
Course Information Form

Course Title Variance Components and Genetic Parameter Estimation

Course Code ZZO529 Couse Level Second Cycle (Master's Degree)

ECTS Credit 6 Workload 149 (Hours) Theory 2 Practice 2 Laboratory 0

Objectives of the Course The primary objective of this course is to provide graduate students in Animal Science with a comprehensive 
understanding of the theoretical foundations and practical applications of variance component estimation and genetic 
parameter analysis in animal breeding. The course aims to equip students with the knowledge required to quantify the 
genetic and environmental sources of phenotypic variation and to estimate key genetic parameters, including 
heritability, repeatability, genetic correlations, and phenotypic correlations, using performance, pedigree, and, where 
appropriate, genomic data.
The course further develops students' competence in the application of modern quantitative genetic methodologies, 
including linear mixed models, Best Linear Unbiased Prediction (BLUP), and Restricted Maximum Likelihood (REML), 
for the estimation of breeding values and genetic parameters. Emphasis is placed on the interpretation of variance 
components, the evaluation of genetic merit, and the design of scientifically sound selection and breeding programs 
for livestock populations.
Upon successful completion of the course, students will be able to critically evaluate quantitative genetic studies, 
select appropriate statistical models for different breeding scenarios, interpret the biological significance of estimated 
genetic parameters, and apply these concepts to support evidence-based genetic improvement programs in animal 
production systems.

Course Content 1- Definition and partitioning of variance components in quantitative genetics.
2- Data sources for genetic parameter estimation, including phenotypic, pedigree, and genomic information.
3- Experimental and breeding designs for estimating genetic parameters.
4- Genetic and phenotypic parameters in animal breeding: heritability, repeatability, genetic, phenotypic, and 
environmental correlations.
5- Principles, interpretation, and applications of genetic parameter estimation in animal breeding and selection 
programs.
6- Linear statistical models used in quantitative genetics, including fixed, random, and mixed models.
7- Properties of variance component estimators, including unbiasedness, consistency, efficiency, and precision.
8- Methods for variance component estimation, including ANOVA-based approaches, Maximum Likelihood (ML), 
Restricted Maximum Likelihood (REML), and Bayesian methods.
9- Best Linear Unbiased Prediction (BLUP) and breeding value estimation using variance components.
10- Computer software and practical applications for genetic evaluation and variance component estimation (e.g., 
BLUPF90, ASReml, WOMBAT, MTDFREML, DMU, and R).

Work Placement N/A

Planned Learning Activities and Teaching Methods Explanation (Presentation), Demonstration, Discussion

Name of Lecturer(s) Assoc. Prof. Onur YILMAZ

Assessment Methods and Criteria

Method Quantity Percentage (%)

Assignment 1 10

Quiz 1 10

Assignment Examination 1 10

Final Examination 1 70

Recommended or Required Reading

1 Mrode, R.A, 2005. Linear Models for the Prediction of Animal Breeding Values. CABI Publishing, UK. 

2 Vanlı, Y., Özsoy, M.K., Baş, S., 1993. Populasyon ve Biyometrik Genetik. Yüzüncü Yıl Üniv. Zir. Fak. Yay. No:3.

3 Lynch, M. andWalsh., B., 1998. Genetics and Analysis of Quantitative Traits. Sinauer Associates, Inc. USA.

4 Bourdon, R.M., 2000. Understanding Animal Breeding. 2ndedition.PrenticeHall, USA. 

5 Falconer, D.S. and Mackay, T.F.C., 1996. Introduction to Quantitative Genetics. 4th ed. LongmanGroupLtd, England.

Week Weekly Detailed Course Contents & Teaching Methods

1 Theoretical & Practice
Explanation (Presentation)

Introduction to quantitative genetics, definition of variance components, and partitioning of phenotypic 
variance

2 Theoretical & Practice
Explanation (Presentation) Data sources for genetic parameter estimation: phenotypic records, pedigree, and genomic information

3 Theoretical & Practice
Explanation (Presentation) Experimental and breeding designs for genetic parameter estimation

4 Theoretical & Practice
Explanation (Presentation) Heritability: definition, biological interpretation, and estimation methods
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5 Theoretical & Practice
Explanation (Presentation), 
Demonstration, Discussion

Estimation and interpretation of repeatability, genetic, phenotypic, and environmental correlations

6 Theoretical & Practice
Explanation (Presentation), 
Demonstration, Discussion

Applications of genetic parameter estimation in animal breeding and selection programs

7 Theoretical & Practice
Explanation (Presentation) Linear statistical models in quantitative genetics: fixed, random, and mixed models

8 Theoretical & Practice
Explanation (Presentation) Properties of variance component estimators: unbiasedness, consistency, efficiency, and precision

9 Theoretical & Practice
Explanation (Presentation), 
Demonstration, Discussion

ANOVA-based and Maximum Likelihood (ML) methods for variance component estimation

10 Theoretical & Practice
Explanation (Presentation) Restricted Maximum Likelihood (REML): theory and applications

11 Theoretical & Practice
Explanation (Presentation), 
Demonstration, Discussion

Best Linear Unbiased Prediction (BLUP), the Animal Model, and breeding value estimation

12 Theoretical & Practice
Explanation (Presentation), 
Demonstration, Discussion

Computer software for genetic evaluation: BLUPF90, ASReml, WOMBAT, MTDFREML,BUGA, and R

13 Theoretical & Practice
Explanation (Presentation), 
Demonstration, Discussion

Practical data analysis for variance component and genetic parameter estimation, and interpretation of 
results

14 Theoretical & Practice
Explanation (Presentation), 

Discussion
Critical evaluation of recent research, case studies, and overall course review

Workload Calculation

Activity Quantity Preparation Duration Total Workload

Lecture - Theory 14 1 2 42

Lecture  - Practice 14 1 2 42

Assignment 1 8 3 11

Assignment Examination 1 8 3 11

Quiz 1 8 3 11

Final Examination 1 30 2 32

Total Workload (Hours) 149

[Total Workload (Hours) / 25*] = ECTS 6

*25 hour workload is accepted as 1 ECTS

Programme Outcomes (Zootechnics Master)

1
Ability to deepen and increase knowledge in one of the disciplines of animal husbandry and breeding, feeds and animal nutrition, biometrics 
and genetic science, on the competencies related to animal production acquired with the undergraduate degree in animal science 
(Zootechnics)

2 Ability to access scientific resources and databases related to the field of animal science, design experiments and conduct research, collect 
and analyze data, report results, and prepare papers and articles

3 Ability to use and develop computer software and hardware, information technologies, artificial intelligence, robotics and smart animal 
husbandry technologies required by the field of animal science

4 Ability to convey national and international current developments in the field of animal science and the results obtained from one's own studies 
to groups in and outside the field, in written, oral and visual form

5 Ability to identify problems in the field of animal science, develop new strategic approaches, take responsibility and produce solutions at local, 
regional, national or international level

6 Ability to apply the knowledge and problem-solving skills acquired in the field of animal science to interdisciplinary studies

Learning Outcomes

1 Define variance components and fundamental genetic parameters in quantitative genetics, explain their biological significance, and evaluate 
their importance in animal breeding.

2 Select appropriate experimental designs and statistical models for genetic parameter estimation using phenotypic, pedigree, and genomic 
data.

3 Estimate variance components and genetic parameters using ANOVA, Maximum Likelihood (ML), Restricted Maximum Likelihood (REML), 
and related methods, and interpret the results.

4 Apply modern quantitative genetic approaches, including BLUP and the Animal Model, to estimate breeding values and critically evaluate 
selection decisions.

5 Perform genetic evaluation analyses using software such as BLUPF90, ASReml, WOMBAT, MTDFREML,BUGA and R, and effectively 
communicate and apply the results in scientific studies and animal breeding programs.

Prepared by Aydın Adnan Menderes University E-Campus Automation on: 10/10/2026 2/3



Course Information Form

7 Awareness and ability to act in accordance with scientific and professional ethics, as well as to practice one's profession within the framework 
of one's authority and responsibilities.

L1 L2 L3 L4 L5

P1 5 5 5 5 4

P2 5 5 5 5 3

P3 5 5 5 5 4

P4 3 3 3 5 3

P5 3 3 3 3 3

P6 2 2 2 2 2

P7 5 5 5 5 4

Contribution of Learning Outcomes to Programme Outcomes 1:Very Low, 2:Low, 3:Medium, 4:High, 5:Very High
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