
•Candida albicans is a model eukaryotic, diploid fungus that is also a human pathogen.
•Fluconazole is a commonly used antifungal drug to treat C. albicans infections.
•C. albicans does not undergo meiosis so genomic changes are limited to single locus, 
mitotic recombination and chromosomal events. Here are some examples of these events:
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Strain Transformation

•Fluconazole has not been shown to have direct binding to components of DNA 
replication machinery.
•The increase in mutagenesis that occurs during growth under fluconazole may be due 
to a stress response.
•I hypothesize that fluconazole treatment alters transcriptional expression of one or 
more genes that specifically affect loss of heterozygosity, or LoH, rates.

Goals:
1.Use computational approaches to produce a list of possible gene targets most likely 
to respond to stress in order to alter LoH rates.
2.Construct strains in which I can deplete and/or overexpress the gene products 
identified in my computational screen to ask how expression levels of these genes 
affect LoH rates under stress-free and fluconazole growth.

•Selected genes will be transformed to add regulatable expression or depletion:

Introduction Hypothesis

Preliminary LoH Rate Assays
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• Genomic changes are responsible for creating novel genetic diversity.
• Genetic diversity provides an evolutionary motive force to acquire resistance to drugs.
• We can measure some genomic changes through a loss of heterozygosity, or LoH, 

assay where we measure the rate at which a single gene is lost or inactivated.
• We then use single nucleotide polymorphism – restriction fragment length 

polymorphism, or SNP-RFLP to distiguish between single locus changes, chromosome 
arm changes and whole chromosome changes. Here are the frequencies of each:

Single locus changes:
double cross-overs, gene 

conversion and general mutation
29% of LoH events

Chromosome arm changes:
single cross-overs and break-

induced repair
67% of LoH events

Whole chromosome changes:
Chromosome disjunction and 

aneuploidy
4% of LoH events

Dataset Analysis
Tamar Lahav provided three starting gene sets, each derived from multiple datasets:
1.Stress Gene Set – genes that show a repeated gene expression response to different 
stresses in Saccharomyces cerevisiae, a non-pathogenic sister species to C. albicans. 
Genes were limited to DNA repair, checkpoint or spindle formation genes.
2.Stationary Phase Gene Set – outliers in the gene expression response to stationary 
phase in S. cerevisiae were split into up- or down-regulated groups. Up-regulated genes 
were limited to those with the same knockout fitness under drug stress. Down-regulated 
genes were limited to those with increased mutagenesis after knockout.
3.Fluconazole Gene Set – genes which show a repeated gene expression response to 
fluconazole in Candida albicans.

•I found C. albicans orthologs to Saccharomyces genes and read existing literature.
Stationary Phase Gene Set

Down-regulated

Saccaromyces gene C. albicans 
best ortholog E-value Saccaromyces gene C. albicans 

best ortholog E-value

ADK1 ADK1 7.5e-93 RAD6 RAD6 5.2e-69
CLB5 CLB2 5.3e-60 RPA34 orf19.4896 5.3e-10
ELA1 orf19.1028 4.6e-09 RPS9B RPS9B 7.9e-82
GIM5 GIM5 5.3e-28 RRM3 orf19.7538 4.3e-97
OGG1 OGG1 2.2e-45 MSH2 MSH2 9.6e-167
RAD27 orf19.547 1.0e-118 UNG1 orf19.7425 1.3e-56

Up-regulated Stress Gene Set
Saccaromyces gene C. albicans 

best ortholog E-value Saccaromyces gene C. albicans 
best ortholog E-value

DOA1 DOA1 1.1e-118 RAD24 orf19.2728 1.6e-43
RPO41 RPO41 4.4e-272 RFC2 orf19.7035 2.5e-108
ISA1 ISA1 1.1e-45 MEC3 orf19.5485 2.2e-18

Fluconazole Gene Set LCD1 orf19.666 1.1e-07

DDR48 CHK1 orf19.3751 1.4e-42
POL2 RFC4 RFC4 3.5e-118
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1: Add NAT-flipper construct 
DNA with homologous flanking 

region; induce recombination by 
lithium acetate transformation
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2: Induce flipase activity with 
bovine serum albumin (BSA)

3: Add NAT-tagged pMET promoter 
before the second copy of the target 

gene using homologous recombination

(SNP-RFLP work done by Anja Forche, Mary Ann Weinzierl,
Tom Ringstrom, Ari Holloway-Nahum and Musetta Steinbach)

1. The LoH rate assay, or fluctuation analysis assay, starts with a strain containing a 
single copy of a counter-selectable gene.

2. Aliquots from an overnight growth culture are plated onto nonselective media (total 
cell count) and media that selects for the loss or inactivation of the counter-selectable 
gene (mutant count).

3. The mutant count is converted to a mutation count by Lea and Coulson’s median count 
method, it is then divided by the total cell count to give the LoH rate.

How Do Different Stress Conditions Affect LoH?
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Temperature Stress Does Not Affect LoH

Control‐30 Degrees C 39 Degrees C
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Fluconazole Stress Increases LoH Rate

Control‐No Drug 1µg/mL Fluconazole
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Hydrogen Peroxide Increases LoH Rate

Control‐No Oxidative Stress 0.4mM Hydrogen Peroxide

(LoH assays done by Anja Forche,
Mary Ann Weinzierl and Myself)

•We use URA3 as a counter-
selectable marker since we can use 
the drug 5-fluoroorotic acid, or 
5FOA, to select for lost URA3

•URA3 is inserted as a single copy 
using homologous recombination at 
the target locus using autotrophic 
selection on minimal media

•Location of sample genes in the 
Candida genome, which includes 8 
chromosomes numbered 1 through 
7 and R:
GAL1-Left arm of chromosome 1
CLB2-Left arm of chromosome 2
NUF2-Left arm of chromosome 5
MYO1-Left arm of chromosome 5
INT1-Right arm of chromosome 5
BUD7-Right arm of chromosome 5
HIS1-Left arm of chromosome 5
BUD3-Left arm of chromosome 7

•Alternately, gene silencing would 
allow colonies to grow up on 
counter-selection media so we 
confirm loss by replating colonies 
back onto minimal media

•Stocks from mutant colonies are 
later analyzed by SNP-RFLP

•Each strain will then be tested for LoH rate under expression and depletion, with and 
without fluconazole.
•I have started transformations on the targets orf19.371 and DDR48 from the gene sets 
because they have shown interesting expression responses to Fluconazole.
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