Green Plant rbcL

First 88 amino acids (translation is for Zea mays)

& M--S--P--Q--T--E--T--K--A--S--V--G--F--K--A--G--V--K--D--Y--K--L--T--Y--Y--T--P--E--Y--E-~T-£fK--D- T~ -D~*I--L--A--A--F--R--V--T--P--

Chara (green alga; land plant lineage) AAAGATTACAGATTAACTTACTATACTCCTGAGTATAAAACTAAAGATACTGACATTTTAGCTGCATTTCGTGTAACTCCA
Chlorella (green alga) ... C...C.T. . it i e et T..CC..C.A..... (c BN W T...C.T..A..G..C...A.G..... T
Volvox (green alga) Ll TC.T..... A..... C..A..... C GT.GTA..... G ... C..... Ao A.G......
Conocephalum (liverwort) ..., TC. ... T........ G..T...G......u.r.. G..T........ A...... A.AA.G..... T
Bazzania (moss) il T........ C..T..... G..... A...G.G..C..... G..A..T..... G..A......... A.G..... C
Anthoceros (hornwort) ..., T........ CC.T..... C..... T..CG.G..C..G........ T..... G..A..G.C.T.AA.G..... T
Osmunda (fetn) ..., TC....G...C.......... C..T...G.G..C..G........ T..... G..A..... C..AA.G..... C
Lycopodium (club "moss") GG......oiiinn. C.T..C........ T..... G..C..... A..C./T...C.G..A........ AA.G..... T
Ginkgo (gymnosperm; Ginkgo biloba) = .............. G..... U A...CH. .G .. N .M. T..C..G..A..... C..A........ T
Picea (gymnosperm; SPruce) i e e e b A...C.G..C........ G..T..... G..A..... C..A........ T
Iris (flowering plant) LLoLLLoiLo... G..... b T..CG....C........... T..C..G..A..... C..A........ T
Asplenium (fern; spleenwort) L....... TC..C.G..... T..C..C..C..A..C..G..C........ C..T..C..G..A..T..C..GA.G..C

Nicotiana (flowering plant; tobacco) = ..... G....A...G..... ! cC C..G........ T..A..G..A..... C..A........ T

Q--L*2G-~V--P--P--E--E--A--G--A--A--V--A--A--E--§--§--T--G--T--W--T--T--V--W--T--D--G--L--T--S--L--D--R--Y--K--G--R--C--Y--H--I--E--
CAACCTGGCGTTCCACCTGAAGAAGCAGGGGCTGCAGTAGCTGCAGAATCTTCTACTGGTACATGGACTACTGTTTGGACTGACGGATTAACTAGTTTGGACCGATACARAGGAAGATGCTACGATATTGAR

..... A..T........A........G..T..G........A........A.,A........T.....G.....A........T..T...........A.....T........TC.T..T..T..C. .C. .G
..... A..T...............TG¢T..T.....T..T.....T.....A.,A..A,.....T.....A.....A........T..T.....A...C.T.....T........TC.T..T..T..C..C..G
.G..... G..A...G.A........... A..A..... e T..TC.T....ACC.T..T..T..T..... TC....... T.G...... C
..... G..A..A.................A. G...........T........A..C.....G..... +e......C..T..GC.T..A...C.C..T..T........TC.......T..C..C..
T....A..G..G........ ... A..C...........T........ A e e C..T...C.T..C..CC.T..... T........ TC.......... C......
..... C.A..A.Ge....G..... T..A..............G...........A.....G.....C.....A.....G..T...C.T..C...C.T..T..T..T..G..TC. . . . . ...t
JT...A..A..... C..G..... G..A..C...........T........ G e c..T...C.T..C...C.C..T..C........ TC.G..... T..A......
........ A.G........G.....G..A..............C.......C.............C.llllllsLCl T . CLT..CLL.CLT..T..T.....G.......... T .CL.CL .G
..... A..6G..G..G..C..G.....G..A..A...........T........C..C...........C...........Cc..T...Cc.T......C.T..T..T.....G..GC.......T..C..C..G
..... C.A.....TG..........G.....C..G........C.... it .G........T...c.T..Cc...C.T..T..T.........C........C.C..C..G
..... cC.A..A..G..........C..A................G..C.....A...........C.....G.....A.....G..G..C..CC.T.....T.....G..CC.............C..G
........ A... ... i LGl Gl lsiiiiiiss AL ALL..CLLT...C.T..C..CC.T..T..T........GC........CGC..C..G
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Rate homogeneity

site 1 site 2

All edges same for every site
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Among-site rate variation (ASRV)

(this@nodeled by site-specific rates, discrete gamma
G)

or proportion of invariable sites odels) -
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site 1 W site 2

Rate varies across sites but edge lengths
proportional (tree scales up or down across sites)
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Heterotachy

site 1 site 2

Rates vary but not simple scaling
(rate for a particular edge slow for
some sites, fast for others)
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Site-specific rates
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Site-specific rates

JC transition probs under homogeneity/heterogeneity
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Partitioned models

P Y + PV + Yy + PyVY
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partitioned by gene, 4 subsets
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2nd codon
positions

partitioned by codon position, 3 subsets
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e & wi>Mixture Models
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Invariable sites (I) model
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pinvar  constant vs. variable sites Reeves (1 992)
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Discrete Gamma (G) model
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Relative rates in 4-category case
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