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LECTURE 4  SCREENS BASED ON GENETIC INTERACTIONS      Toczyski 
 
 
Learning points. 
 

1.   Understanding the practice and principle of high copy suppression. 
 

2. Understand different ways in which one might get second site suppressors and the 
associated interpretations. 

 
3. Understand how one would go about identifying synthetic lethal interactions and the 

interpretations for them.  
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E.  Screens that start with a gene, not a phenotype.  That is, “find me more genes 

in this pathway” type screens. 

1) high copy (overexpression) suppressors  

This is what we talked about wanted to avoid when we were cloning our gene. 

   a) Very often a gene on a 2µ (High Copy) plasmid will suppress the 

phenotype of other mutants in other genes in the same pathway.  This has the great 

advantage of immediately identifying the gene of interest. 

Example 1- a screen:  Could you find genes that activate the Cdc28 kinase by 

overexpressing random genes and selecting for those that allow a strain with a 

temperature sensitive allele of CDC28 to grow at the non-permissive temperature (36°C).   

 

 

 

 

 

 

The screen: 
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But, if you just plate cdc28-4 strains on 36°C plates, you will also see that a few colonies 

grow.  What are these? How can you avoid them? 

 

One could get a mutation in the strain, such as reversion of the cdc28-4, that allows the 

strain to grow at 36°C.   

To identify these: 

 

 
 

What did the authors find?  3 Genes: 

- They isolated CDC28 

-They isolated two genes that were similar to each other and similar to cyclins found in 

pombe and Sea Urchins.  They called these CLN1 and  CLN2. 

They deleted each separately,  no phenotype. 

 However, the cln1∆ cln2∆ double mutants were slow growing. (they weren’t dead 

because there is a third cyclin gene, CLN3, which they didn’t find). 

 

But, many  cln1∆ cln2∆  cells were large and elongated, just like cdc28-4 mutants at the 

permissive temperature.   

 

Interesting note: many human cyclin genes were subsequently identified in yeast by their ability to 

rescue cdc28 mutants.   
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2) extragenic suppressor screens.  

 a) Just remutagenize your mutant and look for strains that have gone back to 

wildtype.  For example, temperature sensitive mutants that can grow at 36°C again.  

These may be mutations in genes that encode proteins that physically interact with the 

original mutant protein.  One can also get reversions or tRNA suppressors.  These are less 

interesting. 

 b) Three interesting classes of extragenic suppressors.  There are many scenarios  

i)  imagine two proteins that bind each other.  If the original mutation is a glu! 

lysine in protein 1,  the suppressor may be a lysine ! glu in the binding partner to restore 

the salt bridge. 

Example:   

Intro:   Cdc13 binds telomeres.  Loss of Cdc13 can cause the ends of chromosomes to be 

degraded within one cell cycle.  There are also mutations in CDC13  that lead to the 

inability to generate new telomeres, causing a senescence phenotype.  This allele is  

called cdc13-2.  This means that new telomeres can’t be added such that telomeres get 

shorter and shorter and cells die after 40 or so cell divisions.   
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ii)  The original gene and the suppressor could have opposing activities. 

Example 
Introduction.   The Cdc28 kinase, and it homologue in S. pombe called Cdc2, is 

regulated by phosphorylation.  There is an activating phosphorylation, which we will 

ignore here.  There is also an inhibitory phosphorylation, performed by a kinase called 

Wee1 (cells are small when they lack this kinase).  There is a dedicated phosphatase, 

called Cdc25, whose sole known job is to remove this phosphate.  Thus: 

 
 

mutation of cdc25 can lead to a temperature sensitive arrest, due to loss of Cdc2 activity.   

 
 

But, this temperature sensitivity is of cdc25 mutants is suppressed by an additional 

mutation in wee1 
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iii)  Similarly, there are several ways in which suppression can arise when 

two genes function in opposite directions in a single, linear pathway.   

one possibility:      A---| B---| C      Loss of A rescued by loss of B 

 
Example    

Intro:  Deletion of the genes encoding all three G1 cyclins (Cln1, Cln2, and Cln3) is 

lethal.  The most important role of the these cyclins is to inhibit S phase by targeting an 

inhibitor (called Sic1) for degradation.  This inhibitor of S phase functions by inhibiting 

the B type cyclins! 

 

What would be some of the characteristics of these types of suppressors that you could 

use to distinquish between them? 

a) allele vs bypass suppression 

 A bypass suppressor is a suppressor that will allow suppress a null allele.  In the 

previous three examples, which of these suppressors could act as bypass suppressors? 

 

 -If a suppressor can act as a bypass suppressor, it suggests that it is not restore the 

biochemical activity lacking in the mutant, but is obviating the need for it.  

 

 
3) SYNTHETIC LETHALITY 
 
 Lets say that we have a t.s. mutant that is unable to bud.  It is a kinase with 10% activity 
at 23°C (which is enough to get by), and 1% activity at 36°C (not enough).  Image that 
this kinase has another subunit, or there is another member of this pathway upstream or 
downstream.  If we also have a hypomorphic (weakened, but not dead) mutation in this 
other member of the pathway, we may drop the overall activity of this pathway to a level 
where the cells are just dead at any temperature. 
-this is called synthetic lethality.  (note synthesis meaning you are creating something by 

bringing two things together).  

First, how would this look in a cross:    (no linkage) 

MATa yfg1-1 YFG2        x       MATa YFG1 yfg2-1          or:     aB   x    Ab    
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THERE	ARE	MANY	POSSIBLE	REASONS	for	SYNTHETIC	REALITY:	

(balls are individual proteins) 

 
 

Mutations can be within a single linear pathway, or two parallel pathways. 
 
There might be two or more copies of a single gene. 

-CLN1 and CLN2 are very similar to each other, and somewhat similar to CLN3.  
 You can delete any two, but not all three. 
 

Loss of a gene’s function could alter the physiology of a cells in such a way that the cell 
might require a pathway that is not normally essential.   
 -Hypomorphic alleles of many replication proteins (ts alleles at 23°C) are 
synthetically lethal with mutations in the DNA damage checkpoint pathway.  That is 
because this is the pathway that responds to DNA damage that occurs with high 
frequency in the replication mutants.  
 
 
Synthetic	lethality	can	be	examined	with	non-essential	genes	or	with	hypomorphic	
alleles	of	essential	genes.		Almost	all	ts	alleles	are	hypomorphic	at	the	permissive	
temperature!!!!!!	
 
How many of the possible synthetic lethal scenarios shown above can be ruled out if 
a deletion is used?  Very few.  Of the above, one can rule out a situation such as that 
between mut1 and mut2.   
-It is surprising (at least to me) how often essential complexes, containing proteins 
encoded by many essential genes, will have non-essential subunits.   
 
	
One	can	extrapolate	everything	that	we	did	to	cover	synthetic	non-lethal	
phenotypes:		sterility,	sensitivity	to	a	drug,	etc.	
	 	

YFG1 yfg2∆ 
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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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How can this be ameliorated? 
 
Integrate MFA1pr-HIS3 at the CAN1 locus. 
-> can1∆::MFApr-HIS3 
 
CAN1 encodes the arginine permease. 
 
Canavanine is an arginine analog that kills cells. 
 
Therefore, can1∆ cells are resistant. 
 
IMPORTANTLY, CAN1 is shows dominant sensitivity. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Why does this help????? 
 
Haploid selection is now –histidine +Canavanine +NAT +G418 
 
-histidine selects for the haploid,  +canavanine selects against the diploid. 
 
 

  


