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The morphological characteristics, chromosome karyotype and
electrophoretic analysis of muscle lactate dehydrogenase of
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Abstract: [ Objective] This paper was to evaluate the resources of artificial-breeding Cyprinus carpio haematopterus
from the perspectives of morphological characteristics, chromosome karyotype and biochemical genetics characteristics
so as to provide theoretical basis for the application of germplasm identification in C. carpio haematopterus resource pro-
tection and species breeding. [ Method] The countable and measurable properties of 30 artificial feeding fishes were mea-
sured with traditional morphological methods. Polyacrylamide gel vertical plate electrophoresis was used to detect the ex-
pression of lactate dehydrogenase (LDH) in C. carpio haematopterus muscle. Renal cell dropping piece-air drying method
was conducted to analyze the chromosome number and karyotype were analyzed. [ Result] The artificial feeding C. carpio
haematopterus was spindle-shaped with a small head and round abdomen. Its horseshoe-shaped mouth was located at the
foremost part of the head with two pairs of barbles. Scales on body side were golden yellow while the abdomen was white.
Colors of the anal fin, caudle peduncle and lower leaves of caudal fin were orange red while pectoral fin and ventral fin
were orange. Furthermore, the dorsal fin formula was D. iii-16-20 and anal fin A.iii-5. The dental formula was 1+1:3/3-1-1
while the number of outer gill racker on the left first gill arch was 19-25. The band numbers of LDH isozymes expressed in
muscle were 2 or 5. The study on karyotype showed that the chromosome number was 2n=100 with a relative length range
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of 1.20%-2.96%, chromosome formula was 18m+38sm+22st+22t, arm count(NF) was 156. [ Conclusion ] Different band
types from the germplasm standard SC 1041-2001 C. carpio haematopterus occur in muscle LDH of artificial feeding C.
carpio haematopterus. 1t is inferred that mixed germplasms appear in artificial-breeding C. carpio haematopterus popula-
tions. The germplasm of C. carpio haematopterus stocks should be systematically inspected and evaluated before its bree-

ding, proliferation and release. Aquatic original seed farm should strengthen the separation of different stocks and avoid
mixing during fish fry production and protection to ensure the purity of the germplasms.
Key words: Cyprinus carpio haematopterus; morphological characteristics; chromosome karyotype; lactate dehy-

drogenase(LDH)
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terus) >R J& T #3JE H (Cypriniformes ) # F} (Cyprini-
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BURR AN SR A BRI, 2007) o AR, N T 5758
BRI R B 2N A SR i b it L
FriR Ak, BRIt , TCie At Al i v Y] i O SR /K 5%
BRI , A2 By 1k it Ao B AR A, AR A R H
P BT G IR A TR 0 o (AT A58 4 Ji DR AR AR
UL | e o (A A 20 43 K7 S 2 208 B [R) T i R iR i 5
SR AN TS H IR TFBL, = F R
IRV A0 KT A A A st A% 7K T 0 fa 2 A BT B R
DUHAT S8 S . ISR R e B K T
i 323t AR I R VE FH R B2 4L, B TR
102 BLAT AN [R) AT A RRAE 38 320 AR 28500 12 3K R
Al MR A A B R B | s 0 A, AT B
PRBE Ml S AN ] 1.2 (T 7™ 455, 20155 Bl 545 4%
2017) o Ye O RAZ IR 0 28 U 5 5 70 IS A H E AR Al
Z—o JVHEEE(2001) AL TR E B EIE T R AT
il oy FE A K fap AL 2T T TE i 2R 0 Y LR AL A 5 AR i
DA (2006) PLAR T ' A5 ) R rb A (5 o 0 e 2 €2 1
A, AR — R A st i bric , 7 2 i o
ORI WP L Ik IR SR a5t
1S54 o3 b 45 5 T 2245 2z 8 H (Verspoor and

Moyes,2005; 1% 255 ,2012; Ardestani et al.,2014) .
X4 RAE(2000) WF 52 R WY, N T HERX & & A Sk il 5
B LIE A R ATEER B A7 A MRS 22 5 TR R IX 43
VS o A% % B HEIR 5 1E 8 & B AR A AL B A
0 TRANE S (2012) 058 K B, JIBEAS [RI 1 L1 FLIR
Ji U (LDH) [] T 2 B — 2 i 2 8UR S, L
rH R I & LDH 35 3k ¢ 8 1 4 405 5 75 45 (2017,
2018)WF5E R, [] TR ERIA Y ZH VR AR BR 2 5t A%
FERAEE SN 05 440 B AU AR ARG ShAHE
Jrfr O JIELDH AT A Sk %5 2 215 HR S 0 174 A= A 3o A%
Frick, T S8 LDH AT A S 45 2 56 PN Bl 5 1) A= Al st 1%
i (AW UIA S ) BT, A OB R A 5T 3
AR R TR (R N5, 1994a; J8 AL %A,
1994) Je AR AL (B KA 45, 19965 75 9¢,2016)
ST (o EMESE, 2004 B 3845 ,2010) K
TSR (R BRI 95, 2015; 5753, 2016) &5
7, (L feE DL MIREAAR T 2527 A 3ok A% 2 R AE AR (5 2
30N JZ T R Gt B T R 5T AR A T 5 PR IS
T8 o [ 4507 R 1) SR ) RBE ) %o 28 2248 F 38 B 4 ey
FEUR AR BOIR DLIEE T 58 AT, WIBASHFAE e €
AR AL AR 32 T HE— 20 3 5 A e IR
IRFFE N ZS , PPl N TS558 Bl o B G5 R,
PR ol o 25 2 A ] S YR R R R e B R R
RS
1 #Rl5R%®
1.1 RIew

B0 FH B T T 20184F-3 H 2R A 1] g AR M, 3
3012, ¥ it YE R E I AS , TeAM TGRHE | AR
600.80~3600.60 g/J& ("F-#41637.67+891.77 g/} ) , &
$£:31.10~59.10 cm/E ("F-1442.68+8.46 c/J& ) -
1.2 RKEFHE
1.2.1 BAMZ FIBGB/T 18654.3—2008(F%4H
AT TR 55 39 20« PRI ) B | >R Ui
Fr-k ROE#1510.01 mm) %30 BAEA AT TIE -
AT RAT A U 3K 8 G R G 1 B =X I 5
e - SR AMIZE T A8 S A 2 — i =5 A MBS A
7280, TR SR K IR R



1846 -

& o R kR 50 &

Wi BRAR HREIEE AR AR R oS4
1.2.2 FERFAMNE HLESEEREAEA A
4.5 ng/gh I a I i S BEAE K (PHA) ,24 )5
KA AT A AT I FE i & 20 B Rl F e iR Ao
B AL A7 IO Sk B DL0.8% Ak BRER /K Pk I
15 MM MEE S8, B T A 4.0 mLA: #ER KAy
TCHEBEA (10.0 mL) Hf, FHER AL BT BT AL B 4l 49U
200 H 45 M, A5k B A . H4.5 mLAH it
WE T 5.0 mLw B LA, A 0.5 mLAK KAl ZE
(2.0 pg/mL) , i AWK /0.2 pg/mL,R2) . Bk
I Z AL FE50 minf5 , 1000 r/min&5.0>5 min, 3¢ i
W, 1A 0.0375 mol/L KCIA K £5.0 mL, 525602 4T
5 ARBAEAI30 min; 1000 r/minEs.0>5 min, 7 I
TV, I T 8 s G CHP B DK R =3
1) 5.0 mL, BREWATES), #l [ € 2 minf5 1000 1/
min#.0>5 min, 3% LW, B R TG [ 72 20
min, 1000 r/minf.0>5 min, Mg FEEE 3R, TG
DR DTREFFIA0.5 mLF34 [, AT A5 , i
B . R4 CHUR I W23 F -7 vk
23 T TIZE I T A GiemsaBE % 1 9 SRR 2% ot
W (pH 7.8) R GG AT 44 4, 4L 5,20 minf5 DL A K
K gE, BT, o6 R (Leica DM2500) T WL%E,
FEAEMEE (10x1006%5) F A THA A,

1.2.3 FeErEASH EIOEAARRANEK
AR A TR A M A 1001 0 43 24 AR EA THA R SR
JEGIT AR H . P IRGANEE e K S
1 E 22 N AE SR A FE A T Y 43 B4 i
Olympus & B &AL BLER A Viewer 3%f #HOC S
AT ARG, 230 BY R 4 24AH P I RS A IR
P P55 (2006 ) B 5 - A T YL AR 2RS4 . AR
RS %5 P AR 7 R AR B B R A 43 L
DARERYN - O A SRy IR RR = PR CR R N UL =
THR2, Wl Aot G 22 s A R o 1
bl KR

1.2, 4 AZERFE  RIESC 1041—2001 ]
) YA SCHILRE , PEERUUL A LDHAE Ay % R # ] e it
AR R IE . S BRIKRESE(2017) B 5k, vkt
ZAF NGO R ERRFE A L SIS 5 il A AL
PG

1.2.5 RANBERKRELRBARLE S
i 245 (2009) 1Y 5, 2R FH 58 TR 945 IO I 58 fie e B AR
FLUKIEA TR TR 53T, o0 B R B 7.5% , e 4 s vl &
4.0% , BEE 2% P pH 8.9 1 Tris-HC, Fi 1% 28 P
JpH 8310 Tris- H 2R , KR IR =X (220 V),
HLUKHSE]10 he FRUKES U FEERARICT , S0k T

4 (2014) B ki T S IRE G Y (0, R IR T AR
Jii LA B PR B 2~3 IR BV A AR e Al TG
HRA SRR A VLB IS AR T R RSB AL T
Eic] 1
1.2.6 #BXHE%H KHBandscan 5.0%] Hi jk &
Tk e A B AT R BE RO, T AR TR K BE 2 i F,
VKSR A
1.3 Sitsath

T I A5 8 AT PR B SR FHSPSS 20.03
(NI

2 HRE59MH

2.1 SR RETHERITEER

N TR G e ] SR TR S AR E 000 i 1 R 5 (54
(D) o SKBUN, Wysm R, 5 W) [ 75 58 272 1
TFHRYIIOE , FF AR . My, 5 BEE , B
TRIREZE . TR, Z2% , SIS LK (12
o MR, O T3k EJ7 . S EEASNG I UL,
R A5 7 T MR S A T, N S A S A A R 6 R B
ARSARIKNT T o T 6EFVREAE A VARAE R , 005 2%
SRR PRI A R R, R E
& AN N R T O RS LT 5 i g R G SR A
o BRALT AT SRR R A 5 7 Ah , FLAth i 724 ]
UL/ N RS AT A FEBESL

B 1 AIFEEASNIINIES
Fig.1 Morphological measurement of artificial-feeding C. car-
pio haematopterus
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Table 1 The countable and measurable traits of artificial fee-
ding C. carpio haematopterus

FEAE Trait JEH1 Ttem JWH Scale YJ{H Average
IR CERIN BIEAH () 16~20  18.20+0.96
Countable B8 2B (5%) 5 5
trait kB () 36~39  37.27£0.69
Mgk - wEE ) 5~6 5.73+£0.45
e s (H) 5~6 5.20+0.41
ZEMZE—8 5 AMIFEEL(S5)  19~25  22.37+1.54
CIFERTN SRR 1.14~1.22  1.18+0.02
Measurable SN 3.44~432  3.89+0.23
trait ks i 3.81~4.68  4.27+0.20
NS 6.30~8.89  7.39+0.68
N = 7.43~9.59  8.56+0.57
Sk 2.28~3.68 2.57+0.26
SR /R A P 1.81~2.60  2.21+0.23
e I 0.85~1.52  1.17+0.14
=== | DH5
=== [ DH4
=== | DH3 === DH2
w=w= [ DH2 =m=] DHI
== LDHI
212 3 4 34
B 2 AIFAEZETEINLDHNRE R B RKREER

kLR

Fig.2 Electrophoretogram of LDH polyacrylamide gel vertical
plate expressed in the muscle of artificial feeding C. car-
pio haematopterus
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Lanes 1-4 showed the zymograms of different individuals
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0 TR 1004 U3 23 AR EEAT TR, LA 2R (3R
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Table 2 The chromosome mode of artificial feeding C. carpio
haematopterus

Yea A% H (2n) Chromosome number <98 98 100 >100
H % (%) Occurrence frequency 5 2 89 4

AH 2 S 8091 H Photoshop ¥ 4t (o IR HES) 4 (K14 ) , H:
FEXF i H R e (O ARG 45 R W23, AR A
e AR 1) 2 22 500 B PN N TSR e iR Y (A
RSy N 44 - S VAL OXF B 22 s e oA (m)
S 241 19X rp g 22 S e AR (sm) L 3534145 11
XV S5t 38 22 a5 e A0 A (st) , S AL A 1IN s 5 22
SR () o N T 37 B g (A AR X BT
FiITE1.20%~2.96% , H Y A A AZ #1200 18m+38sm+
22st+22t, B EU(NF)=156.
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Fig.3 The metaphase chromosomes in artificial feeding C. car-
pio haematopterus
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Fig.4 The karyotype of artificial feeding C. carpio haemato-
pterus
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Table 3 The parameter of chromosome karyotype of artificial feeding C. carpio haematopterus

P AAXTHJE 124 Y fheny FFs AR E L 1:4 e fhen
No. Relative length Arm ratio Chromosome karyotype No. Relative length Arm ratio Chromosome karyotype
1 2.63+0.01 1.13+0.03 m 26 1.92+0.02 2.43+0.04 sm
2 2.48+0.03 1.14+0.03 m 27 1.86+0.03 2.65+0.05 sm
3 2.47+0.01 1.13+£0.03 m 28 1.68+0.03 2.65+0.07 sm
4 2.32+0.02 1.14+0.03 m 29 2.80+0.03 4.15+0.05 st
5 1.9240.02 1.40+0.04 m 30 2.58+0.07 4.314+0.05 st
6 2.08+0.02 1.16+0.04 m 31 2.32+0.03 4.57+0.06 st
7 1.85+0.01 1.40+0.03 m 32 1.97+0.07 5.44+0.12 st
8 1.85+0.01 1.20+0.04 m 33 1.99+0.01 5.52+0.07 st
9 1.92+0.02 1.39+0.04 m 34 1.98+0.03 5.02+0.07 st
10 2.88+0.02 2.17+0.03 sm 35 1.87+0.05 4.97+0.08 st
11 2.96+0.02 2.00+0.04 sm 36 1.98+0.03 4.20+0.03 st
12 2.65+0.03 2.39+0.04 sm 37 1.86+0.06 5.014+0.05 st
13 2.48+0.02 2.00+0.04 sm 38 2.08+0.03 3.694+0.06 st
14 2.38+0.05 2.21+0.04 sm 39 1.84+0.03 4.51+0.04 st
15 1.99+0.03 2.24+0.04 sm 40 1.92+0.03 >7 t
16 1.98+0.07 2.4420.05 sm 41 1.51+0.05 >7 t
17 1.92+0.02 2.01+0.04 sm 42 1.78+0.06 >7 t
18 1.99+0.05 2.24+0.04 sm 43 1.76+0.04 >7 t
19 2.24+0.02 2.51+0.04 sm 44 1.51+0.05 >7 t
20 1.92+0.03 1.99+0.04 sm 45 1.5240.02 >7 t
21 1.85+0.04 2.44+0.05 sm 46 1.97+0.08 >7 t
22 1.76+0.03 2.34+0.05 sm 47 1.52+0.02 >7 t
23 1.68+0.03 2.66+0.04 sm 48 1.24+0.10 >7 t
24 1.90+0.05 2.41+0.05 sm 49 1.44+0.03 >7 t
25 1.84+0.02 2.67+0.03 sm 50 1.20+0.03 >7 t
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Table 4 Comparisons of countable traits of C. carpio haematopterus

SCHk GL £53(E) L% () e 1B R M2 M BEE R SRR (4%)

Reference Number of Number of Number of scales Number of scales Number of gill
dorsal fin(fin) scales in lateral line(scale) above lateral line(scale) below lateral line(scale) rackers(gill racher)

B4, 1998 Zheng et al., 1998 14~20 33~39 5 5

75 4¢,2016 Ma, 2016 18~22 34~38 5~6 5~6 18~20

ZRHF5E The study 16~20 36~39 5~6 5~6 19~25

(1998) \ Eh 75 52(2016) FIWFFE P T BEAS (BUAS S8 (0 20 il P B 0 AR P £ AR5 R 45
Bl A s 1R K 23.18~30.52 em/2 , 14 B 5 7£300.0 g/ YIAHIR , HAE G R B g AR AR, JE A v R A
Kty o TER MR, BRIARK RS AR BN sl e A% B E 4455, Ul X Sufifl g 16 2
Ab, FA AR bR AR S BRI AR SR 25 SR 5K A L2 22 SR, P AR bR ST L 2
FAE(1998) \HFHHE(2016) IIFFRAE IR &5 US5SSR AR A A SCHFTE AT 8 CRAET-4E,
K AR AR K/ B RAAEZ SRR TS50 2009) . ARUFIELEHR 58 KA %5 (1996) (IHF 5 45

TNREAAf B RS FIFEA A G , B AT RE SRk — 80, H 5% EAS (1994b) By Y A% RIS A 2%

AR AR A fr it — P R 5, B BRI E TR S R e LA H L AT RS
3.2 IMERGENEBEEZELILKR GO RIS IR T 22 57 s Al AR AR e (iR A

IS TR, R4 E LD R4, s inl i g e o fp R R, JUE B TR 0 AR AL | v (32 0 g 82341
x5 IMEEERNREHEZE

Table 5 The chromosome karyotypes of several species of Cyprinus

14 Species 2n #7153 Karyotype formula NF ik Reference
QLIE 21 C. carpio var. Xingguonensis 100 28m+22sm+50st,t 150 GB 16875—2006
B C. carpio var. Jian 100 14m+42sm+44st,t 156 GB/T 21325—2007
far LT C. carpio 100 24m+32sm+44st 156 SC 1019—1997
it [ AL 75 2 Fy C. carpio Fa 100 30m+26sm+44st,t 156 SC/T 1035—1999
[ C. carpio haematopterus 100 20m+38sm+20st+22t 158 HH AR, 1994b
TEHT C. carpio haematopterus 100 18m+38sm+22st+22t 156 W KA 55,1996

TR C. carpio haematopterus 100 18m+38sm+22st+22t 156 LN




8 A RS NTIRGAR TN AL 3 &0 A BRI P SUER L SUB5 69 b, vk A

+ 1849 -

TE2TE , A G R AL T =i 7, LY o pA R Rl B4,
RN E L m gtk 2 > (KOE RS,
2018) ] 5 H Al LR i £0 2 HAT B &2 v
SO R 22 S A BRI AR DG R AL TR
P RE R
3.3 EHELDHE TESRIELER

HH 26 AT, AR HE N A5 (1994a) | JE 4E 1% 55
(1994) R FH 1) FL K 25 1A FIARE St SR IS TR) L (H 35 11
F 5T 45 5 — 2, BT R L N LDH B 03 245 o
AWFFE 5 H EARL(1994a) &1L %5 (1994) FF5T 1
x 6 HASEIIALDHFR G RILRKR

FH G T S AR 2 N T SR B AR, BB A RE AR JILIA
LDH B¢ 42— 2, Kl )2 4 LDH A 5 {H 55—
BRI AN 2S5 A LDHEFHT , 5% B ARG (1994a) JELE
A (1994) I BFFE S5 AR AN, RtE, Wl e AL
PRI LDHH B 245 HREAS S B ST e 4l 1 1 B T i,
11 WLIA LDH s 500 S 25 I RE AN HERR £ 51 A At
iR £ L AR IR AR T REYE . BEAh, AAISHR]
oRE,HEARS(19%a) JE L5 (1994) BFFT ]
BRI 20 TH 20 904FEAR , N HERR BT B 25 24 F 38 B
B Je FL R 2% 1T 32 UL PR LDH s 50028 5

Table 6 Comparisons of research results about LDH in muscle of C. carpio haematopterus

SCHk AR FEAg () BEREHe HIRZE NI HLUKESRI(h) AL

Reference Sample Sample Gel Electrode Electro- Enzyme
source  number(ind) concentration buffer phoresis band number

WA, 1994 Chang et al., 1994 HH A WA I2.5%, 43 B 0i5.8%  Tris-Gly(pH 8.3) 4 2

JEIE G2, 1994 Hu et al., 1994 R >12 WA E4.0%, 43 B I5E7.0%  Tris-Gly(pH 8.7) 3~4 2

AMJFFE The study A 30 WARIE4.0%, 4y B E7.5%  Tris-Gly(pH 8.3) 10 2715

4 gl:él:i/l’.\. versity,26(4):481-489. ]
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