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Development of a Species Identification Method for the Egg and Fry
of the Three Korean Bitterling Fishes (Pisces: Acheilognathinae)
using RFLP (Restriction Fragment Length Polymorphism) Markers

Hee-kyu Choi and Hyuk Je Lee*
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College of Science & Engineering, Sangji University,
Wonju 26339, Republic of Korea

Abstract - This study aimed to develop a species identification method for the egg and fry of
the three Korean bitterling fishes (Pisces: Acheilognathinae), including Acheilognathus signifer,
Acheilognathus yamatsutae and Rhodeus uyekii based on the PCR-based Restriction Fragment
Length Polymorphism (RFLP) markers. We conducted a field survey on the Deokchicheon River
from the North Han River basin, where the three Acheilognathinae species co-occur, and also
analyzed the existing sequence dataset available from the GenBank. We found coexistence of
the three species at the study site. The egg and fry were obtained from the host mussels (Unio
douglasiae sinuolatus) by hand from May to June 2015 and in May 2017. To develop PCR-based
RFLP markers for species identification of the three Acheilognathinae fish species, restriction
enzymes pinpointing species-specific single nucleotide variation (SNV) sites in mitochondrial
DNA COI (cytochrome oxidase I) and cy? b (cytochrome b) genes were determined. Genomic DNA
was extracted from the egg and fry and RFLP experiments were carried out using restriction
enzymes Apal I, Stu I and EcoR V for A. signifer, A. yamatsutae and R. uyekii, respectively.
Consequently, unambiguous discrimination of the three species was possible, as could be seen
in DNA band patterns from gel electrophoresis. Our developed PCR-based RFLP markers will
be useful for the determination of the three species for the young and would assist in studying
the spawning patterns and reproductive ecology of Acheilognathinae fishes. Furthermore, we
believe the obtained information will be of importance for future maintenance, management and
conservation of these natural and endangered species.
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M —

9 o]} (Cyprinidae) BAFEoF 7} (Pisces: Acheilognathinae)
oJF= &ol &3t At 2 &7 gHoliEA A
AAel oF 400F0] B1E v} 9l 2™ (Bogutskaya and
Komlev 2001; Damme ez al. 2007), 1 & $gvdlo= 2
& 14%0] 71259 Qlth(Kim and Park 2002). FAFo}
T o F= @At a1k (Bivalvia: Unionidae) 35F-2] o}7f
u] Qo Abghsle SE53 AETY S-S 7R dok(de
Wit 1955). #2& AA 7)o g=dt £ AL oo, &
F2I FHNA A4S FH9E Fojsta, dRE 70 A
S A 329 ofrtu] Qroll tg Abgtgitt.
FRAE 329 oprtulof R4 RS WE
2709 g0 93] 27 £02 FAT $AA
Yol A o] =Ao] dojdt}(Smith ef al. 2004). 5=
o) ololzl 7 o 363 WANAL AN T 295
S 5ol B 2] o2 olEalel EUH LS o
th(Uchida 1939; Aldridge 1999). ©]&]3t 553 ¥4] 5
(reproductive behavior)& 71 @4ol{ 2 AEA =7
WA SRz BAoR SEE] fRe] A4 B
o %727 A & 2 Al BESIY] 5] Eolet
1 B %}tk (David et al. 2010).

) QA7 AAAQ THdel g3 2 F E sHHAIYEL

2 ARt 32 o] g5t AT 7Y MA
A 345 gastn o, o2 8 dArotukel A
47b A AR gastn Ut FAoIt(Bogan 1993;
Watters 1996). $2lujet B8, & 4% WA=otat o
2 29l 7EE7N (Rhodeus pseudosericeus), QA GRS
(Acheilognathus somjinensis), S A 5 (A. signifer) ¥ &
GAL R (A. majusculus)7} OFRYAE 5 U T o T3 H
E A3 (20179 124 299 W)l A EEH7I
ORYNE I IF 22 XAEo] Hogry glom, =9 ¥
Z9)7] oAE AN A7 F (Red Data Book)ol A= $17]
(EN; endangered), 98 (NT; near threatened)F 2 #4
A} (LC; least-concern)Z 2 2 E3HE 6] QITH(NIBR 2011).

S A gARRota golFoll tigt At 1t
otst7] A AEErE 977k RAE o glet, 2 Ho]
o £4% ) TATNAS WP FaAdlol £ A
2 238ttty B v 91O (Kim er al. 2013, 2014),
obz] FATHAQl WS o] &% w32 &t D Aofq
o £ W AL AR Uk bR, 2 AT
= PCR (polymerase chain reaction) 7]¥F RFLP (restriction
fragment length polymorphism; A|3HEH Zo] t}gA) Ex}
e olgstel 0% A7 GAWEFEAN FA
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Fig. 1. Map showing the study site, the Deokchicheon River orig-
inating from the North Han River basin (N 37°41'52.98", E
127°55'41.72") in Hongcheon, Gangwon-do, Korea.
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T HFEY A=A o gt BEXAE $35F3 3L (Song
2004; Baek 2005; Kim ez al. 2015), 2AHA 3 924 Ao
HAFOL o] 7o) 47|17 A= 5E~6Ho] A2
< AASHTH @A o] RAFRA 2 7|E EHoE 89
H SRR (A. signifer)$t 2'9XF (A. yamatsutae)7t A 4]
F de A& gstgon, 2 gAFotato] &35k 2+
Aol (R. uyekii)7} 718 02 WA= mabA, A
£, 2974F 9 A5 35S R & A5 35t
ek

HzpFotat oj2 9] 2z g d#A ZA2U =R (Unio
douglasiae sinuolatus)®] 7L oA F2 £0=2 I
Hotgleon, ol 7o YL FF(FE 7xXTmm)H o (F
& 5x5mm)E o] &5ttt EARA A3 BEEARI 28
oha B Bp Qlo] AR SFQ EYATY 282
FA e A A o £83]7H(2015-17, 2017-10)F FHE3H
ZARE AFPstgon, ojfe FHL 7|1&0 T F
(Kim 1997; Kim and Park 2002)¢] B3 H|A o w2} &
Aok Y E GAFota o] 7o T2 35 AP A&
T2 W Stos gld @ oo Al tit F
< "hofsh=d o] &8kl

AFE gRFotnt ofFf @A T ALY
= 7185t FRege. AME s32M= 42 14A4
test tube (50 mL, Falcon™, Fisher Scientific, USA)o] o]
99% LA 14 T APAR LHela, AgAR
it 329 oprtn| & i W Ao E &5+ 99%
ez L&o] 503+ micro-centrifuge E-Tube (1.5 mL)%]|
go] Bystgich AAHE 337 w324 W F 161719 ¢
2 Zjoj7k ERlE o, Agtars Qs A dit 2o
o] FREL H3l Sero® A shsd 7|9 Bofo] thE
3IAAE F&9E AEste] n]EZ=2]oF DNA COI cyr
b AR @71 EE A% it BEAE A, EEAE
4704 D ZHA o] 1970A12 B8 E FA AL A EelE 3
Fo] BmF HAE U

2) Genomic DNA =& %! 0|EZZ=2|0} DNA PCR
(Polymerase Chain Reaction)

Genomic DNA9| &2 AT & B X|oje] AR of
ZF 2 mmE FW3}%] G-spin Total DNA Extraction Kit
(INTRON Biotechnology, Korea)E ©]-&3lo] &390,
Z2% DNAQ #9212 fluorometer (Invitrogen, USA)E ©]
83191 DNA®] 558 8l F Aol o] g31ch.

o] EZE 2 oF DNA2] COI (cytochrome oxidase I)Z} cyt b
(cytochrome b) F+42E A2 2 PCRES B3l 444 5=
AFE Pt on, 71E AFolA oFE HAALE L

ol

r

B oW e

)
Al
3
q

N

H primersE ©]83}% ) (Ivanova et al. 2007; Chang et al.
2014).

AFE-E primer 728 2 E] = (nucleotide) sequences (5'-3")
= O 2

COI - FW (FF2d) (5-TTCTCCACCAACCACAARGAYAT
YGG-3)
RV (FR1d) (5-CACCTCAGGGTGTCCGAARAAY
CARAA-3")

Cyt b - FW (Cytb-F) (5-GAYTTGAAGAACCATCGTTGT-3')
RV (Cytb-R) (5-CTTCGGATTACAAGACCGATG-3')

PCR H¥H-§-2 sterilized water 8.9 puL, 10X Green buffer
(Thermo Scientific Inc., USA) 1.5 uL, forward/reverse primers
0.5 uL, dNTP (Bio Basic Inc., Canada) 1.5 uL., Taq Polymerase
(Thermo Scientific Inc., USA) 0.1 uL @ genomic DNA 2
WLE AHg3e] F 1SuLE 53T, PR S 2720
thermal cycler (Applied Biosystems, USA)E ©]-&3}¢] COI
TR H$- 94°CoA 287 7] WA (denaturation)
3 94°Cof|A 3027} denaturation, 52°Col|A] 40x7+ A%
(annealing), 72°Col|A] 1&7t A%} (extension) -2 353]
HHESIg o, o]F 72°C 10822 ZFE extension &
ZZ ARSATE. Cyr b AR B9 94°Cof| A 427
7] A & 94°Co)|A 187} denaturation, 55°Co)| A]
annealing, 72°Co| Al 1&7} extension ¥H-5- 353] Hh
om, o8 72°C 5222 XX extension ¥ & =

CEEES

o~
o Mo
de 32 L P ol
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3) RFLP (restriction fragment length polymorphism)
o

RFLP £4-& 9|34 NCBI (national center for bio-
technology information)®] GenBankZHE &3 9 gX]
B A2 AT BRE BUAT A, signifer), AR
(A. yamatsutae) B ZFA 50 (R. uyekii)®] n|EZE | o}
DNA COI¥} cyt b AR G714 8L 3H23F 3 (GenBank
Accession Nos.: HQ536266.1, HQ536281.1, HQ536507.1,
KF410748.1, and EF483937), Bioedit ver. 7.2.5% ©| &3}
of Clustal W 248 53} 27t U2 o] gdedr] ol
(Single Nucleotide Variation; SNV)E 7} @714 €& &<l
stk 97142 B4 A3, SRR o bot EeARe)
215019 COL $A44] A9 % U AR 7+ 971G
o] o] Fob Algtas AAolA ALdstArt. Atas9
A A& ‘Restriction enzyme digest of DNA’(San Mill4n et al.
2013)o| A AlFdt= Agtas HM Z2aof 22 FH
So] GrINAL YAT F 7 ATEL Hh A4 AE 2
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Target gene Resrtiction Enzyme Species 192 v 231
A. signifer CTITGTCECECECGCTAATAAT CGEGTIGECEACCCGACAT GG CCECTIECC
Col Apal 1 (G'TGCA_C) A. yamatsutae . - A - A « = o e - T A= = = o2 0w A s s e e G I =
R. uyekii PPN E TR T T T . g 2 o P ox e owom oo oeow o o=
124 v 163
Cyt b Stu [ (AGG'CCT) A. yamatsutae

R. uyekii . T - G
394
Cyt b EcoR V(GAT'ATC) R. uyekii

A. yamatsutae A

« o« o« A -

ATEITECCCAAATECETCACRAGGCECCETATTCTTAGEAATGEGCECALCT

e @ v v mon om c - &
v 433

ETCCTEGCECETBEGEECCAGATATEATTTETGEAGGECGECEACCECE
A ...... AG G

C: = & & % &% ¢ % § 8 &

Fig. 2. Alignments from 3’ to 5" end of 192-231, 124-163 and 394-433 bp fragments of mitochondrial DNA COI and cyt b regions for
the three species (A. signifer, A. yamatsutae and R. uyekii) in the Acheilognathinae fishes (GenBank accession nos: HQ536266.1,
HQ536281.1, HQ536507.1, KF410748.1, EF483937; Ivanova et al. 2007; Chang et al. 2014). Dots in the alignment indicate that the
corresponding sequences are identical between the species analyzed. The inverted triangles filled in black indicate each of the restric-
tion sites predicted for the Apal I, Stu 1 and EcoR 'V restriction enzymes in the three Acheilognathinae fishes.

7] (minimum recognition size for each restriction enzyme)+=
‘42 AAst olgstitt. F F4& T RFLP ujA =
ZAAH AstastE Apal 1 (G'TGCA_C), Stu 1 (AGG'CCT)
9 EcoR V (GAT'ATO)Z % 3709 Al$tE 4 (Enzynomics,
Korea)E °]-83tR 2™, Apal | E49| ¢ SHAF W&
ZEgo} co1el F24k 541 (660 bp)ol A 217bp F&-& 4
SR, UA 2% A9 AEe F2ol Y. S
[ 549 3% E9AF nEZ=0} oy b A F4
(1140 bp)elA] 143 bp PEE WRBHAL, 241 50]2] 39
Aekel RRo| It FeoR V E49) A$ ZHgols
AT FAA 29 (1140 bp)ol A 413 bp F-ito] k=gl
T, AR AUEE BEo] EA3HA %okt (Fig. 2).

RFLP A& sterilized water 10 pL, buffer (Apal I, Stu I -
1X EzBuffer IV, EcoR V - 1X EzBufferIll) 1 pL, restriction
enzyme (10 units uL.™") 0.2 uL. @ PCR products 5 yL& 2
162 uL9 & WHSAIF a1, 2720 thermal cycler (Applied
Biosystems)& ©]83t0o] 37°ColA] 2 3~4A17F 9559
ot qhgo] $EH AE2 1.2%9 Agarose gel2 oF 20&
7+ A7)195S 5851921, 100 bp DNA Ladder INtRON
Biotechnology, Korea)E ©]-§-3to] ZrZF WiE9] QA& &gl
R ThH(Wolf et al. 2000).

N}

oY oy

oL

1.PCR-RFLP 43 o4 A7 95& 58 5 w4

HAFotn o7 SEAF (A. signifer), EEAT (A.
yamatsutae) R ZtA g0 (R. uyekii) 350 g A=
%], PCR product®] 37| (bp), Algtas A7 & 42 DNA
9 Zdolof F7] (bp)2t HAE ot A AT (A
signifer)] 7% n|EZE=2]o} COI £ E Ay S 2 PCRE
A3 F 660 bpoll A AIFEL Apal 10 &J8) G'TGCA_CH
H71A Dol YT 217bp F2S AATH Hdsi, &

HARY FE nEZEZCL oyr b B HE FSE PCRY
A3} % 1140 bpoll A A& A St To)] &3 AGG'CCTS &
71X go] $Agt 143 bp HES A5t ddtstglon, 7t
Al5ol9] AL mEZEZ o} cyr b BHE HFSE PCRE
A3} £ 1140 bpol| Al ATtEA EcoR Vol 28] GTGCA_C
o A7|HFo] YT 412bp HELS 9145t Attt
(Table 1; Fig. 3).

PCR-RFLP A% 77} TR X4 10704 o]} 433t
L, AgarA e o] A7|YF A} FEAFY ¢ vl
EZE o} COI 90X Apal 18 4x0] §Hg-8to] 270¢] Wl
E7F 1= e  (lane B), UH A EHAFE} ZHAl 5ol
Apal 18200 ¥H-g- 8HA] ¢k 17]9] =7} Uebydth (lane C,
D) (Fig. 3). Apal 184:9] A& EYAFE F A& AE
g & UM fAES ddeE 712 ¢l PCR-RFLP A ¢
< Pt 1 AT AT F nEZE ot oy b
F oA St 18 40f BEgshe] 2709 WMET} I E| ¢l o
(lane E), YHA] ZtA] 5ol dhof 3314 a1 1719 Wi
E7F Ukt (lane F). ZHA]1 501 8] 29 SYU3 n]EZEg
o} cyt b F-9]o A EcoR VA A §H-g-3te] 27) 2 W=7} 8
=R oH (lane H), EHAF= &dof B3k g1 174
o] =7} Yehytth (lane G) (Fig. 3).

7|&o] AdE A9 A FAFotG ojFIt FAT

o ¢ 2 o8] TS A8 AH HEHANA AF 5
AAR & A REE 715510 FEF R st W
o2 £ ZAS £Y5g ey FuE vl o m (Kim et al.
2014), & A= 22 AAAY FAst:= 35 93
Fola} o] 7l FHAR, EEAF 9 ZAFo] b E X0
£ dAeR fAR d71ME #AE Bl 44 SHEE &
o]ld& 7H E7IMEE Elst] T §
(SNV)E o] &sto] Altasrs
25 Bt 47 3% Ry ¢
2 $Ysigih

RFLP £2}7|% 8] 0]-§-2 o] T8t ofe} A 51 o79

J
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Table 1. DNA fragment sizes expected from restriction enzyme treatments (e.g. PCR-based RFLP experiments) for three different species of
the family Acheilognathinae including A. signifer, A. yamatsutae and R. uyekii. Two DNA fragments of 217 and 443 bp were expect-
ed to be produced owing to the presence of a restriction site (G'TGCA_C) of Apal I at mtDNA COI region (660 bp) sequences for A.
signifer. Two fragments of 143 and 997 bp were expected to be generated due to the presence of a restriction site (AGG'CCT) of Stu
I at the mtDNA cyt b (1140 bp) for A. yamatsutae. Two segments of 412 and 728 bp were expected, due to the presence of a restric-
tion site (GAT'ATC) of EcoR V at the cyt b (1140 bp) sequences for R. uyekii

mtDNA gene PCR product Expected fragment lengths (bp)

Species amplified sizes (bp) Restriction enzyme after dlges.tlgn with respective
restriction enzymes
A. signifer COlI 660 Apal 1 (G'TGCA_C) 217 443
A. yamatsutae cyth 1140 Stu I1(AGG'CCT) 143 997
R. uyekii cyth 1140 EcoR V (GAT'ATC) 412 728
(b)

Restriction
enzymes

Fig. 3. Results of restriction fragment length polymorphism (RFLP) experiments for the three Korean bittering fishes. (a) DNA bands pro-
duced from PCR reaction (lanes 2-8) in gel electrophoresis (lanes 1 and 9: 100 bp ladder). Lanes 2-4 represent mtDNA COI PCR
products for each of the three species. A. signifer (lane 2); A. yamatsutae (lane 3); R. uyekii (lane 4). Lanes 5-8 represent mtDNA cyt
b PCR products for each of the species. A. yamatsutae (lanes 5 and 7); R. uyekii (lanes 6 and 8). (b) DNA bands obtained from RFLP
experiments (lanes B-H) in gel electrophoresis (lanes A and I: 100 bp ladder). Lanes B-D represent Apal 1 products for each of the
species. A. signifer (lane B); A. yamatsutae (lane C); R. uyekii (lane D). Lanes E (A. yamatsutae) and F (R. uyekii) represent Stu I prod-
ucts. Lanes G (A. yamatsutae) and H (R. uyekii) represent EcoR V products.

DNA X 714 (DNA fingerprinting) 0.2 0% 717t 5 23 antsoln] 4o 35 BEY 4 ok seu
o o) ol §5 T 510 (Weising ef al. 1994), M T goll B4 HASHT Qi ARokT ofF 24 1459 BE
A % (Haliotis) 4% T3t ST PHo2E Fips @71NGE HlE BAstel AL BAuAL ohl7)
2 2489 v YrhKang 2017). 0|3 WAL AT A o B Aol AL ATEATAL B, FPAR

lo &

oz

2 % ANY B4 $AARIE BE DNA @749 A4 2 A8l 350] I FF & ATINL H83)]
(sequencing) §lo] 4l RFLPWHAS o] § ARAeld &  Wxifols} off 24 14%] oje RFLP 5h7} e 7
A 22 5 00e AREAN RO van Aug g ¢ Ste] AAsks dRRoln AA) o R At o
Azkel BB F 5L AW S vk Wl B AL WAAE L AFS ojdisht 28Y 4 UL Aow
ol Qo] 2.2 712k Bk ALEH L ot Az,

il

B Q7 TS wjgoR RELP EAWE olgate]
Apgolate] @ Aojo] Pt FwE A, BA U WX

24 A BHNE 3% PR} ORI A9 W ¥ @
=} BE E35p] £2 Aot Uehi (Fig. ). B 47
oA Aj=o] 7jdtE RFLP ufA &= 7|2 AFoA AR W £ d++= PCR 7|4t RFLP (Restriction Fragment Length

U Aol g YA O FS HelsHs WHETE F E W Polymorphism: ATAH Aol hEA) BA7MS B3}
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o 9 Alo] o YTk olF 350 5L F o w
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