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(0 S BEAE T, AT DU 3 17 1] 94755 PI3K-mTOR
BT VTR AR A WS N A, nlre3 TT BETETE
T 20 T R e 1 L SO e 4 AR L 9
an . Je % B HE A ( Oreochromis niloticus ) 3 2| Jo 7 5
BREEGL S nire3 FERRIKBZE TR HI,
AT LU Z2 /NI B B R AT 4L AR
it LR J5 AT B TR A6 B 53 AT 20 A oy
TR, 25 DR TS A5 1Y) 5 S 20 BRI T ndre3
FERIT i 1) 2 VAT AR 15 00T, Z S5 455 HRM
FORXPIZ BN E 1 Z2 387 SO — 2P BB IA
YRGB B 45 0 s DA S 1) A TR
55 1l R e B £ (R HURR T8 B IO TR M 23 B, 4R 3
AT /N RHRE ) BRI RL . LU A >
T FREE ML R A RO TAESR Bt — 2P R
R AR IR

1 MRS TE

1.1 XEsa

AR S5 w A pR [ GRG0 4R
Ht, S50 H R A 21 /N filsh o B
BIFRAE IR 2 v A0 S 00 2R 200 L3R F7 5
i, 45 7 4R TE (4.040.5) mg/L, K I N 15~
18 °C. B 7 dJa EHL450 BA K AT BIf 06
T3t AR R TCAR A 1 AR Ry 52 58 A [ 3444
£ (5.120.4) em, IR : (12.50+0.63) g ]tk
12T /NGS5
1.2 SFMIHBLEEERHRTE

HEBRS N R 2RI RT REVE S K 450 251856 £
BEALE- 430 326, 23 9 FH 200 LAY SR AR 3250 .
ZF /NN SR /N I B R 5 AT s
68 I A1 28 2 4 /N TR HL R (8 000 4N/1) X 450 B 1
0TI I R K 10%. [BRG% 4 d 5 H B
TMA, 28K 5 K BIAET - A A A K 21
ANICHL 8 22 AR SRR , B 40 A 2K, BH 2240
HuS5 2L, B 5 dJRFET - MABORIWT LT, 258
O RACT-AREGR B I K, B 5 SE T MO 1R %
W T IR T RS R 14 d LU TRSET AR
. BURYLT SEAET 1Y 144 554 K 50 I, I e 17
TG 144 Z R AV E PUR AL, U & i 2
THHERY BT T 5T UM T2 A5 Jo/K LAY 1.5 mL G
BB O BT 4 COlAA TR
1.3 EFEZADNARE

it FH 20 25 9 20 DNA e 4 30 & (4=
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T, b ) $2 B DNA, A B Ay Ot 6 I
NanoDrop 2000 (Thermo, 3 [E ) X} DNA ¢ & Fl 4§
FESEATRE I, - 35 DX 4 DN A 95 W % 28 50 ng/
L i TAEWREE A =20 “CUKAE IR AE -
1.4 ¥3RZAH SNP fi = ik

PN SIZ B 3 e s 21 SO % vh AR AT B A /N T
3 7 51 (PRINA896750) Jf: fiff HI samtools %K {4
(VSRS ARG TEIZ RS e 55 4% 1, 70
B ) bwa-mem2 Il GATK 4.13 # 3¢ iy 4 K¢
Clean reads [ Xf #] =% SL N4 |, I i#47 PCR
AR B SFAI  GVCF SCAF G I LA K GVCF 3L
PRI AL B . K5 0T 5 9 VCF ST RT 1L
Xof B B A B R A b, Ol T VA O e 4 AR B AL Ik
X 20% 1) SNP 37 15 Il i Variants To Table 155
FRHUSNP 37 5./ DP . MQ QD . FS ,SOR \MQ Rank
Sum , Read Pos Rank Sum %5 7 ™S8 5(H .. 8@
il R AR (vef_filter. R) , 319545 S 50MH 15 %5
A S N7 PR B B AT o AR A S R R 0 A
PR B S RURE AR5 i 1 IE S EUE ol DP<
5, DP>10 000, QD<2.0, MQ<34.0, FS>10.0, SOR>
3.5, -cluster 3, -window 10, fix J5 , {#i F§ GATK
Variant Filtration AR 4fg [ 74 25 918 2 500 0 {E % 3 15
(1 SNP AT A 1o 8 AR A SNP 37 45, o
1.5 DO PWEBHSNP L ASE

MR w0 JE R 2 I nlre3 FEIR P 515 B, Al
Primer 5 AR HAFH9 49> SNPs S 75 1T T,
S AT A TR B A PR A RIS GR D

{8 ] QuantStudio 6 Flex 73 B {474 4, 4"
BEA R AEE 1 wL DNA BN, 2 wl il AT 5]
¥ ,1 pL Ace Tag DNA Polymerase, 1 wL dNTP
Mix, 5 pL Ace Taq Buffer (Mg* plus) PA } 2.5 pL
LyGreen B2 R YA} s 4714 SO0 #8774 95 “CHUAEE,
5 min; 95 ‘CAEH:,30 5,56 CiRk,30 5,72 CIE
4,1 min, 34 DMEFR ;72 "CHEAH, 7 min; 75 XT3 34
PN R S HER 2 HEA TR SR AR R AR
LRI RV Rk 45~97 °C, FHE N 0.1 °C/s, i
Ja i Quant Studio realtime software A% Xt
SNPs i i 73 BUHEAT 23 B o MR 40 23 Y 45 5L 6
PCR Y™ 34 Beak A1 2E T2 T (i) ey A
PR\ ) #5847 Sanger Ml 17 , SR I Chromas 2144 il
J 1 F1 nlre3 5 PR Y B0 05098 748 AT 20 b, T
Xt HRM 9 73 B 45 R AT RN SR , AR A5 3 [
A,
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Tab.1 Primer information for gene mutation sites

Name SNP type Primers sequence (5'-3") Tm/C Production/bp
nlre3-F1 G/A TGTGCATCTCTCCTTCACAAAC 55.0
nlre3-R1 AIG AACCGCAGGAAAAGATCCAGA 56.4 102
nlre3-12 G/A CAAGAAGCAGATCAGACAGC 535
nlre3-R2 AIG TGATGGATTTCTCAGGAGAGT 523 ¥
nlre3-F3 A/C TGACTCTCCTGAGAAATCCA 52.1
nlre3-R3 C/A CCAGTTCATTCAGACAGTGG 532 %0
nlre3-F4 G/A TCAGTGGTCAGCTGTAGTTT 53.1
nlre3-R4 AIG GATTCTTTCATCACGGGCAG 53.8 4

1.6 SNPZEMESHEZF/NKNHBXEKED T
A o X6F 2 HC R Y SNPs 37 5 R 43 A X6F 7 il ik
PRI AR R 2557 5 PRI PR AN [ A AR v 08 03 52 R0 B 48], 45
AU YR AR AR TE AT A0 55 22 75 1 R 35 P AR 2 (i)
BIE S 0B, F ] IBM SPSS statistics 26 4% 4%}
B HEIE AT R KK, P<0.05 A 25 B3, P<
0.01 Jy 2= Ft d .

2 5
2.1 % ZSNP & FHRiCHIIHIE

A FE X PR 2 BT R AR B BT 2 /NI
o ) AN T A AR e 0 A AR 1) 5 S A Bl R AT A
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smaﬁmm?i%%%m%%%%xmﬂﬁn
B, HA B0 2840 I X 34~ SNPs 4 7
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E1 HRMGELERE
Fig. 1 HRM screening results
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JE 45 R, SNP1 SNP4 {37 5 K A 5848 0 GIA
SNP3 4 A/G, K, SNP1JE Rk AA B AG Y
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Fig. 2 HRM analysis results
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Tab.2 Genotypes and gene frequencies of SNP loci
(A LS HER Dl i ) S LR Dl i )
Loci Genotype Susceptible Resistant X Allele Susceptible Resistant X
AA 142 (0.986) 13(0.091) ( ) ( )
SNP1 Ny 286 (0.993 157 (0.545 162.685
ASG AG 2(0.013) 131 (0.909) 232.482(0.001) (0.001)
GG 0(0) 0 G 2(0.007) 131 (0.455)
ps AA 20(0.138) 105 (0.729) N 00138 2100729) 15 18
A>G AG 0(0) 0(0) 102.125 (0.001) (0.001)
GG 124 (0.861) 39 (0.271) G 248 (0.861)  78(0.271)
SNP4. A 123 0.854) 22(0.153) A 246 (0.854)  44(0.153)  |g374
oon AG 0(0) 0(0) 147(0.001) (0.001)
GG 21 (0.145) 122 (0.847) G 42(0.145) 144(0.847)
*3 AREERABRSHFERKERSH N
Tab.3 Association analysis between different 3 ‘Lj‘lb

genotypes and disease resistance traits

e B AN Vil B4 )
Loci  Genotype Number Susceptible  Resistant
AG 132 2 130
SNPI 229.147
AA 156 142 14 (0.001)
AA 125 20 105 102.125
SNP3
GG 163 124 39 (0.001)
AA 135 15 120 0.306
SNP4
GG 143 19 124 (0.580)

2.4 ARZEREEE&aHNRBERIES T

SR AR 5 AT B HE R P DR SNP4 5 BT PR
To b 2R G, BT LASCRE SNP1T 5 SNP3 46 —
F R B IR 2] 4 Fh A58, 22 5 X AS [R] Fil
FH) AE R S0 e 1 Z B e AT, 245
75 B SNP1 Y AG FIISNP3 8 AA 2 iy — A% 18
D1 43 BT AR (P 50 100%) , R BT
DAL 5 1 SNPT B AG F1SNP3 Y AA 2H Al 1Y
TAERI D2 IR Z (B FE N 95%) , i Fh A% A Y
IR PURTEIR
% 4 SNP1.SNP3 R K &R IR B S

Tab. 4 Correlation analysis of the diploid and disease
resistance characters composed of SNP1 and SNP3

oyl EAR

—fym SNPOLR Loct g U
Diploid type Number it it Rate
P YPC SNP1  SNP3 " Susceptible Resistant i
D1 AG AA 91 0 91 1"
D2 AG GG 41 2 39 0.95°
D3 AA AA 34 20 14 0.41"
D4 AA GG 122 122 0 0°

T 8 3 A R ) B R A AE i 2 25 5 (P<<0.05)
Notes: The values with different superscript letters within a column
are significantly different.

3.1 EF HRM #{ R 3F SNP fi = i3 1798 1iF F 33
PR MR BT R E > B

i 5 I AR ) A e DA R A WA SR AR 1
FEARFFIH B XT SNP 43 h it B A6 0 1 53 A
KARAEEE, AT 2] T Tz A8 S, t s e J b
PRI W 5 B4 % . 1 HRM AR & —Fp
TN (R R A A W 2 AN (] 2 1 AT 3 o mT Ak
A7 2 DR R B T R A v 3 I R, MR A
FAEG P H A , HRM A BA7 8 5w A
It H e = o B AR B9 R AZ R
X e a5 0 B4 3T 300 4% 5 MK EFT SNP £
SRRSO | 380 2o A 7 11 25 SR X6 DS Syt 21 B v
1 35 4 118 SNPASE st ot LA 361 I e 2 ik, 2
Je T AR A 5 bR e A 3 R 4 TR 8, IR S5 9
S AR AEA T AH DG S #T o

FETHOCHI Iy B o3 AT 4 2R | AR 3E 2ok i 5f
1S 2 5 50 3 A (nlre3 FE ) A7 56 AO 7 A5
a4~ 43545 SNPL, SNP2, SNP3 HISNP4, {H
HRM 0 Jy> 45 5 0 b v ) (B < 7E B0 A ) 4
W, SNP2 o7 5 () K i th 6 R IR W 22 57, R W
AL ECR E A Z R 2 2 R BV F
Pric o3 B 45 B 2% R e bR U 3 Fhrad
TEJR ST R B bR . R, R A nlre3 SEA I
A T B R AR IR A7 58 34>, S SNPI,
SNP3 HISNP4. ZJ5 , 2= 5 4 it th 26 B Sanger
J7 28 Rk — 25 B R AR YU AL S iR Al
SNP1 1 SNP4 %A T BUA% 1T IR G/A 4 L4
SNP3 &= AR AT IR A/G B e % . R Ik, SNP1
FLR Rk AA 5 AG & ; SNP3 JE K AUl AA 5F GG
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B SNPAFEN RN AA 5 GG L,
3.2 nlre3EESNPIRCEE&EHREZ F/NNH
AR BY K BX 53 AT

ANICHUE Ry AR Sh P £F 6 dUiy — B, 22
i B 0 28 0 Sk | R RS0 AT R B
R RURT B AL /N R B S G b ) —
Fifr B J5 R R 21 2 A 3 1l DA R i 1 e e 45
IR, N I ORHESE TG, TR IR 28 5 i
HE R YN IR AR R EIE 25k
— ZR NI SN SN, A3 475 45 S PR R A S
Ry Ak A, T GT 0 118 95 200, 200 7 L2 400 i T 440
1B 20 gt 2d o — FR A A4 S S B A R B A T
TIRE , Qi Seil i NOD RS2 (R G 16 X AR 1) 52
PRHEATHEN . nlre3 FERAE y NOD 2 K E
(8 — D3, 32k R A Y 245 R B X A ] 18 S 445 o
LABPUR P30 3o LA {5 5 38 % (41 MAPK, NF-kB
S50 [ ) S B R YT SRE SO AR T L B A AE A i
JE T 3R A 200 M A W S AT R T I DA, 1T
IR AR AR MRS ERN, B
HITESG, Je B B AR H AR S8 rh | 5 SOk
TE A P AT 2ok A G T R PR A S AR g I
S AT K B AR S5 1Y B 1, (HAE R A
W A SCRRIEA TR IE

RUAN"" % % B IR F i (Pangasianodon
hypophthalmus ) nlre3 HE A 34> SNP i 55 5 % &
K BT (Aeromonas hydrophila) PitEA K. 1
AWFFE 3 A A PR AR S5 rh & R R
111 nlre3 BN T RE N2 T/ NI B S HESE Y, If:
HLi 37 45 2 5 50/ I JUHE AR A OE Y 3 4> SNP A
Rl ZJr il SR B A e S A A i, SNP1 A
SNP3 5 F T2 T/ NN HRE ) B E ARG (P <
0.05) k2 REX AL 2 SR T
& IF 5 PR MR IE AT A G 3 L SR B
nire3 B [H | SNP1 1Y AG I SNP3 (1) AA JE DA A 241
e, 28 PR AR SNPL Y AG 5 SNP3 (1) GG
FEINTIZH R, 95% T A, I O X P4
A A LA e Y 3 Ry Jim 25 DR PR AR £ 32
i B O A AR 1A T 9 BRE SCRE R R
Fo

25 BRTIR AR AE A B SR AL E L R
NG 57 2H B4 B4 3 19 SNP ARiC , 455 R I EK
a3 3 OGRS BT 9 7 VA X R T 2 /N I Ut
ARAHIE SNP HEAT T 55 0E , -0 T IZ LA AT
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Development and association analysis of SNP markers of nric3 gene in grass
carp against Ichthyophthirius multifiliis based on HRM technology

CHEN Feng', HUANG Menglu', LI Jiale"*?, SHEN Yubang'*"

(1. Key Laboratory of Freshwater Fisheries and Germplasm Resources Utilization , Ministry of Agriculture and Rural Affairs,
Shanghai Ocean University , Shanghai 201306, China; 2. Shanghai Engineering Research Center of Aquaculture, Shanghai
Ocean University, Shanghai 201306, China; 3. Shanghai Collaborative Innovation Center of Aquatic Animal Genetics and
Breeding , Shanghai Ocean University ,Shanghai 201306, China)

Abstract: To investigate the relationship between the polymorphism of the nlre3 gene in grass carp
(Ctenopharyngodon idella) and resistance to Ichthyophthirius multifiliis, susceptible and resistant groups
were selected from grass carp populations infected with 1. multifiliis. The single nucleotide polymorphism
(SNP) sites of the nlrc3 gene in the two groups were analyzed and compared. High-resolution melting
(HRM) and Sanger sequencing techniques were used to validate the genotypes of the SNP sites, and the
obtained SNP sites were analyzed for their association with the disease resistance traits in grass carp. The
results showed that four SNPs sites were identified from the nlr¢3 gene in grass carp, and three SNP sites
(SNP1, SNP3, and SNP4) were successfully genotyped. Among them, SNP1 and SNP3 exhibited two
genotypes each (AA and AG for SNP1, AA and GG for SNP3) and were significantly associated with
resistance to I multifiliis. The analysis of haplotype combinations and their correlation with disease
resistance revealed that the genotype composed of SNP1 AG and SNP3 AA (D1) showed 100% disease
resistance, while the genotype composed of SNP1 AG and SNP3 GG (D2) showed 95% disease resistance,
both representing advantageous genotypes for disease resistance. The study demonstrated the existence of
nlre3 gene polymorphism in the entire population of . multifiliis resistant grass carp, and different genotypes
were significantly correlated with the ability to resist I. multifilits infection. Among them, the D1 genotype
with SNP1 AG and SNP3 AA combination exhibited the strongest resistance. These findings provide
important theoretical and technical support for further breeding and prevention of I. multifiliis disease in grass
carp.
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