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( , 2006; , 2008a, b) 124 PCR
, ABI PRISM 3730,
1 BigDye terminator v3.1, DNASTAR
11 (DNASTAR, Icn) SeqMan DNA ,
2007 12 —2008 3
(Octopus 1.25 MEGA 3.1 (Kumar et al, 2004)
variabilis) ( D, , ;
=70 Kimura 2-paramter Kimura
2-paramter (NJ)
F1 REABRKIERHEA. FEURFEREENTIEREQ
Tab.1 The population quantity, date, and average weight (g) of (UPGMA) ’
O. variabilis in Chinese coastal waters (bootstrap) ,

() .. +

DL 8 2008.01.22 254.65+48.83
YT 8 2008.01.23 263.11+£36.41
QD 6 2008.03.26 257.42+58.74
LY 8 2007.12.23 195.76+65.43
A 8 2008.01.06 136.24+38.07
1.2
1.21 DNA 100mg
, 1.5ml eppendorf s 700l
2xCTAB [100mmol/L Tris-HCI, 200mmol/L

EDTA, 1.4mmol/L NaCl, 2%

(CTAB), 0.2% B- , pH 8.0] 10ul (20mg/ml)
K, 55 600ul v
\ Y =25:24:1) 2, v
\ =24:1) 1 20 ,
20 2h 70% , 100ul
, 20 0.8%
DNA , DNA
1.2.2 PCR CO1

: COI F 5'-GGTCAACAAATCATAAAG

ATAT TGG-3' (25bp), COI R 5-TAA ACTTCAGGG
TGACCAAAAAAT CA-3' (26bp); PCR ABI

9600 PCR 50ul : 25mmol/L
MgCl, 4ul, 10mmol/L dNTP 1.25pl, 10mmol/L
1.5ul, 40ng DNA , 1.5U Taq 10%

( )Sul  PCR : 94 2min,
94  30s,51 Imin, 72 1min, 35 ,
72 S5min PCR 1%
,EB ,
1.2.3 PCR UNIQ-10 PCR

1000
DNASP 4.50 (Rozas et al, 2003)

> B >

, , Nin
ARLEQUIN 3.11 (Excoffier et al, 2005)
(AMOVA)
(F-statistics, Fy),
(permutation test) Fe
( 1000)
2
2.1
DNA PCR
PCR ,
COI
709bp ( )
Clustal ) )
658bp COl1 T
CAG A+T 37.02% 18.46% 30.15%
14.3% 67.17% ( 2); , 5
, , T
C, (A+T) 67.17%, (G+C)
, DNA ,
COI
(Harrison, 2004)
2.2 Col
18 , 14
(transition) ( T/C10 ,A/G4 ) 10
(transversion) ( A/T3 ,G/T1 ),

1.4 :1 9 ,



(Octopus variabilis)

COI

261

18

COl

31.6% 5

Tab 2

*x2

>

5

15
15

>

>

Hap

5 IR R R4S mtDNA COl 51| 8958 & 48 B (%)

26.67%,
5
Hapl 4

Hap 6

Hap 9
11 3

Base compositions (%) of COI sequences of O. variabilis from the five populations

2

(DL)

(YT)

(QD)

(LY)

(Z8)

Q » a4

36.99
18.52
30.15
14.34
67.14

37.04
18.49
30.19
14.26
67.24

37.05
18.41
30.09
14.43
67.15

37.04
18.42
30.20
14.32
67.24

36.99
18.48
30.11
14.42
67.10

37.02
18.46
30.15
14.35
67.17

001
071
141
211
281
351
421
491
561
631

AACACTATAT
GAATTAGGTC
TTGTAATAAT
ATTAGGTGCA
ACCTTATTAT
CAAGAAATCT
ATCTATTTTA
CGTCTTCCTT
CTGGAGCTAT

TTTATTTTTG
AACCAGGTTC
TTTTTTTTTA
CCAGATATAG
TAACCTCTGC
CGCTCATACA
GGAGCTATTA
TGTTTGTTTG
TACTATATTA

AGATCCAATC

TTATACCAAC

Fig.1

1

GAATCTGATC
ACTACTCAAC
GTAATACCTG
CATTCCCCCG
AGCTGTTGAA
GGACCATCTG
ACTTCATAAC
ATCAGTATTT
TTAACTGATC

AGGTCTTCTA
GATGATCAAC
TTATAATCGG
AATAAATAAT
AGAGGAGTAG
TAGACCTAGC
TACTATTATC
ATTACAGCTA
GAAATTTTAA

ATTTATTC

COlI

GGAACTTCTT
TTTATAATGT
AGGATTTGGA
ATAAGATTTT
GAACAGGATG
AATTTTCTCA
AATATACGAT
TCCTTCTTCT
TACTACTTTC

TAAGATTAAT
TATTGTAACT
AATTGATTAG
GACTTCTTCC
AACCGTATAT
CTCCATTTAG
GAGAAGGAAT
TTTATCATTA
TTTGACCCAA

The nucleotide sequences of COI gene fragments of O. variabilis

&3 KEH S MRHALKIK COI ERRERRRFIRERMS

Tab.3 Variable nucleotide positions in part of the COI region of 15 haplotypes, and number of individuals of each haplotype found in

each locality

AATTCGTACT
GCACATGCAT
TTCCTTTAAT
TCCTTCCCTA
CCTCCTTTAT
CAGGAATTTC
ACAAATAGAA
CCTGTTCTTG
GAGGAGGAGG

11223355666
12226707081303155
550250608576428013 bL YT QD Ly z8
1 CTGACTACCTTACGTCAT 3 7 0 1 1
2 oo TG TG 0 0 0 3 0
3 G 2 0 0 0 0
4 Ll T. C. GTACT. . 1 0 0 0 0
5 T..CGT.C 0 0 0 0 4
6 T...GT.CT 0 0 1 3 0
7 TG 0 0 1 0 0
8 ... AT.OCGT.C. L 0 0 1 0 0
9 A.G...T...GT.CT 0 0 1 0 1
o T...GT.C 0 0 1 0 0
) Govvvn T 1 0 1 0 1
2 Ao 0 0 0 1 0
13 PR TC 1 0 0 0 0
14 T 0 1 0 0 0
s Toooooo 0 0 0 0 1
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2.3 ) 5 )
5 1.842—4.549 s
, 4 ; ; ;
Nap Hq ,
6  (1.000+0.096), , 2
(0.250+0.180); R (Dyy)
K Pi ) (Da) ( 0,
R 5.200  0.00799, ,
, 5
0.8, ,
2.5
24 5 mtDNA COI
AMOVA 7 , >
x4 KESNAARKMBESHEESHLER
Tab.4 Summary of genetic diversity of different O. variabilis populations
(DL) (YT) (QD) (LY) (ZS)
Niap 5 2 6 4 5 15
Hq 0.857+0.108 0.250+0.180 1.000+0.096 0.786+0.113 0.786+0.151 0.878+0.040
S 12 1 12 7 11 18
K 3.357 0.250 5.200 3.143 4.214 3.765
P; 0.00514 0.00038 0.00799 0.00481 0.00640 0.00572

x5 KEFRETHREREFY K REEEED

Tab.5 Average number of nucleotide differences between populations (K) and the pairwise distances matrix for the COI gene fragment (D)

DL YT QD LY ZS
DL — 0.0029 0.0077 0.0068 0.0072
YT 1.842 — 0.0068 0.0055 0.0059
QD 4.549 3.286 — 0.0061 0.0066
LY 3.900 2.725 3.912 — 0.0054
zS 4.267 3.108 4.418 3.583 —
K, D

R6 KIRAETHSMARERENKY Dy REHERENH D,

Tab.6 Average number of nuc. subs. and net nuc. subs. per site (Dyy, D,) between populations

DL YT QD LY ZS
DL — 0.00011 0.00116 0.00185 0.00137
YT 0.00285 — 0.00263 0.00293 0.00250
QD 0.00766 0.00678 — 0.00032 0.00063
LY 0.00679 0.00551 0.00602 — 0.00027
zS 0.00712 0.00589 0.00652 0.00532 —

Dy D.
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Fo = 0.17410 (P<0.05),
17.41%,
82.59% .

(Nm) (Fsl) 8 ’

, 4.14 3.50,

RT SMMBEAKERAKEREERNDTFAESN
R(AMOVA)
Tab.7 Analysis of molecular variance (AMOVA) among popu-
lations of O. variabilis

D; (%)

4 13.461 0.27308% 17.41
33 42.750 1.29545"° 82.59

37 56.211 1.56854

(Fg) = 0.17410 (P<0.05, P = 0.00684)

*= 8 CHE 5 NMIBEEHKE M ER RN FRE LR
(Fs)

Tab.8 Gene flow (Ny,) and genetic fixations index (Fy) between
and within five populations of O. variabilis

DL YT QD LY A

DL — 0.03810  0.15136  0.27273  0.19238
YT 4.14 — 0.38879  0.53202  0.42396
QD 1.36 2.00 — 0.05383  0.09681
LY 0.50 0.44 2.00 — 0.05102

zS 0.64 0.58 2.36 3.50 —

Nm; Fsl

2.6
MEGA 3.1 Kimura 2-paramter
« + ) 5 ,
, 5 0.0029—
0.0077 ,
NJ UPGMA 5

, Lin

COI

G+C

COI

, 2006;

(2004)

>

JAT

6

Dyy

(1.0002:0.096),

Da

NJ

b (

, 2008;

>

>

, 2008)
, 2007)

16SRNA  COI 13

658bp
A+T

18

2.74%,

NHap

UPGMA

5

, COl

DNA

67.2%,

658bp

Hq
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YT-6 DL.8
YT-8 A 11 YT-6
YT-4 15 LY-5
YT-2 VT8
0 YT-3 27 Z8-7
4l—7s-7 QD-2
40 DL-8 29 53 | DL-2
s YT-5 50IpL-3
78-2 QD-6
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64 _|: DL-3 DL-6-
32 QD-24 QD-11
2': LY-1 - 54| LY-6
59 LY-2 27 LY-3
LY-8 LY-7
QD-3 14 QD-5
z5-8 L] [ S QD-4
75-6 88lz5-1
75.4 DL-4
Z8-5 73 62 i:;
QD-5
OD-4 LY-2
42 QD-3
Zs-1 7526
DL-4 32 5.5
Qb-1 27| 28-4
LY-3 75.8 |
LY-6
LY-7 J 0.004 0003 0002 0001 _ 0.000
2 5 Col NJ  UPGMA
Fig.2 NJ and UPGMA trees of COI sequence of O. variabilis from the five populations
B vEEFRFFELEERITRFHRR
L FERFROH SR ET LT A8, EBH, , , 2006. 27 mtDNA-COI



2 : (Octopus variabilis)

COI 265

( : . , 28(3):
179—186
, , , 2008.
, 25(4): 33—34
, , , 2006.
col . , 15(2):
144—149
, , ,2008. 3 ColI
. , 15(3): 392—399
, , , 2008.
mtDNA COI
( ), 47(2): 268—273
, , , 2007. 6 4
Col . ,29(5):
109—116

Excoffier L, Laval G, Schneider S, 2005. Arlequin ver.3.01: An
integrated software package for population genetics data
analysis. Evolutionary Bioinformatics Online, 1: 47—50

Harrison J S, 2004. Evolution, biogeography, and the utility of
mitochondrial 16S and COI genes in phylogenetic analysis

Phylogenet Evol, 30: 743—754

Inaba A, 1959. Notes on the chromosomes of two species of
octopods (Cephalopoda, Mollusca). Jap J Genet, 34: 137—139

Kumar S, Tamura K, Nei M, 2004. MEGA3: Integrated software
for molecular evolutionary genetics analysis and sequence
alignment. Briefings in Bioinformatics, 5: 150—163

Lin Xiangzhi, Zheng Xiaodong, 2004. Phylogeny of the cuttle-
fishes (Mollusca: Cephalopoda) based on mitochondrial COI
and 16S rRNA gene sequence data. Acta Oceanologica
Sinica, 23(4): 699—707

Martinez-Navarro E M, Galian J, Serrano J, 2005. Phylogeny and
molecular evolution of the tribe Harpalini (Coleoptera,
Carabidae) inferred from mitochondrial cytochrome-oxidase
I. Molec Phylogen Evol, 35: 127—146

Rozas J, Sanchez-DelBarrio J C, Messeguer X et al, 2003. DnaSP,
DNA polymorphism analyses by the coalescent and other
methods. Bioinformatics, 19(18): 2496—2497

Wells M J, Wells J, 1995. The control of ventilatory and cardiac
responses to changes in ambient oxygen tension and oxygen

demand in octopus. Journal of Experimental Biology, 198(8):

of the crab genus Austinixa (Decapoda: pinnotheridae). Mol 1717—1727

SEQUENCE AND MOLECULAR PHYLOGENY OF MITOCHONDRIAL COI GENE
FRAGMENT IN FIVE POPULATIONS OF OCTOPUS VARIABILIS IN CHINA

SUN Bao-Chao?, YANG Jian-Min"?, SUN Guo-Hua', LIU Xiang-Quan',
LIU Li-Juan', WANG Wei-Jun', ZHENG Xiao-Dong’

(1. Shandong Marine Fisheries Research Institute, Yantai, 264006; 2. Shanghai Ocean University, Shanghai, 201306;
3. Ocean University of China, Qingdao, 266003)

Abstract
were purified and sequenced, and 658bp nucleotide sequences were obtained. The T, C, A, and G contents in this fragment
were 37.02%, 18.46%, 30.15%, and 14.35%, respectively. The AT content was higher than the GC content. 18 variable

nucleotide positions were detected in 658bp COI sequences analyzed; 15 haplotypes are defined among five populations, of

Mitochondrial COI gene fragments of wild Octopus variabilis were amplified with PCR; the PCR products

which only 4 were common. Among the five populations, Qingdao (QD) shows the best genetic diversity. The Kimura
2-paramter genetic distance calculated by the MEGA version 3.1 between the population of Dalian (DL) and QD is the
highest, up to 0.0077, while that between the populations of Dalian (DL) and Yantai (YT) is the lowest at 0.0029. The fixa-
tion indices (Fy) analyzed by AMOVA of ARLEQUIN Version 3.11 totaled to 0.17410 (P<0.05), showing that the genetic
fixation intra-populations is much larger than that inter-populations. The Neighbor-joining (NJ) phylogenetic tree and
UPGMA phylogenetic tree were made from the five populations of O. variabilis. The result shows that the population of
DL, YT might have originated from one clade, while population of QD, LY and ZS from another.

Key words Octopus variabilis, COI gene, PCR, Genetic diversity



