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1. The genes for two human autosomal dominant traits are 10 cM apart (as determined by
meiosis in females). In the following pedigrees the traits are indicated as follows:

@ = individual with trait 1 @ = individual with trait 2 @ = individual with trait 1 and trait 2

(a 15 pis.) For each of the pedigrees shown below, calculate the probability that the
individual designated by “?” will have either dominant trait 1, dominant trait 2, or both traits.

i+ ~ - + 2
i+ ] \\\ 4+
7?2 W
Probability

Dominant trait 1 only ‘/‘4,
Dominant trait 2 only i/‘i*
Both trait 1 and trait2 /4

(b 15 pts.)

N
AT

|

?

4+

N

Probability
Dominant trait 1 only (.m{‘lﬂ = 45

Dominant trait 2 only ("%(‘/ZD =45

Both trait 1 and trait 2 (-1} Y2) = - 0S5 —
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2. Wild-type Drosophila have red eyes, and white eyes are the result of an X-linked
recessive mutation. A new recessive mutation that gives apricot colored eyes is isolated. A
female from a true-breeding apricot strain is crossed to a male from a true-breeding white
strain, and all of the F1 females have pale-apricot eyes and all of the males have apricot

eyes.

(a 5 pts.) Are the white and apricot mutations in the same gene or in different genes?
Explain your answer,
Same gene - (The fwo qenes de not complement.)
TF tney did complement, dhere wolld be progeny with red
eyes in The F.

A collection of F1 females from the cross described above (all with pale-apricot eyes) are
crossed to males from a true breeding white eyed strain and 1000 progeny are examined.
Among these progeny, 6 flies have normal red eyes.

(b 5 pts.) What is the measured distance between the white and apricot mutations in cM?
Tnere are 2 recormminant classes: red eyes - double mutant

Tordd recombinant®: 2 (L)

Distance (¢M) = Z{L) oo = [ Z¢i
ols's;

A new recessive eye color mutation known as peach is isolated. A female from a true-
breeding peach strain is crossed to a male from a true-breeding white strain, and all of the F1
females have normal red eyes and all of the males have peach eyes.

(c 5 pts.) Is the peach mutation on an autosome or on the X-chromosome? Explain your

answer, ; . N
- A Owomosove (hecause The recessive it 1s expressed

N ales)

(d 5 pts.) Are the white and peach mutations in the same gene or in different genes? Explain
your answer. '

different qenes  (ne two genes do complement)
L the red-eyed femaies
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The recessive mutation for crossveiniess wings lies on the X-chromosome. A female from a
true-breeding strain with apricot eyes and crossveinless wings is crossed to a male from a
true breeding strain with white eyes and normal wings. As expected, all of the F1 females e
from this cross have pale apricot eyes and normal wings. A large coliection of these F1
females are crossed to wild-type males and 10,000 male progeny are examined. The
observed phenotypes are as follows:

Phenotype Number
normal wings white eyes 4,418 ?ox@.ﬂjrfd
cv wings apricot eyes 4,330 |
normal wings apricot eyes 610 | 5’m6j\é Cross over
cv wings white eyes 500 | between  w ond LV
normal wings red eyes 2 j double Crioss- over
cov wings red eyes ] Sil’\glé crossever between

ot W
(e 15 pts.}) Draw a genetic map showing the relative order and distances in cM between the
crossveinless, apricot and white mutations.

1.04 12. 04
P ——

i R —

i
{ {
ap W v

ap-w distances 2(2) + 20560 oy
10, OTD i0, 000

100 _ {04 cM

W;C,\,/ C‘L‘té"taj’\Céi % 4+ (910{’50(0

io, 000
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3. (a5pts) Inayeast cross the segregation of two mutations are followed. Among-the-36- -

]
3 _
% ?&r’”{’ O & on ~Tf€/&

(b 5 pts.) In another cross involving two different mutations, PD =40, T =8, NPD = 2.
Give as much information as you can about the chromosomal location of these two mutations.

linked  (PD>NPD)

CM=100x T+LNPD  _ |pox gxtz_v _
2 (ictdy) (’TEE‘ - 20ch

You have isolated two new yeast mutations, big1 is a mutation that produces colonies that
are larger than normal; and sml1 is a mutation that produces colonies that are smaller than

normal. _
= wild-type colony

= big1 colony

@ =smlil colony

A big'1 mutant is mated to a smi1 mutant of the opposite mating type, the resulting diploid is
sporulated and 12 tetrads are dissected. The tetrad dissection plate looks like this:
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(c 5 pts.) What is the phenotype of a big1 smi1 double mutant? (Does it look like wild-type,
a big1 mutant, or a sml1 mutant?)
T NPD class \5 bﬁq\smll } Hnese spores are 5@ ,Ukmesmlim@ﬁ
bigl gmil |
+ +
+ 4+

(d 10 pts.) Among the 12 tetrads shown above, how many tetrads are there of each type? .
PD= 3 T= 7] . NPD= 7

What is the linkage relationship between big1 and smi1? Give distances in cM if

applicable. | niinked (PD= NPD)

o o
TarT 2 omifted
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NAITIC.

1. You have isolated two new mutations in phage A that produce clear plaques instead of
the turbid plaques of wild-type A phage. The two mutants are infected together into an E. coli
host at a multiplicity of infection that ensures that each E. cofi cell receives at least one phage
of each type. The phage produced from this mixed infection are plated and of 1000 plaques
examined, 997 are clear and 3 are turbid.

(a 10 pis.) What is the distance between the two clear plaque mutations in map units?
distoncy = ¥ recombinants o U 00 = o —; , .
’TL“’mL IDC . L ¢ [, W
“he ZHubid plaguds 0ae recovbrnant, and for cachtuid
plagt e s C C.LLCL\Y' pLd@:L Acomb inaant - Thhus, T
oure Lioted vecombinands,
(b 5 pts.) If the two clear plaque mutations were found by a complementation test to be in two
different closely linked genes, would this change the calculated distance between the two
mutations? Explain why or why not. . ‘
No. The dustance ramouns The. Same Becalise g cadeudat eve
PALCSULY LS AL ombnacstian beturen hop mukaxion S, .ucjm«d LLss
&4 wwhae e ciuus b<g4 " o LA, '

cA

Ne

{c 10 pts.) In fact, complementation tests show that both mutations are in the same gene
known as cl, and therefore they are designated cl-1 and ¢i-2. Another phage mutation
designated 1g1 gives !arge'p!aques. A cl-1 lg1 double mutant is crossed to a cl-2 mutant
as described in part a. From this cross, 10,000 plaques are examined and 9,970 are clear
and 30 are turbid. Approximately half of the 9,970 clear plagues are large, but only 6 of the
30 turbid plaques are large. Draw a genetic map showing the relative order of the g1, cl-1,
and cl-2 mutations. Also show the distances between the Ig1 and the cl-1 and ¢l-2
mutations in map units.

cl-1

cl-2 -

“ Dnlu b of e, 30 Aurbid plagules dre LUge. Ths auqqéjs’(? ﬂ’\fr ﬂc -
mcaz e resuit ot o doulole Ly ossOUEY, ﬂ% (grgi@f finad- reguures
L Asuble trossover To gex Tuabid Lerqe pag BEEREE T

A\
) AN

3

4-Z

e disrance bewean ¢1-2 2 = 3052 400 o

T dustanct between -\ : 2‘%} = LP/?)O L 100 = Z20Mmu |
(ob 20 abid paguus, L had an addit mald ervssover)

A

e PIIRRRRRRRRRRRRR_-_-—— -
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(d 10 pts.) Assume that the total genetic length of phage A is 100 map units, and that the
phystcal length of the phage DNA is 50,000 base pairs. From your measurement of the
distance between the cl-1 and ¢l-2 mutations in part a, estimate the minimum number of
amino acids in the protein product of the ¢l gene.

50,000 bR, . muL % Wd = 100 e Oids
100 MW, 3bp

wj e A dustance ogtween a-zand (- as e
ndrumuam dustance.

2. The region of the E. coli chromosome near the L.ac operon is diagramed below:

PhoA Lacl LacQZYA ProB
| | ] i

You start with a strain that is F* PhoA” Lac™ ProB™ Str®, and then you isolate a derivative
of this strain that on mating to an F~ recipient strain can transfer PhoA” efficiently but
transfers Lac’ much less efficiently and only after long mating times. '

{a 5 pts.) Draw a diagram of the Hir that you have isolated showing where the F plasmid
has inserted into the chromosome and the direction of the origin of transfer.

Prok el racorih fop
i

; B T 1

(b 5 pts.) The Hfr described above is mated to an F~- PhoA™ Str' strain. After 10 minutes of
mating a PhoA" Str’ recombinant strain is isolated. Wil this new recombinant strain itself be
able to transfer the PhoA™ markerto an F~ PhoA~ reciplent strain? Explain why or why not.

No. Tha iy Aransters fert Uhj last .
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Now you would like to introduce a LacO°® mutation into the Lac operon carried by the Hfr
strain isolated above. To do this, you grow phage P1 on a ProB™ Lac0° host and then use
the resulting phage lysate to infect the Hir strain described above (genotype: Hfr PhoA™
Lac” ProB7), selecting for ProB”.

(c 10 pts.) Describe a specific test that you could use to find strains that carry LacO° among

the ProB™ transductants. Given that ProB and LacO show linkage of 60% cotransduction,

how many Lac0°® strains would you expect to find among 10 ProB* transductants?

- Tege RoBt mnsductants for constihutive. @ %&mcfrogﬂ‘ dose Cac’d\,«w .
tie for g0l achu‘hj N The losince of inducer "

- U0% of (D= L LACOC Sy eung

(d 10 pts.) From the transductant isolated in part ¢ (genotype: Hfr PhoA™ LacO® ProB™)
you isolate an F’ that can transfer both LacO® and ProB” early and efficiently. This F’ strain
is mated to an F~ LacZ ProB™ recipient to produce a strain with the following genotype:
PhoA™ LacZ” ProB™/ F’ LacO® ProB". This strain shows constitutive Lac expression but
you are able to isolate a rare derivative of this strain that shows normal inducible Lac
regulation. Draw a diagram showing how the strain with normal inducible Lac regulation
could be produced. Your answer should show both the chromosome and F’ in the starting
strain, clearly indicating all relevant genetic markers. Any homologous recombination events
should be indicated and the position of all markers in the final strain should be shown
including the direction of the origin of transfer. Finally, you should indicate whether the final
strain that has inducible Lac regulation is an F, F* Hfr, or F. |
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3. You have identified a new strain of E. coli that can grow on starch. The starch degrading

enzyme amylase is made only at low levels under normal growth conditions, but when starch
is added to the E. coli culiure the levels of amylase enzyme increase 100-fold. You isolate

three mutants that affect amylase synthesis. The mutant A™ is in the structural gene for
amylase and prevents the synthesis of amylase enzyme. Both the B~ and C™ mutations,

which are linked to A", give expression of amylase even in the absence of starch. The table
below gives the amylase enzyme activities for a set of strains in either the presence or

absence of the inducer starch.

ATB C"
A B C”
ATB C’
ATBYC”

ATBYCT/FATRTCT
ATB CT/PATBC"
ATBTCT/FATBCT

A"B CT/FATBYC
ATB CT/FATB CT

ATB*C/FABCT
ATBTCT/PATBTCT

0
100
100

100

100

Amylase activity in enzyme units

— starch + starch

100

0
100 consttuenve
100 fomnerituive

100

200 Qpyanant
200 ALCLSSVT

1007 @scaﬂng
100

100 | krans GCNY
100

(a 5pts.) Give as complete a description as you can of the properties of the B~ mutation,
and propose a molecular function for the regulatory component that is affected by the B™

mutation.
B onstihutive
GEMANANE
045 &(ﬁmcj»

OpExCATY (sric o roprossor bwgwb
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- (b 5 pts.) Give as complete a description as you can of the properties of the C~ mutation, and
J propose a molecuiar function of the regulatory component that is affected by the C~ mutation.

(7 : Ccenstibutive
rp sV e
Yo - AN

mpm%o*r’

You isolate a new mutation D that alters amylase expression.

In P1 transduction

experiments D is not linked to A", B, or C™. The properties of some strains with the D™

mutation are shown below.

Amylase activity in enzyme units

—starch + starch
D* 1
D™ 1
*D7/F DY 1
DA™ 0
DB 100
D C 100

(*Note that F’ D* does not carry the amylase gene)

100

1 & ninduaible
100 &— yelessvi

0
100 - constitutive
100 _ consthiuinve

(c 15 pts.) Is D™ uninducible or constitutive? | randuLCibie

Is D™ dominant ar recessive? ry 01 55iIVE

Is the function affected by the D™ mutation most likely to act in trans or only in cis to the

amylase gene?

QN 5 ~+ V9,
Inovans b s unuinied | and Tardiore, eqnnot 0L

13 ragwlaw “e .

Is the D mutation most likely to act earlier or later than B™ in the pathway for amylase

regulation?

COUEr D pagnotype i niddn bbj B~ “thfuw”‘g
OCh furner o pninstye aniin T\/\e r @gu c T’u pfﬁ”nwc%_

T st

Is the D™ mutation most likely to act earlier or later than € in the pathway for amyiase

?
regulation? eorlier

" PrenotpL g \mﬁc{(um by C-




Name:

By performing biochemical experiments, you find that the protein product of the gene that is
affected by the D™ mutation binds to starch and can also bind to DNA at a site near to the A™,
B, and C™ mutations as shown on the diagram below.

Site where the D _gene product binds

(d 10 pts.) Propose a molecular model that accounts for the behavior of the A, B™, C™ and
D™ mutations and that explains how starch acts as an inducer of amylase expression. Be as

specificﬂ;s you can. %mcm + <o O
@”D D+ stauch Binds operatoy of GeNe C, repressind
= - e anscrphm of & cCUONAYG expros st
’ = | of AriL operon -
— = F€?1 ? Ehk>r@przssorss txargﬁ
D 7oc & A mede, 50 2RpressinvL
SHe o VL opelon Can
\Mhﬂf’ia% ' proced]]
‘91; )
- = <hardh
) AUPTLSS0T 1S
, P ﬂ’ﬂf\g/. D ALpt ’
v‘N&D . 7 inaexive. , sothe Cgene
w0 R 1§i&@19%6$f&wvﬁVWiTW&
- ﬁO Y i+ binds to e opercior, B,
/ Y .« e J .
SR . (¢ : PrAEINg AXPression oF
[ ' ) " .
D C 2 A AL EPESTN

N‘i‘ih"/’ Exam $3 o onvthed
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| 7.03 Final Exam
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There are thirteen pages including this cover page
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Question
Question
Question
Question
Question
Question

ONOGIEWN =

Question 9

TA:

20 points
25 points
22 points
20 points
10 points
24 points
28 points
26 points
25 points



Name:

1. Shownbelowis a hypothetical scheme for the formation of eye pigment in Drosophila.

Bl Pr
Blue pigment —> Purple pigment ~———> Red pigment

The enzyme encoded by the Pr gene converts a purple pigment into the normal red pigment
in the eye. The pr allele is recessive and homozygous pr- flies have purple eyes. The
enzyme -encoded by Bl gene converts a blue pigment into the purple pigment. The bl allele
is recessive and homozygous bl flies have blue eyes. Both the Pr and Bl genes are on the
X chromosome. A male from a true-breeding blue eyed strain is crossed to a female from a
true-breeding purple-eyed strain.

(a 3 pts.) Allof the F, female progeny from this cross have normat eyes, What colored
eyes should the F, male progeny have?

Xﬁ!"p”{ — P"“ftﬁié

(b 7 pts.}) AnF, female fly (with normal eyes) is crossed to a wild-type male and a large
number of male progeny from this cross are examined. Among the male progeny there are
flies with normal red eyes, flies with purple eyes, and flies with blue eyes. You notice that
significantly more male progeny have blue eyes than have purple eyes. Give an explanation
why this should be the case. Biue males come €00 nn both
ixiﬁrepuﬁihi’?f} : }(ﬁi&gﬁ%yf ol A pant gvmﬁ.gﬂcfiféiﬁﬁdg‘
) Li.&;ﬁi&{ifa/ pwrpig Q/-wfy Frova VIO HA,

L BITPCY 5 e d

rE L Ot }’i i %\fw/ﬁi’s ( \

bi- Pt 7 RIS S Y S
fX H %}b{b{r‘.’/ 3 A7 }/":‘)blw",i’/

(c 10 pts ) Given that the Pr and Bl genes are 16 cM apart on the X chromosome,
determine the number out of 100 male progeny from the cross in part b that should have

- BiTpe = . i
noa ( X" Y = purpl

»l L‘/iw, 3’*

purple eyes, biue eyes, or normal red eyes. % 3 recovmb
A i {j . , -
Number | = 1& oo
Pur le-eyed males: if U B
pieey : Tz [ r{,_wm?ﬁ ﬂé"w&%}’
Blue-eyed males: ) +r9s S0 "!i:,’ 2 A
£ j i "
Red-eyed males: g i bilug
—— y P e
Total = 100 3 Moagwn (ELGA by vigiand s

y

/2 P (jﬁ ¢
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3. A deletion of the yeast URAS gene gives an intermediate level of growth without uracil
(Ura+/-). From the ura8A strain, you isolate a robust Ura+ derivative (strain 1) which you
then cross to wild type (URAS+). The tetrads from this cross are as follows:
4 Ura+ 2 Ura+ : 2 Ura+/- 3 Ura+ : 1 Ura+/-

101 98 414

(a 6 pts.) What genetic event occurred to give robust growth without uracil in strain 1?

extagen ‘e Suppressor

' ]
(Sa’nw +he Suppessod Supprzsses & deleted

allele, (s bypgss)
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Next, starting with the ura8A strain, you isolate a completely Ura- derivative, which does not
grow without uracil (strain 2) which you then cross to wild type (URA9+). The tetrads from
this cross are as follows:

2 Ura-:2 Ura+ 4 Ura+/- - 2 Ura+/-:1 Ura-: 1 Ura+
94 97 _ 385

(b 6 pts.) What genetic event occurred to give the Ura- phenotype in strain 27?
Syﬂ‘i"h&f*’ S [(;*th% | H’y
MVHfmkﬁd

?a(*fs Crd omitted
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4. You have constructed an F’ that carries the LacZ gene. Because the F’ carries only the
coding sequence of the LacZ gene, the Lac promoter, operator, and LacY and LacA genes
are not included on the F’. A diagram of the F* as well as the Lac operon and flanking
markers is shown below.

I - T  —
PhoA Lacl PO LacZ LacY LacA ProB

(a 2 pts.) The F’ carrying LacZ is transferred into a strain with a wild type copy of the Lac
operon on the chromosome. An Hfr is isolated from this strain that can transfer ProB* within
10 minutes of mating to a ProB™ recipient. Draw the origin of transfer on the F’ in the
diagram above, showing the correct orientation for the direction of transfer.

(b 8 pts.) In the space below, draw a diagram showing the organization of the Lac genes
in the Hir isolated in part a. You only need to show the portion of the chromosome flanking
the Lac operon, but be sure to show all copies of the Lac operon genes and the integrated F
factor including the orientation of the origin of transfer.

sy S

T HL\Z%‘”’A’@ (T o I
P R X Z { A Po

5

(c 5 pts.) Will the Hfr isolated in part a be able to use lactose as a carbon source?
Explain why or why not.

No T ;\;@\,uggmr\ji sies Che prometenr) s separaicd
fro LaeY . withowt Lypression o The permease T
cell cannot i port LALTOSL | and vl not be able

s
-} $ou i " g g ¢ , PR S . L R
To WS LACIOSL A5 & caqrbon Souace. .
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(d 5 pts.) The Hir isolated in part a is mated to a strain that has a recessive mutation
causing constitutive expression of the Lac operon. From this mating you wish to isolate
recombinants that show normal Lac regulation. Would you expect such recombinants to
arise early or late after mating is initiated? Explain briefly.

Theel vecombinarts nill arise LNTE because LacT o wall

b fransterred ven ldde Gdier mmanivg .

5. (10 pts.) The PyrG gene is found to lie about one minute away from the Lac operon on
the E. colichromosome. You grow P1 phage on a PyrG* LacZ strain and then use the
resulting phage to infect a PyrG~ Lacl™ strain, selecting for PyrG*, Among 100 PyrG*
transductants, 5 show normal regulation of B-galactosidase, 25 show constitutive expression
of B-galactosidase, and 70 show uninducible expression of B-galactosidase.

For the reciprocal cross, you grow phage P1 on a PyrG* Lacl strain and then infect a PyrG-
LacZ" strain, selecting for PyrG*, Among 100 PyrG" transductants, 20 show normal
regulation of B-galactosidase, 50 show constitutive expression of B-galactosidase, and 30

show uninducible expression of B-galactosidase.

On the diagram below show where the PyrG gene maps relative to LacZ and Lacl, giving
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7. The following four crosses involve mice from either true-breeding mutant strains or true-

breeding wild-type strains. In each case mice exhibiting the mutant traits are indicated by
solid symbols. Square symbols designate males and circles designate females. In each
case describe the mode of inheritance that best explains the data and give your reasoning.

O

SO0 mmm 000

'\ /HL&/( Kecess = / "}//ﬁrrjr

(9/”{'
( Tt Jasse S ,C A
Ai!écé@’ ”%flb“f ¢ %y% J A

(a 7 pts.)

Sens |
,Z
M(&{’/L z,(( 1‘\4‘#&14 I/V'\}’q‘ %/\/"j {/V}/L/ﬁ //L //({/(,

7 ~ N y (/ Iod { \ ‘:\“,-/ﬂ/i/‘) (\
M/L\VM‘*“/ <5 L/fj{‘) { e + C A0S ? ]J,

g/.»’”l/ql‘f‘k if S

(b 7 pts.) .
% /«/ﬁ ‘ t
/’Q‘“‘r
A(- oy L
50 mutant : 50 wild type 50 mutant : 50 wild type
ﬂ P“ 7 ﬁwmn/ [/ 2 /7 /(\
e TD SC s e/
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9. (a 9 pts.) Consider a codominant blood antigen where individuals homozygous for
one allele express only antigen M, individuals homozygous for the other antigen express
only antigen N, and heterozygous individuals express both N and M. In a study of three
populations you determine the genotype frequencies of individuals that express only M or
only N. Based on this information fill in the table below, giving the N and M allele frequencies
and stating whether the population is in Hardy-Weinberg equilibrium.

Frequency expressing .. /p\l/lele frequencies
Population M only N only 1-oaty- MM N H-W equilibrium? .
Papu chica s o FHO EQ 14
. i . ]"{’E"f) u(,’;(,tj/( {'xéf, [~ .
1 0.25 025 0.5 0.9 D \Www freq)® "8 mn g coar
_ O L et Ngi‘j,,‘*
2 0.36 016 043 Ol O T ges LT
3 0.01 064 0.25 G189 C¥ 15— No
’“)(//éﬁ/ /(, “%’ PG - @(f‘fion/g >+ J_(m/\/)
/f\') alivle Freq”s (Noaty) « +(mn)
(b 8 pts.) Considera deleterious allelé in a human population which has a selective
disadvantage S = 1 in the homozygote and a selective disadvantage S = 0.1 in the
heterozygote. The mutation rate g7 = 10°° for this allele. In a balance between new mutation
and selection, what will the steady state allele frequency be? (Your answer can be an
estimatj acFurate tq# :10%)‘. o frede y égfé S 4 s
< Q//éf/{ 'S P esent o /’y' s @ﬁ%ﬁéﬁ%y g @ T
. . : Y -
A selective SG@&’QntC’L%Q [ et rmiJjuf( < (d( iGNt /3
///( AL 570 - — Z\"fm«, = A se P
l//Tz//t / / - U ﬂ*f' f_/, - P
}’lé"" '- = f“__"’/ L ; /L T rvﬁ:? + —'2P? ‘)hgt/
/{j“b_—,g‘ i+ C/?~/Z \‘Le v’/L/ -5 C)}Z

(c 8 pts.) If arecessive disorder occurs at a frequency of 10° in the offspring of first cousins
in a population, what is the probability that a brother-sister mating from the same population
would produce a child g}th the disorder?

Fi 1%¢ cousin ﬂ’)@%’—/h’?\ - 4
\; (J/ /L(

/\— ( b O t!(,@(d S (‘64’” ) @:L/{V/‘ /1__5 > /

7 “f

™ .A :‘f" 3 1 ) /
: / attected chiled) = (FA /(u Fele [;p(.\
o i«
/

’\

N ] o
e = T : A
e Z \:Lf/ ' “'{"[’{/‘S't Cou \.)l/) /V?Cl\:“‘( ICI = ?
DraHicledl chy ry

e et e T

U e e fe N oL S
SR cmting ) =T Oy = | Y x0T




