
Glossary of Terms Commonly Encountered in Plant Breeding 

1st Period - 3rd Period 

 

Allele: alternate forms of a genetic locus. For example, at a locus determining eye colour, an 

individual might have the allele for blue eyes, brown, etc. 

  

Breeding: the intentional development of new forms or varieties of plants or animals by 

crossing, hybridization, and selection of offspring for desirable characteristics 

  

Chromosome: the structure in the eukaryotic nucleus and in the prokaryotic cell that carries 

most of the DNA 

  

Cross-over: The point along the meiotic chromosome where the exchange of genetic material 

takes place. This structure can often be identified through a microscope 

  

Crossing-over: The reciprocal exchange of material between homologous chromosomes 

during meiosis, which is responsible for genetic recombination. The process involves the 

natural breaking of chromosomes, the exchange of chromosome pieces, and the reuniting of 

DNA molecules 

  

Domestication: the process by which plants are genetically modified by selection over time by 

humans for traits that are more desirable or advantageous for humans 

  

DNA: an abbreviation for “deoxyribose nucleic acid”, the carrier molecule of inherited genetic 

information 

  

Dwarfness: The genetically controlled reduction in plant height. For many crops, dwarfness, 

as long as it is not too extreme, is an advantage, because it means that less of the crop's energy 

is used for growing the stem. Instead, this energy is used for seed/fruit/tuber production. The 

Green Revolution wheat and rice varieties were based on dwarfing genes 

  

Emasculation: The removal of anthers from a flower before the pollen is shed. To produce 

F1 hybrid seed in a species bearing monoecious flowers, emasculation is necessary to remove 

any possibility of self-pollination 

  

Epigenetic: heritable variation caused by differences in the chemistry of either the DNA 

(methylation) or the proteins associated with the DNA (histone acetylation), rather than in the 

DNA sequence itself 

  

Gamete: The haploid cell produced by meiosis. The male gamete is the pollen grain, while the 

female gamete is the egg cell 

  

Gene: the unit of heredity, transmitted from generation to generation during reproduction. Each 

gene consists of a sequence of nucleotides, occupying a specific position along a chromosome. 

Most genes encodes a specific functional product 

  

Genome: all the genetic material of an organism 

  

Genotype: the inherited genetic constitution of an organism, see also phenotype 



  

Genotyping: the process of identifying the genetic make-up of an organism, by using 

molecular markers, DNA sequencing, etc. 

  

Germplasm: the collection of a set of genetic resources for an organism, which can consist of 

a seed collection, nursery, or other types 

  

Genotype x Environment (GxE): the interaction of a plant’s genotype with the environment 

in which it is grown that contributes to its performance 

  

Haploid: having a single set of chromosomes, for example as in a gamete 

  

Haplotype: A combination of genetic variants (usually SNPs) which are inherited as a unit, 

because they are present along a stretch of DNA so short that the chance of a recombination 

event occurring within it is effectively zero 

  

Homozygous: contains identical alleles at a particular locus 

  

Heterosis: the phenomena where the progeny of 2 inbred lines performs better than: either of 

the parents (best-parent heterosis) or the mean of the parents (mid-parental heterosis). The 

molecular basis of heterosis is still unknown 

  

Heterozygous: contains different alleles at a particular locus 

  

Hybridize: to cross-pollinate, to produce hybrids 

  

Inbred lines: lines that have been selfed to the point of homozygosity 

  

Inbreeding depression: the loss of vigor when some crops have reduced heterozygosity due 

to enforced self-pollination 

  

Introgression: movement of a gene or locus from one species into another by hybridization 

  

Landraces: a local variety that has been developed by adaptation to its local environment; 

usually heterogeneous varieties 

  

Linkage, genetic linkage: when two chromosomal regions are located physically near each 

other such that there is a high likelihood they will be inherited together 

  

Linkage drag: the negative association of non-targeted genes that are inherited with a gene of 

interest due to linkage 

  

Linkage disequilibrium: the non-random association of alleles at two or more loci, i.e. they 

occur together more often than would be expected by chance 

   

Mapping: the process of identifying the location of a gene or DNA segment along a 

chromosome. In genetic mapping, this is done by analyzing patterns of inheritance in 

segregating populations (measured in recombinational units, commonly centimorgans). 

In physical mapping, this describes the actual location of a sequence in a particular genomic 

region (measured in bp) 



  

Molecular marker: a gene or DNA sequence that identifies a particular locus on the 

chromosome (whether the actual location is known or not) and whose inheritance can be 

followed 

  

Mutation: an abrupt change in the genotype of an organism that is not the result of 

recombination 

  

Pathogen: A simple organism which damages a crop plant. The most important crop pathogens 

are fungi, bacteria and viruses. Larger pathogens, such as nematodes, insects, rats, birds etc. 

are usually referred to as pests rather than as pathogens 

  

Pedigree: line of descent, lineage, ancestry 

  

Phenotype: the visible appearance of an organism. The phenotype reflects the combined action 

of the genotype and the environment where the individual exists 

  

Plastid: Organelles within the plant cell cytoplasm which contain their own DNA, and 

replicate independently of the nucleus. Green tissue cells include both chloroplasts (which are 

largely resposible for photosynthesis) and mitochondria (which is the major site of energy 

production in the cell). Amyloplasts synthesize and store starch in non-green tissue such as the 

potato tuber 

  

Polygenic: When applied to a trait, this term implies that many genes are involved in its 

determination. When only a few genes are involved, the trait is said to be 

under oligogenic control, and when only one gene is involved, the trait is 

under monogenic control. Most quantitatively inherited traits are under polygenic control 

  

Polyploidy: a state in which multiple copies of a complete genome are present. Polyploidy is 

rare in animals, but common in plants. In animals (and also plants) some tissues within a diploid 

organism can be polyploid. The polyploid series is haploid (1 copy), diploid (2 copies), triploid 

(3 copies), tetraploid (4 copies), pentaploid (5 copies), hexaploid (6 copies) etc. 

  

Pure line variety: A variety which has been multiplied by a succession of self-fertilizations 

from a single seed (or sometimes from the progeny of a single plant). Pure line varieties are 

expected to be essentially fully homozygous and so their phenotype should be highly 

homogeneous 

  

Quantitative trait loci (QTL): regions of the chromosome associated with the inheritance of 

polygenic traits 

  

Recombination: the formation among the offspring of a mating of genetic combinations not 

present in either parent, achieved via the physical exchange of genetic material during meiosis 

  

Segregation: The process whereby alleles are separated from one another as a result of 

meiosis. Segregation can only occur with respect to genes which are in the heterozygous state 

in the parental plant 

  

SNP: an abbreviation for “single nucleotide polymorphism”, pronounced "snip". A SNP which 

distinguishes two sequences can be used as a genetic marker 



  

Trait: A recognizable, measurable character in a plant, which is under some genetic control 

  

Transgenic: an organism containing genetic material from another organism transferred by 

genetic engineering 

  

Zygote: The product of the fusion between one of the pollen sperm nuclei and the egg cell of 

the female gamete at fertilization. Following a number of mitotic divisions, the zygote 

differentiates into the embryo 

  



Genetics 

1. Genetics is the study of heredity and variations. 

2. The term genetics was given by William Bateson dated April 18, 1905. 

3. Bateson also coined the term "epistasis" to describe the genetic interaction of two 

independent traits. 

4. Gene: Fundamental unit of heredity and variation. 

i. Mendel referred gene as factor. 

ii. Term gene was given by Wilhelm Johannsen. 

iii. Actually genes are polynucleotide chain or fragments of DNA. 

iv. The genes are arranged in a single linear order like beads on a string. 

v. Each gene occupies specific position called locus. 

vi. If the position of gene changes, character changes. 

vii. Genes can be transmitted from parent to off springs. 

viii. Genes may exist in several alternate formed called alleles. 

ix. Genes are capable of combined together or can be replicated once during a cell 

division. 

x. Genes may under for sudden changes in position and composition called 

mutation. 

xi. Genes are capable of self-duplication producing their own exact copies. 

5. Gene remains in two forms that is dominant and recessive. 

6. Allele: Forms of gene 

 

 

 

 

 

 

 

 

 

 

 

 

7. Seymour Benzer (1957): Proposed the modern concept of gene and classify the gene 

into three categories. 

 

i. Cistron: Functional unit of gene: The part of DNA specifying a single 

polypeptide chain is termed as cistron. A cistron can have 100 nucleotide pairs 

in length to 30,000 nucleotide pairs. It transmits characters from one generation 

to other as unit of transmission. 

 

http://en.wikipedia.org/wiki/Wilhelm_Johannsen


ii. Recon: Unit of recombination: The smallest segment of DNA capable of being 

separated and exchange with other chromosome is called recon. A recon 

consists of not more than two pairs of nucleotides. 

 

iii. Muton: Unit of mutation: Muton is the smallest unit of genetic material which 

when changed or mutated produce a phenotypic trait. Thus muton is delimited 

to a single nucleotide. 

  

 
8. Suppose gene T control an enzyme T-1 which is responsible for a biochemical reaction 

T-2 and this biochemical reaction T-2 intern give rice to a character. It means one gene 

is responsible for the formation of one enzyme or a polypeptide and thus this hypothesis 

is called “one gene one enzyme hypothesis”. 

9. One gene one enzyme hypothesis was given by George Beadle and Edward Tatum 

(1941). 

10. Beadle and Tatum observation is based on the study of Neurospora crassa (=Sac 

Fungi).  

11.  Gene is a mobile hereditary unit, which can move in genome and this is called 

Jumping Gene. 

12. Jumping gene concept was first proposed by Barbara McClintock in Maize Plant. (For 

this work, she received Nobel Prize in 1983). 

13. TRANSPOSON: transposon are basically Jumping gene. It first get replicate and then 

insert in the genome. (Inserted Segment = IS) (Ac/Ds = Maize; P-element = Drosophila) 

14. The term transposon was coined by Hedges and Jacob in 1974 for a DNA segment 

which could move from one DNA molecule (or chromosome) to other and carried 

resistance for antibiotic ampicillin. 

15. Transposon may provide major source of Mutation in genome. 

16. Retrotransposon: It is a transposable DNA synthesized on RNA template. 

17. The term Retrotransposon was given by –Rodges 

 

https://en.wikipedia.org/wiki/George_Beadle
https://en.wikipedia.org/wiki/Edward_Tatum
https://en.wikipedia.org/wiki/Neurospora_crassa
https://en.wikipedia.org/wiki/Barbara_McClintock


 
18. Gene types: On the basis of their behavior the genes may be categorized into the 

following types. 

 

i. Pleiotropic gene: A gene influencing two or more phenotypic trait or character 

is known as pleitropic gene. Ex. In garden pea, same gene influencing both 

flower colour and seed coat colour. 

ii. Polygenic gene: Two or more gene influencing same phenotypic state or 

character is known as polygenic gene. Ex. Genes for skin colour in human 

beings. 

iii. Basic genes: These are the fundamental genes that bring about expression of 

particular character. 

iv. Lethal genes: These bring about the death their possessor. 

v. Multiple gene: When two or more pairs of independent genes act together to 

produce a single phenotypic trait. 

vi. Cumulative gene: Some genes have additive effects on the action of other 

genes. These are called cumulative genes. 

vii. Inhibitory gene: The gene which suppresses or inhibits the expression of 

another gene is called inhibitory gene. 

Q: Who is regarded as Father of polygenic inheritance? 

i. Kolreuter 

ii. Nilsson Ehle (=Experimentally proved the polygenic inheritance) 

iii. Davenport & Davenport  

iv. None 
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18. Gene types: On the basis of their behavior the genes may be categorized into the 

following types. 

 

i. Pleiotropic gene: A gene influencing two or more phenotypic trait or character 

is known as pleitropic gene. Ex. In garden pea, same gene influencing both 

flower colour and seed coat colour. 

ii. Polygenic gene: Two or more gene influencing same phenotypic state or 

character is known as polygenic gene. Ex. Genes for skin colour in human 

beings. 

iii. Basic genes: These are the fundamental genes that bring about expression of 

particular character. 

iv. Lethal genes: These bring about the death their possessor. 

v. Multiple gene: When two or more pairs of independent genes act together to 

produce a single phenotypic trait. 

vi. Cumulative gene: Some genes have additive effects on the action of other 

genes. These are called cumulative genes. 

vii. Inhibitory gene: The gene which suppresses or inhibits the expression of 

another gene is called inhibitory gene. 

Q: Who is regarded as Father of polygenic inheritance? 

i. Kolreuter 

ii. Nilsson Ehle (=Experimentally proved the polygenic inheritance) 

iii. Davenport & Davenport  

iv. None 

  



Mutation 

1. A sudden and spontaneous change in the structure and action of a particular gene is 

known as mutation. 

Or Any change or alternation in genetic material is known as mutation. 

Or Mutation may be defined as “Discontinuous genetic variation”. 

2. Mutation is generally recessive. 

3. Mutant gene in homozygous recessive condition is lethal. 

4. MUTAGEN: Agent or factor which causes mutation is known as Mutagen. 

5. There are two kind of mutagen 

i. Physical mutagen: Ionizing radiations may cause DNA breakage and other 

damages.  

a) X-ray (1st Physical Mutagen) 

b) Alpha- ray 

c) Beta ray 

d) Gama ray 

e) UV-ray (Ultraviolet radiations with wavelength above 260 nm are 

absorbed strongly by bases, producing pyrimidine dimers, which can 

cause error in replication if left uncorrected. 

f) The most common sources include cobalt-60 and cesium-137. 

 

ii. Chemical mutagen ( alter structure and pairing properties of bases) 

a) Mustard gas 

b) Nitrous acid (It causes C to U, meC to T, and A to hypoxanthine 

deaminations) 

c) Ethyl methanesulfonate (EMS) 

d) Methyl methanesulfonate (MMS) 

e) Nitrosoguanidine 

f) DES (Diethyl sulphonate) 

➢ nitrosoguanidine, methyl methanesulfonate, ethyl methanesulfonate--chemical 

mutagens that react with bases and add methyl or ethyl groups 

6. X-ray was the first physical mutagen discovered by H.J.Mullar in Drosophilla. 

7. Altenberg suggested that UV rays is a Physical mutagen. 

8. Mustard gas was the First chemical mutagen discovered by C. Auerbach in barley plant. 

9. Emasculation: The removal of anther from the stamen is known as Emasculation. 

10. Gynandromorph: Gyne (Female) + Andro (Male): It is a condition in which half part of the 

body appears like male and another half appers like female. 

Reason: Due to non-disjunction of chromosome during meiotic cell division. Ex: Drosophilla, 

Butterfly, Silkworm. 

 

https://en.wikipedia.org/wiki/Ionizing_radiation
https://en.wikipedia.org/wiki/Ultraviolet
https://en.wikipedia.org/wiki/Pyrimidine_dimers
https://en.wikipedia.org/wiki/Cobalt-60
https://en.wikipedia.org/wiki/Cesium-137


11. Alleles: (Forms of the gene): Allele means one of the several alternating form of the gene 

occupying same locus on maternal and paternal or homologues chromosome. 

 

 
 

Homozygous Condition: When both the allele of a gene are similar or alike is known 

as homozygous condition. Ex: PP, aa 

 

Heterozygous Condition: When both the allele of a gene are different is known as 

heterozygous condition. Ex: Bb 

 

Hemizygous Condition: When one allele of a gene is missing. Ex: A -,   - a 

 

 



 

 

 

 

 

 

Pseudo dominant allele:  When the recessive allele of a gene express itself in the absence of 

dominant allele is known as pseudo dominant allele. 

Pseudogene: It is inactive gene but the stable component of the genome developed by 

mutation of an ancestral active gene. 

Heterosis: The term heterosis was given by Shull. According to Shull, hybrid character is 

better than the pure one. 

Multiple allele: The term multiple allele was given by Burnstein. 

When more than two forms of a gene occupy the same locus on maternal and paternal 

chromosome is known as multiple allele. Ex. 

a) ABO blood group 

b) Wing character of Drosophilla 

c) Coat colour of rabbit 

 

 



ABO BLOOD GROUP 

 

 

Condition 1: When mother is A homozygous and father is O, what will be the blood 

group of Offspring? 

 

      Ans: All offspring blood group will be A. 

Condition 2: When mother is AB and father is A, what will be the blood group of 

offspring? 

 

 

 

      Ans: Offspring blood group will be A, B & AB. 

Condition 3: When mother is A and father is B, what will be the blood group of 

offspring? 



 

 

 Ans: Offspring blood group will be AB, B, A & O. 

 

Phenotype: The external appearance of character/trait is known as phenotype. Ex. Tall, 

Dwarf, Black, White etc. 

Genotype:  The genetic constitution of an individual. 

 

Gamete Formation:  

1. Gametes are always pure. 

2. Alleles of the gene segregate during the formation of gametes.  

3. Only one type of gamete is formed in homozygous condition. 

4. Gamete is a haploid cell that may combine with another haploid cell as during 

fertilization. 

 

 

Note: Type of gamete formed = 2n - where n is number of contrast pair.  

Question: How many types of gametes are formed in a plant having genotype of AaBB? 

 Ans: 2 

Question: How many types of gametes will be formed in plant having genotype of Tt, Rr & 

CC? 

Solution: Contrasting genotypes are Tt and Rr (2) 

 2n =22 

     = 4 



Law of Inheritance 
1. Gregor Johann Mendel (Father of Genetics), Austrian geneticist, 1822-1884. 

2. For his experiments, Mendel used ordinary pea plants (Pisum Sativum). 

3. His ideas had been published in in the journal “Brun Society (Paper title: Experiment 

on plant hybridization)” in 1866 but largely went unrecognized until 1900, which was 

long after his death. 

4. Three botanists - Hugo DeVries (Holland), Carl Correns (Germany) and Erich von 

Tschermak (Austrian) - independently rediscovered Mendel's work in the same year, a 

generation after Mendel published his papers (1900). 

Q: Why Mendel Chose Pea Plant (Pisum sativum) For His Breeding Experiments? 

Ans: Mendel selected pea plant due to following reasons: 

i. Easy to Cultivate: Pea plant (Pisum sativum) was easy to cultivate. It grew well in 

his garden.  

ii. Hermaphrodite: Its flowers were hermaphrodite I.e. pea plant have both male and 

female sexual organs. 

iii. Cross-fertilization (Cross-Pollination) Easily Controlled: It was normally self-

fertilizing (self-pollinating) that is the fertilization of plants and some invertebrate 

animals by their own pollen or sperm rather than that of another individual, but 

could also be cross fertilized (cross-pollinated) that is the transfer of pollen grains 

from an anther of a flower of one plant to a stigma of a flower of another plant of 

the same species. 

iv. Short Generation Time: As the time gap between generations was short, Mendel 

could raise many generations of pea within a short time. This is one of the main 

reason for choosing Pea plant (Pisum sativum). 

v. Many Distinct Traits: Pea had many sharply distinct. Its each trait had two 

clear cut alternative forms or varieties: e.g. seed shape had a round or wrinkled 

phenotype, plant height was either tall or short, seed color could be yellow or green 

etc. Mendel called them pair of contrasting traits. He focused on seven such 

contrasting pair of traits.  

5. Mendel choose seven pairs of contrast character (= the gene for these traits were located 

on seven different pairs of chromosome). 

            Actual condition: The genes for these 7 characters/traits are found only in 4 

pairs of chromosome. 

6. Mendel observed seven traits that are easily recognized and apparently only occur in 

one of two forms: 

1.    flower colour is purple or white 5.    seed colour is yellow or green 

2. flower position is axil or terminal        6. pod shape is inflated or constricted 

3. stem length is long or short 7. pod colour is yellow or green 

4. seed shape is round or wrinkled   

 

http://www.scienceclarified.com/knowledge/Pea.html


 

 

 

7. Mendel law of inheritance 

i. Law of unit character 

ii. Law of dominance 

iii. Law of segregation/purity of gamete 

iv. Law of independent assortment 

 

I. Law of unit character: Law of unit characters states that single character is governed 

by single gene and such gene has two contrast form called alleles. 

 
❖ Pleiotropy gene and polygenic genes are exception of unit character. 

❖ Pleiotropy: single gene many character 

❖ Polygenic: Many gene single character 

❖ Mendel referred the gene as factor 

 

II. Law of dominance:  
According to law of dominance, one factor in a pair of traits dominate the other inheritance 

unless both factors in the pair are recessive. 

 

 

 



 

❖ Incomplete dominance & co-dominance are the exceptions of law of dominance. 

 

Monohybrid cross 

 

❖ It is based on single contrast character/trait. Ex: Plant Height 

 

 

 

 

❖ In F2
 : Selfing 

 

 

 

No. of Phenotype:  2    ratio = 3:1 

                                                             No. of Genotype:  3     ratio = 1:2:1 

 

Result of Monohybrid Cross 

1. In F1: All plants will be Tall (due to dominance effect) 



2. In F2: Two types of gametes are formed 

 

Phenotypic trait 2 in the ratio of 3:1 

Genotypic trait 3 in the ratio of 1:2:1 

 

Total combination of offspring = 4 

Formula: 

1. No. of gametes = 2n 

2. No. of phenotype = 2n 

3. No. of genotype = 3n 

4. No. of offspring/combination = 4n 

Where n = no of contrast pair. 

 

 

 Dihybrid Cross 

❖ It is based on two pairs of contrast character/trait. 

 

 

 

 

❖ In F2 selfing: 

 

 

 



❖ Phenotype- 4 types 

 

i. Tall & Round – 9 

ii. Tall & Wrinkle – 3 

iii. Dwarf & Round – 3 

iv. Dwarf & Wrinkle – 1 

 

❖ Genotype- 9 Types 

 

i. TTRR – 1                              Ratio: 1:2:2:4:1:2:1:2:1 

ii. TTRr – 2                                       = 9:3:3:1 

iii. TtRR – 2  

iv. TtRr – 4  

v. TTrr – 1 

vi. Ttrr – 2 

vii. TtRR – 1 

viii. ttRr – 2  

ix. ttrr – 1  

 

❖ Result of Dihybrid Cross: 

a) In F1, all plants are Tall and Round (Seed) 

b) In F2, Four types of gametes are formed 

c) Phenotype – 4 (Ratio = 9:3:3:1) 

d) Genotype – 9 (Ratio = 1:2:2:4:1:2:1:2:1) 

e) Total offspring/combination - 16    

 

3. Law of segregation: 

 

❖ This law is based on monohybrid cross. 

❖ This law states that alleles of the gene segregates/separate at the time of formation of 

gametes and randomly unite at fertilization; hence this law is also referred as law of 

“purity of gamete”. 

❖ There are four main concepts related to this principle. They are as follows: 

i. A gene can exist in more than one form or allele. 

ii. Organisms inherit two alleles for each trait. 

iii. When sex cells are produced (by meiosis), allele pairs separate leaving 

each cell with a single allele for each trait. 

iv. When the two alleles of a pair are different, one is dominant and the other is 

recessive. 

 

4. Law of Independent Assortment: 

 

❖ This law is based on Dihybrid cross. 

http://biology.about.com/od/geneticsglossary/g/alleles.htm
http://biology.about.com/od/cellbiology/ss/sex-cells.htm
http://biology.about.com/od/meiosis/ss/meiosis_animation.htm
http://biology.about.com/od/cellbiology/a/cells-facts.htm


❖ This law states that the genes of different character or trait are located in different 

pair of chromosomes and are independent of one another in their segregation during 

the formation of gamete. 

❖ The principle of independent assortment can also be defined as “if we consider 

inheritance of two or more gene at a time, their distribution in gamete and in 

progeny of subsequent generation is independent of each other. 

 

Note: Linkage is the exception of both law of independent assortment as well as 

law of segregation/purity of gamete. 

Question 1: If a dwarf plant is treated with gibberellin and it became tall, but when this 

treated plant is crossed with a dwarf plant, in F1 all plants will be- 

i. Tall 

ii. Dwarf 

iii. 50% Tall 

iv. None 

Note: Treating plant with gibberellin do not change gene make or genotype of the organism. 

Question 2: When a pure strain of tall plant (TT) with round seed (RR) is crossed with a pure 

strain of short plant (tt) with wrinkle seed (rr) and F1 generation is produced. When these F1 

plant are self-pollinated, how many types of genotypes will be produced in F2 generation:- 

i. 2 

ii. 3 

iii. 4 

iv. 9 

Solution: 3n = 32 =9 

 

Question 3: When a pure strain of tall plant (TT) with round seed (RR) is crossed with a   

pure strain of short plant (tt) with wrinkle seed (rr) and F1 generation is produced. The alleles 

for short and wrinkle are recessive for those tall and round respectively. When these F1 plants 

are self-pollinated, what proportion of the F2 generation is short with wrinkle pea?   

i. Zero 

ii. 1/16 

iii. 1/2  

iv. 9/16 

 

Question 4: Which one is exception of law of unit character:- 

i. Pleiotropy and polygenic 

ii. Incomplete dominance & Co-dominance 

iii. Linkage 

iv. None 

  



BACK CROSS 

❖ Backcross, the mating of a hybrid organism (offspring of genetically unlike parents) 

with one of its parents or with an organism genetically similar to the parent. 

❖ In animal breeding, a backcross is often called a topcross. 

❖ The backcross breeding approach can be employed to introduce a specific trait, such as 

disease resistance, from one line, often an unimproved line, to another line that is 

typically an elite breeding line. 

❖ Backcross breeding is an effective method to transfer one or a few genes controlling a 

specific trait from one line into a second—usually elite—breeding line. 

❖ The parent with the desired trait, called the donor parent, provides the desired trait and 

may not perform as well as an elite variety in other areas.  

❖ The elite line, called the recurrent parent, usually performs well in all other areas. 

❖ Backcrossing involves making an initial cross between the donor and recurrent parents. 

❖ The resultant F1 progeny have 50% of their genetic material from each parent (Fig. 1). 

❖ F1 individuals are crossed to the recurrent parent to develop a backcross one (BC1) 

population.  

❖ Individuals from the BC1 population are once again crossed to the recurrent parent. 

❖ Each generation of backcrossing reduces the proportion of the donor parent present in 

the population by half (Fig. 1). 

❖ This cycle of crossing backcross progeny to the recurrent parent continues until a new 

line that is identical to the recurrent parent, but with the desired gene or trait from the 

donor parent is created.  

❖ By the BC4 generation, the lines are >96% identical to the recurrent parent. 

❖ The backcrossing process can often be accelerated using marker-assisted backcrossing, 

also known as background selection.    

 

 

https://www.britannica.com/science/hybrid
https://www.britannica.com/topic/parent-kinship
https://www.britannica.com/science/animal-breeding
http://plantandsoil.unl.edu/croptechnology2005/pages/index.jsp?what=topicsD&informationModuleId=1087488148&topicOrder=7&max=10&min=0&
http://articles.extension.org/pages/32455/background-selection


Figure 1. The contribution of the donor parent genome is reduced by half with each 

generation of backcrossing. Percentages of recurrent parent (light purple) are expressed 

as a ratio to percentages of donor parent (dark red-purple). 

For monohybrid: 

 

                     

                                                                                                                Genotype ratio = 1:1 

  

 Genotype ratio = 1:1 

 

 

For Dihybrid:                          

                                               

 

 Genotypic ratio = 1:1:1:1 

 

 



Test Cross 
Test Cross: It is the cross between the F1 product and recessive parents. 

When you look at someone who has a dominant trait, you cannot tell if they are homozygous 

or heterozygous for that trait (i.e. if someone has brown eyes and brown is the dominant trait 

– they could be BB (homozygous) or Bb (Heterozygous). 

Mendel always started his crosses with a purebred homozygous (BBB or bb) in the P1 

generation. 

How did he know, his dominant parent was homozygous? 

To answer this question, he developed a test cross. 

He took a recessive (in this case, blue eyes or bb) and mated it with the pea plant showing the 

dominant trait. If in the F1 generation the offspring were all dominant, then the dominant 

parent was probably a BB. 

If there were any recessives in the F1, then the dominant parent had to be the Bb. 

 
A test cross is a way to determine the genotype of an organism. 

A test cross is a cross of an individual of an unknown genotype (dominant) with an individual 

of a known genotype (homozygous recessive). 

The pattern of observed phenotypes in the offspring can determine the unknown genotype of 

the parent. 

If a known parent is homozygous recessive (bb) and an unknown parent is homozygous 

dominant for a trait then all offspring will be heterozygous and show the dominant trait. 

If a known parent is homozygous recessive (bb) and the unknown parent is heterozygous 

dominant for a trait then 50% of the offspring will be dominant and 50% will be recessive. 

 

 

 



For monohybrid: 

 

 

Dominant: 50% (Tt) 

Recessive: 50% (tt) 

Ratio = 1:1 

For Dihybrid 

 

Ratio = 1:1:1:1 

Gene Interactions 

There are two types of gene interactions:- 

 

1. Intragenic (Allelic) Gene Interaction 

i. Complete Dominance 

ii. Incomplete Dominance 

iii. Co-Dominance 

iv. Multiple Alleles 

v. Lethal Genes 

 

2. Intergenic (Non-Allelic) Gene Interaction 

i. Epistasis 

ii. Duplicate Genes 

iii. Complementary Genes 

iv. Supplementary Genes 

v. Polymeric Genes 

vi. Pleiotropy 

vii. Polygenic Genes 

 

 

 



Incomplete Dominance 

Carl Correns discovered incomplete dominance and cytoplasmic dominance.  

Definition: Incomplete dominance is a form of intermediate inheritance in which one allele for 

a specific trait is not completely expressed over its paired allele. 

Or  

Incomplete dominance is a type of Gene interaction, in which, in a heterozygous condition, 

both alleles of a gene at a locus are partially expressed, often resulting in an intermediate (or 

different) phenotype. It is also called partial dominance. 

This results in a third phenotype in which the expressed physical trait is a combination of the 

phenotypes of both alleles. 

Unlike in complete dominance inheritance, one allele does not dominate or mask the other 

allele. Incomplete dominance occurs in the polygenic inheritance of traits such as eye 

colour and skin colour. 

In this monohybrid cross, the allele that produces the red colour (R) is not completely 

expressed over the allele that produces the white colour (r). The resulting offspring are all pink. 

The genotypes are: Red (RR) X White (rr) = Pink (Rr). 

 

In this case “R” is incompletely dominant over “r”. 
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In F2: Selfing 

 

 

When the F1 (first filial) generation (consisting of all pink plants) is allowed to cross-pollinate, 

the resulting plants (F2 generation) consist of all three phenotypes [1/4 Red (RR): 1/2 Pink 

(Rr): 1/4 White (rr)]. The phenotypic ratio is 1:2:1. 

In incomplete dominance, the genotype is equal to phenotype. (Genotype = Phenotype) 

However, the incomplete dominance is not an evidence of blending inheritance because 1/4th 

of each of F2 progeny have parental red and white. Phenotype which would not be possible if 

blending truly occur. 

 

Co-dominance 

The allele which do not show the dominant recessive relationship and are able to express 

themselves independently when present together are called co-dominant. 

Difference between Incomplete Dominance and Codominance 

It would be easier to understand the difference between incomplete dominance and 

codominance by paying attention to a few important points. Here's a table for your 

understanding: 

Incomplete Dominance  Codominance 

You will notice that the effect of 

one allele will be more noticeable 

Effect of both alleles will be 

equally noticeable 

You see the fine mixture of the 

expressions of both alleles 

You won't notice any mixing of the 

effect of both alleles 

You will notice the effect in hybrid 

is in the middle or intermediate of 

both alleles 

Both alleles will express them 

independently 

http://biology.about.com/od/geneticsglossary/g/phenotype.htm


The expressed phenomenon won't 

have any allele of its own 

The expressed phenotype will show 

the combination of both alleles and 

phenotypes 

Any incompletely dominant allele 

will have quantitative effect 

There will be no quantitative effect 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Pleiotropy gene:  When a gene influence two or more phenotypic trait/character is known 

as pleiotropy gene. 

HbA                        HbA 

                                                              HbA                        HbS      (=Natural selection, variation by 

                                                                                                      single point gene mutation) 

❖ An evolutionary change occurs in Africa to prevent from Malaria Disease. 

HbS        HbS  :-Sickle Shape Anaemia 

 

✓ HbA  HbA  x  HbS   HbS   (F1 = HbA HbS) 

✓ In F2: HbA HbS X HbA HbS 

                                                    

➢ In garden pea same gene influences both flower colour and seed coat colour. 

➢ In drosophila, same gene influence the 

i. Size of the wing 

ii. Balancer character 

iii. Eye colour 

iv. Shape of the spermathecal 

v. Fertility and longevity 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Polygenic gene (Cumulative Gene) 

 
➢ When two or more gene influences the same phenotypic trait/character is known as 

cumulative gene or polygenic gene and the inheritance of character controlled by 

these genes is known as polygenic inheritance or quantitative inheritance. 

➢ Polygenic inheritance was first discovered by J. Kolreuter (1970) in Tobacco, hence 

he is regarded as father of polygenic inheritance. 

➢ Polygenic inheritance in human was reported by F.Galton 

➢ Nilsson-Ehle experimentally prove that the polygenic inheritance in case of Kernel 

colour of wheat. 

➢ In case of polygenic inheritance- 

Two contrast pair of gene creates 5 types of phenotypes 

Ratio – 1:4:6:4:1   

Three contrast pairs of genes creates 7 types of phenotypes 

Ratio – 1:6:15:20:15:6:1 

➢ According to Davenport and Davenport, three genes controls the skin colour i.e gene 

A, B & C 

 

 

 

➢ In F2- Selfing 

 
 



 
 

Q: When a tall plant is crossed with terminal flower, produces 50 tall offspring with axial 

flower and 50 tall offspring with terminal. The genotype of other parent is- 

i. TTAa (Correct) 

ii. TTAA 

iii. Ttaa 

iv. TtAA 

Q: A tall pea plant with red flower when crossed with a tall pea plant with white flower 

produces a dwarf pea plant with white flower. What are the genotypes of the parents? 

i. TTRR X TTrr 

ii. TtRR X Ttrr 

iii. TTRr  X TTrr 

iv. TtRr  X Ttrr 

Q: When a tall plant and red flower were crossed individually with a dwarf and white flower 

individually, phenotype in the progeny was white and dwarf. What will be the genotype of tall 

and red flower individuals? 

i. TTRR 

ii. TtRR 

iii. TtRr 

iv. TTRr 

Q: If a red flower plant is crossed with a white flower plant, the hybrid is red flower. If one of 

this F1 hybrid is crossed pollinated with white flower plant. The % of white flower plant will 

be- 

i. 25% 

ii. 50% 

iii. 75% 

iv. 100% 

  



Integration of gene or Mendelian modified dihybrid ratio or factor hypothesis 

The usual Mendelian Monohybrid & Dihybrid crosses were based on the assumption that each 

character is determined by a single gene pair, but it has been found later that in some crosses the 

usual Mendelian Monohybrid and Dihybrid ration i.e 3:1 and 9:3:3:1 is not obtained and that a number 

of non-allelic gene pair influences the same character, this is called factor hypothesis or interaction of 

gene. 

Examples:  

i. Complementary gene factor – 9:7 

ii. Collaboration factor – 9:3:3:1 

iii. Epistasis – a) Dominant – 12:3:1 

                    b) Recessive – 9:3:4 

iv. Supplementary gene interaction – 9:3:4 

v. Duplication factor – 15:1 

vi. Dominant recessive interaction or inhibitory factor – 13:3 

vii. Polymeric gene interaction – 9:6:1 

                                                            

Complementary gene effect (9:7) 

Complementary genes are two pairs of dominant genes present on separate loci which 

interact to produce a character or phenotype, but neither of them can produce a character 

or phenotype individually, it means both are complementary gene and both are essential 

for the production of a particular character. 

 Or  

one of two or more genes that when present together produce effects 

qualitatively distinct from the separate effect of any one of them. 

 Ex: In sweet pea (=Lathyrous Odoradus) 

 In this case two genes that is C & P (Complementary gene) controls the flower 

character i.e., purple. 

 

 

 



 

Cc Pp    x     Cc Pp      

 

Purple: 9   White: 7 

 

 2. Collaboration factor 

When two non-allelic gene pair influences the same character and produce a novel phenotype, 

which neither gene pair could produce alone is called collaboration factor. 

Ex: In Poultry, the comb character is controlled by two genes i.e., Gene P & Gene R.  

Gene R – Rose Comb 

Gene P – Pea Comb 

 

 

 

In F2 – Selfing 



 Ratio – 9:3:3:1 

 

EPISTASIS (Epistatic Gene Interaction) 

When one non-allelic gene supress the expression of another non-allelic gene, is called 

Epistasis. The gene that does not allow the other gene to express itself is known as Epistatic 

gene and the gene which is prevented from the expression is known as Hypostatic gene. 

 

 

a) Dominant Epistatic gene interaction: When a dominant allele of a gene supress the 

expression of other dominant allele of the gene, is called dominant epistatic gene 

interaction. 

Ex: Coat colour of dog  

I gene – White 

B gene – Black 

 



 
In F2 – Selfing 

 

 
 

Ratio – 12:3:1 

 

b) Recessive Epistatic gene interaction: When recessive allele of a gene supress the expression 

of other dominant alleles of the gene is known as recessive epistatic gene interaction. 

 

Ratio – 9:3:4 

Ex: Coat Colour of mice 

Agouti – CA 

Albino – cA (here recessive supress the expression of dominant A) 

c – recessive epistatic  

A – Hypostatic 

Black - Ca 

 

6. Supplementary gene effect 

A dominant gene supplement a new phenotype (Ex. Agouti) with another gene but it’s not 

expressed whenever it is single due to epistatic effect. 



 

= Here gene A supplement gene C for agouti phenotype. 

= In F2 - selfing 

 

Q: An interaction between non allelic gene in which an allele at one locus prevent the 

       expression of an allele at another locus but not vice-versa is called- 

i. Collaborator 

ii. Complementation 

iii. Epistasis 

iv. Modification 

Q: When two non-allelic gene pair on the same homologous chromosome are defective but 

      together give a normal phenotype is called – 

i. Epistasis 

ii. Collaboration 

iii. Modification 

iv. Complementation 

Q: When two non-allelic gene pair influences the same character interact to produce a nobel 

phenotype but neither gene could produce by itself. This is called-  

i. Epistasis 

ii. Collaboration 

iii. Modification 

iv. Complementation 

Q: When two or more non-allelic gene pair effect the same character in the same way, is 

called- 



i. Polygenic inheritance 

ii. Pleotropic 

iii. Penetrance 

iv. Additive expressivity 

Q: Pleiotropy occurs when a gene has- 

i. A complementary gene elsewhere 

ii. Small effect on one trait 

iii. Reversible effect on phenotype depending on age 

iv. Many effect on the phenotype 

 

  



Crossing Over 

❖ The term crossing over was first used by Morgan and Cattell in 1912. 

❖ Crossing over refers to the interchange of parts between non-sister chromatids of 

homologus chromosomes during meiotic prophase (pachytene).  

❖ In other words, crossing over results from exchange of genetic material between non-

sister chromatids involving breakage and reunion at precise point.  

❖ Crossing over occurs in the first division of meiosis. At that stage each chromosome 

has replicated into two strands called sister chromatids. 

 

Features of crossing over 

1. Crossing over takes place during meiotic prophase, i.e., during pachytene. Each pair of 

chromosome has four chromatids at that time. 

2. Crossing over occurs between non-sister chromatids. Thus, one chromatid from each 

of the two homologus chromosomes is involved in crossing over. 

3. It is universally accepted that crossing over takes place at four strand stage. 

4. Each crossing over involves only two of the four chromatids of two homologus 

chromosomes. However, double or multiple crossing over may involve all four, three 

or two of the four chromatids, which is very rare. 

5. Crossing over leads to re-combinations or new combinations between linked genes. 

Crossing over generally yields two recombinant types or crossover types and two 

parental types or non-crossover types. 

6. Crossing over generally leads to exchange of equal segments or genes and 

recombination is always reciprocal. However, unequal crossing over has also been 

reported. 

7. The value of crossover or recombinants may vary from 0-50%. 

8. The frequency of recombinants can be worked out from the test cross progeny. It is 

expressed as the percentage ratio of recombinants to the total population (recombinants 

+ parental types). Thus, 

 



9. Cases of two strand crossing over, somatic crossing over, sister strand crossing 

over and unequal crossing over are also known. However, frequency of such 

cases is extremely low, i.e. in fractions. 

 

Types of Crossing Over: 

Depending upon the number of chiasmata involved, crossing over may be of three types, 

viz., single, double and multiple as described below: 

1. Single Crossing Over: 

It refers to formation of a single chiasma between non-sister chromatids of homologous 

chromosomes. Such cross over involves only two chromatids out of four. 

 

 

 

2. Double Crossing Over:  

It refers to formation of two chiasmata between non-sister chromatids of homologous 

chromosomes. Double crossovers may involve either two strands or three or all the 

four strands. 

 

 

It is of two types 

Reciprocal: Involvement of same chromatids at two points 

 
Complementary: Involvement of different chromatids at two points 

 

3. Multiple Crossing Over: 

Presence of more than two crossovers between non-sister chromatids of homologous 

chromosomes is referred to as multiple crossing over. Frequency of such type of 

crossing over is extremely low. 

 

 

 = Crossing over takes place during pachytene of prophase I of meiosis I. 

 



 

= According to stern and Hotta, crossing over takes place in 4 strand stage or tetrad stage 

(pachytene) and between non-sister chromatids. 

= Sister chromatids = 1 & 2, 3 & 4 

= Non-sister chromatids = 1 & 3, 2 & 3, 1 & 4, 2 & 4 

 

Molecular Mechanism of Crossing Over: 

There are two important theories viz:  

1. Copy choice theory  

2. Breakage and reunion theory  

  

1. Copy Choice Theory: 

❖ This theory was proposed by Belling. 

❖ This theory states that the entire recombinant section or part arises from the 

newly synthesised section. The non-sister chromatids when come in close 

contact they copy some section of each other resulting in recombination. 



❖ According to this theory, physical exchange of preformed chromatids does not 

take place. 
❖ The non-sister chromatids when come together during pairing, copy part of each 

other.  

❖ Thus, recombinant chromosome or chromatids have some alleles of one 

chromatids and some of other.  

❖ The information may be copied by one strand or both the strands. When only 

one strand copies, non-reciprocal recombinant is produced. 

 

 

This theory has two objections:  

1. According to this theory breakage and reunion does not occur, while it has been observed 

cytological.  

2. Generally crossing over takes place after DNA replication but here it takes place at the 

same time.  

2. Breakage and Reunion Theory: 

❖ This theory states that crossing over takes place due to breakage and reunion of non-

sister chromatids.  

❖ The two segments of parental chromosomes which are present in recombinants arise 

from physical breaks in the parental chromosomes with subsequent exchange of broken 

segments 

❖ The breakage results due to mechanical strains that result from the separation of paired 

homologous chromosomes and chromatids in each chromosome during pachytene 

stage.  

❖ The broken ends of non-sister chromatids unite to produce chiasmata resulting in 

crossing over. 

❖ Among these, the most accepted one is Darlington’s breakage and Reunion theory of 

CO. 

Breakage Enzyme = Endonuclease 

Re-Union Enzyme = Ligase 

❖ According to “ Carpenton” CO is facilitated by formation of a protein aggregate of  

90 nm known as Re-combination nodule on the synaptonemal complex. 

  



 

❖ The point of exchange of segments between non-sister chromatids of homologous 

chromosomes during meiotic prophase is called chiasma (pleural chiasmata). 

❖ It is thought to be the place where crossing over takes place. Chiasma was first 

discovered by Janssens in 1909.  

❖ Depending on the position, chiasma is of two types, viz., terminal and interstitial. 

❖ When the chiasma is located at the end of the pairing chromatids, it is known as terminal 

chiasma and when it is located in the middle part of non-sister chromatids, it is referred 

to as interstitial chiasma. 

❖ Later on interstitial chiasma is changed to terminal position by the process of 

chiasmaterminalization. 

❖ The number of chiasma per bivalent may vary from one to more than one depending 

upon the length of chromatids. When two chiasmata are formed, they may involve two, 

three or all the four chromatids. 

❖ The movement of chiasma away from the centromere and towards the end of tetrads is 

called terminalization. The total number of chiasmata terminalized at any given stage 

or time is known as coefficient of terminalization. Generally, chiasma terminalization 

occurs between diplotene and metaphase I. 

 

Result of crossing over 

1. Crossing over leads to the re-combination of genes or genetic material or chromatids 

part. 

2. Recombination of gene leads to variation. 

 

Source of Variation 
1. Recombination (Crossing over) 

2. Mutation 

Note: Variation may lead to formation of new species. 



 

Important point of Crossing over 

= Greater is the distance between the genes, greater will be the chances of crossing over.  

 

✓ Maximum crossing over  = 50% 

✓ While maximum linkage = 100% 

✓ Inversion reduces the % of crossing over hence it is referred as cross over 

suppressor. 

✓ Mutation in general reduces the rate of crossing over. 

✓ There is no crossing over in male drosophila and female silk worm. 

✓ The frequency of crossing over in general is very high in female sex. 

✓ The frequency of crossing over also effected by sex, sex hormone & age of the 

organism. 

Factors Influencing Crossing Over: 

1. Distance: 

The distance between genes affects the frequency of crossing over. Greater the 

distance between genes higher is the chance of crossing over and vice versa. 

2. Age: Generally crossing over decreases with advancement in the age in the female 

Drosophila. 

3. Temperature: The rate of crossing over in Drosophila increases above and below the 

temperature of 22°C. 

4. Sex: The rate of crossing over also differs according to sex. There is lack of crossing 

over in Drosophila male and female silk moth. 

5. Nutrition: Presence of metallic ions like calcium and magnesium in the food caused 

reduction in recombination in Drosophila. However, removal of such chemicals from 

the diet increased the rate of crossing over. 

6. Chemicals: Treatment with mutagenic chemicals like alkylating agents was found to 

increase the frequency of crossing over in Drosophila female. 

7. Irradiation: Irradiation with X-rays and gamma rays was found to enhance the 

frequency of crossing over in Drosophila females. 



8. Structural Changes: Structural chromosomal changes especially inversions and 

translocations reduce the frequency of crossing over in the chromosomes where such 

changes are involved. 

9. Centromere Effect: Generally, genes that are located adjacent to the centromere show 

reduced frequency of crossing over. 

10. Cytoplasmic Genes:  

In some species cytoplasmic genes also lead to reduction in crossing over. For example, 

Tifton male sterile cytoplasm in pearl millet. 

11. Inversion: Inversion is an intersegmental change in the chromosome. In a given 

segment of chromosome crossing over is suppressed due to inversions. 

12. X-ray Effect:  

Muller demonstrated that X-ray irradiations increase crossing over near centromere. 

Similarly, Hanson has shown that radium increases crossing over. 

7. Nutrition:  

High calcium diet in young Drosophila decreases crossing over rate where as diet deficient of 

metallic ions increases crossing over. 

Significance of Crossing Over:  

1. Crossing over provides direct proof for the linear arrangement of genes. 

2. Through crossing over segments of homologous chromosomes are interchanged and 

hence provide origin of new characters and genetic variations. 

3. Crossing over has led to the construction of linkage map or genetic maps of 

chromosomes. 

4. Linkage group and linear order of the genes help to reveal the mechanism and nature 

of the genes. 

5. Crossing over plays a very important role in the field of breeding to improve the 

varieties of plants and animals. 

 

Crossing Over 

❖ The term crossing over was first used by Morgan and Cattell in 1912. 

❖ Crossing over refers to the interchange of parts between non-sister chromatids of 

homologus chromosomes during meiotic prophase (pachytene).  



❖ In other words, crossing over results from exchange of genetic material between non-

sister chromatids involving breakage and reunion at precise point.  

❖ Crossing over occurs in the first division of meiosis. At that stage each chromosome 

has replicated into two strands called sister chromatids. 

 

Features of crossing over 

10. Crossing over takes place during meiotic prophase, i.e., during pachytene. Each pair of 

chromosome has four chromatids at that time. 

11. Crossing over occurs between non-sister chromatids. Thus, one chromatid from each 

of the two homologus chromosomes is involved in crossing over. 

12. It is universally accepted that crossing over takes place at four strand stage. 

13. Each crossing over involves only two of the four chromatids of two homologus 

chromosomes. However, double or multiple crossing over may involve all four, three 

or two of the four chromatids, which is very rare. 

14. Crossing over leads to re-combinations or new combinations between linked genes. 

Crossing over generally yields two recombinant types or crossover types and two 

parental types or non-crossover types. 

15. Crossing over generally leads to exchange of equal segments or genes and 

recombination is always reciprocal. However, unequal crossing over has also been 

reported. 

16. The value of crossover or recombinants may vary from 0-50%. 

17. The frequency of recombinants can be worked out from the test cross progeny. It is 

expressed as the percentage ratio of recombinants to the total population (recombinants 

+ parental types). Thus, 

 
18. Cases of two strand crossing over, somatic crossing over, sister strand crossing 

over and unequal crossing over are also known. However, frequency of such 

cases is extremely low, i.e. in fractions. 

 

 

 



Types of Crossing Over: 

Depending upon the number of chiasmata involved, crossing over may be of three types, 

viz., single, double and multiple as described below: 

4. Single Crossing Over: 

It refers to formation of a single chiasma between non-sister chromatids of homologous 

chromosomes. Such cross over involves only two chromatids out of four. 

 

 

 

5. Double Crossing Over:  

It refers to formation of two chiasmata between non-sister chromatids of homologous 

chromosomes. Double crossovers may involve either two strands or three or all the 

four strands. 

 

 

It is of two types 

Reciprocal: Involvement of same chromatids at two points 

 
Complementary: Involvement of different chromatids at two points 

 

6. Multiple Crossing Over: 

Presence of more than two crossovers between non-sister chromatids of homologous 

chromosomes is referred to as multiple crossing over. Frequency of such type of 

crossing over is extremely low. 

 

 

 = Crossing over takes place during pachytene of prophase I of meiosis I. 

 



 

= According to stern and Hotta, crossing over takes place in 4 strand stage or tetrad stage 

(pachytene) and between non-sister chromatids. 

= Sister chromatids = 1 & 2, 3 & 4 

= Non-sister chromatids = 1 & 3, 2 & 3, 1 & 4, 2 & 4 

 

Molecular Mechanism of Crossing Over: 

There are two important theories viz:  

1. Copy choice theory  

2. Breakage and reunion theory  

  

2. Copy Choice Theory: 

❖ This theory was proposed by Belling. 

❖ This theory states that the entire recombinant section or part arises from the 

newly synthesised section. The non-sister chromatids when come in close 

contact they copy some section of each other resulting in recombination. 



❖ According to this theory, physical exchange of preformed chromatids does not 

take place. 
❖ The non-sister chromatids when come together during pairing, copy part of each 

other.  

❖ Thus, recombinant chromosome or chromatids have some alleles of one 

chromatids and some of other.  

❖ The information may be copied by one strand or both the strands. When only 

one strand copies, non-reciprocal recombinant is produced. 

 

 

This theory has two objections:  

1. According to this theory breakage and reunion does not occur, while it has been observed 

cytological.  

2. Generally crossing over takes place after DNA replication but here it takes place at the 

same time.  

2. Breakage and Reunion Theory: 

❖ This theory states that crossing over takes place due to breakage and reunion of non-

sister chromatids.  

❖ The two segments of parental chromosomes which are present in recombinants arise 

from physical breaks in the parental chromosomes with subsequent exchange of broken 

segments 

❖ The breakage results due to mechanical strains that result from the separation of paired 

homologous chromosomes and chromatids in each chromosome during pachytene 

stage.  

❖ The broken ends of non-sister chromatids unite to produce chiasmata resulting in 

crossing over. 

❖ Among these, the most accepted one is Darlington’s breakage and Reunion theory of 

CO. 

Breakage Enzyme = Endonuclease 

Re-Union Enzyme = Ligase 

❖ According to “ Carpenton” CO is facilitated by formation of a protein aggregate of  

90 nm known as Re-combination nodule on the synaptonemal complex. 

  



 

❖ The point of exchange of segments between non-sister chromatids of homologous 

chromosomes during meiotic prophase is called chiasma (pleural chiasmata). 

❖ It is thought to be the place where crossing over takes place. Chiasma was first 

discovered by Janssens in 1909.  

❖ Depending on the position, chiasma is of two types, viz., terminal and interstitial. 

❖ When the chiasma is located at the end of the pairing chromatids, it is known as terminal 

chiasma and when it is located in the middle part of non-sister chromatids, it is referred 

to as interstitial chiasma. 

❖ Later on interstitial chiasma is changed to terminal position by the process of 

chiasmaterminalization. 

❖ The number of chiasma per bivalent may vary from one to more than one depending 

upon the length of chromatids. When two chiasmata are formed, they may involve two, 

three or all the four chromatids. 

❖ The movement of chiasma away from the centromere and towards the end of tetrads is 

called terminalization. The total number of chiasmata terminalized at any given stage 

or time is known as coefficient of terminalization. Generally, chiasma terminalization 

occurs between diplotene and metaphase I. 

 

Result of crossing over 

3. Crossing over leads to the re-combination of genes or genetic material or chromatids 

part. 

4. Recombination of gene leads to variation. 

 

Source of Variation 
3. Recombination (Crossing over) 

4. Mutation 

Note: Variation may lead to formation of new species. 



 

Important point of Crossing over 

= Greater is the distance between the genes, greater will be the chances of crossing over.  

 

✓ Maximum crossing over  = 50% 

✓ While maximum linkage = 100% 

✓ Inversion reduces the % of crossing over hence it is referred as cross over 

suppressor. 

✓ Mutation in general reduces the rate of crossing over. 

✓ There is no crossing over in male drosophila and female silk worm. 

✓ The frequency of crossing over in general is very high in female sex. 

✓ The frequency of crossing over also effected by sex, sex hormone & age of the 

organism. 

Factors Influencing Crossing Over: 

13. Distance: 

The distance between genes affects the frequency of crossing over. Greater the 

distance between genes higher is the chance of crossing over and vice versa. 

14. Age: Generally crossing over decreases with advancement in the age in the female 

Drosophila. 

15. Temperature: The rate of crossing over in Drosophila increases above and below the 

temperature of 22°C. 

16. Sex: The rate of crossing over also differs according to sex. There is lack of crossing 

over in Drosophila male and female silk moth. 

17. Nutrition: Presence of metallic ions like calcium and magnesium in the food caused 

reduction in recombination in Drosophila. However, removal of such chemicals from 

the diet increased the rate of crossing over. 

18. Chemicals: Treatment with mutagenic chemicals like alkylating agents was found to 

increase the frequency of crossing over in Drosophila female. 

19. Irradiation: Irradiation with X-rays and gamma rays was found to enhance the 

frequency of crossing over in Drosophila females. 



20. Structural Changes: Structural chromosomal changes especially inversions and 

translocations reduce the frequency of crossing over in the chromosomes where such 

changes are involved. 

21. Centromere Effect: Generally, genes that are located adjacent to the centromere show 

reduced frequency of crossing over. 

22. Cytoplasmic Genes:  

In some species cytoplasmic genes also lead to reduction in crossing over. For example, 

Tifton male sterile cytoplasm in pearl millet. 

23. Inversion: Inversion is an intersegmental change in the chromosome. In a given 

segment of chromosome crossing over is suppressed due to inversions. 

24. X-ray Effect:  

Muller demonstrated that X-ray irradiations increase crossing over near centromere. 

Similarly, Hanson has shown that radium increases crossing over. 

7. Nutrition:  

High calcium diet in young Drosophila decreases crossing over rate where as diet deficient of 

metallic ions increases crossing over. 

Significance of Crossing Over:  

6. Crossing over provides direct proof for the linear arrangement of genes. 

7. Through crossing over segments of homologous chromosomes are interchanged and 

hence provide origin of new characters and genetic variations. 

8. Crossing over has led to the construction of linkage map or genetic maps of 

chromosomes. 

9. Linkage group and linear order of the genes help to reveal the mechanism and nature 

of the genes. 

10. Crossing over plays a very important role in the field of breeding to improve the 

varieties of plants and animals. 

  



Chromosomal Aberration 
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1. Meaning of Chromosomal Aberration: 

Alteration in the structure of individual chromosome or chromosomal aberration may occur 

spontaneously or by induction. Such changes may result in quantitative alteration of genes or 

rearrangement of genes. The breakage and reunion of chromatid segments result in a number 

of abnormalities in the chromosome structure. Thus, origin of structural changes is caused by 

breaks in the chromosome. 

Any broken end may unite with any other broken end, thus potentially resulting in new linkage 

arrangements. Depending upon the number of breaks, their locations, and the pattern in which 

broken ends join together, a wide variety of structural changes are possible (Fig. 12.1). The 

first cytological demonstration of chromosomal rearrangement in plants was made in maize by 

B. McClintock. 

 



2. Types of Chromosomal Aberration: Four different kinds of structural changes of 

chromosome have been demonstrated 

(i) Deficiency (parts of chromosome lost or deleted),  

(ii) Duplication (parts of chromosome added or duplicated),  

(iii) Inversion (sections of chromosome detached and reunited in reverse order), and  

(iv) Translocation (parts of chromosome detached and joined to non-homologous 

chromosome).  

Of the various chromosomal aberrations, inversions and translocations only represent 

changes in position of chromosome segments of different sizes, the total chromosome 

mass remaining unchanged. All segments are present in the original dosage, but 

distributed in a new way, i.e. qualitative alterations.  

In cases of deletions or deficiencies and duplications, quantitative alterations occur in 

the chromosome complement, with certain chromosome segments being lost or 

doubled.  

 



 

 

Structural homozygotes are those in which alterations such as translocation or 

duplication occur in both the homologous chromosomes and as such termed as 

translocation homozygote or duplication homozygote. In cases, where only one 

chromosome of the pair is structurally altered, the term structural hybrid or hetero- 

zygote is used (Fig. 12.3).  

 



 
3. Deficiency of Chromosomal Aberration: 

Deficiency or deletion represents a loss in chromosomal material and was the first 

chromosomal aberration indicated by genetic evidence. This evidence, presented by 

Bridges in 1971 in Drosophila melanogaster, showed a deletion of the X-chromosome 

that included the Bar locus.  

Deficiency or deletion are of two types:  

(i) Terminal deletion:  

A single break near the end of a chromosome would be expected to result in a terminal 

deficiency;  

(ii) Intercalary deletion:  

If two breaks occur, a section may be deleted and an intercalary deficiency is created.  

Origin: 

Origin of intercalary deficiency is represented in Fig. 12.4. Terminal deficiency might 

seem less complicated and more likely to occur than those involving two breaks.  

 

Meiosis: 

Heterozygous deficiencies during meiosis form a loop in a bivalent and it can be 

observed in the pachytene stage (Fig. 12.5).  

Effect of Chromosomal Aberration:  

Deficiencies have an effect on inheritance also. In presence of a deficiency, a recessive 

allele will behave like a dominant allele and this phenomenon is called pseudo 

dominance. This principle of pseudo dominance exhibited by deficiency heterozygotes 

has been utilized for location of genes on specific chromosomes in Drosophila.  



Thus chromosome deficiencies have greatly facilitated the checking of linkage maps.  

A somatic cell that has lost a small chromosome segment may live and produce other 

cells heterozygous like itself, each with deleted section of a chromosome. Phenotypic 

effects sometimes indicate which cells or portions of the body have descended from 

the originally deficient cell.  

If the deficient cell is a gamete that is subsequently fertilized by a gamete carrying a 

non-deficient homologue, all cells of the resulting organism will carry the deficiency 

in the heterozygous condition.  

 

Recessive genes on the non-deficient chromosome in the region of deficiency may 

express themselves. Heterozygous deficiencies thus usually decrease the general 

viability. 

4. Duplication of Chromosomal Aberration: 

Duplication represents additions of chromosome parts. A chromosome segment is 

present in more than two copies.  

Origin of Duplication of Chromosomal Aberration:  

Duplication originates out of unequal crossing over (Fig. 12.6).  



 

Meiosis: 

If duplication is present only on one of the two homologous chromosomes, at meiosis 

(i.e., pachytene) a characteristic loop is obtained (Fig. 12.7).  

 
Effect of Duplication of Chromosomal Aberration: 

The duplication was-critically examined in the B (bar) locus of the X-chromosome of 

Drosophila. Barred eye is a character where eyes are narrower as compared to normal 

eye shape. This phenotypic character is due to duplication for a part of a chromosome. 

The Bar character is due to duplication in region 16A of X-chromo- some (Fig. 12.8).  

Barred eye individuals (16A 16A) give rise to ultra-bar (16A 16A 16A) and normal wild 

type (16A) due to unequal crossing over (Fig. 12.9). Barred eyes have different 

phenotypes in homozygous bar and heterozygous ultra-bar individuals although in 

each case, number of 16A segments remains the same (Fig. 12.10). This was called 

position effect.  



 

Types of Duplication of Chromosomal Aberration: 

Duplication are of different types on the basis of position of duplicated segment (Fig. 

12.11):  

(i) Tandem duplication – adjacent region;  

(ii) Displaced homo-brachial duplication – at a displaced position of the same arm;  

(iii) Displaced heterobrachial duplication – on the different arm of the same chromo-
some;  

(iv)Transposed duplication – on a different chromosome;  

(v) Reverse tandem duplication – duplicated segment found as a reverse repeat at 
adjacent region.  



 

5. Inversion of Chromosomal Aberration:  

Inversion represents reverse gene order in the chromosome.  

Origin: 

Inversions originate when parts of chromosome become detached, turn through 180°, 

and are reinserted in such a way that the genes are in reversed order (Fig. 12.12). Some 

inversions presumably result from entanglements of the threads during the meiotic 

prophase and from the chromosome breaks that occur at that time.  

For example, a certain segment may be broken in two places, and the two breaks may 

be in close proximity because of a chance loop in the chromosome.  

 

When they rejoin, the wrong ends may become connected. The part on one side of the 

loop connects with a broken end different from the one with which it was originally 



connected. This leaves the other two broken ends to become attached. The part within 

the loop thus becomes turned around and inverted. 

Meiosis:  

Inversions may survive the meiotic process and segregate into viable gametes. 

Chromosome pairing is essential in the production of fertile gametes. The mechanism 

by which homologous chromosomes heterozygous for inversions accomplish such 

pairing in the meiotic sequence is depicted in Figs. 12.13 and 12.15.  

The products of crossing over and subsequent stages of meiosis are different for the 

two types of inversions.  

 

Types of Inversions: 

Inversions can be of two types:  

(i) Paracentric inversion and  
(ii) Pericentric inversion.  
Paracentric inversions are those inversions where inverted segments do not include 

centromeres. On the other hand, in a pericentric inversion, inverted segment includes 

centromere.  



Paracentric Inversion: 

In paracentric inversion, a single crossover or an odd number of crossovers in inverted 

region results in the formation of a dicentric chromosome (having two centromeres) 

and an acentric chromosome (with no centromere). Of the remaining two chromatids, 

one remains normal and the other carries the inversion.  

The dicentric chromatid and the acentric chromatid are observed at anaphase I in the 

form of a bridge and a fragment (Fig. 12.14). Crossing over within and outside 

inversion lead to various kinds of deficiencies and duplications.  

 

Pericentric Inversion: 

In pericentric inversion, the pachytene configuration observed is similar to that of 

paracentric inversion. But the products of crossing over and configurations at 

subsequent stages of meiosis differ. Two of the four chromatids will have deficiencies 

and duplications. No dicentric bridge or acentric fragment are formed (Fig. 12.15).  



 

As the two chromatids resulting from crossing over have deficiencies and duplications, 

the gametes having these chromosomes do not function and lead to considerable 

gametic or zygotic lethality. The plants show pollen sterility. The only crossovers which 

can be recovered are double crossovers, and the observed frequency of recombination 

between any two genes is considerably reduced.  

Thus inversions are called crossover suppressors. This property of inversion has been 

utilized in the production of CIB stock, used by Muller for detection of sex linked lethal 

mutations. Three different kinds of non-crossover progenies (1 : 2 : 1) are obtained by 

selfing of an inversion heterozygote (Fig. 12.16).  



 

6. Translocation of Chromosomal Aberration: 

Sometimes a part of a chromosome becomes detached and joins to a part of a non-

homologous chromosome, thus producing translocation. Translocations have been 

described in a number of plants and are important factors in the evolution of certain 

plant groups such as Datura and Oenothera.  

Types of Translocation:  

Three types of translocations are observed:  

(i) Simple translocation:  

The broken part gets attached to one end of non-homologous chromosome.  

(ii) Shift translocation:  

Broken part gets inserted interstitially in a non-homologous chromosome.  

(iii) Reciprocal translocation:  

When parts of chromosomes belonging to members of two different pairs become 

exchanged (Fig. 12.17).  

 

Meiosis:  



If a translocation is present in one of the two sets of chromosomes, that will be a 

translocation heterozygote. In such a plant, normal pairing into bivalents will not be 

possible among chromosomes involved in translocation.  

Due to pairing between homologous segments of chromosomes, a cross shaped (+) 

figure involving four chromosomes (quadrivalent) will be observed at pachytene. This 

ring of four chromosomes at metaphase I can have one of the following three 

orientations (Fig. 12.18):  

 



Alternate:  

In this orientation, alternate chromosomes will be oriented towards the same pole.  

This is possible by attaining an “eight” (8) like configuration.  

Adjacent I: 

In this orientation, adjacent chrotromeres will orient towards opposite poles. A 

mosomes having non-homologous centromeres ring of four chromosomes will be 

observed.  

Adjacent II: 

In this orientation, adjacent chromosomes having homologous centromeres will orient 

towards the same pole. A ring of four chromosomes is obtained.  

Alternate disjunction gives functional gametes. Adjacent I and Adjacent II will form 

gametes, which would carry duplications or deficiencies and as a result would be 

nonfunctional or sterile. Therefore, in a plant having a translocation in heterozygous 

condition, there will be considerable pollen sterility.  

The different kinds of progenies in the ratio 1:2:1 are obtained due to self-fertilization 

in a translocation heterozygote through alternate disjunction (Fig. 12.19). The first 

case of translocation was found in Oenothera. Tradescantia and Rhoeo also have 

translocations In heterozygous conditions.  

Balanced Lethals and Balanced Heterozygosity:  

When translocation involves more than two non-homologous pairs of chromosomes, 

meiotic rings containing six, eight or more chromosomes can be obtained. These 

events are not rare and are extensively seen in Oenothera.  

Oenothera has the following characteristics:  

(i) Some of its races produce new hereditary types at a frequency that is much higher 

than that commonly expected for mutation.  

(ii) Many Oenothera races, such as O. lamarckiana, produce seeds 

that are about 50 percent lethal when ordinarily self- pollinated but 

fully viable when outbred to other races.  



 

iii) All Oenothera races have seven pairs of chromosomes. The first meiotic meta- 

phase configuration ranges from seven individual bivalents through various com-

bination of rings and bivalents to a single ring of 14 chromosomes.  

In O. lamarckiana a ring of 12 chromosomes instead of a ring of 14 chromosomes is 

observed. Since alternate segregation is almost exclusively observed for these rings, 

duplications and deficiencies are generally absent and entire translocation complexes 

segregate as a unit in each gamete.  

In O. lamarckiana alternate segregation in the ring of 12 gave two complexes: 3.4, 12.11, 

7.6, 5.8, 14.13, 10.9 and 4.12, 11.7, 6.5, 8.14, 13.10, 9.3 (symbolizing each of the seven 

arms of each of the seven pairs of metacentric chromosomes as 1.2, 1.2, 3.4, 3.4, 5.6, 

5.6 13.14, 13.14).  

Each is also bearing the 1.2 chromosome of the segregating bivalent. Any other type of 

segregation in the heterozygote would produce unbalanced gametes. Thus each 

complex of six chromosomes is considered as a linkage group. These two were named 

as gaudens and velans by Renner (Fig. 12.20).  



 

O. lamarckiana does not produce either velans / velans or gaudens / gaudens, although 

both homozygotes are chromosomally balanced. Apparently, recessive lethals are 

maintained in both the velans and gaudens complexes, so that homozygous 

combinations are lethal. This lethality affects the zygotes, so that half the seeds do not 

germinate. The gametic or zygotic lethality leads to survival of only heterozygotes.  

In gametic lethality, only one of the two types of gametes function on the male side, 

the other type being functional on the female side, thus giving rise to only one type of 

progeny, which is heterozygous. In zygotic lethality on the other hand, both types of 



gametes will function on male as well as on female side, but the homozygote progeny 

due to recessive lethal genes does not survive (Fig. 12.21).  

 

Similar to Oenothera, Rhoeo discolor is a structural heterozygote where there is a ring 

of 12 chromosomes in meiosis (Fig. 12.22). 

 

7. Other Forms of Chromosomal Aberrations: 

Centric Fusion and Fission: 

Centric fusion is a process that leads to a decrease in chromosome number. Two 

acrocentric chromosomes join together to produce a metacentric chromosome. This 

phenomenon is also called Robertsonian translocation.  

Dissociation or fission is process that leads to an increase in chromosome number. In 

dissociation, a metacentric (commonly large) and a small supernumerary metacentric 

fragment become trans-located, so that two acrocentric or sub-metacentric 

chromosomes are produced.  

Direct fission of centromere of metacentric chromosome leads to two telocentric 

chromosomes (misdivision). Fusion and fission are the main mechanisms by which 



the chromosome number can be decreased and increased during evolution of the 

majority of animals and in some groups of plants (Fig. 12.23).  

 

Iso-chromosomes: 

A new type of chromosome may arise from a break (i.e., a misdivision) at the 

centromere. As shown in Fig. 12.24, the two resultant telocentric chromosomes may 

open up to produce chromosomes with two identical arms (i.e., iso-chromosomes). 

This type of chromosome is produced in irradiated material. At meiosis they may pair 

with themselves or with a normal homologue.  

 

Sister Chromatid Exchange: 

A sister chromatid exchange is an interchange of DNA between sister chromatids in a 

chromosome, presumably involving DNA breakage followed by fusion. Sister 

chromatid exchanges are difficult to find using common cytological methods because 

the chromatids are morphologically identical.  



Such chromatid exchanges were first described in studies in which 3H-thymidine was 

added during a replicating cycle which was followed by another cycle in a non-

radioactive medium. Analysis of this phenomenon has been greatly facilitated by the 

use of bromodeoxyuridine (BrdU), a thymidine analogue that can be incorporated into 

the DNA of replicating cells instead of the original base.  

If BrdU is followed by a fluorescent dye (Hoechst 33528), the fluorescence of the 

segments that contain BrdU is greatly diminished in comparison with those of the 

original base. Furthermore, there is also a similarly decreased staining with the 

Giemsa stain.  

The use of this technique, however, has been unable to discover whether the chromatid 

exchange could occur spontaneously or whether it is induced by the BrdU.  

It has, though, been of great help in differentiating the various inherited diseases 

characterized by chromosome fragility, which have an increased frequency of sister 

chromotid exchanges and a tendency to have associated neoplasia. Some of the 

diseases (e.g. Bloom’s syndrome, Fanconi’s anemia, and ataxia- telangiectasia) are 

presumably related to defects in DNA repair.  

Sister chromatid exchange has also been important in studying the effect of mutagens 

on the chromosomes. Various mutagenic drugs that are alkylating agents, such as 

mitomycin C and nitrogen mustard, produce a great number of breaks and chromatid 

exchanges (Fig. 12.25). The intimate association of sister chromatid exchange with 

mutagenesis and carcinogenesis may have important medical implications.  



 

Effects of Chromosomal Aberration: 

In most cases, homozygosity for deficiencies or deletions has a deleterious effect and 

leads to death. Duplications may have more desirable effects than the loss of 

chromosome substances. Even in this category, there is a disturbance of chromosome 

balance and in instances of large duplications, a reduction in fertility as well as in 

vigour may occur.  

Translocation in Oenothera lamarckiana produces 50% non-viable seeds. The viable 

seeds are all translocation heterozygotes (balanced lethal system). In Rhoeo discolor, 

the only translocation heterozygotes are survivors. In Clarkia, Paeonia, translocation 

and normal homozygotes are also common.  

Sometimes in Oenothera, Rhoeo, chromosomes disjoin in an irregular manner, new 

translocations are produced and crossing over between different complexes may take 

place. All these changes produce recognisable phenotypic effects.  

The occurrence of inversions is less recorded than translocations. In flowering plants 

with vegetative reproduction, for instance, in Tulipa, heterozygosity for inversions has, 

however, turned out to be frequent and in Paris quadrifolia, every plant seems to be 

heterozygous for one or several inversions (Muntzing).  



That, inversions are common in plants with vegetative reproduction is due to the fact 

that structural alterations arise and accumulate in them without particular 

disadvantages. Reproduction is not affected on account of structural aberrations. 

Since these plants in question reproduce exclusively or predominantly in vegetative 

way, the aberrations affecting sexuality and seed setting are of no prime importance.  

8. Detection of Chromosomal Aberrations: 

The alterations of chromosome structure can however be detected through 

comparative analysis of karyotypes. The gross chromosomal changes and their 

location can conveniently be studied through clarification of chromosomal details and 

their comparison with unaltered genotypes.  

The study of meiosis too provides with a powerful method of detection, provided the 

changes are adequate to bring out the detectable changes in meiotic behaviour.  

The study of detection includes formation of loops for the deficiency, inversion bridges 

for inverted segments as well as ring formation for structural heterozygotes. The 

formation of multivalent also clearly indicates the duplication of chromosomes. As 

such, meiotic analysis can provide clear indication of the changes the chromosomes 

have undergone affecting their structure.  

However, gradually a number of modified methods have come up through which finer 

segments of chromosome can be microscopically differentiated. These methods permit 

identification of minute chromosome segments which otherwise become difficult to 

resolve through karyotype or pachytene analysis or study of meiotic details.  

The two methods which are now widely applied for detection of chromosomal and 

genomic alterations are (1) chromosome banding and (2) In situ hybridization (ISH).  

 

  



Chromosomal Variation 
1. Numerical changes  

I. Euploidy: Variation in entire set of chromosome 

II. Aneuploidy 

2. Structural changes or chromosomal aberration 

 

1. Euploidy: It involves variation of entire set of chromosomes. It may be--- 

I. Haploidy (2n----n): male drone of honeybee 

II. Diploidy (n------2n): Algae and fungi (Thallophyta) 

III. Polyploidy (2n-----3n): triploidy 

IV.                     (2n----4n): tetraploidy 

V.                     (2n-----5n): Pentaploidy 

VI.                     (2n------6n): hexaploidy   

Polyploidy: It means multiple sets of chromosomes such as 3n, 4n, 5n, 6n………Xn. The term 

polyploidy was given was given by Miss luzzati in planta aenothera lamarkina (evening 

primose).    

In plant polyploidy is advantageous while in animal it is very rare and usually 

disadvantageous. 

Polyploidy is a genetic mechanism that can leads to formation of new species very rapidly. 

Polyploidy 

I. Auto-polyploidy 

II. Allo-polyploidy 

Autopolyploidy: All the sets of chromosomes will be identical. 

 



 

 

 Examples of Autotriploid: 

I. Watermelon 

II. Sugar beet 

III. Tomato 

IV. Doob grass 

Examples of Autotriploid: 

I. Rye 

II. Corn 

III. Red clover 

IV. Marigold 

V. Snapdragon  

VI. Grapes 

Characteristic of autopolyploidy:  

➢ Larger stomata, pollen grain, flower, fruit and seeds than the diploid species. 

➢ Slow growth 

➢ Delayed flowering 

➢ Annual plants changed to perennial plants. 

Allopolyploidy: Helps in the combining of the desired characters of different species in one. 

 

 

Example: Triticale - It was 1st man made cereals, made by Norman Borlaug. 



 

➢ Indian scientist who got 1st Borlaug award is Dr. M.S. Swaminathan. 

➢ Triticale was black rust resistance species. 

➢ Black rust of wheat is due to the infection of fungi “Puccinia”. 

➢ T. durum (durum wheat) is mainly used for pasta production. 
 

 

 



 

Raphanobrassica: Artificial hybridization of radish (Raphanus) and cabbage (Brassica) (both 

2N = 18) produces a sterile first-generation hybrid with one diploid chromosome set from either 

parent. Tetraploidization eventually produces a stable, true-breeding hybrid 

(Raphanobrassica). (Unfortunately, the hybrid combines the root of a cabbage with the flower 

head of a radish, rather than the desired reverse. 

➢ Rapliunohrassica is a classic intergeneric hybrid, first produced and described by 

KARPECHENKO (1927)-Russian Scientist 

➢ It is the first allotetraploid. 

 

 

 

❖ Triticum aestivum, common or bread wheat 

 



 
❖ Hexaploid wheat Triticum spelta  

 



 

 

Causes of polyploidy: 

An organism having more than two sets of homologous chromosomes is known as polyploid 

and the phenomenon polyploidy. 

It was discovered by Lutz.  

It is rarely found in animals but is of general occurrence in plants. 

The species are grouped together under a taxonomic head due to certain morphological 

similarities and relationships. They may or may not be crossable at all, with one another. 

➢ Failure of normal meiosis, giving diploid gametes. 

➢ Absence of spindle fibres or failure of spindle fibre formation. 

➢ Failure of mitosis, resulting doubling of chromosome. 

➢ Participation of more than two nuclei at the time of fertilization. 

➢ Failure of cell wall formation after karyokinesis. 

Induced Polyploid: 

➢ Polyploidy has been induced artificially by exposing dividing cells to chemicals like 

colchicine, acenaphthene, veratrine and sometimes by exposure to heat and cold. 

 

Aneuploidy 

Aneuploidy is the presence of an abnormal number of chromosomes in a cell, for example a 

human cell having 45 or 47 chromosomes instead of the usual 46. It does not include a 

difference of one or more complete sets of chromosomes. 

Hypoaneuploidy: Hypo-ploidy may be due to loss of a single chromosome – monosomy (2n 

– 1), or due to loss of one pair of chromosomes – nullisomy (2n – 2). 

Hyperaneuploidy: Hyper-ploidy may involve addition of either a single chromosome-trisomy 

(2n + 1) or a pair of chromosomes (2n + 2) – tetrasomy. 



➢ According to CB Bridge, Aneuploidy is mainly due to the non-disjunction of 

chromosome. 

➢ Example: Human 

 
Turners Syndrome: 

➢ The human body has 46 (or 23 paired) chromosomes that store genetic material. X and 

Y chromosomes determine your sex. The male sex has one X and one Y chromosome. 

The female sex has two X chromosomes. 

➢ Turner syndrome is a genetic condition caused by an abnormality on one of your sex 

chromosomes. It’s also called monosomy X, gonadal dysgenesis, and Bonnevie-

Ullrich syndrome. Only the female sex develops this condition. 

➢ Turner syndrome occurs when part or all of one of your X chromosomes is missing. 

This condition affects approximately 1 in 2,000 females. 

➢ People with Turner syndrome can lead healthy lives. But they typically require some 

consistent, ongoing medical supervision to detect and treat complications. 

➢ There is no way to prevent Turner syndrome, and the cause of the genetic abnormality 

is unknown. 

➢ Females with Turner syndrome exhibit certain physical characteristics at birth and in 

childhood, including: 

➢ swollen hands and feet (in infants) 

➢ short stature 

➢ a high palate 

➢ low-set ears 

➢ obesity 

➢ droopy eyelids 

➢ flat feet 

➢ Monosomic condition: 2n-1 

➢ Genome:44+XO=45 

 

http://www.turnersyndrome.org/#!about-turner-syndrome/c42u


Edward Syndrome: 

➢ Edwards syndrome is a genetic condition in babies that causes severe disability. It is 

caused by an extra copy of chromosome 18 and babies born with the condition usually 

do not survive for much longer than a week. 

➢ Children with Edwards syndrome have three copies of part or all of chromosome 18, 

instead of the usual two copies. It is also called Trisomy 18. 

➢ This can be caused by a mistake in the formation of the egg or sperm, or the problem 

can arise while the baby is developing in the womb. 

➢ Babies with Edwards syndrome are either miscarried, stillborn or born with severe 

physical abnormalities. It is very rare for a baby with Edwards syndrome to survive 

their first year of life, and most die within a week of birth. 

➢ Trisomy condition (18th Trisomy; 2n+1) 

➢ Genome:46+1=47 

➢ Most babies with Edwards syndrome have: 

➢ feeding difficulties 

➢ breathing difficulties 

➢ intellectual disabilities 

➢ abnormal growth and development 

➢ undescended testes (in boys). 

➢ Edwards syndrome can be suspected or even diagnosed during pregnancy. 

Downs Syndrome: 

Trisomy condition: 21st trisomy 

                                 :2n+1 (21st chromosome) 

Genome: 46+1=47 

In all cases of reproduction, both parents pass their genes on to their children. These genes 

are carried in chromosomes. When the baby’s cells develop, each cell is supposed to receive 

23 pairs of chromosomes, for 46 chromosomes total. Half of the chromosomes are from the 

mother, and half are from the father. 

In children with Down syndrome, one of the chromosomes doesn’t separate properly. The 

baby ends up with three copies, or an extra partial copy, of chromosome 21, instead of two. 

This extra chromosome causes problems as the brain and physical features develop. 

According to the National Down Syndrome Society (NDSS), about 1 in 700 babies in the 

United States is born with Down syndrome. It’s the most common genetic disorder in the 

United States. 

Down syndrome is a genetic condition that results when there is an extra copy of a specific 

chromosome, chromosome 21. 

It is not an illness but a term that describes the features resulting from this change. 

The extra chromosome can affect the physical features, intellect, and overall development of 

an individual. 

http://www.ndss.org/about-down-syndrome/down-syndrome/


It also increases the likelihood of some health problems. 

Patau syndrome: 

Trisomy condition: 13th trisomy 

                                 :2n+1 (13th chromosome) 

Genome: 46+1=47 

Trisomy 13 is a genetic disorder that your baby gets when she has an extra 13th chromosome. In 

other words, she has three copies of her chromosome 13 when she should have just two. It happens 

when cells divide abnormally during reproduction, and create extra genetic material on 

chromosome 13. 

The additional chromosome can come from either the egg or the sperm, but doctors think that the 

chances a woman will have a baby with any chromosome abnormality go up after age 35. 

The extra 13th chromosome damages normal development, and causes the features of trisomy 13, 

including severe mental and physical problems. Unfortunately, most babies born with it don’t live 

past their first month or year. But some can survive for years. 

Klinefelter syndrome: 

Genome: 44+XXY (Trisomy) 

               :44+XXXY (Tetrasomy) 

               :44+XXXXY (Pentasomy) 

 

Klinefelter syndrome (KS) is a condition that occurs in men who have an extra X 

chromosome. The syndrome can affect different stages of physical, language, and social 

development. 

The most common symptom is infertility. Boys may be taller than other boys their age, with 

more fat around the belly. After puberty, KS boys may have 

• Smaller testes and penis 

• Breast growth 

• Less facial and body hair 

• Reduced muscle tone 

• Narrower shoulders and wider hips 

• Weaker bones 

• Decreased sexual interest 

• Lower energy 

KS males may have learning or language problems. They may be quiet and shy and have 

trouble fitting in. 

➢ Nullisomic (2n-2): usually occurs in wheat. Nullisomic is a genetic condition involving 

the lack of both the normal chromosomal pairs for a species (2n-2). 

https://medlineplus.gov/infertility.html


Passage: 

Plant species A (2n=16) was crossed with a second species B (2n=18). The hybrid produced 

was partially sterile i.e. produce few pollen grains and ovules. Selfing of these hybrids 

produced some plant with chromosome (2n=34), same hybrid when crossed with species 

A as the female parents produced plant with chromosome number 2n=25. 

Q1. The chromosome number of hybrid A&B is 

i. 16  ii)18  iii)17 iv)34 

Q2. Most gametes produce by the hybrid of A&B are sterile because 

i) Meiosis does not take place at the time of gamete information 

ii) Meiosis at the time of gamete formation is highly irregular, due to the non-

homologous b/w the parental chromosomes 

iii) Pairing takes place but there is dy synapsis 

iv) None of the above 

 Q3. The plant with 2n=34 no of chromosomes will produce gamates which are-dip 

i) Diploid & viable (fertile) 

ii) Triploid & viable (fertile) 

iii) Diploid & sterile 

iv) Tetraploid & sterile 

Q4.   The plant produces with chromosomes no 2n=34 is – 

i) Autotetraploid 

ii) Allotetraploids 

iii) Diploid 

iv) Triploid 

 Q5.    In drosophila trisomy (2n+1) has been reported for the – 

i) 2nd chromosomes 

ii) 3rd chromosomes 

iii) 4th chromosomes 

iv) None 

Q6.      In Datura set (jimson weed) belongs to family Solanaceae is the case of – 

i) 7th trisomy (barley plant) 

ii) 9th  trisomy 

iii) 10th trisomy  

iv) 12th trisomy 

Q7.       Tetratomic 2n+2 condone in wheat have been identified by- 

i) Muntrie 

ii) Mc. Fadden 

iii) Kharia 

iv) Sear 

 Q8.        Err. Sears has artificially included 21st monosomic [2n-1] codon in a wheat 

              variety called – 

i) Chines spring 

ii) Glossy 

iii) Buckling 

iv) cocklebur   

 

 



GENETIC LINKAGE 

 

Definition: Genetic linkage is a phenomenon where certain alleles of different genes do not 

conform to the Mendel´s law of independent segregation because they are localized on the 

same chromosome, not very far from each other. 

History: Linkage was discovered by Bateson and Punnett in 1906 in sweet pea (Lathyrus 

odoratus), but explained first by T. H. Morgan using fruitflies in 1911. 

Bateson and Punnett also propose the phenomena of Coupling and Repulsion. 

Coupling: When both the dominant alleles of genes are present on one chromosome and their 

corresponding alleles on other chromosome of homologous pair, this linkage relationship is 

known as Coupling. 

 

 

In F2=Selfing 

                                       PpLl  x PpLl 

                                         

 

Result 



Expected observed 

Purple and long = 9 Purple and long = 7 

Purple and round = 3 Purple and round = 1 

Red and long = 3 Red and long = 1 

Red and round = 1 Red and round = 7 

 

 

 Gene 

Combination 

observed If 

independently 

assort 

If fully 

linked 

Purple and long Parental 7/16x100=43.7 25% 50% 

Purple and round Recombinant 1/16x100=6.3 25% zero 

Red and long Recombinant 1/16x100=6.3 25% zero 

Red and round Parental 7/16x100=43.7 25% 50% 

 

Repulsion: When one dominant and one recessive alleles of the gene are present on each of 

the homologous pair of chromosomes, this linkage relationship is known as “Repulsion”. 

 

 

 

In F2=Selfing                                       PpLl  x PpLl 

                                         

 



Result 

Expected observed 

Purple and long = 9 Purple and long = 1 

Purple and round = 3 Purple and round = 7 

Red and long = 3 Red and long = 7 

Red and round = 1 Red and round = 1 

 

Phenotype Gene 

Combination 

observed If 

independently 

assort 

If fully 

linked 

Purple and long Recombinant 1/16x100 = 6.3 25% Zero 

Purple and round Parental 7/16x100 = 43.7 25% 50% 

Red and long Parental 7/16x100 = 43.7 25% 50% 

Red and round Recombinant 7/16x100 = 6.3 25% Zero 

 

Parental = 43.7 + 43.7 = 87.4% 

Recombinant = 6.3+6.3 = 12.6% 

 

Morgan’s View of Linkage: 

Morgan (1910), while working on Drosophila stated that coupling and repulsion are two 

aspects of linkage. He defined linkage as the tendency of genes, present in the same 

chromosome, to remain in their original combination and to enter together in the same gamete.’ 

The genes located on the same chromosome and are being inherited together are known as 

linked genes, and the characters controlled by these are known as linked characters. Their 

recombination frequency is always less than 50%. All those genes which are located in the 

single chromosome form one linkage group. The total number of linkage group in an organism 

corresponds to the number of chromosome pairs. For example, there are 23 linkage groups in 

man, 7 in sweet pea and 4 in Drosophila melanogaster. 

Linkage Group: Number of linkage group in a species corresponds to its haploid number of 

chromosomes. 

In human, 2n = 46 

                   n = 23 

Therefore, linkage group of human being is 23 

Morgan and Castle formulated ‘The Chromosome Theory of Linkage’. 



It has the following salient features: 

1. Genes that show linkage are situated in the same chromosome. 

2. Genes are arranged in a linear fashion in the chromosome i.e., linkage of genes is linear. 

3. The distance between the linked genes is inversely proportional to the strength of linkage. 

The genes which are closely located show strong linkage, whereas those, which are widely 

separated, have more chance to get separated by crossing over (weak linkage). 

4. Linked genes remain in their original combination during course of inheritance. 

5. The linked genes show two types of arrangement on the chromosome. If the dominant alleles 

of two or more pairs of linked genes are present on one chromosome and their recessive alleles 

of all of them on the other homologue (AB/ab), this arrangement is known as cis-arrangement. 

However, if the dominant allele of one pair and recessive allele of second pair are present on 

one chromosome and recessive and dominant alleles on the other chromosome of a homologous 

pair (Ab/aB), this arrangement is called trans arrangement. 

 

 

Types of Linkage: 

 

Depending upon the presence or absence of new combinations or non-parental combinations, 

linkage can be of two types: 

 

Complete Linkage: 

If two or more characters are inherited together and consistently appear in two or more 

generations in their original or parental combinations, it is called complete linkage. These genes 

do not produce non-parental combinations. 

Genes showing complete linkage are closely located in the same chromosome. Genes for grey 

body and long wings in male Drosophila show complete linkage. 



Parental frequency = 100% 

Recombinant frequency = 0% 

Examples of complete linkage: Male drosophila, Female silk worm 

 

 

 

 

Parental frequency = 50+50 = 100% 

Recombinant = Zero 

Incomplete Linkage: 

 

Incomplete linkage is exhibited by those genes which produce some percentage of non-parental 

combinations. Such genes are located distantly on the chromosome. It is due to accidental or 

occasional breakage of chromosomal segments during crossing over. 

Parental frequency ≥ 50% 

Recombinant frequency ≤ 50% 

 

Note: 50% recombinant frequency show independent assortment. 

 



Significance of Linkage: 

(i) Linkage plays an important role in determining the nature of scope of hybridization and 

selection programmes. 

(ii) Linkage reduces the chance of recombination of genes and thus helps to hold parental 

characteristics together. It thus helps organism to maintain its parental, racial and other 

characters. For this reason, plant and animal breeders find it difficult to combine various 

characters. 

(iii) Linkage does not permit the breeders to bring the desirable characters in one variety. 

(iv) Linked characters are maintained for generations because linkage prevents the incidence 

of recombination. 

 

  



1. OBJECTIVES OF PLANR BREEDINGS 

Aims and objectives of Plant Breeding:  

 Plant breeding is an art and science, which tells us ways and means to change the genetic 

architecture of plants so as to attain a particular objective.  

Plant breeding can be accomplished through many different techniques ranging from simply 

selecting plants with desirable characteristics for propagation, to more complex molecular 

techniques. 

Plant breeding has been practiced for thousands of years, since near the beginning of human 

civilization.  

It is now practiced worldwide by individuals such as gardeners and farmers, or by professional 

plant breeders employed by organizations such as government institutions, universities, crop-

specific industry associations or research centres.   

International development agencies believe that breeding new crops is important for ensuring 

food security by developing new varieties that are higher-yielding, resistant to pests and 

diseases, drought-resistant or regionally adapted to different environments and growing 

conditions.  

The objectives may be  

a) Crop improvement  

b) Improved agronomic characters  

c) Resistance against biotic and abiotic stress 

1. Increased yield:  Majority of our breeding programmes aims at increased yield. This   is 

achieved by developing more efficient genotypes. The classical examples are utilization of Dee 

Gee Woo Gen in rice (dwarfing gene) and Norin10 in wheat (semi-dwarf). 

 Identification and utilization of male sterility  

2. Improving the quality:  

➢ Rice -milling, cooking quality, aroma and grain colour 

➢ Wheat- milling and baking quality and gluten content 

➢ Pulses -Protein content and improving sulphur containing amino acids 



➢ Oilseeds- PUFA content 

3. Elimination of toxic substance: 

➢ HCN content in jowar plants 

➢ Lathyrogen content in Lathyrus sativus (βN oxalyamine alanine BOAA) 

➢ Erucic acid in Brassicas 

➢ Cucurbitacin in cucurbits 

4. Resistance against biotic and abiotic stresses: 

Biotic stress: Evolving pests and diseases resistant varieties there by reducing cost of 

cultivation, environmental pollution and saving beneficial insects. 

Abiotic stress: It is location specific problem. Soil factors and edaphic factors some times 

poses severe problems. Breeding resistant varieties is the easy way to combat abiotic stress. 

5. Change in maturity duration – Evolution of early maturing varieties   

6.  Improved agronomic characters -Production of more tillers – E.g. Rice, Bajra,  

7.  Reducing the plant height to prevent lodging – Rice  

8.  Photo insensitivity – Red gram, sorghum  

9. Non-shattering nature – Green gram, Brassicas  

10. Synchronized maturity – Pulses  

11. Determinate Growth habit –determinate growth – Pulses  

12. Elimination or introduction of dormancy –Groundnut 

 

Historical Background:  

1. R. Camerarius produced the first artificial hybrid plant of maize in 1694. 

2. Kolreuter (1733-1806) produced successful hybrids through artificial crosses in many plants. 

3. The discipline of plant breeding witnessed great advances with the increased knowledge in 

the field of genetics. 

4. Shull (1908, 1909) while investigating effect of inbreeding and cross-breeding in maize gave 

the concept of heterosis which has resulted in manifold increase in agricultural production. 

5. Male Sterility in plants was reported by Kolreuter in 1763 which led to the economic 

exploitation of heterosis. 

6. Alphonse de Condolle in 1882 was the first to give an account of the history and origin of 

cultivated plants. 



7. N.I. Vavilov in 1925 proposed eight centres of origin of crops. These centres provided the 

regions of immense genetic resources of cultivated plants which existed there. 

Institutes Engaged in Plant Breeding at National and International Level: 

  

1. International Rice Research Institute (IRRI), Philippines. 

2. International Maize and Wheat Improvement Centre (CIMMYT), Mexico. 

3. International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Hyderabad. 

4. International Potato Centre (CIP), Peru. 

5. International Board of Plant Genetic resources (now International Plant Genetic Resources 

Institute; IBPGR, now IPGRI). 

6. Central Potato Research Institute (CPRI), Kufri (Shimla). 

7. Indian Agricultural Research Institute (IARI), New Delhi. 

8. Sugarcane Breeding Institute (SBI), Coimbatore. 

9. Jute Agriculture Research Institute (JARI), Barackpore. 

10. Indian Grassland and Fodder Research Institute (IGFRI), Jhansi. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Selection of  Self- and Cross-Pollinated Plants 

Pollination: 

Pollination is the transfer of pollen grains from the anther of one flower to the stigma of the same 

or another flower. It is said to be the first process of sexual fertilization in flowering plants. Pollen 

grains contain the male gamete and are present in the anthers of the flower. 



Types of Pollination 

Pollination can be of two types: 

• Self- Pollination (Autogamy) 

• Cross-Pollination (Allogamy) 

 

Self- Pollination 

When the pollen is transferred from the anthers of a flower to the stigma of the same flower, it is 

called as self- pollination.  

This form of pollination is common in hermaphrodite or dioecious plants which contain both male 

and female sexual parts on the same flower. 

In self-pollinating plants, there is less dependence on the external factors to cause pollination. These 

plants depend on wind or other smaller insects that visit the flower regularly.  

In self- pollinating flowers, the anthers, and stigma are of similar lengths to facilitate the transfer 

of pollen. Self -pollination can be further divided into two types: 

• Autogamy– In this type of self-pollination, the pollen is transferred from the anthers of one 

flower to the stigma of the same flower. 

• Geitonogamy– In this type of self- pollination, the anthers are transferred from the anthers 

of one flower to the stigma of another flower but on the same plant. 

 

Advantages of self- pollination 

• In self- pollination, there is no diversity in the genes and therefore the purity of the race is 

maintained. 

• The plants do not depend on external factors for pollination and even smaller quantities of 

pollen grains produce have a good success rate in getting pollinated. 

• Self- pollination ensures that recessive characters are eliminated. 

 

Disadvantages of self- pollination 

• Since there is no mixing up of genes, there are no new characters or features that are 

introduced into the lineage of the offsprings. 

• Self- pollination is said to reduce the vigour and vitality of the race as there are no new 

features introduced. 

• Without new characters introduced, the resultant offsprings immunity to diseases reduces. 

 



 

 

Examples of self-pollinated crops: Rice, Wheat, Barley, Oats, Chickpea, Pea, Cowpea, Lentil, 

Green gram, Black gram, Soybean, Common bean, Moth bean, Linseed, Sesame, Khesari, 

Sunhemp, Chillies, Brinjal, Tomato, Okra, Peanut, Potato, etc. 

 

 

 

 

 

Pure line selection 

Pure line: 

It is the progeny of single self- fertilized homozygous plant. 

Pure line selection: 



In pure line selection, large numbers of plants are selected from a self-pollinated crop and is 

harvested individually, individual plant progenies from them are evaluated separately and the 

best one is released as pure line variety. Therefore, it is also known as individual plant 

selection.  

Characteristics of Pure Line: 

1. All plant within a pure line has same genotype as the plants from which the pure lines are 

derived.  

2. The phenotypic differences (variation) within a pure line is environmental and therefore non-

heritable.  

3. The pure line becomes genetically variable with time, due to mechanical mixture,  mutation, 

etc. 

Uses of Pure Line: 

1. Superior line is used as variety.  

2. It is used as parent in development of new variety by hybridization.  

3. Pure lines are used for studying mutations and other biological investigations such as 

medicine, immunology, physiology, and biochemistry. 

Procedure of Pure Line Selection: 

The pure line selection has three steps. 

1. Selection of individual plants from a local variety or from mixed population.  

2. Visual evaluation of individual plant progenies.  

3. Yield Trials. 

First Year: 

Select large number of plants (200-3000) from Deshi or local variety or some other mixed 

population and their seeds are harvested separately.  

In case of individual plants can’t be identified individual heads may be selected on the basis of 

easily observable characters, such as flowering, maturity duration disease, resistance, presence 

of awns, plant height etc.  

It is advisable to select plants for easily observable characteristics. 

Second Year: 

Selected individual plants progenies are grown with proper spacing weak along with standard 

variety row.  

Progenies are evaluated visually and poor weak and defective segregating progenies are 

rejected on the basis of visual characteristics.  



The member of progenies selected should be less to facilitate replicated yield trials if necessary, 

this process may be repeated for one or more years. 

Third Year: 

Grow the selected progenies in a replicated trail for critical evaluation. The best variety is used 

as a check for comparison and planted after every 20-25 progenies.  

If sufficient seeds are available, preliminary yield trial may be conducted. Selection is made 

for easily observable, preliminary yield trial may be conducted.  

Selection is made for easily observable characters including disease resistance and numbers of 

progenies are reduced. 

Fourth to Seventh Year:  

 

Replicated main yield trails are conducted using best variety as a check quality test is also 

conducted and used as a basis of selection.  

Each progeny is an experimental stain as it is pure line. The promising strains are evaluated at 

several locations along with other strains in coordinated yield trials. The most promising strains 

are identified. 

Eight Year: 

The best progeny is released as a new variety and its seed is multiplied for distribution to 

farmers. 

Merits of Pure Line Selection Method: 

1. Pure line selection achieves maximum possible improvement over the original variety.       

2. Being extremely uniform, more liked by farmers and consumers than those developed by 

other methods like mass selection.  

3. It is easier than hybridization required less skill.  

4. Used for developing inbred lines and pure lines.  

5. Due to extreme uniformly, it is easily identified in seed certification. 

Demerits of Pure Line Selection Method: 

1. It is not practised in cross pollinated crops because it is expensive, laborious. 

2. The variety developed can’t be easily maintained by the farmers.  

3. The varieties developed by pure line selection don’t have wide adaptability and stability in 

production.  

4. The upper limit on the improvement is created by the genetic variation present in the 

original population.  

5. It requires more time and laborious than mass selection.  

6. The breeder’s has to devote more time to pure line selection than mass selection. 

Applications of Pure Line Selection: 



1. It is used for improvement of local varieties, have a considerable genetic variability, e.g 

Wheat var.NP-4 and NP-52.  

2. It is practised in introduced material to develop suitable varieties e.g shining mung -1 

selected from Kulu type-1, Kalyan sona from CIMMYT. 

3. It is used for improvement of old pure line varieties, e.g Chafa, from No.816 (gram) , 

Jalgaon 781 from China Mung 781. 

4. It provides an opportunity for selection of new characteristics, such as disease resistance, 

grain type , plant type, etc. 

5. It provides an opportunity for selection in the segregating generation from crosses. 

Achievements: 

A large number of improved varieties have been developed in self pollinated crop like wheat, 

barley, rice, pulses, and oilseeds, cotton and many vegetables etc. Many wheat varieties 

developed include NP-4, NP-6, NP-12, NP-28, Mung Var, T-1, B-1, tobacco chatham special-

9, etc. 

Cross-Pollination: 

In this type of pollination, the pollen is transferred from the anthers of one flower to the stigma of 

another flower. In this case, the two flowers are genetically different from each other. Cross-

pollination is always dependant on another agent to cause the transfer of pollen. The agents of 

pollination include birds, animals, water, wind, and insects. Based on the agent of pollination, 

cross-pollination can be of different types: 

• Hydrophilous Flowers-These flowers are pollinated by water means. The flowers are 

often very small and inconspicuous to other agents. They do not have any fragrance or too 

much color on their petals. The pollen is adapted to be able to float in water. 

 

 



• Zoophilous flowers– In this type of pollination, the pollinating agents are animals like 

human beings, bats, birds etc. The zoophilous flowers have pollen that is designed to stick 

on to the body of the animal so that they can be easily carried from one flower to another. 

• Anemophilous flowers– These flowers are pollinated by the agency of wind. These 

flowers, like zoophilous flowers, are small and inconspicuous. Another important feature 

of flowers that are wind pollinated is that they are very light so that they are easily carried 

by the wind. The pollen grains are very light, non-sticky and sometimes winged. 

• Entomophilic flowers– These flowers are pollinated by insects. These flowers are often 

attractive to look at with bright petals and are fragrant to attract the insect visitors to them. 

They often have broad stigmas or anthers to allow the insect to perch on it. Many of the 

insect-pollinated flowers also secrete nectar which attracts bees, butterflies or other similar 

insects to the flowers. The pollen grains in these flowers are often spiny or have extensions 

that help them to stick on to the body of the insects. 

 

• Ornithophilous flowers– These flowers are pollinated by birds. Very few flowers and 

birds show this form of pollination. 

Advantages of cross-pollination 

• Cross-pollination is beneficial to the race of the plant as it introduces new genes into the 

lineage as a result of the fertilization between genetically different gametes 

• Cross-pollination improves the resistance of the offsprings to diseases and changes in the 

environment. 



• The seeds produced as a result of cross-pollination are good in vigor and vitality. 

• If there are any recessive characters in the lineage, they are eliminated as a result of genetic 

recombination. 

• It is the only way unisexual plants can reproduce. 

Disadvantages of cross-pollination 

• There is a high wastage of pollen grains that need to be produced to ensure fertilization 

occurs. 

• There are high chances that the good qualities may get eliminated and unwanted 

characteristics may get added due to recombination of the genes. 

Examples of cross pollinated crops: Corn, Pearlmillet, Rye, Alfalfa, Radish, Cabbage, 

Sunflower, Sugarbeet, Castor, Red clover, White clover, Safflower, Spinach, Onion, Garlic, 

Turnip, Squash, Muskmelon, Watermelon, Cucumber, Pumpkin, Kenaf, Oilpalm, Carrot, 

Coconut, Papaya, Sugarcane, Coffee, Cocoa, Tea, Apple, Pears, Peaches, Cherries, grapes, 

Almond Strawberries, Pine apple, Banana, Cashew, Irish, Cassava, Taro, Rubber, etc. 

Method of Plant Breeding in Cross Pollinated Plants – Line Breeding and Mass Selection 

Line Breeding: 

It is variation of progeny selection. In this method one or several cycles of selection are carried 

out on the basis of progeny test. At the last selection cycle the superior lines or progenies which 

are similar in phenotype, are mixed to produce a new variety. The mixture is grown in isolation 

and open pollination is permitted. This helps to maintain the vigour, which might be lost by 

controlled pollination. 

Mass Selection: 

Mass selection is the oldest method of breeding commonly used for cross pollinated crops. In 

this method number of plants are selected on the basis of their phenotype, and the open 

pollinated seed from them is bulked together to raise the next generation. The selected plants 

are allowed to open pollinate i.e to mate at random. Thus, mass selection is based on maternal 

parent only, and there is no control on the pollen parent. Selection of plant is based on the 

phenotype and no progeny test is conducted. 

This method of breeding is an extremely simple and selection cycle is very short i.e of only 

one generation but it may be repeated one or more times to increase the frequency of favourable 

alleles. The efficiency of mass selection primarily depends upon the number of gene controlling 

the character, gene frequency and heritability of concerned traits. 

 



Hybridization 

 

Hybridization: Individual produced as a result of cross between two genetically different 

parents is known as hybrid. The natural or artificial process that results in the formation of 

hybrid is known as hybridization. 

Objectives of Hybridization: 

I. To artificially create a variable population for the selection of types with desired combination 

of characters. 

II. To combine the desired characters into a single individual, and 

III. To exploit and utilize the hybrid varieties. 

 

Types of Hybridization: 

Hybridization may be of following types: 

(i) Intra-varietal hybridization: 

The crosses are made between the plants of the same variety. 

(ii) Inter-varietal or Intraspecific hybridization: 

The crosses are made between the plants belonging to two different varieties. 

(iv) Interspecific hybridization or intragenric hybridization: 

The crosses are made between two different species of the same genus. 

(v) Introgressive hybridization: 

Transfer of some genes from one species into the genome of the other species is known as 

introgressive hybridization.  

The crosses between different species of the same genus or different genera of the same family 

are also known as distant hybridization or wide crossing. Such crosses are called distant 

crosses. 

Procedure of Hybridization: 

It involves the following steps: 

(i) Selection of parents: Two suitable varieties are selected as parents. 

 

The following criteria are essential for choosing parents for hybridization:  

(a) Agronomic Base: Any well-established local cultivar used as seed parent or female parent 

should have agronomic base for that area.  

(b) Complementary Pollen Parent: The male parent should be complementary to the female 

parent, i.e., it must possess the complementary attributes in their intense form. 



(c) Homozygosity of Parent: The parent chosen for hybridization must be homozygous for 

the character, i.e., pure-line. Though there may be cryptic variability.  

(d) Multiple Parentages: When the desired attributes are not present in the above two parents, 

more than two parents can be chosen for crossing.  

(e) Combining Ability: Experimental evidences suggest that cross-combinations involving 

high and low combiners (H x L) or both high combiners (H x H) often provide better 

opportunity for superior recombinants. 

(f) Genetic Divergence: Choice of parents based on genetic divergence will be helpful to get 

the divergent parents in segregating generations. In conclusion, the breeder should have a well-

defined, clear cut objective, based on the present and expected future needs, in developing a 

new variety. Breeder should select the parents accordingly and use them in a suitable 

hybridisation programme.  

  

 (ii) Selfing of parents or artificial self-pollination: It is essential for inducing homozygosity 

for eliminating the undesirable characters and obtaining inbreeds. 

 

(iii) Emasculation: The removal of anthers from the flower bud before the anther splits apart 

in bisexual flowers is called emasculation. It is done by using a pair of forceps. 

 
 

(vi) Crossing/Pollination: 

During pollination, mature, fertile and viable pollen from the male parents are placed on the 

receptive stigma of the emasculated flowers to bring about fertilization. Pollen is collected from 

freshly dehisced anther and applied to the stigma with the help of camel hair brush. 

 



 

(iv) Bagging: The emasculated flower or inflorescence is immediately bagged to avoid 

pollination by any foreign pollen. The bags may be made of paper, butter paper, 

glassine or fine cloth. Butter paper or vegetable parchment bags are most commonly 

used. 

Both male and female flowers are bagged separately to prevent contamination in male flowers 

and cross-pollination in female flowers. 

 
(v) Tagging: The emasculated flowers are tagged just after bagging. Generally circular tags of 

about 3 cm or rectangular tags of about 3 x 2 cm are used. The tags are attached to the base of 

flower or inflorescence with the help of thread. 

The following information is recorded on the tags. 

1. Date of pollination 

2. Name of female and male parents e.g. AxB where A denotes the female parent and B 

denote the male parent. 

 

(vii) Harvesting and storing the F1 seeds: The crossed heads should be harvested and 

threshed after maturity. The seed should be dried and properly stirred to protect them from 

storage pest. 

 

(viii) Raising the F1 generation: In a hybridization programme it is expected that the F1 

generation will be in heterozygous condition. The size of the F1 generation is a crucial matter, 

large F1 population is difficult to handle, but the large F1 population has the greater opportunity 

of rare recombination to occur. Usually F1 is allowed to self-pollinate to get the F2 but in back 

cross programme it is crossed to one of the parents. 

 

 

 

 

 

 

 

 

 



ANTHESIS: 

 

What is anthesis in plants? 

Anthesis is the period during which a flower is fully open and functional. It may also refer to 

the onset of that period.  

 

Self-fertile: Refers to a plant whose flowers can self-pollinate, that is to say that its own pollen 

can ensure seed production. 

Most plants are self-fertile. 

Self-sterile: Said of a plant which has to be pollinated by another variety in order to produce 

seeds. 

What is self-sterility? 

The term 'self-sterile' is used for describing plants which fail to set self-seed when they are 

grown in isolation or when they are self-pollinated. 

Examples: Many fruits (apples, pears, plums, cherries, etc.) are self-sterile or partially self-

sterile.  

In their case, it is always best to cultivate at least two cultivars of the same species nearby, as 

cross-pollination is necessary for them to produce abundant fruits. 

Male Sterility 

Male sterility is defined as an absence or non-function of pollen grain in plant or incapability 

of plants to produce or release functional pollen grains. 

The use of male sterility in hybrid seed production has a great importance as it eliminate the 

process of mechanical emasculation. 

Types of Male Sterility: 

The male sterility is of five types  

1) Genetic male sterility 

2) Cytoplasmic male sterility 

3) Cytoplasmic genetic male sterility  

4) Chemical induced male sterility  

5) Transgenic male sterility 

1) Genetic Male Sterility: Controlled by nuclear genes 

• GMS is normally governed by nuclear recessive genes ‘ms ms’ 

• The A line is sterile because it has ‘ms ms’ gene 

• The B line is similar to A line but for the heterozygous condition (Ms ms) 

• The R line is completely fertile (Ms Ms) 



• This type of male sterility is used in tomato for the production of hybrids 

• Male sterile line will be having white translucent anthers, while fertile line will be having 

yellow, plumpy anthers  

• At the time of flowering, each and every plant is to be examined for identification of 

sterile and fertile lines 

• They are to be tied with different colour threads 

• At the time of harvest, sterile line and fertile line are to be harvested separately  

 

The difficulties in the use of GMS are 

1. Maintenance of GMS requires skilled labour to identify fertile and sterile lines 

2. Labeling is time consuming 

3. In hybrid seed production, spot identification of fertile line and removing them is 

expensive 

4. Use of double the seed rate of GMS line is also expensive 

5. High temperature leads to break down of male sterility in some crops 

Utilization in Plant Breeding: 

Genetic male sterility is usually recessive and monogenic hence can be used in hybrid seed 

production.  

It is used in both seed propagated crops and vegetatively propagated species.  

In this progeny from crosses (msms X Msms) are used as a female and are inter planted with 

homozygous male fertile ( MsMs) pollinator.  

The genotypes of msms and Msms lines are identical except for the ‘ms’ locus i.e. they are 

isogenic and are known as male sterile A) Maintainer B) Line respectively. The female line 

would      

Therefore contain both male sterile and male fertile and male fertile plants, the later must be 

identified and removed before pollen shedding. This is done by identifying the male fertile 

plants in seeding stage either due to the pleiotrophic effect of ms gene or due to phenotypic 

effect of closely lined genes. 

In this rouguing of male fertile plant from the female is costly operation and due to this cost of 

hybrid seed is higher. Therefore, GMS has been exploited commercially only in few crops by 

few countries. E.g. In USA used in castor while in India used for hybrid seed production of 

Arhar (cajanus cajan). 

2) Cytoplasmic Male Sterility (CMS): Controlled by cytoplasmic genes 

• This type of sterility is determined by the cytoplasm.  

• The zygote gets cytoplasm from mother or egg cell. 

• Hence the progeny will also be male sterile.  



• This type of male sterility is known in many crop plants such as onion. 

• Genes conditioning male sterility is located in mitochondria or plasmid.  

Utilization in Plant Breeding: 

CMS has limited application. It cannot be used for development of hybrid, where seed is the 

economic product.  

But it can be used for producing hybrid seed in certain ornamental species or asexually 

propagated species like sugarcane, potato, and forage crops. 

3) Cytoplasmic Genetic Male Sterility (CGMS): Controlled by both cytoplasmic and nuclear 

genes 

When pollen sterility is controlled by both cytoplasmic and nuclear genes is known as 

cytoplasmic genetic male sterility.  

Jones and Davis first discovered this type of male sterility in 1944 in onion. 

• This is a case of cytoplasmic male sterility where dominant nuclear gene restores 

fertility.  

• This system is utilized for the production of hybrids in onion, maize and many other 

crops.  

• The A line which is male sterile is maintained by crossing it with isogenic B line 

(Maintainer line).  

• The B line is similar to that of A line in all characters (isogenic) except fertile 

cytoplasm.  

• The male sterile A line when crossed with R line (restorer) restores fertility in F₁. The 

limitations of CGMS lines are 

 Utilization in Plant Breeding: 

Cytoplasmic genetic male sterility is widely used for hybrid seed production of both seed 

propagated species and vegetatively propagated species.  

It is used commercially to produce hybrid seed in maize, Bajara, cotton, rice, sunflower, jowar, 

etc. 

4) Chemical Induced Male Sterility: 

• The chemical which induces male sterility artificially is called as male gametocide.  

• It is rapid method but the sterility is non-heritable. 

• In this system A, B and R lines are not maintained.  

• Some of the male gametocides used are gibberellins (rice, maize), Sodium Methyl 

Arsenate (rice) and Maleic hydrazide (wheat, Onion). 

5) Transgenic Male Sterility 



• When the male sterility is induced by the techniques of genetic engineering, it is 

called as transgenic male sterility. 

• It is heritable and basically comes under genetic male sterility. 

• In this system, the two kinds of genes are involved. 

• One gene causes male sterility (integrated with genome of A line) while the other 

suppresses it (in R line). 
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Single, Double and Multiple Crosses 

 

a) Single Cross Hybrid: 

A cross between two inbreds or varieties is referred as single cross. E.g (A X B) and the hybrid 

progeny obtained from a cross between two inbreds or varieties are referred as single cross 

hybrid. 

In cross pollinated crops such hybrids are developed from a cross between two inbreeds, 

whereas in self-pollinated crop, they developed from a cross between two homozygous 

varieties. 

Merits Features of Single Cross Hybrid: 

1. They are developed in both self and cross- pollinated crop, where heterosis is exploitable.  

2. The total number of single crosses is n (n-1) /2 where ‘n’ is number of inbred lines.  

3. It is more common in some self –pollinated species than cross – pollinated species.  

4. It is used for the development of double cross and three-way cross hybrid.  

5. It is also used to predict the performance of double cross hybrid.  

6. It gives maximum degree of heterosis and produce uniform plant. 

b) Double Cross Hybrid: 

• A cross between two single crosses is referred as double cross hybrid. 

• It is more commonly used in maize and Sugar beet and it involves for different inbred 

line viz. (A X B) X ( C X D). The rows of female and male parent are planted in the 

ratio 4:1 in maize.  

• The number of all possible double crosses among selected inbred is calculated by n ( n-

1) ( n-2) (n-3) /8 where ‘n’ is number of inbreds involved. 

Double Top Cross Hybrid: 

• It refers to the hybrid progeny between a simple cross and an open pollinated variety. 

i.e (A X B) X Open pollinated variety. It is used in maize. 

Top Cross: 

• A cross between an inbred line and an open pollinated variety is known as top cross.  

• It is also known as inbred variety cross, and is used as testing the combining ability of 

inbreds and not for commercial hybrid seed production. 

Multiple Crosses: 

• A cross involving more than four inbred line is referred as multiple crosses. 



Three Way Cross Hybrid: 

• The hybrid progeny by crossing of gene and inbred lines is referred as three way cross 

hybrid. E.g (A X B) X C.  

• These hybrids sometimes used in maize, in which single cross is used as female and 

inbred as male and are planted in the ratio of 2:1.  

• These hybrids produced seed of normal shape and size but the main drawback is the 

low pollen production efficiency of the male inbred parent. 

Mutation Breeding 

The utilization of induced mutation in crop improvement is called mutation breeding. 

In mutation breeding, desirable mutations are induced in crop plants with the use of physical 

or chemical mutagens. 

The variability generated through induced mutations are either released as new variety or used 

as the parent for subsequent hybridization programmes. 

Treating of biological materials with mutagens to induce mutation is called mutagenesis. 

If any class of radiations are used as a mutagen to induce mutation in crop plants, the exposure 

of biological organism to the radiation is called irradiation. 

Mutation breeding programme should be clearly planned and should be large enough with 

sufficient facilities to screen large population. 

 Plants created using mutagenesis are sometimes called mutagenic plants or mutagenic seeds. 

Steps in mutation breeding: 

1.Objectives of the programme 

• Mutation breeding should have well defined and clear-cut objectives. 

2. Selection of varieties for mutagen treatment 

• The variety selected should be the best variety available. 

3. Parts of plant to be treated 

• Seeds, pollen, vegetative propagule, sometimes complete plant is treated with mutagen. 

• The selection of plant part varies with crop plant. 

• Seeds are the best part in sexually producing plant. 

•  Seed treatment is actually the treatment of embryo. 

4. Dose of mutagen: 



• The mutagen treatment reduces germination, growth rate, vigour and fertility of 

organism. 

• The mutation also increases frequency of chromosomal changes, mitotic and meiotic 

irregularities in the organism. 

• All these damage increase with increase in the dose mutagen and duration of exposure. 

• Thus, the dose should be optimized for a maximum success rate. 

• The dose and treatment duration of mutagens varies with crop and plant part and also 

the type of mutagen used. 

• The optimum dose is the dose at which maximum frequency of mutation will occur 

with minimum killing of the organism. 

• The optimum dose of mutagen is expressed as LD50. 

• LD50: Dose of mutagen which will kill 50% of treated individuals. 

• LD50 varies with crop plants and type of mutagen used.  

5. Dose of mutagen: 

• M1: Generation produced directly from mutagen treated plant parts. 

• M2, M3 & M4: are subsequent generation. 

• M2, M3 & M4: are produced by selfing or clonal propagation. 

6. Handling mutagen treated population: 

• Mutation treatment in seeds and vegetative propagules produces chimeras. 

• Mutation usually occurs in small section of plant parts such as seeds or meristem. 

• One or more clonal or sexual generation with selection are necessary for stable mutant 

phenotype. 

• Mutant alleles are generally recessive. Dominant mutation does occur; however, the 

chance of dominant mutation is very less. 

• In sexually reproducing plants dominant and recessive mutations are useful. 

• However, in clonal propagated plant, the dominant mutation is useful.   

 

 

 

  



Plant Breeding 

Green Revolution: 

Traditional farming can only yield limited food for humans and animals. Better management 

can increase yield but only to a limited extent. 

But plant breeding as a technology increased yield to a very large extent. In India, “Green 

Revolution” was responsible for our country to not only meet our requirements in food 

production but also helped us to export it. 

Monkambu Sambasivan Swaminathan (M.S. Swaminathan) initiated collaboration with Dr. 

Borlaug which reached the highest point into the “Green Revolution” through introduction of 

Mexican varieties of wheat in India. Green Revolution depended mainly on plant breeding 

techniques for high yielding and disease resistant varieties in wheat, rice, maize, etc. 

1. What is Plant Breeding? 

Plant breeding is the genetic improvement of the crop in order to create desired plant types that 

are better suited for cultivation, give better yields and are disease resistant. Conventional plant 

breeding is in practice from 9,000-11,000 years ago. Most of our major food crops are derived 

from the domesticated varieties. 

But now due to advancements in genetics, molecular biology and tissue culture, plant breeding 

is being carried out by using molecular genetics tools. Classical plant breeding includes 

hybridization (crossing) of pure lines, artificial selection to produce plants with desirable 

characters of higher yield, nutrition and resistance to diseases. 

When the breeders wish to incorporate desired characters (traits) into the crop plants, they 

should increase yield and improve the quality. Increased tolerance to salinity, extreme 

temperatures, drought, resistance to viruses, fungi, bacteria and increased tolerance to insect 

pests should also be the desired traits in these crop plants. 

The various steps required for developing new varieties are as follows: 

(i) Collection of Germplasm: 

Germplasm is the sum total of all the alleles of the genes present in a crop and its related 

species. The germplasm of any crop species consists of the following types of materials: 

(i) cultivated improved varieties, 

(ii) improved varieties that are no more in cultivation, 

(iii) old local or ‘desi’ varieties, (iv) pure lines produced by plant breeders, and (v) wild species 

related to the crop species. 



The entire collection (of plants/seeds) having all the diverse alleles for all genes in a given crop 

is called germplasm collection. A good germplasm collection is essential for a successful 

breeding programme. 

(ii) Evaluation and Selection of Parents: 

The germplasm is evaluated to identify plants with desirable combination of characters. 

Selection of parents is picking up seeds of only those plants for multiplication which have the 

desired traits. For example, grain length in rice is variable— longer grains, intermediate grains 

and shorter grains. If we select the seeds of the longest grains and sow them to grow the next 

generation, the selected population of rice plants will have on average, longer grains than the 

original population. 

(iii) Cross-Hybridization among Selected Parents: 

Hybridisation is the most common method of creating genetic variation. Hybridisation is 

crossing of two or more types of plants for bringing their traits together in the progeny. It brings 

about useful genetic/ heritable variations of two or more lines together. Line is a group of 

individuals related to descent and have similar genotype. The individuals or lines used in 

hybridisation are called parents. Hybridisation takes a lot of time. 

As stated earlier a wheat variety HUW 468 took 12 years to develop. Hybridisation may involve 

a single cross (two plants) or multiple cross (more than two plants). Wheat variety C-306 was 

developed through multiple cross between C-591 (Reagent 1974 x Ch2-3) and hybrid of P-19 

x C-281. Hybridisation may further be: 

(i) intravarietal, 

(ii) intervarietal (= intraspecific) or 

(iii) interspecific and 

(iv) intergeneric. Intervarietal hybridisation is the process of crossing individuals of different 

lines or varieties of the same species to produce hybrid, e.g., different varieties of wheat are 

mated. Interspecific hybridisation is the process of crossing individuals of two different species 

to produce a hybrid. Examples of interspecific hybridisation are the development of rice variety 

ADT-37 from a cross between Oryza japonica and O. indices and all the sugarcane varieties 

being cultivated today. In intergeneric hybridisation, the cross is between two different genera. 

The procedure of hybridisation involves the following steps. 

(a) Selection of Parents with Desired Characters: 

All the desirable traits which are required in the new crop variety are first selected. 



(b) Selfing: 

The selected plants as parents are allowed to undergo self breeding to bring about homozygosis 

of the desired traits. 

(c) Emasculation: 

The removal of anthers (male parts) from a bisexual flower, before the anthers mature is called 

emasculation. This prevents self-pollination in these flowers. 

(d) Bagging: 

The emasculated flowers are immediately covered by paper, plastic or polythene bags. The 

process is called bagging. It prevents unwanted pollen to come in contact with emasculated 

flowers. This prevents contamination from foreign pollen grains. 

(e) Tagging: 

The emasculated and bagged flowers must be tagged by writing every step with date and time. 

The bagging and pollination is incomplete without tagging. 

(f) Artificial Pollination (= Crossing): 

Pollen grains are collected from the covered flowers of the ‘male’ parents in clean sterile 

paper/polythene bags or test tubes. The collected pollen grains can be stored for later use. When 

the stigma of the emasculated flower of ‘female’ parent matures, the covering bag is removed 

for a short while. The stigma is dusted with pollen grains by means of a clean brush. Controlled 

pollination by bringing selected pollen grains in contact with a stigma through human efforts 

is called artificial pollination. 

After pollination, the emasculated flower is covered again till the stigma remains receptive. 

Bags are discarded when fruits begin to develop. The seeds produced by these flowers of the 

female parent are the hybrid or Ft Seeds. These seeds are stored for testing. These seeds are 

sown in the next season. There will be segregation, independent assortment and recombination 

in the F2 and later generations are obtained from these F, seeds. 

(iv) Selection and Testing of Superior Recombinants: 

This step comprises selecting, among the progeny of the hybrids, those plants that have the 

desired character combination. The selection process yields plants that are superior to both of 

the parents. These plants are self-pollinated for several generations till they come to a state of 

uniformity (homozygosity) so that the characters will not separate in the progeny. Selection is 

of two types— self pollinated and cross pollinated. 

(a) Selection in Self-pollinated Crops: 



The degree of cross pollination is less than 5%. There is repeated self pollination of selected 

plants till superior homozygous genotypes are obtained. The best one is used as new variety. 

The self-pollinated progeny of homozygous plant constitutes a pure line. All the plants in pure 

line have identical genotype. The wheat variety HUW 468 is a good example of pure line. 

Variation appearing later in such a pure line is due to environment. 

(b) Selection in Cross-pollinated Crops: 

The cross-pollinated crops are heterozygous for most of their genes and their population 

contains plants of several different genotypes. Some of these genotypes are superior but many 

are inferior. Superior genotype plants are selected and are allowed to crossbreed (these plants 

are not allowed to self breed) so that heterozygosity is also maintained. Selection can be 

continued in a few successive generations of cross-pollinated crops. 

(v) Testing, Release and Commercialisation of New Cultivars: 

The newly selected lines are evaluated for their yield and other agronomic traits of quality, 

disease resistance, etc. This evaluation is done by growing these in the research field and 

recording their performance under ideal fertiliser (application), irrigation, etc. After the 

evaluation in the research fields, the testing of the materials is done in the farmer’s fields, for 

at least three growing seasons at different locations in the country, representing all the agro 

climatic zones. The material is evaluated in comparison to the best available crop cultivar. Thus 

the seeds of new variety are multiplied and made available to the farmers. 

Examples of some improved varieties: 

(1) Wheat— Kalyan Sona, Sonalika. 

(2) Rice— Jaya and Ratna 

(3) Sugarcane— Saccharum barberi, Sachharum officinarum 

(4) Rapeseed mustard Brassica— Pusa swarnim 

 

 

 


