Answers key to questions from the “Portrait of C. elegans” chapter

C-1

a.  ablation  
=
2.  cell death caused by outside forces such as lasers

b.  apoptosis 
= 
5. programmed cell death caused by signals inside the cell

c.  heterochronic 
=
4. change in the time at which an event occurs

d.  polycistronic 
= 
7. containing several genes

e.  trans-splicing 
= 
6. sections of different RNAs are joined together

f.   holocentric 
= 
1. having centromere activity along the length of the chromosome

g. free duplication
= 
3. extrachromosomal fragments of DNA

C-3. A key advantage of genetics in a hermaphrodite is the ability to rapidly make any mutation homozygous, which makes it straightforward to screen for recessive mutations.  Hermaphrodites also make it relatively easy to maintain mutations that cause lethality or sterility when homozygous – they can be maintained in heterozygous hermaphrodites (usually over a “balancer” chromosome), and ¼ of their self-progeny will be homozygous.  A less obvious (but very useful) advantage is that the constant self-fertilization of hermaphrodites tends to drive all loci to a homozygous state, so the genetic background is extremely well-defined.  The N2 Bristol strain used as the wild-type strain in all C. elegans laboratories was generated from a single animal that was selfed many times to give a completely “pure-breeding” or “inbred” strain.  

C-9 You need males to do the cross – in principle, you could cross the wild-type males to either the Dpy or the Daf hermaphrodites.  In actual practice, you’d probably cross to the Dpy (dpy-10/dpy-10) hermaphrodites because it’s easier to recognize the cross progeny and later on it will be easier to be sure that the dpy-10 mutation is there than the daf-1 mutation.

so… 

a.  the first cross:  WT ♂ X dpy-10/dpy-10 ⚥
b.  for the second cross, pick dpy-10/+ ♂ from the first cross and mate them to daf-1/daf-1 ⚥
c.  The final “cross” is not really a cross; it would be self-fertilization of the hermaphrodite cross-progeny from the previous above.  You have to use both dpy-10/+; daf-1/+ and +/+; daf-1/+, since you can’t tell the difference.  Of the progeny of these animals, 1/32 should have the desired phenotype (1/16  of the progeny of the dpy-10/+; daf-1/+ animals, but none of the progeny of their +/+; daf-1/+ siblings).

C-10.  This problem is similar to C-9 except that the two genes are on the same chromosome.  This makes it more challenging to figure out the frequency of double mutants.

a.  you are told that the first cross is wild-type ♂ X unc-54/unc-54 ⚥.  You would take the male progeny from this cross (all progeny are 
unc-54/+) to use for the second cross to daf-8/daf-8 hermaphrodites.

b.  The second cross (unc-54/+ ♂ X daf-8/daf-8 ⚥) produces:


25% unc-54/daf-8 males


25% unc-54/ daf-8 hermaphrodites


25% +/daf-8 males

25% +/daf-8 hermaphrodites

c.  You will use the hermaphrodites from the second cross and allow them to self-fertilize to generate the desired double homozygote.  Unfortunately you can’t tell the difference between the two classes of hermaphrodites (unc-54/daf-8, which are useful, and +/daf-8, which are not), so you allow a bunch of them to self-fertilize. (Note:  in practice, you would probably pick these hermaphrodites to individual plates and throw away any plates that don’t produce Uncs, since those are the +/daf-8 hermaphrodites.  The problem assumes that you will look at the progeny of ALL hermaphrodites as a population.)

d. To get a double homozygote in the next generation, you need TWO recombination events to occur between unc-54 and daf-8, such that an animal receives an unc-54 daf-8 chromosome from BOTH the egg and the sperm.

e.  What proportion of the progeny will have the desired genotype?  There are a number of different ways you can calculate this (but they should give you the same answer).  I think that the easiest is to first figure out the proportion of the progeny that will be Uncs (homozygous for unc-54).  Since ¼ of the progeny of ½ of the hermaphrodites that you allowed to self (see part c. above) will be homozygous for unc-54, 1/8 of all the progeny will be unc-54/unc-54.  Of these progeny, you can calculate the fraction that will have a recombination event between unc-54 and daf-8 on BOTH of their unc-54 chromosomes from the map distance (which is given to you as 18 map units, or 18 centimorgans).  The probability that both chromosomes will be recombinant is the probability of independent recombination events occurring in both the egg and the sperm, or (0.18) X (0.18), or (0.18)2.

Thus, the fraction of the progeny that are (unc-54 daf-8/ unc‑54 daf-8) equals the fraction that are unc-54/unc-54 times the fraction that are recombinant on both of these chromosomes, or 1/8 X (0.18)2, which is 0.004 or 0.4% (4 in 1000).

This seems pretty low, but you should remember that each worm can produce about 250 self-progeny.  If you just look at the progeny that are Unc (unc-54/unc-54), the fraction of those that are also Daf (daf-8/daf-8) is (0.18)2, or about 3%.  So if you look at 100 Uncs, about 3 of them should also be Daf.

