Received: June 8, 2017
Revised: June 22, 2017
Accepted: June 28, 2017

L2yl v)dte] < (genus Misgurnus) H| e 7| A &) n]EZE 2o}

9 8 G4 47149 B4 4% fA4 53

KOREAN JOURNAL OF ICHTHYOLOGY, Vol. 29, No. 2, 139-145, June 2017
ISSN: 1225-8598 (Print), 2288-3371 (Online)

RS B4

FYSAY FHWSRATL, SHFNLE A 2ok, BRASH| 29 FAATA

Genetic Species Identification by Sequencing Analysis of Nuclear and Mitochondrial Genes for Albino
Misgurnus Species from Korea by Ha-Youn Song, Shin-Joo Moon', Keun-Sik Kim* and In-Chul Bang'* (Inland
Fisheries Research Institute, National Institute of Fisheries Science, Gapyeong 12453, Republic of Korea; 'Life Science and
Biotechnology, Soonchunhyang University, Asan 31538, Republic of Korea; *East Sea Research Institute, Korea Institute of
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ABSTRACT The spontaneous color mutant, albino individuals of genus Misgurnus, are rarely
discovered in Korea and there are difficult to identify morphological species due to lack melanin
pigmentation. In this study, we developed a genetic identification method for the species of albino
Misgurnus individuals based on phylogenetic analysis by using recombination activating gene 1
(rag1) and cytochrome b (cytb) region of mitochondrial DNA. As a result of molecular phylogenetic
analysis, three clades were identified as Misgurnus mizolepis, M. anguillicaudatus and M. mohoity.
The homology of the cytb sequences of M. mohoity was best match to that of M. mohoity sequences
in GenBank database. As a result of species identification of 25 albino Misgurnus individuals based on
the phylogenetic tree, the red-eye type was identified as 16 M. anguillicaudatus and one M. mizolepis.
The remaining three individuals were identified as one M. mizolepis & X M. anguillicaudatus &, and
two M. mohoity & x M. anguillicaudatus &, respectively. In addition, the five black-eye type individuals
were identified as one M. anguillicaudatus, three M. mizolepis and one M. mohoity. Therefore, this
genetic identification method will be an useful techniques for species or hybrid identification in genus
Misgurnus.
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A = 52 A7 NE V|Eo R Wt H2A 271A] BlY o

278 = 9lon, o] FolA = WY b E 717 BhYS &

UH| e FA2 UukH o2 A A AP o3 LAY Wtk WA (albinism) 9] 54 7HA AL §lo] IOl FE 71X
8}m (Lin and Fisher, 2007), 9-2|ut2} 9 32} 9] thFst o] 7ol 7} =0

A B3 E A Itk (Vielkind et al., 1971; Koga and Hori, 1997;
Yoo et al., 2003; Kang et al., 2007; Oh et al., 2010). ©] 0] 4|
T 2 LUt e (e SariehE £
= )RS (Misgurnus) 8] JAEC] w9 B HEZ
Sdsta Qv Syt A BAE= e dH|ke A

A 7R 2 vtetoll B o5& (Cypriniformes) 1] 4g]
I} (Cobitidae)oll &3t ulte]& o] F+= v FtetA] (Misgurnus
mizolepis)®} B F2] (M. anguillicaudatus) 2F 2.2 -2 uet
A2 SR F - sho] AF vholu SrzolH 22 A4
3tk (Kim et al., 2005). & 2 XA = (Kim et al., 1995a),
A5 2ol AN, WS 7 5 TAR BRY 4 Yt

Aoz BiEo] 9th(Kim et al., 2005). AT QJH Fe <l
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(West-Eberhard, 2005; Kerschbaumer et al., 2011), o] 2 <13}
F 540l o8& A7t °“:} E35] Ma Ao osf 2Ayst
= o= AAlE 7129 5 A A Zpol ek vby {7
£ 7leer FEs7|d= 0134 o Ut

Z 2 o5 Aol e o]zt AFt P Ao oEs)
A &R A AE S5 9 Hestaat o
o EAESHE 7I¥E AR lTh(Kim er al., 2003).
3] AR H71AES SEte vl EA5te EAAE
F2 7ol RHZA o7 o]8 53 Qlth(Slechtova et al., 2007;
Sonnenberg et al., 2007; Cebrat et al., 2008; Lee et al., 2009;
Yun et al., 2009; Kim et al., 2015). EAAFE2 7|HES 9]
gotol £ 0] 2L BRI AL AP B}
A9 Mejo] HFHoltt, 3 §AR F 5F}2l recombination
actlvatlng gene 1 (ragl) 992 HY S 2V} TAE 584

*7‘}—4 AAdel Hd FAREA F7IAEe] & BHE
ol 1, XgHE & wtgste Aoz ¥ A Uth(Kim and
Bang, 2010). 0]} HE0] HEZE El of FH7tE YutHo s
2ASAL S BAS A, 84 Azl Yoju
ot WM Wk WA & 9l Aol ek Hauswith
and Clayton, 1985; Irwin et al., 1991; Howard and Berlocher,
1998). ThebA] chabet ojstollAl 8 Sxjel mlEEE el &
ARE FA) olg3tel BAAEHA BAL s v o
© ™ (Mayden et al., 2008; Lee et al., 2009; Song and Bang
2015), 42 o] B4 (Song and Park, 2006), ZFA%E9] 5
A (Yun et al., 2009; Lee et al., 2009; Kim et al., 2015) S 9
2] o] & Qlth.

o 2 At 9
FHAQI cytochrome b (cytb)
o z2x U stHof Hixsh=

53¢ FUstuA st

oQ
ofs
FIF
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AR ragl Az vjEE=eof
Q99 G71NGL vl BHG
vl ol AR A

ERETITL
1. Aglof 27
B ATl ALg T n TS Pule AR AeEE 4T
25S WA Adeld AW 257HAE Olﬂ“}?‘ﬂ A3

o o) 4 Aol g 7|E T WA L FLM k F R

Efglo 2 FLESIYTH w7 = &)k /A= RGL (Red eyed,
golden color, loach)2 Z7]3t¥ o, H2 &= &k A=
BGL (Black eyed, golden color, loach)i ®7]3t% T}

2. Genomic DNAQ| £2| 2! PCR

Aol Aren g dRE ddsty HeFEHo=

Table 1. Sequence information of primers used for genetic identifi-
cation in this study

. ‘A Annealing
Primer name Sequences (5’ — 3") temp. (°C)
Recombination activating gene 1 (ragl)
ragl 1492F  AGY CAR TAY CAY AAR ATG TA 54
ragl 2476R  TCC TGR AAG ATY TTG TAR AA 54
Cytochrome b (cytb)
cytb 14513F  TGR CTT GAARAACCAYCGTTGT 55
cytb 15868R GTG GGA GTT ARA ATC TC 55

*Y=C+T,R=A+G

genomic DNAE F&3}%.2 M (Asahida et al., 1996), =3+
genomic DNA+= NanoDrop ND-1000 (Thermo Scientific Inc.,
Germany)= ©|-83t ¥& 54381, 08% ol7t== Aol A
9% F 22 Fesko] Aol ol gahct.

3 FHA ragl 49T vEZE ot FAR cyb S
PCR $Z& 4 Sle Zo|HE yAUsH7] 3 GenBank
9} Ensemblof| A o] & 7hs3t off T G7IAES X
sttt o] A71AEE2 BioEdit T2 13 (ver. 7.1.11; www.
mbio.ncsu.edu/BioEdit/bioedit.html)€] ClustalW (Thompson
et al., 199N o|&3st] FAEHES FPT &, HEA
o B& Re| @71 Y YU W Telo|nig A2}
%tk (Table 1). ST a2 A 9 (polymerase chain reaction,
PCR)2 genomic DNA 100 ng2t Z+ Zeto]H 5 uME AR8-3}
] AccuPower PCR Premix (Bioneer Inc., Korea)2 %H3-3}%
Tk PCR 272 XX 94°Col|lA 487t 27] ¥4 W3 o]
B, 94°Coll A 148, 55°C annealing 2= A 18, 72°C°ﬂ/§1 1
93 353] AAlstglen, F 72°Co| A 587 vHE-5H%

FEZH AEE 1.5% o722 A Aol A 7‘*7]""5% 3=
ol EcoDye™ solution (BioFact, Korea) 22 @X3lo] FZF
PCR AH= 9] f7E& &<lst5itt.

.-“~

3. Q7MY B4 U ASE Ay

ZZ5 PCR AHE2 HiGene™ Gel & PCR purification sys-
tem Kit (BioFact, Korea)S ©|-&3}o] AA|5tH o1, o]& &7)
A 9824 7] (ABI 3730x] DNA Analyzer)S o]-&3lo] d7144
< AR5yt FRE H7|1A DS A2 BioEdit T2 1%
(ver. 7.1.11)< o|-&3}o] ZHzte] 444 H71M DS o5 g
5Fo] A 2] 3FA Tk (Thompson et al., 1997).

AE4 248 MEGA (ver. 6.06) Z2I1H-L o]&3}9]
Kimura 2-parameter model2 Neighbour joining (NJ) BH
L 0|83} (Tamura et al., 2013), H| 22 2 GenBank
of EH = FWAL Bl (M. mizolepis) R v]FE}A]
(M. anguillicaudatus) 71X E, Y& (AB473348) 4 F= (EU
131139, IN858850)AF 1] TL2]4: o]F o] Q7|4 dS v@Zo



2 o|g314 1, Yag e g NFZu|FE] (Koreocobitis rotundi-
caudata)®) B7\A L 0§34k (Table 2). EAATE 1)
EAY AAEE FAZHLE AAFst7] 3 1,0003] bootstrap
B8 43935} o} (Felsenstein, 1981).

0jfals ¢l JHHe] REM S8 141

Biotechnology Information (NCBI)€] Basic Local Alignment
Search Tool (BLAST, http://www.ncbi.nlm.nit.gov/blast)S ©|
gotol RAALYS Busel It GNAL F Y ¥
RS Bolk 9714 9L skt

24 A3 Jehd AEE g7]4 2L National Center for

Table 2. Accession number of reference sequences in Genbank for 7E=| J-'-I' inl ,-g-
this study
GenBank accession No. - - s
Species 2 Aol A Az Zepo|mE o] §5te] PCRE 433k 2

ragl cytb

Misgurnus mizolepis
Misgurnus anguillicaudatus
Misgurnus mohoity
Koreocobitis rotundicaudata

EU670843

EF508651  EU131139, AB473348
JN858810  JN858850
EU670841  EU670765

EU670767, KF732663

RGL M8
RGL M1
RGL M7
RGL M6
RGL M5
RGL M4
RGL M3
RGL M2
BGL M1
RGLF12
RGLF11
RGLF10
RGL F9

RGL F8

RGL F6

89 | | RGLF4

RGL F5

RGL F3
RGLFI

RGL F2
Misgurnus anguillicaudatus EF508651

BGL F3
9 | Misgurnus mohoity IN858810

| RGL F7

Misgurnus mizolepis EU670843

0.002

Koreocobitis rotundicaudata EU670841

cyth 9L 1,121 bp2] F7]1A4

I ZEH ragl 992 828bp FVIALES FEFHoH,
S Rt FEE A7|A
& o8t mFEL Gl HAZY ragl FHT cyrb
o] EAASTEE A% A3 F {AA 25 31 SAF

Clade I

i Clade II

Clade 111

BGL F2

Fig. 1. Neighbour joining phylogenetic tree by the Kimura 2-parameter model showing phylogenetic relationship among genus Misgurnus spe-
cies based on recombination activating gene 1 (ragl) sequence data.
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RGL M5 i
RGL M7

RGLFI2

RGLFI1

RGLFI10

RGL F9

RGL F8

RGLF6

RGLF5

63)| RGL F4

RGLF3

RGLF1

61 IRGL M1

Misgurnus anguillicaudatus EU131139
RGLF2

Clade I

99

BGLMI
Misgurnus anguillicaudatus AB473348

{RGL M6
RGL M8 —

99|- BGL F3 —

Clade 11

RGL M2

Misgurnus mohoity IN858850
SZE
95IRGL M3

BGLF1
BGL M2

l 0.02 I

Misgurnus mizolepis EU670767
Misgurnus mizolepis KF732663
75 RGLF7

RGL M4

BGL F2 —

Clade III

Koreocobitis rotundicaudata EU670765

Fig. 2. Neighbour joining phylogenetic tree by the Kimura 2-parameter model showing phylogenetic relationship among genus Misgurnus spe-

cies based on cytochrome b (cytb) sequence data.

o] FAE NS (Figs. 1, 2), Clade I 0|32 (M. anguilli-
caudatus) AL 2 EYEH QI Clade I 1] 2HA] (M.
mizolepis) Alg 22 Y E . weba] m|ehA]E g
L A dAS LR FEEHA FEo] Eo] Kim (2009)9]
ERAAY LA F F&ol 7Hsskleh. sHARE Clade I
= ol BuE n]ieE off Aol TRHA Y= E
=9 ATEE FATAL, cyrb Y9 EAATEANA HH
Tt vepg o=y AA o] Xt vt} njat
22 Qo) u|7]2 EQ M. mohoity7} AASIL Q= AoR
25905 Clade 1] S5 AR 71HLS ol &4}
Genbankol| 5% H7|A €29 BLAST 423 vjfej&
o2 M. mohoity®) A71HET 71 2 SAHE ek
AT} (Table 3).

BAASES 71202 % 542 $3T AT Table 3°]

A A8 o, RGL 20704 5 16704 w2 &2 BHsig e
I A= rletA 2 Slskgoh U A 3704 5 RGL 3
293} 3L ragl EAASEONA w|FtE] AFE (Clade D)o
ZFE L, cyrb BAATEE M. mohoity A% (Clade 11)9]]
3ol @t M. mohoity @ x W2 9] wFFL 2 WSt
At E3 RGL A 4H-E ragl EAA S Z A 1]t A%
T (Clade D)oll Z3FE| 1, cyrb BAAGE= v etA] AlST
(Clade ID°f =gt o] wet njfetA] @ x vjHe] 51 WFFo
2 wdstqlnt. ¥ BGL 570 A= u|4te] 170419} ulatet] 3
AA 2 sty on, e 2] BGL 93 3W WA= M. mohoity
2 gsigrt. o)Ak Zro] RGL 744 201te] % 3ntE)7t &
Fo2 WiEY 15%9] Y=g B9 o1, BGL WAl 5ute] 5
A& M= A A G F5 ME 5 =8 24

b BGL FF /MA9] &elo] 7 Aoz e
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Table 3. Result of genetic identification of albinism genus Misgurnus species
Species Best-matched database sequence Sequence
Type Ng;}?f categorizations Species (GenBank accession No.) homology (%)  E_value
ragl cyth ragl cyth ragl cyth
e M. anguillicaudatus M. anguillicaudatus
16 AA AA M. anguillicaudatus (EF508651) (EU131139, AB473348) 99 99 0.0
. M. anguillicaudatus M. mohoity
. 2 AA MMO  Hybrid (OA) (EF508651) (IN858850) 99 99 0.0
. M. anguillicaudatus M. mizolepis
! AA MM Hybrid (MA) (EF508651) (BU6T0767, KF732663) 0 9 00
. . M. mizolepis M. mizolepis
L MM MM M.mizolepis (EU670843) (EU670767, KF732663) 0 7 00
— M. anguillicaudatus M. anguillicaudatus
1 AA AA M. anguillicaudatus (EF508651) (EU131139, AB473348) 99 99 0.0
. M. mohoity M. mohoity
BGL 1 MMO  MMO M. mohoity (IN858810) (IN858850) 99 99 0.0
. . M. mizolepis M. mizolepis
3. MM MM M.mizolepis (EU670843) (EU670677, KF732663) 0 7 00

*RGL: Red eyed golden loach, BGL: Black eyed golden loach, AA: Misgurnus anguillicaudatus, MM: M. mizolepis, MMO: M. mohoity, MA: M. mizolepis § X M.

anguillicaudatus & hybrid, OA: M. mohoity @ X M. anguillicaudatus 5 hybrid.

dury o 2 WS A4t dapd A Agof 9 F 7HA|
FH 2 LAt Aoz A A 9o (Kinnear ef al., 1985),
L E@Yo) Het e
o 2l 7l BUen FRT 4 5 3. RGL
AL A4 Seolo] s ek ukel WepdNL
(melanophore)?] ZPLO 2 Q13| A3t WAHZO E—_E]Q‘—
=9} =4, BGL 7iAI9F Zo] T e A= )
A Rzbo] ZolE AU AT Yk AR zpo] o] FojR]

¥
8oz

W E B

]

o
4

d4u
rulru

ok = Mz Ao
gib-%HE

i

3 (partial albinism) &= FA|Z (leucism)S 2 -
(Kinnear et al., 1985). 0|9} Zro] u|AAFAIQ] u
Pt A Qo] ARl A FFo] et A

F A& (leucism and leucistic phenotype) 2.2 AHHA
v A ST} FES JTh(Clark, 2002; Veena ef al.,

2011; Muto et al., 2013). ©&A BGL /A= =& AQstn

A AA Fdof M Yol gle FAIE

E@Fo| T

€ MA=A dubaQl YiMFS 7= RGL A& 25 A
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t}(Fig. 3).
FAEL Ao, A4A] 29 9 Y@ (inbreeding) 5
A Yloz A A Q)L (Veena ef al., 2014), EE3H
Aol A AR Al A AlTto] HIpE mjFof] MR}
o|Fo| AL g Hol fHH EAMolQl WAZ A=
St 2= A

SHE 7 AEse AYA HR, A7) 9] A, Akt
a0 RE2dA}; 59 kst o]f-2 LAYt Itk (Jansson
et al., 1991; Kuriiwa et al., 2007). 0] & u]Tg]1} o] 7= 24
BHjol A= F7F Aol dold AkEl7F BaE|o] §lom (Lee
et al.,2009; Kwon et al., 2014), B)3t2]& o} ¢l u| e e} 0]
TR o] A AdxA, WA FY olfE FEESH =
W sbd A oY= gl Aot (Kim er al., 1995b;
Park er al., 1997). £3] & S04 A4t E= 2835 o]
& oFE Il AKHZ poAstaL glof W s A
Ao oldd & EIF . o2 A3 FATA 7IFHA
B2 M. mohoity7t 283 ALZ FHHC Wty =5 M.
mohoityl] tigt 29| 7} gtE W A7) =& HE 5
B At T AL £ A2 oo ol "tk 5 A+
7t Ead Aog waEd

dutA o2 m x| e} n| e = Qe AololA F1+ A
o|& Ho|n, njgA= 7 71 dsdol = A5Y o 4
o A2 71 whdo] e 20~2.58) FEZ v]Rakz]o|
Hlg] @ oz gof £ FF L&o] 7Hedtth (Kim ez al.,
2005). 1Y £ F1tol] = FFY B ded 2ol
afo]7b WekstA Lol HA| ghe Al EA T (Park
et al., 1997). v]2|& odH|e 7)Ao Feole A vHE
o] AR g5 B oflt HAF A= yehdezHN ¢
HgAo 7IgkeE F= & 5 T A 2 AtollA &
gk EAmbA 9 EAAEEE £A4S 271 A B Jgst
AE 8T o U AR wddh

o 44 ©

fo

OF
=

Z| 2 fuetol A AAAEAQ vt dHke JHAE
e MEE UG glouf, 44 ABOR s WY
70 olFdt}. whgbA 2 A= 3 FHA recom-
bination activating gene 1 (ragl) 99 L n|EZE=g|o} F-AX};
cytochrome b (cyth) GG o] &3t EAAEstE EAS o]
&3 nfes dHle A Y EAEES SFskch 1 2
I ragl® cytb®] EAAGEONA wtetA], vy, 223
M. mohoityZ 37§19 clade”} EIE Tt SRH M. mohoity
9] A7IMEE FHAEAY BLASTE °|-83 FAMIS &
At At M. mohoity®}t 7V FAIITH BEAAGSEE 7€

o]

5

o2 osuele] il mTElS ARG F B 2B 2
3wz e oY 16nH, MR 1ok s BEs
QI oA 3R TR  x w1 @ FF 1okele M.
mohoity § x A€l 1 Ao] 2uke] BEE|YITh B AL =
eh) smhel W) mtelet m ek 3nke] 9 M. mohoity
kel s T ek B el ol g3t BAniAS B
gRozA TS ol R BT £ EE FES FHH
9% 483 WHoR o8-8 4 e Aol
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