10-810 / MSCBIO2070: Graduate Computational Genomics

Problem Set 2: Computational Sequence Analysis
Due on 8-Mar-2007, 11:59:00 PM.

Problem 1.

Align the following two sequences with the corresponding two sets of parameters:
CGACCCATTTGACTAACACCGACGCTGTCAG
TCCCATGACCAAGCCTCCGATCCGCTGTCAAG

a. match=2, mismatch=-2, gap=-2
b. match=2, mismatch=-2, gap initiation=-2, gap extenstion=-1

Problem 2.
Prove that in the HMM supervised learning the maximum likelihood parameter estimation is obtained via
the following formulas (also called sufficient statistics) as we learnt in the course (lecture #6b):

aML — Ak,l e/]{WL (b) = Ek(b)
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Problem 3.

Let’s assume that a genome can be generally divided in GC-poor (state A) and GC-rich (state B)
fragments for which the %GC is 40% and 60%, respectively. Suppose that state A transitions to state B
with probability 0.1% and state B transitions to state A with probability 1%. Assuming that the two states
are initially equally probable, implement a Viterbi and a forward-backward algorithm that can compute
the likelihood of every 50-bp subsequence of a larger sequence I will put on the web and estimate the
hidden states using Viterbi and posterior decoding. Find all segments for which the posterior decoding
probability of state B is greater than 50 %.

Problem 4.
Read the MEME and AlignACE paper and discuss the similarities and differences between them
(algorithms, underlying models, etc).

- Reference for MEME:
Bailey & Elkan, “The value of prior knowledge in discovering motifs with MEME”, Proc Int Conf
Intell Syst Mol Biol, (1995) 3:21--29.
URL: http://www.sdsc.edu/~tbailey/papers/ismb95.pdf

- Reference for AlignACE:
Roth, Hughes, Estep, Church, “Finding DNA regulatory motifs within unaligned noncoding
sequences clustered by whole-genome mRNA quantitation”, Nat Biotechnol (1998) 16: 939-945.
URL: http://www.nature.com/nbt/journal/v16/n10/pdf/nbt1098-939.pdf

Problem S.
Implement the MEME algorithm for motif detection and run it on a set of sequences [ will put on the web.



