LLKOJIA
MOJ104bIX
YYEHDbIX 298

leHOMHAaA cesieKIMsI B aKBAKYJIBType

Mrore H.C.,, BHHAPO



AKBaKyJIbTypa B MHUpeE:

)

[MpoayKuusa akBaKy/bTypPbl B MMPOBOM MacliTabe pacTeT Ha
10% exxeroaHo.

Obwana npoaykuma B mmpe >60 MUANMOH TOHH B roa.

bbiCTpoe pacnpocTpaHeHne n poCT NPOU3BOACTBA 33
nocnegHue 30 ner.

90% npoaykumm akBakynbTypbl — Kntam n KOro-Bocto4Has
A3ua.

MopasnaAwowwee 601bLWLIMHCTBO UCNOb3YEMbIX MOPOA, —
pe3ynbrat “TpaguLUMOHHOro” oAoMaLIHUBAHUA.



JanHbie PAO (cymMMapHO BBIJIOB U
aKBaKyJIbTYpa, B MUpe)

WORLD CAPTURE FISHERIES AND AQUACULTURE PRODUCTION
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Data Source: North Pacific Anadromous Fish Commission (NPAFC). 2017. NPAFC Pacific salmonid catch statistics (updated 31 July 2017).
North Pacific Anadromous Fish Commission, Vancouver. Accessed July, 2017. Available: www.npafc.org
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MupoBad NpoAYKIUS JIOCOCS B aKBAKYJIBTYPE

World farmed Atlantic salmon supply fell by 7% in 201
WORLD SUPPLY OF FARMED ATLANTIC SALMON

=9=\Worid Totcl =@=Norway =@=Chile =e=Canada =e=All Other Countries
WORLD TOTAL -7%
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Approxiinate productivity (as percentage of 1940)

» Be3 npumeHeHUA reHeTUYeCcKnx
MEeTO/,0B, Ka4eCcTBO NOPOA,
MCMNO/Ib3yeMbIX B aKBaKy/bType
C BpeMEHU NOHMKaeTcs.

300
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S » BCE gpyrmne otpacau

jr (*KMBOTHOBOACTBO W
NTULEBOACTBO) NCNONb3YIOT
reHeTUYeCKU yayyLlleHHble
nopoabl (He nytatb ¢ TMO)
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Approxiinate productivity (as percentage of 1940)
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JIiHaMMKa pocTa NPOAYKTHUBHOCTH

wcmckens

» Be3s npumeHeHUs reHeTUYecKmn:
MeTOo40B, Ka4ecTBO NopoJ,
MCMOIb3yeMbIX B aKBaKy/bType
C BpeMeHU NoHUXKaeTcA.

» BCE gpyrne otpacnau
(*KMBOTHOBOACTBO U
NTULUEBOACTBO) NCNOb3YIOT
reHeTUYECKU YAYyYLUEHHble
nopoabl (He nytatb ¢ FTMO)

» [pumepbl NpuMmeHeHunA
COBPEeMEeHHbIX reHeTUYyeCcKux
MEeTOL0B B aKBaKY/IbType MoKa

Wild fish
!%w/

——
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Development of productivity in farm animals and finfishes.



Yield (Kg/ha)

PoJsib reHeTUKU B dKBAKVYJIBTYpPE€

Selection and monosex
production or 3n

Selection followed
by hybridization
/ (not proven in fish)

‘ Selection

Best hybrid
(not consistent in fish)

Best strain via yield trials
using wild and/or
cultivated strains

Nothing:

L

or genetic drift

Inbreeding depression:
Genetic drift

Generations

Cxema nameHeHuns NPoAYKTUBHOCTU
nopoa Npu pasnnyHbIX MeTogax
cenekuum (no Tave, 1986)

>

no inbreeding depression>

CywiectBsyeT MHOIO Pa3/INYHbIX
noAxXoA0B yy4ylleHUA Nopoa, C
UCNO/Z1Ib30BaHUE reHeTUKM.

YnyyweHue nopoa 3a cHeT ceNleKuum
OCHOBAHO HA UCNO/Ib30BaHUMN
NOJIMNFEHHOW NPUPOAHOUN reHEeTUYECKOMN
nameHuYnBocTu (3ppeKT coBoKynHocTu
annenewn).

Mbpuansauma ocHoBaHa Ha
AOMWHUPOBAHUN NMPU3HAKOB U
rereposuce (3adpdeKrt nap annenen).

leHeTUUECKMe MaHUNynALMn 0bbIuHO
ABNAKOTCA «pa3oBbiMu» (T.e. co3aaHue
OAHOMNObIX UIN TPUNNOULHDIX Pbl6).
OAaHaKo npoaonKutenbHoe
NPUMeEHeHUe reHeTUYECKMX MeToa08
6biBaeT He0O6X0AMMO ANA PaCKpPbITUA
NONHOrO NoTeHUuMana Buaa Kak
0b6beKTa akBaKyNbTypbl.



YeTbipe OCHOBHbIX KpUTepusa npu
CeAeKLMU B AKBAKYAbTYpE

g

IMPROVED
WELL-BEING
(FISH & HUMAN) |




GWAS

[TonnHOreHoMHbIN nonck accounaunm (anrn. GWAS,
Genome-Wide Association Studies) — HanpaBneHue
ouonorn4yeckmnx nccnegoBaHUn, CBA3AHHbIX C
nccrnegoBaHMeM accounaunmn mexay reHoOMHbIMuU
BapuaHTaMmm 1 PeHOTUNNYECKUMN NPU3HaKaMN.
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[IlpyHIMI NpYMEHEHHSI TEHOMHOU CeJIEKIIUH
(MAS — marker-assisted selection)

Training population

L1 QTUNIVITHC QTICLUVI 1 AyuuLuiluIc piccunniy riuyi

Test population

C S C'(

Prediction equations

Genomic breeding value = w, "SNP, + w,"SNP, +......... +w,_ "SNP,

o o
gf:,‘
e
" o
ol

Selected breeders based on

genomic breeding values
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Genomic Selection in Aquaculture

Sho HOSOYA™, Kiyoshi KIKUCHI™, Hiroshi NAGASHIMA™, Junichi ONODERA™,
Kouishi SUGIMOTO™, Kou SATOH*, Keisuke MATSUZAKI*, Masaki YASUGI™,
Atsushi J. NAGANO™*, Akira KUMAGAYT* Kenichi UEDA* and Tadahide KUROKAWA*

Table 1. Summary of species, traits, genotyping platform and prediction method researches about genomic
selection for aquaculture

Species

Trait

Genotyping platform

Prediction method

Citation

Atlantic salmon

(Salmo salar)

Rainbow trout
(Onchorhynchus mykiss)
Yellow croaker

(Larimichthys crocea)

Yesso scallop
(Patinopecten yessoensis)
Coho salmon

(Onchorhynchus kisutch)

parasite resistance
fille color
body size
parasite resistance

disease resistance

body size
fatty acid composition

body size

body size

SNP array
SNP array
SNP array
SNP array, RAD

Genotyping-by-Sequencing
(GBS)

2d RAD-seq

ddRAD-seq

GBLUP

GBLUP

GBLUP

ssGBLUP, wssGBLUP, BayesB,
BayesC

GBLUP, emBayesB

GBLUP, LASSO, Bayesian LASSO,

BayesA, BayesB, rrBLUP
GBLUP

(Odegard ef al. (2014)
Tsai et al. (2015)
Tsai ef al. (2016)
Vallejo et al. (2016)

Dong et al. (2106)

Dou et al. (2016)

Hosoya et al. (submitted)
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DEPLETING WORLD’S SALMON STOCKS
e -

Aquaculture sector loses $1 billion a year to outbreaks of tiny crustaceans infesting and
devouring fish farmed for human consumption




Mopckas Bouib Lepeophtheirus salmonis.

—3KTOIIdPA3HUT JIOCOCHA
L)

Casck far
Spedaian

“ The control of sea lice in Atlantic salmon by selective breeding

Karim Gharbi, Louise Matthews, James Bron, Ron Roberts, Alan Tinch, Michael Stear
Published 19 August 2015. DOI: 10.1098/rsif 20150574
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Mext Article >

Genome-Wide Association and Genomic Selection
for Resistance to Amoebic Gill Disease in Atlantic
Salmon

Diego Robledo, Oswald Matika, Alastair Hamilton and Ross D. Houston

G3: GENES, GENOMES, GENETICS Early online February 2, 2018; https://doi.org/10.1534
/g3.118.200075

Mean gill score

Chromosome



FILLET QUALITY AND YIELD OF FARMED ATLANTIC
SALMON (salmo salar L.): variation between
families, gender differences and the importance of
maturation

[ €@HEeTNYECKNN KOHTPOSb
Department of ANIMAL AND AQUACULTURAL SCIENCE

Master Thesis 60 credits 2011 KayecTBa oune

Fig. 2. 2. Roche SalmoColour Fan™ (Source: http://www.focs.ca/fishfarming/index.asp)
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Fig. 4.4. Body weight (A)., body length (B) and condition factor (C) of Atlantic salmon families.



XELECT &

GENETIC SOLUTIONS FOR AQUACUITURE

Broodstock
Genetics
Management

Xelect offers a complete service
for broodstock genetics
management covering finfish,
shrimp and shellfish species.

\.Hwyl, ﬂ

https://xelect.co.uk/broodstock-genetics-management/



Client sends Xelect carries Results returned
samples out analysis and evaluated

Fin punches Genotyping Selection, On-growing
sent to Xelect Parentage Assignment Spawning, Broodstock
in St Andrews Genetic Calculations Selection

Breeding Values

ddRAD/MiSeq
Read Marping
ISNP Calling
Select Suitable
SNPs/QC
Custom Scripts

dDocent Pipeline
SNP Assay Design
I Training Panel
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Experimental Crosses
Independent Validation
Final Panel Selection




Home

Projects FISHBOOST

FISHBOOST

Improving European aquaculture by advancing selective
breeding to the next level for the six main finfish species

Breeding and genetics

The European research project FISHBOOST will advance European aquaculture to
the next level. Nofima is coordinating this FP7 project.

@ Time: 1. February 2014 - 31. January 2019

https://nofima.no/en/prosjekt/fishboost-2/



AquAdvantage salmon

» [eH ropmoHa pocTa KMXy4ya C NPOMOTOPOM OT benbatoru
(1 reH n3 40,000, ocTanbHble — reHbl N10COCSA)

» PacTeT KpyrnorognyHo, ToBapHOro pasmepa AocTuraet
3a 18 mec. (0bblYHbIM — 32 3 roaa)

» PaspeuleH K BblipawlMBaHUIO U NMpoaarke NoKa TONbKO B
KaHage v TonbKo B Y3B

» 100% camku, Tpunaouna

» Y106bI BbIBECTU GM
COPT Ha PbIHOK — HY}KHO
B cpeagHem 13 netn 130
MIH.$




|
AquAdvantage salmon

ITWAS THIS BIG!:HOW GM SALMON IS ENGINEERED

&

Gene for protein-coding Gene for antifreeze
sequence is taken and protein is taken and
inserted into the nserted into the
fertilised egg fertiised egg

R S e A S e ,:é:fhv R AT Lo
AquAdvantage salmon is a genetically modified (GM) Atlantic salmon developed by AquaBounty
Technologies. A growth hormone-regulating gene from a Pacific Chinook salmon, with a promoter from an
ocean pout, was added to the Atlantic salmon's 40,000 genes. This gene enables it to grow year-round
instead of only during spring and summer. The purpose of the modifications is to increase the speed at
which the fish grows without affecting its ultimate size or other qualities. The fish grows to market size in 16
to 18 months rather than three years. The latter figure refers to varieties whose growth rate has already

been improved bv 2:1 as a result of traditional selective breeding.



https://en.wikipedia.org/wiki/Genetically_modified_fish
https://en.wikipedia.org/wiki/Atlantic_salmon
https://en.wikipedia.org/wiki/AquaBounty_Technologies
https://en.wikipedia.org/wiki/Growth_hormone
https://en.wikipedia.org/wiki/Gene
https://en.wikipedia.org/wiki/Chinook_salmon
https://en.wikipedia.org/wiki/Promoter_(biology)
https://en.wikipedia.org/wiki/Ocean_pout
https://en.wikipedia.org/wiki/Selective_breeding

BCEPOCCHACKUA

PO S TSR Ien § St O3e PHbI M NOCOCb U
Kaprta cbopa Salmo salar pna reHOMHOro CEKBEHUMpoOBaHUA M O p C KO l/l n O CO C b ( Ce M ra )

C YKa3aHuem HOI'IYIIHU,MOHHOM nMpuUHagnexHoCcTn

Kandalaksha

Sonasaniia Keret_A12 WGS White sea
Keret_B12 WGS White sea
Keret_F12 WGS White sea
Naraa” Keret H11 WGS White sea
“”" e Suma_A10 exome White sea
ol Kestoros ¢ louna Suma_B10 exome White sea
% ey Suma_C10 exome White sea
valkosii b e 5 Suma_D10 exome White sea
' pBonag osklucospsn Suma_G10 exome White sea
Hiitola_A01 exome Landlocked
:P’?h Hiitola_B01 exome Landlocked
ostomukshe Hiitola_C02 exome Landlocked
> e Hiitola_D02 exome Landlocked
o B T Hiitola_E02 exome Landlocked
Onega Palma_C06 exome Landlocked
Coten : Palma_E06 exome Landlocked
; Palma_EOQ7 exome Landlocked
Palma_F06 exome Landlocked
Palma_F07 exome Landlocked
g o Shuya_A05 exome Landlocked
e Shuya_A06 exome Landlocked
O O Nanma Shalq Shuya_B05 exome Landlocked
Pe",ozii';‘:k Shuya_C05 exome Landlocked
r'oo&?yagoncu Nyane Soskuannjoki_A04 exome Landlocked
Soskuannjoki_B04 exome Landlocked
/ . Soskuannjoki_D03 exome Landlocked
egmanls o Anareas O xwiirona n Soskuannjoki_D04 exome Landlocked
/;‘3’3,'3-,“’,'5', O cocyannitoxn | 2AOTA Soskuannjoki_EO3 exome Landlocked
4 Ocyra OHeXCcKoe Vozhma_A08 exome Landlocked
STk O wys Osepo Vozhma_A09 exome Landlocked
CaHKrﬂgrepéypr O risinma Vozhma_B09 exome Landlocked
p-Boxma, Vozhma_D08 exome Landlocked
Op.cyma Py3 Benoe mope Vozhma_F09 exome Landlocked

o p- Kepetpb, PY3



BCEPOCCHACKM
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I'eHOMHoe (3K30MHO€) cekBeHMpoBaHMe Ha
Illumina HiSeq4000

* OTcekBeHMpoBaHO 33 ocobu n3 7 BbIOOPOK
* [lony4yeHo

-WGS — (43k3) 822 mnH 100 bp pair-end reads,
-Exome (29 3K3)1,260 MAH YTEHUM

* Yncno mapkepos (p<0,2 B mope, p>0,8 B oagHOM
n3 osep) —5190

* Yucno HecMHOHUMMYHDBIX SNP ~ 2500

* B cuctemHo-6monorm4eckni aHann3 BKAKOYEHO
~500 reHoB ¢ NS myTaumamu
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ssa0l
ssa0l
ssa0l
ssa0l
ssa01
ssa0l
ssa0l
ssa0l
ssa0l
ssa0l
ssa0l
ssa0l
ssa0l
ssa0l
ssa0l
ssa0l
ssa0l
ssa0l
ssa01
ssa0l
ssa0l
ssa0l
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ssa0l
ssa0l

BCEPOCCHACKUA

HAYYHO-MCCNEAOBATENBCKUA MHCTUTYT
PHIBHOM0 XO3ANCTBA W OKEAHOIPAGUM

AHHoTaumA scex 5190 SNPs

Pos State
307098 nonsynonyA
2307157 synonymo C
2581798 synonymo C
2581800 synonymo G
2582578 nonsynonyC
3008905 synonymo A
5581773 nonsynonyT
6696243 synonymo T
6731492 synonymo G
6731671 nonsynonyA
6732370 nonsynomyT
8476259 synonymo G
8479791 nonsynonyC
10977344 synonymo C
11530706 synonymo C
11628003 synonymo C
11790200 nonsynonyT
11790828 synonymo C
12271151 synonymo T
12333568 nonsynonyC
13933568 synonymo G
14568895 nonsynonyC
14798429 synonymo C
15147387 synonymo G
15150046 nonsynomyT
15171772 nonsynonyA

_|

>

c

T
T
T
G

oo -1 00

— -

_|

o o0 x> -

~ Ref HiitolsPalma Shuya Sosku Gene

LOC106566220

LOC106586969
LOC106586969
LOC106586969
LOC106594936
xdh
LOC106606907
LOC106607016
LOC106607016
LOC106607016
klhdc2

klhdc2
LOC106562352
LOC106563602
LOC106564204
LOC106564129
LOC106564129
LOC106565104
LOC106565365
LOC106566340
LOC106567335
hnrnpu
LOC106569575
LOC106569575
LOC106569909

Func
forkhead box protein I1c-like

coiled-coil domain-containing protein 177-like%2C transcript variant X1LOC
coiled-coil domain-containing protein 177-like%2C transcript variant X1LOC
coiled-coil domain-containing protein 177-like%2C transcript variant X1LOC
nucleolar and spindle-associated protein 1-like%2C transcript variant X2LO(
xanthine dehydrogenase

zinc finger protein 239-1ike%2C transcript variant X1

zinc finger protein 11-like%2C transcript variant X2LOC106607016
zincfinger protein 11-like%2C transcript variant X2LOC106607016
zincfinger protein 11-like%2C transcript variant X2LOC106607016

kelch domain containing 2%2C transcript variant X1klhdc2

kelch domain containing 2%2C transcript variant X1klhdc2

lysine-specific histone demethylase 1A-like%2C transcript variant X3LOC10!
SH3 and cysteine-rich domain-containing protein-like%2C transcript variant
saposin-C-like%2C transcript variant X2LOC106564204

uncharacterized LOC106564129

uncharacterized LOC106564129

interphotoreceptor matrix proteoglycan 1-like%2C transcript variant X4LOC
unconventional myosin-VI-like%2C transcript variant X1LOC106565365
kinase D-interacting substrate of 220 kDa-like%2C transcript variant X4LOC1
zincfinger protein 395-like%2C transcript variant X8LOC106567335
heterogeneous nuclear ribonucleoprotein U (scaffold attachment factor A)¢
consortin-like%2C transcript variant X2LOC106569575

consortin-like%2C transcript variant X2LOC106569575

saccharopine dehydrogenase-like oxidoreductase



BCEPOCCHACKUA
HAYYHO-WCCNENOBATENBCKUA MHCTUTYT
PbIGHOI0 XO3AHCTBA W OKEAHOMPADUM

Xanthine dehydrogenase
ssa01:5581773 T->C

Xanthine dehydrogenase belongs to the group of molybdenum-containing hydroxylases involved in the oxidative
metabolism of purines. The enzyme is a homodimer. Xanthine dehydrogenase can be converted to xanthine oxidase by

Function [edit]

reversible sulfhydryl oxidation or by irreversible proteolytic modification. ]

Xanthine dehydrogenase catalyzes the following chemical reaction-

O O H

N EC117.14 N |
HM HMN
B - )j Y=0
o)\m N 7N OA\N N
H H  pyosnap®  naDH=w H H
xanthine + NAD* + H:O = urate + NADH + H*

The three substrates of this enzyme are xanthine, NAD*, and H-0, whereas its three products are L

This enzyme participates in purine metabolism.

Comparative Biochemistry and Physiology Part B: Tl
Comparative Biochemistry

F1.SI “. IER Volume 54, Issue 1, 1976, Pages 117-119 Available structures
PDB Ortholog search: POBe RCSB
Urate oxidase and xanthine dehydrogenase activities in List of PDB id codes [show]

liver extracts from fish caught in irish waters

William F._ Cleere, Seamus Bree, Michael P. Coughlan A



BCEPOCCHACKUA
HAYYHO-WCCNENOBATENBCKUA MHCTUTYT

5 l PbIGHOI0 XO3AHCTBA W OKEAHOMPADUM

PacnpeneneHne o6pasLoB B MHOTOMEPHOM

LHKa/1IMPOBAHUNNA
MetricMDS
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® | Gene Set Enrichment Analysis

MpeacTtaBneHHOCTb Habopa reHoB No GyHKLMOHANbHbIM
KaTeropmsam, metabonmyeckum v perynaTopHbim

: KaCKadaM
= Molecular Signatures Molecular Signatures Database v6.0

=== == Database

— cnc ;GSEAWMM-

The Malecular Signatures Database (MSigDB) is a collection of The M5igDB gene sets are divided into 8 major collections:
- .
Gene Set Enrichment Analysis

annotated gene sets for use with GSEA software. From this
web site, you can ‘

hallmark gene sets are cocherently expressed |

Search for gene setz by keyword. 23 R

Browse gene sets by name or collection. Molecular Proﬂle Data

Examine a gene set and its annotations. See, for
example, the GO_NOTCH_SIGNALING _PATHWAY gene set
page.

Enriched Sets

Parm bwan) phe DHTION UM TIVATIO CINDY

Download gene =ets.
Investigate gene sets:

Compute overlaps between yvour gene set and gene
sets in MSigDB.

|
| .LL 1 e

-

Gene Set Database




BCEPOCCHACKUA
HAYYHO-MCCNEAOBATENBCKUA MHCTUTYT
PHIBHOM0 XO3ANCTBA W OKEAHOIPAGUM

GO (GSEA) analysis

#Genesin #Genesin FDR g-
Gene Set (K) Description Overlap (k) k/K p-value | value
275 Ensemble of genes encoding core extracellular matrix including ECN 28(0.1018 |5.68E-15 |7.83E-12
200 Genes important for mitotic spindle assembly. 23|0.1150 1.15E-13 |6.87E-11
1028 Ensemble of genes encoding extracellular matrix and extracellular 1 52|0.0506 1.49E-13 |6.87E-11
196 Genes encoding structural ECM glycoproteins 22|0.1122  |6.45E-13 |2.22E-10
396 Genes involved in Developmental Biology 28(0.0707 (4.16E-11 |[1.15E-8
113 Genes involved in Signaling by Rho GTPases 15|0.1327 2.79E-10 (6.42E-8
251 Genes involved in Axon guidance 21(0.0837 5.56E-10 [1.09E-7
200 Genes defining late response to estrogen. 18/0.0900 |2.97E-9 |5.11E-7
46 Regulation of RhoA activity 9|0.1957 3.27E-8 |[5.01E-6
40 Genes encoding structural components of basement membranes 8/0.2000 1.6E-7 2.21E-5
413 Genes involved in Transmembrane transport of small molecules 23(0.0557 1.84E-7 |2.31E-5
74 Genes involved in G alpha (12/13) signalling events 10|0.1351 2.23E-7 |2.56E-5
933 Genes involved in Immune System 37(0.0397 2.79E-7 |2.86E-5
43 Genes involved in NRAGE signals death through JNK 8/0.1860  |2.9E-7 2.86E-5
217 Genes involved in Signalling by NGF 16|0.0737 3.51E-7 |[3.23E-5
200 Genes defining early response to estrogen. 15(0.0750  [6.53E-7 [5.63E-5
84 ECM-receptor interaction 10(0.1190 7.46E-7 [6.05E-5
66 Betalintegrin cell surface interactions 9|0.1364 |8.34E-7 |6.39E-5
328 Pathways in cancer 19|0.0579 1.18E-6 |8.59E-5
39 Aurora B signaling 7(0.1795 2.1E-6 1.45E-4
478 Genes involved in Metabolism of lipids and lipoproteins 23|0.0481 |2.27E-6 |1.49E-4
200 Genes encoding cell cycle related targets of E2F transcription factors 14|0.0700 |3.45E-6 |2.16E-4
60 Genes involved in Cell death signalling via NRAGE, NRIF and NADE 8/0.1333  |4.06E-6 |2.43E-4
150 Genes involved in DNA repair. 12{0.0800 4.36E-6 |2.51E-4
267 MAPK signaling pathway 16/0.0599 |5.29E-6 |2.92E-4
241 Genes involved in SLC-mediated transmembrane transport 15/0.0622 6.57E-6  [3.48E-4
466 Genes involved in Hemostasis 21(0.0451 1.65E-5 |8.45E-4
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Genomic signatures of parasite-driven natural selection in north European

Atlantic salmon (Salmo salar)

Ksenia J. Zueva®, Jaakko Lumme”, Alexey E. Veselov®, Matthew P. Kent?, Craig R. Primmer™*"*
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JlononHnTeNbHOE cekBeHUpoBaHmMe banTumckoro nococqa - Hesckum J1P3



Bapayra
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HauunoHanbHbIN

: OBMA AN1A BblpaLMBaHUA CEMIN B MOPCKMUX cagKax -
aiHaﬂpam
HEONTUMa/IbHbI (KOHeu, TEenJIoro TeyeHus)

,,,,,,
AmMbGapHbIA

Co¢nopor :

- B 10 )ke Bpemsa Kapenna nsobmnayet fipecHoBoAHbIMU
BOJOEMaMMU, NPUroAHbIMW ANA CaAKOBOW aKBaKy/NbTypbl:

B HacToAlee Bpems pacnpOCTpaHeHo BblpaLlMBaHUNE
dopenn, ogHaKo Becb rloca,u,qublm MaTepuan
MMTIOPTHbIN.

/' KoCcTOMYKLUE



|

«KapenbCcKkmnn cynep-10cocb»

 AJanTauuu K NPecHOM BoAe N KAMMaTUYECKUM
ycnosmam Kapennu, yctTomymBoCcTb K HEKOTOPbIM
3aboneBaHMAM — OT 03€PHOro Jococs

* BbICTPbIN POCT, BbICOKAss KOHBEPCUS KOPMa,
CTPECCOYCTOMYMUBOCTb — OT COBPEMEHHbIX
KOMMEPYECKUX TUHUIN ceEMTU

* Ncnonb3oBaHWe genome-assisted selection B
COYETaHUN C COBPEMEHHbIMU METOAMM
cCeMeNHOU cenekumnm



bnarogapto 3a BHUMaHuMe!
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