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& E: AT SSR A ISSR PR TARICEOR , X4 AR 7 ) N T 16 7 REAA (SH) FEFAEREIR (YS) i35
AR SRR A AT THRA 20T SSR ZMHTEAS R o, 14 TR A SR T 146 DAEAIEN, B
FOHF A BEOR V- B 2 G B (He) 435912 0. 730 0 1 0. 832 3, P ¥ 2255 B & & (PIC) 43531 240. 705 171
0.813 6;ISSR 45 R B , v& 75 FIEFAEREARY-F- 3 Nei” s SN ZAEVESE B (H) 230514 0.267 2410. 282 3, -4
Shannon {& S5 (1) 2y 0.407 2 F10. 425 6, WA U ATy i e 5 HEAR Y I AL AL S AR L AR T BF A MR, b,
P> FHRicis e AL S5 R B PSRRI R 18 £ 20 %0203 0..061 9 (SSR) #1°0.061 S (ISSR) , 3%
WP AR C 2 A T SRR s e il o 2 b ARS8 BOADT B N T e B R A R A AR B
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KB AL SSR; ISSR; AN LiEH ; BPA#HA
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FEREMZG FAE o ITAE R, 44 B AR D7 il 1 4R
PTG U8 b T2 A7 SR BE AL T R R R
IF R FH Az 7 2k B P A A RO 3R /NS 22
S 400 A () R A 24 T LR GE M Y AT Rk
R miti B Ay FARIC BRI EH R AL &
JERE . R H AT, AN [R5 A i PR (SSR) 4
TA5 10 £ R f# A7 1 40 B AR U7 il ( Takifugu
rubripes ) FIRG AL 4 J7 il ( Takifugu obscurus ) ZEAS[a]
PR R R A 3545 22 53, JE X0 FAnic 4l B AR
Jr il BLRR B B UEAT T A B S R
B EE AR D7 tull RN B RS XA ARG
FIF] SSR F1 ISSR PiFf 73 F-PRiCHE AR A HLA 1Y
BRI 4 ROEFRHRIEAT 1AL PEAL , LA
PRUFH: RFP L & TAERIR] 1T

U RPR ik
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O 0202 5 7 VLA

s EHER: 2017-08-31 f&EIBHA: 2017-12-27

SH) |, J2& LA 3K T 38 ] A Vg 1 3l B A A Ay S5
RHAEAR, A KB e B a5, D14 12 4F 4 A
BHAE S PR e IR RO AT L 12 1.5 2%
HHEA(DEBERN 3% ~8% )50 41, T 2015
AEAE i T K WY i 2 B BT R b AR A 2R 4
FOEF R B ABEIA (LT @R YS) WE T
2015 AEA AR F W v A Ll ey B9 e B AR
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BEDRAFET 95% W) CBEV WD, 73 S5 5 B T
=20 CUKFAPORAF#
1.2 E[FZH DNA By EX

FEDZH DNA (32 HUS: RECR B - S i 4
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NanoVuePlus 58 4h A WL 435656 B2 11 46 11 DNA (1%
AR, FEAR DNA 28 1% B IR SR I i vk
R, 7 TG 4 e R R R 5L 45 T M, H
0D 50,,,” OD g, FAELFE 1.8 ~2.0 (1) DNA # iy, #ii
R3] 50 ng/wl 5, IRAFT 20 CokFfh A& M.
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1.3 SSR-PCR #A ISSR-PCR R MK Z & M &4
B PCR =4 4& il

Z:7% CITE 1) G SUR J Bl R 21868 2R 5 Bl 1)
TSI MG 4" K& ISSR @ 519, 7 3l vk
30 X SSR 5|41 100 % ISSR 5149552 v LA
Y TR S A IRA " & 8. &M R PCR 3
K4 PCR SR S5 AHARAR S | S HUAE 2 88 AR )y il v
P ISR H 2 388 m 1 14 X5 SSR 591
23 Z5 ISSR 519y (£ 1) FI TR 8525,

SSR-PCR "4 % 1 2 KL 25 L., 1 6 24
50 ng FE A4 DNA,12. 5 pl 2 x Taq PCR
MasterMix (1. 25 U Taq % & [, 500 wmol/L
dNTP, 20 mmol/L Tris-HCl ( pH = 8. 3 ). 100
mmol/L KCI 13 mmol/L MgCl,) | 1FE 2 7] 5| ¥ %%
1 pmol/L ddH, 0 b5 S AFRE 25 pL, PCR ¥
W94 C A PE 5 min, 94 °C 30 5,50 ~
65 C (R4 71 Wi drcid iR KOl EAT 8% ) 30
5,72 °C 30 5,35 AMEHSG ,72 CHEAH 10 min,4 C
AL, PCR 4711 F QTAxcel 42 H 315K
I B A LUK AR G AT B R 2 LG I, P Dk 45
FIF QIAxcelScreenGel 1. 0. 0 k{4347 F B R/
IPEAL T4 A F Excel Hi45 o

ISSR-PCR §" 4§ S AR 25 wl, W& 24
25 ng A4 DNA 12. 5 pL 2 x Taq PCR
MasterMix (1. 25 U Taq ¥ & [, 500 wmol/L
dNTP, 20 mmol/L Tris-HCl ( pH = 8. 3 ). 100
mmol/L KCI 13 mmol/L MgCl,) . 1F I [n] 5| ¥ 4%
0.5 wmol/L ddH,0 #p 7 G /AL % 25 pL, PCR
PIGFRE .94 CHIAEE 5 min, 94 C 45 5,45 ~
65 C (HLHE# 5 WY fidi 1B Kl B HEAT IR % ) 45
s,72 C 2 min,40 MEH)5,72 °C HEAH 10 min, 4
CLIER)Y . PCR P2 2. 0% B BENEWHEE L
FRLUKAGIN IS, ] Syngene BEIE M5 5 GE#EAT 40 IR
L%, JEAI AT Gene Tool #1447 L, Ik 2577 1 48
it
1.4 RS

SSR % 32 S Hk T 45 55 0 KR R 25 1 R/ N ik
17883t ISSR $dfa 2T 0/1 i FE (A Z&aliich 1,
TN 0) HATHE o3 RN 4r FhRic i
G455 BRI GenAlEx 6.5 Bk ™ S 14 4% fir
SISO HE R (Na ) ARG EE R (Ne) (R
M5B (Ho) JABRZR 58 (He) (Nei’ s it %
FEVESE B (H) \Shannon ZAEPEFE (1) 5554 2
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BT NEI' il RS BO T BRI I 1Y
s LRAR . A ARLEQUIN 2.000 #fF ™ 1147
TR AL R P, Al TR 18] 19 388 15 701
FRBE, 3 B e oA o8 FNAREAR TR] 1) 737 75 2 ( Analysis
of Molecular Variance, AMOVA) .

Z M8 BOSTEIN S5 )it A TR ZEER
HHR(PIC)

Co=1-3P; —':_i:Pfj_% PP}
A Co HZBAE R E R PP il N RHAR 2
i g NEFOLHEPIIAS  n AR B R

2 4

2.1 SSR #A ISSR 5|4 Ry 5% i%E

ABFFE 30 X LA 541 100 5% ISSR 5]
Yoy 3o okt B AR 2SR 14 X SSR
191 23 2% ISSR 5191 (£ 1) T3 e AR Jr i A
()RR 4 35 15 78 S 20, I&T 1 AR 2 43531 O SSR
5|4 Fms32 F1 ISSR 5|4 UBC834 7t 2 &5 7R J7 fili
RIS A Y PCR 4748 B K B .

2.2 BEELZEE

ARGENERE B G M EAEE S
SR AR % S e AR (] 1) 3545 22 57 0 ASAESR
14 AT R A i R A T ) 146 > S5 A7 Kk
PRI, rb 7 4 8 R Bl o B AR A rp R A I 1) 118
ANEENLBELA, TR AR B A PRSI 2 137 S5 Ak
PRl 7 A A o0 S A T A 1) - X A 388 55 o i R
K (Ne) PRI AR5 B (He) FI-F-1 2 73545 B
ErE(PIC) 435k 4.361 7 F16.694 2,0.730 0 F11
0.8323,0.7051 #10.813 6(F 2), HH .14 4~
MRS B E A 2 M P EES
(0.25 < PIC <0.5), 2 M NEELS
(PIC>0.5) s By A A rh 2R 0 s s e 2 38
(PIC >0.5),

23 2% ISSR 5| WJ1E e B HEA A ET A= AR 4y
SIRINE] 169 F1 174 Jx Z VAR, 280 A A
G385 R 84. 08% F 86. 57% o ik B HEAR M-
YA AR R (Ne) 2 1. 447 1, LB AR BE(K
1. 981 8% ;Nei’ s BiA ZAETETR 5 (H) N
0.267 2, FL B A= BEAARAIK 5. 35% ; Shannon’ s {2 B,

BEC(T) 2 0.407 2, Lb BF A= BERAIG 4. 32% (3=
3)
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Tab.1 Nucleotide sequences of selected SSR and ISSR primer in the experiment

(A= 1P 51(5'-3") BRI EE/C
Locus Primer sequences(5'—3") Annealing temperature
F0001 F: ACCCAATCTCACCTCCTG; R: AACCCAAAGTTTGACCCT 58.5
F0002 F. AAACACCAAAGAAAGCCACT; R: ATTACCGCACTCCCTACC 54.8
FO005 F:TCTCCCTTACACCAAACG; R: TTCCCACTGCTGAAGACC 53.0
F0012 F: GAAGGGCTGGCAGAACAC; R: CCCGCTTAGAATCCTGTT 61.0
F0013 F: CACTCGGCATAGCAGACC; R: TATCAGGCACCGCAAGAA 56.0
Fms32 F. ACACCGCTCAATGCAAACTC; R: AATGTGGCGGCTACTTTCAG 58.5
Fms57 F: CCAGCACAGGCACTTCAGAT; R: ATTCTGAGCATCCGCATTGT 62.0
Fms118 F: ACTGGACCCTGTGTTGCTCT; R: CCTCAGTGGTGCCAGTGTAA 62.0
Tobl10 F: ACCCACTCCGTCCTTCCT; R: TCAACCGCCCTTCCAACT 61.0
Tobl11 F. GCCATATTGACCACTCACC; R: ACCACAGAATGTCCTGCTT 56.5
Tob13 F: AGTAGAACGCTCGGTCAG; R: GTTTGTAATCATCAAAAGG 50.5
Toh25 F: ACTCTTTCTCCAGCTCTTC; R: TGCTTCCTTTGATTTGTAT 50.5
Tob61 F: AGAGGCTCCTGGGGAATT; R: CAGCCCTGTCTCACACAT 56.5
Tob108 F: TCCATTACCACAGAATGTCCTG; R:GTGCCATATTGACCACTCACCTA 55.5
UBC807 AGAGAGAGAGAGAGAGT 60.0
UBC808 AGAGAGAGAGAGAGAGC 60.0
UBC810 GAGAGAGAGAGAGAGAT 50.5
UBC811 GAGAGAGAGAGAGAGAC 50.5
UBC3812 GAGAGAGAGAGAGAGAA 56.0
UBC814 CTCTCTCTCTCTCTCTA 53.5
UBC824 TCTCTCTCTCTCTCTCG 52.5
UBC834 AGAGAGAGAGAGAGAGYT 56.5
UBC835 AGAGAGAGAGAGAGAGYC 47.5
UBC840 GAGAGAGAGAGAGAGAYT 52.5
UBC842 GAGAGAGAGAGAGAGAYG 48.5
UBC843 CTCTCTCTCTCTCTCTRA 48.5
UBC844 CTCTCTCTCTCTCTCTRC 55.5
UBC845 CTCTCTCTCTCTCTCTRG 51.8
UBC846 CACACACACACACACART 57.5
UBC853 TCTCTCTCTCTCTCTCRT 52.5
UBC854 TCTCTCTCTCTCTCTCRG 49.0
UBC855 ACACACACACACACACYT 58.5
UBC864 ATGATGATGATGATGATG 49.5
UBC868 GAAGAAGAAGAAGAAGAA 52.0
UBC876 GATAGATAGACAGACA 52.0
UBC881 GGGTGGGGTGGGGTG 62.8
UBC899 CATGGTGTTGGTCATTGTTCCA 54.5

H:Y=C/T; R=A/G
Notes: Y =C/T; R=A/G

2.3 EfFEEMEESL

4) R AR IC PR

1484 B AR O Bl 1k 7

F A5 o7 F PRI 3R 1T A5 T AR AT 1 5t A% 1
REEERf S i tb A AR 1) 1) a4 A8 SRR B st AL B
B, 2 W (R 1] a8 % 06 B , 3t 15 78 S
FERRAR . AWFSE T, PN hric kil 21 (9 25 8
R il e R AR B A R ) A 3 A B 4
>470.297 5(SSR) F1 0. 050 9 (ISSR) , Tiii 1 £ 434k
FERS5 4 0.061 9 (SSR) F10.061 S(ISSR) (3

TSRV A e (A IA] d52 A% i B 22 S BOK, (B gt A%
IR I EE R IEAAL . A, 73T T7 2200
(AMOVA) 2 7, P A~ A% [ 19 g5t % 78 S A
6.19% & A FHEM ], 35. 71% >k A THEAE A
[],58. 119% e [ FHER A AR E], 2 BT AT (A
F8 38 178 S 2 R TR T R A AN T A i g A
Z0(FK5) o
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01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
500 bp— — e 500 bp

404 bp— —404 bp
309 bp — —309 bp
242 bp _ _242 bp
238 bp 238 bp
Wt = = = . hib

p— e — T —— S s B e — p
190 bp =~ —— — — —190 bp
160 bp — —160 bp

Bl RIEAS Fms32 ERSHEFRFENEPE PCR 388k B %
Fig.1 The results of SSR-PCR primer Fms32 in partial individuals of 7. flavidus
PPAEREA L ~ 125 SEE AR 13 ~24
Wild populations:1 — 12 ; selected populations:13 —24

01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 M

2 000 bp

1 000 bp
750 bp

500 bp

250 bp

100 bp

2 ISSR 5|4 UBC834 ZEHHEF A EER MY PCR # 1E ik EiE
Fig.2 The results of ISSR-PCR primer UBC834 in partial individuals of 7. flavidus
WPAE R ~ 12, FH R 13 ~24; M Jy DL2000 43 F i hricd
Wild populations:1 - 12; selected populations:13 —24; M means molecular weight maker of DL2000

R2 FERAHFEMETHEEEZHMERN SSR 247
Tab.2 Genetic diversity indices of wild and selected populations in 7. flavidus by SSR

AL

Populations S FEIEL Na AR K E Ne W 445 BE Ho WA B He ZHEETE PIC
SH 8.428 6 4.3617 0.440 5 0.730 0 0.705 1
YS 9.78517 6.694 2 0.550 0 0.8323 0.813 6
EA4{H Mean 9.107 1 5.5279 0.495 2 0.781 2 0.759 3
*3 HERFEHEEMAEBEEE S HER ISSR 4547
Tab.3 Genetic diversity indices of wild and selected populations in 7. flavidus by ISSR
I SELAE R HL ARMENIERE BEMRASEE /% Nei’s ZHMEREEL Shannon’s 5 BIEHK
Populations Na Ne PPB H 1
SH 1.840 8 1.447 1 84.08 0.267 2 0.407 2
YS 1.865 7 1.475 4 86.57 0.282 3 0.425 6
-2 {H Mean 1.8532 1.4612 85.32 0.274 17 0.416 4
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#YJ SSR Fil ISSR 43 #r 165

®4 FEERAHNFEMEETHEEAMNREES (MAEUL) MEESUER(HABRUAT)

Tab.4 Genetic distance ( above diagonal) and genetic diversity coefficient

(below diagonal) of wild and selected populations in 7. flavidus

A Populations SH YS
SH - 0.061 9(SSR)/0.061 5(ISSR)
YS 0.297 5(SSR)/0.050 9(ISSR) -

RS FEEAHHFEMES

BEEHY AMOVA 5317

Tab.5 The AMOVA analysis of wild and selected populations in 7. flavidus

SRR Source A i DI Ji7 SS ¥z MS AR Est. Var T I/ %
FEAE] Among populations 1 29.866 7 29.866 7 0.369 0 6.19
MATE] Among individuals 58 448.166 7 7.727 0 2.130 2 35.71
AHEPY Within individuals 60 208.000 0 3.466 7 3.466 7 58.11
411 Total 119 686.033 3 5.965 8 100. 00
3 s & ,ISSR g @ AR5 4% ) A5G, Mk, IS BEMA Y
© Na >Ne H. Ho < He , 32 Wi Wi 19 %6 L3 R 43
NLIEBERHARH TR EEE M ATk AN, HAFEA R E RN A E Tk X —

ﬁu&u%wﬁél%m%Wuiu%ﬁa 35y
FEXS 37 AR R R A AR S A R RE B A B ARG, 3 2
KT Sl 5 B AR AP AR A A% (e,
b, 7E7K 7= 2l st A5 oA R 4 2o A v, ) R R G )
B X IR DR A 38t £ 4B 4 T Bl KRR 75 11 [
B, ST AR R 20055k 17 AT 58 TR A R AR AR
SRR N 1 19,8 i N Gl W iR 1L - = B N
WG AR AR DRIE S E R ARG R AR
ARG B, PR\ st 22 . % T SSR Al
ISSR Wi Fln i 58 B 43 A T3l ) 3 K 20 DNA o,
A 8 15507 3 BRI AR 5 AHIE 5 1) FH 3 7
Sy FARCE AR 73 48 85 AR Oy ol 1 F A A=
ﬁwmu%ﬁBmEu% 0% T T o i e Ao AT
KPR L 225

ENFER A EMEZ S RS SRS
BOBTEAL B ARG A SRR E  EH S H IR .
AHFFE T, SSR 3 FARIC B 5T 45 5 B R 4 AR
5 i 356 B REIAR Y Ne  He 11 PIC 435 Jy 4.361 7,
0.730 0 f10.705 1, & & ik T ¥ /4= Bk (P <
0.05) ;ISSR 7 FHRiC I SS B, 49 ¥ A Jy il i
BRARR H R 535024 0.267 2 F10.282 3, 435
LEBF AR BEIARAG 5. 35% F1 4.32% . BiFP 7 FH5ic
XiF 2 AR Bl e R A R A R S A
I8 W, SSR bR T K 1 35 14 A8 S A i 2
KF ISSR Frid, 3X AT E-5 B AN Ha vk (SSR) Fl3x
JIEWHEE I L Pk (TSSRY) WA ARG I )y i 2 0% L) %
PIFR > FFric A B i i (5 Rt (SSR Sy 4t i 1 35t

G i fa S s s R gy Y BT R
i1 S SRR I BT R B, 3 AT BE S S [
VAR JIT T 166 1) 356 9% T 8 SR A ) 5 3550 oy
A SR L R 1 S R S R A ORI i
R S MR E A T3k & M0k f2 0 H R 4iifk
4l BOTSTEIN S84 H 1 22 2505 B A 12 10 A B
W, PIC <0.25.0.25 < PIC <0.5 PIC >0.5
B R S A RE I REES
PEN S ASHIFTE R, A AR O i e B A R A Y
AL EZ M (0.25 <PIC <0.5) , HApfi
WMBAREZAME(PIC >0.5) B AEFHAR T A
PSP EZA(PIC >0.5) , T 45 8 /R 7 il
T HE AR BT A AR B B R s AR R
AR B R, T A R AN T, 1)
SR RN i (R 5t A5 78 S, — 7 THI & B T AR
PEABK LT FEARCR (R EF %A 500
AT Rk PR E (3% ~8% ) , TE AT 4 ¥ AR
Dy BEREARTE B, BEMS e U 24 KR R
BEEA AR FEAR T T 3R S BC 1) Kk A D
BH FACBE Z AT R AR A XU 5 5 — 5 1, 28
EAR TS I 3 AR D DL B AR
TR B 2 A Sf Y i A0 0 Y5 B[] A 22 S R 2
ANEEAR S A AL 22 SRR E B I &
PR BB %%uﬁIMJ%MWﬁ
WEH BEARRENS =gl Lok, X A~ g -
(3 AR BE B R st A% o AL B (F ) B 5
F5F WRIGHT %5 () 4 ebm e, BEAAR 5% 43 Ak 48 L
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(Fy) 150 ~0.05.0.05 ~0.15.0. 15 ~0.25 it , 4% (3): 238242,

— AY - Ay ) N N X } " X ,7‘1“ é’: 3 4 . /% 7 A/A\‘ g = Aﬁé/;
SR RIHERURE ML GBS g (4 R0 A0 T, 5 WG it i
B EEBK™  TEABESE b, SSR Al ISSR 9 F o A s '
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Genetic variation analysis between wild and selected populations of Takifugu
flavidus using SSR and ISSR markers

YU Aiqing, SHI Yonghai, ZHANG Haiming, XIE Yongde, XU Jiabo
(Shanghai Fisheries Research Institute, Shanghat Fisheries Technical Extension Station, Shanghai 200433 ,China)

Abstract: Simple Sequence Repeat( SSR ) and inter-simple sequence repeat (ISSR) markers were applied to
measure the genetic variation and genetic structure of the selected stock (SH) and wild population (YS) of
Takifugu flavidus. Results of SSR showed that a total of 146 alleles were detected among 60 individuals with
14 polymorphic microsatellite loci, and the mean of expected heterozygosity ( He ) and polymorphism
information content ( PIC) of two populations ranged from 0.730 0 to 0. 832 3 and from 0.705 1 t0 0.813 6,
respectively. The analysis of ISSR showed that the average Nei’ s gene diversity index (H) of selected stock
and wild population were 0.267 2 and 0. 282 3, respectively, while the average Shannon information index
(I) of two populations were 0. 407 2 and 0. 425 6, respectively. These results showed that the genetic
variation of wild population was higher than that of the selected population of Takifugu flavidus. Additionally,
genetic differentiation coefficient ( F,) value between the two populations of Takifugu flavidus were 0. 061 9
(SSR) and 0.061 5 (ISSR) , which indicated that two populations generated moderate genetic differentiation.
These results above indicated that the selective breeding stock of Takifugu flavidus still possessed abundant
genetic variation at population level, and had great potential for artificial selection and breeding.
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