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Tab.1 Names and sources of 15 sea cucumber species
/ () C-)
(Holothuriidae)
Holothuria edulis 6 2008-05
Holothuria atra 6 2008-05
Holothuria scabra 6 2007-08
Holothuria leucospilota 6 2007-08 2008-05
Holothuria fuscopunctata 6 2009-05 2009-08
Bohadschia argus 6 2007-08 2008-05
Actinopyga lecanora 6 2008-05
Actinopyga echinites 6 2007-08 2008-05
(Stichopodidae)
Thelenota ananas 6 2008-05
Thelenota anax 6 2008-05
Apostichopus japonicus 6 2007-08
Stichopus herrmanni 6 2007-08
Stichopus horrens 6 2008-05
Stichopus chloronotus 6 2007-08
Stichopus naso N 6 2007-08
:N
1.2 DNA 23 DNA (Axygen, ) ,
30 mg,
DNA ( ) DNASTAR  Clustal X
DNA, 50 uL TE, 20C , , MEGA 4.1
13 4844 X KK (PCR) o ,  GenBank
Kerr!® (16Sar: 5-CGCCTGTTTA- Arbacta. lixula( %80396) ’
PHYLIP ,
TCAAAAACAT-3', 16Sbr: 5'-CTCCGGTTTGAACT- (ND) (MP)
CAGATCA-3"), DNA ,
16S rRNA : (Bootstrap) , 1000
50 uL, 10xPCR 5 uL( Mg*" 50 TREEVIEW ’
16S rRNA
mmol/L) dNTPs I puL (10 mmol/L) 2 uL (10
pmol/L') DNA 40 ng Taqg 0.5 pL (2 U/pL), N'[lz] Massin!!®
assin
50 uL  PCR :95C
305, 95°C30s 50C  30s 72C 1min, 2 Z£&
40 ,72°C 4 min 21 /ﬂ‘]/%’?i’%
1.4 PCR F##n], #hic, A 16Sar  16Sbr
Wen!'!! ., SuLPCR ., 12% 570 bp 16S rRNA
AxyPrep™ , ,
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16S rRNA s NCBI  GenBank , 2

£2 1585 16S rRNA £ E 5 R E s E A
Tab. 2 Lengths and base contents of 16S rRNA gene fragments

GenBank (%)
T C A G A+T (bp)
H.edulis HMO056228 25.9 23.0 29.8 21.2 55.7 513
H.atra HMO056229 24.8 22.6 314 21.2 56.2 509
H.scabra FJ971376 24.8 22.2 31.6 21.4 56.4 500
H.leucospilota FJ971389 23.6 24.8 30.0 21.7 53.6 517
H.fuscopunctata FJ971379 21.9 23.8 32.0 22.3 53.9 525
B.argus FJ971384 20.7 23.9 32.0 23.5 52.7 532
A.lecanora FJ971382 25.5 22.4 29.8 22.4 55.3 510
A.echinites FJ971383 22.9 23.1 31.5 22.5 54.4 511
T.ananas FJ589205 26.5 22.6 29.9 21.1 56.4 536
T.anax FJ589206 26.2 22.4 30.1 21.3 56.3 531
Ap.japonicus FJ589207 27.4 21.9 28.7 22.1 56.1 530
S.herrmanni FJ589203 26.7 24.6 26.9 21.8 53.6 532
S.horrens GQ342698 27.4 23.9 27.3 21.4 54.7 532
S.chloronotus FJ589204 25.0 26.0 26.5 22.4 51.5 535
S.naso HMO056227 25.7 24.2 28.7 21.4 54.4 529
25.0 23.4 29.7 21.8 54.7 523
2.2 BALEA > 8
, 15 16s TRNA o8 ’
281  (51.6%), 261
(47.9%), 214 (39.3%) 2.5 B R atiest
25.0% T, 23.4% C, 29.7% A, 21.8% NJ
G, A+T 54.7%, G+C 10, ,
(2 ’
2.3 JAEFEH ) ) . ,
Kimura s ’
15 0.041( o o ¢ 2
) 0.327( y (3)
15 , ’ ’
0.041~0.116, 0.095, ’ , 5 ’ :
0.100,
0.126~0.213 , ’ 4
0.041~0.216, 0.100~0.278 (3
0.243~0.327 .
24 HFEGATH 3 W
1 NJ  MP 3.1 #HALEAIK 16S rRNA X EH
, 7 16S rRNA
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Tab. 3 Genetic distances of 15 sea cucumber species

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

H.edulis 0.017 0.019 0.020 0.024 0.026 0.027 0.029 0.029 0.029 0.028 0.030 0.030 0.027 0.029
H.atra 0.126 0.018 0.019 0.022 0.024 0.026 0.028 0.027 0.026 0.028 0.027 0.026 0.026 0.026
H.scabra 0.150 0.137 0.021 0.021 0.024 0.024 0.025 0.027 0.027 0.027 0.026 0.025 0.024 0.025
H.leucospilota 0.167 0.158 0.180 0.021 0.024 0.025 0.025 0.028 0.027 0.028 0.030 0.030 0.028 0.030
H.fuscopunctata ~ 0.213 0.201 0.185 0.177 0.021 0.025 0.025 0.026 0.025 0.026 0.026 0.027 0.026 0.025
B.argus 0.252 0.219 0.224 0.211 0.194 0.025 0.025 0.028 0.027 0.031 0.029 0.029 0.029 0.029
A.lecanora 0.256 0.264 0.233 0.231 0.240 0.241 0.015 0.029 0.026 0.026 0.027 0.026 0.028 0.027
A.echinites 0.274 0.278 0.233 0.245 0.236 0.228 0.100 0.028 0.026 0.028 0.028 0.027 0.028 0.027
T.ananas 0.301 0.291 0.282 0.273 0.258 0.291 0.285 0.282 0.014 0.020 0.023 0.023 0.022 0.024
T.anax 0.286 0.267 0.284 0.266 0.255 0.273 0.252 0.261 0.095 0.020 0.022 0.023 0.022 0.021
Ap.japonicus 0.292 0.299 0.275 0.300 0.272 0.319 0.267 0.285 0.167 0.163 0.023 0.023 0.021 0.021
S.herrmanni 0.327 0.294 0.276 0.325 0.276 0.316 0.269 0.285 0.213 0.202 0.211 0.009 0.016 0.014
S.horrens 0.320 0.294 0.266 0.319 0.282 0.322 0.269 0.285 0.207 0.205 0.206 0.041 0.016 0.014
S.chloronotus 0.295 0.282 0.243 0.297 0.273 0.319 0.286 0.286 0.207 0.210 0.192 0.111 0.116 0.014
S.naso 0.314 0.288 0.258 0.320 0.249 0.303 0.266 0.270 0.216 0.186 0.175 0.089 0.089 0.088
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Molecular phylogenetic tree of sea cucumbers based

on NJ and MP analyses of 16S rRNA gene sequences.
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Numbers above branches indicate bootstrap proportions (percentage

of 1000 replicates) based on NJ and MP analyses. Genera abbrevia-

tions are as given in the legend of Tab.1, Ar.lixula was outgroup
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Fig. 3 Ossicle phylogenetic tree of family Holothuriidae
based on 16S rRNA genes
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Molecular phylogeny of 15 sea cucumbers and the inferences
about the evolution of ossicles
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Abstract: Molecular phylogeny of 15 recognized species of sea cucumbers were elucidated based on the partial
sequences of the mitochondrial large ribosomal subunit (16S rRNA) gene. The results showed that the aligned se-

quences were 570 bp and the mean content of A+T was 54.7%. Their genetic distance ranged from 0 041 (between
Stichopus herrmanni and Stichopus horrens) to 0 327 (between S. herrmanni and Holothuria edulis). The global

branching pattern was coincident in neighbor-joining and maximum parsimony analyses, and both phylogenic trees
supported the Linnean classification. Monophyly of family Stichopodidae, Holothuriidae, genus Stichopus,
Thelenota and Actinopyga were strongly supported by bootstrap analysis. Moreover, the phylogeny permited infer-
ences about the evolution of ossicles within Stichopodidae and Holothuriidae. Our study indicates that tables and

buttons are ancestral and later evolve into rods and rosettes.
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