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PCR ( 1, 1), 50x PCR , 10 pmol F/R,
5 S5AmMC6 PrimeSTAR 4 uL ANTP , 10 uL 5xbuffer, 1 pL GXL
GXL (TaKaRa, ) , : 50 uL  PCR :98°C 10s,
50 ng DNA, 10 pmol F/R, 4 uL ANTP , 60 °C 15, 68 °C 80 s, 18
BERRY RS BESIM #XFI
caaE—— )
.}
D
; per step1774)
o — )
)
barcode £:kF33l ‘ KA barcode
L ] G
[EE— G
)
‘ per step27=4)
[ — G ]
e e e — )
1 PCR  barcode
Fig.1 Incorporation of barcodes into the PCR amplicon via a two-step PCR approach
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Tab.1 Information of the primers used for 2-step PCR
PCR
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PCR 7378 bp
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AAATCTGTTTGACTGCACTGTATAGC-3’ -R -3’
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Tab.2 Distribution of the 21 SNPs (P<0.05) related to the resistance of shrimp against V. parahaemolyticus in resistant and susceptive

groups
2
p (9] p
R S R S
PI3K 254 T/C 5-UTR  pos.254 TT:TC:CC 77:7:.0  60:10:2  0.0429 T 0.097 0.042 3.812 0.0509
PI3K 258 T/A  5-UTR  pos.258 TT:TA:AA 39:34:0 42:20:1 0.0317 T 0.828 0.730 3.816 0.0508
PI3K 264 T/C 5-UTR  pos.264 TT:TC:CC 77:7:.0  60:10:2  0.0429 T 0.097 0.042 3.812 0.0509
PI3K 1929 T/A 5-UTR pos.1929 TT:TA:AA 40:34:4  41:17:1 0.016 3 T 0.842 0.731 4.845 0.0277
PI3K 1932 A/T 5'-UTR pos.1932 AA:AT:TT 39:37:4  40:22:1 0.042 3 A 0.812 0.719 3431 0.0640
PI3K 2112 T/G pos.2112 TT:TG:GG 54:25:1 37:19:6  0.036 6 T 0.250 0.169 2.838  0.0921
PI3K 2134 C/T pos.2134 CC:.CT:TT 52:20:1 37:16:6  0.0304 C 0.250 0.156 3.633 0.0566
PI3K 2205 GC/G pos.2205 GC/GC:GC/C:GG 38:36:5 23:43:1 0.009 2** GC 0.816 0.696 5.636  0.0176
PI3K 2298 G/GT pos.2298 G/G:G/GT:GT/GT 77:8:0 61:10:2  0.048 2 G 0.096 0.042 3.680 0.0551
PI3K 2731 C/T pos.2731 CC:CT:TT 75:6:0  61:10:2  0.0270 C 0.096 0.036 4.743  0.029 4
PI3K 2778 C/T pos.2778 CC.CT:TT 77:7.0  60:11:2 0.0243 C 0.108 0.042 5.147 0.0233
PI3K 3149 C/G pos.3149 CG:CC:GG 50:20:9 37:24:5 0.044 4 C 0.649 0.570 1.926 0.1652
PI3K 3568 A/T pos.3568 AA:AT:TT 51:29:3  36:24:9  0.0240 A 0.304 0.211 3.483 0.0620
PI3K 3669 C/T pos.3669 CC:CT:TT 36:21:4  38:15:1 0.045 8 C 0.865 0.762 3.873 0.049 1
PI3K 3958 T/C pos.3958 TT:TC:CC 43:34:4 28:24:13 0.0135 T 0.385 0.259 5.252  0.0219
PI3K 3977 _T/C pos.3977 TT:TC:CC 77:7:0 60:7:5 0.0121 T 0.123 0.042 7.102 0.007 7**
PI3K 4828 T/C pos.4828 TT:TC:CC 16:28:22 26:13:19 0.044 1 T 0.568 0.455 3.197 0.0738
PI3K 5031 A/T pos.5031 AT:TT:AA 43:19:15 23:14:26 0.014 8 T 0.602 0.474 4.567 0.0326
PI3K 5366 T/C pos.5366 CT:CC:TT 40:20:15 18:16:30 0.006 6** C 0.609 0.467 5.650 0.0175
PI3K 5989 A/C pos.5989 AA:AC:CC 75:9:0 59:9:4 0.033 3 A 0.123 0.054 4831 0.0280
PI3K*6(216*ACT/ pos.6016 AA:A/:(C;:I{:ACT/ 41:31:5 46:18:1 0.013 8 A 0.848 0.734 5.575 0.0182
J Rk (P<0.01)
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251 25 . _ 1
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Fig.5 The P values of very significant markers related to the resistance of shrimp against V. parahaemolyticus (P<0.01) and
surrounding markers in LvPI3K
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GWAS , etal,2012) (Luetal,2018) WSSV (Liu
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Tab.3 Distributions of haplotypes in resistant and susceptive shrimp groups against V. parahaemolyticus

/

P
o)
TTA(T) 0.655 0.686, 0.629 1.095 0.295 4
CAT(TC) 0.238 0.190, 0.280 3.392 0.065 5

Block 1 (PI3K_1862_T/C,
PI3K_1929 T/A, PI3K_1932_A/T, CTA(TC) 0.056 0.071, 0.043 1.112 0.2916
PI3K_2110_TC/T)

CTA(T) 0.033 0.033, 0.034 0.003 0.960 0
TTA(TC) 0.013 0.012, 0.013 0.004 0.946 6
TC 0.798 0.758, 0.831 2.435 0.118 7

Block 2 (PI3K_2112_T/G, PI3K_2134_C/T)
GT 0.202 0.242, 0.169 2.435 0.118 7
(AG)G 0.924 0.892, 0.952 4.119 0.042 4*

Block 3 (PI3K_2295_A/AG, PI3K_2298 G/GT)

A(GT) 0.072 0.107, 0.042 5.066 0.024 4*
Block 4 (PI3K_2524_GTTGT/T, PI3K_2731_c/T,  (GTTGDEC 0.927 0.892,0.958 3147 0.023 3%
PI3K 2778 C/T) (DTT 0.06 0.087, 0.036 3.639 0.056 4
AT 0.528 0.596, 0.467 4.977 0.025 7%
Block 5 (PI3K_5031_A/T, PI3K_5366_T/C) TC 0.449 0.372,0.518 6.482 0.010 9*
AC 0.019 0.024,0.014 0.415 0.519 4

Dk (P<0.05)
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Tab.4 Comparison of the genotyping on the sites PI3K_2205 and PI3K_5366 between verification populations and the
third-generation sequencing population

SNP P
R S
indel G/GC:GC/GC:GG 22:76:2 20:68:1 0.851 8
PI3K_2205_GC/G
indel G/GC:GC/GC:GG 38:36:5 23:43:1 0.009 2**
sSNP TT:TC:CC 8:96:23 32:58:0 0.003 0**
PI3K_5366_T/C
sSNP TT:TC:CC 15:40:20 30:16:18 0.006 6**
o (P<0.01)
PCR (Unigenel19157 All 1806 348 223) (Zhang

23.93%, SSR
72.21 bp, (20.11—31.91 bp)

(Zhang et al, 2019b)

(Sulovari et al, 2019)
(Huddleston et al,
2017) SSR ,

(Yue

et al, 2017) PacBio SMRT

SMRT

(DePristo et al,
2011) )

IGV :
7 378 bp

> >

s reads

LvPI3K

et al, 2019a), LvPI3K
LvPI3K
7378 bp 91 s 81 bp
SNP, 95.6% 5'-UTR
b 4 b b
PI3K 5366 _T/C PI3K
, T>C mRNA ACU ACC,
, DNA GC ,
s mRNA
(Plotkin et al, 2011)
4
LvPI3K 91 , 21
(P<0.05),
2 (PI3K 2205 GC/G, PI3K 5366 T/C)

(P<0.01),
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A HIGH-THROUGHPUT METHOD FOR CANDIDATE GENE ASSOCIATION ANALYSIS
IN LITOPENAEUS VANNAMEI BASED ON THE THIRD-GENERATION SEQUENCING
TECHNOLOGY

LIBi-Han"?, YU Yang', LIU Gui-Jia', LUO Zheng"? LI Fu-Hua'

(1. Key Laboratory of Experimental Marine Biology, Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract The Pacific white shrimp (Lifopenaeus vannamei) is a dominant aquaculture shrimp species in China.
Development of the shrimp industry depends heavily on the improved broodstocks, and molecular breeding is considered
as the most effective approach to accelerate the selective breeding. Development of molecular markers related to interested
traits is the basis of molecular breeding. To establish a high-throughput candidate gene association analysis method suitable
for L. vannamei and other aquaculture species, the third-generation target sequencing technology was applied. A total of 91
SNPs were discovered in LvPI3K, and 21 SNPs were significantly (P<0.05) correlated with disease-resistance trait against
Vibrio in L. vannamei. The results were approved accurate and reliable after being validated in an independent population
using the Sanger sequencing technology. This approach provides an efficient and low-cost genotyping method for
aquaculture species, and the identified markers will be useful for the marker-assisted breeding of disease resistance in L.
vannamei.

Key words third-generation target sequencing;  genotyping; disease-resistant trait;  association analysis;

Litopenaeus vannamei



