Why should | learn this?

Amyotrophic Lateral Sclerosis
(ALS)
Late-onset lethal degenerative

nerve disease

%QZO
19 Human 6

emean g chromosome 7
17 number

Breast cancer
5% of all cases

lllllllll

Understand the basis for genetic diseases



What you have learnt ...

* Central Dogma & the Genetic Code

y—ﬂ __3’ DNA non-template strand <«——
3 &
= B ona emplate strand

\L Transcription

Same base
5’ 3’ sequence,
—uca ||cac||cuc |[Aaa |[uee ||uau ||eou— MRNA <
except T replace U
l Translation
N (o
— Ser || Gu || val || Lys |[ Oys|| Tvr |[ Gy [~ Peptide chain

What happens when DNA is altered?
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Learning Objectives

e 2(d)
Explain what is meant by the terms
and chromosomal aberration.
For gene mutation, knowledge of how substitution,
addition and deletion could change the amino acid
sequence (including frameshift) is required.

2(e)
Explain how gene mutations can result in diseases
(including sickle cell anaemia).




Mutation

Definition: Gene

 Change in the ,
of the DNA of an organism.

Chromosome

PG 37




Not in nhotes

Mutation

 There are several ways to classify the types of
mutations, by:

/

y

Type of cell
the mutation
occurred In

Nature
of mutation

Cause
of mutation

]

»
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Type of mutation

o

Somatic

Occurred in somatic cells
- cells other than germ
line cells.
Spermatogonia

/ oggonia

Occurred in the)
specialized cellsthat give

-1 rise to gametes
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Type of mutation

r\“ Mutations are passed on to
Somatic the daughter cells after

mitosis, I.e. remains in
same organism.

A gamete with the

mutation passes it on to
A .

the new offspring at
fertilization




Not in notes

Somatic mutations Germ-line mutations

0.0 | old

DIOIOIO




Mutation

2

Type of c_eII | Cause Nature
the mutation [/ f ¢ 1 tation {f of mutation
occurred In

4 - y/
\ 4
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Cause of mutation

Extension
. (error)
Spontaneous

Happen naturally. £

No specific agents are DNA Pol’s error rate of
associated. 1/100,000,000 bp
e.g. errors during DNA = ~0.6 to 1 mutation per
replication, replication of human
recombination or repair genome
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Cause of mutation

Spontaneous

N |
Result from the influence

of extraneous factors.

Happen naturally. £
No specific agents are
associated.

e.g. errors during DNA
replication,
recombination or repair

e.g. mutagens



PG 37

Mutagens

Agents that bring about a permanent
alteration to the physical composition

of DNA/gene, such that the genetic
message is changed.
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Types of Mutagens

lonizing radiation, such as X-rays, UV

and gamma rays

Ultraviolet light

;rr Thymine dimer

G CT G TA

CGACAACCAT

Copyright © 2006 Pearson Education, Inc., publishing as Benjamin Cummings.

Chemical substances such as formaldehyde,

colchicine®, mustard gas.
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Types of Mutagens

ili. Base mutagens — chemicals that are
structurally similar to the normal DNA
bases BUT base-pair incorrectly during
DNA replication

N—C N«-H-—N C
C \ / \ /
V/4 N—C C—N
N—C ..
\N— Sugar O+=H—N
Sugas’ ke H g
Sugar t
g 5-Bromouracil Guanine

5-Bromouracil Adenine (enol form)
(keto form)

5-Bromouracil : adenine base pair. S-Bromouracil_guanine base pair.
_ Br --o Na.._—H
; \ / C
C Gl
B[\ ‘ - .\ ‘ .- X // ) /‘/ ‘\\ -
4

N

\Sugar
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Types of Mutagens

iv. Other chemical mutagens can also interfere
with DNA replication by:

* inserting themselves into the DNA and
distorting the double helix.

* chemically modifying bases, which changes
their base-pairing properties.

108

Chemical Modification by O, free
radicals
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Mutation

Type of c_ell \ Cause Nature
the mutation {J . . . (W of mutation

occurred In

. »
Y/
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Nature of mutations

o]

E—

Chromosomal Aberration
{Change in number of copies of existing
alleles OR reshuffling of existing alleles)

Gene mutation
(new alleles of a gene formed)




RECAP: What is a gene?

* A specific sequence of nucleotides along a DNA
molecule which codes for a specific sequence
of amino acids in a polypeptide chain.

Gene
[ l ]
Promoter , RNA-coding sequence Terminator
DNA 5’ [ 1 |+ | | | 3’ Nontemplate strand
g ' |_> ' f— 5’ Template strand
Transcription Transcription

initiation site termination site
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o

™ 4 ™
Gene mutation Chromosomal Aberration
mew alleles of : i (Change in number of copies of existing
\New alleles ot a gene formeda, alleles OR reshuffling of existing alleles)
A s A

While drastic effects of mutations are often

emphasized in diseases such as cancer,@
mutations are actually the source of allele

variation & play a role in evolution @
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1) Chromosomal aberration

* A change in the number or structure of
chromosomes

e Several gene loci are involved

e Effect: Change in number of copies of alleles
/ reshuffling of alleles

e Case study : Trisomy 21 §§ Q‘ii é?" {i Eﬁg
fC¢ 3¢ 2¢ &0 83 3¢

5 §£¢ §8 88 9¢ 85

ie £ 8 ao8 |56 :’g
19 20 21 22 X
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2) Gene mutation

* A change in the nucleotide / base
sequence of a gene

* Asingle gene locus is involved

 May involve a change in one or more bases
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2) Gene mutation

Effect: Formation of new alleles

Change in DNA sequence
=~ amino acid sequence in polypeptide

=~ properties of the protein

may A
=~ phenotype of
organism




2) Gene mutation

Point Mutation:

o Involves changes in just 1 base pair of
the gene

o Can be:

Insertion ’ deletion ') subtitution

2X. /

Ny
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Types of gene mutations

4 )

Classification of
gene mutations

N J

| is based on mutation’s effect on |

Amino acid sequence
Gene sequence : :
in polypeptide

L § 1. Silent
. nser.lon 2. Neutral
2. Deletion i

o 3. Missense
3. Substitution
- . 4. Nonsense
. Inversion 5. Frameshift
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1) Insertion

 Or called ‘Addition’

e One or more nucleotides are added into the
sequence

Example: l
Original DNA sequence:

Mutated DNA sequence: G

> P
0O ®

> O
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2) Deletion

e One or more nucleotides are removed from
the sequence

Example:

Original DNA sequence: G
Mutated DNA sequence: G T

l
X

>
O -
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3) Substitution

* One nucleotide in the sequence is replaced by
another nucleotide

Example: l
Original DNA sequence: G T T A C G A A
Mutated DNA sequence: G T T A A G A A
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4) Inversion

e Several nucleotides are inverted (or switch
positions) from the sequence

I
Example: [
Original DNA sequence: G A : G CcC C
Mutated DNA sequence: G G 1 A CcC C
I



Consolidate (1 min)

Gene mutation
(new forms of alleles)

| _
l l l l

[ Deletion ][ Insertion ][ Substitution ][ Inversion ]
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utations

Types of gene m

-

Classification of
gene mutations

~

J

is based on mutation’s effect on

{ Gene sequence 1

B Dot

Insertion
Deletion

Substitution

Inversion

Amino acid sequenc

In polypeptide

stk e

Silent
Neutral
Missense
Nonsense
Frameshi



Question 1

Not in Notes

Will a change in DNA sequence always result
in @ change in its protein’s primary structure?

3’ 5’
CEIESEEEIENEEE - ONA tmplate

\l Transcription

o

— UCA || GAG || GUG || AAA ||uGC || VAU || GGU
l Translation

N

— Ser Glu Val Lys Cvys Tyr Gly

—  Peptide chain

l

Protein carries out its specific function
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1) Silent mutations

* Refer to mutations that do not change the
amino acid sequence of a protein.

 Reason: The altered codon still codes for the
same amino acid due to the degeneracy

of the genetic code.




Not in Notes
Genetic Code Table

Second letter

U C A G

UUU} ucu’ UAU} UGU } U

& uuci™™ ucc |, uacl™" uGe /9" I8

UUA], . UCA UAA Stop UGA Stop A

UUG| UCG UAG Stop UGG Trp G

CUU) CCU ) CAU}His CGU U
cuc | ccc CAC CGC | -
S [ cua[te¥ cca [Pro CAA} cln CGA [AT9 A =
= CUG | CCG | CAG/ "™ ¢GG . -
£  AUU ACU AAU} aen AGUY . B B
= 4 AUCtlle ACC |~ AACJ™" AGC} SE N o
. AUA | ACA [ '™ AAA AGA} ara B ©

AUG Met ACG AAG}LVS AGG P9 G

GUU) GCU) } U

G Sustval Zcs fAla =

GUG | GCG | } G




@' 1) Silent mutations

* By base substitution

Wild type

mRANA

PG 51

5

™

Prutein/

Amino end

Base-pair substitution

No effect on amino acid sequence

il o




Not in Notes ‘

Question 2

Will a change in primary structure always result
in a change in its protein’s functional

properties?
J’ 5’
P EE EE B ENEE - ONA template strand
‘l Transcription
Same bas
5’ 3 sequence,
—uca ||cac||cua || aaa ||uee [|uau [|eeu—  MRNA <

Translation

(o
Lys || Oys || Tvr —  Peptide chain

l

Protein carries out its specific function
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2) Neutral mutations

Refers to mutations that alter the normal
codon BUT has no effect on the property
& function of the encoded protein.

Generally by base substitution.
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2) Neutral mutations

 Two possible instances:

a) The altered codon encodes for a
different amino acid
BUT this amino acid’s R-group has
similar chemical properties as that of
original amino acid.




‘ Not in Notes ‘

Acidic

Contact & =
catalytic residues B 2P
residues | —> |

| ¢ o iy
active | H3N*—c|:—c/ CH, 4o
site active ) Q) = o~ “aN’—‘I:—C<
& site ( OO 2 =
o)
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2) Neutral mutations

Two possible instances:

b) The altered codon encodes for a different
amino acid

BUT it is found in a region of the protein
where the exact sequence of amino acids
is NOT essential to the protein’s function.




Not in Notes

E.g. enzyme

binding
catalytic residues
residues

active

structural
residues

non-essential
residues
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2) Neutral mutation

Play an important
role in molecular
evolution

Kaloula picta

Discodeles malukis

Igerana tenasserimensis

Hopl chus rugulosus
Limnonectes sp.

‘
Huio masomi
I—'— Amaiops

Sanguirana iuzonens.

Hylaran o

Hylarana grandocula
Hylarana nlcobarientis

srana sp. New Guinws

wana sp. New Guines

ngerana mariae

Ingerane batuensi

Ingerana rajae

> Discodeles matukuno
[g:nu deles butoniformis

15— Ceratabatracku guenthen
r "

atymantis

P

tymantis vitiensis
Plotymantis
Discodeles gupp

Batrachylodes sp.

Discodeles guppyi

% Plotymantss guppy

atymantis ¢
Plentyrmantis boforalus
esiops

rachylodes minutus
Platymantis sg. Halemabera fs),

Flatymantis b Z
———————Platymantis baton e

rro4sulus

b
Batrachylodes of 1rossu

. "
e b pedin Platymantis mamu:

Plarymantis necher
tymantis povits

antis pariis

Plotymaontis wob
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Flaty
1 oty ars
—_——

latymantis desticans

— Flatymantis mognis
[ ————"Fratymantis solomonis

Flatymantis solomonis
Flatymantis web

Platymantss admiraitiensis

Platym:

Platymantis macrosceles

vtis 3p. A Manws Isl

o s

atymartes . € Manus Iul

atymantis adiastolus
Iymantis sehmidtl

Platyn
P
Plar
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Mlotymantis cust,
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Platymantis mams

Tatymantis sp. 56
fatymantis sp. 35
Plotymantis 34
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@ FPlatymantis pygmaeus
atymantis
rex \
4 Flatymantls sp. 40

s levigatus
ar, tnsulatus

31057

Platymontis Jevigatus

Platymentis iuzonensis
&

— 7 etymar

tatymantis

P 1 hazeloe
wom—E
ol

Platymantis panoyentis
Platys

i politlensis
Platymantis sierramadrensis
Flertyrmaniis rroulars

Flatymantis sp. 2 y;
Fiaymantis mantonus Ve
Platymontis mantands

iotymantis diesmos)
Platymantis bayond
Platymaontis g

Platymantis pygmoeus
260087

antis hazefoe

s
tis 5. &

Platymon
T Pratymantis sp.7

ymantis spels

mantis sp. 18
atymantis sp. 19 Platymantis guenther)

s darsalis

mantis psewdodorsalis

2

Platymantis bayen

stis speloeus
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3) Missense mutations

The altered codon encodes for a different amino
acid which has different chemical properties -
changes the properties of the protein

‘A ~—

Non-functional €&

orotein Protein with

g 7 reduced
functional
\ activity 7
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3) Missense mutations

* By base substitution
e.g. sickle-cell anaemia

f To insert into notes
4

e Can also occur or by insertion or deletion
of bases in multiples of three (i.e. one or
more codons)
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3) Missense mutations

Wild type
mRNA |A U] & | Cl U |A A & [\
' : P o =
2| 13 H:_:|H I:C.E':I
Protein Met Lys
Gilycine
Amino end Carboxyl end
non-polar
Base-pair substitution
Missense OH
&
i
HaM cos
Serine

polar
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4) Nonsense mutations

shortened
Refer to mutations that result in a truncated

protein.

The altered codon encodes for a stop codon Q
which results in the premature termination of
translation.

Resulting polypeptide would be shorter than the
polypeptide encoded by the normal gene and it
is usually non-functional.

By base substitution, insertion or deletion.
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4) Nonsense mutations

Wild type

mANA Al U] (G] (A |
5

Protelry Met [

Amino end

i i S
Ehe Gly Stop

3 stop codons :
UGA, UAA, UAG

Not translated

Base-pair substit

Nonsense .
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5) Frameshift mutations

Mutations that cause the triplet reading
frame of MRNA to be shifted

By (1 or 2) base insertion or deletion.

DNA Sequence Amino Acid Sequence

vomsi: CAG, CCC ACT ~ Gln Pro - Thr
msertion Mutation CAG TCC,CACT |~ [Gin BEREEL

{Frameshift):
Cisxian 1 g 2 Ciadewm = Caden 4

rarten wosten CAG TTT CCC ACT ——~ i Il |PFo T

{Non-frameshift): |
g :' Cradawm 3




‘Not IN notes \

5) Frameshift mutations

wild ty e

A G 'y ) \Zl‘ = = r | ‘;‘
mRNAsm S Ecmes Soey S|

Protein | Met |
/

Amino end

Reading frame (noun)

The grouping of three successive bases of DNA
that constitutes the codons for the amino acids
encoded by the DNA.
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5) Frameshift mutations

e As mRNA is read as a series of nucleotide
triplets during translation,

in non-multiples of 3 base pairs
* base insertion or deletion in the gene causes

a catastrophic effect as ribosomes now read
incorrect triplets on the mRNA from the point
of insertion/deletion.

wild type

B K B
~ ..‘ f‘ r | S .
mRNA 5’ —

Proteln/{ Me H Ly:
Amino end
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5) Frameshift mutations

Wild type

MRNA 5 e

Protein /{ Met H Lys
Amino end Carboxyl end

Base-pair insertion or deletio

Frameshift causing
extensive missense

‘B AL

Met H Lys F
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5) Frameshift mutations

NG

- lr./\

* Effect 1 = The protein
specified by the new ;g' |
codons is most likely L{{, e £
non-functional ¢ A

* unless the frameshift is
very near the end of the
gene.
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5) Frameshift mutations

Effect 2: Frameshifts often create new stop
codons, thus generating nonsense mutations,
leading to premature termination of translation.

MRNA
Normal

Protein

RNA WA OV ' M L
Frameshift e : Aib ’ 4

protein  (NGETD)— OGN — TR — TR T

Adapted from Campbell NA (ed). Biology, 2nd ed, 1990.
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Wildtype

o ot i Effects of
m 5 === .
proten /| W deleting/inserting

Amino end 3 consecutive

no framesh butext ormlsslngan':.lnoacld nucleotides are not
as severe because
only one or two
amino acid is
removed/added.
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Consolidate
New protein encoded by mutated |Gene Mutation
(Effect on
polypeptide)
A) A very very different protein Frameshift
B) A truncated protein Nonsense
C) Non - / less functional protein Missense
D) Protein with different primary Neutral

structure, but same function

E) Exactly the same protein Silent



Summary

o« 2(I)\
Explain what is meant by the terms gene mutation
and chromosomal aberration.

For gene mutation, knowledge of how substitution,
addition and deletion could change the amino acid
sequence (including frameshift) is required.

E—

2(m)
Explain how gene mutations can result in diseases
(including sickle cell anaemia).
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Case study: Genetic Disease

Sickle cell

anemia 0
| A

Base substitution & Missense mutation
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Case study : sickle cell anaemia

* A homozygous recessive disorder

* 2 copies of the defective allele needed for
manifestation of the disease

2\

HbA HbS Z’}

Typical

HbA HbS




RECAP - haemoglobin

Hemoglobin molecule

°

l

Red blood cell

Helical shape of the polypeptide molecule
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Case study : sickle cell anaemia

 The major form of haemoglobin (HbA) has a
quaternary structure

* contains 2 identical a-chains + 2 identical -
chains.

* The a and B-chains are encoded by two different
genes found on two different chromosomes.

— o chain : 141 a.a. (Chr 16)
— 3 chain : 146 a.a. (Chr 11)
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Case study : sickle cell anaemia

* Sickle-cell anaemia patients have altered
haemoglobin known as haemoglobin S, HbS

o chains of HbA & HbS are identical but for

* the gene coding for 3 chain in HbS, a
single base substitution occurred




Gene coding for B chain
Wild-type heoglobin DNA Mutant hemoglobin DNA

16 8 5 3 16 18
> T

transcription

g0 T

3 &

translation

4

4

Normal hemoglobin Sickle-cell hemoglobin

6t position 6t position
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Case study : sickle cell anaemia

Ne?
l
iy CH; CH,
CH,, S o
HaN*——(l:—C/ H_ N+ i c/o
l N 3
H = | S
i
Valine
Glutamic acid (Val or Vv)
(Glu or E)
Acidic, Non-polar,

hydrophilic hydrophobic
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Case study : sickle cell anaemia

Tertiary structure of haemoglobin changes

as the R groups of valine form different
interactions with other amino acids
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Case study : sickle cell anaemia

At low oxygen concentrations

L,-, solubility of deoxygenated HbS decreases

HBS molecules stick to each other via
their@phobic regions [valine]

> Polymerization of HbS into
long fibres inside RBCs




Not In nhotes

MNORMAL ZCLUMPED
HEMOGLOBIMN

y Sickle




Polymerlsatlon of HbS

kB ¢



https://www.youtube.com/watch?v=-1_qkwQkB_c
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Case study : sickle cell anaemia

Long fibres of abnormal haemoglobin
deform red blood cells into sickle shape

Normal O, concentration Low O, concentration
Circular, biconcave shape SicT<Ie-shaped
red blood cells red blood cells
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Case study : sickle cell anaemia

* Consequence 1: Sickle-shaped red blood
cells are ineffective in transporting
oxygen
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Case study : sickle cell anaemia

e Consequence 2: Due to their shape, sickled-
shaped red blood cells clump to one another
and clog small capillaries;

e Obstructing blood flow -> symptoms such as
physical weakness, pain or organ damage

Abnormal, sickled, red blood cells

(sickle cells)
Sickle celis
blocking

—
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Consequences of sickle cell anaemia

* Consequence 3: Sickle-shaped RBCs have
a shorter lifespan and haemolyse readily,

* => resulting in anaemia
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Comparison Table

Features Normal condition Sickle-cell anaemia
Gene coding for B-globin chain I AL
Resultant codon on mRNA ... GAA ... ... GUA ...
Resultant amino acid residue Glutamic acid Valine
Resultant haemoglobin Haemoglobin A Haemoglobin S
Solubility of haemoglobin Soluble Less soluble
At low oxygen concentration Remains soluble Forms rigid fibres
Appearance of red blood cell Circular biconcave shape Sickle shape




Summary

Explain what is meant by the terms gene mutation
and chromosomal aberration.

For gene mutation, knowledge of how substitution,
addition and deletion could change the amino acid
sequence (including frameshift) is required.

2(mpT
Explain how gene mutations can result in diseases
(including sickle cell anaemia).




