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Population genetics of sand crab Ovalipes punctatus in Korean waters
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To identify sand crab Ovalipes punctatus populations and establish management units for each population, mtDNA COI

regions were analyzed. As a result, the clade of O. punctatus in Korea were separated by two with a genetic distance

of 0.17-2.08%, and there was no significant difference in the result of pairwise Fsr values representing genetic differentiation

by sampling areas (p > 0.05). Also, no geographical separation found in the distribution of haplotypes and the results of

the haplotype network. This result suggests that O. punctatus larvae were dispersed for a long time by the ocean current

by suffering meroplanktonic period for 1 month, and increased the gene flow due to the development of the swimming

legs for the increase in mobility. Therefore, in the results of mtDNA COI region analysis of O. punctatus in the East

Sea, Yellow Sea, South Sea and East China Sea (Ieodo) of Korea, no clear intra-species differentiation was found.
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= e ol et Aaat e wer
Q= 71 2AE7) Eth(Begg et al., 1999).

AAY SFYEY At w42 == mitochondrial
DNA (mtDNA)E Al-g-s}o] BEAI51aL Q) S w(Hwang et
al., 1997; Liu and Cordes, 2004; Zheng et al., 2015),
o579 AL cyt b, control region, COIS S 5 T}oF5H
Yol Agstol A S Aok 3l

Kim, 2022). SPARE 7H2pof] Hieh

45 FHbo] QlE|o]
e v e ]
pise WHEHPLHIO Ak J&E’Jg I3l ol52] 5= AAAR]
&oll, Aall, wal LE]al olofle(Ea=raihell AAsk= A
A12] mtDNA COI <8 BAslol on, Z=to] Ala) ¢

PRI

“(Zheng et al., 2015)2} 317 4]
of A e AT FRE Hrel A st

eg0] Algel] ik edtuto] EAEh, AR7A ME R T
ZA|(Yeon et al., 2008; Lee et al., 2013), tjA|(Kang AR ZHE
et al., 2013) 121l s Hwang et al., 1997; Sung et TNGAZEA Al 20219 AR Akst
al., 2007)°f] Z1A]aL ATk ZAMA(EAR20,21,225 )5 o]-85ke] AFst o, s
TNA[E A= S-2vkal A8, dall, Al 1e]ar 58 ol g 3| (East Sea, ES), A]3l|(Yellow Sea, YS), 9
oJol7l2] &l (Hong et al., 2006), 100 m T]ke] <=4] (South Sea, SS) 712]3L o]o]=(leodo, ID)2] & 47]2]
7| SN tA| = go] ke AAQF ol A4 ol o JLESItH(Fig. 1).
Sli= Zo|ti(Kamei, 1976; Sasaki and Kawasaki, 1980;
Takahashi and Kawaguchi, 2001). Z=Fof|Al= =0 3] Genomic DNA & U 24
22 LFERYi= AFY]Eo ) (Wang et al., 2011), A3tz A= fIRt Als= ZF slfelE R 30704 ol AR
2 ofa) GAH A Lrol et Aot AaEt  ShethTable 1), AlRO] 824 £93 %] (swimming
(Zheng et al.,, 2015). ¢} Aol ARl ] ©91E A leg)®] A1 (coxa) -5 a2 99% oflgkEo] a17gste]
Mol AL mEsly] QsiAs GAHel Azt 4 AM8SESILE Genomic DNAL: ofghgol 14 o5 A
Hiz]ojof FX|THMa et al,, 2015) =U]9] H- A A& 2Z GeneAll® Exgene™ Clinic SV DNA extraction kit
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Fig 1. Sampling area of Ovalipes punctatus in Korean waters in 2021. ES, East Sea; YS, Yellow Sea; SS, South Sea;

ID, Ieodo.

254 | The Korean Society of Fisheries and Ocean Technology



(GeneAll Biotechnology Co. Ltd., Korea)2] A x}of whe}
22519]71 4°Co|| R351Th mDNA COI 9jolo] =
ZO Zheng et al. (2015)2] L1491 (5-TTTCTACAA
ATCATAAAGACATTGG-3")2} Folmer et al. (1994)9]
H2198 (5'-TAAACTTCAGGGTGACCAAAAAATCA
-3") primerES ©]-8-5}¢]
chain reaction, PCR)©. & I35}

PCRE 4=385}7] ¢35 AccuPower® PCR Premix©
4 40°] Genomic DNAZ 7}l A LeFo] 20 w07}
2w 37 SRS 2Nkl EEES Aei.
©]% Thermal cycler (Bio-Rad C1000™, USA)Z o] &5}
of PCRE A% saelglon], 248 theat 2k
Initial denaturation 94°C 3%, PCR reaction 39 cycles
(Denaturation 94°C 1+, Annealing 50°C 14, Extension
72°C 15, Final extension 72°C 105

ZFZ 9w T 1.5% Agarose gelo]] PCR AH=2 52915}
3L A7) %57 %] (Submarine electrophoresis  system;
Takara Bio Inc. Mupid-2plus, Japan)of| 4] 255 &<} 100
voltage= #7]%95-3S A A|5}3.2 11, Gel documentation
system (Nippon genetics, Japan) S}ojA #17]%5 A]7]
gel®] HI=E 2|5 2Relskit). f7]14 9> ABI 3730XL
DNA Analyzer (Applied Biosystems Inc., USA)oj|A]

=37 A A2 9H-3-(polymerase

ol

b= Ztaliofl £&6k= THCHAIZRA| Jhdize] RESA 24

r

Reaction Kit v 3.15 o]-8-5}o] BA59 1 AL T
3} 7t} PCR reaction 35 cycles (Denaturation 94°C 1

%, Annealing 56°C 10%, Extension 60°C 3-&).

ol
alfe

(==}

A2 2
A7) 4 E-2 BioEdit version 7 (Hall, 1999)2] Clustal
W (Thompson et al., 1994)5 o]-8-5}o] T AHIT]
A7) 7ke] 44 #12]= MEGA 11 (Tamura et al.,
2021)9] Kimura-2-parameter model (Kimura, 1980)< ©]
g35lo]  AAFSFEIL Neighbor-Joining  (NJ)RFH O =2
1,000 ¥12] boostrap A A5t} H7]AlHe] FAHE|
EE}E} Phylogenetic tree® L}EFLo] af <] 7Hﬂ]§94 r
PAE shetalolcy. ) % 4o Clade LS 915
NCBI Genebankel 58 FH4F AchA12A19] %1714
4L Clade H=2 717} 107]4 AR5} cH(Table 2)
= Hekg-AskA BLALS Arlequin 3.5.2.22 ©]-83}
of EASEATE AT A tfAS FAARE et
= (haplotype diversity, h)2} 7] Ut} (nucleotide
)& stotelela tapiel ieo] AejA 5
HA(selective neutrality)¥} 7|A+- 3 Al(population
22| B7}517] 98] Fu's Fs gk(Fu,
(Tajima, 1989)& ©]-§-5}30tt. o

diversity, m

equilibrium)S- u}
1997)1} Tajima's D $k

ABI BigDye™ Terminator Cycle Sequencing Ready o ek 1He] §-14 Zpoli= Pairwise Fsr #k(Slatkin
Table 1. The number of samples in each sampling area
Year Month SampllT‘ng n
Area Coordinate Gear
35° 15" 09.6" N
May East Sea (ES) 129° 44' 501" E 31
35° 44' 56.5" N
May Yellow Sea (YS) 31
2021 1257 40" 31.3" E Trawl net
o ' " raw
Jun. South Sea (SS) 357 09' 03.5" N 32
126° 15' 09.1" E
31° 45' 51.7" N
Mar. leodo (ID) 124° 44' 05.5" E 33
Total 127
Table 2. Sequence lists from Genebank
Clades Genebank accession number n Reference
KF906362.1, KF906365.1, KF906373.1, KF906406.1,
A KF906397.1, KF906408.1, KF906376.1, KF906404.1, 10
KF906388.1, KF906386.1
Zheng et al. (2015)
KF906402.1, KF906382.1, KF906394.1, KF906401.1,
B KF906407.1, KF906405.1, KF906393.1, KF906395.1, 10
KF906387.1, KF906379.1
Total 20
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Fig. 2. The phylogenetic tree based on the Neighbor-joining (NJ) method of Ovalipes punctatus with China sequences
from Genebank. Bootstrap values were conducted by 1000 replications.
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> & 587 bp FHE|QUIL o] F T17]9] 17|17} A%t
(substitution) %]} © ™, AF¢l(insertion)¥} A4l (indel)->
LreRLRA] okoret.

A E A4 (Haplotype, Hap)> & 787l %iaL
Hap2:= 1472 = sfj9ofA] Sesto] 2e-H(11%)5}
At}. Neighbor-Joining (NJ) tree ZA1}o| A =] 7jTHA|
7= 270(A, B)9] Clade= U= 43S RSl
Clade A2} B Alo]9] G414 Agl+= 0.17-2.27%%2 H+t
1.11%%Ic}k. 717+0] Clade ¥ 342 Ae]= Clade A7}
0-1.56%% T+t 0.74%%A3L B7} 0-1.91%= Ht 0.77%
ATk =rAE HTAIZALL S ATHAIZE A Alolo]
A& Ag)i= Clade A4 0.51-1.56%, Clade Bof|A]
0.17-1.38%% LFERJCH(Fig. 2).

5=} CHokA

Hole] A s LER= Pairwise For 4f
o W Rolat AolS Holx) SIUCHE-005KTable 3

ﬁi H|1

B2 HiZsHoll Eeioh= TMCIARRA| JHAIZe] RTefH 2

1z

mtDNA 2] -32}5 thef4d(haplotype diversity, h)> ES

ol A 0.991% 714 2=9ka1 SSof| A 0.956= 714 Woko
], 7] t}oFAd (nucleotide diversity, 1) IDOJ|A] 0.008
2 7P =94l YSOll A 0.006% 7H SHQFTH(Table 4).

EICHEA|EIN 2AM

o JfAlEe] A vk 'S Bk ] fish
24 A A (neutrality test)2 A A5} L Tajima’s D2}
Fu’s Fs 3} W% 593t 29] 7H2 el th(Table 5).
INANES] B A vl 7l H<=(expansion age parameter)
o] 7 ZLS SSollA] 4.485 71 7131 ES7} 2.88% 7H
QA s AchAIZEA ] B ERo] mizH
T 002} B 5 &R0 UH7HEH$ 61 7+O] Apol= M=

SSE A Lleh H= slfelef A 2,000
o]Are] & ZJo|7} LFER T = oHOj Zet2] mismatch
distribution-2 T-5-3 F3Z(unimodal distribution)S L}E}
Yich(Fig. 3).

u
~
N

Table 3. Pairwise Fsr values (below diagonal) and Pairwise Fsr p values (above diagonal) for the mtDNA COI by each

sampling area of Ovalipes punctatus

Sampling area ES YS SS ID
ES 0.70864 (p>0.05) 0.36333 (p>0.05) 0.55371 (p>0.05)
YS -0.00747 0.49975 (p>0.05) 0.97921 (p>0.05)
SS 0.00012 -0.00386 0.17662 (p>0.05)
ID -0.00421 -0.01455 0.00815

ES, East Sea; YS, Yellow Sea; SS, South Sea; ID, Ieodo.

Table 4. Haplotype and nucleotide diversity based on the mtDNA COI by each sampling area of Ovalipes punctatus

Sampling area n N h T
ES 31 27 0.991 + 0.010 0.007 + 0.004
YS 31 23 0.970 + 0.018 0.006 + 0.004
SS 32 25 0.956 + 0.029 0.007 + 0.004
ID 33 23 0.974 + 0.015 0.008 + 0.004

ES, East Sea; YS, Yellow Sea; SS, South Sea; ID, Ieodo; N, number of haplotypes; h, haplotype diversity; m, nucleotide diversity.

Table 5. Molecular diversity of Ovalipes punctatus for each sampling area

Sampling N Tajima's Fu's Mismatch  distribution
area D p Fs p T ) 01
ES 31 27 -1.88* 0.0133 -25.43%%* 0.0000 2.88 1.9 3414.98
YS 31 23 S2.11%* 0.0047 -18.73%%* 0.0000 3.13 0.66 2774.99
SS 32 25 -1.70* 0.0223 -21.45%%* 0.0000 4.48 0.01 27.98
ID 33 23 -1.89* 0.0113 -14.19%** 0.0001 3 1.8 3454.99

Total 127 78 -2.18%* 0.0011 -25.72%%* 0.0000 2.75 1.9 3414.97

*p<0.05, **p<0.01, ***p<0.001; ES, East Sea; YS, Yellow Sea;

SS, South Sea; ID, Ieodo; n, sample size; N, number of haplotypes;

mismatch distribution parameters estimated under the sudden expansion model.
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Fig. 3. Mismatch distribution of Ovalipes punctatus for each sampling area from sudden expansion model. ES, East Sea;
YS, Yellow Sea; SS, South Sea; ID, Ieodo. Bar: observed distribution; Line: simulated distribution.
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HE 3|9fof|A] Clade A7} -8l A|qE & 2fol& Hoj AUTHFig. S).
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Fig. 4. Haplotype distribution by clade of Ovalipes punctatus for each sampling area.
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Fig. 5. A single minimum spanning tree of the 78 mtDNA COI haplotypes of Ovalipes punctatus. Circle size reflects
haplotype abundances. The length of the line between the haplotypes indicates the number of nucleotide substitutions.

Bars reflect a 1-nucleotide difference.
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AN ZEA= 309 o]/de] F/-7A87] o5 A7}
A G B FoR B olEAS U
WHhH(Zheng et al., 2015). -G-AJS 27|17} 213l 39 59
o] oFs}] o] shet AT 2L chore 2 as)
of earg ot Babeln, Bate] At A4xe] 27

Q03 FA718] 77k whet A7 Flti(Weersing and
Toonen, 2009). 714} 2 dA|O] A AR REE -

-

s

AJo] Hakelo] otEh: Aelukat WAk, o|F ¢l
She 21e 2o WAl RS stoksizd] Fadt 4

27} It (Cowen and Sponaugle, 2009; Hellberg, 2009;
Carbonell et al., 2021).

S A ] GAARE Clade A9} BE L]
A EREANE COIY o] Bajuto g Hlo]
Y8 Eep) sjotsly] of2ilom, Clade o] 7
A Aele] Hato] Z47F 0.749F 0.77% %2 SA ek
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Zheng et al. (2015)2] A3 A-Fol A e A ZEA =
Clade”} 27|12 e FARE 43FdS vebA
Pairwise Fsr gko] A& F-2Jgt 2fol5 YeljA] ool
2 Ato] Ael ARSI wheba] ZehAIZE A= A
ALl 48 7re} AT 1d o] AFskal et 1he) /-4
At ESh7F A= G0l (Zheng et al., 2015), F-4Y
7ol EE=ofoll Al f-elutet Aslf Agke: weh s
Wl b AgRel Aalioll A St kS wlet s
S %)= 3Rl =19 (Ichikawa and Beardsley,
2002) 5-9] ok Hrof Ehigh AR EFo] AR
Aow FHFE

A ZEA ] FA T () A7) et ()
& A sfi%lollA 0.9 o4} 0.006-0.0089] Fh LIERR]
o] o] ek 2 ARt B |7 vk
2= T2 A ARl A Wi go] gt o
S NATES] Z27)7F w2 A 4= sudden expansion
S AL 2] Ao W3 4~ QtHGrant and Bowen,
1998). & 4279 mtDNA COI g% o] =4 wols
© 100vHaT 1.66-2.60% 98 orelA] QltH Wares
and Cunningham, 2001). o] E¢lHo|&x} o ol 14
9] 7 42 Rogers and Harpending (1992)2] 42} <cf|
Aralol teltas o, AckAlEA ARLL: 71 A
o] W]zl A Al7lo] Bo) st Aow 2
gy,
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°|
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