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PERARIE & B FEET R ISSR 24

LAR, XZh RHEE % &
(E R 2 I E K 7 R TRV U R 0 5 R BB R T A 52805, 1IfF 201306)

WE: izl ISSR 2 FARER A, o # B WAL & 4T (Z). L A&R(S). TAH)., L7
¥ 4T (Y) 4 4 /N[5 BE A 8] By 3% 45 8 53 0 M 100 AN ISSR Bl 4 i 28 1 % A B 4 154N, #t
BFAERE 30 MMERIEAT AN . BEI WY B AN 6~17 &, HARE AL 181 A4, H
LAPE 136 4N, EAMAT TN 75.14%, 4 BEF, HBEN AR E AL R, Nei &
HF % B Shannon K E BHE B R S AL A E 2 F N &K, 45 % 1.2585, 0.153 0, 0.232
2. 49.17%; T Y BEREYAE B AE N E, 488 1.479 4, 0277 7, 0.411 2, 74.03%; Z #2 S
FAERNEA RS T HAE, BT Y BK, 28 4 BEEN—NEMEK, UL Nei K&
H % A4 4 h 0.269 1. Shannon K 15 454009 0.400 9, B AT & & (i th Z R F
o BEAR (A B 0 R B(Gs) A 0.131 3, HE R (Nm) A 3.309 4, 5 WAL & f BE K 8] 7
EFERENREI M —ERENEE R, 2 FF Z 0 (AMOVA) K . £ & iyt
A, 85.54% K0 % ok B A BN AR A, 14.46% 0k ok B A AEE); BB, BRI AAER
# (P < 0.05) s # £ # th 3% 15 4 fL(P < 0.01), ARIEEFMAE] Nei K 15 5 & A4 2 8 UPGMA #f
HLOZBHRE RS SHERE, BEYREKRE, EAB NG AHIELAHEE, 2 HE
R BN — K, 5 H AR B I R,

KRB MILE &, A RERR HEFFEAREYE LM
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U1 T SRS YT S e AR ] 0 35 1 235 4 845 2 R
ARSI e R TR 4 PR A L T R AR FH B R S A
BEkk
1 bR Dk
1.1 SEedrst

PN AEAS, F 2010 4F 10 A & 2011
3 H, AR BWHLE FUL(F AR E B TLREA,
Mz Ry IR B O (fRIFRE R, S
FR) | AR (R AR ESRT R, I H #0R) ., L7
M LRV (FIFRMS LR VAR, F Y FR). 4 DA
A3 WL Lo AR AR AR TG £ 30 B, BYEIGH A4 M g
FH T5%IP RS PR-A7 T 4 CUKFRP &

|

E1 #I&E 4 NMEHEMEMAE
Fig. 1 The geographic locations map of
four T. fasciatus populations

1.2 E[F 4 DNA HIIRELFA ISSR # 1

L2 DNA $REUS BEOSCER[20109 ik, SRH
“Pi—5 057 . DNA WEIRAFT-20 CrkA &
F. ISSR 5|#1°4 University of British Columbia 1%
TH 100 N ES 1Y) 4, W EigA T AEY TRA
FRAFHIG M. PCR W AR R 2 BSCHR[12-13] 5 i
FEm LAk, B R B A A SO S A R
FA BRSO SOWAKZR 20 pl: {045 DNA Btk 1 pL
(#730ng). ISSR 5/4 1 uL(0.4 umol/L). 10 x PCR
Buffer 2 pL(Mg* 2.5 mmol/L). dNTP 1 pL(250

umol/L) . Taq i 0.2 uL(5 U/uL). ddH,0 14.8 pL.
PCR W/ : 95 CHIZM 3 min, %
94 °C 30s. Bk 45 s(F 1), 72 “CHEfH 60 s, 40 4~
PEIRIG, 72 CHEf 5 min, 4 CIRAF. FITA RV IITE
Eppendorf-AG22331 1 PCRAY b k4T, #7712
1.5% R k(S EBO0.5 ng/uL)EEE vk (B 5
Vicm)J&, F BIO-RAD GelDoc XR #Ee A4 2 48
R TSR ADIER .

AHFFE M 100 4~ ISSR B4Rk 15 4~
WEAERE . ZRMFEEWEIYE 1), HTHHE
KEEA 3T -

&1 151 ISSRSIMFFIREHBIERE
Tab.1 Sequences and annealing temperature
of fifteen ISSR primers

ElE/E 22 19741 (5-3") B JOREEC
. . annealing
primer code primer sequence temperature
ISSR-807 AGA GAG AGA GAG AGA GT 50.4
ISSR-808 AGA GAG AGA GAG AGA GC 50.8
ISSR-810 AGA GAG AGA GAG AGA GGA 50.1
ISSR-811 GAG AGA GAG AGA GAG AT 51.6
ISSR-812 GAG AGA GAG AG AGA GAA 50.1
ISSR-822 TCT CTC TCT CTC TCT CA 50.8
ISSR-823 GAG AGA GAG AGA GAG AA 50.1

ISSR-834 AGA GAG AGA GAG AGAGYT 50.8
ISSR-836 AGA GAG AGA GAG AGA GYA 50.4
ISSR-840 GAG AGA GAG AGA GAG AYT 50.4

ISSR-844 CTC TCT CTC TCT CTC TRC 51.2
ISSR-846 CAC ACA CAC ACA CAC ART 51.6
ISSR-873 GAC AGA CAG ACAGACA 50.4
ISSR-881 GGG TGG GGT GGG GTG 51.2

ISSR-901 AGA GAG AGA GAG AGA GGT 50.1
Notes: R=(A,G),Y=(C,T).

13 HiEaiE

ISSR J&WMEFRIC, e ML AL Tk KIS I,
[] — 51 47 186 7= ) v oL K AT S 2R — B 2 A [
—AV o BTSRRI S AT, A ATIE o <17,
JEHHE N “07, BRI ¢ FoR. #A7( 0. 1)
BB, SRJ5 H] POPGENE 1.32 #4171t 65
BOHTPY, IR E A BEALE X S ISSR i sikh
F Hardy-Weinberg ~EH#PIRE . TS50
o ZBNLEE 733 [P(%)=2 3500 mU UL AT B AL
x100] . ZF {7 FEIB(N,) . A 3L IE R AL (Ne) . Nei
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P AL ZREMETE B0(H=1- 2 X?) . Shannon K15 B35
(). FRE SR Z R (HY) . FREN ISR 2
JE(Hs) . 8 1% 73 At 5 50 (Ger) S B2 R U (Nm) o
POPGENE 1.32P 15 U4y R A4k ] Nei FG it A%
PE g Mg AR 250 FH Arlequin 3.0 FifE 224
TE A I 382 4% 0 1k 3R 80 (Fsr {HD) Je 0 705 22 930 M
(AMOVA)., ARIEHEARN 5L HE 2, R UPGMA
BT IR

2 4k
2.1 ¥R

ABFFEN 100 XF51HH il 15 X 2 A
ISSR 514, XFAVLE ) 4 AHEARIE 120 A4 iE
P14, P08 44778 200~2 000 bp, &% i M (141
2), IFRMT 181 AR, Hh 2N 136
A, 1 75.14%, FEASGIYIEIN R AL O 12
M 2).

M 21 727237475762751 8283848586 ST HIH2H3HAHSHOHTY 1Y2Y3Y4YSY6YT M

2 822 5|4 ISSR-PCR R ¥ # S MLER
Fig. 2 The ISSR-PCR amplification result of primer 822

&2 ISSR 3IMFEMIIE G B AR LR
Tab.2 PCR amplification results of
ISSR primers in T. fasciatus populations

GIE/E A= i mi Bk ZHENEE ZBLLLE%
primer code site number p(.JIymorphic pol_ymor[?hic
site number site ratio
ISSR-807 13 9 69.23
ISSR-808 15 13 86.67
ISSR-810 15 11 73.33
ISSR-811 15 11 73.33
ISSR-812 10 10 100.00
ISSR-822 9 7 77.78
ISSR-823 9 5 55.56
ISSR-834 16 13 81.25
ISSR-836 10 7 70.00
ISSR-840 17 14 82.35
ISSR-844 11 9 81.82
ISSR-846 6 6 100.00
ISSR-873 10 6 60.00
ISSR-881 14 9 64.29
ISSR-901 11 6 54.55
BEL total 181 136 75.14
14 average 12 9 75.00

22 HBEEESHEME
PATLFfe 4 ASEEARH, ERTREAR (H) RO 3055
A FER%L . Nei FCFEERZHFEPE . Shannon [R5 B 45

BN Z BN A S FE R, /3518 1.258 5.
0.153 0. 0.232 2. 49.17%; THSLETTIEA(Y) Wi
B, 43Rk 1.479 4, 02777, 0.411 2, 74.03%., &
BRI (Z) . BRI (S) A A0ME, 8 M T
H#EA, ISR Y BEIARGER 3).
23 BiEfTREBREIMN

M4 Nei [RIEHZHEERRE(H)ITA 4 4
TER R ZRE I (Hy) . R IE St A% 240
(Hs) . i8tfL 04k 2240 (Gsr) 7091 4y 0.268 8. 0.233 6.,
0.131 3. 1 Ger HHEEFIHE] B KAy 3.309 4,
Ul A [RIA VL G fo B[R] A7 A o — o AR A A

Iy 175 253 BT (AMOVA) KB, 85.54%H 1814
S SEAFAE T RER VAR IR, AR ] 7 35 1478 57
14.46%(% 4). H 5 Y. S. Z 3 FHEKREIWRIE
L8R (Fsr) B8R (0.249 2~0.298 9), S. Y Bk
Z 18] (35245 43 AL 46 B0 /1N0.019 7). 4 BE(RIEIAE
i % i 3% (P<0.05) 8 A 2 % (P<0.01) i it 1% 4 1k
(#5).
24 BEHDW

H S FEARZ 8] st 2 1 s iR (0.115 9), Z
1S BeA 2 (8] 435 14 85 25 £ 71N (0.008 8) ( 36 5 ). 7E
UPGMA R, Z 5 S BRI RE, 5 Y
BRI, a5 E— 32 HBEAR RIS (K 3).
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Tab.3 The comparison of genetic diversity among the four T. fasciatus populations

Fii#¥ population Na Ne He | P/%

z 1.7348 1.3754 0.2330 0.3578 73.48

S 1.7348 1.4584 0.2705 0.4031 73.48

H 1.4917 1.2585 0.1530 0.2322 49.17

Y 1.7403 1.4794 0.2777 0.4112 74.03

B multi-populations 1.7403 1.4606 0.2691 0.4009 74.03

R4 AT BERESTFHESN
Tab.4 AMOVA analysis among the four populations of T. fasciatus
G H 7R =t Ji 2
source of variation df sum of squares variance components percentage of variation
£/ E) among populations 3 303.842 2.81996 14.46
HEMR A within populations 116 1935.100 16.68190 85.54
S5 53 total variation 119 2238.942 19.50185

5 MITHTANBEREAEE D LIEE Fsr
(REE)MZEESCIALT)
Tab.5 Genetic differentiation(above diagonal)
and genetic distance(below diagonal)values
among the four populations of T. fasciatus

#MZIS_ S H v
population
. 0.0380 0.2511 0.0296
(P<0.01) (P<0.01) (P<0.01)
0.2989 0.0197
S 0.0088
(P<0.01) (0.01<P<0.05)
0.2492
H 0.1003 0.1159
(P<0.01)
Y 0.0106 0.0100 0.0879

WK, Z. S, Y 3 FEARIE] AR L 06 R -5 0% b ) b 3
FE R 0 S T R VIR 56, S AT FI AL A R 4y
fitk R, BN H BRI SEL R I SHE
V1) 3t PP 235 11 328 3T S S %

0.441 7
0.074
4.555 L 0441 ¢
0.515 v
5.070 H
3 WIS 4 BEK Nei(1978)iR R IEEHY
UPGMA E3[E

Fig. 3 UPGMA Dendrogram for 4 populations of
T. fasciatus based on Nei’s(1978)genetic distance

3 g
3.1 WATH5f BHARIRIE SAEM

WL ZRE MR R A AF AR P SR, b
(35 A Z2 PR, LRI 0 i ) RO, X —
SO TSR OUN B AR I, PATLE
FAR B Z 8005 A 034 (P)A 74.03% ., Shannon
[Cfs B85k 0.400 9, ¥ E3 5 T KATi% (Solen
strictus Gould) . # i ## (Cyprinus carpio haema-
topterus) SE 7K A= A= W ¥ X N AE (R 6), FHHM L&
AL ZREVEARS TR & . Mattner 2523100 7R fIF 5 A
# Hemigenia exilis (Lamiaceae) 45, 4bF¥ifs
RAEW YR RFFE R S BHE 2N, X5
ARWFFEREEE A

4 REfArh, MSERTIREA(Y) s 14 2R
R (H) A E A AR T Y BEIR(EE 3), X 5 X1k
AR RAZE o A5 i IX (D-loop) i 43 1 45 SR ——FH 4%
A L TT b 23 5L 8 R0 A8 B T S AR 35t 1 2 AR PR K
TR IEEAY G . A, ESEPTH AFLP
PHFTE AN, Y R H PR 0 i 14 2 R b
FlR—KFo Foh, AL R B & TRERE
CSIT 1 PRAS T2 B B BRI 2 25007 1 4 He
2K Shannon [Gf5 B 465k, XFh2 Sl pe S5 E
R ARSI RD @ M XK. TR, &
T BEHAFEA SRR, Z28M5IMZE, g RE
Pzl 92 PR (3 6).
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Tab. 6 Comparison of the genetic diversity in several aquatic animals by ISSR analysis
i FEA & EIE LSS | PI% 27 3Ok

population sample size number of primer references
FAYTfifi46 Trachidermus fasciatus 120 15 0.2691 0.4009 74.03 A3 this paper
K AT Solen strictus Gould 100 13 0.1674 0.2530 52.64 [24]
# [ Cyprinus carpio haematopterus 120 8 0.05~0.13 0.08~0.19 48.44 [25]
TLJX Neophocaena phocaenoides 36 16 0.1643 0.2413 4171 [17]
H A JR IF Macrobrachiumn pponense 60 9 0.10~0.17 0.15~0.27  30.00~62.00 [18]
it Paralichthys olivaceus 35 12 0.1432 33.92 [19]
X 4 Branchiostoma balcheri 17 0.06~0.51 50.70 [26]
FAYT B £ Trachidermus fasciatus 48 4 0.2848 44.44 [13]

32 #MiItffaBHkEIMIEES K

TR 15815 45 # J2 A8 180 1% Z2 RE AL R N AR ]
(534, Bt ortb. M FRE . esiE AN+
P 5 BRI Vg 2SS IR S ], AR T T
0 JERAEAE 3 AL A IR G PP, Gy S M
AR S R E RN EESH, SR
Buso ZPbrifE, Ger AT 0.05~0.15 A /LA
JEH S . AW, BTSRRI Ger N
0.131 3, /N B ATAFLE 48 72 i ast 4% 401k
AMOVA 73112 BH, 4 FER ] f77E 45 B 3 (P<0.05) %,
e i 25 (P<0.01) it A5 7K (3% 5), X5 Ger M4
SRRAMEE o % 2 o S TSR X o Ak S A T 11
BB UESE 13X — o o WP AR AN VT 60 £ A 35 ML ARU 1Y)
R INE 2 Pk, — A & YL A AN IR, A
TETEA I B 0 4 HER, A2 R
B o300 E MRS, (AR R A2 s
IO i PR AR 1 & AR AR TR] O ) i R R 5 A, gt K
A 8% BB, 6 AR B — S AR B A 3t A5 40
ko

TEREAR AL 22 B T, Wright®IUERF N,
(I S A bR, ANERIEE /D, R
Np KRFEET 10, aT LR Ik st G 5 | i
PRS0k o ASTIESE R, FATL G A L LR
N oA 3.309 4, iaBH JCHR 43 B A A V15 B A4 [ A7
TE—E RS, L, B GRS 5
U AR AN VLt f RO (B) oAb ) R R, T LA L
AR A TR B TRV N ER Y s e AR S, A
WX R (R 5), ANFBHARZ AL LR AT
2250, U H RS HADREAR 1Y 5 15 A HE B (Fsr i
0.24~0.30) ik B T KFREE, I Z. S. Y 34HF
2 B4R BE AR 55 /N(Fsr 1 0.020~0.039). H

FEAR Y FEAR B AL T W —26 1, (37 8 FIAE 2% 0
W FVER AR R igm, A —E M EACH, W
S A TS TR 2 0] R BT 757 1) AR B B R ) 1 22
SR E b, SR RIK R, X aZ2F)
2T PRV VRV S TR N, 0 AV 7 B
FENTIE, PRI, S 1Y FEAAR A) B R B s, A7)
A —E WL, A5 B AR 8% 4 AR/
(Fs1=0.019 7). UPGMA R4 (&l 3)%M, Z. S,
Y 3 A HEA PR BN B TR, il
TG T B AR B Ry — 3, O 5 A R AR AR
K250k xRN N, 07 PR S
NN B TS b R A NI X s e L ED O SN
el PO LR R {A DNA % 475 R L b L[]
T AR 3 TE I T b IX %) 35 2 &2 AT % £, (Synechogobius
ommaturus) 1 7k & ZREMERF ST, 45 R IRIFERIIAE
TEAS R AE G . WD FRALE Al LB Y, it
5 P E A A e, IREE R R A, b
A SCAL 1V 1 Fe NS, 5 LA R 1 28 A
257 B RBHAEEN, AHFTEUERA, FATT S5 o A ]
152 I B 1) R/ IN AN i T BF 114 0 R e 3 P 25 4 3
HEATHNB, 0T 25575 A R A A7 R BT 1 22071
LKA SRR 2R 500

HRIGA 5T A 45 5, SO P VT f JEA TR
[ s b A, T e R s A% M g e R i IRt
17223850, AR E AR IR R )G
R, B F Oy B ARG e A PA VL
[EEGYLIR

T A KR AR Ty e R A S B A
BMER. FFETREHABES ERREHALE
IB b AR BB B S R A i B A A S A
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Genetic variation analysis of roughskin sculpin (Trachidermus
fasciatus) in native populations of China by ISSR

MA Zhao-teng, LIU Zhi-zhi, PAN Lian-de”, JIANG Xin

(Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: The inter-simple sequence repeat(ISSR) was conducted to analyze the genetic variation of four
native populations of Trachidermus fasciatus in China — Zhejiang population(Z), Shangdong population(S),
Hebei population(H) and Yalujiang population(Y), with 15 polymorphic primers selected from 100 ISSR
primers. For each population, 30 samples were used in the study. Six to seventeen bands were amplified for
each primer. Altogether, 181 useful loci were detected and out of them, 136 ones were polymorphic, ac-
counting for 75.14%. Among the four populations, H population had the lowest effective allele number
(1.258 5), Nei’s gene diversity(0.153 0), Shannon’s information index(0.232 2), and polymorphic loci per-
centage(49.17%), while Y population’s indexes (1.479 4, 0.277 7, 0.411 2, and 74.03%, respectively) were
the highest. The corresponding values of Z and S populations were higher than those of H population and
lower than those of Y population. Taking the four populations as a whole, the total Nei’s gene diversity and
Shannon’s information index were 0.269 1 and 0.400 9, respectively, showing a relatively high diversity of
T. fasciatus. The values of Gst and Ny, were 0.131 3 and 3.309 4, indicating medium differentiation and
some degree of gene exchange that existed among the populations. As results of AMOVA indicated, there
were 85.54% variation that existed in the individuals and 14.46% variation among populations. At the
same time, there was significant differentiation among the four populations (P<0.05 or P < 0.01), too. In
the UPGMA tree conducted on the genetic distance, Z and S populations clustered firstly, then with Y
population, and finally joined to H population. Obviously, the Z, S, and Y populations had a relative close
relationship according to their geographic distance, whereas H population showed clear divergence from
the other three populations.
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