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LECTURE 3  CONDITIONAL AND COMPREHENSIVE SCREENS         Toczyski  
 
Learning points.  
 
1. How does one do a high copy screen and what types of things do you get out. 
 
2. Starting with a mutant or gene in hand, you should understand how you would go about 
performing a suppressor screen and a synthetic lethal screen. 
 
3. You should understand the different ways one mutation might suppress the phenotype of 
another mutation.  You should also understand how you might distinguish among these. 
 
4. You should understand why two mutations could generate a synthetic lethal phenotype.    
 
5. You should understand what one can learn from epistasis. 
 
References   PLEASE NOTE There are many more modern examples of screens than these. 
However, these paper all follow one common thread of biology and therefore the background 
does not need to be constantly re-introduced. Moreover, many of these are early papers and 
therefore describe the method in much more detail.  
 
Cell Cycle Biology: 
“The cell cycle: principles of control ” By David Morgan  
Not yeast specific, but with many yeast examples.  This goes over some of the biology that I 
will highlight.  Plus, Dave gets two dollars every time you buy a copy. 
 
The first of several papers outlining the original CDC screen. 
Hartwell, LH, Culotti, J, and Reid, B. Genetic Control of the Cell-division cycle in Yeast, 
I. Detection of mutants PNAS 1970 66(2):352-359. 
 
A nice example of a genomic screen that couldn’t have been done nonsystematically 
Jorgensen P, Nishikawa JL, Breitkreutz BJ, Tyers M.  Systematic identification of 
pathways that couple cell growth and division in yeast.  Science. 2002 Jul 
19;297(5580):395-400. 
 
An example of a high copy screen. 
Hadwiger JA, Wittenberg C, Richardson HE, de Barros Lopes M, Reed SI.  A family of cyclin 
homologs that control the G1 phase in yeast.  Proc Natl Acad Sci U S A. 1989 
Aug;86(16):6255-9. 
 
An example of an allele specific extragenic suppressor analysis. 
Pennock E, Buckley K, Lundblad V.   Cdc13 delivers separate complexes to the telomere for 
end protection and replication. 
Cell. 2001 Feb 9;104(3):387-96.  

Other	examples	of	extragenic	suppressors.	
Fantes PA.  Control of timing of cell cycle events in fission yeast by the wee 1+ gene. 
Nature. 1983 Mar 10;302(5904):153-5. 
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kinase homolog. 
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Schneider BL, Yang QH, Futcher AB.  Linkage of replication to start by the Cdk inhibitor 
Sic1. 
Science. 1996 Apr 26;272(5261):560-2.  
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Tong AH, ………..and Boone C.  Global mapping of the yeast genetic interaction network.   
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 3) However, it was a little premature naming your genes, because you haven’t yet 

answered question number 3: Is each mutant affected in only one gene?  What is the 

alternative?: Imagine that there are two genes in a linear pathway and each allele is very 

weak.  You may see no phenotype, or a very weak phenotype, with the separate alleles, 

but the phenotype may be more obvious when they are in combination.  Alternatively, 

there may be two entirely redundant genes and you may have null alleles (entirely dead) 

of both.  You need to be especially suspicious of the mutants in their own 

complementation group. Why is that?? 

 

So what do you do? Cross your strain to wildtype, sporulate, and examine the segregants 

from the cross (the strains from each spore).   

If you really need both genes to get the 



32 

               4  How do you identify the mutation responsible for the phenotype.  
 
Three related/overlapping ways: 
 
a. Complement      

 
• Let’s assume that we started our experiments with a strain that was MATa 

ura3 trp1  
 
• We will transform this strain with a library.  This library is a complex mixture 

of plasmids, each with random insertions of genomic DNA from a wildtype strain 
that have been cloned into a vector.   

 

• If your original screen was done in a ura3 strain, then the library should be 
made in vector with URA3 in it.  You would transform one of your mutants with 
this library and spread on plates lacking uracil.   

 
• You would then replica plate this to plates lacking adenine and uracil and look 

for those that can grow.   
  -Why would you bother to make the plates lacking uracil??? Why not just adenine 
(there is a practical reason) 
 
 
  
 
 
 
 
 
 
 

 
 
 
 

 
b. Sequence 

 i. Why can’t we just sequence WT and our mutant and look for the difference between 
the two??  Too many mutations, many of which are unrelated to the phenotype. 
  Two solutions: 
   -Best, sequence multiple alleles if you have them. Find gene that is mutated in 
both strains. 
   -Backcross your mutant. 
 
 
 

-What needs to be true about our 
mutation in order for this to work?? 
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Assume there are 100 mutations:  
If you backcross 10 times, each unlinked mutation will have a 50% chance of coming 
through with each backcross, and therefore a 1- .510 chance (about a 0.1% chance) of 
coming through 10. 

 
This is a lot of work, how can you get the same chance with only one backcross? 
Sequencing 5 segregants after one cross and 1 segregant after 5 crosses does the same 
thing. So, you decide which is harder, the crossing or the sequencing. 
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ii. Random linked mutations.  
If your mutation and another random other mutation are 27KB apart 
1cM=2.7KB.  
Therefore, there is about a 99% chance that there will be no recombination at 2.7KB, and 
this is 10cM.  .99^10 is about .90 so there is a 90% chance of no cross over for a single 
meiosis.  
So, if you backcrossed 7 times, you would have about .9^7 which is about 48% chance of 
a crossover.  Therefore, you have even odds of eliminating random mutations within 
about 27KB after about 7 backcrosses. 27KB is about 7-8 genes on either side of the 
phenotypic mutation.  
 
This ignores two things. 

• If you have TWO crossovers within those 27KB, this will eliminate the mutation 
at 27KB. However, if there is only approximately a 10% chance of a crossover, 
then there is only an approximately 1% chance of two crossovers. 

• This, in turn, ignores interference, a piece of mysterious biology that makes 
adjacent crossovers less likely, further reducing the ‘risk’ of two crossovers.  

 
 

 
iii.  What about a mutagenesis screen in mammalian cells.  

Imagine you are looking at resistance to a drug. There are haploid mammalian cell 
lines, like KBM7/HAP1, so one could find recessive alleles. 
 How can you get around the issues listed above?? 
  
• You can select for several mutants and sequence them                                                

-requires that there are only a small number of genes that yield resistance 
 

• You could sequence one, guess at the mutation responsible, and test it in a 
fresh cell line.  Once you identify the correct gene, you can sequence that gene 
in other lines.  

 
All this presupposes that the mutation is coding!!!!! Otherwise, the job is much harder 
because less than 2% is coding!!  
 

3. Mapping 
  

FOR MODEL ORGANISMS:      OLD SCHOOL. 
 -We have a collection of strains with many different mutations that can be scored 
easily: amino acid biosynthesis in yeast, eye color in flies, uncoordinated in worms, etc) 
or nucleotide polymorphisms.  Look for linkage.  
FOR HUMAN STUDIES:         STATE OF THE ART (hard to arrange the matings) 
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B.  How to study essential genes: conditional alleles. 

   1) Traditionally use temperature sensitive mutants.  

a) mutagenize and grow at 23°C  ! test at 36°C 

b) if you know that you want a temperature sensitive allele, you may want to 

start with a general screen for temperature sensitives. 
 

   2) Example.  What are the genes required for budding/entering the cell cycle? Cells 

bud at G1.    Mutants that can’t bud are dead, therefore these will be essential genes. 

a) The CDC Screen: 

   i)   Mutagenize cells and plate at 23°C -->  replica to 36°C 

       ii)  Pick the ts mutants from the 23°C plate and put in liquid (save a little) 

  iii)  Bring to 36°C  wait about three hours (one cell cycle takes about 2 hours) 

  iv)  examine on a microscope slide. 
 

This is very similar to the CDC (cell division cycle) screen that was done by Hartwell 

in the 70’s, except his screen looked for arrests at all stages of the cycle and 

categorized them.    Subsequently, Paul Nurse did a similar screen in pombe 

 This wasn’t as redundant as you might guess.  Many novel genes and several 

key experiments were performed in pombe that capitalized on the different 

biologies of the two systems.  

 

 

 

 

 

 

 

      23°C          !          37°C                23°C            !        37°C 

 asynchronous !      G2/M          asynchronous    !         G2 

    S. cerevisiae cdc mutant   S. pombe cdc mutant 
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Important	point:		For	complex	phenotypes,	it	is	often	useful	to	start	with	a	very	easy,	but	

not	very	specific	screen,	and	follow	up	the	positives	with	a	more	labor-intensive,	but	

more	specific	screen.	 

 

3) Start ---> 

  a) After this point in G1 cells can no longer mate.   

  b) Once diploids enter a normal S phase, they can no longer go through meiosis 

  c) Cells will grow in size in G1 until start, after which they are large enough enter S 

phase and complete a cell cycle.   

  d) CDC28 shown to control entry at start 
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     i) Start is a point in G1 from which cells can mate.   If they pass this point they can 

no longer mate and are committed to a cell cycle.  Cells will grow in size in G1 until they are 

large enough to continue with no growth. 

     ii) CDC28 encodes a kinase that is the central regulator of the cell cycle  --> well 

conserved, central cell cycle player in all eukaryotes- often called cdc2 or cdk# 

     iii) CDC28 acts with a second protein called a cyclin 

	

Why	aren’t	the	cyclin	genes	CDC	mutants?  
They are redundant. Some cyclin mutants do have CDC phenotypes in another yeast, pombe 

 

How	were	they	found	in	yeast?   High copy suppression screen with a temperature sensitive allele 

of CDC28, called cdc28-4  (We’ll get to this later) 

   

 

Cdc28 associates with different cyclins at different parts of the cell cycle.   

  ! Cln1, Cln2, and Cln3 function in G1-S transition 

  ! Clb1, Clb2, Clb3, Clb4, Clb5, & Clb6 function in S phase and mitosis 

  ! One important way that it is regulated is by degradation of those cyclins 
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 C.	How	do	you	start	with	essential	gene	and	generate	a	conditional	allele?	

 1)  Can use a regulatable promoter.   

  -This is easy, but slow for stable gene products.  Mnaimneh et al (Cell 118, pg 31) 

integrated titratable promoters for most of the essential yeast genes and characterized 

them by size, microarray, etc.  

 2)  One can also screen for a ts allele by first mutagenizing your gene 

 3)  One can make a “degron”- a portable temperature sensitive domain. 

Better than transcriptional shut-off because of speed. -Varshavsky lab 

 

D.  Using deletion libraries to examine non-essential genes. 

1) All nonessential genes have been deleted in a complete series. 

 a) These can be tested directly for straightforward phenotypes  

 b) If one needs one or two other mutations in order to do their screen, it is 

harder.  These need to be crossed into every strain using a robot (not that hard).  

Example of such a screen:  You want to find the genes required to induce 

transcription after heat shock, or DNA damage, or during mating.     

 -You put a marker (e.g. ADE2) under the control of a known inducible 

promoter.  You induce the pathway and look for mutants that don’t produce 

ADE2.  You would have to cross this into the deletion collection. 

 c) Big advantage- You go through EVERY gene and don’t have to clone your 

mutants 

 

2) Example: Cell size in yeast:   

a) Cell size in yeast, a primer: 

Budding yeast must hit a size threshold before they commit to start. 

This is affected by ploidy (diploids bigger than haploids) and  

by nutrients. Cells in rich media grow bigger before they hit start!! 

 

b) Mutants had been isolated which affect cell size in yeast.  Most famously    

an allele of the G1 cyclin CLN3, originally called WHI1-1, later renamed 

CLN3-1 
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-What	do	you	know	about	the	allele	based	on	the	designation	above?		

It is dominant!! 
 

c) These mutants are difficult to isolate, but it can be done.  They are 

even harder to clone because they cannot be easily screened.  
 

d)  The Tyers lab Screen:  They went through the entire deletion 

collection and individually determined the average size of each mutant. Found 

small and large mutants 
 

How	do	you	size	cells?		A coulter counter is a machine that will count particles 

and give you their approximate diameter.   
 

What	about	the	essential	genes? Some of these might be involved in sizing.  

What if these are rate limiting components; a two-fold decrease in dose could 

yield a phenotype.  Therefore, the Tyers lab also examined diploids with 

heterozygous deletions of each of the essential genes.  Science 297, 395 (2002) 

 

 

-But, maybe cells are just small 

when the mutants are slow 

growing, because they spend a lot 

of time in G1 trying to get big 

enough to reach the size threshold.  

One way to look at this is to 

compare growth rate with size, 

and see if there are mutants that 

have the same growth rate, but very different sizes.
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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.  


