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Understanding the genetic outcomes of self-fertilization in organisms with complex
genotypes is fundamental in genetics. When an organism possesses the genotype
AaBbCcDdEe and undergoes self-fertilization, the resulting offspring exhibit a diverse array
of genotypes due to the independent assortment of alleles at multiple loci. This article
delves into the principles behind such genetic inheritance, calculations of potential
genotypic ratios, and implications in breeding and genetic studies.

Introduction to Genetic Inheritance and
Independent Assortment

Genetic inheritance describes how traits are passed from parents to offspring, governed by
genes located on chromosomes. The law of independent assortment, formulated by Gregor
Mendel, states that alleles for different genes are inherited independently of each other
when the genes are located on different chromosomes or are far apart on the same
chromosome.

In our case, the organism's genotype is AaBbCcDdEe, indicating five loci, each with two
alleles:

- A (dominant) / a (recessive)
- B (dominant) / b (recessive)
- C (dominant) / c (recessive)
- D (dominant) / d (recessive)
- E (dominant) / e (recessive)

Assuming these loci assort independently, the inheritance pattern of each locus can be
considered separately, and the combined genotype distribution can be deduced by
applying principles of probability.

Genotypic Composition of the Parent Organism



The parent organism exhibits heterozygosity at all five loci:

| Locus | Genotype | Alleles Involved |

S — R |
| A|Aa|Aand a |
| B|Bb|Bandb|
|C|Cc|Candc|
|D|Dd|Dandd |
| E| Ee | Eand e |

Each locus contributes one allele to the gamete during meiosis. Since the organism is
heterozygous at all loci, it can produce four types of gametes with equal probability for
each locus.

Calculating Gamete Variations in Self-fertilization

Given that the organism produces gametes by meiosis, and assuming independent
assortment, the probability of each allele combination in a gamete is determined by the
alleles segregating at each locus.

2.1 Gamete Formation Probabilities

For each locus:

- Aa produces two types of gametes: A or a, each with a probability of 1/2.
- B b: B or b, each with probability 1/2.

- C c: Corc, each with probability 1/2.

- D d: D or d, each with probability 1/2.

- E e: E or e, each with probability 1/2.

Since the loci are assumed to assort independently, the total number of unique gamete
types is:

Number of combinations = 2 (for A) x 2 (for B) x 2 (for C) x 2 (for D) x 2 (for E) = 32
Each gamete has a probability of (1/2)~5 = 1/32.

2.2 Listing the Possible Gametes

The 32 possible gametes are all combinations of one allele from each locus, such as:
-ABCDE

-ABCDe

-abcde

- ...and so on.

Each with an equal likelihood of 1/32.



Predicting Offspring Genotypes After Self-
fertilization

Self-fertilization involves the fusion of two gametes from the same organism, leading to
offspring with genotypes determined by the combination of alleles from each gamete.

3.1 Genotypic Combinations

The genotypes of the offspring are determined by pairing each possible gamete with itself
or another gamete. Since the parent produces 32 types of gametes, the total number of
genotype combinations is:

Total combinations (including duplicates) = 32 x 32 = 1024

However, many of these combinations result in identical genotypes due to symmetry, and
calculating the genotypic ratios involves evaluating the probability of each genotype.

3.2 Determining Genotypic Ratios
For each locus:
- The probability that both gametes contribute the same homozygous genotype:

- Both contribute A: AA
- Both contribute a: aa

- The probability that the combination results in heterozygous genotype:
- One contributes A, the other a: Aa

Similarly, this applies to all loci.

The genotypic possibilities at each locus are:

| Locus | Possible Offspring Genotypes | Probability |
R — — |

| A| AA, Aa, aa | Derived from gamete pairs |

| B | BB, Bb, bb | Derived similarly |

| C|CC, Cc,cc|...|

| D| DD, Dd, dd | ... |

| E | EE, Ee, ee | ... |



Genotypic and Phenotypic Ratios in Self-fertilized
Offspring
4.1 Calculating Genotypic Ratios

The key to understanding the offspring's genotypic makeup is to analyze each locus
independently and then combine the results.

4.1.1 Homozygous Dominant (e.g., AA)

Probability that both gametes contribute the A allele:

- Both contribute A: (1/2) x (1/2) = 1/4

Resulting in AA genotype.

4.1.2 Heterozygous (e.g., Aa)

Probability that one gamete contributes A and the other a:

-(1/2) x (1/2) = 1/4 for A from first, a from second
- Plus the reverse: (1/2) x (1/2) for a from first, A from second

Total probability for Aa:

-2 x(1/4) =1/2

Similarly, for homozygous recessive aa:

- Both contribute a: (1/2) x (1/2) = 1/4

Thus, for each locus, the genotypic ratios are:
| Genotype | Probability |

e R |
| Homozygous dominant (e.g., AA) | 1/4 |

| Heterozygous (e.g., Aa) | 1/2 |
| Homozygous recessive (e.g., aa) | 1/4 |

4.2 Combining Loci

Assuming independence, the overall genotypic ratio for the offspring can be calculated by
multiplying the probabilities across all loci.

For example, the probability that an offspring is:
- Homozygous dominant at all five loci (e.g., AABBCCDD EE):

(1/4)~5 = 1/1024



- Heterozygous at all loci (e.g., AaBbCcDdEe):
(1/2)~5 = 1/32

- Homozygous recessive at all loci (aabbccdd ee):
(1/4)~5 = 1/1024

4.3 Specific Genotypic Combinations

More common are mixed genotypes, such as:

- Four loci homozygous dominant, one heterozygous
Probability:

-(1/4)74 x (1/2) = (1/256) x (1/2) = 1/512

- Three loci homozygous dominant, two heterozygous
Probability:

-(1/4)"3 x (1/2)72 = (1/64) x (1/4) = 1/256

And so forth.

Phenotypic Ratios in Self-fertilized Offspring

Given the dominance of certain alleles, phenotypic ratios are derived from genotypic ratios.
5.1 Dominance and Recessiveness
Assuming complete dominance:

- A dominant trait manifests when at least one dominant allele is present.
- Recessive trait manifests only when homozygous recessive alleles are present.

5.2 Phenotypic Categories

Because each locus is independently inherited, and the organism's genotype is
heterozygous at all loci, the phenotypic expression depends on the combination of alleles.

- All dominant phenotype: occurs when at least one dominant allele at each locus is present
(e.g., AaBbCcDdEe). The probability of this is:

- At each locus, probability of presence of dominant phenotype:



1 - probability of being homozygous recessive (which is 1/4 at each locus).

- So, probability = 1 - (1/4) = 3/4 at each locus.

- The probability that the offspring exhibits the dominant phenotype at all five loci:
(3/4)~5 = 243/1024 = 0.2373

- Recessive phenotype at any locus: occurs when the genotype is homozygous recessive

Frequently Asked Questions

What is the probability of obtaining an offspring with
the genotype AaBbCcDdEe after self-fertilization of an
organism with genotype AaBbCcDdEe?

The probability is (1/2)~5 = 1/32, since each locus segregates independently with a 1/2
chance of passing on the dominant or recessive allele, resulting in a 1/32 chance for the
offspring to inherit the same genotype AaBbCcDdEe.

How many possible genotypic combinations can arise
from self-fertilization of the organism AaBbCcDdEe?

Since each gene has two alleles (A/a, B/b, C/c, D/d, E/e), the total number of possible
genotypic combinations is 375 = 243, considering the possible homozygous and
heterozygous combinations at each locus.

If the organism AaBbCcDdEe self-fertilizes, what is the
probability of obtaining an offspring with the genotype
AAbbCcDdEe?

To have AAbbCcDdEe, the probabilities are: A from Aa (1/2), a from Aa (1/2), so for AAbb:
(1/2 for A) and (1/2 for a) twice, giving (1/4). Similarly, for Bb: 1/4, Cc: 1/2, Dd: 1/2, Ee: 1/2.
Multiplying these yields (1/4) (1/4) (1/2) (1/2) (1/2) = 1/128.

Why can we assume independent assortment for the
loci AaBbCcDdEe during self-fertilization?

Because the loci are assumed to be on different chromosomes or sufficiently far apart on
the same chromosome, leading to independent assortment according to Mendel's second
law, which states alleles segregate independently during gamete formation.

What is the expected phenotypic ratio in the offspring



resulting from self-fertilization of the organism
AaBbCcDdEe, assuming complete dominance?

Assuming complete dominance at each locus, the phenotypic ratio would be 32 different
phenotypes with varying combinations, but generally, the most common phenotype would
be the one with all dominant alleles (A B C D E), occurring with a probability of (3/4)"5 =
243/1024.

Additional Resources

Genotype AaBbCcDdEe: Exploring Independent Assortment and Its Implications in Self-
fertilization

In the fascinating realm of classical genetics, understanding how genotypes translate into
phenotypes and how alleles are inherited across generations is fundamental. Today, we
delve into a comprehensive analysis of an organism with the genotype AaBbCcDdEe that
undergoes self-fertilization, assuming the loci assort independently. This exploration not
only sheds light on Mendelian principles but also highlights the intricacies involved in
predicting offspring genotypes and phenotypes in such scenarios.

Understanding the Genotype AaBbCcDdEe

Before examining the outcomes of self-fertilization, it’s crucial to break down what the
genotype AaBbCcDdEe signifies:

- A/a, B/b, C/c, D/d, E/e: These are five loci (gene positions) on different chromosomes.

- Heterozygosity at each locus: The organism carries two different alleles at each gene
locus.

- Genotype composition: The organism has one dominant and one recessive allele at each
locus.

This genotype is a classic example used to illustrate independent assortment, where each
gene segregates independently of the others during gamete formation. The organism,
therefore, produces a wide array of possible gametes containing different combinations of
alleles.

Assumption of Independent Assortment: The
Foundation for Predicting Outcomes

Mendel's second law, the Law of Independent Assortment, states that alleles at different



loci segregate independently into gametes. This assumption simplifies the calculation of
possible gametes and offspring genotypes, especially when dealing with multiple
heterozygous loci, as in our organism.

Implication: Each allele at a given locus sorts independently, leading to a combinatorial
explosion of possible gametes. For five heterozygous loci, the organism can produce 275 =
32 different types of gametes.

Gamete Formation in AaBbCcDdEe

Number of possible gametes:

Since each of the five loci is heterozygous (Aa, Bb, Cc, Dd, Ee), and assuming independent
assortment, the organism can produce:

- 2 options per locus (either the dominant or recessive allele)
- Total gamete types = 275 = 32

List of possible gametes:

| Locus | Allele options | Possible combinations |
R [rrerrmmerer e |

| A|Aoral|A a]

|B|Borb|B,b|

|C|Corc|C,c|

|D|Dord|D,d|

|E|Eore|E,e|

Each gamete is a unique combination of one allele from each locus (e.g., ABCDE, Abcde,
aBcDe, etc.).

Probability Distribution of Gametes

Since the organism is heterozygous at all loci, the probability of producing a particular
gamete with a specific combination of alleles is:

-(1/2)"5 = 1/32 for each of the 32 types, assuming no linkage and equal segregation.

Note: This uniform probability stems from the assumption of independent assortment and
no selection bias.



Self-fertilization: Offspring Genotype
Probabilities

Self-fertilization involves an organism producing gametes that fertilize each other, leading
to offspring with genotypes derived from the combination of two gametes. Due to the
organism’s heterozygosity and independent assortment, the offspring's genotype
probabilities can be systematically calculated.

Step 1: Determine the Genotypic Combinations

Each offspring inherits:

- One allele from the maternal gamete

- One allele from the paternal gamete (which, in self-fertilization, is the same organism's

gamete)

Because the organism produces 32 different gametes, the total number of potential zygote
combinations is:

- 32 (maternal gametes) x 32 (paternal gametes) = 1024 possible genotype combinations.
Step 2: Calculate Probabilities

Each specific combination of two gametes has a probability of:

-(1/32) x (1/32) = 1/1024

However, many of these combinations will result in identical genotypes, especially
considering the symmetrical nature of certain allele combinations.

Analyzing Genotype Frequencies at a Single Locus

Let's illustrate this process by focusing on a single locus, say, locus A (with alleles A and a).
Possible offspring genotypes at locus A:

- AA: Both gametes contribute A.

- Aa: One gamete contributes A, the other a.

- aa: Both gametes contribute a.

Calculations:

- Probability of A from one gamete: 1/2
- Similarly for a: 1/2



Offspring genotype probabilities at locus A:

| Offspring Genotype | Calculation | Probability |
oo R R |

| AA|(1/2) x (1/2) | 1/4 |

| Aa |2 x (1/2) x (1/2) | 1/2 |

| aa | (1/2) x (1/2) | 1/4 |

Note: The factor of 2 accounts for the two arrangements of A and a alleles in heterozygotes.

Extending to Multiple Loci: The Overall Genotype
Distribution

Because each locus segregates independently, the overall genotype probability is the
product of the individual locus probabilities.

Example:

- Probability of offspring being AABBCCDD EE:

- For each locus, the probability of homozygous dominant (e.qg., AA, BB, CC, DD, EE):
- Homozygous dominant (e.qg., AA): (1/4)

- Homozygous recessive (e.g., aa): (1/4)

- Heterozygous (e.g., Aa): (1/2)

- To have AaBbCcDdEe, the probability is:

\[

\left(\frac{1} {2}\right)~5 = \frac{1}{32}

\]

since each locus has a 1/2 chance of being heterozygous in the offspring.

General approach:

1. For each locus, determine the probability of a specific genotype (homozygous dominant,
heterozygous, homozygous recessive).

2. Multiply these probabilities across all loci for the combined genotype.



Phenotypic Ratios in the Offspring

Assuming complete dominance, the phenotypic expression depends on whether at least
one dominant allele is present at each locus.

Phenotypic categories:

- Dominant phenotype: At least one dominant allele (A, B, C, D, E) present.
- Recessive phenotype: Homozygous recessive at all loci (aabbccdde).

Calculating phenotypic ratios:
- Probability of exhibiting the dominant phenotype at a specific locus:

\[

P(\text{dominant phenotype}) = P(\text{AA}) + P(\text{Aa}) = \frac{1}{4} + \frac{1}{2}
= \frac{3}{4}

\]

- Probability of recessive phenotype at a locus:

\[
P(\text{aa}) = \frac{1}{4}
\]

- Overall probability that all five loci show the dominant phenotype:

\[
P(\text{all dominant}) = \left(\frac{3} {4 }\right)”~5 \approx 0.2373

\]

- Probability that the organism shows the recessive phenotype at all loci:

\[
P(\text{all recessive}) = \left(\frac{1} {4}\right)~5 = \frac{1} {1024} \approx 0.00098

\]

- Mixed phenotypes: The remaining probabilities correspond to various combinations where
some loci are dominant and others recessive.

Phenotypic ratio summary:

| Phenotypic combination | Probability | Approximate ratio |
R — O S |

| All dominant | \(\left(\frac{3}{4}\right)"~5\) | 1 |

| All recessive | \(\left(\frac{1}{4}\right)~5\) | 1 |

| Mixed phenotypes | Remaining probability | Varies |

This distribution illustrates the diversity of phenotypes produced through self-fertilization,
driven by independent assortment of multiple heterozygous loci.



Implications and Practical Applications

Understanding the genotype and phenotype distributions resulting from self-fertilization of
AaBbCcDdEe organisms has profound implications in genetics, plant and animal breeding,
and evolutionary studies.

- Predicting Trait Frequencies: Breeders can estimate the likelihood of desired traits
appearing in progeny.

- Genetic Diversity: Self-fertilization tends to produce homozygous offspring, but with
multiple heterozygous loci, a wide phenotypic variation persists.

- Linkage Considerations: While this analysis assumes independent assortment, linkage
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