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Interpreting Gene-drug interactions

2. Methodology

The pooled fitness assay involves seven main steps, described in detail
below.

! Yeast deletion strain pool and MSP pool construction
! Determining the drug dosage
! Experimental pool growth
! Purification and amplification
! Hybridization
! Analysis of results
! Confirmation of microarray data

2.1. Yeast deletion strain pool and MSP pool construction

Allow 1 week to generate pooled aliquots of cells. Pooling is performed
infrequently and cells can be stored indefinitely at " 80 #C.

2.1.1. Yeast deletion strain pool construction

1. Thaw the frozen glycerol stocks completely for the strains of interest
(such as the genome-wide homozygous deletion collection) but avoid
exposing thawed cells to room temperature for more than 2 h.

Table 10.1 Interpreting results from HIP, HOP, and MSP

Assay results HIPa HOPb MSPc

Direct molecular target of drug,
essential gene

S NA R

Direct molecular target of drug,
nonessential gene

S R R

Essential genes encoding proteins
involved in target pathway

S NA not S or R

Genes involved in drug detoxification,
essential genes

S NA R

Genes involved in drug detoxification,
nonessential genes

S S R

a genes essential for survival
b genes not essential for survival
c All genes
S, sensitive; R, resistant; NA, not applicable.
Because assay readout is growth, most targets are necessarily essential for survival except those nones-
sential deletions that have a growth phenotype in the absence of compound.
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Knockdown Knockout Overexpression

Ericson et al (2010) Methods Enz

How about point mutants? Neomorphs?



Large-scale chemical genetics: identifying gene function

to these genes as the ‘‘responsive genome.’’ This responsive
genome is a work in progress, as it is limited to genes whose
removal causes growth phenotypes in response to the stresses
tested. Expanding the stresses tested and/or the readout (e.g.,
motility) will certainly increase this number (Girgis et al., 2007).
A cumulative plot of the number of individual phenotypes per
strain shows that very few genes have many phenotypes.
Multi-stress responsive (MSR) strains (R30 phenotypes; Table
S3) participate in many cellular processes, suggesting that our
stresses encompassed diverse cellular challenges (Figure 2B).
With a stringent cutoff of 5% FDR, the maximum number of
phenotypes from a single screen was 173 (!4% strains; Fig-
ure S2A), and the total number of phenotypes (13497) represents
!1% of all condition-gene pairs tested. Overall, 80% of the
phenotypes were negative (gene deletion more sensitive) and
20% positive (gene deletion more resistant), consistent with

recent genetic interaction analyses in S. cerevisiae (Fiedler
et al., 2009) and S. pombe (Roguev et al., 2008). This suggests
that removal of a gene product is more likely to decrease than
enhance resistance to stress (Figure S2B). In summary, our
analysis captured numerous highly specific condition-gene
responses. Clearly, this data set can be used to assign more
phenotypes at a lower confidence level. Indeed, a recent chem-
ical genomics data set in S. cerevisiae reported phenotypes for
more than 95% of gene deletions tested, many stemming from
a handful of severe stresses (Hillenmeyer et al., 2008).
Conditionally essential (CE) genes are essential for growth in

a particular condition. Deletions of such genes shows very small
colony sizes and high-confidence negative scores in particular
conditions (see Extended Experimental Procedures). We identi-
fied 197 CE genes, comprised of auxotrophs, which exhibit no
growth in minimal media, and rich-media CE genes, which
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Figure 1. Phenomic Profiling of the Enhanced Keio Collection Yields a Robust and Rich Data Set
(A) Classification of the 324 stresses screened (left) and cellular targets of the antibiotic/antimicrobial/drug classes (right).

(B) Heat map representation of scatter plot comparing normalized colony sizes in pixels of plate replicates 1 and 2 across the entire data set. Bins indicate the

square root of the number of replicate pairs within a 10310 pixel window as depicted by color scale. Note that the vast majority of the replicates have highly

correlated colony sizes.

(C) Clustergram of fitness scores for 3979 mutant strains in response to all 324 conditions. Zoomed insets demonstrate coclustering of conditions (x axis) and

genes (y axis) for a common pathway (rfa cluster) and protein complexes encoded in the same operon (nuo) or in different operons (dsbA and dsbB). Gray boxes

indicate missing data.

(D) High correlation between a pair of phenotypic signatures is predictive of shared protein interaction and/or operon membership.

See also Figure S1, Table S1, and Table S2.

Cell 144, 143–156, January 7, 2011 ª2011 Elsevier Inc. 145

Nichols et al (2011) Cell



Chemical genetics: Use cases

• Drug target ID  

• Gene function ID 

• Precision medicine: 

• Biomarkers predicting drug response 

• Mechanisms of acquired drug resistance 

• Development of combination therapies 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MDR1 
= Multi-drug resistance protein 1 
= P-glycoprotein 1 
= ABCB1

26S proteasome

20S

19S

19S levels predictive biomarker in patientsMTOR and proteasome inhibitors are antagonistic

MDR1

20S 
proteasome

19S 
proteasome

Translation

MTORHSF1
Nrf1

Hsp90s
Hsp70s

• Therapeutic target in myeloma 
 (Bortezomib, carfilzomib)

• Therapeutic window?

• Biomarkers?

• Resistance mechanisms?

• Synergistic combination therapy?

Acosta-Alvear … Kampmann (2015) eLife

What determines proteasome addiction in multiple myeloma?

Jason Gestwicki (UCSF)

Hsp70 and proteasome inhibitors are synergistic
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viablefunctionalcompromised

compromised compromised

BRCA loss + PARP inhibitor synthetic lethality 
Farmer et al. Nature 2005 
Bryant et al. Nature 2005

Gene 1 Gene 2

viablefunctional compromised

viablefunctional functional

Synthetic lethality
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Genetic interactions with many other genes

Correlation of Genetic interaction pattern -> Functional relatedness

1. Unbiased detection of rare gene pairs with strong interactions

2. Dissection of gene functions and pathways

Insights from systematic genetic interaction data

Measure all pairwise genetic interactions for N x N genes

Genetic interaction map (EMAP)
Yeast: Weissman, Krogan, Boone



Genetic interaction map

Kampmann et al PNAS 2013Bassik*, Kampmann* et al Cell 2013
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Genetic interaction map

Horlbeck et al. (2018) Cell

• 472 genes x 472 genes 

• 222,784 gene pairs 

• > 1 million sgRNA pairs

CRISPRi-based GI map



Ph
en

ot
yp

e

None
Y

X + Y

None Buffering Synergistic

X

Genetic interaction:

Perturbed genes

Possible pathway
relationship:

Genetic 
interactions

None
Buffering

Synergistic

Enzyme + Substrate

Protein complex

Paralogues

Systematic genetic interaction map
Genes

G
en

es

X Y

PYX

X

Y

P

Y

X

P

or or

Ph
en

ot
yp

e

None
Z

X + Z

None X masks Z Z masks X

X

Genetic interaction:

Perturbed genes

Possible pathway
relationship:

Z

X

P

X

Z

P

A

B

C

Ph
en

ot
yp

e

None
Y

X + Y

None Buffering Synergistic

X

Genetic interaction:

Perturbed genes

Possible pathway
relationship:

Genetic 
interactions

None
Buffering

Synergistic

Enzyme + Substrate

Protein complex

Paralogues

Systematic genetic interaction map
Genes

G
en

es

X Y

PYX

X

Y

P

Y

X

P

or or

Ph
en

ot
yp

e

None
Z

X + Z

None X masks Z Z masks X

X

Genetic interaction:

Perturbed genes

Possible pathway
relationship:

Z

X

P

X

Z

P

A

B

C

How to obtain opposing phenotypes 
for genes in a pathways?

Directional pathways from genetic interaction maps



TSS
Gene activated

TSS
Gene repressed

dCas9-KRAB

CRISPRi

CRISPRa

dCas9-SunTag
VP64
sfGFP
scFv-GCN4

10xGCN4

KRAB

Gene editing / inactivation

Cas9CRISPR cutting

TSS
Gene activated

TSS
Gene repressed

dCas9-KRAB

CRISPRi

CRISPRa

dCas9-SunTag
VP64
sfGFP
scFv-GCN4

10xGCN4

KRAB

Gene editing / inactivation

Cas9CRISPR cutting

TSS
Gene activated

TSS
Gene repressed

dCas9-KRAB

CRISPRi

CRISPRa

dCas9-SunTag
VP64
sfGFP
scFv-GCN4

10xGCN4

KRAB

Gene editing / inactivation

Cas9CRISPR cuttingCRISPRn

Gilbert … Kampmann* & Weissman*  
Cell (2014)

CRISPRi/a screening platform

• Highly specific
• Non-toxic
• Inducible, reversible
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Massively parallel phenotypes in mammalian cells
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Modifiers of neuronal tau aggregation

• Tau pathology is a hallmark of Alzheimer’s and other neurodegerative diseases
• Mutations in tau (MAPT) cause familial diseases such as frontotemporal dementia

Avi Samelson

Total tau
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targeting chaperones, 
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