MOLECULAR CLOCK

t=K/(2n)

So

S S:

“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

A B C

Kag = Koa + Kog
Kac = Koa + Ko
Kgc = Kop + Ko

Kon = (Kac + Kpg - Kge) /2
Ko = (Kag + Kgc - Kag) /2
Koc = (Kac *+ Kgc - Kpg) / 2




RELATIVE RATE TEST
o

A B

A1 By A, B
sp. 1 sp. 2

Kaisr = Kaar + Ko + Kog + Kggy
Kazsa = Kaaz + Ko + Kog + Kggs

Kais1 - Kazsz = Kaar + Kggy -
(Kanz * Kggz)

Species 2 Species 3 m m
Pan paniscus Homo sapiens 2 14 140
Pan paniscus Gorilla gorilla 33 55 5,500
Pan troglodytes Gorilla gorilla 34 61 7.67%
Gorilla gorilla Pongo pygmaeus 36 58 515
Gorilla gorilla Pongo pygmaeus 63 56 041
Gorilla gorilla Pongo pygmaeus 56 58 0.04
Pongo pygmacus Hylobates lar 91 105 1.00
Pongo pygmaeus Hylobates lar 120 104 114
Pongo pygmacus Hylobates lar 109 104 012
Pongo pygmaeus Hylobates lar 106 12 017
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Type of sequence __Sequence length __ Ku' Ky Ko-Ka _ Ratio®
Peudogene 871 67 18 107 11a03" 14
Introns 8A78 71 M7 139 08s03 13
Flanking and

fated regions 9% 9 M9 M7 sl 23
o rom Bailey ot a (199D Poter o a1 (199, and Ellworth ot . (1993
2K, = number o sbtitutions per 10 e bt species | and
PThe raioofthe at n the Affcan monkey i the s iags

Number
ype of of sites
substitut compared __Ky*
Synonymous 485 199207 311209 324+10 -13:79
Nonsynonymous 17440 1901 29501 27:01 03+13

Modified from O'hUigin and L1 (1992)
“Mean + standard error. K, = number of substitutions per 100 sites between species f and




jumbers of nucleotide substitut

onyrnous site (Ka mdyaxb@yh-f
i te (K
genes in humans and rodents
Gene pair Ks Ky
p-like globin genes”
Human adult-Human fetal 0.73 0.18
Mouse adult-Mouse fetal 0.90 0.21
Human adult-Human embryonic  0.62  0.16
Mouse adult-Mouse embryonic 0.97 0.18
Human fetal-Human embryonic 0.56 0.10
Mouse fetal-Mouse embryonic 0.96 0.15
Aldolase A and B genes
Human A-Human B 155 0.21
Rat A-Rat B 1.92 0.21

From Li et al. (1987a)

*The adult globin genes are  in human and B in mouse;
the fetal genes are *yin human and S in mouse; and the
embryonic genes are € in human and y2 in mouse.

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

FiGuRE4.20 Model tree for estimating the rate of nucleotide substituti
viruses. I, and I denote the expected number of substitutions on the b

leading to isolates 1 and 2, respectively. Sequence 1, which was isolated at f, was
collected f years earlier than sequence 2, which was isolated at f;. Modified from
Lietal. (1958).

ly-ly=rty-rty=rt
lp-13=dyg-dys

F=(dpg - dya) / t




