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Abstract

Al eutian disease (AD) causes severe healt|

|l osses for the mink industry. The ineffect
strategies in controlling AD haessidiongqne | Ine
However, as expounded in Chapter 2 of t hi

understanding of the genetic/ genomic archi
i ncorporating this innovative tisaist ai mead t
provide a comprehensive view of the genet.
and explore the potential wutilization of gc¢
resilience. Genetic corretatipbohe génet dat e
among various AD-rteesstils eandtoahes. ADhe out
ant ibpsred -enmelked I mmunosorbent assay test a
indicator trafnesifloirerrstellmicAiDi n@emsAmsy. aChapter
t he genetic str uct uprhee noofft rffgeer shehce rhii milks,t WAii loi
Mi n

k 70K single nucleotide polymorphism (SI
information from Chapter 4 directed the geil

n

f

signatures (Chapitee & psnamasidautde e még¢ GWAS, Ch .
performed to explore the genomic architec
provided an opportunenhgefof mmpkoaussgbthgi
selection or genomic selection in mink, an
contributed to a deeper understanding of t
response and res.i|lClapgtecerof7 me m&kmitroedADvari o
met hods to assess their feasibility and d
genomic information to augment genetic gai:-
prediction apprded hf ovra-se acehciodmdient r ai t base
accuracies and biases of di fferent met hod
conducted in this thesis not only offer p
prospecti ve i nmepnletmecn/tgaetnioommi cofsed ecti on for

advance our comprehension of the genomic

associated with.AD resilience I n mink
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CHAPTERNTroducti on
1.1ntroducti on

Al euti an disease (AD) I n mink, which 1s ¢
(AMDV), is one of the most sewm@neasredsrearn d dius s
financi al | 0s s e(sHd mestd H®d6 .2mi enfkol®iBedry s Fayi d & |

2011; Reichert & ekozxdilr.D)S20édal Wcaratoreo Idli isreg
approaches, including vaccination, medi cin
control AD, but failed. Thus, minketal ments
mi nk based on ADiskdst s n@amadaaadorADraits, suc
and reproduct(kKmruustetri2dOD. thandari d & Ferns 2
Rupasinghe 2016; F aerti 2a0I1K8 Mé miks f 20 m2y sFamive
the phenotypi-resiellieent omi mK, ADut the compr ¢
and architecture of AD resilience have not
for mink breedlgesomocapplgcgenatior AD res

A comprehensi vegamdteidcsphepdonhgpiot parameter

traits of i nterest IS essent(iTolghifami i @1
Nevertheless, there is a scarcity of resea
and their correlations with other indicato

of this thesis delved deeperotiygioc tdaen nescst
bet ween AD tests and other AD resilience t
effi diHah QwWI2.2)

Comprehending the genetic structure of the

genomi c investigations and f diGmwleaes=ivealdgen

1



2010; Wel |l mann & Perenveéewiutsz s2089rs have sc
genomics of mink in Canada -bireqwugemctimag U tGE
( KareitmRadl2a&bn d wgheonloeme s e g u e n c(i Khagrei tmae0d2.1(bWGS)
Neverthel ess, no research has explored the
with diverse col or wvmased i gearsotuysg en gd atha .o mbl
thi senilesatveradldr ess this gap by empl oying ¢
the Axiom Affymetrix Mink 70K single nucle
aim of investigating trlaae spadp Wimaetrii@cm ns tmi ikt
Selection sigmnaitdle eads sacnai agteinoormest udi es ( GW
met hods for exploring the gen(eSarcaedarncahhi.t e c
2020; Ukt edRaln®el ecti on signatures investi o
of specific |l oci influenced by selective pr
(Kreitman 2000; Qanbat i2a0I1&.5 N onmiaabnl eyr, 200r 1 4o;r N
Kari mi( 28dt2Xxal)l.usi vely delved into selection
GBS data in hbhaak sedlscktrimemignékio wevea ,gameir ®
using genotype information to detect sel ect
reared -popsiani W® environment . Thus, t he Ch

genotypes and phenotypeaesif triowet micatk nt rhtzed ssdeel e

signatures related to i mmune response, g
pernfaonrce t o AD. This study facilitated thi
pat hways associated with AD resilience. Or
valuabl e method for il denti fying genes and

(Shaetma2a0l1l.5)There i s no GWAS pertaining to



|l iterature. Therefore, Chapter 6 utirlized
i ntrakleat ed traits) and genotypi-gogdintfiowr enaft ar
to conduct GWAS to pinpoint SNPs and genes
resilient ability of mink to AD.

Genomic selection has the potential to enh
by reducing the generati arcciuf@egdalr da&d Halwy
2007; Meeuw2aB%5.2 ne tMi2akl.5 ; Meeuw2aBl5.@ ) The advent
highly dense SNP marker panels has facili it
various major f(aMimsed idial )Tepedegsel opment (
Axiom Affymetrix Mink 70K SNP panel provi
selection approaches t-oediaki émnt amenk heNgRe¢e¢
have been no previous geonoAMd cr epsrieldiiecntcieo ni ns
Chapter 7 in this thesis used several geno
l inear unbiased preditepi GBLUBBLEPEGBAWE®) s me
out the inaugur al preldied ifomr oif n diematmd rc thrra

AD resilience in mink.

1.Qbjectives

Theverall goal of this thesis was to under s
and provide the most feasible and effecti v
American mink to AD. As a resul twoutl de hpedtpe
mi nk farmers effectively reduce the advers

The specific bpbjectives included



1)Toesti mate the phenotypic and genetic re
i mportant traits (e.g., fienddb&kdcattiedi ¢emay.,t shh
2Ya nvestigate the population genomics of A
t he fKiISINPt pathel for mink.

3)Todet ect the significa@gmutangehaii vgeearega,bhar
pat hways underlying AD resilience using ge
selection studies.

4Tcevaltuhaet eper f ormance of different genomic

traits



CHAPTERI 2 er Retvu reaw

2. Amer iMianBRar mi ng

American mink belongs to the weasel family
semiaquatic specieéGnettadl Ot)dmeNroirda daan Amiem k c i
t he major sources for the fur industries |
( Tanelti 280109)The production cycle of farming
1) conditioning and breeding season (Decem
adjusting the feed to provide tMae crhi.nk wit
2whel ping and wedmnuineg , sewheor dAapmsi lwi | | gi
April May €@X%liys on average), and the kits
@pproxi-naveélys 6ol d

3) growth and Oetobeg)s e aa a it mvdfud lyfbiel If etdh e
pot eint itah®Bhdaminnk wi | | start furring in Auc
compl eted in September, which is(&SBpeoasiema:
et 2#8€10.3; Do & Miar 2020)

4) grading and RDeercveensbteirng  (w\oevreembfearr mer s d.
wi || be pelted or kept as breeding stock f
mi nk. After pelting, ttheeecdr oedh p(leMalsl ebro e& s
Sorensen 2003)

From 2014 to 2018, mink farms in Canada pr

Nova Scotia was the | argest mi nk pel't pr o



these produced pelts. The tradgeaf f8r ¥odr

contributed $482 mil |l i(oht att@asrtaideas C2ahla8la ,a n2 (
However, the mar ket -1d9o wnatnudrenmi acn dc atuhsee dC Q \WhleD
face serious <challenges. I n Canada, from

dramatically dropped from 213 d&ppr6o3x i noaet cerl
t hree nmablobunten mt bl i(oSt apt@ asntyidcasr 2HHRwRever , t he
industry seems to be on the upturn based o

demand and fur prices (Oaowad 20 1luygwagaf uert

with the smaller number of mink farms in Ce
di sease resilience, feed efficiency, repro
farming i n Can dgdean otmh rco usgehl eqce n eotni cpr ogr ams
ri sing market demand, hel p mink farmers ob
pelt prices, and increase the competitiven:
mar ket .

2. Rl eubiisasenmaMien k n

2. 2Alle ubDiisaenas e

Al euti an disease (AD) is a chronic and per
mi nk di seaseAvions ¢AMDNEG . mos b nkibnegke rfea rhne anl g
AD brings tremendous financi al |l osses to t
mink farmers to maintain their-mfatdoodbnag@.r | n
|l osses to thbRumasknghdu&t Rgbedmabky) AD was

cause approximately 10 million USD in econ



Finland, the financial | osses Ckusett laya AD
2009)
AMDV i s-emavelompesdrandgde DNA virus in the p.

Amdopar vsopve cGaesshi vor e amdogaev cAAVMDVI sd & nome

approximately 4.8 kilobases and encompasse:
structur al proteins (NS1, NS2, and NS3). N
its pivot al i nvol vememg not ablral geret i cata

di sti ndgtGog tt sextihda®dI®.K ; e tB &®t0.3 ; eHu 2a0ld.4 )AMDV
infection causes significant phabdmbhogtyosii
hypergammag!l obut eniemmi s, t agBbet eldf6e9c t eGh omié&n
|l ngram 1®723LBIP)r Macr ophages are considered
for the repli ¢(Robrerteia®df2)Cbasequeaernst | vy, t he
concentrated in organs abundant with macr o]

mar r(olBw eed mL&®19.4)One of the significant mani f e

pl asma cel | proliferation, known( Bilseprm as ma
all994)Pl asma cells, specialized white bl oo«
and storage, signify the occurrence of a |

present (iMi ntgiess WM3$Tshe20iln5Sf)ecti on with AMDV
protein profile of mink. Infectedglmomk!| iex hi
| evel s t hr oug(hBoluctd ntl #1&.4 )Whfielcet itohne speecei fic ¢
AMDY antibodies witfgiobtuthenel eemaeds gamkao
that AMDV is responsible for t he( Texbed s s& Vv

|l ngram 1Th7e0 )cel |l ul ar i mmune response of mi



precisely del i ne(az00df j iBceastte da ntdh aBl ocaolm hough
(hel per) T cells remains at nor mal l evel s
(cytotoxic) T cells rises. Upon recogniti
CD8+ T cell s enigoang eo fi ni ntfheec teeldi nmirnantal i gnant
T cells may contribute to an exaggerated i
or | mmadieat ed( Sdcahmiadgeer & Zer neftt RaDlI2202MDV Ai c |
infection also causes adverse effects on f
litter size, fetal deat h, and abortion. I
decreased the number of kKifpgegamaddc yhErmalsiec
death o Habetoh®16.28 ; Rei cher.t A dKotsitornoal?2 0Oyl 4 )s
size due to chroni c( Pporrettgerrea®&2 M eo wwdiegeht iln
(i nappcElklewwreld®16.8 ; elte2ddletnbad nd poor pelt qual.
by hair de(phagmeht&atd&amenal 2601 adverse outcom
Toget her, these clinical features on AMDV
financi al i ncombusf mhnkffacmevmanapgeamdntca
stryitsegneeded to reduce the adverse effects
2. 2Al2e uDii saglesd S

Counterimmunoel ectrop-honkedsi MQUE®Soahbhdnen,;
are two common diagnosing tests for AD. CII
anAMDV ant(iPhagdiad®dl5)CI EP i s highly specific
widely used for routiné Chet &ct ingmnMioa KAMDRY
in Europe and North Aimaskedacwi dehygy apphted

tests currently are the most qdvamo2dIlnbe)t hod



ELI SA diagnoses AD bds&k @mrrnaeacdmbsi faort iwiel

antibodies in mink sera and quantifying tF
( Knuwttt2i®dlloa9 )Dependi ng on the geographical | c
are commonly employed in the mink far ms.

AMDWased ELI-8X Knildtt$ 2DI&9 )whi ch is commonly
Net her|l ands( Fanmd dF i&n |IRaunpda aindg hehe2 Gle@)ondt s g s
cultured ANBYednELOESRK Al@BLLIelIIA &, Cohat 1982pen
used i n Denndrak i andd WA adinn gdoheen mald kg) ELI SA
approved by the Danish aut(hDafukxetw 20Dfadrn di a
The agreement between ELI SA and CIlIEP resul
has been established as the reference st a
speci ficietfy eamn(dAaesateesds & Bl oom 1983; Ander s
Ander sson a(na0 1Vead d rgtreech -P hd & md&EnLd tSrAat es s ens
specificity compar a®Gl|l ex hiobiCtl £EPl, owdr | £ermkdil tS
to CIl EP. Fari{i@0alhideSeger mabdkerate co4#cordan
classificatAM®OVs aanhdba@ady i titers determined
indicatedGtdhiagplEAY&SdA hi gher sensit{ibDamy but
Tuxetn2®114) n the absence of any other pract
validation for 4grFtairbh add y& oSuweagneEiivfa8lAd ait2i 0olne ) o mi
as an alternative to CFABWDM oarn triatndka yh etr isrs emnks
& Wall gren 2013; Farid & Segervall 2014)

Thedine aggl WATI)samt bowdt é ®r @Qui ckly but r ot

The | AT-AiDspachbnc test used to diagnose AL



with high amounts of serum gamma gl obul i n,
hypergammag( lddndto e ;a Witl 18I&5ns ¢te A BDIT 6 )
The | AT test has been used as a simple fiel

by several ranches in NdGumnAmMmessiona 28&MWd )t h

2.2Ca3ntroll i Digsdaeeaeti an
Sever al met hods, i ncluding vaccination, n
attempted to control AD, but these met hods

vaccine has been <created agaierwstouAMDM uvat e
attempted to produce an effectigPortenli ne
1972; eMals&led8d; Cats2®05 ui Mar kar i an ,& iArbalauvhdaimmye
formanaanti vat ed (RAMERY evdtdcX)Eaeer al studies cr
effective protection, such afAaesettelddlQad)i ng |
and NS1 ANMDYsgeth@@0l0.Z2)No effective treat ment
AD so far. While the i mmunosuppressive dru
protection against gross and microscopic |
by adverse effedtdepluehi an oECHgatpdablAl) t i s s
Culling mink with positive results of AD t
prevent/ ¢€hor &l GABenfCil &€IPd ah®7 8)AT wer e comrm
culling strategy, but the attempts to erad
far(mMishenmnuddIll;, eF2DMLA) cel and i s tbeloelvgdco
thawccessfully eradicatedovbe-yaMdRY peirn ws iul
Cl EP between (1&u8ndn aa rsdDelOpX61 &1 )CI EP being wut

eradication in Nova ScdtitT®dsand hBe AM®NVNK v i o

10



t hese (rTege neubds@aDl1.1; e Fa20ildEhe f ai l-airrrdee mofv atl e st
strategies can be attributed to various f at
bi osecurity | apses, the presence of infect
the persistence (dfaet ReDlliprnse qaure nt &ayms AD r
enduring and chall engi(rGg ninagse ofnor2@tOHa | rCihm
2011; Téte AaddLd )Thus, the suggestion of sel e
proposed as a potenti al solution to mitig
eff ec(tHev e2d8)2.0)

2. 2Al4e uDii saefRessel | i enc e

Di sease resilience is the ability of anim
di sruptions and to maintain their (Al beuct i

et 1a018.7; Bi sset .S vMarareilsADEI9G)r aits have be

resilience i nhdascadeaen tdeatigarsmi nAeDd t o be an
because the antibodies specifically gener a
neutralize the Vvirus effectively. |l nstead

infectious virumentlaelade hfgécttgsl deare r t har manH
systems, as documen(tRderet eltdIp.0 e v IChws &r d snega rac
Pordte dadl7.3 ; Stol ze. &CHKaadgneh®ByYy) the sever
positively correlated wit RAMMW aenl tdi\Raorddidersp r
et 1®17.2; ekahdhlD3; eBl D@4 ; eAtas®|e.8; eBl DadIGnl )
Additionally, AD infection has been obser ve
body wei g(hRo egtreadI8.82 )f e e d Eil re¢htoole&l1.6 ; eJte nasle.n

2016bpel t( Fapualdi t&y ,Fearnnds f2e0mall)e r epitldemusonmve

11



et 1a916.2 ; Reichert &hiké&dMD¥EobaRt0illlgdy | evel,

efficiency, and female reprodruediilvieempeds fiond
traits in pHatvikdlades 2dDRi2e s

Phenotypic selection for mink resili-ent to
producing regions. I n Nova -Besgiilagntsewmen:
evaluating product(iFoanr itdr a& tFseSranmgeo 2NIBITT v € smil
farms in North America and Eur oper eesnipllioeyn tt
mi (kKKnuuettt 2aD1@&.9 ; Farid & RueptBHEBhHRe Piltée dFm
mi nk farms opsgpeaeaqgi ffioor ttensetA DdDEd d iISTAi) c otr e snto n(
choos-eeADl i ent mi nk, the practicality of

indicators for AD resilience remmi hed un

understanding of the genetic and genomic al

a barrier for mink breeders to incorporate
2. 3CBenet Ateubian Disease Resilien
2. 3Helri tability

The assessment of heritabilities and genet:.

cruci al genetic fppapumati onepdMpegite PBID.g a a ms
Mi &1t 28114 b; eKa2®DilmBiAarrowesenadihity denotes
phenotypic variance in a trait attributabl
correlation bet ween p he(nwitsysecelrsezzthm8)Hb gaedi
heritability in a trait i ndi cates that a s
results from genetic differences, making t|

or br eed( hagl cvoanleure & Mackay Z2OARH)CoGeseghbahel

12



heritabilitgn eisndimapembalkbiicear ti fi ci al sel e
influencing the accuracy of breeding value
formul ation of breeding strategies. Her it
Notabl vy, the herithbehitnéseghiedADl ¥ eappr dia
values ranging from 0.39 to 0.61 (froaetibEdl| SA
alz018; Faretd2&2@2heHtheritability of | AT wa
by Hu(2024a) .

2. 3Ge2n eGoirad el ati on

The genetic correlation elucidates the rel
traits, il lustrating the i mpact ofSesa&idleet i
1961)The AD can cause adverse iniHeé neetomcaels. on
1962; Reicher,t g&(okwtsha e o 2D, 1949f)e e d E ik heta kiael
1968; elteaddlkmaand péFargdalki,Fewhnisc h2 Oalrle key
mi nknduasnd ycoul d be etsidateend dg aADs. Thus, i
the genetic correlati-nasi bieemwteenr ADt & est sl
efficiency, reproduction, fur qualintiyn,g and
potenti al adverse influences-r é&siomi drmte tsredi
determining the feasibility of empl oyi ng
resilient mink. offie bgeweénc ADot estat iwi th
reproductive performance, the extent of ar
explored bHZ2ORMiIHuetetalqd.l12.0,24B LG $Was suggested
most suitable indicsdtoor gtemaitt camah @ ¢ d&linld n Avd

in AD endemic ranches due to Iits moderat e

13



significant (P<0.05) negative genetic corr
(fré&m41-0t4649), colalckedl 6, (and hGa.r&ve)s.t A e

comprehensive view of the genetic and phen

ot her i mportant traits are i mportant for g:¢
bet ween AD tests and other AD resili-ence t
i ntrakleat ed traits) have not been investigat
2. @enomifclseuti an Disease Resilier

2. 4Polpul @dnaomi c s

To establish an effective genomic selecti o
to comprehend the genetic (&Stoeoettu BBl d. 0 f t h
Wel | mann & Be.nnd&wiptud a2i0d®) genomi cs i nves
evolutionary processes and selection on ge
examining numerous (I Blcat Ranl@.l g edntohvd@8)@ beons

genetic structure of target popul ations i

history, genetic di versity, genetic rel at
popul ati ons. Two <cruci al par ametha st drogetr
popul ation are |inkage disequi NgbriThe (DD)

defined-raasndochme ansosnoci at i on ofSlaaltlkeiln& a2rO0adbdu)s w
factors such as genetic drift, selection,
admi xture between distinct popul at( Pfnaf fc ou
et 2a010.1; eAr @dl0.2 ; QanbaThe 2M&2PnNi tude of LD
determine the optimal-wimde k map pié¢ntep id &l tau dioes

Hayes,2@0d9d) both genomi-wwi del assiboecnaandngeha

14



depend on the presence of LD kBuwbe& madok €

2012; Hay &. Rékhayae2md@nti me, the extent o

be wutilized to esNgnhitle t1h9e8 1r;2 0Vita@p)INeEeme d& pDaos
used to measure the rate of inbreeding and
of variability i n a popul ati on and t he (

(Charl eswort et 22000199,)A Rgmpnl ati on i s prone t
variati oNevihamitshepopul ati on is estimated |
measurement that quantifies the magnitude

is a fundament al ( Bwgentezd|d; bEIloldd gvreamns iTéheGal t

understanding of genetic diversity in the
and sustainable breeding programs, provi di
resilience, and I mproveMMdmttt eorf 1t9h99 ; t aQlgleit

American mink of different color types sho
as susceptiebilliand 9OO@pAD duct(i KveltdpRI10.O Wrhmanc e

investigating the genetic structure of Amel

explain variation in performance for trait
The popul ation genomics information of far
using information from diverse molecular m
DNA, and single nucleotide polymorphism (

eml oyed to assess the genetic strog¥otkaeis o
et 2a8011L.0)Swédahewskdll].6 )and( ISepeati 92010.8 )The genomi
data obtained from mitochondri al DNA and mi

the genetic structure of int¢bdMdata@ll8&8mer i c

15



The popul ation genetic structure of farm a
was explored using genotypes obtaimaedefron
associated DNA (sElyiures tc2iduhlgs )Ackd ihtoidonal | y, an
into thMelfDDbdmadk American mink in Canada
from 13,321 SNPs det ebiyed uteimnrco mgh (tGB&S) gampe
scaffolds fronKar8ibmidRdi)fvu rdturad rsmor e, t he gei
American mink in Canada was probed by ran
whodenome sequencing (WGS) acro@karmiimiad af f ¢
2021bNotabl vy, there is a gap in research p
American mink with diverse color types, u
(approximately 3,000) andemeintoy yPNE panal f
netudy has investigated the genetic struct
genotypic dat-de nfsgiotny aS NR dp aume |

2. 4S5¢e2l e Sitgmast ur e

Selection signatures refer to the reductio
surrounding specific genomic regiiodonel sbat
2005; eltedBlEBHafhe regi onal changes/ reducti ol
and downstream of the selected beneficial 1
of t hat mut ati on a(fNieerl s®@&v e2e080 52a0l lemeelr $aetni 0 n
identification of these selection signatur .
due to its potenti al to uncover genes ofr

particular | i ¢2aatoZd&ll.plopul ati ons

16



The advancegenésati homesequendengi tecBNPI ag

and bioinformatics tools have significant/|

in livest{BekesoR@®tliBedot ably, studies empl oyi
have pinpointed genes | inked t(oLeid i2s0é2a0s;e r e
Sar aveatn 2al2.1 )For i nst dXee,20RkWgeduated a sel
signature study identifying genes associ a
di sease. For AD in American-remlakedt phbe rGdt:
(antibody titer, mortality, aARlnscyemptto msvoi rd

times) from 225 e x pwehvigcnee nitnatlr abn aascakl wmair ekn o ¢ u
applied to detect the selection signatur e:

i nf ecKawenmRedl2,1aand a tot al of 99 genomic r

genes, were identified. These 63 genes we.
devel opment , d K& reatmpadlRdwadPthiemrot ypi ¢ sel ect
resilient tor eAsDi |lbiaesretd tornaiAtDs (e. g., product
resul ts) has been i mpl ement ed i O F asreivder & |

Rupasinghe 2016; Faeli ROK By r BE@ KR@@detit idFar i
2009 )bustt udsye loefct i osh osiugmnagumome t he response
not been conducted using geescsiVpendeaet andnc
(e.g., growth, feed efficiency, p@lsidualeit
commercial far ms.

The devel opment -defnstihteg f(I7r0Kmmi @@t ypdt2ell) f or
makes it feasible to conduct a selection s

medi-duemsi ty SNP panel for selection signa

17



providing sufficient resolution to detect
computati onal d e mhenrdssi toyf SANGRS panehlisgh It al |
data processing and analeynsiigd yc csdPaf np eedn etinag , W
better detection pedweenrs iatnyd SaNcPc upraanceyl st.h almils
coeftfective and pr asscctailceals tcuhdaiecse afiomi niga rtgo
variations | inke@dMawmets@#®dldadt e BiR#OLTe s Permres ch
et 2a812.3; Sdar2dilzadh)o

2. 4GeBnowmedgsociSaudbaeaes

Di sease traits typically manifest as quant
strudtvam®aden 20030/1.;e aTito mepo2adll.4 et Hua |
2020; DMoée=somR®DI21) n the context of disease i
concentrate on pinpointing genetic variat:.
di sease and seek to unveil associations be
t housandsoft ogeamédtliiomnwari ants acrosgs Ttahe gen
et 2a011.9)The GWAS uses phenotypic informati o
to detect gene(s) asqgdcirastcaadhownt & | tDaésytcO
anal yses, subj-genesmansdeq gon evihrod eor genotyp
genetic marker s, contingent upon the speci
genotyping panel. Mar kers exhs biini mgnaert aali
frequencies among individual phenotypes ar
SNPs and potenti al genes identi fied t hro
comprehension of the genetic fr ameowsétrsk an

responses to diseases.

18



The GWAS has been regarded as the i deal me
various phenotypes and bi ¢ Sbhgatmadll.p ¥t mwaey s
its incept( Kneti 2IQ.2)YAMAS has gained widespr
the domain of complex disease genetics, | e
variants associated with complex diseases

https:// www. eb)i..atnubkl/ecwead/ hyereer genadatinc e

sequencing t eaecemrmdltog iSSP, ahirqaty s, and bi oinf
the popularity of GWAS in the identificat
i mmune responsel aedcéedi seasesren | ivestock.
has revealed several SNPs and genes correl:
respiratofpBodget ke ; ety a2a0d¢l.6 ; Hie t k2eD&2nlin)
Mycopl asma hytopmet @ddl2ilgeend pol y mi(Crhaebtiga | di
alz022) n cattle, GWAS studies have identifi
resilience t ©ALbpathesawm tn2edi2e2o)td o &0 Kn s ARlap ey a l
2014; Mal leitkzaxlj.udhappaut t d Ps @ft i2dillcéonduct ed
GWAS to find the SNPs and genes associated
di seases (infectious bursal di sease, Mar ek
resi stance to Eimeria and cest ke ipramuansei t
responseADroe ADI amdcehiaddbeanocondacted usir
2. 4Gedno®dIcect i on

Genomic selection aims to estimate the br
captured by extensive mar ker s di stributed

knowl edge of the 6@Geddéard § e haGeétnsoard CD @shesl e
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https://www.ebi.ac.uk/gwas/home

operates under the assumption that al/l mar |
a specific trait. It focuses on estimating
testing their significance.eTheaiproaerdsgen
individual s in a reference population to
candidates undergo genotyping, and their (
previously estimated effedctng tval dersi Yeorgedrm
candi dat es. The advent of dense panels of
application of genomic sel(evdtsetmdI2i )Tmaijso r
i mpl ementation serves to expedite genetic
di mini shing generation intervals. The augi
cruci al for traits char atcrt &d iisteiéta@ncebly ohowr be
tend to DB sagtugdle.dahCompared with thaesdd adi
genetic selection, genomic sebas¢tdomnel awhi oI
matrix that provides more accurate relati ol
to increaseetsheé mMmacedrn aa@Govdad aureds 2 0 280J1.8At e f |

BudhletkddIR.2)

The heritabilities of traits astsomadaeartatde wi
range. Consequently, the utilization of ger
di seaxdat dBitsthaipt & Wool | i amaORAXFINIgt a bhleys,h isutl

empl oying genomic sel exdriominndg or emrhadwaet irwee |
syndiomei gs have( Deectndalha e eWRi®BBaB )The common
met hods used to conduct genomic predictiol

prediction (s@GBelpd PGBL WBH n(gslseGBL UP) , and sevel

20



Machine | earning methods have also been ap
The GBLUP -dtsepa mmeutlhtoid t hat uses genomic ir

breedi n(gVavnaR audeesn 2@ 028010.9Halye sGBLUP pr ocess ¢

three key steps: 1) constructing a compr e
avail able phenotypic information for genot
to |link the response amadi3a)lientteg matrikreg g e

with parent al aver ag(eCkhersit setireddisdedh)lbr eceadmmagr ive
to GBLUP, SssSsGBLUP is astmepr enesthoeaimloigye d hs
pedigree, phenotypic, and genomic informat
individual s i(rMi sseztt RADI i3 gMle aimmowdheill e, t he ss GBL
to be simpl e,( Miassztt,2H Bd &Edoadrtiabqee SPDIL .A)

Bayesian genomic prediction approaches (Ba
typically i mplemented in genomic predicti

al gorilthrerméti 20lds7 )l n recent year s, machi ne |

been utilized i1 Agt n2edilc)Sererdalct po@gi ous s
machine | earning methods, including randol
extreme gradient boosting, i n genomic pre.:

| i vest ock snpéecki eysi,elsdu cipnl adstgl2silalnio dcyatwdieg ht
i n Brahndet eAMBIWE t h the devel opment of den
genomic selection has been wi d¢Myseatd adlt.ed
2021)The chremelsognenome ass ¢ iMalreytmba&yl2aknedr | mi

the devel opment of the first Axiom Affymet

(Det 20I2Hgve facilitated the feasibility o
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AD

i n

un

a

silience in mink. However, no genomic pr

silience in mink.

Goncl usi on

causes major health concerns and econon
effectiveness of wvaccination, medicine,

nk far mer-sesiol i sehecmi AD. Howeverwl etdhgee | ac
the genetic/ genomic architecture of AD
is novel trait into their breeding progr
r target traits is necessary fotudcesduet
e genetic pasamecatstofai AB are rare. Thu
e genetic praersanheteenrts tofaiAB and the gene
silient traits is neigkxieadm Afhfey detvreil >0 pvhiem
nel makes genomic studies for AD resil:@

pul ation genomics of the target popul ati

o

devel oping genomic sealvecttiigmtpoagrhams .|

to the genetic structure of farmbdsmdnk v

=]

otype dat a. Therefore, investigating t
notiyngioe mati on framntsheé yf i SNPt pama@aeil umor mi
conducting further genomic studies on A
e popul ar met hods for investigating the
wave none of these apmprotacdyeisn g atvlee bgemo mi
derlying AD resilience. Thus, cepmadodwectdieng

great opportunity to better undest and
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resilience to AD and shed 1ight on the wu

Genomic selection is believed to expedite
accuracy and decreased generation imtaérval :
for traits with | ow heritabilities, where t
related traits, such as ADt-;mederdadateencleertirtaal

underscoring the potentialhescfe ¢gemomisc Helw
genomic prediction studies have been <cond
performing genomic -peeidliicemtont saiutds epr @ene M

the viability of genomi cemsed exgaiomstf oAD.enh
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CHAPTERKRe3 et iPcheanmd ypi c Corr
bet ween Al euti an Di sease T
Gr owt h, and Feed EfY¥icien

3. Introducti on

As one of t he most sevVAreutdi seagseasease mi

tremendous financial | osses to the mink i nt
to maintain their farming. Aleutian diseas
( AMDV) . AMDMW nivel apsdman®@lAe virus i n parvo

(geAmdopar spweicdiags),i vore amdopMDWVWovinfestlpn
signi fpiactahnotl ogy, including hypergammagl ot
pl asmacytosi s, and a(rRoepticd®I69t oChbhe&i hhgra
Poreterla®l7.3)AMDV i nfeeacudeo:n adwser se effects on
performance for exampl e smal(lHelnestotiedl6.2si z e ,
Reichert &. KAddroi @04aKU)dyv,esstrmdl lasbadhy oqiize p
wei ghtPdetsd®I8.2) ow feed i n(tBEKleutnNHbdieaBp p eJteenrnscea
et 280I11.6band poor pelt quality chFaarra cdt e& iFzeerd
201lalre al so adverse outcomes. Together, t he
farmed mink directly reduce t he afni mdrheical vi

practical, and reliable approach is urgent

LA version of thischapter has been publishedJaurnal of Animal Sciencby Hu et al. 2022.
Genetic and phenotypic correlations between Aleutian disease tests with body weight, growth, and
feed efficiency traits in min 100(12), skac346 doi: https://doi.org/10.1093/jas/skac346
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adverse effects of AD. Unfortunately, vacci

not been identified as viable strategies o
Specifically antibodies elicited toward th
neutralizing the virus and i nst eaelxitshtei nignf
anti body complexes | eading to | amsinkn shoisn |

(Poert d®l69; Cho & | ngtr da®7B397 3t oPaet &r Kaaden

Several methods have been attempted to cont
contr ol measures have not been successful
devel oped with the ability to pr onheanc eadg a i
di sédded 28DI1.7;, eFR2DILB)Cul Il ing mink afthas test
been the primary method to control AD, h ow

future ©CGummaerakson 200 2HILChr Tehtez@mE.pbnet-ar i d
al2012)Feeding mi nKk, whi ch wer e chall enge:
Ascophy!l um s2.wwogpmwlsaament ati on showed some ben
mink and |litter size, but the effects wer ¢
( Faeti @80120)f n recent yeadtesithenseladivoduaf
tests is suggested as a potenti al ADI uti or

effec(tHagdi |2yl 8¢t RdI2.0)

Several AD tests have been aprpelsiieldi einnt tnhienk
number -pfoduaaonikng areas, but the feasibilit
sel ectiroensiolfi mal motnhkbeen evaluated. Sever a

of Nova Scotia i-ne€ahadatsmliaktbbherdADn t he

and iodine agglutination test ((IFAT,i dne& sFuerri
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2017)Some AD positive mink f aKmauwith2®N0a9r;t h A

Farid & Rupasiengbh®Ill.BPUS ; s dlmeedstddd emMD mi nk &

enzylmenked i mmunosorbent assafkMDWsamst i(bEoLd ys
l evel ). Al 't hough some mink farmers wse AD
resilient mi n Kk, the feasiblielni texpodfor edi sluar

comprehensive genetic background knowl edge
Aneffective genetic selection program requ
phenotypic paramet e(r Bogfhdra.n3trwel0tless) odf itnher
par ameter of AD tests amredilheint oor roelhaetri
i mportant traits are rarbaerHoabdveitilks ¢tNSd
ant ibaesre d ELI SA AMBYI SRApsi-ldasgido tSAiI n-FE)L,I SA

counterimmunoel ectrophoresis (CIlIEP), and |
0.26N0. 05, respectivel y. The genetic and p
pelt quality, reprodecti vohpenereshmialeagt hp av
esti ma(tHeed 2e312.1)and -GEMWaSA suggested as a goo
sel ectiamgi IADent mi nKk. A comprehensive Vvie
correlations between target traits and ot
sel ecti otnht Isdeshasptime further investigated t
correlations between AD tests-rasdloeheéer tea
provide a more comprehensive view of the g
AD tests @amamiod alelry eicmportanmer arhbhi obj eat mv
t hecshaswtaessr t o egenmate Bahd phenotypic corre

with body weights at different ages, growt |

26



modebDo & Mi,ardi2f0f2e0r)e nt measuremeni at-akef ee

rel ated traits

3. Materials and Met hods

This study was approved by the Dal housie L
(certifi cOa@nodn #2:0)2200 A B | the mink were raise
Practice for the Care and Handling of Far |
Breeders ABsmoeé 2O 38N

3. 2Anli mals and Management

Animals in this study were raised under standard farming conditions at the Canadian Centre

for Fur Animal Research (CCFAR) at Dalhousie University, Faculty of Agriculture (Truro,

Nova Scotia, Canada) from 2013 to 2021. All mink addibitumaccess to food and water.

The annual mink production cycle in CCFAR contains four periods: 1) conditioning and
breeding season (Decemidarch), where mink farmers adjust the feed to provide the

mink with good conditions for breeding in March; 2) whelpamgl weaningesason (Apri

June), where females will give birth at the end of April or early May, and the kits will be
weaned at the end of June; 3) growth and furring seasor@atbper), animals will be

fed adlib to fulfill their growth potential; and 4) grading @rharvesting (November
December), where farmers determine which mink will be pelted or kept as breeding stock

for future season. An AD outbreak on CCFAR was identified in 2013. The source of this
outbreak was not determined. AMBd6ntaminated feed as welks contact with wild

animals carrying AMDV have been considered as the most likely causes. Meanwhile, no
persistent breeding program was employed in CCFAR during the study years (2013 to

2021).The total of 2,488 mink (males = 832 and females = 1,656) used in this study were
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the progeny of 444 sires and 852 dams. Pedigree information of 17 generations comprising

24,864 individuals was used.

3. 2Al2euti an Disease Test s

All AD tests were conducted using established protocols described by Hu et al. (2021).
Briefly, blood samples of the studied mink (n=2,352) were collected using the toenail
clipping approach at two different periods: 1) in mldvember of 2013, 2014, 201&)d

2019 before selecting breeders; and 2) in-Fefruary of 2013, 2014, 2017, 2018, 2019,
2020, and 2021 before mating. Both ELF®Aand ELISAP systems were employed to
guantify the antAMDV antibodies in the serum. The ELISA test was conducted at
Middleton Veterinary Services (Nova Scotia, Canada), and the test results included eight
categories from 0 (low) to 7 (high), witkrpoint increments. The ELISA tests were
conducted at Nederlandse Federatie van Edelpelsdierenhouders (Wijchen, Netherlands),
and the test results included nine categories from 0 (low) to 8 (high), lwpthint
increments. The CIEP tests were conducted at the Animal Health Laboratory at the
University of Guelph (Guelph, Canada) to detect the existence eARIdV antibodies

in the blood samples, and the results were recorded as 0 (negative) and 1 (positive). The
IAT tests were conducted at CCFAR to measure the serum gamma globulin level in the
serum, and the results were scored into four categories from 0 (low) to 4 (high).

3.2Ba3dy Weight Measurements and Gr owt

A tot al of 1,088 mink born in 2018 and 201

wei ght ( BW) data. Al Il BW data were coll ect
Do et al. (2021) . Briefly, selectedadn nmim& w:
end of April and early May, and at weaning

28



age). After weaning, each selected mink wa
three weeks from 13 to 28 weeks after birt
(BW13), week 16 (BW16) , week 19 (BwW19), W €
wee& @BW2h8e) .BW of mink at harvest (HW) was
The HW of mink, which were not selected as
December 2018 and 2019. Additionally, HW o
andmsdat hat mat ed but failed to become pr e

February 2019 and 2020.

Growth parameters were derived from the Richgrdsvthmodel(Richards & Kavanagh

1945) This model was suggested previously to be the most suitable model to describe the
growth of mink(Liu et al.2011; Do & Miar 2020) The minpack.Im packag€Elzhov et

al. 2016)in R softwargR Development Core Team 20Mas used to fit individual BW

records into the following Richardgowthmodel, as described by Do et al. (2021):

| -
oprT‘Q 7h

whereBWt is the BW (Kkg) at aget (weeks),Uis the asymptotic weight (kg is the

parameter characterizing the first part of growth before the inflection goiist,the

maturation rate, anchis the inflection parameter.

The parameterd), m, andk, derived from Richards model were then used to calculate the

age at the inflection point (AIP) and the weight at the inflection point (WIP) as follows:

~ |

6 0" —————n
d p 7
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3. 2Feded I ntake Measurement and Feed E
The feed intake data were collected from AugddbINovember 1% in 2018 and 2019 at
CCFAR using the established protocols described by Davoudi et al. (2022). Briefly, 1,088
mink had both feed intake and growth traits data. Mink were housed individually in single
cages, and feed was distributed to each pen every tayamounts of feed allocated to

mink were regulated based on the leftover records to avoid unnecessary feed waste and
meet the miné appetite. The difference between the amount of feed leftover and feed
provided was recorded as daily feed intake (DFle &lierage of the DFI records during

the feeding trial was used as the average daily feed intake (ADFI).

Feed efficiency traits were calculated using both feed intake and growtidatBW13

was treated as the initial BW, and the BW on the last day de#ung trialwas treated

as the final BW.The following equation was used to calculate the average daily gain
(ADG):

"OQedd "0¢ QO Qo
57T AARATDEFR DO

000

For calculating the feed conversion ratio

08 'Y 0 '0'Q0
ol

The -tMésit met abb)f! anBWK(BWber ratio (KR) we

foll owing equations, respectivel y:
. g 08 Q6 QOOQE&XH © .
ow h
q
. 000
VY ——5
0w
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The Iinear regression model used to esti ma
0 000 I 0001 6w?® R,

whefpies etqueat i onbiii mttere epdar,ti al regmlhessiba c

partial regres¢di/@ndlinslo eRFFfli.ci ent of BW

Resi dual gain (RG) was estimated using the
6007 I 6000 6 @8 R,

wh efpies etqlueat i o nbiii mtterec epar,ti al reghéesstber c

partial regres¢di/@ndlinso eRIG.i ci ent of BW

The foeggoaiBhemnry & Cwawl eged0ld)derive the

gain (RI G):

YO0 YO0 YO i
P Y00 YO

wheRFRlI i s the RKRFfiosr tihrediswiachwalr d devi ati on
RGi s the residuial Rdgediisn tfltoe satnamadr d devi at
ani mal s.

3. 2R ebd tht &Rle tealtr ai t s

Two feed intake traits, thaday-to-day variation in feed intake (VarF) and the proportion of
off-feed days based on feed intake (DOF), were derived from the DFI data available for
each mink using the method described by Putz et al. (2019). The VarF was measured based
on the root measquare error of withiindividual regression of DFI on day using ordinary

least squares linear regression. Thefedd days were identified using a 5% quantile
regression of DFI on age across all mink. The negative residuals below the regression line
were treated as offeed days for each mink. The DOF was calculated as the proportion of

off-feed days to the total recorded days of DFI.
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3. 2St6ati stical Anal yses

A univariateanimal model was used to estimate the variance components of random
additive genetic, permanent environmental, and maternal genetic eftecisdividual
traits usingASReml 4.1 softwaréGilmour et al.2018) The model was as follows:

S Bk
wheyies the vectoKi soft hghemeat yepeas,e matri x rel
effdcssthe vectoZi 9fthexedceflércesmatrix r
random additivae sgemet iveceforewmtfs;random addi
#0m= , whWesethe numerator Qries at h @ nadd ipt imae
vari amce; the i ncidence matri X relating P
environmempteas tehfe ewdct;or of random per mane.|
_ﬁijnﬁl,a , wHese an identd_}jy mdater ipe,r mamant en
vari@ngethe incidence matrix relating phenc
mis the vecmatregefmérdrcd omh 6 efest s,, whietits h e
maternal geneiiscthaervactcer agonmesi dwakrefHf
qis the residual variance.
The significance of fixed effects and cov:
REML procedure(Gfl a&6®RRe0OM.8)dnd only signifioc
effects were kept i n the Thaibxléed 3mdicke If | xreal e
of sex and color type were tested for all/l
(2013 to 2021),hewtyiealr déadr itbtheed ani mal s wer
for AD test traitdyelare fwihx ech dafefsecati befd rd

(six rows) where mink were raised in 2018
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feed intake traits. The fixed effects of d
of thebdamsmawhen they were born, and birth vy
the year that the animals were born, were

days) obt aemwéad fomd yYADested for AD traits.

tested for harvest weight only. The age at
both feed efficiency and feed intake trait
The following |likelihood ratio tests, whicl

was used to test the significance of t he
environmental effects:

¢ & €0Q a €0Q

X ... A
wher dahodgdf-l akel llomgod and degrees of freedo
effect was tested for all studied traits.
only tested for AD tests because only AD t
To estimate the genetic and phenotypic cor

were conduct edlswsfitiv@ire®@Re2adll.84)Rel evant si gn

fixed and random effects were iTabl)dsadhihe n |

foll owing bivariate model was wused to anal
AL
« L n Lo + g T =m & g O m

wher e subscainprte2fneurmbtea stirdaitth el vercd ofi;sof ph
the i ncidence matri x relbasi npepvecotoypos ff
Zazi' s the incidence matrix rel ati ngaipshetnhoet y p
vector of random dpdidsi ttihvee igrecnieda ncc ee friaetcrtisx
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to random per manentpeBsvitrhen meencttadr edff ecas
environme;Ztiad telfd eichncsi dence matri x relati ng
genet i cmief ftehcet sv;ect or of r anamahn smather nvaelc t ge

resi duallheefafsescuunspti ons for the bivariate ra

T oboones % % 4

T G 4+
LG 00 This O G-'"ﬁ
- Oy — U
DXUwijanzé = & o ha n d

4G - G
x 0 w0 mhks D@ %oa

where subscringt e2heimbteo stAdlai tthel namer 2t or r
mat tiisx;an i de@tsttyhenavaiixance of rd&pdom add
is the obevaeemhecm additive genet dgjss etffect
variance of random per@gngrst teérevibredmmeemmtnale
random permanent environf@eing atlhe fv arcitan de r
mat ernal gé@neisctéaefketvwaeaenadnocre mat ernal gen

for trai(]‘iss 1t mendv &@r;i ance of G.a;hdomhleesbdaal

bet weeesni dual effects for traits 1 and 2.

Random additive genetic effects were inclu
per manent environmental effectG vaandTdbhAITg (si ¢
3.)1 Random maternal genetic effect was in
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except for I AT, DOF, and Var F, because the
significant (P>T0ab0l5) 3f.of these traits (

Phenotypic varianges wéone ODIFc wmipadt gMiarr&s a

. +, for ER.-Q ISEAP, al | growth traits, =ard all
., 4+ for 1 AT, =and as # for EG.I SHAeri )abwds ty
calcul ated as foll ows:

Q .
Repeatability (r) was defined as foll ows:

Phenotypic and genetic correlations among
mod@&lcso) vari ance components.

I n this study, the binary trait of CIEP wa
t heoretically optimal as the suGitamdlea mk9d &i
The generalized |inear mixed model s (GLMM)
(Gi | mo2DIIVBETr e initially used to analyze th
to estimate the variances caused by random
with sire model was suggested as more appr
user ofui AIRKREmMMULLt hey & Gi IHhovew eR0D21Ihe sire

practical for mi nk breeding because the c|
focused on dams than sires. I n the meanti m

as continuous traidtsi avhpar 4 hetye lestt § énatt iballs =
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et 28011.8; eGuw2dillaB) Thus, CIEP was treated and a

this study.

3.Besults and discussi on

3.3Delscriptive Statistics

The number of records, mean, standard devi
(CV) for each Tabl.e Am®@n @ relsle ng teedd(iired2 ;t & @6 )t
and | AT (n=2,236) had the most data record:
from 2013 while the other traits were meas
st ddwit 280121 )wel | 87T emor e r ee® radnsd 05f3 IELrlexAor d ¢
in 2021, The | owest numbdrecafuseed di ds twas
recorded afCwMerof2@GlLlY BABWEY and | AT (150. 75 %)
and 12.41% | ower than our previous study (
due to more records being used in this st
increased wand ramngmad fargem 23. 39 to 31. 28 %.
(m), t he CVs ofwegrreowtehs sp atrhaame t £2 %, which r
41. 67%. The CVs ranged from 28.60% to 45. 6°
di stributions of all four31lAD test traits a
3.3R&ndom Maternal Genetic and Per mar
Esti mat es of variance components and gene
presente3®.i Ambalgl &D tests, the random mat e
(P<0.05) -GorELEILSAAAdTaCHIER. J1 & mi nkl, actehnet atl r
transmission of ABDYI| wa& dAdéegatadddr stemu sl 9 ¢

significance of mat erpreali f gen dteisd se fifse ceax pe
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per manent environment al ef feed awmasTadhilTen i f i
3)J)1 This was not the casd¢ HubrR®d&t2Hegwhliactht emmi g h
be due to the | arger sample size and mor e

the current study.

3.3He3ritability and Repeatability Est
Heritability estimates (NSE) X3ar Talel essttu dna
heritabiliti-&seflRDBE)anadf20NG)i GAt he current s

| owelran the estimates r et 2#@l@olf) nO .t 5h%eN Op.r0eby |
ELI A and 0. 26NO.h®5 lfacmget ASampl e size, mo
information, and more phenotypic records

variance components (tHean2alzle)r psaebvt bog Bhu
esti maetreist aobfi | i ti es for these traiteEDoThe
et 2a0124nd f eed e f(fDiawied rd2iayl2vderr eei tpsr evi ousl y r
mi nTfkh.e esti mated heritabilities of BW trait
growth parameters (ranging from 0.17N0.08
| ower than the estimates reported bof Do el
numer ator relatiomahepna@ftigeatrs oicn rtamid® mst
with the identity matrix used by Do et al

were estimateddtoabgedofieomt®. a6N0. 10 to

similar to the estimahesebyi Maveddheerttabi
0O1LA05for DOF asefoMarF5NOG.ndi cating the preseé
genetic effects for both traits. The DOF a

and thus, no previous estimates were avail :
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of VarF and DOF in swine ranged from 0.08
which were simil ar( Ptudtz2adll.9r ee€ bZ2dnly.0 ;f e@h em n k
al2021)

The repeat ahATl iwtays ES$SE)macfed B8d) beR@p edtNadb iC

indicates the tendency of animals to maint e

The moderate repeatability of | AT indicate
remain |l ow in subsequent tests. Most f ar me
for I ess than nine months if theogn.arTehunso,t
instead of routine tests of | AT, whimk cou
| AT test result would be reliable in makin

3.3Cdrrelations Between Al eutian Di se
The phenotypic and genetic correlations b
present ed34i na3bdabl especti v&l yandBdELhE BBlwle S A
significant (P<0.05) | ow negative phenotyp
HW (rangion@ 8MN00O0mMma5K®. 04). All the phenotyrg

significant (P>0i Dbegr et wages B&sd aELIASA an

phenotypic correlations were slightly decr
t haehe influence caused by AD on individual
i ncreaslen otfhemgmeanti me, the absolute genet|

BWs at 13, 16, 19, and 22 weeks were all/l
correlations. The | AT showed significant
BWwW1 3, BW16andBWIW, (ra6gedNG.rodm tAl tth.ousfho .

significant | oss of b-0dyewe@Hdh lraut mideedgi8)b ser v
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e s

(0.

The

h e

ELI

Thi

AD

still unknown to what extenAmoADg ianlfll ulen
t s, onl vy | AT showed significant (P<O0O. (
45N0.23) with BW16 and ne0Og.adt7 NOe. 1InPo)d ewiatth
se estimates indicated thatcbhédsdeecen
BW of mink at 16 weeks of age-stkpwtciifncr e
ts -G,ELEEBIASAANnd CIl EP) s(hPo<nOegd® Bspit g rcinfsiocrarnetl

h body wei gt ginidiitcantTHdesd . Db genetic

ecting for a |l ow ELISA test score or ne
its. Although al/l t he genet iacn dc OArDr etleastti:
e not significant, but all AD tests sho\

at 16 weeks of age compared with BWs at
ht be the best BW indicateosrt trreasiutl ttso i 3
refore, mink farmer s-AMDVI @nsiebedy mewné&l
SA or CIEP tests without adverse conseq!
s study is the first study to estimate

tests and body weight traits; thus, no e

compafMheseogenetic correlations between dise

estimated in other |livestock speci es. For

di sease had a | ow genetic c¢cdiSnelwatddin7 )( 0. 0.

n

dairy cattl e, the genetic correlations

enteritis, f oot rot , mastitis, metritis,

productionOr a®g®@dErtg®®ILO0)) n sheep, the gene

bet ween body weight and fecal e gnge ntad vondte (|
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parasitedmoweratleowmegat0.v1e8 rtlok gaty §I18.8 p m

I n chicken, the antibody response against
to have | ow geneti e0.cOodD rt@dB at wionls BWaange8fr
weeks (oLfwea ggemi2@® &.9 )

3.3Correl ations Between Al eutian Di se
The phenotypic and genetic correlations be
TabB4esa3®d respectively. |1 AT showed signific
corr e(Oatlidof0 .ahds i gonfi cant (P>0.05) =+negati:
0.24NOwli&8h ADG. These results revealed t hi;
decreases the average daily weight gain o
environment al ef fAdDetppeci The tABti sasnal nen des
by dethegpteirggammag!l obul i nemi a, which coul d |
factors eswscgh tesnpetrrat ur Delanes o& hBaihtdtss & @ $i
phenotypic correlation bet ween Il AT and Al
environmental effects. Arfo rsd oaMeld AsD gtneisfti ctar
moder ate negat0i.B2 NP haérklo td@epBetNiQccb@ r el at i ons
ADG. This indicated th@GQtscedlecwowihd fiomcraed
Meanwhil e, ADG coulsd rlees sampmldi eedc ommo ma cl o w d |
select mink -@i sbot ess iEgLhi& Rro@agndtd> ¢ t iact icoonrsr e |
bet ween ADG-Pwi ChEBLI 8Ad | AT indicated that
ELI A | AT, or negative CIEP results would
gr owt h. The genetic correlation bebobwsen Al

research in mink. The genetic correlations
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estimated in other I ivestock species, and
significant, which were in agreement with ¢
t hat cattle with bovine respiratheagl tdiys e s
i ndi v(ii Blautad sd®19.0; 66an1@®P®Ar Rrmio2wdledr)dbut t he ger
correlations wWeSneo vwedoefadlQ.v Y mi faidcdai ntti o n, t he
traits in cattle, including tick Enmestat.i
spmfection, were estimated td&@.R&2vd ol dw 1@¢gr
ADQG Bi egedtm2®les; &Kti B@IRLYP n swine, several st
lung |l esi Mysopadasenhaclpmedmengai fi c@Qhedyg red
allo999,; eWi2&lmiand had a |l ow (0.002)( Qeamtui & c
et 2a8IL6)I n sheep, the ewe fecal egg count s,
Tel adorsagi anldae mamch wms tnefoencttoirotnu,s was estim
|l ow geneti®©.d4dé&n)r evi Bdhe BDBIQ.8)

Both HELIaSWA -ELEBAwed significant (P<0.05)
correlations (0.38N0.19 and 0.36N0.18, res
t hat selection afAMDVNkanwiitblodly owervel s cou

maturationThatemalfl|l eni nthagni tude of the k pe

gr owWtbhet 2a021)The relationship between | at
economically important traits (such as fur
studied, but mink with | ower k tends to ha

to | argerl ghpttvh2a8l2.1 )The previous study (Hu e
significant (P<0.05) aBdrNDtaed 6n efoeadt & iNiOec 1pph e

correlations-GhanweehmriElels$A |l engt h. Therefo
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correlations between ELISA tests and the Kk
correlations, but further investigation is
bet ween growth parameters and ADgé¢mrestisc we
correlations between AD tests with Kk, m, g
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respectively). These estAiMDa/t easnt i dwaay!l elde vte
decrease the mature body wei ghtgmeoeft inti nekf,f eacl
Al t hough it has been observed that higher i
on growth in I|ivestock, t h e( Duonedgécrhl &adinnagl .me c
20009; varetdzall.IMetshadl2.0 )Ener gy al l ocation co
reasons | eading to the wunfavorable relati
response because the resources spent on in
growth and-conmbBemi egeppopuceéDEsOMOotswahand t he
(van det 28449

3.3Co6rrel ations Between Al eutian Di se
Phenotypic and genetic correlations betwee
in Tablad®Bd respectively. The phenotypic cor
efficiency traits wer&@580t0érnpbomo0oBAagadTS
(P>0NOG6BE. Oof the AD test(Pxagd®@Bgtsihm wedr rae Isa
feed efficiency traits. Although CIEP did r

feed efficiency traits (DFI, FCR, RFI , RG,
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financi al return for mi nk far mer s. The ge

efficiency estimat ¢hdati nmitntki sbreteddey si rtdiud at

hi gher feed efficiency and AD resilience s
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of AD tests on mink would not cause signi:
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have only been estimated in swine because
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Table 3.1 Significance of fixed and random effects included in the models for analysis of Aleutian disease tests, growth, feey efficien
and feed intake traits in mink.

Factors Covar | Random effec
Trdit Se Col AD t Rowy DanBir Bl ooHarv Feedincg Mat er Per man
typ yea yeal ageyea test age end ac genet environ

ELI &# * NS * - - - NS - - * *
ELI ®# NS NS NS - - - NS - - * NS
Cl EP * NS NS - - - * - - * NS
I AT NS NS * - - - NS - - NS *
B W13 * NS - - NS * - - - * -
BW16 * NS - - NS * - - - * -
B W19 * NS - - NS NS - - - * -
BW2 2 * NS - - NS NS - - - * -
BW25 * NS - - NS * - - - * -
Bw28 * NS - - NS * - - - * -
HW * * - - NS * - NS - * -
ADG * NS - NS - - - - * * -
U * NS - - NS NS - - - * -
k NS NS - - NS * - - - * -
m NS NS - - NS * - - - * -
Al P * NS - - NS * - - - * -
Wl P * NS - - NS NS - - - * -
DF I * NS - * - - - - NS * -
FCR * NS - * - - - - * * -
RF I * NS - * - - - - NS * -
RG NS NS - NS - - - - * * -
RI G * NS - * - - - - * * -

KR * N S - * - - - - * * _
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Tabl €onhtl.nuous

significant (P<0.05)
S = not significant (P>0.05)
= not tested

Factors Covar | Random effec
Trodit Se Col AD t Rowy DanBir Bl oo Harv Feedinc Mat er Per man

typ yea yeal ageyea test age end ac genet environ
DOF NS NS - * - - - - * NS -
Var F * NS - * - - - - * NS -
'ELI & A AMDBVbased!l enkgthei mmunosor b-BEnt ¥YPBP2ahpalsierdk eech EiynimSuAn os or b e
test; COIUEBR ex i mmunoel ectrophoresis test,; | AT = 1l odine agglut
measurement w&ek BoHYy tweiyh)t; al har vel thes yAP® oz i Av eweaiggeh td aiinl yk g
of growth curve, in which growth rate decreabms=ushapethparar
deter mi ni ng urhwe piorsfiltea cotaigoerf apo itrhte; iAMIfA eect i on poi nDFI| DMEIPI y= we
feed intake; FCR = F&edi daalVer &ieRlensiindaueak e ; g eaR&ldu=Rl Gi st ake and
Kl ei ber rtalte opgr dDOdFreteido nd aoWs joifdariFon=i n daily feed intake.
* _
N
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Table 3.2 Descriptive statistics for Aleutian disease tests, growth, feed efficiency, and feed intake traits in mink.

Trdits Number Me an SD Range CV ( %)
ELI &A 2896 1.92 2.40 0O to 7 125.00
ELI A 1152 2. 14 2.16 0O to 8 100. 93
Cl EP 1127 0.82 0. 38 Ot o 1 46. 34
I AT 2236 0.67 1.01 0O to 4 150. 75
BW13 (kg) 1059 1.24 0.29 0.64 to 23.39
BW16 (kg) 1056 1.54 0. 41 0.66 to 26. 62
BW19 (kg) 1051 1.77 0.53 0.75 to 29.94
BwW22 (kg) 1046 1.99 0.60 0.96 to 30.15
BW25 (kg) 1032 2. 07 0.63 0.93 to 30. 43
BwW28 (kg) 1026 2. 11 0. 66 1.00 to 31.28
HW ( kg) 844 2.09 0. 614 0.94 to 30.62
ADG (g/ day 1046 8. 32 3.80 1.27 to 45.67
Ukg) 1029 2. 18 0.70 0.99 to 32.11
k 1025 0. 24 0.10 0.01 to 41.67
m 1020 0. 64 0. 84 0. 17t b0 4. 131. 25
Al P (week) 1018 10.90 1.84 6.40 to 16. 88
WI P (kg) 1024 0.97 0. 35 0.13 to 36.08
DFI (g/ day 1079 224.9¢C 57.68 89.84 to 25.65
FCR 1038 31.07 11. 34 11.04 to 36.50
RFI (g/ day 1044 -0. 06 36.63 -86. 5176 9%.o¢ -

RG (g/ day) 1042 0.01 1. 37 S5.77 to -

RI' G (g/ day 1043 -0.01 1.52 5.61 to -

KR 1046 5. 42 1.55 1.15 to 28.60
DOF 1074 0.06 0.08 0.00 to 152. 73
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Trdits Number of Me an SD

Range CV ( %)

Var F 1074 48. 31 11.

49 27 .37

t o 23. 78

'ELI & & AMDBVbased-l enkgdei mmunosor b-Bnt

WB2akpalsiedk eech EiynmSuUAnN 0 s or b €

test ; CIlEP = CounterimmunoelectrophoresisBbdygt wel §hit=atodiome
measurement w®ek BOHy tweiydh); all har veld thss yApG& o iAv ewea ggeh td aiinl yk g
[ ate decreals)mms=ushbpet par ar

of growth curve, i n which growth r
deter mi ni ng urhwe piorsfiltea cotaigoerf apo it nhte;

iMIfA e=ct i on

poi nDEFI|DMEIPI y= we

feed intake; FCR = F&edi daalVer &ieRlensiindaueak e ; g eaR&ldu=Rl Gi st ake and
in daily feed intake; SD =

Kl ei ber rtalte opr dDgOdfreteido nd aoyWws joif da ri Fo n=
of wvariation.
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Table 3.3 Estimates of variance components and genetic parameters with their standard errors (SE) for Aleutian disease tests, growth,

feed efficiency, and feed intake traits in mink.

Variance compone Genetic p
Trait , NSE , NSE ., NSE , NSE PNSE ®ONSE ® NSE rNSE
ELI &A 1.148NKN0. 0.585N0.1.137N 1.501K0 0.26N0.13N0.26N0. 52N
ELI A 2.950N0. 0.402N0. NS 1.599NK0 0.59N0.N0®. N A N A
ClEP 0.014N0. 0.020N0O0. NS 0.114K0 0.09N0. 14N NA N A
| AT 0.199N0. NS 0.210N 0.597K0 0.20N NA 0.RdA. 0. 41N
BWwW13 0.004N0. 0.006N0O0. - 0.008K0O0 0.23N0.RG®. N A N A
BW16 0.008NO. 0.007NO. - 0.017K0 0.26N0.R®. N A N A
BW19 0.015N0. 0.008NO. - 0.025K0 0.31KNo0.Ra. N A N A
BW2 2 0.024N0. 0.009N0O0. - 0.036K0O0 0.35KN0.RNG®. N A N A
BW25 0.021N0. 0.010N0. - 0.039K0 0.30KN0.NG®. N A N A
BW2 8 0.019N0. 0.013N0. - 0.044NK0 0.25N0.17KN NA N A
HW 0.013N0. 0.008NO. - 0.062NK0 0.15N0.NR®. N A N A
ADG 0.998N0. 0.610N0. NS 2.645K0 0.24N0.R&. N A N A
U 0.016N0. 0.015N0. - 0.066NK0O0 0.17N0. 15N NA N A
k 0.003N0O. 0.001NO. - 0.007K0O0 0.25N0.R®. N A N A
m 0.277N0. 0.071N0. - 0.387NK0 0.38No0.NR®. N A N A
Al P 1.107NK0. 0.550N0. - 1.186NK0 0.39N0.NR®. N A N A
Wl P 0.019N0. 0.010N0. - 0.019K0 0.39N0.R@. N A N A
DF I 160.835N7 115.647N - 19.822NR 0.23N0.HNRC. N A N A
FCR 13.207N6 6. 534N3. NS 46.522N 0.20N0.R®. N A -
RF I 101. 495N« 44.271N2 NS 314.588K 0.22N0.R®. N A -
RG 0.374N0. 0.378N0. - 0.966NK0 0.22NR0.R@. N A N A
Rl G 0.375N0. 0.311K0. - 0.905K0 0.24N0.20KN NA N A
KR 0.222N0. 0.197N0. - 0.675K0 0.20N0.R®. N A N A
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Variance compone Genetic p
Trdit ., NSE ., NSE , NSE ., NSE PNSE ONSE o NSE INSE
DOF 8T T TT W8T 1T 1T O 0 Y T8I T U T8 1T 1T 0.14N 06 06 NA
Var F &) @ VOB O ¢ 0 Y v@ULCo8 VO 0.15N 00 00 NA
'ELI & & AMDBVbasedl enkgdei mmunosor b-Bnt ¥YB2aklpalsiedk eech ElyrimSuAn os or b e
test ; CIEP = Counteri mmunoelectrophoresis test,; I AT = 1 odi ng¢
measurement w®&ek BoHYy tweiygh)t; all har vel thss yApPG oz i Av eweaiggeh td aiinl yk g
of growth <curve, in which growth rate decreab)ms=ushapethparar
deter mi ni ng urhwe piorsfiltea cotaigoerf apgo itrhte; iAIfA eecti on poi nDFI| DMIPI y= we
feed intake; FCR = F®&edi danalVer &ieRlensiindautak e ; g aR&Bldu=Rl Gi st ake and
Kl ei ber rtalte opr dD@dfreteido nd aoWws ;joifdariFon= i n daily feed intake.
, = additive geameattiecr nvaalra rpiecrect p;€r manent envi,rroemédual wvariamce,;
H>= heritabil ity fda=onpruwmiowariioat eo fmopdheel nsartaytpei rcn avkafr fi @éawtespir e ppr 4 i o @d
phenotypic variance explained mhgpeatranainleinty environmental effect
NS = not significant (P>0.05)
NA =apepticabl e
-= not tested




qg

Table 3.4 Estimates of phenotypic correlations with their standard errors between Aleutian disease tests with feed efficiency, growth,
and feed intake traits in mink.

Trdits ELI ®A ELI PA ClI EP | AT

BW1 3 0. 05N0. 0¢ 0. 03NO. O 0. 04NKN0O0. 0. 08NO.
BW16 0. 06N0. 0¢ 0.04N0. 0 0. 05K0. 0.07NO.
BW19 0. 07NO. 0¢ 0. 06N0. 0 0. 05K0. 0.01NO.
BW2 2 -0.08N0. 04 0. 08KN0. 04 0.06NKO0. 0.02NK0.
BW25 0.08N0. 04 0.11N0.04 0. 07NO. 0. 04NO.
BWwW2 8 0.11N0. 04 0. 15N0. 014 0. 07NO. 0. 07NO.
HW 0.12N0.04 0. 14NO0. 04 0. 03NO. 0.11N0.
ADG 0.32N0.03 0. 15N0. 014 0. 04NO. 0. 14N0.
U 0.07N0. 03 0.10K0. 04 0.04NK0. 0. 08KNO0.
k 0. 10KO0. 04 0.15N0. 04 0.01NO. 0.13NO0.
m 0.05N0. 04 0.09N0. 04 0.02NK0. 0.06NO.
Al P 0. 04N0. 0¢ 0.01KNR0. 0 0. 03NK0O0. 0.02NKNO0.
Wl P 0.01NO0. 04 0. 01NO. O 0. 04NO. 0.03NO.
DF I 0.08N0. 014 0. 14N0. 014 0. 05NK0. 0. 03KNO.
FCR 0.09NO0. 04 0.09N0. 04 0. 03NO. 0.10NKN0O0.
RF I 0.02NO0. 03 0. 02N0. 0 0.01NO. 0. 03NO.
RG 0. 05N0. 0¢ 0.07N0. 0- 0. 03NO. 0. 13NO0.
RI G 0. 04NO. 0¢ 0. 05N0. 0 0.03NO. 0.11N0.
KR 0.10N0. 04 0. 14N0. 014 0. 02N0O0. 0. 15N0.
DOF 0.02N0. 03 0.07N0. 0¢ 0.05K0. 0.08NKNO.
Var F 0.01N0. 03 0.06NO0. 0¢ 0.04NK0. 0.01K0

IELI SA= AMBY based- enkgde i mmunosor benh syl bademhk EdkzgmMmunosor bent assay
Counteri mmunoel ectrophoresis test2;8)1 AT Bo dlyo dvieri gg ha g calt u tciom a teisqgnd/rtdaBsotg; y mEawg $ (gth3: nme

harvest; ADG = A vAesryanpe od dicl wegagihnt; in kg; k = Second part of growth d¢urcve, in
or maturUmwzighapd parameter detver minidil rg taigheen ap @ stirhttei; ol diféfecct i on poi nDEI WH P = w
Daily feed intake; FCR = Feed converal ogpairmati Rl GRFIResResalduiant &dleedamndta@kien; F

of -foefefd days; VarF = Vari=atdiogniifni dartl y( P<@®.d0O5)nt ake.
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Table 3.5 Estimates of genetic correlations with their standard errors between Aleutian disease tests with feed efficiency, growth, and

feed intake traits in mink.

Trdits ELI &A ELI ®A Cl EP | AT

BWwW1 3 0.16N0. 21 0. 19NO0. 2 0. 17NO. 0. 42NO0. 2

BW1 6 0.23N0. 21 0.21N0. 2 0. 35K0. 0. 45N0. 2:

BW19 0. 14NO0. 1: 0. 13N0. 1 0. 19N0. 0.21N0. 1

BWwW2 2 0. 09NO. 1° 0.09NO0. 1 0. 14NO0. 0.14N0. 1

BW25 0. 01NO0. 1 0.02N0. 1 0. 30NO. 0.01NO0. 1

BW28 -0.06N0. 1 0.16N0. 1 0.21NO0. 0.01RN0. 2

HW 0. 37N0. 2 0.01NO. 2 0.49NO0. 0. 47N0. 2

ADG 0. 37NO0. 1¢ 0.15N0. 2 0. 02NO. 0.24N0. 1

U -0.01N0. 2 0.02N0. 2 0.14N0. 0.02NO0. 2

k 0. 38N0O. 1¢ 0. 36NO0. 1°¢ 0. 35N0. 0.26N0. 1

m 0.12N0. 1" 0.11N0. 1 0. 63KNO0. 0.15N0. 1

Al P -0.01N0. 1 0.03N0. 1 -0.58NKN0. 0.05N0. 1

Wl P 0. 15N0. 1° 0.05NO0. 1 0.51NO0. 0.25N0. 1

DF I 0. 13N0. 2 0.08NO0. 2 0.21NO0. 0.01RN0. 2

FCR 0. 15N0. 2! 0.09NO. 2 0.23NO0. 0.03NO0. 2

RF I 0. 04NO. 2 0.05N0. 2 0.21N0. 0.02NO0. 2

RG 0.23N0. 2: 0.11N0. 2 0.21N0. 0.17N0. 2

RI G 0.20NO0. 2 0. 08N0. 2 0.19N0. 0.16N0. 2

KR 0.02K0.0 0.21N0. 2 0.02NO. 0.19KN0. 2

DOF 0.22NO0. 1" 0.42N0. 1" 0.02N0O0. 0.73N0. 11

Var F 0. 04NO. 1 0.19N0. 1 0. 12NO0. 0.09NO0. 2

IELI SA= AMBY based- enkgmmanosor bent adPsay VRIt bafddhBEdedhzymenunosor bent assay
Counteri mmunoel ectrophoresis Il AT = Il odine aggl uwealat (i b3Wtt eBs@d@y ;Bwi (glh3t te
harvest; ADG = WvAesryape odaicl ywegaiht; in kg; k = Second part of growth d¢urcve, in
or maturUmwzighapd parameter detver minidinreg tailied® apostihtei oinn folfecct i on poi nDEI W4 P W

Daily feed intake;
of ffoefefd days; VarF =

FCR = Feed

conversion

rati o;

RFI nz R&skEdHhkEi beedriaht akepPOF
Var iatdiogqnii fni dartl y( P<@®.d0O5)n.t ake.
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Figure 3.1 The distribution of Aleutian disease tests. (A) VP2 based endipkexd immunosorbent assay test; (B) AMBY based
enzymelinked immunosorbent assay test; (C) Counterimmunoelectrophoresis test; (D) lodine agglutination test.



CHAPTEROHduUIl ati on Genomics of
Using Genotypes Dat a

4 . lntroducti on

Amer i caMNeong alk)e ivi samansemi aquatic and carnivo
the wHMastdl ifdan@alrgd222012.0)It i s native to Nor
been farmed in many countries and used as
worl dwi de daqealtiot yi tfsurhi g i ¢ dedir 26B&9 ;c oTamlsi r
et 2a010.9; Tehti 2a8BI1L.5 ypepdhzdd.l aWi t OVIE-D® Ccoronavir

di sease from 2019) pandemic and the mar ket

chall enges. Il n Canada, from 2015 to 2020,
6 3, decreasing mi n Kk producti on fromat hr
(Statistics_ GHomwedlerz2022)e mink industry ap,
mar ket demand and fur prices have increase

(Oaten 2021; Wadafarrsma2l0l2e2r) number of mi n
efficiency (e.g., i mproved disease resilie
and pelt quality) of mink farms through ad
to meet theemasdngndahé&lkp ohink farmers obt
from the rising pelt prices. Genomic sele

speci es, s u c(hWiagseg dadna&ld,.y )sofeMmtesltre2a011.5 ; et Knal .

A ver si chnapotfert hhiass bRrean tpiudrd $bsyHmd G2HB2.t | Cc S
Popul ati on genomi cs of Amerildarnl1.m 4®8 :usi
https:// doi.org/10.3389/fgene. 2023.1175408
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2016)and (pMoa tct2e0i),.6 )t o I mprove genetic merit,
has not been utilized in the mink industry
To develop an efficient genomic selection
genetic structure of (e ot a&d g2edtildop;o pWell d tmaonm
Bennewit zA@R2®&rnl9¢dan mink of different col or

some traits. For examplte|loredhmbnkeanekmow
to the Aleutian mink di éEhbesvil®@@®Whihlaae, dla
reproductive performance was observed in
col or( Kiyydick2s0109)Thus, investigating the gene:

of various <col or types could also help ex

economic interest. The genetic structure
exploring dosmestycagemwmaeti c diversity, genet
of the popul ations. Linkage diseqNg | abei umn
two i mportant parameteroffomargeveaplipugagen

def iamed reanmoorm associ ati on dfSlaltlke |n&sr0at8i)tc w
dri ft, selection, epistatic combinations,
di stinct populations are all potentkPfadf fcau:
et 2a4010.1; eAr2HI0.2; Qanblei madriO)ude of LD is

the appropriate denswidyey ombppéaGheddauilo &s Hay
20Q09)and both genomi-wi del assbonatandngshodee
on the presence of LD bet weBeuns hma& kMeorosr ea n2d0 1f
& Rekay.a 120 1t8he meanti me, the extent of LD

to estimate tNe Hiédent98dnd Wapsiees& uBbed?201b
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measure the rate of i nbreeding aexdtdmbks o
variability in a population and Cthhae | efsfwea tt
2009; &Rty@@M.9)Anal ysis of mol ecul ar wvari ance
met hod of detecting(pBoopotthiaih)Tdef AMOYAL C a
explain the genetic variation patterns of ¢
of vari ous popul ati on structure l evel s u e
(Fitzpatirn ckd @i0t0Oi9gn t o AMOVA, discriminant

( DAP(C))o mdbta2®I1aOnNd ADMI KAURKREatn d#10a9r)e al so comm
anal yses used to assess the genetic struc
information. I n brief, DAPC is a multivari e
of i ndividuals whi(cho rdrtcel &l e teit c2e@dd.8y; rTehliaat
2022)and ADMI XTURE can infer the number of

current population and the proportions of

popul(aAlieoxatn d®10.9; Al exanderet&2®l20ge¢ 2011; L
The genetic structures of farm and fer al y
information from different mol ecul ar mar k
DNA, and single nucleotide polymorphism (S
to investigate t hecauwmnhett i Amesrtircugcuukedersia bifn w
2010)Swedehews2kdill,.6 )and( Sgaeaii 2®0IQ.8)The i nf or mat i
mi tochondri al DNA and 11 microsatellite | ¢
structure of i nNntroduced (AVoeerai 224dIn8 e nkt ypes
obtained from 194 SNPs,sigtemecaaded dtreodn DNMA

me b were used to investigate the popul a
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American mink i n (Plohliaesdt 2a&bd )Deetnamaadknt ai ni n
SNPs, which were det #&gsteeqdu eunsciinngg t(hGB Sg e naopt py
scaffolds from 285 Dbl ack Ameri cBefmibnkackwe
American miifiKarentmiéla.ayyor eover, 100, 000 SN
randomly sel ecgendo mehrsoeugguhe nchiongeg ( WGS) acr os
farm mink, were used to investigate the g:¢
( KareitmRabl2.1bHowever, there is no study 1inve
farmed American mink with various col or ty)
3,000) with genot ydpeincs idtayt aS NNPr opna nae Ime di um

|l nvestigation of the genetic structure of

medi-duemsi ty SNP panel wi || benefit the fut.
genomic selection, as wel | as othewusgenon
mappi ng, identification of signatures of S

factor affecting the accuracy of estimatin
sampl ¢éBasheaelekh2a0@¥Y)The sample size in the j
investigated the genetic structure of Amer
(Leeti 2010.8; etuR&@lt.0; Tehti 2a83I1.5 u pZeatl 2anNk.&;ie Mor a

al2.018; «&tar2a0h2i0; &tar2e0il b pmal | sample sizes
significant errors in determining allelic
estimators of genet(iBcasdciavekrh@dth® )Tihru sp o g thlea tn
purposeéhebki swas atpd euse genotypi cdednastiat yf r700nK
SNP panel for American mink with a | arger

anMeof farm American mink in Canada, 2) e X
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di versity among various color types of Ame

and admi xture pattern of farm American min

4 . Met hods

4 . 2Etlhi cs Statement

This study was approved by the Dal housie L
(certifi cOad9 oar@ 1 Z2)DILBA I | the mink were rai s
Practice for the Care and Handling of Far |
Br eeecs As s(olTauir aeteirddP..3)

4. 2An2i mal s and Sampling

The individuals used in this study were fr.
Fur Ani mal Research (CCFAR, n=1,411) at Da
(Nova Scoti a, Canada) and Millbank Fur Far

Canada). Mink from CCFAR included five col

n = 542), mahogany (CMA, n = 527), pastel (
colors of the studied mink were idenbyfied
experienced technicians at CCFAR. Al | i ndi
(MBL, n = 1,562). There was no migration o

regular mating system on both far msy,piachd br
performances without considering the col or
4. 2Sa8Bmpl e Coll ection and Genotyping

DNA extraction was performed oneasgn@lueodi a:
Ti ssue Ki't ( Qi agen, Hi |l den, Ger many) , acco

guantity and quality of DNALW®EO es pnec@tsrug ehdo v

6 2



(NanoDrop Technologies Inc., W I|Imington, DI
ranged from 1.8 to 2.0. All samples were di
for DNA quality, aAnxdi affmfryameltyr i gxe nMoi tnykp e7d0 Kb yp «
Lincol n, N e(bD@d s2kdd2,.4 )US A)

4. 2AMi mal s and SNP Quality Control
Prior to analyses of the genotyping data, :
based on the foll owi ng( RurededdiQar )JINR s gh &PWil rNc
mi nor allele frequency |l ower t han 1 %, a

heterozygosity higher than 15%, and Mendel |

were out-WeifnbHearrgdyequil i brium witt ,vearyd | o
individuals with a call rate | ower than 90
SN remained for the following anal yses.

4. 2P dbpul ati on Genetic Par ameter s, L |

Effective Popul ation Size

The average minor allele frequency (MAF) a
for each color type and whole CCFARg@lopadi:
2014)The nucleotide diversity was conduct e
CCFAR popul ation basedNen &hded ubseitnbhgh 8v7CpHt oopool
sof t(wWRareet @l1.1)

Linkage disequili bmpiromo@eai |Wwsasn dmeReoshuerdet ds oans

calcul ated according to the foOo%dmogvolngaeiguad
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in whjsht Pe freqgmankgrohlaphhdttew&oCus 1; |

J at | ociasa da&rPe tame fPregaentiboessofl ahdelaé !l e
respe¢Biaed 2@ll.2)

ThleD waasl c ulhaotderdst anwde hsedtisf f er ent bilMOsi zes
kbwi th a bin <Sioaietkbf a 110i k10sO Ozwek bohf a5 Ob iknb ,si z e
kb andwli®hMlB bin Jihzee avfefhg@@h bbh.n was pl c
the median size of the bin to show the tre
Effective population sizes for wvarious col

(Sar gol zbaye it h2e0 If 40)l | (oSwi endg: 1le9q7ula)t i o n

P P

Q — —

v Tw | P
i n wNeicsh the effective population size; C
Addi tionally, past effective population s

approxi ma(tHaome D63 )Effecti ve popul ation siz

10, 20, 50, 100, 200, and 250 generations
4. 2Gebnet i c Distances and Genetic Di Ve
Pairwise genetic distanddNei wav&dRgead!l ¢skt and
genetic distance method) P enb b € h2a0h11635)t AMP
Additionall vy, a dendrogram of genetic dis
through the unweighted pair group met hod wi
R packkaagewta edIldaddsed on NeNe&is . dIrvx)apaer wi se
calcul ated based on Wei(rWed md &C dCookcereh dmagns 1pf
t he 6St AMPP { Ppearchlid degled I603f)T lRe Nei 6s genetic di
the six color types was also used to const
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pair group met hod i(Katmed@a REOplLApIpm 60a Rd iptaickma,g e
(Excoeftfidd9wads performed using aded4 i mpl emen
(Kamegtar2allt4dg determine the partition of ge.
di fferent hierarchical I evels.

4. 2Ge/lnetic Structure and Admi xture Pa
Popul ation structure was analyzed by the d
( DAPC) method using théomatd @#ld 10 ¢Tthoe pnaucnkbaegre
clusters in the popul afi ad. dvlasmscttdeerbsn nech d by
Afadegenet 0 package. This function i mpl emen
running s-meaersswivehKan increasing number o
data using a principal compgaenemnutmbamraloysicd uf
the | owest associated BayeWsanr d nd mtrimmait 2 atni
used to determine the numberr. oAddprti mmiap &
unsupervised anal ysi s (i Al e&DeMi KENOWRE ‘vaegrpd ii erd
to further assessing the potenkFifhél ddori as 8|
validation (CV) procedure was performed, a

best K val ue.

4. Besul t s

4. 3Rolpul ati on Genetic Par ameters, L
Effective Popul ation Size

The MAF, observed heterozygosity, and nucl
whol e CCFAR popul atédbn Bhe pvesazpne MAF Tadbh

(mahogany) to 0.246 (stardust). The | owest
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observed in mahogany color type of CCFAR,

had the highest percentage of observed het
diversity ranged from 0.283 (stardust) to
ppul ation individual s, t he MAF was O0.216,

and the overall nucl eodtli)de diversity was O
The avbeatween adjacent SNPs on all chromos
mi nk and the whole CCFAR AmericamM2mi fikhkepop
averZabgeet ween adj acent SNPs among various c
(CPA) to 0.406KN0.408 (MBL). Compared? with

bet ween adjacent SNPs for the whole CCFAR
42) . The LD de®wiyt hmeda sfuiv@erde @bty drinsteances (up
kb, 1000 kb, and 10 Mb) and consecutive bin
types mink is presented i-marFkegrurdei slt.a M & hri a
and CST showed t héamovmog hdlglh ecsal carv atraapjessrra t

di stwmicete CDE and CPA hadambegtall | owlest
reached &u @v2rwigteh rtmme keho rdti esd ta nicret €rar oun
al |l color types, whit< 0.S2I wietaht hthiher &leo mg e
di stance (around 850 kb) among all col or t
rPr< 0.2 amathkheridistance of approxi mately 3
averageOr2 atmarhker i di et ance of approxi mat
respectivel3.f Tte awheorlaeegeCCrFFAR pop-mhakeon w

di stance of 350 kb. The most rapid LD deca
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aver agmariknetrerdi st ances increased from 50 1t
reduction of LD 4In) this interval (Figure
Theevas evaluated balefirom EDvestiom@66sgeéene
esti mateerse os§hown i n Figure 2. I n general,
decrease oselmMhegdNerertatnieomen€Bati €CDE, agGMA, oC
CST, anwasvMB38, 76, 80, 60, 2 4, and 91, re
popul atNewams T®&®eat five geneNaaa sonosh saegrov.e dT h:
generations ago for all c¢ dNleofr 384 esnhde WhIT eh
| owNeotf 276. CDE N@dahtHeCBilrghhNeit time50 otwes®
generations ago. However, in more recent g
MBL was observedN¢ oahdvESThwadsi gbbdled Tthe h a\
dec!| iNmeasosfmore rapid from 5 to 50 generat.
and from 5 to 100 generations agnnonMeecemnhe |
generations (5 to NeOf gtelmeer GG H AR sp saggdol) @ o rtehne
rapidly than the 44BF popul ation (Figure

4. 3Ge2neti c Distances and Genetic DivVve
Weir and Cockerhamés Fst and Nei 6s genetic
T a b43e None of the Fst values between the 1
none of the Nei ds genetic distances bet wee.]
|l owest Fst (0.006) and Nei d6s genetic distal
The CPA and CST showed the highest Fst (0.
examine the genetic relationship among var

constructed using the unweighted piaguregr ou
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43). The phyl ogenetic tree revealed two mai
CPA, CMA, CBL, and MBL in the second <cl us
assigned to the subgroup with the | east ge
The resul ts from AMOVA for var iddus Tcheel or
di fferentiation within color types represe
variation in the populations (91.6%). The
(p<0.05) but only represented pdo.pludh actfi otnhse 1
variation among farms was estimated to rep
t he popul ations but was not significant (p
4. 3Ge3netic Structure and Admi xture Pa
A tot al of 123 principal components were r
of ttheeor e optimization analysis (-Saugprpd e me
clustering and the BIC indicated an opti mi
(Suppl ementary Figure 2), and44t.h e iARGE ss ho
andd(b) present the scatterplots of the fi.
' inear discriminaspaecitiod (ag ) Belagapdssedtshi but i C
various color types of mink in these 40 cl
di scriminants. The number of individual s |
shown 145 . FiEgurhet een cl usters coaxestrane dmo
MBL individuals were grouWpad dha) o Twesty cl
clusters spread oaxitsh,e and hmo ssti def otf hd h@CH
grouped into tMdaedmlustComp a(ffeidgwn eédh t he ¢

side @afxitshe where most of the CCFAR individ

6 8



|l eft Si daex i &f, twhherg most of the MFF indivi
concentrated in a smaller area &andnemaosri e noav e
scatterpl ot separated the cl-asiter sAPICbbat &c
scatterplot of the first two | inear discri
t he | eft -asxiidse ddFfb gtuhrdByL. i ndi vi dual s were cl
and were the dominant <col oraltsype ICDE1L 8 CdfA,
CST, and CBL color types were classified i

and were not the dominant do) or Ad giptei d ma |tl

individual posterior membership probabilit
46. All the color types were |l argely admi Xe
A mola&dsded maxi mum | i keli hood approach was

di fferent K4T ead®8d s (THRiegWVesrror was mar kec
increase in K ymheé |l CK errdor Hemaaddlelry decr
K, but the differences in CV error between

was found when K=75 within the ®M@hge Thé K

ADMI XTURE runs for K = 2, 3, 48 . 6T h et Or, e sawnnl
indicated that the most | ikely partition w
admi xture plots. The ideal met hod to defin

error, but the CV error in this 433)udVi keplt
inspection of admi xture plots was used to
( Mu jeitb2®11.8 gt Ra&DI2.1)At K = 2, a clear distinct
was found. The rest of the color types wer.

popul ations showed a relatively distinguis
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popul ati ons. Mo s t MFF individuals were as:
ancestry fractions), and the other two clu
The CBL (average of 77.51% on ancestry fr
ancesftmacti ons) became distinct clusters wi
genetic compositions in the CCFAR popul ati

admi xed with the three clusters and seemed

4 da 6, except for the CPA color type, w h
cluster in this color type, all ot her col o
the meanti me, the CCFAR popul ation showed
popul ation. When K = 40 and 765, no obvious

color types was found, and all col dB)types

4. i scuUussi on

The aveeaween adjacent SNPs on all chromos
the range of 0.373 to?etddeben Thekj ecsdarntmald R
than the esti mat e(sKdreiomRap2rOe, v iekdaurzd0lidsilt buJdhi ee s

aver?awaes resti mated to be 0.30 using 13,321
GBS d&tbaeitnd®I2.0)The Awaes aegset irmated to range f
for various color types using 100,000 SNPs
(Kareitm2al2.1bJhe different SNP marker densit
using incompdsddr ws.afdommdlastead alerfemesacme ge
popul ati on structures among t he studi es i
di screparfci €s..2 Tihse cronsi dered the mini mum

selection to achi elVMe lawmiedasdidrlg cegHaq@del8.9; 0. 8!
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Samor & Fontamedgihe2 @lua) e ntofs tCQUWCHFYR tamel aw
popul ations decr easnheadr kteor <0On.t2e rwhad n rtehaec hierdt
and 650 kb, respectively. These estimates
conducting genomic selecti BARapopuelcapt abl ie
7,700 SNPs (2.68 GH/KRgd@tnm@dI2i29vhtehree Ri.H6e8 doGfb
mi nk genome assembly) and about 4,200 SNPs
For GWASOD.B8 is commonly used as the ideal t
and ac(cAurrdaltcigedl0.2 ; eWa2#dd1l.8 et WADI1.9; edhZdnl b)

Théwas estimated to be more than 0.3 when t
and 225 kb for CCFAR and MFF popul ations,
22,000 (2.68 Gb/ 125 kb) and 12,000 (2.68
GWAS CiCAR and MFF popul ations, respectivel"’
are needed to perform adequat éTgeteBdlL0; st u
T homaeste BaDI1.3 ; e Br2edtld ; Kta ROIDL bT hus, t he highe
admi xture in the CCFAR population may be
density for conducting genomic selection
popul ati on. Kar ietni (@B 0dyagteas,t ed t he densi ty
and 120, 000 SNPs, which were alll hi gher t
required for conducting genomi c selectior
respe Ktair ednli(y10.25lulg)gest ed a | arger number of
selection (120,000 for CCFAR and 24,000 fo
by wusing WGS data of 100 American mink fr

esti mébesweénrthe current ( Kaetydddh®,; pKearvii mi
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et 2a012.Aab)e the causes for the different SuQg
genomic selection and GWAS in American minl
I n thi sNemtudy  vetlgeenerati ons ago was esti ma
MFF popul ations, r &lsopfe cAtmewdlcya.n Imm nXp ainn, s itx
from 7.2 to 34.8 wusing informat({beetfsalm t e
2008)On Swedi sh coasts, depending onNd he ge
of American mink was estimated to be fron
mi crosatelkat ewsRdilkbe)Nleet f i ve generations a
to be 116 for black American mink, which w:
using SNP data obtained from the GBS dat a
st ukdayr, e mi( 210.21sht)i mat eNdmta hi gbegenerati ons ag
and aN@awéi ve generations ago (50) for MFF
the WGS data of 100 mink. The esNamat esedf
more rapidly from 5 to 50 generations ago
ago for the MFF popul ation, which coincic
established. The CCFAR was established abo
founded ovego QO0D093%@}arsTlhese trends were dif
usi ng WGKa reiam2i®l2.abhyjl GCBSKareit®I120)where the de
oNewvas more rapid between 150 and 200 genetl
LD patterns among studies &leees ttihmea N\ceastL s eT hlee
the CCFAR population decreased mormrecreapgi dl

generations (5 t o 50 generations ago) . T
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managements and strategies, population gen
has | arger population size than CCFAR) in =
Both Fst (less than 0.1) and Nei 6s genetic
types were | ow, which indicated the | ow ger

This was in agreement with the AMOVAtyepesl

explained 91. 6% of total mol ecul ar variati
explained 4.1% of the total mol ecul ar vari
color types, CST had the f ardgthemsde gwaleud )

CDE, CPA, C MA, and MBL color types. This w
phyl ogenetic tree, which separated CST int
Fst and Nei 6s genetic distesciematemdnignvahe
0.015 to 0.124 and O0.013 t o Khla.reibemRaI2rlebgpect
They were alll slightly higher than the est
0.096, and Nei b6s genetic distance ranged fr
color types of American mink f rRar alndd dainfdf
Denmar k was est iTnhaitresdt rted.b&) g 0i8n fboyr mat i on
SNPs generated -dirtoan a shseo agiesttad cDNA nsequenci
hi gher than the overal/l Fst (0.041) among
the Fst among 153 minkeoétashiemat ed mt Ad2bé oi
0.017 and O0.364, which was also higher tha
using genotypic data froml Mdetp2d@dIy.8nor phi ¢ m
The mink of the six c¢onltoor 4t0Oy pcelsu sweerres duisfifn

DAP@&@naliymsitshi s study. I ndi vidual s within t
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cl ust
genet
wi t h

repre
l evel

(1,52

popul

may b

ers ranging 45 oa#bds, xwhioc B 1li n dFii gautreeds t
ic differentiation among mink within |
the result 44r)om wWAMOVA t(Wabivari ati on
sented the majority of the total mol e
of nucl eotide diveds)tyl withenmeaahi
6 individuals) of MBL indivindualisuahd
grouped into the cluster-axi®catedhenD.
erplot of the firsddc)workespeati debygri
ated that the DAPC analysis was abl e
irst linear discriminant (explained 4
ot able to furtwhdarhidi faf €raeamt iast et hteh ec |

eafx itsheofy t he DAPCerslcaaptpteedr,p | aontds twheer ed ios

ers werediminifTmabk MAygbeecaused by hig
S in recent generations of the studi ect
m on both far ms, and ani mals were mc

rmancesrwhghobteiconside types. Additi
e CCFAR individuals were | ocated, wer
apped with eaaht et pleot ®nc @ thga rDA® Cwistch
of the MFF indivddualsdweati hgc@CEAR (|
a higher | evel of admi xture than MFF
the admi xture patterns we observed wl
ation showed a hieg hMFF |peovped | 48tji. carll h(i it g

e related to the introduction of br eec
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mu |

ease outbreakthe GERARat NnoRO0LABt er aasl S

tiple breeder sources ma(yVerrehsswel\2edii.In; hi g

Pard&tedll.7; Kearzzdnaih)Most of the mink in the

at

pos

Ame

dat

t he

of

pop

i ns

t hat ti me when Al eutian disease occurr
break, about 150 mink (120 dams and 30 s
breeders isont la¢e IKCEAR, nywhsea might | ead
the popul ation compared with the MFF po|

e clustered into only three groups in

v(i Kaireitrd®12.1 bompared to the DAPC resul't
ul ation was not clearly diff erde rvtiidaitad &

hin the same color tended to be grouped

sters. The marker densities (100k vs. y
sible reasons |l eading to tileeedtfheednc
rican mink in three different areas of

a fmaoaombkxiZed ews2kDilL6)The five clusters cl

i ndividuals from different study areas,
the critical factors in differentiati ng
tributi onn mingphar tad rsto rpdlagy ian di fferenti a
ause the CCFAR and MFF popul ations wer
criminant in thel4dPAPC scatterplot (Figu
this study, three ancestral genetic gr
ul égteincents ¢ structure based on the <chang

pection of the admixture pl od79. i Thhde caheae
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t hat the i mprovement i n model fitness sta
suggesting that K = 3 may be the best clust
Compared to the admi xture plots wWwlkeanKK= 2

= 3 seemed to describe the genetic structu

DAPC resul t s, when K = 3, a distinguishahb
popul ations was observed in the admhkxtafte
di stribution as a critical factor in diffe
showed a higher | evel of admi xture than th

the use of breeders fromt motdtucepdl ebseeaders
d fferent farms after the Al eutian disease

i n MFF. Meanwhi |l e, MBL and CBL were <clear
popul ation suggesting that thesd tawmac eblt aal
popul ations and color type might not be a
Within the CCFAR popul ation, CBLCMAd @RAM ha
CST showed noticeable admi xtures of these

mi nk are exhcrleudsilved ayusle nmany col or types &
brown color type, (&hdckkeéfponedt 18A8¢eblabdged
1988)For example, mahogany is achieved by b
t ypelsoergenselnhils985)ul d explain the admixtu
this study since these are visually very c
brown color types. Il n the meanti me, CDE an
pattern,cathed ht hensda two col or types might

Sever al results from this study also suppo
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genetic structur e: 1) CDE and CMA showed t|
Fst values) among433l;l 29oltdre tpyhpydogehaeldlie t
CMA into the sam8)suBproébDh &a4dRkdgdMA showed a
anMelecay @dFigi@d esand 4) most of CDE and CM
the same clusters generatdbid. f Thbens AP Es winta
il lustrated the color type may not be a r ¢
popul ations. The admi xture patterns from t
patterns of AmericantmidnlsinTGanadaiixm upreey
and wild American mink in OKitad (2008®angda,
the data from 10 microsatellite | oci. I n t
pastel color types had their own groups, at
sever al( Kgawu2e0$0.9 ) whi ch were in the same pa:
admi xture patterns of the current studied
sample size @UkamdmMES]L bdpatma | ar to the resul
when K =3, i ndividuals in black and pastc¢
individuals in demi and mahogany ¢&bhor miyp:e
et 28121 b)

Genetic structure and admi xture pattern an

clear genetic distinctions among the mink

could |l ead to these results. The Saumhs ed i
whi ch might make the samples not the i1 deal
structures. Thus, future studies should co
from wild and more geographicahdy Wbeesnhrmndt
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Table 4.1 Average minor allele frequency (MAF), observed heterozygosity, and nucleotide diversity for five color types of American
mink in CCFAR, whole CCFAR population, and whole MFF population.

Color type Number of individuals Average MAF Observed heterozygosity (%) Average nucleotide diversit
CcBL!? 177 0.220 31.821 0.297
CDE? 542 0.216 31.029 0.307
CMA3 527 0.212 30.594 0.303
CPA? 152 0.236 32.644 0.294
CST 13 0.246 34.947 0.283
CCFAR 1,411 0.216 30.576 0.307
MBL’ 1,562 0.226 31.938 0.288

! plack color type mink in the Canadian Center for Fur Animal Research (CCEARI color type mink in CCFAR: mahogany
@ color type mink in CCFAR? pastel color type mink in CCFARstardust color type mink in CCFAR:all mink in CCFAR;’ black
color type mink in Millbank Fur Farm.
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Table 4.2 Summary of the average and standard deviation of r2 between adjacent SNPs on all chrowmiobeeneslor types of

American mink in CCFAR, whole CCFAR population, and whole MFF population.

CCFAR CcBL® CDE* CMA® CPAS CsT MBL#®

Chrt Average #+SD Average #+SD Average #+SD Average #+SD Average #+SD Average r2+SD Average #+SD
1 0.444+0.451 0.403+0.445 0.425+0.447 0.415+0.445 0.415+0.441 0.408+ 0.438 0.419+0.451
2 0.412+0.446 0.379+0.443 0.395+0.440 0.399+0.441 0.387+0.435 0.369+ 0.424 0.392+0.445
3 0.354+0.440 0.336+0.431 0.339+0.433 0.340+0.434 0.335+0.425 0.346+ 0.420 0.341+0.429
4 0.404+0.447 0.396+0.449 0.385+0.443 0.384+0.442 0.367+0.434 0.400+ 0.440 0.406+0.450
5 0.369+0.365 0.368+0.369 0.346+0.364 0.356+0.365 0.336+0.366 0.368+ 0.378 0.388+0.379
6 0.432+0.453 0.391+0.445 0.418+0.448 0.415+0.449 0.404+0.442 0.372+ 0.430 0.422+0.447
7 0.396+0.377 0.393+0.381 0.380+0.378 0.381+0.377 0.375+0.380 0.396+ 0.383 0.407+0.385
8 0.428+0.378 0.425+0.388 0.412+0.381 0.423+0.382 0.403+0.386 0.382+ 0.389 0.449+0.392
9 0.345+0.351 0.357+0.360 0.334+0.351 0.342+0.355 0.331+0.355 0.361+ 0.371 0.357+0.362
10 0.269+0.397 0.268+0.399 0.261+0.390 0.248+0.385 0.263+0.384 0.285+ 0.387 0.277+0.404
11 0.558+0.386 0.557+0.399 0.531+0.393 0.540+0.391 0.502+0.406 0.533+ 0.432 0.597+0.397
12 0.504+0.377 0.519+0.394 0.470+0.378 0.499+0.387 0.438+0.387 0.490+ 0.419 0.545+0.397
13 0.384+0.382 0.397+0.386 0.364+0.380 0.376+0.381 0.368+0.381 0.416+ 0.396 0.427+0.396
14 0.293+0.401 0.291+0.402 0.266+0.390 0.285+0.393 0.293+0.399 0.340+ 0.421 0.258+0.372

Mean 0.399+0.404 0.391+0.407 0.380+0.401 0.386+0.402 0.373+0.402 0.390+ 0.409 0.406+0.408

1 chromosomeé? all mink from the Canadian Center for Fur Animal Research (CCFARck color type mink in CCFAR,demi
color type mink in CCFAR® mahogany color type mink in CCFARpastel color type mink in CCFAR stardust color type mink in
CCFAR;®black color type mink in Millbank Fur Farm.

r?= Linkage disequilibrium; SD = Standard deviation.
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Table43Est i mati on Nei 6s genetic distance (upper diagonal)
types of American mink.
CDE! CPA? CMA3 csT CBL® MBL®

CDE 0 0.012 0.003 0.027 0.010 0.018

CPA 0.024 0 0.021 0.053 0.033 0.037

CMA 0.006 0.044 0 0.023 0.005 0.012

CST 0.042 0.096 0.033 0 0.018 0.035

CBL 0.021 0.068 0.010 0.024 0 0.015

MBL 0.040 0.081 0.028 0.063 0.035 0

1 demi color type mink in the Canadian Center for Fur Animal Research (CCFpd&tel color type mink in CCFARmahogany
color type mink in CCFAR? stardust color type mink in CCFARylack color type mink in CCFAFblack color type mink in

Millbank Fur Farm.

Table 4.4 Analysis of molecular variance (AMOVA) in various color types of American mink.

Sum of Variance Percentage of
Source of Variation Degrees of Freedor Squares Mean Squared Deviation Components Variation
Among farms 10.720 10.720 0.004 4.291
Among color types 4.425 1.106 0.004 4.067
Within color types 2,967 279.795 0.094 0.094 91.642
Total 2,972 294.940 11.920 0.102 100

* p<0.05.
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Figure 4.1 Linkage disequilibrium measured by r2 plotted as a function of-m#gket distance (kb)a) from O up to 100 kb using
consecutive 10 kb bins, (b) up to 500 kb using consecutive 50 kb bins, (c) up to 1000 kb using consecutive 100 kbd)ing, tand (

10 Mb using consecutive 1000 kb bins. CCFAR = all mink from the Canadian Center for fal Reisearch (CCFAR). MBL= black

color type mink in Millbank Fur Farm; CBL, CDE, CMA, CPA, and CST are black, demi, mahogany, pastel, and stardust color type
mink in CCFAR, respectively.
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Figure 4.2 Estimated effective population sizes for various color types of American mink from 5 to 250 generati@GFR&R.= all
mink from the Canadian Center for Fur Animal Research (CCFAR). MBL= black color type mink in Millbank Fur Farm; CBL, CDE,
CMA, CPA, and CST are black, demi, mahogany, pastel, and stardust color type mink in CCFAR, respectively.
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Figure 4.3 Unrooted consensus tree showing the genetic relationships among the six color types using the unweighted pair group method
and the unbi ased TKHeuales at the modes are thedpersentages ofebootstrap values from 1,000 replications of
resampling. The-axis represents the genetic distances between color types. MBL= black color type mink in Millbank Fur Farm; CBL,
CDE, CMA, CPA, and CST are blactemi, mahogany, pastel, and stardust color type mink in the Canadian Center for Fur Animal

Research, respectively.
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Figure 4.4 The scatterplots of discriminant analysis of principal components Each ellipse represents a cluster, and each dotareprdsadtsl.Different

clusters are separated by colors. MBL= black color type mink in Millbank Fur Farm; CBL, CDE, CMA, CPA, and CST are blackadegany, pastel, and
stardust color type mink in CCFAR, respectively.The scatterplot of the first two linear discriminants (x arakig, respectively), which explained 41.23 and
4.77% of the variation, respectively. Individuddt is a given color based on which cluster the individual is grouped to; b) The 3D scatterplot of the first three
linear discriminants (x, y, andaxis, respectively), which explained 41.23, 4.77, and 4.39% of the variation, respectively. Individsial gioen color based on
which cluster the individual is grouped to; andScatterplot of the first two linear discriminants (x andxis, respectively). Different clusters are separated by
colors and inertia ellipses labeled with a number. Individoaisia given a color based on the individual color type.
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Figure 4.5 The number of individuals from various color types in 40 assigned clusters inferred by discriminant analysis of principal
componentsMBL= black color type mink in Millbank Fur Farm; CBL, CDE, CMA, CPA, and CST are black, demi, mahogany, pastel,
and stardust color type mink in the Canadian Center for Fur Animal Research, respectively.
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Figure 4.6 The probability of membership of each sample in the 40 assigned clusters inferred by discriminant analysis of principal
componentsMBL= black color type mink in Millbank Fur Farm; CBL, CDE, CMA, CPA, and CST are black, demi, mahogany, pastel,
and stardust color type mink in the Canadian Center for Fur Animal Research, respectively.
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Figure 4.8 Admixture pattern of six color types American mink at K = 2, 3, 4, 6, 40, and
75.MBL= black color type mink at Millbank Fur Farm; CBL, CDE, CMA, CPA, and CST

are black, demi, mahogany, pastel, and stardust color type mink in the Canadian Center for
Fur Animal Research, respectively.
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CHAPTERddEZnNnti fying Selectior
| mmune Response and Resilie
in Mink Using! Genotype

5.1ntroducti on

Al euti an disease (AD) i s one of t he most

significant financi al | osses nfoueheemi nk -
economicall y iindpiosretaasnet itsr acauws. edlhby t he Al
( AMDV) and has been determined to be an im
produced against AMDV f ail to neutralize t

i nfectious vdiarmuasg,e rteos utlhtel nngi nikn06s g( Ponretr e ar
et 1a&16.9; Cho & | negt alidl7139;7 3St oHozret . e& TKaaden hi
hi gher theAMRY edrst iodbodcings produced, the mor
by APoet d®17.2; ekdal@ln3; eBl| lo®am ; eAak@l®e&; Bl oom
et 2®#I10.1 )Meanwhi l e, AD infection was also fou
weight (oewelkdl8.2 )f ee d Eil zdhtad RBI1.6 ; elte 2BIE.H b )

pelt @Qeatidy& ,Feamd fR2mdl)e rep(bldostonal. pe
1962; Reicher.t T&h uMDtEdrNn@n20 bdb)dy | evel, grow
and female reproductive preediolrimmamace iwrediec &

previ ou(sHestt 2012.E st RdDI2.2)Sever al met hods, i ncl

1 A version of this Chapter will be submitted to thentiers in Genetidsy Hu et al. 202. Identifying
Selection Signatures for Immune Response and Resilience to Aleutian Disease in Mink Using
Genotype Data
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medi cine, and culling strategy, have been ¢
been | argely in ineffective. Cons-egueséehtkent

mi nk based on AD tests -aedi/ibremcakiapdist atsm:

body si ze, pel t qguality, and reproductive
presence of AD. Sever al mi nk farms i-n the
resilient mink using the iodihbhe aggbducha

perfor(nraanrcied & .Fe$inmi I20rldgy,si Bome MmDnk farm
America and Eur opé€d ima&kvwe a mpmuineods oarbzeynthe as s ¢

sel eatesAD i € Kh u veith RaDIA.9 ; Farid & Rupgasianghe

2018)
Selection could cause changes in the patte
l inked neutral |l oci. These patterns are te

identify | oci S(uKbrjeeicttmatno 2t0h0e0 ;s eQaencbearoia |l & Si
2015)Therefor e, identifying the signatures
bi ol ogi cal processes rel ated to AD resild.
associated with mink response to AD coul d
focosi mprowvesgl ABnce in mink far ms. Severa
proposed for detecting selection signature
(Weir & Cockermrbhalme dt9Bd¥e idi & elrisa i 9p/r&p wlsast i on
extended haplotygEédHh Sawetyldparneyt b Pt hree n
commonly used to detect sedarce¢imasesd gorattuhe
diversity and genedEiHH disf fbearserdt ioant itchre, fanred

hapl otypes between two subpopul ations.
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Advancemewmtenneirmtnent sequendemgi tecdinoglogi e
pol ymorphism (SNP) arrays, and bioinformat
the detection of selectiOBersteagn2a@ilud )& r i n
exampl e, studies using selection signature
di sease resistanc(eltis RDR2dOpt iSkhit Dty gdn enwt al
( Xeut 2®12c0o)nducted a signature of selection s
to susceptibility of swine to respiratory
(20 2dleat)ect ed 99 genomic regions associated

genotyping by sequencing ( &GBMWDV dantai baonddy fti

mortality, AD symptoms in the Kkidneys, and
22X peri ment al bl ack American mink that wer
encompassed 63 genes involved in i mmune r e:
( Kareitm2al2.1 abMowever, signature of selection

mi nk tonodtPemadonducted using geneateyspd ikatcae

indicator traits (e.g., growth, feed effici
in apoédDtive commercial farms. |t has been
seem to be more resilient( Blol iAAMBAVOStiGlganrat luir g
selection study is a potential approach to

mi nk against AD infectionthddieswebaptern hee

genotype data and different col or types o

signatures associated with I mmune response
performance resilience to AD; e3poindentigfeyne
resilience, and femalei ermpe odoctAiDye amer f30
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whet her mi nk of di fferent col or types exh

potential differences in AD resilience mec

5. Materials and Met hods

This study was approved by the Dal housie L
(certi fi cOa0t9 oanm@ll 2200119A 1 | t he mink were farm
Practice for the Care and Handling of Far |
Breers AsEcOueti a¢i2dRA .3)

5. 2Anl mal Sammlidi ng

Al | the individuals (n=1,41he Lanmddedni €en
Fur Ani mal Research (CCFAR) at Dal housi e |
Nova Scotia, Canadd)n f2r0dm ,b6 2 (aln3 otud b2 022k of
resulting in most of the mink were dead or
was not determined definiti-owerdtyamibuat ad fwe
contact withywnhgdAMDVmMmakesechahe modgthilni Kélrye
years of the disease outbreak, abootsil?®emi
farms in Nova Scotia (Canada), which were
phenotypicall-yesel eenedmionkeADnt madycegedaan
as breeders at CCFAR. AD was first identifi
1941Agr i caunltaurkeed fNogycoGoaer nme,ntannd 9r@8gny mi
farms in the provi nArceesisltiaerntte dmisnekl -ebeassi endg eohno 1
tr giFtag i d & .FeTrhnes s2tOuld7i)ed mi nk i ncluded fi v

= 177), d e mi (n = 542), mahogany (n = 527)
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color type of each individual was i1 dentif
weaning.
5. 2Al2euti an Disease Tests

Counterimmunoel ectrop-basedi-Bngaiccn@&@P) mmndosaa

assay te6&)swéEe]lI 8ded to measure the I mmune
virus exposure. The tests were conHHuetted u
al(.20.21)n bri ef, bl ood sampl es ofNotvleanbstrudi

before selectinkgeltbrweardye rise faoirde i matmimg fr om
samples were sent to the Ani mal Heal th Lab
Caada) and Middleton Veterinary Serv-ices (
G tests, respectivel y. The CIlI EP tAeDtVs wer ¢
antibodies, and the results were recorded
level detected) or 1 (positi v@:t edsettse cwearbel ea |
to measure amounts of antibodies against Al
included eighfpocategaorciresnewittsh ftom Devaelne
antibody) to 7 (extremely high antibody 1| e
5. 2Gr3owt h and Feed Efficiency Measur e
Kleiber ratio (KR) and feed conversion ratio (FCR) were used to measure the growth and

feed efficiency of the studied mink, respectively. The body weights of studied individuals

were collected using the established protocols describ&bl®t al. (2021) Briefly, the

body weight (BW) of the mink were measured at both birth and weaning (around six weeks

after birth) and every three weeks from 13 to 28 weeks after birth. The average daily gain

95



(ADG) and Midtest metabolic BW (BW") were calculated by the following equations,
respectively:

0QeGud 0¢ Q6 Q.

0 00— T ATABA T DEFA D 6

wherefinal BWwas the BW on the last day of the feeding trial, iartéhl BW was the BW

at 13 weeks of age. The Kleiber ratio (KR) was calculated using the following equation:

oY

The feed intake data of the studied mink were collected using the established protocols
described byDavoudiet al. (2022) Briefly, mink were raised individually in separate
cages, and feed was distributed daily to cages. The daily feed intake (DFI) of each mink
was measured by calculating the difference between the amount of feed left over and the
feed provided. The indivigal DFI records obtained during the experiment were averaged
to obtain the individual average daily feed intake (ADHIhe FCR was calculated using

the following equation:

08 Y 0 000
50

5.2Pedl t Quality Evaluati on
Live grading of overall pelt quality (QUA)

mi nk pelt when they were alive. The grading
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Fur Auctions |live ani mal grading procedur e
on checking the color consistency, fur rou
into three categories from 1 (poor) to 3 (
5. 2Feébmal e Reproductive Performance Me
Female reproductive performance was measu
CCFAR during each annual reproduction cycl
number of newborn kits that survived 24 h
repr ordupcerifoor mance of dams under AMDV expos
5. 2Am6i mal Grouping

Studied individuals were grouped into pair.\
gener al resilience, and female reproducti o
CIlEP and ElklIs$SAresults were groupedrouwmp® | o
based on thei« CeEP amrduELISSAI n@isvd adruead sa nw
negative CIEP results were grouped into | o
wit-i ELGSAcores and positive CIlIEP uneesul t s

response sudgroum ((habkl study, we not only

individuals into | ow or high i mmunei mespon
the same color type, which included bl ack,
51) . For resilience indicator tr-ppssti veavo

i ndividual s i nt o52p)a.i rSaiusdei egdr oiunpdsi v(iTdawd les wi
t hat had BW, feed intake, and pebuts cgeupatliibtlye
subgroupspo3hei CEEPndi vi dualGR (wlh4d .ch8 htaad D

top 20% KR (7.14 to 9.17), and score 3 (hi
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resilient subgroup, and the CIEP positive
72.28), bottom 20% KR (2.19 to 4.41), and
grouped into the s®b8reptnbtbesmbgposmei( Tab!
dams, that had records for the number of n
were grouped into |l ow or high female reprc¢
positive dams withkiltesst haitans drowirk endeewmde r Imc
grouped into the | ow reproducposiet peefdamsal
had more than nine newborn kits that survi
high reproductive pe&Rflformance subgroup (Ta
5. 25aimpl e Coll ection and Genotyping
Tongue tissues from studied individuals we
Ti ssue Kit (Qiagen, Hi l den, Germany) was U:
based on t he manuf act ur e rl@s0 0 i nssptercu crtoipohnost
( MaoDrop Technologies Inc., W Imington, DE)
gual ity of seaxnmprladtsdte d2@DN/A280 nm readings f ol
1.7 to 2.0. AII samples had a final yconcen
an Axiom Affymetrix Mink 70K SNP (Dabhelal ( Ne
2024)

5. 2AM mals and SNP Quality Control
PLI NKWRurecte PDIOWgs used to conduct ani mal and
SNPs that had minor allele frequency | ower
heterozygosi oy NMegdetowmhfamedbency | arger t

of HwWeidyberg equilibrium wi9Yh werye lcw!| pde
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the anal yses. Meanwhi |l e, mi nk, t hat had a
from the dataset. After the quality contro
further analyses.

5. 2Me9%t hods for Detection of Selectior
Three methods, including( Weairr wei s@o cfkiexrahtai no
nucl eoti dd” (Newve&silLtiy alfi9dpdprwlsast i on extended
homozygo&£HHY S g Xt 2a0lQ.7 )wer e performed to det
signaturesd mdtheodstdiamelctly utiliz&HHhe SN
met hod uses phased dat a. The Fst anal ysi s
met hod prwepos ad dbyYocksirrmmamvVHRIOB®IAn e @fatl war e
2011)Tha ashhsf ormati on wasc gleentor maedi nasitmeg tF
( Teamt20 2n20)r mal i ze the Fst values. Al nega
values of all SNPs were ranked, and the SN
candi date sel edtananl yssiigsn awausr ecso n dluthcet ed f or
met hod prNepiosaemrmdd hisi n(gl OVV®PHt o dDlasn exteddDIWAY e
ThéTati os wer d sudbmgp wWtisiudb)drsoup2) for al l pai
were thHemnlsdgp2dieat {lbsy2. ( The SINPast iwo thalt he
were considered candihdBRBEHH sap perca a con vsa sg ncaat |
each SNP wusing (%etleste €a0l1.8 plffhtewamiessi ng geno!
removed using VOBnhedkkOIlslodnh dvatr ke genotypes
using BeadIBe owvanti BsdiB&c ause Sel scan softwar
the phased genotypes without mi-EdHngalgea®t

were normalized using the norm fupobdbr mn wi
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function in the R pr ogrvaan weass oafp ptl hke¢ddh ot romacle
val ueswvalThes pof th-EHHovebhbegedwva KPolt mgd, ar
SNPs -wodgvfapp ue) more than two were caresi.der e
Only the SNPs detected as candidate select
used for gene annotation, gene ontology, a
5. 2Gdf0e Annotation, Gene Ontology, al
The potenti al selection regions were defi.
downstream of the candr dgiwemseldedtiinerd Diagre
previous study that sugge<stOed2)t hiant tlhien kcaugrel
American mink popul at(irHenr 2HI213)Tbe gerneednBb
was conducted wusing( Quhenl Bedt2eddidgng of bt wa he
assembkegpgaf ¢ Kairestothd12.2)The gene ontol ogy (GO
bi ol ogi cal process (GO: BP) , cellul ar comp
(GO: MF), were assigned to anfnmAdhtoataedlQdBenes
The overrepresentation tests of annotated
and adjusted by the false discovery rate (F
pval wea l(uwe) <0.05 were consideredhialse,t htethe
Kyoto Encyclopedia of Genes and Genomes (K

using the cl ugtYat RDOi2nN| ehepBRcpgprager am with
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5.

5.

Th

Th
t h

53

Besul ts

3Sell ecti on Signatures for | mmune Re

e gewame di stributioasebcsaltedt wobh hsit preart

ait was i aagfsrdaddieod,-EHaHh.d T™XhPe r esul t s 5dr,e pr e:

i splaying the distribution across 52l | aut

|l ustrates the selection signlupplesmenrhtaar

tapetesénts the SNPs (chromosome number
tected as candidate selection tsdctnead ua ®
ndi date selection signatures by at |l eas
pul ation of individual s, a total of 619
ignatures by at | east two met hoedsme tNoad dasb,l

d were considered as strongly selbgted c:

rthermore, when analyzing individual s wi
5 were detected as candiwdamet sedecf obnbbkeE
hogany, and pastel color type mink, resp
re detected by all three methods for bl a

spectively, hi ghl itgithrtd ngamsdirdatge ss ed ppecdii fo
sponse trait withB2)h. each color type (Fig
e candi date genes annotated from the sel
e whole popul ati on andudipflfeenteenntta réyo Igioan ats)

shows the overl apped annotated candi dat

i fferent color types for i mmune response

notated from the selection sign&Buaed det
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Suppl emearntagsren Fa2r bl ack, demi , mahogany, an
1, 355, 1,645, 1, 436, and 1,042 cané3date g
Among the candidate genes annotated from t|l
many genes were found -choarbaec taesrsiozce da t pehde no tty
i mmune system process, gr owt h, pi gmentat.i

reproduction, and respdmas$ @ stroi5Gu ebdnu.l uBa i ISau |

53 precsviad | i st of genes specifically relate
However, no common gene was detected among
(Fi ®87) e

Fi gbd epresents the functional <classificatic
response trait. The genes annotated from t
and pastel col or type individuals were cl
ca&fgori es, respectivel vy, where the top fou
met abolic process, biological regul54) i on,
The <cellul ar anat oo rctadi neinntg ttylo eapntdevvp rooet febi |

components detected from the whole popul at/
classifications, both analyses for whol e
individuals detected 11 GO: MARd whislte | arcall y:
individuals detected 12 GO: MF. The top fou
and all color types were binding, catal yti
mol ecul aradtridnigém e r

TabSlde ( GO: BP)55andGOra®dd eand GO: MF) present tl}

candidate genes related to the I mmune r es;g
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signi fvalame<Q.q0O5) overrepresented GO enri c|

whol e popul ati on, bl ack, demi , mahogany, a
(Talbhesadbg . Among al l detad ateecd . 5 gniofviec a etp
enri chment terms, some of them were common

color typéesaddgabliescl uding two GO: BP (det e«

involved in sensory perception of ssmedlll (C
(GO: 0007608) ), three GO:CC (cytoplasm (G
structure (GO:0005622), and organell e (GO

(ol factory receptor activity (GO:0004984))
coltgyrppe of mink or the entire population. F
i mmune response (GO:0002250) and system d
detected for the whole-rpdopaleat iGDn BPS € \vema l
methbo process (GO:0046483), macr omol ecul e
nitrogen compound metabolic process (GO: 00
(GO: 00319 *Bognt apirnoitneg ncompl ex (GO: 0032991),
wer e ontleyd dient ede mi col or type mink. Two u
(GO: 0003824) and hydrolase activity (GO: 0C

color type mink.

5.35€el ection Signatures for Gener a
Reproductive Performance Traits

The gewviame di stribution of seldércatiioon,- sa ngdn aX
EHH f or gener al resilience and female rep
chromosomes are Hor,esemd etdha nowargluapped sel

presente86. nSkFp pgpldeatapras¥nt s the SNPs dete
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selection signatures by each method and 1
signatures by at |l east two met hods. For ge
candidate selection signatures by as | east

candidate selection signéaéureBohbyf amal ¢ hr e

performance trait, 526 SNPs were detected
met hods, and 16 SNPs were det edtled hase ec amedi
(Fi ®oaye

The <candidate genes annotated from the c
resilience and female reproductivedapasktorm
3, and the functional classifical.i oA st ootfalc e
1,933 genes were annotated from the selec

(Supp!l ednetnd)ae tySever al annotated genes were

=}
o

l uding growth, i mmune systernrlhpr duansd,i omi
classifications of the annotated genes res
The annotation of selection signatures r el
resulted in a total dht &)s.6 8 8E2xgceenpets f(oSru ptpd ne

to reproducti on, sever al etelsdrl | gerces | wmdr e ¢

=}
o

uding growt h, i Mmmune system process, a
classified into 18 GO:BP, two GO: CC, and 1:

The overrepresentations of candidate genes

_‘
(0
©
—

oductive perfor mank6e tFroari tgse naerrea |lp rreesse nl
signif-vrvabuoée<Qq.q05) overrepresented GO: BP we

primarily in devel opment, cellul ar proces
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meanti me, nine GO:CC (mostly related to orc¢
receptor activity o+ abiur&iOn@b)we me t hieg mivfeir
of candidate genes related to itdre tgentey at
candidate genes from female reproductive p
val ue<0.05) overrepresented GO: BP (mostly
stimulus), six significant oveerlrleepr, e seemd efc
significant overrepresented GO: MF (rel ated
5. 3CaBmm&Gandmondg udTeadi ts and KEGG Pat h
The overl apped genes among i mmune respon
reproductive performancé8.trlamntbriaefe, ple34£4n
1,277 unique genes were annotated from th
response, gener al resilience, and femal e

Si xteen genfeRRHGAIRMXH rud:i n3-209 88 02 1TML41 4bAd)

(chr 4: 1199, 6573565, , B&FT GO, 4 1 1199,, 890333, , BIWS Bdlp ) ,

(chr2: 22099928 @FAMI3bcEYr,4: -4, 982, FRATHpP) ,

(chr2: 2R0988910FRAT(2tmyY 2: 2-20982818629B6p) ,

LOC12290&hr1AB: -5, 216, MAmM8 1(Becph)r,2 : 2-00999810586
bpMRPL@ABhr 4: 1199,,550118,, P@&GAMIloh)y 2: 2-20999072238
bpPTCHD4 hr 1: 9944,,6024370,, RBKEOL bipr)2: 2-209886529580
bpYBX{&hr 1: 4444,,991222,, 08B0l hy 2: 229090240827
bp), ZBHHCQLEhTT 2: 2-0 06999876825 bp), were det

studied traits.

105



The significant (g<0.05) KEGG pat hways of

gener al resilience, and femal e r eir.odFuocrt i v
i mMmmune response trait, only one significar
pat hway, was detected. For female reproduct

pat hway, -abeimatedeprotein ki nawaes (dMA Pekc)t esc

No significant (g<0.05) KEGG patitway was d

5.B8i scussi on

The failure to control AD by culling strat
resul ted i n t-rhesisleilerctt i minnkfbaded on the d
production performances. Al t hroeusgihl mtemd s prh e
conducted -gmsintainwe ADi nk farms, the genomic
still wunclear, which might i-mddiuleinert t mien le f
study, genotypes from Axiom Afdéwy maetrhoxdMi (nk

d and -EXM) were applied to detect t he sel e

response, gener al resilience, and female r
mi nk under AMDV exposur e. Il n b rnineoft,a tle d6 1f1lr, 0
the 619, 569, and 526 selection signature
resilience, and female reproductive perfor

a thousand genes have been antnroatiattse,d naasn yp og
such as theCi2290082 2290546Bd51 2 2 9PeAIBS8 D, wer e
novel genes of wunknown function in mink; t|
with available information in the existin

reveal ed that some annotated egeinnensu nmei gshyts tp
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process, gr owt h, reproduction, pi gmentatic
s mel |

5. 4.Mmune Responses

A tot al o f 1,611 genes were detected to
considering the whol edaptoaysudtaStddnoen o(f S utphpe seeme
genes were found to be relatéeéd,t dad haersd mmu
55) . Ao ft gZedale s , cecradi €28, CGAS, DEFG6, E I
GGT1, HI CAK3| LME&E] S1, MFAP3, PATZ1, RUNX?2, :
TNFRSF21, TOX, afaREAVR7, V¥ E81r el ated to i mmun
which might have |I mpeditaneéd roéepgonanesi mma nA
Three gene3INFR$1EZ lurd1 :n g 9933,, 553459, , 6@2Z19 2( & ph)r 4 :
10, 91-B0 02242, 0 ZIREW h r Ja:n d8877,,994560,,391660 b p) , ar
infl ammat o(f ¥t ph RDHEH DS eed a2dtlle2ret LI ObIThi s may
be due to several inflammations, which i ncl
splenitis, meni ngoencephalitis, pneumoni a,
AD i nf(elcetm 0eBr@IQ.9 )F 0 u rS |1 gGlnE¢Cslibr 3: 1515 2,082 B, 7469 7
bp)JAK3X hr6: 2233002Z5PEBE®GChip:) 1171 5,042 3,7607 b
andAgchr 2: 1-66446893836 bp), were found to
di sorder s( Heu Ralha n sBGarrnt’edae 2011.5; Ste 2aIE.9 ;
L2ubli & ;Vaarkd AD 2i0s) def i nende daisa taend idmnsuonred ecr
i n nfiBnlkoeaam1018.8 )Thr e¢ LU &rhe sl,3: 115500, , 345438, , 805137 b
THEM( Shr 1: 7733,,016411,,54639D 2(8¢ h r 3 a n #155, , 443675, , 397430 b [

were found t-oelble perebthiielrdddod ;greNi PBI0O.Aet Fu
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ala20Q9)anTdOX dhler 4 :  #755,,477208,,810600 b p) gene was de
transcription factor 1invol viededi 2aI1L.8 T hex h a L
detections of those genes might be related
infection, as CD8+ T cells were found to dc
(Aasted ERPBRJhr6: 2266150665089 bp) gene was:s
associated with the production of red bl oo
infected mink few (nMcnGubisr €adf7t9%)ThéBrflfcdnc tli: o n
286, 128631159, 159 bp) gene was fogheeia be
al201L5)which is one of the t(\YCpira®mbh®dI€y fphteo ms
CGASchr 1: 1-124736033P3 bp) gene was rel at et
|l interferons and a(CcWaetp2®&Ib.h; oddte 2amd.1 Jamoha s o
the increase of t he number of type | i nt e
infe¢tieaester2a0lQ0.3)I n t he meanti me, the overr
annotated genes detected one significant

(GO: 0002250) , related to ilmnu2nB, rTeNdNPpPPIIFB2XL,
JAKS, TAP2,, C&ZfHd WEHENI Envol ved.

The i mmewmpaoalsat ed genes detected in this st
detected by 6aKarceamPRaddsaPpawadry ge TRAF3I PRI ud
WDR7, SWAP70, TNFRSF1&GRRHFEREBe HEG6FEB2Rt ed an
the 1 mmune system (pZOoZkleas)ysd bryo rKeearafmit eesealge
in the current study. Several potenti al re
of different types of genomic data (GBS in

uses of difféa&aoedst quhevei kgdmety | esi ons | ev
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considered in grouping animals in their st

ways the ani mal contracted AMDV (intranas
exposure in this study); and 4) tthhed rc osltaourd)
vs. multiple colors in this study).

A total of 20, 26, 19, and 9 genes were folL
demi, mahogany, and past5t3l) .c dMocsrt toyfp d,her gy
from acoclimrglteype were unique from the rest
mahogany color types, there were few genes
no common gene was detpasedl amenghtal bf ohi n
(onfIFRSE&Be was common with bifaokn ¢ blonr efsy
three darker color types, which might indi:
responses to AD infection compared with th
could be a potenti al regashoyn( Elol iex pid aéd e tthhee
mink with |lighter color types were observe
darker mink.

The KEGG pathway analyses of annotated gen
color types detected only one significant
mahogany color type mink. The relationship
compl e x. On the one-fluamrmd, oai sgr omgouaead swset
protecting an organism from infections and
increased (Aietgex®d 1Y) Furt her mor e, chronic

overactivation of the I mmune gwdtadmdh av e ela

which can sphBeé&aa@dlll8B)ADesipsandefi ned as an 1 mn
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and can cause persistentPamtderch& oGhe 198@;

Kaaden. 1™BWws), the detection of the | ongevi:

chronic infection and autoi mmune disorders
5. 4Gener al Resilience

Since the gener al response trait used in t
traits, which include growth, feeding effi

regions containing genes related deoet ¢tbesa
related to the gener al datea&)s.é tilenBocneg ttrhae m, (s
annotated genes were rel ®PtRKAGBAO T riBody 9grlidwt,
29,120,999 bp), a reagutiav atr ¢ dsapsiey n ewtanso Kd ett e
this study, and found to be related to bod
swi(nRyeatn2#®1,.2)sbhkebpahi mafgadlpblef 2842 RhieAG1

(chr 1: 5588, , 568986, ,577884 b p) gene was also detec
positive r egluilkaet ogr oofftViee hfszekl@i@nr Vah 2DWWTK

that i s known to affect bodyvawme iegahtal®i.3n) b ot

Q
=]

d beéHued D3 )and (hSuamedhs®I1Q.3 ) TIME ML 8 hr 1 :

8,94, 091,524 bp) gene detected in this st

growth traits(eAkdbdesadly,.2 )jcréa Mrad tes011,.2 )an d

humgmd m®m2®11.0; eHR®Et0O ) n t he me anTftPiRnfet,h rtéh:r e e
165, 580,55 %D 4 ,MeOBWZ cbhpr)6,: 1-66566R109TDxUB),
(chr 1: 4444, , 899242, , 088745 bp), whi ch wer e al | f C

devel opme(nAkiti BOIMBreWehn & Cled p2dd2n2 )\ @O ® ; a Xl

detected i n this study indicating that Al
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devel opment , and therefore, influence grow
efficiency were alMRARRZehrIt e4hs,, 456143, , @80 mblpe
GLPXRhhr 1: 88556885824, BMBSABp)yrui en &nBmMPLR 202
(Dailey & Woeranf @0A@®@)t o play i mportant rol
has been reported to cause advercSkemraidn uen
al2016blThe anntCRTIR&hrglenel,-0Q01039778858 bp), I
receptor and pl ays an i mportant role in
met ab 6 Bpb ma z22i0.6 ; Bel kina &nDaddstR2OfA2) sevVve
genes, ESPRR@®H4ra@: -14, 853,I8TRF (oY 6: 2-08, 512
208,525, 7TEZOYPAhr Ja:nd4499,,127068,,223368 bp), were r
key roles in regul &Zihmda Rd0t.1a;b oAltalyda gcrko Be 5 s
et 2a0l1.8) Besi des the genes rel ab@™@enhe cbwbh
151, 49%,15689, 776 bp), ((6GlyneredelOWMPs gme b at
det ecttlreids isnt udy, and this might be related
single white hairs in the fur (spr(ifakrlied s)
& Ferns 2011)

5. 4FeBmal e Reproductive Performance

A total o f 1,538 genes were detected to b
(Fi ®ddr eTbhl.e Amosg vigleamm,s, $EbhxXxdchdilmg -18, 318
18, 338, DOROGhP912, 98942 1%%7, POORDBMPNHNI11: 104, 943
105, 013 SHBEXcthp)9,: 2211,, 346453, , B4BORBW(dh)r,1: 2-55, 86 4
255, 951 EP&CRchpP;, 8226484 2LEBL( dpnn13: -10, 120

10,122, 7001 ClEfRilhr &8&nd-9, 808, 86 bp) were foun
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repr oddlcX(4Hamer & de TRPRRAIEVa sdeltle@d80.S HOC1
(Zha&ng2a0l1.9 bFBXWL D6 Dobkber2e0yl@Bl)ay i mportant ro

devel opment of JgACRacelal keyTheolgene reprod

| oo.gfunction mutations in this gene can | ea
infertil i(tQueanaldmanBep 20OPI;, ueMoaanphb P G2
GSC DA CERdnes are all i mportant for devel o

and have been related to the reproduction
(Kaczmarzdk2.0; eCh2edh2.2 a ;e tChaRlR.2 b ; e tWR2#IR.2 )T h e

repr oduecltaitoend genes detected in this study
the signatures selection stKadymni(&l0.2rleéssypons
t hat st udFyB X Qbh e AeTnSeRsE RCla,d $peTr2e annot ated f
candidate selection regions and related t
detected in our study. The different geno
structures could be the @eonéerne¢es alber wasmownsh
The KEGG pathway analyses of annotated gen
pat hway, t he MAPKThse gMARPK ngi gprad lhiwmy pat hwa
female reproductive performance by regul a
apoptosis of granulosa cells in the follic!
mat ur(azZzhamg & Liet 22001062, ; eHu@#n232 )The MAPK path
also plays a role in regulating luteinizin
and formation of( Khhea&souwnlpluls8 )Adidietuimnal | vy,
signaling has been i mplicated in regulatin

(Zhetu 2a0I11.0; Mak PaBIL.&)I n t he meanti me, previo
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abnor mal MAPK signaling can cause reprod
embryonic deRit ©igeta 2818.2v;i nRr oc haz k aa n&d Nceanictol vee
(Si ¢deldal2.1; eT a&Wi2t1 )The detection of the MAPK
this study may indicate that AD infection
pat hway, therefore influencing female repr.
5. 4Codammdéeane s OmmtnalTe g pwsno nAJ Thr dreai t s

A tot al 0A RHLGA PdleOn e sCOL 14 A1, DEPTOR, EXOSCI1
FRAT 2, LOC122905718, MMS 19, MRPL13, PGAM1,
andDHHGC16wer e common to all three studied
found to be related to growth in | ivestoctk
gemM&RHGAMRBES found to be rel afedtn dI2.B Mdhye we
gemAMLl3WaB rel ated to bod(ySewedk @x.3;gr ®évd hu i yn
al024 7 heCOyleldelSEr eo 8D 11a8NRITCHDPD Do gt @®12we)r e
found to play i mportant roles i n EnXusScClle de
( Ropviod e tk 2a011.8 ; Deatl PDIZXDgdso been related to mu
PGAMtas found to relate to t(hXi eidge2a@1.D)p me n't
Meanwhi |l e, FAMIo3(58Bemte D11.3 ; $ & R20ULe/r@OL 14 A1

(de &t @120 )were also found to be related to
sever al genes were found to be rUBTaDled t c
(KongmanzddlBDHHC(1WBz b ekto 2a12.1 ; Eh QHLIBRP 1 2

(Ti eats 2@IL.BIMS 1(9T sea i 2a011,.7 )PrGAA M1Z h &1 g2DI1lbn e s
were found to be associated wi tFARMlI3EnBdev el

FRAWEre detected to be associated(®whahgt he
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et 2a0l11.aa0d ¢ Mesdto 2aD1L.7)respectively. The Tbx18

mice embryo(Wehrel|l &pGreapman 2010)

Two GO ter ms, ol factory receptor activity
stimulus involved in sensory perception of
among al l three studied traits. This$nmay I

mi nk although the relationship between AD
|l iterature. However, reduced appetite of ir
sense of smell because the s(ntealundies sV nt9adl8
Ameri canAdmieyk ,é Adredty 2a0228pecul at ed t hat i
experimentally -Cor emagdhave halSARISed sense
observed neutrophilic infiltrate in the o
assess the condition ob-i nfhectoeldf amitok yt e pd

infection could influence their sense of S

5.6o0ncl usi on

The detection of potential signatures of s
to AD using three doammo-BXRApppoacihess (Falt uya
into the genetic factors associ atedowat kdt
from the candi date selection signatures we
reproducti on, and pigmentation, al | of wh i
traits influenced by AD, i ncl odimagcleodwnwe i
gualint mwddi ti on, t he -rteMoatsedg nGQ itcearnmhs oil f daica
infection might cause | oss of smell I n min

this conjecture by assebssfiagtdadcdei rskinwsied uoafl
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di fferent color types were found to have di
on the genes detected between them. I n the
have unique i mmune responses to ADt hmdect i
dar ker color types based on the common ge
however, future studies with more equal S a
of color types are needed to fuethespoOnses
among mink of different color types.

The detection of numer ous potenti al l oci |
i nf ectitdcresiini tchkhiagpateaed t hat genomic selecti
to reduce the formation of infectious i mmu
by AD on growt h, reproducti on, and pelt qu
t he avaifl abhiel iftiyr st Axi om Affymetrix Mink
eradicate the adverse infl ueinlcieesn cea usfe dA ey
mink to AD infection through genomic sel ec
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Table 5.1 The number of individuals from different color typeeach subgroup in different Aleutian disease tests and the final dataset
for detecting selection signatures for immune response to Aleutian mink disease virus infection in American mink.

ELISA-G! (0-7) CIEP Immune response

Color types Negative (0) Positive (57) Negative Positive Low High
Black 67 23 12 78 10 19
Demi 264 57 87 329 70 51
Mahogany 244 40 50 258 39 37
Pastel 42 31 14 70 11 25
Stardust 5 3 1 8 1* 1*

All 622 154 164 743 131 133

1

ELISA-G = AMDV -G based enzymiknked immunosorbent assay te€ZjEP = Counterimmunoelectrophoresis téghe individuals
were used in the final dataset for detecting selesligmatures for immune response to Aleutian mink disease virus infection.
* No independent analysis was conducted for stardust color type individuals due to the small sample size.

Table 5.2 The number of individuals with positive counterimmunoelectrophoresis test results in each subgroup of feed conversion ratio,
Kleiber ratio, live pelt quality, general resilience performance, and female reproductive performance traits.

Feed conversion ratio Kleiber ratio Pelt quality General resilience Female reproductive
performancé performancé
Bottom 20% Top 20% Bottom 20%  Top 20% Score Score Resilient Susceptible LQW litter High litter
(14.3822.49) (41.4672.28) (2.194.41)  (7.149.17) 1 3 size(1-4)  size (911)
78 78 78 78 83 120 19 11 20 16

! The evaluation of individual general resilience performance based on feed conversion ratio, Kleiber ratio, and pelt quality.
2 The measurement of female reproduction performance resilience (dams with positive counterimmunoelectrophoresis tesd only) bas
on the number of kits alive 24h after birth.
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Table 5.3 Immune response related genes annotated from the selection signatures detected from different color types.
Color type Genes

ANKRD17, CEBPA, CTSH, CXCL6, CXCLS8, FYB1, GAL, HAVCR1, IL1A, IL1F10, IL1IRN, IL36RN, ITK, MAR:

Black MTURN, PATZ1, SIGLEC15, TMEM178A, TNFRSF1B, UBASH3A

Demi C4A, CACTIN, CCL26, CCR9, CEBPA, CGAS, CTLA4, CXCR6, DEF6, FYN, HIC2, HSPD1, MPIG6B, NFAM
RUNX1, RUNX2, SH2B2, SHFL, TNFRSF21, TRAF3IP2, TYK2, VEGFA, XCR1, YES1, ZBTB12, ZBTB37

Mahogany ANKRD17, C4A, CASPEXCL6, CXCLS8, EPOR, FYB2, HSPD1, MEIS1, MPIG6B, NFAM1, PLA2G2D, PLA2C

PLA2G5, RAG2, REL, TNFRSF11A, TNFRSF13C, ZBTB12

Pastel AKIRIN1, BANK1, BCL10, UBASH3A, FGR, LPXN, SEC14L1, THEMIS2, TNFRSF1B
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Table 5.4 Significant (gvalue<0.05) biological processes detected from overrepresentation tests of candidate genes from the whole
studied population and different color types of mink for immune response trait.

Biological process (GO ID) Al Black Demi Mahogany Pastel
Adaptive immune response (GO:0002250) * - - - -
Anatomical structure development (GO:0048856) * - * * *
Anatomical structure morphogenesis (GO:0009653) * - - * -
Bicellular tight junction assembiG0:0070830) - - * - -
Cell development (GO:0048468) * - * * -
Cell differentiation (GO:0030154) * - * * -
Cellular aromatic compound metabolic process (GO:0006725) - - * - -
Cellular component morphogenesis (GO:0032989) - - - * -
Cellularcomponent organization (GO:0016043) - - * * -
Cellular component organization or biogenesis (GO:0071840) - - * * -
Cellular developmental process (GO:0048869) * - * * -
Cellular metabolic process (G0O:0044237) - - * - -
Cellular nitrogercompound metabolic process (GO:0034641) - - * - -
Detection of chemical stimulus (GO:0009593) * * * - *
Detection of chemical stimulus involved in sensory perception * * * - *

(G0O:0050907)

Detection of chemical stimulus involved in senspeyception of smell * * * * *
(G0O:0050911)

Detection of stimulus (GO:0051606) * - - - -
Detection of stimulus involved in sensory perception (GO:0050906) * * - - -
Developmental process (GO:0032502) * - * * -
Heterocycle metabolic proce§50:0046483) - - * - -
Macromolecule metabolic process (GO:0043170) - - * - -
Metabolic process (GO:0008152) - - * - -
Mitochondrial gene expression (G0:0140053) - - * - -
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Biological process (GO ID)

Mahogany

Pastel

Multicellular organism development (GO:0007275)
Multicellular organismal process (G0:0032501)

Nitrogen compound metabolic process (GO:0006807)
Nucleobaseontaining compound metabolic proc€&€:0006139)
Organelle organization (GO:0006996)

Organic substance metabolic process (GO:0071704)

Positive regulation of multicellular organismal process (G0:0051240)
Primary metabolic proce$60:0044238)

Regulation of multicellular organismal process (GO:0051239)
Sensory perception of chemical stimulus (GO:0007606)
Sensory perception of smell (GO:0007608)

Small molecule catabolic proce§30:0044282)

System development (GO:0048731)

Tight junction organization (G0:0120193)

*

* The biological process was detected in this color type/population
- Thebiological process was not detected in this cttpe/population.
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Table 5.5 Significant (gvalue<0.05) cellular components and molecular functions detected from overrepresentation tests of candidate

genes from the whole studied population and different color types of mink for immune response trait.

Functional enrichmentems

All

Black

Demi

Mahogany

Pastel

Cellular component (GO ID)

Bicellular tight junction (GO:0005923)

Cell junction (GO:0030054)

Cellular anatomical entity (GO:0110165)
Collagen type IV trimefG0O:0005587)
Cytoplasm (G0O:0005737)

Cytosol (G0O:0005829)

Endomembrane system (G0O:0012505)
Envelope (GO:0031975)

Intracellular anatomical structure (GO:0005622)
Intracellularmembranebounded organelle (GO:0043231)
Intracellular organelle (GO:0043229)
Intracellular organelle lumen (GO:0070013)
Membranebounded organelle (GO:0043227)
Membraneenclosed lumen (G0O:0031974)
Mitochondrial matrix (GO:0005759)
Mitochondrion (GO:0005739)

Organelle (GO:0043226)

Organelle envelope (GO:0031967)
Organelle lumen (G0:0043233)
Proteinrcontaining complex (GO:0032991)
Synapse (G0:0045202)
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Functional enrichment items All Black

Demi

Mahogany

Pastel

Tight junction (GO:0070160) - -
Molecular function (GO ID)

Actin binding (GO:0003779) * -
Binding (GO:0005488) * *
Catalytic activity (GO:0003824) - -
Hydrolase activity (G0O:0016787) - -
Identical protein binding (GO:0042802) - -

Olfactory receptor activity (GO:0004984) * *
Protein binding (GO:0005515) * *
Proteirrcontaining complex binding (GO:0044877) * -
RNA binding (GO:0003723) - -
RNA polymerase Hspecific DNAbinding transcription factor * -

binding (G0O:0061629)

* The cellular component or molecular functiwas detected in this color type/population
- The cellular component or molecular function wasdetected in this color type/population
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Table 5.6 Significant (gvalue<0.05) biological processes, cellular components, and molecular functions detected from

overrepresentation tests of candidate genes for general resilience and female reproductive performance traits.

Trait

Term (GO ID)

Annotation set

General resilience

Female reproductive

performance

Anatomical structure morphogenesis (GO:0009653)
Cell migration (G0O:0016477)

Cell motility (G0O:0048870)

Cellular proces$G0:0009987)

Chemotaxis (GO:0006935)

Detection of chemical stimulus involved in sensory perception of smell

(GO:0050911)
Locomotion (GO:0040011)

Sensonyperception of smell (GO:0007608)

Taxis (G0O:0042330)

Cell projection (GO:0042995)

Cellular anatomical entity (GO:0110165)

Cytoplasm (GO:0005737)

Intracellular anatomical structure (GO:0005622)
Intracellular membranbounded organelle (GO:0043231)
Intracellular organelle (GO:0043229)
Membranebounded organelle (GO:0043227)

Organelle (GO:0043226)

Plasma membrane bounded cell projection (G0O:0120025)
Binding (GO:0005488)

Olfactory receptor activity (GO:0004984)

Protein binding (GO:0005515)

Adaptive immune response (GO:0002250)

Anatomical structure development (GO:0048856)
Cellular process (G0:0009987)
Detection of chemical stimulus (G0O:0009593)

Biological process
Biological process
Biological process
Biological process
Biological process
Biological process

Biological process
Biological process
Biological process
Cellular component
Cellular component
Cellular component
Cellular component
Cellular component
Cellular component
Cellular component
Cellular component
Cellular component
Molecular function
Molecular function
Molecular function
Biological process

Biological process
Biological process
Biological process
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Trait

Term (GO ID)

Annotation set

Female reproductive Detection ofcthemical stimulus involved in sensory perception (GO:0050907)

performance

Detection of chemical stimulus involved in sensory perception of smell
(GO:0050911)
Developmental process (G0:0032502)

Protein metabolic process (G0O:0019538)

Sensory perception of chemical stimulus (GO:0007606)
Sensory perception of smell (GO:0007608)

Cellular anatomical entity (GO:0110165)

Cytoplasm (GO:0005737)

Intracellular anatomical structure (GO:0005622)
Intracellular membranbounded organelle (GO:0043231)
Membranebounded organell@50:0043227)

Organelle (GO:0043226)

Binding (GO:0005488)

Olfactory receptor activity (GO:0004984)

Protein binding (GO:0005515)

Proteirarginine deiminase activity (GO:0004668)

Biological process
Biological process

Biological process
Biological process
Biological process
Biological process
Cellular component
Cellular component
Cellular component
Cellular component
Cellular component
Cellular component
Molecular function
Molecular function
Molecular function
Molecular function
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Table 5.7 Significantly (qvalue<0.05) presented Kyoto Encyclopaedia of Genes and Genomes (KEGG) pathways of genes detected
from signatures selection analyses of the immune response, general resilience, and female reproductive performance traits.

Trait Pathway Genes g-value
Immune response Longevity regulating pathway AKT3, ATF6B, CAMK4, CAT, CREBS5, EHMT2, IGF1R, 0.049
(Mahogany color IRS1, PRKAAL, PRKAA2, RPTOR, SOD2

type mink only)

Female MAPK signaling pathway AKTS3, ATF2BRAF, CACNB1, CACNB4, CASP3, DUSP: 0.015
reproductive DUSP6, EGF, ERBB4, FGF17, FGF18, FGFR2, FLNB,
performance IKBKB, KIT, KITLG, MAP2K5, MAP3K11, MAP3K2, MY(

NFKB1, PDGFRA, PPP3CA, PPP3CC, RELA, STKS3
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Figure 5.3 The Venn diagram shows the genes overlapping among the whole population (All) and different color types (Black, Demi,
Mahogany, and Pastel) for immune response trait
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individuals for immune response trait.
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Figure 5.6 The overlapped selection signatures detected from the whole population individuals among pairwise fixation index (Fst, top
5 %) , nucl eoti de di v e fpaepulatign extedded haplotyge hdmirygoskia-EHH, -lag(p-vatus)>2) tests for
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The i mmune response of the studied mink

types of +thastesl: Edn thdAg dathldl SAAT. These tests

according to established2pldBlocowd ssampilces b

mi nk were annuaiNoweamblelretradri n omiscked ect i nq

February before mating from 2015 to 2020.

Veterinary Services (No-Gat &sbénd&lG BAensatdsa)

measured antibody | evels against AMDV thro

ei ght categopbobesat scaocedmemtsl from O (none

(extremely high). The | AT testlse weerumeg & m

globulin I evel in the serum, and the resul't

O (low) to 4 (high).

This study utilized established procedures outlined by Davoudi (@0&2)to obtain data

on feed intake of the examined mink. Specifically, individuals were reared in separate

cages, and feed was distributed daily to cages. The daily feed intake (DFI) was determined

by subtracting the amount of feed remaining from the totaiigeed. Two measures of feed
intake, namely dayo-day variation in feed intake (Varf) and proportion of-f&féd days
(DOF), were computed using the DFI data for each mink according to the methodology
detailed by Putz et g2019) The Varf was quantified by taking the root mean square error
of within-individual regression of DFI on day via ordinary least squares linear regression.
The oftfeed days were identified by utilizing a 5% quantile regression of DFI on age (in

days) for d mink, and negative residuals below the regression line were deemfedoff
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days for each mink. Finally, the DOF was determined as the proportionfetdftiays to

the total number of days on which DFI was recorded.

6. 2Sa8Bmpl e Coll ection and Genotyping

Tongue tissue samples were obtained from t
from the tongue tissue was extracted uUusi ng¢
Hi |l den, Ger many) in accordance with the m
guantity of t he extracted DNA w2000 eval
spectrophotometer (NanoDrop Technol ogi es |
readings for all samples were between 1.7
was 20 m@p,typndaggevas performed using the AX
( Neogen, Li ncol(nmDet \Needh2rda)s k a , USA)

6. 2Es4t i maBreadi ng Varleugerse sasnedd DBr eedi n
The estimated breeding values (EBV) for ELIEA IAT, DOF, and Varf traits were

obtained from the study by Hu et @2022) The study employed a univariate animal model

utilizing ASReml 4.1 softwar€Gilmour et al.2018)to estimate the variance components

of individual traits attributable to random additive genetic effects, permanent

environmental effects, and maternal genetic effects. The model was as follows:

¢« Tt i Fm 0 m
wheyies the vectoX, odgn@Merot Wees;nci dence ma
phenotypes to fixed, random additive gene
random maternal genbetsi ¢ hef vect a1 s d shifee ovteid v ¢

of random additivek Ggnbpet,i cwhedfsfeethe, nwie ha

rel ationship smathrei xad da nd pa sg etnhed i we cvtaari amf
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permanent envir odglemtal whieeeas,i webnhity m
Jjs the permanent m®inyirbe mee tnabtregefaide a ce o1
effects() mwi tth whleriehe maternal gensettihoe warcite
of residuaiﬁeﬁ%fecwm;irswitthhe residual wvarianc
deg egressed EBVs (dEBVs) were obtained with
Q006 w—,
whe®ies t he EHBWGOddfvitidhieslitdéired square of esti m
t hteh ndi (iGhuati 2&RIQ.9)whi ch were calcul ated usi
soft WSaeek Ardestani 202 0-¢ | ohutdt/pDsE B/ V/. gci atl hcuubl
Only the individuals, which had a reliabil]

trait, were kept in theThhatdhdesreitvddrdEB\¥s ffoc

were util i-predan atsy psse utdo perform the foll owi

6. 2AMi mamd SNP Quality Control

The animals (n=1,356), which had reliabili it
trait, and SNP dat a (WarreteR#dIOlyef ede usondu @t
anal yses. The SNPs, which had minor allele
t han 90 %, excess of heterozygosities highe

| arger than 5% aWed nweerreg oceugtue d fi bH a madmp rwa b ab iv

I 90 and the mink, which had call rates | o

6. 2Gebn o-Wiede Association Studies

A single SNP wunivariate mixed | inear ani ma

the snpll@3arcs@pdl s2da@ede MOdledl) i s descri bed as
« H L0 5+ m

138



wheyies the vector ofdetBiWéli;depéerdenpuivsattihaden| e
vector of the &NP tnaea kweectedrf exft sthe residu
nor mal d#dtny, bwhie®ies the realized relations
wi t h n{aakneRrasd e n g 2i@D 8t)he addi ti gies gtemetvectva
residual errors wgtmbka,whoelrreal adi sdenbut y om
, 'S the resi diaanMav &r it darec e ;n ca ywaknndc ea rnea trreil caet s
mana respectively.

The labsevery rate (FDR) was employed as
thre¢élBbl dektmadll.4 )T he tWﬁéyieoIW(;hspﬁaélkmé;ated :

t FeDRvas setNitso tth.eO humbevabteSNPssMtrbhep8. 01
to the total number of SNPs after gual ity
explained by significant SNPs was <calcul at
et (&hatm®I15)Qu arutainlt-@) epl( @t s and geabewvki nnf
& Roedewerm®phl)oedcompare obserlvoegdlapdil ses Yy i bat |
expected distributions under the no associ
6. 2Gef/ne Annotation, Gene Ontology, an
The positional candidate genes within the
were annotated wusi n(gQutimd aBe tRE00lodl)ag sb bt ware
assembkegpgaf eKaresotdh®dl2.2)The del i mitation of t|
on a previous investigation t2ka®D.20diwec athed
present American mink popul at ( Blat 2®I28r st u
The process of assigning gene ontology (G

(GO: BP) , cellular component (GO: CC) , and n
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genes was <carried dquthom@aidN.3PANG HERa [l4atli o
overrepresentation of annotated genes was

FDR correction was used f erdjadytadsid epe(nq). I,
wer e considered significlayttédemet abbelrr eprpadea
anal yses were conducted using the Kyoto ENn
dat abase and utili zi 6Yatt halli2n utshtee rRP rporfoiglrearn

significant threshold of g < 0.05.

6. Besul t s

6. 3 Sulmmary | nformation of Phenotype I

Descriptive statistics of the dE®BINVAS oftaarl f o
of 1,057, 1,319, 1,269, and 996 a6 mhAB, we
DOF, and Varf, respectively. The coefficien
4. 4 to 93.5%, where | AT had t h(eTdédlyee stThE€V,

di stributions of the dEBVs f6bdr all studied
Among the 62,375 SNPs, 3,180 SNPs are |l oc
removed from the analysis. A total of 4,39
0. 1; 26,387 SNPs due to minor allele freqt
Wei ntegrug | i brium with ve®y INow imrdolva Wiulail t yw
due to a low (<90%) <call rat e. Finally, 26
used for further analyses. The density di s

are showm2in Figure
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6. 3Ge2n o-wiede Association Studies

TheQQpl ots of al | studied traits were dr av
studied traits were calculated since popu
GWAS. Theplt of each trait was shown f ol
correspondi ng3)t.r akdar (a&lilgugteud-i e gv(apl ruaeist)s ,wetrt

fairly close-l 6tgv(ad he s 6B &Ec gend et he meant i me,

inflation factors for all studbed8) QaThes
pl ots and genomic inflation factors resul
stratification was negligible, and there wt
on the test statistic inflation in this st

The significant (g<0.01) SNPs f&@3r, eaancdh tshteu
chr omosomes, p hlyosgv(apg U e posi t regsenci es, suk
percentage of dEBV vari an@&2e eFxopriGad Ll esdASANrPes | |
which were distributed on chromosomes 1, 4
(thresmdlue p “N.wWiBth dObstituti-lo.n52e3f ftexts. *
(Fi p@reand 67pbl dhese significaat n&ENPS. 048 %W
0.094% of the dEBG, vamd anocogetblerELt IBAY expl
dEBV vari ank ¢ T@kb)lEeL EB 4wt dgge isdNfAes wi t h substi
ranging@g. 3t®d8mto 0. 366 were detechalkdets bel3
1d for | AT, and these eight SNPs were dist
63 and6Z)abl Bhese eight significant SNPs expg
of I AT, and a single SNP d&BVWdvaxphace O0f OB

62) . For DOF, seven SNPs, which were distr
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were detected to bwalsigni f9.c Alhtd s(et Bsriegsnhiofl id
had substitution effects ranging from 0.00
the dEBV variance of DOF individuallay. Tog:
total of 0.405% of the dEBV vari awvaé uef =DOI
1.07%] SINP was det eca&3¢d for Varf (Figure

6. 3GeBne Annotation and Gene Ontol ogy
The candidate genes annotat e@, firATm tahned sD QF
|l i sted i n Gatppd eétmedgottaady of 141, 44, and 42
annotated from the si-@g,ni i iIAGantan@NMSOFf o rr e
(Supp!l edeetnd)saegtyT e annotated genes, which ha
existing |iterabdreForGELG BAtteldr é en, Tamd ef i
were detected on chromosomes 1, 6 ,niagnude 1 3,
genes were annotated on chromosomes 1 an

annotated genes were distributed on chromo

seven, and two unique genes were detected,
The functional classification64.0fThceanae ldlau
anat omi cal etioint wi andgpcomei ex were the tw
three traits, and the cellular anatomical

of the detected cellul ar ®&d np o FrorG,sE)It INA a

annotated genes were classified into 13 C
GO: BPs, cellul ar process, met abolithpeeces
BPs, and growt h, i mmune system process, a
resilience indicator traits, were also i n
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annotated from | AT were classified into 11
process, and biological regul ation were th
catalytic activity, and transporter mamghevi
system process, and reproduction were al sc
occupied smaller proportions. Regarding DC
eight GO: BPs, and cellul ar pr octeisosn, wreertea baol
the top three BPs, and five GO: MFs, wi t h
activity were the top three MFs.

The overrepresentation tests of-GanhAT,ataud
DOF, but significant (g<0.05) oveGrephesen
overrepresentations of Gamdiedpresd®éadnesini al
total, fiwealsuiganlQ.fQx)andavdrgrepresented GO en
GO: CCs ( TAP c o rplnepd ,@om€& havasyi c@3/ C5 convert
MHC <c¢cl ass | peptide | oading complex,- and E
ty ppepti de transporter aciGi (iTédh).e Merei grit fe

(g<0.05) KEGG pathways of candidate genes

6.R8i scussi on

| mmune response and disease resilience are

archi t(evatniRraeglee n 20 R&Jj1.0L e alddo mptp®IL.4pt Ha l

2020; DDoé=sohddDI2.1)Ther ef or e, identifying the
i mmune response and disease resilience wo
architectures and biological processes rel:

density SNPIl papkesl ivesmack speci es, GWAS
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popul ar met hods for identifying candidat e
rese(@hcan gall.2; &SthaHOMmd; Schmid & Beatnheavli t z
2021)I n t hidsE BsMsu dgfh eftdidery p e s, tGn c 1 VAdTi, n POEL | €
Varf, and genotypes f rpoons ilt,idviel frma cnikl irtay sveedr
GWAS in order to identify SNPs and genes as
of mink to ADht ,| narbd iedvenl 7si genigfi cant (g<I(
ELI & A | AT, and DOF, respectively and coul d
dEBV variance of the correspondindg dtartaei tg.e n/
were annotated from the, silgAdi f ianmantDOFNP sr e
Sever al of t he annbaoO&tl ea o opgdenasdl? 2 9 1sllhddld  a s
LOC122898we2r0e novel genes of wunknown funct |
focused on the genes for which infaoar mdtei on
meanti me, the results associated with Varf
section as no si gnivfailcuaent= -41y. >087N B 1gMaes ch dfedrk o
Varf (Figure 6.3).

6. 4Calndi date Genrces for ELI SA

A total of 141 genes were found to be rel a:
G. Among t hem, t hMPd eG GRBRENYE2s LA nweé uel i hgund t
related to the i mmune system pr oeneesdsi aathedd mi
responses to AMDM iamfdé&8laibdeh &EBgar eal so kn
as6BC6or,fd2% | ocalized in the class II11l reg
to contain many genes as(Shee¢evVa2i®ld.lwe tGleaelr h e

2018)The MPI G6B gene plays a critical rol e
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pl atel et( Ririnad®l?2.9 0pd 28Vl )andflucnxcs MPInG 6B

can cause severe thrombocytopeni a, myel of i
(Mazhatr 2AlA.2; Met A& Bi Kel2WE M ; etG2®I1.8; Nagy
et 28011.8; eCR®NXL9)The deviPd GHiBore o t hi s study |
to the sever el Bkllautnedladas8Brd e arodlaadGeeit r £017.9 )

caused byRUNXxReddeitksnowal las an i mportant r
devel opment, where it acts as an activator
di fferé¢hoingt, i2ddriu2) it al so plays an import a
procesRUNXj2aee was found to regulate the d
pl asmacyt oi dl SHaeenadi2d11.83 ¢ €t 8PIK.6 )\wipil @ty a cr uci
role in antiviral i mmunity and manedi mpleidc a
di s e(aYsed s2a12.0 ; Ketr @0R2nlin t he MR&ANDXRe nee ,washe
found to play an i mportarftvar él @@®d0@nNcatrheg T
|l ohg@grm maintenance of ant(iOdieesa IRaA0MeBMdh g CD
identi fROMX®Raon bef r el at ende dtioa ttelde niammuree o f
proliferation of CD§+Aals tceed [MC$BBaSf)toenre AoX itnhfe

gen€dAhfd4B t hat encode for the compl ement

protein involved in the c¢l as(sWanag & altihuwa2y0 :
The compl ement system is involved i n severe
and elimination of pat hogens, the clearan

i nfl ammat ofDumlkslphbeasgasr RidSbhogwgs 2Pr1Of)erenti a
to the targets containing freéSamieifoeadlrio u

1985)with a role in the cll®admcas da® 9.6jT htehe |
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defici@hBRygs obeen found to cause | ess effec
resulting in the deposition of thesekeompl:e
et 2®#I0.1)AD has been defined (@St alnze mdnukaea cenm
thus, the deltheemtei o ofhitshest udy may rel ate
These three genes were also detected by th
response of Heni RRI2ZI4gwhAIDch i ndi cated these g
roles in the i mmune response of mink to AD
6. 4Ca2ndi date Genes for | AT

A total of 44 genes were annotated from t he
in this study. AMdMRS BhEANA wewoe greenleast,ed t o
system pr oocle andbHahpl Be&RS fglelnfe, which i s als
the nucloRaredapgt divamgR®OMAd)wars i denti fied in
system and 6 RateettalbetB?;se¢lteah®dY8 )Thi s gene was
to be related to the produ(cGuemti@dQB8MNmuno
Hypergammagl obul inemia is onMdeotorl®EB.2t ypi C
Willetabh®IgG5)and thus may exXpbHRSRHEkehAei det eics i ¢
Thd@ NFRSFddmie has been determi ned as t he

osteopetro@Gseemi2@io.&ankBal 2zdlaAdadovever, whet he
could causd agskdl dtsasslues i s unknown, which i
futur@dwddhefound to have a greater affinit.)
i mmune c 0 nplweXxH&.4 ; Secthl1l®I18.2y | &t d®BBgt hus, th

hypergammagl obul i nemia caused by AD, whi ch
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class of immunogl obulins [Cylgelnes ma sc alelt®,ct
| AT.

6. 4Ca3ndi date Genes for DOF

A total off d08tnod ebnee sr ellearteed t o DOF in this s
ADCYWHhGOUNDPR2 were found to be associated with
i n humaADCY#&rme was found to be associated w
st ufd Beesth2®I11.0; etM2d®dIRQ.1)I n t heADhe¥ams i amesoci at ed

depression i n (rniiesta 2a010.6 ; h\Wanl@dyestrnf2a0l 1.2 )wh i ¢ h

indicates the | ow@rosapgpeatei f@aronfs miaryk bien cA
di sorder. However, the relationship betwee
which is worth f u€CKNBDIRB2e nien weasst ifgoautnido nt.o Tbhee

product-l aopbehWNI @0 aresteaBall.5)whi ch has been |
suppress f dddt R#&l222n nmiacdedi t i on, sever al ant
BROFBXQOR2IPKB NI XL18kdNT,4Bvere rel ated to met
(Fi ®pdrand6IJabl eeed intake is influenced by
signals that are regulated by the(Mebdbol i
& Ramsay 2011; Akl eal228300HMys AldADrmay affect
frequency or appetite of mink by affecting
explore.

6. 40vderrepresentations of -@Candi date C
A tot al of fviavleu es<i0g.n0i 5f)i coavnetr r(egpr esent ed GO
four cellul ar componentcsomg ITédmRd mawanyp | €8,/ C!

convertase compl ex, MHC ¢l ass | peptide | o
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one mol ecul a# yfpen pteipanm deABCansporter- actiyv
G (T&édb)l.e Among them, TAP (transporter assoc
MHC (major histocompatibility comp#egwle cl a
(AToPi ndi ng cassette) peptide transporter |
i mporbaes in the adaptive i mmune response ¢
cells. The TAP complex i s a supecrifad mirloyl eo fi
the processing and presentation of the MHC
antigenic peptidlegmpbo€PBescyghdtexent ially
of wvirally or mal i(gAnbaentel y& tTRampRf &rI®edd; | gelr |
Lehnert & Tamp® 2017; TReeces$s!| &l damesam20e7Y)

AMDYV i nfection has mootf abre e na npdr otpheer |dye tdeecftiino

may help further research into the cellul a
is an essenti al component o f t he compl e me
mechani sm present i nt tpet (bdymokdes | pblearsgnear t& Sco

Okreotj2®112)The -cbmpbpmdihtway C3/ C5 convertase
activates the proteases C3 and C5 converta
The cleaved fragments can attract phagocyt
for ielatimnon by (pPphbakekbhéeéonges &eBo2a04l.220VH 6 ; 0]
presence of i mmune complexes could activat
i mportant rol e i n c(lSaarrman g& iWanmudneel @aolmd ;| Meaxr es
Jieat 2a012.2)The detecti-ooamplf erachetway a€381 €8l con

compl ex pathway may be related to the res
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formation of i mmune complexes caused- by AD

infectedhemem&®!7.2; Porter & Cho 1980)

6. 6Goncl usi on

| n tthe si s, clh adpltlermi nk-poai siede i haainl ADy wer e
GWAS to detect potenti al SNPs and genes re
mink to AD. A tot al of 17, ei ght and seve
associ athe &3, W SIAAT, and DOF, respectively. Ar
genes annotated from t-6g shgee fjgaéida 56 BNPs| |
RUNX2 £ mi ght have | mpemetda mtt erdo Ireess piom sierman
infect TOMRSHWDE4A of the 44 candidate gene:
al so found to be involved in the i mmune sy
were annotated I nNADOBNCHEDHE2 wewoeof et hemd to
or appetite. The newly detected significan
thesi swobhdgt @movide a better understandin
bi ol ogi cal mechani sms umwherclhy ionf eAD raens iolpip

i ncr eaisliinegn cree sof mi n ka stsoi sAtDe du/sg enngo nmacr kseerl e ¢

149



Table 6.1 Descriptive statistics of four studied traits.

Traits! Number of records Mean SD Range Ccv

ELISA-G 1,057 -0.167  2.296 -4.951t06.814  13.749
IAT 1,319 0.122 0.532 -1.4961t01.991 4361
DOF 1,269 0.002 0.018 -0.054t0 0.064 9000
Varf 996 -0.067  6.264  -20.261t019.797 93493

ELISA-G = AMDV-G based enzymlinked immunosorbent assay test; IAT = lodine
agglutination test; DOF = Proportion of géfed days; Varf = Variation in daily feed intake;
SD = Standard deviation; CV= Coefficient of variation.
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Table 6.2 Summary information of significant (gq<0.01) SNPs for enzymieed
immunosorbent assay test, iodine agglutination test, affe@dfdays traits.

Physical
Chr position -log10 Allele Allele
Traitst 2 (bp) (p-value)  frequency  substitution effect % dEBV?

ELISA-G 1 91,348,258 3.772 0.695 1.309 0.048
1 91,563,695 4.068 0.708 1.400 0.055
1 119,668,108 4.112 0.683 1.552 0.068
1 121,737,422 3.817 0.692 1.685 0.080
1 121,755,885 3.961 0.691 1.711 0.083
1 121,873,249 4.045 0.683 1.658 0.078
1 121,899,199 3.916 0.692 1.702 0.082
1 121,970,625 3.862 0.691 1.693 0.081
1 121,976,198 3.862 0.691 1.693 0.081
1 122,009,542 3.983 0.693 1.723 0.084
1 122,459,883 3.928 0.692 1.710 0.083
4 5,758,929 4.664 0.917 -1.685 0.080
6 39,873,751 3.895 0.914 -1.584 0.071
6 39,952,440 3.823 0.887 -1.348 0.051
6 39,973,150 5.030 0.912 -1.819 0.094
6 39,976,387 5.000 0.913 -1.823 0.094
13 149,480,595 5.670 0.733 -1.166 0.038
IAT 2 13,247,909 4.316 0.935 0.359 0.111
3 133,845,792 4.612 0.924 0.366 0.115
3 133,851,626 4.563 0.924 0.363 0.113
3 137,464,576 5.179 0.906 0.339 0.099
3 142,608,584 4.386 0.906 0.318 0.087
3 142,738,773 5.677 0.898 0.352 0.106
3 142,775,506 4.348 0.906 0.316 0.086
6 185,881,210 4.026 0.914 -0.313 0.084
DOF 1 296,396,353 5.640 0.876 0.010 0.082
1 296,406,380 5.722 0.878 0.010 0.084
4 223,648,486 4.213 0.908 0.009 0.067
5 155,691,399 4.141 0.517 0.006 0.029
11 201,098,313 4.194 0.853 0.008 0.048
11 201,105,005 4.223 0.835 0.007 0.044
14 38,377,828 4.284 0.893 0.008 0.052

ELISA-G = AMDV-G based enzymlinked immunosorbent assay test; IAT = lodine
agglutination test; DOF = Proportion of ged days.

2 Chromosome.

3The percentage of dEBV variance explained by the SNP.
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Table 6.3 Significant (g<0.01) SNPs and genes annotated from the significant SNPs for dimkgdeémmunosorbent assay test, iodine
agglutination test, and oféed days traits.

Traitst

Chr

Physical
position (bp)

Start

End

Annotated genes

ELISA-G

1

1
1
1

91,348,258
91,563,695
119,668,108
121,737,422

121,755,885

121,873,249

121,899,199

121,970,625

121,976,198

122,009,542

90,998,258
91,213,695
119,318,108
121,387,422

121,405,885

121,523,249

121,549,199

121,620,625

121,626,198

121,659,542

91,698,258
91,913,695
120,018,108
122,087,422

122,105,885

122,223,249

122,249,199

122,320,625

122,326,198

122,359,542

SUPT3H
RUNX2, SUPT3H
BRD2, COL11A2, PSMBS8, PSMB9, TAP1, TAP2

ABHD16A, AGPAT1, AIF1, APOM, ATF6B, ATP6V1G2, BAG6, C1H60rf47, C2, C4A, CFB
CLIC1, CSNK2B, DDAH2, DDX39B, DXO, EGFL8, EHMT2, FKBPL, GPANK1, LSM2, LST
LTA, LTB, LY6GSB, LY6G5C, LY6G6C, LY6G6ED, LY6G6F, MCCD1, MPIG6B, MSH5, NCI
NELFE, NEU1, NFKBIL1, PPT2PRRC2A, PRRT1, SAPCD1, SKIV2L, SLC44A4, STK19, T
TNXB, VARS1, VWA7, ZBTB12

ABHD16A, AIF1, APOM, ATF6B, ATP6V1G2, BAG6, C1H60rf47, C2, C4A, CFB, CLIC1,
CSNK2B, DDAH2, DDX39B, DXO, EHMTRKBPL, GPANK1, LSM2, LST1, LTA, LTB,
LY6G5B, LY6G5C, LY6G6C, LY6G6D, LY6GEF, MCCD1, MPIG6B, MSH5, NCR3, NELFE
NEU1, NFKBIL1, PRRC2A, PRRT1, SAPCD1, SKIV2L, SLC44A4, STK19, TNF, TNXB, V/
VWA7, ZBTB12

ABHD16A, AlIF1, APOM, ATP6V1G2, BAG6, C1H60rf47, C2, CFB, CLIC1, CSNK2B, DDA
DDX39B, EHMT2, GPANK1, LSM2, LST1, LTA, LTB, LY6G5B, LY6GSC, LY6G6EC, LY6GE
LY6G6F, MCCD1, MPIG6B, MSH5, NCR3, NELFE, NEU1, NFKBIL1, PRRC2A, SAPCD1,
SKIV2L, SLC44A4, TNF, VARSIWA7, ZBTB12

ABHD16A, AIF1, APOM, ATP6V1G2, BAG6, C1H60rf47, C2, CLIC1, CSNK2B, DDAH2,
DDX39B, EHMT2, GPANK1, LSM2, LST1, LTA, LTB, LY6G5B, LY6GSC, LY6G6EC, LY6GE
LY6G6F, MCCD1, MPIG6B, MSH5, NCR3, NEWEKBIL1, PRRC2A, SAPCD1, SLC44A4,
TNF, VARS1, VWA7, ZBTB12

ABHD16A, AIF1, APOM, ATP6V1G2, BAG6, C1H60rf47, CLIC1, CSNK2B, DDAH2, DDX3
GPANK1, LSM2, LST1, LTA, LTB, LY6G5B, LY6GS5C, LY6G6C, LY6G6D, LY6G6F, MCCL
MPIG6B, MSH5, NCR3, NEU1, NFKBIL1, PRRC2A, SAPCD1, SLC44A4, TNF, VARS1, V!
ABHD16A, AIF1, APOM, ATP6V1G2, BAG6, C1H60rf47, CLIC1, CSNK2B, DDAH2, DDX3
GPANK1, LSM2, LST1, LTA, LTB, LY6GSB, LY6GS5C, LY6G6C, LY6G6ED, LY6G6F, MCCL
MPIG6B, MSH5, NCR3, NEU1, NFKBIL1, PRRC2A, SAPCD1, TNF, VARS1, VWA7
ABHD16A, AIF1, APOM, ATP6V1G2, BAG6, C1H60rf47, CLIC1, CSNK2B, DDAH
DDX39B, GPANK1, LSM2, LST1, LTA, LTB, LY6G5B, LY6G5C, LY6G6C, LY6G6
LY6G6F, MCCD1, MPIG6B, MSH5, NCR3, NFKBIL1, PRRC2A, SAPCD1, TNF,
VARS1, VWA7

2
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Table 6.3. Continuous.

Traits' Chr  Physical position (bp) Start End Genes
ELISA-G 1 122,459,883 122,109,883 122,809,883 C1H60rf15, CCHCR1, CDSN, DDR1, GTF2H4, MUC21, POU5F1,
PSORS1C2, SFTA2, TCF19, VARS2
6 39,873,751 39,523,751 40,223,751 CHMP2B,POU1F1, VGLL3
6 39,952,440 39,602,440 40,302,440 CHMP2B, POU1F1, VGLL3
6 39,973,150 39,623,150 40,323,150 CHMP2B, POU1F1, VGLL3
6 39,976,387 39,626,387 40,326,387 CHMP2B, POU1F1, VGLL3
13 149,480,595 149,130,595 149,830,595 ADAMTSL3, EFL1, MEX3B, SAX02, SH3GL3
IAT 1 102,821,396 102,471,396 103,171,396 BAG2, BENDG6, DST, PRIM2, RAB23, ZNF451
1 162,209,141 161,859,141 162,559,141 ARF1, C1H1orf35, GJC2, GUK1, IBA57, IMJD4, MRPL55, OBSCN, PRS!
SNAP47, TRIM1ITRIM17, WNT3A, WNT9A
3 133,845,792 133,495,792 134,195,792 CDH19
3 133,851,626 133,501,626 134,201,626 CDH19, PHLPP1, PIGN, RELCH, TCF4, TNFRSF11A, ZCCHC2
3 137,464,576 137,114,576 137,814,576 PHLPP1, PIGN, RELCH, TNFRSF11A, ZCCHC2
3 142,738,773 142,388,773 143,088,773 TCF4
DOF 1 272,488,827 272,138,827 272,838,827 GRIAL
3 128,189,409 127,839,409 128,539,409 C3H180rf63, CNDP2, DIPK1C, FBXO15, TIMM21
7 32,578,011 32,228,011 32,928,011 ADCY7, BRD7, CNEP1RHEATR3, NKD1, TENT4B
10 59,705,959 59,355,959 60,055,959 ACBD3, ITPKB, LIN9, MIXL1, PARP1, SDE2, STUM
11 207,436,868 207,086,868 207,786,868 ERICH1, FBXO25

ELISA-G = AMDV-G based enzymiinked immunosorbent assay test; IAT = lodagglutination test; DOF = Proportion of défed

days.
2 Chromosome.
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Table 6.4 Significant (false discovery rate adjustedgue<0.05) functional enrichment of candidate genes detected from enzyme

linked immunosorbent assay test trait.

Gene ontology term GO ID Annotation set g-value
TAP complex 0042825  Cellular component 0.002
Classicalcomplemenipathway C3/C5 convertase complex 0005601  Cellular component 0.002
MHC class | peptide loading complex 0042824  Cellular component 0.006
Extracellular region 0005576  Cellular component 0.007
ABC-type peptiddransporter activity 0015440  Molecular function 0.014
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Figure 6.1 Frequency distribution histogram for AMD® based enzymknked immunosorbent assay test (ELK&A, lodine
agglutination test (IAT), proportion of ofeed days (DOF), and Variation in daily feed intake (Varf).
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(Mb). Color index indicates the number of labels.
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Figure 6.4 The pie charts of functional classifications (molecular function, cellular component, and biology process) of candidate genes
related to significant (q<0.05) SNPs for AMBY based enzymknked immunosorbent assay test (ELFK&, iodine agglutination test
(IAT), and the proportion of offeed days (IAT).













































































































































































































































