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GENETIC ASSESSMENT BY THE BLUP METHOD OF BREEDING VALUE IN 
THE HEREFORD CATTLE OF KAZAKHSTANI SELECTION

Abstract. The work aims to improve the calculation of the estimated breeder values of beef cattle breeds 
by the BLUP method using modern IT technologies.

The research material is the database of the Republican system of animal husbandry “Information and 
analytical system” (hereinafter - IAS) with the functionality of registration of brood animals of economic 
entities of Kazakhstan.

The article presents the results of the industrial calculation of estimated breeding values for the Hereford 
breed. The average values of productivity indicators were estimated for the periods of rearing, including 
live weight at birth, live weight at weaning, live weight at one year of age, and live weight of 5 years old 
adult animal, indicating the number of animals with calculated indices and their mean values and deviations. 
Normal distribution curves of the correction of the registered live weights for the age of mother and the 
age of the animals themselves at the time of weighing are presented. The range for medians and quaternary 
percentiles for production indicators, which were estimated using the BLUP method, are presented in the 
form of diagrams. There are percentiles, which describe the 5 and 10% proportional distributions of the 
indices of the Hereford breed, the largest (best) and smallest (worst) values of the indices are in the 10% 
boundary intervals relative to the entire set of calculated estimates. In the process of calculating the estimated 
breeding values, their accuracy was obtained.

As a result of solving the linear equations of biometric models of animal (AM/MME) by the BLUP 
method on the data of registration of zootechnical events in the IAS for groups of animals of the Hereford 
breed, genetic assessments of their productivity were obtained for economical traits: live weight at birth; live 
weight at weaning; live weight at the age of one; milking capacity of cows-mothers and live weight of an 
adult animal at the age of 5 years. Also, as a result, estimates of factors and effects of influence on productive 
traits were obtained: sexually mature group; year-season-herd/holding (HYS).

Key words: estimated breeding value, live weight, BLUP, equation, model. 

Introduction. Currently, the methodological bases for assessing the breeding values of animals in 
Kazakhstan and abroad differ significantly. In foreign practice, index (genetic) assessment of animals using 
information technologies has been used for several decades [1,2,3, 4,5,6]. 

In a comprehensive assessment of the breeding value of beef cattle, the BLUP method has a certain 
significance [7,8,9].

For effective breeding management, complete, high-quality, and reliable information is needed, both about 
an individual animal and the population as a whole. It is extremely necessary to create public databases on 
brood animals, as well as software for information systems [10].

Selection based on the productivity of the ancestors and offspring of bulls plays a positive role in the 
gradual hereditary consolidation, that is, the consolidation of this trait [11].

For selection and breeding work, it is necessary to select breeding bulls that combine high productivity 
[12] with selected economical traits of the breeds. Selection based on the productivity of the ancestors and
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offspring of bulls plays a positive role in the gradual hereditary fixation, that is, the consolidation of this trait 
[13].

Solving the problem of assessing the breeding value and predicted productivity using modern methods, 
improving them for more effective breeding of beef cattle using software products is an urgent problem.

The aim of the research: improve the genetic assessment of the estimated breeding value of beef cattle 
breeds using the BLUP method.

To achieve this goal, the objective was set to calculate the predicted indices of breeding value according 
to five selection indicators of the Hereford cattle breed using the BLUP method.

Scientific research was carried out within the framework of applied scientific research in the field of 
the agro-industrial complex for 2018-2020 under the budget program 267 “Increasing the availability of 
knowledge and scientific research” under subprogram 101 “Program-targeted financing of scientific research 
and activities” upon the specificity 156 “Payment for consulting services and research “Under the scientific 
and technical program” Improving the efficiency of breeding methods in cattle breeding” by order of the 
Ministry of Agriculture of the Republic of Kazakhstan.

Materials and research methods. The research material is the database of the Republican system of 
animal husbandry “Information and analytical system” (hereinafter - IAS) with the functionality of registration 
of brood animals of economic entities of Kazakhstan.

Genetic assessment of the breeding value of beef cattle was performed by the BLUP method (Best Linear 
Unbiased Prediction) (Table 1).

Table 1 - Correction values for indicators of live weight of a calf taking into account the age of the mother

Age of mother Correction for live weight at birth, kg Correction for live weight at weaning, kg
bull-calf heifer

2 years old +3.1 +33 +27
3 years old +1.3 +17 +14
4 years old +0.4 +7 +4.5
5 to 10 years old 0 0 0
11 years and older +0.9 +12 +11

The values of the heritability coefficients, which were used in the calculations of the estimated breeding 
value (hereinafter - EBV) of 2020, according to breeding traits were calculated in the period 2015-2017, 
provided by the Australian Agricultural Business Research Institute (ABRI) and are shown in Table 2.

Table 2 - Coefficients of heritability according to breeding traits

№ Breed Live weight at birth, kg Live weight at 
weaning, kg

Live weight at one 
year of age, kg

Live weight of an 
adult animal, kg

1 Герефордская 0.32 0.12 0.17 0.31

Research results and discussion. As a result of solving the linear equations of biometric models of animal 
(AM/MME) by the BLUP method on the data of registration of zootechnical events in the IAS for groups of 
animals of the Hereford breed, genetic assessments of their productivity were obtained for economical traits: 
live weight at birth; live weight at weaning; live weight at the age of one; milking capacity of cows-mothers 
and live weight of an adult animal at the age of 5 years. Also, as a result, estimates of factors and effects of 
influence on productive traits were obtained: sexually mature group; year-season-herd/holding (HYS).

The number of animals whose productive and hereditary data, with a depth of at least three generations, 
were downloaded from the IAS database for the subsequent calculation of the EBV, is shown in Table 3.

Table 3 - Statistics on animals whose data were used to calculate the EBV
№ Total live and archival animals Including the number of live animals
1 364 535 74 868

Data download for calculating the estimated breeding value was carried out from the IAS system for all 
business entities engaged in breeding the Hereford breed (Table 4).
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Table 4 - Statistics on farms in terms of the number of Hereford animals registered in the IAS
№ Range of the number of animals on the farm, animals Number of farms, units
1 more than 10 000 5
2 from 5 000 to 10 000 10
3 from 1 000 to 5 000 41
4 from 500 to 1 000 42
5 from 200 to 500 96
6 from 100 to 200 86
7 fewer than 100 1 151 
Total farms 1 431 

The analysis of the average values of productivity indicators of animals born in the period 2014-2020 is 
presented in Table 5.

Table 5 - Average values of indicators of animal productivity, kg

sex and age 
group

Live weight, kg
at birth at weaning at 210 days at 365 days at 5 years
n M±m n M±m n M±m n M±m

bull-calf 17885 28.90±0.03 11982 218.20±0.27 9506 325.46±0.34 4 872.50±18.88
heifer 31283 27.71±0.03 25799 205.92±0.19 21188 302.59±0.24 51 551.08±1.99

The percentages presented in Table 6 describe the 5 and 10% share distributions of the index values. So for 
the Hereford breed, the values of the calculated estimated breeding values in terms of live weight at birth in 
90% of cases lie in the range from “-8.76” to “+0.55”; for live weight at weaning in the range from “-1.52” to 
“+42.83”; for live weight at 12 months from “-3.18” to “+90.18”. The table 6 shows that the largest (best) and 
smallest (worst) values of the indices are in the 10% boundary intervals relative to the entire set of calculated 
estimates. 

The shared distribution of the accuracy of the calculated EBV in 2020 for the productive traits of the 
Hereford animals born in the period 2014-2020 has zero values up to 10%. A smaller number of shares of 
non-zero values of the EBV accuracy indicates a more complete and qualitative filling of the IAS database in 
recent years with productive traits of live weights for the breed (Table 7).

Thus, we can conclude that the methodology for calculating the predicted indices of breeding value by the 
BLUP AM statistical method with the construction of the genetic model of the animal has been worked out 
and the predicted indices of breeding value have been calculated for 5 productive traits: live weights at birth, 
at weaning, at 12 months of age, adult animal at 5 years old and milking capacity of cows mothers.

The values   of the indices shown in Table 8 should be interpreted as an estimate of the own genetic 
performance of each evaluated animal relative to the corresponding mean values.

Table 6 - Percentile distribution of the calculated EBV of animal productivity

Percentile EBV of live weight, kg EBV of mother’s milking 
capacity at birth at weaning at the age of 12 months at the age of 5 years

0% -8.76 +42.83 +90.18 +138.57 +70.39
5% -1.13 +2.77 +4.67 +5.56 +5.31

10% -0.65 +1.26 +2.34 +2.67 +3.16
20% -0.25 +0.34 +0.75 +0.82 +1.22
30% -0.10 +0.10 +0.24 +0.26 +0.42
40% -0.02 0.00 0.00 0.00 +0.03
50% 0.00 0.00 0.00 0.00 0.00
60% 0.00 -0.03 -0.06 -0.05 0.00
70% +0.07 -0.16 -0.35 -0.34 -0.10
80% +0.21 -0.44 -1.02 -1.01 -0.53
90% +0.55 -1.52 -3.18 -3.28 -1.48
95% +0.97 -3.32 -6.32 -7.01 -2.65
100% +18.21 -35.73 -51.45 -196.38 -32.31
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Table 7 - Distribution by percentile of the calculated accuracy for the EBV of animal productivity

Percentile
Accuracy of EBV of live weight, kg Accuracy of EBV 

of mother’s milking 
capacityпри рождении при отъеме в 12 мес. возрасте взрослого 

животного
0% 0 0 0 0 0
5% 0.000 0.000 0.000 0.000 0.000

10% 0.000 0.000 0.000 0.000 0.000
20% 0.004 0.001 0.001 0.001 0.000
30% 0.009 0.002 0.003 0.002 0.006
40% 0.012 0.004 0.005 0.003 0.018
50% 0.037 0.011 0.014 0.009 0.031
60% 0.085 0.030 0.036 0.024 0.077
70% 0.200 0.079 0.094 0.064 0.131
80% 0.460 0.214 0.245 0.161 0.209
90% 0.522 0.298 0.339 0.221 0.320
95% 0.537 0.328 0.376 0.245 0.410

100% 0.991 0.974 0.980 0.850 0.967

Conclusions. The methodology for calculating the predicted indices of breeding value by the BLUP AM 
statistical method with the construction of the genetic model of the animal has been worked out.

The predicted estimated breeding values have been calculated according to 5 main productive traits of live 
weights at birth, at weaning, at 12 months of age, of an adult animal at 5 years of age, milking capacity of 
mothers in 42 489 live animals of the Hereford breed.

Source of funding: By the priority specialized field of program-targeted funding upon scientific, science 
and technical programs of the Ministry of Agriculture of the Republic of Kazakhstan “Development of animal 
breeding based on intensive technologies” URN BR10764981 “Development of technologies for effective 
management of the selection process of preserving and improving genetic resources in beef cattle breeding”.

Table 8 - The results of the index assessment of the live weights of animals of the Hereford breed according 
to the results of their calculations

N A n i m a l 
ID

Year of 
birth

Live weight, kg
Assessment of 
live weight at 
birth

Assessment of 
live weight at 
weaning

Assessment of 
live weight at 
the age of 12 
months

at birth
at 
wean-
ing

at 
weaning 
at 210 
days

per 
year

at 365 
days EBV accuracy EBV accuracy EBV accuracy

Bull-calves
1 6764606 2018 27 188 206.0 320 318.7 0.20 0.518 1.34 0.299 -2.91 0.358
2 6764607 2018 26 185 202.8 318 316.9 -0.18 0.526 1.15 0.306 -8.42 0.369
3 6764608 2018 25 186 203.7 316 314.7 -1.12 0.528 -0.39 0.310 -8.75 0.374
4 6764609 2018 25 185 202.9 329 327.9 -0.11 0.510 2.47 0.264 0.52 0.331
5 6764610 2018 26 185 202.5 316 314.4 0.43 0.527 3.80 0.312 1.43 0.372
6 8092302 2019 25 236 236.7 350 350.1 -3.10 0.516 3.48 0.283 4.57 0.347
7 8092312 2019 32 232 240.4 350 355.3 -0.72 0.517 0.88 0.283 1.52 0.347
8 8095183 2019 31 232 215.7 367 367.5 0.89 0.541 -8.13 0.356 -6.44 0.406
9 8095188 2019 29 227 230.2 358 372.1 -0.75 0.537 -6.04 0.354 -4.48 0.402
10 8095194 2019 32 270 257.5 409 417.3 -1.09 0.542 -1.16 0.356 1.15 0.407
Heifers
1 6764636 2018 25 200 172.8 267 267.3 0.37 0.526 0.01 0.320 -5.46 0.376
2 6764637 2018 25 200 171.8 272 271.3 0.43 0.528 -0.23 0.310 -7.55 0.370
3 6766759 2018 25 200 178.4 285 283.0 -0.08 0.516 -0.12 0.305 -8.68 0.347
4 6766940 2018 26 174 155.2 342 339.6 0.84 0.516 -0.79 0.305 5.20 0.350
5 6766971 2018 25 215 190.8 290 287.8 -0.22 0.519 1.49 0.308 -7.47 0.352
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6 8092291 2019 21 202 209.2 288 292.3 -3.45 0.517 -1.30 0.285 -4.22 0.348
7 8092306 2019 27 219 220.1 310 310.4 -1.41 0.518 3.94 0.284 4.47 0.348
8 8092307 2019 29 200 201.2 290 290.5 -0.18 0.516 3.94 0.283 5.95 0.347
9 8092322 2019 28 210 206.9 285 282.9 -1.45 0.516 -0.94 0.277 -5.25 0.343
10 8092323 2019 25 213 220.3 300 304.2 -2.38 0.517 -0.77 0.284 -2.57 0.347
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ҚАЗАҚСТАНДЫҚ СЕЛЕКЦИЯНЫҢ ГЕРЕФОРД ТҰҚЫМДЫ ІРІ ҚАРА МАЛЫНЫҢ 
АСЫЛ ТҰҚЫМДЫҚ ҚҰНДЫЛЫҒЫН BLUP ӘДІСІМЕН ГЕНЕТИКАЛЫҚ БАҒАЛАУ

Аннотация. Жұмыстың мақсаты қазіргі заманғы IT-технологияларды қолдана отырып, BLUP 
әдісімен ірі қара малдың етті тұқымдарының асыл тұқымдық құндылығының индекстерін есептеуді 
жетілдіру.

Қазақстанның шаруашылық жүргізуші субъектілерінің асыл тұқымды және тұқымдық малдарын 
тіркеу функционалы бар «ақпараттық-талдамалық жүйе» Республикалық мал шаруашылығы жүйесінің 
(бұдан әрі – АТЖ) дерекқорының зерттеулер жүргізу жұмыстарының материалы болып табылады. 
Етті тұқымды ірі қара малдың асыл тұқымдық құндылығын генетикалық бағалау ең үздік сызықтық 
орналастырылмаған болжам – BLUP (Best Linear Unbiased Prediction) әдісімен жүзеге асырылды.

Мақалада герефорд тұқымы үшін асыл тұқымдық құндылық индекстерін өнеркәсіптік есептеу 
нәтижелері келтірілген. Малдарды өсіру кезеңдеріндегі өнімділік көрсеткіштерінің орташа мәні, оның 
ішінде туған кезіндегі тірі салмағы, енесінен айырған кезіндегі тірі салмағы, бір жастағы тірі салмағы 
және 5 жастағы ересек малдың тірі салмағын есептеу индекстері бар малдардың санын және олардың 
ауытқуының орташа мөлшері көрсетіліп, есептелген. Анасының жасына және малдардың өлшеу 
кезіндегі жасына байланысты түзету арқылы көрсеткіш сызықтары келтірілген. Диаграмма түрінде 
BLUP әдісімен бағаланған өнімділік көрсеткіштері бойынша медианалар мен төрттік процентильдер 
көрсетілген. Герефорд тұқымының индекстік мәндерінің 5 және 10% үлестік таралуын сипаттайтын 
процентильдер ұсынылған, индекстердің ең үлкен (ең жақсы) және ең кіші (ең нашар) мәндері 
есептелген бағалардың барлық жиынтығына қатысты 10% шекті интервалдарда орналасқан. Асыл 
тұқымдылық индекстерін есептеу барысында олардың дәлдігі анықталып алынды. 

BLUP әдісімен малдардың биометриялық модельдерінің (AM/MME) сызықтық теңдеулерін шешу 
нәтижесінде герефорд тұқымды малдардың топтары бойынша зоотехникалық деректерінде олардың 
өнімділігін экономикалық пайдалы белгілері бойынша генетикалық бағалау алынды және өнімділік 
белгілерге әсер ететін факторлар мен әсерлердің бағалары алынды: жыныстық-жас тобы; жыл-
маусым-табын/шаруашылық (HYS).

Түйінді сөздер: асыл тұқымдық құндылық индексі, тірі салмақ, BLUP, теңдеу, модель.
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ГЕНЕТИЧЕСКАЯ ОЦЕНКА МЕТОДОМ BLUP ПЛЕМЕННОЙ ЦЕННОСТИ КРУПНОГО 
РОГАТОГО СКОТА ГЕРЕФОРДСКОЙ ПОРОДЫ КАЗАХСТАНСКОЙ СЕЛЕКЦИИ

Аннотация. Цель работы усовершенствование расчета индексов племенной ценности мясных 
пород крупного рогатого скота методом BLUP с применением современных IT-технологий.

Материалом проведения исследований является база данных Республиканской системы 
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животноводства «Информационно-аналитическая система» (далее - ИАС) с функционалом 
регистрации племенных и породных животных хозяйствующих субъектов Казахстана. Генетическая 
оценка племенной ценности крупного рогатого скота мясных пород осуществлялась методом 
наилучшего линейного несмещенного прогноза – BLUP (Best Linear Unbiased Prediction).

В статье представлены результаты промышленного расчета индексов племенной ценности для 
герефордской породы. Рассчитаны средние величины показателей продуктивности по периодам 
выращивания, включая живую массу при рождении, живую массу при отъеме, живую массу в 
годовалом возрасте и живую массу взрослого животного в 5 лет с указанием количества животных 
с рассчитанными индексами и их средними величинами отклонением. Представлены кривые 
нормального распределения корректировки зарегистрированных живых масс на возраст матери и 
возраст самих животных на момент события взвешивания. В виде диаграмм представлены размахи 
для медиан и четвертичные процентили по продуктивным показателям, которые были оценены по 
методу BLUP. Представлены процентили, которые описывают 5-ти и 10%-ные долевые распределения 
значений индексов герефордской породы, наибольшие (наилучшие) и наименьшие (наихудшие) 
значения индексов находятся в 10 %-ных краевых интервалах относительно всего множества 
рассчитанных оценок. В процессе расчета индексов племенной ценности были получены их точности.

В результате решений линейных уравнений биометрических моделей животного (AM/MME) 
методом BLUP на данных зоотехнических событий по группам животных герефордской породы были 
получены генетические оценки их продуктивности по хозяйственно-полезным признакам и были 
получены оценки факторов и эффектов влияния на продуктивные признаки: половозрастная группа; 
год-сезон-стадо/хозяйство (HYS).

Ключевые слова: индекс племенной ценности, живая масса, BLUP, уравнение, модель. 
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Д.х.н., профессор  Нигметова Роза Шукургалиевна

Нигметова Роза Шукургалиевна, которая 18 лет была заведующей лабораторией сверхчистых 
металлов ИОКЭ НАН РК, а затем – главным научным сотрудником этой лаборатории. 

Нигметова Р.Ш. родилась 29 сентября 1932 г. В 1955 г окончила химический факультет Казахского 
Государственного Университета им. С.М. Кирова. В 1955-1958 г. училась в аспирантуре Института 
химических наук АН КазССР под руководством академика Козловского М.Т.  В 1958-1961 гг. - 
старший лаборант лаборатории аналитической химии. 1962-1966 гг. – младший научный сотрудник 
лаборатории амальгамной химии Института химических наук. 1966-1969.гг. - старший научный 
сотрудник лаборатории сверхчистых металлов  Института органического катализа и электрохимии АН 
КазССР. В 1980 г. Р.Ш. Нигметова возглавила эту лабораторию и посвятила ее работе и развитию всю 
жизнь, как крупный специалист в области физико-химии и термодинамики амальгамных систем. Р.Ш. 
Нигметова принимала участие в проведении внедренческих работ на свинцовом заводе им. Калинина, 
г. Чимкент. Диссертацию на соискание степени доктора химических наук «Термодинамические и 
физико-химические исследования жидких сплавов ртути с металлами II-V подгрупп периодической 
системы элементов» Р. Ш. Нигметова защитила в 1984 г. на ученом совете ИОКЭ, г. Алма-Ата.  Р.Ш. 
Нигметовой впервые проведено систематическое изучение термодинамических и физико-химических 
свойств двойных и тройных (22 системы) амальгамных систем с использованием большого количества 
физико-химических методов исследования. Изучены термодинамические свойства разбавленных 
жидких амальгам кадмия, индия, свинца, олова, висмута, цинка  при температурах 25-200оС. 
Установлена зависимость термодинамических и физико-химических свойств жидких амальгам от 
положения металлов в периодической системе элементов, что позволило прогнозировать свойства 
еще неизученных систем. На основании полученных термодинамических данных амальгамных 
систем установлены критерии поведения многокомпонентных амальгам в люминесцентных лампах. 
В 1992 г. Р.Ш. Нигметова получила звание профессора. Р.Ш. Нигметовой опубликовано около 200 
научных статей и подготовлено совместно с д.т.н. Козиным Л.Ф. 7 кандидатов химических наук. Р.Ш. 
Нигметова работала ученым секретарем диссертационного совета ИОКЭ. Коллеги сохранили о ней 
память, как о принципиальном ученом и отзывчивом человеке.

Сотрудники и коллеги.

MEMORY OF SCIENTISTS
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