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1 Are chimps genetically similar to humans?

Several popular science articles in recent years have reported (without much
rigor) that humans and chimps are 98% genetically identical.

What does this mean?

How might you determine it?

2 Review: genes and proteins

• DNA

– All known life forms have a genetic sequence made up of the DNA
nucleotides Adenosine, Cytosine, Guanine, and Thymine (A, C, G,
T).

• Transcription

– Through the process of transcription these are turned into the RNA
nucleotides, in which Thymine is replaced with Uracil (U).

• Splicing

– The parts of the genetic sequence that do not code for proteins are
spliced out.

– These introns can still be very important in many ways, including
regulating gene expression.

• Translation

– Three-letter groups of nucleotides are translated into amino acids
(A, R, N, D, L, etc. . . ) which fold into proteins
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3 Sequence Alignment

3.1 So how might we find comparable genes between two
organisms?

Look for similar regions in their genetic sequences

What Ruby type might you use to represent a genetic sequence?

3.2 Sequence alignment with gaps

ALNIIV

and

LANIIV

-ALNIV
LA-NIV

4 Discussion

How might we quantify the genetic similarity between two species?

5 Smith-Waterman algorithm (1981)

Initialize a matrix H as follows, for sequences a and b of length m and n:

H (i, 0) = 0, 0 ≤ i ≤ m H (0, j) = 0, 0 ≤ j ≤ n

Given a scoring function w

Update each entry in the matrix H as follows:

max

H (i− 1, j − 1) + w (ai, bj)
H (i− 1, j) + w (ai,−)
H (i, j − 1) + w (−, bj)


Then, find the maximum score, and trace backwards to the beginning.
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Figure 1: alignment

5.1 Example

Sequence 1 = ACACACTA Sequence 2 = AGCACACA w(match) = +2 w(a,−) =
w(−, b) = w(mismatch) = −1

So, the optimal alignment is:

A-CACACTA
AGCACAC-A

6 Back to chimps

How do we determine genetic similarities?

• find all human genes

• for each one, find the most similar chimpanzee gene

• measure how similar they are in terms of sequence identity

But this is too expensive, given that humans have 23,000 genes. If chimpanzees
also have 23,000 genes, this would mean 23,000 * 23,000 = 529,000,000 compar-
isons. What else might we do?

• Random sampling
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