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7.03 Exam 1

Name:

Section: TA:

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

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

Also...

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

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

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

Question 1 35 points
Question 2 35 points
Question 3 30 points



Name:

1. (a 4 pts.) Wild type yeast form white colonies. You have isolated two
mutants that make red colonies that you call red1™ and red2™. When a red1™
mutant is mated to a red2™ mutant of the opposite mating type the resulting
diploid makes white colonies. What does this observation tell us about red1™

and red2™ 7

(b 9 pts.) When the diploids from part (a) are sporulated, three types of tetrads
are found.

Type | have 4 red colonies
Type Il have 1 white and 3 red colonies

Type Ill have 2 white and 2 red colonies
Classify each tetrad type as PD, NPD or T.

Type | Type ll Type IlI

(c 10 pts.) When the number of each tetrad type is tallied you find that the cross
produces 30 Type | tetrads, 16 Type Il tetrads, and 4 Type Il tetrads.

Are the red1™ and red2™ mutations linked? If so, how far apart are they in cM?



Name:

(d 12 pts.) One of the Type |l tetrads from above is selected for further analysis
and you designate the four spore clones a, b, ¢, and d. Clone a is white,
whereas clones b, ¢, and d are red. Each clone is mated to either a red1™
mutant or a red2™ mutant and the color of the resulting diploid is noted.

X red1” — white diploid
Clone a (white)

™ x red2~ — white diploid

_~xred1” — red diploid
Clone b (red)
™ x red2™ - white diploid

_~ xred1™ — red diploid

Clone ¢ (red)

™ x red2™ - red diploid

X red1” — white diploid

Clone d (red)
x red2™ — red diploid

Give the genotypes of each of the four spore clones

Clone a:
Clone b:
Cione ¢:

Clone d:



Name:

2. Consider the following pedigree where two first cousins have a son.
Each individual is numbered for reference in this problem.

©; 2

> O

(a 15 pts.) Say that female 1 is affected by a rare recessive X-linked trait and that
male 2 does not have the trait. Assume that individuals 3 and 6 neither have nor
are carriers of the trait.

What is the probability that male 4 will be affected by the trait?

What is the probability that female 5 will be affected by the trait?

What is the probability that female 7 will be affected by the trait?

What is the probability that male 8 will be affected by the trait?

What is the probability that male 9 will be affected by the trait?



Name:

(b 20 pts.) Now say that female 1 is affected by two different rare recessive
X-linked traits that are 10 cM apart (we will refer to them as trait 1 and trait 2).
Male 2 does not exhibit either trait. Assume that individuals 3 and 6 neither have
nor are carriers of either trait.

What is the probability that male 4 will be affected by both trait 1 and trait 27

What is the probability that male 8 will be affected by both trait 1 and trait 2?

What is the probability that male 9 will be affected by trait 1 only?

What is the probability that male 9 will be affected by both trait 1 and trait 27

What is the probability that male 9 will be affected by neither trait 1 nor trait 2?




Name:

3. Consider two recessive Drosophiia mutants that are on the same autosome:
curly-wings (er) and humpback (hb-1). A wild type female is crossed to a
curly-winged, humpbacked male to produce F flies that all look normal. An F;
female is then crossed to a curly-winged humpbacked male and 100 progeny
from this cross are examined.

Phenotype Number
wild type 43
curly-wings 11
humpback 9
curly-wings, humpback 37

(a 10 pts.) What is the distance between the cr and the hb-1 mutations in cM?

Next you isolate a second recessive humpback mutation (hb-2). A female from a
true breeding hb-2 strain is crossed to a male from a true breeding cr, hb-1
strain. An F4 female from this cross is then crossed to a male from a true
breeding cr, hb-1 strain and 500 progeny are examined.

Phenotype Number
curly-wings 5
humpback 240
curly-wings, humpback 255

(b 10 pts.) What is the distance between the hb-1 and hb-2 mutations in cM?



Name:

(c 10 pts.) Draw a genetic map showing the relative order of the cr, hb-1, and
hb-2 mutations as well as the distances that you have determined.
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1'3:%"(3 4 pts.) Wild type yeast form white colonies. ‘You have isolated two
mutants that make red colonies that you call red1™ and red2™. When a red1™
mutant is mated to a red2™ mutant of the oppos'ite mating type the sesulting
diploid makes white colonies. What does this observation tell us about red1™
and red2™? '
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(b 9 pts.) When the diploids from part (a) are sporuiated, three types of tetrads
are found.

Type | have 4 red colonies
Type Il have 1 white and 3 red colonies

Type [l have 2 white and 2 red colonies
Classify each tetrad type as PD, NPD or T.
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(¢ 10 pts.) When the number of each tetrad type is tallied you find that the cross
produces 30 Type | tetrads, 16 Type |l tetrads, and 4 Type lll tetrads.

Are the red1™ and red2™ mutations linked? If so, how far apart are they in cM?
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Name:
(d ?2 pts.) One of the Type |l tetrads from above is selected for further analysis
and you designate the four spore clones a, b, ¢, and d. Clone a is white,
whereas clones b, ¢, and d are red. Each clone is mated to either ared1”
mutant or a red2” mutant and the color of the resulting diploid is noted.

X red1” — white diploid
Clone a (white)

™ x red2™ — white diploid

X redi™ — red diploid
Clone b (red)
™~ X red2” — white diploid

_~xredl” — red diploid
Clone ¢ (red)

™ x red2™ — red diploid

X red1™ — white diploid

Clone d (red)

™~ X red2” — red diploid

Give the genotypes of each of the four spore clones

_4. 2
Clonea: ¢99 71 PRSI

A
Clone b: (‘Cd \ 7 (_LQDQ\ ‘
Clone c: ce VT T e cj\ 7"
Clone d: ~ o=

‘ (L(D - celT
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2.;: Consider the following pedigree where two first cousins have a son.

Each individual is numbered for reference in this problem.

O

@‘T—4 5]
@ 8

(a 15 pts.) Say that female 1 is affected by a rare recessive X-linked trajt and that
male 2 does not have the trait. Assume that individuals 3 and 8 neither have nor
are carriers of the trait.

What s the probability that male 4 will be affected by the trait?

What is the probability that female 5 will be affected by the trait?

?:Q

What is the probability that female 7 will be affected by the trait?

°= O

A

What is the probability that male 8 will be affected by the trait?

What is the probability that male 9 will be affected by the trait?

[/
vz
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" (b Péb pts.) Now say that femalé 1 is affected by two different rare recessive

X-linked traits that are 10 cM apart (we will refer.to them as trait 1 and trait 2).
Male 2 does not exhibit either trait. Assume that individuals 3 and & neither have
nor are carriers of either trait. -

What is the probability that male 4 will be affected by both trait 1 and trait 27

e

p= |
~ What is the probability that male 8 will be affected by both trait 1 and trait 27

P= (QHCQ(\QVSS = 0. 45

What s the probability that male 8 will be affected by trait 1 only?

What is the probability that male 9 will be affected by both trait 1 and trait 27

(/‘]
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What is the probability that male 8 will be affected by neither trait 1 nor trait 27
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3 COﬂSldeI’ two recessive DrOSOph/la mutants that are on the same autosome:
curly wings (cr) and humpback (hb-1). A wild type female is crossed to a
curly-winged, humpbacked male to produce F1 flies that all ook normal. An Fy
female is then crossed to a curly-winged humpbacked male and 100 progeny
from this cross are examined.

Phenotype Number

wild type | 43
curly-wings 11
humpback 9

curly-wings, humpback 37

(a 10 pts.) What is the distance between the cr and the hb-1 mutations in cM?
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Next you isolate a second recessive humpback mutation (hb-2). A female from a
true breeding hb-2 strain is crossed to a male from a true breeding cr, hb-1
strain. An Fy female from this cross is then crossed to a male from a true
breeding cr, hb-1 strain and 500 progeny are examined.

Phenotype Numbper

curly-wings 5

humpback 240 -
curly-wings, humpback 255 '

(b 10 pts.) What is the distance between the hb-1 and hb-2 mutations in ¢cM?
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(¢ 10 pts.) Draw a genetic map showing the relative order of the cr, hb-1, and
hb-2 mutations as well as the distances that you have determined.
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7.03 Exam 2

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.

Question 1 26 points
Question 2 25 points
Question 3 24 points
Question 4 25 points
1st position 2nd position 3rd position

{5’ end) U C A G (3’ end}

Phe Ser Tyr Cys U

: Phe Ser Tyr Cys c

Leu Ser STOP STOP A

Leu Ser STOP Tre G

Leu Pro His Arg 8]

Leu Pro His Arg [

Leu Pro © GiIn Arg A

Leu Pro Gin Arg G

fe The Asn Ser U

(te . Thr Asn Ser c

lie Thr Lys Arg A

: Met The Lys Arg G

Val Ala Asp Gly U

Val Ala Asp Gly [of

Val Ala Giu Gly A

Val Afa Glu Gly G




Name:

1. Phage T4 expresses an enzyme lysozyme, which enables phage to lyse infected cells.
Mutations in the lysozyme gene can prevent T4 from forming a plaques on a lawn of E. coli.
You have isolated two T4 mutants that can not make plaques on wild type (Su™), but that can
make plaques on an E. coli strain carrying a UGA nonsense suppressor (Sut).

(a 6 pts.) The two mutants are infected together into a Sut host so that each cell receives at
least one phage of each type. The resulting phage form 107 plagues/ml when plated on a Su*
host, but will only form 5 x 104 plaques/ml when plated on a Su— host. What is the distance
between the two mutations in map units?

(b 8 pts.) The size of the normal lysozyme protein is 45 kDa. One of the mutants makes a
lysozyme fragment that is 22 kDa, while the other makes a fragment that is 33 kDa. Using
0.11 kDa as the average mass of an amino acid and knowing that the total genetic length of
the phage T4 chromosome is 400 map units, estimate the physical length of phage T4 DNA
in base pairs.

(c 12 pts.) Suppose that one of the T4 mutants (which can only grow on an E. coli strain carry-
ing a UGA nonsense suppressor) was generated by a mutagen that causes transition muta-
tions (CeG to TeA or TeAto C*G). Using the genetic code (on the front of the exam) determine
which codon(s) in wild type T4 could have been altered by a single transversion mutation to
produce the phage mutant. For your answer, show both strands of the DNA, indicate the 5’
and 3’ ends of each strand, and indicate which strand is used as the template in transcription
to produce lysozyme mRNA.



Name:

2. (a 7 pts.) You have isolated a Tn5 insertion in an otherwise wild type E. coli strain that you
think may be linked to the Lac operon. You grow P1 phage on the strain with the Tn5 insertion
and use the resulting phage to infect a Lacl™ strain. Among the resulting Kan' transductants,
30% have constitutive Lac expression and 70% are regulated normally. What is the distance
between Lacl and the Tn5 insertion expressed as a cotransduction frequency?

(b 12 pts.) Next, you want to map the Tn5 insertion described in part (a) relative to two
different Lacl™ mutations (Lacl-1~ and Lacl-2~). To do this you perform two reciprocal
crosses. In cross 1 you grow P1 phage on a host that has the Tn5 insertion and Lacl-1—.

The resulting phage are then used to infect a Lacl-2—. Among the Kan' transductants, 99%
are constitutive and 1% are regulated normally. For cross 2, you grow P1 phage on a host that
has the Tnb insertion and the Lacl-2— mutation. The resulting phage are then used to infect a
Lacl-1~ strain. In this experiment, all of the Kan' transductants are constitutive.

Draw a genetic map showing the relative order of Tn5, Lacl-1~ and Lacl-2=. Also give any
relevant distances (obtained from either the two-factor cross in (a) or the three factor crosses
in (b) ) expressed as cotransduction frequencies.

(c 6 pts.) Say thét you wanted to isolate a Lacl-1— and Lacl-2— double mutant. Which cross
from part (b) would be a better starting point to search for the desired double mutant and why?



Name:

3. An enzyme in E. coliis regulated by the following scheme:

e

inducer
I S T e W B
B A © enzyme
— = — ———£ZZ:Z%EZIZ}—-
Ox

A is a transcriptional repressor of the enzyme and B is a transcriptional repressor of the gene
for A. B is active as a repressor only when it is bound to the inducer molecule. When the
inducer is absent, B does not bind to its operator, A is expressed, and enzyme synthesis is
repressed.

(a 12 pts.) An allele of the B gene (BS) is isolated that binds to DNA and represses regardless
of whether inducer is present or not. An allele of the operator site of the A gene (OC€a) is

isolated that will not bind the B repressor. In the table below indicate for each strain whether
the enzyme will be synthesized, with or without inducer (use + or -).

— inducer + inducer

Bs

O¢ca

Bs OCp
(b 12 pts.) An allele of the A gene is isolated that disrupts the ability of the A repressor to bind
DNA. In a heterozygous merodiploid this allele will also interfere with the ability of wild type A
protein to bind DNA. The allele is therefore called A-d. Indicate in the table below when the
enzyme will be synthesized.

—inducer + inducer
A-d

Ad/F A+

O+p Ad/F Ocp A+
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4. To study regulation of starch utilization in E. coli you isolate a Tn5::LacZ insertion in the
gene for the starch degrading enzyme amylase. This insertion only expresses B-galactosidase
when starch is present in the medium. You isolate two mutations that cause altered regulation
of the Tnb::LacZ reporter. The stal— mutation is unlinked to the Tnb::LacZ insertion and has
uninducible B-galactosidase expression. The sta2= mutation is linked to the Tnb::LacZ
insertion (50% cotransduction) and expresses B-galactosidase constitutively. By constructing
the appropriate merodiploid you determine that the sta2— mutation is recessive.

(a 15 pts.) Construct two models for amylase regulation that explains all of the properties of
the stal— and sta2— mutations. For your models, represent the relevant gene products as
Sta1 and Sta2, include the amylase gene, and be sure to indicate where and how the inducer
starch acts.

(b 10 pts.) In a transduction experiment you grow phage P1 on a strain carrying the
Tn5::LacZ insertion and the sta2— mutation. You use the resulting phage to infect a sta1~—
mutant (which does not carry the Tn5::LacZ insertion). About half of the resuiting Kan'
transductants constitutively express 3-galactosidase and half have uninducible expression.
What does this observation tell you about the phenotype of a stal= sta2™ double mutant?
Which of your models is supported by this observation?
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Name: K@\/
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Section: TA:
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There are five pages inc!udiné this cover page
Please write your name on each page.

Question 1 26 points
Question 2 25 points
Question 3 24 points
Question 4 25 points
18t pasiticn 2nd position 3rd position

{5 end) U C A G (3’ end)

Phe Ser Tyr Cys u

Phe Ser Tyr Cys c

Leu Ser STOP sToP A

Leu Ser sTCP Tep G

Leu Pro His Arg u

Leu Pro His Arg c

eu Fra * Gin Arg A

Leu fro Gin Arg G

fle The Asn Ser U

le . The Asn Ser c

tle Thr Lys Arg A

Maz Tar Lys Arg - G

Val Ala Asp Giy U

Val Ala Asp Gly c

Vai Ala Giu Giy A

Val Ala Giu Gly G




Name: K. E\/_

1. Phage T4 expresses an enzyme lysozyme, which enables phage to lyse infected cells.
Mutations in the lysozyme gene can prevent T4 from forming a plaques on a lawn of £. coli.
You have isolated two T4 mutants that can not make plaques on wild type (Su™), but that can
make plaques on an E. coli strain carrying a UGA nonsense suppressor (Su™).

(a 6 pts.) The two mutants are infected together into a Su* host so that each cell receives at
least one phage of each type. The resulting phage form 107 plaques/ml when plated on a Su+
host, but will only form 5 x 104 plaques/ml when plated on a Su™ host. What is the distance
between the two mutations in map units?

. _ yetombingats 2 (5 x10%)
Map distance = —500 -

- /«O WLQ?OW

jo™

(b 8 pts.) The size of the normal lysozyme protein is 45 kDa. One of the mutants makes a
lysozyme fragment that is 22 kDa, while the other makes a fragment that is 33 kDa. Using
0.11 kDa as the average mass of an amino acid and knowing that the total genetic length of
the phage T4 chromosome is 400 map units, estimate the physical length of phage T4 DNA
in base pairs. - : _ '

» 1 a.a.
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(c 12 pts.) Suppose that one of the T4 mutants (which can only grow on'an £. coff strain carry-
ing 2 UGA nonsense suppressor) was generated by a mutagen that causes transition muta-
tions (CeG to T=A or TsAto C*G). Using the genetic code (on the front of the exam) determine
which codon(s) in wild type T4 could have been altered by a single transversion mutation to
prdduce the phage mutant. For your answer, show both strands of the DNA, indicate the &’
and 3’ ends of each strand, and indicate which strand is used as the template in transcription

- to produce lysozyme mRNA.
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Name: KEY

2. (a 7 pts.) You have isolated a Tn5 insertion in an otherwise wild type E. coli strain that you
think may be linked to the Lac operon. You grow P1 phage on the strain with the Tn5 insertion
and use the resulting phage to infect a Lacl~ strain. Among the resulting Kan' transductants,
30% have constitutive Lac expression and 70% are regulated normally. Whatis the distance
between Lacl and the Tn5 insertion expressed as a cotransduction frequency?

‘m5xmi*’;q7pwr~
Amor. W‘Fﬂ'{m‘ |
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(b 12 pts.) Next, you want to map the Tn5 insertion described in part (a) relative to two
different Lac!™ mutations (Lacl-1~ and Lacl-27). To do this you perform two reciprocal
crosses. In cross 1 you grow P1 phage on a host that has the Tn5 insertion and Laci-17.

The resulting phage are then used to infect a Lacl-2—, Among the Kan' transductants, 99%
are constitutive and 1% are regulated normally. For cross 2, you grow P1 phage on a host that
has the Tn5 insertion and the Lacl-2— mutation. The resulting phage are then used to infect a
Laci-1~ strain.” In this experiment, all of the Kan' transductants are constitutive.

Draw a genetic map showing the relative order of Tn5, Lacl-1~ and Lacl-2~. Also give any
relevant distances (obtained from either the two-factor cross in (a) or the three factor crosses
in (b) ) expressed as cotransduction frequencies.
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(c 6 pts.) Say that you wanted to isolate a Lacl-1~ and Lacl-2~ double mutant. Which cross
from part (b) would be a better starting point to search for the desired double mutant and why?
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Name: K Y

3. An enzyme in E. coli is regulated by the following scheme:

e

inducer

@M

enzyme
— = —A " ——[:%:]~

A is a transcriptional repressor of the enzyme and Bis a transcriptional repressor of the gene
for A. B is active as a repressor only when it is bound to the inducér molecule. When the
inducer is absent, B does not bind to its operator, A is expressed, and enzyme synthesis is

- repressed.

(a 12 pts.) An allele of the B gene (BS) is isolated that binds to DNA and represses regardless
of whether inducer is present or not. An allele of the operator site of the A gene (O%4) is
isolated that will not bind the B repressor. In the table below indicate for each strain whether
the enzyme will be synthesized, with or without inducer (use + or =).

— inducer " +inducer
Bs -+ ' +
Gcp -
'Bs OCA . —

(b 12 pts.) An allele of the A gene is isolated that disrupts the ability of the A repressor to bind
DNA. In a heterozygous merodiploid this allele will also interfere with the ability of wild type A
protein to bind DNA. The allele is therefore called A-d. Indicate in the table below when the
enzymé will be synthesized.

— inducer + inducer
e +
- Ad _ i
¥
Ad/F A+ | T
O+p Ad/F Ocy A+ T T

T | -4
\ndwesr fuans off W%T?th LA



Name: KEY

4. To study regulation of starch utilization in E. coli you isolate a Tn5::LacZ insertion in the
gene for the starch degrading enzyme amylase. This insertion only expresses B3-galactosidase
when starch is present in the medium. You isolate two mutations that cause altered regulation
of the Tn5::LacZ reporter. The stal~ mutation is unlinked to the Tn5::LacZ insertion and has
uninducible B-galactosidase expression. The sta2— mutation is linked to the Tn&::LacZ
insertion (50% cotransduction) and expresses B-galactosidase constitutively. By constructing
the appropriate merodiploid you determine that the sta2— mutation is recessive.

(@ 15 pts.) Construct two models for amylase regulation that explains all of the properties of

~ the stal~ and sta2~ mutations. For your models, represent the refevant gene products as
Sta1 and Sta2, include the amylase gene, and be sure to indicate where and how the inducer
starch acts.
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(b 10 pts.) In a transduction experiment you grow phage P1 on a strain carrying the

Tn5::LacZ insertion and the sta2— mutation. You use the resulting phage to infect a stat~
mutant (which does not carry the Tn5::LacZ insertion). About half of the resulting Kan’
transductants constitutively express B-galactosidase and half have uninducible expression.
What does this observation tell you about the phenotype of a sta1™ sta2~ double mutant?
Which of your models is supported by this observation?
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7.03 Exam 3

Name:

Section: TA:

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

There are 6 pages including this cover page
Please write your name on each page.

Question 1 35 points
Question 2 36 points
Question 3 29 points



Name:

1. Tay-Sachs disease is an autosomal recessive disorder characterized by degeneration of brain
function in infants and death before age 4 years. The disease is more common in Jews of European
extraction than in other populations. The incidence of Tay-Sachs disease is about 1 in 250,000 births
among non-Jews in North America. Assume random mating in the non-Jewish population in North
America.

(a5 pts.) In non-dewish North Americans, what is the frequency of the allele (call it allele TS) associated
with Tay-Sachs disease?

(b 5 pts.) What is the frequency of heterozygotes among non-Jewish North Americans?

{c 7 pts.) What is the probability that -a child born to first cousins (who were non-Jewish North
Americans) would have Tay-Sachs disease?

(d 7 pts.) Assuming that the TS allele frequency is at steady state, what is the mutation rate per
generation at the Tay-Sachs gene in non-Jewish North Americans?

The incidence of Tay-Sachs disease is much higher in the European Jewish population, where the TS
allele frequency is 0.016. Scientists have speculated that the relatively high incidence of Tay-Sachs
disease in European Jews might be the result of TS/+ heterozygotes being partially resistant to
tuberculosis, an infectious disease that ravaged parts of Europe for centuries.

(e 6 pts.) Calculéte the heterozygote advantage h that would (under steady state conditions) account for
the frequency of the TS allele in European Jewish popu!atlons Assume random mating in the European
Jewish population.



Name:

(f 5 pts.) The incidence of tuberculosis in Europe is much lower now than in the past. Assume that, as
a result, the heterozygote advantage h falls to zero. By what increment (per generation) would you
expect the TS allele frequency to decline in the European Jewish population?

2. On Problem Set 6, we considered the ability to taste PTC (phenylthiocarbamide). The
inability to taste PTC is an autosomal recessive trait. The trait is quite common in some
populations. You are interested in identifying the critical gene, and you set out to map it
through genetic linkage studies.

Alleles: NT (associated with inability to taste PTC)

+ (associated with ability to taste PTC)

Here is a family in which some individuals (solid circles or squares) could not taste PTC:

O
=

o
CLeOm

SSR26

mooOw>
|

(a3 pts.) Whatis the genotype of the affected mother (a PTC non-taster) at the PTC gene?
(b 3 pts.) What is the genotype of the father (a PTC taster) at the PTC gene?

(c 5pts.) What allele at SSR26 did the father inherit from the (deceased) grandfather?



Name:

(d 5 pts.) Diagram the phase relationship between the PTC and SSR26 alleles in the father.

(e 5 pts.) Diagram the phase relationship between the PTC and SSR26 alleles in the affected
mother.

(f 7 pts.) Calculate the LOD score for linkage at 6 = 0 between PTC tasting and SSR26 in this

family.

(g 8 pts.) Calculate the LOD score for linkage at 6 = 0.2 between PTC tasting and SSR26 in this
family.
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3. After extensive genetic linkage studies, you map PTC tasting to a 2-centiMorgan (cM) region
on human chromosome 7.

(a5 pts.) Assuming that this 2-cM region is typical of the human genome, how mahy genes is
the region likely to contain?

You then discover that some PTC non-tasters are homozygous for a 10-kb deletion within the
implicated region. The deletion encompasses gene Z. Your findings suggest but do not prove
that the absence of gene Z results in the inability to taste PTC. You decide to test this hypothesis
in mice using transgenic methods. The DNA sequences of the human and mouse Z genes are
very similar but not identical. Like people who are PTC tasters, wild-type mice dislike the taste of
PTC and won't eat food to which PTC has been added. You have available: 1) genomic DNA
clones for both the human and mouse Z genes and 2) mouse food with and without PTC.

(b 6 pts.) What type of modification to the mouse genome would you make to test the
hypothesis that the absence of gene Z results in inability to taste PTC? Explain your choice.

(c 9 pts.) Draw the DNA construct that you would use to modify the mouse genome, and
explain how your construct would integrate into the mouse genome.

(d 4 pts.) Initially you obtain just one mouse that is heterozygous for the genomic modification
that you've engineered. How will you obtain homozygotes?



~

Name:

(e 5 pts.) What additional modification to the mouse genome would you make to test the
hypothesis that the mouse and human Z genes are functionally interchangeable?
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1 . Tay-Sachs disease is an autosomal recessive disorder characterized by degeneration of brain
function in infants and death before age 4 years. The disease is more common in Jews of European
extraction than in other populations. The incidence of Tay-Sachs disease is about 1 in 250,000 births
among non-Jews in North America. Assume random mating in the non-Jewish population in North
America.

(a5 pts.) In non-Jewish North Americans, what is the frequency of the allele (call it allele TS) associated

with Tay-Sachs disease? . .F(K/g') = L L %z
50,000

'g'éﬁj = %:J:;T‘_;Z:O,OOZ

(b 5 pts.) What is the frequency of heterozygotes among non-Jewish North Americans?
£ (rs/+) = 0/2.3366 Psl*%
p= C.99%
,E(Ts/_;_) = l(O-Cﬁ‘S‘B (0.602) = O.00 4

{c 7 pts.) What is the probability that a child born to first cousins (who were non-Jewish North
Americans) would have Tay-Sachs disease?

P(awu- born ‘}obﬁ'@r coeine has ) = F% = (i} (0.00Z.) = |, 25 x[073
55 cosing, F = L‘{(r‘{) = T\Z

(d 7 pts.) Assuming that the TS allele frequency is at steady state, what is the mutation rate per
generation at the Tay-Sachs gene in non-Jewish North Americans?

M = A%Mwm’ﬁm per ?gr\,QJ'GUHM ur sready 5hEP:A%hM z A%nw-, + A%se\.
le:%mﬁ’) b[bs&\ = _%a M«%?'SO
> s=1 M:%z; Hx)0™®

The incidence of Tay-Sachs disease is much higher in the European Jewish population, where the TS
allele frequency is 0.016. Scientists have speculated that the relatively high incidence of Tay-Sachs
disease in European Jews might be the result of TS/+ heterozygotes being partially resistant to
tuberculosis, an infectious disease that ravaged parts of Europe for centuries.

(e 6 pts.) Calculate the heterozygote advantage h that would (under steady state conditions) account for
the frequency of the TS allele in European Jewish populations. Assume random mating in the European
Jewish population. Mz O.

Cﬁ = 0.0l %( Ais Popm\&HOﬂ

2
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(f 5 pts.) The incidence of tuberculosis in Europé is much lower now than in the past. Assume that, as
a result, the heterozygote advantage h falls to zero. By what increment (per generation) would you
expect the TS allele frequency to decline in the European Jewish population?

W= O
_ _ 2
/{,Q«":O) S:[ lO'H
hq = -@? =-(001L)" = 2567

-y A
k3 TLLQ. Ta o\\\Qka- &o\;(\é \o\_{ 2‘§é x 10 f)e.{‘ ﬁ‘eﬂm %]
2. OnProblem Set 6, we considered the ability to taste PTC (phenylthiocarbamide). The
inability to taste PTC is an autosomal recessive trait. The trait is quite common in some
populations. You are interested in identifying the critical gene, and you set out to map it
through genetic linkage studies.
Alleles: NT (associated with inability to taste PTC)

+ (associated with ability to taste PTC)

Here is a family in which some individuals (solid circles or squares) could not taste PTC:

SSR26

mooO o>
|

(a 3 pts.) What is the genotype of the affected mother (a PTC non-taster) at the PTC gene?
NT/ NT

(b 3 pts.) Whatis the genotype of the father (a PTC taster) at the PTC gene?
+ /NT

(c 5pts.) What allele at SSR26 did the father inherit from the (deceased) grandfather?

E
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{d 5 pts.) Diagram the phase relationship between the PTC and SSR26 alleles in the father.

}\)"r -‘E Reo m ﬂ%‘ed-tén q:wwd‘?a%er‘

—_—t " o uvnakfected cjf‘o/ld-ﬂwﬂ"ﬁ‘”
-+ D

(e 5 pts.) Diagram the phase relationship between the PTC and SSR26 alleles in the affected
mother.

(f 7 pts.) Calculate the LOD score for linkage at 8 = 0 between PTC tasting and SSR26 in this
family. S(4his doto & linked ot ©)
LOD, = lo . : Lined)
e Yro p Grlis datzt & on

O(\\% C,O$\5; der meioses '@FO i \"Q#Qr:‘ Wéfj; f’ftihifz ce mlsinaiton)
e . ewi i A
e Knrow HFue pna

Lntreo)t =0
?C\g Yined a‘\‘@"ﬂ = (3 D (2 ) £+ NT 06 D + Lom fates

. B
t Chi \A'Mzn(;\n\’g\La /r\;\oﬁf\a)ﬁbﬁ)

P(_J@ un\'-nkeAB = (,‘i .1235

Lobé:o = 103‘060) = - &0

(g 8 pts.) Calculate the LOD score for linkage at 6 = 0.2 between PTC tasting and SSR26 in this
family.

PC# linked oF ®=0.2) = —‘5_”0.8)“('3_'0. 2))

(o) (o) o
- = | %
Louezm e O.H
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3. Atter extensive genetic linkage studies, you map PTC tasting to a 2-centiMorgan (cM) region
on human chromosome 7. ,

(a5 pts.) Assuming that this 2-cM region is typical of the human genome, how many genes is
the region likely to contain?
20,0004eqe5 in Geroml o Qe = 1T genes
2300 &M

Becavse of as cacies 10 Number of nesS (n geno me
- (30000 90000)&?5\? ~asonalble Ongwerds woere cw@{.eé(

You then discover that some PTC non-tasters are homozygous for a 10-kb deletion within the
implicated region. The deletion encompasses gene Z. Your findings suggest but do not prove
that the absence of gene Z results in the inability to taste PTC. You decide to test this hypothesis -
in mice using transgenic methods. The DNA sequences of the human and mouse Z genes are
very similar but not identical. Like people who are PTC tasters, wild-type mice dislike the taste of
PTC and won't eat food to which PTC has been added. You have available: 1) genomic DNA
clones for both the human and mouse Z genes and 2) mouse food with and without PTC.

(b 6 pts.) What type of modification to the mouse genome would you make to test the
hypothesis that the absence of gene Z results in inability to taste PTC? Explain your choice.
oke o Knook -ouk of dhe dené_ ) C!\eaHAﬁ '
O 5@@&‘& delghon of geae

(c 9 pts.) Draw the DNA construct that you would use to modify the mouse genome, and

explain how your construct would integrate into the mouse genome.

Seleckable
mosKer

.'zl: n_é_{?ﬂ; | . r}_hOM.\aew
0 03\“" .

Tacqeitine _vecior Laveqrates by homaddogous € combpinaciion :

rEy o Y oSt
e s T
R ~cx = R

=1

(d 4 pts.) Initially you obtain just one mouse that is heterozygous for the genomic modification
that you've engineered. How will you obtain homozygotes?

Cr@gg. \r\e},ema% e do wild M?Q, mo@e" .
Se\ecr ‘f\&\'erouj ee fromn The @Qfgprl (o\ﬂebk by PC )
'E;_‘ e %&&mwcjo*ﬁ?/ Yo are wild - pe.
Breed V\@*‘e(ozuﬁoh't_— s'\\:\if\%_g ‘o eachh other,
Lof Meir offser Wil e \f\omoaujﬁous_

Ty ean b idanhel by PR ases
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(e 5 pts.) What additicnal modification to the mouse genome would you make to test the
hypothesis that the mouse and human Z genes are functionally interchangeable?

(V\akaa+rm53en“c pmovse  with o copies of

e wnaouse gene and one added copy ot
e homan %ene.

\ziou wr Ao s edher by addirg  Tlee

homan Jrransgena‘ e a kaodx-out NousSE,

oc bt{ adcﬁh’f\ﬂ Yo homon +mm38en€ info

o wild-rype Bad  bresding  tlhe rega\‘r{/ﬁ'
Yrengenic mouse o o Tknodx-oot N1LOUS &,

' Sﬁﬂ/k@_ 'Wsﬁem covshvet 1S t‘r\J‘ ected ntfo
e wrale P(‘a(\uc.\ﬂ,us of o Lerhlized Qﬁj
where i+ insects f‘af\élOmW tavo Ahe ﬁenome.
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1. cConsider the following mouse pedigree in which the indicated male exhibits a distinctive trait.
(Assume complete penetrance and that no new mutations arose in any of the individuals in this
pedigree.)

O

(a 5 pts.) "Assuming that the trait is autosomal recessive, calculate the probability that an offspring
from the indicated brother-sister mating will exhibit the trait.

(b 5 pts.) Assuming that the trait is X-linked recessive, calculate the probability that a male
offspring from the brother-sister mating will exhibit the trait.

(c 5 pts.) Assuming that the trait is X-linked recessive, calculate the probability that a female
offspring from the brother-sister mating will exhibit the trait.
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(d 10 pts.) Consider the following mouse pedigree in which a male mouse that exhibits two
different recessive X-linked traits (indicated by the filled symbol) is crossed to a true breeding wild
type female and a female offspring from this cross is mated to a true breeding wild type male.

?

Given that the genes for the two traits are 10 cM apart, calculate the probability that a male
offspring from the mating will exhibit both traits.

2. wild type E. coliis motile. You have isolated a nonmotile strain that you designate mot1~. In
order to find a transposon linked to mot1~ you start with a large collection of different random Tn5
insertions in an otherwise wild type E. coli strain (these insertion strains are kanamycin resistant
(Kanf} and motile (mot*)). You grow P1 phage on a mixture of the entire collection of Tn5
insertion strains and then infect the mot1— mutant and select for Kanf transductants. Out of 500
Kanf transductants, 1 is motile (499 are nonmotile). You designate this motile, Kan! transductant
strain 1. Next, you grow P1 on strain 1 and use the resulting phage to infect your original

mot1~ strain selecting for Kan! transductants. Out of 100 Kan transductants 70 are motile and 30
are nonmotile. ‘

(a 8 pts.) What is the distance between the Tn5 insertion and mot1~ expressed as a
cotransduction frequency? '
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(b 7 pts.) Next, you isolate a second nonmotile mutant, designated mot2~. You grow P1 on

strain 1 and use the resulting phage to infect your mot2~ strain. After selection, you isolate 100
Kan! transductants. All of these transductants are nonmotile. Based on this result, what conclusion
can you draw about the distance between the mot2™ mutation and the Tn5 insertion in strain 17

(c 10 pts.) Finally, you isolate a third nonmotile mutation designated mot3~. [n transduction
experiments you discover that mot3~ is tightly linked to mot1~. To determine the relative order
of the mot3— and mot1~ mutations you set up two different transduction experiments. 1) You
grow P1 on strain 1 that also carries mot1~ and use the resulting phage to infect your mot3—
strain selecting for Kan' transductants. Out of 500 Kan* transductants 12 are motile and 488 are
nonmotile. 2) You grow P1 on strain 1 that also carries mot3~ and use the resulting phage to
infect your mot1~ strain selecting for Kan! transductants. Out of 500 Kan' transductants all are
nonmotile.

Draw a genetic map showing the relative order of Tn5, mot1~ and mot3~. Also give any
relevant distances expressed as cotransduction frequencies.
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3. (a 8 pts.) The cl gene of phage lambda encodes a repressor protein that has a molecular
weight of 24 kDa. You have isolated a phage mutant with a defective ¢l gene and therefore
makes clear plaques rather than the normal turbid plaques. But you find that the mutant phage will
produce turbid plaques when plated on an E. coli strain that contains an amber suppressing
mutation (the amber codon is UAG). You find that the repressor protein is 16 kDa when the
mutant phage are grown on wild type E. cofi, but is 24 kDa when the mutant phage are grown on
an amber suppressing strain. What can you deduce about the mutation? Be as specific as
possible about the molecular nature of the mutation and where the mutation lies within the ¢l gene.

(b 8 pts.) Next you mutagenize the mutant phage described in part a to isolate a double mutant.
This double mutant still forms clear plaques when plated on wild type E. coli, but when you
examine the repressor protein produced by the double mutant grown on wild type E. coli, you
find that it is larger than the protein produced by the original mutant (the protein produced by the
original mutant is 16 kDa whereas the protein produced by the double mutant is 17 kDa). Describe
what kind of second mutation could give these results, assuming that the second mutation was
caused by a single mutational event. Be as specific as possible.

(c 8 pts.) The codon for tryptophan is UGG. 1) Write out the DNA base sequence of the
segment of the wild type tRNAUP gene that codes for the anticodon sequence (tRNA'P =
tryptophan tRNA). For your answer, only show the DNA strand that is used as the template for
transcription of the tRNA molecule, indicating the 5’ and 3’ ends. 2) Using the same format, write
out the DNA base sequence of the same segment.of an amber suppressing allele of the tRNALP
gene.
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4. When yeast cells use arginine as a nitrogen source, arginine is broken down by the enzyme
arginase. You find that the arginase gene is highly transcribed when arginine is present in the
medium, but that arginase is not transcribed when there is no arginine. You have identified the
gene for the arginase enzyme which you designate Arg1. A recessive allele in this gene (Arg1™)
has the following properties:

Arginase activity

+ arginine — arginine
Wild type + -
Argl— - -
Argi—/Argit + -

(a 5 pts.) You isolate a recessive mutation, designated Arg2~, which shows uninducible arginase
expression. When you mate an Arg2~ mutant to an Arg1~ mutant, the resulting Arg2~/ Arg1~
diploid shows normal arginase expression and regulation. What does this result tell you about the
nature of the Arg2— mutation, and what can you deduce about the normal role in arginase regulation
of the cellular function disrupted by the Arg2~ mutation?

(b 10 pts.) Next, you isolate a mutation, designated Arg3~, which shows constitutive arginase
expression. In a cross of an Arg3™ mutant to an Arg1™ mutant gives the following tetrad types.
Out of a total of 50 tetrads, 8 are Type 1, 7 are Type 2, and 35 are Type 3.

Type 1 Type 2 Type3
constitutive uninducible constitutive
uninducible uninducible constitutive
uninducible regulated uninducible
regulated regulated uninducible

Are the Arg3— and Arg1~ mutations linked? If so, how far apart are they in cM?
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(c 5 pts.) A cross of an Arg3— mutant to an Arg2~ mutant gives the following tetrad types. Out
of a total of 50 tetrads, 35 are Type 1, 8 are Type 2, and 7 are Type 3.

Type 1 Type 2 Type3
constitutive constitutive constitutive
constitutive constitutive constitutive

- regulated regulated uninducible
uninducible regulated uninducible

Is an Arg3™ Arg2— double mutant regulated, constitutive, or uninducible? Which tetrad type has
the most double mutants?

(d 10 pts.) On the basis of your answer for part ¢ and from the rest of the information given in this
problem, diagram a model to explain the regulation of arginase. For your model, include the Arg1,
Arg2 and Arg3 genes. Also show how arginine itself might act.

5. A physician 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

OCEmmODen

You hypothesize that colon cancer in this family is caused by germline transmission of a mutation in
one of two genes involved in mismatch repair: MSH2 or MLH1. To test this hypothesis, you
obtain blood DNA samples from all living family members, and you obtain colon tumor DNA
samples from the four living, affected individuals.
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(a 4 pts.) If your hypothesis is correct, what would you expect to see if you typed the four colon
tumor DNA samples for an SSR that is not linked to either MSH2 or MLH1?

You identify an SSR that is located within an intron of the MSH2 gene, and a second SSR that is
located within an intron of the MLH1 gene. You type blood DNA samples for these SSRs and

obtain the following results:

o

_
A — _
MSH2 B — — —
C —— s —_— —
. D _ —
7 A — — —_ -
MLH1 B —_— - —
C — —
D R - JE—
|

L] ®
CMEmODe

(b 5 pts.) Calculate a LOD score for linkage at 6 = O between colon cancer and MSH2 in this

family.

(c 5 pts.) Calculate a LOD score for linkage at 6 = 0.1 between colon cancer and MLH1 in this

family.
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(d 3 pts.) Are these data consistent with the specific hypothesis that colon cancer in this family is
caused by germline transmission of a mutation in MSH27? Briefly justify your answer.

(e 3 pts.) Are these data consistent with the specific hypothesis that colon cancer in this family is
caused by germline transmission of a mutation in MLH17? Briefly justify your answer.

(f 3 pts.) Would your answer to part e change if the "MLH1" SSR data shown had been
obtained with an SSR located 8 Mb 5' of the MLH1 gene (rather than within an MLH1 intron)?
Briefly justify your answer.

(g 3 pts.) You learn that, in this family, the two women who developed colon cancer also
developed second cancers: in one case, cancer of the uterus, and in the other case, cancer of the
ovary. Would this increase or diminish your suspicion that colon cancer in this family is caused by
germline transmission of a mutation in a mismatch repair gene? Briefly justify your answer.

(h 5 pts.) Inan unrelated family with colon cancer, you demonstrate that affected individuals are
heterozygous for a nonsense mutation in MSH2. A colleague, noting the autosomal dominant
inheritance of colon cancer in the second family, suggests that you generate mice to which you've
added the mutant human MSH2 gene as a transgene (randomly inserted). Would you expect
these transgenic mice to develop cancers more quickly, more slowly, or at the same rate as wild-
type mice? Briefly justify your answer.
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6..Only a small fraction of human fetuses with trisomy 18 survive to birth, and most of those
surviving to birth die in infancy. You prepare DNA samples from umbilical cord blood of a
newborn baby with trisomy 18, and from his parents. You then type the baby and his parents for
three STSs distributed along chromosome 18:

SSR1 SSR2 . SSR3

oo —| oa |
S

3

T UTUOQOWrXr UOOwW>

SSR1

Vf

SSR2

r

\

SSR3

(a 3 pts.) Did nondisjunction occur before or after fertilization? On what evidence do you base
your conclusion?

In answering the remaining questions, assume that nondisjunction occurred during meiosis.

(b 3 pts.) In which parent did nondisjunction occur? ”

(c 4 pts.) In which division of meiosis did nondisjunction occur?
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(d 5 pts.) Sketch the meiotic event in which nondisjunction occurred. Your drawing should include
the SSRs present along chromosome 18.

(e 3 pts.) In humans, how many chromosomes are normally present in the first polar body?

{f 3 pts.) In humans, how many chromosomes are normally present in the second polar body?

(g 3 pts.) Inthis case of trisomy 18, how many chromosorhes would have been present in the
first polar body?

(h 3 pts.) In this case of trisomy 18, how many chromosomes would have been present in the
second polar body? '



.
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7 . Birds have ZW sex chromosomes. Males are ZZ, and females are ZW. In birds, it is not
known whether sex is determined by the number of Z chromosomes or by the presence or
absence of the W chromosome. Being a student of mammalian and fruitfly sex determination, you
conclude that the question could be resolved if birds with particular numerical abnormalities of the
sex chromosomes could be identified.

(a 5 pts.) What numerical abnormalities of the bird sex chromosomes would you seek?

(b 5 pts.) Having identified birds with the desired numerical abnormalities, how would you settle
the question stated above?

8. Mendel's concept of the gene was first applied to a human trait in Archibald Garrod's
landmark1902 paper entitied "The Incidence of Alkaptonuria: A Study in Chemical Individuality.”
Alkaptonuria is a disease characterized by degenerative arthritis and by urine which turns black
upon exposure to air. Because of an enzyme defect, the urine accumulates homogentisic acid,
which oxidizes to form a black pigment.

As Garrod reported, and subsequent studies confirmed, 50% of individuals with alkaptonuria in the
United Kingdom are offspring of first-cousin marriages. The incidence of alkaptonuria in the United
Kingdom is 1/250,000. Assume that, apart from first-cousin marriages, mating is random. Assume
that all cases of alkaptonuria are caused by the same mutation in one gene. Assume that family
size is the same in first-cousin and random matings.

(a4 pts.) Is alkaptonuria an autosomal dominant or autosomal recessive disorder? Briefly justify
your answer.
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(b 5 pts.) In the United Kingdom, what is the frequency of the allele (call it allele AK) associated
with alkaptonuria?

(c 3 pts.) Inthe United Kingdom, what is the frequency of heterozygotes?

(d 4 pts.) What is the expected proportion of all alleles (at all autosomal genes) that first cousins
share by descent?

(e 4 pts.) What is the expected proportion of all autosomal genes at which offspring of first
cousins are homozygous by descent?

(f 4 pts.) Based on the data given here, estimate the frequency of first-cousin marriages in the
United Kingdom.

(9 4 pts.) Now assume allelic heterogeneity. Would you modify your responses to any of the
questions above? Briefly justify your answer.
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1. Consider the following mouse pedigree in which the indicated male exhibits a distinctive trait.
(Assume complete penetrance and that no new mutations arose in any of the individuals in this

pedigree.) R
XY XTX ™ - = hrait
O

"
Y *X
?

(a 5 pts.) Assuming that the trait is autosomal recessive, calculate the probability that an offspring
from the indicated brother-sister mating will exhibit the trait.

|
P (offepring enchubis e 8 = (Mo \s aheteroyyopte) X 4

= /3 X /Z
/a

(b 5 pts.) Assuming that the trait is X-linked recessive, calculate the probability that a male
offspring from the brother-sister mating will exhibit the trait.

?(g}ﬁfﬁr& eschibik ek = P(tor s W1 XD » Plogkhing X f&mm oM

x

(c 5 pts.) Assuming that the trait is X-linked recessive, calculate the probability that a female
offspring from the brother-sister mating will exhibit the trait.

?(/Jeﬂcle OA}SPﬁﬂéeth bs heab) = POK fmrt Do) x P(Hor s Xty ™) xP(X™ Jron HoHB
= | x /L X /,2_

_
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(d 10 pts.) Consider the following mouse pedigree in which a male mouse that exhibits two
different recessive X-linked traits (indicated by the filled symbol) is crossed to a true breeding wild
type female and a female offspring from this cross is mated to a true breeding wild type male.

| = vecessiwe rzit &

2 = recessive hait Z

¥ = LOT,

+ VvV
X

an+

?

Given that the genes for the two traits are 10 cM apart, calculate the probability that a male

offspring from the mating will exhibit both traits. o gt X\%H " oH}
LSoVer in \’LOH> X (% V\Cd

polh
P (vale ) s?r‘mg excin ity = Plno cro
= U -0 \3 A ,/Z

- 0.9 X‘/Z
= OL\S

2. Wwild type E. coliis motile. You have isolated a nonmotile strain that you designate mot1~. In
order to find a transposon linked to mot1~ you start with a large collection of different random Tn5
insertions in an otherwise wild type E. coli strain (these insertion strains are kanamycin resistant
(Kanf) and motile (mot*)). You grow P1 phage on a mixture of the entire collection of Tn5
insertion strains and then infect the mot1— mutant and select for Kanf transductants. Out of 500
Kan' transductants, 1 is motile (499 are nonmotile). You designate this motile, Kan transductant
strain 1. Next, you grow P1 on strain 1 and use the resulting phage to infect your original

mot1~ strain selecting for Kan! transductants. Out of 100 KanF transductants 70 are motile and 30
are nonmotile.

(a 8 pts.) What is the distance between the Tn5 insertion and mot1~ expressed as a
cotransduction frequency?

#WM o %%X,ooz = ¥OZ

Tistance = Tovok
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(b 7 pts.) Next, you isolate a second nonmotile mutant, designated mot2=. You grow P1 on
strain 1 and use the resulting phage to infect your mot2— strain. After selection, you isolate 100
Kan' transductants. All of these transductants are nonmotile. Based on this result, what conclusion
can you draw about the distance between the mot2— mutation and the Tn5 insertion in strain 17

No corransdudnen RO*Z* ond D . —Tﬁereof’ogz/ d\m&
Letween Hot 2™ cond TS insechien S veokenr

C e haos .
A whach \Z,\—g nko  one phade s
\gnﬂm Céc;i\mw _\F bp s, geater en 197
g plre

(c 10 pts.) Finally, you isolate a third nonmotile mutation designated mot3~. In transduction
experiments you discover that mot3~ is tightly linked to mot1~. To determine the relative order
of the mot3~ and mot1~ mutations you set up two different transduction experiments. 1) You
grow P1 on strain 1 that also carries mot1~ and use the resulting phage to infect your mot3—
strain selecting for Kan! transductants. Qut of 500 Kan! transductants 12 are motile and 488 are
nonmotile. 2) You grow P1 on strain 1 that also carries mot3~ and use the resulting phage to
infect your mot1~ strain selecting for Kanf transductants. Out of 500 Kan transductants all are
nonmotile.

Draw a genetic map showing the relative order of Tn5, mot1~ and mot3—. Also give any
relevant distances expressed as cotransduction frequencies.
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3. (a 8 pts.) The cl gene of phage lambda encodes a repressor protein that has a molecular
weight of 24 kDa. . You have isolated a phage mutant with a defective ¢l gene and therefore
makes clear plagues rather than the normal turbid plaques. But you find that the mutant phage will
produce turbid plaques when plated on an E. coli strain that contains an amber suppressing
mutation (the amber codon is UAG). You find that the repressor protein is 16 kDa when the
mutant phage are grown on wild type E. coli, but is 24 kDa when the mutant phage are grown on
an amber suppressing strain. What can you deduce about the mutation? Be as specific as
possible about the molecular nature of the mutation and where the mutation lies within the cl gene.

Mo puukokion  nawst be o nomsense e on that, oy
whal, Mmakes o gmp (odo1 ok ¥he codm cowrspmﬂmé

Ao~ 203 of Yhe prokw Lo Tt i nok
G comot Yoe a frameshitt lpecause oW
— vy rEEE Suppussd by an ambger supptsson

(b 8 pts.) Next you mutagenize the mutant phage described in part a to isolate a double mutant.
This double mutant still forms clear plaques when plated on wild type E. coli, but when you
examine the repressor protein produced by the double mutant grown on wild type E. coli, you
find that it is larger than the protein produced by the original mutant (the protein produced by the
original mutant is 16 kDa whereas the protein produced by the double mutant is 17 kDa). Describe
what kind of second mutation could give these results, assuming that the second mutation was
caused by a single mutational event. Be as specific as possible.

Someshu ¢4 QorUey Mo e 16T mutat e | clr\m%'nb
e Ghp wdm @ b kda hwh (Mtdn‘n;j a e e Soon

ofyov

(c 8 pts.) The codon for tryptophan is UGG. 1) Write out the DNA base sequence of the
segment of the wild type tRNAYP gene that codes for the anticodon sequence (tRNALIP =
tryptophan tRNA). For your answer, only show the DNA strand that is used as the template for
transcription of the tRNA molecule, indicating the 5’ and 3’ ends. 2) Using the same format, write
out the DNA base sequence of the same segment of an amber suppressing allele of the tRNAP

gene.

. A Yomplate TRy DA tomplake
5|/~T(76‘ﬁ7>\ shfaM S‘/ =2 hrand
AU,
( ACC | 3K S .
3 5 tRnATE

LRNATP
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4. When yeast cells use arginine as a nitrogen source, arginine is broken down by the enzyme
arginase. You find that the arginase gene is highly transcribed when arginine is present in the
medium, but that arginase is not transcribed when there is no arginine. You have identified the
gene for the arginase enzyme which you designate Arg1. A recessive allele in this gene (Arg1™)
has the following properties:

Arginase activity

+ arginine — arginine
Wild type + -
Argl— - -
Argi—/Arglt + -

(a 5 pts.) You isolate a recessive mutation, designated Arg2™~, which shows uninducible arginase
expression. When you mate an Arg2— mutant to an Arg1~ mutant, the resulting Arg2—/ Arg1—
diploid shows normal arginase expression and regulation. What does this result tell you about the
nature of the Arg2~ mutation, and what can you deduce about the normal role in arginase regulation
of the cellular function disrupted by the Arg2— mutation?

C\c‘g\‘ b, ﬂ\rﬁlp C»W\PLLWOAA,{' ":—> d‘q (o W
0\(‘37_ NE \5 ]L’L\Q ‘\‘0 Lz»e CrA 0\()(“\ vo\*‘oxf‘

(b 10 pts.) Next, you isolate a mutation, designated Arg3—, which shows constitutive arginase
expression. In a cross of an Arg3~ mutant to an Arg1~ mutant gives the following tetrad types.
Out of a total of 50 tetrads, 8 are Type 1, 7 are Type 2, and 35 are Type 3.

Type 1 Type 2 Type3
constitutive uninducible constitutive
uninducible uninducible constitutive
uninducible regulated uninducible
regulated regulated uninducible

Are the Arg3— and Arg1— mutations linked? If so, how far apart are they in cM?

Tupe 1 = = VT PD DONPD = ViAlte d
Tuee T = NWFP
T I = PO

WA = &PPD + &1 - 50 e
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(c 5 pts.) A cross of an Arg3— mutant to an Arg2— mutant gives the following tetrad types. Out
of a total of 50 tetrads, 35 are Type 1, 8 are Type 2, and 7 are Type 3.

Type 1 Type 2 Type3
constitutive constitutive constitutive
constitutive constitutive constitutive
regulated regulated uninducible
uninducible regulated uninducible

Is an Arg3~ Arg2— double mutant regulated, constitutive, or uninducible? Which tetrad type has
the most double mutants?

s wotant 1S Qms%ﬁ%%\w&

TuweZ = NPD  lae A dods pobonds e 2 A ad

(d 10 pts.) On the basis of your answer for part ¢ and from the rest of the information given in this
problem, diagram a model to explain the regulation of arginase. For your model, include the Argt,
Arg2 and Arg3 genes. Also show how arginine itself might act.

as‘%gf S Q/(D\S*W*\-C- Yo Mﬁ'?—: 6\(‘3\: m:ok\.,\od,g
OsTA AN RR OL(‘%Z‘ —\ c\rcag —\ e 1

5. A physician 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

Cmmoe

You hypothesize that colon cancer in this family is caused by germline transmission of a mutation in
one of two genes involved in mismatch repair: MSH2 or MLH1. To test this hypothesis, you
obtain blood DNA samples from all living family members, and you obtain colon tumor DNA
samples from the four living, affected individuals.
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(a 4 pts.) If your hypothesis is correct, what would you expect to see if you typed the four colon
tumor DNA samples for an SSR that is not linked to either MSH2 or MLH1?

The 2SR will ok shao lnkege Fo flo disease.
Vigre \WPOHWM({; fomor DR Samplos codll hau«_
muihple  new cadlelue of Nu SOR (matater effect)

doe i dess of Bodien of o mismatkh MRpair gene.
You identify an SSR that is located within an intron of the MSH2 gene, and a second SSR that is
located within an intron of the MLH1 gene. You type blood DNA samples for these SSRs and

obtain the following results: ’_!I_g
[] ®
CEMMOLen

A —
MSH2 B — — — —
C —_— PR —_—

L D — — — —
A — — — —
MLH1 B — - — — —
C —_ — —_
A D o o o T

(b 5 pts.) Calculate a LOD score for linkage at 8 = O between colon cancer and MSH2 in this
family.  WMother e nformabive  oecaose \/La)]-éfovaﬁ ohe . 5

Aoty | ’ = é + =
) P (et it oty lovse) o 2 (OF 3
LOBg.p = logue o( € wolinked) Logc (57

= .8

=

(c 5 pts.) Calculate a LOD score for linkage at 6 = 0.1 between colon cancer and MLH1 in this

family. ‘ | L
L {04504 + L (0.4s)(0.08)7 _

= - 0053
L0 0. 7 1o ()’
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(d 3 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.
Ues. LOD,., = O, e disease shocs complete
\mK A L/U"\/l" W <SR in ’HA.LS Cié)k‘\’ci .
(W,W@Vgp) s oney of Pu\gifshab\g S Zﬁm("a[;'ccm ce
becavse LOD < 3,
(e 3 pts.) Are these data consistent with the specific hypothesis that colon cancer in this family is
caused by germline transmission of a mutation in MLH17? Briefly justify your answer.
No, Becowse A SSR (& in an infvon of Hhe gene.
fhe  presemce of single pecombwat (culd 4 s ,,
taconsistent it e gy potlosis Aok colon caocer i
X Cem/\t\b i< coiosed bk{ o koo in el
(f 3 pts.) Would your answer to part e change if the "MLH1" SSR data shown had been
obtained with an SSR located 8 Mb 5' of the MLH1 gene (rather than within an MLH1 intron)?

Briefly justify your answer.
Y] ;ygy By & Blm {becavse My, & )C,m>) s we woorld
ex eck.é

Solo (ecombinion ladhocen  Alis KR ot MLbL
(not 0% os wo\d e expected 1€ Al SSR e inon {(H\(\Oq}f
%@%—%Q phesends of e éf@“ﬁ(e preco v rant o the Qam‘\cf
s nok  inconsistent wi B dXctonce  peboden  fle

c\,iseagefcaosm@ clele ond e SSR. (i does not prove that miHI causes
(g 3 pts.) You learrrthat, in this family, the two women who developed colon cancer also diseage.)

developed second cancers: in one case, cancer of the uterus, and in the other case, cancer of the
ovary. Would this increase or diminish your suspicion that colon cancer in this family is caused by
germline transmission of a mutation in a mismatch repair gene? Briefly justify your answer.
s woend. ncrease SuspircionN,  \npcaose cline
Nonsmiscion  of oo pkoNon 0 2l vigonadada M(mﬂr
wow\&( be  expeded Yo cavse a mﬁw Cislk ofF  (nerea A
MaNon  eades (eading 1o canoss)  hin el o\l celic
0 penoers 50 M ml\ﬂ. |

(h 5 pts.) In an unrelated family with colon cancer, you demonstrate that affected individuals are
heterozygous for a nonsense mutation in MSH2. A colleague, noting the autosomal dominant
inheritance of colon cancer in the second family, suggests that you generate mice to which you've
added the mutant human MSH2 gene as a transgene (randomly inserted). Would you expect
these transgenic mice to develop cancers more quickly, more slowly, or at the same rate as wild-
type mice? Briefly justify your answer.

Concose. <iotld dowelop ot Mo =aae cate
because 4 mice  shl o Nave  dJheic gron
Ojo@é\ (/@\o’ieg ok s made e alt Ganes -
adding 0 o mutent gone Uen  Aoesn™ podocs
o Sathonedl ppdock  Shevld Wowe o
(f‘\/kflﬂosmfic © QC“(—,
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6..Only a small fraction of human fetuses with trisomy 18 survive to birth, and most of those
surviving to birth die in infancy. You prepare DNA samples from umbilical cord blood of a
newborn baby with trisomy 18, and from his parents. You then type the baby and his parents for
three STSs distributed along chromosome 18:

SSRi1 SSR2 SSR3

10cM l 40cM l

[ o

)

SSR1

\ [
N
|

W>r UOW>» TOW>

SSR2

r

\

SSR3

(a 3 pts.) Did nondisjunction occur before or after fertilization? On what evidence do you base
yourconclusion? @ecroc . - mEIRSIS T IV THE MOTHER OccvlRs PRIOR
TO  FELTILIZATIOND,

~IF  THIS WERE MiToTic NenDisSyyMeTIon, X@u
Could NOT HAVE BeTH mATERMAL ALLELES A7 S<sA 4
(wourD HAvE AXD ap @ cofifs oF <D
In answering the remaining questions, assume that nondisjunction occurred during meiosis.

(b 3 pts.) In which parent did nondisjunction occur?
THE MOTHER — THE CHILD RECEIVED Two CoPIES 0F

(e g FRomM nel MOTRER | As (NDICATED Y THE SSKs
(c 4 pts.) In which division of meiosis did nondisjunction occur?

MEW0SIS T ~ THE Twe HRomosomEs THAT - THE MUTHER
PASSED ON  PAD  DIFFERENT CEMIRUMERIC MARKLERS

(i WPy of EACH HDM"LOGUF’l
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(d 5 pts.) Sketch the meictic event in which nondisjunction occurred. Your drawing should include

the SSRs present along chromosome 18. .
MT  NBJ: NGO  CRosSoveERS (of Twoe BTWN A SET of MARKEES )

(GNL\{' |\ PHASE s 5:40w;u)

St sskZ 5523

278 Potay BC‘Q)’

(e 3 pts.) In humans, how many chromosomes are normally present in the first polar body?
032 CHRoMoSomiES | comvsisTING  of Hé  CHROMATI D S

(f 3 pts.) In humans, how many chromosomes are normally present in the second polar body?
A3 (HRoMOSOMES (chromATiDS HAVE  SEP TED)

(g 3 pts.) In this case of trisomy 18, how many chromosomes would have been present in the
first polar body?
2% <HRoMoSOMES (ONS STING  OF Y4 (CHRoMATIDS

(h 3 pts.) In this case of trisomy 18, how many chromosomes would have been present in the
second polar body?

A4 (HeM oSomME S



12

Name: K@U‘)

7 . Birds have ZW sex chromosomes. Males are ZZ, and females are ZW. In birds, it is not
known whether sex is determined by the number of Z chromosomes or by the presence or
absence of the W chromosome. Being a student of mammalian and fruitfly sex determination, you
conclude that the question could be resolved if birds with particular numerical abnormalities of the
sex chromosomes could be identified.

(a 5 pts.) What numerical abnormalities of the bird sex chromosomes would you seek?

Z¢ 22w

(b 5 pts.) Having identified birds with the desired numerical abnormalities, how would you settle

the question stated above? ‘
W 2¢ & zaWo” Yo 3 oF 26 diker mines sexd
J

f 2do7, 2Z2WE  then W dutymines sex

8. Mendel's concept of the gene was first applied to a human trait in Archibald Garrod's
landmark1902 paper entitled "The Incidence of Alkaptonuria: A Study in Chemical Individuality."
Alkaptonuria is a disease characterized by degenerative arthritis and by urine which turns black
upon exposure to air. Because of an enzyme defect, the urine accumulates homogentisic acid,
which oxidizes to form a black pigment.

As Garrod reported, and subsequent studies confirmed, 50% of individuals with alkaptonuria in the
United Kingdom are offspring of first-cousin marriages. The incidence of alkaptonuria in the United
Kingdom is 1/250,000. Assume that, apart from first-cousin marriages, mating is random. Assume
that all cases of alkaptonuria are caused by the same mutation in one gene. Assume that family
size is the same in first-cousin and random matings.

(a 4 pts.) Is alkaptonuria an autosomal dominant or autosomal recessive disorder? Briefly justify
your answer. '

Autosoma| recesswve.

I_§ the. disorder was owto So mal dom(nan‘l‘/

y renla

there  wouwldn/+  be.  such h.‘j hep~ oCCo~
oj(- the  disoeder in OJCfSpr\‘r\g, of L irst-cousin
mout ng.s,
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(b 5 pts.) In the United Kingdom, what is the frequency of the allele (call it allele AK) associated
with alkaptonuria?

2 _I(,__L———a)\ o

. - / Ld
%'3~~Aom 2. L2509, o090 Y, ronden SO 0O

\
8random ) V Soo,000 _S 0. col L{-’

(c 3 pts.) In the United Kingdom, what is the frequency of heterozygotes?

Q_P% =2 (-¢) % =2.0,99%6)(c.00i4) =(0.002,5)

(d 4 pts.) What is the expected proportion of all alleles (at all autosomal genes) that first cousins
share by descent?

r=3 (,LY: %

pa

(e 4 pts.) What is the expected proportion of all autosomal genes at which offspring of first
cousins are homozygous by descent?

~ |
F':vﬁ - 4

j. LOU$inS

(f 4 pts.) Based on the data given here, estimate the frequency of first-cousin marriages in the

United Kingdom. | ]
Frg. x = (2—)(250/000)

F= %

¢ = 0.00l4 or

. Frge X L
=002 .2 x = @z(”"x or — — =
@ F % ) F%X + g‘@~x) 2 .

(g 4 pts.) Now assume allelic heterogeneity. Would you modify your responses to any of the
questions above? Briefly justify your answer.

No. RBecouse the calleles aye. in  the

Same.  gene. | it wowld make no differenc,




