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Why do we need a CRISPR library?

The "Phenotype Gap" – In FlyBase only 39% of D. melanogaster genes have molecular function information 
based on experimental evidence or inference from sequence or structural similarities.

Classical and insertion-based mutant alleles are available in stock centers for a similar fraction of sequence-
located genes (6,146/14,898) and many of these have not been shown to alter gene function.

RNAi lines cover most of Drosophila protein-coding genes, but….
• Significant risks of false positive and false negative results
• Need 2+ RNAi lines per gene to confirm results

CRISPR/Cas9 can help address this Phenotype Gap
• Used in the germline to generate mutant stocks
• Used in the soma to generate mutant mosaics.
• dCas9 fusions for gene activation
• Genome engineering by homologous repair



TRiP-CRISPR Knockout (TRiP-KO)

• TRiP-KO	flies	ubiquitously	express	sgRNAs
targeting	gene	coding	sequence.

• Target	most	5’	sequence	that	will	mutate	
all/most	isoforms

• Mutant	animals	can	be	produced	by	simply	
crossing	TRiP-KO	flies	to	germline-specific-
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F1

Step 1: cross nanos-Cas9 (nos-
Cas9) stock to individual TRiP-
KO stock.

Step 2: collect at least 15 male F1 
progeny containing both nos-Cas9 and 
sgRNA transgenes.

Step 3: cross male F1 progeny en
masse to appropriate balancer strain 
for your target gene

Step 4: collect male or female F2 progeny 
(some will be heterozygous mutants) and 
cross each individually to balancer stock.

Step 5: Screen mutations by restriction profiling, 
endonuclease assays or high-resolution melt assays 
(HRMAs) and confirm by PCR and sequencing

Using TRiP-KO stocks to make mutants



Step 1: Step 1: cross tissue specific-Gal4 
+ UAS-Cas9 stock to individual TRiP-KO 
stock.

Using TRiP-KO stocks for mosaic KO

Step 2: collect male or female F1 progeny containing 
tissue-specific-Gal4, UAS-Cas9 and sgRNA
transgenes and analyze phenotype.

WT

*
***
**

Two guides are better than one: the 
problem of in-frame deletions 



TRiP-CRISPR Overexpression (TRiP-OE)

Why overexpress a gene?

Eyeless overexpression
(Halder et al., 1995)

Myc overexpression
(Zirin and Perrimon, unpublished)

Overexpression of 
eyeless triggers a 
regulatory cascade 
that generates 
extra eyes

Overexpression of 
oncogenes the cause 
of many cancers. Here 
Myc overexpression 
causes the nucleolus 
to overgrow

Overexpression studies are useful for
• Determining the function of redundant genes (paralogs) 
• Modifier screens
• Drug target screens



Current tools for over-expression in Drosophila

Limitations:

1) Expression is often at extremely high levels – possible toxicity 
2) Cloning challenges – multiple isoforms, very large genes, etc.
3) Very hard to scale to a genome-wide resource  

Gal4>UAS-cDNA

UAS binding site

Endogenous gene

“EP Collection” (Rørth 1996) 

Limitations:

1) Expression is often very weak
2) Random integration
3) Disrupt gene



dCas9-fusions - a new tool for transcriptional activation
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Point mutations D10A and H840A eliminate Cas9 
endonuclease activity



VPR is a powerful Cas9 activator 

Nature Methods: doi:10.1038/nmeth.3312 

 

Supplementary Figure 2 

Targeted screen to identify activation domains that function with dCas9. 

Fluorescent reporter assay quantifying the amount of transcriptional activation for the various dCas9 fusion proteins. The particular 
activation domain, mediator complex member or RNA polymerase subunit fused to the C terminus of dCas9 is listed. The tested 
activation domains represent minimal activation domains. Mediator and RNA polymerase members fused to dCas9 were full length
cDNAs. Data are shown as mean fluorescence ± s.e.m., n = 2 independent transfections. 
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dCas9 sgRNAVP64-p65-Rta (VPR) – a 
tripartite activator, fused 
to nuclease-null Cas9



dpp-Gal4 hh-Gal4 C96-Gal4

Gal4 
expression

Endogenous
expression

VPR 
activation

VPR activates a range of target genes in vivo

Images from 
Ben Ewen-Campen



VPR vs UAS
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VPR activates target genes at lower levels than Gal4-UAS overexpression. 

nubbin-Gal4 was used to drive either UAS transgenes (grey bars) or VPR > sgRNA expression in the larval wing disc. 20-30 wing discs were dissected per 
genotype and used for qPCR. All experiments were conducted in biological duplicate, at 27C. 

UAS line sources:
eiger: Perrimon Lab stock LC00951 - “UAS:egr #5” originally from Sara Cherry
Pvf1: from Arpan; waiting to hear ultimate source
upd2: 10D4 line from Rajan & Perrimon (2012), Cell 151
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• VPR	is	weaker	than	UAS
• Tested	activation	of	30	
genes	by	VPR	in	vivo	by	
qPCR

• from	this	group,	almost	
80%	raised	expression	
over	3-fold,	and	nearly	
70%	raised	over	8-fold.

Data from Ben Ewen-Campen
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dCas9 sgRNA

• A single gene is targeted by tandem 
expression of two sgRNAs from 
independent U6 promoters

• Stocks are made in the pCFD4 vector, 
developed by Fillip Port and colleagues

• Crossing TRiP-OE stocks to a Gal4 line 
expressing dCas9 fused to the chimeric 
activator domain VPR induces 
expression of the target gene

• Can also generate Indels and larger 
genomic deletions by crossing to 
Gal4>Cas9 flies

• Can only express wildtype proteins – no 
tags, no dominant negatives, etc..

• Can have off-targets if two genes are 
nearby.

The TRiP-OE VPR stock collection



1) VPR typically requires two sgRNAs per target gene to reliably achieve 
consistent transcriptional activation, which greatly increases the cost and 
complexity of creating a large-scale resource for in vivo CRISPRa

2) Second, because CRISPRa requires three independent transgenes in a single 
fly (Gal4, UAS:dCas9-VPR, and sgRNA), the usage of this system is not as 
straightforward as standard Gal4-UAS based tools which only require a single 
genetic cross.

3) Experiments in Drosophila cell culture suggest that an alternative CRISPRa
technique, synergistic activation mediator (SAM), outperforms VPR in direct 
comparisons. However, previous attempts to express SAM components in vivo 
have failed due to toxicity.

Limitations of the VPR system



CRISPR/Cas9	Synergistic	Activation	Mediator	(SAM)	is	an	engineered	protein	
complex	for	the	transcriptional	activation	of	endogenous	genes.	

The	SAM	complex	consists	of	three	components:
• A	nucleolytically inactive	Cas9-VP64	fusion
• An	sgRNA incorporating	two	MS2	RNA	aptamers	at	the	tetraloop and	stem-

loop
• The	MCP-P65-HSF1	activation	helper	protein

The	incorporation	of	three	distinct	activation	domains	- VP64,	P65	and	HSF1	–
into	the	complex	aids	robust	transcriptional	activation	through	synergy.

New OE library production based on SAM



flySAM1.0
expresses the SAM components dCas9-VP64 and MCP-
p65-HSF1 separated by a T2A self-cleaving peptide, 
under 10XUAS control 



flySAM phenotypes 
recapitulate Gal4-UAS 
over-expression 
phenotypes.

flySAM vs UAS
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flySAM2.0 contains both the UAS:flySAM and the sgRNA in a single plasmid

Clonal CRISPRa using 
FLPout Gal4 > flySAM2.0 
for ci and hh in L3 larval 
wing discs



For more information 
on CRISPRa in flies 
check out these 
publications
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• New	simplified	strategy	for in	
vivo CRISPR	activation

• flySAM generates	stronger	
overexpression	phenotypes,	
comparable	to	Gal4/UAS

• A	single	gene	is	targeted	
by expression	of	one	
sgRNA from	the	U6:2 promoter

• Stocks	are	made	in	the	
flySAM2.0	vector,	developed	by	
Jian-quan Ni	and	colleagues

• TRiP-OE/flySAM stocks	contain	
UAS-Cas9,	so	simply	crossing	to	
a	Gal4	induces	expression	of	the	
target	gene

The TRiP-OE flySAM stock collection



Search and nominate sgRNA lines



sgRNA Fly Stock Database (http://www.flyrnai.org/tools/grna_tracker/)

Researchers can search TRiP-CRISPR stocks by gene 
identifier or by stock number and nominate genes for 
TRiP-OE or TRiP-KO production.





On the details 
page:

• General stock 
information

• sgRNA sequences
• Primer sequences



We welcome community nominations



Your nomination will immediately enter the TRiP
production pipeline
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TF	OE

TRiP-CRISPR production is focused on 
community nominations and mini-libraries

To	date	the	TRiP has	produced	~2000	sgRNA fly	stocks	for	either	gene	overexpression	or	gene	
cutting,	with	~1500more	constructs	in	the	transformation	pipeline.



TRiP-CRISPR Toolbox stocks

dCas9-activator stocks 
• GAL4/UAS expression of Cas9 proteins with dead nuclease activity (dCas9), fused to 

VPR transcriptional activator (dCas9-VPR)

• GAL4/UAS combined with temperature-sensitive Gal80 (tubGal80[ts])
allows greater control of spatial and temporal dCas9-VPR expression

​​​​​​​Stocks for mosaic knock-outs
GAL4/UAS expression of wild type Cas9
​​​​​​​used for generating mutant mosaics in the soma in cells expressing sgRNAs targeting the 
coding region (eg. TRiP-KO stocks)

Stocks for germline mutants
germline-specific expression of wild type Cas9
​​​​​​​used for generating small deletions and modifications in the germline in cells expressing 
sgRNAs targeting the coding region (eg. TRiP-KO stocks)



Search TRiP-
CRISPR stocks 
at BDSC 



http://www.flyrnai.org/cgi-bin/RSVP_search.pl

RNAi Stock Validation and Phenotype Plus (RSVP Plus) allows for search and view of RNAi 
and sgRNA fly stocks from TRiP, VDRC, and NIG-Japan, along with any available data 
regarding knockdown or phenotypes observed for that fly stock and a given Gal4 driver (e.g. 
from publications).

Search and add feedback for sgRNA lines at RSVP Plus









The CRIMIC Project

Collaboration with Hugo Bellen’s group

Insert gene traps into the 5’-most intron 
that can be used to tag all or most of 
the predicted splice Isoforms.



http://www.flyrnai.org/tools/crimic/web/

Nominate your gene 
for CRIMIC
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