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# E:RF] RAPD # mtDNA D-loop X FFFIRTH& I T i F R BF (R A9 8% ZREMEEAT /04T M 40 AFEDLS]
MR e I AT TR RY 28 B4, X 24 BR B KIL TR E BB K FIRAYEF A DNA #4793, 3146
M) 178 AL, PR BR/NE0.2 ~2 kb Z (8], L Z IS 83 4, i 46. 63% ; MK E K B8 {5 B
BH0.132 6, 5/ NUBEIEE 4 0.047 6, FH A B 4 0. 088 5; BE{A Y Shannon LHEEMEIS(E N 0. 098 6,
RAPD R EXHIZ K FHRBF AN AL ESHEL T FEAKEL. XHEF 8 B F i mDNA D-loop X 775
(938 bp) #AT T 4047, RELT 8 PR K 17 MESHRTRABRM A, EBMLALLEI R 1.81% 5 F
PLEHR 15 MR 2 M oG AR Z R (R) 4 1. 000, B HRES AN (p,) 7 0.006 2, FHZFRE R
(K) A 5.821, BAfERI ] 35 L FEE 2 0. 006 3, Z5RULIHK FH miDNA D-loop K 7EMA A 1)1 5 22 F
s
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Genetic diversity in Parabramis pekinensis from the lower
reaches of the Yangtze River from RAPD analysis
and mitochondrial D-loop sequences
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Abstract; Genetic diversity in Parabramis pekinensis from the lower reaches of the Yangtze River was analyzed
using RAPD and mtDNA D-loop sequence. Twenty-eight primers were chosen from total 40 random primers
for amplification in 24 individuals genomic DNA, total 178 RAPD sites were detected in these individuals, 83
of 178 loci were polymorphic, which accounted for 46.63% . The sizes of DNA fragments were from 0.2 kb to
2 kb. The genetic distances between individuals were from 0.047 6 to 0. 132 6, and average genetic distance
was 0. 088 5. The Shannon’s index was 0. 098 6. The RAPD results showed the genetic diversity of the

Parabramis pekinensis population in lower reaches of the Yangtze River was in medium state. Sequences
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comparison of 938 bp mtDNA D-loop region from 8 individuals of Parabramis pekinensis revealed they were 8
haplotypes and the haplotypic diversity is 1. 000. There were total 17 variation loci, which came from 15
transition sites, and 2 transversion sites in 938 bp D-loop region. The mutation rate was 1. 81% , the
nucleotide diversity is 0. 0062, and the average number of nucleotide differences is 5. 821. The average
genetic distance of haplotypes is 0. 0063. Sequences comparison of mtDNA D-loop displayed little genetic
diversity of the Parabramis pekinensis population.
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LA, f TR M TAR (B G BE 57 LA RSk Z B2 B R R EF 2ok &
RRRFFEATERZRZ T, R EGRZR T P E M. KILEIREEZE AR SRR R
J AT b RIR R e A X e R AK M A B EE W R, H TR I ¥ IR 2 2R T e
#OT R AL AT ST, BT B v (B 1 A8 B I A ARV, ST ORI R LD PR R R
PR R B A A A RILR R IR E A EEE M. BT, RZ & C MR L. RAPD ,mDNA
iy RFLP S5 X K K R 0T (2L B 0 485 J08F 7 SR pssl S RRMEETT T BRFST , R DAY
ENRSRE SN R R R IRR ARG TMRA T MR K. KF R (Parabramis pekinensis)
N AR, )2 oA TR E L A AR E IR AR KRR S 5 A EE M E T AL, 2
KITAH T EEWBEY 2 — ASCH AREHLY 3 2854 DNA(RAPD) SORFIZAIR DNA $a i K% H
BRI FN At , SRV T W R B A 8 1% ZPEPEEAT T T5T, 9 R IP A& A P B 28 M B SR YR AR LR 2
Iz

1 BRI

L1 gt

KEH T 2006 46 H 27 BAEKILEASKEWDILEHR, S8 8B RIR=E, LI 24 B
BRTER, P 19 BN 1 i4ha kK5 15.2 ~20.6 cm, fKE R 120.3 ~187.2 g;4 Bl 2 6 1k
K#20.1~22.2 ecm, KEH177.1~233.2 g;1 B R 3 #,KEH28.3 cm, (KE K 502.7 go
1.2 HE:
1.2.1 & DNA fy32E

M RFAKAHMm 0.2 ~0.5 mL, LA 1/6 (K549 ACD H18ER, & F 4 CORFE UL 2 h, WEL
30 pL I 4AAE, inAZES 470 pL SET 2R IR S, BRI A SDS ik B ES K 4r HIZE LM 0. 5%
#1200 pg/wl,55 CRBHFHEIIR, B4R REME BrE0 80/ R KEMRRER, BRI
Fork Z. LI DNAY! T )5 TE . FriSHB 4 DNA #8524 66 E 18 DNA £ 5 B3k
FE L E | TR B T 51 W e Yk A M 3L B 4 DNA (=B IR M4 F &, % DNA BEEBRE
10 ng/plL,4 CRIFEM.
1.2.2 RAPD K7

PCR [ AT 25 WL, Ht 4 10 x R Z MK 2.5 wl,2 wmol/L MgCl,,200 pmol/L dNTP,
0.4 pmol/L5|#7,2.5 U Taq B§,25 ng DNA, FI K B RGEE KA EEFL, PCR KB &4 :94 C 3 min;
94 °C 45 5,36 C 45 5,72 C 60 5,35 MEIF;72 CHEH 10 min;4 CHRF,
1.2.3 mtDNA {§j D-loop R ER 9/ 1

FH E W59 DL1: 5 -acccetggeteccaaage-3' F1F #5149 DL2.5 ’-atcttagcatcttcagtg—?"[9] P 2R ok
D-loop X 275, 511 L4 TAEY TREARRSERA A M. PCR KM BN S0 uL, &
1 x R ZEMHIE S pL,2 pmol/L MgCl,,200 wmol/L dNTP, 5|44 0.4 pumol/L,5 U Taq #F,50 ng DNA,
PCR S 2444 :94 °C 3 min;94 °C 45 5,56 °C 45 5,72 C 60 5,34 MEIF;72 CLESF 10 min;4 CHETE,
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1.2.4 FRPS#EEE ARk B D-loop [X PCR F=4g 4k,

PCR 44 = ¥I7E 1. 2% SR AEMERERL (& 0.5 ng/mL EB) FALVK,120 V A3 £ ¥k 45 min, HIKEE
SRAE ImageMasterVDS S22 (Y P4 IR {R7F, D-loop X E& PCR F=4fAER/5 ] B 4%, FH DNA [a] i
# € (TaKaRa) 4i4LJG , 2% HIGERAY TREARA RN, MF 319 A Lk PCR 14314,

1.2.5 HESH

H3E RAPD P s ik 45 5, 7EAB R BT RS 2 e 0 1, R AT N O, MR BLEE SR 4R
R, T E Rt A B R e 2 R B .

LA P = 223846 S50 BB

FRENAB TG F = 2N,/ (N, + N, ) HHE A KRR G UMERR R N, 2 E N, FI N, I E
BON, RN S RRAR < A Y B R d =1 - FUY

Shannon ZREVEAEHL Hy = - Tplnp, ") p, Jo%F i DALALERN R HBLAOHIR, In B ERTHEL; HfE
FE{A[A] B Shannon ZFEMEFE BUE T LB AT LTS 1 DT R B EB N BESEMBASNS) %
Et B H Shannon SREME{E H,H=H,/N,

D-loop X B F 51l /7 5 47 A TAZ X R IE G, JP 91 A Clustal W (1. 83 ) B 44 4347 H XF o I A
DNASP  version 4. 0) SR {445 it BAE R KA AL (S) I AERI ZHEME (R) MMEFREEME(P,) K
W HBRZERE(K) . I MEGA (version 3.0) H1#% Kimura XS $:11H & AR A ARG,

2 4k

2.1 RAPD 45ELR L SR
2.1.1 RAPD ¥ B4R

F 40 BENLT X 24 BACHFERITT RAPD 4347, 4558 °F 28 5|8 38 th 2 ~ 11 K957 K/
7£0.2 ~2.0 kb ) DNA B (FIRYFF Ry EBEHILFE 1) . 28 D51, BR514 C19 1 F20 Ky 1
A DNA R BB 1-a)  HoAth 26 5191 (5 519 B8 65% ) YIREY 1S i 2751 DNA B, B
I-b,c BIRT CO6 M F12 BI85 Y Ik B, X 28 A5 H2LAam B 178 Mz s, H A 83 M
RHAEZBALR, d46.63% . HILT] UL, B EKF R RAPD W ig 7E s B Z Y Fh BT 558 #5059 R i,
BT AMRERZESR
2.1.2 #E N RAPD EfE S HEM

Xt Y G EH HATHRI ARF AR E HAEB TR A AHSUE 7 0.867 4 ~0.952 4 2
6], F3425 0.911 5; 3= EFEERE 4 0.047 6 ~0.132 6, F34 0. 088 5, XX K ERFHNFEE — &
B E L 5t. R RAPD 45 R B I R IR B 5 [, H15 K 1L K F % Shannon ZREMEFEEL H,
17.554 6,Shannon ZFEMEH (H) 4 0.098 6, 3 2 5| T 2457 & Shannon ZREMEFEEAI 0 o

HSHEEAZEM RAPD J7 k15 B s e SRR (3R 3) M LR, 5T T 13 A K F iR RAPD £-3%
RS E (P =46.63 H=0.098 6,d =0.088 5) b s ZAEMEE MMM (P =85.71,H=0.227 1) .
JIEE(P =85.71,H=0.227 1,d =0. 140){i§,, T LL i & SR BRSNS E & 988 (H =0.053 2,4 =0.033 9) .
REFRA (P =21.71,H=0.059 2,d =0.035 5) &, L BIZ K FIRBHRER £ ZRAMEL T 5K ¥
2.2 mtDNA D-loop X JEF| 4347 |
2.2.1 BEANFIER

AT E T KB 8 Mk mDNA D-loop JF51, 4 £ 3043 3 B85 515 , 155 938 bp £,
£ Clastal W(1.83) 5 GenBank #7124 K B mtDNA D-loop X JFF (& 55K AF 374412) HXT 43
B, G5 R FBARIEMEER Rk 99% LA b, 8 5% T 18 7 5124 miDNA D-loop XJ¥5), & 73 Lo X, (£ B P
NHIZHERTIIATELHR , KX 8 MRN8 FAF R AR, BER LM (R) N 1.000, X 8
FhEAER R ZAEMBETRALS 174, SFTNFSI 1. 81% , 48 R0 S 3R 4 Fim. 17 ANERAL
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MRS AR (A-G C-T) ALAL2 DN ERR (A-T A-C) AL (25 912.926)
F1 [T RAPD o #7 ARIBEM G F I R IEIER
Tab.1 RAPD primers and their sequence used in the analysis and the amplified results
5% (5 -3") PEN A=Y TR BKE LZENLREL EBMNEBIH(D)
co1 TTCGAGCCAG 3 350 ~ 850 2 66.7
co2 GTGAGGCGTC 7 350 ~ 1100 4 57.1
C05 GATGACCGCC 8 200 ~ 1100 2 25.0
C06 GAACGGACTC 9 250 ~ 1500 7 77.8
Cco7 GTCCCGACGA 7 200 ~ 1550 3 42.9
C08 TGGACCGGTG 6 200 ~ 1100 3 50.0
€09 CTCACCGTCC 7 200 ~ 1050 3 42.9
Cl11 AAAGCTGCGG 8 220 ~ 1400 3 37.5
C13 AAGCCTCGTC 3 480 ~900 2 66.7
Cl4 TGCGTGCTTG 2 550 ~700 1 50.0
C15 GACGGTACAG 4 350 ~ 600 2 50.0
Ci6 CACACTCCAG 4 350 ~600 1 25.0
C19 GTTGCCAGCC 4 350 ~700 0 -
C20 ACTTCGCCAC 9 380 ~ 1100 2 22.2
FO1 ACGGATCCTG 11 250 ~ 1300 2 18.2
FO2 GAGGATCCCT 10 300 ~ 2000 7 70.0
FO4 GGTGATCAGG 6 350 ~ 1050 2 33.3
FOS CCGAATTCCC 10 350 ~ 1500 5 50.0
FO6 GGGAATTCGG 4 600 ~ 1000 2 50.0
FO9 CCAAGCTTCC 8 450 ~ 1500 6 75.0
F11 TTGGTACCCC 8 350 ~ 1600 7 87.5
F12 ACGGTACCAG 8 300 ~ 1250 4 50.0
Fla TGCTGCAGGT 7 350 ~ 1500 4 57.1
F15 CCAGTACTCC 6 550 ~ 1400 1 16.7
F16 GGAGTACTGG 7 450 ~ 1100 4 57.1
F18 TTCCCGGGTT 3 850 ~ 1500 2 66.7
F19 CCTCTAGACC 3 630 ~ 1000 2 66.7
F20 GGTCTAGAGG 6 400 ~ 1050 0 -
%2 %A Shannon ZFMIEH S
Tab.2 Shannon’s genetic diversity among polymorphic loci
3|4 H, 5i4 Hy
CO01 0.3239 FO1 0.1577
C02 0.7770 FO2 1.8650
C05 0. 6065 FO4 0.3677
C06 1.4383 FO5 1.0959
Co7 0.2725 Fo6 0.5920
C08 0.2374 FO9 1. 1587
C09 0.7646 F11 1.8269
Cl1 0.5133 F12 0.6328
C13 0.3784 F14 0. 8905
Cl4 0.2070 F15 0.3576
Cl5 0.6983 F16 0.7785
Cl6 0.3648 F18 0.3395
C20 0.5732 F19 0.3369
Shannon ZREE(Hy ) SE 17.5546
Shannon Z#EMEE(H) N=178 0.0986
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2.2.2 HFRNEBEEEZHEY

T DNASP B8 B 8 /N ME D-Toop JFANMZBM A (S) N 17, KB REFEM(P) N
0.006 2, F BB ZEFE (K) K 5. 821; i ] MEGA2 #1455t > & 8] 8 Kumar 3 1% FE 25 7£
0.002 1 ~0.010 7Z[E(F 5), FH R EHEE K 0. 006 3, XEZHESE(S,P,,K) Lk m S8
(S=54,P.=0.027 1,K=11.047)!" 45 (S =38, P, =0. 012 5,K =5.206 1)) 15 Vg 1 48 e
(S=62,P,=0.008 2,K =8.242) " EML, HHBREMEP,) MAZRAIN VR EEEEGE
—AFEE miDNA 138245 28 7 B EZARAR , B TE R S W UL BT RER Y s 45 SRR S, IR Z WK
B 0K TR B R (X PR AR ER AL TR B 7K, B i U0 BRI FR B BF AR Y mtDNA- D-loop &AM
TR, iR 8 ST B

B 1 5% F20(a),C06(b) 1 F12(c) XK F R 24 > MAEY I 7= B Ik BT 1
Fig.1 Electrophoresis diagrams of amplified products with primes F20(a) ,C06(b) and
F12(c) in 24 individuals of P. pekinensis
M:100bp +1.5kb DNA ladder
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£3 TEEHK RAPD HARLRILE
Tab.3 Comparison of the RAPD results in different species of fishes

S P H F d BRI SR
4 =
(Aristicht/f}ﬁs nobilis) - 0.053 2 0. 966 1 0.033 9 REER [2]
K& e
( Boleophthalmus pectinirosiris L) 21% 0.0592 0.964 5 0.0355 B AL [12]
5 1 ~
( Liza hi?m;(mheila) 85.71% 0.2271 - - £E [13]
Bt s
( Ctenopharyngodon idellus) - 0.046 6 0. 9649 0.0351 ~MEER (5]
16
(AcipeZ;‘Yﬂiemk) 11. 10% 0.0334 0.974 3 0.026 7 AL (6]
(Coilgj ftfenes) 58.11% 0.228 0. 860 0. 140 £ 5 [7]
b & 5
46.63% 0. 0986 0.9115 0.088 5 g & X

( Parabramis pekinensis)

P AREBCLAH], H UK Shannon ZREME, F ARBEAAELIEIES, d RERBEPLEEIES
T4 KEHRS MARZRLHE D-loop RERMS

Tab.4 Variable sites among 10 mitochondrial DNA haplotypes in Parabramis pekinensis
TERALA

bt
56 61 63 104 164 197 241 272 492 496 501 509 619 622 883 900 912 926
AF G T T G G C C A T T A C T C T A A A
1 A . . A . . T G . G T . T . . T C
2 . C G C . . . .
3 A G G . C T
4 C T G C .
5 A . . . T G . . . . . . G
6 A . . T G C . . . . C
7 . . . A . . . G . C
8 . C . A . T T G C

1 AF {03 AF374412, g3t BB, 5%t BB F 50 0 S R i b o .
x5 KEHSNAREAEIE D-1oop 5% Kumar j3={& 255

Tab.S5 Kumar genetic distance of 8 Parabramis pekinensis as revealed by D-100p sequences

MEgS AF 1 2 3 4 5 6 7

1 0.009 7

2 0.003 2 0.0107

3 0.005 4 0.006 4 0.006 4

4 0.004 3 0.009 7 0.005 4 0.007 5

5 0.004 3 0.007 5 0.005 4 0.007 5 0.004 3

6 0.005 4 0.008 6 0.004 3 0.006 4 0.005 4 0.005 4

7 0.003 2 0.008 6 0.002 1 0.004 3 0.005 4 0.005 4 0.002 1

8 0.006 4 0.009 7 0.007 5 0.007 5 0.004 3 0.006 4 0.005 4 0.005 4
3 $hig

W 2 RV R YRR YR VRIS N 2 AR AR AR IR R T A8 A RAETE R B AL A2t | AL i b
NREY SRR, — M ER S SRR S BN AR TP RE N MBI I B —
RIELT MR RR A SR IR RGN R ARR , AR AR S I AR, R 2, sk SR
eI BB RIRE S LR R B A S B AR R BT SRR %
SRR AT X TR SR PN B R 1B B 1 2 5 P IR A R O 30 LA B N 0 Bl v IS Bk R
RN ERESAAERNSENE, BT, REAREEEERFNIAGHZEN, JFE N —1 3k
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EIEBRABT R U, RAPD SR BA YUK | RIE fSE I MEIR 00 4, TE A SR BB A 451 40 L1330
Z R bR o8 2 Rt 5, — MR e R - N RER @it D BRENLN Sha MAE T T
fR—NEHARI LA . SRRtk DNA (miDNA ) #5 i X 200 IR IR 51 R S48 B B A I 358,
BHHALEE R, PP 5 B G S RS S TR RE A Rt s e 2R

T F IR KRS S Rt B i S5 R R, VTl B UE BRI T R, R s, BT/
FILFURIS L, 3 SR AT B RSB T B 24 BA 19 B(79.2% ) h4hta, KTl &5
TR, Fuh R 2R AE SRR T S B B N A K PERE N B M RE IR R . 7ETRAT IR &R
A KB IR P, RAPD 45 52 BURBEMGRAL ZREVEAL T H &K, T D-loop [X 31143 Hr 4% S ) 43 7R B
B E ZREME R, LRI T K B MR BER R 15 Z R K PR R, T BRI — & BR3P 1
T, S 0 SR B TR, DAV B R D O R N . A1 AT AT BRI A R B A A A
AL ZREME SRR SR K AR R —B, ULH] miDNA 275K T 5B ER Z MK TR —
L IE M5, Baker 2%V Fl Marshall 47 % 31 mtDNA M H & Z R R SRR, A da
Bl mtDNA £ LU RN 2 5B 0L, RAPD BTG 45 51 4% 2 R A5 S R MR, T mtDNA
D-loop X JF A3 Hi4t AN Y BRI ZRENE, HELRI K DNA Fr 75080 54 5 I 4 S R MU 45
AR, HILEERMFNFE, ML ESL S HM R B 2R FEAR ST Tk BRIREL
REMEIK PR K —B, A AN RAPD 455 R 58 5 AR N BB % 8 X, A% 2 N RE 2 T KB
—FHEE YRR, oAt % PO TR A ARIDEOR U1 AFLP SSR % FH T3 (5 ZREME A T 40 R 2 TR
2l ko,
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