EXO&M '&\ A OO—\)) Name: KEY

1. The following mouse pedigree shows the segregation of two different autosomal recessive
traits. (Assume all phenotypes are completely penetrant).

aaB -  A-bb
= female showing trait a
1 2
= male showing frait b
AaBb AaBl
3 4
?

(a 5 pts.) What is the genotype of mouse designated 3?7 Use A and a to designate the
dominant and recessive alleles of the gene for trait a; and use B and b to designate the dominant
and recessive alleles of ihe gene for trait b.

Ao Bb

—_——

(b 10 pts.) If the genes for trait a and trait b are unlinked, what is the probability that a progeny
mouse indicated by ? will NOT show either recessive trait?

S(A-B )= plADp(B Y= ()l = i

(c 12 pts.) If the genes for trait a and trait b are 20 ¢cM apart on the same autosomal chromosome,
what is the probability that a progeny mouse indicated by ? will NOT show either recessive trait?
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(d 8 pts.) The pedigree below shows the segregation of two recessive X-linked traits.

LoDy A~
K 8\ o
(]]ID = temale showing trait a

o = male showing trait a
x“e)(‘bCl) -

If the genes for the two traits are 20 cM apart on the X chromosome, what is the probability that
that a female progeny mouse indicated by ? will NOT show either recessive trait?

s aB
rece,vesS X ?mm CaHAM‘.

A~

= male showing trait b

?

Grom Mo‘w\ef.

mosk receive K
o (K4 feom methed) = p (X)) P(X*) = 0.1+ 0.4
- Q—:f,ﬂ

2. (a 5 points) You have obtained a strain of Drosophila, which has cinnabar colored eyes (cn™)
and becomes paralyzed at high temperature because of a shibire mutation (shi-1—). You mate this
strain to a true breeding wild type fly and obtain F1 flies, all of which have the wild type

phenotype. F1 females are then mated to males of the starting strain (en—, shi-1-). Among 100
progeny from this cross you observe the following phenotypes:

Phenotype Number
paren $al wild type (not paralyzed, red eyes) 44
paralyzed, cinnabar eyes 41
ot paralyzed, cinnabar eyes 7
recombinant paralyzed, red eyes 8

From this data what is the distance between the cn and shi genes?

re (OMLV\M+ 30.ng3
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(b 8 points) You isolate a second allele of the shibire gene designated shi-2-, which also causes
paralysis at high temperature. Flies from a true breeding shi-2- strain are crossed to flies from the
true breeding ¢cn—, shi-1~ strain described above. The resuiting F1 flies are paralyzed at high
temperature and have normal red eyes. F1 females are then mated to males from the true
breeding cn—, shi-1~ strain. You collect 10,000 progeny from this cross and note that although
almost all the flies are paralyzed at high temperature, there are 10 that are not paraiyzed. What is
the distance between the shi-1— and shi-2— mutations?

Parentals Re com Sinants
S'\\.Z" + ( al 16C13 SLmiz-‘ S{m:l‘
-__.__..__—--——_"__ [4 k1 a
+ shil” v + She 1™ (por “‘IROQ
.i__ﬂf.t:'—l-_—_— (P&U‘ah[ RCL\ + + B (hc*’
s shil - sh.1- Pa/\aluj%ecl)

We see 10 recombinart) non-paralyred progeny, but flere are
an equal number of paralyred recombing,t Prc gy d=l00X 'l(;;z'o z

(c 12 points) Among the 10 progeny flies that are not paralyzed that result from the cross
described in part (b}, 8 have cinnabar eyes and 2 have normal red eyes. On the basis of this
information as well as the results from parts (a) and (b), draw a genetic map showing the order of
the cn—, shi-1—, and shi-2— mutations and your best estimates of the relevant map distances.

QF‘OM ‘)W‘{' CC‘) dcn’slnl = ‘5 CM
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3. Some yeast mutants with defects in enzymes in the pathway for adenine biosynthesis form

red colonies because of the accumulation of an intermediate in the pathway, which is a red pigment.

(a 4 points) You have isolated two different red colored mutants in haploid strains of different

mating types, which you call ade?— and ade2~, When either the ade 1~ or ade2— mutant is mated
to wild type, the resulting diploid forms white colonies like those of wild type yeast. When the

ade 1~ mutant is mated to the adeZ— mutant the resulting diploid makes red colonies. From these

observations, describe as much as you can about the ade?™ and ade2— mutations and the
relationship between them.

. 6\(}@1’ andk O.C\Q,lu ore receSsSive TL'o uJ-H"'WPC
-adel” and ade2” Caill to (om‘:|emeﬂ+) o oA

-Jf‘ner*e.-(:ope are mutabons 1a '{’L\e Same 36'16

(b 4 points) Next, you sporulate the diploid that was formed by mating the ade 1~ and ade2™
haploid strains. From the 18 tetrads shown below only one spore clone is white, the rest are red.

L 2N BN BE BN BN BN BN BN BN BN BN BN BN BN BN BN N
OO 0000000060060 600909
L BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN
0 0000000000000 000
1 2 3 4 5 6 7 8 910111213 14 1516 17 18

What does this result tell you about the distance between the ade?— and ade2— mutations?

| F PD TL\p_j are %S\n‘Htj halced .

] TT The 0\15"‘0/\% lo@‘h\/eﬂ-/\ '{/L\Q,M 1y
B TT + euPD>
= 100 ¥ =

= 100 X (‘;C\ég%@): 278 M
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(c 4 points) Next, you isolate a new red colored mutant, which you call ade3~. When the ade3~

mutant is mated to wild type the resulting diploid is red. You mate the ade3— mutant to an ade1—
mutant and the resulting diploid is red also. What do these results tell you about the ade3— mutant

and the relationship between the ade3~ and ade1— mutations?

'C\C\(i -3” IS Okom:‘r\w\*‘ ‘o b\}‘-‘d“—th

. | , .
('Omp\emen¥a¥.0n fest 18 inconclusiv

nc%wl—\.ﬁ can L;e_ COnciudeci a‘aou% I‘EIAWLI'OAS‘MP
between ac‘&i_\_w a ~ch acle 3

(d 6 points) When you sporulate the diploid that was formed by mating the ade3— and ade 1~
haploid strains you obtain the results shown below:

TN TPN T TTTTTITNTPRPNP?PTT
| JEORN JN BEONNONN BN B BN BN BNONN BN INONN BN BN
L BN BEONN BN BN BN BN NEOEE BN BNGEN BN BN BN BN
ONNONN BN BX BN JNNONN NN JNGRNONN NNONN N N NN INe
[ BN BN BN JRONN BN BNON 2N NN BN BN BN BNOAN BN BN
1 2 3 45 6 7 8 91011 1213 14 151617 18
From the 18 dissected tetrads shown how many tetrads of each type (PD, NPD or T) are there?
5> PD

4 NPD

(e 4 points) What do the results from this tetrad analysis tell you about the relationship between

the ade3~ and ade?— mutations? Can these mutations be in the same gene?
Zilid s approximately 1Y |
) oded” and adel”™ are unlinked
-HM’\T Camnosf be mutations i ”/Llé, same 3@[;@
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{f 4 points) Suppose that you wanted to do some experiments with an ade3~ade 1~ double

mutant. On the image of the tetrads from the cross between the ade3— and ade?— mutants,
circle each spore clone that you can be sure is double mutant, without any further testing.

0000000 OGOGEOOGROO O OO o
e@o0e@®eeeceecee@oec e circle
o®oo oooooo%oo ® 00 red Spores
e@00C0e0Co0se@0eeC 000 Coo
1 2 3456 7 8 91011121314 15 16 17 18 uPD

(g 4 pts.) If you crossed an ade3~ mutant to an ade2~ mutant and dissected 18 tetrads, how
many T(etratype) tetrads would you expect to see?

Since adel™ and ade2” are %6\41“3 linked and

Since aclezd and ac‘@?)# areé U""""keo")
L‘ou \,L)Ou\d Q_)(Pe(;i' o f‘a+f'0 O'G \ PD- (‘{ TT: \ UPD

Yoo would expect 13 of Ahe 18 lebrads do
'O(L ""@\“(d’»‘*"»] Pﬁ-s.

Grading section

Question 1 35 points:

Question 2 25 points:

Question 3 30 points:

Total




7.03 Exam 2

Name: KE \r

TA:

Section time:

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

Please write your name on each page.

Only writing on the front sides of each page will be graded

Question 1 14 points
Question 2 24 points
Question 3 28 points
Question 4 34 points



203 EXAM #9 FALL 2003
i Name: KE,Y

1. (a 8 pts.) The sequence of the amber stop codon is 'UAGS’ and the sequence of the Trp
codon is UG G3’. Write out the DNA sequence of the anti-codon portion of an amber
suppressing allele of tRNAYP (label the 5’ and 3’ ends of both DNA strands and indicate which
strand is used as the template during transcription of the tRNA).

MRIUQ I i
CLMLVSL::F codon S UA G 3
ARNA : AN S (%m'qur e
ot codon S*CHA 3.>
vl 4 L ey
VA f .
ﬁﬂ*‘-.godﬂﬁ 3 G-AT S' g— Lemm Ptq_-j—{_ 5##“4

(b 6 pts.) You have isolated a mutation in the Lac | gene, which causes constitutive Lac gene
expression. DNA sequencing reveals that the mutant gene has an amber mutation in about the
middle of the Lac | coding sequence. However, you find that when you introduce the amber
suppressing allele of tRNAYP described in part (a) into the strain carrying the Lac | mutation, the
strain still expresses Lac genes constitutively. Propose two different explanations for why the
amber suppressing allele of tRNAUP fails to suppress this particular amber mutation.

D Thare (s an r‘nju"{:ﬂn';;m'f a n ou A+ ot w-'l‘é"‘-\.(PE
P,"ﬂ‘;’{lln e restere rﬂ-{_&uqa%'ﬂn.

1) Toaseckion of WF“FMM at 4hat .OGS".LIE-\ de€s

not reglere A ormal Prﬂ-ﬁfn \Q«nm‘fon.
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2. Belowis a diagram of the F factor showing the direction of the origin of transfer (ori T) and an
IS2 element carried on F.

ori T

IS2

Figurey MIT OCW.

From a wild type F+ strain you isolate an Hfr strain that transfers PyrD+ early and efficiently, but
does not transfer the neighboring markers PyrC+, PurB* and TrpA* until after 90 minutes of a
mating reaction.

(a 8 pts.) On the map of a small segment of the E. coli chromosome shown below, draw in an
IS2 element (represented by an arrow to show proper orientation) that could have recombined
with the 1S2 element on F to produce the Hfr.

=
TrpA® Purg* et Nyt

(b 8 pts.) You mate the Hifr strain isolated in part (a) to an F~ PyrC— strain and after a brief

(~10 minute) mating you isolate a rare PyrC* recipient strain. In subsequent matings the newly
isolated PyrC+strain can transfer PyrC+ and PurB+ early and efficiently, but cannot transfer either
PyrD+* or TrpA+. On the map below show the position and orientation of a second additional
chromosomal I1S2 element (represented by an arrow to show orientation) that would allow the
formation of an F’ element with these properties.

s

TrpA* = PurB* PyrC* PyrD*
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2. Below is a diagram of the F factor showing the direction of the origin of transfer (ori T) and an
IS2 element carried on F.

ori T

1S2

Figure by MIT OCW.

From a wild type F+ strain you isolate an Hfr strain that transfers PyrD+ early and efficiently, but
does not transfer the neighboring markers PyrC+, PurB*+ and TrpA+ until after 90 minutes of a
mating reaction.

(a 8 pts.) On the map of a small segment of the E. coli chromosome shown below, draw in an
IS2 element (represented by an arrow to show proper orientation) that could have recombined
with the IS2 element on F to produce the Hfr.

A
TrpA* PurB* PyrC* \ PyrD*

(b 8 pts.) You mate the Hifr strain isolated in part (a) to an F~ PyrC— strain and after a brief

(~10 minute) mating you isolate a rare PyrC* recipient strain. In subsequent matings the newly
isolated PyrC+strain can transfer PyrC+ and PurB+* early and efficiently, but cannot transfer either
PyrD+* or TrpA+. On the map below show the position and orientation of a second additional
chromosomal I1S2 element (represented by an arrow to show orientation) that would allow the
formation of an F’ element with these properties.

I

TrpA* N PurB* PyrC* PyrD*
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(c 8 pts.) You have isolated a new PurB~ allele that cannot grow unless purine is added to the
medium. However, you find that when the F’ isolated in part (b) is mated into this strain the
resulting recipients bearing the F’ remain unable to grow in the absence of purine. Propose an
explanation for this finding.

The new F’u:’@»@ alle s dominaat o w;ld“{j’fP(.

3. You have isolated a mutant that cannot grow on lactose (Lac™), which you call Lac1~.

(a 8 pts.) You have a wild type (Lac*) strain camying a Tn5 insertion known to be near Lac genes
on the E. coli chromosome. You grow P1 phage on this strain and use the resulting phage lysate
to infect the Lac1~ strain, selecting for kanamycin resistance (Kanf). Among 50 Kan' transductants,
you find that 10 are Lac™ and 40 are Lact. Express the distance between Tn5 and the Lac1—
mutation as a cotransduction frequency.

T"‘v 4:::' ]ﬂ.n'.‘l

Cﬁjff‘&lﬂiai.uml\'ﬂﬂ: (%)F[OD?G = 8073
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(b 12 pts.) You isolate a second Lac™ mutation, which you designate Lac2~. To map Lac2~
relative to Lac1~ you set up two reciprocal crosses. In the first cross you grow P1 on a strain that
carries the Tn5 insertion described in part (a) and the Lac2— mutation. You then use this lysate to
infect a Lac1— mutant and select for Kanl. From 100 Kan' transductants examined, 96 are Lac— and
4 are Lact. In the second cross you grow P1 on a strain that carries the Tn5 insertion and the
Laci~ mutation. You then use this lysate to infect a Lac2— mutant, and select for Kan'. From 100
Kan' transductants examined alf are Lac—. Draw a genetic map showing the relative positions of
the Tn5 insertion and the Lac1— and Lac2— mutations.

- W :
Twe ?nssfse ordLrS 4 aF £ " ..qu o
s -

£ &)
Fs: ™S 029 P S 14 @f 2 o F—:jf{
ﬁ_’?‘; f i C %@ 24 @

(2@ ©,0 '
For Hais uu-de.f‘l‘ Me second For Hhs nm:U/“ Hoe HKRrst
cross Should 6:\:& fewer cnossS Should At fewer Lac?
Lac™®  This @ consistent Thes s nek consislent w./fh
wth data. || data .

Tal lacl LacZ
Ordor > '

(c 8 pts.) Funther analysis of the Lac1~ and Lac2— mutations reveals that the Lac1= mutant does
not express B-galactosidase (even in the presence of the inducer IPTG) but expresses
permease normally, whereas the Lac2— mutant does not express either B-galactosidase or
permease even in the presence of inducer. What type of mutation best explains the properties
of Lac1—? What type of mutation best explains the properties of Lac2™.

Lﬂ(-'if::' 'S o mu{—ﬂ{‘\‘o.ﬁ T LQC-E: %LN*”'b LAacE

Lﬂc 2__@ 'S E,;']P‘!\ﬂ.f- a Md'}—ﬂ‘f\.r_}n ' A ‘f{'\g_ lLac opédron
promotr or it is a muabon fhat reselts
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4. n studying the regulation of sucrose utilization in a new bacterial species you find that the
enzyme sucrase is expressed only when sucrose is added to the growth medium.

(a 8 pts.) You mutagenize the bacteria by generating a collection of random insertions of the
transposon Tn5 into the bacterial chromosome. By screening for altered expression of sucrase,
you find an insertion mutation, designated Suc1~, which gives constitutive sucrase expression
regardless of whether sucrose is present. Mapping of the Tn5 insertion shows that Suc1~ is not
linked to the sucrase gene. Classify the Suc1™ mutation in terms of its likely genetic properties
taking into account the type of mutation usually caused by a transposon insertion (explain your

reasoning). Finally, propose the type of regulatory function probably encoded by the wild type
Suc1 gene.

Suc l@ Is - Cgﬂ&'{“;q:ajf:ldi_; f&r'dh’l)
- rdﬂ.ﬂ-qf‘.‘Hr‘ﬁ [Lr,e Cavse unfmf(_sﬂ_.ci w SucrasSe

£n '?;‘fj rhx.a.)

-—-M (‘]'F‘AH.SPDSUA inse~t ot rm-ﬂa“:E“‘L >
‘o1

redold in oSS of 'F;Jnc:i--cwx U

Suc 'l@ Vs Iu'ﬁ[ﬂ.lj a Mﬁﬁm\l
(b 12 pts.) You isolate a second Tn5 insertion mutation, designated Suc2—, which also shows
constitutive sucrase expression. The Tns insertion in Suc2— is notlinked either to Suc1~ or to the
gene for sucrase. Diagram the two possible models for linear regulatory pathways for sucrase that

account for the behavior of the Suc1 and Suc2 genes. For each model include a role for the inducer
sucrose,

—
—

SJ 2 IS a.|.5r:> Eun}.{'ﬁ‘{m\%d(& "fv‘dn_q ar_"F.AS mo‘. re cessive .
I+ 5 alse lliu_{j a ne_ﬁahde_ a&suiakw

Twe PQSSEIL:J-E rljﬁ_{-‘jd..r“' I‘%Ulﬂhlj Pq'ﬂflt.ud.(:jﬁ:

€3 _ =)
D Suc oS e \—‘gq Sucl —% Suc 2 —(;{ Sucraje

1) SucroSe ——@{ Sucl —@} Suaiﬂ Sutrmfe
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(c 6 pts.) Explain why the phenotype of a Suc1~ Suc2— double mutant will not help to
distinguish between the models in part (b).

In crder 4o co.rvjj out an EP.'j‘{-ﬂga'j 4&51-’ Mo 5‘;\\3(.(?_
mutarts must exhibit Aishact phetohyped, He,‘{!
Lga‘ﬂfl Suc 1&) P S VY —)_E} are batlh

however

(oashfuhve.

(d 8 pts.) Next, you mutagenize the Suc1 gene with a chemical mutagen and find that most Suc1
gene mutations cause constitutive sucrase expression similar to the Tnb insertion mutation.
However, you are able to isolate a rare Suci allele, which you designate Suc1”, that causes
uninducible sucrase expression. You construct a Suci” Suc2— double mutant and find that it gives
uninducible sucrase expression. Which of the models in part (b) is consistent with this information.
Propose a molecular description of the type of effect the Suc1” mutation might have on the function

of the Suc1 gene. i
Sucl™ (s oeEE

Sug 1* = unfndun;g"""
a Svper represson,

Suc 28 - mnjh'%.ﬂ.%'uf; T+ i b seubnled guak foat
Sue 1%5uc 28 = vnladuciblae. 4 s alwaus bound de tla

: G?W'L-ﬂf‘ mEj Sucral€. AH&"na%'q_lz
Su j_* 15 Q?;E‘E'ﬂ#‘\‘ﬁ_,l anch e oush GFWW Mok be dﬁﬁf{!\‘ﬁ?
Hmjf MDOLLl ol 15 c.onsfﬂ&"l‘. SUCL\ M{- s quﬁ-{‘{-u-f\'ugl._’eyp

Question 1 14 points:

Question 2 24 points:

Question 3 28 points:

Question 4 34 points:

Total
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1. Trekking in the Himalayas, you discover a “founder generation” of 1000 goats barricaded

on all sides by high peaks and massive glaciers. This founder generation consists of 200 AA
goats, 200 Aa goats, and 600 aa goats.

Name: KE ¥

(a 4 pts.) What are the frequencies of alleles A and a in the founder generation?

£(A): F(AA)+ L F(Aa) = 225 L (2085 5.3 - ¢
flay= | = £(A)= 0.7 = g

(b 5 pts.) Is the founder generation in Hardy-Weinberg equilibrium? Show your work.

Ir’\ H-W c_%m'[.'t,r*:um‘ 16(51'9*): %1, ‘F(_Am\): :?_i-’%,] {:'(Jq'-‘j()':Pl

ng*.gl %1: C(_},?—)ll O"i? but 4("‘-5‘-}7— C.6

!M.H- :.: _H—_LJ {_@,_.J:f.'Ln.'ani_"J}_

(c 3 pts.) What is the frequency of the A allele n the second generation (that is, in the generation
after the founder generation)? (Mating of the founder generation goats is random, fitness does
not differ among the three genotypes, and mutation occurs at a negligible rate.)

‘F(ﬁ) Aces§ wot CL'mME‘)?-
-FCA) = §.9

(d 8 pts.) What are the frequencies of the AA, Aa, and aa genotypes in the second generation?
'(:(.‘j\a‘ji.) Pl & CQ'},)L = ©.09
€(Aa): 2pq = 263)(07)= 013
flaa)= g* = (0:7)"= 0.47

i
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Let's now return to the purely random-breeding population in which this rare disease (fatal in
childhood) has an incidence of four per million births. What rate of mutation (per generation)

is required to maintain this incidence if:

(e 5 pts.) The disease exhibits autosomal dominant inheritance.

A‘&M” = A%sal

A = -;j('-[xlo“"): gl

€

(f 5 pts.) The disease exhibits autosomal recessive inheritance.

&%M,+ - ﬂ"‘%.’:zl

Y = Y ®io™

[

Assume now that a new therapy allows many children with the disease to survive, such that
affected individuals end up having 80% as many offspring as the population average. After
many generations, a new steady-state balance between mutation and selection is achieved.
At this new steady state, what would the incidence of the disease be if:

Asassine, w1 118 pum® (e (83 bola) wnd fisne (4) ke TR))

(9 5 pts.) The disease exhibits autosomal dominant inheritance.

A%MJ‘? = ﬂ%.m(q
A= 9 L.2p
2%10"% 2 (0. D) p

= ® ia"r
P |

Tacidence = '2,_":::0 < ?_P =~ L X"

(h 5 pts.) The disease exhibits autosomal recessive inheritance.

ﬁ%"‘“*’ = A%sai
M = 3%1‘
4107 = (5.2) ~

L5

=5
‘E = O 2 X (o

) =8 E
Trcidencz = ﬁl‘ = 2 Xlo

-
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2. Diagrammed below is a consanguineous mating of an uncle and niece.,
Ih ﬂgfﬂ
J

'

/1
i ) )

(a 6 pts.) Calculate the inbreeding coefficient for this mating.

P(_AL“‘H t'.?:j &Q,S(_EA"') = C_!J:.)S‘: C_i:_1>
P (L\émnmst}hﬁ bj AEJLE"L—{_B = L-i (v,_é._.l. " _[g"

(b 4 pts.) Calculate the expected number of genes at which the resulting child will be
homozygous by descent. (Assume that there are 30,000 genes in the human genome.)
30,000

"z 7S50

g

Now consider a rare disease (fatal in childhood) whose incidence in a random-breeding
population is four per million births. In pars (c) and (d), calculate the incidence of the disease
in the next generation assuming that 1% of all matings are between uncles and nieces (all
other matings being random) and:

(c 5 pts.) The disease exhibits autosomal dominant inheritance.
Trbreed .'FS has no eflect en (A cidente of auvlos - l
dominant diseases.

-6
Thcidence = Y x 10

(d 5 pts.) The disease exhibits autosomal recessive inheritance.
-Cfﬂ), | £4 5anernh'nn (random Mﬂ-*"f\ﬁh = m = 0.00& = %
f(a 0\3' 1Lnd %z.ma.{'ﬁ.}n (nea —rardom M“*‘-"ﬂ = (D.‘iﬂ) %1' ¢ (D.ol)[r—‘)(%)

RRPRY P Q"{E; X H}-E
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3. Youare genetically mapping webbed toes, a rare trait that shows autosomal dominant
inheritance.

Alleles: + {(normal) WT (associated with webbed toes)
Here is a family in which some individuals are affected: \ alled MO A (l VG (J ramys
Lelows

¥ ] —
meleOm
ssam[g — — - — —

(a3 pts.)) Whatis the (deceased) father's genotype at SSR647
AB

(b 6 pts.) Diagram the phase relationship(s) between the WT alleles and the SSR64 alleles
in the (deceased) father.

B -i‘.v"mli,f;‘_,h II’ 0ssih le. PL\“"E < _:L_ '[;.iaﬁ'_ﬂ?—_
A + &
4 h i
-

(c 16 pts.} Calculate the LOD score for linkage at 6 = 0.2 between the webbed-toes gene and
SSR64 in thif;— family. Show your work.

L (09 (0.13) « L (e (01))

by lof)\a - = *0,0E

(_ 13—34

Al 1 =
h & E I _gih (cave uﬂénﬁu*ma.{—;‘ﬂ.
— = = gp e W o ¢ lyi ld renn ou::"@
aiii:{ﬂ'i B A 2 A B 2 LoD calculahaon,
P {linked ar ©=0.2) | < Plolatn iFPLnsai) - ?(;1:;; 5
LoP = lﬂ =T =T 1 - B a
°0:2 = e g (pnlinked) T Cunlikad
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4. on Problem Set 5, we observed that mice homozygous for a Pamylase-LacZ transgene
insertion displayed a serious heart defect. A reasonable explanation for this observation was
that the transgene had randomly inserted into a gene required for heart development or
function. This transgene-induced heart defect reminded you of the recessive phenotype
associated with small heart (sh), a previously identified mutation on mouse chromosome 12.

(a 9 pts) Like the human genome, the mouse genome is rich in SSR polymorphisms. The
transgene insertion exists in mice of Strain A. You also have wild-type mice of Strain B, which
differs from Strain A at many SSRs on each of the 20 mouse chromosomes. Propose a
genetic linkage mapping experiment 1o test the hypothesis that your Pamylase-LacZ transgene
has inserted somewhere in chromosome 12 (which has a genetic length of 80 cM).

* Cross Strmia A (Msume.ul +o be hom:rtw\.jttod.‘.- (o #Mgzaﬂm ?‘ﬂﬂﬂ-ﬁl‘\'h}

o Staia B
* P_elen& p.«a%c.nxj ane Lxﬁé/‘ﬂtﬂﬁﬂdl {;,,- fle_ W&%ﬁimﬂ,) a.-«ol
%‘ij al have an "A Hpe‘f_" ardh a "B +\-“3E" SSR at eackh
SSE loews. |
: Carry oot @ brothen - sister mating with fhese progen.
. Select F2s that okfapiab ~e CLSSIve PLQAUJF\-‘PQ.
. Examine. SSRs en Ch. 13 T the hansgena s 0n Ch- (2,
we expect A +‘1F’E~H SSRs te ﬁngmﬂ.j outnom e ’E'*'L‘IPE-"\SSQS,

(b 6 pts.) Propose a breeding experiment to test the hypothesis that the sh mutation is in the
same gene as the transgenic insertion mutation.

Siawe beth e -{‘mS%Qm ASerhlon ad e Sh motah’ea
fa Hen

are V\E(.ﬂiS;u"E, WL Caa {’_Mr"b -:::Ju{" a com?ie.m.aﬂ

test.

S-}m:«-\ z‘il S ‘r’\
J'r’-;l e L,-'nmc,;_J x
' Sh
oot l'—’SC' S
For %mc%c,m)

¥

Lf Pm%@"ij SL-\_{JW o ”Sm,a.“ Mnﬁ‘!‘"
PL\QAQ‘H?PE,J fle inSe~h'on IS N 'Hm.ﬂ. SL\ 3&#1&'..,

(ie. non-tomplementaton)
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1. You have isolated two different mutant mouse strains that are true-breeding for the albino
trait. When a mouse from each mutant is crossed to a wild type mouse all of the progeny

appear normal. - 4 (o vocessive mwkarms

(a 5 pts.) If the two albino mutations were unlinked, what fraction of the F1 progeny from a
cross between the two strains would be expected to be albino?

MBH X AAbb
¥
Aabl ’E\M a\bwnos)

(b 5 pts.) If the two albino mutations were unlinked, what fraction of the F2 progeny from a
cross between the F1 progeny derived in part a would be expected to be albino?

Aablb x AaBb
\

Ao A-B-

3o aab— . +
30 A \ab} albine @
bb

(c 6 pts.) If the twé albmo mutations were 1 cM apart in the same gene, what fraction of the
F1 progeny from a cross between the two strains would be expected to be albino?

Aol ATAT « KA a

Y
c'k‘ AL ne LMY‘QN\QV\'\'WF\W\ CV\C’ ‘FMV\C"Lm&b()
A A" Copyy of gt Y«oﬁwaﬂ ‘wimll o\lb‘mos!

(d 6 pts.) If the two albino mutations were 1 ¢M apart in the same gene, what fraction of the
F2 progeny from a cross between the F1 progeny derived in part ¢ would be expected to be
albino?

parental gametes Coackion albno = 4 (0435) 7+ 4 (0495) (0. 005)
0222 ‘AZ + (0.005)> = 0Aqco2s v 09
0. Al

Ve cowx‘o\MzV\* SY\N\'QS"

Y alat

VA (funchond
0.005 A o)
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2. (a 7 pts) You have isolated an E. coli mutant that carries both an amber mutation in the
HisC gene (HisC®™) and an amber suppressor mutation (Sut). Therefore this strain is

phenotypically His (it can grow without histidine added to the medium). You obtain a strain,
which carries the HisC®*™ mutation and has a Tn5 insertion known to be linked to the HisC

gene; this strain is phenotypically His~ and is kanamycin resistant (Kanf). You grow P1 phage
on the HisC®™ Tn5 strain and use the resulting lysate to infect the HisC®™ Su strain, selecting

for Kanf. Among 100 Kan' transductants, you find that 20 are His~ and 80 are His+. What
distance are you measuring in this experiment? What is the distance?

H\"SCGM7TV'53‘SLL- ?nfed‘ ‘HMCO’M)SL&_“—
Select ]QW Kan”

M eaSurs s + % istance -
S -

X = W

e
'S -
Sut drsfmce:j——— =20 =207
fota L (eo
(b 9 pts.) t, you set up two reciprocal crosses. In the first cross you grow P1 on a strain

that carries the Tn5 insertion described in part (a) as well as the HisC*™ and Su* mutations.
You then use this lysate to infect a wild type strain (HisC+ and Su™) and select for Kanf. From
100 Kan' transductants examined, 99 are His*+ and 1 is His™. In the second cross you grow
P1 on a strain that carries the Tn5 insertion and is HisC+ and Su™. You use this lysate to
infect a strain with HisC®™ and Sut mutations selecting for Kan!. From 100 Kan'
transductants examined, 90 are Hist and 10 are His—. Draw a genetic map showing the

relative positions of the Tn5 insertion and the HisC*™ and Su+ mutations on the chromosome.
What, if any, genetic distances can be obtained from these crosses?

Considar 2 otdars & Two  HsC w  —er— Tus Su Hs¢

—pp—

oroER_#-| \ CRPERFA 4. pige” = cam)
g M fj’ 1 WS Sut hise™ St sk ware His from
Cross 2 Hhan cross |-
HisC™  su” SuT HieF Ths 1 consistent w/ 6RPELZ
—zete 4
Sut St A=t No other distances

\ Cam. e OWWM-
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3. You are studying a yeast strain that will grow on the sugar raffinose. The gene for
raffinase enzyme (Raf1) is expressed when raffinose is present, but it is not expressed when
raffinose is absent. To study the regulation of Raf1, you construct a fusion of the Raf1
promoter to the E. coli LacZ gene and place this gene fusion on an extrachromosomal plasmid
designated (Raf1-LacZ). Yeast cells carrying this plasmid express B-galactosidase only in the
presence of raffinose. You identify two new regulatory mutants designated Raf2— and Raf3—.
The effect of these mutants on expression of the Raf1-LacZ reporter is shown below:

B-galactosidase activity

+ raffinose — raffinose
Wild type (Raf1-LacZ) + -
Raf2— (Raf1-LacZ) + +  Conshhinve, trams
Raf3— (Raft1-Lacz) - - unindvuble, hrang

You then construct three diploids strains (each carrying the Raf1-LacZ reporter plasmid) with
phenotypes shown below:

B-galactosidase activity

+ raffinose — raffinose
Raf2— / Raf2*+(Raf1-LacZ) + - recess\e
Raf3— / Raf3*+(Raf1-LacZ) + —  elessihe
Raf2—/ Raf3— (Raf1-LacZ) + —  cewp [emenbatyoinc

(a 6 pts.) What do these results tell you about the relationship between the Raf2— and Raf3~
mutations?

Raf 2= and Raf 37 are nmwtehows M A erent %WS,

becavse Hhare B Compleientoion

ke ’
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(b 4 pts.) Next, you sporulate the diploid produced by crossing Raf2— and Raf3~ strains. Out
of a total of 50 tetrads, 35 are Type 1, 8 are Type 2, and 7 are Type 3.

TV Typel NPD. Type 2 Pss Type3
constitutive uninducible constitutive
uninducible uninducible constitutive

regulated uninducible
regulated regulated uninducible

Is the Raf2— Raf3— double mutant regulated, constitutive, or uninducible?

Unmﬂm ) (fo"\l‘vtc"“l«“gé of Raf 37 so Raf 3 5% {101\5%2, o Raf' g )

(c 8 pts.) On the basis of your answer for part (b) and from the rest of the information given in
this problem, diagram a molecular model of Raf1 regulation. In your model, include Raf1,
Raf2, Raf3, and raffinose.

Raf 2= neaahve regulato—
Raf 3 = ;ogsf‘h\rt :gutai—ev*

Raffinose — Raf 2 — Raf 3 —> Raf L

(d 8 pts.) You isolate a dominant allele of the Raf2 gene that gives uninducible expression of
Raf1-LacZ expression. The mutation in this allele (designated Raf2Y) lies within the coding

sequence of the Raf2 gene. In a cross between Raf2U and Raf2— mutant strains, what kind(s)
of tetrads would you expect to get and in what relative frequencies? (Specify the tetrad types
in terms of the spore phenotypes with respect to Raf1-LacZ expression.)

Stee they are trgltly linked, expect  PD >S5 7T

_fD TT
Unndwer ble Unindvab e

Umwﬁjcfbl\e_ covishhtve

Qovt&%MM (‘eau ke d |
conshhvhye Onlenown (dovble nutant
plevotype)
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4. The human genome spans about 3,000 Mb and contains about 30,000 genes. in the human
genome, 1 cM corresponds approximately to 1 Mb. Hp,c, the average heterozygosity per nucleotide
site, is approximately 0.001 in human populations. Assuming an average gene size of 20 kb
(excluding the promoter), and an average mRNA size of 1.5 kb, calculate:

(a 4 pts.) The percentage of the human genome that is transcribed.

(30 Kh/gen c)( go‘oooaem) .
(3000Mo) (1000 b/Mb)

(b 4 pts.) The percentage of the human genome that is accounted for by introns.
(30%p-1.5KD) (30000 genes)
(3000 W) (1900 Kb/ Wb)

= 18.57.

(c 5 pts.) For a randomly selected 20-kb autosomal gene, the expected number of intronic
nucleotides at which a person’s paternally and maternally inherited alleles differ.

19.5 ko of introms jn a 20K gene
Payc= O-OO\) 50 \/\ooo bases will be dffeiont belween the maternal
and Ym’ftmq\ alleles

Q‘B,Q KB\KOQOO |}: 19.5 avcleotides

(d 5 pts.) What would your answer to question (c) be if the person were a monozygotic twin? A
dizygotic twin? Briefly explain your answer.

Question () s ‘oo\?\'nj aY Jdi ffecences between an indinwdals pqrm’fs, Therefore
\Fdoee'y matter whether or hot the pergen M question 1S atwin or ndf) fhe
amgwer S &H\ \‘(g yﬂvc\eoholes
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(e 5 pts.) What would your answer to question (c) be if the person were a product of a brother-sister
mating? Briefly explain your answer.

The inb{eeo‘mﬁ cockficient {oflqbwTh?r-sfﬁer vnahnj 'S \/L,_ There fore e
matcinal ond pa*cmﬂ\ genomes will have % gf dheir genemes N (ommon

J
and °"‘|j Yhe YC"""‘““""j 3/\1 cgn \oc))ff’ﬂ)'fﬁ)/y he o\\\FfL’fC’V)'IL.

(3/11) (\%‘; /)UC\ed)dees) il \7.),876 nvc\fo\.'Jes

(f 5 pts.) Consider a randomly selected 20-kb gene in a human sperm. (We’'ll refer to the man who
produced the sperm as the “father.”) What is the likelihood that the gene is recombinant, that is, that
its 5’ end derives from one “grandparent” and its 3’ end from the other “grandparent”?

lcM x 1M

Recamby natign likelihood 20 Ko

lew - (M} {10000/ Mb) = 0.03

Recombination l(ielinood= 0.03cM=0.0Q 7.
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5. Three sex chromosome trisomies are observed in humans: XXX, XXY, and XYY. Which of
these sex chromosome trisomies could result from nondisjunction in:

(a 3 pts) Maternal m/eiﬁs/is I Genaval Rubg -

£34'4
Seom f(i((\{ —%"’”‘O/’ MT NT = one afw[(, clur om0 Saml
¥ 7 X pow_ gives XX
(b 3 pts) Maternal meiosis |l dad ﬂ?VQS X\(
XXX ME NDTJ = Awo of Hhe Sane chromosoug
X >( Y mewm. g 1ves XX

Aakgives XX or YY

(c 3 pts) Paternal meiosis |

XKy

(d 3 pts) Paternal meiosis Il
XXX
XYY

(e 3 pts) Post-zygotic mitosis

XX X
XXY

XYY
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A physician asks your advice in the case of an XXY boy with hemophilia, an X-linked recessive
trait. Neither of the boy’s parents has hemophilia. Paternity has been confirmed using
autosomal SSRs.

(f 7 pts) Assuming no new mutations, what sort(s) of meiotic nondisjunction (maternal?
paternal? meiosis 1?7 meiosis {1?) would readily account for the boy’s hemophilia? Sketch the
proposed meiotic event(s) in which nondisjunction occurred. As necessary, include the
wildtype (+) and mutant (hph) alleles at the hemophilia gene in your sketch.

XXY boy o/ “e”‘o/’ht/’a -—> b”’l’h of his X5 have The /,/Dé aflefe
Mother must have been szmer : Xh/olr ¥ +

71' whelker hpb /s ceh fromere /4
S//oce we do No /Oww M£ - — :

VDT cowd have occumed rn /
MI AT ) - M.’IINDiT, — . I

?h MIL
M NPT mI. "_"_i NoT O
1% rem&kdmm) (w Jo ?@

(g 4 pts) Assuming a new (hph) mutatlon arises on a single chromatid during meiosis in one
parent, what sort of nondisjunction (mitotic? meiotic?) could account for this case? Briefly
explain your answer. No sketch needed.

Bec Hepe s only one cop OJD bpé fhere /5 no
:ﬁs; the ba/ ﬁ f//ke al/‘sez/:e %%roujé merohc MWD

(/)e has To hort fwo cof/es éfﬂt. A//z a_/(e/e)
%/oww@,») he coud have +wo 60//65 becaus

[afic WbT)

mn‘vﬁ (&

2 5) O
e .
/oef/l‘()aﬁm

X XY

) | b0

e 0»/ /)asf-»p e///'ca. fron
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6. Your UROP project is to genetically map color blindness, an X-linked recessive trait, with
respect to SSR markers. Like many X-linked recessive traits, color blindness is usually found
in males. However, the mutant allele frequency is sufficiently high that colorblind females do

occur.

Alleles: + (normal) clr (associated with color blindness)
Here is a family in which some individuals are affected:
+ cl
XUrY XX v
mokermad allele, elr v e 4 + + el e
A _ - —_— — —
SSR72 B —_— — — — —_ — —
makeoad o 8 A A 4 p A A A B B
a _— — —_
SSR73 b -_— — — — — —
C —_— —_— — — —_—

makenal oMl - e & & &

(a 2 pts) What is the (deceased) mother’s genotype at SSR72?
AB

(b 2 pts) What is the (deceased) mother’s genotype at SSR737?
a

(c 2 pts) Diagram the two possible phase relationships between the SSR72 and SSR73 alleles
in the mother.
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(d 5 pts) Calculate the LOD score for linkage at 8 = 0.2 between SSR72 and SSR73 in this
family. phase is valwown .

LoDy woa™ loa,, 2 ()0 Yo () ()T 39 21,14
o Ao 2 o = loa,, 137 \).Hl

(e 2 pts) Diagram the two possible phase relationships between the SSR72 and color
blindness alleles in the mother.

+ A @) + 3
PR ey ——
[+ X"
B e g —
clv @ cle A

(f 5 pts) Calculate a LOD score for linkage at 8 = 0.1 between SSR72 and color blindness in

this family. Plhase 15 oulenswn -

q \! | A9
/o (.45) (-08) + Ja(45) (05) ;
LODQ_." = IOS“’ 2 (é_)‘c = iOS 4.3 1.2973 ’

(g 5 pts) If SSR72, SSR73, and the color blindness gene are all located in the same region of
the X chromosome, what is their most likely order on the chromosome? Briefly justify your

answer.
Losk at recoub want childcen.

cChld # 3 retondoinant bettotey SSRIL awed SSR %3
Child > ™ reconbment betwern Y dizease and SSRZQ
BoHi ave vecoubivand bVetweer Asease and S<R 7 3
There Fore, becavse move reconbyiaton ecects ave Sewn betueg
Ha dseast aud sskF 3, fese sides ave host Iﬂce(jﬁ be
forter Mtua fom eacle oer !

C .
l ¢ Sséw (552%73) Most chrldven ave eitla~
r o
C;, + ' C"r’"/ 8,(— a +/ A/a"
v,,X/ X Child 3 has recombretod betoen
: 2 ’ $SR 72 awd dzeace, aud 13
+ 7‘ A a. C)r/ /4, A

hild 2 cwld F ¥ T v A c
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7. As discussed in 7.03, one in 20,000 human males is an XX male. If an XX male has a
twin, what is the likelihood that twin is an XX male assuming:

(a 4 pts.) The twins are dizygotic.
p (XX mﬁb“>P(V“‘”’> {aoooo )( > B ﬂo 000

(b 4 pts.) The twins are monozygotic.
i 0O /-

As discussed in 7.03, one in 200 individuals in the industrialized world suffers from HNPCC
(Hereditary NonPolyposis Colon Cancer), an autosomal dominant trait. If an individual with
HNPCC has a twin, what is the likelihood that twin has HNPCC assuming:

(c 4 pts.) The twins are dizygotic.
50 %
(d 4 pts.) The twins are monozygotic.

100,

For mothers 30 years of age, the incidence of trisomy 21 is one per 885 births. Consider an
individual, born to a 30-year-old mother, who has trisomy 21 due to meiotic nondisjunction in
the mother. If the trisomic individual has a twin, what is the likelihood that twin has trisomy 21
assuming:

(e 4 pts.) The twins are dizygotic.

P(‘h"iSovnaz 21 -@or cwid é}/q 30 ujgar o/a( md‘&ﬁr): %85
(f 4 pts.) The twins are monozygotic.

00",
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8. HNPCC (Hereditary NonPolyposis Colon Cancer) shows autosomal dominant inheritance
in humans. As discussed in 7.03, some individuals with HNPCC are heterozygous for a loss-
of-function mutation in the mismatch repair gene MSH2. These individuals frequently develop
cancer of the colon, ovary, uterus, or other organs before age 50.

(a 5 pts.) Which of the following two approaches would yield a better mouse model of

HNPCC:
1) random integration of a transgene consisting of a mutant human MSH2 gene (from

an HNPCC patient)
OR
nockout of the mouse MSH2 gene?
Briefly justify your answer.
ke the HNTeC \\;\\\V“M\S‘ we wank a wmewt  hetere yﬁ)m
N« \OSS*O’F‘M&W\ wavkbon o MSHZ | Se we wamt +o

Lageloould ot of Hae wok's MSNT qene coyred

(b 5 pts.) Would you expect mice homozygous for the modification you chose in question (a)
to develop cancer more quickly, more slowly, or at the same rate as heterozygotes? Briefly
justify your answer.

hewmozygote bedecud mice  have Eoth
copuss pleasdy wnosiney  whevens Jakeve zrpptes
(e fumchim W Hher r:zML\\V\LvJ> MWSHZ
fg S S)o'w& S e hcmo%fﬂcﬁg
g et funchionad sHll allows

Wneve ‘L\'\CH/U X
MOSHZ
)’\ML 4o
pons- to veath
becanss the s{woie cop

Nk\h—hm;,a lev e\ o-\: @MC‘\’Q»A
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9. (a 6 pts) When an Hfr E. coli strain carrying a wild type Lac operon (I*+ Zt) is mated to a
strain in which the entire Lac operon is deleted, there is a transient burst of B-galactosidase

expression even in the absence of the inducer lactose. However, when an Hfr carrying It Z+

is mated to an It Z— mutant, no B-galactosidase is synthesized. Explain these results given
what you know about the mechanism of Hfr conjugation and Lac gene regulation.

Rir c’Or\)uaqi(W\ Onlﬁ \ransfecs DN)‘) no* pro'd’s“ni '\herchr(’ no repreSSOf

profein i dranshereed o e cecipiont, o o5 so0n ws the recipient

recerves  the g operon, he 2136% sl be  Yransoribed and ffvmslq}ed,

THwill dake time for Ane tepiessor Yo he transgibed ond franslqled
theve 15 a Yransicnt burst of Lac TXpression be\‘org Lac) (epr
Pro\t’(h 'S made.

JSO

€550¢

X-r\ Yhe secand cuge ’\\'h’/‘e VS q\!(’ctdy “\)V\O*rtdﬂq\ LQCI YCPYCSSUf'
presenlin the fec(p\‘en‘r) so bacZ Vs repressed immed\\qh\j

(b 7 pts) E. coli strains that are lysogens for phage A carry a phage genome integrated at a
specific site in the E. coli chromosome. The genes for phage multiplication are kept from
being expressed by the phage A repressor protein. Given the results from the mating
experiments in part a, what do you expect would happen when an Hir strain that was lysogenic

for phage A was mated to a F~ strain not carrying a A lysogen?

There s no A fepressor prd\m‘r\ in the fecfpl'f")}- Therefore dhe gen<s
requiced €or A replicalion will he expressed jand tme strain will e come lykic.
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(c 5 pts) The A repressor protein is the product of the phage cl gene. Mutants of A that are
cl~ cannot form lysogens and therefore form clear plaques. Will a A ¢l mutant be able to
form plaques on a A lysogen? Explain your reasoning.

NO\ The & \regﬂ%w {rowx He A ljSL an 1
dveadsy b YYM o i will e vent

‘}“‘MSO‘(L\{'\'\CM c{‘ LT/NS w\\/é‘ Vﬂﬂl " )W sz(wd’w

5t N €L mmudent (uo well as s ewn)

(d 7 pts) You isolate a new mutant of phage A that can form plaques on E. coli strains that are
lysogenic for phage A. Given what you know about the operon model of gene regulation by a
repressor, propose a molecular mechanism to explain the behavior of your new mutant phage.

@ The new Yt hawe A W\\L‘\’DJ‘/\\' qu—gg\'o( So Hoad
*\’\Jv X refm%m( C MY L\N\ 4o rz?*fz% r\m@t

‘er\'w@(LW\. tbQ/\/\Qs .
@ -‘\ML new W\\,\‘\M“f CN \(\N\rs'l. hY ‘N\\)C\'DA'W WA SWzSSCY‘
& fe N r{rz Ya8 (Sw‘LMWZVYIQSW of A mvﬁ%m’\.

O ’ﬂ\"s A MW\"’W\* cam hewe & V\/\MW‘* )\ re})”ffSSC'Y
"W\k\' &AM\MV\'\’ V\uﬁ"%“fz ((l ‘J(l/\m/uy\ mli Lﬂk’j

A5 )\ u,wz (oY acts 1S A WN\W).






