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Sister Chromatids
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150compare.GIF (GIF Image, 340 % 383 pixels) http://www.elmhurst.edu/~chm/vchembook/images/150compare.GIF

3 Comparison of Bonding
lonic + 9 - lc-:)m['lllsetef
@ ransfer o
Na ™ CI ¢ electrons -
: O full ionic
LA charges
Polar :
Covalent '
: unequal sharin
S5+ TS of%lectrons,g
' resultsin
H '.CI : partial charges
Y
: 8 = partial
Non-polar
Covalent
: equal sharin
H ® . @ H o?electrons?
. results in
no charges

C. Ophardt, c. 2002
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Compare Ionic and Covalent Compounds http://www.elmhurst.edu/~chim/vehembook/ 1 53comparecovalent.html
o

F)OU Compare lIonic, Polar, and Non-polar Bonds

Definitions:

Ionic Bonding:

The formation of an Ionic bond is the result of the transfer of one or more electrons from a metal onto
a non-metal.

Covalent Bonding:

Bonding between non-metals consists of two electrons shared between two atoms. In covalent bonding,
the two electrons shared by the atoms are attracted to the nucleus of both atoms. Neither atom
completely loses or gains electrons as in ionic bonding.

There are two types of covalent bonding:

1. Non-polar bonding with an equal sharing of electrons.

2. Polar bonding with an unequal sharing of electrons. The number of shared electrons depends on the
number of electrons needed to complete the octet.

EComparison of Ionic, Polar and Non-Polar Bonding:

Whereas non-polar bonding involves the equal sharing of electrons between identical non-metal atoms,
POLAR BONDING is the unequal sharing of electrons between two different non metal atoms. A
proper understanding ol polar bonding is gained by viewing the types of bonding on a continuum. Ionic
bonding is on one extreme with a complete transfer of electrons forming charged ions. Non-polar
covalent bonding with equal sharing of electrons is at the other extreme. Somewhere in the middle but
favoring the covalent side is polar bonding with unequal sharing of electrons and partial but incomplete
transfer of electrons.

Comparison of Lewis Diagrams of Ionic, Polar and Non-Polar Bonding:

The best way to show and represent the unequal sharing of electrons would be by comparison with
NaCl and HCl, and H2 using Lewis diagrams.

The captions below correspond to the graphic on the right.

TIONIC: Complete transfer of electrons, therefore Na becomes positive (lost e-) and Cl becomes
negative (gained e-).

POLAR: Unequal sharing. Chlorine has a greater tendency to keep its own electron and also draw
away hydrogen's electron. It is NOT completely successful. As a result only partial charges are
established. Hydrogen becomes partially positive since it has lost control of its electron some of the
time (H +). Chlorine becomes partially negative since it gains hydrogen's electron some of the time (Cl

).

’ In summary, a polar bond results when different atoms share electrons. One atom will attract the

\bonding electrons more strongly than the other atom and will acquire more than a half share of these
|

1of2 12/16/2012 2:29 PM



Compare lonic and Covalent Compounds

http://www.elmhurst.edu/~chm/vehembook/ | 53comparecovalent.html

electrons. This leaves the other atom with less than a half share and makes the electron distribution
unsymmetrical. On a time-average basis the electrons spending more time with one atom cause it to
have a partial negative charge. The other atom deficient in electrons acquires a partial positive
charge.

NON-POLAR: Equal Sharing. Neither atom can dominate the other, therefore the electrons are shared
equally between them.

12/16/2012 2:29 PM
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Chemical Bonds

i

[ ] [ ]
Chemical Bonding
Chemical compounds are formed by the joining of two or more atoms. A
stable compound occurs when the total energy of the combination has lower
energy than the separated atoms. The bound state implies a net attractive
force between the atoms ... a chemical bond. The two extreme cases of
chemical bonds are:
Covalent bond: bond in which one or more pairs of electrons are shared by
two atoms. -
Index
Tonic bond: bond in which one or more electrons from one atom are@ed
and attached to an@om, resulting in positive and negative ions Which Bond
attract each other. concepts
Other types of bonds include metallic bonds and hydrogen bonding. The Bond
attractive forces between molecules in a liquid can be characterized as van data
der Waals bonds.
Chemical
P\ concepts
|
- i
_‘-, 11 ¥ N 1
{ a2 } ity (B i
e - f{nm
: . \ // 4726 eV
g wl T
-0
D28 nmet 5
Sodium chloride
. Hydrogen molecule
Lonic
Covalent
. ; ; Go Back
HyperPhysics***** Quantum Physics ***** Chemistry Nm’]j e
Cov t Bonds Index
: ; : . Bond
Covalent chemical bonds involve the sharing of a pair of valence electrons by a—
two atoms, in contrast to the transfer of electrons in jonic bonds. Such bonds | S2MCCRS
lead to stable molecules if they share electrons in such a way as to create a Chemical
noble gas configuration for each atom. SN
concepts

http://hyperphysics.phy-astr.gsu.edwhbase/chemical/bond.html

12/16/2012 2:30 PM



Chemical Bonds
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Hydrogen gas forms the simplest covalent bond in the diatomic hydrogen

molecule. The halogens such as chlorine also exist as diatomic gases by

forming covalent bonds. The nitrogen and oxygen which makes up the bulk
of the atmosphere also exhibits covalent bonding in forming diatomic
molecules.

He + ¢ —s Hs H or H—H

forming covalent

bond 6{16{’@ Wﬂ[7

'I. l.. .l l‘.l. ‘.. tﬁ.
OC!.'{"Clg—-'QCIQC:l. or .C|_ I.
& 8 L e e &6 L & @
Constituent atoms Covalent bonding can be
share a pair of electrons, visualized with the aid of
closing the shell for each Lewis diagrams
L '. . @ s L ] C.
He - (] 4 = H.CE.]OT H~Cle
L N a9 L

— .

N
8onaing Lane
| par | | pai
1

|C0mparison of ionic and covalent materials.

. : Go Back
HyperPhysics™**** Chemistry Nm:g —
Polar Covalent Bonds
Covalent bonds in which the sharing of the electron p@vith the = Index
electrons spending more time around the more nonmetallic atom, are called
polar covalent bonds. In such a bond there is a charge separation with one Bond
atom being slightly more positive and the other more negative. i.e., the bond | concepts

will produce a dipole moment. The ability of an atom to attract electrons in
the presense of another atom is a measurable property called™———
LA0M 1 8 measuren'e Propetty ©

clectronegativity. , d‘

http://hyperphysics.phy-astr.gsu.edu/hbase/chemical/bond.html

12/16/2012 2:30 PM
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HyperPhysics***** Chemistry Navlz giGo Back
Ionic Bonds
In chemical bonds, atoms can either {ransfCr or shar i-valence electrons.

In the extreme case where one or more atoms lose electrons and other atoms
gain them in order to produce a noble gas electron configuration, the bond is
called an ionic bond.

Typical of ionic bonds are those in the alkali halides such as sodium chloride.
NaCl.

sodium contributes + f_
electron, leaving it N

with a closed shel!

- -
e » . Index
Nae + *Cle —-—»M+ e lla S
¢ e L .\
forming ionic /
ibogn; l chiorine gains Bond
electron, leaving it lIonic bonding can | concepts
vith a close hell . " §
with 8 cosad 6ha be visualized with
- the aid of Lewis
s L) 2+ " ] u. < d
sMge + .C.)- — Mg + « O diagrams.
forming fonic
bond
Ot. LA 2+ o o" .1-.‘
eCae + o Cl, + *Clg—=Ca + ,Clg + o Cls
L I 3 [ W ] @ e & 8
|C0mparison of ionic and covalent materials.
Energy contributions to ionic bonds
‘Table of ionic diatomic bonds
' ; Go Back
HyperPhysics***** Chemistry N R |30 Back
ave

hitp://hyperphysics.phy-astr.gsu.edwhbase/chemical/bond.html

12/16/2012 2:30 PM
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Metallic Bonds

Index
The properties of metals suggest that their atoms possess strong bonds, yet Bead
the ease of conduction of heat and electricity suggest that electrons can move
: S ; 2o concepts
freely in all directions in a metal. The generalObservations give rise to a
picture of "positive ions in a sea of electronis" to describe metallic bonding.
. 4 i :Go Back
HyperPhysics™*** % Chemistry Nm:: o
e
[ ] 5
Metal Properties
The general properties of metals include m;ﬂ‘@ilily and ductility and most T
are strong and durable. They are good conductors of heat and electricity.
Their strength indicates that the atoms are difficult to separate, but Band
malleability and ductility suggeykg the atoms are relatively easy to move ;
. . o ; " s concepts
in various directions. The electrical conductivity suggests that it is easy to
move electrons in any dipeCtion in these materials. The thermal conductivity
also involves the motion of electrons. All of these properties suggest the
nature of the metalli¢ bonds between atoms.

http://hyperphysics.phy-astr.gsu.edw/hbase/chemical/bond.html

12/16/2012 2:30 PM
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HyperPhysics***** Chemistry

Nave

|

R gGo Back

http://hyperphysics.phy-astr.gsu.edu/hbase/chemical/bond.html

Hydrogen Bonding

Hydrogen bonding differs from other uses of the word "bond" since it is a
force of attraction between a hydrogen atom in one molecule and a small
atom of high electronegativity in another molecule. That is, it is an

intermolecylar force, not an intramolc ‘orce as in the common use of the

word bond.

When hydrogen atoms are joined in a polar covalent bondwith a small atom
of high electronegativity such as O, F or N, the partial positive charge on the
hydrogen is highly concentrated because of its small size. If the hydrogen is
close len, fluorine or nitrogen in another molecule, then there
is a force of attraction termed a dipole-dipole interaction. This attraction or

bond.

Hydrogen bonding has a very important effect on the properties of water and
ice. Hydrogen bonding is also very important in proteins and nucleic acids
and therefore in life processes. The "unzipping" of DNA wg of
hydrogen bonds which help hold the two strands of the double helix together.
_"_‘—--_______.__--‘_'__'_'—'__-_‘____'

Index

Bond
concepts

Ar

R

| HyperPhysics***** Chemistry Niiiig

Go Back

"h nd™ can have about 5% 10 10% of the strength of a covalent /7 &V‘
ydzogen bor ; do | / o

bl v/
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Complementation (genetics)

Irom Wikipedia, the free encyclopedia

In genetics, complementation refers to a relationship between two different strains of an organism which
both havc@%ﬁiu?rcccssivc mutations that produce the same phenotype (for example, a change in
wing structure 1n flies) but which do not reside on the same (homologousi gene. These strains are true
breeding for their mutation. If, when these strains are crossed with each other, some offspring show
recovery of the wild-fype phepotype, these strains show SNt

o

Genetic complementation”. When this occurs,
cach strain's haploid supplies a wild-type allele to "complement” the mutated allele of the other strain's
haploid, causing the offspring to have heterozygous mutations in al lated genes. Since the mutations are
recessive. the offspring will display the wild-type phenotype. A &amplementation test jsometimes called a
"cis-trans" test) refers to this experiment. developed byﬂmrican geneticist Edward B. Lewis. It answers
the question: "Does a wild-type copy of gene X rescue the function of the 2le that is believed to
define gene X?". If there is an allele with an obscrvable phenotype whose function can be provided by a
wild type genotype (i.e., the allele is recessive). one can ask whether the function that was lost because of
the recessive allele can be provided by another mutant genotype. If not, the two alleles must be defective in
the same gene. The beauty of this test is that the trait can serve as a read-out of gen@ Tunctioneverewithout

knowledge of what the gene is doing at a molecular level!]

Complementation arises because loss of function in genes responsible for different steps in the same
metabolic pathway can give rise to the same phenotype. When strains are bred together, offspring inherit
wildtype versions of each gene [rom either parent. Because the mutations are recessive, there is a recovery
of function in that pathway. so offspring recover the wild-type phenotype. Thus, the test is used to decide if
two independently derived recessive mutant phenotypes are caused by mutations in the same gene or in two
different genes. If both parent strains have mutations in the same gene. no normal versions of the gene are
inherited by offspring: they express the same mutant phenotype and complementation has failed to occur.

In other words:

= [[ the combination of two haploid genomes containing different recessive mutations yields a mutant
phenotype, then there are three possibilities:

1. Mutations occur in the same genc.

2. One mutation affects the expression of the other.

3. One mutation may result in an inhibitory product.
S el RO B

= If the combination of two haploid genomes containing different recessive mutations yields the wild
. . . -————’—"_-___hh‘
type phenotype, then the mutations must be in different genes.

5o B ik i coe/ i B0

Contents

1 Example of a Simple Complementation Test
2 LExceptions

3 See also

4 References
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Example of a Simple Complementation Test

For a simple example of a complementation test,

suppose a geneticist is interested in studying two strains
ol white-eyed flies of the species Drosophila P
melanogaster. In this species, wild type flies have red =~ seeeeeomemecceeaoeee L preeeseseseeeseeeee —
eyes and eye color is known to be@ws. { e

White-Eye Strain 1 White-Eve Strain 2

] 3 S 4 i % " F v

A and B. Esch one of these genes has two alleles. a 3 N Lt K. 3

ominanidne that codes for avorking protein (4 and B AT |
. ! : i s ! L i
respectively) and a recessive one that codes (b hq%¢}-r9¢ . L % 3

malfunctioning protein (& and b respectively). Since . ) VN
both proteins are necessary for the synthesis of red : ; .
pigmentation in theeyes; il a given 11y is l0omozy gous

for either a or b, it will have white eyes. ~

—_—

Knowing this, the geneticist may perform a o R o
complementation test on two separately obtained strains
of pure-breeding white-eyed flics. The test is performed
by crossing two flies, one from each strain. If the

resulting progeny have red eyes, the two strains are said
‘LO@U if the p?fi‘g“c‘n/y have white eyes, they do Example of a complementation test. Two strains of

) B @

Hybrid Red-Eye Strain

not. At : [ A flies are white eyed because of two different

P J/L‘q: -hﬂn. Jﬂ”ﬂbﬂd’ lﬂ.(/lﬁbl autosomal recessive mutations which interrupt
[f the strains complement, we imagine that one strain different steps in a single pigment-producing
must have a genotype aa BB and the other AA bb. metabolic pathway. Flies from Strain | have
which when crossed yield the genotype AaBb. In other complementary mutations to flies from Strain 2
words. each strain is homozygous for a different because when they are crossed the offspring are able
deficiency that produces the same phenotype. If the to complete the full metabolic pathway and thus have
strains do not complement, they both must have red eyes.

genotypes aa BB, AA bb, or aa bb. In other words. they
are both homozygous for the same deficiency, which
obviously will produce The same phenotype.

Exceptions

There are exceptions to these rules. Two non-allelic mutants may occasionally fail to complement (called
"non-allelic non-complementation" or "unlinked non-complementation"). This situation is rare and is
dependent on the particular nature of the mutants being tested. For example, two mutations may be
synthetically dominant negative. Another exception is transvection, in which the heterozygous combination
ol two alleles with mutations in different parts of the gene complement each other to rescue a wild type
phenotype.

See also

= blue-white screen

20f3 12/18/2012 3:12 PM
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If Aand B are mutations in the same gene, they still produce no functional protein since while each has a
el PDESIUSIESANTIe Sat |
different mutation they both eliminate the same function. They will not complement.
eSS e = S

If A'and B are mutations in different genes, now it is possible to get a good copy of both genes in the
same organism restoring thmphenotype. This is complementation.
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Name Section TA

2012 7.012 Problem Set 1
Please print out this problem set and answer the questions on the printout.
Answers to this problem set are to be turned in at the box outside 68-120 before 4:00 PM,
| Thursday September 13,

Question 1 |

Describe the physical characteristics of the proposed first organism as it compares to modern
organisms. f ) L(/ .f\—”,«p\‘

QM@\@_ (fl'fi_’_f Pm{ W /
6;’;’:’ ple no watﬂr’ﬂ, band 6/3 av

i f
Question 2 wilgols gty

[a "

Growth factor receptors (like that shown below) are transmembrane proteins found on the cell surface.

o Helix

Copynght & Pearson Educaticn. Inc., publishing as Benjamen Cummings.

a) The molecules that form the nybrane belong to what class of macromolecules?

=S

|
{
b) Explain the importa’.gt qualities/ properties of the molecules listed in (a) that allow them to form

membranes. b | L \ i
\/t&,/of % japropc - (el
und b il

! Aslde

c) Lisépof the amino acids you would expect to find at position A. Assume that the side chains of
these amino acids are exposed to the membrane at this position. Explain why you made these choices.

Page 7 shows the structures of the amino acids.
{

d\& r/\(H' (l bﬁ‘”‘) ’/t“ I,f [ Jm ﬂ

& Wq [f\/d‘l(’/ ;5 H?O (b 1”0?“@?0?6’/(( Lé‘/y

P
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Question 2, continued

Different regions of the protein interact in the tertiary structure of a protein.

d) Two interacting regions are shown below. In parts (i - iv) below, name tl-@éest}ype of
interaction (choose from; hydrogen bond, ionic, covalent, van der Waals)-tha rs between the

side chains of the amino acids indicated.

Interacting Side chains Strongest Type of interaction between these two side chains
i) Phe50: Val98 Van die \all
ii) Asp68:Lys65 (0n ¢ '
iii) Cys75: Cys82 Coal vV
iv) Ser53:GInl2 L bl W

—_—

e) Explain how GIn12 and Val98, which are far a i i i
' 1198, part in the primary sequence of th t
close to each other in the region of the protein diagrammediﬁover.y S e e

]
J

) (¢ Wt ye
% v U

(.lu, ch ('WL b@fvﬁaﬁ,“
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Question 3 Rt 12

You have discovered an enzyme, enzyme E, which cleaves the phosphodiester bond in DNA. This
enzyme binds to the specific double-stranded DNA sequence shown below: i
e

—_

When you examine the gene that encodes this enzyme, you predict that thgu—z\.g;ﬁle would be 305
amino acids long and weigh about 30 kilodaltons (30 kD). When you purify this enzyme you find tha

the active enzyme has a molecular weight of 60 kilodaltons (60 kD).

—_— —_— /'

a) Why might the active purified enzyme be larger than the expected product? ij I

(ags, o Ol es)
b) What types of secondary structures are visible in the image above? I F& 7 S /
( (
What bonds or forces are most important in stabilizing these secondary structures? H 60” &
What groups of the amino acids are involved in these bonds or forces? Choose from: amine p
- atbon, amine groups-found onside chains,Carbonyl groups directly attached

oups found on side chains, and xyl groups on side chains.

e thatn > T ATLG o Cabon ) bel bag.

¢) This enzyme’s quaternary structure is composed of two subunits, each encoded by the same gene.
Would you expect that the tertiary structure of the different subunits is the same or different? Explain.

I : = _,-7—;
Cave, Gk PAne P
d) Assume that you can manipulate conditions in vitro such that you can induce a single subunit of this

enzyme to bind and break a phosphodiester bond. How would the resulting cut DNA differ from the
cut DNA generated by the intact enzyme?

' N )
( l‘} b/ou{d_ Wﬂ W \
Only l SHM wjr

|
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Question 4

a) Name each of the following structures, give the function or functions of each, and list where in a
eukaryotic cell each would be found.

. 5 Name: m A L/

<l)adrnln¢

N~

0P O-CH,

] § ) J | ) f/
{4 O 17z WD /n 4 Ad L [L o #2411
4 Function: %(0(5 E‘m”i'z {y f".\/i W //f‘-"f.’"i ot g/
H / @l R J r " r f
.2.4’-;\ m)}j»'m’ ( | raln [/ |
B . Location(s): i“.“ Ny
\H“ NH,
\0\ (’::ﬁ:i‘uhﬁm
H,C, E/m\?
#

HO H

-O_E_M:Hz ><"ii/ °“~':-’7{ Name: ({/VA /
E @ : 3 2
|] uraci

H

o
- i
ozr
o

L -
9 & { N :_
'g/;f'\a Function: {-’0"‘? i.{.‘,’:"/i.,; {5
Xl o
1
Hf’ H .
o oH NH, i o
'g;"’\o M N_‘m}ocation(s): (’, U ( vﬁbp{%rn, v /IVU[ &
< o L
\ N
Sy oy
H H

74

Name: P(pa ia/i

HQ /CH;N%C;/ e H, Function: [=‘ (/Q b
TH N \?/ \T) L g ol
L | ocation(s): ' [/, PI-{-«/WE

%ﬁfﬁ’ % ! bbﬂ% é“”'}ﬂa aid paetilg,
much iru)lﬂ il 4

\ AV
Doty aq ks oF Pl Fhadts
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Question 4, continued ¢ 'w]__.,/,ﬁ,i 2

!

b) Which of the following represent a @denﬁtion reaction? Place an X nextiee=atfthat apply.

X_ The joining of DNA fragments by DNA ligase during replication.

The formation of a peptide bond. \\_ﬁ & A’@ L‘/; (l/f?{/ [t/ "

The formation of a glycosidic linkage to form a disaccharide.

The formation of glucose from lactose. (@ = 1! - !0 '
- e - by oty

The cleavage of double-stranded DNA by a restriction enzyme.

Question 5

In this question, you Will use StarBiochem, a molecular 3-D viewer, to explore the structure of several proteins and
how their structures rejate to their function in the cell. You will begin by importing protein structures from the
Protein Data Bank by usjing the following instructions:
* To begin using StarBiochem, please navigate to: http://mit.edu/star/biochem/.
* Click on the Start button.
*  Click Trust when\a prompt appears asking if you trust the certificate.
* In the top menu, click on Import > RCSB (Protein Data Bank). Type in the four-character ID code for
each protein structire listed below and select Open. Among all the structures shown, select the
designated protein ID and click Open again.

Import each of the proteins listed below. The program will create a tab for each protein so once they

are imported, you can navigate between proteins easily.
-1BKV
-1BL8
- 1EJ9
- TH6L
-3D95

Explore the structure of each of the above proteins and answer the following questions. Please note
that if you change the view of the protein or proteins and want to go back to a previous view, select
“Reset” in the top navigation bar, and chpose “reset structure” or “reset all structures”.

a) Which of these proteins has a tertiary and / or quaternary structure that might allow it to act as a
membrane channel to allow entry of small mlecules into the cell? For each protein chosen, describe
what feature or features you saw in the tertiary and/ or quaternary structure that suggested to you that
this is a channel protein.

\‘.

b) Which of these proteins is shown binding to nucleic acid?
What nucleic acid is binding to this protein?
Describe what feature or features you saw that allowed you to identify the nucleic acid.




Name Section TA.
Question 5, continued

Give a more comp'lgte description of any two of the protein(s) that you imported by exploring their
structure in more detail. Determine which of the following features can be found for each of your
chosen proteins. More'than one may apply.

\
\

I have chosen for Protein 13\ . This protein...
...has some alpha helix structure. Yes or No
...has seven transmembrane alpha helices. Yes or No
...has some beta sheet struchﬁ‘e\. Yes or No
\
...has quaternary structure. " Yes or No
I have chosen for Protein 2: This protein...
...has some alpha helix structure. Yes or No
...has seven transmembrane alpha helices. Yes or No
...has some beta sheet structure. ¢ Yes or No
...has quaternary structure. N\ Yes or No
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STRUCTURES OF AMINO ACIDS at pH 7.0

(o] \\CIO (o] Q.C’O- = O*C’O' O\\C,D-
o ]
H—C—CH, H—(l.‘.—CH;CHzCHZ-bII_._ A u—-<::_caz_c:/ H—IC-—CHZ_C’:’ ]
ALANINE ARGININE * ASPARAGINE ASPARTIC ACID
(ala) (arg) (asn) (asp)
OQC,O' O\\CIO— 0“(:’0- o O*C’O-
o : '
H—<::—CH2 -SH H—(::—CHZCH: — H—C—CH,CH, — i
3—&{3 E-MJ & _,.NH3 NG E_‘HJ
CYSTEINE GLUTAMIC ACID GLUTAMINE (GTI_,\)’CINE
(cys) (glu) (gln) gly
. H o._ O o_ O 0. .9
O\\CIO R; 1_-_\ c’H ' H < (I:z [_I{ < (I:/
- _(l: o '-~--.I H—/(I:—(::—CHQCHJ H_(I:_CH" —(|:—CH, H—(I'_‘—C11:1CH;Lc:H:lc::H:t —NH,*
I'L‘H3 c/'N\H _I;‘H: CH, +NH_1 CH, EH3
+ I
- ISOLEUCINE LEUCINE IIYSINE
I-IEISTIDINE (ile) (leu) (lys)
(his)
o\\c’o‘ O*c’o. H H 0{\?,0' Dx\clo.
H—(:Z—CH,C}IZ--—-S—CH:, H_.::;_q. 5 " H...Cl_—C”z\ - H_(::_CH1 i
NH, NH, H P a,
METHIONINE N H H ] "
SERINE
pa PHhENYLALAN'lNE PROLINE s
(phe) (pro)
H H
(o] a 2
: el )—- o o H H o._ 0
(o] O > > s
T e Wy RV
H—C—C—CH, NH, H—(li—-CH: A --<|:.\C_HJ
4. * NH, X, H
s N ! ’ < VALINE
THREONINE TRYPTOPHAN H
(thr) (rp) TYROSINE (val)
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2012 7.012 Problem Set 2
Please print out this problem set and answer the questions on the printout.
Answers to this problem set are to be turned in at the box outside 68-120 before 4:00 PM,
Thursday September 27,

Question 1

You are doing genetics experiments with the fruit fly, Drosophila melanogaster. In the “P” generation,

you cross two true-breeding flies. The female parent is brown and wingless and the male parent is
black with normal wings. All of the flies in the F1 generation are black and wingless. (- D om i/-m |
e e (/16

Indicate the alleles associated with dominant phenotypes by a capital letter and alleles associated with recessive
phenotypes by a lowercase letter. Assume the two traits you are following are autosomal. Indicate the color
genotype with the letters “B” and “b” and the wing genotype with “N” and “n.”

[,
= plagh
a) The genotypes of the flies in the P generation are: é? 0
\B % ﬁ/ female and . male. | -y .

b) The genotypes of the flies in the F1 generation are: B "] [V \ T//

L! (¥l

\” U '
‘1“' N: AL

¢) You cross two F1 flies and obtain 1600 offspring. List the phenotypes of the offspring in the F2 L
generation and predict about how many flies of each type you expect if Mendel’s second law appliesto |/ " f

these genes. B N W 8“ b A 12']'

BN BBV Do BEN. BWa L -
W B Loy B bl 10000
By BOn BeYa Qpay Bbin

o iﬂr‘.’(‘ H:f:,fﬂ B:li;ffj!'i l)bﬂ -

d) You now take an F1 generation female and cross her to ajtrue-breeding broyvn male that has normal

wings: o b how dit L got-ta
i) This male’s genotype is: W L]\')ﬂf\ A 8 N ﬂ//@{d e q {7 ] v g /‘?

L ‘P(')/"'- A )
ii) You count 1600-offspring in the F2 generation. If you assume that the wingélld the color genes /y ¢
assort independently, you would expect: }/kil
) Pattnl

\{OO 0 # of normal winged brown flies (of the genotype )OL pn e
L 00 ( # of normal winged black flies (of the genotype 6 [‘} nA E nnn_ )
\:{4(2% # of wingless brown flies (of the genotype LEN ny }D BN

# of wingless black flies (of the genotype B b { Va " [ b / u)fl )

Q}’\ A {/ ﬁ‘{
BN Doty ook, wlegless o mighyy|
E[V 8 H?f Uh : 1\—6@&3"

¢ p {\S [‘.‘z hn b \’JU' b ;‘.;; \IJ (f (i“
n ii;‘b{l{i l..;‘{,‘f. | e A0
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Question 2

As a plant geneticist, you have identified three traits that contribute to the taste of certain coffee beans.
You have isolated strains of coffee plants that breed true for each trait. The strains produce beans that
can be either 1) plain or nutty (use A or a); 2) bitter or smooth (use B or b); and decaffeinated or highly
caffeinated (use D or d). | e - —— =
*In each case, use the uppercase letter for the allele associated with the dominant phenotype and the
lowercase letter for the allele associnted with the recessive phenotype.

You cross a true breeding I%&HO&L decaffeinated strain to a true breeding plain, bitter, and
caffeinated strain. The first (F1) generation is 100 plants: e o

——— 5 s ! . B [y
20 nutty, bitter, caffeinated ¢ o’ 5 ﬂuﬁ / D( ;{ fﬁ' ¢ | G PO, |
80 nutty, smooth, caffeinated s kil Ny o v 0y
| A=Pleia o) = Qo (@Bl =1/
L : " : =W - UM =l M
a) Which traits are not exhibiting classic Mendelian inheritance? D=0 TY

7 |
[ (0 dﬁmif#"'f

b) Which traits are dominant Mendelian traits?

¢) You cross two F1 plant::h ; N‘]Hf T Ca{pﬂm’ﬂ

nutty, bi‘Qer, caffeinated X nutty, smc{oth, caffeinated

Ignore the traits that do not exhibit Mendelian mhg'ritance. Assume that none of the Mendelian traits

are linked. If there are 640 plants in the F2 generation, how many of each ph d
youexpect? & ¥y phenotype and genotype do

Ficorts aO\OO Al &&
Fl Aald

Wi AD A al) o

(o

P S

o
3l \-T“l-"’:?;“‘ e

.
(A

=2
s
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o—

Question 3 b=
i ol ;;’(
As an undergraduate in a genetics lab your project is to study a few genes in the fly. You first look at Pyuic
two traits, the eyeless trait and the wingless trait, where both the wingless and the eyeless phenotypes V.
are recessive to normal eyes and wings. \ [_; i UE
: Eamy/ - Uyaea)
a) You cross a true-breeding normal eyed, winged female with a true-breeding eyeless, wingless male. '
What will be thefph pe(s) of the F1 progeny? L] L, {
You cross several pairs of F1 siblings and look at 320 progeny: W (7Y (€Y
Eyes win Number ' A1) = > 07
N):)rmal Nongnal 190 O [ ) l . / Q 5— 6 g J / /ﬁ
eyeless Normal 53 (8 % {(p [
Normal wingless 52 | p 9% I, 7
eyeless wingless 25 b! ((A40R/ | J/{r Y /,

b) Looking at this data, can you predict whether the eye gene is linked to the wing gene.'Explain your
answer. N | A 0 it
0o~rls alut o

{ N b ({,-‘ ;i A ¢
You are then asked to study a few new genes in the fly. Preliminary work indicates that the mutant [J =/t r{

alleles of these genes give @?s—si% phenotypesand thg_gg&;{;;ﬂfﬁ)ﬁlinked. You first look at 2

genes, each with two alleles:"Ror r" for body color and rwing surface. The red body (= e [0/

or
phenotype is dominant to the yellow body phenotype and smooth wings are dominant to crinkled

wings. A Canld
You cross two true breeding parents to get F1 flies that are red with smooth wings (RrAa) / | =i

(e

¢) To determine the recombination frequency between these two genes, you perform several crosses

where you cross an F1 from above (RrAa) with a yellow-bodied, crinkle-winged fly (rraa). You get the
following results: o —

Body Wing surface Number ‘ G L ey L i
red crinkled 3 4200 \/Jh"‘--ff (" (02 g8 45
red smooth 800

yellow crinkled | 809

yellow smooth 4191 0 L e

i) What is the recombination frequency between the genes for body color and wing surface?

MO0 = (% T s 2 suall, Cemie ol

ii) Explain why it is easier to cafcu%te the recombination frequency using a test cross ag~ 2 ‘/Id

compared to a F1 X F1 cross. \ By (LOM '
(e ot o 1o (Cesde }i% »
@ pmjrﬁ 06 F{l (Qaffnz% l;z '{Z} /wl /W.é

874
iii) What are the genotypes of the true breeding parents? () {
(Rt @ >
L
(C 00
L
(3 W

\
o= (e ody Whih e t./hut

oh bl v o Ag ;

/

:-f' f/’.if
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Question 3, continued

; . : : : — |07
You decide to turn your attention to a third gene, one that controls wing length. This gene has two [ : j

alleles, "L or 1" where long wings are dominant to short wings. Remember that the red body . L) }
phenofype is dominant to the yellow body phenotype. You again mate two true-breeding flies: = She
red-bod'e@, short wing male X yellow-bodied, long wing female =( (;(l
{ " Lo L £ =yl

*F1:  Allred-bodied, long wing
Zl/

d) To determine the recombination frequency between these two genes, you perform several crosses
where you cross an *F1 from above with a yellow-bodied, short-winged fly. You get the following
results:

Body Wing length  Number

red long ? 98
red short 7, 408
yellow long 3 391
yellow short | 103

What is the recombination frequency between the genes for body color and wing length?

Wi l3 . - 720 1%
1600 Oé/m /

e) Given your answers to parts (c,i) and (d), what can you say about the linkage between the gene for

wing length and the gene for wing surface? E:-,)
pioy  Sylae |10 ([ Wdz
(% ' Y% \
LA 5 e W on Sae CLVOWQM

]
f) Based on the preceding questions, draw linear representations of the two possible arrangements of
the three genes. Include the recombination frequency between the/genes on your diagram.

e




Name
Question 4

You want to identify the enzymes involved in the tryptophan biosynthesis pathwazt by isolating yeast
that fail to synthesize tryptophan (these yeast are referred to as You know that mutant yeast
that fail to synthesize tryptophan (and thus cannot grow withotit-addition of ptophan to the media)
are likely to be defectivein one of the enzymes involved in the tryptophan s r%éﬁ?ﬁmou

Section TA

start with a population of haploid wild-type (Ztrp+”) yeast, mu;%e?iﬂwi ight;and allow the
yeast to grow into isolated colonies on plate A (see diagram). You then uSe the replica plating

technique to transfer some yeast from each colony onto plates B and C. The contents of the growth
medium are listed below each plate. Complete medium contains all nutrients; minimal medium

contains nutrients sufficient to allow wild-type yeast to grow, but yeast cells with mutations in a gene
for any nutrient synthesis pathway cannot grow unless the nutrient is added to the minimal growth
medium. Assume that each mutant carries only a single mutation.

’_,_.—'————'—'“"“"—'——_._____-«-_
Plate A Plate B Plate C
replica plate
.
) minimal minimal medium
complete medium m‘___e dium + tryptophan

a) List the colonies that are trp-.—

/ 7 = .
b) Some colonies grow on plate A, but do not grow on Plate C. Give one possible explanation for the
growth behavior of these colonies. | | \/
Mg alhy Tirgs =gt Top
¢) You repeat this experiment multiple times and isolate i(g@nutants. You then perform a
complementation test on these mutants. The data are shown below. Briefly describe how a
complementation test is performed. {0} (L j (00 W

Phr ol wuff;ff‘) gttt TF ba\ towld twe 2 Calyy

’ ( ‘ c
) ‘: ;_1( ‘3 ) ‘! Y I / /,ff, Py, A ’ .‘:w j ‘ \J
| ) ( u’ | (/&r ) W yie : _-‘-";‘:}i'" (U
/ Joston M| odld v
In the table below, a (+) indicates growth on minimal media, a (-) indicates lack of growth on minimal
media.

Complementation Test Results:

=
H

ml m2 m3 m4 | mb5
ml - + +
m2 - +
m3 -
m4
mbd
mbé6
m7 -
m8

RN B

-+3++
l+++F+§\

] ] B

. e R A EA

d) Assign the mutants 1-8 into complementation groups. /

| o

1 (q 3[6, CWL‘[ WE Sne 6/lr10lg [
1Y 7 4 Lot nlde
{6@& Y/ -
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Question 4, continued

e) You determine that the pathway for tryptophw:@r/sou@ /V“-
@ The growth requirements for each of the mutants are summarized in the table below, where {(l:-
ack of

indicates growth on minimal media supplemented with the indicated precursor, a (-) indicates ]

growth. For example, m4 will grow on minimal media supplemented with either tryptophan or

compound Y, but will not grow on minimal media supplemented WEEH“E FLP.0) & —
el ! .

N

Minimal media supplemented with Compounds
tryptophan \% W X X Z
Mutant {r; whel terlsl
ml + - > 7 - - / o ’
m2 + c - + + - { ) 9 A 5
m3 + - + + + - / Q{ Ow
md * z - = r "
mb + - + + + -
mé + - - + + -
m7 + - < + T =
m8 + + + + + - 14 e . |
1 = 1 i | Gkl — DVYNC (e {[ 4

-7

T ) — i3 ’
Draw the pathway fJ@/ tryptophan biosynthesis. Fill in the blanks with V - Z as appropﬁ;te.@ne P
arrows with the mutants that cannot complete that'step. ;4 /z /

Ak

Z Vi Wy U3 X Tp ¥ L

™
i/

Ly I E |
rA L N7 ‘_f'}‘l i L ] . { |
(Om { (er{}) (:l |\ \_‘p‘,;yf, (,xa @Y E!’f ¢ ',"I'ip {J f)
— L 4 ) ) \: \i L TN | .
Question'5 Sice }w A it Thee ( vedd Oty by b
The following pathway is for the synthesis of the amino acid argining, where letters represent

intermediate compounds and numbers represent enzymes:

Precgsor 1 2
compound X Y > 7 2 Arginine

Mutants with defective genes 1, 2, or 3 (m1, m2, or m3, respectively) will require arginine to grow on

minimal medium. ¢ Can'\- moue ﬁe O STep 3 i L") oz
a) What intermediate will build up in the following mutants? AT, P il
ml: ;// N m2: \/ m3: 2._ v
. J"i I
b) What intermediate(s) will the following mutants grow on? On 5 Ouwa
On (15 Quw

ml: \3,3—%" i m2: ? e m3: }VOJ ¢ v
(J( L ¢) What intermediate will build up in the foIlowiné double mutants?
vAll g /
\;"-[l I‘G"‘) m1l,m?2: X e m2,m3: \{ m1,m3: X
d) What intermediate(s) will the following double mutants  grow on?

ml,m?2: 2’ et m2m3: —— gl ml,m3:

S

gﬁ Moo botter & 6
‘e dd T e o/
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Question 6

You are analyzing the following human pedigrees each for a specific disease. Please note: The filled

squares or circles represent a different disease phenotype. The disease allele is rare and individuals marrying into
6\\\\1’\ the family do not have the disease allele. Assume that no other mutation arises within the pedigree. Assume

complete penetrance. Also note that each of the three families below are affected with only a single disease. They do
lﬂﬂ \ not show either of the other two diseases and they are not carriers for either of the other fwo diseases. \ |
' 9\ X-Jaled o

. .f;_—i
[ Parental O__EI §

W/

Generation 1 DT‘ ﬁ ‘ Unaf ( ot men X X
. iy | ez ot
Aa < e 1
Generation 2 [0 J?ﬁJ ha ‘
. | Ail "i.'b.-"‘,j.l ,"f;"/(
(Disease 1) (Disease 2) (Disease 3) g —— L
a) Which of these pedigrees (1/ 2/ 3) most likely... 5 [ bl dd
i) Shows an autosomal receqs'ze mode of inheritance? J' o L(/ | w/(: / :
ii) Shows an X-linked mode of inheritance? Ll i..:.“/'“.{;* Lo ‘ﬁ,_/
ecfeve ——
iii) Shows an autosomal dominant mode of inheritance? | e bod s X )(/ e

b) The affected female from pedigree (2) re-marries an affected male from pedigree (3) and th \have a

son and a daughter. . - -~ , (
For disease 2, (pedigree 2): use the symbol ‘A’ or "X*" to represent the allele for the domingnt phenotype and ‘a” or =
‘X" for the allele for the recessive phenotype. = i ”
For disease 3 (pedigree 3): use the symbol ‘B’ or "X®" to represent the allele for the dominant phenotype and °b’ or
"X for the allele for the recessive phenotype.

!,I.’

l,t I 145 '\Kf-’/’-‘.-'.j

v

' / 5 a H 6645 A',{—r)‘(/{ dﬁl‘ )O

» r

i) Give the genotypes with respect to both disease 2 and disease 3 for each of the following;: Ol;. his Erogd

affected female %rcjjm pTdi f(ef@ 2 p XB '&)/qf’! 7 (Zfﬂj ﬂ'» b g5 N0}
a fl X e ;‘;‘Ilo{g’ﬂi r;e (y‘)f( /t l 1b: 7 |
ffectefrox hf’;j 2%!{3 AA Xb m Jp UQ‘L fl&&%ﬂ/ 40 erxt X )/\(J) & :

ii) Give the possible genotypes and associated phenotypes for thei@or the gene\s?)ciated Xg -

' g fﬁ}
i tw d' B | et Fi¥aY/, ‘) *
Cenotype: A“’ ’S;agsif A8k Phenotype: L\//"f{f e diens 2
ar A Offed

iii) Give the possible genotypes and associated phenotypes for their@? for the genes
associated with these two diseases

-~

Genotype: 0. Phenotype:
) T’ { A F{'f - 'I i i

/\O X x g \/,'. | r)l_i. T ,’ 1 Q {;7 \/
f (L, L “
,(,f: A U J
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2 A d s A
Question 6 continue av 2 Lomy ! gj 0w —( € ](’ ;
¢) The affected female from Generation 1 in pedigree (1) marries an affected male from pedigree (3) and
— ———
they have a son and a daughter. _ T 2 ;\ﬂﬁ
For disease 1 (pedigree 1): use the symbol ‘D’ or “’X® * to represent the allele for the dominant phenotype and d’ or X" for
the allele for the recessive phenotype. d - “ﬂ,«' Wf.l en );;f

For disease 3 (pedigree 3): use the symbol ‘B” or 'X*' to rEE'resent the allele for the dominant phenotype and b" or ‘X** for the

allele for the recessive phenotype. \FM (M* ‘)9 v, m M d§ ><£) X
i) Give all possible genotypes with respect to both disease 1 and iseasf;e for each:
affected female from pedigree (1): j) KBXB
affected male from pedigree (3): /
ii) Give the possible genotypes and associated phenotypes for their@or the genes associated
with these two diseases.

Genotype: ‘D XB \/ Phenotype }WJ Q}Lﬂ_/ 7. , pﬁyvl/ i)/' ;
&5 Xb 5 b D G0% €dont gmL/ mlslte 7{)@”7 SVE... .

iii) Give the possible genotypes and associated phenotypes for their daughter for the genes
associated with these two diseases. \/

Genotype: DJ X-@ )&5 Phenotype

Question 7 &l xg Xb ]ZHW W

The following pedigree represents the inheritance pattern of a specific genetic disorder in humans. q Q mse f‘!{ d”@

The filled squares or circles represent the abnormal phenotype. |

The disease allele is rare and individunls marrying into the family do not Have the defective allele. ;/V( ;O(;{'N‘ /‘91

Assume that no other mutation arises within the pedigree. Assume complete penietrance.
/04 % {4/

Use the symbol ‘A’ or "X** to represent the allele for the dominant phenotype and ‘a’ or *X* for the allele for the recessive
Aa Ao - State th ikel
OTHu W O sessmmiey | by y

phenotype.
1
mode of inheritance for

this disease.
(i3] K A( 5* Bikasoma (500
a ('J}, A V} a g . V
i, W PO

A é) b) Given your answer above, list all possible genotypesotgf the following individuals in the pedigree.
ﬂ 7§JQ 159 Individuals Genotypes
A o7 #1 QA
A/l /’a #d JAG
' #7 Aa
' £ Aa S s || . )
5 LS ﬁ_la #10 A-A ]D’ 5 {;1 f:‘.{!;f bt /oat
; ' #12 1.
/\@% h ] Lo or Bt == We c‘zm[% ko 3

» c) If individuals A and B haye children, yat is the probability that their 1st child will be affected?
e ~ 9/ v ¢ S s
b A Paets 8% <667 = W
d) If individuals A and B have a 1st child who is affected; what is the probability that their 2nd child
1 A ~ will be affected? )
> M AQ I

n oG o 0ot AA o N o Ao ol e dma,ﬂw
Mhar &ty

50 bhyg, /
w = (77 b @ﬂﬂ%{@ﬂ”

]
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2012 7.012 Problem Set 3

Please print out this problem set and answer the questions on the printout. Answers to this Eroblem set are to
be turned in at the box outside 68-120 before 4:00 PM, Thursday October 11*",

Question 1

Briefly describe the experiments performed by each of the followings researchers, and in one sentence
summarize the important findings of each experiment.

a) Frederick Griffith, 1928:

b) Oswald Avery, et. al, 1943-44

c) Alfred Hershey and Martha Chase, 1952

Question 2

Shown below is a schematic of replicating DNA in a bacterial cell.

, 3 | o
e = L NS
)
S 7

| Botomshantah 5, )
v 5
2 S AACG
e

Origin >
< Region 1 e Region 2 “ ‘ (]_]
a) On the diagram, label the 5" and the 3" ends of the parental DNA strands. ~—~ ( (O(L/f d (W } A
/ ]

b) Which parental DNA strand (top or b@ \s?r’ves as a template for the synthesis of the leading of r'lei @

strand in Region 2?7

¢) To which site (A, (B) or poth) can the primer 5’_ IEEC 3/’ bind?

1

|15 Opff-'.-‘: lg 1

A

~add
LA

n

£
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Question 2, continued

d) The replication of which strand (top, bottom, or both) in Region 2 would be affected in the absence of
RNA primase? Assume that replication has not yet initiated on either strand. Explain.

e) You perform DNA replication in a test tube (in vitro) using a single-stranded linear DNA as the
template and the appropriate DNA primer. From the list below, circle the proteins that are required
for one round of replication.

Primase DNA polymerase Ribonuclease  Topoisomerase Ligase

f) Why does the DNA of a eukaryotic cell require multiple origins of replication when some
prokaryotic cell genomes have only one origin of replication?

g) While studying replication you find a mutant in which the fidelity of replication has decreased by a
factor of 100. You suspect that this is due to a mutation in the DNA polymerase enzyme. What specific
enzymatic activity of the DNA polymerase allows it to proofread the newly replicated DNA molecule?

Question 3

Below is an electron micrograph of a single gene being transcribed. The DNA strand runs horizontally
with RNA transcripts extending vertically outward.

LT

-
-

iy

*‘
- {, A F.
BT

2%
it

a) Draw an arrow indicating the direction that the RNA polymerases are moving along the DNA
strand. Why did you choose this direction?

b) Below is a partial sequence of the above gene. Its orientation is the same as pictured above. Which
strand is the template strand, the top or the bottom strand? Explain your choice.

¥ ACTCGATGCTAGY
¥ TGAGCTACGATCY

g) W}C11at would be the mRNA sequence transcribed from the above sequence? Be sure to label the 5 and
ends.
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Question 4, continued

A tRNA molecule is composed of an RNA chain that folds into a 3-D shape like that shown below. At

one end it has an anti-codon that base pairs with the appropriate codon on the mRNA and at the other
end it has an amino acid arm that binds to a specific amino acid.

ll:;% Br:l,'(lsw are three anti-codon sequences for three tRNAs, fill in the corresponding amino acid on the
anks.

Amino :
acid arm anticodon found | amino acid attached
on tRNA to tRNA

v ‘{( chu #“‘

YAGU? A —’ L\
1 fir

YA
*AUG® i

Gic M) b

¢) Give the anticodon used in the tRNA encoding trp. Be sure to label the 5" and 3.

2 A 5

d) Would a substitution within a codon for trp always change the resulting protein sequence? Explain
your answer. ;

v
e) Would a substitution within a codon for thr always change the resulting protein sequence? Explain

your answer. Ng l'/‘\ft ‘.,‘/ n [ r( t‘/ O H Wl /
(N4

f) An aminoacyl tRNA synthetase is an enzyme that attaches a specific amino acid to the appropriate
fRNAs to form an aminoacyl-tRNA. This is sometimes called "charging" the tRNA with the amino acid.
Assume you have a cell with a mutation in the gene for the Wpﬁﬁﬁm’H{NA synthetase.
This mutant enzyme attaches tryptophan to tRNAs with the anticodons 5" CCA 3’ and 5'GCA 3'.
Explain how protein production in this cell will be altered and estimate how many differént types of
proteins would be affected inthis cell. ' _C__hoose from: >10, 10-100, 100-1000, all or the proteins in the

cell. L }0(0 m /‘{;\

\

{ ni %ﬁ - J. P
\f Y ':W..‘l' AR L p/zl, oA

{ _f’/’f 7/ TR
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Question 3 continued

d) Complete the diagram below by...

Labeling 5" and 3’ on the mRNA. ' .
Labeling the arrow with either the N or the C to indicate the terminus of the protein.
Boxing the 3 bases encoding the first amino acid of the protein being made.
Labeling the template strand for transcription.

Circling the part of the schematic where tRNAs wouldyd.

‘ &qu .lr o
T e
gﬂ ATCGGTCTCGGCTACTACATAA

TAGCCAGAGCCGATGATGTATTTIEE

v

?
‘ '...-N/ & Tfmﬂn’!’@ @ JIJ b"ﬁ[fm/f
C i s e Il w regll 3y M
| ) § 3 erase 1 -
o bl s & Ty g !
Question 4 D‘Vﬂ' 'HQNK} GMFL (4 &(bﬂww« d

a) Below is a diagram of two tRNAs and an mRNA in the active site of the ribosome during translation
of the mRNA into protein. Three nucleotides from the sequence of each tRNA are shown for you.

Pro

MET
ATy
(-

' (
(Z‘ 6l g Y
Y

AC GGA (’ﬁf’ti(LﬁA’?’? 3

5’

Mods il Fo— Al 6( (y

* In the diagram above, label the 5 and 3’ ends of each tRNA.

* In the diagram above, fill in the boxes in the mRNA with the 6 nucleotides that would be
present there.

* Inthe diagram above, fill in the box attached to one end of each tRNA with the name of the
amino acid that would be attached there.

*  Which tRNA is about to transfer its attached amino acid over to the other tRNA: the tRNA on
the left or the tRNA on the right?

|

il ge b Lot

etf will gia fo g ¢ Zuta({m b
IR SIS W

e Sy |
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Question 5

Below is a partial sequence of a coding region, base pairs 61-102 (read left to right) of a 600 base pair
open reading frame. The underlined codon indicates the correct ream of this gene.

5 AT%G%C'I#&A#AC(#CC’AAC&AT’ATPIAHCECCt:AC TTfCG 3
3" TAGACCCGATTATGGCGGTTGATATATTTGTGGGTGTARAGE 5° | |\ | | // j s
VIV o (d f/{ /

a) What is the mRNA sequence encoded by base pairs 61-71?

MCTeo bttt () pob T

b) What is the amino acid sequence of the peptide encoded by base pairs 61-69?

Tle Tep Pkl mbead

c) How does the resulting pepnde change if the sequence is altered as shown below? Also identify the

type of mutation, choose from missense, nonsense, silent, frame-shift, or deletion. t }/ / f’/f"
d A TR g
o/

i i s Al
i)  original: 5/ arcfrech C”IfAA’IfACCGCCAACTATATAAACACCCACATTTCG 3/
altered: 5’ ATCTGGGCTAACACCGCCAACTATATAAACACCCACATTTCG 3’
ol '
P i éﬂmy f]é-n /
i)  original: 5/ ATCrGdGCTAA 3 m}:ﬁACACCCACATTTCG 3/
altered: 57 ATCTGGGCTAATAC GCCAA TATTAAAACACCCACATTTCG 3
%}p FW-‘-"”K/
ii)  original: 5 ATCl GG!;CT TACCGCCAACTATATAAACACCCACATTTCG 3’
altered: 5/ ATCTGGGC CCGCCAACTATATARACACCCACATTTCG 3’
(L5 9 (A {0 \/
iv)  original: 5/ ATC’IGG’SC'IPXATFACCFCCAACEATATAAACACCCACATTTCG 3¢
altered: 5 ATCTGGGCTAATACC—----- ATATAAACACCCACATTTCC 3
(delete 6 base pairs)
A {
%U} (4:.7 %’}}I/:/-\/
v)  original: 5/ ATC--TGGGCTAATACCGCCAACTATATAAACACCCACATTTCG 3
altered: 5’ ATCATTGGGCTAATACCGCCAACTATATAAACACCCACATTTCC 3

(insert 2 base pairs)

({ e G ’1 ! \/

d) Of the various mutations given above, which the one(s) would most dramatically affect the function
of the protein encoded by this gene? Exz.ain your answer.
s Ol dlte T

0%0 %M hnre 5

/df/‘ )!/'f"yh- E ?-
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Question 6 . ) ) _
Shown below is a double-stranded bacterial (E. coli) DNA sequence coding for a hypothetical protein.

Both strands are shown; the top strand reads 5 to 3 left to right, while the bottom strand reads 5" to 3’
right to left. The nucleotides are numbered from 1 to 100. For this problem, transcription begins with

and includes the underlined A /T base-pair (indicated with an "a") and proceedseft to\’rj@ht.
a t

P
\ | S a

20 ) 40
L |
51 _GTGTCCGTgTafATATTGTGAC@ITA\IA;#C#C(_{ET#AA#AC%T?FA- 3"
& + —t + + -t

3'-CACAGGCATATTATAACACTCTACAATATAGGGCGGCAGTTGTGGTAGTIT-5"'

5‘r \Ojj Y e

60 80 100
_ | e | 1
/l, ‘.\ lif 3 »/Sr At —*AC{SA@TCGCCTGCTGGGGCAAAGGCGGTGAAGGTAAAGGTGTTGCC—3 '
1L O TR WAl o e I N R — RSO +

B

8 &M“

TGTCCTATTAGCGGACGACCCCGTTTCCGCCACTTCCATTTCCACAACGG-5"

is used as a template for transcription, the top or thé botto

(D)D . Vs 1 {M |
b) Where would the promoter be rel{ative to base pair #1? P L d"dﬁ+ T}\M’( 5 WL} §
do Fle {7 81 10 e Sl

X

c) What are the first 10 nucleotides of the resulting mRNA? Indicate the 5' and 3' ends of the mRNA.

ST A UUAGMIESIAUL AU Wig () &Gt of daf,

d) What are the first 5 amino acids translated from the resulting mRNA? Indicate the amino (NH,") 6{}){//\ I
and carboxy (COO") termini of the protein. ]P O -

H ; Mﬂ | ek &/ht

e) Do the underlined nucleotides TAA (indicated with the letter "¢") encode a stop codon for this
protein? Briefly explain your answer.

V\D ][/d_m (5 L‘v/Of'j K/
Consider the situations in parts (f-h) independently.

f) A mutation occurs which results in the insertion of an extra G/C (top strand /bottom strand) base-
pair immediately after base pair 11 (shown in bold). What effect will this insertion mutation have on

transcription and translation? \ .
oy )

_ before L palies
g) A different mutation results in the substitution of the T/ A base pair at position 30 (shown in bold
and underlined) with a G/C base pair. How would this mutation affect the sequence of the protein

that is produced? N |
tspleanl GRp omisieg]— hold

h) A third mutation occurs which results in the substitution of the C /G base pair at position 42 (shown

in bold italics) to a T/ A base pair. How would this mutation affect the sequence of the protein that is
produced?

v )

SO

uf.f

)

Ce Sily
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Each codon of an mRNA represents an amino acid or a stop codon as shown by the Codon
Chart below.

Second Position
v ch A i

| wuy ucuy - UAU - UGU1c | U

o | wuc 2™ uee | fuac IV o1 [ e

WA 7., | UCA UAA Stp | UGA Stop | A

we - | UcG - UAG Siop | UGG Tp | G
- w1 |y |y (U7 Ul 2
Tl cue | | S |pe | Gac M | cac |, €] 2
e CUA | CCA m]Gln CGA | Al z
21 |ae-t | ccG- CAG ce- |6
- AUU 7 ACU - AAU AGU Ry S
S AUC [le | acC |4, | Aac A" | acc ™ [ c| =&
z | A Aua- ACA AAA L | AGATA | A 3
& | | AUG Met | ACG- AAG - AGG-A9 |G | &

G- | GaU- GAU Uy  |u

GUC |y | GCC | o | GACIAP | G6c |g | €

Glaua ™ | oca GAA g, | GGA A

| cuc- | 6cG- GAG c66- | 6|
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2012 7.012 Problem Set 4

Please print out this problem set and answer the questions on the printout.

Answers to this problem set are to be turned in at the box outside 68-120 before 4:00 PM, Thursday

Question 1

October 25",

The following is a diagram of an inducible operon in E. coli and its regulatory region. Enzymes A and B
are both required for the breakdown of the sugar maltose. The wild-type operon is regulated by

protein X, which is continuously produced at low levels.
<

=

h‘;ﬂxx

@ > O

L] X [ lovliglsd A T B ]
Py Pg
promoter for th latory protein @ TS
é@?‘lﬁor the @y protein of the AB operorég [ ¢ W / Ml’ﬂ bﬁlﬂ/ (
promoter for t and B genes

sequence shown to be important for transcriptional regulation by X
structural gene for enzyme A

structural gene for enzyme B )(' b‘l 4({5 "ta O

You have three different mutants (m1, m2, and m3), each one is the result of a lgss-ofi-functib?
mutation in a singlggrr_xg@@gwn in the diagram. The mutants m1, m2, and m3 exhibit the
following phenotypes when grown with or without maltose in the medium.

without mflltOSE with maltose
Cell Amount of Enzyme A Amount of Enzyme B Amount of Enzyme A Amount of Enzyme B
WT low low 4R high high
m1l high high high high
m2 low low low low
m3 high high high high

a) Given the datg from the table, label the expression in each cell type as inducible, uninducible or

constitutive.—
el Sl | _

acfue B

bl Vo Conslid Ve Jd
N ‘l ndcabl m3: I v C]Mf-
ook . o
b) Based on the data shown above, does the regulatory protein X act as a repressor or an activator of o

the maltose operon? Explain your reasoning.

/Q rQ/Wfl I}C OU?”/M(@/ Q/N, /\(ﬂL é)& dny [053 &‘f {M&{/;q M"ﬁ&{‘%

c) A single loss-0f-function mutation in which compdnent(s) [Py, X, P, O, A or B] could produce th —hﬂfﬂl‘ CW (‘

phenotype seen in the m2 mutant? Why?

d) A single loss-of-function mutation
phenotype seen in m1 and m3. Explain.

PLZ./;‘_ (& ﬁa Olen pE ( 60 {% @B :!r!t ‘@( Chengd Cw:i(;t%
which component(s) [Py, X, Pg, O, A or B] OC?UI pﬁ;l;;et e hp\/y

| ! f‘;'fl, ._“
INNITOr  [T0RA

Loss of Lkl (n I 0r X bt pombs B X1 fon
be(wﬂ epresod T (e Yot -rerd 4 ol f/w%
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b) Which strategies would allow for directional cloning? /Wh I !
Wiy fn y

Name Section TA

Question 1, continued

Chromatin is a term used to describe a combination of DNA and protein. Chromatin functions to
package DNA into a small volume, to prevent DNA damage, and to control gene expression. Proteins
generally called histones are an important part of chromatin.

»  Given that histones have an important role in chromatin, explain why they are usually basic
proteins.

When examining the histones associated with the DNA at the promoter of active genes, you

find that histone H3 is trimethylated on the fourth lysine. Given this observation, describe how
might histone H3 be involved in gene regulation.

/\%6 &»l, Xk, ae U e
Qusstlons2 | 19 Y, (a}) Amguctlin (eistun_

A schematic of the vector p7012 is shown. The restriction enzymes listed cut only where indicated; they
do not cut anywhere else in the vector or insert.

Nde I: Sal I: EcoR I:
5 cATATG 5 gTCGAC 5 GAATTC
3 g%z\c 3 CAGC1G ¥ i:'&T
BamHI: Kpn I: Xho I:

5" GGATCC 5° GGTACC 5 CGAG
3" CCTA 3 3 GAGC

a) A schematic of gene W is below. You want to clone all of gene W into the vector p7.012. There are

three different strategies that you could use to clone gene W into p7012. Bacassn
EcoR 1
T —————e
Kpnl
Xhol

Kpn I\BlamH I BamH 1
- g s e " " s d oy &

I l:‘:._ T T = GenzW T e e 1 \

i
¥ii
{ (il
JUANT 1 U

. St_;isegy 1 uses the restriction enzyme _j to cut the vector and restriction enzyme
<Al t to cut Gene W. % : |
—BRGH Lo L(PI\ Won/ | L(P/UI

n o
* Strategy 2 uses the restriction enzyme(s) _=(0  and 4} l to cut the vector and restriction
enzyme(s) and

to cut Gene W.

* Strategy 3 uses the restriction enzyme(s) l,(DV'l and gCo to cut the vector and restriction

enzyme(s) 4 ! and E to cut Gene W.

9 (
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Question 2, continued

Section TA

¢) You are given the plasmid pSET. In order to map this plasmid i icti
‘ - . : . you set up a series of restriction
digests and obtain the following Tesults using agarose gel electrophoresis. Assume tﬁétmgrictioh
digests were complete, i.e., each site for each restriction enzyme on each molecule of DNA was cut.

Standard size Standard size
Markers 1 2 3 4 5 6  Markers
42K — \
1 W — \ =y e
3.2K—— e e j\P/\‘ I v ‘. ll F
%EEB:—— —_— —— \-‘. 1 -~ - fJ j
.-\’g - ;‘ \ J
1.0Kb— i |
Ko == —tsop  / 7 900
—fowp g = Ul JU
—_— | 500bp Q
400bp nm
e ——200bp
m—_100bp
Lane Digest Size of fragments in bp
1 BamH/ and Sma/l U7 5% 4
2 Sma/ and Kpn/ S ff' ;300 v
3 Kpn/ and Bglll 2.6, LS, L
4 BamH/ and Kpn/ L8, (6,50
5 Kpn/ Ve Ll
6 Bgl/l and BamH/I 1

» Fillin the table above, using the information from the agarose gel to determine the approximate
sizes of the fragments produced in digests 1-6.

SN S

+  Use your answers to determine the approximate size of pSET. pSET =__ - h

e —

* Use your answers to add the Smal, Kpnl, B

the distances between each of the restriction sites:

Loy
omal 2

base pairs

¢l11 sites to plasmid map of pSET. On your map give

Ohol boc bk -l =t st & oof.
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Question 3

You have isolated two different yeast strains, strain 1 and strain 2. Each strain has a single mutation in
a different gene such that neither strain 1 or $frain 2 can grow in the absence of arginine. You want to
clone the wild type copy of the gene or genes that are mutated in strain 1 and strain 2:To do so you
plan to:

1) Obtain fragments of the entire yeast genomic DNA

2) Cut chosen vector and ligate each fragment into a vector

3) Use this pool of vectors and recombinant plasmids to transform E. coli cells

4) Select for E. coli cells that have obtained any vector or plasmid

5) Screen for E. coli transformed with a recombinant plasmid

6) Obtain recombinant plasmids from the library

7) transform yeast

8) Plate transformation mix ontp media and select for cells that are arginine prototrophs.

a) To construct a yeast genomic library in E. coli that will allow you to successfully complete the steps

outlined above, what would be the phenotype of the yeast you would choose as the donor for the
genomic DNA?

b) You choose the vector pBluescript II, shown below. Note that the cloning site lies within lacZ, the
coding region of the gene that encodes f-galactosidase. A cell that expresses B-galactosidase can take a
substrate called X-gal and cleave the p-1,6 linkage to form a product that is bright blue. For each of the

following sequences found on pBluescript II, list the step or steps (1-8 above) for which that sequence is
needed and explain the role that sequence plays.

Ori
Yeast ori:
Amp©: lncZ
r g -3
alzp pBluescript IT SK+ ‘ Cloning site
E. coli ori: )

(2961 bp)

Ori (E. coli)

c) You digest both the yeast genomic DNA and many copies of the vector with the BamH1 restriction
enzyme. You mix the genomic fragments with the cut vectors and add DNA ligase. You then
transform E. coli cells with the ligation mix and plate on solid agar medium.

i) If one of the many vector molecules is NOT cut with BamH1, or religates without an insert,
the lacZ gene remain intact. A cell that carries this plasmid will always express the lacZ gene at
high levels, independent of glucose and lactose levels. Do you expect the promoter and
regulatory regions associated with this copy of the lacZ gene is the same as the promoter and
regulatory regions associated with the lacZ gene in the lac operon? Explain your thoughts.
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Question 3, continued

c) ii) Describe what medium you could use to distinguish the bacterial colonies that carry a non-
recombinant vector from the ones that carry a new recombinant plasmid. Explain how this
media would allow you to distinguish the bacterial colonies that carry a non-recombinant
vector from the ones that carry a new recombinant plasmid.

d) You successfully create a yeast genomic library in E. coli cells, and obtain a pool that represents a
complete set of recombinant plasmids from the library. Briefly describe how you would use this
complete set of recombinant plasmids to clone by complementation the gene that can restore the yeast
of strain 1 to arginine prototrophy.

e) Would it be possible to use the same library to clone by complementation the gene that can restore
the yeast of strain 2 to arginine prototrophy? Explain.

f) You successfully identify a recombinant vector that restores yeast strain 1 to arginine prototrophy
(clone 1). You are curious as to whether this gene can also rescue a bacterial cell that is arg— (i.e., it is
also an arginine auxotroph). Give 2 reasons why clone 1 may not work to rescue the arg— bacterial cell.

g) Your friend suggests that you use her yeast cONA library to attempt to restore an arg— bacterial cell
to arginine prototrophy.

i) Briefly describe how a cDNA library is different from a genomic library.

ii) You transform arg- bacterial cells with your friend’s yeast cDNA library and find a clone,
clone 2, that restores the cells to arginine prototrophy. What sequence NOT found on
pBluescript I would have been present on the vector that your friend used to create this
library? Explain why this sequence is required.
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Question 4

a) Design primers, each 16 nucleotides long, which would allow you to amplify the 80 base pairs of
sequence below using PCR. Label the 5" and 3’ ends.

b GGAéC GGGGCAGGATTGCTCCGGGCTGTTTCATGACTTGTCAGGTGGGATGACTTGGATGGAAAAGTAGAAGGTCATG 3
+£ S — + e + + ——e—

= e ——
3 CCTGGij?ECCGTCCTAACGAGGCCCGACAAAGTACTGAACAGTCCACCCTACTGAACCTACCT TTCATCTTCCAGTA

5’

Primer 1:

Primer 2:

b) PCR consists of a series of 20-40 repeated temperature changes, called cycles. Each cycle of PCR
involves three different steps.

» To begin, the reaction mixture is prepared. List the components that must be present in the
reaction mixture for successful PCR to occur.

TGmﬂME KW‘F mlﬁ‘v pfwﬂ

* In the first of tﬂg_résgular cycling events, the reafgon is heated to 94-98 °C for 20-30 seconds.
What occurs during this step?

o ¥ indotd — L thinb o VA bolen gpt

; \} * The reaction temperature is then lowered to 50-65 °C for 20-40 seconds. What occurs during
On MW this step? When choosing the appropriate temperature for this step, what should you be

ok T S0s g Oyl ikl ople g

MJﬁ* h‘*fw '+ The reaction temperature is then raised to a temperature of 68-80 °C. What occurs during this
step? When choosing the appropriate tempemor this step, what should you be
\ “(’p

considering? 0 Iq“ my !‘\.Q/ ‘{{)f

» If you started with a double stranded template molecule, at the completion of your PCR
reaction, you will still have the original double stranded template molecule and many copies of
the target DNA molecule. Will there be any other types of DNA molecules in your PCR tube.

" ok A dtue Cagurb il pus Bkl
W T ﬁhf%«g wolpﬁdﬂd:

c) DNA sequencing using the Sanger method once required four differént reaction mixes, but¢ah now
be carried out as single reaction.

* List the components needed for DNA sequencing using the Sanger method.

* Assume you are sequencing a single-stranded template that is 800 bp long, and your primer is
20 nucleotides long (i.e., your primer binds to nucleotides 1-20 of your template). How many
different sized DNA molecules will you have when your successful sequencing reaction is
complete?
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2012 7.012 Problem Set 5

Please print out this problem set and answer the questions on the printout.
Answers to this problem set are to be turned in at the box outside 68-120 by 4.00 PM, Thursday Nov 8",

Question 1

A single nucleotide polymorphism (SNP) is a DNA sequence variation occurring when a single base
pair in the genome differs among members of a species or paired chromosomes in an individual. By
convention this base pair change is represented as one nucleotide — A, T, C, or G — of the base pair.

The chromosomal position of the PKA gene is diagrammed below, as is the location of two single
nucleotide polymorphisms (SNP1 and SNP2).

PKA gene
—_—  we M
A
SNP 1 SNP 2

The pedigree shows the inheritance of SNP1 and SNP2 associated with the PKA gene. The affected
individuals are shaded. Also listed are the alleles of SNP 1 and 2 for some individuals. Note: Assume
individual 3 does not carry the disease allele.

. The two letters identify the alleles of the SNP that
SNP1: CA | SNP1: GG would be found on the “top” strand of each of the two
SNP 2: GC | SNP2: CA homologous chromosomes. For example, “SNp 1: CA”
indicates that on one of the homologous chromosomes
the top strand would contain a C (that is, the
chromosome would have a C/G base pair in this
position), while on the other chromosome the top strand
would contain an A (that is, the chromosome would

OT®

P1:CG SNPTIAG SNP 11 AG SNP 1: CG

SNP 1: AA | SN SNP 1: AA

SNP2: CC | SNP2:GA SNP 2: CC SNP 2: CA SNP 2: GQ SNP 2: CC have an A /T base pair in this position).
10[] 2
SNP 13 CA SNP 1: G,A
SNP 2: G.C SNP 2: C,C

a) What is the most likely mode of inheritance for this disease?

b) Individuals 5 and 6 have no affected children. What is the genotype for individual 6 at the PKA
locus? Note: Use the symbol ‘A’ or 'X* to represent the allele for the dominant phenotype and ‘a’ or “X* for the
allele for the recessive phenotype.

c) Individuals 5 and 6 have no affected children. Can you predict the genotype for individual 6 at
SNP1 and SNP2 loci (Yes/ No)? Explain why you selected this option.

d) Which allele (or alleles) of SNP 1 and SNP2 is linked to the mutant PKA gene in this family? Note:
Assume no recombination.

SNP1: SNP2:

e) Briefly describe how you can use a SNP microarray to determine the SNP genotype of an Individual.
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Question 2

a) Circle all the correct options from below. The resting membrane potential of a neuron is determined
by... —
( 9 ions that can travel freely through channels in the resting neuron

<—11\ ions that require ATP to cross the resting membrane U A/l ]

;iii) unequal distribution of different ions across the neuronal membrane
|
\

b) Circle all that apply. An action potential is generated by the passage of ions through...

—

i.  only the resting ion channels
( ni voltage-gated ion channels \/
ili. ~ G-protein coupled receptors
iv.  only the sodium potassium ATPase pump

¢) Under resting conditions the Na*, Ca**and CI' concentrations are high outside the neuron, K*
concentration is high inside and this is maintained by the action of specific channels and pumps.

i.  What feature of the plasma membrane prevents the free diffusion of jons.across it?

g

A i 147
(s LY e/

ii. Is the resting membrane potential observed exclusively in a neuron?

iii. ~Complete the following table for the two channels/pumps that establish and maintain the
resting membrane potential.

Channels/pumps Ions passing Default state Is the ion transport active ( ’ { (
through them (open/closed). or passive? Explain. Q!{

%L Dot Conph gl W
Ny \ M | ?
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Question 2 continued
d) Different neurotoxins are very often used to study neuronal function. You culture a GABA (an

inhibitory neurotransmitter) secreting neuron in the presence of the following neurotoxins in three
separate petri-plates (A-C)

*  A:Neuron is treated with tetraethylammonium (TEA), which inhibits voltage gated K* channels.

* B:Neuron is treated with tetradotoxin, which inhibits voltage gated Na* channels.

* C:Neuron is treated with cone snail neurotoxin, which inhibits voltage gated Ca™ channels.

A normal action potential in a GABA secreting neuron that has been stimulated in the absence of any
neurotoxin has been drawn in each panel below. Sketch the alteration in action potential following the
treatment of the neuron with each neurotoxin. Note: If there is no change please write “NO CHANGE” on

the graph. ' 1 Jj

5 Plate A 55 Plate B = Plate C
TEA Tetradotoxin Cone snail toxin
m m mv
Time {ms) Time {ms] Time (ms)
70 i f _70-50 >§""_ 70 ] r

e) Multiple sclerosis is an autoimmune disorder in which the immune system of the patient attacks and
destroys the myelin sheath of a neuron. These patients show a very slow propagation of action
potentials along the axons of their neurons. Explain why is this so.

f) A functional neuron may receive both excitatory and inhibitory signals from multiple neurons at the
synaptic junctions. In a post- synaptic neuron, where are the signals from all the pre- synaptic
excitatory or inhibitory synapses integrated and the decision to fire an action potential made? Circle
the correct option from the following choices. Explain why you selected this option.

Cell Body Axon Hillock Myelin Sheath Synaptic Cleft
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Question 2 continued

g) The following question refers to an experimental design depicted below. There are two excitatory

pre-synaptic neurons that independently converge on a post-synaptic neuron. The two pre-sy ic

neurons can be stimulated @5@1}(. In the absence of any stimulation, the recording electrode in
asu

i
the post-synaptic neuron measures the membrane potential as -70mV.
_

=

Recording
#1 Electrode

J

b1

o b

illock

If only one excitatory pre-synaptic neuron is stimulated, you record a deviation from -70mV with the
recording electrode in the post-synaptic neuron, but you do not record an actiont potential. If both the
excitatory pre-synaptic neurons are stimulated, you record an action potential in the post-synaptic
neuron.

i.  On the graph below sketch the changes in the post-synaptic neuronal membrane potential, as
measured by the recording electrode, when only one excitatory pre-synaptic neuron is
stimulated.

+50mV+

(threshold)-SOmV-—g-9-1-q-ﬂ-ﬂ-q.,..

70 V—-ku
= /F Un {ub{-@/
i b

Time

ii.  On the graph below sketch the changes in the post-synaptic neuronal membrane potential when
both the pre-synaptic neurons are stimulated.

+50mV-

W T gt
Harrgt!

(threshold) -50mV -

-70mV -
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Question 3

Dopamine is one of the neurotransmitters in the mammalian brain that regulates mood, cognition and
locomotion. Dopamine is commonly associated with the reward system of the brain. Dopamine can be
an excitatory or inhibitory neurotransmitter, depending on the dopaminergic receptor that it binds to.

It is derived from the amino acid tyrosine. At dopaminergic synapses, the released neurotransmitter is
taken back into the pre-synaptic cell for re-use.

a) Beginning with the stimulation of the pre-synaptic neuron, list the steps, in order, that resultin a
release of neurotransmitter. Include any relevant channels, ions and molecules specific for this process.

b) Clozapine, an anti- psychotic medication interferes with the binding of dopamine to the receptor.
You are studying an excitatory dopaminergic synapse where the post-synaptic cell has receptors for
dopamine. If you treat these neurons with dopamine plus Clozapine, would the likelihood of
generating an action potential in the post- synaptic neuron increase, decrease or not change relative to
the treatment with dopamine alone? Explain.

c¢) The most extensively studied effect of cocaine on the central nervous system is the blockade of the
the protein that binds to dopamine and pumps it out of the synaptic cleft back into the pre-synaptic
neuron. What effect would cocaine have at an excitatory dopaminergic synapse?

d) Serotonin (5-hydroxytryptamine, 5-HT) is an excitatory neurotransmitter. It acts by binding to
several HT receptor subtypes. The 5-HT3 receptor is a Na* channel whereas the 5-HT-2 receptor is a G-
protein-coupled receptor, which leads to the opening of Ca* ion channels.

i. As the amount of serotonin is increased, circle the option that may change: Amplitude of action
potential frequency of action potential/ threshold potential. Provide an explanation for the option
that you have circled.
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Question 3 continued
ii. Complete the following table for each of the treatments. Assume that serotonin is present at these
synapses. Note: Consider each treatment independently.

Treatment Action potential in the post-synaptic neuron is more likely or less likely to
occur compared to untreated synapses? Explain your choice.

Prozac, which inhibits the re-
uptake of serotonin from the
synapse

Kentasarin blocks the binding
of 5-HT3 receptor to 5-HT

Question 4
a) The immune system is comprised of different cell types such as the mast cells, macrophages, helper-T

(Ty), cytotoxic-T (T¢), memory B and plasma B cells. From the choices provided, list all the cell type(s) that
would...

i.  Participate in the innate immune response.
ii.  Bind directly to an antigen circulating in the blood stream.
ili. ~ Secrete large amount of antibody in response to an infection.
iv.  Provide protective immunity against second exposure to the same antigen.

v.  Show rearrangement of specific gene(s).

b) The diverse array of both TcR and antibodies is generated by DNA rearrangement. In addition to the

DNA rearrangement, name the three major processes that contribute to the generation of the TcR and
antibody diversity.

c) Circle all correct options from the following choices. The innate immune response...
i. Occurs only following the first exposure to an antigen.
ii. Occurs only following the subsequent exposure the same antigen.
iii. Occurs in response to all infections.

iv. Is non-specific unlike the adaptive immune response.
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Question 4 continued

d) You have purified a novel protein, which you call Protein R. You want to develop antibodies against
this protein. You inject Protein R into a rabbit and after a month you draw some blood from this rabbit
and determine that the rabbit’s immune system has produced antibodies against Protein R. You wait
for one month and then inject Protein R again into the same rabbit. You observe a stronger immune
response with the second injection than you did in response to the first injection. Why is the primary
immune response slower and weaker compared to the secondary immune response?

e) During the primary and secondary response to an antigen, the B cells of the immune system produce
membrane bound (i.e. IgM class) and secreted (i.e. IgG) antibodies. You isolate the antibodies
produced against Protein R, resolve them on a protein gel based on their molecular weight and obtain
a profile as shown in the schematic below.

1 2 Higher i. Which class of antibodies (secreted IgG/ membrane bound IgM)
molecular is present in lane 1 of the protein gel?
weight

— ii. Identify the B cell-type (mature/ memory/ plasma cells) that is

responsible for producing antibodies shown in...
* Lane 1 of the protein gel.
Lower

molecular * Lane 2 of the protein gel.
Protein gel weight

iii.  If you compare the structure of the IgM and IgG antibodies that are produced against
Protein R...

* would you expect these antibodies to have the same or different variable regions? Circle the
correct option and explain why you selected this option.

* would you expect these antibodies to have the same or different constant regions? Circle the
correct option and explain why you selected this option.
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Question 4 continued
f) Complete the table for the following cell types.

Section TA

Cell types Cell-surface proteins participating in Briefly describe their role in the humoral immune
the cell-cell interactions (CD4/ response
CDS/MHC-I/ MHC-II/TcR/antibody)

Ty cells

Antigen

presenting

cells (APC)

Macrophages

g) All somatic cells types in our body are said to have the same set of genes although each cell type may
express a unique set of genes that provides it with unique functions. However, the genome of the
mature T and the B cells is slightly different compared to the genome of the remaining cells in an
individual. Explain why this may be so.
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2012 7.012 Problem Set 6

Please print out this problem set and answer the questions on the printout.

Answers to this problem set are to be turned in at the box outside 68-120 by 4.00 PM, Wednesday Nov 21st. .
Question 1
The following is a schematic of an excitatory neuromuscular junction. In this schematic, the axon is pre-
synaptic and the muscle is post-synaptic. The excitatory neurotransmitter is acetylcholine (ACh). ACh
binds to acetylcholine receptors (AChR), which act as ligand-gated Na* channels. An influx of Na*
through the ligand-gated channels results in muscle contraction. Shortly after its release, the
neurotransmitter is degraded by the acetylcholinesterase enzyme.

SKELETAL MUSCLE FIBER

Myasthenia Gravis, is an autoimmune disease in which the immune system of the patient produces
antibodies that bind to the patient's own AChR. These antibodies can either degrade the AChR or
prevent the binding of ACh to AChR.

a) Autoimmune diseases, like Myasthenia Gravis, are a result of self-reacting T and/or B cells. Briefly
describe how the self-reacting T or B cells are eliminated during the development of immune system in
normal individuals.

b) The following is a schematic of an antibody molecule.
i. Circle the region of the antibody that interacts
\ with the AChR.

ii. Box the region of the antibody that mediates the
degradation of AChR.

¢) You decide to use an inhibitor of the acetylcholinesterase enzyme to treat the patients suffering from
Myasthenia Gravis. Explain how this may help alleviate some symptoms of this disease.
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Question 1 continued
d) You decide to make a monoclonal antibody against the AChR.
i.  Briefly describe the major steps that you would follow to make this antibody in a mouse.

ii. Interms of binding to the same protein antigen, how would a population of monoclonal
antibody against AChR differ from the polyclonal antibodies raised against the same antigen?

e) You are studying a genetic disorder that shows a recessive mode of inheritance and the affected
individuals lack B cells. You develop a mouse model for this disease. You destroy the bone marrow of
an affected mouse by UV irradiation. You then try to rescue this mouse by doing a bone marrow
transplant from a donor mouse. You want to minimize the chances of transplant rejection.

i.  Which surface molecule(s) on the bone marrow cells of the donor mouse are critical for the
success of bone marrow transplant?

ii. ~ Which cell types express this molecule on their cell surface?

iii.  From the choices below, circle the transplant that is more likely to show a higher success rate.
Explain why you selected this option.

* Allogenic 1i. e. bone marrow derived from the patient’s sibling.
* Syngenic i.e. bone marrow derived from the monozygotic twin of the patient.

Question 2

Below is the pedigree of a family with a disease that is related to a mutation in Gene D. All the
individuals that show the disease phenotype are shaded and the carriers are striped. Also listed are the
alleles of a SNP (A, G, T, C) for some individuals. Note: You may assume that this SNP is tightly linked to
Gene D. Assume complete penetrance for the disease phenotype.
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Question 2 continued
a) What is the most likely mode of inheritance of this disease?

b) Identify the allele of the SNP that is tightly linked with the disease allele.

c) What is the genotype at the Gene D locus of Individual 2? Note: Use the letter “D” or XP to represent the
allele assocaited with the dominant phenotype and ‘d” or X* to represent the allele associated with the recessive
phenotype.

Genotype of Individual 2:

d) Individual 4 in this pedigree marries individual 5. They have a son and a daughter.
i. Give all of the possible genotypes of the son at the Gene D locus.

ii. Give all of the possible SNP genotypes of the son.

ili. Give all of the possible genotypes of the daughter at the Gene D locus.

iv. Give all of the possible SNP genotypes of the daughter.
Question 3
Stem cells are found in all multi-cellular organisms. They can undergo mitotic cell division to form cell
types that can differentiate into diverse specialized cells. Stem cells are believed to have immense

therapeutic potential.

a) A stem cell is known to divide asymmetrically. When a stem cell divides asymmetrically, what are
the two possible fates of its daughter cells?

b) Four human embryonic cell types, originally prepared from the SAME embryo, were tested for their
potency in vitro. Based on the data below, complete the table by ranking the potency of these cell types.

Cell types Cell types differentiated in vitro Potency from 1-4
(1=most potent and 4=
least potent).

A motor

B motor, sensory, lateral, hippocampal
c sensory, lateral, hippocampal

D motor, sensory

c) Draw a lineage tree for the cell types A-D using the information in the table above.

::%:D/,:
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Question 3 continued
d) Do each of these cell types have the same DNA (Yes/ No)? Explain.

e) Induced pluripotent stem (iPS) cells hold great promise since they have the potential to differentiate
into multiple cell types.
i.  Which cell types do you start with while making iPS cells?

ii. If you would like to generate new kidney tissue for a patient would you start with iPS cells or
the commercially available embryonic cells? Provide a brief explanation for the choice that you
made.

f) Stem cells exist in most organs including bone marrow. Describe one experiment to prove that stem
cells exist in the bone marrow.

Question 4

a) Spermatogonia are cells produced in the testes, which can be isolated from adult mice. When injected
into an early embryo, spermatogonia survive and their descendent cells can be found in diverse organs.
However, spermatogonia injected into an adult survive only if injected into the testes, these
spermatogonia become only spermatozoa. Why do identical spermatogonia seem to have different
potency when injected into an embryo rather than an adult?

b) Describe the differences, in terms of procedure and of result, between “reproductive” and
“therapeutic” cloning.

c) Organismal cloning proves that the nucleus of an adult cell contains all of the genetic material
necessary to generate every cell type in an organism. Could you create a mouse by organismal cloning
if the adult cell you began with was a...

i.  mature B cell? If yes, then predict what the phenotype of the organism would be as it develops
from a newborn to an adult mouse. If no, explain why not.

li. gut epithelial cell from the intestinal lining? If yes, then predict what the phenotype of the
organism would be as it develops from a newborn to an adult mouse. If no, explain why not.

ili.  mature enucletated red blood cell (yes/ no)?



Name Section TA

Question 5
Familial hypercholesterolemia (FH) is a genetic disorder where individuals heterozygous for the

disease allele show a decreased expression of LDL receptors (LDL-R) and individuals homozygous for
the disease allele do not express LDL-receptors.

a) Based on what you have learned from Prof. Lander’s lecture, briefly explain how a decrease in LDL-R
expression results in an increased blood cholesterol level.

b) Give an experiment to prove that the liver cells isolated from an FH patients show a loss-of-funtion
mutation in the LDL-R gene.

c) The treatment regimen for individuals heterozygous for the disease allele with high levels of
cholesterol includes a low cholesterol diet, treatment with bile resins and inhibitor of HMG CoA
reductase. Briefly explain...

i.  why the dietary restriction can help reduce cholesterol only by 10% and not more.

ii.  why inhibitors of HMG CoA reductase are most efficient in reducing cholesterol.

d) You isolate the embryonic cells from a mouse homozygous for the disease allele of the LDL-R gene
(-/-) and infect them with a viral vector that has a wild type allele of LDL-R. You then select cells that
now have wild- type copy of LDL-R and re-introduce them back into the developing (-/-) embryos.
These transgenic embryos are transplanted into a female mouse to obtain newborns. You then trace the
location and expression of the LDL-R gene in the newborn mice by adding a blue color dye that
specifically binds to the LDL-R. Note: You may assume that the level of expression of the LDL-R gene
correlates with the intensity of the blue color in the cells. In wild-type mice, the dye stains only the liver cells.

When you add the dye you find that most of cells in the newborn mice, including the liver cells, turn
blue. Based on these results, you modify the virus vector containing LDL-R gene, reinsert it into the
embryonic cells and obtain newborns by following the same steps that were described above. When
you add the dye you find that only the liver cells turn blue and the color is of the same intensity as in
the liver cells of wild-type mice. In addition, these mice do not show the manifestations of the disease.

What modification could be made to the viral vector such that the introduced LDL-R gene was only
expressed in the liver cells of newborns instead of being expressed in all the cells?
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uestion 6
$ou are studying coat color in mice. You isolate the cells from a developing embryo (at the blastula
stage/8-cell stage) that is produced by the fusion of gametes from mice that have white coat color
(genotype = aa) which is recessive to black coat color. You then re-introduce them into the developing
embryo that is produced by the fusion of gametes from mice that have black coat color to obtain
newborns.

a) Give all the possible genotypes of the cells in the newborn obtained from this strategy? Briefly

explain why you selected this genotype. Note: Use the uppercase A to represent the allele responsible for the
dominant phenotype and lowercase a to represent the allele responsible for the recessive phenotype.

b) You allow the mouse obtained from the strategy outlined above to mate with a female mouse that
has the black coat color (genotype: AA). Do you expect all the mice from this mating experiment to
have a black coat color (Yes/ No)? Explain why you selected this option.

Question 7 (This questions is optional and will NOT be graded)

Acute myeloid leukemia (AML), is a cancer of the white blood cells, characterized by the rapid
proliferation of abnormal cells which accumulate in the bone marrow and interfere with the production
of normal blood cells. Acute lymphoblastic leukemia (ALL), is a different form of leukemia, though the
two leukemias can be difficult to distinguish clinically.

In this problem, you will learn how to use microarray data to judge which type of tumor a patient has.
(This method of diagnosis is currently one of the most cutting-edge ways to diagnose a patient with a
specific type of cancer.) You gather about 20 patients with ALL and 20 patients with AML. You take
tumor samples from these patients and extract mRNA samples from the tumors. You allow the
mRNAs from the tumors to hybridize to DNA chips, on which each spot contains a probe for a
different human gene. What you find is that some genes are expressed at very high or very low levels
in ALL tumors as compared to AML tumors. Other genes are expressed at very high or very low levels
in AML tumors as compared to ALL tumors. This means that each type of tumor can be assigned a
signature pattern of expression of genes, and then unknown tumors can be diagnosed by examining
their signature patterns. Go to http://mit.edu/star[biogene/docs/. Click on the “Instructions for Problem
Set” link, and print out those instructions. Then return the Star-Biogene home and begin by clicking the “Start
Biogene” button. Use the instruction sheet to view the original data used in the following exercises.

a) What do genes shown in green indicate?
b) What do genes shown in orange indicate?

c) What are the four genes that show the best correlation with presence of ALL? (List them by their
descriptions.)
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Question 7 continued

d) What are the four genes that show the best correlation with presence of AML? (List them by their
descriptions.)

e) Is the gene session pattern of U18271_cds3_s_at strongly correlated with the presence of AML or
ALL? (see “how to answer question e)” on page 2 of the instruction sheet)

f) What is the name of the gene product encoded by U18271_cds3_s_at? (see “how to answer question f)
and g)” on page 3 of the instruction sheet)

g) What chromosome arm and position does the gene U18271_cds3_s_at occupy? (see “how to answer
question f) and g)” on page 3 of the instruction sheet)

h) Look in the list of gene descriptions for “terminal transferase.” With respect to only the expression of
terminal transferase mRNA, which tumor sample behaves the least like the other tumors in its class?
(see “how to answer question h)” on page 4 of the instruction sheet)

i) Which AML sample is least like the other AML samples? (see “how to answer questions i) and j)” on
page 4 of the instruction sheet).

j) A patient comes in with a tumor. After taking samples of the patient’s tumor and running the
appropriate tests you find that the tumor had high levels of expression of Nek3, and low levels of
LPAP and CAMKA4. Given this information and the clustering data, which type of tumor would you
most likely diagnose it as? (see “how to answer question k)” on page 4 of the instruction sheet).
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2012 7.012 Problem Set 7

Please print out this problem set and answer the questions on the printout.
Answers to this problem set are to be turned in at the box outside 68-120 by 4.00 PM, Thursday Dec 6™

Question 1

You are studying the following four different viruses.
* Type A is an enveloped, minus stranded RNA virus.
* TypeBis an enveloped, plus stranded RNA virus (no viral proteins are packaged in the virion).
* Type Cis an enveloped, plus stranded retrovirus, reverse transcriptase is packaged in the virion
* TypeDis anon-enveloped double stranded DNA virus.

a) Which of these viruses (Type A/ B/ C/ D) is likely to have the lowest mutation rate? Explain why you
selected this option.

b) You analyze the genome of each virus and are surprised to find that each has 33% adenine (A) in its
genome.

i.  Based on this information, you can predict the % of remaining bases (T/ G/ C/U) in the genome
for which virus(es)?

ii.  In the table below, give the percentage of each appropriate base (T/ G/ C/ U) found in the
genome of the virus(es) you selected in part (i).

VirusType Base A T G C u
% in the viral genome

¢) You successfully transduce a eukaryotic cell line with each of the above viruses in four separate
plates. You isolate the viruses from the infected cells in each plate and use them to infect fresh
eukaryotic cells that are being incubated with actinomycin D (inhibits transcription by blocking only the
host RNA polymerase) or anisomycin (host ribosome inhibitor). Complete the following table for each of
the treatments.

Treatment Virus Virus formed (Yes/No)?
Actinomycin D Type A
Type B
Type C
Type D
Treatment Virus Virus formed (Yes/ No)?
Anisomycin Type A
TypeB
Type C
Type D

d) Which of the above virus(s) (Type A/ B/ C/ D) must integrate its genome in the host cell? Give all
possible options and explain why you selected each.
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Question 2

The discovery that cancer could be caused by a virus was a major one. However, the subsequent
discovery that Rous Sarcoma Virus (RSV), a cancer-causing virus discovered in chickens, encoded
a mutant form (v-src) of a normal cellular gene (c-src) was even more surprising. Rous sarcoma
virus (RSV) is a retrovirus that also has a + stranded RNA genome that encodes four genes; gag
(encodes the capsid protein), pol (encodes the reverse transcriptase), env (encodes the envelope
glycoprotein) and src (encodes a tyrosine kinase enzyme).

a) Given the information, reverse transcriptase is considered which of the following?

* A DNA directed RNA polymerase
= A RNA directed DNA polymerase
» A RNA directed RNA polymerase

b) Why is it essential that the RSV encodes Reverse transcriptase?

c) What are two major classes of genes involved in the development of cancer? For each, describe

the type of mutation that is associated with cancer, and how this mutation would promote tumor
formation.

d) The Human papilloma virus (HPV) has been implicated as a risk factor for cervical cancer. The E7
protein of HPV binds to pRB protein preventing it from binding to the host transcription factor E2F,
which is now free to bind to the promoters of genes that promote cell cycle. In contrast, another HPV

protein, namely E6 binds to p53 targeting it for destruction by proteosomes thus removing the block on
the host cell's entry into the cell cycle.

i.  Would you classify E7 as an oncogene or a tumor suppressor gene? Explain why?

ii. ~ Would you classify E6 as an oncogene or a tumor suppressor gene? Explain why?
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Question 2 continued

e) Each of the five genes given below, when mutated, can result in a transformed phenotype in the
mutant cells. In the final column, give the phenotype (normal or transformed) of a diploid cell that
has the two alleles given. Note: A description of each gene is given.

ras: encodes a protein, which is active in its GTP bound form and inactive in its GDP bound form. When active it
promotes cell division.

cyclin D: encodes a protein that interacts with a CDK (cyclin dependent kinase), and promotes cell division.
erb-B2: encodes an epidermal growth factor receptor which is active when dimerized. It promotes cell division
when activated.

plé: encodes a protein that inhibits cyclin-dependent kinase.
WT1: encodes a protein that inhibits progression through the cell cycle.

Gene Class Status of allele 1 Status of allele 2 Phenotype
ras Proto-oncogene Mutation such that protein Wild-type
cannot hydrolyze GTP to GDP
Cyclin D Proto-oncogene Mutation that results in Wild-type
deletion of entire gene
erb-B2 Proto-oncogene Mutation such that the receptor [ Mutation that results in

protein constitutively dimerizes | the deletion of 120 base
pairs in intron 5

plé Tumor suppressor Point mutation that results in Wild-type
truncated protein of 20 amino
acids
WT1 Tumor suppressor Mutation in promoter that Mutation that results in
prevents RNA polymerase from the deletion of 4 base
binding pairs in the coding region
20 base pairs after the

start codon

Question 3
Cancer is caused by the accumulation of two or more mutations in the same cell that affects its
proliferation and survival.

a) Why does a person’s chance of having cancer increase with age?

b) Cell lines are often used to test the oncogenic potential of viruses. If cancer is a multi-
step process, why can the introduction of a single active viral oncogene transform these cells?
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Question 3 continued _ ’

d) Briefly describe what an Ames test is and how it may be used to evaluate the mutagenic potential of
a chemical agent. Do you think you can evaluate the mutagenic potential of any carcinogen using
Ames test (Yes/ No)? Justify your answer.

Question 4

The following human pedigree shows the mode of inheritance of the predisposition to colon cancer.
Please note: The shaded squares and circles represent the individuals who eventually develop cancer.

oSt I
ar
emi b O00d

a) Looking only at the pedigree, the predisposition to this disease appears to have what mode of
inheritance?

b) If you check the genotype of the tumor cells from individual 3, you find that they are homozygous
for the disease allele (-/-). However, if you check the genotype of the blood cells from this individual,
you find that they are heterozygous for the disease allele (+/-). Explain why the genotype with respect
to the disease allele in the blood cells is different from that in the tumor cells isolated from individual 3.

c) For individual 4, the blood samples are heterozygous, carrying both the wild-type allele and a

mutant allele of the gene associated with this type of cancer. However, this individual did not develop
cancer. Explain why.

d) One example of a tumor suppressor gene is the Retinoblastoma (Rb) gene . The wild-type pRB
protein binds and inhibits the activity of the transcription factor E2F. At the appropriate time in the cell
cycle, pRB is phosphorylated (inactive state) and E2F becomes available to act as a transcription factor
that stimulates cell division. If a cell has lost the functional pRB and E2F proteins, would you expect
cell division (Yes/ No)? Explain your choice.
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Question 5

a) Radiation therapy can be used to treat tumors. Briefly explain how radiation therapy works to treat a
tumor.

b) Chemotherapeutic drugs often have side effects such as diarrhea, constipation, mouth sores, hair
loss, nausea, and blood-related side effects.
i. Chemotherapeutic drugs have a wide range of structures and functions, yet many elicit the same
side effects. Explain why the side effects are the same for a variety of different drugs.

ii. Describe what is meant by the “therapeutic window” of a drug used in chemotherapy, and how it
relates to the side effects seen in a patient.

ili. Prior to being used for treatment, each chemotherapeutic drug is extensively screened. During
drug screening you identify two compounds A and B that have the potential to kill cancer cells
and normal cells as shown by the following graph. Which compound (A/B) is a better candidate
for cancer treatment? Explain why you selected this option.

100% | #1: Cancer cells + Compound A
: #2: Cancer cells + Compound B
% cell a? #3: Normal cells +Compound B

alive L #4: Normal cells + Compound A

50% |

~

Compound concentration >

iv.  Explain how the use of following drugs may prevent cancer cell growth and /or cell
proliferation.

Drug Target of drug How is cancer cell growth and / or proliferation
prevented?

Vincristine | Microtubule inhibitor

VEGF Inhibits blood vessel formation
inhibitor

¢) Her-2 receptor is encoded by the Her-2 proto-oncogene and is a member of the epidermal growth
factor (EGF) family of receptor tyrosine kinases. Her-2 gene amplification is correlated with aggressive
forms of breast cancer that respond better to treatment with herceptin than other non-aggressive forms
of breast cancer. Explain why this is so.
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Question 6 (This question is optional and will NOT be graded)

Human immunodeficiency virus (HIV) is a retrovirus. Its genome is a single (+) stranded RNA that is
packaged with the reverse transcriptase enzyme within a protein capsid. This is further packaged into
an envelope that is derived from the plasma membrane of the host cell in which the virus had
replicated. The surface of the envelope is covered with the envelope glycoprotein, called gp120.

a) HIV specifically infects the T- helper (Ty;) cells of the human immune system. If HIV enters the host
cell by means of host receptor recognizing a viral protein, what would be the most likely interacting
proteins during HIV infection?

b) Why the HIV infected cells remain undetected by the host immune system for several years?

¢) Some individuals are resistant to HIV infection even after repeated exposure. Assuming that these

individuals express a normal level of the functional receptor that you have recognized above, how can
you explain their resistance to HIV?

d) In recent years, therapies have been developed to fight AIDS using nucleotide analogs. The drug
used to combat AIDS is Azidothymine (AZT). The structure of AZT is very similar to thymidine.
However, in AZT the 3’-OH group on the deoxyribose sugar is replaced by an azido (N;) group. Which
process of the life cycle of HIV do you think is inhibited by AZT?
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Alanine: Neutral non-polar
Arginine: Basic polar

Asparagine: Neutral non-polar (— D‘ts%(&ﬁ W/ TA
Aspartic Acid: Acidic polar
Cysteine: Neutral Slightly polar
Glutamic Acid: Acidic polar
Glutamine: Neutral polar

Glycine: Neutral non-polar
Histidine: Basic polar

Isoleucine: Neutral non-polar
Leucine: Neutral non-polar

Lysine: basic polar

Methionine: Neutral non-polar
Phenyl-alanine: Neutral non-polar
Proline: Neutral non-polar

Serine: Neutral polar

Threonine: Neutral polari
Tryptophan: Neutral, slightly polar
Tryosine: Neutral polar

Valine: Neutral non-polar
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The Philadelphia chromosome, results from a translocation event where pieces of
chromosomes 9 and 22 switch. No DNA is lost, it is just rearranged. A schematic representing
the chromosomes involved in this translocation is shown below. Please note that each of the
chromosomes as drawn represents a single double-stranded DNA molecule.

Question 1

Philadelphia
Chromosome
normal normal
9 9:22 72 22:9

Chronic Myeloid Leukemia (CML) is the cancer associated with the Philadelphia chromosome.
The Philadelphia chromosome translocation creates a novel gene by attaching a portion of the
coding region of the ABL gene (normally found on chromosome 9) to a portion of the BCR
gene (normally found on chromosome 22). This fusion gene can be transcribed and translated
to create a novel protein, the Ber-Abl protein

1
TAACTTACCCC 3
ATTGAATGGGG . §'

You want to design PCR primers to quickly determine if a cell is carrying the Philadelphia
chromosome.

a) Circle the best pair of primers for amplification of the Philadelphia chromosome.

* 5 CCTTAAGG3 and 5 ATTGAAT ¥
* 5 GGAATTCC3 and 5 TAACTTA ¥
» 5 TAAGITA Y and 5 GGAATTCC 3’
. 5 ATTGAATY and 5 CCTTAAGG ¥

b) Would you categorize the gene encoding the Ber-Abl protein as a tumor suppressor gene, an
oncogene or a proto-oncogene? Explain.



Question 1, continued

c) The Ber-Abl protein functions as a tyrosine kinase. Many drugs that effectively inhibit
tyrosine kinases are known. Most of these drugs are not useful therapeutics against CML due
to a variety of side effects. Explain why there are so many side effects associated with these
drugs.

d) A drug, Gleevec, has been introduced as a treatment for CML. Gleevec is a small molecule
that fits into the catalytic site of the Ber-Abl protein and prevents enzyme function. A drawing
of Gleevec interacting with the Ber-Abl kinase is shown below. For this question, the pH =7.0.

cn,

A table of the amino acids
can be found on the last
page of this exam.

Gleavec®
(imatinib mesylate)

'i-lis361

i

i) What is the strongest type of interaction that occurs between Thr 315 of the Ber-Abl
enzyme and Gleevec as indicated by the dashed line in the diagram above?

ii) What is the strongest type of interaction that occurs between Met 318 of the Bcr-Abl
enzyme and Gleevec as diagramed above?

iii) What is the strongest type of interaction that occurs between Glu 286 of the Ber-Abl
enzyme and Gleevec as indicated by the dashed line in the diagram above?



Question 1, continued

e) There are two variants of the Bcr-Abl protein such that ...
* the Ber-Abl enzyme has Ala at 315 instead of Thr. Individuals with
this substitution have CML that is resistant to treatment with
Gleevec.

* the Ber-Abl enzyme has Trp at 315 instead of Thr. Individuals with
this substitution also have CML that is resistant to treatment with
Gleevec.

i) What type of interaction could now occur between Ala 315 of the Ber-Abl enzyme and
Gleevec?

ii) What type of interaction could now occur between Trp 315 of the Ber-Abl enzyme
and Gleevec?

f) The CML of individuals with the Bcr-Abl enzyme that has Ala at 315 instead of Thr will
respond to Gleevec, but at much, much higher doses. However, the CML of individuals with
the Ber-abl enzyme that has Trp at 315 instead of Thr is impervious to Gleevec at any
concentration. Explain the difference in the resistance to Gleevec of each of these two
variants.

Question 2

a) Each of the three diagrams below represent the GFP protein.

i) Label each diagram with the level of protein structure it portrays (primary,
secondary, tertiary, quaternary).

MSKGEELFTGVVPVLVELDGDVNGQ
KFSVSGEGEGDATYGKLTLNFICTTG
KLPVPWPTLVTTFSYGVQCFSRYPD

HMKQHDFFKSAMPEGYVQERTIFYK
DDGNYKTRAEVKFEGDTLVNRIELK
GIDFKEDGNILGHKMEYNYNSHNVY
IMGDKPKNGIKVNFKIRHNIKDGSVQ
LADHYQQNTPIGDGPVLLPDNHYLS

ii) Which secondary structural element is most prevalent in GFP?



Question 2

Imagine that you are a researcher working in a laboratory. You are interested in characterizing
three specific proteins: X, Y and Z. In an attempt to characterize these proteins you fuse the
gene encoding protein X to the gene for green fluorescent protein (GFP) such that now protein
X fluoresces green. You also create a fusion protein for Y such that it fluoresces red and a
fusion protein for Z such that it fluoresces orange. You then express all of these fusion proteins
in eukaryotic cells.

b) When you look at cells using fluorescence microscopy you find that the medium in which

control cells are grown is colorless. The medium in which the cells containing the fusion
proteins are grown appears red. Why might this be?

c) You use these tagged proteins to follow the migration of proteins through different
organelles of the cell.

i) What are the organelles through which a protein traverses if this protein is a
membrane receptor protein?

ii) Will the ligand-binding domain of the receptor protein project towards the
extracellular space or cytoplasm?

d) You learn that protein Z is an enzyme that catalyzes an important step of glycolysis.
i) In which compartment of a eukaryotic cell would you first see the orange

fluorescence associated with protein Z if the fluorescent tag is on the N terminus of
protein Z?

ii) Complete the overall schematic for glycolysis below. Fill in the boxes with the
names of the appropriate carbon-containing molecules and fill in the blanks with the
names of the products generated during glycolysis.

N
N




Question 3

You are studying a genetically inherited disease. The pedigree for a family with this disease is
shown below. Assume complete penetrance, but make no assumptions regarding the genotype
of individual 8.

D Unaffected male
Affected male

O Unaffected female

affected female

a) Which of the following mode or modes of inheritance are consistent with this disease?

Autosomal dominant Autosomal recesive X-linked dominant

X-linked recessive Y-linked

Question 4

The evolutionary relationship between organisms is often determined by comparing 16s
ribosomal RNA sequences.

a) What is a ribosome composed of? What is it used for?

b) When the 16s ribosomal RNAs of organisms are compared, one sees some regions of
absolute conservation, i.e., the sequence in these regions is identical for all organisms
examined. Other regions of the 16s ribosomal RNA sequences vary between organisms but
are uniform in length, where other regions vary in both sequence and length. Explain why
these conserved regions exist if mutations occur randomly throughout the genome.



Question 4, continued

Region 3

h i) The sequence of region 1is 5 UACGUCCGA 3'. Given this can you deduce the
sequence for region 3? If so, give the sequence and label the 5" and 3’ ends. If not,
explain why not.

ii) The sequence of region 2is 5 CGGAAUGCU 3'. Given this can you deduce the
sequence for region 4? If so, give the sequence and label the 5" and 3’ ends. If not,
explain why not.

d) The gene that encodes the ribosomal RNA is transcribed, but the RNA produced is not
translated. Give one example of another gene found in all cells that is transcribed but not
translated.



Question 4, continued

The seeds from the castor bean plant, Ricinus communis, are poisonous to many species, due to
a toxic protein called ricin. Ricin specifically and irreversibly inactivates eukaryotic ribosomes.

a) What is the function of a ribosome?

b) The eukaryotic ribosome is composed of two different ribosomal RNAs and 33 different

proteins. How many genes are required to form the ribosome? Explain why you chose this
number.

c) The ribosome associates with two other types of RNA: mRNA and tRNA.
* How many different types of mRNA molecules could be found in a cell
Less than 10 between 10 - 25 between 26 — 100

between 100 — 1000 more than 1000

* How many different types of tRNA molecules could be found in a cell?
Less than 10 between 10 - 25 between 26 — 100

between 100 - 1000 more than 1000

You imagine several possible therapeutic uses for ricin, and would like to produce it in large
quantities. You first want to develop a castor bean plant that produces large seeds (the source
of ricin) and matures quickly. You cross a true-breeding plant with large seeds and slow
growth to a true-breeding plant with small seeds and fast growth. All of the resulting plants
have small seeds and grow slowly.



Question 4, continued
d) What are the genotypes of the two true-breeding parental plants? Use the nomenclature
outlined below.

* Ineach case, use the uppercase letter for the allele associated with the dominant
phenotype and the lower case letter for the allele associated with the recessive
phenotype.

* For the seed size use (i.e., large or small) use D or d to designate the alleles.

* For the growth (i.e., fast or slow) use G or g to designate the alleles.

Parent Genotype
large seeds and slow growth

small seeds and fast growth

e) You then cross two of the F1 plants that have small seeds and grow slowly. If these two
genes are unlinked, about how many total offspring will you need to obtain 100 plants that
have large seeds and are fast growing?

f) You find that the two genes are linked and plan to determine the map distance between the
seed size gene and the growth gene. You test cross an F1 plant to a plant with large seeds that
is fast growing.

* What are the phenotypes and associated genotypes of the non-recombinant progeny?

* What are the phenotypes and associated genotypes of the recombinant progeny?

In its active form, ricin is composed of two different glycosylated polypeptide chains that are
linked by a single disulfide bond. Itis processed in the ER and Golgi and stored in a sub-
cellular compartment You find several different mutant castor bean plants that do not make
active ricin. Each mutant is homozygous for a single mutation.

Mutant 1: The DNA encoding the N terminus of polypeptide 1 is deleted, neither
polypeptide is glycosylated or found in the storage compartment.

Mutant 2: One promoter is mutated and no mRNA for either polypeptide is present.

Mutant 3: A stop codon is created after amino acid 255 of Polypeptide chain 1. mRNA
for both polypeptide chains is detected, but only polypeptide chain 1 protein is present.

Mutant 4: A gene encoding a protease normally localized to the Golgi is deleted. mRNA
for both polypeptide chains is detected, but no active ricin is made.

g) What do these mutants, when considered together, suggest about the DNA encoding ricin?

8



Question 5

You hope to clone the ricin gene and later use it as a research tool to allow cell-type specific
killing. First you want to amplify the gene encoding ricin by the polymerase chain reaction
(PCR). Below is DNA sequence that flanks the gene.

g5 . TCAAGAGGATCCCCG [TCGGAATTAACCCTCAC 37
————————— t—— Gene for ricin i ik e
3 . AGTTCTCCTAGGGGC FPAGCCTTAATTGGGAGTG 57

You successfully amplify the ricin gene from the castor bean genomic DNA as shown below:

promoter

Transcriptional terminator

/Bam}ll
XhoI

EcoRI

1
/

Kpnl

BamHI

EcoRI

2kB

You plan to insert it into the vector shown. The restriction enzymes listed cut only where
indicated; they do not cut anywhere else in the vector or insert.

Nde I: Sal 1: EcoR 1.
| |
. ¥
5 cRraTc 5 chcAc 5’ GAATTC
GTATAC 3’ caGce ¥ T
» ® i 4
KpnI: Xho I Bam HI:
: v ¥
5’ GGTACC 5" CTCGAG 5’ GGATCC
¥ ocATGG 3 cacemc 3’ CCTAGE

BamH 1

promoter

The distance between the two
Bam HI sites is 200 base pairs.



Question 5, continued

You digest both the ricin gene and the vector with BamHI and ligate the two together. After
ligation, you transform bacteria with the DNA.

a) What must be the phenotype of the bacterial cells prior to transformation?

b To select the cells that obtained a plasmid during transformation, you would plate the
transformation mix on solid agar media containing what compound?

To ligate the ricin gene into the vector, you prepare the following tubes of the digested
fragments and DNA ligase. After ligation, the mixture in each tube is used to transform
bacteria. You see the following results:

Tube | Amount of Amount of Amount of Number of colonies on
plasmid DNA | ricin DNA DNA ligase transformation plate
1 0 ng 2 ng 2 ng 0
2 2ng 0 ng 2 ng 50
i, 2 ng 2 ng 2ng 50
4 2 ng 12 ng 2 ng 500

c) You isolate plasmid DNA from the colonies generated by transformation tube 2. The
plasmid contained in all 50 colonies is the same. Given all the data in the table above, what
would be the size of the plasmid isolated from these 50 colonies? Explain your answer.

d) You successfully clone the ricin gene into the plasmid using BamHI. Assuming that the
promoter shown on the drawing of the plasmid is a bacterial promoter, give two reasons why
you would not expect that ricin protein could be made from this plasmid in bacterial cells?

e) You successfully clone the ricin gene into the plasmid using BamHI. Assume that the
promoter shown on the drawing of the plasmid is a bacterial promoter and that you can insert
this plasmid into castor bean cells. Under the appropriate conditions, would you expect that
ricin protein could be made from this plasmid when inserted into castor bean cells? Explain
your answer. (NOTE: Ricin is not toxic to castor bean cells.)

10



Question 5, continued

f) Assume that the promoter shown on the drawing of the plasmid is a mouse promoter. To
construct a plasmid that could allow expression of the ricin gene in mouse tissue culture cells,
i) What enzyme(s) might you use to cut the plasmid?

ii) What enzyme(s) might you use to cut the ricin gene?

iii) If the enzymes that you chose for i and ii above cut every DNA molecule, how many
different types of plasmids could be produced by the ligation of vector with one insert?

11



Question 6

Consider that you are a cancer specialist who is monitoring a prospective study on patients
suffering from Non Hodgkin’s lymphoma (NHL). NHL can be of two major types: aggressive
(fast growing) and non aggressive (slow growing).

a) During your study you conclude that treatment of the patients that have the aggressive
form of NHL is more effective and gives a better prognosis when compared to the non-
aggressive NHL. Why might this be?

b) You observe that NHL patients can have mutations in the genes shown below. Classify the
following genes either as oncogene or tumor suppressor gene. Also state whether you expect
the NHL cells to be homozygous or heterozygous for a mutation in that gene.

Gene Normal function of encoded | Proto-oncogene or Would NHL cells be
mutated protein tumor suppressor? homozygous or
in NHL heterozygous for a
mutation in that gene?
Fas Promotes cell death (apoptosis)
cERB Growth factor receptor protein

p53 Halts the cell cycle in the G1 phase

Bcl2 Promotes cell to enter the cell cycle

Abl Encodes for a tyrosine kinase that
stimulates cell division

c) None of the mutations listed above is sufficient on its own to cause a normal cell to become
an NHL cell, but any one of them increases the likelihood that the cell will become an NHL
cell. Why might that be?

d) The NHL patients were provided either with radiation therapy, chemotherapy or both.
These patients showed signs of severe anemia so you decided to administer EPO. How could
EPO help these patients?

12



Question 7

The immune system is often divided into the humoral and the cellular systems. The primary
agents in the humoral immune system are secreted antibodies.

a) The process that produces millions of different antibody molecules from only two different
genetic loci results from:

many alleles of these loci splicing of introns and exons
meiotic recombination DNA rearrangment

clonal expansion

b) Could the process in (a) produce antibody molecules that have the ability to recognize an
antigen that has never been encountered before?

c) Briefly describe the steps involved in B cell activation. Begin with a mature B cell displaying
a surface bound antibody and end with plasma B cells and memory B cells.

d) The cellular arm of the immune system employs Cytotoxic T lymphocytes and natural killer
cells. Cytotoxic T lymphocytes can recognize virally infected body cells.

i) What proteins are involved in the presentation of antigen to T, lymphocytes?

ii) Explain why T, lymphocytes do not recognize an infected cell if the virus is latent
(i.e., viral translation does not occur).

13



Question 8

Electrode 1

Recording electrode

Excitatory
presynaptic neurons

Postsynaptic neuron

You can depolarize a presynaptic neuron by passing current into the cell through electrodes

like electrodes 1 and 2. You can record a response in the postsynaptic neuron using the

recording electrode. If you stimulate one of the presynaptic cells, you do not see an action

potential in postsynaptic cell (shown by the dashed line). If you stimulate two of the

presynaptic cells, you can record an action potential in the postsynaptic cell (shown by the
solid line). You stimulate all of the presynaptic cells, and record from the post-synaptic cell.

On the following figure, draw the trace you would expect.

+50mV T

-70mvV |
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Question 9

Your experiment confirms that semaphorin 2 is an attractive signal to these neurons. In the
embryo, type W neurons form synapses with neurons expressing semaphorin 2. When these
synapses are first formed, type W neurons release a neurotransmitter that binds to
metabotropic receptors on the postsynaptic cell. When neurotransmitter binds the
metabotropic receptors the following signal transduction cascade is activated.

(Note: Raf, MEK and MAPK are all protein kinases)

neurotransmitter

receptor

@ TR —

Cellular response

a) Describe a mutated version of the receptor protein that would always stimulate the cellular
response.

b) Describe a mutated version of RAS that could not activate Raf.

¢) Describe a mutated version of MEK that would prevent the cellular response.

15



Question 9

Tomato plants can be tall or short and have green or red fruit. You cross a true-breeding tall,
green-fruited plant with a true-breeding short, red-fruited plant. All of the progeny are tall
and red-fruited.

a) Which traits are recessive?

b) What are the genotypes of the two true-breeding parents? Use the nomenclature outlined
below.
* For the height (i.e., tall or short) use H or h to designate the alleles.
* For the fruit color (i.e., green or red) use G or g to designate the alleles.
* In each case, use the uppercase letter for the allele associated with the dominant
phenotype and the lower case letter for the allele associated with the recessive

phenotype.

Parent Genotype
Tall, green-fruited plant

Short, red-fruited plant

¢) Then you cross the F1 plants to true-breeding short, green-fruited plants and, after
analyzing 800 progeny, you calculate a map distance of 20 cM between the height and fruit
color loci. What are the four genotypic and phenotypic classes you see in the 800 progeny?
Given that these two genes are linked (20 cM apart), how many of each should you get?

Genotypic class Phenotypic class How many of this type?

1

ol B N
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Resources:

u C A G
UUU phe | UCU ser UAU tyr UGU cys U
y | UUC phe | UCC ser UAC tyr UGC cys C
UUA leu | UCA ser UAA STOP UGA STOP | A
UUG leu | UCG ser UAG STOP UGG trp G
CUU lem |CCU pro CAU his CGU arg u
c |CUC leu |CCC pro CAC his CGC arg C
CUA len |CCA pro CAA gin CGA arg A
CUG leu | CCG pro CAG gln CGG arg G
AUU ile ACU thr AAU asn AGU ser U
A | AUC ile ACC thr AAC asn AGC ser C
AUA ile ACA thr AAA lys AGA arg A
AUG met | ACG thr AAG lys AGG arg G
GUU val | GCU ala GAU asp GGU gly U
G |GUC val |GCC ala GAC asp GGC gly C
GUA val | GCA ala GAA glu GGA gly A
GUG val | GCG ala GAG_glu GGG gly G

STRUCTURES OF AMINO ACIDS at pH 7.0

0‘\0’0- ox\clo‘ y 0\\C’o
0
H—4::—CH, H—mCHLCHCHy N _ A H—{.‘—CH: ®. 4
NH, hlmj 1 NH, N
+ + NH, +
ALANINE ARGININE ASPARAGINE
(ala) (arg) (asn)
0\\?,0' o\\dO' o\\lc,o‘ .
H—C—Ca, -sil H—d—CH,CH, —c’\’ H—C—Ci.CH, —c’\'
NH, N, o NH, NH,
+ + +
CYSTEINE GLUTAMIC ACID GLUTAMINE
(cys) (gl (gln)
;s H o_ 0O o, O
N Y Y.
H--(::—CH’. | “_/C_f_CH:C”J H—L—CH, —(—CH,
EH, ’C/N\“ :‘HJ CH, E‘ﬂl_‘ CH,
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HISTIDINE (ile) (leu)
(his)
0, 0 O“C’U H H 0\\{0—
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l
N, N, H:P!"CH/CHZ
METHIONINE H H p'+ O
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. H H
o_ 0O
w \\tIZI )— ( o, 0 H H
‘('J' H H—C—CH, . \‘IC/
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THREONINE TRYPTOPHAN H
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(tyr)
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Question 1

The Philadelphia chromosome, results from a translocation event where pieces of
chromosomes 9 and 22 switch. No DNA is lost, it is just rearranged. A schematic representing
the chromosomes involved in this translocation is shown below. Please note that each of the
chromosomes as drawn represents a single double-stranded DNA molecule.

Philadelphia
Chromosome

normal normal
9:22 2 22:9

Chronic Myeloid Leukemia (CML) is the cancer associated with the Philadelphia chromosome.
The Philadelphia chromosome translocation creates a novel gene by attaching a portion of the
coding region of the ABL gene (normally found on chromosome 9) to a portion of the BCR
gene (normally found on chromosome 22). This fusion gene can be transcribed and translated
to create a novel protein, the Ber-Abl protein

< \
3

GGAATTLU 3 TAACUTTAUCCCU
SLCCTTAAGE I BCR I ABL IATTGMTGGGG 5

You want to design PCR primers to quickly determine if a cell is carrying the Philadelphia
chromosome.

a) Circle the best pair of primers for amplification of the Philadelphia chromosome.

« 5 CCITAAGG3 and 5 ATTGAAT 3
* 5 GGAATTCC3 and 5 TAACTTA ¥
« 5 ATTGAAT 3 and 5" CCTTAAGG ¥

b) Would you categorize the gene encoding the Ber-Abl protein as a tumor suppressor gene, an
oncogene or a proto-oncogene?
oncogene

Question 1, continued

c) The Ber-Abl protein functions as a tyrosine kinase. Many drugs that effectively inhibit
tyrosine kinases are known. Most of these drugs are not useful therapeutics against CML due
to a variety of side effects. Explain why there are so many side effects associated with these
drugs.

All t%;msine kinases share some homology, so these drugs will inhibit lots of different tyrosine kinases.
Because each kinase has a particular function in the cell, these drugs interfere with many different
functions and thus you see a wide variely of side effects associated with non-specific tyrosine kinase
inhibitors.

d) A drug, Gleevec, has been introduced as a treatment for CML. Gleevec is a small molecule
that fits into the catalytic site of the Ber-Abl protein and prevents enzyme function. A drawing
of Gleevec interacting with the Ber-Abl kinase is shown below. For this question, the pH = 7.0.

M,
|

H, N
N A table of the amino acids
]/O) can be found on the last

page of this exam.

Hisg61 oy,
i) What is the strongest type of interaction that occurs between Thr 315 of the Ber-Abl
enzyme and Gleevec as indicated by the dashed line in the diagram above?

Hydrogen bond

ii) What is the strongest type of interaction that occurs between Met 318 of the Ber-Abl
enzyme and Gleevec as diagramed above?
Van der waals forces or hydrophobic interactions,

iii) What is the strongest type of interaction that occurs between Glu 286 of the Ber-Abl
enzyme and Gleevec as indicated by the dashed line in the diagram above?
Hydrogen bond



Question 1, continued

¢) There are two variants of the Ber-Abl protein such that ...
« the Ber-Abl enzyme has Ala at 315 instead of Thr. Individuals with
this substitution have CML that is resistant to treatment with
Gleevec.

« the Ber-Abl enzyme has Trp at 315 instead of Thr. Individuals with
this substitution also have CML that is resistant to treatment with
Gleevec.

i) What type of interaction now occurs between Ala 315 of the Ber-Abl enzyme and
Gleevec?
Van der waals forces

ii) What type of interaction now occurs between Trp 315 of the Ber-Abl enzyme and
Gleevec?
Van der waals forces

f) The CML of individuals with the Ber-Abl enzyme that has Ala at 315 instead of Thr will
respond to Gleevec, but at much, much higher doses. However, the CML of individuals with
the Ber-abl enzyme that has Trp at 315 instead of Thr is impervious to Gleevec at any
concentration. - Explain the difference in the resistance to Gleevec of each of these two
variants.

The Ala 315 mutant can still bind to Glecvee, but less efficiently so it requires a greater concentration.
Because of the size of the tryptophan side chain, the Trp 315 mutant can not bind to Gleevec.

Question 2
a) Each of the three diagrams below represent the GFP protein.

i) Label each diagram with the level of protein structure it portrays (primary,
secondary, tertiary, quaternary).

MSKGEELFTGVVPVLVELDGDVNGQ
KFSVSGEGEGDATYGKLTLNFICTTG
KLPVPWPFTLVTTFSYGVQCFSRYPD
HMKQHDFFKSAMPEGYVQERTIFYK
DDGNYKTRAEVKFEGDTLYNRIELK
GIDFKEDGNILGHKMEYNYNSHNVY
IMGDKPKNGIKVNPKIRHNIKDGSVQ
LADHYQQNTPIGDGPVLLPDNHYLS

secondary tertiary primary

ii) Which secondary structural element is most prevalent in GFP?
Beta sheet

Question 2

Imagine that you are a researcher working in a laboratory. You are interested in characterizing
three specific proteins: X, Y and Z. In an attempt to characterize these proteins you fuse the
gene encoding protein X to the gene for green fluorescent protein (GFP) such that now protein
X fluoresces green. You also create a fusion protein for Y such that it fluoresces red and a
fusion protein for Z such that it fluoresces orange. You then express all of these fusion proteins
in eukaryotic cells.

b) When you look at cells using fluorescence microscopy you find that the medium in which
control cells are grown is colorless. The medium in which the cells containing the fusion
proteins are grown appears red. Why might this be?

Protein Y must be a secreted protein.

c) You use these tagged proteins to follow the migration of proteins through different
organelles of the cell.

i) What are the organelles through which a protein traverses if this proteinis a
membrane receptor protein?
The endoplasmic reticulum and the golgi apparatus

ii) Will the ligand-binding domain of the receptor protein project towards the
extracellular space or cytoplasm?
extracellular space

d) You learn that protein Z is an enzyme that catalyzes an important step of glycolysis.

i) In which compartment of a eukaryotic cell would you first see the orange
fluorescence associated with protein Z if the fluorescent tag is on the N terminus of
protein Z?

In the cytoplasm

ii) Complete the overall schematic for glycolysis below. Fill in the boxes with the
names of the appropriate carbon-containing molecules and fill in the blanks with the
names of the products generated during glycolysis.

ATP

Glucose \/ Pyruvate
/\ NADH




Question 3

You are studying a genetically inherited disease. The pedigree for a family with this disease is
shown below. Assume complete penetrance, but make no assumptions regarding the genotype
of individual 8.

[ nattected make

[ Attected mate

O Unaffected female

© affected female

a) Which of the following mode or modes of inheritance are consistent with this disease?

Autosomal recesive X-linked dominant

Question 4

The evolutionary relationship between organisms is often determined by comparing 16s
ribosomal RNA sequences.

a) What is a ribosome composed of? What is it used for?
Ribosomes are composed of to RNA sububits and many different polypeptide. They bind to mRNA and
use it as a template for protein synthesis.

b) When the 16s ribosomal RNAs of organisms are compared, one sees some regions of
absolute conservation, i.e., the sequence in these regions is identical for all organisms
examined. Other regions of the 16s ribosomal RNA sequences vary between organisms but
are uniform in length, where other regions vary in both sequence and length. Explain why
these conserved regions exist if mutations occur randomly throughout the genome.

Mutations do occur randomly throughout the genome, but not all mutations are tolerated equally by the
cell. The conserved regions in the RNA are regions where the specific sequence is essential fo the
function of the rRNA . Mutations do occur in the DNA encoding these regions, but cells that suffer
mutations in these region do not survive so those mutation do are not see in the evolutionary record.

Question 4, continued

c) Below is a representation of the 16s ribosomal RNA.

Region 3

i) The sequence of region 1is 5 UACGUCCGA 3. Given this can you deduce the
sequence for region 37 If so, give the sequence and label the 5" and 3’ ends. If not,

explain why not.
3" AUGCAGGCU 5

ii) The sequence of region 2is 5 CGGAAUGCU 3'. Given this can you deduce the
sequence for region 47 If so, give the sequence and label the 5’ and 3’ ends. If not,
explain why not.

Can't tell as region 2 and region 4 do not form base pairs.

d) The gene that encodes the ribosomal RNA is transcribed, but the RNA produced is not
translated. Give one example of another gene found in all cells that is transcribed but not
translated.

Any gene encoding tRNA

The seeds from the castor bean plant, Ricinus communis, are poisonous to many species, due to
a toxic protein called ricin. Ricin specifically and irreversibly inactivates eukaryotic ribosomes.

a) What is the function of a ribosome?
Ribosomes bind to mRNA and use it as a template for protein synthesis.

b) The eukaryotic ribosome is composed of two different ribosomal RNAs and 33 different
proteins. How many genes are required to form the ribosome? Explain why you chose this

number. )
35 genes, one for each of the RNAs and one for each of the proteins.



Question 4, continued
¢) The ribosome associates with two other types of RNA: mRNA and tRNA.
* How many different types of mRNA molecules could be found in a cell

Less than 10 between 10 - 25 between 26 - 100

between 100 - 1000 more than 1000

* How many different types of tRNA molecules could be found in a cell?

Less than 10 between 10 —25 @

between 100 - 1000 more than 1000

Question 5

You imagine several possible therapeutic uses for ricin, and would like to produce it in large
quantities. You first want to develop a castor bean plant that produces large seeds (the source
of ricin) and matures quickly. You cross a true-breeding plant with large seeds and slow
growth to a true-breeding plant with small seeds and fast growth. All of the resulting plants
have small seeds and grow slowly.

a) What are the genotypes of the two true-breeding parental plants? Use the nomenclature
outlined below.

* In each case, use the uppercase letter for the allele associated with the dominant
phenotype and the lower case letter for the allele associated with the recessive
phenotype.

+  For the seed size use (i.e., large or small) use D or d to designate the alleles.

* For the growth (i.e, fast or slow) use G or g to designate the alleles.

Parent Genotype
large seeds and slow growth ddGG
small seeds and fast growth DDgg

b) You then cross two of the F1 plants that have small seeds and grow slowly. If these two
enes are unlinked, about how many total offspring will you need to obtain 100 plants that
have large seeds and are fast growing?

Because the ratio expected is 9:3:3:1, you would expect to need 1600 total offspring to see 100 plants that

have large seeds and are fast growing.

¢) You find that the two genes are linked and plan to determine the map distance between the
seed size gene and the growth gene. You test cross an F1 plant to a plant with large seeds that
is fast growing,.
*  What are the phenotypes and associated genotypes of the non-recombinant progeny?
dGdg (ddGg): large seeds and slow growth
Dgdg (Ddgg): small seeds and fast growth

*  What are the phenotypes and associated genotypes of the recombinant progeny?
dgdg (ddgg): large seeds and fast growth
DgDg (DdGg): small seeds and slow growth

In its active form, ricin is composed of two different i[yr:osylaled polypeptide chains that are
linked by a single disulfide bond. Itis processed in the ER and Golgi and stored in a sub-
cellular compartment You find several different mutant castor bean plants that do not make
active ricin. Each mutant is homozygous for a single mutation.

Mutant 1: The DNA encoding the N terminus of polypeptide 1 is deleted, neither
polypeptide is glycosylated or found in the storage compartment.

Mutant 2: One promoter is mutated and no mRNA for either polypeptide is present.

Mutant 3: A stop codon is created after amino acid 255 of Polypeptide chain 1. mRNA
for both polypeptide chains is detected, but only polypeptide chain 1 protein is present.

Mutant 4: A gene encoding a protease normally localized to the Golgi is deleted. mRNA
for both polypeptide chains is detected, but no active ricin is made.

d) What do these mutants, when considered together, suggest about the DNA encoding ricin?
These mutants, when considered together, suggest that the DNA encoding ricin is a single gene that
make a single polypeptide. This polypeptide is cut to make two different polypeptides that form the
active ricin protein.



Question 5

You hope to clone the ricin gene and later use it as a research tool to allow cell-type specific
killing. First you want to amplify the gene encoding ricin by the polymerase chain reaction

(PCR). Below is DNA sequence that flanks the gene.

5" .. TCAAGAGGATCCCCG
_________ o e

3" .. AGTTCTCCTAGGGGC

Gene for ricin

TCGGAATTAACCCTCAC 3’
------ B
AGCCTTAATTGGGAGTG 5'

You successfully amplify the ricin gene from the castor bean genomic DNA as shown below:

promoter Transeriptional terminator

. P
—;

/

[

Question 5, continued

You digest both the ricin gene and the vector with BamHI and ligate the two together. After
ligation, you transform bacteria with the DNA.

a) What must be the phenotype of the bacterial cells prior to transformation?
These cells must be ampicillin sensitive

b To select the cells that obtained a plasmid during transformation, you would plate the
transformation mix on solid agar media containing what compound?
On solid agar media that containing ampicillin.

To ligate the ricin gene into the vector, you prepare the following tubes of the digested
fragments and DNA ligase. After ligation, the mixture in each tube is used to transform
bacteria. You see the following results:

/umul I / BamHI
Kpal
FeokT el licoRl

Y]
You plan to insert it into the vector shown. The restriction enzymes listed cut only where
indicated; they do not cut anywhere else in the vector or insert.

Tube | Amount of Amount of Amount of Number of colonies on
plasmid DNA | ricin DNA DNA ligase transformation plate
1 0ng 2ng 2ng 0
2 2ng 0ng 2ng 50
3 2ng 2ng 2ng 50
4 2ng 12 ng 2ng 500

BamH 1
Nde 1: Sal I: EcoR 1: e
5" crate ¥ aheanc 3 s*m‘r'rc
GTATAC 3 caceTp 3 eTTANG
Kpn1: Xho T Bam HI:
5 M . L
}. GGTACC 5" CTCGAG 57 GGATCC
CEATGG 3 GAGCTE 3 cCTAGE

The distance between the two
Bam HI sites is 200 base pairs.

¢) You isolate plasmid DNA from the colonies generated by transformation tube 2. The
plasmid contained in all 50 colonies is the same. Given all the data in the table above, what
would be the size of the plasmid isolated from these 50 colonies? Explain your answer.

The plastnid isolated from these 50 colonies would be the vector without insert, so would be 4000-200, or
3800 base pairs long.

d) You successfully clone the ricin gene into the plasmid using BamHI. Assuming that the
promoter shown on the drawing of the plasmid is a bacterial'ﬁomoler, give two reasons why
you would not expect that ricin protein could be made from this plasmid in bacterial cells?

By cutting with BamHI, you have removed the bacterial promoter from the vector. Although the insert
brings in the ricin promoter, it will not be recognized in bacterial cells. The ricin gene likely has introns
that would need to be spliced out before proper translation could occur, and bacterial cells do not have
the capacity to splice eukaryotic

e) You successfully clone the ricin gene into the plasmid using BamHI. Assume that the
promoter shown on the drawing of the plasmid is a bacterial promoter and that you can insert
this plasmid into castor bean cells. Under the apEropriate conditions, would you expect that
ricin protein could be made from this plasmid when inserted into castor bean cells? Explain
your answer. (NOTE: Ricin is not toxic to castor bean cells.)

By cutting with BamH], you have removed the bacterial promoter from the vector. The insert brings in
the ricin gene with its own promoter and this should allow expression of ricin in the bean cells



Question 5, continued

f) Assume that the promoter shown on the drawing of the plasmid is a mouse promoter. To
construct a plasmid that could allow expression of the ricin gene in mouse tissue culture cells,

i) What enzyme(s) might you use to cut the plasmid? Sal I and Kpn 1
ii) What enzyme(s) might you use to cut the ricin gene? Xho I and Kpn |

iii) If the enzymes that you chose for i and ii above cut every DNA molecule, how many
different types of plasmids could be produced by the ligation of vector with one insert?
One.

Question 6

Consider that you are a cancer specialist who is monitoring a prospective study on patients
suffering from Non Hodgkin’s lymphoma (NHL). NHL can be of two major types: aggressive
(fast growing) and non aggressive (slow growing).

a) During your study you conclude that treatment of the patients that have the aggressive
form of NHL is more effective and gives a better prognosis when compared to the non-
aggressive NHL. Why might this be?

Many chemotherapeutic agents target rapidly dividing cells, which makes the cells of the aggressive
form more susceptible?

b) You observe that NHL patients can have mutations in the genes shown below. Classify the
following genes either as oncogene or tumor suppressor gene. Also state whether you expect
the NHL cells to be homozygous or heterozygous for a mutation in that gene.

Gene Normal function of encoded | Proto-oncogene or | Would NHL cells be
mutated protein tumor suppressor? homozygous or
in NHL heterozygous for a
mutation in that gene?
Fas Promotes cell death (apoptosis) tumor suppressor homozygous
cERB Growth factor receptor protein Proto-oncogene heterozygous
p53 Halts the cell cycle in the G1 phase | tumor suppressor homozygous
Bcl2 | Promotes cell to enter the cell cycle |  Proto-oncogene heterozygous
Abl Encodes for a tyrosine kinase that | Proto-oncogene heterozygous

stimulates cell division

¢) None of the mutations listed above is sufficient on its own to cause a normal cell to become
an NHL cell, but any one of them increases the likelihood that the cell will become an NHL
cell. Why might that be?

Any of the above mutations un-regulates the cell cycle and the increases the risk that additional
mutation occur,

d) The NHL patients were provided either with radiation therapy, chemotherapy or both.
These patients showed signs of severe anemia so you decided to administer EPO. How could
EPO help these patients?

EPO binds to a receptor on the red blood cell precursor and stimulate it to divide and produce additional
red blood cells.
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Question 7

The immune system is often divided into the humoral and the cellular systems. The primary
agents in the humoral immune system are secreted antibodies.

a) The process that produces millions of different antibody molecules from only two different
genetic loci results from:

many alleles of these loci splicing of introns and exons

meiotic recombination DNA rearrangment

clonal expansion

b) Could the process in (a) produce antibody molecules that have the ability to recognize an
antigen that has never been encountered before?
Yes.

c) Briefly describe the steps involved in B cell activation. Begin with a mature B cell displaying
a surface bound antibody and end with plasma B cells and memory B cells.

1) mature B cell displaying a surface bound antibody binds antigen

2) Antigen internalized and displayed on MHCII

3) T helper cell recognizes MHCII + antigen and activates B cell

4) B cell divides (clonal expansion) to produce to tpes of cells, memory B cells and plasma cells.

d) The cellular arm of the immune system employs Cytotoxic T lymphocytes and natural killer
cells. Cytotoxic T lymphocytes can recognize virally infected body cells.

i) What proteins are involved in the presentation of antigen to T, lymphocytes?
MHCI

ii) Explain why T, lymphocytes do not recognize an infected cell if the virus is latent
(i.e., viral translation does not occur).

If the viral proteins are not being synthesized, then no viral epitomes will be displayed on the
MHCI molecules, and the T, cell will not “see” this cell as infected.



Question 8

Electrode |

Recording electr

Excitatory
presynaptic neurons

Postsynaptic neuron

You can depolarize a presynaptic neuron by passing current into the cell through electrodes
like electrodes 1 and 2. You can record a response in the postsynaptic neuron using the
recording electrode. If you stimulate one of the presynaptic cells, you do not see an action
potential in postsynaptic cell (shown by the dashed line). If you stimulate two of the
presynaptic cells, you can record an action potential in the postsynaptic cell (shown by the
solid line). You stimulate all of the presynaptic cells, and record from the post-synaptic cell.
On the following figure, draw the trace you would expect.

Because all pre-synaptic neurons are excitatory, the
action potential will either fire earlier, there will be
multiple spikes, or there will be no change. Any spike that
is larger is not correct!

+50mV T

n
7}

-10mV T

Question 9

Your experiment confirms that semaphorin 2 is an attractive signal to these neurons. In the
embryo, type W neurons form synapses with neurons expressing semaphorin 2. When these
synapses are first formed, type W neurons release a neurotransmitter that binds to
metabotropic receptors on the postsynaptic cell. When neurotransmitter binds the
metabotropic receptors the following signal transduction cascade is activated.

(Note: Raf, MEK and MAPK are all protein kinases)

neurolransmitter

Cellular response

a) Describe a mutated version of the receptor protein that would always stimulate the cellular

response. . .
Manty possible correct answers. A receptor that is independent of neutrotransmitter.

b) Describe a mutaled version of RAS that could not activate Raf.
Many possible correct answers. A form of RAS that was always bound to GDP

c) Describe a mutated version of MEK that would prevent the cellular response.
Many possible correct answers. A version that could never be phosphorylated.



Question 9

Tomato plants can be tall or short and have green or red fruit. You cross a true-breeding tall,
green-fruited plant with a true-breeding short, red-fruited plant. All of the progeny are tall
and red-fruited.

a) Which traits are recessive?
short and green fruit

b) What are the genotypes of the two true-breeding parents? Use the nomenclature outlined
below.
«  For the height (i.e., tall or short) use H or h to designate the alleles.
«  For the fruit color (i.e., green or red) use G or g to designate the alleles.
« In each case, use the uppercase letter for the allele associated with the dominant
phenotype and the lower case letter for the allele associated with the recessive

phenotype.
Parent Genotype
Tall, green-fruited plant | HHgg
Short, red-fruited plant | hhGG

¢) Then you cross the F1 plants to true-breeding short, green-fruited plants and, after

analyzing 800 progeny, you calculate a map distance of 20 cM between the height and fruit
color loci. What are the four genotypic and phenotypic classes you see in the 800 progeny?

Given that these two genes are linked (20 cM apart), how many of each should you get?

Genotypic class Phenotypic class How many of this type?
1. Hhgg Tall green 320
2. hhGg Short red 320
3. HhGg Tall red 80
4. hhgg Short green 80

Resources:
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GUG val | GCG ala GAG _glu GGG _gly [¢]
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Practice Exam Solutions

Question 1

a) Which of the following could be used directly or indirectly as a source of energy? Circle all that
apply. A is glucose and can be used in glycolysis to produce ATP.

€ OH g
Oﬁfﬁ Q o __Q <]
H——OH 07F~0 op~0
HO——H Q G Q A
CHz
=l HzN—égcouu
H——O0H H F H Fl{ H H
OH
=h OH H T OH OH
A B C D

b) ATP synthase uses an electrochemical gradient to drive the synthesis of ATP from ADP.

i) Which of the above molecules is ADP? None, ADP = adenosine diphosphate

ii) ATP synthase is a multimer composed of several different polypeptide chains. What is the
highest level (order) of protein structure seen in ATP synthase?
Quaternary

c) You obtain a large amount of ATP synthase that has high activity at room temperature. You study
the effects that different treatments have on the activity of this enzyme. Four different experiments are
listed below. The activity before each treatment was high. For each experiment, the activity was
measured at the end of the treatment. The sample was then returned to the pre-treatment conditions
and the enzyme activity was measured again.

Experiment Activity of enzyme at end | Activity of enzyme after return
Treatment of treatment to pre-treatment conditions
Heat to 90 °C for none high
1 2 minutes
Heat to 90 °C for none high
2 4 minutes
Add a protease for 2 medium medium
3 minutes
Add a protease for 4 none none
4 minutes

Explain why 90 °C eliminates the enzyme activity and why enzyme activity is restored after
experiment 1 and 2.

Heating a protein to 90 °C disrupts the intermolecular, non-covalent bonds and forces such as
ionic bonds, hydrogen bonds, and van der Waals forces. The protein loses its normal 3-
dimensional shape and thus loses its function. Once returned to normal temperature, the protein
can refold into its native conformation and thus activity is restored.

Explain why there is a difference between a 2-minute and a 4-minute treatment with protease
and why full enzyme activity is not restored in either experiment 3 or 4.

Once the primary structure of the enzyme is altered, the shape and function is also destroyed.
The protease acts at a certain rate, so at 2 minutes, some of the ATP synthase molecules have
been destroyed, but other ATP synthase will remain intact, and a reduced amount of activity is
measured. At 4 minutes, the protease has had time to destroy all of the ATP synthase molecules,
so no activity remains. A return to pre-treatment conditions cannot mend the broken peptide
bonds, so function is not restored.



Question 2

The protein complex, LETMEGOTHRUIN (LMGT for short), acts as a channel or pore through which
charged proteins and ions can cross the phospholipid bilayer of the membrane. LMGT is composed of
four polypeptides as shown in Figure A. Figure B shows a cross section of two of the polypeptides.

N-termini

a) In Figure B, the amino termini (N-termini) are closely associated with the phosphate groups at the
surface of the phospholipid bilayer. Name three amino acids that would likely be found at the N-
termini of these polypeptides.

The positively charged amino acids: Arginine, Histidine, and Lysine

¢) LMGT is composed of four polypeptides (two y polypeptides and two & polypeptides).

ii) How many unique primary protein structures compose the LMGT protein complex?
Two

ii) What protein secondary structure is part of the LMGT protein complex?
a-helix

iii) What is the strongest type of bond that maintains the quaternary structure of LMGT?
Couvalent, disulfide bond

c) Describe how the polypeptides of the LMGT protein can be surrounded by non-polar hydrocarbons
but allow charged proteins and ions to transit the membrane.

The LMGT protein must have non-polar amino acids on the surfaces associated with the lipid part of the
membrane and charged or polar amino acids lining the pore of the channel.

d) One of the small molecules permitted to pass through the LMGT channel is PUNY, a tripeptide.
PUNY is composed of asparagine-proline-alanine with asparagine at the
amino terminus.

Draw the chemical structure of PUNY. I]'I |0| Il-l ﬁ II—I |C|)

Circle the peptide bonds. +H3N_(l: L C@T B (lj 3% C@l\l . (lj —Cc—o0"
CH, CH, CH, H CcH,
l X £

0 NH,



Question 3

A drug company has isolated the protein shown in schematic below.

region 3

a) What amino acid is present in region 2? Aspartic acid

b) The substrate for this protein has not been identified. Given the diagram above...

i) What is the strongest interaction possible between the amino acid in region 1 and the
substrate? Choose from Covalent, Ionic, or Hydrogen bonds or van der Waals forces.
Hydrogen bonds.

ii) What is the strongest interaction possible between the amino acid in region 2 and the
substrate? Choose from Covalent, Ionic, or Hydrogen bonds or van der Waals forces.
Ionic bonds

iii) What is the strongest interaction possible between the amino acids in region 3 and the
substrate? Choose from Covalent, Ionic, or Hydrogen bonds or van der Waals forces.
van der Waals forces



Question 3, continued
¢) The drug company has asked you to design a protein that binds tightly in this pocket.

i) Would Alanine or Serine interact more strongly with region 12 Why?
Serine, it is polar and can form hydrogen bonds with region 1. Alanine would only interact with van der
Waals forces

ii) Would Lysine or Glutamic Acid interact more strongly with region 22 Why?
Lysine, it is (+) charged and can form ionic bonds with region 2. Glutamic acid is also
(-) charged and would repel.

d) You design many proteins that bind tightly in this pocket. One of them has isoleucine associated
with region 3. You substitute phenylalanine for isoleucine and find this prevents binding of this
protein. Phenylalanine and isoleucine form the same kinds of interactions with the binding pocket, so
why can’t the phenylalanine version of the protein bind?

Phenylalanine has a large side chain that prevents the substrate from fitting into the pocket.

Steric hinderence.

e) The glycolytic enzyme triose phosphate isomerase, catalyzes step 5,
Dihydroxyacetone phosphate €= Glyceraldehde-3-phosphate.

This reaction is reversible and the reverse reaction is equally as likely as the forward reaction. The
reaction does not occur in cells that are missing triose phosphate isomerase.

*  Draw the energy profile diagram of this reaction on the axes below.

I
e et i g o

i
¥
]
1
¥

Free energy

Course of reaction



Question 4

Which of the following modes of inheritance is consistent with the pedigree shown below. Assume
complete penetrance.

—O [(H®

[+
EO ® -

Mode of inheritance Yes/No If yes, what is the probability of child
@ being affected?
autosomal recessive inheritance Yes 2B3X% X %
X-linked recessive inheritance Yes Y2 X% or 0 if girl and ¥z if boy.
autosomal dominant inheritance No
X-linked dominant inheritance No
Question 5

You are working with an ornamental fish that shows two color phenotypes, red or white. The color is
controlled by a single gene. These fish are hermaphrodites — meaning they can either (1) self-fertilize or
(2) mate with another fish. You have three fish: fish 1, fish 2, and fish 3.

a) You set up the mating experiment #1 below using these fish. From the following statements check all
that might be true (that is, are consistent with the data, allowing for reasonable statistical fluctuations)
given only the results of experiment #1.

r

Number of progeny with following phenotype
Experiment Red White
#1: Fish 2 (red) with Fish 3 100 0
(red)

v Fish 2 and fish 3 are homozygotes.

v The red phenotype is dominant to the white phenotype.
v The white phenotype is dominant to the red phenotype.
O Both fish 2 and fish 3 are heterozygotes.

v Fish 2 is a homozygote, and fish 3 is a heterozygote.

v Fish 2 is a heterozygote, and fish 3 is a homozygote.



Question 5, continued

b) You set up mating experiments #1 (same as above) and #2 below using these fish. From the
following statements check all that might be true (that is, are consistent with the data, allowing for
reasonable statistical fluctuations), given both experiment #1 and experiment 2.

Number of progeny with following phenotype
Experiment Red White
#1: Fish 2 (red) with Fish 3 100 0
(red)
#2: Fish 2 (red) with Fish 2 70 30
(red)

O Fish 2 and fish 3 are homozygotes.

v' The red phenotype is dominant to the white phenotype.
O The white phenotype is dominant to the red phenotype.
O Both fish 2 and fish 3 are heterozygotes.

O Fish 2 is a homozygote, and fish 3 is a heterozygote.

v Fish 2 is a heterozygote, and fish 3 is a homozygote.

c) You perform experiment #3 and obtain 400 progeny. Note that fish 2 is the same fish in all three
experiments. In the table below, list the phenotype or phenotypes you would see in the progeny. Then
give the number of offspring expected with each phenotype.

Experiment

#3: Fish 1 (white) with Fish 2
(red)

Possible Phenotypes total number showing this phenotype

red 200
white 200




Question 5, continued

While working further with this fish, you discover one other mutation (in a different gene) that leads to
the recessive phenotype of long dorsal fins. We now have two phenotypes:

Color: red or white (described in part a). Alleles denoted by R and r.
Dorsal Fins: long (recessive) or short (dominant). Alleles denoted by D and d

*each trait is controlled by a single gene. For the questions below, use the
upper case letter for the allele associated with the dominant phenotype.

In experiment A, you cross true-breeding white fish with long fins to true-breeding red fish with short

fins and get all red fish with short fins. You then cross the F1 fish to true-breeding white fish with long
fins.

Experiment A: white fish with long fins X  red fish with short fins
i
v
(F1) red fish with short fins X white fish with long fins
v
F2: 7

d) You obtain 1000 F2 offspring. Assume that the color and fin loci are 5 cM apart. In the table below,
list all the possible phenotypes seen in the F2 offspring. For each phenotype given, list all the possible

genotypes seen in the F2 offspring. Finally, give the number of offspring expected with each
phenotype.

Possible Phenotypes Possible Genotypes Total F2 showing this
phenotype
red fish with short fins RrDd 475
red fish with long fins Rrdd 25
white fish with long fins rrdd 475
white fish with short fins rrDd 25
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STRUCTURES OF AMINO ACIDS at pH 7.0
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CUU Leu CCU Pro CAU His CGU Arg
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