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          Introduction 
Kjj 

The identification and utilization of genetically 
superior individuals in animal breeding depend on the 
reliable determination of various genetic parameters, 
such as variance components, heritability, and breeding 
value, given the genotypic perspective (Kumlu, 2003). 
Since this is a highly complex process, more than twenty 
specialized computer software programs have been 
developed for this purpose since the 1960s to facilitate 
fast and easy calculations in this field. Some of these 
software programs have become obsolete as they are 
no longer being developed. The most commonly used 
software programs today include MTDFREML (Boldmon 
et al., 1995), ASREML (Gilmour et al., 1998), BLUPF90 
(Anonymous, 2023a), WOMBAT (Meyer, 2007), and 
MIXBLUP (Anonymous, 2023b). A common feature of 
these software programs is that they are written in 
Fortran 77/90/95, C, and Pascal languages and operate 
through a command system.  

 

There are a number of steps involved in the selection 
of animals to maximize the response achieved. These 
include: (i) managing the animals as equally as possible 
to make it easier to disentangle genetics and 
environment; (ii) adjusting records of performance for 
known environmental effects, and then (iii) predicting 
the breeding values of individual animals by the most 
appropriate method. Modern (BLUP) methods of genetic 
evaluation achieve the second and third of these steps 
simultaneously (Simm et al., 2022). 

 Predicting an animal’s breeding value is a bit like 
completing a large, complicated jigsaw puzzle, where 
each piece of the puzzle is a record of performance from 
the animal itself or one of its relatives. More recently, 
the genomic information on the animal adds a further 
piece of the puzzle. Generally, the higher the proportion 
of genes in common between the animal and a given 
relative, the more useful the record of performance 
from that relative. But, records from progeny are of 
most value. As the number of records on progeny 
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Abstract 
 
In this study, variance components and breeding value estimations of Anatolian water 
buffaloes were estimated from the data obtained within the scope of community based water 
buffalo improvement program of Anatolian water buffalo population of İstanbul. The "BUGA" 
named software, which was started to be developed with the support of Harran University 
Scientific Research Project Unit (HUBAP) for use in the estimation of (co)variance components 
and breeding value were used in this study. The BUGA software used in the research can 
predict genetic and environmental effects together with variance components as Best Linear 
Unbiased Prediction (BLUP) with the Restricted Maximum Log likelihood (REML) method. 
Unlike its counterparts of another software of foreign origin, it has a visual interface. The 
language of use is Turkish. The dataset includes records such as city, district, village, 
genealogy information, date of birth, gender, calving date, lactation parity, number of test 
day milk yield, lactation milk yield and previous calving date of 442 Anatolian buffaloes raised 
in this population. The records were analysed using the repeatability model with BUGA 
software and the additive genetic and permanent environmental effects of all animals in the 
dataset were estimated. Random environment variance, genotypic variance and permanent 
environment variance values were estimated as 107112.60 kg2, 20045.22 kg2 and 1259.50 
kg2, respectively, while heritability (h2) and degree of repeatability (r) were determined as 
0.1561 and 0.1659, respectively. The results obtained as an example of case study applied for 
the possibility of usage the BUGA software in the estimation of genetic parameters and 
breeding values showed that BUGA software can be easily used in farm recording conditions 
with the advantage of friendly user features. 
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increases, the correlation between predicted and true 
breeding values approaches one. With other classes of 
relatives the accuracy of prediction never reaches one, 
and for all classes of relatives there are diminishing 
returns in accuracy as the number of records increases 
(Simm et al., 2022). 

Estimated bleeding values (EBVs) can have positive 
or negative values or be equal to zero. The sign indicates 
whether they are expected to be genetically above (+) 
or below (−) the average of the group of animals on 
which the calculations were performed, or some other 
defined group of animals whose predicted breeding 
values (PBVs) are set to average zero (the base). PBVs 
are expressed (at least initially) in the same units as the 
record of performance (e.g. kg of live weight, litres of 
milk, mm of fat). The PBVs of animals can only be 
compared within contemporary groups, herds or flocks 
unless there are genetic links between these groups, 
and the PBVs were from across-herd or across-flock 
BLUP evaluations (Mrode, 2005; Simm et al., 2022). 

In the simplest case, when we have a single record 
of performance on the animal itself, the predicted or 
estimated breeding value (PBV or EBV) is the deviation 
in performance from con- temporaries, multiplied by 
the heritability of the trait concerned. The deviation in 
performance is calculated after adjusting the 
performance records for environmental effects. PBVs 
calculated from a single record of performance span a 
narrower range than the deviations in performance; the 
higher the heritability, the lower the proportion of non-
genetic variation, and so the less severe the shrinking. 

To run them, a recoded pedigree file and complex 
parameter files must be prepared. These files should 
specify which model will be used, which fixed and 
random effects will be included in the model, the initial 
values of the variance components to be estimated, and 
the number of iterations, among other parameters, all 
coded with great care. Almost all of these programs 
cannot directly read data organized in MS Excel. Data 
prepared in MS Excel must be converted to a different 
format called a "data file." Some of these programs are 
commercial (ASREML and MIXBLUP), while others are 
free (MTDFREML, WOMBAT, and BLUPF90) or partially 
free. These software programs lack user-friendly 
interfaces, require advanced knowledge for operation, 
suffer from a lack of Turkish resources explaining how to 
use them, and, in some cases, are paid. As a result, they 
are not effectively utilized in the livestock sector in our 
country. 

To address these issues, there is a need for the 
development of a program that is user-friendly, does 
not require expertise or complex parameter file 
preparation, and has a Turkish user guide and interface 
specifically designed for the livestock sector and 
researchers. As a result of a project supported by Harran 
University Scientific Research Project Unit (HUBAP) 
(project no: 22035), a software program named BUGA 
has been developed. The aim of this study is to 
demonstrate the usability of the BUGA software in field 
conditions. 

 

Material and Methods 
 
Data 
 
The data used in the research was obtained from a 

private enterprise affiliated with the Breeding Buffalo 
Farmers Union in Istanbul. The dataset includes records 
for 442 healthy Anatolian buffaloes, such as the city, 
district, village, pedigree information, date of birth, 
gender, calving date, lactation order, number of test 
days, lactation milk yield, and previous calving date. 

 
Statistical Model:  
 
For the determination of variance components, the 

following model (Equation 1) was preferred for the 
repeated observations used in the study (Mrode, 2005). 
The effects of environmental factors, such as birth year 
and month, lactation order, calving year and month, and 
lactation duration, were determined using variance 
analysis through the SAS software (2000), with the 
results showing that the effects of lactation order, 
calving month, and lactation duration were significant 
(P<0.05), while the effects of other factors were deemed 
non-significant (P>0.05). The significant environmental 
factors were used as fixed-effect environmental factors 
in the animal model containing repeated observations. 

 
y = Xb + Za + Wpe + e  [1]  
where:  
y : vector of observations, 
b : vector of fixed effects,  
a : vector of random animal effects,  
pe : vector of random permanent environmental  

effects and nonadditive genetic effects, and  
e : vector of random residual effect.  
X, Z, and W are incidence matrices relating records 

to fixed animal and permanent environmental effects, 
respectively. 

 
Software and Analysis Application:  
 
The BUGA software used in the research is 

programmed in PYTHON 3x (Anonymous, 2023c) 
programming language, with some parts also utilizing 
the C language. It is currently in an alpha version and is 
continuously being developed. 

The BUGA software can estimate genetic and 
environmental effects, along with variance 
components, using the Restricted Maximum Log 
likelihood (REML) method and Best Linear Unbiased 
Prediction (BLUP). It employs two algorithms, Average 
Information (AI) and Expectation-Maximization (EM). 
Depending on the selected model, it can estimate 
phenotypic variance components (genetic, permanent 
environmental, and random environmental), as well as 
additive genetic and permanent environmental effects 
for animals. 

The software, as seen in Figure 1, has a visual 
interface. In the top-left corner of the interface, there 
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are buttons for opening files, selecting the folder for 
saving analysis results, running the program, clearing 
the screen, and closing the program. On the side, there 
is a combo box that lists the models the user can 
choose, allowing them to select a model without the 
need to prepare a parameter file. On the left side of the 
interface, options for solving the relationship matrix 
(algebraic or Henderson methods), the output of this 
matrix, and the algorithm to be used in the solution 
(AIREML or EMREML) are provided as optional choices 
for the user.  

The user can also optionally specify convergence 
criteria. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Default values are shown in the bottom-left corner of 
Figure 1 (Duyarlılık; Sensitivity). In addition, the 
software has its own screen for tracking the operations 
performed during runtime. Users can monitor these 
operations from the start of the program until 
completion, and they can choose to save them by 
checking the "Save Screen Output (Ekran çıktısı kaydet)" 
box in the bottom-right corner of the interface. 

The software requires only one MSExcel file for 
input (Figure 2). The pages of this file (for the model 
used in this study) should be named in the following 
order: pedigree, permanent environmental, fixed 
effects, observation, and starting values. The first rows 
on these pages are header rows. Subsequently, on the 
pedigree page, animal sire and dam numbers should be 
entered in sequence, starting from 1, with the header 
rows labelled as animal, sire, and dam, respectively.  

Similarly, on the permanent environmental page, 
the name of the permanent environmental effect (In 
this study, a permanent environmental page has been 
created since repeated observations are used. This is 
not mandatory for a simple animal model) can be 
written in the first row. The permanent environmental 
effect contains the animal number for each animal as 
many times as it has repeated observations. For 
example, if animal number 25 has three observations, 
number 25 is written three times in succession. 

On the fixed effects page, the fixed effects in the 
model are coded and their names are entered in the 
header row. In the observation page, the repeated 
observations obtained for each animal are entered 
based on the animal number, and the name of the 
observation is written in the header row (In this study, 
as milk yield is considered, it is simply labeled as " 
süt_ver; milk_yield"). Finally, in the starting values page, 
initial values for genetic variance, permanent 
environmental variance, and random environmental 
variance are entered in cells B2, B3, and B4 (Figure 2). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
After these steps, the data file is closed, and the user 

selects the location of this file and the folder where the 
output files will be saved using the relevant buttons on 
the interface. Afterward, the user selects the 
appropriate model (Equation 1), as shown in Figure 3, 
and clicks on the "running man" icon to execute the 
program. 

 After completing the software process, it displays 
the message "PROGRAM SONLANDI; PROGRAM ENDED" 
on its dedicated screen, indicating that the program has 
successfully concluded. If the user has made errors in 
preparing the data file or selected the wrong model, the 
software will identify where the error occurred and 
notify the user with an error code on its own screen. 
After completing its operation, the software generates 
five output files for this model, including two MSExcel 
files and three graphs (Figures 4 - 8). 

These files are named as follows: 
Pedigree_Solution.xlsx; Soy_Kütüğü_Çözümü.xlsx, 
Results.xlsx; Sonuçlar.xlsx, genetic_effects.jpg; 
genetik_etkiler.jpg, 
Permanent_Environmental_Effects.jpg; Kalıcı çevre 
etkileri.jpg and Kalıntılar.jpg; Residuals.jpg. In the 
Pedigree_Solution.xlsx output file, various statistical 
information related to the pedigree is provided (Figure 
4). Additionally, if the user has requested the  

 

 

Figure 1. Interface of BUGA software 
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        Figure 2: Data file and sections prepared with MSEXcel for BUGA software 
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 Figure 3. Model selection. 

 

 Figure 4. Soy_Kütüğü_Çözümü.xlsx (Pedigree_Solution.xlsx) file and its contents. 

 

 

 

 

 

 

  

relationship matrix and/or its inverse, these are also 
included in different pages within the same file. The 
Results.xlsx file consists of an analysis report, fixed effect 
solutions, genetic effect solutions, permanent 
environmental solutions, genetic parameters, log-
likelihood changes, and residuals pages (Figure 5). 

In the genetic effect page, the estimated additive 
genetic effect for each animal is listed, along with 
standard errors for each estimate and the correlation 
values between the true and estimated values. These 
values can be considered as the breeding values of the 
animals. In addition, values related to inbreeding 
coefficients for each animal are provided. As shown in 
Figure 5, the standard errors of the estimated variance 
components are also given. 

 

Result and Discussion 
 

Upon completion of the program's operation, as can 
be seen from the output files it generated (Figure 5), the 
values for residual variance, genotypic variance, and 
permanent environmental variance were estimated as  

107112.60 kg², 20045.22 kg², and 1259.50 kg², 
respectively. The heritability (h²) and repeatability (r) 
were determined as 0.1561 and 0.1659, respectively. 
Furthermore, it was observed that the additive genetic 
effects for the 442 animals ranged from +235.76 to -
246.60 kg. In other words, the animal with the highest 
additive genetic effect produced 235.76 kg more milk 
than the population average. This value is solely 
attributable to the genetic effect of the animal, 
independent of environmental factors. Therefore, the 
additive genetic effect values for animals can be used as 
selection criteria. 

When compared to other software programs, this 

software offers advantages such as the ability for the 

user to directly select the model they want to work with, 

the absence of the need to prepare parameter files, the 

ability to prepare data files in MSExcel format and obtain 

result files in the same format, and the overall ease of 

use. This makes it possible for the software to become 

widespread and effectively used in field conditions. 
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         Figure 5. Sonuçlar.xlsx (Results.xlsx) file and its contents. 

 

 
 

          Figure 6. Scatter diagram of additive genetic effect plot. 
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                    Figure 7. Scatter diagram of permanent environmental impacts plot. 

 

 
 

                 Figure 8. Scatter diagram of residuals (kalıntılar) plot. 
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Conclusion  

The results obtained from this case study 

demonstrate that the BUGA software can be easily 

employed in farm recording conditions due to its user-

friendly features. Furthermore, if the usage of this 

software with its unique user-friendly features is 

promoted, it is expected to make a significant 

contribution to the efficiency of breeding programs. This 

will increase the accuracy of selection studies in 

breeders' enterprises with a regular registration system. 

The software is continually being enhanced and 

configured to handle more complex models in the 

future. 
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