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LECTURE 5 SYNTHETIC LETHAL SCREENS AND EPISTASIS 
 
Learning points.  
 

1. What does synthetic lethality and epistasis tell you about a biological 
pathway? 

2. How do you go about a synthetic lethal screen? 
3. How do you use these data to understand genetic pathways? 
4. What needs to be done to uncover recessive genetic traits in a screen in a 

diploid? 
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Systematic	synthetic	lethal	screens:	
the	basic	idea 

YFG1 yfg2∆ 
         x 
yfg1∆ YFG2 

YFG1 yfg2∆ 
yfg1∆ YFG2 

Haploids Haploids? Diploids 

yfg1∆yfg2∆  
  Alive?? 

If want to do this for just two genes, you 
can do tetrad dissection. But, if you 
want to examine yfg1∆ with all 4000 
nonessential gene deletions you need to 
find some way to do this en masse. 

 
NEED TO BE ABLE TO: 
1) Select for diploids 
2) Select for HAPLOID yfg1∆ yfg2∆  

HOW DO YOU SELECT FOR HAPLOIDS? 
HOW DO YOU SELECT FOR DIPLOIDS?? 
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WHAT IS THE USE OF SYNTHETIC LETHALITY?? WHAT DOES IT TELLS US? 
NOTHING DEFINITIVE, BY ITSELF.   
 
-  Genes could be in the same pathway under some circumstances (where the mutation causes a 

partial loss of function in the pathway).    
e.g. cdc28-1N is synthetic lethal with deletion of one normally non-essential cyclin gene, clb2 
 
-  Genes could be in parallel pathways that perform similar functions.  
e.g. can1∆ is synthetic lethal with arg4.  WHY? 
 
-  Genes could be in parallel pathways that don’t have directly related functions, but where one 

is required when the other is missing.   
e.g. mutants that disrupt replication cause DNA damage.  Thus, many of these mutants are 

lethal with mutants in pathways that fix DNA damage.   E.g. the okazaki processing 
enzyme mutant fen1∆ is lethal with the DNA damage checkpoint mutant mrc1∆ and the 
recombination mutant rad52∆.  

         
T    THEREFORE, THIS SORT OF 

ANALYSIS COULD ALLOW 
YOU TO MAKE EDUCATED 
GUESSES AT THE FUNCTION 
OF A GENE. 

  
   
         However, what if you found a 

gene of unknown function that a 
gene you were interested in had 
the very same set of synthetic 
lethal interactions as genes in a 
well studied pathway it would 
strongly suggest that your gene 
functioned in that pathway too.  

Red boxes are 
synthetic 
lethalities. 
 
Because of the 
way this is done, 
it is sometimes 
hard to 
distinguish 
synthetic very 
sick, from lethal. 
 

Cluster IX below contains two 
genes known to be required for 
the replication checkpoint: 
TOF1 and MRC1.  
 
It also contained another gene 
CSM3, whose function was not 
known.   
 
This led the authors to test 
whether csm3∆ mutants were 
also defective in the replication 
checkpoint-> they are!! 
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The deletion collection is also bar coded. 
This means that each deletion has a unique 20 nucleotide identifier (actually, each has two).  
 
 
 
 
 
 
 
 
 

Therefore, one can do a PCR reaction on DNA purified from any deleted strain and identify 
the deletion.   

 
The PCR primers flanking the barcode are 

the same for all strains. 
 
 
What is the advantage to 
this???????   
 
 
You can mix the strains and examine 
changes in the ratios of the deletions.  
 
This has been used for 
pharmacogenomics.  What will 
happen if you do this experiment 
with FOA, or with a DNA damaging 
agent??? 
This is typically they idea behind 
CRISPR based screens in 
mammalian cells. 
 
 
This can also be used to examine 
synthetic lethality.  
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VII Epistasis 
.  

A. Definition.  Historically, it means that one mutation “masked the expression” of 

another allele.  This has come to be a little vague, so I’ll define it in a way that is most 

useful, and most commonly used in yeast genetics: 

 

1. If the phenotype of yfg1∆  and  yfg2∆  differ, and the yfg1∆yfg2∆ double 

mutant phenotype is the same as the yfg1∆ phenotype, one says that yfg1∆ is epistatic 

to yfg2∆.  

 

2. If the phenotypes or yfg1∆ and yfg2∆ are the same, and the phenotype of the 

yfg1∆yfg2∆ double mutant is the same as the single mutants, one says that yfg1∆ and 

yfg2∆  are epistatic. 

 

3. What does all of this mean biochemically?   

There are no simple formulas for interpretation.  But epistasis experiments serve, 

mostly, to eliminate models, which is often the way models are proven. 
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This is the diagram in your notes from our earlier discussion of synthetic lethality.  

Lets now think about it in terms of epistasis. What would you expect in terms of 

epistasis 

a)  mut1∆  must be either be epistatic to mut2∆ (and mut3∆ )  

- i.e. mut1∆ phenotype = mut1∆ mut2∆ phenotype > mut2∆ phenotype 

 OR 

mut1∆  and  mut2∆ are in the same epistasis group 

 - i.e. mut1∆ =mut2∆ = mut1∆ mut2∆  

 

b) mut2∆ could be epsitatic to mut3∆ and visa versa   

 -i.e. mut2∆  = mut2∆ mut3∆  > mut3∆ 

OR  

mut2∆ and mut3∆ could be epistatic.    

- i.e. mut2∆ =mut3∆ = mut2∆ mut3∆  

     OR 

   mut2∆ and mut3∆ could be synthetic 

    -i.e. mut2∆ mut3∆ > mut2∆  AND  mut2∆ mut3∆ > mut3∆   

 

If the only function of the pathway with these genes in it is to inhibit X, then  

deletion of the gene encoding X, geneX∆ is epistatic to mut1∆, mut2∆, mut3∆ AND 

mut4∆.  
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B. Three examples.  

1.   What about the following (Genes Dev. 1996 10: 2025-2037) 

rad51∆  are defective in recombinational DNA repair: 19 ± 2 % of WT (RAD51) 

rad52∆  are very defective in recombination: 0.022 ± 0.009 of WT (RAD52) 

rad51∆ rad52 doubles are like rad52∆ mutants: 0.028 ± .007 of WT (RAD51 

RAD52). 

That is, rad52∆ is epistatic to rad51∆.  

 

What is an explanation of this????  RAD52 is required for “normal” recombination, and 

also other, less frequent events.  Rad51 is not required for these other events 

THIS USE OF EPISTASIS ANALYSIS DEALING WITH MUTANTS THAT HAVE 

THE SAME PHENOTYPES TO VARYING DEGREES IS MOST COMMON IN 

YEAST, AND NOT REALLY DISCUSSED IN TERMS OF EPISTASIS FOR HIGHER 

ORGANISMS.  

 

2. WT (ADE2 ADE3) strains are white 

ade2∆ mutants are RED 

ade3∆ mutants are WHITE 

ade2∆ ade3∆  double mutants are …… WHITE.   

 

First, how does one refer to the epistasis here?  ade3∆ is epistatic to ade2∆ 

What is an interpretation, both in terms in genetic diagrams and actual biology? 

 

Genetic   X ! ! ADE3  !  !  Y ! ! ADE 2 ! ! adenine     

    Y is an intermediate in adenine biosynthesis called phospho-ribosylamino imidazole 

 

3. Mating mutants 

REMINDER:     MATa cells make a factor which makes MATα  cells arrest in G1 

   MATα  cells make α  αwhich makes MATa cells arrest in G1 

   MATa/MATα  cells (diploids) neither make a mating pheromone nor are 

sensitive to it!!!! 
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a. An earlier screen found yeast mutants defective in arresting the cell cycle 

in response to mating pheromones.  

i) Pretty easy to find resistant clones.  Just mutagenize and plate on 
plates with alpha factor and look for growth. 

ii) Found many recessive mutants. These were called sterile (STE) 
mutants.  

iii) How do you mate sterile mutants for analysis? 
Could either screen for ts mutants or take advantage of the fact that 

mutants are a little leaky (even if they mate at 0.1% wt, who cares? Still 
get a diploid ) 
b.  To order the genes in this pathway, the Jenness lab isolated mutants 

that constitutively activated the mating pathway.  How can this be done? 
 
Many components of the pathway are only expressed in haploids.   
Thus, a constitutive allele of a STE gene will not cause a permanent arrest in a 
MATa/MATα    ΝΟΤΕ: a MATa strain with MATα on a plasmid will “think” it’s a 
diploid.   Mutants are dead on FOA (i.e. dead as MATa “haploids”) 
 

 

URA3 
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This is the standard G protein 
coupled map kinase pathway seen 
in almost all eukaryotes.  
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VIII SCREENS IN DIPLOIDS 
Can mutagenize the parent (P) chemically or with a  transposable element.   One 

particular mutation, which we will follow, is designated “”m” in this cross.    
 

1. Imagine a recessive mutation that does not affect viability (e.g. color, angry, etc). 
 

 
 


