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Abstract: The small air-breathing fish, Channa gachua, is distributed in the shallow regions of the streams and rivers of
Yunnan Province and Hainan Island in China. At present, there are limited studies on the genetic differentiation and
phylogeography of C. gachua. To understand the genetic diversity of C. gachua and determine how the geological events and
climatic changes have influenced the phylogeographic structures and evolutionary history of this species, 168 specimens were
collected from 6 populations in 6 drainages ( Changhua, Lingshui, Tenggiao, Wanquan, Nandu, and Red rivers) in
Hainan Island and Yunnan province, using the mitochondrial DNA cytochrome b gene (1,142 bp) as a molecular marker.
The phylogenetic tree showed two major lineages (A and B). Lineage A included all samples from Hainan Island. Among
them, some samples of the Changhua River fell into an independent subclade ( A2), and the remaining samples were
clustered into another subclade (Al); Lineage B contained all samples from the Red River. The genetic differentiation

index of C. gachua among the different lineages was high. The demographic history indicated that the total populations,
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lineage A1, A2, and B have not undergone recent expansion. Bayesian skyline plots showed that the effective population
size of lineage Al and B declined at 0.01 millions of years ago. According to our research, during Pleistocene glaciations,
the Gulf of Tonkin was exposed owing to a drop in sea level. The drainages in the mainland and Hainan Island were in
contact. Drainages in northern Vietnam ( including the Red River) flowed into the South China Sea by a paleochannel
connecting the Leizhou Peninsula and Hainan Island. At this time, the exposure of the Gulf of Tonkin gave C. gachua a
chance for population dispersion between the Red River and southwestern Hainan Island drainage, and subsequently

enhanced gene flow between populations in the Hainan Island drainages.

Key Words: Hainan Island; Red River; Channa gachua; Cytochrome b gene; genetic diversity; demographic history;
phylogeography processes
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Table 1 Sampling information of C. gachua

T KA AR SRR (AMAED LU FE S EL
Population Codes Sampling locations ( number of individuals) Longitude and latitude Sample size
E LT (CH) CHO1 it EAHE S (5) 18°59'N, 109°36'E 24
CHO2 WAL EES (7) 18°47'N, 109°24'E
CHO3 W AR LTSS (3) 18°44'N, 109°28'E
CHO4 W HAE LA S (9) 18°52'N, 109°39'E
[ 7K (LS) LS01 RS R (6) 18°41'N, 109°39'E 26
LS02 W R BT E L (20) 18°42'N, 109°45'E
HEFHAT(TQ) TQ TR RS EL KA (31) 18°35'N, 109°36'E 31
TTS(WQ) WQo1 BT A BE (25) 19°09'N, 110°18'E 28
wQo2 R EEIREL (3) 19°08’'N, 109°53'E
FUEIT.(ND) NDO1 WAV EETS (21) 19°09’N, 109°25'E 34
NDO02 W VD B U (13) 19°11'N, 109°21'E
JEYL(Y)) YJ =HICHE (25) 23°16'N, 102°42'E 25
41t Total 168
105° 110°E 109°30 111°00'E
NPV Ry ‘ N
A
z
aF ZT g
&
YJ
&F 5
o
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; A
* RFEAR —— JIRMWQ  —— BB CH —— AR TQ * FBEAR —— HEETND Bk LS
— JWILY] — WEIND ki LS — R WQ — BT CH  — R TQ

E1 BHEERIHE
Fig.1 Sampling locations for C. gachua
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FERA] DNA FOFRER BBl N LA T A9 TR AR 54 BRA 54K A Ezap HE B4 K 40 DNA
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PG & TN Tk A Sl TR IR A DNA ¥ T TE 33, - 20°C KRWIRAT . (8 519 114724
(5"-GACTTGAAAAACCACCGTTG-3") Fll H15915(5'-CTCCGATCTCCGGATTACAAGAC-3") "2 4 14 Cyt b F B,
1P A TAEY) TR AR MRS A BR A /A, PCR ¥ 3478 25pL RV R R ik T, A0 4 2xTaq PCR
Master Mix (##MERE) 12.5 wL L Fii#E519745 1.0 pL(HEH 0.01 mmol/L) \DNA #i4% 1.0 pL,ddH,0 9.5 uL, &
— U ARG BATERT IR . HARAY BOSAR 0 : 94°C TAL P 4 min, 94°C 81 30 5,49°C IR K 45 s, 72°C HEfi 1
min, 3t 35 MEH B JSTE 72°C THEM 8 min, PCR P Wilid 1% BrRASWEEERE s Ik A6 H 89 Be a9 5 15 0
Jo  BEAE AR T A TARRBOR NS A BRA w Al A I 24T X a) I
1.3 P8 Xt K gsi il Z2 R 53 #r

FIIH DNASTAR AR IR SeqMan B2 755X P 1317 1IE RRBEPHE , FREEPHE SRR A Clustal X 2.1 B /p#E4T
JPHI S, A Z5 558 i MEGA 7.0 30420 FEE— 254 T N AR, I 037 5 A BB A, vl AR 07 8056
FIH DnaSP v5.0 3455 B A B AR BAAS RUAE AR 9 43 A 1 00, IF R A8 A Z2 44 (Haplotype diversity,
h) PRI R ZREE ( Current genetic diversity estimates, 8_J% Historical genetic diversity estimates, 6,,) ** $8%X
PEAEMREE G ZREKT . AT S Z RV (0,) SRk T 9 Z 18] (8 O 28 S AT A A T 77 58 3 4% 22 RE A
(0,) ZFETF P b o B AL MO IR TAR S Yl b e M A A5 2R (0,) AT st i 2 FEdE (o, ), 7T
DIVRA T i AR s R Bh A
1.4 RGELE

FIH MEGA7.0 #4:3E T Kimura's two-parameter 1528 155 550 f& 115 25 | 3 5L T 2B $27% ( Neighbor-joining, NJ)
Fa g NJ AR, FE T8 KALLAR 1 ( Maximum likelihood, ML) #4 i ML 8, SR HI 76 4 3K 1 PhyML 3.0 (http://
www.atge-montpellier.fr/phyml/ ) ¥ @ | I3l 1 SMS"*' R B Akaike {55 B £ 1 0] ( Akaike Information Criterion,
AIC) 75 A H IR B A A A GTR+G+1; | MrBayes 3.1.2 $£47 U1 307 #E 7 ( Bayesian inference, BI) 43
B, i Treeview S~ #FMEI A,
1.5 ey sl ghas Mgt iL ot ot

R A5 R TS A P sk M DnaSP v5.0 B4 £k 2 UEAT Tajima’s D Fu' Fs K56 MAZ R
fid 434 ( Mismatch-distribution ) 5347, {1 Network 5 # /43T Median-joining R B R SR 5 o R 4R 1A
FIF Arlequin 3.5 B0 BEAT 43107 2693 HT (AMOVA ) | A 50358 1% 708 S AEREOR IB) RO N 9 20 A1, O350
PRIEEAL P AHE L ( Fop) S P (B, I DnaSP i35 I35 154 70 LT EL G Il Ny, , K 2 R GE O TR EE K Y A7
1, @it BEAU v1.7.5 W B SE KL BRI Ry GTR+G+T, B8 A2 s U5 A BEAST v1.7.5 T8
5 RSB ] 1T J5 Pl 2 Tracer R H] Coalescent : Bayesian Skyline , X &~ R AT 1A ZOF /N 7
SRS R, LA R DL DL R PR ( Bayesian skyline plots, BSP) /7=C2 8,

2 ERES

AWFFEH 6 DFIEER 168 AT HI LR 36 NS (P H 4K 1142bp, ATAR{ £ 125 4~) ,A .C.T.G -
P& 900 30.4% 13.8% 25.3%H130.5% .,
21 REEEH

SR b T i v A A 2 TR SRR OC R RN IR 1A (NI, ML Al BL) X 36 A~ BIRg R Gk
B, 3 FOTIEAR I AR N ES A AR AL, A 3 AT A R A — B (B 2) . WNRGE R BT
ATLAE 36 DR AL PR R (A XM B ) o A SCALSTERT S 5 DR 2458, B SO mmi o
TIAREE, Hod A S ml DA AN S, — A8 A1 WS AR RT & 5 SR (CH L LS .\ TQ .\ WQ & ND) Ay
T AR 55— R A2 WS, AR B AT B A SRR o5 B g b £ FIK I & i 4 s i

RTINS (B 3) 3 AN TR E LM S RE LB WS R —3 IR B 5 AL A2 W2 E A 40 4
RAE, RERENESER LR MG E R SR L5 5 5 AN FEAHIE 5, B et
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AT RO 0055 33 0, % B LT 4 Hapl0
A AR T HE AR O 7 15 25 A T R — iz
2.2 FpEBL 2R __I_HapOS
%2 IR T IEH A P SR, 6 Y ol
TE -2 B R 2Ry 0.677 (FE T :0.299—0.872) . _—pre;plzo
BREAR TR ) 343 70 22 REME 1. 0.299) 1, oAt Hapls 5
R PP TR SRR MRS 7, T TR B 1 B35 T S R s, S
B (0.872) . S AFIEE AT (0, ) RIS (6, ) A | Frvaps g
SREFERYTTE 2 4 B G 0, LT RO T 6, , UL Lo | F | <3
SRR s L A AR R (RS L PR 2 2 Hn2 2
B 100/100/1.0 _Ha;I;3 g
R RORLE E 4—9 2 ] A FRBERREL i 2
4% E IR, AT B G 35 A, i MR R L Hapo7
[19 97.229% ; 3EZEMAFHIL 1 4>, A7 EALTTREES T Loono0n 0 s
SRR o B ARG 2.78% i
2.3 PR AR AL IS Kt L AL Hap27
F 3 W FEHIIE T R FRAY 3 R Z Y oz
T B I (S SRR, 25 T IS0 0 e .
F B (3 AL 0B 500 6 TE AP A S AL oo <
A2 HIst R IR B K (4390 0.0659,0.0537) , K Hi% Hap05 oo _
7 B SHATNER KR ABEGL , AN A2 Tk L0990 [ haps2 <
T M AL P 5B T 9 1 T 000 L‘E‘Fﬁi;s -
0.9045—0.9596) , — Hap33 I

W E R AL N M G BT HCBLR AN N KT G (0091 ma 5T oyt b 5028 4Bt 32 1 S 5188 BEEE NI, ML 70 BI
7 0.8184 F10.2858) , X — &5 S 3= B Fh 1 0] 47 7F BH I
(3% 22 i B ZE A
24 5 ¥I7 2257 (AMOVA)

FIF 43 F 5 243 81 7 AMOVA  ( Analysis of
Molecular Variance ) B LAIXHF5T AP R 24T A [F] 2 R A9
IHZ 5555 Al LR 2 18] 4R DA A AR 22 TRl A
]2 R B A8 5 5 AR S i 270 ) AT T A 28 S 1)
AR, KRG R GG B B ZOKE SE AR Ay B 3 N LRE BT A O 240 (AMOVA) , Hirf mig ot
TR R R —AGHE 18 1 516K R — AL, A4 B AL VL3R 2 FE | B2 /KT T AR AT SR 1) R pig VYT ; ¥
S B AT A R AR S B 45 & FUKE & R — AN, S5 R, 45 K oy A8 5 & AR e 4R ]
(74.73%) ,TIFPHENAR/IN(5.87%) (3% 4) , 150 BH T8 A MR AE 19 728 S 2 R U T2 A]

2.5 PSS

XF A R THPERG B /0T, S5 R, AL W SE RN A2 W SZ A Tajima’s D il Fu's Fs {352 MG H,H
ANWZE(P>0.05) , FREHAED; s BARE AT BN K, R B /Y Tajima’s D Fl Fu's Fs {H A IE
fH(0.25163, 2.93079) , K AR TCILF IR AR K A FMREY 5K (R 5) . HAETFRREEEL 0 B R B, 4515 &
B 205 (B 4) o A2 WP SE I TY B B0 R L TOUE b T3 Sl 37 o5, HL TR 3 )5 ke A= i
BT PN B A2 S ANAREAR XS A X EAL R TIC 43 AT 43 BT b 2377 AR — e IR 456 A2 TR PERS:

Fig.2 Neighbor-joining, Maximum likelihood and Bayesian
inference tree of C. gachua based on Cyt b gene haplotypes

NJ 4+ 4BHE#F | Neighbor-joining tree; ML 44 ; 5 KA SKH , Maximum
likelihood tree; B 4 . DU Wi## , Bayesian inference tree; [ 114
A 5 B MR TEHES I 5 5 A RFRIIE R A1 5 A2 43
G FR A YIS 43T ST A AR NI, ML A BE R A SR
#; Hap : 1% %4, Haplotype
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B3 ETF Cytb BEEHMEAEHEESEFRNEE
Fig.3 The haplotype network of C. gachua based on Cyt b gene haplotypes
P AT A2 B 23050 0 SRS 2R SR R AT TESC A2 W32 G5 R B By AR ARAE A AN IR 315 22 SR A7 0 I AR 1 R e K 1 s 1 IR R A
Fe— ALY I A A SRR RS AT [

x2 ETF Cytb EEMEESHEMEST
Table 2 Genetic diversity of C. gachua based on Cyt b gene

B AR AR (AR LR 2 B MR
F#E Population Sample si Number of Haplotype Haplotype Nucleotide diverstiy
m| 17,
ampre swe haplotypes (number of individuals) diversity (h) 0./ % 0,/ %

HI(4) H2(3) . H3(1).H4
E4LIT(CH) 24 8 (3) H5(1) .H6(10) .H7 0.793 0.01685 0.00985
(1) \H27(1)

H8(14) \H9(5) \H17(2) .

B /K3 (1S) 26 4 H21(5) 0.655 0.00203 0.00184
N H10(26) . H11 (1), HI2

THEMFIAT (TQ) 31 5 (1) HI3(1) H14(2) 0.299 0.00167 0.00526
, H15(12) \H16(2) .H18(2) .

JiRTT(WQ) 28 6 (12) (2) (2) 0.738 0.00300 0.00338

H19(8) \H20(1) \H27(3)

H22(5) \H23(4) H24(4) .,
MEUEVL(ND) 34 9 H25(3) \H26(5) .H28(9) . 0.872 0.00465 0.00343
H29(1) \H30(2) \H31(1)

H32(6)., H33 (1), H34

0.707 0.002 0.00278
(12) \H35(2) H36(4) 9

JEIL(Y)) 25 5

A1t Total 168 36 0.946 0.02263 0.02044

0. MR TR 22 REEFEEL, BV 3 2 [R) A% R A 57 9 F-3%, the average number of nucleotide differences per site between two sequences ; 0, :
Pi BT BR A EFE B, BT o 20 B 5 %X H | the number of segregating sites among the sequences
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K3 EFRIERERBEES(MAKTH) MBEIMUEY Fo(XRELR)

Table 3 Genetic distance ( below diagonal) and genetic differentiation index F;( above diagonal) of C. gachua lineages

%A Lineage Al A2 B
Al 0.9045 0.9334
A2 0.0347 0.9596
B 0.0659 0.0537

RH AL A2 B 50 TEHUS R M T A1 3 A2 WX R B

x4 TEORBESFHESW
Table 4 AMOVA analysis of C. gachua based on Cyt b gene

A5 SR IR M Sl A S 2 A REH AL
Sorce of variation d. f. Sum of squares Variance components Percentage of variation
ZHREN] Among groups 2 1388.523 19.42722 74.73

ZH B B AETE] Among populations within groups 4 523.588 5.04389 19.40

BB Within populations 161 245.865 1.52711 5.87

A Total 167 2157.976 25.99821 100.00

=5 ETF Cytb ZEZNEE Tajima's D 1 Fu's Fs #1
Table 5 Tajima’s D and Fu's Fs tests of C. gachua based on Cyt b gene

A& Lineage Tajima's D P Fu's Fs P
Al -1.10019 0.12500 -2.99040 0.24500
A2 -0.05716 0.49500 -1.24181 0.13700
B 0.25163 0.65300 2.93079 0.91700
I Mean -0.30191 0.42433 -0.43381 0.43300

BorrP A AN RFE LR, AT R 2V, AR T 3 % R A by s BE AR A o B o Ak T AR AR E AR
A& AT DAY K DU RBRZEIIT (Bayesian skyline plots, BSP) W7k A1 W5 R B 7E2 1
DT R INA ROR ARG A TN | A2 7SI R A R ik sl N a3 (11 5)

3 e

3.1 SRR L 2R s A

PRI AL AR VR LR ) 2 R 00 T LA R o0 PR B T MR AN TR PRI 14 165 07 RE T 098k 7, 4% 2k
K AL 73 A ks =g vl 4 7 ) b - R AR DD R, 2 0 b A TR R 1 PRI, L S ) o R 4 AR )
il ARHRCRAE TN B S a M AFIK R 6 ANFIREILTT 168 ANEFAE SEABEREA JERR I 36 ANLRoR PR B
5L SR A RS ZREPE (h) N 0.6773 s HY i B B 2 e o A R 22 e ) B BRI ] LU A5 280 22 4
MR AR E] S I8 78— R RE A R 22 R M LU B A ) A T R S R (A8t % AR ) T LATT £y
B — D FIELORLR DNA 5% 28 S SRR DT s ShaS RO B 28 bR . AT S0 e B 15 2 m 45 R B0 7 gt
2Rk (0,) JLT- T T AT Z R0 (0,) , BB MELE D s _EAHXSARE |, F R R 3k aloai /N i
T 0, R T AR, AT, A R 2 A 1k ol /NI — S5 R, 5 R T M X G T A28 1 BF S 4G
SRS AL, SR AR T g 5 FAL R R TR R E 0 st B, DR R B ) Ot
VA T3 S 0 B ) R TR 2 R 20 W, A SRA 7 TR SBT3 2 o A )
IM A BRI AL R RN X T SE At X — B 10 A A IR AR TEBUR B R Ix W A T Pl Y
W KR K A 288 , AV T 7 B IRt K DX sl ) A T BRI B — | T 32 S0 P 5 AR o 5/ sk —
Wt xt T2 I BRI 0 R B AR Y U A R B LR /N TR 2 AR BIIR AR S W B T ok, 3L
TR IR KPR Z
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Fig.4 Mismatch-distribution of C. gachua in three lineages based on Cyt b gene
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Fig.5 Bayesian skyline plots of C. gachua in three lineages based on Cyt b gene
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