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RS REFEM XK ;S NI EBY
Z YR

X 7 R

CHEHBELED

Z &MY (Polymorphism) — AT R RBANNBRET R, BRBELER—BENE
& 2 fhek 2 ML ERA SRR, E AR R R AR B R A2 25 e B 51,
BEE Bk AN AR S ERERL, SIMENNTFLEARSSRCHET. ATIES
FAEMNETRFAEFEY, R TRARLE (0B ER A IRICE T R ks
(JKe6poeckuit, 4, 1979),

MmEE (Hb) B)MENEE BHEIENBEHRELFo BM Cabannes % (1955)
(RSB EERER, 1982) RS EHERkEERRRRMTERERELIE 2 ## Hb TR
& (HbA F1 HbB) LI, HEFEx4 Hb gSfiiss. WX ER RS 4 e, &
?EﬁﬂﬁsﬁﬁﬂmiﬁﬁiﬁﬁﬁﬁﬁﬁﬁﬁTrﬁﬁﬁﬁﬁo BRl, E2%I4H 10 FLL
FHIRESE Hb FEFik: A, B, C, D, Eaw~ G. I, Khillali, Bali, Cuttock %,

FRERERERES, EEBEABES EELURE NN RE, AR E R
SIARERMN M G4, MBAE. A ISR BES, TXE4m Hb EEENERTE
R I ANEERTHERSHE T HHX LR Hb 250000, D05 EES
R ERENSHERE RELER TR EE,

— MHEFTE

LRI FREEATEEEEM 1418 3L, HrhiEsg (Poéphagus grunniens) 407
3k AETELEHIR 3200 REL BRI B, MO RUAE Ba0 LG, HEEa 297 L%
# R 3000—3100 KA BB IT; LA 182 sLARIGIR 2200—3000 K APETT T B M
MEAIET R B E SRR R4 40 SO B AR 4B B 754 392 SLATFE T AR
A 41 Sk B AETREIFR 2000—2500 RGPS TR R X Gl 4 . 1 Fh i 4  Juh 2=
AR BT [ /RF B Bos taurus & 5Fh); a4 (P. grunniens X B. taums) 59
hARBFEMEE BN —R4E, 413

A 1987 4.4 A 10 HigE],

* ARERE DR ENE HER. T ER KRS BT R N, RAR. XK DA, BRE, Tk
BRBERERES MBS 0 R 0 TERE G M % B0,

>
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MEEE: 1983 48 AZE 1986 £ 6 Ho

LRHE: FrEwE TR AR AR AT MR R o R F N E R ER 5L
EDTA-Na, {188, S 0414 Hb Bk, DB s R MR kik 4y 5% Hb il
LR B R AR A AR TSN (1982 4F) ITRRIRERE ST Hb 43 B AR F I
Ay Hb RIBEXSHAEE . ZGER B, F23EE4MN Hb SRMmEMEUE
i, -

Lies

P4y B e 1B 2 £, RWHIREIERE S &4 HbA HLLBHNE HbA 2%
B, #hkSRUEA (402 3k, 5 98.77%) Mt 5B ROMERTLLEI % 6: 4,4 BB 3:
7(2 3k, 05 0.49%), 3 9:1 (3 3k, 15 0.74% )o WEMFHRMLLF FoR, BHLL S R, S
BLIES “+” BoR, BBl “—” %R, M4E4 Hb 4 3 Fh&EK: HLFS, HbF §* 7l
HbF*s~ (& 1),5rth HbFS B E#3fitsh. ZMXAEER Hb RMAMHIE Lo

®1 BEMTRSEEIN
Table 1 The distribution of the heemoglobin phenotype for yak

; HARM mnao & a & &
ﬁ#ﬂﬁ No. of Haemoglobin phenotypes
ik samples FS F-§+ F+S-
#® oo 112 110 2 0
Guide (98.21)* (1.79) )
VR 126 124 0 2
Xinghai (98.41) (0) (1.59)
pray H 99 98 0 1
Darlag (98.99) ) (1.01)
X i} 70 70 0 0
Datong (100.00) ) )
& i 407 402 2 i3
Total (98.77) (0.49) (0.74)

* BESANBEAENE, K 3.1 R

* The number in brackets is a percentage.

2. £ HESF

43 B H Pk EDEBE HRi HbB B HbA FIArTH& Z[AAy HbC 3 FAERE, B3
i HbAA, HbAB Fl HbAC 3 Fp#EEA (& 2), Hrh Hb* ERMEES,% 09011,
HbAA B HFERET, &5 80.22%, £IESA#EERN Hb ERTSAMERMENR
2o

3. mmRs
54w —FE, 4B HbA, HbB F1 HbC 3 Fhasf{k, 7 HbAA, HbAB M
HbAC 3 FEEA, Heh Hb* EEH K 5 & (0.9276), HbAA BOH{L % H N A
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E

1 HiEfEd Hb pd ik EiE B2 #RLesn Hb ZEE A3 FilRer Hb fkER

Fig. 1 Electrophoretogram of Fig. 2 Haemoglobin genotypes Fig. 3 Electrophoretogram
haemoglobin from Qinghai yaks of Qinghai native yellow cattle. * of haemoglobin from yak-
1. HbF-S+; 2. .HbFS; 1. HbAC; " 2. HbAA; cattle hybrid.
3. HbF+S~, 3. HbAB. 1. HbA’A'; 2, HHES;
3. HbA'C’; 4. HbA'B".

£2 MAFHRE FEBSNEHENNCEOERD S HREERE

Table 2 The distribution of the haemoglobin gené)':yp-es and the f:equeﬁcy of
haemoglobin genes for Qinghai native yellow, Xinjian brown and crossbred

cettle
g F [LE ::ifz Hlem%ﬁi?n%?z%type H;mnﬂﬁﬁ%ﬁiﬁﬁiuendes
Buaain e samples | AA AB AC HbA ‘Hb? HbE
EMEE | e 58 2 14 2 0.8621 | 0.1207 | 10,0172
Qinghi | g (2.41) | 2419 | G45)
native
seilow 5 B 84 67 15 2 0.8988 | 0.0893 | 0.0119
Huzhu (79.76) | (17.86) | (2.38)
e 40 37 3 0 0.9625 | 0.0375 0
Guinan 92.50) | (7.50) () . ; |
- ol T 182 Fr il et 4 | 0.9011 | 0.0879 0.0110
Total _ (80.22) | (17.58) (z.zd) ‘ : :
sgRs | R 297 254 41 2| 0.9276 | 0.0690 | 0.0034
Xinjiang Guinan =i . P
brown Farm 85.52) | (13.81) | (0.67) ‘ \
P & il 40 32 8 o | .0.9000 0.1000 | 0
Crossbred Huzhu (80.00) | (20.00) 0
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(85.52%) (3% 2)o

4. 29%4

PSRBT IZRAENTRROEN Hb BRI SEH 1 # HbA BRER
A HbAA &, HEAEAHNBAEFSEE HbA A1 HB 2 i Rk, B3 1l
HbAA F1 HbAB 2 FERA, H{5LL Hb* ZKEM HbAA R H4aztitsh, BHEFE

#kry Hb ERA S HMEFRBEILE 3,

®3 ROENEANEFFONTIEAERBLHRNEREE
Table 3 The distribution of the haemoglobin genotypes and frequencies of
haemoglobin gene for Black and White and Simmental cattle

1ML 2 5 e R R
it Fh LE AT 2 5 2 N Haemoglobin gene frequen-
No. of Haemoglobin genotypes cidi

R samples AA AB HbA Hb®
2 L 102 102 0 1.0000 0
Qinghai Black and White (100.00)* (0)
WmEEOE 139 139 0 1.0000 0
German Black and White (100.00) 0)
AZEBE 66 66 0 1.0000 0
Danish Black and White (100.00) (0)
HERAE 85 80 5 0.9706 0.0294
Other Black and White (94.12) (5.88)
RAEET) 392 387 5 0.9936 0.0064
Black and White (total) (98.72) (1.38)
B IR 41 27 14 0.8293 0.1707
Simmental (65.85) (34.15)

5. B[R4

5rEt HbA fu HbB 2 Fas ik, WHH HbAA R HbAB 2 i A &, Hrh
Hb* A1 HbAA A AHh3s(3 3),4 524 0.8293 1 65.85%

6. 7k
SEHE Hb EREMARGERUSETERERTGE 2.

7. W4

SYBSHE 4 B Hb GR4y, Frhal 3 FE9REIEE KRS &4 HbB, HbC F1 HbA
(B4 HbF) 4%, 5 1 Fskahdis B8, S59E4ay HbS 8%, & ITER + HiEk
B, 3 5 4Ry HbAA, HbAB 1 HbAC BRI, 551 A S4B HbFS M
fHFe B2, 5A4MIA 3 F Hb K#5% 44y HbA, HbB f1 HbC R, EM15H 1 &
REH REBNBRPEXERAAR. K, ¥ix 3 KEH550% % HbA’, HbB f1
HbC', DLBSHEaMK Blo i, feEay Hb H kBT ER % HbA'A', HbA'R,
HbA'C’ 1 HbFS %4 (& 3), £M4 RS R, HDA'A Bt HER
(83.05%) (& 4)o
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SF
ACB
- +
@ 4 I l HbA ‘B’
II «| HLFS
“ HbAC
I HbAA"
ik “ i HbES
HbAB
it
" HbAC
I HbAA

B 4 w4 AEFTIRSR Hb sk E e

Flg 4 Comparison between the electrophoretogram of haemoglobin from
yak-cattle hybrid, yaks and vellow-cattle.

#£4 RENDOESRBLE
Table 4 The distribution of haemoglobin phenotypes for yak-cattle hybrid

m € " =] # s

BEAR NT?:? ) Haemoglobin phenotypes

Sige samples A'A’ A'B’ ] A'C’ : FS
iR 35 7 28 g & 2 3
Huangyusn (80.00p* | (5.71) (5.71), (8.58)
HH 24 21 i 3 ; 0 0
Huzhu (87.50) (12.50) (0) )
& 59 49 B 2 3
Total : (83.05)' (8.48) (3.39) (5.08)

FlABR T HERL RO, AR RFURE ﬁ]ﬂﬁ%&ﬁl‘#ﬁ{* Hb ZEARY
MEESHEREZABEEEER, Fa Hardy-Wemberg ﬁf?iFﬁ?ﬁéﬂlJ =% A e U B
& Hb fr gkt TE#R 2

47 Hb Ry kAL ILA 4o ©

*E27 v



e T %W
L4E4H Hb 8

X TFHE4E Hb B4y, Cordon % (1949) F1 Reisfeld 25 (1962) (5| HikA M,
1985) FZEFIRRA HRck Bk, BIH 2 F Hb o, kIEEBHXFER Hbl, 3k
BEERHX R HOll, X5RABEFHEFPHERE M. MIKINEEXRE,
T ig¥E4 HOF 534y HbA 8L, it s Nk HE 4 HbA %18, X5 Conomonos
% (HE5|B%kEM, 1985) ERGEFPHOTFRERER,

ETHEY Hb AESEAR. AEHNMEAR—, ;Mamypos 55 (1984) 7E4 B WHFHIE
HREPLRE Hb RE 1 AR, §FZ 5, Samenpackait 55 (1985) F5H, FEA4H
Hb 4ife @701 #RE, EEESRMPMREZIAS AL Hb 8, L4 Hb
BFRA HbAA;, HINABMEFRATBLTaHeRE. A, Meprasm (1975), XKa-
mumB, (1980) ZEFI/RFILMSHEFPOMARLIIES Hb RE3HER: NF 14K
XAy HbAA, HbBB Fi3E 2 £X# iy HbAB B, RITMWHERS LRICBRAZLHE
Ao MR AR AL ERME RS, PUHBE, H & BRESry Hb HAF5s2 4
X HR. BAMIAL K F 5 S KHWAILRLHE M 2 KAFgotBst Ik BN X 4 H
HbFS, HbF~S* H1 HbF*S™ 3 fh#EM, LH LiXEE £ & ¥ (quantitative polymor-
phism) WRIER. HERITEILTHES HhFRS 2 XESRIH2A2ERF R
S XE,BINEHFEE 1 (1 A)BHEE (modifying genes) {HEE Hb 2 Fijk 4
R, f5E4 Hb H3l LR 3 fRE, HABHERNRAE IR S/ ERBE
e, R ALRAEEFEHTEERONW, BffESE Hb 2 FRaSHEx eal s kasEH
BEAERE,

2. A& A Hb 3

MERLERFUER, FilgA#E4 Hb 92 AR H HbA, HbB &1 HbC 3
A FAEAR HbAA, HbAB f1 HbAC 3 #ERERE, wAIZR S5 #ERE HbA, Hb®
1 Hb® B3ZAS, HKrh Hb* J0fh B3 (0.9011),H 4 2 FR LR RERME(4 5125 0.0879
f10.0110), fiHDIZ&F HbAB 1 HbAC R RIAN K. FHEABELEINTES
MIEERHFES Han, % (1982) ZEHEEArhAgiAES 3 4 £ (Hb*0.894, Hb0.092,
Hb0.014), 5 R % (1986) R ER )4 rhaybF 5t 45 42K (Hb0.8372, HBP0.1000,
Hb0.0625), MRMEFMEFRNERDERBERNFTERST, FEABELERE
ErT -ERF(RE, 1986). B 4fE ABF(KAS, 1968, | HEAKEN,
1982; Abe, 1971) REREEARALBIE Hb*, Hb® F1 HbC 3 MESMERBRSE
BE,PL Hb® OfUHEE X RER R UMA M EY Hb AT, IERESEY
BEENEF ORI, RRAROERRENE. ETESBAREEP AT LBER
I HbB A1 HbC 4 FLIK HbBC MEA T, BEMISEFRESHENERERESL
RBRERBEENEDIR. '
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3. 4 Hb B

FERBSRUBRIEFAETENARSHEARFF R ETRMZ NEH & 4,
F 1983—1984 £5| A HF g, AFRIERIR 3000—3100 KA, W THRIH Hb
LR EHMERREE HbA f1 HbB 2 MAERK,MRE HBC 54, H HMW &
R 7E 0.81—0.92 Ja] (Wegner, 1967; Piljko %, 1971; Georgescu, 1973; Kame-
nskaya, 1973; Hierl, 1980; Samarineanu %, 1984), M Perez £ (1979) RERLTH
2= Hb* RN 0.42, RAIRBERZH. FEBFETERATHEKXBAFRHMmB, HMn7T
FREMER HbC, HMER Hb &R HbA, Hb® R HD® 3 fESUERAR,
B Hb* ERBEGS SHEEERE LORERL (09276), RILHER, ¥
4 Hb ZEMBNBELICE Hb SRENE S BRGE, RZEERBSF L
HEERABES S A0 HETH, FREFEBSE Hb i ERIAN S SR
ﬂﬂﬁﬂ%ﬁﬁﬂﬁ#é’]ﬁﬁo .

4. RBfe4ey Hb 2

FERE, kﬁﬁﬁz‘rﬁfx#ﬁ#ﬁ-dﬂﬁﬁé%é%#: {1 HbA ZEFHEMH HbB RFEEE
Rk, ARRFEENBALSE S RNKPERRAE AZREE DT EFEREL
BRENTBREATFUREERATHNBOES. MNRARNSERATUED, AHRA
EFEMFRBAEFHAE 1 # HbA ERE, B 1 # HPAA B, A EHRAR
BARy BEE4H HbA F1 HbB 2 MAERK, BHH HbAA 51 HbAB 2 FERE, N
R ERTEEA S HbB ERENEERMFRMmE.

5. @35m4 Hb &

ARRFTHMEIE/RAH Hb ERERAE N R E R = (Michalak, 1968;
Studziski %, 1967). #.B¢ (Sinyuk, 1972; Sokol, %, 19733 Koval, 1973), I
B (Wegner, 1967) SEEIKXKLERHEM,E HbA 7 HbB 2/ FiZE R4, BIH HbAA
A1 HbAB 2 FhEER, b Hb* HRHBERE,{E Hb* EFEMEKET LRAER (§
PEIIHE4R 2 0.8293, B 25104 0.86—0.89, FRIEAY 8 0.86—0.89, B HEERY4 0.90), Hb
AR XFMEEEES S EREE SRR ERERA X HHFREARMT.

6. R4t Hb &

B RS AR 2R, SR BARMRE BT RERT, BEEREY
H b e 2R, BERANRB R TEE S TN REE Tk EERAITMA
MBS A AL S A R R A A T O O L AR R R IR BB E. 3
FLEE4% (1984, 1985a, b, 1986) & Mk g Gk BEE 5 SERMMIM —HE, XL
A5 EANSE, KEELRSRBEEKELE N T # % 2 Mo Sammenpaackai
(1985), WHiN/RIEK SHEENZF—RE Hb STMEERNY, ZEdhLIMRER
FOSEAE BRI B S %: HbAA, HbAB 1 HbAA,, RiTx4s: Hb WBi%4EE
FESREE, Tib M Hb R4y E,mEM Hb sBikEE LRE . REHE SRS EFRuNZ L,
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WERASETRRHE. Mt Hb F5% 4 Hb sk M0 3 Faks, e
DRAERBEZL: A1 FEREEREESNRLEFX AR, Eika#Er .54 Hb
HHAESHS HbA (FE4 HOF) #H%E HbA’ B4y, A fEE 54 HbB 5 HbC 25
FRERABFHY HbS Ry FEMEG HbB', HbC' m® HbS g4y, ZEmikEil b mAaS
HATEEMEEIEY 4 #ET: HbA’A’, HbA'R', HbA'C’ f1 HbFS &, {14 RS54
H HbAA, HbAB, HbAC FUE4fy HbFS ML, XFh 54544 HbFS Hiasgt
ROEER ALt YRGS DRI e Y b, SRRl )L Hb BRIpM4E
XA R4 ANEBTN TR R S

Guilbride 5 (1971) ZE“SXERAGBENE"—XhREHT Hb BE5EENEER R
RZERFRe AT HbAA BIBH 4R &S EN BT B MR~ 5 &, EHt
®4H, HbAA BUEREFFRNME S 75%, ifi HbAB RU3g 4 JLE A KI5 B I 8o
Hoshs 38 Meyer 5 (1964) 7EHE 8 MRFD 1444 SLAMRHE, RIEBSMHERE
HbAA A, MELMSEFREI HbAA, HbBB 71 HbAB 3 FENA, RITELRH
RIFHEBF B (EHBEEN) 756 AR HbA ZEH®E (0.8973) B AR
F4:(0.9375) %1%, LIRF A IHE/REH H ERFRETHEER. AL, XHER
EHGUF LHRENTEE, ERELET, SEEEFEN S0 Hb B EH—EpE

Fd, HbB 255k fPlnf i BR EIRB A BT A B R o, ETZE S E A Ml AN B Fhrh g 22
BEIF R DR RAYy HbB 2 EFi %,

L

(1) FHBF Hb Rk hth® F A% S 2 MROER. F ke
S534FH HbA ZEREMAEL, TS #%: HbA %18, RIS HOF R HbS 3 p
HIZ BRI X 4324 HbFS, HbF™S* #1 HbF*S™ 3 R A,

(2) FiELMELN Hb SEMMESRAZE HbA, H® f1 HbC 3 FESfriH,
THH HbAA, HbAB F1 HbAC 3 FhEMREA,3h Hb* 1 HbAA S{tHEREMMRY
ERR, FEasn Hb ZAMESIES & i FEEaael

(3) EFEEHFEHRE LOTEE, FENFEEAE4N Hb SHEERNEATES
—H,RHE 1 # HbA LRk, BHH HbAA 1 FEERE,

(4) HIEIE/REN Hb 25 IFSSRERE—RE, & HbA 1 Hb® 2 24y
ZHN,BIH HbAA R HbAB 2 FhIL[RZ,m HbA 2R (E, % 0.8293,

(5) R4 Hb 7 4 Fredk a4y, 5irh 3 FhAIREDEE ik 54 iy HbB, HbC 1
HbA #HY, £5I#k>% HbB', HbC' f1 HbA', B—Fh54E400 HbS M, SI1#4EHR
H 4 #R A HbA’A’, HbA'B’, HbA'C’ Fi1 HbFS #,Hth HbA'A’ HE s,

$ = ¥ B |
[iEEd, 1982, FREVEREERHREFNNLAEANEREOSHENHS B R L ASEE, SRBEEE

GETD 68—72,

ZILRE ST R R, 1934:ﬁ*&ﬁ%*(ﬁ’*\ﬁé#)f*%m%éﬁiﬂﬁﬂﬁﬂﬂE%’#("&"f‘]), 42—46,
FAR W EER IRE FERRAE 48, 1985, BERIFRUESHE)MME LR E 47,5
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ZIRE I FES DE, BRSE, 1985, BEREEAES HPONMEEHEDR, TEES, (O:
23—25,

FAT I EE B R B, 198654 R HFEAGEE, 4 )M R LDH B LS HE,.HEE
g (2): 59,

EEABREE, FHEF, 982, FROMEREHNE, 130132, LEHEEAHERT.

kEM, 1985, 4 mml R RaRR(—)BI EREHL, 2(1); 1—
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STUDIES ON THE HAEMOGLOBIN POLYMORPHISM
OF CATTLE AND YAK IN QINGHAI REGION ON
THE QINGHAI-TIBETAN PLATEAU

Zhang Caijun
(Qinghai Animal Husbandry and Veterinary Medicine College, Xining)

This paper deals with the characters of haemoglobin polymorphism in different species
and breeds of cattde and yak in Qinghai region on Qinghai-Tibetan Plateau. The blood sam-
ples from 407 yaks, 182 Qinghai native yellow, 297 Xinjiang brown, 392 Black and White, 41
Simmental, 40 crossbred cattle and 59 yak-cattle hybrids were typed by means of CAM ele-
ctrophoresis for haemoglobin. The results of the experiment were summarized as follows:

(1) The haemoglobin electrophoresis patterns of all yaks consisted of both fractions
HbF and HbS, were different from that of yellow cattle. The moving speed of HbF band
was similar to that of HbA band of yellow cattle. In accordance with the relative propor-
tion between F and S bands, the haemoglobin of Qinghai yak was classified into three phe-
HbFS (F:S=6:4), HbF-S* (3:7) and HbF*S~ (9:1).

(2) The haemoglobin polymorphism of Qinghai native yellow and Xinjian brown cattle
consisted of three multiple alleles Hb* Hb" and Hb®, showing three genotypes
HbAA, HbAB and HbAC, of which Hb* was a dominant gene and HbAA was a dominant
genotype. This appeared to be a character of haemoglobin polymorphism in East Asian cat-
tle.

notypes

(3) The haemoglobin polymorphism of Qinghai Black and white and Simmental were
similar to that in other regions. The first only presented single Hb" gene, showing single
HbAA type, and the last presented two variants
——HbAA and HDbAB.

(4) Four fractions were separated by means of electrophoresis for the haemoglobin of
yak-cattle hybrid, according to its moving speed they were divided into HbB’, HbC’, HbA’
and HbS groups resp., showing four phenotypes HbA’A’, HbA’B’, HbA'C" and HDbFS.

(5) The frequency of Hb* gene from calves of Xinjiang brown was lower than that of
its adults, and the frequency of Hb* gene from Simmental in Qinghai region was slightly

HbA and HbB, showing two genotypes

lower than that in other regions, suggesting a selective affect of .hypoxia environment of
Plateau on the haemoglobin type of cattle.
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