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GENE KNOCKOUT Human Genome Project
‘ Rendering a gene unugable to gee the effect A project that aimed to find the bage Gene knockout ig uged to help

it hae on an organiem, and hence ite function.  Sequence (order) of our genome. undergtand the purpoge of each gene.
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% — &\ OO e 3. Dangerous organieme
0% 1. Share many of the came genee
By removing the wheels, we can see wh(af +he|£ ’E’:z ). Eacy o maintain and control  Tekt onfMVi ce
function wag by analyzing the leftover “frame”. £7% 3. Life cycle i much shorter ~ ORm
purpogeg of gene knockout: * One that ig uged in place of another organiem for ethical and practical purpoges.
Studying gene function Modeling human digease Developmental biology
By knocking out genes, we can figure out By replicating digeage in knockout mice, it Knocking out genes involved in embryonic
what their purpoge ig, helping ue helpg regearcherg understand digeage development can help scientiete underetand
undergtand how we function mechaniem and teet potential treatmente. birth defect and developmental digorders.
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A technique called CRISOR-Cag9 wag developed which allows for genes to be edited; whereby mutated genes can be removed
and/or replaced with an unmutated/new gene:
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) Ca9 cleaveg the ONA double strand, Unmutated gene/
removing the mutated segment of DNA. /~ New gene
) Mutated gene is removed or attempte at / | | .
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7 Mutated gene can otherwige be replaced @Me

with a functional (not mutated) vergion
of the gene OR a new gene. a
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5 of Gene Editing
) . GERM CELL EFFECTS ( FUTURE EFFECT) e
L [f CRISPR-Cag9 ig uged in somatic cellg,
only the individual's genome ig modified. . "
[f it ie germ cellg, the individual ie modified and can
page on the modification to future generations.

o _ ..
off-target effecte. Thig ig when the editing I
technology accidentally changes a part of

the genome that wag not intended to be modified.

(. DELETE HARMFUL 6ENE

Useful in single gene digorderg - Huntington’e
or gickle cell digeage

Even delete a full chromogome ~ Down gyndrome

2. OPTIMIZE / AMPLIFY FUNCTION

) Agriculture ~ more food and more regigtance, make
NS food more nourighing or livestoek more productive or
regigtant to digeage.
Example - One CRISOR-Cas project, produced tomato
plants that yielded tuice as much a¢ non-modified plant<. (@)

3. DISEASE TRANSMISSION ‘

Human health ~ modifying mosquitoes go that \
they can no longer trangmit the dengue fever virug, :;":'2
malaria paragite or wegt nile virug. :""'& ',

Qene drive - a mechanigm that increageg the chances

Qo
of a gene being pasged on to the next generation. ‘:‘,:E "f£ c O

2.. OFF TARGLT LFFECTS
Another concern with gene modification ig
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3. Time
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\ CONSERVED AND HIGHLY CONSERVED SEQUENCES /

Even when pogaible, in the laboratory, it doeen’t
mean it can be used yet: otill needs testing.
Ruleg of safety and testing need to followed.
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Congerved sequences: genetic Sequenceg found in DNA or RNA that ghow MINIMAL mutationg over time (in a
gpecies or population). Genormic™ & bioinformatics™

Highly congerved: thoge that show NO or almost no changes.

* Genomics ~ gcience of gene sequencing ™ Bioinformatics - Using computer programe to analyze the enormoug data sete.
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Mutation rate - referg to how many changes there are in a
genetic cequence over time. [t can be expreesed ag the number
of bage pairg changing in a gingle gene at each generation (or
each celeivigion).

]/ SLONER MUTATION RATES

Key ge% uenceg (high rigk) of the genome hag a MORE
ACTIVE DNA repair eyetem. Repair system ig legg active
in low rigk zoneg (non-coding regions, silences geneg).

Zoneg with low mutation rate # Legs mutationg g

They are just corrected better than other zoneg
[highly transeribed genes show lower mutation rates
than les expresced oneg]

). FUNCTIONAL REQUIREMENTS l
: Proteing used in ONA replication,

> trangeription and tranglation: Helicage, non-

coding RNA guch ag tRNA, and ribosomes.

Sequenceg which are critically REGUIRED for the proper
FUNCTIONING of the cell (gee right) are more highly congerved.

NATURAL SELECTION congerveg such sequences by necegsity
(prevente mutated sequences from being pagsed on to the next
genera’non ag offepring wouldn’t eurvive with the mutation). =

Proteing uged in ceullular regpiration
\ such ag eytochrome ¢ and

PURIEYING SELECTION (OR NEGATIVE SELECTION)
Phenomenon of eliminating harmful

ferredoxin etc.
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variation of genes.
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