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The Gamma Model

* Yang (1993) used a gamma distribution
to model rate variation in a- and 3-

globin genes

 The gamma distribution is often

approximated by four equi-probable
bins



Gamma rate variation
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Improvements on the Gamma model

* Allow sites to change rates
 Allow clustering of rates

» Consider other/multiple rate
distributions



What causes substitution
rate variation?
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Nucleotide properties
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AG — CG — TG

(slow) (fast)



Data

* 470 alignments, each 50 000
nucleotides long, of introns from
human, chimpanzee and macaque one-
to-one orthologs.

« Sampled from Ensembl version 49.
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Baseline + CG « TG Baseline + I

Baseline + CG & TG +I




The baseline model

(0 more than one nucleotide difference
T;.TAc 1102 and j;1jg differ by A < C

) mj,racg 192 and jij differ by A < G

Tiriz.jrje = § T, TAoT 192 and j1j2 differ by A < T

T;.Tcoa t1t2 and j1jq differ by €'~ G

\ijrcHT ’l:l’l:g and j1j2 differ by CT

where x is the index at which 7179 and 7172 differ



The CpG model

(0 more than one nucleotide difference
TjnT AsC 1119 and j;jq differ by A <« C
T TAG 1112 and j17j9 differ by A & G
Qiria,j1je = § TjuTAT 1112 and j17j9 differ by A <& T
T TCoG 1119 and j;17jq differ by C «— G
T TCoT i1i2 and 7179 differ by C < T,{i,j} # {CpG, TpG}
(Tj,TcoTTocoTa t1i2 and jij2 differ by C < T, {4,j} = {CpG, TpG}

where x is the index at which 7179 and 7172 differ



The Gamma Model

(0 more than one nucleotide difference
T;.Tawcl'n 1192 and j1jo differ by A < C
) mj.racscl'n  t192 and jijo differ by A < G
Tiriz.jrje = § ;. TAoTl'n %192 and jijo differ by A < T
T;.Tcocl'n 1192 and j1jo differ by C «— G

\wjmr(;HTFn ’1:1’1:2 and jljz differ by C — T

where x is the index at which 7179 and 7172 differ
and I',, is the rate category of site n.



Gamma vs Dinucleotide models

Parameter (P) LR (*505) LR (P5odes) LR (C5iiess )
baseline - 51.07
TG « CG or CA -~ CG 186.05 175.52 40.77
TG « CG 89.53 84.79 46.07
CA - CG 84.74 80.08 45.86
AT «— GT 28.83 28.01 50.09
AA - GA 25.51 24.66 50.05
TT — CT 23.24 22.48 50.23
AA - AG 19.22 18.31 50.20
TT «— TC 15.41 14.63 50.22
GA — GG 14.18 13.53 50.44
TT «— CC 10.80 10.43 50.78

AT «~ AC 9.85 9.33 50.44
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Gamma vs Dinucleotide models

Parameter (P) LR (*$505") LR (P5ogets) LR (C9iiE o
baseline - 51.07
TG « CG or CA -~ CG 186.05 175.52 40.77
TG « CG 89.53 84.79 46.07
CA - CG 84.74 80.08 45.86
AT «— GT 28.83 28.01 50.09
AA - GA 25.51 24.66 50.05
TT — CT 23.24 22.48 50.23
AA - AG 19.22 18.31 50.20
TT «— TC 15.41 14.63 50.22
GA — GG 14.18 13.53 50.44
TT «— CC 10.80 10.43 50.78
AT — AC 9.85 9.33 50.44




Baseline

186.05 51.07

Baseline + CG « TG Baseline + I

Baseline + CG & TG +I




Accounting for CpG substitutions decreases rate variation
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* |Independent sites
* Reversible

« Compositional
variance

G+C%

GA <+ GG rate
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Advantages of dinucleotide
models

Less likelihood computation
Equivalently parameter-rich

No assumed distribution of rate
variation

Can incorporate known mutation
biases, for example deamination of
methylated cytosine.

Smaller alphabet than amino acids
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