Chapter 13 SELF-TEST
Based on material from chapters 11-13.

1. The Comparative Method for the deduction of secondary structures of RNA molecules
relies on the fact that

e A. Substitutions cannot occur in the paired regions of RNA structures.

B. There are always three hairpin loops in the secondary structure of tRNAs.
C. Stems in RNA structures do not change their length.

D. Substitutions in sites that are paired with one another occur in a correlated
way.

2. The alignment below is thought to be part of an RNA gene with conserved secondary
structure. Which of the four conclusions would you draw? (The species names are
abbreviations and are not relevant to the question).
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ENGJAP : pVAGAGGGGAATGEAGTGCCCCTCayavvAe TiedwNeCeervaGeiNe C
SARMEL : WANNAGGGGMAA GCGuCCCCThmvvXe TegvNe CeervaGeiNe CAlempy
CARAUR : TAA“GGGRAA GTGIKCCCTTinmvavXe T(egvNe CelervaGeINe CAlemp
POLLOW : pmVAGTAAGH GCGuCTTACN Ve ClegvNe CE e VAGEINE T Glegmy
POLJAP : mAGTAAGHAATINEAGCGINCTTACEVVE CeavNeCEervAGEINE T Giegny:
GADMOR : pWNAGTAGGH GTGIRCCTGChwvavXe ClegvNe CE e VAGEINE CCleamys
ARCJAP : WAGCAGGLHAATNEAGCGIFCCTGCIN:VNE TIEAWNCCE e vAGEINE CCleimy
PAROLI : pMGCAGGGAATHEAGTGICCTGCyvvNeTiegvNeClelervAGeiNeCAeyy:

A. There is evidence for two hairpin loop structures in this region.
B. This region probably contains the anticodon loop of a tRNA.
C. This region probably contains a pseudoknot structure.

D. There is no evidence for secondary structure in this region.

3. Which of the following statements about pseudoknots is true?

e A. Pseudoknots are helices formed between two separate RNA strands rather than
between different parts of the same strand.

e B. Pseudoknots do not occur in rRNA.

e C. The interaction energies in pseudoknots are too strong to be accounted for
within the dynamic programming algorithm for minimum free energy structure
prediction.

e D. Pseudoknots are usually ignored in the dynamic programming method because
this greatly simplifies the algorithm needed for structure prediction.



4. The likelihood of a set of sequences evolving on a specified tree is calculated
according to the JC model (L,c) and the HKY model (Lyky). The two likelihoods are
compared with a likelihood ratio test. Which of the following is true?
e A. Since Lyky is always greater than L ¢, the likelihood ratio test cannot tell us
any useful information in this case.
e B. If the two models do not have significantly different likelihoods we cannot
reject the JC model.
e (. These two models are nested, therefore the two likelihoods are bound to be
equal.
o D. If Lyky is significantly greater than L,c we can conclude that the sequences
evolved according to the HKY model.

5. The number of synonymous substitutions per synonymous site, ds, and the number of
non-synonymous substitutions per non-synonymous site, dy, are calculated for a pair of
gene sequences.

e A. We would expect dy to equal ds in mitochondrial genes because they evolve
faster.

e B. If the ratio dy/ds is unusually large, this may be an indication that the gene has
been horizontally transferred.

e C. The ratio dy/ds can vary between genes because of the varying strength of
stabilizing selection acting on the sequences and because of the possibility of
positive directional selection acting on some genes.

e D. If the ratio dy/ds is unusually small, this may be an indication that selection on
this gene is less stringent than on most genes.

6. Which of the following sets of species is listed in order of relatedness to humans from
closest to most distantly related?
e A.Baboon, Marmoset, Elephant, Tyrannosaurus, Shark, Amphioxus, Sea urchin.
e B. Chimpanzee, Echidna, Armadillo, Sparrow, Xenopus, Hagfish, Locust.
e C. Haddock, Amphioxus, Locust, Sea urchin, Saccharomyces cerevisiae,
Plasmodium falciparum, Yersinia pestis.
e D. Armadillo, Cobra, Haddock, Earthworm, Arabidopsis thaliana, Escherichia
coli, Saccharomyces cerevisiae.

7. Phylogenetic studies using small sub-unit rRNA showed that...

e A.... there are three principal domains of life known as animals, plants and
bacteria.

e B. ...the root of the tree of life is thought to be on the branch separating the
bacteria from the other two domains of life.

e (. ...there was an RNA world in the early stages of evolution of life on earth in
which RNA carried out the roles played by DNA and proteins in today’s
organisms.

e D. ... the rRNA genes in chloroplast genomes have a recognizable similarity to
those in Cyanobacteria.



8. Which of these statements about the origin of mitochondria is true?

A. An organism in which functional copies of genes have been transferred from
the mitochondrion to the nucleus is said to have undergone secondary
endosymbiosis.

B. The mitochondrial genomes of all known eukaryotes are thought to share a
common origin in a single occurrence of endosymbiosis.

C. One piece of evidence that mitochondria arose from endosymbiotic bacteria is
that the mitochondrial genome of Trypanosoma brucei has many organizational
features in common with bacterial genomes.

D. Eukaryotes may be defined as cells possessing mitochondria.

9. Which of the following statements about bacterial genomes is true?

A. The smallest known bacterial genome has approximately 500 genes.

B. The smallest known bacterial genome is approximately 65 kb long.

C. A single-celled eukaryote like S. cerevisiae has roughly 100 times as many
genes as a bacterium like E. coli.

D. The genomes of bacteria living as intracellular parasites tend to be larger than
those of free-living bacteria because the parasites require complex genetic
systems to combat the immune system of their hosts.

10. Comparison of bacterial genomes between species indicates that...

A. ... over 95% of genes on a typical genome have orthologues on every other
genome.

B. ... the more closely related the species, the larger the number of shared
orthologous genes they possess.

C. ... it is very hard to change the order of genes on a genome without disrupting
the function.

D. ... variation in length of bacterial genomes is due principally to variation in
length of non-coding regions rather than variation in number of genes.

11. Two species are found to share a cluster of 8 genes, but the genes are in different
orders in the two species. The orders are represented by signed permutations.

species X 1,2,3,4,5,6,7,8
species Y 1,2,-5,-4,-3,8,6,7

The transformation between the two gene orders ....

A. ...cannot be achieved by inversions alone.

B. ...can be achieved by one translocation and one inversion.
C. ...can be achieved by three inversions.

D. ... requires six separate genome rearrangement events.

12. Which of the following biases in a microarray experiment could be eliminated by a
dye flip experiment?

A. Errors arising from varying numbers of cells of different types in a tissue
sample.



e B. Systematic variation of spot size across an array.
e C. Non-specific hybridization of RNA to the probe sequence.
e D. None of these.

13. Which of the following statements about clustering algorithms is true?

e A. Hierarchical clustering algorithms work by repeatedly dividing a set of points
into two until there is only one point remaining in each cluster.

e B. Hierarchical clustering algorithms require the user to pre-specify the desired
number of clusters.

e C. K-means clustering minimizes the distances between the points and the centres
of the clusters to which they belong.

e D. K-means clustering maximizes the mean distance between points in different
clusters.

14. Which of the following statements is true?
e A.Cy3 and Cy5 are fluorescent dyes used to visualize the protein spots in
polyacrilamide gel electrophoresis.
e B. In a 2-dimensional gel, proteins are separated according to size and
hydrophobicity.
e (. Affymetrix chips require probe sequences several hundred nucleotides long.
e D. The probe sequences on microarray chips are usually made of DNA.

15. The yeast two-hybrid system...

e A. ... makes use of a transcription factor domain that recruits RNA polymerase to
transcribe a reporter gene.

e B. ... is a way of locating transcription factor binding sites in the 3’ regions of
genes.

e C. ... makes use of a DNA binding protein from the thermophilic bacterium
Thermus aquaticus.

e D. ... is a way of locating duplicated genes in the yeast genome.



