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Abstract

The paper investigated the genetic polymorphism of some blood proteins of the Romanian 

Black Spotted cattle (RBS) on blood samples collected on anticoagulant from RBS 

populations from IBNA and ICDB experimental farms. Starch gel electrophoresis was used 

to identify the genetic structures from haemoglobin (Hb), transferrin (Tf) and serum 

albumins (Al) loci. The genotypes were thereafter used to determine gene and genotype

frequency at the particular loci. Genes Hb

A

 and Hb

B

 were identified at Hb locus; gene Hb

A

was predominant (96.15%) in the RBS population from IBNA, while in the RBS 

population from ICDB the phenomenon of gene fixation of allele Hb

A

 was noticed (100%). 

Three allelic genes Tf

A

, Tf 

D

 and Tf

E

 were observed at Tf locus in the RBS population from 

IBNA, while just two alleles, Tf

A

 and Tf 

D

, were observed in the RBS population from 

ICDB. In both cases allele Tf 

D

 displayed a high frequency, 55.77% and 52.78%, in IBNA 

and ICDB populations, respectively. All genotypes observed in Al locus were homozygous 

Al

S

/Al

S

, with allele Al

S 

 displaying a 100% frequency.
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Introduction

The study of genetic polymorphism in cattle gained momentum by the financing of 

a Biotech research project on the identification of molecular markers involved in 

assessing cattle origin and paternity, implementing thus in Romania too the 

modern techniques of molecular genetics according to EU requirements. Cattle 

origin and paternity were determined by classical (immunobiochemical) methods. 

The research on cattle was abandoned lately due to the improper equipment and to 

the lack of trained staff. Scientific papers were reported until 1989 (Granciu and 

Milovan, 1977; Stamatescu, 1989), while after that, the topic was scarcely approached 

(Nica, 1994).

The research was resumed by the mentioned project, which allowed us to conduct 

biochemical genetic research. The paper presents the results of genotyping a 

population of Romanian Black Spotted cattle raised in the experimental farms of 

IBNA and ICDB. This kind of research is of great importance for the control of 
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reproduction, for the defence of genetic variability and for keeping the purity of 

breeds. It also brings insights on breed phylogeny and contributes to the 

development of animal husbandry systematics.

Due to their polymorphous character, to their large number and to the Mendelian 

hereditary pattern, the biochemical systems are used in the study of breed origin, in 

the study of the structure and relations between breeds, in the study of the 

correlations that can be established with the several traits such as production, 

resistance to diseases, precociousness.

Table 1 shows the biochemical systems used in cattle, the place of identification 

(blood or milk), the locus notation, the number of alleles and allele notation. 

Table 1 Biochemical systems in cattle (Buschmann H., Schmid O., 1968)

Origin System

Genetic 

locus

Known 

alleles

Allele notation

Haemoglobin Hb 2(5) HbA,HbB,

Serum transferrin Tf 4 TfA,TfD1,TfD2,TfE

Serum albumins Al 2 AlbA,AlbB

Serum postalbumins Pa 2 paF,PaS

Serum globulins α2 Salfa 2 SalfaA,SalfaB

Serum alkaliphosphatase F 2 FA,FO

Serum amylase Am 3 AmA,AmB,AmC

Blood

Carbonic anhydrase Ca 2 CaF,CaS

α lactalbumin α-La 2 LaA,LaB

β lactoglobulin -Lg 4 LgA,LgB,LgC,LgD

α s casein -Cn 3

alfa s-cnA,alfa s-

CnB,alfa s-CnC

Milk

β casein -Cn 3

Beta CnA,beta-

CnB,beta-CnC

Eight blood biochemical systems are presented, six of which were identified in the 

blood serum and two in the red cell (haemoglobin and carbonic anhydrase). 

Among them, the serum transferrins and serum amylases display an increased 

polymorphism. 

The so-called rare alleles were also identified in some local populations. Four 

biochemical systems were observed in milk; among them β-lactalbumin displayed 

an increased polymorphism, with 4 identified alleles.

Haemoglobin was shown by Cabannes (1957) in Algerian cattle and three 

phenotypes were determined electrophoretically: rapid, slow and mixed; Bangham 

(1958) noted the slow type by Hb A and the rapid type by Hb B.

Ashton (1959) showed for the first time a hereditary polymorphism of the β-

globulins and of the transferrins, when he showed a system composed of 3 alleles:

Tf
A

, Tf
D E

. These three alleles have been described in the European breeds. 

Alleles Tf
B

 and Tf
F

 have been identified in Zebu and in Bos indicus crossbreds. 
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Ashton (1959) identified these alleles in Sindhi, Sahival, Brahmanand cattle in their 

crossbreds. Tf
G

 allele was observed in Eastern Africa Boran cattle Ashton (1959), 

while Osterhoff and Van Heerden (cited by Buschmann, 1968) reported the presence of 

Tf
G

 allele in South Africa Red Poll and Simmental cattle. Transferrin polymorphism 

is determined genetically by 6 autosomal alleles that can combine into 21 

genotypes with as much phenotypes. In the decreasing order of migration, they 

were noted: G>A> B> D> F> E. Al polymorphism was first reported by 

Ashton(1958), Braend and Efremov (1965), who had identified alleles Al
A

 and Al
B

. 

Later, Carr (1965) had identified other variants observed in African cattle, while 

Spooner and Oliver (cited by Cazacu, 1977) reported that Al
A 

allele is genetically fixed 

in the European breeds.

Material and methods

The experimental biological material consisted of blood samples taken from cattle 

as follows: 65 samples of integral blood for transferrin and albumin determination 

and 65 blood samples on anticoagulant (EDTA) for haemoglobin determination. 

The blood samples were collected in Vacutainer tubes with specific needles and 

holders. The serum extracted from samples by centrifugation was used for Tf and 

Al. The blood samples were centrifuged and rinsed repeatedly with saline in order 

to break up the haemoglobin molecule and release the protein and globin. The 

biologic samples came from the following categories of cattle: 36 cows, 26 calves 

and 3 bulls. The first two categories came from IBNA and ICDB farms, while the 

bulls, Crimson, Jeremis and Profox, came from  where they 

were used for AI.

The horizontal electrophoresis was with discontinuous buffer system, according to 

Smithies (1955).

LITHIUM buffer(tray): Lithium hydroxide 2.5g

Boric acid 11.8 g

Distilled water 1000 ml

pH 8.6

TRIS buffer (gel): Citric acid 0.25 g

TRIS 6.2 g

Distilled water 1000 ml

pH 8.2

A rectifier was used to modulate 400 V and 40-50 mA needed for migration. The 

22/10 cm electrophoresis plates were made of stiplex (resistant to heat and 

mechanic action).

The migration gel was made as follows: 25-26 g hydrolysed starch were dissolved 

in 200 ml gel buffer. The buffer gel consisted of 180 ml TRIS buffer and 20 ml 
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lithium buffer. The mixture was heated until gelation (90
0

C). The gel is thereafter 

aired with a vacuum pump, cooled slightly and then poured onto the migration 

plates. The gel was cut 5 cm from the plate end and the blood samples were put 

into the cut. Small pieces of Whatmann paper (0.5 cm/0.3 cm) were imbibed in the 

blood serum when Tf and Al were determined and in dilutions 1:2 

haemoglobin/distilled water when Hb was determined. Migration took 6-7 hours 

for Tf and Al and 2-3 hours for Hb. After the power was cut off, the gel plate was 

removed from the migration tank and the gel was placed on a glass sheet and 

stained with amidoschwartz for 5 minutes. The gel was thereafter immersed into a 

bath with de-staining agent and kept there for 12 hours. The transferrin and 

albumin bands are deep blue.

For Hb determination the electrophoregram is read and interpreted directly on the 

gel without staining, the band being red; for Tf determination the samples were 

read in the presence of blank samples made of standardized serums and with 

known phenotypes.

Results and discussion

Table 2 shows Hb allele and genotypes frequency and in the cattle population from 

IBNA.

Table 2 Hb allele and genotypes frequency and in the cattle population from IBNA

Allele Allele frequency Genotypes

Genotype 

number

Genotype 

frequency

A 0.9615 AA 24 0.9231

B 0.0385 AB 2 0.0769

BB 0 0

Two genotypes were identified, the homozygous AA genotype with 92.31% 

frequency (24 individuals) and the heterozygous AB genotype with 7.69% 

frequency (2 individuals). Due to genotype distribution allele frequency was 

clearly higher in favour of A allele, with 96.15%.

It is noteworthy that in the cattle population from ICDB only genotype AA was 

identified (100% frequency), which shows the presence of genetic fixation. The data 

from literature shows that this phenomenon is specific to the Friesian cattle. 

Furthermore, all the dams and sires from ICDB used in AI displayed this 

homozygous genotype.

Table 3 shows Tf allele and genotypes frequency in the 2 surveyed populations. 

Differences between the two populations were revealed at Tf locus. Thus, 5 

genotypes were identified in the cattle from IBNA farm, whereas only 3 genotypes 
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were identified in the cattle from ICDB. Figure 1 shows an electrophoregram with 

the genotypes identified at Tf locus in the cattle population from IBNA.

Table 3 Tf allele and genotypes frequency in the cattle populations from IBNA and 

ICDB

Allele Allele frequency Genotypes

Genotype 

number

Genotype 

frequency

IBNA farm

A 0.4038 AA 3 0.1153

D 0.5577 AD 14 0.5385

E 0.0385 AE 1 0.0385

DD 7 0.2692

DE 1 0.0385

ICDB farm

A 0.4722 AA 6 0.1667

D 0.5278 AD 22 0.6111

DD 8 0.2222

Tf genotypes  AD     DD     AD    AD    AE    AA    AD    DD    AD    AD    AD

Figure 1 Starch gel electrophoregram with the transferrin genotypes identified in 

the cattle population from IBNA
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In both farms the heterozygous genotype AD predominated with a frequency of 

53.85% and 61/11%. The values recorded for the homozygous genotypes AA and 

DD were close in the cattle of the two farms. The heterozygous genotypes AE and 

DE were the exception, each being identified in just one animal from IBNA (3.85% 

frequency). These genotypes were not identified in the cattle population from 

ICDB.

Gene frequency was more balanced in the cattle population from ICDB: TfA 

47.22% and TfD 52.78%, while in the cattle population from IBNA allele TfD 

predominated with a frequency of 55.77%, while TfA had a frequency of 40.38% 

and TfE just 3.85%.

Only the homozygous genotype AA was identified at Al locus, the 100% frequency 

showing the phenomenon of genetic fixation.

The genetic analysis of the dam-progeny couples on the manner of transmission of 

the three characters Hb, Tf and Al, showed that no situations of paternity rejection 

were recorded. The bulls from ICDB were also phenotyped, which confirmed the 

paternity of the analysed progeny. However, due to the narrowed genetic 

variability within this population we can not conform that the progeny paternity is 

sure. We will further analyse our results with the results obtained from blood 

groups and from DNA markers. The corroboration of these data will clearly 

ascertain progeny paternity.

Conclusions

Starch gel electrophoresis was used to determine the genotypes at Hb, Tf and Al 

loci from the Romanian Black Spotted populations from IBNA and ICDB 

experimental farms.

Genotype HbA clearly predominated at Hb locus with a frequency of 92.31% at 

IBNA and 100% at ICDB. 

Five Tf genotypes were identified in the cattle from IBNA farm, whereas only 3 Tf 

genotypes were identified in the cattle from ICDB. In both farms the heterozygous 

genotype AD predominated with a frequency of 53.85% and 61/11%.

Only the homozygous genotype AA was identified at Al locus, the 100% 

frequency.

The genetic analysis of the dam-progeny couples on the manner of transmission of 

the three characters Hb, Tf and Al, showed that no situations of paternity rejection 

were recorded. The bulls from ICDB were also phenotyped, which confirmed the 

paternity of the analysed progeny.
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