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(RIS AfiE Xt 82 2T 2 i R R T S5 A RO SN R tE X B B A

T% 1,3’ é% 1,3’

B ERAB R

(L EIK RIS SRR =TS T, SR IE VT WA 7RI 150070; 2. W JRIEFE T %, R VT WA /R 150080; 3. FCHE K P22k

AfRle SEORSEBE ILT KIE 116023)

FEE: Ll far 4 21 88 (Cyprinus carpio var. wananensis) it 2€ 5 2 (&, AR ED 5 2 B Kk B (Cyprinus pellegnini pellegnini
Tchang) (9, AR FIALSE F, AWFFER G AT A S H AN A SR IR 22 57 3R e DNA SCE P 2N AT
ZAPENH 22 R R RN [ TS CC005 (GenBank_Acen 4 FF339846) £l CC062 (GenBank_Acen  FF677502) | SRR T
LT AN MRS 22 [ SCHEAE 25 5 i, 16 77 15 1 S 40 6 2T AN AR T 25 A B0 et e , AR 500 nm 2247, 5 134 300
nm 2247 5 PN ARHIHTHE CCO05 T CCO62 7 2 Ih1 25 K4 ™ S 2H R IE 5 4 CREDGT TE85) =2 [R1 S DRI U201 65 o3 A A7 e A b 35 22
5t ()°=21.345, P<0.01), I 2 4~ 55 (A DG AR 32 PR XG4 T 40 A 8 1 s B A A 5 AL BR8N, 3 — S 2
H A BT IR A LA SRR IC A B e A AR AL BB AR . [T 7K HE#,2009,16 (4): 496-505]

KR B (KU ZDANE; 2R R RN
FEDZES: Q959 SCERERIRTD: A

R A0 2R PR I A1 A B T BEE |
PRI £ 28 R4 | F SR VE A B, R AT R SRR O £
LR R ANE [0 5 B R A SR AR Bt . AR
ok, AR ZHETEN T ARSS 1, 1 R PR3 )
YA BT O 2 U T K L B E R, Hazel " 5 31,
4T BRI, T 55 (Oncorhynchus mykiss) 1 N Bg i
Az s AR, AR DR L9 T i Y IR T
g, N8 R 25 M AR T OC 2 5 42 in—-3/m—6 5211k
A 2 AN AR R PUFA) B S B TR 9 AL 4T
i, Dey 25 3 1o X 7K FIIR K f00 ST T B i A1 3
THETTE R B, 2 I 2K (5~ 10 °C) HiE Ik
128 (25~ 27 °C) HAHB R Z A AEITTR, H K
HEZ ARG 7 B2 DHA RSP IF A 2 54K 3 1 ik
R, 1A RIAR T R Il R (18 1) TEARIR A& 1F R &
B Devries™ 1969 4FFERI I — i (Antarctic
notothenioid) AY I & H /& WK & LT ARE 1, Ja 200

Y #m HEA: 2008-09-15; f&1THHEH: 2009-01-08.
EE£MAB: EXK “973” iR BmiH (2004CB117404) .

XEHS: 1005-8737-(2009) 04-0496-10

TR I, 22 B £ RV K AR RE = AR BT R AR
FIECHT M 25 1, 1 S8 2 15 RERE 1 1 AR K e e
£ -22°C (BKBIKEL N 1.9 °C), N Z e
KUK Z AT REPR AT R Sl o

KR A ST BRI T K= I H 1996
EFFURBEFERE (Cyprinus carpio) TREPLIEL, UK
B> FARICE AR, 3RS T 94> 55 B TG I R A
KHYRAPD 73 T-Hric, IR H B8 1 pR i e o7 £
fst AL RS |, R R T AR MR R T
BOREIR, 32 2 ST AR D (o
(Cyprinus carpio var. wananensis) Pt FE fify 2 F1HK 3k i
(Cyprinus pellegnini pellegnini Tchang) 4 2% 22 ¥, A it
GG, AR 22 SRR I K P81, 2E DA R R 5
i BLAST BT, [l P51 5 e 1 5 A o g v 47 i
BEEEE AT — BRI 3. AMP-acid Y& HE G B ) 10 5
JZE 1 BN 7 3R T GPR137B  B5 I58E F1 S0A TEPE

YEE @A T (1982-), 2, LW A N0 T A )24 00E 5T . E-mail: dinglei_1982@126.com

BIESE: BRI . Tel: 0451-84861314; E-mail: lq-liang@hotmail.com
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TR RG0S R AR TS5 FA A R SAROCHE DR 734 497

5 S 30 3 7 6 alphal 55, 57 9 AR I SE A
Fe5l. AR SCER S AT R SE SR RIS RO ST 2
R FU T I S Sl IR 3% 1 R BUAN R A 52
6 0 () £ A0 R RS 2 A AT LI, [ e A R
SRR EENRICBEAT A SCHE 20 i, LIDIRS SRR
FHOG I DI REHEIN ) pe R M e R AR 2 AT

1 #RE7AZ®

1.1 SEEwE
111 LI S5 ff 2L B FE 5 R (O, I

D) 5 2 R RS (Q AR 2458 F,, B K
FERbEE R I B R VLK RS T R . AP
Ve EUA TR 7E 200 ~ 250 g 4 {a R £0 28 R EA T2 5K .
R G SR IRy 1-28

1.1.2 THREHEXERMRE KREFREEHT
G LIRS AR AR AT B S 50 F AT S0 4 At
PR AR 485 . R Primer 5.0 F1 Oligo 6.0 %X
PRI E 19, R LA T A TR AR RS A R
AlE A AL, Hod CCO05 T CCO62 Pt 2
HEME 51 EaE B N 1,

®1 SMFFIRBNERE

Tab.1 Primers sequences and annealing temperature

319 SIS ~ 3
Primer Primer sequence 5' ~ 3
CCO05 F: TGCACAAACACGAATGAATG

R: CCGTTCATAATGTGCTGCTC
CCO62 F: GCCGCCAACATTTTTCTAA

R: GTGGGCAGATTGTTGGACTT

A BRI bp 1B KGRI /C
Fragment size Annealing temperature
208 50
194 54

12 SEFE

121 RBMMBSEIEIT RSB BRI TE
Trueman 2 “H2 8 (9 ZEAH_ RGBT AT, # F
7 B 2 PR IRAE B K A P 3 D8 FR A K
BT BT, £ TR AR AT & A2 AR .
SIS i SRR IC S A KRR (16.0+2.0) CHY=
PHEIRAE R/ AR , ZKEAE VY J&] K il 11 DX DR T A 2
B SLEGTFUREE 1 KK 160 CLLLO C - h'
£ 100 °C, SLE 0 75 (10.0£12.0) CHAT YL 4 d )5, F
PI10C - h ' R E40°C, 7E(40+20)CHEFEF 1A
JEFA TSI, [FIRT, EE AN RITRLEE T 525
HTE SRS

122 AHMERFHEMBEREH & L
(4.0+2.0) CHYMET B S50 A LI EA F T
STARIA 100 pLARERRR N, RFHVICRIM 1 mL, $24%
BEA], REGREE I, I 250 (2 000 t/min,3 min), 57 -
5,985 H pH7.4 S92 W R 28 v R e B0 L
Z FEEE . W T2 AR B BER 0P 1045
FikE, 10 pL AR T B0 15 mm B2 R

F,2.5% T REEIE 4 CCRE S ming K8 Tk
e, T

123 JHEREFHEHEBRN s ern
PR BT ) B U5 (PR AFM, NanoScope Il a,
Digital Instruments Inc.) 24 5 I, #1| FH Nikon 2] & 2
Tl W5 0 L ) TS O, B R A L o0 I B IX
AT B AR . TERRAE AR P R R A X
(Tapping mode), JH#HOC R4 (IS RTESP7) 4L,
TR S HOCCEEE T OB S, TERRERAF
e R A SRR, SRS HEATRE S E TR, AR
B BREAS I adt . XL R R B - B oR Al
JE B AR PSR IEA T DA, JF R AT Bt 2 Kk
friii e BAREAT 2 9K B Bk i 2 ~ 3
AL, AR Ry B CL A 2140 P
45K, IR Y 2.8 ~ 14.0 pm , FAHR 4 2.01Hz,

124 EFEZADNARE BUG ASCE g 2551
mg flll A 200 pL%¢ f# W (% 200 pg/mL Proteinase K,
200 pmol/L EDTA F10.5% —+ — % 3 L & B2 &%) ),
50 “CiHAL4 ~ 5 h, INASFARBAERE + 5405 + 7%
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PV A W (PR AR . 25:24:1) 400 pLAf#2,7 500 t/min,
#5010 min, B EVE W, FEE A A 200G T HIEWR
HOIA 25 R B T8 JE 7K £ 1 20 CUTTE 1,
12 000 r/min, &5.0> 15 min, 70% £ FEE 4% T4, A
50 uL ¥ TE (£ 10 mmol/LTris-HCI (pH 8.0),1 mmol/L
EDTA (pH 8.0 )) i, 4 CLRAF S H o
12,5 PCR¥ MR PCRIWVIAR: EBUH1S pL,
2550 mmol/L. KCI, 10 mmol/L Tris-HCI, 1.5 mmol/mL. MgCl,,
100 pg/mL B, 4% ANTP 4% 100 pmol/mL,0.1% Triton
X-100,0.1% NP-40, IE 52 5|2 H 4 0.25 pumol/mlL,
Taq 1 U(TAKARA, HAS), DNA B4 30 ~ 50 ng.
SRR : 94 CHIAEYE 3 min; 26 PMEFE (92 C
20 5,12k 20 5,72 °C 30 s); ZEfH1 72 °C 10 min,
12,6 BRAEBEERKERX PCR™YHI8% RN
TER BE IS LK S ~ 6 h (100 V) BEFTAGIN 4R Y, )
FHEHOSUER
13 HEAE 55T
e H 0% 53 0 5E CC005 Fl CCO62 P Fil
FEP 3G P Berb R ) B i B DR Y A RS B, S
PRI K 5 RT3, i o g A e PRI RS PR A AR TR 1 93 A
KFo HIPOPGENE 3.2 BRGS0 55 dor 20 1) H K 20
DNA 7£ 2 M7 5027540 F Hardy-Weinberg iRtk 2
FAG 4 BT SPSS 13.0 58 1. SRR ()

*ﬁfﬂo

2 ERS5HMH

21 RETHS&ERE

FK IR 16.0 CFE ] 10.0 °C I, 5256 10 R Hi W
AR A R, i sl A 40, HRESR G 30, e Rt S A 4 d
I, REIRIE R . KR AREE M 10.0 CREZE
4.0 CHF, 53 S8 - Ui PR TE sh 921, 10, 401
MlFE LG, Horb 28 5 AMABE T (Fh TR AL T, H:
CLANMIRE LS AR, TERE S 4ERF 2 H e, 00 A
215 24 5 AR f (AR SR T R B BE (R Ry s ), L
b 5286 1 AR F TG, 2.6.10.11,12 13 SAMATE 3
TEH H AR SRS A 2202

22 RIRTiEshEE
MERSH

B 1R R, 78 14 pmx 14 pm FHEET, AFE
JIERLT A0 22 A DR, K AR (12.057£1.293) pm,
FEAE N (7.41221.107) pme FEANFEERE RT3
A AN [R]TE B1BE ) S50 21 240 i R 3% 1 45 H) A7
FEZE 5 TR BIRE ) IE 8 1) 5550 £ 21 240 MRS 2543 4L
AR R, X A AT A S TR
AR T 1% Bl BE 1A R4 (R 47 434, 43 S
KA, 25 A WoR : 16 SIRe 1 IR M2 g i 2
(11.990+1.457) pm, #4224 (7.225+1.158) pm; 1% 50
S 18 L 21 4 K 42 (11.938+0969) um, 4 12 N
(7.3940.864) pmy; (AR [ 30 I O £71) S50 A 2
LT K AE N (12.860£1.080) um, 45454 (8.635+0.864)
umo 7225 TR, AL Z K SRS 0 B 2
5 (F =0853, P>0.05; F,=3081, P>0.05),

1 2 S35 I RE 7 TE S £ 21 240 i 5 3 T P
' R 0T S I A S 2.8 pmx 2.8 pm) Fil
T T YR IR, ez R R AT, AR A 500 nm A2
A, R 300 nm e AT s 25T AR S 4
NBSF, RIS BIIGIR  1 2h 2815 S 50 £ 21 240 i A 9
T A AEARIHAS M, 763 pmx 3 um PTG R ol LIFE
eSO ST T A A N A T A S R B O B g
AN AT R T A I R Al e 4
2.3 PCRY 7=y 58 1A I Bk A 5% s A il

FEF AR T R 5 2R R 1 B R 51 ) CCo05 Al
CCO62 XM T 15 Bl RE 3 AN Y 52 50 £ 4 7 P Y
G3 MR B2 5 1 1 25 R v YA AR 3 R e A A,
2Fhali A TR L Fh 2847, CCO0S 5 WP 3 i 3 Fh ik
RIS, 23l e SR AA L AB. BB L CCO62 FERIY 1411
3FhILA L B E U MM, MN, NN (8481 5),
JUTULI 1 27 & S 5 P A A 216,10, 11,12 1345 78
fIIR 5 ShBE  IE 21 40 a3 1 EL A etk e 45
5 21 245 A Ry AR AR5 43 S0 rh AR X
PEAT 3 AT, HA 19 MAMARTEARIR Tl sh 2ets , HAT 4
LR TET 25 RA ARG T R S R A L R I . AR
PP AT Ry R AR IE 4

RUARNELK BRI RIRARLS
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Fl1 AFM TR shie e 40 i e i A0 R 1 = 27 Ak &
A W Bh RS 2T AN P s B Wil 28 th 2T AR ST AR s C MBI Tt 21 41 4 v ] 5
D: WEShIEH 2T ARISL AR K P 2T AR TR ¥ s fa 2T A0Sy ORI
HRER: A B.C.D(14 umx 14 um); E . F (15 pm x 15 pm) .

Fig. 1 AFM images and three-dimensional map of different vigor fish erythrocyte
A: AFM images of erythrocyte of swimming slowly fish. B: .Three-dimensional map of erythrocyte of swimming slowly fish. C: AFM images of erythrocyte
of swimming actively fish. D: Three-dimensional map of erythrocyte of swimming actively fish. E: AFM images of erythrocyte of the ill fish. F': Three-
dimensional map of erythrocyte of the ill fish.

Scanning range: A, B, C, D (14 um x 14 um); E, F (15 pm x 15 pm) .
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A B

2 AFM T ST A0 R T B IR 0 R i 2 15T (FAREREL: 2.8 pm x 2.8 pm)
A S RTESIA; B R 2R A
Fig. 2 AFM images of membrane surface ultrastructure of abnormal erythrocyte and its cross section curve (Scanning range: 2.8 um x 2.8 pm)

A is AFM images of membrane surface ultrastructure of abnormal erythrocyte; B is the cross section of figure A shown by line.

A B

K3 AFM ST A 553 RURE R W) SRS T2 R T S 1 R A 2 ] G Y - 3 wm x 3 um)
A LN BUEA s B: R .
Fig. 3 AFM images of membrane surface ultrastructure of a erythrocyte and its cross section curve
(' Scanning range: 3 tm x 3 um)

A is AFM images of membrane surface ultrastructure of a erythrocyte ; B is the cross section of figure A shown by line.

bp M1 23 45 6 7 8 91011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

300

200

AA AB BB

K4 5191 CCO05 4 K F, AL PRI ZH DNA 7531 0 5 A THE e 5 e v Dk 141 i
M: DNA MarkerI;2.6.10. 11,1213 S AN 1R HA BRR L5 B 21,24 580, HoAx 19 R IARMUIRR 5T IE S ; AA L AB. BB}
TR 14 CCO0S 448 Y 3 TR 1
Fig. 4 PAGE of carp F, genomic DNA amplified by primer CC005
M: DNA Marker I ; M: DNA Marker I ; Except 21 and 24, the membrane surface of 2,6,10,11,12 and 13 had spine-uplifts on the edge; the others are
normal.AA . AB and BB are 3 genotypes amplified by primer CC005.
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bp M1 2 3 45 6 7 8 910111213 1415 1617 18 19 20 21 22 23 24 25 26 27

300

200

K5 5140 CCO62 4 S F, A A FEDR L DNA 13- E i) 5 PR AR T I B e L ok [T i
M: DNA Marker I52.6.10.11.,12.13 S0 T ANI2 1 HATBRIRIMALEE 5 B 21 .24 50 JEAk 19 R A AU HIL5HE 153 5 MM, MN, NN Yy
G149 CCO62 47 H4 Hif 3 FhBE A

Fig. 5 PAGE of carp F, DNA amplified by primer CC062
M: DNA Marker I; M: DNA Marker [; Except 21 and 24, the membrane surface of 2,6,10,11,12 and 13 had spine-uplifts on the edge; the others are
normal. MM, MN and NN are 3 genotypes amplified by primer CC062.

2.4  CCO0SE:FESMARFNE FBSTNZR 534

M2 7T UL, ZTANBIS I IE F ALAA e 3RSEI MRG0, 0o ok ik DR B 21 40 o 2 T 4540 1 201
R AA. ABFIBB, H3FIEE R4 5], Ml 0 S5INRAZ 56 25 5 B3 ('=8.553, P<0.05),55
IUAFAE VR 2 G 3R AB, X2 SN T B 3 DR PROR M 22 AN 3 (P>0.05),

R2 AMPEEREIEHASMEEAR CC05 6 S HERESRI R ML EFERR ST

Tab.2 Genotype and allele frequencies of CC005 between normal erythrocyte surface and abnormal groups

215 B (B50 LAY (A% FLRIRLT AR S EEA (IR)
Group Number (Total ) Genotype (Nos.) Genotype frequency Allele (frequency)
AA(7) 0.3684
I 19(25) AB(6) 03158 ﬁ((g'fég%;
BB (6) 0.3158 )
AA(0) 0.000
I 6(25) AB(6) 1.000 %58’288?
BB (0) 0.000 -

VE: T2 - BERim e s s T - PRk
Note: Group I —Normal in erythrocyte surface; Group Il -Abnormal in erythrocyte surface.

2.5 CCO2EESNRMERBISTZR S LHY I 2 PP RS Je S TR R AL A 0 83.3%
2T 201 5 2% T 45 460 1 5 ZHL A CCO62 13 i 14 11 (F3), R KuI6 Fe W, %A o5 ok DR R A 557 L R AR 2
3PS MM, MN FINN 5 21 4 b 553 T 45 44 S 2 (A4 A AN B3 (P>0.05),

R3 THMERREILEEHSOEEAR CC062 i RHEREREMEMERETIRS 1

Tab.3 Genotype and allele frequencies of CC062 between normal erythrocyte surface and abnormal groups

Ebil Rkt (50 FEDIR (A% SRR S IR (R
Group Number (Total ) Genotype (Nos.) Genotype frequency Allele (frequency)
MM (7) 0.3684
I 19(25) MN (6) 0.3158 A (0.5263)
NN (6) 03158 B (0.4737)
MM (0) 0.000
I 6(25) MN (5) 0.8333 A(0.417)
NN (1) 0.1667 B (0.583)

LA R TN S | 2 R D =TT o

Note: Group | —Normal in erythrocyte surface; Group Il -Abnormal in erythrocyte surface.
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2.6 ERBAESSIMMIEEARN KBS
P19 R 21 4 i s 45 A R BLIE | 5 6 e B 45
FEHMN Y S5 41 7E CCO05 AT CCO62 5 A4~ 37 4 |
JITRED” 1 0 R RS AT A, 21 G R A 43 )
57 AA+MM . AB+MM . BB+MM . AA+MN. AB+MN

BB+MN ,AA+NN AB+NN . BB+NN, fi#4 rfLIFEH,
A 2 AR 1 S 2H S R R A EEE DL AB+MN Oy
3=, T LS D] 76 20 5 70 21 40 L S 235 4 1 2 v
AAEAE, BRI R, 2 S S2 3 41 J5E DR 3R A 9t
R BE (F=21.345, P<0.01),

R4 OHREIRREIERASOEHR CC005 F1CCo62 i mAFERE ST
Tab. 4 Combination genotype frequencies of CC005 and CC062 between erythrocyte surface normal and abnormal groups

A R EH (e
Combination genotype Normal Abnormal

CCO005 CC062 n % n %
AA MM 0 0 0 0
AB MM 4 21.1 0 0
BB MM 3 15.8 0 0
AA MN 4 21.1 0 0
AB MN 0 0 5 833
BB MN 2 10.5 0 0
AA NN 3 15.8 0 0
AB NN 2 10.5 1 16.7
BB NN 1 53 0 0
Total 19 6

3 itig

31 FEFHBMREES R EERA R PR A

XFAFM ZEAE Y BN HE AR ZHGE ., A
AR AFM C % DNA 237 RNA 2371 85 1 i
O T T S I R T A S B 2
R T - e AR A e R —
P 7 T B B0 T 2R AE A AR B 2
PE AR SrF IR AR A5 T T 1R
WFFEFIELE, ITAEd ARMAESSHILE M) 2F o T4 )
LGSR OB T R R ] AFM X A=
P15y UG . AFMAEE SE0F 5 A1) 5 Rl AR B
F 7 IR R A R R iR Y,

ARG R T 7 B SR A5 1 A
[F) 37 7 88 1L 1 240 B2 3% TR 45 44, 14 pm x 14 pm 45
TG R 2040 28R BE , K42 (12.057£1.293)
um, 45 7% (7412 £ 1.107) pm, 5 5 5 1 "% JL F
1 28 A A0 T 25 30 47 00 00 iy 75 235 SR [ 85 21 440 it
£ (11.98+0.34) um, %5 12 (7.76 £0.48) um] A L, 1K 15

T HRLT A M AR AR, AR TR Rk, A B
FE 4k R A T 2 O BT AR 4 R AR A, AT X
— 25 I AR AT R R T IR Y 2 A A A
1) e 2 53 A AR L 24 A4 L S 1 A R 3
AT A 448 B & 4% 0E 8 A A BRI R R s X AN ] 3
03 S0 LA L INEEA T LU, 15 0 B B £ A
M 2 4 (11.990£1.457) pm, % 448 4 (7.225+1.158)
um; 1% 2 22 1% 4 210 40 i K 42 (11.93820.969) um,
JL AR O (7394£0.864) pm; 95 £ 2H 21 40 g < 42
(12.860%1.080) um, 5424 (8.635£0.864) um. J5 2547
BraR 2 S0 Z A AR TE B 2 5 (F (. =0.853,
P>0.05 ; F5=3.081, P>0.05), Ui HA R A 21 4 A
K A SRR W TC SRR 2R o

TE3 um x 3 pm BAZIE IS, AFM R A] 080 2 21
I JBE 30 TR - 7 UM 5 42, i 3 6 R 17 2 2T 24 i
JEEEE 53 g T IR A 30 43, 3 26 528, 1 k.
A REAVE R 32 A K B 3R I O R S PR R AR
RIR A T R AETEN ., X—HEXRA
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TIFFE ST 2N P 1 0 I 5k ) A DG P 2
FE TSR RIS, 7R 2T A MRS T S T
14 umx 14 pm F12.8 pmx 2.8 um K3 0] Wi 2 1%
SHE AN SE 56 f0 2T A0 M IR 1 S5 K A e 25 57
559 Bh SR 1% LU0 R LU, TE T 1 S ) 2T 40 i
I T T B R B L X — R Y A — D T AT RE
R 2 B 3R T B S R 1 A AR SR A DA R A A
SRR, TS 2 e A ¢ i a5 42 ™5 55— 5 7T T
UMREZERE KA AL A S BT SR A E AR L 2R3k,
FEA T TR P, LA I8 R (AR 1 T
AB 2 B B 1 23 2540 & A T A8 Ak, DA T 5 i g
JR AT S E", AR A0 00 1E A B g, AT
B R AR AR T IR pH(EL, DL S 2140
JiL 2 AR T X LB S5 R, ARSI SRR HIGTE T
T S RE JIAS 6] (1 SR 2T 20 B IS5 R 1 — DR R,
A Jer iR A IR T 22 5 2B I L RAHIGHR T ANTR]
T 1 S2I6 10 A KL DR 4 DNA HEAT 204, 97 15 5 (LA
ORI FALHE A [ B 3o 1o 240 BG4 S A7 2322 IR
o, 8 A6 7 Y R A ) AP RS O P TR ARER AR, A
i 50 T 200 B T B R TR 5 4 AR TR R
SEAFERF LSRR R
3.2 CCO05FACCO062¥ 4 R B 5 IELE MM KR
I

TE XTSI 56 7 B[R 2 DNA £ 7 PCRAG I, )R
ABFFEC L AE BT 5 [ P B SR R 7 A% 1 5 1ok
BEPES |4, I8 1 G 40 % VR R IR EE R AL fE PCR
S IE B 25 AELZ AT AR 1 7 1 KN 5 U
F BN —BR 4, DR B0 B0 SRR AT R 2 i
TAEHE K 24 DNA & 5 AAAE N & TP 41, i i
CCO05 Fl1CCO62 3% 24~ I A J3 51| J2 I EST 1 & 4
Sefy, AR CCO05 F1 CCO62 H5 1M L s TR H AN
SERY N F P8, B A B L T & T
PR, gl 2538 ™ 3 e B BE R S 48

FE R S AL A, N R R AT s AL AR
PEHL M mRNA B 4 55 42, SR 100, W AFAE N & F1
A BT, RIAE A & 7 sl 4t it 43 A AT DIAT B
B B D I B B SRR AT AR B

A A SR F W B F M mRNA, AR A
IR A AE S ) 3 AR DG R PR R S M B 42
W SR sl FE PRI AT AR mRNA 955 34N - B
VIBR, JE e 8 SXL A5 11 (O -2 F4 4 i%), H
TR E AL, SR o JE K55 2 A0 7
PIVIEINL B R AR AL, P A DI RE RS TRA FR . i
TEDIRERIER 4 TRA Fl— 41 SR B AR T 4% 5k
BT dsac FEDI AT mRNA, 77 A= A FUME P4 e
DSX 1, Z 5l e i — R0 A 3 A {2 i
TIAN V2 NP RN & T BT 5 5 DR, Wi
HAR B IR N BRI R R 29 14 IR IR
RAF R TR N TS B3 S ARSI A L, o
ARALF N R TR T R mRNA 9 1E 5 57
B RG24 Y R R B/ N
1492 2%, T REJR PR N & T By Head Rt b kA S H BT
T2 BRI S A 8N T, BTiAT— i
FERCE mRNA K 4 ~ 1045, WSRIZ AL B TR mRNA
P B $ e R P e A e S A A A A Y
Fz, WA RN 55 40 24~ A0 5 - AHI%E , AT S SO
R R A I FRE, BURIX 23K 2432 4N DA
FANE TR, EST A RAETEIZ N & T 751,
11T 5E R 41 DNA HEIfEAE 2 A, AT 30 4
ZERHEZME

CCO05 HE A 5 [ A (I A5 4T (™ B R LE 240 A
I 2 T 45 R A 22 S 1 SI2 50 £ SE P ZH DNA PCR 43 #t
HSL IR AR B 22 57 (°=8.553, P<0.05), JIE4
PRI A2 ) FE R A AB, T IE AL AR AR
3FNFEDRITY; CCO62 3 1A 5 | 7 1 ke 2 i i S R 7R,
DIZe A KA 3 B ROTR SR B 2 A
T 25 A6 A 2 57 () SIE 6 2 Hh CCO62 114 FEE I AL A3 AT ANl
2 (P>0.05); 1] CCO05 Fll CCO62 Fty 1 PR I 20 45 AE 24>
S 20 A AR AT AR 25 25 5 (°=21.345, P<0.01)
RI: FH3 245 [0 LR 2 e 2 B UL TR
Y S0 IR T A3 e FLAT AR etk
PGSR, R, HET CCO0S T CCO62 HeR £ 241
XA T 7 20 1E B BRLT A A 1 R IR R e 2
FIE AT DR IRIASORE , DT A AS AR R] 26 IR 8
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RILAFE 1o AR RV, CCo62
R DR PR D T B 40 e 18k A vy TV e A A
W i AR CCRER R, AWTERZR A
BRI 2 A AT R Al — 20 4 s B A Th E M
FE o A B P R BV RS ST 20 I P 2354 R %
AR AR 3 B B RIS AT — E B S
12X 2 EE R REAE BRI IELE MV > T iC i B B
P T e B — A Rk

S 3Lk
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Erythrocyte membrane surface structure of different vitality of Cyprinus
carpio under low temperature conditions and analysis of related genes

DING Lei"?, LI Yong"*, LI Yan'"’, CHANG Yu-mei’, LIANG Li-qun"*?, LEI Qing-quan’

(1. Heilongjiang River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Harbin 150070, China; 2.Harbin University of
Science and Technology, Harbin 150080, Chinaj; 3. College of Life Science and Technology, Dalian Fisheries University, Dalian 110623,
China.)

Abstract: Cold tolerance is one of the major economic characteristics in fish. Although lots of research has been
conducted by fish biologists, the molecular mechanism about cold tolerance is still not available. Experiments were
conducted to study: 1) the polymorphism of the new CCO035 (Genbank Accession Number was FF339846) and CC062
(Genbank Accession Number was FF677502) differentially expressed genes and 2) the relationship between the carp
erythrocyte structures under the temperature of (4.0+2.0) °C . The F2 of purse red carp cold-tolerant strains (Cyprinus
carpio var. wananensis) and Boshi carp (C. pellegrini) were used as experimental objects in this study. Erythrocyte
membrane surface structure with different vitality experimental fish was compared under atomic force microscope
(AFM) . The results showed that: the length of erythrocytes from normal vitality fish is (11.990+1.457) um and the
short axis is (7.22511.158) pum; the length of erythrocytes from slower fish is (11.938 +0.969) um and the short axis
is (7.394+0.864) pm; the length of erythrocytes from the sick fish group is (12.860+1.080) um and the short axis is
(8.63510.864) pm. The variance analysis showed that there is no significant difference in both the length (#=0.853,
P>0.05) and the short axis of the erythrocytes (F=3.081, P>0.05). Under 3 um x 3 um scanning reach, different size
particles on the membrane surface were observed and found to be the exposed part of the erythrocyte membrane protein
molecules. The erythrocytes from the normal vitality fish had several spine-uplifts on the edge. It was also found that all
erythrocytes had same spin-uplifts. Being measured, these uplifts are about 500 nm in diameter and 300 nm high. The
erythrocyte structures from sick fish with white spots differed from those from normal and slow vitality fish. In addition,
Analysis showed that the two unknown genes CC005 and CC062 have significant differences in their genotypes between
the membrane surface structure with uplifts group and the normal surface structure group (’= 21.345, P<0.01) . Thus,
we can assume that the carp erythrocyte membrane structure is controlled by the genes related to the low-temperature.
The result of this study would provide theoretical basis for the study of carp cold tolerance and breeding using marker-assisted
selection. [Jorunal of Fishery Sciences of China,2009,16 (4): 496-505]
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