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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 nhame on each page.

Please...

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

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

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

Question 130 points
Question 240 points
Question 330 points
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1. Consider the hypothetical mouse traits for high blood cholesterol and black fur. The
trait for high cholesterol is specified by a dominant allele designated H C, whereas the wild-
type allele for normal cholesterol levels is designated he. Black fur is specified by a
recessive allele designated bl, whereas the wild-type allele which gives brown fur is
designated BL. The genes for both of these traits are 30 cM apart on the same autosome.
Assume that both traits are completely penetrant.

A brown female with high cholesterol (indicated as 1 below) is mated to a black male with
normal cholesterol (indicated as 2). The progeny from this cross include a brown male with
high cholestero! (indicated as 3) and a black female with normal cholesterol (indicated as 4).
The crosses in this problem are represented in the following pedigree:

(1) 2

brown fur black fur
high cholesterol normal cholesterol

3

brown fur black fur
high cholesterol normal cholestero!

black fur
normal cholesterol

?

(a 12pts.) Give the genotypes of each of the mice.

(Example: Mouse 5 genotype: _E—rf_ )
bl hec
BL HC BL he
Mouse 1 genotype: or ——
bl he bl HC
Mouse 2 genotype: M
ol hc

Mouse 3 genotype: ',SL—__H_C:
bl hC

Mouse 4 genotype: | Whe
bl he




Name: Souumion SET

(b 8 pts.) Mouse 3 is mated to a black female with normal cholesterol (indicated as 5).
If four mice are produced from this cross, what is the probability that all four will have brown fur?

Movse #3 % X bl Mouvse #S

bl

\

__B-T or b] | for o Hc:f of \Cauf I
. ] l
0 (7 has rown ?w)" = ’2“_ 1Jo J

(c 10 pts.) Given that a progeny mouse from the cross described in part b has black fur,
what is the probability that it will also have high cholesterol?

F3 BLHC | bl he e, for all mice
ol e ol he with plack for
b Lthar Nave ’Ar‘cjl/,
2 u L he ) hole gq‘éro.
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Mutations in the white gene on the X chromosome of Drosophila give white eyes
instead of the normal red. You have isolated both a dominant white-eyed mutation
(designated w-1) and a recessive white-eyed mutation (designated w-2).

(a 6pts) A white-eyed male from the w-1 line is crossed to a wild-type female. What color
eyes will the femal% progeny from this cross have? What color eyes will the male progeny

have? Xw-t \f ® Xu&-l X gl
. : W-i v W "
§ ot f XKoo X Y; 5 red
XX WY

(b 6 pts.) One of the female progeny from the cross in part a is mated to a white-eyed male
from the w-2 line. What fraction of the white-eyed progeny from this cross will be female?

+ _t > 4 R 2
Wl W= W W2 wet T w2
X X ® X% Y
\‘l/
T2t t g™ wFwa 7
£ ved Juntw et 4 Y el &
< <,’_ X X
o Pwt w2 w—lbw—a+ P 4, T
P whte EX Y % \‘ = uhle ¢

2 W srogeay = Y, o whitgye prgony e T
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(c 8 pts.) A white-eyed female from the cross described in part b is crossed to a wild-type
male. Among 500 male progeny produced by this cross there are 5 that have red eyes. What

is the distance between w-1 and w-2 in cM? N > (jamxﬁ-d
N LT o2 . +
{M/LU'E‘ZL}Q;J ?. 1£ (J\OS = X il _:> i 2 i DQ R <r&b,,,-g\3)
—.—‘.—u.rl" N-'ZD\ - o4 & D .+
X 17 A 1Y 2
~ ,+' 2
- S NN — L
L« - <o e
* o T 2eH (Reco) 17 27 5 fad gt
S" -

(d 10 pts.) The gene for hairy-wings (hw) is also on the X chromosome and is linked to the
white gene. A female fly from a line that is true-breeding for both hairy wings and the w-2
allele is crossed to a male fly that has normal wings and the w-1 allele. An Fy female from
this cross is mated to a wild-type male and a large number of male progeny from this cross
are examined. Three of the male progeny have red eyes and all of these red-eyed males
have hairy wings. Draw a genetic map showing the most likely order of hw, w-1, and w-2.

O (,{g }Yrﬂﬁ ?,30_01 wt L\Sf ) xt"t’t' \{ 4 porect -—Cf()(_@.”za. Lﬂ([fSC(/‘Yﬂ/
{ '

— D wes ble order
N ek — t el
——de— - i = T o=l =2 b
e\ =2 7o . ; (o=l =2 biic
(-1« —+ e {
o~ /‘ ;
o8& L o=E \
. . N ol o oriler s
—— S =% w‘»-zx + Tmo 3% T TS
w2 (EEh 1S : ol -2 J7e0 =2 Lo )
L s i ; st g2 S -
-+ -t “+

(e 10 pts.) Of the male progeny produced by the cross in part d, 50 have white eyes and
hairy wings. Each of these male flies is mated to a wild-type female. 35 of these crosses
produce female progeny with red eyes, and 15 of the crosses produce female progeny with
white eyes. Give the distance between the genes for white-eyes and hairy-wings in cM.

elowibinat I
recowt %xzoo =30 CM,
parentod —»35
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3. Mutations in several of the genes of the adenine biosynthetic pathway cause yeast
cells to accumulate a red pigment, and therefore to form red colonies. You have isolated two
new mutants that give red colonies designated ade-1 and ade-2.

(a 6 pts.) Youcross anade-1 strain to an ade-2 strain and the resulting diploid forms
white colonies. What can you now conclude about the nature of the ade-1 and ade-2

mutations? )
ade«[ and ade-7 ave lecesstye

odde (- and ade? o Miplenent Oach e ~tThey ore In chfFreren
(TSJQH€.6 -

(b 8pts.)  The diploid from part a is sporulated and 15 tetrads are dissected. The plate
with the colonies that grow up after tetrad dissection looks like this:

Co000eO06O0000 OCO00O0OCGTC
©0 000 COOOOOO6O0©080 ¢ :dcoony
0 OCP00O0OG0OCOOCLOELO®O®O® ( white colony
000 O000OOGOOOGOO O

How many tetrads are there of each type?
PD= & T= b NPD = |

What is the distance between the ade-1 and ade-2 mutations in cM?

. T LNED R . - ,
Ol = *—'-;i’é” - . é’;f/ C!OO) —-— L= (e > - Lo g %
50 /
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(c 8pts)) You isolate a third mutant that forms red colonies designated ade-3. You cross
ade-1toade-3 and dissect 15 tetrads. The tetrad dissection plate tooks like this:

L NON N N N NON N N N N NON J
Ce000000000000OF0 @ red colony
00000060000 OCGONOSNOS O white colony
ON NoNoN N N N N N NON N NON

How many tetrads are there of each type?
"

PD= (5 T= p NPD = Z/-

What can you say about the ade-1 and ade-3 mutations?

e | 4 ade2 ace pnhinked Grg aoch eTher

cdel 4 aded are on diffecent chiomesones

?C\.’ Jf d Eme Hﬁ(&



7.03 Exam 2

Name: SG\U‘HOV\S

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...
« Show your work and any assumptions that you make.

« Check your answers {0 make sure that they make sense.

Question 1 35 points
Question 2 35 points
Question 3 30 points
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1.  You have made a mutation in the c! gene of phage & by inserting four extra base pairs
in this gene at a restriction enzyme site. This mutation is designated ci-1 and gives clear
plaques rather than the normal turbid plaques. You have another mutant ». strain called s
which forms small plagues. You cross an s mutant with a ¢l-1 mutant and examine 100 of
the resulting plaques. The following types are found:

Plague type Number
large turbid 14
large clear 33
small turbid 37
small clear 16

(a 5pts.) What is the distance between ¢i-1 and s in map units?

4t .

] RNy \.‘ >~ o
— X o0 = SO vna
[CC !

(b 5pts) You have isolated a deletion that removes 10°s of the phage ». DNA but does not
affect any of the normal functions of the phage (i.e. otherwise wild-type phage with the deletion
make large turbid plaques). You cross a wild-type phage carrving the deletion to a double
mutant phage carrying both the ci-1 and s mutations. The following plaque types resuit from
this cross:

Plague type Number
large turbid 88
large clear 4
small turbid 6
smal! clear 92

What is the measured distance between cl-1 and s in map units? What does this result
indicate about the position of the deletion on the genetic map with respect to cl-1 and 87

L | I,
-i:f*x H)OZXE,BPM»UI
140

} the delebien 1s bpehween  of - awd;éj
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{c 10 pis.) Given the effect of the deletion on the distance between ci-1and s, what is the
total genetic length of the phage in map units?

it N n
i 505 mud T 24+ Mo

U
(o)

Y
24.F o = 107/ ( rotak cjes/\c'rs(; Levgra)

i\io‘rai genehc Ké‘nc)*"/l R wxxui

(d 3 pts) Recall that the ¢l-1 mutation was produced by an insertion of four base-pairs
into the coding sequence of the ¢l gene. By treating ¢l-1 mutant phage with preflavine you
isciate a revertant that ncw makes turbid plaques. When this reveriant is crossed to wild
type, mostly phage with turbid plaques are produced but a few phage with clear plaques are
seen. What kind of reversion mutation could explain this result? Be as specific as you can.

1S \v\t\/aa;cfm ¢

oy

.- - . . e o
and inavclvee STE SSrt CT Sy aivae st T

e w. « U Adelehen
. o0F ¥ add i vion

(e 10 pts.) You cross the revertant isolated in part d to an s mutant. Out of 1000 phage
produced from this cross, 20 have clear plaques. Of these clear plaques, 15 are large and 5
are small. What is the distance between cl-1 and the reversion mutation and what is their
relative order with respect to 87

c\eaw p\cCL'\*@ﬁ ove Tt (g Uy o«g oo Cfosioves
between e c-'fiﬁ'%i/\m\ mudabion and 1 reversitin
rudnkion, sc ty 20 ghage thad preduce Clear

plaguas Gre reprecentative of Haw recomlinand clasces

A x\OOv>\&w%qu

000
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2. Considera portion of the £. coli chromosome that carries the genetic markers hisA,
trpB, and araC. Phage P1 is grown on a wild type host and the resulting phage are then
used to infect a hisA~ trpB~ araC- recipient strain. His* transductants are selected and then
tested for the presence of the other markers. The phenotypes of 100 His* transductants are
given pelow.

Phenotvpe Number
Trp+ Ara® 45
Trp~ Ara* 5
Trp~ Ara- 50

(a 10 pts.) Draw a map giving the relative order and the cotransductional distances
petween the markers hisA, trpB, and araC

45—

—50% — ,

] i ;

(b 35 pts.) You have isolated an Hfr derivative of wild type E. coli that transiers the hisA
marker early and irpB and araC markers late. Draw a diagram of the Hfr showing where F is
inserted and its orientation.

fis A
H ’ AraC TFPB
H\_—M—————/f}——i./‘vﬁf‘ﬁ ]L t

(c5pts.) fn a cotransduction mapping experiment, phage P1 is grown on the Hfr strain
described in part b. These phage are then used to infect a trpB~ araC- recipient strain.
Would you expect the cotransduction frequency of Trp+ and Ara+ to be greater than or less
than 50%7 Why?

Greaf'e;\ T ha 5‘970 \{Outlr%j(nou/ )Cfam }M’f a) Fhat
0{50 Know

A"QC CIM/ T?‘/JB e C,}Ofﬁ 4-09@?,!*157‘, YO“
‘H'\a+ ”H;Q F P)qﬁmfft/ C{'u/ not "/77Lcjmfd betwees
Af‘&l(/ a,«‘j TI‘FE
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(d5pts.)  How would you select for an F' derived from the Hfr strain described in part b?
(Be sure to give the genotypes of any strains that you would use).

mare  to F T AnT TrpT S#pR

Un J 56 l}CC{- T/-\c) ~ EY 'f"pa s + J'\{,'l T are

+ - ' & ,
A ra JTf?+/ 5'@0/3 CH[’L"F A sher mq'ﬁm/ﬁ”

(e 10 pts.) An F' carrying the trpB+ and araC+ markers is isolated from Hfr strain described
in part b. You introduce this F' intc a trpB~ araC- strain and then isolate an Hfr that can
transfer nisA+ efficiently. This Hir transfers troB+ early out transfers araC+ late. Draw a
diagram of the recombination event that produced this Hfr.

]
{
(}'7 g ’4/‘.16 7 T/Idl;

Aral ~

~
(sueston 3

Poct oo oanitted
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(b 22 pts.) Are the lacZ product (3-gal) and the lacY product (permease) constitutive (C)
inducible () or uninducible (Un) in the following seven strains?

3-qal permease
lac O+ Z- Y~ /F'lac CC Z* Y+ C c.
lac Ot Z+ Y+/F'lac OC Z- Y- T _1:
lac I+ Z= Y=/ F iac 1S Z* Y+ () Un
lac 1+ Z* Y=/ F'iac 18 Z- Y- Un A
lac =4 Z= Y=/ F'lac 1S 2+ Y+ C C.
lac I+ OC Z- Y+/ F' lac IS O+ Z* Y- Un C

lac -d OC Z- Y+/ F' lac IS O+ Z+ Y- C C



7.03 Exam 3

A
Name: SC\Lx\"mV}S

Section: TA:

Exam sterts at 11:05 and ends at i1:55

There are five pages including this cover pages

Please write your name on each page.

Please...
e Show your work and any assumptions that you make.

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

Question 1 35 points
Question 2 35 points
Question 3 30 points
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2. The HIS4 gene in yeast is regulated by the positive regulator GCN4 and the negative
regulator GCD1. The phenotypes of null mutants in these regulators on H/S4 induction are:

gen4- uninducible
gedi- constitutive
gcnd— gedi1- uninducible

(a 8 pts.)  Draw the epistasis pathway for H/S4 regulation by these regulators.

> s 4

SCCL \ — 3(‘.#\ L&
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Another positive regulator of HIS4 is GCN2. The phenotypes of mutants ars:

genz- uninducible
gen2- gedi1- constitutive

(b 7 pts.) Redraw the epistasis pathway adding GCN2.

Scnz_-—‘lﬁcp’ ——‘\qu —_— \’\'\S%

Gain of function mutations can bs isolated in either GCN2 (GCONZ2°) or in GCN4 {GON<=2,. zither
mutation results in constitutive expression of H/IS4.
(c 10 pts.) Give the phenotypes cf the fclicwing doubls mutants and provide & ons senisncs
expianation for your enswer:

. . ’ ' R W WY
GCN2e gend— wawduakle ! 35,\,\ s ev refie to a2

gen2- GCN4e Conahi bwtive a\mq s c(»\,‘rvﬁv{_ o o (=

Finally, gain of function mutations in GCD1 (GCD1un) are found resulting in uninducibility of HiS4.

(d 10 pts.) Give the phenotypes of the following double mutants and provide a one sentencs
explanation for your answer.

GCD1Un GCN2C waindue ble © Ged) is 63?546«‘\"‘6 , So i

O&JwCW@ W 5&\/\ L(

GCD1Un GCN4C & o nsHhbalive o 3cwq 1% Q/?Nm) so C‘\'\*‘&“\S ackivedes
his Y
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3. (a 5 pis.) Consider an isolated island population. i the population is in Hardy-
Weinberg equilibrium and 16% of the islanders exhibit a recessive blood antigen, what is ths
fregquency of the allele for the antigen?

qbzs.'*{

(b 10 pts.) The blood antigen is originally nonexistent in the mainland population, but &iter
extensive migration of islanders to the mainland half of the mainland population is finally

“ﬁmoosr*d of islanders. How many times more prevalent will the blocd antigen be If there |
no interbreeding between the o'iginal mainland pcpulation and the newly arrived islandsr

(_/)

slele ! ticn than if there is random interbreseding between the two populations?
(PR )(e, \g«"eec\«“"\ R S A T
L b _dowble pope Aodrion IR
i 1
‘(;'(..C\O‘wl = .U\; .(.3> .L(\ * O — o = -
= . (/3 ‘Z/- ‘\'” o ’
L?“‘: _L",:‘Q‘\‘i\m)
I
v
i 1
7 Hmes
J

(c 2 pis.) You hypothesize that the relatively high frequency of the blood antigen in th

isiand populatlon is the result of a balanced polymorphism. If the selective advaniags
heterozygote is 10%, what selective dfsadvantage for the homozygotes with the blood

antigen would be nseded to explain the ailele frequency in the island population?

4]

O
)
m

-

oy

[

[s
(d 10 pts.) Consider a population in which first cousin matings occur at a frequency of 0.008
and second cousin matings occur at a frequency of 0.032 (assume that the remainder of
matings are between unrelated individuals). Given that half of the individuals with a

recessive trait have parents that are either first or second cousins, calculate the allele
frequency for the trait.

L 2
\01( (5% Consim morcioges ) = 7 £ % (.o0%) & qub_g,ozzﬂ

P
u

T‘qu (.00%) 4+ C;';{%(,wz)

9
o
|

. : !
FL2 Gt mennsigg) =/



7.03 Final Exam

Name: Selutons

Section: TA:

There are thirteen pages including this cover page

Please write your name on each page.

Question 1 25 points
Question 2 25 points
Question 3 25 points
Question 4 25 points
Question 5 25 points
Question 6 25 points
Question 7 25 points
Question 8 25 points
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Name:

2. You have isolated two mutations in the c gene of phage A ; both mutants produce phage
with clear plaques rather than turbid plaques. You have also isolated a mutation tsm-1,
which produces temperature-sensitive phage that cannot form plaques at high temperature.
Mapping experiments generate the map below (cl-1 and cl-2 are 0.5 mu apart and tsm-1 and

cl-2 are 4 mu apart).

cl-1 cl-2 tsm-1

! | I

0.5 mu 4 mu

(a 20 pts.) Youcross acl-2 mutant to a cl-1 tsm-1 double mutant and examine 1000
plagues. In the table below give the number of plaques of each type that you would expect to

find.

Number
temperature-sensitive clear _ A4l
temperature-sensitive turbid ~ %
temperature-resistant clear ~ 500
temperature-resistant turbid ~
% ci-27  «+
cr-d”  f 0 tswed”
Plienety e
e P Gein sty pe #
temtp sseis clee P - Fy Al :
pse leca L1 er2* townq (iiu)(q )= (L) = w3t PR
v

s 2 b1 (i L) ()l (3 = ag | eoeee
e+ 2" fem-17 Cﬁ)(lw)(laﬁf‘)(*)"

bevp-sems ke s .
f“evmf $Cns e ‘O,F e~ 4 cI-~2+ tim~-17 (%i)( %;)(tgvr)(é):’ 2'({__ ’S v 2
Fewprres clear S A T ((fi?) | %« Moo )(5)= 4.5

CI\i% ci‘l" f\s""\”j‘i clj“)) < )(”’ )(2): 17, F:: /vlmv

ei~17ct ™ tweat
| ¢ w))(l%)(,wj( )= 2w
Fenp-res dmvbid CI~iJ" T2t oo A4 SR )
i el -2 T v 1 (_%;)(“‘0‘\)([@@))(%} = 0 }ruQ
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3. A recessive X-linked trait is present in the population at an allele frequency of 0.6. A man
with the trait marries a woman who does not express the trait.

(a 5 pts.) What is the probability that their son will express the trait?

- ¥ v N wto o
p= ©-% X1+« XX
gq=0-G : _ : . ﬂ
P(chx a(#'fec?ccl) = P(Mc&"/\ s cavr{e-") x P(How\ passes c\(({le)

= 2—{-‘% ¥ =
=Pg = (o%)(0.e) = \ 0,141,

(b 5 pts.) What is the probability that their daughter will express the trait?

P (c{awj bber e o &) :/,;——;‘\

Suppose that there are two different autosomal genes that are 40 ¢cM apart and that recessive
alleles in either gene will cause albinism. An albino man marries an albino woman but their
children all appear normal.

(c 5 pts.) Give an explanation for this finding.
Newnalilelic 'ln{i'arcﬁene,%)/ ~ that &  Hhert ard wmo Haaw £ geng

invelvued  Haiod could caus € el b v

(d 10 pts.) If two of the grandchildren of the albino couple have a child together, what is
the probability that this child will be albino?

//’f( AL/,AL .

| e, L

/L& l p(A/A) = (=) o
o oo

F: z_x-——gz&: :_5"2.

L/L\\ EJ/?—

p((greetsgrondehild affected) = Frg < 53506 <[occr]
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4. For each of the following pedigrees, propose the most likely mode of inheritance.
Assume a rare trait with complete penetrance.

(-\)“AVT ("> wW S Pw'\oox 6\7 ovo ke iy

(b 6 pts.)

°
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Name:

7. Bacterial cells can grown on soda by inducing a sodase. Mutants in four different genes
are isolated which alter induction as shown:

Strain Induction of sodase
—soda + soda
wild type - +
sodA~ - -
sodB- + +
sodD~ +
sodF- - -
A-B- - —
A-D- - -
B-F- - -
D-F- + +

(a 5 pts.) Which gene is most likely to be the structural gene for sodase?

A» g/[a.‘&"\—t\"'fc/ to \3

. > @ (e 5 epistatic to all sthres )
,‘: i (3 B I3
" F

D bC

(b 10 pts.) Draw a regulatory pathway showing the action of the other three genes on

sodase expression. »
ovevall®

‘ LD 0\ o) Pl Ave v c} o\ oo e
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You find an unusual allele of sodB, called sodB*, which behaves as shown:

Strain Induction of sodase
- soda + soda
sodB* - -

(c 5 pts.) Provide a brief explanation for the behavior of this mutation.
: . N , : —~<y\

S'C\Ci Bk Boa Super repire $S &b (SQW\\\“’ o lac D) Haed prev ewts
soda  frowm bi‘u\c(:‘/'\j Yo ik Thew coutd be e wel ¢l o
G(E‘.fc,if i Haa Sccﬁ'\a l)-(m([fmj PQCL‘»{T TL\»CV’f ;—@ v’ﬁl S&.‘,CI B

c\\ w3 Ays re,t: TSy es .

(d 5 pts.) What would be the phenotype of a B*D~ double mutant and why?

B D clav‘-Llﬁ wintant g eunld Le C;QM%#‘H"H\’Q
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