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TEHOMHA4A CEJIEKLLUA
>=> OMNPEAENEHME

TexHonorms, No3sonaoLas yriyyLnMTb reHodoHI, MoMyALMIA XKMBOTHBLIX MU
PACTEHUI, NCTOSb3YS 3HAHMS O FeHOMAaX A1t OLIEHKW NIEMEHHOM LIEHHOCTU

LLEJ1b

icnonb3oBaTb MHOPMaLIMIO O reHoOMe, YTODbI NpeacKasaTb BHELLHWE
NPOABNEHUS:

[ 1pOn3BOAOCTBEHHBLIE MOKA3aATENM

XO03ANCTBEHHO-MNOSE3HbIE MPU3HAKA

[TokaszaTtenn 300poBbLA

[ eHOMHasa ceriekLMs B XXMBOTHOBOLCTBE UCMOSb3YETCs AN 0Tbopa 0coben ¢ onTtuMarisHbIMU
NPM3HaKkamm C y4ETOM 3HaHWUIN O FrEHOTUINE, YTO NMO3BOSISIET NPOBOANTL MIIEMEHHYHO PaboTy
C HanborbLLeN 3EKTUBHOCTLIO 3a CHET COKPAaLLIEHNS CPOKOB MIMEMEHHOW OLIEHKU YKUBOTHbIX




4YTO JIEXXUT B OCHOBE CENEKLLUW Sl

METOL,

B ocHOBe cenekuum NeXnT oLeHKa NneMeHHOW LIEHHOCTW:

est - Hamny4Lmn

Inear - NMMHenHbIN

nbilased - HeCMeLUEHHbIN

rediction — nporHo3 CoBpeMeHHbIe anropuUTMbl Ha OCHOBE

NMO3BOJTAKOT UCTIOJ1Ib30BATb
MeTtoaonorva paspabdboTtaHa aMmepuKkaHCKM ydeHbIM Y. XeHaepcoHom B 70X IT. reHOMHbIE JaHHbIE MPU OLIEHKE

XX BekKa.
B ocHoee BLUP nexart ypaBHeHNsa cMeLLaHHOW NMHEMHOW MOAENW, KOTopble
OTHOCUTENBLHO MPOCTLI AN NOCTPOEHUSA N PELLIEHNSA

nyieMeHHoOW LEeHHOCTU U obecneymBaroT
boree BbICOKYHO TOYHOCTb CESTEKLIMM
N CKOPOCTb rEHETUYECKOIO Nporpecca
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ABSTRACT

Recent advances in molecular genetic technigues will make dense marker maps available and genotyping

many individuals for these markers feasible. Here we attempted to estimate the effects of ~50,000 marker
haplotypes simultaneously from a limited number of phenotypic records. A genome of 1000 oM was
simulated with a marker spacing of 1 . The markers suwmounding every 1<M region were combined into
marker haplotypes. Due to finite population sizge (N, = 100}, the marker haplotypes were in linkage disequilib-
rium with the QTL located between the markers. Using least squares, all haplotype effects could not be
estimated simultaneously. When only the biggest effects were included, they were overestimated and the
accuracy of predicting genetic values of the offspring of the recorded animals was only 0.32, Best linear

unbiased prediction of haplotype effects assumed equal variances associated 1o each 1-cM chromosomal

segment, which yielded an accuracy of 0L73, although this assumption was far from true. Bayesian methods
that assumed a prior disribution of the varance associated with each chromosome segment increased
this accuracy to (L85, even when the prior was not correct. It was concluded that selection on genetic
values icted from markers could substantially inerease the rate of genetic gain in animals and planis,
especially if combined with reproductive technigques o shorten the generation interval.




3A CYET YEFO rEHOMHbIVN AHANU3 BLUP FSHL
MOBbLILWAET TOYHOCTb NMPOMHO3A?

Pa3Hble NOTOMKM OAHUX pOﬂ,I/ITEIIEi;I HEe MAEHTUYHDI.
UMeoT OT/IN4YaloLnecAa reHoTuribl 1 pda3HyrO ULEHHOCTb A/1A pd3BEAEHUA

BONbLUMHCTBO NPU3HAKOB UMEET CITOXHbLIN TUM
HacnegoBaHNA

[TpHUMN HacneooBaHUS «CIOXKHBIX» Y K MOHOMEHHBIX»
npu3HaKkoB naeHTn4eH. OaHako Ans CroXHbIX NPU3HAKOB
Ba)XXeH KOHTPOJIb HanbOs1bLLEro KONMMYeCTBa HyKIeoTUAHbIX
Bap1aHTOB, 0becnevnBatoLLMX NX HacreaoBaHue

BbicokonpounssoguTeribHOe reHOTUNMpoBaHue

UI NMPOYTEHME MOSTHbIX FEHOMOB NMO3BOJSIAET pa3fnnyaTtb
MOTOMKOB C JTy4LUMMW KOMOMHaUMsAMM anreneun
lcnonb3oBaHWe nHopMaUumn o AecsTKax Tbicsu
HYKNEOTUAHLIX BAPUAHTOB MOBbLILLAET TOYHOCTb OLIEHKM
N1eMeHHOU LEHHOCTU




BLUP FISH

NPUHLUUN TEHOMHOW CENIEKLLUN

PedepeHcHasa nonynaums
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* 3aBUCUT OT pasmMepa pedepeHcHOM NonynsaumMm, HacnegyemMoCcTu Npu3Haka u CTpyKTypbl
nonynauuun. lNpueeaeHbl pedepeHcHble 3Ha4YeHnsa ansa Beca Tywm popenu, onpeneneHa
Ha oby4atowien Bbibopke 2000 ocoben
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CEJIEKLMOHHbIN MHOEKC B PIBOBOACTBE '/

CeneKUuMOHHbIU UHAEKC COCTOUT U3 HECKOJIbKUX NPU3HAKOB, Ka*KAblX U3 KOTOPbIX BHOCUT BKN1a4 B 3KOHOMMUKY
B pa3/IMuHbIX nponopumnax. Ha ocHoBe KOMOMHMPOBAHHOIO CeNeKLLMOHHOro UHAEKCA NPOoBOAAT OT6Op ocobewn

AnA ycosepweHCTBoBaHUA nNJieMeHHOro A4p4d
' Average of the
families:
AA-
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Breeding value

Growth
Sexual maturation

Disease | | _ _
Main traits Sub-traits Main Parital

= Quality weighting weighting
Growth 25

Table 1. Percentage weighting of traits 2001

Smolt weight 5
Slaughter weight 20

Sexual 5
maturation
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Disease
IPN
ISA

Furunculosis

Filet colour
Body shape
Total fat

Visible fat Figure 2. Distribution of breeding values in the population. Selected fish are in the area

marked with blue.




OnbIT BHEOQPEHUSA TEHOMHOW CEJIEKLLUW BLUP FISHE
B PblIbOBOACTBE

Accumulated selection response
@z OCHOBHDbIE NMPU3HAKHA
A4 CEJIEKULUA

CKopoCTb pocTa

Pa3mep 1 ka4yectBo dpune

O PEKTUBHOCTL NMOTPEDIEHNA KOPMA

CoaoepkaHne BHYTPUMbILLIEYHOrO Xupa
PenpoayKtuBHbIe NPU3HaKM CaMokK (K UKPbl HA TOHHY)
ConpoTUBIAEMOCTb K MHJOEKLIMAM (COXPaHHOCTbL)

Growth Performance

Figure 3. Genetic gain in GIFT fish over five generations.

CokpalleHne 3aTpaT HOPBEXCKON MHOYCTPUN BbipallMBaHNSA TOCOCHA Ha KOPM
B pe3ynbtate adpdeKkTUBHOIo pacnpocTpaHeHNa reHeTU4YeCcKun
MJIH. $/FO.IJ, YyCOBEPLUEHCTBOBAHHOIO aTnaHTUYE€CKOro riocoCH




PE3YNIbTATbI CENIEKLUN HOPBEXKCKOrO = S2sf
ylococH PR Y g WY

B X

[ eHeTu4eCcKn ynydlleHHbIV
Komnanmna AKVAFORSK aTNaHTU4YeCKUN NoCcoChb
MHULUMKMpPOBana HauMOHamnbHyHo pacnpoCTpaHEH cpean
nporpamMmmy cernexkumn HOPBEXCKNX hepMepoB

ATNaHTUYECKUIN INTOCOCDb,
BblipallBaeMbl CErogHA B

HopBerun, pactet 6osee, yem o
P P cemMmeu

B bbiCcTpee, YeM €ro

[Kne cobpatbs, U TpebyeT N3onnpoBaHHbIX U3 40 pek —
cTapToBaga nonynsayms

Ha MeHbLLe KopMa




YCTOMYUBOCTb K UHOEKLUOHHOMY NAHKPEATUYECKQMY o s
EII)PN) HEKPO3Y ATJIAHTUYECKOTIO JIOCOCSA U PALLY>KHOW @§
OPEJIN

MHDEKLUOHHbIN
NMAHKPEATUT

— O[IHO U3 OCHOBHbIX BUPYCHbIX 3a00reBaHui
J10COCEBbIX PbID

AHann3 reHoma rno3Bonm 0bHapPYKMTb JNOKYCHhI,
acCoOLUMNPOBAHHbIE C CONPOTUBNAEMOCTbLIO K MHIpEKLMN
N cchopmmpoBaTh NONYALMIO C HU3KMM YPOBHEM
3ab001eBaeMocCTu
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2.3 mill. salmon

11.4 mill. salmon

Mortality (%)
14 |ocations,

516 mill. salmon

11 locations,

7 locations,
12 locations,
11.3 mill. salmon

APPEKT — CHKEHNE CMEPTHOCTM OT MHAPEKLINMA

Non QTL QTL-innOva IPN

Ha NP rOMO3NUTOTHOM HOCUTETTbCTBE

Figure 1. Total average mortality 90 days after sea transfer of salmon at 44 sites

Ha an reTepO3MFOTHOM respectively SO autumn 2010 and S1 spring 2011.

CokpalleHue konnyectsa Benbiwek IPN cpegn nococsa B HOpBEXKCKOW akBaKyIbType
o, C 220 (2009 r.) po 19% (2018 r.)




JIOKYCbl YCTONYUBOCTU K LEPEOPHTHEIRUS  swerst
SALMONIS

OBHapy»XeH NOKYC, aCCOLIMMPOBAaHHbLIN C YyBCTBUTENBHOCTBLIO K
JT0COCEBOM BLLIN

Oxorio 35-40% ocoben B nonynsaupm aTriaHTUYeCKoro JiloCocH
HECNN MyTaLmK, CBA3aHHbIE C YYBCTBUTENBHOCTLIO K MHIDEKLIMK

Ocobu, KoTopble HECITM MapKep YyBCTBUTESTBHOCTU, UMENI
B cpeaHem 1,9 BLLUEW, a 0COOW KOTOPbIE HE HECITM MapKep —
0,8 BLLEN
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KoHTpOnb NoKyca no3BonsgeT CHU3UTb MHJOEKLIMOHHYIO Harpy3Ky
Ha MonynaAumio
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the whole with one copy

fish group of the lice-
susceptibility-QTL

Figure 1. Challenge with lice in tanks where fish with 1 copy of the lice susceptible
QTL had more lice than the average for all the fish in the group.




XopoLuasi u paBHOMepHasa NUrMeHTauua — BaXxHas

Lenb s 60rbLLMHCTBA NPOU3BOOUTENEN
N NoTpeduTenemn

HacnenoBaHue upeTa doure obycrnoBneHo
reHeTUYECKUMM dpakTopamm Ha 35-55%

AHanuna 15 Tbic. obpasuos [OHK, nony4eHHbIX OT 0coben
C OXapaKrepu3oBaHHbIM LIBETOM dourie rno3Bonun

BbIABUTbL TPWU NTOKYCa, OTBETCTBEHHLIX 3a popMUpOBaHME
LBeTa doune

Cernekuusi ¢ UCrnorb30BaHMEM TPEX JTOKYCOB 0becrneymnT
HaCbILLEHHbIN U POBHbIN LIBET OUIE B MOTOMCTBE

3-4 Q
Number of colour-QTLs (Q)

Figure 2. Fillet colour groups of salmon (total 203 fish) of different size from 200g to 7 kg,
compared to the number of the favourable gene marker, Q, from three colour-QTLs. QTL-

innOva® RED will contain 3 to 6 Q, but mostly 4 and 5 Q.




MCNoJZib30BAHUE TEHOMHOMU CEJIEKLLUA BLUP FSHL
B AKBAKYJIbTYPE
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ATNAHTUYECKUA PAOY)XHAA KNXYY ATINIAHTUYECKAA
NIOCOCb POPEJIb (umn Affimetrix) TPECKA (umn Affimetrix)
(umn Affimetrix) (umn Affimetrix)
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TUNAMnsA YCTPULbI KPEBETKW
(umn Affimetrix) (umn Affimetrix) (Wn illumina)




CBOP ®DEHOTUMUYECKUX MOKA3ATEJNEN SLUP Fst
BIOMARK

Heobxoanmble PeHOTUNNYECKUE NPU3HAKM CBA3bIBAOTCA YHMKaNbHbIM PIT tag naeHTnukaTtopom
B cuctemy moxeTt BHOCUTbLCA A0 20 nokasaTenemn.



COBCTBEHHbBIE MHCTPYMEHTDBI AHAJIN3A BLUP FISHE
AAHHDbIX OJ14 CEJIEKUVOHEPA
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HAHHDbIX
[lporpamMmma gns CTaTUCTUYECKOro Bbi6op Mmoaenm

MO EeNUPOBaHUSA U pacyeTa N1eMeHHOU

LLEHHOCTU CENNIbCKOXO3SANCTBEHHDbIX XXUBOTHbIX OueHKa nieMeHHOn

LeHHocTn mMmetogomM BLUP:

KonmyecTtBeHHble NMPUN3HaAKW

KaTeropmaan bl€ NMNPUN3HaAKW



COBCTBEHHbBIE MHCTPYMEHTDbI AHAJIN3A BLUP FISH
AAHHDbIX O0J14 CEJIEKUVOHEPA
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PelasTvposaHKe
CNpasoYHMKOB

AHANWM3 OAHHBIX

OByYeHKMe MOoOenen
NpeqcKaIaH“ea

HacueT oueHOK NNeMaHdHOA
LEHHOCTH

Cnpeganadve
CENeKUMOHHOMD MHOSKCS

PaH#M poBaHMe HHMBOTHDLIX

Non&op nap 4na
CHpELLMBAH KM

MooenupoeaHKe
NPOrpamMmMol CENexumMM

MHTenneKTyanbHasa cUCTEMA NOOAEPIKKMA
NMPUHATUA PELUEHUN B 06/1aCTU CeneKumnm

WOKH[ CONEACTBNA MpoekT ewinonHeH Npw noagepxe GOHAA CONEeNCTEUA PAa3BUTHIO ManbiX GoOpM

WHHOBALWAM

“ NpeanpyUATHA B Hay4YHO-TEXHWYECKOHW chepe.

SATPY3KA JQAHHbIX PEOAKTHPOBAHWE CNPAEOYHHWMKOB

AHANMA3 OAHHbIX OBYYEHWE MOOENEW NPEOCKA3AHWA

PACYET OUEHOK NNEMEHHOW UEHHOCTH = ONPEOENEHMWME CENEKUHMOHHOINO MHOEKCA

PAHHWPOBAHWE MWBOTHbBIX noaeoP NAP OANA CKPEWMWMBAHWA

MOOEMAPOBAHWE NPOrPAMMBI CENEKLUHKA




BLUP FISH§'

CobcTBEeHHbIM MOAY/Ib OLLEHKU NJIeMEHHOU LLeHHOCTU XXUBOTHbIX

TpaamumoHHbit BLUP anAa *KMBOTHbIX C M3BECTHOW POAOC/I0BHOMW.

ObyyeHne moaenem metogdamMmm MallMHHOIO obyyeHmnA u npeackasaHume * Linear Mgdgls (]
niemeHHOMN LEeHHOCTN reHOTUNNPOBAHHbIX 3KMBOTHbIX Ha OCHOBE the Prediction of
y Animal Breeding Values
o0by4YyeHHbIX moaenemn
3rd Edition

Bo3MOXHOCTb MHTErpaumm ¢ 4pyrumm MHGOPMaALLMOHHbIMU CUCTEMAMU
(Hanpumep, c cnctemom NPOU3BOACTBEHHOIO y4eTa UAN CUCTEMOM YNPaBAEHUSA
63301 AaHHbIX NpeanpuaTus).

[Tonb30BaTENbCKUN UHTEPDENC, HE TPEbyeT NoAroTOBKM CNOXHbIX GanioB C KOHOUIYypaLMen pacyeTa
N ONUCAHUEM MOaENEN.
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be3onacHoe XpaHeHWe OaHHbIX,
cobntogeHme CTaHgapToOB XpaHeHUA U
obMeHa OaHHbIMK, obecneymBaeMoe
PocTtenekom;

Ycnyra reHoTUnmpoBaHUAa XXMBOTHbIX B
mnapTHepPCKoM NabopaTtopumm Ang
HECKOJIbKMX KOMMaHUM (CMapT
BounaunHr);

AHaNn3 gaHHbIX:

MIaHWpPOBaHMeE cenekumnm, oueHkKa
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PaHXXMPOBaHWA, Noabdbop Nap Ha
OCHOBE aHa/iM3a NF’eEHOMHbIX OaHHbIX U
POOOCNOBHbIX (CMapT bpuanHr).
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KOMaHﬂ,a BLUP FISH

ExkaTepmnHa HepHgaeBa

Kupwnn dpo3noB Oner bylwyesB
K.O.H., OMbIT FTEHOMHOIO aHann3a, Pa3pPaboTKM y

OMNbITHbIV BHEOPEHUNSA CIOXHbIX K.T.H., CO30aHMe CUCTEM aHaIM3a OAaHHbIX
M BHEOPEHMA HOBbIX METOO0B, PYKOBOOCTBO .

TexHonornn B Poccunm M MaLUMHHOIro oby4dyeHuns, pa3paboTKa

NPOEKTaMM B HayKe N bU3Hece 5 5
Mopenemn g reHOMHOM OLLeHKM

n1eMeHHOM UeEHHOCTU

[NeHnc XXyKOBCKUIU
Y AnekcaHaop OBYUMHHUMKOB

KOHCYNbTaHT
KoMMmepyeckada pa3paboTka MO,

KBanmndumKaumsa: MHXeHep-CMCTEMOTEXHUK, KTH,
MBA

creumanmnlauma back-end Java, C++
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3anuLumMTech Ha KOHCYNbTaUMIO y BEAYLLMX
CreLnanmcToB

EkaTepuHa YepHsieBa
[ eHeparbHbIV ONPEKTOP
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