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RIS LYK & (Vibrio parahaemolyticus)@iE =R F B EFL TN EEREZ —. BEUFEARRRE,
HTF Muminalll 7 R AEYME B EBARFRIFEMRERE S BATRE. S AFAEZERAENFRTE
X =P8 T8 5 BEHA AT REAA R UL A 245 1T luminafll 7, 13 3E3R7551.867GHIclean reads. ¥
clean reads¥(#E 5CER FESEZFNABFTHN, BREUTREE85%U L, BERIFEHIAR25X,
[FIF AR T 36,929 B H R Z AL 5 (single nucleotide polymorohsms, SNP)f1145,790)
Fr B@ A\ B> 5 (insertion/deletion, InDel). PA_EAL Bt SNP/InDel3iR 4345, fEGt ik b /g R B
TTHYEN, KB T 257/ SNPsf184MnDels. LA AL S — Pl F L REFHE, RE T 554 SNP
AL ERI32A N InDelSL S o SF87 AL R BT T WEATIAE, FIFH — AW FH AR ContigExpressHA4-Xf 248 7
R BTSN R, ZERKH. 5SEEEAME, 55/SNPALAM32 M nDelfiz S, 4>5% 234 SNP
FRIE 10N InDel¥Ric FEERREEZR G SRSERIF LR 5190, 20 FI7E 5 B EE A ATt R B4R L ATH 3
BRANHIE H 9N SNPHRC A2 InDeldrid (P < 0.05), FHEER8NMEE b, #HRHPAHSANERRETHY
PRERTH TR R =R FERRER.

XA
HERHAENF, AR

Mining of Genes Associated with

V. parahemolytica of the Swimming Crab
Resistance Based on the Whole Genome
Resequencing Strategy

Deping Yan
The Naval Academy, Bengbu Anhui

SCEF|I R EET. ST AR D E R SR = PR B A A B SOV AR SR DR AT SR ], R ET I,
2023, 10(4): 272-284. DOI: 10.12677/ams.2023.104028


https://www.hanspub.org/journal/ams
https://doi.org/10.12677/ams.2023.104028
https://doi.org/10.12677/ams.2023.104028
https://www.hanspub.org/

Received: Oct. 18'h, 2023; accepted: Dec. S'h, 2023; published: Dec. 13th, 2023

Abstract

Vibrio parahaemolyticus is one of the most important pathogens that cause the batch death of the
swimming crab. With the development of sequencing technology, it has been possible to screen
disease resistance genes based on Illumina sequencing and bioinformatics technology. In this
study, high-throughput Illumina sequencing technology was used to perform a whole-genome re-
sequencing of muscle tissues in susceptible and resistant populations of P. trituberculatus, and fil-
tered to obtain 51.867G clean reads. The sequencing results were compared with the genome of
swimming crab. The coverage ratio was above 85% and the coverage depth reached 25X. At the
same time, 36,929 single nucleotide polymorohsms and 145,790 Insert/missing mutant fragments
were detected. Subsequently, the SNPs/InDels frequency distribution was mapped on the chro-
mosome for fine localization, and finally 257 SNPs and 184 InDels were obtained. We functionally
annotated the above results and found that these loci are non-synonymous mutations, mainly
concentrated in introns and intergenic regions. We screened the sites obtained from the rese-
quencing of P. trituberculatus genomes, selected 55 SNP sites and 32 InDel sites to design primers
for verification, and used the first-generation sequencing technology and ContigExpress software
to perform SNP genotyping on mutation sites. The results showed that compared with the refer-
ence genome, there were base changes in 55 SNP loci and 32 InDel loci, respectively in 23 SNP loci
and 10 InDel loci. Continuing to use the above primers to perform amplification and sequencing
on susceptible individuals and resistant individuals, respectively, finally, 9 SNP markers and 2 In-
Del markers were selected (P < 0.05), and 8 genes were targeted. It was speculated that 5 genes
belonged to resistance genes and could be used to improve the good traits of Portulus trisulatus.
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1. 5|

— PR ¥ ¥ (Portunus trituberculatus) & H [ B 2 FREEESE, W s] T2 TT, X7 Bk
ZIERAE FER . 1251k, PR T B MEA BN ERNAE R, M HZYF R RAE BN
IR G, R T — A7 H AN H L DA 20 AN A S AT 7 0 b, RGEHUIIT 58 = JeAR 7 B I e Jak
GBI FE R, ANXAT DA G 31— Lo NG S e B A, e B LARE AT, GE AT DAFZ 48 31— Lo RN 1
PEFHIRI 73 FhRic, 3G 8 BrsiHum i =JemR + SR a3 (R B nl, 8 =P T B g R T FF ek e .
2. BiS

Sanger 7 55— AT AR G LR HE R AL 517 T &3 T ERIIVER, SR — AP A7 755 B
A K. PHEREEZ A LA, —HEEHFVEE NSRS . TSk, AR
HE “ (07" (Next-Generation Sequencing, NGS)UA iyl & il 5> (High-Throughput Sequencing) A%x
H, EAEHBONRBRII RS . AR AN 2 s AL AR S ) SR B2 R . B R, R — AR
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7 B NP A £ EH B I\ (Roche) ) 454 &AM FFAC . Nlumina 2 & & umina 54 A0
ABI A 7] [f] SOLID &N 7P 5, XL J7-F & 32K F A8 /I 7% (cyclic-array sequencing), F4%
N AR FHAL] [2].

A= [H 413 (whole genome sequencing) & % A 156 R 4L B (O RISIEAT SR RO SE R AL, R AR
TP 45 5 B KB 2 1) SNP AL, AT T R B 2 IR 1) 734 S84 A0 S A B R A T A A 20 T 45
DR i A JE R AL T3 L TRk . BREAREE R FRBED s L T8 A 8 R I B A A 1?'Jt¢l3£%
B S X0 U USRI 28 AT T Bam-6 BEPRI I AT VAR A B 17 DS 2 M A B A& e ) 1R . B
B8 3008 IRV B £ ZA A A DR IR AT I P 20 A A B — B R <3 81 [3] [4] [5]. WGS Wi 78 S E M 5 T, —
3 T A RIS (de novo), 53— 5 T A 4= 56 TR 4 55301 17 (re-sequencing) [6] -

HI T2 DI IS5 B R 7 5 ARHE , AT AR SR AR R R R A, et L 2 (s BT
SNTII— R 7. AR TG ik, BENFAE A AT EA T2 1) FEE4m, o7k
BAESERNARFINEE; 2) FERH, TTUSSHIZIEREA SNP A7 8, BEEHRBIEURM A 3) PP HL
RiE, A DR B 2 HORAR D G SE R [7]. JE I e SE R E M AR, w] DUREUE] K B s LA
G, S DNA 737K b B8 A% 43 At 0 18 B 14 PR AH 5C i (g L 1A

KT AT, FIH WGS HARBATEAE AT CA1G 2 2N H. Leif Andresson HIBAX 9
ANBERIOAG AT WGS M7 itk 3 3 AN Z YLLK s 3 AE B I BAXT 11 Ao [ Hh 5 % Fofn 3 /N7
AFEFEAT T WGS T, FRE RN T 210 NS IEEERMEA SRR ; Stothard HBAIZE I E 5 1) 7 VE B
URAE 52 [l 7 7 4H 28 R0 2 22 4% 2 BT 1 45 D1238 55 (copy number variation, CNV)A&I[8] [9]. & E il
FPAE LN R CE IS T2 s, BAEK=Eh b WkiE .

3. MR E
3.1 SCERMPR

SEIARIEIR B T8 B BRI FERT, 70 AR B TR AR R ARV MIT R 1 80 H AR 1 EEA
JEYLRIA M INEE 72 h JEAAE AR T BRI 2L

3.2. BEE. MRS

FE R4 % (1) DNA FERSE BIR G AB MR A, 206 4 5 j& DNA R 451ih(CG) it /& DNA i
A B(CT) [10]. i8id Covaris BEREALBEALIT R & DNA F£54 % 350 bp A B, {44 Truseq Library Con-
struction Kit X 4 e, P 1o 4 i A A FH 3 W 5 s HEFE (V) 1R AFE RS 350 bp Fr Bl id #8512 & | ploya

B MFpdsk. 4ifh. PCR Y B —RIIPIRIG, BN ST M 5E R

R BARRAR I 1 Fn. SOERISE)E, KA Qubit2.0 HATHIP E R, WSCEMBEE 1 nglul.
SRIE 3 Agilent 2100 6300 SC % 1] insert size. K insert size £F & FrdE 5, NGRS EF &, &5 KXH
Q-PCR kR & B A ROKE CUERBORE > 2 nM). SCERERI &G, BiERREM BT
BLEHE & (1) 75 5K pooling X AN [E] S FEEAT Hlumina HiSeq TM PE150 /77 [11].

HH I 7 35157 2 raw reads 2% Sequenced Reads, HHa fe7i A K EKH =1 reads, N T 153 clean
reads, 754X} raw reads HEAT(E B ES T, FHOPERWIF[12]:

1) Bk (adapter) ) reads pair;

2) gl read HHEAA N BIS BB %45 read K ELI A 10%F, 75 B 5 BRI paired reads;

3) 4 iumill /7 read HEH MR EQ < S)IILEHE IS % 5% read KJE LI 50%H, 752 L FRILXS

paired reads.
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Figure 1. Library construction sequencing process

1. BEMNRFRTZ
M A# FH Burrows-Wheeler alignment tool (BWA) LU Bk {445 1 98 5 18 2 s 5 225 2 R H 13047 Lt
SEFENALHE BN T 1R, {f/H SAMTOOLS #fh & R tbxt 45 R B E[10]. 3R H % 7T LU T
J& SEERE AT S SNP/InDel A5, T SZEE DNA 7KV 22 55 Th RS SE DR A e A 22 S B (R4, 4 2k (R 48 =
PIAYME B i AR A 2 frs.
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Figure 2. Whole-genome biological information analysis process
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Table 1. Statistics of reference genome

# 1 SEEREEKERG

R EZNINET R RN
FEIRIH AL /Y FEIRH A % WHGHCH  HBEARTN  AEAHRTIEK SRR aK

A s H R RKE EE%) JIT 5 f B 45 £ 50%R NS 90%RT AN 4%
scaffold fK &% scaffold A&
41 850,292,103 36.10 13.17 38,829,317 17,398,227

3.3. QTL-seq &#f

3.3.1. SNP/InDel ¥ F05E R

SNP (single nucleotide polymorphism, H.i% £ 82 2 & V) & F8 72 FE 7K1 b T 5 A% 5 IR K AR A8 S 1
51 DNA FPHI = A 22351k, A4 PR AL (1 J0i e B 0 55 [9] 0 1T InDel T2 e 7mJik R 20 7= AR /N Fr B R Ok
MIFHENFFS] . AR Genome analysis toolkit 3.8 (GATK)# 41 (#) UnifiedGenotyper #5uk il SNP A1
InDel, SNP idJEZ41%E H: MQ <40, QD <4, FS>60; InDel 541 % 5 QD <4, FS > 200 [7].

3.3.2. SNP S ERTHT

BAVUSHERANERNSH, P G BRI BEAMATEREA SNP A7 541 SNP-index (SNP 14
K)o WK 3 From Xt MadthH SNP-index T8I —FPguit ik, JLIRER LS E R R A s —R A E N
S, WAL reads UAE T SHIRIE AL 25 AOBRIE HEAT Go it 0T . Gt 7B 3 — IR AL s A AN A AN S A B
HSHILNA LT HIA RS F K reads, 3401 i A R & 8005 2 &5 ], % Bl BR A
SNP-index. HH1, 5885 HSHRRHBCEAT RS AR SNP-index i 1, AHERIMLHN 0. %
R I 5 2 B R AT TR SRt P 4= 3 SNP-indlex e Ayl /b I 4t A A G 4t s A i, -5 1
SNP-index J& (1) 2 A& MEAL ST I 38, I pEARAHE T

1) BN SNP-index #/NT- 0.3, F£H SNP IREEH/INT 7 BIAL A, P d;

2) —MAMAE SNP-index B2 A A, IR

o Py Fy Fo/RILZ 5y B B4
. P -
L TEreeres
| ‘ét %t‘ ‘g}}» el ¥ & Y ......
% X 4 ‘:ﬂmww
— T | HEmRMRAE
ot 4t o ¢
1~ - B -
B — - — — - -
il == = == —
TTCCTGCGGCTCCCGACCAAC TTCCTGCGGCTCCCGACCAAC
TTCCTGCGGCTCCCGACCAAC TTCCTGCGGCTCCAGACCAAC
C *$A TTCCTGCGGCTCCCGACCAAC TTCCTGCGGCTCCAGACCAAC
) TTCCTGCGGCTCCCGACCAAC TTCCTGCGGCTCCAGACCAAC
(B B TTCCTGCGGCTCCCGACCAAC  TTCCTGCGGCTCCAGACCAAC
CE— TTCCTGCGGCTCCCGACCAAC  TTCCTGCGGCTCCAGACCAAC
F#EB TTCCTGCGGCTCCCGACCAAC  TTCCTGCGGCTCCAGACCAAC
TTCCTGCGGCTCCCGACCAAC TTCCTGCGGCTCCAGACCAAC
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L J
D 1
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Figure 3. SNP-index calculation method
3. SNP-index i+ & /5%
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a1

3B P85 1 Z AL U, % SNP-index 7EGL (A ¥4 AT VR ] . BRINIEHE 1 Mb AT 1, 1 kb
K, THEAEANE R SNP-index [P 35ME K ORAMA ) SNP-index 43 i o [FII X SNP 413 7 5 73 A
HEATVE, 115 A(SNP-index), BI#§/N4MMA SNP-index £ 2 : A(SNP-index) = SNP-index (i &7 il 51K B 51K
B IR B) — SNP-index (RIVA MLIKEE BURMEIR A). #E4T 1000 R EHekile, e 95% (W) BAGAKHAER
7 14 PO R

3.3.3. InDel $iEER S
InDel-index 43#1 7% [H 1.3.2,

3.4. {FiEFRICIZHE

3.4.1. {RiEFRICIFIE

N T AN B QTL HISEI, (£ A FED 4G H Y Pk %k SNP A1 InDel, 2R Z2%5 A M 740K
R, WHkE 7 All-index 2 0 (90745 WIRSH AR FACRAA I, WPk T4
All-index 2T 1 (AL s A LA M

SNP Fic i i2e J5 U -

1) PFAMARIE AGSNP-index) il 1 bR

2) EFZ A e T — Conting 1 1;

3) Xfre A e AR B stop gain BX stop loss B[R] S IEAR B # ] AR BY A £ AL UL S AT I I

InDel Fric ik J5 ) -

1) HEFEAMAEE A(InDel-index) 3T 1 FIFRIC;

2) EHEZ AR T—A Conting F1);

3) HIIEAT B BEEATHET -

SR

1) #HERRIC A 50 bp At 514;

2) ¥4 Fr BRAE 300~500 bp 7r A

3) FIMKETE 18~23 bp;

4) F10B SR EYERIAE 55°C~65°C 2 (A, b I 51 il B 22 i A P iAE 3°C 2 Il

5) 519 GC & &A% HITE 40%~60%2 7], | FiF51%) GC & % Hif A B 5%.

3.4.2. THEIAEMINEFRCHILEE

K F PCR =4I 7 (5 1:AE CG A CT B A B XoF i g1 5 afm 5/ B A bR A % 32k 43 7 b 1 kA7 B -

1) HAeTEAREA S E T A5, Hoh 3D H — %5 IR B AR e A 70 bp BA L

2) FIFBIHEGFRIEI1 95 LL CG Al CT 1A DNA MESARR 1T PCR 971, JE¥ N 1Y) PCR
FEVIEATIN T, W 5 A3 R B AR A ARG Y 51 0

3) FIH ContigExpress %20 ril 7 &1, Pk CG AT CT WY 4LAE X A Bl e A e K 22 S e
TC4R BT M DNA BAR [ PCR 4 38 A1 7 5347 5

4) RGP LE RGN MMARRR A, FHil SPSS HAE A Hrric 5 s v I s MR AL 75 4 5%
[13].

BARKAE DR

1) PCR ¥ #1k R FIFE T
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T T

HIH A2 = e PR FLREEAT PCR 9748 . W E PCR MAEFF N 1, 95°C, 2min; 2, 95°C, 20
s; 3, 55°C, 20s; 4, 72°C, 30s; 2~4, 35 MEH; 5, 72°C, 5min; 6, 4CRAF. PCR M AR
K 4.

PCRY™ AR
1A &
DNAIHR luL
Pfu Fly Buffer 4uL
dNTP (2.5mM) 1.6uL
F1¥(ETE) 0.8uL
Pfufii(SU/ML) 0.4uL
KHE7K AR 20Ul

Figure 4. The PCR amplification system
[ 4. PCR ¥/ 181K %

2) H kA

FIBE R WETIC B 1% 00 H ke, b 4 (1 B M b R R N AR LKA o, EAT AR I 52565, FL kT[]
Vg N 30 min, HLPKEE WG B UG RS IRIES,, D)EIH B HL2R B — I BRI, ik
TSR BR A J AT

3) Giit i

FIH ContigExpress F A%l 57U BIEAT 73BT, 96T B R V25 ASEASU AN 5 TR AR VR 5 ASEAS B S o7
B EEEZRSY, FRAkSERZEY, U MEP T PCR M I50IE, ¥4 ik —3,
SR JE K WA S LA B R/ 0 L K 2% 028 25377 [10]

Bk B PRI 25 S F ContigExpress B AEAT M52 1 BE R B4 B N SPSS B, FIA-RT7
K965 P, P P <0.05 BIbRiC M fEikbric.

4, ERESH
41 =ERBEBENFLER

T BB ARA L, FEEMFaram b —ssk, SEES T8RP B a5 E TURKRE:L
FFHME R thah, PR A RE 2= — SR E T AE B R 7P 21 1 o b A7 VAl DA B et
JE SIS RN EE . 20T R ES k. PR RS AR A DR PSR S, gt 4R
RO Fp a8 ReA:, UEHASAE Q30 BA L, 5 RF(%, AR mER, Wl 5 M 6 fs.

AU 377 42 Raw data 5735 51.963G, 15 1) Clean data 145 51.867G, Al /775t & 151(Q20 >
94%. Q30>87%), GC FEtiTE 41% /i fi. Fk, ARSI AREIEERL, GC /A IEH H T i
W, FEE PR IR DU R AR WL 2.

8 BWA B Sy Bt AR Jeketh Fry 077 B0 FIAR 1 8 S 5 SR AT LU . U S5 SRR, Frfy
FEAR KL ZAE 85% LA 1, XS5 B (HERR N X)HI-F3 78 fiR e 25X PL L, IX BHEEDE—
ANIEEE IR 75 ) 7E 7T9%LA b o LEXTEERIER, v T SEmbmic il 4. BAK Reads 5 2% 5L A LUt
EG I 3 iR .
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Table 2. Summary of the quality of sequencing data
F= 2. MWFEEREHULS

Effective Error o oy GC Content
Sample Raw Base (bp) Clean Base (bp) Rate (%) Rate (%) Q20 (%) Q30 (%) %)
C 25,917,187,500 25,867,454,700 99.81 0.035 94.22 87.475 41.495
CT 26,046,389,400 25,999,858,800 99.82 0.035 94.255 87.595 40.96
Table 3. Sequencing depth and coverage statistics
=3 MFRERBEESIT
SHEBERA T Z D> SHELRAP D
N i e XF X y i s A LA I T 4 A IEE R
s hs3 S QR FIJMTIRE . X
FES s ey MIROSHAL HXRR WIMERIE e o AL
bt pagad
C 147,383,735 172,449,698 85.46 25.05 79.15 76.69
CT 147,651,575 173,332,392 85.18 25.32 79.08 76.76
Quality score distribution along reads (7C) Quality score distribution along reads (7CT)
40- 40
30- 30-
) 2
S S
220 220
< <
= =
o (o4
10- 10
0 : 0

Position along reads

Position along reads

ONAR N BB A IR, BEARKR Y reads AOBEEAZ B s 1T 150 bp XU Il 7 41 1 55 — il - Reads F4) 57 AR 74T

&L, J& 150 bp 2955 — il F reads )5 & fE 70 A 1 DL o

The abscissa is the base position of reads and the ordinate is the single base error rate; the first 150 bp is the quality value
distribution of the first-end sequencing reads of the double-end sequencing sequence, and the last 150 bp is the quality value

distribution of the sequencing reads at the other end.

Figure 5. Sequencing quality distribution map
5 MFRENHE

4.2. SNP/InDel #0535 %%

HUHIES 552 ILEA LR, 2R E] 36,929 4~ SNP FRic fil 145,790 4~ InDel 7 &, {BIEAL 15

HITERR S BN 4 T3 5 Fos .

DOI: 10.12677/ams.2023.104028 279

HEPERF AT


https://doi.org/10.12677/ams.2023.104028

T T

Classification of Raw Reads (7C)

Classification of Raw Reads (7CT)

Clean Reads (86224849, 99.81%)
Containing N (1943, 0.00%)

Low Quality (0.1, 0.00%)

Adapter Related (163833, 0.19%)

Clean Reads (86666196, 99.82%)
Containing N (2052, 0.00%)

Low Quiality (0.1, 0.00%)

Adapter Related (153050, 0.18%)

(1) Adapter related: PEIH#3k, iR reads R H (5 s raw reads /LA, (2) Containing N: Kl N &%
T 10%, It iEd R reads $K% R raw reads BT L. (3) Low quality: RS, BB reads
B 5 & raw reads ZLLEB . (4) Clean reads: #2473 2% clean reads % 2 L /5 & raw reads 41 Lk o
(1) Adapter related: Due to the adapter, the number of reads filtered out and its proportion to the total number of
raw reads. (2) Containing N: because the N content exceeds 10%, the number of reads filtered out and its propor-
tion to the total number of raw reads. (3) Low quality: due to low quality, the number of reads filtered out and its
proportion to the total number of raw reads. (4) Clean reads: The final number of clean reads and their proportion

to the total number of raw reads.

Figure 6. Filtering results of raw data

Bl 6. RIGHIETLIBER

Table 4. Statistics of SNP detection and annotation

7= 4. SNP &M R E RS R Gt

B3l SNP ¥
s 6269
RELIL TR 25
REXILTFAR 4
AT X 3 X
A L RAE 3206
JEH) L RAR 1767
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Continued
P T X 3R 78,726
ELAIEDASY 18
T 5136
IR EJF 1 Kb X3, RIS BAE o5 —FE BRI R iF 1 Kb X5 386
B[R 2 [A] 270,857
e 229,986
At 139,243
FEAR M LR 1651
it 369,229
Table 5. InDel detection and annotation result statistics
F 5. InDel #M X BLER G 1T
255 InDel ¥ &
L 2548
PRIFLIE TR 6
FELIETAR 8
BRAK I8 A T 240
AT XA
NG AT 114
B K ALY 80
AR 57
4T X 3% 29,213
YA S 19
i 2268
FEDA B 1 Kb DX, (RIS H7E 55— FE R R 1 Kb X5 186
B 2 8] 110,027
A 60,375
(/PN 85415
it 145790

4.3. TR SNP/InDel {if SI&ES 4T

2 SNP Fll InDel &35 A Z= 505, 132 SNP frid 257 4>, InDel #xic 187 /.
TEVERELE R P 1 55 4 SNP FRic 1 32 A InDel bric i T5E, #IPRIELS R K] 23 4~ SNP fridH
A 10 Mhric SEISE R85, BHYER N 41.82%; 32 4 InDel Arid 14 10 Mric S 45 R —%,
249 31.25% (InDel Axic BT 7 51 (1 52 25 1 5 B0 PP 45 A, T REXT BH P 2838 B T 520)) o

AR FRA, SRR E 2 51, 0 AE Gy A AR A L HEAT 58I p, R AR

9 /N SNP #5ic Al 2 AN InDel #3ic, Giit4s B 6 fix.
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T T

Table 6. Markers related to Vibrio resistance and prediction of their gene functions
= 6. SilEMMHEXRIEREEMEETEETU

Pose Mutation ASNP-index  Variant Chi-square P value Prediction function
type value
Contigd_13982611 T—G 0.72 intronic 6.162 0.046 dual oxidase
maturation factor 1
Contig242_653632 A—G 0.70 intronic 10.667 0.005 WA('; four-disulfide core
omain protein 1
Contig26_556258 G—A 0.70 intronic 6.044 0.049 GDNF family receptor
Contigd05_623426 G—A 0.80 intronic 7.940 0.014 Gustatory receptor
trehalose
Contig7_625237 C—T 0.69 intronic 17.143 0.001 Ratlial spoke head
protein
Contig81_1278459 G—A 0.7 downstream  8.640 0013  DNA-damage-inducible
transcript 4
Contig7_625234 G—T 0.69 intronic 11.378 0.003 Radial spoke head
protein
Contig104_411267 G—A 0.70 intronic 11.911 0.003 solute carrier family 10
Contig7_4587668 A—T 0.77 intronic 13.972 0.001 Methyltransferase
Contig7_4584002 G—GA 0.7 intergenic 9.6 0.02 Methyltransferase
Contigd05 597023  GAA—A 0.76 UTR3 6.096 0.047 Gustatory receptor
trehalose
Contig3_6549174 G—GC 0.71 intronic 13.333 0.001 Gap J“gfgt'gﬂl beta-5
5. #ig

BT B R A A AR F B R TR, A DRSS 3 5 (9 B ) 2k DR 4 P 178 R Ao 1 A
FR RS 55 [14]. SRATIRF FRARTER B, AEDF A FEFEE SNP S AE, [MiF & =R T EHilE
SONAR SR B A 5% SNP {5 B OB [15]. PRIk, X = PeAR T BT BT AR S 3L K Je H SNPs i3E47
F, A BTSN =P 7 B AL R, AR TAR T B HUR SR TR IR R . AR R R
BRSO Je 25 51, ABFFCAH] T — M T BSA VR A it 4 5 BRI 2H 50 5 4 AR 0 6 =R TR 5 IR
AT B AR 2 8] T BEAZLE (I HUWIAE O 1 22 S B R HEAT 1T VR N2 o A b TR S P QT L I 47 7732,
AT FE T FH ) A R U P B R A A 44 77, FF BoaT DL 72 T B2 S B A S i 24 A

H AT Numina 2 & B0 7 G2 N BT Z 0 R4, ABFREERA Nlumina HiSeq™
PE150 “FHEHATINT . BIED & SRS N7 R B EAIE, ST 407 BRI R PR, Fitk
e Fr BORT BRI AR 3 JLAS cycles FOSS R ZE 2 i [16]. I PP 3RA5 B8 5T B2 18 F— K Qpnreg 7, TR
MFFAS R e 27n, M Qpred = —10l0gs0(€), Q10+ Q20. Q30 FI Q40 FK/RAS IEH M KL IR 5] 43 71l 1/10+
1/100. 1/1000 A1 1/10000, RPHgIE IEAfHIH A2 57 A 90%. 99%. 99.9%F1 99.99%; AR 4k I/ 145 SR &
B, AHFFU L4 51.983G I%dE, Q20 “FH4{H >94.23%, Q30 “FH{H >87.54%, W& . HEl
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a1

Jr 5 R 77 A2 1) Clean reads i@ BWA B LU 2R T B S AL M . 850N, WABHAR TG
FEABRIR 1B S H BN H M EE G 2 7E 85% LA b, 5SH RN AR ARLME, Fi, Fratedan 2
FIRER AP SR AR 25X BLE, IX G2 79.08% L E, 4X i EAE 76.69%LA b, XLELER
HI5 2 B 1 B 135 — PR AN 2 2 L R 2H 7 A B [RIR R A s B TR =

SNPs s 3R H 2 AEE N RAL, BT RERZH R A RIALE, SNP AT L@k A [5] P AL i) R 52 e i (]
FORH R 5, LR A% X A SNIP K A2 SR AR AT g 23 S M AH G 35 [R] 1) i 48R 245 A I miR-17-92 FE K 5
21X rs1813389 A/G TAE A A M AT RET- 7~ B B AE AR 5% AR [A] X4 X SNP 5RA8 EL4i i 38 5t M 2
T2 ) S R RR AL, ) B 1 BT Dy BRI i) H 0 R 22 R B S (M AR BRI R I TNINCL [T i i [X 2
A4 ARFE G B4 al C AT Re i B IE & AL 0o U = XK [17] [18] [19]. e ml B 7t LA A JE R RAR
SNP (nonsynonymous single nucleotide polymorphism, nsSNP), [KlJyiX & SNP f% A 1] it B Hz 5 M & [ i 1)
SERIRE TR AR SEAEck, MORERZ IR AR, NSRRI E] ) SNPs AT BEAE PEIR A2 Ak
HPEMEAEA[20]. 4, F-box AI'E &2 MRE B HH 17 (leucine rich repeat protein 17, FBXL17)5: A (1)
FE=NE T SNP RAMRRE | HEAC A AL R 10 e th A7 AE T 58.4% 1R A AR e [21]. DRtL,  FRATTAED
JF IR = PERR B N &1 AR R 2 1] X 3k SNPs AT 04T

6. /&g

TEARRFFR A, MF BRI WGS 7 ih L% 52 H 257 4N SNP 1 184 /™ InDel, FFRizhit4T 7 ThRErE
B, FEEA IR AE R SCRAE, K brid dbF W& FFE R 2 18] . Hrp AT & F X35 SNP A1 InDel
g3 b 18.29%7F1 25%; AT HE K 2 8] [X 35 [¥) SNP T InDel 7351 (5 bt 78.6% 11 71.7%.
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