39.314INTRODUCTORY CYTOGENETICS

MID-TERM EXAMINATION
1p.m.to 2:20p.m. TuesdayOctober30,2001

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

Handin thesequestionsheetsalongwith your exambook.

1. (5 points) Thefigure below showschromosomeshat are mitotic, ratherthanmeiotic. What
aboutthis picturesupportshat assertion?
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2. (5 points) Aside from the needfrom crossingover, why is chromosomeairing an essential
partof meiosis?

3. (15 points) Eachstatemenbelow containsan error. For eachstatementindicatewhich part
is incorrect,andhow the correctstatemenshouldread.

Example:Asingl eunit of replicationisreferredtoas a

| epr echaun.

your answer might be
.isreferredtoasareplicon.

a) Matrix AttachmentRegionswhenincludedin geneconstructdransformednto

plants,confera higherlevel of transcriptionfor the populationof transformants,

comparedo transformantsvithout MARs.

b) The “default” stateof chromatinin the nucleusis a solenoidof 10 nm asobservedn
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electronmicroscopy.

¢) Thelampbrushchromosomesf salamandeoocytesprovide an unusualexampleof
DNA synthesiduring meiotic prophasd.

d) Loopsof chromatinarejoinedto the nuclearmatrix at intervalsof about50 kb
forming discretedomainswhich uncoil wheninactiveandare condensedo facilitate
geneexpression.

e) Replicationoriginstendto be GC rich, which makesit easierto openthe helix for
accesdy DNA polymeraseeomplexes.

4. (15 points) The diagrambelow presentsiatafrom a cell-cultureexperimentThe DNA
contentof cellswasmeasuredandthe numberof cellswith a givenamountof DNA were
plottedon the graph.Note that B refersto the entireregionbetweenA andC,D.

DNA HISTOGRAM
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a) Why aremostcellsin fraction A? What stageof the cell cycle doesA represent?
b) What stageof the cell cycleis B? Why doesit covera wide rangeof DNA amount
percell.

¢) What stagef the cell cycle arerepresentetty C andD?
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5. (15 points)
a) Thefigure belowis a speculativenodelthatillustratesonepossiblestepin the
evolutionof the eukaryoticchromosomdrom a prokaryoticchromosomeAs
chromosomesgotbigger,it took longerto replicatethem.Consequentlyselection
favoredchromosomewvith multiple replicationorigins. Whatadvantagevould therebe
to havinglargerchromosomes(Hint: think aboutthe differencesbetweernprokaryotes
andeukaryotes.)

b) Onedisadvantagef havingalargerchromosomes thatif abreakoccurs,it is harder
for thetwo endsto find eachother,suchthatthe chromosomeanrecircularize What
would happenf thechromosome&an'trecircularize aftera break?

c) Supposéhat,in adistantancestoof the moderneukaryoteanenzymeevolvedthat

couldaddshortDNA sequence® the endsof brokenchromosomes/Nhatbenefitwould
this give to the cell? To whatmodernenzymewould this ancestraénzmecorrespond?

\

Q

O- origin of replication
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6. (20 points) Describethe key eventsoccurringin eachof the 5 stagesof Meiotic Prophase
listedbelow. Useno morethantwo sentence$or each.

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

Extra credit(5 points):It hasbeenobservedhata smallamountof DNA synthesisoccursat
pachyteneWhat might be the reason?

7. (15 points)
a) Which partof the DNA moleculeconfersthe net negativecharge?

b) Which component®f histoneproteinsconfera net positivecharge?

¢) Whatis the significanceof a) andb) ?
8. (10 points) DNAsel hypersensitivesitesin genescanbe mappedo a resolutionof a few
basepairs.Whatdoesthis imply asto thelevel of chromatinstructurethatis beingprobedby

this method(eg. Nucleosomestructure solenoidstructure chromatindomains higherorder
packaging)?
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