SBI4U Molecular Genetic Mutations
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Discuss with a partner:

1.When you think about the word
mutation, what comes to mind?
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Discuss with a partner:

2. If you could invent a mutation
for yourself, what would it be?
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Amoeba Sister Video
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https://www.youtube.com/watch?v=vl6Vlf2thvI

X a permanent
change in the
nucleotide
sequence of a
cell's DNA

MUTATION

X typically neutral or X can be passed

harmful, rarely beneficial
x allow species to
change and adapt over
time
x only those adapted to
their environment will
survive
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Multicellular organisms have two types of mutations:

Somatic mutations
* Occur in nongermline tissues
« Cannot be inherited

1. Somatic mutations:
passed on during mitosis, O
but not to subsequent
generations

Nonheritable

Mutation in tumor only
(for example, breast)
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Multicellular organisms have two types of mutations:

Germline mutations
* Present in egg or sperm
« Can be inherited
_ _ * Cause cancer family syndrome
2. Germ-line mutations: P
occur in cells that give rise to O
gametes, passed to -
. Heritable O
subsequent generations
Mutation in All cells
egg or sperm affected in
offspring
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Mutations Can Be:

o Spontaneous or Induced
o Caused by Physical or Chemical

o Chromosomal (large-scale) or Single-gene (small-scale)
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Mutations Can Be:

Spontaneous Induced
X take place naturally as a X caused by agents outside
result of normal molecular the cell
interactions (ex. DNA pol X mutagen: a substance that
made a mistake) increases the rate of
X ex. DNAreplication, mutation

transposons (jJumping genes)
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(A) A spontaneous mutation

This C cannot
hydrogen-
bond with G

O
. but instead
Cytosine Cytosine palrsrjnth o
(commen tautomer) (rare tautomer)

(C) The consequences of either mutation

A spontaneous or
induced mutation
of C occurs,

u;';‘ GC
j +++TTACGAC:+« | »

Original sequence

(B) An induced mutation

~H
Deamination by This base
- cannot pair
HN02 with G but

instead pairs
with A.

o)

Deaminated form
of cytosine (= uracil)

Although the mutated C usuaily

The mutated C pajr\c,) reverts to normal C, elther
with A instead of G, spontaneously or by DNA repair
/ mechanisms...

Template
strand

m

Newdy repllcate

§o8 AATGCTG' .

<= TTACGAC"++ §
..the "mispalred® A remalns, J

propagatlng a mutated sequence.

strands \ Mutated sequence
mi_ e¥ (on =~ Replication is normal

Template/

strand
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With your partner, discuss which type of
mutation Is this considered?

1. Nitrous acid (HNOz) and can turn C in DNA into U

2. Benzpyrene, a component of cigarette smoke,
adds a large chemical group to G, making it

unavailable for base pairing
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With your partner, discuss which type of
mutation is this considered?

1. Nitrous acid (HNO:2) and can turn C in DNA into U

a) Induced!

2. Benzpyrene, a component of cigarette smoke, adds a large
chemical group to G, making it unavailable for base pairing

a) Induced!
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With your partner, discuss which type of
mutation Is this considered?

3. lonizing radiation (X-rays)
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With your partner, discuss which type of mutation Is
this considered?

3. lonizing radiation (X-rays): Induced!

o Produces highly reactive chemical species called free radicals. Free
radicals can change the bases in DNA to unrecognizable forms by the

DNA polymerase.

o It can break the sugar—phosphate backbone of DNA, causing
chromosomal abnormalities -

o UV radiation is absorbed by thymine in
DNA, causing it to form inter-base

covalent bonds with adjacent incomng
nucleotides, called dimers. This can —
cause chaos in DNA replication. =




@)

@)

O

O

Mutagens
Physical: X-rays, UV

Chemical: Nitrites, Gasoline Fumes, Cigarette Smoke

Mutations can be:

At the level of the chromosome, considered large-scale

At the level of the base, considered small-scale.
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Exploration Genetic Mutation
Scratch Program

With your partner, complete the program
with the handout
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https://scratch.mit.edu/projects/360798931/

Types of Mutations: Single-Gene Mutations

Changes in nucleotide sequence of one gene

Mutations Sentence Exploration

1. The cat
2. The bat

had t

nad t

he hat

ne hat

Analyze sentence 1 and sentence 2, then
discuss the changes required to change
sentence 1 into sentence 2 with a partner.
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Mutations Sentence Exploration

1. The cat had the hat
3. The cat had the mat

Analyze sentence 1 and sentence 3, then
discuss the changes required to change
sentence 1 into sentence 3 with a partner.
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Mutations Sentence Exploration

1. The cat had the hat
4. The ath adt heh at

Analyze sentence 1 and sentence 4, then
discuss the changes required to change
sentence 1 into sentence 4 with a partner.
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Mutations Sentence Exploration

1. The cat had the hat
5. The cda tha dth eha

Analyze sentence 1 and sentence 5, then

discuss the changes required to change
sentence 1 into sentence 5 with a partner.
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Single-Gene Mutations

Point mutation (mispairing): most frequent type and a
single base pair is substituted/inserted/deleted. The effect
could be minor, or not, depending on final codon
seqguence!

Silent Mutation: Sequence stays the same

Silent mutation

Mutation at position 12 in DNA: A instead of C

DNA 3’ 5
template TRARCRARCRCRGRARGRG CHCHTRARARTRT

strand
¢Transcr1ptlon

5" 3
mRNA I I Ee l l !c l I l I 5 U Ec l l l ! l

— N = =
¢Transéation

ST

Polypeptide

Missense Mutation: Alters sequence of a protein
Mutation at position 14 in DNA: Ainstead of T
DNA 3’ 5’
template TRARCRARCRCRGRARGRGAGRCECR . RARA
strand
‘Transcnp!ion
MRNA 5'm€ " U = 3
N N N
‘Translalaon
Potpepice SOOROm

Result: Amino acid change at position 5: Val instead of Asp
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Single-Gene Mutations

Nonsense Mutation: inserts a “stop”
earlier than it was supposed to

Frameshift Mutation: Changes
reading frame and all subsequent
amino acids are affected

Nonsense mutation

Mutation at position § in DNA: T instead of C

DNA 3 5’
template TRARCRARBCRGRARGEGRGECRCRTRARART AT

strand
¢'lranscnpuon
mMRNA o &
AJURGRUR: CRURCHCHC GRARURURARA
— e N
iTrans!at:on
Polypeptide s'op

Result: Only one amino acid translated; no protein made

Frame-shift mutation

Mutation by insertion of T between bases 6 and 7 in DNA

DNA 3’ 5’
template TRARCRA CRGRARGRGRGRCRCRTRARARTRT
strand

DNA & 5
template M & & B CRBGRARGRGRGRCRCRTRARARTRT

strand
¢ Transcription

5 q
mRNA E!!H”!IEEACUCCCGGAUUAA

G
— N H—JIW_J SRR ) S
Translation

@

_—

Result: All amino acids changed beyond the insertion

Polypeptide
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Reading the Codon!

Third Base

First Base Second Base

UCU serine
UCC serine
UCA serine
UCG serine

UGU cysteine
UGC cysteine
UGA stop**
UGG tryptophan

UUU phenylalanine
UUC phenylalanine
UUA leucine
UUG leucine

UAU tyrosine
UAC tyrosine
UAA stop**
UAG stop**

CAU histidine

CUU leucine
CUC leucine
CUA leucine

CUG leucine

AUU isoleucine

CCU proline
CCC proline
CCA proline
CCG proline

ACU threonine

CAC histidine
CAA glutamine
CAG glutamine

CGU arginine
CGC arginine
CGA arginine
CGG arginine

AGU serine

AAU asparagine
AAC asparagine
AAA lysine
AAG lysine

AGC serine
AGA arginine

ACC threonine
ACA threonine
ACG threonine

AUC isoleucine
AUA isoleucine

AUG methionine* AGG arginine

GCU alanine
GCC alanine
GCA alanine
GCG alanine

GUU valine
GUC valine
GUA valine
GUG valine

GAU aspartate
GAC aspartate
GAA glutamate
GAG glutamate

GGU glycine
GGC glycine
GGA glycine
GGG glycine

* AUG is an initiator codon. It also codes for the amino acid methionine.
**UAA, UAG, and UGA are terminator codons.
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With your partner, discuss
1. Which single-gene mutation would

have the largest effect?
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2. With your partner, discuss which single-gene
mutation is sickle red blood cells are an example of.

wildtype l :__'}, ‘. . W—— mutant
allele Protein  [T=GIi=C _ =val=(__ allele
Abnormal
Normal
folding of ::::: folding Of
hemoglobin ¢/ /7 /7 /)
molecule CCCCL
Normal red blood cells
wildtype mutant
phenotype phenotype




JUAD mANA

. Nonsense

Missense

Neutral

SCIENCE

NORTH



Types of Mutations: Chromosome Mutations

Changes in chromosomes can involve many genes,
and are usually a consequence of crossing-over gone
wrong during meiosis

Inserted In reverse order.

SLCLTTD — CITHTD —y
———

\m i SR ED — e

B Duplication and deletion result when homologous ...and swap O (; Reciprocal translocation results when nonhomalogous chromosomes
chromosomes break at different points... segments. exohange segments.

{
m~aABlcOFRPC - ABE F& S ABSBE NS AD"!:M N'O
—
SOEED  GEIITHS S COTIELT
t 1

oy
(A) (De!etlon is the loss of a chromosome segment. ) (©) ( inversion resuits when a broken segment IQ
.

I
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Can these mutations
be fixed?
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ERROR CORRECTION

A human cell can go through mitosis and make a copy its DNA
In a few hours!

If you stretched the DNA In

one cell all the way out, it Cel! Y DNA
. ;"l'_"} ’g‘

would be about 2m long and el = ’(;

all the DNA in all your cells (\1_' -

put together would be about 4

twice the diameter of the Nucleus Chromosome

Solar System.

I;"
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Mechanisms of Repair

Proofreading — DNA Polymerase | and DNA Polymerase Il

X BOth prOOf-read and fIX ® % L Polymerase adds an

IR 6] T o -
incorract nucleotide to the

mistakes as new DNAis SR T BV B nowsirand of ONA
being made. " |

X 99% of mistakes are o e
Caught thIS Way ) .lg '2 L '2 1 C - that bases are mispaired
X The incorrect base is taken |
out, and the based correct ot \ B e
added SR T M G{ T remove inconect nuckeotide.
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Mismatch Repair

Similarly in prokaryotes and eukaryotes, a protein group
replaces mismatched nucleotides with the correct ones.

(B) Mismatch repair (» mm
During DNA replication, a The mismatch repair proteins
base was mispaired and excise the mismatched base
missed In procfreading. and some adjacent bases,

mm
i
—’
{\

DNA polymerase | adds
the correct bases,
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Excision Repair

Damage to one or a few bases of DNA is often fixed by removal and
replacement of the damaged region. In base excision repair, just the
damaged base is removed.

(B) Mismatch repair (» mm
During DNA replication, a The mismatch repair proteins
base was mispaired and excise the mismatched base
missed In procfreading. and some adjacent bases,

m ==
_ [
4

DNA polymerase | adds
the correct bases,
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Error Correction Recap

(A) DNA proofreading

During DNA replication, an éThe proteins of the replication DNA polymerase adds
Incorrect base may be complex immediately excise the correct base and
added to the growing chain. the Incorrect base. replication proceeds.

(B) Mismatch repair m =i
M
muuuu;pmmmmu - ul
During DNA replication, a The mismatch repair proteins DNA polymerase | adds
base was mispalred and excise the mismatched base the correct bases.
missed In proofreading. and some adjacent bases.

(C) Excision repair [’ mﬂ" m —

—_— —_— ‘u
A base In DNA Is damaged The exclslon repalr protelns DNA polymerase | adds the
s0 that It Is not functional. exclse the damaged base correct bases by 5’-to-3"
and some adjacent bases. replication of the short strand.
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Targeted Mutagenesis

EDITING A GENE USING
X Researchers have developed THE CRISPR/CAS9 TECHNIQUE

many ways of targeting
specific locations for mutation,
so that they may better study
the effects of certain genes
and changes to them. One
method that is gaining a lot of
attention now is called
CRISPR.

Scientists create a genetic saquence, called
8 “guide RNA that matches the piece of DNA
they want to modify.

Guide RNA

Guide sequence

N

n The guide RNA homes in on the target DNA
sequence, and Cas9 cuts it out. Once thei
job is complete, the guide RNA and Cas9
leave the scene

Guide RNA

a This sequence is added to a cell along with
a protein called Cas®, which acts like a pair
of scissors that cut DNA

Cutting
site

b T

n Now, another plece of DNA Is swapped into
the place of the old DNA, and enzymes repair
the cuts, Voilé, you've edited the DNA!
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https://www.newscientist.com/term/what-is-crispr/

Example Nucleotide
Matching Scratch Game

This game asks players to
match nucleotides!

The checkmark will light up,
stating the answer Is correct,
or the X mark to light up,
asking the player to try again!
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https://scratch.mit.edu/projects/360072232/

CRISPR Resources

CRISPR Explained Youtube Video
https://www.youtube.com/watch?v=UKbrwPL3wXE

How CRISPR lets you edit DNA — Andrea M. Henle
https://www.youtube.com/watch?v=UKbrwPL3wXE

Genetic Engineering Will Change Everything Forever —-CRISPR
https://www.youtube.com/watch?v=jAhjPd4uNFY

With CRISPR Prime, gene therapies are one step closer to curing millions
https://synbiobeta.com/with-crispr-prime-gene-therapies-are-one-step-closer-to-curing-millions/

New Details About The Infamous 'CRISPR Babies' Experiment Have Just Been Revealed
https://www.sciencealert.com/china-s-failed-experiment-proves-we-re-not-ready-for-human-gene-editing

Chinese scientist's claims he created HIV-resistant 'CRISPR babies' a 'deliberate falsehood', researchers say
https://nationalpost.com/news/world/chinese-scientists-claims-he-created-hiv-resistant-crispr-babies-a-deliberate-
falsehood-researchers-say
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https://www.youtube.com/watch?v=UKbrwPL3wXE
https://www.youtube.com/watch?v=UKbrwPL3wXE
https://www.youtube.com/watch?v=jAhjPd4uNFY
https://synbiobeta.com/with-crispr-prime-gene-therapies-are-one-step-closer-to-curing-millions/
https://www.sciencealert.com/china-s-failed-experiment-proves-we-re-not-ready-for-human-gene-editing
https://nationalpost.com/news/world/chinese-scientists-claims-he-created-hiv-resistant-crispr-babies-a-deliberate-falsehood-researchers-say

