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MOLECULAR CLOCK

t = K / (2r)
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“ For each protein, the rate of
evolution in terms of amino acid
substitutions is approximately
constant per year per site for 
Various lines, as long as the
function and tertiary structure of
the molecule remain essentially
unaltered.”

RELATIVE RATE TEST

KAB = KOA + KOB
KAC = KOA + KOC

KBC = KOB + KOC

KOA = (KAC + KAB - KBC) / 2
KOB = (KAB + KBC - KAC) / 2
KOC = (KAC + KBC - KAB) / 2
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RELATIVE RATE TEST

KA1B1 = KAA1 + KOA + KOB + KBB1

KA2B2 = KAA2 + KOA + KOB + KBB2

KA1B1 - KA2B2 = KAA1 + KBB1 -
(KAA2 + KBB2)
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SUBSTITUTION RATE
VARIATION

Replication-Dependent
Generation Time Effect
DNA repair efficiency

Replication-Independent
metabolic scaling

Phyletic Gradualism vs.
Punctuated Equilibrium

mutation rate
negative selection
relaxed selection
positive selection
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SUBSTITUTION RATES
IN ORGANELLES

SUBSTITUTION RATES
IN VIRUSES

l2 - l1 = rt2 - rt1 = rt

l2 - l1 = d23 - d13

r = (d23 - d13) / t


