
39.314INTRODUCTORYCYTOGENETICS

MID � TERM EXAMINATION

1 p.m. to 2:20p.m. Tuesday,October30, 2001

This examinationis worth 20% of the coursegrade.There are 8 questionstotalling to 100
points.

Handin thesequestionsheetsalongwith your exambook.

1. (5 points)The figure belowshowschromosomesthataremitotic, ratherthanmeiotic.What
aboutthis picturesupportsthatassertion?

2. (5 points)Aside from theneedfrom crossingover,why is chromosomepairinganessential
partof meiosis?

3. (15 points)Eachstatementbelowcontainsanerror.For eachstatement,indicatewhich part
is incorrect,andhow thecorrectstatementshouldread.

Example:A single unit of replication is referred to as a
leprechaun.

your answer might be

... is referred to as a replicon.

a) Matrix AttachmentRegions,whenincludedin geneconstructstransformedinto
plants,confera higherlevel of transcriptionfor thepopulationof transformants,
comparedto transformantswithout MARs.

b) The“default” stateof chromatinin thenucleusis a solenoidof 10 nm asobservedin
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electronmicroscopy.

c) The lampbrushchromosomesof salamanderoocytesprovideanunusualexampleof
DNA synthesisduringmeioticprophaseI.

d) Loopsof chromatinarejoined to thenuclearmatrix at intervalsof about50 kb
forming discretedomainswhich uncoil wheninactiveandarecondensedto facilitate
geneexpression.

e) Replicationorigins tendto beGC rich, which makesit easierto openthehelix for
accessby DNA polymerasecomplexes.

4. (15 points)Thediagrambelowpresentsdatafrom a cell� cultureexperiment.TheDNA
contentof cellswasmeasured,andthenumberof cellswith a givenamountof DNA were
plottedon thegraph.Note thatB refersto theentireregionbetweenA andC,D.

a) Why aremostcells in fractionA? Whatstageof thecell cycledoesA represent?
b) Whatstageof thecell cycle is B? Why doesit covera wide rangeof DNA amount
percell.
c) Whatstagesof thecell cyclearerepresentedby C andD?
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5. (15points)
a)Thefigurebelowis aspeculativemodelthatillustratesonepossiblestepin the
evolutionof theeukaryoticchromosomefrom aprokaryoticchromosome.As
chromosomesgot bigger,it took longerto replicatethem.Consequently,selection
favoredchromosomeswith multiple replicationorigins.Whatadvantagewould therebe
to havinglargerchromosomes?(Hint: think aboutthedifferencesbetweenprokaryotes
andeukaryotes.)

b) Onedisadvantageof havinga largerchromosomeis thatif abreakoccurs,it is harder
for thetwo endsto find eachother,suchthatthechromosomecanrecircularize.What
wouldhappenif thechromosomecan'trecircularize,afterabreak?

c) Supposethat,in adistantancestorof themoderneukaryote,anenzymeevolvedthat
couldaddshortDNA sequencesto theendsof brokenchromosomes.Whatbenefitwould
thisgive to thecell?To whatmodernenzymewould this ancestralenzmecorrespond?
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6. (20 points)Describethekey eventsoccurringin eachof the5 stagesof Meiotic ProphaseI
listedbelow. Useno morethantwo sentencesfor each.

a) Leptotene
b) Zygotene
c) Pachytene
d) Diplotene
e) Diakinesis

Extracredit (5 points):It hasbeenobservedthata smallamountof DNA synthesisoccursat
pachytene.Whatmight be the reason?

7. (15 points)
a) Which partof theDNA moleculeconfersthenetnegativecharge?

b) Which componentsof histoneproteinsconfera netpositivecharge?

c) What is thesignificanceof a) andb) ?

8. (10 points)DNAseI hypersensitivesitesin genescanbemappedto a resolutionof a few
basepairs.Whatdoesthis imply asto the level of chromatinstructurethat is beingprobedby
this method(eg.Nucleosomestructure,solenoidstructure,chromatindomains,higher� order
packaging)?
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