Inbreeding Coefficient (F)

What Is the Inbreeding Coefficient?

The inbreeding coefficient, commonly denoted as F, is a concept from population
genetics that tells us how genetically related an individual's parents are. More
technically, it measures the likelihood that two versions of a gene (alleles) in an
individual come from the same ancestor—that is, they are identical by descent.

In a normal case where parents are not related, each allele in their child usually
comes from different family lines. But in cases where the parents are
relatives—like cousins—there’s a chance that the same ancestor passed down the
same gene to both parents, and then to their child. That's where the inbreeding
coefficient becomes important.

How Is F Interpreted?
The value of F ranges between 0 and 1:

e F =0: This means no inbreeding. The two alleles at a gene locus are assumed
to come from different ancestors. This is the case in populations where
mating is completely random and individuals are unrelated.

e F > 0: This means some inbreeding has occurred. There is a positive chance
that the two alleles in a gene pair are the same because they came from a
shared ancestor.

e F =1: This would mean complete inbreeding, where all gene pairs in an
individual are identical by descent. This is an extreme and purely
theoretical scenario—not found in natural human populations.

How Is the Inbreeding Coefficient Calculated?

The inbreeding coefficient depends on the degree of relatedness between the two
parents. This can be calculated using pedigree analysis, which traces how genes are
passed through generations. A simplified table shows typical F-values:

Relationship Between Inbreeding
Parents Coefficient (F)
Unrelated individuals 0

First cousins 0.0625 (6.25%)

Uncle-niece or aunt-nephew  0.125 (12.5%)
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Half-siblings 0.125

Full siblings (theoretical) 0.25

These values are averages and assume no prior inbreeding. If there has been
inbreeding in earlier generations, the total F value may increase.

Why Is the Inbreeding Coefficient Important in Anthropology and
Genetics?

1. Assessing Genetic Health Risks

Higher values of F mean more homozygosity (similar gene copies) across the
genome. This increases the chance that recessive genetic disorders will be
expressed. For example, conditions like thalassemia, sickle cell anemia, or
Tay-Sachs disease are more likely to appear in populations where inbreeding is
common.

Real-world case: In many Middle Eastern and South Asian communities, where
cousin marriage is culturally acceptable, genetic screening programs use F-values to
assess the risk of inherited diseases.

2. Studying Population Structure

Anthropologists use the inbreeding coefficient to study how isolated or
endogamous a population is. Endogamy means marrying within a group, which can
increase F-values over generations. For instance, in some tribal or caste-based
societies, people often marry within the same social or kin group. This can lead to
increased genetic similarity and a higher F.

Example: In South India, cross-cousin marriages (such as between a man and his
mother’s brother’s daughter) are traditional. Genetic studies have shown elevated
F-values in such populations compared to others that practice exogamy (marriage
outside the group).

3. Conservation and Evolutionary Biology

In population genetics, F-values help track how genetic diversity changes over
time. This is not just limited to human studies but is also vital in wildlife
conservation. Small, isolated animal populations—such as endangered
species—often have high F-values because they have few potential mates, leading to
inbreeding depression.

Example from global conservation: The Florida panther in the US faced a genetic
crisis due to inbreeding. Conservationists introduced new individuals from a related
population to reduce the average F-value and increase genetic variation.

How Do Populations Deal with High F-values?
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In populations with high inbreeding risks, social or biological mechanisms may
develop to limit genetic damage:

e Marriage taboos: Many cultures forbid marriages within the same clan or
lineage to avoid inbreeding.

e Genetic screening programs: In modern societies, especially where
consanguineous marriage is common, medical systems use genetic
counseling based on F-values to inform potential couples of the risks.

e Migration and exogamy: As people move to cities or global societies,
traditional inbreeding practices may reduce, leading to more genetic mixing
and lower F-values.

II. Mechanism: How Is the Inbreeding Coefficient (F)
Calculated or Understood?

A. What Does the Inbreeding Coefficient Measure?

The inbreeding coefficient (F) is a mathematical expression used in population
genetics to quantify how closely related the parents of an individual are. More
specifically, it estimates the probability that two alleles at a given gene locus in
an individual are "identical by descent"”, meaning they are inherited from the
same common ancestor.

B. Example from Common Human Practice: First Cousin Marriage
Let’s begin with a widely observed example — first cousin marriage:

e First cousins share a set of grandparents.

e Each cousin may inherit a specific allele from that shared ancestor.

e The chance that their child inherits the same allele from both parents,
which is the condition for being identical by descent, is 1 in 16, or 0.0625.

Thus, for offspring of first cousins:
F =0.0625 (or 6.25%)

This means there is a 6.25% chance that any randomly chosen pair of alleles in the
child is identical by descent.

C. General Formula: The Path Coefficient Method

When the genetic relationship is more complex, scientists use the path coefficient
method, originally developed by Sewall Wright, to calculate F precisely.

The general formula is:

The Optionalist | AnthroPoliX



1

1\"

Where:
e n =number of individuals (including both parents and intermediaries) in the
path connecting the mother and father through a common ancestor
o Fla- inbreeding coefficient of the common ancestor (usually taken as 0
unless they were themselves inbred)
e X =sum of all such independent paths (in case of multiple shared ancestors)

This formula accounts for the genetic distance between the parents and
incorporates any prior inbreeding that may have occurred in earlier generations.

D. Worked Example: Uncle-Niece Marriage

Consider a case of uncle-niece marriage, found in certain traditional societies and
historically among royal lineages:

e The uncle and niece share a common ancestor — the grandparent of the
niece and the parent of the uncle.

e The path from the child to the shared ancestor passes through:
o Child — Mother — Grandparent
o Child — Father (Uncle) — Grandparent

This gives n = 2 (two individuals between mother and father via the grandparent).

Assuming the common ancestor was not inbred ( Fa_ 0):

2+1 3

1 1 1
F—(:z 140V = (=) == =0.125
x(1+0)= {5 3

So, the inbreeding coefficient is 0.125, or 12.5%.
E. How the Formula Adapts to Complex Pedigrees

If the parents are related through multiple shared ancestors, or if the same
common ancestor appears through multiple paths, each of those independent
paths contributes to the total F. The more the overlapping ancestry, the higher
the value of F.
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This becomes particularly important in small, isolated communities, or among
populations that maintain strict endogamy, such as some island populations, royal
dynasties, or caste-based groups. Even if each marriage is between distant relatives,
over generations, genetic similarity accumulates.

F. Applications of F in Anthropology and Genetics

1. Genetic Counseling:
In communities where cousin marriages are common, F helps healthcare providers
estimate the risk of inherited disorders and advise families accordingly.

2. Medical Anthropology:
F is used to correlate cultural patterns of marriage with the prevalence of genetic
conditions, helping anthropologists design community-sensitive interventions.

3. Population Genetics and Human Evolution:
Anthropologists use F to study how migration, isolation, and marriage practices
have shaped genetic diversity in human populations over time.

4. Conservation Biology:
F is also crucial in animal studies, especially for endangered species, where
inbreeding threatens population survival due to loss of genetic variability.

IV. Real-World Examples
1. South Asia (India, Pakistan, Bangladesh):

e Consanguineous marriages are common, especially in parts of South India,
where cross-cousin and parallel-cousin marriages are culturally accepted.

e A study in Tamil Nadu found consanguinity rates over 30%.

e Higher F values are linked with recessive disorders like thalassemia and
congenital anomalies.

2. Middle East (e.g., Saudi Arabia, Jordan):

e High rates of first-cousin marriages, especially among tribal and rural
populations.

e Fvalues often exceed 0.03, and genetic diseases like Tay-Sachs, G6PD
deficiency, and autosomal recessive blindness are more frequent.

3. Ashkenazi Jewish Population:

e Although not practicing cousin marriages, genetic bottlenecks and
endogamy (marriage within the community) raised effective F.

e (ertain genetic diseases like Tay-Sachs, Gaucher disease, and Bloom
syndrome are more common due to this.

4. Isolated Populations (e.g., Finland, Amish communities):

e Limited genetic input from outside (founder effect).
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e Elevated F values and concentration of rare genetic disorders, even without
recent consanguinity.

V. Effects of High Inbreeding Coefficient
1. Increased Homozygosity:

e Increases the chance that an individual will be homozygous (have two
identical alleles) at many gene loci.

e Especially dangerous if recessive deleterious alleles become homozygous.
2. Inbreeding Depression:
e Reduction in biological fitness, such as:
o Lower fertility rates
o Higher infant mortality
o Reduced growth rates
o Weakened immune response
e Observed in both human and animal populations.
3. Expression of Genetic Diseases:
e Examples: Cystic fibrosis, sickle cell anemia, albinism, beta-thalassemia.

e Even if rare in general populations, these disorders become more common
when F is high.
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