Genetics 201 2007
Problem Set 4 Solutions

1a. eat-4: chromosome Ill at 0.17 cM
unc-16: chromosome Il at 0.57 cM
unc-61; chromosome V at 6.73 cM

unc-16 maps 0.4 cM from eat-4. Their close linkage can be taken advantage of in a
non-complementation screen.

1b. i. To identify new alleles of the eat-4 gene, perform a noncomplementation
screen as follows:
P: Mutagenized +/+ males X eat-4 unc-16 L4 hermaphrodites

‘(no singling required)

F1: Cross progeny: +*/eat-4 unc-16 (NonUnc; may be Eat or nonEat)
Self progeny: eat-4 unc-16 / eat-4 unc-16 (Unc Eat)
Screen all nonUnc F1 animals at L4 stage, identify rare animals with Eat phenotype.
These animals may have a new mutation in the eat-4 gene (+*) that fails to complement

the known eat-4 allele.

ii. Ifthe new eat-4 allele (+*) is first identified in an F1 hermaphrodite, you would perform
the following crosses to establish a homozygous mutant stock:

Rare F1 +*/ eat-4 unc-16 hermaphrodite (phenotype nonUnc Eat)

lSeIf singly
F2: +*[+* +*/eat-4 unc-16 eat-4 unc-16/eat-4 unc-16
nonUnc nonUnc Unc

l Self singly nonUnc F2 animals

F3. all +*/+* All nonUnc Eat
(if parent was homozygous +* / +*)

OR
mix of +*/+* +*/eat-4 unc-16, eat-4 unc-16/eat-4 unc-16

Some Unc animals present
(if parent was heterozygous +*/eat-4 unc-16)

Save F2 hermaphrodites which produce only nonUnc Eat progeny in the F3 generation;
these are your homozygous mutant stock.



If the new eat-4 allele (*) is first identified in a F1 male, you would begin by crossing the
male to homozygous eat-4 unc-16 hermaphrodites to generate hermaphrodites carrying
the new mutation:

Cross Rare F1 +*/eat-4 unc-16 male X eat-4 unc-16/ eat-4 unc-16

(phenotype nonUnc Eat) hermaphrodites
+*/eat-4 unc-16 eat-4 unc-16/eat-4 unc-16
nonUnc Unc

Select nonUnc Eat hermaphrodites and continue as above for a mutation isolated in a
hermaphrodite (selfing singly for 2 generations) to identify homozygous mutant
hermaphrodites; these are your homozygous mutant stock.

1ci. You would create an extrachromosomal array (Ex) that is wild-type at all three loci
(eat-4 dpy-100 unc-200 or eat-4; dpy-100; dpy-200). Call it Ex( + + +).
You would inject this into a triple mutant eat-4 dpy-100 unc-200 strain.

1cii. The major classes of progeny will be those that inherit the array, and those that do
not. The proportion of progeny that receive the array depends on how stably it is
segregated during mitosis and meiosis. The animals that inherit the array will mostly be
wild-type (nonEat nonDpy nonUnc); their genotype is eat-4 dpy-100 unc-200 ; Ex( + +
+). Those that do not will be Eat Dpy Unc; their genotype is eat-4 dpy-100 unc-200.
You would save the nonEat nonDpy nonUnc animals to maintain the strain. The mosaic
nonDpy Unc and Unc nonDpy classes are rare.

1ciii. The array can be lost at the first cell division in AB or P1. It can also be lost at the
second cell division in ABa, ABp, EMS, or P2. The expected Dpy and Unc phenotypes
from array loss in any of these six cells are summarized below. Note that animals that
lose the array in P1, EMS, or P2 (nonDpy nonUnc) may be phenotypically
indistinguishable from animals that have not lost the array at all (also nonDpy nonUnc).

“+” indicates lineage contains array; “-“ indicates lineage does not contain array

Array lost at first AB P1 Marker phenotype
cell division

-in P1 + - nonDpy nonUnc

-in AB - + Dpy Unc

Array lost at ABa ABp P2 EMS Marker phenotype
second cell

division

-in EMS + + + - nonDpy nonUnc

-in P2 + + + nonDpy nonUnc

-in ABp + - + + nonDpy Unc

-in ABa - + + + Dpy nonUnc




1civ.

If all animals that lose the array in AB or ABa are Eat, and animals that lose the array in
ABp are nonEat, then the eat-4 gene product is only required in the ABa subset of
neurons.

If all animals that lose the array in AB or ABp are Eat, and animals that lose the array in
ABa are nonEat, then the eat-4 gene product is only required in the ABp subset of
neurons.

Finally, if all animals that lose the array in AB, ABa or ABp are Eat, then the eat-4 gene
product is only required in the ABa and ABp neurons.

Note that the nonDpy nonUnc animals are uninformative for distinguishing whether eat-4
expression is required in the ABa or ABp-derived neuronal lineages; you cannot tell if
they are mosaic. Maternal rescue of the eat-4 gene may be sufficient to prevent the Eat
phenotype.

If some of the nonDpy nonUnc animals had the Eat phenotype, then eat-4 is also
required in P1, P2, and/or EMS-derived cell lineages. You would have to use additional
lineage markers to determine the specific requirement.

2a. Below is the proposed biosynthesis pathway, based on the epistasis analysis. Each
MET gene is placed above the step for which it is required.

MET2 MET1 MET3 MET5 MET4
—» D —p»p A —p C —p B —p methionine

In the case of this biosynthesis pathway, the most “upstream” acting gene is epistatic to
all others.

2bi. Based on the epistasis analysis, we can construct a pathway in which there is a
regulatory cascade that is initiated by methionine starvation. This is likely a switch
regulatory pathway because the loss of function phenotypes are “opposing”.. Since
UEM1 is epistatic to either CEM1 or CEM2 loss, UEML is the most downstream gene
regulating gene expression. Below is the proposed pathway; written below the pathway
is the hypothetical state of expression of each regulatory gene in the presence and
absence of methionine.

Met. = — CEM2 — UEM2 —f CEM1 — UEM1 —» Expression of
starvation genes for met
synthesis

In this gene regulatory pathway, one can see that a mutation in a “downstream” gene will
be epistatic to a mutation in an “upstream” gene.

2bii. cem1 and cem2 gain of function alleles cause a constitutive phenotype; the loss of
function phenotype is noninducible,- just like that observed with the uem1 and uemz2
mutants. Thus, instead of having opposing phenotypes, the mutants now all have



similar loss of function phenotypes. This can be indicated in the pathway by changing
the repressor symbols between the genes to arrows.

Met. —+» CEM2 — UEM2 — CEM1 — UEM1 —» Expression of
starvation genes for met
synthesis

3ai. Long Nose:

The trait is not autosomal dominant as it skips generation |l and reappears in generation
V.

It is not X-linked dominant; an affected male (lI-3) has unaffected daughters .

The trait is not X-linked recessive; an unaffected male (ll1-8) has affected daughters (V-
7 and IV-9).

The trait is not Y-linked because affected males have unaffected male offspring and vice
versa.

The inheritance pattern is consistent with autosomal recessive inheritance.

3aii. Curly Fur:

This trait is not autosomal dominant because it skips a generation and because the
union of 2 non-affected individuals yields affected progeny (union of 111-3 and I11-4).

It is not X-linked dominant because an affected male (I11-1) has unaffected daughters.
The trait is not Y-linked because affected males have unaffected male offspring.

The trait is likely X-linked recessive, since more males are affected than females.
However, there is no evidence which can definitively rule out autosomal recessive
inheritance, so this is also still a possibility.

3aiii. Red Sox:

The trait is not X-linked dominant because affected males produce unaffected
daughters.

The trait is not X-linked recessive because affected females (lI-2 or 11I-3) have
unaffected male offspring.

The trait is not Y-linked because affected males have unaffected male offspring.

Both autosomal dominant and autosomal recessive inheritance are consistent with the
pedigree data.

3b. cut

3c. The red leg trait may be either autosomal recessive or autosomal dominant. To
distinguish between these two possibilities, set up crosses between two unaffected
individuals that are putative carriers of a recessive trait (such as IV-2 and IV-4) and
between two affected individuals (such as IV-1 and IV-3).

If the affected x affected cross produces any unaffected progeny, then the trait must be
autosomal dominant.

If the unaffected x unaffected cross produces any affected progeny, then the trait must
be autosomal recessive.

Other crosses are also possible.



3d. You now know that the mode of inheritance for curly fur must be autosomal
recessive. Nose length is also an autosomal recessive trait. The F1 generation will all
have straight fur and normal noses

3e. Phase is known in the F1 animals. Assuming the two genes are linked, one
chromosome would carry a normal nose allele coupled to a curly fur allele, and the other
homolog would carry a long nose allele coupled to a straight fur allele.

L = normal nose, I= long nose C = normal fur, ¢ = curly fur

F1 chromosomes:

There are 100 informative chromosomes in the F2 generation. (The chromosome from
the long nosed, curly furred homozygote parent is uninformative).

3f. There are 21 recombinant chromosomes and 79 non-recombinant chromosomes.
Using the phase known LOD score formula:

LOD = Rlog8 + NRIlog(1-8) + (R+NR)log2

= 2110g(0.2) + 7910g(0.8) + 100log(2)

=7.77

LOD >> 3.3, so the genes are linked.

4a. X-linked recessive is the only mode of inheritance consistent with the pedigree data.
4b. The gene must lie between SSRs C and F.

Based on the pedigree data, the gene containing the Hulk mutation is X-linked. Mouse
11-3 must be a carrier. This mouse has a wild-type chromosome from mom (haplotype
26316523). Italso carries the Hulk allele on the chromosome with markers 314 5
7 3 1 4, which was inherited from the affected father (I-1).

Mouse lll-4 is also a carrier for the Hulk mutation, because it produces affected female
progeny. This mouse carries a wild-type chromosome inherited from dad (haplotype
26316523). The second X chromosome was inherited from its mother (lI-3) and
must carry the Hulk mutation; this chromosome has the haplotype 26 357 21 4. This
second chromosome was produced by a recombination event in the germline of 11-3
between the wild-type and disease chromosome. Because the recombinant X
chromosome still carries the disease mutation, you know that the mutation must map to
the portion of the chromosome “south” of SSR C.

Mouse V-6 is also a carrier as well, having inherited a Hulk allele-carrying X from its
father (haplotype 31457 5 2 3). This mouse is unaffected, indicating that it must have



received an X without the disease allele from its mother (haplotype 26 316 3 14). The
maternally inherited X is recombinant (recombination occurred in the germline of 1ll-4,
and this recombinant X was passed on to IV-6). Because the recombinant X carries
alleles 3 1 4 at markers F, G, and H from the disease chromosome, you know that the
Hulk allele must map “north” of SSR F.

4c. The construct should contain homologous regions from just outside of exons 6 and 7,
along with a neo resistance cassette, and a TK gene on one end.
One possible targeting vector is drawn below:

Vector sequence
(nonhomologous)

v

— Upstream flanking neo" gene Downstream flanking TKgene |—
seq.; exon 5 sequence (after ex7)

Experimental steps:

Make the construct drawn above.

Electroporate the construct into WT ES cells (derived from 129 strain).

Select with neomycin (G418) and gancyclovir to obtain ES cell clones that are neo™ TK®.
In these cells, the targeting vector may have undergone homologous recombination onto
the X chromosome.

Screen ES cell clones that survive selection using PCR and/or Southern blots, to confirm
that they contain homologous recombinants.

Inject ES cells into C57BI/6 (“black”) blastocysts; reimplant injected blastocysts into
foster mother.

Screen 3 week old pups for coat color to identify chimeric animals. Patches of agouti
indicate contribution from 129 ES cells.

Breed chimeric mice to get pups which carry knockout mutation in their germline
(identified by agouti coat and genotyping).

Cross +/- agouti sibs to yield homozygous -/- KO mice.

4d. Construct should have exons 5, 6, and 7 and a neo resistance gene flanked by loxP
sites and regions of homology, with a TK gene on one end of the construct (shown on
following page).

Electroporate into WT ES cells, select for neo+ TK- clones. In these clones,
homologous recombination may have occurred.



/

LoxP LoxP  LoxP
4 5 [ 7 U neo® downstream
flanking. sea.
_________ | 4 5 6 7 downstream
1 ] | flankine. sea. T T

Confirm that ES clones contain homologous recombinants using PCR and Southern

blots.

Electroporate Cre-expressing plasmid into clones to excise neo resistance gene. Use
PCR to identify clones in which excision has occurred.
Modified allele will now look like this:

_>5_6_

downstream
flanking. sea.

)

Inject ES cells containing this loxP allele into blastocysts. Implant into pseudopregnant
females, identify chimeric pups, and establish homozygous lines that carry loxP-marked
allele.

Cross homozygous loxP mouse to transgenic brain-expressing Cre strain. Confirm that
excision of exons 5, 6 and 7 occurred in brain using tissue blots.

5ai. Expected values are allele frequencies seen in unaffecteds; observed values are

allele frequencies seen in affecteds.

So,
SNP1, allele 1 SNP1, allele 2
# of chromosomes # of chromosomes
Observed 138 48
Expected 73 113
(O-EY*/ E 57.9 37.4
Chi square statistic.: 57.9+37.4 =95.3

Look in chi-square table under 1 degree of freedom; p< 0.0001
This is a significant association. You have only performed one test, so the threshold for
significance is p is <0.05. The p-value obtained is much less than .05, so the result is

significant.



5aii. Yes, the result is still significant. For 500 tests, the appropriate threshold would be
p = 0.05/500, or p =0.0001 (using the Bonferroni correction). Even with this correction,
the association is still significant, because it corresponds to a p value of < .0001.

5b. i. The original disease mutation arose on a chromosome with haplotype B.

ii. Explanation 1: A second disease mutation arose independently on a chromosome
with haplotype A.

Explanation 2: The haplotype A chromosomes carry the same original disease mutation.
However, recombination has occurred between SNP2 and the disease allele to generate
chromosomes with the A haplotype and the disease allele.



