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Tab.1 The diallel crossing patterns in the three varieties of red common carp

2L ( S )

C. carpio var. singuonensis

fif L £L8E (8 )

C. carpio var. wuyuanensis

WRELIH( 8 )

C. carpio var. wananensis

M[EZLHE( Q) C. carpio var. singuonensis
faf EL 414 ( @ ) C. carpio var. wuyuanensis

PSR ( Q) C. carpio var. wananensis

H 3¢ (XX) purebred
222 (HX) crossbred

JZ A2 (BX) crossbred

1EAE (XH) crossbred IEAZ (XB) crossbred

H 3¢ (HH) purebred IE2Z (HB) crossbred

JZ 3¢ (BH) crossbred 1 32 (BB) purebred

AT N TR A0S

Notes: letters in the brackets indicate the code name of the cross combinations

R2 dFEINEBIERSHERSH

Tab.2 Mean values of body weight and main morphological parameters for

the nine populations of red common carp

Y {E AR HE 2
[EAIN mean value and standard deviation( mean + SD)
populations KT/ g fARK/cm A&/ cm K98/ cm

body weight body length body height body width
HH 726.73 +244.26 23.77 £2.28 10.60 +1.79 6.55+0.97
XX 832.63 £274.41 28.59 £3.46 10.08 £1.30 6.38 +0.94
BB 535.04 +£162.69 25.05 +£2.86 8.74 +0.98 5.26 £0.61
HB 899.75 £272.66 27.24 £2.22 10.78 £1.22 6.88 £0.91
BH 858.06 +286.74 26.88 £2.56 10.91 £1.45 6.45 +£0.97
HX 800.91 £274.96 26.31 £2.83 10.38 +1.35 6.60 £1.02
XH 835.30 £255.59 25.93 £2.10 10.75 £1.30 6.60 £1.03
BX 903. 68 +250.76 28.38 £2.45 10.72 £1.27 6.70 £0.89
XB 749.69 +224.22 28.14 £2.67 9.58 +0.96 6.15+0.74
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Fig. 1

Cluster analysis for morphological traits of red common carp based on

traditional morphological method and molecular population genetics method

(a) — (d)the traditional morphological method; (e) — (h)the molecular population genetics method
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Fig.2 Principal component analysis for morphological traits of red common carp

based on the traditional morphological method and molecular population

genetics method ( population level)

(a)the traditional morphological method; (b)the molecular population genetics method
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Fig.3 Principal component analysis for morphological traits of red common carp
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(a) = (d)the traditional morphological method; (e) — (h)the molecular population genetics method
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Tab.3 Discrimination analysis for morphological traits in red common carp based on
the traditional morphological method and molecular population genetics method
ETTEES L T

1K FEARL discriminant classification discriminant accuracy synthetic discriminant

populations size
HH HB HX BH BB BX XH XB XX P1/% P2/ % accuracy

HH 36 20723 2/5 572 3/2 10 1/0 4/3 0/0 0/1 55.6/63.9 41.7/46.0

HB 35 6/5 4/9 7/4 8/9 0/0 2/3 2/2 2/2 4/1 11.4/25.7 26.7/25.7

HX 39 8/3 2/7 13/7 2/4 6/2 1/4 5/6 1/2 1/4 33.3/17.9 27.1/36.8

BH 35 2/5 2/4 4/2 20/13 02 2/2 2/5 1/0 2/2 57.1/37.1 35.7/27.7

BB 37 /71 0/0 1/0 4/2 21/19 0/3 0/0 8/9 2/3 56.8/51.4 44.7/22.5 33.9/33.5

BX 35 2/2 2/5 3/1 7/4 3/8 5/5 2/2 7/4 4/4 14.3/14.3 33.3/21.7

XH 35 7/11 2/3 14/3 9/8 1,0 1/3 0/6 1/1 0/0 0/17.1 0/24.0

XB 35 0/0 1/1 00 170 9/5 1/2 0/0 21/17 2/10 60.0/48.6 36.2/36.2

XX 35 2/0  0/1 170 2/5 6/4 2/3 0/1 17/12 5/9 14.3/25.7 25.0/26.5

T R GURA2 05 i/ oy 7 R A 2 07 1k

Notes: the traditional morphological method/the molecular population genetics method

x4 EERSEFESHFREBEZFENTERSERNSAANSTER
Tab.4 Discrimination analysis for morphological traits in three groups of red common carp
based on the traditional morphological method and molecular population genetics method

o \ o e S 59 g ¢ Y LIE 2
4L e FEASL discriminant classification discriminant accuracy synthetic discriminant
groups populations sizes
HH BB HB BH P1/% P2/ % accuracy
HH 36 31/23 0/0 4/6 1/7 86.1/63.9 81.6/65.7
BB 37 0/1 33/33 1/0 3/4 89.2/89.2 82.5/78.6
1 70.6/61.5
HB 35 6/6 1/4 18/15 10/10 51.4/42.9 56.3/53.6
BH 35 1/5 6/5 9/7 19/18 54.3/51.4 57.6/46.2
HH XX HX XH
HH 36 20/25 1/1 7/6 8/4 55.6/69.4 52.6/59.5
2 XX 35 1/0 29/27 2/3 3/5 82.9/77.1 74.4/69.2
61.4/53.1
HX 39 10/5 7/9 15/15 7/10 38.5/38.5 60.0/42.9
XH 35 7/12 2/2 1/11 25/10 71.4/28.6 58.1/34.5
BB XX BX XB
BB 37 27/20 4/3 4/5 2/9 73.0/54.1 69.2/54.1
3 XX 35 2/4 8/9 7/10 18/12 22.9/25.7 38.1/36.0
56.3/46.5
BX 35 6/8 5/4 21/19 3/4 60.0/54.3 60.0/51.4
XB 35 4/5 4/9 3/3 24/18 68.6/51.4 51.1/41.9

T ARG 2T/ TR L 2205

Notes : the traditional morphological method/the molecular population genetics method

1.00
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0.60
0.40
0.20
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B4 889 PEGEHSERE STRUCTURE &R LS HTE

Fig.4 STRUCTURE genetic clustering analysis for the nine populations of red common carp
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Applicability of molecular population genetics methods in
analyzing common carp morphological data

LIN Mingxue', WANG Jian’, WANG Jun', LI Kangle', GU Zhenzhen',
XIANG Songping”, XU Zhibin’, JIA Yanmin®, LU Guoyan’, WANG Chenghui'*
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Shanghai Ocean University ,Shanghai 201306, China;
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Abstract; The traditional morphological methods implemented in mathematical statistic software, including
clustering analysis, principal component analysis and discriminant analysis,have been widely used in dealing
with morphological data in fishes. However, a series of molecular genetics software have also been developed
coupling with development of modern molecular biology techniques. In this paper, in order to study the
applicability of the molecular population genetics methods in analyzing fish morphological data, the
morphological traits of nine mating combinations from a complete diallel cross of Xingguo red common carp
(C. carpio var. singuonensis) , Glass red common carp ( C. carpio var. wananensis) and Purse red common
carp( C. carpio var. wuyuanensis) , were used to conduct comparative analysis of traditional morphological
methods and molecular population genetics methods. The results showed that the same profiles of clustering
analysis were found from the two kinds of methods. The principal component analysis indicated that the
traditional morphological methods can better reflect the morphological variations among individuals, while
the molecular population genetics methods can better reflect the morphological differences among
populations. The discriminant analysis showed the similar discriminant accuracy of the two kinds of methods.
Furthermore , the genetic clustering analysis results using software STRUCTURE illustrated the consistency of
the two kinds of methods. Consequently, the study produced the same results from the traditional
morphological methods and molecular population genetics methods in dealing with morphological data of red
common carp. It is feasible to analyze morphological data of common carp using molecular population
genetics methods.
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