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Molecular evolution and functional characterisation of gene
families, especially those involved in visual and non-visual
photoreception, and the mechanisms that regulate gene

expression.
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Molecular Evolution

Study of how genes and proteins evolve and how
organisms are related based on their DNA sequence

Molecular evolution therefore is the determination and
comparative study of DNA and deduced amino acid
sequences and how they change over long periods of time.

Sequences from different organisms or populations are
compared, using as a codon-matched alignment



Partial DNA sequence alignment of the SWS1 opsin
coding region identified in human and lamprey

Human
Lamprey

Human
Lamprey

Human
Lamprey

Human
Lamprey

Human
Lamprey

ATGAGAAAAATGTCGGAGGAAGAGTTTTATCTGTTCAAAAATATCTCTTC
ATG-—————- TCCGGAGATGAAGAGTTCTACTTGTTCAAAAACATCTCCAA

* Kk % Xk k(kkkkkhkkkk k% khkkkkhkkkkhkkkhkkk *khkkk*%

AGTGGGGCCGTGGGATGGGCCTCAGTACCACATTGCCCCTGTCTGGGCCT
AGTGGGGCCTTGGGATGGCCCGCAGTTTCACATTGCCCCGAAATGGGCTT

kkhkk kA kA KXk k Kk ) ) kkikk kkkkkhkkx k() *Kkk% Rl A A b b b b b i i o kkkk*k*k X

TCTACCTCCAGGCAGCTTTCATGGGCACTGTCTTCCTTATAGGGTTCCCA
TCTACTTACAAGCCGCGTTCATGGGCTTCGTGTTCATATGTGGCACGCCA

kkhkkhkk )k Kk Kkkhkkhkkhk KKk Kkkhkkhkkhkkkkk%k Kk k**k*k % * % * k%

CTCAATGCCATGGTGCTGGTGGCCACACTGCGCTACAAAAAGTTGCGGCA
CTGAATGCCATCGTTCTGGTGGTCACCATTAAATATAAGAAGCTGCGGCA

Kk kAKX Kkkkhkkhkk kK kkhkkhkkhkkhkkik kK xk * Kk k(K Kkkk Kkkhkkkkk*k

GCCCCTCAACTACATTCTGGTCAACGTGTCCTTCGGAGGCTTCCTCCTCT
GCCACTCAATTACATATTAGTGAACATATCGGCGGCAGGTCTCGTGTTCT

kkk K kKK k Kkkhkkhkk%k *x kk*k K**kK*x Xk *% * Kk k% ** * * k% %

* = identical nucleotide; - = indel (insertion or deletion)



Comparison of partial amino acid sequences of
the SWS1 pigment identified in human and
lamprey

Human MRKMSEEEFYLEFKNISSVGPWDGPQYHIAPVWAFYLQAAFMGTVFLIGFEP
Lamprey M--SGDEEFYLFKNISKVGPWDGPQFHIAPKWAFYLQAAFMGFVEICGTP
* khkkhkkhkhkhkkhkkkkh (hkkkkhkhkhkkx k(khkhk k(kkkhkhkkhkkkkkkhkkhkx k% * %
Site 86
Human LNAMVLVATLRYKKLROQPLNYILVNVSEGGFLL
Lamprey LNATIVLVVTIKYKKLROQPLNYILVNISAAGLVE

xkk k(Kk*kx X Rl A b b b b i b b b i i i S ¢ *

= identical nucleotide; - = indel (insertion or deletion)

Comparison of the amino acid sequences can be used to investigate gene/protein evolution,
however, they can be used to infer functional characteristics as well. For example, F86 in the
lamprey SWS1 pigment confers ultraviolet sensitivity (<400 nm), but a substitution to L86
(as in the human opsin sequence) causes a spectral shift to violet sensitivity (> 400 nm).

Considerations: which is better (amino acid sequence or DNA sequence) to study function?
Which is better to study evolution, especially over long time periods where multiple
substitutions at the same site might occur and confuse the study of evolutionary pathways?



By comparing sequences, is it possible to calculate the
rate of change that occur within a sequence? In other
words how fast do changes occur within a gene.

A number of different rate equations have been proposed
that attempt to quantify the number of changes per unit
time.

How are number of changes estimated?

For example, DNA substitution models:

Jukes — Cantor Model (1969)

Kimura Model (1980)

Tamura Model (1992)

Tavare’s Generalised Time-Reversible (GTR) model (1986)



Different ﬁroposed models of DNA substitution attempt to take into
account changes that may have occurred that do not result in a net
change. For example, a zero change of C to C may have arisen via C to
T to C substitutions.

Thus, the rates of change can be estimated, but are the rates the
same for all nucleotides? Note, the third nucleotide of a codon is
more like change (higher rate of change) than position 1 or 2.

Amino acid comparisons minimise these issues, but there may be a
significant loss of genetic information that might alter the resolution
and branching of phylogenetic trees.

Therefore, mutation rates are often NOT the same, although
assumptions are made that greatly simply these potential hazards
when generating basic phylogenetic trees.

Rates may differ across different synonymous and non-
synonymous sites.

Protein evolutionary rates may differ depending on those that are
under greater selective pressure (e.g. visual opsins Vs
housekeeping proteins).

Orgar)1e||e differences (e.g. mitochondrial vs nuclear DNA mutation
rates).
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