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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.

Please...

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

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

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

Question 1 30 points
Question 2 40 points
Question 3 - 30 points



Name:

1. Atrue breeding mouse strain exhibits two different rare traits. When a male from the true
breeding strain is crossed to a wild-type female, all of the female Fq progeny exhibit both traits

whereas all of the male F4 progeny look wild type.

(a 10 pts.) What is the mode of inheritance of the two traits?

(b 10 pts.) The male and female F{ mice described above are crossed to one another to produce
Fo progeny. Of the male Fo progeny, 40% have both traits (the rest of the Fo males either
appear wild type or have only one trait or the other). What fraction of the female Fo progeny

would you expect to have both traits?

(c 10 pts.) What is the map distance (in cM) between the genes for the two traits?



Name:

2. {(a 6 pts.) You have isolated a yeast mutant that makes small colonies. When you mate your
~ haploid mutant to a haploid wild-type strain, the resulting diploids look like wild type. What does
this observation tell us about your mutant?

(b 8 pts.) When the diploids from part (a) are sporulated, all of the tetrads appear to be PDs in
the sense that they each have two small colonies and two normal sized colonies. What does this
observation tell us about your mutant? '

(c 6 pts.) You isolate a second mutant that also makes small colonies. When a haploid of one
small mutant is mated to a haploid of the other small mutant, the resulting diploids appear normal.
What is the relationship between the two small mutant strains?



Name:

(d 10 pts.) When the diploids from part (¢} are sporulated, three types of tetrads are found.
Type | have 4 small colonies
Type Il have 1 normal and 3 small colonies

Type Il have 2 normal and 2 small colonies
The cross produces 24 type | tetrads, 24 type Il tetrads, and 2 type Il tetrads.

What is the map distance between the two mutations?

(e 10 pts.) Give your best estimate for the number of tetrads (out of 50 total) described in part
{d) that result from two crossovers in the interval between the two mutations.



Name:

— 3. You have isolated a new mutation of phage A that makes plaques with rough edges. You call

the mutation r1~. Phage mutants in the repressor gene (¢I™) make clear plagues rather than the
normal turbid plaques. You cross a r1~ phage with a ¢l™ phage by coinfecting E. colf with phage
of both types. One hundred plagues from the cross are examined and the following phenotypes
and numbers are seen:

Plague Phenotype Number
rough, turbid 44
rough, clear 4
smooth, turbid 6
smooth, clear 46

(a 10 pts.) What is the distance between the r1™ and the cl™ mutations in map units?

Next you isolate a second mutation that makes rough plagues that you call r2=. Whena r1~, ¢I~
double mutant phage is crossed to a r2— mutant the following plaque types and numbers are

seen:
Plague Phenotype Number
rough, turbid 491
rough, clear 499
smooth, turbid 9
smooth, clear 1

(b 10 pts.) What is the distance between the r1~ and r2~ mutations in map units?



Name:

(c 10 pts.) Draw a genetic map showing the relative order of the ¢l™, r1~, and r2~ mutations as
~— well as the distances that you have determined.
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1. Atrue breeding mouse strain exhibits two different rare traits. When a male from the true
breeding strain is crossed to a wild-type female, all of the female F4 progeny exhibit both traits

" whereas all of the male F1 progeny look wild type.

(a 10 pts.) What is the mode of inheritance of the two traits?
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- (b 10 pts.) The male and female F4 mice described above are crossed to one another to produce
Fo progeny. Of the male Fo progeny, 40% have both traits (the rest of the Fo males either
appear wild type or have only one trait or the other). What fraction of the female Fo progény

would you expect to have both traits?
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'(c 10 pts.) What is the map distance (in cM) between the genes for the two traits?
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2. (a6 pts.) You have isolated a yeast mutant that makes small colonies. When you mate your
haploid mutant to a haploid wild-type strain, the resulting diploids look like wild type. What does
" this observation tell us about your mutant?
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(b 8 pts.) When the diploids from part (a) are sporulated, all of the tetrads appear to be PDs in
the sense that they each have two small colonies and two normal sized colonies. What does this

observation tell us about your mutant?
Sivce all are PDs:
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(c 6 pts.) You isolate a second mutant that also makes small colonies. When a haploid of one
small-mutant is mated to a haploid of the other small mutant, the resulting diploids appear normal.
What is the relationship between the two small mutant strains?
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" (d 10 pts.) When the diploids from part (c) are sporulated, three types of tetrads are found.
bad

Type | have 4 small colonies PD 2t
Type Il have 1 normal and 3 small colonies T 24
Type lll have 2 normal and 2 small colonies NP D 2

The cross produces 24 type | tetrads, 24 type |l tetrads, and 2 type 1l tetrads.

What is the map distance between the two mutations?
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(e 10 pts.) Give your best estimate for the number of tetrads (out of 50 total) described in part

(d) that result from two crossovers in the interval between the two mutations.
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3. You have isolated a new mutation of phage A that makes plaques with rough edges. You call
the mutation ri~. Phage mutants in the repressor gene (cl™) make clear plaques rather than the

normal turbid plaques. You cross a r1~ phage with a ¢l~ phage by coinfecting E. coli with phage
of both types. One hundred plaques from the cross are examined and the following phenotypes

and numbers are seen: - +
re¥, L
Plague Phenotype Number v
. _ 4
rough, turbid 44 r1” L (P)
rough, clear 4 rdl" <l @
smooth, turbid 6 AN
smooth, clear 46 1 er” ®

(a 10 pts.) What is the distance between the ri~ and the ¢~ mutations in map units?
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Next you isolate a second mutation that makes rough plagues that you call r2—, Whenari—, cl™
double mutant phage is crossed to a r2— mutant the following plaque types and numbers are
seen:

Plague Phenotype Number
rough, turbid 491
rough, clear 489

smooth, turbid 9
CrossoVers
smooth, clear 1 ' '
(b 10 pts.) What is the distance between the r1~ and r2— mutations in map units?
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(c 10 pts.) Draw a genetic map showing the relative order of the ¢I™, r1~, and r2— mutations as
~ well as the distances that you have determined.
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Name:

Section: TA:
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There are eight pages including this cover page
Please write your name on each page.

Question 1 25 points
Question 2 35 points
Question 3 40 points
1st position 2nd position 3rd position
(5" end} U C A G {3' end)

Phe Ser Tyr Cys %

Phe Ser Tyr Cys Cc

Leu Ser STOP STOP A

Leu Ser STOR Trp G

Leu Pro His Arg U

Leu Pro His Arg C

Leu Pro © Gin Arg A

Leu Pro Gin Arg G

. te Thr Asn Ser U

lle . Thr Asn Ser C

fle Thr Lys Arg A

' Met Thr Lys Arg G

Val Ala Asp Gly U

Val Ala Asp Gly C

Val Ala Giu Gly A

Vai Ala Glu Giy G
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1. (a 7 pts.) Hydroxylamine causes C¢G to TeA mutations. After treatment of A phage with

hydroxylamine you isolate a mutant that forms clear plaques on a wild-type E. coli host, but
will form turbid plaques on a host that carries an amber (UAG) suppressor. List the codons
in wild-type A that could have been mutated to produce the mutant phage.

(b 8 pts.) Would you expect mutagenesis of the A mutant described above by treatment of
the phage with hydroxylamine to generate revertants that can make turbid plaques on wild-
type E. colf? Why or why not?



Name:

(c 10 pts.) The following sequence (and encoded amino acids) lies within the coding
sequence of a wild-type E. coli gene:

CTC TCT TTC ATG ACT AGG CTG TTG AAG

leu ser ser met thr arg leu leu lys

A mutant is isolated that has an additional A residue giving the sequence:

CTC TCT TTC ATG ACAT AGG CTG TTG AAG

Describe a possible suppressor mutation that might revert the defect of the mutation shown
above (do not simply describe the back mutation). For your answer, (i) State whether this is
an intragenic or extragenic suppressor, (ii) show the exact sequence change that gives the
suppressor mutation, (iii) give the amino acid sequence of the mutant gene sequence with

the suppressor, and (iv) describe any properties that this part of the protein sequence must
have in order for the suppressor to restore function to the mutated gene.



Name:

2. The ProB gene lies close to the Lac operon, and Lac mutations and ProB mutations
are cotransduced at a frequency of about 80%. You have isolated a new Tn5 insertion near
ProB and Lac. In transduction experiments with this insertion, Lac mutants are
cotransduced 45% with Kan', and ProB mutants are cotransduced 35% with Kan'.

(a 8 pts.) Draw a map showing the relative order of ProB, Lac, and Tn5. Also indicate as
many of the map distances as you can.

(b 6 pts.}) From an otherwise wild-type strain carrying the Tn5 insertion described above,
you isolate an Hfr that transfers ProB early and efficiently, but transfers Lac genes late and
inefficiently. Draw a diagram showing the structure of the Hfr and indicate whether Kan' will
be transferred early or late. '

{c 6 pts.) You want to use the Hfr described in part (b) to isolate an F’ that carries the Lac
genes. Describe briefly how you would select for the desired F’. Be sure to indicate the
genotypes of all strains that you use.



Name:

Next, you want to map the Tn5 insertion described in part (a) relative to mutations within the
Lac operon. To do this you perform two reciprocal crosses. In cross 1 you grow P1 phage
on a host that has the Tn5 insertion and a LacO¢ mutation (this strain gives constitutive
expression of LacZ). The resulting phage are then used to infect a Lacl® strain (this strain
gives uninducible expression of LacZ). Among the Kan' transductants, 50% are constitutive,
48% are uninducible, and 2% are regulated by IPTG. For cross 2, you grow P1 phage on a
host that has the Tn5 insertion and a Lacl® mutation. The resulting phage are then used to
infect a LacOC strain, and among the Kan' transductants 50% are constitutive and 50% are
uninducible.

(d 10 pts.}) Draw a genetic map showing the relative order of Tn5, LacO, and Lacl. Also
give any relevant distances expressed as cotransduction frequencies.

(e 5 pts.) For each of the crosses there is a transductant class that you know is the result of a
quadruple crossover. Give the phenotype of the quadruple crossover class from cross 1.



Name:

3. You are studying the regulation of methanol utilization in bacteria. Methanol oxidase,
. encoded by the Mox gene, is the key enzyme in the methanol utilization pathway. Methanol
oxidase is expressed at high levels when methanol is present in the growth medium, but
methanol oxidase is not expressed when methanol is absent. You find a mutation
designated A, which gives constitutive Mox expression and is closely linked to Mox gene
mutations. You have Mox and A™ mutations as well as an F’ that carries the Mox gene
along with neighboring genes and regulatory sites, you carry out the following genetic tests:

Methanol oxidase activity
— methanol + methanol

A" Mox™ - +
A~ Mox" + +
A" Mox" /F' A" Mox™ - +
A" Mox" /F' A" Mox™ —~ +
A" Mox  /F A" Mox" - +

(a 10 pts.) Give as complete a description as you can of the properties of the A~ mutation,

and propose a molecular function for the regulatory component that is affected by the A~
-~ mutation.

Next, you isolate two regulatory mutations that are not linked to Mox but that are very closely
linked to each other. You call these mutations B1~ and B2~. An F’ is isolated that carries
the region of the chromosome where the B mutations lie. Genetic tests reveal the following
properties:

Methanol oxidase activity

— methanol + methanol

B1~ Mox" + +
B2™ Mox" — -
B1 Mox"/F B* - +

B2 Mox /F' B* - -



Name:

(b 5 pts.) Why can’t you use a complementation test to determine whether the B1™ and B2~
mutations lie in the same gene?

S

(c 10 pts.) Assuming that the B1~ and B2~ mutations are in fact in the same gene, propose
a molecular function for the regulatory component encoded by the B gene. Also describe the
molecular defects caused by the B1~ and B2~ mutations (be as specific as possible).

(d 12 pts.) Draw two different models showing the possible relationships between the two
different regulatory factors encoded by A and B. For your answer be sure to include the
Mox gene and to indicate where and how the inducer methanol is acting.



Name:

(e 5 pts.) To distinguish the two models, you construct an A~ B2~ double mutant. Why is it
better to choose the B2~ rather than the B1™ allele for this double mutant epistasis test?

(f 8 pts.) You find that the A~ B2~ double mutant has the following behavior:

Methanol oxidase activity
—~ methanol + methanol

A~ B2 Mox" — —

Draw a final model showing the interactions between the different regulatory factors encoded
by A and B. Be sure to include the Mox gene and to indicate where and how methanol acts.
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1st position 2nd paosition 3rd position
(S'ind) U C A G (3" end)

Phe Ser Tyr Cys u

Phe Ser Tyr Cys C

Leu Ser STOP STGP A

Leu Ser STOP Trp G

Leu Pro His Arg U

| Leu Pro His Arg c

Ley Pro * Gin Arg A

Leau Pro Gln Arg G

. tle Thr Asn Ser U

tle . Thr Asn Ser C

lle Thr Lys Arg A

: Met Thr Lys Arg G

Val Ala Aso Gly ]

Val Ala Asp Gly C

Val Ala Glu Gly A

Val Ala Glu Gly G
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1. @7pts) Hydroxylamine causes C*G to TeA mutations. After treatment of A phage with
hydroxylamine you isolate a mutant that forms clear plagues on a wild-type E. coli host, but
~ will form turbid plaques on a host that carries an amber (UAG) suppressor. List the codons
in wild-type A that could have been mutated to produce the mutant phage.
Mutated X ¥ \RNA: 8 LA G 3
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0 ®
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(b 8 pts.) Would you expect mutagenesis of the A mutant described above by treatment of

the phage with hydroxylamine to generate revertants that can make turbid plaques on wild-
type E. coli? Why or why not?
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(c 10 pts.) The following sequence (and encoded amino acids) lies within the coding
. sequence of a wild-type E. coli gene:

CTC TCT TTC ATG ACT AGG CTG TTG AAG

leu ser ser met thr arg leu leu lys

A mutant is isolated that has an additional A residue giving the sequence:

CTC TCT TTC ATG ACAT AGG CTG TTG AAG

Describe a possible suppressor mutation that might revert the defect of the mutation shown
above (do not simply describe the back mutation). For your answer, (i) State whether this is
an intragenic or extragenic suppressor, (ii) show the exact sequence change that gives the
suppressor mutation, (iii) give the amino acid sequence of the mutant gene sequence with

the suppressor, and (iv) describe any properties that this part of the protein sequence must

have in order for the suppressor to restore function to the mutated gene.
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2. The ProB gene lies close to the Lac operon, and Lac mutations and ProB mutations
are cotransduced at a frequency of about 80%. You have isolated a new Tn5 insertion near
ProB and Lac. In transduction experiments with this insertion, Lac mutants are
cotransduced 45% with Kan!, and ProB mutants are cotransduced 35% with Kan'.

(a 8 pts.) Draw a map showing the relative order of ProB, Lac, and Tn5. Also indicate as
many of the map distances as you can.
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(b 6 pts.) From an otherwise wild-type strain carrying the Tn5 insertion described above,
you isolate an Hfr that transfers ProB early and efficiently, but transfers Lac genes late and
inefficiently. Draw a diagram showing the structure of the Hfr and indicate whether Kan' will
be transferred early or late.
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(c 6 pts.) You want to use the Hfr described in part (b) to isolate an F’ that carries the Lac
genes. Describe briefly how you would select for the desired F’. Be sure to indicate the
genotypes of all strains that you use.

¢« Mate 16 a strain that s Kan$, Lac™
e Select for Kan' and eowly +ranster
of Lact
o To select agm'nﬂ‘ donovr (Kan'Llad, ProB*'}’

You‘cl alse selecdt R Proa B7.



g

Name: < c\uuh'cl/\ S

Next, you want to map the Tn5 insertion described in part (a) relative to mutations within the
Lac operon. To do this you perform two reciprocal crosses. In cross 1 you grow P1 phage
on a host that has the Tn5 insertion and a LacO® mutation (this strain gives constitutive
expression of LacZ). The resulting phage are then used to infect a LaclS strain (this strain
gives uninducible expression of LacZ). Among the Kan' transductants, 50% are constitutive,
48% are uninducible, and 2% are regulated by IPTG. For cross 2, you grow P1 phage on a
host that has the Tn5 insertion and a Lacl® mutation. The resulting phage are then used to
infect a LacOC strain, and among the Kan' transductants 50% are constitutive and 50% are
uninducible. '

(d 10 pts.) Draw a genetic map showing the relative order of Tn5, LacO, and Lacl. Also
give any relevant distances expressed as cotransduction frequencies.
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(e 5 pts.) For each of the crosses there is a transductant class that you know is the result of a
quadruple crossover. Give the phenotype of the quadruple crossover class from cross 1.
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3. You are studying the regulation of methanol utilization in bacteria. Methanol oxidase,
encoded by the Mox gene, is the key enzyme in the methanol utilization pathway. Methanol
— oxidase is expressed at high levels when methanol is present in the growth medium, but
methanol oxidase is not expressed when methanol is absent. You find a mutation
designated A", which gives constitutive Mox expression and is closely linked to Mox gene
mutations. You have Mox and A™ mutations as well as an F’ that carries the Mox gene
along with neighboring genes and regulatory sites, you carry out the following genetic tests:

Methano! oxidase activity
— methanol + methanol

W A Mox® - + inducble
A” Mox" + + constiturive
dowmfrec T [A”Mox™/F' A Mox* —~ + recessive
m/ans?[/x: Mox" / F A: Mox™ - - ook
A”Mox ™/ F' A" Mox® - + } ans maenng

(a 10 pts.) Give as complete a description as you can of the properties of the A~ mutation,

and propose a molecular function for the regulatory component that is affected by the A~
mutation.

RecesS\'VQI ‘H'aws—ach'vxbl comsthuttve

\R EPYLESSO[L\

Next, you isolate two regulatory mutations that are not linked to Mox but that are very closely
linked to each other. You call these mutations B1~ and B2~. An F’ is isolated that carries
the region of the chromosome where the B mutations lie. Genetic tests reveal the following
properties:
Methanol oxidase activity
- methanol + methanol
B1™ Mox" + + consthhutive

B2~ Mox" - — uwninducele

- P
&aw/rcc", B1__ Mox"/F'B - + recesS Ve
B2 Mox /F B* - -

a‘cwu'havd‘
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(b 5 pts.) Why can't you use a complementation test to determine whether the B1™ and B2~
mutations lie in the same gene? '

—

62.—- s G c\OW\s'mowx’f‘ mutation

:7 cannet PQ-Y'F‘GVW\ Qowplewxevx‘\‘a’ﬂ'avx test.

(c 10 pts.) Assuming that the B1— and B2~ mutations are in fact in the same gene, propose
a molecular function for the regulatory component encoded by the B gene. Also describe the
molecular defects caused by the B1~ and B2~ mutations (be as specific as possible).

R cowld alis Le a repressor

* BL7 could be o mutotrton whrch prevents dhe repressor  Fram
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\oivw\tvﬁ To the repressor | ek ncYW\a\uy Mmactivates +he

repressor (just like 4he “&apzv rcFrtsmv" mutatren i lacI®)

(d 12 pts.) Draw two different models showing the possible relationships between the two
different regulatory factors encoded by A and B. For your answer be sure to include the
~ Mox gene and to indicate where and how the inducer methanol is acting.

Model 1:
Methanal '—j—-
S Y
A l Mox
/\/—\/\"—‘D
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Mo‘le\ 2’
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B j ‘Mo&
_ /\—/\/\_/\D

— Tromswi?h‘orw



Name: Selutions

(e 5 pts.) To distinguish the two models, you construct an A~ B2~ double mutant. Why is it
better to choose the B2™ rather than the B1~ allele for this double mutant epistasis test?

B1L™  conskiutrive
R2" unminduuble
A~ comstrrutive ‘l
« Lin °r&e,v 4o ds o ePfs-lnsié +qs’r/ yeu need N lhave

mutotions witih 2 DEFERENT ?hgwa’r\/eas ta be alle
4o c\fs’n’\'\.JU\'S\'\ between Haem |

(f 8 pts.) You find that the A= B2~ double mutant has the following behavior:

Methanol oxidase activity
~ methanol + methanol

A~ B2 Mox™ - - uninducikle

Draw a final model showing the interactions between the different regulatory factors encoded
by A and B. Be sure to include the Mox gene and to indicate where and how methanol acts.

R s e,?isﬁ*\'c teo A, se {Medel 72 is the corred one:

MQ_‘H’\OW\Q\ '-]—
A R
R —'—‘——‘j— M ox
o Wi N "

T TQ.V\SQY'\?‘\'\'OY\




7.03 EXAM 1l
Review Session Problems

1. Consider an eukaryotic gene regulatory pathway where a small molecule X activates the expression
of YFG (your favorite gene). You have isolated a recessive mutation in J which gives constitutive
expression of YFG and a recessive mutation in K which gives uninducible expression of YFG Genes J
and K are not linked to each cother and neither gene is linked to YFG.

a) Draw out two models showing the relationships between J, K, YFG, and small molecule X.

T7 comshhbive —— ey vegulator
K" u,w(mciu&iuﬁ —F pcs »r"efji,x‘ ot

')< mctivectes exp ) ov"e}"’v"\u pos [ 3 L’»t‘lh”‘—‘/f’ 1

: X”‘“)
P X’/_Qy cdel 2 -
Podel £+ K1 Fedel 2 T
g — KT Y
¥l [ree!

b) How would you go about determining which model is the correct one? Explam how you
would interpret your resiilts.

‘.Df/' Gia . 3\34—&3:) %—{_5".{‘ ~ 3 d V‘S’( V\’__'t_ T— e -
. ‘@i ' = \c ~q: wivtaat  J7K T deotle
wtan T s o s hhiye ; J s < e i<, ad hCé&{ 4 5 cevrect., T
NS epi to J (d«wb{( PANEL NP o vninduale )/ then prodel 20 5 Carvrect .

Assume that you are studying this regulatory pathway in yeast. Based on your logic for part (b), you
cross a MATa J-K+ with a MATo J+K- and get the following types of tetrads:

Typel Typell Type lli
2 uninducible J 'k~ 1 regulated J *i1c* 2regulated I Yt
2 constitutive 7k * 1 constitutive 7 -k * Qﬁmducnble Jo
2 uninducible 7+« - —
, FRARY QR S
¢} What do these results tell you? i v bl

dTKT s Gwinm ducble , which means ko c:,(;{s%—zf.-('-fg te T(.

VJL;-(,L WA E_a ing ?’lgief 2 s CGVV"ZLfJ

d} Now assume that you are studying this regulatory pathway in Drosophifa. If you cross a

J-/3- K+/K+ male to a J+/J+ K-/K- female. Based on what you know from part {c), give the expected
phenotype of the F, flies from this cross. Now you cross the F, flies among themselves to
produce F, flies. Give the expected ratio of phenotypes among the F; flies.

o TNT R 2 T ke
¥

Pl 070 it pegulahd (ossviumy mutation

L are  cessive )

, P ]
Fe JU kL % rey . q -3 b
J gkt 3 cens Rt ¢ & &k

i

\Ti’;‘ K"{L* 3 (,(Vl.x‘v\c[«

JJ K k- i s Vst (,%



2. Based on the Gal Operon, fill in the following table. {DB = DNA-binding domain, AD = activation
domain, UAS = upstream activation sequence, URS = upstream repression sequence, A = deletion).

Gal 1 Expression .
- gal + gal +gal, +glu | Why?
Gali+
o | — " '§<i«} ” S { e «ic t7om
--%—- Wil ';/‘UCJWLAMLC* ﬁv \
Gall-
— — - | mutation prevents proper Gald
. g
Gal4{ABD) Gatd
— — — Can't b\v\ci e wisS
Gal4(AAD)
. e - éwdalés\' {:,e:&bi!'}' 47 e iy ,,,l}/ 2.0 & p
Gaigo- . C)’ﬂ\i ECcan't gﬂ"“’{} e Gal ﬂl/ i (,taviu’fj
- 1 Gald's AD Fren o inberact /R AP
Galg1- i ) ) v _
+ 4 — rutoenm jn Gald s AD that
prevety Galfo & Lindin g
AUAS ‘ 4
- - - s;\.lc s?ic‘;k_k_ ‘4"!‘4" (‘:‘C{{d{' 't"i‘; &c"’l(ﬁ
| ATATA
- e —— M PL{\_\,\_ Lo TH P Al s ‘a{md
AURS . N . Ne loce for rep NRTT piatcin
v i complex toloind | co e way o

Fro off Gal o perti



4. Given the following model of regulation, you want to figure out where P and Q bind on the promoter,

s0 you perform a promoter bashing experiment:

L4

YFG
L Promoter J
300 250 -200 -150 -100 -50 +1
[ | 1 B l | !
1,
p J—
3.
4.
5. -
6.
7.

a} Identify the regions where P and Q are likely to bind and any other important regions on the

promoter.
P Comstihdive Thandp -

& - [PEPRYN c!i M.{;-‘-‘ Li <

@ Q,{‘u\t{-s te yrEG L ain T Ao - 300

v

’P \ga'in.céis tre weﬁf‘ev

—-lOCte

TATA Lex is in reguen

~ ot e ~§O



your set-up).

H & For the following autosomal dominant disease, calculate the LOD score for © =0.16. (Just show

ool

BB
Phese wnknsuon
o AOD AD:H2
Sho L e A 4
nese R S .
} ‘H.\“\,g :v> R - Y2 1331\,} 2
—— o
B o« Ar
30 ¥
D A
'\'ﬂi 3¢ 2 B = A+ {53
N BY- 4z
R > 4D <«

By ¥

"

AC |

These represent the
alleles genotyped for a
marker thought to be
linked fo the disease.

9. & For the folloing autosomal dominant disease, calculat the LOD score for 8 = 0.30. (Just show your
set-up).

AB

® |

AA  AA

AB

On \7,' 2&:) s g?-:}; &nb\ S\T‘\ lﬂé&-

Dhase  takaomn
o L (a8t rav s A (15t 3s)

(2503




10 & ' .____O ‘ I

om0 mO
EONeO WEOLU@-

a) Given that the disease is autosomal deminant and that the LOD score for © = 0.1 is negative, fill in the
missing pedigree genotypes for individuals 1, 2, and 3.

O ac
@ #3
- ® A8

b) Fill in the pedigree so as to maximize the LOD score for & = 0.1.

© AC
@ AL o AT

¢) From part (b), which individual(s), if he/she developed the disease, would raise the LOD score? (From
generation ' only.) Which wouid decrease the LOD score? (From generation 11l only.)
7

pianl

T ncrease o) Au\j bhemr 288 g lefd

De.&ﬁ:",&st, v u,w'%'\{'\u{ Lf:‘:—:r_iﬁ;' e ﬁpzmi\j 2a ~rig)1wi'

Biomihar & 31 5ter
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7.03 Exam 3

Name:

Section: TA:

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

There are 7 pages including this cover page
Please write your name on each page.

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



Name:

1. You are studying how yeast cells grow on maltose and you find that both maltose and
glucose regulate expression of the principal enzyme for maltose utilization, called maltase. In
cells grown without maltose, maltase is not expressed, but maltase is induced when maltose
is added to the growth medium. In cells grown in medium that contains both maltose and
glucose, maltase is not expressed. You have isolated mutations in three different genes that
alter maltase regulation, called A=, B~ and C~. All three mutations are recessive and none
of the mutations are linked either to maltase or to each other. The maltase expression of wild
type and each of the three mutants are shown below.

Maltase activity

— maltose +maltose +maltose & glucose
Wild type - + -
A~ + + -
B— - — —
c- - + +

(a 6 pts.) For each of the three genes, state whether it affects regulation by maltose or
glucose and whether it is a positive regulator or a negative regulator.

A



Next you cross an A~ mutant to a B~ mutant. After tetrads are dissected and evaluated for
maltase expression in either the presence or absence of maltose, the following tetrad types

are observed.

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

(b 8 pts.) What is the phenotype of the A™ B~ double mutant? Explain how you arrived at

your answer,

(c 10 pts.) Draw a model showing the interactions between the different regulatory factors
encoded by A and B. Be sure to include the maltase gene and to indicate where and how

maltose acts.

Name:

Type3
constitutive
constitutive
uninducible
uninducible



Name:

Next, you construct a set of 50 base-pair deletions within the promoter region of the maltase
gene. The ability of each of these deletions to express maltase in cells grown on different
sugars is shown below.

-300 -250 -200 -150 -100 -50 +1 —maltose +maltose  +maltose &

I | I | l | I » glucose
1y __ - + -
2) - . .
3) - - -
4) - + -
5) - N _
6) _ - - -

(d 5 pts.) The DNA sequence of gene C reveals that this gene is likely to encode a
DNA-binding protein. Assuming that the product of gene C binds to the promoter region of
the maltase gene, where is it most likely to bind?

(e 5 pts.) In general, upstream activation sequences function normally regardless of their
distance from the TATA sequence. Which of the deletion mutants shown above demonstrate
that the distance between upstream activation and TATA sequences is of little or no
consequence?



Name:

2. Suppose that body color in cockroaches is controlled by an autosomal gene G. GG and Gg
cockroaches are black, and gg cockroaches are white. Let us consider a population of
cockroaches that lives in your apartment and that mates at random.

(a 5 pts.) You count a week's worth of newborn cockroaches in your apartment and find that they
include 99,990 black cockroaches and 10 white cockroaches. Estimate the frequency of the g allele
in this population. '

(b 7 pts.) Assume that the cockroach population in your apartment has held steady for more than a
year. Throughout this period, you have disiiked cockroaches and have smashed them whenever
you spotted them. White cockroaches are easy to spot on the black floor of your apartment, and
thus white cockroaches (gg) have suffered a selective disadvantage. White cockroaches are only
20% as likely as black cockroaches to survive to reproductive age. What is the mutation rate

(G 2 g) per generation in this population?

(c 7 pts.) You now start graduate school and have less time to rid your apartment of these pests.
This environmental change results in white cockroaches being 60% as likely as black cockroaches
to survive to reproductive age. What would be the new frequency of the g allele at steady state?

(d 7 pts.) After many years, you clear the toxic wastes from your apartment, and the G - g mutation
rate falls to zero. Simultaneously you apply a pesticide that kills many of the cockroaches.
Unfortunately, the g allele confers partial resistance to this pesticide so that, in the presence of the
pesticide, Gg heterozygotes have 20% more offspring than do GG cockroaches. White cockroaches
continue to be 60% as likely as black cockroaches to avoid smashing prior to reproductive age.
What would be the new frequency of the g allele at steady state?



Name:

3. Youare genetically mapping a rare form of osteoporosis (weakened, brittle bones) that
shows autosomal dominant inheritance.

Alieles: + (normal) OS (associated with osteoporosis)
Here is a family in which some individuals are affected:

s
—

—O

[}
cleoOm

SSR61

mooO >
|

SSR62

OO0 TP
|
|
|
|
|

(a3 pts.) What allele at SSR61 did the affected mother inherit from her father (deceased)?

(b 3 pts.) What allele at SSR62 did the affected mother inherit from her father (deceased)?

(c 5 pts.) Diagram the phase relationship between the osteoporosis and SSR61 alleles in
the affected mother.



Name:

(d 9 pts.) Calculate the LOD score for linkage at 8 = 0 between osteoporosis and SSR61 in
this family.

(e 5 pts.) Diagram the phase relationship between the SSR61 and SSR62 alleles in the
affected mother.

(f 5 pts.) Diagram the two possible phase relationships between the SSR61 and SSR62
alleles in the unaffected father.

(g 10 pts.) Calculate the LOD score for linkage at 6 = 0 between SSR61 and SSR62 in this
family.



CLeY
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Name: Solutrens

1. Youare studying how yeast cells grow on maltose and you find that both maltose and
glucose regulate expression of the principal enzyme for maltose utilization, called maltase. In
cells grown without maltose, maltase is not expressed, but maltase is induced when maltose
is added to the growth medium. [n cells grown in medium that contains both maltose and
glucose, maltase is not expressed. You have isolated mutations in three different genes that
alter maltase regulation, called A=, B~ and C~. All three mutations are recessive and none
of the mutations are linked either to maltase or to each other. The maltase expression of wild
type and each of the three mutants are shown below.

Maliase activity

— maltose +maltose +maltose & glucose
Wild type - + -
A~ + + - couwst
B~ - - - unind
c- - + + cousT

(a 6 pts.) For each of the three genes, state whether it affects regulation by maltose or
glucose and whether it is a positive regulator or a negative regulator.

A Malto se — mej athive fﬁju\od-ov-

B Malte se -~ ")Qs‘\’m‘\l{ Cesu\o&o'f*

C G‘\ACOSQ -~ mrljc\Jr—!’V( ft\ju\m%w



Name: Solwh'o\n. S

Next you cross an A~ mutant to a B~ mutant. After tetrads are dissected and evaluated for
maltase expression in either the presence or absence of maltose, the following tetrad types
are observed. A _Y AT B
Type 1 : Type 2 Type3 - cownst wwind

constitutive A"@%  constitutive A"B~  constitutive A" &*

constitutive A"R~ constitutive A"B”  constitutive A" B*

regulated A'R*  regulated A*B*  uninducible At "

uninducible A'R~ regulated A* B uninducible At B~

T NPD D

(b 8 pts.) What is the phenotype of the A~ B~ double mutant? Explain how you arrived at
your answer.

[chHJmHu&ﬂ - because in NPD (ype 23) +ue
double wntauwt ATR™ s Qg,\,\sh'h%\l‘{

(c 10 pts.) Draw a model showing the interactions between the different regulatory factors
encoded by A and B. Be sure to include the maltase gene and to indicate where and how
maltose acts.

Fow ’Pav‘f Q:)J A is CPCS‘\‘&’}""C +o B -

maltose
o
A
_ L [fartmse |




Name: Selutrons

Next, you construct a set of 50 base-pair deletions within the promoter region of the maltase
gene. The ability of each of these deletions to express maltase in cells grown on different
sugars is shown below.

-300 -250 -200 -150 -100 -50 +1 —maltose +maltose +maltose &

I N , glucose
1 B} N _
2) - + .
3) - - _
4) - + -
5) L + _
6) - _ _

(d 5 pts.) The DNA sequence of gene C reveals that this gene is likely to encode a
DNA-binding protein. Assuming that the product of gene C binds to the promoter region of
the maltase gene, where is it most likely to bind?

‘-De\e-h'o\,\ q“2_ SLQNS S avar. ?L‘e"‘°+7[’< as C°~ w\u{‘md‘.

C binds between -2060 and "LSOj

(e 5 pts.) In general, upstream activation sequences function normally regardless of their
distance from the TATA sequence. Which of the deletion mutants shown above demonstrate
that the distance between upstream activation and TATA sequences is of little or no
consequence?

iib-{k{“h'o\/\ wmuntauts L[" é\ SJ

(Deleton wiutont (5 s o delerron of TATA segueuce )



Name: Solutrons

2. Suppose that body color in cockroaches is controlled by an autosomal gene G. GG and Gg
cockroaches are black, and gg cockroaches are white. Let us consider a population of
cockroaches that lives in your apartment and that mates at random.

(@ 5 pts.) You count a week’s worth of newborn cockroaches in your apartment and find that they
include 99,990 black cockroaches and 10 white cockroaches Estimate the frequency of the g allele
in this population.

{
’PL3/3) oo 600 = (o/ooc, = J—ZO’;‘D— J

(b 7 pts.) Assume that the cockroach population in your apartment has held steady for more than a
year. Throughout this period, you have disliked cockroaches and have smashed them whenever
you spotted them. White cockroaches are easy to spot on the black floor of your apartment, and
thus white cockroaches (gg) have suffered a selective disadvantage. White cockroaches are only
20% as likely as black cockroaches to survive to reproductive age. What is the mutatlon rate

(G = g) per generation in this population? survival rate = L-S =
S = O-E

Au‘f’bs aWla ‘ R eLessive

So - %:

L|x

7 M= S%z = LO.X)(O.QI)"':roooOO?X

(c 7 pts.) You now start graduate school and have less time to rid your apartment of these pests.

This environmental change resuits in white cockroaches being 60% as likely as black cockroaches

to survive to reproductive age. What would be the new frequency of the g allele at steady state?
suvvival rote = 1-8S:=0.6

S04
ooooo&‘
l oo!‘%g

(d 7 pts.) After many years, you clear the toxic wastes from your apartment, and the G - g mutation
rate falls to zero. Simultaneously you apply a pesticide that kills many of the cockroaches.
Unfortunately, the g allele confers partial resistance to this pesticide so that, in the presence of the
pesticide, Gg heterozygotes have 20% more offspring than do GG cockroaches. White cockroaches
continue to be 60% as likely as black cockroaches to avoid smashing prior to reproductive age.

What would be the new frequency of the g allele at steady state? Hzo-2
A4 S‘l’C&Ay - stat e for ba[o\v\QQO‘ ?0{\/ wunL(’&\N\ . Sso.'-f-
A Z 0 — £ (a/a) ‘ £(AlR)
Sg* = —~.72 . F Note” $t 1
SCC HZ PCL l ( ’P.'“ Hiats QZ(
T =P 0.2

| N
since vp:\—-i : SZ: (l—-%) H ,._.7 q = s+H ~ OMto

\

= | d—

3



Name: Solutrous

3. Youare genetically mapping a rare form of osteoporosis (weakened, brittle bones) that
shows autosomal dominant inheritance.

Alleles: + (normal) OS (associated with osteoporosis)

Here is a family in which some individuals are affected:

—0

2
—

cCUeom

A
5 _ -
SSRe1| C —
D — — e
E —_ —_ — —
DE AD AD RBE AE BE AB Ac
a - —_—
b —— — PR ——
SSR62 | ¢ _ —_ —_ _—
d —
e B
be <ce c2 ab be ob  ac cd

(a3 pts.) What allele at SSR61 did the affected mother inherit from her father (deceased)?

B O\Ueli

(b 3 pts.) What allele at SSR62 did the affected mother inherit from her father (deceased)?

a QU.Q.[Q

(c 5 pts.) Diagram the phase relationship between the osteoporosis and SSR61 alleles in
the affected mother.

S 08 (we kuow Haa -?L\c\stt_ )
A +



Name: Soluﬁ'OMS

(d 9 pts.) Calculate the LOD score for linkage at 6 = 0 between osteoporosis and SSR61 in
this family.

S
.S
LOD6:°= {Ojlo< ——5;0—7_-52;; = |1.5)

¥ Dov't ‘v\({cl * 7-1_ i the nuweratew b[g we kuow +Haa Pb\asa,

(e 5 pts.) Diagram the phase relationship between the SSR61 and SSR62 alleles in the
affected mother.

a

chso\'\\nl we kunow Hae ?L\QS%!)
A e

(f 5 pts.) Diagram the two possible phase relationships between the SSR61 and SSR62
alleles in the unaffected father.

Phase 11 D g Plhace 2: D e
E e E b

(g 10 pts.) Calculate the LOD score for linkage at 6 = 0 between SSR61 and SSR62 in this
family.

Flowa: <
LODg. » logu ( es)” ) 5|
Sath Total LOD
Dad * = 27

LOD5=0 = [ojlo i('05> d-':%(o.S)g

(0.2.5)g



7.03 Final Exam

Name: Sclubians

Section:

There are 17 pages including this cover page

Please write your name on each page.

Question
Question
Question
Question
Question
Question
Question
Question

O~NOGTA,WN -

TA:

30 points
25 points
15 points
30 points
18 points
33 points
25 points
24 points



Name:

1. You have isolated two different X-linked mutations in Drosophila that affect eye color.
Wild-type Drosophila have red eyes, whereas flies that carry the w mutation have white eyes
and flies that carry the ap mutation have apricot colored eyes. Both the w and ap mutations
are recessive (crosses to wild-type of flies from either true-breeding w or ap strains give F,

progeny with normal red eyes).

(a 5 pts.) A male from a true-breeding w strain is crossed to a female from a true-breeding
ap strain. All of the female F, progeny from this cross have pale apricot colored eyes. What

colored eyes should the male F;4 progeny have?

lAErw”" < Oﬁ )( Yo XX

(7 \‘] )CW ?. Xuxq‘n = (:71\\?- arri'gc*"
80l N

foctnae Mathar
(b 5 pts.) Are the w and ap mutations alleles of the same gene or alleles of different genes?
Explain your reasoning.

SC\M& que’ f)cﬂ\ w and a"’ [eXg: recessive. o w:&c\d’ﬂﬁe,. =
IY\ e Cross L el A!'%:\‘nt. E\aﬂwﬁ\xt: - £ : 3 —= ;i ’ J

s tre o C/Os’z\ﬁ:rieﬂ&n"tzt‘%’{“" test  (For The ‘Sé“‘ )

'S\f\‘-b %L‘j C\"J {\'\;.‘- C/O"\f(f/mf"";k‘ ( ‘DL\[{ -4 fl:’ 1‘&91"3’ V3. ‘r’e/i)

We YThe imatnhiou are s e fame fﬁ-«",y\)}/

(c 10 pts.) A female F, fly (with pale apricot eyes) is crossed to a wild-type male and 1000
male progeny from this cross are examined. Among the male progeny there are 496 flies
with white eyes, 499 flies with apricot eyes, and 5 flies with normal red eyes. What is the
distance between w and ap in cM? (Be sure to state any assumptions that you make.)

white Al o priwt Gre (Dc\;—twk-a.f\ Classes - apt o ap

the  red fits e e rREembomt o ::X:- = ot apr=nred

6al  are ot apet

wt ap
The wap” are “hidden” ap macst &l
, \ . o - e ept
L Cou~ted . ( bfw, they wit wh.!'z) e e
dor Pra idden cleat — ——t— .
£ .25 | K N
_ . leo . Ve M _
Hagt4qet s -

{ WGP i W TGpt jwtap”
Nete o 'i’)@,na""”ﬁ«é— ok }( “ Y :7‘L he X |



Name:

(d 10 pts.) A mutation that gives short bristles (known as sh) is linked to the w and ap
mutations. A fly from a true breeding sh w strain (short bristles, white eyes) is crossed to a
fly from a true breeding ap strain (long bristles, apricot eyes). The female F, progeny are
then crossed to wild type males and only males from this cross are examined. The following
phenotypic classes and numbers are seen:

Bristles Eve color
Short white
Long apricot
Short apricot
Long white
Short red

Number

398
405
g0
102
5

Draw a genetic map showing the relative order of the sh, w, and ap mutations. (Hint: note
the absence of a phenotypic class with long bristles and red eyes). _

W o
e (,,éSSNj

Bé'wbkt cle class s Lomﬁ ted = O
LR andie
{cl | [ clhort okt
e othr  dele s Wdden L sherT W <Y
O v ‘
Ovder i 2 |
<h ap W s\‘,\ w o
- ‘ ¥ ‘ NS 4 + i
Fhe  cross
WYY et
—_— } S NS . o /ﬁ
5 Id /\/ \
#4,__/_\__._}__/\—«——-\— N / ; s "
St ap” wt Sht - ap-
Qowsle cho closas
sh- ot cxr" = Short red
N g - 7
Sl‘ Qe ~ ’ N,
. o
g‘\" o\(j‘? k»j"r - Ltm {“"vﬂ %"\*’ w“__ ﬁ(z’
SO e corredt )\ | e otonidy
| e~ 182 Aot
‘/“ 3
\CD(‘(&,U s <h (ap =)
1 —

r—r————



Name:

2. E. coli can utilize the sugar melibiose after induction of the enzyme melibiase. Melibiase
is expressed on medium that contains melibiose but not on medium that lacks melibiose.
You have isolated a mutation called mut1 that expresses melibiase constitutively, even on
medium that lacks melibiose. In order to study melibiase regulation, you isolate an insertion
of Tn5-LacZ in the melibiase structural gene (note that Tnd confers kanamycin resistance).
A strain with this insertion shows expression of B-galactosidase on medium that contains
melibiose but not on medium that lacks melibiose.

(a 10 pts.) You grow P1 phage on a host that carries the Tn5-LacZ insertion and then use
the resulting lysate to infect a mut1 lacZ™ strain selecting for kanamycin resistance. Among
the kan! transductants, 20% give constitutive expression of 3-galactosidase, whereas 80%
only express B-galactosidase when melibiose is present. Is mut1 linked to the melibiase
structural gene, and if so what is the distance from the Tn5-LacZ insertion in terms of

cotransduction frequency?

\( (fS p \h\r\ujr /‘L '15 I“,.,\(?A \‘\J JT)L! m,}()kxgt_' S-if,jt/{-—v r,_/\ﬂ ‘D(‘\€<

,ﬂ ¢ disderce Feom ok b ThsS - L"“C 2 s %Oo)o Cd’ifmﬁﬁdu¢+fv‘ﬁ

1Y

(b 5 pts.) You obtain an F’ that carries the melibiase structural gene (this F’ includes
chromosomal sequences that span >100 kbp on either side of the melibiase gene). You
select a kanf transductant from part (a) that gives constitutive B-galactosidase expression
and mate the F’ into this strain. The resulting merodiploid still gives constitutive expression of
B-galactosidase. What does this observation tell you about the nature of mut1?

”ﬁ\t reSolds D'F iy ~~Ge o diodea er‘t"i'~/s;5 ;5 A ot r\«-\&/% f LS

o~ AOMC,\&\,’\ Mu’\’\p..‘l;([&)‘\-



Name:

{c 10 pts.) You further examine the F° strain constructed in part {b), and find that melibiase
expression is regulated normally despite the fact that B-galactosidase expression is
constitutive. State what this observation tells you about the nature of mutt and provide as
detailed a model as possible for the molecular defect caused by the mut1 mutation.
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Name:
3 . : st position 2nd position 3rd position
{5" end) U C A G {3’ end)
. Phe . Ser Tyr Cys 9]
Phe Ser Tyr Cys C
} Leu Ser STOP sToP A
teu Ser STOP Tep G
Leu Pro His Arg #]
Leu Pro His Arg [
Leu Pro * Gin Arg A
Leu Pro Gin Arg G
T lle Thr Asn Ser u
fe . Thr Asn Ser c
te Thr Lys Arg A
’ Met Thr Lys Arg G
Val Ala Asp Giy U
Val Ala Asp Gly c
Val Ala Giu Giy A
Val Ala Glu Gly G

(a 7 pts.) Write out the DNA base sequence of the segment of the tRNAYP gene that codes

for the anticodon sequence (tRNAUP = tryptophan tRNA). For your answer, show both strands
of the DNA and indicate the 5’ and 3 ends of each strand. Also indicate which strand is used
as the template for transcription of the tRNA molecule.

e
B SR G G- 5T ¢ Ay \
f A b SI-A C C’? — ille G T "Sf 5
.

5 /

(b 8 pts.) After mutagenesis, two different nonsense suppressing alleles of tRNAP can be

isolated. Use the same format as above to write out the DNA base sequence of both

nonsense suppressing alleles and indicate which nonsense codgn(s) can be suppressed by
. e o B P

PR LN A
each allele. sufEr o A ow A
/ {A A {5 C U A
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Name:

4. vyou are studying the yeast genes needed to metabolize organic phosphates. The key
regulated enzyme is phosphastase, which is needed to release inorganic phosphate from
organic phosphate compounds in the medium. Phosphatase is not expressed in medium
that contains inorganic phosphate, but is induced to high levels in medium with no inorganic
phosphate. You have isolated a recessive mutation that shows uninducible phosphatase
regulation, which you call pho4—.

Phosphatase activity

+ phosphate —-phosphate
Wild type - +
pho4— - -
pho4~ / pho4+ - +

Starting with an uninducible pho4~ strain, you isolate three different revertants (called
revertant 1, 2, and 3) that restore phosphatase expression on medium without phosphate.

(a 10 pts.) Revertant 1 shows regulated expression of phosphatase. A cross of revertant 1
to wild type gives the following tetrad types. (Type 1 is the most abundant class).

Type 1 Type 2 Type3
regulated regulated regulated
regulated regulated regulated
regulated regulated uninducible
uninducible regulated uninducible
T PO N?D o

What kind of mutation could produce the behavior of revertant 1. Be as explicit as poésible
and explain your reasoning.
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Name:

(b 10 pts.) Revertant 2 also shows regulated expression of phosphatase. In a cross of
revertant 2 to wild type only one tetrad type is observed.
Type 1
regulated
regulated
regulated
regulated
°D
What kind of mutation could produce the behavior of revertant 2. Be as explicit as possible
and explain your reasoning.

b Q,L vtz N sin

D'V’

*%'\\jbfl?'r; 11”m\«’“£f§ | i\z\h’ﬂxjfh ‘XL. -SUV’{’) LSS o
be couse o«v\(y PDs

(c 10 pts.) Revertant 3 shows constitutive expression of phosphatase. A cross of revertant 3
to wild type gives the following tetrad types. (Type 1 is the most abundant class).

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

T PD NPD

Give an explanation for the type of mutation that could produce the behavior of revertant 3.
Rev 3 e? e Ple &
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5. Albinism is a rare condition that is inherited as an autosomal recessive phenotype in

many animals, including humans. This phenotype is caused by the body’s inability to make
melanin, the pigment responsible for most of the black and brown coloration in animals. In a
particular population of wild hamsters, albinism occurs in about 1 out of 5500 animals.

(a 4 pts.) In this population, what is the frequency of the recessive allele responsible for
albinism? (Assume Hardy-Weinberg equilibrium.)
l

7 : 2 ) f_! T
fala)= 5500 =9 7 % [5500 ’@

A

(b 4 pts.) Inbreeding can occur not only in humans but also in other animals, including
hamsters. What are the inbreeding coefficients for the following matings?

i L l(cu,u,r{i_ - b Vo o~ 5SS
rother-sister: ,
brother-sis P | ﬂ_l.o) i |
, o~ "Z { A . I
1% cousins: I{ "Qd—;jj (’; IR
(o

(c 5 pts.) In this population of hamsters, what is the probability that an animal resulting from a
1% cousin mating will be albino?

flafa) = Frg= g nC00G =

(c 5 pts.) In this population of hamsters, 1 in every 800 matings is between 1* cousins.
(Assume that all other matings are random.) In this population, what fraction of all albino
offspring will come from 1% cousin matings?

?’-‘—c‘)c\\?%‘l:‘v e( albiuwc a%-&-sfm‘*f\j -f‘ﬁ‘&'*-“%‘”\j £ 'L“—C;us‘m wtc»h‘/‘j5 - (‘§SC>(?A‘L>
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6. In some families, breast cancer displays autosomal dominant inheritance. Here is one
such family, with the results of typing for SSR126 (alleles are designated A, B, C, D, and E):

S S P S

AB DC DB AC DG

In analyzing this family, we will make two simplifying assumptions:
1) That penetrance is complete in females; all females with the mutation get breast cancer.
2) That males cannot get breast cancer, even if they carry the mutation.

(a0 pts.) Calculate the LOD score for linkage between breast cancer and SSR126 at

8 =0.1.

G I |
Ry + K (08
L OD O=4 = 103‘0 (-'35) 7

= .53
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One year after your original study, you recover DNA samples from a previous generation and

type them for SSR126 (results shown below).

EEEEIEEE

(b 7 pts.) Recalculate this family's LOD score for linkage between breast cancer and

SSR126 at® =0.1.

male shll unmn%(mcr%ﬁd\é . phase. s nov Brown |

6 \
Lobe = ko (LD

= .93

(c 3 pts.) No woman in this family developed breast cancer before the age of 37, despite the
presence of a predisposing mutation. Why does it take so long for the predisposing mutation
to manifest itseli? (Focus on the cellular level in your answer. A ONE SENTENCE answer is

sufficient.)

Voo neod mo\'\w‘?& mUTe hansS i \muHﬂ'PJ@
SQV\QS 10 d\a\}Q\O‘p C oncay ., T + Tokes mav\y
\eors Yo davelos all Ahe mFraons |
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You subsequently pinpoint, at the molecular level, the gene that predisposes io breast cancer
in this family. You 1) name the gene BRCA, 2) demonstrate that affected women in this family
are heterozygous for a loss-of-function mutation in BRCA, and 3) demonstrate that BRCA is a
“tumor suppressor” gene. You identify a mouse homolog of the human BRCA gene and
decide that you want to generate a mouse model of breast cancer.

(d 3 pts.) What type of modification to the mouse genome would you make to study BRCA's
role in breast cancer? Explain your choice.

Swca BRCA g o —tumol SUPppressol Gane, lo;s of flnckion
of M ERCA geru is ore ol Ang Woteiong \Qmﬁ\\v%—*m Canc (|
To medel his Yoo wolkd woke & kocked movsd miSSmi

a COF\/ ot “tha ’%’R ano_ |ike i humavs .
(e 7 pts.) Draw the DNA construct youwould use to modify the mouse genome, and explain

how your construct would integrate into the mouse genome.

e DIVA Wold weaft indo Fhe BRCA locos b\/'
homologeds YeComomnahan

(f 3 pts.) You create mice that are heterozygous for your construct. You cross these BRCA
+/- mice with each other and obtain 185 progeny, 125 of which are BRCA +/-, and 60 of which
are +/+. What might explain these breeding results?

Jou viodd apect 1+lr It \.")”.

No =] = mice ane @emm bom 'm\mg*w? Hha't The
dalchon G—C’W\ij_ﬂz i< Jethe) o e embno
RRCA mst ke an essonhal gere, |
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7. The incidence of insulin-dependent diabetes in the general population is about 0.4%.
The incidence of insulin-dependent diabetes in relatives of affected individuals is as follows:

% affected

Siblings 9%
Parents 8%
Aunts and Uncles 1.6%

(a 3 pts.) Is this data consistent with simple autosomal dominant inheritance (complete
penetrance; no environmental influence) of insulin-dependent diabetes? Justify your
answer.
N,
ANA ol least one patenT ol an alfeate ) ahi\)
Ul e alfecked

o cdfeched Low 5000 Tneys coovla he 5307,

(b 3 pts.) Is this data consistent with simple autosomal recessive inheritance (complete
penetrance; no environmental influence) of insulin-dependent diabetes? Justify your
answer. e

[N " p - " . \ . Pr
[P & N S Ko S\‘Q'\\mcsi T O R éh W 24 {;

(c 3 pts.) What additional data would allow you to draw conclusions about the role, if any, of
environment in causing insulin-dependent diabetes?

/‘/\01\0'?,&45 40 i o stvdles, Sinace ’“%'qu;uj Shage \COCY,

(;J? thor epenayg K Ay et e ot S O0% cenic e A ooy

N Yherd oge @ \J’\\)\L\_;Bf\ oA Fa\ \-.'“‘.'J%itUE;\(x CES
In 1994, human geneticists interested in insulin-dependent diabetes typed 96 affected
(concordant) sib-pairs (and their parents) for more than 200 SSRs scattered throughout the
human genome. The investigators expected to find random allele sharing at most SSRs, but
sought to identify one or more SSRs at which the hypothesis of random allele sharing could
be ruled out. Some of the SSR findings in this study are shown below. (Realize that, at any
autosomal locus, sib-pairs can share 0, 1, or 2 alleles by descent. In this study of 96 sib-
pairs, there are, at each locus, a total of 96 x 2 = 192 alleles to be examined for identity or
non-identity by descent.)

# of Alleles # of Alleles NOT Total
SSR Chromosome Identical by Descent Identical by Descent # of Alleles
SSR1 5 101 91 192
SSR2 5 86 106 192
SSR3 6 137 55 192
SSR4 6 a9 g3 192
SSR5 11 a0 102 192
SSRé 11 118 74 192
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(d 2 pt.) What fraction of all alleles at all loci are siblings (in this or any other study) expected
to share by descent? \

g

2z

(e 1 pt.) In this study, with 192 alleles examined (per locus), what number of alleles (per
locus) is expected to be identical by descent, assuming random allele sharing?

46

(f 7 pts.) Based on the affected sib-pair results shown on the previous page, can the
hypothesis of random allele sharing be ruled out at one or more SSRs? Base your

conclusions on Chi-squared analysis.
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Table 5-3. Critical Values of the 2 Distribution

a L 0995 0975 09 0.5 0.1 0.05 0.025 0.1 0.005  df
1 000 000 0016 0455 2706  3.841 5024 6635  7.879 | 1
2 0.010 0051  0.211 1386 4605 5991 7378 9210 10597 | 2
3 0.072 0216 0.584 2366 6251  7.815 9348  11.345 12838 | 3
4 0.207 0484 1064 3357 7779  9.488  11.143 13277 14.860 | 4
5 0412 0.831 1.610 4351 9236  11.070 12832 15086 16.750 | 5
6 0.676 1.237 2204 5348  10.645 12.592 14449 16.812 18548 | 6
7 0.989  1.690 2.833  6.346 12017 14.067 16.013  18.475 20278 | 7
8 1.344 2180 3490  7.344 13362 15507 17535 20090 21955 | 8
9 1735 2700 4168 8343 14684 16.919  19.023 21.666 23.589 | 9
10 2156 3247 4865  9.342 15987 18307 20483  23.209 25.188 | 10
11 2603 3.816 5578 - 10341  17.275  19.675 21.920 24725 26757 | 11
12 3.074 4404 6304 11.340  18.549  21.026 23337 26217  28.300 | 12
13 3565 5.009 7.042 12340 19.812 22362 24736  27.688  29.819 | 13
14 4075 5629 7.790 13.339  21.064 23.685 26119  29.141  31.319 | 14
15 4601 6262 8547 14339 22307 24996 27.488 30578  32.801 | 15
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(g 6 pts.) Based on this affected sib-pair analysis, how many genes contribute to insulin-
dependent diabetes? Justify your answer.
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Name:

8. While home on winter vacation, you are called by your family physician to provide an
expert genetic opinion on an unusual patient: a 47,XXX boy.

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

SSR1 SSR2 SSRS SSR4

I T |

]

- A — =
SSR1| B —

S C - - -

~ A A
SSR2| B (= — B

Lc — =

- A 6_‘—:,&_}’
SSR3| B - — s

L c —

e A — ———
SSR4| B — — ®

. C —_ —_

(a 2 pts.) In which parent did nondisjunction occur?

vl
[ WA E'AN

(b 3 pts.) In which division of meiosis did nondisjunction occur?

Mia ) ——
Merosis TT
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{(c 5 pts.) Sketch the meiotic event in which nondisjunction occurred. Your drawing should
include the SSRs present along the X chromosome,
AnC A p 8sC

el K2 R3 RYy '
8= T MOk b e )
t e 1 i et cnaevn
An s B 5orC Az Lft{a}b{\ » . Lo
A A | 8 ﬁ—% ""*7:;_” fﬁl i }? :_LL‘.} R woT
g A Y} mE
s e - atman b - ﬁm(' 3 il Bl ) B T
Bal 2 oo -
o et p
P ~ o ¥ ’
Aac B A P(‘;&m
b{ 4

SR Y
(d 6 pts.) What might account for this boy's having developed as a male despite thes
presence of three X chromosomes? Explain how you would test your hypothesis.

W eC cmbing hon betueers X g e Lo 71»}’\6 %h’/\fr
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- PCr spy
(e 5 pts.) How would you account for the absence in the XXX boy of a paternal allele for

SSR17?

wtenck X5 35ELwos et dug cecembiaton /Y
.

Chiramese ¢ as  clescribeol above

(f 3 pts.) Write an equation to estimate the frequency of such XXX males in human
populations. (No calculation needed.)

o= * P 5 \ : . ’ 3 . Pod i .
2 p (neachsyuretion i mothe- ) x pC X =Y rzcombimathon nkéQWQD



