7.03 Exam 1

Name:

Section: TA:

Exam starts at 11:05 and ends at 11:55

There are five pages including this cover page
Please write your name on each page.

Please...

» Look over the entire exam so you don't spend too much time on hard
guestions leaving easy questions unanswered.

» Check your answers to make sure that they make sense.

e To help us give partial credit, show your work and
state any assumptions that you make.

Question 1 30 points
Question 2 25 points
Question 3 20 points

Question 4 25 points



Name:
1. Youare studying the genetics of a new insect species and have identified three different
recessive traits. For simplicity we will designate the phenotypes of the three distinct recessive
traits a, b, and ¢ and the corresponding wild-type phenotypes with a “+”. Two different true-
breeding lines are crossed and the Fy progeny all appear as wild-type. These F; progeny are
then crossed to individuals from a true breeding line that has all three recessive traits (a b ¢) and
100 progeny from this cross are analyzed. The phenotypes and numbers are as follows:

Phenotype Number
+ + + 3
abec 7

+ C 34
+ b + 36
+ b c 8
a + + 12

(a 5 pts.) What are the genotypes of the two parental true-breeding lines?

(b 5 pts.) Why are there only six phenotypic classes, rather than eight?

(c 10 pts.) Give as much information as you can about the chromosomal positions of the three
markers a, b, and c. Include in your answer any relevant map distances in cM.

(d 10 pts.) Given the map distances in part (c), if F4 insects are crossed to one another, what
frequency of the resulting F» progeny would have all three recessive traits (i.e. phenotype: a b ¢)?



Name:

2. The following mouse pedigree shows the segregation of both a dominant and a recessive
trait. (Assume all phenotypes are completely penetrant and that no new mutations arise).

@ N\ @ = fermale showing dominant trait only
5 MZ_ = male showing recessive trait only
’

{:} = male not showing either trait

?

(a 5 pts.)What is the genotype of mouse 1? For your answer use D to designate the allele for
the dominant trait (with d representing the corresponding wild type allele) and r to designate the
allele for the recessive trait (with R representing the corresponding wild type allele)

(b 5 pts.) If the genes for both traits are 30 cM apart on the X chromosome, what is the probability
that a female progeny mouse indicated by ? will show both traits?

(c 7 pts.) If the genes for both traits are 30 cM apart on the X chromosome, what is the probability
that a male progeny mouse indicated by ? will show both traits?

(d 8 pts.) If the genes for both traits are 30 cM apart on the same autosome, what is the
probability that a progeny mouse indicated by ? will show both traits?
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3. You have isolated two different mutants of phage A that make fuzzy plaques, which you name
fz-1~ and fz-2—. You cross fz-1— phage with fz-2—phage by coinfecting E. coli with phage of
both types. Of 1000 plaques that result from the cross, all but 15 are fuzzy.

(a 8 pts.) What is the distance between the fz-1— and the fz-2— mutations in map units?

Mutations in the cl gene give clear plaques whereas wild-type phage have turbid plaques.

(b 12 pts.) You cross of a ¢~ fz-1— double mutant to a fz-2— mutant and examine a total of
1000 plagues. Among the 15 plaques that are not fuzzy produced in this cross, 12 are clear and 3
are turbid. Draw a genetic map showing the order of the ¢l=, fz-1—, and fz-2— mutations as well as
any relevant map distances in map units.
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4. (a 5 pts.) You have isolated a new His™ yeast mutant. When you mate this mutant to a wild
type yeast strain (His*) you find that the resulting diploids are His*. What does this tell you about
the mutant that you isolated?

(b 10 pts.) When you sporulate the His* diploid from part (a) you find that tetrads of three types
are produced. From a total of 100 tetrads, the following tetrad types are seen:

Type: 2 His™: 2 His* 3 His™ : 1 His* 4 His™
Number: 65 30 5

What does this result tell you about the original His™ strain? Give any relevant genetic distances (in
cM) that you can calculate.

(c 10 pts.) There are a total of 240 His™ spore clones in the tetrads from part (b). If you picked
two of these His™ clones (of opposite mating type) at random and mated them, what is the
probability that the resulting diploid would be His*? (You may find it helpful to consider the
genotypes of the His™ spores in each tetrad type).



7..'03Exan.11
KEY

Name:

Section: TA:

Exam starts at 11:05 and ends at 11:55

There are five pages including this cover page
Please write your name on each page.

Please...

* Look over the entire exam so you don't spend too much time on hard
questions leaving easy questions unanswered.

* Check your answers to make sure that they make sense,

* To help us givé partial credit, show your work and
state any assumptions that you make.

Question 1 30 points .
Question 2 25 points
Question 3 20 points

Question 4 25 points



Name:
1 You are studying the genetics of a new insect species and have identified three different
recessive traits. For simplicity we will designate the phenotypes of the three distinct recessive
traits a, b, and ¢ and the corresponding wild-type phenotypes with a “+".  Two different true-
breeding lines are crossed and the Fy progeny all appear as wild-type. These F¢ progeny are
then crossed to individuals from a true breeding line that has all three recessive traits (a b ¢} and
100 progeny from this cross are analyzed. The phenotypes and numbers are as follows:

Phenotype Number
+ 4+ + 3
abc 7
a+ ¢C 34
+ b+ 36
-+ b e 8
a + + 12

{a 5 pts.) What are the genotypes of the two parental true-breeding lines?

a+tc L +tb+
S b+

(b 5 pts.) Why are there only six phenctypic classes, rather than eight?

Because Hare were No ooull(e Crossouersd

(c 10 pts)) Give as much information as you can about the chromosomal positions of the three
markers a, b, and ¢. Include in your answer any relevant map distances in ¢cM.

i0 - Z20ecM
b CMCLO C

(d 10 pts.) Given the map distances in part {c}, if F{ insects are crossed to one another, what
frequency of the resulting F» progeny would have all three recessive traits {i.e. phenotype:a b ¢)?

+tac T al

bt+ b+ +
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2. The following mouse pedigree shows the segregation of both a dominant and a recessive
trait. (Assume all phenotypes are completely penetrant and that no new mutations arise).

% N @ = female showing dominant trait only

I = male showing recessive trait only
1

D = male not showing either trait

?

(a 5 pts.)What is the genotype of mouse 1? For your- answer use D 1o designate the allele for
the dominant trait (with d representing the corresponding wild type allele) and r to designate the

allele for the recessive trait (with R representing the corresponding wild type allele) q _
o ¢
MO A DR o X X >. Ths wmouse™s j:(,cl-kar N == °°F

S ClaomoSoraes wuUMe e Ar“ “The.

S
VY o one ok wouse 1
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(b 5 pts.) If the genes for both traits are 30 cM apart on the X chromosome, what is the probablhty j

that a female progeny mouse indicated by ? will show both traits?
?{KDT x—" = O bé,t.,d.usé_ s Mgwst’-a *@CLM-\({{* St \)Q \A 5
and Haus will always pass on & R allele Yo hig &Quo\hu S

{c 7 pts.} If the genes for both traits are 30 cM apart on the X chromosome, what is the probability
that a male progeny mouse indicated by ? will show both traits?

(Xbr 3) mae 15 B7 o he will (ahead Wb X chrovrosome
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(d 8 pts.) If the genes for both traits are 30 cM apan on the eame autosome, what is the
probability that a progeny mouse indicated by ? will show both traits?
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3. You have isolated two different mutants of phage A that make fuzzy plaques, which you name
fz-1— and fz-2~. You cross fz-1~ phage with fz-2—phage by coinfecting £. coli with phage of
both types. Of 1000 plaques that result from the cross, alt but 15 are fuzzy.

(a 8 pts.)) What is the distance between the fz-1~ and the fz-2— mutations in map units?

/S~ x 2
yeleole

= 3'm. w

Mutations in the cl gene give clear plaques whereas wild-type phage have turbid plaques.

{b 12 pts.) You cross of a cI™ fz-1~ double mutant to a fz-2~ mutant and examine a total of
1000 plaques. Amang the 15 plaques that are not fuzzy produced in this cross, 12 are clear and 3
are turbid. Draw a géneﬁc map showing the order of the ¢l—, fz-1™, and fz-2— mutations as well as
any relevant map distances in map units.
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4, (a 5 pts.) You have isolated a new His™ yeast mutant. When you mate this mutant to a wild
type yeast strain (His*} you find that the resulting diploids are His*. What does this tell you about
the mutant that you isolated?

The muwont is recessive. to Wildtype

(b 10 pts.}) When you sporulate the His* dipicid from part (a) you find that tetrads of three types
are produced. From atotal of 100 tetrads, the following tetrad types are seen:

P T - N
Type: 2 His™: 2 His* 3 His™: 1 His® 4 His™
Number: 65 , 30 .5

What does this result tell ybu about the original His™ strain? Give any relevant genetic distances (in |
cM) that you can calcuiate.

The OragxnoJ His” Strain was o Adoup(o mutansx (tux mwajf'on@

The distoncg betwesn +hese 00 mutations is

100 = 1 +GNPD - 3O+(D('5) )
2%, 2(100) M

(c 10 pts.} There are a total of 240 His™ spere clones in the tetrads from part (b). If you picked
two of these His™ clones (of opposite mating type) at random and mated them, what is the
probability that the resulting dipioid would be His*? (You may find it helpful to consider the
genotypes of the His™ spores in each tetrad type).

(His™)
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ore a Hist"HisZ*? and HisltHisZ- P- 2 Hisl-Hisz-
ZHisitHis2*
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7.03 Exam 2

Name:

Section: TA:

Exam starts at 11:05 and ends at 11:55

Please write your name on each page.

Only writing on the front sides of each page will be graded

Question 1 40 points
Question 2 26 points
Question 3 34 points



Name:

1. (a 6 pts.) The Mot genes of E. coli are required for motility. You have isolated a nonmotile
mutant that you designate Mot1~. You grow P1 phage on an otherwise wild type strain that
carries a Tn5 insertion that is linked to one of the Mot genes and then use the resulting phage
lysate to infect a Mot1~ strain. From 50 transductants isolated by selecting for Kan' you find that
35 are motile and 15 are nonmotile. What is the distance between the Tn5 insertion and the
Mot1— mutation (expressed as a cotransduction frequency)?

(b 6 pts.) You grow P1 phage on one of the nonmotile, Kan' transductants (Tn5 Mot1~) isolated
above and use the resulting phage lysate to infect a second nonmotile strain that carries a mutation
designated Mot2—. A total of 200 Kan' transductants are isolated and none are motile. Does this
result tell you whether the Mot1— and Mot2— mutations are linked? Explain why or why not.

(c 8 pts.) Next, you grow P1 phage on a strain that carries both the Tn5 insertion and the Mot2—
mutation. When the resulting phage lysate is used to infect a strain that carries the Mot1~ mutation,
you find that 5 out of 200 Kan' transductants are motile. Based on this result as well as the results
from parts (a) and (b), draw a map showing the relative order of the Tn5 insertion and the Mot1~
and Mot2~— mutations.



Name:

(d 6 pts.) You can detect the protein products of the Mot genes. You observe that one of these
proteins is 58 kDa in a wild type strain but is 40 kDa in a Mot1~— mutant and 30 kDa in a Mot2™~
mutant. Given this information, draw a diagram showing the direction of transcription of the Mot
gene relative to the position of the Tn5 insertion.

(e 6 pts.) You introduce an amber suppressing allele of a tRNASer gene into a Mot1~— mutant
g g

strain. The Mot protein in this Mot1— Su* transductant is now 58 kDa. What kind of mutation is
Mot1—?

(f 8 pts.) The sequence of the amber stop codon is SUAG3". Write out the DNA sequence of the
anti-codon portion of an amber suppressing allele of tRNASer (label the 5’ and 3’ ends of both
strands and indicate which is the template strand during transcription of the tRNA).



Name:

2. Raffinose is a sugar that requires the lactose permease (LacY gene product) to enter an E. coli
cell. However, raffinose does not act as an inducer for the Lac operon. Wild type (Lac*) E. coli
can not grow on raffinose as the only carbon source because without an inducer of the Lac operon
there is not enough Lac permease synthesized to take up raffinose.

The ProA gene is linked to the Lac operon (cotransduction frequency is about 60%). Beginning
with an E. coli strain that is ProA— Lac* you isolate a collection of ten different mutants that can grow
on raffinose. You show that each of the mutants is linked to the Lac region by cotransduction with
ProA.

(a 9 pts.) What three possible types of Lac mutations could you have isolated.

(b 5 pts.) You mate a strain carrying F’ ProA* Lact to each of your mutant strains by selecting for
Pro* merodiploids. You find that all of the resulting merodiploids are no longer able to grow on
raffinose. What type(s) of mutation from part (a) did you isolate?

(c 7 pts.) Using an E. coli strain with ProA— Lact* on the chromosome carrying F’ Pro* Lact, you
isolate a collection of mutants that can grow on raffinose. Which type(s) of mutations from part (a)
could you isolate using this strategy? Explain why.
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(d 5 pts.) You mate one of the mutant strains from part (¢) an F~ ProA— Lac* strain. The resulting
merodiploids that you isolate are not able to grow on raffinose. Where was the original mutation
that allowed growth on raffinose located?

3. You are studying the regulation of ubiquinone synthesis in bacteria. The Ubi1 gene encodes a
key enzyme in the pathway for ubiquinone synthesis. In order to study the regulation of the Ubi1
gene transcription you construct a promoter fusion by inserting Tn5::LacZ into the coding sequence
for the Ubi1 gene (this hybrid gene is designated P pj1—LacZ). You find that B-galactosidase is
expressed at a high level when ubiquinone is absent from the growth medium, but B-
galactosidase is not expressed when ubiquinone is present. You find a mutation designated A,
which gives constitutive B-galactosidase expression from the LacZ fusion to the Ubi gene.
Moreover, you find that A" is closely linked to the Ubi1 gene. You have an F’ that carries the Ubi1
gene along with neighboring genes and regulatory sites, you carry out the following genetic tests:

B-galactosidase activity
—ubiquinone  +ubiquinone

A" Pypi1—Lacz + -

A Pypji-Lacz + +

A~ Pypi1—Lacz /F’ A" Ubit* + —

A" Pypi1—LacZ/F’ A~ Ubit* + —
(a 8 pts.) Characterize the A mutation (dominant vs. recessive, cis-acting vs. trans-acting) and
propose a molecular function for the regulatory component that is affected by the A” mutation.



Name:

Next, you isolate a second regulatory mutation designated B~ which causes constitutive
expression of B-galactosidase from the P pj1—LacZ promoter fusion. You find that the B
mutation is not linked to the Ubi1 gene. An F’is isolated that carries the region of the chromosome
where the B mutation lies. Genetic tests reveal the following properties:

B-galactosidase activity
—ubiquinone  +ubiquinone

B Pypi1—Lacz + —
B Pubji—Lacz + +
B~ Pupii—Lacz/F B* + -

(b 10 pts.) Draw two different linear regulatory pathways showing the possible relationships
between the two different regulatory factors encoded by A and B. For your answer be sure to
include the Ubi1 gene and to indicate where and how the inhibitor ubiquinone is acting.

(c 6 pts.) Why can’t you use the A and B mutations you have isolated to distinguish the two
models?



Name:

Next, you isolate an allele of the B gene that you call BS that gives uninducible expression of
Pubii—LacZ. The genotype and phenotype of strains carrying the BC mutation are as follows:

Genotype Phenotype
BS Pypj1—LacZ/F' B+  uninducible
BS A" Pypj1—LacZ constitutive

(d 5 pts.) Draw out the model from part (b) that is consistent with these new results?

(e 5 pts.) How might the BS mutation alter the function of the B protein to give uninducible
expression of the Ubi1 gene?

Grading section

Question 1 40 points:

Question 2 26 points:

Question 3 34 points:

Total
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Name:

. 1. (a6 pts.) The Mot genes of E. coli are required for motifity. You have isolated a nonmaotile

: mutant that you designate Mot1—. You grow P1 phage on an otherwise wild type strain that
carries & TnS insertion ihat is linked to one of the Mot genes and then use the resultiny phage
lysate to infect a Mat1™ sirain. From 50 transductants isalated by selecting for Kanf you find that
35 are motile and 15 are nonmotile, What [s the distance between the Tn5 insertion and the
Mot1— mutaticn (expressad as a cotransduction frequency)?

35 L jeet T 0%
50

(b 6 pts.} You grow P1 phage on one of the nonmaotile, Kan ransductants (Tn5 Mot1~) isolated
above and use the resulting phage lysate to infect & second nonmotiie strain that carries & mutation
designated Mot2—, Aiotal of 200 Kan' tranaductants are isclated and none arg matile. Does this
result tel! yvou whether the Mof1— and Mot2~ mutations are linked? Explain why or why not.

101& caanay 4\ whgidnin Mol gnd Met R ace inleed iy s E—!C?Lﬂm Dne
'%ossibi\:lﬁ 6 Yok Yhoy are walnked T biis Case ol oo sdu hands

w;'ﬁ Lo Mot A~ ang wnoafi mOJi'\‘\E . Af\ol-‘lu__-r' POS.S'IE'LH.L:S“ haat pM~okd
and Mot 2 owt Y Rabtly fad. Tn s ca®y rlomioinaion

boiwern, Mot omd Mok s ot WGV@‘-» Yok Jou vieser see
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(¢ 8 pts.) Next, you grow P1 phage on a strain that carries both the TnS inserticn and the Mot2—
mutation. When ihe resulting phage lysate is used 1o infect a strain that carries the Mot1— mutation,
you find that 5 out of 200 Kan' fransduciants are motile. Based on this result as well as the results
from parts (a) and (b), draw a map showing the ralative order of the Tn8 insertion and the Mot1—~
and Mat2— mutations.

T%S Mm?l_ "?0**2-‘
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{d 6 pts.} You can detect the protein produsts of the Mot genes. You observe that one of these
proteins (s 58 kDa in a wild type strain but is 40 kDa in 2 Met1— mutant and 30 kDa in a Met2—
mutant. Given this information, draw a diagram showing the direction of transcription of the Mot
gene relative to the position of the TnS insertion.

TS Metl™ Metl™
\Y) —t

(e B pts.} You introduce an amber suppressing allele of a tRNA32 gene irto a Mot1— mutant
strain. The Mot protein in this Mot~ Sut tansductant is now 58 kDa. What kind of mutation is
Mot1~=7?

A ber honsense rmutation

{f B pts.) The sequence of the amber stop coden is SUAGS. Wrile outthe DNA sequence of the
anti-codan portion of @&n amber suppressing allele of tRNASeT (label the 5" and 3’ ends of both
strands and indicate which is the template strand during transcription of the tRNA).

S-CTA-3
z'. GAT-5' «— templare



Name:

2. Raffinose s a suigar that requires the lactose permease (LacY gene product) to enter an E, ool
call. However, raffinose does not act as an inducer for the Lac operon. Wild type (Lact) £ coli
can not grow on raffincse as the only carbon source bacause without an inducer of the Lac operon
there is not encugh Lac permease synthesized ta take up raffinose.

The ProA gene is finked to the Lac aperon {cotransduction frequency is about 60%). Beginning
with an E. coli strain that is ProA— Lac* you isolate a collection of ten different mutants that can grow
on raffinose. You show that each of the mutants is linked to the Lac region by cotransduction with
FroA.

(2 9 pic.} What thres possible types of Lac mutations could you have isolated.
OC.
I -k

(b 5 pts.) You mate a strain carrying P’ ProA™ Lac to each of your mutant strains by sélecting for
Pro+ merodiploids. You find that all of the rasulting merodipioids are no longer able {¢ grow on
raffinose. What type(s) of mutation from part (&) did you isolate?

T

{c 7 pts.) Using an E. coff straln with ProA— Lact on the chromosorne canying F' Prot Lach, veu
isclate a collection of mutants that can grow on raffincse. Which type(s) of mutations from part (@)
could you isolate using this strategy? Explain why.

o« I

Because trase are qominant MUEaHoNS ond domrarit mutations
Car e isolaxedl when o have 4000 copies of the gena.
Pocessiue. Mutations Coulcl not be isolateol in s

case because e reassve mutation Wowlal be
Masloel by e woild-+yoe allele.
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. {d 5pts.) You mate one of the mutant strains from part (¢} an F— ProA— Lac™ strain. The resulting
mercdiploids that you isolate are not able to grow on raffinpse. Whare was the original mutation
that allowed growth on raffincse located? '

on e ecol chrormosomae.

-

3. youare studying the regulation of ubiguincne synthesis in bacteria. The Ubit1 gene encodes a
key enzyme in the pathway for ubiguinone synthesis. In order to shudy the reguiation of the Ubi1
genea transcription you construct a promater fusion by inserting Tn5::LacZ into the coding sequence
for the Ubi1 gene (this hybrid gene is designated Ppij1—LacZ). You find that B-gatactosidase is
expressad at a high lavel whan ubiguinans is absent from the growth medium, but -
galactosidase is not expressed when ubiquinons is present. You find a mutation designated A,
which gives constiiutiva B-galactosidase exprassion from the LacZ fusicn to the Ubi gene.
Moraover, you find that A is clossly linked to the Ubi1 gene. You have an F* that carriss the Ubit
gene along with neighbaring genes and regulatory sites. you carry oul the following genetic tests:

B-galactosidase aclivity
. —ubiguincne  +ubiquinone

A’ Pupi1-LacZ + —

A Puni1-LacZ + +

ATPubi1-LacZ /F AT Ubit® 4+ -

A'Pupit-LacZ /P AT Ubi1T & -
{a 8 pts.} Characterize the A" mutation (dominant vs. recessive, cis-acting vs. frans-acting) and
propose a molecular function for the regulatory component that is affected by the A” mutation.

The A~ wakikion is [RECESSIVE | and [ TEANS-ACTING |

’ILWC@WA’M%A IM
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* Nexd, you isolate a second regulatory mutation designated B~ which causes conslitutive
expression of B-galactosidase from the P pi1—L.acZ promoter fusion. You find thatthe B
mutation is noilinked to the Ubil gene. An F isisolated that carries the region of the chromosome
whare the B~ mutation lies. Genetic tests reveal the following properties:

B-galactosidase activity
—ubiquingne  +ubiquinone
B” Pypji—LacZ + - -
B~ Pypi1—LacZ + +
B Pypni—LacZ/FBT -+ —

{b 10 pts.) Draw two different linear regulatory pathways showing the possible relationships
between the two different regulatory factors encoded by A and B.  For your answer be sure to
include the Ubi1 gene and to indicate whare and how the inhibitor ubiquinone is acting.

@ & &
dbipiront, ——> A ——> B Y Ui 1
(i Hw)
biguinmz. — 2 g @?A— Houwil
(inbibiter) -

-

{c 6 pts.) Why can't you use the A” and B” mutations you have isolated fo distinguish the two
models?

Because Lt’j"m‘ A _oamdk BT awve cm-t,s{-(.fu,h'v-e_ —\ |
( ie. Hase mulaiims vesult tn const r&uﬁ»-w.
.{,,thessem of Wi j_) -

Bocause | Lot A” and B mudnats it ﬂ
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Next, you isolate an allele of the B gene that you call BS that gives uninducible expression of
Pubii—LacZ. The genotype and phenotyps of strains carrying the BS mutation are as follows:

Genotype Phenctyps
BS Pupi{~kacZ/ F Bt uninducible
BS A" Pypii—LacZ constifutive
{d 5 pts.) Draw out the model from part (b) thatis consistent with these new results?
@ ® e
I.L"J?%tdm y B > A | ubi L

i effguj-a_,h‘cr "D B

(e 5 pts.) How might the BS mutation alter the function of the B protein to give uninducible
expression of the Ubi1 gene?

%% wadation causes :
® He B Imhw“’fb mb e *«zhm‘wtzeﬁm
ol — o-f 4 A 3.%.0.
B)-the E?-m-Fﬁ‘h-‘fv b@c.m.e..l nsensiHive. J‘E e

L(b‘ i MONG. (_H,m;}— rla'rm% thw/as B)

Grading section

Question 1 40 points:

Questlon 2 26 points:_

Question 3 34 points:

Total
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1. To study the regulation of yeast genes for sucrose utilization you construct a fusion of Suc1, a
gene encoding a sucrose-hydrolyzing enzyme, to the E. coli gene for B-galactosidase. The
resulting gene fusion Suc1-LacZ, located on an extrachromosomal plasmid, is expressed only
when sucrose is provided to the yeast cells. A screen for mutations that affect the regulation of
Suci-LacZ has yielded two different mutations that you call Suc2— and Suc3~. The table below
shows the behavior of the original mutants as well as heterozygous diploids produced by mating
the mutants to wild type.

B-galactosidase activity

— sucrose +sucrose
Wild type (Suc1-LacZ) - +
Suc2~ (Suc1-LacZ) - -
Suc2—/ Suc2t(Suci-Lac2) - +

Suc3~ (Suci1-Lac2) + +
Suc3—/ Suc3t(Suci-Lac2)

|
+

(a 4 pts.) When you mate a Suc2— mutant to a Sue3— mutant, the resulting Suc2— / Suc3—
diploid shows normal expression and regulation of Suc1-LacZ. What does this result tell you
about the relationship between the Suc2— and Suc3— mutations?

(b 6 pts.) Next, you sporulate the Suc2—/ Suc3~ diploid and dissect 50 tetrads. Among the
tetrads, 10 are Type 1, 5 are Type 2, and 35 are Type 3.

Type 1 Type 2 Type 3
constitutive uninducible constitutive
uninducible uninducible constitutive
uninducible regulated uninducible
regulated regulated uninducible

Are the Suc2~ and Suc3— mutations linked? Briefly explain your answer.
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(c 6 pts.) Is a Suc2— Suc3~ double mutant regulated, constitutive, or uninducible? Briefly
explain your answer.

(d 10 pts.) On the basis of your answer for part ¢ and from the rest of the information given in this
problem, diagram a molecular model to explain the regulation of the Suc1 gene. For your model,
include the Suc2 and Suc3 genes. Also show how sucrose itself might act.

2. Consider an autosomal recessive trait that is present in 1 per 250,000 newborn individuals in a
random-mating population. We will call the recessive allele b and the dominant allele B.

(a 4 pts.) What is the frequency of allele b?

(b 8 pts.) What proportion of all b alleles are present in bb homozygotes?
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(c 5 pts.) Suppose that homozygotes have 90% as many offspring as average individuals in the
population. What mutation rate (B> b) would account for the frequency of allele b in the population?
(Assume h=0.)

(d 12 pts.) Consider the effect of a change in mating patterns such that every person mates with a
cousin of one of their parents. Calculate the frequency of the recessive trait in the first generation
following this change. Show your calculations. (Assume S=0,h=0,_=0.)

3. You discover a frame-shift mutation in an X-linked gene called SPG in a man who is infertile
because of poor sperm production. You postulate that the SPG mutation is the cause of the
man’s poor sperm production.

(a 6 pts.) You obtain genomic DNA samples from other men with poor sperm production and
sequence their SPG gene. You find that six such men, apparently unrelated, are mutant in SPG. Are
these six men likely to carry the same frame shift mutation found in the first man because of the
mutation having been passed through many generations, or are they more likely to carry independent
mutations that arose in recent generations? Explain your answer.
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Your classmate discovers an X-linked male-sterile mutant that arose spontaneously in her mouse
colony. Having heard about your studies of the human SPG gene, she points out that most
genes on the human X chromosome have counterparts on the mouse X chromosome, and that her
male-sterile mice might be mutant in the mouse SPG gene. You are unsure whether the human
and mouse SPG genes are functionally interchangeable.

(b 9 pts.) Propose an experiment involving a mouse transgene (but no knockouts and no
sequencing) that would test whether your classmate’s mouse mutation is in the mouse SPG gene.
Diagram your transgene, describe where it would integrate into the mouse genome, and describe
any crosses required.

(c 6 pts.) Let’'s assume that your classmate’s mouse mutation is in the mouse SPG gene.
Propose an experiment involving a human transgene (but no knockouts) to test the hypothesis
that the mouse and human SPG genes are functionally interchangeable.

4. You are genetically mapping a rare skin disease that shows autosomal dominant inheritance.
Alleles: + (normal) SD (associated with skin disease)

Here is a family in which some individuals are affected:

_O

w
O "
CLeoOm

A — — A
B — - — — B

SSR44| C — — — —C
D — — — D
E —E

Name:

(a2 pts.) Which parent(s) is/are informative with respect to linkage between the skin disease
gene and SSR447?



(b3 pts.) What allele at SSR44 did the affected father inherit from his father (deceased)?

(c 5 pts.) Diagram the phase relationship between the SD alleles and the SSR44 alleles in the
affected father.

(d 10 pts.) Calculate the LOD score for linkage at 6 = 0.1 between the skin disease gene and
SSR44 in this family.

(e 4 pts.) How many families of this exact type would be needed to achieve a publishable LOD
scoreat6=0.17?

Grading section
Question 1 26 points:

Question 2 29 points:

Question 3 21 points:

Question 4 24 points:
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1. To study the regulation of yeast genes for sucrose utilization you construct a fusion of
Sue1, a gene encoding a sucrose-hydrolyzing anzyme, to the E. coli gene for B-galactosidase.
The resulting gene fusion Suc1-LacZ, located on an extrachromosomal plasmid, is expressad
only when sucrose is provided to the yeast cells. A screen for mutations that affect the
regulation of Suc1-LacZ has yielded two different mutations that you call Sue2~ and Suc3™.
The table below shows the behavior of the original mutants as well as heterozygous diploids
produced by mating the mutants to wild type.

B-galactosidase activity
— sucrose +sucrose
Wild type (Suci-LacZ) - +
Suc?™ (Sucl-Lacz) - -
SucZ / SucZ* (Sucti-LacZ) - +
Sued~ (Suci-LacZ) + +
Suc3™ / Suc3* (Suci-LacZ) - +

(a 4 pts.) When you mate a Sue2™ mutant to a Suc3d™ mutant, the resulting Sue2~/ Suc3—
diploid shows normal expression and regulation of Suci-LacZ. What doses this result tell you
about the relationship between the Suc2™ and Suc3™ mutations?
The Suc2” £ Sucd” nwiatons complemart each Gther | which meansThat
Sue2 € e ar h-iuodiﬁm-i"fnc.

(b 6 pts.) Next, you sporulate the Suc2—/ Suc3~ diploid and dissect 50 tetrads. Among the
tetrads, 10 are Type 1, 5 are Type 2, and 35 are Type 3.

Typel Type2 Type 3
constitutive uninducible constitutive
uninducible uninducible constitutive
uninducible regulated uninducible
regulated regulated uninducible

=] 5 as

Are the Suc2™ and Sue3™ mutations finked? Briefly explain your answer.
For 4uo mulnﬂnshhe. PDY> NP or The IPD: 41T | WFD
roho must not be 4Tve .
PO>7 NP <. Szt and Bucd” mulnttns are  linKed.
typea= 35 fypez=Ss
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{c 6 pts.) Is a Suc2™ Suc3™ double mutant regulated, constitutive, or uninducible? Briefly
axplain your answer.

Suacz- em‘dwbkmﬁ
Eﬂ Winj at The WD or 1T

Wwe cantell Thet This i The
3’“’3" andl Lompaig Tiem with

243+ rw)\dfd
2% &+ - oladed 243+ rgoedd

9 = ot be ondeciile (2.3 ]muﬁbb:mtﬂdndkﬁc'
A - (273

{d 10 pts.) On the basis of your answar for part ¢ and from the rest of the information given in
this problem, diagram a melecular model to explain the regulation of the Sue1 gene. For your
model, include the Suc2 and Sue3 genes. Also show how sucrose itsalf might act

Fom padk ) e aen deduce Thar Suc2’  epnshhd 0 Sucd”
Sucz (s & net achwder of acd

Suca is a ner apessor of Bvel
“Therchpe:
f:%ucrosc. —S, suca L, sz -@aauc:l.

2. Consider an autosomal recessive trait that is present in 1 per 250,000 newbormn individuals
in a random-mating population. We will call the recessive allele b and the dominant aliele B

{a 4 pts.) What is the frequency of allele b?

$®=1= /isesse = So5 = 0.00L

{b B pts.) What proportion of all b alleles are present in bb homozygotes?

£(bin hbmé‘zﬁoks) = q.?. _ : o
£ in retougic)= pg BTFL PV
AlMrnade Solution: 7 pje2

2Nq,+114?_:|- q/ = 0.002
* Here P it aﬁmum 4 1.
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{c 5 pts.) Suppose that homozygotes have 90% as many offspring as average individuals in the
population. What mutation rata (B-> b) would account for the !requency of auele b int the
population? (Assume h = 0.)

S=1-084 = 0.1 AL -

M= Sq?
=(0-1)(1/250,000) = 40”7

(d 12 pis.) Cons»der the effect of a change in maling panams such tha1 every pefson mates w;th a

3. You discover a frame-shift mutation in an X-linked gene called SPG in a man who is

infertile because of poor sperm production. You postulate that the SPG mutation is the cause
of the man's poor spermn production.

a6 p!s .) You abtain genomic DNA samples from other men with poor sperm production and
sequence their SPG gene. You find that six such men, apparently unrelated, are mutant in SPG.
Are these six men likely to carry the same frama shift mutation found in the first man because of
the mutation having been passed through many generations, or are they more likely to carry
independent mutations that arose in recent generations? Explain your answer.

(ﬂwu\ Mo o\ seMEny  yaen covey et Stome Q-omg;hf}& wudahow tn
e Spn 61{\{, 4wlo ?a&é:‘o\\\m Q)&L‘:SE AN seden o Mg N CouAd vt
A UAS Mt reukokoN wan’!aﬂ&oas\«‘ and OQ. Haiz
SR Gumesh fF udaiion Could st been 2assed on Aacoug b L the
m&f&#\nm &'\:MCL deskant om0 QA(E‘SJ@.’ Voo QoyTier FPEMQJ&S
2(; Mnese ,i-wo?)f‘mb\\.he& the fofter & mo® l‘}“e[(j
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Your classmate discovers an X-linked male-sterile mutant that arose spontaneously in her
mouse colony. Having heard about your studies of the human SPG gens, she points out that
most genes on the human X chromosome have counterparts on the mouse X chromosome,
and that her male-sterile mice might be mutant in the mouse SPG gene. You are unsure
whather the human and mouse SPG genes are functionally interchangeable.

(b 9 pts.) Propose an experiment involving a mouse transgene (but no knackouts and no
sequencing) that would test whether your classmate's mouse mutation is in the mouse SPG
gene. Diagram your transgene, describe where it would Integra!e into the mouse genome,

and describe any crosses required. Sark unl‘u\ &ﬁ\u ited eagt foom an X' bt
carnity mother. Tsolate -Hq. Mnew\ wi¥n o uh\&-\-sfpt..

k
b g D By Lo d

creoted 30 s aguregs R, R
our o‘msm&w mudokon © 5P e
“rang: WhiCh WOMl3 - dearae tandomiy wie the
(c & pts. l.et's assuma fhat ywrclas&males mouse mutation is in the mouse SPG gene. QEMDTNE
Propose an experiment involving a human transgene (but no knockouts) to test the hypothesis
that the mouse and human SPG genea ara functionally interchangeable. wi
Genlied g fom an KK qasrier mother. , Taslake, hoe E1as and
!,Q*-\/hm wivhn a w\\&\& lywmnan - % Qe :Iah\le&&\%oe\-ﬁm
l\Q gwvie Soms c-'e.q.-\-a& W el vanne
'cq are Gele, #on A wmon ond

.-..ow, s?% %w-s Gre \w\unhox‘adm\eﬂ

4. vouare genetically mapping a rare skin disease that shows autosomal dominant
inheritance.
Alleles: + {normal) SD (associated with skin disease)

Here is a family in which some individuals are affected;

O
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{8 2 pts.) Which parent(s) is/are informative with respect to linkage batween the skin disease
gene and SSR447

feber

{b3pts) What allele et 8SR44 did the affected father inherit from his father (deceased)?

{c5pts.} Dlagi’am the phase rilitlénshfp between the SD alletes and thee SSthM alletes in
the aifected father. :

{2 10 pts.) Calculate the LGE}score far !lnkags alp = ﬂ 1 betwaen thes;l-:m’ﬂxsaase gene and
S5H44 in this family. :

- qebf’ o
L ut \05_—%—;6‘);#“ \ 28

(& 4 pts.} How many families of this sxact type would be needsd to azhieve a publishable
LOD score at.0 =0.17 .

AR 2% 5o B Giths

Grading section
Question 1 28 points:

Question 2 28 points:
Question 3 21 points:
Question 4 24 polnts:
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1. You have isolated a Tn5 insertion in an otherwise wild-type E. coli strain that is linked to the gene
encoding the MalT activator protein. Tn5 carries a marker for kanamycin resistance (KanR) You grow
P1 phage on the strain W|th the Tn5 insertion and use the resulting phage to infect a MalT  strain.
Among 100 resulting Kan" transductants, 20 express no maltase activity and 80 express maltase
normally. Note that the MalT gene is unlinked to the gene encoding the maltase enzyme MalQ.

(a4 pts.) What is the distance between the Tn5 insertion and MalT, as expressed as a
cotransduction frequency?

(b 10 pts.) You grow P1 phage on a MalT Kan" transductant isolated in part (a), and use the
resulting phage to infect a MalT® mutant in an otherwise wild-type strain. The MalT® protein binds
DNA regardless of whether the inducer maltose is present. The following results are obtained:

Phenotype number of KanR transductants
uninducible 80

constitutive 19

regulated 1

Next you perform the reciprocal cross by growing P1 phage on a MaITC Kan" strain carrying the
same Tn5 insertion as above. You use the resulting phage to infect a MalT mutant in an otherwise
wild-type strain. The following results are obtained:

Phenotype number of KanR transductants
uninducible 20
constitutive 80

Draw a diagram of the recombination event(s) that gave rise to the single regulated transductant from
the first cross. Your diagram should clearly show the relative order of Tn5, MalT , and MalT® (but

cotransduction distances are not necessary).
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(c 4 pts.) You have isolated a Tn10 insertion that is linked (50% cotransduction) to an ochre tRNA
suppressor allele (Su™) in an otherwise wild-type E. coli strain. The Tn10 insertion carries a marker for
tetracycline resistance (TetR) and is not linked to MalT. You grow P1 phage on this Tet" Su strain
and use the resulting phage to infect a MalT strain. Out of the 100 Tet" transductants, 50 express
maltase normally and 50 express no maltase activity. What type of mutation is MalT ? (Be as
specific as possible.)

(d 7 pts.) You grow P1 phage on the Tet™ Su” strain from part (c) and use the resulting phage to
infecta MalT MaITC double mutant. Out of the 100 Tet" transductants, 50 express maltase
constitutively and 50 express no maltase activity. Is the phenotype of a MalT MalTC double mutant
regulated, constitutive, or uninducible?
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Name:

2. You are studying the regulation of GIn1, a yeast gene involved in glutamine synthesis. Gin1 is not
expressed when glutamine is present in the growth medium and is expressed when glutamine is
absent. To begin your analysis of regulation, you fuse the promoter region of the Gin1 gene to the
LacZ coding sequence and then place this hybrid gene on a yeast plasmid. You find that yeast cells
carrying this plasmid (Pg|n1—LacZ) only express B-galactosidase activity when glutamine is absent.
You next identify two different mutants that show abnormal regulation of your reporter. You call these
mutants GIn7 and GIn8 . The table below shows the phenotypes of a variety of haploid and diploid
yeast strains containing the Pg,1—LacZ reporter. A filled circle indicates a yeast colony that

expresses B-galactosidase activity.

B-galactosidase activity

— glygamine + glutamine
wild type (Pgni—LacZ) @)
GIn7 (Pgn1—Lacz) °® ®
GIn7 / GIn7+ (Pgn1—LacZ) () O
GIn8 (Pgin,1—Lac2) O ®)
GIn8™ / GIn8+ (Pgini—LacZ) () @)

(a5 pts.) When you mate a GIn7~ (Pgjn1—LacZ) mutant to a GIn8 mutant, the resulting
GIn7 /GIn8 (Pgn1—LacZ) diploid shows normal B-galactosidase expression and regulation. After

sporulatation, this diploid produces three different tetrad types. Out of a total of 50 tetrads, 5 are
Type 1, 38 are Type 2, and 7 are Type 3.

Type 1 Type 2 Type 3
B-galactosidase activity B-galactosidase activity B-galactosidase activity
— glutamine + glutamine —glutamine  + glutamine —glutamine + glutamine
o @) o o o @)
o o o o o o
o o @) @) @) @)
o @) @) @) o o

Isa GIn7 /GIn8 double mutant regulated, constitutive, or uninducible?
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(b 6 pts.) Are the GIn7 and GIn8 mutations linked? If so, how far apart are they in cM?

(c 4 pts.) In the 50 tetrads you analyze, there are a total of 200 spores. Out of those 200 spores,
17 are GIn7 GIn8 double mutant spores. What fraction of those 17 came from NPDs?

(d 10 pts.) On the basis of your answer for part (a) and from the rest of the information given in this
problem, diagram a model to explain the regulation of the GIin1 gene. Your model should include the
GIn7 and GIn8 gene products, as well as glutamine.
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3. You have isolated two different mutations in the mi gene of phage A that make tiny plaques.
These mutations are called mi-1~ and mi-2". From DNA sequencing, you know that the mi-1~
mutation is a +1 frameshift, but you do not know the nature of the mi-2 mutation. You cross an mi-1~
phage with an mi-2~ phage by coinfecting E. coli with phage of both types so that each cell receives
at least one phage of each type. Of the 1000 plaques that result from the cross, only 8 form large
plagues while the rest are tiny.

(a7 pts.) Your lab partner sequences the phage genomes from the phage that formed the 8 large
plaques. She observes that 4 of those genomes are wild-type for the mi gene, and four contain both
the mi-1~ and mi-2° mutations. Give a specific description of the molecular nature of the mi-2~

mutation that would explain these results.

(b 6 pts.) What is the distance between the mi-1~ and mi-2 mutations in map units?

(c 6 pts.) The genome of phage Ais 5 X 10* bp in physical length and 200 map units in genetic
length. What is the distance between the mi-1~ and mi-2~ mutations in base pairs?



Name:
(d 6 pts.) Next you isolated an mi-3~ mutation that is a UGA stop mutation in an otherwise wild-type
phage background. You find that the wild-type Mi protein is 30 kDa, but in the mi-3  strain this
protein is only 20 kDa in length. When you combine the mi-1~ and the mi-3~ mutations, the Mi
protein produced is 22 kDa. Diagram the mi mRNA, labelling the 5' and 3' ends and the relative
locations of the mi-1~ and mi-3~ mutations.

4. Consider an autosomal recessive disease in humans that is caused by a single loss-of-function allele
at a single gene locus. Assume complete penetrance and no selection or new mutations.

(a 6 pts.) In population |, the disease has an incidence of 4 x 10-8. Assuming that mating in the
population is random, what is the frequency of the disease allele (q)?
What fraction of all matings in population | are between heterozygotes? Show your calculations.

(b 6 pts.) A second population (population Il) is also characterized by random mating, but here the
disease has an incidence of 10-6. Now suppose that human migration produces a new, mixed
population, with 90% of the members of the new population deriving (randomly) from population | and
the remaining 10% deriving (randomly) from population Il. One generation later, what would the incidence
of the disease be in the new, mixed population if mating were random? Show your calculations.
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(c 6 pts.) What would the incidence of the disease be in the new, mixed population (from part b) if
mating were strictly assortative (that is, if individuals originating from population || mated only with other
individuals originating from population Il and vice versa for population 1)? Show your calculations.

(d 3 pts.) Assume that the new, mixed population from part (b) has undergone at least one generation of
random mating. What is the probability that a child whose parents are first cousins will have the disease?

(e 3 pts.) Now assume that the disease allele in population I differs from (but is in the same gene as) that
in population Il. Would you modify your response to question (b)? To question (¢)? (No calculations
needed.)

(f 6 pts.) Now assume that the disease allele in population | is in a different gene from that in population .
Would you modify your response to question (b)? To question (¢)? (No calculations needed.)

5. The genetics of the eye disease known as retinitis pigmentosa (RP) are complex in humans, with
many dozens of genes implicated. You decide to model this hereditary disease in mice using
transgene and/or gene knockout methods.

For both (a) & (b) indicate:
1. The method you would use (transgene or knockout)
2. The DNA to be introduced into mouse cells
3. The cell type you would use (fertilized egg or ES cells)
4. The site of integration
5. Any additional breeding required
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(a5 pts) You identify a human family in which RP displays autosomal dominant inheritance and is
caused by a specific missense mutation in the RP5 gene, on human chromosome 5. Describe how
you would create a mouse model of this family’s disease. (You have access to a BAC that contains
the mutant RP5 gene from an affected member of the family.)

(b 5 pts) In another human family, you find that RP displays autosomal recessive inheritance and is
caused by a loss-of-function mutation in the RP11 gene, on human chromosome 11. Describe how
you would create a mouse model of this family’s disease. (You have access to a BAC that contains
the wild type RP11 gene from a wild-type mouse.)

(c 5 pts) You also obtain a true-breeding strain of mice, called Rpx, which has retinitis pigmentosa.
You do not observe retinitis pigmentosa among offspring of Rpx mice mated with wild-type mice.
The Rpx mutant has not yet been characterized molecularly, but you suspect that the Rpx strain is
mutant in the RP11 gene. Describe how you could use the mouse model created in part (b) to test
this hypothesis without any sequencing.

6. For each of the following diseases, estimate the concordance rates that you might expect in MZ
and DZ twins.

(a 5 pts) Chicken pox, a very common and contagious viral disorder.

(b 5 pts) Tay-Sachs disease, a rare autosomal recessive disorder in which environmental contributions
are negligible.
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10

(c 5 pts) A rare disease in which both environment and a single gene contribute equally to risk.

Assume that the allele that predisposes to disease is dominant.

(d 5 pts) A rare disease in which both environment and a single gene contribute equally to risk.

Assume that the allele that predisposes to disease is recessive.
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7. While home on winter break, your neighbor, who is a medical geneticist, seeks your help in
interpreting a patient: a 47,XXY girl.

You prepare genomic DNA samples from the girl and from her parents. You confirm that the stated
father is in fact the biological father by testing the family for a large number of autosomal SSRs. You
also test the family for a series of SSRs distributed along the X chromosome:

SSR1 SSR2 SSR3 SSR4

LT |

y
SSR1 1
1

SSR2 2

/

\
w
>

|

SSR3| 3B —_ —

SSR4 | 4B — —

~

(a 3 pts) In which parent did nondisjunction occur?

(b 4 pts) In which division of meiosis did nondisjunction occur? Briefly explain your answer.
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(c 9 pts) Sketch the meiosis in which nondisjunction occurred (include both divisions in your sketch).
Your drawing should include the SSRs present along the X chromosome. Assume that SSR alleles
1A and 2A are on a single chromosome in the mother’s somatic cells. Assume that SSR alleles 3A
and 4C are on a single chromosome in the mother’s somatic cells.

(d 4 pts) How many chromatids were present in the first polar body? In the second polar body?

(e 5 pts.) What might account for this girl having developed as a female despite the presence of a Y
chromosome?

(f 5 pts.) Explain how you would test your hypothesis from part (e) without the use of sequencing.



13
Name:

8. Your neighbor also seeks your advice regarding a family in which several individuals (filled circles
or squares below) developed colon cancer in their 30's or 40's. All living, unaffected individuals are in

their 50's or older.

L]
é Cg | | ‘ |
HELe ]
You speculate that colon cancer in this family might be caused by either:

1) germline transmission of a mutation in the APC gene (the autosomal dominant disease known as
FAP, familial adenomatous polyposis)

or

2) germline transmission of a mutation in a gene involved in DNA mismatch repair (the autosomal
dominant disease known as HNPCC, hereditary nonpolyposis colon cancer)

(a4 pts.) You obtain blood DNA samples from all living family members, as well as colon tumor
DNA samples from the three living, affected individuals. Your neighbor is surprised when you test
both the blood and colon tumor DNAs for several SSRs known to show no genetic linkage to either
HNPCC or FAP. How would you use these test results in considering the likelihood of FAP versus
HNPCC?
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You identify an SSR that is located within an intron of the APC gene, and a second SSR that is
located within an intron of the MSH2 gene (which is involved in mismatch repair). You type blood
DNA samples for these SSRs and obtain the following results:

n s

APC

oOoOw>

|

|

|

|

|

|
OO w>

MSH2

oo w>
|
|
|
|
oo w>

You find out that individuals 3 and 4 are twins, but it has not been determined whether they are
monozygotic (MZ) or dizygotic (DZ).

(b 6 pts.) Calculate a LOD score for linkage at 0 = 0 between colon cancer and APC in this family,
assuming that individuals 3 and 4 are DZ twins. Show your calculations.

(c 8 pts.) Does your calculation in part (b) change if you assume that individuals 3 and 4 are MZ
twins? If so, show how it changes.
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(d 4 pts.) Are these data consistent with the hypothesis that colon cancer in this family is caused by
germline transmission of a mutation in APC? Briefly justify your answer.

(e 4 pts.) Are these data consistent with the specific hypothesis that colon cancer in this family is
caused by germline transmission of a mutation in MSH2? Briefly justify your answer.

(f 4 pts.) Would your answer to part (e) change if you learned that individual 2 had been diagnosed
with cancer of the ovary at the age of 35?7 Briefly explain your answer.

Grading section

Question 1 25 points:
Question 2 25 points:
Question 3 25 points:
Question 4 30 points:
Question 5 15 points:
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Question 8 30 points:

Total:



Name:

L2. You are studying the regulation of Gin1, a yeast gene involved in glutamine synthesis. GiIn1 is
not expressed when glutamine is present in the growth medium and is expressed when glutamine
is absent. To begin your analysis of regulation, you fuse the promoter region of the Gin1 gene to
the LacZ coding sequence and then place this hybrid gene on a yeast plasmid. You find that
yeast cells carrying this plasmid (Pg|,1—LacZ) only express B-galactosidase activity when
glutamine is absent. You next identify two different mutants that show abnormal regulation of
your reporter. You call these mutants GIn7~ and GIn8 . The table below shows the phenotypes
of a variety of haploid and diploid yeast strains containing the Pg,1—LacZ reporter. A filled circle

indicates a yeast colony that expresses B-galactosidase activity.

B-galactosidase activity

— glutamine + glutamine
wild type (Pgni—LacZ) @

GIn7™ (Pgni—Lac2) @
GIn7" / GIn7+ (Pgn1—LacZ) ®
GIn8 (Pgp1—LacZ) @)
GIn8" / GIn8+ (Pgjh1—LacZ) ®

—= onSRIThYC, rCusswve -
TCpuessor

— vnindwalole , cusSive
achedor

ORONON e

\_+a 5 pts.) When you mate a GIn7~ (Pgjn1—LacZ) mutantto a GIn8 mutant, the resulting
GIn7 /GIn8 (Pgini—Lac2) diploid shows normal B-galactosidase expression and regulation.-

After sporulatation, this diploid produces three different tetrad types. Out of a total of 50 tetrads, 5
are Type 1, 38 are Type 2, and 7 are Type 3.

NPD =5 PD = 2% T =7
Type 1 Type 2 Type 3
3-galactosidase activity B-galactosidase activity B-galactosidase activity
—glutamine + glutamine —glutamine  + glutamine — glutamine + glutamine
g @ @ conrst ® O 79
doude io o] comeE & @ st D @ Lk
wwiant cons® O O uvnwd Q 0O unird.
el O rg O O unind @ P uonsc
dodge motant

Is a GIn7 /GIn8 double mutant regulated, constitutive, or uninducible?
Todde mont s conshtohie
Grilis epstahe to Gind
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U (c9 pts) Sketch the meiosis in which nondisjunction occurred (include both divisions in your

sketch). Your drawing should include the SSRs present along the X chromosome. Assume that
SSR alleles 1A and 2A are on a single chromosome in the mother’'s somatic cells. Assume that
SSR alleles 3A and 4C are on a single chromosome in the mother's somatic celis.

A AL 0 B Drpicahay By o ol
v ﬁ—}gﬁa XD: o~ ML
TTB YR < o - - B A T

Znel pRlar by
(d 4 pts) How many chromatids were present in the first polar body? In the second polar body?
1
s+ 2nd.

(e 5 pts.) What might account for this girl having developed as a female despite the presence of a
Y chromosome?

Pocomionahon ecnt bet | ¥y Swo mosarnas 1A T dad uhere e SPY altle
WA VombidA oot of Tre Y-

(f 5 pts.) Explain how you would test your hypothesis from part (e) without the use of sequencing.

. &1 'iCS’('W\\ﬁ—} sce F Tew g€ corteun STSa[onjf&\/ m,_'ss.rlcj s xxy
gul‘

2. Use powes for TH SPY g and ¢ Te s#y gew from mfemp‘e
fon Ths xxv\a.'(\. T Thare & no 2 pn:r:(M——y sey (s abgeat.
and e vl nechon €ent in part € cold expain Uhy Xx¥ e gitl
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8. Your neighbor also seeks your advice regarding a family in which several individuals (filled
circles or squares below) developed colon cancer in their 30's or 40's. All living, unaffected
individuals are in their 50's or older.

[+
= LIk 3=

You speculate that colon cancer in this family might be caused by either:

1) germline transmission of a mutation in the APC gene (the autosomal dominant disease known
as FAP, familial adenomatous polyposis)

or

2) germline transmission of a mutation in a gene involved in DNA mismatch repair (the autosomal
dominant disease known as HNPCC, hereditary nonpolyposis colon cancer)

(a 4 pts.) You obtain blood DNA samples from all living family members, as well as colon tumor
DNA samples from the three living, affected individuals. Your neighbor is surprised when you test
both the blood and colon tumor DNAs for several SSRs known to show no genetic linkage to
either HNPCC or FAP. How would you use these test results in considering the likelihood of FAP

versus HNPCC?
7 \l(—gs — HMPCC

L ook for sse insfabikty i MmOl PRAS
\r No = TP
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10

(c 5 pts) A rare disease in which both environment and a single gene contribute equally to risk.

- Assume that the allele that predisposes 1o disease is dominant.
Mz D2 M2/ D2

~2 | ge ) domiant
Pk 25% Mqﬂlg‘:ﬁﬂﬂm

24 - moan onegree,

(d 5 pts) A rare disease in which both environment and a single gene contribute equally to risk.

Assume that the allele that predisposes to disease is recessive.

Mz D2
SFle  [28%.
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(c 6 pts.) What would the incidence of the disease be in the new, mixed population (from part b) if
mating were strictly assortative (that is, if individuals originating from population Il mated only with
other individuals originating from population Il and vice versa for population I)? Show your

calculations. . .
(f@ﬁm:) * Liorrpb\WD

q_'?. = . -8 ol | =7
VB (4xio®) (04) + (Ixio*) x(©@ 1) = 3.0¥I0D + IXID _—] l- 36 %I0 \

(d 3 pts.) Assume that the new, mixed population from part (b) has undergone at least one
generation of random mating. What is the probability that a child whose parents are first cousins will
have the disease?

=Y

. "‘ ; -5
flaja)> Fg=- ‘fio¥ asyot = L75x%0

(e 3 pts.) Now assume that the disease allele in population | differs from (but is in the same gene as)
that in population Il. Would you modify your response to question (b)? To question (¢)? (No
calculations needed.)

No No .

(f 6 pts.) Now assume that the disease allele in population | is in a different gene from that in
population 1l. Would you modify your response to question (b)? To question (¢)? (No calculations

needed.) \(es N©O

5. The genetics of the eye disease known as retinitis pigmentosa (RP) are complex in humans,
with many dozens of genes implicated. You decide to model this hereditary disease in mice using
transgene and/or gene knockout methods.

For both (a) & (b) indicate:
1. The method you would use (transgene or knockout)
2. The DNA to be introduced into mouse cells
3. The cell type you would use (fertilized egg or ES cells)
4. The site of integration
5. Any additional breeding required




— Name:
(d 6 pts.) Next you isolated an mi-3~ mutation that is a UGA stop mutation in an otherwise wild-
type phage background. You find that the wild-type Mi protein is 30 kDa, but in the mi-3~ strain
this protein is only 20 kDa in length. When you combine the mi-1~ and the mi-3~ mutations, the
Mi protein produced is 22 kDa. Diagram the mi mRNA, labelling the 5' and 3' ends and the
relative locations of the mi-1~ and mi-3 mutations.

mit — oroa
m‘k;_—’ 20LDO-
sk come eagr Than my 2 SoThadt 1+

UL, me3 = 22K Somils {
o L canchift The mi 3 shop coden ot obfeet .

P T e R
&} mil~ M3 j

\_4. Consider an autosomal recessive disease in humans that is caused by a single loss-of-function
allele at a single gene locus. Assume complete penetrance and no selection or new mutations.

(a 6 pts.) In population |, the disease has an incidence of 4 x 10-8. Assuming that mating in the
population is random, what is the frequency of the disease allele (q)7
What fraction of all matings in population | are between heterozygotes? Show your calculations.

A = Vuxo® = |0, oooz}

A= &Pq = Q(D(D.ODOZ) = lD. Q002 |
FADX FLAQ) = (0,00039)% =

(b 6 pts.) A second population (population 11} is also characterized by random mating, but here the

disease has an incidence of 10-6. Now suppose that human migration produces a new, mixed
population, with 80% of the members of the new population deriving (randomly) from population | and
the remaining 10% deriving (randomly) from population Il. One generation later, what would the
incidence of the disease be in the new, mixed population if mating were random? Show your

calculations.
G- \l wY = 0,00]
potL

Qs
poim
k. q-LJEW: (D.DODZ) (04) =+ (0. De{‘:'!\)y(o,\) - 2.9xi0™%

|37 - '7.%110’31
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_ 7. While home on winter break, your neighbor, who is a medical geneticist, seeks your help in
interpreting a patient: a 47, XXY girl.

You prepare genomic DNA samples from the girl and from her parents. You confirm that the
stated father is in fact the biological father by testing the family for a large number of autosomal
SSRs. You also test the family for a series of SSRs distributed along the X chromosome:

SSR1 SSR2 SSR3 SSR4

| | |

SSR1 1B — —_

T — —
SSR2 [ 2A — e
2B — —

SSR3 3B e —
L. 36 —

4A —
SSR4 | 4B — —
L 4C —_— — "

(a 3 pts) In which parent did nondisjunction occur?

Mother

(b 4 pts) In which division of meiosis did nondisjunction occur? Briefly explain your answer.

Meicsts iIL = Adleles reay catvomere. ovC cplicafec .
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(L 3. You have isolated two different mutations in the mi gene of phage A that make tiny plaques.
These mutations are called mi-1 and mi-2 . From DNA sequencing, you know that the mi-1
mutation is a +1 frameshift, but you do not know the nature of the mi-2~ mutation. You cross an
mi-1~ phage with an mi-2  phage by coinfecting E. cofi with phage of both types so that each

cell receives at least one phage of each type. Of the 1000 plaques that result from the cross, only
8 form large plaques while the rest are tiny.

(a7 pts.) Your lab partner sequences the phage genomes from the phage that formed the 8 large
plaques. She observes that 4 of those genomes are wild-type for the mi gene, and four contain

both the mi-1~ and mi-2™ mutations. Give a specific description of the molecular nature of the
mi-2  mutation that would explain these results.

T MmUY me?”
— >< - ] ‘w‘\q'&\\,&) Bf |00C
4 k2 ~ o+

Mi-2° 15 a - fameshiét pecavse uen both combire &gwcs :)wu awilaiapg_

.. P

(b 6 pts.) What is the distance between the mi-1~ and mi-2 mutations in map units?

Distane = 8/1988 x W& Josmu |

(c 6 pts.) The genome of phage L is 5 X 104 bp in physical length and 200 map units in genetic
length. What is the distance between the mi-1~ and mi-2” mutations in base pairs?

0.% mwu x —2xW0%y_  T2oobp

S0D MU
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(a 5 pts) You identify a human family in which RP displays autosomal dominant inheritance and
is caused by a specific missense mutation in the RP5 gene, on human chromosome 5. Describe
how you would create a mouse model of this family’s disease. (You have access to a BAC that
contains the mutant RP5 gene from an affected member of the family.) |

\. Trang i
2 é&c contmining RPS ( or RPS mutomt ahele by rl'ce,lf} .

3 ehladd eqq

4 %madg .

5. No itonay  lorud mg g
(b 5 pts) In another human family, you find that RP displays autosomal recessive inheritance and
is caused by a loss-of-function mutation in the RP11 gene, on human chromosome 11. Describe
how you would create a mouse model of this family’s disease. (You have access to a BAC that
contains the wild type RP11 gene from a wild-type mouse.)

|, Knokoot

2. Wse BrC roacate homblegoss Kﬁcéms anden get B rco markas foxato.
Thoz rc@ions. '
3. ESes.

G Srm‘c"‘a[lﬂ Chovnalogous rr:wrnbna-hm) |
\_ 5 . Padihorat ading b obtath oo "o Mbrygos Knuckcoot ( cecssiic
Omreaxwt —  FerXietr = homd Ny necds )
(c 5 pts) You also obtain a true-breeding strain of mice, called Rpx, which has retinitis
pigmentosa. You do not observe retinitis pigmentosa among offspring of Rpx mice mated with
wild-type mice. The Rpx mutant has not yet been characterized molecularly, but you suspect that
the Rpx strain is mutant in the RP11 gene. Describe how you could use the mouse model

created in part (b) to test this hypothesis without any sequencing.
Comgenentahon Test !
;
RP ‘L
No b
‘oot T Tnthe qare

6. For each of the foilm diseasesa, estimate the concordance rates that you might expect in
MZ and DZ twins.

(a 5 pts) Chicken pox, a very common and contagious viral disorder.

NZ=D2 . (holalae reledively Wgh)

becavse t's atenvirowmena
‘b 5 pts) Tay-Sachs disease, a rare autosomal recessive disorder in which environmental
\_contributions are negligible.

N2 D2 D tmins ore \z clated and be/ ey iy an
1co% 25% awthgomed | reeessive had F =it wilt reecy tuo Copig
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L (d 4 pts.) Are these data consistent with the hypothesis that colon cancer in this family is caused

by germline transmission of a mutation in APC? Briefly justify your answer.

Nes becauge T 32 chose aane Fhom within o inhan of APC and wre e

ho wwmbirants —3 Just not €nogh o publiéh

(e 4 pts.) Are these data consistent with the specific hypothesis that colon cancer in this family is

caused by germline transmission of a mutation in MSH2? Briefly justify your answer.

\|\Jo, Tew is ow ombinant gniz)

(f 4 pts.) Would your answer to part (e) change if you learned that individual 2 had been
diagnosed with cancer of the ovary at the age of 357 Briefly explain your answer.

Ves becavse s poold meon That
O trat cig t ity mmlj also be A

%

vl 2 exhibitga molmtor plesotye
cled W cdon cane Cua|m3e,

resomb ingnt)
\
Grading section
Question 1 25 points:
Question 2 25 points:
Question 3 25 points:
Question 4 30 points:
Question 5 15 points:
Question 6 20 points:
Question 7 30 points:
Question 8 30 points:
L

Total;
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\_
(b 6 pts.) Are the GIn7 and GIn8 mutations linked? If so, how far apart are they in cM?
Nee beease PO Wmd o 1wl totme

| PD TT NPD
Digane s 6oDATT . xS+ 7T 370 |37cMm|
Qo 2550 e |

(c 4 pts.) In the 50 tetrads you analyze, there are a total of 200 spores. Out of those 200 spores,
17 are GIn7 GIn8 double mutant spores. What fraction of those 17 came from NPDs?

2 dadpe notan spod cach NPD > Trexa e S)
{lOII" ¢ =

-

(d 10 pts.) On the basis of your answer for part (a) and from the rest of the information given in
this problem, diagram a model to explain the regulation of the GIn1 gene. Your model should
include the GIn7 and GIn8 gene products, as well as glutamine.

M—é\ﬂ;m“m-——( Glns— GinT—— Gin ’J.j
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U You identify an SSR that is located within an intron of the APC gene, and a second SSR that is
located within an intron of the MSH2 gene (which is involved in mismatch repair). You type blood
DNA samples for these SSRs and obtain the following results:

i 5 7
F, B2 R 2L ABRRE .,
APC B - — — — B
cC - - — — - — C
. D - " D

+ * % ¥ € W
4 A —_— B _B - » _D_ _'B A
MSH2 B = — B
- C — — — — ¢
e s = — D

¥ T A T

+ * +

' o e B B B Cc B C
You find out that individuals 3 and 4 are twins, but it has not been determined whether they are
monozygotic (MZ) or dizygotic (DZ).

(b 6 pts.) Calculate a LOD score for linkage at 8 = 0 between colon cancer and APC in this
family, assuming that individuals 3 and 4 are DZ twins. Show your calculations.

Mom -~ informativc, Prax Kaaon .

D ¥ LODf - lo (.05)7]: 2-1
B 4 =g o [_—_(O.zs‘i \:‘

(c 8 pts.) Does your calculation in part (b) change if you assume that individuals 3 and 4 are MZ
twins? If so, show how it changes.

Vs — (only orc Mmeidhe event )

— LoD = 199 é_ss)lb] L]
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1. You have isolated a Tn5 insertion in an otherwise wild-type E. coli strain that is linked to the
gene encoding the MalT activator protein. Tn5 carries a marker for kanamycin resistance (KanH).
You grow P1 phage on the strain with the Tn5 insertion and use the resulting phage to infect a
MalT strain. Among 100 resulting KanR transductants, 20 express no maltase activity and 80
express maltase normally. Note that the MalT gene is unlinked to the gene encoding the maltase

enzyme MalQ.
(a 4 pts.) What is the distance between the Tn5 insertion and MalT, as expressed as a

cotransduction frequency?

S

+ 4 conts  conedt
Tns Ma\Tt | r\S eﬂafb + | E::(m-hn etlhe
.ﬂ,‘""‘ on Ty Fowi 0 3 pcari
Ths MUT* %P ™s MﬂlT 20%0

(b 10 pts.) You grow P1 phage on a MalT™ Kan transductant isolated in part (a), and use the
resulting phage to infect a MalITC mutant in an otherwise wild-type strain. The MalT ™ protein
binds DNA regardless of whether the inducer maltose is present. The following results are

obtained:
Phenotype number of KgnR transductants
uninducible 80
constitutive 19
Nz regulated 1

Next you perform the reciprocal cross by growing P1 phage on a MalITC Kr:mﬁ strain carrying the
same Tn5 insertion as above. You use the resulting phage to infect a MalT mutant in an
otherwise wild-type strain. The following results are obtained:

Phenotype number of KanR transductants
uninducible 20
constitutive 80

- Draw a diagram of the recombination event(s) that gave rise to the single regulated transductant
from the first cross. Your diagram should clearly show the relative order of Tn5, MalT , and

h&ﬂ (but cotransduction distances are not necessary). +4 conect Crossoxr
F?arzexcm tguat’d event
mne *
R
+ +
. Tps  Manc” MaiT Tns Madc* MaqIrt ]

Mare” MaiT ~
Trechoc. o2 s _FTns Ma e Mal'rj Tns %

POt That X
10 r(gdakg:ﬁmﬂ—

™S MarSt M T
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~— (c 4 pts.) You have isolated a Tn10 insertion that is linked (50% cotransduction) to an ochre
tRNA suppressor allele (Su+) in an otherwise wild-type E. coli strain. The Tn10 insertion carries a
marker for tetracycline resistance (Tet ) and is not linked to MalT. You grow P1 phage on this
TetR Su” strain and use the resulting phage to infect a MalT™ strain. Out of the 100 Tet
transductants, 50 express maltase normally and 50 express no maltase activity. What type of
mutation is MalT™ ? (Be as specific as possible.)

SU & otPruk ochvl SPResor.

MaiT = = oche mwtzbon

i
NJonsense wutahon

Sut Malt = rgdatd  SuT Mall” _) no Mmatta s
(d 7 pts.) You grow P1 phage on the Tet" Su” strain from part (c) and use the resulting phage to
infecta MalT~ MalT~ double mutant. Out of the 100 Tet ' transductants, 50 express maltase
constitutively and 50 express no maltase activity. Is the phenotype of a MalT MaIT double
mutant regulated, constitutive, or uninducible?

_
TC\L 5\)'\' TC*"
A A
509’0 SDVa X
Tett-Sot MalT® Mall ~ Tet® su™ Mat=MalT”
4/ AL bl
consh hotive. r"’ . \
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