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OPUTMHANTbHOE NCCJTEAOBAHUE

OTOOp MepCreKTUBHBIX TeHOTUIIOB SI0JIOHI
Ha KOJIOHHOBUIHOCTbD I VCTOMYMBOCTD K ITapiie
C IIOMOIIIBIO AMarHoctmuecknx JIHK-MapkepoB

, A.C. Appxun®, H.H. CaBeabeBa

DepepanbHoe rocyaapcTBeHHOe OloAKeTHOE HayyHoe yupexaeHne Bcepoccninckunin HayYHO-NCCIeA0BaTENbCKUIA UHCTUTYT FreHETUKIN U cenekuum

nnofoBbix pacteHnii um. M.B. MuuypwmHa, MuuypumHck, Poccna

MoHoreHHasn ycToluMBOCTb K MapLue 1 KONOHHOBUAHDBIV rabuTyc
KPOHbI ABNAOTCA BaXHbIMU CENEKLMOHHBIMU NMPU3HaKamMu A6I0HN.
Mcnonb3oBaHme MONeKynApHbIX MapKepOoB MO3BONAET C BbICOKON
HaIeXKHOCTbIO Ha PaHHMX 3Tanax OHTOreHe3a onpefennTb NPUCyT-
CTB/IE HEOOXOMMbIX FEHOB B FeHOME U COKPaTUTb BPeMA CeNeKLOH-
Horo npouecca. Lienbto HacToAwero nccnefoBaHuA ABANOCL Mosle-
KyNIAPHO-TeHeTNYeCcKoe TeCTUPOBaHNE UCXOAHbIX GOPM 1 TOGPUAHBIX
cesHUeB A6/10HY ANA naeHTUdUKaLMM HoCuTeNe LUeneBbix annenemn
reHOB MOHOTFEeHHOW YCTOMUYMBOCTM K napLue (Rvi6) n KONOHHOBMAHOTO
rabutyca KpoHbl (Co), a Take YyTOUHEHUE XapaKTepa Hacne[oBaHWs
reHoB Co 1 Rvi6 B rmbpugHom notoMcTBe. [pefcTaBneHbl pesynbraTthbl
MONeKYNAPHO-TeHEeTNYEeCKOro aHann3a coptoB BantoTa, YcneHckoe,
Benopycckoe cnagkoe v cesHueB rmbpuaHbix cemeit Bantota x Ycnen-
cKoe, Bantota X benopycckoe cnagkoe no reHam KONOHHOBUAHOIO
rabutyca kpoHbl (Co) 1 ycTonumsocTu K napiue (Rvi6). MpucyTcteme
[OMUHAHTHOro annens reHa Co AMarHoCTUPOBany C MOMOLLbIO Npaii-
mepoB 29f1 n JWITr, dnaHkmpytowmx ¢ 5'-KoHLa MHCePLUo B OKOMO-
reHHol obnacTy nokyca Co KONIOHHOBUIHbIX FeHOTUIMOB, afenbHoe
cocTosHUe reHa Rvi6 onpeaenany C MOMOLLbIO ANArHOCTUYECKOro
[HK-mapkepa ALO7-SCAR, KapTMpOBaHHOrO Ha PacCTOAHNM OKONO
0,2 cM ot reHa. OnpefeneHo COOTHOLLEHUE YacTOT Hac/leA0BaHNA
annenbHbIX COCTOAHNUI YKa3aHHbIX reHOB. B KOMOMHaUMK cKpelyvBa-
H¥A BantoTa x YcneHcKoe KonmyecTBO KONIOHHOBUAHbBIX FeHOTUMOB
cocTaBuno 48,1 %, obnagamoLwyx MIMMyHUTETOM K napLie — 77,8 %;

B KOMOUHaLMK ckpelymBaHua Baniota x benopycckoe cnagkoe - 46,8
1 68,0 % COOTBETCTBEHHO, YTO COrNacyeTcA C TeOpeTUYeCcKn oxunaae-
MbIM pacLLensieHnem no NPr3HaKy KOSOHHOBMAHOCTA 1:1, No ycTon-
UMBOCTY K Maplue — 3: 1. [poaHann3npoBaHO COBMeCTHOE Hacnefo-
BaHMe NPr3HaKOB KOJIOHHOBUAHOTO rabnTyca KpOHbl 1 MOHOTEHHO
YCTONUMBOCTY K NapLue. MaeHTnduumpoBaHbl rMOprAHbIE CEAHLbI,
COBMeLLatoLLMe B reHOMe JOMUHAHTHbIN annenb reHa Co ¢ reHom Rvi6
B JOMWUHAHTHOM FOMO3UFOTHOM COCTOsIHUW (RVi6RVI6), 4TO NO3BONUT
3HaUYNTENbHO NMHTEHCMOULIMPOBATL CENEKLMOHHBIV NpoLiecc, obecne-
ymBas nonyyerme 100 % ceAHLEB C MOHOrEHHOMN YCTOMYMBOCTbIO

K naptue 1 fo 50 % — C KONOHHOBUAHBIM rabUTYCOM KPOHDbI.

KntoueBble cnosa: AGNOHs; MapKep-onocpenoBaHHaA cenekyns;

MOJ1eKYJIAPHbIE MapKepbl; KOTOHHOBUAHOCTb; yCTOIZLIVIBOCTb Knapue.

KAK ULUTUPOBATb 3TY CTATbIO:

CasenbeB H.W., JlbiknH A.C., CaBenbeBa H.H. OT6op nepcnekTuBHbIX
reHoTUNOB AGNOHN Ha KONIOHHOBMAHOCTb U YCTONUYMBOCTb K NapLue ¢ no-
MolLLbto AnarHocTnyeckmx JHK-mapkepoBs. BaBnnoBcKunin xxypHan reHeTukm
n cenekumn. 2016;20(3):329-332. DOI 10.18699/VJ16.122

HOW TO CITE THIS ARTICLE:

Savel'ev N.I, Lyzhin A.S., Savel’eva N.N. Selection of promising apple geno-
types for columnar growth habit and scab resistance using diagnostic DNA
markers. Vavilovskii Zhurnal Genetiki i Selektsii =Vavilov Journal of Genetics
and Breeding. 2016;20(3):329-332. DOI 10.18699/VJ16.122

YK 634.11:632.482.31:581.444:577.21
MocTtynuna B pepakumio 01.10.2015 .

MpuHaTa K ny6nvkaumm 23.11.2015 .

© ABTOPbI, 2016

@ e-mail: Ranenburzhetc@yandex.ru

Selection of promising apple
genotypes for columnar growth
habit and scab resistance using
diagnostic DNA markers

N.L Savel'ev], A.S. Lyzhin @, N.N. Savel'eva

L.V. Michurin All-Russian Scientific Institute for Genetic and
Breeding of Fruit Plants, Michurinsk, Russia

Monogenic scab resistance and columnar growth
habit are important breeding traits of apple. The use
of molecular markers very accurately determines

the presence of necessary genes in the genome early
during ontogenesis and reduces the time of selection.
The purpose of this study was molecular genetic
testing of initial forms of apple and hybrid seedlings
of apple to identify carriers of the target alleles of genes
for monogenic scab resistance (Rvi6) and columnar
growth habit (Co) and the clarification of the pattern
of inheritance of the Co and Rvi6 genes in hybrid
progeny populations. This paper presents the results
of molecular genetic analysis of varieties Valuta,
Uspenskoe, Belarusskoe sladkoe and seedlings of the
Valuta x Uspenskoe and Valuta x Belarusskoe sladkoe
hybrid families for genes controlling columnar growth
habit (Co) and scab resistance (Rvi6). The presence

of the dominant allele of the Co gene was diagnosed
with primers 29f1 and JWI1r flanking the 5-end

of the insert at the Co locus controlling columnar
genotypes. Allelic status of the Rvi6 gene was deter-
mined with the ALO7-SCAR marker mapping at about
0.2 cM from the Rvi6 locus. The correlation frequency
of inheritance of the allelic states of these genes has
been determined. Valuta x Uspenskoe crosse yielded
48.1 % columnar genotypes and 77.8 % scab-immune
genotypes; Valuta x Belarusskoe sladkoe crosses, 46.8 %
and 68.0 %, respectively. The observed segregation
conforms to the expected Mendelian ratios: 1:1 for
columnar habit and 3:1 for scab resistance. The joint
inheritance of columnar growth habit and monogenic
resistance to scab has been analyzed. The hybrid
seedlings that had the dominant Co allele together
with the Rvi6 gene in the homozygous dominant state
(Rvi6 Rvi6) in their genome have been identified, which
can significantly intensify the selection process and
run it into 100 % of hybrid seedlings with monogenic
scab resistance and up to 50 % of genotypes with
columnar growth habit.

Key words: apple; marker-assisted selection; molecular
markers; columnar; scab resistance.



03]1aHHE COPTOB SIOJIOHU KOJIOHHOBHJIHOTO TI'a0HTyca

KPOHBI C MOHOT'€HHO JI€TEPMUHUPOBAHHOW YCTOMUH-

BOCTBIO K TaplIe SIBJISETCS BAKHOW CEICKIMOHHOM
3aaaueii. KosmoHHOBUIHBIC (OPMBI SI0JIOHH, 00J1aIAFOIIHE KOM-
MaKTHOH (hOpMOI KPOHBI BCIIEACTBHE OTCYTCTBHUS OOKOBOTO
BETBJIEHUS, TO3BOJISIOT pazMeniarh 1020 ThIC. caXKeHIIeB Ha
rekrap caza rnpu nponykrusHoctd 80—100 T/ra, a UMMYHUTET
K Tapiie o0ecreunBaeT CHIDKCHNE MECTUIMIHON Harpy3Ku
Ha Ca/IOBBIC arpoIleHO3bl U IMOBBIIICHHE PEHTA0CIBHOCTH
ToBapHOro npoussoxacTa (Kuunna, 2002; Caensena, 2014).

K HacTosmemy BpeMeHHU H3BECTHO 17 T€HOB, KOHTPOIH-
pYIOIUX yCcTOHUMBOCTH s010HU K rapire (Bus et al., 2011),
13 KOTOPBIX HAHOOJIbILIEE PACHIPOCTPAHEHHE B CENIEKIIMOHHOM
pabote momyun ren Rvi6 (V), TOKanu30BaHHBIN B TPyIIIe
creruieHus | B IOKyce TOMOJIOTHYHBIX PEEeNTOP-TI0JOOHBIX
TE€HOB Hchf] R HchfZ, HchfS, Hchj4, U3 KOTOPBIX MOHO-
TEHHYI0 YCTOMYMBOCTH K MapIIe JETEPMUHHUPYET Mapajor
HerV 4 (Vinatzer et al., 2001; Afunian et al., 2004).

KoJOHHOBHMAHBIN rabuTyC KPOHBI KOHTPOIMPYETCS TOMHU-
HaHTHBIM TeHOM Co, KapTHPOBaHHBIM B rpymrie cuerenus 10
(Tian et al., 2005; Moriya et al., 2009). Ha xpomocome jtokyc
Co pacnonoxeH B nuarnasone 18,76—18,92 M6 (Moriya et al.,
2012; Baldi et al., 2013; Morimoto, Banno, 2015). [Torennu-
anbHbIMU Kauauaaramu rena Co seisitoress AP2/ERF, bHLH,
MYB u NAM doaxrops! Tpanckpunimu (Baldi et al., 2013),
a taxke reH MdCo3 1, perymupytomtmii sxciipeccuio 20G-Fe
(IT) oxcurenaser (Wolters et al., 2013).

Bwmecte ¢ Tem mnosieBas uacHTU(UKAILIUMS HOCHUTENCH Iie-
NeBBIX aieneld TeHoB Rvi6 u Co GasmpyeTcs Ha aHaIn3e
(heHOTUIMYECKHUX TOKa3aTeNe MPOsSBICHNN TPHU3HAKOB
W HE BCer/ia [03BOJISIET Ha/Ie)KHO BBISIBUTH HY)KHbBIE TEHOTHIIBI
B MoJoioM Bozpacte (Casenbes, 1998; Urbanovich, Kazlovs-
kaya, 2008; Moriya et al., 2009). IToatomy Bce OombIee
3HaUCHUE B CEJIEKIUH MPUOOPETAIOT COBPEMEHHbIE MOJIEKY-
JSIPHO-TEHETUYIECKHE METO/bl aHAIM3a TEHOMA PACTEHUH Ha
ocnose JIHK-mapxkepos (Shupert et al., 2004; Boudichevskaia
et al., 2006; Patrascu et al., 2006). Mcnons30BaHnue METO0B
MOJIEKYJISIPHOTO MapKupoBaHUs obecrednBaeT 3(h(HeKTrB-
HBII 0TOOP HOCHTENEH XO3SIHCTBEHHO IEHHBIX NPH3HAKOB
Ha PaHHMX Tarax Pa3BUTHs HENOCPEACTBEHHO 110 HATMYHIO
I[EJIEBBIX TEHOB B TE€HOTHIIE, YTO TIO3BOJISICT 3HAYUTEIHHO
YCKOPHTB TIPOIIECC CO3/1aHMsI HOBBIX cOopToB. K HacTosmemy
BPEMEHH JIOCTUTHYTHI OIPE/ICIICHHBIE YCIIEXH 10 UCIIOIb30-
Baumuio JIHK-mMapkepHBIX TEXHOJIOTHH B CENEKITUH SOMOHU:
tak, Hanpumep, O.10. YpOaHoBHY C KOJUIEraMH MOITyYEHbI
T€HOTHIIBI, COJIEPIKAIINE B COCTaBE TeHOMA I'eHbl yCTOHYUBO-
cTH K mapire (Rvi6), KpacHOTaJUIOBON s0I0HHOM Tie (Sd/),
QTL ycroitunBocTH K OakTepHaIbHOMY OKOTY M aJlIeib 2
rena Md-ACSI B romo3urotHod (opme, onpenessiromui
CHIDKEHHBIN ypOBEHb OMOCHHTE3a ATHJICHA B Iioxax (Ypba-
HOBHY U JIp., 2010). .O. Baumgartner ¢ komeramu noxyquin
T€HOTHIIBI, COBMEIIIAIOIUE B FTEHOME TPH F'eHa YCTOWYHBOCTH
K mapime (Rvi6, Rvi2, Rvi4) B JOMHHaHTHOM TOMO3UTOTHOM
cocrossHnu (Baumgartner et al., 2015).

Lesb HACTOSILETO UCCIIEJOBAHNUS — MOJICKYJISIPHO-TEHETH-
YeCKOe TECTUPOBAHUE UCXOAHBIX ()OPM U THOPUIHBIX CESHIIEB
SIOJIOHM JUTS MICHTH(DMKAIIK HOCUTEIIeH IOMHHAHTHBIX aJlie-
Jiell TeHOB MOHOT€HHOM YCTOWYMBOCTH K napiie (Rvi6) 1 KOJIOH-
HOBHIHOTO radbutyca kpoHsI (Co), a TaxKe YTOYHEHHUE XapaK-
Tepa HacneioBaHust reHoB Co 1 Rvi6 B THOPHTHOM IIOTOMCTBE.
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MaTepmanbl n Mmetoabl

B kagecTBe Ononornyecknx 00bEKTOB HCCIICIOBAHMS UCTIONb-
30BaHbl COpTA SIOJNIOHH, a TAK)XKE CEeSTHIIbI THOPUIHBIX CeMel
Bastora x Yenenckoe, Bantora x benopycckoe cnajkoe.

Okcrpaknus renomHol JIHK Oputa mposeeHa o Metory
Diversity Arrays Technology P/L (DArT) (www.Diversity
Arrays.com) ¢ MoguduKanuaMu. AMIUTH(UKAIIIIO TPOBO-
qutn B ipu6ope T100 Thermal Cycler npoussoacTsa hupmbl
«BIO-RAD». Peakirionnast cmech st I[P oobemom 15 Mkt
conepxkana: 20 ur IHK, 1,5 MM dNTPs, 2,5 MM MgCL,,
10 oM xkaxxporo npaiimepa, 1 en. Taq-nomumepasst u 2,5 MM
10x Tag-6ydepa (+(NH,),SO,, -KCL). Bce xoMnoHeHTbI
npousBeneHs! pupmoit Thermo Fisher Scientific.

Just MonexynsipHON HMJIEHTH(QUKAIUKU T'eHa KOJIOHHO-
BUJHOTO Tabutyca kpoHbl (Co) MCIOIb30BAIN MapKep
29f1-JWIlr. AMIUTH(UKAIINIO TIPOBOIWIH C TIpaiiMepaMu
(5'CCTGGATCTAAAAGCCCCATAZ3') n JWIlIr (S'AACC
AAACACCCACCCATTAZ'), pnankupyroummu ¢ 5'-koHIia
WHCEPITUIO B OKOJIOTEHHOH o0acTw Iokyca Co KOJTOHHOBU/-
HbIX renotunos (Wolters et al., 2013). AMmumduxaryro mpo-
BonuiH B pexxume: 95 °C — 10 muH, 35 mukios: 95 °C — 30 c,
59 °C — 1 muH, 72 °C - 30 ¢; 72 °C — 10 MuH.

Jnst naenTudUKanuy B TeHOIUIa3Me SIOJOHH aJlielb-
HOTO COCTOSIHUSI TeHa Rvi6, NeTEPMUHHUPYIOIIETO MOHO-
TEHHYIO YCTOWYMBOCTBH K Maplle, MCIOIb30BalIM KOIO-
MuHaHTHBIA Mapkep ALO7-SCAR, pacnosioxeHHBIN Ha
paccrosauu 0,2 cM ot rena (Xu, Korban, 2000). ITpaii-
MEpHBIE Mapbl UMEIHN CIEAYIOMIYI0 MOCIEI0BATEIBHOCTD:
ALO7F 5'TGGAAGAGAGATCCAGAAAGTG3’, ALO7R
5'CATCCCTCCACAAATGCC3' (Tartarini et al., 1999). Amn-
TUUKANNo MpoBoawia B pexume: 94 °C — 4 muH, 35 nuk-
10B: 94 °C —30¢, 60°C — 1 mun, 72 °C —2 mumn; 72 °C — 8 MuH.

Hcnonp3oBanHbIe B paboTe mpaitMepbl CHHTE3UPOBAHBI
3A0 «CunTon» (. Mocksa).

Paznenenue mponyKToB aMIIH(UKAIUE OCYIIEeCTBISUIIN
METOIOM 3JIeKTpodopesa B 2 % arapo3HOM Iejie py Harpsi-
JKeHHOCTH 3JIeKTprueckoro moist 3,9—4,5 B/cm. Jlist ompene-
JICHUS! JUTMHBI aMIUTN(UIIUPOBAHHBIX (ParMeHTOB HCIOJIB30-
BaJIM Mapkep MoJiekyispHoi maccel GeneRuler 100 bp DNA
Ladder (Thermo Fisher Scientific).

Pesynbratbl

B pesynprare ammmudukanuu renomuaor IHK ¢ mpaiimepa-
mu 29f1 u JWIIr Hamu mosydeHsl 2IEeKTpopopeTHIecKue
CHEKTPbI HCXOJHBIX ()OPM M THOPHTHBIX CESHIIEB SIOJIOHM JIJIsI
reHa Co, OIpe/IeIIsIIOIEro KOJIOHHOBU/IHBIN Ta0UTYC KPOHBI.
[Tpumeps! amexkTpodopeTnIecknX CIEKTPOB MPUBEICHBI Ha
pucyske (a, 0).

YcTaHOBIIEHO, UTO B pe3y/bTaTe aMILIH (UKL TeHOMHON
JIHK copra Bamrora, o0nagaromero KOJIOHHOBHIHBIM (e-
HOTHIIOM, BbIsiBIIsieTcs: pparmeHT 5'CR paszmepom 586 1. H.,
XapaKTepHBIH 11 KOJTOHHOBUAHEIX (hopm. CopTa YeneHnckoe
n benopycckoe craikoe, XapakTepHu3yonecs: 0ObIYHBIM Ta-
OUTYCOM KPOHBI, HACHTU(DUIIMPOBAHBI KAK HEKOJIOHHOBH/IHBIE
(dpparmenT 5'CR, Ha anekTpodoperpaMMax OTCYTCTBYET).

Ha ocHOBaHMM aHaJIM3a MONYYEHHBIX JIEKTpodopeTHde-
cKuXx crekTpoB Mapkepa 29f1-JWI1r rubpuHoe moTroMcTBO
YKa3aHHBIX COPTOB IU(PepeHINPOBAHO IO TAOUTYCY KPOHBI.
B xomOuHanum ckpemuBanusi Bamrora x Yenenckoe u3 52
CesiHIIEB 25 TeHOTHIIOB WACHTU(UIIMPOBAHBI KaK KOJIOHHO-
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BUJHBIC U 27 — C OOBIYHBIM TA0UTYCOM
KpOHBI; B KoMOnHannu Banrora x berno-
pycckoe cinankoe u3 47 cesHueB — 22
1 25 TEeHOTUIIOB COOTBETCTBEHHO.

JInst BBISIBJICHUST aJIEIBHOTO CO-
CTOSTHHS TeHa Rvi6 ObLIa MpoBeIcHA
ammuindukanust reaomuo JTHK wuc-
XOIHBIX ()OPM M THOPUAHBIX CESHIICB
sg0monn ¢ npaiimepom ALO7-SCAR.
JIOMMHaHTHOMY aJUIEII0 TeéHa COOTBET-
cTByeT (hparmeHt pazmepom 570 m. H.,
peneccuBHoMy — 823 1. H. [TpucyrcTBue
000uX (PparMEHTOB CBHIICTEIBCTBYCT
0 TeTepO3UTOTHOM COCTOSIHHH TeHa
(Patrascu et al., 2006).

Copra Bamiora, Ycnenckoe, beno-
pyccKoe citagKoe HeCyT TeH Rvib B Te-
TEPO3UTOTHOM COCTOSTHUU (RVi6rvi6).
B ruGpuiHOM MOTOMCTBE UACHTUDHUIIN-
POBaHO TP KOMOWHAIINY aJTeNieif TeHa
Rvi6 — Rvi6Rvi6, Rvi6rvi6, rvibrvib.

B xomOunanum ckpeniuBanus Ba-
JII0Ta X YcrneHckoe BeiaeseH 41 cesiner,
HECYIINH JTOMHHAHTHBIN aJlieib reHa
Rvi6, n3 xotopeix 12 gBusAOTCA 10-
MHHAHTHBIMH TOMO3UTOTAMH I10 T€HY
Rvi6, a 30 cesiHuieB HecyT reH Rvi6 B re-
TEPO3UTOTHOM COCTOSIHUHU. 12 reHOTH-
OB HE MMEIOT JOMHUHAHTHOTO aJIells
TeHa RVvi6 M SIBISTIOTCSI PEIIECCUBHBIMU
romosuroramu. [Ipumep uneHTudu-
KaIlH MIPEJICTaBICH Ha PUCYHKE (8).

B xoMOmHaImu ckpemuBanus Baro-
Ta x benopycckoe ciajikoe JOMUHAHT-
HBIN aJuTeNb TeHa Rvi6 ACHTUDHUIIHPO-
BaH y 34 reHoTUNOB. VI3 HUX CEMBb HECYT
reH Rvi6 B JOMUHaHTHOM TOMO3UTOTHOM
COCTOSIHWH, a 27 SBIAIOTCS T€TEePO3U-
rotaMu. PerecCHBHBIM TOMO3UTOTHBIM
cocTosiHMEeM TreHa Rvi6 obmagaror 16
reHoTHNoB. [IpuMep uaeHTHUKAITIT
MIPECTaBJICH Ha PUCYHKE (2).

O6¢cyxpeHue
K HacrosmeMy BpEeMEHHU BBISBICHO
6onbmoe komuuectso JJHK-mapkepos,
crieruieHHbIx ¢ renoMm Co (Tian et al.,
2005; Bai et al., 2012; Moriya et al.,
2012; Baldi et al., 2013), ogaako ux
WCIIOTB30BaHME HE BCETAA TO3BOJISET
C BBICOKOH HAJIC)KHOCTHIO BBISIBHTH KO-
JIOHHOBHIHBIE TeHoTUIbI (Moriya et al.,
2009; IuxyHosa u np., 2013). B cBs3u
C 3TUM NO00P BBICOKOMH(OPMATHBHBIX
MapkepoB reHa Co SIBISIETCS BaKHOM
3a/1aueil B CENEKINH SOTOHN Ha KOJIOH-
HOBHTHOCTb.

CornacHO COBPEMEHHBIM IPEACTaB-
JeHUSIM, KOJIOHHOBUIHBIN TabHUTyC
KPOHBI SI0JI0HU 00YCIIOBIICH MyTanuei
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SnekTpodopeTnyeckme cnekTpbl MapkepoB: 29f1-JWI1r rubpugHbix cemen Bantota x YcneH-
cKoe (a) n Bantota x benopycckoe cnagkoe (6); ALO7-SCAR rubpuaHbix cemeii Baniota X Ycnen-
ckoe (8) 1 Bantota X benopycckoe cnagkoe (2).

B - Bantota; Y - YcneHckoe; bc - Benopycckoe cnagkoe; 1-31 — rubpugHole ceaxupl; M — map-
Kep MOJIeKynsapHOro Beca.

(uHCepuus pasmepom 1956 11.H.) B OKOJIOTeHHOM obnactu jiokyca Co, pUBOIs-
mei k ysenmdaeHuro dkcnpeccun 20G-Fe (II) okcurenassl B Ma3ymrHbIX MOYKAX.
[paiimepsr 29f1 u JWIIr gerexkTupyroT HaJu4ne B TEHOME JaHHOW MHCEPLUH,
no3BoJisist AU GEepeHITUPOBaTh KOJIOHHOBUIHBIC W HEKOJOHHOBUIHBIC (OPMBI
(Wolters et al., 2013).

[TpoBenennsie HamMu paHee uccnenosanus (CasenseB u ap., 2015) Ha coprax
sI0JIOHH C OOBIYHBIM M KOJIOHHOBHIHBIM I'a0UTYCOM KPOHBI IOATBEPIUIIN BBICOKYIO
HAJEKHOCTH U HHPOopMaTuBHOCTH Mapkepa 29f1-JWI1r, 4To mo3BOIIET HCTIONB30-
BaTh €T0 JUIs MACCOBOW OIIEHKH THOPHUIHOTO IIOTOMCTBA.

B ananu3upyembIx KOMOMHAITUSAX CKPEIMBAHUS JOHOPOM TOMUHAHTHOTO aJljIesis
reHa Co SIBISETCS UCTIONB3YEMBII B Ka9€CTBE MaTEePUHCKOH (OpMEI copT Bamrora.
OrtmoBckue hopmbl YereHckoe 1 benopycckoe ciakoe XapaKTepu3yroTCst OOBIYHBIM
THUIIOM KPOHBI U SIBJISIFOTCS] PELIECCUBHBIMU rOMo3HuroTam 1o rexy Co.

CrarucTiHueckuii aHau3 pe3yasraToB ammutndukannu reaomHoi JJHK rubpun-
HBIX CesHIIeB s1010HU ¢ mpaiMepamu 29f1 u JWIlr mokasan, 4To B KOMOMHAITUI
cKpelBaHus BamtoTa X YeneHckoe KOJTMYeCTBO KOJOHHOBUIHBIX TEHOTUIIOB CO-
craBuiio 48,1 %, a B moTOMCTBE OT CKpenuBanus Baora X benopycckoe cnankoe —
46,8 %. J1o11st TeHOTHIIOB C OOBIYHBIM F'A0OUTYCOM KPOHBI B YKa3aHHBIX KOMOMHAIINSIX
coctaBuna 51,9 u 53,2 %. ®akruyeckoe pacuieruieHue Mex 1y KOJIOHHOBUTHBIMU U
HEKOJIOHHOBH/IHBIMU T€HOTHITAMH COOTBETCTBYET TEOPETHUECKH OKHaeMomy 1 : 1
x*=0,076 u 0,191, yTO 3HAUNTEINHEHO MEHBIIE KPUTHIECKOTO 3,84).

Vcnionb30BaHHbIE B THOPHM3ALUH HCXOAHBIE (DOPMBI SIBJISIFOTCSI T€TEPO3UIOTa-
MH TI0 TeHy RVvi6, 9TO TEOPETHUECKH MO3BOJISIET MOIYINUTH 10 75 % yCTOHYUBBIX
cestHIIeB. MaTemarnueckas 00paboTka 31eKTpO(POPETHUECKUX CIIEKTPOB MapKepa
AL07-SCAR mnoxka3zana, 4T0 B KOMOMHALIMU CKpeluBaHus Bamrora X YcreHckoe
J0JI1 IMMYHHBIX K Mapiie reHoTunos coctasuia 77,8 %. Ilpu stom 55,6 % ce-
SIHIIEB XapaKTePU3YIOTCS TETEPO3UTOTHBIM COUETaHUeM autenei, a 22,2 % (cesH-
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OT60p NepcnekTUBHbIX FEHOTUMOB AGNOHN Ha KONIOHHOBUAHOCTb
1 YCTOMYMBOCTD K MapLue ¢ NoMoLLbio ArnarHoctmyeckrx JHK-mapkepos

e Ne 3-10-9; 3-10-11; 3-10-12; 3-10-16; 3-10-19; 3-10-21;
3-10-26; 3-10-36; 3-10-40; 3-10-44; 3-10-49; 3-10-50) — no-
MHUHAHTHBIE TOMO3HUTOTHI IO TeHY RVi6.

B rubpunHoM motoMcTBe cembr Baiora X benopycckoe
cnajkoe BbaeneHo 68,0 % yCTONUUBBIX K Maplie CesHIIEB,
n3 kotopsix 20,6 (cesHupr Ne 7-12-3; 7-12-16; 7-12-24;
7-12-2; 7-12-32; 7-12-3; 7-12-39) 061aaroT rOMO3UTOTHBIM
JIOMUHAHTHBIM, a 79,4 % — reTepo3uroTHbIM COYETAHUEM
anerneit rena Rvib.

[ToyueHHBIC pe3yNbTaThl HACICIOBAHNS MOHOTCHHON
YCTOMUMBOCTHU K Mapile 1Mo reHy Rvi6 COOTBETCTBYIOT TEO-
PETHYECKH 0XKMaEMOMY pacHICIUIeHUIO 1o Genorumny 3: 1,
a COOTHOIIICHUE aJICITFHBIX COCTOSHIM TeHa Rvi6— TeOpeTH-
ueckomy 1:2: 1. 3nauenus kpurepust 2 11t PEHOTUTHIECKOTO
MposiBJeHUs Tpu3HaKa coctaBwim 0,222 st rTuOpuaHON
cembpr Baimrora x Yenenckoe u 1,306 st komOunamuu Bastro-
Ta % benopycckoe ciankoe nmpu yposse 3Haunmoctu 0,05. Tlpu
OIIEHKE PACHIEIUICHUS 10 T€HOTUITy 3HAYEHMS KPUTEPHUS >
coctaBuwin 0,666 u 3,560 COOTBETCTBEHHO NPU KPUTHUECKOM
3HaueHuu 5,99 nns yposHs 3HaunMoctu 0,05.

BaxxHpIM HampaBiIeHHWEM CENEKIUH SOJOHH SBISETCS
COBMEIIICHHE B OJJHOM TEHOTHIIE KOMIUIEKCA XO3SHCTBEHHO
LEHHBIX MPU3HAKOB. [ eHbl Rvi6 1 Co J0KaIM30BaHbl B Pa3HBIX
rpymnmax cueruieHus (1 1 10 CoOTBETCTBEHHO) M HACIIETYIOTCS
HE3aBUCHUMO JIPYT OT ApyTa. O1eHKa COBMEIIICHNUS B TCHOTHIIC
000MX FCHOB Ha OCHOBE MOJICKYJIIPHO-TCHETHYCCKOTO aHAITH-
3a T03BOJIMJIA HIICHTU(HUIIUPOBATh TEHOTHUIIBI, COUETAIOIINE
KOJIOHHOBHUIHBIN TA0UTYC KPOHBI C yCTOWYMBOCTHIO K TTAPIIIe
o reny Rvib.

B xoMmOuHanuu ckpenuBanus BamroTa X YCeHCKOe BbI-
neneno 40,4 % KOTOHHOBHUJIHBEIX CESHIIEB C JOMHUHAHTHBIM
anneneM reda Rvi6. U3 nux 71,4 % — HecyT reH Rvi6 B rete-
PO3UTOTHOM COCTOSTHUH, a 28,6 %o (cestaripl Ne 3-10-9; 3-10-12;
3-10-19; 3-10-26; 3-10-36; 3-10-48) codeTaroT B CBOEM
TCHOTHUIIC KOJIOHHOBHIHBIN radbutyc kKpoHsl (reH Co) U TeH
Rvi6 B TOMWHAHTHOM TOMO3UTOTHOM COCTOSTHUU (RVI6GRVI6).

B xombOunHamuu ckpemruBanus Bamrorta x bemopycckoe
CJTaJIKOE J0JISI IMMYHHBIX K MApIIe CESTHIEB I0JI0HU C KOJIOH-
HOBUJIHBIM rabUTyCcOM KpoHbI coctaBuia 33,3 % ot oduiero
KOJIMYECTBA T€HOTHUITIOB, U3 KOTOPBIX 88,2 % — ¢ reTepo3urot-
HBIM COYETaHUEM ajuieliel rea Rvi6. B nannoii koMOuHauu
CKpEIIMBaHMUs COYETAHNE KOJIOHHOBU/IHOTO Fa0HUTyCa KPOHbI
C JIOMHMHAHTHBIM TOMO3HTOTHBIM COCTOSTHAEM TeHa Rvi6 BEI-
sIBJICHO y cestHieB Ne 7-12-32 u Ne 7-12-33.

Takum 00pa3oM, UCIOIB30BAHUE METOI0B MOJIEKYISp-
Horo JIHK-mapkupoBaHus Ui aHanmM3a HAJIMIUS B TCHOME
THOPUTHOTO MTOTOMCTBA SIONOHH (PYHKIIMOHABHBIX aJlIeiei
L[EJIEBBIX I'€HOB MO3BOJISIET C BBICOKOH A(PEKTUBHOCTHIO
BBISBIIATH ITEPCIICKTUBHBIC TCHOTHUITHI C 3aJaHHBIMH TTapame-
TpaMu MPU3HAKOB.

KoH)NUKT nHTepecos
ABTOPBI 3asBIIIOT 00 OTCYTCTBUHU KOH(IMKTAa HHTEPECOB.
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