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WE: AT THMNESEEF AR T EEG NS, REN D A0 IE %021 4
SRR, BT, O R R B A R, A K I 2 mDNA
D-loop [€ # 47 Il F 4 o 45 R B : % % W4 91979921~927bp 87 71 K X B, 2
274 B B o LAF B AE T H g 89 4 923-925bp 3 F AR W, 4B 1A 3 H A A6 b
R FAERERERRAR A ENTE K. ¥ 20 ERAF 04 T AR
AINTRBWREBM; SEWABEETANTEBNRARIE. $ 28K L4
TRBGRE SR AT IS, BE0 R L DA SRR, %2R R
BRI S M AT (G, BF R, M K2R Bk A B A AP
FRESHNRTRSE, BRMGBEIGE. 705 F 2 E 2R 02 2k K i 4508
FRMEEER, HARNAPEEAIAENEAHER, SBENEEI LT E,
EEWRBAELABER, BEERN, ATAEEARE. SEMELLEUN.
WA B A B SRR SRR, ATEEE 7RI R K & skt b2

R o W R R I R
KU 8, SR REH K, REEHE; RAXF; BEoh; LK

FESHES: Q346; S917.4

il (Carassius auratus) 24 )17 L EE 4345 |
X2 B Hb 7 R DA S B s AR . B M
AR VGRS HTRRIL DX, 22 TRy M Y, s
L2 ELA IR — A LI KR b g 22 B 2 A
WESE 52N 5 2= pg o PO A b i B30 ] BE A AH W)
PR A A AR, IS5 B (Carassius
auratus gibelio) LI ZE AL A | F IR iR 3 22
i) J& 118 24 WV (Carassius auratus auratus)F15R 6
PR AERFR . EmE, T EEFEEZELA
SRARAP DX SR BF 50 LA e, ok 20 4 A X 2
T 5 AR S R B R S R B R, ES5 A
R E S 2 ()8R G R O Y), A 7EmtDNA
W28, TREBRE b, RIERNR L
A L™ i G IR, A T A AE AR AR =A%
R, 25 BTk, Hb PR 0% bR R H B phrE A
Py R 2R R AR, HC 20 B K% il i b A7 1 A7

s HE: 2015-07-10  fEEIAHA: 2015-11-11
BEITE: SNE EARE R R R4 [(2011)2223]
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mtDNA 55} 2 8 4% F bl sE Ik 45 05, fiE

ROy BRI () HE AL F 1, SRR IR AL A T
ARG AW 5E W B E AR iC o Hrp 45 i X gk ki
R, AL AR OR, BEUE A R AR DU R RE 4
b, EERAIWM AL, FEFE A F S
Loy AL RN AL 2 R F AU AR 5% F X 2 s P A
FERmtDNA D-loop XX il J37 5 70 #7, R G0 4%
HastfEah5i, TMELEMARZELET LR
o34k, b M7 £ 2 B IR AR 4 5 R AR AR
Mg

1 MBS
1.1 #H&mKIE
FE G ESR B 5 N 48 32 B 1 A 6
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i B B B L 3 (R AR GE A GP) RN B N 48 gk 77 B
T I R A SRR A X34l i R ARIE GO,
22 FLR R 7 B Hb A R 45 P S R PG b S LA Y
AR X, £08(C. auratus red var.)3% H T2 M K
SEPCF LR Y, VRN IR (BERIE DH) . M
AR i BE BBk I £ R A, T s [l A SR
ERES, MRBCE TN T 100% B,
—20 °CIRAEH M . 51 &6 i K it & K
(119.43+67.27)g, K H(15.79+2.88)cm; 268 4L
TR R R R N (78.90+7.43)g, KKK
(13.80+0.31)cm; 102 20 6 1y 14 i &
(46.60+4.27)g, A H(9.87+0.17)cm,

1.2 LA

4 R mDNAGy s ORI A LR (L)
A B2 w64 I /40 /20 27 35 TR 41 DN A $R Bt 5
EARBUILAAE S DNA, WEZ-UV-2100% 4 143
%% BE 3 2 DN AKE & 4l B Rvk B2, P R
DNAJF K FT-20 °CIR-F# H o

PCRY 38 5 /7|l € A £ £IAHI(NC015142)
f)mtDNA D-loopX K [XJ¥ 51|, fifi H]Primer Premier
5083519, i BiEREsAEY TRARA A S
e FH#FSIN: 5-TCGCACTGTTCCTTGTTC-3’,
TSI K 5-TAGGCGTCTTGGGCTAAT-3", #"
R B B 241336 bpo

PCRJZ W A AR M 20ul, f4452xTaq PCR
MasterMixi® 5] (5 0.1U Taq Polymerase/uL, 500pM
dNTP each, 20mM Tris-HCI, 100mM KCI, 3mM
MgCI2)10puL, #HiDNA 2uL, F. FiF51¥4%
1uL, ddH,O 6puL. Fr il 3% W [ R AR AR LR
b)) HRAR ., 94 °CHiAE M Smin; 94 °C7E
P£30's, 58 °CiBk60s, 72 °CIEAH90 s, 354
PEA; BeJ572 °CHAPFEMI10 min, 4 °CIRFF. %
A IR AE ABZ (€ ) PTC-200PCRY™ 14X I
T B1.5%W e R BRIk, BEK T

BioSens SC 71045 M EE e A4 R ge howdiml, LA
DL2,000 DNA MarkerfEZ 8, HIWPCR™ 4
PCR™“=YI A BN R BL . F=4 4 mcrn 4ifk f5
2% b 50 v B P AH B 5 PO A BR 2 R XL
¥ o

1.3 B RS

FHClustalx 2.05% 4 X Fr A5 19 1E . Sz ] ¥ 371
AT PR, FahKe A S fERE, L
AT Bl (EF633637) D-loop X JF 9% % , ¥ Prfa
— U T 51 H BioEdit#k 74 4 45 il Megak 14 g i1
MRS . FHDAMBE version:5.5.17% 43 % A
A, JF3$E2 GenBank, #ic5GI:1805330, /¥
5145 :KP899460- KP899498, FIDNASP4.50.311 &
PR TR TP AV AR S N L st AR 2 AR R AR
SRS, IR Nm=(1-Fst)/(4Fst) it 8 . %
FAMEGA 6.0671 08 3 2 B8 . Brdfe . B2 /4d A
A fe B, R4, 3T Kimura iU Z Hp
RURGHE 534 o

2 HERE550

2.1 BERETHEFLX2 IR B A #lmtDNA D-
LoopX FHE R

D-Loop & 7| K B . a0 AT S 2 il
mtDNA D-Loop/7 %1 K & 4 919F1921~927bp 8525
A, BT S B 923~925bp 3FHIS A, X
W LT 80 2 504K B S 92311924 bp(F 1), 2~ HLFH
R ETEZINAK, EHEBWATE &
(65.3%. 65.2%) 8 FIGCT 7 (34.7% . 34.8%)fK Y
T ) ME AR AT . HATS &0 & T 0 BE 2 i)
(64.8%), 1M GCH it Ik T£L60(35.2%) . 22
A A A3, B A A1, R AR AN
25N o RO S B A A g 250, B A A
34, BRGNS 164 L0 A B ] S

F=1 H3NE A mtDNA D-LoopX #% £ B4 4A 5
Tab.1 Nucleotide composition of mtDNA D-loop of three populations of C. auratus

7B FE (bp) St B MA%U R individual number for different sequence length

B4R population  T(U) C A G
919 921 922 923 924 925 926 927
GP 329 204 324 143 3 1 8 12 19 6 1 1
GC 327 206 325 142 19 6 1
DH 327 207 32.1 145 8 2
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A, BRI, SRR AT AL 16, B

B R T H4 0, B 48 oA 3k B A A
D-Loop X 89 A B A 872 A3 = A 397 5

[A %l (genotype, Gep1-39)F 51, H p 22645

27FF, Gepl6. Gep32H1Gep36-5 4T b= ; Hiify
B 1R, Gep385 £ ilidtsz | ol 1/ 3 [H 7Y
(Gep7)Jg Xt BRLL AN A7 (F22), 24 BRHF 1K TCAH R
1) BE PR A

#2 EBMREBAERSH
Tab. 2 Distriibution of haplotypes in three populations of C. auratus

#f{A&population

Hf% A haplotype FF AL genotype RAF A /MZ‘S H HR
GP GC DH haplotype of total individual number
Hapl Gepl, Gep 2, Gep6, Gepl1, Gep25, Gep35 24 24
Hap2 Gep3, Gep 4, Gepl4 12 12
Hap3 Gep7, Gepl6, Gep24, Gep26, Gep32 9 7 16
Hap4 Gep8, Gepl5, Gep39 9 9
Hap5 Gep5 1 1
Hap6 Gepl0, Gep21, Gep31 4 4
Hap7 Gep38 1 2 3
Hap8 Gep9 1 1
Hap9 Gepl2, Gep 13 2 2
Hap10 Gepl7, Gep29, Gep 30 3 3
Hapl1 Gepl8, Gep33 2 2
Hap12 Gepl9 1 1
Hap13 Gep20 1 1
Hap14 Gep22 1 1
Hapl5 Gep23 1 1
Hapl6 Gep27 1 1
Hap17 Gep28 1 1
Hap18 Gep34 1 1
Hap19 Gep36 1 1 2
Hap20 Gep37 1 1
Mittotal 14 6 3
BlastZ§ R, W21 Gep25MGep3S 58 FF X .

Je TR AR B (GU138989) . J7 1E ARl (AB377293) 1
FRIAZR (AY786068)%5 [A] I 1 15 100%; Gepl0F
Gep215 77 IE AR (EF633622) ] 5 1435 100%, i
M6 GepS. Gepl3 Ml Gep3 84y i 5 I yuf &
(EF633640). J5IE4R#I(EF633620)F14: fiC.
auratus auratus (JF694781) LA I £ fill(GQ303444)11
[ JEPETR100% . H A 31803 K A S ) )&
Carassius 2SR R MR 597% ~ 99%, v B &
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mtDNA D-loop#4& & 54 87k ™=
200 B AR, HL v 22 B AR 14 B A
Hap3MHap195 20452 55 124 A AL S Hoph
Ay FGEE 6Fp AT AL FRHap75 4 i 3k =
Hb, HARSAS SRS RIS A 5 X R 2T 8 34
BB 43 ) g A R R AL (R 2) .
B R B 2 SR R T ) A R, 2B Y
Hb R SR
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22 BEEHLR2MUEBERAHNRGEALE X

0.024~0.040, 0.031+0.005)35 W Fi [i1] 5 1% B 25
0.02~0. 2 FEIE", MK, FRERXRBE

T o R Y Hap St A7 2 L1 4. (0.020~0.024,
0.022+0.002) .,

M GenBank ™ T 25l J§ 184~ FAf% Al 1 D-
LoopX & ¥ (K1), HAHESE H1204 A% —
e, AT A PR — SO X R (K B 9294 A5, L
W} (Cyprinus carpio)(NCO18037) 0 4MEE, FHNIS>
FRGLBW . 4518w, HF o) E
(Carassius) 0 o — & ; @) g J B (C.
carassius) PR ST 28, 51655005 —8. &K
BFF 5 v W e i — A SR R R AR AR, 5
PRIFC) S5 AL 5 500 T B — A 5 A {0 L Y
[ B A% 40 (EF 63364 0) 1Y TR & BEAR ; Hapl A

PREANFHEEZLLZAXZE 20K AHR
s 7Y 8] 35 % 5 125.(0.015) B =5 1 B 61 (0.01 1) 1M I
T (0.018), MRIBEIE SR T0.01, HAEAK
AL AR S KA A1, AR 5 A 2 b 3 G K
DAL RIRRE A () 20 A7 A6 38 v I AR S o vt 22 i
MR R E] L BE OB M AR Bh IR E I K
(0.001~0.040), “FI{H 5 5(0.018+0.004), fEAE
S AR R, T R I 8 A% 25 55 A /1N (0.001~0.024,
0.011+0.003).,

e 22 4 () Hap 1 F Hap 65 A Py H 4% o f Al
By 38 % #E 25(0.022~0.039, 0.029+0.005;

93 | A Hap7
C. auratus auratus(AB008802)4> 4
C. auratus auratus(JF694782)
‘I_ A Hap20
A Hap4
65 F. Hap19
@ Hap3

08 @ Hapl2
'E @ Hapl5
66 @ Hapl7
il— @ Hapl13
A Hap2 RIET
“E auratus auratus(KC292947) 7 Al fil)

‘[Camssius auratus(AY714387) 414

99

A Hap9
Carassius auratus(F1472986)iH )
88 @) Hap10
@ Hapl8
@ Hapl! ——
C. auratus auratus(JN 105355)};*15]:T
- #i
@ Haps

fifl Carassius auratus

& Carassius

C. auratus gibelio(EF633632)
C. auratus gibelio(AY786068)

99

99 L5 | C. auratus gibelio(EF633622) | R4l
71 @ Hap6
66 || C auratus gibelio(EF633631)
@ Hapl

96

100 y Carassitis auranus(HQ875340) | .,
Carassius auratus(NC015142) A
60 L_j4A Haps
g9 ! Carassius auratus(EF633640)  JHJm] #f

I: C. auratus langsdorfii( AB012094) | F A 420
08 C. auratus langsdorfii ABO08851) e

| C. atratus cuvieril AB045144) 140
00 ! C auratus cuvieriNC010768) B

1
C. carassius(JQ911695)

S
Cyprinus carpio(NCO18037)  fiifi fr;

001 @ Lt AR Haplotypes of C. auratus in Pu’an
A B {58 Haplotypes of C. auratus in Caohai Lake
E1 =4+hAN2EED-LoopX F 5 ZEBINIFE S & & # (1000 Bootstrap)

Fig. 1 Phylogenetic tree of thirty-nine haplotypes based D-Loop sequences by NJ method(1000 Bootstrap)

http://www.scxuebao.cn



182 Ko %R 40 %

Hap6 W #6Y, HapS2E I T47 KR MR Kk B 1L
TTE ;2B R Hap2 Ml Hap 1335 4% 6 R f it 4,
HARPATRIRCRBOE (F 1), RELR B2
1A 2H B 1 22 A6 1 0 e, T o 55 P e ST e

AR HHEN  fELE T RGP Takada 5"
W45 R, M GenBank T 2% & 474~ 5o A5 74 £ 7
G 5 ARG A 204 AL 81 28 HoG i (K BE3 1943
R, HENI T (E12), W8 674> Hfs il
B o 2L, H AR R TR A L s b
VR, 3R E @453 h 64> W 2 Bf (Sublineage 1 ~
Sublineage VI)(I&12), HERIENE M5 T kP o
TR KRB, . AT E20 AT R, 22
il ) Hap 1 M Hap6 /@ AR M R A WL T 1, 5B
eI K Z AR [F U7 ; Hap8. Hapll., Hapl4,
Hapl6flHap18— 2 RAEWREHE VN, EKILT
TR A IR R T A BAE W SERE VI
Mok L34 &/, HorfHapl2., Hapl5,
Hapl7. Hap3fIHap19 5~ 5% 7 sl SR 4E — e,
45 A Hap3 M Hap19[F] £L 6L 52 | HEW & 4] 5 21 i
[M5, Hapl35 322 6l fi) 545 A DQY84982 Fll FL it
Ml Hap2 R 25, Hapl05 ¥ 22 ) n 2 f5 Y
DQY984952 4L, ‘A TAH .M 37 I 5 o Ath Hly P A
R R . A 2 R AR S 45 0 R
B ZEREV R RE VLR A, HENER
AR IR ATEAR, 5 FCROFCREAR L B 4518 1%
BARF(ZE ARV ), B 6 2 0 Fh iy
BRIV A VI B IR A #E 1R ; HapsS5#E £ 4
HITHQ875340 1 E V] | EF 633 640— i 58 75 W7 25 7
IV, RT3 E R R R 5 s s Al R 4
FEMZEHEVI A, [A] 20 i S =2 ¥ Hap 7 5 4 fa Fl 21
) — i R R RS 7 AR A, TR R 4 A AN T
FEBE VN 4 85 5 75 v B e 1L X A i sr A6 RF
Mo FUG I Hap7 5 5 22 6 54~ B A% 7 B g 21 i
B, BEWEREVINSEARRER, VAR
BEZORUE . 24 BB R BR Hap 1 3F Hap2 X RiEH
[ —A2 P55, HAR AR TR —B &R

2.3 FERHTHF X 2AN IR BE AR AY IR 4R S AE M
FEE S

#ESHE NS, H. Hd, PifIK 5184
RSB BOR R, B 60 (GP)AR b w0 i )
(GOYE 13 2 (K3), HEFMm AL AL 57 8 i
K, AL REVE R R o 34 0 A E] 3 22 B
Pt (PCA)EE A 1) 22 MM R B 0 i, 7 42 110 R
(PCG) Z MBI .
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#AEM D, FstFlGst 3L e 2500
N, 2 SRR (AR (1) B HC I R ) R A AR S i
oAb (Fe4). A% o0 4k B BEAAR DY 35t A% 28 7 i
B, T EE TR Nm B R /N T 1, 150 b 2 2 3
A B B B A5 3t A% AR L BELAS TR AR () 35 N 58
Wi, SRR E . LU 2 mtDN AR 5L % 78 K
B JTAE 2% Ak B 34 A A ] 43 I st () DA
PCG5PCAFICCAME ) 1.45 Mafx K, PCGHI
CCA[H0.50 Mafie /N, 53 4MPCASDHTE ML, 7
FER O 1Y 3 R 28 i o

3 iR

3.0 MEHTHERLL X 24 ER B (R B AN SR S

2 ) 22 5 b A B R R 2 R A
SiAAMRERAILAESEE: ORKE, &
BT AR 5 PR e YL AR A R G R A AR s TR R
PE(99%~100%), 45 7 FE AR 6 48 o A T 28k
VLK FMAUR SRR R, e r K Ak
AR B 2 UF S R b O R B, g A L AK
A5 A mtDNABEPE S (G 45 00, A HEWT I 22 iy 4R
B JE DT AR IR, A TTREMER R, 5238
il 4% 3 Fh 5 e A S HEV VI PR, (HK
LR UN - S T N T S TN N i L
5 A K B ¢ R ARG BT . @3B .
VR VD) 4 2k 5% 35 BBl A 6] F Z /T A . BRIC2E
AU 28 AR A 0 £k 5k 29~31(30.29+0.71),
BV 62 10 Il 26 5 4 28~30(29.00£0.63), I
FEHE VI 178 0 26 5% 9 26~30(28.41+1.00), 4R
BRI S HE Va0 2 5 R 55 0 AT R BR f6,
KBV AA, BMCHEI, MIZEEE310 0 H il
PRAER A, MR 26127 £ HH B 7 7 25 B
Vo, OFFPE, Aar i U Y A R
2n=156, [fiLuo 4545 i H R M v BB A DU £ 74
(2n=100)t A N (2n=150), — L& Hh )7 8 % Fh
R AR R 55 A DL 02 R S A S 4
A R B[R] A AR AR R
ARG (R A A R 2 e A T B, A
ARE A RKREN . D4, T LW C.
auratus BI5 2, Ho 4R 898 FhH H C. auratus
gibelio, 845 WA LLC. auratus auratustis 4 o

ALY 0 B SR A TR M LU R A D B e A A Y
PGB EAHEFEUE S H IR AR, T R
LT AWK BF IR A BER, 24 E A HC
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C. auratus auratus(DQ984982) 2 fill
@®Hapl3

93 | A Hap2

C. auratus auratus(F1154757) P4 )

C. auratus auratus(FJ154759) VE L i 75 60

A Hap20

58 | AHap4

C. arautus(AY714387) 414

C. auratus auratus(DQ984965) & i)

C. auratus auratus(JF694782) 4= #ll

57 | C. auratus auratus(AB008802) <

A Hap7

C. auratus auratus(HQ694578) #riL
rﬁ C. auratus auratus(DQ984952) & 2

52

® Hapl0
G C. auratus auratus(HQ694611) T iEfilll
A Hap9
® Hap3
53 @®Hapl7
@®Hapls
@ Hap19
66 . Hap 12
C. auratus auratus(DQ984945) z Fg il
— C. auratus auratus(FJ154754) ] 55 )
C. auratus auratus(DQ984974) 1L fH)
G ¢ auratus auranus(GU086395) il BEMI A {Acti)
C. auratus auratus(DQ984979) W 5 il
—C. auratus auratus(GU086397) ¥l B i} = 5 7R i
C. auratus auratus(DQ984978) i LAl
C. auratus auratus(DQ984972) i 5 i)

Sublineage VI V23 VI

8

—

8.0 Hapl6

C. auratus auratus(GUO86396) il B2 Y {35 A )
@ Hapl4

® Hap8

C. auratus arautus(JN105355) K157 A i)

C. auratus auratus(DQ984968) 4 il

C. auratus auratus(DQ984967) 2 il

T 35HE VSublineage V

A Hap5
S1¢. auratus auratus(DQ694602) 1 FL il
C. auratus(EF633640) JHLim] 4]
C. auratus auratus(HQ694609) 22 #{#ill
C. auratus auratus(DQ984985) % i fi)
C. auratus(HQ875340) ¥ £
C. auratus auratus(HQ694607) 2

C. auratus arautus(AB368590)
i M—| EC auratus arautus(AB368595) T 2 TIT
86 60 C. auratus arautus(AB368594) SI%I?;;E;L e 111
C. auratus arautus(AB368591) ; g

59
- C. auratus arautus(HQ694599)

[FT— EC. auratus arautus(HQ694606) P |

hE 4 Chinese C.auratus

55

Sublineage IV

W2RHE TV

78

59 C. auratus arautus(HQ694603) Sublineage I
56 C. auratus arautus(HQ694590)
C. auratus gibelio(HQ694617)
69 L 52— C. auratus gibelio(DQ984998) & 27 [ fill]
B 56 @® Hap6 o
80 s TR 1T
C. auratus gibelio(HQ694612) Sublineage I1
60 C. auratus gibelio(HQ694614)
55 @®Hapl
C. auratus gibelio(HQ694618)
C. auratus langsdorfii(DQ985011) NGy
71 C. auratus langsdorfii(DQ985010) HAREY
100 yC. auratus cuvieritNC010768) [ 4
1C. auratus cuvieri(AB045144) .
_| (C. carassius(HQ694621) -
100 1C. carassius(Q694620) | 8

T ® ) A% F Haplotypes of C. auratus in Pu’an
A ) 4% R Haplotypes of C. auratus in Caohai Lake
2 #8674 £ & B D-LoopX Fr 5145 3 HINJ 53 F i 1L 14 (1000 Bootstrap)
ZG. KT A 8 CIATT b R UF 8, DNRFHE; TW. AV H; FIAREH; DB.ARILRE
Fig. 2 Molecular evolutionary tree of sixty-seven haplotypes of Carassius based D-Loop sequences by NJ method
(1000 Bootstrap)

ZG. the wide distribution of crucian carp in mainland China; CJ. crucian carp in the middle and lower reaches of the Yangtze River; DN. crucian carp in

southeast China; TW. crucian carp in Taiwan; FJ. crucian carp in Fujiang; DB. silver crucian carp in northeast China
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Tab.3 Gentic diversity of two C. auratus geographical populations
FffApopulation  FEA % sample size H S H, P; K
GP 51 14 55 0.747 0.017 15.04
GC 26 6 28 0.683 0.006 5.18
PCG 28 2 3 0.254 0.001 0.76
PCA 23 12 52 0.842 0.011 9.88
CCA 25 5 13 0.657 0.004 3.95
T PCG AR, PCA LR 4 WA CCAFHERIIMIRZ WA (252, AROFFHaps); HEMERELS LA H, AT 2 HIESR

i P TR ZPEMIREL KPR ESRS: TH

Notes: PCG. C. auratus gibelio in Puan; PCA. C. auratus auratus in Puan; CCA. C. auratus auratus in Caohai Lake; H. number of haplotypes; S.

polymorphic sites; H,;. haplotype diversity; P;. nucleotide diversity; K. average number of nucleotide differences; the same as below

x4 2N HEEHAERES K

Tab.4 Gentic differentiation of two C. auratus geographical populations

Fh# 1population 1 Fh¥2population 2 D Fist Gst Nm T/Ma
GP GC 0.020+0.003 0.441%* 0.150 0.317 1.00

PCG PCA 0.029+0.006 0.818* 0.301 0.056 1.45

PCG CCA 0.029+0.005 0.907* 0.380 0.026 1.45

PCA CCA 0.010+0.002 0.313* 0.144 0.549 0.50

PCA DH 0.007+0.002 0.099 "* 0.030 2.276 0.35

W DRHRFBALEE S, Fst B0 IREG G BINOMELREG Nm R T/Ma /I 8/ 546, * 25 3053 (P<0.001); ns. KR &M

Z5(P>0.05)

Notes: D. genetic distance; Fst. F-statistics; Gst. genetic differentiation coefficient; Nm. gene flow; T/Ma. multidivtime/million annum; *. means
extremely significant difference (P<0.001);n.s. means no significant difference (P>0.05)

auratus auratus. YWIEHEIV ¥ HapS a5 L] )
(EF633640)[F L 15100%, 454 Hi1E Fitag
SOAEARR FNOOAEARAA ik N T3 gy 2B, e
FARAXT G . WARE VI W Hap7 5 4 0 [F] U5,
HARAN A WSS RE VIh 43 B J5, 7E R )
KA oA K B A s R

3.2 PRETHRLLX 2 IR RF AR SR IR AR S A

WG Z RV T — R R 2 5 ik fL B A
BEENE L, HIFPIE T mtDNA £ 251 1924
LA PR . WA F RSO T/ 7 11448 T )
IR ("3 NIV NS 7/ 7 S5 B G - N = S o 5
(P;=0.0039~0.0088) . &t f& Z k11 7K - v 45
(P;=0.0101~0.0174), MEZHEEE S
(P;=0.0200~0.0254)f1 1 Z M5
(P=0.0385~0.0854)4 41K, A BIF 5 1) 35 <2 )
K HAR 24 W Ah 35t Z AR AL T 48K F, TR
35t A% Z2 A PR AP ARG, vt 6 Je o4 45 S A
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Phylogenetic relationship and genetic differentiation of two geographical
populations of Carassius auratus in Guizhou Province

AN Miao, ZHOU Qichun, CAO Hengyuan, GUO Jiankang
(College of Animal Science, Guizhou University, Guiyang 550025, China)

Abstract: Carassius auratus in Pu’an and Caohai Lake are the special isolated groups of C. auratus in the Karst
Mountain Areas. In order to fully understand the genetic structure systematically and discuss the phylogenetic
relationship and genetic differentiation of the two populations, the mitochondrial DNA control regions of two
geographical populations were analyzed by sequencing technology in this study. The results showed that C.
auratus in Pu’an had eight types of sequence length of 919 and 921-927 bp, belonging to 27 kinds of genotypes
and 14 kinds of haplotypes; C. auratus in Caohai Lake had three sequence types of sequence length of 923-925 bp,
belonging to 11 kinds of genotypes and 6 kinds of haplotypes; The sequences variation due to base substitution and
the deletion/insertion. Clustering analysis confirmed that C. auratus in Pu’an were the mixed groups of C. auratus
gibelio and C. auratus including their 3 sublineages. C. auratus in Caohai Lake was the mixed groups of 2
sublineages of C. auratus. The populations of C. auratus and C. auratus in Pu’an had medium genetic diversity
and the populations of C. auratus and C. auratus in Caohai Lake had low genetic diversity, while the population of
C. auratus gibelio in Pu’an had extremely low genetic diversity. The study indicated that the two geographical
groups of C. auratus had a characteristic of complicated group composition and matrilineal diversity. As the long-
term geographical isolation, reproductive isolation and lack of gene flow resulted in the difference of genetic drift
and evolutionary rate, which made the genotype and haplotype of D-loop also had obvious geographical
distribution pattern, the genetic differentiation was remarkable among various groups. C. auratus gibelio in Pu’an
and in northeast of China belong to the same origin of matrilineal line, the degree of population genetic variation
was so low that improving the quality of the parents was urgent. The founder effect, the bottleneck effect and
genetic drift led to the low genetic diversity current situation of C. auratus in Caohai Lake. This experiment might
enrich the fish population genetics research materials in the Karst Mountain and provide basic data for
identification and evaluation of the germplasm resources of the local C. auratus.

Key words: Carassius auratus; mitochondrial control region; genetic diversity; phylogeny relationship; genetic
differentiation; Karst Mountain

Corresponding author: AN Miao. E-mail:gzuam@]163.com
Funding projects: Natural Science and Technology Foundation of Guizhou Province, China ([2011] 2223)

http://www.scxuebao.cn



