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FIEE PPAR-6 E[F SNP L 2B ER St iRE
M IR EI IR B

HEHT, BT, TRk, &N, EH, KEw, 286, B 8"

(BFENFTFREY 5HRNELERASRKSZRE/ B R XS BEFR, )R 71 510642)

WE: [HH BRI A BT Epinephelus spp. il 7 THric, 1% 8 £ BT M 00 dh 28 DB YA BE 6075 55 400K (1 4 8,
(7536 15 T S5 3L ) PPAR-6 [M2E K20 DNA J7 51T e B A% 5 B2 22 75 1% (Single nucleotide polymorphism,
SNP) £ s i 158, F: X6 3X Le 57 i 43 7 AT A B F UL 299 55 (Singapore grouper iridovirus, SGIV) F#HZ IR B0 5
(Red-spotted grouper nervous necrosis virus, RGNNV) HTHER CEL 1T (455 14E SGIV & 4L 1) ) ik APk 2i
T R IETEEE R 9 A SNP 7 81, ¥ T W& FH; 2355 85 & (Polymorphism information content, PIC) 3t [l
9 0.177~0.375, H 1, SNP-S1(g.940T>A) J& T{REZ & (PIC<0.25), H 4R SNP i i@ TR EZE (0.25<
PIC<0.50); B/ #145 B IR, SNP-S7(g.4595T>A) K R ANAHTE SGIV 5 B4l APt B 4H Hh A7 78 0 3% 2% 7 4 A
(P<0.05), SNP-S7 [f] TT Al AA iX 2 fhali& 73R A5 SGIV FUEMIRAEZE, 1T AT & TREA Y SGIV 5K
PEFHIE . 7E RGNNV BEGL (1) 5y B2 FIHTIER AL b SR A 21 8 A SNP i s, Horfr, SNP-N1 AL FAMR 71, J& T
[F) SCRAR, HoA4x SNP B F W& F ;5 PIC BTSN 0.106~0.317, H 1, SNP-N1(g.324G>A) fl SNP-
N2(g.883A>G) J& T{RF £ & (P1C<0.25), H 4 SNP J& T H E £ 3 (0.25<PIC<0.50); KB £, SNP-
N5(g.2510C>T) 3£ R AU R AE RGNNV 5 B4 R0/ 4 i 77 1E 5 35 25 57 /0 A (P<0.05), SNP-N5 i) CT 3 X %
5 RGNNV FiE MR, CC K 5 RGNNV G BRI 5E . (4518 YA 5 7E PPAR-6 [1)2E K41 DNA 751
HH 3%k E) 5 SGIV Al RGNNV HitEMI 251 SNP AR 1 A4S, AT PN A BE f B0 B Al At HoR SRR A 16
W -
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Abstract: [Objective] To obtain the disease-resistant molecular markers in grouper (Epinephelus spp.), and serve for
the selective breeding program of disease-resistant grouper strains, so as to solve the problem of frequent occurrence of
grouper disease. [Method] Single nucleotide polymorphisms (SNPs) were screened based on PPAR-6 genomic DNA
sequence, and association analysis of resistance to Singapore grouper iridovirus (SGIV) and red-spotted grouper
nervous necrosis virus (RGNNV) was performed on these SNPs. [Result] A total of nine SNPs were detected in the
susceptible and resistant groups against SGIV infection, all of which were located in the introns, with the
polymorphism information contents (PICs) ranging from 0.177—0.375. Among the SNPs, SNP-S1(g.940T>A) showed
low degree polymorphism (PIC<0.25), while the rest SNPs showed moderate degree polymorphism(0.25<PIC<0.50).
The association analysis showed that the genotype frequencies of SNP-S7 (g.4595T>A) were significantly different
between SGIV susceptible and resistant groups (P<0.05), the TT and AA homozygous genotypes of SNP-S7 were
correlated with SGIV resistance traits, while the AT heterozygous genotypes were correlated with SGIV susceptibility
traits. In addition, a total of eight SNPs were detected in the susceptible and resistant groups agasinst RGNNV
infection, among which SNP-N1 was located in the exon, with a synonymous mutation, and the rest SNPs were located
in the introns, with the PICs ranging from 0.106—0.317. Among the SNPs, SNP-N1 (g.324G>A) and SNP-N2
(g.883A>G) showed low degree polymorphism (PIC<0.25), while the rest SNPs showed moderate degree
polymorphism (0.25<<PIC<0.50). The association analysis showed that SNP-N5 (g.2510C>T) genotype frequencies
were significantly different between RGNNV susceptible and resistant groups (P<0.05), the CT genotype of SNP-N5
was correlated with RGNNV resistance traits and the CC genotype was correlated with RGNNV susceptibility traits.

[ Conclusion] In this study, we successfully screened one SNP marker related to SGIV resistance and one SNP
marker related to RGNNV resistance from PPAR-0 genomic DNA sequence. This finding can offer a technical support

and a theoretical basis for resistance breeding of grouper.

Key words: Epinephelus spp.; Singapore grouper iridovirus; Red-spotted grouper nervous necrosis virus; SNP;

PPAR-J gene

F Bt Epinephelus spp. & M VF 2 [F 5K i
B G K P FRAE i Fh 2 —, LT L ALR, A
R B FRE S, BA AR ATNE. T
ok, B AL BB TR AE B PRI R JE, dH A
P I 5 14 A Y is 2 O 1) AR S BG 0, X A B
thFRFEN S R T E ) fEE . B AT ORI R G
A TR £ TR B0 PR B 32 R MR B R A 22 IR BE
0,

N3 A BE A MR 9% 35 (Singapore grouper
iridovirus, SGIV) £ J& THL B #:F} Iridoviridae
S BEJE Ranavirus, /& MIEFE A BT AR5 B 452 ) —
o BUR R I, B SGIV 5 R IR & kK 2 KA
FEAT (R0 AT B A, BRI oK, IR
HH I SERE IR 5 0 R SR R AT AR T A i
90%, 25 FRFE MV A ER BB . S FE A
ZEIRFUI A AR A B0 55 512 10— 2850, 727K
FE IR I AR W SR AT AR G 2 —,
B IARR A A, SRR, [RIE8EEZ ), fiifl
PRI AT 2B RLA R o T R LR 22 0 v £ 2R B

PERIZEIRFERR A& HH 7R fUA BEAANE IR BEH FF (Red-
spotted grouper nervous necrosis virus , RGNNV) 5|
AL IR, Xof A B £ PR R fL D R 4 £ f AR K, PR BRI
SETZ A ATIE 100%, 7™ 5 B 21 P10 78 58 7 L
e R o AR AT X BRI, H RIS 2
ARG T

BAZ L SM (Single nucleotide
polymorphism, SNP) fi& /=¥ 1k K] [K 44 DNA J7 %)
HEMZ IR K E R AR Z SRR, HR
AT ACELFEA A BB . AR, N SRR A, — i
UL, SR R R AE R A AR TR AN T
1%, SNP AE 4 —F AR (F 8t AL AR ic, 2 BRI AT SR
R A B ek, Ehniln 7o FitEbnid 5 M
MRS, A TR A KA B i M R S5 2 5 1
ARG M A e R SR BRPE 8T T B . B SNP k&
IEAR I HEL , FAE K S B 8RB
W2y AEIK G s W o BEAT R 2 BRDIR R BRI
SNP A7 st F 92 98 [ D) R 3o 11 19 B ok 18 52 S B 52
AT AL . 2K ShH5T SNP 70 FARiCHE 7T,



3 ]

Y, %5 AP PPAR-0 JE K SNP A7 i Fl A5 B 5 BT R I5 B3 A AP & PR 0% 25 P 1t 1 G Ik 393

e S5 OV X i [ B X R Penaeus chinensis$it i Ik
SNP {7 s 34T TR 2, 5 5 ABESEAEm S Pk
(P ORBRAR FEREAT T 0 b, 45 SR I I SNP A7 SR
A, HAE PN Zy SR A T G W R i 5] 23 AT .
Bao & YEWETE J55 UL Argopecten irradians ALY
AL SR ) 3 AN FE R ) A Bl 1 MR R 4 DNA
FI X IR I 2] SNP A7 i, o 3 My T a3 1 IX
W) SNP £ & 58255 Vibrio anguillarum WIHUTE
WEEA K Fu 5% fERWIEF Lates calcarifer 1]
LECT2 R AR HL 7 3 A SNP A7 51, JER I
98 R B i I B 1 2 (AL FE L S22 IR AR G 1

PPAR-6(Peroxisome proliferator-activated
receptors 8) #& A% SZ A 5 ik PPARs H1 i) — 5, /& —
e e R -, AR 22 i A F RS R T 2 R Rk,
Z 5 TR I IR A S I B & 2 P AR B O
F#. Horh PPARs )% 18 5 /E H T 7845 21 18k
e 2 iy oL FEANF N AR H A, 35 N
PPAR-9 X 39 [ S0 B V2 58 R U B 7 ORKF
FRE [ 90E L, PPAR-§ W52 T3 3R A5 il i,
TEM ALY e A, PPAR-6 #0425 HL [
DA B HH 20 40 R 7 1R Ak, T AE 53 A — 28 A % 4
firh PPAR-6 WIS 3G 58035 5 B 2R, S2ma 2
MO T FAET LR B, 25 PPARs fEHU
BRSPS R P AR

TF A B BT i R ik & A 702 A A D
5 B MW T I BRI 2 —, TR PUE A4
ThRid, FIH > FFRILE 17 1% & A B0 & R,
A DAA R ik B I E I, NNtk g gk
T o AHIE TT 43 0l St 0k A B #8 TRE 3 B K L 4 A
M IRBONR B AR AT PPAR-0 2 [H 41 DNA
JF 51 (/) SNP A7 s 97 16, I X6 7 %6 F1) 1) SNP A7 sk
AT PO B R B AT, DUHIRAS 55 B0 55 1 R SC k
) SNP 7 sl B AR DR Y, A B £ B ik B $e fik 2k
fih 58k

1 MR57EE

L1 XIaarR

T AP E. coioides, TR & 40~60 g, fRK
10~14 cm, W H AR 17T /N8 5 7K F2 580 2
Al, £E 25~30 °C KGR 4t YA I 1E 57
2 8, BER UL 3% WA B MR &, %)
IKHTE A pH AR E

W SGIV H RGNNV 437l A K5 41 B e
Gr B ERAT, T R P S 56 2 A 1 A IR U 4 P A
(Grouper spleen, GS) HE47 % 5 I 15 77 5 1l 2%,

GS Y AM ST AHEM S E N 10% a4 iE
(Invitrogen) ] Leibovitz’s L15 }5 3£ E T 28 C
B IR R R A AR5 20 . R TCIDs, v i1l £ 1
SGIV F1 RGNNV AT B E o il 4% f5 B 75 T
—80 C %M FRIEEH .
1.2 FHEIKEANE

N T IR A PR E 1) SGIV AT RGNNV [
OB IR, LG 210 A7 BT 1 B AT IR B R
PG v G ARG, 2 R et R B AE TR, ik
WA S8 50%~80% A B AL T- K SGIV M
RGNNV & GL ik B2, dE47 Pk T AR 7 128 1) 1
Ak

WAL R ERY SGIV M E RN 1x107
TCIDso/mL B, J IR gL 1 5 RT3 08 72%, 4
RGNNV {# E N 1x10° TCIDso/mL I, Hok gy fh
JE IBETZZN 65%, PRIMERE Lk 2 AN i B gk
17 IE UGS
1.3 AW&EREMS R FRNRE

BEALEEL 520 & e g AT B gL il e, Sy
34, XFHRZE 40 Sk IR IS S 100 pL PBS ¥
W, SGIV YL 240 B RV ESS 100 puL Ji 5
fE24 1107 TCIDso/mL ) SGIV ¥, RGNNV &
Yl 240 JEAIEREES 100 uL W EFEHE AN 1x10°
TCIDsy/mL ] RGNNV 57K, /&Y f5 50 6 h WL5¢
1 R AETAE DL, 225 B A 50 T vF A BT A 5
JERFE S AR AED SO, KRGS 5 d MR T AMAEAE
NG BN, GG 14 d JEIEA7 1% B AN E Pk
AN, KA Gy IR PUBRAMA I R EERE T, TR AR e
7l (TaKaRa) 1, =20 ‘C {1745 H
1.4 E[F4H DNA $2E

R4 DNA R HUE FH Trelief ™ Animal
Genomic DNA Kit(TsingKe) {7l &, B AR T7150 %
STV, 15 o/L B IR bE e sk
TIE K ZH DNA $REUT &
1.5 FANEBEPPAR-6 EF‘H DNA FHIHWRES

SNP i 05 1E

PLAHH A B 1 8 2% DNA AR, MRAE A7 B £
FERH ) PPAR-6 H: R gDNA J7 51, FIH Primer
Primer 5.0 ZAFBE0H519) (GR 1), ISR EMA
PR A F] B R, DA IR 5 R s A 3L [ 41 DNA
AR 3EAT PCR 3748 . PCR S B 44 28 Al Jse o7 45 4t
Z23CHA [15]. PCR ¥ 34 R IBIR LA G, we %
% pMDI19-T #Ak, Hrid 2 5 B4 25 3% 5 A FH %
T FERE S R AL R E YA R A R AT . W
S MEGA 6.0 F AT 2 B Lk, W& 7
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3 1 PPAR-6 EFEH DNA FFH 18514
Table 1 Primers for PPAR-6 genomic DNA sequence amplification
ElEYEAY S5 —3") 0°C P K fop
Primer Primer sequence Product length
PPAR-§-1-F CAGGGCTTTTTCCGACGAAC 59 1325
PPAR-6-1-R GGTTGACTCATCACTCGCCT 59
PPAR-§-2-F GACCTCCTGTGGCCCTTAAC 60 1398
PPAR-6-2-R CTGGGAGCGGCTTAAAGGAA 60
PPAR-6-3-F AAGCCGCTCCCAGTAGAAAC 60 1168
PPAR-6-3-R TTCCTAGCAATGGCAGCGTT 60
PPAR-6-4-F CAAACGCTGCCATTGCTAGG 60 1324
PPAR-§-4-R ACGTTCATTAGCCCAGGACG 60

g SR P, T SNP A7 s o [F]— 7 i A [R5 2k H I
EEGIR T 30% A E Y SNP AL A
1.6 SNP HERESE K S SGIV #1 RGNNV fiitt

BIREX 31

G IR T LTI ) PPAR-6 2[R SNP £ 1,
K F SNaPshot V£, 43 Ail%t SGIV &G4 Fl RGNNV
IR Zy BBE W A PURRE i E4T SNP 20 2, 3
H1 SGIV 540, SGIV 4L, RGNNV 5 /&4l
RGNNV HUE AL FE i # H %1705 50 2. SNaPshot
B AL RV E AT IR A B 5.

18 ] Popgen 32 Fl PIC A4 BT SNP 47 i1
WL 2 5 B (Observed heterorozygosity, Ho). i
2% B (Expected heterozygosity, He). &5/ 5 K 47
TH LI R (Effective number of alleles,
Ne). W5l — i {0 4% 7 % (Hardy-Weinberg
equilibrium), {8 F Cervus3.0 #IFiHSAL S0 £ 3
{55 & & (Polymorphism information content,
PIC) % . {i[f] Haploview 4.2 #fF#E4T %4~ SNP {1
JoS T B N S R e T 7 o T S R
SPSS17 #AF 1 ) Kr 5% SNP A7 s 7E Ui 4 A
Ty IR AL TR A v F e R] R 00 5 M0 B T A R R AT 2

TR EIE .
2 HBRS50H

2.1 A PPAR-6 EFEEHE IR IFER SNP

EER

AR A Bt FE K 2H P i) PPAR-6 3£ [X] gDNA J7
FI R S4B [ cDNA 31, PARHHE A7 BT fh 6 2%
DNA AtEAR, (5 4 %5519 (3% 1) X} PPAR-6 £
(1N & F S AR TR B AT Y 3, % s AT
LEXT, Z:t] PPAR-6 BRI S5 I () 1), LA Gy 2L AN
LA % 5 DN IE R DNA BE S AE 8 BRI 4T

PCR ¥ 34, X}l Jp &5 Rt 47 2 E X 0 #r . 1
SGIV B YLt 5y JE A RN P B2 R iy Hh 2L A 21 9 A
SNP i 51, 73 5l ¥ H Ay 48 SNP-S1(g.940T>A).
SNP-S2(g.994C>G). SNP-S3(g.1644A>C).
SNP-S4(g.2541C>T). SNP-S5(g.4188A>T).
SNP-S6(g.4479G>A). SNP-S7(g.4595T>A).
SNP-S8(g.4791T>A) Al SNP-S9(g.4852T>A), i
SNP £ 6T W& 7 (B 1A). £ RGNNV /&
GL[1) Gy A AR AR it b L & 31 8 A SNP Az
ML, R 4 8 SNP-N1(g.324G>A).
SNP-N2(g.883A>G). SNP-N3(g.1140A>T).
SNP-N4(g.1702A>T). SNP-N5(g.2510C>T).
SNP-N6(g.5253G>C). SNP-N7(g.5522G>A) #ll
SNP-N8(g.5564T>C), . SNP-N1 {7 T4 1 H1,
J& T 1R XHRAR, A oL s i R R, HoR SNP
BTN (B 1B).
22 A¥E PPAR-6 E[F4H SNP MR E S MN T
K F SnaPshot 43 24y %5 47 B 1 R AR 33k 47 3 [K]
BT . AE SGIV G ZH H, 100 N IEFEFE & h
ILFRAF 100 M RAEE R, Hrb SGIV HuEdH 50 1,
SGIV 5 /&4 50 4~ {§iH Popgen32 Fil PIC #AFXT
9 /™ SNP i s 7E SGIV HZH AN 5y B 20 h 1) g% %
ST T, G55 (3£ 2) Bor: 7E SGIV HUE A
1, PIC G FEI N 0.136~0.370, SNP-S1 J& TKE £
A (PIC<0.25), HASNP ARBTHELZS
(0.25<PIC<0.50); 7£ SGIV 5 &4+, PIC {175 H
N 0.177~0.375, HH SNP-S1 J& T E £ 4 (PIC<
0.25), H & SNP A7 8 T2 (0.25<PIC<
0.50)(% 2). y° tud s KW, 7£ SGIV HuEkdA ,
F% SNP-S4, SNP-S5. SNP-S6. SNP-S7. SNP-S8.
SNP-S9 454 Hardy-Weinberg “F-#j4h (P<0.05),
H & SNP ¥4t F Hardy-Weinberg “F iR &
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l AMEF Exon o~ W& T Intron

(341—451) (859—1427) (1631—3 560) (4 012—5 606)
1—340 452—858 1 428—1 630 3561—4 011 5606—5 854
SNP-S8
(g.4791T>A)

!

SNP-S6

SNP-S1 T SNP-S3
g.4479G>A

(2940T>A) | (g.1644A>C) SNP-S4
SNP-S2 (2.2541C>T)

(8.994C>G) SNP-S5 SNP-S9

o (24188A>T) SNP-ST (5 4850T>7)
A: SGIV YA (2.4595T>A)
A: SGIV infected population

SNP-N1 SNPAND SNP-N4 T SNP-N8
(2.324G>A) (€.883A5G) (g.1702A>T) SNPLNS SNP-N6 | (@5564T>C)
SNP-N3 (g.2510C>T) (g:5253G>C)
(g.1140A>T) SNP-N7
B: RGNNV EYLHEA (2.5522G>A)

B: RGNNV infected population

1 ABEf PPAR-6 BE LMK SNP i
Fig.1 DNA structure of PPAR-6 gene and its SNP loci of grouper

&2 9 SNPEAE SGIV REAMZ AT HIEEZTHER
Table 2 Genetic polymorphisms of nine SNPs in SGIV resistant and susceptible grouper groups

MMAARE MERGE ZEFERTE AXEEERE Hardy-—Weinberg 14

2H ) NP Observed Expected  Polymorphism Number of Hardy-Weinberg .
Group heterozygosity heterozygosity  information effective equilibrium
(Ho) (He) content (PIC) alleles (Ne) (H-w)

£ i | SNP-S1 0.160 0.149 0.136 1.173 0.328 0.567

Resistant group ~ SNP-S2 0.460 0.398 0.317 1.651 1.244 0.265
SNP-S3 0.400 0.407 0.322 1.676 0.016 0.898
SNP-S4 0.660 0.489 0.367 1.937 6.279 0.012*
SNP-S5 0.640 0.492 0.369 1.950 4.612 0.032%*
SNP-S6 0.640 0.492 0.369 1.950 4.612 0.032*
SNP-S7 0.240 0.424 0.332 1.724 9.699 0.002*
SNP-S8 0.300 0.495 0.370 1.962 7.932 0.005%*
SNP-S9 0.280 0.492 0.369 1.950 9.676 0.002*

Vi) SNP-S1 0.220 0.198 0.177 1.244 0.688 0.407

Susceptible group SNP-S2 0.460 0.481 0.363 1.908 0.094 0.759
SNP-S3 0.280 0.347 0.284 1.523 1.923 0.166
SNP-S4 0.500 0.500 0.372 1.980 0.000 1.000
SNP-S5 0.500 0.500 0.372 1.980 0.000 1.000
SNP-S6 0.520 0.502 0.373 1.987 0.007 0.796
SNP-S7 0.520 0.453 0.348 1.814 1.109 0.292
SNP-S8 0.360 0.492 0.369 1.950 3.681 0.055
SNP-S9 0.360 0.504 0.375 1.997 4.220 0.040%*

1) “*7 FoRig e 5280 B AR F A i A R AR R 2 8] 6 £ 7 R (P<0.05, ) A 1)
1) “*” indicates significant difference between the theoretical genotype frequency and the observed genotype frequency of the
site (P<0.05, y* test)
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(P>0.05); 7£ SGIV % &4 1, kk SNP-SO A FF &
Hardy-Weinberg “F# 4} (P<0.05), H4 SNP ¥4t
T Hardy-Weinberg “F#7RZ (P>0.05).

K F SnaPshot 43 2432 5%F 7 B a1 AR 13k 47 3L [A]
SN . 5 RGNNV G2 1, 100 AN IEFEFE 5
HILIRAR 97 ML R, Hh RGNNV H& A
48 A5, RGNNV 5 /&4 49 4>, f# il Popgen32 Al
PIC B AFXT 8 A~ SNP A x5 75 P B 4H Al 5 1B 4H A i1
L Z A AT 0T, 45 (3% 3) R: fE RGNNV
P, PIC B3N 0.136~0.358, SNP-N1 Al
SNP-N2 J& T % £ & (P1C<0.25), H: 4 SNP BT

225 (0.25<PIC<0.50); f£ RGNNV 5 /&4,
PIC 8~ 0.106~0.317, H:7 SNP-N1 i1 SNP-
N2 J& TARE £ 25 (PIC<0.25), H: 4 SNP J& T
2% (0.25<PIC<0.50). y* Kide &5 R FW, £
RGNNV Fi/&41H1, SNP-N1. SNP-N2 Al SNP-N4 4t
T Hardy-Weinberg “F#IRZ (P>0.05), H R
SNP ¥R #54 Hardy-Weinberg 47 (P<0.05); 7£
RGNNV 5 &4 #1, B SNP-N3 A fF 4 Hardy-
Weinberg “F i 4b (P<0.05), H 4 SNP ¥kt F
Hardy-Weinberg “FHRZS (P>0.05).

#*3 8 SNP ZEABIE RGNNV HiREF 5 R PHIEE ZSMHER
Table 3 Genetic polymorphisms of eight SNPs in RGNNYV resistant and susceptible grouper groups

MMZEE MEEREE ZHEEEE AMSEAIERE Hardy-Weinberg -1
ZH 5 SNP Observed Expected polymorphism Number of Hardy-Weinberg P
Group heterozygosity heterozygosity  information effective Equilibrium
(Ho) (He) content (PIC) alleles (Ne) (H-W)

P SNP-N1 0.180 0.164 0.150 1.200 0.431 0.512

Resistant group  SNP-N2 0.160 0.147 0.136 1.170 0.328 0.567
SNP-N3 0.640 0.435 0.341 1.770 10.700 0.001*
SNP-N4 0.540 0.466 0.358 1.870 1.100 0.294
SNP-NS5 0.620 0.442 0.344 1.800 7.720 0.005%*
SNP-N6 0.680 0.448 0.349 1.810 12.800 0.000*
SNP-N7 0.660 0.442 0.344 1.790 11.700 0.001*
SNP-N8 0.600 0.420 0.332 1.720 8.830 0.003*

%A SNP-N1 0.160 0.149 0.136 1.170 0.328 0.567

Susceptible group  SNP-N2 0.120 0.114 0.106 1.130 0.168 0.682
SNP-N3 0.480 0.369 0.298 1.570 4.750 0.029*
SNP-N4 0.380 0.379 0.304 1.600 0.001 0.982
SNP-N5 0.380 0.358 0.291 1.550 0.200 0.655
SNP-N6 0.440 0.389 0.311 1.630 0.900 0.343
SNP-N7 0.420 0.398 0.317 1.650 0.155 0.694
SNP-N8 0.420 0.335 0.277 1.500 3.340 0.068

1) “*7 Fowigdn &2 A B AR R AL K B AR R 2R 6 £ 57 23(P<0.05, YA )

1) “*” indicates significant difference between the theoretical genotype frequency and the observed genotype frequency of the

site (P<0.05, y* test)

2.3 A PPAR-6 EE4H SNP BIEDIA &5
WRSHRERME XD
PPAR-6 3K #E SGIV $i 2% 4 1 5 2% 40 1)
SNP Gt 704 3 (% 4) Hon: SNP-S7 JE R B R
TE UL AN 5 R 2H v A7 A S 35 72 5 0 A (P<0.05);
SNP-S7 [ TT & R B AEHURRLH 73 A A3 N 60%,

Sy A AR SRR N 40%, AT F& KR 7E Ji B 4 v
YA K 24%, 5y A H 3 A AER R 52%, 1M
AA FERI R AEHUR L T 73 A AEE R 16%, 15 5 KA
O F RN 8%, XM TT Fl AA iX 2 Fhali& 13k
KA S SGIV HUBRMEARAA G, 1M AT &1 Y
5 SGIV Gy ls&trE <,
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Table 4 PPAR-o gene SNPs analysis in resistant and susceptible grouper groups infected by two viruses

FE R T %, FE KT /%%
SNP D Senotype frequency SNP D ?enotype frequency
(SGIV)  Genotype h'.@gﬁ %@Zﬂ r (RGNNV)  Genotype h‘%éﬂ %@Zéﬂ 4
Resistant ~ Susceptible Resistant ~ Susceptible
group group group group
SNP-S1 TT(81) 84 78 0.585 SNP-N1 GA(17) 18.8 16.3 0.099
AT(19) 16 22 GG(80) 81.3 83.7
SNP-S2  CC(44) 50 38 4.418 SNP-N2 AA(83) 83.3 87.8 0.384
GC(46) 46 46 GA(14) 16.7 612.2
GG(10) 4 16 SNP-N3 AT(54) 62.5 49.0 1.796
SNP-S3 AC(34) 40 28 1.680 TT(43) 37.5 51.0
AA(58) 52 64 SNP-N4 AA(45) 37.5 55.1 2.520
CC(8) 8 8 GA(44) 52.1 38.8
SNP-S4  CC(28) 26 3 3.818 GG(8) 10.4 6.1
CT(58) 66 50 SNP-N5  CC(46) 375 57.1 4.260%
TT(14) 8 2 CT(48) 60.4 38.8
SNP-S5  AA(28) 26 30 2.669 TTQ3) 2.1 4.1
AT(57) 64 50 SNP-N6 CC(2) 0 4.1 3.820
TT(15) 10 20 GC(54) 66.7 44.9
SNP-S6  GA(58) 64 52 2.324 GG(41) 333 51.0
GG(27) 26 28 SNP-N7  AAQ3) 0 6.1 3.410
AA(15) 10 20 GA(52) 64.6 429
SNP-S7 TT(50) 60 40 8.491* GG(42) 35.4 51.0
AT(38) 24 52 SNP-N8 CT(49) 58.3 429 2.320
AA(12) 16 8 TT(48) 41.7 57.1
SNP-S8  TT(26) 28 24 0.451
AT(33) 15 18
AA(4]) 42 40
SNP-S9 TT(39) 44 34 1.176
AT(32) 28 36
AA(29) 28 30

DS PARFALIRBHE; )M S AHERAG IR GRT, “*7 AFZSNPILE R R AR A £ EAR G BULey 57

EFRE, B EAL SR B A B A S d R/ 5 ek kA8 K BR(P<0.05)

1) Numbers in the brackets are numbers of the genotypes; 2) * test statistics of samples from multiple groups are used,

@k

indicates the distribution of different genotypes of the SNP locus is significantly different between the resistant group and the

susceptible group, that is, different genotypes of this locus are associated with the resistant/susceptible traits (P<0.05)

¥ F Haploview 4.2 ¥ {F H 1] Four Gamete
Rule T8 77954 9 A SNP A7 S HEAT AT 4543
Mr, 45 5 578 : SNP-S4. SNP-S5 il SNP-S6 iX 3 4>
ARl BE A, MRS E 1, WJE R TTT. AAA.
TAA 1 TAT 3£ 4 AN 455 SNP-S7. SNP-S8 Fl
SNP-S9 1% 3 A~ SNP o7 i = £ I8, A4 R A 2,
Al CAG- TTA Al CAA 3t 3 A HfER (K 2).
W IR 5 1 50 B A BT R I R AT
R HT, 45 BoR FIR AT 50 5 M BTl R0

BEPUME IR TE 2 3 A OE 1 (P>0.05)(% 5).
PPAR-6 R [KI £E RGNNV i B 40 Al 5 J & 4H 1)
SNP Gt it 70 B 45 3 (% 4) &7~ : SNP-N5 3 [K] 2 45
RAE G BAMPURHA P AR EE R0 (P<
0.05); SNP-NS5 1] CC % [K B TE 5 B 41 Hp 43 A A %
N 5T 1%, EHURA T 3 A E N 37.5%, KW
CC 2K 5 RGNNV Zy EMRAH 5 177 CT A
TR 5y B o A AR O 38.8%, TELIEAH 4y
Fidi R N 60.4%, F£H CT 3N H 5 RGNNV Hi 1
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A: SGIV B: RGNNV
| | I & | 1 | | ]
N \ ‘(" o e o & o >
— & km ﬂ- v © =~ S — a 1) <+ o ~ 0
G . G . x x . x Z Z Z Z Z. Z Z Z Z
o o a o o o A -9 ay o, N a. A A Al Al a,
A A B B H B B R H A H H B H H H E
oc Block 2 (257 bp)
1 4 7 8

5

b5

74

Pl T Y (KT AR PPAR-6 3R 2 DNA FrAl, B EaN2E % RbR 2 % SNP AL s R R 250531 1IE 77 T8 Ca e 3 R BUE D9 AT
SR BT TR GRS AR I SNP A7 s [ A IESUR T 248 D MTEH, AERR D=0, LEMHEHRR 0<D <1, WERR D=1; BIEAKZ
XAk A A AR K] SNP A7 mi 4L TR B FAPIRES, TR R, ] Block FRic, $55 P BB 27 B 45 YL 1) K B

The white rectangle at the top of image represents the PPAR-0 genome DNA sequence, and the black thin lines and corresponding tags represent the SNP
sites; In the bottom half of the picture, the value in the square color block is the linkage unbalance parameter *; The color of the square color block represents
the range of linkage unbalance parameter D between two SNP sites, white represents D=0, red and pink represent 0 < D < 1, and blue represents D=1; The
black box indicates that the adjacent SNP sites in this region are in the linkage unbalanced state and form a haplotype block, which is marked by Block, and the

value in brackets indicates the length of haplotype block base

& 2

ABEE SGIV #1 RGNNV B4 FhiFik H PPAR-6 2 & SNP #RICHIES T &S

Fig. 2 Linkage disequilibrium analysis of PPAR-6 SNP markers screened from SGIV and RGNNYV infected groupers

P

XF 8 AN SNP 7 £ HEAT A P17 0 #r, 45
(% 5) f75: SNP-N3. SNP-N4. SNP-N5. SNP-N6.
SNP-N7 Fl SNP-N8 iX 6 /> SNP o7 i /51 B 4, #)
SR 1, W TACGGT. AGTCAC.

TGCGGT. TACCAT. AGTCAT. AACGGT M
TGTCAT 3£ 7 MR (] 2). #H LR BRAER 54
B £ P 2 IR B0 B UM IR BEAT B #4551
IR T AN LR RL S R B A P 2 SR BE 0 B U M
RIBTE B WIAH IS (P>0.05).

&5 AYEE PPAR-6 E[E SNP EHIBAFERS 2 MmESHnIERI XK

Table 5 Association analysis between PPAR-6 SNPs linked haplotype and resistance of two viruses

Wi MR R IR Y% LR % 5y IRLIBAE % o
Virus Haploblock Haplotype Distribution frequency Frequency in resistant group Frequency in susceptible group
SGIV  Hfkl TTT 42.50 43.00 42.00 0.020 0.890
Block 1 AAA 32.00 30.00 34.00 0.370 0.540
TAA 13.00 15.00 14.00 0.040 0.840
TAT 12.50 12.00 10.00 0.200 0.650
HAEH2  CAG 56.00 58.00 54.00 0.330 0.570
Block 2 TTA 43.00 41.00 45.00 0.000 0.990
CAA 1.00 1.00 1.00 0.000 1.000
RGNNV  Hifdl  TACGGT 23.20 20.00 27.40 2.950 0.086
Block1 AGTCAC 12.70 13.30 11.90 0.177 0.674
TGCGGT 12.70 13.80 11.30 0.528 0.468
TACCAT 12.50 12.40 12.50 0 0.987
AGTCAT 13.50 14.20 12.50 0.245 0.621
AACGGT 12.00 12.00 11.90 0.001 0.977
TGTCAT 13.50 14.20 12.50 0.245 0.621

1) P>0.05F 7 %A 509 AR 5 A 3R R A SR A Jp BRALZ 18] £ F R R F ()
1) P>0.05 indicates the distribution frequency of haplotype of the site is not significantly different between the resistant

group and the susceptible group (y° test)
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3.1 PPAR-6 EFEH SNP L2 3 3 4h

TEARWF T, 724 BT SGIV 1) 5 AP
BT ILIH AR 9 /4> SNP A7 21, &AL T W& TIX
1, 764 B RGNNV [ 5 BT A A 3L
) 8 A~ SNP 7 45, [ SNP-N1 A T 4h & F X 45
Gb, KRB AMAENE T XL, H SNP-N1 =41
KA AR L FEAR, Hoh 2 FE BR G b FHE AN Bl o R
X SNP HIHF 7T 0, SNP A7 o5 BE 7T g & 2575 9w
5 X AT B R AETE ARG X, (H R AETE R g i X
AL BE R, X2 BT AR T A gmid TR I 4h &
T, WEFAERE 52 B0 S35 /N — 88, oy &
TR ERZSMENE R ESHE & TN T,
RENETFASEEF gL IIRE, HIHAEYLAK G
TR G HEAER, W& FRHUER mRNA i iE
T BB SR B IAE A, BhAh, JE R
Wt 80 3% B P 55 55 TR A 3R A e A A I i
FAERU DR FRATTAED, AHH S TE PPAR-6 J
P F R R I SNP A7 55, 145128 IR 1) % %%
WA DG, HAS A AR IE 1L 52 PPAR-0 %% 5%
2 R R HE G g% PR Th g, AT 52 1 3= I s 1k
R, EIRATS G B IE 2 Rz — B IR A
1M
3.2 SNP UmEAREEAEPRIZEME S

Botstein 5% % SNP 7 p5 HE4T 70 KR, 24
PIC KT 0.50 i, %41 S8 & FE 2 A AL
PIC KTELEE T 0.25 Ti/NT 0.50 I A FE 2 3
A7 555 PIC /INT- 0.25 B AR EE Z 3 AL f o X AR
BHR I SNP AL R AT 2T, RSN ABE
PPAR-6 KK SNP {7 s AE Bt B2 A 5y B 20 v 1) R 301
FRESHEZE, R HIEE 2 S0 L. e
Tt B AR SR s B R SNP AL S A R Kk
W, 2SR S, KBRS B 2 SR A
sl 1 ROX — IS 0 R R AT e BT SNP A7 AUN
B B R R RIA, RS ZAEAEDY, At
M T ik dom R iR S EFREL R 2 |
SRIEFEA N TR, WK PUREE ) Z I ME,
FOREAR ZREE T %, IR SNP A7 £ 1) B 4k 2 At
NG

Hardy-Weinberg “F-# 73 #r & B, 7EA R4 H
TR 354G I B A7 & Hardy-Weinberg “F 17 11
SNP {7 £, T AHF 70 b 98 3 4R 3505k 1 97 5
Yy, MIFEEmREA RGN T RN Tk &~
AT, BUCEE R L 2 S VR IE B T R T 2%

FEAK, T 5305 4> SNP i 2 Hardy-Weinberg
P
3.3 SNP Um S5HEMMEMIREIXEK 4

SNP &% 3 R4 Fhrid AR, HAG AT
2 BAEREME S, 5T B RE AL B4R, SNP
FRCEARIEK =S & b 5 22 B, fE5L
7, Sk A Snapshot 7% §fi % 5 5 0 Jig 5105 2
(GCRV) FUB/ Ty AR CER T SNP A7 5, 25 KW
1E RIG-I(FR B 175 3 3: R B2 1 1)~ TLR3(Toll ££52
A 3) FkMA C6 25V 22 B 22 G i FE TR vp 34 i i 2
ZANPUR A IS SNP A7 AT, ] DUAE R B4R 4
I i R A R R A ROR TR fE R R
W, [AFEFIH Snapshot 43 847%, /& LBP(IR Z B4 &
T NODI(FZH TR 45 & MR/ 1) Al
MCP-8(JE K40 i & (A fiE-8) 255 N R ik H 2 N 5
ToFLBEFR T HME SR SNP o7 5 A1 B {3 U Co281 ip
Ab, BT mnm a4 R B o fr 25 At
FeARF B 3 HIE 5 6 AR, OF BF, 06§, i ff 2 6
BT R oy R IR 3R AR 5 R 2 B (CaHV),
B 9B A% Yo it 188 B R 50 55 (IHNV) iy
i EE (CyHV-3) 55805 JEPUIE R SNP A7 5.

1t PPARs %: Kl SNP 73 T bric i 58 7 1, H AT
1ENS BCL R B O M ORI 7L, T AR AR 25
Y L S HRIE . A SR LR BB A
KIEK PPAR-6 T4y 51147 SNP 734, KIS
B DX R AR B R IR R K, 5N AL
3 BN KD e B #E VIR R . PPARs FE[HA
VR e 4 LA AR 7 UOAR B AR g A B R, 40 #r
HERZEN, H5EKMERIAT RB 8, NiEE
A0y B MR TR ARIER.

FEARYG H, 7E SGIV IR YL 4 ik 2] 9 A
SNP {7 &1, 5P HER I B 7 B 45 K B, SNP-
S7 N R AE 5 AR PURHA P AR EZESR
I3 AR (P<0.05). %L S TT Fl AA 2 Fhalif 12
KA 5 SGIV HURMEARAA G, 1M AT &1 H R Y
5 SGIV GBI . XF 9 A~ SNP £ i #4714
A7 3 W, 45 R B R SNP-S4. SNP-S5 Al SNP-
S6 X 3 ANAL A BB, MG A 1, W R
TTT. AAA. TAA Fil TAT 3t 4 4> #f% 744, SNP-S7.
SNP-S8 1 SNP-S9 1% 3 4~ SNP fi/ s = FE 18, 14
RS ER 2, AT CAG. TTA F1 CAA 3L 3 4~ H
A, Bk A B O BTt U R B B PR
BEATRBEA T, 45 B R Bk A5 Y 5 0 B fa T
KN w5 U PE IR 3 70 B 35 A OGP (P>0.05) . 1E
RGNNV EYLFEAR A i % 5] 8 4~ SNP AL 5, 5P
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PEIRIEAT KB A B7 45 F R B, SNP-N5(g.2510C>
T) & R AT R AE PR AL AN 5 SR A R A A B 2 5
I3 A (P<0.05), %A% CC 2[R 7 5 RGNNV 5
MR AH G, CT ZHF BN 5 RGNNV HiPEAH K
FEBIAS 1 43 A1 45 SR 27, SNP-N3. SNP-N4. SNP-
N5. SNP-N6. SNP-N7 il SNP-N8 iX 6 > SNP {7 /4
P ER, MRS 1, TR TACGGT.
AGTCAC. TGCGGT. TACCAT. AGTCAT.
AACGGT M TGTCAT 3 7 M5 RL, 44 Bl g
5 ABEAHT RGNNV MRRBEAT B 0T, 25 1 &
7N T AN B B A B £ R £ R B B P IR
PITRZE MM (P>0.05). iR AF 7T 45 S A i ik
HRE 55T SGIV Fl RGNNV SEBEf] SNP 7 15 K
LR RS o] U SR A B B Bo i o Bl gk & 1R 4 3% 4y
Fhrid.

TEARIGH, BRI SNP A7 i 5 HoAth AL
OB T e BEES ) A B, (HIR A s A 540
o PR B 25 GG, @R OL T, AL T 1 kg ik
AR X 1 A DCER Y 2 A SNP S AL TR
VEy e Y, LW e 1 R DR 2 R BRI 7 B2 %
(1) 2507 22 TR Bl L 40 5 oK 356 AT 1 s r DA B %2
AT T, AT A SNP A7 s 40, H
RN Ay A B R AT AR, R DR RS U T A R N
B Rl ACHIE 71X 8 B A PO I VA TR B
PO i R IA R TR
34 R

AHEFIIMT T A BEA PPAR-6 R [R4H 2 251 K
H.5 SGIV HiI RGNNV $t/#%/ 7y AR (R AH S 1%, HF
FR I SNP-N5(g.2510C>T) 5 4 B RGNNV $i
PE I 2 M %, SNP-S7(g.4595T>A) 5 SGIV pitt i
FEAHK (P<0.05), B 7T 45 R N A B0 B 1 5
PIPURIE E TAESRHE T BR BER AN AR SRR
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