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Math Minute 3.1 How Can You Tell if Base Compositions Are Different?

To say that the ratios of the four bases in the O-islands and K-islands are different from
the backbone ratio, you must do some statistical analysis. You really want to be able to
say they are significantly different. The standard tool for testing whether two sets of
ratios, or frequencies, are significantly different is the chi-square test of homogeneity.

To illustrate how the chi-square test is performed, suppose that you had a 4 kb
sequence containing 1,000 bases of each type, and a 3 kb sequence containing 600 A’s,
800 C’s, 700 G’s, and 900 T’s (Table MM3.1). For each of the eight cells in the interior
of the table, compute the expected frequency of that cell as the cell’s row total times the
cell’s column total divided by the grand total. For example, the expected frequency of A
in Sequence 1 is 1,600 × 4,000/7,000 ≈ 914.29. Subtract the expected frequency from
the actual frequency (1,000 − 914.29 ≈ 85.71), square the result (85.712 ≈ 7,346.2),
and divide this number by the expected frequency (7,346.2/914.29 ≈ 8.03). Repeat this
process for each of the eight cells, and sum the results. If this sum is larger than a cut-
off value from the chi-square distribution, the frequencies are said to be significantly
different.

This is the math behind the scenes of the simple statement that the ratios of the four
bases in most O-islands and K-islands are different from the ratios in the backbone. The
investigators performed the chi-square test for 108 O-islands longer than 1 kb, and
found 101 of them to have a base composition significantly different from that of the
backbone.

the genes in the backbone would encode identical proteins.
Interestingly, only about 25% (911/3,574) of the backbone
genes produce identical proteins, with the remaining pro-
teins varying by at least one amino acid. This may sound
like a trivial difference, but remember that wild-type (wt )
versions of hemoglobin and cystic fibrosis protein (CFTR)
differ from disease-causing versions by one amino acid. The
difference in pathogenicity between O157:H7 and K-12
may be due to these subtle nucleotide variations.

The genome for O157:H7 had two gaps in the sequence
database (4 kb and 54 kb) that were filled after publication
of the genome sequence. Gap filling is often perceived as
uninteresting and not worthy of funding, but genomes can
reveal information that can be understood only in the con-
text of a finished sequence. Although these gaps are filled,
the task is not completed. The genomes of various isolates
of O157:H7 have different restriction maps, and thus dif-
ferent genomes. These variations might correlate with dis-
ease phenotypes that could help us characterize genes with

unknown functions. Nevertheless, the O157:H7 genome
sequence is a good starting place for clinical uses such as
diagnosis, vaccine production, and treatments. Both E. coli
genome sequences are in the public domain, so anyone
who wants to work in this area of biomedical research may
use them.

Now that we have sequenced the genomes of two strains
of E. coli, we are hopeful that biomedical research will lead
to better human health. However, easy fixes are unlikely.
For example, the HIV genome was sequenced in 1985,
and it contains only nine genes. With such a simple organ-
ism and a simplistic genome, you might think genomic
methods would lead to a cure and vaccine very quickly.
Look at the genome of HIV and you will see that it does
not look challenging compared to E. coli genomes. How-
ever, there is no cure for AIDS, and the only prevention is
through behavioral modification. Size can be intimidating,
but the complexity of biology does not always correlate
with size.

L I N KS
genome of HIV

Table MM3.1 Base frequencies.

Base Sequence 1 Sequence 2 Total

A 1,000 600 1,600
C 1,000 800 1,800
G 1,000 700 1,700
T 1,000 900 1,900
Total 4,000 3,000 7,000

CAMPMC03_0805382194.QXD  1/17/06  9:49 PM  Page 115




