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BNFsF RN R, EFROKERBEERN EAAGEFREE. KR EREN BRI GT R
5 &AREE AW TIE £,

FKGRIA: COL; Cyth; A#3LA M ; ¥FEB N Fy; i4h 3 40k
PESES: S917 XHkFRIRED: A X EHE: 1000-3096(2016)03-0001-09
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Cytb) , , , (Zymoclean™
DNA s Gel DNA Recovery Kit) PCR

o-t] COlI , ABI PRISM
Cytb 3730, BigDyeterminator v3.1

e 3 1.4 BT

’ [14]

, Clustal
’ 1.83 : DNAsp 5.10
(H)
1 #HPEFE (P) (K)
; MEGA 4.0.2
1.1 AH
, UPGMA ;
(%) ()] [15] :
) Fro D Arlequin3.5 Fy
; -80°C ; ( 1000 ), Nin
> _20 C DNA B ]sz(l_F'st)/2 Fst
"2 D DNA ]
20 1.5 HREFHEE
1.2 PCR ¥ ¥ 7]
COlI : F-GGTCAACAAAT COl  Cytb
CATAAAGATATT GG (5'-3"), R-TAAACTTCAGGGT Primer 5
GACCAAAAAATCA (5'-3"); Cytb ’ 3 ’
: F-TACCATGAGGACAA ATATCATTCTG (5'- ’ !
3"), R-CCTCCTAGTTTGTTAGGGATTGATCG (5'-3")
PCR 50uL: DNASOng Taq 2 ZBR
DNA Polymerase 1 U(Tiangen) 1xbuffer 2mmol/L . - .
A Poly (Tiangen) 2.0 ¥ RE AL,
Mg 0.2umol/L 0.2mmol/L  dNTP,
50uL . 94°C Clustal ,
5min; 94°C 45s, 48°C(COI)/50°C (Cytb) Imin, Cot - Gyt
72C lmin 35 .72 Smin 3 COI 781bp, Genebank
( : EU715252.2, : AB271769.1)
1.3 PCR ¥t 5 nl 5 , 99%,
1.5% PCR , DL2000 Marker ,
*1 HRESIYFIRERNRE
Tab.1 Sequences and annealing temperatures of the primers
(5'-3) ()
COI-C-F: CAACAGGAGCTCAATTATGCA; 495
COI-C-R: ATATATTATGGCCACTGCTC ’
(Chlamys farreri) Cytb-C-F: CCCACCAAGAAGAGGAAAATC; 52
Cytb-C-R: CATCTGATCCAGGCCCTGAC
COI-P-F: TTAAGGGAGCCCAGTTGCGAG; 49
COI-P-R: ATACATCATTGCCACCGCAC
(Patinopecten yessoensis) Cytb-P-F: CTTAACACGACAAGGAACACG; 515

Cytb-P-R: CTTCTCTGCATTTCTCACC
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A TG C A+T
19.7% 40.5% 23.8% 16.0% 60.2% ;
A T G C A+T
36.2% 252% 193% 55.5% 3
725bp,  Genebank(
: AB271769.1)
, 99%,

GGGATGTGGCTTCCTAGAACAGAAATATATAATTGGATTGTAACTCTTCACGCAATTATAATAATTTT
CTTTTTTGTTATGCCAGTTCTTATTGGGGGGTTCGGGAACTGGTTACTACCTCTTTTGTTAGGGGGGA
TTGACATGAGGTTGTCCTCGAGTTAATACGTTTAGGTTTTGGCTTGTTCCTTTTGCTCTTTATATGGT
TGTAGTATCACCGTTTATTGAGCAGGGCAGGGGAACTGGTTGAACAATATACCCTCCGCTGTCGTCTA
CTCCTTATCAGAGGGACATTTGTACGGACATGGTGATTTTAGGGTTACATTTGGCCGGGGTTAGGTCT
ACTGCTGGTTCGGTAAATTACCTAGTTACTTTTTTAAATGTACGAGGCAAGTCATATAAGGCAGAGTT
TTGTCCTCCTTTTGTCTGGGCTTTATCAGTAACGAGGTTTTTGTGGTGGTGTCTTGCCTATCTACAGG
GGTGTTTAACTATGTTAATTATAGATCGACACTTTAATTGTACAATTTTTTGATCCTTCCGGGGGAGG
GGATCCTGTATTATTTCAGCATCTTTTTTGGTTTTTTGGTCATCCTGAAGTTTATGTTCTTATTCTTC
CTGGTTTCGGTTTAGTTTCCCATATGTTGGTTTTTTACACTAAGAAGATCCGGGTGTTTGGAGCAGTG
GCCATAATATATGCTATAATTTCTATTGGTATTCTAGGGTTTATTGTTTGGGGACATCATATGTTTAC
GGTGGGATTAGACGCGGATACTCGTTTTTATTT

LR DLCOI

ATGGCTTTCATGAGAGTTTCTTTTATTATAAAAGAAGTTGAAATAGGATGGGCGTTCCGA
GGGTTTCATATTAATGTGGCTAATTTTATGTTTGCTTGCTTGTACATCCATGTGTGTCGT
GGACTATACTACGGTTCGTTTCGGTTGTACAAGGTGTGGCTTAGGGGGGTGGTTCTTCTC
CTTTTAGTGATGTTGACGGCTTTTACAGGTTATGTACTTCCTTGGGGTCAGATGTCATAC
TGGGCTGCTCAAGTTATTAGAAGGATGGTAACTGCCATTCCTGTGGTGGGAAAAGATATT
GCTATTTGGATTTGGGGTGGTTATGCTGTTGGAAATATTACCTTAAAGCGGTTATTTAGG
GTGCACTTTCTTATTCCGTTTATTATTTTAGCTGTTTTCTTTCTCCATTTAAATTTCCTT
CATGAGAGGGGGTCTGGGAATCCTTTGGGGGTTGACACAGATTGCTGTCTGGTTCGGTTT
CATAGGTTTTTTACGGTAAAAGACCTAGTTGGAGTTTTAGGGAGTTGTGGGGTTTTATGT
TTTGTAGTTGCTTTTCATCCCTACATATTAGTGGATGGGGAAMATTTTGTAGCATGTGAC
TATATAGAAACTCCTCAGAGGATTCATCCAGAGTGATATTTTTTATTTGCTTATGCTATT
CTTCGGTCTGTACCTAGTAAGGCTGGTGGGATTATTCTTATACTTTGTTCTATTTTGGTT
CTTGTTGTTATTCCAGAGTTGTGGGTGGGCAAGATCGAGTCTTTGGGAMACTATTTTCTT
TGTCAGTGTGTATTTTGGTTATGGGTTGGTAATTTTTGTATTCTAACGTTTGTCGGAAGG
CAAGGAGTTGAGGAGCCATATATTACAGCAGGGGAGTATGGAACTATATTTTATTTTGGT
TTCTTCCCTTTTTTAGGGTTAGTTCAGCGCTATGAAGATTTTTTAATTCGAAGGATTAGA
AAGTCAGGGCCTGGATCAGATGTGTATGTTTGGCTTGACGATGTTCTTAGGTGGGACAGA
GAAGCAAAGCAGGCTAAGGAGGAAGATCACGGCCCTACTCGGGGGGATTTTGGGGATGAG
TTGATGAGATATGAGGAAGCTAATAATCTGTTAGCGTTAGAGCCTTATTGTTGGGGGAGT
GGTCGTCGTTTTATGAAGGCACATAGGAAGTAG

TTGTTACTCTTCATGCGATTATGATGATTTTCTTCTTTGTTATGCCGGTTCTTATTGGAG
GGTTTGGAAACTGGCTTCTGCCTTTGTTGTTGGGGGGAAT TGACATAAGAATTCCCTCGG
GTCAACGCTCTGAGGTTTTGGCTTGTCCCTTTTGCTCTATATATGGTGGTGGTCTCACCT
TTTATTGAGCAAGGAAGGGGAACAGGTTGAACTATGTATCCTCCTCTTTCTTCAACTCCG
TACCAAGGGGACATTTGCACGGATATGGTAATTCTAGGATTGCACCTGTCTGGGGTTAGT
TCCACTGCCGGGGCAATTAACTACCTAGTTACTTTTCTGAATATGCGTGGTAAAAGGTAT
AAGGCGGAGTTTTGTCCGCCATTCGTTTGGGCTCTAGCTGTAACTAGGTTTCTACTAATG
ATGTCCCTTCCGGTTTTAGCCGGGGGGTTAACTATGTTGATCTTGGACCGGCATTTTAAT
TGTACTTTCTTCGACCCTTCGGGGGGAGGGGATCCTGTGCTGTTTCAACATTTATTTTGG
TTTTTTGGGCACCCCGAGGTTTACGTATTAATTCTTCCCGGATTTGGATTAGTATCACAC
ATGTTGGTTTTTTATACCAAGAAGATTCGGGTATTTGGTGCGGTGGCAATGATGTATGCC
ATAATCTCTATCGGAATTCTAGGGTTTATTGTGTGGGGTCATCATATGTTTACCGTAGGG
CTAGATGCGGATACCCGTTTCTACTTTACCGCGGTAACCATGCTAATTGCTGTGCCTACGG

WRF 3 DICOIL

ATGGCTTTTATAAGGGTCTCTTTCATTATGAAAGAAGTGAACATGGGTTGGGCGTTTCGG
GGATTCCATATTAATGTAGCCAATTTCATGTTTGCTTGTTTGTACCTTCATATTTGTCGT
GGGTTATACTACGGCTCTTTTCGCTTATACAAGGTGTGGGTCAGGGGAATTGTGCTGTTC
CTTCTCGTAATGTTGACAGCATTTACAGGGTATGTTCTCCCTTGAGGTCAGATGTCGTAT
TGGGCTGCTCAGGTAATTAGAAGGATAGTTACCGCTATCCCCGTAGTGGGGGGGGATGTT
GCTATGTGGGTATGGGGCGGATATGCCGTTGGAAATATTACCCTGAAACGTTTATTTAGG
GTTCATTTTCTTCTTCCTTTTATTATTCTGGCAGTGTTCTTCTTACACTTAAACTTTCTT
CATGAGAGGGGCTCAGGAAATCCCTTGGGGGTTGACACGGATTGCTGTCTAGTCCGGTTC
CACAGGTTTTTTACAGTAAAGGATATAGTGGGGGTTATGGGGGGTTGTGCTCTTTIGTGT
TTTATAATTGCTTTTTATCCCTATATGCTGGTAGATGGGCAGAATTTTGTTATGTGTGAT
TATATAGATACCCCTAAAAGAATTCATCCAGAATGGTACTTCTTATTTGCGTATGCAATT
CTCCGCTCTATTCCGAACAAAATCGGGGGGATTTTACTAATGCTGTCTTCTATTATGATC
CTATTTGTGATTCCTGAGCTTTGGGTTGGCAAAATAGAATCCTTAGGTAACTATGTTTTT
TGTCAGTGGTTGTTTTGGTTTTGGGTTGCCAATTTTCTTATTTTGACTTTTGTTGGAAGG
CAGGGGGTAGATGAGCCTTTTGCCCGGGCGGGGGAGCTCAGGACTGCTTTTTACTTTGCT
TTCTTTCCGCTGTTGGGGGTAGTGCAGCGGTACGAAGACTTTGTAATTCGAAGAATTAGA
AAGGTGAGAAATGGAGAGAAGT

WRF 5 Il Cytb

>

A TG C A+T
23.6% 36.9% 26.1% 13.4% 60.5%;
AT G C A+T
17.7% 352% 27.8% 17.3%  54.9%,

HifL A U Cytb
1 Co1 Cytb
Fig. 1 Nucleotide sequences of COI and Cytb gene fragments of Chlamys farreri and Patinopecten yessoensis
+
2.2 f&a g ?S‘l'ih\*ﬁ' 0.00630 0.00508+0.00601, ,
3 2 ’
2 , b b
, 11 8
\ ‘g \ > \
0.914+0.00313 0.956=0.00353, 2.3 BAREB A RESH
; , MEGA Kimura 2-paramter
, 0.00551=+ 3 , COI  Cytb
x2 3 TBNBEHEELTRSH
Tab. 2 Genetic variation parameters of three scallop populations
()
c COI 14 7 0.824+0.00609 0.00205+0.00282 1.604
Cytb 11 0.873+0.00794 0.00380+0.00446 2.909
. COI 15 10 0.914+0.00313 0.00551+0.00630 4.305
: Cytb 10 0.956+0.00353 0.00508+0.00601 3.889
P COI 14 0.824+0.00609 0.00362+0.00403 2.824
Cytb 10 0.867+0.00723 0.00453+0.00468 3.422
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; COI  Cytb (M) (Fs)
0.004261 0.005625, R
, 0.7463 0.9971, ) )
R 0.7501 0.9991 ,
> , 3
F3 30 NEKERIRE D UFAERER
Tab.3 Genetic divergence and gene flow between three scallop populations
C F, p
Co1 Cytb Co1 Cytb Col1 Cytb
C — — 6.778 33.514 0.379 0.191
F, 0.0687(P>0.05) 0.00561(P>0.05) — — 0.375 0.183
P 0.568(P<0.05) 0.997 (P<0.01) 0.571(P<0.05) 0.999(P<0.01) — —
Fy (P>0.05 ; P<0.01 ); Ni
UPGMA 3 2
, 1000 , 2 >
, 3 3 2 R
2 , >
, , 2
2 3
Fig. 2 Reduced median network of haplotypes showing genetic relationship between three scallop populations
24 BAINMTHER 3 it
PCR COI-C Cytb-C2 30 ARSI R AR
COI  Cytb . ’
, 450bp 520bp , ’
COL-P Cytb-P ; 15~18°C ;
COI Cytb , ) 90% )
450bp  520bp , ; )
, 4 ; 2
, , 95%,
, , 23%,
( 16%,
4, ; ; ,
, (9)x ()
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COl

Cl11
F17
37|—F19
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F13
F16
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F12

23

43

35 65 F110
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C6
2
39 Cs
P10
P4
83 P9
Pl
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38 P8
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26 P6

51

:

+

100 74

3 3 UPGMA

Fig. 3 UPGMA (unweighted pair group method with arithmetic mean) tree constructed from genetic distances among three
scallop populations
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s o = o P G e e e e

Ll Ll R R ]

9 10 11 12 4758 7 8 910 M 11 12 13 14 1516 17 18 19
4 PCR
Fig. 4 Amplified results of the general and special primers
a c: COI Cytb 3 :1~4 , 5~8 , 9~12 b d: COI Cytb 3
Sb( ) d( ) (b1-b4, d7-d10) (b5-b7, d1-d3) (a8-al0, d4-d6)
sb( ) d( ) col (b11-b13, d11-d14) (b14-b16, d15-d18) (b17-b20, d19-d22)

Fig a and ¢ was the amplified results of the general primers in the three populations: 1-4 was Chlamys farreri, 5-8 was the hybrid offspring, 9-12 was
Patinopecten yessoensis. Fig b and d was the amplified result of the special primers in the three populations: b(left) d(left) was the amplified results of

the P.yessoensis’ special primers in P.yessoensis(b1-b4, d7-d10), C.farreri(b5-b7, d1-d3), the hybrid offspring(b8-b10, d4-d6); b(right) d(right) was the
amplified results of the C.farreri’s special primers in C.farreri (b11-b13, d11-d14), the hybrid offspring(b14-b16, d15-d18), P.yessoensis(b17-b20,
d19-d22).
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Abstract: Mitochondrial DNA cytochrome oxidase subunit I (COI) and cytochrome b (Cytb) gene fragments were
amplified and analyzed to examine the genetic diversity and structure of three scallop populations: Chlamys farreri,
Patinopecten yessoensis, and their hybrid (F,). Fragments with 781 bp of the partial COI gene and 725 bp of the partial
Cytb gene were obtained after alignment and emendation, and 47 haplotypes were found in the sequences of the 74 samples.
The genetic diversity indexes, including the haplotype number, haplotype diversity, nucleotide diversity, and average
number of nucleotide differences, showed that the genetic diversity of F; was greater than that of the parents. The ge-
netic distance between F, and C. farreri was the nearest and that between F; and P. yessoensis was the farthest. The
level of gene flow between F; and P. yessoensis was less than the level between F; and C. farreri, while the population
differentiation values between F, and P. yessoensis was greater than the value between F, and C. farreri, suggesting
that the differentiation between C. farreri and P. yessoensis happened a long time ago. A UPGMA tree and reduced
median network of haplotypes led to the same result, with the population of C. farreri and F; gathered together and the
population of P. yessoensis gathered together independently. PCR reamplification revealed that the special primers of
C. farreri could be amplified but the P. yessoensis special primers could not be amplified in the F, population, indi-

cating that the mitochondrial DNA genetic model of F; represented matrilinear inheritance.
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