Spring 2008
10-810/ M SCBI102070: Computational Genomics

Problem Set 2: Genome Assembly and Sequence Evolution
Due date: Feb. 19, 2008, before class

The contact TA for this assignment is Jacob Joseph (jmja@gutdrew.cmu.edu). Jacob’s office
hours are at Mellon Institute 646C, on Wednesdays, 4-5piiny @ppointment.

Where implementation is required, supply source code imdtytJava, MatLab, C, C++, or R.
Code should be portable; it should execute on a UNIX/Linatfprm. Please include any auxiliary
files and short description of how to execute your code. Ssiomn of this source code may be by
email to the contact TA.

Collaboration is permitted, but solutions must be completelividually. Include a list of your
collaborators. Refer to the course website for completeigsl

1. (a) Alibrary of overlapping human genome fragments issatsembled. Given a genome
size G=32x1(°, and lambda clone inserts with length 20kb, how many clonesiav
be required to assure with probability 0.98 that a partichése be covered by at least
one fragment?

(b) A whole genome of 150Mb is to be sequenced. A small-pldditmiary (average insert
size 3kb) providing 5x insert coverage (=clone coverage)aBAC library (average
insert size 150kb) providing 15x insert coverage are pexpfor sequencing. Sequenc-
ing reads of length 700nt are generated from both ends afisgris in both libraries.
Compute the average sequence read coverage for the genome.

(c) Detall, in a brief paragraph, the general principlesopFtiown and bottom-up genome
sequencing techniques. Describe the suitability of eaax&mple sequencing prob-
lems, and mention the applicability of methods which indéégtboth techniques.

(d) Read the Celera and ARACHNE papers and describe theasitigis and differences
between these approaches to genome sequencing. How doeSHRA correct for
sequencing errors? How do each handle repeats, and chireads?

e Batzaoglou et al. ARACHNE: A Whole-Genome Shotgun Assembi&nome
Research. Vol. 12, Issue 1, 177-189, January 2002.
http://ww. genome. or g/ cgi/ content/abstract/ 12/ 1/ 177

e Meyers et al. A Whole-Genome Assembly of Drosophtd. 287. no. 5461, pp.
2196 - 2204.
http://ww. sci encemag. or g/ cgi / content/ abstract/ 287/ 5461/ 2196?ck=nck



2. (a) Implement an efficient program to construct contigs,(segments comprised of two

(b)

or more sequence fragments) from an input set of reads. Fglisity, assume the
sequences are error-free, and consider only exact ovesfaf3bp or more. A set of
300 sequences in FASTA format is provided on the course wehisiclude output of
the nature:

readlD1 readl D2 orientation offset
007 025 F -116
007 056 R 302

Where orientation is eithdt (forward) orR, indicating the direction ofeadl D2, and
offset is the signed number of bases that the left encadl D2 is from the left end of
readl D1. Please sort in ascending order efdl D1, thenr eadl D2.

Extend your implementation to assemble the contigsumespairwise sequence iden-
tity of >90% in overlapping regions.

3. (a) What properties should a similarity metric have tolitable for use in Smith-Waterman

(b)

(©)

alignment?

Consider the paper:

Mahony, Auron, and Beno$NA Familial Binding Profiles Made Easy: Comparison
of Various Motif Alignment and Clustering Strategid3LoS Computational Biology
Vol. 3, No. 3, e61 doi:10.1371/journal.pchi.00300

http://conpbiol . plosjournals.org/ perlserv/?request=cite-buil der

&doi =10. 1371/ j our nal . pchi . 0030061

Figure 2 compares the resulting score distributions of treerfiain similarity metrics
evaluated. Empirically compare the distributions for tHd_R and AKL metrics. Re-
ferring to the formulas in Table 1, suggest improvements&AKL metric so it may
be used with Smith-Waterman alignment.

A number of methods for multiple alignment have beenussed, including Smith-
Waterman and progressive alignment (as in CLUSTALW). Hiddiéarkov Models

may also be used for this purpose. Describe, in pseudo-tmsesuch an alignment
may be constructed. Assume HMM operations such as BaumkVdeld Viterbi have

already implemented.

4. (a) In maximum parsimony tree reconstruction, a minimahher of single, independent

base mutations is used to construct a tree. From the mulligament of five taxa
below, reconstruct the optimal tree. What is the parsimaoyesof this tree?

ATGC
ATTC
GITC
GACT
GICC



(b) While maximum parsimony methods identify the minimal eé changes between
present day sequences, a particular base may undergolsevgations, possibly to
the original base (e.g.,AT, T—C, C—A), rendering the change invisible. Differen-
tiate and describe how the Kimura 2-parameter and Juke®Cawoidels may be used
to correct for such silent mutations.

(c) Provide a brief comparison of how parsimony-based &eenstruction methods differ
from distance-based methods. When is each most applicable?



