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Genetic Differentiation between Up- and Downstream Populations of Tribolodon hakonensis

(Pieces; Cyprinidae)™
Sihn-Ae Leez, Wan-Ok Lee3, Ho Young Suk*’
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9) o] & (Cypriniformes) 2}oj o} (Leuciscinae)?] &ol(Tribolodon hakonensis)= 334 oJHFZA G &
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ABSTRACT

Tribolodon hakonensis(Cypriniformes; Leuciscinae) is anadromous; they are born in freshwater, migrate back to
the ocean, then return to their home stream for spawning from mid-March to early-June. Here, five microsatellites
were used to assess the level of gene flow among 7. hakonensis populations from the Samcheok-Oship Stream,
South Korea. The frequencies of dominant alleles across several loci differed between down-and upstream populations
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divided by several weirs, and pairwise multilocus Fsr estimate was significantly high(0.083). However, there were

no signs of any loss of genetic variation in the upstream population. Assignment tests of individuals in admixture

model(K = 2) to a set of baseline samples showed fairly correct assignment to each cluster; all of upstream individuals

sere included in the first cluster, while the majority of downstream individuals(65%) comprise the second cluster.

These results indicate reduced gene flow between up- and downstream populations but allowing passive downstream

drift. It is likely that man-made structures might at least partially be a factor for creating and consolidating the

current distribution patterns of genetic variation among 7. hakonensis populations in the Samcheok-Oship Stream.

This information will assist governing agencies in making informed decisions regarding conservation of anadromous

fishes in Korean drainage systems.

KEY WORDS: LEUCISCINAE, MICROSATELLITES, POPULATION GENETIC STRUCTURE, ANADROMOUS

FISHES
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Bo{(Tribolodon hakonensis)= %) ©] Z(Cyprinidae), 3+
olotak(Leuciscinae)o] &38t= 3|74 olFE WA Al7]9
28] Zo| Bol Uit Ao] BAojn] Ry UL
Hiotof| Al Hjar Fof o] $al 59 50| 2hzkgh kA
o2 axatel Aol maele] JreR g8 v
(Kawanabe and Mizuno, 1989; Sakai et al., 2002). ©] 2|3t
425}/ (anadromous) 5 Yol ofFolA= B A4
O & Zho]o] o] Wl YA Aefof gt Mg A+ AR
ob4] ¢l A7 olth(Nakamura, 1969). oj= gh= &3fot
BT Sohe shol) 22 BEab], A2 A A A
el FAY ol sHoE Adste Aor dEA ot
(Nishimura, 1974; Sakai et al., 2002). Tribolodon< o] &=
olg] Fo| EAsAIRL, Fojef Lol FEol HAA o] AX F

= 3}th(Koizumi et al., 2011).
oo Aty Feu ke e Y A
o

AT AAY s B RS AT X A ¢l
o, gjEE dolut Bl Zho] dH O AL HAF 183
A & FxEo] o8 AZe dHstrh AeEa gl of
ek Q191 s W2 ALY AR Aebge] A7)
£ =9 4 Jdon(Jungwirth et al, 1998; Laroche and
Durand, 2004), ob2] 9 &80l £& ofFolZtal o=
dolu HE ALe 92X 7 A7} 2]¢ Yol oy
| £ of|(Wofford et al., 2005) W& T401%50] 23E=

Zo15 bl Qloh 3 94 shd Wy dHstE e

=1 44 559 7hedol AA FE HlE
of dfgdAES A dAshe A4 5T (genetic
bottleneck)?] YIRS 718 4= th(Hedrick and Miller,
1992; Allan and Flecker, 1993; Marchant and Hehir, 2002;
Laroche and Durand, 2004).

o% A4S BAE ol2et MR H shde] mE £ 3
Sohe fAdo] AAVE o] 21k ‘T d 3K contemporary
evolution; Kinnison et al., 2007; Carroll, 2008; Carroll et
al., 2011)9] 7hgAolct. QI7ke] ko] 7Hg3t W o
AR E A ol AZEE o ) Mol A= ZekA HEh &
g AL ofY ARt A gt Ry ohget e =
AA 2 ZA7F ey ¢l 6 w(Kinnison et al., 2007),
ol HiFE A BE A2 AWAAE HA AL Stk
SHA HANESAEY & F5& T2 ok Fofg
22 9fA oFd dol(salmon)oll A& 2T wHEofAl ¢
A e g o, thA] AFO R Fote = B 71
oAd A7t daste, BA7| JAEe dagt el £
EAdz & 4 7] geo] M2e 7Y dedA B
S AL Aol B Alth Qo] 233t o 7F A =] oA
ByE v lch(Waples et al., 2007).

A7 olo ol 5ot M Fx 121 JI9H L2 E
So] ojgt e, A3A G FSHOR 2AT o=
ARsth B Aot Soete] 2o ohd F shuel 4
A 2 - (Figure DoA HHE Fol& tFe= Ay &
A F25 2Aksto] A7lo] AAE A<} oo thsf
=ofstazl gk AA A U= AAHA BAG A
2] WRAR1259m)oll A st FEfdteR =&
46.06km®| F3 s oz Foote] thE s o] A4
o 3EE Al f&o] FHAo R tha WEL HAo
Bl & wo] gtk & shd aste oo ol

> o



AR QA A - B0 B 23l 3o} Tribolodon hakonensis (9ol Fte] 42 B3l 477

Samcheok-Oship Stream

Downstream
37°25'50.81"N 129°10'48.3

Upstream 1
87°22'12.96"N 129 5'62.99"E

Upstream 2
37°19'27.42'N 129" 456.27°E
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Figure 1. Sampling sites of Tribolodon hakonensis populations from Samcheok-Oship
Stream for the analysis of within-drainage genetic subdivision. A single
site(i.e., downstream) was chosen to collect individuals from estuary
region, where most of the migratory individuals are likely to stay for
spawning. 7. hakonensis individuals were also obtained from two sites in
upstream region(i.e., upstream 1 and 2), and migratory individuals are not
likely to move across artificial barriers(weirs; black bars vertically crossing
the stream) up to such areas.

MAE #ES 5 e 22 F2 A WA ZE J9 &7 o]5 ¢Jsto] thg A el microsatellites 57} FHAE ol 4,

Aoz tieel S0 1 Acle] HEE Awts S48 volsh 4w 7 Bt 1elm Aol oo QAE
Aoz 4 A QrtH(Wan-Ok Lee, personal observation). =28 upobst & H A2 Xcho]l AlFo] 3t vlsA =
SHARE of2] HE Age A AR Aoz ol 7 WS AlASELAL g

A7E A=, ol5 A EC] woll Ase A=Y A
Aoz oAl vtk Yz AAEAA ofYH o] A% M2 L diH
HE2s §59 MASUAE ofd SAstA] Yt
2 Ao 512 A oA ARt ok T ol I 1. A& 32 3 DNA =&
o A S0l SAH T FAF A AR ol FHA
A77E AgE SYAR AL EAAE Beste Aol = Ao A-E Fol(T. hakonensis)S< 20119 54

Table 1. List of Tribolodon hakonensis populations collected from Samcheok-Oship Stream

Population Sampling location N Date
Upstream Cheon-gi-ri(UP1) and Daepyeong-ri(UP2), SC, GW 17 May 19th 2011
Downstream Sajik-dong, Samcheok City(SC), Gangwon-do(GW) 31 May 20th 2011

Data comprise population, sampling location, collection date and total number of individuals analyzed().
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Table 2. Summary information of the 5 microsatellite loci and the primers of the Tribolodon hakonensis used for

the present study

Locus Primer sequence(5’-3”) Repeat motif Dyel T(C) Size range(bp)
me  EACGICGIONOON o, n e
THOL G AGAAACGTTGAGGAGETG ©Ap HEX @ 140-163
Y st
mes LOCOONCTONEIC e s e
B0 R GCATGTAACTITCCCCTCAG ©Ae HEX s 191-199

' Dyes were used for poolplex genotyping; * Ti: annealing temperature.

AHAA A9 2 A (7t o Figurel; Table 1)
oA HHE AASelch =AY FRoAA 17744, shol
A BUNAIE 22 ZEe, AR & HAES 95% o2
i go] gob APUR UHAOH 20 T W AH=
Jadiety APty FEAHSAF L I+ B F
o|th. Genomic DNAE 1|7 A7 L5220y 7t
A-gulo 3 Z(¢F 3mmx3mm)E &3+ H, Wizard
Genomic DNA purification kit(Promega, Madison, WI,
USA)E ol §3fo] 2Z3t5ith. 225 DNAL Aubd(%
100y 1) Yo A% += working solutionS WA4(4 )
of, 281 7] B¥ge YFA(-20 T)of Bt

2. Microsatellites ST XIS 2AM

Microsatellite -G-AZ}EA-S 93] Koizumi et al.(2011)9]
o3 My AR B2 = 1008 AAS &, o]5Y £
a8L ZAEH Yste] E8a A AMH-3(Polymerase
Chain Reaction, PCR)Z Al A|3}9ith. PCRE 94 oA 5
= 5,94 CTolA 30%, 72t §449] annealing &k of A
(Table 2) 30 %, 72°CO| A 4522 43} vhS % 303] ul=
31, & extension® & 72 CoA 1087 AA|EST).
%% PCR AHELS WA B3} & 1 % agarose gel(0.5x TBE)
oA A71gEste] eelstict. fojxl 107] primer %9
HE sz 5 AT diE SEES Kol JiA ®Ho
7b &Qto 2 WaEEE S fARE AAste] A &
Aof o]} tH(Table 2). o|& S/ FAAF 5 47(Thk09,
ThkO1, Thp0S, Thp03)= 7] % Koizumi et al.(2011)0] A A]
ot zefolw NESE A2 o833 on, Thak02 14419
4 PCR 5% Akg 478 £olaL Hop Al 33 58
S GA5H7] Y8 AN =-& primer 4H(Thk02-1F, Thk02-1R)<&
1) 291519 th(Table 2).

oA e T 57| primer 4| forward primero]
Ade M7 g AZASHTHFAMI} HEX: Bioneer
Co, Dagjon, South Korea; NED: Applied Biosystems Life
Technologies, Carlsbad, CA, USA). +4A8 24 ¢
g PCR 241 ShA AlATE A 22 A& A5
Fgol d4H primerz {507 F% AHES ABI3100
Genetic Analyzer (Solgent Co, Daejon, South Korea)oj 4]
Ad A77F 249 o, Peak Scanner Software v
1.0(Applied Biosystems Life Technologies, Carlsbad, CA,
USA)oll A peak= TH5o1d A 7] HHE o] HFH
0 =2 excel file2 AA5FS T

3. SM=A C}YM(Genetic diversity)

dojZ HE= fragment size?} FAZF o] 7|55 excel
fileS CONVERT #4]9] text file(Glaubitz, 2004)2 73}
S19T, =22 optiond olfele] 7% Urhgst
software5 9] input file formato] 47| Azkstct. 7] %24
o A thpby AE, = A ¥ gYAA F(the
number of alleles per locus; 4)9} Y%=, o] & Hg A Hl=
A (observed heterozygosity; Ho)Q} ol & %] (expected
heterozygosity; Hr)s 2 2+ FSTAT v 2.9.3.2(Goudet,
2001)2 olg3to] AHEalelrt. 2ol 84 ¥ 1217 et
o] P A Wkl YR} §IE7} Hardy-Weinberg
o] A HlojL=%]+= Markov chain B}41¢] 7] 23} exact test
£ #8-5}93(Guo and Thompson, 1992), ©]= GENEPOP
package v 3.1d(Raymond and Rousset, 1995)5 o|-8-3}¢] At
Zohltt 72t A 9] A ¥HE % P (linkage disequilibrium)

H= Weir(1979)9] Ao mtet 2 GARES AR
o5} B Holels AR aol4] 12 aHAHGENEPOP),
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Table 3. Genetic summary of 5 microsatellite loci used to study genetic differentiation among populations of 7.

hakonensis from Samcheok-Oship Stream

Loci 4 Ho Hr Fis
Up Down Up Down Up Down Up Down
Thk09 2 2 0.125 0.200 0.121 0.186 -0.034 -0.077
Thk01 6 7 0.813 0.852 0.804 0.744 -0.010 -0.149
Thk02-1 11 13 0.938 0.885 0.901 0.875 -0.042 -0.011
Thp05 10 13 0.750 0.774 0.883 0.891 0.155° 0.133°
Thp03 4 6 0.706 0.357 0.683 0.722 -0.035 0.510°
Mean 6.6 8.2 0.666 0.614 0.678 0.684 0.007 0.081

Data include allele size range in base pairs, total number of alleles(4) across all populations, mean observed(Ho) and expected
heterozygosity(Hg) and Fis; P < 0.05 for the deviation from the expectation of Hardy-Weinberg equilibrium.

4, et 728 QXX B35HPopulation genetic structure)

Ad 2+ 544 3= GENEPOPS ©]§-3F pairwise-Fsr
2A At Beh AR A SEolA ] $9H 72
ZAFel7] §35}e], Bayesian admixture model-& ©]-8-3}
7H¢ A A3t optimal) £ 4 cluster®] (K )& 47
shar, MAlES A 2 glol W%l 7t clusterol] &%
sttt o] A2 L7 73 BAPS v 5.3(Corander et al.,
2008)5 o|-&-sto] 4=3Yst¢laL, T2 Yol A4 100,0009
9] Monte Carlo Markov chain® & 7 33}9th.

5. HEtFXst™ Hst ;LE(Population genetic

demographics)

Al

7 489 1Y% 49 27 42 59 54

Joa 7
A
T

o =] o
qow o §HH thopy Aol A, 345 7t v
A & USNTH(Table 3). 4, 37 A

o ga2 Azt fHolT $HA BEY

BOTTLENECK v 1.2.02(Piry et al., 1999)9 4 o] & H a4}
H % o &X] Tch(heterozygosity excess) A4H1,000 iteration)
& Bojol 2T oleld HAL EAU-HE BT
(mutation-drift equilibrium) s}of| 4] o HQlx}&] =7} o]
M MERT e 27 gho] 12 744 5 g 2
th= 7}4 o] 7] %3FcK(Cornuet and Luikart, 1996). &= H&
P4 o] AAlo| A microsatellites®] 3= T 71A|
SMM(stepwise mutation model)Z} TPM(two-phase mutation;
Di Rienzo ef al., 1994) pAko. 2 74Askaltt. 7 Ak i 7AA]
5 7F A=A o} H(relatedness)= ML-Relate (Kalinowski et
al., 2006)Z simulationd} =14, o] L2 7L maximum
likelihood 2o g 71E5A 9lS(unrelated), 213 A|TA

>

(full-sibling), HjTHE 74|74 (half-sibling) 127 H 1 2}4]
27 (parent-offspring) % 714 7154 9l BAE Bec)
npRato g, 2AE 7 WA Y a7 (effective
population size, Ng)v= ¢13HE% ¥ (linkage disequilibrium,
LD) Ao &Jato] F4sh= WAl =Yk th(NeEstimator
v 1.3; Peel et al., 2004).

-
1. SH™H CIAM(Genetic diversity)

AR 0 AlA 3ho] HAeto A AN Z 5719 microsatellite
FRAANA TRt A4 Wol7t I E Qi th(Table 3). &
A BE A= B @ A (polymorphism; T Q1A 4 >
2) Holgqlow, shto] &7 A AT AR A3k
o S5t BE FARFof A vl WS IR A
S QThCE T = 9; Thk02: 16; Thk03: 14). & 27]9] th el
7t A Thk09s A Qe LE F449] o] HeAtnle
(ZEA); Ho)= 0.532 - 0.832(B+ = 0.759)2 HA| ¥
AR, Job =20 A Hardy-Weinberg 3 & (equilibrium)
oA FAALE HlojuA] ehITHP > 0.05). Ao st
E 2deiA Y BHE AP FAAE R Y, 7
72 ¥ Hardy-Weinberg & o 542 #o4da A
S} A #}(Bonferroni correction; N = 10; ¢ = 0.005), 37]| 2]
A2 AR T Tpo5 B 5t AT Thpos
o Thpo3) RE §A%NA BHY A2 HoluhA) o
ortH(Table 3). &4} 71 A3E3 3 (linkage disequilibrium)
SAA 23 (Bonferroni correction; N = 19; ¢ = 0.003)
A A AR goF A2 7F 224, 14 A
AL gle ACRE ddH
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Figure 2. Allelic frequencies of 4 polymorphic loci between up- and downstream
populations of T. hakonensis from Samcheok-Oship Stream

£ 3HPopulation genetic structure)

AR W oE Au 4 AR NEe Mg S5
qHH 2ate 3 5 Ch(Figure 2); o 2]
BRI AGHE HolL,

3 (dominant frequency)

-(N

GRSl MEL A, 85 2 Aol Halt £ o
RE SAOIA SRADAAL EAAT HF I
EAsH S YRSl glow wee A9 B

Qi (Figure 2).

o
AR % AT 7k 947 HEE 24 } 171 918 pair-wise

LS vl
Fsrghs A B A3 0.083(P < 0.001)0] gt 575
Qg ALY olels 2AE B £ 24 ol 4 ol
A71E A olele 22 A T A% 2 444
580] AWTHA &2 =T & Utk ol £HE 7
el fH4 24 Zuol4 £4317] 9lste] Bayesian
odmixure model& o34l /13 44 2ol U

cluster 5
7} clustero] —?,—ﬂ 2 Z}
33 g AnE o

2g 4
cluster 1& 9u|sly 3 wH}e+

2& oln|3tt}, AMR Htho]l BE A EL cluster 19] T
Hoon, at7 Ao AHEL cluster 29| dFat= ||

F———Upstream

Downstream————

20

Figure 3. Bayesian analysis of admixture structure
between up- and downstream populations of
T. hakonensis from Samcheok-Oship Stream.
Optimal cluster number(K) was determined
to be two, and all 17 individuals from upstream
population were assigned to the cluster 1(dark
shaded). Conversely, 20 individuals(65%) from
downstream population were assigned to the
cluster 2(white area), while 11 were included
in the cluster 1.
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Table 4. Data for intra-population genetic demography of up- and downstream populations of 7. hakonensis from

Samcheok-Oship Stream

Bottleneck(T, P)

Population SMM TPM Ne % Unrelated bred
Upstream -0.250, 0.401 0.742, 0.229 19.0(10.6-25.8) 83.1
Downstream -0.543, 0.293 1.150, 0.125 15.4(11.2-22.2) 78.5

50 FFE O FLQ0AN) L cluster 10] e A g AR} $2F B0 HojA= AU BE 3= 2F
S(IVHANE 49 & EA4TS & 5 Ao o] 23z 9 7FeAe Al & o A, dF AR AT At
oo} st Heholl= F 7HA 12 44 cluster7 £A Aol2] A Uer7] wiwo] e i wejRug 234, &
s, oF 65 %(2031)] /HAl &S A Adn fH4e= 2 Wahlund & Aoz Azte ), ke

@ol $AHA gtk 2EAL 4 9

T

3. HEtF XSt Hst ;X (Population genetic

demographics)

AL AT 2 §HA Baelq §28 4 ok AR
FECIELE I EIEV PSSR R L
$74 chbd HE 9 Aae oty Fxo) Bt gHe
4 B4 5E SRSt /A 0R AR 7Y 44
A thapa o] §oulat Aol BT 4 §TH(Table 3)
E3 A, SR AT BRI AT 279 g A% §9
o A YEBAY e Ae 43 WA A okehTable

4); 2AHE BE ST AR At EARol-RE B
(mutation-drift equilibrium)o|A] A& o2 § 954 H
AYRA] U TtHSMMI}F TPM model 2 5). IHERE AR
koA 27 wuf o) 7hs4d-e 24 Fa, g FE9f 7R
S2(%F 83 %) 7t € il (outbreeding)o o) AAHE L
ttal #dde 4 Qlth(Table 4). SFaHY A7) (effective
population size; Ng) H|aLo| A= A, 31F 7+ =313t X}o|&
LAY 4= USith(Table 4).

nE

5711 9] microsatellite 3425 o] &3t A
FAsHA Eoz, AlgH {4

|4 ol 67 o]de AT HEH

e AR e Agrt of

o°

|

e ol

Bt o FHTA =S 7HAH,
Hardy-Weinberg H & o A A
9707 Bje} A ) 93
A0 o] gt ZAVE §le AoE B
2t 2 Rkl A SRR W 0|y Haa
230l 0|27 Fake A9} ArlE SHRAT,
o A St null allele®] £ (=277} &2

rrC D ST o i ot
u)
S
%,
{rl
1o
N
[
N

[e]
o,

||
a=)
F1
>
n (
A=)
o
ofN
N
)
ol
ol

U
= ha
o] Hardy-Weinberg 3 &
FEoA Ed FARETS oto] ARE-RITHH o]
g FAE Hoh A AT 5 S Aol ofw] &l
o]-& 7hse ol of 72 microsatellite 347+ A3 5]
W0 M (e.g., Baerwald and May, 2004; Vyskocilova et al.,
2007), FololA e FF AT 5 Qe oY FHA7E
EA = A (Koizumi ef al., 2011) 5 ofof ozt 37
Mol A4S AT

QrollA] Argh miof o] ol gaofl A AbgtshA|nt
ANA AHoly AL 5o ALEE =oFg o] FsA %7
£ of (Wan-Ok Lee, personal communication; 52 77|
7t A& E = Al710)7] wfj o] KO Eol7h £-71of e A
o] =), o HE ASEA SEtok ste R AY
oAl FAE A AAst7] ofgE Yol wets AR Al
Ao MAstE MAES BIhet shHS o] F8kA] ¥l A
AYo] Az HiE= MAER A58 & 5 don, wof
o] Lol Al o] F §lo] W Alth &8t AAlet= A S0l
2t st A Ay E
Ae Aom A7 B 4 k. %
g A7 Al %, 45 A
= A 7§04 oo e 3

A4 944 B5E 245

o X
e

_1

W F8 A Blske] HwA 2h2 Foeh sl o A
ok ob Ad 7+ 0.083 A= Fer gro] Ueht 55 S
o, o] 3= B2 7]EY Aol e A4 e 1t &
2 2po]l Amut 2 ol4tel| siste 422 o|the.g., Castric
et al., 2001; Crispo et al., 2006; Suk and Neff, 2009). 7} |
sZo A Aot 3E2E 243}t Bayesian admixture modelo]
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