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Molecular Identification of a Sea Anemone (Cnidaria: Anthozoa:
Actiniaria) Obtained in Gijang, Busan

Sang Joon Yoo and Do-Hyung Kim*

Department of Aquatic Life Medicine, Pukyong National University, Busan 48513, Korea

In this study, we tried to identify a sea anemone collected from the coast of Gijang, Busan. The anemone was mor-
phologically similar to species belonging to the genus Anthopleura, but its morphological characteristics did not
allow for confirmed identification to species level. Multiple genes from mitochondrial cytochrome oxidase III, 12S
and 16S rRNA, and nuclear 18S and 28S rRNA, were amplified for multilocus sequence typing (MLST) analysis us-
ing genomic DNA extracted from the sampled anemone and a different primer set. Based on the MLST analysis, the
anemone obtained in this study was identified as Anthopleura artemisia. Also, the sequence of internal transcribed
spacer-2 was most closely related to A. artemisia, indicating that this single region might be useful for anemone iden-
tification. This study shows significance of molecular identification for sea anemones, and will be helpful in studies
of sea anemone identification using genotyping-by-sequencing.
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o] ZHorder Actiniaria)> 73735 (Cnidaria)®] AFSZ7)
(class Anthozoa)ol| A 71 -2 F-3 otz FREA ¢
chokgl A7} 7] & o] okl ol A A1gcHDaly et al., 2008).
T2 A J A& 3ol Al A4 2 -5t 5‘?"’ 7\1 ol A AR

A, i A} A E SR WESte 7545 d4aLy
(benthic-pelagic coupling)zt= tl-%- 54 5 kS Stci(Daly
et al., 2008). L2 ofj2F 1,2005 0.2 Ao 9oL s
312 o] ZEu}48 2 (synapomorphy)©| ¢1= E4 0] Jth(Ro-
driquez et al., 2015). ‘Ho]2-2 =4 (column) 2} Z4(tentacle)
o] 77] 5 9|83}, A7HaHmesenteries) T-5-2] FEfLt v 5
o] el & choFAl o] uj$- Zrh(Reft and Daly, 2012). Hu] 2o
AT 2o} Zro] ol H I 2 2 (dinoflagellate)2} A sH= EH
FAERE epHrzRel 3 WA glo] AsfolA F4E o]
&ol 2Asto] HESHE FEFYIEETIA Tt A &
A& HIth(Reft and Daly, 2012). 20|22 %% Stephenson
(1922)°]] ¢J3ll Endocoelantheae, Nynantheae 2 Protantheae

g
Z

2371 9] o0 & B2 w9l o, Carlgren (1949)°] 23} Pty-
chodactiaria®] o}l 7k o] FAY 4749] of AAIE 25
91}, o] % Nynantheact= & estal Alejst Zwiol A vjs-
CheFSE oF 1,1005-9] e 2odstal glom, U] 3719
ot A or A o] For 4 Hof Qltt (Daly et
al., 2008; 2010; Rodriguez and Daly, 2010; Rodriguez et al.,
2012). FI7HAE du|zke] ofy ko] LRS- 3] Calgren
(1949)0] H-5l0] ALg#| 31 §lom], 7} opio] 43} o 2
= 550 7]atolut Feeky 4L ulashs e AHgs
I JcH(Fautin et al., 2013). 3}A|UF o] H Hefs}2] EAuto R
= S(genus) $70] FAE o]tk AH Pl o] B 3
gaba] 5ol uiehe £ FolE AguAete 277} Bas
7] wjol(Daly et al., 2008) &7 A AL o] &3 GA3HA B
A A7} - F- 882 31 Qlth(Daly et al., 2010).
ol A SRS 19629 22 HilH £, 29
W bu| 22 Anthopleura)©l] <5l+= Anthopleura japonica, A.
midori, A. pacifica (Song, 1984) 4 A. kurogane (Song, 1992)
o] 131 ¥|91L, 7 Fof that & 712t thg gy, A
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Table 1. Primer sets and PCR conditions used in this study

o,
H
ol

%k
Genomic DNAS| £2| 2 PCR

Genomic DNA:= 2% % Fu) 2 4 EZ5 2575 (tentacle
column), ¢, 7% 1|3l o] 22 4H(0.1+0.32 )=
2 3o, o)z A1H & 5, 1.5 mL Ebe] @l DNeasy
Blood and Tissue Kit (Qiagen Corporation, Santa Clarita, CA)
£ AHE- 5to] DNAE = s3It 1A17H9] lysis HH3- AlZh
A ee= Al3-5 AE A9} Geller and Walton (2001) % Ro-
driguez and Daly (2010; 2014)2] Wl of| w}sict.
o2 e 353 DNAE o]gsto] s wm|2o] 257
o} 5750 YubA o2 Ag-5l=(Daly et al., 2008; Daly et al.,
2010; Rodriguez et al., 2012; 2014) v]|EZE2]o{mtDNA)2]
Cytochrome oxidase I1I (COIII), 12S rRNA (12S)2 16S rRNA
(168)2+ %414 (nrDNA) 2] 18S rRNA (18S)2}28S rRNA (28S)
9] g2l B E-8- 223519t} MyCycler (Bio-rad, Hercules, CA)
S AHE-3lo] PCRE 5%t} E3H internal transcribed spacer-2
(ITS2)%= PCR3}o] Tu] ko] 57 of f-8-3H2] ghelslarz} 513l
o}, ARE-SE primer?} PCR 2712 Table 19] YERY 1Tt PCR
B ZEA7 AR 7} | uLA oprkE A7 %] 255}
04 Mpid-2 plus (Takara, Japan)ol| 4] 253 S-¢t 7] 955}
21 3t & AccuPrep™ PCR Purification Kit (Bioneer, Korea)

ﬁet Target Marker Sequence (5-3") Cycling Profile Reference
0 region
COIIlF CATTTAGTTGATCCTAG- s
Cytochrome GCCTTGACC (95 °C for 2 m) . . Geller and
1 oxidase llI [(95°C for 30 s)(46°C for 45s)(72°C for 1 m)] x 30 Walton. 2001
(MDNA)  COII-R CAAACCACATCTACARAAT= (79°C for 5 m) ,
GCCARATATC
ANTMT12S-F AGCCACACTTTCACTGAAA- (95°°C for 4 m) . .
, 12S1RNA CAAGG [(94°C for 30 s)(50°C for 1 m)(72°C for2m)] x4  Chen etal.,
(mtDNA) ANTMT125-R cTTCCCYYWeYCTYACYAT—  [(94°C for 30 s)(55°C for 1 m)(72°C for 2 m)] x 30 2002
™ GTTACGAC (72°C for 5 m)
CACTGACCGTGATAATG- o
ANEM16SA (95°C for 2 m)
3 16SIRNA TAGCGT [(95°C for 30 )(60°C for 30s)(72°C for 1 m)] x 30 Celler and
(mtDNA) o Walton, 2001
ANEM16SB CCCCATGGTAGCTTTTATTCG (72°C for 5 m)
lp;irs”;i'be g itsD GTGAATTGCAGAACTCCGTG  (95°C for 7 m) Stat et al., 2009
4 spacer-2 (94°C for 45 s)(52°C for 45 s) (72°C for 45 s) x 35 Pochon and
ITS-2rev2 CCTCCGCTTACTTATATGCTT (72°C for 5m) Ruth, 2010
(nrDNA)
$85 °
185 rRNA CATATGCTTG (95°Cfor2m) . Powers, 1991
5 [(95°C for 1 m)(54°C for 1 m)(72°C for 2 m)] x 30
(nrDNA) 3 AGCACTGCGTCAGTCG- (72°C for 5 m) Geller and
$892 GAATATTCACCGG Walton, 2001
LSU D1-D2 fw1 AGCGGAGGAAAAGAAACTA  (95°C for 5 m)
6 285TRNA [(94°C for 30 S)(45°C for 1 m)(65°C for 12 m)] x 30 SO19N0€T9
(nDNA) | SU D1-D2 revl TACTAGAAGGTTCGATTAGTC (72°C for 10 m) etal,
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S o]g-31o] A 513121, ABI Prism 3730 x1 DNA Analyzer
(PE Applied Biosystems, USA)E AM-5}9] sequencingS 4l
A st

I7IHY A L 2

[L N |

A dlofefuo]2of Qle At o] Ao A L2 H7IA
& £457] NCBI gl o]l so] A=) 57} $42HCOLL,
128, 168, 18S @ 28S) 17| o] BE ZERah 44740] 4
& s 7t 0] 71N LS SAeH00 (Table 2), 012
MUSCLE *Z=Z1=](Robert et al., 2004) 0|83} L3t
712 A< (alignment)s} A thTable 2). 2+ 54412 dol=
Table 2 (Parsimony informative characters)ol] WEFU ATt &
Q1o 4] olA Q7| M-S Eatsto] 45%] 2§72t 7]
S MEGA 72 o]83sto] A5 S H(concatenated se-
quence), Kimura 2-parameter= 1,000112] bootstrap valueE
RIZ2) 3 5}0] A1 2(Neighbor-Joining trec) S 214131}

Table 2. Results of parsimony analysis of each data set and con-
catenated sequence

Marker # Parsimony
Marker or data set un-aligned Informative Characters

length (% informative)
COIll (mtDNA) 450 410 (91.11%)
12S rRNA (mtDNA) 800 686 (88.13%)
16S rRNA (mtDNA) 400 459 (98.25%)
18S rRNA (nuclear) 1800 1704 (94.67%)
28S rRNA (nuclear) 1200 828 (74.75%)
(Cg?:f‘;:t”g;i‘i:fq“ence 4650 4295 (88.37%)

3 Qi) A Wolge 2rololA B2 S 5] 919
WHk(pedal disc)o] & HE o, 27 6.6 gt A5 2.2 cm]
37](Fig. N2 &4 FHO 2 Aid(marginal spherules)o]
% #9ie}. 3 B (column) A £oRRE 41 Az W
g H &7 (stark)7} EEHH O™, 550 Y o 2 uj A £
= 7V Q50| ol H4 2711, 12402 FAElo] Gt
T olH(Hexacorallia)®] 742 2 U slch FE|e A1 414
2 = o, 5 sirAol|A E5HA ' E = ZoiHE ] ER(An-
thopleurs) 2. TG 51}, 53] W =412 v B0} £7]
o] A2 Song (1984; 1992)°]] 23)| 231 H ZXZals ]z
(Anthopleura midori)®] S7& Web 3oy, Z47F Ao
2 7] Hare S 2ol 7t QlSiT. ol 2et
ek EAL =] u] X1l 21 Anthopleura artemisia 1=
- AR gt Fo = 54 = (18T 1958 Uchida
2} Muramatsu (1958)¢1 &J3l WHH A. midori= & World
register of marine species (WoRMS, http://www.marinespe-
cies.org)oll= SAEo] A &I synonym S 2 A. anjunae
Den Hartog and Vennam (1993)2}= £ o] 48511 Q1= 74l
= Q1% 4= Stk 1y @A NCBIell= A. anjunae®] ¢17]
A DL QlaL B AL midori®] ARt A E o] §lof & Aol A
0] £9| Q71X QL vlwsher] ALgshlch

ubA o & Tu|Eo] 47 ofg(suborder)®] &5 712 2t
ool FEjsta oz EFo| o] g o] gt olE Sof A
X (Mesenteric filament)?] 7-9- o}=, Endocoelantheae®}
Nynantheaeo] EX% o0& ZA3}A|9t, Protantheae?} Pty-
chodacteaedl+= {it}. E3F AES] Eo0]Z 9] v €2 Endocoel-
antheae®} Ptychodacteaeo] 4|9t Holi= EXJo]t(Calgren et

Fig. 1. Sea anemone Anthopleura artemisia used in this study.
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al., 1949). 181} ¢F 1,1005 2.2 144 %l Nynantheae 2] 7% AL & 4= 9l
of7]0f| &k Fo thd/dol vl A A 71E2] FEjetA 7= ol AAtoflA] ojzl =] ITS2 74 E(342 bp)e-
2 285kt W2 HAES A dr) Rodriguez et al. (2014) Anthopleura artemisia, Anthopleura atodi, Anthopleura rosea
= 7R o) zhe] Biof| ARS-E| 11 ¢l+= Calgren®] W o] 9} Anthopleura handiol| <] Z¥7}99, 83, 83 4 92%2] Identity
Nynantheaeo]| &3+ F52 Fejoha] o= 2 4= Q= 7] 2 Uehfo], 94 5719 SARE o] gale] B4 B Ao} &
S A AEFA] Bghcta shit U317 A. artemisia®} 7} 2 IdentityS = It} Pochon et
o] ALof Al sequencinggt mtDNA COIIL, 12S 2 16S2} al. (2001)-2 ITS2A ¥ 2] ¢17]1 44 o7} vl sl & 7ke] 2f
nrDNA 1859} 288 9] 7} 9714 G2 th4=2] F-3t Identity”} = o]7} S&sto] thkRt F9f F ol mi-- F-&-shrkar skt 71
of r§ets] T 4= Uitk 1By ¢ 5719 Rke] A RS 2L ITS2E o] 83t 7|&9] Ate Ae 7 o S0l HeH
olo] el A7| N AL AFgato] HAa ATt o]dl AFOIA A o] glom), Bua Bipo] 48k Al =2 ). Stoletzki and
45 22 Anthopleura®} ActiniaZs3} 714 =2 Identity Schierwater (2005)= ITS27} & v|&-S: vI5SE thefst ol
(217 93%Sk 89%)% Lekglom Aok 7 ke AL B U AEe] £ P She o $8% 2] Aeksiol, 2
& = A TH(Fig. 2). NCBIY| 5-A1%E Anthopleura <301 431= u]Z9l Condylactis gigantea®} C. aurantiacas 7-5 317]
21% F, o]l Atoll ARE3E R} 47H(mtDNA COIII, 128, off ITS2uFAE ARE- 6FGL . 1 Aol Al ITS2:4] Ax}, &
1659} nrDNA 18S)7} 5= 54 & A2 65(A. artemisia, A. A+ATol A 57He] FAAE o5t 5% H Anthopleura
handi, A. elegantissima, A. rosea, A. kurogane, X A. midori)

artemisia%} 7} %} 717+ Anthopleuras;ol) 43 £2] 34 =
o7 FAA G471 E9 Identity= 22+ 99%, 97%, 97%,

- = O
-85 4= Qlokar Tk o 2L NCBIo|| 5A1H 1TS2 ¢7]
97%, 95% X 95%2 o] S| A= A. artemisia®} 7V SAFSE

A E& Anthopleura 5-247(A. artemisia, A. atodi, A. rosea
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Fig. 2. Parsimony tree of concatenated sequences (mitochondrial COIIL, 12S and 16S, and nuclear 18S, and 28S rRNA gene) obtained in this
study. Species epithets are given only for genera represented by more than one species. Bootstrap values more than 50 are shown.
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4 A. handi)= vj§- A[gHA o2} gk W} e £
Qg Ao AR EH

AR 7FA] wn|zho]| thElk AT YA A A7t FE55H7] wf &
of o] T& w9 xske} thek el tigt dAt7h A 2| Fxl st
%AtH(Daly et al., 2008). 7]=9] A& 5ol ARERE of2] E2¢
Ao oo A e R854 aL, T3 dA TrlEe] &
5 AA el FefehA oz v thefst o] Holu =
G4t 9171 uhzolch(Daly et al., 2008). o= #75
a1 el B nhAE o] &35t Ale A e A E, Holut F
& 8 4 S vl B A7t A& HoR o)A T
8l the.g., Daly et al., 2008; Daly et al., 2010; Rodriguez et
al., 2012; 2014). @A L] 2] AFdAY e A= s 7
d] AR-E= B4} nhA = 2 Aol A AR lEEEg|o}
9] 128, 16S9} COIII 18] a7 342] 18S2} 28S9] 57| §-AA}o]
o, Z} FAAE T2 ARESEAY AAste] AMgstal Qi
Eernisse and Kluge (1993)= $] 57119 $-AA= &2 G714
o vlo|eli= 1s}e] ALE we} He) Hol% 4 Tk 519
onf, 2 sy T B Atol= g AREEAL 9l
THe.g., Daly et al., 2008; Daly et al., 2010; Rodriguez et al.,
2012; 2014). AtzZ7 ol &5k Alsel wn)d-E E7s17] ¢
off YutA o2 AR EE n]EZRE=2]oke] cytochrome subu-
nit I gene (CONY-91= &7] M o] 1w W EFo| ufe} 2]
A E 2] W ol(interspecific variability)7} UF Wol £ L3}
= b= 8514 ¥th(Shearer et al., 2002; Flot et al., 2013).
o= Keshavmurthy et al. (2013)+= COI, 0| EZ =] o}2]
o f{FAAE o8-8k Stylophora £:9] F-2 F-&3131tt. ©f
A A7) sEolRte tiido] Hi= &ofl whet Blol7) 5
BaAY 1% A] k8-S o 4= QJth(Flot et al., 2008). S5t
S o] 83 2 Aol A B Ao ARESE EuEe] AlF
AYotA] A7 & 2 (genus level)7HA] = 2 UEh = A&
Skolgt = QAT flolAf Zx3t ofe) Ao 73} Zo] o]
HA A S o] -85t F o] R 542 ofgE 4= 9l
ok 2y B Ao s vt A S A& 3 A} A artemisia
o A71AE 9] 5ol 7Hs kit B, FF o] &l &=
ChE ol 2] S Bl F7HA o 2 g Zlo|t), 7]Eo] K
= H Tu|Ee] 5 At of A ol AR Be FAA
A7 go] FAE ] AUA| ot 4A| BlaLstr] 7} o] 29, 188
rDNATFe 20t 5 A 3t o1 Al = QIch(Gilan et al, 2015).

71&0] Fejaha £ o] 83k || Fg2 ol e S
A B BAAE ol glon] olu 3 oA E F3t
gF & 7150l glek Zdoll = Etetal Al 74 et
0)2k0] At R e EATE AR S Hal o)
Fow, s B o] 83t wWr ] B4 AF= e =
0 whebA 2 Aats F2 Ul £l &35 o] &5 = 57N
©] house-keeping genee- ©|-&-5tof th4} Hr 2 F4 6=
o Anthopleuradl] 3= A & & 4= 913l.em NCBIe| 54
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