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Why are human diseases hard to study?

Depending on rarity finding and diagnosing affected patients to study is challenging. 



What is the advantage of modeling human disease in model organisms?

It is easier to maintain, breed, and work on model organisms in large numbers as long as their 
molecular pathways are conserved. 



What are the advantages of using Drosophila?

Jennings, B (2011)

The Drosophila life cycle and needs make them easy to study with methods and 
references widely available.



In summary, why do we use flies?

Flies are a resource efficient way to study conserved pathways
that can’t be studied in humans.



What are genetic screens?

Screens are an analysis of interesting phenotypes to better understand the genes. 



What are ways you can do a genome-wide screen?

Yamamoto, et. Al (2015)

Forward

Reverse

Forward and reverse screens are different because they start
at different ends of the process.



What are the traditional ways of making mutants?

EMS alkylates bases causing them to
miss pair and change the code.

VS

RNAi targets RNA transcribed from genes and 
slices it to silence expression. 



How do you find recessive mutations?
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Breeding schemes lead to generations
where recessive mutations will be visible. 



In summary, How do genetic screens work? 

Genetic screens relate gene identity to phenotype by studying mutants. 



What is CRISPR?

In bacteria CRISPR is a defense system against
invading genetic material.



How does CRISPR work?

CRISPR works by using RNA to guide
the Cas9 protein to specific spots in 
DNA.



CRISPR is the news (Good or Bad)?



How is CRISPR used in genome-wide screens?

CRISPR gives multiple mechanisms for incorporating stable mutations 
into model organisms. 



What are the useful applications of CRISPR?

CRISPR is useful because of its site-specific interactions with DNA determined by guide RNA. 



How does CRISPR edit genomes?

Xiong, et al. (2016)

The nuclease activity of Cas9 cuts the strand allowing for gene editing.



How does CRISPR repress transcription?

Xiong, et al. (2016)

Without nuclease activity Cas9 blocks transcription without altering the strand. 



How does CRISPR activate transcription?

Xiong, et al. (2016)

CRISPR activates transcription by recruiting
transcription promoters.



Why is CRISPR better for gene editing?

Xiong, et al. (2016)

CRISPR has a higher targeting specificity allowing it to better knockout genes, and also
Target multiple sites simultaneously.



Why is CRISPR better for transcription editing?

CRISPR has fewer off target effects and can be made drug inducible aiding in the study of
essential genes.



In summary, why is CRISPR useful?

CRISPR offers new and improved options for scientists to manipulate organisms
to study pathways.



How do we approach neurological diseases?

https://www.fndaction.org.uk/treatment/ https://onlinelibrary.wiley.com/doi/full/10.1002/jgm.3015

https://www.fndaction.org.uk/treatment/
https://onlinelibrary.wiley.com/doi/full/10.1002/jgm.3015
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What is the goal of this study?

?

Image: https://bugguide.net/node/view/204667 Image: https://www.quora.com/What-is-the-scientific-name-of-man

Identify essential genes in drosophila and their disease causing homologs in humans. 

https://bugguide.net/node/view/204667
https://www.quora.com/What-is-the-scientific-name-of-man


Why use Drosophila?

https://droso4schools.wordpress.com/organs/

Genes that are essential in Drosophila and have multiple human homologs that are likely 
associated with human disease

https://droso4schools.wordpress.com/organs/


How do we study drosophila?

Chemical mutagenesis 
screens 

Adapted from: 
https://www.researchgate.net/figure/Generalized-scheme-for-
a-forward-genetic-screen-using-chemical-mutagenesis-A-
Male_fig4_283747363
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RNAi Screens
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CRISPR

https://www.vox.com/2018/7/23/1759486
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https://www.researchgate.net/figure/Generalized-scheme-for-a-forward-genetic-screen-using-chemical-mutagenesis-A-Male_fig4_283747363
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What have chemical mutagenesis screens in drosophila 
revealed previously?

Development 
Signaling Pathways

https://www.britannica.com/science/human-
development
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Potassium Channels 
(Nervous System)

https://www.britannica.com/science/human-development
https://www.researchgate.net/figure/Schematic-structure-of-transient-receptor-potential-TRP-channels-discussed-in-this_fig2_40685711
https://employees.csbsju.edu/hjakubowski/Jmol/Potassium_Channel/Potassium_ChannelSurfExp4.htm


How were mutations in essential genes isolated?

Mutagenized males using ethyl methane-sulfonate (EMS) and identified 
mutagenized stocks and stocks with recessive lethal mutations



What does the ubx-FLP screen identify?

Analyzed bristle patterns to identify genes associated 
with neural development 
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What does the ey-FLP screen identify?

To identify mutations effecting the visual system, irregular EGRs were analyzed



What are electroretinograms (ERGs)? 

ERGs are a diagnostic test that records electrical activity in neurons in the eye in 
response to a light stimulus used to identify genes related to neuronal function in the 

eye.

Normal response 



What are electroretinograms (ERGs)? 
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eye.

Normal response Mutant response



How did they identify the specific mutations?

Complementation testing to 

rescue male lethality – rescued 

lethality of 1,385 mutations 

https://en.wikipedia.org/wiki/XY_sex-determination_system

https://en.wikipedia.org/wiki/XY_sex-determination_system


How were the mutations mapped?

1) Deficiency mapping 

https://www.ncbi.nlm.nih.gov/books/NBK19687/

https://www.ncbi.nlm.nih.gov/books/NBK19687/
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How were the mutations mapped?

1) Deficiency mapping 

https://www.ncbi.nlm.nih.gov/books/NBK19687/
https://bitesizebio.com/27985/sanger-sequencing-genome-won/
https://knowgenetics.org/whole-genome-sequencing/

2) Sanger Sequencing 

3) WGS

In total, identified 614
mutations to 165 genes, 
including 81 loci not yet 
characterized in vivo

https://www.ncbi.nlm.nih.gov/books/NBK19687/
https://bitesizebio.com/27985/sanger-sequencing-genome-won/
https://knowgenetics.org/whole-genome-sequencing/


How do the results compare to results from RNAi 
screens?

Compared results with an RNAi performed previously and found very few 
genes identified in both studies 



How does this relate to human disease?



How does this relate to human disease?



Does number of homologs matter?



How can this information be used to identify new 
human disease genes?

Used 1,929 individuals with 
undiagnosed mendelian 

diseases and analyzed 237 of 
the 259 human/fly homologs 

using both dominant and 
recessive models



How can this information be used to 
identify new human disease genes?

22 of the 31 individuals that 
met mendelian expectations 
had a neurological disease



Is there a better way?

https://cellecta.com/poster-crispr-rnai-screens-aacr2016

https://cellecta.com/poster-crispr-rnai-screens-aacr2016


What is Bull’s eye maculopathy?

Late onset slowly progressive retinal disorder causing damage around the macula.



How is the S150X mutation of CRX inherited?

CRX is a homolog of Drosophila ocelliless (oc) 



What other homologs were identified?

dAnkle2A was identified in drosophila with human homolog ANKLE2



What other homologs were identified?

dAnkle2A was identified in drosophila with human homolog ANKLE2



Questions?

https://www.docwirenews.com/docwire-pick/future-of-medicine-picks/modified-protein-enhances-the-accuracy-of-crispr-gene-therapy/

https://www.docwirenews.com/docwire-pick/future-of-medicine-picks/modified-protein-enhances-the-accuracy-of-crispr-gene-therapy/
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