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Tab.1 Minimum version and environment requirements

of the softwares

B LA FRARRRA/ZER
software / tools minimum version / requirements
(SO Linux

Y R B

compilation environment

Rscript (3.6.0), perl (v5.16.3),
Python (3.8.5)

Burrows-Wheeler Alignment 0.7.16a-r1181

Tool (BWA)

Genome Analysis Toolkit v4.3.0.0

(GATK)

Samtools 1.6 (using htslib 1.6)
VCFtools v0.1.13

PLINK v1.90b6.17
ADMIXTURE 1.3.0

RAXML 8.2.12

PopLDDecay v3.40

xpelr (Python) 1.12

R, ZHCRENEN Bk, Bt T
— B IR 2 O R A B TR, AR R
FIRESRAL BT, BB PR A A |
A5tk SNPERSH. REKF M. Tk
ot BEARGER AT . R SRR | B

AP R . BERRIH BRI 10 DS IIRERLER (151 1),
HEE IR PR ALET -
RIS H RS XABRE EE )RR

B2 FERREF Y, T x5 S 5N
AT X, BWA (Burrows-Wheeler Alignment
Tool) &5 )7 7 51) i1 2 2 55 DR 20 A 7P Ee X 1)
FRUE R, AE ARECE = AT iz F R AR X
teiZ, JuHJEH BWA-MEM 534 Hllumina ()
BE ORI R A1 Lk T B Y 2
BWA., J73I HE XTI 75 B4 & B 44 1) clean data
(fq.gz A% =20) FIAHXT R P A ) 2 25 BL R4 SCAF (fna
1), WA SE e A B =R XA, &
AR5 X 2% E N H I # R 5] (BWA-index JJ
fg), #f clean data " 17 A Al R 5| HEAT HEXT, 15
#] SAM (sequence alignment/map) 4% =X F) 5 51 Lb XF
SO,

HAE R a4 IZREHLN T RR R XT
A FE R 2 AR S s AT A, DA A
(quality scores) . W J V& B I 42 14 5 57) 4555 i) [A)
FAE NS H A bR A7 0 1k a0k, me &AL
GVCF # 2 H SNP A s g 4is 42 1), 35t 4% 722 S Ao il
Jir R ) T H RS 41504 T 242 (Genome Ana-
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Fig. 1 Modules and processes of data analysis

lysis Toolkit, GATK) , ‘& 3% H] T M 7 ¥ 4 v
b A A5 D B R GERE R EY, Samtools J2&
F T4 SAM/BAM(SAM Y —iEhilss =, H
THE4E 23 1)) A% 0y HX SOy T HARN, Bheg
AR SAM AE SO, RILHTHERY . AT
ARG AEAA IR X — i AR R Rl
Samtools #f4XT b —20 145 RS (SAM 45 2X)
THER , #RJ5 I8 GATK MarkDuplicates ¥ il J¥
BF A PCR 4734 S 8T 13 91 8 &2 047 258k, DA
WG J5 A8 S A D A M . 72 9 Samtools
#7 &5 )5, i GATK HaplotypeCaller #1748
SR, 45310 A A SNP 15 B VCF S,

AT AT FERGTIE X,
A D 3] A 1) 56 DR 2 91 79 728 S A 2800 SR
HEAR SN A VCF SCfrh, HAR BALHEAS A0 i
() 28 A8 J5 U (genotype) . 3k R &I Y it & {H (geno-
type quality scores). reads [1Y78 o5 VR 4%, fF LIk
fili b, MRYEZS AR . R AR R e S
B Z IR AT L, ARAG R A B 28 AL A
B TR, 72728 S ad DR H ) 32 240 3 ik
B, e di ] GATK SelectVariants M\ VCF (4
TSNP, 793 H AL SNP i 57 B VCF XL
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. SRIGHEATPIUR SNP 38 . AR P IR . AR
S HAE R X SNP 178 — Rt i i
KB (max-missing) FIK 557 3 AT K (minor
allele frequency, MAF) &5 B#E 1758 kg, A48
S UE DR EL I F 1Y GATK T ELBEGE#E1T SNP
i, 3 A i 45 IS B0 AR A B R T T A
DN 08, PRHES— UG iR 4R H GATK TH.,
il VCFtools 7£ 4l A 4%t VCF SC44% 2 19 2 B 1
[ B} 38 °] LAAR 4l MAF ., max-missing 45 {i5 J& % 48
S BT UG IR A, AR Rt ug
1 AR S HORT DAAE A AT ST B, AR
IEZEHE, ARG EORAY SNP A2 55 83U (VCF
0.
SNP 1z & #9 4t X B RIEF

H A CMplot™ S it SNP 7E4f 5 e ik oA,
B SNP 432 BEiit. B, Fic sk SNP Ay
AR S AR SO (VCF g 2X) R P P Hi v 28 1 SRR AT
145 B3 (samplelD SCH, — 308 A RFEEAMALE
BSOS 1T 8 A, 15 B4 RFEREIR M
SNP 28 AL S0 (VCF #830); R )5, @it A 1T
A ESH——7 0K/ (window size) FlIZ 5L
P51 0 (0 B R ABL (24 SNP %= KT binmax B, K
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fEFHARR (), 2] SNP 25 K] (png/pdf K& X).

MR RGE TN RGERA TR
IS E R 2R SNP 58, MR TA - MAR R 58

SEACR T AR A Y e Al o R o R
RAXML®! B304 T RGEL BRI AT . Mgt
HA ]38 1o 22 RAXML #4419 bootstrap value 1 LA
PR A SR IR B WGk, A Perl T
HoWE SNPE 5 f5 B (VCF #% 3X) Bk 1% JF il 1 A%
RAXML # A RE A IR B4 2 (seq), SR 1 B i
A Z 4] bootstrap values, | 5 KA SR 144 4 fie
HER ARG L E W (bestTree.nwk X)),

BEARGEA AT X BRI A bRl
HEWT AR AL 254, DA IR [a] A 5 i) 454> T
A 22 18] BT 4 5 0 S e ) 4H 51 1) > H LA B AR 4B
R —BOokul, TR G I 2 Hr T T R AR
4 STRUCTURE, {H /& STRUCTURE iz 17 i &
B, 404 Admixture 5% A H o Y 2 B
J3E T Y ISR A S8 A A 0 A ) T AR . AR
Hept ek H Admixture 20, B B9 % ARG 2 T
51 4 R 21 SCHE A BT T L4 Plink TH 48 545 B
S (VCF #%20) A%, 45 Plink(.bed) 1 Plink(.ped)
SO, TR Plink i 1T LS B 5¢ iUS 2203 Bl /)
ARAL . VCF SCPFI TR LA B 43 B 45 2R 148 B A7
%Y, ARG A i A TS BOE AL (K values) 11
B CV errors (cross-validation error) oK Pk kA By
KA, e i R AL ] Admixture 25 R,
FHK TR B BAL S5 FIAEL S 5t

IR FRSHT (PCA) BERTT L
HRAE AR S A7 s U I P R A I AR 23 2
H4a2x B 3h i SNP 15 B Ge i DI RERE I /) 5 th
(45 E 1R SNP () VCF 30, I i Pk map,.nosex
F.ped M J5 28 1Y Plink 4% =X 17 S04 5 SR 5 4k 22 4
H Plink 155 PCA, X — 223153 2 4530,
352 LA eigenval Al eigenvec A & 4% A0 45 S0,
HIA IC sk A PC I 5 1 L AR MR IEE, 54
10 SRR AR [ VR Al bRl s B ST R T AR
scatterplot3d”® 21| PCA &, ¥ 4r#ras Rl #iAk .

AR 7 69 AR ) BB P (linkage
disequilibrium, LD) Jf& 48 A [6] 3 A 15 (loci) Y %
B (allele) Z ] Bl HL (nonrandom) fY ICHK",
i 53 LD B (LD decay) £E A [R] 9 F (1] =X, =] 4 Fh
VIR AN [i] ST AP [ ) S i 3 8 BAeAE2 Of ) b7 66 DR A6 1)
H 34 AN - 30 e - ) Ak AR, RE AT R )
17 b 85 3 B A 35T A% 0 AR Y, 3 — S W ol P A 1
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PopLDdecay, i%#fFFTF VCF &3, #eE LA
HEC T 14 S JRE RV v ) A0 A U AR AR ] 174 3% AN
M tE oL, B AL A AR 55 B 1Y VCF Ui
BEIRAE B U (samplelD), KFREESE, THE
VCF ST i 4 BEAR A9 LD 520, 15 2] 45 23 3¢
f (LDdecay.stat #% 2X), Ff-fdi H] Perl JAI4< 23l LD
decay A,

BEAR LA 5 A 248 AT S 00 3 5
i i BRI 1 R 2R S A FE I 2
J (expected heterozygosity, H,)"". W 4% & B
(observed heterozygosity, H,)"'". I3 ZRE (Wright's
inbreeding coefficient, Fig)™ MZ&(E B & (poly-
morphism information content, PIC)D”O Hor
EE R BRI G B T DA SR Al et A ) A%
ZREVER AR A8 RBOE R SR Z 8] Y
R E R, Z28F B8 5248 ik
W —MAric B SE AR BRI e e i %, 15
FNZARICAE— AR ) 28R /ME, T
WS DA ) Z AR PR R B RO B Ss A SR TR
HE AR RIS AR 19 48 S5 B S0 F (VCF 46 X),
8 JH Plink % ¢+ F1 Python T. HLiF AT 15T M& i,
558 |7 f H, 25 % (hwe K5 20). Fig 45 58 (het /%
). PICHR (pic #8:0), HBFILEKIEL .

BEAK ) 69 it 4K R o AT TE 5 bR
(selective sweep) $8 H TAEAEABE . B Y45 A1
FPROLEE R, PR A S — A OC X e (AR 25
AL SR BN T B o s 15 A PERR AR A B
AT JEC Pr 7 A 1% 2 R DX 3 o 308 v 4 ) sl A1 i
MIEEALEE T TR BR A A A FR v, Fop 45
G 0, BEA R FEAR R AL AR B, T 28
TERRIHBR X B T, 45 G VR S5 A L R 32 4%
S3MT (XP-CLR )P, i Bl 4 g Wyl o P Al 5
AN Tt b 2 e B e R X 3R, Horh Fgp
FORTHRM AL RE B, HEUEE Y 0~1, %A
LN A 5 =T E P R N Y N i B
PRk ; 0, S T BRSSO,
O, AR, BRI AT IR 2 5 s BRAIK, AHOC S
R DXl A7 e R B B v Y S R S
SR (XP-CLR) sz — A A AR 1] 4 o7 Ak PR3 4%
B 255, W SR R 0 DX IR v 114 4 6 i PN AR
SRS TE NI 208 7 52 IE B BRI 67 41
Mo BRI R T DTS B S S B s it
TEAT 24T B A S50 1 (window size) Al K
(window step) ZJ& , P4 A BhiR 5] & A 42 R
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& B VCF ST AR (S B SCF (samplelD), 1
%A% VCFtools 1158 Fyp 1 0, R Fyr A1 0, 1)
S5 R CeA ), M Perl LK R TR AL
qqman & If Fgp Fl 0, 45 RACEE WL For-0, R I K I
nAL; & H TR XP-CLR HI%K {4 xpelr (Python
) B TR g R, I LA RR S A S BOR 6
E (CHR), AL 2115 04 A A ksl 3 Sk
(xpelr #530), FFATH4L XP-CLR B3R 4R .

ULk, A 5 A T 0 o3 BT AR PR
il 5 A2 A — SCF B St fEAS G AR R SO, 7
AT PATIE SR E S, B SRR PUT

BADIRERLE, TR AR R, bR
{18 Kb 3 52 B4 25 SR SO T RE VR T — 2 BRI 4
ANEHE, I AR R 2 6 4 T H IR AR B i) i A
i s SCRAR 2R T3 AR AL B (] 2).

2 4R

g 1 MR AL R A AR BB IR W T AR, 52
5ok ARG SR E (YZ), ARG (DH). WL
@2 By 3 BRI AL 30 B oK B ff (Larimichthys
crocea) M ) T Ak 35 DR 20 00 i 50808 ok 304k R A 7 2
AEME . 30 MY 30 X clean data fastq AUHE &
25 101.46 Gb, KE S % ILKNY L. Large-
YellowCroaker genomic_chr.fna (GenBank J¥ 41| %
5 GCA_000972845.2),

X 30 X clean data I 5 £ 4k 15 2 7% Ak 5 20 it
AT HORE 358 1% 28 S A, 3B R FH X T BA BT
YO 10 X reads FFATAEBRAY 72, 15 3 45 R 3
4 all_raw.vef 554 3 820 531 4~ SNP( 2), H:
HEE — U IE SR HBVA S 5L QD>2.0, MQ>
40.0, MQRankSum>—12.5, ReadPosRankSum>-8.0;
B YGHESHOUE Linux Ar TAEHIA: - MM
(max missing): 0.2, — MF(maf): 0.05, 78R idiEsh
A% all_snp.vef JLA# B 948 845 4~ SNP fif 5, R
PB4 KA B 3CF (YZ.samplelD, DH.samplelD, ZJ.
sampleID) 43 & SNP 5 %] YZ.vef & 45 780 356 4~
SNP {3 &5, DH.vef &% 4 840 223 4~ SNP {i pi ,
ZJ.vef 54 569 310 1> SNP i/ £ (3% 2).

BT A 2Z AT, Linux fy 21741 A SNP
BRI S -s(F 1K/ (window size)) :
0.1Mb, -M([& ] 5z K AH (the max value of legend of
SNP_density plot)): 500, LA R AT
A8 S SCF (all_snp.vef) 5 753 B4 R AN 3 s
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B & NN S PR SN RS SN R a2
FFEARIRIT R A SNP % 5

MARGKREB WSS E: N (bootstrap):
1 000, A0 (5 AR S5 4 SCAF: (all_snp.vef) #E4T
PRS2 (seq FLLtbl 4% ) S840 B 5 15 21 45 21
A (bestTree.nwk #%3X), BN T H. FigTree 2%
DU /REE R (B 4). 7E bootstrap Z 5 3EFE 1 000
W2 ERR, FEF 3.4 he

i ABEARSE R S TR S8 K (I WA
)1, 2, 3, 4, 5, 6, 7TULASEREUELIE
SorWR), B Plink B XSRS CV
errors H¢/MEXTI I K {H R 1 (18] 5-a, AR % SC
F (.plink.Q #6xX) ZxHIFHALEH & (5] 5-b).

F R AR TICT S, T A SR
LIRSS BT SNP i 55/ VCF U (all_snp.vef),
VH FH Plink 3044 #3617 = 2 A0 B (recode . make-bed.
pea — A X% ) 15 2] PCA 45 1 U (Leigen-
vec Fll.eigenval #% 20), )& 8 FH R JEIAS 22 i) 9 Fb
PCA M Hr 25 5L B (JCHLRFE(S BRI 45 & samplelD)
(&l 6)

HERURT- Mk o S5, B A 3R )
BEAARAR A SCAF (all_snp.vef) . 3 S REEFERE (R
SR . ARMEEFAE O WV EF AR ) BAE &Y ID S
(YZ.samplelD, DH.samplelD, ZJ.samplelD), H shE
%, PopLDdecay iy 2 %) draw.list X4, ## ] Pop-
LDdecay 15 LD Z, FH-fd F Perl i 40K 25 5
SCAY: (stat.gz) 224l LD decay & (K 7).

BE R385 22 RE P 1 D2 W) T 7 I B S 4K
A4 8 SR T A BER VCF SCFE (all_snp.vef)
045 RIS 505 B VCF SCHF (YZ.vef, DH.vef,
ZJ.vef), idit Plink 24 IF( H Python T HAF 2R
IR AG Z RS, M ANE T B o] LR 25 5]
AL (18 8),

PERRIH IR A TR T BAE i AT S A =
H-WP (window size): 50000, -WPS (window step):
2000, -CHR(E @A H): 01, 02, 03, -, 23,
24 (Wb S Hoks R DGR S50 BR), B A il
B & A AR A5 B VCF X (all_snp.vef) FIEE
A5 B3 (YZ.SamplelD, DH.SamplelD, ZJ.Sample
ID), A VCFtools i+5 Fyr Fl 6,, 4 Fsr
M 0, L5 RO (pi M fsr k8 3X), (] Perl, R
ARG Fgr 1 0, 85 RN, Fyr-0, % (YZ_vs_DH.
fst pi,YZ vs ZJfst pi,DH_vs ZI.fst pi) FF5 E AT A
b (I 9); BB H 8K F xpelr(Python hit) #% 1
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SAM files
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v

/ HXF £S5 (—3EH]) BAM files /

v

1. briC EHE 75 GATK MarkDuplicates
2. R 5] samtools index
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v
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!
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[

1. Admixture 74T
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R script visualisation

RAXML g KR (ML i%) 24
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Pl ID SO FER 5 BRI SNPGATK
samplelD files SelectVariants
1. AR S B2 3CAF all SNP vef files
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[
* * N A X =y é N
AR T G R SRR 2 FEE B0 IR SNP I B
PopLDdeca calculating population genetic diversity selective sweep analysis SNP 1nf0@at10n
P Y parameters 1. veftools statistics
1. Plink 2. Python T & 2. xpelr (Python) R TH R tools

v ¥ Y

BN oA
LDdecay results

LB R M F

LI &1 6,

255 XP-CLR

SNP # 4t
SNP density
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Fig. 2 Flowchart of platform operation
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Tab.2 Information of collected samples and the sequencing

2N KA Hb AT AMEER R TR IR B /x AMRF S5 SNPA Y/ /
population sampling site sample no. ave. seq. depth ave. SNP no.
REGFEIH YZ g 720 % Donghai aquaculture farm 11 43.6 780 356
RiFE A4 DH UG Donghai wild seas 12 68.3 840 223
T Z) WLHHE #43 sea off Zhanjiang 7 135 569310
kLR all samples 30 41.8 948 845
& 11K /NMb
window size
0 58 11.6 174 232 29.0 348 406 464 520
T T T ——t T L '
Chr2 gm0
Chr3  jyg 1 0000 S AR 0001711 (R
Chrd  |nsmmm—
ChrS
ChrG | 1 N 000 00 R
Chr7  —— D 00NN R OO 10100
CR8 w00 A NN MU | 1 | 10
o Chrd  mmmmsmsmmm
S ChrLO - jyaygw s am 00000000 10 NI 410010110 A
& o Chrll [mmssm i imm omm . i 0
a8 Chr L2 ;10 0 AU ML 01 :
€ Chr L3 yagwyij 87700000010 O A N N 11 111 10
£ S Chrl4  mymrmmmmmmm s 56
& ChelS gm0 00000000 S 111
S Chrl6 w900 10000100 9000 000 166
Chrl7 " 111111010080 R 1] O AT 221
Chr 18 s N N0 000 O 00 276
Chrl9 gy 331
Chr20 gy (o W8T 000 336
Chr2 1 s wm Smaminn 1000 141
Chr22  p— T Wi 496
Che23 s 1 100N R 22500
Chr24 g w0 O !
SNP % &
SNP density

E 3 SNPEEE (EOX/: 0.1 Mb)
Fig. 3 SNP density (window size 0.1 Mb)

o JRHFIRILIEIR
YZ
o JRIFEF A AR
DH
o YT HF A A
. VAl
o ZHILHA

reference genome

4 RGHLH (Bootstrap = 1 000)
Fig. 4 Phylogenetic tree
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The figure shows the Joint plot of -6, for East China Sea farmed population (YZ) vs. the Zhanjiang wild population(ZJ). The red boxed area on the top

right in each graph represents the intersection of the top 1% with the largest 6, ratio (the ratio of 6, between the two populations) with the top 1% with

the largest F; (the two populations corresponding to the 6, ratio), while the red boxed area on the top left represents the intersection of the top 1% area

with the smallest 8, ratio with the top 1% area with the largest Fi;.
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Development of a software package for the analysis of
genome resequencing data in aquatic populations

XU Qingteng ', WU Haotian '*,  JIANG Lihua®, LU Ying ">
(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education,
Shanghai Ocean University, Shanghai 201306, China;
2. International Research Center for Marine Bioscience, Ministry of Science and Technology,
Shanghai Ocean University, Shanghai 201306, China,
3. National Engineering Research Center of Marine Facilities Aquaculture, Zhejiang Ocean University, Zhoushan 316022, China)

Abstract: In recent decades, genome resequencing has been widely applied to study the genetic diversity in wild
populations or cultured populations, such as estimation of divergence of populations and detection of artificial or
environmental selection on the chromosomes. However, owing to lack of bioinformatics skills, most of the
researchers have to resort to commercial platforms to analyze resequencing data, which needs high costs and long
analysis period. The commercial platforms usually use the universal pipelines without personalized analysis, which
sometime causes the erroneous results due to unreasonable parameters or reference genome data. Owing to the
increasing demands of genome resequence data analysis in aquatic animals, we developed a user-friendly software
package to facilitate population genetics analysis of genome resequencing data for aquatic biologists who may lack
bioinformatics skills. By surveying the current research and achievements in the analysis of resequencing data in
aquatic animals, the constructed software package integrated different bioinformatic tools, encompassing mapping
the quality-controlled reads to the reference genome, detecting genetic variations, performing phylogeny and prin-
cipal component analysis, clarifying population structure, calculating quantitative indicators of genetic diversity,
and completing selective sweep analysis. All of the resulting data were finally visualized with an R or a Python
language package. The present package was tested by analyzing the resequencing data of 30 Larimichthys crocea
individuals of 3 populations, which successfully completed all of the designed tasks, such as alignment of the
reads, identification of single nucleotide polymorphism (SNP), construction of phylogenetic tree and population
structure, illustration of linkage disequilibrium decay and calculation of main diversity indexes. The generated out-
puts were well-visualized. The software package functionally integrated most of the basic statistics, calculation,
and plotting for the analysis of wild and natural populations, which enabled most of the researchers to locally per-
form the data mining of genome resequence data to save time and costs. The corresponding source codes and
instruction manuals have been uploaded to GitHub: https://github.com/xqteng/Re-seq_analysis.
Key words: aquatic animal resequencing; single nucleotide polymorphism, SNP; population genetics; software;
genome
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