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Jukes-Cantor 2-Parameter Model

PAA(t) = P(A, t | A, 0)

PAA(1) = 1 - αααα - 2ββββ

PAA(2) = (1 - αααα - 2ββββ)PAA(1) +
ββββPTA(1) + ββββPCA(1) + ααααPGA(1)

PAA(t+1) = (1 - αααα - 2ββββ)PAA(t) +
ββββPTA(t) + ββββPCA(t) + ααααPGA(t)

∆∆∆∆PAA(t) = -(αααα + 2ββββ) PAA(t) +
ββββPTA(t) + ββββPCA(t) + ααααPGA(t)

PAA(t) = (1 + e-4ββββt + 2e-2(αααα + ββββ)t) / 4
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X(t) = (1 + e-4ββββt + 2e-2(αααα + ββββ)t) / 4

Y(t) = (1 + e-4ββββt - 2e-2(αααα + ββββ)t) / 4

Z(t) = (1 - e-4ββββt) / 4

NUCLEOTIDE 
SUBSTITUTIONS 
BETWEEN 
SEQUENCES

usually is inferred from pairwise
comparisons

Hamming Distance
divergence
n / N
[nucleotide site-1]
if small,

then observed = actual
if large,

then observed < actual

Noncoding Sequences

I(t) = P2
AA(t) + P2

AT(t) + P2
AC(t) + P2

AG(t)

I(t) = (1 + 3e-8αααα t) / 4

ρρρρ = 1 - I(t) = 3 (1 - e-8αααα t) / 4

8ααααt = -Log[1 - (4ρρρρ / 3)]

K = -3Log[1 - (4ρρρρ / 3)] / 4

K = Log[(1 - 2P - 2Q)-1] / 2 +
Log[(1 - 2Q)-1] / 4


