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Co/ , Hebert 1.2 DNA
BT 11 13 320 co/ 50 5 8h, 100mg
) R , 400 pL
CO / (50 mmol/L Tris-HCI1 pH 7.5; 1.5% CTAB; 1
DNA mol/L NaCl; 15 mmol/L EDTA) 12 pL 20 mg/mL
Co/ R K, 55 5 8h
, Co/ DNA 600 puL , 3 min, 7 min,
12 000 g 2 min , 500 pL ,
Co/ DNA 2 min, 12 000 g 2 min ,
, (Stichopodidae) 500 uL (1% CTAB; 50 mmol/L Tris-HCI
(Apostichopus japonicus) (Thelenota pH 7.5; 10 mmol/L EDTA) , 2 min, 65
ananas) (Parastichopus californicus), 20 min 12 000 g 10 20 min, ,
(Holothuriidae) (Holothuria 200 uL 1.2 mol/L NaCl,
edulis) (Holothuria atra), DNA , 6 uL RNase, 37
(Molpadiidae) (Acaudina molpadioide) 30 60 min 1 mL 100 uL 3 mol/L
(Cucumariidae) (Cucumaria  NaAc, —20 10 min, 15 000 g 10 min,
frondosa), 7 43 DNA ’ 1 mL 70%
COo/ ) , 12000 g 5 min DNA
Co/ > > , 20 uL ,4
Co/ DNA 13 coJ
DNA PCR co
) > (41
,  DNA COlef: 5'-ATAATGATAGGAGGRTTTGG-3'
COler: 5'-GCTCGTGTRTCTACRTCCAT-3'
DNA , PCR 50 uL, 25 mmol/L
MgCl, 3 uL, 10 mmol/L dANTP 1pL, 2 1
puL( 0.2 umol/L), TagDNA (
! , 5 U/ul)1 pL, 10xPCR Buffer 5 uL.
11 DNA 1 pL, 50 uL PCR
1 (eppendorf ) 94 5 min
*1 BEXHEER
Tab.1 Sampling information of the sea cucumber species analyzed in the present study
Chinese name Latin species sampling location sampling numbers ID of samples
Apostichopus japonicus (sea areas of China and Japan) 10 A jap
Cucumaria frondosa (The north Atlantic Iceland) 8 C.fro
Thelenota ananas (Xisha Islands of South China) 5 T.nas
Parastichopus californicus (Alaska of America) 7 P.cal
Holothuria atra (Xisha Islands of South China) 5 H.atr
Holothuria edulis (Xisha Islands of South China) 5 H.edu
Acaudina molpadioide (Xisha Islands of South China) 3 A.mol
Strongylocentrotus intermedius ~ GenBank 1 S.int
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30 , 194  50s, 46 ; 100 ng 10 mL
1 min, 72 1 min, 72 10 min PCR 55 2h
1% , (300 nm) 2xSSC-0.1%SDS 0.5%xSSC-0.1%SDS 2,
15 min, PBS 1,
14 (3% BSA) , 37 1h
PCR , Img/mL streptavidin-AP(VECTOR, USA)
PBS 37 1h PBS ,
DNAMAN DNAstar MEGAA4.1
> > (BCIP/NBT
) (NI ) ) . 37
(MP ) ) )
15
151 DNAstar 5
Primerselect ,
, 5 2.1 Co/J
. PCR R 7
DL-01: 5'-Biotin-GGGCCGGAACAGGATGA 43 Cco
ACAAT coO 5 692
CCC];IE:((:)Z. 5'-Biotin-TAGGATTTCTTGTTTGGG bp MEGA 4.1 (
1.5.2 lem? 2),ATGC 27.9% 28.9%
.UV 30 min 21%SSC 10 18.3% 24.9%, A+T (56.8%)
min,  ;PCR 95 10 min GrC  (43.2%) 7 ’ G+C
, 3ul , 80 , 45.1%
45 min 3
50 1h( 1 50% , 0.5%
BSA, 1%SDS, 0.5% polyvinylpyrrolidone in 7 ’
5xSSC) 95 10 min > 0.01; )
F2 T#iBS COIFIIEEHEN
Tab.2 Base content of CO gene for seven sea cucumber species %
species T C A G G+C
Thelenota ananas 26.4 26.4 29.0 18.2 44.6
Acaudina molpadioide 29.8 23.0 30.2 17.0 40.0
Cucumaria frondosa 26.7 26.6 28.4 18.2 44.8
Holothuria atra 26.1 25.4 30.3 18.2 43.6
Holothuria edulis 26.2 27.1 28.6 18.1 45.1
Parastichopus californicus 31.3 24.1 26.7 17.9 42.0
Apostichopus japonicus 31.5 22.5 27.1 18.9 414
Strongylocentrotus intermedius 33.4 24.2 22.7 19.8 44.0
average 28.9 24.9 27.9 18.3 43.2
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Tab.3 Genetic distance within each species and pairwise distance between species in seven sea cucumber species
1 2 3 4 5 6 7
genetic dis-
Apostichopus Acaudina Cucumaria Holothuria Holothuria  Parastichopus Thelenota tance within
japonicus molpadioide frondosa atra edulis californicus ananas species
1 0.009
2 0.21 0.002
3 0.272 0.265 0.01
4 0.243 0.214 0.228 0.009
5 0.248 0.223 0.215 0.152 0.009
6 0.101 0.212 0.268 0.23 0.243 0.007
7 0.205 0.219 0.208 0.174 0.166 0.214 0.002
S.int 0.298 0.292 0.292 0.28 0.289 0.278 0.284 —
0.002, 0.007 7 ,
, (4 ,
(0.101), , ,
(0.272) 0.215, R PCR
10 : Hebert " 10 , PCR
“ 2.3.2 DNA
7z ( 0.007) PCR , ,
( 0.215), CO 10 ng/3puL, 3uL
DNA , (
5) , 100 )
2.2 100 pg
7 43 Cco
3
NJ Hebert CO/ DNA
MP NJ 1 000 , , Hebert
P-distance NIC ), GBI 11 13 320 Cco/
100% , Co/
: 96% DNA Vences 'l
, 100% MP ( 2) DNA ,
NJ , COo/ Janzen
: (2] 1000
2.3 R DNA
2.3.1 COo 7/ 97%
DNA ,  Hajibabaei ! DNA
PCR ( 3 R
, 100 ng/3 pL, 3uL Kress U Taberlet [



786 18
H.atr C.fors
TQE H.atrl _IE C.for6
H.atr4 C.ford
100 H.atr3 C.for7
100 - H.atr2 C.for3
9 99 H.edu 76 —— C.forl
H.edu4 00 | E— C.for2
100| - H.edu2 C.for
B 69LHhedu3 Tnas3
H.edul 4{ T nasd
C.for T nas?
I C.forl » 'I'-
L] for2 69 o
C.fors -nas
7 C.for6 65 :a‘;
71 .at
63| C.for3 ar
C for? 72 H.atrl
C.ford 99 { H.atr3
T.nas3 98 H.atr2
[ T.nas4 76 { H.edu
100|, T nas1 77 H.edu4
] T.nas 99 H.edu2
T.nas2 7 H.edu3
?6[|:n]0:1 91 H.edul
.mol
A.mol
100l A.mol2 IT: A.moll
g7, P-cal3 9L Amol
P.cal
P.call
100/ (P.cal6 P.cal2
— P.call P.cal6
74 Pec :
cal2 70 P.cal4
P.cal4 I | .
611 P.cal5 99 P.cal5
A japl —: P.cal
100 Ajapll A jap2
A_.'lapz A_jap3
Ajapls 9 Ajapls
A jap3 Ajapl2
100 94 R'j:gm ijﬂ;l‘]
d Ja
Ajapl3 —_ A japl3
S.int Ajapl4
— ?: Ajap
Col NJ 2 Ccol MP
, (1 000 1
); 7 , Fig.2 Maximum Parsimony trees resuled from analysis of the
mtDNA CO [ gene data
| Species name shown in table 1.
Fig.1 Neighbor-joining trees resulting from analysis of the
DNA , . (1)
mtDNA CO  gene data
Numbers of the nodes represent bootstrap values with 1 000 repli- R s ;
cations. Seven sea cucumber species form strong monophyly sepa- 2
rately. Holothuria atra and Holothuria edulis belonging to Holo- (2)
thuriidae, and Apostichopus japonicas and Parastichopus cali- ; (3) , DNA PCR ,
fornicus belonging to Stichopididae are sister groups. Species name
shown in table 1. DNA
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250
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Fig.4 Dot-blot specifity of 4 species of sea cucumbers

A and B are hybridized with DL-01 and DL-02 respectively.
The samples on the membranes are water, Apostichopus ja-
ponicas, Parastichopus californicus, Thelinota ananas and

Cucumaria frondosa from left to right.

3 4 PCR
M: DNA marker 2000; N: ;A ; P Co/ , S
;G ;T : , 692 bp, ;
Fig.3 Amplification products of 4 species of sea cucumbers in co /
agarose gel
M: DL marker 2000, N: negative control, A: Apostichopus ja- , CO /
ponicas, P: Parastichopus californicus, C:Cucumaria frondosa,
T: Thelenota ananas.
A
B
G
D
5
A B DL-01 ;€ D DL-02 ; 10ng 1ng 100pg 10 pg.

Fig.5 Sensitivity of dot-blot
A and B are hybridized with DL-01; C and D are hybridized with DL-02. The order on the membranes is water, 10 ng, 1 ng, 100 pg
and 10 pg.
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Construction and application of DNA barcoding in sea cucumber
Holothurians

LU Yingchun, TANG Qingjuan, ZUO Tao, DUAN Gaofei, WANG Chunxia, LI Jin, XU Jie, XUE Changhu

College of Food Science and Engineering, Ocean University of China, Qingdao 266003, China

Abstract: DNA barcoding is a diagnostic technique in which short DNA sequences can be used for species identi-
fication. The mitochondrial cytochrome ¢ oxidase subunit I (CO I) sequence is used in DNA barcoding for species
identification in many organisms. In this paper, the validation of the COIl gene for DNA barcoding and species
identification in sea cucumbers was studied. The CO | genes from seven species of sea cucumbers were amplified
and sequenced. Data were analyzed using DNAstar, DNAMAN, and MEGA 4.1. The DNA base composition was
analyzed, and the genetic variations among species and within species were calculated. It was found that the ge-
netic distance among the seven species was higher than that within a species. Phylogenetic analysis using
neighbor-joining and maximum parsimony methods generated tree topologies that indicated that all individuals of
each species formed a strong monophyletic group. These results suggested that the mitochondrial CO | gene was a
valid DNA barcoding gene for species identification in sea cucumbers. On the basis of the DNA barcoding, spe-
cies-specific probes of Apostichopus japonicus were designed. Dot-blot hybridization showed that the probes
could identify A. japonicus with high specificity and sensitivity. The design of further probes for different sea cu-
cumber species, combined with dot-blot hybridization and microchip assays, will facilitate the identification of sea
cucumbers at relatively low costs.

Key words: sea cucumber; mitochondrial CO | gene; DNA barcoding; species identification; dot-blot
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