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Chapter 8 — Molecular Evolution

Neutral/Nearly Neutral Theory

Measuring Divergence & Polymorphism
Sequence Divergence & The Molecular “Clock”
Variation in Molecular Rates

Tests for Deviation from Neutral Expectations

Molecular Evolution at Linked Loci/Sites

Sequence Divergence

simple genetic distance, d = the proportion

of sites that differ between two aligned,

homologous sequences

given a constant mutation/substitution rate,

d should provide a measure of time since

divergence

< but this is greatly complicated by multiple hits
(homoplasy)

< corrected distance measures account for the

fact that there are not an infinite number of
sites in a sequence




Expected sequence divergence

for neutral polymorphisms, substitution rate =
mutation rate

thus, for two diverging lineages... k=2Tu

< where k = the number of substitutions observed
between two species and T'is the tfime since

divergence
< note that T can be measured either in years or
generations k

solving for T.... = E

< note that 2u is often expressed as the “rate of

sequence divergence” (i.e., twice the per lineage
rate)

Rates and Dates:

Divergence Time Estimates

requires calibration with fossil or geological
events

typically assumes a “*molecular clock”
< Zuckerland & Pauling (1962)

but new methods allow a relaxation of the
molecular clock assumption
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FIGURE 7.6 Relation between
0.7 estimated number of amino acid
substitutions in ¢-globin (K)
06 between pairs of the vertebrate
species, against time since each pair
g 05r diverged from a common ancestor.
L The straight line is expected based
04 o on a uniform rate of amino acid
03k ° substitution during the entire peri-
’ od. (From Kimura 1983.)
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180 " Figure 8.13  (left) Rates of protein evolution as amino acid
¢ 160 [ Fibrinopeptides & p changes per 100 residues in fibrinopeptides, hemoglobin,
| o Hemoglobin i and cytochrome ¢ over very long periods of time. Rates of
8= 1O [0 cytochromec BE i divergence are linear over time for each protein, as expected
82 0 |*Unknown date /7 for amolecular clock. Different proteins have different clock
- of divergence 14 rates due to different mutation rates and degrees of lunctional
a3 52 constraint imposed by natural selection. Amino acid changes
:g"e between pairs of taxa with unknown divergence times are
£ ? plotted on dashed lines with the same slope as lines through
2 % Ex points for taxa with estimated divergence times. The six
ol _ = points with unknown divergence times for hemoglobin
§ rs represent divergence of ancestral globins into hemoglobins
= and myoglobins in the earliest animals, events that the
L L L | molecular clock estimates to have happened between
0 200 400 600 800 1000 1200 1.1 billion and 800 million years ago. Data from Dickerson

Millions of years since divergence

(1971).
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Figure 8.12 Ratesofnucleotide change in the NS gene that codes for “nonstructural” proteins based on 11 human influenza
A virus samples isolated between 1933 and 1985. The number of years since isolation and DNA sequence divergence from an
inferred common ancestor are positively correlated. The pattern of increasing substitutions as time since divergence increases is
expected under the molecular clock hypothesis. The observed rate of substitution was approximately 1.9 x 1073 substitutions
per nucleotide site per year, a very high rate compared to most genes in eukaryotes. The line is a least-squares fit. Data from
Buonagurioetal. (1986).

Fleischer ef al. 1998. Evolution on a volcanic
conveyor belt: using phylogeographic
reconstructions and K-Ar based ages of the
Hawaiian Islands to estimate molecular
evolutionary rates. Mol. Ecol. 7:533-545.
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Fig. 1 Map of the main Hawaiian Islands (plus inset map of main and leeward Hawaiian Islands). Ages of the oldest rocks from the main
islands based on K-Ar dating are noted (from Carson & Clague 1995). Maui-nui is composed of the islands of Maui, Lanai, Molokai and
Kahoolawe, all of which were connected until = 0.3-0.4 Ma (and again at times during Pleistocene periods of low sea level). Oahu and
West Molokai were putatively connected via the Penguin Bank for the first = 0.3 Myr after West Molokai formed. Below the map is a
neighbour-joining tree (Saitou & Nei 1987) based on Kimura 2-parameter and I'-corrected distances that shows relationships and relative
differentiation among four island populations of amakihi based on 675 bp of cytochrome b sequence. Included in the tree are three Kauai
amakihi (Hemignathus kauaiensis) and 10 common amakihi of three subspecies: Hemignathus virens chloris, H. vs. wilsoni and H. vs. virens,
from Oahu, Maui and Hawaii, respectively. Parsimony analyses produce a tree with the same topology as the neighbour-joining tree, as
do analyses using sequences of mtDNA ATPase 6/8 (R. C. Fleischer et al. unpublished), ND2 and control region (C. Tarr, unpublished).
Trees constructed from mtDNA restriction sites show sister taxon status between a clade containing Kauai and Oahu clades, and one
containing Maui and Hawaii clades (Tarr & Fleischer 1993). In all of our analyses to date, most for which we have larger samples per
island than the case reported here, each island population of amakihi has been found to be monophyletic.
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Fig. 3 Rate calibration for drepanidine mitochondrial cytochrome
b. The two amakihi points are the mean of all pairwise Kimura 2-
parameter and T-corrected distances, with intrapopulation varia-
tion from the parental population subtracted and unbiased
standard error bars (Steel et al. 1996). The standard error bar for
the single Maui and Kauai creeper pairwise comparison was cal-
culated in MEGA (Kumar ef al. 1993). The regression was signifi-
cant based on 1000 permutations in a Mantel test (Rohlf 1990).
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Figure 8.14 A schematic phylogenetic tree that can be
used to date divergence events under the assumption of a
constant rate of divergence over time or a molecular clock.

T, is the time in the past when species C and the ancestor of
species A and B diverged. T, is the time in the past when
species A and B diverged. If either T, or T, are known, the rate
of molecular evolution per unit of time can be estimated from
observed sequence divergences. This rate of divergence can
then be used to estimate the unknown amount of time that
elapsed during other divergences.

Problems with dating...

uncertainty in calibration points

fossil evidence provides lower bound on
age only

variance of genetic distance estimates
“saturation” of genetic distances
extrapolation outside of calibrated range
ancestral polymorphism

**variation in substitution rate among
lineages**




