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SO ER R EA I 4 AN E R S

I L % S B Sl T e
I OEY BRXBY & 8
(1. BWRRPERK™ S5 EBE  BifE 2013065 2. W/KIRAEAEY) & -5 AT RpEE ™ I 4 [ H R S0 g &
DK R E BT B BB K B IE T ILAK W 2660715
3. INARAW M EY A SR EMELTRE IR Hi 266071

HE vh- 2 K9 H (Vibrio harveyi) & 5| #2 $1 SUEE B 87 (Plectropomus leopardus) B} & 777t £ %
BRW, B4 6—8 AXRFENGE, "TERWN T RS MARALNTHFEZL L. FHib, FFIREMF
RRSERY RN EE R, W IFHENNERY RS ERNERE LY, AR ETHEEEE
MHBRSASUMAWENEEAFLZKXRAENE, #A 4 HEEBLM, BTM, LLM 1 LTIM)# 4 7
2 FhdR R ALK B R, TDS; Z LA iE Ik, TS), I H 4 fa& A4 EREML) & 7 %
oo BN, MOERETIAERINERE A A 0.182~0.486, B &t ik, ity
%4 0.071~0.262, H o, FF & M A (BLM f1 LLM)f& & 09 3% 4 4 451 4 0.382 #1 0.476, | A [
A A (BTM F2 LTM)f 5 8935 1% 7 %1 & 0.182 Fn 0207, 3% B [ LA 3 it 3% 5 2 7 32 5 49 L08R &8
FUINHE b o XA BIAE A 6 5 0 25 F 41 B & PR E(GEBV)#EAT A X M, R R A AL L4 Tl FR 470
FRAN, GEBV Z X 2%>09, BTEBREEMLX R, XRAMEHEMKAE LB, FER
LA X GEBV #H 4 ¥R/, M ARBEA G H N GEBY § AR EAH#THA UM NOERE
T, AEEALLM 1 LTM)fEE# GEBV 5% A TS Z |8 48X R #m TR A @A (BLM
BTM), ¥ XA TDS b th K& TS & A AR EA, Wobh, EEMEEAF, #H KA TDS
Fak A TS fE th GEBV 2 A By M % A %< 0.85, LR 2 Ak A w SUT i1 B9 49 8088 B8 v
$#IH GEBV #4 £ —% ., B2 T&KA TDS 54 81 GEBV 5 & A TS 2 [A] By 48 % £ 4K 7£(0.824),
FUAFEF LA TDS Y mEALLMGE LA SERF A ERNERESREAMNE . AT R4
TN ERE T A ERNEZESEAR, INAERFTAERNETRABTRET 5F,
KR mtSE; ®mE WAERE; SERIE

hESES S917.4  TEMAFIREE A XEHS  2095-9869(2024)04-0015-09

SIS IR G (Plectropomus leopardus), XFRAEHT, J& A BE RN Epinephelidae) . #8E" J& (Plectropomus),

* o K PR R A BT ST 8 TR K R BT T R AR 45 9% (20603022021001) [ 58 58 S & 3+ 1(2022YFD2400502) |, B
TR 5 TR ARSI = (D)3 4 (ZIW-2019-06) . 111744 B S0 & 31800 (2023ZLY S02; 2021LZGC028) . 5 & T i
X ARHE I H (2022-2-028-ZH) . 1 E K= R0 52 B AR BHIT AL 55 9 (2020 TD20) Fil 111 73 45 48 111 2 2% 5% 3R 1 ) 4k ]
%, BFFW, E-mail: qushiyu9802@163.com
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Je— M AR ATTEVE RVVE R B K By Tl £ 2 R
PR 200 I AR T 6 S, A AR i ) B A E R 2 5 L
UTAER, FSCHRBR G 1) AR T, R AR 45
MELLE R 2T H KRR oK, iR R ) & A
THRE . BT, A RSS2 R (B,
2011a; Scott et al, 2017), MM EE (LB, 2011b).
NT (LSS, 2011b; FhEF5E, 2013; Sun et al,
2015; #hEBHLE, 202 ) FIHEHE & (Yu et al, 2018; Xia
et al, 2020; RG4S, 2021; Zhu ef al, 2022)%5 77 1 C
AT, J BSOS ) AL N TR B E T
RAF Ry RAl . B 5 S B T N T 3% 5 MR
R, BN | T R DI L 25 7 ) RAH 4k
I, TR TR R (X4 A, 2019), H
i, A YE GO (Vibrio harveyi)5 | i) “R: B ik 1
BT E Rk (5 RS, 2015, E& 5%,
2023), BUH T RPLFRGE P ) — R, Fik, $Eh
o T X S R B R AR Y T RS SR R G
B H SR FYOR R0 & T B g huin
WHEERHBRIET  ZRET . RLFHEATE
B B PUR B R (RIS, 2014; BEERAE, 2020; F T
&5, 2020), filan, RHIZRSCH AR TP K HIEE
(Aeromonas  hydrophila) B ¥ 1 5% # (Cyprinus  carpio
Songpu mirror)(GS-01-001-2008), & TR REF R E M
YL IC AL 4% BR B (Streptococcus agalactiae) 95 & % 3k
a1 (Oreochromis niloticus) i<l 1 5> (GS-01-
003-2014), A KA FIREAR S & 150 FARic il Bl s £4
AREEH WP IE R 75 I (CyHV-3) i 5% 855 o) Fp e
Bl 11 57(GS-01-001-2022), Hi T Hi i 3 R 3K
MRFIRYE , ARG B HORTETEMELIRT I | B3 b e
PUREA . Meuwissen 55 (200 )4 i T FEH 41 sk 11
RS, B E AL R AN BRI T A RN EOR S
Hir, REERRET I -, B2 k84
ARIGE W T 2 APUR & a2 fh, yul gz
1E T (Edwardsiella tarda)f) ¥ W (Paralichthys oliyaceus)
Frih A BT 2 57 (GS-02-005-2016) ., it CFLAE R
BB A Aot 2 1 5(GS-01-004-2018) AT
2 [N 12 3 7 B3 (Cynoglossus  semilaevis) i
“HRl 157 (GS-01-005-2021), MAh, TEIIEET K
Fryfaerh, JEHHEREHAR WA R ERERCR
#1401, Zhao 55(2021)F1 Ik PR 4H S PEHOR G 2 1 1470
J ¥ B2 # B (Cryptocaryon irritans) By K ¥ i1
(Larimichthys crocea)fii &, YiH RTE 96 h HYRRYLTF
T %(59.2%) . 35 155 T X HE2H.(9.9%) 32 5 SUHE 5 A
TEFEARRE, H Aok —xf— N TR
FARHET KR, B, EEARFETREEAKEETS

SRR ST B AN OB R R . HET, Lu %$(2023)
W25 5 ST T B S R S T e A DGR R R 2 e BT
B, NEFPORE R E TR

WL e RAE R h R EE SR, v HERUIH
Bt R B st A% DR 28 D Y L], S il i O SR 4
B S % (EH L, 2013), W, B AET
R TSR RGOS, W5 FAF (201 8)il i H T 22
AR R RN LIRS 25 %, A0 T 2 1 8
UM 4k G 93845 110 0.17~0.36; EAEHEEE(2013)
HALT 60 NEFMER, A5 UL (Oncorhynchus
mykiss) It 1 G4 V£ & I #% B R JE 9§ B (infectious
haematopoietic necrosis virus, IHNV)[1 3514 714 0.34;
T TAE(2016)3 T 46 A6 FARKR, MF T4
BEHTIR 27 ZABAL QR BHE T 018, 1545 T T4
FARARW &, BRET, Wl RS sl bricxs ik
AT R R B RIS BRI R 8L S 800 EA (Mousseau
et al, 1998; Yang et al, 2011), Bl I 7 A 1 FEAK
A% & A H 2 ¥ AT IR £ &5 1% (single nucleotide
polymorphism, SNP)IFAl " ZFh 5556 fa S Hi AR 1)
BAL . W Griot % (2021) R iE T BK W i B
(Dicentrachus labrax)Pi e 4k [N 1Y) 3515 1150 51 A
0.11 (ZMALT)FT 0.20 (I {E R Liyanage 55(2022)
T 70k SNP Al 53 27 B4 fp 25 1 4 10 UL I 4E (viral
hemorrhagic septicemia, VHSV)#igtf% 10 0.18. BT,
BR T Lu S5(2023)FIHBE T /A7 0% 300 R R 5 A5 78
5T B0 SRR B BT e 2 [ 35845 1(0.16~ 0.24)
Fb, 1A DA AR DGR B

1 TR AN [ A AU 22 b R AL, 3524% ) iy Ak
BLE R 22 R IR K (Nielsen et al, 2010; Bangera et al,
2014), it — 20 VP4 54 S 4 0 2 QIR 1Y 35t
LS4, AWFEEET Lu % (2023)FrAR M 798 R HA
Poops FR BRI PR B A S S, A 1211 259 4
i SNP ML AR o R, R 4 Fpg
RUG 2 o R AL, Sl # /T ASReml-R 4.0 f%%
J7 ZE 5y FIEFME, LU A 59 SO e i 24 QIR
RFpEFREEIES%

1 #MRIERFE
SR A

ASHIFFE i A S0 S e 3B FT L 2R 3 M B i K ™
A BRZS R R R AR B AR A BR AR, 3t 800 B
20 Y I N TR AL S A R A F e, )
AT T 798 J& HAT AT K Y 1 5 SRR 4 £
JH T F e DR 21 PR 5 56 2R LR (G L ) Y SNP U

1.1
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1211259, o, FFAMEIE A0 50 S BRI a5 A i 1) 7
PREENE | YL SIS S5 B SNP A . R AR W
Lu %5 (2023) ik .

1.2 MREX

AWFFCRHLLT 2 oy =0e A SR e g
2t FCHINHR (1) R 8

TS: oG R, 2R A A TE B S 56 245 o i
FTIE N 0, FAIEIEH 1,

TDS: Mk HYER, 1853 A 3218 A E SE 50 3 A]
FRIIET: . AR, HESRER, fln. F—1
ARG A5 3 RAETS, HprmERALE N1 1 0]; ik
SLGIGIT T 6 d, AEARREGC AT 111 1],
1.3 #HH

1.3.1 =3 &M #E A (binary linear model, BLM)
yj=u+tfi+a; +e; (D)
B BLM HI T &R TS, b, y, AR
SRANTE [ E BN A @ B PYFE T AT RS, 0 fRERBE T,
VARERAF NG s w M BRI, f AR E R, Hr
ELAE 32 R AE SRR B R o, URER
MARINPEIRAAE R ey ARIRZE .
1.3.2 =R B{A A (binary threshold model, BTM)
Pr(y;)=®u+f;+a;) 2)
8 BTM JH TG R TS, Kb, o) RHM
PRUEIES A R g, HALSH0E L FFA BLM,
1.3.3 & WA AL A (longitudinal threshold model,
LTM) (Qdegérd et al, 2006)

5
Pr(yy =1)=<D[ZBPZ(t)p+u+fi +a,} (3)

p=0

BA LT™M A48 TDS, K, B, % p
Bl 2R K Z(0), ARRAS ¢ KB p BriE g 25 yy,
R j AR ERN A i B, 5 ¢ RIBET- S A7 IR
A HAbZH0E LF#A BLM,

1.3.4 & & A A (longitudinal linear mode, LLM)
5

i = Y BpZ(t), +ut fi+a; +e (4)

p=0

iR LLM H THIE %M TDS, &S 50E X A
# LTM,

1.4 BEENEG

ARWFFE K REML A58 7 240, fdi ]
VanRaden(2008) [t J7 2 #4 4 5 R 41 3% 2% 5 RAEBR (G
B, BAE A AR R

W =0y (0,+0) (5)
X, oF WIERIE T2, o WERETT 2., (Ekin
BTM H1 LTM H, 5RZET7 22N 1. 722405 Fist
& T8 ASReml-R 4.0 (Butler ef al, 2009)73#7 .

1.5 #EBLEE

HFAMI S T 4 MESY(BLM, BTM, LTM
FLLM)#UAG 2 Fibips R AY(TS 1 TDS), Kk, Joik
T A 384T 7 SRS SO R B AR (B b AR 7R Y 1 0 i
(Nielsen et al, 2010; Bangera et al, 2014), J HL 454
RIBTIGE 7, AWFoEIE I 2 B 2 A R Y
T BE 7« TF B AN [ AS AR 300 f 56 PR 244 5 B R
(genome estimated breeding value, GEBV)Z 1] 5 A~ [Fi]
BIARLFN ) GEBV 5#A TS ZI[H] Y Pearson
Spearman ¢ R 4K,

2 BRESH

2.1 PGB HIG N EIRESH

4 PRSI0 A 1Y 2 Fh 2 TR AL A5 20 A a1 7 25 21
WF 1, fELPERIR(BLM Fl LLM)HY, 940 664t
N 2 PGB A9 38 4% 7743901 R 0.382(TS) 1 0.476(TDS),
J&F R KR AE T . ERER(BTM A1 LTM)H,
R TR TLMERAL, 735124 0.182(TS)Al 0.207(TDS),
J& FH KA 8% 77 o

x1 AREBMRBEXTEENSHERS

Tab.1 Heritability and variance components under different model and phenotypic definitions

PEAR Ry kAL T 2% 2% T % L
Trait Model Additive genetic variance/( (53 +SE) Residual variance /( 6? +SE) Heritability /(h*+SE)
TS BLM 0.086+0.022 0.139+0.019 0.382+0.094
BTM 0.222+0.073 1 0.182+0.049
TDS LLM 0.071+0.005 0.078+0.002 0.476+0.024
LT™M 0.262+0.054 1 0.207+0.034
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2.2 RBEE

ANEIBBITN Y GEBV 22 [i] At AH 56 22 54l 51
2, [Fl—MRaE S, ANFEBAAEE R GEBV Z[H]
MIFOC RER R, 39> 0.9; fEBERBEA T, fH
AEPEIRE LB R GEBV Z a5 250K 0.925,
(AT FH 2 MR AL A ), AH OGP R 4U< 0.9, X LLM
5 BTM 514 GEBV SEATHISCE ATt UL 21 A1
KERZB< 0.75 . T H A FBAALE ) GEBV 5% A TS
Z [l f) Pearson Fll Spearman AH5& &%, 45H Bk
3), KAl BLM 5% 8 AY Pearson #5250 HM 0.901;
iR LLM FSMK, 4 0.824, {HFEA TS 5% BLM
Fl LLM 1Y Spearman FHXCHRE—3K, 43Ik 0.829
(BLM)5 0.824 (LLM). i ] {EAC Y (BTM FI LTM)
AR GEBV's FHXT T Ze MR 1 (BLM 1 LLM)FR HUP)
GEBVs 53 TS [0 XL PERAL

X2 AEEBHEER GEBV ZEH] Pearson (T =)
0 Spearman (- =) X R E

Tab.2 Pearson (lower triangle) and Spearman (upper
triangle) correlation coefficient between GEBV estimated
from different models

BLM BTM LLM LT™M
BLM 0.948 0.824 0.944
BTM 0.928 0.744 0.925
LLM 0.844 0.732 0.913
LT™M 0.944 0.931 0.912

X3 AEEEMEE GEBY 5K8 TS ZED
Pearson A Spearman #8 3% R £}
Tab.3 Pearson and Spearman correlation coefficient

between GEBV estimated by different models and
binary trait definition (TS)

A Pearson 15 &4 r Spearman HI5C R %L r

Model (GEBV, TS) (GEBV, TS)
BLM 0.901 0.829
BTM 0.712 0.709
LTM 0.788 0.779
LLM 0.824 0.824

3 it

3.1 SNPs EEESHTEHF RN A

TEA TR, BR T A RIEM AR LS80,
A A A 3815 AR T4 W7 R GO0 R B 2 1 RGBT
JEFARWTZE . F30 20 2 AR IC T R £ 2 H bRk
AR #1821 2 BO0F Al (Bentzen er al, 20015 T 724%,

2018). HIXFFH T AERIE, SNP AERE 3 00T hx
e, AR ) 5 o RIS R s (Altshuler e al,
2001), ILA3R, SNP ZF#iHURHL LAEFRC, MAIR
TS PAR R 55 2% 2 R 19 £ Z 5 F AR ic (Anderson et al,
2006; Phillips et al, 2007; Rohrer et al, 2007), 1EZ£4>
IR SR AP SE R AR P, i SNP F S AEXT T
il B T R A B RME AR Z R 8E RS
40, Tsai 25(2016)7E K P4 FEAE (Salmo salar) b X} i Bl
(Lepeophtheirus salmonis) W) T 5 4 R PF Ak o i
SNPs FH 4% J7(0.33) A T 5 T Rigny st
(0.22)FRHL T Z Ry sfE 5 B, 1R Z K7 F2 54 it Fh (1)
F 5% 25 S 0 52 55 X > WL 45 (Bangera et al, 2017;
Sukhavachana et al, 2020; Joshi et al, 2021; Chaivichoo
et al, 2023), FEXLERFFTH, Xigte i 22 45y Ak B
AR A REML L DUt i, Hrf, REML %
P AR L HGE A 22 3 B ) A PR 9 Al (Zhou
et al, 2013), H4E Lu 25(2023) 4 5L 4 0T (GWAS)
S5, VSR 4 FC IR 32 sl 22 B R R
R, ASHEFEA ] REML 3234k 55 S0 SR g 0 4
IO 818 S BUE AT .

3.2 BESHITMSHEALILE

R T I — 25 VA 5 S T B v A ECI R st AL
Z%, APF5EAIA BLM. BTM. LLM 1 LTM PU#h
RIS T TS A1 TDS PiFpdLis M, Hdr, i
HEAYBTM Ml LTM)E B 845 143590 0.182 F
0.207, fdi LRI (BLM F1 LLM) 34 093844 11 4
BA 0.382 Fll 0.476, LiRgREM, wLLE L s%
Ve HE 5 50 SR B Ak FCHITE 8 7 . Lu 45(2023)
I TS PR RN B (B Y (JR] BTM A58 ik 3 T 5 Sl
Rt T 0 2 GO 3545 77 (0.1840.05) . ARMFFE
BTM # 85 KIS 505 Lu 55(2023) T RIS HIEA
—H, AFE, Lu 55(2023) (8 FHE TR 5 13 54 77
SR N [ SO, AR 5 (0 A A Ry [ R
PIIRIEFE AL BTM ARG S 3845 ) — 30 . 25
RAFG TN, R o TR E A R =l R
HEH scale MRERUELIL )G, AT A0 Ay i B 2 M AH S 1)
A  CBEE P IE 5 2 0], Pearson A5G REH
0.992), FH T/ YL 5256 1 5 B VR A A A Al ke 1)
WESH HZRALEHIIE NS ELR
(Pearson FH5E R ECH 1), (B R] DLW A B B 3L T
AT A T S R0 A A AR e ) [ O, LR
ANEXFRERU A 7= A 5200 . 53 46, 3 Odegard %(2011)
giit, ZMaEPAmER L I8 0~0.62, ILAL,
Vela-Avitua 45(2022)fif Ff 28 3% A3 K 4115 BAL 3 T RK
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YT i B i 25 3K BB 9% B (nervous necrosis virus, NNV)
(AL 1153 31 0.18 F1 0.25, 25 ARFIT 1L 1111
MRS A AR RN SR A 5t % ) ik T 5 BEYE L
G EAE

[ —ZRAE T, BARLMARE(BLM fil LLM)
A HC B (AR (BTM Al LTM) A5 T 3 5 A 8t 4% )
(G 1), HFA—FAE T8 GEBV Z[a] B AH M &
B> 0.9 (R 2), RUITEREL AR AU Bl 5 (A A )
GEBV HEA WA K11 et al, 2019; Hu et al,
2020).{H LLM B A5 55 49 GEBV 5 ## 1 51 5 (BLM
M BTM)E A GEBV Z [H] YA RN 2),
RHFEILT TDS FME UM A ARG AUl
LB KR SRR ) GEBV H#HHES, Gitterle 45
(2006)7E FLYN X B (Litopenaeus vannamei) %Pt H BE
LA IERRE(WSSV)IIRT U R B T i — AR . it
AN, LLM #BUAS 58 ) GEBV 5 3% TS Z ] #Y Pearson
2 £ %0(0.824)5 Spearman #15¢ 2 %1(0.824) & F
BTM #&#(Pearson: 0.712; Spearman: 0.709), JfH.
LLM BREE A GEBV 5E A TS Z H#Y Spearman
AH & R $0(0.824) 5 BLM HiAI 5 LA TS 2 [0 Y
Spearman ¢ R E(0.829)4%3T . K I, 7E SLPRER H
AT LA JEAI AT LLM #5550 SUHE e i 4 TG
# GEBV.

AWFFEH I TS A TSD PN 5 e ST $9 S0 BEE
e 2 (A 2 A, G55SR R, Tl (A A
(BTM Hl LTM)if R PE A (BLM F1 LLM), #£T 3%
R TDS {81385 71(0.207 A1 0.476) ¥ 5 T3k T R
TS (0.182 F1 0.382) H BUIZ I G (1 Ji K2t F A6 T Hif
5] 5 BE T 47 16 MR (TS) 7T 18 A 7] A 250 PR AR A o5
(quantitative trait loci, QTL)#:XE (@degérd et al, 2011),
FA TDS ARCHIH T 88 hIE T R A5 8., m7E
FH TS X A E BT AR 2 (Odegérd er al,
2007). HARAN[R] R BRI AY 2 SO0 5% ) Ak s
FEAE R K I 22 5+ (Nielsen ef al, 2010; Bangera et al,
2014), HFEARBIGEH, XHRFEIAESLR) GEBV 5
FAUTS)FATAHRAE TG & B, LTM AR 4 3R Y
GEBV Xl T BTM # R H Y GEBV 5 R ATS)Z
BIEAH G ER &, H LLM AR GEBV A X
BLM A 5 £ R (TS)I Spearman AH 3¢ R EAE 7 #2300
(R 3)o I UL I [ ABE TR0 AE XoF T A8 A ity 452 284 ] L)
AR HERG Y GEBV A5 (3K 3). LML, Sun 55
(2022) 78 K Z2 6 (Scophthalmus maximus) % iR 2% 7 1
AL IR P PUTED 5T S RE EaR 258 U 45 Rl
FE VLTI A8 58 A7 T it 38 (Yéafiez et al, 2013; Gitterle
et al, 2006),

A B AR (BTM #1 LTM), ABF5EHR 2 4
AR (BLM Fl LLM) AR 1 5 5 i 5t 1% )
(FE 1), IR GEBV 5 2 iR A A O R BT
(R 3). FREERBRAIFT R OB A
BUR IR I8 1E S50 BT 109 45 5 (Odegard et al, 2006,
2007; Liang et al, 2017, Xiong et al, 2017,
Sukhavachana et al, 2019), {HANE /DI SR L
AWFFEEMRI(Li et al, 2019; f5H4E 2018; Liu et al,
2016), &M TSR AA R 7R (S BAL B T 1Y 24 5% 2
SR A 45 R (@degard et al, 2011), TEAWFSE
H, RERCEN(BTM Fl LTM)FREUR PR s 4% 7 2%
0.222 Fil 0.262, ZEMAIAI(LLM Fl BLM)ZREUT infE
WAL IT 220 0.071 F1 0.086, i FH B (EA 4R B fin
Pt e 2 3 TR AL R ZE BT A T, XTI
B PR R T 50 A5 5 X e PR AR R R T 53 1Y) R
WE(F 1o Wk, 256 LlgsR, RO K FE
PR R IEZS S A B s, A HZPER ARG 1, BT
PRV AU, 525 7 25 ARAG , DI (o e A 78 )
& T4 T 5 o

4 g

AWFFEA ] 798 B E A F R A A BTe £ AL 1 54
SRS L A, R 1.21 M A5 R SNP {37 5 b 2
FER B K R M4, R BLM .BTM .LLM Al LTM
UL EIALL S T TS Fl TDS PR 26 80 45 R R,
PSSR BT 2 (G 5% T8 0.182~0.486, J&
FrimoK P e . Ho, R R(BLM I
LLM)fG 538045 1143510 8 0.382 1 0.476, F)JH B {E
BEAI(BTM Fl LTM)Al 5 (%38t 4% 914008 0.182 i
0.207, LIRZEEEIRHH, Al i ot ok 7 4 v 5 S
RO BE ST o BEAh, HAmARI(LLM A1 LTM)EL
B A SR (BLM Al BTM)BERS 314 T £ 1y s 14 15
B, Wk, wIE S R TGN ) B AR B TR R 5
%57 o ARBFFRHNTE T 59 SRR B 0 A FC R gt 15 2
BAHIE N ZE, R 1k B P 2k FCOIR B 1 50 S0 s g b
RETS%,
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Abstract

The leopard coral grouper (Plectropomus leopardus) belongs to the family Epinephelinae,

and genus Plectropomus. Vibrio harveyi is the main pathogen that causes "rot disease" in leopard coral

grouper, which is a major threat to the sustainable development of its aquaculture industry. The disease
is highly prevalent from June to August and severely affects aquaculture. Therefore, developing
disease-resistant strains is a necessity. However, currently, artificial breeding techniques for leopard

coral groupers cannot establish a family lineage through one-on-one artificial insemination, making
traditional breeding methods that depend on a clear pedigree difficult. Considering the successful
breeding of disease-resistant fish species with or without a pedigree, genome selection breeding

technology are vital for cultivating disease-resistant leopard coral groupers.
In genetic selection, the genetic parameters of target traits are important reference factors for
specifying breeding programs. To evaluate the genetic parameters of leopard coral grouper resistance to

V. harveyi, we constructed a genome-relatedness matrix based on high-density single-nucleotide
polymorphisms using four models (binary linear model [BLM], binary threshold model [BTM],
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longitudinal linear model [LLM], and linear threshold model [LTM]) to fit two disease-resistant
phenotypes (test-day trait, TDS; Bivariate survival trait, TS), and used restricted maximum likelihood
[REML] to estimate variance components. Our findings illustrated that the genetic heritability of
leopard coral grouper resistance to V. harveyi ranged from 0.182 to 0.486, which belongs to the
medium-to-high genetic heritability range. The additive genetic variance ranged from 0.071 to 0.262.
The genetic heritability estimated by the linear model was 0.382 and 0.476, whereas that estimated by
the threshold model was 0.182 and 0.207, respectively. These results suggest that leopard coral
groupers resistance to V. harveyi can be improved through genetic breeding.

Herein, the linear models (BLM and LLM) obtained higher genetic heritability estimates and more
accurate genomic estimated breeding value (GEBV) predictions than the threshold models (BTM and
LTM). However, despite the model used, the correlation coefficient between the GEBV rankings under
the same phenotype definition >0.9, indicating that their impact on the GEBV ranking was not
significant. Compared to the cross-sectional models (BLM and BTM), numerous leopard coral grouper
GEBVs were rearranged in the LLM results. There was a strong correlation between the LTM and
phenotype (TS), indicating that LLM has an excellent prediction effect. Therefore, when breeding
leopard coral groupers for V. harveyi-resistant traits, a LLM should be considered.

The study observed that using longitudinal models (LLM and LTM) to estimate genetic heritability
produced higher results than the cross-sectional models (BLM and BTM), which may be due to the
death time explaining different components of fish disease resistance. In longitudinal models, the
genetic component influenced by the time of death is effectively harnessed. However, in cross-sectional
models, this effect is inadvertently subsumed within the residuals. Consistent with the genetic
heritability findings, the longitudinal models produced more precise GEBVs compared to
cross-sectional models.  Our results suggest that TDS might offer a more accurate measure for
assessing the resistance of leopard coral groupers to V. harveyi than the TS.

Compared with the threshold models, linear models performed better in GEBV prediction, and
higher genetic heritability estimates were obtained. Although, most previous studies on disease
resistance traits have reported inconsistent genetic heritability estimates between threshold and linear
models, some studies support these conclusions. This result may be due to differences in information
processing between the different models, which leads to different results. In this study, the additive
genetic variance obtained using threshold models (BTM and LTM) was 0.222-0.262, and additive
genetic variance obtained using linear models (LLM and BLM) was 0.071-0.086. It is expected that the
additive genetic variance obtained using threshold models was higher than that obtained using linear
models. Furthermore, the residual variance resulting from fitting linear models was notably low. We
posit that when threshold traits are erroneously treated as normally distributed data and linear models
are employed for analysis, the residual variance may be underestimated. This underestimation is likely
due to the model's underfitting, which consequently leads to an inflated heritability estimate for the
linear model.

This study aimed to estimate the genetic parameters of leopard coral grouper resistance to
V. harveyi using infection test data of leopard coral groupers injected with V. harveyi and to construct
an individual genotype relationship matrix based on single-nucleotide polymorphisms. The genetic
heritability of leopard coral grouper resistance to V. harveyi was estimated to be between 0.182 and
0.486 by comparing different models and phenotype definitions. The linear (0.382 and 0.476) and
threshold models (0.182 and 0.207) were used to estimate genetic heritability. The estimated genetic
heritability was within the medium genetic heritability range. Our findings were used to improve the
target traits of leopard coral groupers, specifically their resistance to V. harveyi. This study supplements
the genetic parameter estimation of leopard coral grouper resistance to V. harveyi and provides a
reference for selecting V. harveyi-resistant leopard coral groupers for breeding.

Key words Genetic parameter; Heritability; Plectropomus leopardus; Vibrio harveyi



