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Abstract 
Assessment of the genetic potential in efficiency of agricultural animals by genetic markers is a modern, popular and rapidly developing area 
in breeding. Currently, effective genetic markers are searched for among the candidate genes for various traits in various breeds. It has been 
assumed that the phenotypic effect of genetic markers may be more pronounced if the genotype of the animal has genetic markers that 
potentate the effect of each other. Therefore, genes of the somatotropic cascade have been taken for the study, the protein products of which 
are key links in the humoral chain involved in the processes of mammals’ growth and development (bPit-1, bGH, bGHR, bIGF-1). In this case, 
expression of one gene affects expression of all other genes, and one polymorphism can potentiate the action of another one. The subjects of 
the study are polymorphic genes of the somatotropic cascade: bPit-1, bGH, bGHR and bIGF-1. Meat productivity of animals with various 
genotypes and their pairwise combinations was assessed based on live weight at the age of 18 and 24 months. Results of this work show that 
genetic markers that are diplotypes often have more pronounced phenotypic effect than individual marker genotypes. For example, the range 
of live weight at the age of 12 months for IGF-1BB genotype is 325-331 kg, its pairwise combination with bGH-AluILL genotype potentiates 
this effect to 278-306 kg; genotypes that are individually associated with meat productivity in pairwise combinations have increased or 
decreased statistically significant phenotypic effect, compared to the total sample. Such combinations may be applied as genetic markers of 
productivity in breeding programs. An example is bGH-AluI polymorphism. Inversely, polymorphisms that individually show association with 
a symptom of productivity may be within the total sample in pairwise combination by the phenotypical effect. 
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INTRODUCTION 
Global development of agriculture in general and 

livestock in particular is required for improving and ensuring food 
security of the country. The main products of animal husbandry 
that provide biologically complete substances to humans are meat 
and milk. 

Over the years of reforms in agriculture, significant 
changes have occurred in the structure of agriculture, and in 
animal husbandry. The population of cattle has decreased twice, 
the flow of imported food is not reducing, and dependence on it 
increases [1]. 

In this context, the main factor of animal production, 
namely meat, is the development of beef cattle breeding. 

The main task of long-term breeding is creating desired 
genotypes that could combine high production quality without 
reducing the reproductive potentiality and longevity, and show 
their valuable characteristics in the offered conditions of industrial 
technology. 

In breeding, selection is of fundamental importance, 
since it finalizes identification of breeding value and choosing the 
best animals for farther use, based on preservation and increasing 
qualitative commercially valuable traits [2]. 

In breeding work in high productivity herds, one should 
envisage a program for using those animals that can transfer only 
useful qualities to their offspring [3]. 

Thus, genetic improvement is largely due to intense 
screening of highly productive animals and targeted selection. 

A screening system may significantly change the basic 
constants that characterize the genetic status of the population, 
and, consequently, affect efficiency of further breeding. With that, 
acceleration of the genetic progress is achieved by using 
intralinear breeds and crosses of lines [4]. 

In animal breeding, breeding in lines and families is 
very important. This allows concentrating valuable hereditary 
qualities of the breed. Advantages of a breed are accumulated in 

lines and families that are in structure, and ensure possibilities for 
improving the breed. 

New lines are constantly formed, and old lines disappear 
in a breed. However, life duration of a line depends on the level of 
hereditary capacity of line founders and successors, and on 
efficiency of breeding work with this line. 

Due to accumulation of hereditary properties (genotype) 
of the mother, over time each line loses its genetic similarity with 
the founder. 

In this respect, in order to extend the life of the lines, 
prevent their "departure into ewes" and preserve the valuable 
properties, new breeding methods are to be used [5]. 

MATERIALS AND METHODS 
The subject of the research was a sample population of 

cows of the Auliekol breed (n=284). Samples of the biological 
material and information about animals’ productivity had been 
provided by LLC Karkyn, Republic of Kazakhstan. 

The subjects of study were polymorphic genes of the 
somatotropic cascade: bPit-1, bGH, bGHR and bIGF-1. Meat 
productivity of animals with various genotypes and their pairwise 
combinations was assessed based on live weight at the age of 18 
and 24 months. 

Genotypes of the animals were determined by the PCR-
RFLP method. Primers’ sequences and PCR conditions for 
analysis of each polymorphism are shown in Table 1. 

Analysis of the polymorphism of the lengths of 
restriction fragments included processing the amplificant with 
site-specific restrictase, followed by separating the obtained 
fragments with gel electrophoresis. 

Analysis of HinFI of bPit-1 gene in exone 6 was 
performed using the method described by Moody D.E. [6]. The 
obtained pattern of electrophoresis is shown in Figure 1. 
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Analysis of polymorphism of the nucleotide sequence of 
bGH gene in exone 5 was performed according to Pawar R.S. [7] 
(Figure 2). 

Analysis of polymorphism of the nucleotide sequence of 
bGHR gene in exone 08 was performed according to Skinkytė R. 
[8] (Figure 3). 

Polymorphism of the nucleotide sequence of the 
insulin-like growth factor gene-1 bIGF-1 in the area Р1 of the 
promotor region was identified according to Hines H.C [10] 
(Figure 4). 

For all analyzed genes, genotype of the animal was 
documented and populated into a common database. 

 
THE MATHEMATICAL MODEL OF THE EXPERIMENT 

Assessment of polymorphisms of the genes of bPit-1-
HinFI, bGH-AluI, bGHR-SspI, and bIGF-1-SnaBI somatotropic 
cascade as genetic markers of meet productivity in Auliekol cows 
was performed in two directions. 

The first one shows the traditional approach, which 
involves identification of preferred and alternative genotypes by 
comparing productivity in corresponding groups of animals. 

The second approach has been proposed by Belorussian 
colleagues – in addition to the traditional approach, it involves 
comparing productivity in groups of animals with preferred and 
undesirable genotypes relative to the overall sample population, 
and assessment of the significance of observed differences [10]. 
Such additional analysis allows assessing appropriateness of 
selecting animals by the preferred genotype, or elimination of 
animals with an alternative genotype. 

Quantitative traits were assessed with the use of the 
methods of nonparametric statistics. 

Statistical assessment of the differences among the 
groups with 3 possible genotypes was performed using the 
Kruskel-Wallis ANOVA method for 3 and more independent 
groups. When the number of animals in a group with a rare 
genotype was less than 6, such a group was excluded from the 
statistical processing, and comparison was made with the use of 
the Mann-Whitney U-test for two independent groups. In all 
cases, the differences were considered statistically veracious when 
significance level Р was less than 0.05 [11]. 

For the polymorphisms where the differences between 
the preferred and alternative genotypes were statistically 
veracious, and for the groups with pairwise combinations of 
genotypes, assessment of productivity was made in relation to the 
overall sample population by building a 95% confidence interval 
for the median of the analyzed group, followed by comparing it to 
the median of the overall sample population. This method allows 
assessing the differences between the group that is a part of the 
sample population and the sample population itself, the data are 
shown as a median of the lower and the upper limits of the 95% 
confidence interval. If the limits of confidence interval do not 
overlap, a conclusion is made that the analyzed group is 
veraciously different from the population. The data are analyzed 
and presented and discussed in the form of Me, [CI1; CI2] (25%; 
75%). 

The sequence numbers of sample population values, 
which are the lower (L) and the upper (U) limits, were determined 
by formulas 7 and 8: 
L=n/2-(Z1-α*√n/2)  (7) 
U=1+n/2+(Z1-α*√n/2)  (8) 

where Z was the value of normal distribution for the 
selected probability. For the confidence probability of 95% Z 
=1.96 [10]; 

n was the sample size. 
The results were processed in Microsoft Excel 2010 and 

Statistica 6.0 (StatSoft, Inc. 1994 – 2001). Modules Basic 
Statistic/tables, Nonparametric Statistics were required [12]. 

RESULTS AND DISCUSSION 
Table 2 shows the live weight of Auliekol calves with 

bPit-1-HinFIAA, bPit-1-HinFIAB and bPit-1-HinFIBB genotypes by 
polymorphism of the gene of hypophysial growth factor-1 at the 
age of 18 and 24 months. It also shows the results of statistical 
assessment of the significance of the observed differences among 
these groups of animals. 

The data in Table 2 show that in all ages, veraciously 
higher weight was characteristic of cows with bPit-1-HinFIAA 
genotype compared to cows with bPit-1-HinFIAB and bPit-1-
HinFIAB genotypes. Therefore, the bPit-1-HinFIAA rarer genotype 
is preferred.  

According to the data in the table for the age of 18 and 
24 months, diagrams have been built that characterize the position 
of the groups relative to the total sample, Figures 5a and 5b. 

As Figure 5a shows, at the age of 18 months, veracious 
difference was observed between the preferred bPit-1-HinFIAA 

genotype and the alternative bPit-1-HinFIAB one. The live weight 
of cows with bPit-1-HinFIAA genotype was also statistically 
veraciously different from the total sample. In particular, the 
confidence interval of the median of the total sample was 
localized within 368-375 kg, while of bPit-1-HinFIAA - within 
375-411 kg. 

As Figure 5b shows, at the age of 24 months, the 
difference between the animals with bPit-1-HinFIAA genotype and 
bPit-1-HinFIAB genotype was also preserved. The limits of 
confidence intervals for the group of cows with bPit-1-HinFIAA 
and bPit-1-HinFIAB genotypes were localized within 420-482 kg 
and 395-419 kg, respectively, and did not overlap. However, in 
relation to the total sample, the confidence intervals for the 
medians did overlap: 405-423 kg and 420-482 kg, respectively, 
for the total sample and the group with bPit-1-HinFIAA genotype. 
Therefore, productivity of animals with the preferred genotype 
was within the limits of the total sample, and it was unreasonable 
to select the preferred genotype at the age of 24 months [13]. 

Table 3 shows the live weight of Auliekol calves with 
bGH-AluILL, bGH-AluILV, and bGH-AluIVV genotypes in terms of 
polymorphism of the growth hormone gene and with bGHR-
SspIFF, bGHR-SspIFY, and bGHR-SspIYY genotypes according to 
the polymorphism of hormone receptor growth gene at the age of 
18 and 24 months. It also shows the results of statistical 
assessment of the significance of the observed differences 
between these groups of animals. 

The data in Table 3 show that there was a tendency to 
increasing the live weight in calves with bGH-AluILV genotype at 
the age of 12 and 18 months, and to lower weight at the age of 18 
and 24 months in heterozygous calves with bGHR-SspIFY 
genotype. However, these observations were not statistically 
veracious, therefore, assessment of the phenotypical effect of 
these polymorphisms in relation to the total sample was not made, 
either. 

Table 4 shows the results of assessing association of 
SnaBI polymorphism of the insulin-like growth factor gene-1 with 
calves' weight at the age of 18 and 24 months. 
The data in Table 4 show that at the age of 18 and 24 months 
there was a statistically veracious difference among the groups of 
cows with bIGF-1-SnaBIAA, bIGF-1-SnaBIAB, and bIGF-1-
SnaBIBB genotypes. In all age categories, the heterozygous bIGF-
1-SnaBIAB genotype was preferred, and the alternative one was 
homozygous bIGF-1-SnaBIBB genotype.  

The results of interval assessment of the association 
nature of bIGF-1-SnaBIAA, bIGF-1-SnaBIAB, and bIGF-1-SnaBIBB 
genotypes relative to the productivity of the total sample are 
shown in diagrams in Figures 6 a, b. 

The diagrams in Figure 6 show that veracious difference 
from the sample was observed at the age of 18 months not only 
for the preferred bIGF-1-SnaBIAA genotype, but also for bIGF-1-
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SnaBIBB genotype, which was characterized by lower live weight 
of calves in all ages. In this case, the SnaBI polymorphism of the 
insulin-like growth rate gene-1 was associated with decreased 
productivity of the Auliekol cows, rather than with increased 
productivity in terms of the live weight at the age of 12 months. 

Thus, the work with this genetic marker should be aimed not at 
selection by the preferred genetic marker, but at elimination of 
negative bIGF-1-SnaBIBB genotype. 

 

 
Table 1 – PCR modes for studied polymorphic loci of the genes of somatotropic cascade 

Polymorphism Conditions of amplification Primer sequences References 

bPit-1-HinI 94°C– 1 min; (95°C – 45 sec; 56°C – 45 sec; 72°C - 45 sec) x 35 cycles; 
72°C – 1 min 

HinFI-F: 5′-aaaccatcatctcccttctt-3′ 
[6] 

HinFI-R: 5′-aatgtacaatgtcttctgag-3′ 

bGH-AluI 95°C– 5 min; (95°C – 30 sec; 64°C – 30 sec; 72°C - 1 sec) x 35 cycles; 72°C 
– 1 min 

AluI –F: 5′-ccgtgtctatgagaagc-3′ 
[7] 

AluI-R: 5′'-gttcttgagcagcgcgt-3′ 

bGHR-SspI 95°C– 5 min; (95°C – 30 sec; 62°C – 30 sec; 72°C - 30 sec) x 35 cycles; 
72°C – 1 min 

SspI-F: 5′- aatacttgggctagcagtgacaatat -3′ 
[8] 

SspI-R: 5′- acgtttcactgggttgatga -3′ 

bIGF-1-SnaBI 95°C– 5 min; (95°C – 30 sec; 64°C – 30 sec; 72°C - 30 sec) x 35 cycles; 
72°C – 10 min 

SnaBI-F: 5′-attcaaagctgcctgcccc-3′ 
[9] 

SnaBI-R: 5′-acacgtatgaaaggaact-3′ 
 

Table 2 – Nonparametric characteristics of live weight in groups of cows of the Auliekol breed with different genotypes in terms of bPit-1-HinFI 
polymorphism (Me, [CI1; CI2] (25%; 75%)) 

Age Genotype n Me 
95% confidence interval for the median Interquartile range 

Р* 
CI 1 CI 2 25% 75% 

18 months. 

bPit-1-HinFIAA 29 386 375 411 370 419 

0.003 
bPit-1-HinFIAB 103 374 368 378 329 393 
bPit-1-HinFIAB 103 368 354 372 329 387 
Total sample 237 373 368 375 329 395 

24 months 

bPit-1-HinFIAA 27 447 420 482 403 483 

0.002 
bPit-1-HinFIAB 100 411 403 423 382 436 
bPit-1-HinFIAB 101 405 395 419 377 437 
Total sample 230 414 405 423 381 453 

a) groups were compared using the Kruskel-Wallis test (for 3 independent groups). The difference between the groups was veracious when Р <α; α=0.05. 
 

Table 3 – Nonparametric characteristics of live weight in groups of cows of the Auliekol breed with different genotypes in terms of bGH-AluI 
and bGHR-SspI polymorphism 
(Me, [CI1; CI2] (25%; 75%)) 

Age Genotype n Me 
95% confidence interval for the median Interquartile range 

Р 
CI 1 CI 2 25% 75% 

18 months 
bGH-AluILL 98 371 365 378 343 387 

0.74* bGH-AluILV 110 375 368 378 327 402 
bGH-AluIVV 28 371 331 393 329 396 

18 months 
bGHR-SspIFF 219 373 368 378 329 397 

0.84** bGHR-SspIFY 13 368 329 425 331 393 
bGHR-SspIYY 3 384 284 401 284 401 

18 months Total sample 237 373 368 375 329 395  

24 months 
bGH-AluILL 95 416 402 429 381 456 

0.41* bGH-AluILV 106 411 402 425 381 455 
bGH-AluIVV 28 417 389 428 384 430 

24 months 
bGHR-SspIFF 213 414 405 425 382 453 

0.46** bGHR-SspIFY 12 396 365 447 373 431 
bGHR-SspIYY 3 432 329 457 329 457 

24 months Total sample 230 414 405 423 381 453  
a) groups were compared using the Kruskel-Wallis test (for 3 independent groups). The difference between the groups was veracious when Р <α; α=0.05. 
b) the groups were compared using the Mann Whitney U test (for 2 independent groups). The difference between the groups was veracious when Р <α; α=0.05. 

 

Table 4 – Nonparametric characteristics of live weight in groups of cows of the Auliekol breed with different genotypes in terms of bIGF-1-
SnaBI polymorphism (Me, [CI1; CI2] (25%; 75%)) 

Age Genotype n Me 
95% confidence interval for the median Interquartile range 

Р* 
CI 1 CI 2 25% 75% 

18 months 

bIGF-1-SnaBIAA 45 372 358 386 327 402 

0.009 
bIGF-1-SnaBIAB 100 377 372 382 362 395 
bIGF-1-SnaBIBB 39 344 326 367 321 380 

Total sample 237 373 368 375 329 395 

24 months 

bIGF-1-SnaBIAA 45 414 397 447 376 462 

0.005 
bIGF-1-SnaBIAB 100 423 414 429 397 454 
bIGF-1-SnaBIBB 39 383 376 411 365 428 

Total sample 230 414 405 423 381 453 
a) groups were compared using the Kruskel-Wallis test (for 3 independent groups). The difference between the groups was veracious when Р <α; α=0.05. 
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Table 5 – Pairwise combinations of genotypes associated with weight at the ages of 12 to 24 months in Auliekol cows 

Diplotype structure Number of animals Me 
95% confidence interval Interquantile range 
CI 1 CI 2 25% 75% 

Weight at the age of 18 months 
bGH-AluILL-bIGF-1-SnaBIAA 21 327 305 358 305 358 
bGH-AluILL-bIGF-1-SnaBIAB 35 352 343 365 329 368 
bGH-AluILL-bIGF-1-SnaBIBB 27 329 313 346 305 364 
bGH-AluILV-bIGF-1-SnaBIAA 23 402 379 427 375 428 
bGH-AluILV-bIGF-1-SnaBIAB 55 386 379 407 378 421 
bGH-AluILV-bIGF-1-SnaBIBB 12 407 382 435 383 431 

bPit-1-HinFIAB-bIGF-1-SnaBIAB 36 378 377 382 377 385 
bPit-1-HinFIAB-bIGF-1-SnaBIAA 12 378 361 417 367 397 

Total sample 237 373 368 375 329 395 
Weight at the age of 24 months 

bGH-AluILL-bIGF-1-SnaBIAA 21 376 361 397 361 397 
bGH-AluILL-bIGF-1-SnaBIAB 35 389 383 402 381 404 
bGH-AluILL-bIGF-1-SnaBIBB 27 379 365 383 346 399 
bGH-AluILV-bIGF-1-SnaBIAA 23 462 429 487 423 489 
bGH-AluILV-bIGF-1-SnaBIAB 53 436 429 459 427 477 
bGH-AluILV-bIGF-1-SnaBIBB 11 467 428 513 432 488 

bPit-1-HinFIAB-bIGF-1-SnaBIAB 36 428 427 435 423 436 
Total sample 230 414 405 423 381 453 

 

 
Figure 1 – Electrophoregram of DNA fingerprinting of bPit-1-HinFI 

polymorphism. 
a) Track 1 – molecular mass marker O’RangeRulerTM 50 bps DNA Ladder, 

Fermentas, Lithuania; 
b) track 2 – PCR product of 451 bps of bPit-1-HinFI gene fragment;  
c) track 3, 6 – restriction fragments of 244, 207 bps corresponding to bPit-1-

HinFIBB genotype;  
d) track 4, 7 – restriction fragments of 451, 244, 207 bps corresponding to bPit-1-

HinfIAB genotype;  
e) track 5 – restriction fragment of 451 bps corresponding to bPit-1-HinFIAA 

genotype. Locations of specific bands on the gel are shown by arrows. 
Electrophoresis was performed in 2% agarose gel (Sea Kem LE Agarose, 
Lonza, USA) 

 

 
Figure 2 – Electrophoretogram of DNA fingerprinting of bGH-AluI 

polymorphism. 
a) Track 1 – molecular mass marker O'Range Ruler TM 50 bps DNA Ladder, 

Fermentas, Lithuania;  
b) tracks 2, 6 – restriction fragments of 208, 172, 35 bps corresponding to bGH-

AluILV genotype;  
c) tracks 3, 4, 7 – restriction fragment of 172 bps corresponding to bGH-AluILL 

genotype;  
d) track 5 – restriction fragment of 208 bps corresponding to bGH-AluIVV 

genotype; 
e) track 9 – PCR product of 208 bps of bGH-AluI gene fragment. Restriction 

fragment of 35 bps is not visualized. Locations of specific bands on the gel are 
shown by arrows. Electrophoresis was performed in 2% agarose gel (Sea Kem 
LE Agarose, Lonza, USA) 

 

 
Figure 3 – Electrophoretogram of DNA fingerprinting of bGHR-SspI 

polymorphism. 
a) Track 1 – PCR product of 182 bps of bGHR-SspI gene fragment;  
b) tracks 2, 3, 4 – restriction fragment of 158 bps corresponding to bGHR-SspIFF 

genotype;  
c) track 5 – restriction fragment of 182 bps corresponding to bGHR-SspIYY 

genotype;  
d) track 6 – restriction fragments of 182 and 158 bps corresponding to bGHR-

SspIFY genotype. Fragment of 24 bps is not visualized. Molecular mass 
marker O’RangeRulerTM 50 bp DNA Ladder, Fermentas, Lithuania, was 
used. Locations of specific bands on the gel are shown by arrows. 
Electrophoresis was performed in 2% agarose gel (Sea Kem LE Agarose, 
Lonza, USA) 

 
Figure 4 – Electrophoregram of DNA fingerprinting of bIGF-1-SnaBI 

polymorphism. 
a) Track 1 – molecular mass marker O’RangeRulerTM50 bp DNA Ladder, 

Fermentas, Lithuania;  
b) track 2 – PCR product of 249 bps of bIGF-1-SnaBI gene fragment;  
c) tracks 3, 4 – restriction fragments of 249 and 223 bps corresponding to bIGF-

1-SnaBIAV genotype;  
d) tracks 5, 6 – restriction fragment of 223 bps corresponding to bIGF-1-

SnaBIAA genotype;  
e) track 7 – restriction fragment of 249 bp corresponding to bIGF-1-SnaBIBB 

genotype. Fragment of 26 bps is not visualized. Locations of specific bands on 
the gel are shown by arrows. Electrophoresis was performed in 2% agarose gel 
(Sea Kem LE Agarose, Lonza, USA) 
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Figure 5 a, b - Live weight of Auliekol cows at the age of 18 and 24 

months; bPit-1-HinFI polymorphism 
 
The authors have created 54 possible pairwise 

compositions of polymorph genes of the somatotropic cascade. 
By the result of DNA fingerprinting, animals with the 

appropriate pairwise genotype (diplotype) had been united into 
groups for analyzing their productivity relative to the total sample. 
Analysis of pairwise combinations involved genotypes regardless 
of whether there had been a separately identified weight 
association for them.  

Table 5 shows nonparametric characteristics of the 
dyplotypes associated with increased or decreased live weight, 
compared to the total sample, at the age of 6 to 24 months. 

Table 5 demonstrated that Auliekol cows showed 
additional genetic markers among pairwise combinations of 
genotypes. 

Thus, as a result of analyzing the live weight of 
Auliekol calves at the age of 18 and 24 months by 4 

polymorphisms of genes of the somatotropic cascade (bPit-1, 
bGH, bGHR, bIGF-1), statistically veracious difference of a 
single genotype from of the total sample was detected only for 
bPit-1-HinFI and bIGF-1-SnaBI polymorphisms. In the first case, 
bPit-1-HinFIAA genotype veraciously exceeded the live weight of 
the total sample at the age of 18 months; in the second case the 
animals with bIGF-1-SnaBIBB genotype had veraciously lower 
weight compared to the total sample. In the pairwise combinations 
of genotypes, veracious phenotypical effects in relation to the total 
sample were identified in all ages, as well as the dyplotypes 
associated with both increased and decreased productivity 
compared to the total sample.   

Figures 7 a and b show diagrams that allow assessing 
the nature (decreasing or increasing) and the strength of the 
phenotypic effect of live weight genetic markers in Auliekol cows 
at the age of 18 and 24 months. 

The data in Figures 7 a, b show that at both ages, 
veraciously decreased live weight, compared to the total sample, 
was characteristic of bGH-AluILL-bIGF-1-SnaBIAA, bGH-AluILL-
bIGF-1-SnaBIAB, and bGH-AluILL-bIGF-1-SnaBIBB dyplotypes, 
the structure of which included bGH-AluILL genotype and 3 
possible genotypes of bIGF-1gene. This allowed suggesting that 
the L-allele of the growth hormone gene was, after all, associated 
with decreased weight of Auliekol cows. And while it itself was 
not the direct reason for the effect, it was possibly bonded to this 
part of the genome. At the same time, bGH-AluILV genotype was 
included into diplotypes with the gene of insulin-like growth 
factor 1. bGH-AluIVV genotype was not found in the composition 
of diplotypes with increased weight at the age of 18 and 24 
months, which was explained by the rarity of this genotype. 

It should also be noted that bIGF-1-SnaBIAB genotype, 
which separately showed association with decreased weight of 
calves, was found in the structure of diplotypes with both 
decreased and increased weight depending on the effect of the 
adjacent genotype in the pair. 

bPit-1-HinFIAA genotype associated with increased live 
weight had not been found in the composition of significantly 
weight-reducing or weight-increasing diplotypes. This was 
probably due to low occurrence rate of this genotype in the 
population. 

 

 
 

 
Figure 6 a, b - Live weight (kg) in Auliekol cows at the age of 18, 24 months; bIGF-1 polymorphism 
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Figure 7 a, b – Diplotypes associated with increased and decreased live weight of Auliekol calves at the age of 18 and 24 months 

CONCLUSIONS 
Thus, the results of the research show the following: 
− Dyplotypes associated with increased or 

decreased productivity preserve their dynamics from age to age; 
in case of analyzing separate polymorphisms, the nature of the 
association is less stable and may disappear or even change at 
various ages. This observation allows suggesting that assessing 
the phenotypic effect by pairwise combinations is not only more 
efficient, but also more reliable. 

− The genetic markers that are diplotypes often 
have more pronounced phenotypic effect than individual marker 
genotypes. For example, while the range of live weight at the age 
of 12 months for IGF-1BB genotype was 325-331 kg, its pairwise 
combination with bGH-AluILL genotype potentiated this effect to 
278-306 kg.

− Genotypes that are individually associated 
with meat productivity (but even homo- and heterozygotes are not 
different from each other) in pairwise combinations may have 
increased or decreased statistically significant phenotypic effect, 
compared to the total sample. Such combinations may be applied 
as genetic markers of productivity in breeding programs. 
An example is bGH-AluI polymorphism. Inversely, 
polymorphisms that individually show association with a 
symptom of productivity may be within the total sample in 
pairwise combination by the phenotypical effect. 

− Analysis of pairwise combinations allows 
detecting more genetic markers, which allows expanding the 
range of animals that are carriers of the marker genotype for 
participation in breeding programs. 

− In analyzing pairwise combinations, a larger 
set of traits is marked, which allows breeder-geneticist to more 
fully appreciate the genetic potential of the animal. 
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