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E x a m in Applied Computational Molecular Biology
Questions
All answers require some (short)

argumentation

1. The programs for alignments of large genomic sequences are sometimes specially developed to be
optimal for treatment of either closely related species or distant ones. What kind of differences can you
expect between parameters of the algorithms for related and distant genomes?
2. Without accurate calculations, try to estimate which of the following two RNA fragments could have
more stable secondary structure (lower free energy)?
( a ) ACCCAAAAGGGAACCCAAAAGGGAACCCAAAAGGGAACCCAAAAGGGAA
(b) ACCCCAAAAGGGGAACCCCAAAAGGGGAACCCCAAAAGGGGA
(C) ACCCCCCAAAAGGGGGGAACCCCCCAAAAGGGGGGA

3. A bioinformatician X has designed a program for RNA pseudoknot prediction. In the RNA
fragment, given below, the program predicted the pseudoknot shown in the bracket view. However, a
molecular biologist Y, working on this RNA, says that this is wrong prediction because a different
functional secondary structure is found experimentally. Try to suggest an alternative structure for this
fragment (give a bracket view):
CCCUCGUUUCCGAGGGUCAUCGGA
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RNA
pseudoknot p r e d i c t i o n
??? d i f f e r e n t s t r u c t u r e

4. Below a fragment of multiple alignment of four sequences is given. On the basis of variation in this
alignment, try to suggest a conserved consensus structure in this region.
AGGUCUGGAGCAGCUGGAGCAGCUGCGAAAGGA
AGGUCUGGGGCAGCUGGAGCAGCUGCGAAAGGA
AGGUCUGGAGCUGCAGGCGCUGCAGCCAAAGGA
AGGUCUGGAGCUGCAGGCGCUGCAGCCAAAGGA
******** ** ** ** ** ** ** ******
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7 77 c o n s e n s u s s t r u c t u r e

5. Programs for searching the targets of miRNA binding tend to yield many false-positive results.
What are the reasons for that? What are the ways to improve the performance of these algorithms?

6. Assume you need to design an RNA fragment that would fold into the following structure (a hairpin
and a stem-loop structure):
((((

))))
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))))))))

Which of the following sequences is the most suitable:
(a)
(bf
(c)
(d)

CCCCAAAAGGGGAAAACCCCAAAAGGGGAAAACCCCAAAAGGGG
CCGCAAAAGCGGAAAACCGCAAAAGCGGAAAACCGCAAAAGCGG
CCCCAAAAGGGGAAAACCGCAAAAGGCGAAAACGCCAAAAGCGG
CGCCAAAAGGCGAAAACGCCAAAAGGCGAAAACGCCAAAAGGCG

Try to suggest another construct that would fold into the same structure.

7. The RNA sequence given below can fold into two rather stable alternative secondary structures.
What are they? Try to estimate which of them would fold faster (with higher folding rate constant).
AGGGCGAAAGCCCGAAAGGGCGAAAGCCCA
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8. Below several RNA sequences of an RNA family are given:
CCCCGCAAGGGG
CCCGGUAACGGG
CCUCGCAAGAGG
CUCCGCAAGGAG
CCGGGUAACCGG
CAGCGCAAGCUG
CGACGCAAGUCG
CACCGCAAGGUG

Which of the following sequences is most likely to be a member of the same family?
CCCCGUAAGCGG ( a )
CCCCGAAACCGG ( b )
CACGGCAACGUG ( c )
CACGGAAACGUG ( d )
CCAGGCAACGUG ( e )
Try to suggest some other sequence with the same motif.

9. Below a microRNA sequence is given:
5'-UACCCUGUAGAUCCGAAUUUGUG-3'

Which of the following RNA fragments is most likely to be a target for this microRNA?
5'-AUGGGACAUCUAGGCUUAAACACAC-3'
5'-AUGGGACAUCUAGUAGAUGUCCCAU-3'
5'-GUGUUUAAGCCUAGAUGUCCCAUUA-3'
5'-CUAAUUUGAUGGAAGCUACAGGGUA-3'
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10. Assume that for a threading algorithm in a fold recognition program the following eneray model is
used:
- amino acids residues located at more than two positions from each other are assumed to interact
between each other if a distance between their C a atoms is less than some threshold (say, 9 A ) ;
- the contact energies are determined by the residue types, thus a 20 x 20 matrix of values;
- a total energy of a threading alignment is calculated as a sum of all pairwise contacts.
How is it possible to estimate the values in the matrix of contact energies in order to make such a
model reliable?
11. In a cubic lattice HP model for 3D protein structure, the folding energy is calculated as E = -eh,
where e is a positive constant, and h is the number of H-H contacts in the lattice between hydrophobic
monomers that are not adjacent to each other in the polymer chain. Obviously, a fragment of 8
hydrophobic monomers (HHHHHHHH) can fold in a cube, with formation of 5 contacts of non-adjacent
H monomers. Which of the following fragments is more likely to fold in a cube?
(a) PHHHHHHH
(b) HPHHHHHH
12. The quality of a protein structure model may be tested using so-called A'-profile: the sums of
painwise energies computed for amino acids at a separation of yi-sequence positions, plotted as a
function of k. In native-like structures, such /--profiles have a clear minimum at small values of
whereas "misfolded" structures do not yield this feature. What is the explanation of this difference ?
The united residue approximation introduces virtual bonds connecting C a atoms of amino acids
and centroids instead of residues. What are the main variables that determine different conformations
in the framework of this model?
14. In the left-handed supercoil of coiled coil structure, the a-helices are slightly (20°) supercoiled.
Thus a heptad amino acid repeat (7 residues) corresponds to two full turns of a helix (every residue
rotates about 100° in a-helix, and thus 7 x 100° + 20° = 2 x 360°. How many amino acids are expected
in a repeat of the right-handed supercoil ? How many full turns of a-helix per repeat ?
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