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PRI B0 1 I A% 58 J 1k % #0288 43 26 3 o I
o T, ZETR—IES S E T AT R
TGP S TR R, WP —FP AR
EEER S ik, IRHH T o 2B m et
EIRRZY:) AT

DNA £ JE15%(DNA barcoding)je—FhfE 5> T
TP B Yy b 48 58 YR, FE B A — B e
Pl N AR ST T FP ] AT B 2 25 %) DNA JP9) R B
PEATHIRN S SE, AR 2003 4EBE Hebert %7
PRI EASHE TR AR, DNA KIEM TR @
%] AT HERR B AR YA 98%, IR/K
SR Rk 93%! L [l bR bt #S T FISH-
BOL % ¥& % (Fish Barcode of Life, http://www.
fishbol.org), & 7E 7 1 i e £ =t R 25 1y
DNA FIEM0, Lkt (a2 ¢ S AL 1
(cytochrome ¢ oxidase subunit I, CONFE A 5'%45
—Bt%y 650 bp BT, BASEE R FhE A2
S WL A AR OR A . B i R AL S T
PR A, CRENARN DNA KB
3 T R G 43 28 5 8 A AR AP, ik
RN AT DU F 2 8 MELL X A e fh L R IR
IR ANERR B AR, T HAA AT U 2R
KBEAL ZAEVE T AR ek Fr
24 A1k, BT COI ZEH ) DNA FIEHARTE
e H . f0E H . 6RH SR E A E A
KU N Rt 8) T, JREUE T R 4F
OB gl SR

EERHME MR RGP — D EE R ITZ
—, WA FH cyt b FEFEFLAR A DNA
i 1 DX 55 FH T B4R Fl 45 5 FNR etk Ak G RS,
BB EERL0 SE0 RGE K B KR A ARG B — B4
w20 e R a2k b, FIHZR R COT JEN
YE2N DNA FIE %t [ #4808 i 17 3 8
BRI LA = . AWESRY B TRl i X R 4 8
19 Fh LR COT FEH )5 51 BEA T 4347, Bk
HTF COI F:[H DNA IE M AE LR g )
U E MR Gk B E A R, Db o 20
KPR A E MR G R T it % .

1 MEEFE

1.1 SEIEH A

AWFFE T FHAEEAT 2013 4F 6 H & 2017 4
7 ABIRETRKIKRWER, M. "I,
HE . FIMELE ., REMMEVIDILEFLEE
J&, FTEK CBERAFAR AR I AT i E K 7 B2
A 53 BE A< YT K 77 Bt 90 T V0 3l e ol 2= 9 b A
o AR KL E S (P E S g h
9w H ) B (R EfmE RS R ) B (a2
Gy YR 2R M s RAR Y 48 Y REAR Y B TR
148 11 2GR 1),
1.2 DNA BIREL. COl ERE Y X F

BOREREA M NLA L, A 5255 2 ik (1)
R AT RN 4 DNA $2ER PR ERCEE A 4
DNA £ 1.0%3 s i 58 A H Uk R il /5 T -20°C oK
FRAEE T ZORR COT JEF PCR 975454 Jy f2
2% DNA #JE Ccol A 54 COI-1F/
COI-IR, FFEE 5 mMmm M13 23k, B R
BRKEZ R 680 bp. 5% )¥ 5K MCOI-1F:
GTAAAACGACGGCCAGTCAACCAACCACAA

AGACATTGGCAC; MCOI-1R: CAGGAAACAG-
CTATGACACCTCAGGGTGTCCGAARAATCAR

AA . B RDUR — W A= B AT PR 7l
Ao PCR 34 S B SR B R 25 L, 427 10xPCR
Buffer 2.5 pL, 0.25 mmol/L dNTP 2 uL, Tag DNA
R4 W(TaKaRa) 1 U, 0.2 mmol/L I Fi#5144

1 uL, f54 DNA 50 ng, H#B4ikK#hEARFR, PCR
PIERET A 94 CTUALYE 5 min; SR)F 35 MEI,
AR 94°C 30's, 52°C 45 s, 72°C 50 s; )5
72°CHEf 10 min, 4 CIRFE . I3 W4 2.0% M9 Bx
AR I L DR A ), 36 28 i R — W A W )
FoA BRA RIHEF TR0 )
1.3 #Ff col £EF 5 HFRE

M NCBI ) GenBank %4l & T 2% 43 #7 ft H 19
R bR COL JER P, HXF /AT Ja i B
AR SRR COT SR R Be P41,
B 2 A5 b R 2R 8 Rl 2810 12 4% COI
A B, JfEad FISH-BOL 0¥ JE HEAT 41 1Y
UETRTESGIE, W1k FishBase #E EHTYF 4 19
ARMEIRAIE , 455 AR Y 15 2/ 48 4% COI
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Tab.1 COIl geneinformation of 19 Bagridae speciesin this study
J& Wkh R i B GeneBank J751 5
genus species locations No. number GeneBank accession No.
1 i £f1 (Pel teobagr us fulvidraco) FRH Pfu 10 MH317141-MH317150
B TL K % 31 10 (Pel teobagr us vachel lii) FE M Pva 5 MH317151-MH317155
Eﬁﬁﬁi rus 6% 1 391 14 (Pel teobagrus nitidus) FH Pni 10 MH317156-MH317165
201 # %1 11 (Pel teobagr us eupogon) "HE Peu 3 MH317166-MH317168
v} ) # 41 171 (Pel teobagr us intermedius) Pin 1 KY962416
i & KWt (Leiocassis longirostris) FRIH Llo 6 MH317171-MH317176
Leiocassis HlJE i (Leiocassis crassilabris) =M Ler 2 MH317169-MH317170
1] 2 Ml #%(Pseudobagr us truncatus) I Ptru 4 MH317181-MH317184
13, 35481 #%(Pseudobagrus ussuriensis) I Pus 2 MH317185, MH317186
rf1 8 41 2% (Pseudobagr us medianalis) GiN Pme 1 MH317187
- Ja 2 ) #22(Pseudobagr us brevicaudatus) FH Pbr 1 MH317188
Eﬁibagrus i 5 10 2% (Pseudobagrus ondon) Pon 3 KJ960303, KJ530689, NC_022725
[ 32148 % (Pseudobagr us albomarginatus) Pal 1 NC_022726
= £k #M1#% (Pseudobagr us trilineatus) Ptri 1 NC_022705
U] 22 $1 #% (Pseudobagr us emarginatus) Pem 1 NC 024279
I 2 81 #2 Pseudobagrus tenuis Pte 1 NC035498
K #i& i (Hemi bagr us macropter us) FH Hma 4 MH317177-MH317180
ﬁfe}ii bagrus 24 J2. % (Hemibagrus nemurus) Hne 2 KM454860.1, NC_024273.1
B fi# (Hemibagr us guttatus) Hgu 2 NC_023976.1, KJ584373.1

T MH317141~MH317188 Jy AT va e 1Y 7 5.

Note: MH317141-MH317188 sequences were obtained in this study.

B ZTCHITH), RAILRAT 4 J8 19 Fh 60 4582
B col FH T, BARFEENZE 1 P,
1.4 HEESH

FI 1] DNAStar £ f1F1 Clustal W 3K 4% A<
F 55 7 I 8 2R 47 e, A OE R 25 B o OU A%
5, H DnaSP 5.10 {4315 7 50 5 fal 2945 Bz A5
(Pi). PRSP (C). BRAANVESE; H
MEGA7.0 1155 COI % K )7 81 i il FE 2 B 3 471 [
(IR SE S AT | 371 118 B 450 R 4G 3 e I L
&, T K2P (Kimura 2-parameter) X S H0 A5
RUTFRFP DY L ol ) L ) 9 3R AL B i, R4 4%
: (Neighbor-Joining, NI & R Gk B R, Ififk
1T 1000 YK H JEK 56 (bootstraps) K il & 15 & . He T
Modeltest 3.7 #K{FFEAT BAE BB R BEPE, I
FIHZERER) GTRHIHG R, 3247 2000000 fXHEAT
DUt Bk Ay i R SR E W .

2 ZERE5HH

21 COlI EEFISFIESTRSH
WL SIS 48 SRERIR COT 2L A&TE Y

J¥ %1 (GenBank 5> MH317141~MH317188), H
SO HE 12 48 COL RN A, Aotk
15 4 J& 19 MRl a2 60 Sk kiR COT %E [ [A] 5
R BTSN, 4 XS T UK R 674 bp ()75
R B, FI BT COI A 53, 5120
R, 76 674 DT IO AR K I IE [ 45 AR
B, BT 226 1, d BT 33.5%;
a1 215 B A5 1954, 15 28.9%; H—15 B 5K
314 FEHIHR AL T, C Al G DURPBREE Y25
M 24.82%.30.44% .27.10%F1 17.64%, A+T
SN 55.26%, BT G+C & (44.74%), BRIt
B R Y AT R R (36 2) 55 — %% T GC
THRAEERE KR, A 30.67%~43.56%, FHE
HON 34.24%; B TENT GC FREERTHE—
BT, FH AR 57.02% (55.11%~57.78%);
0 =R o AR AR AR (42.71%~43.30%),
R 42.96% (£ 3)., FRAGAY LR F 51 4
AL AR S 611 AN, B 5 R
RO 48 ASF 14 S, Hp s =8 TN
B Z, A 223 A S — 01 WA R 4
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Tab. 2 Nucleotide composition of COIl sequences of
19 Bagridae catfishes %

B Y BRI WS TAR 2 il BT 3 Ak

base average 1* codon 2™ codon 3" codon
A 24382 34.78 24.00 15.63
T 3044 30.98 18.98 41.41
Cc 27.10 28.03 25.06 28.23
G 17.64 6.21 31.96 14.73

#3 R 19M&E col EEFEBFURGCEE
Tab. 3 GC content of COI sequences of 19 Bagridae
catfishesin different codon positions %

GC & GC content

spocies UMLAL 2MMEAL 3R RERLK
1* codon 2™ codon 3 codon  all codons
Pfu 42.13 56.89 43.30 47.45
Pva 31.46 56.89 42.86 43.74
Pni 30.67 57.69 42.81 43.72
Peu 31.70 57.48 42.71 43.97
Pin 43.11 56.44 43.30 47.63
Llo 32.00 57.70 42.85 44.19
Ler 31.11 57.78 42.85 44.21
Ptru 30.67 57.78 42.85 43.77
Pus 32.67 56.00 43.0 43.84
Pme 43.56 56.44 43.30 47.77
Pbr 33.33 57.33 42.85 44.51
Pon 41.19 55.56 42.85 46.69
Pal 33.33 57.78 43.30 44.51
Ptri 37.33 55.11 42.85 45.10
Pem 33.77 56.44 42.85 44.36
Pte 33.33 57.78 42.85 44.66
Hma 31.33 56.44 42.85 43.54
Hne 31.44 56.00 42.85 43.47
Hgu 31.11 56.00 42.85 43.32
£#F total 34.24 57.01 42.95 44.74

Nt 2, S 41144 55 =B P00 a5,
I WRRE, BRI S i ) H A 3.35, FEdk
. 2 T Hi
22 R ERBREHEBESN

FIH MEGA 7.0 T35 F K2P WS HB R
2} 4 J& 19 P 0B L IR B (% 4). 45K,
19 FhiR} 1 2 Fl PN AL BN 0~0.0096, FH{H
7 0.0041, Bt f4 B B 510 /N Hebert 42 H
1) 0.02 MbRiE. FhlElEAZIEE R 0.0060~0.1942,

FIIE 0.1136, Fift(a] 11 35t 44 B 2 il A 7 14
BARRE BT 27.7 A5, KRR} £0 28 b 1) g5t 14
BERTFNBEEER 10 f500 F, 4 MaErE
(RIS X8 L BE S R 0.1268  [RI R, 76 B 59 A & Fl i
Rt AT R A 11 2 22 8] 14 35 £ B B /N ol oA 3 A
[N O 1 B o BN o B g E- W N
10 WA e it 5 TL IR i (7.7)
SRR UL SR AT F(6.1) . KA ST
[REHM(8.7). KWyt 5 V) RILEL(7.7) FHH S e
)R (3.5),
23 REREMEE

PLK B (Cranoglanis bouderius, NC_008280)
JHMEE, R 19 FhEERHEZER) 60 JRZRLIR COI
FEHFED), T GTRH+G BRIM ULt R 40
EEME 1), T K2P HER FHLR W
NI RGEKBWM(E 2), MAITEWENRELE
W5 —5, 45 REW], BB 19 P24l —
X, AWIE T AR, XIEYR S E SIS
IPREEAR B TEAATEANF R oy, R A )
BRI — TR, AR B KI5 3,
oA AR 8 s O B RO R, B i —
R, MEER R EEaE . o MilEE =18
TE L3 Hb— R 43 3, Hovh B 3 R 1 FC IR B
ifn KT P FHOGPE R, #E 191K W) i
S, R A ie: | B R aIE: . PR
% R LR | [T R UL R 1 4Bl SR A — e P
B — 32, RN ) B R b R S A | 4D
R )t i AU RN TR B LT i — 3, SRR ISR
E— 5 F S PR 1) PR E i, #E
M W e RO S BT A BARIE R R, TS
LI ) e | R R U] R R R
PSSR AE—iE . TR o) | T 0332,
B AR R v [R] 6 AR AN A — S B, TR
Fith | PLIK A AL R AL TE ) A — A
Xk

3 e

31 EERlEZE Ccol EEFISE
1E 19 MR K N 674 bp 1Y COI KA
FEA R Berh, AT e & 3 300 L I Sl 1 Ot oy P
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Tab. 4 Genetic distance within species and pairwise-speciesin 19 Bagridae catfishes

Pfu Pva Pni Peu Pin Llo Ler Pttu Pus Pme Pbr Pon Pal Ptri Pem Pte Hma Hne Hgu
Pfu 0.0033

Pva 0.1198 0.0096

Pni  0.1093 0.0577 0.0075

Peu 0.1116 0.0303 0.0436 0.0050

Pin  0.0847 0.1092 0.1036 0.1034 —

Llo 0.1129 0.0498 0.0497 0.0344 0.1131 0.0005

Ler  0.1235 0.0576 0.0559 0.0372 0.1182 0.0122 0.0000

Ptru  0.1244 0.0576 0.0567 0.0376 0.1182 0.0115 0.0052 0.0015

Pus 0.1421 0.0777 0.0749 0.0742 0.1103 0.0807 0.0890 0.0855 0.0015

Pme 0.0881 0.1079 0.1043 0.1017 0.0045 0.1078 0.1128 0.1128 0.1105 —

Pbr 0.1142 0.0447 0.0446 0.0325 0.1039 0.0322 0.0335 0.0343 0.0702 0.1022 —

Pon 0.0945 0.1245 0.1121 0.1097 0.0802 0.1239 0.1235 0.1244 0.1467 0.0853 0.1139 0.0050

Pal  0.1085 0.0635 0.0603 0.0484 0.1144 0.0168 0.0289 0.0281 0.0924 0.1127 0.0446 0.1239 —

Ptri  0.1331 0.1417 0.1316 0.1322 0.1264 0.1396 0.1337 0.1375 0.1398 0.1319 0.1353 0.1270 0.1408 —

Pem 0.1382 0.0802 0.0723 0.0779 0.1112 0.0798 0.0881 0.0889 0.0128 0.1113 0.0677 0.1437 0.0914 0.1388 —

Pte  0.1053 0.0604 0.0571 0.0453 0.1110 0.0138 0.0258 0.0251 0.0891 0.1093 0.0431 0.1205 0.0060 0.1374 0.0882 —

Hma 0.1638 0.1529 0.1692 0.1547 0.1726 0.1700 0.1714 0.1695 0.1782 0.1708 0.1691 0.1726 0.1793 0.1942 0.1831 0.1756 0.0015

Hne 0.1842 0.1599 0.1782 0.1619 0.1759 0.1782 0.1757 0.1777 0.1906 0.1741 0.1774 0.1819 0.1836 0.1853 0.1978 0.1759 0.0455 0.0001
Hgu 0.1816 0.1813 0.1794 0.1786 0.1965 0.1933 0.1907 0.1918 0.1983 0.1999 0.1911 0.1781 0.2009 0.1767 0.1953 0.1971 0.1587 0.1672 0.0060
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Fig. 1 Bayesian phylogenetic tree of 19 Bagridae catfishes based on COI gene
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Fig. 2 NIJ phylogenetic tree of 19 Bagridae catfishes based on COI gene
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(55.26%), EAME BRI COT HeR I
YRR GO Bl RS2 A AR Y
S, 55 1 AL S R %, HI GC
R AR IE B HE R (30.67%~43.56%), 5 2 %
WA GC & mmm (CFh 57.02%), 4 3
RS TL Y GC A AR W o AR (42.71%~
43.30%). WF5E B IMAS R AE P iR el B H v GC &
AU AE B0 T IO R A7 B BT — 2 R 51,
1115 L 30 Fof 2 S5 P R (1 Bl - o6 2R s )
AHEFT T, COT 3 K P51 GC Bl 3 75 1 Fe e B4V
R 2 BRSO AR, SV SO R R AR
551 R TAE, GC it B B4 AR — 52,
W5 -E AR g 1 COT 5L K7 1) 25 0 73 — o i 3k
1) GC FEREE . 8 =MmIEn GC Tk
5T 25 AR 2T DNA JE 9 7E Akt # vh 48
R T 4 A A P R S A, T L — RS R B
e L A A AR AR R, IR, B S AR
FLff R T T DNA #E b s 2 v 200 b AR Al
2 S e AL R — DS R R>2, U
B P 91 s s R IR BN, R 2Bl 3 Bt a] i
BT RN, R/, B 2 R
O, B B R AR B ST R ) R
%5 Z Mo R 2 COI R 5148 S v iy
BRI R i TR, I HLAE 3 RS AL RE
T/, B 2 BT e A B g, O 1 ST
PSR, XA S ARR LS Z BT AR SR B R 2R
g5 40 2 BT g R —8S P, ek, R
[Pl . AR 4328 A0 LR AR COT JE[H 7 51 2%
TR S GC & AP E 25 5 10X — 4 I
YRR T HIR AR SE o
3.2 COlI EREEER &Ry EH T iiE RS
2 DNA FIU05 f5 B 2 1E Rl & ) fa 28
HEATHERR S, RAME RIS F e TR 2,
RIMT EAL G oI rh B & iR, B 2k
FERIR G AT S . R DR S A S
SEAHEAE, AR fRip a2k
LRI R AR P B8 o Mo A
AN R 0 fy A ) R A P a5 A% BB 2 R/ N P ol 4
FR— > H B AR v, Hellberg 2512V 2R ki 4
COT F PR 25T 5 X6t sl ) 40 o S 53 F 52 sk

INRHFN NI BHE BRSNS R T 2%, Fhialidisii%
BRI KT A N RS, H 2=k [R & A
AL IR BT 10 45 DL A w] A RCH I P Fh . A5
H 19 ARSI FN NS AL IR BT 1258 0.0041,
Fh RS2 AZ R B R 0.1136, Fi) g4 i 25 2 Fh
PR IR ES Y 27.7 £%, U] COT JE KT 51 /e R}
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Speciesidentification of DNA barcoding based on COIl gene sequences
in Bagridae catfishes
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2. Key Laboratory of Aquatic Genomics, Ministry of Agriculture and Rural Affairs, Wuhan 430223, China

Abstract: The Bagridae catfishes, belonging to the order Siluriformes and class Osteichthyes, are widely distrib-
uted in freshwater areas in Asia, such as China, Japan, Korean peninsula, and Vietnam. In China, Bagridae cat-
fishes include more than 30 species across 4 genera. In recent years, due to environmental deterioration and human
disturbance, populations of the native Bagridae had sharply decreased and some of them were difficult to collect.
However, the classification of some Bagridae catfishes is ambiguous due to the difference of individuals, genders,
or habitat. A species identification technique for various fishes based on DNA barcoding has been rapidly devel-
oped and widely employed. For many fishes, DNA barcoding requires additional validation before use. Herein, we
have developed and evaluated DNA barcoding based on COI gene sequences for identifying Bagridae species.
Altogether, 11 Bagridae catfish species were collected and sequenced with the standard DNA barcoding protocols,
then combined with 8 available species acquired from the GenBank. A total of 60 sequences from 19 species per-
taining to 4 genera were analyzed. DnaSP 5 and MEGA7.0 were employed to calculate the base composition, se-
quence characterization, and genetic distance, and construct the neighbor-joining phylogenetic tree. The mrbayes
software was used to construct the Bayesian tree. The result showed that the mean base contents were: 24.82% A,
30.44% T, 27.10% C, and 17.64% T. AT contents (55.26) were higher and the base composition was biased as oth-
ers teleost fishes were also commonly observed. The nucleotide sequences included 226 variant sites, 195 parsi-
mony informative sites, and 31 singleton sites. The average transition/transversion ratio was 3.35. Genetic dis-
tances within species, genus, and families were 0.0041, 0.1136, and 0.1268, respectively. The ratio of genetic dis-
tances between interspecies and intraspecies was 27.7, which indicated a notable genetic difference of the COI
gene sequence. The efficiency of DNA barcoding based on the COI gene was reaffirmed from its successful
identification of all 19 Bagridae catfishes in this study. This classification result is consistent with their
morphologies. However, only Hemibagrus catfishes can be clustered into a single phylogenetic tree branch. Other
Bagridae species were intertwined, and their phylogenetic status needs further research combined with data from
more samples. The results revealed that the COI gene was suitable as a DNA barcoding parameter for identifying
species; it provided a useful reference for the phylogenetic relationships of Bagridae.
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