H 75 2 3R 2010,30(1) :0258—0264
Acta Ecologica Sinica

R BREMBEM/NFRE T EAEERX
WM EEEER R ESMIERE

22l > 221 y2 13 1 1
KOTOT,ERE LV BARR SR s, 5 2R
(1. HEF IR R A AL BE , ) ARE B ERAS SRR FE SR, M 510631 ; 2. ARG IITE KBRS 2288, M 510631)

RE OYHTFHMRRRE R R ARG IR R, 47 T 107 B2k B 4L P Ef AN RS 5 19 12 2Rk R SRR /4R 8K ( Micronoema-
cheilus pulcher Nichols ) ¥ [X 934 — 938 bp K)F5, i A 79 MEH BRI . 70 TS HT (AMOVA) B , i (A /1%
EAR 5 5 46. 88% , FHEF N HIRAE LS 7 55.06% o 3T 36 MRMAM RGEM BN, 12 FOKRHFHREM . KA, ) P
B LK AR (B 3RAAT R P T AU R L) PG VLK R 5T R E FRVL AR YK R R Y, g R 5 J7 SR MR LS
JRETUKRRREY] . RIEHRESACE R HUEE S A (NCPA) HEI , By ki) J& 20 3 X AT BB SR /D AR BRI 3 BOH L IR R AT
B MG DX 3B i P AR AR R (1) R PI K R ) P S K RET RERILAEILKRY 8 (2) MM SEKRAHEER
MA B ETKRY B EEASET , B RE R WS KRN XY 5K,

R SEA/DARE SORRRERIX ; MERRIAE S KRG, ERTiAERE S

Population genetic variations and phylogeography of Micronoemacheilus pulcher
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Abstract: The population genetic variations and phylogeographical patterns of 107 Micronoemacheilus pulcher from 12
drainage systems in western South China were investigated based on 934 — 938 base pairs (bp) nucleotide sequences of
mtDNA control region. We found 79 nucleotide sites variable in the full sequence. Analysis of molecular variance
(AMOVA) revealed that genetic variation within the populations was 42. 84% , among the populations was 58. 53%.
Thirty-six haplotypes of the mtDNA control region were analyzed using the neighbor-joining method. The populations of 12
drainage systems could be divided into two lineages. The drainages in Guangxi ( Fangcheng River, Dongzhong River,
Beilun River and Nanliujiang River) and Xijiang River were more closely related to Moyangjiang River and Tanjiang River,
the Wanquanhe River and Nandujiang River in Hainan island were closely related to Jianjiang River in Guangdong
Province.

Nested clade phylogeographic analysis indicates that this fish has originated from the joining area of Guangxi and
Vietnam (in which Dongzhong River, Beilun River and Fangcheng River are located) and spread to other drainages by two
ways: (1) through Xijiang River spread to drainages of Guangxi, Moyangjiang River and Tanjiang River of Guangdong
Province; (2) through ancient river systems between Hainan Island and Vietnam to Hainan Island, then back to the main-
land expanding northward to Jianjiang River of Leizhou Peninsula in Guangdong Province. The current phylogeographical

distribution of the populations might have formed by several events: allopatric fragmentation, long-distance colonization
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possibly coupled with subsequent allopatric fragmentation, contiguous range expansion.

Key Words: Micronoemacheilus pulcher Nichols; mtDNA control region; population genetic variation; phylogeography ;

western South China and Hainan Island

BIFARIK B2 1 5347 B 32 YLD YA 7K R R BR ) , Ok B BRI v 5 5 L i e A%, bR R B T 2 R e, K
0 P S A B PR B 45 1 O R R 6 ] — A~ b B R [ st BB A ) B i 7 AR TR S B o P9 R sl R
17K 2R OFHBE AT SR 25 R MO A0HT , TT AT B AT T Ak et X /K R ok 2 0 8 9 M 7 st Ak 2

SEMN/NS&8HK ( Micronoemacheilus pulcher Nichols) , 3R J& T ‘& 1 44 ( Osteichthyes ) , #7F H ( Cypriniformes ) ,
B} ( Cobitidae) , /N&#ikJ& ( Micronoemacheilus Rendahl) , EMN/NAMKEIRE F B MEWTR SiEKR, WFE
PEVL T3 SR BT, A rg VU R ML AT /IVK R IR R VL I B G 3RT  B7 3T, BRYLK &R
BETTK R LA RETIK RS o B R4 R 7 3 B ¥ R 5 4t X0 28 [ 7K R A 3 A 842 78 5 0 6 5 b T
BFgE R T AP e Bt ) A R S S T X2 X L 2 A T S R AR . AN SO R B MR
By, ARV (AR ARE IR, A IS IS AR R ARV R S 3t 12 K R
H/NRBRFNEE , FEATZ0R0 1A DNA (mtDNA ) 4254 X FFFIMRE , 4387 OB [R] 7K R & T /N SR kR B a5 28 57
BT H R G B AL T R

1 HRSH®
11 bhH

ARSI 12 407K RIETNRISE 107 J , FERIERIREA L 95% TORTRAT , BE 1 HO MR RAEHL TR 7
BRI L,

1.2 DNA $2HC . PCR 33417 51 &

R ZH DNA R BCR FH g AE ) TRREOR RS A FRA FIG3KE i B K 41 DNA g i00 &7 s i,
WA Eh. FITFY R mDNA $5] X 7 51 B9 — 48 52514 DLL #I DH2™ K F 514351 : DLL:5” -ACC CCT
GGC TCC CAA AGC-3’ ; DH2.5’-ATC TTA GCA TCT TCA GTG-3’, 50uL f PCR &M1& &R 145 10 x PCR
Buffer 5. 0pL (& MgCl, 20 mmol/L) , dNTPMix 5. OpL (10 mmol/L) , Taq 2 U, 5|44 4. OpL (55 ng/pL),
DNA 5% 8. OpL, B F KEKAME SOpL, SMFEFF :94°CHAE M 3min, SR )5 #E4T 35 MG, BMEFL
1% 94°C A5 M 455,56°C 1B k 45S,72°C {41 1min , £ J5 72°C ZEf§ 8min ,4°C A 7E. PCR F=¥1FH 1% L g b va ik i
ISR SR YBEE AL, 8 377 MR GE SR SN AE o
1.3 BdlEath

Fi CLUSTALX 1. 81 k{4347 P tuxt , SR G F TAZ X P 511 45 5% ; i DNAsp 4. 0 SR{4ESe i+ B A 0 1
(h) FZHBREAENE () I FHZAE T AP R ] #3845 78 53 (Fst) AR R S BB (Nm) 5 Fil MEGA 3. 0 Fff
ISR EEE (ND) A8 3 SC R GeRY s F§ ARLEQUIN 2. 0 8k {4347 43 F 22 5 43 T (AMOVA ) 5 i MINSPNET k{444
H BRI 4 18] ; F GEODIS 2. 0 BT ik 2 kA BRI B9 4047 , HARE Templeton' ™ f3E14 75 vk 4 00 b
RIS .
2 R
2.1 mtDNA X 7572 5

XFR B 12 47K R 107 AR 5L B S IH /SR8 1 DX 50047 HE P 04 5, 45 B0 AT (4047 9 5 314K 934—
938 bp, HARSFALH 858 4,4 MEA/BRRALR B FALER 79 4, A HE 70 ME L5 BALAFN 9 AR R
Fimlo IR IREE A K, AT C.G G- & B 55 R 34. 5% \33.5% \18.9% \13.1% , Hi A
+T & 8(68.0% )BT G+C &8 (22.0% ), £ 934—938 N T ML s E R A 4L i A 16
A B EHRALS A 4 1 D T-A2 AT 1A C-G, FHFEHR SHEHR LR 4:1,
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F1 FREKFREMMFEREROREN R AERNFI S

Table 1 Sample locations, sample size, haplotypes and diversity statistics of Micronoemacheilus pulcher in different drainage systems

K& K . . Eid ] ] 7
k% R BEEBC RN HE R R &ﬁ@zﬁﬁ I%E
Drainage Sample Sample size  Hapl R Haplotype Nucleotide Longitude,
systems locations ample sie aplotypes(N™ ) diversity (h) diversity (7r) latitude
I (DZH) A (dz) 8 H15(5) \H16(1) .H18(1) \H19(1) 0.643 0.00302 107°31'E,21°38'N
Jb4 (BLN)  #BEL (nl) 8 H15(4) \H16(3) \H17(1) 0.679 0.00298 107°50'E, 21°40’N
, H4(1) \H6 (3).H9 (3).HIO (1), . vens
B (FCH)  R3(dl) 1 HI12(1) HI3(1) HI4(1) 0.891 0.00343 108°07'E, 21°52'N
A (nq) 5 108°01'E, 21°49'N
() 5 107°56'E, 21°48'N
£ JT.(QIN) [ )2 (Iw) 8 H11(8) 0. 000 0.00000 108°56'E, 22°16'N
BWIL(NLU) 5 (bo) 3 H1(1).H6(5) 0.333 0.00036 109°58’E, 22°16'N
L (pb) 3 109°33'E, 22°16'N
JL3 (BLU) AHE(x) 8 ?22)(1) WH3(1) H5 (1) H6(9) . HB 0.593 0.00074 110°32'E, 22°51'N
% (ba) 6 111°05'E, 22°21'N
HEIT.(GUI) 4R (pl) 4 H6(7) \H7(2) 0.389 0.00042 110°38'E, 24°37'N
WA (zh) 5 110°48'E, 24°10" N
BT (MOY)  FHZ (ye) 10 H20(10) 0. 000 0. 00000 111°24’E, 21°56'N
& JT.(TAN) BF(ep) 6 H20(4) \H21(2) 0.533 0. 00057 112°18'E, 22°11'N
e s . H22(1) . H23(1) \H24(1) \H25(2) . err er
% YL(JAN) Wi (ed) 9 H26(2) . H27(2) 0.917 0. 00274 110°56'E, 22°25'N
RPEIL(NDU)  F¥(bs) 10 H33(1).H34(1) .H35(2) .H36(6) 0.644 0.00138 109°26'E, 19°13’'N
FRE(WQU)  KAE(ez) 5 gﬁgg:;‘ﬂmu)\mou) WH3L() 0.786 0.01009 109°47'E, 18°57'N
B (ws) 3 109°50’E, 19°02’N
107 36 0.917 0.01749
* FALAE TR I BR AR B

2.2 BESHEEA AR

AN [RIZK FR SRR /N AR BB BB B ek (h) RV BREARAE (o) AR 1o Horp BT SV J7 SRR REF)
AR SRR ( >0.700) , ARTTANGE FHTLARE A9 B 20 AL D9 0. 0005 J7 SR 1] IR H R S AR P de =,
0.01009 , FRYLANGEE FHYLAPHF IR H PR Z FEPERR AR, 9 0. 00000, 7E 107 B 3RHR/NRHK p IL 3k 45 36 A~ Hf% A,
B HI—H36(K 1) o BREEFHTLARIL A — G RIAN, HoR 10 oK R S BAER, 2N T S BAER
(BT ) o T VU B3R B V-5 P VLR A SO (AL ) A 1) S B A% R 16 5 7 P 9L & T S5
3L H15 H16 PR AL AR YL S VI 3E = B AR A H20 ;s HAR I SR BN 2K R MR IT 4 A
HEAIE,

2.3 MEREILEIE R (Fst) SR A (Nm)

FIRERE DR SZ LB (Nm ) PSR R FIRE M) 9 5 B e AR BE ), AT LA 4 K RFMBE ) 956 R o I DNAsp
SRR R AL e B (Fst) FIBERISZPAE (Nm) , GR WK 2.

2.4 AR HT(AMOVA)

B SRR /NARBHK 12 7K R BRI 3 B IX g Sk R (BT AT SR ) h— b3 X, PH YK &R
(CREYLANLHT) o — 3 X, FE R v i S AP 7K 2R (R A 9] 64T Bl ST K Y R 7L R T IR B YL A
VL) R —HHIX . KX 3 M XE BN R B A REETT AMOVA RIS 3R 3 48R AT L, 7 T
AR S FEZOR B R P A 2 X AR ] o
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F2 ET mtDNA #EHI XXM/ REFBF RN UER(F) (NAKZT) EMBEEERZRE(Nn) (HHLXZ L)
Table 2 Fst (below diagonal) and matrix of pariwise Nm ( above diagonal) between 12 populations of Micronoemacheilus pulcher based on
mtDNA control region

- BLN DZH FCH QIN NLU BLU GUI MOY TAN JAN NDU WQU
BLN - 8.200 0.380 0.100 0.110 0.130 0.100 0.050 0.050 0. 050 0.040 0. 150
DZH 0. 065 - 0.430 0.120 0.130 0.150 0.120 0.050 0.050 0. 050 0.040 0. 150
FCH 0.571 0.538 - 0.460 1.270 1.360 0.630 0. 060 0.060 0.070 0.050 0.180
QIN 0.831 0. 808 0.523 - 0.020 0.040 0.020 0.010 0.010 0.030 0.010 0.110
NLU 0.815 0.792 0.283 0.960 - 23.330 0.180 0.010 0.010 0.030 0.010 0.120
BLU 0.798 0.775 0.269 0.921 0. 021 - 0.260 0.020 0.020 0.030 0.020 0.130
GUI 0.832 0.812 0.442 0.963 0.740 0.658 - 0.010 0.010 0.030 0.020 0.130
MOY 0.911 0.905 0.888 0.987 0.979 0.971 0.979 - 1.330 0.030 0.010 0.090
TAN 0.911 0.904 0.888 0.987 0.979 0.970 0.979 0.273 - 0.030 0.010 0.090
JAN 0.906 0.901 0.878 0.944 0.941 0.935 0.940 0.950 0.950 - 0.040 0.160
NDU 0.934 0.928 0.912 0.977 0.973 0.966 0.970 0.974 0.975 0.927 - 0.180
WQuU 0.775 0.770 0.735 0.819 0.802 0.794 0.791 0.851 0.853 0.762 0.735 -
IKARGE WA 1

#3 ETEREHIRFIEM/MEHEERXEMBEEENS FERSHT(AMOVA)
Table 3 AMOVA analysis for Micronoemacheilus pulcher among regions and populations based on control region

AR SRR =Rit); 4 F-J5F AR SR, AR5/ %o
Source of variation df Sum of squares Variance components Percentage of variation
i PH X [B] Among regions 2 4.176 0.00963 1.94

b 3 X Y A [A] Among populations within regions 9 20.449 0.23280 46.88

FP £ PN Within populations 95 25.976 0.27343 55.06

431 Total 106 51.140 0. 49660

2.5 RFEZKRFFEHIRELR

i TG e G R TR R 5 IR K AR A SE IR /D AR BRI B[R] A5G R L 5 mtDNA 425 X 7 51 4z 1) 36
NEAERLEST T RERF T, KA NV EWERE LT (B 1) o NI RIS, KNSR 36 AR 7
o4 FE, RGBS b ok B P VL SUE CRETLAIAE S ) 57 Va4 Sz A 7K 2R Ui ) A6 L B 38R BT
FIRGURYL) FSE B/ AR B RE (A F2) , 5T AREIL IR LA (B #8) BE M2 1 i sE & (7 R HE
PEIL) FhHE(D 58) 5 AREILAHE(CHE) RE M o
2.6 EZHLIESrHT (Nested clade phylogeographical analysis NCPA)

M 12 ZR7K BRFETR/ DA mtDNA 4216 X P S B SR B (B 2) /TR, 36 DB RIE AL 2 52, —32
I BAAE RS H1-H21 4%, AR TG VIANRE ) PO Uy M SE AT /N K &R T 2R RO ANGE PRV RN (3-1 23 32) , 1%
TXRETF NI 1) B3 1 5 58— 32 i A5 R H22—H36 41 A%, A1 R 15 7 R SR SRR RE ) &R
AISETLAPRE(3-2 20 30) , M RLTF NI T,

LA Geodis2. 0 AT kMM ST HARYE Templeton"'*) fry J7 ik H 0 36 1 /1N A% B 45 A A 40 36 2 3t 38 5t
FELEERNER 4 161 B3R 1-3,2 B0 3 2-2.2-3, FFA ) 3 2570 3 BB AR (total clade ) #iAS:
M) 2 R GHIE R . HrpHEAR 1-3 (B RVL R B VL AU A AR VL) Ak A 3- 1 Cliig s b
A B3R R TL B B VL LRI EEVL R BRI AR ) RN 22 Wb A BE B B R
2-3(FEPETLANT SRI) RIUAHFFLER 7047 XY 5K K EE BRI R WAk 0 s HE AR 3-2 (R VL 7 SR T AN &
L) RN R Wb
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40[1H23 JAN(1) 1 H29
3959 H24 JAN(1) H35——H36 / 23
100 H25 JAN(2) C l===========-======F===-=S=-===-s====SssSss=ssssss----
H26 JAN(2)

H27 JAN(Q2)

|

| |

51 —H28 WQU(1) i 1 2 1 |
—99[[ H29 WQU(1) 1L | H27—-m2e —=—m2s w2 ||
H30 WQU(4) : :

5 |

X i

98;H31 WQU(1)
49 L 32 WQu(l) D

% H33 NDU(1) 39 A},
og|  H34 NDU(1)
65 L H35 NDU(2)
87 —H36 NDU(6)
0.005 B2 Em/FEH mDNA EH XFFAERMERBREHNS
Figit
B1 =M/ &S mtDNA 25§ X B 4E 8 NJ & Fig. 2 The nesting design inferred from the cladogram

Fig.1 NJ bootstrap tree of mtDNA control region haplotypes for estimation of the 36 haplotypes detected for Micronoemacheilus
Micronoemacheilus pulcher pulcher based on mtDNA control region

AR RN RGHE WA 1 V] 2 s B TR 2 i R AR RS RS SRR

F4 ETNEH mtDNA EH R EERGHBREH ST RAGEERRNELRNFEL L BREN
Table 4 Nested clade distance analysis of mtDNA control region haplotypes and inferences from significant tests ( P <0.05) of nested clade

analysis in Micronoemacheilus pulcher

HEAEAL X gt R e HHEbrah R
Clade Chi-square value Probability Inference chain Inference
1-3 99. 8781 0. 0000 1-2-3-5-15NO FR 7/ LDC
2-2 59.3396 0. 0000 1-2 1CC
2-3 11.2500 0.0010 1-2-3-5-6-13-14NO CRE / LDC / FR
3-1 80. 0000 0. 0000 1-19-20-2-3-5-15NO FR 7/ LDC
3-2 27.0000 0. 0000 1-19NO FR
St Total clade 107.0000 0. 0000 1-19-20-2 ICC
P <0.05 A BEMPIER ; LDC.KEERJERE; CRE LKA XY 7k ; 1CC. B HEWiZs R s FR: Jy Wifk 4
3 e

3.1 FhiFRfeEs

12 207K R SRR/ NARBHF T B meDNA $25 [X P 51K BE Dy 934—938bp , #2il X P51 P LA 79 R RA A,
4 MEAN/RRALA A 36 SRR, BERI SRR HIREHED 39 (R =0.917,7 =0.01749) , 5[F]
Aibsc— by X By F 5] 25 3851 £ ( Pelteobagrus intermedius , h =0. 813, 7 =0.00542) " At R M. —MAH
FELRLR DNA |, #2555 K (9 Ak SR B B, 15 Tang A1 Liu™™ A0, % FRGMBELE X RBOE LR =,
ZopifA DNA 5  X 5 K AL R B AR b 18, RM/DEABMARER b WEHFRZHEE(7) N
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0. 02758, 5 mtDNA #iil K ZHBRZHENE (7 =0. 01749) AH LG, /R H mtDNA 4 8 X 7 571 1) 2614 3 R B 40
B b 18, AW FELRIHF Tang A Liv ML

ST/ FD R 14 38 BOT- #1H 4 0. 887, 7 F R MRAE 8 ( Fse = 0. 583 ) 1) 7015 M 4 o o ( Ft =
0.801) ™), BRI/ NFBHA R K R BOFPBEIELEL R BE AR 40k B AMOVA 3T 8% , BB 78 5 e, th 3
X E] A A2 AL 1. 94% , 3R IX Y AS [RIRR R ] IR A2 57t o 46. 88% , AP N AE 57 15 55.06% (K 3) , 0TI f%
AR S EER AR I B X AP ] o SR 12 SRR R SRR/ ARBIK R 1AL 0 b R 2R i TOK R AR LA &
FAIK RN gL e
3.2 FPEEEAEERR

X% 7K ZR R ) B A B I S DU RN R SCAE (N ) AT 2047 , T LASRIT 27K R A B C R, 47 Nm {6
RF 1, R R EEAN R TERER MG, Nm HRT 4, RAFREE 2 — YIS R MR RE, & IR ETR
/N(Nm < 1), WA AT REBUR B RRES =4 o ISR 2 FT LU Hh FRBRR MR BERIE PRI S R B 22 IR (9 6 3R, o
AL TE B, BRI S WA R . 12 KR, FIES FOK R SE /D AR EA S AR R A8 DL
Horh 2R A FEVL AR VLA A L S B A5 A0 H20, Nim g 1,330, Fst 29 0. 273, BRBOEHIFRG R R, MENS
A& T 7R i i 3 X ) S VLR B A AN A A L B AL BT Z ] 9 Fst 9 0.950,Nm 23 0.010(Nm < 1) , #8758
FE R ELEFREEIZ BN E] . B FHTLRE LA T =55 WL AR, T4 TLAL T = 55 LA v, 40 = 25 11 B9
LR 3 50 T R ) 2 [ 5 O ) A, AT 7 A T B R RSB A5 0o A6 TR 5 0 b R 3L 2 B R HLLS
H16, EAITZ 8] # Nm g 8.200, KT 1, SN FhEIE G BA T2 B PRS0, R W A0-C 10 k-5 i Hh o
MIZRG R RBOE o B R WYL VEEYL U AL 3 A% RS HE R IIX 4 K RIKRIEH Y. K
P WYL AR5 P VLS AL R EE(E] 9 Fse g 0.021, Nm 2y 23.330, 32 BI5X 2 AR 482 BEAL A IC A Fl
B, DR L S AU S SR AR . ARYE) MRS D 1963 MR IR “ 58 =LK, PHILSO0
ERAZIBE I L, “BRL SIS & E ARG, (5 (8] TCBA S0 23 7K 0, -+ - 90 3t AH BEAR
15km, T R AEAHZE AL 20m , ------ 7 33 B P4 P Y32 3 BIAL SE9RT , 5X — GO M eI SR At T 585

MBI R G T (B 1) AT, 12 00K R BSER/NAR B AR 36 > BAE B R BB ( T AL ) o PHYLE
P CREVL AL ST ) A0 PG4 52 A 7K 28 Ul A 97 (BB T Bl 3T AR VL R YL AP SR RS2 1, 1 re 5
Ti R AR PR RE R o 3 1L B AR 3 S8 SL AT/K R VAR R YL AR A 2332 T T4 VL R
FREAAD S Mo 187K B ARETLHI SRR/ IS i R B BRI RGOS RBUE D), T ARV L AN FH LAY
TS PYLA U S A K R AR R R R R B
3.3 REMEEABER

RER TR, B 1-3 TR P OAE, PR 6 A HETLE T B i #h i , s L
FREAA 1-3 0o HO , PRI B3 k30T A SR /AR BT B P O o ARGE RS R A3 B8 3 4 - Bl 3R]
JE i1 3 DX R SRR /NSRBI 47 IO s, R AT b DX 2 B AR IR AR (1) W RS YLK AR 1)) DY T S
KRE]RERTLAEILKRY 8 (2) MG B K REEEM LS M EKRY . X 5RTE 04
(B B R B SR DT TS A R DL Y BUR AR, FTREAR R U — SRR ARV BB I R B B K R
BT Y, AR PRI X SN RS AL T S o, 8 B B R KT K BE B R LR
WAL, T RESZ S T VKIS B K ™ o AR VR AE A ST K R IR B TR BUK R IO R B A R R B4 1R 19
AR RAE T A5, BHE AL IR B AR S o
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