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I want you to submit a typed, nicely-formatted report stating what you accomplished, what problems
you faced, and how you can make your results better. Have a section for each question. In each section,
answer the questions asked and present any graphs or tables needed to illustrate your answer. Use the
IEEE author format for your paper.

Consider Chromosome 22 in humans, the smallest. Assume it is a representative of the human
genome and obeys all its regularities or irregularities. Various versions of the nucleotide sequence in
Chromosome 22 are available on the Web. Perform a search on the Web and download the latest
version. You will write programs to perform simple analyses of Chromosome 22 and present the results
along with research findings.

1. Distribution of Nucleotides: Prepare a table of frequencies of the four nucleotides in Chromosome
22. Present your result in terms of percentages. Is the distribution of the nucleotides uniform?
Read up on the Web and provide a brief summary of what researchers have to say about the
distribution of the nucleotides in the human or other genomes. Provide references.

2. Distribution of Codons: Prepare a table of frequencies of triples of nucleotides or codons in
Chromosome 22. Present your result in terms of percentages. Also present in a graphical format
of some kind that’s most suitable. Perform research on the Web and summarize what researchers
have said about the distribution of codons in the human or other genomes. Provide references.

3. GC Content: There are regions of the human genome that are GC-rich and others that are
GC-poor. Research has shown that GC-rich and GC-poor regions may have di!erent biological
properties such as gene density, composition of repeat sequences, and recombination rate. Till
the genome was sequenced, such research was indirect, due to lack of su"cient sequence data.

What is the GC content of Chromosome 22? How does it compare with the GC content of other
human chromosomes? Perform research and present a comparison . Provide references.

The GC content is not uniform even in a single chromosome. For example, there are huge regions
(> 10 MB) where the GC content is far above average. Consider windows of size 5, 20, 80 and
320 KB. For each window size, perform analyses of Chromosome 22 for GC content. Present the
results in the form of a histogram showing the distribution of GC content in these windows.

Perform research on the Web regarding what these variations mean. Summarize what you find.
Provide references.

4. CpG Islands: CpG means a cytosine (C) next to a guanine (G) in a linear nucleotide sequence.
If the pairs of nucleotides were to occur uniformly in the human genome, what would be the
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expected frequency of CG pairs? What is the frequency of CG pairs in the Chromosome 22?
What have researchers said about this discrepancy. Summarize the results with references.

A CpG island is a region in the genome where CG pairs occur with high frequency within a
short span of the genome. Develop an algorithm to find CpG islands in Chromosome 22. Write
down the algorithm. Analyze its time complexity. Now, implement it and identify as many CpG
islands as you can find on Chromosome 22.

5. A puzzling observation is that genome size does not correlate well with the complexity of organ-
isms. For examples, Homo sapiens has a genome that is 200 times as large as that of the yeast
S. cerevisiae, but 200 times as small as that of Amoeba dubia. This is called the C-value paradox.
The paradox has been largely resolved with the recognition that genomes can contain a large
quantity of repetitive sequence, far in excess of that devoted to protein-coding genes.

In the human, coding sequences comprise less than 5% of the genome whereas repeat sequences
account for at least 50% and probably more. There are several kinds of repeats, but one is a
simple sequence repeat of relatively short k-mers such as (A)n, (CA)n, (CGG)n. Develop a simple
algorithm to look for such repeats in Chromosome 22. Report on the number of repeats found.
Report on their geographic distribution in a suitable graphical manner.

Do research on such repeats on the Web. Compare your results with published results. Explain
any discrepancies. Provide references.

6. Count the frequencies of start (ATG) and stop codons (TAA, TAG and TGA) in Chromosome
22. How many “genes” do you find in Chromosome 22 by using this simple counting process?
How does it compare with published results?

There will be numerous problems in the simplistic approach taken for gene finding. Describe the
problems you can think of in a list. Mention how researchers have handled such problems. Refer
to papers and Web sites.

7. Consider the restriction enzymes Sac I, Hinf I and Xho II we briefly mentioned in class. These
enzymes cleave a DNA molecule at certain recognition sequences. The recognition sequences for
the three enzymes are GAGCTC, GANTC, and PuGATCPy, respectively. Here, N stands for
any nucleotide, and Py for a pyrimidine (T or C), and Pu for a purine (A or G).

Write programs to cleave Chromosome 22 using these restriction enzymes. Create a graph show-
ing the distribution of various fragment sizes. What is the average fragment size? What is
the standard deviation? Note that any mutation a!ecting a recognition sequence causes two
restriction fragments to merge into one.
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