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ABSTRACT

In this study, an attempt has been made to analyze the morphology of Cephalopods distributed in Korea and
collected samples from South-East Asian countries including Thailand, Indonesia, Vietnam, and China. A
phylogenetic analysis was performed using the mitochondrial gene, Cytochrome ¢ oxidase subunit | (COIl) to
understand the genetic divergences of the species and validate their origins. For achieving the objectives, samples
were collected directly from Thailand Hat Yai, Songkhla, Indonesia Medan, Vietnam Ho Chi Minh, and Vung Tau in
August 2015 and from China in September 2015. A total of 23 species of Cephalopods were identified falling
under three orders, four familyies and nine genus. The species were distributed under Order: Octopoda (1 family, 3
genus, and 9 species), Order: Sepiolioda (1 family, 2 genus, and 8 species), and Order Teuthoidea (2 family, 4
genus, and 6 species). 23 species which is 1 family 3 genus 9 species in Octopoda, 1 family 2 genus 8 species in
Sepiolioda, 2 family 4 genus 6 species in Teuthoidea. Phylogenetic analysis using COIl gene was conducted for 18
species. For the remaining 5 species sequencing results showed severe variation and hence were not considered
further. The COI phylogenetic analysis for the 18 species of Cephalopods were found consistent with the
morphological identification. The excluded species will be subjected for a further detailed analysis.
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Fig. 1. The collected area from four-nation. A.
Thailand; Hat Yai, Songkhla area, B. Indonesia;
Medan area, C. Vietnam; Ho Chi Minh and Vung
Tau area, D. China; Yentai area.
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Table 1. COI primer sequence

9w g Ao, 279 Ae e 2 Aoz
Aol 20154 895 109744 A%E Asisiel. A
Aol 4 7V AR QA AR AR Pt
% 9 2 ol g ARE Flslgleh AAelN FA%

sefolool iz W ¥, A% LAY BT 4512

%5}01 S| wkslsksich

2.3 53

sy EE 84 s Sk AR 2 A
AATEE $A9% 2 % 99T TE F, 5 54E V)
gt 4 F=FY £ T4 Jereb & Roper (2005,
2010), Jereb et al. (2014), Okutani et al. (1987, 2000),
Okutani (1995, 2005), Normam (2000), Sreeja et al.
(2012), Norman & Lu (2000) 59 =7 ¥ =85 »u3}
ek F 54 A% £ oFe] Gk Folt Az 9L
A7) o] Bigla, i 3G B AR B2
s 3l B5 A A= Jereb & Roper (2005, 2010), Jereb et
al. (2014) & w3t}

3. & 3-8 marker nucleotide &4 2 7} {934 14
1) DNA extraction

Z7re] FAH FEF AE A4S AT Alo|=E e
o] grinding ¥ DNeasy Blood & Tissue kit (QIAGEN)

£ o]&3lo] DNAS =Z3dlo] %% 140 o)A, purity ZHe
1.8-2.0 (OD260/280) ©] ¥+ 7S AR89t}
2) DNA ZE % =

%3 DNAE COI universal primers AR-3}o] DNA
2 2239t} (Table 1). PCR 27¢ 10X PCR buffer 2
#l, 10 mM dNTP Mix 0.5 pxl, Solgent*} Taq
polymerase 0.2 x1, Foward primer (5 pmol) 0.5 x«l,
Reverse primer (5 pmol) 0.5 1, genomic DNA 2 g1,
Grade WaterE mix & 3% 2720 thermocycler (Applied
Biosystems) & A8-3}¢] 96°Co|A] 3 min denaturation ®F
< & 96TeolA 20sec, 50C-55Tol|A 20 sec, 72TCA 1
min 3¢ 35 cycle® PCRS %13 3}it).

3) COl MK MY AlHA
ABI 3730XL DNA AnalyzerZ o]&3le] A7]9] =70

primer name

sequence

COI-LCO1490
COI-HCO2198

GGTCAACAAATCATAAAGATATTGG
TAAACTTCAGGGTGACCAAAAAATCA
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% 3¥%3 PCR products Big Dye Ready Reaction Mix
(v3.1) 0.5 pl, 5x buffer 1 1, DMSO 0.5 z1, primer (10
pmol) 0.5 1, Template 1 11, Grade Water 6.5 1 2 =
722 mixtured TF= ¥, 2720 thermocycler (Applied
Biosystems) = AF8-3}] 96 Co4 1 min denaturation ®F
< % 96TColA] 10 sec, 52ClA 5 sec, 60TC|4 4 min &
o} 35 cycle sequencing PCR< #13) 3}3it}. Sequencing
PCRZ ZZ% DNAE: EtOH Aoz AAF ¥ ABI
3730XL DNA Analyzer® 43 sequencings #1333} o}

]

4) COI MY =2 3 7t fdA 24

ofalgko 2 Al ¥ 7+ chromatogram S-S Phred
(Ewing and Green, 1998; Ewing et al., 1998) AT E ¢Jo]
£ A43}e] base calling 3}e] FASTA ¥wioz H3l &
cap3 (Huang and Madan, 1999) T2 I13& o]&3}
assembly 33tk &E =17 COI A EE2 NCBIY 5%
slgon AAEE AL BLAST A¥ (Lee et al, 2004;
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Kang et al., 2014; Kang et al., 2015) & o] &3} e
Feb COI MEe &3 ¥79 54 Fds Falsisich
Clustalx (Higgins and Sharp, 1988) T2 133 o]&-3}o]
054d a8 F A9s AIEE 71£2E MEGA 6
(Tamura et al., 2013) T=ZI13:L o]&3l¢] Maximum
likelihood ®}2] (bootstrap 1000) 22 phylodendrogram
& s

Zy g o
1.49 ¥55 34
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2 B3 WA 7Y FERE Lol 13} 3% 0%, BoAE
13} 245 8%, 94°1% 23} 4% 6% F, ¥F 3% 43} 9% 23
Foldh BPERE F% 3% 8% 74 1%, W= 3% 39}
5% 14%, = 35 37 4% 6%, lxzvlAlo} 35 33 75 9

Folieh

FdolAlo} W% G, MEY, HE, ARdAch £ F5% 55

Order Octopoda Leach, 1818 Fo]&
Family Octopodidae d'Orbigny, 1840 o]z}

Genus Amphioctopus Fischer, 1882 F71|& (A1A)
Amphioctopus aegina (Gray, 1849) Z|FHw| (1A AFAE: WEY, 8=, dEdxoph
Amphioctopus fangsiao (d'Orbigny, 1839-1841) 71| (AZA&: F=, HEY)
Amphioctopus marginatus (Taki, 1964) 3to]of5Fu] AA) (AA&: HE, )
Amphioctopus exannulatus (Norman, 1993) ZoFFn] (AlA) (A A 5: HEY
Amphioctopus membranaceus (Quoy & Gaimard, 1832) @7 u] (A A =: €F)
Amphioctopus rex (Nateewathana & Norman, 1999) H=mz]F4u] (AlA) A Az HEY

Genus Octopus Cuvier, 1798 o<
Octopus minor (Sasaki, 1920) 9 #]

QAR T, B, Ed|Aloh

&
Octopus vulgaris Cuvier, 1797 &0 (A3dAE: )

Genus Cistopus FHUGAE (A1A)

Cistopus taiwanicus Liao & Lu, 2009 diutEm U] (A1) AEAE: WEY, sz o}

Order Sepiolida Fioroni, 1981 7} % ¢]&-
Family Sepiidae Leach, 1817 3} A o]%}

Genus Sepia Linnaeous, 1758 3} 9 A o] 4

Sepia aculeata Van Hasselt, 1835 &5

Sepia lycidas Gray, 1849 &Y 7t9 A

Sepia pharaonis Ehrenberg, 1831 =2}

Sepia kobiensis Hoyle, 1885 F247r9 Ao (A

A= WEW
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Sepia madokai Adam, 1939 ¥l=31 e Ao} (A3AF: HEW

Genus Sepiella Gray, 1849 |7} 24 o<
Sepiella inermis (Van Hasselt, 1835) F7tA3teA o] (AA) ARAR: =, d=v]Ao}
Sepiella japonica Sasaki, 1929 &3} Ao (AA7: )

Order Teuthoida Naef, 1916 A=
Family Loliginidae Lesueur, 1821 Z57|%}
Genus Loliolus Steenstrup, 1856 ZI7]< (A1)
Loliolus (Nipponololigo) uyii (Wakiya & Ishikawa, 1921) H2AZE%7] AA) AZAE: TF)
Genus Sepioteuthis Blainville, 1824 JZEF7]|4 (A1A)
Sepioteuthis lessoniana Ferussac, 1831 AZF7] (AdAg: £, WEY, =, sdxdAoh
Genus Uroteuthis Rehder, 1945 #Z7])4 (A1A)
Uroteuthis (Photololigo) chinensis (Gray, 1849) 3tz &5 7] (”EZHE: HEG g5, al=vAo}
Uroteuthis (Photololigo) edulis (Hoyle, 1885) #-&5-7]
Uroteuthis (Photololigo) duvaucelii (Orbigny, 1835) <l
Family Ommastrephidae AF$ A o]z}
Genus Todarodes Steenstrup, 1880 ZAk9 Aoj& (A1A))
Todarodes pacificus (Steenstrup, 1880) A2 Ao} (AHAF: )

( A8
el (*L ) ARAE: sl=vlAeh

Table 2. COI sequence NCBI accession List (Accession number: LC121533 - LC121582)

Species Accession Number Species Accession Number
Amphioctopus aegina LC121533 Octopus vulgaris LC121558
Amphioctopus aegina LC121534 Sepia aculeata LC121559
Amphioctopus aegina LC121535 Sepia aculeata LC121560
Amphioctopus aegina LC121536 Sepia kobiensis LC121561
Amphioctopus aegina LC121537 Sepia madokai LC121562

Amphioctopus exannulatus LC121538 Sepia pharaonis LC121563
Amphioctopus fangsiao LC121539 Sepia pharaonis LC121564
Amphioctopus fangsiao LC121540 Sepia recurvirostra LC121565
Amphioctopus fangsiao LC121541 Sepia recurvirostra LC121566

Amphioctopus marginatus LC121542 Sepia stellifera LC121567

Amphioctopus marginatus LC121543 Sepiella inermis LC121568

Amphioctopus marginatus LC121544 Sepiella inermis LC121569

Amphioctopus membranaceus LC121545 Sepiella japonica LC121570
Amphioctopus membranaceus LC121546 Sepioteuthis lessoniana LC121571
Amphioctopus rex LC121547 Sepioteuthis lessoniana LC121572
Cistopus taiwanicus LC121548 Sepioteuthis lessoniana LC121573
Cistopus taiwanicus LC121549 Sepioteuthis lessoniana LC121574
Cistopus taiwanicus LC121550 Todarodes pacificus LC121575
Uroteuthis duvaucelii LC121551 Uroteuthis chinensis LC121576
Loliolus uyii LC121552 Uroteuthis chinensis LC121577
Octopus minor LC121553 Uroteuthis chinensis LC121578
Octopus minor LC121554 Uroteuthis edulis LC121579
Octopus minor LC121555 Uroteuthis edulis LC121580
Octopus minor LC121556 Uroteuthis edulis LC121581
Octopus minor LC121557 Uroteuthis duvaucelil LC121582
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Amphioctopus aegina (LC121536)
1 Amphioctopus aegina (LC121537)

190 Amphioctopus aegina (LC121533)
45 Amphioctopus aegina (LC121535)

r Ampbhioctopus marginatus (LC121542)

42

100 | Amphioctopus marginatus (LC121544)
Ampbhioctopus fangsiao (LC121539)

100 Amphioctopus fangsiao (LC121541)

— 100 - Amphioctopus fangsiao (LC121547)
qg | Cistopus taiwanicus (LC121550)
100 Cistopus taiwanicus (LC121549)

Cistopus taiwanicus (LC121548)

56

Octopus vulgaris (LC121558)
100 [ Octopus minor (LC121555)

! Octopus minor (LC121553)

100 r Octopus minor (LC121556)
100 L Octopus minor (LC121557)

—
0.02

Fig. 2. Molecular Phylogenetic analysis results of Order Octopoda using MEGA6 (Maximum Likelihood method)

100 Sepia aculeata (LC121560)

55 L Sepia recurvirostra (LC121565)

Sepia madokai (LC121562)

— Sepia pharaonis (LC121563)

100 | Sepia pharaonis (LC121564)

Sepiella japonica (LC121570)

100 r Sepiella inermis (LC121568)

ol Sepiella inermis (LC121569)

—_
0.02

Fig 3. Molecular Phylogenetic analysis results of Order Sepiolida using MEGA6 (Maximum Likelihood method).
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Todarodes pacificus (LC121575)

SHOAIOL 4= 5572 25 € HESEFSH A2
100

Sepioteuthis lessoniana (LC121574)
Sepioteuthis lessoniana (LC121573)

9

0 I'{ Sepioteuthis lessoniana (LC121571)
8! Sepioteuthis lessoniana (LC121572)

100 Uroteuthis duvaucelii (LC121551)
L Uroteuthis duvaucelii (LC121582)

Uroteuthis chinensis (LC121576)
’i&lroteuthis chinensis (LC121578)
100

31

| Uroteuthis chinensis (LC121577)
Uroteuthis edulis (LC121579)

—
0.02

Loliolus uyii (LC121552)

Fig 4. Molecular Phylogenetic analysis results of Order Teuthoida using MEGA6 (Maximum Likelihood method).
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