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THE MAIN PROBLEMS OF USING BLUP FOR ASSESSING PIG NUMBERS IN THE
REPUBLIC OF KAZAKHSTAN

ANNOTATION

This paper initiates the implementation of the BLUP methodology for assessing the breeding
value of pigs in the conditions of domestic pig farming in Kazakhstan. The initial data analysis
revealed several critical problems that hinder the correct implementation of statistical calculations.
The main issues are the high percentage of missing values and abnormal data in key parameters, such
as litter weight, number of piglets, and measurement dates. These shortcomings lead to the
impossibility of using a significant part of the records to calculate the complex index using the BLUP
method. The paper proposes a comprehensive interdisciplinary approach, including identifying
influencing factors based on international experience and regional characteristics, improving the data
collection and control system in the information and analytical system (IAS), and developing
specialized software. The study results demonstrate that even with correct management of
identification data, significant problems remain that require further refinement of the algorithms for
cleaning and quality control of the initial data, which must be considered in the subsequent practical
implementation of the methodology. Applying the developed method will improve the accuracy of
assessing the breeding value of pigs and, in the long term, improve the efficiency of breeding work in
the industry.

Key words: BLUP, breeding value, pig breeding, data analysis, information and analytical
system, genetic selection, statistical analysis, data evaluation.

Introduction. The development of domestic pig farming today requires the introduction of
modern methods for accurately assessing the breeding value of animals. The BLUP (Best Linear
Unbiased Prediction) method has long established itself in foreign practice as an effective tool for
predicting genetic value [1 - 4]. However, its application in Kazakhstan faces several specific
problems. One of the key problems is the insufficient completeness and quality of the initial data used
to calculate complex breeding indices. Analysis of the provided data showed that 76% to 100% of the
records in the central columns, such as nest weight, measurement dates, and number of piglets, are
missing or contain abnormal values, significantly complicating the implementation of correct
statistical calculations.

The study's relevance is due to the need to adapt international experience to domestic pig
farming conditions. This paper proposes an interdisciplinary approach, which includes:

1. Determination of influencing factors considering international methodological approaches
and the specifics of regional conditions;

2. Improving the data collection and processing system in the information and analytical system,
which requires the development of new software modules for input data control;

The implementation of the proposed measures will not only improve the accuracy of estimates
but also create a basis for further software development. The next stage of the study involves
integrating genetic information to account for family ties, which will be the next step in improving the
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assessment methodology. Thus, this study is an essential step toward modernizing the selection system
in domestic pig breeding.

This article thoroughly examines the problems associated with missing values and abnormal
data in key columns, emphasizing the importance of identifying their cause and understanding
potential ways to improve data quality.

Materials and methods of research. The BLUP methodology [5-8] has not yet been applied in
domestic pig breeding, so it is impossible to use the Kazakh explicitly works to lay out the working
environment. On the other hand, information obtained directly from the farm indicates several traits
that are currently the most accessible in the country in terms of their measurement and control
methods.

It can be assumed that these traits are the minimum data set in all BLUP variants. However,
traditional selection, even for a minimum set of traits, is far from evident since these traits have
different biological origins.

The only way to quantitatively evaluate an animal is to assess the BLUP since this method
allows us to isolate the genetic contribution to traits' productivity from the totality of other factors'
influences [9-10].

To develop a working environment (filling the main table of initial data) for analyzing domestic
pig populations in BLUP, information on breeding value is collected according to many criteria. Each
indicator is considered separately (fertility, milk yield, lifetime fat thickness, average daily gain, feed
conversion, etc.). The necessary data collection should be specified considering national and regional
pig breeding characteristics.

The first category of available features consists of indicators of reproductive characteristics of
animals (Table 1).

Table 1 — Indicators of reproductive characteristics of animals

Live weight Multiple ;
of nest at pregnancies; Milk yield: kg stzgmﬁ'ghli at
birth; kg heads g- g
Milk production of sows is
conventionally determined by the
live weight of suckling piglets of
the entire litter at 21 days. The
actual milk production of a sow is
The weight calculated based on the fact that
of a litter is approximately 3 kg of the mother's
the sum of milk is spent to obtain 1 kg of piglet The litter weight at
the live weight gain. Therefore, the weight weaning on a given
weight of all Prolificacy is of suckling piglets at 21 days of age | day is determined by
piglets. The determined by is subtracted from their total birth adjusting the actual
weight of a the number of weight, and the difference is litter weight on the
piglet at birth live piglets multiplied by 3. 21st to the 45th day
varies from born (including | Currently, weaning is carried out on after farrowing
0.8 kg (the weak, stillborn, farms for 21 to 35 days. In (depending on the
average norm mummies) connection with this, the program technology used)
for most must make adjustments. For using correction
breeds is 1.2- example, a piglet at birth weighed factors.
1.3 kg) to 1.2 kg. Weaning was carried out at
1.5 kg. 28 days; the live weight was 4.2 kg.
To determine milk production, 4.2 -
1.2=3kg
3/28=0.108 ¢
21 - 28 =7 days.
7x0.108 =0.756 g.
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This set of features coincides with the studies on using BLUP methods in pig breeding
presented by Suslina et al. [11]. Another set of features is formed based on fattening characteristics
(Table 2).

Table 2 — Indicators of Fattening Qualities of Animals

. Body Thickness
AVZ';%? gally Precocity Feed conversion length, of bacon,
e cm. mm.
It is determined Precocity is the age at An indicator of the The The
by dividing the which the pigs reach economic body's thickness of
total increase in 100 kg of weight. This efficiency of length is the fat is
the animal's live indicator characterizes feeding and animal measured determined
weight during the growth energy husbandry along the on live pigs
the fattening during pig fattening; technology. midline of using an
period (from the growth intensity is Conversion is the the back ultrasound
when it is put on assessed in this case. ratio of feed from the device to
fattening until it At the moment, the consumed per unit occipital examine the
is taken off) by farm re-weighs at the of output, for ridge to meat
the number of end of each month. example, per 1 kg the root of | qualities of
days in this The live weight of of gain. the tail pigs, with
period. young animals can CCF = total amount using a an error of
Cle=V1-V2IT range from 92 to of feed / total steel no more
108 kg. In this regard, weight gain measuring than 1 mm
where V1 is the this indicator must be tape with at the level
initial live converted to 100 kg. a division of the
weight, kg; For example, a piglet value of 6-7
V2 is the final was born on 1cm. vertebrae

live weight, kg; 01.01.2024 with a live
T is the days of weight of 1.2 kg, and
fattening, days. weaning was carried
out at 28 days
(29.01.2024) with a
live weight of 4.2 kg.
Re-weighing was
carried out on
01.07.2024, with a live
weight of 108 kg.
108 kg - 4.2 = 103.8 kg
/ 152 days (from
weaning to re-
weighing, days) =
0.683 kg
100 - 103.8 =3.8 kg /
0.683 kg = 5.56 days.
(This coefficient
should be rounded for
6 days.)
152 days (from
weaning to re-
weighing days) -
6 days = 146 days
(pig maturity)
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The livestock analysis was done using the IAS data for 2021 and 2023, broken down by breed.
The primary analytical tool was regression and correlation analysis, which identified patterns in
processing an extensive array of data.
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The next step in developing the working environment consists of calculating the BLUP score for
each trait using an animal model that shows its deviation from the average values in the population being
assessed. These specific breeding value values are multiplied by the economic weight of the traits. It is
determined based on the actual contribution of the trait to overall profitability and its corresponding
weight in selection. The result is a general BLUP index [12]. A more systematic approach description is
also presented in [13]. In terms of the animal model, the general concept is as follows:

my
W = Z Fyi,
i=1

where v is the number of the trait (in pig farming, there are several for one animal),
F,; is the i-th factor influencing the -th trait,
m,, is the number of factors influencing the -th trait.

For each trait in a herd of n animals (i.e., with a fixed v), y, is a vector whose components are
equal to the value of the given trait for individual animals:

Yo = Vo1, Yv2r - Yonl-

Calculations and statistical analysis were performed in the NEL software environment developed
by LLP Kazakh Research Institute for Livestock and Fodder Production. This software platform has
several releases designed for different types of livestock. Within each release, several versions were
developed due to the desire to improve computing and user characteristics and to increase the number of
functions performed, which was caused by the expansion of the list of tasks to be solved. A brief
description of all releases is given in Table 3. To perform work on this task, a release (NEL.meat.pg) was
developed, designed to work with pig livestock.

Table 3 — Configuration of the NEL software platform for calculations on pig livestock

Release Title Description

The basic platform contains functions standard to all releases:

* coding of plan matrices

* high-performance matrix multiplication

» compiling levels of influencing factors of livestock

» converting the list of livestock to the pedigree format with the allocation
of the genealogical hierarchy

* identifying pedigree errors

» forming an inverted matrix of relationships

* solving the MME equation

* primary verification of the initial data

» statistical processing of the results

» forming the final report

performing iterations to select the result according to the maximum
likelihood and continuous convergence criteria.

NEL.meat.pg Special functions and BLUP for pig herds

NEL

The basic NEL module contains functions common to all applications (herds). The main ones are
the functions of coding plan matrices and the multiplication of coded plan matrices. This function
significantly saves RAM and computation time compared to direct execution of these operations using
linear algebra formulas. The module was developed due to the need to work with extensive data from
domestic herds. Problems with memory and computation time became noticeable, starting with herds
exceeding 30,000 animals.

General-purpose functions also include constructing an animal's genealogical line in order from
older to younger. This is necessary to ensure calculations in BLUP, a function of ranking factors, and a
module for solving the MME equation.

All the functions used to ensure synchronization of animal record numbers in the lists:
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* input list of animals;

« list with reliable records;

« list of animals admitted to the calculation;

« list of animals ordered from older to younger.

Along with general functions, specialized functions are required to work with animal species.
These functions are constantly being developed as new tasks arise. Specialized functions are grouped into
releases by animal species. The data analysis below was performed using the NEL.meat.pg software
release.

Results and their discussion. As a result of the work, many missing values were identified (Table

4).
Table 4 — Proportion of missing values in key columns
Indicators Missing values Percentage of omissions (%)
Litter weight 55501 76,20
Age, days/live weight, kg 72 839 100
Actual weighing date on day 21 72 839 100
Date of reaching 100 kg 72 839 100
Fat thickness, cm 72 836 99,99
Measurement date 72 836 99,99
Torse length, cm 72 836 99,99
Number of healthy piglets at farrowing 55501 76,20
Number of piglets in the litter on day 21 70916 97,36
Total animals 72 839

The table shows that most key columns are missing between 76% and 100% of the data. This
means the information is simply unavailable for many parameters, making their analysis impossible. The
situation description is supplemented by the following illustration (Fig. 1).
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Figure 1 — Percentage of missing records for key positions

The only parameters in which no violations were noted are animal numbers, which are given by the
requirements of the Animal Identification Rules in the Republic of Kazakhstan [14].

Also, certain program adjustments were required in cases where data was not missing but recorded
in different Excel formats and related to one factor. Without special modifications, such data would have
caused the program to stop.

Under these conditions, there were two options for testing the program. The first was to create an
artificial population of animals, where a random number generator sets the values of the features and
random errors, and an arbitrary decision sets the distributions by farms and other fixed factors. This
approach was helpful at the initial stages of program development.
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In this situation, another path was possible. Some animals, ~5,000 individuals, had correct records
for two features. The program was tested on this subset. The parameters of the test subset of animals are
shown in Figure 2.
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Figure 2 — Distribution of litter and live piglet weights

Abnormal values in the available data.

Litter weight:

» Average: 1.09 kg

* Range: 0 kg to 4 008 465 kg

Abnormal values: Values in millions of kilograms (e.g., 1 301 586 kg and 4 008 465 kg) are
unrealistic and indicate serious data entry errors. In addition, values below 1 kg raise doubts about the
accuracy of the measurements.

Number of healthy piglets at farrowing:

» Average: 10.7 piglets

* Range: 0 to 54 piglets

Abnormal values: Values above 20 piglets require verification as they exceed the average
biological capacity of the sow.

Any statistical conclusions will be unreliable with so many gaps and abnormal values. Using such
data can lead to distorted results and incorrect conclusions, which is unacceptable in scientific research.

In addition, the lack of critical data, such as dates of measurements and weighing, makes it
impossible to track the dynamics of animal growth and development, which is a key factor in assessing
their breeding value.

On the other hand, the correct maintenance of animal numbers can be noted, which allows us to
hope for the correct construction of pedigrees and the resulting kinship matrices, necessary elements in
BLUP calculations [15-20].

Conclusion. The analysis of the provided raw data for calculating boar breeding indices revealed
serious problems: many missing values and anomalous data in key columns. These shortcomings make it
difficult to conduct accurate statistical analyses and can significantly distort the results. At the same time,
the lack of data on the date of weighing the nest "on the 21st day" leads to the fact that out of 72 839
records, no one can be used to calculate the complex index in BLUP.

Data quality is the foundation for conducting reliable research and making informed decisions. The
problems in the current data set make its use risky and can lead to erroneous conclusions. Measures are
recommended to improve the data collection, entry, and control processes.

Massive omissions and homogeneity of errors indicate systemic problems:
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* Data collection: perhaps the procedures for collecting information were not clearly defined, which
led to inconsistency.

* Data entry: Errors could occur when manually entering data or importing data from other sources

Possible causes of problems:

1. Lack of data collection standards: Employees could collect information differently without clear
instructions, resulting in incompleteness and inconsistencies.

2. Insufficient staff training: Employees may not understand the importance of accurate and
complete data collection, affecting the quality of the information entered.

3. Technical limitations: The hardware or software used could be outdated or unreliable,
contributing to errors.

4. Neglect of quality control: Without regular data checks and audits, errors could accumulate and
go undetected for a long time.

Suggestions for improving data quality

1. Develop standard data collection procedures

* Create clear instructions: Define what data should be collected and how to ensure its
completeness and accuracy.

* Staff training: Conduct training and workshops for all staff involved in data collection and entry,
emphasizing the importance of quality information.

2. Implement data quality control systems

* Regular checks: organize periodic data audits to identify and correct errors and omissions.

* Use software tools: implement systems that automatically check data for correctness and warn of
possible inconsistencies.

3. Updating technical infrastructure

* Updating software: Switch to modern data management systems that ensure reliable storage and
processing of information.

» Automation of data collection: Use sensors and other devices to automatically and accurately
collect the necessary information.

4. Recollection of critical data

* Focus on key parameters: prioritize collecting and checking data on the most critical indicators
required for analysis.

* Use of alternative sources: refer to other databases or archives to supplement and clarify
information if necessary.

5. Analysis and correction of abnormal values

* Identification of outliers: apply statistical methods to detect abnormal values and assess their
impact on the overall analysis.

* Verify sources: Check suspect data against original records or logs to confirm or correct the
information.
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TYUIH
By xxymeic KazakctaHgarsl OTaHJIBIK MIONIKA [TAPYaNTBIIBIFGI )KaFAaWbIH/IA TIOMIKAIAP,IBIH aChLI
TYKBIMJIIBIK KYHABUTBIFBIH OaranmaynsiH BLUP omictemeciH eHri3y yzepicin Oacrtaiinpl. bacTtamks
MOIMETTEP/Il Tajjay CTaTHCTUKAJBIK €CENTepIi IYPbhIC JKYpridyre Keaepri KeNlTipeTiH OipkaTtap
MaHBI3IbI Maceneep i anbikTaabl. Herisri Macesenep - KeTICISHTIH MOHAEP/IH KOFaphl MalbI3bl JKOHE
KOKBIC CaJIMarbl, TOpaWIapIblH CaHbl KOHE OJIIey KYHAEpi CHAKTHI HEri3ri mapameTpiepie aHOMalb.i
nepekrepain Oomybl. Byn kemmrimikrep BLUP omici apkbutel Kyplieni HMHAEKCTI ecenTey YIIiH
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Kaz0anmapaelH aWTapibIKTal OeNiriH MalgamaHnydsl MYMKIiH eMec eTemi. JKYMBIC XalbIKapasblK
TOXipuOere me, alMakTHIK CHITaTTaMajapra N1a HETI3AENTeH ocep €Tyl (aKTOpiIapAbl aHBIKTAYIH,
aKnapaTThIK-aHAJIUTHKAIBIK Kyitene (IAS) nepexkrepai xxuHay jxoHe Oackapy jKYHECiH KeTUIHIpYal KoHe
MaMaHJaHJbIPbUTFaH OarJapiaMallblk KaMTaMachl3 €Tyl 93ipieyli KaMTUTBIH KeIleHi MOHApaibIK
TOCUINI YCHIHAMBL. 3epTTey HOTIKENepl COWKeCTeHAIpYy MepeKTepiH aypbic OacKapraHHBIH ©3iHe
OacTarkpl MOIMETTEP/Ii Ta3aiay >KOHE camachlH OaKpUIay alrOPUTMIEPIH OJaH 9pi HAKTHUIAYIBI Taiall
eTeTiH MaHBI3[bl MoceJieNiep Kajblll OTHIPFaHBIH KOepCeTell, Onap oMiCTeMeHI KeHiHHEH MpaKTHUKAabIK
€HTi3y Ke3iHAe ecKepiTyl THic. O3IpJeHTeH oAicCTeMeHi KONJIaHy MIOMIKANAPABIH achll TYKBIMIIBIK
KYHABUIBIFBIH OaranayaplH JONIITIH apTTBHIpyFa JKoHe Y3aK Mep3iMIi MepClieKThBaga CajaJarbl
aCBUIIAHJIBIPY JKYMBICTAPBIHBIH THIMIIUIITIH apTTRIpyFa MyMKIHIIIK Oepeti.

PE3IOME
B nannoii pabote nHHUIMUpYeTCs npouecc BHeapeHus Metoauku BLUP mis oueHkH mieMeHHoi
LIEHHOCTH CBUHEH B YCJIOBHAX OTE€UYEeCTBEHHOro cBUHOBOACTBA Ka3axcrana. [IpoBenéHHblil ananus
MCXOJHBIX JAHHBIX BBIBHII Psii KPUTUUECKUX MPOOIIEM, IPENATCTBYIOIINX KOPPEKTHOMY ITPOBEIECHHIO
CTaTUCTUYECKUX pacy€ToB. OCHOBHBIMU IIPOOIEMaMHU SBJISIFOTCS BBICOKHMH IPOLIEHT MPOITYILIEHHBIX
3HaYeHUH U HAJIM4Me aHOMAJIbHBIX JAaHHBIX B KIIOYEBBIX MTapaMeTpax, TAKUX Kak Macca THe3/a,
KOJIMYECTBO MOPOCAT U aThl U3MEPEHHUI. DTH HEJOCTATKU MIPUBOIAT K HEBO3MOXHOCTH HCIIOJIB30BaHUS
3HAYUTENFHOW YaCcTH 3aIuce It pacuéTa KOMIUIEKCHOTO nHekca metogoM BLUP. B pabote
npeJiaraeTcs KOMIUIEKCHBIN MeXAUCIUIUIMHAPHBIIN MOAX0/I, BKITIOUAIOLIUI ONpeieieHHe BIUSIOINX
(aKTOpPOB Ha OCHOBE KaK MEXIyHAPOAHOTO OIBITa, TAK M PETHOHAILHBIX 0COOEHHOCTEH,
COBEPILICHCTBOBAHUE CUCTEMBI COOpa M KOHTPOJIS AaHHBIX B HH(POPMAIIIOHHO-aHAIMTHYECKOH CUCTEME
(UAC), a Tarxxe pa3paboTKy CIeNUATM3UPOBAHHOTO POrPAMMHOT0 o0ecreueHus. Pe3ybraTsl
WCCIIEIOBAHUS IEMOHCTPUPYIOT, YTO JIaKe TIPH KOPPEKTHOM BEJCHUU HICHTU(PUKAIIMOHHBIX JTAHHBIX
OCTalOTCS CYLIECTBEHHbIE IPOOIeMBbl, TpeOyrome AaabHeNIel 10pab0oTKH alrOpUTMOB OYUCTKU U
KOHTPOJISI Ka4eCTBA HCXOAHBIX JAaHHBIX, YTO HEOOXOANMO YUUTHIBATE NPH MTOCTIEYIOLIeH IPAaKTHIECKON
peanuzannu Metoauku. [IpuMenenue pazpaboTaHHON METOIMKH MO3BOJIUT MOBBICUTH TOYHOCTH OLIEHKH
TUIEMEHHOM LIEHHOCTH CBHHEH U, B IEPCIEKTHBE, YIyUIIHTh 3()(HEKTUBHOCTD CENEKIIMOHHOM paboThl B
OTpAaCIIH.
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