GENETICS 603
Exam 1
Fall, 2001

[. A) Give 2 reasons Lhal people were cerlain thatl protein would prove Lo be Lthe
penelic material.

-the inlormation contenl (20 amino acids) was oo greal

<chromosomes carried genes and contained protlein

B) Whal were Lhe mosL convincing aspectls ol the Avery/Macleod/McCarly
experiments in showing that DNA is responsible [or heredily?

Lhe use ol proteases and nucleases: realment with protease did not
eliminate translormation bul treating with DNAase did

C) II radioisotopes had been available 1o them, they might have convinced even
more investigators. What isolopes would they use, whal would they label, and
how would Lthey be used Lo enhance their results?

-the besl bet would be Lhe abilily Lo prove thal pure DNA was notl
conlaminated with**% (protein)

(II' they could get labeled T they could spedilically label DNA, bul [eeding
P would not end up just in DNA like il did in the virus experiments ol Hershey
and Chase. In addition, unlike the viruses, bacleria have more than just protein
and DNA. They can degrade proleins, incorporale the amino acids, have
multiple molecules thal incude P, so measuring incorporation of a small amount
ol P in progeny would unlikely convince many.

[I. Natural transcripls (mBNAs) ol eukaryolic genes thal encode proleins are
ranslated very poorly or nol al all in prokaryolic systems. List and describe
[ealures Lhal conlribule W low elliciency.

[nitiation signals diller; the leader ol eukaryolic messages lacks the sequence
Lthat hybridizes Lo the sstTRNA (AGGAGG or Shine-Delgarno sequence) so would
nol altach. Codon prelerences could also slow reading a great deal.

I[MI. Some lemperalure sensilive mulants in E coli stop DNA replication almost
instantly when shilted o the restrictive lemperalure, others lead o a gradual
halt of DNA replication and still others allow completion ol active replicons butl
no new starls
a) Predict the kinds of mutations (in general) that lead Lo the lemperalure
Sensilive responses.

missense



b) Predicl whether lemperalure sensilive mutations in Lthe [ollowing components
ol DNA replication would cause instantl or delayed hall or would just slow DNA
replication:

1) the 5" 1o 3" activily ol DNA polymerase 111 - instanl halt

Z2) the 5" 1o 3" actlivily of DNA polymerase I slow (repair delect)

3) the 3" o 5" activity ol DNA polymerase 11 slow (repair delect)

4) the ori-binding prolein delayed {could linish any already started)

5) Helicase -instant or delayed (il can't unwind, canl proceed)

[V. We Llend to think ol the 3 types of RNA required [or prolein synthesis, bul in

[aclt many olther Lypes of RNA play important cellular roles. Examples mentioned
during lecture included the [ollowing: What is the role ol each?

snENPs intron remaoval
gRNA guide [or mENA editing
SRP signal receplor particle lor membrane trallicing

Telomerase maintain lelomeres (ends of chromosomes)

V. Students in GENE 604, a companion lab course thatl has nolt been ollered

recently, perlormed the Ames Lest wilth a variely ol Lest compounds. One ol
Lthese was a [ood coloring thal contained red dye #2. When the dye was added
Lo a disc on a Lest plate, nearly conlluent growth surrounded the disk. A) Give 3
conceplually dillerent explanations lor their observation.

1} Lthe dye conlains a mulagen

2) the dye contlains a source o histidine

3) the dye conlains his' bacteria (Lhis was the actual case!)

B) Three Lesl strains used were designed Lo detectl dillerent types ol mulations,
specilically transitions, transversions and [rameshilts. Give an example or deline
each ol these kinds ol mutlation.

lransition: AT <-> GO (purine replaces purine)

Lransversion AT <= TA; GO <0G, AT <>(CG

[rameshill add or subtract 1 or 2 bases
C) I the same resulls described above were seen on plates with a) all 3 strains,
b) wilth only one strain, which ol your explanations would be most likely?

a)2or3 b))l (mulagen present)



VI In 1995, Esensmith and Woo listed known nucleotide substitutions that lead
Lo premature lermination in the human PAH gene (encodes the enzyme that
converls phenylalanine o Lyrosine).

a) complete Lthe table below by listing the original codon(s) and tell whether the
mulaltion is a transition or transversion. Il more than one codon is listed, circle

Lthe one thal is most likely present.

rmulalion original codon(s) Lype ol mutation

rp Lo TIGA GG Lransilion
_gln 1o TTAG CAG Lransilion

arg o UTGA CGA{most likely) or Lransilion / lransversion
_ AGA
rp o UAG UGG | Lransilion
- ser o UGA LCA Lransversion
gly o UGA GGA | Lransversion
Lyt o UAG LUALL/C Lransversion

eln Lo [TAA CAA Lransilion

Lyr Lo [TAA LIALLAC Lransversion

b) Lisl any other codons that could lead o a nonsense codon by a single base
substitution.

ser: UCG Lo UAG; leu: TTUAYG o UAA/G; Tys: AANG o TTAAG;

cys: IGUH/C 1o TUGA
¢) Whal is characteristic ol the list in part b?

all are Lransversions

d) Predict the phenotype ol the mulants. How would allecled individuals be
detected and treated?

Since this is the enzyme thal converls phe o Lyr, nonsense mulations
would make il nonfluncltional, meaning that homozygous individuals would
suller [rom "PKII" (phenylkelonuria) (low (), pale elc.)

Lthey would be detlected by the Guihrie test in which the high levels ol phe
in the blood protect bacteria [rom a loxic analog and treated by a low phe diel
e) Give examples ol lwo chemicals with dilTerent modes of action (include in
answer) Lthal could cause the majorily of mulations in parl a.
5BU- base analog; HN(2, oxidaltive deamination; EMS, melhylating agent, elc
VII. Whalt is the GT — AG rule? How do we know that it is not sullicient Lo
explain intron removal?

Introns begin with GT and end with AG; there are olther GT and AT
sequences thal are nol removed

VIII. Whal is the primary reason lor degeneracy in the genetic code?
wobble (pairing precision ol 3~ base in anlticodon is less than normal)



