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2.  Mendelôs Law of Inheritance: 

i) The Principle of Dominance: In heterozygote, one allele may conceal the presence of 

another. This principle reflects the genetic function. Some alleles evidently control the phenotype 

even when they are present in a single copy. 

ii)  The Principle of Segregation: In a heterozygote, two different alleles segregate from each 

other during the formation of gamates. This principle is a statement about genetic transmission. 

An allele is transmitted faithfully to the next generation, even if it was present with a different 

allele in a heterozygote. The biological basis for this phenomenon is the pairing and subsequent 

separation of homologous chromosomes during meiosis. 

iii)  The Principle of Independent Assortment: the alleles of different genes segregate or assort 

independently of each other. This Principle is the rule of genetic transmission based on the 

behavior of different pairs of chromosomes during meiosis. 

Chromosomal Basis of Law of Segregation: 

 During the first meiotic division, homologous chromosomes pairs. One of the 

homologues comes from the mother, the other from the father. If the mother was homologous for 

an allele, A, of a gene on this chromosome, and the father was homozygous for a different allele, 

a. of the same gene, the offspring must be heterozygous, Aa. 

 



  In anaphase of the first meiotic division, the paired chromosomes separate and move to 

opposite poles of the cell. One carries allele A and the other allele a. This physical separation of 

the two chromosomes segregates the alleles from each other which eventually reside in different 

daughter cells. Mendelôs principle of segregation is therefore based on the separation of 

homologous chromosomes during the anaphase of the first meiotic division. 

The principle of Independent Assortment: 

The principle of independent assortment is also based on the anaphase separation. Supposing that 

a heterozygote AaBb was produced by mating an AABB female to an aabb male and these two 

genes are on two different chromosomes. During the prophase of meiosis I, the chromosomes 

with the A and a alleles will pair, as will the chromosome with B and b alleles. At metaphase, the 

two pairs will take up position on the meiotic spindle in preparation for the upcoming anaphase 

separation. Because there are two pairs of chromosomes, there are two distinguishable metaphase 

alignments: 

   A B or A a 

   a   b a B 

 

 Each of these alignments is equally likely. Here the space separates different pairs of 

chromosomes, and the bar separates the homologous members of each pair. During anaphase, the 

alleles above the bars will move to one pole, and the alleles below them will move to other. 

When disjunction occurs, there is therefore a 50% chance that the A and B alleles will move 

together to the same pole and a 50% chance that they will move to opposite poles. Similarly, 

there is a 50% chance that the a and b alleles will move to the same pole and a 50% chance that 

they will move to opposite poles.  



 At the end of meiosis, when the chromosome number is finaly reduced, half the gamates 

should contain a parental combination of the alleles (A B or a b) and half should contain a new 

combination of alleles (A b or a B). Altogether, there will be four types of gametes, each one 

fourth of the total. This equality of gamete frequencies is a result of the independent behavior of 

the two pairs of chromosomes during the first meiotic division. Mendelôs principle of 

independent assortment is therefore a statement about the random alignment of different pairs of 

chromosomes at metaphase. 

2. Since Signed bristles (sn), Crossveinless (cv) and Vermilion (v) are X- linked recessive 

characters, phenotypic effect will only be seen in homozygous condition in Drosophilla 

melanogaster. In the present experiment, the testcross has been made between a female 

heterozygote for each of the three genes with a male parent with all three genes in its recessive 

form.  

 Looking at the progeny obtained from the present cross, 

The double cross over data will be singed, crossveinless, vermilion and wild type because this 

two progeny are having least frequency and the parental combination will be crossveinless, 

vermilion and signed since this progeny shows the maximum frequency. Hence, the order of the 

gene will be: 

Crossveinless, signed, vermilion 

 

Heterozygote Female   homozygote recessive male 

CV sn V   cv sn v 

----------------------- X   ----------------------- 

-----------------------   -------- 

cv SN v    

 

Map distance between crossveinless and signed :  34+ 32 + 3+3/1000 =  0.072 morgan =7.2 cM 



Map Distance between signed and vermilion: 65 + 61 + 3 +3/1000 = 0.132 M = 13.2 cM 

Map distance between crossveinless and vermilion : 7.2 cM + 13.2 cM = 20.4 cM 

frequency of crossover between cv and sn : 0.072 

frequency of crossover between sn and v  : 0.132 

If the crossover event between cv and  sn ; sn and v are independent to each other, then the 

expected frequency of cross over will be : 0.072 x 0.132 = 0.0095 

But the observed frequency of crossover is : 3+3/1000 = 0.0006, 

Thus the duble crossover (DCO) between cv and v is very less compared to expected frequency 

of DCOs. 

Hence, the coefficient of coincidence (c) =  

 

   Observed frequency of Double cross overs  0.0006 

    ----------------------------------------------------- =  ---------- =  0.063 

   Expected frequency of double cross overs  0.0095 

 

4.  Mode of DNA Damages 

i. DNA Damage caused by chemical exposure 

 Chemical mutagens can be divided into two groups: 

 a. mutagenic to both replicating and non-replicating DNA such alkylating agents and nitrous acid 

 b. Mutagenic only to replicating DNA such as base analogs : 5- bromouracil 

ii. DNA Damage induced by Radiation (Both Ionizing and non-ionizing radiation): 

 ionizing radiation: X-rays, gamma rays and cosmic rays 

 Non-ionising radiation: Ultraviolet light 

DNA Repair Mechanisms: 

Five well characterized mechanisms of DNA repair of defects in DNA: 

I. Light dependent repair or photoreactivation:  

 Photoreactivation of DNA in bacteria is carried out by light activated enzymes called 

photolyases. When DNA is exposed to UV light, thiamine dimmers are produced by covalent cross 

linkage between adjacent thymine residues. DNA photolyases recognizes and binds to thymine dimmers 

in DNA and uses light energy to cleave the covalent corss links. Photolyases binds to thymine dimmers in 

DNA in the dark but it cannot catalyzes cleavage of the bonds joining the thymine moieties without 



energy derived from visible light specially light within the blue regions of the spectrum. Photolyases also 

splits cytosine dimmers and cytosine thymine dimmers. 

II. Excision Repair: 

Excision repair of damaged DNA involves at least three steps: 

i. a DNA repair endonuclease or endonuclease containing enzyme complex recognizes, binds to, and 

excises the damaged base or bases in DNA. 

ii. a DNA polymerase fills in the gap by using the undamaged complementary strand of DNA as template. 

iii. The enzyme DNA ligase seals the break left by DNA polymerase to complete the repair process.  

There are two major ypes of excision repair: 

 a. Base Excision Repair: remove only abnormal or chemically modified bases from DNA. 

 b. Nucleotide Excision Repair: Remove larger defects like thymine dimer. 

 

Base Excision Repair: 

Base excision repair can be initiated by any of a group of enzymes called DNA glycosylase that recognize 

abnormal bases in DNA.  Each glycosylase recognizes a specific type of altered base, such as deaminated 

bases, oxidized bases and so on.  The glysoslases cleave the glycosidic baond between the abnormal 

base and 2-deoxyribose, creating apurinic or apyrimidinic sites (AP sites) with missing bases. AP sites are 

recognized by enzymes called AP endonucleases, which act together with phosphodiesterases to excise 

the sugar-phosphate groups at these sites. DNA polymerase then replaces the missing nucleotide 

according to the specifications of the complementary strand and DNA ligase seals the nick. 



 

Nucleotide Excision Repair: 

In nucleotide excision repair, a unique excision nuclease activity produces cuts on either side of the 

damaged nucleotides and excises an oligonucleotide containing the damaged bases. This nucleases is 

called as excinuclease.  

 

In E.coli, excinuclease activity requires the products of three genes, uvrA, uvrB and uvrC . A trimeric 

protein containing two UvrA polypeptides and one UvrB polypeptide recognizes  the defect In DNA, 

binds to it and uses energy from ATP to bend the DNA at the damaged site. The UvrA dimer is then 

released, and the UvrC protein binds to the UvrB/DNA complex. The UvrB protein cleaves the fifth 

ǇƘƻǎǇƘƻŘƛŜǎǘŜǊ ōƻƴŘ ŦǊƻƳ ǘƘŜ ŘŀƳŀƎŜŘ ƴǳŎƭŜƻǘƛŘŜ ƻƴ ǘƘŜ оΩ ǎƛŘŜ ŀƴŘ the UvrC , protein hydrolyses the 

ŜƛƎƘǘƘ ǇƘƻǇƘƻŘƛŜǎǘŜǊ ƭƛƴƪŀƎŜ ŦǊƻƳ ǘƘŜ ŘŀƳŀƎŜ ƻƴ ǘƘŜ рΩ ǎƛŘŜΦ ¢ƘŜ ǳǾǊ5 ƎŜƴŜ ǇǊƻŘǳŎǘΣ 5b! ƘŜƭƛŎŀǎŜ LL Σ 

releases the excised dodecamer. In the last step of the pathway, DNA polymerase I fills in the gap and 

DNA ligase seals the remaining nick in the DNA molecule. 

Post-replicative DNA Damage Repair Pathway: 



Mismatch Repair 

It provides a backup to the replicative proofreading by correcting mismatched nucleotide remaining in 

the DNA after replication.  Mismatch repair requires products of four genes: mutH, mutL, mutS and 

mutD. 

SOS Reponses: 

When DNA of E.Coli is heavily damaged by mutagenic agents such as UV light, the cells take some drastic 

steps in their attempt to survive.  They said to go through so called SOS response during which a whole 

battery of DNA repair, u recombination and replication proteins are synthesized. Two of these proteins 

are the products of gene umuC and umuD that act as DNA polymerase V, an enzyme that catalyze the 

replication of DNA in damaged region of the chromosome. DNA polymerase V allows replication to 

proceed across damaged segment of the template strands, even through the nucleotide sequences in 

the damaged region cannot be replaced accrately. This error prone repair system eliminate gaps in the 

newly synthesized strands opposite damaged nucleotides in the template strands but in doing so, 

increases the frequency of replication errors. 

5.  The process of turning on the expression of genes in response to a substance in the environment is 

called Induction. Genes whose expression is regulated in this manner are called inducible genes; their 

products , if enzymes are called inducible enzymes. Regulation of gene expression through the process 

of induction is known inducible system of gene regulation.  

The lac operon contains a promoter, an operator, and three structural genes, lacZ, lacY and lacA 

ŜƴŎƻŘƛƴƎ ǘƘŜ ŜƴȊȅƳŜǎ ʲ-ƎŀƭŀŎǘƻǎƛŘŀǎŜΣ ʲ- ƎŀƭŀŎǘƻǎƛŘŜ ǇŜǊƳŜŀǎŜ ŀƴŘ ʲ-galactoside transacetylase 

ǊŜǎǇŜŎǘƛǾŜƭȅΦ ʲ-galactoside permease pumps lactose into the cells, ǿƘŜǊŜ ʲ-galactosidase cleaves it into 

glucose and galactose.  



 

Induction: 

The lac operon is a negatively controlled inducible operon; the lacZ,lacY and lacA  genes are expressed 

only in the presence of lactose. The lac regulator gene, designated the I gene, encodes a repressor that 

is 360 AAs long. However, the active form of the lac repressor is tetramer containing four copies of the I 

gene product. In the absence of the inducer, the repressor binds to the lac operator, which in turn 

prevents RNA  polymerase from catalyzing the transcription of the three structural genes. A few 

molecules of the lcZ, lacy and lac A gene products are synthesized in the uninduced state, providing a 

low background level of enzyme activity. This background activity Is essential for induction of the lac 

operon because the inducer of the operon, allolactose is derived from lactose in a reaction catalysed by 

-̡galactosidase. Once formed , allolactose is bound by the repressor, causing the release of repressor 

from the operator. In this way, allolactose induces the transcription of the lacZ. lacy, and lacA structural 

genes. 



Lac promoter actually contains two separate components : 

i. the RNA polymerase binding site 

ii. a binding site for another protein called catabolite activator protein that prevents the lac operon from 

being induced In the presence of glucose.  

Catabolite Repression 

The presence of glucose has long been known to prevent the induction of the lac operon as well as other 

operon controlling enzyme involved in carbohydrate catabolism. This phenomenon called catabolite 

repression or glucose effect assures that glucose is metabolized when present in preference to other, 

less efficient energy sources. 

 The catabolite repression of the lac operon is mediated by a regulatory protein called CAO and a 
small effector molecule called cyclic AMP. Because CAP binds to cAMP when this mononucleotide is 
present at sufficient concentrations, it is called cAMP receptor protein. 

6. The process by which the split genes containing exons and introns of the eukaryotic gene are 

spliced through spliceosome and the exons are rejoined accurately to form the matured RNA.  

 Most nuclear genes that encode proteins in multicellular eukaryotes contain introns. The 

primary transcript contains the entire sequence of the gene and the intron sequences are excised 

during RNA processing. For genes that encode proteins, the splicing mechanism must be precise; 

it must join exon sequences with accuracy to the single nucleotide to assure that codons in exons 

distal to introns are read correctly. Accuracy to this degree would seem to require precise 

splicing signals, such as nucleotide sequences within introns and at the exon-intron junctions.  

 

   Exon-GTéééINTRONéééééé..AG-Exon       

 

     There are only one short conserved sequence, the TACTAAC box, located about 30 nucleotides 

upstream from the 3ô splice site of the introns in nuclear genes. The TACTAAC box is well conserved in 

Yeast. There are three distinct types of intron excision from RNA transcripts. 

1. The introns of the tRNA are precursors are excised by precise endonucleolytic cleavage and ligation 

reactions catalysed by special splicing endonuclease and ligase activities. 

 Occurs in two step: 

 i. In stage 1, a nuclear membrane bound splicing endonuclease makes two cuts precisely at the 

 ends of the intron. 

 ii. In the stage 2, a splicing ligase joins the two halves of the tRNA to produce the mature form of 

 the tRNA molecule. 

2. The introns of some rRNA precursors are removed autocatalyticaly in a unique reaction mediated by 

the RNA molecule itself. No protein enzymatic activity is involved. 



 

 The autocatalytic excision of the intron in the Tetrahymena rRNA precursor and certain  other 

introns requires no external energy source and no protein catalytic activity. The splicing mechanisms 

involves a series of phosphoester bond transfers, with no bonds lost or gained in the process. The reaction 

requires a guanine nucleoside or nucleotide with a free 3ô-OH group (GTP, GDP, GMP or guanine) as a 

cofactor plus a monovalent cation and divalent cation. The requirement for the G-3ô-OH is absolute; no 

other base can be substituted in the nucleoside or nucleotide cofactor. The intron is excised by means of 

two phosphoester bond transfers, and the excised intron can subsequently circularize by means of another 

phosphoester bond transfer.  

 



3. The introns of nuclear pre-mRNA (hnRNA) transcripts are  spliced out in two step reactions carried out 

by complex ribonucleoprotein particles called spliceosomes. 

Occurs in two step: 

Nuclear pre-mRNA splicing is carried out by complex RNA/protein structures called spliceosomes. 

Spliceosome contain a set of small RNA molecules called snRNAs and about 40 different proteins. Five 

snRNAs, called U1, U2, U3, U4, U5 and U6 are involved in nuclear pre-mRNA splicing as components 

of the spliceosome.  

The first stage in nuclear pre-mRNA splicing involves cleavage at the 5ô intron splice site (ŹGU-intron) 

and the formation of an intramolecular phosphodiester linkage between the 5ò carbon of the G at the 

cleavage site and the 2ô carbon of a conserved A residue near the 3ô end of the intron. This stage occurs 

on complete spliceosomes. And requires the hydrolysis of ATP. U1 snRNP must bind at the 5ô splice site 

prior to the initial cleavage reaction. Recognition of the cleavage site at the 5ô end of the intron involves 

base-pairing between the consensus sequence at this site and a complementary sequence near the 5ô 

terminus of snRNP U1.  

 


