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COMPARATIVE ANALYSIS OF THE BLUP-ESTIMATES OF SERVICING BULLS BY THE 
EXTERIOR OF DAUGHTERS AND THEIR INDICES BY THE OFFICIAL INSTRUCTIONS 

(LINEAR ASSESSMENT SYSTEM)

Abstract. Currently, in selection and breeding dairy cattle, it is becoming increasingly important to 
evaluate bulls by the quality of the offspring, including the type of body built of daughters, namely the level 
of genetic variability in the general phenotypic variability of linear exterior parameters.

In this aspect, one of the trend directions is the determination of the reliable breeding value of bulls by the 
method of the best linear unbiased forecast (BLUP). Studies to determine the genetic qualities of servicing 
bulls were carried out in the conditions of a population of Black-and-white cattle in the Moscow region. 
46548 animals of first-calf cows, daughters of 290 servicing bulls, were evaluated based on the analysis of 
data from the Mosplem in form Regional Information and Selection Center for Pedigree Livestock Breeding 
of the Moscow Region. Linear profiles of servicing bulls were constructed by the type of body built of 
daughters, by finding the difference between the average value of 18 exterior parameters of the daughters of 
a bull and the average values ​​of the exterior parameters of all evaluated bulls, expressed in fractions of the 
root-mean-square deviation. Comparison of the results of bulls’ estimation by the conformation of daughters 
based on the official system and the BLUP method showed that the discrepancies in the assessments for all 
scientific indicators of the conformation vary within 7-28%. Consequently, the best bulls assessed by the 
BLUP method may well have not the best results as judged by the official guidelines.

Significant differences in individual indicators for assessing each parameter clearly confirm the assumption 
about the error in using the official instructions for assessing the breeding qualities of servicing bulls based on 
the exterior indicators of daughters, which represent a «distortion» of estimates in the selection of producers. 
The “losses” of reliable estimates are in the range of 12-30%.

Key words: exterior, linear body built assessment, transmitting ability, mixed models, best linear unbiased 
forecast (BLUP), canonical correlation, rank correlation, breeding value.

Introduction. The basis for the intensification of the dairy cattle breeding industry is an increase in 
the level of selective and breeding work. The efficiency of breeding, in turn, depends on the accuracy of 
determining and predicting the genetic potential of animals, which is the most important task in the breeding 
process as a whole [1, 2, 3].

In countries with developed animal husbandry (USA, Canada, Germany, the Netherlands, etc.), procedures 
of mixed linear models optimized through minimizing the variance of the error (BLUP methodology) are 
widely used [4].

Numerous studies [4 -10] have proved that the estimates calculated by the BLUP-procedure differ in 
greater accuracy and reliability of the forecast since the method itself is based on the principle of maximizing 
the relationship between producers’ estimates for the characteristics under consideration.

At this stage of estimating the breeding value, the assessment of bulls according to the body type of 
daughters becomes more and more important, which correlates to the greatest extent with the duration of the 
use of broods tock in populations, and, consequently, with the efficiency of milk production, both in breeding 
and commercial farms [12].

The official system of exterior description of servicing bulls by offspring provides for a direct comparison 
of their daughters with their mates (“daughters-mates”).
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The effectiveness of the application of assessments according to the 9-point system (linear estimation 
system) allows us to consider in detail the genetic value of the tested bull for each indicator of the daughters’ 
conformation, i.e. «to consider» each specific breeding trait [13].

The efficiency of the BLUP methodinasses singser vicing bullsallow smore efficientuse of allavailable 
information about first-cal fhe ifersin the animal population while eliminating the in fluence of paratypical 
factors that reliablymk the truegeneticvalue of in dividualsin the phenotype. This fully applies to the stage of 
assessing bulls by the conformation indicators of daughters.

In this regard, research was done, the purpose of which wastocompare there sults of evaluating bulls by 
the exterior of daughters base don the official system and the BLUP method.

Research methodology and materials. The studies were carried out at the population level of Black-and-
white cattle in the Moscow region.

The formation of a database on the exterior parameters of first-calf cows was performed based on data 
analysis from the Mosplem in form Regional Information and Breeding Center of Pedigree Livestock 
Breeding of the Moscow Region.

Individual exterior assessment of first-calf heifers following the «Regulations for body assessment of 
daughters of dairy and meat breeds» (M., 1996) [11], approved by the Ministry of Agriculture of Russia, the 
Department of Livestock and Pedigree works, was carried out by the breeders of Moskovskoe OJSC, which 
had an official classification in this professional area.

When analyzing and calculating the assessment of servicing bulls by the BLUP methodology according to 
the exterior parameters of the daughters, we used the mathematical apparatus for constructing equations of a 
mixed type, calculated in the Mospleminform according to officially approved algorithms.

The structure of the input dataset of the formed base was developed. The number of animals counted 
according to the selected data (assessment period, livestock, breeding farms, breed) amounted to 46548 
animals of first-calf cows, daughters of 290 servicing bulls, assessed by body type in 96 farms, for the period 
from 1996 to 2016 (Table 1).

Table 1 - The structure of the input dataset of the sample of the first-calf heifers exterior for assessing the 
breeding value of servicing bulls

Sample parameter Value
Numberofrecords 46548
Number of effects (herd-year-season) 759
Numberofservicingbulls 290

As paratypic factors included in the BLUP model, the following were used: “herd-year-season” exterior 
assessment of animals, the age of the first-calf heifers during the assessment. All first-calf heifers were kept 
with unequal distribution in different farms that represent an uneven complex of genetic information, subject 
to a significant influence of various paratypic factors, determined by the gradations of the herd-year-season 
effect.

The assessment was based using the mixed model equation:
у = μ+ HYS + b1A + е,
where, у — indicator of the exterior assessment of the daughters of the bull (in points);
μ — population constant;
HYS — fixed effect «herd-year-season»;
А — the age of the daughter’s exterior assessment (days);
b1 — regression coefficient of the exterior assessment indicator for the daughter’s age;
е — residual effect [6].
Research results and discussion. By the estimated breeding value based on the BLUP methodology, and 

the genetic assessments of the breeding traits of servicing bulls obtained by solving the BLUP model equation 
for all breeding traits, the values ​​of the indicators of their total breeding value were calculated according to 
the considered traits of their daughters.

As a result, linear profiles of servicing bulls were constructed according to the body built of daughters 
based on the optimized BLUP equation at the population level of management in the Moscow region.

To construct linear profiles of servicing bulls, the average transmitting capacity of the bull was calculated 
by finding the difference between the average value of 18 exterior parameters of the daughters of the bull and 
the average values ​​of the exterior parameters of all evaluated bulls, expressed in fractions of the root-mean-
square deviation.
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The general description of the results of the linear system for assessing bulls according to the body built 
of daughters, calculated using the BLUP methodology and according to the official assessment system, are 
shown in Table 2.

The research results, first of all, draw attention to significant differences in the indicators of the variability 
of bulls’ estimates according to the official methodology and the BLUP method. If the bulls’ estimates for 
individual parameters of the daughters’ exterior based on the use of the BLUP method varied in the range of 
5-6 standard deviations (from 4.921σ to 6.503σ) and had minimum values ​​at the level (-2.5σ) - (-3.3σ), then
bulls’ estimates provided by the official instructions varied within 0-3 standard deviations (from 0.024σ to
2.683σ), with minimum values ​​at the level of (-0.015) - (-1.354σ). These results of assessments according to
the official instructions significantly limit the gradations of estimates of the tested individuals.

It is characteristic that, according to all scientific canons, quantitative traits in biology should correspond 
to the so-called «normal distribution», one of the main properties of which is that 99.8% of individuals in the 
population should have the studied indicators within ±3σ. This is fully satisfied by the BLUP assessment of 
bulls, and the official assessment of the “daughter-mates” is less than half of the existing genotype diversity 
in the population. From a practical point of view, such a situation leads to the fact that the use of the results of 
the official instructions, in fact, levels out the differences in the indices of the breeding value of the estimated 
animals according to individual parameters of the daughters’ exterior, that significantly complicates the 
formation of parental pairs in the individual selection of a servicing bull (an enhancer in terms of the exterior 
parameter) to the uterus, whose exterior parameter is desirable to correct in the offspring.

Table 2 - Comparative characteristics of the results of the linear assessment of bulls according to the body 
built of daughters based on the BLUP methodology and the official assessment system

No Parameters
BLUP Official system

limit (σ) limit (σ)
min max amplitude min max amplitude

1 Height, cm -2.524 +2.410 4.934 -0.015 +0.009 0.024
2 Bodydepth -2.846 +3.162 6.008 -0.940 +0.683 1.623
3 Pelvisposition -2.611 +2.310 4.921 -0.838 +0.622 1.460
4 Pelviswidth -2.460 +2.907 5.367 -1.030 +0.598 1.628
5 Hind leg position (side view) -3.416 +3.022 6.438 -1.354 +0.833 2.187
6 Hoofangle -2.530 +2.846 5.376 -0.638 +0.591 1.229
7 Hind leg position (back view) -3.003 +3.527 6.530 -0.656 +1.028 1.684
8 Attachment of the front udder lobes -2.843 +2.397 5.240 -0.849 +0.447 1.296

9 Height of attachment of the rear 
udder lobes -2.846 +2.530 5.376 -0.723 +0.539 1.262

10 Uddercleft -2.846 +3.392 6.238 -0.697 +0.928 1.625
11 Udderbottomposition -2.907 +2.907 5.814 -1.219 +1.464 2.683
12 Frontnipplesposition -2.297 +2.907 5.204 -0.796 +0.823 1.619
13 Frontnipplelength -2.191 +3.104 5.295 -0.751 +0.875 1.626
14 The strength of the body built -3.002 +2.550 5..552 -0.647 +0.534 1.181
15 Milktype -2.576 +2.725 5.301 -0.896 +0.849 1.745
16 Frontudderlobes’length -3.389 +2.356 5.745 -0.835 +0.469 1.304
17 Hockjoint (backview) -3.268 +2.354 5.622 -0.661 +0.550 1.211

To assess the «coincidence» of the results of calculating the indices of the breeding value of servicing bulls 
obtained based on the compared methods, table 3 was formed.
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Table 3 - The results of the «coincidence» (discrepancy) of the bulls’ estimates for the exterior parameters 
of daughters (9-point system) based on the official instructions and BLUP-methodology

Parameter
discrepancyofestimates

Д ≤0,5σ 0,5σ <Д> 1σ 1σ <Д> 2σ  2σ ≤ Д Changeddirectiontrends
n, animal % n, animal % n, animal % n, animal % n, animal %

Height 194 74,3 36 13,8 26 10,0 5 1,9 71 27,2
BD 193 73,9 31 11,9 32 12,3 5 1,9 26 10,0
PP 197 75,5 50 19,2 13 5,0 1 0,4 38 14,6
PW 205 78,5 39 14,9 17 6,5 - - 20 7,7
HLPsv 198 75,9 37 14,2 23 8,8 3 1,1 49 18,8
HA 195 74,7 30 11,5 33 12,6 3 1,1 42 16,1
HLPbv 173 66,3 36 13,8 46 17,6 6 2,3 48 18,4
AFUL 191 73,2 37 14,2 28 10,7 5 1,9 50 19,2
HARUL 187 71,6 45 17,2 24 9,2 5 1,9 34 13,0
UC 189 72,4 36 13,8 29 11,1 7 2,7 49 18,8
UBP 203 77,8 34 13,0 21 8,0 3 1,1 24 9,2
FNP 198 75,9 42 16,1 21 8,0 - - 32 12,3
FNL 211 80,8 35 13,4 15 5,7 - - 28 10,7
SBB 184 70,5 39 14,9 33 12,6 5 1,9 52 19,9
MT 205 78,5 40 15,3 16 6,1 - - 49 18,8
FULL 193 73,9 31 11,9 34 13,0 3 1,1 50 19,2
HJbv 179 68,6 43 16,5 36 13,8 3 1,1 40 15,3

Notes: BD– body depth; PP – pelvis position; PW – pelvis width; HLPsv – hindlegposition (sideview); 
HA – hoof angle; HLPbv – hindleg position (backview); AFUL – Attachment of the frontudderlobes; HARUL 
– Height of attachment of the rearudderlobes; UC – uddercleft; UBP – udder bottom position; FNP – front
nipples position; FNL – front nipple length; SBB – the strength of the body built; MT – milk type; FULL –
front udder lobes’ length; HJbv – hock joint (back view).

The results of the «coincidence» (discrepancy) of estimates showed that the discrepancies between the 
compared assessment systems (the official system and the BLUP methodology), which changed the direction 
of evaluation (from negative to positive or vice versa), the largest number of animals belonged to the 
parameter «Height» (27.2%), the smallest number by to the «Pelvic width» parameter (7.7%) and «Udder 
bottom position» (9.2%), for the rest of the parameters the number varied on average within the range from 
9.2% to 19.9%. Of these, across the entire group, the difference in estimates by 0.5σ was attributed on average 
- 74.3% of animals, from 0.5σ to 1σ - 37.7%, from 1σ to 2σ - 10.1%, more than 2σ - 1.6 % of animals, i.e.
there are ambiguous results for the estimation of bulls, obtained by the compared methods. Consequently,
the best bulls evaluated by the BLUP method may well have not the best estimation results according to the
official system, the losses of the best animals vary within 7-28%, which negatively affects the quality of
selection when organizing the estimation of bulls according to the exterior parameter of daughters.

To identify the presence of a relationship between the indices of bulls assessed by the body type of 
daughters provided by the official system of a 9-point scale, the results of their relationship were compared 
with the BLUP assessments (Table 4).

Table 4 – Values of canonical (by Pearson) andrank (by Spearman) correlation for the compared 
methodologies (official system, BLUP equation).

Parameters Correlationcoefficient
bySpearman byPearson

Height, cm +0.737 +0.745
Bodydepth +0.813 +0.810
Pelvisposition +0.888 +0.887
Pelviswidth +0.849 +0.841
Hind leg position (side view) +0.819 +0.816
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Hoofangle +0.710 +0.712
Hind leg position (back view) +0.801 +0.765
Attachment of the front udder lobes +0.808 +0.791
Height of attachment of the rear udder lobes +0.803 +0.801
Uddercleft +0.774 +0.773
Udderbottomposition +0.842 +0.805
Frontnipplesposition +0.864 +0.850
Frontnipplelength +0.871 +0.878
The strength of the body built +0.772 +0.759
Milktype +0.803 +0.784
Frontudderlobes’length +0.811 +0.791
Hockjoint (backview) +0.781 +0.759

The results of the data on the value of the relation between estimates, both according to Spearman (rank) 
and Pearson (canonical) correlation, indicate a positive ratio between estimates at the level (r = +0.710) - (r = 
+0.888) and had small differences for both methodologies ( from –0.008 to +0.037), with high reliability of
all indicators at P>0.999. It should be noted that to a large extent, the obtained values have a rather large error
in the selection of servicing bulls, the «losses» from the application of the official system are in the range of
12-30%.

The bulls (AMARANT-462, ALMANAKH-5092, and MOLNAR-8316) are given as an example, having
estimates according to the compared methodologies (official, BLUP equation) (Table 5).

Table 5 - Comparative analysis of bull estimates according to compared methodologies (official instruction, 
BLUP equation)

Parameters

Estimates of servicing bulls (σ)
AMARANT -

462
ALMANAKH -

5092
MOLNAR 
-831699

OI BLUP OI BLUP OI BLUP
Height, cm 0.005 -0.404 0.002 -0.126 -0.002 0.578
Bodydepth 0.427 0.632 0.248 0.632 -0.034 0.316
Pelvisposition 0.446 -0.268 -0.056 -0.485 -0.192 0.033
Pelviswidth -0.419 -0.671 0.005 -0.224 -0.161 -0.447
Hind leg position (side view) -0.142 0.879 -0.049 0.209 -0.154 0.377
Hoofangle -0.264 -2.530 -0.164 -0.632 -0.224 1.581
Hind leg position (back view) 0.160 -1.257 0.029 -1.083 -0.138 -1.013
Attachment of the front udder lobes 0.338 0.265 -0.288 -0.790 0.168 0.530
Height of attachment of the rear udder lobes -0.206 -2.530 0.329 0.632 -0.155 0.316
Uddercleft 0.302 -0.374 0.506 0.517 -0.328 -0.575
Udderbottomposition -0.127 0.447 0.091 -0.671 0.068 -0.224
Frontnipplesposition 0.418 1.875 0.042 -0.328 0.415 0.469
Frontnipplelength 0.059 -0.548 0.080 0.548 -0.051 0.365
The strength of the body built 0.002 0.097 0.273 1.517 0.265 0.936
Milktype 0.058 -0.297 0.012 -1.065 -0.038 0.446
Frontudderlobes’length -0.281 -2.195 -0.300 -0.904 0.131 -0.097
Hockjoint (backview) 0.090 0.632 0.253 0.387 -0.124 1.054

OI– officialinstruction

Conclusions. In a comparative aspect, the assessment of bullsby to the exterior parameters of daughters, 
according to both methods, had large differences in values ​​for all parameters. Thus, the comparative results of 
the assessments of the AMARANT-462 bull, according to the official instructions and the BLUP methodology, 
“inconsistency” between negative and positive values ​​of the assessments observed in 8 exterior parameters 
(Height, Pelvis position, Hind leg position (side view), Hoof angle, Hind leg position (back view), Udder 
cleft, Udder bottom position, Front nipple length, Milk type), which is 47% of the error in the compared 
methods.
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Similarly, according to the results of assessments of the ALMANAKH-5092 bulls (7 parameters) and 
MOLNAR -831699 (11 parameters), which is an error of 41.1% and 64.7%, respectively.

Thus, the error assumption from the official instructions, in the estimation of the breeding values of 
servicing bulls by the exterior parameters of daughters, are clearly confirmed, and are fully consistent with 
the studies of Kazakhstani scientists [14].

Consequently, the «distortion» of the estimates for the represented bulls ranges from 41 to 65%. The 
results confirm the large error in the selection of servicing bulls when using the official instructions.
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Аннотация. В настоящее время в разведении и селекции молочного скота всё большее значение 
приобретает оценка быков по качеству потомства, в том числе и по типу телосложения дочерей, а 
именно уровень генетической изменчивости в общей фенотипической изменчивости линейных 
признаков экстерьера.

В этом аспекте, одним из трендового направления является определение достоверной племенной 
ценности быков методом наилучшего линейного несмещенного прогноза (BLUP). Исследования по 
определению генетических качеств быков-производителей проводились в условиях популяции чёрно-
пёстрого скота Московской области. Оценены 46548 голов коров-первотелок, дочерей 290 быков-
производителей, на основе анализа данных материалов Регионального информационно-селекционного 
центра племенного животноводства Московской области «Мосплеминформ». Построены линейные 
профили быков-производителей по типу телосложения дочерей, путем нахождения разницы между 
средним значением по 18 показателям экстерьера дочерей быка и средними значениями показателей 
экстерьера всех оцениваемых быков, выраженной в долях среднеквадратического отклонения. 
Сопоставление результатов оценки быков по экстерьеру дочерей на основе официальной системы 
и метода BLUP, показали, что расхождения оценок, по всем ученным показателям экстерьера, 
варьируются в пределах 7-28%. Следовательно, лучшие быки, оцененные по методу BLUP, вполне 
могут иметь не лучшие результаты оценки по официальной инструкции.

Существенные различия по отдельным показателям оценки каждого признака, наглядно 
подтверждают предположение о погрешности использования официальной инструкции оценки 
племенных качеств быков-производителей по экстерьерным показателям дочерей, которые 
представляют «искажение» оценок при отборе производителей. «Потери» достоверных оценок 
составляют в пределах 12-30%.

Ключевые слова: экстерьер, линейная оценка типа телосложения, передающая способность, 
смешанные модели, наилучший линейный несмещенный прогноз (BLUP), каноническая корреляция, 
ранговая корреляция, племенная ценность.
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29.09.1932 г.  - 16.09.2021 г.
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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