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7.03 Exam 1

Name:

Section: TA:

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

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

Also...

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

Question 1 25 points
Question 2 25 points
Question 3 25 points

Question 4 25 points



Name:
| 1. Consider the following mouse pedigree showing the segregation of two X-linked
traits. (Assume all phenotypes are completely penetrant and that no new mutations

arise).
O @ = female with trait A

§ = male with trait A and trait B

2

Trait A is caused by a dominant X-linked allele. Trait B is caused by a recessive X-
linked allele. The genes for trait A and trait B are 10 cM apart on the X chromosome.
Two mice in this pedigree labeled 1 and 2 are of unknown gender and phenotype.

(a 5 pts.) If mouse 1 is a male, what is the probability of it exhibiting trait A?

(b 5 pts.) If mouse 1 is a female, what is the probability of it exhibiting trait B?

(c 5 pts.) If mouse 2 is a male, what is the probability of it exhibiting trait A?

(d 5 pts.) If mouse 2 is a female, what is the probability of it exhibiting bo##trait A and
trait B?

(e 5 pts.) If mouse 2 is a male, what is the probability of it exhibiting ne/thertrait A or
trait B?



Name:
2. Atrue-breeding Drosop/fiialine with four different recessive traits(a, b, ¢, and d) is
crossed to wild-type. The F{ females that result from this cross are then crossed to wild-

type males. S (+++4) X 9 (ab cd)

!

O (++++) X Q

|

(a 5 pts.) Many flies of both sexes from this second cross are examined and none show
the recessive d trait. What does this tell you about the chromosome on which the d
gene resides?

A total of 200 progeny from the second cross are evaluated for each of the three re-
maining traits. The 100 females among the progeny all appear as wild-type (i.e. none
exhibit any of the recessive traits). For the 100 males among the progeny, eight
different phenotypic classes are observed. The phenotypes and number of each of the
phenotypic classes are given below. For simplicity, phenotypes of the three recessive
traits are designated a, b, and ¢, while the corresponding wild-type phenotypes are
designated with a “+”

Phenotype Number
+ + + (females) 100

+ + + (males) 18
a b ¢ (males) 22
a b + (males) 21
+ + C (males) 19
a + ¢ (males) 6
+ b + (males) 4
+ b ¢ (males) 7
a + + (males) 3



Name:

2b 20 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.

3.

Wild type yeast make white colonies. You have isolated two mutants that make red

colonies that you call red1 and red2. Ared1 mutantis crossed to a red2 mutant and

twelve of the resulting tetrads are dissected and analyzed as shown below:

® 00 000000 OO0 @O © -cdcolony

00000 OO0 OO0 O O -whtcoony
00000606 0C0GOGOGOS
OCO0O000 000006 C0o0

(a 6 pts.) How many tetrads of each type are there?

PD NPD I

(b 7 pts.) Are the red1 and red2 mutations linked? If so, how far apart are they in cM?



Name:

3 cont.) One of the tetrads from above is selected for tests of dominance and

recessivity. To do this, each of the four spore clones is mated to wild-type.
The phenotypes of the resulting diploids are shown below:

spore  wild- resulting

clone type diploid
® xO — O0#
@ x O — @ #
® x O — O#
O xO — O#M

(c 5 pts.) When diploid #3 is sporulated, what will the tetrads look like with respect to
red and white phenotypes? Give a short explanation of your reasoning.

(d 7 pts.) A second tetrad from part (a) is chosen, and each of the four spore clones is
mated to wild-type. In the diagram below, fill in the expected phenotypes of the result-
ing diploids. State any ambiguities that may exist.

spore  wild- give
clone type phenotype
O x O —

® x O —

® x O —

O x O —



Name:

4. You have isolated two different mutants of phage A in the repressor gene that make
clear plaques rather than the normal turbid plaques. These mutants are called cl-1—
and cl-2—. You cross a cl-1~ phage with a cl-2~ phage by coinfecting £. co//with phage
of both types. Of 1000 plaques that result from the cross, only 20 form turbid plaques
while the rest are clear.

(a 10 pts.) What is the distance between the cl-1~ and the cl-2— mutations in map
units?

Mutants that are mi — are easily detected because they form small plaques. The dis-
tance between the mi gene and the cl gene is about 20 m.u.. Assume that the genetic
order of mutations is as follows:

mi cl-1 cl-2

20 mu

(b 15 pts.) For a cross of a mi— cl-1~ double mutant to a ¢l-2— mutant a total of 1000
plagues are examined. In the table below fill in the expected number of plaques of each
phenotypic type:

Plague Phenotype Number

clear, large

clear, small

turbid, large

turbid, small
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Name:
1. Consider the following mouse pedigree showing the segregation of two X-linked
traits. (Assume all phenotypes are completely penetrant and that no new mutations
arise). x* X"yt

O @ = fermale with trait A
++ A8 v+ +¥ . . i
X X X z§ = male with trait A and trait B

X"

Qo). x*YXF
1oz X®x*Y 9

Trait A is caused by a dominant X-linked allele. Trait B is caused by a recessive X-
linked allele. The genes for trait A and trait B are 10 cM apart on the X chromosome.
Two mice in this pedigree labeled 1 and 2 are of unknown gender and phenotype.

(a5 pts.) If mouse 1 is a male, what is the probability of it exhibiting trait A?

(A from mom> D

(b 5 pts.) If mouse 1 is a female, what is the probability of it exhibiting trait B?
P(%%om wom and B from clad) = ZLXO =10

(c 5 pts.) If mouse 2 is a male, what is the probability of it exhibiting trait A?

F(A fom wom ) =-@

A ig dowminant , wom cant have A

(d 5 pts.) If mouse 2 is a female, what is the probabnhty of it exh;bmng bothtrait A and
B dsn) Ao/ XFKH

< s (X*
waitg? T8 weesis (X0 0 mew%‘“€+ 07 X*eX*r
. L A doesy
(Xia 5/‘>/‘%vck P (A and B fom dac\)X? (® femmom)x p (‘mm s B)
X o7 ’ EX X 15
§-—59 = 57|
(e 5 pts.) If mouse 2 is a male, that is the probability of it exhibiting ne/izertrait A or
raitB?  p (getfing X™ fom wmom) =
N7, X”XH - wil aways g\ve X** = oy

H

o7

957.

107/ X Xt — Wil %\‘(Q& X+ {w{’h&‘\iW\&



Name:
2. Atrue-breeding Drosgphiia line with four different recessive traits(a, b, ¢, and d) is
crossed to wild-type. The F¢ females that result from this cross are then crossed to wild-

type males. J#+++) x Q (abcd)

i

J(F+++) X Q

|

(a 5 pts.) Many flies of both sexes from this second cross are examined and none show
the recessive d trait. What does this tell you about the chromosome on which the d

gene resides?

d resides on an avlosomal chrowmpSowte

A total of 200 progeny from the second cross are evaluated for each of the three re-
maining traits. The 100 females among the progeny all appear as wild-type (i.e. none
exhibit any of the recessive traits). For the 100 males among the progeny, eight
different phenotypic classes are observed. The phenotypes and number of each of the
phenotypic classes are given below. For simplicity, phenotypes of the three recessive
traits are designated a, b, and ¢, while the corresponding wild-type phenotypes are
designated with a “+".

Phenotype Number
+ + + (females) 100

(males) 18
(males) 22
(males) 21

1

3

D

@
282

O O+ + DO+ DD O+
+ T O+ + T U +
3
O
o
w

+ O+ 0O 0 + O +
3
L
®
o
W N B~ O ©

males
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2b 20 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. Lo . M ¢ i wlnked > wumber of parenials and
[ 23
L2 2% 2% recombinants are equal

mecnjml 80 50 5o
recombinants 20 50 50 @ a, b, c ae al o Xchomosome ;
al are X lmked Hwmits
20
B ab Jighce M= 100X 55
“ T = 20eM
L { ——t T
0
> be Jistances M= 100X 75
— A& = 50 :

3. wild type yeast make white colonies. You have isolated two mutants that make red
colonies that you call red1 and red2. A red1 mutant is crossed to a red2 mutant and

twelve of the resulting tetrads are dissected and analyzed as shown below:

@ 00 000000000 ©-rdichy

OO0 0000 O 00000 O -whitcoony
000000 00O
OO0 00000000 Co0
T NDPD T PDXW T T PO T T PD redl Tred2t x vedlt d2”
d
?
(a 6 pts.) How many tetrads of each type are there? PD T NPD
PD NPD T redl  red 2, -
| - + ® -+ @ + + O
5 ! o - e +—-@® 4 40
T - e + 4+ 0O —— 9
T - - -0 —— @

(b 7 pts.) Are the red1 and red2 mutations linked? If so, how far apart are they in cM?

PD £ NPD = linked

wx\m —. @_:—(f.(_‘)_ x b0

Distance =
2% 202

|

50 cM



Name:
3 cont.) One of the tetrads from above is selected for tests of dominance and

recessivity. To do this, each of the four spore clones is mated to wild-type.
The phenotypes of the resulting diploids are shown below:

spore  wild- resulting

clone type diploid
® xO — O#
; ’ X O —_— . #2
® x O — O#
O xO — O#

(c 5 pts.) When diploid #3 is sporulated, what will the tetrads look like with respect to
red and white phenotypes? Give a short explanation of your reascning.

7 ved + 2 wnte

The spore was either vedl " vred2 ™ or red\Tved2”

and the wutafien was reces<ive.

(d 7 pts.) A second tetrad from part (a) is chosen, and each of the four spore clones is
mated to wild-type. In the diagram below, fill in the expected phenotypes of the result-
ing diploids. State any ambiguities that may exist.

spore  wild- give
clone type phenotype
O xQO — O
® xO — o
® xO — o
Ox0O — 0O

NPO  from part o, so sporves are eitner
red P red 2t or  vedlTved2”. Sinee  diher
redl”™ ov ved2” is dowinaat (Koown frow
PMJr ¢) The diploid is red:

/’xmbiﬁvﬁb = whether redl™ ov ved2 15 dominant™ 4 wr



Name:

4. You have isolated two different mutants of phage A in the repressor gene that make
clear plaques rather than the normal turbid plaques. These mutants are called cl-1—
and cl-2—. You cross a cl-1~ phage with a ¢l-2—~ phage by coinfecting £. co/with phage
of both types. Of 1000 plaques that result from the cross, only 20 form turbid plaques
while the rest are clear.

(a 10 pts.) What is the distance between the cl-1— and the c¢l-2— mutations in map

units? et +
4 &\ NN DisTCe= 1505
— + c\-2,
cl-2 = 4
1 . - muU
_33_7“ Reombinl ¢t ¢l2 7 hidden recombinants
o , (7 20= ' recomonants
+ +

Mutants that are mi — are easily detected because they form small plaques. The dis-
tance between the mi gene and the ¢l gene is about 20 m.u.. Assume that the genetic
order of mutations is as follows:

mi cl-1 cl-2

20 mu

(b 15 pts.) For a cross of a mi~ cl-1— double mutant to a ¢l-2— mutant a total of 1000
plagues are examined. In the table below fill in the expected number of plaques of each
phenotypic type: -’1—~-~«4 \wﬁ\_‘w

Plague Phenotype Number

clear, large

Parerial: No -+ + ciz  (-B0)(ABLZ  x1000 = 384
. 1 4 o))+ (20x96)/2. v toco = 9Gb :
AOSS-overs ﬁ
L2 a2 (-2x.04)/2 Xlooo = .4
No .Clmegr’dsfini” (-0 x)/2 x 1000 = 384 Ny
o T "L (.20x.94)/2 x 1000 T
2! wmim i d-2 (.80x.08)/2 xlooo = b
turbid, large
| 4 + (-ox.0H)/2 xi00 = |lb
turbid, small
2 wmiT+ + (20 x-04)/2. x \o00 = 2 pedc™ ool

poed |
Qeneral Caloulabon = [/ chysee ree. (w8) x 7 crawe vo ree.(BQ)/2. x 100
Fov Qirale GO
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Name:

1. (a5 pts.) The codon for tryptophan is SUGG3. Write out the RNA sequence of the anti-
codon portion of tRNA!P, with the 5" and 3’ ends labeled.

(b 5 pts.) Write out the double stranded DNA sequence for the anti-codon portion of the gene for
tRNAUP (label the 5" and 3’ ends).

(c 5 pts.) The sequence of the amber stop codon is SUAG3". Say that you have isolated an
amber suppressing allele of tRNAUP. Write out the RNA sequence of the anti-codon of this
suppressing tRNA (label the 5’ and 3’ ends).

(d 5 pts.) You have a mutagen that can chemically modify the base guanine so that it can form
base pairs with thymine. Will treatment of E. coli with this mutagen increase the probability of
generating amber suppressing alleles of tRNAP? Why or why not?

(e 5 pts.) The sequence of the ochre stop codon is SUAA3'. Is it more probable for tRNAL'P to
be mutated to become an ochre suppressor or an amber suppressor? Why?



Name:
2. (a 5 pts.) You have isolated a Tn5 insertion in an otherwise wild type E. coli strain that is linked
to the Lac operon. You grow P1 phage on the strain with the Tn5 insertion and use the resulting
phage to infect a LacZ~ strain. Among the resulting Kan' transductants, 60% have no -
galactosidase activity and 40% express 3-galactosidase normally. What is the distance between
the Tn5 insertion and LacZ, expfessed as a cotransduction frequency?

You grow P1 phage on one of the Kan' transductants isolated in part (a) that is LacZ~. You use
the resulting phage to infect a Lacl~ mutant and then isolate 1,000 Kan transductants. For each
transductant you assay both 3-galactosidase activity (LacZ) and Lac permease activity (LacY) in
the presence or absence of inducer.

(b 12 pts.) In the table below fill in the Lac genotypes of the different classes of transductants.

number B3-galactosidase permease Genotype ‘
578 uninducible regulated
400 constitutive constitutive
20 uninducible constitutive
2 regulated ‘regulated

(c 5 pts.) What is the distance between the Tn5 insertion and the Lacl gene expressed as a
cotransduction frequency?

(d 5 pts.) Draw a genetic map showing the relative order of Tn5, LacZ, and Lacl. Also give any
relevant distances expressed as cotransduction frequencies.



Name:
3. (a 16 pts.) For the following merodiploid strains, determine the level B-galactosidase
expression in either the presence or absence of the inducer IPTG. Assume that when no
repressor is bound to DNA, 100 units of B-galactosidase activity is produced from each functional
copy of the LacZ gene and when repressor is fully bound to DNA only 1 unit of enzyme is
produced for each functional copy of LacZ. The presence of Lac I-9 protein will fully prevent
other forms of the repressor in the same cell from binding to DNA. The Lac IS protein binds to
DNA but not to the inducer. '

B-galactosidase activity
-IPTG +IPTG

Lac O+ Z+/F Lac O¢ Z—

Lac I+ OC Z*+/F' Lac I-d O+ z+

Lac I+ OC Z+/F' Lac IS Ot Z+

Lac IF4QOC Z+/F' Lac IS Ot Z~

(b 12 pts.) For the following merodiploid strains, determine the level maltase activity in either the
presence or absence of the inducer maltose. Assume that when the activator (MalT) is bound to
DNA, 100 units of maltase activity is produced from each functional copy of the MalQ gene and
when no activator is bound to DNA only 1 unit of enzyme is produced for each functional copy of
MalQ. The MalTC protein binds DNA regardless of whether maltose is present.

maltase activity

—maltose +maltose

MalT= Q*/F MalT+ Q~

MalTC Qt/ F' MalT+ Q-

MalTC Q-/ F' MalT— Q+



Name:
4. An E. coli enzyme encoded by gene E is expressed in response to an inducer molecule. You
have isolated regulatory mutations in two genes A and B that are not linked to each other and are
not linked to the gene for enzyme E. Both the A~ and B~ mutations give uninducible expression
of enzyme E. You construct the following merodiploids to learn more about the A~ and B~
mutations.

Genotype Phenotype
A-E*/F' ATE* regulated
B-E+/F' B+E* regulated

(a 10 pts.) On the basis of these results, diagram two different possible regulatory pathways that
can explain the functions of the A and B gene products in the regulation of enzyme E. Include a
role for the inducer molecule in your answer.

Next, you isolate an allele of the B gene that you call BC that gives constitutive expression of
enzyme E. The genotype and phenotype of strains carrying the BC mutation are as follows:

Genotype Phenotype
BC E+/F B+E+ constitutive
BC A-E+ constitutive

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

(c 5 pts.) Propose a molecular mechanism for the BC mutation that explains its behavior in the
regulatory pathway.
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Name:

1. (a5pts.) The codon for tryptophan is SUGG3. Write out the RNA sequence of the anti-
codon portion of tRNA!P, with the 5’ and 3’ ends labeled.

5'—CCA-32

(b 5 pts.) Write out the double stranded DNA sequence for the anti-codon portion of the gene for
tRNAUP (label the 5" and 3’ ends).

5-CCh -3
3/‘66—1‘ __5/

(c 5 pts.) The sequence of the amber stop codon is SUAG®. Say that you have isolated an
amber suppressing allele of tRNAUP, Write out the RNA sequence of the anti-codon of this
suppressing tRNA (label the 5" and 3’ ends).

5 -CUA -3’

(d 5 pts.) You have a mutagen that can chemically modify the base guanine so that it can form
base pairs with thymine. Will treatment of E. coli with this mutagen increase the probability of
generating amber suppressing alleles of tRNAUP? Why or why not?

5 CCA 3 mitagen  5'CTAI  relication 5CTA 3
FGGT v 366 TS o, FGAT 5

Yes, this mutagen will cause an noreast  in ?rom\o\\’\’% of

Charvg ERNATT(SCehT) P an amber suppressor (° CUA¥")

(e 5 pts.) The sequence of the ochre stop codon is SUAAZ'. Is it more probable for tRNAUP to
be mutated to become an ochre suppressor or an amber suppressor? Why?

AMbCr 1S Wore Proba\o\c since ovx\S ovie mse  veeds
b be mudated. TWo loges need to be wtpled fo create

an ochre Sppressor.

{RNAT? ®oop®
YN

5//\“A8’ 5/I1\1A3’



Name:
2. (a 5 pts.) You have isolated a Tn5 insertion in an otherwise wild type E. coli strain that is linked
to the Lac operon. You grow P1 phage on the strain with the Tn5 insertion and use the resulting
phage to infect a LacZ™ str%g_.ﬁ Among the resulting Kan' transductants, ¥/, have no B-
galactosidase activity and #88% express B-galactosidase normally. What is the distance between
the Tn5 insertion and LacZ, expfessed as a cotransduction frequency?

oY

You grow P1 phage on one of the Kan transductants isolated in part (a) that is LacZ~. You use
the resulting phage to infect a Lacl™ mutant and then isolate 1,000 Kan' transductants. For each
transductant you assay both B-galactosidase activity (LacZ) and Lac permease activity (LacY) in

the presence or absence of inducer.

(b 12 pts.) In the table below fill in the Lac genotypes of the different classes of transductants.

number 3-galactosidase permease | Genotype )
578 uninducible regulated 1_+ v
400 constitutive constitutive I - Z T
20 uninducible constitutive I~z
2 regulated regulated I tZT

(c 5 pts.) What is the distance between the Tn5 insertion and the Lacl gene expressed as a
cotransduction frequency?

578 + 2 .
= HY/
000

(d 5 pts.) Draw a genetic map showing the relative order of Tn5, LacZ, and Lacl. Also give any
relevant distances expressed as cotransduction frequencies.

rarest clags (4 cross—overs> N A Sover: Tnb Z° T T
reaplent 2t T~

Tn® Z T

(- J

S8/
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3. {(a 16 pts.) For the following merodiploid strains, determine the level 3-galactosidase 2
expression in either the presence or absence of the inducer IPTG. Assume that when no
repressor is bound to DNA, 100 units of B-galactosidase activity is produced from each functional
copy of the LacZ gene and when repressor is fully bound to DNA only 1 unit of enzyme is
produced for each functional copy of LacZ. The presence of Lac I-d protein will fully prevent
other forms of the repressor in the same cell from binding to DNA. The Lac IS protein binds to
DNA but not to the inducer.

aslactosi . |
3-galactosidase activity halé cre dit was aviay el
PG =BG it ypu ueed +/[- scale,
| guestion osked for level
Lac O+ Z+/F' Lac OC Z— l 00
Lac I+ OC Z+/F' Lac I-d O+ z+ 200 200
Lac I+ OC Z+/F' Lac IS O+z+ 10l 10]
Lac M4 OC z+/F' Lac IS O+t Zz— 10O 100

(b 12 pts.) For the following merodiploid strains, determine the level maltase activity in either the
presence or absence of the inducer maltose. Assume that when the activator (MalT) is bound to
DNA, 100 units of maltase activity is produced from each functional copy of the MalQ gene and
when no activator is bound to DNA only 1 unit of enzyme is produced for each functional copy of
MalQ. The MalTC protein binds DNA regardless of whether maltose is present.

maltase activity

—maltose +maltose
MalT— Q+/ F' MalT+ Q— | 100
MalTC Q+/F' MalT+ Q- 100 |00

MalTC Q-/ F' MalT— Q* - 100 ' {00




Name:
4. An E. coli enzyme encoded by gene E is expressed in response to an inducer molecule. You
have isolated regulatory mutations in two genes A and B that are not linked to each other and are g
not linked to the gene for enzyme E. Both the A~ and B~ mutations give uninducible expression
of enzyme E. You construct the following merodiploids to learn more about the A~ and B~
mutations.

Genotype Phenotype

A-E+/F ATE* equiated frans-acting  recessive, unirduable =7 achvaee
B-E+/F B+E+ regulated ngng—acl(\v]@,receggve, winduable = achvador

(a 10 pts.) On the basis of these results, diagram two different possible regulatory pathways that
can explain the functions of the A and B gene products in the regulation of enzyme E. Include a
role for the inducer molecule in your answer.

(D ndwer — A—B—E

@ mdcer — B — A — k&

Next, you isolate an allele of the B gene that you call BC that gives constitutive expression of
enzyme E. The genotype and phenotype of strains carrying the BC mutation are as follows:

Genotype Ehenotype

CE+/F B+E+ ituti Hudi |
BV E*/F BtE constitutive dominat, Cowghmhve;tmns-acﬁng
BC A-E+ constitutive

N
Activator S

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

Wancer /\4—(? ) 5
S TN
- —— =

(c 5 pts.) Propose a molecular mechanism for the BC mutation that explains its behavior in the
regulatory pathway.

BS ¢ an ActS fhat alwmds binds the promo‘fcr
for E ond cx\woujs achvaes mv)gmpﬁon o E.
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Name:

1. Consider an autosomal gene at which a rare allele (call it allele a) results in homozygotes (aa)
having 20% as many offspring as average individuals in the population.

(a 3 pts.) What is the value S for aa homozygotes?

Heterozygotes (Aa) have a 50.1% chance of surviving an infectious disease that afflicts all children
in the population. On average, individuals in this population have a 50.0% chance of surviving this

infectious disease.

(b 5 pts.) What is the value h associated with allele a?

(c 5 pts.) What is the frequency of allele a in the population? Show your calculations and state any
simplifying assumptions that you make.

(d 3 pts.) What is the frequency of heterozygotes among newborn children?

(e 10 pts.) Inbreeding is rare in this population, but some second-cousin marriages (marriages
between children of first cousins) do occur. What is the probability that offspring of second-cousin
marriages will be aa homozygotes?



Name:

(f 10 pts.) Suppose that the organism causing the infectious childhood disease is completely
eradicated. Estimate the frequency of allele a 50 generations later.

2. The DNA sequence of a 0.4-Mb region of mouse chromosome 7 has not yet been
determined, but you have available 6 BACs (order unknown) and 11 STSs (order
unknown) that derive from the region. By PCR, you test each of the 6 BACs for the
presence (+) or absence (-) of each of the 11 STSs, and you obtain the following results:

BACs

1 2 3 4 5 6
STS1| - - - + + -
sTS2| - - + - - +
STS3|+ - - - - +
STS4 - + - - + -
STS51+ - + - - +
sTSse|l+ - - - - -
STS7| - - + + - -
sTSgf - - -+ - -
STS9| - + - - - -
STS10f - + - + + -
STSt1| - - + - - -

(a 10 pts.) Using this STS content data, construct a physical map of the 0.4-Mb region in
which you indicate the order of the BACs and the overlaps among them, and the order of the
STSs.



Name:

You identify two protein-coding genes (gene A and gene B) within the 0.4-Mb region. Gene
A maps between STS2 and STS7. Gene B maps between STS4 and STS9. Through
genetic linkage analysis, you map a recessive eye-color mutant (called pinkeye) to the 0.4-
Mb region. The pinkeye gene has not yet been defined at a molecular level, but you are
confident that either gene A or gene B must be the site of the pinkeye mutation. Your 6 BACs
all derive from a library prepared using genomic DNA from wild-type (brown-eye) mice.
Recall that recessive phenotypes often reflect the loss or absence of gene function.

(b 12 pts.) Propose an experiment involving one or more gene knockouts (but no
transgenes) that would test whether the phenotypically defined pinkeye mutation is in the
molecularly defined gene A or whether it is in the molecularly defined gene B.
Diagram your targeting construct(s), how it (or they) would integrate into the mouse genome,
any crosses required, and the resulting genotypes.

(c 12 pts.) Propose experiments involving BAC transgenes (but no knockouts) that would
test whether the pinkeye mutation is in gene A or whether it is in gene B. Diagram your
transgene(s), how it (or they) would integrate into the mouse genome, any crosses required,
and the resulting genotypes.
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3. When setting out to determine the chromosomal location of a human disease gene by
genetic linkage analysis (LOD scores), it is useful to calculate the theoretical maximum
LOD score that a family of a given size and structure might contribute. For each of the

families shown below, calculate, for 6 = 0, the LOD score that could be obtained using an
SSR that is genetically inseparable from (shows no recombination with) the disease,
which is autosomal dominant. Also indicate the minimum number of such families that

would be required to achieve a publishable composite LOD score for 8 = 0. Assume that
DNA samples are available for all living individuals.

(a 5 pts.) ‘
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1. Consider an autosomal gene at which a rare allele (call it allele a) results in homozygotes (aa)
having 20% as many offspring as average individuals in the population.

(a 3 pts.) What is the value S for aa homozygotes?

i

i o
Sy LR
.y -

Heterozygotes (Aa) have a 50.1% chance of surviving an infectious disease that afflicts all children
in the population. On average, individuals in this population have a 50.0% chance of surviving this

infectious disease.

(b 5 pts.) What is the value h associated with allele a?

b
i = - IaTat.
3 U ST A

(c 5 pts.) What is the frequency of allele a in the population? Show your calculations and state any
simplifying assumptions that you make. -

A . — e F L, P W]
Moo = A Vil
f ;\ i !’
i

i

(d 3 pts.) What is the frequency of heterozygotes among newborn children?

o~ P

N . PN 5_‘,\ N, / TN
ISP 7 i b /
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= 00

(e 10 pts.) Inbreeding is rare in this population, but some second-cousin marriages (marriages
between children of first cousins) do occur. What is the probability that offspring of second-cousin
marriages will be aa homozygotes?

1
e T e

s
KOS
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(f 10 pts.) Suppose that the organism causing the infectious childhood disease is completely
eradicated. Estimate the frequency of allele a 50 generations later.

P 3 i I R
{5, = c— — e B
oxil

Ao~ NG =
FAN4 3 }

i

2. The DNA sequence of a 0.4-Mb region of mouse chromosome 7 has not yet been
determined, but you have available 6 BACs (order unknown) and 11 STSs (order
unknown) that derive from the region. By PCR, you test each of the 6 BACs for the
presence (+) or absence (-) of each of the 11 STSs, and you obtain the following results:

BACs ST

1 2 3 4 5 8 Zhe T2 o5,k
STS1| - - - + + - '
STS2| - - + - - o+ P P N
STS3|+ - - - - + o l{g(qig{
STS4) - + - - + =~ . V{/ WETEEE
STS5|+ - + - - + C
STS6| + - - - - - \/”f’ }f‘,{;{(\
STS7| - - + + - - NP
sTS8| - - - + - -
STS9| - + - - - -
STS10| - + - + + -
STS11) - - + - - -

(a 10 pts.) Using this STS content data, construct a physical map of the 0.4-Mb region in
which you indicate the order of the BACs and the overlaps among them, and the order of the
STSs. '

3{9& 4 =5 - ">'i'5 ’:75% 437 3_"? Lre «:;x) P T
R 3 iy ! A * L e H P
hd 9 ¥ & hd i : . w
R YR kd i d { i ] .
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You identify two protein-coding genes (gene A and gene B) within the 0.4-Mb region. Gene
A maps between STS2 and STS7. Gene B maps between STS4 and STS9. Through
genetic linkage analysis, you map a recessive eye-color mutant (called pinkeye) to the 0.4-
Mb region. The pinkeye gene has not yet been defined at a molecular level, but you are
confident that either gene A or gene B must be the site of the pinkeye mutation. Your 6 BACs
all derive from a library prepared using genomic DNA from wild-type (brown-eye) mice.
Recall that recessive phenotypes often reflect the loss or absence of gene function.

(b 12 pts.) Propose an experiment involving one or more gene knockouts (but no

transgenes) that would test whether the phenotypically defined pinkeye mutation is in the

molecularly defined gene A or whether it is in the molecularly defined gene B.

Diagram your targeting construct(s), how it (or they) would integrate into the mouse genome,

any crosses required, and the resulting genotypes.
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(c 12 pts.) Propose experiments involving BAC transgenes (but no knockouts) that would
test whether the pinkeye mutation is in gene A or whether it is in gene B. Diagram your
transgene(s), how it (or they) would integrate into the mouse genome, any crosses required,
and the resulting genotypes. -
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3. When setting out to determine the chromosomal location of a human disease gene by
genetic linkage analysis (LOD scores), it is useful to calculate the theoretical maximum
LOD score that a family of a given size and structure might contribute. For each of the
families shown below, calculate, for 8 = 0, the LOD score that could be obtained using an
SSR that is genetically inseparable from (shows no recombination with) the disease,
which is autosomal dominant. Also indicate the minimum number of such families that
would be required to achieve a publishable composite LOD score for 8 = 0. Assume that
DNA samples are available for all living individuals. '

(a 5 pts.)
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Name:

1. (a 8 pts.) You are studying DNA replication in phage A and you have isolated two
different mutations in the P gene that will not form plaques on wild-type (Su™) E. coli, but will
form plagues on an E. coli strain carrying an amber suppressor mutation (Su+). The two
mutants are infected together into a Sut host so that each cell receives at least one phage of
each type. The phage produced from this mixed infection form 109 plaques/mi when plated
on a Su* host, but only form 1.2 x 107 plaques/ml when plated on a Su~ host. What is the
distance between the two mutations in map units?

(b 10 pts.) The genome of phage A is 5 x 104 bp long in physical length, and 200 map units
long in genetic length. Say that the normal P protein is 40 kDa in size, and that the P protein
produced by one of the mutants is 35 kDa. Using the map distance calculated in part (a) and
the general approximation that the average mass of an amino acid 0.11 kDa, estimate the
size of the P protein that will be produced by the other mutant.

(c 7 pts.) The mutagen hydroxylamine causes C¢G to TeA mutations. If phage A that carries
an amber mutation in the P gene is treated with hydroxylamine will there be an increase in
the frequency of revertant phage that can form plaques on a wild-type (Su™) E. coli host?
Explain why or why not. (The amber stop codon is SUAG3, the ochre stop codon is SUAAZ’,
and the opal stop codon is YUGA3).
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2. (a 7 pts.) You have isolated an E. coli strain that carries a Tn5 insertion that you think
might be located close to the Lac operon (this insertion strain is kanamycin resistant (Kan)).
You grow P1 phage on this insertion strain and then infect a LacZ™ mutant (which does not
express B-galactosidase). Out of 100 Kan' transductants, 30 are Lac™ and 70 express B-
galactosidase normally. What is the distance between the Tn5 insertion and LacZ™
expressed as a cotransduction frequency?

(b 10 pts.) In order to determine on which side of the Lac operon the Tn5 insertion resides,
you grow P1 on one of the Kanf LacZ™ transductants isolated in part (a). You then use this
phage to infect a LacY~ recipient strain and isolate 100 Kan' transductants. Each of the
transductants is then tested for either LacZ™ (no B-galactosidase) or LacY~ (no Lac
permease). The following results were obtained:

Genotype Number of transductants
LacZ~ LacY*? 70
LacZ* LacY~ 28
LacZ* LacY* 2

On the basis of these results, draw a map showing the relative positions of the Tn5 insertion,
the LacZ—, and the LacY— mutations. Also give any relevant distances expressed as
cotransduction frequencies.
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(c 8 pts.) You introduce an F’ factor that carries the Lac operon into a strain with the Tn5
insertion. You next isolate an Hfr strain that arises by recombination between the Lac
operon on the F’ factor and the Lac operon on the chromosome. You find that this Hfr strain
will transfer Kanr early and efficiently. On the basis of these results, draw a diagram of the
original F’ factor showing the relative positions of the LacZ and LacY genes to the
orientation of the origin of transfer (OriT).

3. Yeast cells have a set of enzymes that can synthesize the amino acid histidine. You
select one of these enzymes, histidinol dehydrogenase, as a reporter to study the regulation
of the histidine pathway. First, you learn that the His4 gene is the structural gene for
histidinol dehydrogenase, and that recessive His4~ mutations don’t express histidinol
dehydrogenase. You also find that the His4 gene is regulated; it is expressed when
histidine is absent from the medium, but is not expressed when histidine is present. These
results are summarized below:

Histidinol dehydrogenase activity

+ histidine — histidine
Wild type - +
His4— - -
His4— / His4*t - +

(a 5 pts.) You isolate a mutant, designated His10~, which shows constitutive histidinol
dehydrogenase expression. A cross of a His4~ mutant to a His10™ mutant gives diploids
that show wild type expression of histidinol dehydrogenase. What does this result allow you
to conclude about the His10™ mutant?
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(b 7 pts.) When the diploids from part (a) are sporulated, the resulting tetrads are of three
types with respect to the expression/regulation of histidinol dehydrogenase. Out of a total of
50 tetrads, 30 are Type 1, 16 are Type 2, and 4 are Type 3.

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

Are the His4— and His10™ mutations linked? If so, how far apart are they in cM?

(c 8 pts.) Next, you isolate a mutation, designated His11~, which has uninducible histidinol
dehydrogenase expression. A cross of a His4— mutant to a His11~ mutant gives diploids
that show wild-type expression of histidinol dehydrogenase. On the basis of this result and
the results for parts (a) and (b), diagram two different possible regulatory pathways that can
explain the functions of the His10 and His11 gene products in the regulation of His4. Be
sure to include a role for the regulatory action of histidine in your answer.
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(d 5 pts.) A cross of a His10™ mutant to an His11~ 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 Type3d
uninducible uninducible constitutive
uninducible uninducible constitutive
constitutive regulated uninducible
regulated regulated uninducible

Is a His10~ His11~ double mutant regulated, constitutive, or uninducible?

(e 5 pts.) On the basis of your answer for part (d) and from the rest of the information given
in this problem, diagram the regulatory model that best explains the functions of the His10
and His11 gene products and histidine.



Name:

4. As discussed in 7.03, HNPCC is an autosomal dominant predisposition to cancer of the colon
and other organs. As discussed, HNPCC is the result of mutation in one or another component of
the mismatch repair system.

(a 5 pts.) In HNPCC individuals, do non-cancerous tissues display SSR instability? Why or why
not?

(b 5 pts.) You plan to perform genetic linkage studies (using SSRs) in families with HNPCC. For
the affected individuals in these families, you have access to genomic DNA samples from normal
white blood cells and from cancerous tumors. For purposes of genetic linkage analysis, would you
prefer to type SSRs in tumor DNAs or in blood DNAs? Why?

(c 10 pts.) The yeast MSH2 gene encodes a component of the mismatch repair system. You
obtain a haploid yeast strain that is mutant in MSH2 and that exhibits the “mutator phenotype.” In
yeast, would you expect this mutator phenotype to be dominant or recessive? Briefly justify your
prediction, and briefly outline an experiment to test your prediction.
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5. While home on winter break, an uncle who is a physician asks you to interpret genetic
findings in a Klinefelter (47,XXY) boy. Your uncle explains that he has typed the boy and his
parents for one X-linked SSR, whose location on the X chromosome is shown here:

SSR5

l

: = ,

D[EO

A —_— —_—
SSRS[ B —

C —

(a 2 pts) Could nondisjunction have occurred after fertilization, in mitosis? Briefly explain
your answer.

(b 5 pts) Could nondisjunction have occurred in meiosis 1? If so, sketch the meiotic event in
which nondisjunction occurred; include SSR5 in your sketch.

(c 5 pts) Could nondisjunction have occurred in meiosis 1? If so, sketch the meiotic event in
which nondisjunction occurred; include SSR5 in your sketch.
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Your uncle then tells you of a second couple with a Klinefelter (XXY) son:

DgO
s § —

(d 2 pts) Could nondisjunction have occurred after fertilization, in mitosis? Briefly explain
your answer.

(e 4 pts) Could nondisjunction have occurred in meiosis 1?7 Briefly explain your answer (no
sketch required).

(f 4 pts) Could nondisjunction have occurred in meiosis 11?7 Briefly explain your answer (no
sketch required).

Finally, your uncle tells you of a third couple with a Klinefelter (XXY) son:
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(g 2 pts) Could nondisjunction have occurred after fertilization, in mitosis? Briefly explain
your answer.

(h 4 pts) Could nondisjunction have occurred in meiosis |? Briefly explain your answer (no
sketch required).

(i 4 pts) Could nondisjunction have occurred in meiosis 11?7 Briefly explain your answer (no
sketch required).

6. Red-green color blindness is an X-linked recessive trait, and it maps very close to SSR5
as shown in the preceding question. In the United States, 5% of males are red-green
colorblind. Assume random_mating and Hardy-Weinberg equilibrium.

(a 4 pts) What is the frequency of red-green colorblindness among females in the US?

(b 4 pts) What is the frequency of red-green colorblindness among US females whose
fathers are red-green colorblind?

(c 4 pts) What is the frequency of red-green colorblindness among US females who have
one or more brothers who are red-green colorblind but whose mothers have normal color
vision?
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(d 4 pts) If all XXY males were due to meiotic nondisjunction in fathers, what would the
frequency of red-green colorblindness be among XXY males in the US?

(e 4 pts) If all XXY males were due to mitotic nondisjunction after fertilization, what would the
frequency of red-green colorblindness be among XXY males in the US?

(f 4 pts) Using a different SSR (that is tightly linked to the centromere of the X chromosome),
you find that a particular XXY boy inherited two X chromosomes from his mother as a result of
nondisjunction in meiosis |. Both the mother and the father have normal color vision, but the
XXY son is red-green colorblind. How can you explain the XXY boy’s red-green
colorblindness (without appealing to new mutations)?
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7. As described in 7.03, M and N are different red-blood-cell antigens specified by alleles of
the same gene, which we will call RBCA. The M and N antigens are codominant, so a
simple blood test can distinguish among the three possible genotypes. You set out to
genetically map the RBCA gene by linkage analysis in families like the one shown here,
where the RBCA genotypes of the living individuals are indicated:

“Ta
5

MMcBﬁoéﬂn

MM MM MN M

A - _ —
A _ _

SSR19| C -
D — —_— — PR
E — —_— J——
a . _
b —_— —_— N —

SSR20| ¢ —_— — — —
d _
e — — —

(a2 pts.) What allele at RBCA did the mother (deceased) inherit from the grandfather
(deceased)?

(b 2 pts.) What allele at SSR19 did the mother (deceased) inherit from the grandfather
(deceased)?
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(c 2 pts.) Diagram the phase relationship(s) between the RBCA and SSR19 alleles in the
mother (deceased).

(d 6 pts.) Calculate the LOD score for linkage at 6 = 0 between RBCA and SSR19 in this

family.

(e 3 pts.) Diagram the phase relationship(s) between the SSR19 and SSR20 alleles in the
mother (deceased).

(f 3 pts.) Diagram the phase relationship(s) between the SSR19 and SSR20 alleles in the
father (living).

(g 6 pts.) Calculate the LOD score for linkage at 8 = 0.1 between SSR19 and SSR20 in this
family.
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8. Recall our discussion of the disease retinitis pigmentosa (RP), an example of nonallelic
heterogeneity, where at least 66 genetic loci have been implicated. As we discussed, RP
exhibits autosomal recessive inheritance in 84% of families with affected individuals.

Let’'s now simplify this complex situation. Let’s suppose that you've discovered an isolated
human population in which RP affects one in 8000 individuals and in which RP always
exhibits autosomal recessive inheritance. The RP phenotype is 100% penetrant. In this
isolated population, only two genes are implicated in RP: the RP6 gene on chromosome 6,
and the RP12 gene on chromosome 12. DNA sequencing of the genomes of 100 RP
patients selected at random from this population reveals that 80 patients are homozygous for
a mutation in the RP6 gene, while the remaining 20 patients are homozygous for a mutation
in the RP12 gene. In answering the following questions, assume random mating and Hardy-
Weinberg equilibrium unless specified otherwise.

(a 2 pts.) What rate of concordance for the RP phenotype would you expect among
monozygotic twins in this isolated population?

(b 3 pts.) Among dizygotic twins?

(c 5 pts.) What is the frequency of the mutant allele at RP6 in this isolated population?

(d 5 pts.) What is the frequency of the mutant allele at RP12 in this isolated population?

(e 5 pts.) What would the frequency of RP be among individuals in this population whose
parents are first cousins?
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1. (a 8 pts.) You are studying DNA replication in phage A and you have isolated two
different mutations in the P gene that will not form plaques on wild-type (Su™) E. coli, but will
form plaques on an E. coli strain carrying an amber suppressor mutation (Su*). The two
mutants are infected together into a Su* host so that each cell receives at least one phage of
each type. The phage produced from this mixed infection form 109 plaques/m! when plated
on a Su* host, but only form 1.2 x 107 plaques/ml when plated on a Su™ host. What is the

distance between the two mutations in map units? ‘ 4
- A Tota) [{ccom‘o\mm"“ 2 4 %10

+ -+ -~
e ——+  1.2x\0 ' q
% X — Tt Phage +\0
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P2 T r M 24X

= 2.9 mu

o = 100X g

(b 10 pts.) The genome of phage A is 5 x 104 bp long in physical length, and 200 map units
long in"genetic length. Say that the normal P protein is 40 kDa in size, and that the P protein
produced by one of the mutants is 35 kDa. Using the map distance calculated in part (a) and
the general approximation that the average mass of an amino acid 0.11 kDa, estimate the
size of the P protein that will be produced by the other mutant.

Distance between wmytatiors - 24 v X ?—Z%%)%\%\E = [L00 \oP =200 = 272 k-Dq

Muant prtdn st be <40 kDa
size = 254Da —~22¢0n = |3 AP

(c 7 pts.) The mutagen hydroxylamine causes C+G to TeA mutations. If phage A that carries
an amber mutation in the P gene is treated with hydroxylamine will there be an increase in
the frequency of revertant phage that can form plaques on a wild-type (Su™) E. coli host?
Explain why or why not. (The amber stop codon is YUAG?', the ochre stop codon is SUAAS,
and the opal stop codon is SUGA3).

5 UAG - 3 "UAKZ ochre stop

Y ThG 5 TTAA
DhA ATC® ATT®

No, the porcense awloer wittation can only e changed o
ochre Gvp. Therefre, Mo Yevertants ave Created
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2. (a 7 pts.) You have isolated an E. coli strain that carries a Tn5 insertion that you think
might be located close to the Lac operon (this insertion strain is kanamycin resistant (Kanr)).
You grow P1 phage on this insertion strain and then infect a LacZ™ mutant (which does not
express B-galactosidase). Out of 100 Kan' transductants, 30 are Lac™ and 70 express B3-
galactosidase normally. What is the distance between the Tn5 insertion and LacZ™
expressed as a cotransduction frequency?

The LacZt gere Wae o “dranseed With the

Kan® pn WS 707 of “the e

(b 10 pts.) In order to determine on which side of the Lac operon the Tn5 insertion resides,
you grow P1 on one of the Kanl LacZ™ transductants isolated in part (a). You then use this
phage to infect a LacY~ recipient strain and isolate 100 Kanf transductants. Each of the
transductants is then tested for either LacZ~ (no B-galactosidase) or LacY~ (no Lac
permease). The following results were obtained: ~

Genotype Number of transductants
LacZ™ LacY+ 70
LacZ* LacY~ 28
LacZ* LacY+ 2

On the basis of these results, draw a map showing the relative positions of the Tn5 insertion,
the LacZ™, and the LacY™ mutations. Also give any relevant distances expressed as

cotransduction frequencies. Core s ©
€ ) —
(Kan¥) TY?LS [o;c\{ l'cicZ- 4 cxpss-over class UM‘Z b >

727

70/.
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(c 8 pts.) You introduce an F’ factor that carries the Lac operon into a strain with the Tn5
insertion. You next isolate an Hfr strain that arises by recombination between the Lac
operon on the F’ factor and the Lac operon on the chromosome. You find that this Hfr strain
will transfer Kant early and efficiently. On the basis of these results, draw a diagram of the
original F’ factor showing the relative positions of the LacZ and LacY genes to the
orientation of the origin of transfer (OriT).

Dr{T
FI
lay \y Lacs
™ \ x - qenom‘l&
Y |
R 2

AL cecombination

i af Iaé operon Tty i genome

3. Yeast cells have a set of enzymes that can synthesize the amino acid histidine. You
select one of these enzymes, histidinol dehydrogenase, as a reporter to study the regulation
- of the histidine pathway. First, you learn that the His4 gene is the structural gene for
histidinol dehydrogenase, and that recessive His4™ mutations don’t express histidinol
dehydrogenase. You also find that the His4 gene is regulated; it is expressed when
histidine is absent from the medium, but is not expressed when histidine is present. These
results are summarized below:

Histidinol dehydrogenase activity

+ histidine — histidine
Wild type - +
His4— — -~
His4— / His4* — +

(a 5 pts.) You isolate a mutant, designated His10™, which shows constitutive histidinol
dehydrogenase expression. A cross of a His4™ mutant to a His10— mutant gives diploids
that show wild type expression of histidinol dehydrogenase. What does this result allow you
to conclude about the His10™ mutant?

hislo — highiding)

hish” Wel0™ 0 ud Wi e recesive
Woa ™ hislo”

\higlo 19 conAtutive, Yeceszive
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(b 7 pts.) When the diploids from part (a) are sporulated, the resulting tetrads are of three
types with respect to the expression/regulation of histidinol dehydrogenase. Out of a total of
50 tetrads, 30 are Type 1, 16 are Type 2, and 4 are Type 3.

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

4% T NYD

Are the His4~ and His10~ mutations linked? If so, how far apart are they in cM?

WA and Wiol0 are linked beawse PD 27 NPD

THENY 100 = <M
2%z

lo+ 6N 4100 = 40M
2.(50)

(c 8 pts.) Next, you isolate a mutation, designated His11~, which has uninducible histidinol
dehydrogenase expression. A cross of a His4™ mutant to a His11™ mutant gives diploids
that show wild-type expression of histidinol dehydrogenase. On the basis of this result and
the resuits for parts (a) and (b), diagram two different possible regulatory pathways that can
explain the functions of the His10 and His11 gene products in the regulation of His4. Be
sure to include a role for the regulatory action of histidine in your answer.

hisl — hichidivio
hic\o —1 Wistidivo |
Wishidine — Wistidanol

Model 1 N
‘_q_g,_;%ﬁ e gl — sl —— fsfidiae!
2 .

hichdive, — Wishl
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(d 5 pts.) A cross of a His10™ mutant to an His11~ 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 Type3d
uninducible uninducible constitutive
uninducible uninducible constitutive
constitutive regulated uninducible
regulated regulated uninducible

fs a His10™ His11~ double mutant regulated, constitutive, or uninducible?

oinducivle Wifered fom Thpe & (NPD)

(e 5 pts.) On the basis of your answer for part (d) and from the rest of the information given
in this problem, diagram the regulatory model that best explains the functions of the His10
and His11 gene products and histidine.

hisl 6 epictatic o hislO

hishidine —> hisld — his It — hictidinoa!
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4, As discussed in 7.03, HNPCC is an autosomal dominant predisposition to cancer of the colon
and other organs. As discussed, HNPCC is the result of mutation in one or another component of
the mismatch repair system.

(a 5 pts.) In HNPCC individuals, do non-cancerous tissues display SSR instability? Why or why
not? . v

No, becawse non-cancerons cells are normal

(b 5 pts.) You plan to perform genetic linkage studies (using SSRs) in families with HNPCC. For
the affected individuals in these families, you have access to genomic DNA samples from normal
white blood cells and from cancerous tumors. For purposes of genetic linkage analysis, would you
prefer to type SSRs in tumor DNAs or in blood DNAs? Why?

Blood DNA  lecanse oy DNAo show SSR nstalaliy

(c 10 pts.) The yeast MSH2 gene encodes a component of the mismatch repair system. You
obtain a haploid yeast strain that is mutant in MSH2 and that exhibits the “mutator phenotype.” In
yeast, would you expect this mutator phenotype to be dominant or recessive? Briefly justify your
prediction, and briefly outline an experiment to test your prediction.

Ra&Mw,\¥\SA\W6ﬁﬁﬁwﬁwammﬂwn

Ve MoHL™ with WSR2 Copporic watig P

\ |
- - loid

MSHQ/ i o\oQCW@ Y\/‘CHOMFQ QO OL(F(O&
MatiZ

W\ddipe = vecessie
ke’ = dowinat
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5. While home on winter break, an uncle who is a physician asks you to interpret genetic
findings in a Klinefelter (47,XXY) boy. Your uncle explains that he has typed the boy and his
parents for one X-linked SSR, whose location on the X chromosome is shown here:

SSR5 —2 not centromere
i lnked

C ¢ ]

[]

A
SSR5| B —
C S

(a 2 pts) Could nondisjunction have occurred after fertilization, in mitosis? Briefly explain

yow&:éw%e child veceived 2 Jdifferent SSR alleles W\rAYl'Mﬂ 2 X-chromoesonies
came fow The wowt:

(b 5 pts) Could nondisjunction have occurred in meiosis 1? If so, sketch the me}\otic event in

which nondisjunction occurred; include SSR5 in your sketch. ———t
A
¢4 = /"l’ c
— m
A A e
T el T / T 214 pelar D
mL ! —C
et foss_ nm————— b

& ¢ o polar
ooy

Vwihing

(c 5 pts) Could nondisjunction have occurred in meiosis 1? If so, sketch the meiotic event in

which nondisjunction occurred; include SSR5 in your sketch. A
Nes Need a recombwition even” - —_—
:E:_‘A&Z MI\:

:g___,"::"""————:—— /’ \ Z"d o -

X ‘e mL ' ~ pwihiv

A&
T |\ Y
C V\i\
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Your uncle then tells you of a second couple with a Klinefelter (XXY) son:

A
SSR5 B —
C — —

(d 2 pts) Could nondisjunction have occurred after fertilization, in mitosis? Briefly explain
your answer.

Neo  After nowal meiotic eventr, Yhe il conbl have received
oVie Copy ot e ¢ allele fom mmr. A nondijunction in Wirosd S
caeed e Mplicated  C allele-

(e 4 pts) Could nondisjunction have occurred in meiosis |1? Briefly explain your answer (no
sketch required). \{69_ chl a Y(,LDWIMWWCH()V) f\(e)n{"

A il &
::X_—_,.Ct‘ NI J:%:
st . 2nrd polay —A

(f 4 pts) Could nondisjunction have occurred in meiosis [1? Briefly explain your answer (no
sketch required).

Ves . .
o so————
A :1:—_——:%2_ %f' C
T T c ‘
—_——
C
ovd polay bedy —

st \’°l” laadﬁ " o‘\’\/\‘lnﬁ

Finally, your uncle tells you of a third couple with a Klinefelter (XXY) son:

None\«'s‘jmoﬁon
S — wn Dad
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(g 2 pté) Could nondisjunction have occurred after fertilization, in mitosis? Briefly explain
youranswer. No. The dald veceved an X and a ¥ Hfrom ad,

Yherebre NOUT winet hove ppened w fiivier's weeicsls

(h 4 pts) Could nondisjunction have occurred in meiosis |? Briefly explain your answer (no
sketch required). Ve, Dad 1 g N MrowioSowe.

and X crowiesome with B alele.
and  wow %‘WC& X ¢ WowioSome

it G alkle = XexBY

e il (3 =
X m—— I o —
N = NDY

nonq

(i 4 pts) Could nondisjunction have occurred in meiosis 11?7 Briefly explain your answer (no
sketch required). No. Howologs Gc?km’ce M wmelosis T o Yheve 1S vip

way o et X and Y fgether n meiosic T Meesie U NPT would
6\\18 either 4o Xo o dwo Ys.

(No recombiviation eWeen X4 Y webre meitsic would cause Wi .
B taslcated o ¥ crowosomie , Dad'e gawmele. wikld be Y= which
doeopt tead o a4 XXY childd)
» Red-green color blindness is-an X-linked recessive trait, and it maps very close to SSR5

as shown in the preceding question. In the United States, 5% of males are red-green
colorblind. Assume random mating and Hardy-Weinberg equilibrium.

(a 4 pts) What is the frequency of red-green colorblindness among females in the US?

F(x*) = 9= .05
POXEXY)= 4% = . 0025

(b 4 pts) What is the frequency of red-green colorblindness among US females whose
fathers are red-green colorblind? " . d,)
?(X"’Xd’% K,(alad gves X ) X p(mom gves X
2
=] ox Dzp) ¥ 420

= 0475 + . 0025
= .0%

(c 4 pts) What is the frequency of red-green colorblindness among US females who have
one or more brothers who are red-green colorblind but whose mothers have normal color
vision?

P (XC\,XC\O = F(hnom he'\')\)(m()m 6“’& X(b) ?(e\oA 6\‘(65 Xd’)
N O NE RN

i

.025
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(d 4 pts) If all XXY males were due to meiotic nondisjunction in fathers, what would the
frequency of red-g&een colorbli:\ﬁgesal\o/% among XXY me)l(lgs>in the US?
b = mow A\ES
PUPRY) = p (el X p Coom AT | g ot b
= (.OCD) ('O%)

= 0025
(e 4 pts) If all XXY males were due to mitotic nondisjunction after fertilization, what would the

frequency of red-green colorblindness be among XXY males in the US?

?(momawes X*) = .05

(f 4 pts) Using a different SSR (that is tightly linked to the centromere of the X chromosome),
you find that a particular XXY boy inherited two X chromosomes from his mother as a resuit of
nondisjunction in meiosis . Both the mother and the father have normal color vision, but the
XXY son is red-green colorblind. How can you explain the XXY boy’s red-green '
colorblindness (without appealing to new mutations)?

Mowr i& a velerozygote XXt
Recombination oCLurs W wother befoe meincis T

NDT
gic

g::xxf‘.—w";t‘x Y!DTMM
+ ist
Ope

2
lar
boby \’&%



12
Name:

7. As described in 7.03, M and N are different red-blood-cell antigens specified by alleles of
the same gene, which we will call RBCA. The M and N antigens are codominant, so a
simple blood test can distinguish among the three possible genotypes. You set out to
genetically map the RBCA gene by linkage analysis in families like the one shown here,
where the RBCA genotypes of the living individuals are indicated:

»?.f

M“”ééoéé

MM MM MN M

—_— — —_— —— —_—

SSR19

Mmoo W
|

SSR20

|
|
|
l
|

(a2 pts.) What allele at RBCA did the mother (deceased) inherit from the grandfather
(deceased)?

(b 2 pts.) What allele at SSR19 did the mother (deceased) inherit from the grandfather
(deceased)?
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(c 2 pts.) Diagram the phase relationship(s) between the RBCA and SSR19 alleles in the
mother (deceased). ___{_,_____%.ﬁ
—_—t
M A

(d 6 pts.) Calculate the LOD score for linkage at 6 = 0 between RBCA and SSR19 in this
family.
5
(%)
= 3 = |.509
LOD@”O \oglo (\A_)

(e 3 pts.) Diagram the phase relationship(s) between the SSR19 and SSR20 alleles in the
mother (deceased). A c
—t

~+—t
B A

(f 3 pts.) Diagram the phase relationship(s) between the SSR19 and SSR20 alleles in the
father (living). D b D e

—_— —+—

Pluse | Phase 2
A R R
E ¢ E b

(g 6 pts.) Calculate the LOD score for linkage at 6 = 0.1 between SSR19 and SSRQO in this

farnily. 5
i (45)°  _
7oL, 7l Tgs = 1276

L (of(4s) + ()
01 LOD. = log ek = 012

Lo, = L1276+ 0022
= .28
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8. Recall our discussion of the disease retinitis pigmentosa (RP), an example of nonallelic
heterogeneity, where at least 66 genetic loci have been implicated. As we discussed, RP
-exhibits autosomal recessive inheritance in 84% of families with affected individuals.

Let’'s now simplify this complex situation. Let’s suppose that you've discovered an isolated
human population in which RP affects one in 8000 individuals and in which RP always
exhibits autosomal recessive inheritance. The RP phenotype is 100% penetrant. In this
isolated population, only two genes are implicated in RP: the RP6 gene on chromosome 6,
and the RP12 gene on chromosome 12. DNA sequencing of the genomes of 100 RP
patients selected at random from this population reveals that 80 patients are homozygous for
a mutation in the RP6 gene, while the remaining 20 patients are homozygous for a mutation
in the RP12 gene. In answering the following questions, assume random mating and Hardy-
Weinberg equilibrium unless specified otherwise.

(a 2 pts.) What rate of concordance for the RP phenotype would you expect among
monozygotic twins in this isolated population?

100/

(b 3 pts.) Among dizygotic Mins?
2.5/
(c 5 pts.) What is the frequency of the mutant allele at RP6 in this isolated population?
Qene = A ¢ ¥ %)

. 1 —
- ‘\) goo0 £ 0.9  ~ .0l
(d 5 pts.) What is the frequenc);yd-thﬂ_mu_t’:mt_allele at RP12 in this isolated population?
e N G X p(Rei2)
:'\]g‘;’o‘oxo.l = .009

(e 5 pts.) What would the frequency of RP be among individuals in this population whose
parents are first cousins?

Gep Fam, * Fﬁxm

= 1 {. A (005
lb(m)—r “0( ),

= 9375 x10™*



