
10 16S rDNA
1 1 2

1.   266003 2.    266071

PCR 10 16S rDNA 566 bp DNAsp 4.0

10 MEGA 4.0

10 AT A+T 57.0%

10 0.007~0.316 GenBank 10

MEGA 4.0 PAUP*4.0 16S rDNA 

Holothuriidae Stichopodidae Cucumariidae 2

Apostichopus japonicus

Parastichopus californicus Parastichopus parvimensis

Pearsonothuria graeffei Bohadschia argus B. marmorata

Holothuria mexicana Holothuria edulis

2008 15 5 755 765

16S rDNA

S917 Q959.269 A 1005 8737 2008 05 0755 11

Journal of Fishery Sciences of China
15 5

2 0 0 8 9

Vo l . 1 5  N o . 5

September 2008

2008 01 16 2008 04 20.
.

1980 . E-mail feilaihua@163.com
. Tel 0532-82032649 E-mail sxsdlwl@ouc.edu.cn

Echinodermata
Eleutherozoa Holothuroidea

1 400
160 1

134

Apostichopus japonicus

20 90

16S rDNA 2 3

18S rDNA COI
16S rDNA 4 5

10  PCR 
16S rDNA

GenBank

1

1.1
10

4
2 10

1

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

mailto:feilaihua@163.com
mailto:sxsdlwl@ouc.edu.cn
http://www.fineprint.com.cn


756 15     

1 10
Tab.1 List of 10 sea cucumbers for 16S rDNA amplification in this study

Name & Taxon Abbreviation Locality Body length body height 
 Stichopodidae

 Apostichopus japonicus Ap.jap Dalian in China 6.0 cm 1.5 cm
Parastichopus californicus Pa.cal Canada 7.0 cm 1.0 cm
Parastichopus tremulus Pa.tre  Norway 7.5 cm 1.3 cm
Parastichopus parvimensis Pa.par  USA 5.5 cm 1.6 cm

Holothuriidae
Holothuria mexicana H.mexi  Mexico 11.3 cm 2.0 cm

Holothuria nobilis H.nobi  Australia 11.5 cm 2.2 cm
Holothuria fuscogilva H.fusc  Australia 11.6 cm 1.8 cm

Holothuria scabra H.scab  Australia 14.0 cm 2.6 cm
Cucumariidae

Athyonidium chilensis At.chi  Chile 6.5 cm 1.5 cm
Cucumaria frondosa C.fron  Iceland 5.5 cm 1.4 cm

.
Note the abbreviations for species are identically used in the full paper.

1.2 DNA
3 Arndt 4

DNA mt DNA 0.1 g
600 L

50 mmol/L Tris-HCl pH 7.5 50 mmol/L EDTA pH 
8.0 0.4% SDS 20 mg/mL K 6  50 

Tris 10 min
12 000 r/min 10 min Tris

=24 1
l0 min 12 000 r/min 10 min

CTAB 1 mmol/L NaCl 2% CTAB
65 45 min

12 000 r/min 20 min
70% 2 100  TE

20 
16S rDNA PCR

..
6

. 16Sar 5 -CGCCT
GTTTAACAAAAACAT-3 16Sbr 5 -CCGGTCT-
GAACTCAGATCATG-3

PCR 25 100 ng
DNA 0.1 mol/L 0.2 mmol/L dNTPs 1

PCR 1 U Taq DNA Milli-Q 
H2O PCR 94  
3 min 94  30 s 50  30 s 72  1 min

35 72 5 min
1% 

1.3
DNAstar Clustal X

DNAsp 4.0

MEGA 4.0
10

GenBank Holothuriidae
Stichopodidae Cucumariidae 15

16S rDNA
Strongylocentrotus nudus

2 MEGA 4.0 PAUP*4.0
1 000

2

10 DNA 600 bp
10

520~561 bp 544 bp
10 16S rDNA

5
GenBank

5 16S rDNA
GenBank 99%
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2 GenBank 16
Tab.2 List of sea cucumbers and sea urchin from GenBank

Name & Taxon Abbreviation Access No Author
 Holothuroidea 

  Stichopodidae 
  Apostichopus japonicus Ap.jap1 AY852279 2005
  Parastichopus californicus Pa.cal1 DQ777096 Janies D A 2007
  Stichopus chloronotus Sti.ch AY338422 Kerr A M 2006
 Isostichopus macroparentheses I.macr AY338415 Kerr A M 2006

  Holothuriidae 
  Actinopyga mauritiana Ac.mau AY338414 Kerr A M 2006
  Bohadschia argus B.argu AY338416 Kerr A M 2006
  Bohadschia marmorata B.marm AY338417 Kerr A M 2006
  Holothuria nobilis H.nobi1 AY509147 Uthicke S 2004
  Holothuria scabra H.scab1 AY509136 Uthicke S 2004
  Holothuria scabra H.scab2 AY509138 Uthicke S 2004
  Holothuria edulis H.edul EU220810 O'Loughlin M 2007
  Holothuria atra H.atra EU220799 O Loughlin M 2007
  Holothuria leucospilota H.leuc AY338419 Kerr A M 2006
  Pearsonothuria graeffei Pe.gra AY338421 Kerr A M 2006
 Holothuria excellens H.exce AY338418 Kerr A M 2006

  Cucumariidae 
  Cucumaria frondosa C.fron1 U15598 Medeiros Bergen D 2002

 Echinoidea
  Strongylocentrotidae

  Strongylocentrotus nudus Str.nu AB154277 Oohara I 2004
.

Note the abbreviations for species are identically used in the full paper numbers following the abbreviations indicate different haplotypes.

2.1 16S rDNA
1 10

A T
GC GC

10 10 AT
GC AT

62.5% 53.0% 10

AT 57%
1 4

AT 4 A
T GC

AT 57.3% AT
54.7% 2 AT

60%

1 10 16S rDNA
1.

Fig.1 Comparison on nucleotide composition of 16S rDNA from 10 sea cucumbers amplified in this study
Abbreviations of species are shown in table 1.
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2 10 16S rDNA

. . 1.

Fig.2 Comparison of partial sequence of 16S rDNA from 10 sea cucumber species amplified in this study

Note represents in/del nucleotide . represents identical nucleotide. Abbreviations of species are shown in table 1.

2.2 16S rDNA 
10 16S rDNA

2 566

303 64 199
146
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3 10 16S rDNA
Tab.3 Comparison of transition/transversion sites in 16S rDNA of 10 sea cucumbers amplified in this study

Species
Ap.jap Pa.cal Pa.tre Pa.par H.mexi H.nobi H.fusc H.scab At.chi C.fron

Ap.jap 5 43 4 70 74 77 70 65 67
Pa.cal 8 44 1 76 73 79 73 68 72
Pa.tre 41 35 43 64 64 71 67 63 68
Pa.par 7 3 37 75 72 78 72 67 71
H.mexi 58 56 59 56 29 45 24 60 49
H.nobi 59 55 63 55 46 43 27 67 54
H.fusc 61 60 58 59 55 46 38 66 52
H.scab 44 42 46 42 42 47 54 56 48
At.chi 66 62 62 62 67 69 68 61 62
C.fron 53 51 47 51 54 54 58 53 51

1.
Note Number of transition sites under the diagonal line number of transversion sites above the diagonal line abbreviations of species are 

shown in table 1.

4 10 16S rDNA /
Tab.4 Comparison of valid sites and in/del sites in 16S rDNA  of 10 sea cucumbers amplified in this study

Species
Ap.jap Pa.cal Pa.tre Pa.par H.mexi H.nobi H.fusc H.scab At.chi C.fron

Ap.jap 2 8 2 32 16 18 36 19 21
Pa.cal 550 10 0 30 14 16 38 17 19
Pa.tre 543 543 10 36 22 24 38 23 27
P.par 550 552 543 30 14 16 38 17 19

H.mexi 525 527 520 527 38 36 26 49 33
H.nobi 540 542 534 542 527 10 34 21 25
H.fusc 539 541 533 541 528 541 6 41 19
H.scab 517 517 513 517 520 516 517 45 27
At.chi 546 548 541 548 529 543 542 518 6
C.fron 534 536 528 536 526 530 532 516 536

/ 1.
Note Number of valid sites under the diagonal line number of in/del sites above the diagonal line abbreviations of species are shown in table 1.

10
3

69
3

79
1 10

50.7 56.8

21.8 23.3 48.3
34.8 2

51 62 4

10 16S rDNA

4 10
49

2
10
22.8

5.3 26
2 6
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2.3
10

GenBank 16
16S rDNA 26

6 12 2
20

2

3 2
2 0

2 0.002 0.046
16S rDNA

20
5

0.005 2
0.002

0.025
0.075

0.1
0.407 0.405

0.403

0.298
0.244

2.4
MEGA4.0

PAUP*4.0 20
4

3-6 12
6

2
2

4
1

2

4

MEGA 
4.0 MP 3

NJ UPMGA
3 PAUP*4.0

ML 3

3

mt DNA
RNA RNA

7 8 RNA
16S rDNA 

9 10 11

Arndt 4 mtDNA 16S rDNA  

CO  

16S rDNA COI Kerr 12

16S rDNA 5
10

16S rDNA 

5
16S 

rDNA

Kerr 12 8 2
16S  rDNA Ardnt 4 6

3 16S rDNA
15 COI

6

3 16S rDNA
CO IrDNA-CO  3

mt-
DNA mt DNA AT
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3 UPMGA

1 000 50% . 1 2.

Fig.3 Cluster dendrogram based on UPMGA method

Numbers on the nodes represent percentage of 1 000 bootstrap replications above 50%. Abbreviations of species are shown in table 1 and 2.

4 NJ

1 000 50% . 1 2.

Fig.4 Cluster dendrogram based on N-J method

Numbers on the node represent percentage of 1 000 bootstrap replications above 50%. Abbreviations of species are shown in table 1 and 2.
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5 MP

1 000 50% . 1 2.

Fig.5 Cluster dendrogram based on MP method

Numbers on the node represent percentage of 1 000 bootstrap replications above 50%. Abbreviations of species are shown in table 1 and 2.

6 ML

1 000 50% . 1 2.

Fig.6 Cluster dendrogram based on ML method

Numbers on the node represent percentage of 1 000 bootstrap replications above 50%. Abbreviations of species are shown in table 1 and 2.
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10 A+T
57.0%
16S rDNA A

T GC
AT

10 16S rDNA 

21.8 23.3
5.3

48.3 34.8
26

10

6

CO  16S rDNA 

Lacey 5

18S rDNA 

Kerr 13

47
25

47 1

16 17
Pawson 14

Lacey 5

16 18S rDNA
5

20
3

16S rDNA

10
5
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16S rDNA sequence diversity and phylogenetic relationship of ten sea cucumbers

FEI Lai-hua1 LI Yun1 CHEN Jia-xin2

1. Fisheries College Ocean University of China Qingdao 266003 China 2.Yellow Sea Fisheries Research Institute Chinese 
Academy of Fishery Sciences Qingdao 266071 China

Abstract Holothurian is one kind of invertebrates in the sea which includes more than 1 400 species
distributing from shallow water to ocean benthal. One hundred and thirty four species of sea cucumbers from 
China were identified which mainly distribute in tropic sea areas south of Hainan Island. The sea cucumber 
species from temperate sea area are few among which A. japonicus is the one with the highest economic value. A. 
japonicus distributes in sea areas north of Lianyungang in Jiangsu province China and has become increasingly 
popular from 1990s because of its medicinal effect to cancer and unique trophic value. In order to effectively 
enrich resources of cultured sea cucumber and improve domestic sea cucumber quality it is essential that 
Holothurian resource abroad should be introduced and that the attributes of the exotic sea cucumbers including 
genetic background biochemical components physiological and ecological characteristics should be analyzed.

As to the genetic diversity of Holothurian the sequences including mitochondrial 16S rDNA and COI and 
eukaryotic ribosomal 18S rDNA were amplified and the sequence diversity was analyzed by many researchers
which indicated that the rDNA sequence diversity exists among different Holothurian species. In allusion to a 
mass of introduction of important Holothurian resources from abroad 10 species of domestic and overseas sea 
cucumbers were collected and 16S mitochondrial rDNA sequences from them were amplified and sequenced and 
the molecular phylogeny of the 10 species of sea cucumbers were presented. Consequently the aligned sequences 
with length of over 566 bp were obtained. the nucleotide composition invariable/variable sites insert/deletion in/
del  sites were calculated by DNAsp 4.0 package.The kimura-two-parameter genetic distance was calculated by 
MEGA 4.0 package. The results indicate that AT content is rich in the 10 species of sea cucumbers and the mean 
content of A+T was 57.0% which is similar to that of other invertebrates. A great diversity of the number of 
transition/transversion and in/del sites among the 10 species of sea cucumbers were observed and their genetic 
distance ranges from 0.007 to 0.316. The cluster dendrograms of the 10 collected sea cucumbers and 10 sea 
cucumbers from GenBank data based on 16s rDNA analyses by means of four methods using MEGA4.0 package 
and PAUP*4.0 package reveal the evolutionary relationships Stichopodidae was separated from Holothuriidae 
entirely but two species from Cucumariidae are adjacent to the members of Stichopodidae. This analysis also 
strongly indicated that in Stichopodidae A. japonicus from china has close affinity with Parastichopus californicus 
and P. parvimensis from North America. On the other hand Pearsonothuria graeffei Bohadschia argus and B. 
marmorata belonging to family of Holothuriidae have close affinity but the relationship between Holothuria 
edulis and H. mexicana is much closer. These findings of the study can be used for the management of sea 
cucumber resources introduction of exotic species and genetic improvement of commercial species. Journal of 
Fishery Sciences of China 2008 15 5 755 765
Key words sea cucumber 16S rDNA phylogeny
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