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Species-specific Marker Development for Environmental DNA Assay of Endangered Bull-head Torrent
Catfish, Liobagrus obesus by Bong Han Yun, Yong Hwi Kim, Mu Sung Sung, Ho-Seop Han, Jeong-Ho Han' and
In-Chul Bang* (Department of Biology, Soonchunhyang University, Asan 31538, Republic of Korea; 'Water Environmental
Improvement Dept., Korea Water Resources Corporation, Deajeon 34350, Republic of Korea)

ABSTRACT

We wanted to develop a real-time PCR assay capable of detecting Liobagrus obesus

in environmental DNA (eDNA) extracted from freshwater samples using a pair of species-specific
primers and probe for the endangered fish, L. obesus. The species-specific primers and probe were
designed in consideration of single nucleotide polymorphisms between 65 species of freshwater fish
living in the Republic of Korea within the cytochrome b (cytb) gene of mitochondrial DNA. The species-
specific primers and probe, in the real-time PCR assay, showed high specificity as only the L. obesus
genomic DNA (gDNA) was found to be positive in the specificity verification using 65 species gDNA
of freshwater fish in the Republic of Korea. In addition, in the detection limit analysis using the serial
dilution concentrations of L. obesus gDNA, it was found that it was possible to detect up to 0.2 pg,
showing high sensitivity. Afterwards, using the species-specific primers and probe, real-time PCR assay
was performed on freshwater samples obtained from 8 stations in the mid-upper basin of Geum River.
As a result, the cytb gene of L. obesus was detected in total 5 stations including all 3 stations where
this species was collected at the time of field survey. Therefore, the species-specific primers and probe
developed in present study, and the real-time PCR assay using them, can accurately detect the cytb
gene of L. obesus from eDNA samples, which can be utilized to monitor the existing habitats of this

species and to discover potential new habitats.
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eDNA)YE 248to] dg shdol A4ste FEdS d5s=
71¥o] B2 AFA= 95t =8 =1L itk (Ficetola et al.,
2008; Thomsen and Willerslev, 2015). o] H'-& shd4ut
Ageste] theket W o2 BASHY shd AELS A5
Aol 2ARS AF FHolu 7R s WA = 3
FE HAE 4 e Aol Ao

37 DNAE E4st= o2 540 et 24 F 7}
A 24 vdo] deEA qled, g F9 A4 {FFE Tot
T 5 e F 5ol uHAE o83 PCR 4] W Jo er al.,
2020)7 -840l w2 Zeto|w A EE o] &d FAQHoR
A2 7HsAdo] e B F& AAE 4= 3l metabarcoding
A4 W Jietal, 2013)0] d7] AMEEHI Utk 53] & &
o] mtAE o]&3t A7t PCR (real-time PCR) 4 H+2 o
& Fol gt F 5ol Zefolme} Z2HE Ads|of st of
2 AN 2 A& Axo BoldS 7] Y& 2
A7F FastAY A4 A7 AL SASS TS BE
Y7129 A4l Eelsle 9 & a & o|th(Sakata et al.,
2017).

N EZEZoF DNAE A=23 B4 glo] ZAFHE st
E4ES 77 &l & HES 9% PCR £4 Ao 29
o7 &gE 3 9l on(Taboada et al.,2017; Xu et al., 2021),
o] FAME FU E T A7INE 4 =2 HolEE 7=
cytochrome b (cyth) F3A G Ho] F Eo] mato|HE A%}
sl7] g iy fAA d9e2 g AMEEI ok (Kwon
et al.,2009; Kim et al., 2014; Ye et al., 2016).
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1. 871 DNA A

1) 0F AR &5 3 HIIME 2N

2 dFolMe SAE F o] Zetoln 9l Z2HZ A%
g3l F5S a5 st «FFRTn o FEESLL
(Soonchunhyang University Collection, SUC)l| 99.9% ot
22 IR FH B FQ FW E5olF 6559 7HE E= )
Azgjn] JYAE 240 AMEsEITH(Table 1). SAHIE B R
g EEH7IF ARY AL, WIS S &
2971017 B 951 (ME, 2006, 2011, 2019; MLTM, 2010,
2011,2012)0014 AHE- 81718 53 Al&E ARESHRTH

SAtZ|el &Z DNAZME ¢t & £0| 07 JHY 209

o] 79 ¥ Genomic DNA (gDNA)E FE35}17] 15}
HiGene™ Genomic DNA Prep Kit (BIOFACT Co., Ltd., Dae-
jeon, Republic of Korea)E AME-3}¥ o0, &3 ¢cDNAE
NanoDrop ND-1000 £33 #] (NanoDrop Technologies, Inc.,
Wilmington, DE, USA)E ©]&3l0] £&9 =& =434
o} o] %, n|EZ =20t DNAY cyrb 2 G o] thgt g7
MEBE SE317] $J8to] Chang et al.(2014)°] A ZH3t Zzto]
™ (Cyth-F, Cytb-R)E ©|-&38 LT o= Ao 0|83}
At} $Z3F PCR AH=2 ABI 3730x1 DNA Analyzer (Applied
Biosystems Inc., Foster City, CA, USA)E AME-3lo G7]A4 <4
< ZAAskqd

S HS cyrb FAA @714 F dlolEE FinchTV 1.4.0
(Geospiza Inc., Seattle, WA, USA)E AFE-3}9 trimmingS 4
33t & BioEdit 7.2.5 (Hall, 1999)2] ClustalW (Thompson et
al., 1994) & AH&ste thEAEE st FET
1,059 bp2] cytb F-AR G714 E-2 NCBI¢| GenBankol] 5%
3}o] accession number (OP419974~0P420038)5 Fojdigtct,

2) SAl2| & £0| Z2jo|H ¥ Z2H K=

GEF cyth TR F99 F714ES WL SE DnaSP
6.12.03 (Rozas et al., 2017)5 AH&-3te] 7t 37 Hol&
el = &Y 97]thd A (single nucleotide polymorphisms,
SNPs) 2918 WAL ol %, FA ol AR Solg ez vy
Eftb= SNPs 915 13ste] F 5o] Zejo|nje Z2ES
A2t T, 0] 5 2] melting temperature (Tm) Zk2} 22} L2
A oF 52 Multiple Primer Analyzer tool (Thermo Fisher
Scientific Inc., Waltham, MA, USA)S AE-5to] EQ135F% T},

3) SA2| & Eo0| Zato|H Y Z2E HE U MA[ZHPCR 24

A A7t PCR (CFX Opus 96, Bio-Rad, Hercules, CA, USA)
2ol &A BAE % So| Zajolulo] Uit AEE S
3}7] 93k} ¥k PCR (conventional PCR) (T100™ Thermal
Cycler, Bio-Rad, Hercules, CA, USA)& 3314t} 4t
PCR 24 N2 AccuPower® PCR Premix Kit (BIONEER Corp.,
Daejeon, Republic of Korea)ol| FAF2] gDNA 100 ng¥ A *-3F
W o mefolu] 247} SuME W 33 ZR $F 20
WLE EsHeh Q8 POR A& 05°ColA] 387 27194
(initial denaturation) <, 95°Co|A] 3027t ¥ Al (denaturation),
60°Coll A 3027t A3 (annealing), 72°ColA 30&7F A%
(extension)< 353] HHESgom, mxEto g 72°Co|A 5
7+ HFA% (elongation)S 35kt UHE PCR AHE2
A5 2AFT A7195 AA] (Fragment Analyzer; Applied
Biosystems, Foster city, CA, USA)E A3t A7|95S 5
33192, PROsize 3.0.1.6 (Agilent Technologies Inc., Wald-
bronn, Germany)& AR&-sto] HH=S] 37| & &Q135} ).
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Table 1. Fish specimens information analyzed in the present study to develop Liobagrus obesus species-specific primers and probe
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GenBank No.  Voucher No.
Species Locality River system
cytb SucC
Cyprinidae
Carassius auratus Gongju-si, Chungcheongnam-do Geumgang River 0OP419974 12308
Rhynchocypris oxycephalus Jincheon-gun, Chungcheongbuk-do Geumgang River OP419975 12094
Rhodeus ocellatus Gongju-si, Chungcheongnam-do Geumgang River OP419976 26280
Rhodeus uyekii Cheongyang-gun, Chungcheongnam-do ~ Geumgang River OP419977 17540
Rhodeus notatus Cheongyang-gun, Chungcheongnam-do ~ Geumgang River OP419978 17532
Tanakia lanceolata Gongju-si, Chungcheongnam-do Geumgang River OP419979 20694
Tanakia koreensis Jinan-gun, Jeollabuk-do Geumgang River OP419980 12166
Acheilognathus yamatsutae Jinan-gun, Jeollabuk-do Geumgang River OP419981 19375
Acheilognathus rhombeus Cheongyang-gun, Chungcheongnam-do ~ Geumgang River OP419982 17490
Acheilognathus macropterus Gongju-si, Chungcheongnam-do Geumgang River OP419983 20366
Acheilognathus chankaensis Gongju-si, Chungcheongnam-do Geumgang River 0OP419984 26243
Pseudorasbora parva Gongju-si, Chungcheongnam-do Geumgang River OP419985 20732
Pungtungia herzi Gongju-si, Chungcheongnam-do Geumgang River 0OP419986 12302
Pseudopungtungia nigra Jinan-gun, Jeollabuk-do Geumgang River OP419987 1417
Coreoleuciscus splendidus Jinan-gun, Jeollabuk-do Geumgang River OP419988 12139
Coreoleuciscus aeruginos Yangsan-si, Gyeongsangnam-do Nakdonggang River OP419989 17010
Sarcocheilichthys variegatus wakiyae Okcheon-gun, Chungcheongbuk-do Geumgang River OP419990 18408
Sarcocheilichthys nigripinnis morii Cheongyang-gun, Chungcheongnam-do ~ Geumgang River OP419991 6088
Gnathopogon strigatus Yeoju-si, Gyeonggi-do Namhangang River 0OP419992 26328
Squalidus japonicus coreanus Gongju-si, Chungcheongnam-do Geumgang River 0OP419993 20735
Squalidus chankaensis tsuchigae Jincheon-gun, Chungcheongbuk-do Geumgang River OP419994 25886
Hemibarbus longirostris Cheongyang-gun, Chungcheongnam-do ~ Geumgang River OP419995 17589
Hemibarbus mylodon Jeongseon-gun, Gangwon-do Namhangang River OP419996 979
Pseudogobio esocinus Gongju-si, Chungcheongnam-do Geumgang River OP419997 12221
Abbottina rivularis Changwon-si, Gyeongsangnam-do Nakdonggang River OP419998 26329
Microphysogobio koreensis Mungyeong-si, Gyeongsangbuk-do Nakdonggang River OP419999 6472
Microphysogobio yaluensis Gongju-si, Chungcheongnam-do Geumgang River 0OP420000 12281
Microphysogobio rapidus Sancheong-gun, Gyeongsangnam-do Nakdonggang River 0OP420001 7583
Microphysogobio jeoni Gongju-si, Chungcheongnam-do Geumgang River 0OP420002 20660
Gobiobotia macrocephala Yeongdong-gun, Chungcheongbuk-do Geumgang River 0OP420003 265
Gobiobotia brevibarba Yeongdong-gun, Chungcheongbuk-do Geumgang River 0OP420004 233
Gobiobotia naktongensis Gongju-si, Chungcheongnam-do Geumgang River OP420005 5176
Zacco koreanus Jinan-gun, Jeollabuk-do Geumgang River OP420006 12120
Zacco platypus Gongju-si, Chungcheongnam-do Geumgang River OP420007 12271
Opsariichthys uncirostris amurensis Gongju-si, Chungcheongnam-do Geumgang River OP420008 20671
Hemiculter leucisculus Cheongju-si, Chungcheongbuk-do Geumgang River OP420009 15540
Squaliobarbus curriculus Seocheon-gun, Chungcheongnam-do Geumgang River 0OP420010 1918
Cobitidae
Misgurnus anguillicaudatus Buyeo-gun, Chungcheongnam-do Geumgang River OP420011 2832
Misgurnus mizolepis Buyeo-gun, Chungcheongnam-do Geumgang River 0OP420012 2801
lksookimia koreensis Jincheon-gun, Chungcheongbuk-do Geumgang River 0OP420013 12158
Cobitis hankugensis Seongju-gun, Gyeongsangbuk-do Nakdonggang River 0OP420014 19471
Cobitis choii Jincheon-gun, Chungcheongbuk-do Geumgang River 0OP420015 1405
Cobitis nalbanti Gongju-si, Chungcheongnam-do Geumgang River 0OP420016 12252
Kichulchoia multifasciata Miryang-si, Gyeongsangnam-do Nakdonggang River OP420017 17600
Nemacheilidae
Lefua costata Goesan-gun, Chungcheongbuk-do Geumgang River OP420018 25889




Table 1. Continued
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GenBank No.  Voucher No.
Species Locality River system
cytb Suc

Siluridae

Silurus asotus Jinan-gun, Jeollabuk-do Geumgang River OP420019 25881

Silurus microdorsalis Gongju-si, Chungcheongnam-do Geumgang River 0OP420020 25732
Bagridae

Pseudobagrus fulvidraco Gongju-si, Chungcheongnam-do Geumgang River 0OP420021 25887

Pseudobagrus koreanus Jinan-gun, Jeollabuk-do Geumgang River 0OP420022 25885

Pseudobagrus brevicorpus Yeongcheon-si, Gyeongsangbuk-do Nakdonggang River 0OP420023 25882

Leiocassis ussuriensis Cheongyang-gun, Chungcheongnam-do ~ Geumgang River 0P420024 6328

Leiocassis nitidus Nonsan-si, Chungcheongnam-do Geumgang River 0OP420025 8234
Amblycipitidae

Liobagrus andersoni Pyeongchang-gun, Gangwon-do Namhangang River 0OP420026 26330

Liobagrus obesus Geumsan-gun, Chungcheongnam-do Geumgang River 0OP420027 25894

Liobagrus mediadiposalis Muju-gun, Jeollabuk-do Geumgang River 0OP420028 15591

Liobagrus somjinensis Gurye-gun, Jeollanam-do Seomjingang River 0OP420029 13201

Liobagrus hyeongsanensis Gyeongju-si, Gyeongsangbuk-do Hyeongsangang River 0OP420030 27920
Osmeridae

Hypomesus nipponensis Jinan-gun, Jeollabuk-do Geumgang River 0OP420031 25884
Odontobutidae

Odontobutis platycephala Jinan-gun, Jeollabuk-do Geumgang River 0OP420032 12152

Micropercops swinhonis Seocheon-gun, Chungcheongnam-do Geumgang River 0OP420033 27912
Gobiidae

Rhinogobius giurinus Hapcheon-gun, Gyeongsangnam-do Nakdonggang River 0OP420034 20889

Rhinogobius brunneus Gongju-si, Chungcheongnam-do Geumgang River 0OP420035 20343

Tridentiger brevispinis Uiryeong-gun, Gyeongsangnam-do Nakdonggang River 0OP420036 20889
Sinipercidae

Siniperca scherzeri Yeongdong-gun, Chungcheongbuk-do Geumgang River 0OP420037 23254

Coreoperca herzi Jinan-gun, Jeollabuk-do Geumgang River OP420038 10756

AA]ZF PCR 24 Y2 iQ Supermix (Bio-Rad, Hercules, CA, 4) 5tX4 A2 S, 12 DNA == U AA|ZE PCR 24A
USA) 10 uL, gDNA 20 ng, Z2to|H 9 =248 Z}7+ 5 M St Al2E 2021E 9€ 15~16¥ 7% $-A4F 492
Y3 nuclease-free water (NFW)e} 2385k F3F 20 uL7} & Ao 2 Sx189 34 &4 7]E (Son et al., 1987; Son and

T2 33edn. AAZE PCR 242 95°Co| A 287 279
A Z,95°CollA] 5&27F WA, 63°CollA 527 A3 E A4S
453] vtEslo] £33t o], AR (positive control) T}
B34 o) < (non-template control, NTC)= FAF] gDNA 20
ngZt NFWE 747} AHg-3}3itt.

Ak FA1E) & Bo| Zajon] Q maul AauAS
£4817] 9lste] FAM2] gDNA 100 ng/pLe] FX=ollA 10814
Z 699 3 X3} 33]9) HlELE T 11 AFA (standard curve)
S A4St B3, F Eold AS5E fIste] SAE 249F
HZ28 S @40l F 6552 ¢DNAE A5l e, 33
Aol Al HES Fot] AETA E4% F

ol AZE W St

A to o
5 i

Choo, 1988; Son and Byeon, 2004)3 AT =3 GAJ 9] 314
s asto] AT 870 AHAA o= EFol st
7t FAEHE FEY stA4E 2L BdA e A
Foto] A= ubskich(Fig. 1). o]%, 2 AH 1+ A&
ol e 294 SAISH| Hste HdE AY =S

E3}o] AME-3F31 DOA-P704-AC vacuum pump (Gast Manu-
facturing, Inc., Benton Harbor, Mi, USA)} 0.45 pm Nylon
Membrane Filters (Whatman, Marlborough, MA, USA)E A}
&soto] AHER 1LY 55515t ZE A9 27 DNA F
%2 HiGene™ Genomic DNA Prep Kit (BIOFACT Co., Ltd.,
Daejeon, Republic of Korea)E A3t 2w, A ZA o A A

3% APAE Q¥ SAHsto] AT F AT $3) B
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Aol ZEAE 15mL FEo| @1 A=z L3 &3 (Cell
Lysis Solution 800 pL Proteinase K 100 ug)2.2 "E 2|7} &
A3 A7|EE 3 T 56°Co|A 1A7F Z¢F vkeA) 7|11 YA
Befote] 2L ST ol F WAL AxAel Y
Aol ket gstsct

AAZF PCR £4] ®H-2 gDNA 20 ng t4lo] 7 DNA 2
uLE Y= AS AYstaie ¢ T8 A5 &4
DNA A=Wz 1034 £ 02 PCRS 4350 3t tﬂo]
2+ cycle threshold (Cr) gto] 42 ujqkel 73
SF3itt. o] %, FA o2 wet 2 DNA A

Daechung Reservoir 1 27'° 45 N

Hoein Stream

-36°20 Bocheong Stream

h
Seohwa Stream Chogang Stream

Geum River Yeongdong Stream

St.3

-36°00° Namdae Stream

-

0 5 10km | °
I E—

Yongdam Reservoir

Fig. 1. Location information of study stations in the mid-upper basin
of Geum River, the Republic of Korea from September 2021.

o[ Z o] g3kl PCRE 43
G gustel FA G714 G vwstect

2.

e

EH ZA}

o .

SAHEY AR B S e BEL s AR FH A
A AN sFstH o, SR IS8 F T A5G

7379 23 37FA2021-27%, A2021-423)5 W2 F A4
sFAch(Fig. 1). HHL 20219 9¥ 15~16Y NFL 7|1Fe s

- 8 100 m oA E0) (B 5 mm x5 mm)E AHE-SH
o 5087 AL, 5 e TEL 20219 99 24~26
A AL 712 E vAaMAR R AFE= FH A 4087

Sastsict.

R
2 AT R Y GoolR 65F2) njEEs ol
DNALH cyth FAA G (1,059 bpyoll et A714ES &4
3t A3k, g A H9) (polymorphic site)= 5597121 Ao g
ZE o1, o] = singleton variable sitex= 557}, parsimony
informative site= 5047091 RS2 Z+ZF TEE Q). o]o o}
g}, d714E Aol A parsimony informative site”} 2~47] A
£ o7 JehtEs oy HYE Adstgon, AEs B2
o = ExAYUE Eojdoz ZEE L QIEE Aurek mal
o|H= 573~576 bp YA, GLF Zatolm= 651~652bp ¢
A& 3 Ueto] ZIEEE to] A& Th(Table 2, Fig. 2).
Az A F Eol| Zeto|mof it YRt PCR 5= &
Pt A, PCR AHE-2 114 bp R4 HEs1A o] Wi=
S YA (Fig. 3A), WS WEL BHEA gkt
(Fig. 3B). 3Ate] & 5o Z2H Y HL% 479 parsimony
informative site7} G420 2 YEIIE 645~648bp XS 3
Teto] =T Stof A 2SIt (Table 2, Fig. 2).
Az Zefoln @ T2 H| izt F SoldE &4l
sto] AAZE PCR 4% 33 241}, SAH gDNA“l‘Ol
FHLeE YER I 0] €] thE Fo|F gDNAY NTC=
o) A8 ool x| Skof AR Zefoln| @ Z2E o
FEel AR 02w B3 TEske o e ax

9 o

Table 2. Sequence information of Liobagrus obesus species-specific primers and probe developed in the present study

Primers Sequence (5'-3") Product size Target gene
Forward primer S_Lo_0605f CAGGCTCCAATAATCCCCTA
Reverse primer S_Lo_0699r ATGCCAGGGCCGTGATTAAG 114 bp cytb
Probe* S_Lo_0669p CTCATACAAGGACTTACTGGGGTTTATC

*In present study, reporter and quencher were used FAM and BHQI, respectively.
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Fig. 3. Results of fragment analyzer of conventional PCR products
using Liobagrus obesus species-specific primers. Band positions, A;
Electropherogram, B.

A& Btk (Fig. 4A). TS, A gDNAS] 4 3
A =g AHSS AETA BE4oA = S ¢DNAY 5%
o ¥t Cr gkol UER L 0.2 pg &71A] AE0| 7f

£ (efficiency)2 80.0%Z Z+Z} UELETH(Fig. 4B). =4
o] BEY|oF o&utr} Microphysogobio rapidus, -7
2] Gobiobotia macrocephala, 850tA} G. naktongensis, &5
2| Kichulchoia brevifasciata R T.X5A7) Pseudobagrus
brevicorpuss QA E F Eo] Zolo|He} Z2H AZL
233t A3 AF(NIE, 2019; ME, 2020)9 AL £ Eol4d<&
Aol o oIH 24~2659] eDNAZH ALgE g on, A2
A B4 oA 0.1~1pg FE7HA] FE0] 7hed Aoz B

Table 3. Detection results of eDNA analysis and field surveys target-
ing Liobagrus obesus

eDNA analysis Field surveys

Stations Cr value* Positive Skimming Scuba
(Mean £ SD) PCRs nets diving
1 38.23 1/10
2 ND 0/10
3 40.22 1/10 +
4 39.55+1.07 4/10 +
5 ND 0/10
6 ND 0/10
7 39.44+0.77 2/10
8 38.40+0.57 2/10 + +

*ND: not detected

T gich A A7eh F Sol4e AFE ° AEH ofF
of Zfol7t lort F4mut vmste, & A7) 45 Ao
A Faol ] F47h of 2w o4 Broh, Bk B ofF
2Ny F Sold Zeolwg AU 4 Yuom, 42
AL $ARE $22 U ol A7 AREL 53
S 2 o, & Aol e FAbe)e] $7 DNA B4
& o}2) 4Bo) DNA% FAH R BRIl EAst: 3
DNA Aol A& S=9 BAY ob §44E B8] 4

£% 4 v A

AR Zojolulel TR o gajel BuE B DNA
o gt AA|ZF PCR £4& 433+
oA SAE Y cymb 73 ] gt
Cr 39 ¥ %l 37.82~41.222 A2 UElSETH(Table 3). =
gh, SARR o tieh A whgo] yEhd 57 AHE A =4t
oA SAZE S1E 378 A (St. 3, FAME: St. 4, FE
SLs, SADS BT T A2 ey ol
A wRgo] Ut AMEERE SAHEY AE ARE B
| B&L7] Ydte] oF 60bpe] cyb FHA A7IAES S
stgom, o]F FA 2 oA AY FE3 DNAY cyb
AA 47|43} vlae 23t 37 DNA BEENE Suy
o 60bpe] cyb R A7INAL FAE 2HoRRE P
H @714 87} 100% Aot AR Uergtt. o] et kA
W G714 Bl A= s AR oA B Fol AA
2 AAEE 98 Thedol e Ee Ao BeEw gt
(Takahara et al., 2013; Sakata et al., 2017). H, 2 o] 4]
27 DNA £42 @7% Ao A FAH|7F ER1EA] o2& 270
AR FE AEstel A 24 Anuct BRHY Ao
2 yehgtt. o]t Aat= Q2N =35 EFZ Lepomis
macrochirus 373 DNA A& A+ (Takahara et al., 2013), &
Fo A 38t Macquaria australasica 37 DNA A& A

ol
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Fig. 4. Real-time PCR analyses using Liobagrus obesus species-spe-
cific primers and probe developed in the present study to test for
detection limit and species specificity. Amplification curves, A; Stan-
dard Curve, B.

(Piggott et al., 2020) 52 Ao} & U] T,

SAHEE B Al A YT ALfolFo| 22 (ME,
2017; Chae et al., 2019) °]& /WA Testy BA3}7] 9
 AAZQ] 2UEF wgete] uthE a7} gtk (Han e al.,
2020). @A7HA] SAFIE ZYE 5] A%t 2AF S =
AL Aol whet @A AH Fdiet e ofE AMESt
of ZIsAY & ol 2Alst= & T AHF S4S Y
sto] o Fa BEo] 2 EEEHUAT A71H QL B
A efEojol & RYE Y 24E IHsH A& oA &
g Aoz g v, 2 AFolA AR FAE F

o] mpAE o]-&% sHH, W &7 DNA 24 e =2
Z A=E Tl A A 75 BEs] Ee1E 5 ok
E3E, A A utt} s eRES Agesto] 2AL7E 0] F0i7]7)
2ol ot AR} 71 HQ B A= §-851H, of
L QEoA 307 ASAE ROR BT o UFET
A, ¥ Micropterus salmoides, M. dolomieu) 3+7 DNA A&
AT Jo er al., 2021)¢} w54 AYu|o} FS djFez 4
33t o] Oncorhynchus tshawytscha 37 DNA A& 9+
(Laramic ef al., 2015) 5-& 31 425 9ich. ebs, FA1e)

.

o _Ilrn >

SAt2|2] A DNA 242 218t

roh
O

Eo| Ot iy 215

71& AR digt YB3 Ha2o] A 2 At A4A
T2z A2 o2 F8E 4 S Je R dddn.

o OF

A =
HEA71o1F SAME Liobagrus obesuss A2 F Eo
Zabolr 3 B T2 HE AFste] S A RN 2E2H
B A

27 DNAZRH SAEE 45T 4 = AAIRE PCR &4
WHe stz sk SARE F o] Zatojme ==
HE n]EZE2o} DNAQ cytochrome b (cyth) F+AAL 49
Wol A sliol A&she 6559 Eolf 1ol SdE7 Ity
4 TS5 sl Hlwgt & AAstgct AAIZE PCR 24
oA AZeE Zetol 9l Z2HE= o A4EHs 65%F 9
ol gDNAS o&at 5ol AT A3, At gDNA
ARt FHLE et 52 SoldS EXh. §AE] ¢DNA
o] A& 3A FEF o]8F HETA EAAA= 02 pg7tA
A&l 7 AR YeY & =S 2o ofF, AF
g Zetolm 9l T2 HE ARES}o] %" AT 99 A
Ao A SEF sHHg A RE t4e 2 AAIZE PCR 242
3 A, 570 A A %’\]‘1“4—4 cyth AR AEH
on, dg A& AFES 7 2AF Al FAHEIZH iﬂﬁﬂ
30 RS BF ZskTh waba, & dollA A

AR 9] F Eo| Zaomt 22 HE o] &3 HAIZF PCR &
A L g ez FHEY 2 DNAZRE FAH Y
oyth FRAAE AET o o] 71E AAA ZEYUEHZS =
of FAA QL At AXA B E8E + US Ao wd
e}

Al Al

g WA e R4 FYYRY BFN71FRAA
o B YA BAY BEE AASAUL, £ ATE
FRPAATA @AY W 5 1Y BENNF 3D
SUEY U BUYe AT §)sh 2AFHGw Ay
A9g wob FqH A&,

REFERENCES

Chae, B.S., H.B. Song and J.Y. Park. 2019. A field guide to the fresh-
water fishes of Korea. LG Evergreen Foundation, Seoul,
Republic of Korea, 355pp.

Chang, C.H., F. Li, K.T. Shao, Y.S. Lin, T. Morosawa, S.M. Kim,



X
(=]

MRy . curol

216 =

ro

212
(=K

ron

<
ro
fol

s .

Ho
Hon

H.Y. Koo, W. Kim, J.S. Lee, S. He, C. Smith, M. Reichard,
M. Miya, T. Sado, K. Uehara, S. Lavoué, W.J. Chen and R.L.
Mayden. 2014. Phylogenetic relationships of Acheilognathi-
dae (Cypriniformes: Cyprinoidea) as revealed from evidence
of both nuclear and mitochondrial gene sequence variation:
evidence for necessary taxonomic revision in the family and
the identification of cryptic species. Mol. Phylogenet. Evol.,
81: 182-194. https://doi.org/10.1016/j.ympev.2014.08.026.

Ficetola, G.F., C. Miaud, F. Pompanon and P. Taberlet. 2008. Species
detection using environmental DNA from water samples.
Biol. Lett., 4: 423-425. http://doi.org/10.1098/rsb1.2008.0118.

Hall, T.A. 1999. BioEdit: a user-friendly biological sequence align-
ment editor and analysis program for Windows 95/98/NT.
Nucleic Acids Symp. Ser., 41: 95-98.

Han, M.S.,K.S. Choi and M.H. Ko. 2020. Has the Restoration Proj-
ect of Pseudopungtungia tenuicorpa (Pisces: Cyprinidae) in
the Jojongcheon Stream, Hangang River Failed?. Korean J.
Ichthyol., 32: 182-190.

Ji, Y., L. Ashton, S.M. Pedley, D.P. Edwards, Y. Tang, A. Nakamura,
R. Kitching, PM. Dolman, P. Woodcock, F.A. Edwards, T.H.
Larsen, W.W. Hsu, S. Benedick, K.C. Hamer, D.S. Wilcove,
C. Bruce, X. Wang, T. Levi, M. Lott, B.C. Emerson and D.W.
Yu. 2013. Reliable, verifiable and efficient monitoring of
biodiversity via metabarcoding. Ecol. Lett., 16: 1245-1257.
https://doi.org/10.1111/ele.12162.

Jo, T., A. Fukuoka, K. Uchida, A. Ushimaru and T. Minamoto. 2020.
Multiplex real-time PCR enables the simultaneous detection
of environmental DNA from freshwater fishes: a case study
of three exotic and three threatened native fishes in Japan.
Biol. Invasions., 22: 455-471. https://doi.org/10.1007/s105
30-019-02102-w.

Jo,T., S. Ikeda, A. Fukuoka, T. Inagawa, J. Okitsu, I. Katano, D. Hid-
eyuki, N. Katsuki, I. Hidetaka and T. Minamoto. 2021. Util-
ity of environmental DNA analysis for effective monitoring
of invasive fish species in reservoirs. Ecosphere, 12: e03643.
https://doi.org/10.1002/ecs2.3643.

Kim, H.S., H. Yang and Y.K. Hong. 2012. Spawning site characters
in the natural environment of bull-head torrent catfish, Lig-
bagrus obesus (Siluriformes: Amblycipitidae) in the Gosan
stream, Mangyeong river water system, Korea. Korean J.
Ichthyol., 24: 183-190.

Kim, I.S. and J.Y. Park. 2002. Freshwater Fishes of Korea. Kyohak
Publishing Co. Ltd., Seoul, Korea, 466pp.

Kim, M.J., Y. Hong and H.Y. Kim. 2014. Authentication of Foods
from Animal Origins using Gene Analysis. Food Science and
Industry, 47: 13-19.

Kwon, K.R., S.I. Baek and S.H. Choi. 2009. Identification of Fel
ursi and Cattle and Pig Bile Juices by species-specific PCR
and PCR-RFLP. J. Pharmacopuncture, 12: 13-20. https://
doi.org/10.3831/KP1.2009.12.1.013.

Laramie, M.B., D.S. Pilliod and C.S. Goldberg. 2015. Characterizing
the distribution of an endangered salmonid using environ-
mental DNA analysis. Biol. Conserv., 183: 29-37. https://doi.

org/10.1016/j.biocon.2014.11.025.

ME (Ministry of Environment). 2006. Studies on the genetic diversity,
artificial propagation and ex sifu restoration of a threatened
national monument fish Hemibarbus mylodon. Soonchunhy-
ang University, Asan, Korea, 520pp.

ME (Ministry of Environment). 2011. Culture and restoration re-
search of endangered freshwater fish (four species include
Liobagrus obesus). Soonchunhyang University, Asan, Korea,
359pp.

ME (Ministry of Environment). 2017. Conservation and manage-
ment laws of wildlife (amendment of enforcement regula-
tions) (Law No. 10977).

ME (Ministry of Environment). 2019. A study on conservation plan
of endangered freshwater fish (Microphysogobio rapidus,
Pseudobagrus brevicorpus). Soonchunhyang University, Asan,
Korea, 214pp.

ME (Ministry of Environment). 2020. Research on the ecological char-
acteristic and conservation of endangered species (Kichulchoia
brevifasciata, Gobiobotia macrocephala, Microphysogobio
rapidus and Pseudobagrus brevicorpus). Research Center for
Endangered Species, National Institute of Ecology, Yeongyang,
Korea, 313pp.

MLTM (Ministry of Land, Transport and Maritime Affairs). 2010.
Culture and restoration of endangered species in the major
four river drainages. Soonchunhyang University, Asan, Ko-
rea, 489pp.

MLTM (Ministry of Land, Transport and Maritime Affairs). 2011.
Culture and restoration of endangered species in the major
four river drainages II. Soonchunhyang University, Asan,
Korea, 363pp.

MLTM (Ministry of Land, Transport and Maritime Affairs). 2012.
Culture and restoration of endangered species in the major
four river drainages III. Soonchunhyang University, Asan,
Korea, 423pp.

NIBR (National Institute of Biological Resources). 2019. Red data book
of Republic of Korea, Volume 3. Freshwater fishes. Ministry
of Environment, National Institute of Biological Resources,
Incheon, Korea, 250pp.

NIE (National Institute of Ecology). 2019. Specific monitoring of dis-
tribution of Gobiobotia naktongensis (endangered species level
1) in Geum River watershed. Research Center for Endangered
Species, National Institute of Ecology, Yeongyang, Korea,
89pp.

Piggott, M.P., S.C. Banks, B.T. Broadhurst, C.J. Fulton and M. Lint-
ermans. 2020. Comparison of traditional and environmental
DNA survey methods for detecting rare and abundant freshwa-
ter fish. Aquat Conserv., 31: 173-184. https://doi.org/10.1002/
aqc.3474.

Rozas, J., A. Ferrer-Mata, J.C. Sanchez-DelBarrio, S. Guirao-Rico, P.
Librado, S.E. Ramos-Onsins and A. Sanchez-Gracia. 2017.
DnaSP 6: DNA sequence polymorphism analysis of large data
sets. Mol. Biol. Evol., 34: 3299-3302. https://doi.org/10.1093/
molbev/msx248.



Sakata, M K., N. Maki, H. Sugiyama and T. Minamoto. 2017. Iden-
tifying a breeding habitat of a critically endangered fish,
Acheilognathus typus, in a natural river in Japan. Sci. Nat.,
104: 1-8. https://doi.org/10.1007/s00114-017-1521-1.

Son, Y.M. and H K. Byeon. 2004. Ecological characteristics and in-
habitation condition of Liobagrus obesus. In: Proc. of Fall
Academic Symposium of the Ichthyological Society of Korea,
pp. 29-46.

Son, Y.M. and LY. Choo. 1988. Ecological studies of catfish, genus
Liobagrus from Korea. Korea J. Limnol., 21: 243-251.

Son, Y.M., L.S. Kim and LY. Choo. 1987. A new species of torrent
catfish, Liobagrus obesus from Korea. Korean J. Limnol.,
20: 21-29.

Taboada, L., A. Sanchez and C.G. Sotelo. 2017. A new real-time PCR
method for rapid and specific detection of ling (Molva molva).
Food Chem., 228:469-475. https://doi.org/10.1016/j.food-
chem.2017.01.117.

Takahara, T., T. Minamoto and H. Doi. 2013. Using environmental
DNA to estimate the distribution of an invasive fish species
in ponds. PloS One, 8: e56584. https://doi.org/10.1371/

SAtZ|el &4 DNAZME flet & §0| o7 7Y 217

journal.pone.0056584.

Thompson, J.D., D.G. Higgins and T.J. Gibson. 1994. CLUSTAL W:
improving the sensitivity of progressive multiple sequence
alignment through sequence weighting, position-specific gap
penalties and weight matrix choice. Nucleic Acids Res., 22:
4673-4680. https://doi.org/10.1093/nar/22.22 4673.

Thomsen, P.F. and E. Willerslev. 2015. Environmental DNA-An
emerging tool in conservation for monitoring past and present
biodiversity. Biol. Conserv., 183: 4-18. https://doi.org/10.1016/
j-biocon.2014.11.019.

Xu, W., M. Fu, M. Huang, X. Cui, Y. Li, M. Cao, L. Wang, X. Xiong
and X. Xiong. 2021. Duplex real-time PCR combined with
melting curve analysis for rapid detection of Atlantic salmon
(Salmo salar) and rainbow trout (Oncorhynchus mykiss). J.
Food. Compos. Anal., 97: 103765. https://doi.org/10.1016/
j-jfca.2020.103765.

Ye, J.,J. Feng, S. Liu, Y. Zhang, X. Jiang and Z. Dai. 2016. Identifica-
tion of four squid species by quantitative real-time polymerase
chain reaction. Mol. Cell. Probes., 30: 22-29. https://doi.org/
10.1016/j.mcp.2016.01.001.


https://doi.org/10.1016/j.mcp.2016.01.001
https://doi.org/10.1016/j.mcp.2016.01.001

