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Tab. 1 The parameters of the genetic diversity in the populations of C. gachus
Province  Pedigree Drainage Population n N Hy T Variable sites
JH 11 2 0.182:0.144  0.001%0.001 3
YN  Clade 3 Lantsang ML 8 1 0.000£0.000  0.000=0.000 0
subtotal 19 3 0.573£0.061  0.017x0.002 3
BS 10 2 0.467+0.132  0.001=0.000 1
Nandu River DZ 11 3 0.691£0.086  0.003:0.001 3
subtotal 21 3 0.600£0.064  0.002+0.000 3
Qz 10 3 0.644:0.101  0.008+0.001 7
Clade 1 Wanquan River SB 11 7 0.873+0.089  0.008+0.002 11
subtotal 21 10 0.890+0.041  0.009+0.002 15
HN LD 4 2 0.500£0.265  0.002:0.001 2
Changhua River cl 4 3 0.833£0.222  0.006+0.001 4
subtotal 8 3 0.464£0.200  0.003=0.001 4
Clade 2 Changhua River MY 5 2 0.600£0.175  0.001=0.000 1
Cladel &2 Changhua River subtotal 13 6 0.821+0.082  0.024+0.003 7
Clade1&2 Hainan Island Total 55 17 0.872£0.028  0.016:0.002 32
Total Clade1-3 YN & HN Total 74 20 0.903£0.016  0.036+0.003 50
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Fig. 2 NI trees of 20 haplotypes of C. gachus based on the sequences of the control region
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Tab.2 The AMOVA analysis of the Yunnan and Hainan populations, two clades of Hainan and 3 river systems in clade 1

Among Within Among populations

Ordinal Group Item L2 Total
groups groups within groups
Sum of squares 321.632 48.509 200.386 570.527
Group 1( ) .
I Variance components 10.164 3.536 0.746 14.446
Group 2( )
Percentage of variation 70.360 24.478 5.166
Sum of squares 385.651 48.509 136.372 570.532

Group 1(clade 1)
11 Group 2(clade 2) Variance components 9.840 0.753 2.649 13.242

Group 3(clade 3
up 3( ) Percentage of variation 74.352 5.644 20.010

Sum of squares 58.445 61.809 10.846 131.100
Group I(clade 1 NDJ)

111 Group 2(clade 1 WQH) Variance components 1.660 1.405 0.265 3.327

Group 3(clade 1 CHJ
up 3( ) Percentage of variation 49.790 42.217 7.987

o1 L 10 3 , I clade 1 3

Note: I represented that the Yunnan and Hainan populations were analyzed as independent groups. II represented that the the three
clades were analyzed as indepent groups. III represented that three river systems of clade 1 in the Hainan lineage were analyzed as one group

R3O 2 MHIBAERE. 3 MERFM Clade 1i5F 3 MKREMIBEMLRE Fo BEEEBED LR E
Tab. 3 The fixation index (Fy), genetic distance and differentiation time between 2 regions, 3 clades and 3 river systems of clade 1 from
Hainan of C. gachus

Ordinal Item Fy D, Differentiation time (Ma)
I 1 YN & HN 0.765" 0.057 1.900—0.570
11 1 Clade 1  clade2 Clade 1 & clade 2 0.763" 0.035 1.170—0.350
2 Clade 1  clade3 Clade 1 & clade 3 0.786" 0.062 2.070—0.620
3 Clade2 clade3 Clade 2 & clade 3 0.672 0.044 1.470—0.440
11 1 Clade 1 NDJ & WQH 0.615" 0.007 0.230—0.070
Clade 1 NDJ & CHJ 0.535" 0.011 0.370—0.110
3 Clade 1 WQH & CHJ 0.230" 0.006 0.200—0.060
2 (P<0.01)

Note: “'represented extremely significant difference (P<0.01)

T4 FEEBANBREREBSCIALZRAMEKREREERENAZFIBEIURKEFENT I ALK)
Tab. 4 Pairwise genetic distances within population (diagonal), and the genetic distance (below diagonal), fixation index (Fy) (above di-
agonal) between populations of C. gachus

Population JH ML BS DZ QZ SBZ MYX LDX CIX
JH 0.001 0.033 0.082 0.080 0.086 0.088 0.063 0.089 0.091
ML 0.979" 0.000 0.060 0.059 0.065 0.067 0.039 0.068 0.071
BS 0.984™  0.989™ 0.002 0.002 0.010 0.019 0.046 0.017 0.019
DZ 0.973™  0.971" 0.107 0.003 0.011 0.020 0.037 0.018 0.020
Qz 0.944™  0.928" 0.517" 0.498" 0.008 0.011 0.043 0.007 0.010
SBZ 0.946™  0.930™ 0.751"" 0.726" 0.237" 0.008 0.046 0.007 0.009
MY 0.978""  0.967" 0.967" 0.932" 0.853" 0.864" 0.001 0.046 0.047
LD 0.982""  0.989™ 0.910" 0.843" 0.178" 0.113 0.957"" 0.002 0.005
cJ 0.973™  0.975" 0.875" 0.819™ 0.250" 0.188" 0.927"" 0.167 0.006

7 (P<0.05), (P<0.01)

Note: ~represented significant difference (P<0.05), and " represented extremely significant difference (P<0.01)
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Fig. 4 The nucleotide mismatch distribution of C. gachus (The peak chart were the observed pairwise differences and the solid line repre-

sented the expected mismatch distributions)
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Tab. 5 Neutrality tests and mismatch distribution of C. gachus

Neutrality tests

Pedigree Population Tajima’s D P Fu’s F, P k. SSD P Raggedness P
Clade 3 JH ~1.600 0.033 1.136 0.636 - 0.050  0.020 0.742 0.703
ML 0.000 1.000 0.000 - - 0.000  0.000 0.000 0.000
YN 2.323 0.990 10.881 0.989 0.141  0.302  0.049 0.632 0.071
Clade 1 BS 0.820 0.861 0.818 0.524 - 0.009  0.201 0.219 0.379
DZ 0.466 0.715 0.895 0.662 - 0.003  0.786 0.060 0.893
Qz 1.584 0.961 3.493 0.955 - 0.022  0.273 0.726 0.731
SB ~0.553 0.303  —1.432 0.165 - 0.310  0.262 0.114 0.253
LD -0.710 0.252 1.100 0.591 - 0.191 0.258 0.751 0.402
cJ 0.650 0.796 0.360 0.467 - 0.231 0.021 0.749 0.159
HN —0.110 0.520  —1.740 0.270  0.103  0.034  0.289 0.043 0.341
Clade 2 MY 1.225 0.934 0.636 0.503 0224  0.051 0.569 0.401 0.352
Total 1.481 0.949 4.331 0.894 0.100  0.023  0.566 0.034 0.129
[24—27]
5
3 10;
3.1 70.35% ,
, 1.900—
> 0.570 Ma,
(31 Fy 0.765 (P< )
0.01) 0.25, N,  0.153 181 (321,
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THE ANALYSIS OF GENETIC VARIATION BASED ON MTDNA CONTROL
REGION SEQUENCES OF CHANNA GACHUS IN THE LANCANG
RIVER IN YUNNAN PROVINCE AND THE MAIN RIVERS IN
HAINAN PROVINCE OF CHINA

XUE Dan, ZHANG Qun, GAO Xing-Chen, GONG Ya-Yun and CAO Yan
(Institute of Hydrobiology, Jinan University, Guangzhou 510632, China)

Abstract: Channa gachus is a tropical and subtropical species of freshwater carnivorous fish, and they have highly or-
namental and economic values in original origins. C. gachus usually live in slow-flow rivers, ditches and ponds. As for
in China, they mainly inhabit in the Irrawaddy River, the Nujiang River and the Lancang River in Yunnan Province, as
well as in some rivers in Hainan Province. Due to the extensive hydraulic construction, river pollution and overfishing,
the number of the fish has sharply decreased. To develop effective strategies of protecting its germplasm, it is important
to investigate the genetic variance and the structure of the population of this species. Previous studies have focused on
the chromosome and the isoenzyme of C. gachus, as well as the phylogenetic relationship between C. gachus and other
species in the same genus. However, the genetic backgound of this fish remains obsecure.

In the present study, we sequenced 411 bp segments of mitochondrial DNA control regions of 74 C. gachus indi-
viduals collected from 9 populations in the Lancang River in Yunnan Province, and the Nandu River, the Wanquan River
and the Changhua River in Hainan Province of China. We observed 52 mutations of nucleotide acids and 20 haplotypes.
There were 3 haplotypes shared by 5 populations in Hainan Province, whereas all other haplotypes were unique in each
population. We observed 3 distinct lineages in the Kimura2-parameter-based Neighbour-Joining tree. One of them was
from Yunnan, and the other 2 were from Hainan—one was the Maoyang population from the Changhua River, another
was from the Nandu River and the Wanquan River, and the rest two populations were from the Changhua River. The
pairwise fixation index F was 0.786—0.672, the gene flow was 0.153—0.244, and the inter-clade variation accounted
for 74.352% of the total variation. These data indicated a significant genetic differentiation between the 3 clades. The
differentiation time of the 3 clades was 2.070—0.350 Ma. The differentiation of the Hainan and Yunnan groups might
have been affected by the uplift of Yunnan-Guizhou Plateau and the separation of Hainan Island from Mainland China.
Following the isolation from the Maoyang population, the 2 distinct lineages in Hainan Island might be formed under
the impact of the uplift of Wuzhi Mountains. Parameters such as the F; (0.765, P<0.01), the gene flow (0.149) and the
genetic variation (70.360%) between the Yunnan and Hainan groups indicated a high degree of differentiation. In con-
trast to the high overall genetic diversity (H3=0.903+0.016, 7=0.036+0.003), the nucleotide diversity within individual
populations was much lower. The nucleotide diversity of the Qiongzhong and Shibi populations was the highest (0.008),
and the Mengla population had the lowest diversity (0.000). The high overall genetic diversity might result from a mix-
ture of multiple lineages. In the parsimony network of C. gachus, the haplotypes from Yunnan Province were on one
side, and the haplotypes from the Maoyan population were in the middle, and the remaining from Hainan Island were on
the other side. The distribution of the haplotypes showed an atypical star-shape in the parsimony network diagram. The
neutrality tests gave a non-significant negative value. Moreover, the mismatch distribution analysis displayed a
multimodal distribution. These results suggested that there was no significant expansion in the population in recent
history. Because there are 3 lineages of Chinese C. gachus, we recommended that they should be treated as 3 separate

protected units.

Key words: Channa gachus; Lancang River; Hainan Island; mtDNA control region; Genetic variation



