Gene Interaction and Regulatory Genes
Modifying Genes

Modifying genes are genes that change the expression of another gene, but not
by turning it on or off like dominant or recessive genes do. Instead, they adjust
how strongly or how mildly a particular trait shows up.

They don’t decide whether a trait exists, but they adjust the "intensity", "size", or
"distribution” of that trait in the organism.

How Do Modifying Genes Work?
Let’s understand how modifying genes work using a conceptual illustration:
Imagine Trait A: Skin Pigment Production

Let’s say there's a major gene (Gene A) responsible for making melanin, the
pigment that gives skin its colour.

e If Gene A is active, melanin is produced.

e I[f Gene A is inactive, no melanin is produced, and the skin appears pale or
unpigmented.

So far, this follows simple Mendelian logic.

Now Introduce Modifying Genes:

Now, imagine Modifying Gene M1 and Modifying Gene M2 are present.
e M1 affects how much melanin is produced.
e M2 affects how quickly melanin breaks down in the skin.

These genes do not stop melanin from being made (Gene A still does that), but they:
e Increase or decrease the amount of pigment made.
e Make the pigment last longer or fade more quickly.

Resulting Phenotype:

Instead of just black (lots of pigment) or white (no pigment), we now see:
e Very dark brown
e Medium brown
e Light brown

e Very light tan
..depending on how M1 and M2 work together.

This is how modifying genes produce intermediate phenotypes and smooth
gradations of a trait, rather than distinct, separate categories.
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Example: Eye Colour in Humans
e Main Gene: Controls the base presence of pigment (brown vs. blue eyes).
e Modifying Genes:
o Some modify how much melanin is deposited in the iris.
o Others control the distribution of melanin granules.
o Some affect light scattering properties of the eye tissue.

What you see: A range of eye colours—from dark brown to light brown, hazel,
green, grey, and blue.

This variation cannot be explained by one gene alone; it’s the interaction of many
modifying genes that creates the full spectrum.

Genetic Structure Behind It
At the molecular level:

e The main gene codes for a protein that directly contributes to the trait (e.g.,
an enzyme that helps make pigment).

e The modifying gene may:
o Change the promoter of the main gene (how much it is turned on).

o Produce regulatory proteins that increase or decrease the activity of
the main gene.

o Alter the efficiency with which the final protein is used in the body.

So instead of acting like a traffic signal that says “go” or “stop,” modifying genes act
more like traffic volume controllers: they let more or fewer cars through without
stopping traffic completely.

Suppressor Genes

Suppressor genes are special types of genes that “silence,” “weaken,” or “reverse”
the effects of mutations in other genes. They don’t correct the original mutation
itself, but they act elsewhere in the genetic system to compensate for the error, so
the organism can still function more normally.

Think of a suppressor gene as a genetic backup system—when something goes
wrong due to a mutation, a suppressor gene might “step in” and reduce the damage
or redirect the process, leading to a partial or full recovery of the original trait
(called the wild-type phenotype).

Key Characteristics
1. Suppressor Genes Do Not Act Alone

o By themselves, suppressor genes usually do not show a visible effect.
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o Their role becomes visible only when a mutation exists elsewhere in
the genome.

2. They Work by Compensation

o Instead of fixing the original mutation, suppressor genes adjust other
pathways or processes to help the organism function despite the
mutation.

o The final outcome is often a normal or near-normal trait, even
though the original gene is still defective.

3. Two Main Types of Suppression

o Intragenic Suppression: The suppressor mutation occurs within the
same gene as the original mutation, often in a different location. It can
restore function by changing the shape or behavior of the faulty
protein.

o Intergenic Suppression: The suppressor gene is in a different gene,
often located far away in the genome. It helps by altering interacting
proteins or regulatory signals.

4. Post-Transcriptional or Post-Translational Action

o Many suppressor genes operate after the gene is transcribed into
RNA or after the protein is made, adjusting protein function or
stability to reduce the negative impact of the mutation.

How Do Suppressor Genes Work?
Scenario: Gene A is Mutated

e Normally, Gene A produces Protein A, which is necessary for making a
healthy red eye in a fruit fly.

e Due to a mutation, Gene A now makes a faulty Protein A, and the fruit fly
develops white eyes instead.

Introducing Suppressor Gene B

e Gene B (a suppressor gene) produces Protein B, which normally plays a
different role.

e However, in the mutated system, Protein B recognizes the fault in Protein A
and changes its structure slightly, or triggers an alternative pathway that
compensates for the problem.

Outcome: Even though Gene A is still mutated, the fly develops red eyes (or at least
pink eyes), because Gene B has suppressed the defect.

This is the essence of genetic suppression: an indirect repair system that helps the
organism stay functional.
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Molecular Mechanisms Behind Suppressor Action
At the molecular level, suppressor genes can work in various ways:
1. Protein-Protein Interaction Adjustment

o A suppressor protein binds to the faulty protein, stabilizing it or
helping it function better.

2. Alternative Pathway Activation

o The suppressor gene may turn on a secondary pathway that performs
the same function as the damaged one.

3. Compensatory Translation

o Some suppressor tRNA genes can read through stop codons
introduced by mutations, allowing the protein to be made despite the
mutation.

4. Gene Silencing Adjustment

o The suppressor gene may alter how genes are expressed (epigenetics),
increasing or decreasing activity of other genes to balance the defect.

Example 1: Eye Development in Drosophila melanogaster
In fruit flies (Drosophila):

e C(ertain mutations affect the development of compound eyes (e.g., small,
misshapen, or missing eyes).

e Some second-site mutations (in other genes) can partially restore eye
structure, even though the first gene is still defective.

e These are intergenic suppressors that re-balance the developmental
pathway.

Example 2: Tumour Suppressor Genes in Humans

Although slightly different in function, tumour suppressor genes are one of the
most studied forms of suppressor genes in medical genetics.

e Example: p53, often called the “guardian of the genome.”
o p53 suppresses uncontrolled cell growth by:
m Detecting DNA damage
m Pausing cell division
m Initiating repair or cell death

e [f p53is mutated or inactivated, cells with damaged DNA can divide
uncontrollably, leading to tumour formation.
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e While p53 is not a suppressor in the classic intergenic sense, its action is to
suppress the outcome of harmful mutations.

The Selfish Gene: A Gene-Centered View of Evolution

The idea of the selfish gene was popularized by evolutionary biologist Richard
DawkKins in his influential 1976 book The Selfish Gene. Dawkins did not mean that
genes are literally selfish or have intentions.

Instead, he used “selfish” as a metaphor to explain how natural selection works at
the level of genes, rather than at the level of organisms or species.

The central idea is this: genes that are better at ensuring their own survival and
replication will become more common in future generations, even if this comes
at some cost to the organism carrying them.

Core Ideas and Mechanism
1. Genes as the True Unit of Selection

Traditional views often saw individual organisms or entire species as the focus of
evolution. Dawkins shifted this by arguing that natural selection operates most
directly on genes.

e Organisms are viewed as “survival machines” or vehicles for the genes they
carry.

e The body of an organism is just a tool or a temporary container that genes use
to replicate themselves and move into the next generation.

2. Genes That Promote Their Own Replication Are Favoured

e A gene that increases its own chances of being copied—either by helping the
organism survive and reproduce, or by manipulating reproductive rules—is
favoured by evolution.

e This means that even traits that harm the organism can evolve if they help
the gene spread more successfully.

3. Explains Altruism, Parental Care, and Genetic Conflict
This view helps explain complex behaviours such as:
e Altruism: where an organism sacrifices its own well-being for others.

e Parental investment: why animals care for their offspring, even at great
personal cost.

e Genetic conflict: when different genes within the same organism compete or
sabotage each other to get passed on.

Illustration: How the Selfish Gene Works
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1. Generation 1: A gene appears in an organism that slightly improves its
chances of getting copied into the next generation (e.g., by improving the
chances of reproduction or manipulating inheritance).

2. Generation 2: That gene is passed on more often than other variants.

3. Over time: The gene becomes more common in the population, even if it
causes minor harm to the organism'’s health, lifespan, or fitness.

4. Result: Evolution selects for genes, not necessarily for what is best for the
individual or species.

Examples of Selfish Gene Behavior
1. Segregation Distorter Genes (Fruit Flies)

In normal Mendelian inheritance, each gene copy (allele) has a 50% chance of being
passed on.

But segregation distorter genes in Drosophila melanogaster (fruit flies) break this
rule:

e These genes manipulate sperm formation so that only the sperm carrying
them survive, killing off sperm with alternative alleles.

e This ensures the selfish gene is passed on more than 50% of the time.

Result: The gene spreads even if it reduces the fertility of the male fly. The gene
behaves “selfishly” by favouring its own transmission over the health of the
organism.

2. Transposable Elements (“Jumping Genes”)

Transposable elements are segments of DNA that can copy and insert themselves
into multiple locations in the genome.

e They often don’t do anything useful for the host organism.

e In fact, they can disrupt important genes, cause mutations, or reduce
genome stability.

e But they replicate themselves successfully—sometimes hundreds of times
across the genome.

Example: Over 45% of the human genome is made up of transposable elements,
even though most of them no longer serve any functional role. They are genomic
parasites, existing because they replicate efficiently, not because they benefit us.

Selfish Genes and Altruism: The Paradox Explained

At first glance, the idea of selfish genes seems incompatible with altruism, where
organisms help others at a cost to themselves. But Dawkins explained this using Kin
selection:
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e If helping a close relative increases the chance of shared genes being passed
on, then a selfish gene might “promote altruism” toward kin.

e So, behaviours that seem selfless at the organism level can actually be selfish
at the gene level.

Example:
e A bee worker sacrifices her life to protect the queen.

e The queen shares 75% of her genes with her worker sisters (due to
haplodiploid inheritance in bees).

e The worker’s genes survive more effectively by protecting the queen than
by reproducing herself.

Important Clarifications
e Genes are not conscious—they don’t “want” anything.

e "Selfish" is a metaphor for how selection works: the genes that replicate
more successfully are the ones that persist, regardless of their effect on the
whole organism or group.

PYQ Insights

1. Modifying Gene

"Which of the following terms refers to a gene that alters the effect of another gene
without masking it?"

(Options: Modifier gene, Suppressor gene, Lethal gene, Pleiotropic gene)

2. Suppressor Gene
"Suppressor genes restore the phenotype by acting on..."
(Options: Wild-type alleles, Mutant genes, Epistatic interactions, All of the above)

3. Selfish Gene PYQ

"The concept of 'selfish gene' was proposed by:"

(Options: Richard Dawkins, Gregor Mendel, W.D. Hamilton, Theodosius
Dobzhansky)
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