CBSE CLASS XII BOTANY
Genes And Chromosomes
One mark questions with answers 
Q1. Name and very briefly explain the mode of sex determination in drones.
Ans1. The mode of sex determination in honey bees is called arrhenotoky. The drones (males) develop parthenogenetically from unfertilized eggs and are haploid, while the females develop from fertilized eggs and are diploid.
Q2. Name two chemicals that are used to induce polyploidy in cells. What is their mode of action?
Ans2. Two chemicals that are used to include polyploidy are Colchicine and Granosan. They arrest cell division at the metaphase stage by not allowing spindle formation.
Q3. Name the plant in which the highest number of chromosomes has been recorded.
Ans3. The highest number of chrompsomes ever recorded in a plant is 1262, in a pteridophyte,Ophioglossum reticulatum (adder's tongue fern).
Q4. What is non-disjunction? Who discovered this phenomenon?
Ans4. Non disjunction is defined as the failure of the two homologues to separate and move towards opposite poles during anaphase I. (Mitotic, non-disjunction is the failure of the two chromatids to separate during anaphase). This phenomenon was discovered by C.B. Bridges.
Two mark questions with answers 
Q1. List the differences between maternal inheritance and Mendelian inheritance.
Ans1.
	Mendelian Inheritance
	Maternal Inheritance

	1. Mendelian inheritance involves nuclear genes.
	1. Maternal inheritance involves cytoplasmic genes or plasmagenes.

	2. It is biparental, as the nuclear genes are inherited equally from both the parents.
	2. It is uniparental, the plasmagenes are inherited only from the mother.

	3. It yields the same result in reciprocal crosses.
	3. It yields different results in reciprocal crosses.

	4. Nuclear genes are localized on the chromosomes.
	4. Plasmagenes are distributed randomly in the cytoplasm.


Q2. Write a brief note on the disorder caused by the trisomy of the 21st chromosome in humans.
Ans2. The trisomy of the 21st chromosome causes a disorder referred to as Down's Syndrome or Mongolism. The trisomy arises due to non-disjunction of the 21st chromosome, which is common during the gametogenesis in human females above the age of 35 years. The symptoms of this disorder are, small stature, mental retardation, blunt toes, open mouth, thick protruding tongue, oblique eyelids, epicanthic folds, simian creases on the palms, short broad hands, hyperflexibility of joints and round face. Estimated frequency of such births is 1/700. It is the first chromosomal disorder to be described in humans, and was discovered by Langdon Down in 1866.
Q3. What are holandric genes?
Ans3. Holandric genes are those genes which are located on the differential region of the Y chromosome in humans. These genes do not have their counterpart allele on the X chromosome in human males and hence are in a hemizygous condition. Such genes show a kind of sex linked inheritance called holandric inheritance or Y-linked inheritance. The holandric genes are transferred directly from the father to the son and the trait never appears in the females. Some of the holandric genes in humans are :
(a) TDF or Testis Determining factor (smallest gene with only 14 base pairs).
(b) Hypertrichosis of pinna (Hairy pinna).
(c) Icthyosis hystrix (Presence of scales on the body)
(d) Keratoderma dissipatum (Thickened skin of hands and feet)
(e) Porcupine skin.
Q4. Differentiate between X-linked and XY-linked genes.
Ans4.
	X-Linked Genes
	XY-Linked Genes

	1. They are present on the differential region of the X-chromosome.
	1. They are present on the homologous regions of both X and Y chromosomes.

	2. They are in the hemizygous state in human males i.e., they are represented by one allele.
	2. They are either in the homozygous or heterozygous state both in human males as well as females, as they are represented by two alleles.

	3. They show criss-cross inheritance.
	3. They show XY linked inheritance and are inherited like autosomal genes.

	4. Example of X-linked traits in humans are haemophilia, colour blindness etc.
	4. Example of XY-linked traits in humans are xeroderma pigmentosum, nephritis etc.


Three mark questions with answers 
Q1. In a cross conducted by C.B. Bridges between white eyed female fruit flies and red eyed male fruit flies, he obtained some white eyed females along with red eyed females and white eyed males. Represent the cross diagrammatically and offer an explanation for the unexpected result.
Ans1. The trait of eye colour in Drosophila is sex linked and its gene is located on the X chromosome. The allele for red eye colour is dominant whereas that for white eye colour is recessive. The cross between a white eyed female Drosophila (homozygous, XwXw) and a red eyed male Drosophila (hemizygous, Xw+y) can be represented as follows :

Q2. Write a brief note on tetrad analysis.
Ans2. Tetrad analysis is the genetic analysis of the tetrads resulting from meiosis in Neurospora crassa. Usually, it is not possible to identify all the four products of a single meiotic event. But in case of Neurospora, an ascomycete, eight ascospores resulting from one meiotic and one mitotic division, are arranged in a linear fashion in the ascus, in the sequence they are produced. Such a tetrad is called an ordered tetrad. It is thus possible to analyze the ascopores by growing them in a culture medium to produce haploid thalli, so that the pattern of assortment of alleles becomes clear. Tetrad analysis has been of particular significance in concluding that crossing over occurs at the four strand stage. Had it taken place at the two strand stage, followed by replication of DNA, all the ascospores in the tetrad would have been recombinants, a condition which is very rare (but occurs due to double cross overs). Usually, either parental ditype asci are found with all parental ascospores (4:4) resulting from lack of crossing over, or tetratype asci, with four parental and four recombinant ascospores, (2:4:2 or 2:2:2:2) are encountered, proving that crossing over takes place at the 4 strand stage.
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Q3. What are the various ways in which variations arise in the populations?
Ans3. Variations arise in two major ways, reshuffling of the already existing genes in the population (recombinations) to produce new genotypes, and addition of new genes to the population (mutations).
(a) Recombinations : The parental genes are reshuffled in the following ways :
1. Independent assortment of chromosomes during gametogenesis, due to random orientation of the maternal and paternal homologues towards the two poles. 23 pairs of chromosomes can assort in 223 = 8.6 million ways in the gametes.
2. Random fertilization of gametes : 8.6 million types of ova and sperms may fuse in any of the (8.6 million x 8.6 million) combinations.
3. Crossing over, or mutual exchange of segments between the homologues disrupts the parental combinations of genes and creates new linkage groups.
(b) Mutations : They are new, sudden, unpredictable, inheritable and discontinuous variations appearing in the genetic material of an organism.
They may arise in any of the following ways :
1. Genomatic mutations or changes in the chromosome number.
2. Chromosomal aberrations or changes in the chromosome structure causing a change in the arrangement of genes.
3. Gene mutations or changes in the type or sequence of nucleotides in a gene/cistron.
Q4. It is not possible to subject the human race to controlled breeding experiments. What, then, are the various ways employed to study human genetics?
Ans4. The various techniques employed to study human genetics are :
1. Pedigree analysis : It is the study of inheritance pattern of  a trait in a family by studying the diagrammatic representation of the family history with respect to that trait.
2. Study of monozygotic twins : The monozygotic twins/identical twins have absolutely same genotypes. They are, therefore, ideal systems to study the effect of environment on the expression of genotypes.
3. Population genetics : It involves the study of the frequencies of alleles, genotypes and phenotypes in a population by applying mathematical and statistical tools. The Hardy-Weinberg equation is employed to study distribution of the genes showing dominant-recessive relationship.
p + q = 1
p2 + 2pq + q2 = 1
Where p = frequency of the dominant allele in the population.
q = frequency of the recessive allele.
p2 is the frequency of the homozygous dominant genotype.
pq is the frequency of the heterozygous dominant genotype.
q2 is the frequency of the homozygous recessive genotype.
4. Karyotyping and Chromosome banding : Effects of chromosomal aberrations can be studied by karyotype analysis. Banding patterns also give a very clear idea about the phylogenetic relationships and the chromosomal defects. 
5. Cell Culture : A unique technique to study the genes and their location has been through fusion of human and mouse cells. The heterokaryon shows successive elimination of human chromosomes in subsequent divisions, when it is cultured. By co-relating each eliminated chromosome to the loss in functionality and employing suitable screening methods, the location of several human genes has been deciphered.
Five mark questions with answers 
Q1. Represent diagrammatically, the crosses conducted by T.H. Morgan, and indicate the phenotypic ratios of the progeny in each.
Ans1. Cross 1 :
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Cross 2 :
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Cross 3.
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Q2. Describe the various ways in which sex is determined in living organisms.
Ans2. Sex Determination :
Determination of the male and the female sex in organisms is broadly of two types, environmental and genetic.
(a) Environmental sex determination : In many organisms whether the zygote will develop into a male or a female depends only upon a particular environmental factor. For example, in crocodiles and lizards, the fertilized eggs develop into males at high temperature and into females at low temperature, while it is vice versa in turtles. The mollusc Crepidula develops into a female if it settles alone whereas if it settles in the company of a female, it develops into a male. In Bonellia, similarly, if the larva settles near a female it grows into a parasitic male and enters the body of the female.
(b) Genetic sex determination : It is further of two types, non allosomic and chromosomal.
1. Non allosomic/genic sex determination : In this case one or a few genes determine the sex of the individual. For example, F-factor in bacteria, sex determining gene in Chlamydomonas.
2. Chromosomal sex determination : Determination of sex by sex chromosomes or allosomes is present in majority of the organisms. The chromosomal theory of sex determination was proposed by Wilson and Stevens in 1905.
Heterogamesis or occurrence of two types of gametes forms the basis of this mode of sex determination. It is further of the following types.
1. XX-YY Method : It occurs in mammals and some insects. The females have homomorphic allosomes (XX) and thus are homogametic (i.e., produce only one type of gamete), the males are heterogametic (XY) and produce two types of sperms, androsperms (22 + Y) and gynosperms (22 + X) in the ratio 1:1. The sex determination is syngamic i.e,. occurs at the time of fertilization and thus there are 50% chances of producing either sex. The male parent and not the female parent, is responsible for the sex of the child.
2. XX-XO Method : It occurs in roundworms, grass hoppers, true bugs and roaches. The males have one chromosome less than the females and thus are heterogametic, producing two types of sperms (A + X) and (A + O) in the ratio 1:1.
3. ZW -ZZ Method : It occurs in birds and some reptiles. The females are heterogametic producing two types of ova (A + Z) and (A + W) in the ratio 1:1.
4. ZO-ZZ Method : It occurs in moths and butterflies. The females have one chromosome less than the males, and thus are heterogametic, producing two types of ova (A + Z) and (A + O) in the ratio 1:1.
5. Haplodiploidy : It occurs in honey bees. The males (drones) are haploid as they develop parthenogenetically from unfertilized eggs whereas the females develop from the fertilized eggs. This process is called Arrhenotoky. In Solenobia, the females develop by parthenogenesis, and the phenomenon is called Thelytoky.
Q3. Define 'mutation'. Briefly give an outline of the various ways in which mutations may arise in the genetic material.
Ans3. Mutation is defined as a sudden, discontinuous and heritable change in the genetic material of an organism. 
Mutations are of the three principal types :
(I) Gene mutations : This type of mutation occurs at the molecular level usually at the time of DNA  replication when new DNA strands are synthesized. They may be:
1. Spontaneous mutations : They occur randomly due to internal reasons and may be caused by any of the following reasons such as
background radiations, tautomeric shifts, deamination of cytosine to form uracil, proof reading errors. 
2. Induced mutations : They occur in response to a chemical or a physical factor in the environment. All forms of energy (physical factor) and certain chemicals (like 5-bromouracil, 2-amino purine, hydroxylamine, mustard gas) which disrupt the chemical structure of chromosomes are called mutagens.
Mechanism of gene mutation :
Gene mutations mostly include alteration in the sequences of nitrogenous bases. These may be due to :
1. Frameshift mutations : In these type of mutations, the reading frame of the bases shifts laterally due to insertion or deletion of N-bases.
2. Inversion of a sequence.
3. Replacement or substitution of a base. This is further of two types:
(i) Transition, which refers to the substitution of a purine by a purine and a pyrimidine by a pyrimidine.
(ii) Tansversion, which refers to the substitution of a purine by a pyrimidine or vice versa.
(II) Chromosomal mutations or aberrations : The structural changes in chromosomes which appear phenotypically are known as chromosomal mutations or aberrations.
1. Deficiency : It signifies the loss or absence of a terminal segment of a chromosome.
2. Deletion refers to the loss of an intercalary segment of a chromosome. The normal homologue, during pairing, shows looping because of the absence of its homologous region in the other homologue.
3. Inversion : Inversion involves a rotation of a part of a chromosome or a set of genes by 180° on its own axis. In paracentric inversion centromere is located  outside the inversion loop whereas in pericentric inversion centromere is located inside the inversion loop. 
4. Duplication : The presence of a part of a chromosome in excess of the normal complement is known as duplication. The repeated segment belongs to its homologue. Some duplications are known to have deleterious effects, e.g., bar eye in Drosophila.
5. Translocation : Translocation involves the transfer of a part of a chromosome or a set of genes to a non homologous chromosome. Translocations are of two types, simple and reciprocal. In the latter, there is an exchange of segments between two homologous chromosomes, hence it is also referred to as illegitimate crossing over.
(III) Genomatic mutations : They involve variations in the chromosome number of a genome. Variations in chromosome number are mainly of two types, aneuploidy (heteroploidy), and euploidy (polyploidy).
1. Aneuploidy is the presence of chromosome number which is different than the multiple of the basic chromosome number. This type of variation involves one or a few chromosomes but not the entire set. Aneuploidy is of the following types:
(a) Monosomy. Monosomics represent the loss of a single chromosome from the diploid set, and they have the chromosome complement 2n - 1.
(b) Nullisomy : Nullisomics lack a complete pair of homologous chromosomes, and have the chromosome complement 2n-2.
(c) Trisomy : Trisomics are those organisms which have one chromosome in triplicate. They have the chromosomes complement 2n + 1. 
2. Euploidy : Variations that involve entire sets of chromosomes are known as euploidy/polyploidy. In polyploids the organism possesses more than two sets of chromosomes or genomes, and hence each chromosome is represented by more than two homologues.
(a) Autopolyploids are those polyploids which have the same basic set of chromosomes multiplied.
(b) Allopolyploids are those polyploids that result from doubling of chromosome number in a F1 hybrid derived from two different species.
(c) Autoallopolyploids are those polyploids in which one genome is present in more than two copies along with another genome.
Q4. Write explanatory notes on giant chromosomes or 'chromosomal amplification'.
Ans4. The giant chromosomes are :
1. Polytene Chromosomes/Salivary Gland Chromosomes :
Discovered by Balbiani in 1881 in Chironomous larvae.
They occur in salivary glands of Dipteran insects, antipodal cells, suspensor cells of embryo and endosperm cells. Each salivary gland chromosome is 200-600 m in length.
They contain 1000-16000 times more DNA than normal cells. This  is because of polyteny or multistranded nature of these chromosomes. They are formed by somatic pairing of homologues and  repeated replication of chromatids to form several chromatids held together at the centromere. Each thick cable like polytene chromosome bears several chromatids of each homologue lying side by side. They  bear bands and interbands, the former being formed by the juxtaposition of chromomeres of the adjacent chromatids.
At a particular developmental stage, the DNA of certain bands uncoils to produce swellings called puffs or 'Balbiani rings'. The DNA in these regions is transcriptionally active and produces mRNA.
It has been possible to identify and map genes by co-relating the 'puffs' (genes) with the major physiological  regulator of a particular developmental stage. The effects of deletion, addition, inversion  etc., of chromosomal  segments (genes) have been studied in detail due to occurrence of distinct bands and interbands in the polytene chromosomes.
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2. Lampbrush Chromosomes :
Discovered by Flemming (1882).
They occur in the diplotene stage of oocytes of most animals, spermatocytes of many and in the unicellular giant alga Acetabularia. A single lampbrush chromosome measures 400-1000  in length. They are larger than salivary gland chromosomes.
Lampbrush chromosomes are found to be in the prolonged diplotene stage. They are paired, have already undergone crossing over and are in contact with each other at the chiasmata. Each chromosome of the homologous pair has two chromatids that bear a series of chromomeres. Many of the chromomeres are opened out into lateral loops, thus giving the appearance of a lampbrush. The DNA in the loops is unfolded and actively transcribes mRNA for the synthesis of egg yolk and/or other substances required by the meiocytes or the daughter cells at later stages. The lateral loops are not permanent in nature, but are withdrawn once the meiocytes complete their development. The lampbrush chromosomes also shorten and become normal.
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