Korean J. Malacol. 26(4): 285-290, 2010

nEZc g o} Cytochrome Oxidase I F3A} ulA o)
% B 33 A9 Fabd 2 Ay

Species Identification and Genetic Structure of Octopus minor
from Korea and China on the Basis of Partial Sequences of
Mitochondrial Cytochrome Oxidase |

Jung-Ha Kang, Ki Hwan Yu, Sang-Kyu Kim, Jung-Yeon Park, Bong-Seok Kim and
Chel-Min An

Biotechnology Research Division, NFRDI, Busan 619-705, Korea

ABSTRACT

The nucleotide sequences of the mitochondrial cytochrome oxidase subunit 1 (CO1) gene of octopus groups
collected from Muan, Taean, Yesu, Jeju in Korea and Youngsung, Daeryen in China were analyzed for the
identification of species and populations. Six haplotypes were identified from the analyzed 60 individuals. All of the
individuals (N = 10) from Jeju showed the A haplotype which was not observed from other groups, and could be
classified as a distinct group. The analyzed groups could form two separate clade in MEGA4 analysis. The
individuals from Muan, Taean, Yesu in Korea and Daeryen in China form a clase and the others from Jeju in
Korea and Youngsung in China formed the other clade. The analysis of relationship among the groups showed the
same results. Individuals belong to the group A (Muan, Taean, Yesu and Daeryen) showed closer relationship than
individuals belong to the group B (Jeju and Youngsung). Although the CO1 universal primers used in this study
was useful as a marker for species identification among Octopus, analysis of population was limited because of
few variations in the partial sequences of CO1 analyzed in this study. However, it was possible to show the limited
gene flow among the groups which is resulted from the spatial separation and differences in their habitats.
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FA] (Octopus minor) = F41] (0. ocellatus), 9%
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Mitochondria DNA (mtDNA) o] As}&Ers= dubzog
nuclear DNA (nDNA) o w®]s] w23 (Hillis et al.,
1996) 3}tke] AlEel] 43 copyS] mtDNAZ} Slo =g A%
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Fig. 1. Locality of sampling of Octopus minor.

3 copyut A5k & yl] DNA 2t} PCRE o453}
o] SE317)7) ol £3F RARAE EE A4 Az
gro]  dejux] 9o} FU  (intraspecific), % T3t
(interspecific) 9] A=e] AAA<] W3lE A2 5 glof
(Zhu et al., 1994) 72 7% FdBAS el A
A4 oFd EAel ol8"ltk 53] mitochondrial
cytochrome c oxidase subunit I (CO1) FAA= |75
F33 W2 FolA] DNA barcodeZA ¥ i nlAR
universal 3}7] dz] A= glt} (Ward et al., 2005). v
EZ=go} CO1 frAAke] AA| Aol= 1,500 bp Hi£lo]#|
ok, S E71°] DNA nlEEell= o] & #e] #4207 714
o 5 %11 gk A H/ﬂ""—ﬂl% 731 3l 600 bp

o] &3l= A7) ofF-Eolt} (Hebert et
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al., 2004).

T FElvet g (B8], b (AA), o4
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1. A% 852 9 DNAFE

Seufel A AR ks SO Bl of%, AR
4w 27 o9 9 o4 Ageld UA Ang zkw

Aok (Fig. 1.). ZF Aol 242 1070415 dpdez oA
A& 723 99.9% clehzel Rastgltt. DNA F55 34
& o 20mg *2= lysis buffer (MFX-2000, TOYOBO)
o Y¥ proteinase K *28 % Mag Extractor genome
DNA purification kit (TOYOBO) ¢} &7 z= DNA 3
%7] (Mag Extractor MFX-6100, TOYOBO) & ©]&3}o]
total genomic DNAS F&3}ic}

2.PCR&Z % 97|44 ¥4

3 CO1 .,Tx-]z]. PCR &% 4¢3l A= universal
CO1 primer+ HCO2198 (5-TAA ACT TCA GGG TGA
CCA AAA AAT CA-3)9} LCO1490 (5-GGT CAA CAA
ATC ATA AAG ATA TTG G-3)% ~H-31%lt} (Folmer et
al., 1994). PCR A< template DNA 3.1, forward
primer®} reverse primer 2zt 1 g1 (10pM 1), 10 X
Taq PCR buffer 3 x1, dANTP mixture (2.5 mM each)
2.4 pl, Taq DNA polymerase (5 unit p1 0.6 pl1E ¥
T, H¢" FR4E AFEy 30
Thermocycler (PTC-220, BIO-RAD, USA) & ]%‘ﬂ'
PCR 5Z2 94Tol|A 10 min7t preincubation 3 %, 9
4TCoA 1 min7t denaturation 3}“ °w, 51Ce|4 1 min
7} primer annealing 3}%ch 1 % DNA extensiont 7
2ColA4 1 min 3} ¥ 35 cycless 33}tk =& PCR
A o] 1t & agarose gel 7|95 2% 525 DNAS =
712 #lslgdth. PCR 4HES QIA quick PCR
purification kit (QIAGEN) & PCR amplicons #A|g+
5, UIAGEAMe]  o]&slglth. Prism  Big  Dye
Terminator Cycle Sequencing kitE ©]83}¢] 3130XL
Genetic Analyzer (Applied Biosystems) X DNA
sequencing analysis software (Applied Biosystems) &

ol g3t F7IAEE EAsklth

7= el

3. Data &4

& dgelA oAl FA] Bl Fole] 1714 DL SeqMan
software =% 13 (DNASTAR Lasergene 8 package)
o]4-3}o] sequence assembly3le] AZE3}5 1, MEGA 4
233 (Tamura et al., 2007) °l 2J3l] haplotype ¥4
A A=E FAsich
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Az o %

1. mtDNA COI g714 4 £4

PCR primer pair HCO21982} LC0O1490¢°] 2J3l] «lA+=
oF 620bp Z7]= agarose gel A7|GE o8 Fldt = 17
A Aol olgsgitt =3 T 7 % ‘%}"ﬂ’ﬂ gry &
6070A412] ] CO1 714 D= vl o, & d7-ol|A
ARSE ookl Ao A AT -rr"]u—ﬂ' 99% % =
=2 727 #9l=9l T NCBI GenBankol 553 Octopus
minor mtDNA CO1 %7]4< (AB430541) ¥} n]w 3 Ay}
99% AEAS 7HA L YTt w3F e & (Genus) 0E B
F5+= Fo (0. dofleini) & 919 CO1 FAAR= 81%2)
AeAdE Jehiglel. 245 partial CO1 44 97144
oA 131, 334, 352, 382 2 401 A4 97123} (base
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R A T A AR T A AT TT ST AT AR GA T TEGAT CTOCT OO TCCTCTI GEETCAARGR
R T A AR T A AT G TT ST AT AR GA T TEGAT CTOCT OO TCCTCTI GEETCAAR AR

R A T A AR T A A TG TT ST AT AR GA T TEGAT CTOCT OO TCCTCTI GEETCAARGR

R A T A AR T A A TG TT ST AT AR GA T TEGAT CTOCT OO TCCTCTI GEETCAARGR

R A T A AR T A A TG TT ST AT AR GA T TEGAT CTOCT OO TCCTCTI GEETCAARGR

GIGATRARRAGARG
ATGATARARGGA
ATGATARRRGGAG
ATGATAR AR G A RCCAT AGCTGTART AR ATACTGAT CAR AT AR ACR AR
AT A CGAGARGCAT AGCTGTART AR ATACTGAT CAR AT AR ACR AR

GATAGCTGTAATARATACTGATCARACARACR
GATAGCTGTAATARATACTGATCARACARACR AR

LT 0

Al
A
A

AT AR AR A A AGCAT AT TART AR ATACT GAT CAR MO AR ACR RAGGRAGADS

CTATI TG AT T O T T T AT ST ATATT AT AR TAGTAGT TAT GRAGT TAATAGITOCTA
ClATT TG ATT O T T T AT T ATATT GAT AR TAGTAGT TAT GRAGT TAATAGCTOCTA
AT TG ATT O T T T AT T ATATT GAT AR TAGTAGT TAT GRAGT TAATAGCTOCTA
ClATT TG ATT O T T T AT T ATATT GAT AR TAGTAGT TAT GRAGT TAATAGCTOCTA
ClATT TG ATT O T T T AT T ATATT GAT AR TAGTAGT TAT GRAGT TAATAGCTOCTA
ClATT TG ATT O T T T AT T ATATT GAT AR TAGTAGT TAT GRAGT TAATAGCTOCTA
AT T AR A T T O T e TR A T Ce A ToAGA AR ATTEC TAGCTCTACAGAT GETOCTG
AR TG AR AT T T TR AR T oA T AGR AR ATTGCTAGGT CTACRAGAT GETOCTG
AR TG AR AT T T TR AR T oA T AGR AR ATTGCTAGGT CTACRAGAT GETOCTG
AR TG AR AT T T TR AR T oA T AGR AR ATTGCTAGGT CTACRAGAT GETOCTG
AR TG AR AT T T TR AR T oA T AGR AR ATTGCTAGGT CTACRAGAT GETOCTG
AR TG AR AT T T TR AR T oA T AGR AR ATTGCTAGGT CTACRAGAT GETOCTG
AT GGG AGATI TCT ToATA AR GRAGGAT ATAOGGTTCAT OO TG T TCCTACT OCTCTTT
AT GGG AGATI TCT ToATA AR GEAGGAT ATACAGTTCAT TG T TCCTACCOCTCTTT
AT GGG AGATI TCT ToATA AR GEAGGAT ATACAGTTCAT TG T TCCTACCOCTCTTT
AT GGG AGATI TCT ToA TR AR GEAGGAT ATAOGGTTCAT TG T TCCTACT OCTCTTT
TATGAG G AGATI TCT ToATA AR GEAGEAT ATACRAGTTCAT OC TG T TCCTACT OCTCTIT
AT GGG AGATI TCT ToATA AR GGAGG AT ATAOGGTTCAT DTG T TCCTACCOCTCTTT
R A T e A GA G TA R TR AT A RS T TA GGG AR G RA GGG A AR GTCARAAT CTTAT AT
A T G A GAGET TA R TR AT A RS T TA GGG ARG RAGGARG AR GTCARAAT CTTAT AT
R T e A GA G eI TA R TRAGT ARG e TA GG ARG RAGGARG AR GTCAR AAT CTTAT AT
A T G A GAGET TA R TR AT A RS T TA GGG ARG RAGGARG AR GTCARAAT CTTAT AT
A T e A A G eI TA A TA ST A RS e T TA G o AR G RA GG ARG AR GTC AR AAT CTTATAT
A T G A GA G T TA R TR AT A RS T TA GGG ARG RAGGARG AR GTCARAAT CTTAT AT
TATTTATT Ceeee AR TG TATAT (T e TG CACCTAATATTAR AGGARCT ARATCRAATTTC
TATTTATT Ceeee AR TG TATAT (T e TG CACCTAATATTAR AGGARCT ARATCRAATTTC
TATTTATT Ceeee AR TG TATAT (T GE TG CACCTAATATTAR AGGARCT ARTCRATTTC
TATTTATT Ceeee AR TG TATAT (T e TG CACCTAATATTAR AGGARCT ARATCRAATTTC
AT T AT T GG ee A TG TATAT CT Go Te C A T ART AT T AR AEGAACT AATCRATTTC
TATTTATT Ceeee AR TG TATAT (T e TG CACCTAATATTAR AGGARCT ARATCRAATTTC
CRARTOTCOGATTATARCAGGTATTACTARARAR
CRRRTOTCOGAT TATARCAGSTATT ACTARAR AR

CRARTOTCOGATTATARCAGGTATTACTARARAR

CRARTOTCOGATTATARCAGGTATTACTARARAR
CRARTOTCOGATTATARCAGGTATTACTARARAR
CRARTOTCOGATTATARCAGGTATTACTARARAR

1ol 0

ATTATTACRRATGCATGTG R
AARTTATTACRRATGCATGTG A
AARTTATTACARATGCATGTGA
AARTTATTACARATGCATGTGA
AARTTATTACARATGCATGTGA
ATTATTACRRATGCATGTG R
ST A AT A A AT TAT AR AGT TGATC AT (AT TGAGT ASTGARM CTGET TGACCTAATICR
ST A AT A A A T T AT A AT T AT AT A T ToAC T AS TG AAMC CTGCT TGACCTAATTICA
ST A AT A A AT TAT AR AGT TGATC AT (AT TGAGT ASTGARM CTGET TGACCTAATICR
ST A AT A A AT TAT AR AGT TGATC AT AT TGAGT ASTGAA CTGET TGACCTAATICR
ST A AT A A AT TAT AR AGT TGATC AT (AT TGAGT ASTGARM CTGET TGACCTAATICR
ST AT A A AT TAT AR AGT TGATC AT AT TGAGT ASTGARM CTGET TGACCTAATICR
CTADGRATTATTAATCTTARAGARGT G268
GTAOGAATTATTAATCTTARAGAAGT 6I6
CTADGRATTATTAATCTTARAGARGT G268
CTADGRATTATTAATCTTARAGARGT G268
CTADGRATTATTAATCTTARAGARGT G268
CTADGRATTATTAATCTTARAGARGT G626
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Fig. 2. DNA sequence alignment for a partial region of the mitochondrial CO1 gene in 6
haplotypes isolated from the Octopus minor.
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Table 1. Frequencies of polymorphic sites detected in the sequenced partial mitochondrial CO1 gene through

the populations

131 334 352 382 401
A G A G T C A G A G
Jeju 1 0 0 1 1 0 1 0 0 1
Korea Taean 0 1 1 0 0 1 0 1 1 0
Yesu 0.1 0.9 0.9 0.1 0.2 0.8 0.1 0.9 1 0
Muan 0.1 0.9 0.9 0.1 0.1 0.9 0.1 0.9 1 0
China Daeryen 0.2 0.8 0.8 0.2 0.2 0.8 0.4 0.6 1 0
Youngsung 0.9 0.1 0.1 0.9 0.9 0.1 0.9 0.1 1 0
Table 2. Relative frequencies of mitochondrial DNA CO1 gene haplotypes through the populations
Haplotype A B C D E F
Jeju 1 0 0 0 0 0
Korea Taean 0 0 1 0 0 0
Yesu 0 0 0.7 0 0.2 0.1
Muan 0 0 0.9 0.1 0 0
. Daeryen 0 0.2 0.6 0.2 0 0
China Youngsung 0 0 0 0.9 0.1 0
substitution) ©] A=, o]F Hol: EF transition Az HNATFE C type 0.6, D type 0.22 A=Y,
(A—G, C—T) L& transversion (A<T, A—=C, CoG, G— A NAT-E D typee] 0.9, E type 0.1% £A=glch E,LH]

T) Wol& #2=A] At} (Fig. 2.). 47 EAl] <3 o
T &4 glo] B3] AEshy] SlsiAE F T4 &
ARk S HolAdo] F1F Hol e vlsl A v
7}A ok gt} (Hebert et al., 2003). 128 A2t 254
5 wEZ=eoke] Zo]7t 150 kb oo w2
COLE WIS ool w34 (coding) #4142
ZF wolAdo] A9 glo] & Ao o] &% 4 gle AFx o
t} (Chase et al., 2005). £ AFoA= 5709 A7|x]3 9]
204 7 Ak 7H74]‘7"ﬁ Hol & AR 27, I G A
& AFE A g3 EHO]' o], Fob) Adke] ATl
A9 allele HJE.‘C °"}5]’ , Zﬂ-r kel ®E JiA (N
FAMez FAsHHA v g Ao A
9z allele +E& 7FA| 2 919} (Table 1). 5=
1 S2uet eicl o, Fob Ao

4 ARe A% AR S

o
O

N tlo r1r O

lo o r°"

OPN R oma oo

2. Haplotype ¥4}
v EZ=go} CO1 A4k 131, 334, 352, 382, 401

71924 d7] =3kl 28k 6%-2] haplotype (A, B, C,
F) & 7% 5 itk AFE Aee o]
NATZE C haplotypel =, ©jet Yz AAlEel 74
A7 (N = 10) C type, 5= /AT14<] C type
0.7, ¢t AMAIZAAE 097 BE= o, AF AATF
7% 2E A (N = 10) 7} A haplotype 2 & t}= |9
gk Aol & epfdch At A AAlTel A5

o
k=
D

U
=
2
£l

H oo r\nipﬂ

GA] Aol A F2= haplotype +E9= W2 AlolE e}l
Y= 7oz BA=90c} (Table 2). %% 671 haplotype
F 789 cluster® yFolARIA $-2ue} Al S5 94
Acke] AAFANM 2 TZ= haplotype A<t haplotype
D7} &fute] clusters A8k, F<F, Bl o5 222 F
= U= AdelA F2 3E Y haplotype B, C, E7} o}
E 31} clusterE A2 ot (Fig. 3.).

N

3. AR
% % (Genus) | 3= #°] (O
672 FAA G FARAE EA8)
A o] FAA Azl 0.2896% FAE L, A
group® & 71| group A <l ¥ E,Lq}
282 = o Hde] 2=, group B <l
AlF AR S JdRde] 2= SITh Group Al &3
AT Aol Hd 734 Al 0.0051% v 7M7kg] &
A ERTH AA Aols 24 g2 Aew 5 g
dgre] S F AMAAR = AW AMAE 7o
(KMA) 7} ek (KTA) ©] F Aikx]olm o]& A
FAA AN A FAE DAY
(KJC) 9 shitewe AARAZ 3l o4 9]l 3¢
g4 Ag] W AHo 32 qlsf AJghdql gene flow= A%<
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——
0.02

Octopus dofleini

Fig. 3. Relationship of six haplotypes mitochondrial CO1 sequence in Octopus minor.
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Fig. 4. Genetic relationship of Octopus populations in Korea and China.

OHEs, Ath 2l §5 (1) b Aos 1492
Telgich & AT £ 94 (CYS) Ake 23 o
Aol 93 AR AT AAAe R ke Aos R
o, 5% 4 AlA 28 94 AAA L et AE
st oW FEAe] A BT et 9 Aoz g

2 o

2 A7E vt el ikl o5, AF A W F= 4
, HE K9] Ia] AR F g AEAS g8 nEE
o} CO1sAA] 7|ds AT S 4L
0 7HA| =¥l 6719 haplotypeO] A Al A
Ql A% ZE A (N = 10) 7} & Aol As #3257
A haplotype 2 4= o] 9lo] v} A7} T8t 2}
£ yehliich. o] haplotype MEGA 4 #4¢] 2]s
71H clade® v¥lo] A=) sz T3k, 1=41 ol FI
qeiddo)dn e shjs AF 2 GG ‘Jrﬁ“
T25 sk otk Ad 7 l";rjfﬂ]xt_ 7o '6:]/\OP
o] #A=]r}. Group Ao £3l= Fok Eigk o4 o A
ko] YA AL group B (AIF, G4) °ll #s}{— At 7]
AT 2} A2 A7) ofF skt B el Akgst
AL v RA AT

Nf‘l°r~m—“i

41 & 82 Ml o (M ox

CO1 universal primers £ 3

o= f8sh B89 4 919lov partial CO1 47 )

=20 = T
o] WHo 7} WA ¢k wjFol] Aol A7} glon, A
g4 A W AH aejz AR o] FollA e AlFtA
gene flowol] 3t =2+ 712 7oz gl
A AL

2 Q7 F5a7skd (RP-2010-BT-038) Aol <3

3= 5T
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