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Motivations for Sequence 
Comparison

Zhiping Weng
Boston University

Hieroglyph

Demotic

Greek

From 452 to 1822, "Egypt was silent":

The ability to read hieroglyphic inscriptions on monuments and tombs, and papyrus 
texts using cursive scripts like demotic, was lost. 
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THE STONE OF ROSETTE
is a compact basalt slab (114x72x28 cm) that was found in July 1799 in the small Egyptian 
village Rosette (Raschid), which is located in the western delta of the Nile. Today the stone is 
kept at the British Museum in London. It contains three inscriptions that represent a single text in 
three different variants of script, a decree of the priests of Memphis in honour of Ptolemaios V. 
(196 b.c.).
The representation of a single text of the three mentioned script variants enabled Thomas Young 
& Jean Champollion (1790-1832) in 1822 to basically decipher the hieroglyphs. 

Until 1822…

Evolution:
•Variation
•Selection
•Amplification



3

9/16/00
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Comparative Biology is not a New Concept
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Percentages of matching proteins resulting from
pairwise comparisons. For S. cerevisiae (a 
fungus), C. elegans (a nematode), and E. coli (a 
bacteria), the numbers reflect proteins that were 
predicted from an essentially complete genome 
sequence. The direction of the arrows indicates 
how the comparison was performed. Numbers 
that are adjacent to the arrows indicate the 
percentage of proteins that were found to match. 
Numbers that are underlined and in bold-faced 
type indicate the percentage of C. elegans
proteins that were found to match each of the 
other organisms.

Genome Sequence of the Nematode C. elegans: A Platform for Investigating Biology, C. elegans
Sequencing Consortium, Science 282, 2012 (1998)

The Resemblance at Genetic Level
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Similarities to known proteins provide a glimpse of the possible function 
of the predicted genes. Approximately 42% of predicted protein products 
have distant matches (outside Nematoda); most of these matches contain 
functional information (37). Another 34% of predicted proteins match 
only other nematode proteins, but only a few of these have been 
functionally characterized. The fraction of genes with informative 
similarities is far lower than the 70% seen for microbial genomes. This 
may reflect the smaller proportion of nematode genes that are devoted to 
core cellular functions, the comparative lack of knowledge of
functions involved in building an animal, and the evolutionary 
divergence of nematodes from other animals studied extensively at the 
molecular level. 

Genome Sequence of the Nematode C. elegans: A Platform for Investigating Biology, C. elegans
Sequencing Consortium, Science 282, 2012 (1998)
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Amino Acids

The Amino Acid List
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Chemical Classification of Amino Acids
Ronald C. Beavis http://prowl.rockefeller.edu/aainfo/contents.htm
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Suggested Amino Acid Substitutions
Ronald C. Beavis http://prowl.rockefeller.edu/aainfo/contents.htm

Exterior Interior

Homology goes far beyond individual molecules…
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Salvini-Plawen & Mayr:
photoreceptors organs have 
originated independently in 
at least 40, but probably up 
to 65 or more different 
phyletic lines.

Darwin:
a prototype eye
undergo mutation and
natural selection
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Monophyletic or Polyphyletic?

• Drastic differences exist in eye anatomy and morphology.

• In clams, all three major eye-types (the camera eye with a single 
lens, the mirror eye with a lens and a reflecting mirror, and 
compound eyes) exist in the same phylogenetic class, the 
Bivalvia.

• All metazoa share the same visual pigment, rhodopsin.  
Absorption of a single photon converts all-trans retinal, which is 
covalently bound to the opsin protein molecule, into 11-cis 
retinal.  This conversion causes a conformational change of the 
protein that is amplified by transducin, a G-protein and results in 
an electrical nerve impulse.
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Pax6 and Its Homologs

• (1991) Mutant Pax6 leads to small eyes in mice

• (1991) Mutant Pax6 lead to small eyes  in human Aniridia 
patients

• (1994) Walter Gehring & colleagues discovered the fly 
homolog of Pax6 and indicate that this is the ey gene known by a 
mutation affecting the eyes since 1915.  Pax6 and Ey show 
extensive sequence similarity, both in the paired domain (94% 
identity) and in the homeodomain (90% identity).
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Induction of Ectopic Eyes by Targeted 
Expression of the ey Gene in Drosophila
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Induction of Ectopic Eyes by Targeted 
Expression of the ey gene in Drosophila
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Eye produced on a fruit fly's wing by a squid gene (A) resembles
one produced by a mouse gene Pax-6 (B).  The same effect is 
seen with fruit fly’s gene eyeless (A).

Stanislav I. Tomarev, Patrick Callaerts, Lidia Kos, Rina Zinovieva, Georg Halder, Walter Gehring, and Joram 
Piatigorsky, Squid Pax-6 and eye development 

PNAS 1997 94: 2421-2426
Halder G; Callaerts P; Gehring WJ.
Induction of ectopic eyes by targeted expression of the eyeless gene in   Drosophila
Science, 1995 Mar 24, 267(5205):1788-92.

The squid homolog of ey works in 
Drosophila too!
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The ey Genealogy
Trends in Genetics, 1999, 15:376
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Monophyletic of Polyphyletic?

• There is accumulating evidence that Pax 6 / ey is 
the universal master control gene for eye 
morphogenesis across metazoa.

• The universality of rhodopsin and Pax 6 suggests 
that different types of eye are of monophyletic 
origin.

The End


