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 1 DNA
Tab. 1 Resources of DNA data and samples of sea cucumber 

Texonomy
 

Species
 

Abbreviation  Resource
 Aspidochirotida

/  Stichopodidae/Apostichopus  A. japonicus A. ja1
 Changdao of Shandong

/  Stichopodidae/Apostichopus  A. japonicus A. ja2
 Rongcheng of Shandong

/  Stichopodidae/Apostichopus  A. japonicus A. ja3  Japan
/  Stichopodidae/Apostichopus  A. japonicus A. ja4  Russia
/  Holothuriidae/Holothuria  H. fuscogilva H. fus  Australia

/  Stichopodidae/Apostichopus  A. japonicus A. jaw GenBank AY852278/16S
AY852281/COI

/  Stichopodidae/Parastichopus  P. californicus P. cal GenBank U32198
/  Stichopodidae/Parastichopus  P. parvimensis P. par GenBank U32199

/  Holothuriidae/Holothuria  H. nobilis H. nob
GenBank AY509147/16S

AY700232/COI

/  Holothuriidae/Holothuria  H. edulis H. edu GenBank EU220810/16S
EU220830/COI

 Dendrochirotida
/  Cucumariidae/Cucumaria  C. frondosa C. fro  Iceland
/  Cucumariidae/Mensamaria  M. intercedens M. int  Fujian
/  Cucumariidae/Pseudocnus P. astigmatus A. ast GenBank U32213

/
 Phyllophoridae/Pentamera

P. lissoplaca P. lis GenBank U32219

1.2.2 PCR DNA
16S rRNA

PCR 16Sar 5 -CGCCTGTTTAT-
CAAAAACAT-3 16Sbr 5 -CCGGTCTGAACTCA-
GATCACGT- 3 

COI Arndt 4

COI ef 5 -ATAATGATAGGAGGR A/G  TTTGG-3 
COI er 5 -GCTCGTGTRTCTACR A/G  TCCAT-3 

10× PCR buffer
2 mmol MgCl2 0.2 mmol dNTP
0.25 U Taq TaKaRa DNA100 ng PCR

94  5 min 94   1 min
50   30 s 72   1 min 35 72  

10 min PCR 1% EB
PCR PCR

1.2.3 Bioedit
DNAsp 4.0 

MEGA 3.1 Kimura

Strongylocentrotus 
purpuratus Neighbor 
joining NJ Minimum evolution
ME
1 000 GenBank

7 1

2

2.1 4 16S rRNA 

4 16S rRNA
499 bp 1 187

81
4 3

1
C-T 1 C/T

1 T-C 1 A-G
/

1 /
3 135 115

81 17 12 33 /
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6  9374 16S rRNA COI

1 4 16S rRNA

1.

Fig.1 Aligned nucleotide sequence of 16S rRNA gene 4 species of sea cucumber

Abbreviations of species are shown in table 1.
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1.667 0.003 42

54.300 46.900
33.300 0.113 36 0.097 91

0.072 71 16S rRNA
4

16S rRNA 2
4

T
A A T

4 A+T G+C
DNA

2 4 16S rRNA COI
  Tab.2 Base composition of 16S rRNA gene COI gene fragments in 4 species of sea cucumber %

Species
16S rRNA COI

T C A G A+T T C A G A+T

A. ja1 27.2 20.7 28.8 23.3 56.0 31.4 23.2 27.3 18.2 58.7

A. ja2 27.4 20.4 28.8 23.3 56.2 31.4 23.2 27.1 18.4 58.5

A. ja3 27.0 20.9 28.7 23.4 55.7 31.7 23.0 26.7 18.6 58.4

A. ja4 27.5 20.5 28.9 23.2 56.4 31.7 22.8 27.1 18.4 58.8

H. fus 22.1 22.3 32.4 23.2 54.5 25.4 27.1 29.3 18.2 54.7

C. fro 24.4 21.9 33.1 20.5 57.5 26.2 27.6 29.1 17.1 55.3

M. int 27.9 19.9 31.7 20.5 59.6 27.1 26.2 30.1 16.7 57.2

1.
Note Abbreviations of species are shown in table 1.

2.2 4 COI 

COI 539 bp
2 172

100 4 10
1 A-G

2 C-T 1
A-G 3 C-T 1

A-C 2 A-G 1 T-C 6
COI /

3

112 112 115

5.166 67 0.009 59 3
47.700 48.200

49.300 0.088 50
0.089 42 0.091 47 16S rRNA COI

4 COI 2

T
A C 4

A+T G+C  
3 COI

179 1
2 3 3

83.7%
3

31
14

4 10
3

17 13 18
2.3 16S rRNA COI

GenBank
7

Strongylocentrotus purpuratus 16S 
rRNA COI 2 NJ ME

4 5 2
2
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2 COI 

1.

Fig. 2 Aligned nucleotide sequence of the COI gene from 7 individuals of sea cucumber

Abbreviations of species are Shown in table 1.

3
2 2

16S rRNA
COI
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3 COI 
1.

Fig. 3 Aligned amino acid sequences of the COI from 7 individuals of sea cucumber
Abbreviations of species are shown in table 1.

4  16S rRNA NJ ME
Bootstrop 1 000 S. pur 1.

Fig. 4 NJ and ME trees based on the 16S rRNA gene fragments of sea cucumber
Numbers on the node represent percentage of 1 000 bootstrap replications S.pur Strongylocentrotus purpuratus abbreviations of species are shown in table 1.

5 4  COI NJ ME
Bootstrop 1 000 S. pur 1.

Fig. 5 NJ and ME trees based on  COI gene fragments of 4 species of sea cucumber
Numbers on the node represent percentage of 1 000 bootstrap replications S.pur Strongylocentrotus purpuratus abbreviations of species are shown in table 1.

PDF 文件使用 "pdfFactory Pro" 试用版本创建           www.fineprint.com.cn

http://www.fineprint.com.cn


6  9414 16S rRNA COI

3

3.1 4 16S rRNA COI
COI

1 3 7

2

2
2

16S rRNA
COI 1.667 5.166 67

33.300~54.300 47.700~49.300 7
16S rRNA

COI
16S rRNA 2

A+T
54.5%~59.6% 54.7%~58.8% G+C

COI 16S rRNA 16S rRNA 
6 9

3.2
16S rRNA COI

bp=100

16S 
rRNA

COI

2

Lacey 6

18S rRNA

bp=86

16S rRNA
7

12 13
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Sequence analysis of mitochondrial 16S rRNA and COI gene and molecular 
phylogeny of four species of sea cucumber 

CHEN Li-mei LI Qi LI Yun
Fisheries College Ocean University of China Qingdao 266003 China

Abstract 500 bp 16S rRNA and 540 bp COI fragment were obtained by PCR method from four species of sea 
cucumber Apostichopus japonicus Holothuria fuscogilva Cucumaria frondosa and Mensamaria intercedens. 
Variable sites nucleotide diversity average number of nucleotide differences and average number of nucleotide 
substitutions per site were calculated to analyze sequence difference. Phylogenetic trees were constructed by NJ 
and ME methods. As a result the biggest intra-species difference was found between individual A. japonicus from 
Changdao and Japan while the least between those from Changdao and Rongcheng. Differentiation between A. 
japonicus and other three species was higher than that within A. japonicus. NJ and ME phylogenetic trees based 
on 16S rRNA and COI gene both show that Apostichopus and Parastichopus were closely related which indicates 
the two genera may have a common origin. Holothuriidae doesn t cluster with Stichopodidae but cluster with 
Cucumariidae and Phyllophoridae which is different from the result of morphological taxon. Journal of Fishery 
Sciences of China 2008 15 6 935 942
Key words sea cucumber 16S rRNA gene COI gene sequence comparison phylogenetic analysis
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