2015 11 ,22(6): 12781288
Journal of Fishery Sciences of China ‘91' 7 ‘iﬁ X

DOI: 10.3724/SP.J.1118.2015.15038

4 ITS-5.8S rDNA

ZER, EFH, B, IW, TOK

) , 116023
BmE: ,

R PCR R (Rhopilema escu-
lentum) (Nemopilema nomurai) (Aurelia sp.) (Cyanea nozakii) 4 ITS-5.8S
rDNA s GenBank (Scyphomedusae) /7SI(the Ribosomal First Internal Tran-
scribed Spacer) , ITS1

, 4 ITS-5.8S rtDNA
, 675~833 bp ITS1 ,
0.295~0.491, 0.024~0.812;
, 0.000~0.099 ML  (maximum likelihood) (Bayesian)
,ITS
; ITS-5.8S rDNA; ; 5
PEHES: S917 AR RD: A X EHS: 1005-8737-(2015)06-1278—11
, —_— (Nemopilema nomurai)
, (Cyanea nozakii) (Aurelia sp.)[4] 4
( , (Cnidaria)
(Scyphomedusae),
[2-3]
; ( )

[1-10]

(Rhopilema esculentum),

i B EA: 2015-01-27; 1&iT HHA: 2015-05-04.

E£WE: 973 (2011CB403601); (20140505010).

fEE ' (1981-), , , . E-mail: liyudragon@126.com
BIEEE: , . E-mail: dj660228@tom.com



ITS-5.8S rDNA

1279

[11-17]

b

CO1T 168 18S rDNA 28S
rDNA (]
16S rRNA  CO I

[13] Tagman

I16STRNA CO1I

[14]

, 16S rRNA CO I

131 AFLP
(16l ITS (the Ribosomal Internal Tran-

scribed Spacer)

; Bayha [ 18S rDNA  28S rDNA
48
ITS , ITS1
ITS2, [18-19]
ITS
ITS
[20-24]

>

ITS

ITS-5.8S rDNA

GenBank

1.1

2006

10

(38°46'N, 121°30'E)

2004

R 4SS RRIERSEEY
Tab.1 Morphological characteristics of four jellyfish polyps

[4]

1)

TS

9

[24-27]

ITS

species number of tentacles morphology nematocyst battery asexual reproduction  strobilation
Rhopi > >
opilema 16
esculentum
. : 16 ’ ’
Nemopilema nomurai
16 ’ .
Aurelia sp. ( )
16

Cyanea nozakii R s




22

0.5 mm.

Fig. 1 Morphological characteristics differences of four jelly-

fish polyps
a. Nemopilema nomurai; b. Rhopilema esculentum; c. Aurelia
sp.; d. Cyanea nozakii. Bar=0.5 mm.

1.2 DNA
CTAB DNA, PCR
Eppendorf AG  PCR ,
: JF-18F1750 5'-AAAGTCGTAACAAGGTTTC

CG-3"  JF-28R765 5'-TTGGTCCGTGTTTCAA
GACG-31"" 25 4L , : 0.2 mmol/L
dNTPs, 0.2 umol/L , 1 uL DNA

1 U Tagq, 2.0 mmol/L MgCl,, 2.5 uL 10% R
:94°C
5 min , 94°C 50 s, 49~55C 1 min,
72°C 1 min, 35 R 72°C
5 min
1~2 [ C )
]
1.3
GenBank 15
ITS1 , 4
ITS1 2

B

1.4
ITS-5.8S rDNA
(http://www. ncbi.nlm.gov/BLAST/) ,
CLUSTAL X 1.8
MEGA 3.0%"

BLAST

(28]

Kimura
PAUP 4,08
lihood) ,
(tree-bisection-reconnection, TBR)
, Modeltest 3.78" Akaike Infor-
mation Criterion (AIC )

ML (Maximum Like-

(best-fit evolutionary models),
GAMMA PAUP ,
ML (bootstrap, 250~300 )
MrBayes 3.1.28%
deltest 2.1 ,
(random),
(Markov chain Monte Carlo process, MCMC)
4 , 3 1 ,
100 , 1000
(log-likelihood scores)

, MrMo-

(Burnin=2500)

3 MCMC

2.1

4 ITS-5.8S rDNA

675~833 bp (GenBank
338964 KR338965 KR338966; : KR338967;
: KR338968,; : KR338969),
ITS )
; 886 bp,
197

: KR-

507
ITS

, (Rhizostomeae)
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C+G (Semaeostomeae) 5.8S rRNA , ITS1 264~379 bp,
¢ 3 )
ITS1
(Nemopilema nomurai) ( 2), ITS1 ,
(AB377548) ; rDNA (CG)s3, (TG)3, (GT)3, (AGT)4
(EU276014 ,
EU332744 EU332745) , , (TCTACA);-, Cyanea
, rosea , (GTA)1.4 (TATC); -4 Cyanea
Aurelia sp. 1" capillata , (CGTT)r-s (GCAC)4
GenBank ITS1 , , (TTCGTTCGAA),~,  Rhizostoma pulmo
5 15 ITS1 , (TGGCTTGC); -3 Catostylus
ITS1 mosaicus ,
) , 18S rRNA
&3 ITS-5.8S rDNA FJIKE. WEHENK. GCEE
Tab.3 Information of the length and base composition of ITS-5.8S rDNA from 4 jellyfish species
ITS1 5.8S IDNA ITS2 [T5.5.85
species  Mumber of - number of  /bp length of  /bp length of S.85  /bp length of A(%) T(%) C(%) G(%) GC(%)
individual ~ genotype ITS1 tDNA ITS2
esculenl;m 5 3 357~365 158 298~310 813~833 22.1 27.5 253 252 505
N nomurai 2 1 330 158 358 846 20.3 24.8 26.1 28.8 549
Aurelia sp. 2 1 271 158 278 707 25.7 27.5 222 24.6 46.8
C. nozakii 2 1 270 158 247 675 24.6 264 233 258 49.1
2.2 )
4~ 6 ITS1 0~0.458,
5 0.222; 0~0.662,
0.392, 0.298 ,
(Rhizostomatidae) (Catostylidae)
0.491, (Pelagiidae) s 0.424,
(Cyaneidae) 0.295( 4) 15 ,
5, 0.03~0.079; ,
Aurelia sp.1  Aurelia limbata (0.024), ITS1 , |
Catostylus tagi (0.812), (AB377586~377585), II
0.354 0~0.08, ,
K2P ( 06), 0.64,
, , I
0.1, 0.011, , I

32,
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F 4 KB ITST FHHMEEEEES
Tab. 4 Genetic distance of inter-family of Scyphomedusae jellyfish species based on the I7S1 sequences
species 1 2 3 4 5
1 _ — — _ _
2 0.339 - - - -
3 0.315 0.295 — - -
4 0.490 0.484 0.476 - -
5 0.331 0.338 0.356 0.491 -
o 1. ;2. ;3. 3 4. ;5. .
Note: 1. Ulmaridae; 2. Cyaneidae; 3. Pelagiidae; 4. Rhizostomatidae; 5. Catostylidae.
x5 HOKEHITSI F5HE&EEES
Tab. 5 Genetic distance of inter-species for Scyphomedusae jellyfish species based on the I7S1 sequences

species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

1

2 0.170

3 0.099 0.196

4 0.073 0.173 0.100

5 0.024 0.186 0.100 0.086

6 0.349 0.408 0.334 0.419 0.388

7 0.306 0.307 0.232 0.252 0.323 0.168

8 0.306 0.339 0.259 0.295 0.344 0.124 0.161

9 0.359 0.363 0.291 0.328 0.385 0.171 0.167 0.114

10 0.304 0.341 0.255 0.291 0.341 0.142 0.137 0.084 0.055

11 0.282 0.316 0.249 0.323 0.284 0.274 0.270 0.257 0.286 0.288

12 0.333 0.372 0.332 0.335 0.351 0.325 0.306 0.326 0.374 0.364 0.216

13 0.754 0.763 0.725 0.725 0.767 0.720 0.689 0.761 0.654 0.641 0.669 0.662

14 0.184 0.316 0.230 0.218 0.215 0.347 0.270 0.290 0.315 0.279 0.279 0.282  0.586

15 0.651 0.664 0.679 0.697 0.714 0.681 0.641 0.673 0.628 0.574 0.651 0.600 0.282  0.557

16 0.247 0.326 0.299 0.270 0.281 0.326 0.252 0.329 0.325 0.320 0.333 0.280 0.617 0.113 0.591

17 0.230 0.371 0.254 0.299 0.231 0.377 0.358 0.344 0.377 0.352 0.307 0.420 0.812  0.199 0.754 0.281

18 0.305 0.352 0.303 0.326 0.341 0.370 0.332 0.312 0.338 0.333 0.357 0.357 0.555 0.312 0.661 0.353 0.260

1 1~18 2.

Note: It is showed in Tab.2 that the numbers from 1 to 18 representing Scyphomedusae jellyfish species.

FT 6 KB ITSI F5FHAANMKELEERE AL

Tab. 6 Comparison of the genetic distance of intra-species for Scyphomedusae jellyfish species based on the IT7S1 sequences

spectes maximum divergence minimum divergence mean divergence
1 Aurelia sp.1 0 0 0
Cyanea nozakii 0.458 0 0.222
( ) Cyanea nozakii (Japan) 0.079 0.030 0.051
( ) Cyanea nozakii (China) 0 0 0
Cyanea annaskala 0.009 0 0.004
Cyanea rosea 0.009 0.003 0.006
Cyanea capillata 0.099 0 0.039
Chrysaora fulgida 0 0 0
Pelagia noctiluca 0.013 0 0.002
Nemopilema nomurai 0 0 0
Rhopilema esculentum 0.662 0 0.298
( ) Rhopilema esculentum (Japan) 0.084 0 0.029
( ) Rhopilema esculentum (China) 0 0 0
Rhizostoma pulmo 0 0 0
Catostylus mosaicus 0.006 0 0.003




1284

22

2.3

Halll®
(maximum likelihood),
15
, ITS1
ML ( 2-a) (

, ML

b

15
2-b)

(Ulmaridae) ,

GenBank

Aurelia sp.1

Nemopilema nomurai (2)

100
100
31 90 Rhopilema exculentum 11 (6)
40 83 Rhizostoma pulmo (6)
67

GenBank

; GenBank 4

GenBank 2 ITS1

100
0.99 ,—R/uzmmma plulmo (6)
100 izostoma escutentun 1 @|Rhizostomatidae

1.00 , iy .
oor— Nemopilema nomurai (2)

Rhizostoma esculentum 1 (
21 . _w;wmm esculentum 11 (6)
50 ,_94 Catostylus mosaicus (10) |Catostylidae 100
. ) 0.99 ——Chrysaova fulgida (2] N
Catostylus tagi % Pelagiidae
100 . o " Pelagia noctiluca (5)
37—¢ hrysaora fulgida (2) B -
— 64 Pelagiidae xia
Pelagia noctiluca (5)
i 25 ia - - Cyaneanozakiil(4)
35 Cyanea nozakii1(4) 100 Cyanea capillata (4)
: 1,00 Cyaneidae
5 ,_99 Cyanea capillata (4) l: Cyanea rosea (4)
32 34 72 Cyanea rosea (4) ) U65481
27 U65481 Cyancidae ] 1600 Cyanea annaskala (5)
e i1 i 10
15 79 Cyunea annaskaia (5) 0.67—Catemmusmosaians( Catostylidae
B 0.95 Catostylus tagi
AY935204
97 > 1.00 AY935204 -
AY935216 | —EAY‘)KSZIG
14 | O turelia aurita @) — —_— Aurelizawita (2)
haiyue haiyue
1.00
11 46 EU276014 EU276014
45
4| — EU3R744 EU332744
18 & EU332745 EU332745
39 Aurelia limbata Aureliz limbata
AY933211 Ulmaridae AY035211 Ulmaridae
78 AY935213 AY935213
40 ’:AY'}}SZIH [AY‘)SSZII!
Aurelia labiata L Aurelia labiata
AY935217 AY935217
30 AV Avosm
L Avossaor L Avossaor
AY935208 AY935208
2 ITS1 15 ML (a) BI (b)
ML Bootstrap ( BI ( 0.50 )

Fig. 2 Phylogenetic tree of the class Scyphomedusae

The tree was inferred from ML (a) and Bayesian (b) methods using /7S] gene sequences.
The numbers above the nodes are bootstrap values (percentage) for internal branches of the ML trees and posterior probabilities in
which PP values above 0.50 are indicated at each node.
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3 , ITS1 ,
3.1 ITS1
15 ITS1
ITS1
[20-24] 32,
[16,39] ’ Hebert [46-47] DNA
171 ’ , ITS1
[22, 40] 15 0.424,
; ITS1
0.64,
(Pelagia noctiluca) ITSI ,
ITS] , “ ” (cryptic
ITS] species,
);
« 2, ( ) ’
DNA
) , ITS1
15 ITS1 3.3 ITSI
, , , ITS1 ,
(Coccinellidae) , (21727400
ITS1 von der Schulenburg Alvarez 1
[20]
ITS1 , , ITS1
ITS1 ITS1 2
5 , ITS1
5 [41-42]
, ITS1 )
) , ITS1
ML  (maximum likelihood)
3.2
202, , , ITS1
2925 [43-45
Baxevanis " 40%~50%
ITS1 ) )
Chu P!

ITS1 ,
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ITS-5.8S rDNA sequences of four Scyphomedusae jellyfish species and
their applicability as a phylogenetic analysis marker

LI Yulong, DONG Jing, SUN Ming, WANG Bin, WANG Wenbo

Liaoning Ocean and Fisheries Science Research Institute, Key Laboratory of Marine Biological Resources and Ecology,
Dalian 116023, China

Abstract: The class Scyphomedusae currently comprises 5 orders, 19 families, and about 202 species. These jelly-
fish are important pelagic predators at the center of concern about the “rise in gelatinous zooplankton” and degra-
dation of coastal ecosystems. Previous phylogenetic relationship studies among Scyphomedusae species relied
primarily on morphological data. However, morphology-based phylogeny and classification of this group are dif-
ficult due to the high diversity of morphological characters, and the topic remains controversial. Large molecular
level advancements have yielded interesting results among the Scyphomedusae taxa. Nemopilema nomurai,
Rhopilema esculentum, Cyanea nozakii, and Aurelia sp. are four common macro-jellyfish species in the Bohai and
Yellow seas. In this study, the nuclear ITS-5.8S rDNA gene fragments from polyps, ephyrae, and adults of these
species were amplified using polymerase chain reaction techniques. Homologous sequences of other Scyphome-
dusae jellyfish from GenBank were also included in this study. The genetic information indices, including base
composition, sequence variation, and Kimura two-parameter genetic distance were examined. Phylogenetic trees
were constructed based on the maximum-likelihood and Bayesian inference methods to determine the phylogenetic
relationships among Scyphomedusae jellyfish. Significant length variations in the ITS-5.8S rDNA region were
observed (length, 675-833 bp). A total of 886 aligned base pairs, with 507 variable sites and 197 parsimony in-
formative sites, were detected in the four jellyfish species. Inter-individual internal transcribed spacer region
(ITS)1 polymorphisms were observed in most of the Scyphomedusae jellyfish species(four families and nine spe-
cies). Repeats in microsatellite ITS loci play an important role in length heteroplasmy. The genetic distances
among families, species, and individuals were 0.295-0.491, 0.024-0.812, and 0-0.099, respectively. The phylo-
genic analysis showed that the topologies of the maximum-likelihood and Bayesian inference trees were somewhat
different and different from morphological taxonomy. In conclusion, ITS is an appropriate barcoding tool to iden-
tify jellyfish species and classify young jellyfish. Furthermore, ITS1 was highly divergent among different Scy-
phomedusae jellyfish and could be an appropriate marker for molecular systematic studies at the species level.
Additional in-depth studies with more samples are needed to further clarify the position of Scyphomedusae jelly-
fish in jellyfish taxonomy.
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