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1. Genome Organization
Genome

. The genome is defined as the totality of all the DNA of an organism. Most genomes (all

eukaryotes and prokaryotes and some virus), are made up of DNA but a few viruses have

RNA genome. The eukaryotic genome consists of two distinct parts: Nucl ome and
Organelles (mitochondrial and chloroplast) genome .
. The amount of DNA present in haploid genome of species is called C-value ..C- value is
characteristic of each species.
(o]

. The value ranges from <10° bp as in smallest prokaryote, m t re than 10! bp

for amphibians.

. In lower eukaryotic organisms like yeast, amoun increases with increasing

complexity of organisms.
. In higher eukaryotes there is no correlation betw n ed genome size and complexity.

. This lack of correlation between me size and.genetic complexity is refers to c-value

paradox .

Genome size in some eukaryotes

Organism ome size (Mb)
12

S. Cerevisiae (yeast)

A. Thalian 120
y) 170
3,300
5,300
Genome Complexity
. Genome complexity is the total length of different sequences of DNA.Genome complexity

can be measured through the renaturation kinetics of denatured DNA.

. Renaturation of DNA occurs through complementary base pairing.
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. A DNA reassociation reaction is described by the Cot,,. If large DNA is sheared into uniform

fragments and allowed to renature, then the rate of renaturation of denatured DNA is

expressed as:

where k is the second-order rate constant. C is the concentration of single NA at

time t and the second order rate equation for two complementary strands coming together is

given by the rate of decrease in C.

. The time for half of the DNA to renature (when C/C = 0.5) ig defined as hen,
1
Coty, ==
0%12 Kk
. The product of C, x t,, is called the Cot, .
. A graph of the fraction of single-stranded DNA ne (CIC,) as a function of Ct on a

semilogarithmic plot is referred to Cot (prono d “Cot")curve .

. Cot,, of a reaction indicates th€ tot ifferent sequences that are present.

. The Cot,, for the renaturatio the DNA of any genome is proportional to its complexity.

Repetitive sequenc

. The length of the repetitive DNA component tends to increase with overall genome size.

. The repetitive DNA sequences divided into two general classes : Moderately repetitive

DNA sequences and Highly repetitive DNA sequences.
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Highly Repetitives Sequences

. Highly repetitive DNA consists of very short sequences repeated (typically <100bp)many
times in tandem in large clusters.It is sometime also known as simple sequence DNA .

. Distinctive base compositions of simple sequence DNA and thus differences in buoyant
density result in the formation of satellite to the main DNA band. The s e of these
DNA is known as satellite DNA .

. One type of human satellite DNA, the haploid DNA repeats found in the centromere gegions

of chromosomes. Satellite DNAs are species specific.
. Satellite DNA sequences generally are not transcribed and. ar e st often in the
heterochromatin associated with the centromeric regi chromosomes.

Minisatellites and Microsatellites

. Minisatellites form clusters up to 20 kb in len peat units, each containing

about 15 to 100 base pairs.

. Telomeric DNA , which in human

is an example of a minisatallit

Class Size of repeat unit (bp) Location
Satelli 5-171 Mainly at centromere
as 171 Centromeric
hetrochromatin
ellite 68 Centromerric
hetrochromatin of
some chromosome
(1,9, 13, 14, 15, 21,
22, andy)
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Minisatallite DNA (upto 20kb) 9-64 At or close to telomere

Microsatellite DNA (less then 150 bp) 2-13 Dispersed through
out all chromosome

Moderately repetitive sequences

. Moderately repetitive DNA consists of relatively short sequences that are repeated typical
10-1000x in the genome. These sequences are dispersed throughout

. A fraction of the moderately repetitive DNA consists 0 ments
(transposable), short sequences of DNA that have the ability ove tions in the
genome and/or to make additional copies of themselves.

2. Molecular Structure of Gene
Chemically, a gene is formed of DNA, but what o constitutes a gene, has been
explained by the relationship between differe i menon and DNA molecule.
BENZER has coined new terms to denote the r between between DNA molecule
and genetic phenomena.

1. Recon- It is the smallest A ,capable of undergoing crossing over and
recombination. A recon may.be as small a e nucleotide pair in DNA.

2 Muton— It is smallest,unit of which could undergo mutation. In its smallest expression,
it represents a cha eotides. Any change in base of triplet will modify the
message carried by t

3 Cistron— ction. It is gene in the real sense which consists of number of
nucl h capable of synthesizing a polypeptide chain of enzyme. It means a

nucleotides three times the number of total amino acids (a sequence
of thtee nucleotides codes for one amino acid molecule) present in the polypeptide chain for
has the coded information.

4, Complon- 1t is the unit of complementation. It has been used to replace cistron. Certain
enzymes are formed of two or more polypeptide chains, whose active groups are
complementary to each other.

Toll Free: 1800-2000-092 Mobile: 9001297111, 9829619614, 9001894073, 9829567114
Website: www.vpmclasses.com FREE Online Student Portal: examprep.vpmclasses.com

E-Mail: vypmclasses@yahoo.com /info@vpmclasses.com Page 5




eV PM CLASSES

UGC NET, GATE, CSIR NET, IIT-JAM, IBPS, CSAT/IAS, SLET, CTET, TIFR, NIMCET, JEST, JNU, ISM etc.

5. Operon— Operon is the combination of operator gene and sequence of structure genes
which act together as a unit. Therefore, it is composed of several genes. The effect of
operator gene may be additive or suppressive.

6. Replicon— It is the unit of replication. Several replicons construct a chromosome.

Discontinuous Genes (Exons and Introns)

In 1977, it was discovered that the biological informations carried bys.so is not
continuous. It splits into several distinct units separated by regions i NA. Such
genes are called discontinuous genes or split genes or maosaic . The sections

g sequences
are referred to as introns .

Introns

Introns are present in the genes of eukaryotés:.and theirwiruses. But these are absent in

genes of prokaryotes and their viruses. These in archaebacteria but are absent

in mitochondrial genome.

A single gene may contain no intron may have as many as 52 as found in mammalian

o— collagen gene.

T S
~

INTRON

ypothetical discontinuous gene showing exons and introns.

It says that during evolution, exons from different discontinuous genes
shuffled forming new combinations of biological information. The shuffling may

new functional proteins.
Removal of Introns from Primary Transcript

Transcription produces faithful copy of the coding strand of the gene. If the gene contains

introns, its primary transcript will include copies of these. Therefore, interfere must be
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removed and the exon regions of the transcript be reattached to one another before

translation. This process is called splicing .

Al Al Bl Bl
% %
_ 2 2

EXON SHUFFLI

Al BIl
NEW GENE
Fig.: 2 Gilbert hypothesis about the origin g

Gene
. The primary function of the genome is to speci ecules. Each region of the DNA

helix that produces a functional RN titutes a gene.
. A gene also includes all the uired for synthesis of a particular RNA

transcript.
. The number of genes in bactefial genomes is proportional to genome size.
. The bacterium with mallest known genome, M genitalium has ~470 genes.

of a gene in higher eukaryotes consists of noncoding DNA that interrupt the
short segments of coding DNA. The coding sequences are called exons; the

intervening (noncoding) sequences are called introns .
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Chromosomal DNA

Spacer sequence Intron 1 Intron 2 Spacer sequence
3 I I 5'

Exon 1 Exon 2 Exon 3

Transcription

Primary RNA
transcript

5]

Splicing

mRNA &'

Figure : 3 Structure of eukaryot
Most eukaryotic genes contain segh i equences (exons)
interrupted by noncoding sequences : oth exons and introns

are transcribed to yield a long prima script. The introns are

then removed by splicing to form the mature mRNA.

Introns

. Introns were first discovered in 1977, independently by Phillip Sharp and Richard
Roberts .

. Introns are present i st genes of complex eukaryotes, although they are not universal.

istone genes, Ribonuclease genes (many), heat shock protein

receptors (many) lack introns.

. Introns range in size from about 50 nucleotides to 800,000 nucleotides. Exons are usually

short, typically on the order of 150 nucleotides.
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All classes of genes may contain introns: nuclear genes coding for proteins, nucleolar genes

coding for rRNA, and genes coding for tRNA. Introns also are found in mitochondrial genes

and in chloroplast genes.

Table : 2 Types of most common introns

Intron type
GU-AG introns
AU-AC introns

Group |

Group Il
Pre-tRNA introns
Archaeal introns

Gene Families

Complex Multigene Family

Where found

Eukaryotic nuclear pre-m

Eukaryotic nuclear presmRN

Eukaryotic nucleér pre-rR rgafelle
RNAs, some pr A

Organel aryotic RNAs
karyotic nuclear pre-tRNA

Va

olitfgenome contains seven copies of its rRNA genes. Human cells contain about 200
ene copies per haploid genome, clustered on one chromosome.

One of the best examples of this type of multigene family is the mammalian globin genes,
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The globins are the blood proteins that combine to make hemoglobin, each molecule of

hemoglobin being made up of two a-type and two [3-type globins.

The a (alpha)-subfamily in human contains three genes : zeta () gene (expressed only in

the early embryonic stage) and two copies of the alpha genes (expressed during the fetal

and adult stages).
In human B(beta)-globin gene cluster is longer than the a-globin gene.clu tains
five genes.

t

Pseudogenes

Pseudogenes are functionless gene variants that are prese of ancient historical
accident.

Pseudogenes are a type of evolutionary relic that in ut the changing nature of

genome. There are two main types of Pseudo

1. Conventional pseudogene

ause of the accumulation of mutations.
mple of conventional pseudogenes. The

camplexes between eukaryotic DNA and proteins are called chromatin , which typically

contains, about twice as much protein as DNA. Major proteins of chromatin are the histones.

Histones-small proteins containing a high proportion of basic amino acids (arginine and
lysine) that facilitate binding to the negatively charged DNA molecule.
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. There are five major types of histones-called H1, H2A, H2B, H3, and H4 - which are very

similar among different species of eukaryotes.

. In addition, chromatin contains an approximately equal mass of a wide variety of nonhistone
chromosomal proteins.

. The basic structural unit of chromatin, the nucleosome, was described by Kornberg
in 1974.

. Nuclease digestion and the electron microscopic studies suggested ‘that chromatin is
composed of repeating 200-base-pair units, which were called nucle es.
Table : 3 The Major Histone Proteins

Molecular Number of Percentage lysine

Histone 2 weightamino acids  +arginine

H1 22,500 244

H2A 13,960 129 20.2
H2B 13,774 12 22.4
H3 15,273 135 22.9
H4 11,23 245

. More extensive di ion of chromatin with micrococcal nuclease was found to yield

of the fifth histone, H1, is bound to the DNA as it enters each nucleosome

cor icle.

. This forms a chromatin subunit known as a chromatosome , which consists of 166 base

pairs of DNA wrapped around the histone core and held in place by H1 (a linker histone).
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. The packaging of DNA with histones yields a chromatin fiber approximately 10 nm in
diameter that is composed of chromatosomes separated by linker DNA segments averaging
about 50 base pairs in length.

Euchromatin

. It is transcriptionally active & more decondensed so that transcription ma can work
on it.
. In interphase nucleic, euchromatin appears in 30 nm form or more condensed.form¢of 60-

130 nm chromatin fibers.
Heterochromatin

. It is transcriptionally inactive & consist of highly repegtitive'DNA sequences, such as those
present in centromere or telomeres.

. It is a highly condensed structure.

. As cell enter mitosis, their chromosomes bec hig condensed. Thus, transcription
ceases during mitosis. V

1. One of the post replication ion N methylation of bases,in this context which

of the following statements i

1(
ine or cytosine base pair. It is done to discriminate between our own body DNA, so

as to protect it from the restriction digestion that is to be carried out by our own restriction
enzymes. Methylation process also plays a predominant role is host restriction mechanisms

& DNA repair system. So the statement which is incorrect is that the methylation plays an
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2.(B)

important role in a localized conversion of B - DNA to Z - DNA as Z DNA may be a transient
configuration of B - DNA.

The product of gene X is a cytosolic protein. A repressor of gene X expression is over
expressed in a cell line using recombinant DNA technology. After the over expression, the

cell line is observed to be susceptible to UV lights and higher  mortalit rates are

observed upon even short exposures to the UV. What could be the function of t ene X

related to?

(A) Photosynthesis
(B) DNA repair

(C) DNA replication

(D) X-chromosome assembly

When a repressor stops the gene X function com eptible UV lights and higher
mortality rate. This proves that gene X must b I rt in DNA repair as UV induced
pyrimidine dimers are corrected by DNA repair genes.

C
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