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Why are some gene deletions
worst than others?
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REPORTS

Functional Characterization of
the S. cerevisiae Genome by
Gene Deletion and Parallel

Analysis

The functions of many open reading frames (ORFs) identified in genome-
sequencing projects are unknown. New, whole-genome approaches are required
to systematically determine their function. A total of 6925 Saccharomyces
cerevisiae strains were constructed, by a high-throughput strategy, each with
a precise deletion of one of 2026 ORFs (more than one-third of the ORFs in the
genome). Of the deleted ORFs, 17 percent were essential for viability in rich

medium. The phenotypes of more than 500 deletion strains were assayed in

parallel. Of the deletion strains, 40 percent showed quantitative growth defects
in either rich or minimal medium.

www.sciencemag.org SCIENCE VOL 285 6 AUGUST 1999



Cells resist mutations because they
have partially redundant parts
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65% of duplicated genes
Gu et al. 2003



Molecular mechanisms by which
paralogous genes can compensate
each other’s loss
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The yeast PCA protein-protein
interaction network (Cytoscape)
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Protein networks grow by gene
duplication and divergence
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Compensation at the level of
protein-protein interactions (PPIs)
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Measuring PPIs in living cells using Protein-
fragment Complementation Assay (PCA)
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Quantitative interaction score based on growth
Entire yeast proteome ready for PCA
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An 8 nm map of the interactome

Space constraints
on interactions
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Combination of deletion and PCA with
yeast genetics
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Systematic perturbation of two protein
complexes

Anterograde transport:
Spherical vesicle Golgi

No paralogs Vps29p Vps35p Vps26p

; Core complex Retrograde transport:
Dlspensable Endosome Tubular vesicle

SNX complex&_
Vps5p Vps17p

Vps10p
Retromer Complex (6)

Nuclear Pore Complex (40)

Evolved by gene duplication S LAy b
Essentlal / http://lab.rockefeller.edu/rout/
Alber et al. 2007
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Evolution of the nuclear pore
complex by gene duplication
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Genetic Interactions In these two
complexes
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Diss et al. 2013

The NPC seen by PCA
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Interactome In WT and deletion strains
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Systematic perturbation by
gene deletion
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The two complexes have different
responses to perturbation
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Nuclear pore subunits have enhanced
Interactions upon the deletion of their paralogs
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Paralogous genes allow alternative protein

ASSEMBLY

Diss et al. 2013
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Perspectives

Protein complexes that contain paralogous
proteins may be an ensemble of different
complexes -> single complex analysis

How would ancestral orthologs position
themselves in these complexes?
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