Open Journal of Fisheries Research 7K=H} 5T, 2017, 4(4), 125-133 Hans X
Published Online December 2017 in Hans. http://www.hanspub.org/journal/ojfr
https://doi.org/10.12677/0jfr.2017.44020

Analysis of Population Genetic Diversity of
Cynoglossus cynoglossus Based on 2b-RAD
Simplified Genome Sequencing

Lei Jia, Bo Zhang®, Kefeng Liu, Debin Zheng, Xiaoyu Wang

Tianjin Bohai Sea Fisheries Research Institute, Bohai Sea Fisheries Research Center of Chinese Academy of
Fishery Sciences, Tianjin
Email: tianjinbohaisuo@163.com, 'zb611273@163.com

Received: Oct. 21%, 2017; accepted: Nov. 3", 2017; published: Nov. 16", 2017

Abstract

Taking the cultured and wild populations of Cynoglossus semilaevis in Tianjin coast and cultured
populations in Haiyang as study objects, there were 32,746 SNP locis screened by 2b-RAD se-
quencing. The genetic relationship, genetic structure, genetic diversity in these three groups were
also analyzed by SNP markers. The genetic variation within populations (Fis), the genetic varia-
tion between groups (Fst), and total variation (Fit) in each SNP locus in these three groups were
estimated, which shown that Fst value was ranged from 0.0731 - 0.1635. The genetic differentia-
tion between Tianjin culture population and Tianjin wild population is the smallest, and the ge-
netic differentiation between Tianjin and Haiyang culture populations, Tianjin wild population
and Haiyang culture population is great. The results of selective sweep showed that the polymor-
phism of wild population was highest in Tianjin, followed by Tianjin culture population, and low-
est in Haiyang breeding population. The polymorphism information content (PIC) statistics of
Haiyang, Tianjin wild and Tianjin cultured populations respectively in each SNP site shown that
Tianjin wild was up to 0.220, followed by Haiyang cultured and Tianjin breeding; the lowest is
0.175. The differentiation between Tianjin wild and Tianjin culture populations is not significant.
Principal component analysis was carried out by using software GCTA, and PCA showed that the
contribution rates of the first two principal components PC1 and PC2 were 16.25% and 9.54%,
respectively, and the cumulative contribution was 25.79%. Two dimensional clustering results
show that a small part of the region in Tianjin wild population had a small intervals with that of
Tianjin cultured population, but the two principal components generally can be clearly divided
into two categories, and these two populations had a clear boundaries with Haiyang cultured one.
Based on the above SNP locus diversity, polymorphism information content, genetic diversity
comparison, the genetic diversity of Tianjin wild population is higher than Haiyang farming
groups, but not significant difference between wild and cultured populations in Tianjin. It re-
vealed that Tianjin populations may have a certain extent mixture, which means the possibility of
population mixture between wild and culture individuals may exist.
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PAREREFA ., REEFEAMG M FEBR A=A G ERE A8k, FIH2b-RADWI 7518 232,746
ANSNPALER, FIFISNPRRD, HEATEMARBIEEW . B RRBEEBERR ST . BASNPILERTER
B RAR N BAEZE R (Fis), BEARIABIEZE R (Fst), MR (Fit) LR EE £ A0S MIFis, FstRIFitfiH1E,
R 3ANBEAR TR P BE4A 18] O FstfE A 0.0731~0.1635 7% . RIEFEFREAR AN R T AR 4% (L B/
REEFEFH B NG B SR FE R AR DA R R B B R B G PR AR AL L K. BRI S R TR
3ANEERHIONE0.118~0.2062 ], Tajima’DIE7£0.448~1.4572 8]: REFABRAMBLSERERS,
REFHEBRIRZ, BHFEBEGRK. 7S ITEH. KB, REFE=E#EHEANSNPA R
BEESEPIC), REFARENG.220, REFHKZ, BHFEERMK, H0.175, REFAEMKE
FEERHAEE . FHKMFGCTABITERD M, PCAERER, BRI ERAPCLAIPC2RERER 4>
F1816.25%F19.54%, RFFTER25.79%. —ERREREIR, REF A X85 KBS H R
AN, BRFEANFEESKE LERTTUHEX AR AL, BE-E5EBMHAEREIRARAE. 250
LSNP R, ZHHEESE. BERES AL IERER, Protl g S8R EHABE H A
BEEBRENBEZSHEENMBLZSER, R REFEFENRERERMMBRBHAEREEER,
HRIFEZRZRFARE, BrRRBEFEMFEAGEE —ESEERRE, THEREERE R
FEFHEBMRPTEE MR T etk

X7
38545, 2b-RAD, SNP, HftLitik
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PRLTF B kB o F B R, FERMRICIF BRI 0 R . AR Fr ) 52 i ok 1 ifg & )]
FHB 5 Fhrd, AR LS FhRicxt B bRifE FE R A 2 FEMEREAT 200 . BEIRSS M0 AT, SRG R R ULGE
BUAFHTFEBEAG T, SEARVIFP OBEAR IS AL S50 . S84 2 FE MR BE RLIEA% DG 2R, BE A Pl RELE TE NI I,
B H bR 5 SE[L].

2b-RAD AR T 1B BYRR | MEAZ R A Dl 11 17 40 = AT 200 7 R sd ik X 1B 24y D i g 1)
PR 2H 7 A2 45K tag HEAT iRl S 7, AT DAUKIE FEARIE R 2H i B 2R B, RIS AN 52 T2 2% B R A IR BR
PR AT A R H VG 9 KRR SNP FRic T R 54324, 2b-RAD ARSI H 2. 7 BHER
Ry, 0T RIS A 2 ARV T BRI AL AT 7T 40 B 32 DRI 2H g 2H 3 | A 6 PRI 4 3k 4% 8 P S5 4k [ 2] [3] -
AW TR %A ARAE N 1 T 5 K = AN AR P I 0k 3] 32,746 D0 S5 5L, it BRI A% 22 REPE 2> Hr A SNP
ZAVEE T, R TR R AR B BB R B B I8 A 2 AR 2 SRR, o R
AR BHA TR TR A BB PH SRR A A 2 57, R ERARE, NHRRE AR S IRA 2 F5H
TR O R AR AT REE

2. MBSRE
2.1, SEHAAHL

Mg 3 AR, RV EREAAELT 2015 45 10 H, 3L 10 &, &K 12.3~14.6 cm, 1L EEFH(HY)
FIBARELT 2015 4F 10 H, 10 &, 14K 12.6~15.1 cm. KREFEBAART 2015 429 A, 3£ 10 &,
R 11.2~15.2 cm. FrEFEMYATEMR, REIMKEBIEESLIE, SEIfFET-80°C KA RAT

2.2. DNA 2 B S EFHEE

DNA #HL. X TIANamp Marine Animals DNA Kit #2075 5 85EA% & & f 15 [N 41 DNA, DNA
PV E T —20°C RAEE A, I I AR BRI Nanodrop2000 3347 5 f AN FE RGN o 16 53 PR L 5 /b
HERR 2 LE W H AR BRZA ] Nlumina Hiseq Xten “F- & 58 i, 3[R 43 284 15 J5 42 i) FH AR 51236 = 56 i

2.3. MFRMFRES

FIH 2b-RAD 7 A 1 fig 30 MM ARSI 3L, 30 ANFE AL E HiSeq X-Ten °F & 1347 Paired-end
FF, RFAFRAESS NNN B2k @ . 506 reads 1% B8 DR 4Rk T 1 8

RANE A BsaxX! BEYIRAIAL A FE S, BB &7 2 (KB 7 50E L KT 10 AMBlEE ) o7 &
SEUNT 20), BB 10 AN UL ESEAH FIBEE DT, KRG reads #EATREE, 45HRE 1 AT

30 AN SCRE S A BRI A R & reads 5 UJF 4G reads Z LUAFIFE T5%UA b, ARASIREELE
14~25 Z [d], ~“PIJUREESE 20, 2B AR YO 5 SO Ry o S

24. 2EREEE SNP FFEFM B S

XA S IEIER A FRC 5, K3 RAD-typing 70 BLSE (Fu 25, 2013), Fricd AL~

WEZEFFH|: NEEESEEER AP 5| iR I 5 BsaXI| Be U KBRS % P A1

- 15 fi5(Cynoglossus semilaevis) 2 2 3k K 41 :
https://www.ncbi.nlm.nih.gov/genome/?term=Cynoglossus+semilaevis ™4 SNP kric 73 % : EAMA I = i &
reads FIJ F} SOAP #F(Li 25, 2009) (BHi%E N: -M 4-v 2-r 0) mapping &% 75 . FIH &K ALIRIE
ML HEATAL R AL . A T ORIIE SNP AL 73 B B R PR AN P 1, AT DR 25 A B0k i BN W ARSE
RIEAE 500 LA ERAEET /. HBIURSE NI Z A 3 A~ SNP HIAREEAL A FRiCAE 80%I1) A AT LA
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Table 1. Information of sequencing library

=1 XERENFE

FE b= J54 reads %i 7 = reads 3% Hort unique %L FRESTRIE
HBE-1 6,396,349 5,054,386 79.02% 143,337 20
HBE-2 6,396,349 5,587,054 87.35% 145,862 21
B3 6,396,349 5,798,571 90.65% 145,740 22
B4 6,396,349 5,545,037 86.69% 146,059 21
T3R5 6,396,349 4,045,274 63.24% 144,101 16
3BA-6 7,065,887 5,445,752 77.07% 144,571 21
BA-7 7,065,887 5,972,173 84.52% 144,777 23
3BA-8 7,065,887 6,462,181 91.46% 145,127 25
1BH-9 7,065,887 6,444,063 91.20% 143,720 25
JEFH-10 7,065,887 4,748,605 67.20% 143,837 19
REE-1 6,646,800 4,688,066 70.53% 145,915 18
Figt-2 6,646,800 5,804,242 87.32% 146,395 21
K3 6,646,800 5,728,174 86.18% 145,486 21
Ki-4 6,646,800 5,573,184 83.85% 146,024 21
REE-5 6,646,800 4,244,575 63.86% 145,211 16
REE-6 7,027,055 5,482,653 78.02% 145,998 21
REE-T 7,027,055 6,021,305 85.69% 146,142 22
Kid-8 7,027,055 6,082,922 86.56% 145,434 23
Rid-9 7,027,055 5,766,252 82.06% 146,083 22
K i-10 7,027,055 4,655,306 66.25% 146,354 18

REERFHE-1 5,866,332 4,209,487 71.76% 143,403 16
K A2 5,866,332 5,149,297 87.78% 143,053 20
KEE -3 5,866,332 5,138,678 87.60% 142,469 20
REERFA-4 5,866,332 4,993,461 85.12% 143,425 19
REEPFA:-5 5,866,332 3,645,928 62.15% 142,983 14
REHERFA -6 7,404,738 4,473,240 60.41% 145,430 16
R A7 7,404,738 5,977,990 80.73% 143,673 22
KEEET -8 7,404,738 5,375,319 72.59% 143,216 20
KRR A-9 7,404,738 6,021,680 81.32% 143,343 22
REEFFA-10 7,404,738 4,184,500 56.51% 143,167 15

DHY BN RS MAF > 0.05; 352 Rk 32,746 N B 45
2.5. BB 5L

FIH Genepop #f4+(version 4.2.2).PowerMarker %X ff-(version 3.25).GCTA % ff(version 1.25.0).treebest
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(Version: 1.9.2)LLJ% SPSS Il 45 itk 1745 147
3. GRESh
3.1 EANEHERESHMES R

HRAE T e 75 1) (1) 32,746 4 SNP fi7 5, FIH Genepop %14 (version 4.2.2) (Rousset, 2008) 45 173 #r &4
SNP A7 55 7E 3 AT i 4 1) SNP AL 55 7E BT BE AR PN 3845 28 S5 (Fis) « AR TR) P 3845 745 S5 (Fst) « S0 28 5 (Frit) 5
i F GD (version: 0.8)# M 45 73 B 25 AT SHAZ IR 22 FF M (0m) f& Tajima’D A MRS 56 A 4% B AN B X 43
o

3.1.1. BHEERBEEASTR

2 BRI, 3 NERARF P HEARE] ) Fst A 0.0731~0.1635 A&, REFE PR AN R A BEAA 1)
WAL AR/, TR VAR B T Ak DA R R BT A AR B AR R 8L AR 8% AL R B (Fst) (L
/NT0.05, KRR FIZRE THAAN, HEHMER L. HKXT 0.05, REBEL R K RAELRE
(], {ELFE Ak [R] AR 2 Ak

3.1.2. EIFEEBR O

Tajima’ D /&K AFE DNA J3 573k Ak it 7 o 75 T4 o M b A B B [ Fa b . ZEBR it o M AL BT,
Tajima’s D FIESENE, WIRSCPRK Tajima’s D W S AW 2%, F 8 SL PR A7 3L AR AT T
B R A Ry . %2 3 R, Tajima’s D PRSI0 45 g PR PR iy, RIDIXAN TR 85 1 ik
B, FTRESZ BIFEAY S A SREREIE o R AR A A FREERRSE, R T b
A 2 ) 3 S A7 TE D 145

M O EATEF L SN — N EERIR, £ 31, on SR TR RIS AR L SRS i
B, RIRFREBHAIR ., W FREB AR
3.2. SNP Z7SM o4

HRAE T e 75 1) () 32,746 4 SNP fi7 5, I H PowerMarker #f4F(version 3.25) 7> H 48t -. R, K
FEEF A = ANEEA TR SNP A2 8065 B 5 E(PIC), MINA4 A FE (Ho) A Jk 45 7 (He) N £ 4.

OIGEER. RE . REE A=A A SNP A7 A2 EEE S REPIC), KA & E A
0.220, REFFFEIRZ, HWEHFFFERAK, 7 0.175, RKEMAEMKEFEZERIFALEE .

Table 2. The value of Fst of three groups in Cynoglossus semilaevis

2. FiFHEER 3 NEHAEAY Fst &

FEZIN ERH K
Kig 0.1635
KA 0.1778 0.0731

Table 3. The value of 6z and Tajima’ D of three groups in Cynoglossus semilaevis
%3 $iBES 3 MR on LUK Tajima’ D {&

REIRATR e K Rt
on 0.118343 0.185802 0.206763
Tajima’ D 1.457026 0.448594 0.59124
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Table 4. PIC of SNP of three groups in Cynoglossus semilaevis

5% 4. SNP SRS R

HEAA WIEE A4 (He) I 2% & FE (Ho) ZHFELREEPIC)
HEBH- FleEe 0~0.5 0~1 0~0.375
FHME 0.2212 0.3115 0.1752
Tyt T ] 0~0.5 0~1 0~0.375
FHME 0.2531 0.2877 0.2066
P ¥4 0~0.5 0~1 0~0.375
SF¥ME 0.2473 0.2805 0.220

3.3. @S9 #r(Principle Component Analysis, PCA)

FIF A GCTA (version 1.25.0)iE47 32 o 70 AT o ARG AT S 32 B4 2 AR 2 i s 1, —
1, B ETPR A R BRI AT RIS BT R EUR SR, I ERERAS AR A ER, 4
RIEWKE 1.

e R

FIFH A GCTA #AT E5 701, PCA &R BIR, AT PCL il PC2 TT#RZE 737 16.25%
F19.54%, ZRFATTHK 25.79%. —HERRGER IR, RER A XIS KEFREIRE N, AHZEFH A
FREGr KA B2 vT LR X 0 NP KRR, H 3% 5 B IR A 7 R AR .

34. BETMEHEREFINRG L ERGE

IEELAE 30 MM L) SNP, W SR ER R AL IO 5, W -7 ARE . H43RAFH 7 Z1 R H treebest
(Version: 1.9.2), i KAUSRZ A4 2 NJ (Neighbor-joining) b, B ) ] % 14 3@ 3 bootstrap #5317 46 46 (5 & 1000
W) o, P 2 Y ERET A AL A EE 10SE bootstrap B E A4S B, H AT SAR N ST R AR . HERH-1—
—#ERH-10 X NT Q1——Q10; Rif-1——RE#-10 X WT T1——T10; REEA-1——REEA4-10 X2
F T W1—T W10
4. Wig

2b-RAD HiARFIH 1B R PR 1 Py DI, 38 ik 56 R A D) 7 AR 45 K11 33~36 bp MIERIFR2S, Sl s
S5 T R0 0 il W S8, I8 I AR A B A S B A ik PR 4 Y T e R SNP G EEAN 43 Y A3 AT
HEE ) SNP A7 s 7] DL B4 I8 A% 2 BV 20 B B8 RUF (R EA[4] [5]. ASHEFEH R SNP 43 Bk EAT =
P AR L 2R T, S B T 8L 2R T R ERIEBR AT . SNP A7 B ZREIE S
W FE R o3 T A5 I IR A RN R B 7 A A (R T8 A A /) R R B Ak D R R BT A
PRAMAE BE AR (I8 45 734 K o Hh PR IR B i ) isi A ZREE B — e IER . SNP i ZREE . 28 MAE
BEE. PR E Z R LU GG B, FTEU 08 o 5 K A 0 S A A LA B0 o 100368 A 22 1 R R
ZAFRLE, b R AR B AR R B IR A AR BB B SRR 22 5, (RT3 IR 25 e AN 3,
RN R I AR R SR B T e — e R R TR AR . sCIE[6) 55 0t 3 M AR B AR (Ab T AR T
FEI)FI 2 AN FRFETHA (LR BE . JLW)HEAT Zobifk DNA 328 X B R 51058, FLee 7 BF AR AR N T 3758
RER > T ML ZREVEZE 5, ORI B FRGERE AR (¥ % 17 R 22 F£44:(0.0015 + 0.00075)fI% T HF £ #44(0.0023 +
0.0011). Zr#r el REAJE IR, 2 B T IR o — SR AR T . = PR S A B M BR ) asAR VAR I
Fr 5 B SN IR PR B 0 18 B S R 2R 03k R R A [ AL 5 R 1« B A REAE (TR 14 X LR 5|,
SERAHFIL T8 By AR B VLI585 LA RV A Ll B 3 ¥ 48 4% 11 (Liza haematocheila) 4 4N EF 4=
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Figure 1. PCA of three groups in Cynoglossus semilaevis. Dark blue points present wild population
in Tianjin, sky blue points present cultured population in Tianjin and pink points present Haiyang
population in Shandong

E 1 ERSoEEE. BERRERESRAREFERE,; KEGRSRKRRIREHE; B
&G ME-F K

Hh A AT BEARE AL 2R, RIL 4 DR 2R TS ZBKT, B 2R ZE R TS
THEEE (P > 0.05), & REAR K HE /i PR AL A5 4w 2 Hardy-Weinberg “F/47(P < 0.05). B 8] i 1 — 5 F2 R
FEDR . 75 S A B BB B B A (0.202), 1T 2 HE A LU R BRI (0.473),  IX T RE S AR B4R B
BURE ) BT IR R AE S A BE R S5

AW FE =R SRR, REEFR AT B IR BRI I I 5 15 1025 SN R FR B I 8% Z FE 22 57
FIBAE S ACFIEAR P BT, T R IR GE R R I B A AR e B B AR B R M — M B 56 T, BF AR R AR R 7558
BRI 2RV E SISO, FUFH, XM ZERIEAREE, Ry 5 o i 20 i S, 8
1R FRFEREAR O] RESE 2 O FE RN BB AR B A R, R E TG A R 2o R R T PR
PRI R R )L 8 1) BFAE AR /D, 1834 Z2 FEPERRAC, NAZIEAT =003 AR B SRS
YERERIR RN EE LSRRI, RIS S B 5 2) b T2 0 i 5 7 AR B AR A7 75l 29 Hardy-Weinberg P47,
WRCAE XS W IR AT N I BB, B S B AR Al b, e G A D R R g o 655 R SR ol o R VR )
Wiy 3) XA AR AR B AT AL ZREE AT, RGO B, G AR A IR A S A I T
XF ESRTEAR 2514 i T4
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Figure 2. The consensus phylogenetic relationship of C. semilaevis of three groups from
Neighbor-Joining (NJ) analyses. The numbers on the branches are bootstrap values for NJ
B 2. N EMEFB RGN XR. TRBFRER NI BESER bootstrap {E

£ E&WA
AR ML = b 3 ARAR R T T4 2 0 B (CARS-47-Z1); KRB = b AR AR R -7K 7 -1 7K £ F72 58 (< AL
ITTFRS2017011; REET ARV AHE BUR A 54 1 H (201604090) -
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