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1. Introduction 

Birth weights, weaning, and daily weight gain of 

calves before weaning vary according to farm animals' 

environment, production, and breeding systems. It is 

expected that these traits will be affected by direct 

genetic influences and the genetic effects of the mother. 

Therefore, it is crucial to evaluate the genetic potential 

of these traits to improve beef production. Also, it has 

great importance to understand the genetic factors and 

the environmental parameters that affect these 

variables. It is essential to know the genetic and 

environmental parameters associations to implement 

optional breeding and selection programs (1). 

After the development in the field of detecting the 

structure of genes in farm animals and calculating the 

difference between the degrees of similarity between 

individuals within the same family, genomic 

information was relied upon to detect genetic 

variation in different genetic sites and the overlap in 

their effect on the variation of productive traits (2). 

Breeding based on selection markers and genomic 

information also assisted in the additive effect that 

plays a vital role in influencing the phylogeny and 

development of farm animals (3); likewise, the effect 

of dominance in the traits had an added value on the 

additional variance of the studied traits. Therefore, 
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Abstract 

Birth weights, weaning, and daily weight gain of calves before weaning vary according to farm animals' 

environment, production, and breeding systems. It is expected that these traits will be affected by direct genetic 

influences and the genetic effects of the mother. Therefore, this study was designed and conducted on 50 

Holstein cows herds to estimate breeding value (after estimating the mean of allele effect and the mean of allele 

replacement effect of the DRB3 gene), as well as the variance components of the birth and weaning weight 

traits, depending on the variance resulting from the inherited polymorphism of the DBR3 gene. The results of 

this study showed a preference for the wild allele A based on its mutant counterpart B was the mean allele-effect 

value and the mean allele substitution value, corresponding to the preference for the A allele in both traits, the 

individuals with the AA genotype outperformed the homozygotes and mutants in the educational value (a value 

that is estimated based on what the individuals carry from the genotypes). The genetic variance of weaning 

weight was higher than the genetic variance of birth weight, and this may be due to the preference of allele A 

and the AA structure over the other two components in positively affecting birth and weaning weights, 

indicating the importance of this genetic structure of the DBR3 gene in selection within the genetic 

improvement programs for the color characteristic of Holstein cows.  
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many studies began to pay attention to this effect 

because of its critical role in the total variance of 

productive traits (4, 5). Therefore the study of gene 

maps has focused mainly on additional variability, and 

several studies have emphasized the importance of 

non-neglected contribution to the sites of quantitative 

traits QTL (6). 

One of the essential tools in the genetic improvement 

of livestock species is the prediction of breeding values. 

Predicting breeding values depends on knowledge of 

relationships between individuals. Determining genetic 

relationships between animals allows an estimate of the 

proportion of the apparent variation that can be 

inherited. The expected variance in the total estimated 

breeding values, including all the effects of estimated 

genetic markers, does not exceed the total genetic 

variance (7). 

The bovine lymphocyte antigen (BoLA) system is 

defined as the major histocompatibility complex of 

cattle (8, 9); the main histocompatibility complex 

genes encode on the cell surface glycoprotein 

molecules that are highly polymorphic that represent 

the antigenic peptide of T cells (10) and play a 

fundamental role in the immune response to external 

factors. BoLA is mapped on chromosome 23 and 

consists of Class I, IIa, IIb, and III regions (11); the 

DRB3 gene locus has received wide attention due to 

its polymorphism and its association with immunity 

and productivity in dairy cows; 130 BOLA-DRB3 

alleles have been identified that contain 5 exons and 4 

introns (http://www.ebi.ac .uk/ipd/MHC/bola/) (12). 

The multiplicity of genetic phenotypes in alleles can 

produce more than 20 amino acids. Each allele has an 

advantage in expressing the type of complex tissue 

compatibility. These differences are in the binding and 

antigen site of the peptide and thus functionally 

specialized to provide antigens to aid production 

mainly from external proteins and parasites of T cells 

and T cells helper, as their cells play several vital 

roles, including the activity of macrophages and 

lymphocytes, as macrophages search for external  

 

viruses, bacteria and parts of most parasites that attack 

and swallow them, and thus play a significant role in 

the immune response of anyone as long as they are 

against diseases (10). 

Therefore, the current study was designed to estimate 

the educational values and parameter variation of birth 

weight, weaning, and daily weight gain characteristics  

2. Materials and Methods 

This study was conducted on 50 Holstein cows’ herds 

to estimate breeding value and variance component on 

birth and weaning weight traits depending on DRB3 

gene information. 

A medical syringe collected blood samples from the 

jugular vein in 15 ml sterile polypropylene tubes 

containing 0.5 ml of EDTA (0.5 M) as an anticoagulant 

by the phenol-chloroform extraction veterinarian at the 

station. The 284 bp fragment consisting (Paswan ) of 

the 267 bp exon 2 region of the DRB3 gene and the 

flanking intron of 17 bp present in the genomic DNA of 

cattle was amplified by employing the corresponding 

primer pairs (forward and reverse), a program and the 

details of the primer sequences are as (13).  

Following the completion of PCR, the polymorphism 

of the DRB3 gene was identified in blood samples from 

the cows after cutting to the required piece of the gene 

(284 bp) by restriction enzyme HeaIII from 

Haemophilus aegyptius bacteria the digestion with 

HaeIII.  

Equations used to calculate values were according to 

Calus (14) as: 

1- Average allele A effect α A = q [a+d (q-p)] 

2- Average allele B effect αB = q [a+d (q-p)] 

Moreover, the average of substitution means the 

difference between the two values. 

1-Breeding values 

 α1, AB= α1+α2 BB=2 α2 AA= 2 

2- Dominance deviation  

AA=-2q²d, AB=2pqd, AA=-2p²d  

3- Different data: 

α², VD=4p²q²d², VG=VA+VD VA=2pq    

http://www.ebi.ac/


Hamad Senkal et al / Archives of Razi Institute, Vol. 77, No. 5 (2022) 1779-1783  

 

 

1781 

3. Results and Discussion 

Following the completion of PCR, the polymorphism 

of the DRB3 gene was identified in blood samples from 

the cows after proceeding with the cutting to the 

required piece of the gene (284 bp) by restriction 

enzyme HeaIII from Haemophilus aegyptius bacteria. 

The digestion with HaeIII revealed four restriction 

sites, which resulted in three pieces: 

1- AA allelic (167, 52, and 52) bp 

2- AB allelic (219, 167, 52, and 52) bp 

3- BB allelic (219 and 52) bp  

The results showed that allele frequency for 

dominance allele (A) was 0.65 while the other allele 

(B) was 0.35, and the number and percentage of 

distribution ratio of DRB3 gene polymorphism for AA, 

AB, and BB which reached 46.00, 42, 00 & 12, 00 % 

for respectively (15). 

Table 1 shows the superiority of the individuals 

carrying the homozygotes dominant genotype AA over 

the hybrid and mutant individuals in the educational 

values of the birth and weaning weight traits; as can be 

seen in table 1, the breeding values increased with the 

increase in the number of dominant alleles carried by 

the individual. The breeding value represents the value  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

of the individual dependent on the alleles and genetic 

combinations they carry (16, 17); it is thus a true 

expression of the individual's genetic value and its 

productive viability in the absence of the environmental 

impact that may lead to the deviation of this value. 

Therefore, it is an essential basis for selecting the best 

individuals within the herd to be the next generation's 

parents (14) 

In this study, dominance deviations tend to favor the 

homozygotes mutant genotype (Table 1), which is 

superior to the two dominant hybrid and homozygotes 

combinations. This indicates the negative allelic 

interaction in favor of the mutant structure. Thus the 

preference is in favor of the AA genotype, which came 

with the lowest dominant deviation (18). 

Table 2 shows the positive effect of the dominant 

allele A of the DBR3 gene on the mean allele effect 

value (0.819), which came with a positive value at the 

expense of the recessive allele B for the birth weight 

and weaning traits, which are economic characteristics 

that represent the level of growth and weight gain of 

the animal (19), it is the value of the difference between 

the mean of individuals carrying a given allele from the 

general mean (16, 20). 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Breeding values, dominance deviation for DRB3 genotypes, and genetic variance and its content (Additive and dominance 

variance) for birth and weaning weight traits 

 

Genotype Trait Breeding value Dominance deviation VA VD VG 

AA 

Birth Weight 

28.57 27.82 

0.3 0.39 0.69 AB 27.76 28.63 

BB 26.95 29.16 

genotype Trait Breeding value Dominance deviation VA VD VG 

AA 

Weaning Weight 

64.04 63.2 

0.29 1.03 1.32 AB 63.23 64.49 

BB 65.36 62.42 

 

Table 2. Breeding values, dominance deviation for DRB3 genotypes and genetic variance and its content (Additive and dominance 

variance) for total milk production and length of peak lactation 

 

Allele Trait Average allele effect The average effect of allele substitution 

A 
Birth Weight 

0.2844 0.819 

B - 0.528 -  0.819 

Allele Trait Average allele effect The average effect of  allele substitution 

A 
Weaning Weight 

0.28 0.804 

B - 0.52 - 0.804 
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As for the mean effect of allele substitution, it was 

also in favor of the dominant allele A because of its 

recessive host B for the weight at birth and weaning 

trait. The values of the recessive allele were negative -

0.528 and -0.52, respectively. The mean effect of allele 

substitution was also in favor of the dominant allele A 

on account of its recessive host B for the weight at birth 

and weaning trait. The values of the recessive allele 

were negative -0.528 and -0.52, respectively. 

The mean effect of allele substitution was also in 

favor of the dominant allele A on account of its 

recessive host B for the weight at birth and weaning 

trait. The values of the recessive allele were negative -

0.528 and -0.52, respectively. This value shows the 

effect of selection for one of the genes at the expense of 

the allele on the general mean of the studied trait. 

This result is broadly consistent with the fact that 

birth weight and weaning weight are quantitative traits 

that are greatly influenced by the environment, as it 

was found that the inheritance of these traits was 20-

30% for birth weight and 20-40% for weaning weight 

(21). It is affected by a large number of genes, thus 

reducing the individual influence of any of the studied 

genes, so studying more genes helps develop breeding 

and mating programs for dairy cows (22).   

This result indicates the possibility of using this gene 

in animal breeding and improvement programs by 

selecting the studied traits to obtain a higher value of 

additional variance within the total variance. The 

recorded data showed that the AA  genotype was better 

because of its higher reproductive value compared to 

other genotypes because the additional effect will be 

inherited on the offspring (3), and the average effect of 

the allele within the overall effect of all affected genes 

on the studied traits in order not to underestimate it (the 

average effect of the allele) between the value-added or 

lost as a result of choosing one of the alleles (20), 

which supports the adoption of this gene within the 

breeding and improvement programs. These results 

were attributed to the role of a complex 

histocompatibility gene in increasing the body's 

immunity against pathogens, including the bacterial 

causes of mastitis that affect the lactic gland in cows 

(23) and thus lead to improving the health of the cows 

and increasing the amount of feed consumed during 

pregnancy and after birth, which helps to produce Born 

in calves with good birth weights, as well as an 

excellent daily weight gain, as a result of the effect of 

this gene on the health of newborns and thus obtaining 

a good weaning weight also (15). 

4. Conclusion 

It is evident from the recorded data that it is crucial to 

adopt the data of this gene within the programs of 

improving the production of these two traits and their 

early prediction, as well as the importance of the 

selection of allele A and its actual value if it is homo or 

hybrid for both traits birth and weaning weight traits.  
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