Hardy-Weinberg Law

Definition and Concept

In 1908, a mathematician named Godfrey Hardy and a doctor named Wilhelm
Weinberg proposed a very important idea in genetics. They showed that if
certain ideal conditions are met in a population, the genetic
makeup—meaning the frequency of different genes and traits—does not
change from one generation to the next.

This idea became known as the Hardy-Weinberg Equilibrium (HWE). It tells
us that in an ideal population (large, randomly mating, and with no mutation,
migration, or natural selection), the proportion of different genotypes (like
AA, Aa, or aa) will stay the same over time.

The core equation they developed is:
p>+2pq+q®=1

Here:

p is the frequency of the dominant allele (A)

q is the frequency of the recessive allele (a)
p + q =1, since all alleles together must make up 100%

Then the genotype frequencies are:

AA = p?
Aa=2pq
aa=q*

Assumptions of Hardy-Weinberg Equilibrium

The Hardy-Weinberg Equilibrium describes a theoretical situation where
the genetic structure of a population does not change over time. But for this
to happen, the population must satisfy five strict conditions. These are not
always met in real-world populations, but understanding them helps
scientists study how evolution and other forces change gene frequencies.

1. Large Population Size (No Genetic Drift)

The population must be very large so that random chance doesn’t cause
big changes in gene frequencies.

In small populations, a process called genetic drift can cause certain alleles
(gene types) to increase or disappear just by chance, not because they are
better or worse.

For example, if only 10 people survive a natural disaster, the gene pool may
look very different in the next generation purely by accident.
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2. Random Mating

Individuals in the population must choose mates randomly, without
preference for certain traits.

This means there is no assortative mating (where people choose mates
similar to themselves), and no inbreeding (like mating between close
relatives).

If mating isn’t random, certain genes may become more or less common
depending on how people choose their partners, which can change genotype
frequencies.

3. No Mutation

There must be no changes in the genetic code — that is, alleles must stay
the same from generation to generation.

If mutations occur (such as a gene A changing into a new form B), they
introduce new alleles into the gene pool.

Even rare mutations can slowly shift allele frequencies over time, disrupting
the equilibrium.

4. No Migration (No Gene Flow)

The population must be closed, meaning no individuals enter or leave the
group.

If people (and their genes) move in or out — a process called gene flow —
they can introduce new alleles or remove others, changing the genetic
makeup.

For example, if a new group with a different genetic profile moves into a
village and interbreeds, the overall gene frequencies in the population will
shift.

5. No Natural Selection

All individuals must have an equal chance of surviving and reproducing,
regardless of their genetic traits.

If certain traits help organisms survive better or produce more offspring (as
in natural selection), those genes will become more common over time.
But in Hardy-Weinberg equilibrium, every genotype is equally fit, so no
allele is favored over another.

Examples for Better Understanding

Let’s say in a population, 60% of alleles are A (p = 0.6) and 40% are a (q =
0.4). The expected genotype frequencies would be:

e AA (p%*)=0.6>=0.36 or 36%
e Aa(2pq)=2x0.6x0.4=0.48 or 48%
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e aa(q®)=0.4%=0.16 or 16%

So, in this population, 36% would be homozygous dominant, 48%
heterozygous, and 16% homozygous recessive.

This calculation helps scientists and anthropologists compare actual
observed values from a population with the expected values. If they don’t
match, it indicates some evolutionary force is acting on the population.

Understanding How It Works

To see how genotypes result from random mating, imagine two equal groups
of gametes (sperm and eggs) carrying alleles A and a in frequencies p and q,
respectively. Their random union gives rise to offspring with the following
genotypes:

Male gametes — P q

| Female gametes

P P? Pq

0 Pq q
So the total genotype frequencies are: p* + 2pq + q* = 1
Example of Mating Types and Outcomes

Let’s now look at all possible mating combinations between individuals and
the expected genotype outcomes for their children. This helps us see how the
Hardy-Weinberg proportions arise.

Mating Type | Mating Frequency | Expected Frequency of Offspring
Genotypes

AA x AA p* 100% AA

AA x Aa 2p3q 50% AA

AA x aa p%q® 100% Aa

Aa x AA 2p3q 50% AA

Aa x Aa 4p2q? 25% AA, 50% Aa, 25% aa
Aa x aa 2pq® 50% Aa, 50% aa

aa x AA p?q® 100% Aa

aa x Aa 2pq® 50% Aa, 50% aa

aa x aa q* 100% aa
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Algebraic Proof of Equilibrium

Now, let’s add up the total contributions of each genotype from all mating
types:

AA total frequency = p* + 2p3q + p%q® = p*(p® + 2pq + q%)

Aa total frequency = 2p3q + 4p?q® + 2pq® = 2pq(p? + 2pq + q%)

aa total frequency = p?q* + 2pq® + q* = ¢*(p* + 2pq + q°)

So altogether: p? + 2pq +q®=1

This shows mathematically that even when considering all mating

combinations, the population returns to equilibrium after just one generation
of random mating—if the five ideal conditions are met.

Applications in Anthropology and Genetics
1. Predicting Genotype Frequencies:
o Helps estimate how common a genetic trait or disease might be
in a given population.

o For example, the frequency of sickle cell anemia or
thalassemia carriers in Indian populations can be predicted
using HWE.

2. Detecting Evolutionary Forces:

o If observed frequencies differ significantly from expected ones, it
suggests natural selection, migration, non-random mating, or
genetic drift is occurring.

o This is used to trace adaptation, population isolation, or
cultural marriage practices in anthropological studies.

3. Public Health and Genetic Counseling:

o HWE is widely used to calculate carrier frequencies for
autosomal recessive disorders (like cystic fibrosis or Tay-Sachs
disease).

o This helps in screening programs and genetic counseling,
especially in communities with high prevalence of specific
inherited diseases.

Limitations of the Hardy-Weinberg Equilibrium

While the Hardy-Weinberg Equilibrium (HWE) is a powerful tool in
population genetics, its usefulness is limited by the fact that real-world
populations rarely meet all the assumptions required for equilibrium.
Here are the main limitations:
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1. Ideal Conditions Are Rare

The model assumes a large, randomly mating population with no
mutation, migration, natural selection, or genetic drift. However, these
conditions are rarely, if ever, fully met in natural populations. In reality, most
human and animal populations are finite in size, subject to selective
pressures, and influenced by social and cultural factors that shape mating
patterns.

2. Sensitivity to Violations of Assumptions

Even small deviations from any of the five assumptions—such as
non-random mating, a low rate of migration, or a slight selection
pressure—can lead to changes in allele and genotype frequencies over time.
This makes it difficult to determine whether a population is truly in
equilibrium or merely appears close to it.

3. Cannot Explain Changes Over Time

HWE is a static model; it explains what will happen to allele frequencies in
the absence of evolutionary change but does not account for how and why
populations evolve. To study actual evolutionary processes, we need
dynamic models that incorporate factors like selection, drift, and gene flow.

4. Limited Use in Structured Populations

Human populations often have sub-groups based on geography, language,
ethnicity, or caste, which leads to population stratification. These structured
populations violate the assumption of random mating and often show
departure from Hardy-Weinberg proportions, making simple HWE
analysis less accurate.
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