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Brief Communication 

Haemoglobin Types of Old Norwegian Short Tail Land Race Sheep 

Thirty years have passed since it was shown 
that sheep have two types of haemoglobin 
(Hb), A and B. Since then a large number of 
studies have been undertaken; gene frequen
cies, relations and origins of breeds, bioche
mistry, correlations with diseases, to men
tion the most important fields for which 
these 2 haemoglobins have been utilized. A 
few years ago, in a number of studies, Vestri 
and coworkers ( Vestri et al. 1983) using 
chromatographic and biochemical methods 
together with isoelectric focusing showed 
that in Italian sheep additional Hb types 
occurred. These new types are caused by 
substitutions in the alpha chains, in contrast 
to the A and B difference which is caused by 
7 amino acid substitutions in the beta chain 
(Huisman et al. 1965). Vestri et al (1983) 
also proved that the alpha chains in sheep, 
as in man, horse and goat among others, are 
controlled by 2 closely linked alpha globin 
genes. 
At the western coast of Norway, on the 
island Selbjern, there is a total of some 400 
sheep. They live outdoors all the year and 
are only assembled for shearing in June and 
for selection of animals to be slaughtered in 
September. They are owned by the local far
mers but not individually marked, only with 
the ear mark of their owners. These sheep 
are assumed to be little influenced by other 
sheep breeds and therefore probably repre
sent the original land race sheep of Norway. 
They are small sheep but with great varia
tion in colours. It was found of interest to 
investigate the Hb types of these sheep using 
isoelectric focusing in polyacrylamide gels, 

with Pharmalyte and lmmobiline, both of 
pH range 6 .7-7.7 (Braend et al. 1987). 
In Fig. 1 selected Hb phenotypes of the 
Selbjern sheep are shown. os. 1 and 12 are 
one band types, homozygous for B and A 
respectively. Since, however, an Hb mole
cule is composed of 2 alpha and 2 beta 
chains, it is genetically controlled by 2 in
dependent genetic systems, 2 closely linked 
genes for the alpha chains ( Vestri et al. 
1983) and a beta gene for the beta chain. In 
nos. I and 12, however, the 2 alpha globin 
genes produce identical alpha chains, both 
with leucine in position 113 ( Vestri et al. 
1983). Samples nos. 3 and 5 have also the A 
and B types but an additional, weaker, Hb 
band. This is assumed to be the Hb mole
cule which Vestri et al. found to have an 
alpha chain with histidine at position 113 
instead of leucine. This causes a difference 
in isoelectric point (Pl), which is detectable 
by isoelectric focusing. The two closely lin
ked genes controlling these two alpha chains 
of the Hb molecule, one with leucine the 
other with histidine, is called a haplotype 
and can be written as ale atti. In sheep 
homozygous for this haplotype the ratio of 
the anodal to the cathodal band is 1.8 to I 
( Vestri et al. 1983). In heterozygotes is was 
found to be about 4 to I . In our study we 
could by eye see differences in band ratios, 
easily in nos. 3 and 5, but others were so 
weak that they are not seen clearly on the 
photograph. The weak ones (4, 6, 7) could 

Le H" be heterozygous for the 2 haplotypes a a ' 
and 0.1.e, which also could be written as a.Le 

0.1.e. A third type of alpha chain is the result 

Acta vet. scand. vol. 28 no. I • 1987 



122 M. Braend et al. 

+ 

----- --- --
J/ 

-"- - .-.. ...... -- ....... -- - -
• 

I J. !> If s ' 'J I 9 10 II 12 

Figure I. Photograph of portion of an Immobiline gel, pH range 6.7-7.7, showing selected Hb pheno
types. No. I: Ba.L•, no. 2: ABa.Le, no. 3: Ao.Lea.Hi, no. 4: Ba.Lea.Hi (a.Hi weak), no. 5: Ba.L•a.Hi, nos. 6 & 7: 
ABa.Lea.Hi (a.Hi weak), no. 8: ABa.LeaHi, no. 9: Aa.AlLea.HiaLe, no. 10: BaAILea.Hia.Lea.Hi, no. 11: 
ABa.A1Lea.Hia.Le (a.Hi weak), no. 12: Ao.Le. Extra bands which are assumed to be metHb are marked with 

arrows. 

of a substitution at position no. 8 in the 
alpha chain having leucine at 113, but 
with its gene being linked to the a.Hi gene 
( Vestri et al. 1983). The replacement of se
rine by alanine at position 8 causes a differ
ence in PI. Judged by published photographs 
of Hb types in Italian sheep it is assumed 
that the third alpha chain occurring in nos 
9, I 0 and 11 is the same as that found in 
Italy. 
In Table I observed phenotypes are presen
ted. Since it is not known whether some 
sheep may have been sampled twice, the 
results are reported separately for the 41 
sheep bled in june and the 42 bled in Sep
tember. According to theory 18 phenotypes 
are possible, when we exclude recombinants. 
Adult, sheep may have l , 2, 3, 4 or 
6 Hb molecules. In Table 1 formulas for 15 
phenotypes are given, since we could not 
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with certainty differentiate between pheno
types homozygous for the a.Le a.Hi haplotype 
and those being heterozygous, with a.Le as 
the other haplotype. Differentiation based 
on band ratios was, however, done for the 
various haplotype combinations having ala
nine at position no. 8, even though this was 
judged by eye and therefore, not as exact as 
would have been desirable. Twelve different 
phenotypes were found (Table I). Most re
markable is the great Hb variation and the 
high frequency of Hb B. This is in contrast 
to the frequency of 1 to 4 % in the common 
Short Tail Land Race sheep in Norway 
(Efremov & Braend 1965, Braend unpublis
hed). The occurrence of the aAILe am haplo
type at a frequency as high as 0.17 is also of 
interest since this type has so far not been 
found in other Norwegian sheep (Braend un
published). 
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Table I. Haemoglobin types in Old Norwegian Short Tail Land Race sheep. 

Ao.Le ABa.Le Ba.Le 
June 2 
Sept 2 2 

Ao.Lea.Hi A Ba Lea.Hi Bal.ea Hi 
June 9 18 
Sept 7 12 5 

Aa.A1Lea.Hi ABaAll.ea.Hi BaAILeaHi 

June 2 
Sept 

Aa.AILea.Hia.Le ABa. AILea.HiaLe BaAILea.Hia.Le 

June 5 
Sept 4 

Aa.AILea.Hial.eaHi ABa.AlLeaHiaLeaHi Ba.AILea.HiaLeaHi 
June 2 I 
Sept 3 2 2 

Gene frequencies: June, A= 0.63, B = 0.37 Haplotype frequencies: June, a.All.ea.Hi= 0.17 
Sept, A= 0.54, B = 0.46 Sept, a.AIL.ea.Hi= 0.17 
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