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‘ MUTATIONS — When one or more nucleotides (A, G, T, or 6) of a DNA code are modified by mistake; may involve
‘ entire gegmente and even full chromogomes.
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|, SussTiTUTIONS [11 INSERTIONS
One bage ig changed for another | | DELETIONS Bage ig added to a sequence
U U Bage ig removed from a gequence

THE DOG ATE THE CAT (Normal] NEUTRAL

THE HOG ATE THE RAT [Substitution] | A mutation can further affect downgtream processes leading to mutated mRNA

: and mutated (abnormal) proteing. Thege may further have effect on the body which
THE DOG ATE THE BAD CAT (Ingertion] may be 600D, NEUTRAL OIP BAD.

ATH EDO GAT ETH ECAT__ (Ingertion]
Frameghift (cee page 4)

HED OGA TET HEC AT_ [Deletion)

v

protein

3

| BASE SUBSTITUTION MUTATIONS A mutation that reculte in a cingle bace lteration: a bace ic replaced with another one.

[ ExamPpLE]
Target gene J C ig replaced with A
DA AL

Protein O ‘ O C

O
O

Posgible outeomes: (in coding regions)

A ) s
Miggenge mutation [ N ]
AMINO ACID When a DIFFERENT /TA ie coded™ for. -8 -9
CHANGE Nongenge mutation —
Wheﬂ 4 STOP CODON iQ OOde {Or. OU“’ O]( gene franglaﬁon. ——
Regulting in non-functional protein being made. [ C=O= = == ]

NO AMINO Qame genge (Silent/Neutral) mutation
ACID CHANGE

Sometimes a change in the cequence leadg to NO ALTERATION in amino [ O—‘-O—O—O—O]
acid sequence because of the DEGENERATE nature of the ONA code.

A variation in a gingle bage pair in the ONA sequence: ﬂ
SINCLESNUGLLOHDESFO LY MOREHISMESIVES) ;’I-‘eaehMe
*qee table in gection M2 for genetic code -
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. W of a Bage Subetitution Mutation - SICKLE-CELL DISEASE
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MUTATION ﬁ

One bage of the gene

CAUSE: Single bage substitution (hemoglobin gene).

WHERE: 6t triplet (on the anti-genge gtrand)
‘CTC” i¢ mutated into “CAC”.

OUTCOME: Valine ingtead of glutamic acid

(miggenge mutation).
SYMPTOMS: Shortnegs of breath (SOB),
weaknesg, fatigue.

BIG BRAIN TIP! Protein (faulty)
J GLUTAMATE = GLUTAMIC ACID

Protein (Hgmog[ob[nj) ~ VALINE gounds like VILLAIN

TRANSLATION

(

(»’“B chain \

TRANSLATION

Glutamate

Vdline & glutamate have different
gtructure & properties. achale

) ' Hence the polypeptide shape
achain (2 chain and function ig changed.
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Did you know?  MALARIA e an infectioug diceage caused by the parasite Hagmodlium and ie
tranemitted by infected female Angpheles mogquitoes. The paragite attacke a

%\ person’e red blood celle (causing eymptome such ag high fever, chills and even
\

death). Although sickle cell diseage ig a debilitating condition, thoge who have it
are WIGHLY RESISTANT to Malaria infection!
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1 Utations < Cang Ediine

. [, DELETIONS [11. INSERTIONS Can be gingle or multiple nucleotideg (here
Bagels) ia/are removed from a sequence Bacele) ie/are added t0 a cequence 3 are ingerted and three and deleted)
NG TargejL gene

The addition or removal of a bage (or bageg) not only
I alterg the DNA sequence, but aleo the eubgequent
mRNA gequence and thug the protein sequence.

W of an [ngertion Mutation - HUNTINGTON ' § DISEASE

CAUSE: Ingertion mutation. Multiple copies of GAG are incerted.  ouTCOME: Mutated protein (miH#A. Adverse effect on brain function.

WHERE: Chromogome 4, specifically HTT gene. SYMPTOMS: Diffi oulfg walkmg, gpeaking and holding obJec’rg
HTT @Gene [chromogome 4]
DNA Htt ]
Protein Clutarrine Glutarine
repeatg repeatg

More repeate = worge function l/ m

More than 4O repeats will show effect.
Much more glutamine in the mutated protein
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[ngertiong
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X10-26 n “ ok AR o9 A

W A ¥ B )
Orotein ‘—O—O—O—O Normal brain HD brain
(Neuronal death)

glutamine

A normal brain containg CAG or glutamine repeats but not <o many.
In a Huntington’s diseage patient’s brain, there i¢ an excesgive amount of CAG or glutamine repeate.
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€D FRAMLSHIFT MUTATIONS
‘ A mutation regulting in a CHANGE IN READING FRAME, resulting in a completely different tranglation from the original.

Multiples of three (no frameghift mutation) E u
Target gene :

DNA

[ : c P
\—/

NEW Regulte in the came general protein,

arnino acid(<) but with leeg or extra amino acide

Non multiples of three (frameshift mutation) ~ ———

Target gene m

DNA

PR 7= N

7T N 7N 7N
\_’ \_, \_, \_’ \_I

\ J

NIW d Regulte in a completely different
armino aoids protein or unexpected stop

W of a Deletion Mutation = HUMAN IMMUNODEFICIENCY VIRUS ( HIV) chemokineg

. ° 0. ° o o ..o..°.oo. \
ROLE OF WBC: Migrate to giteg of infection and fight infection. . L ° ool

HOW: Help of chemokines (molecules that attract WBC). They bind to special receptors (CCR5) on the ols  °*
DNA CODE: Gene on chromogome 3.

Coreceptor ENTRY OF HIV: HIV- can uge CCR5 receptorg ag entry point (doorway) to infect
? : an uge eceptorg ag entry point (doorway) to infec

Ceii :.‘l J’\’ and degtroy CO4 T celle.

CONSEQUENCE: Slowly decreage in number of leucocytes. Eventually no longer able to

fight off common infectiong: AIDS Stage.

MUTATION: Delta 32 mutation (CCR5-A32). Deletion of 32 nucleotides.
NOT multiple of 3, hence frameghift mutation (stop codon).
No Egroper CCRS receptor --> Highly protected from HIV infection.
BUT without working CCR5 receptor the pereon gets more

—— o sugceptible to other type of infections. :
AIDS
<9
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Opportunigtic Infections a
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6ooD
—s Helpful adaptation —— Better chance eurvival —— Likely paseed on

LONG TERM BENEFITS SHORT TERM BENEFITS
< Mutationg are important for evolution. needed for change. V CCR5-A32 (mutation preventing HIV)
b Needed ag the world is congtantly changing, we need to V Lactose tolerance (see below)
change to auit the environment for survivale eake. . WV Smoking (some mutatione can help reduce the harmful effecte)

~ Having come individuals in a population that possese a
dlightly different genome can help species survive the

changes (ag a gpecies). »'

LACTOSE INTOLERANCE — com—

;. Originally all mammale drank milk ag infantg and became lactoge
‘J (1)) intolerent during adulthood ag the body stops being able to break

9 down the digaccharide lactoge found in milk.
[t ic ofill the cage for most people today, however ag people depended more and I 107,
more on dairy baged agricultural products in the paet (0,000 years, those who 4 (),
could handle lactose lived longer leading to their geneticg being passed on.

World average

MUTATIONS IN Sowmalic cells AND Germ cells

@~ GERM CELLS
e o @ (Sperm & Egg) N

1, o
SOMATIC CELLS Carmetes =7 Mutation oceurs in a germ cell
(Body celle) - v
’ ‘ l m;:)zglfi]?:aﬁd;agrgsfe&
Murtation oceurs in a somatic cell Leads to the babies firat cells
B o Somatic @ @ (zygote) being mutated.
Mutated cell divides by mitogie. celle (i) wl'ro@ ) Al the other celle of fhis baby will be

Forming a clump of mutated cells. @ ) — '@ generated from thig cell
e

Affects the organ where mutated

(tumor or cancer)
Pagged on to the next generation
cell wag found. [t may metagtagize.

(Inherited). Affect individual + offgpring

BIG BRAIN TIP!

9 J Every cell carrieg the mutation
BUT only the cell that expresees .
« e J that gene will be affected. ‘

NOT pagsed on to the next generation.
(only affect the individual)
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» of mutationg
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@ e
® CHEMICAL
& Mumacins
REPLICATION Chemicale can interact with
ERRORS DNA moleculeg to cauge
e——  UtatiON:
[n DA replication, DNA From WITHIN the cell
pO[ngI”GQQ PROOFREADS P Cgr-[-ain gnzymgg
to replace the incorrect
bages with the correct From QUTSIDE the cell
ones. o Benzene — Uged to
aynthegize acetone,
BUT cometimes polyetyrene & nylon.

“SPELLING MISTAKES” can o TOXIC and can cause

oceur. [ncorrect ingertion leukemia (blood cancer)
of a nucleotide, migging [ndustries need to '
nucleotideg etc... minimize their

‘ ‘ employee’s exposure.
Potentially leading to magli)g ete. il

MUTATIONS and thug
altered gene function. Chemicalg algo include

amoking, alcohol...

(Mutationg can oceur anywhere that sequences of nucleotides can be found)

Mutation hotepote ~ zoneg where mutationg are more frequent

CPG ISLANDS

Cytosine followed by Guanine.
Kotgpots of repeat = CpG iglands.

When methylation happens, the C
can@fafe into a T (agsociated
with colorectal cancer).

IONIZING RADIATION
Example: x-rays, gamma rays

How: Cauge formation of
radicale which break DNA
molecules.

NON-1ONIZING RADIATION
Example: Uttraviolet (UV) light
How: Caugeg non-
complementary bageg to
bind to each other.

Leadg to mutationg and
can increage the rigk of
kin cancer.

VIRAL
INFECTIONS

Some VIRUSES euch ag

HBV, HCV, HoY, HIV
can cause MUTATIONS.

HOV can ingert a part
of ite genetic material
into the hogt’e genome
which alters gene
expreggion and can lead
to uncontrolled
replication of celle
(known to cauge cervical
cancer).

LOCATIONS OF MUTATIONS

0,

©
Coding DNA

till hag function in
aiding protein synthegis

%

~
UNCOILED DNA Joooc’[f Qz;_ﬁ

Mutationg are more likely, compared
tightly coiled DNA (more exposed)

NON-CODING REGIONS |

More likely for mutationg to
happen on the non-coding regiong.

GENES WITH >1 COPY

>| copyz/greater change of being mutated.
A.gene that hag two functioning copies can
foler’ate mutatione in the extra copy without it
influencing the cell ag the original copy still exists.
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