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RNAi screening comes of age

Gene Silencing

RNA interference (RNAi)

CRISPR-Cas9

Gene Ontology



When was all this discovered?
First Bioinformatic Database
Created after the Insulin protein sequence was made

1956

Antisense Oligonucleotides (ASOs)
Regulation of gene expression

1978

Hedgehog (Hh) Gene
Found in screen for mutations affecting Drosophila

1980

RNA Interference (RNAi)
Regulation of gene expression

1998

CRISPR-Cas9
Developed as a genome editing technology

2012



What is gene silencing?

Regulation of gene expression to prevent expression of a gene



What are the 2 types of gene silencing techniques?

Antisense Oligonucleotides (ASOs)

RNA interference (RNAi)



What are Antisense Oligonucleotides (ASOs)?

Synthetic nucleotides used to inhibit gene expression



Process in which RNA molecules inhibit gene expression

What is RNA interference (RNAi)? 



Pros & Cons of Both Techniques
Pros Cons

(ASOs) -Made quicker
-Enter cells easily

-Toxic Effects
-Delivery of treatment

(RNAi) -Cheaper 
-Easy to target gene
-Tissue Specific
-High efficiency
-Long-term silencing

-Delivery of treatment
-False positives/negatives
-Off-target effects



Why is RNAi Screening so great?

Identifies new genes involved in a variety of biological processes



Which model organism works best in RNAi Screens?



What is CRISPR-Cas9?

Genome editing tool that removes, adds, or alters sections of DNA sequences



How is CRISPR-Cas9 used to validate genome-wide screens?

By engineering knockouts in genes identified in RNAi screens



How can CRISPR be used to correct human mutations?



What does the Hedgehog signaling pathway do?

Transmits info to embryonic cells for proper cell differentiation



Bioinformatics

What are strategies to simplify genome-wide RNAi screen data?



A gene dictionary!

What is gene ontology? 



How was 
gene ontology
relevant to this 

study?

It was used to 
find candidate
obesity genes!



Summary

Gene silencing regulates gene 
expression through RNAi screening

CRISPR-Cas9 is used to validate 
RNAi screen results  

Gene ontology is a gene dictionary 
used to improve RNAi results



Drosophila Genome-wide Obesity Screen Reveals Hedgehog as a 
Determinant of Brown versus White Adipose Cell Fate

Pospisilik, et. al, 2010



What are some diseases associated with obesity?



What are some diseases associated with obesity?

Cardiovascular

High blood pressure
Diabetes

Breathing problems

Gout
Heart 

disease

Asthma



How does regulation of body fat content occur?



How does regulation of body fat content occur?

Nutrient, sensory and hormonal inputs 
at level of brain & adipose tissue



What is leptin? (1950)

The connection between fat and the brain



What is the goal of this study?

To identify candidate obesity genes



How were candidate genes found?

RNAi screen for fat content 
in adult Drosophila to find 

candidate genes

(516 transgenic lines)



What was the experimental set-up?

Gene-ontology based 
pathway analysis in 

Drosophila melanogaster

Studying “top-hit”  
candidate gene in mice



How was the data quantified?



How was the data quantified?

Colorimetric determination          Triglyceride levels



How were candidate genes tested?

462 RNAi lines crossed to  
GAL drivers of four different tissue types

Neuronal (nsyb-GAL4)
Muscle (C57-GAL4)
Oenocyte/Liver (oe-GAL4)
Fat-Body (ppl-GAL4)

1 3

2 4



Cell fate 

Cell differentiation

& Organ development 

showed strong enrichment

What did gene ontology show us?



What did gene ontology show us?



What is cell differentiation?



What is cell differentiation?

How embryonic cells become specialized cells



What was the “top hit” obesity candidate gene?

Regulation of smoothened (Hedgehog) Signaling



What type of tissue does Hedgehog regulate?

White 
Adipocyte 

Tissue
(WAT)

Brown 
Adipocyte 

Tissue
(BAT)

Burns lipids to form heat Major storage site of triglycerides



What is adipogenesis?

Preadipocytes                      Adipocytes



How was the Hedgehog pathway studied?

Sufu knock-out mice crossed to 
adipose-deleting cre transgenic mice

Fat-specific Hedgehog-activation mutant mice used



What did the study show about WAT/BAT?

Reduction in adipocyte cell size & numbers
in WAT, but normal, intact BAT

WAT

BAT



What was the next step?

Stimulating
Smoothened Agonist (SAG),

an activator of Hedgehog

Blocked 
adipogenesis

in WAT



What are adipogenic factors?



What are adipogenic factors?

Transcription factors crucial to adipogenesis



What is the effect of Hedgehog activation on adipogenic factors?



Upregulation of anti-adipogenic factors
Downregulation of pro-adipogenic factors

What is the effect of Hedgehog activation on adipogenic factors?



Are there metabolic consequences to the loss of fat tissue?



Are there metabolic consequences to the loss of fat tissue?

Normal levels of glucose homeostasis & 
energy expenditure



Summary
RNAi screening used to identify 

candidate obesity genes

Activation of hedgehog pathway 
inhibits WAT cell differentiation

through modulation of adipogenic 
factors

Sufu knockout mice exhibit normal
glucose tolerance & energy expenditure



Why is this study important?



Can study adipocyte regulation in mammals/humans

Important for metabolism, energy homeostasis & other 
contributing pathways/factors to obesity

Why is this study important?





References
https://thumb1.shutterstock.com/display_pic_with_logo/750454/504696346/stock-vector-thick-and-thin-men-stand-opposite-each-other-
silhouettes-isolated-on-white-background-504696346.jpg

http://www.freepngimg.com/download/flies/22371-5-flies-image.png

http://web.stanford.edu/group/hopes/cgi-bin/hopes_test/wp-content/uploads/2012/04/genesilencing.jpg

http://moziru.com/images/molecule-clipart-dna-strand-4.jpg

https://sfvideo.blob.core.windows.net/sitefinity/images/default-source/product-page-images/functional-genomics/rnase-h-
explained.jpg?sfvrsn=df0e3907_4

https://upload.wikimedia.org/wikipedia/commons/thumb/6/6d/SiRNA_and_RNAI_english.png/690px-SiRNA_and_RNAI_english.png

http://b110-wiki.dkfz.de/confluence/display/rnaiwiki/RNA+interference+(RNAi)+screening

https://media.nature.com/lw926/nature-assets/nature/journal/v482/n7385/images/nature10886-f1.2.jpg

https://media.nature.com/m685/nature-assets/nrm/journal/v15/n9/images/nrm3860-f3.jpg

https://294305267s7hqfks2cfh08ip-wpengine.netdna-ssl.com/wp-content/uploads/2017/12/CRISPR-cas9-ex-vivo.jpg

https://www.researchgate.net/profile/Jonathan_Hempel/publication/273954764/figure/fig2/AS:294978203996161@1447339692307/Hedgehog-
signal-transduction-In-the-absence-of-Shh-ligand-Patched-exerts-inhibition-on.png

https://thumb1.shutterstock.com/display_pic_with_logo/750454/504696346/stock-vector-thick-and-thin-men-stand-opposite-each-other-silhouettes-isolated-on-white-background-504696346.jpg
http://www.freepngimg.com/download/flies/22371-5-flies-image.png
http://web.stanford.edu/group/hopes/cgi-bin/hopes_test/wp-content/uploads/2012/04/genesilencing.jpg
http://moziru.com/images/molecule-clipart-dna-strand-4.jpg
https://sfvideo.blob.core.windows.net/sitefinity/images/default-source/product-page-images/functional-genomics/rnase-h-explained.jpg?sfvrsn=df0e3907_4
https://upload.wikimedia.org/wikipedia/commons/thumb/6/6d/SiRNA_and_RNAI_english.png/690px-SiRNA_and_RNAI_english.png
http://b110-wiki.dkfz.de/confluence/display/rnaiwiki/RNA+interference+(RNAi)+screening
https://media.nature.com/lw926/nature-assets/nature/journal/v482/n7385/images/nature10886-f1.2.jpg
https://media.nature.com/m685/nature-assets/nrm/journal/v15/n9/images/nrm3860-f3.jpg
https://294305267s7hqfks2cfh08ip-wpengine.netdna-ssl.com/wp-content/uploads/2017/12/CRISPR-cas9-ex-vivo.jpg
https://www.researchgate.net/profile/Jonathan_Hempel/publication/273954764/figure/fig2/AS:294978203996161@1447339692307/Hedgehog-signal-transduction-In-the-absence-of-Shh-ligand-Patched-exerts-inhibition-on.png


http://www.nexteratechs.com/OnlineStore/wp-content/uploads/2017/08/deep-learning-brain.png

https://image.slidesharecdn.com/201603-courtot-go-goa-industryworkshop-160317103544/95/the-gene-ontology-gene-ontology-annotation-
resources-4-638.jpg?cb=1458211065

https://vector.childrenshospital.org/2018/01/giant-study-identifies-obesity-genes/

http://www.pedagoo.org/bringing-life-into-biology-lessons-using-the-fruit-fly-drosophila-as-a-powerful-modern-teaching-tool-2/

https://www.peptideclinics.com.au/about-hormones/hormones/leptin-hormone/

http://onlinehealth.wiki/nutrition/new-science-confirms-obesity-is-more-genetic-than-we-thought

http://b110-wiki.dkfz.de/confluence/display/rnaiwiki/RNA+interference+(RNAi)+screening

https://i.pinimg.com/originals/6b/1b/16/6b1b16599a29b851ec29dd3313911fc1.png

https://unlockinglifescode.org/timeline/23

https://n6-img-fp.akamaized.net/free-icon/right-arrow_318-113460.jpg?size=338c&ext=jpg

http://sigrid.knemeyer.com/wp-content/uploads/2014/11/Adipocytes_Cell2.jpg

https://www.reagent-tests.uk/wp/wp-content/uploads/2015/12/Raw-reagent-table.jpg

References (cont.)

http://www.nexteratechs.com/OnlineStore/wp-content/uploads/2017/08/deep-learning-brain.png
https://image.slidesharecdn.com/201603-courtot-go-goa-industryworkshop-160317103544/95/the-gene-ontology-gene-ontology-annotation-resources-4-638.jpg?cb=1458211065
https://vector.childrenshospital.org/2018/01/giant-study-identifies-obesity-genes/
http://www.pedagoo.org/bringing-life-into-biology-lessons-using-the-fruit-fly-drosophila-as-a-powerful-modern-teaching-tool-2/
https://www.peptideclinics.com.au/about-hormones/hormones/leptin-hormone/
http://onlinehealth.wiki/nutrition/new-science-confirms-obesity-is-more-genetic-than-we-thought
http://b110-wiki.dkfz.de/confluence/display/rnaiwiki/RNA+interference+(RNAi)+screening
https://i.pinimg.com/originals/6b/1b/16/6b1b16599a29b851ec29dd3313911fc1.png
https://unlockinglifescode.org/timeline/23
https://n6-img-fp.akamaized.net/free-icon/right-arrow_318-113460.jpg?size=338c&ext=jpg
http://sigrid.knemeyer.com/wp-content/uploads/2014/11/Adipocytes_Cell2.jpg
https://www.reagent-tests.uk/wp/wp-content/uploads/2015/12/Raw-reagent-table.jpg


References (cont.)
http://www.labpinions.com/users/jeffrey-serrill/blog/piceatannol-prevents-progression-preadipocytes-fat-carrying-adipocytes_id

https://biologywise.com/cell-differentiation

http://samluce.com/2014/09/answer-kids-direct-questions-direct-answers/

https://www.learnhowtobecome.org/make-a-difference-careers/obesity/

http://ib.bioninja.com.au/standard-level/topic-1-cell-biology/11-introduction-to-cells/cell-differentiation.html

http://ib.bioninja.com.au/standard-level/topic-2-molecular-biology/21-molecules-to-metabolism/metabolism.html

https://www.dreamstime.com/stock-photos-adipocyte-structure-fat-cell-responsible-accumulation-energy-obesity-weight-gain-weight-loss-
vector-diagram-image40078733

https://andconsulting.org/blog/brain-obesity/

https://newyousleeve.com/obesity-and-organ-damage/

http://www.labpinions.com/users/jeffrey-serrill/blog/piceatannol-prevents-progression-preadipocytes-fat-carrying-adipocytes_id
https://biologywise.com/cell-differentiation
http://samluce.com/2014/09/answer-kids-direct-questions-direct-answers/
https://www.learnhowtobecome.org/make-a-difference-careers/obesity/
http://ib.bioninja.com.au/standard-level/topic-1-cell-biology/11-introduction-to-cells/cell-differentiation.html
http://ib.bioninja.com.au/standard-level/topic-2-molecular-biology/21-molecules-to-metabolism/metabolism.html
https://www.dreamstime.com/stock-photos-adipocyte-structure-fat-cell-responsible-accumulation-energy-obesity-weight-gain-weight-loss-vector-diagram-image40078733
https://andconsulting.org/blog/brain-obesity/
https://newyousleeve.com/obesity-and-organ-damage/

