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Phylogenetic and Morphological Comparison between Thamnaconus septentrionalis and T. modestus
Collected in Southwest Seashore. Tae-Sik Yu' (0000-0002-1687-2503), Kiyun Park? (0000-0003-2965-6970), Kyeong-
Ho Han' (0000-0001-5918-3196) and lhn-Sil Kwak>** (0000-0002-1010-3965) (‘Department of Fishery Science, Chonnam
National University, Yeosu 59626, Republic of Korea; *Fisheries Science Institute, Chonnam National University, Yeosu
59626, Republic of Korea; Department of Ocean Integrated Science, Chonnam National University, Yeosu 59626,
Republic of Korea)

Abstract Thamnaconus modestus, distributed in the Northwest Pacific, has high economic value and
is used in various seafood. In this study, the morphological and genetic characteristics of 7. modestus and
T. septentrionalis were compared and analyzed. We observed the external and internal morphology of
T. modestus, sketched skeletal elements, and analyzed phylogenetic evolutionary relationships using the
cytochrome ¢ oxidase subunit I (COI) gene on mitochondrial DNA compared to 7. septentrionalis. The T.
modestus observed in this study had blackish-brown patterns irregularly scattered on the gray-brown body,
and the fins were blue-green. Genetic analysis results based on the COI sequences of 7. modestus showed
seven types of base sequence variation; however, the homology was more than 98.8%. In addition, as a
result of comparison of the COI nucleotide sequences and phylogenetic analysis in Tetraodontiformes, two
T. septentrionalis sequences (JN813099, MW485059) were similar to 7. modestus with 99% homology, and
the other two T. septentrionalis sequences (EF607583, KP267619) were similar to those of species belonging
to another genus Thamnaconus with 95% homology with T. modestus. It was not easy to classify the species
based on morphological characteristics, and phylogenetic analysis between T. modestus and T. septentrionalis
confirmed the difference in classification. These results provide the external and internal morphology
of T. modestus and will be used as important information for the taxonomic study of 7. modestus and T.
septentrionalis.
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subunit I (COI), phylogenetic analysis
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2 BRY 4204 448 ATLA RS A
71= o} (Coast, 2012). EZH DNA HE EA4L
A BAE FE5 FHTHE EATte s FHE] ofF
+ R Te 4% o 783 &7 HHO = (Lee er
al., 2012), U A= u]32]3} o] F (Cobitidae, Park and
Lee, 1991), 5915 ©]% (Mugilidae, Kim et al., 2003), A
17)% o5 (Syngnathiformes, Koh and Song, 2004), %t
7VA1 7] (Pungitius kaibarae, Jang et al., 2006), X&]&
1} ©J& (Pomacentridae, Koh and Park, 2007), &X|1} o]&
(Liparidae, Song et al., 2015) & tHFst d+47F nEE= g
o} DNA (mtDNA)E &-8-5to] A5 A} E7of el 21
Y= of gt

H 0] & (Tetraodontiformes) X1} (Monacanthidae)ol] <
3= WF A (Thamnaconus modestus)~= & AA|o S22
H7b EqFASHA A Qlem, A=gu)rt FEAS o
S4L 7HA Itk B3, =L 2 H 5 e =
Fet EAe|geF dofet ofEd s o] 4 50~100 m¥]
otofl Mgttty d#A Jo™ (Kim et al., 2013; Froese
and Pauly, 2021), 833 QRe|A 7} AT, 27 5
Coret AE0R ol 8EE AAY A7} v S ojFo)
t}(Baeck et al., 2012). TF x|} HefjA o2 H|S=8F FA}
Z(T. septentrionalis)S 1874 oA S EIH £O
2,3, = 2 o Bxste, TR} v & A
dHeoz e Fa% ¢ oFE dHA YAT(Ni and
Wu, 2006), ol BirE Fo| gl ofFolth A U2
(Masuda et al., 1984; Nakabo, 2000)|A= LF X e} F-A
% (T. septentrionalis)©] Z2 Fol o] 7skx}te] o 7o] Z
2 S BN E T septentrionalis2 20]1L =19
XX T modestus® 21 ot Hustg o} o] gt
(Shen e al., 1993)014E BRAsh FAES Fe) BAL
H|S=BLR| T AR (T, septentrionalis)®] A o] © F2ctal
AFsiul e o BRsj] AAIA M e Fo
TFEE T 9l (Matsuura, 2015).

oA EF Ao Bt A= A= At (Nam er al.,
2018; Choi et al., 2020), 214 (Baeck et al., 2012), G} A}
z]o19] ge] 2 (Lee et al., 2000a; Han et al., 2018), -S4
A £, Ho| 9 tpFgof tiet A7t XY E|ojkeh(An et
al., 2013; Yang et al., 2019; Gwak et al., 2021). E3t, F%]
3} o} BRo| B AT A% P, 4 L Y 2
7 5 TSt = Sl = E7-5HL (Berry and Vogele,
1961; Hutchins, 1977; Tyler, 1980; Holcroft, 2005; de Lima

2wk orlr oo

et al., 2011), F XL} AN (T, septentrionalis)®] FE]| L
SAA vlue)] W ATE ARG Agolct Ba, A3
oA M4 Fe] mret Ale] Wolrt Ak, S W]
7} thekst EAS 743 9lo] (Okaichi er al., 1958; Gilby
et al., 2014), ) Aol 2 F £E BRI RS 5
$40] 9o ©RE WE 5 Uk A, B ATE A
of ol 4 AT wHA el o Weje} 2o B B
st YR A =29 nEZEg o DNAC cytochrome ¢
oxidase I (COI) 242 3l A 444 thfdE 4
3}, 7]& NCBIo| B1H FARS(T. septentrionalis)T} %
o 2 ARy vng B T S BRs g

AESE o o] Fa3t JRE ATt} gt

1. A2 HY % 53

2 d) AR EHA AlgE 20199 11€9FE 2020
A 3Y7HR] Al (2 At sAHADet HaEll (T F 2 Al A
ok 2670ANANA AL, AFEE 9 AXTE o]
&sto] AAsIATE JHE AR Etolofo]|iof Hsto]
AA= xtstglen, Z 7iA| 9] % (Total length, TL),
A Ak (Standard length, SL), A1 (Body depth, BD), £%+
(Head length, HL)& 7% < 27 o] tfgh WiEH|2 ety
AL, SALR], 7REA =] 9 AR =gu]9] 7|2 5
21zt Agstgiet o] F 7A=Y § 28-S A&t
—80°C Deep freezer (Thermo Fisher Scientific)] 235141
}.

Z4
=

=}
=

2

MK
rd

THA =45 B Sl ARE oF 10~1587F 4
ot A& AATH L, A F (Shoulder girdle), &
(Jaw bone), -7} &JAFE (Palato-pterygoid region), A 7R
(Operculum region), 35 (Hyoid arch), 57}= (Cranium)
4 AFF (Vertebrae) 2 Uro] AHEIGTh o] FoH=
29 9 2AAE APstglen, 2749 FALS Kim (1989)
of wtct.

3.DNA F&

UH 2] DNA 22 AccuPrep genomic DNA extraction
kit (Bioneer, Korea)®l| Ala%== T2 EZo w2} Y34
t}. 1.5 mL EP tube®] TL Buffer 200 L& ¥ homogeni-
zerg o]-&3te] Z8-2 #A3}A THE©] Proteinase K 20 uL
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9} RNase 10uLE Ho W83t RNAS AAc. o]
% 60°C9] Incubatore]] 3 A7+ 5<t &g AR GB
Buffer 200 L, o2& 400uLE Yol YAlee] & A5l
FH3l9h. WA1Z WA2 bufferE ©]-83}4] washing & EA
buffer2 DNAZE elutiond}¥ch &3 DNA 5% 32
NanoDrop ND-2000 spectrophotometer (Implen, Munich,
Germany)E ©]83}o] &9 & —80°C deep-freezer (Ther-
mo Fisher Scientific)o] X243}t

Al
ol

4. Z7I%| COl KRt PCR 52 U H7IMY

A

T 2] n|EZ 2o} DNASJA COI A4 28 9
3}l Tag DNA polymerase (Bioneer, Korea)E AR5} PCR
(Polymerase chain reaction)& st SFof 0|83t
Primer+= FishF1-5’TCAACCAACCACAAGACATTGG
CAC3'9} FishR1-5TAGACTTCTGGGT GGCCAAAGAA
TCA3'0]t}(Ward et al., 2005). PCR mixture (20 uL)ol &=
primer F13} R1& Z+z} 1 uL, DNA template (10 ng pL™")
3.0 uL, B4H ultrapure water 15 uLS ¥ %It} PCR cycle
Z7& 95°Cof|A] 3127 7] WA 3 95°CollA] 30 WA,
55°Co| A 30%7t primer A%}, 72°ColA 187 &4 A

A B

2 403 WEs}e] ZBjgon, W2 A F HF PHS
72ColN 587 BT ZE ABL 159 opfEz
AL olgstel Bel T ZEH R Fehfelon] PCR
gel purification Kit (Solgent, Korea)S ©]&-3l FA|s}= =}
A& X831 L, Bioneer 2] ABI3730x! DNA Analyzer &
W& (Macrogen, Korea) 22 Sequencingdls] E7]14 8
A5k

5. HIO|E| A

galeh Asleld AWE 2AX Y THEH (multiple
alignment) 242 CLUSTALW?2 software (http://www.ebi.
ac.uk/Tools/msa/clustalw2)S o|&3}lFoH, thFHjES
GeneDoc Program (version 2.7.000)2.2 UEJ Tt &
FR|eF FARE(T. septentrionalis) COl FAAE B|1d}7]
£3] NCBI Gen Bank Database®] A5 A€ (homologous
sequences)= ©|&3to ATFH82 £ (phylogenetic
analysis) & SFE Tt AlE8-48H] E4 (phylogenetic analy-
sis)2 Mega X software (version 10.2.4)5 |83} Maxi-
mum Composite Likelihood methodE &3l Neighbor join-
ing tree (1,000 bootstrap) 2 2431t}

C

Fig. 1. Characteristics of dorsal fin rays and external view of Thamnaconus modestus. (A) External view of T. septentironalis (Bian et al.,
2020), (B) External view of T. modestus (immediately after catching), (C) External view of T. modestus (after storage in deep freezer), (D)
Dorsal fin rays of T. septentrionalis (Bian et al., 2020), (E) Dorsal fin rays of 7. modestus (Counts: 38), (F) Dorsal fin rays of 7. modestus

(Counts: 39).
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2 AFlA AR SA ZIT A (Fig. 1B)= 324 vt
goll & A S24 FH7F S5 AR Aglen,

==

Areule SLE 0ot SR YERUs AP
2 72 U 524 2y} 30 Aulo] ek A

o] IEE U} (Fig. 10). TF A= A=} = #HF
o Al SAL=Hu|7}F glen dAFg S T A2 FA
=guj7t ok All SA=u= 2702 o] FojF=Tl, $X
I} o] gE A WA 7¢I FE A= 22 7t
Al7F EARITE A2 SA=BH= 7122 o]Ro|A o
2 Aol AFE AA Y SA=n] 7|12 = 35~3971
2 ASE o FA=Hu] 7|2 59 Zpol= E FEA A
47 2to|S EYth(Fig. 1E, F). 7|20 RI1E GARE(T.
septentrionalis)®] FE|E= TFX| <} v|SSHA 324 ulgro]]
E2% 244 Y7 yeita SAE0] 7|2 = 3870
2 B E Itk (Bian et al., 2020; Fig. 1A, D).

TR} FARE(T. septentrionalis)®] Al4-E2-S v}
7] 918 FU9] BHES AR Ak, wHA 9 Aeg A
A SA=u] 7|2 £5 35~38702 7145+ L0 (Kim et
al., 2005), & £ = T2 9 FA =] 7|2 $5
35~407§7kA] B3t (Masuda et al., 1984; Shen et al.,
1993; Nakabo, 2000). =3}, SAKE(T. septentrionalis)®] %
ALgu] 7|R $£E 34~397]2 Eﬂﬁ]—ﬁﬁ}(Zheng, 1962;
Zhu et al., 1963; Masuda et al., 1984; Xu and Ni, 1984; Su
and Li, 2002). & Ao A HHE THX Y SA|=2n] 7]
2 2L 3530702 ALEgon, 177 (TMO2103-29)2
A L3 BE A S0] 387} olstE ASE ATt

2 Aol A AHE Adeier wHA] A 165.2~335.8
(mean 240.3+50.3) mm3Ach. AR ] digh AAul= 86.9+
2.4% Ko™, FAH]E 23.8+0.6%, A1H]= 30.0+2.7%
2 Yehg o, SARE(T. septentrionalis)®] A 2 AZ 3
A, Aol gt A, A, Fule Zol7h fisith s1A
T, Pre-pelvic length (%5 A]: 26.4+0.6; T. septentrionalis:
42.2)9} Pre-pectoral length (FFX]: 36.2+10.1; T. septen-
trionalis: 25.1)0| A *}o]7} WELG T (Frese and Pauly, 2021;
Table 1).

A9 W7 24 F7HZ (Cranium), A+ (Shoulder
girdle), A7} (Operculum region), 2H4- (Jaw bone), A&
H (Hyoid arch), 7] &AM (Palato-pterygoid region) 2 %
= (Vertebrae)S AAA| 81 ch(Fig. 2). F713 (Fig. 2A)
ARt FdEo] g A o] glo] T m2le] JFH|

Table 1. Comparison of meristic and morphometric characters be-
tween Thamnaconus modestus and T. septentrionalis.

Thamnaconus
septentrionalis
(Froese and Pauly, 2021)

Thamnaconus
modestus
(Present study)

Number of 5 1
specimens
TL 163.9~339.0 -
Count
Dorsal fin rays 11, 35~39 11, 36~39
Pectoral fin rays 14~16 15~16
Anal fin rays 29~36 34~37
In % of TL
Standard length 86.9+2.4 86.3
Pre-anal length 522+3.0 51.0
Pre-dorsal length 239+2.1 20.0
Pre-pelvic length 26.4+0.6 42.2
Pre-pectoral length 36.2+10.1 25.1
Body depth 32.1%1.1 29.0
Head length 23.8+0.6 23.7

S 13 glglen, Al A =u] FhAeh 7|4 E7]E Aol
ol A2 SA=u] 7hA7F 1213 A%t AT (Fig. 2B)
= 85 AT, TS A0S, L5 FAE gloH,
AR (Fig. 20 AAHE, ZHAE, A0S, sHhE
2 o|Folgnt. oFF (Fig. 2D)& HArE F4okE, A5,
VEE A AER o|FojAGIOH, AF HEo) JHEI} 7
Fo] she] FA o= Hsf lalet. Eek AgekFolle v
Zofl 37§ ot QH&of 2749] ool gIgliL, 2

7qef ool itk A (Fig. 2B)elle THAEE, 4HEE, 24
A, vldE, sHE 9 Aol Haislen =
2 0 Al AR (Fig. 2F)= 218, B2, %
=, TAE, FIFER FAH A AFZ (Fig. 26)2 18

6+ 12702 o] Fo|A .

>
i
iy
H

2. UF|X|2t SAEE(T. septentrionalis)2|

[E Qe 2y

=

HI

2 AFolA AdsigtolA AHE EFA 2 mtDNAY
599 bp COI F3&}+ A7] 4 E-& NCBI Genbankol| 118 &
AV (T, septentrionalis) 470 A2} € vw L AFS/A
sp wAskgich 1 sk gl A9 Col G714 E ¥
ol 7372 Uehkot A Aol 98.8% ole
2 fAMJo] =0Th(Fig. 3). 3, NCBIO| B8 fARS (T
septentrionalis) 470A| 2 27§ A|+=(IN813099, MW485059)
APl AR 99% BI1HE HFHS Uehel 2 B
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Fig. 2. Dissected skeletal elements of Thamnaconus modestus (240.1 mm standard length). (A) Cranium, (B) Shoulder girdle, (C) Opercu-
lum region, (D) Jaw bone, (E) Hyoid arch, (F) Palato-pterygoid region, (G) Vertebrae. E: Ethmoid; F: Frontal; PF: Prefrontal; PS: Paras-
phenoid; BP: Basal pterygiophore; 1* DS: 1" dorsal spine; CL: Cleithrum; SCL: Supracleithrum; PCL: Postcleithrum; CC: Coracoid; SC:
Scapula; AC: Actinosts; PV: Pelvic girdle; POP: Preoperculum; OP: Operculum; SOP: Suboperculum; IOP: Interoperculum; M: Maxillary;
PM: Premaxillary; D: Dentary; DH: Dorsal hypohyal; VH: Ventral hypohyal; CH: Ceratohyal; EH: Epihyal; IH: Interhyal; BR: Branchios-
tegal rays; UR: Urohyal; PA: Palatine; Q: Quadrate; EC: Ectopterygoid; ME: Mesopterygoid; MP: Metapterygoid; SY: Symplectic; HY:
Hyomandibular. Scale bars indicate 10 mm.
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Fig. 3. Multiple alignment of COI sequences of Thamnaconus modestus and T. septentrionalis. Sequences of T. septentrionalis from NCBI
(JN813099, MW485059, EF607583, and KP267619).
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Fig. 4. Phylogenetic tree of COI sequences in Thamnaconus modestus and T. septentrionalis constructed by neighbor-joining analysis
(bootstrap value 1000). The numbers at the nodes are the percentage bootstrap values. The blue letter present 7. modestus individuals in the

study. The black letter present 7. modestus individuals from Genbank. The red letter present T. septentrionalis individuals from Genbank.

02 Yoy, Uy 270A1= (EF607583, KP267619)
= DAY 95% 71X E AEdS Uehich Yot Ad
et LH ], Genbankoll 55 LHA (6 WA, AR (T.
septentrionalis, A/WAN)ES] COI A|BAE HIFHOZ AFH
At AB/B/AE AT (Fig. 4). FHAL AR (T
septentrionalis)< AF-FATE 02 A 6719 AF £7]
(clade tree)E FASIF oM, 25 B dFoA ARt &
A& Z47] 2 5709 cladeo]] ZE|o] A W F4 ¥
o|7} thFstAl Ueht= AE FRlstgich B3 fARS (T
septentrionalis) 2.2 B 11H 270A|= TR 25 Yol &3
ol FAACE BHAZ EREIUT

Lot Bol& ofFof &3t 165 (FAMAME, Tukifugu
alboplumbeus; BZ{ALE. Arothron hispidus; 71X, Dio-
don holocanthus; B7| 7\ E-X], Ranzania laevis, B Lac-

toria cornuta; AEE, Ostracion immaculatum; Z=F |,

SINFA, Aluterus scriptus; ‘FHF X, Thamnaconus tessel-
latus, BF A, T. hypargyreus; BF A, T. modestus; T. sep-
tentrionalis) 1532 COI A|EAZE ASFAEE HAE &
A5kt (Fig. 5). & A7olA A3 DAL NCBI| &
S A= AeHATH LR 77k Ao = ERIE
3IA|TF NCBIY| 5558 FARES(T. septentrionalis) COI A
A2 Z 27119 A2 (EF607583, MK777832)= WA (T
hypargyreus)?t FBF X (T. tessellatus)@} AlS-AsHH o
2 ZHTA7 7k Aoz UEhen, U] 2719 A
A2 (IN813099, MW485059)= ASHAsd ZABAE
7|Hte 2 TRt ERAor 2 FOo= eRlHT

d|

Pseudobalistes flavimarginatus; 7F=H8F A, Abalistes 2 A7 Adsiet THA 9 RFHY 4S5 7=
stellaris; IF X, Balistoides conspicillum; 7FXFA], a2 AASHH, mtDNAS Hig o g WF |9} SARE (T
Chaetodermis penicilligerus; 2458, Aluterus monoceros;, septentrionalis)® AEHATH B4 53 A3y A
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Talkifugu alboplumbeus (MW881353)

Takifugu alboplumbeus (KY275363)

‘White-spotted puffer Arothron hispidus (MW881360)
‘White-spotted puffer Arothron hispidus (MK256661)
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Longhorn cowfish Lactoria cornuta (MW881361)
Bluespotted boxfish Ostracion immaculatum (MW881365)
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Scribbled leatherjacket filefish Aluterus scriptus (GU674417)
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Black scraper Thamnaconus modestus (TMO2103-29)
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Fig. 5. Phylogenetic tree of the COI sequences in 16 species of Tetraodontiformes constructed by neighbor-joining analysis (bootstrap value
1000). The numbers at the nodes are the percentage bootstrap values. The blue letter present 7. modestus individuals in the study. The red

letter present 7. septentrionalis individuals from Genbank.
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