HFEDKFERE 2018 £ 7 B, 25(4): 793-802

Journal of Fishery Sciences of China & 17‘1:1 ‘ié i

DOI: 10.3724/SP.J.1118.2018.18062

T DNA FBEENER e XRFHLSWHERE

B, Eeamt, M, 24 kxSt oremtt LERtt BRE

1. P EZKPEREDF S BERRTT K PEIFGE AT, AR AT BT I B K P2 YRR R A S 3R B 9628, )48 ) 510380;

2. U EZKRHEI S B TR RS I, 1A s 430223,

3. EK =R ST BE BRI TR =T T, K PR AR O B R A S R R ST B R E LR E,
BRI WEIRE 150001,

4. FUGRHEFERE KT HEMmEEE, LiE 201306
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By 2R A i (Channa nox), A5 A KT
PR EZERSZES, NI, s
w1z, R . AR WA EAEA A, R
H SRR PP I B (TUCN) I Ho 43 2 b A I R 58 4
JEE, "ReRE AR, IR HI AL a4
Sk, HARP A LC (Least Concern) (http:/www.
iucnredlist.org/details/166123/0),

Bk TR ) 2 R AL, T R R AR R T Y
Z ARl TR EH N, FEDW M ER
SIHERE, #FhE A, FEAERERE R
fi# Channa barca). # 4R %% 5 b (B BLEY Cha-
nna aurantimaculata) . % % £1 75 £ (7 [ Channa
stewartii). L B k(4 [Gf# Channa bleheri). K
BY2E (/NG % Channa micropeltes)® . 7 W A4 g
WAERL R ARZL, ARSI N E AR, I
AR S Rl & BRI AT, H e T X R £
K2R i IR A

XTSRRI RGOS, hob e EA
TFIEMISCHEST . Zhu %7 el NPV fJxt col
1 16S rRNA JE5xf il | BESE A 65 3E 47 1 B
58 o R EECIRI T COT 5 % 2 i K HiAl 18 Fo il
AT T AT, DA B 6 R I e 3k OC R
Lo BEPFEE ORI LR AR i X RS T
TR 9 YR T 05 7K FR 0 A (A ) 1Y) 35 A 7R S
AR 2 FE LR RV R AL RE ) v B b, VT REZ &
S 1o D e A NI T I Bl B e . Li SR
NADH Jlit S0 3 2 (ND2)JE [H 17 1 20 Fhfisd A}
KRG HAITSE . Lakra 25 FI COl 551 &
FUNT i HE L AR AR B B R S R AT T A0 AT
Conte-Grand /" N R A K BB F 5, 4T T
RT3, fifdhe T — Loy i e R 45026
i i

LRk DNA 2y TAZ LN Z A B R st
s te Y i, BA SEAb R RS, R T
Ry E H TR Z — HhidiiasR
FALRGIHE T JE K (cytochrome oxidase subunit 1
gene, CODAAXT LLIRARSF, & TP 1, fEWF e
gz U Bk i N b T
o DNA FIBAEERENY, PR % fil &
GLRE M. ARWEFERIF COI JE PR % 38 [ il R} £

JebFE R RS  H SN R PR i AR
G} 0 2 PEAT 20 M, A HEAS TR 3 R B9 22 BRI,
G T W80 25 il Ak

1 MREFE

1.1 SEIedffy

ARHIRGE RS A T3 B B R0 S o | BE
il F 8 R 4 Fp K5 | R NS S REAR,
149 AMRBEAS . Ho b o il A 4 45 R OB VT ($E I
BO27 A AR ITI AR 13 4> i A
A8 Ay BEBSFEAALFERR VLR B VLB . BT,
VLB =MINGERR) . A ST R LRI
%104, LAAgR B LT SR 45 14y, H il
FEAAFERITIHIR 17 4 2 % 3 4, BHIT
BRI 7 A FE i iR B 4VL 2 4~ (CHINLI,
CHINL2). J7 &7 1 4~ (WQHNL); /NEHSEEAR 9
AT MAEHTE W F 3% . M GenBank %
P p T R A SR B8 coT A 122 4,
A58 S MR} 25 Fh 271 NEEAR 55 AN RAE [
JE 2 by H T 10 4~ LBk s A, EH
(R 2 8 ANFEANE Ry 8B 25 R G 4B
IANEEREA o B AR 1 88 S5 L SV AF T 0K B,
W T+ [ K PRl 2 AR ST B BR VTR =GR T . )
T (R T 25 2 A 2 2 R A Hp R K £ 2k
) O Rk e ) P Cerg 5ok
WOt ) U BFgeREA S BNk 1 Bis.
1.2 COl EEFFIMZE

B CH I Omega 202! DNA £ HUA 7 &
(E.ZN.A.TM Tissue DNA Kit)#rEFLF 3 BUEAS
DNA, it 54 5 e i VKA I ot £ 5 T —20°C UK A
Az

COI J:HP Hyfli 12 5149 FISH F1/
FISH R1 1 FISH F2/ FISH R2!""), BI4551 40T :

FISH F1: 5'-TCAACCAACCACAAAGACAT-
TGGCAC-3'

FISH R1: 5'-TAGACTTCTGGGTGGCCAAA-
GAATCA-3'

FISH F2: 5'-TCGACTAATCATAAAGATAT-
CGGCAC-3'

FISH R2: 5-ACTTCAGGGTGACCGAAGA-
ATCAGAA-3'
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Tab.1 Sampling information and GenBank accession numbers of COI genes
=] S g
75 P)Fh species Frdh GenBank % 5“5 GenBank No.
No. number of samples
1 4% Channa argus 52 AT this study (n=48)
KMO077026, JX978723, KC823605, AP006041
2 BAE%4E4 Channa andrao 1 MF496661.1
3 Hfi% Channa asiatica 31 AHF5E this study (n=27)
KU852442, MF496669, KC819602, KC819605
4 FEPEES Channa aurantimaculata 4 MF496671, HM117175, KJ847161, KJ937387
5 B Channa bankanensis 4 MF496694, MF496674, KJ937371, KJ937395
6 M-k ## Channa barca 7 MF496698, MF496699, HM117180, HM117181, KJ847151, KJ847149,
KJ847150
7 fi[fi% Channa bleheri 5 MF496700, MF496704, EU924638, HM117182, HM117186
8  4fjffi¥ Channa burmanica 2 MF496706.1, MF496707.1
9 ZIfi% Channa diplogramma 2 KJ937431, MF496709
10 i Channa gachua 12 AHF5E this study (n=3)
MF496738, MF496739, MF496741, KT960763, KJ936866, KT001932,
KJ937429, KJ937358, KI937342
11 %)% Channa harcourtbutleri 6 MF496808, MF496809, LC190225, LC190210, LC190096, LC189620
12 #1 R fi#% Channa limbata 4 LC190112, LC190110, LC190123, LC190129
13 #7f# Channa lucius 6 MF496830, MF496832, KT001056, KT001933, KJ937433, JF781234
14 pFf¥ Channa maculata 64 AMF5T this study (n=62)
MC020011, KC823606
15§26 Channa marulius 7 KY425557, KY425554, KY425553, KY425550, KY290039, KY290038,
- KY694512
16 JR{kfi% Channa melasoma 3 MF496853, MF496860, KJ937380
17 /NJEf# Channa micropeltes 12 AHFFT this study (n=9)
JN024961, KM213040, KJ937408
18 72774 Channa orientalis 1 MF496870, MF496868, KY290045, FJ459484, IN245991, KU667386,
- KT364793, KJ847131, KJ937436, KF742438, 1X105474
19 ififgf% Channa ornatipinnis 5 MF496875, KU667361, KJ937428, MF496872, KI847165
20 fH§f4 Channa panaw 2 MF496877.1, LC190351.1
21 fijAR# Channa pleurophthalma 3 MF496881, KM213041, KJ937345
22 fHR#Y Channa pseudomarulius 4 KY425566.1, KY425565.1, KY425568.1, MF496884.1
23 #f# Channa punctata 11 MF462277, MF496905, MG181947, KY 867666, KY290125, KY290124,
KU043334, EU417796, IN245992, IN245990, HM 117201
24 HR[G#% Channa stewartii 7 MF496932, MF496928, KU667366, KU667362, KJ937455, KF742419,
KJ847152
25 £ Channa striata 6 MF462281, MF462282, MG438366, MF496970, LC190237, LC189770
26  Zf5 Anabas testudineus 10 AHFFE this study
27 X J&-}-fa1 Macropodus opercularis 5 AMFSY this study
28  fil Cyprinus carpio 8 AHFT this study
29 f Aristichthys nobilis 8 AMFSY this study

PCR §" 3§ S iR 2 4 20 pL, {d45: dNTP mix
(0.25 mmol/L) 1 pL, 10xTaq buffer 2 uL, MgCl,
2 pL, #itl DNA 20 ng, [ F{F5147(10 mmol/L)

£ 1.0 pL, f/K#ME 20 L, PCR § 18 5442 94°C

S 10 min; #RJ5 94°CAEME30 s, 55CiB Ak 30s,
T2CHEMR 30 s, iB4T 35 FHEN; )T 72°C GEAd
8 min, PCR 4 4 J5 ] 1%B g b b vk A6 H A5 =
¥y, 3+H E.ZN.A.TM Gel Extraction Kit (Omega
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Bio-Tek, Guangzhou, China)Zlifk[Fll, Z+67 M
SIEAYHAAT FRA R ST I )T
1.3 BB

T RAT A 149 MG H 31 NS AP COIL
A FH AT DHE XS, JFdE—2 5 NCBI %4
J% (https://www.ncbi.nlm.nih.gov/) 1 i#£47 Blast [t
xf, BT S4B HERTE . R MEGA 6.0 4k
PGe it 3 PR T 5 FIAE Y 24 358 R 7 91 10 A S, 1L
Kimura’s 2-parameter! ' “ 5 X6 il ] A1 P 1) 388 4%
B AT T A, FH4B 4% 15 (Neighbour-Joining, NJ)
i AR (Maximum Likelihood Tree, ML)
SRS RGP

2 ZERAM

2.1 #% DNA &7 COl EEFI &SN
ARG 149 & COI FH 731 5 M

GenBank T #M 122 &P AT X . R

FPAEA ] I, BRI TR, RAK

£ 576 bpo I YR b H AR L A AR
KRG, BEHEIE COLJFHIMmIE A, T. C. G
I35 23.8% . 27.7% . 31.2%F1 17.4%, C+G &+
H 48.6%; 271 FkJpAIh, ZAMA S EEIT 272
A, BB H A 47.2%, H parsim-infor-
mative i SHCh 261 1>, 5 453%. JFHIHLGAD
192 NI, Hh 284658 59 4, 28
4 30.7%.
22 HEFK., FEEEES

I MEGA6.0 #4:#y Kimura’s 2-parameter
ST S 68 i K AR 1) Fofr py R ] 1) 35 4% BB 25 a6 AT
THEL(FR 2). 25 Tl () 1 2 55 A% #E B 0,028,
e B | 0] HR £ R ULHR 8RR NS AL R Bl 0,
EL S B8 B B B e Kol 0,137, MG T e
Fofr 1] 8% 1% BE 5 . 25 bl A4 Rl fa) 5 45 BE B R
0.030~0.302, “F-¥J°k 0.217, Ho i KB 0.302
Shy i i 6 ) B A A 2 v, L G T S5 MR ]
IREES

F2 ETKPREREERE 25 MIFE 4 MIMFHE(N AL T RMRIEEEBFALA)

Tab. 2 Genetic distance within-species 23 and between 28 Silurifor mes species based on Kimura’'s 2-parameter distance

YFh species 1 2 3 4 6 7 8 9 10 11 12 13 14
1. A RS 0.000
outgroup
Macropodus opercularis
2. HNEE 0.229 0.000
outgroup Aristichtys nobilis
3. b 0.273 0.169 0.003
outgroup Cyprinus carpio
4. HhEE e 0.264 0.266 0.271 0.000
outgroup Anabas testudineus
5. PB4 Channaandrao  0.246 0.259 0.283 0.281 N/C
6. fi Channa argus 0.289 0.276 0.251 0.242 0.260 0.001
7. Hf# Channa asiatica 0.242 0.240 0.231 0.238 0.235 0.184 0.021
8. s H i 0.261 0.270 0.277 0.271 0.168 0.225 0.226 0.000

Channa aurantimaculata

9. ¥R Channa bankanensis 0.261 0.244 0.231 0.259 0.257
10. E-Kf#% Channa barca 0.293 0.286 0.299 0.308 0.181
11. fi[Gf# Channa bleheri 0.268 0269 0.283 0.274 0.171
12. Ziifa## Channaburmanica 0.266 0.271 0.294 0.288 0.181
13. £1fi% Channa diplogramme 0.259 0.239 0.223 0.233 0.218
14. mf# Channa gachua 0.282 0.259 0.284 0.265 0.158
15. 14 fi 0.287 0.265 0.272 0.269 0.158

Channa harcourtbutleri

16. £I)2f#% Channalimbata 0.281 0.271 0.280 0.265 0.155

0.193 0.206 0.235 0.041

0.241 0.242 0.136 0.263 0.137

0.226 0.219 0.145 0.245 0.130 0.040

0.248 0.239 0.124 0.256 0.157 0.150 0.002

0.213 0.201 0.219 0.196 0.245 0.249 0.240 0.009
0.245 0.227 0.128 0.246 0.173 0.159 0.156 0.224 0.038
0.254 0.234 0.132 0.242 0.185 0.167 0.161 0.227 0.054

0.252 0.233 0.132 0.250 0.178 0.161 0.155 0.229 0.053

(¥4 to be continued)
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(3% 2 Tab. 2 continued)
PP species 1 2 3 4 5 6 7 8 9 10 11 12 13 14

17. # % Channa lucius 0.242 0.242 0.216 0.251 0.261 0.192 0.199 0.251 0.110 0.268 0.255 0.261 0.201 0.268

18. FEfi Channa maculata 0.271 0.263 0.233 0.222 0.254 0.101 0.198 0.243 0.215 0.253 0.243 0.254 0.186 0.251

19. HRf# Channa marulius 0.275 0.249 0.257 0.250 0.234 0.201 0.196 0.240 0.223 0.242 0.220 0.218 0.183 0.239

20. B{kf#% Channamelasoma 0.285 0.262 0.251 0.270 0.255 0.234 0.204 0.262 0.224 0.267 0.260 0.267 0.181 0.254

21. /MR i 0.269 0.254 0.246 0.244 0.238 0.203 0.200 0.237 0.204 0.253 0.253 0.260 0.094 0.247

Channa micropeltes

22. 7l Channaorientalis 0.252 0.246 0.264 0.268 0.200 0.235 0.251 0.164 0.257 0.194 0.169 0.177 0.228 0.192

23, Mfjifig filh 0.285 0.277 0.307 0.311 0.239 0.263 0.241 0.220 0.252 0.233 0.209 0.243 0.254 0.236

Channa ornatipinnis

24. IA¥§E% Channa panaw 0.253 0.246 0.272 0.272 0.270 0.209 0.215 0.229 0.225 0.245 0.234 0.236 0.198 0.233

25, {iil R i 0261 0.241 0.254 0.248 0.232 0.219 0.211 0.246 0224 0.256 0.244 0.259 0.145 0.198

Channa pleurophthalma

26. FLLHR it 0.267 0.249 0.261 0.226 0.233 0.188 0.210 0.222 0.211 0.245 0.231 0.224 0.191 0.225

Channa pseudomarulius

27. Zfi# Channa punctata 0.252 0.269 0.246 0.242 0.218 0.212 0.209 0.206 0.232 0.230 0.202 0.234 0.203 0.220

28. LS Channa stewartii 0.285 0.272 0.280 0.287 0.163 0.234 0.236 0.124 0.247 0.138 0.160 0.134 0.228 0.109

29. £kfi# Channa striata 0.247 0.244 0.264 0.256 0.215 0.225 0.186 0.233 0.246 0.255 0.246 0.255 0.219 0.225

YIFR species 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

15. 1) fi 0.016

Channa harcourtbutleri

16. ZI2f# Channalimbata 0.030 0.031

17. #1# Channa lucius 0.258 0.261 0.042

18. BEf# Channamaculata  0.252 0.253 0.200 0.001

19. IRfi# Channamarulius  0.253 0.243 0.212 0.190 0.024

20. M {ifi# 0.254 0.259 0.252 0.217 0.214 0.001

Channa melasoma

21. /MR i 0.244 0.253 0.194 0.193 0.189 0.186 0.002

Channa micropeltes

22. ZKJyfil 0.182 0.185 0.252 0.234 0.240 0.267 0.232 0.060

Channa orientalis

23, Hfjifig fil 0.233 0.231 0.240 0.246 0.239 0.302 0.249 0.199 0.059

Channa ornatipinnis

24. IA¥§ES Channapanaw  0.239 0.237 0.229 0.216 0.216 0.221 0.220 0.234 0.261 0.003

25. iR fi 0.218 0.221 0.242 0.207 0.244 0.209 0.163 0.239 0.253 0.203 0.000

Channa pleurophthalma

26. FLHR fi 0.248 0.236 0.211 0.213 0.096 0.205 0.201 0.229 0.263 0.219 0.223 0.000

Channa pseudomarulius

27. Z:fi# Channa punctata 0.227 0.227 0.233 0.209 0.185 0.208 0.199 0.197 0.252 0.219 0.228 0.179 0.018

28. M [G i 0.105 0.240 0.229 0.253 0.245 0.188 0.239 0.231 0.230 0.220 0.230 0.220 0.218 0.099

Channa stewartii

29. £kfi Channa striata 0.237 0.211 0.198 0.127 0.206 0.245 0.263 0.226 0.210 0.188 0.210 0.188 0.186 0.235 0.023

23 HBEMEBERZHNLXER

DI H R | SR 5 8 [ 2 I H A
MR- R AR, FeTF4B 427 (Neighbour-Joining,
NI Al KA SR 2 (Maximum  likelihood, ML)y 2t

FyfitJes b 18] R SERE (A (181 1, B 2)0 PR D54

FEAHEALR R, Z2 XA A A DA o SRR
BON—3C, IR AREERY 7 REA I3 3 A 22 )
REIHERE, ol SHEREE | G | A Qa2 s
B R, X 4 FPESS g Eg g ©— Bk
85525 SR (K 3A); BIREEHY 7 MEEASH 4 AR
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RIS G AR, MA 3 MRS, R N, MES 56, S, H 80T, SRR
TIPS SN L R 5 5 SO 2R (K] 3B). ZETPIRIDTIE PRI SRS SCRp R By, AU A UL RS AN R i 52 5 52
PR R, VEONAMRER BRI A TEIR RN, RN A S ORI AL R LG A SRR IR

99
C. maculate n=64
99
27 499' C. argus n=52

9 I Anabas testudineus n=10

2 L—‘ C. micropeltes n=12
87

g9~ C. diplogramma n=2

3 99" C. pleurophthalma n=3
94
C. bankanensis n=4

1 99 I—-‘ C. lucius n=6

‘ C. asiatica n=31

4‘ C punctata n=11

14 C. melasoma n=3
99 99
20 i C. pseudomarulius n=4
‘@_‘; C. marulius n=7
——  ———sssgmg C. ornatipinnis n=5

99
—d C. orientalis n=11

92 95 C. barca, C. bleheri complex

70 66 5L4—99< C.barca, C. stewartii complex
C. ica n=

36 \\ 78 99 . burmanica n=2

2 C. barca n=2

2 99' C. aurantimaculata n=4

39
C. andrao n=1

64 9;4 C. guchua complex

9;' C. panaw n=2

991 Macropodus opercularis n=5
99

4‘—i C. Aristichthys nobilis n=8
Fl .

91 % t Cyprinus carpio n=8

0.05

Pl 1 T COIN R 7 51 ) i s o 1] N Sk A AR
T BT IR 1000 YCHE R A bootstrap IES T SRR, AR RRSIBRAL IR 507 0.02/ 1 1 4F.

Fig. 1 Neighbour-joining tree based on the COI gene sequences of Channa
Bootstrap values in 1000 replications are shown on branches. Scale represents the genetic distance of 0.02/million years.
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99
C. maculate n=64
99
27 499' C. argus n=52

| i =
991 Anabas testudineus n=10

2 45‘ C. micropeltes n=12
87 99 C. diplogramma n=2

C. pleurophthalma n=3

99’
94 C. bankanensis n=4

99 |—._.- C. lucius n=6

92 95

< C. asiatica n=31

—4 C punctata n=11

4 vy 99 ‘: C. striata n=6
C. melasoma n=3
99 99

20 ﬂeudomamh‘m n=4
» 67 C. marulius n=7

C. ornatipinnis n=5

—99‘-‘ C. orientalis n=11

C. barca, C. bleheri complex

70 66 57«4—99< C. barca, C. stewartii complex
C. burmanica n=2

86 78

39

64

99 " C. panaw n=2

99

0.05

91

4‘—i C. Aristichthys nobilis n=8
91 99 { Cyprinus carpio n=8

99
99 C. barca n=2

99' C. aurantimaculata n=4
C. andrao n=1

9‘94 C. guchua complex

99 I Macropodus opercularis n=5

B2 FET COI B[ 751 #h) g it 8 8 A i) ML #Efb AR
W FEF R 1000 IREE Y bootstrap Ik B SR, bR ARG IE B HLAL R 0.05/H JT4F.
Fig. 2 Maximum likelihood tree based on the COI gene sequences of Channa
Bootstrap values in 1000 replications are shown on branches. Scale represents the genetic distance of 0.05/million years.

2 o AT S ERID, SERR 45 50O B} fo 2420
0 GC SRAMY, B TR R 1R

31 ##fjEZ¥K Ccol EEEESHY

RIBREAY R . 7EFrA 271 ZF50, R

iR 25 1 COT FEH 751 GC & &l 48.6%, Bl AR AR 1, AN S BRI 272 1,
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C. barca n=2

42 C. bleheri LR00108

C. bleheri voucher CB 8083C
C. bleheri voucher NE-CBL4
52l bleheri LR00108

C. bleheri LR02508
33 ,21 C. barca n=3

96 . C. stewartii voucher CHAN043
99 | 1. C. stewartii voucher LR02281
98 C. stewartii voucher LR02667

C. stewartii voucher KRF1

99 43
88

46 9 .C. burmanica n=2
40 99 -C. barca n=2
83 99 ' C. aurantimaculata n=4 A
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Phylogenetic and species identification analysis on the snakeheads
(Channidae) based on the DNA bar coding sequence
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Abstract: Snakeheads are of important cultural value as ornamental fishes in China. In this study, the mitochon-
drial COI (cytochrome oxidase subunit I) gene fragments 576 bp long were used to analyze the phylogenetic and
diversity of snakeheads in and out of China, to probe the probability of the COI gene to be used as a barcoding
sequence for species identification. Including 149 specimens of different geographic populations of C. argus, C.
maculata, C. asiatica, and C. gachua native to China, and 122 sequences of other species downloaded from Gen-
Bank, a total of 271 snakehead individuals of 25 species, were analyzed. Of all the sequences, no inser-
tion-deletion sites existed. The average content of A+T (51.4%) was higher than that of G+C (48.6%). The average
intraspecies genetic distance was 0.028, but reached 0.137 in C. barca, which was higher than some interspecies
distances. The interspecies distances ranged from 0.030 to 0.302, with an average of 0.217. The largest distance
exists between C. ornatipinnis and C. melasoma, exceeding some distances to outgroup. Phylogenetic trees based
on the neighbor-joining and maximum likelihood method were constructed. Most individuals from the same spe-
cies formed a monophyly, and high bootstrap values were obtained for them, but this was not the case for several
other species. However, the relationships of species have low bootstrap values, indicating improper phylogenetic
analysis of the COI gene for snakeheads. Furtherly, a C. barca compound and a C. gachua compound were formed
according to the phylogenetic trees. The results of this research indicate that the COI gene is proper for the species
identification of native species of snakeheads in China, but more information regarding imported ornamental
snakeheads is needed.
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