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Molecular Identification and Morphological Description of Gymnothorax minor (Muraenidae, Anguillifor-
mes) Leptocephali off Jeju Island by Seung-Jong Lee, Hwan-Sung Ji' and Jin-Koo Kim* (Subtropical Fisheries
Research Center, NFRDI, Jeju 690-192, Korea; ‘Department of Marine Biology, Pukyong National University, Busan 608-

737, Korea)

ABSTRACT

Two leptocephali (36.2~ 69.2 mm in total length) of the family Muraenidae were collected

off Jeju Island, Korea. They were identified using 742 base pairs of mitochondrial DNA 12S rRNA sequ-
ences, and their morphological description were presented. The two leptocephali were identified to
Gymnothorax minor based on genetic distance (d=0.000), being well consistent with that of G. minor
adult collected off Tongyeong. Gymnothorax minor leptocephali are characterized by morphological
combinations: total myomeres 137~ 139, predorsal myomeres 32, preanal myomeres 82~ 86, body

depth in total length more than 10%.

Key words : Gymnothorax minor, leptocephalus, identification, Muraenidae, 12S rRNA

M =

=33} o] F (Muraenidae)= i %ol =- (Anguilliformes) o]
Fo Al WAkl (Anguillidae), whetl =} (Ophichthi-
dag), B-#+o] =} (Congridag), 73 #+o] 2} (Muraenesocidae), 71 %2
2]7e] 3} (Synaphobranchidae) o 72} f-AFsHAl W& 2
o] 32kl (=434 A171 (leptocephal us stage)-&- 7o}
(Nelson, 2006). Wate] = o] F-9] Akxle}7]o] F& TH3}
7o PP 2ASE Aol AFIHe} ¥ 9
&} (Castle, 1965; Smith, 1989), o]= Ea} Atz 31=%
v} gl (X4} 71, 2010; #| %, 2011; Ji et al., 2012).

FA)3} (Muraenidag) o1 52) 44l 7k mejul7h
w5 sl BhE Rl AAtelst 4 FR-xich(Caslle,
1984; Smith, 1989). F2|3} o] 72| AbAlelel] A3 A=
Muraena sp.2] &l (Nair, 1947), 745 (Anarchias, Channomu-
raena, Uropterygius, Enchelycore, Gymnothorax, Muraena,
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Thyrsoidea)oll 3t 3Jef (Castle, 1984), At FX| &
(Smith, 1989), A&l 67 w]FA] RF=(Tabetaand Moch-
ioka, 1988) 5 cheshet. Teht ol & wFwel YeiYust
A48 YT, THYL FHY A FRALS A
o]E] S Al o|t}. H I, oo A AR E ZX)3} A RFo] 9]
A ARS-S S WA e 5] (Tawa and Mochio-
ka, 2009; Tawa et al., 2012a), Scuticaria tigrina $3A}=}o]2]
fﬂEH 9 Bzl (Tawaet al., 2012b) 5 cloFst upgoz
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2] Aei7]e] H
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Al A8 ol ool A BE WA ) 2

2, 2010, J| et aJ., 2012, Tawaet al., 2012b; Koetal. 2013).
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2011y 8% 3= AF Fwsf e (N32°23'537, E125° 46
547 )| A FA 3 dAAte Iz FAE = 20A (A 36.2~
69.2mm)= RN80 v & (}+ 217 80cm, =2 0.333mm) =
A etdch AR F 70% o whol] 1A st o, o] & 7
o) st w (Pukyoung National University, PKU) o]§3HAl 3l Al
(Ichthyology laboratory collection)o]] 5=, B.33}9lt}. &2
7} 3.9jo] A4 2 A =2 Tabetaand Mochioka(1988)2] v}
e wgkew, AR 7 (Olympus SZX-16, Japan) el 4]
A3, 0.1mm 91742 S selet Sz 7 3
o

Castle(1984)-5 w}sit).

A F 4L A8 5 w9 w o] Chelexresin
100 &9} (Bio-rad) © 2 genomic DNAZ F=3}gt} n|EF
=)o} DNA 12SrRNA °J92 12L-F(5-TTTCATGTTTC
CTTGCGGTAC-3)2} 12S-R (5-CCTTCCGGTACACTT-
ACCATGTTA-3) xz}o]n} (Wang et al., 2002)2 o] -&-5}o]
ZZ3}9it}. 10X PCR buffer 5uL, 25mM dNTP 4 uL, 125
L primer 5uL, 12S-R primer 5uL, FX Tag DNA polymerase
(GnP, Korea) 0.5uLE 412 &3H2ol| genomic DNA 5puL
(100ng)& #7+e+ ¥ F 50uLr}t & w7k 33 FH4E
Y31 Thermal cycler (Bio-rad MJ mini PTC-1148, USA)E- o]
f238le] oLz} e Aoz PCRE $3atgitt. Initid
denaturation 94°Cel| 4] 5%; PCR reaction 35 cycles(denatua-
tion 94°Cef| 4] 30%, annealing 50.0°Cel| 4] 30, extension
72°Coll A 1%); find extension 72°Col| A 7%, ZEFAE2
Ex0SAP-IT (United States Biochemical Corporation, USA)-2-
o] 8-3led A A 3}e3 2, Big Dye terminator (Applied Biosys-
tems, USA)= o|£-3}o] direct cycle sequencingS- Al A 5191
. DNAG 7ML 259714924 7] (Applied Biosys-
tmes, USA)E o] &3iA ZAzow, 24" F7IM L
DDBJEMBL/GenBanke] S-=3}ict (5235 237 o
AkzLo], IX313648-IX313649; L] Ao, IX313650).

n|EF=z]o} DNA 12SrRNA ¢ 714 9-2 BiokEdit version

9] ClustalW (Thompson €t al., 1994) 2 o] &-3}o] A& 3}l
o IFo 2 20099 84 = dal o] FodelA AR =
kZ2] (Gymnothorax minor) AJe¢} NCBI (Nationa Cen-
ter for Biotechnology, Information)ol] 5-=2% FX|3} o]{F 7
o @7IMEE olgstath AxT ez whebill ke F
B2}o] (Echelus uropterus) &} E-Ao]zhe] 2-=ko] (Conger
myriaster) & o] 831w F-4712]x= Megad (Tamuraet al.,
2007)¢ll A Kimura-2-parameter == (Kimura, 1980)= A A}
sksict. <312 34 (Neighbor joining tree) = Megads- ©]-§
shed 21433193 31, bootstrap-> 10,0008 4~3§ 533t

1. SHEH7|RH

A} 36.2~69.2mm AFRle] (n=2, PKU 6568, 6599)°]
A AT 137~1397), §FEOF AL 82~ 867 o
, SA =R ZALE 2F 3270 o]oh 36.2 mm AR}
ool A wEje} FFo] Alel IzF @ E3HA whE ] 9l
A"k, 69.2mm FA ALl M= FFA =k (Fig. 2A, B). &
ax W] AE Fdoll AFFH, =2 dFe| 2719
ZFve] "ol it oFge] A= FUs 1] 3l
a1, Fell = Aa @ItRg olule] 1d9=2 1 lvh oFF
_141V+3
E Thves o

=

rlo

4

o] ok wj 2] 36.2mm I AFAFo | A
69.2 mm < AFA}e] ol A = 1rvas
1+V+3
36.2mm ARt el A AR A Ade] 8.3%, Ay A4
9] 10.2%, SFEAA-E AR 73.0%2 FEe B FYH
o} FZel $1A]31H, 69.2 mm AR = TR A
9] 58%= <zt 7rAdg A, A= AR 11.6%= o7t
Z7ksld om, 3HEAA-E ] 70.4%= oF7h FhAEks
o} (Table 1).

A zgu] wde A= 36.2mm ARt M 2| =2]n]
715 JAHA gskov, oz Ex)sh, 69.2mm
Aol N SAI =] E7]9) SR =2jn] 7|7} e}
Wk (Fig. 1B). 2 & -2 36.2mm AR o A= 1271,
69.2mm J AL M= 2070 gLz, WA= 5~6HA =
A, upxehe 80~ 82 A Ao 9% 3}

2 9hA3] Fgata welel 5o dRelnt L%}
et (Figs. 1A, 2A, B). A= cke] L2 E Hele] 79
(no), 5] Wiz (vsr), M2 53 (shb)3 Fw} wi = (pvb),
ol o] wi = (vslj) 2 FZ(plj), F2] wiZ(vt), obrfn] 7
(op), Foll A =g Abe] (tg), 8 Akl (so)ell et (Fig. 2A,
B). 3 Az HASGS wet me|x=gn] kx| 19
2 1} 313z, 36.2mm ARt M A =2iv] 55 P
A= 5 ot mejA=gn] 274 14, 69.2mm 3R]
NAME A =ng six=gu] 7PAkael s w2t mel#]
u] 2717 192 v Qleh gde] Auky A3k e

o= =73t}

o2 LTI} 192 1} AT Thde] FURRE 43
#e) B3 xRl 47 192 Qmde) FAaT

[}
7 SRR $Eg,

EREy

A|FAE GAAte] 270A) €] 12S IRNA 742bp 1714 Do)
Eodak vpkEA] (Gymnothorax minor) Adele] ¢7|A Q)
100% LA ssiet Ao F9 A4 Wels F3 #
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Fig. 1. Lateral view of Gymnothorax minor, Jeju Island from Korea. TL=36.2 mm (A), TL=69.2 mm (B). Scale bars=4.0 mm. DO indicates

dorsal origin.

Table 1. Comparisons of measurements and counts among Gymnothorax minor leptocephali

PKU 6568 PKU 6599 Gymnothorax minor
(Present study) (Present study) (Tawa and Mochioka, 2009)
Total length (mm, TL) 36.2 69.2 40.2~74.6
In % of total length
Head length 83 5.8 47~6.7
Predorsal length - 27.3 25.8~35.6
Preanal length 73.0 704 70.2~80.1
Body depth 10.2 116 11.9~16.7
In % of Head length
Eye diameters 20.0 20.0 -
Snout length 36.8 25.0 -
Upper jaw length 50.0 37.6 -
Counts
Total myomeres 137 139 135~ 142
Predorsal myomeres - 32 31~42
Preanal myomeres 82 86 87~95
1st vertical blood vessel 5 6 6~18
Last vertical blood vessel 80 82 77~85
Number of nostrill 2 2 2
Dentition f | 1+IV+3 1+V+3 1+V-VI+5-10
entifion formuar 1+IV+3 1+V+3 1+V-VIlI+2-6

A Wo] 1.5~10.0%1 Y 2o} & FE 4 3= A
A= el 23 A<= (Neighbor joining tree) 2 =3
AFAE Rt 7E R Aol Al A E A
31, 23] (G. kidako) 2 G. polygoniuse}l= B mA ZATA
o ik ASIEF 10 FARAE AR, T3 o
F7F 5l ofFe} W FAAE 27.1%F Hel uhd,
vl 3 o] Fols FH W) 21.2% 2}e] S X (Table 2), 3]
I oAFE AT oJFRY vl o el Bu 7}t

Sl (Fig. 3). bl 03 71 mel A G4
Aol 2ue] B EAz S,
&

AR Q] 204 B Ak A o
Aol 2 Hlsioleh. =, AT FARtel o] AA TAS



Table 2. Genetic distance among two Gymnothorax minor (1~ 2) and 8 muraenids(3~ 10) with two outgroup (11~ 12)

(1) 2 ©) 4 &) (6) ) (8 (9 (100 (11
Leptocephalus sp. A (1)
Leptocephalus sp. B (2) 0.000
Gymnothorax minor (3) 0.000  0.000
Gymnothorax kidako (4) 0.077  0.077 0.077
Gymnothorax polygonius(5) 0.077  0.077 0.077 0.015
Gymnothorax flavimarginatus (6) 0100 0100 0100 0.089 0.087
Gymnothorax miliaris(7) 0.085 008 008 0.089 0.087 0.099
Muraena augusti (8) 0.097 0.097 0.097 0.098 0092 0101 0.119
Muraena helena (9) 0085 008 0.08 0.094 008 008 0104 0.045
Enchelycore anatina (10) 0095 0095 0095 0110 0105 0108 0.097 0.127  0.108
Echelus uropterus(11) 0.212 0.212 0.212 0.220 0.205 0.196 0.212 0.207 0.207 0.208
Conger myriaster (12) 0266 0266 0.266 0263 0260 0256 0.252 0271 0264 0264 0.218
A shb pvb

SC

Fig. 2. Latera view of head of Gymnothorax minor leptocephalus, Jgju Island from Korea. TL=36.2mm (A), TL=69.2mm (B). No: nasal organ;

op: opercular region; plj: posterior margin of lower jaw; pvb: posterior ventral surface of brain; shb: dorsal surface of head and brain; tg: throat to
posterior margin of gall bladder; vsr: ventral surface of rostrum; vslj: ventral surface of lower jaw; vt: ventral portion of throat; sc: spots per

myomere. Scale bars=1.5mm.

(137~13970)= Fallell M AFE Aol Ao HEF
4= (13970) ¢} & 9X)sk= A= ne}(Tablel; Kimetal.,
2012). AlFAF YA @At s dEAF A 34
#polo] A A4 (135~ 142)9} = °‘;<]s]-b}(TabIel Fig.
2; Tawa and Mochioka, 2009), 3} oF A4 (WAL 82
~86, Y¥EAF> 87~95)0 M= xfo]E R3]t (Table 1). ¢]
3t ol Ao upE W3 AL i 5w A
old 7FsA = 2ot

WA ARl s SAAE BZA FX|F o {2
A R 2 R @Rt A7)l g4 o] R
T UF s vl Fell
19, g 1% 43130 55 9 W% 7Wx}ﬂ°ﬂ 77 1
d v Y3, SA =R e A =en] 7)%E e 19, 5
Ax=u] 71A 4F, AR z2n] F Ur“c}va—ﬂ SR =
LT FxoA FAF o7 A BRLH A TR

o 3o W 9% ii}% W 19, 5 $1% 312
5% 9 % FAele] 242 19 1} )3, S mee]
SR rgu] 7|85 w19, FA =20 71 3F, 7
Az 52 192 b glo}(Castle, 1984; Tawa and
Mochioka, 2009).
Aol A A FAL g
9 *J%M (EIESESAr
dztelol M A Foke SALxr} me “-E‘rﬁl i
A= A o7 Dk & A 94
shHA wE] HZF Z-'V—‘% el A2}t APEWJ—, tHEH
257} ol vlza AZ 24 A9 sh=ust Y=
o} (Tawa and Mochioka, 2009). o] ¢} 7to] ralkzx]= A3
ok ohel SAcxze R 4= FAM Wel: A
o= A
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Fig. 3. Neighbor-joining tree based on partial mt 12S rRNA nucleotide sequences showing the relationships among 2 muraenids |eptocephali and
8 species of muraenids adults with 2 outgroups. The Neighbor-joining tree using the Kimura-2-parameter distance model. 10,000 replications of

bootstrap. Bar indicates genetic distance of 0.02.

g, =h3) 4 (Enchelycore) i/d7tels ek A
Zok, 23] A7) glo] (Castle, 1984) F3|& o7
o] gAAteie} & FRH L w3l Muraenad JAAbel =

227 g Al FAE o1 F
o] gAAtei el FAlsht T HE astH 550 EA4
Z (WA= 199, Muraenag2 ¢18) 2 21 =n)
% FAL¥ (A 19, Muraenad2 gl)ollAl
F-5 o} (Castle, 1984).
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-lJ_l

o (=13
I =

= A FzoA AAE ZTX 7} (Muraenidag) 3 Akxle] 2
MA (A7 36.2~69.2mm)E w4o= mtDNA 12S rRNA
724 base pair 9711 9& A8 A, gk ool AA
= %] (Gymnothorax minor) A o] ¢} 100% ! %] 8}3ic}.
b GARel s A 24847 137~ 13971, 54 =8
u) o A7) 32W, FEG LT 82~867H, Al
A& A3k 10% o] 4l ]-& e st

1= 4
e s EA

AL AL

Gabaiatal (0139 AF 8 Qzael
Ay 24}, RP-2013-FR-006)2] =41 oﬂ o)) 43
e B ¥ AR $5 99 A4
A

A elme) A AR89 AAFERY e,

ol g 2 3
AFHA - 227 2010, Falel A AR E bzt g ate] (Lep-
tocephali)2] 3e] W BA}EA. 3r=o] {F3H3)%], 22: 279-
284.

- o]5=A] - 7R 2011, F8-A o] (Echelus uropterus) <3

Apele] BAEA, AR 9 Az 1 o)

F383)%|, 23: 217-224.
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