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25 (Hall, 2004; Clutton-Brock, 1999), JCit=&7E H R
EBRGH, LR IETRG T, LR IED
AL 5 A BRHLRE RN A 1% ST PR AR AR AR e, B o ELA
oy T HROMES , A2 o3 2824 1) o SR (B SCE 4%,
1981), faZIE AARRE H i AT Fin] 5 MRS (R fa 2
AP EBIMRIE , R AR 2 N T e B A A R e B 4
b, BPOL R o FP B i i B 2K 3R (5 4 55, 2007),
FFLL, X RIE A B S 4 U 2R W9 1) BE Al

DA AR AR 6 78 T 2R Ml DX %) S £ 3R 5 R B I OR
A FERT G, A% G T 245 O ik 5 LN
BEEWFOITERS G, s BA R YE A HE B 3R FE R
PEH Y IEZS 2R AE , O 5 A £ 5 R AR S22 20 A
B AT e MR, @I X RAE AL RR COIE
KT 438 5 08T, B T 2 Bk b DR I SR 0 R
fe et L 2% B o3 25 Ay

1 HRESH®
1.1 LIGf

TH FARAE I H AR A O FLIR IR R AR &
R IR MR, O AR RAE A, (R P K2
PR AN 5 om BRI AP E T3R5, SR
N5, WA T EC S R, AL LLRE
ZeRE, MR AR RARR B

1.2 EEURENE

MAE T HLEEHLI 67 RARETE 10 ¢ L ERIARAE
o, FHRRBE BRI , PR I 4 92 We (Body width),
FE AP IR, B I8 S AR GY % A R & 1)
AN S E A 1.0, MEFSREANEK L
(Total length) . 7 Ls (Soma length) . {4 % Dg(Body
depth) .3k K Ly (Head length) .3k & Hy (Head height) .
W& Ly (Snout length), HR4% Dg (Eye diameter), &
i Lep (Length of caudal peduncle). %S Dep
(Depth of caudal peduncle)fllE &4 Lo (Caudal fin
length)3t 11 AMAEKMAR . FIEF, B KBIATKL
e, —20°CORAFE
1.3 HEMRIWFA5HIT

FEXT bR i i A PRI T B TR, ISR
TR Y SR/ INA [ 11 5 | R 4 % 5080 T o ) 5
A3 HT I SRR A I (R R DAk A, B ERIE A
BRUARAN S, o0tk 2 K (H/ly) . M2k K
(La/Ly)« IRA2/35 4K (De/Ly) . AR R /AR (Dep/Lep) o

R B /AR (Le/Lep) , Al AR 250 (B DA K
A K MR K (L) . Sk K/ K (Li/Ls) . TR B/ K
(Dp/Ls). MBEMAK (We/Ls) . B K AR (Lep/Ls)o
K Microsoft Excel HA4:43Hr ARAE A RTEZSI
RO S B, SRJE U SPSS 11.0 Xt 10 4~ HfE
YEAT BN 2 7 2438 (One-way ANOVA) | 3 155 Mt
FRHN 53 #7 (K SCHE, 2002),

1.4 REB5HM 6 MEBEEEEFILRIT

P MR BEAE (201 7)) 7 s D CNKI £ 408 4 (http://
www.cnki.net) HP 7 $% 8 J& (Cyprinus) i 35 i) A= KPR
WHEE , FHIBCE- 38 /Y J5 2R AN [8) SCHR BT i 8 i [ b
o1 AR R 7 T A8 D Hi 6475 01, il s 7
BOE /D SRR, 453 ] i (Cyprinus carpio) . faffd
£1 i (C. carpio var. wuyuannensis) . 2% [ £[ fifl (C.
carpio var. Xingguonensis), ###(C. carpio var. Jian),
Bi#f(C. carpio var. specularis)FlKE I HE(C. carpio
var. color) 6 AR [ 7 NAERIESIEIRILE: 21K/
WK (Ly/Ls) . PR /MK (Dy/ls) . R TE/MAR K (Wa/Ls) |
AR/ AR (Dep/Lep) . SRR (Li/Ls) . Skm/k
K (Hy/L) TR A2 /3 K (D/L) (3 1), Gt S
iR 1.3,

1.5 A COIEE 5 # & 1 & iy it 4L 3t fir

R 5 5 A1 £ R4 b B 4N i (7 2 4 AL Bl I 3 T
(Cytochrome oxidase subunit II, COII)J: A 751 (%)
5 IN105352. )it 51%, 5I¥F% R : COI F:
5'-TAATGGCACACCCAACGCAAC-3', COIl R :
5'-AGCTTCCTAGCGAGGCGTCTT-3", Hi4ME& 4
WRHE AR A RN . RAEHEE 2 FE 2] DNA B4
BRI R AR AE AR (b 50 A7 B2 ] A i 98/ 240 B/ 21
ZUILN 4] DNA 250U &, BARES %0 it
B4, FH 0.8% M Bt i HiGE i L VK K DNA 1) 52 38
AL, —20°CAR-A7#5 . PCR ¥ B8 RAEfm CO T 3L [H
PCR F=¥J7E ABI 3500 4= [ sl e A% _EEA T,
55 ClustalW BT BT . Siit 38 BARAE
i COIZEH T, K4k H i 21 TA FEH A CONE A
751 5 R} (Cyprinidae) 8 & B8 7 1 5 A (EER CO
I 3 8 oK WLARGE), Qi ml#(KU050703.1) , 2%
21 fif (KU146530.1) . 5% 8 (KU146531.1) . fof £ 21 fifl
(KF856964. 1)1 KH VT % fitf (KP993136.1) Sz S RHi Ja 1) =
Fh(Cyprinus multitaeniata) (KU373073.1)F1#E£} Danio
J& B9 BE T (Danio rerio) (KM244705.1) COIZE A 5
FIPEATHCXT, FFH Mega 7.0 3k, RAH& AR
P dEAb Ry, 3fF Bootstrap MEHEATIGES , SERE
h 999 1K,
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Tab.1

6 fheRe gy 7 MRS EFE

The mean values of seven morphological characteristics from six common carp populations

gk Rk WEAR hsikk BRI CSKRAR Skesk IRAESK S22 ik
Populati()n LT/LS ‘I’,/Q DB/LS WB/LS ﬁ DCP/I—CP ﬁ LH/LS ‘L/( HH/LH ‘[’,/( DE/LH Reference
S 1.206 0.29 0.163 0.694 0.271 0.798 0.192 U & ¥ %5 (2009); X 0% fL &
C. carpio (2015); HAKF-25(1998)
fir A, £ il 1.282 0.458 0275 1.426 0.330  0.869  0.172 B & #8 % (2009); I fh 3 %
C. carpio var. (1981); KATIK=WFFE T (1976);
wuyuannensis H R (1983); X145 %:(1979); ik
#AR(1985a,b); M EE(2015)

W[ 4T 1.266 0.35 0.213 0.788 0.279 0.824  0.198 BH f& #8 % (2009); #k B =5 %
C. carpio var. (2015); 4 BN 45 (2008); FR it
Xingguonensis RIl%(1981)
jeyil 1.255 0.313 0.169 0.680 0.281 0.804 0.198 B 2 8 % (2009); T FH R %
C. carpio var. (1995)
Jian
5%t 1.24 0.394  0.205 0.867 0.291 0.954 0.231  H 31 (1983); ¥ I %€ (1981);
C. carpio var. T & 9K 5 (1995); X W] 4 &
specularis (1993); Z=3 Fg4E(2009 . 2016)
A AL 1.265 0.358  0.231 1.298 0.308 0.708 0.424 31 35 [ 4 (2003); B R OF 4%
C. carpio var. (2008); ARmiHi%5(2013)
color

11.0 BAF#EATRIESHTERY], 67 RELaN] L) 4 Rk

2 BERESW

2.1 BHFERZGHESARSHENE

FURI, ) 2% 3t DX 250 0 e TSR AR A £ R B G
T A0 20 AT T A SR A 28 PT AL o AR (B 4% e, A S8
RARTF RO TR, AR i g6, A
SEAPR AR TR K 0, 68 8K (5 s 41 (5 e
N RSB B O BEPLI 67 RARAE IEA T &
REVERY 10~44 g, AALJERBIER, T E L
i P S 7 22 (% 2)

22 FWHFEREERSHRESN

WRIE 67 BARMLANKE ALK Hy/ln) . WKk
K (Lwly) . BRA/3k K (De/ln) . BW & /B K
(Dep/Lep) . RBEER /BN (Le/Lep) . R MK (Ly/Ls)
LR (Ln/Ls) R R AR (D/Ls) AR T8 4K (Wa/Ls)
R MK (Lep/Lg) 10 MEA A IR Fr, I SPSS

TR 1] 4654 TR ) AT 68 28 RS
2.3 WHFAERELGESHERZ S

Xof [] — e H SR P PR BE 1Y) 67 FEARAL 1Y 10 MBS
FHCBIR IR AT £ b, #4303 Ay, R
DR 73.5%, FEAT] LS 2 & 48 br BT RE 45 19 15
B B L BIPEIRAE RS T i e W3R 3. 26 1
ALy RS B A T R AR AR MR B
FARIC, AT LU R N (R ) R IRRRAE 5 5 2 oy
B EEAEHI Rk Rk L WKL RTIRAE LK
A LU R R R B Sk SRR 5 26 3 S o o AR
FHB RS s 3 RO s /A, o] LA Sy £ 4R )
SVRRHIE o

B bR SR T A A5 3 A AR Y g i A 2R i )
VB 2 2 A SR o HZ RS (8 2),
TEER 1 B b, 2 AR R A AR AL G X T W2,
e/ R . RIS/ R AR & /A KX 3 4

®2 REBHNESNEFHEREREE

Tab.2 The mean value and standard deviation of the morphological traits of rice flower carp

ARtk W Kk KK KE KR kK k\m o mk RE RBWMK EBWE EBHEEK
Traits Ly Lg Dy Wsg Ly Hy Lm Dg Lep Dcp Lc
SE{E Mean 21.88 11.12 8.76 3.66 1.68 2.86 2.53 0.92 0.60 1.26 1.24 2.44
brifE22 SD 2.76 2.71 2.30 1.08 0.34 0.67 0.65 0.10 0.12 0.34 0.38 0.51
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KAbfa C. carpio 22
AAbfa C. carpio 27
ARAbfa C. carpio 31
KAb£h C. carpio 41
KAbfa C. carpio 57
AAb£ C. carpio 56
KAbfa C. carpio 65
AAbfa C. carpio 23
KAbfa C. carpio 21
AAbfa C. carpio 39
KAbfa C. carpio 11
AAbfa C. carpio 34
KAbfa C. carpio 1

AAb£ C. carpio 25
KAbfa C. carpio 53
AAb£ C. carpio 30
KAbfa C. carpio 45
AAL£ C. carpio 49
KAbfa C. carpio 50
KAb£h C. carpio 35
KAbfa C. carpio 54
AAL£ C. carpio 62
KAbfa C. carpio 29
AAb£ C. carpio 60
KAbfa C. carpio 5

AAL£ C. carpio 48
KAbfa C. carpio 44
KAbfa C. carpio 51
KAt C. carpio 47
AAb£ C. carpio 43
KAbfa C. carpio 46
AAbfa C. carpio 17
KAbfa C. carpio 12
AAb£ C. carpio 33
KAbfa C. carpio 9

KAL£ C. carpio 55
KAbfa C. carpio 8

AAL£ C. carpio 38
KAbfa C. carpio 61
AAbf C. carpio 10
KAt C. carpio 3

AAb£ C. carpio 19
KAt C. carpio 24
AAL£ C. carpio 26
KAt C. carpio 64
AAb£a C. carpio 18
KAbfa C. carpio 20
AAb£a C. carpio 36
KAt C. carpio 59
AAL£ C. carpio 66
KAbfa C. carpio 16
AAb£ C. carpio 13
KAt C. carpio 15
AAb£ C. carpio 4

KAt C. carpio 6

AAb£ C. carpio 28
ARAbA C. carpio 42
ARAb£ C. carpio 32
KAt C. carpio 58
ARAbf C. carpio 37
KAt C. carpio 7

AAL£ C. carpio 14
KAt C. carpio 2

AAb£a C. carpio 52
KAt C. carpio 63
AAL£ C. carpio 67
AAt£ C. carpio 40
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Fig.1 Cluster analysis of the common carp individuals cultured in paddy field according to morphological characteristics
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Tab.3 Loading of principal components (PC) for 10 morphometric characteristics of rice flower carp
L e PR Morphometric ratios Sk ;%f}lﬁmjgz
F s o Cumulative
Contribution o
PC HH/LH I—M/LH DE/LH DCP/LCP LC/LCP LT/LS I—H/LS DB/LS WB/LS LCP/LS (%) COl’ltI(‘ll););lthIl
0
oS5 Sy >
/I;’P,Cll FMIY 0.070  0.334 -0.234 0.887 0900 0.496 0.603 0.806 0.674 —0.778 40.868 40.868
sy e
iizbkﬁ -0.594 -0.542 0.659 -0.279 0.043 0.492 0.427 -0.031 0.448 0.274 17.509 58.377
R
Iﬂ)%czﬂfﬁiﬁ 0.755 -0.323 0.397 0.082 0.140 0413 -0.591 0.253 0.124 0.239 15.142 73.520
 fis I B4 24 R AL 1 Round-shaped rice flower carp » Ji 1 [ {A 2 6 K 4 48 Round-shaped rice flower carp
AR RIZERAE A Long-shaped rice flower carp K AR RIZH R 45 Long-shaped rice flower carp
25T
A -
20F . 251 B
15} Lot ?& 0L
1.0} A AA A 10 | N )
8 0.5r A A ‘A A AAAA 057 A :A:‘ A
o Ot a ad s = SE ot AA . n I
—05r s S 05t AL
-1.0} 10t . A s
L5t ft 15} o
—20¢ L8 20}t
S S T P S S S L S S S S S —
-25-20-15-1.0-05 0 0.5 1.0 1.5 2.0 -25-20-15-1.0-05 0 05 1.0 15 2.0
PC1 PC1
K2 RAEAARYEIE SR R R 3 45 19 3208003 23 B Bl 1]

Fig.2  Scatter diagram for the principal component analysis of the rice flower carps grouped according
to morphological characteristics

FefE i AR 4] £ S22 1E 45 5 0.78 . 1.57 FiI
0.37, i A1 R AL 41 £ () ~F- 4 R 1.07 ., 2.08 F11 0.44,
PR 25 F(P<0.01); 7E55 2 FMir b, 2 ik
R MAR AR ES, KaoAHE, 7Ek5/k
K WK ALK MR SLK 3 AN HES, WK A4
£ 8 BE S 58 0.85, 0.27 F10.25, i T[54 8 2H
faESEE N 0.86. 0.31 Al 0.23, BRYIK/SLKAEH
3 2 5 (P<0.05)4h, Sk Sk K AR IR A2 3k KA it
FHEF(P>0.05); 7E5 3 FAr b, 2 HIRRIRTE K
Kibfawedms, kmskKAE 2 doREAP R
%5

24 FWHFAEALESHM/IHEEHEELRIHN

FAAT A )2 A 6 hi il 7 A A K MR F A,
5 K A R i A (B R 2 2 R AE £1.4% 1 ARG 7 )
AR R L AE AP YE AT 05 AT, Z5 R L3R 4.
BE 2 A FE S, HBBGTHCR N 82.7%, FHSTH
B R EEART] ) BREE SR TR MR, 28 1 E K
sy EEAE AR SR K EMN R/ R, L
KRR | IRTEMR K MK MR, TRk fa ik
AR s 55 2 F il R EAE R A k)
S, ATRBE N AR Y Sk R ERAE

x4 2MEFEREESHM 6 MEEE 7 MESHIEEENER S AT
Tab.4 Loading of principal components (PC) for 7 morphometric characteristics of rice flower carp and
other six common carp populations

T Lok Morphometric ratios sk ;?;fﬂﬁ@(%
PC Ho/ly Dgly Depller  Lils  Lulls  Dglls  Wyls Contribution(%) cogtl;?};lllllt?(t)lnv(i %
1 FM4 PC1 0.160  0.189  0.903  0.847  0.896 0930  0.861 57.196 57.196
2 FWMAPC2 0914 —0.861 0294 —0.020  0.059  0.339 —0.080 25.553 82.749
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MARIEES 1 RS 2 32 o022 il it s 1
(B 3)ITLE W, Toie e K AR R AL f i 2 A 15 {4 7Y
R A A0 32 B (E 3 A T 2% [ 21 6 0 oy 21 6
|, HAES 1 FRo b, KARBURAE M5 0% 21 |
i LR g SR AE S, 171755 R KR VTR S R i 21 fE R
TE— 2 A P BRI R AR A0 X0 TF s 7E568 2 £ I,
KARIIRAL f0 5 A R R RURAE fa R —iL , -5t
STME N LT R R IR A — R, 1 A
FER TR X 43T

R
15 C. carpio var.
’ specularis HBA T RAE 6
1.0 M LT e Round-shaped rice
3 C. carpio var. flower carp
0.5 Cﬁzﬂt!i Xingguonensis ° pvaran. il
0 - . * RAKRIRLf C. carpio var.
S-0s Eﬂ ~ Long-shaped rice Wisyuannensis
- C. carpio var. Jian  flower carp
-1.0
-1.5
20 LR
. C. carpio.var. color
230 15 -10 -05 0 05 1 15 2
PCl1

K3 2 FARBIRAE SR 5 HA 6 Mt 7 A PR
FUMBAYSE 1 2R, 36 2 R i K
Fig.3  Scatter plot of PC1 versus PC2 extracted from

7 morphometric characteristics of rice flower carp with two
shapes and another six common carp populations

HE Cyprinus carpio

Z2H#8 C. carpio var. Jian

MEL4E C. carpio var. Xingguonensis

KARFEIRE £ Long-shaped rice fiower carp (C. carpio)
E#8 C. carpio var. specularis

A RIR 4 £4 Round-shaped rice flower carp (C. carpio)
TR LI#8 C. carpio var. wuy

Sis

0

B 2.0 R BRI 2 A4 i 1 1A 284 2 £ i AT ]
PRBUA f0 A RARIR L ERFRIES 6 b e Ay
AR PR FLELEAT SR, 45 2R3EM], AR
FEA 5 E AR S —if, S HEMRAE—E,
P BT | R Oy — 57, A LD R TR R
H—3, A BRI ARAE A TS Z (5 4).

2.5 RIEBZHE CONEREMRRESHMK D

X A5 2 1Y) 38 FEARAE 1) CONFEA (606 bp,
Bl ST HER, S553REM, U 2 A28/, —1
PET+31, NEHAL S A-T@: 34), B—iT+597,
R S A-G(28: 10), 4 FILEHAI(AA @ AG :
TG : TA=3:1:9:25), H, TA FELFRAMEEH
%, HEEN 65.8%, 1ML A0S BN L K
FERY 0.33%. 481, X 4 Rt A5 R RUERAE 2
B VB2 A X W FR AN BB DX 43K AR BB IR A £ R 1] [ 4
RIARAG

JH TA JE P BIR A (8 COIER A 55 5 7 f e
IR EERNE 2 CONBE N A MEAT Hu X, S5 E,
RAE o 50 RHEE ) 5 R COTE P [a) R 1 ¥ 7E
99%A I, SHEDfh CONMZEH Ay R PEMEA 79% . M
FEE R HEARA T LB H (B 6), AR AL 5 far £ 21 1Y)
COILEE A [a) J5 P die e, LR D4 2 i, ff B o

5 10 15 20 25

I

i}

FEYLEAE C. carpio var. color

Kl 4 2 PRI ARAE 5 HAD 6 FhiRf i 252 R0

Fig.4 Dendrogram of rice flower carps with two shapes and another six common carp populations by cluster analysis

1 TAATTGTGCTCCTAATTAGCACTTTAGTGTA/TATATATTATTACTGCAATGGTATCAACTAAACTTACTAATAAATATATT 80

81 CTAGACTCCCAAGAAATCGAAATCGTATGAACCATTCTACCAGCCGTCATTTTAGTACTAATCGCCCTGCCCTCCCTACG 160
161 CATCCTGTACCTTATAGACGAAATTAACGACCCTCACCTGACAATTAAAGCAATAGGACACCAATGATACTGAAGTTACG 240
241  AGTATACAGACTATGAAAATCTAGGATTCGACTCCTATATAGTACCAACCCAAGACCTTGCCCCCGGACAATTCCGACTT 320
321 CTGGAAACAGACCACCGAATAGTTGTTCCAATAGAATCCCCAGTCCGTGTCCTAGTATCTGCTGAAGACGTGCTACATTC 400
401 TTGAGCTGTTCCATCCCTTGGCGTAAAAATGGACGCAGTCCCAGGACGACTAAATCAAGCCGCCTTTATTGCCTCACGCC 480
481 CAGGGGTGTTTTACGGACAATGCTCTGAAATTTGTGGAGCTAATCACAGCTTTATACCAATTGTAGTTGAAGCAGTACCT 560
561 CTCGAACACTTCGAAAACTGATCCTCATTAATACTAA/GAAGACGCCT 606

Bl 5 RAGER) COIE:R &4 51

Fig.5 The partial sequence of COII gene from rice flower carp

IR R R 2 3500
Bold shows the polymorphic sites
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31 ARAt Rice flower carp (C. carpio)
61 T ELIE C. carpio var. wuyuannensis
XELIHE C. carpio var. Xingguonensis
FRYTLHE C. carpio var. color
Bt C. carpio var. specularis
I C. carpio
=4 Cyprinus multitaeniata
Bt 44 Danio rerio

K6 ARALAN 7 Pl COMLEE K A 2B
Fig.6 Phylogenetic tree of COII genes from rice flower
carp and seven carp populations within Cyprinidae

22

i COIE R LT SN, T LU E R AE 1N
o L ) — SRR

3 itig

2R L M X R 5 7 S e B R A f8 37 B &
JEARARS K, Hor, PR RL < 6 7E A5 H 3R 58
PR HGE, WEHRE . B, SRR, ik
KUty bk, HR/D . B, pGRE. AT
E— 2B X PZARIE IR A AT IR T, A RS
2GR HIHGAR T W RALAARIETE S0
AR i A1 (58] 26 A K B K2, 4R T SR AE
LS 25 FE RN RN/ BN . BEEK/ R
R R AR 3 AN Ee Bk o X 3 A4S He il
MoIR, BRRE R R AR KRR/ RN, S
VB B E B RAEER, W e T R
Tf TCHR AR K AR N 2.35~2.55 22 6], AT R4S B A
KBy R B AU (Ma et al, 1981; SKEE AR, 1985), Xf
IR M IX A5 GE R B A R ALt A KRIE S22 G | il
WA, W RAEEIN T — 0 E TR EIE ¥
lEne i

RACETE A R P A SR T AR, T,
AR RGNS, TR BRI E R, HAMAR KRR
10~44 gy, 1755 AR B s (0 Al A 25 Ay i £ 0
FEAE 100 g DL GHRKFEAE, 1998; AR S, 2009),
FEH BT 2 kg(FRAE, 2017), AWFREN, &
AR B B . MEME2: 57 | ARDIHRN 97 5 R 1% S5 AR 2 X .
KT SRR P A i (22 M4, 2017; R4
2016; WA R, 2017). [HMAHFFE X R AL AL S
BHERIS s eI LR, XSEZ M fffu 2o
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Morphological Characteristics and Genetic Analysis of the Rice Flower Carp
in the Northern Region of Guangdong Province

MA Dongmei, HUANG Zhanghan, ZHU Huaping\i\/, XIE Jun

(Key Laboratory of Tropical & Subtropical Fishery Resource Application & Cultivation, Ministry of Agriculture and Rural Affairs,
Pear| River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510380)

Abstract In order to investigate the germplasm of rice flower carp cultured in the paddy fields of the
northern region of Guangdong Province, 67 rice flower carp individuals were chosen at random. After
measuring their morphological traits and calculating their morphological ratios, the rice flower carp were
divided into two clusters according to shape. One cluster tended to have an elongated shape, and the other had a
rounded shape. There were highly significant differences in the ratios Dcp/Lcp (depth of caudal peduncle to
length of caudal peduncle), Lc/Lcp (Iength of Caudal fin to length of caudal peduncle), and Dg/Lg (body depth to
soma length) between the long-shaped and round-shaped fish groups. The results suggested that the differences
between the two groups were dependent on these three parameter values. Principal component analysis of the
morphological characteristics of these rice flower carp and of six common populations reported previously was
carried out. The results showed that in the PCI1, which characterized the shape of the whole body, the
long-shaped flower carp was similar to Cyprinus carpio var. xingguonensis, C. carpio var. specularis, and C.
carpio var. Jian, and distinguished from the round-shaped rice flower carp, which clustered with C. carpio var.
color and C. carpio var. wuyuannensis. In the PC2, which characterized the shape of the head, the rice flower
carp of both shapes clustered together and were distinguished from C. carpio var. specularis and C. carpio var.
color. The cluster analysis suggested that the long-shaped rice flower carp was similar to C. carpio var.
xingguonensis, C. carpio var. specularis, and C. carpio var. Jian within one cluster, and C. carpio var.
wuyuannensis and C. carpio var. color in another cluster. The round-shaped rice flower carp was positioned
between the two clusters. These results indicate that rice flower carp are mixed strains. It is necessary to carry
out family-wise selection on the basis of morphology. Furthermore, polymorphism analysis of a partial
sequence (606 bp) of the COIl gene from rice flower carp showed that there were two polymorphic sites that
formed four genotypes, where the proportion of polymorphic sites was only 0.33%. Compared with the seven
species from Cyprinus, the phylogenetic tree based on the COIl gene sequences indicated that rice flower carp
is one population of C. carpio. These results of the polymorphic investigation and genetic analysis in the
present study lay the foundation for further breeding research on rice flower fish.

Key words Rice flower fish; Carp; Morphological characteristics; COIl gene; Cluster analysis
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