Genetics 201 2007
Problem Set 3 Solutions

1a. P: mal/mal virgin females  x S/+ ; DI+ males
F1: 4 Phenotypes: star eyes dichaete star eyes and dichaete  wild-type

Take F1 male* flies with both mutant phenotypes (star eyes and dichaete), and cross to
mal/mal virgin females.
Examine phenotypes in F2 to identify mal chromosome.

*(You should use male F1 flies to prevent the mal mutation from recombining onto the
same chromosome as the phenotypic marker, which would complicate the analysis of
the F2).

1ai. If mal is on chromosome 2, cross is:
P: mal/mal; +/+ x S/+ ; DI+

F1: Genotype: mal/S ; D/+ mal/+; D/+ mal/S ;| +/+ mal/+; +/+
Phenotype: | star, dichaete dichaete star wild-type

Cross mal/S ; D/+ F1 males X mal/mal; +/+ virgin females

F2: Genotype mal/mal ; D/+ mal/mal; +/+ mal/S; D/+ mal/S; +/+
Phenotype mal, dichaete mal star, dichaete star

The malformed leg phenotype will only be seen in flies with normal (not Star) eyes,
because these two mutations are on the same chromosome.

1aii. If mal is on X, cross is

P: mal / mal : +/+ ; +/+ virgin females X +/Y ;S/+;D/+males
( XX) ¢(XY)
F1: mal/ + females (can be S, D, S D phenotype, or neither)
(XX)
mal/Y males (can be S, D, S D phenotype, or neither)
(XY)

If in the F1 generation you see males with the mal phenotype, then you know that the
mal mutation is located on the X chromosome.

(Note that if you used mal males as parents and crossed to S/ + ; D/ + females for your
first cross, you would still see sex linkage, just not until the F2 generation. Draw this out
for yourself if it is unclear)



1b.
Parental purple eye, yellow body
malformed legs
SCO yellow body
purple eye, malformed legs
wild-type
purple eye, yellow body, malformed legs
DCO yellow body, malformed legs
purple eye
Map:
| | |
I I I
pr ye mal
16.5 cM 4.9 cM (distances are between each mutation)

If you had used F1 males, no recombination would have occurred. The F2 would consist
of approximately 2500 flies with purple eyes, yellow bodies and 2500 flies with
malformed legs (ie, the parental phenotypes).

1c. Your goal is to remove the P-element and see if the mal phenotype reverts to
normal. To do this, you want to combine transposase and the P-element in the same fly,
allowing the P element to hop in the germline. Then you cross the F1 flies to mal/mal
mutants to determine whether any chromosome that previously was mutant for mal has
reverted to wild type, by looking at the mal phenotype. Because mal is recessive, you
need to look at a homozygous mal fly to determine if the presence of the P element
affects the malformed leg phenotype. (This is different from the example in lecture,
which looked at a dominant mutation that modified a variegation phenotype).

Cross S/CyO; Ki!2-3flies X mallP]/ mal[P]; +/+ flies

F1: CyO/mal[P],; Ki12-37+ | Slmal[P]; Ki!2-3/+

Take Curly winged flies (boxed genotype) so that your chromosome of interest is
balanced. Cross again to mal flies.

CyO/mal[P]; Ki ! 2-3/+ F1 males or virg. females X mal[P]/ mal[P] ; +/+ virg.
females or males

F2: Look at straight winged flies only; at this stage it is not important whether or not you
still carry transposase (transposition occurred in the germline of the parents).

Look for any straight winged flies that have wild-type legs. These are revertants.

If presence of transposase has no effect on mal mutation you will not see any revertants.
If presence of transposase causes mal mutation to revert to wild-type: expect one or
more progeny with wild-type legs, depending on efficiency of transposition (efficiency
varies widely depending on the initial site of insertion of the P element).



2a. Cross:
EMS
b
P: +*/+*males X cn/cn CyO virgin females
F1: +*/cn +* cn CyO

Use curly wing F1 males for next cross.

+* cn CyO single F1 male X 3-5cn/cn CyO virgin females

v

F2: +*/cn +*/cn CyO cn CyO/cn Mn CyO
Wild-type wing Curly wing Curly wing Dead
Wild-type eye Wild-type eye Cinnabar eye

Save F2 flies that have curly wings, wild-type eyes. These carry the new mutations.
Cross F2 siblings to get F3 flies that are homozygous for new mutations.

+*/cn CyO male X +*/cn CyO 3-5 virgin females

F3: +*[+* +*/c¢n CyO cn Wyo

Wild-type wing Curly wing Dead
Wild-type eye Wild-type eye

Screen flies with wild-type wings and eyes to determine if they have a stripeless
phenotype. These flies carry new recessive mutations that affect stripe formation.

2b. Cross: stl2/ICyO X  stl1/CyO
Progeny: stl1/stl2 stl1/ CyO stl2/CyO CyO/CyO
Phenotype:| Straight wing| Curly wing Curly wing Dead

77 Striped Striped

Look at the flies with straight wings. If they have stripes, then the mutations complement
and are likely not in the same gene. If they do not have stripes, then the mutations do
not complement and may be within the same gene.



2ci. You will perform a noncomplementation screen.

EMS
R

+*cn/+*cn males X st/1/cn CyO virgin females

v

F1: +*cn/ st +*cn/cn CyO
Phenotype: | Straight wings | Curly wings

Screen straight wing flies (boxed) for stripe phenotype. If flies are stripeless, then they
may contain a new mutation in the st/ gene that fails to complement the st/7 mutation.

2cii. Male fly recovered from screen is genotype +* cn/ stl1 and has stripeless
phenotype. Rename +* = st/3.

Cross: stI3 cn / stl1 single F1 male X 3-5 +/cn CyO virgin females
v

Progeny: sti3cn/+ stI3 cn/cn CyO sti1/+ stl1/cn CyO
Phenotype:  Wild-type cn eye, curly wing wild-type curly wing

The progeny with cinnabar eyes and curly wings (boxed) are a balanced stock of your
new mutation. Breed males and females of this genotype together to maintain the stock.

(Although unlikely, stripeless flies could have a dominant mutation in another gene
affecting stripe formation. If so, you will see this when you balance the mutant
chromosome).

3a. bare is a mutation at a locus that shows haploinsuffiency. It causes a dominant loss
of function phenotype. The mutant phenotype can be completely rescued by the
addition of an extra wild-type copy of the gene. Also, flies heterozygous for a deletion in
the region have the same phenotype as heterozygous bare mutant flies.

nob behaves as a null allele. It causes a recessive loss-of-function phenotype. A
homozygous nob/nob mutant has the same phenotype as a homozygous deletion.

double is a neomorphic allele. It causes a dominant gain-of-function phenotype. The
phenotype is not aggravated or ameliorated by increasing or decreasing the levels of
wild-type protein present.

b.

1) Begin with a fly heterozygous for both the nob gene and the dk gene, in which the two
mutant alleles are carried on one chromosome and the two wild-type alleles are on the
other. The chromosomes are marked with FRT sites near the centromere. The fly
should also carry the hs-Flp recombinase.

2) Provide a heat shock to activate the Flp recombinase. Two kinds of daughter cells
will be generated - those with two wild-type copies of the nob and dk markers, and those
with two mutant copies of the nob gene in a dark background (drawn below). The nob
mutant cells can be identified by the presence of pigment granules (homozygous dark),



whereas heterozygous or wild-type (nob+) cells will have no pigment due to the dk+
allele.

3) Screen cross sections of mosaic epidermis to determine if there is a correlation
between presence/ absence of nob mutant cells in the skin and the no bristle phenotype.
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3c. The wild-type nob protein is required in a cell-autonomous manner. Each epidermal
cell that has nob grows a hair; each epidermal cell without nob (pigmented) does not
grow a hair.

3d. The wild-type naked protein is required in a noncell-autonomous manner. Even
though epidermal cells lack nkd, they still can grow hairs. However, if most of the
dermal layer cells are nkd, then none of the epidermal cells can grow hairs.

3e. A simple model is that nob encodes a receptor that is specifically expressed on
epidermal cells. The nkd gene encodes a diffusible ligand that is released by dermal
cells. If the amount of ligand produced by the dermal cells is below a critical threshold,
then no hair development occurs. If an epidermal cell lacks a functional receptor, then it
does not grow a hair.

4a. EMS

P
P: cycE® ; +* | + males X cycE®" ; +/+ virgin females
F1: CycE®" ; +*/+

Screen F1 flies for enhancement or suppression of rough eye phenotype.
(As it is drawn above, the modifier mutation maps to chromosome 3. However, it could
be on any of the 4 Drosophila chromosomes).



b. cycE®" ; +*/+ X cycE® : Tb/ Sb TM3
(mutant phenotype) ¢

cycE® ; +* /Tb cycE®"; + /Tb cycE® :+*/ Sb TM3| cycE®: +/SbTM3

Identify flies that carry dominant modifier (+*) by screening for those with rough eyes.
Identify flies that carry balancer by screening for stubble bristles and nontubby bodies.
These flies (boxed genotype) are your stock.

4c. Cross: Df1/Sb TM3 X erp/ Sb TM3

Expected progeny| Df1 /erp Df1/Sb TM3 erp/Sb TM3  Sb T TM3
dead

Bristle phenotype:| wt bristle stubble stubble

If the deletion (Df1) spans the region containing the wild-type erp gene, then the Df1 /erp
flies (boxed genotype) will be dead, and no flies will be present with wild-type bristles.

If the deletion does not include the erp gene, then flies with wild-type and stubble bristles
will both be present.

4d. Cross the two strains together:

P bar* ; +/+; erp/Sb TM3 X bar" ; P{Bar, chrom 3 DNA}/ + ; erp / Sb TM3

v

6 types F1 progeny:

Genotype Phenotype

bar*; P{Bar, chrom 3 DNA}/ + ; erp / Sb TM3 Bar eyes, stubble bristles
bar*; +/+;erp/Sb TM3 Stubble bristles

bar*; P{Bar, chrom 3 DNA}/ + ; erp / erp If alive: Bar eyes

bar*; +/+;erp/erp Dead

bar*; P{Bar, chrom 3 DNA}/ +; Sb TM3/Sb TM3 Dead

bar*; +/+;Sb TM3/Sb TM3 Dead

Screen F1 progeny for the presence of flies with Bar eyes. If they are present, then the
DNA carried within the P element has rescued erp flies from lethality and is likely to
contain ERP. You have performed a complementation test.



5a. You would perform an F2 screen.

EMS
P +/+ hermaphrodites
¢ Self multiple hermaphrodites
F1 m1/m2 m3/m4 mb/ mé6 etc (can identify dominant mutations
at this step)
¢ Self multiple hermaphrodites
F2 1mi1/m1:2 mi1/m2:1 m2/m2 and 1 m3/m3:2 m3/m4 : 1 m4/m4 , etc

Screen F2 animals for Unc phenotype
(can identify recessive or dominant mutations at this step)

b. Each F4 contains two mutagenized copies of each chromosome (heterozygous
diploids). You are screening for recessive, loss-of-function phenotypes in the F,
generation (half of each F¢'s progeny are homozygous for one of the two parental
chromosomes, and half are heterozygous). Thus, for each animal screened for the Unc
phenotype, statistically, only half of the chromosomes in that animal are homozygous.
Therefore, 2 F,animals need to be analyzed to screen 1 chromosome. Given that
animals exposed to a dose of 50mM EMS for 4 hours will, on average, give rise to 1
loss-of-function allele for every 2500 copies of that gene screened, you would expect to
isolate 12 loss-of-function alleles for a given gene.

60,000 F, animals x 1 chromosome screened x 1 gene copy x 1 Il-o-f allele
2 F> animals 1 chromosome 2500 copies

Statistically, this screen should isolate 12 loss of function alleles for a given gene.

c.
Hermaphrodite Hermaphrodite Males (all cross
self progeny Cross progeny progeny)

X-linked recessive Unc nonUnc Unc

X-linked dominant Unc Unc Unc

Autosomal recessive Unc nonUnc nonUnc

Autosomal dominant Unc Unc Unc




