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The Geographical Distribution and Genetic Distance of Yellowfin
Goby (Acanthogobius flavimanus) off the Coast of Korea

Hyunsang Shin, Youn Choi, Kiyoung Lee’

Department of Marine Biological Resource and Aquaculture, Kunsan National University, Gunsan 54150, Korea

Abstract

A total of 64 individuals of Acanthogobius avimanus, which inhabit the coast of Korea, were collected from 8 regions from
July to August 2023. A haplotype network and a phylogenetic tree were created. The genomic DNA of the target fish species
was compared and analyzed with the genomic DNA of four regions in Japan downloaded from the National Center for
Biotechnology Information (NCBI). In the haplotype network of Acanthogoboius flavimanus, Eocheong-do (EC) and Goseong
(MA)) exhibited low genetic similarity with other regions in Korea and Japan. The Phylogenetic tree showed that the
population of MAJ exhibited differences in genetic structure compared to populations in other regions of Korea and Japan,
indicating a distant relationship. Most marine organisms are known to migrate and spread via ocean currents, which is the
most crucial factor promoting gene flow through larvae between populations. The haplotype of Acanthogobius flavimanusin
MAJ differs from the haplotypes in Korea and Japan. The population in MA] is believed to have limited genetic exchange due
to the North Korea Cold Currents. We identified haplotype patterns based on the geographical distribution of Acanthogobius
Havimanus off the coast of Korea and inferred that ocean currents have some influence on genetic distances.
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EolE 5 WEoIGobiidae)e &F 189% 1,359%
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Fig. 1. Map showing the collected samples of the neighboring seas nearby Korea.
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Table 1. Collected sample locations of Acanthogobius Havimanus

Country Sites Locations
EC Eocheongdo, Gunsan-si, Jeonbuk-do
WD Wando-gun, Jeollanam-do
YS Yeosu-si, Jeollanam-do
NH Namhae-gun, Gyeongsangnam-do

South Korea

GJ Geoje-si, Gyeongsangnam-do
BS Gijang-gun, Busan
YD Yeongdeok-gun, Gyeongsangbuk-do
MAJ Munamjin-ri, Goseong-gun, Gangwon-do
SHI Shimonoseki, Yamaguchi Pref.
FUK Fukuoka, Fukuoka Pref.

Japan*
KIT Kitakyushu, Fukuoka Pref.
SEI Seikai, Nagasaki Pref.

* These data were downloaded by NCBI

a:h E ZHAotal Qlo] = E =Fejof| A thafet

Tt AYE T QU B RAYES WA Y AL

O] 8= 59 FolH, HAG E=AYL0 =2 714
2 Zo]tChoi, 2011; Hirase et al., 2017).

2t 5e 9 FefE E4(Song et al., 2010a; Song
et al., 2010b; Zhicheng S. et al., 2020), 2JH=Z 7]
A = AE(Neilson and Wilson, 2005; Moore et al.,
2008:; Hirase et al., 2017), 23783} <ol thgt A+
(Suzuki et al., 1989; Kuno and Takita, 1997) 5°I
cheFstAl = ATt

THoH= &5, AH 2 =5 EA A9 (Lee,
1992; Choi et al., 1996; Lee, 2001)2t 5017
27 AHE 9 F 55 A3 A3 AoHKim et
al., 1987; Lee, 2013). 1=}, Y=olat o] 7] F-4
] EA4T A4 Exof mbE A1 A= 1]
tot, ohebA], 2 Aol ukat ZF Akl A
e 24YS AT /474 Aol & At
Sh= Rt e] B2 Al S5 WAIE whetotarat
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b H{ro1> ool
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folts

20239 7457 H 8E7HA v A gkl A =

F(15 x 15 m)TF ZFHG x 5 m)E ©]-8ste] i of
Z2 Aot e, Y29 DNA F7IA g2 vl=
=P Y= A (National Center for
Biotechnology Information, NCBD)olIAl Al&sdh=
AR E o859 tHFig. 1, Table 1).

AR B4 AR el 25 22 E= oA
HAAE 95% oflgt-Eol Aot 4 §52(-70T)°l
Hystolth, B Als DNA 26l 46|
80 25 ollioll Alis DNA &5 245t

2.2. O E2E2|0} DNA £A

F2; B8 AF A oA n[EZERof DNAS
Silica Magnatic Bead ¥ 22 &5}ttt & A+
oA HEZEEoF DNA 99 % Cytochrome ¢
oxydase subunit I (COI)¢t D-loop (Control
region) ¥ 9-& o]&s3th. 523 DNA+ Hirase et
al. (2017)°llA et FA2F primer COI
(Forward:  5-ATGGGGCTACAATCCACCAC-%,
Reverse: 5-AGGTGAAGTATGCYCGTGTG-3)= D-loop
(Forward: 5’-TCCCATCTCTAGCTTCCCAAA-%,
Reverse: 5/-AGACTTTCCTGTTTCCGGGG-3)&
ALgsto] Z-Zstgint

A o F9] A= DNA 2 @, dH20 15.1 @, 10x
Reaction Buffer 2 w, dNTP 0.5 @(Z 150 nM),
Primer(F/R) Z+ 0.1 ul, Hot-start Taq polymerase
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Table 2. DNA sequence information downloaded from NCBI

Country Region Sites Name
LC213732
SHI
LC213758
LC213778
FUK
] D4 LC213779
apan -loo
P P LC213730
KIT
LC213731
LC213783
SEI
LC213784

0.2 u (1 unit)E AR O 2 Hrksto] & 20 U= S
ottt =35 PCR ¥ 8942 ProFlex™ PCR
system (Thermo Fisher Scientific Corporation,
USA)= o]-8sto] 7] ¥4 95T 5+ ©1F, 95T 20
%, 58T 20%, 72T 35%%& 323] §tESIQInh 254
Z §RE2 75T 583 AYe o2 4TE FA5HH L,
2% oPFE A AoA 71955t PCR productsE
SelskaiTt.

#]%& PCR productse Silica magnetic bead®=
dye terminator kit (BigDye")Z mtDNAES A5
o}, A€ mtDNA @71 g2 2 Aol o]-§3F e}
o] %8 Macrogen Inc. (Seoul, Korea)ll #5547
FFo R A7 25Tt Geneious Prime
ver. 2023.2.1. (Raco et al., 2023)& ©o]&5}o]
Alignment ¥ Assembledt ATt

2.3. 0[] 24

EAYES] mtDNA 24 9
Geneious Prime= A8t
PopART ver. 1.7 (Alvi et al.,
haplotype2 &<lst3 1L, 7+ 24 <] 43
218}517] 915 TCS Network =2 E-4J5}F Tt

2 AT i o7 647AIE tHeRE BEXAE &
&SPt Outgroupe ©AEA A stim-
othomusz AAston, EAATE 24 Sl
IQ-TREE ver. 2.2.2.6 (Zhang et al., 2020)& ©]-8-5}
o] Maximum Likelihood(ML)E 245901, bootstrap
21,0002 A4t Bayesian Information
Criterion BIC)&= & % ARERt F-4Z} o] wef th=4)

[¢)

2-gst3loH, K2P (CO 1), HKY + F + G4(D-loop)
285ttt FigTree ver. 1.4.4 (Zhang et al.,
2018)2 EAAEEE T AslsH .

=U AQtoll A EARF ZEUE2] DNA |7 14892
A -E2(Shimonoseki (SHI), Fukuoka (FUK), Kitakyushu
(KIT), Seikai (SEI)S] DNA @71xgxt Hlwatgct
(Table 2). €29] 2ALE HoJEl= D-loop F9=
ZF 2143 27048 & 87RAIE AHE-sEaiTh

o}

3.1. S LIES|3(Haplotype network) &4 U 2|

= =

A= P om, Fofigtolx= L=(WD), AA4(YS), &
SIINH)2F AANG)olA 3270417 E@sEA L, Bt
ol A= BAHBS), FE(YD), AJMAN A 2470A17F
SIS}, Z 870 2ol A 647RAI(A S 2+ 870 A))
O] TEAYEE At o, AR A o Foll A =
3t DNAS A4E Zeol= COI7F 921 bpeldy,
D-loopt 796 bpelSitt.

647HA1e] = EES COT = 23}, 9719
Haplotype (H1~H9)°I3ith. E3t, 6470419 =W &
23} 87hA|¢] Y& DNA A714 8-S D-loop= Hl -
B39 A3t 32709] Haplotype (H1~H32)= &31=]
Aot 3 2449 Haplotype networks 5 H &
&= st Fig. 2).

B 35}
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Fig. 2. Haplotype network by markers. Details of the locations are shown in Table 1.
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Fig. 3. Phylogenetic tree by markers.
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Table 3. Genetic identity of Acanthogobius flavimanus haplotype(COI)

H1 H2 H3 H4 H5 H6 H7 H8 HO

HI1_EC -

H2_EC 0.9989 -

H3_WD 0.9989 0.9978 -

H4_BS 0.9989 0.9978 0.9978 -

H5_BS 0.9989 0.9978 0.9978 0.9978 -

H6_YD 0.9989 0.9978 0.9978 0.9978 0.9978 -

H7_BS 0.9989 0.9978 0.9978 0.9978 0.9978 0.9978 -
H8_MA] 0.9966 0.9955 0.9955 0.9955 0.9955 0.9955 0.9978 -
H9_MA] 0.9978 0.9966 0.9966 0.9966 0.9966 0.9966 0.9966 0.9989 -

218)H 02 Haplotyped =43 23} COI 949
o]l 5= Haplotype =7t 471 (H1, H4, H5, H7)Z 7V
theFstA Urehd BSell A= Hi1ol 4704, H47F 2704,
H5%F H70] 22 170A] o2 &A= ik Yset GJell
A % H1o=Z 93t Haplotyped UWERATH
(Fig. 4).

D-loop 94 Haplotype 57} 714 thksHA|
Uehd 282 vset YDE 2zt 7702 ekttt YSo
A= Hiol 27HA2 ER1=%a, H9¢ H10, H16,
H19, H23, H247t 247t 17HA1 2 T I} YDA
= H11°] 27RAIZ 7P =2, H13 H7, HS, H12,
H13, H30°] 22t 170412 £4 =] 3ok (Fig. 4).

3.2. AlS=(Phylogenetic tree) L |21 72|

CO1 999 A= avatelA A E QA
< ez EA5AtHFig. 3a). MAJ (H8_MAJ,
H9_MA)) 7RIl ®3l BS (H4_BS, H5_BS), EC
(H1_EC, H2_EC), YD (H6_YD)Z WD (H3_WD) 7H
Al Zro] {AH AL 7F FAEAY B2 A0 =2 et
Wit

D-loop ¥99] ASsE $Evatet & F¢
5 40 A9 MAEE e R BAsHtHFig.
3b). NH (H18_NH, H19_NH), FUK (H1_FUK), SEI
(H16_SEI, H17_SEI, H15_SEI), KIT (H4_KIT)%t
SHI (H14_SHI) A1gef Baxsh= /HAl 7He] 544
A&7t 77k Ao ER1E it

A4 Agle F424 54/(Genetic identity)2]
AgrE o835ttt CO1 I99L 49 14 A
(0.9955 ~ 0.9989)°] Th= U 2] 7HA|:2(0.9978 ~

0.9989)°l| H|af AT 2po] & KT BFH H8 MA]
Haplotype®] H2_ECS} H3_WD, H4 BS, H5_BS,
H6_YD Hplotype} 0.99552 534 Agj7} 717 H
2o g2 SRIEITHTable 3).

D-loop ¥9ellAl= H6_EC Haplotype©l H31_
KIT Hplotype® 0.98182 4744 A&7l | Aoz
SRIE22, H3_NH Haplotype®l H1_FUK<}
1.00002.2 474 A7} Zfol7F AL gl AL R
EFTHTable 4).

4. 1

]

Seuetet S, Y29 FAUEA =53 DNA
2 Haplotype network®} Phylogenetic treeE =4
slste] 219707 BA5)

2/ Haplotype (H1)< = A9 & MAJ (CO 1)
9} EC (D-loop)E AlQJet BE A HoflA TEEe
u, 270 oHA(CO 1, D-loop) fr&°] BF ¥ Ry
Haplotype network® ZFRI= 2 th(Fig. 2). ol+= A4
A & QIS g iAol 44 B3t HAYe
ZAS 2 Heo et al.(2022)9] Axte} x|,

EC % MAJ 74l =i o2 Z1S(WD, YS, NH,
GJ, BS, YD)#+ Q2 2] SI(SHI, FUK, KIT, SED°ll H]3l
FATAZE F2 A o= Yttt o= COT F9°l
Al H8ZF HOS| 3ol MAJelARE &=L, D-
loop G 9lA= H59F H6, H14, H259] -3¢l ECell
Ak SRIE ek, ERL A= MAJO] 7HAlT-e] =
Ul ohE Ao 2 A& A A 27 A e
2 ZRIF I



244 Al

rl
o
B
Ho
o,
N,
of

Table 4. Genetic identity of Acanthogobius flavimanus haplotype(D-loop)

H H H HA H H6 H H HY HI0O HIl HI2 HI3 H4 HI5 HI6 HI7 HI8 HI9 H0 H21 H2 H3 H4 HS H6 HJ HB HY9 HO Hl

H1_FUK -

H2ZNH  099%3 -

H3NH  1.0000 0.9983 -

HASHT 0997 0.9950 09967 -

H5_EC  0.9967 0.9950 0.997 0.9%7 -

H6.EC 09901 0.9884 0.9901 0.901 0.9934 -

H7_SHI ~ 0.9983 0.9967 0.9983 0.9950 0.9983 0.9917 -

H8.YD 0997 0.9950 0.9967 0.9934 0.9967 0.9%01 0.9983 -

HOYS 09983 0.9967 0.9983 0.9950 0.9950 0.9884 0.997 0.9950 -

HIOYS  0.9967 0.9950 0.9967 0.9934 0.9967 0.9901 0.9983 0.9967 0.9983 -

HILYD 09967 0.9950 0.9967 0.9934 0.9934 0.9868 0.9950 0.9934 0.9983 0.9967 -

HI2YD 09950 0.9967 0.9950 0.9917 0.9917 0.9851 0.9934 0.9917 0.9967 0.9950 0.9983 -

HI3.YD 09950 0.9934 0.9950 0.9917 0.9917 0.9884 0.9934 0.9917 0.9967 0.9950 0.9983 0.9967 -

HI4 EC 09983 0.9967 0.9983 0.9950 0.9950 0.9884 0.9967 0.9950 0.9967 0.9950 0.9950 0.9934 0.9934 -

HIS_WD  0.9967 0.9950 0.9967 0.9934 0.9934 0.9868 0.9950 0.9934 0.9950 0.9934 0.9934 0.917 0.9917 0.9950 -

HI6YS  0.9983 0.9967 0.9983 0.9950 0.9950 0.9884 0.9967 0.9950 0.9967 0.9950 0.9950 0.9934 0.9934 0.9967 0.9950 -

HI7.WD  0.9967 0.9950 0.9967 0.9934 0.9934 0.9868 0.9950 0.9934 0.9950 0.9934 0.9934 0.917 0.9917 0.9950 0.9934 0.9983 -

HI8 WD  0.9983 0.9967 0.9983 0.9950 0.9950 0.9884 0.9967 0.9950 0.9967 0.9950 0.9950 0.9934 0.9934 0.9967 0.9950 0.9967 0.950 -

HI9YS  0.9967 0.9950 0.9967 0.9934 0.9934 0.9901 0.9950 0.9934 0.9950 0.9934 0.9934 0.9917 0.9950 0.9950 0.9934 0.9950 0.9934 0.9950 -

H20_SEI  0.9983 0.9967 0.9983 0.9950 0.9950 0.9884 0.9967 0.9950 0.9967 0.9950 0.9950 0.9934 0.9934 0.9967 0.9950 0.9967 0.9950 0.9967 0.9950 -

H21_SEI  0.9983 0.9967 0.9983 0.9950 0.9950 0.9884 0.9967 0.9950 0.9967 0.9950 0.9950 0.9934 0.9934 0.9967 0.9950 0.9967 0.9950 0.9967 0.9950 0.9967 -

H22 KIT  0.9967 0.9950 0.9967 0.9934 0.9934 0.9868 0.9950 0.9934 0.9950 0.9934 0.9934 0.9917 0.9917 0.9950 0.9934 0.9950 0.9934 0.9950 0.9934 0.9950 0.9983 -

H23 WD 0.9967 0.9950 0.9967 0.9934 0.9934 0.9901 0.9950 0.9934 0.9950 0.9934 0.9934 0.917 0.9917 0.9950 0.9934 0.9950 0.9934 0.9950 0.9934 0.9950 0.9983 0.9967 -

H4YS 09983 0.9967 0.9983 0.9950 0.9950 0.9917 0.9967 0.9950 0.9967 0.9950 0.9950 0.9934 0.9934 0.9967 0.9950 0.9967 0.9950 0.9967 0.9950 0.9967 0.9967 0.9950 0.9983 -

H25EC  0.9967 0.9950 0.9967 0.9934 0.9934 0.9901 0.9950 0.9934 0.9950 0.9934 0.9934 0.9917 0.9917 0.9950 0.9934 0.9950 0.9934 0.9950 0.9934 0.9950 0.9950 0.9934 0.9967 0.9983 -

H26_WD  0.9983 0.9967 0.9983 0.9950 0.9950 0.9884 0.9967 0.9950 0.9967 0.9950 0.9950 0.9934 0.9934 0.9967 0.9950 0.9967 0.9950 0.9967 0.9950 0.9967 0.9967 0.9950 0.9950 0.9967 0.9983 -

H27_MAJ - 0.9967 0.9950 0.9967 0.9934 0.9934 0.9868 0.9950 0.9934 0.9950 0.9934 0.9934 0.9917 0.9917 0.9950 0.9934 0.9950 0.9934 0.9950 0.9934 0.9950 0.9950 0.9934 0.9934 0.9950 0.9934 0.9950 -

H28 MAT  0.9967 0.9950 0.9967 0.9934 0.9934 0.9868 0.9950 0.9934 0.9950 0.9934 0.9934 0.9917 0.9917 0.9983 0.9967 0.9950 0.9934 0.9950 0.9934 0.9950 0.9950 0.9934 0.9934 0.9950 0.9934 0.9950 0.9934 -
H29 KIT  0.9983 0.9967 0.9983 0.9950 0.9950 0.9884 0.9967 0.9950 0.9967 0.9950 0.9950 0.9934 0.9934 0.9967 0.9983 0.9967 0.9950 0.9967 0.9950 0.9967 0.9967 0.9950 0.9950 0.9967 0.9950 0.9967 0.9950 0.9983 -
H30NH  0.9983 0.9967 0.9983 0.9950 0.9950 0.9884 0.9967 0.9950 0.9967 0.9950 0.9950 0.9934 0.9934 0.9967 0.9950 0.9967 0.9950 0.9967 0.9950 0.9967 0.9967 0.9950 0.9950 0.9967 0.9950 0.9967 0.9983 0.9950 0.9967 -
H31.G 09917 0.9901 0.9917 0.9884 0.9884 0.9818 0.9901 0.9884 0.9901 0.9884 0.9884 0.9868 0.9868 0.9901 0.9884 0.9901 0.9884 0.9901 0.9834 0.9901 0.9901 0.9834 0.9834 0.9901 0.9917 0.9934 0.9917 0.9884 0.99%01 0.993¢ -
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CO1 ¥4 EC 7HAIT-2] H1> MA] A19& A<
2t HE 2ol A 1= lTE MAJ H“]:lf% H8<t H9
9] Haplotype©l| 1=, F32 FA g4 MAJ
ZRATEo] ThE A1 AT R | 7%31/] Artgro]
et o] e A2 MAJ WA W) ZHA el Al
Y EAYG §AA wF=R Qo E3bE fAlTto] obd

£ A9o4 FYH HATFLE BAHATHTable 3,
Fig. 2a, 4).

D-loop ¥%= FUK A9 ¢] H1°l 77] AI(WD,
YS, NH, GJ, BS, YD, MAJ)ollAl T&= oW, ECel
AAsHE ZiAlIe e T2 Haplotype (H5, H6, H14,
H25)& 7M1 gle Aoz = FH4 5
JelA= EC ZhAlIZe] e 2199 AT /44
A7t H AL 2 RISt} whabA, BC WA 5
Fofiete] Aol A& Aol obd X192 JHA|
o] YAV TEY=Y A ABEIL} TA 29
o] B4 o= /A 7t 34 w77t Rleksto] 23t
NAE 2 A THFig. 2b, 4).

T S =2 A4 2 olsdl FFE F=F

[ HAYFo| L, 7H1ﬂ:rL 2 ’%‘ i’ FE ol wA
55& FXlok= 7P 58 QloltKSong et al.,
2010 b). i B=2 ’H%TE: 5H -‘_4 }4 o=
A AE ol5et) E9], 9
Ha AES o]z dFE F=

—?—a‘/}a} T8 Y] ST 2

2 FE Foll AFk, Folist @ gl E@-E Foto
Aot soll= SETh thuhdRo] di= Aofete s
Aot U 2= it @& AA soll= E4ddhs
Zohteel R dr s ule) BAbsls 015@0}7\]
of QoA F =2 FEH}, Fofehe] 5F ool 2nteh
F7F 5ot oo g dolstiA EiebRE Py Eo
Folstar qiok e, Asfiolls A% Agts wef 52
£ ATALFAE BIEE AU F 55 At o
g S2& FFAUF 523 Ut (Park et al,
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