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Acconimanms HeCMHOHVMUYHOM 3aMeHbI
B redHe KOHIeHcrHa NCAPG c ripy3HakKaMu

sgiiita Kyp-HecCVIIIeK

O.IO. bapxosa, M.I. Cmaparpos

DepepanbHoe rocyaapcTBEHHOE O1oAXKETHOE HayyHoe yupexaeHne «Bcepoccuinicknin HayYHo-MccnefoBaTeNnbCKUi MHCTUTYT FEeHETUKN 1 pa3BeAeHuns

CeNbCKOX03ANCTBEHHDBIX XMNBOTHbIX», CaHKT-MeTepbypr, MywkKuH, Poccnsa

OfHUM U3 BaXKHENLLNX HanpaB/ieHNA NcCnefoBaHNiA B 06nacTu
6MOSTOTNN N YAaCTHOW FTEHETVKM CEeNbCKOX03ANCTBEHHDBIX XKUBOTHbIX
ABNAECTCA NAEHTUOUKALNA FEHOB, KOHTPONMPYIOLLMX MNPOsABAEHNE
NpPY3HaKOB, UMEILLMX 3HAUEHME Af15 MPAKTUYECKOTrO NCMONb30BaHNUA
B KMBOTHOBOZACTBE. 11 GONbLUMHCTBA 3TUX NPU3HAKOB XapaKTepHa
LIMpoKas BaprabenbHOCTb PerynaLmMm SKCNPeccumn reHoB B OTAESb-
HbIX JTOKyCaX, KOTOPble Ha3bIBalOTCA JIOKYCaMUN KONNYECTBEHHbIX
npusHakos (QTL). Anuo fomallHen NTULbI BbI3bIBaNo HayYHbIN
VNHTEPEeC Ha NPOTAXKEHUN AECATUIETII B CBA3N C €ro BaXKHOCTbIO

nA BOCNPOW3BOACTBA NTULbI, @ TAaKXKE LUMPOKOro NPUMEHEHNA

B ¢apMaHEBTMHeCKOI7I, KOCMEeTUYECKOW 1 NMULLEBON NPOMbILTEHHOCTN.

BblBefieHMe NIMHNIA KYP 1 KPOCCOB ABASETCA HEOOXOAUMbIM 3Tarnom
ANA NonyyYeHns 3afaHHbIX MPU3HAKOB KayecTBa Anua. PesynbraTtbl
ZaHHOW PaboTbl PEKOMEHAYETCA UCMONb30BaTh NPY CO3A4aHMN
CCTEeM MONEKYNAPHbIX MapKepoB AN1A MapKepHOW cenekumm
HecyLIEeK 1 MOSTyYEHUS HOBbIX IMHUI U KPOCCOB Hecyllek ¢ 6onbLuein
mMaccou anua. Mo cpaBHEHMIO C CyLLeCTBYIOWMMM TPAAULIMOHHbBIMI
cmcTeMamMm cenekuum HecyLleK o SToMy NPU3HaKy MapKepHas
ceneKkuma No3BOSINT UCKTIOUNTb OLEHKY FreHOTMMa NeTyXoB MO NOTOM-
CTBY, YTO AACT BO3MOXKHOCTb CYLLECTBEHHO COKPATUTb BPeMsA cenek-
LMOHHOM paboTbl. CcTema mapkepoB ByfeT NnpeacTaBnaTb cobom
Habop NpariMepoB AJ1A BbIABIEHWA afifieNieil FeHOB, OKa3blBaOLLNX
CyLleCcTBEHHOeE BNUAHKE Ha yKa3aHHbIA NpusHak. [MpnmeHeHne
BbICOKO3PDEKTVBHBIX CUCTEM MONEKYNIAPHbBIX MAaPKEPOB AJA MPAMON
ceneKkummn nNo nNpmsHakam AnLa JOMaLLHen KypuLbl NO3BOAUT
[0BUTbCA CYLeCTBEHHOTO Nporpecca B GOTEXHONOMMY JOMALLHe
nTULbl, n36exaTb HeoOXoAMMOCTN NPUOOPETEHNA AHANOTNYHBIX
cucTem 3apybexHoro Npor3BoACTBa. B pesynbrate npoBefeHHOM
paboTbl nccnenoBanu BAnaHMe reHa koHaeHcrHa NCAPG Ha npur3HaKku
KayecTBa AL JoMallHen KypuLbl. O6HapyKeHbl accoumaumm
annenent SNP-mapkepa rs 14491030, noKann3oBaHHOIO B 3K30He 8
reHa NCAPG, c npr3Hakom «Bec anuay, p < 0,001, a Takxe c ynpyrom
nedopmaumeit ckopnynbl ANUa, p < 0,026. BbiAiBNEHO, YTO OAHO-
HyKneoTuaHaa HeCMHOHUMMYHaA 3ameHa annensa A Ha G npuBoanT

K AOCTOBEPHOMY YBENMYEHNIO Beca AlLa. DTOT MapKep MOXKeT ObITb
peKoMeHAoBaH AJiA UCMONb30BaHWA B CENEKLUN Kyp-HecyLUekK.
PacyeTtbl oTHOCUTENIBHOW NPUCNOCO6NEHHOCTIN reHoTMNoB SNP-
Mapkepa rs14491030 cBUAETENbCTBYIOT B MOJb3Y €CTEeCTBEHHOIO
oTbopa retepo3nroT. MosyyeHHble pe3ynbTaTbl 06CYXAATCA B CBA3N
C pOJIblo KOMMJIeKCa KOHAEHCKHA | B KOMMaKTM3aumm xpomaTrHa

1 cerperauum XpoMOCOM.

KntoueBble cnoa: QTL; ogHOHYKNeoTuAHaA HECUHOHUMNYHAA 3aMeHa;
KOH[IEHCWH; Kypbl; BeC AnLa.
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One of the most important areas of research

in the biology and genetics of farmed animals is one
of identification of genes controlling the expression
of traits with practical importance for animal
breeding. For most of these characteristic features,
wide variation in gene expression in specific loci,
which are called quantitative trait loci (QTL), is typical.
Eggs have been researched for decades due to their
importance for the reproduction of birds, as well as
for its widespread use in pharmaceutical, cosmetic
and food industries. Breeding hens and cross-lines

is a necessary step for producing eggs with desired
quality. The results of this work are recommended for
use to create systems of molecular markers for marker
selection of layers and obtain new lines and cross
hens with larger mass eggs. Compared to existing
conventional systems of selecting layers on this basis,
this will eliminate the assessment of the genotype

of male progeny, which will significantly reduce
breeding time. The system of markers will appear as

a set of primers for detection of gene alleles that have
a significant impact on the characteristics as above.
The use of the molecular markers of high-performance
systems for direct selection on the basis of domestic
chicken eggs would lead to substantial progress

in biotechnology poultry and help avoid having to
purchase similar systems from outside the country.
The association of the condensin NCAPG gene with
the egg traits of domestic chicken has been studied.
Associations of the SNP alleles of the rs14491030
marker localized in exon 8 of the NCAPG gene with
the trait “the weight eggs’, p < 0.001, as well as with
the elastic deformation of the egg shell, p < 0.026,
have been found. It has been found that a single
nucleotide nonsynonymous A—>G substitution leads
to a significant increase in egg weight. The marker
SNP rs14491030 with the observed significant effect
on the trait «<egg weight» can be recommended for use
in breeding of laying hens. Calculations of the relative
fitness of genotypes of the marker SNP rs714491030



KAK UUTUPOBATD 3TY CTATbIO:

suggest natural selection for heterozygotes.

The results obtained are discussed in connection

with the role of the canonical condensin complex
in the compaction of chromatin and segregation

of chromosomes.

Key words: QTL; single nucleotide non-synonymous
mutation; condensing; chicken; egg weight.
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JIHUM U3 BaXHEHIIUX HaIpaBJIeHUI UCCIEA0BaHUN B

YaCTHOW T'€HETHKE CEbCKOXO3SIHCTBEHHBIX dKMBOTHBIX

SIBIISIETCSI MJICHTU(HUKALMS TCHOB, KOHTPOIMPYIOIINX
IMMPOABJICHUC MPU3HAKOB, UMCIOMIUX 3HAYCHUE JIA IpakK-
THYECKOTO HCIIOIb30BaHUs B )KMBOTHOBOACTBE. [Ipn3Haku
KayecTBa SHIa KOHTPOJIUPYIOTCSI MHOTUMH T€HAMH, TIPOSIB-
JICHUC KOTOPbIX MOKHO BBISIBUTH C TIOMOIIBIO MOHeKyﬂﬂpHOﬂ
TEHETHKH, CIIOCOOCTBYsI, TEM CaMbIM, YCKOPEHHIO ITporecca
ceslekumi. MosekyisipHast apXUTEKTypa MPU3HAKOB 4acTo
COOTBETCTBYET Kiaccuuecko monenu P. dumepa, xoraa
MPU3HAK OINpPEAEISIETCs] OOMBIIUM YUCIOM TE€HOB, KayKIbIH
13 KOTOPBIX MMeeT OecKoHedHOo Manblii 3¢ ¢ext. P. Gumrep
HazBaj ee «infinitesimaly. BbIsiBUTH Takue reHbl KpaiiHe
3aTPYIHUTENBHO, U NCTIOIB30BaHNE HEOOIBIIIOTO YHCIIa Kap-
THUPOBAHHBIX T'€HOB HE MMEET MPAKTHYECKOTO MPUMEHEHHS,
TaK KaK X CyMMapHOE BIUsIHUE Majlo. HekoTopble npu3Haku
KOHTPOJHMPYIOTCA TeHAMH C MaXOPHBIM 3(dexTom. Takne
TeHBl MOKHO HCIIOJIB30BaTh UISi MOJICKYJISIPHOW CEJICKIUH.
[To npu3Hakam kadecTBa siina 3a nocieauue 15 ner Obuia
HakoryIeHa Oonbimast 6a3a JaHHBIX MO KapTHPOBAHHUIO JIO-
KycOB KoimuecTBeHHBIX mpu3HakoB (QTLs) ¢ momombio
mukpocareuutos (http://www.animalgenome.org/). OnaHako
MPAaKTUYIECKOE HCIONb30BAHUE ITUX JAHHBIX B CHITY PA3HBIX
npuunH He Hanuto npuMeHenus (Necsulea, Kaessmann,
2014). MeTtoa NOJHOTE€HOMHOI'O acCOIMAaTHBHOTO aHAJIU3a
C TIOMOIIBIO0 OJHOHYKIICOTHIHBIX 3aMeH (GWAS) mo3somnser
TOYHO JIOKAJIM30BaTh TeHbI-KaHIU/IaThl U B HEKOTOPBIX CITy-
qasax ONpCACINTb 3aMCHbI HYKJICOTUAOB, HETIOCPEACTBECHHO
BIIMSIIOIIUE HA MIPU3HAK.

[penmnoceukoii Ber6opa SNP 75714491030 nocmyxum ToT
(axr, uto B padore A. Boik ¢ xoyuteramu (Wolc et al., 2012)
6511 BRIsIBICH MaxkopHEIH QTL B xpomocome 4, okazbIBaro-
U CUIbHOE BIMSIHUE Ha Bec siiila gomaiiHed Kypuusl. OH
ACCOIMMPOBAJ C U3MEHYMBOCTHIO Beca stiina 1o 38,5 % npu
noctoBepHOCTH p < 0,03. [eHOTHITHPOBAHKE OCYIIECTRIIIOCH
¢ momomnisio SNP uuma 60K. Beero ncnoaszoBano 24,425 SNP
Ha niorosiosbe 2900 Kyp.

[Ipu pabore c 6a30if nanabx NCBI HamMu 65u10 yCTaHOB-
JIeHo, 4To 514491030 naxonutcs B 3k30He 8 reHa NCAPG
(ae-SMC cyobenunuiia CAP-G kommekca konaeHcuHa [), ko-
TOpPBIi MOkeT onpenensaTh dp ekt nanaoro QTL. [Tockombky
rs14491030 saBnsieTcs MUCCEHC-MyTalUel ¢ 3aMeHOM BajlnHa
Ha aJlaHWH, TO CYIIECTBYET OCHOBAaHHWE pacCMarpuBarh JaH-
HYIO 3aMeHy KaK KaH/{/1aTa Ha MyTallnIo, HETOCPEICTBEHHO
BIIMSIIOIYIO Ha MPU3HAK.

KoHpeHCUHBI SIBISIOTCS CyObEJUHUYHBIMH OEJIKOBBI-
MH KOMIUIEKCAMH, UTPAIOIINMHU (QYHIAMEHTAIbHYIO POJb
B CTPYKTYpHOH 1 (DyHKIIMOHAIIBHOM OPraHN3aIInH XPOMOCOM.
BriepBble KOHAEGHCHUH (Teneph M3BECTHBIN Kak KOHJIEHCHH I)
OBII BBIABICH M3 JKCTPAKTA SIUI] IMIMOPLUEBOHN JATYIIKH
Xenopus laevis Kak OCHOBHOM KOMIIOHEHT XpPOMOCOM, UTrpa-
IOIUI BaYKHYIO POJIb B UX cOopke. OH MPUCYTCTBYET B XPO-
MOCOMax Kak JApoxkeit, Tak 1 genoseka (Hirano et al., 1997;
Sutani et al., 1999).

HenaBHue mcciieoBaHusi NOKa3ajiH, YTO KOHJICHCHUHBI |
u Il MHOTOYHKIMOHAIBHBI ¥ YYaCTBYIOT B PETYJISIIINHU 3KC-
MPeccHy reHoB, pekoMOuHarmu 1 penaparmu (Hirano, 2005;
Wood et al., 2010).

Konnencunsl [ u Il comeprxar onHy u Ty ke mapy cyonbenu-
aun, SMC2 u SMC4, npuHauiexaiux K 0eJKkaM CTpyKTyp-
Horo noaziepsxanust xpomocoM (SMC) Gosbiioro cemeiicTsa
xpomocomHoi AT®azer (Hirano, 2006). Taxke KaxabIid
KOMIIJIEKC COZIEPKUT YHHKAJIbHBIH HaOop n3 Tpex He-SMC
cyowsenunmi (CAP-D2, CAP-G, u CAP-H mis konnercuna I,
n CAP-D3, CAP-G2, u CAP-H2 nns xonaencuna I1). CAP-D2
u CAP-D3 (CAP-G u CAP-G2) 9acTHYHO TOMOJIOTHYHBI, TaK
KaK UMEIOT BBIPOXK/ICHHBIH MOTHB ITOBTOPOB, Ha3bIBaE€MBbIii
HEAT-noBropamu. Cpenu tpex He-SMC cyObeauHuUII, 1B
(CAP-D2 u CAP-G) BoBICUCHEI B OCIOK-OCITKOBBIC B3au-
mopeiicteus (Neuwald, Hirano, 2000). O01enpu3HaHo, 4to
TPAHCKPUIIKS IPEKpaIaeTcs Bo BpeMst M-da3bl MUTO3a, HO
ssienue 3akinanku (bookmarking) xomrurekca konaeHcnHa |
B0 BpeMst G2 u M-(a3 MOKET co3/1aTh MO3UIIMOHHYO TaMSITh,
TaK YTO TPAHCKPHUIIIMOHHBIE (AKTOPHI CIIOCOOHBI OBICTPO
cobuparbest B mpomoTopax reHoB B Gl-daze. Kpome Toro,
OBLIO BBICKA3aHO MPEATONIOKEHUE, YTO TPAHCKPUTILIMOHHBIH
tdaxTop HSF2, cBa3annsii ¢ CAP-G-cy0pennHnneH, 3a-
crasisier nporenHpocdarazy 2A nedochopunmposars (Tem
CaMbIM, JICaKTHBUPOBATh) KOMILIEKChI KOHJICHCHUHA, CIIOCO0-
CTBYS CBSI3BIBAHMIO APYTMX TPAHCKPUIIHMOHHBIX (DAKTOPOB
¢ mpomoropamu reHoB B G1-gaze (Kim et al., 2013). Takum
00pazom, MpUCYTCTBHE KOHJIEHCHHA | B IpOMOTOpax MOXKET
WHIyIUPOBaTh TpaHCKpHumiuio reHoB B G1-¢aze. Kpome Toro,
KOHJICHCHH | TpUHUMaeT y4acTue B peryJIsIiN SKCTIPECCHH I'e-
HOB, KOTOPBIE COXPAHSIOT aKTUBHOCTH B M-(haze muto3a (Xing
etal., 2008). OmHaxo ocHOBHOM (pyHKIHEN KoHAeHCHHOB [ 1 11
in vivo SBIISETCS KOMITAKTHU3AIMs XPOMaTuHA M pasJeiicHue
XPOMAaTH/]] B X0/Ie UX MUTOTHYECKOM Cerperamum.

[Toxazano, uro ren NCAPG Bnusiet Ha poct moneit (Pryce
etal.,2011) n QTL, cooTBeTCTBYIOMMI TaHHOMY T'€HY B XpO-
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Accoumaumna HECUHOHUMMUYHOW 3aMeHbI B reHe
KkoHfeHcnHa NCAPG ¢ npusHakamu aiiLa Kyp-HecyLiek

Mocome EAC 3 nomazeit, onpenenser Takue MpU3HaKH, Kak
«BBICOTA B XOJIKE M KPYIIE», «CTPYKTYpa HOI», BEHTPaIbHAs
TpaHMIA HIDKHEH YETFOCTHY, «ITPAaBIIIBHOCTH TIOXO/IKH U T10-
CTaHOBKH HOI» y Joazeit (Signer-Hasler et al., 2012).

I'er NCAPG, nokamu30BaHHBIN Ha XpoMocoMe 6 Bos faurus,
OTIpEeeIsIeT MPEAHATAIBHBIA 1 MOCTHATAIBHBIN POCT, a Tak-
JKe OTJIOKCHHE JKUpa y KpymHOro poraroro ckora (Eberlein
et al., 2009), Bnuser Ha pasmep u Bec Tema (Setoguchi et
al., 2009), norpebienne KOpMa ¥ MACHYIO IPOAYKTHBHOCTD
(Lindholm-Perry et al., 2011). IToka3aHo, 4To CHHTE3 apru-
HHUHA U €TO MeTadoNnTa AUMETUIAPTHHUHA aCCOLMUPOBAH C
myranueit B rene NCAPG (Weikard et al., 2010). Oty amn-
HOKHCIIOTY YacTO UCIIOJIB3YIOT KaK MHUILEBYO J00aBKy U3-3a
BaYKHOM PETYIATOPHOHN POJIM aprHHMWHA U €T0 METaOOJINTOB
B TIPE/THATAIHOM U TTIOCTHATAIEHOM POCTE y MHOTHX BHJIOB
»uBOTHBIX (Wu et al., 2009). Takum o6pazom, ren NCAPG
MMEET TEHACHIIMIO OKa3bIBATh BIMSHNE HA MPH3HAKN POCTA
>)KUBOTHBIX. MccnenoBanuii o Bnusuuu NCAPG Ha pU3HaKu
JIOMAIIHEH KypHIIbl paHee HEe POBOJHIIOCH.

Lemnbio paboTsI OBLITO BBISBIEHHE accortanuu 7s 4491030
B reHe kongeHcuHa NCAPG ¢ npu3HaKamMH KayecTBa sina
JIOMAIIHEN KypHIIbl.

Matepwuanbl n metogbl

J1J1s1 IpOBeICHUSI SKCIIEPUMEHTOB HCIIOJIb30BaHbI Kyphbl TIOPO-
161 Poi AfineH i MsicO-IMIHOTO HalpaBIICHHsI, COEPIKaINECs
B OI'VII «I'enoonm» na 6aze PI'BHY BHUUI PXK. Okpacka
orepeHHs Kyp TeMHO-KopuuHeBasi. CTepyKeHb Iiepa OKpallieH
B COYHBII KpPAaCHOBATBIN LIBET, MOAINYX CBETIO-KOPUYHEBBIH,
TIepbsl XBOCTA YEPHBIE C 3€IEHOBAThIM OTIIMBOM. [ TurmMeHTanust
cKOpiIynbl kKopuyHeBasi. OcCOOEHHOCTBIO MOPOBI SIBIISIETCS
HaJIM4Ue y Hee IeHa 30J0THCTOCTH, CIETUIEHHOTO C TIOJIOM.
[Tpn mosmyyeHny moMecei 3TUX Kyp ¢ JPYTHMH IOPOAAMHU
U KPOCCaMM MOXKHO Pa3JIeIHUTh CYTOYHBIX UBILIST 110 MOy
(ayTocekcHble 1plTUIATA). JlaHHAs 1TOPO/ia AKTUBHO MCIIOJb-
3yeTCsl B HACTOsIIIIEe BPeMsI TP TOJTyYSHUH TPOMBIIIICHHBIX
KpoccoB Kyp. B pabore ucnonb3oBaiu cliieyonye npu3Ha-
Ki: 1) TONIIMHA CKOPIIYTBI — CPEIHSS TOJIINHA CKOPITYIIBI
siiia B MKM; 2) Bec siina (30 Hem) — cpeaHuit Bec sdma y
Kyp COOTBETCTBYIOIIEr0 BO3pacTa B IpaMmax; 3) ympyras
nedopmarys (30 Hex) — cpenHss AedopMans CKOPITYTIBI SIHIT
0e3 HapyIIeHHs ee LEJIOCTHOCTH B MKM IO/ BO3JICHCTBHEM
rpy3a BecoM 500 I, CHECEHHBIX KypaMu COOTBETCTBYIOIIETO
BO3pacTa.

W3 241 obpasma kposu Obu1a Beienena JJHK ¢ nomomsio
(heHoI-x510p0POPMHOT0 METOIA.

Jis BeIsSIBICHUA TOKau3anuu rs /4491030 mamu ObLT ITpo-
BeJICH aHaNWU3 in silico mpu moMomy oy Map View B 6aze
nmanabix NCBI. Juzaiin amtenecnenupuueckux npaiMepos
JUTA TCHOTUITUPOBAHUS Kyp TI0 ajuiensm rs /4491030, naxomsi-
mumcs B rene NCAPG, mpoBOIIIN Ha OCHOBaHUN MH(OpMa-
K 0a3bl JaHHBIX ceTH MHTepHeT (Www.nlm.ncbi.nih.gov)
py oMoty KommbiotepHoi mporpamMel PRIMER 3 (http://
bioinfo.ut.ee/cgi-bin/primer3-0.4.0/primer3_results.cgi).
Bennunna amrmummduuupyemoro ¢parmenta osputa 204 1. H.
st mpaiimepa Up A u 344 m.H. — misa npaitmepa Up G.
[TpoBepka Moy4eHHbIX TOCIIEI0BATEILHOCTEN IpaiitMepoB Ha
creuu(GpUIHOCTb M OTCYTCTBHE BO3MOYKHOW BHYTPUTCHOMHOM
TOMOJIOTHH OblTa TPOBEICHA ITPU TIOMOIIH TTAKETa TPOTPaMM
BLAST.
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[onumepa3sHasi LenHas peakius OCyIEeCTBISIIACH C ajlje-
necrienn(pUUECKIMH IpaiiMepaMu — MO JBa aJIbTEPHATHBHBIX
1 YHMBEPCAJIBHBIX TpaiiMepa.

Annenecnennduyeckue mpaimMepsl Uil TeHOTUITUPOBA-
HUS Kyp 1o amnensaMm 7s 14491030 (momumopdHBIe CalThI
BBIJICIICHBI):

Up A: CTTCTTCCTCACAACTTTCAGTTCCAA

Dn: GTGGTGGTCTGCTATAACACTGTCTG

Up_G: CTTCTTCCTCACAACTTTCAGTTCCAG

Dn: TGTTTAAGCTTTGACTCATATCAGACC

Ammm¢ukanuro JJHK npu momomu TP npoBoawmn Ha
ammudukarope 1Q-5 (Bio-Rad, CIIIA) ¢ ncrions3oBannemM
peaktuBoB CHODH3HMM B CIEAYIOIIEM PEKHUME: OJMH LUK —
95 °C — 3 muH; 35 mknoB — 95 °C — 1 mun, 60 °C — 1 MuH,
72 °C—1 mun; ogus nukn — 72 °C — 7 mun; 4 °C — XpaHeHue.

Paznenenue gpparMeHTOB OCYLIECTBISUIM C MOMOIIBIO
anexrpodopesas 1,5 %-m arapoznom rene. @parmentst JJHK
BU3YaJIM3UPOBAIIH B TPoxXosimx YP-ryuax. Pazmeps! gpar-
menToB JIHK omnpenensnu npu cpaBHEHUH UX C pa3MepaMu
(hparmenToB mapkepa JJHK.

Pacuer mpucmocoOGIeHHOCTH OCYIIECTBISIN 0 Clie-
aytomumM dopmynam (Aitana, 1984): W =F /F; W_ =
= WI‘OMOBI/IFOTLI/WAG; S=1- Wom; FpaEHOBCCHaﬂ: SAA/(SAA +
+ S¢), tie W — npucnocobnenHocTs, F, — Habmromaemast
4acToTa TeHotHna, F — TeopeTnueckas 4acTora I€HOTHUII,
W,,,, — OTHOCHTENbHAs Ipucrnocobnennocts, W, ..~ —
HPHCIIOCOOIEHHOCTh TOMO3UIOTHBIX Kyp, W, — HpPHCIIO-
COOJICHHOCTh FETEPO3UTOTHBIX KYyP, S — K03 dHLIUeHT 0TOOpA,

pasopecnas ~ PABHOBECHAS OKHMaeMasi 4acToTa, S — K03¢-
¢bunuent or6opa renoruna GG, S, ,— ko3dpuuueHt ordéopa
resotuna AA4.

Crarnuctiyueckyro 00padoTKy pe3ylbTaTOB OCYIIECTRISIIA
C MOMOIIBI0 OJHO(AKTOPHOTO AMCIIEPCHOHHOTO aHAJN3a,
HAXOJSIIErocs B makerax nporpammsel SigmaPlot 9 (Systat
Software Inc.). Tak kak pacmupenereHne MPU3HAKOB IS
HEKOTOPHIX TEHOTHUIIOB HE OBUIO HOPMAaJbHBIM, TO JUISI BBI-
YHCJICHHS YPOBHS JOCTOBEPHOCTH MCIIOJIb30BAJIM PAHTOBBII
BapHaHT OgHO(MAKTOpPHOTO AuciepcuonHoro ananmmsa (Kpy-
ckasa— YoJutuca).

Pesynbtathl 1 06CyKaeHne

[TpoBeneHHbIi HaMK aHAITH3 i7 Silico TPy ToMon| oty Map
View B 0a3e nanubix NCBI nokasain, uto 7514491030 pacmio-
JIO’KeH B 9Kk30HE §8-ro reHa NCAPG B noszutmu 75486534 1. 1.
[Tpn sTOM ObUIA BHISBICHA 3aMEHA BAJIMHA Ha AJIAHWH, YTO
no3BossieT Kiaccupuiuposath 1514491030 xak MUCCEHC-
myTamuio. HamomanMm, gto rer NCAPG xomupyet He-SMC
cyosenuanny CAP-G xommiiekca koHaeHCHHa 1.

le/l MMPOBEACHUHN JUCTICPCUOHHOTO aHaJIM3a JaHHBbIX IJISA
reHoturioB AG, AA n GG mapkepa rs14491030 y xyp Ob110
BBISIBIICHO JOCTOBEPHOE pa3iIM4yle FeHOTHUI—IPHU3HAK JUIS
npu3HaKoB «Bec stina» p < 0,001 u «ynpyras aehopmarus
p <0,026 (tabmn. 1). Dddexr 3amenenns amnens 4 Ha G co-
craBmn 71 (p < 0,05) uis mpusHaka «Bec Aina» u 2,5 MKM
(p <0,05) — nust «ynpyras aedopmaryst CKOpIyIsl siitay. st
MIpHU3HAKa «yTpyTas aedopmanus CKOpIymsl aima» 3ddexr
3aMEIeHHs AJUIENsI COCTaBUII MEHEe OJJHOM cUrMbl (6 = 4,7),
ClIeZIoBaTeIbHO, HAONIONAETCSI MUHOPHBIN TUICHOTPOITHBIN
apdext (cMm. HIxe). DddexT rena NCAPG Ha Bec sifna co-
CTaBHJI TIOPSIIIKA OTHOM CUTMBI (G = 6,0).
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Tabnuua 1. Accoumaums rs14491030 ¢ npusHakamu ANLa JOMaLLIHEN KypuLbl

Mpu3Hak Yncno Kyp [eHoTnn

CpepnHee 3HayeHne £
olwmnbKa cpegHero

CraHpapTHOe
OTK/IOHEHMEe

MeganaHa p

Ta6nuua 2. MNprcnocobneHHOCTb TPeX reHoTUMNoB No rs14491030 B reHe NCAPG

[eHoTMN AA AG

CooTBeTCTBME YacTOT
reHoTVNOB pacnpepene-
Huto Xapau —BaHbepra

Bcero YactoTa annena G

B Hacrosiiee BpeMs CyIiecTByeT HeCKOIBKO METO/IOB BHI-
sereanst QTL, 00ycnoBIeHHBIX MPAUMEHICMBIMHA MapKEpaMHu.
OjuH U3 HAX OCHOBAH Ha cMernanHoi Mozesu (Mixed Model)
C HCTIOJIE30BaHHEM MHUKPOCATEIUTNTOB Kak MapKkepoB. B aTom
cirydae BenmanHa BiusiHus QTL Ha mpr3HAK U3MepseTcs ¢ 1mo-
MOIIIBIO JINOO FEeHETHYECKON BapUaHChI, JIMOO CTaHAAPTHOTO
OTKJIOHEHHS. MOIITHOCTh 3TOTO aHanm3a He Benuka (Weller,
2012). Moxwuo BeisiBuTh QTLs He Menee 0,1-0,2 curMmsr.
QTLs ¢ apdexrom 0,6—1,5 curMbl CUUTAIOTCS MAYKOPHBIMH
(Weller, 2012). BoisiBnenne QTLs ¢ momomisio SNPs-unmoBoit
TEXHOJIOTHHU OCYIIIECTBIISICTCS IIOTHOTCHOMHBIM aCCOIHATHB-
HbiM aHa30oM (GWAS). B atom ciryuae adpdexr QTL moxHO
KOCBEHHO OIEHHTB 10 BEWYHHE p — value (ommbka nepBoro
poxa). UeM MeHbIIIe 3HaUCHUE p, TeM Oobiie Biausane QTL
Ha rpu3Hak. Haiur BapuaHT OLIEHKH pacuuThIBaeTCs KaK pas-
HOCTB 3HAYCHUI IpHU3HAKa MEXTy TCHOTHIIAMH, H3MEPEHHAS
B IIIKaJIC CTAaHIAPTHOTO OTKJIOHEHHS. TOYHOCTH TaKOM OIICHKH
3aBHCHT OT YHCJIa XKMBOTHBIX, UCIIOJIb30BAHHbBIX B aHAJIH3E.
Bo BBeneHWHM CTaThM MOAYEPKUBACTCS, YTO T€HETHUYECKAS
APXHUTEKTypa OONBIIMHCTBA KOJWYCCTBCHHBIX MPU3HAKOB
onpezaensiercs muHopHbiMu QTL. Baustnue rena NCAPG Ha
BEC sIilla MOXKHO OTHECTH K Ma)KOPHBIM I'eHaM. Tak Kak ero
3¢ dEKT COCTaBISICT OHY CUTMY, TO UMEET CMBICT HCITOB30-
BaTh 7514491030 B Ka4yeCTBE CEJNEKIIMOHHOTO MapKepa.

I'eTepo3nroTHBIE Kyphl HECYT siiIla OOJBIIETO Beca, YeM
TOMO3HUTI'OTHBIE W WX YMCICHHOCTH B 3(12) pasa Gombiue,

TeopeTnueckn oxmaaemas
|paBHOBECHas YyacToTa
annena G pasHa 0,427

4yeM ToMO3HUTOTHBIX Kyp AA(GG). YacTOTeI TEHOTHUTIOB IS
rs14491030 c 601bII0H TOCTOBEPHOCTHIO HE COOTBETCTBYIOT
pacnpenenenuto Xapau—BaiinOepra (ta0m. 2).

Passenenne xyp n3z ®I'YII «'eHopoHm» OCyIIeCTBIsCTCSA
0€3 CeJICKINH 110 KAKOMY-JIHO0 IPU3HAKY. Y YUTHIBAsL, UTO TCH
NCAPG ortHocurtcs k house keeping reHam, orpeaessonmum
obmexnerounsle GpyHkiwH, reHotut GG SNP 1514491030
MOXET OOYCIJIOBIIMBATh YMEHBIICHUE MPUCTIOCOOICHHOCTH
0Cco0ei, YTO U MPUBOJAMT K HU3KOW YaCTOTE 0COOEH C ITUM
TEHOTHIIOM.

PaccuntaeM OTHOCHTENBHYIO MPHCIIOCOOIEHHOCTh TPEeX
TeHOTUITIOB Kyp (Tadm. 2). [Ipennonokxnum, 4To MPOUCXOIUT
ceneknus ocobeil B Mop3y TeTepo3uroT. Toraa U3 JaHHBIX
Tab1. 2 ciemyeT, 9YTO OTHOCHUTENbHAsI MPUCIIOCOOICHHOCTh
TOMO3UTOTHBIX GG Kyp 3HAYUTENIBHO CHI)KEHA 10 CPABHEHUIO
C TeTepO3UTOTHBIMH KypaMH 1 k03 (HUIHeHT oToopa 6osbIre
JUIS TOMO3UTOTHBIX Kyp GG 110 CpaBHEHHUIO C TOMO3UTOTHBI-
mu AA. Takum 00pazom, peInoioKeHNe O €CTECTBEHHOM ce-
JIEKIMH B TTOJTB3Y T€TEPO3UTOTHBIX KYP HE JINIICHO OCHOBAHMS.
BersicHenue, Onaroyapsi KakuM KOMITOHEHTaM ITPUCTIOCOOIICH-
HOCTH OCYIIECTBIISETCs: OTOOP B MOJIB3Y T€TEPO3UTOTHBIX KYP,
TpeOyeT JOMOIHUTENBHBIX 3KCIIEPUMEHTOB. [IpenmymecTBo
TeTePO3UTOTHBIX TeHOTUIOB 1o TeHy NCAPG (myTtanus
rs14491030) Haxg TOMO3UTOTHBIMU TCHOTHUIIAMH MOXET OBITh
HCTIOIb30BAHO TPH CEJIEKINH Kyp Ha FeTepo3UroTHocTh. Crie-
JIyeT OTMETHTB, uTo panee psij aBropoB (Tuiskula-Haavisto et
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Accoumaumna HECUHOHUMMUYHOW 3aMeHbI B reHe
KkoHfeHcnHa NCAPG ¢ npusHakamu aiiLa Kyp-HecyLiek

al., 2002; Sasaki et al., 2004; Schreiweis et al., 2005; Goraga
et al., 2011) xaptuposanu Heckonbko QTLs Ha Xxpomocome 4
JIOMAITHEH KypHIIbl, ONPE/IENISIOMNX TPU3HAKH SHIIa.

Pe3yHI)TaTbI Halmiero aHajlin3a MOATBCPXKAAIOT JaHHBIC
A. Bonk ¢ xomeramu (Wolc et al., 2012) 06 acconunanuun
rs14491030 ¢ BecoM siiiLia Kyp, HOITy4€HHbIE C TOMOIIBIO MOJI-
HOTEHOMHOTO acconuatuBHoro anaimuza GWAS. Takum 06-
Pa3oM, UCXO/Is U3 PE3YIbTATOB IMTHPOBAHHBIX BBIIIIE aBTOPOB
Y HalIUX JIaHHBIX, MOKHO MPEANON0KUTh, 4T0 TeH NCAPG
orBercTBeHeH 3a dpdektsl QTLs y nomarnineii kypunst. [1pu
9TOM, B COOTBETCTBHU C HAIIMMHU JaHHBIMU, reH NCAPG nme-
eT MIeHOTPONHBIHN 3¢ PeKT Ha yHpyryto 1edopManuio sina u
OTHOCHTEJIbHYIO TIPUCIIOCOOJICHHOCTh FeTEPO3UTOTHBIX KYP.
Js 3aximouenns o BiusiHIN reHa NCAPG Ha IprU3HAKH Sima
CJIelyeT TPOBECTH aHAJIM3 HEPAaBHOBECHS IO CIECTUICHUIO
Mmexay SNP-mapkepamu B 3ToM rene. Ecin HepaBHOBecue 10
creriernio Mmexxay SNP-mapkepamu 514491030 u SNPs Ha
kpasix rena NCAPG ue Oyzet npeBbinars 3Hadenus r2= 0,05,
TO TOr’Ia MOXXHO YTBECPKAATh, UTO 3TOT I'CH MPUYACTCH K Ha-
omomaembM >ddexram. Tem He MeHEee Mapkep 7514491030
MOKET OBITh PEKOMEHIOBAH JUIsl HCTIOJIb30BAHHS B CEJICKIINHT
Kyp-HECYILIEK I10 IPU3HAKY «BEC SUIa».

Hcxonst 3 (QyHKIMOHANBHBIX XapaKTEPUCTUK KOMILIEKCa
KOH/ICHCHHA |, TpUBEEHHBIX BBIIIE, MBI ITPEAIIONAraeM ciie-
Jiytoniee o0bsicHeHne BIUSHUS MyTanuu 7514491030 B rene
NCAPG na Bec siina kyp. Cyosequnumna CAP-G, kogupyemast
reHoM NCAPG, Bxops1as B KOMIUIEKC KOHAeHCcHHa I, pacro-
JIOKEHHOTO B IPOMOTOPAX I€HOB, YYaCTBYIOIIMX B CErperaryun
xpoMmocoM B M-(aze MUTO3a U ONPEACISAIONIUX CKOPOCTh
BCTyIIeHUs KieTKH B G1-(ha3y, MOXXeT BIUATH HA MPOJAOIDKHU-
TCIBHOCTH KJICTOYHOTI'O IIMKJIA. ‘YMeHbllIeHue MIPOAOJIKHUTECIIb-
HOCTH KJIETOUYHOTO LMKJA MPUBEIET K YBEJINYEHHIO YHCIa
KJICTOK ¥ HAaKOIJICHHUIO MAacChl IPOIYKTOB, CHHTE3UPYEMBIX
KJIIETKaMH, 4YTO, B CBOIO OUCPC/ib, MMPUBCACT K YBCINUYCHUIO
Beca siina. [lpu 3ToM creneHp NnposiBIeHUs T'eéHa KOHAEHCU-
Ha NCAPG Oyner 3aBHCETh OT JIpyTrUX I'€HOB — YUYAaCTHUKOB
ICHHBIX CETEH, B KOTOPBIX OH NpUCYTCTBYET. VX BiausHue
OyzeT ompenensaThCcs MOPOIOH, TOMYIANESH U THHUEH Kyp,
a TaKKe NMPHUPOHOI Cpeiol, Kak 3TO CIEAyeT U3 TeHETHKH
KOJIMYCCTBCHHBIX IMTPU3HAKOB.
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