The Yeast Deletion Collection: 6000 Strains
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Figure 1 The KanMX deletion cassette module. The biotin-labelled, deletion-specific

primers (B-U1, B-U2-comp, B-D1 and B-D2-comp; see Methods for structure) are used to
amplify the unique UPTAG and DNTAG sequences from genomic preparations generated

in the fitness-profiling studies.



Competitive Fitness Tests

Competitive growth

of a deletion-mutant
pool in the presence of
a growth inhibitory drug

Nature Reviews | Genetics
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Chemical genomic profiling with ~700 chemicals
reveals a phenotype for virtually every gene deletion
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Published in 2008, so Mark Johnston’s prediction wasn’t far wrong
... depending on your definition of “"know”
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will be equally useful in defining the princi-
ples of gene interaction. Orthologs of dis-
ease-modifying genes are also likely to be
ubiquitous. Moreover, experimental organ-
isms may be even more useful for discover-

Most genetic research has used inbred organisms and has not explored the complexity
of natural genetic variation present in outbred populations. The translation of geno-
type to phenotype is complicated by gene interactions observed as epistasis, canali-
zation, robustness, or buffering. Analysis of double mutations in inbred experimental

organisms suggests some principles for gene interaction that may apply to natural ing gene interactions than for the character-
variation as well. The buffering of variation in one gene is most often due to a small ization of the functions of individual genes,
number of other genes that function in the same biochemical process. However, because the power resulting from genetic
buffering can also result from genes functioning in processes extrinsic to that of the tractability will be compoundéd in studies of
primary gene. gene interaction.

Hartman, Garvik, and Hartwell,
Science, 9 February (2001), Pg. 1001

“analysis of double mutations in inbred
experimental organisms suggest principles that

Essential biological function may a_pply” to natural variation in outbred
populations




Synthetic Lethality
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Multiplicative Model
Expected Double Mutant Fitness

Fitness
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\ “Neutral” Expected Result, Multiplicative Model
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D. Segre, R. Kishony et al., Nature Genetics 37, 77 - 83 (2004)
S. R. Collins, N. Krogan, J. Weissman, Genome Biol 2006;7:R63. “S-Score™
R. Mani F. Roth et. al., PNAS 2008 Mar 4;105(9):3461-6. Epub 2008 Feb 27



Two Basic Types of Genetic Interactions

Fitness (colony size)

aA 0.5
bA 0.5

abA

“Neutral”
Expected Result



Two Basic Types of Genetic Interactions

Fitness (colony size)
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Expected Result e.g. two genes whose products are in
the same nonessential complex/pathway




Synthetic Genetic Array (SGA)
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ow-up, showing the 4-fold replica for each double mutant
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First genetic interaction (synthetic lethal) network
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Another view of the data: hierarchical clustering

a
Bl Synthetic genetic interaction genes
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~2000 Quantitative SGA Screens

5.4 million gene-gene pairs, ~¥30% of Total Network
170,000 Interactions, ~2/3 Negative 1/3 Positive

The Genetic Landscape of a Cell

Michael Costanzo,?* Anastasia Baryshnikova,l'z" Jeremy Bellay,3 Yungil Kim,? Eric D. Spear,“
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A genome-scale genetic interaction map was constructed by examining 5.4 million gene-gene pairs
for synthetic genetic interactions, generating quantitative genetic interaction profiles for ~75% of
all genes in the budding yeast, Saccharomyces cerevisiae. A network based on genetic interaction
profiles reveals a functional map of the cell in which genes of similar biological processes cluster
together in coherent subsets, and highly correlated profiles delineate specific pathways to define
gene function. The global network identifies functional cross-connections between all bioprocesses,
mapping a cellular wiring diagram of pleiotropy. Genetic interaction degree correlated with a
number of different gene attributes, which may be informative about genetic network hubs in other
organisms. We also demonstrate that extensive and unbiased mapping of the genetic landscape
provides a key for interpretation of chemical-genetic interactions and drug target identification.



Yeast Genetic Interaction Network
Global Level

’ Correlation-based network
' ~2800 nodes
~10,000 correlation edges



Yeast Genetic Interaction Network
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Yeast Genetic Interaction Network
Global Level
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Yeast Genetic Interaction Network
Global Level
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Yeast Genetic Interaction Network
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Yeast Genetic Interaction Network
Process Level
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Data Repository of Yeast Genetic INteractions

Quick gene search:
enter gene names or orfs

(" submit )

Problem with searching ?

| Search genes | Sub-networks | Search complexes/Pathways | Overlap with BIOGRID | Download | About DRYGIN

DRYGIN is a database of quantitative genetic interactions of S. Cerevisiae derived from the SGA double-mutant arrays conducted in
Boone lab at Terrence Donnelly Centre for Cellular and Biochemical Research, University of Toronto.

Current version of DRYGIN is 1.0 (DRYGIN documentation).

Latest Database statistics

* Total SGA genetic interactions in DRYGIN: 5,482,948
* Total genes screened: 1,711 query (1,672 ORFs) X 3,885 array (3,885 ORFs)

¢ Updates:
2010-02-10: The database was updated with the latest values from Costanzo et al., 2010.
2010-11-18: The clc1A screen was removed because an allele discrepancy was noticed.

For description of the database content, please refer to Judice L.Y. Koh, Huiming Ding, Michael Costanzo, Anastasia Baryshnikova, Kiana Toufighi,
Gary D. Bader, Chad L. Myers, Brenda J. Andrews, and Charles Boone. DRYGIN: a database of quantitative genetic interaction networks in yeast.
Nucleic Acids Research, 2010, Vol. 38, Database issue D502-D507.

4 - + | Search genes - Query SGA genetic interactions using gene names or orfs. Download interactions or visualize network or clustergram, with
« | genes color-coded according to functional annotations.
X

S Sub-networks - Search and visualize sub-networks of genetic interactions between a group of genes.
[

Search complexes/pathways - Search and visualize SGA genetic interactions in known protein complexes and pathways.

Overlap with BIOGRID - Search for SGA genetic interactions that overlap with BIOGRID genetic and physical interactions.

Download - Download latest SGA genetic interactions in Cytoscape SIF, tab-delimited, or Java Treeview CDT formats.
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John L. Hartman IV, Barbara Garvik, Lee Hartwell*

will be equally useful in defining the princi-
ples of gene interaction. Orthologs of dis-
ease-modifying genes are also likely to be
ubiquitous. Moreover, experimental organ-
isms may be even more useful for discover-

Most genetic research has used inbred organisms and has not explored the complexity
of natural genetic variation present in outbred populations. The translation of geno-
type to phenotype is complicated by gene interactions observed as epistasis, canali-
zation, robustness, or buffering. Analysis of double mutations in inbred experimental

organisms suggests some principles for gene interaction that may apply to natural ing gene interactions than for the character-
variation as well. The buffering of variation in one gene is most often due to a small ization of the functions of individual genes,
number of other genes that function in the same biochemical process. However, because the power resulting from genetic
buffering can also result from genes functioning in processes extrinsic to that of the tractability will be compoundéd in studies of
primary gene. gene interaction.

Hartman, Garvik, and Hartwell,
Science, 9 February (2001), Pg. 1001

“analysis of double mutations in inbred
experimental organisms suggest principles that

Essential biological function may a_pply” to natural variation in outbred
populations
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Genotype/Phenotype of S. cerevisae Strains

31278b S288c

eStrains Mate, Meiotic Progeny are Viable



Genotype/Phenotype of S. cerevisae Strains

218b S288c

eStrains Mate, Meiotic Progeny are Viable

e G. Fink, R Dowell, and D. Gifford (MIT)
sequenced 21278b.

~0.2% natural variation between strains




21278b Deletion Mutant Collection
Exploring Conditional or Background-specific Phenotypes

A. Z1278b Deletion Mutant Collection

KanMX
1. Transform — —
Barcoded KanMX X X
Deletion Alleles _I:_O oF
2. 5127 Heterozygous ®
a/a Deletion Mutants
3. Sporulation
S
4. Test essentiality \ 4 -
by random spore
germination of haploid @D Owen Ryan

MATa meiotic progeny
(STEZ2pr-sphisb selection)



Deletion Mutant Analysis in 31278b should reveal
two kinds of essential genes:

1. Unconditional Essentials, those shared by $S288c
2. Conditional Essentials, those specific to either 21278b

or S288c

Conditional Loci may identify background-specific
polymorphisms that cause synthetic lethality.



55 Genes (6%)
>1278b Conditionally Essential

20 Genes (2%)
5288c Conditionally Essential




Conditional Essential Genes:
Genes Required for Life in One Individual but not the Other

pep12A ret2A
S288c  X1278b  S288c  X1278b

Tetrad dissection: 4 spores (a,b, ¢, and d) from a single meiosis are separated
and allowed to grow into colonies. In this experiment, 2 different diploid
genotypes were put through meiosis, PEP12/pep12 in one case and
RETZ2/ret2 in the other.

Circles indicate the segregants carrying the deletion allele



Mechanism of Conditional Lethality

Maybe 21278b Carries a Modifier Locus that Leads to
Classic Digenic Synthetic Lethality with a pep 724 Mutation

l S288c $1278b

S288c X1278b

Maybe a Modifier Causes
Synthetic Lethality



Testing Number of Modifiers
Underlying of Conditional Lethality
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Synthetic Lethality



Complex Synthetic Lethality
Drives Conditional Essentiality

Number of Modifiers

B O
B 9L SdA
B CLdad
B M68070A
B CLVY
B O6004HA
B OSZ08MA
DS
B LOLN
B LMz
B £dHd
B S0LVNL

B CHES
B OS5 L0YdA

B /2dNd
3 Ex

B ZIMS
N LNFE



Variations on the synthetic lethal approach

C Gene dosage

Dosage lethality
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Dosage suppression
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Variations, continued

Phenotype Drugtarget GeneX  Phenotype
Viable ” Viable
Viable “ Viable
Lethal “ Lethal

Screen for new drugs or find targets of existing drugs



Systematic genetic screens in yeast, worms and mammalian cells

Step 1: Step 2:
Generate double mutant Score phenotype and identify interactions

Saccharomyces cerevisiae

-
N

Mating = —x Report Colony 1: 98 pixels
S X > Colony 2: 99 pixels
— — : 4 Colony 3: 95 pixels
Colony 4: 17 pixels
Query strain Deletion library Measure colony size

Caenorhabditis elegans

1 2
rectng P 8 wapore Yl S0 werms
— — -
an =l 34 Well 3: 29 worms
Well 4: 3 worms
Query strain Bacterial RNAi library Count viable worms

Mammalian cell culture

wecion L X
X X

Query cell line Viral shRNA library Measure viability
using a dye

-

‘w‘
‘

Well 1: 998 a.u.
Well 2: 956 a.u.
Well 3: 972 a.u.
Well 4: 211 a.u.

Report

®
1

Step 3:
Build genetic interaction networks

Common biological
process

Array 1
Array 2
Array 3
Array 4
Array 5

Query 1 ,«“"""'m...
Query 2 :: 9 s

: s Explore function
Query 3 > : ; »  of gene cluster
Query 4 3 s
Query 5 ",‘ X

. No interaction
. Interaction



Ubiquitin and Ubiquitin like conjugation pathways

Activating Conjugating Protein
modifier Enzyme Enzyme Ligase Substrate(s)
(E1) (E2) (E3)

ubiquitin Ubal Ubc’s many
many
o —_—
Urml Ncs3
O @O » ? :
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Sumol Aosl/Uba2 Ubc9 Septins, etc
Sizl, 2..
e < af mi ool




SUMO pathway and “interactors”

AMP + PPi Aosip/Uba2p

S N

MQ"G "_L’*SMFGG @M-GG—- Ubc9p

Ulpip
B
RXE : \/5 %1 4
Target = " Siz1p
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SUMO SGA SUMO conjugates
(526) (548)
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5

SUMO interactors
(266)



SGA analysis using different SUMO pathway mutants yields similar results
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differently in the 3 analysis methods



SUMO regulates nuclear localization of a transcription factor
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Haploinsufficiency
and complex haploinsufficiency

Haploinsufficiency

In a diploid, “wildtype” allele on one chromosome and loss-of-function
allele on the other results in a phenotype

Hence, haploinsufficiency is a kind of dominance. How would you
distinguish this sort of dominant allele from a
gain-of-function dominant allele?

Complex Haploinsufficiency

In a diploid, loss-of-function alleles at two (or more) different loci,

eg GENEX+/genex- GENEY+/geney-, confers a phenotype whereas

neither single loss-of-function allele does. The thinking is that complex
haploinsufficiency may be akin to the genetics of disease susceptibility in humans



Actin has many roles in the cell

Membrane trafficking

Polarized cell growth

Cytokinesis

Organelle positioning and segregation
Nuclear structure

More



Complex Haploinsufficiency Tests with Actin

actlA strain
Carrying plasmid-borne wildtype ACT1 gene

Mate to deletion collection of nonessential genes and select diploids

Determine whether each resulting diploid strain can lose the plasmid.
If not, a CHI between actin ands the corresponding gene in the
deletion array is suggested



Actin shows complex haploinsufficiency with many nonessential genes




Ribosome large subunit paralogs show
different interactions with actin

Genotypes: heterozygous for deletion of ACT1
and for each of the indicated genes



Positions of actin substitutions used in haploinsufficiency analysis

Numbers indicate
position of substitutions
tested

Colors indicate growth phenotype of
substitutions in that region.

Green — wildtype; yellow — conditional;
Red - lethal



Haploinguffuciency interactions differ among the actin substitutions

VE1X)

Suggesting they’re due
to loss of different subsets
of actin function




CHI with actin and essential genes
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The proteasome and ubiquitin-dependent protein degradation




The proteasome consists of two subparticles, 19S5 and 20S

a
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Nature Reviews | Molecular Cell Biology



Actin associates with the proteasome

20S actin & 20S
actin proteasome proteasome
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