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Occurrence of a Natural Hybrid between Acheilognathus signifer and A. lanceolatus (Pisces: Cyprin-
idae) by Hyeong Su Kim, Seung Woon Yun, Hyun Tae Kim and Jong Young Park* (Department of Biological Science
and Institute for Biodiversity, College of Natural Sciences, Chonbuk National University, Jeonju 54896, Korea)

ABSTRACT

A natural hybrid between Acheilognathus signifer and A. lanceolatus was collected

in their sympatric area, the Gimhwanamdaecheon of Hangang (River), Korea. Morphological
characters, mitochondrial cytochrome b gene (cyt b), and recombination-activating gene 1 (RAG-1)
were investigated to confirm the natural hybrid origin. As a result of morphological characters, the
natural hybrid was appeared to have intermediate characters between two parental species in three
characters; the band of dorsal fin, the color patterns of anal fin membrane, and the body color. In
analysis of cyt b, it was revealed that the maternal species of the natural hybrid was appeared to be A.
signifer due to their 99.9% sequence identity. Also, in analysis of RAG-1, an electropherogram of the
hybrid individual displayed double peaks, strongly indicating its hybrid state.
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A} X< (natural hybridization)2 o] 7oA ZY A Lot
T qlon B3 Qoizt olReAL NMskA WAR o
A Qlth(Hubbs, 1955). 717k <A BAO e £/ W
A R W W e ol RE ASSA, o BE
3 A7, F RRFY A E4F, AlgtE Akt 54
gk AR, ket AAX 9 s, 2 ZsHE HT Abolof A
2244 % (secondary contact)ol] et W17 59 a<lo] A
AlE v} Q1T (Hubbs, 1955; Campton, 1987). &2 A28 A
A R0 w2A A5 + de AAYES A A AFS
OB Y ST LE HHYH HBE oY =
Q1t}(Grant and Grant, 1992; Allendorf et al., 2001; Gerber et
al.,2001).

A FE2 FF o2 RuFo FHF Ao Yehty] o
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woll BA AFeA = AFA, vlE, A4, A5 FH 5 FH
BA A7l 2 R IEQtH(Kim and Lee, 1990; Kim et al.,
1991; Hwang et al., 1995; Sori¢, 2004). ZL#u} e EA7to
2= AFY A BEe FAC 24 FHo] mj$ oH7] W&
of FZoe ol AFY =AY FAE AgstA AL 5
i vEE=elol L 8 fHAe] Q7L BAS Anpt
B 153 QJth(Avise and Saunders, 1984; Sonnenberg et al.,
2007; Lee et al., 2009; Yun et al., 2009; Kim et al., 2015).
o)1= (Cypriniformes) o1k (Cyprinidac) G320t
(Acheilognathinae) o] %= A7} £ 4Y HfolRFz A
AlAel oF 40F0] HiEo] glow IF e 15F°] A
A= Aoz deA 9tk (Kim and Park, 2002; Nelson, 2006;
Kim et al., 2014a). & ot} o] FoA F-AF3 A Hol| =
&3} Rhodeus sericeus, R. amarus, R. colchicus 5 3Z< A
QR YA FE& F= FHOMIoL T, 2=, A2 A
B2 3th(Damme ef al., 2007). AFE7] S9F ¢hAL 71 Ak
2 o|g3}o] Aoll= @ 27| (Bivalves; Unionidae and Mar-

caritiferidac)®] &4-5o] Aretele] 44E oL of 3 9

of
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S 2] AR ol A A o] AP ATt EFF 27 FHA Al
HHZ Aot A St EAME g o= T F

& A= o7t Yehr] wjiol £FeHA FAZ o] 85
1% Bek (Kim, 1997). FAFOIT ol Feh Wols} o
Ftal ZFA|Eo] R. uyekii X B G AT Acheilognathus signifer
A % (Kim et al., 2010), 3t73GE7 R. pseudosericeus X

SEAE A 2 (Kim er al., 2014b) 5 A4 gHFo] vIHsH
A s A RE AFHLoE =To] Ho & Rl
(Okazaki et al., 2001).

SYARE B o|Rel AT REHE FHTFEO
2 AN =S vy SR 7PEAE ] e 92
HrEO £2 1/3~1/2 B & AA| sk ¥ GAF A. lanceo-
latus'= A8t} Falete 2 8-9lst= 8jual A sHd T}
Ao BESFL FEHS FAN, HES SN FE S 1
o A A AEAY Wl o] T F9 &
QAE = 2pol7h Lhekte (Kim, 1997).

2 ApoAE SRR YAt 5o AL Ash
A LdoiolM AR AT F T LS TR e
A AFer A UIAZE AFE v FFH, A,
HHE = ez EAL 7|45t n]|EZ =20} cytochrome b
gene (cyt b)2} & recombination-activating gene 1 (RAG-1) &
A& T3l A FF RS FASL FAY 2AE F435t

24 gt

0

P

Hd

1. 22 M

GRS GAR Alo]Y] A FFo2 FAHEE 1A
A 613 mm)E 201449 69 25%0] FHU= AT AL
Ao Aebdid FA A A= AT (38°14'45.20"N,
127°22'39.90"E). o]of] ERE£0Z FAHEE= BUXE (n=5)
o GAE (n=8)F 20159 4¢¥ 24 &AF MAZF AFA
TS AaolA F7F ST BEEAE, GAE, AF
Aol A vl g flste] @A HPg A% HA D=t
(Canon 450D, Korea)2 #93}tt. n]EZ=2]0} cyt b} 3
RAG-1 £4& fJsto] AE L&t iR =] & ddst
o] 100% Ethyl alcoholo]] R #3151 HejE4S 93t BE S
10% Z=2T9 §Ao] 1At 1gH TS AEHStw
AETT 224 (CNUC)o| #EHZE Fojsto] Huslqinh

2. Yelf 24

AR E FE WA Q] FE 242 A5H] Hubbs er al. (2004)
o] B O 2 /20 mm caliper= AR5t FE O] 9 E e

2 A9t SALYu 72, FRA=Hu| VRS,
T4+ soft-X ray (Hitex HA-80, Japan)E ©]-83to] &9
t}. &% A<= (hybrid index)= Nikoljukin (1972)°f w2}
ARG FF A57F 30~70 Aol AS F RumF F
T FAR 2P 30 ofete) B9 BEAR, 70 o144 ¢
@22l 7HgthHe A ofu@ckSori¢, 2004).

o
i& N oX

Hybrid index (Hindex) = (H—M1)/(M2 —M1)
H: the natural hybrid, M1: A. signifer, M2: A. lanceolatus

3. 0|E2=2[0t cyt b2t RAG-1 24

DNA £4-8 M Z-2 DNeasy Blood and Tissue kit (QUIAGEN
Co.,USA)E ©]8-3}9 genomic DNAS F&3}¥th n|EEE
2]o} cyt b= cyt b-F(5-TGACTTGAAGAACCACCGTTG-3")
2} cyt b-R (5-GGATTACAAGACCGATGCTTT-3') primers,
RAG-1-& RAG-1-F (5'-ATATTCCAGCCCCTGCACAC-3"),
RAG-1-R (5'-ACATGGGCCAGAGTCTTGTG-3') primer
S AFgshe] 22 PCR & ¥ Belsheith PCR M3 F71E
2% denaturing stepo| A 95°Co| A 58 F9oF 13] ¥H-3A]7]
31 o]oj A 95°Cof|A| 30%, primer annealingS 93] 56°C°ﬂ
A 30%, primer extensions $]3}%] 72°Co|A 6024 % 3
3)9) Hhe F7)1E Fon FHFHOE 72°CoA 57 %?_]’
mR2]9} extensions AASHTH SASHA SEZE PCR A=
2 Gel extraction kit (Bioneer, Korea)Z ©]-&3le] AAE 3t
& ABI3730XL Automatic sequencer (Applied Biosystems,
USA)E B3 A5tk 248 9714 QS EMBL-EBI
(European Bioinformatics Institute)o| 4] tF5-A Gl X] (multi-
ple sequence alignment) T3-S F3l AujEstH o, 2F3

o2 Ag G71NEES MEGA 6 Z2IHE o] &slo] B
A3t ¥ Phylogeny treeS A &akgich 4A124dS 2lstr]
3l 1,0003] 9] bootstraping FAH5S A A5}

1. SlEf 2 A A

EAEet GAFE Abolo] A JFor FHEHE 1744
o] i AL RrFy vlwsty] J8f 13718 ASFEL 5
M) ALgAE 2ARE ATH= Table 13+ 2ok 244 25 A
A= Agell et 73 H] (Hindex =34)9F SR == 1] 7|7t
A A (Hindex =48)9] 27§ FA AT F1tgto] Uehsitt.
Ao ohst oFoF 7HAY], =2 (Hindex =21~34)2] 271
FAL EYAFES 7HA UEbg L Al digt £ 1
N BEE GRS} 7HA Uebedth (Hindex =71). A ko]
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Table 1. Comparison of 13 morphometric and 5 meristic characters of the natural hybrid with hybrid index (Hindex) and its supposed parental
species between Acheilognathus signifer and A. lanceolatus at the Gimhwanamdaecheon of Hangang (river), Gimhwa-eup, Cheorwon-gun, Gang-

won-do, Korea on June 25,2014 and April 24,2015

A. signifer (n=15)

A. lanceolatus (n=28)

Characters Hybrid (n=1) Hindex
Range Mean +SD Mean =+ SD Range
Standard length (mm) 46.0~58.9 61.3 50.0~75.6
Proportions of standard length
Body depth 33.8~37.7 355+18 37.8 319+09 30.7~334 -6l
Head length 232~243 238+04 237 237+05 22.8~24.3 71
Predorsal length 48.8~504 495+0.7 51.7 48.5+0.9 46.9~49.6 —222
Preventral length 412~43.1 419109 424 435+1.2 41.8~458 34
Preanal length 58.6~61.0 59.6+12 592 604+12 58.3~61.8 —44
Caudal peduncle length 18.1~22.1 202+19 194 21110 19.9~224 —100
Caudal peduncle depth 124~13.6 12.8+0.5 13.7 123104 11.8~13.0 -196
Proportions of head length
Caudal peduncle length 773~913 85.1+6.9 819 89.1+42 83.3~96.4 —78
Caudal peduncle depth 52.1~559 537+1.7 57.7 52.1+1.6 49.8~54.7 —240
Snout length 25.7~30.8 28.5%20 245 254%0.7 24.3~264 127
Eye diameter 33.4~405 365+28 343 319+22 29.2~36.2 48
Interobital width 40.8~439 417+13 41.6 409+0.8 39.8~41.8 8
Barbel length 20.3~22.8 22.1%1.1 30.5 250+4.6 16.7~29.9 290
No. of dorsal fin rays 8~9 8.6+0.5 9 85105 8~9 —400
No. of anal fin rays 9~10 98+04 10 90+0.8 8§~10 =25
No. of gill rakers 7~8 78104 10 94+0.7 9~11 139
No. of lateral line scales 35~36 354%05 35 374%1.1 35~38 =20
No. of vertebrae 31~32 31.8+0.4 32 328+0.7 32~34 21

A BEEARE 7~80, GARE O~ 1R T F34 FEEH
A gkkout FAE A= 10702 gAF || 77k ow Ajuto]
R = FRpE ot FASIATH F A Q] FEHES F3t
oA 13749 AL HrFY SAHGS HoAud= AxgS 2
Sil=

A g A AAAJA AL SRR = €2 o
HA4E Y BRHL gARel JARE Ago] oFst
Vet SA=gu] ZpgAtE e e B gHEY] 2
13~112 Z=E AL §lo] AT} FABEA U R
A 7R E = A9 ghRo] glo] gAkRe] Azt
FrAFsE T (Fig. 1).

2. O|EZE2[0} cyt b2t RAG-1 24

nEZE o} cyt bE SEF 21} Al types ZF 1,141 bp
2 ZAHGNeH o] & EYARe} YRR Atolofl= 154 bp
o @71 &pol7t vrehhAl F35HA FEE AT AA FE N
Ao A EGAFL} 99.9% LAt E, FEZEE o} cyt
b7F BAGAR M LA W & Aol AHSE HF
A SEAF AT AT 3 AoldA =9 74
ol I Zich(Fig. 2). RAG-1& 25 1,196bp THEJ S
o SRRl @AE Atolo]l 20bpe] @7] Ago] WHE
t}(Table 2). $HH FF 7HA| RAG-19] electropherogram=
Mg 23 £ RrF A SN = B single peak 7} LHEL

Hou REZFO ¢g7] 2go] WEH base positiono] A= F
nE & BT 7|7t 9h-&-3h double peak7b QI Tk
(Table 2, Fig. 1).

LA

£ AT AHgE Ad FE AAE AnE e
AT FAL=u] 7HAbE] gAY g =
Argju] 743 AgA vHET BRE e gaRpge] &
& BPon vEZEo} eyt b9} RAG-1 £4 2 27
SRR, A 9Fd A A A s

o

£

Tansson et al. (19912 AFeLFeiel A BEol et F
a3k 2912 fARSE A7), ESES AP, AUA PFF
olgta AF3k vt Qith & AFolA AA FHF AT 28
&AWL REF DAL YATT Ba A 2
o|aL AT R o] THed T A2EERN Unio
douglasiae sinuolatus®} 22 A 0| Anodonata arcaeformis
Aavotincta®) 2&0] Rl QU E3F R E 0] A= BF
4~642 FEHEI AYFA PFo] WA Yeht= T A
2318 44 2 9% A7 288 Ao BHECHKim,
1997; Kim et al., 2014b; personal observation).

WARolT ol R FF] BT B ZARolst By



TCAGTTTCTGTAGAGCCTCGCGTCGTTCC TCGG AGGGA

TCAGTYTCTG TAGWGCCTCRCGTCGTTCC TCG GAGGGA

i

TCAGTCTCTGTAGTGCCTCACGTCGTTCCTCGGAGGGA

Fig. 1. Photographs of Acheilognathus signifer (A: 58.9 mm SL), a natural hybrid (B: 61.3 mm SL) and A. lanceolatus (C: 57.1 mm SL) and
fragments of their electropherograms showing the recombination-activating gene 1 gene (RAG-1) (right). Arrowhead indicates double peaks and
polymorphic codes of hybrid specimen were used by IUPAC codes.

Table 2. Difference of sequences between Acheilognathus signifer and A. lanceolatus in recombination-activationg gene 1 (RAG-1), and poly-
morphic bases of their natural hybrid

Base positions
145 165 189 261 309 414 567 609 618 628 657 664 666 862 975 1011 1041 1047 1072

0
A. signifer A G A G G C A A C A C G T C A T C T A
Hybrid M M R R R K Y R R Y M Y R K M R Y Y W M
A.lanceolans C C A G A T T G G T € T A G A A C T A C

Species

Rhodeus uyekii NCO07885 A2 A £ (Kim et al., 2010), =ML EYAF
Rhodeus nu»lla.tu.r HQ113266 9] X]_oq ;S_& (Klm et al 2014b) 7]_}\]%1_0_]9}_ E_hd,%zﬂ 0] R.
o Rhodeus pseudosericeus KF425517 cat —4 %&EX{ ¥ l 2009 01 u Q ]:]]_ O]LE“ s
Acheilognathus koreensis NCO13704 notatus (Yun et a ) — =
Tanakia lanceolata AB366533 7‘_]_— Z]-ﬁ @—%oﬂ/\_]t_ E%X‘] 5]_ z/p-]l_]_ g]_x{ 3]_ z/\‘]_’] _%_7 z—é
100! Acheilognathus lanceolata . =
B e o] vebatet. Okazaki er al. (00112 GARo}T o} 7ol &
= | schettognathassignir o] ¢, B9d o2& homology”t obd parallelismo] 21
100] Acheilognathus signifer AB366537 B33 uf 9k B Ao A Ueld &2 AH Y AL 94
Acheil hus majusculus HQ113264
— P — 3 WARE (Acheilognathus)®] SH o2 2419 9, B¢
7 C acus D
89 Acheilognathus macropterus EF571657 %j_ O:]lf!.%. "‘?_“‘?‘FQL&] o=2r UH"?‘ _6‘—9~§_]: Eéxeli L&%QU:] “‘?"E
—] poeco i WO 29 5L FHIE AN E B ofyt o7 FHE AR
Carassius auratus EF055472 ]-x1 LEEs EQO oz }\g 7]—H]:]-
7 — 3 U 3o —
—A
005 nEZEZ O} eyt b RART FAEHE EAY FRES
Fig. 2. Phylogenetic tree inferred from the mitochondrial cytochrome o] AFEHH TAF F1 Alh9] /MAES I A9 Y% &
b gene of Acheilognathus signifer, A. lanceolatus and their natural FZogol 4 AEE 7R Aoz IHA Ut (Avise and

hybrid by using the Maximum Likelihood method based on the Gen-
eral Time Reversible model. Bootstrap values lower than 50% are not Saunders, 1984). & A7 A3 AA T A ] A= =

shown. A%, BAL AL FeA AAsts das Bt ®



2 RAG-1 +8A &4 23} double peaks”t YEHEE=Tl ©l&
A &F MAZF BEARet GARY fARE 2R S
oree elujsin ojsh Ze AT mEEEE o oyt b} B
DNAZ o83l 4% A<l % 54L& & 71Z 47
Akl & AR|HATH (Lee et al., 2009; Yun et al., 2009; Kim
etal.,2015).

o (e]
et -

BURZE Acheilognathus signifer?t BAE A. lanceolatus
T AFeR FAEHE MAE T A9 Aol
A AL 2 712E Fea] Ysto] BeY 5
T} n]EZ =20} cytochrome b gene (cyt b)2} recombination-
activating gene 1 (RAG-1)E £43}3th o5 Fe|& A%
21 FE A= A= AA =g jhE, A =g
o M7, Be AN S ¥ REEe E704 WS Ry
MEBC ol oyt b B4 23 BE AAE BT 97
Aol 99.9% dA|ste] BAF7F BA Y] W Fleh E3t
RAG-1 £4 23} double peak”} YeFFE ol& 5 A
Q2 sH At

Al Al

2 Apolq AE A FE AR ARS ATE 4
54 oA A E¥T
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