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ABSTRACT 

This investigation aimed to determine whether the C3 complement component in sheep was of a 
polymorphic nature. The sheep included in this study were the milk type crossings as follows: 25 
sheep and 6 rams - Stara Zagora × East-Friesian and (Stara Zagora × East-Friesian) × Blackhead 
Pleven breed; 10 male and 19 female lambs (their progeny) were also included in the study. The 
electrophoretic mobility and the phenotype expression of C3 complement component isovariants were 
expressed by one or two bands with differing electrophoretic mobility. The one that was moving 
slower was labelled with the letter S, whereas the faster one was labelled with the letter F. The 
homozygous phenotypes were marked with SS and FF, while the heterozygous with FS. Apart from 
these principal phenotypes, some others were observed, particularly in the heterozygous variant. They 
were the F5S, F7S and F10S phenotypes. They differed by the distance between the F and S bands. In 
the ordinary heterozygous phenotype, the F−S distance was 3 mm, whereas for the others they were 5, 
7 and 10 mm, respectively. On the basis of familial analysis we concluded that the C3 bands are 
inherited in a co-dominant way.  
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1. INTRODUCTION 

Various investigators are studying the genetic 
determination of various polymorphic systems 
(proteins, erythrocyte and lymphocyte 
antigens) with regard to a possible 
interrelationship among them and some 
important production parameters and the 
resistance or susceptibility to some diseases∗ 

The theoretical background of such studies are 
the well-known genetic phenomena as gene 
linkage, the pleiotropic effect and the 
heterozygous combination of alleles in 
heterozygous polymorphic genotypes (1). For 
now, the results are promising. Yotsov et al. 
(2, 3, 4) reported that the observed resistance 
of chickens (broilers and layer hens) against 
Marek’s disease was related to the alkaline 
phosphatase genotype AkpSS, the 
cholinesterase genotypes ES4AB and ES5AB 
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and the heterozygous haemoglobin genotype 
Hb2AB. Briles et al. (5), Bennejean et al. (6) 
and Iotova et al. (7) observed that hens from 
the B21B21 genotype were considerably more 
resistant to Marek’s disease. 
 Other authors (8, 9,10, 11, 12, 13, 14) 
showed a relationship among various 
transferrin genotypes in swine, cattle, sheep 
and carps and resistance or susceptibility to 
leptospirosis in swine; mastitis, leukosis and 
trypanosomiasis in cattle;  facial eczema in 
sheep and branchiomycosis in carps. Those 
facts are very interesting and could be a 
precondition for the initiation of a selection 
aimed at increasing the resistance of the 
mentioned animal species against the 
respective diseases. 
 Our present investigation aimed to 
determine whether the C3 complement 
component in sheep was of a polymorphic 
type.   
 
 
2. MATERIALS AND METHOD  

2.1. Animals 
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The sheep included in this study were milk 
type crossings: 25 sheep and 6 rams - Stara 
Zagora × East-Friesian and (Stara Zagora × 
East-Friesian) × Blackhead Pleven breed; 10 
male and 19 female lambs (their progeny) 
were also included in this study. Blood for 
analysis was drawn from the v. jugularis of 
the animals and collected in 10 ml tubes. The 
blood was allowed to clot for one hour at 
room temperature (25oC) and subsequently 
centrifuged at 4000 rpm for 10 min. 
 
2.2. Method 

The polymorphism of C3 complement 
component was determined according to the 
method of Teisberg (15) and is briefly 
described here: 
 
1. Buffers 

a. Stock solutions for gels - 5,5-
diethylbarbituric acid sodium salt (Diemal 
Na, Loba-Chemie, Austria) 0.0230 M; 5,5-
diethylbarbituric  acid (Reanal, Hungary) 
0.0037 M; Calcium-L(+)- lactate (Fluka 
AG, Switzerland) 0.0009 M; pH=8.6.  
b. Stock solution for tray buffer − 5,5-
diethylbarbituric acid sodium salt (Diemal 
Na, Loba-Chemie, Austria) 0.061 M; 5,5-
diethylbarbituric acid (Reanal, Hungary) 
0.01 M;  Calcium-L(+)- lactate (Fluka AG, 
Switzerland) 0.0018 M; pH=8.6. 

The first buffer was used for preparation of 
agarose gel (1%) where serum samples were 

applied. After their absorption, the 
electrophoresis was carried out  at 20 V/cm 
for about 2.5 h. It was stained for 1 min with 
Amido Black 10 B and destained for 
overnight. 
2. Destaining solution: ethanol, distilled water 
and glacial acetic acid (5:5:1) were mixed (for 
example, 1 l destaining solution contains 450 
ml ethanol, 450 ml distilled water and 100 ml 
glacial acetic acid).  Then 2 tablespoons of 
active charcoal powder were added in order to 
allow the manifold use of the destaining 
solution. 
3. Staining solution – 1% amido black 10B 
was added to 1 l destaining solution (without 
active charcoal ethanol), shaken well and left 
for overnight. If necessary it could be filtered 
after a week.  
 
3. RESULTS  

The C3 polymorphism in sheep was 
determined by the method of Teisberg (15). It 
was found that the electrophoretic mobility 
and the phenotype expression of C3 
complement component isovariants were 
manifested in a very characteristic way. Most 
commonly, one or two bands with varying 
electrophoretic mobility were seen. The one 
that moved slower was labelled with the letter 
S, whereas the faster one was labelled with the 
letter F. 

 

 
 

Figure 1. Different C3 phenotypes in sheep (FS, F5S, F7S, F10S, FF, SS). 
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The homozygous phenotypes were marked 
with SS and FF, while the heterozygous with 
FS. Apart from those principal phenotypes, 
some others could be observed particularly in 
the heterozygous variant. Such were the F5S, 
F7S and F10S phenotypes (Figure 1). They 
differed by the distance between F and S 
bands. In the ordinary heterozygous 
phenotype, the F−S distance was 3 mm, 

whereas for the others it was 5, 7 and 10 mm, 
respectively. This phenomenon is still not 
well understood, but the International 
Complement Society recognises them as 
separate phenotypes. Apart from the described 
phenotypes we found a very rare variant such 
as FF1 (Figure 2). It was however observed 
very infrequently and was not present in all 
studied sheep breeds. 

 

 
 

Figure 2. Rare C3 phenotype FF1. 
 
A principle in the study of polymorphic 
proteins is the determination of the pattern of 
inheritance of bands. This is very important 
because it determines the method of 
calculation of genotype and gene frequencies.  
 This primary element of our 
investigation was elucidated using the method 
of family analysis. The schedule and the 
results of the analysis are presented on Table 
1. It shows that in mothers, the phenotypic 
diversity was big – there was homozygous 
(SS and FF) as well as heterozygous (F7S) 
phenotypes. The rams were predominantly 
heterozygous – FS, F7S and F10S, but there 
was one homozygous animal (FF). The 
dissociation of signs in the progeny was very 
characteristic and supposed a co-dominant 
type of inheritance. This assumption was 
evidenced by all studied combinations, some 
of them being particularly distinctive (Table 
2). Combination 1 shows that the mating of 
homozygous FF parents resulted in a 
homozygous progeny from the same 
phenotype. Combination 2 shows that the 
mating of homozygous parents from different 
phenotypes (SS × FF) resulted in 
heterozygous progeny (FS). The other 
combinations were an obvious example of 
various types of band dissociation in the 
progeny. The case Numbers 5, 6 and 7 were 
especially interesting. There were three lambs 

from two F7S parents, and the dissociation 
followed exactly the model of the co-
dominant inheritance − one homozygous and 
two heterozygous phenotypes (F7S, SS and 
FF). It must be emphasised that in no case was 
there either a dominant or a recessive activity 
of genes determining the synthesis of bands. 
The inheritance could not be intermediate as 
well because there was an equivalent 
manifestation of two genes with independent 
expression. Therefore, the hypothesis about a 
co-dominant inheritance of bands was fully 
supported. Moreover, the phenotype 
manifestation of bands corresponded to the 
genotype of animals. Therefore, when we said 
“phenotype”, we actually meant the genotype 
of sheep, so we shall consequently use only 
the term “genotype”.  
 
4. DISCUSSION  

The С3 polymorphism is not peculiar to our 
studies. Wieme and Demeulenaere (16) were 
the first to deal with this problem. They 
studied the polymorphism of human serum 
proteins and were surprised that in some 
individuals, the β2С globulin zone was 
presented by 2 bands. The electrophoresis was 
performed in 1% agar gel, but when the 
traditional starch gel was used, the results 
were identical. The performed family analysis 
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revealed that those bands were inherited as an 
autosomal sign, but it did not indicate how. 
An interesting observation was the fact that 
the person with two β2С bands was a girl 

suffering from the Hodgkin’s disease. This 
first observation motivated the work of many 
investigators thereafter. 

 
Тable. 1: Family analysis of C3 genotypes in sheep. 

Mother Genotype Father Genotype Progeny Genotype 
0510 SS 98 FF 3424 FS 
9603 FS  A F10S 3538 F7S 
0526 SS 9512 F7S 3520 F7S 
8726 FS 0410 F7S 3565 FS 
0514 FS A F10S 3535 FS 
8634 FF A F10S 3414 FF 
9617 FF A F10S 3514 FS 
9660 SS A F10S 3406 FS 
8711 F7S A F10S 3413 F10S 
9664 FF 0409 FS 3419 FF 
7701 FS 0409 FS 3512 FF 
9643 SS 0410 F7S 3548 F7S 
8611 SS 9512 F7S 3553 F7S 
8622 FF A F10S 3405 FS 
0501 F7S 9502 F7S 3521 F7S 

    3555 SS 
    3415 FF 

7706 SS A F10S 3515 FS 
    3416 F7S 

9621 FS A F10S 3503 F10S 
9666 F7S 9512 F7S 3519 FS 
0512 SS 0409 FS 3529 SS 
0524 FF 9512 F7S 3523 FS 
9608 SS A F10S 3567 SS 
0529 FF 98 FF 3536 FF 
9611 SS A F10S 3509 FS 
7742 SS A F10S 3409 F7S 
9658 F7S A F10S 3425 F7S 

 
Тable. 2: The most typical combinations parents-progeny proving co-dominant way for inheritance of C3 
bands in sheep.  

№ Mother Genotype Father Genotype Progeny Genotype 
1 0529 FF 98 FF 3536 FF 
2 0510 SS 98 FF 3424 FS 
3 8634 FF A F10S 3414 FF 
4 8622 FF A F10S 3405 FS 
5 0501 F7S 9502 F7S 3521 F7S 
6     3555 SS 
7     3415 FF 
8 9660 SS A F10S 3406 FS 
9 9608 SS A F10S 3567 SS 

10 9611 SS A F10S 3509 FS 
11 9617 FF A F10S 3514 FS 
12 9664 FF 0409 FS 3419 FF 

 
Only one year later, Alper and Propp (17), 
reported about 4 (probably 5) alleles, coding 
for C3 variants with various electrophoretic 
mobility in agarose gel with a better 
separation capability. They determined 15 
various phenotypes. According to the authors, 
the F1, F and S alleles were inherited 
autosomal genes and were co-dominant 

whereas the S1 and F0,8 alleles were via an 
unknown mechanism. Furthermore, the 
investigators have studied the influence of 
various C3 genotypes upon the blood serum 
C3 component concentration, the total 
complement activity and the adhesive 
properties of С3 molecules, but no significant 
differences were observed. 
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 In the same year, Azen and Smithies 
(18), using starch gel electrophoresis, detected 
4 co-dominantly inherited alleles that were 
determining 6 different genotypes within the 
same study. The allele frequency was as 
follows: С31 – 0.21; С32 – 0.77; С33 – 0.01 
and С34 – 0.004. 
 The actual study on C3 polymorphism 
began however when Teisberg (15) published 
a really perfect method for C3 component 
electrophoresis in humans. The author 
reported that the frequency of the С3S allele 
was 0.80, and that of the С3F allele −  0.19. In 
1975, Mauff et al. (19) reported about the 
existence of an occult C3 gene. During the 
investigation on a German family, they 
discovered that the mother’s genotype was FF 
and the father’s − FS. One of offspring 
however, was of the C3F0, 5S genotype. 
Seventeen additional studies have been 
performed in order to exclude any doubt about 
the parenthood. There was, therefore, one 
possible explanation: in the mother’s 
genotype there was an “occult” or, “silent” 
gene. Alper et al. (20) were the first to report 
the existence of such genes. 
 The determination of amino acid 
sequences of those polymorphous variants 
would facilitate the characterisation of the 
probable functional differences among the 
various C3 allotypes. The authors evidenced 
an increased incidence of the C3F allele in 
humans with partial lipodystrophy, IgA 
nephropathy and Indian juvenile liver 
cirrhosis. Most probably, C3F could be used 
as a genetic marker for the determination of 
the susceptibility (or resistance) to some 
diseases. 
 The molecular mechanism of C3 
complement component polymorphism in 
humans was made clear by Botto et al. (21). 
They found out that the difference between 
the genome organisation of C3S and C3F was 
a point mutation (cytosine towards guanine) at 
nucleotide 364 of exon 3. At a translation 
level, this resulted in replacement of arginine 
(at C3S) with glycine (at C3F). This 
replacement changes the polymorphous 
restriction area of the HhaI enzyme. Using a 
genome DNA, RFLP (restriction fragment 
length polymorphism) was studied. 
Afterwards, the number of fragments was 
increased via PCR (polymerase chain 
reaction) and an absolute conformability 
between genome polymorphism and the 
distribution of C3S and C3F in 50 normal 
individuals was observed. The molecular basis 
of the secondary structural polymorphism was 
determined via a HAV4-1 monoclonal 

antibody. The polymorphous determinate was 
established at codon 314 in exon 9 of the β-
chain where leucine (HAV4-1+)   was replaced 
with proline (HAV4-1−). 
The determination of amino acid sequences of 
those polymorphic variants would facilitate 
the characterisation of the probable functional 
differences among the various C3 allotypes. 
The authors evidenced an increased incidence 
of the C3F allele in humans with partial 
lipodystrophy, IgA nephropathy and Indian 
juvenile liver cirrhosis. Most probably, C3F 
could be used as a genetic marker for the 
determination of the susceptibility 
(respectively the resistance) to some diseases. 
 All those facts suggest that the 
polymorphism of the C3 component of 
complement system was extensively studied 
in humans. In animals, this problem is almost 
left open. In our knowledge, there are only 4 
publications on this subject. Gorman et al. 
(22) reported the existence of C3 
polymorphism in dogs. It was established that 
the C3F and C3S genes were inherited by an 
autosome-co-dominant manner, but apart from 
those 2 principal alleles, others were not 
observed. The С3 locus was not linked and 
was neither inherited jointly with genes of the 
Major Histocompatibility Complex (DLA), 
nor with С6 and С7 complement component 
loci. 
 The studies of Kay et al. (23) in horses 
evidenced that in these animal species, the 
principal alleles were three: C31, C32 and C33, 
inherited co-dominantly as well. Those three 
alleles formed six various genotypes. Four 
years later, Bowling and Dileanis (24) 
reported the existence of a fourth allele that 
was with a higher frequency only in the wild 
Prjevalsky horse and with very low 
frequencies (0.01-0.04) in three other breeds.  
 Gahne and Amorena (25) discovered a 
С3-like protein in sheep blood plasma. 
Despite the earlier studies, they used an 
ordinary agarose gel electrophoresis followed 
by immunoblotting. Thus, they found out 4 
principal alleles, three of them (F, I and M) 
being represented by one principal band and 
the fourth (S) – by 3 to 5 bands. The family 
analysis showed that the alleles were inherited 
in an autosome-co-dominant manner.  
 On the basis of our results, we suppose 
that the C3 complement component in sheep 
was a polymorphic system, built by 2 alleles, 
forming various sheep genotypes. The 
inheritance of C3 bands were by a co-
dominant way. 
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