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{ THE SCIENCE OF GENETICS THE SCIENCE OF GENETICS

Genetics may be defined as the scientific study of The following pictures illustrate the great

: . . i i i in terms of
ftw. i. ited. differences in our species in v
borodity. ie how tralts are s height, weight and skin colour (diverse

human and plant species).

Geneticists are interested in understanding how

' genes are passed from generation to generation. But there are other differences that are

invisible to the eyes such as who has sickle
cell anaemia, or high risk of heart disease,

' Geneticists are also interested in variation. or cancer, or diabetics, or hypertension ete.
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'DIVISIONS OF GENETICS |}

Traditionally, the study of genetics has been dwnded

into three major sub-disciplines: classical | '
(transmission/Mendelian) genetics, molecular |
genetics, and population genetics. =

Classical (transmission) genetics: A discipline that
describes how physical characteristics (traits) are
passed from one generation to another. ‘

' It focuses on how an individual organism inherits its
genetic makeup and how it passes its genes to the
next generation.
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DIVISIONS OF GENETICS

Population genetics explores the genetic
composition of groups of individuals of the same
' species (populations) and how that composition
changes over time and space.

Population genetics explore genetic changes that
are relevant to the process of evolution. The focus
of population genetics is the group of genes found in
a population. '
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DIVISIONS OF GENETICS i

'Molecular genetics: A discipline that studies the'
'chemical and physical nature of the genetic material
(DNA),

transcription, translation and gene regulation- the

how genetic information is encodedv
replicated, and expressed. |

It includes the cellular processes of replication,

processes that control the expression of genetlc<
information. ,

The focus of molecular genetics is:
DNA - RNA - PROTEIN
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I DIVISIONS OF GENETICS |}

It may be convenient or traditional to divide the study
of genetics into these three groups, but we should |
also recognize that the fields overlap, and that each:
major sub-division can be further divided into a|

number of more specialized fields, such as|
chromosomal genetics, biochemical genetics, ;
quantitative genetics, plant genetics, microbial

genetics, animal genetics, human genetics, fungal
genetics, or field-related e.g. clinical genetics,
immuno-genetics, behavioural genetics, developmental
genetics, and each of these organisms can be studied |
at the level of transmission, molecular, and population
genetics.
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MENDELS EXPERIMENTS ] [ LAWS OF INHERITANCE ]

' The modern approach to genetics can be traced to the mid- |

'nineteenth century with Gregor Mendel's careful analyses [ 1. The characteristics of
' of inheritance in peas. (Powar sonmion ) (v o .@‘x . a diploid organism are
' The idea of taking two pure-breeding strains, 57.,“;; ‘v': & || . determined by alleles
A “eweh e et e and yelloe pes, o L . which occur in pairs.
 crossing them together observing i 3 | -
| counting in the next generation and the next T 5'4“ h;\‘% ; Of a pair of such
generation, how many of each colour you get. NlE ¢ e T | alleles, only one can be
(—w‘na,,_m, /E,,T‘m“”“ . carried in a single
<olor | color
J \ Do D ws . . gamete.
v Yellov\ Crven/\nouno wnnkleu ‘Crlv wmte/\ |
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/ / ~;‘ ‘ 2. Each of a pair of alleles for a particular gene
oy 4 ' can combine randomly with either of another
Yellow " Green ( mnuco " Constricted - 1
He observed that in the second generai‘on, you gei about 1/ pair of alleles for a different gene.
of yellow peas. Mendel's incredible clarity really organized
the ideas of genetics for us. : q 1
- = =
- OYEDEJI S.I. Federal Univ. Oye-Ekiti, Dept of Animal & Envirom EG‘OYEDUI S.1. Federal Univ. Oye-Ekiti, Dept of Animal & Environmental Biol.g

1500 1865 1900 1925 B Gentries

Microfilament

'The first quarter of the
' 20th century was devoted
'to figuring out the fact
‘that heredity resided in
cellular structures called
chromosomes.

(Walter Sutton and
Theodore Boveri, 1902)

CHROMOSOMAL THEORY OF HEREDITY } (&

Chromosomes carry the genetic information (the \
DNA), and their behaviour during meiosis L
provides the physical basis for the segregation _

. Typical structure of animal cell
Smooth endoplasmic reticulum ‘2_
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and independent assortment of genes.




Chromosomes }
. . - Supercoil
DNA is tightly packed in a process .inhin chromosome Coiirng
called supercoiling. Supercoiling -
supercoil | |
allows DNA to be wrapped around =
proteins to form nucleosomes. “henman
Other proteins, called histones, s
hold the coils together. . |
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Sister
chromatids

.| A diploid organism has two
iploid organism Centromere

sets of chromosomes organized
as homologous pairs.
v
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Two (sister)
chromatids

microtubules =

Telomere




1500 1865 1900 1925 1950

The second quarter of the
20th century was pretty
much devoted to finding
out the molecular basis of
the cellular structure
(chromosome), and that the
DNA molecule was the
physical molecular basis of
the information in the
chromosomes, and that it

has a double helical
structure.

By mid-century, James Watson and Francis Crick

\;worke out the double-helical nature of DNA (1953).
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1500 1865 1900 1925 1950 1975

The third quarter

of the 20th S
protein A

century was y SOt

devoted to >

figuring out how
the information
‘was written
(DNA-RNA-
Protein),

Also, finding the laboratory techniques that will
allow us to read out that information- through

‘recombinant DNA technology, gene cloning and

_sequencing. L
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1900 1925

The last quarter of [IQ
the 20th century
was devoted to
reading out the
sequence of DNA-
first individual
genes, then
collection of
genes, and then
entire genomes of
small organisms.

st Genome B o B el g

erview of the Yea
; 1997
December
1998

March
2000

Genome Sequence of
Drosophila melanogaster

the human genome

The

February
2001

Finally, in the closing weeks of the 20th century,
the reading out of the nearly complete genetic

information of the human being. G
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CONCEPTS & DEFINITIONS )
A gene is the fundamental unit of heredity.
Genes come in multiple forms called alleles.

Genes encode phenotypes.

_The genetic information that an individual organism possesses is |
its genotype while the trait (physical characteristics) is its
phenotype.

Genes are located on chromosomes
Chromosomes are made up of DNA and associated proteins.

The cells of each species have a characteristic number of chromosomes.
for example, bacterial cells normally possess a single chromosome; human cells
possess 46 chromosomes; pigeon cells possess 80 chromosomes.

Cells can be categorized into Somatic cells and gametes

Chromosomes can be categorized into Autosomes and sex
chromosomes

Chromosomes separate through the processes of mitosis and meiosis |
enetic_information is transferred from DNA to RM%%’ s
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CONCEPTS & DEFINITIONS

Allele is an alternative form of a given gene pain; tall and
dwarf (Tt) are the alleles for the height of a pea plant.
Dominant allele: the allele that expresses its phenotype at
the expense of an alternate allele.

Recessive allele: an allele whose expression is suppressed
in the presence of a dominant allele.

More than two alleles can exist in a population but only two

can be found in an individual.

Homozygote: organism which has only one type of allelic pair; for

example DD is homozygous dominant and dd is homozygous
recessive. Pure lines are homozygous for the gene of interest.

Heterozygote: organism with two different alleles; for
axample the Dd / Tt heterozygote.

~odominant alleles: the heterozygotes express both homozygous
yhenotypes e.g. A and B alleles of the ABO Blood group system.
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™ THE GENETIC MATERIAL __Ji
Life is characterized by tremendous diversity, but the coding

instructions of all living organisms are written in the same
genetic language- that of nucleic acids (DNA or RNA).

In all cellular organisms, the genetic material is DNA.

Several lines of indirect evidence suggested that DNA
harbours the genetic information of living organisms. For
example, most of the DNA of cells is located in tlfe
chromosomes, whereas RNA and proteins are abundant in
the cytoplasm. However, these are not sufficient to prove
that DNA is the genetic material. By 1887, researchers had
concluded that the physical basis of heredity lies in ihe

nucleus.

Severa in the 2™
I line of i igations were conducted In
r investigati e s

quarter of the 20" Century which showe
truly the genetic material.
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THE GENETIC MATERIAL

Sir Frederick Griffith demonstrated transformatlon |
in bacterial (1 925)

Ny mm oyt
DO ITO N

Colm MacLeod, and Maclyn McCarty- demonstrated
that the transformation material is DNA (1944). |




| THE GENETIC MATERIAL

The first clue that DNA was the carrier of hereditary
information came with the demonstration that DNA was
' responsible for a phenomenon called fransformation. The
phenomenon was first observed in 1928 by Sir Frederick
Griffith, an English physician whose special interest was

' the bacterium that causes pneumonia, Sfrepfococcus
pneumonia.

- Griffith had succeeded in isolating several strains of S.
Pneumonia (type 1, I, 1lll, and so forth). In the virulent
(disease-causing) forms of a strain, each bacterium is
-surrounded by a polysaccharide coat, which makes the
'bacterial colony appear smooth when grown on an agar
plate; these forms are referred to as S, for smooth. Griffith
found that these virulent forms occasionally mutated to
snon-wrulent forms, which lack a polysaccharide coat and
sproduce a rough appearing colony on an agar plate; these
\ \tc_)_r”ms are referred to as R for ‘rough.
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Griffith’s transformation experiment

~ Living
S cells

Mouse contracts
pneumonia

S colonies isolated
from tissue of dead mouse

Mouse remains
healthy

R colonies isolated
from tissue

Heat-killed
S cells

Mouse remains Mouse contracts
healthy pneumonia
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The Avery, MaclLeod, and McCarty Experiment

A diagram of the
Avery-Macleod-
. Homogenize McCarty experiment
» Heat-kill 2 Cels that demonstrated
— - e - { - y . .
w Recover IS filtrate \- that D.NA is the active
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lipids, and proteins transformation.
S cells in liquid
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. Treat with Treat with “ Treat with W destroyed i
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- - - protease or RNase.
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he Avery, MacLeod, and McCarty Experiment

Question: What is the chemical nature of the
transforming substance?

Piate on / Ty
agar medium { St S \
v [\ z 3 > I
S cell extract 2 \3 .\::_-: _/
(contains mostly ) ~—

DNA with a little ; R colonies and
Culture of S celis protein and RNA) Cuhture of R celis a few S colonies

The transforming activity In S cefis is not destroyed by heat.

[ Protease o Protein Introduce into
destroyed R cells
RNase RNA Introduce into
Purified - destroyed R cells
transforming - . .
principle ase DNA ntroduce
——-——E‘—ﬁ- < e destroyed R cells
Ultracentrifugation Fats o Introduceinto __ S celis
= i eliminated R cells (Transtormation)
Physical and Indicates
chemical ——————— predominance ;lg‘
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m Performed experi‘llnen't‘lﬂl“s-iﬁgTZ
bacteriophage and bacteria
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Viruses
infect

The Hershey-Chase Experiment

"y
i Viral DNA
?3;3 r:;(rjeiloacttvely

w9  labeled

————

bacteria

Blended and
centrifuged

to separate
cells from virus

(phosphorus)

-’

;_,- Viral protein coats
-~ (nonradicactive)
Bacteria with viral DNA
(radicactive)




. ? A o e The Hershey-Chas
ey, T | /W Experiment

P ol colls groreen
w P < 0T 20 g n ®s O sheving
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Vs /e, @ (“blender”) experiment

| B &£ (5 ‘; A ) demonstrating that DNA, not
. b el protein, is responsible for
':,é o ”w w"; " 4 5:5’,',,'2':1;"’5:?;‘52 : directing the reproduction of

phage T2 in infected £ coli
cells.

DNA abeled phage
used W infect
nonradioactive cells

Protein-labeled phage
used w infect

\ nonradioactive cells

, ] (A) Radioactive DNA is
/"\ @ : 4 @\ transmitted to progeny phage
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>
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t
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in substantial amounts. P
~ After infection rtof ﬁ\_ After infection, part of phage
pa phage ) 9
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| { removed by violent agitation ¢ removed by violent agitation . % . s
) 4, ' akitchen blender J- ','/;:f"‘, in a kitchen blender [B] Radloactlve pl'ofen‘l 13
B

e A transmitted to progeny phage
s 72N /a BN in negligible amounts. S

| Infected cell Infecting
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P
(BAT) ’%‘ﬁg\

: Phage reproduction: cefl lysis Pnage reproduction: ceil
! &\ releases progeny phsge that lysis releases progeny
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TEST OF KNOWLE |

‘1. Why did Hershey and Chase choo
" use in their experiment? se 32P and 35S for

::}‘ J. Could they have used radioactive is
. h otopes of
(C) and oxygen (O) instead? Why or “’h;“ot?; carbon
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GENETIC MATERIAL & NUCLEIC AIDS

| [NUCLEOTIDES
A nucleotide consists of a nitrogen-containing

base, a five-carbon sugar, and one or more
phosphate groups

| We have established from three

experiments discussed in the | —

previous class that DNA is the e
Genetic Material. :

Ny

However, genetic information PHOSEHATE | )%;

may be carried in DNA or RNA. | o o

DNA and RNA are referred to | L |

as Nucleic acids. ‘ |

\

The basic building block of | smidactides Ll |

subunits of ' SUGAR
the nuc'“ﬁ"’qu“_,, T

;’ nucleic acids (DNA or RNA) is
nucleotide.
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FUNC

The genetic material must be able to perform three
essential functions:

' The Genotypic function (Storage & Replication) The

 genetic material must store genetic information and
accurately transmit that information from parents to

' offspring, from one generation to another.

' The Phenotypic function (Gene expression) The

' genetic material must control the development of the

phenotype of the organism - it must dictate the growth

of the organism from the single-celled zygote to the

mature adult.
The Evolutionary function (Mutation)
' The genetic material must undergo changes to produce
 variations that allow organisms to adapt to |
_modifications in the environment so that evolution can

" _occur.
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' INFORMATION MACROMOLECULE

DNA resides in the nucleus of Eukaryotic organisms in
structures known as Chromosomes.

Chromosomes consists of DNA coiled many times around
proteins called histones that stabilize their structure.

Chromosomes have centromeres, which are points at which
they constrict and divides the chromosomes into two

sectlé o‘r arms. The short arm is labeled the “p arm?”, the
long “q arm”. Centromere location gives
the chromosome its characteristic shape.

" W Y
Telomere
. “ )*MJ e il e i , o b ) g
o .+ Centromere Kmetochore———«
| & & ; - Chromatln fiber

""j-" Two (sister) <"

Chromatm is the general structure of [ “"'C | s,,.mf ]
any chromosome, and the basic units retomere | microtubules 11
are nucleosome (DNA + Histone «— \y | ]

- i One
prOtelns) ; T —— e _chromosome chromosome .’ 3_
; m.«& - "




COMPOSITION OF NUCLEIC ACIDS

Nucleic acids (DNA or RNA) are polymers consisting of
repeating units of nucleotides. Each nucleotide consists of a
five-carbon sugar, a phosphate, and a heterocyclic
nitrogenous base.

The nitrogenous bases in DNA are of four types A, C, G, and T.

. .
HOCle O CI)H HOCH; o | CI)H Thymine (l:H3 Cytosine T ; |
e C Cr +C ’ 3 Cr H\Cg/’chg H\Cﬁc,tc/N\: :
A4 N NL22H g |
Al AN a el ol
(LH tL : J, O  PYRIMIDINES O i
Ribose 2-Deoxyribose o PURINES
g\ e QN/Ademne 3 Guanine 1
5-carbon sugar H_?/ G (;: ~ 2
il e N Lw\N.«‘\ =N
C% Soile.
(Pentose) OGN, 1,; “:}% :}"}:MH el Ne—n
| DA HGIPE Y
The five-carbon o H NN SN TN
sugar in DNA is HO—P— O~ Uracil
- - | (RNA only)
- 2-deoxyribose; in o~
RNA, it is ribose. Phosphate 35’-
B s e S P AR 2 Fok Dl -" : e w
‘ -y -d . ; ral Biol
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DNA STRUCTURE

| 5" end terminates

The basic building block of DNA is “nhphmphmeomup}
nucleotide. Nucleotide consists of a 5- o -
carbon sugar (deoxyribose) to which one S i

phosphate is attached at the 5° position <:> ) Jfk
of the sugar ring and one nitrogenous Sy ”_<N | :ff\H

base is attached at the 1° site. )

The bond linking an individual £
sugar residue to the neighbouring /
~sugar residues (OR a nucleotide |Fhosehate linked
to another nucleotide) is a [t©3 cabon
covalent 3',5' .phosphodiester

bond. Covalently attached to Phosphodiester <———"5—b—0
carbon atom 1' of each sugar ™™ i H

. . . |
residue is a nitrogenous base. i T

Because of the phosphate group in

the DNA molecule, DNA is

| negatwely charged hence, soluble
in water.

3’ end OH H

Tand!ummates -V=,.~=7<: e




DNA STRUCTURE- NUCLEOSIDES & NUCLEOTIDES

which consists of one of the four nitrogenous bases |
linked to a pentose sugar is known as a nucleoside. If the sugar is |
deoxyribose, the nucleoside is a deoxyribonucleoside (e.g in DNA);
If the sugar Is awril:ose, the nucleoside is ribonucleoside (e.g in |

RNA). I

A molecule

-
p Y G—

' There are four major deoxyribonucleosides distinguished Eynthe
attached base: deoxyadenosine, deoxyguanosine, deoxythymidine,

and deoxycytidine.
If the nucleoside has one or more attached phosphate groups |
(generally at the 5' position, but alternatively at the 3’ position), the
molecule is a nucleotide. Examples include: deoxyadenosine
 monophosphate (dAMP), deoxyguanosine diphosphate (dGDP),
 deoxythymidine monophosphate (dTMP) and deoxycytidine
triphosphate (dCTP). The nucleotides employed in energy
' metabolism, such as adenosine triphosphate (ATP), are ribose-

' containing molecules.

Nucleotides are covalently linked to one another to
' polymer, or strand with a backbone composed of alternating su

‘ phosphate groups joined by 3'-5- phosphodiesterbonds. T

YAt

form a linear
gar and




HN N\) HN J’ | | |
1 |
/l\ N ()/\- " (), N/

|
OH H OH H
Nucleotide: Deoxyadenylate Deoxyguanylate Deoxythvmidylate Deoxycytidylate !
(deoxyadenosine (deoxvguanosine (deoxythymidine (deoxvcytidine i
5’ -monophosphate) 5’-monophosphate) 5"-monophosphate) 5’-monophosphate) '
Symbols: A. dA. dAMP G. dG,. dGMP T. dT. dTMP C. dC. dCMP
Nucleoside: Deoaxvadenosine Deoxyguanosine Deoxvehymidine Deoxycyriding

(a) Deoxyribonucleotides

o 0
TS '
HZNJ‘\‘ N7 0 N7

NH,

0 0"
O—P—O—CH, 0O o—l!>—o—4:H, O
: 0 H M
H H
6H OH
Nucleodde: Aderalat GET F monopmephan) o ol
Symbols: A. AMP G. GMP U. UMP C CMP
=== Nucleoside: Adenosine Cuanasinege Uridine Cviidine
(b) Rlbunudeatldes
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DNA STRUCTURE & COMPO

N <« 1) DNA has the structure of a
double helix, consisting of
two anti-parallel
polynucleotide chains, held
together by hydrogen bonds
between complementary
bases- adenines and
thymines, and between
guanines and cytosines.

Adenine always pair with
groave thymine (A-T), while
cytosine will always pair
with guanine (G-C).

3) The proportion of adenine in DNA always equals that of thymine,
and the proportion of guanine always equals that of cytosine.

) 4) Furthermore, the proportion of purines (A and G) and
‘ pyrimidines (C and T) is always equal.
== > +5) The base composition of DNA generally varies from one species
g % to another.
=5 : 6) DNA specimens isolated from different tissues of the same
el species have the same base composition.
(s pecies does not

S 559550 - 7) The base composition of DNA in a given s :
/ S change with an organism’s age, nutritional state, or chéf}l"} c,’

2 B oy T ———— e
‘ ; st g "g_.-:-'!v e i "‘~"" S g ,H‘ 3 .‘ : 9 -—‘& $<
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rhhtrogenous bases form hydrogen
'bonds with each other across the |

wudth of the helix. Adenine (A) on -Q-o // o
'one strand always pairs with f W~ iy /4...>
thymine (T) on the opposite strand. o f= SoThes )

Likewise, guanine (G) always pairs e Es
. - 'O—l:O H,C’N\ P oL ! H J)
with cytosine (C). The term ] Ra’ el
complementary is sometimes used avig [ ‘-‘i cw

to describe these pairings. For |

I
example, A is complementary to T, % |~ .. " H°-i—4 2
and C is complementary to G. . ! 2 SR WY (T
Therefore, the order of nucleotides § kip/ s *} Th e

Jon one strand of the DNA helix L3 Ay o £ 1
predicts the ' order of nucleotides \ o} Kl Wiv \

rand. Thus, if one
NA_mllo is




DNA STRUCTURE

The DNA double helix is
~ 2 nanometers in
diameter. It also consists
of a major groove and a
minor groove. One turn
| (pitch) of a double helix
= 10 base pairs = ~
3.4nm (distance
occupied by a single turn
of the helix).

[ §end | | 37end |

3" end | 5" end

Thus, the base pairs in

DNA are stacked about DNA is antiparaliel
0.34nm apart, with 10

base pairs per turn (360)

of the double helix.




DNA STRUCTURE

The two strands of a DNA duplex
are said to be antiparallel  ond of strand
because they always associate in
such a way that the 5'-3°
direction of one DNA strand is HC
' the opposite to that of its e

strand
partner.

'The two strands of a DNA
double helix are said to be

———

- complementary or exhibit
complementarity as the SENEIRN
sequence of bases of one DNA "\~
strand can readily be inferred if .=
the DNA sequence of its Ot - o,
complementa ry strand is incoming decxyribonuclacside triphosphate - 0= 'f—O'
already known. !
This property, the complementarity of the two strands of ‘;K;\{m
'the double helix, makes DNA uniquely suited to store and LT ¢
transmit genetic information from generation to o
‘ ge“e"atiOﬂ. &' and of strand

-
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DNA STRUCTURE A

TS T N &\ oy Chargaff’s rules:

\ 1. The proportion of A always equals
| T that of T, and the proportion of G
: always equals that of C:

A=T,and G =C.

Sugar-phosphate "backbone” i &
g
Hydrogen bonds batween \ A

nitrogancus bases e g;?

2. It follows that there is always an
equal proportion of purines (A and G)
and pyrimidines (C and T).

3 R\ ~L817} ;l'he base composition of DNA can
-, ° therefore be specified unambiguously
g 5 @ ‘Y / by quoting its %GC (=%G + %C)
Pt | composition. For example, if a source
B8 .. fe} ., of DNA is quoted as being 42%GC,
’ the base composition can be inferred
to be: G=21%; C=21%; A= 29%;
T=29%.
Phosphodiestar
bond - £
Note that DNA consist of linear
backbone of alternating sugar and

PR s
AT R I

‘u |
ol

| o
r @ % % M\“{?@

&
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Percentage of Base in DNA
Organism A T G C AT CC
Staphylococcus afermentarns 12.8 129 36.9 375 0.99 0.99
Escherichia coli 26.0 239 249 25.2 1.09 { 0.99
Yeast 313 329 18.7 171 095 1.09
Caenorhabditis elegans* 31.2 29.1 19.3 20.5 1.07 [ 0.96
Arabadopsis thaliana* 29.1 29.7 20.5 20.7 0.98 0.99
Drosophila melanogaster 273 27.6 22.5 22.5 0.99 1.00
Honeybee 344 330 16.2 16.4 1.04 0.99
Mus musculus (mouse) 29.2 29.4 2717 19.7 0.99 1.10
Uuman (liver) 30.7 31.2 19.3 18.8 0.98 1.03
&‘vﬁ:m&;‘d ﬂt(m :wba:: :xt:-::u:%x\tu: ::ﬂg:rx:rgam the amount of A always approximately equals the amount of T, and the level of G is always

10 that of C. Moreover, as you can calculate for yourself, the total amount of purines (A plus G) nearly ahvays equals the total amount of pyrimidines (C plus T).



DNA CHEMISTRY/ BIOPHYSICS

The maximum absorbance of DNA is at
260 nm.

The melting temperature of DNA is the
temperature at which the double

T stranded DNA “melts” forming two single
Increasing temperature strands, OR The temperature at which
50% of a nucleic acid is hybridized to its
complementary strand.

DS

ps=ss [F—~ -~~~

!
i
1
ss '

- The Tm is the temperature when 50% of the double strands

unwound. GC pairs have three hydrogen bonds and AT have two. A
high GC% leads to high Tm.

- The relationship between the melting temperature (7,,) and GC
- content can be expressed in its much simplified form by the
- formula 7= 69.3°C + 0.41(%GC)°C
GC content has a direct effect on Tm. The following examples, demonstrate the point.
Tm = 69.3°C + 0.41(45)°C = 87.75°C
Tm = 69.3°C + 0.41(40)°C = 85.7°C
Tm = 69.3°C + 0.41(60)°C = 93.9°C

O OYEDEJI S.I. Federal Univ. Oye-Ekiti, Dept of Animal & Environmental Biol.
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? The Genotypic function
"Stores and transmit (replicate) genetic

The Phenotypic function (Gene expression)
Specifies protein synthesis (Transcription & Translation),

~ determines characteristics/traits, controls growth

The Evolutionary function
Maintains genetic integrity, allows for adaptation %57

information
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DNA REPLICATION

The ability of cells to maintain a high degree of |
' order in a chaotic universe depends upon the

accurate duplication of vast quantities of genetic

information carried in chemical form as DNA.

This process is called DNA replication.

All organisms must duplicate their DNA with extraordinary
| accuracy before each cell division, so DNA replication must
| occur before a cell can produce two genetically identical

| daughter cells.

In humans, the synthesis of a new strand of DNA occurs at the rate

of about 3000 nucleotides per minute. In bacteria, about 30,000 . . . .
nucleotides are added to a nascent DNA chain per minute. This guanine suggest a simple way in which the

implies that the cellular machinery responsible for DNA replication ==, S0t DNA molecule could be copied, or replicated:
must work very fast, but even more importantly, it must work with Léﬁé@ The original strands could serve as templates
7 >~ on which to build the new strands. e

great precision.
| Z iOOYEDEJI S.l. Federal Univ. Oye-Ekiti, Dept of Animal & Environmental Biol. | i Z @_OYEDEJI S.1. Federal Univ. Oye-Ekiti, Dept of Animal & Envir | Biol.Ji 3

f" DNA REPLICATION | | DNA STRUCTURE

DNA REPLICATION- Structural basis T

DNA has the structure of a double helix,
consisting of two polynucleotide chains, held
together by hydrogen bonds between
»» complementary bases- adenines and thymines,
and between guanines and cytosines j
3 : . [

The physical structure of
DNA proposed by Watson
and Crick has great
explanatory power.

¥ g o s
The fact that adenine can pair only with
4 thymine and that cytosine can pair only with

The ability of each strand of a DNA molecule to act as a

template for producing a complementary strand enables a If the two complementary

cell to copy or replicate its gene before passing them on to strands of a double helix is
separated, by breaking the

its descendants.
hydrogen bonds of each base
each parental strand

: ¢
PROCESS OF DNA REPLICATION pair,
could direct the synthesis of a *‘* TN

1. The hydrogen bonds connecting the two strands are
new complementary strand.

broken.
2. Breaking the hydrogen bonds would cause the two

strands to unwind and separate.
3. Each strand could then be used as a template for the

. : k that th conservative because each e
coqstructlon c_>f a new _strand of [_)NA_. We nowAr.low ! ad D:A oot DA onie Tahix it
main enzyme involved in the replication of DNA is calle o emmod uf Trm ot i = | 5

DNA replication is semi-

polymerase. iqi Incoming decerricenucieosde wghosphal
. When this process is completed, there would be two ::::i":‘:e n(e‘,’::: n;;nt:::i::: ]
copies of the DNA molecule, each composed of one “old” strand. K_\
strand of DNA (from the parent DNA molecule), and one (X ]
newly synthesized strand of DNA. e
e ,S' - .-w “‘:NV ':
K‘;»;—"’;_Lgmfs,f. Federal Univ. Oye-Ekifi, Dept of Animal & Envir F_Toﬂg .2160“09‘ $.1. Federal Univ. Oye-Ekiti, Dept of Animal & Eovironmental ol |=— ?—ZT
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DNA REPLICATION

template t- sty 1m1
& Rk o0 (o] Yo L3

ﬂHl] [;Tmmwu

S strand

s stmnd 6
parent DNA double helix \

During DNA replication inside a cell, each of the two old
iDNA strands serves as a template for the formation of a
' new strand. Because each of the two daughters of a
1 dividing cell inherits a new DNA double helix containing one
| old and one new strand, the DNA double helix is said to be
\repllcated "seml-conservatlvely by DNA polymerase. 2

5

E
OOYEDUI S.l. Federal Univ. Oye-Ekiti, Dept of Animal & Envnronmemul &[g

new 5" strand

new S strand

Ql':l¢lflo ¢UOU¢£ Ly ‘1¢le|

lpmplmu S’ strand

REQUIREMENTS OF DNA REPLICATION §

Although the process of replication includes many
components, they can be combined into three ‘
major groups:

1. A template consisting of single-stranded DNA;

2. Raw materials (substrates) to be assembled
into a new nucleotide strand (dNTPs); and

3. Enzymes and other proteins that “read” the
template and assemble the substrates into a DNA
molecule. |

The positions at which the DNA is first opened are |
called origins of replication. They are marked by a
particular sequence of nucleotides which attract |
initiator proteins. S

—
'C:)IOYEDEJI S.1. Federal Univ. Oye-Ekiti, Dept of Animal & Envirom
S J

DNA REPLICATION

¥ ond of strand

'In DNA synthesis, new
nucleotides are joined one
at a time to the 3° end of the
newly synthesized strand.
DNA polymerases, the
|enzymes that synthesize
'DNA, can add nucleotides
‘only to the 3° end of the
growing strand (not the 5
end), so new DNA strands | | \¢
always elongate in the same
~ 5-to-3 direction (5'—-3’).

. Because the two smgle-strnndeuTBNA templates are
~ antiparallel and strand elongation is always 53, if
mls on one template proceeds from, say, right [ T |
 to I-R. then synﬂiesas on the other umplate must
h

DNA REPLICATION MECHANISM

N—————— T |
OOYEDE" S.1. Federal Univ. Oye- Ekm Dep' of Ammul s Enwronmentul Biol L |

Initiator proteins bind to origin of replication or site of
initiation and cause a short section of DNA to unwind. This
unwinding allows helicase and other single-strand-binding
proteins to attach to the polynucleotide strand.

DNA helicases break the hydrogen bonds that exist between
the bases of the two nucleotide strands of a DNA molecule.
The initiator proteins first separate DNA strands at the
origin, providing a short stretch and then helicases unwound
the double-stranded DNA.

To stabilize the single-stranded DNA long enough for |
replication to take place, single-strand-binding (SSB) |

 proteins attach tightly to the exposed single-stranded DNA.

56




/Anothef protein essential for the unwinding process is the
e enzyme_l?NA gyrase, a topoisomerase which controls the
'supercoiling of DNA. In replication, DNA gyrase reduces
torsional strain (torque) that builds up ahead of the
replication fork as a result of unwinding

An enzyme called primase synthesizes short stretches of
- nucleotides (primers) to[)%et DNA replication started.

A primase
RNA primer

!
&
£

DNA ligase
DNA Polymerase (Pola)

.
|
%

) e
y 5’ :

Okazaki fragment

5 - - i
ey’ XU
strand J §§§g iiE

3. 5

DNA Polymerase (Pold)
Helicase

Single strand,
Binding proteins S'T?

) OYEDE. | - il
" eral Univ. Oye-Ekiti, Dept of Animal & Environmental Biol;J

JOYEDEJI S.I. Fed

Topoisomerase




DNA REPLICATION

' As DNA unwinds during replication, the antiparallel nature of
- the two DNA strands means that one template is exposed in the
5" -3 direction and the other template is exposed in the 3' -5
direction.

'As the DNA unwinds, the template strand that is exposed in the
' 3'>5" direction allows the new strand to be synthesized
continuously, in the 5 -3 direction. This new strand, which

undergoes continuous replication, is called the leading strand.
§ 31

most recently

5, —s Synthesized " _ 5,
DNA | 53 3
A 2 , %§§\3
3" . lagging strand with o i
@ : Okazaki fragments B
il
'UI.III'ITI1IIl"[l"lI‘TT11rTIll!‘T'll'l!
AT "GGATOAGCLGCAAGUGGAATTGGLUGACAITAA
TACTGOCTAGTOGGCGTTCGCCTTAACCGITGTATT ‘5_‘5;
[ EENEEITE I I IS i e AR __ R “' - y

R N PR N e

e e
)OYEDEJI S.I. Federal Univ. Oye-Ekiti, Dept of Animal & Environmental Biol. ‘
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‘unwound before synthesis on this strand gets started,
- replication machinery soon runs out of template.

By that time, more DNA has 7,

- unwound, providing new template 5, .

- at the 5 end of the new strand.
DNA synthesis must start anew at
the replication fork and proceed
in the direction opposite that of ; %

- the movement of the fork until it

- runs into the previously
replicated segment of DNA.

- leading strand

™ lagging strand with
Okazaki fragments

' The other template strand is exposed in the 53’ direction.
After a short length of the DNA has been unwound, synthesis
proceed in the 5 -3', i.e the direction opposite that of
unwinding. Because only a short length of DNA needs to be

the

<9

e s e g
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DNA REPLICATION

This process is repeated again and again, so synthesis of this
- strand is in short, discontinuous bursts. The newly made strand

that undergoes discontinuous replication is called the lagging
strand.

 The short lengths of DNA produced by discontinuous replication
- of the lagging strand are called Okazaki fragments, which are

then linked together to create a continuous new DNA molecule.

DNA primase
RNA primer

DNA ligase
DNA Polymerase (Pola)

e ONIRTEIIIN ™2

Okazaki fragment

‘dllul. DO

Topoisomerase

Leading

s X)) *W!I!Iélil!l!l%l. W

DNA Polymerase (Pold)
Helicase

Single strand,
¥ 4 , - _ Binding proteins é;Q

g

i —
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‘characteristics of DNA Polymerases in £ coli

/ ’ S'—3 3' =5 5'—3’
‘ !DNA Polymerase Polymerization Exonuclease Exonuclease Function
!} I Yes Yes Yes Removes and replaces primers
| il Yes Yes No DNA repair; restarts replication
aflter damaged DNA halts
synthesis
i Yes Yes No Elongates DNA
v Yes No No DNA repair
Vv Yes No No DNA repair; translesion
DNA synthesis J

 Two of the enzymes, DNA polymerase | and DNA polymerase Ill,
'carry out DNA synthesis associated with replication; the other
three have specialized functions in DNA repair.

EDNA polymerase lll is a large multi-protein complex that acts as
' the main workhorse of replication. DNA polymerase lll synthesizes

'nucleotide strands by adding new nucleotides to the 3 end of

. growing DNA molecules. Its 53" polymerase activity allows it to
%add new nucleotides in the 5°—3° direction. Its 3’5" exonuclease |

' activity allows it to remove nucleotides in the 3 -5 directioﬂ,é

' enabling it to correct errors.

'However, the removal and replacement of primers appear to

\constitute the main function of DNA polymerasel.
—_— " o - o o e —— —— — . ﬁ- ‘

¢ 3 \ . " . - .
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Regulatory

S (upstream) sequences

intron Exon 2 3 {downstream)
| DNA
AG e
and 5 3
Silencers UTR UTR
Upstream Downstream
Nontemplate l
strand L Promoter\lz RNA-coding region
: By e _
DNA 3,
Template Transcription Terminator” Transcription
strand start site termination site

RNA transcript 5°

In addition to exons and introns, each gene contains a closely adjacent upstream (5) i
regulatory promoter region and other regulatory sequences including enhancers,
silencers, and sometimes a locus control region. The

promoter region contains specific |
Sequences such as a TATA box, a CG box, and a CAAT box,

which provide binding sites |
for transcription factors. The enhancer and silencer sequences fulfil a similar purpose,
but are located at a greater distance from the coding sequences.

The first and last exons contain untransiated regions,
respectively. The 5 UTR marks the start of transc -
codon which indicates the site of the start of translation. The 3° UTR contains a
termination codon,

which marks the end of translation, plus nucleotides which encode
a sequence of adenpsine rg_siduﬂes k‘nown‘_as‘ poly(A) tail.

known as the 5° UTR and 3' UTR
ription and contains an initiator

EDEJI S.1. Federal Univ. Oye- e

Ekiti, Dept of Animal & Environmental BiolK\“
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",

' 5 {upstream)

Regulatory
seguences

(s B

Enhancers
and

Siencers

RIIE——

SR ST N A KOS e S

Stop

i

Y
CAIT A

Promoter Exon inuron

CAAT GG TATA
UTR

S D g S e, A

il

The structure of a typical Eukaryotic gene
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[
/ | Cell Siructure 2 Genome of Prokaryotes
' Genome Mt DNA
3.2 Billion bp
¥ 0 ke They are microscopic organisms.
?S%J 75% § Their genome is a single, circular DNA molecule.
lamc : related] Ijxtragenic DNA‘I : ‘Their genome size is in the order of a few million base pairs
. ] : [0.6-8].
2% ¥ 23% j .
‘ Coding & l:egnlalory Non-Coding Tandem Repetitive Interspersed || The" g dens’ty- the :‘umber o genes: par hisse pairs in the
region Repeats DNA Repeats genome- is approximately one gene per 1,000 base pairs.

/ Their genome is lean and mean, containing few useless parts

(70 percent is coding for proteins).

‘ % ¥ 3% ¥ 13% 21% _ ¥B8% 3%y ‘Thelr genes do not overlap.
rsaenne DNA ” Mlcro—satel lite U«n-satellute SINE LINE DNA ‘

Transposons Their genes are transcribed (copied into messenger RNA)
f right after a control region called a promoter. These

l
|
|
|

SINE= Short interspersed elements e.g Alu SINE | 'messenger RNA (mRNA) are collinear with the genome
LINE= Long interspersed elements ‘ 'sequence. In other words, genes are in a single piece, not

’ LTR= Long terminal repeats e ; interrupted by noncoding patches (called introns).

e — E — e - — — - — W —n,_

_ 66
— r
OOYEDF—" S.1. Federal Univ. Oye-Ekiti, Dept of Animal & Environmental Biol. GOYEDUI S.l. Federal Univ. Oye-Ekiti, Dept of Animal & Environmental B@g

| CeII Structure & Genome of Eukar otes |

5 Their genome consists of multiple linear pieces of DNA called
| chromosomes (up to a hundred million base pairs long).

| Their genome size (10-670,000 million base pairs), especially for;i
animals and plants, is much bigger than in prokaryotes. :

' Their gene density is much lower than that for prokaryotes (one .
- human gene per 100,000 base pairs)

| Their genome is no model of efficien.cy, containing junk RANSCRIP]-ION & TRANS'-ATE@N

sequences (less than 5 percent of the human genome code for
proteins)

Gene sequences are not collinear with the final messenger RNA 7
(mRNA) and protein sequences. Only small bits (the exons) are
retained in the mature mRNA that encodes the final product. ; Dr- Segun l OYEDEJI

Genes often exhibit more than one mRNA (and protein) form. .
Genes of higher eukaryotes (animals) may span up to millions of |

Federal University Oye-Ekiti

4 | Department of Animal & Environmental Biology
base pairs- the human dystrophin gene (the mutation of which
causes a dreadful disease), for example, is 2.2 million base pairs 2018 Lectune Guide
long.
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-{The central dogma in biology is
that information stored in DNA is
‘transferred to RNA molecules
' during transcription and to protein § i S

during translation. '. 2 ¥ :'i-’?-'s?

DpNA —>RN n§~>pnorem B

oy DNA 3, 3
I \\'j A continuous sequence of |
Transcription __Nucleotides in the DNA . |
L | ? vl MRNA 5° g JeT I REGRTT e 3
{ Translation '- NS
* 4 / Codons
; ~ A Wansiation ﬂ .codes for a continuous sequence
st of amino acids in the protein.
é /
] : e s .
5‘ Polypeptide Tyr The Phe) Ala | Val [5ar | Conclusion: With colinearity, the |
f chain @ - @ v\ § number of nucleotides in the gem
; Amin\o/acids is proportional to the number of §
\ Lammo adids in the pmteirL

R R R

2 T— ; ' e —
OYEDEJI S.I. Federcl Univ. Oye-Ekiti, Dept of Animal & Environmental | Biol.
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DNA, RNA, and proteins are three
major classes of biological
molecules that regulate cellular

functions and carry genetic .
. - h {’
| mformatlon passed from parents to A5
DNA| | \ “ A continuous sequence ofw
| Tansoipion  © | Transcription X{_nuckeotides in the DNA__
' N N ey ey
N~
; | . Codons
daddid Translation ) ... codes for a continuous sequence
- /ofammoa:iﬁdsmihepm%eén‘
Polypeptide s, - Condusion: With colinearity, the |
chain A number of nucleotides in the gefne
; . . is proportional to the number of |
PiRO ackls amino adids in the protein. =9 <

Q OYEDEJI S.I. Federal Univ. Oye-Ekiti, Dept of Animal & Environmental Biol. [ ==




DNA contains genes- sequence of nucleotides containing region%
that codes for an RNA molecule.

The gene region begins with a promoter and ends with a
terminator. Genes also contain

i \\\‘\H regulatory sequences.
© 5 For some genes, the
& encoded RNA is used to
(,?,.:5} synthesize a protein, in a
el process called gene
expression.
Stop For these genes,
ATGH GGAT ARG TGIARG GEAATTGS A ATAY ~ @Xpression can be divided

into two process:

TACTGLCTAGTCGGCGTTCGLE TTAACL! . .
fbta transcription and

lll_l.llllllljlll!llllj 1

p: £y

GLTGTATT
i A

-

. translation
- ‘ Regulatory . \
| S (upstream) sequences Promoter Exon 1 intron 3 (downstream) |
D—_—[ ] DNA |
Enhancers CAAT GGTATA 9 o :

and » .

i

Siencers UTR UTR '7 ‘




T T

TENWEY YN : Sl : :
" - || The initiation of transcription requires
e _promoter sequence.
ra RNA polymerase & other transcription
premtna ' tam Lo S tors

ctors bind to the promoter site.

?teminat&oa codon. Between initiation and tetmination sestians af t&& Q&A
'my be ncneoding (introns) or coding (exons}

mm suenceu
e

o s

——IC

.

g

.y M

e

AaNa R

OYEDE” 5 |. Federal Univ. Oye-Ekm Dept of An|ma| & Enwronmt’!ﬂm| Biol. é.mwwmmw\\w



/" ' —_—
TRANSCRIPTION AND T

/{The properties of a protein, which are responsible for it
' piological function are determined by its three-dimensior:i
structure, which is in turn determined by the sequence :f
the amino acids of which it is Composed, which is
determined by the sequence of nucleotide bases in DNA.

'The transfer of genetic information from DNA to protein
involves two steps:

1) Transcription: the transfer of the genetic information from

DNA to RNA. It is the synthesis of RNA molecules, with I
DNA as a template. !

'2) Translation: the transfer of information from RNA to
. protein

- Gene expression is a sequence of several processes inclt_:ding:
transcription of DNA sequence unto an RNA molecule, processing of
‘the RNA transcript, transport of RNA to the cytoplasm, translation
of mMRNA to amino acid, generation of protein.

?Transcription and Translation are the means by which cells |
\read out, or express, their genetic instructions. 71

’ iti imal & Environmental Biol.
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Nucleotide sequence
in DNA molecule

Antisense strand -
‘ITIYII‘IIIIIIITIITITIIlli"llTl'Tr‘IIlT
ATGACGGATCAGCCGC AAGNGGAATTGG‘ GA_CATAA
UACUGCCUAGUC GG GULﬂ/ ‘ /
A 2 1 £ 4 1 1 A 4 1 1 P 4 2 1 4
NA Transcript

TACTGC AGTCGGCGTTCGCCTTAACCGOTGTATT
jjjllllllllllllllllllllllllljlllilll

Sense strand

Amino acid sequence
in polypeptide chain

| DNA trlplets encodmg each ammo acnd
nmentol Biol. J
—
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In Eukaryotic cells,
transcription occurs in the
nucleus where DNA is used as
a template to make
messenger RNA (mRNA).

Translation however occurs in
the cytoplasm where the
information contained in the
MRNA is used to make a

polypeptide.

73'
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Transcription- Steps and Requirements

The process of transcription involves three steps:
(1) Chain initiation,

(2) Chain elongation, and

(3) Chain termination.

Antisense strand RNA polymerase
rrrirrryrTrrrrirryryroryeri i riernerneyed
ATGACGGATCAGCCGCAAGGGAAT TGGCGACATAA
UACUGCTUAGUCGGLGUU
'Illlll||||l£ljl

RNA Transcript

TACTGCCTAGTCGGCGTTCGCLTTAAC E‘.f‘Gif,.zTGT;;-\TI
i H

2 2 3 3.2 0 4k d s s i b i 0 2 2 s 2 L i Ll L b A b i Rl

Sense strand
Like replication, transcription requires three major
components :
1.A template consisting of single-stranded DNA,
2.Raw materials (substrates), ribonucleoside triphosphosphates
(rNTPs) needed to build a new a new RNA molecule; and
3.The transcription apparatus, consisting of the prote
necessary to catalyze the synthesis of RNA.
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TRANSCRI PTIO

" Transcription is carried out by RNA polymerase. During
transcription, one strand of DNA of a gene is used as a
template to synthesize a complementary strand of
RNA, called the gene transcript.

'RNA polymerase recognizes and bind to a specific
'sequence called promoter, and initiates the synthesis
of mRNA from an adjacent position.

During transcription, an RNA molecule is synthesized
that is complementary and antiparallel to the DNA
template strand. The RNA transcript has the same
polarity and base sequence as does the non template
strand, with the exception that U in RNA substitutes

for T in DNA.

'The completed mRNA moves out of the nucleus to the
ribosomes, the site of translation. 17
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| TRANSCRIPTION

LLs

Antisense strand

ITIIIU!'TIIII'I'fo&;:;‘!
S es

ATGA_GGATCAGCCG_AAG GGA
tlJ f\ CUGCCUAGUCGGCGU Li/

s & 4 82 3. 3 g 2 £ 5 2 ¢ 3 J1..J

RNA Transcript

TACTGCCTAGTCGGC GTTCGCCTTAACC
11]1111lilljlllllllllllill
Sense strand

'The DNA strand (non template strand) that codes for the protein
is called the sense strand because its sequence reads the same
as that of the messenger RNA. The other strand (template

strand) is called the antisense strand and serves as the

template for RNA polymerase during transcription.

l>1OYEDEJ| S.1. Federal Univ. Oyeﬁw -




intron

{coding region) (noncoding region)
ONA— 3Y2) Y
'
. Transcription
5" cap ] poly-A tail
RNA
transcript I

-3

introns are cut out and
coding regions are
spliced together

Mature mRNA transcript —{ 2

s S A LA b 1 SS9 o e N o 1 308

called introns.

During transcription, DNA
is used as a template to
make mRNA.

The strand of mRNA that
is made during
transcription includes
regions called exons that
codes for polypeptides,
and non-coding regions

18/
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<«Alternative splicing refers to the process by which a given
gene is spliced into more than one type of mMRNA molecule.
Thus, a single gene can encode a number of related protein.

[

MO OGRRE

Protein A

-oma

Protein B

Pmmmg %Jggg
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FUNCTIONS OF RNA |
DNA for protein |

‘1. RNA brings genetic information from the
synthesis.
2. It helps to associate ribosomes
molecule during protein synthesis.
3. It functions as carrier of amino-acids.
| 4. It plays a significant role in the
| molecule. .
5. It is involved in post-transcriptional editing of genetic |
message.
6. It is involved in the process of translation.

with the messenger‘:

pPreparation of messenger‘;

RNA is classified according to the function in which it is involved. For example %
the RNA involved in the first function above is aptly called as messenger RNI{?
(mRNA). The one involved in second function is called as ribosomal RNA (rRNA). ,
The RNA involved in carriage of amino acids is called as transfer RNA (tRNA). |
Small nuclear RNA (snRNA) are involved in preparation of messenger RNA, while ,
' guide RNA (gRNA) is involved in post-transcriptional alteration in the genetic |
| message (RNA editing). The RNA species involved in a given function tends to :
have its own structural peculiarities. |

OYEDE.II S.1. Federal Univ. Oye-Ekiti, Dept of Animal & Envir I Biol.

{ TYPES OF RNA MOLECULES |

|
!
Messenger RNA (mRNA) carries the coding instructions for polypeptide |
chains from DNA to the ribosome. They travel to the ribosomes to ditecti
]
1

precisely which amino acids are assembled into polypeptides.

Ribosomal RNA (rRNA): these are structural and catalytical components of |
the ribosomes, the intricate machines that translate nucleotides sequences |
of mRNA into amino acid sequences of polypeptides. rRNA along withf
ribosomal protein subunits, makes up the ribosome, the site of protein |
assembly. During polypeptide synthesis, rRNA provides the site where |
polypeptides are assembled. Jf

Transfer RNA (tRNA): these are small RNA molecules that function as

adaptors between amino acids and the codons in mRNA during translation, |
thereby serving as the link between the coding sequence of nucleotides in |
the mRNA and the amino acid sequence of a polypeptide chain. tRNA |
molecules both transport the amino acids to the ribosome for use in
building the polypeptides and position each amino acid at the correct place

on the elongating polypeptide chain. l

Small nuclear RNAs (snRNAs): these are structural components of |
spliceosomes, the nuclear structures that excise introns from nuclear |

genes.
S . e B2,
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| RNA POLYMERASES OF EUKARYOTES

Whereas a single RNA polymerase catalyzes all transcription in
prokaryotes, three (3) different RNA polymerases are present in
eukaryotes; each enzyme catalyzes the transcription of a specific
class of genes. They are more complex than the prokaryotic RNA
polymerase, with ten or more subunits. All the three eukaryotic
RNA polymerases require the assistance of other proteins called
transcription factors in order to initiate the synthesis of RNA.

RNA Polymerase Il transcribes nuclear genes that encode proteins.
The key features of the 3 eukaryotic RNA polymerases are:

| Enzymo[Location | Products | Sensitivity o a-Amanitin|
RNA Polymerase | Nucleolus  rRNA excluding 5SrRNA  No sensitivity (Ne inhibition)
Complete sensitivity (ihibition)

RNA Polymerase Il Nucleus Nuclear pre-mRNAs

. RNA Polymerase Il Nucleus tRNA, snRNAs, 5SrRNA Intermediate sensitivity

The 3 RNA polymerases exhibit very different sensitivities to
| inhibition by a-amanitin, a metabolic poison produced by the
mushroom Amanita phalloides.

;" TRANSLATION

\

s0s— 7 Q)

' Translation is the process by which the genetic
'information stored in the sequence of nucleotides
'in an mRNA is translated into the amino acid
' sequences of polypeptides according to the
specifications of the genetic code.

—
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TRANSLATION

{ rranslation begin_s when an rRNA mole
ribosome recognizes and binds to a «g
(auG) on the mMRNA. The mRNA molecule
non-overlapping groups of three bases ¢

The ribosome then moves alon
three nucleotides at a time.
nucleotides is a codeword that specifies which amino
acid will be added to the growing polypeptide chain. |

For each codqn in the mRNA that specifies an amino?
acid, there is one tRNA molecule containing al

complementary group of three adjacent bases that can |
pair with the codon. f

cule within the |
tart” sequence
is translated in |
alled codons.

9 the mRNA molecule,
Each group of three

' The ribosome continues until it encounters ai
translational “stop” signal; then it disengages from the |
'mRNA and releases the completed polypeptide. *

|

| OYEDUI S.1. Federal Univ. Oye-Ekiti, Dept of Animal & Envir | Biol.

| AtRNA with charged amino acids tRNA leaving

movement of ribosome

ribosome

Q OYEDEJI S.1. Federal Univ. Oye-Ekiti, Dept of Animal & Environmental liig

{  THE GENETIC CODE |

The rules by which the nucleotide sequence of ag
gene, through the medium of mRNA, is;
translated into the amino acid sequence of a|
protein are known as the genetic code f

|
The sequence of nucleotides in the mRNAf

molecule is read consecutively in groups of
three. ’

Each group of three consecutive nucleotides in |

RNA is called a codon, and each specifies one |
amino acid. |

_&QOYEDUI S.1. Federal Univ Oye-Ekiti. Dept of Animal & Environmental Biol. l —i

il THE GENETIC CODE !

A codon consists of three bases which code for a specific
5 amino acid. As there are four bases, there are 4 x 4 x 4 = 64

' possible codons. These represent the genetic code (next
' slide).

iThe code is described as being degenerate because there
gare 64 codons but only 20 amino acids, so several different
' codons specify the same amino acid.

iTransIation always begins (start) at a codon for methionine
' (AUG), which is often then removed before the completion of
' synthesis of the polypeptide. This is referred to as the

 initiator codon, and it determines the reading frame of the
| mRNA.

1

' Three combinations (UAA, UAG, UGA) specify stop codons,
| also known as nonsense or termination codons. These signal
| the end of translation.

S
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overlapping and comma-free |

/' 3) The genetic code is unambiguous (1 codon, 1 AA)
' 4) The genetic code is degenerate or redundant

'5) The genetic code contains start and stop codons

Ala - alanine

ATrg - arginine

Asn - asparagine
ASp - aspartic acid
Cys - cysteine

Gin - glycine

Clu - glutamine

Gly - glutamic ad,d, —

'6) The genetic code is nearly universal

i j: ' SR
His - histigine

Thr - threonine
! o ~3 T ramranhan

lle - isoleucine I'rp - tryptophan |
-

. H = y Oy O
Leu - leucine LYr - [yrosing

Lys - lysine Val - valine
fAet - methionine
Phe - phenylalanine
Pro - proline

Ser - serine

> 9 OYEDEJI S.l. Federal Univ. Oye-Ekiti, Dept of Animal & Environmental Biol.
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THE GENETIC CODE

Second nucleotide in codon

——C

OYEDEJI S.1. Federal Univ. Oye-Ekiti, Dept of Animal & Envirol B.

u 5
UUU Phe F Phenyialanine) UCU Ser S  Serine UAU  Tr Y Tyrosine uGu Gs C Cysteine |
UWUC Phe F Phenylalanine| UCC Ser S Serine UAC  Tr Y Tyrosine ucC Gs ¢ Cysieine
UUA Llev L Leucne UCA Ser S Serine Uaa Termination UGA Termination __
WG Llew L Lenane UCC Ser S Serine UAG Termination UGG Tp W Tryprophan g ;
(W lew L Leucne U Pro P Proline U His H Histidine (U Ag R Arginine id
CUC lew L Lenane CC Pro P Proline CAC  His H Histidine (GC Arg R Arginine g_
CUA Llev L Leuawe (A Pro P Proline (AA  Cln Q CGlutamine CCA Arg R Arginine -%;
UG Llev L Leuare (G Pro P Proline CAC Gl Q Glutamine (GG Arg R Arginine g.
AUU Be | Isoleucne ACU Thr T Threonine | AU Asn N Asparagine AGU Ser S Serine §.
AUC Be | Ispleucine ACC Thr T Threonine | AAC  Asn N Asparagine AGC Ser §  Serime ’*
AUA HNe | Isclencine AA Thr T Threonine | AMA lys K Lysine ACA Arg R Arginine
The T Threonine | AAG s K Lysine AGG Amg R Arginine
CUU Val V Valine GU Ala A Alanine CAU Asp D Asparmticacd | GGU Cky G Glyane
GUC Vval V Valine GC Ala A Alanine GAC  Asp D Aspariicacid | GGC Gy G Ghume
CUa Val V Valine GCa Ala A Alanine GAA Gl E CGhaamicacid | GGA Gy G Glyame
GUG Val ¥ valine GLGC Ala A Alanine CAG Gl E Clutamicacid | GGG Gy G Ghane

Codon  Three-letter and single-letter abbreviations
Q0




Tht.e tRNA is an adaptor molecule that mediate the specification of
- amino acids by codons in mRNAs during protein synthesis. They
contain a triplet nucleotide sequence (the anticodon), which is
complementary to the base-pairs with the codon sequence in

- mRNA during translation.

 Amino acids are attached to the tRNAs by high-energy bonds
between the carboxyl groups of the amino acids and the 3’-hydroxyl
termini of the tRNAs. The enzyme aminoacyl-tRNA synthetase
catalyze this process. Once an amino acid has been added to a

tRNA, it becomes activated or charged.

' There are three tRNA binding sites on each ribosome (E, P and A

sites). |
1) The A or aminoacyl site binds the incoming aminoacyl-tRNA
which is the tRNA carrying the next amino acid to be added to

the growing polypeptide chain.
2) The P or peptidyl site binds the tRNA to which the growing

peptide is attached. |
3) The E or exit site binds the departing uncharged tRNA. N 1__5
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TRANSLATION- The Ribosome

A ribosome is composed of two subunits. The smaller
'subunit fits into a depression on the surface of the
‘larger one. The A, P, and E sites on the ribosome, play
' key roles in protein synthesis.

Large Large ribosomal
subunit subunit

Small ribosomal

subunit _

nmehtal Biol. .
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mo OYEDEJI S.I. Federal Univ. Oye-Ekiti, Dept of Animal & Enviro




y

- = ‘\_\_\_‘\_J’
Peptide Chain Elongation

rhere ?re thr.ee basic steps involved in t
" slongation during polypeptide synthesis: 8! pencERa, of

/ 1) Aminoacyl-tRNA selection: where the charged initiator

tRNA occupies the P site and the seco i
nd amino -
enters and becomes bound to the A site of the ri‘:;)gotr::A

2) Peptide bond formation: where peptide bond formation |
occurs betw?en the two amino acids, catalyzed by the |
enzyme peptidyl transferase, a component of the Iargej
subunit of the ribosome. 5

| 3) TransIoFation: where the ribosome moves three J:
nucleotides (one codon) along the mRNA in the 5'-3'

direction. ,
i
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( MUTATION )

Mutation may be defined as any heritable change in the genetic
material of the cell. Mutations can happen at any time and in
any cell. It occurs in all genes of all living organisms from!

viruses to humans. ;
Remember that the cells of a sexually reproducing animal or plant !
are of two types: germ cells and somatic cells. The germ cells |
transmit genetic information from parent to offspring; the somatic ‘
cells form the body of the organism. |

Germ cells must be protected against high rates of mutation to

maintain the species. However, the somatic cells of multicellular |
organisms must also be protected from genetic change to properly |
maintain the organized structure of the body. *

Nucleotide changes in somatic cells can give rise to variant cells, i
some of which, through “local” natural selection, proliferate rapidly j‘
at the expense of the rest of the organism. In an extreme case, the |
result is the uncontrolled cell proliferation that we know as cancer, |
a disease that causes more than 20% of human deaths each year. |
These deaths are due largely to an accumulation of changes in the 5

DNA sequences of somatic cells. o
— p—
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o[ MUTATION

;‘ Mutations can occur in Somatic or Germinal cell
| Somatic mutations are mutations that occur in somatic cells hence it will not be

| transmitted to the progeny.
| Germinal mutations occur in the germ cells and are transmitted to the progeny.

i

jThere are two categories mutations:
‘1) Gene mutations, in which the structure or sequence of a

gene is altered at the molecular level.

‘2) Chromosome mutations/aberrations, in which the structure
of one or more chromosomes is affected; OR there may be
addition or subtraction of one or more whole

chromosomes. =Tl
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/1 Gene._ mutations are alteration-s or changes in gene structure
or sequence, and they result in different versions of a gene

'which are called alleles.

SAIIeIes may be different versions of a gene that produce the
' same basic effect, or the effect may be very different. The
effect of a mutant allele on the development of an individual

varies.

' Gene mutations may be point mutations involving a single

' base pair .

Point mutations: these are chemical changes in just one/

'base pair of a gene.
There are three basic types of point mutations:
(1) substitutions, (2) insertions and (3) deletions.

s are commonly referred to as indels.

Insertions and deletion




HBB Sequence in Normal Adult Hemoglobin (Hb A): ?ﬁilrfii;ppd

-

red blood cels Nl
Nucleotide CTG ACT CCT GAG GAG AAG TCT
Amino Acid Leu Thr Pro Glu Glu Lys Ser # 2 pm .
[ | | !

Normal transport i
of oxygen

HBB Sequence in Mutant Adult Hemoglobin (Hb S):

Mutant,

. sickle-shaped
Nucleotide CTG ACT CCT GTG GAG AAG TCT red blood celis
Amino Acid Leu Thr Pro Val Glu Lys Ser

| | I
3 6 9

' There are two types of substitution mutation: ==

* anemia

1) Transition mutation: When a purine base is substituted for the
- other purine, or one pyrimidine is substituted for the other
pyrimidine. Transition mutations are the most common form
of substitution errors.

' 2)Transversion mutation: When a purine replaces a pyrimidine

>1 OYEDEJ I S.1. Federal Univ. Oye-Ekiti, Dept of Animal & Environmental Biol. | J




Insertions and deletions are also referred to as FRAMESHIFT
' MUTATIONS. This is because a single base deletion or
insertion may result in a shifted reading frame

ATG CCA GAG CATAAC Reading Frame 1

Reading Frame 2

Reading Frame 3

DNA strand can be read in three different reading frames. In
Blomformatlcs, the computer must perform six different
étranslatlons for any given double-stranded DNA sequence.

Open reading frame

- ATGACGGATCAGCCGC AAGLGGAAT TGGCGTTTACGTACGATGCGCCQETAA
O T T T T T T T T LB B BN
>-| . OYEDEJI S.I. Federal Univ. Oye-Ekiti, Dept of Animal & Environmental Biol.
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THE

RD GENETIC CODE

STANDA

Second nucleotide in codon
4 u ~E e ' A C 1
UUU Phe F Phenyialanine| UCU Ser S  Serine UAU  Tyr Y Tyrosine veu Gs C Cysteine u%
UUC Phe F Phenylalanine| UCC  Ser S Serine UAC Tyr Y Tyrosine ucC Gs C Cysieine C i.
,_lf- UUA Llev L Leuane UCA Ser S Serine Uaa Termination uca Termination A , :
UUC Llew L Lenane UCG Ser S Serine UaG Termination UGG Tp W Trypwpharn K= ; ;
-' (UU Llev L Leuane CCU Pro P Proline CAU  His H Histidine (CU Arg R Arginine u 3 g.
'@ (UC lew L Leudne CCC Pro P Preline CaC  His H Histdine (GC Ag R Arginine Cg
UA Llev L Leuane (CA Pro P Proiine (ar  Gin Q Cluramine A Arg R Arginine Ajj! % t
SIR (UG Lew L Leuane CCC Po P Prolime | GAG Gl Q Cluamine | (GG Ag R Arginine c -
S AUU Be | Isolemcne ACU Thr T Threonine | AAU  Asn N Asparagine AGU Ser S Serirne U% §. 1
ﬁ 'R AUC  lie | isolencne ACC Thr T Threonine | AaC  Asn N Asparagine AGC Ser S Serine C.’% e
AUA e | Isolewane ACA Thr T Threonine | AAA  lys K Lysine ACA Arg R Arginine lg
AUG Met M e | ACG Thr T Threonine | AAC Lvs K Lysine AGG Arg R Arginine G% E
E CUU Val ¥V Valine GU Ala A Alanine GAU Asp D Asparricacid | GGU Gy G Glyanz uj?
GUC Val V Valine GCC Ala A Alanine GAC Asp D Aspamicadd | GCC Gy G Glycine Q;
Cua Yal V Vline GCA Ala A Alamine | GAA Gl E Ghdaamicacid | GGA Gy G Chyane A
Cuc val Vv valine GG Ala A Alanine GAG Gl £ Chaamicacid | GGG Gy G Cihane
Codon Threeetter and single-letter abbreviations LSO
BEE— m;:_ e —————— S — S —— R —= | e

e OYEDEJI S.1. Federal Univ. Oye-Ekiti, Dept of Animal & Environmental Biol.

/j,‘i'ﬂ

—————



ations in the coding sequence of
fsarious effects on the polypeptide whic
/I thus:.
/ ' ySilent mutations: these are base substitutions t
the amino acid sequence of the
degeneracy of the genetic code.

a gene can have
h my be classified

hat do not alter
polypeptide, due to the

z|MiSSE!‘lSE m_utations: these are base substitutions that alter
the amino acid sequence of the polypeptide.

Example: Sickle-cell anemia

yjNonsense mutations: these are base substitutions that
change a normal codon to a termination codon.

sFrameshift mutations: this involves the addition or deletion
of nucleotides which leads to a shift in reading frame so that |
a completely different amino acid sequence occurs
downstream from the mutation. 1o

OYEDEJI S.1. Federal Univ. Oye-Ekiti, Dept of Animal & Environmental Biol. l Z

{ OCCURRENCE AND CAUSES OF MUTATION |

Mutations can occur spontaneously or be induced

Spontaneous mutations
Result from abnormalities in cellular/biological processes |
e.g DNA replication errors. Substitution of one base for
another is an important mechanism of spontaneous
mutation.

Iinduced mutations
Caused by environmental factors/agents .
Agents that are known to alter DNA structure are termed |
mutagens. These can be chemical or physical agents
such as UV light and X-rays. Most mutagens are also |
carcinogens. ?

Features of Mutation:
1)Mutation originate at the DNA level

2)The effects of mutation are usually found at the protein level

3)Mutation can be Inherited or may occur spontaneously

[———
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' Some mutations are recessive, meaning that their effects

are invisible as long as a normal allele is present e.g. cystic

| fibrosis or sickle cell anaemia. Often recessive mutations

| result in non-functional alleles. With these types of

| mutations, a heterozygous individual has a normal

| phenotype because the normal allele is substituting for its
| dysfunctional partner.

| Some mutations may be dominant, causing a change that
| essentially overpowers the normal function e.g.
Huntington’s disease. So, their effects are seen even when
{a normal allele is present. A heterozygous individual will
| have the disease phenotype when he carries dominant
' disease alleles.

Other mutations are codominant. An individual who is
| heterozygous for codominant alleles will express both alleles.
N e o2
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| TYPES OF CHROMOSOME MUTATION

| Chromosome mutations can be grouped into three basic
| categories:

' 1) Chromosome rearrangements,
. 2) Aneuploids, and
| 3) Polyploids.

| Chromosome _rearrangements alter the structure of

| chromosomes; for example, a piece of a chromosome might

| be duplicated, deleted, or inverted.

| In Aneuploidy, the number of chromosomes is altered: one

' or more individual chromosomes are added or deleted.

| In Polyploidy, one or more complete sets of chromosomes

|are added. Some organisms (such as yeast) possess a
single chromosome set (1n) for most of their life cycles and

|are referred to as haploid, whereas others possess two

. chromosome sets and are referred to as diploid (2n). A

' polyploid is any organism that has more than two sets of
chromosomes (3n, 4n, 5n, or more).

w— i <
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Chromosome rearrangements are mutations that change

the structure of individual chromosomes. The four basic |

types of rearrangements are duplications,
inversions, and translocations.

1) Chromosome duplication is a mutation in which part of |
the chromosome has been doubled as shown below.

Normal chromosome

A B C
BN I
CEREE: - ® T

D -
-
o

E

.'“

C
= T
s B

One chromosome has
a duplication (E and F).

Chromosome with duplications of E and F

A B
o o ERE
om0 :

— | Q OYEDEJI S.I. Federal Univ. Oye-Ekiti. Dept of Animal & Envir | Biol. I Z

deletions, ‘[

| CHROMOSOME REARRANGEMENT

2) Q‘MME a mutation in which there is a
loss of a chromosome segment or deletion of part of the

chromosome.
e
Normal ch ) : = -
Cromosome o mm - - O s .
Chromosome with i et S
ith deletions of E and F - [ e —

3) Chromosome inversions is a mutation in which a
chromosome segment is inverted or turned 180 °C.

. Yl e St

CERTT R A——

Normal chromosome R e - et
Chromosome with inversions :: = = :
of C, Dand E D c

166
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( CHROMOSOME REARRANGEMENT —

;4)Chromosome Translocations is a mutation in which there
is the movement of genetic material between non-
homologous chromosomes or within the same

chromosome. The short arm of one
acrocentric chromosome... |

 Translocations may affect =

' the phenotype by causing B ' k /4 jﬁ exchanged with the ’
genes to move to new p;eistf\; : e il B
locations, where they come e E

under the influence of new |
regulatory sequences, or
by breaking genes and

Robertsonian

translocation

disrupting their function. _ 1 - mesling A e 2
Translocation should not zdhﬁ?:g‘s::ﬁe ;metacenm‘c chromosome. . ’
be confused with crossing g By & o o U '
over, in which there is an +
exchange of genetic o 5',“anda fragment lhaF often ‘
material between Fragment @< 1 fails to segregate and is lost.

homologous chromosomes.
(Rs}

I & Envir

| ANEUPLOIDY |

{This is an abnormal condition were one or more
' chromosomes of a normal set of chromosomes are missing
{or present in more than their usual number of copies.
Aneuploidy can be sub-divided into:

?1)Nu|lisomy: which is the loss of both pairs of homologous
chromosomes (nullisomics) e.g the loss of both pari of
chromosome 2 from both parents (i.e 2n-2).

' 2)Monosomy: the loss of a single chromosome (i.e 2n-1)

3)Trisomy: the gain of an extra copy of a chromosome (i.
2n+1)

' 4)Tetrasomy: the gain of an extra pair of homologou
chromosome (2n+2)

' Some of these chromosomal aberrations can give rise
.genetic diseases which can be detected by Karyotyping.

-
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. CHROMOSOME ABERRATIONS

ANEUPLOIDY

/ Aneuploidy can arise in several ways: Abbreviation What It Means
) 46 XY Normal male
First, a chromosome may be lost in the course of mitosis or |
46 XX Normal female

meiosis if, for example, its centromere is deleted. Loss of | ;
the centromere prevents the spindle fibers from attaching; | _ 45X Turner syndrome (female)
So the chromosome fails to move to the spindle pole and

& . 47 XXY Klinefelter syndrome (male)
does not become incorporated into a nucleus after cell |
division. | 47 XYY Jacobs syndrome (male)
46,XY, del (7q) A male missing part of the long arm
Second, the small chromosome generated by a Robertsonian | of chromosome 7
- o = = - = |
translocation may be lost in mitosis or meiosis. L | 47.XX, + 21 A female with trisomy 21 Down
- . : o ) ' f syndrome
Third, aneuploids may arise through non-disjunction as 3 g‘
shown in next slide. Non-disjunction is the failure of | | 46,XY, 1(7:9)(p21.1; g34.1) A male with a translocation between
| = - | | the short arm of chromosome 7
hon-mlogon_ls _chromc.)sorpes or sister chromatids to separatef ! stiband 211 and e longam o
during meiosis or mitosis. ; a chromosome 9 at band 34.1
48, XXYY A male with an extra X and an extra Y

HD
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| CHROMOSOME ABERRATIONS ) [ ANEUPLOIDY. NON-DISJUNCTION |

Female @ Non-disjunction can occur during either meiotic division.

LNondisjuncﬁon j ‘IA{{’ ) ‘X !

| A.}\!
J/ \ | :_;:1‘;'::““ Nondisjunction during / \
| | jf?rst meiotic dmsnon\
Eggs

| i N
}‘ [ AXABYI ! ! ‘* &
| | :
1 S‘econd meiotic /- i Nondisjunction during
_’ “dIVISIOﬂ o 7 second meiotic division
gGametes [ 4}{. . A( ga { [ ‘ . A(}A r' fa
Female Female Fertilization Y : ~ Fertilization *Aneuploid
(Triple X (Tummer o S \ \ \ \ — ‘Aqnam‘e,:es \ \ \
syndrome) syndrome) ~— } ) o\ ’ e N

oo ] | (D D (1) U SISURRTIET

e ,o,,if; e

Male | Trisomic Monosomic Monosomic Trisomic Diploid
(Klinefelter Nonviable | (2n + 1) (2n-1) (2n-1) (2n+1) 2n
syndrome)

g I
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/ : | CHROMOSOME MUTATION DURING MEIOSIS
/Certain genetic diseases can be detected by

karyotyping e.g. diseases resulting from Fomelo (
chromosomal abberations such as Down

L_ Nondisjunction ‘]
syndrome, Turner syndrome, Klinefelter f/ \/7_\\
Syndrome etc. ;\{\ ?> )( K !( &\@ . @/

"' 2 3 4 5 o ‘ /-\
" (% (i D X - U \{‘5“‘(« FS"j ( xol
6 7 8 e 10 " 12 g \ X7 (T:SIZH; 4’? :‘ r:e?

syndrome) syndrome)

XY /
Sperm 1
3 s ]
JU ) ] } Yoon [y o =
13 14 15 16 17 18 R

Male
i " )i (Klinefelter Nonviable |
it H ) " el |
e 2 22
T 2 n Rl “_Z
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TEST OF KNOWLEDGE

/1) Since introns are largely genetic “junk,”

, they d
not have to be removed precisely frgm tl;e prin%ar;

transcript during RNA splicing. Why or Why not.

2. Which of the following mutational chan

. ges would you
predict to be the most deleterious to gene functizn?
Explain your answers.

a. Insertion of a single nucleotide nea
coding sequence. g r the end of the

b. Remc_wal of a single nucleotide near the beginning of
the coding sequence. ‘

C. Deletion of three consecutive nucleotides in the
middle of the coding sequence.

d._ Substitution of one nucleotide for another in the
middle of the coding sequence. ‘

OYEDEJI S.I. Federal Univ. Oye-Ekiti. Dept of Animal & Envir

05/12/2016)

1. Distinguish between gene and genome

2. Distinguish between

: genotype and henotype;
dominant and recessive; an autosome a':'\d a y:e);
chromosome; DNA and RNA.

' The human genome is the complete set of genetic
information encoded in the sequence of building blocks
' of the molecule deoxyribonucleic acid (DNA), including
protein-encoding genes and other DNA sequences,
characteristic of an organism.

L%
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ASSIGNMENT (21/12/2015)

1. What is transformation? |

2. How did the transformation experiments of Griffith differ
from those of Avery and his colleagues? |

3. How did Avery and his colleagues demonstrate that the
transforming principle is DNA?

4. (a) Why did Hershey and Chase choose 32P and 35S for use in f

i

their experiment? i
(b) Could they have used radioactive isotopes of carbon (C) and
oxygen (O) instead? Why or why not?

5. Which human chromosome contains the largest DNA
molecule? How large is it? How many genes does it contain?

6. When Avery and his colleagues had obtained what was concluded to be |

the transforming factor from the IS virulent cells, they treated the fraction

with proteases, RNase, and DNase, followed in each case by the assay for
retention or loss of transforming ability. What were the purpose and results
of these experiments? What conclusions were drawn? u (‘l

f TEST I (23/01/2017)

1) Distinguish between gene and allele
2) Differentiate between sister chromatids and
homologous chromosomes
3) What are the two basic cell types in the human body?
4) Mention the two types of chromosomes in the human
| bOdy.
' 5) Why was Griffith's work not considered evidence for
DNA as the genetic material?
' 6) What was the conclusion of the experiment carried
out by Avery, MacLeod and McCarty?
7) What was the objective of the experiment carried out |
by Hershey and Chase? ‘
8) List the three essential functions of the genetic
_ material.
' 9) Itemize the differences between DNA and RNA.
10)Distinguish between purines and pyrimidines.

™ =
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#1) What is the full meaning of dCTP? :‘
"“2.) Distinguish between ATP and dAMP

3) List the 4 major types of deoxyribonucleosides
4) Distinguish between Nucleotides and Nucleosides

5) The @x E. coli virus stores its genetic information in/
single stranded DNA. When its DNA was extracted and
analyzed, 21% of the bases were found to be G
residues. Determine the % of bases in this DNA. |

6) Indicate whether each of the following statements ;
about the structure of DNA is true or false. i

(a) A+T = G+C;  (b) A=G; C=T e
___V(QVG/C =1 ‘

W TA=C/G; (o) A+Gm CoT; bl TYY

OOYEDUI S.1. Federal Univ. Oye-Ekiti, Dept of Animal & Envir I Biol. l z

B TEST OF KNOWLEDGE

7) If one strand of DNA in the Watson-Crick double helix
has a base sequence of 5-ACTGCACA-3’, v;lhat is the
base sequence of the complementary strand?

'8) For entertainment on a Friday night,

| a professor of genetics proposed that

' one of his children make a diagram of ‘L’io

' a polynucleotide strand of DNA. O‘Cl’:éH S
' Having learned about DNA in school, 2

' his 12-year-old daughter was able to H OH
1 draw a polynucleotide strand, but she H 7(13

| made a few mistakes. Oo—k—0

OF ‘—&l-{ C base

i . N . H_c_
J Make a list of all the mistakes in the =
{e(':!ucture of this DNA polynucleotide strand. H OH
E H OH

[ (b) Draw the correct structure for the

' polynucleotide strand of DNA. -
! {

N

e
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{ TEST OF KNOWLEDGE :

7)Explain the Figure A ’

=T
c=G ’

8) Distinguish between purines and pyrimidines

Is it possible for more than two alleles of a gene

to exist? Explain citing examples where
necessary.

|
t
What are alleles? !
|
!

(a) What role do the f_ollowing cellular components play in
the storage, €xpression, or transmission of genetic

information: (a) chromo .
histones (a) chromosoms:me, (b) nucleus, (c) ribosome (d) |
123 J

iv. Oye.

-Ekiti, Dept of Animal & Environmental Biol.

: TEST OF KNOWLEDGE

I
E
'9) The relationship between the melting temperature
(7.) and GC content can be expressed in its much
simplified form by the formula T, =69.3°C +
0.41(%GC)°C

a)Calculate the melting temperature of E. cofi DNA
that has about 54% GC

|
I
|
?
|
|
;

b)Estimate the % GC of DNA from a human kidney
cell where T, = 75°¢C

|
|
{
i
{
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TEST OF KNOWLEDGE

) Since introns are largely genetic “junk,” they do
not have to be removed precisely from the primary
transcript during RNA splicing. Why or Why not

2) DNA isolated from the bacterial virus M13 contains
25% A, 33% T, 22% C, and 20% G. Do these results
strike you as peculiar? Why or why not? How might
you explain these values?

— . : 2L

Dept of Animal & Environmental Biol. i

1) Write a concise note on RNA processing or
editing.

2) A scientist is studying the transcription of a

gene in mouse cells growing in culture. How
can she determine whether the gene is
transcribed by RNA polymerase |, RNA |
polymerase Il, or RNA polymerase I11? |

=7

—

2) If the G, stage of human chromosome contains a

present in the chromosomes of the nucleus of
a) a human egg
' b)  ahuman sperm .
¢) ahuman diploid somatic cell in stage G,
d) ahumandiploid somatic cell in stage G,
e) ahuman primary oocyte

1) What differences in the chemical structures of DNA and
protein allow scientists to label one or the other of these
macromolecules with radioactive isotope?

single

molecule of DNA, how many DNA molecules would be

O OYEDEJI S.1. Federal Univ. Oye-Ekiti, Dept of Animal & EnvironmnlulK

dominant, homozygous, heterozygous, ph
/genotype.

'syndrome, which results from a 45,X
[composition.

mosaicism.

_._\-A P e ———— Y.
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( TEST OF KNOWLEDGE

[Explain the terms locus, allele, dominant, recessive, co-

enotype

;What kind of chromosomal aberration is Down syndrome?

and

fA 3-year-old child exhibited some early indication of Turner

chromosome

—
QQ‘OYEDEJI S.1. Federal Uni.v. Oye-Ekiti, Dept of Animal & Enviro

‘Karyotypic analysis demonstrated two cell types: 46,XX
(normal) and 45,X. Propose a mechanism for the origin of this
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i TEST OF KNOWLEDGE

/1) Suppose a gene contains 10 codons: 3. Which of these is not an amino acki:
LA ) h . . a) alanine
a) how many coding nucleotides does the gene 5 s
. c osin
contain? 4 cystélns

b) how many amino acids are expected to be O e
e . . b nslation
present in its polypeptide product? &)  DMA repitcution

d) gene mutation

5. The formation of RNA does not involve:

2) RNA is synthesized using DNA as a template. Is D e

5 ymine

DNA ever synthesized using RNA as a template? <€) removal of water

. 1d) phosphate

Expla'n 6 Where in the cell can mRNA be found:
|a) nucleus
Ib) cytoplasm
c)  ribosome

(29 ) d) all of the above e) none of the above

e
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