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RE 13 MBS RELAFNERELSH

FRE, BT, gk, s

1 PR A Z R S RS, 1N BB 266003;

2. WHEFBHEBEREAT T, IR 266003

WE: s HAMEF RGNS T hEEE 13 MAREESHNE ., IFIET 8 M4k ik 16S tDNA EH
JPH, B A W RS E AN AT 13 MBS RRE T XA FEa . S45REH, BHESHE
FEFERAR . BETBAR . FtRi . FRRIER . g5l . fES0RER . BRIk 7 Fh28 L, 8 #2119 16S rDNA FEK
JETE 465 bp Zo A7, & AT B, A+T B & 08 55.8%, £54 TCEHESZ R 1k DNA FE81 f4#1E . A GenBank
HREL 11 FhifE 2 16S tDNA FEFHFH, Lh2% (@ ff L1 L (Salmacis sphaeroides) Jp 4N, A AT 78 Hh Iy 51 4
T NJ A1 ME RGif . Z02REW], NI ME RELFREAR 2, #ZF(Holothuriidae) N, #ifAZ ) (Labidodemas)
5552 J& (Holothuria) 5% 2% ¢ R R Hg FIE S BAMML, aTRI4 8 -8, SEREEESIEAF, HSR
(Stichopodidae)[d] i Z &l (Caudinidae) . V53 F &l (Phyllophoridae) . i# JK & F}(Sclerodactylidae) . JKZ:F} (Cucumariidae)
R, MESPREXAKIE, FERNTERS . ARG NI I ME KRGk EMER, 56155 H
B0, SHESELNE R WER T T 200, YO8 BRI R b 8 WoR T ME, HERSRLN, S8 R

HI S AR B ST | TRRR AR i T R ) £E SORE A AIBORE 1A 3 £

X4 SN, B 16SDNA; REATE: & HEk
FESES: S917 YEAFRERD: A

1 2 24X (Holothuroidea) 3R J& T il 2 sh W) ']
(Echinodermata), 7EifEH AT 12, &R
A 1400 FhM R EAEA 15 B 58 8 147 ) LA
ENE-PERP X 2, HEA 21 Fporft
£ P 475 41 2 (Apostichopus japonicus)’ i T
e B, HAy 20 Fhol & HE S 3850 4 T
EAREGS M, BESHEAFENEER . KR
EHURZH AR NMETR, BAZ2MAE
HZGHE PR, AR A B RIT 2T

S8 e MO TS B R Z N,
WS I E B RE . B E BT RS T
] 134 PGS HIME R R . BRIFRTER T &
WA 30 FhifE 2 Jom i i S i s i) o 2%
A AT BF 5 205 5 2 B NG 5 LT B 45 T FL Y

BB H A

kS B HA: 2018-04-25; 1&1T HHA: 2018-05-27.

XEHRS: 1005-8737—(2019)03-0416-11

JEE RS e SR AT

Bt F 5 AR TIR A, AT S A 25 &R
SR WA S . SETFIRRSFRE 0 6 4~ H:
V- /& H (Elasipodida) . #fF- H (Aspidochirotida) . %
F H (Dendrochirotida) . #§F H (Dactylochirotida) .
% H(Molpadida). Jt /2 H(Apodida), 4k
B FEYFNEE, Wt KR 425
KRG 0% 8 W BA R F B, Miller %)
BFFE 25 SRR G G 0 2 R G rh FE T H IR
A, B THNDERSG, BESREFNS N
74H: £FH . ¥ H(Synallactida) . FZH .
Persiculida(i TEH1 30 44) . 2 H (Holothuriida)
FRHE. BREE, FIEHEETFEMETFE.

YRR DNA H ForF =/, B T

EEWH: LAY ARBESTHH (ZR2017MD033) 5 H s 2 A FARL IR 45 28 4 55(201762017).
EE/Ir: 2R (1994-), 5, WHRA, NESHNNTEEFAS T RE¥V5. E-mail: Ixmszy00@163.com

BIEMEE: Wik, #P2. E-mail: zengxq@ouc.edu.cn
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i, #OUECEW R, dEW 5 T gsdit, Wl
TE YR RBE KT AR Thsid. #TF
16S rRNA JE[H H-Bf, BEA X405 iy fh 20,
I HF S 0 S 556 ZORE AL AT A0 A
ARG E TS LRER 16S 1DNA A, A
RS EIES LR, M TF IS FREM ST
KW E SRR G AT R N AT
AR B TR, BTSN E R

AL
1 #MEEFE

1.1 SR

Y 13 FigZ, BIh B NiES MK, H
7K B [ 8 J5 e ] S = TR AR, WY
BFEAE X 13 FiEZ200 58 TiESF S E
RS EE, EAGREE 1,

x1 BMESHIARERER

Tab.1 Basic information of 13 species of sea cucumbers in this study

S taxonomy F species

455 abbreviation RAEM locality

2Rl Holothuriidae

i®ATZJE Actinopyga T4 A3 Actinopyga lecanora Act.lec PEYPREL Xisha Islands
[1Jé2 & Bohadschia i H )&% Bohadschia argus B.arg PP REL) Xisha Islands
Witk2J& Labidodemas BHH &= Labidodemas pertinax L.per K25 Yongxing Island
1% J& Holothuria 21§52 Holothuria edulis H.edu PGVO#ES Xisha Islands
¥i¥F 2 Holothuria fuscocinerea H.fus PUVPRE L Xisha Islands
F 22 Holothuria leucospilota H.leu K24 Yongxing Island
FE 424 Holothuria pervicax H.per PGV Xisha Islands
B RS Holothuria cinerascens H.cin PEYP R Xisha Islands
2% Holothuria arenicola H.are K 2% Yongxing Island
#PtiES Holothuria hilla H.hil K245 Yongxing Island
J 2 8 Pearsonothuria #% iz [ 162 Pearsonothuria graeffei Pe.gra VL REL Xisha Islands
HJZFL Stichopodidae
i %% )& Apostichopus {5312 Apostichopus japonicus Ap.jap K3i% Dalian
fifi K& FL Sclerodactylidae
fifi [RZJ& Sclerodactyla MJETE NS Sclerodactyla multipes Sc.mul JEE M3 Jiaozhou Bay

T M S S mH T A

Note: The abbreviations for species are identically used in the paper.

1.2 BREI&ENZE

B R A& Oy i TS R RE ) B
1 em®x1 mm FOARBELL 27, 43R 3 BBORE 39K,
FHZRIBK Ve, WKWK, BF 1.5mL &
LR, JEM 1 mL 10% NaClO &1L 60 s 22
A, PR RIEA S, frl R DL SE 4, )
L LRV, FINZEBKEL T 5 K. TR
VeI, R R Ul Aa, Wk LR, wEmG
IR CBEERTE 2 IR

W O R B, /N AR R L, HE =
WRG e &, WEa e i 3 4 i B A B g AT
PURIITE (€Y 88
1.3 DNA WREX. #7118, MF

TETCW 51T, DI HCHE 2 B A (K BE 20 21

30 mg iy, FAMEAiKPEE, ORI T Koy,
FHZHZL DNA $2BURAH G52 BOFE it DNA, 1206 &
i 5 OMEGA, JIrf% DNA —20°C {17

DISEN 4] DNA Hitl, ST EMHESIY 16S
rDNA &R | B F 5191 16Sar: 5'-CGCCTG
TTTAACAAAAACAT-3', 16Sbr: 5'-CCGGTCTGA
ACTCAGATCATG-3'#17 PCR "3, 5l¥&dbnt
LR AE AR A BRA 7 A .

PCR SR Y ERFN 20 pL, & ddH,O 8 pL,
Mix 10 pL, 51914 0.8 L, ¥z DNA 0.4 uL, fr
F Mix b st 2B BRI A= W AR AT BRA 7 543
ONEIRAE, Wl 2x, PCR WAL F: 94°C
P 5 min; 94 CAEME 30 s, 52°CIR 2k 45 s, 72°CHEfi
2 min, 8 42 NMEH; 72°CHEMf 10 min, W45
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J&i, TH1.5%IE BRI, ] GelRed #4744, HR
3 L e AT I H AN, 3 R A R A
I PCR 7=4), MRIEIEBXT PCR F=¥4lifh, r=#ik
F RPN A Y ARG B BT S Y o
1.4 HiEsE

XA 5 J5 F DNASTAR Fi1 Clustal X %4
FFPHERLAT, 1 DNAspS 8T8 B A 15
22 A SRR AR A 255, MEGA 5.0 8445 #r

BRI A% o R A AT SE B0 T FH Y 13 Flifg 2 5 HoAthifg
Z2Z B REER RS &4 LR, M GenBank I
W TSR, SR KSR TR, B
SR 11 #iESH 16S 1DNA FAIME S M (3%
2), R BAE IR, I DL 2 O A FL I IR AR SN B,
K FH A 42 vk (ND) R /N A s (ME) A 2 R e 1
Wit MEGA 5.0 .PAUP 4.0 #4440 BE, XS R 48
WHEAT H R IEAL R (1000 (RER)

# 2 KHE GenBank F/) 11 iFSHNEKRER

Tab. 2 List of 11 species of sea cucumbers from GenBank

S taxonomy F species 455 abbreviation GenBank /335 GenBank accession no.

%R Holothuriidae

/&2 J&® Bohadschia I H M2 Bohadschia argus B.arg IN543427

#i{k % & Labidodemas BI#{A 2% Labidodemas pertinax L.per KX856784

2 JE Holothuria ki3S Holothuria fuscocinerea H.fus IN207560

M G2 % Pearsonothuria  #% JZ [Gi#% Pearsonothuria graeffei Pe.gra KX856786
HZF Stichopodidae

fJi%i 28 Apostichopus {Jj |2 Apostichhopus japonicus Ap.jap KU183662

42 )& 1sostichopus 1844512 | sostichopus badionotus I.bad KX856756

H%J® Sichopus B4 % Sichopus horrens St.hor MF496206

MittZJ® Thelenota FiHfiE2 Thelenota anax T.ana KX856751
JAZ Bl Cucumariidae

HFZJE Colochirus 343 F% Colochirus robustus C.rob KX856781
V039 F&l Phyllophoridae

HEZE Phyrella RICHES Phyrella mookiei Ph.moo KX856777
JiZ#} Caudinidae

)R Acaudina g JIN Acaudina molpadioides Aca.mol KX856743

2 ERE55WH

21 13MiBSERIFE

13 T SR BE N B R 1) FEZ AU IS 5 1
(B 1 a-j). BETEARE 1 k). FRIRIRE 2), FRIREA
(F 3 a-c). FfLA (A 3 d-e). FEBAHEIR (WL E 4 a-c)
R (B 4 d), 1245 7 BRI EARILE 3,

XF 13 FE S ORI, A8 NS
AN, migZEN 7 fiES YRR EIY
&, Hh41 8 2 (Holothuria edulis). kiERiES
(Holothuria fuscocinerea) . % A& i (Holothuria
leucospilota) . V> 2 (Holothuria arenicola), ¥
#§ 2 (Holothuria hilla)s A FURIR, Tl 2402
(Holothuria pervicax) fil J& 7k & i = (Holothuria

cinerascens) M4 B A ¥R . [FIES, AS[FFhikE 2
MR TE B IR A BT 22 5, B2 | IR8UBS |
D500 2 AR AR 2RSS R Ak, (5% BE 2R3,
1 A B SR 1)1 S 5 IR IE T A1 FR3A
SRR AL D, RS fRIR L %A
R, AREMBSZHERFARKESR, WK
H [K i 2 (Pearsonothuria graeffei) BT HE A7 19 1% 5
AR, VL g5 Rt — R T8 R e i S Fh
U5 (A RS IR

WEEH IR K B, 5 2 G A v SR R 55 R A
B 182), T AR AR 11 ST A 5 30 U A b 2 A1
SUE R 1), RIS REUES 5P ARG
BTk, 28R 1c FIE le);, HEAlS
R, ZEFLED (8 2b); REUESFFIRIE
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WA 7 2 (K 3a). TLAAIIS A H RSk
SRR J TR (8] 4a, K] 4b), 1A% B FCHFSAE
SRR I (K 4c), B H e 2P0k 4 A
A 2~3 N/INGFLLI YT R 0B R (B 4d).

a y b c

20 pm 20 um 20 um

d g e

20 ;Tm 20 pm 20 pm

!ii h il

20 um 20 pn 20 um
# i2 / J k

20 um 20 pm

Bl 1 10 FifE 2 AR (a—) Bk B IR
=L E S AUNINERE TR A
a: IR ZS: b S, o IS & ERIFS:;
e: RGNS £ BRI S; g WilFS; h #IERS;
il-i2: P52, j: AEEIRS; k: &L RIS,
Fig. 1 Type tables (a—j) of 10 sea cucumbers and pseudo table
(k) of Pearsonothuria graeffei (SEM photographs)

a: Labidodemas pertinax; b: Holothuria edulis; c: Holothuria
fuscocinerea; d: Holothuria leucospilota; e: Holothuria pervi-
cax; f: Holothuria cinerascens; g: Holothuria arenicola;

h: Holothuria hilla; i1-i2: Apostichhopus japonicus; j: Sclero-
dactyla multipes; k: Pearsonothuria graeffei.

Bl 25 Bl SRR i i B

a: IS b RS o0 ERES,
d: WilEZ; e EIEES.
Fig. 2 Type buttons of 5 sea cucumbers (SEM photographs)
a: Holothuria edulis; b: Holothuria fuscocinerea; ¢: Holothuria
leucospilota; d: Holothuria arenicola; e: Holothuria hilla.

El 3 3 FiEESFRIR IR (a—c)Fl 3 Fh
152 2 LR (d-DF 4 FL 5 15
ar RS b BEEES; oo 7S d: ERIES,
e: BMREWES; iS5
Fig. 3 Rods (a—c) of 3 sea cucumbers and plates (d—f) of
3 sea cucumbers (SEM photographs)
a: Holothuria pervicax; b: Holothuria cinerascens;
¢: Apostichhopus japonicus; d: Holothuria leucospilota;
e: Holothuria cinerascens; f: Apostichhopus japonicus.

K4 3FiESELREE-oMERAES
PORLAA (d) 41 4 HL B ]
a: TEEIZ; b EHAES: o MKRIES; d: HAES.
Fig. 4 Type rosettes (a—c)of 3 sea cucumbers and oblate
grain (d) of Bohadschia argus (SEM photographs)

a: Actinopyga lecanora; b: Bohadschia argus;
c: Pearsonothuria graeffei; d: Bohadschia argus.

22 MEFERSWHEEN

A TR A AR KA, UN 8 RS-
14115 16S tDNA B, K/NFE465 bp 247, Hi &
RMESIE T 3R, AR 2R, & X
T3 AHAER, NS Hleul. Hleu2 H
H.leu3; lEZSME T 2 MRESL, F74E 3 DRS00
M, EXT 2 SRR R4S N Haarel Al
H.are2; & ¥ ifE = Fl A\ 2 fifl I = (Sclerodactyla
multipes)I & 1 2 /e, ¥ A —A- Bl JL
fibh 4 FpIEZME T 1 ARG 75138 58 1) GenBank
BRI, FI5 IEE 4. 8 FlifEZ 16S rDNA #5r
JPHI ) LT 25 BRI, FE XTI 446 A7,
S 2534, ZANLE 1634, HpfLE R
8105 4, Fl A BRI A 30 4,
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Tab.3 Ossicles composition of 13 species of sea cucumber
il species ‘B 2%l composition of ossicles
Witk 2 Labidodemas pertinax FHIEIR table
M JEFE RS Sclerodactyla multiples FIBAR table
1} % Holothuria edulis FRIBR, FRIE table, button
k¥R % Holothuria fuscocinerea SEIZIK, FIRIE table, button
> Holothuria arenicola SIEAR, JIR1E table, button
HPE# S Holothuria hilla Bk, JR{E table, button
E &2 Holothuria leucospilota S, IR, ZEFLR table, button, plate
JE80 % Holothuria pervicax FIGAR, FTARk{E table, rod
Mk £ 2 Holothuria cinerascens HIZAR, FORIR, ZEFLAR table, rod, plate
{}i 412 Apostichhopus japonicas SIGAR, FRRIK, Z8FLAR table, rod, plate
#% J G2 Pearsonothuria graeffei REIEAR, FELHFEIR pseudo table, rosette
F 4R AT Actinopyga lecanora LR rosette
i H 9 Jé 2 Bohadschia argus LSRR, JURLIK rosette, oblate grain
#F 4 87#E2 16S rDNA £FE GenBank F55 . FEKEFMBELERR
Tab. 4 Accession no., lengths and base contents of 16S rDNA gene fragments
Fi specics GenBank J?ﬁlj% T EE 4 /% base content WA bp length
GenBank accession no. T C A G A+T
F #5125 Actinopyga lecanora MG586788 26.1 21.4 30.3 22.1 56.4 429
415152 Holothuria edulis MG586789 256 224 305 215 561 433
T £ 2 1 Holothuria leucospilotal MG586790 23.7 23.7 30.4 22.1 54.1 434
T 2 2 Holothuria leucospilota2 MG586791 23.5 24.0 30.4 22.1 53.9 434
E 2 3 Holothuria leucospilota3 MG586792 23.5 24.0 30.4 22.1 53.9 434
JEE# 2 Holothuria pervicax MG586793 25.5 19.7 333 21.6 58.7 436
MR E¥Z Holothuria cinerascens MG586794 23.7 24.2 29.5 22.6 53.3 430
Y2 1 Holothuria arenicolal MG586795 25.5 23.4 30.0 21.1 55.5 427
Y02 2 Holothuria arenicola2 MGS586796 25.1 23.9 29.7 21.3 54.8 427
P2 Holothuria hilla MG586797 228 237 316 219 544 434
MRS Sclerodactyla multipes MG586798 28.2 19.5 34.1 18.2 62.3 440
-4 mean 248 227 309 215 558 4325

BRIEAL R M (R )W, 8 Mg SFHIH, T
BT A B SRR, AT S ®EBE T C+G
i, FIMER 55.8%, FFH JoHHEsh ) 4k ik
DNA JPFIRFIE . Hop, B8RS RHA N L RS
A+T FHEHN 62.3%, Hm TSR 7 FiE2,
23 EfEEEE

o3 BT S5 T R 2 5 H A 2 2 ] Y [R5
PEMESG KEXLER, N GenBank ik TS
B HIZEL RSE UXSTFR BLSEHE 11 R
211 16S tDNA JFFIME RS (K 2), SARTE

FRAG 8 FhifE 14 16S tDNA L[] HE47 70, 153
79 E] B AL B 5 (R 5).

AL I B A T 4 SRR B, TR — il 2 2 [E] 1Y
WAL B R, 4 0.000~0.005, % — 45 F i,
16S rDNA st i e thAH Y, Al X 50
IR Z: o AS TR P 2 )8t % B B 22 AR K, 3ot
R B E 0.075~0.346; IfF 2 J&@ N it 15 BE &
0.075~0.179, ¥ =Bt A [H] & 2 ] 38t 1% i B
0.121~0.238; SR N BL IR B 0.075~0.238,
SRR SR Z [ s 2 R 0.226~0.312,
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24 HFERELEEW

HRYEM GenBank [ 3RHUAY 11 FPiEZ1Y 16S
DNA 75, SRR 8 FilE=n 16S
rDNA J7 8] R B, LAZs e fLifgIn R s eE, #ar
NJ (B15). ME (Bl 6)&Gi kK HM. NJ. ME R4t
REWILTF R, WESMERBS4 AN
[ B R e RS — R, R B S5 SE N
A5 MBS ARIASER | FiBESRN—K. 17
BHKE |, SR 11 MiES R R—%, 113
BHESSRIRM—%, BEMTFEHMNDYE T
B BRSE KSRHER %

3 it
3.1 BS54 kiK 16S rDNA EFE R LLE

AP BT 8 FifEZ) 16S tDNA RIS
JPal, g5 R, RUFFEY M ZR{A 16S rDNA

96

59

s

51

53 58

100
73 _E

72

73

o1

76

99 &R Stichopus horrens

JFPAEAFRE R AR BN ES, 2MREE
[i] 34 25 O 2R 138 HF 91 o

8 FPIEE S 51 Hh, T Bl L A B3 7 Y4,
A+T SRS T C+G & &, VIMEN 55.8%, £
& ITCEHESI YRR DNA F EHIE . [ R P4
15 3 56 4 AR TR s AN 2L AR A8 S i, GRS
[ Z B 22 5, AR Ry DX BIAS [R) b 1) 850 Bt

MG B F, FAEBSE NGB8 RT
SRR E Z s iR, SR e e
BR TSRS E Z B s i A 55
JBEB KR, 28 150 Fh, MESE USRS RN
S5 ORRE, 29 185 ARl DRIk, At ek 2R
HRFEF Z BIAEER K2 SR TIEF I
32 ETF16SDNAERFKENESNFREELE

i 16S rDNA L B Bty d iy R4 & B nl
DIE, [RIFhES AR SRS B DR & 1 B R

V¥#§21 Holothuria arenicolal
W2 Holothuria arenicola
41}8%52% Holothuria edulis
AR B W% Holothuria cinerascens
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Fig. 5 Neighbor-Joining phylogenetic tree of 19 sea cucumbers reconstructed from 16S rDNA
Numbers on the node represent percentage of 1000 bootstrap replications above 50%.
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Fig. 6 Minimum-Evolution phylogenetic tree of 19 sea cucumbers reconstructed from 16S rDNA
Numbers on the node represent percentage of 1000 bootstrap replications above 50%.
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Molecular phylogeny and ossicle evolution analysis for 13 species of
sea cucumber in China

LI Xiaomeng', XIAO Ning?, ZENG Xiaogi', YAO Wang'

1. Institute of Evolution and Marine Biodiversity, Ocean University of China, Qingdao 266003, China;
2. Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266003, China

Abstract: To fully determine the phylogenetic relationship and ossicle evolution of holothurians, the ossicles of 13
representative sea cucumber species in the China Sea were observed by scanning electronic microscopy and the
mitochondrial 16S rDNA gene from eight specimens were amplified and sequenced. The results demonstrated that
ossicles of the 13 sea cucumbers could be classified into seven types, which were termed as table, pseudo-table,
button, rod, plate, rosette, and oblate grain. The length of 16S rDNA fragments amplified from eight sea cucum-
bers was approximately 465 bp. These fragments were enriched in AT bases with an average A+T content of 55.8%,
which is in accordance with the characteristics of mitochondrial DNA in invertebrates. 16S rDNA sequences of 11
sea cucumbers obtained from GenBank were combined with sequences from our study to construct a phylogenetic
tree. Salmacis sphaeroides was regarded as a control group. Neighbor-joining (NJ) and minimum evolution (ME)
methods provided almost identical results. Genetic relationships between Labidodemas and Holothuria in Holo-
thuriidae were rather close and shapes of their ossicles were also similar, thus they could be divided into the same
genus; Caudinidae, Phyllophoridae, Sclerodactylidae, and Cucumariidaec were clustered with Stichopodidae, and
separated from Holothuriidae. Contrary to traditional taxonomy, our study met the criteria of the newest taxonomy
system, wherein Aspidochirotida was removed and Holothuroidea was redivided into seven orders, including
Dendrochirotida, Synallactida, Molpadida, Persicalida, Holothuriida, Elasipodida, and Apodida. Based on mo-
lecular phylogenetic trees and morphological data of ossicles, we hypothesized that ossicles of sea cucumbers in
Holothuriidae underwent slow evolution from a complex shape, such as table and button, to simple patterns, such
as rosette and oblate grain. Furthermore, considering that the rod in Holothuria pervicax and the button in Holothuria
fuscocinerea, we concluded that ossicles in Holothuriidae underwent slow transition rather than direct evolution.
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