CBSE CLASS XII BOTANY
Heridity And Variations
One mark questions with answers 
Q1. How would you prove that incomplete dominance is not a case of blending inheritance?
Ans1. In a cross involving two pure breeding parents it is observed that the F1 hybrid phenotype is a blend of that of the parents. However, on selfing the latter, the parental phenotypes reappear, thus proving that the traits do not blend in the offspring.
Q2. Which genetic phenomenon most suitably explains the statement "White tigers are very often cross-eyed"?
Ans2. The genetic phenomenon involved is 'pleiotropy'. The gene that controls the coat colour in tigers also controls the co-ordination between the eyes and the brain.
Q3. Define 'Atavism'.
Ans3. Atavism is defined as the phenomenon of reappearance of an ancestral trait not present in the immediate parents, in the offspring. It is also referred to as 'reversion' or 'throw back'. For example, some infants are born with a short tail.
Q4. What is meant by the statement "Like begets like"?
Ans4. The genetic implication of the statement "Like begets like" is that all organisms breed true to their kind.
Two mark questions with answers 
Q1. List the reasons for Mendel's success.
Ans1. Reasons for Mendel's Success :
(a) Mendel's choice of the experimental material was ideal for controlled breeding, as Garden Pea is normally self-pollinated but can be cross-bred manually.
(b) Mendel selected only pure breeding varieties for his experiments. He spent almost two years to obtain pure lines.
(c) He worked with one to a few traits at a time.
(d) He kept a record of all the crosses conducted, and employed statistical methods and laws of probability to analyze them.
(e) He provided theoretical explanations for the results obtained and tested their validity.
Q2. List differences between polygenes and multiple alleles.
Ans2.
	Polygenes
	Multiple Alleles

	1. Polygenes are defined as a set of one or more genes controlling a single trait by having a cumulative effect.
	1. Multiple alleles are defined as more than two alternate forms of a gene existing in a population and controlling a single trait.

	2. The alleles of polygenes control a metric or a quantitative trait.
	2. Multiple alleles usually control a qualitative trait.

	3. Two or more allelic pairs of polygenes occur on different loci on chromosomes are present in a single individual.
	3. The multiple alleles of a gene occupy essentially the some locus on the homologous chromosomes and only two can be present in a diploid individual.

	4. Polygenes originate due to chromosome duplication, polyploidy or rarely by mutations.
	4. Multiple alleles originate due to mutation of the already existing alleles.


Q3. List the contrasting characters in pea, that Mendel studied along with their dominant-recessive relationship.
Ans3. The seven contrasting characters of pea studied by Mendel are:
	S.No.
	Characters
	Dominant 
	Recessive

	1. 
	Stem length/Plant height
	Tall plants( more than 2 m tall)
	Dwarf plants (1/4m - 1/2m tall)

	2. 
	Colour of flower (corolla)/seed coat
	Red/Grey
	White/White

	3.
	Form of the seed
	Round
	Wrinkled

	4. 
	Colour of Cotyledons
	Yellow
	Green

	5.
	Colour of unripe pod
	Green
	Yellow

	6. 
	Form of ripe pod
	Inflated
	Deeply constricted

	7.
	Position of flower/pod
	Axillary
	Terminal


Q4. Give reason:
"Individuals of identical genotypes may have different phenotypes and vice versa."
Ans4. Individuals of identical genotypes may have different phenotypes because the phenotype is a result of an interaction between the genotype and its environment. That is the reason why even clones (like identical twins) may possess different observed traits. For instance, if one of the two identical twins resides in equatorial region and the other in temperate region, the former would have darker skin colour compared to the latter due to greater synthesis of melanin in response to high light intensity and temperature. This phenomenon may be worded as "An individual is both nature and nurture."
Individuals with identical phenotypes may have different genotypes because in qualitative inheritance, a single dominant gene produces the same effect as two dominant genes. Therefore, both the homozygous dominant and the heterozygous dominant individuals would possess identical phenotypes.
In other cases, dissimilar genotypes may produce phenocopies due to the effect of the environment also.
Three mark questions with answers 
Q1. Explain "Heterozygotes for sickle cell anaemia have selective advantage in regions of the world which are Malaria infested".
Ans1. Sickle cell anaemia is characterized by the presence of a co-dominant allele (HbS) which causes the production of abnormal haemoglobin as against the normal allele (HbA). In the defective haemoglobin the sixth amino acid of the -chain, that is glutamic acid, is replaced by valine (Major Effect of the pleiotropic gene). As a consequence, the shape of the red blood containing it becomes distorted and sickle-shaped (secondary effect). Sickle shaped red blood cells not only transport oxygen poorly, resulting in anaemia, but also tend to clump together and clog small arteries. Thus, homozygous individuals for sickle shaped cells normally die early in life due to severe anaemia even under normal oxygen tension. However, heterozygous state confers protection against malaria as the parasite (Plasmodium) cannot penetrate the membrane of sickle shaped R.B.C.s or live in these distorted cells. So, the sickle cell gene has a survival value in malaria infested regions of the world. Heterozygotes have R.B.C.s that appear normal, but under reduced oxygen tension sickle shaped erythrocytes are observed.
Q2. In an experiment a phenotypic ratio 3:3:1:1 was obtained in the offspring on crossing hybrid yellow and hybrid tall stem variety of pea (YyTt) with yellow seed dwarf stem variety. Determine the accuracy of the data obtained with the help of Punnett square.
Ans2. Genotype of the first parent = YyTt.
Genotype of the second parent = Yytt or YYtt.
The observed data is seen to be accurate, considering the following cross.

	Gametes

	YT
	Yt
	yT
	Yt

	Yt
	YYTt
	YYtt
	YyTt
	Yytt

	yt
	YyTt
	Yytt
	yyTt
	Yytt


Phenotypes of the progeny:
Yellow seed, Tall stem = 3
Yellow seed, Dwarf stem = 3
Green seed, Dwarf stem = 1
Green seed, Tall stem = 1.
Q3. Mention and briefly explain the exceptions to Principle of Dominance and Principle of Independent assortment.
Ans3. The exceptions to the principle of dominance are the phenomena of Incomplete Dominance and Co-dominance.
In incomplete dominance, neither of the two contrasting pair of alleles is dominant on the other. Rather, in the heterozygous condition both are expressed partially to produce a phenotype that is a fine mixture of the expression of the two alleles in the homozygous state.
In co-dominance, both allelic genes of a trait are equally and completely expressed irrespective of the presence of the other, i.e., the dominant character is not able to suppress the recessive character and thus both characters appear simultaneously in F1 hybrids.
The  the phenomenon of linkage is in contradiction to the principle of independent assortment of genes. Each chromosome bears hundreds of genes which have a tendency to be inherited together in the progeny, except when they are separated due to crossing over.
Q4. State and very briefly explain the principles of Mendelism.
Ans4. Mendel proposed the following principles of inheritance :
1. Principle of Unit Characters : An individual is made up of a large number of characters, each of which behaves as a unit.
2. Principle of Paired Factors : A trait or character is represented genetically in an individual by two factors (alleles/allelomorphs), present on the same locus in the two homologous chromosomes. The two factors may represent the same expression/form of the trait (homozygous condition) or two different expressions/forms (heterozygous condition).
3. Principle of Dominance : In a heterozygote where both the contrasting alleles are present, only one factor/allele called dominant is able to express its effect while the other factor/allele called recessive remains suppressed. On crossing two heterozygous dominant individuals, the recessive trait reappears in the progeny, showing that it is suppressed and not lost.
4. Principle/Law of Segregation (Principle of Purity of Gametes) : It is the first law of Mendelism. Mendelian factors or alleles of a trait are discrete particulate entities which retain their identity in the hybrid (i.e., do not blend), separate at the time of gametogenesis and randomly pass into the different gametes and randomly  pair up during fertilization to pass into the offspring.
5. Principle/Law of Independent Assortment : It is the second law of Mendelism. The two factors of each trait (or alleles controlling a character) assort at random and independent of the factors of other traits (or alleles controlling other characters) at the time of meiosis (gametogenesis/sporogenesis) and get randomly as well as independently rearranged in the offspring.
Five mark question with answers
Q1. What do you understand by gene interaction? Give and explain one example of intergenic (non-allelic) gene interaction.
Ans1. Gene Interaction is a phenomenon that leads to the modification of the phenotype due to the the interaction between alleles or non-allelic genes. It is of two types, interallelic or intragenic, i.e., the interaction between two alleles of a gene to alter the normal dominant-recessive relationship; and non-allelic or intergenic, i.e., the interaction between two different genes to give a modified phenotype.
An example of gene interaction is collaborative supplementary genes. Each of the two dominant non-allelic genes shows independent expression but when present together, they interact to produce a new trait. Dihybrid F2 ratio is 9:3:3:1. Comb shapes in poultry are controlled by two non-allelic genes P and R. When both of these are in the recessive state (pprr) single comb is produced. When P alone is dominant (P_rr), pea comb is produced. When R alone is dominant (ppR_), rose comb is produced. A walnut comb is produced if both are present together in dominant form, i.e., P_R_.
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	Gametes

	PR
	Pr
	pR
	pr

	PR
	PPRR
Walnut
	PPRr
Walnut
	PpRR
Walnut
	PpRr
Walnut

	Pr
	PPRr
Walnut
	PPrr
Pea
	PpRr
Walnut
	Pprr
Pea

	pR
	PpRR
Walnut
	PpRr
Walnut
	ppRR
Rose
	ppRr
Rose

	pr
	PpRr
Walnut
	Pprr
Pea
	ppRr
Rose
	pprr
Single


The F2 phenotypic ratio is 9 Walnut:3 Pea:3 Rose:1 Single.
Q2. What is meant by a polygenic trait? Cite an example to explain it.
Ans2. Polygenic traits or Quantitative traits are those which are controlled by one or more pairs of genes in which the dominant alleles have an additive effect towards the trait, each of them contributing a part of the trait. Such  are referred to as polygenes. Each dominant allele is called a contributing allele. These traits show a wide range of variation from one extreme to the other. In such cases there is a continuous intergradation of variability. These characters can be measured and expressed in terms of unit of length, weight, time, numbers, etc., they are described as quantitative characters or metric traits. The variation in quantitative characters is sort of continuous as compared to discontinuous variation of qualitative characters. An example of a polygenic trait is human skin colour. It is controlled by three pairs of polygenes. A mating between a Caucasoid (very light skin colour, aabbcc) and a Negroid (very dark skin colour, AABBCC) produces mulattos or intermediates (AaBbCc). A marriage between two mulattos produces seven phenotypes representing a regular intergradation from very light to intermediate to dark. Each dominant allele contributes to the synthesis of the pigment melanin.
[image: image2.png]White Black:

(Very Light) (very dark)
comers
mbc(/ F, Generstion

Intermediate




	Gametes

	ABC
	aBC
	AbC
	abC

	ABC
	AABBCC
very dark
	AaBBCC
dark
	AABbCC
dark
	AaBbCC
fairly dark

	aBC
	AaBBCC
dark
	aaBBCC
fairly dark
	AaBbCC
fairly dark
	aaBbCC
Intermediate

	AbC
	AABbCC
dark
	AaBbCC
fairly dark
	AAbbCC
fairly dark
	AabbCC
Intermediate

	abC
	AaBbCC
fairly dark
	aaBbCC
intermediate
	AabbCC
Intermediate
	aabbCC
fairly light

	ABc
	AABBCc
dark
	AaBBCc
fairly dark
	AABbCc
fairly dark
	AaBbCc
Intermediate

	Abc
	AABbCc
fairly dark
	AaBbCc
intermediate
	AAbbCc
intermediate
	AabbCc
fairly light

	aBc
	AaBBCc
Fairly Dark
	aaBBCc
intermediate
	AaBbCc
intermediate
	aaBbCc
fairly light

	abc
	AaBbCc
intermediate
	aaBbCc
fairly light
	AabbCc
Fairly light
	aabbCc
light


	ABc
	Abc
	aBc
	abc

	AABBCc
dark
	AABbCc
fairly dark
	AaBBCc
fairly dark
	AaBbCc
intermediate

	AaBBCc
fairly dark
	AaBbCc
Intermediate
	aaBBCc
intermediate
	aaBbCc
fairly light

	AABbCc
fairly dark
	AAbbCc
Intermediate
	AaBbCc
Intermediate
	AabbCc
fairly light

	AaBbCc
intermediate
	AabbCc
fairly light
	aaBbCc
fairly light
	aabbCc
light

	AABBcc
fairly dark
	AABbcc
intermediate
	AaBBcc
intermediate
	AaBbcc
fairly light

	AABbcc
intermediate
	AAbbcc
fairly light
	AaBbcc
fairly light
	Aabbcc
light

	AaBBcc
intermediate
	AaBbcc
fairly light
	aaBBcc
fairly light
	aaBbcc
light

	AaBbcc
fairly light
	Aabbcc
light
	aaBbcc
light
	aabbcc
very light


Phenotypes in the F2 generation :
Very dark (Black) - 1, Dark - 6, Fairly dark - 15, Intermediate - 20, Fairly light - 15, light - 6, very light - 1
Q3. What is Epistasis? Explain the phenomenon by taking an example.
Ans3. Epistasis :
In this type of interaction, a gene masks or inhibits the expression of another non-allelic gene. The gene that masks the effect of another is said to be epistatic to the other and the gene whose expression is inhibited is said to be hypostatic. It is the phenomenon of suppression of phenotypic expression of a gene by a nonallelic gene that shows its own effect.
In case of Dominant Epistasis, a dominant epistatic allele suppresses the expression of a nonallelic gene whether the latter is dominant or recessive. Dihybrid F2 ratio is 12:3:1. In summer squash, a gene W in its dominant state masks the effect of a non allelic gene Y to produce white coloured fruits. The gene Y, in the dominant state (Y_) produces yellow coloured fruits while in the recessive state (yy) produces green coloured fruits.
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	Gametes

	WY
	Wy
	WY
	wy

	WY
	WWYY (white)
	WWYy (white)
	WwYY (white)
	WwYy (white)

	Wy
	WWYy (white)
	WWyy (white)
	WwYy (white)
	Wwyy (white)

	wY
	WwYY (white)
	WwYy (white)
	wwYY (Yellow)
	wwYy (Yellow)

	wy
	WwYy (white)
	Wwyy (white)
	wwYy (Yellow)
	wwyy (Green)


The F2 phenotypic ratio is 12 White:3 Yellow:1 Green
Q4.  In dogs, the barking trait is dominant over the silent trait and erect ears are dominant over drooping ears. What is the expected phenotypic ratio of the offspring when dogs, heterozygous for both trait are crossed.
Ans4. Barking trait = B, Silent trait = b, Erect ears = E, Drooping ears = e.
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	Gametes

	BE
	Be
	bE
	be

	BE
	BBEE (Barking,
erect ears)
	BBEe (Barking,
erect ears)
	BbEE (Barking,
erect ears)
	BbEe (Barking,
erect ears)

	Be
	BBEe (Barking,
erect ears)
	BBee (Barking,
drooping ears)
	BbEe (Barking,
erect ears)
	Bbee (Barking,
drooping ears)

	bE
	BbEE (Barking,
erect ears)
	BbEe (Barking,
erect ears)
	bbEE (Silent,
erect ears)
	bbEe (Silent,
erect ears)

	be
	BbEe (Barking, 
erect ears)
	Bbee (Barking,
drooping ears)
	bbEe (Silent,
erect ears)
	bbee (Silent,
drooping ears)


F1 generation :
Phenotypic ratio in the progeny.
Barking trait, Erect ears = 9
Barking trait, Drooping ears = 3
Silent trait, Erect ears = 3
Silent trait, Drooping ears = 1
Hence, in case of independent assortment of two genes, the typical phenotypic ratio obtained when two heterozygotes (for both the traits) are crossed is 9:3:3:1.
