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Abstract

Asian seabass (Lates calcarifer) is a coastal aquatic species, and it is economically important
species in Thailand. To date, Asian seabass farming in Thailand is facing several challenges including disease
outbreaks. One of the increasingly important diseases in Asian seabass is infectious spleen and kidney
necrosis virus (ISKNV) which can cause substantial mortality up to 50%, leading to significant production and
economic losses. So far there has not been a study on the possibility of selective breeding for higher survival
to ISKNV outbreak. The objectives of this study were to estimate additive genetic variance using REML,
heritability for binary survival and survival days to ISKNV IP challenge test for 45 days, as well as estimated
breeding values in 1,035 Asian seabass from 39 families. The heritability estimate for binary survival (alive =
1| dead = 0) was 0.285 (SE = 0.12) and for survival days was 0.238 (SE =0.10). The common effects to full-
sib families (c?) were low for both traits (0.10). The additive genetic standard deviation of binary survival
was 26.8% which was 50.6% of the trait mean, indicating high genetic potential for selective breeding in this
population. Selection on BLUP-EBVs for binary survival resulted in higher average survival by 25.4% per
generation. In conclusion, this study demonstrates, for the first time, the possibility to improve survival ISKNV
and reduce production and economic loss by genetic selection based on BLUP-EBVs. The economic impact

of using genetic seeds from this breeding programme run by Department of Fisheries, Thailand is estimated

to be 155 million per production year.

Key words: Asian seabass, economic impact, heritability, survival to ISKNV, variance components
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2.1 NUNY9NTD ISKNV
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S(tr) = S(tr—1) X P(T > t(p) [T = ()

Taofian $(¢,) Ao Anuunaziuvesnisson a ganaiAnmannsme (Failure time ty) S(tr—;)
fio muunazduresnssen a gananewinmnnIe (Failure time ty,) uaz P(T > t) |T = t) fio A1
unazidunuuiifeuly (Conditional probability) ¥e4n1550ARNY 4 9ALIAN T Tnefidoulunosseameniurisian
V?ammumﬁaqmm 1) sndunisusznamenesndulunissennevesurazaseundslu R program wey
ﬁgqﬁ’lﬁ’lmmﬁwzLﬂusuauwiazmam%’amﬁwLauaiugﬂLLUU Kaplan-Meier curve ﬁdﬁﬁaﬂisuﬂthﬂaﬂuﬁ’lﬁlzLﬂu
YeIn1ssenneLiy non-parametric msmifiunmsnegeuiialFouiiou Kaplan-Meier curve PBWARLATOUATIT
fdnwaguns curve Mnfloutulumsadanioly 34l838n13 Log-rank statistic TusUnuunisiu3suiiisunans
AseunT? lnedmageunisaniaziinisnszanesiniu chi-square distribution Inefisysuanaududase (Degree of

freedom) WAUIIUIUATBUASINIUUAAUAIY 1
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ﬂﬂlayjamsiammmawmﬂzwwnﬁﬁm-ﬁa ISKNV dn1sduiinlusuuuusiaaesndn (binary)
ﬁwmumiﬁsﬁa%ay)a 1 WufssyaniugUanfigalidin uay 0 Wufseyanuguaniione ﬁLaa’]nﬁﬁ’uﬁn%asga M 90
i 9nmsiesien Kaplan-Meier curve m;mmguvl,mydﬁuﬁ 35 MdINN55ULED ISKNV Lﬂugmﬁmmﬂiﬂmmm
é’ﬂwmﬂﬁﬂgﬁmL‘Jﬂﬂgmgaﬁqm \esandnsimssennie (52.9%) vesUszansilailnades 50% ﬁammﬁl
ﬂmz@%’ﬁﬂﬁa;ﬂa f a;mamﬁ 35 fwé’amiamL%@‘LumiLL&Jﬂanﬁ’dizﬂaummLLﬂiUiunWQﬂ’uQﬂﬁiuaaﬂawﬂmm
WUsUTIUWRI8RIINNSENANE UBNING Srazaniivansenny (survival time) Tngfiansanainsruuiudfivaisen
mendslasuite dudnwueusngfifinshuiuenesaussneuanuuususuUsudisusudnusaedidu binary
survival a8 NM5TATIErnIsLenesnUsenaunuulssulalumanisadnenans animal linear mixed model

Faduaun1snifiesnusznovvestadeivun (Fixed effects) wazBvidwauuuau (Random effects) Tuaunisideaiu

Yijk = U+ tank; + agj + fi + ey

Tagil Vijk e anwarUsIngluguluy binary (seAn3en1y) n38388sLIa1N1558AANY (survival day) U89
Adidsluddud 1 dlasunisadlveyludmagouitef " snaneaseunsad k"
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tank fe Tadutmunvesisilslunmsvaaeunsiuide ISKNV

Ajj o dvEnavesiadugu (random effect) voadslidinunazimie animal effect waziinsnszane
s N(0,Ac?) Iy A fim numerator additive relationship matrix
fi fio Bviswavesadugu (random effect) vosdawrnaonsalusesy full-sib family uazdinig

nszaednu N(0,107) lae | fa Identity matrix

eij Mo dvidwavestadugu (random effect) vesauiiaunisluamnsasduiela (residual) waziinis

nszemnu N(0,Io2)

AsweneInUsenaukUsUslITN1SUSEINAWUU restricted maximum likelihood (REML) Tu

ASReml v4.1 lagn1sUszananazdugnadile log likelihood dnsidsuudasuesnin 10° ihesnusznauainy
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LL‘LJﬁiJi’mwlmmmmmamwwuﬁﬂiiu (heritability 38 h?) auaunis h? = 3210245
of

AMULUTUTINVOY additive genetic effect (BNENavBIEULUVUINETEL) 6f Ao MuszaaIALLUsUTILYe

dvsnadannasusinneluaseuaii uay 62 Ao MusyanuaIANULUTUTINYBY residuals tagAnuLUTUTILYDS

dnwardsng (65) ndslin1susudninavesdadeimuniianidu 62 + o’°f2 + 62 uazUszunum1dnsna

' 1) ' a\_z

dwInaonsau common effects to full-sib (c2)= TZ-I-AZ wazn13UsEanaan SE annsasiiunislagles
of

Fisher’s approximation Tu ASReml va.1

4.3. MIUTLUIUAIANEAINNITUETNTTY (EBVS)

A1 EBVs dnwaigmstasaiulagnuszananilaglyaunis mixed model equation &ailanuasdi

713 best linear unbiased prediction (BLUP) (Henderson, 1975):

zx 2zl o] = [z

et X (X") Ao incidence matrix (transpose matrix) va3adurimun (fixed effects)

Z (Z') #9 incidence matrix (transpose matrix) %adﬁﬁ]ﬁﬁz‘ju (random effect)

y A9 vector Y0IUMTNFAIVAINZNIT7
B fa vector Y09iIUTELNIABVIENATITB AN
u A9 vector vaUsTINUANANEAMNISRUGNTTY (BLUP-EBVS)

A™'  fe inverse matrix 83 numerator additive genetic relationship matrix vesdedidinnnaly

Jseung

., ad 1-h?

= . = 1 e N
A A9 shrinkage parameter 4ANYVINY — 139
oé hZ2

Nan15ANE
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Tuanuwes binary survival (580 = 1| a1 = 0) Yanensun 39 aseuads faadevesnissen
a1 (52.9%) Tnaides 50 9% lutuil 35 udanlasude ISKNV uazdarudonuunnigiu 49.9% mnRarsun
SnuarITeEIAIN15T0AMIY (survival days) WUI1ALRE BE8zIaINTIeAREA NI 3.4 YU uazdiadu
Deauunnsgiumiu 7.04 Yu arduuseanianuulsusiu (V) vessseznanmsseamediaumiy 20.48%

nsnadeUMSEBNSUNSARTD 45 Tu awmalnUaingwendisnsnisseamemdeliivs 0.48%
Tuvauziishnisseaneluiuil 42 wdnsseusuidediniads 19.0% wazdaruulsuslussiuaseunsadsd
fiugnssuiunnansiu Tnonseuniafiiisnsisengsandl 61.0% uazdidnssensian 0% vefadnenwlunissenme

MBN1AALY D ISKNV luu1easeuasinganintnsauadidu (Mani 1) dmsudnuaeszeziiain1ssenngil
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anuwUsusluseduaseuniiuazaseuninisveziian1sseamegeigaiinadewmidu 41.1 Tu uasdanaie

ATOUATIANGER 27.5 Tu (AN 2)

=]
'S

Proportion of survival to ISKNV at 42 days post challenge test
o
[

Full-sib families

AW 1w IUNaYesdRaIuNNTIeRme 42 TunaenisTule ISKNV Tudaingnav 39 Aseuasy

wwnmmm% ot

N
o

w
o

N
o

Survival days to ISKNV challenge test

10

Full-sib family

AW 2 Box plot WAMINIINITZNBAIVOITZELIAINITIONNE (survival days) U8sUaInEnevId 39 ATEUAT)
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2. F’]']']JJU’H]%Lﬂu‘U@ﬁﬂ’ﬁiaWﬂ’]Eﬁﬂﬂﬂ’]iﬁﬂL‘?]E] ISNKV

nansnadeunsuide ISKNV Tudsyansuatnsnawnasiuau 39 aseunsinunnanatasu
gaan1ssenneiinuuanaafuendiveddynead (o < 0.0001) mmu'wzLﬁu‘uaﬁmisaﬂmaﬁgﬂLLUUﬂ'amTN
mﬁLLaxaQIuwé’uqaﬂiw 0.80 quiiefudl 21 ndnssude AseunivansEnwIuRarAseUASITlERTINITTORANY
anAsuaasEivu 50% funnmnety Inn1sinnsaSeufieudnungves Kaplan-Meier plot #ua1 Aruunazdy
yosnsseameluueseuniaiisnanisanasiiganidiowioudsuiuaseuniadu Tnsssesnaniiduiianluds
auunazidureInissenned 50 % Sy 26 Yu wavsreznateuuTigianAy 42 Tu (Al 3)

wan1sAnwINsiude ISKNY Tnglrguiuumsmaaeuiiiaundudmivlsssnsdaingnenn
Vel saauuana1swesnuansalun1snumun en1siaid o ISKNV @ sratuuanaiad 81911910

AULUsUTINvRdvsnamaiugnssudundn Wewniduanuunnmeesnseunsiinnainenauiunnaaiu

1.00 '|

0.754
= -
E
[+
O
2
I R -
©
=
<
=
w

0.254

p < 0.0001
0.004
0 5 10 15 20 25 30 35 40 45

Time in days

Al 3 uAn3 Kaplan-Meier curve Tasasauniatangmena 39 AsounsilumsvndeunTzsennIeaNnIssude
ISKNV magi3sn1sinide namimasiauunuanuunaziduresaseuniafiuanmadu
3. aﬂﬁﬂizﬂa‘ummLLthlJiauLLawﬁWmﬁLmagwﬂaﬁuﬁqﬂiim
AMLLUSUTIUMNTUGNTTY (additive genetic variance) ¥B4 binary survival (5em = 1 | #1g = 0)
fiuszanmAaes REML Sa1niu 0.072 wie 7.2% Tumherhdass faduaudsauunnsgumeiugnssud
Ay 26.8% Aaudu 50.6% vesanads TudumfuanddmiiuisdnenmnmsdeunUamaiugnssuiigannly
Uangmaw (1157197 1)‘Luﬁau*’uaam'mLLUiUsaumaﬁuqﬂﬁmm53&13Lf;mmsﬁammaﬁéfu,vhﬁ’u 11.79 Julu
viefdsaes ﬁaﬁguéaw,ﬁENLuuuwmsgﬂuwwqﬁuqﬂiimﬁﬁwwhf"fu 3.43 Yu Anwdu 9.98% vesaniade Fuduandi
wandlitudsdneamnaBeunlameiugnssuiiuosndnuag binary survival (11316t 1)
dwiumdnsiugnssu (h?) dnwng binary survival (580 = 1 | ane = 0) fiAniu 0.285 (SE
- 0.12) uazBvBnaAIINADNTI common effects to full-sib (¢2) FAMu 0.01 (SE = 0.08) Tusuvesdnua
syepIIaINTIenIY SnaugnaTuiAnIy 0.238 (SE =0.10) wasBvdnadswanaeusaudianumiiy 0.01 (SE =

0.03)
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A15199 1 29AUTENOUANNLUTUTIULALENIITUGNIIUAN YL binary survival (58ANTEANY) WAL ELLIAINTS

50AA1Y (survival days) 29nn155ULe ISKNV Tuvaingnena

Anwu 62 G2 62 55 h? SE c? SE
Binary (fea = 1 | @18 = 0)  0.072 0.178  0.002 0252 0285 0.2 0.01 0.04
328LIAINITTONNNY (T1) 11.79 3731 0522  49.63 0238 010 0.01 0.03

a. p@nenmNeUsN TN (BLUP-EBVS)

A" BLUP-EBVs w3dnualz binary (8¢ = 1| 18 = 0) An1snszanedaluguuvuuni (normal
distribution) fauansluniwil 4 (§18) A1 BLUP-EBVs geaniinninidu 0.5015 (50.15%) fandigamiu -0.4344
(-43.44%) uazdiauadsnifu 0 a1 BLUP-EBVs flanuidsauunasgiumdu 0.157 (15.7%) arudeauusnnsgiu
999 BLUP-EBVs figaustiinanimnisilfsuuasmaiugnssurunszuaumsdndon tasannisdnidenaadidiniid
A1 BLUP-EBVs #ifiangenan 15D wunaskaludnsseamegudiutulasiads 25.4% sogu Sudunsideuwvanmma

WugNITUNgeDa 48.03% Y0IARRYNITTEAMENAINITTUTE 35 Tu

A1 BLUP-EBVs 994d nwaz 52 8812a1n1550a01880 11903291823 Unuuund (normal
distribution) fauansluniwil 4 (¥21) A1 BLUP-EBVs geaailamniy 7.36 Ju fasiaamiiu -6.44 Ju uagd
ALaAEYU 0 A1 BLUP-EBVs fauideauumasgiumidy 2.18 $u Tasannsdndendsdldinddien BLUP-EBVS
fiflangenan 15D nunassalvszernamIsseanefingstu 337 fulasiode SadumaudsunUamisiugnsy

9.8% w9 RdYsTEzaINssannglulanenMnlasuldienasn 45 Ju

dyluaziansalia
m'ﬁﬁﬂwﬁiﬂumiﬁﬂmLLsﬂﬁuaastLwﬂlmﬁﬁmsﬂszmmﬁwé’mwﬂ’uqﬂﬁmLLazﬂ'wﬁﬂam‘wma
ﬁuqnsmé’ﬂwmzmisammamﬂms%’m%a ISKNV Tudannensens aannisauenatsisnisssdunuenivalan
wundslufinsinwlarenemUssanuadnsitugnssuniensuiulgaiugdnuarilulanswauminneu
Tunﬁﬂﬁ’wqaﬁuﬁ:é’m{ﬂf’] N1959AR1Y (survival) Lﬁuﬁﬂwmzﬁgﬂaﬁmwﬁa AR unulsn
(resistance) AunuUNIURelsA (tolerance) Tonnalunis$uid o (susceptability) uaZN15UNS N5ENBVENTE
(infectivity) § s ulumundnvesnisszurnine, (epidermiology) ﬁuaqé’mfﬁgﬁﬁﬁmiaau'smﬁ’uszmlm host 7l
Uﬁﬁuﬁugﬁm%a (pathogen) melnannzvseduinasumils (environment) fafu nstnfionwesdnua (traits)
ﬁﬁmiﬁﬂwﬂuﬂ%ﬁfmﬁmmﬁﬁmasha@'q Snwasdifinsanuridesdnuae taun binary (sem = 1 | e = 0) wag
aﬂwmwiumnmmﬁﬁammamuLﬂuﬁuauamﬂmﬁﬁuwa ISKNV 283Uannenauinunsaniuy IP injection dsiela
ilnsvaduneunissrunluaiues susceptabmty (wag prevalence) LuE]ﬂﬁ]’]ﬂL%@L‘U’]ﬁiNﬂ’]?JIﬂEJmN Faifu
AURUSUTILT mmJmwuaqﬂumwmmﬂmwaq resistance 4 awuaauanIsaves host lunisansiuiy
pathogen load Tuaaueil tolerance 1umuaansaves host lunmsanransynuves pathogen fiflne host foﬂl?u

@

Uanensrnfin1ssenmeuanA 19 Ue1ainlAINANULANAI9YBY resistance Wag/%39 toleance U84 host UnazAI

lunmsfnwiasilfefenudnuaen1ssenneann1siuidie ISKNV ilesnluaiunsassunsenentniinissennieu

L\IMR1A resistance 158 tolerance Lg9a8N9LAYD
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300

count
count

100

-0.50 -0.25 0.25 0.50 -4 0 4 8

0.00
BLUP-EBV for binary survival BLUP-EBV for survival time (day)

AN 4 (118) N13N52ABAIVBY BLUP-EBVS dnwauz binary survival (s8a = 1 | ag = 0) taz (¥71) N13035227860

Y99 BLUP-EBVS 8NWMEIZELIaINITIONANEYDIUANNENIVIITIUIU 39 ASOUAS?

Wendiluneiin1ssenunsinwdnsiugnIsuvsednen MM IiugNssuaNYMLN1IIonAY
WHINIFULTR ISKNV Uannzswemianneu imluaninsanlSeuiisudasiugnssuiunsfinwneunuile senslsing
gnsugnssuniinisenuluns@nwiasal (h” = 0.238 fi1 0.285) dATlnalAgaiudnsiugnssu (0.15 §1 0.23)

ANBULNITNIBNEINITTULT @ viral nervous necrosis (VNN) Tu European sea bass (Dicentrarchus labrax L.)

v
o =

(Faggion et al., 2021) N4N156

1Y

nwlu VNN wazn1sneibu ISKNV waaslmiiudsnnudululavesnisusuuseiug

Uanngnaunvasnglviionsisenainnisindia ISKNV La

mia%mwmmLﬁulﬂlﬁmaﬂmiﬂ%’wqﬂﬁuﬁ: anInfisanmAneAIMMeRUgNSTL (BLUP-EBVS)
Y93dnwalE binary survival (590 = 1 | 918 = 0) LAaEANYULIHLIAINITIOANIY (survival days) Fakaosdnuas
ﬁuﬁmmamﬂﬁﬁuﬁqwamauauaamiﬁ’mﬁuﬁ: Tngdnsnseameannsasiudulaeade 25.4% m'aéu (48.03% 04
ARABNNSIRRY 35 ) LLagizwnmmiiammmﬁmqaﬁu 3.37 5"1461'@5;14 (9.8% YOI AR TLHLIAINITTONAE
Twmnsnamiilauidonasn 45 Ju) 5@1@7&%%53%msm?{auLLUaawwqﬁuqﬂssmﬁﬁﬁﬂaE“J"Iummszﬁﬁqa uenaNil
AMUANRUS U8 BLUP-EBV 9038 nwauz binary survival (589 = 1 | 918 = 0) wardnueszeela1n1550an1Y
(survival days) aglusUuuuiBaaunsa lasan Pearson correlation wilna 1 (0.963) Uslmidiufsnuduldlaves
nsARLABNANEME binary survival (59a = 1 | #18 = 0) LAze19dWaneNANLEBNNISeeN (indirect selection)
SnuaizsTezaINIIennY el MInageunsiudeenlysreynanduas (Uszana 10 $) fadunisuszndn
sudssnadlumsvageunsuide il mﬁmimaam’fwﬁaLﬂumiﬁué’ummé’uﬁuémaﬂ’uqaﬁimzmwé’ﬂwmz

PagadluUszrnsUaInemev?

nsUspduNansEnudaAsugAansveIn1smzidesUainsnavnilaglygniiug S i inau
nsusudsaiugluewan aunsalvveyaadansudseuaidnisyenululd 2565 mnuwnnaiadaingnivieyi
Uszana 1 Alansy Purudafdnisudnuigaainazdusesnin 45.4 a1uf7 AMU51891U09 @0 1UNTUAUAN

Uanenarazkandunlugie 3 insunsnvasd 2565 lae §Aun 1Beauni wunsanainlainenasnilagnde
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Uszanni 136 vmmeilansu definmslygnitugmnnaudssaduemnaslunss@naneneun 4.5 a1ush luantunsadid
ﬂ'lﬁ%U’lfﬂ‘UENL%EJ ISKNVﬁalqwaiﬁLﬁmmima 50% mmmammiqmtﬁaﬁm 2.25 éyﬂuéh Lﬂugzyl,ﬁaﬂixmm 1.11 ay’m@h
yieannsnanmsgaydeln 15545 auum wanszvudaasugmanstinisiuusmuuoug ifug Aifnamsdedas
nwnsng SnvmsUssdunanssudaugmansiiiunsussfuuureny msinyrenssnuiBuasygmans Seensiing

siunsaruuiuMIAgeUNaLTUT YNy iegnitugd v evesnstuszidueAnmaly

Tnwagu msfnwadsiinunusssnsuangmeniiasnaulnensussusddnenmmeiugnssy
Snwmennsseameannsiuide ISKNY waziadnswiugnssy 0.238 f 0.285 nsfaidenasdan BLUP-EBVs
o19asNalnnssenmeistulneiods 25.49% aogu Msdamsguamdainunszuaunsuiudssiuglulaingm
ymansnamansznuiuasgialusnadefinanszaeiugludunumns uazansnsnisaapdelusenang

nsizlassUaingnenla

AvBUAN
n1sfnwllasuyuatuayun133de9in Utilization of Thailand Local Genetic Resources to
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