3au, 4To
B OHACMHUYHBIX HNOIMYJIALNUAX I'CHETHYCCKOC pa3H006pa3Me
3aMETHO BBIIIE, YeM B HHTPOAYLIMPOBAHHBIX.

3T0 MHEHHE IPOTHBOPEUHT 3aKitodeHuto D. Porco ¢ xome-
ramu (2013), koTopble u3y4anu psij BuoB ceM. Lumbricidae,
BKITIo4Uas A. ¢. caliginosa, B 3amaTHOEBPOIIEHCKIX B CEBEPO-
aMEpHUKaHCKUX nonyssinusx. [loxydeHnbie nMu MaTepHatbl
B 1I€JI0M CBHUJIETEIBCTBYIOT O TOM, YTO FEHETHYECKOE Pa3HO-
o0pasne 3HIEMUYHBIX U WHTPOAYIHMPOBAHHBIX TMOIYIISIUI
cpaBHUMO. CIeayeT OTMETUTb, YTO BBIBOJBI HY)KIAIOTCS B
HEKOTOPOM YTOYHCHUH, TaK KaK BEIOOPKU ObLTH HEBEIUKH U
SHJEMUYHOCTh €BPOMEHCKUX MOMYISIUNA MOXKET BBI3BIBATH
COMHEHHE.

B npenenax A. c. caliginosa aBTopbl OOHAPYKHIU TPH
(unorenernyeckue muHNA (B padborax (Pérez-Losada et al.,
2009; Fernandez et al., 2012) 65110 yoMsiHYTO JIMIIB BE).
JIunus 1 Bcrpeuena tonbko B EBpore u, ckopee Bcero, npej-
cTaBiseT co00il Kakoi-TO OIM3KOPONCTBEHHBIH BuA. s
JMHUH 2 OBUTO XapaKTepHO HEKOTOPOE CHI)KCHHUE TeHeTHYC-
CKOTO pa3Ho00Opa3usi B AMEpHKE 110 CpaBHEHUIO ¢ EBpoIioi,
JUIsl TMHUM 3 — OAMHAKOBO BBICOKHI yPOBEHb T€HETHUECKOTO
pasHo0Opa3us.

Hama rpynmna ucciienoBana nonynsiuuu A. c. caliginosa
u3 pasHbix permoHoB Poccmm (Shekhovtsov et al., 2016a).
B namreli BeiOopke Oblma 0OHapykeHa MPENMYIIECTBEHHO
(buoreHeTHYeCcKast JMHUSA 2 TOIBUA, B TO BPEMs KaK apeat
muHAN 3 OBIT CHITbHO orpaHmdeH. Kpome Toro, muHus 2 BO
BCEX pErHoHax, BKIrovas Jlanpauit BocTok, MMeeT o/1HaKoBO
00JIbIIIOE TeHETHYECKOE pa3HOO0pa3ue, Toraa Kak B JIMHUH 3
OHO 3aMETHO CHIKAETCS C 3ama/ia Ha BOCTOK. TakuM 00pazom,
Ha3BaHHBIC (PUIIOTCHETHUECKHE JINHUM A. ¢. caliginosa nMeroT
COBEpIICHHO pa3Hylo reHoreorpaduio, XoTsi HUKaKHuX MOp-
(hoTOTMYECKUX MITN SKOJIOTHUECKHUX Pa3Indnil MEXy HUMHU
HE N3BECTHO M BCTPEUAIOTCSl OHM 3a4acTyI0 CHMIIATPUYHO.

B Hacrosieit pabore rmpoaHaaM3MpOBaHbI MOJTY4YESHHBIE
HaMU 1 JINTEPaTypHbIE JaHHBIE IO TeHETHKE MPE/ICTaBUTENEH
komriekca A. caliginosa na tepputopun Poccun, benapycu
n Kazaxcrana.

MaTtepwuanbl n metogbl

Komnexkuus A. caliginosa cobpana B 2011-2016 rr., oHa
XpaHHUTCS B 1a00paTOPUM MOJEKYISPHBIX OMOTEXHOIOTHI
NIul" CO PAH (HoBocubupck). Toukn cOopa nokasaHsl Ha
puc. 1. Uepseit pukcuposaiu 96 % sranonom. [1jist BeigeneHus
JIHK ucronp30Baiv HECKOJILKO XBOCTOBBIX CETMEHTOB OCOOH.
Beinenenne JIHK mpoBonumu ipu momory HabopoB (hUpMbI
376
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BioSilica (HoBocuOupck) B COOTBETCTBHH C IPOTOKOJIOM
MIPOU3BOJUTES.

[TocnenoBarensHOCTH (PparMeHTa MUTOXOH/IPUAITBHOTO I'e-
Ha IIUTOXpOMOKcH1a3bl 1 (cox /) aMmmuduIupoBaiu npy no-
Mol yHUBepcanbHbIX paiiMepo LCO1490m (5'-TACTC-
AACAA-ATCAC-AAAGA-TATTG-G-3") (Folmer et al.,
1994, ¢ momuduxanusimu) u COI-E- (5'-TATAC-TTCTG-
GGTGTCCGAA-GAATC-A-3") (Bely, Wray, 2004). Hc-
TIOJTE30BAIIH CIIEAYIONMHA npodmiib aMIunUKanum: 2 MUH
mipu 94 °C; 35 nukinos: 20 ¢ ipu 94 °C, 20 ¢ ipu 55 °C, 50 ¢
npu 72 °C; 5 muH ipu 72 °C.

Jus avmmnukanum ¢pparMenTa resa rucrona H3 mpume-
HsM yHUBepcasibHble npaiimepbl H3a-F (5-ATGGC-TCGTA-
CCAAG-CAGAC-VGC-3') u H3a-R (5'-ATATC-CTTRG-
GCATR-ATRGT-GAC-3’), B3siTie n3 pabots! (Colgan et al.,
1998), co ciemayromum npoduiieM aMIUTAPHUKAIN: 2 MUH [TPU
94 °C; 5 mmxios: 20 ¢ mpu 94 °C, 20 ¢ mpu 45 °C, 50 ¢ npu
72 °C; 30 nuknos: 20 ¢ npu 94 °C, 20 ¢ mpu 53 °C, 50 ¢ npu
72 °C; 5 muH nipu 72 °C.

CekBeHNPOBaHNE MOTYYEHHBIX (PPArMEHTOB MPOBOIIN
npu nomomn Habopa BigDye 3.1 (Applied Biosystems). Ka-
MU PHBIN A1eKTpodope3 ObLT BBINOIHEH B KosuiekTnBHOM
nentpe ceksennpoBaans CO PAH (HoBocubupck). Pyunyio
00paboTKy MOMyYEHHBIX MTOCIIEJOBATEILHOCTEN MTPOBOIMIN
B nporpamMme Chromas. BeryuciieHne rarioTHIIn4ecKoro
U HyKJICOTHTHOTO Pa3HOOOpa3Hs M aHAJU3 paclpeeiIcHUs
MIOTIApHBIX 3aMEH BBIITOIHEHBI B rporpamme Arlequin v.3.1
(Excoffier et al., 2005).

Jia aHanmm3a MaHHBIX OBUIM B3STHI MOCIENI0BATEIbHO-
ctu coxl A. c. caliginosa, orryOIMKOBaHHBIE B HAILIMX TIPE/TbI-
nyuux paborax: KP789177-KP789310, KF471787-92,
KF471831-KF471842 (Shekhovtsov et al., 2014a);
KF471778-KF471786, KF471793—-KF471830, KF471843—
KF472049, KU358729-KU358873 (Shekhovtsov et al.,
2016a). Kpome Toro, MccimenoBaHHas BEIOOpKa BKIIOYaa
B ceOs mocienoBarenbHOCTH U3 crareit (Porco et al., 2013;
Martinsson et al., 2015).

Pesynbratbl 1 06cyKaeHue

B xo71¢ paboThl cekBeHHpOBaHO 125 mocienoBarebHOCTEH
nmpencTaBuTeneil kommiekca A. caliginosa, a 436 B3ATO U3
HaIMX Npeapaynmx padot. B Beidopke ¢ Teppuropun Poc-
CHH U COTPENeNbHBIX rocynapcts 460 ocobeit OTHOCHUIIHCH K
MHUTOXOHApPHANEHON TiHMH 2, a 90 — k uann 3. Kpome Toro,
i A. c. caliginosa ananmu3upoBay U BBIOOPKY, BKITFOYAIO-
Y0 B ce0sl HApsy C YKa3aHHBIMH BBIIIC MTOCIICI0BATEIIb-
HOCTSIMH €Ille U MaTepualbl 3apyOeKHbBIX HCCIIEI0BATENEH.
Ora norHast BRIOOpKa cocTosiia u3 496 mociiefoBaTeIbHOCTEH
¢uiorenernyeckoil auHun 2 1 180 mocnenoBarenbHOCTEH
JUHAN 3.

OOHapy>keHo, 4TO JIMHUS 3 Ha TEPPUTOPHUHU HAIEH cTpa-
HBI BCTPEYAETCs 3HAYUTEIBHO pexe JuHuU 2. B Hamen
BEIOOpKE OHA cocTaBisia aumb 16.4 % oT obmiero umcia
ocobeit 4. c. caliginosa. Apean ee Takke 3aMETHO MEHBIIIE,
4YeM JIMHUK 2: U3 puc. | BUJHO, YTO OOJIbIIast YacTh YepBeil
9TOi MMHUY coOpaHa Ha mepudepun Hame BEIOOpKH. boee
TOTO, B Tpe/ieNiaX KaXJ0H M3 NMPOaHAIN3UPOBAHHBIX TOYEK
coopa (3a uckiouenueM I. [lerponasnoscka-Kamuarckoro)
TUHAA 3 BCTpedajach COBMECTHO ¢ nuHueH 2. [lokazarenn
TEHETHYECKONH M3MEHYMBOCTHU JIMHUU 3 3aMETHO HIDKE (CM.
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Puic. 1. Toukn c6opa 06pasLoB A. ¢. caliginosa.

B KPYy»KKax: 6enblii uBeT — d)VIﬂOFEHeTI/I‘-IECKaFI NNHWA 2; cepb||7| — NINHWA 3; NoLWaaN CEKTOPOB MPONOPLNOHalibHbl COOTHOLLEHWIO YACTa

06pasLoB..

leHeTnYecKoe pa3Hoobpasve BbIGOPOK NpefcTaBuTenei Komnnekca A. caliginosa

MpepcTtasutens N n

A. c. caliginosa L2 460 50
. A C C a/,gmo Sa |_3 ....................... 9 0 ................................ 1 0 ..........................
A C tmpezmdes |_ 1 ..................... 9 .................................. 1 .............................
. A /ong a ...................................... 2 ................................... 1 .............................

MpumeuaHwne. N — uncno o6pasLoB, N — YACO FaMNOTMMNOB, S — YNCIO0 NoNMMOpPHbIX calToB, h (SD) — rannotTnnmueckoe pasHoobpasue (CTaHJaPTHOE OTKIIO-

HeHue), pi (SD) - HykneoTMAHOEe pa3Hoobpasye (CTaHAAPTHOE OTKIOHeHMe).

tabmuiy). CiieyeT yTOYHUTh, YTO B benapycu BbISIBICHO B
00111el CIT0KHOCTH BOCEMB TallJIOTHIIOB, TOTAA KaK BO BCEH
aszmarckoi yactu Poccum — Beero Tpwu.

OTyacTyl 9TH pa3Iuyuusi MOXKHO OOBSICHUTB TE€M, 4TO 00JIb-
mrast 9acTh 00pa3oB coOpaHa B BOCTOYHBIX pallOHAX, THE
(unorenernyeckast MMHUA 3 peaka. Tem He MeHee BKITIOUCHUE
B BBIOOPKH IT0CJIE/I0BATENBHOCTEH U3 3apyOeKHBIX TOIYIISIINH
CYLIECTBEHHO HE M3MEHMIIO COOTHOILIEHHE I€HETHYECKOH
M3MEHYMBOCTH JTUHUHA. Tak, mapameTp T, MoaydaeMblid IpH
aHaJIM3€e IONApHBIX 3aMEH U OLCHMBAIOLIMI BpeMs JUBep-
TeHIINU MEX/Ty BRIOOPKAaMH, [T TIOITHOHM BEIOOPKH JINHUH 2,
BKJIIOUABILICH B ce0s1 M BCE IOCTYIHBIE 3apyOeKHbIe 00pa3Ipl,
cocrapisin 11.889 (unrtepBan 95 % BepostHocTH 5.990—
15.543), a nnsa muanm 3 — 3.988 (1.750-5.352). 3naueHus
3TOTO MapameTpa MPOTOPIHOHAIBHBI BO3pacTy JHUH. Eciu
MPUHSTH OLEHKY CKOPOCTH MOJICKYJISIDHBIX YacOB PaBHOM
2.4 % na nykneorun Ha MuwutnoH jaet (Ferndndez et al.,
2012), a cpok *H3HHU MOKoJeHus — 1ByM rogam (Illamkos,
2016), To Bpemsi TUBEPTEHIINHU JIMHUU 2 MOKHO OLEHUTH KaK
753 TteIC. NeT (379-984 ThIc. neT), uHUM 3 — 253 ThIC. JIET
(111-339 THIC. 7TET).

QdunoreHeTnKa

MeHbI1ast BCTPE4aeMOCThb JIMHUK 3 MO0 CPaBHEHHIO C JIU-
HUeH 2 00ycIOoBIeHA, BEPOSTHO, MEHBIICH YUCIEHHOCTHIO
MHTPOyLIUPOBAHHBIX 0COOCH, YTO BENIET M K YMCHBIICHHIO
reHeTHYeCcKoro pasHooOpasus. Kpome Toro, paccenenue au-
HUH 3 Ha BOCTOK OBIIO HE IIOCTETIEHHBIM, a CKAUKOOOPa3HBIM,
0 4YeM TOBOPHT IPUCYTCTBHE ee B 3amagHoil Cubupu npu
MIOJIHOM OTCYTCTBHH B Halllel JI0BOJILHO OOIIMPHOI BHIOOpKE
¢ BocToka Bocrouno-EBponeiickoil paBHUHBI U Ypaia.

[NocnenoBarenbHOCTH cox] IEBSITH 00PA3LIOB U3 YETHIPEX
TOYEK (puUcC. 2) OKa3aNIUCh UICHTUYHBI OTHOMY U3 TalUIOTUIIOB
A. c. trapezoides w3 pabotsl (Fernandez et al., 2011a), a umen-
HO KJIOHY 8, OTHOCSIIEMYCs K (PHIIOT€HETHIECKOH JIMHUH 1,
rpynne C. JIunus 1, B ominyue oT IMHUM 2 3TOT0 MOABUAA, TIO
MHeHuro aBTopoB (Fernadndez et al., 2011a), mvmeet eBpocnbup-
ckuif apeai, a rpymnma C Obliia oOHapykeHa Ha ore PpaHunu
u B [lonbiue. [l 3T0M TMHUM XapaKTEPHO BbICOKOE FEHETU-
yeckoe pa3HooOpasme, B TO BpeMs Kak B HaIleil BHIOOpPKE,
HECMOTPsI Ha 3aMETHOE PACCTOSIHUE MEX/Ty TeorpapuIecKIMHI
TOYKaMH, OOHApPYIKEH JIMIIb OJUH BAPHAHT I10CIIEI0BATEb-
HOCTH cox /. Cka3aHHOE MOXKET CBHETEIHCTBOBATE O TOM, UTO
IIPU pPacCeNeHnu A. c¢. trapezoides Ha BOCTOK MPOUCXOANIIO
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Puic. 2. Touku cbopa A. c. trapezoides (1) n A. longa (2).

3aMETHOE YMEHBIIIEHHE TeHETHUECKOTO Pa3HOo00pasnsi, aHAIOTHYHO BBISIBICHHOMY
Jutst iuHuu 3 A. c. caliginosa.

Y Bcex yepBel, 0 TeHeTUIECKUM JJAHHBIM OTHECEHHBIX K A. ¢. trapezoides, OT-
CYTCTBOBaJIa MMrMeHTams. boiee Toro, Bo Bcex cirydasx 0coOM 000MX MOJBH/IOB
ObLTH OOHAPY)KEHBI CUMIIATPUYHO M HUKAKUX MOP(OJIOrHYeCKUX Pas3Ininii Mexy
co0oif He nmenu. [IpucyTcTBHE TaIIOTHIIOB A. c. trapezoides MOTIIO O3HAYaTh
Kak JICHCTBUTEIBHYIO CUMITIATPHIO JIBYX ITOABMIOB, Tak M nHTporpeccuto Mt JHK
OT OJIHOTO MOJABHAA K JApyromy (Ciy4au npennonaraeMoil ruOpuau3auu Mexy
BUIAaMH M OTCYTCTBUS PA3IHUMNA MEXKIY SIIEPHBIMA T€HOMaMH IIPH CHIIBHO pa3-
myarormuxest MTIHK Berpewatorest nepenko) (Shekhovtsov et al., 2014b, 2016b;
Giskaetal.,2015; Martinsson et al., 2016). 3ameTim, uto A. c. trapezoides sBiseTCS
MapTEeHOT€HETHYHBIM, B OTIHYHe OT A. c. caliginosa (Omodeo, 1952; Tapbap u
Ip., 2007), HO MeX/y pa3JIMYHBIMHU €0 TOMYJSIIUSMH CTEICHb Pa3BUTHS I0JIO-
BOW CHCTEMbI MOXKET BAPbUPOBATh OT MTPAKTHUYECKH MOJIHOLEHHON JI0 MOJIHOCTHIO
nereHepupoBasieil (Fernandez et al., 2011b), T.e. BepoITHOCTH XOTS OBI PEIKOTO
oOMeHa TreHaMU MEXIY 3THMH MO/IBUIAMH B ITPOIUIOM HCKIIOUNTH HElb3st. Jls
TOro, ‘1T06]:I BbISICHUTDB, KaKasd U3 3THUX T'UIIOTC3 BEPHA, MBI IIPOCEKBCHUPOBAJIN
SJIepHBIC TTOCIIENOBATENIFHOCTH TeHa THcToHa H3 y HekoTophIx 00pasmoB U 00-
Hapyxmm, 4ro naeHTuukanus nmo Mt/IHK coBmamaer ¢ TakoBoii 1o siaepHBIM
reHam. Takum 00pa3oM, HEIUIMEHTUPOBAHHBIH A. . trapezoides eCTBUTEIEHO
BCTPEYACTCS] CHMIIATPHYHO ¢ TUHUEH 2 A. c. caliginosa. Kpome Toro, HaliilecHHbIE
Hamu Ha riowmazake Bosie teruy UL ul" CO PAH npencraButenu 3Toro noauaa —
nepBast Haxojka ero B CuoupH.

Tak kax M. Pérez-Losada ¢ kommeramu (2009) u R. Fernandez ¢ xomneramu (2012)
otHecn A. longa k koMIuiekey A. caliginosa, Mbl TaKKe TPOTeHOTUIIMPOBAIH 1B
oOpasia Toro 4epBs u3 okpecTHocTe Omcka u KpacHokamcka (cMm. puc. 2). 13-
BECTHO, YTO B MIPEEIAX JAHHOTO BU/IA BBIACICHBI JBE MUTOXOHIPHAIbHBIE (DHIIO-
reHernyeckne muHuK (Martinsson et al., 2016). Anann3 pubocoMabHBIX crieiicepoB
Y TUCTOHOBBIX T€HOB, OJTHAKO, TI0Ka3aJl, YTO Ha YPOBHE SAEPHOTO T€HOMa Pa3INYHs
MEXy STUMH JINHISIMA TIPAaKTHIECKH He BhIpakeHsl (Martinsson et al., 2016).

O0a Hammx o0pa3ia UMEeIH UICHTUYHBIC TTOCIIeJOBAaTEIbHOCTH CoX [, KOTOPBIC
OTHOCWJIMCH K JuHHMH 1 A. longa. I/I3BCCTHO, 4TO 3Ta JIMHUA UMCCT 3HAYUTCIIBHO
Gosiee OrpaHMYEHHYIO PACTIPOCTPAHEHHOCTD MO CPAaBHEHHIO C JIMHKEH 2 1 10 CUX
nop OblTa 0OHapyskeHa auib B Bennkoopuranun, Hopserun, [Isenun u Kanaze.
Takum 00pa3oM, HalllK JaHHBIE 3aMETHO PACIIUPSIIOT ee apeal.

Haubornee akTyansHON Ha JaHHBIH MOMEHT CBOJIKOH O TOXKIEBBIM YepBsiM Poc-
CHH MOJKHO, O€3yCII0BHO, Ha3BaTh MOHOTpaduio «Jloxaesbie uepsu daynsl Poccun:
KagacTp u onpezaenurens» (BeeBomogosa-Ilepens, 1997). B atoit pabote 4. c. ca-
liginosa B 3anagnoit CHOMPH OTHECEH K CHHAHTPOITHBIM BHIaM M OTMEYEH JINIIIb
B HEMHOTHX TOYKax. [Ipoune cousieHpl KOMITIEKCA HE OTMEUEHB! HU B 3arajHon
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Cubupu, Hu Ha Ypane. B Hacrosiiee
BpeMs A. c. caliginosa na1ore 3amagHoi
Cubupu — OTMH U3 caMBbIX pacrpocTpa-
HEHHBIX JIOXKJEBbIX 4YepBel BONM3U
OONBIIIX TOPOIOB, I7Ie OH OOBIYECH HE
TOJIBKO HA IMOJIAX U B OTOPOJax, HO ¥ BO
MHOTHX €CTECTBEHHBIX Onoromnax. Ta-
KHM 00pa3oM, MO>KHO TIPEZITIoarars Cy-
IIECTBEHHOE PacHINPEHHUE apealioB BCeX
[Ipe/ICTaBUTEIICH KOMIUIEKCA Ha BOCTOK.
MasoBeposTHO, YTOOBI 3TH OaHATIBHEBIE
1, KaK TPaBHII0, MacCOBBIC BH/BI ObLIN
MPOIYIIEHbl CHENUAINCTAMHU, OIHAKO
HEIb3s1 UCKIIIOYUTh 3TY BO3MOKHOCTb,
MTOCKOJIBKY HCCIIeJIOBaTeNIel U, COOT-
BETCTBEHHO, IyOnukamuii no Cubupu
B IIEJIOM HEMHOTO.

3ameTnm, 94TO B JaHHOH padoTe mpu-
BeJ/IeHbI TepBble Haxouku A. c. caligi-
nosa nns Maraganckoil nu EBpelickoit
AaBTOHOMHOH obnacteit, a A. c. trapezo-
ides n A. longa — nyst Sanagaoit Cubu-
pu (cm. puc. 1, 2). Kpome Toro, 4. ca-
liginosa HEyCTaHOBICHHOTO MOABH/IA
00HapyXeH HaMH B OKPECTHOCTSX
. XabapoBcka, HO HE HCIIOJIb30BaH B
TEHETHYECKOM aHaJIH3E.

Takum 00pa3oM, M3BECTHBIH paHee
apeayl mpeJCcTaBUTENEH KOMIUIEKca
A. caliginosa 3aMETHO pacUIMpEH.
B psany A4. c¢. caliginosa nuaus 2 —
A. c. caliginosa muaus 3 — A. c. tra-
pezoides n A. longa nabmogaercs
YMEHBIICHUE U TeHETHYECKOr0 Pa3Ho-
00pa3ust, ¥ YaCTOThI UX BCTPEIAEMOCTH.
Koneuno, Manslit 00beM BRIOOPKH 00Y-
CJIaBJIMBAET COKpPAIIEHHE I'eHETHYECKO-
ro pa3HooOpasus. Tem He MeHEe MOXKHO
TIPEAIOIaraTh, YT0 UMEHHO Pa3IMyKe B
YHCJIe YCIEIIHBIX COOBITHI UHTPOIYK-
LIUY TIPUBEJIO K HAOIIOAaeMOH pasHUIIe
BO BCTPEYAEMOCTH TPEIACTABUTENCH
KOMILJIEKCA M B MX FC€HETHYECKOM pa3-
HOOOpa3uu.

bnarogapHoctn

Pabora nojyepxana OromKeTHBIM (U-
HaHcupoBaHueM (mpoekt Ne 0324-2016-
0003) u rpanTom [Ipe3unenTa Poccnii-
cxoit ®enepaunn MK-6685.2015.4.
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