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D1.3.1—Gene mutations as structural changes to genes at the molecular level. 
D1.3.2—Consequences of base substitutions. D1.3.3—Consequences of insertions and deletions

~

gene mutation
: permanent structural changes to genes at the molecular level i.e . change in DNA nucleotide base sequence

- Base substitution mutation : replacement of one base in the coding section of a gene with another. can result in single-nucleotide polymorphisms SNPs :
a variation at a single base in a DNA

sequence present in more than 1 % of the population. SNPs can occur in both

A - G Transversions :
point mutation that changes a pyrimidine nucleotide single ring coding and non-coding sequences. If it occurs in a gene it may or may not result in a

to a purine double ring or vice-versa new amino acid and polypeptide due to degeneracy of genetic code

↑ ↑ Transitions : point mutation that changes a purine nucleotide single ring Individual 7 ACC ATG ACG Ac↓555598-to another purine or a pyrimidine double ring to another pyrimidine.
C - T More common than transversions as same ring structure kept and more likely Individual 2 ACC ATAACG Ac↓555598-to result in Silent mutations and persist as single-nucleotide polymorphisms

Base substitution mutations can be classified based on the resulting consequence :

·

same-sense silent mutation : base substitution which alters the codon for an amino acid into another codon for TACCOCACGTTTCOCACC

the same amino acid due to degeneracy of genetic code. AUGGCGUGCAAAGCGUGG
-

No effect on the polypeptide produced and the phenotype Met-Ala-Cys-Lys-Ala-Trp original gene

·

missense mutation : base substitution which alters the codon for an amino acid into another codon for a different TACGGGACGTTTCOCACC TACCOGACGTTTCOCACC DNA

amino acid . Changes the polypeptide produced.
If the new amino acid causes the protein fo AUGCCCUGCAAAGCGUGG AUGGCCUGCAAAGCGUGG mRNA

fold differently it may alter protein function and the resulting phenotype ex : Sickle cell anemia Met-Pro-Cys-Lys-Ala-Trp Met-Ala-Cys-Lys-Ala-Trp polypeptide

nonsense mutation : base substitution which alters the codon for an amino acid into a STOP codon
, causing TACCGGACTTTTCGCACC

translation to end prematurely . Polypeptide produced is shortened which may alter its function AUGGCCUGAAAAGCGUGG

or more likely make it non-functional
, altering the phenotype ex : Cystic fibrosis Met-Ala Stop

~ Insertion mutation : addition of one or more nucleotides within the base sequence. Effect depends on the
& Deletion mutation : deletion of one or more nucleotides within the base sequence. Effect depends on the

position and how many nucleotides are added ex : HTTgene and Huntington's disease position and how many nucleotides are removed ex : CCRS gene and HIV resistance

· number inserted is multiple of 3 · number inserted is not multiple of 3 number deleted is not multiple of3number deleted is multiple of 3

extra codon s added
, resulting in a longer Results in a frameshift mutation where the reading frame grouping of codons is shifted, altering codon s deleted , resulting in a shorter

polypeptide. May alter protein function. many all amino acids downstream of mutation. The earlier in the sequence it occurs the greater the polypeptide. May alter protein function.

Majority of protein unaltered impact. Protein produced is very different from original and is likely non-functional Majority of protein unaltered

TACCGGACGTTTCOCACC TACCGGACGTTTCOCACC TACCGGACGTTTCOCACC TACCGGACGTTTCOCACC

AUGGCCUGCAAAGCGUGG AUGGCCUGCAAAGCGUGG AUGGCCUGCAAAGCGUGG AUGGCCUGCAAAGCGUGG

Met-Ala-Cys-Lys-Ala-Trp Met-Ala-Cys-Lys-Ala-Trp Met-Ala-Cys-Lys-Ala-Trp Met-Ala-Cys-Lys-Ala-Trp

#ACCTGAGGACGTTTCOCACC #ACOGGACGTTTCOCACC TACC ACGTTTCOCACC #ACOTTTCOCACC
AUGGGAUCCUGCAAAGCGUGG AUGGCCCUGCAAAGCGUGG AUGG UGCAAAGCGUGG AUG UGCAAAGCGUGG

Met-Gly-Ser-Cys-Lys-Ala-Trp Met-Ala-Leu-Gln-Ser-Val Met-Val-Gln-Ser-Val Met-Cys-Lys-Ala-Trp



D1.3.4—Causes of gene mutation. D1.3.5—Randomness in mutation. D1.3.6—Consequences of mutation 
in germ cells and somatic cells. D1.3.7—Mutation as a source of genetic variation

i .
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netic tests can provide consumers information regarding disease susceptibility and health risks

potential issues : X some allele variants may be missing * life insurance companies may use information to raise premiums

X expert interpretation genetic counseling required so consumers understand and can make informed decisions



HL D1.3.8—Gene knockout as a technique for investigating the function of a gene by changing it to make it inoperative.
D1.3.10—Hypotheses to account for conserved or highly conserved sequences in genes

When analyzing the DNA of an organism , determining which sequences are genes coding can be done by looking for open reading frames
STOP codonHowever

,
how can the function of the gene be determined ? START codon

Gene Knockout : technique that produces a genetically-modified organism with one specific non-functional inoperative gene

~
by observing the phenotype and comparing the modified organism to a normal organism,

it allows deduction of the function of inoperative gene ex: leptin gene is made LEP Knockout mice eat: hormone leptin

inoperative in mice excessively and become obese involved in appetite
& thousands of knockout strains in model organisms have been produced , acting as a library for genetic research suppression and

S -M regulation of fat stores#General process : 1 Observation of phenotype in humans leads to hypothesis - suggesting role of gene 'X' LEP

2 test hypothesis experimentally using Knockout for gene 'X' in model organism
3 validate findings in human cells clinical trials

L

andifferentmodeorganismmichaebrafishmbitransparent , allowing early
development to be easily observed " in few chromosomes - convenient ease of genetic modificationof genes, each offering advantages making them good analogues

*evolution + speciationA4.While genetic variation is present within and across species ,
some sequences are identical or very similar-showing very little variation

Amino acid sequence
& Conserved sequences

: identical or similar across a species or a group of species Frog

chiDop
Pip

Human

~ Highly conserved sequences
: identical or similar over long periods of evolution

eX : cytc gene codes for cytochromec ; -100 amino acid long protein used in aerobic cellular respiration
its sequence and polypeptide product is nearly identical in many organisms

: by comparing gene or polypeptide sequences evolutionary relatedness can be estimated

2 main hypotheses for conserved and highly conserved sequences :

· Functional requirements
gene sequences may code for proteins essential for basic cellular stability, function, or reproduction

impede reproduction,
: change in these sequences could alter the protein's functionality and lead to cell death or

preventing many changes to accumulate over evolutionary history as these are selected against and eventually

Mieliminated by natural selection. Akin to survivorship bias as changes aren't seen as they don't persist

.........· Slower mutation rates

gene sequences are in regions of the genome where mutation rates are low due to higher gene expression.

mutation rate is linked to gene expression : highly transcribed genes have lower rates as these regions may adapted from

Kulikov et al 2011have more enhanced proofreading and repair mechanisms



HL D1.3.9—Use of the CRISPR sequences and the enzyme Cas9 in gene editing. 

Like all organisms, bacteria are susceptible to viral infection. When a virus infects a cell
,

it inserts itsviralA into the bacterial genome and can hijack the cell's metabolism to make morecopies.viruses A2 .
3

~ bacteria have evolved a counter-measure immune system to identify and excise viral DNA using CRISPR-Cas9 Cas9 CRISPR-associated protein 9 :
enzyme that uses CRISPR sequences as a guide to

recognize and cut-open specific sections of DNA

CRISPR-Clustered Regularly Interspaced Short Palindromic Repeats
- Segments of viral DNA from previous infections all differentsame base sequence occurs several times in genome

-

ACGCGTsection of sequence read the same forward and backwards
-

TGCGCA
-

-

small number of bases 23-47 leader

ofteeat spacer repeat

spacerrepeat
spacer repeat areas

- Irepeats separated by spacer sequences at regular intervals I
-

grouped in one part of the genome promotercas genes

& CRISPR-Cas9

system
in bacteria : Cas proteins store pieces of viral DNA as a memory of infection spacers .

Otheras complexes use these memories' as guides to locate and destroy matching viral genomes

!
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Gene editing :
changing the genetic material of an organism by deliberately removing , inserting or altering genes .

:' prime editing is a different technique where a modified cas9 is used which cuts only I strand along with a prime
CRISPR-Cas9 provides a mechanism to precisely cut and edit genomes editing guide peg RNA

, guide RNA and reverse transcriptase. This allows a precise 'search and replace' all-in-one !

Components :

-
-Cas9 :

enzyme which cleaves DNA at
- -

Tspecific endonuclease active sites 5
T -f -

3----guide RNA : RNA engineered to contain a y
complementary sequence to the

D
5 31 = ) PAMtarget gene allowing it to

-

11111111111111111111111111
guide' cas9 to desired location

guide RNA is created with cas9-guide RNA complex binds tocas9-guide RNA complex moves andcas9-guide RNA complex

a PAM Protospacerforms and is introduced into scans DNA until target sequence complementarily and bothNOS : potential use of CRISPR-Cas system in gene editing a complementary sequence to

Adjacent Motif is located next to target strands of DNA are cut by active sitestarget gene and mixed with cas9raises several ethical issues which need to be addressed target cell
, entering nucleus

and regulations agreed upon prior to implementation
&·protein Synthesis DI . 2 &

-Exampleapplication - Sickle-cell anemia ·
Gene Knockout : Cut DNA is repaired by& germ-line editing has severe ethical concerns : &

Sickle-cell anemia have mutated chains in the haemoglobin , causing erythrocyte sickling the cell but incorrectly, resulting in mutations

· safety : risk of off-target edits mutations causing Fetal haemoglobin HbF
,

unlike the adult form is composed of two < and two y subunits additions deletions making gene non-functional

potential unforeseen consequences in other genes but this stops being made in favor of adult haemoglobin after birth due to repression of the
&&

-y globin gene by a repressor protein,
coded by BCL/IA gene. .

CRISPR silences this gene to make HbF* slippery slope : if genetic diseases can be edited
, why not

Gene Knock-in : New gene templateedit for enhancement cosmetic purposes ?

1 modified HSC re-injected intoHematopoietic stem is added and inserted during repairjustice : gene editing is costly and likely only available to the I ↑CRISPR-Cas9 causescell HSC harvested allowing cell to express gene ofpatient. HbF expression increases, new genewealthy inequity in health and genetic status

from bone marrow deletion in BCLIIA gene interestproducing normal erythrocytes
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