
2016 C. elegans Problem set: 
 
A few points to ponder:  The only worm-specific aspect of the questions that you will see 
below is that C. elegans hermaphrodites are self-fertilizing and thus can generate 
progeny.  They are, of course, diploid.  Everything else in the question derives from the 
logic that you have already learned about in the lectures and seen in various discussion 
papers (e.g. chromosome segregation during meiosis, recombination, etc).  Also, the 
problem set is long because they it is providing you with lots of background but the 
actual questions are fairly short and can have relatively succinct answers.  When 
confused, draw things out! 
 
  



1.  Failed attempt at generating a double mutant (these are made up genes but based 
on real stuff). 

 
UNC-134 is for an acting binding protein required for normal axon guidance and 
coordinated movement; thus unc-134 loss-of-function mutants have uncoordinated 
movement (unc phenotype).  The unc-134(gc12) is a recessive, loss-of-function mutant.  
WSP-1 is the C. elegans counterpart of another acting-binding protein that was initially 
identified in mammalian studies.   You have a strain in which wsp-12 gene has been 
deleted.  These animals are viable and have normal movement.  You can detect the wsp-
12 deletion using a PCR strategy (shows a smaller band in mutant compared to wildtype).    
 
Your goal is to generate double mutants that are homozygous mutant for both the unc-
134 and wsp-12 loci.  To do so, you cross wsp-12 deletion males with unc-134 mutant 
hermaphrodites (the following results would be no different if you were mating unc-134 
males with wsp-12 hermaphrodites).  You are certain that you have obtained F1 cross 
progeny.  You then take a number of these F1 cross progeny hermaphrodites, move them 
individually onto separate plates, allow them to self fertilize, and then examine the 
progeny arising from these animals (these are now the F2s).   
 

• What fraction of the cross progeny would you expect to be homozygous 
double mutants?   
 

You look at ~120 of these F2 progeny.  You find animals that are homozygous for unc-
134, homozygous for wsp-12, or heterozygous for both the unc-34 and the wsp-1 loci.  
What you don’t find is your intended unc-34; wsp-1 double homozygous mutants. 
 

• Provide two separate explanations that would account for this possibility: 
  



2.  Linkage and mapping  (This page is background info on SNPs, no specific 
questions here).  
You learned about linkage from Dave’s lectures: two loci that are physically on the same 
chromosome segregate together because they are literary linked together.  However, 
recombination can separate two linked loci.  The closer two loci are two each other on a 
chromosome, the less likely the possibility of a recombination event happening exactly 
between the two loci such that they are separated from one another (the frequency of such 
events is how mapping distances are determined).   With the advent of molecular biology 
and discovery of polymorphic regions between genomes of the same species, one can 
apply the very same logic of linkage but instead of the use of visible phenotypes one can 
now rely on the segregation patterns of molecular markers.     
 
A molecular strategy for following genomes: Polymorphisms including single nucleotide 
polymorphisms, SNPs, provide a strategy for molecularly following a genetic cross.  
SNPs can be detected by a variety of methods.  By chance, some SNPs happen to create 
or destroy a restriction site (These are called SNP-SNIPs).   Consider an imaginary string 
of DNA that depending on the starting strain has the two following sequences:    
 
(DNA from strain 1): AGTCATCCATGCTATGACATCGGAATTCGTTGCATCCATC 
A single nucleotide polymorphism could turn this into: 
(DNA from strain 2): AGTCATCCATGCTATGACATCGGAAGTCGTTGCATCCATC 
 
The only difference is conversion of the T (highlighted in red) to a G. As it turns out 
GAATTC is the consensus site for that is recognized and cut by the EcoR1 restriction 
endonuclease.  Thus, if you use PCR primers that flank this entire sequence—not just the 
EcoR1 recognition site-- you get the same size band of about 40 nucloetides from either 
version (1) or (2).  However, only the PCR product arising from version (1) above is 
subject to cutting by EcoR1.  This provides you with a molecular marker by which you 
can now distinguish the two DNAs: 
 
Top of a DNA gel:  

lane 1  lane 2  lane 3  lane 4 
   ______ ______   ______ 
 
        ____     
                  ____ 
  
 
lane 1: PCR product from version (1) without to exposure to EcoR1 
lane 2: PCR product from version (2) without to exposure to EcoR1 
lane 3: PCR product from version (1) after incubation with EcoR1 
lane 4: PCR product from version (2) after incubation with EcoR1 
 
Once you have DNA from genotype of your interest, you can examine numerous SNPs 
throughout this genomic DNA. 
 



A mapping question:   
You have identified a mutant strain (m/m) that has an interesting, easy to score phenotype.  
This mutation was identified in the standard laboratory N2 background strain (a strain 
originally isolated in Bristol, England). Based on backcrossing you know that i) the 
mutation is recessive (e.g. heterozygotes arising from a mating do not show the 
phenotype), ii) appears to be due to a single locus mutation (1/4 of the progeny of a self 
fertilizing heterozygote appear mutant), and iii) it is not on the X chromosome (male 
cross progeny of a cross between m/m and wild-type appear wild-type). The Hawaiian 
CB4856 strain is also wild-type but has polymorphisms relative to N2 throughout its 
genome.  These polymorphisms have been well characterized, occur throughout all of the 
chromosomes (5 pairs of autosomes and the pair of X in hermaphrodites), and some of 
which have been worked up to serve as a series of SNP-SNIPs (see above) that allow for 
distinguishing N2 chromosomes from the equivalent Hawaiian chromosomes.  

In order to molecularly map (locate) your mutation to a specific segment of the genome, 
you cross N2 hermaphrodites that are homozygous mutant (m/m) with wild type 
Hawaiian males.  The cross progeny (F1) appear wild type for the phenotype of your 
interest; you move several of these F1 cross progeny onto individual plates and let them 
self fertilize.  Overall, you note that a ¼ of the arising progeny (which are now F2) look 
phenotypically mutants (exactly as had been the case with the backcross).  You then 
select 20 of these F2s animals that phenotypically look mutant, isolate DNA from each of 
these 20 and subject these DNAs to SNP mapping.   For the purposes of the question, 
let’s assume that the mutation of your interest (m) is on chromosome I. 

• For chromosomes other than chromosome I, what do you expect in terms of 
the presence of Hawaiian chromosomes relative to N2 in the F2 progeny that 
you have picked based 
on the mutant 
phenotype?  How 
about chromosome I? 
(see image as an 
example of representing 
the information) 

 

• Describe how this strategy can be used not only to decide which chromosome 
your mutation is on but a particular region of that chromosome.  You can 
assume that each chromosome will, at best, only undergo one recombination 
event in your crossing scheme. It might help to draw out a pair or two 
representative chromosomes (represent the N2 chromosomes as a thin line, those 
of the Hawaiian as think or swiggly line). 

  

 

 9 

 

--Single Nucleotide Polymorphism (SNP) mapping: 

Consider the following scenario:  you have identified a mutant strain that carries a single 

recessive mutation (*).  This mutant was identified in the standard laboratory N2 

background strain (strain isolated in Bristol, England).  The Hawaiian CB4856 strain is 

also wild type but has polymorphisms relative to N2.  Cross mutant (*) hermaphrodite 

with Hawaiian males.  Assume mutation (*) is on chromosome I. (chromosomes III, IV, 

V, and X not shown for simplicity): 

 

       SNP1       SNP2 

I * II         X     I  II   

 * 

       SNP1       SNP2 

 

 

 

 

F1  CROSS PROGENY:   I * II   

 

      SNP1       SNP2 

Phenotype:  100% wild type 

50% hermaphrodites, 50% males pick individual hermaphrodite cross progeny 

onto separate plates, allow self fertilization 

 

 

F2  Phenotypes:  ¾ wild type, ¼ mutants.  100% hermaphrodites. 

 

Step 1:  determine which chromosome carries the mutation: 

Pick individual F2 progeny with mutant phenotype.  What are the probabilities of seeing 

SNPs on chromosomes unassociated with mutation?  On chromosome associated with 

mutation? 

     * NON-RECOMBINANT  

F1      F2  * 

 I *               * RECOMBINANT   

     * 

 

 

F1      F2 

      25% 

II     

      50% 

 

      25% 

 

 



So, for chromosomes other than chromosome I, what do you expect in terms of 
presence of SNPs that identify the Hawaiian chromosome (% or probability)?  

 

 

How about chromosome I? 

  

 

 

Describe how this strategy can be used not only to decide which chromosome your 
mutation is on but a particular region of that chromosome.   



Drosophila genetics question, 2016 
The following question is designed to test your aptitude for working with genetic concepts such as epistasis, 
allelic strength, and cell autonomy/non-autonomy.  The specific details of the question have been contrived to 
suit this purpose and are probably not correct (i.e. don’t quote me on any of this!), although the solutions to the 
problems certainly do resemble real biology.  All of the information you will need to solve the problem is 
contained within the question below. 
 
Introduction 
Drosophila have three larval stages, which are characterized by substantial nutrient uptake and rapid growth.  
Wildtype larvae in a nutrient rich environment will eat continuously until they have obtained sufficient calories 
and essential nutrients, usually 2-3 hours at a time, and then stop for 6-8 hours before beginning the cycle 
again.  In a forward genetic screen, your lab identified mutations in a gene, insatiable (ins), that affects feeding 
behavior.  Flies that are homozygous for a null allele of ins are viable and fertile but larvae eat continuously, 
without stopping, for at least 6 hours straight.  Conversely, constitutive overexpression of ins strongly inhibits 
feeding, causing a “minimal eating” phenotype, which is enough to survive but much less than normal.  
Continuous feeding can be assayed by live imaging for up to 6 hours and a MatLab automated larval feeding 
tracker your lab developed.  The phenotype of ins null homozygotes is highly penetrant, with 100% of mutant 
worms feeding for a full 6 hrs continuously (vs only 2% of wildtype worms that feed for 6 hrs straight).  You are 
interested in investigating the mechanism of action of ins.   
 
Preliminary Data 
As preliminary data for the project, you and your labmates 
have generated the following data and observations: 

1. Insatiable is a distant but likely homolog of leptin, a 
hormone that triggers satiety in mammals. 

2. the promoter of insatiable contains well-conserved 
binding sites for the transcription factor stat, which is 
activated by JAK/STAT signaling, a signaling 
pathway that is essential for embryogenesis. 

3. you found during your rotation project that 
supplementing food with cholesterol (the equivalent 
of a Big Mac for larvae) reproduces the continuous 
feeding phenotype of ins mutants. 

 
Available stocks and reagents 

1. An antibody that works well in Western blots and 
immunofluorescence for detecting Stat 

2. Three stat alleles (see figure) and dome RNAi:   
○ ; ; FRT80B stat1 
○ ; ; FRT80B stat2/TM3 (RFP) 
○ ; ; FRT80B stat3 
○ ; ; UAS-domeRNAi 

3. Two alleles, ins RNAi, and a line for ectopically 
expressing ins:   

○ ; FRT40A ins1 (a null) 
○ ; FRT40A ins2 (a mild hypomorph) 
○ ; UAS-insRNAi (you can assume efficient 

knockdown) 
○ ; ; UAS-insWT (a wildtype copy of ins) 

4. Tissue specific Gal4 lines:  
○ ; intestine-Gal4/CyO (GFP) 
○ ; fat body-Gal4/CyO (GFP) 
○ ; ; brain-Gal4/TM3 (RFP) 
○ ; tub-Gal4/CyO (GFP) (expresses in all cells) 

  

JAK/STAT signaling 

Percent of larvae 
feeding for: 

2-3 hrs 3-6 hrs ≥6 hrs 

Wildtype 98% 2% 0% 
; ins1 0% 0% 100% 
; ins2 10% 80% 10% 
WT + 0.5 mg cholesterol 97% 2% 1% 
WT + 1 mg cholesterol 84% 16% 0% 
WT + 2 mg cholesterol 7% 8% 85% 
 



5. Lines for making clones: 
○ Note:  hsFlp is a flippase driven by a heat-shock promoter—hs at 37°C, 1 hr to activate).  LacZ 

can be detected in tissues with an anti-LacZ antibody. 
○ hsFlp/FM7 (CFP); FRT40A LacZ+ 
○ hsFlp/FM7 (CFP); ; FRT80B LacZ+ 

6. A reporter of JAK/STAT signaling: 
○ 4xSTAT-GFP  (GFP is expressed in all cells with active JAK/STAT signaling) 

 
Questions 
If you propose to perform an experiment on a genotype not listed above, diagram the crossing scheme you 
would use to get that genotype. 

1. You find JAK/STAT is required for insatiable expression.  The fact that Insatiable helps to convert a 
nutritional signal into a behavioral change suggests that it is produced by either organs involved in 
feeding and metabolism or by the brain.  Design an experiment to determine whether the intestine, fat 
body or brain is the relevant source of Insatiable for the cessation of feeding after 2-3 hrs of eating 
normal (i.e. non-cholesterol supplemented) food. 

2. You find that the intestine is the relevant source of Ins.  Design an experiment to determine whether 
JAK/STAT signaling is required cell-autonomously in the intestinal epithelial cells for ins expression.  

3. You find that JAK/STAT signaling is required cell autonomously for ins expression in the intestine.  
Since supplementing food with cholesterol has the same effect on feeding behavior as loss of ins, you 
hypothesize that cholesterol antagonizes the effect of ins.   

a. Design an experiment to determine whether high cholesterol in the food inhibits activation of 
JAK/STAT signaling in the intestine 

b. Design a genetic experiment to determine the epistatic relationship between high cholesterol in 
the food and ins expression in controlling the feeding behavior phenotype. 

c. Incorporate the information given in the questions above with your projected outcome of 
questions 3a and 3b (you can decide how these experiments come out) to draw a pathway of 
for action of JAK/STAT, insatiable, and cholesterol on feeding and give your rationale for the 
order of events.   

 
Drosophila conventions and tools 

● Drosophila have 4 chromosomes (I, II, III, and IV).  Genes on the same chromosome are separated by 
a space and on different chromosomes are separated by a semi-colon.  Chromosome I is the sex 
chromosome, so females have two copies (I/I) and males have one (I/Y).  Only mutant alleles are listed; 
if a gene is not listed, you can assume it is wildtype.  When a mutant allele is listed once, it is presumed 
to be homozygous.  For example, a fly that is homozygous for mutations of white (w, on Chr. I), black 
(b, on Chr II), speck (sp on Chr II), and red Malphighian tubules (red, on Chr III) would be written as:  
w1; b1 sp2; red3.   

● Balancer chromosomes used here are homozygous lethal (or female sterile, in the case of FM7) and 
fully suppress meiotic recombination with the sister chromosome in females.  Note:  there is no meiotic 
recombination in males, even in wildtype flies without balancers.  A single copy of each balancer is 
detectable in live larvae with a fluorescence dissecting scope.   

● Mosaic tissue can be generated by expressing flippase (flp), which induces mitotic recombination 
between two FRT sites.  The FRT sites are usually at the centrosome, far away from the gene of 
interest but on the same chromosome arm.  The number after the FRT indicates the genomic location 
(e.g. 40A is on Chr II and 80B is on Chr III) For example, heat shocking (e.g. 37°C for 1 hr; flies are 
normally maintained at 18-25°C) a fly with the genotype hsFlp; ; FRT80B pak3/FRT80B LacZ+ would 
produce patches of cells that are LacZ– and homozygous mutant for pak amid a background of cells 
that are LacZ+ and heterozygous for pak3.  

● Spatial and temporal expression of transgenes can be achieved using a UAS/Gal4 system.  Gal4 is 
expressed from a promoter of choice and drives expression of the transgene, which is downstream of 
the UAS promoter.    
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