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Abgract :In this gudy ,mitochondria cytochrome b (Cyt b) gene sequencing and random amplified polymorphic DNA
(RAPD) technique were gpplied to gudy the phylogenetic relationships of four goecies of genus Macropodus: M.
opercularis, M. chinensis, M. hongkongensis and M. erythropterus. The conplete sequences of the mitochondriad Cyt
b gene (1 155 bp) of 4 gecies from 14 individuds were sequenced. Combined these sequences with homologous

sequences from GerBank Daabase, M. opercularis and M. concolor were used as ingroup; Pseudosphromenus
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cupanus, P. dayi, Malpulutta kretseri and Batta splendens were used as outgroup. Moreover , 36 random primers
were Hected from 133 primers, and 749 reproducible bands were anplified in 96 individuds from 10 populations
under optimized reaction conditions. Molecular phylogenetic trees based on Cyt b gene sequences were condructed by
neighlor -joining (NJ) and minimum ewlution (ME) methods, regectivdy. The resuts indicated that M.

hongkongensis was grouped with M. erythropterus firdly , then clugered with M. opercularis ,and M. chinensis was in
the outer edge. The UPGVIA cluger andyds based on RAFD data was iderticd to the nolecular phylogenetic trees
based on Oyt b. The results reflect that : M. chinensis has a digant reaionship with other fishesdof genus Macropodus ;
genetic digances between ecies were 0. 184 5- 0.225 3 (Cyt b) and 0.653 6- 0.746 5 (RAFD) ; M. chinersis
and other Macropodus represent two independently evolving naturd groups of the same norophyletic group. Genetic
dfferentiation anong M. hongkongensis and M. opercul aris was obvious, Cyt b sequence divergence between ecies

was 11. 00 %, genetic digance between fecies’ was 0.577 7 (RAPD) ,which agrees with the view that M.

hongkongensis is a vaid ecies. The genetic diversty between different M. hongkongensis popuaionswas sgnificart ,
Oyt b sequence divergence was 3. 12 %, genetic digance was 0.060 1 (RAFD) . Nei’ s gene diverdty ( He) and
Shanmon’ s Irformation index (1) between M. opercularis populations were 0.058 2 and 0.086 9, and anong
popuaionswere 0.016 1 - 0.031 7 and 0.023 5- 0.046 7, regectivdy ,which show that the genetic diversty of
M. opercularis mainly between popuaionstoo ,and the individua s cluger regectively according to their d gribution of
river bagn.
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Tablel Species, sampling localities, drainages, sample sizesand code of the samples
Secies Qollection location Dral nages Sanple sze Qode
Fangcun , Quangzhou Pearl River 11(1) M. opercularis (&)
Macropodus opercul aris Yangshan ,Qingyuan Pearl River 4(1) M. opercularis(YS)
Yingde ,Qingyuan Pearl River 4(1) M. opercul aris (YD)
Shantou Hanjiang River 9(1) M. opercularis (ST)
Meizhou Hanjiang River 4(1) M. opercularis (M2)
Market , Quangzhou 7 M. opercul aris (M)
M. hongkongensis Puning Jieyang Lianjiang River 14(2) M. hongkongensis ( PN)
Longgang ,Sherzhen River dscharge I 3(1) M. hongkongersis(S2)
dependently into sea
M. erythropterus Market , Quangzhou 17(3) M. erythropterus
M. chinensis Yangpu ,Shangha Yangize river 23(3) M. chinersis
* RAFD

* All sarples were used to RAFD experiment ,the sequenced sanple numbers sows in the brackets.
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Table 2  CGenetic digance ( beow diagonal) and diver gence (above diagonal) based on complete cytochrome b

sequences in genus Macropodus and the outgroup

Heplogpe * 1 2 3 4 5 6 7 8 9 v 1 2 B ¥ 15 16 17
1 M. chinersis(1) 1 4 184 18 186 185 195 1% 18 212 216 248 22 247 240
2 M. chirersis(2)  0.0009 3 184 184 18 18 185 195 1% 186 212 216 249 22 247 240
3 M. chiresis(3  0.0035 0.0026 185 18 18 18 187 1% 197 18 23 207 250 23 248 243
4 '\("dgm“'a”s 0.1845 0.1845 0.1857 4 7 7 5 12 18 W5 13 174 26 20 257 246
5 '\("@‘mcu'a”s 0.1847 0.1847 0.1859 0.0035 5 5 3 150 151 143 1l 172 266 57 57 24
6. M. opercularis(ST) 0.1857 0.1857 0.1869 0.0061 0.0044 2 2 148 149 M3 171 1?2 288 X7 265 244
’ '\("MZO)‘HCU'Z"”S 0.1871 0.1871 0.1833 0.0061 0.0044 0.00L7 2 147 48 M2 10 10 26 X5 X5 %4
8 M. oprcdaris  0.1871 0.1871 0.1883 0.0044 0.0026 0.0017 0.0017 49 150 44 Il 12 26 7 25 244
8 '\("mrsngkongems 01932 0.1982 0.1994 0.1504 0.1482 0.1458 0.1448 0.1471 4 % 12 1683 267 283 25 20
10 (I\;I';lzr‘)ongkongem’s 0.1994 0.1994 0.2007 0.15150 .1493 0.1469 0.1450 0.1482 0.0035 3% 162 163 268 266 268 261
11'('22') hongkongensis (, 1675 0,1873 0.1885 0.1425 0.1408 0.1402 0.1392 0.1415 0.0805 0.0324 162 163 266 265 275 268
12. M. enythropters 0.2190 0.2190 0.2203 0.1743 0.1720 0.1719 0.1696 0.1720 0.1620 0.1620 O.1622 10 258 260 277 253
13 M. spechti 0.2240 0.2240 0.2253 0.1754 0.1731 0.1730 0.1707 0.173L 0.1631 0.163L 0.1632 0.0088 260 261 279 254
14.B. slencers  0.2595 0.2608 0.2622 0.2829 0.2831 0.2857 0.283L 0.2831 0.2849 0.2863 0.2837 0.2728 0.2754 281 279 301
15. P. cupants 0.2644 0.2644 0.2658 0.2741 0.2715 0.2713 0.2688 0.2715 0.2786 0.2828 0.2815 0.2740 0.2752 0.3019 107 242
16. P. dayi 0.2577 0.2577 0.2590 0.2712 0.2713 0.2685 0.2686 0.2686 0.2812 0.2854 0.2953 0.2973 0.3000 0.2995 0.1022 239
17. M. kretseri 0.2492 0.2492 0.2532 0.2570 0.2545 0.2544 0.2545 0.2545 0.2753 0.2766 0.2865 0.2667 0.2679 0.3301 0.2545 0.2510
* ()
* Haplotypes are named as pecies name plus abbreviation of ditribution regon and (or) the number.
3 RAPD
Table 3 The primersand results o RAPD
PYimer Sequence Number of bands Primer Sequence Number of bands
3 CATCOCCCTG 18 S76 CACACTCCAG 2
% GGACTGGAGT 20 537) GACACTGAGG 14
S3) TGCQACCCTTC 19 37 GAACCTQCGG 23
3 GICCACACGG 18 1 TQACCCGICGT 15
8 GTGACGIAGG 20 7 ACGACCGACA 25
29 GGGTAACGCC 12 L8 GGCTCATGIG 16
30 GTGATCCCAG 14 9 GICAGGQCAA 23
32 TCGCCGATAG 17 S105 AGICGICCCC 18
S36 AGCCAGCGAA 14 S106 ACGCATCGCA 28
38 AGGTGACCGT 15 S108 GAAACACCCC 28
S0 GITGCGATCC 15 S112 ACQCCCATGT 32
43 GICGCCGICA 13 Sl13 GACGCCACAC 33
8 GTGTGCCCCA 17 40 CAGCATGGIC 28
%0 GGICTACACC 13 41 ACGGACGTCA 18
1 AGCCCCATTG 20 61 CTCAGIGICC 37
B2 CACCGIATCC 14 62 ACCCCGCCAA 34
%5 CATCCGTGCT 18 62 TCGGCACGCA 26
0 ACCCGGICAC 22 HA76 CCAAQCTACC 26
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Fig.1 NJ tree d Macropodus based on the complete mitochondrial Cyt b gene sequences

M. opercularis:

M. chinersis: 7 M. kretseri :

;M. erythropterus :
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1000 Bootdrep , Kimura

;M. spechti : ;M. hongkongensis : ;

; P. dayi: ; B. splendens:

Branchtips are haplotypes, named as ecies name plus abbreviation of digtribution regon and (or) the number. The vaues of bootstrap
corfidence level (BA_) of nodes are indicated above the branch (1 000 replications) ,scde bar is relative evolutionary digance caculated by

Kimura 2-parameter method.
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Fig.2 RAPD patternsamplified with primer S112 (above) and S261 ( beow)
;32 36: ; M:DNA

1- 12: M. chinensis; 13- 24: M. opercularis; 25- 31. M. hongkongensis; 32 - 36: M. erythropterus; M :DNA Marker
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2.4 RAPD =0.004 6) ,
POPGENE 0.7465 0.653 6
4, Ne’ s 0.683 7,
5 6 0.017 9 0.5777 0.5614,
0.057 5, 0.494 9
0.060 1 (P
4

Table 4 Population genetic variation datistics of Macropodus

Ne' s Shanron
Fopulation Observed number Bfective number Nei’ s gene Srenron' s Irformetion
o dldes,Aq o dldes,A. diversty , Hg index , |
Macropodus chinensis 1.1415 1.0870 0.050 0 0.074 2
M. opercularis (M2) 1.0401 1.029 3 0.016 1 0.0235
M. opercularis( YS) 1.062 8 1.042 4 0.024 0 0.035 4
M. opercul aris ( YD) 1.0481 1.0322 0.018 4 0.027 1
M. opercularis( G2) 1.0828 1.052 8 0.030 3 0.044 8
M. opercul aris (M) 1.084 1 1.055 7 0.0317 0.046 7
M. opercul aris (ST) 1.0641 1.0411 0.0230 0.0340
M. opercul aris(total) 1.166 9 1.099 6 0.058 2 0.086 9
M. hongkongensis (PN) 1.0988 1.067 0 0.038 3 0.056 3
M. hongkongensis (S2) 1.0254 1.0179 0.010 1 0.014 8
M. hongkongensis(totdl ) 1.1389 1.092 5 0.052 1 0.076 7
M. erythropterts 1.080 1 1.057 6 0.0319 0.046 3
Totd 1.954 6 1.644 2 0.368 7 0.542 1
5 Nei" s
Table5 Nei’ s genetic disance between populations of Macropodus
Population 1 2 3 4 5 6 7 8 9 10
1 M. chinensis -
2 M. opercularis (M2) 0.7752 -
3 M. opercularis(YS) 0.7582 0.0553 -
4, M. opercularis (YD) 0.7636 0.0575 0.0209 -
5 M. opercularis (&2) 0.7684 0.0484 0.0256 0.0249 -
6 M. opercul aris (M) 0.7570 0.0455 0.0210 0.0335 0.0179 -
7 M. opercularis (ST) 0.7888 0.0310 0.0486 0.0498 0.0407 0.0368 -
8 M. hongkongersis(PN)  0.6576 0.6062 0.5915 0.6146 0.5995 0.5954 0.6075 -
9 M. hongkongersis (S2) 0.7038 0.6259 0.6071 0.6325 0.6144 0.6063 0.6243 0.060 1 -
10. M. erythropterus 0.6837 0.5992 0.5900 0.5720 0.5812 0.5884 0.5803 0.5038 0.5296 -
Ne’ s UPGVIA
( 3, : Ot b ND - (



36.979

ML, i

M.opercularis(MZ)

M.opercularis (ST)
27.709

M.opercularis (YS)

M.opercularis (YD)

M.opercularis(GZ)

6.878 M.opercularis(M)

22.831 I M.hongkongensis(PN)

| M hongk is(SZ)

& S

4.265 25.836

M.erythropterus

3 Nei’ s 10 UPGMA
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