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Molecular Identification and Morphological Development of Larvae of Psettina tosana Collected from
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ABSTRACT

A total of 15 larvae [3.53~19.49 mm standard length (SL)] belonging to the family

Bothidae collected from the southern sea of Korea in 2016 were identified as Psettina tosana based
on 434 base-pair sequences of mitochondrial DNA cytochrome c oxidase subunit I. Larvae of Psettina
tosana have anterior-most two elongated dorsal fin rays. Uniserial melanophores present on the
dorsal and anal fin base, whereas melanophores on the body absent. An inflection point in the relative
growth of head length and head depth against SL was shown between 9.93 mm and 10.73 mm SL. The
examined larvae of Psettina tosana are clearly distinguished from the most similar species, Psettina
iifimae in having no melanophore patches in the proximity of dorsal and anal fin base.
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7}AHu]) & (Pleuronectiformes), 5= X I} (Bothidae) ©]&F
t A=Y HES D S G, 2o s ol &5t
(Masuda et al., 1984; Kim et al., 2005; Nelson et al., 2016) &
AAZH 22 204 163% (Nelson et al., 2016), o= 154
37%& (Nakabo, 2013), ¢-2|ttetell= 94 1150] HiE o] §lck
(Kim, 2011; Han et al., 2012).

T2EAT ofFoll Higt o] d AFE FeoA= TR
u] (Psettina iijimae)?} 38| =710 (Laeops kitaharae)®] %
7]9HAY (Fukui and Ozawa, 1990) & g9} 7}zbu] 23] o] 9] &
Y (Lalithambika, 1989), S® 7} 0] <4 (Psettina) 322 A}
Z]ojof] B3t AL (Amaoka, 1976), Arnoglossus laterna®] *3
A} Ak, A 0] (Gibson and Ezzi, 1980), 2H|52'd A| (Crossor-
hombus kobensis)2] Ar23%F (Moyer et al., 1985) 5 TFFSt
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AF7F R EH AU U= =it DRlsrAm 9
Z 7|1 oi9} 2| o] && Rl (Youn et al., 1998) X =4l TF
Y3} o]F 2] n]7| 2% B3I (Kim et al., 2010, 2011; Lee and
Choi, 2010; Han et al., 2012) 5 44=2] GHZ ¢l A7t o] 2
oA Sttt ol A ™ T2HAI o179 AR o= FHHLE f
Arste] & oM Fol ol & ofdzh, 27] @A
off gt = A7 E1F o £ Aol Okiyama (2014)
of oJstd SEEA T o F AA|o] 38F] FH|, 2E, =3
T ARIE £EEO| QAT A F 7 FEf Wo] 5 T
o 24 52 S B WEd =AMV 283t
SRSt g oF FHIEY g 2 T FA

Pt LS st FHole theFst Ex7|Ho] HEH
I 9o (Kim et al., 2003; Song et al., 2014, 2017), £3] o]
@ = ZJojot T2 QF | EAWNORE F FH o] oL

790 IH QA o] 2= th(Kwun and Kim, 2010; Lee
and Kim, 2014; Lee et al., 2014). & ZAF A= & Abe] o
A A-E F2EAL AAE F A 5] Hel &
A& A8kt wEtba], £ A+ 20169 6~119 A
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3 A5 gl AYE TG ol AolS
DNA 971492 olg3tel % 22741 SH, Hoje] @
G A 9% FAE AAS] Esiel SIS Aol
% $4o) =go| HuA Bt

ERTETE

1. =2

2 Al AME T=EAT o F Aol 20169 68 10
WA (F717ke1: 10704, 108l 470A] (71 2ke1: 2704, 7]
Aol 1A, F712kA: 170A]D, 11l 1703 (F-712Fe1: 17HA])
g gos slgon, o5 BE AFE 31 89 % |
A FIYE (P 80 cm, T 550 um)2 A = T (Fig.
D AYE BEE ARIA 5% F4 i - E2udsgdo
2 1R F9 AL o] F A|Fste] 1L &7 B2 H &
2L 9% B¥ F RAYSL oFet APUR uls)
52 9 A tH(FEH T PKUI 529-543).

£

4

2. BX BA

% DNA<E Chelex 100 resin (Bio-rad, USA)& o|-&3}l4 &
SHA L 2o o] YF wdolA =&t Mitochondrial
DNA cytochrome ¢ oxidase subunit I (mtDNA COI) % g2
VF2 (5'-TCA ACC AAC CAC AAA GAC ATT GGC AC-3")%}
FishR2 (5'-ACT TCA GGG TGA CC G AAG AAT CAG AA-
3') primer (Ward et al., 2005)5 ©]&3}4] FZ3}t}. Poly-
merase chain reaction (PCR)< 10X PCR buffer 2 uL, 2.5mM
dNTP 1.6 pL, VF2 primer 1 pL, FishR2 primer 1 pL, Takara
Taq polymerase 0.1 uLE 42 E3E] total DNA 1 uLE 3
7Fet %, % 20 uL7t @ wi7bA] 32 F/;E @3 Thermal
cycler (B10—rad MIJ mini PCT-1148, USA)E o] &3} &3}
e zAoA PCRE 43§35} th; Initial denaturation 95°C
oA 5&; PCR reaction 35 cycles (denaturation 95°C| A 1
£, annealing 52°Co| A 14, extension 72°COA] 1&); final
extension 72°Col| A 5&. ¥7]4 9> ABI PRISM 3730XL
Analyzer (96 capillary type)ell Al BigDye (R) Terminator v3.1
Cycle Sequencing Kits (Applied Biosystems)S ©]-&-3}o] ¢
Aot F=2EAH Joj9 A7IAEL NCBIY F&33AH
(MG12762-12771).

MtDNA COI g7]4 <€ 2] AH-L BioEdit (ver. 7) (Hall, 1999)
9] CLUSTAL W (Thompson et al., 1994)E o]-&3}o] A3}
At G347 2= MEGA 5 (Tamura ef al., 2011)2] Pairwise
distanceS Kimura-2-parameter =@ (Kimura, 1980)2 A3}
% c}. A<= (Saitou and Nei, 1987)+= MEGA 5 (Tamura et
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Fig. 1. Map showing the sampling area of Psettina tosana larvae in
the southern sea of Korea (=Korea Strait) and around Jeju Island.

al., 2011)°| 4] 244319 2 bootstrap= 1000 <=3Y3}I Tt
H7|ES vws7] ¢Jste] F A8k (Pukyong National
University, PKU)O| 558 AFFd X (PKU8682; KF965433)
9] #7]4 €3} National Center for Biotechnology Information
(NCBDOl 55E T29AIL ofF W7 (P. iijimae,
KU945118), BE7}1&}0] (Arnoglossus japonicus, KU945120),
=P 7R (Arnoglossus polyspilus, EF607331), HE& g
7R (Bothus myriaster, KU885587), Z17}AFu] (Parabothus
kiensis, KP267575),
JQ681381) 659 A7IME<S

AL 12 QX (Japonolaeops dentatus,

ol-&stH.
3. e 24

T 58I AolY] 7 B9 §of= Russel (1976), Kim et
al.(2011), Okiyama (2014) 59 £38& Fs¢L, F 1674
o W3R =4 % AL AZRLE
length, TL), A& (standard length, SL), &= % (preanal
length, PAL), A 1 (greatest body depth, GBD), & F%4+ A
1 (body depth at middle of the body, BDM), 5% (head length,
HL), 531 (head depth HD), ¢t (orbit diameter, OD), &%
(snout length, SNL), 39F2}AF (post-orbital length, POL), AF
17 (upper jaw length, UTL)Q] 117} &Z& AAHE 0]
(SZH-16, Olympus, Japan) 3tol| A sG], #u|g-& A}
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fol

&9 7] (Image-Pro plus 2.0, Media Cybernetics)Z 0.1 mm
S97tA] AT AsFA R ALY 72
fin rays, D), R1X|=2]u"| 7]Z4=(anal fin rays, A), A2 =g
o] 7]24*(caudal fin rays, C), 7F5A|=2{1] 7|24 (pectoral
fin rays, Py), Wi =2|"] 7] 2= (pelvic fin rays, P22 57 &
AL YA R n 7 (SZH-16, Olympus, Japan) SFo| A A5
Ei=#

(dorsal

N ESES

S=29A T &Aoo} 107§ A A4 mtDNA COI FY 434 base-
pur] 71488 BSLow, 018 YA 4ol PKUSGE)
g zastel $2UATY o7 759 Wr1ALIY vns
A S2UAS Aol 104A1L A Aeist 2 2

23tF o (K2P A4 A 2], d=0.000~0.007), 55 7}=}0]
(Psettina iijimae; d=0.225~0.232), Z17}A9] (Parabothus
kiensis; d=0.235~0.241), A2 2|d X (Japonolaeops den-
tatus, d=0.264~0.272), BEE7}A0] (Bothus myriaster; d=
0.275~0.278), =HHH- 7}R} ] (Arnoglossus polyspilus, d=

0.277~0.284), BE7}R 0| (Arnoglossus japonicus; d=
0.290~0.293) <=2 & &3t 2to| & H A rh(Fig. 2).

2. ey et

oot

ZA3+= Table 19] Ve
Z 712+ (preflexion larva,
U] F3 DA F71A
A e 23 )
ol &7]&}¢] (postflexion larva, n=12)= A& 9.08~19.49 mm
HAz2 SAHUT AR A7 Aol 7 1 AR
Holup st E5ef Aart AR o §X7F A
22 o]Fste AFS Hth(Fig. 3). Ao gt Aae] H
22 AR 12.77%, F71A}0] 29.54%, T7]AF0] 40.02~
52.08% Q3L Aol tiet & S ALY vlEE 7)Ao
6.28%, F7]A+o] 20.55%, F7| Ak 29.64~47 34% 2, A5}
WA A7t A= A HATH(Fig. 4A,B). A% 3.73mm
BE A% 993 mm7tA s FAT 119 v go] ZrEhe 2
AIE HolAt A% 10.73 mmF B = Fadte FA =2 HH Y
th(Fig. 4C, D). 3HH APgoll gt QtA o AFebado) vl A
Ao g Zolx| = A3 Bk (Fig. 4E, F).

AP R 2ol A W A=
Tt HA ko] Za HdAQl
n=2)= A& 3.5~3.73 mm, A

o] (flexion larva, n=1)+= 6.67 mm,

Bothidae sp. larva (PKUI 535)MG712767

— Bothidae sp. larva (PKUI 537)MG712769
Bothidae sp. larva (PKUI 531)MG712764

- Bothidae sp. larva (PKUI 540)MG712771
Bothidae sp. larva (PKUI 529)MG712762
Bothidae sp. larva (PKUI 533)MG712766
47| Bothidae sp. larva (PKUI 536)MG712768
Bothidae sp. larva (PKUI 538)MG712770
100 | psettina tosana adult (PKU 8682)KFo65433

49

— Bothidae sp. larva (PKUI 532)MG712765
- Bothidae sp. larva (PKUI 530)MG712763

Psettina iffimae adult (ASIZP0806639)KU345118

Parabothus kiensis adult (1026_SLNP)kP267575

Bothus myriaster adult (ASIZP0801426)Ku8sssér
Japonolaeops dentatus adult (FNSIC120-11)/Q681381

51
2!

Arnoglossus japonicus adult (ASIZP0913870)KU945120

A
0.02

Arnoglossus polyspilus adult (FSCS116-06)EF607331

Fig. 2. Neighbor-joining tree based on partial mtDNA CO1 sequences, showing the relationships among Pseftina tosana larvae collected from
Korea and seven bothid species. The tree was constructed using the Kimura 2-parameter model and 1000 bootstrap replications. The superscripts
indicate NCBI registration number. The bottom bar indicates a genetic distance of 0.02.
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Table 1. Measurements and counts of larvae of Psettina tosana
Preflexion larvae Flexion larvae Postflexion larvae
PKUI 529~PKUI 530 PKUI 531 PKUI 532~PKUI 543
n=2 n=1 n=12
Total length 14.19£4(9.33~21.92)
Standard length (SL) 3.63+0.14(3.53~3.73) 6.67 13.19£3.57(9.08~19.49)
Measurements (% of SL)
Preanal length 4372 34.99 38.33+1.8(35.86~41.25)
Greatest body depth 12.77 29.54 47.13£3.78 (40.02~52.08)
Body depth at middle of body 6.28 20.55 39.77+£5.42(29.64~47.34)
Head length 19.58 1941 20.83+1.81(18.28~23.6)
Head depth 15.1 16.6 17.41+1.99 (14.38~20.6)
Orbit diameter 8.32 5.97 5.05%0.77(3.96~6.72)
Snout length 5.63 6.9 6.56+£0.92(5.25~8.09)
Post-orbital length 5.87 9.28 10.35+1.07(8.37~12.35)
Upper jaw length 8.58 6.13 5.6+0.57(4.78~6.54)
Lower jaw length 9.66 7.77 6.99+0.56(6.33~7.87)
Counts
Caudal-fin rays X ? 13~18
Dorsal-fin rays X ? 89~97
Anal-fin rays X ? 69~77
X, absent; ?, present, but damaged.
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Fig. 3. Development of larvae of Psettina tosana. (A) preflexion stage, PKU530, 3.73 mm SL; (B) flexion stage, PKU531, 6.67 mm SL; (C) post-
flexion stage, PKUS533, 9.79 mm SL; (D) postflexion stage, PKU543, 19.49 mm SL (Scale bars indicate 1.0 mm).

1) X|=2{0| 2t Omf EJF Z2 Al7|o] AR =ju] 7|27} 69~777] BERE S

A% 3.53~3.73mme] A7|Z o] Al7]oll= A =gu]7}t & TH(Table 1). HALTH] F3-2 AA 6.67mmel F712F0] Al
oo WAL glon FRPRAE /M $F 4A AFE 2 719l AlZFE QLo H (Fig. 3B), A% 9.08 mm ©] % Z|A A &
el SA=u] 7|27} BHEEQL SA=Hu] 7|2e A Aeo] F3o] R Eo] I u]7t = et wiA]
& 9.08~19.49 mmQl F7|#&ko] Al7]of] 89~977H7 HEEH S L)l 37)=o] A7]2] 1149 mm AR BEE 7| A%
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Fig. 4. Changes of (A) greatest body depth (GBD), (B) body depth at middle of body (BDM), (C) head length (HL), (D) head depth (HD), (E)
orbit diameter (OD), (F) upper jaw length (UJL) expressed as percent of standard length (SL) with growth in Psettina tosana larvae.

St o, 7HER =
unt
(Fig. 3D).

F713pe] N717HR] A mego]

2]
A A=) 7|2e S@SHA ekt

1
—
S w
=

AL

373 mme) A7) Aol oAl &
d Lefol ALV EFR AR AF &
£ ZH2E7) WS VAR Btk A% 90
o] A|7|5E FA=2ju|et A =2ju] 7] d =R
SAAZ7F 982 YJehr] AREIg e, o5 ARF
Foll whet o AgsHch A SALTE Fr]7to]
7HA| B EA] g kTh(Fig. 3C, D).

i o wa

o ulmye ) e 2
Okiyama (2014)°]] 3},
mm¥
SHAEE
84mm o|FHE FA|

lal 7SR =

o

2 A7 20169 6~119 Bt vt AFE 9 39
dafolA JPE S2EAH Aol ez £4 54
AAstEon 1 AT AFEAY Aol SH, of
Aoio] AZAEE YEAF A 2] (Okiyama, 2014)

AX)3t= AE H I Th(Table 1).

QR4 AR Aol A% 26

e 9 Bol Biol 1o FHULEE A o

A7 5 mm o] THE & HolX YA i, A%

—31‘3]54 SR =gn| 7|27F Ao 2

2] 7|2= HE Ao Edstty Age
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Fig. 5. Photos showing diagnostic characters distinguishing the Psettina tosana larva (A, 9.79 mm SL) and Psettina iijimae larva (B, 7.79 mm
SL). Psettina iijimae larva has several melanophore patches in dorsal fin base (four) and anal fin base (two), but Psettina tosana larva has no

melanophore patches.

dh gtk 2 QAFolA EE ARRIA Aol EF Okiyama
(014)2] e EQT} RE F IR
S2YA T o587} 7n)H} o el FREE Rol7]e] &

9 92 o] o|5ste] oY A% YN H} 2
A WY SA=eE 7|28 7HAcks Holch. g, YX|%

o]F-2] JX| (Paralichthys olivaceus) Ao]= AFFg ] z}o]Q}
SARIA A ARE SA 0] 7128 AT, A=
v 7|25 AFFE A D. 89~101 vs. GA]: D. 77~81), HA =
Hu] 7125 AFEFE A A, 69~80 vs. GA]: A. 59~61) E |
Z S22 GFE AFFEA Aojet & FEE T (Okiyama,
2014).

selfelol FRUAT ofsol 4ot FulsiAul of
Soll Al Aok Balzbatn] 250] LA U Kim, 2011).
ARIAS Bl Aols] % ek fAE B of
Yz}t A =gu| 7125 AEFE A D. 89~101, A. 69~80 vs. &
H7EAHE]: D. 86~93, A. 68~74)0| A= YR FEEo] &5}t
7] o|F A9k (Okiyama, 2014), 7 F& A =2 0] ¢} A =2
u] 7] £ 2] SAAEF (melanophore patch)] 5o A
2 TR AFEFE A 07 vs. T 7R 52 =2u] 47,
SR =2jn| 271) (Fig. 5). o] A5+ 2= A d2oA 22
° Susiaole) Afols] Fel SR & YA Fukui and
Ozawa, 1990).

AR A Aol Aol tie B " Fi9 HEo] A%
9.93mm Aol E 7|EL R 1 olHol= F7t FAIE Holthrt
o]% Zta A= vHH Qlth(Fig. 4C, D). o]« AbFE A #pol 9
W] Zolot o7t A% 9.93 mm7HA| &= wWEA A2ttt o
3 37t &2 StejA = 20 E fMET. BE S E AT
ofFoll A Al gt T 9 Fa19 Hjgo] F7F A ol F
A FAE Hol= AL ofyY AT (Ozawa and Ozawa, 1986),
FH7IAEE F71Ae] Al7]Q] A% 5.8 mm (Lalithambika,
1989), ¥ 7kA40] (L. kitaharae)= F7|2k0) A7]Ql A%
10~10.8 mm (Amaoka, 1972), Trichopsetta ventralisz= A%+

9.4 mm (Futch, 1977) 176 H2HE 7HAE Hol A Abehy
A (F7)40 7)) vleet ATHE A ARl g ASA
o Wl go] MTHE Bol: A7I7t B4 227], HA7), 7o
712 Fuith thE AL REE o oA 2 eid v 9t
(Aritaki et al., 2000, 2001; Byun et al., 2013). t2tx] =% o}
2 529N A oje] AR ot £ U F1 vjge] W
=7 Aol gat 27149l A7t Waw Ao AziE,

o (o]
= =

£ A= 201640 = gefolA APE 2L A
ol BEAMHOR FAHsIG o, Zojo] A7|E R FH
£ AAIS] 718ttt ARE &ol 15704 (3.53~19.49 mm
A7)l mitochondrial DNA (mtDNA) cytochrome ¢ oxidase
subunit I gene (COI) 434 bpe] F71AES vH|wst A}, 2%
Al 2 SRIE AT AFFE A Apoj= 2709 AA A%
H ALY 7125 7MY, FA =R et A =2jn]| 7] A
of ZALx7F dEE U e B ASole SMazT
Atk st A Ao High T4 W Fae vlgo] F7F
Aol A 4 FAZ vy s "xo] A% 9.93 mm~10.73
mmoj A ERIE At AFFEA] Apol= FEjF o2 7 fAL
et FW7FR| (Psettina ijjimae)2t 2] SA =209} S =
2jn| o] 7|4 LA SMAEILS 7R e HollA &+
Laci= s

AL AL
of EEE 20174 FALATTY AT AT ALY

(R2017027)) A Qo +as e, 2ue Ada AE
o AL A B A9 A =Y
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