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Analysis of Genetic Diversity across Newly Occupied Habitats within the Goryeong Population of Pungitius
kaibarae Using the Mitochondrial Cytb Gene by Kang-Rae Kim, Mu-Sung Sung', Yujin Hwang, Myeong Seok
Lee, Ju Hui Jeong, Heesoo Kim and Jeong-Nam Yu* (Animal & Plant Research Department, Nakdonggang National
Institute of Biological Resources, Sangju 37242, Republic of Korea; 'Muldeli Research, Icheon 17345, Republic of Korea)

ABSTRACT The 886-bp sequence of the mitochondrial region encoding the cytb gene was used
to identify the origin of the Goryeong (GR) population of Pungitius kaibarae and to characterize
genetic diversity and structure among wild populations. The GR population showed the lowest
haplotype diversity (Hs=0.000), while the highest haplotype diversity was confirmed at 0.755 among
the Goseoung (GS) population. Nucleotide diversity ranged was the highest diversity at 0.00291 in
the GS population and the lowest diversity at 0.00000 in the GR population. The GR population was
genetically closest to the Pohang (PH) population. The haplotype network confirmed that the GR
population was most similar to the PH population. The GR population also clustered with the PH
population with high bootstrap support (98%) in a phylogenetic tree. We thus conclude that the GR
population is derived from a population similar to the PH population.
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A = A7t F7Fell wet 20129 (ME, 2012)° B597]oH84
£ oAl siAlste. 22y 20199 =0 S HPEA-Auo
Z7VA|L7] Pungitius kaibaraex 27}A13117] 3} (Gastero- A ALt B2 HYE 2AZ Ao E FHriEg

steidae)ol] &3t o= @ U Azt LA Sk (NIBR, 2019), Ko er al.(2022)°] &3] A 212 =&, AAA 2
(Kim, 1997). 3= B=3)ot 4|, GE5al¢t 44|, 25740 F A8 9 9§99 Sof wal #9F(Vulnerable, VU A2ace) 2

2 27 AGoIth(Ko er al,, 2022). Yo AHBE AT HrAE v} glol wAe Wao] FRET ek AL HIA

719] B3z 7]150] Qo T YA gF Fuvto] A4 = AT BE 2AF A4 84, 112 kA 5ol L EH

3= Aoz &ejA Qlth(Kobayashi, 1932; Kobayashi, 1933; oF gt} (Frankham, 2005).

Kim, 1997). 20239 o] 17 FHo= JUHA L7 AAl gt 7]
7M7) = A AR 9 A S TaE AR B E7T 2005 o] glglet, 20230 ofF X ZAME T8 AAE

o &7 E- A& IF22 ASHTHME, 2005). T g AN ™AL Al AR 7L ERlE T

o]T FARL &9 BUEI U TS B3 A% © A (unpublished). wetA] 113 )3 2] Z7kA|17]2] Jeto] o]Qlof
ot AlA] sk Qs AR EFeatct. L2t Al

A2 29 22470 (b, A4 (e, B ARD, ol B (A1, 717 = A=u] A4 Q] Zpo] 2 E-53ft(FE)T Fe3l
259] (414, 2 B4 (24, 43 6 (24 HEAA) Y] AR UH=T (Chae, 1989), o]Heof T7AE 1
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SA9) BAL Uee T3 W% AP fARE AoE 2
He} =Bol} A4 Se2 uuw v gict.

Saueh Ao ueh AETRY B ASo] Ash 2z
of ojs) 0522 Hatslo] et 222 BT Hcleon
et al..2022), BES] BAL 93§44 a1 e AL
o B A ARE B AU AdS st A==
g 7|2AR22A 1HE 4 Ath(Li et al., 2016). E3F YA AR
7h opd e o]gjE F9 7S Hebste AL F44 W
oo anpRo g Fo| B ks eYshe o 7|2AR E
= Utk (Billington et al., 1992; Li et al., 2016).

A2 golfe] 44 BAL 94} sERE} 9o 7
cytochrome b (cytb)E &-83}= A7t Wrh(Ha er al., 2020).
Cytb SRR @714 B9 Mol wev], UsisEr} wet /)
A MR $HE Aol g RS o o] ke 484
F7te 2 B 1 E it (Baharum and Nurdalila, 2012; Bae and
Suk, 2015). Cytb #3822 o Fo] o Wf {44 wol, Al
A BA, E7 Y olF T Jd fHEe dFske dl AR
31 Q13 (Murray et al., 2008; Pages et al., 2009; Bae and Suk,
2015), Z7HA317] 9] - cytb HAAZ =2 97 Hdof o
3 At §-A3t BA A3yt 2% Qlch(Bae and Suk, 2015).

2 dollA= nH oA E1E I7A 2714 Al Hol o
3 cytb A GG o]gsto] 7|0l AASHL = At
H| 1 fAste] 2] EAJS st At AMAA2A Y B

Jx

kol sl Al Fskaza} gt

H Ao A8t A7TAIL7] Pungitius kaibarae S
202349 49 AAEE 1% (3, GR), 2} (FZHH, PH), A4t
(2EH, GYSA), ZF¥% 2 (84, GS) EdiolA Zof (B
5 4x4mm)& ol8ajo] 2 ehaz 20707 o1 AWekATt
(Fig. 1). A AAL 50mL ZUZE EBo] 4FEL 999% 2
TASte] A LojA HFst DNA &0 o|-&3tth.

DNA &5 f8l J7HA 2719 YA =gn|E s}
o] Blood & Tissue Kit (Qiagen)2] A|ZAFS] wjFdo what
Genomic DNAE $Z3}%Ith. Genomic DNA+ NanoDrop<
0|83t =9 2 FRISHL 4°C7t FAE= A2Eare|

BEH3IA T

M

HI

M

=~

2

2. g7IME 28 & 78 Cidd

FZ5 DNAE £ AolA 7HEst cytb F42F Zatoly
(Puka_cytb_F1: 5~-AGGACTTTAACCAGGACTAACGA-3',

Puka_cytb_R1: 5'-CTCTGGCACTGAGCTACTTAT-3")&
o|83) PCRE alste] §UAE SEa1%T). PCR ¥HEL
TaKaRa Ex Taq (TaKaRa) 10 pL, Z93F Zako]® 1 L (10
pmol), FgF Zato]w [ pL (10 pmol), Genomic DNA 50 ng/
WL HE F 5 82 20 w7t HES 34 FR4E Fohsr,
SZo| 3" PCR 212 95°ColA 27] WA 5&, 95°Cel
A HA 30%, 58°ColA] DNAS}F Zatolm 7+ A3} 30%, 72°C
oA A% 302E 34 cycles BHESIAAL 2F A 72°CollA] 7
27 L& 5t FF AES AASAH. FE2E AE
2159 olaz AL 5 A7|Q9E0s oI5kt PCRE
SEHE S AU 9 g Zeto|H S 0]&5ke] Sanger
sequencing B2 F7|AGEA 7| (ABI 3730XL)E A3F
3} ooz 97Aee A4k, 298 @71NGL st
o 2F 249 ol-&st3itt.

H3Hoz 2449 AIALE S04 B4L 3] 99
DnaSP ver. 5 (Librado and Rozas, 2009)5 ¢]83}o] Z} i
= Nucleotide diversity, Haplotype diversity (Ha), Tajima’s D
% FulLi's F 57 gh& B4ser,

- BAAISE AR 24

AF selE ae] B4R ABAS 245 9
3 z+ A RS AR} (cytb)ES MAFFT ver. 7.490
(Katoh and Standley, 2013) A-53} ¢ 2& HFH o (mafft--
auto)E °|-§3t A7IAE& LA

MEGAX ver. 11.0.1 2ZE o] & o] &3}y AZTE A
Tkl 1,000 REAERY whE-S =85ttt (https://
www.megasoftware.net). Haplotype Y|E$ 3= Network ver.
10.2.0.0 (Bandelt et al., 1999) A E ¢|o]E o] &35} T}

2

S|

|

1. 78 Oy

A

| EZE=2]oF DNAY cytb 54} g <ollA 886 bp Ao]9] A
& o83t 47 JY {AXE (Haplotype)s ARSI
Z 147 42 (H1~H14))0] ==L, 62719 |71AE
Ho] F7to] ERIE Tt H1-& 1% (GR) M, H2~H4+= £33
(PH), H59} H62 ZHAHGYSA) e, H7~H14= T4 (GS) F
ol A gk 2 E 9lth. Median-joining HIEY I A FHAF L
At 7holl Fh+= 9L, A5 A9 Jh( s, 23, Biha 7
A= A9 A (34) 7 46712 A7|1A QG #fo|2 1Fo| 2702
35 U ik (Fig. 2).

Haplotype TF¥A2 0.000914] 0.755 %S H$I 3L (Table
1), 2% (GR) oA 7FF 2 haplotype TS YEH
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Goryeong (GR)

Ulsan Cheokgwacheon Stream
(South east coast water system)

(Ha=0.000), 4 (GS) Aol A 07552 7} =& haplotype
theFA o] E1E 9Tt Nucleotide THEFA-E 0.00000 9] A
0.00291 gk W Z, 14 (GS) FhollA 0002912 7H &2
RS Yel o, 1718 (GR) JeellA 0.000002 7HE W&
oS Btk Tajima’s D= 42 78 5 e 95 AY
313 (GR F%h), —0.6012490A4] 1.202479] WA 1, Fu/Li’s F
U2 2 7Y 7 e L (GR) A AYshar, —1.23407
oA 0.810782] HS Tt Tajima’s D ¥ Fu/Li’s F g2 1
4 (GS) AdollA &= Yettey, SAZCE fFon|sta] &
ek

Z7MA 7] A7) AE f44 E3eg BT 2 For
= 0706904 09722 UEhgon, BE JohoA Solu|st
A 235 E3Ath(Table 2). A9 AT 1% (GR) A
< ZF(PH) A9 FAHCE 7P 77ke AL 2 Uey
t}H(Fsr=0.706). 14 (GS) AT §HZH o8 1= (GR), T
(PH), BAHGYSA) e} §47 B3t w2 A2 2 Yeith
(Fsr=0.954~0.972). AAH(GYSA) A& Y574 419 19

B mn mw mm w
H5 [@He MH7 EHS
WH9 []JHI0 EEHI [JHI2
[ HI3 []HI14

# GYSA (N=29)

&

Fig. 1. A: view of the collection site and photos of individual. B: Location where the sample of Pungitius kaibarae was collected.

(GR) R (Fsr=0.959)20F Z3(PH) JT (Fsr=0.840)7 7
AHoz sphe AoR ekt

A
21

MY

3. EXPISEE

=

HI
HI

ALY tree= F 719 2 clade 2 3 & o] UHoH,
A WA cladex= P. hellenicus, P. platygaster, P. laevis, P. sinen-
sis, P. pugitius7} 7R =) Atk (Fig. 3). & WA cladex= P. tymensis
O} P kaibarae2 V¥ Tt

7YX 2L7) P. kaibarae= 27019 £ cladeZ YHISH,
A WA clade= 954, BAHGYSA), 3 (PH), 213 (GR)
o] 23| 9ict. F WA cladex 2A|oH(NCBI no.: LC108056,
LC108058), 224 (GS), Buk River (LC108068)°] &%=t
A1 R 3% (GR) A AL treeolH £& A7)
£(98%)9] O E(PH) Weht 2HBL Blstect

o

AT Seltetel] Saieh 57 47 2 G574 Aol
A&t k(Ko et al., 2022). Ko et al. (2022)94 1980 9]
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Fig. 2. Median-joining network plot using the sequence of the mito-
chondrial cytb region. GR: Goryeong population, PH: Pohang popu-
lation, GYSA: Gyeongsan population, GS: Goseong population.

Table 1. Genetic diversity information of the four populations of
Pungitius kaibarae

D Nucleotide

MDNA h  Hg diversity D F
GR 27 1 0.000 0.00000 - -
GS 27 8 0.755 0.00291 -0.60124 —1.23407
PH 21 3 0529 0.00180 1.20247 0.51802
GYSA 29 2 0414  0.00047 0.98512 0.81078

h: number of haplotype, Hy: haplotype diversity, D: Tajima’s D, F: Fu’s F
value.

A 202097} B oFAFS 2AFEIE O, 118 (GR) Aghe ot
AR AU TH(Ko et al., 2022). A4+ A 2]o] EelE 117 (GR)
A2 23 (PH) Ft FeHsH o2 FARSHA S, o] digt
249k 3k glom 1 (GR) YEHe] 7|l et Bk A
gtk BE A7 447 2AE g T oK) e Ae

Qlck. 3 A e sk gl A g A9 ¥

).

Table 2. Genetic differentiation information of the four populations
of P. kaibarae

ID GR GS PH GYSA
GR - 0.000 0.000 0.000
GS 0972 - 0.000 0.000
PH 0.706 0.954 - 0.000
GYSA 0.959 0.968 0.840 -
Above: Significant level (P <0.05), Below: Fsr.

WAL Qo] AR ok Fo] o]gle] B ZHSolth(Kim er

al., 2023b).
£ A9 A3} haplotype YIEYIE= EE AFofA F45
A Tt ol oA A Ko} Fo] fFHFeE R} i
&3] doluf FHHA 2 A ddETH(Bae and Suk, 2015).
ZF A9E diFst= Aok Aste Q7] ol &
o] =7t BFsto] 2k =4 219 Yol haplotype HEH 9]
%%7} dojuhx] oF2 Ao 2 F|HE ) Bae and Suk (2015) ©]
Foll w2 258t A2 IAHES AMZ haplotyped
-ﬁ-ﬁ}"l Adew, FE&ot A4 MALEL A2 haplotype
_?‘_—3}_93\_—]—,_ 1,].57]. )\7_.“ 1;].01 7‘31;]-0; Q;(] OJ—L-_ 74 [e]

NE Qe webd BEsieh, @ st e A A=

fu o of r>4

HIOH

haplotypeZ &3] gFoF o] Ax}e} F—g A% 2yt
Haplotype WEY A 117 (GR) AT Zg(PH) Mot

Z2e HEYZE IFSEUAY. T2y 17 (GR) AT =%

(PH) It} 22 haplotypes 3-8-3HA] @gton), AR 0w

7P frAdo] ot | A o2 sk et BAAE e
tree°ﬂ/\1 At A9 Y (GR) Aol A 2H oz 71 7hrke
BAHGYSA) At Z31E Aol AFEHA Y, 1P (GR)
T:L}g =2 A% (98%)E E3(PH) ¥ A} ¢ (GenBank
accession no.: LC108064)3 & =tk (Fig. 3). A2 E3l=
AME At Al I (GR) Fdo] AA oz 71 77k
BAHGYSA) AEE 23 (PH) ATy} A3 22 77k A
o= Yttt
A At e At 22 A EAste At
(GYSA) AT 119 (GR) Aol frAfstoiof sh, =3 4
ol 3+ (PH) I} haplotype HEY T X EX}AE3}H] tree)
A 3% (GR) Feto] o] ZHHNY 44 E3eoie =
g AR oz AR AT}t ke Aoz ey A By
7Hd 9] 7Fs/dol W Ao g wdtdh Jdoe Bt AlF
oA &R AR Y= Aoz Hol {HA Z37F dof
U AT Qe AT b AT $hds] s A o gick o
2hA 5 F7HE R FAE B EEslet A AEY] Al
£ 30714 ol FHste o] e A= FDUA Bl
Za7k Qi
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Fig. 3. Phylogenetic tree using the maximum likelihood method in MEGA X (ver. 11.0.1) software for the genus Pungitius. The color of the cir-

cle preceding the scientific name indicates the species and population.

T ¥R 7HE R Q7bol| ot o] o= QlEl AR A4
HEold A7 ol o ok oldE Ade fAFer »
= QIth(Tan et al., 2019; Kim et al., 2023a).
I3 (GR) Jer2 23 (PH) et} haplotype HIEYI 7} ¢
A FRAHJL, BAAESH tree Ao A= FAF haplotype
(GenBank accession no.: LC108064)3} Zro] £ & o], 2
(PH) ot fARRE Fdtoll A feigt Aoz wtet. QlTto|
Ot o] T A WE FAF E3bof TAglo]
4 AE2 22 4 YolA f48 FAES e =2
AR B35 BY 4 ok £ Ao} 2ol 4574 A
oA 1% (GR)T HAHGYSA) FTE w2 F44 £31&5
QI (Fs7=0.959), Z3H(PH) Jtto] 18 (GR) Fgtol| H]3)
oz §A& B3 (Fsr=0.706)7} A3 EitEgout
S|4 A 2T (GenBank accession no.: LC108064)
2 Aat FAREATE 7o o3t oY SARA F
A 7149 7hsAdel Eoba wdET 28y BA fHES
L olEEEClol DNAS B4 2AE 9S § 23 PH)
9 A7} (GenBank accession no.: LC108064) F cytb A F
9] haplotype®] €7d35] 22| gkof o] Aol AREE Ao 2
NCBI¢| 555 7IA] ¢ o] o]YH AL & FHHr.

U 9L =9 shHo Y AASHA] E "ol ®rt HA
Y= A (BA, 95FA, Trichopodus pectoralis)7t EI1E]
31 QJtH(Tan et al., 2019; Kim et al., 2023a, 2023b). o] = Hot
< BT f4 b = BRo] Ith(Kim er al., 2023a,
2023b). o] AFolA AP (GR) FTHS F-4 2] thF/do] vl &

O yE X ook fr £ do do

flo

Ao Z YERGTHH,=0.000, nucleotide diversity =0.00000).
of tigt 7Hd= AR 3HollA stk ofmlol A ol A
o] HaFAow AYEHUS BF 374 tFdo] F& 5 4
2y o] MAES A-E] Wil olEdt 7He S
< 2o woE

A0 2 o)E DT o} CHOFRE o (female) HEHY] ThF
goll wet e, o= 24 §4% ste nlEEEYotY &
o} &0l t}(Lieber et al., 2019). o] Ak obA Aete) ¢4
Fdol =2 ZolA FHfidte AL ol FdY =2 A ¢
e 7, = 240 R AHe 2 RE ffishs BS-
A theFAlo] W Ao 2 Vet th(Kim et al., 2023a, 2023b).
138 AA Coreoperca herziv 3 thgAdo] ¥ &
50| HebolA et Aoz FAEY (Kim er al., 2023b), @
S5 A Odontobutis interruptas= 37 ThFAdo] w2 TR Th
OS2RE T Aoz 4o B B Ith(Kim er al.,
2023a). grb o= o|YH Fd2 TS FAsks LF A
of DNATH SAFElo], AR BT e 94 by g Kol
= Ago] 9l Ao| BAFHTH(Wares, 2005; Excoffier et al.,
2009). webA, o] Aoz 2=, A Thpgol vy 3
< 1P (GR) JE A2 9 A FollA FAEUdE AL
2 F4E Ko et al. (2022)] &5t A7 IL7]= A 279
AR st AR Fag, T w2y 9 5= A= HY
(Vulnerable, VU A2ace) 2.2 FAlE|o] HEQ7|oJAE [ &
NFoE AAY A AN Itk ol Wste] A
A £HA Gk 718 4= QAR W= - o
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Aol A IS T 4= Stk (Rollins er al., 2023). ol 1T
(GR) o] o]de Aol FA4Z Y g nd o+ o,
7189 BN AL F) HHE AT SRR B
U= W HAS A% Ao s S 4 Qe BR ofof oigt
RS} 177} ool Aok gk B

TR P € 728 AR Ee ) A AF A
H A A7 = S-Sl A FEAlt A, 9 5
Az #wsfor sk, 53] 17 (GR) A2 ¢ ZF(PH) H
9 FEAet A FARTER, Y5 A9 g A
2 2dZ HshHA BT & e Aol "asit. [
171 20129 BEA7IBENA AR T Aol
A ) FFBE7IL vl @A FriEE § odds] 2ot 2
83 AAolnt. mEbA, 2 AollM Z7HA a1 9] o Kt Y
ol Hetel 1% (GR) Heo] ik A4 s 4 +
29| vpof2 35 HA AF +Y9 72AREA EFo]l E A
ol

I'N

o (o]
pf -

7YX L7] Pungitius kaibarae®] A5+ J@] 18 (GR) J
ot o Ao EAS k] Hsl miEZEE o} cytb
WA Gele] 836 bp HAS ol& F 47 USH(AARE 13 (3]
A, GR), & (T4, PH), AAH(QE2H, GYSA), Z9UE T
A, GS)E FHSHAH. 1 (GR) HeolA 7P w2
haplotype TS YENH I (H,=0.000), 4 (GS) FHo)A]
0.7552 7P &2 haplotype TS &5t Nucleotide
thed g 2 (GS) HeellA 0002912 7P &2 e 1
ehon), 325 (GR) FSHolA] 71 0000002 743 s T
2 Wolrh §74 EsholA 7% (GR) WEHe F(PH) Uek
o} HHOR 713 ke A et Haplotype HES)
2t 79 (GR) Wsto] ERHPH) Askah 2UEo] 713 A

A0 R Yergth 113 (GR) Ad=2 A2 tree°ﬂ*1 2

AA % (98%)2] o2 EH(PH) WUt 2HBS BT
webd 13 (GR) Hee T (PH) et fARE el &
g2 2459

Al Al

# RS FYSEPYBALUY AU
YTH(NNNIBR202302101).
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