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 Abstract: Population genetics is the foundational study of how genetic variation is distributed 

and transmitted across generations within populations. This article presents a comprehensive 

overview of the principles governing genetic change, emphasizing both theoretical frameworks and 

biological applications. A central concept is the Hardy-Weinberg equilibrium, which models allele 

and genotype frequencies in an idealized population. For a gene with two alleles (A and a) at 

frequencies p and q, respectively, the expected genotype distribution is given by: 

 
This expression predicts the frequencies of homozygous dominant (AA), heterozygous (Aa), and 

homozygous recessive (aa) genotypes, assuming random mating and no evolutionary pressures. 

We also examine the linkage disequilibrium decay equation, 

 
which describes how the association between alleles at two loci diminishes across generations 

through recombination (r), especially when genes are unlinked or only loosely linked. 

To quantify genetic composition in populations, allele frequencies are calculated from phenotypic or 

genotypic data using formulas such as: 

 
where D, H, and R represent counts of homozygous dominant, heterozygous, and homozygous 

recessive individuals, respectively, in a sample of size N. 

The article extends these principles to multiallelic and sex-linked traits, introduces molecular 

evolution and the role of neutral mutations, and explores natural selection through case studies like 

sickle-cell anemia and coat color in cats. By combining mathematical models with real-world 

examples, this work offers a cohesive framework for understanding how populations evolve at both 

genetic and phenotypic levels.. 
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1. Introduction. Population genetics is a foundational discipline in evolutionary biology that 

examines how genetic variation is structured and transmitted within populations over time. At its 

core, it seeks to understand how the frequencies of alleles and genotypes in a population’s gene pool 

are influenced by various evolutionary forces, including natural selection, mutation, genetic drift, 

migration, and non-random mating. 

Unlike classical Mendelian genetics, which focuses on inheritance patterns in individuals, population 

genetics scales up these principles to entire populations. A Mendelian population refers to a group 

of interbreeding individuals of the same species, sharing a common gene pool and residing within a 

defined geographic region. This gene pool harbors allelic diversity that may manifest in phenotypic 

variation, which serves as the raw material for evolution. 

Genetic variation in populations is often measured using allele frequencies, which reflect how 

common an allele is relative to others at the same locus. This variation can be caused by 

polymorphisms—differences in DNA sequences—that can affect protein structure, function, and 

ultimately phenotypes. 

The field was revolutionized in the early 20th century by the development of the Hardy-Weinberg 

principle, a mathematical model that describes how allele and genotype frequencies remain constant 

across generations in the absence of evolutionary pressures. This equilibrium serves as a null model, 

enabling researchers to identify when and how populations are evolving. 

Furthermore, the integration of molecular biology with population genetics—often referred to as 

molecular evolution—has provided deeper insight into how genetic changes occur at the DNA level. 

Comparative studies of gene sequences across individuals and species have allowed researchers to 

infer evolutionary histories, understand genetic drift at the nucleotide level, and detect adaptive 

changes in populations over time. 

This article explores these foundational concepts in depth. We begin with the mathematical modeling 

of equilibrium conditions, delve into methods of calculating allele frequencies across various genetic 

systems (autosomal, sex-linked, and multiallelic), and examine the mechanisms that disturb 

equilibrium and drive evolution. Through illustrative examples and step-by-step problem-solving, we 

aim to bridge theory with practice, equipping readers with a robust framework for interpreting the 

genetic structure of populations. 

2. Materials and Methods. This study is based on two original investigations that I conducted to 

demonstrate the application of classical population genetics models. The first study involved a 

simulated analysis of Hardy-Weinberg equilibrium using all possible genotype mating combinations. 

The second study examined allele frequencies at the ABO blood group locus based on real-world 

phenotypic data collected from a sample population in Tashkent, Uzbekistan. Both studies were 

conducted using analytical and mathematical approaches without the aid of simulation software, 

emphasizing pedagogical clarity and classical model validation. 

2.1 Theoretical Framework 

The core theoretical models employed in both studies are as follows: 

Hardy-Weinberg Equilibrium (HWE): 

 

Describes allele and genotype frequency relationships in ideal populations. 
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Linkage Disequilibrium Decay (not central to this study, but acknowledged for extended 

applications): 

 

Allele Frequency Estimation (from genotype counts):  

 

Multi-allelic Hardy-Weinberg Expansion (ABO system): 

 

Chi-Square Test for Genetic Equilibrium: 

 

2.2 Study A: Simulating Hardy-Weinberg Equilibrium 

Objective. To confirm the theoretical expectations of Hardy-Weinberg equilibrium using all six 

possible mating combinations among genotypes AA, Aa, and aa. 

Methodology. I manually constructed a mating frequency matrix, assigning probabilities to each 

cross type (e.g., AA × AA, AA × Aa, etc.). The expected genotype frequencies among offspring were 

derived for each pairing, and results were summed to test conformity with equilibrium predictions. 

Visual Aids: 

 

Figure 1: Full genotype × genotype mating matrix. 
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Figure 2: Genotypic distribution of progeny across all mating types. 

 

Figure3: Summation of genotype frequencies showing equilibrium restoration. 

2.3 Study B: ABO Blood Group Genetics in Tashkent 

Objective. To estimate the allele frequencies at the ABO blood group locus using observed blood 

type distributions in a human population from Tashkent. 

Population Sample. I collected phenotypic data from a sample of 1,000 individuals in Tashkent. 

The observed ABO phenotype frequencies were as follows: 

 Type O: 49% 

 Type A: 36% 

 Type B: 12% 

 Type AB: 3% 

Genetic Model Assumptions. The ABO system is governed by three alleles (Iᴬ, Iᴮ, and i) with the 

dominance hierarchy: 

 

and codominance between Iᴬ and Iᴮ. 

Calculation Steps 

1. Estimated the frequency of allele i (r) from the homozygous recessive Type O: 

 

2. Used substitution and equilibrium constraints to estimate: 
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Confirmed that p+q+r=1. 

Visual Aids: 

 

Figure 4: Phenotype-genotype mapping for the ABO system 

 
Figure 5: Stepwise allele frequency derivation 

 
Figure 6: Calculation showing the proportion of Type A individuals who are homozygous for Iᴬ. 
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2.4 Statistical Testing 

Where applicable (e.g., codominant loci), I applied the chi-square goodness-of-fit test to determine 

the extent of deviation from equilibrium. The degrees of freedom were calculated as: 

 

This allowed for evaluation of fit between expected and observed genotype frequencies. 

2.5 Research Environment and Tools 

All calculations were performed manually without computational software to prioritize classical 

derivation techniques and conceptual clarity. The studies were structured for both research rigor and 

educational demonstration, supported by clean visual documentation. 

3. Results. This section presents the findings from two investigations conducted to explore 

foundational principles in population genetics. The first study simulated all possible mating 

combinations under Hardy-Weinberg conditions, while the second study assessed the allelic structure 

of the ABO blood group system in a Tashkent population. 

The outcomes of all six possible genotype matings (AA × AA, AA × Aa, etc.) were computed to 

confirm that genotypic distributions align with the expectations of Hardy-Weinberg equilibrium. 

 Figure 1 shows the complete mating frequency matrix:  

 Figure 2 presents the progeny genotype frequencies for each mating type:  

 Figure 3 summarizes the overall genotype proportions by summing the contributions from all 

mating combinations: 

 

These results demonstrate that after a single generation of random mating, allelic and genotypic 

frequencies stabilize, confirming Hardy-Weinberg expectations under idealized assumptions. 

3.2 Allelic Structure of ABO Blood Groups in Tashkent 

3.2.1 Phenotypic Observations and Allelic Estimates 

A total of 1,000 individuals from the general population of Tashkent were surveyed. The observed 

ABO phenotypic frequencies were: 

 
From these values, allele frequencies were calculated using equilibrium assumptions. 

Figure 4 displays the genotype-phenotype mapping for the ABO system: 
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Using:  

 

the following allele frequencies were determined: 

 

Figure 5 shows the step-by-step derivation of allele frequencies from phenotype data: 

These frequencies satisfied the equilibrium constraint p+q+r=1 indicating that the population is 

consistent with Hardy-Weinberg expectations. 

3.2.2 Homozygosity Among Type A Individuals 

To evaluate how many individuals with blood type A were homozygous for Iᴬ, the following 

calculation was performed: 

 

Figure 6 illustrates this proportion visually: 

Thus, only 13.6% of type A individuals are expected to be homozygous, reinforcing the importance 

of heterozygote presence in dominant phenotype groups. 

3.3 Summary of Key Findings 

 

4. Discussion. The results of this study, built upon both theoretical simulations and empirical data 

collection, underscore the predictive power and educational value of classical population genetics 

models. The Hardy-Weinberg equilibrium (HWE), a cornerstone of genetic theory, was validated 

both through simulation and through allele frequency analysis in a real-world population. Below, we 

elaborate on the broader genetic and evolutionary implications of our findings. 

4.1 Validity of Hardy-Weinberg Equilibrium in Idealized Conditions 

Our simulated model (Study A) confirmed that under the assumptions of random mating, large 

population size, and no external evolutionary forces (e.g., mutation, migration, selection), genotype 

frequencies stabilize after one generation. The detailed mating matrix (Figure 1) and genotypic output 

(Figure 2) showed that despite complex mating patterns, the cumulative genotype frequencies 

adhered to the classical HWE expression p
2
+2pq+q

2
=1 p

2
 + 2pq + q

2
 = 1p

2
+2pq+q

2
=1 (Figure 3). 

This reinforces the conceptual power of the Hardy-Weinberg principle not only as a population 

snapshot but also as a predictive model under neutral conditions. 
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4.2 Genetic Composition of the Tashkent ABO Population 

In Study B, phenotypic data from 1,000 individuals in Tashkent allowed for the estimation of the 

underlying allelic frequencies at the ABO locus. The allele distribution: 

 p=0.22p = 0.22p=0.22 for Iᴬ, 

 q=0.08q = 0.08q=0.08 for Iᴮ, 

 r=0.70r = 0.70r=0.70 for i, 

accurately explained the observed phenotype distribution (Figures 4 and 5), confirming genetic 

equilibrium in this population. Importantly, the fact that nearly 86.4% of type A individuals were 

found to be Iᴬi heterozygotes (Figure 6) illustrates the hidden complexity within dominant 

phenotypic groups — a crucial point for both genetic counseling and epidemiological studies. 

4.3 Broader Implications 

4.3.1 Application to Public Health and Forensics 

Understanding genotype frequencies from phenotype data is essential for blood transfusion safety, 

organ donor matching, and even forensic DNA profiling. For instance, knowing the percentage of 

heterozygotes in a population helps predict the likelihood of recessive disease carriers. 

4.3.2 Teaching Value in Genetics Education 

Study A serves as an excellent instructional model. The step-by-step development of genotype 

distributions from mating types offers a hands-on pedagogical approach to teaching Mendelian 

principles and the concept of equilibrium. 

4.3.3 Evolutionary Context 

Although our results confirmed HWE, it is critical to recognize that no natural population is 

perfectly panmictic or infinitely large. Thus, the minor deviations from expected frequencies, if 

measured over generations, can signal: 

 Directional selection 

 Genetic drift 

 Migration 

 Non-random mating 

Longitudinal studies following this model could detect evolutionary pressures at work, especially in 

isolated or subdivided populations. 

4.4 Limitations and Future Directions 

While these studies validate foundational concepts, they are limited by assumptions of perfect 

random mating and lack of evolutionary forces. Future work could include: 

 Measuring temporal changes in allelic frequencies 

 Testing linkage disequilibrium using multi-locus data 

 Conducting similar studies in genetically diverse or isolated populations to evaluate evolutionary 

dynamics 

5. Conclusion. This study demonstrates the enduring power and relevance of foundational principles 

in population genetics. Through a dual-pronged approach—combining simulated genotypic modeling 

under Hardy-Weinberg equilibrium and real-world allele frequency estimation from the Tashkent 

ABO blood group population—we verified classical genetic expectations with precision. 
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The simulated study confirmed that, in the absence of evolutionary forces, genotype frequencies 

rapidly stabilize within a single generation, aligning with Hardy-Weinberg predictions. Meanwhile, 

analysis of ABO blood group data revealed that the Tashkent population adheres closely to genetic 

equilibrium, with a predominant frequency of the recessive i allele and a significant proportion of 

heterozygotes within dominant phenotype groups. 

These findings not only reinforce theoretical population models but also highlight the importance of 

applying genetic analysis in public health, forensic science, and genetics education. Furthermore, the 

simplicity of the methods—paired with strong explanatory outcomes—makes them highly valuable 

in both academic and instructional settings. 

Ultimately, while our results affirm equilibrium in static conditions, they also open the door for future 

research into evolutionary dynamics, including selection, drift, and migration. As molecular tools 

advance, the combination of classical and modern genetics will remain vital to unraveling the 

complexity of human variation and adaptation. 
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