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1.1 DNA Is Genetic Material*



1.1.1 DNA is the genetic material of bacteria
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1.1.2 The genetic material of phage T2 is DNA

Only DMA is inherited by progeny phages
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1.2 DNA Structure



1.2.1 A nucleic acid (DNA/RNA) is a polynucleotide

A polynucleotide has a repeating structure
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DNA: dA, dG, dC, dT
2'-H (deoxyribose sugar)

RNA: A, G, C, U
2'-OH (ribose sugar)

Direction: 5'-p —3'-OH



1.2.2 DNA i1s a double helix

The double helix has constant width
hydregen bond i
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DNA double helix —— a research legacy

Yesterday’s research —
today’s legac




DNA double helix

B-form DNA

Flat base pairs connect the DNA strands

The DNA double helix has two grooves
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1.2.3 Supercoiling structure of DNA

Positive supercoiling
The DNA Is twisted around itself in the
same sense as the two strands within the
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| tightly, so that there are more base pairs
’ per turn.

Negative supercoiling

The DNA is twisted around itself in the
opposite sense as the two strands within
the double helix, causing the DNA
strands to be twisted around one another

less tightly, so there are fewer base pairs
per turn.




Type | topoisomerases

IR RIGH LR AN

Doubbe-prrarncad —
temiin

bk iy,

pliss oThar

o Tt

thirosagh

mick, mra

----- ] :
T e e

L = — T}

3 nsgative
marprrrecodla muparcaliz




i Type 11 topoisomerases

Catenans

R S



i Summary of topoisomerases

A type | topoisomerase is an enzyme that changes the
topology of DNA by nicking and resealing one strand of
DNA without requiring any input of energy.

A type Il topoisomerase Is an enzyme that changes the
topology of DNA by nicking and resealing both strands of
DNA. The hydrolysis of ATP may be used to drive the
reactions.

E. coli DNA Gyrase is a type Il topoisomerase that can
Introduce negative supercoils.



i 1.3 Chromosome
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1.3.1 Viral genomes are packaged into their coats

The headshell condenses around TMY RNA

RMA coils into helix
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Note: Viruses have
genomes of double-
stranded or single-
stranded DNA or
RNA.



1.3.2 Prokaryotic chromosome, a supercoiled nucleoid

Bacterial DNA has independently coiled domains

Average loop
contains
=40 kb DMA
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The nucleoid is the region in a prokaryotic cell that contains the genome.
The DNA is bound to proteins and is not enclosed by a membrane.
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1.3.3 Eukaryotic chromatin and chromosomes

Chromatin describes the
state of nuclear DNA and
Its associated proteins
during the interphase
(between mitoses) of the
eukaryotic cell cycle.




Nucleosome is the subunit of chromatin

Individual nucleosomes are

released by digestion of
chromatin with micrococcal

O — nuclease.
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Nucleosome and Histones

A nucleosome has 200 bp DNA and core histones

VINIVININERY, OO H2AX2=28KD Histones are extremely rich
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el Nucleosome:
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— DNA: ~200bp DNA




TABLE 12.2 CATEGORIES AND PROPERTIES
OF HISTONE PROTEINS

Histone Lysine-Arginine Molecular Weight
Type Content (Da)

H1 Lysine-rich 23,000

H2A Slightly lysine-rich 14,000

H2B Slightly lysine-rich 13,800

H3 Arginine-rich 15,300

H4 Arginine-rich 11,300
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| Core particle of nucleosome

Micrococcal nuclease trims nucleosomes to core particles
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Core Particle:
Histones: H2A x2, H2B x2,H3 x2, H4 x2
DNA:  146bp DNA




The N-terminal tails of histones are modified

Lysine and serine are targets for modification

S Histones are modified by

zhxwﬁxwxﬁxc,r‘{l;bc. . .
cRTE ¢ methylation, acetylation,
EH, OH .

o, and phosphorylation.
ot !

Mol B & The sites that are modified are
G, O concentrated in the N-terminal
by, opo tails. These modifications

P have important effects on the
structure of chromatin and in
58 controlling gene expression.
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i Chromatin Remodeling

= Chromatin structure is dynamic
= Induced change in chromatin structure
= Replication, gene expression
= Histone modification
= Acetylation by histone acetyltransferase (HAT)
= Methylation by methyl transferases
= Phosphorylation by kinases
= DNA modifications
= Methylation of cytosine (5-methyl C) in CpG islands



Heterochromatin

= 1928, staining differences in nuclei lead to terms
euchromatin and heterochromatin

s Heterochromatin
= Dark staining

= Genetically inactive
= Few genes, those present repressed
Replicates late in S phase
Centromeres and telomeres are heterochromatic
Portion of Y and inactivated X chromosomes

Position effect when genes are translocated to location adjacent to
heterochromatin



DNA Condensation

The path of nucleosomes in the chromatin fiber

(a) (b)

(d) (e) ()

Chromatin proteins are subdivided into histones and nonhistones.
Nonhistone proteins:
e.g. high mobility group proteins (HMG protein);

and other DNA binding proteins.



Chromosome

Human Chromosomes

Electron microscope imane
erlarged 30,000 tmes

Schematic diagram

A chromosome is a discrete unit of
the genome carrying many genes.
Each chromosome consists of a
very long molecule of duplex DNA
and an approximately equal mass of
proteins. It is visible as a
morphological entity only during
cell division.



i Human Chromosomes
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i 1.4 Genome and Gene

The genome Is the complete set of sequences In
the genetic material of an organism. It includes
the sequence of each chromosome plus any
DNA in organelles.

One gene : one enzyme hypothesis Is the basis of
modern genetics.

One gene : one polypeptide chain : a gene is a
stretch of DNA coding for a single polypeptide
chain.



i 1.4.1 Gene

Introns are removed to make mRNA from an interrupted gene
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A gene Is a stretch of DNA that
functions as a unit to give rise
to an RNA or protein product;
It may include exons and
Introns.

An exon is any segment of a
gene that is represented in the
mature RNA product.

An intron is any segment of a
gene that Is transcribed, but
removed from the transcript in
RNA splicing.



Some DNA sequences code for more than one protein

Alternative starts (or stops) generate related proteins

Full-length protein

Fart-length protein
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1.4.2 Genome Size and Gene Number

Bacterial genome size relates to gene number Eukaryotic gene number varies widely

1 4
2ﬂnmme size |

* Obligate parasitic bacteria
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Repetitive DNA

Unique (single copy):
Most of the genes, a small
percentage of the DNA

Slightly repetitive (1-10 copies):
Some genes

Middle repetitive (10 to several
hundred copies):
e.g. rRNA genes

Highly repetitive (several hundred to
several million copies):
e.g. satellite DNA

Nonrepetitive DNA is only part of the genome
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Buoyant Density Analysis
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i Satellite DNAS

= Some DNASs, when subjected to buoyant density analysis,
give a density profile that is not a single peak as
expected for random variations in the AT/CG content
from one region of DNA to another

= Some densities are over represented
« Satellite DNAs

= Short sequence tandem repeats

= Heterochromatic regions, mostly associated with
centromeres



The human genome has fewer genes than expected

*Only 1% of the human genome
1% of the human genome codes for protein ConSiStS Of COding I‘egions,
*The exons comprise ~5% of each
gene, so genes (exons plus introns)
comprise ~25% of the genome.
*The human genome has 30,000-
Exons = 1% 40,000 genes.
Siher Introns = 24% *~60% of human genes are
Ll lSle s alternatively spliced.
*Up to 80% of the alternative
e SPlICES Change protein sequence, so
the proteome has ~50,000-60,000
members.
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extensive variation

i 1.4.3 Individual genomes show

Single nucleotide polymorphism (SNP) describes a
polymorphism (variation in sequence between individuals)
caused by a change in a single nucleotide. This is responsible
for most of the genetic variation between individuals.

*Restriction fragment length polymorphism (RFLP)
refers to inherited differences in sites for restriction
enzymes (for example, caused by base changes in the target
site) that result in differences in the lengths of the
fragments produced by cleavage with the relevant
restriction enzyme.



Restriction fragment length polymorphism (RFLP)

Some peoint mutations change the restriction map
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Short Tandem Repeat (STR) Markers

Types of STR Repeat Units

Requires size based DNA separafion fo
resolve different alleles from one another

Dinucleotide CANCA)CA)CA)
Trinucleotide GCC)HGCC)HGCO)

|
|
« Tetranucleotide (AATG)AATG)AATG)
|
|

Pentanucleotide (AGAAA)AGAAA)
AGTACA)AGTACA)

+ Hexanucleotide

Short tandem repeat (STR) = microsatellite
= simple sequence repeat (SSR)



Short Tandem Repeat (STR) Markers

An accordion-like DNA sequence that occurs between genes

TCCCAAGCTCTTCCTCTTCCCTAGATCAATACAGACAGAAGACA
CETGGATAGATAGATAGATAGATAGATAGATAGATAGATAGA
TAGATAGATATCATTGAAAGACAALACAGAGATGGATGATAGAT

ACATGCTTACAGATGCACAC

=12 GATA repeats (“12” is all that is reported)
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DNA profiles
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The paolymerase chain reaction (PCR) is used to
amplify STR regions and label the amplicons with

fluorescent dyes using locus-specific pnmers
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Multiplex STR Analysis

Two different individuals H
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1.4.4 Extranuclear genes

Extranuclear genes reside outside the nucleus in organelles
such as mitochondria and chloroplasts.

All human mtDNA is expressed

Animal mtDMNA is inherited from the mother
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nucleus
Mitochondria

Il RNA genes

B Coding regions

— Indicates direction of gene, 5 to 3
CC eytochrome oxidase
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Human Genome
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i Characteristics of Prokaryotic Genome

he prokaryotic chromosome exits as a nucleoid without
the membrane around.

The structure of prokaryotic chromosome Is much more
simple than eukaryotic chromosome.

Many prokaryotic gene are polycistronic (£ iz ¥ ,
and some genes are overlapping (FE2) .

Prokaryotic chromosomal DNA do not contain highly
repeated sequences.

Prokaryotic genes do not contain the noncoding introns.




i Characteristics of Eukaryotic Genome

= The eukaryotic cell contains a membranous nucleus that
Includes the chromosome as carriers of genetic
Information.

= The chromosomal DNA of eukaryotes is packaged into a
highly regular nucleoprotein complex called chromatin.

= A typical eukaryotic gene is monocistronic (Sl sz ) .
= Many DNA segments contain highly repeated sequences.
= Eukaryotic genes are split with the noncoding introns.
WrZd EL K] (interrupted gene)
N ¥ (intron) . AT (exon)




i Summary

1. #0y%(Central dogma);
2. 2l (Replication), %45k (Transcription), &¥1¥(Translation) , 1
3% (Reverse transcription);

3. #1#Z(Nucleoid), #ef44(Chromosome),

JL£h, Jfi (Chromatin);

4. ¥ /IMA(Nucleosome) M FoAZ Cojiiki,  4H 85 (A (Histones) M 15

i

5. 2:[F(Gene), #ME.F(Exon), W7 ¥ (Intron);
6. HAZ T 2 AF 4 (SNP), BRI B R 2 A E 1 (RFLP); STR
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