Genetics 201 2007
Problem Set 2 Solutions

1a. Method 1: Do a Northern blot on a culture of each type and probe with SOX1 DNA.
Method 2: Test a sox1!/ strain to determine if it has one phenotype, the other, or
something different. Method 3: Transform cells with a high copy number plasmid
expressing SOX1, and see if overexpression of the gene affects the colony phenotype.
Other experiments are also possible.

1b. SOX1 silencing is both promoter specific and position dependent. Mating type loci
silencing is position dependent only.

1c. Experiment 1: Perform ChIP with anti-Hda1 antibodies, then assay for presence of
SOX1 DNA. If Hda1 is physically associated with the SOX1 gene, it may be acting
directly there.

Experiment 2: Cross Psoxi-URAS strain (with URA3 inserted at SOX1 locus) to hdal-
deletion strain to generate Psox;-URA3 hdal- strain. Assay strain for its ability to grow on
5-FOA medium. If URAS is still silenced, then cells will grow on 5-FOA, and Hda1 is not
required for SOX1 silencing. If URA3 is not silenced, then Hda1 is required.

If Hda1 is both physically present by the ChIP experiment and functionally required by
the mutant analysis, then the most likely conclusion is that it directly acts to silence
SOX1.

2a. ADE and CYS: Normal 4:4 segregation.

BEN: aberrant segregation. According to the Holliday model, 5:3 segregation can occur
when the symmetric patches of heteroduplex DNA cover the marker in question.
Specifically, the 5:3 pattern arises when one of the two heteroduplex patches undergoes

mismatch repair prior to the final round of division and the other remains uncorrected.

(continued on next page)
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Boxes indicate two regions of heteroduplex DNA predicted by Holliday model. To
produce 5:3 segregation, only one region is repaired.

* indicates allele which is repaired to BEN.

f+ indicate strands that are cleaved to resolve the Holliday structure. Cleavage at
these sites on strands 3 and 6 will cause the observed recombination for outside
markers (BEN/ben and CYS/cys).

If cleavage had occurred on the two inner strands instead (strands 4 and 5), the original
parental configuration of markers would have been recreated (see Hartl, p.248-249 for
more detail).

2c. According to the double strand break repair model, asymmetric heteroduplex DNA is
formed in the regions flanking the gap repair region as a result of strand invasion. If the
BEN allele falls within one of these flanking regions of heteroduplex DNA, you will see
5:3 segregation in the absence of mismatch repair. See diagram on following page.



Note: Only the inner 4 strands are shown. The outer strands
are not involved in the recombination event.
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3. Invading strand is
elongated by DNA synthesis.
Displaced ADE BEN CYS
strand also serves as
template for DNA synthesis.
Missing ben allele is replaced
with BEN.
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4. Ligation forms two Holliday
junctions. Box indicates region of
heJ;roduplex DNA that,
unrepaired, results in 5:3
segregation of BEN marker.
Resolution of Holliday junctions
will result in recombination of 5
ADE and CYS markers 50% of
the time.
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3a. The data suggest that rtI2 and rtl6 are deletion mutants, because they fail to produce
any wild-type revertants. Alternatively, they could be double mutants, which would
revert at such a extremely low frequency that you might not detect any wild-type
revertants.

3b. To perform complementation testing:

¥ Coinfect K strain E. coli cells (nonpermissive) with two different mutant phage at
high moi.

¥ Collect culture supernatant, and titer or spot onto the B strain to determine if a
productive burst occurred.

¥ If the two mutants were able to complement one another, then they will have
been able to complete the life cycle and produce progeny phage. The progeny
will produce plaques on B.

¥ If the mutants did not complement one another, then no progeny will have been
made, and no plaques will be present on B.

Controls: As with any complementation test, it is essential to confirm that all mutations
are recessive. In S. cerevisiae, you did this by mating the mutant with wild-type yeast to
produce a diploid and scoring the phenotype of the diploid (see problem set 1, question
5a).

To test whether a phage mutant is dominant or recessive, coinfect the nonpermissive E.
coli strain (K) with the mutant and the wild-type phage sstrain. If the mutation is
recessive, the wild-type phage will still be able to infect K and progeny phage will be
produced. (These progeny can be detected by plating a drop of lysate onto strain B). If
the mutation is dominant, no progeny will be produced.

3c. There are three complementation groups.
Group A: rtl4, rtl5 Group B: rtl1, rtl3, rtl6, rtl8 Group C: rtl7, rtl2

3di. A cross between U5 and an rtl mutant will produce %2 wild-type phage and % rtl
mutant phage, regardless of recombination. Your prediction is that the progeny of such
a cross will produce plaques on K: plaques on B in a 1:2 ratio; in other words, you would
expect half the total progeny phage (those with the wild-type genotype) to be able to
grow on K.

ii. To analyze the data, remember that genetic distance (cM) = recomb/total x 100,
whether you are looking at peas, yeast, or phage. In an rtll x rtl2 cross, recombination
between the two mutations will produce two classes of recombinant progeny: wild type
phage, and rtl1 rtl2 double mutant phage. The number of wild-type progeny phage is
determined by plating on K; this number = % total # recombinants produced. The total
number of progeny phage produced is determined by plating on B.

Thus, for a phage cross,

Distance (cM) = 2(# plagues on K) x 100
# plaques on B

For the rtl1 x rtl2 cross, the distance = 2(30/1670) x 100 = 3.6 cM.
The genetic distances between the other rtl mutants can be calculated using the same
formula to come up with the following map.
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(The mirror image orientation is also correct).
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rtl9 is a deletion mutation.

3f. The rtl9 mutation spans two cistrons. As expected, this mutant fails to complement rtl

rtl2
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mutants1, 3, 6, and 8, which all contain mutations within one cistron (gene B). The
unexpected result is that rtl9 complements rtl2 and rtl7, even though the rtl9 deletion
spans part of this cistron (gene C). This is an example of intragenic complementation.

3g. For simplicity, use the gene names A, B, and C defined in the map in part d.

The rtl9 deletion may generate a fusion between the products of genes B and C that

retains the normal function of the C protein. Thus, the rtl9 mutant is able to complement
a B*C” mutant (like rtl7) but will fail to complement a B'C* mutant. This explanation could

be tested by sequencing the region. One would expect to find that the rtl9 deletion
results in an in-frame fusion of the two genes. Note that genes B and C must be
oriented in the same direction. (Additional note: The mutant phenotype of rtl7 could be

explained by proposing that it contains a nonsense mutation in the gene C open reading

frame.)

4ai.
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Construct a library from the PY79 strain in the tet®-plasmid.

Transform into strain YH1.

Select for Tet® colonies. Screen for colonies that no longer show the aberrant

septum phenotype (Sep”).

¥ |solate plasmid from any Tet® Sep” colonies. Confirm that Sep” phenotype is
plasmid-linked by retransforming into Sep™ strain.

¥ Sequence across plasmid-insert junctions and determine genomic location of the
inserted DNA using an online database. From this, determine what genes are
carried on the insert.

¥ Subclone the individual ORFs contained in the region and test each for their

ability to confer the Sep* phenotype when introduced into a Sep strain.

KK K

4aii. No. Your cloning strategy might also uncover a high-copy suppressor of the Sep™
phenotype.

4b. To clone a dominant allele, you would reverse your original strategy.
¥ Briefly, make a library from your mutant strain, transform into the wild-type strain,

and look for clones that confer the mutant (Sep™) phenotype.

The specific steps are as follows:

Construct a library from the YH1 strain in the tet®-plasmid.

Transform into strain PY79.

Select for Tet® colonies. Screen for colonies that now show the aberrant septum

phenotype (Sep).

¥ Isolate plasmid from any Tet® Sep™ colonies. Confirm that Sep™ phenotype is
plasmid-linked by retransforming into Sep* strain.

¥ Sequence across plasmid-insert junctions and determine genomic location of the
inserted DNA using an online database. From this, determine what genes are
carried on the insert.
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4c.
¥ Introduce ! Red plasmid into strain PY79; select for chloramphenicol resistance.
¥ Using the online sequence of your strain, identify DNA sequence immediately
flanking sepA. Design PCR primers that carry sequence homologous to sepA
region at their 5’ ends, and sequence homologous to the tetracycline-resistance
cassette at their 3’ ends. Use PCR primers to amplify tet® gene.

Homology to Homology to 5’
sequence 5'of  tet® locus
sepA gene

Primer 1
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¥ Electroporate the linear PCR product into the cells that contain the ! Red
plasmid. Select for tet® transformants at the nonpermissive temperature. In cells
that survive selection, the linear DNA has recombined into the chromosome,
replacing sepA with the tet® gene; plating at the nonpermissive temperature
insures loss of the ! Red plasmid.



4d.
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Sequence chromosomal DNA flanking sepA to confirm that recombination has
occurred.

Clone the wild-type sepA gene into the arabinose-inducible expression vector.
Introduce the resulting sepA* plasmid into strain PY79; select for Kan®.
Introduce ! Red plasmid into strain from step 2; select for chloramphenicol
resistance.

Using the same primers as in part 4c, amplify the tet® gene and electroporate it
into the newly constructed strain containing both the ! Red and sepA* plasmids.
Select for tet® colonies at nonpermissive temperature on medium containing
arabinose.

Sequence chromosomal sepA locus in tet® colonies to verify that the PCR
product has recombined into the chromosome and created the desired sepA null
allele.

Transfer tet® clones to plates containing glucose as the sole carbon source so
that sepA expression from the plasmid is shut off. If sepA is essential, then the
cells will be unable to grow under these conditions.

5. zapA maps in the region between metA and hisM, as indicated on the map below.
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zapA could also map just to the left of metA, but to the right of the Hfr#3 origin.

5b.

¥
¥

Infect the zapA* bacterial strain with the ! hop phage (typically done in liquid
culture)

Plate bacteria onto medium containing tetracycline to select for colonies that
contain Tn hops.

Pool several hundred independent colonies and grow P1 on them to prepare a
transducing lysate.

Use the lysate to infect the isogenic zapA* tet® strain.

Plate onto medium containing zaphomycin and tetracycline to obtain Tet® Zap®
colonies.

These colonies may have a miniTn10 insertion linked to the zapA gene.

To confirm linkage between miniTn10 and zapA*, one would need to perform a
subsequent round of transduction and selection as follows:

¥
¥

Grow P1 on individual Tet® Zap® colonies selected above.
Use lysate to infect the isogenic zapA* tet® strain.



¥ Select for Tet® colonies, and screen these colonies for Zap® . If the miniTn10
andRzapA* are linked, then a high frequency of the Tet® colonies should also be
Zap".

Once you have established linkage, then you would sequence outwards from the
miniTn10 insertion to identify the genomic region into which the mini-Tn10 has hopped.

5c. First, mate F" zapA* kan® / strep® strain with the F~ zapA* mutant strain. Plate on
minimal medium containing kanamycin and streptomycin to select for the F" zapA* kan® /
zapA* strep® merodiploid.* Then, test colonies for resistance to zaphomycin by replica
plating onto zaphomycin-containing medium. If the merodiploid is ZapR, then the
mutation is dominant. If the merodiploid is Zap®, then the mutation is recessive.

*(Note that you cannot select directly for zaphomycin resistance at this step, because
that is the experimental question you are trying to address.)

5d. If the mutants pre-exist in the population, the pattern of resistant clones will be
identical on each of the replicas. However, if a change in state is induced upon
exposure of the cells to the antibiotic, the pattern (location) of resistant clones will be
different on each plate and the exact number of resistant clones will also vary plate to
plate.



