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Introduction 

Genetics is the study of genes, heredity, and genetic variation in living 

organisms. It is generally considered a field of biology, but it intersects frequently 

with many of the life sciences and is strongly linked with the study of information 

systems. 

The father of genetics is Gregor Mendel, a late 19th-century scientist and 

Augustinian friar. Mendel studied 'trait inheritance', patterns in the way traits 

were handed down from parents to offspring. He observed that organisms (pea 

plants) inherit traits by way of discrete "units of inheritance". This term, still used 

today, is a somewhat ambiguous definition of what is referred to as a gene. 

The modern working definition of a gene is a portion (or sequence) of DNA 

that codes for a known cellular function or process (e.g. the function "make 

melanin molecules"). A single 'gene' is most similar to a single 'word' in the 

English language. The nucleotides (molecules) that make up genes can be seen as 

'letters' in the English language. Nucleotides are named according to which of the 

four nitrogenous bases they contain. The four bases are cytosine, guanine, 

adenine, and thymine. A single gene may have a small number of nucleotides or a 

large number of nucleotides, in the same way that a word may be small or large 

(e.g. 'cell' vs. 'electrophysiology'). A single gene often interacts with neighboring 

genes to produce a cellular function and can even be ineffectual without those 

neighboring genes. This can be seen in the same way that a 'word' may have 

meaning only in the context of a 'sentence.' A series of nucleotides can be put 

together without forming a gene (non coding regions of DNA), like a string of 

letters can be put together without forming a word (e.g. udkslk). Nonetheless, all 

words have letters, like all genes must have nucleotides. 

A quick heuristic that is often used (but not always true) is "one gene, one 

protein" meaning a singular gene codes for a singular protein type in a cell . The 

sequence of nucleotides in a gene is read and translated by a cell to produce a 

chain of amino acids which in turn folds into a protein. The order of amino acids in 

a protein corresponds to the order of nucleotides in the gene. This relationship 
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between nucleotide sequence and amino acid sequence is known as the genetic 

code. The amino acids in a protein determine how it folds into its unique three-

dimensional shape, a structure that is ultimately responsible for the protein's 

function. Proteins carry out many of the functions needed for cells to live. A 

change to the DNA in a gene can alter a protein's amino acid sequence, thereby 

changing its shape and function and rendering the protein ineffective or even 

malignant (e.g. sickle cell anemia). Changes to genes are called mutations. 

At its most fundamental level, inheritance in organisms occurs by passing 

discrete heritable units, called genes, from parents to progeny. This property was 

first observed by Gregor Mendel, who studied the segregation of heritable traits 

in pea plants. In his experiments studying the trait for flower color, Mendel 

observed that the flowers of each pea plant were either purple or white—but 

never an intermediate between the two colors. These different, discrete versions 

of the same gene are called alleles. 

In the case of pea, which is a diploid species, each individual plant has two 

copies of each gene, one copy inherited from each parent. Many species, 

including humans, have this pattern of inheritance. Diploid organisms with two 

copies of the same allele of a given gene are called homozygous at that gene 

locus, while organisms with two different alleles of a given gene are called 

heterozygous. 

The set of alleles for a given organism is called its genotype, while the 

observable traits of the organism are called its phenotype. When organisms are 

heterozygous at a gene, often one allele is called dominant as its qualities 

dominate the phenotype of the organism, while the other allele is called recessive 

as its qualities recede and are not observed. Some alleles do not have complete 

dominance and instead have incomplete dominance by expressing an 

intermediate phenotype, or codominance by expressing both alleles at once. 

Law of Dominance: Some alleles are dominant while others are recessive; an 

organism with at least one dominant allele will display the effect of the dominant 

allele. 
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Mendel's laws 

When a pair of organisms reproduce sexually, their offspring randomly 

inherit one of the two alleles from each parent. These observations of discrete 

inheritance and the segregation of alleles are collectively known as Mendel's first 

law or the Law of Segregation. 

Law of Segregation: During gamete formation, the alleles for each gene segregate 

from each other so that each gamete carries only one allele for each gene. 

Mendel discovered that, when he crossed purebred white flower and 

purple flower pea plants (the parental or P generation), the result was not a 

blend. Rather than being a mix of the two, the offspring (known as the F1 

generation) was purple-flowered. When Mendel self-fertilized the F1 generation 

pea plants, he obtained a purple flower to white flower ratio in the F2 generation 

of 3 to 1. The results of this cross are tabulated in the Punnett square to the right. 

Mendel also hypothesized that allele pairs separate randomly, or segregate, 

from each other during the production of gametes: egg and sperm. Because allele 

pairs separate during gamete production, a sperm or egg carries only one allele 

for each inherited trait. When sperm and egg unite at fertilization, each 

contributes its allele, restoring the paired condition in the offspring. This is called 

the Law of Segregation. Mendel also found that each pair of alleles segregates 

independently of the other pairs of alleles during gamete formation. This is known 

as the Law of Independent Assortment. 

Law of Independent Assortment: Genes for different traits can segregate 

independently during the formation of gametes. 

A cross between two organisms involving two genes is called a dihybrid 

cross. A greater number of gamete types (four) is produced when two genes are 

considered. Note the genes described are carried on separate chromosomes, the 

genes are unlinked, and will therefore sort independently of each other during 

meiosis. Determine the genotypes and phenotypes of the offspring of a dihybrid 

cross between a homozygous, dominant round, yellow pea plant with a 
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homozygous, recessive wrinkled,green pea plant. Use the same steps as in 

monohybrid crosses to complete this problem. 

 Testcross: a genetic cross between a homozygous recessive individual and a 

corresponding suspected heterozygote to determine the genotype of the latter. 

This means that a test cross is made between an organism exhibiting the 

dominant trait (and thus carrying the unknown dominant genotype) and another 

organism displaying the recessive trait. If the recessive trait is manifested in any 

of their progenies it means that the unknown genotype is heterozygous 

dominant. In contrast, if the dominant trait is observed in all progenies the 

unknown genotype is homozygous dominant. 

 

Sex-determination system 

The XY sex-determination system is the sex-determination system found in 

humans, most other mammals, some insects (Drosophila), and some plants 

(Ginkgo). In this system, the sex of an individual is determined by a pair of sex 

chromosomes (gonosomes). Females have two of the same kind of sex 

chromosome (XX), and are called the homogametic sex. Males have two distinct 

sex chromosomes (XY), and are called the heterogametic sex. 

This system is in contrast with the ZW sex-determination system found in 

birds, some insects, many reptiles, and other animals, in which the heterogametic 

sex is female. A temperature-dependent sex determination system is found in 

some reptiles. 

Mechanisms 

All animals have a set of DNA coding for genes present on chromosomes. In 

humans, most mammals, and some other species, two of the chromosomes, 

called the X chromosome and Y chromosome, code for sex. In these species, one 

or more genes present on their Y-chromosome that determine maleness. In this 

process, an X chromosome and a Y chromosome act to determine the sex of 

offspring, often due to genes located on the Y chromosome that code for 
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maleness. Offspring have two sex chromosomes: an offspring with two X 

chromosomes will develop female characteristics, and an offspring with an X and 

a Y chromosome will develop male characteristics. 

 

In humans, sex-determining region Y (SRY) protein, is a DNA-binding protein 

(also known as gene-regulatory protein/transcription factor) encoded by the SRY 

gene that is responsible for the initiation of male sex determination in humans 

.Once SRY is activated, cells create testosterone and anti-müllerian hormone to 

turn the genderless sex organs into male. With females, their cells excrete 

estrogen, driving the body down the female pathway. This and other factors 

result in the sex differences in humans. The cells in females, with two X 

chromosomes, undergo X-inactivation, in which one of the two X chromosomes is 

inactivated. The inactivated X chromosome remains within a cell as a Barr body.  

In animals this is often accompanied by chromosomal differences, generally 

through combinations of XY, ZW, XO, ZO chromosomes. In other cases, sex is 

determined by environmental variables (such as temperature) or social variables 

(e.g. the size of an organism relative to other members of its population). 

Environmental sex determination preceded the genetically determined systems of 

birds and mammals; it is thought that a temperature-dependent amniotes was 

the common ancestor of amniotes with sex chromosomes. Some species do not 

have a fixed sex, and instead change sex based on certain cues.  

Chromosomal crossover and Genetic linkage 

Thomas Hunt Morgan's 1916 illustration of a double crossover between 

chromosomes. The diploid nature of chromosomes allows for genes on different 

chromosomes to assort independently or be separated from their homologous 

pair during sexual reproduction wherein haploid gametes are formed. In this way 

new combinations of genes can occur in the offspring of a mating pair. Genes on 

the same chromosome would theoretically never recombine. However, they do 

via the cellular process of chromosomal crossover. During crossover, 

chromosomes exchange stretches of DNA, effectively shuffling the gene alleles 
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between the chromosomes. This process of chromosomal crossover generally 

occurs during meiosis, a series of cell divisions that creates haploid cells. 

The probability of chromosomal crossover occurring between two given 

points on the chromosome is related to the distance between the points. For an 

arbitrarily long distance, the probability of crossover is high enough that the 

inheritance of the genes is effectively uncorrelated. For genes that are closer 

together, however, the lower probability of crossover means that the genes 

demonstrate genetic linkage; alleles for the two genes tend to be inherited 

together. The amounts of linkage between a series of genes can be combined to 

form a linear linkage map that roughly describes the arrangement of the genes 

along the chromosome. 

Genetic linkage is the tendency of alleles that are located close together on 

a chromosome to be inherited together during meiosis. Genes whose loci are 

nearer to each other are less likely to be separated onto different chromatids 

during chromosomal crossover, and are therefore said to be genetically linked. In 

other words, the nearer two genes are on a chromosome, the lower is the chance 

of a swap occurring between them, and the more likely they are to be inherited 

together. 

 Sex-Linked Genes 

Genes located on the X chromosomes (some cause diseases) 

The Y is much smaller, contains few genes 

 

Sex Linked Disorders 

Color Blindness (red-green) 

Hemophilia ("bleeders disease) 

Duchenne Muscular Dystrophy (weakening/loss of skeletal muscles) 
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