Genetics  

Definitions

Genetics: The science of heredity and variation.

Chromosome: Condensed chromatin showing up as a short thread-like structure in nuclei during mitosis and meiosis, carries a specific set of genes in linear order at particular loci.

Diploid: Nucleus or cell containing two sets of chromosomes, i.e., two of each different chromosome.

Haploid: Nucleus or cell containing one set of chromosomes, i.e., one of each different chromosome.

Homologous Chromosomes: Chromosomes that pair at meiosis, have the same length and banding pattern plus carrying the same genes at the same loci, i.e., they have the same sequence of genes.

Gene: A specific section of DNA or chromosome that has the information for a particular characteristic.

Allele: An alternative form of a gene, e.g., the gene for height in pea plants has two forms (i) Tall (T) and (ii) Small (t).

Locus: The position of a gene on its specific chromosome, i.e., the gene’s address.

Dominance: The allele that is expressed totally in the homozygous and heterozygous condition.

Recessive: The allele that is only expressed in the homozygous condition, it is not expressed at all in the heterozygous.

Genotype: The genetic make up of the organism or the pair of genes governing each trait under study in the individual.

Phenotype: The observable features of the individual determined by the interaction of the genotype and environment.

Homozygous: The pair of genes controlling the characteristic are identical alleles, e.g., TT or tt.

Heterozygous: The pair of genes controlling the characteristic are different alleles, e.g., Tt or CrCw.

Heterozygous Dominant: The pair of alleles controlling the trait are different alleles one being dominant over the other, e.g., Tt.

Incomplete Dominance: Two different alleles are equally dominant and the heterozygous genotype produces an intermediate phenotype between the two respective homozygous genotypes, e.g., coat colour in horses, Red (Cr) and White (Cw) and the heterozygous CrCw is a roan colour horse.

Sex Chromosomes (heterosomes): The chromosome pair which determines the gender of the individual; in humans the twenty third pair, females are XX and males are XY.

Autosomes: The non-sex chromosomes or somatic chromosomes, they do not determine the individual’s gender.

Sex-linked Genes or Sex linkage: Genes or traits whose controlling genes are on the X sex chromosome but not on the Y sex chromosome so the recessive phenotype occurs more often in males than in females.

Linkage or Gene linkage: Genes, controlling different traits, on the same chromosome have a tendency to be inherited together, they tend not to undergo independent assortment.

Mutation: An inheritable change in the genotype of an organism.


Mendel’s First Law: The Law of Segregation
Every characteristic is governed by a pair of factors which separate at gamete formation such that each gamete only receives one of the pair. At fertilisation a pair of factors is re-established for each characteristic. Memory Trick: 212.

Mendel’s Second Law: Law of Independent Assortment (The Law of ‘Free Mixing’)
During the formation of gametes the distribution of the genetic factors for two or more traits is completely random; each pair of factors segregates freely so all combinations of alleles for the different genes are equally likely.


Genetic Variation

Meiosis
Independent assortment of the homologous chromosomes generates great genetic variation among the daughter nuclei (cells).

Crossing-over generated even more variation.

Sexual Reproduction
If the gametes are produced by meiosis then all the gametes will be genetically different.

Random fertilisations between the gametes of two individuals hugely enhance the genetic variation of the offspring.


Mutation

Somatic mutations that occur in the body cells are not passed on by sexual reproduction to the next generation. 

Somatic mutations in plant can be transferred by vegetative propagation. 

Germinal mutations occurring in the cells that give rise to gametes can be transferred to the next generation. 

Most mutations are disadvantageous and will not persist. 

Mutations are the major method by which new genetic information enters a species. 

Gene mutations involve change in the base sequence of a gene which will disrupt the amino acid sequence of the protein and possible the shape plus performance of the protein e.g. sickle cell anaemia caused by one incorrect base in the entire sequence. 

Chromosome mutation can involve a change in the number and sequence of genes in a chromosome or change in the number of chromosomes e.g. Down’s Syndrome is caused mostly by the inheritance of three of chromosome number 21 instead of two copies. 

The natural mutation rate can be increased by certain environmental factors e.g. UV light, nuclear radiation, X-rays, chemicals in cigarette smoke and certain food preservatives. 


Non-nuclear Inheritance

DNA is also present in mitochondria and chloroplasts. 

Mitochondria and chloroplasts reproduce by binary fission involving replication of their DNA. 

Male gametes do not pass on mitochondria or chloroplasts to the zygote at fertilisation. 

Mitochondria and chloroplasts are inherited from the parent that contributed the egg cell. 

In humans, the inheritance of mitochondrial DNA is along the female line. 

Parkinson’s disease, certain muscular and neurological disorders are attributed to mitochondrial DNA mutations. 
Genetics Crosses

Monohybrid: the inheritance of one characteristic, e.g., the height of pea plant, seed shape.
Dihybrid: the inheritance of two different characteristics.

Mendelian Characteristic
The gene controlling the characteristic has only two alleles, one being dominant over the other.
Examples: height of pea plant — two alleles, Tall (T) dominant and small (t) recessive.
Shape of pea seed — two alleles, Round (R) dominant and wrinkled (r) recessive.
Possible genotypes: TT = tall; Tt = tall; tt = small. RR = Round; Rr = Round; rr = wrinkled.

Crosses Which Led Mendel to his Discovery of his Two Laws of Inheritance

	 
	Monohybrid
	Dihybrid

	P1 Phenotypes
	Pure Tall x Pure Small
	Pure Tall Round x Pure Small Wrinkled

	 
	 
	 

	F1 Phenotypes
	Tall
	Tall Round

	F1 Tall x F1 Tall (Selfing) F1                                                          Tall Round x F1 Tall Round

	F2 Phenotypes
	Tall : Small
	Tall Round: Tall Wrinkled:
Small Round: Small Wrinkled

	 
	 
	 

	F2 Phenotype Ratio
	3 : 1
	9 : 3 : 3 : 1


Calculating or explaining the results of a Genetics Cross
Clear understanding of genetics terms is necessary to be able to determine the genotypes of the parents. If numerical results are given, convert these to a ratio and immediately you can determine the possible genotypes of the parents. Follow a particular set of steps in the calculation. The ‘calculation’ is considered to be a diagram so label each level of the work.

	 
	The Classic Crosses: Numerical Results
	Ratio
	Parent Genotypes

	1.
	67 Tall:
	all Tall
	TT x tt; TT x Tt.

	2.
	95 Tall, 29 Small
	3 : 1
	Tt x Tt

	3.
	74 Tall, 79 Small
	1 : 1
	Tt x tt

	4.
	45 Red, 88 Pink, 47 White
	1 : 2 : 1
	FRFW x FRFW
Rr x Rr
(incomplete dominance)

	5.
	Red Eye Female 88
White Eye Female 0
Red Eye Male 42
White Eye Male 47
	gender difference
no white eye females
	Sex Linked Gene
Rr x R-
Female x male

	6.
	Blood Group A x Blood Group B
Combine the results of all four crosses.
	Four Possible Crosses
	AA x BB, AA x Bo,
Ao x BB, Ao x Bo.

	7.
	953 Tall Round
	all Tall Round
	TTRR x ttrr

	8.
	1842 Tall Round, 597 Tall Wrinkled, 612 Small Round, 204 Small Wrinkled
(non-linked: genes are on different chromosomes)
	9 : 3 : 3 : 1
	TtRr x TtRr

	9.
	763 Tall Round, 756 Tall Wrinkled, 731 Small Round, 766 Small Wrinkled
	1:1:1:1
	TtRr x ttrr

	10.
	Grey Normal 100, Black Twisted 99, Grey Twisted 11, Black Twisted 9
	1:1 + 1:1
	Linked Genes

	Because the behaviour of chromosomes during meiosis parallels Mendel’s Laws then the inheritance ‘factors’ must be present on the chromosomes — the chromosomes contain the genes.


	Method of Calculation
1. Parent Phenotypes
2. Parent Genotypes
3. Meiosis
4. Gamete Genotypes
5. All Possible Random Fertilisations ‘Punnet Square’
6. Progeny Genotypes
7. Progeny Phenotypes
8. Phenotype Ratio  


Be careful

There is a potential problem with which symbols to use in incomplete dominance. 

The gene for flower colour in snapdragons has two alleles which are equally dominant. 

One allele has the information for red flower — symbol R or FR. 

The other allele has the information for white flower — symbol r or FW. 

If you use R and r you must remember that it is incomplete dominance and the genotype Rr is pink not red.

When carrying out sex-linked crosses use chromosome diagrams, label each chromosome X or Y. 

Mark with a dot on the X sex chromosome the locus of the gene. 

XNXn x XNY — is not a chromosome diagram.

