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DIPLOID GENETICS 
 

1. What are the issues that must be overcome when doing a screen for recessive 
mutations in a diploid? 
 

2. How does self-mating in a nematode help? 
 

3. What are ways in which fish genetics have found to eliminate the tedious 
aspects of doing a screen for recessives? 
 

4. How do balancer chromosomes work and why are they useful? 
 

5. Why is screening for suppressors/enhancers useful in drosophila? 
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VIII SCREENS IN DIPLOIDS 
A. Imagine a screen in a generic diploid.  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, grumpiness, etc). 
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a. The Parental (P) is just the mutagenized male.  The male is not actually 
mutant!! 

 
b.  The F1 is the offspring of the P.  
 

i. Each individual has a DIFFERENT mutation (Mut 1, Mut 2, Mut 3, etc), 
arising from a different sperm!!  These are heterozygous so they will not display 
recessive phenotypes.  

 
ii. Q: Why not homozygose at the F1 step??? 

A: Because you only have one individual for each mutation!!! 
 

c.  The F2.  Each F1 is physically separated out and is mated to WT.  
This generates each sex with each mutation.  However, they are still heterozygous and 
you still can’t tell which have the mutation. 
 

d. The F3. You then randomly breed siblings. 1/16th will be homozygous and 
display the recessive phenotype.  

 
i. You can also breed the F2s back to the original parent (yes, there are words 

for this, but it is OK in genetics! Don’t tell the Hello Kitty company.) Now it will 
be 1/8th phenotypic. 

 
  e. F4   For many non-mammals the egg is big compared to the final animal (i.e. 
worms and flies).  In these cases, much of early development is encoded by the mother.  
The progeny only start to transcribe after the mid-blastula transition. Therefore, if the 
mutation is in a gene that is involved in early development, it will only be seen in the 
F4!!! 

2.  Imagine that the phenotype is dominant. Now what can you do. This is easier: 
You can just view the F1 directly and not go farther. 
Therefore, you don’t need to separate out the individual mutants.  

 
 3. What if you phenotype caused lethality in very early development. How would this 
look in our hello kitty (or a mouse) screen. You would not detect any mutants. Even in 
flies, you would simply see that a very small subset (1/16th) of these never hatch.  This is 
difficult for a screen. We’ll address this problem later. 
 

4. But, how to you maintain the mutant if the phenotype precludes breeding (if the cat 
is just too grumpy). The phenotype may include strong developmental defects that cause 
early death.    

a. You have to go to the pool of others and identify the heterozygotes and mate 
these.  

b. Not easy!! You can do it randomly and just keep isolating the mating pairs that 
generate the phenotype. There are other tricks, which I will get to below (balancers).  
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B. NEMATODES  
 

• Transparent 

• Cute 

• Defined cellular makeup  

• Two sexes: males and hermaphrodites.  Hermaphrodites can either self 
mate, or mate with males.   
 

 

 1. If a hermaphrodite in the F1 is WT/mut1, then ¼ of the F2 will be homozygous 
mutant and show recessive phenotypes.  Therefore, an F3 does not need to be done to 
identify recessive mutations.  
 

2. What about dominant mutations.  They can just be isolated straight from the F1’s.  
A screen for a non-lethal phenotype like Unc (uncoordinated) can be done 
without separating out the F1’s individually.  
 
 
 

 
 

C. FISH.  One can artificially make haploid fish. 
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--Irradiate sperm and you can get haploid fish. Not viable, but get far enough 
along to be phenotypic for early embryo phenotypes.  
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- Haploid	screen:	Easy,	but	the	animals	don’t	become	adults	
- Heat	Shock.		100%	homozygous,	but	only	10-20%	survive	
- Early	Pressure,	More	survive,	but	heterozygous	for	genes	telomeric	to	the	

recombination	site.	Can	be	used	for	mapping!	
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   D)  FLIES   Screening for recessives is facilitated in either of two ways: 
     -  Use balancer/attached chromosomes and screen one chromosome at a time. 

  -  Look for mutations that give haplo-insufficient phenotypes.  
 

1)  Drosophila screens are often done one chromosome at a time.  Since only three 
chromosomes (chromosome I (the X), 2, and 3) encode the vast majority of genes, it is 
not too difficult to examine them individually.   
      a) Screening for recessive mutations using the attached X. 
 Imagine that two X chromosomes were fused (X^X).  
 

i) Cross an X^XY female to an XY male.   
The Punnett square below shows the X from Dad as X* 

 
Four progeny types: 
 

X^X X*    These are DEAD because they have three X chromosomes 
X^X Y  These are females like the starting female 
Y Y  These are DEAD because they have NO X chromosomes 
X* Y   These are normal males 
 
All of the males that come out of this cross have an X from the male.  If you mutated that 
male before crossing, recessive mutations in these males would be phenotypic.  
 
       b)  Balancer chromosomes.   

1) Imagine that you took all the genes on a chromosome and rearranged them.  
This chromosome could no longer pair during meiosis.  What would happen?  You 
would get almost no recombination and every gene on that chromosome would be 
effectively linked to every other gene!!   

 

 
  

    Female
X^X Y

X* X^X X* X* Y
Male

Y X^X Y Y Y
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2) Why would this be useful.  Image that you wanted to track all the genes on this 
chromosome.  If you could track a single gene, you would be tracking them all, because 
they are all linked!!!  
3)  Imagine the following cross with the CyO balancer.   
This balancer has a dominant phenotype to wildtype (curly wings) AND is recessive 
lethal!!!! Talk about useful, just look what happens!! 

 
-see how this makes tracking all the mutations on this chromosome easy.    
 
Now imagine that we wanted to look for recessive lethal mutation on this chromosome.  
Look at the following manipulation.   
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4) Another way in which the “diploid” problem can be circumvented in flies is by 
searching for heterozygous loss of function in sensitized strains. Imagine an 
essential pathway.  

 
a)  Example.  The sevenless (gene name abbreviations in flies are typically 2-4 

letters: sev)   
 
Eye development: 
Each ommatidia in the compound eye has 8 photoreceptors (R1 --> R8).   
-if you screw this up you get a “rough” eye phenotype (visible macroscopically by grad 
student).   The rough eye phenotype is very easy to screen for.   
-Eyes are not essential!!  Can look at essential genes by mutating them just in the 
eye. 

  
  
 
 

 
 
 
 
 

 
 
 
 
The sevenless gene encodes a receptor tyrosine kinase that is required for eye 
development (not required for other, essential developmental processes).  
 
sevenless was pulled out of a classic genetic screen.   The Rubin lab wanted to find other 
genes in the sevenless pathway.  There is a problem here.  Just because sevenless is a 
dedicated eye development protein, doesn’t mean that the other proteins in the pathway 
won’t have essential functions.   
 
Therefore, Rubin used a half dead version of sev (sevB4 ) in the hope that loss of just one 
copy out of two for some downstream gene would give a phenotype.  That is, this strain 
may now be sensitive to even a 2x lowering of the dose of a gene in the pathway, 
allowing him to pull out null alleles of essential genes because they will have phenotypes 
as heterozygotes. 
 
 

 
 sevB4 ;  + 

+ 
22.7°C  90% of ommatidia have R7  (WT) 
24.3°C  10% of ommatidia have R7 
 

    WT             mut           mut & En     mut & Sup 
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This strain is clearly on the edge of having enough sev and is sensitized.  
 

Indicates that the strain is wildtype at modifying loci.   
 

a) If a strain has a second mutation that enhances the phenotype of sevB4 then it will 
lack R7 even at 22.7°C.  This is an enhancer of sevenless = E(sev) 

b) If a strain has a second mutation that suppresses the phenotype of sevB4 then it 
will have R7 even at 24.3°C.  This is a suppressor of sevenless = S(sev) 

 
 

 
 
  

 
 
 
This allowed the Rubin lab to isolate null alleles of ras.    
This showed up as a recessive lethal E(sev). 
 
 
N.B. THIS USE OF THE WORD ENHANCER IS ENTIRELY UNRELATED 
TO TRANSCRIPTIONAL ENHANCERS 
 

+ 
+ 

sevB4 ;  E(sev) 
    
+ 

<< 90% of ommatidia have R7 at 22.7°C 
 
 
> 10% of ommatidia have R7 at 24.3°C sevB4 ;  S(sev) 

    
+ 


