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Bayesian analysis of correlated evolution of discrete
characters by reversible-jump Markov chain Monte Carlo
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Ancestral states of the phenotypic traits

Node P(OA=1) P(MS = 1)
A 0.12 £0.1 024012
B 0.4 +0.21 0.57 £ 0.21
C 0.98 + 0.02 0.99 +0.01
D 0.07 £0.07 0.5 +0.15
E 0.65 + 0.07 0.94 +0.04
F 0£0.01 00
G 0.07 +0.08 0.07 +0.08
H 0.14 £ 0.1 0.14 £ 0.1
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Markov process of composite traits describes dependency

Node P(OA=1) P(MS = 1)
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Markov process of composite traits describes dependency
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Markov process of composite traits describes dependency
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Markov process of composite traits describes dependency
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BayesTraits




Phenotype data

OA MS
(estrus advertisement) (multimale system)
Cercocebus_torquatus 1 1
Cercopithecus_aethiops 0 1
Cercopithecus_mona 0 0
Cercopithecus_nictitans 0 0
Colobus_angolensis 0 1
Trachypithecus_johnii 0 0
Trachypithecus_phayrei 0 -
Trachypithecus_pileatus 0 0
Trachypithecus_vetulus 0 0
Macaca_Arctoides 0 1

Primates.txt



Sample of phylogenetic trees
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Sample of phylogenetic trees
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Sample of phylogenetic trees
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Input data of nexus format (with numbered taxon labels)

#NEXUS
begin trees;
translate 0 Macaca_nigra,
1 Macaca_nigriscens,
2 Macaca_hecki,
3 Macaca_maura,
4 Macaca_brunnescens,
5 Macaca_ochreata,
6 Macaca_tonkeana,
7 Macaca_nemestrina,

59 Hylobates_hoolock,

60 Hylobates_gabriellae,

61 Hylobates_leucogenys,

62 Hylobates_concolor,

63 Hylobates_syndactylus;

tree tree.1000000.15401.188591 =
(((((49:0.0782941654,(47:0.0274386027,48:0.0376982328):0.0383856984):0.0324635138,50:0.0844233208):0.0360892987,(51:0.0396 26940
2,52:0.0422367213):0.1507162725):0.0691150846,(((((61:0.0040714801,60:0.0025272896):0.0180012023,62:0.0341072891):0.0575818797,
59:0.0735752624):0.0099109761,63:0.0617128259):0.0442296997,((((53:0.0386429041,(54:0.0468533314,55:0.0299998724):0.0061189392)
:0.0098895008,58:0.0193324145):0.0035627704,57:0.0301218983):0.0161989756,56:0.0193803744):0.0082187543):0.1031336883):0.0844
409697,((((((11:0.0600272747,((14:0.0193420444,9:0.0164685671):0.0337746984,10:0.0530663992):0.0021923159):0.0401290303,(12:0.04
89192544,13:0.0372684364):0.0548789122):0.0061518378,((((7:0.0637067694,6:0.0179837688):0.0086445565,((3:0.0431478983,2:0.02306
66834):0.0009528807,(0:0.0247888526,1:0.0207365939):0.0134529226):0.0010402984):0.0062570267,4:0.0146612977):0.0051527227,5:0.
0179831656):0.0208712325):0.0543642548,((17:0.0813786359,(16:0.0230159969,15:0.0407400863):0.0247921981):0.0139680635,(20:0.02
34613934,(18:0.0097132601,19:0.0354868018):0.0239108755):0.1058350803):0.028440023):0.0447907576,((8:0.1191034123,41:0.0454711
039):0.0392934977,42:0.1099691306):0.0639193148):0.1058415618,(((((((25:0.0167686914,27:0.041362139):0.0034897968,26:0.05108202
49):0.0843071075,29:0.1145462956):0.0170944172,28:0.132258578):0.0154856425,(((30:0.0236261495,31:0.0342330943):0.0300760428,(3
4:0.0536502069,35:0.0474207936):0.01139838):0.0072423755,(32:0.0044772537,33:0.0013275067):0.0060003622):0.0966406977):0.03286
99046,((37:0.0025201324,36:0.0099154414):0.0484147288,(38:0.0277041325,(40:0.0390422756,39:0.0310514685):0.0144799485):0.00631

16373):0.0522287226):0.0213526038,(((21:0.0011864978,22:0.0014708895):0.0401009864,23:0.0514318435):0.1387109369,24:0.07426374
77):0.0362206142):0.0698634825):0.2001988551);

Primates.trees



Command prompt

B O RO T

C:¥lsers¥kishino>




Move by “cd” to the folder that includes the data and exec file




Move by “cd” to the folder that includes the data and exec file

FESEEN = 2 aenTn)

-

19 1@k

Cr¥llzers¥lkishino>cd De

a
fla—4 FILESS

C:¥llsers¥lishino¥lesktop¥BavesTraits_exercizel 7 o

Cr¥llzers¥lishino¥leskt op¥BavesTraits_exercisel>



Run BayesTraitsV2.exe together with the two input files

"o oo S ===

¥k ishino¥lesktop¥BavesTraits_exercizel>BavesTraitsy?. exe Primates.trees




You will be asked to choose the model of evolution to use

B 27> 037 - - BayesTraitsV2.exe Primates.trees Primates. bt — l':"l'@'|&]

exerciselrBavesTraitsy? . exe Frimates.trees

aze select the model of evolution to use.



Select 3 (Discrete: Dependent)

EN O > FOF I - BayesTraitsV2.exe Primates.trees Primates. i — l'z"l'@'|&]

_exercizelrBaveslraitsy?.exe Primates.trees




You will be asked to choose the analysis method (ML/Bayes)

BN OB 707 - BayesTraitsV2.exe Primates.trees Primates.txt — [':"'|"@"|-?3-]




Select 2 (Bayes: MCMC)

BN OB 707 - BayesTraitsV2.exe Primates.trees Primates.txt — [':"'|"@"|-?3-]




Confirm the selected model, priors, and input files etc

. y
B I O I - BayesTraitsV2.exe Primates.trees Primates. txt 'E@ﬁ

ET )L :discrete, dependent
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101000041 7 JLE
=AM 10000E (Fburn-inEH L. REET .
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ERIER
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Run reversible jump MCMC with exp(rate=10) prior

B O F FO7 b - BayesTraitsV2.exe Primates.trees Primates.xt 'lﬂlﬂlﬁ

Model: discrete, dependent

Input file 1: data of phylogenetic trees
Input file 2: data of the traits

Output file

Analysis method: MCMC
save values at every 1000t cycle
Run 1010000 cycles
The first 10000 cycles are regarded as burn-in.

Character symbol

Restriction on the transition rate matrix
No restriction

Prior distribution
unif[0-100] for qij’s

The information on the trees

Write RevJump exp 10 and run




cumulative probability

cumulative probability

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

Exponential distribution

exp (rate =5)

0.0 0.1 0.2 0.3 0.4 0.5

0.0 0.1 0.2 0.3 0.4 0.5

cumulative probability

cumulative probability

exp (rate =15)

Homo_sapiens
Pan_paniscus
- Pan_troglodytes
Gorilla_gorilla

%%ongo,pygmaeus

ongo_pygmaeus_abelii
Hylobates”leucogenys
Hylobates “gabriellae’
Hylobafes_concolor
Hylobates_hodlock
Hylobates_syridactylus
Hylobates _lar

exp (rate =20)

lobates_pileatus
Hylobafes_klossit

Macaca_sylvanus
Macaca_nemestrina
Macaca_tonkeana

Macaca_maura
Macaca_hecki

lacaca_nigra

Macaca nigriscens
Macaca_brunnescens
Macaca ochreata
Cercocebus_torquatus
Mandrillus_sphinx

Mandrillus_|eucophaeus
‘Papio_anubis
apio_cynocephalus

Papio_h

pio_| amadryas
- Cercopithiecus_aethiops
Cercopithecus_mona’
ercopithecus_nictitans
Pygathrix_roxellana =~
Rhinopithecus_bieti
Rhinopithecus_avunculus
asalis_larvatus
Pygathrix_nemaeus
resbyfis_senex
Trachypithecus_vetulus
Semnopithecus_entellus
— Trachypithecus_johnii
Trachypithecus_geei
Trachypithecus_pileatus
%plthecusjrancm&

Trachypithecus_cristafus
Colobus_guereza
Colobus_polykomos

- Colobts_angolensis
Procolobus_badius

0.06



Reversible jump MCMC starts

B OV F FO27 - BayesTraitsV2.exe Primates.trees Primates.txt '@ﬂlﬁ]
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[coffee break]
Bayesian

inference and
MCMC




Conditional probability and Bayes formula




Conditional probability and Bayes formula

P(AnB)=P(A|B)P(B)=P(B|A)P(A)



Conditional probability and Bayes formula

P(AnB)=P(A|B)P(B)=P(B|A)P(A)

P(B|A)P(A)

P(A | B): P(B)




Conditional probability and Bayes formula




Conditional probability and Bayes formula

A1

P(B|A,)P(A,)
P(B)
P(B| A, )P(A,)
P(B)

P(A,|B)

P(A, |B)



Conditional probability and Bayes formula

01

P(y|6,)P(6)
P(y)
P(y16,)P(,)
P(y)

P(gl | y)

P(‘92 | y)



Conditional probability and Bayes formula




Conditional probability and Bayes formula

01

ELE  FRa2f

_IP(yl6,JP(6)
P(gl | y)_ L P(j)

P(y|6,)P(6,)
P(y)

P(‘92 | y) =




Simulating posterior distribution by Markov chain Monte Carlo
(MCMC)




Simulating posterior distribution by Markov chain Monte Carlo
(MCMC)

- |6, with probability r
|60, with probability 1-r



Simulating posterior distribution by Markov chain Monte Carlo
(MCMC)

S |6, with probability r
|60, with probability 1-r

o] ply16.)p(6.) h(g,16.)
- |

p(y[6,)p(6,) h(6.16,)



MCMC by R

MCMC1 <- function(f,init,nsample,nthin,updatewidth){

X <- NULL

X0 <- 1nit; y0 <- £(x0)

for (1 in l:nsample){

for (J in 1l:nthin){

X1 <- x0 + rnorm(1,sd=updatewidth)
yl <- f(x1)
IT(runit(1l)<yl/y0) {x0 <- x1; y0 <- yl}

}

X <- c(x,x0)
+
X
+




MCMC by R

MCMC1 <- function(f,init,nsample,nthin,updatewidth){

X <- NULL

X0 <- 1nit; y0 <- £(x0)

for (1 in l:nsample){

for (J 1in 1:nthin){

x1 <- X0 + rnorm(1,sd=updatewidt)
yl <- f(x1)
IT(runif(l)<yl/y0) {x0 <- x1; y0 <- yl}

}

X <- c(x,x0)
+
X
+




MCMC by R

MCMC1 <- function(f,init,nsample,nthin,updatewidth){
X <- NULL
X0 <- 1nit; y0 <- £(x0)
for (1 in l:nsample){
for (J 1in 1:nthin){
x1 <- X0 + rnorm(1,sd=updatewidt)
yl <- f(x1)

IT(runif(l)<yl/y0) {x0 <- x1; y0 <- yl}

X <- c(%x,x0)
X
init Initial value
nsample Sample size to be simulated
nthin Size of thinning to save the memory

updatewidth Width for the proposal step

nburin Burn-in period to be discarded from the sample




MCMC by R

func <- function(X){exp(-(x+1)"2)+3*exp(-abs(x-2))}



MCMC by R

func <- function(X){exp(-(x+1)"2)+3*exp(-abs(x-2))}

X <- MCMC1(func,0,10000,10,2)



MCMC by R

func <- function(X){exp(-(x+1)"2)+3*exp(-abs(x-2))}

10

X <- MCMC1(func,0,10000,10,2)

plot(x,type="1",col="blue™)

0 2000 4000 G000 BO00 10000

Index



MCMC by R

func <- function(X){exp(-(x+1)"2)+3*exp(-abs(x-2))}

10

X <- MCMC1(func,0,10000,10,2)

plot(x,type="1",col="blue™)

hist(x,probability=T,nclass=100,
x1im=c(-10,10),ylim=c(0,0.4),col="green™)

0 2000 4000 G000 BO0O 10000
Index

04

Densty
]

0.1




MCMC by R

func <- function(X){exp(-(x+1)"2)+3*exp(-abs(x-2))}

10

X <- MCMC1(func,0,10000,10,2)

plot(x,type="1",col="blue™)

hist(x,probability=T,nclass=100,
x1im=c(-10,10),ylim=c(0,0.4),col="green™)

0 2000 4000 G000 BO00 10000

z <- seq(-10,10, length=100) e
ftot <- 0

for (t in z) {ftot <- ftot+func(t)*20/100}
lines(z,func(z)/ftot,col="red")

04

Densty
]

0.1




Check and
interpret the

output by Excel
and R




Open the output file (Primates.txt.log.txt) by excel

&) Primates. txt.log.xt =
i) B G D G 5 T
1 Options:
2 Maodel: Dizcrete: Dependent
4 | Tree File Name: Primates trees
1 Data File Mame Primates txt
i |Log File Name: Primates txt log txt
b Summary: Falze
7 |Seed 1807403730
& Precizion: fi4 itz
4 Cores: 1
10 | Analysis Type: MCMC
11 |Sample Periad: 1000
12 |Tterations 101o0nn
13 Burn in: 1nono
14 | MCMG ML Start: Falze
16 |Use R MCMG: True
16 |Rate Dev AutoTune
17 |Mo of Rates: g
18 |Base frequency (PIs) Maone
19 |Character Symbols: a0,01,10,11
20 Using a covarion model Falze
21 Restrictions:
22 ql? R MGMG
23 ql3 R MCGMG
24 q21 R MGMG
25 q24 R MGMG
26 qit R MGMC
n q34 R MCGMC
23 qd? R MCMC
29 q43 RJ MCMC
30 Prior Information:
kil Frior Categories: o0
32 F.J Prior exp 10,00
a3
34 ql? R
35 ql3 i)
36 q21 L)
37 q24 ¥R
kit qil R3]
k] qi4 R3]
40 qé? MNEA
41 g4l MNEA
42 Tree Information
43 Trees: 00
44 Taxa: i1}
45 Sites: 1
46 States: 4
47 Tteration  Lh Harmonic b Tree Mo Mo Off Part Mo Off Zerc Model string Dep / nDejq12 qld q21 q24 g3l q3d qd2 qtd Root = P{0, Root - P{0, Root - P{1, Roat = P{L1)
48 11000 3473239 -34.73239 17 1 2'0NZ00000Z D 413627 0 413627 413627 413627 418627 413627 0 0455361 0236838 0218337 00B9763
49 12000 -34.15368 -34.48433 440 1 2'0Z00000Z D 2006461 0 2886461 2806461 2886461 2886461 2806461 0 069769 0156703 0128679 0016928
a0 13000 -3550763 -34.95065 389 1 2'0NZ00000Z D 3.908301 0 3505301 3905301 3905301 3905301 3905301 0 0545751 0225235 0179373 004964
51 14000 -3370101 -34.35421 5% 1 2'NZ00000Z D 3114435 0 3014435 3114435 3014435 3114435 3114435 0 0747644 0128003 0013935 0010328
52 15000 -34.30844 -34.67956 208 1 2'MZ00000Z D 3707711 0 3707711 3707711 AF0PTM0 270771 R0V 0 0579118 0210897 0170304 0039981
53 16000 -33.8874 -3453304 230 1 2'0Z00000Z2 D 2630779 0 2630779 2630779 2630779 2630779 2630779 0 0765883 0127661 0.097963 0008792
4 17000 -36.48837 -35.18086 123 1 2'0Z00000Z D 5.268185 0 5268185 5268185 5268185 5260185 5268135 0 0606095 0184972 0176083 003285
i} 18000 -37.257 -35.80771 275 1 S0Z00ZZZZ D 559167 0 559167 669167 0 0 0 0 08027 01977 0 0
li} 19000 -33.78404 -3570631 43 1 FOZ0000ZZ D G03442 0 603442 603442 503442 03442 0 0 0695993 0156259 0.047748 0
57 20000 -35.99881 -35.73973 413 1 4NZ0002Z2 D 5.859747 0 5859747 5859747 5859747 0 0 0 0513275 0142872 0.343853 0
5% 21000 -3555364 -35.72416 319 1 4NZ0002Z2Z D 3548249 0 3548240 3548240 3548249 0 0 0 0759589 0016717 0123654 0
59 22000 -358023¢4 -35.74028 163 1 4NZ0002Z2Z D 5.229439 0 5223439 5229430 5223439 0 0 0 0613392 0158809  0.231008 0
—200110R _9F RRIER 10on a1 ATMFANIANT M ANAinia n 17 RR1ETD A04inin 19 ER1RTD 19 REAETD Anainia n NAIERRER 0anAe3 naA443n7? NANARRA

R aannn
W 4 v M| Priratest«t.log /%2




MCMC sample

pd

Open the output file (Primates.txt.log.txt) by excel

&) Primates. txt.log.xt

Sites:
States:

1

il E o} 2]
1} Options:
2 Madel: Dizcrete: Dependent
i Tree File Name: Primates trees
4} Data File Mame Primates txt
Sl |Log File Name: Primates txt log txt
G Summary: Falze
7} Seed 1807405730
i Precizion: fi4 itz
9 Cores: 1
10 | Analysis Type: MCMC
1] |Sample Periad: 1000
19 |Tterations: 101o0nn
14 Burr in: 1nono
13 | MCMG ML Start: Falze
14 |Use R MCMG: True
1l |Rate Dev AutoTune
1Y |Mo of Rates: g
18 |Base frequency (PIs) Maone
19 |Character Symbols: a0,01,10,11
2 Using a covarion model Falze
21 Restrictions:
2 ql2 R MGMG
2 ql3 R MGMG
2 q21 R MGMG
2 q24 R MGMG
2 g R MGMC
2 g R.J MGMC
2 qi2 R.J MGMGC
2 q43 RJ MCMC
S0 Prior Information:
3 Frior Categories: o0
3 F.J Prior exp 10,00
ki
] ql2 MR
3 ql3 )
3 g1 ()
3 724 [T
ki gil MEA
3 qi4 MEA
4 qd2 MEA
4 a3 MEA
44 Tree Information
4 Trees: 00
4 Taxa: i1}
I
4
4

eration  Lh

45 1000 -54.75239
44 12000 3415368
1] 12000 2650763

b1 4000 -3
52 16000 -34.20844
63 16000 -33.8874
o4 17000 5648837
ili] 18000 -37.267

li] 19000 5375404
57 20000 -35.89881
it 21000 -35.65364
L] 22000 -35.00234

Rl AGANA _00 0110/
4 4 M

Input/output files, prior distributions etc

4
Tarmorie W 1Tee Mo 0o o Fart Mo Off Zerc Model string
1

-54.75239 17
-34.48403 440
- 34 95065 284
-34.75401 L]
- 34 57956 ang
-34.58304 230
-30.18086 123
-35.80771 276
-35.70631 43
-35.73473 413
-35.72416 EAL]
-35.74028 163
—9F REIER 10on

Prifratestxt log ~¥1

1
1
1
1
1
1
1
1
1
1
1
a1

202000002
202000002

NZo0000z
noonnz
noonnz
poononz
noonnz
012222
noonzz
nnnzzz
nnnzzz
nnnzZzz

1niin7

I B o 0 0t Y ot I o I

2
2
'
2’0
2
50
i
4
4
4
a'n

Dep / hDejql2

cooo0ooooOoOooooon

415627
2886461
2906301
2114435
270771
2A30779
0265185

589167

G05442
569747
2048240
5228430

A0in1n

q21

413627
2886461
34905301
3114435
330771
2630774
5268185

559167

G.05442
5.858747
3542240
5228434

1N RE1EID

qa

415627
2886461
20906301
3114435
270771
2R30779
G268185

859167

005442
SARIT4Y
2548240
h22a430

Aainin

q3l

413627
2886461
2405301
3114435
L7077
2630779
5208185

0

505442
5458747
1648049
5228439

19 ER1E7D

qad

415627
2886461
2905301
2114435
270771
26307749
0268185

]
G05442
1]
1]
1]

1N EE1E70

qd2

413627
2086461
2005301
3114435
2709711
2R30779
G268185

0

0
0
0
0
a1

Aaint

Poooooocoo oo oo

0455361

069769
0646751
0747644
n&79118
0.765583
0606095

080273
0695993
0513275
0.769589
0613392

N29ERRE

0236538
0156703
02252356
0128003
0210697
0127661
0154972

014727
0156259
0142872
0116717
0.155504

nandoIa

0.218337
0128674
0179372
0.112935
0170304
0.097963
0176083

]
0.147748
0.343453
0.122694
0.231008

44707

Raat - P(0, Root - P{0, Root - P(1, Raat - P(11)

0089763
00164928
004064
nningae
0029921
n.nogvaz
0.05285
0

0
0
0
0
A

N104RE

» 1]




Keep only the data of MCMC sample (for R)

IZ_I] Primates.txt.log. bt

i} B G i} E IF G H 1 J K i

1 Meration Lh Harmonic b Tree Mo Mo Off Parr Mo Off Zerc Madel string Dep / InDejgl2 qli q21 q24
2 11000 -3473239 -34.73239 17 1 22000002 D 4.13627 0 413627 413627
il 12000 -34.16368 -34.48433 440 1 2'MZ00000Z D 2896461 0 2836461 2896461
|4 13000 -3550763 -34.95065 380 1 2'MZO0000Z D 3908301 0 3905301  3.905301
1B 14000 -33.70101 -3475421 58 1 2'0Z000002 O 3.114435 0 3114435 31714435
f 15000 -34.30844 -34.67956 208 1 2'0Z00000Z D 3707711 LI 1 Frh N R P PR
7 16000 -338874 -3458394 230 1 202000002 D 2630779 0 2630779 2630779
g 17000 -36.48837 -35.18086 123 1 202000002 D 5268185 0 5268185 6268165
e 18000 -37257 -35.80771 278 1 5'0Z00ZZZZ D 559167 0 559167 559167
| 10 19000 -33.78404 -3570631 43 1 30Z00002ZZ D 503442 0 503442 B03442
L] 20000 -3599881 -36.73973 413 1 4NZ0002ZZZ D 5850747 0 5859747 5850747
|12 21000 -3558354 -38.72416 319 1 4NMZ000ZZZ D 3548249 0 3548249 3548249
|13 22000 -3590234 -3574028 163 1 1DZ000Z27 D 5228439 0 5228439 5228439
| 14 23000 -3331186 -365.66756 189 2 20Z10110Z D 4241912 0 12651573 4241912
|15 24000 -3499697 -36.63204 2 1 FWZO0000ZZ D 321398 0 321398 321398
16 25000 -37.9422 -36.10521 322 1 40Z0002ZZZ D 5.13312 0 513312 513312
|17 26000 -358074 -36.07668 382 1 4'0Z00Z0ZZ D 6.130502 0 6130502 6130502
| 18 27000 -37.00806  -36.163 144 1 302000022 D 2344301 0 2344301 2344301
| 19 25000 -36.39084 -36.17708 431 1 4NZ00Z0ZZ D 5716214 0 B716214  BF16214
|20 29000 -3558706 -36.15246 183 1 FMZO000ZZ D 6152185 0 6182185 6132185
121 30000 -39.02282 -36.76796 486 1 3'WZ0Z0007 O 5.139276 0 5139276 1]
122 31000 -36.49058 -36.74673 308 2 3MZ11Z10Z D 3472622 0 3972622 3872622
|23 32000 -3471513 -36.70643 257 1 202000002 D 3840032 0 3840032 3840082
24 33000 -34.4061 -36.66652 226 1 202000002 D 3011892 0 3011892 3011892
| 25 34000 -3763029  -367319 226 1 322000002 D 0 0 7064051 7064051
| 26 36000 -3543671 -36.70243 108 1 22000002 D 2661692 0 2661692 2661602
| 27 36000 -3558605 -36.67622 37 1 2'MZ00000Z D GAG4943 0 GA64543 6664943
|28 37000 -36.93388 -36.68253 343 1 2'MZO0000Z D 5086783 0 65036783 6036763
129 38000 -36.01896 -36.66506 187 1 2'0Z00000Z2 O 1784534 0 1784534 1784534
a0 39000 -37.35921 -3A.63902 198 1 1DZ00Z02Z D 5531088 0 5531088 6531088
1l 40000 -3747713 -36.73752 76 1 40Z000ZZZ D 5754113 0 5754113 6754113
a2 41000 -3592386 -36.71939 166 1 FNZ0000ZZ D 6313213 0 6313213 6313213
a3 42000 -3468024  -366917 587 1 202000002 D 3593436 0 3593436 3593436
34 43000 -35.41928 -36.66965 111 1 22000002 D 3793198 0 3783193 3793108
35 44000 -38.4884 -36.81105 446 1 4NZ0002ZZ D 4054284 0 4054294 4054204
36 45000 -3677277 -36.80098 307 1 4NMZ00Z0ZZ D 4699772 0 4639772 4689772
37 46000 -34 46016 -36.7346 any 1 2'0Z00000Z2 O 416759 0 416759 416769
kil 47000 -38.22571 -36.86809 322 1 40Z000ZZZ D 3568456 0 3568456 3568456
39 48000 -38.21997 -36.94077 07 1 FNZ0000ZZ D 7150521 0 7180521 7150621
40 49000 -3661836 -36.93368 286 1 202000002 D 5320292 0 5320292 5320292
41 50000 -3479274 -36.91137 479 1 202000002 D 150442 0 350442 350442
42 51000 -35085 -36.89069 232 1 4NZ0002ZZ D 4336146 0 4336146 4336146
43 52000 -3791837 -36.93253 267 1 4NZ0002ZZ D 9032466 0 9032466 0032466
44 53000 -3581286 -36.91674 380 1 2NZO00000Z D 40878838 0 4037888 408786038
45 54000 -3796993 -36.95329 198 2 3NZI10ZZ10 D 2169529 0 2169529 2127246
46 5000 -34.18833 -36.93724 198 1 202000002 D 3984127 0 3934127 3984127
47 G6000 -36.42277 -36.92846 a2 1 202000002 D 4762162 0 4762162 4762162
48 57000 -35.10888 -36.91047 120 1 202000002 D 4135661 0 4138661 4135661
49 58000 -3446116 -36.89125 451 1 202000002 D 4399025 0 4389025 4389025
50 59000 -3598205 -36.87875 218 1 4NZ0002ZZ D 3870718 0 3870718 3870718
51 GO000 -33.74976 -36.85044 IR 1 22000002 D 284584 0 2834584 254584
52 G000 -35.42123 -36.84437 451 1 4NZ000ZZZ D 3975406 0 3975406 3975406
53 62000 -35.30645 -36.82916 2 1 BNZO0ZZZ7Z D 4875197 0 4875197 4875197
4 63000 -36.21767 -36.82049 180 1 4'0Z00Z0ZZ D 5261476 0 G261476 6261476
i} 64000 -36.00645 -36.81012 a3 1 S0Z00ZZZZ D 2772881 0 2772881 2772881
i} GE000 -36.44437 -36.80453 481 1 4NZ0002ZZZ D 2534726 0 2534726 2534726
57 GEOOD -303 -36.086451 426 1 4NZ0002ZZ D 664964 0 GOG64964  G.O64964
58 67000 -36.18365 -36.85681 147 1 B0Z00ZZZZ D 4571715 0 4571715 4571715
54 63000 -36.22506 -36.84771 147 1 50Z00ZZZZ D 3634196 0 3634196 3634106
=9340 _9ROIN0D 141 1 AMZFAONZ?NZF7 M FENnoATE n FNnoATE FNNoAIE

RN Ennnn
M 4 v M| Priratestxtlog %3

]

qil

413627
2886461
3905301
3114435
330771
2630774
5268185

1]

B.03442
5460747
3548244
5228434

12661573
321598
G.13512

1]
2344301

1]
6182185
5139276

1]
3840032
3011892
7064051
2661692
G.AG4942
5086782
17845634

]
5764113
6315213
3593436
783108
4.054294

1]

416759
3065456
7180521
5320292

150442
4336146
0.032456
4.087488

]
3984127
47621652
4135661
4.388025
470718

284534
3975406

]

]

]
2534726
B.4964954

1]

1]

n

4

i}

qa4

413627
2BRG461
2005301
3114435
3707711
26507749
G268185

0
G.O3442
0

0

0
12651673
321598
0
fi.130502
234430
B716214
6182185
5139276
3472622
3a40032
ERINRE:
7064051
2h61692
G404
BOBG7EE
1784634
hA31088
0
315213
3503436
areaioe
0
4689772
416759
0
780521
ha20292

250442

0
0
40878880
0
3484127
4762162
4155661
4389025

284584
0

0
0261476
0

0
0
0
0
E

ENnoa?

[}

qd?

413627
2886461
2.4905301
2114435
L0770
2630774
5268185

I

4124191

Coocoomo oo o

0
5.139276
0328553
S.a40032
d.011892
7064051
2A61692
GA64943
5086783
1784534

0

0

0
1593436
4782108

0

0

416759

0

0
5320292

358442

0

0
1087888
2169629
984127
4 TE2162
4135661
4.388025

0

284584

0

FPoooooo o

3
qé3

212724

8] R S T
Foot - PO, Root - P{0, Root - P(1, Roat - P11}
OABB3G1 0236638 0218337 0089763
069769 0.1BG703 0128679 0016928
0B4E761 0225235 0179373 004964
0747644 0128093 0113935 0010328
0579118 0210697 0170304 0.039981
0768583 0127661 0097963 0.008792
OGOG09S 0184872 0176083 003285
040273 0.19727 ] I}
0698993 0166260 0147748 I}
0513275 0142872 0343853 I}
0759589 0116717 0123694 I}
0613392 0.1566589 0231008 1]
D338666 0294873 0244797 0124664
0792701 0124846 0052453 I}
0524329 01710256 0204646 I}
0822448 0177852 ] I}
0799364 0124788 0075858 I}
0771422 0228578 ] I}
OEGEGYT 0173313 0159995 I}

1] 0 0804402  0.195538
0787114 0212447 0000022 0000417
0598844 0192842 0172089 0036225
0740612 013498 0114085 0010473

0 0300629 0279982 0419309
0747328 0138746 010334 0010586
0363826 0263489 0238123 0144561

050915 0218003 0213147 0.088801
0500913 0.124009  0DABBA4 0006214
0767335 0.232665 0 1]
049143 0150288 0358282 0
OGGE44G6 01745621 0160033 I}
0520005 018671 0161902 0031383
0GO7B1 0187019 0172493 0032978
0E30012 0163422 0216866 I}
081672 0.1832% ] I}
0577596 0196785 0184794 0040826
0717164 0171924 0010912 0
032563 0185938 0151499 0
0509146 0216393 0210619 0063841
OEG4121 0173847 0139913 0022119
OEGOO%D 0134312 0204706 I}
0401439 01254056 0473156 I}
0512945 0235443 0188735 0062877
0889453 010814 0 0002407
Oh44946 0074232 0159636 0021187
049422 0226047 0210683 0069051
OGGO704 0171929 0143921 0023446
057882 0207333 0170814 0043032
0572618 01632 0174183 I}
074952 0129097 0110065 0010418
0701816 0140408 0187776 I}
0790667 0.209433 0 1]
040312 019688 ] 0
0864472 0135528 ] 0
0853681 0075984 0070335 I}
0473716 014118 0385104 I}
0799624 0200376 ] I}
0822629 0177311 ] I}
NIEN11E na900os n n
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Remove separation symbols from the variable labels (for R

] Primates.txt. log. bt o B o=

| # B C L E E o g i J K i M N P = = =

| 1 |IMteration Lh JHarmon\c bTree Mo Mo Off F‘an Mo Off Zerc Mode| string Dep f"InDe\Il2 qli g2l q24 qal q34 43 Roaot — P(0, Root ~ P(0, Root — P{1, Root - PL1L1) I ot

TRy : ETEY: 0 403807 413627 413627 413607 ; . :

2 NI T R DY k) Al aly Q0 000 In] S OLELE] Al S OLEAE] UETTT] e, At 0156703 01286749 00169248

51 0205235 0170373 004054

Harmonic_Mean Tree_No No Off Parmeters No_Off Zero Model strlng Dep_vs InDep il nas) e L

L0 5 2T T s 0 1T 313 T LU 1= ULl T ML uELrE: T uS'UH:: Mmoo 0127661 0097963 0008792

] 17000 -36.43337 3513086 123 1 20Z00000Z D 5263185 0 5263135 5269185 sk cocoic o ISP T ,

g 19000 -37257 3580771 275 1 50Z00ZZZZ D 559167 0 BE9167 559167

[0 19000 -3378404 -36.70631 1 1 3Z0000Z2 D 503442 o sz sos] Root POO Root P01 Root P10 Root P11

[ 30000 -25.49881 -36.73072 412 1 40Z00022Z D 5850747 0 BEEIM7 5850747 — — — —

12 21000 -355635¢ -3572416 21 1 40Z000ZZZ D 3543240 0 3543240 3549040 TEITOTT T T 13 LA A 0 T

|12 20000 -35.9003¢ -3574028 163 1 407000227 D 5228430 0 5208430 5278431 5278430 1 0 0 0613302 (0156588 0231008 1

[ 16 23000 -3331136 -3566756 189 2 29Z10110Z D 4241312 0 12651573 4261912 12851573 12651573 4241912 0 036666 0294873 0204797 0124664

15 24000 -3499637 -3563204 29 1 3MZ0000ZZ D 121398 0 321388 321398 321398 321398 0 00792701 0124846 0052453 1

16 25000 -37.9422 -36.10521 322 1 40Z000ZZZ D 513312 0 513312 513312 513312 1 0 0 0624329 0171025 0204646 1

|17 26000 -35507¢ -36.07668 352 1 40Z00Z0ZZ D 8130502 0 B130502  5.130502 0 6130502 0 0 0822448 0177552 0 1

[ 18 27000 -37.00508 %6162 144 1 3MZ00002ZZ D 2344301 0 2344301 2344301 2344301 2344301 0 0 0790354 0124788 0076358 1

[ 10 29000 3630034 -36.17708 431 1 $0Z00Z0ZZ D 5716214 0 BTG 5716214 0 57621 0 0 0771422 0229578 0 0

|20 20000 -3556706 -36.15046 122 1 30Z0000ZZ D 512185 0 B182125 5182125 6182135  6.182125 0 0 0FGERAI 0173313 0150005 1

[21 30000 -39.02282 -3675796 456 1 307020002 D 5130276 0 5130276 0 5139276 5130276 5139275 0 1 0 0804402 0195508

|22 31000 -36.49058 -36.74673 306 2 3'1Z11Z10Z D 3972622 0 397022 3872622 0 3972622 0329558 0078714 0212647 0000022 0000417

[ 23 32000 -3471513 -36.70643 257 1 20Z00000Z D 3840032 0 3840032 3840032 2840032 3840032 3840032 0 0593344 0192842 0172033 0036225

24| 33000 -344081 -3666652 226 1 20Z00000Z D 3011332 0 8011382 3011892 3011892 3011892 3011892 0 040512 013498 0114035 0010473

|25 34000 -37.62028 -36731 226 1 3'ZZ00000Z D 1 0 7064051 7OG4051 7064051 7OB4051 7064051 0 0 0300623 0279982 0419389

|25 35000 -36.43671 -36.70243 10 1 20Z00000Z D 2661602 0 2661602 2861602 2EG1602  DERIAOD  26R1602 0 0747328 0138746 010334 0010586

[ 27 36000 3552605 -3667622 270 1 3MZ00000Z D BA61043 0 BAGIN4Z  GAGA003  BEGA043 BG4I GEBAD43 0 0263226 0259420 0238123 0144561

|28 37000 3692388 -36.69053 243 1 20Z00000Z D 5086783 0 5096733 5086783 6086793 6086793 5086789 0 050015 0218003 0213147 0058801

|21 33000 3601805 -36.66505 187 1 207000002 D 1784534 0 1784534 1784534 1784534 1784533 1784534 0 080031 0124008 0068864 0.00B214

30| 30000 -3735021 -3669902 19 1 $0Z00Z0ZZ D 5531088 0 5531088 5531088 0 5531088 0 0 0767335 0232665 0 1

31 40000 -3747713 -36.73752 76 1 40Z000ZZZ D 5754113 0 BTSE GI54113 5754113 1 0 0 049143 0150288 0359282 1

32| 41000 -3592336 -36.7193 166 1 3MZ0000ZZ D 5513218 0 BS13213  G819213 0813213 6818213 0 0 065446 0174521 0160033 1

33| 42000 3455024 366917 257 1 20Z00000Z D 3593436 0 3593436 3599436 2593436 3503436 2583436 0 0620005 018671 0161902 0031383

3| 43000 3641028 3666065 m 1 20Z00000Z D 2743108 0 2793108 3789108 2783103 2783192 2783109 0 060761 0187018 0172403 0032072

35| M000 -32433¢ 3681105 446 1 $0Z000222 D 4054204 0 4054204 04204 4054204 1 0 0 0630012 0152432 0216566 1

36| 45000 3677277 3680008 307 1 40Z00Z0ZZ D 4690772 0 4680772 4580772 0 460772 0 0 081672 019308 0 1

37| 46000 3445016 -367845 307 1 207000007 D 416759 0 416758 416750 416750 416750  4.16750 0 0577508 0196785 0184704 0040825

38| 47000 -3822571 -3636908 322 1 40Z000ZZZ D 3563456 0 3563466 3568456 3569456 1 0 0 0717164 0171924 0110812 1

33| 43000 3821937 -3694077 307 1 3MZ0000ZZ D 7150521 0 7150521 7150521 7150521 7.150521 0 0 0632563 0195938 0151488 1

40| 49000 3651336 -3693308 286 1 20Z00000Z D 552022 0 5520282 5320202 6820292 5320292 5320292 0 0509146 0216393 0210013 0063541

41 50000 —3479274 -36.81137 479 1 20Z00000Z D 159442 0 35842 350442 B5GM2 358442 358442 0 0G64120 0173847 0139913 0022119

42| BI000  -35085 3680060 23 1 $0Z000Z2Z D 4336146 0 4336146 4336145 4336146 1 0 0 0FE00ED 0134312 0204706 1

43| 53000 -3701337 3602253 267 1 40Z0002Z2Z D 2032456 0 00366 0033468 0032466 1 0 0 0401430 0125405 0473156 1

44| 53000 -3621236 3601674 280 1 20Z00000Z D 4047288 0 4037338 4087988 4087993 4087999 4087889 0 0512045 0295443 0184735 0062877

45| 54000 -3796303 3695320 19 2 317102210 D 216952 0 2169520 2127245 0 0 2069520 2127246 0289453 010814 0 0002407

45| 55000 -34.13833 -3693724 198 1 20Z00000Z D 3984127 0 3934127 3834127 3884127 3884127 3984127 0 0644346 0174232 0159636 0021187

47| 56000 3642277 3692846 82 1 20Z00000Z D 4762162 0 4762162 4762162 4762102 4762162 4762162 0 049422 0226047 0210633 0.069051

45| 57000 -35.10888 -3691047 120 1 20Z00000Z D 4135661 0 4135061 6135661 4035661 4135661  4.135661 0 0GE0704 0171928 0143921 0023445

43| 58000 3446116 3689125 451 1 20Z00000Z D 4389025 0 4399025 4389025 4389025 4389025 4389025 0 057382 0207333 0170914 0043032

50| 60000 3605205 3687275 218 1 $0Z000Z2Z D 2870718 0 2E70718  B8T0718 2870718 1 0 0 0672618 01532 0174183 1

51 BO000 -23.74076 -36.85044 201 1 20Z00000Z D 284524 0 284531 284584 284594 DB4GG1 284584 0 074052 0120007 Q110085 0010412

52| 61000 3642123 3684437 451 1 40Z000Z2ZZ D 2075406 0 2075406 2075408 2.075406 1 0 0 0701316 0140408 0157776 1

53| 62000 3530645 3632016 2 1 50Z00ZZZZ D 4575107 0 4875197 4875197 0 1 0 0 0790567 0209833 0 1

54| 63000 3621757 -3682048 180 1 40Z00Z0ZZ D 5261476 0 BIGI476 5261476 0 5261476 0 0 080312 019688 0 1

55| 64000 3600645 3681012 83 1 5MZ00ZZZZ D 2772881 0 2772881 2772881 0 1 0 0 0864472 0135528 0 1

55| GE000 3644437 3680453 481 1 $NZ000ZZZ D 2534726 0 2534726 2534726 2534726 1 0 0 0853681 0075984 0070335 1

57| GROD0 -383 3686451 426 1 $0Z000Z2Z D BIG4354 0 BSG4SE4  GOG49RE  B9GEM 1 0 0 0473716 004118 0385104 1

B3| 7000 3618365 -36.6581 147 1 §MZ00ZZZZ D 4571715 0 4571716 4571715 0 1 0 0 0799624 0200276 0 1

59| 68000 -36I605 -368477] 17 1 §MZ002ZZZ D 2634106 0 363106 3534106 0 1 0 0 0822620 0177371 0 1 3

BN =07 A0 _OROIN0D 140 1 A'M7ZNN7NT7? N ENNOATE n ENnNoATE R NnoAIE n ENN0ATE n n NIEN11E nAanoos n n

44 N F‘rlmatestxt log %3 4 b




Remove separation symbols from the data (for R)

b

1 Iteration

2 11000
3 12000
4 13000
i 14000
i 16000
7 16000
é 17000
9 18000
10 19000
1 20000
12 21000
13 22000
14 23000
16 24000
16 25000
17 26000
18 27000
14 25000
20 28000
21 an0no
22 21000
23 22000
i 23000
25 34000
2 35000
27 36000
28 7000
29 aa000
an 29000
£l 40000
32 41000
33 42000
34 43000
bl 44000
Elil 45000
a7 46000
] 47000
39 42000
40 49000
41 50000
42 s1000
43 G2000
44 a3000
45 54000
46 BRO0D
47 BEOOD
48 57000
49 58000
ll] aa000
51 Go0nd
52 61000
53 62000
b4 G3000
58 64000
56 GR000
57 GEO00
] 67000
59 63000
N ERARA
L L

=]

Lh
-3475238
-34.15368
-3560763
-3rnm
-3430944

-33.8874
-36.48937
-37.257
-3575404
-35.99881
-3565354
-35890234
-3331186
-34 09697
-37.0422
-356074
-3700596
-36.39034
-3565706
-3an2as2
- 36 49068
-3471513
-4 4061
-3763029
-3543671
- 3564605
-3685388
-36 01996
-37.35921
-3747712
-3500336
-4 BA024
-3n41928
—35.4884
-3677277
-4 45016
-3820571
-3821997
- 3661936
-3479274
-35.085
-3791857
-3081236
-3796993
-34.18932
-3642277
-35.10988
-34 46116
-35.95208
-3574976
-3n42128
-35.30645
- 3621767
- 3600645
-36. 44437
-383

- 3614365
-36.22506

—a7 7140

\zl] Primates_expl0_RIMCMC.txt

G

8]

Har manic_k Tree_Mo

—-54.73259
—54.48453
—54 95065
3470421
— 34 f7966
-4 5304
—-35.18086
—-35.80771
—85.T0631
—86.734973
—85.72416
—35.740248
ALLTE
—-35.63204
—36.10621
—36.07668
- 36,163
—86.17708
—§6.15246
—36.75796
- 3674673
- 3670643
— 36 fifif52
-36.7319
—86.70243
-8 fi7H22
-8 65253
— 36 G605
— 36 694902
—-36.73752
—-36.71939
-36.6917
— 36 fi965
—8681108
—86.80998
-36.7845
—36 86209
—-36.94077
- 3603368
-36.91137
—36.89069
—86.93253
—B6.91674
—36.95829
—-36.03724
—36.02846
—-36.91047
—36.89125
—86.87875
—B685944
—B6.54457
—36.82916
—36.82049
—-36.81012
- 3680453
—36 8A451
—§6 85581
—3684771

—aro7ngo

17
440
384
58
208
230
123
276
43
413
314
163
189
20
322
352
144
451
183
456
ana
257
226
226
104
374
RLE]
187
194
i
166
257
m
LLl
a7
a7
122
a7
286
174
232
267
380
198
198
92
120
151
218
201
451
2
180
k]
8
126
147
147

140
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Mo_Off_Part Mo_Off_Zerc Model_string

1

0 N O Y Y Y Y g (G G ) R U RN RN USRI N N (R ) R ) R ) ) U U R U U R ) O R Y Y PSR ) ) R ) PR R ) )y R ) ) Y Y

2'0Zo0000z
2'0Zo0n000z
nzonnonz
nZzoonoone
nZzoonoone
nZoonoonz
noonnz

1]
]
1]
1]
1]
1]
1]
0
1]
]
1]
1]
1]
1]

1

z

MZNONZZZ
000222
poonnz
102z110
poonnz
noonnz
noonnz
goonng
000222
noonng
nnozzz
102222
102022
102222
000222
10o0zzz
Z00ZZZZ
ZI0ZZZZ

Zanzazz

1

2
2
2
2
2
5
3
4
4
4
2
3
4
4
3
4
3
3
3
2
2
3
2
2
2
2
4
4
3"
2
2
4
4
2
4
3
2
2
4
4
2
3
2
2
2
2
4
2
4
5
4
5
4
4
§
§
1

1]
1]
1]
1]
1]
1]
1]
1]
1]
1]
1]
1]
1]
1]
1]
1]
1]
]
1]
1]
1]
1]
1]
1]
]
1]
1]
1]
1]
1]
1]
1]
]
1]
1]
n

H

I

Dep_ws InDigl2

o e e R B e B e e e o e e e e e e e e e B e e e e e e e e e e e e e e e e e e o o o e e e B e B e B e B e B e e e B e B e B e B e B e e e

413627
2886461
3405301
3114435
370771
2630774
5262185

560167

G.05442
5.858747
3545248
5.228434
4241012

321308

513312
6.130602
2344391
5716214
6182185
5138276
3472622
3.840032
3011492

]
2661692
6664943
5086783
1784534
5.531088
bin4112
5313212
3502436
3785198
4.054294
4688772

416759
3 BGR4BE
7.150621
5.320292

368442
4336146
9.032466
4087488
2168524
3084127
4762152
4 135661
4.389025
3470718

284534
34975406
44875197
5261476
2772881
2534726
6964964
4571716
3634196

FAN247E

q13

3
q21

413627
2886461
3905301
3.114435
ERUERAR|
2630779
5.268185

559167

5.03442
5859747
3548249
5.228439
12661573

3.21398

5.13312
fi.130602
234430
5716214
6.182185
5.139276
3072622
3840032
3011892
7064051
261692
654943
5086783
1794534
5531088
5754113
6.313213
3593436
3783198
4054294
4689772

416759
1563456
7150621
5.320292

358442
4336146
9.032466
4087888
2.169529
3084127
4762162
4135661
4389025
3870718

284584
3975406
41875197
5261476
277288
2534726
i 964964
4571715
3634196

FANo4IE

L

24

415627
2886461
3405301
3114435
N
2630774
BAGR1EE

5A3167

G05442
086747
3045248
5228438
4241912

321308

513312
6.130602
23445
n716214
6182185

1]
23072622
2840032
2011492
7064051
2061692
fi.fifid 943
G.086783
1784534
531088
B7R4112
6313212
2503436
3785198
4054294
4658772

416759
2AGR4BE
7150621
5.320292

358442
4336146
4.032466
4057488
2127246
3084127
4762162
4 135661
4.389025
34870718

254584
34975406
4875197
BAG1476
277
2534726
6964964
4571716
334196

EANo4TE

L}

g3l

413627
2880461
3405301
3114435
27097
2630779
BAG18E

0

003442
nAEIT4Y
3048249
5228439

12661672
3.2130%
513312

0
2344391

0
6182185
5139276

0
2440032
011892
7064051
2h6i1692
fififid943
G086783
1784534

0
B7E4113
6313213
3503436
3783198
4054294

0

416754
3h6456
7160521
5320292

168442
4386146
4052466
4087858

0
2084127
4762162
4135661
4389025
38707148

284584
3475406

0

0

0
2h34726
664964

0

0

n

1

M

qdd

413627
2886461
3405301
3114435
470771
2630774
5AGE18E

]
005442
]

1]

1]
12661672
321398
1]
6.130602
2344391
S716214
6182185
5139276
1472622
1840032
011892
70640581
26616492
hfifid 343
h086783
1784534
5531088
1]
313213
2503436
3785198
]
4688772
416759
1]
7180621
5220292
368442
]

]
4087688
1]
1084127
4762162
4 135661
4389025
]
284554
1]

1]
HAG1476
1]

1]
]
]
]
E

Enned?

o}

qd2

415627
2886461
3405301
3114435
N
26307749
BAGR18E

]

424101

cooocomo o oo

1]
5139276
0.328568
2840032
2011992
7064051
261692
fi.fifid 943
G.086783
1784534

1]

1]

1]
2502436
3785198

]

1]

416759

1]

1]
5.320292

358442

]

]
4057858
21695248
2084127
4762162
4 135661
4.389025

]

254554

1]

P ocoocooo

qd3

212724

e I I I I I I I I I I T T T N e 1]

Q
Roat_PO0

0455361
059769
0545751
0.747644
0579118
0.765583
0606095
080273
0695993
0513275
0.759589
0513392
0335666
0792701
0524329
0522448
0.799354
0771422
0666691
0
0787114
0598544
0.740512
0
0747328
0363526
050915
0800913
0.767335
049143
0565446
0620005
00751
0530012
081672
0577596
0717164
0632563
0509146
4121
0560982
0401439
0512945
0869453
0544946
049422
0660704
057882
0572618
0.74952
0701316
0.790567
080312
0864472
0853681
0473716
0.799624
0822629

NIR011E

R

Roct_P01
0236538
0.156703
0225235
0.128093
0210597
0127661
0.184972
019727
0.156259
0.142872
0116717
0.155539
0204573
0.124845
0.171025
0177562
0124788
0228578
0173313
0
0212447
0.192842
0.13498
0300629
0.138746
0263489
0218903
0.124009
0232665
0.160288
0174521
0.18671
0.187019
0.153422
0.18328
0.196785
0171924
0.185938
0216393
0173847
0134312
0.125405
0235443
0.10814
0174282
0226047
0171929
0207333
0.1532
0.129997
0.140408
0209433
0.19688
0.135528
0075984
014118
0200376
0177371

nannood

S
Root_P10

0218337
0.128679
0.179373
0.113935
0.170304
0097963
0.176083
i
0.147748
0343853
0.123684
0231008
0244707
0092459
0204646
i
0075558
0
0.153945
0.804402
0000022
0.172089
0.114035
1279982
0.10334
0238123
0213147
0068864
0
0358282
0.160033
0.161902
0.172483
0216566
0
0.194704
0.110912
0.181499
0210619
1.139913
0204706
0473156
0.198735
0
0.159636
0210683
0.143921
0170814
0.174183
0.110065
0.157776
0

0

0
0070335
1385104
0

0

n

=
Root P11
0.089763
0016928
004964
0010328
0.030981
0.008792
003285
0

012466

co oo Roooo

1]
0195598
0.000417
0.036228
0.010472
0419389
0.010556
0144561
0.058801
0006214

1]

1]

1]
0.031382
0.03249748

]

1]
0.040826
1]
1]
0062841
0.0221149
]
]
0062477
n.n02407
0.021187
0068051
0023446
0.043032
]
0010418
1]

P ocoocooo




Remove separation symbols from the data (for R)

Izﬂ Primates_expl0_RIMCMC.txt

A B (0 D

1 Tteration Lh Har manic_k Tree_No

2 1000 3473239 5473239 17
3 12000 -34.15368 -54.48433 440
4 18000 -3550763 -54.95065 a8
1] 14000 3370101 -34.75421 ]
fi 16000 -34.30844 2467056 ang
7 16000 -2338874 -2458304 230
] 17000 -36.48837 -35.18086 123
9 18000 -37267 -36.80771 276
1 19000 -33.78404 -85.70631 43
1 20000 -3590881 -35.73873 413
12 21000 -3555354 -55.72416 314
12 22000 -3590234 3574028 163
4 23000 -32331186 -36.66756 k]
16 24000 -3400687 -35.63204 21
16 5000 -37.0422 -36.10621 322
17 26000 -366074 -36.07668 an2
18 27000 -3700886 -36.163 144
14 28000 -36.30054 -56.17708 [X3
20 29000 -3555706 -36.15246 183
21 30000 -3802282 3675796 456
22 31000 -36.40058 -36.74673 ang
23 32000 -3471513 -36.70643 287
i 33000 244061 -36.66652 226
25 34000 -3763029  -367319 226
2 36000 -3543671 -36.70243 104
27 36000 -3568606 -36.67622 374
28 37000 -3688388 -56.68253 a4a
29 38000 -3601896 -36.66505 147
an 30000 -37.36021 -26.69002 104
H 40000 -3747713 -36.73752 76
32 41000 -3502336 -26.71939 166
a3 42000 -34 65024 -366917 287
a4 43000 -35.41928 -36.66965 1
Eiil 44000 -564884 -36.41108 446
kil 45000 -3677277 -56.4099% any
a7 46000 -3445016  -36.7845 any
a8 47000 -3823671 -36.86800 a2
k] 48000 -3821987 -36.094077 any
40 40000 -3661936 -36.0336% 246
41 50000 -3479274 -36.91137 474
42 51000 -35085 -36.89069 252
43 52000 -3791857 -56.93253 267
44 53000 -3581286 -36.91674 a0
45 S4000 -3796983 -36.95829 198
46 BROND -34.10833 -26.03724 198
47 BEOND -36.42277 -36.02846 42
L] 57000 -35.10888 -36.01047 120
49 BB000 -3446116 -36.89128 451
] 59000 -3595206 -36.87875 218
il BO000 -35374976 -36.85944 2m
52 G000 -354212% -36.84437 451
53 B2000 -35.30645 -36.82916 2
fi4 B3000 -3621767 -26.82040 140
L] G4000 -36.00645 -26.81012 a3
1] BRO00 -36.44437 -36.80453 LX)
57 BGO00 -383 3686451 426
it} B7000 -36.18365 -36.85681 147
k] G3000 -36.22506 -36.54771 147
£ ENAAR 877140 _0& 07004 140
H 4 » M| Primates expl O RJWMCKS <0

E

Mo_Off_Part Mo_Off_Zerc Model_string

1

0 N O Y Y Y Y g (g G ) R U RN RN AW U N R (R ) R ) ) ) ) U U R U U R ) R Y O NPY R ) ) A R ) R ) ) Y Y

F

ra

hoomom pm P e e EM Fe B3 Fe B3 R3S R3S RS G3 PR3 Fe Fe D B3 G3 Fe B3 Fe Fe B3 M3 03 F B B3RS RS RS 03 RS M3 G5 G5 G0 Fe G0 Fm Fm &3 B3 Fm P P £3 BN B3 N3 M3 M3 RS R

G

02000002
02000002
02000002
02000002
02000002
02000002
02000002
02002777
02000022
02000222
02000222
02000222
02101102
12000022
02000222
02002022
02000022
2002022
0Z0000zz
02020002
1Z 12102
02000002
02000002
ZZ000002
02000002
02000002
02000002
02000002
12002022
02000222
12000022
0Z000002
02000002
02000222
02002022
02000002
02000222
12000022
02000002
0Z000002
02000222
02000222
02000002
1Z 102210
02000002
02000002
02000002
0Z000002
02000222
02000002
02000222
2002227
12002022
2002227
02000222
02000227
NZ00ZZ77
2002227

AZAAZO7T

H

I

Dep_ws Inligl12

e e e e B e e B e e e e e B e e e e e e e e e e e e e e e e e e e e e e e e B e e e e e e e e e e B e e B e e e e B e e e e e e e

413627
2886461
3405301
3114435
470771
2630774
5AGE18E

5A0167

005442
HARAT4Y
SA45248
52284349
4241012

321398

513312
6.130602
2344391
S716214
6182185
5139276
1472622
1840032
011892

]
26616492
hfifid 343
h086783
1784534
GA31088
5764113
313213
3503436
3785198
4054294
4688772

416759
2hGR4RE
7180621
5220292

368442
4336146
4032466
4087688
2168524
1084127
4762162
4 135661
4389025
870718

284554
3475406
48751497
HAG1476
277
2534726
G.964964
4571716
SA34196

F N2 TR

K

q1

418627
2886461
3805301
3114435
arnyii
2630779
6268185

560167

005442
0868747
G.045248
52284348

18661672

321308

513312
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2344391
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5138276
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GA308E
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4 135661
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48751497
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f.064964
4571716
3634196

EANo4TR

L

q

413627
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3114435
370771
2630774
5262185

560167

G.05442
5.858747
3545248
5.228434
4241012

321308

513312
6.130602
2344391
5716214
6182185

1]
3472622
3.840032
3011492
7064051
2661692
6664943
5086783
1784534
Bh31088
5.In4113
53132132
3503436
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4.054294
4688772

416759
3 BGR4BE
7.150621
5.320292

368442
4336146
9.032466
4087488
2127246
3084127
4762152
4 135661
4.389025
3470718

284534
34975406
44875197
5261476
2772881
2534726
6964964
4571716
3634196

FAN247E

1}

q31

413627
2886461
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3114435
2707
26307740
BAGR18E

0

005442
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0
234430

0
6182185
5139276

0
2440032
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2h61692
fififid 943
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0
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0
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4 135661
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3475406

0

0

0
2534726
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0

0

n

1

M

qdd

413627
2886461
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0
5.05442
0

0

0
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0
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Sri6214
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2h61692
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h.086783
1784534
6A31088
0
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37851498
0
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416759
0
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358442
0

0
4087588
0
1084127
4762162
11356661
1.389025
0
284554
0

0
5AG1476
0
0
0
0

EAN24IE

o}

qd2

415627
2886461
3405301
3114435
N
2630774
BAGR1EE

]

424101

cCooocomo o oo

1]
5138276
0.328668
2840032
2011492
7064051
2061692
fi.fifid 943
G.086783
1784534

1]

1]

1]
3603436
3785198

]

1]
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1]

1]
5.320292
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]

]
4057488
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3084127
4762162
4 135661
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]

254584
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q4d

212724

e I I I I I I I I I I I I T T T N e e 1

Q

Roat_POD

04565361
069769
0545751
0747644
0679118
07655832
0606095
0.80273
0695993
0515276
0.7585849
06133492
0335666
0.7927m
06243249
0822448
0.799354
0771422
0LAGGGS1
1]
0787114
0502844
0.740612
]
0747328
0365626
050815
n.anogta
0767336
049143
0GGG44E
0620005
060751
0630012
081672
0577546
0717164
06325632
0509146
0A64121
66032
0401434
0512945
0.889453
0644046
040422
0660704
057882
0672618
0.74852
0701616
0.790567
040212
0864472
0863681
0473716
0.798624
08226249

NIRO1LE

R

Root_P01

0236538
0156703
0225235
0128093
0.210597
0127661
0184972
019727
0156258
0142372
016717
0.1555949
0.204472
0124946
0171028
0.177552
0124788
0228578
0175313
1]
0212447
0192342
013498
0.300629
0138746
0255458
0214903
0124008
0.232666
0150288
0174521
018671
0187014
0153422
018328
0196785
0171924
0185938
0216392
0.173847
0134312
0125408
0235443
010814
0174232
0.226047
01719249
0.207333
01532
0129997
0140408
0209433
019638
0.135528
0.075984
014118
0.200376
0177371

aanood

&

Roat_P 10

0218337
0128679
0178373
0113935
0170304
0.097963
0176083

0
0147743
0.345853
0125694
n2anng
0244707
0.082453
0204646

0
0.075858

0
0159995
0804402
0000022
0172089
0114035
0.279982
010534
0238123
0215147
0068864

0
0.268282
0160033
0161902
0172493
0.2 16566

0
0184794
0110912
0181408
0210619
0139913
0204706
0475156
0188735

0
0160636
0210683
0142911
navoa1d
0174183
0110065
0157776

0

0

0
0.070235
0385104

0

0

n

T

Roat P11

0.088763
0016928
0.04964
n.nioas
0.028981
0.008792
0.03245
]

0.12468

Co oo R0 o

1]
0.195598
0.000417
0.036226
0010472
0419384
0.010536
0.144561
0.058801
0.006214

1]

1]

1]
0.031383
0.032978

]

1]
0.040826

1]

1]
0.062841
0.0221149

]

]
0.062877
0.002407
0.021187
0.064051
0.023446
0.043032

]
0010418
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Save as “Primates_

expl0 _RIMCMC.txt”.



Read Primates_exp10_RIMCMC.txt by R

read.table("'Primates_expl0_RIMCMC.txt",header=T)->datal
names(datal)

[1] "lteration” "Lh™ ""Harmonic_Mean"* "Tree_No™

[5] "No Off Parmeters™ ""No Off_Zero™ "Model_string™ "Dep_vs_InDep™
[9] "q12" "gl13" "g21" "g24"

[13] "g31" "g34" "g42" "q43"

[17] "Root_POO™" "Root_PO1" "Root_P10" ""Root_P11"



Estrus advertisement and multimale system

Node

TOoOTMTMOMN®>

P(OA=1)
0.12+0.1
4021
0.98 +0.02
0.07 £ 0.0/
0.65 £ 0.07
0£0.0
0.07 £0.08
0.14 £ 0.1

P(MS =1)
02+012
0.57+£0.21
099 +0.01
051013
0.94 +0.04
0x0

0.07 +0.08
0.14 £ 0.1

BZC
100
92 39
100, 80

9

100,
00

48

109

77

652/ 43
B 88
100

65,

91

100,
65,

100 108

100 100

Macaca tonkeana
Macaca nigra

Macaca nemestrina
Macaca nigriscens
Macaca hecki

Macaca maura

Macaca brunnescens
Macaca ochreata
Macaca mulatta
Macaca cyclopis
Macaca fascicularis
Macaca arctoides
Macaca silenus

Macaca sylvanus
Cercocebus torquatus
Mandrillus leucophaeus
Mandrillus sphinx
Papio cynocephalus
Papio anubis

Papio hamadryas
Cercopithecus aethiops
Cercopithecus mona
Cercopithecus nictitans
Presbytis senex
Trachypithecus vetulus
Semnopithecus entellus
Trachypithecus johnii
Trachypithecus geel
Trachypithecus pileatus
Rhinopithecus avunculus
Rhinapithecus bieti
Pygathrix roxellana
Nasalis larvatus
Pygathrix nemaeus
Trachypithecus cristatus
Trachypithecus phayrei
Presbytis francoisi
Trachypithecus francoisi
Presbytis phayrei
Colobus guereza
Colobus polykemos
Colobus angolensis
Procolobus badius
Hylobates moloch
Hylobates klossii
Hylobates pileatus
Hylobates muelleri
Hylobates lar
Hylobates agilis
Hylobates gabriellae
Hylobates leucogenys
Hylobates concolor
Hylobates hoolock
Hylobates syndactylus
Pan paniscus

Pan troglodytes

Homo sapiens

Gorilla gorilla

Pongo pygmaeus
Pongo pygmaeus abelii

OA MS

CO000==200000000C00 200000 CO00O0OO0O0OOO0O000OC00O LS a 000001 Q1 =20 aaaaa

CO0O00O—=—=000C0C000000=EDa0000 ! OCN0—-=—C0000 300G 2 3 23 3 ) o 3 ) ) 3 3 3

OA: estrus advertisement
MS: multimale system

q

>

@ 0’9; <

93

q>;

q3j

q34

q>4

0.1(2)
A

q4

@103

q43

i,l@

If OA and MS are independent,

U2 = U345 U135 = Up4> Uy =Us35 O3, =y

Pagel and Meade. (2006) the American

Naturalist 167: 808—825



Plot the MCMC sample of qj

par(mfcol=c(2,4))
for (1 1n para set){
plot(dataO[, 1], type="1",main=names(dataO)[1],ylab="",col=4)

+
par(mfcol=c(1,1))
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Density

Density

The posterior distribution of g

par(mfcol=c(2,4))
for (1 1n para set){
hist(dataO[,i1],main=""",xlab=names(dataO)[i1],col=4,
breaks=seq(0,100,by=0.5),probability=T,xlim=c(0,20))

+
par(mfcol=c(1,1))
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The posterior distribution of g

summary(dataO[ ,para_set])

ql2
Min. :
1st Qu.:
Median :
Mean :
3rd Qu.:
Max .

q43

Min.
1st Qu.:
Median :
Mean
3rd Qu.:
Max .

oCulh b woO

oNeleololNoNe

=

.000
.239
.133
.287
.228
.179

.0000
.0000
.0000
.1022
.0000
.4084

q34
Min. :
1st Qu.:
Median :
Mean :
3rd Qu.:
Max .

Oh,~,WWNO

W

q31
Min.
1st Qu.:
Median :
Mean
3rd Qu.:
Max .

g~ wWwwNO

[

-000
.084
.667
-439
.827
-099

.000
-443
. 745
.554
-930
.186

ql3
Min.
1st Qu.:
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3rd Qu.:
Max .

NOOOOO

q42
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Max .

O BhDNNOO

. summary statistics
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.000000
-000000
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.000000
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.386
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-.000
.342
.204
.481
.343
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q24 q21

Min. : 0.000 Min. : 0

1st Qu.: 3.268 1st Qu.: 3

Median : 4.154 Median : 4

Mean : 4.363 Mean I 4

3rd Qu.: 5.279 3rd Qu.: 5

Max . :15.186 Max . 30

q>
(D 00 > 01(2)
- q>; 4
q13| (93 24| 442
’ q34 v




The posterior distribution of g

summary(dataO[ ,para_set])
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Analysis of

continuous
traits by Beast




Multivariate Brownian motion as a model of evolution of

continuous traits

traits

Evolution of two continuous traits
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DNA sequences (nexus format)

#NEXUS

[ Cytb + Control region for 13 species of Darwin's Finches ]
[ from Sato et al (1999) PNAS 96, 5101-5106 ]
Begin DATA;

Dimensions ntax=13 nchar=2065;

Format datatype=NUCLEOTIDE gap=-;

Matrix

[ 1 11 21 31 41 51 61 71 81 91 101 111 121 131 141 151
161 171 181 191 201 211 221 231 241 251 261 271 281 291 301 311 321 331 341 351
361 371 381 391 401 411 421 431 441 451 461 471 481 491 501 511 521 531 541 551

2041 2051 2061 1
[ e L e e e e e

I | | I I | | I | | I I I I I | ]

'Cactospiza pallida '
GGATCCCTGTTAGGAGTTTGCTTAATCACTCAAATCATCACAGGTCTCCTTCTAGCCATACACTACACAGCAGACACCAACCTAGCCTTCTCCTCCGTCGCCCACATATGC
CGAGACGTCCAATTCGGCTGACTCATCCGCAACCTCCACGCAAACGGAGCCTCCTTCTTCTTCATCTGCATCTACCTACACATCGGACGAGG-AATCTACTACGGCTCATA
CCTAAATAAAGAAACCTGAAACATTGGAGTCATCCTCCTCCTAGCCCTCATAGCAACAGCCTTTGTAGGATACGTCCTACCATGAGGCCAAATATCCTTCTGAGGAGCTA

TACATTTCCTGCTAACATAAAACAACAACTAACCATCATCACCACCATATT-TTTTCCCCCCCC-CT-TTCCCCCACCCCACACAAAACAGCCCTTACAAAAACCAAA-CAAA
AATACAAACCATGACACCAAA-CCACTAAAGG-AA--CCCCCTCTC-GTTCTTGTAGCTTATAAAAAGCATGACACT
'Platyspiza crassirostris '

GGATCCCTGTTAGGAGTTTGCTTAATCACCCAAATCATCACAGGTCTCCTTCTAGCCATGCACTACACAGCAGACACCGACCTAGCCTTCTCCTCCGTCGCCCACATATGC
CGAGACGTCCAATTCGGCTGACTCATCCGCAACCTTCACGCAAACGGAGCCTCTTTCTTCTTCATCTGCATCTACCTACACATCGGACGAGG-AATCTACTACGGCTCATA
ATCAAATTCTAGGAACTTACATTTAAATTCCATTTTACGCATCTATTTTTTTTATCTTGACATTTTTAAAATTTTTTCATCAAATAATCAAACCATATATTCCTAGATTGTCCA
AACTATTTGTCATCAACATTT-CCAACTTACTTTCCTCTATATTTCCTGCTAACATAAAACAACAACTAACTATCATCACCACCACATT-TTT--CCTCCCCTTT-TTCCCCNACC
CCACATAAAACAGCCCTTACAAAAACCAAA-CAAAAATATAAACCATGACACCAAA-CCACTAAGGG-AA-CCCCCC-CCC-GTTCTTGTAGCTTATAGAAAGCATGACACT

End;

DarwinsFinches.nex



Traits data

I I o PR TR PR

Geospiza magnirostris 44042 3.03895 2.724667 2.823767 2.675983
Geospiza conirostris 4.349867 2.9842 2.6544 2.5138 2.360167
Geospiza difficilis 4.224067 2.898917 2.277183 2.0111 1.929983
Geospiza scandens 4261222 2.929033 2.621789 2.1447 2.036944
Geospiza fortis 4.244008 2.894717 2.407025 2.362658 2.221867
Geospiza fuliginosa 4132957 2.806514 2.094971 1.941157 1.845379
Cactospiza pallida 4265425 3.08945 2.43025 2.01635 1.949125
Certhidea olivacea 3.975393 2.936536 2.051843 1.191264 1.401186
Camarhynchus parvulus 41316 2.97306 1.97442 1.87354 1.81334
Camarhynchus pauper 4.2325 3.0359 2.187 2.0734 1.9621
Pinaroloxias inornata 4.1886 2.9802 23111 1.5475 1.6301
Platyspiza crassirostris 4419686 3.270543 2.331471 2.347471 2.282443
Camarhynchus psittacula 4.23502 3.04912 2.25964 2.23004 2.0739%4

DarwinsFinchesTraits.txt
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Traits data
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Correlation between traits

wingL tarsusL culmenL

wingL 1.000
tarsusL 0.593
culmenL 0.757
beakD 0.881
gonysW 0.899

0.593
1.000
0.192
0.298
0.354

0.757
0.192
1.000
0.714
0.752

beakD gonysWw

0.881
0.298
0.714
1.000
0.988

0.899
0.354
0.752
0.988
1.000



Analyze by Beast

1. Make a control file in xml format.  ------

2. RunMCMC ------

BEAST
v1.8.0.exe

3. View the MCMC sample of the parameters  ---------

4. Summarize MCMC sample of the labeled trees

5. Visualize the posterior distribution of the tree

"

Tracer
v1.5.exe

TreeAnnotator
v1.8.0.exe

T Tl'.;c"r

FigTree
v1.4.0.exe



Specify models

and priors by
BEAULti




Start BEAUTI

File Edit Help

[ Partitionsi| Taa |TID3 |Tra|".'3 ISites IOIocks |T|ee.3 I&tates I Eriors I']perdtol& I M':‘-MG|

1 [] Use species tree ancestral reconstruction (*EBEAST) Heled & Drummaond 2010
Unlink Subst. Models Link Subst. Modelz | Unlink, Clock Models Link Clock Models | Unlink Trees Link Trees

Partition Mame File Mame Taxa Sites Data Type

4

Site Model

Clock Model

Partition Tree

| o | l Wigw Partition .. ] [ Greate partition from trait . |

No data loaded - select Tmport Data.! from the 'Fils’ menu.

| % Generate BEAST File..

BEALIL
v1.8.0.exe



Import data

[File][Import Data]

BEALIL
v1.8.0.exe

e - ) SEIET|
2] ! i ‘ - Ll
File Edit Help

Partitions | Taxa I'I'n:-: |Tra|:; |£-|le: |Ci!0c.!'..; I Trees I:':ui.alr:: I Briors |!.'Jt-er-a:u|s I i-.-l!'_:lul'.'il

[ Use species tree ancestral reconstruction (#BEAST) Heled & Drummond 2010
Unlink Subst. Models Link Subst. Models | Unlink Clock Models Link Glock Models | Unlink Trees Link Trees

Partition Mame File Mame Taxa Siteg Data Type Site Model Clock Model
Azt
|| Import Aligment... ﬂ
Laak in: | | DarwinsFinches | T |:_“
= [l DarwinsFinches.nex
<
wif{F-TE
B
-
TADF
T4 Pk
Ay
Atk
o File name: | DarwinsF inches nex | [ Open |
#rHI73 Files of types  [NERUS, BEAST or FASTA Fies =

Partition Tree

Wiew Partition .. __ | Create partition fram trait

Mo data lnaded - zelect Tmport Data.. from the 'File' menu.

~ #% Gererate BEAST File. |




DarwinsFinches is listed in partitions

4| BEAU ‘e [FESEN R
=l . - e
File Edit Help
Fartitions | Taxa I Tips I Traits I Siteg I Clocks I Trees I States I Priors I Operatorg I MCMC|
7] Use species tree ancestral reconstruction (*BEAST) Heled & Drummond 2010
Unlink Subst. Madels Link Subst. Models | Unlink Clock Models Link Glock Madels | Unlink Trees Link Trees
Partition Mame File Mame Taxa Sites Data Type Site Model Clock Model Partition Tree
DarwinsFinches |DarwinsFinchesnex 13 |2065 |hucleatide | DarwinsFinches o | DarwinsFinches o | DarminsFinches | »
4 L
| + - | View Partition . Or»__=.ale partifipn from traii_...
Data: 13 taxa, | partition; Fix clock rate to 1.0 in nucleotide_eroup; | £* Generate BEAST File..
- ——

BEALIL
v1.8.0.exe



Import traits data

_ . BEAUL]
[File][Import Traits] v1.8.0.exe
%] BEAUL - A _ =Pl
File Edit Help :

Partitions | Taxa | Tips | Traits | Sites | Clocks | Trees | States | Priars | Operators | MOMC|

[T Use species tree ancestral reconstruction (#BEAST) Heled & Drummond 2010

Unlink Subst. Models Link Subst. Models | Unlink Glock Models Link Glock Models | Unlink Tress Link Trees
Partition Mame Filz Mame Taxa Sites Data Tupe Site Model Clock Model
DarwinzFinches |DarwinsF; . l12 lange lnielactic | Disrasine Einchas L Darwine Einc) DarwirsFinck ]|
| %) Import Traits File... ==
Lok in: . DarwingFinches = t ? _'.'“
T B DarwinsFinchesTraits. txt '
i
b alink ot |
B
FADT
g
T4 FEaALH
1A
T =5=
@. Filz name: .DarwinsFincheSTra itz txt .. Open
A9 Files of type: [ Tab-delimited toxt fles =

‘

+ = Wiew Partition .. | Create partition from trait ..

| % Gererate BEAST File..

Data: 13 taxa, 1 partition; Fix clock rate to 1.0 in nucleotide_eroup;




Traits data and their types

_
| %] BEAUL

e T— TE——

File Edit Help

| Partitiohs I Taxa I Tips [{ Traits | Sites | Clacks I Trees | States I Priors I Operatars I MCMC|

Add trait Import Traits | Guess trait values Set trait values Create partition from trait ..

Trait Type

uning L conti.. +
tarsusl contl. .
culmenl contl. .
beak.D contl. .
eonysil contl. .

4

Taxah

=)

Walue

Data: 26 taxa, 1 partition; Fix clock rate to 1.0 in nucleotide_group;

[ % Generate BEAST File..

BEALIL
v1.8.0.exe



Look at the traits data

FUE s AA PN

File Edit Help
| Partitions I Taxa I Tipsl Traitz | Sites I Clocks I Trees I States I Priors I Operators I MCMC|

Add trait Import Traitz | Guess trait values Set trait values Create partition from trait ..

Trait Tvpe Taxon Walue

wingl cohti. o | » || Cactogpiza pallida 18949125 )

tarsusl COnti. o Camarhynchus parvulus 181334 i

culmenl COnti. o Camarhynchus pauper 18621 i

beak.D COnti. o Camarhynchus pzittacula 207394 i

5 Certhidea olivacea 1401186 -

Gieospiza conirostris 2AG0167 i
Geospiza difficilis 1829943 i
Gieospiza fortiz 2221867 i
Geozpiza fuliginoza 1845374 -
Geozpiza magnirostris 2675983 i
Geospiza zcandens 2036944 i
Pinaroloxias inornata 16301 i
Platyzpiza crassirostris 2282443 i

4 b

-
4 3
Data: 13 taxa, 1 partition; Fix clock rate to 1.0 in hucleotide_eroup; [ f Generate BEAST File...

g

BEALIL
v1.8.0.exe



Register all traits together as a single partition named
Finches _traits for multivariate analysis

/ Click here

=

£| BEAU e
- v -
dit Help
| Partitions I Taxa I Tips| Traite | Sites I Clocks I Trees I States I Priors I Operators I MOMO|
fdd trait Import Traitz | Guess trait values Set trait valuesl Create partition from trait .. I
Trait Type Taxon Walue
i » | » || Cactozpiza pallida | 4.265425 =
o Gamarhynchus parvulus 41316 =
o Camarhwnchus pauper 42395 =
o Gamarhynchus psittacula 4.23502 =
o Gerthidea olivacea 3875343 =
Geospiza conirostris 4 349867 =
Geospiza difficilis 4224067 =
Geospiza fortis 4.244008 o
Geospiza fuliginoza 4132457 -
Geospiza magnirostris 14042 =
Geospiza scandens Create New Partition >
Pinaroloxiaz inornata o
Platyspiza craszirostriz )
Create a new data partition using the selected trait(s).
Mame trait partition:  |Finchesz_traits
[ OK ] I Cancel
4 3
abms | ] b
Data: 12 taxa, 1 partition; Fix clock rate to 1.0 in nucleotide_eroup; [ £ Generate BEAST File..

g

BEALIL
v1.8.0.exe



Two partitions are listed

BEALI
v1.8.0.exe
& ' ora g e = :
File Edit Help
Partitions | Taxa | Tips | Traits | Sites | Glocks | Trees | States | Priors | Operators | MGMG|
[7] Use species tree ancestral reconstruction (#BEAST) Heled & Drummond 2010
Unlink Subst. Models Link Subst. Madels | Unlink Glock Models Link Glack Models | Unlink Tress Link Trees
Partition Mame Filz Mame Taxa Sites Data Tvpe Site Model Clock Model Partition Tree
DarwinzsFinches |Darw inzFinches nex |13 |2065 |nuc|eotide ['I'jﬁi-rEF_iﬁches + | DarwinsFinches - | DarwinsFinches o | »
Finches_traitz |DarwinsFinchesTrait... |13 |5 |continu0us | Finches traitz wl= + | DarwinsFinches o |
] "
- | Wiew Partition .. [ Create partition from trait .. ]
Data: 13 taxa, 2 partitiong; Fix clock rate to 1.0 in nucleotide_group; 'ﬁ' Generate BEAST File.. |




Specify the model of sequence evolution Bl 4

BEALIL

Choose HKY+G this time v1.8.0.exe
LBEAUE BV S e )

File Edit Help

| Partitions | Taxa | Tips | Traitd| Sites [[Clocks | Trees | States | Priors | Opetators | MOMO|

Mucleptide Substitution Model - DarwinzFinches

Substitution Model: ‘_HKY . v:

Baze frequencies: |Estimat. = |

Site Heterogeneity fodel:

MNumber of Gamma Gategories:

[Gamma + Ivvariant Sites

Partition into codon positions: fo

Link/Unlink parameters:

CI IC k h e re [7] Unlink, substitution rate parameters across codon positions

[7] Unlink rate heterogeneity model acrozs codon pozitions

Unlink baze frequencies across codon pogitions

Use Yangd6 model
lUge SRD0G model

Clohe Settings...

Data: 13 taxa, 2 partitions; Fix clock rate to 1.0 in nucleotide eroup; [ £ Generate BEAST File..




Specify the model of traits evolution

Choose Brownian motion

File Edit Help

| Partitions I Taxa I Tips I Trait3| Sites | Clocks I Trees I States I Priors I Operators I MCMO|

Substitution Modsl Continuous Traits Substitution Model - Finches_traits

DarwinzF inches -
Continuoug Trait Model

omogenous Brownian mod

[] Bivariate trait represents latitude and longitude

I:‘ E=ztimate phylogenetic signal uzing tree transform

Clone Settings..

Data: 13 taxa, 2 partitions; Fix clock rate to 1.0 in nucleotide_group; [ £F Generate BEAST File...

e

BEALIL
v1.8.0.exe



Specify the prior on the stochastic molecular clock S

BEALIL
v1.8.0.exe

Choose random local clock with mean rate of 1.0
b AU R BN S .

File Edit Help

| Partitions I Taxa I Tips I Traits I Sitesl Clocks |Trees I States I Priors I Operators I MCMO|
C—

Clock Modsl : ’\

Mame Eztimate Rate Graup

O I -

Lognor hal relaxed clock {Uncorrelated)
Exponential relaxed clock (Uncorrelated)
Random lacal clack

Click here

Clock Model Group:

Group Mame Fix Mean Fate
nucleotide_group | | |

Data: 13 taxa, 2 partitions; Fix clock rate to 1.0 in nucleotide_eroup; [ £F Generate BEAST File..




Specify the prior on the divergence times

Birth-death process for speciation and extinction

e i ~T : . ]
T L - N i

File Edit Help

| Partitions I Taxa I Tips I Traits I Sites I Olocksl Trees |I3tates I Priors I Operators I MCMO|

| Link. tree prior for all frees

T Tree priot zhared by all tree modelz CI ic k h e re
_ o

Tree Prior: Is o = iz‘ﬁ -
(Coalezcent: Bavesian Skyline -
Coalezcent: Extended Bavesian Skyline Plot
Gitation:  |[Goalescent: GMRF Bavezian Skyride i

Cinalezcent: Bavesian SkawGrid i
Speciation: Yule Process

Tree Madel - Speciation: Calibrated Yule

m

T Ll
Speciation: Birth-Death hcomplete Sampling
The estimatgopeciation: Birth-Death Serially Sampled
Epidemiology: Birth-Death Basic Reproductive Number =

@ Random starting tree
() UPGMA starting tree
Uzer-zpecified starting tree
Select uzer-zpecified trese: [ tree load.. »_;
Export format for tree: | Mewi..

Import user-specified starting trees from NEXUS
format data files uzing the Tmport Data' menu option.
Trees must be rooted and strictly bifurcating (binary).

Data: 13 taxa, 2 partitions; Fix clock rate to 1.0 in nucleotide_eroup;

| % Generate BEAST File..

g

BEALIL
v1.8.0.exe



Uncheck the option of the ancestral states
reconstruction

| 4| BEAUL
File Edit Help

BEALIL
v1.8.0.exe

| Fartitions I Taxa I Tips I Traitg I Sitesg I Clocks I Treesl States IF‘riorS I Operatorg I MCMC'

Partition

Finches_trats

o

DarwinsFinches -

Ciontinuous Traitz Partition - Finches_tralt\.uﬁ
Ancestral State Reconstr ionCI iC k h e re

F{econstruct states at all ancestors

D Reconstruct states at ancestor: iTree Fo.. ,]

Uncheck this option. (You need BEAGLE for it.)

Data: 13 taxa, 2 partitions; Fix clock rate to 1.0 in nucleotide_eroup;

[ & Generate BEAST File..




Confirm the default of the priors on the parameters

|| BEAUt

L
-

(===

File Edit Help

| Partitions I Taxa | Tips I Traits I Siteg I Clocks I Trees I States|| Priars I Operatorg I MOMO|

Priorz for model parameters and statistics:

Parameter Priar Mon .

kappa % LogNarmal [1, 1.95], initial=2 0, o] HKY transit iG—lrlr@ks ichﬁlﬁ&r

frequencies * Uniform [0, 1 =itia|:ﬂ.25 0, 1] baze frequencies

alpha * Exponential [0.5] initial=05 0, oa] gamma chape parameter

rateChanges * Poizgon [0.693147] nia rumber of random local clocks

localClock relative Rates * Gamma [05, 2] initial=1 0, oa] random local clock relative rates

treefodel root Height * Using Tree Prior in [0, c0] 0, oa] ront height of the tree

birthDeath meanGrowth Rate * Uniform [0, 1E5] initial=790 0, 1ER] Birth-Death gpeciation process rate
birthDeathrelative DeathRate [ % Uniform [0, 1] initial=05 0, 1] Birth-Death gpeciation process relative death rate
meanRate I directly Specified Through OtPEParameter nia The mean rate of evolution over the whole tree
covariance I directly Specified Through OtEParameter nia The covariance in rates of evolution on each lineage with their ancestral line.
coefficientOf\Wariation [ % Indirectly Specified Throueh OtEParameter nia The variation in rate of evalution over the whole tree

Link parameters into a phylogenetic hierarchical mods|
* Marked parameters currently have a default prior distribution. You should check that these are appropriate.

Data: 13 taxa, 2 partitions; Fix clock rate to 1.0 in nucleotide_eroup;

[ % Generate BEAST File..

L] [ ]

g

BEALIL
v1.8.0.exe



You can view the form of the prior distributions

| £ BEAUL e o |2/ Prior for Parameter kappa

== =

File Edit Help

| Partitiohs I Taxa I Tips I Traits I Sites I Clocks I Trees I St

Priors for model parameters and statistics:

Parameter Prior

* Loghormal

frequencies * Uniform [0,1], in
alpha * Exporential [0.56]
rateChanges Poigson [0.69314
localClock relativeRates * Gamma [0, 2
treeMode | rootHeight * Uging Tree Prio
birthDeath meanGrowthRate # Uniform
birthDeath relativeDeathRate | * Uniform

mean Fate [ * Indirectly Specifi |
covariance [ * Indirectly Specifi |
coefficientOfWariation [ * Indirectly Specifl

Link parameters into a phylogenetic hierarchical model
* Marked parameters currently have a default prior distribut

Data: 13 taxa, 2 partitions; Fix clock rate to 1.0 in nucleotide_gl

= e “—— |

Select prior distribution for kappa

Prior Distribution: :Lognormal

Thitial value: |20
Log{Mean): |10
Log(Stdev):  |1.28

Offzet: 00
Mean In Feal Space: [

[ Truncate to:

Uppet: +IMF
Lowver: 0n
0254
uz-l
015
01
5524
1 T T T
10 2 £

tive death rate

whale tree
n on each lineage with their ancestral line..
e the whole tree

[ ## Generate BEAST File..

BEALIL
v1.8.0.exe



Specify the settings of MCMC

(2] BEAUL o

File Edit Help

_ALA Py T el

| Fartitiohs I Taxa I Tips I Traits I Sites I Clocks I Trees I States I Priors I Operators |} MGG 3

Length of chain: | 10000000

()
o

Echo state to screen every | 1000

Log parameters every | 1000

File name stem: | DarwinzFinches

Add bt suffix

Log file name:  DarwinsFinches. log.txt

Trees file name:  DarwinsFinches.trees.txt

[T] Create tree loe file with branch length in substitutions:

Substitutions trees file name:

Create operator analysis file:

Operator analysis file name: DarwinsFinches.ops.txt

[ Sample from prior only - create empty alignment

Select the option below to perform marginal |ikelihoood estimation (MLE) using path sampling
(P8} / stepping-stone sampling (88) which performs an additional analvsis after the standard
MCMC chain has finished.

»

m

Data: 13 taxa, 2 partitions; Fix clock rate to 1.0 in nucleotide_eroup;

[ % Generate BEAST File..

30

BEALIL
v1.8.0.exe



Save as a file of XML format

4| BEAULI
Ll ! "

BEALIL
v1.8.0.exe

== '

File Edit Help

| Partitions | Taxa I Tips | Traits I Sites | Clacks I Trees I States | Priors I Operators | MOMG |

Length of chain:

Echo state to screen every

Log parameters every

File name stem:

Log file name:

Trees file name:

Substitutions trees file name:

Operator analyziz file name:

Gelect the option below to perform margina

10000000

1000

1000

DarwinsF inches

(V] Aidd txt suffix

DarwinsFinches. log-txt

DarwinsFinches.trees.txt

[ Create tree log file with branch length in substitutions:

[¥] Greate operator analysis fils:

DarwinsFinches . ops.tut

[ Sample from prior anly - create empty alienment

Click here

|ikelihoood estimation (MLE) using path sampling
{PE) / stepping-stone sampling (58) which performs an additional analvsis after the standard
WCHG chain has finished.

/

N

m

Data: 13 taxa, 2 partitions; Fix clock rate to 1.0 in nucleotide_eroup;

_—— S ——

| [ 2 Generate BEAST File. |




Save as a file of XML format e

BEALIL
You will be asked to confirm the prior distributions. Click [continue], if they are OK. viso.exe
|%| BEAULI - ‘e ==

ey
File Edit Help
— !
Partitions | Tax |£| Unchanged Default Priors %

Parameter Priar Bo.. Description
kappa * LogMormal [1, 125] initial=2 0,.. | HEY transition-transversion parameter
frequencies * Uniform [0,_1] initial=0.25 0... |baze frequencies
alpha * Exponential . initial=0.5 0... | eamma shape parameter
rateChanges * Poizson (0693147 nfa | number of random local clocks
localClock relative Rates ¥ Gamma (05, 2] initial=1 0... |random local clock relative rates
treeModel raotHeight * Uging Tree Prior in [0, @] 0... | root height of the tree
birthDeath meanGrowthRate * Unifarm initial=790 0... | Birth-Death zpeciation process rate
birthDeathrelative DeathRate * Uniform [0, 1] initial=05 Birth-Death speciation process relative death r
meanFate |_* Indirectly Specified Through Other | The mean rate of evolution over the whale tree
covariance | #* Indirectly Specified Through O E The covariance in rates of evalution on each lin
coefficientOf\Variation [ * Indirectly Specified Through Other Paramet.. | n/a | The variation in rate of evolution over the whald

m

@ These priors listed above are =till 2et to the default values and reed to be reviewed. =

[Continue] I Cancel l

MCWCCRaTh fas T Inishneds.

Data: 13 taxa, 2 partitions; Fix clock rate 1o 1.0 in nucleotide_eroup; [ £* Generate BEAST File...




Save as a file of XML format S

BEALIL
v1.8.0.exe

|£| BEAULI - LA ) - o= 53

File Edit Help

| Partitions I Taxa I Tips I Traits I Sites I Clocks I Trees I States I Priors I Operators| MCMG

3

Length of chain: | 10000000

Echo.state to scresn ey

|£] Generate BEAST XML File... [
Save ir -J DarwinzFinches 'w: ? -b
T= || DarwinsFinches.nex
e || DarwinsFinchesTraits. txt
bl et
8
FALbD =
F
7 Bt
Sut Q"ﬁ-’
] et
-
of| M0 ks of tpe Al Files =

Sample from prior only - create empty alignment

Gelect the option below to perform marginal |ikelihoood estimation (MLE} using path sampling
(P&} / stepping-stone sampling (S8) which performs an additional analvsis after the standard
MCHG chain has finished.

-

Data: 13 taxa, 2 partitions; Fix clock rate to 1.0 in nucleotide_eroup; [ £# Generate BEAST File..




Confirm the working folder

If you find the xml file in the working folder, close BEAUTti.

J1ex

e — -
‘:“ s

sl

DarwinsFinches Damri-naFinchES DarwinsFinches

Traits. <t




Run BEAST




Start BEAST

L=

A r
B - A ‘ (=& = | BEAST v1.8.0
File Edit Help
Institute of Evolutronary Biology

University of Edinburzh
a. rambaut Bed. ac. uk

David Geffen School of Medicine
University of California, Los Anzeles
mgucha rdfuc la. edu

Downloads, Help & Resources:
http:f/beast.bio.ed.ac.uk

Source code distributed under the GNU Lesser General Public Licenze:
http:/fcode. zoozle. condp/beast-momc

BEAST developers:
Alex bleksevenko, Guy Baele, Trewor Bedford, Filip Bielejec, Erik Bloomg
Joseph Heled, 3sbastian Hoshna, Denise Kushnert, Philippe Lemey, Wai Lok
Gerton Lunter, Sidney Markowitz, ¥ladimir Minin, Michael Defoin Platel,
Oliver Pybus, Chieh-Hsi Wu, Walter Xie

Thanks to:
Roald Forsberz, Beth Shapiro and Korbinian Strimmer

-

o

-'u\é Bayesian Evolutionary Analysis Sampling Trees
- Versionv1.8.0, 2002-2013

BEAST XML File: notselected

Choose File...

[] Allow overwriting of log files

Random number seed: |14D149?EED4D4 |

Thread pool size:

[ ] Use BEAGLE library if available:

Prefer use DI:I:D

[] Use CPU's SSE extensions when possible

Prefer precisian:l:lj
Rescaling scheme:l:lj

[] Show list of available BEAGLE resources and Quit

BEAST
v1.8.0.exe



Specify the saved BEAST XML file

L=

David Geffen School of Medicine

mgucha rdfuc la. edu

Downloads, Help & Resources:

BEAST developers:

_ _
Alex bleksevenko, Guy Baele, Trew - 52 "
Jozeph Heled, Sebastian Hoshna, Dl
Gerton Lunter, Sidney Markowitz, Y ) R - -
Oliver Pybus, Chish-si w77 TMOBAIE ) DarwinsFinches - 67
T i FHOH B
Tharks to: -
e — ] DarwinsFinches.nex 2012/05/26 11:02  NEX F7-IL
Roald Forsberz, Beth Shapiro and K BEFEFLEEFR
|| DarwinsFinches.xml 2014/05/31 9:52 XML P+
possible
- | | DarwinsFinchesTraits. txt 2012/05/26 11:02 FEAN R |
FALG T
ERP sources and Quit
A
adAvE1—4—
) 4| 1 | k
p
‘.‘b‘, T Mg M DarminzF inches xml - 5]
FYPID Sp (LT (AN Filks (58 - Fouth |

Click [Run], after specifying the XML file.

University of California, Los Anzeles

http:f/beast.bio.ed.ac.uk

Source code distributed under the GNU Lesser General Public Licenze:
http:/fcode. zoozle. condp/beast-momc

BEAST XML File:

== r
(2] . K (=[E] = | BEAST v1.8.0
-
File Edit Help 1
Inetitute of EvolUtionary Biology = CIICk here
University of Edinburzh | Y AW
a. rambaut Bed. ac. uk

7

= Bayesian Evo

not selected

[] Allow overwriting of log files

tionary Analysis Sampling Trees
Versiwgv1.8.0, 2002-2013

) Choose File...

Random number seed: |14D149?EED4U4

X é*ég!i:?'

BEAST
v1.8.0.exe



MCMC starts '3

BEAST

|2 DarwinsFinches.xml -' E - (== = |t may take some tlme v1.8.0.exe

File Edit Help

sER LI e AT R L] —3EaT. 3200 LIEI0YE= ULy
H533000 -3RE0.06BRD -26.8212 -4B33.2348 1.92858E-2 1.00000 [
10000000 -3651.3145 -22.38M -3628.9544 2.02773E-2
Dperator analvsis
(peratar Tunimz  Count Time T
zca lelkappa) 0.13 4538 381 I
f requencies n.o4 i 64 I
zcalelalphal o112 avay q15 i
scalel localClock. relat iveRates) 0118 1308623 13gaE 0
bitFlipllocalClock. chanses) 1310513 13000
subt reel | idelt reetodel ) n.004 1310852 104387 0
arrow Exchange(t rectodel ) 1310655 38603 .
ide ExchangeltreeModel) 2E1253 18277 0.
i lsonBalding(t restode| ) 2RZ313 2087h i
caleltrestadel. rootHeizht ) 0.521  2B176E 23634 1
niform{nodeHeizht s(t recliode | ) 2624283 a0
calelbirthDeath. meanGrowthRate) 0,208 261994 4425 i
calelbirthDeath. relat iveDeathRate) 0,201 261820 2114 i
p:down: nodeHe i ght =0t reetode| ) 0.B37  2E3143 2867E I
recizioniibbsOperator 435364 3345 I
16,3779 minutes =




Confirm the output files in the working folder

| £| DarwinsFinches.xml

J—— —t
File Edit Help
sER LI e AT R L] —3EaT. 3200 LIEI0YE= ULy
H533000 -3RE0.06BRD -26.8212 -4B33.2348 1.92858E-2 1.00000 [
10000000 -3651.3145 -22.38M -3628.9544 2.02773E-2
Dperator analvsis
(peratar Tunimz  Count Time T
zca lelkappa) 0.13 4538 381 0.
f requencies n.o4 i 64 0.
zcalelalphal o112 avay q15 0.
scalel localClock. relat iveRates) 0118 1308623 13gEE 0.
bitFlipllocalClock. chanses) 1310513 13001 0.
subt reel | idelt reetodel ) n.004 1310852 109387 0.
arrow Exchange(t rectodel ) 1310655 38603 .
ide ExchangeltreeModel) 2E1253 18277 0.
i lsonBalding(t restode| ) 2RZ313 2087h 0.
caleltrestadel. rootHeizht ) 0.521  2B176E 23634 0.
niform{nodeHeizht s(t recliode | ) 2624283 231901 0.
calelbirthDeath. meanGrowthRate) 0,208 261994 4425 0.
calelbirthDeath. relat iveDeathRate) 0,201 261820 2114 0.
p:down: nodeHe i ght =0t reetode| ) 0.B37  2E3143 2867E 0.
recizioniibbsOperator 435364 3345 0.
16,3779 minutes =

DarwinsFinches
Jog.txt

DarwinsFinches
nex

DarwinsFinches
Jops. ot

DarwinsFinches Damrmschhas. DarwinsFinches
trees.bxt il Traits.bxt

BEAST
v1.8.0.exe



Confirm the output files in the working folder '3

BEAST
F insFi iy =IEIE
(2] DarwmsFlnc-rE?.ml ¥ - =[S & | v1.8.0.exe
File Edit Help
[FITR000 - 3685, 59 0F =Z7. 0548 =AE3T.3250 80T E- L
H533000 -3RE0.06BRD -26.8212 -4B33.2348 1.92858E-2 1.00000 [
10000000 -3651.3145 -22.38M -3628.9544 2.02773E-2
Dperator analvsis
(peratar Tunimz  Count Time T
zca lelkappa) 0.13 4538 381 I
f requencies n.o4 i 64 I
zcalelalphal o112 avay q15 i
scalel localClock. relat iveRates) 0118 1308623 13gaE 0
bitFlipllocalClock. chanses) 1310513 13000
subt reel | idelt reetodel ) n.004 1310852 104387 0
arrow Exchange(t rectodel ) 1310655 38603 .
ide ExchangeltreeModel) 2E1253 18277 0.
i lsonBalding(t restode| ) 2RZ313 2087h i
caleltrestadel. rootHeizht ) 0.521  2B176E 23634 1
niform{nodeHeizht s(t recliode | ) 2624283 a0
calelbirthDeath. meanGrowthRate) 0,208 261994 4425 i
calelbirthDeath. relat iveDeathRate) 0,201 261820 2114 i
p:down: nodeHe i ght =0t reetode| ) 0.B37  2E3143 2867E I
recizioniibbsOperator 435364 3345 I
16,3779 minutes =

DarwinsFinches DarwinsFinches DarwinsFinches  DarwinsFinches Damrmschhas. DarwinsFinches

Jog.txt NEx .ops.bxt frees.ixt xml Traits.bxt
MCMC sample MCMC sample
of the of the trees

parameters



Viewing posterior

distributions by
Tracer




Start Tracer

Tracer
v1.5.exe

O i AA PN =

File Edit Analysis Help
ek il rl' Estimates | A Marginal Densityl E Joint-Marginal | Aad Trace|
Tree File States Eurn-In —
Mo files loaded | | | 1 Summary Statistic =
mearn | = -
stderr of mean | -
median | -
Traces: geometric mean |-
Statistic Mean EsS 9955: :PP[[; lower | =
upper | -
i auto-correlation time (ACT) |-
effective zample size (ESS) |-
i
"
Ll 3
I




Open the log file that includes the MCMC sample

Tracer
[File][Import Trace File] E L s
& o | =
| £ Tracer - “‘ =i |
File Edit Analysis Help
e hlos [ Estimates | A Marginsl Densityl | Jaint-Mareinal | Ak Trac:e|
Tree File States Burn-In

Mo files loaded | | | 5 Summary Statistic -

mean | - ‘
= (2 m< e o

o
Traces: #88; | | DarwinsFinches - T EE=E
Statistic Mean i i
= B DarwinsFinches.log.bxt
e | | DarwinsFinches.ops.txt
%J&%’t]ﬁ || DarwinsFinches.trees.txt
. || DarwinsFinchesTraits.txt
TAD b
3
7 FE1AL
A
etk

-,
Q-E Pl DarminzFinches loe txt £ 3000
FPANEAT: BEAST log (+og) Files =)

HabI=h




Posterior distribution of the log likelihood

Tracer
Summary statistics are listed above the figure E L s
: " = | = 4
| £ Tracer * A |_ |
File Edit Analysis Help
Trace Files: L Estimates | 4 Marginal Densityl [# Joint-Marginal l A Tracel
Tree File States Burn—Tn —
DarwinsFinches).. 10000000 1000000 SnimatyStatistis
; mean | -36359701 L
L+ stderr of mean | 0.1552
median | -36367075
Traces: geometric mean | n/a
thd 95% HPD lower | 36467424
Statistic Mean ESS 954 HPD upper | ~3625.1663
HeSteroL |-8668.165 | 724450 |+ autc—correlation time (AGT) | 89210178
Bio 613080 effective sample size (ESS) | 13005912 -
likelihood 36369 130058 ‘ T
treeiModelrootHe.. N7
| |birthDeathmean.. | 1253775 6123167
birthDeathrelativ.. | 1386 5021511 Hal
kappa £8.965 579.715 =
frequencies 1 0274 353414 | 3004
frequencies2 03356 27151 I
frequenciesd 0.134 467572 I
frequenciesd 0263 436279 I 2501
alpha G.782E-2 411714 |
clock rate 1 =
rateChangeCount | 1.014 1251.264 .. 2007
meanRate 1 7812 646 %
coefficientOfVari.. | 0.244 BA6.129 =
covariance 3 hAE-2 =l E 1504
Finches_traitzpr.. | 14.202 8978503
Finches_traitzpr.. |-3.026 an0m
Finches traitspr.. | -2.38% 8736552 1007
Finches_traitzpr.. |-1.198 an0m
Finches_traitzpr.. | -0.682 anm |
e e T a001 A0
Finches_traitzpr.. | 11.228 anm
Finches_traitzpr.. |-1.221 an0 0 ;
Finches traitspr.. | 0318 8970532 -3670 -3660 -3650 -3640 -3630 -3620 -3610
Finches_traitzpr.. |-1.124 8764045 likelihood
Finches_traitzpr.. |-2.384 8738552 =
I Axes... Bins: 100




Check the effective sample sizes

; " = | [E 4
| £ Tracer * A | |
File Edit Analysis Help
Trace Files: T Estimates | A Marzinal Densityl [# Joint-Marginal l A Tracel
Tree File States Burn-In —
10000000 1000000 Summary Statiztic
mean | -3636.9701 -
ctderr of mean | 01552
median | -3636.7075
Traces: geometric mean | n/a
i 95% HPD lower | -3646.7424
Statistic Mean ESS 954 HPD upper | ~3625.1663
BOSEHON | -8668.169 | 72445 & auto-correlation time (AGT) | 8921.0178
Bio CET effective sample size (ESS) | 13005912 -
likelihood 3 ‘ T
treeModelrootHe .. 3721717
| |birthDeathmean.. | 1253775 6123167
birthDeathrelativ.. | 1386 5021511 Hal
kappa £8.965 579.715 =
frequencies 1 0274 353414 3004
frequencies2 03356 27151
frequenciesd 0.134 467572
frequenciesd 0263 436279 2501
alpha fi.782E-2 411714 =
clock rate 1 =
rateChangeCount | 1.014 1251.264 .. 2007
meanRate 1 7812 646 %
coefficientOfVari.. | 0.244 BA6.129 =
covariance 3 hAE-2 =l E 1504
Finches_traitzpr.. | 14.202 8978503
Finches_traitzpr.. |-3.026 an0m
Finches traitspr.. | -2.38% 8736552 1007
Finches_traitzpr.. |-1.198 an0m
Finches_traitzpr.. | -0.682 anm |
e e T a001 A0
Finches_traitzpr.. | 11.228 anm
Finches_traitzpr.. |-1.221 an0 0 ;
Finches _traitzpr.. | 0319 84970532 -3670 -3660 -3650 -3640 -3630 -3620 -3610
Finches_traitzpr.. |-1.124 8764045 likelihood
Finches_traitzpr.. |-2.384 8738552 = .
I Axes... Bins: 100

Tracer
v1.5.exe



Trace the history to check if MCMC is well mixed

I L] —|e[E]
|£| Tracer & :‘ 3
File Edit Analysis Help
Jliocelfles: | IL Estimates | 4\ Marginal Densityl |# Joint-Marginal | A4 Trace |
Tree File States Burn-In 3610
Traces:
Statistic Mean ESS 36201
posterior |-3668.159 | 724.450 -
prior -32.184 fi13.084
treeModelrootHe .. | 1.758E-2 3721017
|| |birthDeathmean.. | 125.775 G123.167
birthDeathrelativ... | 0,386 5021511 L 36301
kappa fi5.965 5797148 3 =
frequencies 1 0274 353414 E
| frequencies? 0.335 27151 &
frequencies 3 0.133 467572 2 f g
frequenciesd 0.259 436.279 % i ety
alpha B.782E-2 $11714 £ PARl hh- _ |
clock rate 1 = & -36407 l ’ |
rateChangeCount | 1.0149 1261.264 I At
meanRate 1 7812646 , ‘ i 1
coefficientOf\Wari... | 0.244 h6.129
covariance 8.59E-2 O
| Finches_traitzpr.. | 14.202 8978503
Finches_traitepr... [-3.026 001 -36h04
Finches_traitzpr.. |-2.384 8738552
Finches_traitspr.. [-1.198 q001
Finches_traitzpr.. | -0632 an0m
Finches_traitepr... [-3.026 q001
Finches_traitzpr.. | 11.228 an0m
Finches_traitgpr.. [-1.221 q001 3660 i i i i
Finches traitzpr.. | 0.319 8970532 0 2000000 4000000 6000000 8000000 10000000
Finches_traitepr.. [-1.129 8764.045 State
Finches_traitzpr.. |-2.384 8738552 o r -
Axes... Show Burn-in [] Sample only Draw line plot + Legend: |Mone ~ | 1« Colour by:
I_ — .

Tracer
v1.5.exe



The posterior distributions of the rate-variances

Tracer
v1.5.exe

Tracer i i ‘ - -
File Edit Analysis Help
Jrizcaliies . Estimates | A Marginal Density | Joint-Marginal | dad Trace| I
Tree Fils States B
Summary Statistio Finohes traitsw . Finohes traitsv Finches fraitsy . Finches trsitsy . Finches_frafts v
s | 026048 1239 13852 2391 14 pl
stderr of mesn | | 3963E-3 1148363 7370263 13168E-2 §ETTAE-3
median | 1254 12143 12111 20955 1547
Traces geomstric, masn | 1261 12195 19341 21352 15908
9% HPD Jower | 0.1023 L13IE2 0466 [l 1507
Statistic Mean £ss 5% HPD upper | 05351 04511 25156 43602 33487
reteChangsCount i sl - sutercorrelation tims (ACT) | 1000 1008 11415233 12747458 [FIE]
T — . ; Sffantive sample sizs (ESS) | 8001 S0l 78318914 70610734 11800 i
covariance: 3590 | O
Finohes traits precisionsol 1 14212 8373503
Finches.traits precsioncol 12 BT [ 5
Finches traits precisionsol 13 BT 8730550
Finches.traits precsioncol 14 B [
Finches traits precisionol (5 B3 EI]
Finches.traits precsioncol BT [
Finches traits prec isionsold 12 EI]
Finches.traits prec sioncol23 EEH] [ = - |
Finches traits prec isionsoldd 0313 8370532
Finches.traits prec sioncol26 B 8764045
Finches traits precisionsol3 | BT 8730550
Finches.traits prec sioncol3? EEH] [ i
Finches traits prec isionsol33 287 8363357
Finches.traits prec sioncol3d TH7E-D | 878007
Finches traits prec isioncol35 BN ]
Finches.traits precsioncold i [
Finches traits precisionsod2 0313 8370532
Finches.traits prec sioncold3 TH7E-D | 76007
Finches traits precisionsod 4 6433 ] -1
Finches.traits prec sioncol5 BT [
Finches traits prec isionolf | 082 EI]
Finches.traits prec sioncol5 B 8764045 3
Finches traits prec isioncol53 BT ]
Finches.traits prec sioncolsd BT [ u
Finches traits prec sionzolS5 5184 3001 g
¥
Finches traits varGovar F inches trsits precisiancol 12| 0159 3001 i
Finches.traits varGovar Finches traits precision ool 13_| 0443 3017338 3
Finches traits varCovar Finches trsits precisiancol 14| 0559 9001 b
Finches.traits varGovar Finches traits precision ool 15_| 049 [ I
Finches traits varCovar F inches trsits precisiancol2] | 0159 3001 K
Finches ¥ Finches trsits pr
Finches_traits varGovar Finches_traits preci 3212338 2
Finches.traits varGovar Finches traits precision col24 7383481
Finches_traits varGovar Finches _traits precisioncal2 9658020
Finches.traits varGovar Finches traits precision col3 1 3017338
Finches traits varGovar F inches trsits precisian col32
a 78919971
Finches.traits varGovar F inches trsits precisiancol3t 214448
Finches.traits varGovar Finches traits precision ol36 7365508
Finches_traits varCovar Finches trsits precisiancold 3001
Finches traits varGovar Finohes traits precision coM2 7383481
Finches traits varGovar F inches rsits precisian ol 214448 |
o oMt 76
Finches.traits varCovar Finches trsits precisiancol5 | 1812 1294538 1
Finches traits varGovar Finohes traitsprecision ol51_| 048 sun1
Finches_traits varGovar Finches_traits precisioncal82 | 0362 9658.220 J
Finches traits varGovar Finohes traitsprecision ool63_| 1005 7365508 L
Finches traits varGovar F inches trsits precisiancol5t_| 1312 7294538
F : 741164
Finches.traits diffusionRate 0E0 -
| treeLikelinood |-s58767 [705305 |
Finches traits traitLikelihood [ 22797 [90m II=
‘ | [Finches_traits.varCovar Finches_taits pRicsimscotdit varCovar Finches_trails p icieiers s varCovar.Finches_iraits picisier: it var Covar Finches_iraits piisims bt varCovat Finches_trais precision

wingL (w) tarsusL (t)  culmenL(c) beakD (b) gonysW (g)



The posterior distributions of the rate-covariances

Tracer
v1.5.exe

Tracer i U ‘ -
File Edit Analysis Help
rizcelfiles I Estimates | A Marginal Density | [ Joint-Marginal | i Trace |
Tree File States
Summary Statistic Finches traitsv.. Finches traitsr.. Finches fraitev..  Finches fraitsw.. Finches raitsy.  Finches fraits.. Finches traitsr.. Finches traitsx.. Finches traits.. Fine
mean | 11568 4431 15593 4301 13369 13978 13628 L1181 10054 [ETI
stcerr of mean | 1 0386E-2 25977E-3 8404 1E-3 2.0632E-3 24764E- B0214E- 256G 1E-3 818436 7.1026-% 109
median | 01332 03475 14931 [ 02911 13454 [EI] 19568 04754 159
Traces geometric mean | n/a n/a nfa nfa n/a nfa n/a nfa nfa 178
Statiste Vean =5 956 HPD Jovier | 8 324361 BF240E-2 L1041 81842E-2 B7967E- -0t -0122% §74B0E-2 0165 155
964 HPD upper | 08605 133 (AT 10287 07762 1.9531 15313 2482 20420 270
mesnRate ! WFLILENE o auto-correlation time (ACT | 1000 11226826 1000 1000 1095.9671 11267474 1039588 12476358 1222047 123
coeflicientd) far ation [248 566,129 effective sample size (ESS) | 9001 80173320 9001 3001 82128878 73884807 80582201 2144143 73655088 720~
covariance iMEZ |0 af 0 ‘ -
Finohes traits precisioncol 11 14202 807818
Finches_traits precizioncol 2 5026 ] )
Finohes_traits precisioncal 13 -238 §738.550
Finches_traits precizioncol 14 -118 ]
Finohes _traits precisioncol 16 -n682 ] _
Finches._traits precizioncoll] 3036 ]
Finohes._traits precisioncal22 11238 ]
Finches_traits precizioncol2d -1.211 ]
Finohes._traits precisioncol24 1219 870,582
Finches_traits precizioncol 28 ERF] 764045
Finohes_traits precisioncal -238 §738.550
Finches_traits precizioncali2 -1.211 ]
Finches traits precisioncal i 257 5363857 3
Finches._traits precizioncalid TANTE-Z | 676027
Finches_traits precisioncal i -0 a0t
Finches_traits precizioncold -118 ]
Finohes traits precisioncald2 1219 807058
Finches_traits precizioncaldd TANTE-Z | G7R027 —_—
Finohes traits precisioncaldd 5439 a0t
Finches_traits precizioncall -683 ]
Finches_traits precisioncalt | B ] T
Finches._traits precizioncoli2 ERF] E764.045
Finohes_traits precisioncals -n68 ] 2
Finches._traits precizioncolid 683 ]
Finches traits precisioncalsh 0.1 ] . i
Finches traits varGovar Finches traits precizion cal |1 ] k]
E
15
[
2
£
a
1
raits var r CI
Finohes traits.varCovar Finches traits precisioncold
Finches_traits varGovar Finches traits precizion cald2 | 0. FHBAE] €L
Finohes traits.varCovar Finches traits precision col43 ATET) —
Finches_traits varGovar Finches traits precizion cald4_| 2. 761012 0
Finches._traits.varGovar Finches traits precizion cal§ | | 0. ]
Finohes traits.varCovar Finches traits precision col62 8668220
Finches_traits varGovar Finches traits precizion col§ | 1. [ETHE]
Finohes traits.varCovar Finches traits precision colft 7204558
Finches_traits varCovar Finches traits precision colf5 | 1. A
Finches traits diffusionFate -
treeLikeliood -3658767 | 795388
Finohes traits raitLkelinood 22797 w001 B
specistion 12198 e 4
[ its.varC itd Iniedi| 13 It It e 1 et 1z IS Iriediid 35

w-t wc wb wg tc tb tg cb cg bg
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Traits data
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Rate-correlations and correlation in the traits data

Correlation between the traits
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wingL || Fo” T o - % ¥ wingL 1.000 0.593 0.757 0.881 0.899
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beakD 0.881 0.298 0.714 1.000 0.988
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Summarize the

MCMC trees
by TreeAnnotator
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Start TreeAnnotator 3

TV S I TreeAnnotator
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v1.8.0.exe
File Edit Help
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Treetnnotator «1.8.0, 2002-2013

MCMC Output analysis TreeAnnotator v1.8.0 |i|
by
Andrew Rambaut and Alexei J. Drummond
Inztitute of Evolutionary Biologzy Burnin: |':I |
University of Edinburzh
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Department of Computer Science
University of Auckland
alexeifcs. auckland. ac.nz

Target tree type: |Maximum clade credibility tree -

Hode heights: |Median heights -

f Target Tree File; Choose File...
Input Tree File: not selected Choose File...
B3l Output File:  not selected Choose File...
k!<=—=~_1 |.| -]
Run Quit




Specify bur-in and input/output files

3‘59
#

%

Burn-in: 1000

Z 5 EEE Treefnnotator
L - v1.8.0.exe
File Edit Help
Treetnnotator «1.8.0, 2002-2013 ] ¥ | 5% |"
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by
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Target Tree File: Choose File...
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4 i3
Run Quit
- 2 | e .

Input file: DarwinsFinches.trees.txt
Output file: DarwinsFinches.trees_summary.txt
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| == mmmmmmmm e B B [ | Target Tree File: Choose File...
ohal trees read: 10001 = Input Tree File: DarwinsFinches.frees. fxt Choose File...
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Drawing

summarized tree
by FigTree




FigTree: Open DarwinsFinches.trees _summary.txt
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Edit Tree Help
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Specify the parameters of Tip labels and scale axis

.. . FigTree
Reverse the axis in [Scale axis] v1.4.0.exe
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- i
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Node Bars: the credibility intervals of divergence times

Display: height 95% HPD

|£| FigTree v1.4.0 -PaminsFinches.trees_summary.b(‘t
-

File Edit Tree Help
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Appearance: colored branches for evolutionary rates

Colour by: rate_median, set blue/red in RGB as lower/upper limit
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Node shapes for the values of the traits

Size by: Finches_traits 1 (wingl), Max_size: 20, Min_size: 1
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Remark on the analysis of continuous traits with BEAST

1. BEAST version 2 does not analyze the continuous traits at this moment. It treats
geographic traits for the phylogeographic analysis.

2. BEAST version 1.8.3 has some problem BEAUti for morphological traits specification.

3. Please use BEAST version 1.8.0 for this analysis. Previous versions are available from
https://code.google.com/archive/p/beast-mcmc/downloads .

4. The following softwares are also recommended:
® BayesTraits

® Coevol (runs on linux or macOSX)



Homework 4

Please analyze the data of primates or Darwin’s finch again, and estimate
the evolutionary history of the traits and the pattern of dependence.

Please send the word file / pdf file named agri4_name.doc /agri4_name.pdf to:

Prof. Masami Hasegawa (masamihase@gmail.com) with cc to:
Hirohisa Kishino (kishino@I|bm.ab.a.u-tokyo.ac.jp ).

Here, “name” should be replaced by your name.
Deadline: 26 June 2016 (Sunday)



