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. T

o 
ex
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e 
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e 
pr

og
ra

m
, s

im
pl

y 
ty

pe
 .
/m
b 

in
 th

e 
di

re
ct

or
y

w
he

re
 y

ou
 c

om
pi

le
d 

th
e 

pr
og

ra
m

. T
he

 .
/ 

pr
ef

ix
 is

 n
ee

de
d 

to
 te

ll 
U

ni
x 

th
at

 y
ou

 w
an

t t
o

ru
n 

th
e 

lo
ca

l c
op

y 
of

 m
b 

in
 y

ou
r 

w
or

ki
ng

 d
ir

ec
to

ry
. I

f 
yo

u 
ru

n 
M

rB
ay

es
 o

ft
en

, y
ou

 w
ill

pr
ob

ab
ly

 w
an

t t
o 

ad
d 

th
e 

pr
og

ra
m

 to
 y

ou
r 

“p
at

h”
; r

ef
er

 to
 y

ou
r 

U
ni

x 
m

an
ua

l o
r 

yo
ur

 lo
ca

l
U

ni
x 

ex
pe

rt
 f

or
 m

or
e 

in
fo

rm
at

io
n 

on
 th

is
.

A
ll 

th
re

e 
pa

ck
ag

es
 o

f 
M

rB
ay

es
 c

om
e 

w
ith

 e
xa

m
pl

e 
da

ta
 f

ile
s.

 T
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se
 a

re
 in

te
nd

ed
 to

 s
ho

w
va

ri
ou

s 
ty

pe
s 

of
 a

na
ly

se
s 

yo
u 

ca
n 

pe
rf

or
m

 w
ith

 th
e 

pr
og

ra
m

, a
nd

 y
ou

 c
an

 u
se

 th
em

 a
s

te
m

pl
at

es
 f

or
 y

ou
r 

ow
n 

an
al

ys
es

. T
w

o 
of

 th
e 

fi
le

s,
 p

ri
m

at
es

.n
ex

 a
nd

 c
yn

m
ix

.n
ex

, w
ill

 b
e

us
ed

 in
 th

e 
tu

to
ri

al
 s

ec
tio

ns
 o

f 
th

is
 m

an
ua

l (
se

ct
io

ns
 2

 a
nd

 3
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3.
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et
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ar
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 b
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do
ub

le
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ki
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at
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on
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or
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 y
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c
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u
i
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@
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s
i
t
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.
e
d
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S
e
c
t
i
o
n
 
o
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E
c
o
l
o
g
y
,
 
B
e
h
a
v
i
o
r
 
a
n
d
 
E
v
o
l
u
t
i
o
n

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
D
i
v
i
s
i
o
n
 
o
f
 
B
i
o
l
o
g
i
c
a
l
 
S
c
i
e
n
c
e
s

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
U
n
i
v
e
r
s
i
t
y
 
o
f
 
C
a
l
i
f
o
r
n
i
a
,
 
S
a
n
 
D
i
e
g
o

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
j
o
h
n
h
@
b
i
o
m
a
i
l
.
u
c
s
d
.
e
d
u

 
 
 
 
 
 
 
 
 
 
 
 
 
D
i
s
t
r
i
b
u
t
e
d
 
u
n
d
e
r
 
t
h
e
 
G
N
U
 
G
e
n
e
r
a
l
 
P
u
b
l
i
c
 
L
i
c
e
n
s
e

 
 
 
 
 
 
 
 
 
 
 
 
 
 
T
y
p
e
 
"
h
e
l
p
"
 
o
r
 
"
h
e
l
p
 
<
c
o
m
m
a
n
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f
o
r
 
i
n
f
o
r
m
a
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n
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t
h
e
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o
m
m
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n
d
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t
h
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t
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v
a
i
l
a
b
l
e
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M
r
B
a
y
e
s
 
>

T
he

 o
rd

er
 o

f 
th

e 
au

th
or

s 
is

 r
an

do
m

iz
ed

 e
ac

h 
tim

e 
yo

u 
st

ar
t t

he
 p

ro
gr

am
, s

o 
do

n’
t b

e
su

rp
ri

se
d 

if
 th

e 
or

de
r 

di
ff

er
s 

fr
om

 th
e 

on
e 

ab
ov

e.
 N

ot
e 

th
e 
M
r
B
a
y
e
s
 
>

 p
ro

m
pt

 a
t t

he
bo

tto
m

, w
hi

ch
 te

lls
 y

ou
 th

at
 M

rB
ay

es
 is

 r
ea

dy
 f

or
 y

ou
r 

co
m

m
an

ds
.

1.
4.

 C
h

an
g

in
g

 t
h

e 
S

iz
e 

o
f 

th
e 

M
rB

ay
es

 W
in

d
o

w

So
m

e 
M

rB
ay

es
 c

om
m

an
ds

 w
ill

 o
ut

pu
t a

 lo
t o

f 
in

fo
rm

at
io

n 
an

d 
w

ri
te

 f
ai

rl
y 

lo
ng

 li
ne

s,
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o
yo

u 
m

ay
 w

an
t t

o 
ch

an
ge

 th
e 

si
ze

 o
f 

th
e 

M
rB

ay
es

 w
in

do
w
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ak
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 r

ea
d 

th
e

ou
tp

ut
. O

n 
M

ac
in

to
sh

 a
nd

 U
ni

x 
m

ac
hi

ne
s,

 y
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 s
ho

ul
d 

be
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bl
e 

to
 in
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ea

se
 th

e 
w

in
do

w
si

ze
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im
pl

y 
by

 d
ra

gg
in

g 
th

e 
m

ar
gi

ns
. O

n 
a 

W
in

do
w

s 
m

ac
hi

ne
, y

ou
 c

an
no

t i
nc

re
as

e 
th

e
si

ze
 o

f 
th

e 
w

in
do

w
 b

ey
on

d 
th

e 
pr

es
et

 v
al

ue
 b

y 
si

m
pl

y 
dr

ag
gi

ng
 th

e 
m

ar
gi

ns
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ut
 (

on
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W
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do
w

s 
X

P,
 2

00
0 

an
d 

N
T

) 
yo

u 
ca

n 
ch

an
ge

 b
ot

h 
th

e 
si

ze
 o

f 
th

e 
sc

re
en

 b
uf

fe
r 

an
d 

th
e

co
ns

ol
e 

w
in

do
w

 b
y 

ri
gh

t-
cl

ic
ki

ng
 o

n 
th

e 
bl

ue
 ti

tle
 b

ar
 o

f 
th

e 
M

rB
ay

es
 w

in
do

w
 a

nd
 th

en
se

le
ct

in
g 

“P
ro

pe
rt

ie
s”

 in
 th

e 
m

en
u 

th
at

 a
pp

ea
rs

. M
ak

e 
su

re
 th

e 
“L

ay
ou

t”
 ta

b 
is

 s
el

ec
te

d 
in

th
e 

w
in

do
w

 th
at

 a
pp

ea
rs

, a
nd

 th
en

 s
et

 th
e 

Sc
re

en
 B

uf
fe

r 
Si

ze
 a

nd
 W

in
do

w
 S

iz
e 

to
 th

e
de

si
re

d 
va

lu
es

.

1.
5.

 G
et

ti
n

g
 H

el
p

A
t t

he
 M
r
B
a
y
e
s
 
>

 p
ro

m
pt

, t
yp

e 
he

lp
 to

 s
ee

 a
 li

st
 o

f 
th

e 
co

m
m

an
ds

 a
va

ila
bl

e 
in

M
rB

ay
es

. M
os

t c
om

m
an

ds
 a

llo
w

 y
ou

 to
 s

et
 v

al
ue

s 
(o

pt
io

ns
) 

fo
r 

di
ff

er
en

t p
ar

am
et

er
s.

 I
f

yo
u 

ty
pe

 h
el
p 

<c
om

ma
nd
>,

 w
he

re
 <

co
m

m
an

d>
 is

 a
ny

 o
f 

th
e 

lis
te

d 
co

m
m

an
ds

, y
ou

w
ill

 s
ee

 th
e 

he
lp

 in
fo

rm
at

io
n 

fo
r 

th
at

 c
om

m
an

d 
as

 w
el

l a
s 

a 
de

sc
ri

pt
io

n 
of

 th
e 

av
ai

la
bl

e
op

tio
ns

. F
or

 m
os

t c
om

m
an

ds
, y

ou
 w

ill
 a

ls
o 

se
e 

a 
lis

t o
f 

th
e 

cu
rr

en
t s

et
tin

gs
 a

t t
he

 e
nd

.
T

ry
, f

or
 in

st
an

ce
, h
el
p 
ls

et
 o

r 
he
lp
 m
cm

c.
 T

he
 l
s
e
t

 s
et

tin
gs

 ta
bl

e 
lo

ok
s 

lik
e 
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 s
up

po
rt

s 
ab

br
ev

ia
tio

n 
of

 c
om

m
an

ds
 a

nd
 o

pt
io

ns
, s

o 
in

 m
an

y 
ca

se
s 

it
is

 s
uf

fi
ci

en
t t

o 
ty

pe
 th

e 
fi

rs
t f

ew
 le

tte
rs

 o
f 

a 
co

m
m

an
d 

or
 o

pt
io

n 
in

st
ea

d 
of

 th
e 

fu
ll 

na
m

e.

A
 c

om
pl

et
e 

lis
t o

f 
co

m
m

an
ds

 a
nd

 o
pt

io
ns

 is
 g

iv
en

 in
 th

e 
co

m
m

an
d 

re
fe

re
nc

e,
 w

hi
ch

 c
an

be
 d

ow
nl

oa
de

d 
fr

om
 th

e 
pr

og
ra

m
 w

eb
 s

ite
 (

w
w

w
.m

rb
ay

es
.n

et
).

 Y
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 c
an

 a
ls

o 
pr

od
uc

e 
an

A
SC

II
 te

xt
 v

er
si

on
 o

f 
th

e 
co

m
m

an
d 

re
fe

re
nc

e 
at

 a
ny

 ti
m

e 
by

 g
iv

in
g 

th
e 

co
m

m
an

d
ma

nu
al

 to
 M

rB
ay

es
. F

ur
th

er
 h

el
p 

is
 a

va
ila

bl
e 

in
 a

 s
et

 o
f 

hy
pe

rl
in

ke
d 

ht
m

l p
ag

es
pr

od
uc

ed
 b

y 
Je

ff
 B

at
es

 a
nd

 a
va

ila
bl

e 
on

 th
e 

M
rB

ay
es

 w
eb

 s
ite

. F
in

al
ly

, y
ou

 c
an

 g
et

 in
to

uc
h 

w
ith

 o
th

er
 M

rB
ay

es
 u

se
rs

 a
nd

 d
ev

el
op

er
s 

th
ro

ug
h 

th
e 

m
rb

ay
es

-u
se

rs
 e

m
ai

l l
is

t
(s

ub
sc

ri
pt

io
n 

in
fo

rm
at

io
n 

at
 w

w
w

.m
rb

ay
es

.n
et
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1.
6.

 R
ep

o
rt

in
g

 a
n

d
 F

ix
in

g
 B

u
g

s

If
 y

ou
 f

in
d 

a 
bu

g 
in

 M
rB

ay
es

, w
e 

ar
e 

ve
ry

 g
ra

te
fu

l i
f 

yo
u 

te
ll 

us
 a

bo
ut

 it
 u

si
ng

 th
e 

bu
g

re
po

rt
in

g 
fu

nc
tio

ns
 o

f 
So

ur
ce

Fo
rg

e,
 a

s 
ex

pl
ai

ne
d 

on
 th

e 
M

rB
ay

es
 w

eb
 s

ite
(w

w
w

.m
rb

ay
es

.n
et

).
 W

he
n 

yo
u 

su
bm

it 
a 

bu
g,

 m
ak

e 
su

re
 th

at
 y

ou
 u

pl
oa

d 
a 

da
ta

 f
ile

 w
ith

th
e 

da
ta

 s
et

 a
nd

 s
eq

ue
nc

e 
of

 c
om

m
an

ds
 th

at
 p

ro
du

ce
d 

th
e 

er
ro

r.
 I

f 
th

e 
bu

g 
oc

cu
rs

 d
ur

in
g 

a
M

C
M

C
 a

na
ly

si
s 

(a
ft

er
 is

su
in

g 
th

e 
“m

cm
c”

 c
om

m
an

d)
, y

ou
 c

an
 h

el
p 

us
 g

re
at

ly
 b

y 
m

ak
in

g
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su
re

 th
e 

bu
g 

ca
n 

be
 r

ep
ro

du
ce

d 
re

lia
bl

y 
us

in
g 

a 
fi

xe
d 

se
ed

 a
nd

 s
w

ap
se

ed
 f

or
 th

e 
m

cm
c

co
m

m
an

d,
 a

nd
 id

ea
lly

 a
ls

o 
w

ith
 a

 s
m

al
l d

at
a 

se
t. 

T
he

 T
ra

ck
er

 s
of

tw
ar

e 
at

 S
ou

rc
eF

or
ge

w
ill

 m
ak

e 
su

re
 th

at
 y

ou
 g

et
 e

m
ai

l n
ot

if
ic

at
io

n 
w

he
n 

th
e 

bu
g 

ha
s 

be
en

 f
ix

ed
 in

 th
e 

so
ur

ce
co

de
 o

n 
th

e 
M

rB
ay

es
 C

V
S 

re
po

si
to

ry
 a

t S
ou

rc
eF

or
ge

. N
ot

e,
 h

ow
ev

er
, t

ha
t t

he
re

 m
ay

 b
e

so
m

e 
tim

e 
be

fo
re

 n
ew

 e
xe

cu
ta

bl
es

 c
on

ta
in

in
g 

th
e 

bu
g 

fi
x 

w
ill

 b
e 

re
le

as
ed

.

A
dv

an
ce

d 
us

er
s 

m
ay

 b
e 

in
te

re
st

ed
 in

 f
ix

in
g 

bu
gs

 th
em

se
lv

es
 in

 th
e 

so
ur

ce
 c

od
e.

 R
ef

er
 to

se
ct

io
n 

7 
of

 th
is

 m
an

ua
l f

or
 in

fo
rm

at
io

n 
on

 h
ow

 to
 c

on
tr

ib
ut

e 
bu

g 
fi

xe
s,

 im
pr

ov
ed

al
go

ri
th

m
s 

or
 e

xp
an

de
d 

fu
nc

tio
na

lit
y 

to
 o

th
er

 u
se

rs
 o

f 
M

rB
ay

es
.

1.
7.

 L
ic

en
se

 a
n

d
 W

ar
ra

n
ty

M
rB

ay
es

 is
 f

re
e 

so
ft

w
ar

e;
 y

ou
 c

an
 r

ed
is

tr
ib

ut
e 

it 
an

d/
or

 m
od

if
y 

it 
un

de
r 

th
e 

te
rm

s 
of

 th
e

G
N

U
 G

en
er

al
 P

ub
lic

 L
ic

en
se

 a
s 

pu
bl

is
he

d 
by

 th
e 

Fr
ee

 S
of

tw
ar

e 
Fo

un
da

tio
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 e
ith

er
ve
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io

n 
2 

of
 th

e 
L

ic
en

se
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r 
(a

t y
ou

r 
op

tio
n)

 a
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 la
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r 
ve
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io

n.

T
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 p
ro

gr
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 is
 d

is
tr

ib
ut

ed
 in

 th
e 

ho
pe

 th
at
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 w

ill
 b

e 
us

ef
ul

, b
ut

 W
IT

H
O

U
T
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N

Y
W

A
R

R
A

N
T

Y
; w

ith
ou

t e
ve

n 
th

e 
im

pl
ie

d 
w

ar
ra

nt
y 

of
 M

E
R

C
H

A
N

T
A

B
IL

IT
Y

 o
r

FI
T

N
E

SS
 F

O
R

 A
 P

A
R

T
IC

U
L

A
R

 P
U

R
PO

SE
. S

ee
 th

e 
G

N
U

 G
en

er
al

 P
ub

lic
 L

ic
en

se
 f

or
m

or
e 

de
ta

ils
 (

ht
tp

://
w

w
w

.g
nu

.o
rg

/c
op

yl
ef

t/g
pl

.h
tm

l)
.

2.
 T

u
to

ri
al

: 
A

 S
im

p
le

 A
n

al
ys

is

T
hi

s 
se

ct
io

n 
is

 a
 tu

to
ri

al
 b

as
ed

 o
n 

th
e 
p
r
i
m
a
t
e
s
.
n
e
x

 d
at

a 
fi

le
. I

t w
ill

 g
ui

de
 y

ou
th

ro
ug

h 
a 

ba
si

c 
B

ay
es

ia
n 

M
C

M
C

 a
na

ly
si

s 
of

 p
hy

lo
ge

ny
, e

xp
la

in
in

g 
th

e 
m

os
t i

m
po

rt
an

t
fe

at
ur

es
 o

f 
th

e 
pr

og
ra

m
. T

he
re

 a
re

 tw
o 

ve
rs

io
ns

 o
f 

th
e 

tu
to

ri
al

. Y
ou

 w
ill

 f
ir

st
 f

in
d 

a
Q

ui
ck

-S
ta

rt
 v

er
si

on
 f

or
 im

pa
tie

nt
 u

se
rs

 w
ho

 w
an

t t
o 

ge
t a

n 
an

al
ys

is
 s

ta
rt

ed
 im

m
ed

ia
te

ly
.

T
he

 r
es

t o
f 

th
e 

se
ct

io
n 

co
nt

ai
ns

 a
 m

uc
h 

m
or

e 
de

ta
ile

d 
de

sc
ri

pt
io

n 
of

 th
e 

sa
m

e 
an

al
ys

is
.

2.
1.

 Q
u

ic
k 

S
ta

rt
 V

er
si

o
n

T
he

re
 a

re
 f

ou
r 

st
ep

s 
to

 a
 ty

pi
ca

l B
ay

es
ia

n 
ph

yl
og

en
et

ic
 a

na
ly

si
s 

us
in

g 
M

rB
ay

es
:

1.
 

R
ea

d 
th

e 
N

ex
us

 d
at

a 
fi

le
2.

 
Se

t t
he

 e
vo

lu
tio

na
ry

 m
od

el
3.

 
R

un
 th

e 
an

al
ys

is
4.

 
Su

m
m

ar
iz

e 
th

e 
sa

m
pl

es

In
 m

or
e 

de
ta

il,
 e

ac
h 

of
 th

es
e 

st
ep

s 
is

 p
er

fo
rm

ed
 a

s 
de

sc
ri

be
d 

in
 th

e 
fo

llo
w

in
g 

pa
ra

gr
ap

hs
.

1.
 A

t t
he

 M
r
B
a
y
e
s
 
>

 p
ro

m
pt

, t
yp

e 
ex
ec

ut
e 
pr
im

at
es
.n
ex

. T
hi

s 
w

ill
 b

ri
ng

 th
e

da
ta

 in
to

 th
e 

pr
og

ra
m

. T
he

 d
at

a 
fi

le
 (
p
r
i
m
a
t
e
s
.
n
e
x

) 
m

us
t b

e 
in

 th
e 

sa
m

e 
di

re
ct

or
y 

as
th

e 
M

rB
ay

es
 p

ro
gr

am
. I

f 
yo

u 
ru

n 
in

to
 p

ro
bl

em
s,

 r
ef

er
 to

 s
ec

tio
n 

2.
2 

fo
r 

po
ss

ib
le

so
lu

tio
ns

. I
f 

yo
u 

ar
e 

ru
nn

in
g 

yo
ur

 o
w

n 
da

ta
 f

ile
, b

ew
ar

e 
th

at
 it

 m
ay

 c
on

ta
in

 s
om

e
M

rB
ay

es
 c

om
m

an
ds

 th
at

 c
an

 c
ha

ng
e 

th
e 

be
ha

vi
or

 o
f 

th
e 

pr
og

ra
m

; d
el

et
e 

th
os

e 
co

m
m

an
ds

or
 p

ut
 th

em
 in

 s
qu

ar
e 

br
ac

ke
ts

 to
 f

ol
lo

w
 th

is
 tu

to
ri

al
.



M
rB

ay
es

 3
.1

 M
an

ua
l

5/
17

/2
00

5
9

2.
 A

t t
he

 M
r
B
a
y
e
s
 
>

 p
ro

m
pt

, t
yp

e 
ls
et

 n
st
=6
 r

at
es
=i
nv
ga

mm
a.

 T
hi

s 
se

ts
 th

e
ev

ol
ut

io
na

ry
 m

od
el

 to
 th

e 
G

T
R

 m
od

el
 w

ith
 g

am
m

a-
di

st
ri

bu
te

d 
ra

te
 v

ar
ia

tio
n 

ac
ro

ss
 s

ite
s

an
d 

a 
pr

op
or

tio
n 

of
 in

va
ri

ab
le

 s
ite

s.
 I

f 
yo

ur
 d

at
a 

ar
e 

no
t D

N
A

 o
r 

R
N

A
, i

f 
yo

u 
w

an
t t

o
in

vo
ke

 a
 d

if
fe

re
nt

 m
od

el
, o

r 
if

 y
ou

 w
an

t t
o 

us
e 

no
n-

de
fa

ul
t p

ri
or

s,
 r

ef
er

 to
 th

e 
re

st
 o

f 
th

is
m

an
ua

l, 
pa

rt
ic

ul
ar

ly
 s

ec
tio

ns
 3

 to
 5

 a
nd

 th
e 

A
pp

en
di

x.

3.
1.

 A
t t

he
 M

rB
ay

es
 >

 p
ro

m
pt

, t
yp

e 
mc
mc
 n

ge
n=
10
00
0 

sa
mp
le
fr
eq

=1
0.

 T
hi

s
w

ill
 e

ns
ur

e 
th

at
 y

ou
 g

et
 a

t l
ea

st
 1

,0
00

 s
am

pl
es

 f
ro

m
 th

e 
po

st
er

io
r 

pr
ob

ab
ili

ty
 d

is
tr

ib
ut

io
n.

Fo
r 

la
rg

er
 d

at
a 

se
ts

 y
ou

 p
ro

ba
bl

y 
w

an
t t

o 
ru

n 
th

e 
an

al
ys

is
 lo

ng
er

 a
nd

 s
am

pl
e 

le
ss

fr
eq

ue
nt

ly
 (

th
e 

de
fa

ul
t s

am
pl

in
g 

fr
eq

ue
nc

y 
is

 e
ve

ry
 1

00
th

 g
en

er
at

io
n)

. Y
ou

 c
an

 f
in

d 
th

e
pr

ed
ic

te
d 

re
m

ai
ni

ng
 ti

m
e 

to
 c

om
pl

et
io

n 
of

 th
e 

an
al

ys
is

 in
 th

e 
la

st
 c

ol
um

n 
pr

in
te

d 
to

sc
re

en
.

3.
2.

 I
f 

th
e 

st
an

da
rd

 d
ev

ia
tio

n 
of

 s
pl

it 
fr

eq
ue

nc
ie

s 
is

 b
el

ow
 0

.0
1 

af
te

r 
10

0,
00

0 
ge

ne
ra

tio
ns

,
st

op
 th

e 
ru

n 
by

 a
ns

w
er

in
g 
no

 w
he

n 
th

e 
pr

og
ra

m
 a

sk
s 

“C
o
n
t
i
n
u
e
 
t
h
e
 
a
n
a
l
y
s
i
s
?

(
y
e
s
/
n
o
)

”.
 O

th
er

w
is

e,
 k

ee
p 

ad
di

ng
 g

en
er

at
io

ns
 u

nt
il 

th
e 

va
lu

e 
fa

lls
 b

el
ow

 0
.0

1.

4.
1.

 S
um

m
ar

iz
e 

th
e 

pa
ra

m
et

er
 v

al
ue

s 
by

 ty
pi

ng
 s
um
p 
bu
rn

in
=2
50

 (
or

 w
ha

te
ve

r 
va

lu
e

co
rr

es
po

nd
s 

to
 2

5 
%

 o
f 

yo
ur

 s
am

pl
es

).
 T

he
 p

ro
gr

am
 w

ill
 o

ut
pu

t a
 ta

bl
e 

w
ith

 s
um

m
ar

ie
s

of
 th

e 
sa

m
pl

es
 o

f 
th

e 
su

bs
tit

ut
io

n 
m

od
el

 p
ar

am
et

er
s,

 in
cl

ud
in

g 
th

e 
m

ea
n,

 m
od

e,
 a

nd
 9

5 
%

cr
ed

ib
ili

ty
 in

te
rv

al
 o

f 
ea

ch
 p

ar
am

et
er

. M
ak

e 
su

re
 th

at
 th

e 
po

te
nt

ia
l s

ca
le

 r
ed

uc
tio

n 
fa

ct
or

(P
SR

F)
 is

 r
ea

so
na

bl
y 

cl
os

e 
to

 1
.0

 f
or

 a
ll 

pa
ra

m
et

er
s;

 if
 n

ot
, y

ou
 n

ee
d 

to
 r

un
 th

e 
an

al
ys

is
lo

ng
er

.

4.
2.

 S
um

m
ar

iz
e 

th
e 

tr
ee

s 
by

 ty
pi

ng
 s
um

t 
bu
rn
in
=2

50
 (

or
 w

ha
te

ve
r 

va
lu

e
co

rr
es

po
nd

s 
to

 2
5 

%
 o

f 
yo

ur
 s

am
pl

es
).

 T
he

 p
ro

gr
am

 w
ill

 o
ut

pu
t a

 c
la

do
gr

am
 w

ith
 th

e
po

st
er

io
r 

pr
ob

ab
ili

tie
s 

fo
r 

ea
ch

 s
pl

it 
an

d 
a 

ph
yl

og
ra

m
 w

ith
 m

ea
n 

br
an

ch
 le

ng
th

s.
 T

he
 tr

ee
s

w
ill

 a
ls

o 
be

 p
ri

nt
ed

 to
 a

 f
ile

 th
at

 c
an

 b
e 

re
ad

 b
y 

tr
ee

 d
ra

w
in

g 
pr

og
ra

m
s 

su
ch

 a
s 

T
re

eV
ie

w
,

M
ac

C
la

de
, a

nd
 M

es
qu

ite
.

It
 d

oe
s 

no
t h

av
e 

to
 b

e 
m

or
e 

co
m

pl
ic

at
ed

 th
an

 th
is

; h
ow

ev
er

, a
s 

yo
u 

ge
t m

or
e 

pr
of

ic
ie

nt
yo

u 
w

ill
 p

ro
ba

bl
y 

w
an

t t
o 

kn
ow

 m
or

e 
ab

ou
t w

ha
t i

s 
ha

pp
en

in
g 

be
hi

nd
 th

e 
sc

en
es

. T
he

re
st

 o
f 

th
is

 s
ec

tio
n 

ex
pl

ai
ns

 e
ac

h 
of

 th
e 

st
ep

s 
in

 m
or

e 
de

ta
il 

an
d 

in
tr

od
uc

es
 y

ou
 to

 a
ll 

th
e

im
pl

ic
it 

as
su

m
pt

io
ns

 y
ou

 a
re

 m
ak

in
g 

an
d 

th
e 

m
ac

hi
ne

ry
 th

at
 M

rB
ay

es
 u

se
s 

in
 o

rd
er

 to
pe

rf
or

m
 y

ou
r 

an
al

ys
is

.

2.
2.

 G
et

ti
n

g
 D

at
a 

in
to

 M
rB

ay
es

T
o 

ge
t d

at
a 

in
to

 M
rB

ay
es

, y
ou

 n
ee

d 
a 

so
-c

al
le

d 
N

ex
us

 f
ile

 th
at

 c
on

ta
in

s 
al

ig
ne

d
nu

cl
eo

tid
e 

or
 a

m
in

o 
ac

id
 s

eq
ue

nc
es

, m
or

ph
ol

og
ic

al
 (

"s
ta

nd
ar

d"
) 

da
ta

, r
es

tr
ic

tio
n 

si
te

(b
in

ar
y)

 d
at

a,
 o

r 
an

y 
m

ix
 o

f 
th

es
e 

fo
ur

 d
at

a 
ty

pe
s.

 T
he

 N
ex

us
 f

ile
 th

at
 w

e 
w

ill
 u

se
 f

or
 th

is
tu

to
ri

al
, p
r
i
m
a
t
e
s
.
n
e
x

, c
on

ta
in

s 
12

 m
ito

ch
on

dr
ia

l D
N

A
 s

eq
ue

nc
es

 o
f 

pr
im

at
es

.

A
 N

ex
us

 f
ile

 is
 a

 s
im

pl
e 

te
xt

 (
A

SC
II

) 
fi

le
 th

at
 b

eg
in

s 
w

ith
 #
N
E
X
U
S

 o
n 

th
e 

fi
rs

t l
in

e.
 T

he
re

st
 o

f 
th

e 
fi

le
 is

 d
iv

id
ed

 in
to

 d
if

fe
re

nt
 b

lo
ck

s.
 T

he
 p
r
i
m
a
t
e
s
.
n
e
x

 f
ile

 lo
ok

s 
lik

e 
th

is
:

#
N
E
X
U
S



M
rB

ay
es

 3
.1

 M
an

ua
l

5/
17

/2
00

5
10

b
e
g
i
n
 
d
a
t
a
;

 
 
 
d
i
m
e
n
s
i
o
n
s
 
n
t
a
x
=
1
2
 
n
c
h
a
r
=
8
9
8
;

 
 
 
f
o
r
m
a
t
 
d
a
t
a
t
y
p
e
=
d
n
a
 
i
n
t
e
r
l
e
a
v
e
=
n
o
 
g
a
p
=
-
;

 
 
 
m
a
t
r
i
x

 
 
 
S
a
i
m
i
r
i
_
s
c
i
u
r
e
u
s
 
A
A
G
C
T
T
C
A
T
A
G
G
A
G
C
 
.
.
.
 
A
C
T
A
T
C
C
C
T
A
A
G
C
T
T

 
 
 
T
a
r
s
i
u
s
_
s
y
r
i
c
h
t
a
 
A
A
G
C
T
T
C
A
C
C
G
G
C
G
C
 
.
.
.
 
A
T
T
A
T
G
C
C
T
A
A
G
C
T
T

 
 
 
L
e
m
u
r
_
c
a
t
t
a
 
 
 
 
 
 
A
A
G
C
T
T
C
A
C
C
G
G
C
G
C
 
.
.
.
 
A
C
T
A
T
C
T
A
T
T
A
G
C
T
T

 
 
 
M
a
c
a
c
a
_
f
u
s
c
a
t
a
 
 
 
A
A
G
C
T
T
C
A
C
C
G
G
C
G
C
 
.
.
.
 
C
C
T
A
A
C
G
C
T
A
A
G
C
T
T

 
 
 
M
_
m
u
l
a
t
t
a
 
 
 
 
 
 
 
 
A
A
G
C
T
T
C
A
C
C
G
G
C
G
C
 
.
.
.
 
C
C
T
A
A
C
A
C
T
A
A
G
C
T
T

 
 
 
M
_
f
a
s
c
i
c
u
l
a
r
i
s
 
 
 
A
A
G
C
T
T
T
A
C
A
G
G
T
G
C
 
.
.
.
 
C
C
T
A
A
C
A
C
T
A
A
G
C
T
T

 
 
 
M
_
s
y
l
v
a
n
u
s
 
 
 
 
 
 
 
A
A
G
C
T
T
T
T
C
C
G
G
C
G
C
 
.
.
.
 
C
C
T
A
A
C
A
T
T
A
A
G
C
T
T

 
 
 
H
o
m
o
_
s
a
p
i
e
n
s
 
 
 
 
 
A
A
G
C
T
T
T
T
C
T
G
G
C
G
C
 
.
.
.
 
G
C
T
C
T
C
C
C
T
A
A
G
C
T
T

 
 
 
P
a
n
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A
A
G
C
T
T
C
T
C
C
G
G
C
G
C
 
.
.
.
 
G
C
T
C
T
C
C
C
T
A
A
G
C
T
T

 
 
 
G
o
r
i
l
l
a
 
 
 
 
 
 
 
 
 
 
A
A
G
C
T
T
C
T
C
C
G
G
T
G
C
 
.
.
.
 
A
C
T
C
T
C
C
C
T
A
A
G
C
T
T

 
 
 
P
o
n
g
o
 
 
 
 
 
 
 
 
 
 
 
 
A
A
G
C
T
T
C
A
C
C
G
G
C
G
C
 
.
.
.
 
A
C
T
C
T
C
A
C
T
A
A
G
C
T
T

 
 
 
H
y
l
o
b
a
t
e
s
 
 
 
 
 
 
 
 
A
A
G
T
T
T
C
A
T
T
G
G
A
G
C
 
.
.
.
 
A
C
T
C
T
C
C
C
T
A
A
G
C
T
T

 
 
 
;

e
n
d
;

T
he

 f
ile

 c
on

ta
in

s 
on

ly
 o

ne
 b

lo
ck

, a
 D

A
T

A
 b

lo
ck

. T
he

 D
A

T
A

 b
lo

ck
 is

 in
iti

al
iz

ed
 w

ith
b
e
g
i
n
 
d
a
t
a
;

 f
ol

lo
w

ed
 b

y 
th

e 
d
i
m
e
n
s
i
o
n
s

 s
ta

te
m

en
t, 

th
e 
f
o
r
m
a
t

 s
ta

te
m

en
t, 

an
d

th
e 
m
a
t
r
i
x

 s
ta

te
m

en
t. 

T
he

 d
i
m
e
n
s
i
o
n
s

 s
ta

te
m

en
t m

us
t c

on
ta

in
 n
t
a
x

, t
he

 n
um

be
r 

of
ta

xa
, a

nd
 n
c
h
a
r

, t
he

 n
um

be
r 

of
 c

ha
ra

ct
er

s 
in

 e
ac

h 
al

ig
ne

d 
se

qu
en

ce
. T

he
 f
o
r
m
a
t

st
at

em
en

t m
us

t s
pe

ci
fy

 th
e 

ty
pe

 o
f 

da
ta

, f
or

 in
st

an
ce

 d
a
t
a
t
y
p
e
=
D
N
A

 (
or

 R
N

A
 o

r
Pr

ot
ei

n 
or

 S
ta

nd
ar

d 
or

 R
es

tr
ic

tio
n)

. T
he

 f
o
r
m
a
t

 s
ta

te
m

en
t m

ay
 a

ls
o 

co
nt

ai
n 
g
a
p
=
-

 (
or

w
ha

te
ve

r 
sy

m
bo

l i
s 

us
ed

 f
or

 a
 g

ap
 in

 y
ou

r 
al

ig
nm

en
t)

, m
i
s
s
i
n
g
=
?

 (
or

 w
ha

te
ve

r 
sy

m
bo

l
is

 u
se

d 
fo

r 
m

is
si

ng
 d

at
a 

in
 y

ou
r 

fi
le

),
 i
n
t
e
r
l
e
a
v
e
=
y
e
s

 w
he

n 
th

e 
da

ta
 m

at
ri

x 
is

in
te

rl
ea

ve
d 

se
qu

en
ce

s,
 a

nd
 m
a
t
c
h
=
.

 (
or

 w
ha

te
ve

r 
sy

m
bo

l i
s 

us
ed

 f
or

 m
at

ch
in

g
ch

ar
ac

te
rs

 in
 th

e 
al

ig
nm

en
t)

. T
he

 f
o
r
m
a
t

 s
ta

te
m

en
t i

s 
fo

llo
w

ed
 b

y 
th

e 
m
a
t
r
i
x

st
at

em
en

t, 
us

ua
lly

 s
ta

rt
ed

 b
y 

th
e 

w
or

d 
m
a
t
r
i
x

 o
n 

a 
se

pa
ra

te
 li

ne
, f

ol
lo

w
ed

 b
y 

th
e

al
ig

ne
d 

se
qu

en
ce

s.
 E

ac
h 

se
qu

en
ce

 b
eg

in
s 

w
ith

 th
e 

se
qu

en
ce

 n
am

e 
se

pa
ra

te
d 

fr
om

 th
e

se
qu

en
ce

 it
se

lf
 b

y 
at

 le
as

t o
ne

 s
pa

ce
. T

he
 d

at
a 

bl
oc

k 
is

 c
om

pl
et

ed
 b

y 
an

 e
n
d
;

 s
ta

te
m

en
t.

N
ot

e 
th

at
 th

e 
b
e
g
i
n

, d
i
m
e
n
s
i
o
n
s

, f
o
r
m
a
t

, a
nd

 e
n
d

 s
ta

te
m

en
ts

 a
ll 

en
d 

in
 a

se
m

ic
ol

on
. T

ha
t s

em
ic

ol
on

 is
 e

ss
en

tia
l a

nd
 m

us
t n

ot
 b

e 
le

ft
 o

ut
. N

ot
e 

th
at

, a
lth

ou
gh

 it
oc

cu
pi

es
 m

an
y 

lin
es

 in
 th

e 
fi

le
, t

he
 m

at
ri

x 
de

sc
ri

pt
io

n 
is

 a
ls

o 
a 

re
gu

la
r 

st
at

em
en

t, 
a

m
a
t
r
i
x

 s
ta

te
m

en
t, 

w
hi

ch
 e

nd
s 

w
ith

 a
 s

em
ic

ol
on

 ju
st

 a
s 

an
y 

ot
he

r 
st

at
em

en
t. 

O
ur

ex
am

pl
e 

fi
le

 c
on

ta
in

s 
se

qu
en

ce
s 

in
 n

on
-i

nt
er

le
av

ed
 (

bl
oc

k)
 f

or
m

at
. N

on
-i

nt
er

le
av

ed
 is

 th
e

de
fa

ul
t b

ut
 y

ou
 c

an
 p

ut
 i
n
t
e
r
l
e
a
v
e
=
n
o

 in
 th

e 
f
o
r
m
a
t

 s
ta

te
m

en
t i

f 
yo

u 
w

an
t t

o 
be

su
re

.

T
he

 N
ex

us
 d

at
a 

fi
le

 c
an

 b
e 

ge
ne

ra
te

d 
by

 a
 p

ro
gr

am
 s

uc
h 

as
 M

ac
C

la
de

 o
r 

M
es

qu
ite

. N
ot

e,
ho

w
ev

er
, t

ha
t M

rB
ay

es
 d

oe
s 

no
t s

up
po

rt
 th

e 
fu

ll 
N

ex
us

 s
ta

nd
ar

d,
 s

o 
yo

u 
m

ay
 h

av
e 

to
 d

o 
a

lit
tle

 e
di

tin
g 

of
 th

e 
fi

le
 f

or
 M

rB
ay

es
 to

 p
ro

ce
ss

 it
 p

ro
pe

rl
y.

 I
n 

pa
rt

ic
ul

ar
, M

rB
ay

es
 u

se
s 

a
fi

xe
d 

se
t o

f 
sy

m
bo

ls
 f

or
 e

ac
h 

da
ta

 ty
pe

 a
nd

 d
oe

s 
no

t s
up

po
rt

 th
e 

“s
ym

bo
ls

” 
an

d 
“e

qu
at

e”
op

tio
ns

 o
f 

th
e 

“f
or

m
at

” 
co

m
m

an
d.

 T
he

 s
up

po
rt

ed
 s

ym
bo

ls
 a

re
 {

A
, C

, G
, T

, R
, Y

, M
, K

,
S,

 W
, H

, B
, V

, D
, N

} 
fo

r 
D

N
A

 d
at

a,
 {

A
, C

, G
, U

, R
, Y

, M
, K

, S
, W

, H
, B

, V
, D

, N
} 

fo
r

R
N

A
 d

at
a,

 {
A

, R
, N

, D
, C

, Q
, E

, G
, H

, I
, L

, K
, M

, F
, P

, S
, T

, W
, Y

, V
, X

} 
fo

r 
pr

ot
ei

n
da

ta
, {

0,
 1

} 
fo

r 
re

st
ri

ct
io

n 
(b

in
ar

y)
 d

at
a,

 a
nd

 {
0,

 1
, 2

, 3
, 4

, 5
, 6

, 5
, 7

, 8
, 9

} 
fo

r 
st

an
da

rd
(m

or
ph

ol
og

y)
 d

at
a.

 I
n 

ad
di

tio
n 

to
 th

e 
st

an
da

rd
 o

ne
-l

et
te

r 
am

bi
gu

ity
 s

ym
bo

ls
 f

or
 D

N
A

 a
nd

R
N

A
 li

st
ed

 a
bo

ve
, a

m
bi

gu
ity

 c
an

 a
ls

o 
be

 e
xp

re
ss

ed
 u

si
ng

 th
e 

N
ex

us
 p

ar
en

th
es

is
 o

r 
cu

rl
y



M
rB

ay
es

 3
.1

 M
an

ua
l

5/
17

/2
00

5
11

br
ac

es
 n

ot
at

io
n.

 F
or

 in
st

an
ce

, a
 ta

xo
n 

po
ly

m
or

ph
ic

 f
or

 s
ta

te
s 

2 
an

d 
3 

ca
n 

be
 c

od
ed

 a
s

(2
3)

, (
2,

3)
, {

23
},

 o
r 

{2
,3

} 
an

d 
a 

ta
xo

n 
w

ith
 e

ith
er

 a
m

in
o 

ac
id

 A
 o

r 
F 

ca
n 

be
 c

od
ed

 a
s

(A
F)

, (
A

,F
),

 {
A

F}
 o

r 
{A

,F
}.

 L
ik

e 
m

os
t o

th
er

 s
ta

tis
tic

al
 p

hy
lo

ge
ne

tic
s 

pr
og

ra
m

s,
M

rB
ay

es
 e

ff
ec

tiv
el

y 
tr

ea
ts

 p
ol

ym
or

ph
is

m
 a

nd
 u

nc
er

ta
in

ty
 th

e 
sa

m
e 

w
ay

 (
as

 u
nc

er
ta

in
ty

),
so

 it
 d

oe
s 

no
t m

at
te

r 
w

he
th

er
 y

ou
 u

se
 p

ar
en

th
es

es
 o

r 
cu

rl
y 

br
ac

ke
ts

. I
f 

yo
u 

ha
ve

 o
th

er
sy

m
bo

ls
 in

 y
ou

r 
m

at
ri

x 
th

an
 th

e 
on

es
 s

up
po

rt
ed

 b
y 

M
rB

ay
es

, y
ou

 n
ee

d 
to

 r
ep

la
ce

 th
em

be
fo

re
 p

ro
ce

ss
in

g 
th

e 
da

ta
 b

lo
ck

 in
 M

rB
ay

es
. Y

ou
 a

ls
o 

ne
ed

 to
 r

em
ov

e 
th

e 
“E

qu
at

e”
 a

nd
“S

ym
bo

ls
” 

st
at

em
en

ts
 in

 th
e 

“F
or

m
at

” 
lin

e 
if

 th
ey

 a
re

 in
cl

ud
ed

. U
nl

ik
e 

th
e 

N
ex

us
st

an
da

rd
, M

rB
ay

es
 s

up
po

rt
s 

da
ta

 b
lo

ck
s 

th
at

 c
on

ta
in

 m
ix

ed
 d

at
a 

ty
pe

s 
as

 d
es

cr
ib

ed
 in

se
ct

io
n 

3 
of

 th
is

 m
an

ua
l.

T
o 

pu
t t

he
 d

at
a 

in
to

 M
rB

ay
es

 ty
pe

 e
xe

cu
te
 <
fi
le

na
me
> 

at
 th

e 
M
r
B
a
y
e
s
 
>

pr
om

pt
, w

he
re

 <
fi

le
na

m
e>

 is
 th

e 
na

m
e 

of
 th

e 
in

pu
t f

ile
. T

o 
pr

oc
es

s 
ou

r 
ex

am
pl

e 
fi

le
, t

yp
e

ex
ec
ut

e 
pr
im
at

es
.n
ex

 o
r 

si
m

pl
y 
ex
e 
pr

im
at
es
.n
ex

 to
 s

av
e 

so
m

e 
ty

pi
ng

.
N

ot
e 

th
at

 th
e 

in
pu

t f
ile

 m
us

t b
e 

lo
ca

te
d 

in
 th

e 
sa

m
e 

fo
ld

er
 (

di
re

ct
or

y)
 a

s 
th

e 
M

rB
ay

es
ap

pl
ic

at
io

n 
(o

r 
el

se
 y

ou
 w

ill
 h

av
e 

to
 g

iv
e 

th
e 

pa
th

 to
 th

e 
fi

le
) 

an
d 

th
e 

na
m

e 
of

 th
e 

in
pu

t
fi

le
 s

ho
ul

d 
no

t h
av

e 
bl

an
k 

sp
ac

es
. I

f 
ev

er
yt

hi
ng

 p
ro

ce
ed

s 
no

rm
al

ly
, M

rB
ay

es
 w

ill
ac

kn
ow

le
dg

e 
th

at
 it

 h
as

 r
ea

d 
th

e 
da

ta
 in

 th
e 

D
A

T
A

 b
lo

ck
 o

f 
th

e 
N

ex
us

 f
ile

 b
y 

ou
tp

ut
tin

g
th

e 
fo

llo
w

in
g 

in
fo

rm
at

io
n:

 
 
 
E
x
e
c
u
t
i
n
g
 
f
i
l
e
 
"
p
r
i
m
a
t
e
s
.
n
e
x
"

 
 
 
D
O
S
 
l
i
n
e
 
t
e
r
m
i
n
a
t
i
o
n

 
 
 
L
o
n
g
e
s
t
 
l
i
n
e
 
l
e
n
g
t
h
 
=
 
9
1
5

 
 
 
P
a
r
s
i
n
g
 
f
i
l
e

 
 
 
E
x
p
e
c
t
i
n
g
 
N
E
X
U
S
 
f
o
r
m
a
t
t
e
d
 
f
i
l
e

 
 
 
R
e
a
d
i
n
g
 
d
a
t
a
 
b
l
o
c
k

 
 
 
 
 
 
A
l
l
o
c
a
t
e
d
 
m
a
t
r
i
x

 
 
 
 
 
 
M
a
t
r
i
x
 
h
a
s
 
1
2
 
t
a
x
a
 
a
n
d
 
8
9
8
 
c
h
a
r
a
c
t
e
r
s

 
 
 
 
 
 
D
a
t
a
 
i
s
 
D
n
a

 
 
 
 
 
 
D
a
t
a
 
m
a
t
r
i
x
 
i
s
 
n
o
t
 
i
n
t
e
r
l
e
a
v
e
d

 
 
 
 
 
 
G
a
p
s
 
c
o
d
e
d
 
a
s
 
-

 
 
 
 
 
 
S
e
t
t
i
n
g
 
d
e
f
a
u
l
t
 
p
a
r
t
i
t
i
o
n
 
(
d
o
e
s
 
n
o
t
 
d
i
v
i
d
e
 
u
p
 
c
h
a
r
a
c
t
e
r
s
)
.

 
 
 
 
 
 
T
a
x
o
n
 
 
1
 
-
>
 
T
a
r
s
i
u
s
_
s
y
r
i
c
h
t
a

 
 
 
 
 
 
T
a
x
o
n
 
 
2
 
-
>
 
L
e
m
u
r
_
c
a
t
t
a

 
 
 
 
 
 
T
a
x
o
n
 
 
3
 
-
>
 
H
o
m
o
_
s
a
p
i
e
n
s

 
 
 
 
 
 
T
a
x
o
n
 
 
4
 
-
>
 
P
a
n

 
 
 
 
 
 
T
a
x
o
n
 
 
5
 
-
>
 
G
o
r
i
l
l
a

 
 
 
 
 
 
T
a
x
o
n
 
 
6
 
-
>
 
P
o
n
g
o

 
 
 
 
 
 
T
a
x
o
n
 
 
7
 
-
>
 
H
y
l
o
b
a
t
e
s

 
 
 
 
 
 
T
a
x
o
n
 
 
8
 
-
>
 
M
a
c
a
c
a
_
f
u
s
c
a
t
a

 
 
 
 
 
 
T
a
x
o
n
 
 
9
 
-
>
 
M
_
m
u
l
a
t
t
a

 
 
 
 
 
 
T
a
x
o
n
 
1
0
 
-
>
 
M
_
f
a
s
c
i
c
u
l
a
r
i
s

 
 
 
 
 
 
T
a
x
o
n
 
1
1
 
-
>
 
M
_
s
y
l
v
a
n
u
s

 
 
 
 
 
 
T
a
x
o
n
 
1
2
 
-
>
 
S
a
i
m
i
r
i
_
s
c
i
u
r
e
u
s

 
 
 
 
 
 
S
e
t
t
i
n
g
 
o
u
t
p
u
t
 
f
i
l
e
 
n
a
m
e
s
 
t
o
 
"
p
r
i
m
a
t
e
s
.
n
e
x
.
<
r
u
n
<
i
>
.
p
/
r
u
n
<
i
>
.
t
>
"

 
 
 
 
 
 
S
u
c
c
e
s
s
f
u
l
l
y
 
r
e
a
d
 
m
a
t
r
i
x

 
 
 
E
x
i
t
i
n
g
 
d
a
t
a
 
b
l
o
c
k

 
 
 
R
e
a
c
h
e
d
 
e
n
d
 
o
f
 
f
i
l
e

2.
3.

 S
p

ec
if

yi
n

g
 a

 M
o

d
el

A
ll 

of
 th

e 
co

m
m

an
ds

 a
re

 e
nt

er
ed

 a
t t

he
 M
r
B
a
y
e
s
 
>

 p
ro

m
pt

. A
t a

 m
in

im
um

 tw
o

co
m

m
an

ds
, l
s
e
t

 a
nd

 p
r
s
e
t

, a
re

 r
eq

ui
re

d 
to

 s
pe

ci
fy

 th
e 

ev
ol

ut
io

na
ry

 m
od

el
 th

at
 w

ill
 b

e
us

ed
 in

 th
e 

an
al

ys
is

. U
su

al
ly

, i
t i

s 
al

so
 a

 g
oo

d 
id

ea
 to

 c
he

ck
 th

e 
m

od
el

 s
et

tin
gs

 p
ri

or
 to

 th
e



M
rB

ay
es

 3
.1

 M
an

ua
l

5/
17

/2
00

5
12

an
al

ys
is

 u
si

ng
 th

e 
s
h
o
w
m
o
d
e
l

 c
om

m
an

d.
 I

n 
ge

ne
ra

l, 
l
s
e
t

 is
 u

se
d 

to
 d

ef
in

e 
th

e
st

ru
ct

ur
e 

of
 th

e 
m

od
el

 a
nd

 p
r
s
e
t

 is
 u

se
d 

to
 d

ef
in

e 
th

e 
pr

io
r 

pr
ob

ab
ili

ty
 d

is
tr

ib
ut

io
ns

 o
n

th
e 

pa
ra

m
et

er
s 

of
 th

e 
m

od
el

. I
n 

th
e 

fo
llo

w
in

g,
 w

e 
w

ill
 s

pe
ci

fy
 a

 G
T

R
 +

 I
 +

 _
 m

od
el

 (
a

G
en

er
al

 T
im

e 
R

ev
er

si
bl

e 
m

od
el

 w
ith

 a
 p

ro
po

rt
io

n 
of

 in
va

ri
ab

le
 s

ite
s 

an
d 

a 
ga

m
m

a-
sh

ap
ed

 d
is

tr
ib

ut
io

n 
of

 r
at

es
 a

cr
os

s 
si

te
s)

 f
or

 th
e 

ev
ol

ut
io

n 
of

 th
e 

m
ito

ch
on

dr
ia

l s
eq

ue
nc

es
an

d 
w

e 
w

ill
 c

he
ck

 a
ll 

of
 th

e 
re

le
va

nt
 p

ri
or

s.
 I

f 
yo

u 
ar

e 
un

fa
m

ili
ar

 w
ith

 s
to

ch
as

tic
 m

od
el

s
of

 m
ol

ec
ul

ar
 e

vo
lu

tio
n,

 w
e 

su
gg

es
t t

ha
t y

ou
 c

on
su

lt 
a 

ge
ne

ra
l t

ex
t, 

su
ch

 a
s 

Fe
ls

en
st

ei
n

(2
00

4)
.

In
 g

en
er

al
, a

 g
oo

d 
st

ar
t i

s 
to

 ty
pe

 h
el

p 
ls
et

. I
gn

or
e 

th
e 

he
lp

 in
fo

rm
at

io
n 

fo
r 

no
w

 a
nd

co
nc

en
tr

at
e 

on
 th

e 
ta

bl
e 

at
 th

e 
bo

tto
m

 o
f 

th
e 

ou
tp

ut
, w

hi
ch

 s
pe

ci
fi

es
 th

e 
cu

rr
en

t s
et

tin
gs

.
It

 s
ho

ul
d 

lo
ok

 li
ke

 th
is

:

 
 
 
M
o
d
e
l
 
s
e
t
t
i
n
g
s
 
f
o
r
 
p
a
r
t
i
t
i
o
n
 
1
:

 
 
 
P
a
r
a
m
e
t
e
r
 
 
 
 
O
p
t
i
o
n
s
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
C
u
r
r
e
n
t
 
S
e
t
t
i
n
g

 
 
 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

 
 
 
N
u
c
m
o
d
e
l
 
 
 
 
 
4
b
y
4
/
D
o
u
b
l
e
t
/
C
o
d
o
n
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4
b
y
4

 
 
 
N
s
t
 
 
 
 
 
 
 
 
 
 
1
/
2
/
6
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1

 
 
 
C
o
d
e
 
 
 
 
 
 
 
 
 
U
n
i
v
e
r
s
a
l
/
V
e
r
t
m
t
/
M
y
c
o
p
l
a
s
m
a
/

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Y
e
a
s
t
/
C
i
l
i
a
t
e
s
/
M
e
t
m
t
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
U
n
i
v
e
r
s
a
l

 
 
 
P
l
o
i
d
y
 
 
 
 
 
 
 
H
a
p
l
o
i
d
/
D
i
p
l
o
i
d
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
D
i
p
l
o
i
d

 
 
 
R
a
t
e
s
 
 
 
 
 
 
 
 
E
q
u
a
l
/
G
a
m
m
a
/
P
r
o
p
i
n
v
/
I
n
v
g
a
m
m
a
/
A
d
g
a
m
m
a
 
 
E
q
u
a
l

 
 
 
N
g
a
m
m
a
c
a
t
 
 
 
 
<
n
u
m
b
e
r
>
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4

 
 
 
N
b
e
t
a
c
a
t
 
 
 
 
 
<
n
u
m
b
e
r
>
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5

 
 
 
O
m
e
g
a
v
a
r
 
 
 
 
 
E
q
u
a
l
/
N
y
9
8
/
M
3
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
E
q
u
a
l

 
 
 
C
o
v
a
r
i
o
n
 
 
 
 
 
N
o
/
Y
e
s
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
N
o

 
 
 
C
o
d
i
n
g
 
 
 
 
 
 
 
A
l
l
/
V
a
r
i
a
b
l
e
/
N
o
a
b
s
e
n
c
e
s
i
t
e
s
/

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
N
o
p
r
e
s
e
n
c
e
s
i
t
e
s
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A
l
l

 
 
 
P
a
r
s
m
o
d
e
l
 
 
 
 
N
o
/
Y
e
s
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
N
o

 
 
 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

Fi
rs

t, 
no

te
 th

at
 th

e 
ta

bl
e 

is
 h

ea
de

d 
by

 M
o
d
e
l
 
s
e
t
t
i
n
g
s
 
f
o
r
 
p
a
r
t
i
t
i
o
n
 
1

. B
y

de
fa

ul
t, 

M
rB

ay
es

 d
iv

id
es

 th
e 

da
ta

 in
to

 o
ne

 p
ar

tit
io

n 
fo

r 
ea

ch
 ty

pe
 o

f 
da

ta
 y

ou
 h

av
e 

in
yo

ur
 D

A
T

A
 b

lo
ck

. I
f 

yo
u 

ha
ve

 o
nl

y 
on

e 
ty

pe
 o

f 
da

ta
, a

ll 
da

ta
 w

ill
 b

e 
in

 a
 s

in
gl

e 
pa

rt
iti

on
by

 d
ef

au
lt.

 H
ow

 to
 c

ha
ng

e 
th

e 
pa

rt
iti

on
in

g 
of

 th
e 

da
ta

 w
ill

 b
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e
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d
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e 
ge
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l t
yp
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 D
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 D
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 s
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 c
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, s
o 

w
e 

w
ill

 le
av
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u
c
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 d
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 d

et
er

m
in

ed
 b

y 
th

e 
N
s
t

 s
et

tin
g.

 B
y

de
fa

ul
t, 

al
l s

ub
st

itu
tio

ns
 h

av
e 

th
e 

sa
m

e 
ra

te
 (
N
s
t
=
1

),
 c
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 b
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ie
s 

of
 th

e 
G

T
R

 r
at

e 
m

at
ri

x)
,

S
h
a
p
e
p
r

 (
fo

r 
th

e 
sh

ap
e 

pa
ra

m
et

er
 o

f 
th

e 
ga

m
m

a 
di

st
ri

bu
tio

n 
of

 r
at

e 
va

ri
at

io
n)

,
P
i
n
v
a
r
p
r

 (
fo

r 
th

e 
pr

op
or

tio
n 

of
 in

va
ri

ab
le

 s
ite

s)
, T
o
p
o
l
o
g
y
p
r

 (
fo

r 
th

e 
to

po
lo

gy
),

 a
nd

B
r
l
e
n
s
p
r

 (
fo

r 
th

e 
br

an
ch

 le
ng

th
s)

.

T
he

 d
ef

au
lt 

pr
io

r 
pr

ob
ab

ili
ty

 d
en

si
ty

 is
 a

 f
la

t D
ir

ic
hl

et
 (

al
l v

al
ue

s 
ar

e 
1.

0)
 f

or
 b

ot
h

R
e
v
m
a
t
p
r

 a
nd

 S
t
a
t
e
f
r
e
q
p
r

. T
hi

s 
is

 a
pp

ro
pr

ia
te

 if
 w

e 
w

an
t e

st
im

at
e 

th
es

e
pa

ra
m

et
er

s 
fr

om
 th

e 
da

ta
 a

ss
um

in
g 

no
 p

ri
or

 k
no

w
le

dg
e 

ab
ou

t t
he

ir
 v

al
ue

s.
 I

t i
s 

po
ss

ib
le

to
 f

ix
 th

e 
ra

te
s 

an
d 

nu
cl

eo
tid

e 
fr

eq
ue

nc
ie

s 
bu

t t
hi

s 
is

 g
en

er
al

ly
 n

ot
 r

ec
om

m
en

de
d.

H
ow

ev
er

, i
t i

s 
oc

ca
si

on
al

ly
 n

ec
es

sa
ry

 to
 f

ix
 th

e 
nu

cl
eo

tid
e 

fr
eq

ue
nc

ie
s 

to
 b

e 
eq

ua
l, 

fo
r

in
st

an
ce

 in
 s

pe
ci

fy
in

g 
th

e 
JC

 a
nd

 S
Y

M
 m

od
el

s.
 T

hi
s 

w
ou

ld
 b

e 
ac

hi
ev

ed
 b

y 
ty

pi
ng

pr
se
t 

st
at
ef
re

qp
r=
fi

xe
d(
eq

ua
l)

.

If
 w

e 
w

an
te

d 
to

 s
pe

ci
fy

 a
 p

ri
or

 th
at

 p
ut

 m
or

e 
em

ph
as

is
 o

n 
eq

ua
l n

uc
le

ot
id

e 
fr

eq
ue

nc
ie

s
th

an
 th

e 
de

fa
ul

t f
la

t D
ir

ic
hl

et
 p

ri
or

, w
e 

co
ul

d 
fo

r 
in

st
an

ce
 u

se
 p
rs
et
 s

ta
te
fr
eq
pr

= 
Di
ri

ch
le
t(
10

,1
0,
10

,1
0)

 o
r,

 f
or

 e
ve

n 
m

or
e 

em
ph

as
is

 o
n 

eq
ua

l f
re

qu
en

ci
es

,
pr

se
t 

st
at
ef
re

qp
r=
Di

ri
ch
le

t(
10
0,
10
0,
10

0,
10
0)

. T
he

 s
um

 o
f 

th
e

nu
m

be
rs

 in
 th

e 
D

ir
ic

hl
et

 d
is

tr
ib

ut
io

n 
de

te
rm

in
es

 h
ow

 f
oc

us
ed

 th
e 

di
st

ri
bu

tio
n 

is
, a

nd
 th

e
ba

la
nc

e 
be

tw
ee

n 
th

e 
nu

m
be

rs
 d

et
er

m
in

es
 th

e 
ex

pe
ct

ed
 p

ro
po

rt
io

n 
of

 e
ac

h 
nu

cl
eo

tid
e 

(i
n

th
e 

or
de

r 
A

, C
, G

, a
nd

 T
).

 U
su

al
ly

, t
he

re
 is

 a
 c

on
ne

ct
io

n 
be

tw
ee

n 
th

e 
pa

ra
m

et
er

s 
in

 th
e

D
ir

ic
hl

et
 d

is
tr

ib
ut

io
n 

an
d 

ob
se

rv
at

io
ns

. T
hu

s,
 y

ou
 c

an
 th

in
k 

of
 a

 D
ir

ic
hl

et
(1

50
,1

00
,9

0,
14

0)
 d

is
tr

ib
ut

io
n 

as
 o

ne
 a

ri
si

ng
 f

ro
m

 o
bs

er
vi

ng
 1

50
 A

’s
, 1

00
 C

’s
, 9

0 
G

’s
 a

nd
14

0 
T

’s
 in

 s
om

e 
se

t o
f 

se
qu

en
ce

s.
 I

f 
th

at
 s

et
 o

f 
se

qu
en

ce
s 

w
er

e 
in

de
pe

nd
en

t o
f 

yo
ur

 s
et

 o
f
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5
15

se
qu

en
ce

s 
bu

t c
le

ar
ly

 r
el

ev
an

t t
o 

th
e 

an
al

ys
is

 o
f 

yo
ur

 s
eq

ue
nc

es
, i

t m
ig

ht
 b

e 
re

as
on

ab
le

 to
us

e 
th

os
e 

nu
m

be
rs

 a
s 

a 
pr

io
r 

in
 y

ou
r 

an
al

ys
is

.

In
 o

ur
 a

na
ly

si
s,

 w
e 

w
ill

 b
e 

ca
ut

io
us

 a
nd

 le
av

e 
th

e 
pr

io
r 

on
 s

ta
te

 f
re

qu
en

ci
es

 a
t i

ts
 d

ef
au

lt
se

tti
ng

. I
f 

yo
u 

ha
ve

 c
ha

ng
ed

 th
e 

se
tti

ng
 a

cc
or

di
ng

 to
 th

e 
su

gg
es

tio
ns

 a
bo

ve
, y

ou
 n

ee
d 

to
ch

an
ge

 it
 b

ac
k 

by
 ty

pi
ng

 p
rs

et
 s
ta

te
fr

eq
pr
=D
ir
ic

hl
et
(1
,1
,1

,1
) 

or
 p
rs

st
 =
 D

ir
(1
,1
,1

,1
) 

if
 y

ou
 w

an
t t

o 
sa

ve
 s

om
e 

ty
pi

ng
. S

im
ila

rl
y,

 w
e 

w
ill

 le
av

e 
th

e
pr

io
r 

on
 th

e 
su

bs
tit

ut
io

n 
ra

te
s 

at
 th

e 
de

fa
ul

t f
la

t D
ir

ic
hl

et
(1

,1
,1

,1
,1

,1
) 

di
st

ri
bu

tio
n.

T
he

 S
h
a
p
e
p
r

 p
ar

am
et

er
 d

et
er

m
in

es
 th

e 
pr

io
r 

fo
r 

th
e 
α

 (
sh

ap
e)

 p
ar

am
et

er
 o

f 
th

e 
ga

m
m

a
di

st
ri

bu
tio

n 
of

 r
at

e 
va

ri
at

io
n.

 W
e 

w
ill

 le
av

e 
it 

at
 it

s 
de

fa
ul

t s
et

tin
g,

 a
 u

ni
fo

rm
 d

is
tr

ib
ut

io
n

sp
an

ni
ng

 a
 w

id
e 

ra
ng

e 
of

 α
 v

al
ue

s.
 T

he
 p

ri
or

 f
or

 th
e 

pr
op

or
tio

n 
of

 in
va

ri
ab

le
 s

ite
s 

is
 s

et
w

ith
 P
i
n
v
a
r
p
r

. T
he

 d
ef

au
lt 

se
tti

ng
 is

 a
 u

ni
fo

rm
 d

is
tr

ib
ut

io
n 

be
tw

ee
n 

0 
an

d 
1,

 a
n

ap
pr

op
ri

at
e 

se
tti

ng
 if

 w
e 

do
n’

t w
an

t t
o 

as
su

m
e 

an
y 

pr
io

r 
kn

ow
le

dg
e 

ab
ou

t t
he

 p
ro

po
rt

io
n

of
 in

va
ri

ab
le

 s
ite

s.

Fo
r 

to
po

lo
gy

, t
he

 d
ef

au
lt 
U
n
i
f
o
r
m

 s
et

tin
g 

fo
r 

th
e 
T
o
p
o
l
o
g
y
p
r

 p
ar

am
et

er
 p

ut
s 

eq
ua

l
pr

ob
ab

ili
ty

 o
n 

al
l d

is
tin

ct
, f

ul
ly

 r
es

ol
ve

d 
to

po
lo

gi
es

. T
he

 a
lte

rn
at

iv
e 

is
 to

 c
on

st
ra

in
 s

om
e

no
de

s 
in

 th
e 

tr
ee

 to
 a

lw
ay

s 
be

 p
re

se
nt

 b
ut

 w
e 

w
ill

 n
ot

 a
tte

m
pt

 th
at

 in
 th

is
 a

na
ly

si
s.

T
he

 B
r
l
e
n
s
p
r

 p
ar

am
et

er
 c

an
 e

ith
er

 b
e 

se
t t

o 
un

co
ns

tr
ai

ne
d 

or
 c

lo
ck

-c
on

st
ra

in
ed

. F
or

tr
ee

s 
w

ith
ou

t a
 m

ol
ec

ul
ar

 c
lo

ck
 (

un
co

ns
tr

ai
ne

d)
 th

e 
br

an
ch

 le
ng

th
 p

ri
or

 c
an

 b
e 

se
t e

ith
er

to
 e

xp
on

en
tia

l o
r 

un
if

or
m

. T
he

 d
ef

au
lt 

ex
po

ne
nt

ia
l p

ri
or

 w
ith

 p
ar

am
et

er
 1

0.
0 

sh
ou

ld
 w

or
k

w
el

l f
or

 m
os

t a
na

ly
se

s.
 I

t h
as

 a
n 

ex
pe

ct
at

io
n 

of
 1

/1
0 

= 
0.

1 
bu

t a
llo

w
s 

a 
w

id
e 

ra
ng

e 
of

br
an

ch
 le

ng
th

 v
al

ue
s 

(t
he

or
et

ic
al

ly
 f

ro
m

 0
 to

 in
fi

ni
ty

).
 B

ec
au

se
 th

e 
lik

el
ih

oo
d 

va
lu

es
 v

ar
y

m
uc

h 
m

or
e 

ra
pi

dl
y 

fo
r 

sh
or

t b
ra

nc
he

s 
th

an
 f

or
 lo

ng
 b

ra
nc

he
s,

 a
n 

ex
po

ne
nt

ia
l p

ri
or

 o
n

br
an

ch
 le

ng
th

s 
is

 c
lo

se
r 

to
 b

ei
ng

 u
ni

nf
or

m
at

iv
e 

th
an

 a
 u

ni
fo

rm
 p

ri
or

.

2.
5.

 C
h

ec
ki

n
g

 t
h

e 
M

o
d

el

T
o 

ch
ec

k 
th

e 
m

od
el

 b
ef

or
e 

w
e 

st
ar

t t
he

 a
na

ly
si

s,
 ty

pe
 s
ho
wm
od
el

. T
hi

s 
w

ill
 g

iv
e 

an
ov

er
vi

ew
 o

f 
th

e 
m

od
el

 s
et

tin
gs

. I
n 

ou
r 

ca
se

, t
he

 o
ut

pu
t w

ill
 b

e 
as

 f
ol

lo
w

s:

 
 
 
M
o
d
e
l
 
s
e
t
t
i
n
g
s
:

 
 
 
 
 
 
 
 
 
D
a
t
a
t
y
p
e
 
 
=
 
D
N
A

 
 
 
 
 
 
 
 
 
N
u
c
m
o
d
e
l
 
 
=
 
4
b
y
4

 
 
 
 
 
 
 
 
 
N
s
t
 
 
 
 
 
 
 
=
 
6

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
S
u
b
s
t
i
t
u
t
i
o
n
 
r
a
t
e
s
,
 
e
x
p
r
e
s
s
e
d
 
a
s
 
p
r
o
p
o
r
t
i
o
n
s

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
o
f
 
t
h
e
 
r
a
t
e
 
s
u
m
,
 
h
a
v
e
 
a
 
D
i
r
i
c
h
l
e
t
 
p
r
i
o
r

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(
1
.
0
0
,
1
.
0
0
,
1
.
0
0
,
1
.
0
0
,
1
.
0
0
,
1
.
0
0
)

 
 
 
 
 
 
 
 
 
C
o
v
a
r
i
o
n
 
 
=
 
N
o

 
 
 
 
 
 
 
 
 
#
 
S
t
a
t
e
s
 
 
=
 
4

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
S
t
a
t
e
 
f
r
e
q
u
e
n
c
i
e
s
 
h
a
v
e
 
a
 
D
i
r
i
c
h
l
e
t
 
p
r
i
o
r

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(
1
.
0
0
,
1
.
0
0
,
1
.
0
0
,
1
.
0
0
)

 
 
 
 
 
 
 
 
 
R
a
t
e
s
 
 
 
 
 
=
 
I
n
v
g
a
m
m
a

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
G
a
m
m
a
 
s
h
a
p
e
 
p
a
r
a
m
e
t
e
r
 
i
s
 
u
n
i
f
o
r
m
l
y
 
d
i
s
t
-

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
r
i
b
u
t
e
d
 
o
n
 
t
h
e
 
i
n
t
e
r
v
a
l
 
(
0
.
0
5
,
5
0
.
0
0
)
.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
P
r
o
p
o
r
t
i
o
n
 
o
f
 
i
n
v
a
r
i
a
b
l
e
 
s
i
t
e
s
 
i
s
 
u
n
i
f
o
r
m
l
y
 
d
i
s
t
-

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
r
i
b
u
t
e
d
 
o
n
 
t
h
e
 
i
n
t
e
r
v
a
l
 
(
0
.
0
0
,
1
.
0
0
)
.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
G
a
m
m
a
 
d
i
s
t
r
i
b
u
t
i
o
n
 
i
s
 
a
p
p
r
o
x
i
m
a
t
e
d
 
u
s
i
n
g
 
4
 
c
a
t
e
g
o
r
i
e
s
.
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A
c
t
i
v
e
 
p
a
r
a
m
e
t
e
r
s
:

 
 
 
 
 
 
P
a
r
a
m
e
t
e
r
s

 
 
 
 
 
 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

 
 
 
 
 
 
R
e
v
m
a
t
 
 
 
 
 
 
 
 
 
 
 
1

 
 
 
 
 
 
S
t
a
t
e
f
r
e
q
 
 
 
 
 
 
 
 
2

 
 
 
 
 
 
S
h
a
p
e
 
 
 
 
 
 
 
 
 
 
 
 
3

 
 
 
 
 
 
P
i
n
v
a
r
 
 
 
 
 
 
 
 
 
 
 
4

 
 
 
 
 
 
T
o
p
o
l
o
g
y
 
 
 
 
 
 
 
 
 
5

 
 
 
 
 
 
B
r
l
e
n
s
 
 
 
 
 
 
 
 
 
 
 
6

 
 
 
 
 
 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

 
 
 
 
 
 
1
 
-
-
 
 
P
a
r
a
m
e
t
e
r
 
 
=
 
R
e
v
m
a
t

 
 
 
 
 
 
 
 
 
 
 
 
P
r
i
o
r
 
 
 
 
 
 
=
 
D
i
r
i
c
h
l
e
t
(
1
.
0
0
,
1
.
0
0
,
1
.
0
0
,
1
.
0
0
,
1
.
0
0
,
1
.
0
0
)

 
 
 
 
 
 
2
 
-
-
 
 
P
a
r
a
m
e
t
e
r
 
 
=
 
S
t
a
t
e
f
r
e
q

 
 
 
 
 
 
 
 
 
 
 
 
P
r
i
o
r
 
 
 
 
 
 
=
 
D
i
r
i
c
h
l
e
t

 
 
 
 
 
 
3
 
-
-
 
 
P
a
r
a
m
e
t
e
r
 
 
=
 
S
h
a
p
e

 
 
 
 
 
 
 
 
 
 
 
 
P
r
i
o
r
 
 
 
 
 
 
=
 
U
n
i
f
o
r
m
(
0
.
0
5
,
5
0
.
0
0
)

 
 
 
 
 
 
4
 
-
-
 
 
P
a
r
a
m
e
t
e
r
 
 
=
 
P
i
n
v
a
r

 
 
 
 
 
 
 
 
 
 
 
 
P
r
i
o
r
 
 
 
 
 
 
=
 
U
n
i
f
o
r
m
(
0
.
0
0
,
1
.
0
0
)

 
 
 
 
 
 
5
 
-
-
 
 
P
a
r
a
m
e
t
e
r
 
 
=
 
T
o
p
o
l
o
g
y

 
 
 
 
 
 
 
 
 
 
 
 
P
r
i
o
r
 
 
 
 
 
 
=
 
A
l
l
 
t
o
p
o
l
o
g
i
e
s
 
e
q
u
a
l
l
y
 
p
r
o
b
a
b
l
e
 
a
 
p
r
i
o
r
i

 
 
 
 
 
 
6
 
-
-
 
 
P
a
r
a
m
e
t
e
r
 
 
=
 
B
r
l
e
n
s

 
 
 
 
 
 
 
 
 
 
 
 
P
r
i
o
r
 
 
 
 
 
 
=
 
B
r
a
n
c
h
 
l
e
n
g
t
h
s
 
a
r
e
 
U
n
c
o
n
s
t
r
a
i
n
e
d
:
E
x
p
o
n
e
n
t
i
a
l
(
1
0
.
0
)

N
ot

e 
th

at
 w

e 
ha

ve
 s

ix
 ty

pe
s 

of
 p

ar
am

et
er

s 
in

 o
ur

 m
od

el
. A

ll 
of

 th
es

e 
pa

ra
m

et
er

s 
w

ill
 b

e
es

tim
at

ed
 d

ur
in

g 
th

e 
an

al
ys

is
 (

se
e 

se
ct

io
n 

5 
fo

r 
in

fo
rm

at
io

n 
on

 h
ow

 to
 f

ix
 p

ar
am

et
er

va
lu

es
).

2.
6.

 S
et

ti
n

g
 u

p
 t

h
e 

A
n

al
ys

is

T
he

 a
na

ly
si

s 
is

 s
ta

rt
ed

 b
y 

is
su

in
g 

th
e 
m
c
m
c

 c
om

m
an

d.
 H

ow
ev

er
, b

ef
or

e 
do

in
g 

th
is

, w
e

re
co

m
m

en
d 

th
at

 y
ou

 r
ev

ie
w

 th
e 

ru
n 

se
tti

ng
s 

by
 ty

pi
ng

 h
el
p 
mc

mc
. T

he
 h
el

p 
mc
mc

co
m

m
an

d 
w

ill
 p

ro
du

ce
 th

e 
fo

llo
w

in
g 

ta
bl

e 
at

 th
e 

bo
tto

m
 o

f 
th

e 
ou

tp
ut

:

 
 
 
P
a
r
a
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e
t
e
r
 
 
 
 
 
 
 
O
p
t
i
o
n
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C
u
r
r
e
n
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S
e
t
t
i
n
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S
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<
n
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>
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S
w
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d
 
 
 
 
 
 
 
 
<
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>
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
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5
4
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4
7
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N
g
e
n
 
 
 
 
 
 
 
 
 
 
 
 
<
n
u
m
b
e
r
>
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
0
0
0
0
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0

 
 
 
N
r
u
n
s
 
 
 
 
 
 
 
 
 
 
 
<
n
u
m
b
e
r
>
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2

 
 
 
N
c
h
a
i
n
s
 
 
 
 
 
 
 
 
 
<
n
u
m
b
e
r
>
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4

 
 
 
T
e
m
p
 
 
 
 
 
 
 
 
 
 
 
 
<
n
u
m
b
e
r
>
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
.
2
0
0
0
0
0

 
 
 
R
e
w
e
i
g
h
t
 
 
 
 
 
 
 
 
<
n
u
m
b
e
r
>
,
<
n
u
m
b
e
r
>
 
 
 
 
 
0
.
0
0
 
v
 
0
.
0
0
 
^

 
 
 
S
w
a
p
f
r
e
q
 
 
 
 
 
 
 
 
<
n
u
m
b
e
r
>
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1

 
 
 
N
s
w
a
p
s
 
 
 
 
 
 
 
 
 
 
<
n
u
m
b
e
r
>
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1

 
 
 
S
a
m
p
l
e
f
r
e
q
 
 
 
 
 
 
<
n
u
m
b
e
r
>
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
0
0

 
 
 
P
r
i
n
t
f
r
e
q
 
 
 
 
 
 
 
<
n
u
m
b
e
r
>
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
0
0

 
 
 
P
r
i
n
t
a
l
l
 
 
 
 
 
 
 
 
Y
e
s
/
N
o
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Y
e
s

 
 
 
P
r
i
n
t
m
a
x
 
 
 
 
 
 
 
 
<
n
u
m
b
e
r
>
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8

 
 
 
M
c
m
c
d
i
a
g
n
 
 
 
 
 
 
 
Y
e
s
/
N
o
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Y
e
s

 
 
 
D
i
a
g
n
f
r
e
q
 
 
 
 
 
 
 
<
n
u
m
b
e
r
>
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
0
0
0

 
 
 
M
i
n
p
a
r
t
f
r
e
q
 
 
 
 
 
<
n
u
m
b
e
r
>
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
.
1
0

 
 
 
A
l
l
c
h
a
i
n
s
 
 
 
 
 
 
 
Y
e
s
/
N
o
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
N
o

 
 
 
A
l
l
c
o
m
p
s
 
 
 
 
 
 
 
 
Y
e
s
/
N
o
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
N
o

 
 
 
R
e
l
b
u
r
n
i
n
 
 
 
 
 
 
 
Y
e
s
/
N
o
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Y
e
s

 
 
 
B
u
r
n
i
n
 
 
 
 
 
 
 
 
 
 
<
n
u
m
b
e
r
>
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0

 
 
 
B
u
r
n
i
n
f
r
a
c
 
 
 
 
 
 
<
n
u
m
b
e
r
>
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
.
2
5

 
 
 
S
t
o
p
r
u
l
e
 
 
 
 
 
 
 
 
Y
e
s
/
N
o
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
N
o

 
 
 
S
t
o
p
v
a
l
 
 
 
 
 
 
 
 
 
<
n
u
m
b
e
r
>
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
.
0
1



M
rB

ay
es

 3
.1

 M
an

ua
l

5/
17

/2
00

5
17

 
 
 
F
i
l
e
n
a
m
e
 
 
 
 
 
 
 
 
<
n
a
m
e
>
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
p
r
i
m
a
t
e
s
.
n
e
x
.
<
p
/
t
>

 
 
 
S
t
a
r
t
i
n
g
t
r
e
e
 
 
 
 
R
a
n
d
o
m
/
U
s
e
r
 
 
 
 
 
 
 
 
 
 
 
R
a
n
d
o
m

 
 
 
N
p
e
r
t
s
 
 
 
 
 
 
 
 
 
 
<
n
u
m
b
e
r
>
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0

 
 
 
S
a
v
e
b
r
l
e
n
s
 
 
 
 
 
 
Y
e
s
/
N
o
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Y
e
s

 
 
 
O
r
d
e
r
t
a
x
a
 
 
 
 
 
 
 
Y
e
s
/
N
o
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
N
o

 
 
 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

T
he

 S
e
e
d

 is
 s

im
pl

y 
th

e 
se

ed
 f

or
 th

e 
ra

nd
om

 n
um

be
r 

ge
ne

ra
to

r,
 a

nd
 S
w
a
p
s
e
e
d

 is
 th

e
se

ed
 f

or
 th

e 
se

pa
ra

te
 r

an
do

m
 n

um
be

r 
ge

ne
ra

to
r 

us
ed

 to
 g

en
er

at
e 

th
e 

ch
ai

n 
sw

ap
pi

ng
se

qu
en

ce
 (

se
e 

be
lo

w
).

 U
nl

es
s 

th
ey

 a
re

 s
et

 to
 u

se
r-

sp
ec

if
ie

d 
va

lu
es

, t
he

se
 s

ee
ds

 a
re

ge
ne

ra
te

d 
fr

om
 th

e 
sy

st
em

 c
lo

ck
, s

o 
yo

ur
 v

al
ue

s 
ar

e 
lik

el
y 

to
 b

e 
di

ff
er

en
t f

ro
m

 th
e 

on
es

 in
th

e 
sc

re
en

 d
um

p 
ab

ov
e.

 T
he

 N
g
e
n

 s
et

tin
g 

is
 th

e 
nu

m
be

r 
of

 g
en

er
at

io
ns

 f
or

 w
hi

ch
 th

e
an

al
ys

is
 w

ill
 b

e 
ru

n.
 I

t i
s 

us
ef

ul
 to

 r
un

 a
 s

m
al

l n
um

be
r 

of
 g

en
er

at
io

ns
 f

ir
st

 to
 m

ak
e 

su
re

th
e 

an
al

ys
is

 is
 c

or
re

ct
ly

 s
et

 u
p 

an
d 

to
 g

et
 a

n 
id

ea
 o

f 
ho

w
 lo

ng
 it

 w
ill

 ta
ke

 to
 c

om
pl

et
e 

a
lo

ng
er

 a
na

ly
si

s.
 W

e 
w

ill
 s

ta
rt

 w
ith

 1
0,

00
0 

ge
ne

ra
tio

ns
. T

o 
ch

an
ge

 th
e 
N
g
e
n

 s
et

tin
g

w
ith

ou
t s

ta
rt

in
g 

th
e 

an
al

ys
is

 w
e 

us
e 

th
e 
m
c
m
c
p

 c
om

m
an

d,
 w

hi
ch

 is
 e

qu
iv

al
en

t t
o 
m
c
m
c

ex
ce

pt
 th

at
 it

 d
oe

s 
no

t s
ta

rt
 th

e 
an

al
ys

is
. T

yp
e 
mc

mc
p 
ng
en
=1

00
00

 to
 s

et
 th

e 
nu

m
be

r
of

 g
en

er
at

io
ns

 to
 1

0,
00

0.
 Y

ou
 c

an
 ty

pe
 h
el
p 
mc
mc

 to
 c

on
fi

rm
 th

at
 th

e 
se

tti
ng

 w
as

ch
an

ge
d 

ap
pr

op
ri

at
el

y.

B
y 

de
fa

ul
t, 

M
rB

ay
es

 w
ill

 r
un

 tw
o 

si
m

ul
ta

ne
ou

s,
 c

om
pl

et
el

y 
in

de
pe

nd
en

t a
na

ly
se

s 
st

ar
tin

g
fr

om
 d

if
fe

re
nt

 r
an

do
m

 tr
ee

s 
(N
r
u
n
s
 
=
 
2

).
 R

un
ni

ng
 m

or
e 

th
an

 o
ne

 a
na

ly
si

s
si

m
ul

ta
ne

ou
sl

y 
is

 v
er

y 
he

lp
fu

l i
n 

de
te

rm
in

in
g 

w
he

n 
yo

u 
ha

ve
 a

 g
oo

d 
sa

m
pl

e 
fr

om
 th

e
po

st
er

io
r 

pr
ob

ab
ili

ty
 d

is
tr

ib
ut

io
n,

 s
o 

w
e 

su
gg

es
t t

ha
t y

ou
 le

av
e 

th
is

 s
et

tin
g 

as
 is

. T
he

 id
ea

is
 to

 s
ta

rt
 e

ac
h 

ru
n 

fr
om

 d
if

fe
re

nt
 r

an
do

m
ly

 c
ho

se
n 

tr
ee

s.
 I

n 
th

e 
ea

rl
y 

ph
as

es
 o

f 
th

e 
ru

n,
th

e 
tw

o 
ru

ns
 w

ill
 s

am
pl

e 
ve

ry
 d

if
fe

re
nt

 tr
ee

s 
bu

t w
he

n 
th

ey
 h

av
e 

re
ac

he
d 

co
nv

er
ge

nc
e

(w
he

n 
th

ey
 p

ro
du

ce
 a

 g
oo

d 
sa

m
pl

e 
fr

om
 th

e 
po

st
er

io
r 

pr
ob

ab
ili

ty
 d

is
tr

ib
ut

io
n)

, t
he

 tw
o

tr
ee

 s
am

pl
es

 s
ho

ul
d 

be
 v

er
y 

si
m

ila
r.

T
o 

m
ak

e 
su

re
 th

at
 M

rB
ay

es
 c

om
pa

re
s 

tr
ee

 s
am

pl
es

 f
ro

m
 th

e 
di

ff
er

en
t r

un
s,

 m
ak

e 
su

re
th

at
 M
c
m
c
d
i
a
g
n

 is
 s

et
 to

 y
es

 a
nd

 th
at

 D
i
a
g
n
f
r
e
q

 is
 s

et
 to

 s
om

e 
re

as
on

ab
le

 v
al

ue
,

su
ch

 a
s 

ev
er

y 
10

00
th

 g
en

er
at

io
n.

 M
rB

ay
es

 w
ill

 n
ow

 c
al

cu
la

te
 v

ar
io

us
 r

un
 d

ia
gn

os
tic

s
ev

er
y 
D
i
a
g
n
f
r
e
q

 g
en

er
at

io
n 

an
d 

pr
in

t t
he

m
 to

 a
 f

ile
 w

ith
 th

e 
na

m
e

<
F
i
l
e
n
a
m
e
>
.
m
c
m
c

. T
he

 m
os

t i
m

po
rt

an
t d

ia
gn

os
tic

, a
 m

ea
su

re
 o

f 
th

e 
si

m
ila

ri
ty

 o
f 

th
e

tr
ee

 s
am

pl
es

 in
 th

e 
di

ff
er

en
t r

un
s,

 w
ill

 a
ls

o 
be

 p
ri

nt
ed

 to
 s

cr
ee

n 
ev

er
y 
D
i
a
g
n
f
r
e
q

ge
ne

ra
tio

n.
 E

ve
ry

 ti
m

e 
th

e 
di

ag
no

st
ic

s 
ar

e 
ca

lc
ul

at
ed

, e
ith

er
 a

 f
ix

ed
 n

um
be

r 
of

 s
am

pl
es

(b
u
r
n
i
n

) 
or

 a
 p

er
ce

nt
ag

e 
of

 s
am

pl
es

 (
b
u
r
n
i
n
f
r
a
c

) 
fr

om
 th

e 
be

gi
nn

in
g 

of
 th

e 
ch

ai
n 

is
di

sc
ar

de
d.

 T
he

 r
e
l
b
u
r
n
i
n

 s
et

tin
g 

de
te

rm
in

es
 w

he
th

er
 a

 f
ix

ed
 b

ur
ni

n
(r
e
l
b
u
r
n
i
n
=
n
o

) 
or

 a
 b

ur
ni

n 
pe

rc
en

ta
ge

 (
r
e
l
b
u
r
n
i
n
=
y
e
s

) 
is

 u
se

d.
 I

f 
yo

u 
do

n’
t

ch
an

ge
 a

ny
 s

et
tin

gs
, M

rB
ay

es
 w

ill
 b

y 
de

fa
ul

t d
is

ca
rd

 th
e 

fi
rs

t 2
5 

%
 s

am
pl

es
 f

ro
m

 th
e 

co
ld

ch
ai

n 
(r
e
l
b
u
r
n
i
n
=
y
e
s

 a
nd

 b
u
r
n
i
n
f
r
a
c
=
0
.
2
5

).

B
y 

de
fa

ul
t, 

M
rB

ay
es

 u
se

s 
M

et
ro

po
lis

 c
ou

pl
in

g 
to

 im
pr

ov
e 

th
e 

M
C

M
C

 s
am

pl
in

g 
of

 th
e

ta
rg

et
 d

is
tr

ib
ut

io
n.

 T
he

 S
w
a
p
f
r
e
q

, N
s
w
a
p
s

, N
c
h
a
i
n
s

, a
nd

 T
e
m
p

 s
et

tin
gs

 to
ge

th
er

co
nt

ro
l t

he
 M

et
ro

po
lis

 c
ou

pl
in

g 
be

ha
vi

or
. W

he
n 
N
c
h
a
i
n
s

 is
 s

et
 to

 1
, n

o 
he

at
in

g 
is

 u
se

d.
W

he
n 
N
c
h
a
i
n
s

 is
 s

et
 to

 a
 v

al
ue

 n
 la

rg
er

 th
an

 1
, t

he
n 

n 
- 

1 
he

at
ed

 c
ha

in
s 

ar
e 

us
ed

. B
y



M
rB

ay
es

 3
.1

 M
an

ua
l

5/
17

/2
00

5
18

de
fa

ul
t, 
N
c
h
a
i
n
s

 is
 s

et
 to

 4
, m

ea
ni

ng
 th

at
 M

rB
ay

es
 w

ill
 u

se
 3

 h
ea

te
d 

ch
ai

ns
 a

nd
 o

ne
"c

ol
d"

 c
ha

in
. I

n 
ou

r 
ex

pe
ri

en
ce

, h
ea

tin
g 

is
 e

ss
en

tia
l f

or
 p

ro
bl

em
s 

w
ith

 m
or

e 
th

an
 a

bo
ut

 5
0

ta
xa

, w
he

re
as

 s
m

al
le

r 
pr

ob
le

m
s 

of
te

n 
ca

n 
be

 a
na

ly
ze

d 
su

cc
es

sf
ul

ly
 w

ith
ou

t h
ea

tin
g.

A
dd

in
g 

m
or

e 
th

an
 th

re
e 

he
at

ed
 c

ha
in

s 
m

ay
 b

e 
he

lp
fu

l i
n 

an
al

yz
in

g 
la

rg
e 

an
d 

di
ff

ic
ul

t d
at

a
se

ts
. T

he
 ti

m
e 

co
m

pl
ex

ity
 o

f 
th

e 
an

al
ys

is
 is

 d
ir

ec
tly

 p
ro

po
rt

io
na

l t
o 

th
e 

nu
m

be
r 

of
 c

ha
in

s
us

ed
 (

un
le

ss
 M

rB
ay

es
 r

un
s 

ou
t o

f 
ph

ys
ic

al
 R

A
M

 m
em

or
y,

 in
 w

hi
ch

 c
as

e 
th

e 
an

al
ys

is
 w

ill
su

dd
en

ly
 b

ec
om

e 
m

uc
h 

sl
ow

er
),

 b
ut

 th
e 

co
ld

 a
nd

 h
ea

te
d 

ch
ai

ns
 c

an
 b

e 
di

st
ri

bu
te

d 
am

on
g

pr
oc

es
so

rs
 in

 a
 c

lu
st

er
 o

f 
co

m
pu

te
rs

 u
si

ng
 th

e 
M

PI
 v

er
si

on
 o

f 
th

e 
pr

og
ra

m
 (

se
e 

be
lo

w
),

gr
ea

tly
 s

pe
ed

in
g 

up
 th

e 
ca

lc
ul

at
io

ns
.

M
rB

ay
es

 u
se

s 
an

 in
cr

em
en

ta
l h

ea
tin

g 
sc

he
m

e,
 in

 w
hi

ch
 c

ha
in

 i 
is

 h
ea

te
d 

by
 r

ai
si

ng
 it

s
po

st
er

io
r 

pr
ob

ab
ili

ty
 to

 th
e 

po
w

er
 1

/ (
1 

+ 
iλ

),
 w

he
re

 λ
 is

 th
e 

te
m

pe
ra

tu
re

 c
on

tr
ol

le
d 

by
 th

e
T
e
m
p

 p
ar

am
et

er
. T

he
 e

ff
ec

t o
f 

th
e 

he
at

in
g 

is
 to

 f
la

tte
n 

ou
t t

he
 p

os
te

ri
or

 p
ro

ba
bi

lit
y,

 s
uc

h
th

at
 th

e 
he

at
ed

 c
ha

in
s 

m
or

e 
ea

si
ly

 f
in

d 
is

ol
at

ed
 p

ea
ks

 in
 th

e 
po

st
er

io
r 

di
st

ri
bu

tio
n 

an
d 

ca
n

he
lp

 th
e 

co
ld

 c
ha

in
 m

ov
e 

m
or

e 
ra

pi
dl

y 
be

tw
ee

n 
th

es
e 

pe
ak

s.
 E

ve
ry

 S
w
a
p
f
r
e
q

ge
ne

ra
tio

n,
 tw

o 
ch

ai
ns

 a
re

 p
ic

ke
d 

at
 r

an
do

m
 a

nd
 a

n 
at

te
m

pt
 is

 m
ad

e 
to

 s
w

ap
 th

ei
r 

st
at

es
.

Fo
r 

m
an

y 
an

al
ys

es
, t

he
 d

ef
au

lt 
se

tti
ng

s 
sh

ou
ld

 w
or

k 
ni

ce
ly

. I
f 

yo
u 

ar
e 

ru
nn

in
g 

m
an

y 
m

or
e

th
an

 th
re

e 
he

at
ed

 c
ha

in
s,

 h
ow

ev
er

, y
ou

 m
ay

 w
an

t t
o 

in
cr

ea
se

 th
e 

nu
m

be
r 

of
 s

w
ap

s
(N
s
w
a
p
s

) 
th

at
 a

re
 tr

ie
d 

ea
ch

 ti
m

e 
th

e 
ch

ai
n 

st
op

s 
fo

r 
sw

ap
pi

ng
.

T
he

 S
a
m
p
l
e
f
r
e
q

 s
et

tin
g 

de
te

rm
in

es
 h

ow
 o

ft
en

 th
e 

ch
ai

n 
is

 s
am

pl
ed

. B
y 

de
fa

ul
t, 

th
e

ch
ai

n 
is

 s
am

pl
ed

 e
ve

ry
 1

00
th

 g
en

er
at

io
n,

 a
nd

 th
is

 w
or

ks
 w

el
l f

or
 m

os
t a

na
ly

se
s.

H
ow

ev
er

, o
ur

 a
na

ly
si

s 
is

 s
o 

sm
al

l t
ha

t w
e 

ar
e 

lik
el

y 
to

 g
et

 c
on

ve
rg

en
ce

 q
ui

ck
ly

, s
o 

it
m

ak
es

 s
en

se
 to

 s
am

pl
e 

th
e 

ch
ai

n 
m

or
e 

fr
eq

ue
nt

ly
, s

ay
 e

ve
ry

 1
0th

 g
en

er
at

io
n 

(t
hi

s 
w

ill
en

su
re

 th
at

 w
e 

ge
t a

t l
ea

st
 1

,0
00

 s
am

pl
es

 w
he

n 
th

e 
nu

m
be

r 
of

 g
en

er
at

io
ns

 is
 s

et
 to

10
,0

00
).

 T
o 

ch
an

ge
 th

e 
sa

m
pl

in
g 

fr
eq

ue
nc

y,
 ty

pe
 m
c
m
c
p
 
s
a
m
p
l
e
f
r
e
q
=
1
0

.

W
he

n 
th

e 
ch

ai
n 

is
 s

am
pl

ed
, t

he
 c

ur
re

nt
 v

al
ue

s 
of

 th
e 

m
od

el
 p

ar
am

et
er

s 
ar

e 
pr

in
te

d 
to

 f
ile

.
T

he
 s

ub
st

itu
tio

n 
m

od
el

 p
ar

am
et

er
s 

ar
e 

pr
in

te
d 

to
 a

 .
p

 f
ile

 (
in

 o
ur

 c
as

e,
 th

er
e 

w
ill

 b
e 

on
e

fi
le

 f
or

 e
ac

h 
in

de
pe

nd
en

t a
na

ly
si

s,
 a

nd
 th

ey
 w

ill
 b

e 
ca

lle
d 
p
r
i
m
a
t
e
s
.
n
e
x
.
r
u
n
1
.
p

an
d 
p
r
i
m
a
t
e
s
.
n
e
x
.
r
u
n
2
.
p

).
 T

he
 .
p

 f
ile

s 
ar

e 
ta

b 
de

lim
ite

d 
te

xt
 f

ile
s 

th
at

 c
an

 b
e

im
po

rt
ed

 in
to

 m
os

t s
ta

tis
tic

s 
an

d 
gr

ap
hi

ng
 p

ro
gr

am
s.

 T
he

 to
po

lo
gy

 a
nd

 b
ra

nc
h 

le
ng

th
s 

ar
e

pr
in

te
d 

to
 a

 .
t

 f
ile

 (
in

 o
ur

 c
as

e,
 th

er
e 

w
ill

 b
e 

tw
o 

fi
le

s 
ca

lle
d

p
r
i
m
a
t
e
s
.
n
e
x
.
r
u
n
1
.
t

 a
nd

 p
r
i
m
a
t
e
s
.
n
e
x
.
r
u
n
2
.
t

).
 T

he
 .
t

 f
ile

s 
ar

e 
N

ex
us

tr
ee

 f
ile

s 
th

at
 c

an
 b

e 
im

po
rt

ed
 in

to
 p

ro
gr

am
s 

lik
e 

PA
U

P*
 a

nd
 T

re
eV

ie
w

. T
he

 r
oo

t o
f 

th
e

.
p

 a
nd

 .
t

 f
ile

 n
am

es
 c

an
 b

e 
al

te
re

d 
us

in
g 

th
e 
F
i
l
e
n
a
m
e

 s
et

tin
g.

T
he

 P
r
i
n
t
f
r
e
q

 p
ar

am
et

er
 c

on
tr

ol
s 

th
e 

fr
eq

ue
nc

y 
w

ith
 w

hi
ch

 th
e 

st
at

e 
of

 th
e 

ch
ai

ns
 is

pr
in

te
d 

to
 s

cr
ee

n.
 L

ea
ve

 P
r
i
n
t
f
r
e
q

 a
t t

he
 d

ef
au

lt 
va

lu
e 

(p
ri

nt
 to

 s
cr

ee
n 

ev
er

y 
10

0t
h

ge
ne

ra
tio

n)
.

T
he

 d
ef

au
lt 

be
ha

vi
or

 o
f 

M
rB

ay
es

 is
 to

 s
av

e 
tr

ee
s 

w
ith

 b
ra

nc
h 

le
ng

th
s 

to
 th

e 
.
t

 f
ile

. S
in

ce
th

is
 is

 w
ha

t w
e 

w
an

t, 
w

e 
le

av
e 

th
is

 s
et

tin
g 

as
 is

. I
f 

yo
u 

ar
e 

ru
nn

in
g 

a 
la

rg
e 

an
al

ys
is

 (
m

an
y

ta
xa

) 
an

d 
ar

e 
no

t i
nt

er
es

te
d 

in
 b

ra
nc

h 
le

ng
th

s,
 y

ou
 c

an
 s

av
e 

a 
co

ns
id

er
ab

le
 a

m
ou

nt
 o

f 
di

sk
sp

ac
e 

by
 n

ot
 s

av
in

g 
br

an
ch

 le
ng

th
s.



M
rB

ay
es

 3
.1

 M
an

ua
l

5/
17

/2
00

5
19

T
he

 S
t
a
r
t
i
n
g
t
r
e
e

 p
ar

am
et

er
 c

an
 b

e 
us

ed
 to

 f
ee

d 
th

e 
ch

ai
n(

s)
 w

ith
 a

 u
se

r-
sp

ec
if

ie
d

st
ar

tin
g 

tr
ee

. T
he

 d
ef

au
lt 

be
ha

vi
or

 is
 to

 s
ta

rt
 e

ac
h 

ch
ai

n 
w

ith
 a

 d
if

fe
re

nt
 r

an
do

m
 tr

ee
; t

hi
s

is
 r

ec
om

m
en

de
d 

fo
r 

ge
ne

ra
l u

se
.

2.
7.

 R
u

n
n

in
g

 t
h

e 
A

n
al

ys
is

Fi
na

lly
, w

e 
ar

e 
re

ad
y 

to
 s

ta
rt

 th
e 

an
al

ys
is

. T
yp

e 
mc
mc

. M
rB

ay
es

 w
ill

 f
ir

st
 p

ri
nt

in
fo

rm
at

io
n 

ab
ou

t t
he

 m
od

el
 a

nd
 th

en
 li

st
 th

e 
pr

op
os

al
 m

ec
ha

ni
sm

s 
th

at
 w

ill
 b

e 
us

ed
 in

sa
m

pl
in

g 
fr

om
 th

e 
po

st
er

io
r 

di
st

ri
bu

tio
n.

 I
n 

ou
r 

ca
se

, t
he

 p
ro

po
sa

ls
 a

re
 th

e 
fo

llo
w

in
g:

 
 
 
T
h
e
 
M
C
M
C
 
s
a
m
p
l
e
r
 
w
i
l
l
 
u
s
e
 
t
h
e
 
f
o
l
l
o
w
i
n
g
 
m
o
v
e
s
:

 
 
 
 
 
 
W
i
t
h
 
p
r
o
b
.
 
 
C
h
a
i
n
 
w
i
l
l
 
c
h
a
n
g
e

 
 
 
 
 
 
 
 
 
4
.
1
7
 
%
 
 
 
p
a
r
a
m
.
 
1
 
(
r
e
v
m
a
t
)
 
w
i
t
h
 
D
i
r
i
c
h
l
e
t
 
p
r
o
p
o
s
a
l

 
 
 
 
 
 
 
 
 
4
.
1
7
 
%
 
 
 
p
a
r
a
m
.
 
2
 
(
s
t
a
t
e
 
f
r
e
q
u
e
n
c
i
e
s
)
 
w
i
t
h
 
D
i
r
i
c
h
l
e
t
 
p
r
o
p
o
s
a
l

 
 
 
 
 
 
 
 
 
4
.
1
7
 
%
 
 
 
p
a
r
a
m
.
 
3
 
(
g
a
m
m
a
 
s
h
a
p
e
)
 
w
i
t
h
 
m
u
l
t
i
p
l
i
e
r

 
 
 
 
 
 
 
 
 
4
.
1
7
 
%
 
 
 
p
a
r
a
m
.
 
4
 
(
p
r
o
p
.
 
i
n
v
a
r
i
a
n
t
s
)
 
w
i
t
h
 
b
e
t
a
 
p
r
o
p
o
s
a
l

 
 
 
 
 
 
 
 
2
0
.
8
3
 
%
 
 
 
p
a
r
a
m
.
 
5
 
(
t
o
p
o
l
o
g
y
 
a
n
d
 
b
r
a
n
c
h
 
l
e
n
g
t
h
s
)
 
w
i
t
h
 
L
O
C
A
L

 
 
 
 
 
 
 
 
6
2
.
5
0
 
%
 
 
 
p
a
r
a
m
.
 
5
 
(
t
o
p
o
l
o
g
y
 
a
n
d
 
b
r
a
n
c
h
 
l
e
n
g
t
h
s
)
 
w
i
t
h
 
e
x
t
e
n
d
i
n
g
 
T
B
R

N
ot

e 
th

at
 M

rB
ay

es
 w

ill
 s

pe
nd

 m
os

t o
f 

its
 e

ff
or

t c
ha

ng
in

g 
to

po
lo

gy
 a

nd
 b

ra
nc

h 
le

ng
th

s.
 I

n
ou

r 
ex

pe
ri

en
ce

, t
op

ol
og

y 
an

d 
br

an
ch

 le
ng

th
s 

ar
e 

th
e 

m
os

t d
if

fi
cu

lt 
pa

ra
m

et
er

s 
to

 in
te

gr
at

e
ov

er
 a

nd
 w

e 
th

er
ef

or
e 

le
t M

rB
ay

es
 s

pe
nd

 a
 la

rg
e 

pr
op

or
tio

n 
of

 it
s 

tim
e 

pr
op

os
in

g 
ne

w
va

lu
es

 f
or

 th
os

e 
pa

ra
m

et
er

s.
 T

he
 p

ro
po

sa
l p

ro
ba

bi
lit

ie
s 

ca
n 

be
 c

ha
ng

ed
 w

ith
 th

e 
p
r
o
p
s

co
m

m
an

d 
bu

t b
e 

w
ar

ne
d 

th
at

 in
ap

pr
op

ri
at

e 
ch

an
ge

s 
of

 p
ro

po
sa

l p
ro

ba
bi

lit
ie

s 
m

ay
 d

es
tr

oy
an

y 
ho

pe
s 

of
 a

ch
ie

vi
ng

 c
on

ve
rg

en
ce

.

A
ft

er
 th

e 
in

iti
al

 lo
g 

lik
el

ih
oo

ds
, M

rB
ay

es
 w

ill
 p

ri
nt

 th
e 

st
at

e 
of

 th
e 

ch
ai

ns
 e

ve
ry

 1
00

th
ge

ne
ra

tio
n,

 li
ke

 th
is

:

 
 
 
C
h
a
i
n
 
r
e
s
u
l
t
s
:

 
 
 
 
 
 
 
1
 
-
-
 
(
-
7
8
1
2
.
8
3
1
)
 
(
-
7
5
2
3
.
6
8
5
)
 
[
-
7
4
8
5
.
5
6
9
]
 
(
-
7
7
0
0
.
3
0
9
)
 
*
 
[
-
7
8
3
2
.
0
4
5
]
 
(
-

7
6
1
8
.
5
9
5
)
 
(
-
7
7
7
6
.
6
0
8
)
 
(
-
7
8
3
6
.
8
2
6
)

 
 
 
 
 
1
0
0
 
-
-
 
(
-
6
7
7
1
.
5
3
2
)
 
(
-
6
8
5
7
.
5
2
9
)
 
(
-
6
7
6
6
.
6
7
8
)
 
[
-
6
6
8
2
.
5
2
7
]
 
*
 
[
-
6
5
0
6
.
2
7
7
]
 
(
-

6
9
4
4
.
4
4
9
)
 
(
-
6
7
8
4
.
1
2
6
)
 
(
-
6
9
9
1
.
3
0
7
)
 
-
-
 
0
:
0
1
:
3
9

 
 
 
 
 
2
0
0
 
-
-
 
(
-
6
3
2
1
.
4
6
4
)
 
[
-
6
1
7
9
.
5
6
1
]
 
(
-
6
3
3
8
.
1
6
8
)
 
(
-
6
2
7
2
.
2
4
2
)
 
*
 
(
-
6
3
3
9
.
4
0
0
)
 
(
-

6
7
1
5
.
8
4
0
)
 
[
-
6
2
6
5
.
3
2
9
]
 
(
-
6
5
9
9
.
6
9
8
)
 
-
-
 
0
:
0
1
:
3
8

 
 
 
 
 
3
0
0
 
-
-
 
(
-
6
2
0
1
.
2
8
5
)
 
(
-
6
0
8
4
.
8
9
9
)
 
(
-
6
1
3
9
.
2
0
0
)
 
[
-
6
0
4
9
.
0
6
1
]
 
*
 
[
-
6
0
7
3
.
0
5
6
]
 
(
-

6
3
5
9
.
1
3
4
)
 
(
-
6
1
0
6
.
8
3
4
)
 
(
-
6
5
1
5
.
3
4
8
)
 
-
-
 
0
:
0
1
:
3
7

 
 
 
 
 
4
0
0
 
-
-
 
(
-
6
0
1
5
.
4
2
9
)
 
[
-
5
9
2
4
.
1
7
7
]
 
(
-
6
0
7
4
.
2
7
4
)
 
(
-
5
9
6
7
.
2
3
6
)
 
*
 
(
-
6
0
0
2
.
9
4
1
)
 
(
-

6
2
1
5
.
4
1
5
)
 
[
-
5
9
8
0
.
0
9
6
]
 
(
-
6
0
3
6
.
6
2
4
)
 
-
-
 
0
:
0
1
:
1
2

 
 
 
 
 
5
0
0
 
-
-
 
(
-
5
9
6
3
.
0
6
9
)
 
[
-
5
8
5
1
.
4
1
5
]
 
(
-
6
0
1
9
.
3
0
1
)
 
(
-
5
9
4
8
.
7
6
8
)
 
*
 
[
-
5
9
2
5
.
4
2
3
]
 
(
-

6
0
7
2
.
4
4
6
)
 
(
-
5
9
2
5
.
5
4
9
)
 
(
-
5
9
6
3
.
4
2
7
)
 
-
-
 
0
:
0
1
:
1
6

 
 
 
 
 
6
0
0
 
-
-
 
(
-
5
9
3
1
.
5
4
5
)
 
[
-
5
8
0
2
.
4
7
2
]
 
(
-
5
9
9
7
.
2
7
6
)
 
(
-
5
9
2
7
.
2
0
4
)
 
*
 
(
-
5
8
9
9
.
5
9
0
)
 
(
-

6
0
3
5
.
0
9
7
)
 
(
-
5
9
0
4
.
3
2
7
)
 
[
-
5
8
9
6
.
5
2
0
]
 
-
-
 
0
:
0
1
:
1
8

 
 
 
 
 
7
0
0
 
-
-
 
(
-
5
8
5
2
.
4
0
5
)
 
[
-
5
7
8
2
.
9
3
4
]
 
(
-
5
9
6
6
.
2
2
4
)
 
(
-
5
8
8
0
.
9
7
5
)
 
*
 
(
-
5
8
9
0
.
2
2
0
)
 
(
-

6
0
0
8
.
1
4
2
)
 
(
-
5
8
7
6
.
9
5
6
)
 
[
-
5
8
3
8
.
3
9
2
]
 
-
-
 
0
:
0
1
:
1
9

 
 
 
 
 
8
0
0
 
-
-
 
(
-
5
8
4
4
.
4
2
6
)
 
[
-
5
7
5
4
.
4
1
6
]
 
(
-
5
9
6
3
.
5
3
1
)
 
(
-
5
8
6
0
.
1
8
2
)
 
*
 
(
-
5
8
8
3
.
4
7
4
)
 
(
-

5
9
0
2
.
7
8
4
)
 
(
-
5
7
9
0
.
7
6
5
)
 
[
-
5
7
8
9
.
3
2
6
]
 
-
-
 
0
:
0
1
:
2
0

 
 
 
 
 
9
0
0
 
-
-
 
(
-
5
8
1
4
.
8
8
5
)
 
[
-
5
7
4
1
.
1
0
1
]
 
(
-
5
9
2
6
.
6
6
6
)
 
(
-
5
8
5
5
.
9
1
6
)
 
*
 
(
-
5
8
7
0
.
8
0
6
)
 
(
-

5
8
7
1
.
5
7
3
)
 
(
-
5
7
8
3
.
0
1
2
)
 
[
-
5
7
5
5
.
6
0
8
]
 
-
-
 
0
:
0
1
:
2
0

 
 
 
 
1
0
0
0
 
-
-
 
(
-
5
8
1
1
.
9
4
9
)
 
[
-
5
7
3
7
.
8
8
4
]
 
(
-
5
8
8
8
.
2
3
4
)
 
(
-
5
8
1
9
.
7
9
3
)
 
*
 
(
-
5
8
6
7
.
3
7
7
)
 
(
-

5
8
5
1
.
6
9
3
)
 
(
-
5
7
8
4
.
4
3
7
)
 
[
-
5
7
4
9
.
2
6
4
]
 
-
-
 
0
:
0
1
:
2
1

 
 
 
A
v
e
r
a
g
e
 
s
t
a
n
d
a
r
d
 
d
e
v
i
a
t
i
o
n
 
o
f
 
s
p
l
i
t
 
f
r
e
q
u
e
n
c
i
e
s
:
 
0
.
0
7
3
9
4
6



M
rB

ay
es

 3
.1

 M
an

ua
l

5/
17

/2
00

5
20

 
 
 
 
1
1
0
0
 
-
-
 
(
-
5
7
8
4
.
5
8
6
)
 
[
-
5
7
3
0
.
0
6
9
]
 
(
-
5
8
8
0
.
4
7
6
)
 
(
-
5
7
9
8
.
7
2
8
)
 
*
 
(
-
5
8
3
9
.
2
6
8
)
 
(
-

5
8
3
6
.
0
7
4
)
 
(
-
5
7
7
9
.
9
4
0
)
 
[
-
5
7
3
9
.
1
7
0
]
 
-
-
 
0
:
0
1
:
2
0

.
.
.

 
 
 
 
9
0
0
0
 
-
-
 
(
-
5
7
3
7
.
7
5
6
)
 
[
-
5
7
2
8
.
2
2
8
]
 
(
-
5
7
3
5
.
7
8
7
)
 
(
-
5
7
2
2
.
2
6
3
)
 
*
 
[
-
5
7
3
0
.
9
2
6
]
 
(
-

5
7
4
0
.
6
5
5
)
 
(
-
5
7
3
0
.
0
4
5
)
 
(
-
5
7
2
9
.
4
8
7
)
 
-
-
 
0
:
0
0
:
0
9

 
 
 
A
v
e
r
a
g
e
 
s
t
a
n
d
a
r
d
 
d
e
v
i
a
t
i
o
n
 
o
f
 
s
p
l
i
t
 
f
r
e
q
u
e
n
c
i
e
s
:
 
0
.
0
0
0
0
0
0

 
 
 
 
9
1
0
0
 
-
-
 
(
-
5
7
3
2
.
0
9
3
)
 
(
-
5
7
3
3
.
2
1
5
)
 
(
-
5
7
3
5
.
8
1
6
)
 
[
-
5
7
2
0
.
3
6
1
]
 
*
 
(
-
5
7
3
7
.
3
4
3
)
 
(
-

5
7
4
1
.
8
4
1
)
 
(
-
5
7
3
5
.
7
3
0
)
 
[
-
5
7
2
6
.
0
1
0
]
 
-
-
 
0
:
0
0
:
0
8

 
 
 
 
9
2
0
0
 
-
-
 
(
-
5
7
3
1
.
4
1
2
)
 
(
-
5
7
2
8
.
2
5
1
)
 
(
-
5
7
2
9
.
8
4
6
)
 
[
-
5
7
2
0
.
6
7
0
]
 
*
 
(
-
5
7
3
1
.
8
5
2
)
 
(
-

5
7
4
0
.
2
7
0
)
 
(
-
5
7
4
2
.
0
7
9
)
 
[
-
5
7
2
9
.
7
6
4
]
 
-
-
 
0
:
0
0
:
0
7

 
 
 
 
9
3
0
0
 
-
-
 
(
-
5
7
3
9
.
4
1
6
)
 
(
-
5
7
3
4
.
9
0
9
)
 
[
-
5
7
2
3
.
7
0
7
]
 
(
-
5
7
2
0
.
4
0
8
)
 
*
 
(
-
5
7
2
8
.
0
1
6
)
 
(
-

5
7
2
8
.
5
5
0
)
 
[
-
5
7
3
0
.
6
4
5
]
 
(
-
5
7
2
6
.
7
0
9
)
 
-
-
 
0
:
0
0
:
0
6

 
 
 
 
9
4
0
0
 
-
-
 
[
-
5
7
2
0
.
6
4
8
]
 
(
-
5
7
3
2
.
6
3
1
)
 
(
-
5
7
3
2
.
6
9
1
)
 
(
-
5
7
2
4
.
5
6
2
)
 
*
 
(
-
5
7
2
8
.
7
3
9
)
 
[
-

5
7
2
0
.
9
5
9
]
 
(
-
5
7
3
9
.
3
2
6
)
 
(
-
5
7
2
0
.
8
3
2
)
 
-
-
 
0
:
0
0
:
0
5

 
 
 
 
9
5
0
0
 
-
-
 
(
-
5
7
3
0
.
8
7
0
)
 
(
-
5
7
2
9
.
7
7
3
)
 
(
-
5
7
2
9
.
0
1
0
)
 
[
-
5
7
2
7
.
4
0
5
]
 
*
 
(
-
5
7
2
7
.
2
7
4
)
 
[
-

5
7
2
0
.
7
0
2
]
 
(
-
5
7
3
7
.
9
6
8
)
 
(
-
5
7
2
6
.
3
6
7
)
 
-
-
 
0
:
0
0
:
0
4

 
 
 
 
9
6
0
0
 
-
-
 
(
-
5
7
3
6
.
4
6
0
)
 
(
-
5
7
3
4
.
0
1
6
)
 
(
-
5
7
3
7
.
8
2
9
)
 
[
-
5
7
2
7
.
7
3
2
]
 
*
 
(
-
5
7
2
8
.
3
9
3
)
 
[
-

5
7
1
8
.
8
9
2
]
 
(
-
5
7
3
6
.
3
1
3
)
 
(
-
5
7
2
7
.
9
2
8
)
 
-
-
 
0
:
0
0
:
0
3

 
 
 
 
9
7
0
0
 
-
-
 
(
-
5
7
4
0
.
3
7
8
)
 
(
-
5
7
3
3
.
3
1
2
)
 
(
-
5
7
3
5
.
2
0
4
)
 
[
-
5
7
2
4
.
1
9
9
]
 
*
 
(
-
5
7
2
8
.
1
0
2
)
 
[
-

5
7
2
4
.
0
0
6
]
 
(
-
5
7
3
6
.
7
9
8
)
 
(
-
5
7
2
2
.
2
9
2
)
 
-
-
 
0
:
0
0
:
0
2

 
 
 
 
9
8
0
0
 
-
-
 
(
-
5
7
3
9
.
0
1
9
)
 
(
-
5
7
3
5
.
5
4
1
)
 
(
-
5
7
3
1
.
7
3
8
)
 
[
-
5
7
2
8
.
4
6
6
]
 
*
 
(
-
5
7
2
3
.
4
0
4
)
 
(
-

5
7
2
2
.
9
0
1
)
 
(
-
5
7
3
4
.
1
8
4
)
 
[
-
5
7
2
2
.
1
4
1
]
 
-
-
 
0
:
0
0
:
0
1

 
 
 
 
9
9
0
0
 
-
-
 
(
-
5
7
4
3
.
5
5
6
)
 
[
-
5
7
2
4
.
2
4
6
]
 
(
-
5
7
3
6
.
4
8
4
)
 
(
-
5
7
3
1
.
8
0
3
)
 
*
 
[
-
5
7
2
7
.
0
8
2
]
 
(
-

5
7
3
2
.
4
7
6
)
 
(
-
5
7
2
8
.
4
8
2
)
 
(
-
5
7
2
5
.
0
4
5
)
 
-
-
 
0
:
0
0
:
0
0

 
 
 
1
0
0
0
0
 
-
-
 
(
-
5
7
3
8
.
1
0
6
)
 
[
-
5
7
2
3
.
3
8
0
]
 
(
-
5
7
2
6
.
3
2
2
)
 
(
-
5
7
2
7
.
5
9
9
)
 
*
 
(
-
5
7
2
8
.
7
7
6
)
 
(
-

5
7
3
2
.
4
1
0
)
 
[
-
5
7
2
8
.
5
1
5
]
 
(
-
5
7
2
5
.
4
1
8
)
 
-
-
 
0
:
0
0
:
0
0

 
 
 
A
v
e
r
a
g
e
 
s
t
a
n
d
a
r
d
 
d
e
v
i
a
t
i
o
n
 
o
f
 
s
p
l
i
t
 
f
r
e
q
u
e
n
c
i
e
s
:
 
0
.
0
0
0
0
0
0

 
 
 
C
o
n
t
i
n
u
e
 
w
i
t
h
 
a
n
a
l
y
s
i
s
?
 
(
y
e
s
/
n
o
)
:

If
 y

ou
 h

av
e 

th
e 

te
rm

in
al

 w
in

do
w

 w
id

e 
en

ou
gh

, e
ac

h 
ge

ne
ra

tio
n 

of
 th

e 
ch

ai
n 

w
ill

 p
ri

nt
 o

n
a 

si
ng

le
 li

ne
 li

ke
 th

is
 (

w
e 

ha
ve

 d
ec

re
as

ed
 th

e 
fo

nt
 s

iz
e 

to
 s

ho
w

 th
e 

la
yo

ut
):

 
 
 
C
h
a
i
n
 
r
e
s
u
l
t
s
:

 
 
 
 
 
 
 
1
 
-
-
 
(
-
7
8
1
2
.
8
3
1
)
 
(
-
7
5
2
3
.
6
8
5
)
 
[
-
7
4
8
5
.
5
6
9
]
 
(
-
7
7
0
0
.
3
0
9
)
 
*
 
[
-
7
8
3
2
.
0
4
5
]
 
(
-
7
6
1
8
.
5
9
5
)
 
(
-
7
7
7
6
.
6
0
8
)
 
(
-
7
8
3
6
.
8
2
6
)

 
 
 
 
 
1
0
0
 
-
-
 
(
-
6
7
7
1
.
5
3
2
)
 
(
-
6
8
5
7
.
5
2
9
)
 
(
-
6
7
6
6
.
6
7
8
)
 
[
-
6
6
8
2
.
5
2
7
]
 
*
 
[
-
6
5
0
6
.
2
7
7
]
 
(
-
6
9
4
4
.
4
4
9
)
 
(
-
6
7
8
4
.
1
2
6
)
 
(
-
6
9
9
1
.
3
0
7
)
 
-
-
 
0
:
0
1
:
3
9

 
 
 
 
 
2
0
0
 
-
-
 
(
-
6
3
2
1
.
4
6
4
)
 
[
-
6
1
7
9
.
5
6
1
]
 
(
-
6
3
3
8
.
1
6
8
)
 
(
-
6
2
7
2
.
2
4
2
)
 
*
 
(
-
6
3
3
9
.
4
0
0
)
 
(
-
6
7
1
5
.
8
4
0
)
 
[
-
6
2
6
5
.
3
2
9
]
 
(
-
6
5
9
9
.
6
9
8
)
 
-
-
 
0
:
0
1
:
3
8

 
 
 
 
 
3
0
0
 
-
-
 
(
-
6
2
0
1
.
2
8
5
)
 
(
-
6
0
8
4
.
8
9
9
)
 
(
-
6
1
3
9
.
2
0
0
)
 
[
-
6
0
4
9
.
0
6
1
]
 
*
 
[
-
6
0
7
3
.
0
5
6
]
 
(
-
6
3
5
9
.
1
3
4
)
 
(
-
6
1
0
6
.
8
3
4
)
 
(
-
6
5
1
5
.
3
4
8
)
 
-
-
 
0
:
0
1
:
3
7

 
 
 
 
 
4
0
0
 
-
-
 
(
-
6
0
1
5
.
4
2
9
)
 
[
-
5
9
2
4
.
1
7
7
]
 
(
-
6
0
7
4
.
2
7
4
)
 
(
-
5
9
6
7
.
2
3
6
)
 
*
 
(
-
6
0
0
2
.
9
4
1
)
 
(
-
6
2
1
5
.
4
1
5
)
 
[
-
5
9
8
0
.
0
9
6
]
 
(
-
6
0
3
6
.
6
2
4
)
 
-
-
 
0
:
0
1
:
1
2

 
 
 
 
 
5
0
0
 
-
-
 
(
-
5
9
6
3
.
0
6
9
)
 
[
-
5
8
5
1
.
4
1
5
]
 
(
-
6
0
1
9
.
3
0
1
)
 
(
-
5
9
4
8
.
7
6
8
)
 
*
 
[
-
5
9
2
5
.
4
2
3
]
 
(
-
6
0
7
2
.
4
4
6
)
 
(
-
5
9
2
5
.
5
4
9
)
 
(
-
5
9
6
3
.
4
2
7
)
 
-
-
 
0
:
0
1
:
1
6

 
 
 
 
 
6
0
0
 
-
-
 
(
-
5
9
3
1
.
5
4
5
)
 
[
-
5
8
0
2
.
4
7
2
]
 
(
-
5
9
9
7
.
2
7
6
)
 
(
-
5
9
2
7
.
2
0
4
)
 
*
 
(
-
5
8
9
9
.
5
9
0
)
 
(
-
6
0
3
5
.
0
9
7
)
 
(
-
5
9
0
4
.
3
2
7
)
 
[
-
5
8
9
6
.
5
2
0
]
 
-
-
 
0
:
0
1
:
1
8

 
 
 
 
 
7
0
0
 
-
-
 
(
-
5
8
5
2
.
4
0
5
)
 
[
-
5
7
8
2
.
9
3
4
]
 
(
-
5
9
6
6
.
2
2
4
)
 
(
-
5
8
8
0
.
9
7
5
)
 
*
 
(
-
5
8
9
0
.
2
2
0
)
 
(
-
6
0
0
8
.
1
4
2
)
 
(
-
5
8
7
6
.
9
5
6
)
 
[
-
5
8
3
8
.
3
9
2
]
 
-
-
 
0
:
0
1
:
1
9

 
 
 
 
 
8
0
0
 
-
-
 
(
-
5
8
4
4
.
4
2
6
)
 
[
-
5
7
5
4
.
4
1
6
]
 
(
-
5
9
6
3
.
5
3
1
)
 
(
-
5
8
6
0
.
1
8
2
)
 
*
 
(
-
5
8
8
3
.
4
7
4
)
 
(
-
5
9
0
2
.
7
8
4
)
 
(
-
5
7
9
0
.
7
6
5
)
 
[
-
5
7
8
9
.
3
2
6
]
 
-
-
 
0
:
0
1
:
2
0

 
 
 
 
 
9
0
0
 
-
-
 
(
-
5
8
1
4
.
8
8
5
)
 
[
-
5
7
4
1
.
1
0
1
]
 
(
-
5
9
2
6
.
6
6
6
)
 
(
-
5
8
5
5
.
9
1
6
)
 
*
 
(
-
5
8
7
0
.
8
0
6
)
 
(
-
5
8
7
1
.
5
7
3
)
 
(
-
5
7
8
3
.
0
1
2
)
 
[
-
5
7
5
5
.
6
0
8
]
 
-
-
 
0
:
0
1
:
2
0

 
 
 
 
1
0
0
0
 
-
-
 
(
-
5
8
1
1
.
9
4
9
)
 
[
-
5
7
3
7
.
8
8
4
]
 
(
-
5
8
8
8
.
2
3
4
)
 
(
-
5
8
1
9
.
7
9
3
)
 
*
 
(
-
5
8
6
7
.
3
7
7
)
 
(
-
5
8
5
1
.
6
9
3
)
 
(
-
5
7
8
4
.
4
3
7
)
 
[
-
5
7
4
9
.
2
6
4
]
 
-
-
 
0
:
0
1
:
2
1

 
 
 
A
v
e
r
a
g
e
 
s
t
a
n
d
a
r
d
 
d
e
v
i
a
t
i
o
n
 
o
f
 
s
p
l
i
t
 
f
r
e
q
u
e
n
c
i
e
s
:
 
0
.
0
7
3
9
4
6

 
 
 
 
1
1
0
0
 
-
-
 
(
-
5
7
8
4
.
5
8
6
)
 
[
-
5
7
3
0
.
0
6
9
]
 
(
-
5
8
8
0
.
4
7
6
)
 
(
-
5
7
9
8
.
7
2
8
)
 
*
 
(
-
5
8
3
9
.
2
6
8
)
 
(
-
5
8
3
6
.
0
7
4
)
 
(
-
5
7
7
9
.
9
4
0
)
 
[
-
5
7
3
9
.
1
7
0
]
 
-
-
 
0
:
0
1
:
2
0

.
.
.

 
 
 
 
9
0
0
0
 
-
-
 
(
-
5
7
3
7
.
7
5
6
)
 
[
-
5
7
2
8
.
2
2
8
]
 
(
-
5
7
3
5
.
7
8
7
)
 
(
-
5
7
2
2
.
2
6
3
)
 
*
 
[
-
5
7
3
0
.
9
2
6
]
 
(
-
5
7
4
0
.
6
5
5
)
 
(
-
5
7
3
0
.
0
4
5
)
 
(
-
5
7
2
9
.
4
8
7
)
 
-
-
 
0
:
0
0
:
0
9

 
 
 
A
v
e
r
a
g
e
 
s
t
a
n
d
a
r
d
 
d
e
v
i
a
t
i
o
n
 
o
f
 
s
p
l
i
t
 
f
r
e
q
u
e
n
c
i
e
s
:
 
0
.
0
0
0
0
0
0

 
 
 
 
9
1
0
0
 
-
-
 
(
-
5
7
3
2
.
0
9
3
)
 
(
-
5
7
3
3
.
2
1
5
)
 
(
-
5
7
3
5
.
8
1
6
)
 
[
-
5
7
2
0
.
3
6
1
]
 
*
 
(
-
5
7
3
7
.
3
4
3
)
 
(
-
5
7
4
1
.
8
4
1
)
 
(
-
5
7
3
5
.
7
3
0
)
 
[
-
5
7
2
6
.
0
1
0
]
 
-
-
 
0
:
0
0
:
0
8

 
 
 
 
9
2
0
0
 
-
-
 
(
-
5
7
3
1
.
4
1
2
)
 
(
-
5
7
2
8
.
2
5
1
)
 
(
-
5
7
2
9
.
8
4
6
)
 
[
-
5
7
2
0
.
6
7
0
]
 
*
 
(
-
5
7
3
1
.
8
5
2
)
 
(
-
5
7
4
0
.
2
7
0
)
 
(
-
5
7
4
2
.
0
7
9
)
 
[
-
5
7
2
9
.
7
6
4
]
 
-
-
 
0
:
0
0
:
0
7

 
 
 
 
9
3
0
0
 
-
-
 
(
-
5
7
3
9
.
4
1
6
)
 
(
-
5
7
3
4
.
9
0
9
)
 
[
-
5
7
2
3
.
7
0
7
]
 
(
-
5
7
2
0
.
4
0
8
)
 
*
 
(
-
5
7
2
8
.
0
1
6
)
 
(
-
5
7
2
8
.
5
5
0
)
 
[
-
5
7
3
0
.
6
4
5
]
 
(
-
5
7
2
6
.
7
0
9
)
 
-
-
 
0
:
0
0
:
0
6

 
 
 
 
9
4
0
0
 
-
-
 
[
-
5
7
2
0
.
6
4
8
]
 
(
-
5
7
3
2
.
6
3
1
)
 
(
-
5
7
3
2
.
6
9
1
)
 
(
-
5
7
2
4
.
5
6
2
)
 
*
 
(
-
5
7
2
8
.
7
3
9
)
 
[
-
5
7
2
0
.
9
5
9
]
 
(
-
5
7
3
9
.
3
2
6
)
 
(
-
5
7
2
0
.
8
3
2
)
 
-
-
 
0
:
0
0
:
0
5

 
 
 
 
9
5
0
0
 
-
-
 
(
-
5
7
3
0
.
8
7
0
)
 
(
-
5
7
2
9
.
7
7
3
)
 
(
-
5
7
2
9
.
0
1
0
)
 
[
-
5
7
2
7
.
4
0
5
]
 
*
 
(
-
5
7
2
7
.
2
7
4
)
 
[
-
5
7
2
0
.
7
0
2
]
 
(
-
5
7
3
7
.
9
6
8
)
 
(
-
5
7
2
6
.
3
6
7
)
 
-
-
 
0
:
0
0
:
0
4

 
 
 
 
9
6
0
0
 
-
-
 
(
-
5
7
3
6
.
4
6
0
)
 
(
-
5
7
3
4
.
0
1
6
)
 
(
-
5
7
3
7
.
8
2
9
)
 
[
-
5
7
2
7
.
7
3
2
]
 
*
 
(
-
5
7
2
8
.
3
9
3
)
 
[
-
5
7
1
8
.
8
9
2
]
 
(
-
5
7
3
6
.
3
1
3
)
 
(
-
5
7
2
7
.
9
2
8
)
 
-
-
 
0
:
0
0
:
0
3

 
 
 
 
9
7
0
0
 
-
-
 
(
-
5
7
4
0
.
3
7
8
)
 
(
-
5
7
3
3
.
3
1
2
)
 
(
-
5
7
3
5
.
2
0
4
)
 
[
-
5
7
2
4
.
1
9
9
]
 
*
 
(
-
5
7
2
8
.
1
0
2
)
 
[
-
5
7
2
4
.
0
0
6
]
 
(
-
5
7
3
6
.
7
9
8
)
 
(
-
5
7
2
2
.
2
9
2
)
 
-
-
 
0
:
0
0
:
0
2

 
 
 
 
9
8
0
0
 
-
-
 
(
-
5
7
3
9
.
0
1
9
)
 
(
-
5
7
3
5
.
5
4
1
)
 
(
-
5
7
3
1
.
7
3
8
)
 
[
-
5
7
2
8
.
4
6
6
]
 
*
 
(
-
5
7
2
3
.
4
0
4
)
 
(
-
5
7
2
2
.
9
0
1
)
 
(
-
5
7
3
4
.
1
8
4
)
 
[
-
5
7
2
2
.
1
4
1
]
 
-
-
 
0
:
0
0
:
0
1

 
 
 
 
9
9
0
0
 
-
-
 
(
-
5
7
4
3
.
5
5
6
)
 
[
-
5
7
2
4
.
2
4
6
]
 
(
-
5
7
3
6
.
4
8
4
)
 
(
-
5
7
3
1
.
8
0
3
)
 
*
 
[
-
5
7
2
7
.
0
8
2
]
 
(
-
5
7
3
2
.
4
7
6
)
 
(
-
5
7
2
8
.
4
8
2
)
 
(
-
5
7
2
5
.
0
4
5
)
 
-
-
 
0
:
0
0
:
0
0

 
 
 
1
0
0
0
0
 
-
-
 
(
-
5
7
3
8
.
1
0
6
)
 
[
-
5
7
2
3
.
3
8
0
]
 
(
-
5
7
2
6
.
3
2
2
)
 
(
-
5
7
2
7
.
5
9
9
)
 
*
 
(
-
5
7
2
8
.
7
7
6
)
 
(
-
5
7
3
2
.
4
1
0
)
 
[
-
5
7
2
8
.
5
1
5
]
 
(
-
5
7
2
5
.
4
1
8
)
 
-
-
 
0
:
0
0
:
0
0

 
 
 
A
v
e
r
a
g
e
 
s
t
a
n
d
a
r
d
 
d
e
v
i
a
t
i
o
n
 
o
f
 
s
p
l
i
t
 
f
r
e
q
u
e
n
c
i
e
s
:
 
0
.
0
0
0
0
0
0



M
rB

ay
es

 3
.1

 M
an

ua
l

5/
17

/2
00

5
21

 
 
 
C
o
n
t
i
n
u
e
 
w
i
t
h
 
a
n
a
l
y
s
i
s
?
 
(
y
e
s
/
n
o
)
:

T
he

 f
ir

st
 c

ol
um

n 
lis

ts
 th

e 
ge

ne
ra

tio
n 

nu
m

be
r.

 T
he

 f
ol

lo
w

in
g 

fo
ur

 c
ol

um
ns

 w
ith

 n
eg

at
iv

e
nu

m
be

rs
 e

ac
h 

co
rr

es
po

nd
 to

 o
ne

 c
ha

in
 in

 th
e 

fi
rs

t r
un

. E
ac

h 
co

lu
m

n 
co

rr
es

po
nd

s 
to

 o
ne

ph
ys

ic
al

 lo
ca

tio
n 

in
 c

om
pu

te
r 

m
em

or
y,

 a
nd

 th
e 

ch
ai

ns
 a

ct
ua

lly
 s

hi
ft

 p
os

iti
on

s 
in

 th
e

co
lu

m
ns

 a
s 

th
e 

ru
n 

pr
oc

ee
ds

. T
he

 n
um

be
rs

 a
re

 th
e 

lo
g 

lik
el

ih
oo

d 
va

lu
es

 o
f 

th
e 

ch
ai

ns
.

T
he

 c
ha

in
 th

at
 is

 c
ur

re
nt

ly
 th

e 
co

ld
 c

ha
in

 h
as

 it
s 

va
lu

e 
su

rr
ou

nd
ed

 b
y 

sq
ua

re
 b

ra
ck

et
s,

w
he

re
as

 th
e 

he
at

ed
 c

ha
in

s 
ha

ve
 th

ei
r 

va
lu

es
 s

ur
ro

un
de

d 
by

 p
ar

en
th

es
es

. W
he

n 
tw

o 
ch

ai
ns

su
cc

es
sf

ul
ly

 c
ha

ng
e 

st
at

es
, t

he
y 

tr
ad

e 
co

lu
m

n 
po

si
tio

ns
 (

pl
ac

es
 in

 c
om

pu
te

r 
m

em
or

y)
. I

f
th

e 
M

et
ro

po
lis

 c
ou

pl
in

g 
w

or
ks

 w
el

l, 
th

e 
co

ld
 c

ha
in

 s
ho

ul
d 

m
ov

e 
ar

ou
nd

 a
m

on
g 

th
e

co
lu

m
ns

; t
hi

s 
m

ea
ns

 th
at

 th
e 

co
ld

 c
ha

in
 s

uc
ce

ss
fu

lly
 s

w
ap

s 
st

at
es

 w
ith

 th
e 

he
at

ed
 c

ha
in

s.
If

 th
e 

co
ld

 c
ha

in
 g

et
s 

st
uc

k 
in

 o
ne

 o
f 

th
e 

co
lu

m
ns

, t
he

n 
th

e 
he

at
ed

 c
ha

in
s 

ar
e 

no
t

su
cc

es
sf

ul
ly

 c
on

tr
ib

ut
in

g 
st

at
es

 to
 th

e 
co

ld
 c

ha
in

, a
nd

 th
e 

M
et

ro
po

lis
 c

ou
pl

in
g 

is
in

ef
fi

ci
en

t. 
T

he
 a

na
ly

si
s 

m
ay

 th
en

 h
av

e 
to

 b
e 

ru
n 

lo
ng

er
 o

r 
th

e 
te

m
pe

ra
tu

re
 d

if
fe

re
nc

e
be

tw
ee

n 
ch

ai
ns

 m
ay

 h
av

e 
to

 b
e 

lo
w

er
ed

.

T
he

 s
ta

r 
co

lu
m

n 
se

pa
ra

te
s 

th
e 

tw
o 

di
ff

er
en

t r
un

s.
 T

he
 la

st
 c

ol
um

n 
gi

ve
s 

th
e 

tim
e 

le
ft

 to
co

m
pl

et
io

n 
of

 th
e 

sp
ec

if
ie

d 
nu

m
be

r 
of

 g
en

er
at

io
ns

. T
hi

s 
an

al
ys

is
 a

pp
ro

xi
m

at
el

y 
ta

ke
s 

1
se

co
nd

 p
er

 1
00

 g
en

er
at

io
ns

. B
ec

au
se

 d
if

fe
re

nt
 m

ov
es

 a
re

 u
se

d 
in

 e
ac

h 
ge

ne
ra

tio
n,

 th
e

ex
ac

t t
im

e 
va

ri
es

 s
om

ew
ha

t f
or

 e
ac

h 
se

t o
f 

10
0 

ge
ne

ra
tio

ns
, a

nd
 th

e 
pr

ed
ic

te
d 

tim
e 

to
co

m
pl

et
io

n 
w

ill
 b

e 
un

st
ab

le
 in

 th
e 

be
gi

nn
in

g 
of

 th
e 

ru
n.

 A
ft

er
 a

 w
hi

le
, t

he
 p

re
di

ct
io

ns
 w

ill
be

co
m

e 
m

or
e 

ac
cu

ra
te

 a
nd

 th
e 

tim
e 

w
ill

 d
ec

re
as

e 
pr

ed
ic

ta
bl

y.

2.
8.

 W
h

en
 t

o
 S

to
p

 t
h

e 
A

n
al

ys
is

A
t t

he
 e

nd
 o

f 
th

e 
ru

n,
 M

rB
ay

es
 a

sk
s 

w
he

th
er

 o
r 

no
t y

ou
 w

an
t t

o 
co

nt
in

ue
 w

ith
 th

e
an

al
ys

is
. B

ef
or

e 
an

sw
er

in
g 

th
at

 q
ue

st
io

n,
 e

xa
m

in
e 

th
e 

av
er

ag
e 

st
an

da
rd

 d
ev

ia
tio

n 
of

 s
pl

it
fr

eq
ue

nc
ie

s.
 A

s 
th

e 
tw

o 
ru

ns
 c

on
ve

rg
e 

on
to

 th
e 

st
at

io
na

ry
 d

is
tr

ib
ut

io
n,

 w
e 

ex
pe

ct
 th

e
av

er
ag

e 
st

an
da

rd
 d

ev
ia

tio
n 

of
 s

pl
it 

fr
eq

ue
nc

ie
s 

to
 a

pp
ro

ac
h 

ze
ro

, r
ef

le
ct

in
g 

th
e 

fa
ct

 th
at

th
e 

tw
o 

tr
ee

 s
am

pl
es

 b
ec

om
e 

in
cr

ea
si

ng
ly

 s
im

ila
r.

 I
n 

ou
r 

ca
se

, t
he

 a
ve

ra
ge

 s
ta

nd
ar

d
de

vi
at

io
n 

is
 a

bo
ut

 0
.0

7 
af

te
r 

1,
00

0 
ge

ne
ra

tio
ns

 a
nd

 th
en

 d
ro

ps
 to

 le
ss

 th
an

 0
.0

00
00

1
to

w
ar

ds
 th

e 
en

d 
of

 th
e 

ru
n.

 Y
ou

r 
va

lu
es

 c
an

 d
if

fe
r 

sl
ig

ht
ly

 b
ec

au
se

 o
f 

st
oc

ha
st

ic
 e

ff
ec

ts
.

G
iv

en
 th

e 
ex

tr
em

el
y 

lo
w

 v
al

ue
 o

f 
th

e 
av

er
ag

e 
st

an
da

rd
 d

ev
ia

tio
n 

at
 th

e 
en

d 
of

 th
e 

ru
n,

th
er

e 
ap

pe
ar

s 
to

 b
e 

no
 n

ee
d 

to
 c

on
tin

ue
 th

e 
an

al
ys

is
 b

ey
on

d 
10

,0
00

 g
en

er
at

io
ns

 s
o 

w
he

n
M

rB
ay

es
 a

sk
s 

“C
o
n
t
i
n
u
e
 
w
i
t
h
 
a
n
a
l
y
s
i
s
?
 
(
y
e
s
/
n
o
)
:

”,
 s

to
p 

th
e 

an
al

ys
is

 b
y

ty
pi

ng
 n
o.

A
lth

ou
gh

 w
e 

re
co

m
m

en
d 

us
in

g 
a 

co
nv

er
ge

nc
e 

di
ag

no
st

ic
, s

uc
h 

as
 th

e 
st

an
da

rd
 d

ev
ia

tio
n

of
 s

pl
it 

fr
eq

ue
nc

ie
s,

 to
 d

et
er

m
in

e 
ru

n 
le

ng
th

, w
e 

w
an

t t
o 

m
en

tio
n 

th
at

 th
er

e 
ar

e 
si

m
pl

er
bu

t l
es

s 
po

w
er

fu
l m

et
ho

ds
 o

f 
de

te
rm

in
in

g 
w

he
n 

to
 s

to
p 

th
e 

an
al

ys
is

. A
rg

ua
bl

y 
th

e
si

m
pl

es
t t

ec
hn

iq
ue

 is
 to

 e
xa

m
in

e 
th

e 
lo

g 
lik

el
ih

oo
d 

va
lu

es
 (

or
, m

or
e 

ex
ac

tly
, t

he
 lo

g
pr

ob
ab

ili
ty

 o
f 

th
e 

da
ta

 g
iv

en
 th

e 
pa

ra
m

et
er

 v
al

ue
s)

 o
f 

th
e 

co
ld

 c
ha

in
, t

ha
t i

s,
 th

e 
va

lu
es

pr
in

te
d 

to
 s

cr
ee

n 
w

ith
in

 s
qu

ar
e 

br
ac

ke
ts

. I
n 

th
e 

be
gi

nn
in

g 
of

 th
e 

ru
n,

 th
e 

va
lu

es
 ty

pi
ca

lly
in

cr
ea

se
 r

ap
id

ly
 (

th
e 

ab
so

lu
te

 v
al

ue
s 

de
cr

ea
se

, s
in

ce
 th

es
e 

ar
e 

ne
ga

tiv
e 

nu
m

be
rs

).
 T

hi
s

ph
as

e 
of

 th
e 

ru
n 

is
 r

ef
er

re
d 

to
 a

s 
th

e 
“b

ur
n-

in
” 

an
d 

th
e 

sa
m

pl
es

 f
ro

m
 th

is
 p

ha
se

 a
re

ty
pi

ca
lly

 d
is

ca
rd

ed
. O

nc
e 

th
e 

lik
el

ih
oo

d 
of

 th
e 

co
ld

 c
ha

in
 s

to
ps

 to
 in

cr
ea

se
 a

nd
 s

ta
rt

s 
to

ra
nd

om
ly

 f
lu

ct
ua

te
 w

ith
in

 a
 m

or
e 

or
 le

ss
 s

ta
bl

e 
ra

ng
e,

 th
e 

ru
n 

m
ay

 h
av

e 
re

ac
he

d



M
rB

ay
es

 3
.1

 M
an

ua
l

5/
17

/2
00

5
22

st
at

io
na

ri
ty

, t
ha

t i
s,

 it
 is

 p
ro

du
ci

ng
 a

 g
oo

d 
sa

m
pl

e 
fr

om
 th

e 
po

st
er

io
r 

pr
ob

ab
ili

ty
di

st
ri

bu
tio

n.
 A

t s
ta

tio
na

ri
ty

, w
e 

al
so

 e
xp

ec
t d

if
fe

re
nt

, i
nd

ep
en

de
nt

 r
un

s 
to

 s
am

pl
e 

si
m

ila
r

lik
el

ih
oo

d 
va

lu
es

. T
re

nd
s 

in
 li

ke
lih

oo
d 

va
lu

es
 c

an
 b

e 
de

ce
iv

in
g 

th
ou

gh
; y

ou
’r

e 
m

or
e

lik
el

y 
to

 d
et

ec
t p

ro
bl

em
s 

w
ith

 c
on

ve
rg

en
ce

 b
y 

co
m

pa
ri

ng
 s

pl
it 

fr
eq

ue
nc

ie
s 

th
an

 b
y

lo
ok

in
g 

at
 li

ke
lih

oo
d 

tr
en

ds
.

W
he

n 
yo

u 
st

op
 th

e 
an

al
ys

is
, M

rB
ay

es
 w

ill
 p

ri
nt

 s
ev

er
al

 ty
pe

s 
of

 in
fo

rm
at

io
n 

us
ef

ul
 in

op
tim

iz
in

g 
th

e 
an

al
ys

is
. T

hi
s 

is
 p

ri
m

ar
ily

 o
f 

in
te

re
st

 if
 y

ou
 h

av
e 

di
ff

ic
ul

tie
s 

in
 o

bt
ai

ni
ng

co
nv

er
ge

nc
e.

 S
in

ce
 w

e 
ap

pa
re

nt
ly

 h
av

e 
a 

go
od

 s
am

pl
e 

fr
om

 th
e 

po
st

er
io

r 
di

st
ri

bu
tio

n
al

re
ad

y,
 w

e 
w

ill
 ig

no
re

 th
is

 in
fo

rm
at

io
n 

fo
r 

no
w

. W
e 

w
ill

 r
et

ur
n 

to
 th

e 
su

bj
ec

t o
f

op
tim

iz
in

g 
th

e 
M

C
M

C
 a

na
ly

si
s 

in
 s

ec
tio

n 
5 

of
 th

e 
m

an
ua

l.

2.
9.

 S
u

m
m

ar
iz

in
g

 S
am

p
le

s 
o

f 
S

u
b

st
it

u
ti

o
n

 M
o

d
el

 P
ar

am
et

er
s

D
ur

in
g 

th
e 

ru
n,

 s
am

pl
es

 o
f 

th
e 

su
bs

tit
ut

io
n 

m
od

el
 p

ar
am

et
er

s 
ha

ve
 b

ee
n 

w
ri

tte
n 

to
 th

e 
.
p

fi
le

s 
ev

er
y 
s
a
m
p
l
e
f
r
e
q

 g
en

er
at

io
n.

 T
he

se
 f

ile
s 

ar
e 

ta
b-

de
lim

ite
d 

te
xt

 f
ile

s 
th

at
 lo

ok
so

m
et

hi
ng

 li
ke

 th
is

:

[
I
D
:
 
5
8
4
8
2
0
3
8
0
8
]

 
 
G
e
n
 
 
L
n
L
 
 
 
 
 
 
 
 
T
L
 
 
 
 
 
r
(
A
<
-
>
C
)
 
 
.
.
.
 
 
p
i
(
G
)
 
 
 
 
 
p
i
(
T
)
 
 
 
 
 
a
l
p
h
a
 
 
 
 
 
p
i
n
v
a
r

 
 
 
 
1
 
 
-
7
5
5
9
.
1
3
7
 
 
2
.
0
4
4
 
 
0
.
1
6
6
6
6
7
 
 
.
.
.
 
 
0
.
2
5
0
0
0
0
 
 
0
.
2
5
0
0
0
0
 
 
0
.
5
0
0
0
0
0
 
 
0
.
0
0
0
0
0
0

 
 
 
1
0
 
 
-
6
5
8
5
.
5
1
9
 
 
2
.
1
8
1
 
 
0
.
0
9
0
1
8
0
 
 
.
.
.
 
 
0
.
1
6
9
5
1
3
 
 
0
.
2
4
7
4
1
8
 
 
0
.
5
6
9
2
7
1
 
 
0
.
0
3
6
1
6
2

 
 
 
.
.
.

 
9
9
9
0
 
 
-
5
7
2
8
.
9
3
5
 
 
2
.
5
2
7
 
 
0
.
0
5
1
1
0
6
 
 
.
.
.
 
 
0
.
0
7
6
2
1
3
 
 
0
.
2
6
2
1
0
7
 
 
0
.
9
3
2
7
7
1
 
 
0
.
1
9
4
0
0
4

1
0
0
0
0
 
 
-
5
7
2
2
.
8
5
7
 
 
2
.
6
4
2
 
 
0
.
0
5
1
1
0
6
 
 
.
.
.
 
 
0
.
0
7
8
3
8
3
 
 
0
.
2
4
6
7
9
1
 
 
0
.
7
2
1
2
1
7
 
 
0
.
1
8
5
4
8
6

T
he

 f
ir

st
 n

um
be

r,
 in

 s
qu

ar
e 

br
ac

ke
ts

, i
s 

a 
ra

nd
om

ly
 g

en
er

at
ed

 I
D

 n
um

be
r 

th
at

 le
ts

 y
ou

id
en

tif
y 

th
e 

an
al

ys
is

 f
ro

m
 w

hi
ch

 th
e 

sa
m

pl
es

 c
om

e.
 T

he
 n

ex
t l

in
e 

co
nt

ai
ns

 th
e 

co
lu

m
n

he
ad

er
s,

 a
nd

 is
 f

ol
lo

w
ed

 b
y 

th
e 

sa
m

pl
ed

 v
al

ue
s.

 F
ro

m
 le

ft
 to

 r
ig

ht
, t

he
 c

ol
um

ns
 c

on
ta

in
:

(1
) 

th
e 

ge
ne

ra
tio

n 
nu

m
be

r 
(G
e
n

);
 (

2)
 th

e 
lo

g 
lik

el
ih

oo
d 

of
 th

e 
co

ld
 c

ha
in

 (
L
n
L

);
 (

3)
 th

e
to

ta
l t

re
e 

le
ng

th
 (

th
e 

su
m

 o
f 

al
l b

ra
nc

h 
le

ng
th

s,
 T
L

);
 (

4)
 th

e 
si

x 
G

T
R

 r
at

e 
pa

ra
m

et
er

s
(r
(
A
<
-
>
C
)

, r
(
A
<
-
>
G
)

 e
tc

);
 (

5)
 th

e 
fo

ur
 s

ta
tio

na
ry

 n
uc

le
ot

id
e 

fr
eq

ue
nc

ie
s 

(p
i
(
A
)

,
p
i
(
C
)

 e
tc

);
 (

6)
 th

e 
sh

ap
e 

pa
ra

m
et

er
 o

f 
th

e 
ga

m
m

a 
di

st
ri

bu
tio

n 
of

 r
at

e 
va

ri
at

io
n

(a
l
p
h
a

);
 a

nd
 (

7)
 th

e 
pr

op
or

tio
n 

of
 in

va
ri

ab
le

 s
ite

s 
(p
i
n
v
a
r

).
 I

f 
yo

u 
us

e 
a 

di
ff

er
en

t
m

od
el

 f
or

 y
ou

r 
da

ta
 s

et
, t

he
 .
p

 f
ile

s 
w

ill
 o

f 
co

ur
se

 b
e 

di
ff

er
en

t.

M
rB

ay
es

 p
ro

vi
de

s 
th

e 
su

m
p 

co
m

m
an

d 
to

 s
um

m
ar

iz
e 

th
e 

sa
m

pl
ed

 p
ar

am
et

er
 v

al
ue

s.
B

ef
or

e 
us

in
g 

it,
 w

e 
ne

ed
 to

 d
ec

id
e 

on
 th

e 
bu

rn
-i

n.
 S

in
ce

 th
e 

co
nv

er
ge

nc
e 

di
ag

no
st

ic
 w

e
us

ed
 p

re
vi

ou
sl

y 
to

 d
et

er
m

in
e 

w
he

n 
to

 s
to

p 
th

e 
an

al
ys

is
 d

is
ca

rd
ed

 th
e 

fi
rs

t 2
5 

%
 o

f 
th

e
sa

m
pl

es
 a

nd
 in

di
ca

te
d 

th
at

 c
on

ve
rg

en
ce

 h
ad

 b
ee

n 
re

ac
he

d 
af

te
r 

10
,0

00
 g

en
er

at
io

ns
, i

t
m

ak
es

 s
en

se
 to

 d
is

ca
rd

 2
5 

%
 o

f 
th

e 
sa

m
pl

es
 o

bt
ai

ne
d 

du
ri

ng
 th

e 
fi

rs
t 1

0,
00

0 
ge

ne
ra

tio
ns

.
Si

nc
e 

w
e 

sa
m

pl
ed

 e
ve

ry
 1

0th
 g

en
er

at
io

n,
 th

er
e 

ar
e 

1,
00

0 
sa

m
pl

es
 (

1,
00

1 
to

 b
e 

ex
ac

t, 
si

nc
e

th
e 

fi
rs

t g
en

er
at

io
n 

is
 a

lw
ay

s 
sa

m
pl

ed
) 

an
d 

25
 %

 tr
an

sl
at

es
 to

 2
50

 s
am

pl
es

. T
hu

s,
su

m
m

ar
iz

e 
th

e 
in

fo
rm

at
io

n 
in

 th
e 
.
p

 f
ile

 b
y 

ty
pi

ng
 s
um
p 
bu
rn

in
=2
50

. B
y 

de
fa

ul
t,

s
u
m
p

 w
ill

 s
um

m
ar

iz
e 

th
e 

in
fo

rm
at

io
n 

in
 th

e 
.
p

 f
ile

 g
en

er
at

ed
 m

os
t r

ec
en

tly
, b

ut
 th

e
fi

le
na

m
e 

ca
n 

be
 c

ha
ng

ed
 if

 n
ec

es
sa

ry
.



M
rB

ay
es

 3
.1

 M
an

ua
l

5/
17

/2
00

5
23

T
he

 s
u
m
p

 c
om

m
an

d 
w

ill
 f

ir
st

 g
en

er
at

e 
a 

pl
ot

 o
f 

th
e 

ge
ne

ra
tio

n 
ve

rs
us

 th
e 

lo
g 

pr
ob

ab
ili

ty
of

 th
e 

da
ta

 (
th

e 
lo

g 
lik

el
ih

oo
d 

va
lu

es
).

 I
f 

w
e 

ar
e 

at
 s

ta
tio

na
ri

ty
, t

hi
s 

pl
ot

 s
ho

ul
d 

lo
ok

 li
ke

‘w
hi

te
 n

oi
se

’,
 th

at
 is

, t
he

re
 s

ho
ul

d 
be

 n
o 

te
nd

en
cy

 o
f 

in
cr

ea
se

 o
r 

de
cr

ea
se

 o
ve

r 
tim

e.
 T

he
pl

ot
 s

ho
ul

d 
lo

ok
 s

om
et

hi
ng

 li
ke

 th
is

:

 
 
 
+
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
+
 
-
5
7
1
6
.
5
6

 
 
 
|
 
 
 
 
 
1
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
|

 
 
 
|
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
 
 
 
 
 
1
2
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
 
 
 
 
1
 
2
|

 
 
 
|
 
 
 
 
1
 
 
 
 
 
 
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
 
 
 
1
 
 
 
1
 
 
 
 
 
1
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2
 
 
|

 
 
 
|
 
 
 
1
 
 
 
 
 
 
 
 
 
 
 
2
2
 
 
 
 
 
 
 
 
 
2
 
 
 
 
1
 
 
 
 
 
1
 
 
 
 
2
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2
 
|

 
 
 
|
 
2
 
 
 
 
2
 
 
 
2
 
 
2
1
 
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
 
1
 
 
2
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
|

 
 
 
|
 
 
 
2
2
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2
 
1
 
 
 
1
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
 
1
 
 
 
1
2
 
 
 
 
1
 
 
 
 
 
 
|

 
 
 
|
2
 
 
 
 
 
1
 
*
*
1
 
 
 
2
 
 
2
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2
 
*
 
2
 
2
 
 
 
 
 
 
 
1
2
1
1
 
 
 
 
 
 
 
 
1
 
|

 
 
 
|
 
1
1
 
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
*
 
 
 
 
 
*
 
 
 
 
 
2
 
 
 
 
 
 
1
 
 
 
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
 
 
 
|

 
 
 
|
 
 
2
 
 
2
 
1
 
 
 
 
 
 
 
1
 
 
1
 
1
2
 
 
 
 
 
 
 
 
 
 
 
 
 
1
1
2
 
 
 
 
 
2
 
 
 
 
 
 
 
1
 
 
 
 
2
 
 
1
|

 
 
 
|
1
 
 
 
 
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
 
 
 
 
1
 
 
*
2
 
2
 
 
2
 
 
 
 
 
 
2
 
1
 
 
 
2
 
 
 
2
 
2
2
 
 
1
 
 
 
|

 
 
 
|
 
 
 
 
 
 
 
 
 
 
 
 
1
 
 
 
1
 
 
 
 
 
 
 
2
 
 
 
 
 
 
 
 
 
 
2
 
 
 
 
 
2
 
 
 
 
 
 
 
 
1
 
 
 
 
2
 
 
 
 
|

 
 
 
|
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2
 
 
 
 
 
2
 
 
 
 
 
 
1
 
 
 
 
 
 
 
|

 
 
 
|
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2
1
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
1
 
 
 
 
|

 
 
 
|
 
 
 
 
 
 
 
 
 
 
 
2
 
1
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2
 
 
 
 
 
|

 
 
 
|
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 
 
 
 
 
 
2
 
 
 
 
 
 
 
 
|

 
 
 
+
-
-
-
-
-
-
+
-
-
-
-
-
+
-
-
-
-
-
+
-
-
-
-
-
+
-
-
-
-
-
+
-
-
-
-
-
+
-
-
-
-
-
+
-
-
-
-
-
+
-
-
-
-
-
+
-
-
-
-
-
+
 
-
5
7
3
3
.
7
9

 
 
 
^
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
^

 
 
 
2
5
0
0
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
0
0
0
0

If
 y

ou
 s

ee
 a

n 
ob

vi
ou

s 
tr

en
d 

in
 y

ou
r 

pl
ot

, e
ith

er
 in

cr
ea

si
ng

 o
r 

de
cr

ea
si

ng
, y

ou
 p

ro
ba

bl
y

ne
ed

 to
 r

un
 th

e 
an

al
ys

is
 lo

ng
er

 to
 g

et
 a

n 
ad

eq
ua

te
 s

am
pl

e 
fr

om
 th

e 
po

st
er

io
r 

pr
ob

ab
ili

ty
di

st
ri

bu
tio

n.

A
t t

he
 b

ot
to

m
 o

f 
th

e 
s
u
m
p

 o
ut

pu
t, 

th
er

e 
is

 a
 ta

bl
e 

su
m

m
ar

iz
in

g 
th

e 
sa

m
pl

es
 o

f 
th

e
pa

ra
m

et
er

 v
al

ue
s:

 
 
 
M
o
d
e
l
 
p
a
r
a
m
e
t
e
r
 
s
u
m
m
a
r
i
e
s
 
o
v
e
r
 
t
h
e
 
r
u
n
s
 
s
a
m
p
l
e
d
 
i
n
 
f
i
l
e
s

 
 
 
 
 
 
"
p
r
i
m
a
t
e
s
.
n
e
x
.
r
u
n
1
.
p
"
 
a
n
d
 
"
p
r
i
m
a
t
e
s
.
n
e
x
.
r
u
n
2
.
p
"
:

 
 
 
 
 
 
(
S
u
m
m
a
r
i
e
s
 
a
r
e
 
b
a
s
e
d
 
o
n
 
a
 
t
o
t
a
l
 
o
f
 
1
5
0
2
 
s
a
m
p
l
e
s
 
f
r
o
m
 
2
 
r
u
n
s
)

 
 
 
 
 
 
(
E
a
c
h
 
r
u
n
 
p
r
o
d
u
c
e
d
 
1
0
0
1
 
s
a
m
p
l
e
s
 
o
f
 
w
h
i
c
h
 
7
5
1
 
s
a
m
p
l
e
s
 
w
e
r
e
 
i
n
c
l
u
d
e
d
)

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
9
5
%
 
C
r
e
d
.
 
I
n
t
e
r
v
a
l

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

 
 
 
P
a
r
a
m
e
t
e
r
 
 
 
 
 
 
 
M
e
a
n
 
 
 
 
 
 
 
 
V
a
r
i
a
n
c
e
 
 
 
 
 
 
 
L
o
w
e
r
 
 
 
 
 
 
 
 
 
U
p
p
e
r
 
 
 
 
 
 
 
 
 
M
e
d
i
a
n
 
 
 
 
 
 
 
P
S
R
F
 
*

 
 
 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

 
 
 
T
L
 
 
 
 
 
 
 
 
 
 
 
 
2
.
8
8
5
3
1
4
 
 
 
 
 
 
0
.
0
7
1
4
4
6
 
 
 
 
 
 
2
.
4
0
8
0
0
0
 
 
 
 
 
 
3
.
4
6
4
0
0
0
 
 
 
 
 
 
2
.
8
6
1
0
0
0
 
 
 
 
 
 
1
.
0
0
4

 
 
 
r
(
A
<
-
>
C
)
 
 
 
 
 
 
0
.
0
4
5
1
1
0
 
 
 
 
 
 
0
.
0
0
0
0
7
0
 
 
 
 
 
 
0
.
0
3
1
4
0
6
 
 
 
 
 
 
0
.
0
6
1
4
2
4
 
 
 
 
 
 
0
.
0
4
4
7
5
6
 
 
 
 
 
 
0
.
9
9
9

 
 
 
r
(
A
<
-
>
G
)
 
 
 
 
 
 
0
.
4
7
7
5
5
4
 
 
 
 
 
 
0
.
0
0
2
4
2
1
 
 
 
 
 
 
0
.
3
8
7
1
4
1
 
 
 
 
 
 
0
.
5
6
9
1
6
8
 
 
 
 
 
 
0
.
4
7
3
5
2
1
 
 
 
 
 
 
1
.
0
4
0

 
 
 
r
(
A
<
-
>
T
)
 
 
 
 
 
 
0
.
0
3
8
5
4
1
 
 
 
 
 
 
0
.
0
0
0
0
6
0
 
 
 
 
 
 
0
.
0
2
4
2
0
4
 
 
 
 
 
 
0
.
0
5
3
7
8
7
 
 
 
 
 
 
0
.
0
3
8
4
0
2
 
 
 
 
 
 
0
.
9
9
9

 
 
 
r
(
C
<
-
>
G
)
 
 
 
 
 
 
0
.
0
3
3
7
6
5
 
 
 
 
 
 
0
.
0
0
0
1
9
5
 
 
 
 
 
 
0
.
0
1
0
8
3
6
 
 
 
 
 
 
0
.
0
6
4
0
4
9
 
 
 
 
 
 
0
.
0
3
2
4
7
5
 
 
 
 
 
 
1
.
0
3
3

 
 
 
r
(
C
<
-
>
T
)
 
 
 
 
 
 
0
.
3
8
6
1
4
4
 
 
 
 
 
 
0
.
0
0
1
7
3
5
 
 
 
 
 
 
0
.
3
1
1
5
0
4
 
 
 
 
 
 
0
.
4
5
9
0
1
1
 
 
 
 
 
 
0
.
3
8
6
8
9
7
 
 
 
 
 
 
1
.
0
1
2

 
 
 
r
(
G
<
-
>
T
)
 
 
 
 
 
 
0
.
0
1
8
8
8
5
 
 
 
 
 
 
0
.
0
0
0
1
3
3
 
 
 
 
 
 
0
.
0
0
1
2
1
7
 
 
 
 
 
 
0
.
0
4
5
9
2
4
 
 
 
 
 
 
0
.
0
1
6
8
0
1
 
 
 
 
 
 
1
.
0
4
8

 
 
 
p
i
(
A
)
 
 
 
 
 
 
 
 
 
0
.
3
5
5
3
0
1
 
 
 
 
 
 
0
.
0
0
0
1
6
2
 
 
 
 
 
 
0
.
3
2
9
7
6
9
 
 
 
 
 
 
0
.
3
7
7
1
5
3
 
 
 
 
 
 
0
.
3
5
6
8
0
8
 
 
 
 
 
 
1
.
0
9
2

 
 
 
p
i
(
C
)
 
 
 
 
 
 
 
 
 
0
.
3
2
0
8
3
1
 
 
 
 
 
 
0
.
0
0
0
1
3
1
 
 
 
 
 
 
0
.
2
9
9
9
5
3
 
 
 
 
 
 
0
.
3
4
1
7
5
7
 
 
 
 
 
 
0
.
3
2
1
3
1
2
 
 
 
 
 
 
1
.
1
5
2

 
 
 
p
i
(
G
)
 
 
 
 
 
 
 
 
 
0
.
0
8
1
1
5
4
 
 
 
 
 
 
0
.
0
0
0
0
4
8
 
 
 
 
 
 
0
.
0
6
8
8
1
6
 
 
 
 
 
 
0
.
0
9
8
4
4
2
 
 
 
 
 
 
0
.
0
8
1
7
2
3
 
 
 
 
 
 
1
.
0
1
4

 
 
 
p
i
(
T
)
 
 
 
 
 
 
 
 
 
0
.
2
4
2
7
1
4
 
 
 
 
 
 
0
.
0
0
0
1
0
4
 
 
 
 
 
 
0
.
2
2
6
5
7
3
 
 
 
 
 
 
0
.
2
6
4
6
8
4
 
 
 
 
 
 
0
.
2
4
2
1
1
3
 
 
 
 
 
 
1
.
0
0
0

 
 
 
a
l
p
h
a
 
 
 
 
 
 
 
 
 
0
.
7
1
4
4
0
5
 
 
 
 
 
 
0
.
0
3
7
3
0
5
 
 
 
 
 
 
0
.
4
1
9
2
1
0
 
 
 
 
 
 
1
.
1
4
7
2
8
6
 
 
 
 
 
 
0
.
6
7
3
5
4
5
 
 
 
 
 
 
1
.
0
0
7

 
 
 
p
i
n
v
a
r
 
 
 
 
 
 
 
 
0
.
1
8
5
9
0
1
 
 
 
 
 
 
0
.
0
0
4
8
8
7
 
 
 
 
 
 
0
.
0
2
5
8
8
9
 
 
 
 
 
 
0
.
3
0
7
4
6
8
 
 
 
 
 
 
0
.
1
8
8
0
2
7
 
 
 
 
 
 
1
.
0
0
9

 
 
 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

 
 
 
*
 
C
o
n
v
e
r
g
e
n
c
e
 
d
i
a
g
n
o
s
t
i
c
 
(
P
S
R
F
 
=
 
P
o
t
e
n
t
i
a
l
 
s
c
a
l
e
 
r
e
d
u
c
t
i
o
n
 
f
a
c
t
o
r
 
[
G
e
l
m
a
n

 
 
 
 
 
a
n
d
 
R
u
b
i
n
,
 
1
9
9
2
]
,
 
u
n
c
o
r
r
e
c
t
e
d
)
 
s
h
o
u
l
d
 
a
p
p
r
o
a
c
h
 
1
 
a
s
 
r
u
n
s
 
c
o
n
v
e
r
g
e
.
 
T
h
e

 
 
 
 
 
v
a
l
u
e
s
 
m
a
y
 
b
e
 
u
n
r
e
l
i
a
b
l
e
 
i
f
 
y
o
u
 
h
a
v
e
 
a
 
s
m
a
l
l
 
n
u
m
b
e
r
 
o
f
 
s
a
m
p
l
e
s
.
 
P
S
R
F
 
s
h
o
u
l
d

 
 
 
 
 
o
n
l
y
 
b
e
 
u
s
e
d
 
a
s
 
a
 
r
o
u
g
h
 
g
u
i
d
e
 
t
o
 
c
o
n
v
e
r
g
e
n
c
e
 
s
i
n
c
e
 
a
l
l
 
t
h
e
 
a
s
s
u
m
p
t
i
o
n
s

 
 
 
 
 
t
h
a
t
 
a
l
l
o
w
 
o
n
e
 
t
o
 
i
n
t
e
r
p
r
e
t
 
i
t
 
a
s
 
a
 
s
c
a
l
e
 
r
e
d
u
c
t
i
o
n
 
f
a
c
t
o
r
 
a
r
e
 
n
o
t
 
m
e
t
 
i
n

 
 
 
 
 
t
h
e
 
p
h
y
l
o
g
e
n
e
t
i
c
 
c
o
n
t
e
x
t
.



M
rB

ay
es

 3
.1

 M
an

ua
l

5/
17

/2
00

5
24

Fo
r 

ea
ch

 p
ar

am
et

er
, t

he
 ta

bl
e 

lis
ts

 th
e 

m
ea

n 
an

d 
va

ri
an

ce
 o

f 
th

e 
sa

m
pl

ed
 v

al
ue

s,
 th

e 
lo

w
er

an
d 

up
pe

r 
bo

un
da

ri
es

 o
f 

th
e 

95
 %

 c
re

di
bi

lit
y 

in
te

rv
al

, a
nd

 th
e 

m
ed

ia
n 

of
 th

e 
sa

m
pl

ed
va

lu
es

. T
he

 p
ar

am
et

er
s 

ar
e 

th
e 

sa
m

e 
as

 th
os

e 
lis

te
d 

in
 th

e 
.p

 f
ile

s:
 th

e 
to

ta
l t

re
e 

le
ng

th
(T
L

),
 th

e 
si

x 
re

ve
rs

ib
le

 s
ub

st
itu

tio
n 

ra
te

s 
(r
(
A
<
-
>
C
)

, r
(
A
<
-
>
G
)

, e
tc

),
 th

e 
fo

ur
st

at
io

na
ry

 s
ta

te
 f

re
qu

en
ci

es
 (
p
i
(
A
)

, p
i
(
C
)

, e
tc

),
 th

e 
sh

ap
e 

of
 th

e 
ga

m
m

a 
di

st
ri

bu
tio

n 
of

ra
te

 v
ar

ia
tio

n 
ac

ro
ss

 s
ite

s 
(a
l
p
h
a

),
 a

nd
 th

e 
pr

op
or

tio
n 

of
 in

va
ri

ab
le

 s
ite

s 
(p
i
n
v
a
r

).
N

ot
e 

th
at

 th
e 

si
x 

ra
te

 p
ar

am
et

er
s 

of
 th

e 
G

T
R

 m
od

el
 a

re
 g

iv
en

 a
s 

pr
op

or
tio

ns
 o

f 
th

e 
ra

te
su

m
 (

th
e 

D
ir

ic
hl

et
 p

ar
am

et
er

iz
at

io
n)

. T
hi

s 
pa

ra
m

et
er

iz
at

io
n 

ha
s 

so
m

e 
ad

va
nt

ag
es

 in
 th

e
B

ay
es

ia
n 

co
nt

ex
t; 

in
 p

ar
tic

ul
ar

, i
t a

llo
w

s 
co

nv
en

ie
nt

 f
or

m
ul

at
io

n 
of

 p
ri

or
s.

 I
f 

yo
u 

w
an

t t
o

sc
al

e 
th

e 
ra

te
s 

re
la

tiv
e 

to
 th

e 
G

-T
 r

at
e,

 ju
st

 d
iv

id
e 

al
l r

at
e 

pr
op

or
tio

ns
 b

y 
th

e 
G

-T
 r

at
e

pr
op

or
tio

n.

T
he

 la
st

 c
ol

um
n 

in
 th

e 
ta

bl
e 

co
nt

ai
ns

 a
 c

on
ve

rg
en

ce
 d

ia
gn

os
tic

, t
he

 P
ot

en
tia

l S
ca

le
R

ed
uc

tio
n 

Fa
ct

or
 (

PS
R

F)
. I

f 
w

e 
ha

ve
 a

 g
oo

d 
sa

m
pl

e 
fr

om
 th

e 
po

st
er

io
r 

pr
ob

ab
ili

ty
di

st
ri

bu
tio

n,
 th

es
e 

va
lu

es
 s

ho
ul

d 
be

 c
lo

se
 to

 1
.0

. I
f 

yo
u 

ha
ve

 a
 s

m
al

l n
um

be
r 

of
 s

am
pl

es
,

th
er

e 
m

ay
 b

e 
so

m
e 

sp
re

ad
 in

 th
es

e 
va

lu
es

, i
nd

ic
at

in
g 

th
at

 y
ou

 m
ay

 n
ee

d 
to

 s
am

pl
e 

th
e

an
al

ys
is

 m
or

e 
of

te
n 

or
 r

un
 it

 lo
ng

er
. I

n 
ou

r 
ca

se
, w

e 
ca

n 
pr

ob
ab

ly
 e

as
ily

 o
bt

ai
n 

m
or

e
ac

cu
ra

te
 e

st
im

at
es

 o
f 

so
m

e 
pa

ra
m

et
er

s 
by

 r
un

ni
ng

 th
e 

an
al

ys
is

 s
lig

ht
ly

 lo
ng

er
.

2.
10

. S
u

m
m

ar
iz

in
g

 S
am

p
le

s 
o

f 
T

re
es

 a
n

d
 B

ra
n

ch
 L

en
g

th
s

T
re

es
 a

nd
 b

ra
nc

h 
le

ng
th

s 
ar

e 
pr

in
te

d 
to

 th
e 
.
t

 f
ile

s.
 T

he
se

 f
ile

s 
ar

e 
N

ex
us

-f
or

m
at

te
d 

tr
ee

fi
le

s 
w

ith
 a

 s
tr

uc
tu

re
 li

ke
 th

is
:

#
N
E
X
U
S

[
I
D
:
 
5
8
4
8
2
0
3
8
0
8
]

b
e
g
i
n
 
t
r
e
e
s
;

 
 
 
t
r
a
n
s
l
a
t
e

 
 
 
 
 
 
 
1
 
L
e
m
u
r
_
c
a
t
t
a
,

 
 
 
 
 
 
 
2
 
H
o
m
o
_
s
a
p
i
e
n
s
,

 
 
 
 
 
 
 
3
 
P
a
n
,

 
 
 
 
 
 
 
4
 
G
o
r
i
l
l
a
,

 
 
 
 
 
 
 
5
 
P
o
n
g
o
,

 
 
 
 
 
 
 
6
 
H
y
l
o
b
a
t
e
s
,

 
 
 
 
 
 
 
7
 
M
a
c
a
c
a
_
f
u
s
c
a
t
a
,

 
 
 
 
 
 
 
8
 
M
_
m
u
l
a
t
t
a
,

 
 
 
 
 
 
 
9
 
M
_
f
a
s
c
i
c
u
l
a
r
i
s
,

 
 
 
 
 
 
1
0
 
M
_
s
y
l
v
a
n
u
s
,

 
 
 
 
 
 
1
1
 
S
a
i
m
i
r
i
_
s
c
i
u
r
e
u
s
,

 
 
 
 
 
 
1
2
 
T
a
r
s
i
u
s
_
s
y
r
i
c
h
t
a
;

 
 
 
t
r
e
e
 
r
e
p
.
1
 
=

(
(
(
(
(
(
2
:
0
.
1
0
0
0
0
0
,
(
8
:
0
.
1
0
0
0
0
0
,
7
:
0
.
0
0
0
7
4
8
)
:
0
.
1
9
7
4
1
5
)
:
0
.
1
0
0
0
0
0
,
(
5
:
0
.
1
0
0
0
0
0
,
6
:
0
.
1
0
0

0
0
0
)
:
0
.
1
0
0
0
0
0
)
:
0
.
1
0
0
0
0
0
,
(
9
:
0
.
1
0
0
0
0
0
,
(
1
0
:
0
.
1
0
0
0
0
0
,
3
:
0
.
1
0
0
0
0
0
)
:
0
.
1
0
0
0
0
0
)
:
0
.
1
0
0
0
0
0

)
:
0
.
1
0
0
0
0
0
,
1
2
:
0
.
1
0
0
0
0
0
)
:
0
.
1
0
0
0
0
0
,
1
1
:
0
.
1
0
0
0
0
0
)
:
0
.
1
0
0
0
0
0
,
4
:
0
.
1
0
0
0
0
0
,
1
:
0
.
1
0
0
0
0
0
)
;

.
.
.

 
 
 
t
r
e
e
 
r
e
p
.
1
0
0
0
0
 
=

(
(
(
(
6
:
0
.
1
2
6
4
7
5
,
(
(
4
:
0
.
0
7
9
3
0
0
,
(
3
:
0
.
0
4
9
8
7
6
,
2
:
0
.
0
6
6
9
2
9
)
:
0
.
0
4
0
5
1
7
)
:
0
.
1
0
3
1
9
1
,
5
:
0
.
1
3
8
2

2
0
)
:
0
.
1
0
5
2
2
4
)
:
0
.
1
4
7
2
1
2
,
(
1
0
:
0
.
0
5
9
6
7
1
,
(
(
8
:
0
.
0
3
5
9
3
9
,
7
:
0
.
0
1
2
3
3
2
)
:
0
.
0
3
7
9
9
2
,
9
:
0
.
0
6
9
4
7

7
)
:
0
.
0
6
0
8
5
9
)
:
0
.
2
2
1
3
3
6
)
:
0
.
1
4
9
2
4
3
,
1
1
:
0
.
6
2
7
5
6
1
)
:
0
.
1
8
0
1
1
5
,
1
2
:
0
.
5
2
5
6
0
6
,
1
:
0
.
3
3
9
4
7
6
)
;

e
n
d
;

T
o 

su
m

m
ar

iz
e 

th
e 

tr
ee

 a
nd

 b
ra

nc
h 

le
ng

th
 in

fo
rm

at
io

n,
 ty

pe
 s
um
t 

bu
rn
in
=2
50

. T
he

s
u
m
t

 a
nd

 s
u
m
p

 c
om

m
an

ds
 e

ac
h 

ha
ve

 s
ep

ar
at

e 
bu

rn
-i

n 
se

tti
ng

s 
so

 it
 is

 n
ec

es
sa

ry
 to

 g
iv

e



M
rB

ay
es

 3
.1

 M
an

ua
l

5/
17

/2
00

5
25

th
e 

bu
rn

-i
n 

he
re

 a
ga

in
. O

th
er

w
is

e,
 m

an
y 

of
 th

e 
se

tti
ng

s 
in

 M
rB

ay
es

 a
re

 p
er

si
st

en
t a

nd
ne

ed
 n

ot
 b

e 
re

pe
at

ed
 e

ve
ry

 ti
m

e 
a 

co
m

m
an

d 
is

 e
xe

cu
te

d.
 T

o 
m

ak
e 

su
re

 th
e 

se
tti

ng
s 

fo
r 

a
pa

rt
ic

ul
ar

 c
om

m
an

d 
ar

e 
co

rr
ec

t, 
yo

u 
ca

n 
al

w
ay

s 
us

e 
h
e
l
p
 
<
c
o
m
m
a
n
d
>

 b
ef

or
e 

is
su

in
g

th
e 

co
m

m
an

d.

T
he

 s
u
m
t

 c
om

m
an

d 
w

ill
 o

ut
pu

t, 
am

on
g 

ot
he

r 
th

in
gs

, s
um

m
ar

y 
st

at
is

tic
s 

fo
r 

th
e 

ta
xo

n
bi

pa
rt

iti
on

s,
 a

 tr
ee

 w
ith

 c
la

de
 c

re
di

bi
lit

y 
(p

os
te

ri
or

 p
ro

ba
bi

lit
y)

 v
al

ue
s,

 a
nd

 a
 p

hy
lo

gr
am

(i
f 

br
an

ch
 le

ng
th

s 
ha

ve
 b

ee
n 

sa
ve

d)
. T

he
 s

um
m

ar
y 

st
at

is
tic

s 
(s

ee
 b

el
ow

) 
de

sc
ri

be
s 

ea
ch

pa
rt

iti
on

 in
 th

e 
“d

ot
-s

ta
r”

 f
or

m
at

 (
do

ts
 f

or
 th

e 
ta

xa
 th

at
 a

re
 o

n 
on

e 
si

de
 o

f 
th

e 
pa

rt
iti

on
 a

nd
st

ar
s 

fo
r 

th
e 

ta
xa

 o
n 

th
e 

ot
he

r 
si

de
; f

or
 in

st
an

ce
, t

he
 f

ir
st

 p
ar

tit
io

n 
(I

D
 1

) 
is

 th
e 

te
rm

in
al

br
an

ch
 le

ad
in

g 
to

 ta
xo

n 
8 

si
nc

e 
it 

ha
s 

a 
st

ar
 in

 th
e 

8th
 p

os
iti

on
 a

nd
 a

 d
ot

 in
 a

ll 
ot

he
r

po
si

tio
ns

).
 T

he
n 

it 
gi

ve
s 

th
e 

nu
m

be
r 

of
 ti

m
es

 th
e 

pa
rt

iti
on

 w
as

 s
am

pl
ed

 (
#
o
b
s

),
 th

e
pr

ob
ab

ili
ty

 o
f 

th
e 

pa
rt

iti
on

 (
P
r
o
b
a
b
.

),
 th

e 
st

an
da

rd
 d

ev
ia

tio
n 

of
 th

e 
pa

rt
iti

on
 f

re
qu

en
cy

(S
t
d
e
v
(
s
)

),
 th

e 
m

ea
n 

(M
e
a
n
(
v
)

) 
an

d 
va

ri
an

ce
 (
V
a
r
(
v
)

) 
of

 th
e 

br
an

ch
 le

ng
th

, t
he

Po
te

nt
ia

l S
ca

le
 R

ed
uc

tio
n 

Fa
ct

or
 (
P
S
R
F

),
 a

nd
 f

in
al

ly
 th

e 
nu

m
be

r 
of

 r
un

s 
in

 w
hi

ch
 th

e
pa

rt
iti

on
 w

as
 s

am
pl

ed
 (
N
r
u
n
s

).
 I

n 
ou

r 
an

al
ys

is
, t

he
re

 is
 o

ve
rw

he
lm

in
g 

su
pp

or
t f

or
 a

si
ng

le
 tr

ee
, s

o 
al

l p
ar

tit
io

ns
 h

av
e 

a 
po

st
er

io
r 

pr
ob

ab
ili

ty
 o

f 
1.

0.

 
 
 
S
u
m
m
a
r
y
 
s
t
a
t
i
s
t
i
c
s
 
f
o
r
 
t
a
x
o
n
 
b
i
p
a
r
t
i
t
i
o
n
s
:

 
 
 
I
D
 
-
-
 
P
a
r
t
i
t
i
o
n
 
 
 
 
 
#
o
b
s
 
 
 
P
r
o
b
a
b
.
 
 
S
t
d
e
v
(
s
)
 
 
 
M
e
a
n
(
v
)
 
 
 
V
a
r
(
v
)
 
 
 
 
P
S
R
F
 
 
N
r
u
n
s

 
 
 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

 
 
 
 
1
 
-
-
 
.
.
.
.
*
.
.
.
.
.
.
.
 
 
1
5
0
2
 
 
1
.
0
0
0
0
0
0
 
 
0
.
0
0
0
0
0
0
 
 
0
.
0
5
8
8
2
8
 
 
0
.
0
0
0
2
3
5
 
 
1
.
0
0
2
 
 
 
 
2

 
 
 
 
2
 
-
-
 
.
.
*
*
*
.
.
.
.
.
.
.
 
 
1
5
0
2
 
 
1
.
0
0
0
0
0
0
 
 
0
.
0
0
0
0
0
0
 
 
0
.
0
8
2
2
0
6
 
 
0
.
0
0
0
4
2
6
 
 
1
.
0
0
0
 
 
 
 
2

 
 
 
 
3
 
-
-
 
.
.
*
*
.
.
.
.
.
.
.
.
 
 
1
5
0
2
 
 
1
.
0
0
0
0
0
0
 
 
0
.
0
0
0
0
0
0
 
 
0
.
0
3
0
5
9
4
 
 
0
.
0
0
0
1
5
2
 
 
0
.
9
9
9
 
 
 
 
2

 
 
 
 
4
 
-
-
 
.
.
*
.
.
.
.
.
.
.
.
.
 
 
1
5
0
2
 
 
1
.
0
0
0
0
0
0
 
 
0
.
0
0
0
0
0
0
 
 
0
.
0
4
9
2
3
4
 
 
0
.
0
0
0
1
0
4
 
 
1
.
0
0
2
 
 
 
 
2

 
 
 
 
5
 
-
-
 
.
.
.
*
.
.
.
.
.
.
.
.
 
 
1
5
0
2
 
 
1
.
0
0
0
0
0
0
 
 
0
.
0
0
0
0
0
0
 
 
0
.
0
6
3
6
7
0
 
 
0
.
0
0
0
2
0
7
 
 
1
.
0
0
1
 
 
 
 
2

 
 
 
 
6
 
-
-
 
.
.
*
*
*
*
*
*
*
*
*
*
 
 
1
5
0
2
 
 
1
.
0
0
0
0
0
0
 
 
0
.
0
0
0
0
0
0
 
 
0
.
2
7
1
4
3
3
 
 
0
.
0
0
3
8
5
0
 
 
0
.
9
9
9
 
 
 
 
2

 
 
 
 
7
 
-
-
 
.
*
*
*
*
*
*
*
*
*
*
*
 
 
1
5
0
2
 
 
1
.
0
0
0
0
0
0
 
 
0
.
0
0
0
0
0
0
 
 
0
.
4
7
2
3
9
0
 
 
0
.
0
0
7
1
3
7
 
 
1
.
0
1
0
 
 
 
 
2

 
 
 
 
8
 
-
-
 
.
.
*
*
*
*
*
*
*
*
*
.
 
 
1
5
0
2
 
 
1
.
0
0
0
0
0
0
 
 
0
.
0
0
0
0
0
0
 
 
0
.
1
1
3
4
1
2
 
 
0
.
0
0
2
2
0
8
 
 
0
.
9
9
9
 
 
 
 
2

 
 
 
 
9
 
-
-
 
.
.
.
.
.
.
*
.
.
.
.
.
 
 
1
5
0
2
 
 
1
.
0
0
0
0
0
0
 
 
0
.
0
0
0
0
0
0
 
 
0
.
1
6
5
8
8
7
 
 
0
.
0
0
0
8
6
1
 
 
1
.
0
1
7
 
 
 
 
2

 
 
 
1
0
 
-
-
 
.
.
*
*
*
*
*
.
.
.
.
.
 
 
1
5
0
2
 
 
1
.
0
0
0
0
0
0
 
 
0
.
0
0
0
0
0
0
 
 
0
.
1
2
2
9
5
7
 
 
0
.
0
0
1
1
8
6
 
 
1
.
0
0
9
 
 
 
 
2

 
 
 
1
1
 
-
-
 
.
.
.
.
.
.
.
.
*
.
.
.
 
 
1
5
0
2
 
 
1
.
0
0
0
0
0
0
 
 
0
.
0
0
0
0
0
0
 
 
0
.
0
2
2
1
9
9
 
 
0
.
0
0
0
0
3
9
 
 
1
.
0
0
3
 
 
 
 
2

 
 
 
1
2
 
-
-
 
.
.
.
.
.
.
.
*
.
.
.
.
 
 
1
5
0
2
 
 
1
.
0
0
0
0
0
0
 
 
0
.
0
0
0
0
0
0
 
 
0
.
0
1
8
3
3
0
 
 
0
.
0
0
0
0
4
2
 
 
1
.
0
0
2
 
 
 
 
2

 
 
 
1
3
 
-
-
 
.
.
.
.
.
.
.
.
.
.
*
.
 
 
1
5
0
2
 
 
1
.
0
0
0
0
0
0
 
 
0
.
0
0
0
0
0
0
 
 
0
.
0
7
0
9
7
3
 
 
0
.
0
0
0
4
4
9
 
 
1
.
0
4
3
 
 
 
 
2

 
 
 
1
4
 
-
-
 
.
*
.
.
.
.
.
.
.
.
.
.
 
 
1
5
0
2
 
 
1
.
0
0
0
0
0
0
 
 
0
.
0
0
0
0
0
0
 
 
0
.
3
2
9
1
1
1
 
 
0
.
0
0
3
5
8
8
 
 
1
.
0
0
8
 
 
 
 
2

 
 
 
1
5
 
-
-
 
.
.
.
.
.
.
.
.
.
.
.
*
 
 
1
5
0
2
 
 
1
.
0
0
0
0
0
0
 
 
0
.
0
0
0
0
0
0
 
 
0
.
4
2
9
0
1
2
 
 
0
.
0
0
4
2
2
4
 
 
1
.
0
0
3
 
 
 
 
2

 
 
 
1
6
 
-
-
 
.
.
.
.
.
.
.
.
.
*
.
.
 
 
1
5
0
2
 
 
1
.
0
0
0
0
0
0
 
 
0
.
0
0
0
0
0
0
 
 
0
.
0
5
6
5
3
4
 
 
0
.
0
0
0
1
3
7
 
 
1
.
0
0
9
 
 
 
 
2

 
 
 
1
7
 
-
-
 
.
.
.
.
.
.
.
*
*
*
*
.
 
 
1
5
0
2
 
 
1
.
0
0
0
0
0
0
 
 
0
.
0
0
0
0
0
0
 
 
0
.
2
4
8
9
6
2
 
 
0
.
0
0
2
1
6
2
 
 
1
.
0
0
5
 
 
 
 
2

 
 
 
1
8
 
-
-
 
.
.
.
.
.
*
.
.
.
.
.
.
 
 
1
5
0
2
 
 
1
.
0
0
0
0
0
0
 
 
0
.
0
0
0
0
0
0
 
 
0
.
1
3
9
8
6
7
 
 
0
.
0
0
0
7
0
8
 
 
1
.
0
0
1
 
 
 
 
2

 
 
 
1
9
 
-
-
 
.
.
.
.
.
.
.
*
*
.
.
.
 
 
1
5
0
2
 
 
1
.
0
0
0
0
0
0
 
 
0
.
0
0
0
0
0
0
 
 
0
.
0
3
5
6
4
0
 
 
0
.
0
0
0
1
0
7
 
 
1
.
0
2
0
 
 
 
 
2

 
 
 
2
0
 
-
-
 
.
.
*
*
*
*
.
.
.
.
.
.
 
 
1
5
0
1
 
 
0
.
9
9
9
3
3
4
 
 
0
.
0
0
0
9
4
2
 
 
0
.
0
5
4
6
5
2
 
 
0
.
0
0
0
4
3
5
 
 
1
.
0
2
2
 
 
 
 
2

 
 
 
2
1
 
-
-
 
.
.
.
.
.
.
.
*
*
*
.
.
 
 
1
5
0
1
 
 
0
.
9
9
9
3
3
4
 
 
0
.
0
0
0
9
4
2
 
 
0
.
0
4
9
4
6
6
 
 
0
.
0
0
0
3
5
5
 
 
1
.
0
1
0
 
 
 
 
2

 
 
 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

T
he

 c
la

de
 c

re
di

bi
lit

y 
tr

ee
 (

up
pe

r 
tr

ee
, n

ex
t p

ag
e)

 g
iv

es
 th

e 
pr

ob
ab

ili
ty

 o
f 

ea
ch

 p
ar

tit
io

n 
or

cl
ad

e 
in

 th
e 

tr
ee

, a
nd

 th
e 

ph
yl

og
ra

m
 (

lo
w

er
 tr

ee
, n

ex
t p

ag
e)

 g
iv

es
 th

e 
br

an
ch

 le
ng

th
s

m
ea

su
re

d 
in

 e
xp

ec
te

d 
su

bs
tit

ut
io

ns
 p

er
 s

ite
.



M
rB

ay
es

 3
.1

 M
an

ua
l

5/
17

/2
00

5
26

 
 
 
C
l
a
d
e
 
c
r
e
d
i
b
i
l
i
t
y
 
v
a
l
u
e
s
:

 
 
 
/
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
 
T
a
r
s
i
u
s
_
s
y
r
i
c
h
t
a

(
1
)

 
 
 
|

 
 
 
|
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
 
L
e
m
u
r
_
c
a
t
t
a
 
(
2
)

 
 
 
|

 
 
 
|
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
/
-
-
-
-
-
-
-
-
 
H
o
m
o
_
s
a
p
i
e
n
s
 
(
3
)

 
 
 
|
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
/
-
-
1
0
0
-
-
+

 
 
 
|
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
|
 
 
 
 
 
 
 
\
-
-
-
-
-
-
-
-
 
P
a
n
 
(
4
)

 
 
 
|
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
/
-
-
1
0
0
-
-
+

 
 
 
|
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
|
 
 
 
 
 
 
 
\
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
 
G
o
r
i
l
l
a
 
(
5
)

 
 
 
|
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
/
-
-
-
1
0
0
-
-
+

 
 
 
+
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
|
 
 
 
 
 
 
 
 
\
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
 
P
o
n
g
o
 
(
6
)

 
 
 
|
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
/
-
-
1
0
0
-
-
+

 
 
 
|
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
|
 
 
 
 
 
 
 
\
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
 
H
y
l
o
b
a
t
e
s
 
(
7
)

 
 
 
|
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
|

 
 
 
|
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
|
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
/
-
-
-
-
-
-
-
-
 
M
a
c
a
c
a
_
f
u
s
c
a
t
a

(
8
)

 
 
 
|
 
 
 
 
 
 
 
/
-
-
1
0
0
-
-
+
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
/
-
-
1
0
0
-
-
+

 
 
 
|
 
 
 
 
 
 
 
|
 
 
 
 
 
 
 
|
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
|
 
 
 
 
 
 
 
\
-
-
-
-
-
-
-
-
 
M
_
m
u
l
a
t
t
a
 
(
9
)

 
 
 
|
 
 
 
 
 
 
 
|
 
 
 
 
 
 
 
|
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
/
-
-
1
0
0
-
-
+

 
 
 
|
 
 
 
 
 
 
 
|
 
 
 
 
 
 
 
|
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
|
 
 
 
 
 
 
 
\
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
 
M
_
f
a
s
c
i
c
u
l
a
r
i
s

(
1
0
)

 
 
 
\
-
-
1
0
0
-
-
+
 
 
 
 
 
 
 
\
-
-
-
-
-
-
-
1
0
0
-
-
-
-
-
-
+

 
 
 
 
 
 
 
 
 
 
 
|
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
\
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
 
M
_
s
y
l
v
a
n
u
s
 
(
1
1
)

 
 
 
 
 
 
 
 
 
 
 
|

 
 
 
 
 
 
 
 
 
 
 
\
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
 
S
a
i
m
i
r
i
_
s
c
i
u
r
e
u
s

(
1
2
)

 
 
 
P
h
y
l
o
g
r
a
m
:

 
 
 
/
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
 
T
a
r
s
i
u
s
_
s
y
r
i
c
h
t
a
 
(
1
)

 
 
 
|

 
 
 
|
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
 
L
e
m
u
r
_
c
a
t
t
a
 
(
2
)

 
 
 
|

 
 
 
|
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
/
-
-
-
-
 
H
o
m
o
_
s
a
p
i
e
n
s
 
(
3
)

 
 
 
|
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
/
-
-
+

 
 
 
|
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
|
 
 
\
-
-
-
-
-
 
P
a
n
 
(
4
)

 
 
 
|
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
/
-
-
-
-
-
+

 
 
 
|
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
|
 
 
 
 
 
\
-
-
-
-
-
 
G
o
r
i
l
l
a
 
(
5
)

 
 
 
|
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
/
-
-
-
-
+

 
 
 
+
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
|
 
 
 
 
\
-
-
-
-
-
-
-
-
-
-
-
 
P
o
n
g
o
 
(
6
)

 
 
 
|
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
/
-
-
-
-
-
-
-
-
+

 
 
 
|
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
|
 
 
 
 
 
 
 
 
\
-
-
-
-
-
-
-
-
-
-
-
-
-
-
 
H
y
l
o
b
a
t
e
s
 
(
7
)

 
 
 
|
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
|

 
 
 
|
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
|
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
/
-
-
 
M
a
c
a
c
a
_
f
u
s
c
a
t
a

(
8
)

 
 
 
|
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
/
-
-
-
-
-
-
-
-
+
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
/
-
-
+

 
 
 
|
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
|
 
 
 
 
 
 
 
 
|
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
|
 
 
\
-
-
 
M
_
m
u
l
a
t
t
a
 
(
9
)

 
 
 
|
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
|
 
 
 
 
 
 
 
 
|
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
/
-
-
+

 
 
 
|
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
|
 
 
 
 
 
 
 
 
|
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
|
 
 
\
-
-
-
-
-
 
M
_
f
a
s
c
i
c
u
l
a
r
i
s

(
1
0
)

 
 
 
\
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
+
 
 
 
 
 
 
 
 
\
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
+

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
|
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
\
-
-
-
-
-
 
M
_
s
y
l
v
a
n
u
s
 
(
1
1
)

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
|

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
\
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
 
S
a
i
m
i
r
i
_
s
c
i
u
r
e
u
s

(
1
2
)

 
 
 
|
-
-
-
-
-
-
-
-
|
 
0
.
1
0
0
 
e
x
p
e
c
t
e
d
 
c
h
a
n
g
e
s
 
p
e
r
 
s
i
t
e



M
rB

ay
es

 3
.1

 M
an

ua
l

5/
17

/2
00

5
27

In
 th

e 
ba

ck
gr

ou
nd

, t
he

 s
u
m
t

 c
om

m
an

d 
cr

ea
te

s 
th

re
e 

ad
di

tio
na

l f
ile

s.
 T

he
 f

ir
st

 is
 a

.
p
a
r
t
s

 f
ile

, w
hi

ch
 c

on
ta

in
s 

th
e 

lis
t o

f 
ta

xo
n 

bi
pa

rt
iti

on
s,

 th
ei

r 
po

st
er

io
r 

pr
ob

ab
ili

ty
 (

th
e

pr
op

or
tio

n 
of

 s
am

pl
ed

 tr
ee

s 
co

nt
ai

ni
ng

 th
em

),
 a

nd
 th

e 
br

an
ch

 le
ng

th
s 

as
so

ci
at

ed
 w

ith
th

em
 (

if
 b

ra
nc

h 
le

ng
th

s 
ha

ve
 b

ee
n 

sa
ve

d)
. T

he
 b

ra
nc

h 
le

ng
th

 v
al

ue
s 

ar
e 

ba
se

d 
on

ly
 o

n
th

os
e 

tr
ee

s 
co

nt
ai

ni
ng

 th
e 

re
le

va
nt

 b
ip

ar
tit

io
n.

 T
he

 s
ec

on
d 

ge
ne

ra
te

d 
fi

le
 h

as
 th

e 
su

ff
ix

.
c
o
n

 a
nd

 in
cl

ud
es

 tw
o 

co
ns

en
su

s 
tr

ee
s.

 T
he

 f
ir

st
 o

ne
 h

as
 b

ot
h 

th
e 

po
st

er
io

r 
pr

ob
ab

ili
ty

of
 c

la
de

s 
(a

s 
in

te
ri

or
 n

od
e 

la
be

ls
) 

an
d 

th
e 

br
an

ch
 le

ng
th

s 
(i

f 
th

ey
 h

av
e 

be
en

 s
av

ed
) 

in
 it

s
de

sc
ri

pt
io

n.
 A

 g
ra

ph
ic

al
 r

ep
re

se
nt

at
io

n 
of

 th
is

 tr
ee

 c
an

 b
e 

ge
ne

ra
te

d 
in

 R
od

 P
ag

e’
s

pr
og

ra
m

 T
re

eV
ie

w
. T

he
 s

ec
on

d 
tr

ee
 o

nl
y 

co
nt

ai
ns

 th
e 

br
an

ch
 le

ng
th

s 
an

d 
it 

ca
n 

be
im

po
rt

ed
 in

to
 a

 w
id

e 
ra

ng
e 

of
 tr

ee
-d

ra
w

in
g 

pr
og

ra
m

s 
su

ch
 a

s 
M

ac
C

la
de

 a
nd

 M
es

qu
ite

.
T

he
 th

ir
d 

fi
le

 g
en

er
at

ed
 b

y 
th

e 
s
u
m
t

 c
om

m
an

d 
is

 th
e 
.
t
r
p
r
o
b
s

 f
ile

, w
hi

ch
 c

on
ta

in
s 

th
e

tr
ee

s 
th

at
 w

er
e 

fo
un

d 
du

ri
ng

 th
e 

M
C

M
C

 s
ea

rc
h,

 s
or

te
d 

by
 p

os
te

ri
or

 p
ro

ba
bi

lit
y.

3.
 A

n
al

yz
in

g
 a

 P
ar

ti
ti

o
n

ed
 D

at
a 

S
et

M
rB

ay
es

 h
an

dl
es

 a
 w

id
e 

va
ri

et
y 

of
 d

at
a 

ty
pe

s 
an

d 
m

od
el

s,
 a

s 
w

el
l a

s 
an

y 
m

ix
 o

f 
th

es
e

m
od

el
s.

 I
n 

th
is

 e
xa

m
pl

e 
w

e 
w

ill
 lo

ok
 a

t h
ow

 to
 s

et
 u

p 
a 

si
m

pl
e 

an
al

ys
is

 o
f 

a 
co

m
bi

ne
d

da
ta

 s
et

, c
on

si
st

in
g 

of
 d

at
a 

fr
om

 f
ou

r 
ge

ne
s 

an
d 

m
or

ph
ol

og
y 

fo
r 

30
 ta

xa
 o

f 
ga

ll 
w

as
ps

 a
nd

ou
tg

ro
up

s.
 A

 s
im

ila
r 

ap
pr

oa
ch

 c
an

 b
e 

us
ed

, e
.g

., 
to

 s
et

 u
p 

a 
pa

rt
iti

on
ed

 a
na

ly
si

s 
of

m
ol

ec
ul

ar
 d

at
a 

co
m

in
g 

fr
om

 d
if

fe
re

nt
 g

en
es

. T
he

 d
at

a 
se

t f
or

 th
is

 tu
to

ri
al

 is
 f

ou
nd

 in
 th

e
fi

le
 c
y
n
m
i
x
.
n
e
x

.

3.
1.

 G
et

ti
n

g
 M

ix
ed

 D
at

a 
in

to
 M

rB
ay

es

Fi
rs

t, 
op

en
 u

p 
th

e 
N

ex
us

 d
at

a 
fi

le
 in

 a
 te

xt
 e

di
to

r.
 T

he
 D

A
T

A
 b

lo
ck

 o
f 

th
e 

N
ex

us
 f

ile
sh

ou
ld

 lo
ok

 f
am

ili
ar

 b
ut

 th
er

e 
ar

e 
so

m
e 

di
ff

er
en

ce
s 

co
m

pa
re

d 
to

 th
e 
p
r
i
m
a
t
e
s
.
n
e
x

fi
le

 in
 th

e 
fo

rm
at

 s
ta

te
m

en
t:

 
 
 
F
o
r
m
a
t
 
d
a
t
a
t
y
p
e
=
m
i
x
e
d
(
S
t
a
n
d
a
r
d
:
1
-
1
6
6
,
D
N
A
:
1
6
7
-
3
2
4
6
)
 
i
n
t
e
r
l
e
a
v
e
=
y
e
s
 
g
a
p
=
-

m
i
s
s
i
n
g
=
?
;

Fi
rs

t, 
th

e 
da

ta
ty

pe
 is

 s
pe

ci
fi

ed
 a

s 
d
a
t
a
t
y
p
e
=
m
i
x
e
d
(
S
t
a
n
d
a
r
d
:
1
-
1
6
6
,

D
N
A
:
1
6
7
-
3
2
4
6
)

. T
hi

s 
m

ea
ns

 th
at

 th
e 

m
at

ri
x 

co
nt

ai
ns

 s
ta

nd
ar

d 
(m

or
ph

ol
og

y)
ch

ar
ac

te
rs

 in
 c

ol
um

ns
 1

-1
66

 a
nd

 D
N

A
 c

ha
ra

ct
er

s 
in

 th
e 

re
m

ai
ni

ng
 c

ol
um

ns
. T

he
 m

ix
ed

da
ta

ty
pe

 is
 a

n 
ex

te
ns

io
n 

to
 th

e 
N

ex
us

 ‘
st

an
da

rd
’.

 T
hi

s 
ex

te
ns

io
n 

w
as

 o
ri

gi
na

te
d 

by
M

rB
ay

es
 3

 a
nd

 m
ay

 n
ot

 b
e 

co
m

pa
tib

le
 w

ith
 o

th
er

 p
hy

lo
ge

ne
tic

s 
pr

og
ra

m
s.

Se
co

nd
, t

he
 m

at
ri

x 
is

 in
te

rl
ea

ve
d.

 I
t i

s 
of

te
n 

co
nv

en
ie

nt
 to

 s
pe

ci
fy

 m
ix

ed
 d

at
a 

in
in

te
rl

ea
ve

d 
fo

rm
at

, w
ith

 e
ac

h 
bl

oc
k 

co
ns

is
tin

g 
of

 a
 n

at
ur

al
 s

ub
se

t o
f 

th
e 

m
at

ri
x,

 s
uc

h 
as

th
e 

m
or

ph
ol

og
ic

al
 d

at
a 

or
 o

ne
 o

f 
th

e 
ge

ne
 r

eg
io

ns
.

T
hi

rd
, t

he
 N

ex
us

 f
ile

 c
on

ta
in

s 
a 

M
rB

ay
es

 b
lo

ck
 a

t t
he

 e
nd

, a
ft

er
 th

e 
da

ta
 b

lo
ck

. T
he

M
rB

ay
es

 b
lo

ck
 b

eg
in

s 
w

ith
 b

eg
in

 m
rb

ay
es

; a
nd

 e
nd

s 
w

ith
 th

e 
en

d;
 s

ta
te

m
en

t. 
T

he
 b

lo
ck

co
nt

ai
ns

 v
ar

io
us

 in
st

ru
ct

io
ns

 to
 th

e 
M

rB
ay

es
 p

ro
gr

am
; f

or
 th

e 
pu

rp
os

es
 o

f 
th

e 
tu

to
ri

al
,

co
m

m
en

t o
ut

 th
es

e 
in

st
ru

ct
io

ns
 b

y 
ad

di
ng

 a
n 

op
en

in
g 

sq
ua

re
 b

ra
ck

et
 b

ef
or

e 
th

e 
be

gi
n

st
at

em
en

t (
[b

e
g
i
n
 
m
r
b
a
y
e
s
;

) 
an

d 
a 

cl
os

in
g 

sq
ua

re
 b

ra
ck

et
 a

ft
er

 th
e 

en
d 

st
at

em
en

t
(e
n
d
;
])

. M
rB

ay
es

 w
ill

 s
ki

p 
ev

er
yt

hi
ng

 w
ith

in
 s

qu
ar

e 
br

ac
ke

ts
 (

ne
st

ed
 s

qu
ar

e 
br

ac
ke

ts
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ar
e 

al
lo

w
ed

),
 s

o 
th

is
 w

ill
 e

ns
ur

e 
th

at
 th

e 
en

tir
e 

ex
is

tin
g 

M
rB

ay
es

 b
lo

ck
 is

 ig
no

re
d 

w
he

n
th

e 
da

ta
 f

ile
 is

 p
ro

ce
ss

ed
.

3.
2.

 D
iv

id
in

g
 t

h
e 

D
at

a 
in

to
 P

ar
ti

ti
o

n
s

B
y 

de
fa

ul
t, 

M
rB

ay
es

 p
ar

tit
io

ns
 th

e 
da

ta
 a

cc
or

di
ng

 to
 d

at
a 

ty
pe

. T
he

re
 a

re
 o

nl
y 

tw
o 

da
ta

ty
pe

s 
in

 th
e 

m
at

ri
x,

 s
o 

th
is

 m
od

el
 w

ill
 in

cl
ud

e 
on

ly
 a

 m
or

ph
ol

og
y 

(s
ta

nd
ar

d)
 a

nd
 a

 D
N

A
pa

rt
iti

on
. T

o 
di

vi
de

 th
e 

D
N

A
 p

ar
tit

io
n 

in
to

 g
en

e 
re

gi
on

s,
 it

 is
 c

on
ve

ni
en

t t
o 

fi
rs

t s
pe

ci
fy

ch
ar

ac
te

r 
se

ts
. I

n 
pr

in
ci

pl
e,

 th
is

 c
an

 b
e 

do
ne

 f
ro

m
 th

e 
co

m
m

an
d 

lin
e 

bu
t i

t i
s 

m
or

e
co

nv
en

ie
nt

 to
 d

o 
it 

in
 a

 M
rB

ay
es

 b
lo

ck
 in

 th
e 

da
ta

 f
ile

. I
n 

yo
ur

 te
xt

 e
di

to
r,

 a
dd

 th
e

fo
llo

w
in

g 
ne

w
 M

rB
ay

es
 b

lo
ck

 a
ft

er
 th

e 
ex

is
tin

g 
bl

oc
k 

th
at

 y
ou

 ju
st

 c
om

m
en

te
d 

ou
t (

no
te

th
at

 e
ac

h 
lin

e 
m

us
t b

e 
te

rm
in

at
ed

 b
y 

a 
se

m
ic

ol
on

):

b
e
g
i
n
 
m
r
b
a
y
e
s
;

 
 
 
c
h
a
r
s
e
t
 
m
o
r
p
h
o
l
o
g
y
 
=
 
1
-
1
6
6
;

 
 
 
c
h
a
r
s
e
t
 
C
O
I
 
=
 
1
6
7
-
1
2
4
4
;

 
 
 
c
h
a
r
s
e
t
 
E
F
1
a
 
=
 
1
2
4
5
-
1
6
1
1
;

 
 
 
c
h
a
r
s
e
t
 
L
W
R
h
 
=
 
1
6
1
2
-
2
0
9
2
;

 
 
 
c
h
a
r
s
e
t
 
2
8
S
 
=
 
2
0
9
3
-
3
2
4
6
;

T
he

 c
h
a
r
s
e
t

 c
om

m
an

d 
si

m
pl

y 
as

so
ci

at
es

 a
 n

am
e 

w
ith

 a
 s

et
 o

f 
ch

ar
ac

te
rs

. F
or

 in
st

an
ce

,
th

e 
ch

ar
ac

te
r 

se
t C
O
I

 is
 d

ef
in

ed
 a

bo
ve

 to
 in

cl
ud

e 
ch

ar
ac

te
rs

 1
67

 to
 1

24
4.

 T
he

 n
ex

t s
te

p 
is

to
 d

ef
in

e 
a 

pa
rt

iti
on

 o
f 

th
e 

da
ta

 a
cc

or
di

ng
 to

 g
en

es
 a

nd
 m

or
ph

ol
og

y.
 T

hi
s 

is
 a

cc
om

pl
is

he
d

w
ith

 th
e 

lin
e 

(a
dd

 it
 a

ft
er

 th
e 

lin
es

 a
bo

ve
):

 
 
 
p
a
r
t
i
t
i
o
n
 
f
a
v
o
r
e
d
 
=
 
5
:
 
m
o
r
p
h
o
l
o
g
y
,
 
C
O
I
,
 
E
F
1
a
,
 
L
W
R
h
,
 
2
8
S
;

T
he

 e
le

m
en

ts
 o

f 
th

e 
p
a
r
t
i
t
i
o
n

 c
om

m
an

d 
ar

e:
 (

1)
 th

e 
na

m
e 

of
 th

e 
pa

rt
iti

on
in

g 
sc

he
m

e
(f
a
v
o
r
e
d

);
 (

2)
 a

n 
eq

ua
l s

ig
n 

(=
);

 (
3)

 th
e 

nu
m

be
r 

of
 c

ha
ra

ct
er

 d
iv

is
io

ns
 in

 th
e 

sc
he

m
e

(5
);

 (
4)

 a
 c

om
m

a 
si

gn
 (
:

);
 a

nd
 (

5)
 a

 li
st

 o
f 

th
e 

ch
ar

ac
te

rs
 in

 e
ac

h 
di

vi
si

on
, s

ep
ar

at
ed

 b
y

co
m

m
as

. T
he

 li
st

 o
f 

ch
ar

ac
te

rs
 c

an
 s

im
pl

y 
be

 a
n 

en
um

er
at

io
n 

of
 th

e 
ch

ar
ac

te
r 

nu
m

be
rs

(t
he

 a
bo

ve
 li

ne
 is

 e
qu

iv
al

en
t t

o 
p
a
r
t
i
t
i
o
n
 
f
a
v
o
r
e
d
 
=
 
5
:
 
1
-
1
6
6
,
 
1
6
7
-
1
2
4
4
,

1
2
4
5
-
1
6
1
1
,
 
1
6
1
2
-
2
0
9
2
,
 
2
0
9
3
-
3
2
4
6
;

) 
bu

t i
t i

s 
of

te
n 

m
or

e 
co

nv
en

ie
nt

 to
 u

se
pr

ed
ef

in
ed

 c
ha

ra
ct

er
 s

et
s 

lik
e 

w
e 

di
d 

ab
ov

e.
 T

he
 f

in
al

 s
te

p 
is

 to
 te

ll 
M

rB
ay

es
 th

at
 w

e
w

an
t t

o 
w

or
k 

w
ith

 th
is

 p
ar

tit
io

ni
ng

 o
f 

th
e 

da
ta

 in
st

ea
d 

of
 th

e 
de

fa
ul

t p
ar

tit
io

ni
ng

. W
e 

do
th

is
 u

si
ng

 th
e 
s
e
t

 c
om

m
an

d:

 
 
 
s
e
t
 
p
a
r
t
i
t
i
o
n
 
=
 
f
a
v
o
r
e
d
;

Fi
na

lly
, w

e 
ne

ed
 to

 a
dd

 a
n 
e
n
d

 s
ta

te
m

en
t t

o 
cl

os
e 

th
e 

M
rB

ay
es

 b
lo

ck
. T

he
 e

nt
ir

e 
bl

oc
k

sh
ou

ld
 n

ow
 lo

ok
 li

ke
 th

is
:

b
e
g
i
n
 
m
r
b
a
y
e
s
;

 
 
 
c
h
a
r
s
e
t
 
m
o
r
p
h
o
l
o
g
y
 
=
 
1
-
1
6
6
;

 
 
 
c
h
a
r
s
e
t
 
C
O
I
 
=
 
1
6
7
-
1
2
4
4
;

 
 
 
c
h
a
r
s
e
t
 
E
F
1
a
 
=
 
1
2
4
5
-
1
6
1
1
;

 
 
 
c
h
a
r
s
e
t
 
L
W
R
h
 
=
 
1
6
1
2
-
2
0
9
2
;

 
 
 
c
h
a
r
s
e
t
 
2
8
S
 
=
 
2
0
9
3
-
3
2
4
6
;

 
 
 
p
a
r
t
i
t
i
o
n
 
f
a
v
o
r
e
d
 
=
 
5
:
 
m
o
r
p
h
o
l
o
g
y
,
 
C
O
I
,
 
E
F
1
a
,
 
L
W
R
h
,
 
2
8
S
;

 
 
 
s
e
t
 
p
a
r
t
i
t
i
o
n
 
=
 
f
a
v
o
r
e
d
;

e
n
d
;
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W
he

n 
w

e 
re

ad
 th

is
 b

lo
ck

 in
to

 M
rB

ay
es

, w
e 

w
ill

 g
et

 a
 p

ar
tit

io
ne

d 
m

od
el

 w
ith

 th
e 

fi
rs

t
ch

ar
ac

te
r 

di
vi

si
on

 b
ei

ng
 m

or
ph

ol
og

y,
 th

e 
se

co
nd

 d
iv

is
io

n 
be

in
g 

th
e 

C
O

I 
ge

ne
, e

tc
. S

av
e

th
e 

da
ta

 f
ile

, e
xi

t y
ou

r 
te

xt
 e

di
to

r,
 a

nd
 f

in
al

ly
 la

un
ch

 M
rB

ay
es

 a
nd

 ty
pe

 e
xe

cu
te

cy
nm
ix

.n
ex

 to
 r

ea
d 

in
 y

ou
r 

da
ta

 a
nd

 s
et

 u
p 

th
e 

pa
rt

iti
on

in
g 

sc
he

m
e.

3.
3.

 S
p

ec
if

yi
n

g
 a

 P
ar

ti
ti

o
n

ed
 M

o
d

el

B
ef

or
e 

st
ar

tin
g 

to
 s

pe
ci

fy
 th

e 
pa

rt
iti

on
ed

 m
od

el
, i

t i
s 

us
ef

ul
 to

 e
xa

m
in

e 
th

e 
de

fa
ul

t m
od

el
.

T
yp

e 
sh
ow

mo
de

l 
an

d 
yo

u 
sh

ou
ld

 g
et

 th
is

 ta
bl

e 
as

 p
ar

t o
f 

th
e 

ou
tp

ut
:

 
 
 
A
c
t
i
v
e
 
p
a
r
a
m
e
t
e
r
s
:

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
P
a
r
t
i
t
i
o
n
(
s
)

 
 
 
 
 
 
P
a
r
a
m
e
t
e
r
s
 
 
 
 
 
 
 
1
 
 
2
 
 
3
 
 
4
 
 
5

 
 
 
 
 
 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

 
 
 
 
 
 
S
t
a
t
e
f
r
e
q
 
 
 
 
 
 
 
 
1
 
 
2
 
 
2
 
 
2
 
 
2

 
 
 
 
 
 
T
o
p
o
l
o
g
y
 
 
 
 
 
 
 
 
 
3
 
 
3
 
 
3
 
 
3
 
 
3

 
 
 
 
 
 
B
r
l
e
n
s
 
 
 
 
 
 
 
 
 
 
 
4
 
 
4
 
 
4
 
 
4
 
 
4

 
 
 
 
 
 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

T
he

re
 is

 a
 lo

t o
f 

ot
he

r 
us

ef
ul

 in
fo

rm
at

io
n 

in
 th

e 
ou

tp
ut

 o
f 
s
h
o
w
m
o
d
e
l

 b
ut

 th
is

 ta
bl

e 
is

th
e 

ke
y 

to
 th

e 
pa

rt
iti

on
ed

 m
od

el
. W

e 
ca

n 
se

e 
th

at
 th

er
e 

ar
e 

fi
ve

 p
ar

tit
io

ns
 in

 th
e 

m
od

el
an

d 
fo

ur
 a

ct
iv

e 
(f

re
e)

 p
ar

am
et

er
s.

 T
he

re
 a

re
 tw

o 
st

at
io

na
ry

 s
ta

te
 f

re
qu

en
cy

 p
ar

am
et

er
s,

on
e 

fo
r 

th
e 

m
or

ph
ol

og
ic

al
 d

at
a 

(p
ar

am
et

er
 1

) 
an

d 
on

e 
fo

r 
th

e 
D

N
A

 d
at

a 
(p

ar
am

et
er

 2
).

T
he

n 
th

er
e 

is
 a

ls
o 

a 
to

po
lo

gy
 p

ar
am

et
er

 (
3)

 a
nd

 a
 s

et
 o

f 
br

an
ch

 le
ng

th
 p

ar
am

et
er

s 
(4

).
B

ot
h 

th
e 

to
po

lo
gy

 a
nd

 b
ra

nc
h 

le
ng

th
s 

ar
e 

th
e 

sa
m

e 
fo

r 
al

l p
ar

tit
io

ns
.

N
ow

, a
ss

um
e 

w
e 

w
an

t a
 s

ep
ar

at
e 

G
T

R
 +

 Γ
 +

 I
 m

od
el

 f
or

 e
ac

h 
ge

ne
 p

ar
tit

io
n.

 A
ll 

th
e

pa
ra

m
et

er
s 

sh
ou

ld
 b

e 
es

tim
at

ed
 s

ep
ar

at
el

y 
fo

r 
th

e 
in

di
vi

du
al

 g
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u
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n
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h
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W
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n 
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e 
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el
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 b
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m
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et
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y 
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ie
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e 
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s 
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d 
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e 
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e 

pr
ev
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r
i
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a
t
e
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n
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 d
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ev
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 d
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 b
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 d
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 p
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 b
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 c
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 f
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 s
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en
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es
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ub
st
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tio

n 
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te
s 

ar
e
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at
ed
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yo
u 

w
an
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x 
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e 

st
at

io
na

ry
 s

ta
te

 f
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en

ci
es
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r 
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tit
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n 
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te
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 c
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do
 th

at
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y 
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in
g 

th
e 
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t c
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m
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 F

or
 in

st
an

ce
, a

ss
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e 
th

at
 w

e 
w

an
t t

o 
fi

x 
th

e
st

at
io

na
ry

 s
ta

te
 f

re
qu

en
ci

es
 to

 b
e 

eq
ua

l, 
co

nv
er

tin
g 

th
e 

G
T

R
 m

od
el

 to
 th

e 
so

-c
al

le
d 

SY
M

m
od

el
. T

hi
s 
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 a

ch
ie

ve
d 

by
 p
rs
et
 s

ta
te
fr

eq
pr
=f
ix
ed
(0

.2
5,
0.
25
,0

.2
5,

0.
25
) 
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, m

or
e 
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nv

en
ie
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, p
rs

et
 s
ta
te
fr

eq
pr
=f
ix
ed

(e
qu
al
).

 T
he
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tit
ut

io
n 

ra
te

 m
at

ri
x 

no
w

 b
ec

om
es
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e 
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 s
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 f
re
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en
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o 
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er
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 d
ur
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g 

th
e 

an
al
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is

.

Si
m

ila
rl

y,
 it

 is
 p

os
si

bl
e 

to
 f

ix
 th

e 
su

bs
tit

ut
io

n 
ra

te
s 

of
 th

e 
G

T
R

 m
od

el
 u

si
ng

 p
rs
et

re
vm
at

pr
=f
ix
ed

. A
ss

um
e,

 f
or

 in
st

an
ce

, t
ha

t w
e 

w
an

t t
o 

fi
x 

th
e 

su
bs

tit
ut

io
n 

ra
te

s 
to

be
 (

r A
C
 =

 0
.1

1,
 r

A
G
 =

 0
.2

2,
 r

A
T
 =

 0
.1

2,
 r

C
G
 =

 0
.1

4,
 r

C
T 

= 
0.

35
, r

G
T 

= 
0.

06
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 T
he

n 
th

e 
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rr
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t
st

at
em

en
t w
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ld

 b
e 
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se
t 
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vm
at

pr
=f
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ed
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.1
1,
0.
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,0
.1
2,
0.
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,0
.3
5,

0.
06
).

 N
ot

e 
th

e 
or

de
r 

of
 th

e 
ra

te
s.

 T
he

 s
ub

st
itu

tio
n 

ra
te

s 
ca

n 
be

 g
iv

en
 e

ith
er

 a
s

pe
rc

en
ta

ge
s 

of
 th

e 
ra

te
 s

um
, a

s 
he

re
, o

r 
th

ey
 c

an
 b

e 
sc

al
ed

 to
 th

e 
r G

T 
ra

te
. T

he
 f

or
m

er
re

pr
es

en
ta

tio
n 

is
 th

e 
D

ir
ic

hl
et

 p
ar

am
et

er
iz

at
io

n 
us

ed
 in

te
rn

al
ly

 b
y 

M
rB

ay
es

. B
y 

de
fa

ul
t,

M
rB

ay
es

 r
ep

or
ts

 s
ub

st
itu

tio
n 

ra
te

s 
in

 th
e 

D
ir

ic
hl

et
 f

or
m

at
 b

ut
 y

ou
 c

an
 r

eq
ue

st
 c

on
ve

rs
io

n
of

 s
am

pl
ed

 r
at

es
 to

 th
e 

sc
al

ed
 f

or
m

at
 u

si
ng

 th
e 
r
e
p
o
r
t

 c
om

m
an

d 
if

 y
ou

 p
re

fe
r 

th
is

re
pr

es
en

ta
tio

n.
 O

ne
 d

is
ad

va
nt

ag
e 

w
ith

 th
e 

sc
al

ed
 f

or
m

at
 is

 th
at

 th
e 

po
st

er
io

r 
di

st
ri

bu
tio

n
te

nd
s 

to
 b

e 
st

ro
ng

ly
 s

ke
w

ed
 s

uc
h 

th
at

 th
e 

ar
ith

m
et

ic
 m

ea
n 

of
 th

e 
sa

m
pl

ed
 v

al
ue

s 
is

co
ns

id
er

ab
ly

 h
ig

he
r 

th
an

 th
e 

m
od

e 
an

d 
th

e 
m

ed
ia

n.
 T

he
re

fo
re

, c
on

si
de

r 
us

in
g 

th
e 

m
ed

ia
n

in
st

ea
d 

of
 th

e 
m

ea
n 

w
he

n 
re

po
rt

in
g 

a 
po

st
er

io
r 

di
st

ri
bu

tio
n 

sa
m

pl
ed

 in
 th

e 
sc

al
ed

 f
or

m
at

.

B
ef

or
e 

us
in

g 
th

e 
G

T
R

 m
od

el
 f

or
 s

om
e 

of
 y

ou
r 

da
ta

, w
e 

re
co

m
m

en
d 

th
at

 y
ou

 m
ak

e 
su

re
th

er
e 

ar
e 

at
 le

as
t a

 f
ew

 p
os

si
bl

e 
su

bs
tit

ut
io

ns
 o

f 
ea

ch
 ty

pe
. F

or
 in

st
an

ce
, i

f 
th

er
e 

is
 n

ot
 a

si
ng

le
 G

T
 s

ub
st

itu
tio

n 
in

 y
ou

r 
da

ta
, i

t w
ill

 b
e 

di
ff

ic
ul

t t
o 

es
tim

at
e 

th
e 

G
T

 s
ub

st
itu

tio
n

ra
te

. I
n 

su
ch

 c
as

es
, y

ou
 s

ho
ul

d 
co

ns
id

er
 e

ith
er

 th
e 

H
K

Y
 m

od
el

 (
n
s
t
=
2

) 
or

 th
e 

F8
1

m
od

el
 (
n
s
t
=
1

) 
in

st
ea

d 
of

 th
e 

G
T

R
 m

od
el

. T
he

 H
K

Y
 m

od
el

 (
H

as
eg

aw
a,

 K
is

hi
no

 a
nd

Y
an

o,
 1

98
5)

 h
as

 d
if

fe
re

nt
 r

at
es

 f
or

 tr
an

si
tio

ns
 (

r ti
) 

an
d 

tr
an

sv
er

si
on

s 
(r

tv
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r

r

r
r

r

r
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r

r
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π
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π
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π
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π

π
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T
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 H
K

Y
 m

od
el
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 o

ft
en

 p
ar

am
et

er
iz

ed
 in

 te
rm

s 
of

 th
e 

ra
tio

 b
et

w
ee

n 
th

e 
tr

an
si

tio
n 

an
d

tr
an

sv
er

si
on

 r
at

es
, κ

 =
 r

ti/
r t

v, 
an

d 
th

is
 is

 th
e 

de
fa

ul
t f

or
m

at
 u

se
d 

by
 M

rB
ay

es
 w

he
n

re
po

rt
in

g 
sa

m
pl

es
 f

ro
m

 th
e 

po
st

er
io

r 
di

st
ri

bu
tio

n.
 I

nt
er

na
lly

, h
ow

ev
er

, M
rB

ay
es

 u
se

s 
th

e
D

ir
ic

hl
et

 p
ar

am
et

er
iz

at
io

n 
in

 w
hi

ch
 th

e 
tr

an
si

tio
n 

an
d 

tr
an

sv
er

si
on

 r
at

es
 a

re
 e

xp
re

ss
ed

 a
s

pe
rc

en
ta

ge
s 

of
 th

e 
(u

ns
ca

le
d)

 r
at

e 
su

m
. I

f 
yo

u 
pr

ef
er

, y
ou

 c
an

 h
av

e 
M

rB
ay

es
 r

ep
or

t t
he
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sa
m

pl
ed

 v
al

ue
s 

us
in

g 
th

e 
D

ir
ic

hl
et

 f
or

m
at

 in
st

ea
d 

of
 th

e 
ra

tio
 f

or
m

at
 b

y 
us

in
g 

th
e

co
m

m
an

d 
re

po
rt
 t
ra

ti
o=
di

ri
ch

le
t.

 T
he

 c
av

ea
ts

 d
es

cr
ib

ed
 a

bo
ve

 f
or

 th
e 

G
T

-
sc

al
ed

 s
ub

st
itu

tio
n 

ra
te

s 
al

so
 a

pp
ly

 to
 th

e 
tr

an
si

tio
n 

/ t
ra

ns
ve

rs
io

n 
ra

te
 r

at
io

. I
n 

th
e 
.
p

fi
le

s,
 th

e 
ra

tio
 w

ill
 b

e 
re

fe
rr

ed
 to

 a
s 
k
a
p
p
a

 a
nd

 th
e 

tr
an

si
tio

n 
an

d 
tr

an
sv

er
si

on
 r

at
e

pr
op

or
tio

ns
 w

ill
 b

e 
re

fe
rr

ed
 to

 a
s 
t
i

 a
nd

 t
v

. T
he

 s
et

tin
g 

of
 th

e 
r
e
p
o
r
t
 
t
r
a
t
i
o

op
tio

n 
w

ill
 d

et
er

m
in

e 
w

he
th

er
 y

ou
 w

ill
 s

ee
 a

 s
in

gl
e 
k
a
p
p
a

 c
ol

um
n 

or
 th

e 
tw

o 
t
i

 a
nd

 t
v

co
lu

m
ns

.

A
s 

w
ith

 th
e 

G
T

R
 m

od
el

, y
ou

 c
an

 f
ix

 b
ot

h 
th

e 
st

at
io

na
ry

 s
ta

te
 f

re
qu

en
ci

es
 a

nd
 th

e
tr

an
si

tio
n 

/ t
ra

ns
ve

rs
io

n 
ra

te
 r

at
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 o
f 

th
e 

H
K

Y
 m

od
el

. I
f 

yo
u 

fi
x 

th
e 

st
at

io
na

ry
 s

ta
te

fr
eq

ue
nc

ie
s 

to
 b

e 
eq

ua
l, 

yo
u 

w
ill

 g
et

 th
e 

K
2P

 m
od

el
 (

K
im

ur
a,

 1
98

0)
.

Fi
na

lly
, M

rB
ay

es
 im

pl
em

en
ts

 th
e 

F8
1 

m
od

el
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Fe
ls

en
st

ei
n,

 1
98

1)
, w

hi
ch

 a
ss

um
es

 th
at

 a
ll

su
bs

tit
ut

io
n 

ra
te

s 
ar

e 
eq
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l b

ut
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tio
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 s
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If
 th

e 
st

at
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ry

 s
ta

te
 f

re
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en
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 f

ix
ed
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 b

e 
eq
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l u

si
ng

 p
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st
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ef

re
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r=
fi

xe
d(
eq

ua
l)

, y
ou

 w
ill

 g
et

 th
e 

si
m

pl
es

t o
f 

al
l n

uc
le
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e
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tit
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n 
m

od
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s,
 th
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JC

 m
od

el
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Ju
ke

s 
an

d 
C

an
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r,
 1

96
9)

.

A
 la
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nu
m
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r 
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th
er
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se
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 o
f 

th
e 

G
T

R
 m
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el
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 o
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en
 u

se
d 
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 M
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L
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el
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oo

d 
in

fe
re

nc
e.

 W
hy

 d
o 

w
e 

no
t a

llo
w

 m
or

e 
su
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tit

ut
io

n 
m

od
el

 ty
pe

s 
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 M
rB

ay
es

?
O

ne
 o

f 
th

e 
m

os
t i

m
po
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an

t a
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an
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ge
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e 
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ay
es
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n 
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 th
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w
s 
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u 

to
in

te
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e 

ou
t u
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er

ta
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 c
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g 
th

e 
m

od
el

 p
ar
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er
s 

yo
u 
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ve
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e 
in

fo
rm

at
io

n
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ou
t. 

T
hu

s,
 B

ay
es

ia
n 

in
fe

re
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e 
is

 r
el

at
iv

el
y 

ro
bu

st
 to

 s
lig

ht
 o

ve
r-

pa
ra

m
et

er
iz

at
io

n 
of

yo
ur

 m
od

el
. I

n 
ad

di
tio

n,
 th

e 
M

C
M

C
 s

am
pl

in
g 

pr
oc

ed
ur

e 
is

 ty
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lly

 e
ff

ic
ie

nt
 in
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ea

lin
g

w
ith

 c
om

pl
ex

 m
ul
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m
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c 
m

od
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s.
 F

or
 th

es
e 

re
as

on
s,

 it
 is

 le
ss

 im
po
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an

t i
n 

th
e

B
ay

es
ia

n 
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nt
ex

t t
o 

fi
nd

 th
e 
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m

pl
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t p
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si
bl

e 
m

od
el

 th
at

 c
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 r
ea

so
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bl
y 

re
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t y
ou

r
da

ta
. I

f 
yo

u 
us

e 
a 

m
od

el
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es
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g 
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oc
ed

ur
e 

an
d 

it 
su
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es
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 a

 f
ou

r 
by

 f
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r 
nu
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eo

tid
e 

m
od

el
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t i
m

pl
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en
te

d 
in

 M
rB

ay
es

, t
he
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u 
sh
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ld
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bt
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n 
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 m
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e
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m
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 m
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e 

in
 th
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4.
1.

2.
 T

h
e 

D
o

u
b

le
t 

M
o

d
el

T
he

 d
ou

bl
et

 m
od

el
 o

f 
M

rB
ay

es
 is

 in
te

nd
ed

 f
or

 s
te

m
 r

eg
io

ns
 o

f 
ri

bo
so

m
al

 s
eq

ue
nc

es
,

w
he

re
 n

uc
le

ot
id

es
 p

ai
r 

w
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 e
ac

h 
ot

he
r 

to
 f

or
m

 d
ou

bl
et

s.
 T

he
 n

uc
le

ot
id

e 
pa

ir
in

g 
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lts

 in
st

ro
ng

 c
or
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n 
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s 
si

te
s 

– 
w

he
n 

th
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e 
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 s

ub
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tio

n 
at

 o
ne

 s
ite
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 ty
pi

ca
lly
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 b
y 
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m
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y 
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. I
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e
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rr
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n 
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n 

pa
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s 
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 f
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, p
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c 
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al
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 w
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er
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e 
th

e 
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en
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e 
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e 

in
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st
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).
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en
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, t
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 f
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 p
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m
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T
he

re
 a

re
 v

ar
io
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 w

ay
s 

to
 m

od
el

 th
e 

ev
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ut
io

n 
of

 n
uc

le
ot

id
e 

do
ub

le
ts

. O
ne

 m
et

ho
d 

is
 to

fo
cu

s 
on

 th
e 

co
m

m
on

 d
ou

bl
et

s,
 A

-T
 a

nd
 C

-G
 in

 p
ar

tic
ul

ar
. M

rB
ay

es
 u

se
s 

a 
m

or
e

co
m

pl
ex

 m
od

el
, o

ri
gi

na
lly

 f
or

m
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at
ed

 b
y 
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ho

ni
ge

r 
an
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H
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se

le
r 

(1
99

4)
, w
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 a
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do
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 ta
ke

n 
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to
 a

cc
ou

nt
. T
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 c

en
tr

al
 id

ea
 in

 th
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od
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 th
at

 o
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 c
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m
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do
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le
t i

s 
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er

te
d 

in
to
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th
er

 th
ro

ug
h 

a 
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o-
st

ep
 p

ro
ce

ss
. I

n 
th

e 
fi

rs
t s

te
p,

 o
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 o
f 

th
e

nu
cl

eo
tid

es
 is

 s
ub

st
itu

te
d 

w
ith

 a
no

th
er

 a
cc

or
di

ng
 to

 a
 s

ta
nd

ar
d 

fo
ur

 b
y 

fo
ur

 m
od

el
 o

f
nu

cl
eo

tid
e 

ch
an

ge
. I

n 
th

e 
se

co
nd

 s
te

p,
 th

e 
m

at
ch

in
g 

nu
cl

eo
tid

e 
is

 c
ha

ng
ed

 a
cc

or
di

ng
 to

th
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 p
rs

et
 s
ta

te
fr

eq
pr
=f
ix

ed
(<
20
 c
om
ma

-s
ep
ar
at
ed

va
lu
es

>)
. O

nc
e 

th
e 

va
lu

es
 a

re
 f

ix
ed

 p
ri

or
 to

 a
na

ly
si

s,
 th

e 
M

C
M

C
 p

ro
ce

du
re

 w
ill

 n
ot

ch
an

ge
 th

em
 a

nd
 th

ey
 w

ill
 r

em
ai

n 
th

e 
sa

m
e 

th
ro

ug
ho

ut
 th

e 
an

al
ys

is
.
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4.
3.

 R
es

tr
ic

ti
o

n
 S

it
e 

(B
in

ar
y)

 M
o

d
el

M
rB

ay
es

 im
pl

em
en

ts
 a

 s
im

pl
e 

F8
1-

lik
e 

m
od

el
 f

or
 r

es
tr

ic
tio

n 
si

te
s 

an
d 

ot
he

r 
bi

na
ry

 d
at

a.
T

he
 in

st
an

ta
ne

ou
s 

ra
te

 m
at

ri
x 

fo
r 

th
is

 m
od

el
 is

 s
im

pl
y

 

 

−

−
=

=

0

1

]1[

]0[

]1[
]0[ π

π
ijq

Q

A
ny

 a
sy

m
m

et
ry

 in
 th

e 
ra

te
 o

f 
0 

to
 1

 a
nd

 1
 to

 0
 tr

an
si

tio
ns

 is
 e

xp
re

ss
ed

 in
 te

rm
s 

of
 th

e
st

at
io

na
ry

 s
ta

te
 f

re
qu

en
ci

es
. T

hu
s,

 if
 th

e 
st

at
io

na
ry

 f
re

qu
en

ci
es

 a
re

 π
0 

= 
0.

25
 a

nd
 π

1 
=

0.
75

, t
he

n 
th

e 
ra

te
 o

f 
0 

to
 1

 tr
an

si
tio

ns
 is

 3
 ti

m
es

 a
s 

hi
gh

 a
s 

th
e 

ra
te

 o
f 

tr
an

si
tio

ns
 in

 th
e

ot
he

r 
di

re
ct

io
n 

(π
1 

/ π
0 

= 
3)

.

A
 p

ro
bl

em
 w

ith
 s

om
e 

bi
na

ry
 d

at
a 

se
ts

, n
ot

ab
ly

 r
es

tr
ic

tio
n 

si
te

s,
 is

 th
at

 th
er

e 
is

 a
n

as
ce

rt
ai

nm
en

t (
co

di
ng

) 
bi

as
 s

uc
h 

th
at

 c
er

ta
in

 c
ha

ra
ct

er
s 

w
ill

 a
lw

ay
s 

be
 m

is
si

ng
 f

ro
m

 th
e

ob
se

rv
ed

 d
at

a.
 I

t i
s 

im
po

ss
ib

le
, f

or
 in

st
an

ce
, t

o 
de

te
ct

 r
es

tr
ic

tio
n 

si
te

s 
th

at
 a

re
 a

bs
en

t i
n 

al
l

of
 th

e 
st

ud
ie

d 
ta

xa
. M

rB
ay

es
 c

or
re

ct
s 

fo
r 

th
is

 b
ia

s 
by

 c
al

cu
la

tin
g 

lik
el

ih
oo

ds
 c

on
di

tio
na

l
on

 th
e 

un
ob

se
rv

ab
le

 c
ha

ra
ct

er
s 

be
in

g 
ab

se
nt

 (
Fe

ls
en

st
ei

n,
 1

99
2)

. T
he

 a
sc

er
ta

in
m

en
t

(c
od

in
g)

 b
ia

s 
is

 s
el

ec
te

d 
us

in
g 
l
s
e
t
 
c
o
d
i
n
g

. T
he

re
 a

re
 f

iv
e 

op
tio

ns
: (

1)
 th

er
e 

is
 n

o
bi

as
, a

ll 
ty

pe
s 

of
 c

ha
ra

ct
er

s 
co

ul
d,

 in
 p

ri
nc

ip
le

, b
e 

ob
se

rv
ed

 (
l
s
e
t
 
c
o
d
i
n
g
=
a
l
l

);
 (

2)
ch

ar
ac

te
rs

 th
at

 a
re

 a
bs

en
t (

st
at

e 
0)

 in
 a

ll 
ta

xa
 c

an
no

t b
e 

ob
se

rv
ed

 (
l
s
e
t
 
c
o
d
i
n
g
=

n
o
a
b
s
e
n
c
e
s
i
t
e
s

);
 (

3)
 c

ha
ra

ct
er

s 
th

at
 a

re
 p

re
se

nt
 (

st
at

e 
1)

 in
 a

ll 
ta

xa
 c

an
no

t b
e

ob
se

rv
ed

 (
l
s
e
t
 
c
o
d
i
n
g
=
n
o
p
r
e
s
e
n
c
e
s
i
t
e
s

);
 (

4)
 c

ha
ra

ct
er

s 
th

at
 a

re
 c

on
st

an
t

(e
ith

er
 s

ta
te

 0
 o

r 
1)

 in
 a

ll 
ta

xa
 c

an
no

t b
e 

ob
se

rv
ed

 (
l
s
e
t
 
c
o
d
i
n
g
=
v
a
r
i
a
b
l
e

);
 a

nd
(5

) 
on

ly
 c

ha
ra

ct
er

s 
th

at
 a

re
 p

ar
si

m
on

y-
in

fo
rm

at
iv

e 
ha

ve
 b

ee
n 

sc
or

ed
 (
l
s
e
t

c
o
d
i
n
g
=
i
n
f
o
r
m
a
t
i
v
e

).
 F

or
 r

es
tr

ic
tio

n 
si

te
s 

it 
is

 ty
pi

ca
lly

 tr
ue

 th
at

 a
ll-

ab
se

nc
e 

si
te

s
ca

nn
ot

 b
e 

ob
se

rv
ed

, s
o 

th
e 

co
rr

ec
t c

od
in

g 
bi

as
 o

pt
io

n 
is

 n
o
a
b
s
e
n
c
e
s
i
t
e
s

.

T
he

 b
in

ar
y 

m
od

el
 is

 u
se

fu
l f

or
 a

 n
um

be
r 

of
 c

ha
ra

ct
er

 ty
pe

s 
ot

he
r 

th
an

 r
es

tr
ic

tio
n 

si
te

s.
 F

or
in

st
an

ce
, t

he
 m

od
el

 c
an

 b
e 

us
ed

 f
or

 g
ap

 c
ha

ra
ct

er
s.

 T
he

 p
re

se
nc

e 
an

d 
ab

se
nc

e 
of

 g
ap

s
m

us
t b

e 
co

de
d 

co
ns

is
te

nt
ly

 f
or

 a
ll 

ch
ar

ac
te

rs
; l

et
 u

s 
as

su
m

e 
he

re
 th

at
 a

bs
en

ce
 o

f 
a 

ga
p 

is
co

de
d 

as
 0

 a
nd

 p
re

se
nc

e 
as

 1
. S

in
ce

 th
e 

de
te

ct
io

n 
of

 g
ap

s 
is

 ty
pi

ca
lly

 c
on

tin
ge

nt
 o

n
ob

se
rv

in
g 

so
m

e 
se

qu
en

ce
 le

ng
th

 v
ar

ia
tio

n,
 n

ei
th

er
 a

ll-
ab

se
nc

e 
no

r 
al

l-
pr

es
en

ce
 c

ha
ra

ct
er

s
ca

n 
be

 o
bs

er
ve

d.
 T

hu
s,

 th
e 

co
rr

ec
t a

sc
er

ta
in

m
en

t b
ia

s 
fo

r 
ga

p 
ch

ar
ac

te
rs

 is
 v
a
r
i
a
b
l
e

.
T

he
 p

ar
am

et
er

s 
π 0

 a
nd

 π
1 

w
ou

ld
 r

ep
re

se
nt

 th
e 

ra
te

 a
t w

hi
ch

 in
se

rt
io

ns
 a

nd
 d

el
et

io
ns

oc
cu

r,
 r

es
pe

ct
iv

el
y 

(a
ss

um
in

g 
th

at
 s

ta
te

 0
 d

en
ot

es
 a

bs
en

ce
 o

f 
a 

ga
p)

.

T
he

 b
in

ar
y 

m
od

el
 c

an
 a

ls
o 

be
 u

se
d 

fo
r 

ec
ol

og
ic

al
, m

or
ph

ol
og

ic
al

, o
r 

ot
he

r 
bi

na
ry

ch
ar

ac
te

rs
 o

f 
ar

bi
tr

ar
y 

or
ig

in
. H

ow
ev

er
, i

f 
th

e 
bi

na
ry

 m
od

el
 is

 a
pp

lie
d 

to
 m

or
e 

th
an

 o
ne

ch
ar

ac
te

r,
 th

en
 th

er
e 

is
 a

n 
im

pl
ic

it 
as

su
m

pt
io

n 
th

at
 th

e 
st

at
e 

la
be

ls
 a

re
 n

ot
 a

rb
itr

ar
y 

fo
r

th
os

e 
ch

ar
ac

te
rs

. T
ha

t i
s,

 th
e 

0 
st

at
e 

in
 o

ne
 c

ha
ra

ct
er

 m
us

t s
om

eh
ow

 b
e 

co
m

pa
ra

bl
e 

to
 th

e
0 

st
at

e 
in

 th
e 

ot
he

rs
. F

or
 in

st
an

ce
, 0

 c
ou

ld
 m

ea
n 

ab
se

nc
e 

(o
r 

pr
es

en
ce

) 
of

 a
 p

ar
tic

ul
ar

 ty
pe

of
 f

ea
tu

re
, s

uc
h 

as
 a

 w
in

g 
ve

in
, a

 r
es

tr
ic

tio
n 

si
te

, o
r 

a 
ga

p 
in

 a
 D

N
A

 s
eq

ue
nc

e.
 I

t i
s 

no
t

ap
pr

op
ri

at
e 

to
 a

pp
ly

 th
e 

de
fa

ul
t b

in
ar

y 
m

od
el

 to
 a

 s
et

 o
f 

ch
ar

ac
te

rs
 w

he
re

 th
e 

st
at

e 
la

be
ls
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ar
e 

ar
bi

tr
ar

y,
 a

s 
is

 tr
ue

 o
f 

m
os

t m
or

ph
ol

og
ic

al
 c

ha
ra

ct
er

s.
 T

hu
s,

 w
e 

ca
n 

po
ss

ib
ly

 e
st

im
at

e
th

e 
ra

te
 o

f 
lo

ss
 v

er
su

s 
ga

in
 o

f 
w

in
g 

ve
in

s 
ov

er
 a

 s
et

 o
f 

co
ns

is
te

nt
ly

 c
od

ed
 w

in
g 

ve
na

tio
n

ch
ar

ac
te

rs
, b

ut
 w

e 
ca

nn
ot

 c
om

pa
re

 th
e 

ra
te

 o
f 

lo
ss

 o
f 

an
te

nn
al

 a
rt

ic
le

s 
to

 th
e 

ra
te

 a
t w

hi
ch

a 
ye

llo
w

 p
at

ch
 e

vo
lv

es
 in

to
 a

 g
re

en
 p

at
ch

. I
f 

st
at

e 
la

be
ls

 a
re

 tr
ul

y 
ar

bi
tr

ar
y,

 th
en

 th
e

st
at

io
na

ry
 s

ta
te

 f
re

qu
en

ci
es

 o
f 

th
e 

bi
na

ry
 m

od
el

 m
us

t b
e 

fi
xe

d 
to

 b
e 

eq
ua

l, 
su

ch
 th

at
 th

e
es

tim
at

io
n 

of
 m

od
el

 p
ar

am
et

er
s 

be
co

m
es

 in
de

pe
nd

en
t o

f 
th

e 
la

be
lin

g 
of

 c
ha

ra
ct

er
 s

ta
te

s.
A

n 
al

te
rn

at
iv

e 
is

 to
 c

on
si

de
r 

th
e 

st
an

da
rd

 m
od

el
, w

hi
ch

 p
ro

vi
de

s 
m

or
e 

so
ph

is
tic

at
ed

 w
ay

s
of

 d
ea

lin
g 

w
ith

 a
rb

itr
ar

y 
st

at
e 

la
be

ls
.

W
he

n 
is

 th
e 

co
rr

ec
tio

n 
fo

r 
as

ce
rt

ai
nm

en
t b

ia
s 

im
po

rt
an

t?
 T

hi
s 

is
 s

tr
on

gl
y 

de
pe

nd
en

t o
n

th
e 

si
ze

 o
f 

th
e 

tr
ee

 (
th

e 
su

m
 o

f 
th

e 
br

an
ch

 le
ng

th
s 

on
 th

e 
tr

ee
).

 T
he

 la
rg

er
 th

e 
tr

ee
, t

he
 le

ss
im

po
rt

an
t t

he
 c

or
re

ct
io

n 
fo

r 
as

ce
rt

ai
nm

en
t b

ia
s 

be
co

m
es

. I
n 

ou
r 

ex
pe

ri
en

ce
, w

he
n 

th
er

e
ar

e 
m

or
e 

th
an

 2
0-

30
 ta

xa
, e

ve
n 

th
e 

m
os

t s
ev

er
e 

bi
as

 (
on

ly
 in

fo
rm

at
iv

e 
ch

ar
ac

te
rs

ob
se

rv
ed

) 
is

 a
ss

oc
ia

te
d 

w
ith

 a
n 

in
si

gn
if

ic
an

t c
or

re
ct

io
n 

of
 th

e 
lik

el
ih

oo
d 

va
lu

es
.

4.
4.

 S
ta

n
d

ar
d

 D
is

cr
et

e 
(M

o
rp

h
o

lo
g

y)
 M

o
d

el

T
he

 m
od

el
 u

se
d 

by
 M

rB
ay

es
 f

or
 “

st
an

da
rd

” 
di

sc
re

te
 d

at
a 

is
 b

as
ed

 o
n 

th
e 

id
ea

s 
or

ig
in

al
ly

pr
es

en
te

d 
by

 L
ew

is
 (

20
01

).
 E

ss
en

tia
lly

, t
he

 m
od

el
 is

 a
na

lo
go

us
 to

 a
 J

C
 m

od
el

 e
xc

ep
t t

ha
t

it 
ha

s 
a 

va
ri

ab
le

 n
um

be
r 

of
 s

ta
te

s,
 f

ro
m

 2
 to

 1
0.

 F
or

 in
st

an
ce

, a
 th

re
e-

st
at

e 
st

an
da

rd
ch

ar
ac

te
r 

w
ou

ld
 b

e 
ev

ol
vi

ng
 a

cc
or

di
ng

 to
 th

e 
in

st
an

ta
ne

ou
s 

ra
te

 m
at

ri
x

 
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−
=

1
1

]2[

1
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]1[

1
1

]0[

]2[
]1[

]0[

Q
.

B
ec

au
se

 a
ll 

ra
te

s 
ar

e 
th

e 
sa

m
e,

 w
e 

ca
n 

m
ai

nt
ai

n 
th

e 
es

se
nt

ia
l p

ro
pe

rt
y 

of
 s

ta
nd

ar
d

ch
ar

ac
te

rs
, n

am
el

y 
th

at
 s

ta
te

 la
be

ls
 a

re
 a

rb
itr

ar
y.

 T
hu

s,
 th

e 
st

an
da

rd
 m

od
el

 a
ss

ur
es

 th
at

yo
u 

w
ill

 g
et

 th
e 

sa
m

e 
re

su
lts

 r
eg

ar
dl

es
s 

of
 th

e 
w

ay
 in

 w
hi

ch
 y

ou
 la

be
l t

he
 s

ta
te

s.

In
 m

or
ph

ol
og

y-
ba

se
d 

pa
rs

im
on

y 
an

al
ys

es
, o

ne
 s

om
et

im
es

 d
is

tin
gu

is
he

s 
be

tw
ee

n 
or

de
re

d
an

d 
un

or
de

re
d 

ch
ar

ac
te

rs
. I

n 
or

de
re

d 
ch

ar
ac

te
rs

, e
vo

lu
tio

n 
be

tw
ee

n 
so

m
e 

st
at

es
 is

as
su

m
ed

 to
 g

o 
th

ro
ug

h 
in

te
rm

ed
ia

te
 s

ta
te

s.
 M

rB
ay

es
 im

pl
em

en
ts

 a
 s

to
ch

as
tic

 m
od

el
 f

or
su

ch
 c

ha
ra

ct
er

s.
 F

or
 a

 th
re

e-
st

at
e 

ch
ar

ac
te

r 
as

su
m

ed
 to

 b
e 

or
de

re
d 

(b
y 

co
nv

en
tio

n 
in

 th
e

se
qu

en
ce

 0
-1

-2
),

 th
e 

in
st

an
ta

ne
ou

s 
ra

te
 m

at
ri

x 
is

 

 

−

−

−
=

1
0

]2[

1
1

]1[

0
1

]0[

]2[
]1[

]0[

Q
.

N
ot

e 
th

at
 th

e 
in

st
an

ta
ne

ou
s 

ra
te

 o
f 

go
in

g 
be

tw
ee

n 
th

e 
tw

o 
en

d 
st

at
es

 is
 0

, t
ha

t i
s,

 a
tr

an
si

tio
n 

fr
om

 0
 to

 2
 o

r 
fr

om
 2

 to
 0

 h
as

 to
 g

o 
th

ro
ug

h 
st

at
e 

1.
 B

y 
de

fa
ul

t, 
M

rB
ay

es
 tr

ea
ts

al
l s

ta
nd

ar
d 

ch
ar

ac
te

rs
 a

s 
un

or
de

re
d.

 T
o 

ch
an

ge
 th

is
, u

se
 th

e 
c
t
y
p
e

 c
om

m
an

d.
 F

or
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in
st

an
ce

, i
f 

yo
u 

w
an

t t
o 

tr
ea

t c
ha

ra
ct

er
s 

3 
an

d 
4 

as
 o

rd
er

ed
 y

ou
 n

ee
d 

to
 in

cl
ud

e 
th

e
st

at
em

en
t c
ty
pe

 o
rd
er

ed
: 
3 
4;

 in
 y

ou
r 

M
rB

ay
es

 b
lo

ck
 (

or
 e

nt
er

 it
 u

si
ng

 th
e

co
m

m
an

d 
lin

e,
 if

 y
ou

 p
re

fe
r)

.

T
he

 n
um

be
r 

of
 s

ta
te

s 
of

 e
ac

h 
st

an
da

rd
 c

ha
ra

ct
er

 is
 d

et
er

m
in

ed
 b

y 
M

rB
ay

es
 s

im
pl

y 
by

lo
ok

in
g 

at
 th

e 
st

at
e 

co
de

s 
in

 y
ou

r 
m

at
ri

x.
 T

hu
s,

 a
 th

re
e-

st
at

e 
m

od
el

 w
ill

 b
e 

us
ed

 f
or

 a
th

re
e-

st
at

e 
ch

ar
ac

te
r 

an
d 

a 
si

x-
st

at
e 

m
od

el
 f

or
 a

 s
ix

-s
ta

te
 c

ha
ra

ct
er

. M
rB

ay
es

 d
oe

s 
no

t
ch

ec
k 

th
at

 a
ll 

st
at

e 
co

de
ss

 a
re

 u
se

d,
 it

 s
im

pl
y 

fi
nd

s 
th

e 
la

rg
es

t s
ta

te
 c

od
e 

in
 th

e 
m

at
ri

x 
fo

r
ea

ch
 c

ha
ra

ct
er

. T
hu

s,
 m

ak
e 

su
re

 th
at

 y
ou

 u
se

 th
e 

st
at

e 
co

de
s 

0,
 1

, a
nd

 2
 f

or
 a

 th
re

e-
st

at
e

ch
ar

ac
te

r 
an

d 
st

at
e 

co
de

s 
0,

 1
, 2

, 3
, 4

, a
nd

 5
 f

or
 a

 s
ix

-s
ta

te
 c

ha
ra

ct
er

.

B
ec

au
se

 s
ta

te
 la

be
ls

 a
re

 a
rb

itr
ar

y 
in

 th
e 

st
an

da
rd

 m
od

el
, w

e 
ca

nn
ot

 e
st

im
at

e 
un

eq
ua

l
st

at
io

na
ry

 s
ta

te
 f

re
qu

en
ci

es
 o

r 
su

bs
tit

ut
io

n 
ra

te
s 

(r
ec

al
l t

ha
t t

he
 s

ta
tio

na
ry

 s
ta

te
fr

eq
ue

nc
ie

s 
ar

e 
an

 im
po

rt
an

t f
ac

to
r 

in
 d

et
er

m
in

in
g 

th
e 

la
tte

r)
. H

ow
ev

er
, i

t i
s 

st
ill

 p
os

si
bl

e
to

 a
llo

w
 th

e 
st

at
e 

fr
eq

ue
nc

ie
s 

(r
at

es
) 

to
 v

ar
y 

ov
er

 s
ite

s 
ac

co
rd

in
g 

to
 s

om
e 

ap
pr

op
ri

at
e

di
st

ri
bu

tio
n.

 M
rB

ay
es

 u
se

s 
a 

sy
m

m
et

ri
c 

D
ir

ic
hl

et
 d

is
tr

ib
ut

io
n 

fo
r 

th
is

 p
ur

po
se

. F
or

 b
in

ar
y

da
ta

, t
he

 a
na

lo
gy

 o
f 

th
e 

D
ir

ic
hl

et
 d

is
tr

ib
ut

io
n 

is
 c

al
le

d 
th

e 
be

ta
 d

is
tr

ib
ut

io
n;

 M
rB

ay
es

 u
se

s
D

ir
ic

hl
et

 a
nd

 b
et

a 
in

te
rc

ha
ng

ea
bl

y 
fo

r 
th

e 
di

st
ri

bu
tio

n 
de

pe
nd

in
g 

on
 c

on
te

xt
. T

he
ap

pr
oa

ch
 is

 s
im

ila
r 

to
 th

e 
on

e 
us

ed
 to

 a
llo

w
 r

at
e 

va
ri

at
io

n 
ac

ro
ss

 s
ite

s 
ac

co
rd

in
g 

to
 a

ga
m

m
a 

di
st

ri
bu

tio
n:

 w
e 

ca
lc

ul
at

e 
th

e 
lik

el
ih

oo
d 

of
 a

 s
ite

 a
ss

um
in

g 
di

ff
er

en
t d

is
cr

et
e

ca
te

go
ri

es
 o

f 
as

ym
m

et
ry

 a
nd

 th
en

 w
e 

su
m

 th
e 

va
lu

es
 to

 o
bt

ai
n 

th
e 

si
te

 li
ke

lih
oo

d.

T
he

 s
ym

m
et

ri
c 

D
ir

ic
hl

et
 d

is
tr

ib
ut

io
n 

ha
s 

on
e 

pa
ra

m
et

er
 th

at
 d

et
er

m
in

es
 it

s 
sh

ap
e,

 ju
st

lik
e 

th
e 

al
ph

a 
pa

ra
m

et
er

 d
et

er
m

in
es

 th
e 

sh
ap

e 
of

 th
e 

ga
m

m
a 

di
st

ri
bu

tio
n.

 T
he

 la
rg

er
 th

e
pa

ra
m

et
er

 o
f 

th
e 

sy
m

m
et

ri
c 

D
ir

ic
hl

et
, t

he
 le

ss
 tr

an
si

tio
n 

ra
te

 (
st

at
io

na
ry

 f
re

qu
en

cy
)

as
ym

m
et

ry
 th

er
e 

is
 a

cr
os

s 
si

te
s.

 B
y 

de
fa

ul
t, 

th
e 

pa
ra

m
et

er
 is

 f
ix

ed
 to

 in
fi

ni
ty

 (
pr
se

t
sy

md
ir

ih
yp
er
pr

=f
ix
ed

(i
nf
in

it
y)

);
 th

is
 c

or
re

sp
on

ds
 to

 th
e 

st
an

da
rd

as
su

m
pt

io
n 

of
 n

o 
tr

an
si

tio
n 

ra
te

 a
sy

m
m

et
ry

 a
cr

os
s 

si
te

s:
 th

e 
ra

te
 o

f 
go

in
g 

fr
om

 0
 to

 1
 is

eq
ua

l t
o 

th
e 

ra
te

 o
f 

go
in

g 
fr

om
 1

 to
 0

 f
or

 a
ll 

ch
ar

ac
te

rs
. T

he
 p

ri
or

 is
 c

al
le

d 
a 

hy
pe

rp
ri

or
be

ca
us

e 
it 

co
nc

er
ns

 a
 d

is
tr

ib
ut

io
n 

th
at

 c
on

tr
ol

s 
th

e 
di

st
ri

bu
tio

ns
 o

f 
ot

he
r 

m
od

el
pa

ra
m

et
er

s 
(s

ta
tio

na
ry

 s
ta

te
 f

re
qu

en
ci

es
 in

 th
is

 c
as

e)
. I

f 
yo

u 
w

an
t t

o 
al

lo
w

 tr
an

si
tio

n 
ra

te
(s

ta
tio

na
ry

 f
re

qu
en

cy
) 

as
ym

m
et

ry
 in

 s
ta

nd
ar

d 
da

ta
, t

he
n 

si
m

pl
y 

se
le

ct
 a

no
th

er
(h

yp
er

)p
ri

or
. F

or
 in

st
an

ce
, y

ou
 c

an
 f

ix
 th

e 
pa

ra
m

et
er

 to
 1

.0
, w

hi
ch

 w
ou

ld
 r

es
ul

t i
n 

a
un

if
or

m
 p

ri
or

 o
n 

th
e 

pr
op

or
tio

ns
 o

f 
th

e 
st

at
e 

fr
eq

ue
nc

ie
s.

In
 p

ra
ct

ic
e,

 M
rB

ay
es

 u
se

s 
a 

di
sc

re
te

 a
pp

ro
xi

m
at

io
n 

of
 th

e 
D

ir
ic

hl
et

 d
is

tr
ib

ut
io

n 
fo

r 
bi

na
ry

ch
ar

ac
te

rs
; f

iv
e 

ca
te

go
ri

es
 a

re
 u

se
d 

by
 d

ef
au

lt 
(c

ha
ng

e 
th

is
 w

ith
 l
s
e
t
 
n
b
e
t
a
c
a
t

).
 F

or
in

st
an

ce
, a

ss
um

e 
th

at
 w

e 
fi

x 
th

e 
hy

pe
rp

ri
or

 to
 1

.0
 a

nd
 th

en
 e

va
lu

at
e 

th
e 

lik
el

ih
oo

d 
of

 o
ne

bi
na

ry
 c

ha
ra

ct
er

 u
si

ng
 f

iv
e 

di
sc

re
te

 b
et

a 
ca

te
go

ri
es

. M
rB

ay
es

 w
ou

ld
 th

en
 c

al
cu

la
te

 th
e

lik
el

ih
oo

d 
of

 th
e 

ch
ar

ac
te

r 
as

su
m

in
g 

th
at

 th
e 

st
at

io
na

ry
 s

ta
te

 f
re

qu
en

ci
es

 o
f 

th
e 

tw
o 

st
at

es
w

er
e 

0.
1:

0.
9,

 0
.3

:0
.7

, 0
.5

:0
.5

, 0
.7

:0
.3

 a
nd

 0
.1

:0
.9

. T
he

 f
iv

e 
ca

te
go

ry
 li

ke
lih

oo
ds

 w
ou

ld
th

en
 b

e 
m

ul
tip

lie
d 

by
 0

.2
0 

(t
he

re
 is

 a
 p

ro
ba

bi
lit

y 
of

 0
.2

0 
of

 b
ei

ng
 in

 e
ac

h 
of

 th
e

ca
te

go
ri

es
) 

an
d 

th
en

 s
um

m
ed

 u
p 

to
 g

iv
e 

th
e 

to
ta

l l
ik

el
ih

oo
d 

of
 th

e 
ch

ar
ac

te
r.

 F
or

 m
ul

ti-
st

at
e 

ch
ar

ac
te

rs
, M

rB
ay

es
 d

oe
s 

no
t u

se
 th

e 
di

sc
re

te
 a

pp
ro

xi
m

at
io

n;
 in

st
ea

d,
 it

 u
se

s 
th

e
M

C
M

C
 p

ro
ce

du
re

 to
 e

xp
lo

re
 d

if
fe

re
nt

 s
ta

tio
na

ry
 s

ta
te

 f
re

qu
en

cy
 p

ro
po

rt
io

ns
.
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 P
ar

si
m

o
n

y 
M

o
d

el

M
rB

ay
es

 im
pl

em
en

ts
 a

n 
in

cr
ed

ib
ly

 p
ar

am
et

er
-r

ic
h 

m
od

el
, f

ir
st

 d
es

cr
ib

ed
 b

y 
T

uf
fl

ey
 a

nd
St

ee
l (

19
97

).
 I

t o
rd

er
s 

tr
ee

s 
in

 te
rm

s 
of

 th
ei

r 
m

ax
im

um
 li

ke
lih

oo
d 

in
 th

e 
sa

m
e 

w
ay

 a
s 

th
e

pa
rs

im
on

y 
m

et
ho

d 
w

ou
ld

 o
rd

er
 th

em
 in

 te
rm

s 
of

 th
ei

r 
pa

rs
im

on
y 

sc
or

e;
 h

en
ce

 w
e 

ca
ll 

it
th

e 
pa

rs
im

on
y 

m
od

el
. T

he
 m

od
el

 is
 a

ls
o 

re
fe

rr
ed

 to
 a

s 
th

e 
N

o-
C

om
m

on
-M

ec
ha

ni
sm

m
od

el
 b

ec
au

se
 it

 tr
ea

ts
 e

ac
h 

br
an

ch
 le

ng
th

 f
or

 e
ac

h 
ch

ar
ac

te
r 

as
 a

 s
ep

ar
at

e,
 c

om
pl

et
el

y
in

de
pe

nd
en

t p
ar

am
et

er
. I

n 
pr

in
ci

pl
e,

 a
 B

ay
es

ia
n 

M
C

M
C

 a
na

ly
si

s 
us

in
g 

th
e 

pa
rs

im
on

y
m

od
el

 s
ho

ul
d 

in
te

gr
at

e 
ou

t t
he

 b
ra

nc
h 

le
ng

th
s 

bu
t M

rB
ay

es
 3

 u
se

s 
a 

si
m

pl
er

 a
pp

ro
ac

h,
 in

w
hi

ch
 th

e 
br

an
ch

 le
ng

th
s 

ar
e 

fi
xe

d 
to

 th
ei

r 
m

ax
im

um
 li

ke
lih

oo
d 

va
lu

es
 (

in
fi

ni
ty

 if
 th

er
e 

is
a 

ch
an

ge
 o

n 
th

e 
br

an
ch

 a
nd

 z
er

o 
ot

he
rw

is
e)

. T
hi

s 
ty

pe
 o

f 
ap

pr
oa

ch
, w

he
re

 s
om

e
pa

ra
m

et
er

s 
ar

e 
fi

xe
d 

pr
io

r 
to

 th
e 

B
ay

es
ia

n 
an

al
ys

is
 a

cc
or

di
ng

 to
 s

om
e 

no
n-

B
ay

es
ia

n
es

tim
at

e,
 is

 ty
pi

ca
lly

 r
ef

er
re

d 
to

 a
s 

an
 e

m
pi

ri
ca

l B
ay

es
 m

et
ho

d.
 F

ut
ur

e 
ve

rs
io

ns
 o

f
M

rB
ay

es
 m

ay
 im

pl
em

en
t t

he
 tr

ue
 (

hi
er

ar
ch

ic
al

) 
B

ay
es

ia
n 

ap
pr

oa
ch

 to
 th

e 
pa

rs
im

on
y

m
od

el
 b

ut
 w

e 
ex

pe
ct

 th
e 

re
su

lts
 to

 b
e 

ve
ry

 s
im

ila
r 

un
de

r 
bo

th
 a

pp
ro

ac
he

s.

T
he

 p
ar

si
m

on
y 

m
od

el
 is

 m
uc

h 
le

ss
 p

ar
si

m
on

io
us

 w
ith

 r
es

pe
ct

 to
 p

ar
am

et
er

s 
th

an
 a

ny
ot

he
r 

m
od

el
 im

pl
em

en
te

d 
in

 M
rB

ay
es

. C
on

si
de

r,
 f

or
 in

st
an

ce
, a

n 
an

al
ys

is
 o

f 
1,

00
0

ch
ar

ac
te

rs
 a

nd
 1

00
 ta

xa
. T

he
 p

ar
si

m
on

y 
m

od
el

 w
ou

ld
 h

av
e 

ab
ou

t 2
00

,0
00

 f
re

e 
pa

ra
m

et
er

s
(2

00
 b

ra
nc

he
s 

tim
es

 1
,0

00
 c

ha
ra

ct
er

s)
. A

 m
or

e 
ty

pi
ca

l G
T

R
 +

 Γ
 +

 I
 m

od
el

 w
ou

ld
 h

av
e

on
ly

 li
ttl

e 
m

or
e 

th
an

 2
00

 p
ar

am
et

er
s,

 a
bo

ut
 1

,0
00

 ti
m

es
 f

ew
er

 p
ar

am
et

er
s.

 I
n 

th
is

 s
en

se
,

th
e 

st
an

da
rd

 s
to

ch
as

tic
 m

od
el

s 
ar

e 
m

uc
h 

m
or

e 
pa

rs
im

on
io

us
 th

an
 th

e 
pa

rs
im

on
y 

m
od

el
.

Se
ve

ra
l p

ro
bl

em
s 

ar
e 

as
so

ci
at

ed
 w

ith
 th

e 
ex

ce
ss

iv
e 

nu
m

be
r 

of
 p

ar
am

et
er

s.
 S

ta
tis

tic
al

in
co

nc
is

te
nc

y 
is

 p
er

ha
ps

 th
e 

be
st

 k
no

w
n 

of
 th

es
e 

bu
t, 

m
or

e 
fu

nd
am

en
ta

lly
, a

 m
od

el
 li

ke
th

e 
pa

rs
im

on
y 

m
od

el
 d

oe
s 

no
t o

ff
er

 m
uc

h 
in

 te
rm

s 
of

 g
en

er
al

iti
es

 th
at

 c
an

 b
e 

in
fe

rr
ed

ab
ou

t t
he

 e
vo

lu
tio

na
ry

 p
ro

ce
ss

.

T
he

 G
ol

dm
an

 (
19

93
) 

m
od

el
 is

 a
no

th
er

 e
xa

m
pl

e 
of

 a
 p

ar
am

et
er

-r
ic

h 
st

oc
ha

st
ic

 m
od

el
 th

at
or

de
rs

 tr
ee

s 
in

 th
e 

sa
m

e 
w

ay
 a

s 
th

e 
pa

rs
im

on
y 

m
et

ho
d.

 I
n 

th
is

 m
od

el
, t

he
 b

ra
nc

h 
le

ng
th

s
ar

e 
th

e 
sa

m
e 

bu
t t

he
 a

nc
es

tr
al

 s
ta

te
s 

ar
e 

es
tim

at
ed

 f
or

 a
ll 

ch
ar

ac
te

rs
 a

nd
 a

ll 
no

de
s 

in
 th

e
tr

ee
. F

or
 a

n 
an

al
ys

is
 o

f 
10

0 
ta

xa
 a

nd
 1

,0
00

 c
ha

ra
ct

er
s,

 th
is

 r
es

ul
ts

 in
 a

pp
ro

xi
m

at
el

y
10

0,
00

0 
fr

ee
 p

ar
am

et
er

s.
 T

he
 G

ol
dm

an
 m

od
el

 is
 a

ct
ua

lly
 v

er
y 

si
m

ila
r 

to
 th

e 
N

o-
C

om
m

on
-M

ec
ha

ni
sm

 m
od

el
; i

t m
ak

es
 li

ttl
e 

di
ff

er
en

ce
 if

 th
e 

ch
ar

ac
te

r-
sp

ec
if

ic
 a

nd
 tr

ee
-

se
ct

io
n-

sp
ec

if
ic

 p
ar

am
et

er
s 

ar
e 

in
tr

od
uc

ed
 a

t t
he

 n
od

es
 o

r 
at

 th
e 

br
an

ch
es

. T
he

 G
ol

dm
an

m
od

el
 is

 n
ot

 im
pl

em
en

te
d 

in
 M

rB
ay

es
.

W
e 

w
ou

ld
 li

ke
 to

 e
m

ph
as

iz
e 

th
at

 w
e 

do
 n

ot
 r

ec
om

m
en

d 
th

e 
us

e 
of

 th
e 

pa
rs

im
on

y 
m

od
el

.
W

e 
ha

ve
 in

cl
ud

ed
 it

 in
 M

rB
ay

es
 o

nl
y 

to
 a

llo
w

 u
se

rs
 to

 e
xp

lo
re

 it
s 

pr
op

er
tie

s 
an

d 
co

nt
ra

st
it 

w
ith

 th
e 

ot
he

r 
m

od
el

s 
im

pl
em

en
te

d 
in

 th
e 

pr
og

ra
m

. T
he

 p
ar

si
m

on
y 

m
od

el
 is

 n
ot

 th
e

de
fa

ul
t m

od
el

 u
se

d 
fo

r 
st

an
da

rd
 (

m
or

ph
ol

og
ic

al
) 

da
ta

 in
 M

rB
ay

es
. T

he
 d

ef
au

lt 
st

an
da

rd
da

ta
 m

od
el

 is
 d

es
cr

ib
ed

 a
bo

ve
 a

nd
 is

 s
im

ila
r 

to
 th

e 
m

od
el

s 
us

ed
 f

or
 n

uc
le

ot
id

e 
an

d 
am

in
o

ac
id

 d
at

a.
 B

y 
de

fa
ul

t, 
M

rB
ay

es
 d

oe
s 

no
t u

se
 th

e 
pa

rs
im

on
y 

m
od

el
 a

t a
ll;

 y
ou

 h
av

e 
to

in
vo

ke
 it

 u
si

ng
 l
se
t 

pa
rs
mo

de
l=

ye
s.
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 R
at

e 
V

ar
ia

ti
o

n
 A

cr
o

ss
 S

it
es

B
y 

de
fa

ul
t, 

M
rB

ay
es

 a
ss

um
es

 th
at

 a
ll 

ch
ar

ac
te

rs
 e

vo
lv

e 
at

 th
e 

sa
m

e 
ra

te
 (

m
ea

su
re

d 
in

ex
pe

ct
ed

 c
ha

ng
es

 p
er

 s
ite

 o
ve

r 
th

e 
tr

ee
).

 T
he

re
 a

re
 f

ou
r 

w
ay

s 
in

 w
hi

ch
 y

ou
 c

an
 a

llo
w

 r
at

e
va

ri
at

io
n 

ac
ro

ss
 s

ite
s.

 T
he

 s
im

pl
es

t m
et

ho
d 

is
 to

 a
ss

um
e 

th
at

 r
at

es
 v

ar
y 

ov
er

 s
ite

s
ac

co
rd

in
g 

to
 a

 g
am

m
a 

di
st

ri
bu

tio
n 

(Y
an

g,
 1

99
3)

. T
he

 g
am

m
a 

m
od

el
 c

an
 b

e 
co

m
bi

ne
d

w
ith

 s
pa

tia
l a

ut
oc

or
re

la
tio

n 
be

tw
ee

n 
th

e 
ra

te
s 

at
 a

dj
ac

en
t s

ite
s,

 th
e 

au
to

co
rr

el
at

ed
 g

am
m

a
m

od
el

. A
 c

om
pl

et
el

y 
di

ff
er

en
t a

pp
ro

ac
h 

to
 r

at
e 

va
ri

at
io

n 
ac

ro
ss

 s
ite

s 
is

 to
 a

llo
w

 a
pr

op
or

tio
n 

of
 s

ite
s 

to
 b

e 
in

va
ri

ab
le

. T
hi

s 
m

od
el

 c
an

 b
e 

co
m

bi
ne

d 
w

ith
 th

e 
ga

m
m

a 
m

od
el

bu
t n

ot
 w

ith
 th

e 
au

to
co

rr
el

at
ed

 g
am

m
a 

m
od

el
. F

in
al

ly
, i

t i
s 

po
ss

ib
le

 to
 d

iv
id

e 
ch

ar
ac

te
rs

in
to

 g
ro

up
s 

ev
ol

vi
ng

 a
t d

if
fe

re
nt

 r
at

es
, t

he
 p

ar
tit

io
ne

d 
or

 s
ite

 s
pe

ci
fi

c 
ra

te
 m

od
el

.

4.
6.

1.
 G

am
m

a-
d

is
tr

ib
u

te
d

 R
at

e 
M

o
d

el

T
he

 c
om

m
on

ly
 u

se
d 

m
od

el
 o

f 
ga

m
m

a-
sh

ap
ed

 r
at

e 
va

ri
at

io
n 

ac
ro

ss
 s

ite
s 

is
 in

vo
ke

d 
us

in
g

ls
et
 r

at
es
=g
am

ma
. T

he
 s

ha
pe

 o
f 

th
e 

ga
m

m
a 

di
st

ri
bu

tio
n 

is
 d

et
er

m
in

ed
 b

y 
th

e 
so

-
ca

lle
d 
α

 (
al

ph
a)

 p
ar

am
et

er
. W

he
n 

th
is

 p
ar

am
et

er
 is

 s
m

al
l (

be
lo

w
 1

),
 th

e 
di

st
ri

bu
tio

n 
ta

ke
s

on
 a

n 
L

-s
ha

pe
d 

fo
rm

 w
ith

 a
 f

ew
 s

ite
s 

ev
ol

vi
ng

 r
ap

id
ly

 w
hi

le
 m

os
t s

ite
s 

ar
e 

co
ns

er
ve

d.
C

on
ve

rs
el

y,
 w

he
n 
α

 is
 a

bo
ve

 1
 th

e 
di

st
ri

bu
tio

n 
be

co
m

es
 s

im
ila

r 
to

 a
 n

or
m

al
 d

is
tr

ib
ut

io
n

w
ith

 le
ss

 a
nd

 le
ss

 v
ar

ia
tio

n 
in

 r
at

es
 a

cr
os

s 
si

te
s 

as
 α

 b
ec

om
es

 la
rg

er
.

In
 p

ra
ct

ic
e,

 th
e 

ga
m

m
a 

di
st

ri
bu

tio
n 

is
 a

pp
ro

xi
m

at
ed

 u
si

ng
 a

 s
m

al
l n

um
be

r 
of

 d
is

cr
et

e 
ra

te
ca

te
go

ri
es

 (
Y

an
g,

 1
99

4)
. B

y 
de

fa
ul

t, 
fo

ur
 r

at
e 

ca
te

go
ri

es
 a

re
 u

se
d;

 y
ou

 c
an

 c
ha

ng
e 

th
is

se
tti

ng
 b

y 
us

in
g 
l
s
e
t
 
n
g
a
m
m
a
c
a
t

. F
or

 in
st

an
ce

, i
f 

yo
u 

w
an

t t
o 

us
e 

ei
gh

t d
is

cr
et

e 
ra

te
ca

te
go

ri
es

 th
e 

ap
pr

op
ri

at
e 

co
m

m
an

d 
is

 l
se
t 
ng
am
ma

ca
t=
8.

 T
he

 c
om

pu
ta

tio
na

l
co

m
pl

ex
ity

 is
 p

ro
po

rt
io

na
l t

o 
th

e 
nu

m
be

r 
of

 c
at

eg
or

ie
s 

us
ed

. A
n 

an
al

ys
is

 w
ith

 f
ou

r
di

sc
re

te
 g

am
m

a 
ca

te
go

ri
es

 is
 f

ou
r 

tim
es

 a
s 

sl
ow

 a
s 

an
 a

na
ly

si
s 

w
ith

 n
o 

ra
te

 v
ar

ia
tio

n
ac

ro
ss

 s
ite

s 
an

d 
tw

ic
e 

as
 f

as
t a

s 
on

e 
w

ith
 e

ig
ht

 c
at

eg
or

ie
s.

T
he

 s
ha

pe
 p

ar
am

et
er

 (
α

) 
of

 th
e 

ga
m

m
a 

di
st

ri
bu

tio
n 

is
 s

im
ila

r 
to

 th
e 

sh
ap

e 
pa

ra
m

et
er

 o
f

th
e 

D
ir

ic
hl

et
 d

is
tr

ib
ut

io
n 

of
 s

ta
tio

na
ry

 s
ta

te
 f

re
qu

en
ci

es
 u

se
d 

fo
r 

st
an

da
rd

 d
at

a 
(s

ee
 a

bo
ve

)
in

 th
at

 it
 c

on
tr

ol
s 

th
e 

di
st

ri
bu

tio
n 

of
 a

no
th

er
 m

od
el

 p
ar

am
et

er
 (

th
e 

si
te

 r
at

es
).

 T
he

re
fo

re
,

th
e 

pr
io

r 
pr

ob
ab

ili
ty

 d
is

tr
ib

ut
io

n 
us

ed
 f

or
 th

e 
sh

ap
e 

pa
ra

m
et

er
 c

an
 b

e 
re

fe
rr

ed
 to

 a
s 

a
hy

pe
rp

ri
or

. T
he

 d
ef

au
lt 

pr
io

r 
us

ed
 in

 M
rB

ay
es

 is
 a

 u
ni

fo
rm

 d
is

tr
ib

ut
io

n 
on

 th
e 

in
te

rv
al

(0
.0

5,
50

).
 T

he
 s

am
pl

ed
 v

al
ue

s 
of

 th
e 

sh
ap

e 
pa

ra
m

et
er

 a
re

 f
ou

nd
 u

nd
er

 th
e 

co
lu

m
n

he
ad

in
g 
a
l
p
h
a

 in
 th

e 
.
p

 f
ile

(s
).

4.
6.

2.
 A

u
to

co
rr

el
at

ed
 G

am
m

a 
M

o
d

el

In
 th

is
 m

od
el

, r
at

es
 v

ar
y 

ac
ro

ss
 s

ite
s 

ac
co

rd
in

g 
to

 a
n 

au
to

co
rr

el
at

ed
 g

am
m

a 
m

od
el

 w
he

re
th

e 
ra

te
 a

t e
ac

h 
si

te
 d

ep
en

ds
 to

 s
om

e 
ex

te
nt

 o
n 

th
e 

ra
te

s 
at

 a
dj

ac
en

t s
ite

s 
(Y

an
g,

 1
99

5)
.

T
he

 s
pa

tia
l a

ut
oc

or
re

la
tio

n 
is

 m
ea

su
re

d 
by

 th
e 
ρ 

(r
ho

) 
pa

ra
m

et
er

, w
hi

ch
 r

an
ge

s 
fr

om
 -

1
(n

eg
at

iv
e 

au
to

co
rr

el
at

io
n,

 th
at

 is
, a

dj
ac

en
t s

ite
s 

te
nd

 to
 h

av
e 

w
ild

ly
 d

if
fe

re
nt

 r
at

es
) 

to
 1

(a
dj

ac
en

t s
ite

s 
ha

ve
 v

er
y 

si
m

ila
r 

ra
te

s)
. T

he
 d

ef
au

lt 
pr

io
r 

pr
ob

ab
ili

ty
 f

or
 r

ho
 is

 a
 u

ni
fo

rm
di

st
ri

bu
tio

n 
co

ve
ri

ng
 th

e 
en

tir
e 

in
te

rv
al

 (
-1

,1
).
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T
he

 e
xt

ra
 c

om
pu

ta
tio

na
l c

om
pl

ex
ity

 in
cu

rr
ed

 b
y 

in
vo

ki
ng

 th
e 

au
to

co
rr

el
at

ed
 g

am
m

a
m

od
el

 in
st

ea
d 

of
 th

e 
ga

m
m

a 
m

od
el

 is
 c

om
pa

ra
bl

e 
to

 a
 d

ou
bl

in
g 

of
 th

e 
nu

m
be

r 
of

 ta
xa

 in
th

e 
an

al
ys

is
. A

s 
w

ith
 th

e 
ga

m
m

a 
m

od
el

, t
he

 a
ut

oc
or

re
la

te
d 

ga
m

m
a 

di
st

ri
bu

tio
n 

is
ap

pr
ox

im
at

ed
 w

ith
 a

 n
um

be
r 

of
 d

is
cr

et
e 

ra
te

 c
at

eg
or

ie
s 

de
te

rm
in

ed
 b

y 
l
s
e
t

n
g
a
m
m
a
c
a
t

.

A
s 

de
sc

ri
be

d 
by

 Y
an

g 
(1

99
5)

, p
ro

te
in

-c
od

in
g 

se
qu

en
ce

s 
te

nd
 to

 h
av

e 
a 

th
re

e-
po

si
tio

n
of

fs
et

 in
 th

ei
r 

au
to

co
rr

el
at

io
n.

 T
ha

t i
s,

 th
e 

fi
rs

t c
od

on
 p

os
iti

on
 s

ite
s 

te
nd

 to
 h

av
e 

ra
te

s 
th

at
ar

e 
co

rr
el

at
ed

 w
ith

 th
e 

ad
ja

ce
nt

 f
ir

st
-p

os
iti

on
 s

ite
s,

 s
ec

on
d-

po
si

tio
n 

si
te

 r
at

es
 a

re
co

rr
el

at
ed

 w
ith

 a
dj

ac
en

t s
ec

on
d-

po
si

tio
n 

ra
te

s,
 e

tc
. Y

ou
 c

an
 ta

ke
 th

is
 e

ff
ec

t i
nt

o 
ac

co
un

t
by

 p
ar

tit
io

ni
ng

 y
ou

r 
si

te
s 

in
to

 th
e 

th
re

e 
co

do
n 

po
si

tio
ns

 a
nd

 th
en

 a
pp

ly
in

g 
a 

se
pa

ra
te

au
to

co
rr

el
at

ed
 g

am
m

a 
m

od
el

 to
 e

ac
h 

of
 th

e 
ca

te
go

ri
es

.

Y
ou

 m
ig

ht
 w

an
t t

o 
in

vo
ke

 a
n 

au
to

co
rr

el
at

ed
 g

am
m

a 
m

od
el

 w
ith

 th
e 

sa
m

e 
co

rr
el

at
io

n
co

ef
fi

ci
en

t f
or

 a
 d

at
as

et
 c

on
si

st
in

g 
of

 s
ev

er
al

 c
on

ca
te

na
te

d 
ge

ne
s.

 I
f 

so
, i

t i
s 

ne
ce

ss
ar

y 
to

in
fo

rm
 M

rB
ay

es
 a

bo
ut

 th
e 

br
ea

k 
po

in
ts

 b
et

w
ee

n 
di

ff
er

en
t g

en
es

. O
th

er
w

is
e,

 th
e 

ra
te

s 
at

th
e 

fi
rs

t s
ite

 o
f 

ea
ch

 g
en

e 
ex

ce
pt

 th
e 

fi
rs

t o
ne

 w
ill

 b
e 

er
ro

ne
ou

sl
y 

co
m

pa
re

d 
to

 th
e 

ra
te

s 
at

th
e 

la
st

 s
ite

 in
 th

e 
pr

ec
ed

in
g 

ge
ne

. T
he

 c
om

m
an

d 
d
a
t
a
b
r
e
a
k
s

 is
 p

ro
vi

de
d 

fo
r 

th
is

pu
rp

os
e.

 F
or

 in
st

an
ce

, i
f 

th
er

e 
ar

e 
on

ly
 tw

o 
ge

ne
s 

in
 y

ou
r 

da
ta

 s
et

, t
he

 f
ir

st
 w

ith
 9

60
 s

ite
s,

yo
u 

w
ou

ld
 s

pe
ci

fy
 th

e 
br

ea
k 

be
tw

ee
n 

th
em

 w
ith

 th
e 

st
at

em
en

t d
a
t
a
b
r
e
a
k
s
 
9
6
0

. N
ot

e
th

at
 y

ou
 s

pe
ci

fy
 th

e 
br

ea
k 

by
 g

iv
in

g 
th

e 
la

st
 s

eq
ue

nc
e 

si
te

 b
ef

or
e 

th
e 

br
ea

k.
 T

he
d
a
t
a
b
r
e
a
k
s

 c
om

m
an

d 
is

 o
nl

y 
ne

ed
ed

 w
he

n 
yo

u 
in

vo
ke

 a
 s

in
gl

e 
au

to
co

rr
el

at
ed

 g
am

m
a

m
od

el
 f

or
 a

 m
ul

tig
en

e 
da

ta
se

t. 
T

he
 d
a
t
a
b
r
e
a
k
s

 c
om

m
an

d 
ca

nn
ot

 b
e 

us
ed

 to
 p

ar
tit

io
n 

a
da

ta
 s

et
.

4.
6.

3.
 P

ro
p

o
rt

io
n

 o
f 

In
va

ri
ab

le
 S

it
es

A
 c

om
pl

et
el

y 
di

ff
er

en
t a

pp
ro

ac
h 

to
 r

at
e 

va
ri

at
io

n 
is

 to
 a

llo
w

 a
 p

ro
po

rt
io

n 
of

 s
ite

s 
to

 b
e

in
va

ri
ab

le
. T

hi
s 

m
od

el
 is

 in
vo

ke
d 

us
in

g 
ls

et
 r
at
es

=p
ro
pi
nv

. T
he

 p
ro

po
rt

io
n 

of
in

va
ri

ab
le

 s
ite

s 
is

 r
ef

er
re

d 
to

 a
s 
p
i
n
v
a
r

; i
t c

an
 v

ar
y 

fr
om

 0
 (

no
 in

va
ri

ab
le

 s
ite

s)
 to

 1
 (

al
l

si
te

s 
ar

e 
in

va
ri

ab
le

).
 T

he
 d

ef
au

lt 
pr

io
r 

is
 a

 u
ni

fo
rm

 d
is

tr
ib

ut
io

n 
on

 th
e 

in
te

rv
al

 (
0,

1)
;

ch
an

ge
 it

 u
si

ng
 p
r
s
e
t
 
p
i
n
v
a
r
p
r

.

T
he

 p
ro

po
rt

io
n 

of
 in

va
ri

ab
le

 s
ite

s 
m

od
el

 c
an

 b
e 

co
m

bi
ne

d 
w

ith
 th

e 
ga

m
m

a 
m

od
el

 u
si

ng
ls

et
 r

at
es
=i
nv

ga
mm
a.

 A
lth

ou
gh

 th
is

 m
od

el
 is

 s
lig

ht
ly

 b
et

te
r 

th
an

 th
e 

si
m

pl
e

ga
m

m
a 

m
od

el
 f

or
 m

an
y 

da
ta

 s
et

s,
 it

 s
om

et
im

es
 r

es
ul

ts
 in

 a
 b

im
od

al
 o

r 
ri

dg
e-

lik
e 

po
st

er
io

r
pr

ob
ab

ili
ty

 d
is

tr
ib

ut
io

n.
 I

n 
pa

rt
ic

ul
ar

, i
t i

s 
no

t u
nc

om
m

on
 to

 s
ee

 tw
o 

pe
ak

s 
in

 th
e

po
st

er
io

r,
 o

ne
 w

ith
 a

 lo
w

 p
ro

po
rt

io
n 

of
 in

va
ri

ab
le

 s
ite

s 
an

d 
si

gn
if

ic
an

t r
at

e 
va

ri
at

io
n 

in
th

e 
ga

m
m

a 
di

st
ri

bu
tio

n 
(l

ow
 a

lp
ha

 v
al

ue
) 

an
d 

th
e 

ot
he

r 
w

ith
 a

 h
ig

h 
pr

op
or

tio
n 

of
in

va
ri

ab
le

 s
ite

s 
an

d 
m

od
er

at
e 

am
ou

nt
s 

of
 r

at
e 

va
ri

at
io

n 
in

 th
e 

ga
m

m
a 

di
st

ri
bu

tio
n

(m
od

er
at

el
y 

hi
gh

 a
lp

ha
 v

al
ue

).
 I

f 
yo

u 
ha

ve
 a

 p
os

te
ri

or
 o

f 
th

is
 k

in
d,

 y
ou

 s
ho

ul
d 

no
t b

e
su

rp
ri

se
d 

if
 M

et
ro

po
lis

-c
ou

pl
in

g 
re

su
lts

 in
 r

ap
id

 (
in

st
an

ta
ne

ou
s)

 s
hi

ft
s 

fr
om

 o
ne

 m
od

e 
to

th
e 

ot
he

r 
du

ri
ng

 th
e 

st
at

io
na

ry
 p

ha
se

 o
f 

th
e 

an
al

ys
is

. T
he

 r
ea

so
n 

fo
r 

th
is

 is
 th

at
 d

if
fe

re
nt

ch
ai

ns
 a

re
 li

ke
ly

 to
 e

xp
lo

re
 d

if
fe

re
nt

 p
ea

ks
 in

 th
e 

po
st

er
io

r,
 a

nd
 s

uc
ce

ss
fu

l s
w

ap
pi

ng
in

vo
lv

in
g 

th
e 

co
ld

 c
ha

in
 is

 li
ke

ly
 to

 r
es

ul
t i

n 
m

od
e-

ju
m

pi
ng

. A
ls

o,
 y

ou
 s

ho
ul

d 
co

ns
id

er
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pr
es

en
tin

g 
th

e 
en

tir
e 

di
st

ri
bu

tio
n 

of
 th

e 
sa

m
pl

ed
 a
l
p
h
a

 a
nd

 p
i
n
v
a
r

 p
ar

am
et

er
s 

si
nc

e
si

m
pl

e 
po

in
t e

st
im

at
es

 o
f 

ea
ch

 p
ar

am
et

er
 w

ou
ld

 b
e 

m
is

le
ad

in
g.

4.
6.

4.
 P

ar
ti

ti
o

n
ed

 (
S

it
e 

S
p

ec
if

ic
) 

R
at

e 
M

o
d

el

Fo
r 

pr
ot

ei
n-

co
di

ng
 n

uc
le

ot
id

e 
se

qu
en

ce
s,

 a
 s

ite
-s

pe
ci

fi
c 

ra
te

 m
od

el
 is

 o
ft

en
 u

se
d,

al
lo

w
in

g 
ea

ch
 c

od
on

 p
os

iti
on

 (
fi

rs
t, 

se
co

nd
 a

nd
 th

ir
d 

co
do

n 
po

si
tio

n 
si

te
s)

 to
 h

av
e 

its
 o

w
n

ra
te

. T
hi

s 
re

su
lts

 in
 a

 m
od

el
 w

ith
 th

re
e 

ra
te

s,
 tw

o 
of

 w
hi

ch
 a

re
 f

re
e 

to
 v

ar
y 

(s
in

ce
 th

e
av

er
ag

e 
ra

te
 is

 1
.0

 b
y 

de
fi

ni
tio

n)
. M

or
e 

ge
ne

ra
lly

, w
e 

m
ig

ht
 h

av
e 

di
ff

er
en

t c
ha

ra
ct

er
di

vi
si

on
s 

(s
ep

ar
at

e 
ge

ne
s,

 m
or

ph
ol

og
y,

 e
tc

) 
w

hi
ch

 p
ot

en
tia

lly
 e

vo
lv

e 
at

 v
er

y 
di

ff
er

en
t

ra
te

s.

In
 M

rB
ay

es
 3

, w
e 

pr
ov

id
e 

a 
ge

ne
ra

l m
ec

ha
ni

sm
 f

or
 s

et
tin

g 
up

 th
es

e 
m

od
el

s 
ba

se
d 

on
pa

rt
iti

on
in

g 
th

e 
da

ta
 s

et
 a

nd
 th

en
 u

nl
in

ki
ng

 p
ar

am
et

er
s 

ac
ro

ss
 th

e 
pa

rt
iti

on
s.

 A
ss

um
e 

fo
r

in
st

an
ce

 th
at

 w
e 

w
an

t t
o 

se
t u

p 
a 

si
te

 s
pe

ci
fi

c 
ra

te
 m

od
el

 f
or

 a
 d

at
a 

se
t w

ith
 o

ne
 s

eq
ue

nc
e.

W
e 

fi
rs

t s
et

 u
p 

th
e 

co
do

n 
si

te
 p

ar
tit

io
ni

ng
 s

ch
em

e 
us

in
g 

th
e 

fo
llo

w
in

g 
lin

es
 in

 a
 M

rB
ay

es
bl

oc
k:

 
 
 
c
h
a
r
s
e
t
 
p
o
s
1
 
=
 
1
-
.
\
3
;

 
 
 
c
h
a
r
s
e
t
 
p
o
s
2
 
=
 
2
-
.
\
3
;

 
 
 
c
h
a
r
s
e
t
 
p
o
s
3
 
=
 
3
-
.
\
3
;

 
 
 
p
a
r
t
i
t
i
o
n
 
b
y
_
c
o
d
o
n
 
=
 
3
:
 
p
o
s
1
,
 
p
o
s
2
,
 
p
o
s
3
;

 
 
 
s
e
t
 
p
a
r
t
i
t
i
o
n
 
=
 
b
y
_
c
o
d
o
n
;

T
he

 c
ha

ra
ct

er
 s

et
s 

ar
e 

fi
rs

t d
ef

in
ed

 u
si

ng
 th

e 
do

t s
ig

n 
(.

) 
to

 m
ar

k 
th

e 
la

st
 c

ha
ra

ct
er

 in
 th

e
da

ta
 s

et
 a

nd
 th

e 
\
3

 s
eq

ue
nc

e 
to

 in
cl

ud
e 

ev
er

y 
th

ir
d 

ch
ar

ac
te

r 
in

 th
e 

sp
ec

if
ie

d 
ra

ng
e.

 T
he

n
a 

pa
rt

iti
on

in
g 

sc
he

m
e 

ca
lle

d 
b
y
_
c
o
d
o
n

 is
 d

ef
in

ed
 u

si
ng

 th
e 

pr
ev

io
us

ly
 n

am
ed

 c
ha

ra
ct

er
se

ts
. F

in
al

ly
, t

he
 p

ar
tit

io
ni

ng
 s

ch
em

e 
ca

lle
d 
b
y
_
c
o
d
o
n

 is
 in

vo
ke

d 
us

in
g 

th
e 

se
t

co
m

m
an

d.

W
he

n 
w

e 
pr

oc
es

s 
th

es
e 

co
m

m
an

ds
 in

 M
rB

ay
es

 u
si

ng
 th

e 
ex

ec
ut

e 
co

m
m

an
d,

 th
e

ch
ar

ac
te

rs
 a

re
 d

iv
id

ed
 in

to
 th

re
e 

se
ts

 c
or

re
sp

on
di

ng
 to

 th
e 

co
do

n 
po

si
tio

ns
. B

y 
de

fa
ul

t,
ho

w
ev

er
, a

ll 
m

od
el

 p
ar

am
et

er
s 

in
cl

ud
in

g 
th

e 
ra

te
 w

ill
 b

e 
sh

ar
ed

 a
cr

os
s 

pa
rt

iti
on

s.
 T

o
al

lo
w

 th
e 

ra
te

s 
to

 d
if

fe
r 

ac
ro

ss
 p

ar
tit

io
ns

, w
e 

ne
ed

 to
 c

ha
ng

e 
th

e 
pr

io
r 

fo
r 

ra
te

s 
us

in
g

p
r
s
e
t

. S
pe

ci
fi

ca
lly

, p
rs

et
 r
at

ep
r=

va
ri
ab
le

 in
vo

ke
s 

pa
rt

iti
on

-s
pe

ci
fi

c 
ra

te
s.

T
he

 p
ar

tit
io

n-
sp

ec
if

ic
 r

at
e 

pa
ra

m
et

er
 is

 r
ef

er
re

d 
to

 a
s 
r
a
t
e
m
u
l
t

, a
nd

 th
e 

in
di

vi
du

al
 r

at
es

ar
e 

la
be

le
d 
m
{
1
}

, m
{
2
}

, e
tc

 f
or

 th
e 

ra
te

 (
m

ul
tip

lie
r)

 o
f 

ch
ar

ac
te

r 
di

vi
si

on
 1

, 2
, e

tc
. S

ee
be

lo
w

 f
or

 m
or

e 
in

fo
rm

at
io

n 
on

 h
ow

 to
 s

et
 u

p 
pa

rt
iti

on
ed

 m
od

el
s.

4.
6.

5.
 In

fe
rr

in
g

 S
it

e 
R

at
es

W
he

n 
yo

u 
ar

e 
al

lo
w

in
g 

ra
te

 v
ar

ia
tio

n 
ac

ro
ss

 s
ite

s,
 y

ou
 m

ay
 b

e 
in

te
re

st
ed

 in
 in

fe
rr

in
g 

th
e

ra
te

s 
at

 e
ac

h 
in

di
vi

du
al

 s
ite

. B
y 

de
fa

ul
t, 

th
e 

si
te

 r
at

es
 a

re
 n

ot
 s

am
pl

ed
 d

ur
in

g 
a 

M
C

M
C

ru
n.

 Y
ou

 n
ee

d 
to

 r
eq

ue
st

 th
e 

sa
m

pl
in

g 
of

 th
es

e 
va

lu
es

 u
si

ng
 r
ep
or
t

si
te
ra

te
s=
ye
s.

 T
he

 r
at

es
 w

ill
 b

e 
re

fe
rr

ed
 to

 a
s 
r
(
<
s
i
t
e
 
n
u
m
b
e
r
>
)

. F
or

in
st

an
ce

, r
(
4
5
)

 is
 th

e 
in

fe
rr

ed
 r

at
e 

at
 s

ite
 (

ch
ar

ac
te

r)
 4

5 
of

 y
ou

r 
da

ta
 s

et
.
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4.
7.

 R
at

e 
V

ar
ia

ti
o

n
 A

cr
o

ss
 t

h
e 

T
re

e:
 T

h
e 

C
o

va
ri

o
n

 M
o

d
el

Fo
r 

bo
th

 n
uc

le
ot

id
e 

se
qu

en
ce

 a
nd

 a
m

in
o-

ac
id

 d
at

a,
 M

rB
ay

es
 a

llo
w

s 
ra

te
s 

to
 c

ha
ng

e
ac

ro
ss

 th
e 

tr
ee

 u
nd

er
 a

 c
ov

ar
io

n-
lik

e 
m

od
el

 (
T

uf
fl

ey
 a

nd
 S

te
el

, 1
99

8;
 H

ue
ls

en
be

ck
, 2

00
2;

se
e 

al
so

 G
al

tie
r,

 2
00

1)
. S

pe
ci

fi
ca

lly
, t

he
 c

ov
ar

io
n-

lik
e 

m
od

el
 a

ss
um

es
 th

at
 a

 s
ite

 is
 e

ith
er

“o
n”

 o
r 

“o
ff

”.
 W

he
n 

it 
is

 o
n,

 it
 e

vo
lv

es
 u

nd
er

 a
 s

ta
nd

ar
d 

fo
ur

-b
y-

fo
ur

 n
uc

le
ot

id
e 

or
 2

0 
by

20
 a

m
in

o 
ac

id
 m

od
el

 b
ut

 w
he

n 
it 

is
 o

ff
, i

t d
oe

s 
no

t c
ha

ng
e 

at
 a

ll.
 T

he
 s

w
itc

hi
ng

 b
et

w
ee

n
on

 a
nd

 o
ff

 s
ta

te
s 

is
 c

on
tr

ol
le

d 
by

 tw
o 

ra
te

 p
ar

am
et

er
s,

 s
01

 (
fr

om
 o

ff
 to

 o
n)

 a
nd

 s
10

 (
fr

om
on

 to
 o

ff
).

 T
he

 in
st

an
ta

ne
ou

s 
ra

te
 m

at
ri

x 
of

 th
e 

nu
cl

eo
tid

e 
va

ri
an

t (
al

so
 r

ef
er

re
d 

to
 a

s 
th

e
co

va
ri

ot
id

e 
m

od
el

),
 a

ss
um

in
g 

a 
G

T
R

 m
od

el
 f

or
 th

e 
on

 s
ta

te
, i

s

 

 

−

−

−

−

−

−

−

−

=

k
r

k
r

k
r

s

k
r

k
r

k
r

s

k
r

k
r

k
r

s

k
r

k
r

k
r

s

s

s

s

s

Q

G
T

G
C
T

C
A
T

A

G
T

T
C
G

C
A
G

A

C
T

T
C
G

G
A
C

A

A
T

T
A
G

G
A
C

C

π
π

π

π
π

π

π
π

π

π
π

π

10
on

10
on

10
on

10
on

01
of
f

01
of
f

01
of
f

01
of
f

on
on

on
on

of
f

of
f

of
f

of
f

0
0

0
]

[T

0
0

0
]

[G

0
0

0
]

[C

0
0

0
]

[A

0
0

0
0

0
0

]
[T

0
0

0
0

0
0

]
[G

0
0

0
0

0
0

]
[C

0
0

0
0

0
0

]
[A

]
[T

]
[G

]
[C

]
[A

]
[T

]
[G

]
[C

]
[A

,

w
he

re
 k

 is
 a

 s
ca

lin
g 

co
ns

ta
nt

 d
et

er
m

in
ed

 b
y 

th
e 

pr
op

or
tio

n 
of

 ti
m

e 
th

e 
si

te
s 

sp
en

d 
in

 th
e

on
 s

ta
te

. T
he

 m
at

ri
x 

ca
n 

be
 s

im
pl

if
ie

d 
in

to

 
 

=
4

3

2
1

kR
R

R
R

Q
,

w
he

re
 e

ac
h 

R
 e

le
m

en
t i

s 
a 

fo
ur

 b
y 

fo
ur

 m
at

ri
x:

 R
1 

co
nt

ai
ns

 th
e 

ra
te

s 
in

 th
e 

of
f 

st
at

e 
(a

ll
ra

te
s 

ar
e 

0)
, R

2 
an

d 
R

3 
de

sc
ri

be
 th

e 
sw

itc
hi

ng
 p

ro
ce

ss
 (

th
e 

di
ag

on
al

 e
le

m
en

ts
 a

re
 e

ith
er

 s
01

or
 s

10
),

 a
nd

 R
4 

is
 th

e 
ch

os
en

 m
od

el
 f

or
 th

e 
ev

ol
ut

io
n 

in
 th

e 
on

 s
ta

te
.

T
he

 c
ov

ar
io

n-
lik

e 
m

od
el

 c
an

 b
e 

de
sc

ri
be

d 
as

 a
 g

en
er

al
 c

as
e 

of
 th

e 
pr

op
or

tio
n 

of
in

va
ri

ab
le

 s
ite

s 
m

od
el

 (
H

ue
ls

en
be

ck
, 2

00
2)

. A
s 

th
e 

sw
itc

hi
ng

 r
at

es
 g

o 
to

 z
er

o,
 th

e
pr

op
or

tio
n 

of
 th

es
e 

ra
te

s 
re

pr
es

en
te

d 
by

 th
e 

sw
itc

h 
to

 th
e 

of
f 

st
at

e 
(s

10
) 

be
co

m
es

 id
en

tic
al

to
 th

e 
pr

op
or

tio
n 

of
 in

va
ri

ab
le

 s
ite

s.
 W

he
n 

th
e 

sw
itc

hi
ng

 r
at

es
 a

re
 z

er
o,

 th
er

e 
is

 n
o

ex
ch

an
ge

 b
et

w
ee

n 
th

e 
on

 a
nd

 o
ff

 s
ta

te
s 

an
d 

th
e 

ch
ar

ac
te

rs
 in

 th
e 

of
f 

st
at

e 
re

m
ai

n 
of

f
th

ro
ug

ho
ut

 th
e 

tr
ee

; i
n 

ot
he

r 
w

or
ds

, t
he

y 
ar

e 
in

va
ri

ab
le

 s
ite

s.

N
ot

e 
th

at
 th

e 
co

va
ri

on
-l

ik
e 

m
od

el
 im

pl
em

en
te

d 
in

 M
rB

ay
es

 d
if

fe
rs

 f
ro

m
 th

e 
or

ig
in

al
co

va
ri

on
 m

od
el

 in
 th

at
 s

ite
s 

sw
itc

h 
co

m
pl

et
el

y 
in

de
pe

nd
en

tly
 o

f 
ea

ch
 o

th
er

 b
et

w
ee

n 
th

e
on

 a
nd

 o
ff

 s
ta

te
s.

 T
o 

in
vo

ke
 th

e 
co

va
ri

on
-l

ik
e 

m
od

el
, s

im
pl

y 
us

e 
ls
et

co
va
ri

on
=y
es

 a
nd

 th
en

 c
ho

os
e 

th
e 

de
si

re
d 

nu
cl

eo
tid

e 
or

 a
m

in
o 

ac
id

 m
od

el
 u

si
ng

 th
e
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ot
he

r 
l
s
e
t

 a
nd

 th
e 
p
r
s
e
t

 o
pt

io
ns

. T
he

 c
ov

ar
io

n-
lik

e 
m

od
el

 c
an

 b
e 

co
m

bi
ne

d 
w

ith
 th

e
ga

m
m

a 
m

od
el

 o
f 

ra
te

 v
ar

ia
tio

n 
ac

ro
ss

 s
ite

s.

4.
8.

 T
o

p
o

lo
g

y 
an

d
 B

ra
n

ch
 L

en
g

th
 M

o
d

el
s

T
he

 to
po

lo
gy

 a
nd

 b
ra

nc
h 

le
ng

th
 m

od
el

s 
in

 M
rB

ay
es

 a
re

 s
et

 u
si

ng
 th

e 
p
r
s
e
t

t
o
p
o
l
o
g
y
p
r

 o
pt

io
ns

, w
hi

ch
 d

ea
l w

ith
 th

e 
tr

ee
 to

po
lo

gy
 p

ri
or

, a
nd

 th
e 
p
r
s
e
t

b
r
l
e
n
s
p
r

 o
pt

io
ns

, w
hi

ch
 d

ea
l w

ith
 th

e 
br

an
ch

 le
ng

th
s.

4.
8.

1.
 U

n
co

n
st

ra
in

ed
 a

n
d

 C
o

n
st

ra
in

ed
 T

o
p

o
lo

g
y

T
he

re
 a

re
 tw

o 
ch

oi
ce

s 
fo

r 
th

e 
pr

io
r 

pr
ob

ab
ili

ty
 d

is
tr

ib
ut

io
n 

on
 to

po
lo

gy
: u

ni
fo

rm
 o

r
co

ns
tr

ai
ne

d.
 B

y 
de

fa
ul

t, 
to

po
lo

gi
es

 a
re

 n
ot

 c
on

st
ra

in
ed

 in
 th

e 
pr

io
r 

(p
r
s
e
t

t
o
p
o
l
o
g
y
p
r
=
u
n
i
f
o
r
m

),
 r

es
ul

tin
g 

in
 e

qu
al

 p
ri

or
 p

ro
ba

bi
lit

y 
be

in
g 

as
so

ci
at

ed
 w

ith
 a

ll
po

ss
ib

le
 la

be
le

d 
tr

ee
s 

(u
nl

es
s 

a 
di

ff
er

en
t t

op
ol

og
y 

pr
io

r 
is

 in
du

ce
d 

by
 th

e 
br

an
ch

 le
ng

th
m

od
el

, s
ee

 b
el

ow
).

 T
he

re
 a

re
 tw

o 
in

st
an

ce
s 

in
 w

hi
ch

 y
ou

 m
ig

ht
 w

an
t t

o 
co

ns
tr

ai
n 

th
e

to
po

lo
gy

: (
1)

 w
he

n 
yo

u 
w

an
t t

o 
co

nt
ra

st
 a

 h
yp

ot
he

si
s 

of
 m

on
op

hy
ly

 f
or

 a
 g

ro
up

 w
ith

 th
e

m
or

e 
ge

ne
ra

l h
yp

ot
he

si
s 

w
ith

 n
o 

to
po

lo
gi

ca
l c

on
st

ra
in

ts
; a

nd
 (

2)
 w

he
n 

yo
u 

w
an

t t
o 

in
fe

r
an

ce
st

ra
l s

ta
te

s 
fo

r 
a 

pa
rt

ic
ul

ar
 n

od
e 

in
 th

e 
tr

ee
. I

n 
bo

th
 c

as
es

, y
ou

 s
pe

ci
fy

 th
e

co
ns

tr
ai

nt
(s

) 
fi

rs
t b

y 
lis

tin
g 

th
e 

ta
xa

 th
at

 s
ho

ul
d 

fo
rm

 a
 m

on
op

hy
le

tic
 g

ro
up

. F
or

 in
st

an
ce

,
if

 y
ou

 w
an

te
d 

to
 c

on
st

ra
in

 ta
xa

 4
, 5

 a
nd

 6
 to

 b
e 

m
on

op
hy

le
tic

, y
ou

 w
ou

ld
 u

se

c
o
n
s
t
r
a
i
n
t
 
m
y
_
c
o
n
s
t
r
a
i
n
t
 
-
1
 
=
 
4
 
5
 
6
;

T
hi

s 
de

fi
ne

s 
a 

co
ns

tr
ai

nt
 c

al
le

d 
“m

y_
co

ns
tr

ai
nt

” 
fo

rc
in

g 
ta

xa
 4

, 5
 a

nd
 6

 to
 f

or
m

 a
m

on
op

hy
le

tic
 g

ro
up

 in
 a

ll 
tr

ee
s 

th
at

 a
re

 s
am

pl
ed

 f
ro

m
 th

e 
ch

ai
n.

 I
n 

fu
tu

re
 v

er
si

on
s 

of
M

rB
ay

es
, t

he
 v

al
ue

 f
ol

lo
w

in
g 

th
e 

na
m

e 
of

 th
e 

co
ns

tr
ai

nt
 (
-
1

 h
er

e)
, w

ill
 g

iv
e 

th
e 

re
la

tiv
e

pr
ob

ab
ili

ty
 o

f 
tr

ee
s 

ha
vi

ng
 th

e 
co

ns
tr

ai
ne

d 
pa

rt
iti

on
. A

 n
eg

at
iv

e 
nu

m
be

r 
w

ill
 f

or
ce

 th
e

co
ns

tr
ai

nt
 to

 a
lw

ay
s 

be
 p

re
se

nt
 in

 th
e 

sa
m

pl
ed

 tr
ee

s;
 a

 p
os

iti
ve

 n
um

be
r 

w
ill

 s
pe

ci
fy

 h
ow

m
an

y 
tim

es
 m

or
e 

lik
el

y 
th

e 
tr

ee
s 

w
ith

 th
e 

co
ns

tr
ai

nt
 a

re
 c

om
pa

re
d 

to
 th

e 
tr

ee
s 

no
t h

av
in

g
it.

 I
n 

ve
rs

io
n 

3.
1,

 h
ow

ev
er

, M
rB

ay
es

 ig
no

re
s 

th
is

 v
al

ue
 a

nd
 a

lw
ay

s 
tr

ea
ts

 th
e 

co
ns

tr
ai

nt
 a

s
ab

so
lu

te
.

W
he

n 
yo

u 
de

fi
ne

 c
on

st
ra

in
ts

, m
ak

e 
su

re
 th

at
 y

ou
 h

av
e 

th
e 

ou
tg

ro
up

 s
el

ec
te

d 
co

rr
ec

tly
. B

y
de

fa
ul

t, 
M

rB
ay

es
 u

se
s 

th
e 

fi
rs

t t
ax

on
 in

 th
e 

da
ta

 m
at

ri
x 

as
 th

e 
ou

tg
ro

up
. Y

ou
 c

an
 c

ha
ng

e
th

is
 b

y 
us

in
g 

th
e 
o
u
t
g
r
o
u
p

 c
om

m
an

d.
 F

or
 in

st
an

ce
, i

f 
yo

u 
w

an
t t

ax
on

 n
um

be
r 

7 
ca

lle
d

“M
y_

ta
xo

n”
 to

 b
e 

th
e 

ou
tg

ro
up

, e
ith

er
 u

se
 o
ut

gr
ou
p 
7 

or
 o
ut

gr
ou
p 
My
_t
ax

on
.

M
rB

ay
es

 3
.1

 o
nl

y 
al

lo
w

s 
a 

si
ng

le
 ta

xo
n 

as
 th

e 
ou

tg
ro

up
.

B
ef

or
e 

th
e 

co
ns

tr
ai

nt
s 

ta
ke

 e
ff

ec
t, 

yo
u 

ha
ve

 to
 in

vo
ke

 th
em

 b
y 

us
in

g 
pr
se
t

to
po
lo

gy
pr
=c
on

st
ra
in

ts
(<
sp

ac
e-
se
pa
ra
te

d 
li
st
 o
f

co
ns
tr

ai
nt
s>
).

 F
or

 in
st

an
ce

, t
o 

en
fo

rc
e 

th
e 

co
ns

tr
ai

nt
 m

y_
co

ns
tr

ai
nt

 d
ef

in
ed

 a
bo

ve
,

us
e 
pr

se
t 

to
po
lo
gy

pr
=c

on
st
ra

in
ts
(m
y_
co
ns
tr

ai
nt
).
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2.
 N

o
n

-c
lo

ck
 (

S
ta

n
d

ar
d

) 
T

re
es

If
 y

ou
 d

o 
no

t w
an

t t
o 

en
fo

rc
e 

a 
m

ol
ec

ul
ar

 c
lo

ck
, y

ou
 c

ho
os

e 
an

 u
nc

on
st

ra
in

ed
 b

ra
nc

h
le

ng
th

 p
ri

or
. A

ct
ua

lly
, y

ou
 d

o 
no

t h
av

e 
to

 d
o 

an
yt

hi
ng

 b
ec

au
se

 u
nc

on
st

ra
in

ed
 b

ra
nc

h
le

ng
th

s 
ar

e 
th

e 
de

fa
ul

t. 
Y

ou
 c

an
 a

ss
oc

ia
te

 u
nc

on
st

ra
in

ed
 b

ra
nc

h 
le

ng
th

s 
w

ith
 e

ith
er

 a
un

if
or

m
 p

ri
or

 f
ro

m
 0

 to
 s

om
e 

ar
bi

tr
ar

y 
va

lu
e 

or
 a

n 
ex

po
ne

nt
ia

l p
ri

or
. T

he
 d

ef
au

lt 
is

 a
n

ex
po

ne
nt

ia
l d

is
tr

ib
ut

io
n 

w
ith

 p
ar

am
et

er
 1

0 
(E
x
p
o
n
e
n
t
i
a
l
(
1
0
)

);
 it

 h
as

 a
n 

ex
pe

ct
at

io
n

of
 0

.1
 (

= 
1/

10
) 

bu
t (

in
 p

ri
nc

ip
le

) 
it 

al
lo

w
s 

br
an

ch
 le

ng
th

s 
to

 v
ar

y 
fr

om
 0

 to
 in

fi
ni

ty
. T

he
ex

po
ne

nt
ia

l d
is

tr
ib

ut
io

n 
ap

pa
re

nt
ly

 p
ut

s 
a 

lo
t m

or
e 

pr
ob

ab
ili

ty
 o

n 
sh

or
t b

ra
nc

he
s 

th
an

 o
n

lo
ng

 b
ra

nc
he

s.
 H

ow
ev

er
, b

ec
au

se
 tr

an
si

tio
n 

(s
ub

st
itu

tio
n)

 p
ro

ba
bi

lit
ie

s 
ch

an
ge

 r
ap

id
ly

 a
t

sm
al

l b
ra

nc
h 

le
ng

th
s 

bu
t o

nl
y 

ve
ry

 s
lo

w
ly

 a
t l

on
g 

br
an

ch
 le

ng
th

s,
 th

e 
ex

po
ne

nt
ia

l p
ri

or
 is

ac
tu

al
ly

 c
lo

se
r 

to
 a

n 
un

in
fo

rm
at

iv
e 

pr
io

r 
th

an
 th

e 
un

if
or

m
 d

is
tr

ib
ut

io
n.

 W
e 

ad
vi

se
 a

ga
in

st
us

in
g 

a 
un

if
or

m
 p

ri
or

 o
n 

br
an

ch
 le

ng
th

s 
be

ca
us

e 
of

 th
e 

la
rg

e 
pr

io
r 

pr
ob

ab
ili

ty
 it

 p
ut

s 
on

lo
ng

 b
ra

nc
he

s 
an

d 
th

ei
r 

cl
os

e-
to

-r
an

do
m

 s
ub

st
itu

tio
n 

pr
ob

ab
ili

tie
s.

T
o 

ch
an

ge
 th

e 
pr

io
r 

on
 u

nc
on

st
ra

in
ed

 b
ra

nc
h 

le
ng

th
s 

yo
u 

us
e 
p
r
s
e
t
 
b
r
l
e
n
s
p
r

. F
or

in
st

an
ce

, a
ss

um
e 

yo
u 

w
an

te
d 

to
 u

se
 a

n 
ex

po
ne

nt
ia

l p
ri

or
 w

ith
 p

ar
am

et
er

 1
 in

st
ea

d 
of

 th
e

de
fa

ul
t p

ri
or

. T
hi

s 
pr

io
r 

is
 s

et
 b

y 
ty

pi
ng

 p
rs
et

 b
rl
en
sp
r=

un
co
ns
tr
ai

ne
d:

ex
po
ne

nt
ia
l(
1)

.

4.
8.

3.
 S

tr
ic

t 
C

lo
ck

 T
re

es

M
rB

ay
es

 im
pl

em
en

ts
 th

re
e 

st
ri

ct
 c

lo
ck

 m
od

el
s:

 th
e 

si
m

pl
e 

(u
ni

fo
rm

) 
m

od
el

, t
he

 b
ir

th
-

de
at

h 
m

od
el

, a
nd

 th
e 

co
al

es
ce

nc
e 

m
od

el
. T

he
 b

ir
th

-d
ea

th
 m

od
el

 a
nd

 c
oa

le
sc

en
ce

 m
od

el
s

bo
th

 h
av

e 
ad

di
tio

na
l p

ar
am

et
er

s 
de

sc
ri

bi
ng

 th
e 

tr
ee

-g
en

er
at

in
g 

pr
oc

es
s,

 w
he

re
as

 th
e

si
m

pl
e 

m
od

el
 d

oe
s 

no
t.

In
 th

e 
bi

rt
h-

de
at

h 
m

od
el

 (
se

e 
Y

an
g 

an
d 

R
an

na
la

, 1
99

7,
 f

or
 a

 B
ay

es
ia

n 
im

pl
em

en
ta

tio
n)

,
tr

ee
s 

ar
e 

ge
ne

ra
te

d 
ac

co
rd

in
g 

to
 a

 b
ir

th
-d

ea
th

 m
od

el
 w

ith
 a

 s
pe

ci
at

io
n 

an
d 

an
 e

xt
in

ct
io

n
ra

te
. T

he
 m

od
el

, a
s 

im
pl

em
en

te
d 

in
 M

rB
ay

es
, c

an
 a

ls
o 

be
 a

ss
oc

ia
te

d 
w

ith
 a

 s
am

pl
in

g
pr

ob
ab

ili
ty

 o
f 

te
rm

in
al

 li
ne

ag
es

. T
he

 p
ri

or
s 

fo
r 

th
es

e 
th

re
e 

pa
ra

m
et

er
s 

ar
e 

se
t u

si
ng

 th
e

s
p
e
c
i
a
t
i
o
n
p
r

, e
x
t
i
n
c
t
i
o
n
p
r

, a
nd

 s
a
m
p
l
e
p
r
o
b

 p
ar

am
et

er
s 

of
 th

e 
p
r
s
e
t

co
m

m
an

d.

In
 th

e 
co

al
es

ce
nc

e 
m

od
el

, t
he

 tr
ee

 g
en

er
at

in
g 

pr
oc

es
s 

is
 lo

ok
ed

 a
t f

ro
m

 th
e 

op
po

si
te

pe
rs

pe
ct

iv
e,

 b
ac

kw
ar

d 
in

 ti
m

e.
 I

ns
te

ad
 o

f 
lin

ea
ge

s 
br

an
ch

in
g,

 th
is

 m
od

el
 s

ee
s 

th
em

 a
s

co
al

es
ci

ng
 in

to
 f

ew
er

 a
nd

 f
ew

er
 a

nc
es

tr
al

 li
ne

ag
es

. T
hi

s 
pr

oc
es

s 
oc

cu
rs

 a
t a

 r
at

e
de

te
rm

in
ed

 b
y 

th
e 
θ 

(t
he

ta
) 

pa
ra

m
et

er
; i

t i
s 

al
so

 a
ff

ec
te

d 
by

 th
e 

pl
oi

dy
 o

f 
th

e 
da

ta
(h

ap
lo

id
 o

r 
di

pl
oi

d)
. T

he
 p

ri
or

 f
or

 th
e 

th
et

a 
pa

ra
m

et
er

 is
 s

et
 u

si
ng

 p
r
s
e
t
 
t
h
e
t
a
p
r

.
T

he
 p

lo
id

y 
le

ve
l i

s 
se

t u
si

ng
 l
s
e
t
 
p
l
o
i
d
y

.

T
he

 s
im

pl
e 

cl
oc

k 
m

od
el

 is
 in

vo
ke

d 
by

 p
rs
et
 b
rl

en
sp
r=
cl
oc

k:
un
if
or
m.

 T
he

re
 is

on
ly

 o
ne

 a
dd

iti
on

al
 p

ar
am

et
er

 in
 th

e 
si

m
pl

e 
cl

oc
k 

m
od

el
, n

am
el

y 
th

e 
to

ta
l t

re
e 

he
ig

ht
.

T
he

 p
ri

or
 f

or
 th

is
 p

ar
am

et
er

 is
 s

et
 b

y 
p
r
s
e
t
 
t
r
e
e
h
e
i
g
h
t
p
r

. T
he

 d
ef

au
lt 

pr
io

r 
is

 a
n

ex
po

ne
nt

ia
l d

is
tr

ib
ut

io
n 

w
ith

 p
ar

am
et

er
 1

.0
 (
E
x
p
o
n
e
n
t
i
a
l
(
1
.
0
)

).
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4.
8.

4.
 R

el
ax

ed
 C

lo
ck

 T
re

es

R
el

ax
ed

 c
lo

ck
 m

od
el

s 
an

d 
fu

nc
tio

ns
 f

or
 d

at
in

g 
ar

e 
no

t i
m

pl
em

en
te

d 
in

 M
rB

ay
es

 3
.1

.
A

cc
or

di
ng

 to
 c

ur
re

nt
 p

la
ns

, t
he

y 
w

ill
 b

e 
av

ai
la

bl
e 

in
 v

er
si

on
 3

.2
.

4.
9.

 P
ar

ti
ti

o
n

ed
 M

o
d

el
s

M
rB

ay
es

 p
ro

vi
de

s 
gr

ea
t f

le
xi

bi
lit

y 
in

 s
et

tin
g 

up
 p

ar
tit

io
ne

d 
m

od
el

s.
 B

y 
de

fa
ul

t, 
th

e
ch

ar
ac

te
rs

 a
re

 d
iv

id
ed

 in
to

 p
ar

tit
io

ns
 b

as
ed

 o
n 

th
e 

da
ta

 ty
pe

. I
f 

th
er

e 
is

 o
nl

y 
on

e 
da

ta
 ty

pe
in

 th
e 

m
at

ri
x,

 th
en

 a
ll 

ch
ar

ac
te

rs
 w

ill
 b

e 
in

 a
 s

in
gl

e 
pa

rt
iti

on
. T

he
 d

ef
au

lt 
pa

rt
iti

on
in

g
sc

he
m

e 
is

 c
al

le
d 
d
e
f
a
u
l
t

. F
or

 in
fo

rm
at

io
n 

on
 h

ow
 to

 s
et

 u
p 

a 
fi

le
 w

ith
 m

ix
ed

 d
at

a
ty

pe
s,

 s
ee

 th
e 

ex
am

pl
e 

fi
le

 c
yn

m
ix

.n
ex

 a
nd

 th
e 

tu
to

ri
al

 in
 s

ec
tio

n 
3 

of
 th

is
 m

an
ua

l.

Y
ou

 c
an

 e
as

ily
 s

et
 u

p 
pa

rt
iti

on
in

g 
sc

he
m

es
 th

at
 d

iv
id

e 
th

e 
ch

ar
ac

te
rs

 u
p 

fu
rt

he
r 

th
an

 th
e

de
fa

ul
t p

ar
tit

io
n 

do
es

 u
si

ng
 th

e 
p
a
r
t
i
t
i
o
n

 c
om

m
an

d.
 T

he
 m

os
t c

on
ve

ni
en

t w
ay

 o
f

pa
rt

iti
on

in
g 

da
ta

 is
 to

 d
ef

in
e 

ch
ar

ac
te

r 
se

ts
 f

ir
st

 u
si

ng
 th

e 
c
h
a
r
s
e
t

 c
om

m
an

d.
 F

or
in

st
an

ce
, a

ss
um

e 
th

at
 y

ou
 h

av
e 

co
nc

at
en

at
ed

 n
uc

le
ot

id
e 

se
qu

en
ce

s 
fr

om
 th

re
e 

ge
ne

s 
in

yo
ur

 d
at

a 
se

t o
f 

le
ng

th
 1

96
2,

 1
05

0,
 a

nd
 2

08
2 

si
te

s,
 r

es
pe

ct
iv

el
y.

 T
he

n 
yo

u 
cr

ea
te

ch
ar

ac
te

r 
se

ts
 f

or
 th

os
e 

th
re

e 
ge

ne
s 

us
in

g

c
h
a
r
s
e
t
 
g
e
n
e
1
 
=
 
1
-
1
9
6
2
;

c
h
a
r
s
e
t
 
g
e
n
e
2
 
=
 
1
9
6
3
-
3
0
1
2
;

c
h
a
r
s
e
t
 
g
e
n
e
3
 
=
 
3
0
1
3
-
.
;

in
 a

 M
rB

ay
es

 b
lo

ck
. N

ot
e 

th
e 

us
e 

of
 th

e 
do

t (
.)

 a
s 

a 
sy

no
ny

m
 o

f 
th

e 
la

st
 s

ite
. Y

ou
 c

an
 a

ls
o

us
e 

th
e 

“b
ac

ks
la

sh
 n

” 
se

qu
en

ce
 to

 in
cl

ud
e 

ev
er

y 
nt

h 
ch

ar
ac

te
r 

in
 th

e 
pr

ec
ed

in
g 

ra
ng

e 
of

ch
ar

ac
te

rs
 (

se
e 

th
e 

de
sc

ri
pt

io
n 

of
 th

e 
si

te
 s

pe
ci

fi
c 

ra
te

 m
od

el
 a

bo
ve

).
 O

nc
e 

th
e 

ch
ar

ac
te

r
se

ts
 a

re
 d

ef
in

ed
, t

he
 p

ar
tit

io
ni

ng
 s

ch
em

e 
ba

se
d 

on
 th

e 
ge

ne
s 

is
 d

ef
in

ed
 w

ith
 th

e
p
a
r
t
i
t
i
o
n

 c
om

m
an

d 
an

d 
se

le
ct

ed
 u

si
ng

 th
e 
s
e
t

 c
om

m
an

d:

p
a
r
t
i
t
i
o
n
 
b
y
_
g
e
n
e
 
=
 
3
:
 
g
e
n
e
1
,
 
g
e
n
e
2
,
 
g
e
n
e
3
;

s
e
t
 
p
a
r
t
i
t
i
o
n
=
b
y
_
g
e
n
e
;

H
er

e,
 b
y
_
g
e
n
e

 is
 th

e 
na

m
e 

w
e 

ch
os

e 
fo

r 
th

e 
pa

rt
iti

on
in

g 
sc

he
m

e.
 T

he
 n

am
e 

is
 f

ol
lo

w
ed

by
 a

n 
eq

ua
l s

ig
n,

 th
e 

nu
m

be
r 

of
 p

ar
tit

io
ns

, a
nd

 th
en

 a
 c

om
m

a-
se

pa
ra

te
d 

lis
t o

f 
ch

ar
ac

te
rs

to
 in

cl
ud

e 
in

 e
ac

h 
pa

rt
iti

on
. N

ot
e 

th
at

 M
rB

ay
es

 r
eq

ui
re

s 
th

e 
pa

rt
iti

on
in

g 
sc

he
m

e 
to

in
cl

ud
e 

al
l c

ha
ra

ct
er

s.
 S

ay
, f

or
 in

st
an

ce
, t

ha
t y

ou
 w

an
te

d 
to

 r
un

 a
n 

an
al

ys
is

 w
ith

 o
nl

y
ge

ne
 1

 a
nd

 g
en

e 
2.

 T
he

n 
de

fi
ne

 a
 tw

o-
pa

rt
iti

on
 s

ch
em

e 
an

d 
ex

cl
ud

e 
th

e 
ch

ar
ac

te
rs

re
pr

es
en

te
d 

by
 g

en
e 

3:

p
a
r
t
i
t
i
o
n
 
g
e
n
e
1
&
2
 
=
 
2
:
 
g
e
n
e
1
,
 
g
e
n
e
2
 
g
e
n
e
3
;

e
x
c
l
u
d
e
 
g
e
n
e
3
;

s
e
t
 
p
a
r
t
i
t
i
o
n
=
g
e
n
e
1
&
2
;

If
 th

e 
on

ly
 p

ur
po

se
 o

f 
th

e 
pa

rt
iti

on
 g
e
n
e
1
&
2

 is
 to

 a
llo

w
 e

xc
lu

si
on

 o
f 

ge
ne

 3
, t

he
n 

ge
ne

 3
ca

n 
of

 c
ou

rs
e 

be
 in

cl
ud

ed
 in

 e
ith

er
 o

f 
th

e 
tw

o 
pa

rt
iti

on
s 

be
fo

re
 b

ei
ng

 e
xc

lu
de

d.

O
nc

e 
th

e 
pa

rt
iti

on
s 

ha
ve

 b
ee

n 
co

rr
ec

tly
 s

et
 u

p,
 M

rB
ay

es
 a

llo
w

s 
yo

u 
to

 s
et

 m
od

el
s 

fo
r

in
di

vi
du

al
 p

ar
tit

io
ns

 u
si

ng
 th

e 
l
s
e
t
 
a
p
p
l
y
t
o

 a
nd

 p
r
s
e
t
 
a
p
p
l
y
t
o

 m
ec

ha
ni

sm
. F

or
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00

5
50

in
st

an
ce

, a
ss

um
e 

th
at

 w
e 

ha
ve

 tw
o 

pa
rt

iti
on

s,
 a

 s
ta

nd
ar

d 
da

ta
 p

ar
tit

io
n 

(p
ar

tit
io

n 
1)

 a
nd

 a
nu

cl
eo

tid
e 

pa
rt

iti
on

 (
pa

rt
iti

on
 2

),
 a

nd
 w

an
t t

o 
ap

pl
y 

a 
G

T
R

 m
od

el
 to

 th
e 

nu
cl

eo
tid

e 
da

ta
,

ga
m

m
a-

sh
ap

ed
 r

at
e 

va
ri

at
io

n 
to

 b
ot

h 
pa

rt
iti

on
s,

 a
nd

 a
llo

w
 th

e 
pa

rt
iti

on
 r

at
es

 to
 b

e
di

ff
er

en
t. 

T
he

n 
w

e 
w

ou
ld

 u
se

 th
e 

co
m

m
an

ds

l
s
e
t
 
a
p
p
l
y
t
o
=
(
2
)
 
n
s
t
=
6
;

l
s
e
t
 
a
p
p
l
y
t
o
=
(
a
l
l
)
 
r
a
t
e
s
=
g
a
m
m
a
;

p
r
s
e
t
 
a
p
p
l
y
t
o
=
(
a
l
l
)
 
r
a
t
e
p
r
=
v
a
r
i
a
b
l
e
;

B
y 

de
fa

ul
t, 

al
l m

od
el

 p
ar

am
et

er
s 

th
at

 a
re

 id
en

tic
al

 a
nd

 h
av

e 
th

e 
sa

m
e 

pr
io

r 
pr

ob
ab

ili
ty

di
st

ri
bu

tio
n 

as
so

ci
at

ed
 w

ith
 th

em
, a

re
 li

nk
ed

 a
cr

os
s 

pa
rt

iti
on

s 
(t

he
y 

ar
e 

as
su

m
ed

 to
 b

e 
on

e
an

d 
th

e 
sa

m
e 

pa
ra

m
et

er
).

 T
o 

un
lin

k 
pa

ra
m

et
er

s,
 u

se
 th

e 
u
n
l
i
n
k

 c
om

m
an

d.
 F

or
 in

st
an

ce
,

as
su

m
e 

th
at

 w
e 

w
an

t t
o 

un
lin

k 
th

e 
sh

ap
e 

pa
ra

m
et

er
 a

cr
os

s 
th

e 
pa

rt
iti

on
s 

di
sc

us
se

d 
ab

ov
e

(a
ft

er
 a

ll,
 w

hy
 s

ho
ul

d 
th

e 
st

an
da

rd
 d

at
a 

an
d 

th
e 

m
ol

ec
ul

ar
 d

at
a 

ha
ve

 th
e 

sa
m

e 
di

st
ri

bu
tio

n
of

 r
at

es
 a

cr
os

s 
si

te
s?

).
 T

hi
s 

w
ou

ld
 b

e 
ac

hi
ev

ed
 u

si
ng

u
n
l
i
n
k
 
s
h
a
p
e
=
(
a
l
l
)
;

If
 y

ou
 u

nl
in

k 
pa

ra
m

et
er

s 
by

 m
is

ta
ke

, t
he

y 
ca

n 
be

 li
nk

ed
 a

ga
in

 u
si

ng
 th

e 
l
i
n
k

 c
om

m
an

d.
A

ll 
of

 th
e 

co
m

m
an

ds
 m

en
tio

ne
d 

ab
ov

e 
an

d 
gi

ve
n 

as
 th

ey
 w

ou
ld

 a
pp

ea
r 

in
 a

 M
rB

ay
es

bl
oc

k 
in

 a
 N

ex
us

 f
ile

 c
an

 o
f 

co
ur

se
 b

e 
en

te
re

d 
fr

om
 th

e 
co

m
m

an
d 

lin
e 

as
 w

el
l (

w
ith

ou
t

th
e 

tr
ai

lin
g 

se
m

ic
ol

on
).

 H
ow

ev
er

, i
t i

s 
of

te
n 

m
or

e 
co

nv
en

ie
nt

 to
 h

av
e 

th
em

 in
 e

ith
er

 y
ou

r
da

ta
 f

ile
 o

r 
in

 a
 s

ep
ar

at
e 

N
ex

us
 f

ile
 th

at
 y

ou
 p

ro
ce

ss
 a

ft
er

 y
ou

 h
av

e 
re

ad
 in

 y
ou

r 
da

ta
.

M
rB

ay
es

 w
ill

 k
ee

p 
th

e 
da

ta
 s

et
 in

 m
em

or
y 

un
til

 y
ou

 r
ea

d 
in

 a
 n

ew
 d

at
a 

bl
oc

k,
 s

o 
yo

u 
ca

n
ha

ve
 y

ou
r 

di
ff

er
en

t M
rB

ay
es

 b
lo

ck
s 

pe
rt

ai
ni

ng
 to

 th
e 

sa
m

e 
da

ta
 f

ile
 d

is
tr

ib
ut

ed
 o

ve
r 

as
m

an
y 

se
pa

ra
te

 N
ex

us
 f

ile
s 

as
 y

ou
 li

ke
.

W
e 

re
co

m
m

en
d 

th
at

, b
ef

or
e 

yo
u 

ru
n 

yo
ur

 a
na

ly
si

s,
 y

ou
 c

he
ck

 th
e 

cu
rr

en
t m

od
el

 s
et

tin
gs

us
in

g 
th

e 
s
h
o
w
m
o
d
e
l

 c
om

m
an

d.
 T

hi
s 

co
m

m
an

d 
w

ill
 li

st
 a

ll 
th

e 
ac

tiv
e 

pa
ra

m
et

er
s 

an
d

ho
w

 th
ey

 a
re

 li
nk

ed
 a

cr
os

s 
pa

rt
iti

on
s,

 a
s 

w
el

l a
s 

th
e 

pr
io

rs
 a

ss
oc

ia
te

d 
w

ith
 e

ac
h

pa
ra

m
et

er
.

Fi
na

lly
, w

e 
w

an
t t

o 
gi

ve
 y

ou
 a

 w
ar

ni
ng

. E
ve

n 
th

ou
gh

 M
rB

ay
es

 a
llo

w
s 

yo
u 

to
 e

as
ily

 s
et

 u
p

ex
tr

em
el

y 
co

m
pl

ex
 a

nd
 p

ar
am

et
er

-r
ic

h 
m

od
el

s,
 a

nd
 th

e 
B

ay
es

ia
n 

M
C

M
C

 a
pp

ro
ac

h 
is

go
od

 a
t h

an
dl

in
g 

su
ch

 m
od

el
s,

 th
in

k 
ca

re
fu

lly
 a

bo
ut

 th
e 

pa
ra

m
et

er
s 

yo
u 

in
tr

od
uc

e 
in

 y
ou

r
m

od
el

. T
he

re
 s

ho
ul

d 
be

 a
t l

ea
st

 s
om

e 
re

as
on

ab
le

 c
ha

nc
e 

of
 e

st
im

at
in

g 
th

e 
pa

ra
m

et
er

s
ba

se
d 

on
 y

ou
r 

da
ta

. F
or

 in
st

an
ce

, a
 c

om
m

on
 m

is
ta

ke
 is

 to
 u

se
 a

 s
ep

ar
at

e 
G

T
R

 m
od

el
 f

or
 a

pa
rt

iti
on

 w
ith

 s
o 

fe
w

 s
ub

st
itu

tio
ns

 th
at

 th
er

e 
is

 n
ot

 a
 s

in
gl

e 
ob

se
rv

at
io

n 
fo

r 
se

ve
ra

l r
at

e
ca

te
go

ri
es

. M
ak

in
g 

su
re

 th
er

e 
ar

e 
at

 le
as

t s
om

e 
ob

se
rv

at
io

ns
 a

llo
w

in
g 

yo
u 

to
 e

st
im

at
e

ea
ch

 p
ar

am
et

er
 is

 g
oo

d 
pr

ac
tic

e.
 O

ve
r-

pa
ra

m
et

er
iz

ed
 m

od
el

s 
of

te
n 

re
su

lt 
in

 p
ro

bl
em

s
w

ith
 c

on
ve

rg
en

ce
 in

 a
dd

iti
on

 to
 th

e 
ex

ce
ss

iv
e 

va
ri

an
ce

 s
ee

n 
in

 th
e 

pa
ra

m
et

er
 e

st
im

at
es

.

4.
10

. A
n

ce
st

ra
l S

ta
te

 R
ec

o
n

st
ru

ct
io

n

M
rB

ay
es

 a
llo

w
s 

yo
u 

to
 in

fe
r 

an
ce

st
ra

l s
ta

te
s 

at
 a

nc
es

tr
al

 n
od

es
 u

si
ng

 th
e 

fu
ll 

hi
er

ar
ch

ic
al

B
ay

es
ia

n 
ap

pr
oa

ch
 (

in
te

gr
at

in
g 

ou
t u

nc
er

ta
in

ty
 c

on
ce

rn
in

g 
to

po
lo

gy
 a

nd
 o

th
er

 m
od

el
pa

ra
m

et
er

s)
. T

he
 b

as
ic

 a
pp

ro
ac

h 
is

 d
es

cr
ib

ed
 b

y 
H

ue
ls

en
be

ck
 a

nd
 B

ol
lb

ac
k 

(2
00

1)
 a

s
w

el
l a

s 
in

 a
 r

ec
en

t r
ev

ie
w

 (
R

on
qu

is
t, 

20
04

).
 Y

ou
 f

ir
st

 n
ee

d 
to

 c
on

st
ra

in
 th

e 
no

de
 y

ou
 w

an
t
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51

to
 in

fe
r 

an
ce

st
ra

l s
ta

te
s 

fo
r 

us
in

g 
a 
c
o
n
s
t
r
a
i
n
t

 d
ef

in
iti

on
 a

nd
 th

e
t
o
p
o
l
o
g
y
p
r
=
c
o
n
s
t
r
a
i
n
t
s
(
.
.
.
)

 c
om

m
an

d 
as

 d
es

cr
ib

ed
 a

bo
ve

 f
or

 c
on

st
ra

in
ed

to
po

lo
gy

 m
od

el
s.

 T
he

n 
an

ce
st

ra
l s

ta
te

 r
ec

on
st

ru
ct

io
n 

is
 r

eq
ue

st
ed

 u
si

ng
 r
ep
or
t

an
cs
ta

te
s=
ye
s.

T
he

 p
ro

ba
bi

lit
y 

of
 e

ac
h 

st
at

e 
w

ill
 b

e 
pr

in
te

d 
to

 th
e 
.
p

 f
ile

(s
) 

un
de

r 
th

e 
he

ad
in

g
p
(
<
s
t
a
t
e
_
c
o
d
e
>
)
{
c
h
a
r
a
c
t
e
r
_
n
u
m
b
e
r
}

. F
or

 in
st

an
ce

, t
he

 p
ro

ba
bi

lit
y 

of
 a

n 
A

 a
t

si
te

 2
15

 in
 a

 n
uc

le
ot

id
e 

da
ta

 s
et

 w
ou

ld
 b

e 
fo

un
d 

un
de

r 
th

e 
he

ad
in

g 
p
(
A
)
{
2
1
5
}

. I
f 

yo
u

co
ns

tr
ai

n 
se

ve
ra

l n
od

es
 in

 y
ou

r 
da

ta
 s

et
, t

he
 n

od
e 

nu
m

be
r 

w
ill

 b
e 

gi
ve

n 
as

 w
el

l. 
If

 y
ou

ha
d 

co
ns

tr
ai

ne
d 

tw
o 

no
de

s,
 th

e 
pr

ob
ab

ili
tie

s 
of

 th
e 

ab
ov

e 
ch

ar
ac

te
r 

w
ou

ld
 b

e
di

st
in

gu
is

he
d 

as
 p
(
A
)
{
2
1
5
@
1
}

 a
nd

 p
(
A
)
{
2
1
5
@
2
}

. H
ow

ev
er

, i
f 

yo
u 

ar
e 

in
te

re
st

ed
 in

in
fe

rr
in

g 
an

ce
st

ra
l s

ta
te

s 
at

 tw
o 

or
 m

or
e 

di
ff

er
en

t n
od

es
, w

e 
re

co
m

m
en

d 
ru

nn
in

g 
se

pa
ra

te
an

al
ys

es
, e

ac
h 

co
ns

tr
ai

ni
ng

 a
 s

in
gl

e 
no

de
. T

he
 r

ea
so

n 
is

 th
at

 w
he

n 
yo

u 
fo

cu
s 

on
 o

ne
 n

od
e,

yo
u 

pr
ob

ab
ly

 w
an

t t
o 

in
te

gr
at

e 
ov

er
 u

nc
er

ta
in

ty
 in

 th
e 

re
st

 o
f 

th
e 

tr
ee

, i
nc

lu
di

ng
 th

e
po

te
nt

ia
l u

nc
er

ta
in

ty
 c

on
ce

rn
in

g 
th

e 
pr

es
en

ce
 o

f 
th

e 
ot

he
r 

no
de

(s
).

O
ft

en
, t

he
re

 is
 in

te
re

st
 in

 m
ap

pi
ng

 o
nl

y 
on

e 
or

 a
 f

ew
 c

ha
ra

ct
er

s 
on

to
 tr

ee
s 

in
fe

rr
ed

 u
si

ng
la

rg
el

y 
ot

he
r 

ty
pe

s 
of

 d
at

a.
 F

or
 in

st
an

ce
, a

 b
eh

av
io

ra
l o

r 
ec

ol
og

ic
al

 tr
ai

t m
ay

 b
e 

m
ap

pe
d

on
to

 tr
ee

s 
ba

se
d 

on
 m

ol
ec

ul
ar

 d
at

a.
 T

o 
do

 th
is

 ty
pe

 o
f 

an
al

ys
is

 in
 M

rB
ay

es
, y

ou
 w

ou
ld

 s
et

up
 a

 m
ix

ed
 d

at
a 

se
t i

nc
lu

di
ng

 b
ot

h 
th

e 
ch

ar
ac

te
r 

to
 b

e 
m

ap
pe

d 
an

d 
th

e 
da

ta
 u

se
d 

to
 in

fe
r

th
e 

ph
yl

og
en

y,
 w

ith
 th

e 
ch

ar
ac

te
r 

to
 b

e 
m

ap
pe

d 
in

 a
 s

ep
ar

at
e 

da
ta

 p
ar

tit
io

n.
 H

ow
 to

 d
o

th
is

 is
 e

xp
la

in
ed

 in
 th

e 
tu

to
ri

al
 g

iv
en

 in
 s

ec
tio

n 
3 

of
 th

is
 m

an
ua

l a
s 

w
el

l a
s 

in
 th

e
de

sc
ri

pt
io

n 
of

 p
ar

tit
io

ne
d 

m
od

el
s 

ab
ov

e.
 T

yp
ic

al
ly

, y
ou

 a
ls

o 
w

an
t t

o 
as

su
m

e 
th

at
 th

e
ev

ol
ut

io
na

ry
 r

at
e 

fo
r 

th
e 

m
ap

pe
d 

ch
ar

ac
te

r 
is

 p
ro

po
rt

io
na

l t
o 

th
at

 o
f 

th
e 

ot
he

r 
da

ta
 (

ra
th

er
th

an
 id

en
tic

al
).

 T
hi

s 
is

 a
ch

ie
ve

d 
by

 s
et

tin
g 

up
 a

 p
ar

tit
io

ne
d 

ra
te

 m
od

el
 u

si
ng

 p
rs
et

ra
te
pr

=v
ar
ia
bl

e.
 T

he
n 

yo
u 

ne
ed

 to
 s

et
 u

p 
a 

co
ns

tr
ai

nt
 f

or
 th

e 
no

de
 o

f 
in

te
re

st
, a

s
de

sc
ri

be
d 

ab
ov

e.
 F

in
al

ly
, y

ou
 r

eq
ue

st
 th

at
 a

nc
es

tr
al

 s
ta

te
s 

ar
e 

in
fe

rr
ed

 f
or

 th
e 

pa
rt

iti
on

w
ith

 th
e 

m
ap

pe
d 

ch
ar

ac
te

r 
(t

he
re

 is
 n

o 
ne

ed
 to

 w
ad

e 
th

ro
ug

h 
an

ce
st

ra
l s

ta
te

 p
ro

ba
bi

lit
ie

s
fo

r 
th

e 
ot

he
r 

pa
rt

iti
on

(s
))

. F
or

 in
st

an
ce

, i
f 

th
e 

ch
ar

ac
te

r 
to

 b
e 

m
ap

pe
d 

is
 in

 p
ar

tit
io

n 
2,

re
qu

es
t a

nc
es

tr
al

 s
ta

te
 s

am
pl

in
g 

us
in

g 
p
r
s
e
t
 
a
p
p
l
y
t
o
=
(
2
)
 
a
n
c
s
t
a
t
e
s
=
y
e
s

.
N

ow
 o

nl
y 

th
e 

an
ce

st
ra

l s
ta

te
s 

fo
r 

th
e 

ch
ar

ac
te

r 
of

 in
te

re
st

 w
ill

 b
e 

pr
in

te
d 

to
 th

e 
.
p

 f
ile

(s
).

T
he

 s
am

pl
ed

 v
al

ue
s 

ca
n 

be
 s

um
m

ar
iz

ed
 a

s 
us

ua
l w

ith
 th

e 
s
u
m
p

 c
om

m
an

d.

5.
 F

re
q

u
en

tl
y 

A
sk

ed
 Q

u
es

ti
o

n
s

H
ow

 d
o 

I 
ci

te
 th

e 
pr

og
ra

m
?

If
 y

ou
 w

an
t t

o 
ci

te
 th

e 
pr

og
ra

m
, w

e 
su

gg
es

t y
ou

 u
se

 th
e 

tw
o 

pa
pe

rs
 p

ub
lis

he
d 

in
B

io
in

fo
rm

at
ic

s 
(H

ue
ls

en
be

ck
 a

nd
 R

on
qu

is
t, 

20
03

; R
on

qu
is

t a
nd

 H
ue

ls
en

be
ck

, 2
00

5)
. I

f
yo

u 
ar

e 
us

in
g 

th
e 

M
PI

 v
er

si
on

 o
f 

th
e 

pr
og

ra
m

, y
ou

 m
ay

 a
ls

o 
w

an
t t

o 
ci

te
 A

lte
ka

r 
et

 a
l.

(2
00

4)
.

H
ow

 d
o 

I 
ru

n 
M

rB
ay

es
 in

 b
at

ch
 m

od
e?

W
he

n 
yo

u 
be

co
m

e 
m

or
e 

fa
m

ili
ar

 w
ith

 M
rB

ay
es

, y
ou

 w
ill

 u
nd

ou
bt

ed
ly

 w
an

t t
o 

ru
n 

it 
in

ba
tc

h 
m

od
e 

in
st

ea
d 

of
 ty

pi
ng

 a
ll 

co
m

m
an

ds
 a

t t
he

 p
ro

m
pt

. T
hi

s 
is

 d
on

e 
by

 a
dd

in
g 

a
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M
R

B
A

Y
E

S 
bl

oc
k 

to
 a

 N
ex

us
 f

ile
, e

ith
er

 th
e 

sa
m

e 
fi

le
 c

on
ta

in
in

g 
th

e 
D

A
T

A
 b

lo
ck

 o
r 

a
se

pa
ra

te
 N

ex
us

 f
ile

. T
he

 M
R

B
A

Y
E

S 
bl

oc
k 

si
m

pl
y 

co
nt

ai
ns

 th
e 

co
m

m
an

ds
 a

s 
yo

u 
w

ou
ld

ha
ve

 g
iv

en
 th

em
 f

ro
m

 th
e 

co
m

m
an

d 
lin

e,
 w

ith
 th

e 
di

ff
er

en
ce

 th
at

 e
ac

h 
co

m
m

an
d 

lin
e 

is
en

de
d 

w
ith

 a
 s

em
i-

co
lo

n.
 F

or
 in

st
an

ce
, a

 M
R

B
A

Y
E

S 
bl

oc
k 

th
at

 p
er

fo
rm

s 
th

re
e 

si
ng

le
-r

un
an

al
ys

es
 o

f 
th

e 
da

ta
 s

et
 p

ri
m

at
es

.n
ex

 u
nd

er
 th

e 
G

T
R

 +
 _

 m
od

el
 a

nd
 s

to
re

s 
ea

ch
 r

es
ul

t i
n 

a
se

pa
ra

te
 f

ile
 is

 g
iv

en
 b

el
ow

:

b
e
g
i
n
 
m
r
b
a
y
e
s
;

 
 
 
s
e
t
 
a
u
t
o
c
l
o
s
e
=
y
e
s
 
n
o
w
a
r
n
=
y
e
s
;

 
 
 
e
x
e
c
u
t
e
 
p
r
i
m
a
t
e
s
.
n
e
x
;

 
 
 
l
s
e
t
 
n
s
t
=
6
 
r
a
t
e
s
=
g
a
m
m
a
;

 
 
 
m
c
m
c
 
n
r
u
n
s
=
1
 
n
g
e
n
=
1
0
0
0
0
 
s
a
m
p
l
e
f
r
e
q
=
1
0
 
f
i
l
e
=
p
r
i
m
a
t
e
s
.
n
e
x
1
;

 
 
 
m
c
m
c
 
f
i
l
e
=
p
r
i
m
a
t
e
s
.
n
e
x
2
;

 
 
 
m
c
m
c
 
f
i
l
e
=
p
r
i
m
a
t
e
s
.
n
e
x
3
;

e
n
d
;

Si
nc

e 
th

is
 f

ile
 c

on
ta

in
s 

th
e 

“e
xe

cu
te

” 
co

m
m

an
d,

 it
 m

us
t b

e 
in

 a
 f

ile
 s

ep
ar

at
e 

fr
om

 th
e

p
r
i
m
a
t
e
s
.
n
e
x

 f
ile

. Y
ou

 s
ta

rt
 th

e 
an

al
ys

is
 s

im
pl

y 
by

 ty
pi

ng
 e
xe
cu
te

<f
il
en

am
e>

, w
he

re
 f

ile
na

m
e 

is
 th

e 
na

m
e 

of
 th

e 
fi

le
 c

on
ta

in
in

g 
th

e 
M

R
B

A
Y

E
S 

bl
oc

k.
T

he
 s
e
t

 c
om

m
an

d 
is

 n
ee

de
d 

to
 c

ha
ng

e 
th

e 
be

ha
vi

or
 o

f 
M

rB
ay

es
 s

uc
h 

th
at

 it
 is

ap
pr

op
ri

at
e 

fo
r 

ba
tc

h 
m

od
e.

 W
he

n 
a
u
t
o
c
l
o
s
e
 
=
 
y
e
s

, M
rB

ay
es

 w
ill

 f
in

is
h 

th
e

M
C

M
C

 a
na

ly
si

s 
w

ith
ou

t a
sk

in
g 

yo
u 

w
he

th
er

 y
ou

 w
an

t t
o 

ad
d 

m
or

e 
ge

ne
ra

tio
ns

. W
he

n
n
o
w
a
r
n
 
=
 
y
e
s

, M
rB

ay
es

 w
ill

 o
ve

rw
ri

te
 e

xi
st

in
g 

fi
le

s 
w

ith
ou

t w
ar

ni
ng

 y
ou

, s
o 

m
ak

e
su

re
 th

at
 y

ou
r 

ba
tc

h 
fi

le
 d

oe
s 

no
t i

na
dv

er
te

nt
ly

 c
au

se
 th

e 
de

le
tio

n 
of

 p
re

vi
ou

s 
re

su
lt 

fi
le

s
th

at
 s

ho
ul

d 
be

 s
av

ed
 f

or
 f

ut
ur

e 
re

fe
re

nc
e.

T
he

 U
N

IX
 v

er
si

on
 o

f 
M

rB
ay

es
 c

an
 e

xe
cu

te
 b

at
ch

 f
ile

s 
in

 th
e 

ba
ck

gr
ou

nd
 f

ro
m

 th
e

co
m

m
an

d 
pr

om
pt

. J
us

t t
yp

e 
mb
 <

fi
le

> 
> 
lo
g.
tx

t 
& 

at
 th

e 
U

N
IX

 p
ro

m
pt

, w
he

re
<
f
i
l
e
>

 is
 th

e 
na

m
e 

of
 y

ou
r 

N
ex

us
 b

at
ch

 f
ile

, t
o 

ha
ve

 M
rB

ay
es

 r
un

 in
 th

e 
ba

ck
gr

ou
nd

,
lo

gg
in

g 
its

 o
ut

pu
t t

o 
th

e 
fi

le
 l
o
g
.
t
x
t

. I
f 

yo
u 

w
an

t M
rB

ay
es

 to
 p

ro
ce

ss
 m

or
e 

th
an

 o
ne

fi
le

, j
us

t l
is

t t
he

 f
ile

s 
on

e 
af

te
r 

th
e 

ot
he

r 
w

ith
 s

pa
ce

 b
et

w
ee

n 
th

em
, b

ef
or

e 
th

e 
ou

tp
ut

re
di

re
ct

io
n 

si
gn

 (
>

).
 W

he
n 

M
rB

ay
es

 is
 r

un
 in

 th
is

 w
ay

, i
t w

ill
 q

ui
t a

ut
om

at
ic

al
ly

 w
he

n 
it

ha
s 

pr
oc

es
se

d 
al

l f
ile

s;
 it

 w
ill

 a
ls

o 
te

rm
in

at
e 

w
ith

 a
n 

er
ro

r 
si

gn
al

 if
 it

 e
nc

ou
nt

er
s 

an
 e

rr
or

.

A
lte

rn
at

iv
el

y,
 th

e 
U

N
IX

 v
er

si
on

 o
f 

M
rB

ay
es

 c
an

 a
ls

o 
be

 r
un

 in
 b

at
ch

 m
od

e 
us

in
g 

in
pu

t
re

di
re

ct
io

n.
 F

or
 th

at
 y

ou
 n

ee
d 

a 
te

xt
 f

ile
 c

on
ta

in
in

g 
th

e 
co

m
m

an
ds

 e
xa

ct
ly

 a
s 

yo
u 

w
ou

ld
ha

ve
 ty

pe
d 

th
em

 f
ro

m
 th

e 
co

m
m

an
d 

lin
e.

 F
or

 in
st

an
ce

, a
ss

um
e 

th
at

 y
ou

r 
da

ta
 s

et
 is

 in
p
r
i
m
a
t
e
s
.
n
e
x

 a
nd

 th
at

 y
ou

 w
an

t t
o 

pe
rf

or
m

 th
e 

sa
m

e 
an

al
ys

es
 s

pe
ci

fi
ed

 a
bo

ve
. T

he
n

ty
pe

 m
b 

< 
ba

tc
h.
tx
t 

> 
lo
g.

tx
t 
& 

w
ith

 th
e 
b
a
t
c
h
.
t
x
t

 f
ile

 c
on

ta
in

in
g 

th
is

te
xt

:

s
e
t
 
a
u
t
o
c
l
o
s
e
=
y
e
s
 
n
o
w
a
r
n
=
y
e
s

e
x
e
c
u
t
e
 
p
r
i
m
a
t
e
s
.
n
e
x

l
s
e
t
 
n
s
t
=
6
 
r
a
t
e
s
=
g
a
m
m
a

m
c
m
c
 
n
g
e
n
=
1
0
0
0
0
 
s
a
v
e
b
r
l
e
n
s
=
y
e
s
 
f
i
l
e
=
p
r
i
m
a
t
e
s
.
n
e
x
1

m
c
m
c
 
f
i
l
e
=
p
r
i
m
a
t
e
s
.
n
e
x
2

m
c
m
c
 
f
i
l
e
=
p
r
i
m
a
t
e
s
.
n
e
x
3

q
u
i
t
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T
he

 q
u
i
t

 c
om

m
an

d 
fo

rc
es

 M
rB

ay
es

 to
 te

rm
in

at
e.

 W
ith

 p
re

vi
ou

s 
ve

rs
io

ns
 o

f 
M

rB
ay

es
w

e 
ha

ve
 h

ad
 p

ro
bl

em
s 

w
ith

 in
fi

ni
te

 lo
op

s 
w

he
n 

th
e 

qu
it 

co
m

m
an

d 
is

 n
ot

 in
cl

ud
ed

 a
t t

he
en

d 
of

 th
e 

fi
le

. T
hi

s 
pr

ob
le

m
 s

ho
ul

d 
ha

ve
 b

ee
n 

so
lv

ed
 in

 v
er

si
on

 3
.1

.

H
ow

 a
re

 g
ap

s 
an

d 
m

is
si

ng
 c

ha
ra

ct
er

s 
tr

ea
te

d?

M
rB

ay
es

 u
se

s 
th

e 
sa

m
e 

m
et

ho
d 

as
 m

os
t m

ax
im

um
 li

ke
lih

oo
d 

pr
og

ra
m

s:
 it

 tr
ea

ts
 g

ap
s 

an
d

m
is

si
ng

 c
ha

ra
ct

er
s 

as
 m

is
si

ng
 d

at
a.

 T
hu

s,
 g

ap
s 

an
d 

m
is

si
ng

 c
ha

ra
ct

er
s 

w
ill

 n
ot

 c
on

tr
ib

ut
e

an
y 

ph
yl

og
en

et
ic

 in
fo

rm
at

io
n.

 T
he

re
 is

 n
o 

w
ay

 in
 w

hi
ch

 y
ou

 c
an

 tr
ea

t g
ap

s 
as

 a
 f

if
th

 s
ta

te
in

 M
rB

ay
es

 (
bu

t s
ee

 b
el

ow
 f

or
 in

fo
rm

at
io

n 
on

 h
ow

 y
ou

 c
an

 u
se

 g
ap

 in
fo

rm
at

io
n 

in
 y

ou
r

an
al

ys
is

).

H
ow

 d
o 

I 
us

e 
ga

p 
in

fo
rm

at
io

n 
in

 m
y 

an
al

ys
is

?

O
ft

en
, i

ns
er

tio
n 

an
d 

de
le

tio
n 

ev
en

ts
 c

on
ta

in
 p

hy
lo

ge
ne

tic
al

ly
 u

se
fu

l i
nf

or
m

at
io

n.
A

lth
ou

gh
 M

rB
ay

es
 3

 is
 n

ot
 a

bl
e 

to
 d

o 
st

at
is

tic
al

 m
ul

tip
le

 s
eq

ue
nc

e 
al

ig
nm

en
t, 

tr
ea

tin
g 

th
e

in
se

rt
io

n-
de

le
tio

n 
pr

oc
es

s 
un

de
r 

a 
re

al
is

tic
 s

to
ch

as
tic

 m
od

el
, t

he
re

 is
 n

ev
er

th
el

es
s 

a 
w

ay
of

 u
si

ng
 s

om
e 

of
 th

e 
in

fo
rm

at
io

n 
in

 th
e 

in
de

l e
ve

nt
s 

in
 y

ou
r 

M
rB

ay
es

 a
na

ly
si

s:
 C

od
e 

th
e

in
de

l e
ve

nt
s 

as
 b

in
ar

y 
ch

ar
ac

te
rs

 (
pr

es
en

ce
/a

bs
en

ce
 o

f 
th

e 
ga

p)
 a

nd
 in

cl
ud

e 
th

em
 a

s 
a

se
pa

ra
te

 b
in

ar
y 

(r
es

tr
ic

tio
n)

 d
at

a 
pa

rt
iti

on
 in

 y
ou

r 
an

al
ys

is
. S

ee
 m

or
e 

in
fo

rm
at

io
n 

on
 th

is
po

ss
ib

ili
ty

 in
 th

e 
se

ct
io

n 
on

 th
e 

bi
na

ry
 m

od
el

 in
 th

is
 m

an
ua

l.

W
ha

t d
o 

I 
do

 w
he

n 
it 

is
 d

if
fi

cu
lt 

to
 g

et
 c

on
ve

rg
en

ce
?

T
he

re
 a

re
 s

ev
er

al
 th

in
gs

 y
ou

 c
an

 d
o 

to
 im

pr
ov

e 
th

e 
ef

fi
ci

en
cy

 o
f 

yo
ur

 a
na

ly
si

s.
 T

he
si

m
pl

es
t i

s 
to

 ju
st

 in
cr

ea
se

 th
e 

le
ng

th
 o

f 
th

e 
ru

n.
 H

ow
ev

er
, t

he
 c

om
pu

ta
tio

na
l c

os
t o

f
do

in
g 

so
 m

ay
 b

e 
pr

oh
ib

iti
ve

. A
 b

et
te

r 
w

ay
 is

 th
en

 to
 tr

y 
im

pr
ov

in
g 

th
e 

m
ix

in
g 

be
ha

vi
or

 o
f

th
e 

ch
ai

n.
 F

ir
st

, e
xa

m
in

e 
th

e 
ac

ce
pt

an
ce

 r
at

es
 o

f 
th

e 
pr

op
os

al
 m

ec
ha

ni
sm

s 
us

ed
 in

 y
ou

r
an

al
ys

is
 (

ou
tp

ut
 a

t t
he

 e
nd

 o
f 

th
e 

ru
n)

. T
he

 M
et

ro
po

lis
 p

ro
po

sa
ls

 u
se

d 
by

 M
rB

ay
es

 w
or

k
be

st
 w

he
n 

th
ei

r 
ac

ce
pt

an
ce

 r
at

e 
is

 n
ei

th
er

 to
o 

lo
w

 n
or

 to
o 

hi
gh

. A
 r

ou
gh

 g
ui

de
 is

 to
 tr

y 
to

ge
t t

he
m

 w
ith

in
 th

e 
ra

ng
e 

of
 1

0 
%

 to
 7

0 
%

. R
at

es
 o

ut
si

de
 th

is
 r

an
ge

 a
re

 n
ot

 n
ec

es
sa

ri
ly

 a
bi

g 
pr

ob
le

m
 b

ut
 th

ey
 ty

pi
ca

lly
 m

ea
n 

th
at

 th
e 

an
al

ys
is

 is
 in

ef
fi

ci
en

t. 
If

 th
e 

ra
te

 is
 to

o 
hi

gh
,

yo
u 

ca
n 

m
ak

e 
th

e 
pr

op
os

al
 b

ol
de

r 
by

 c
ha

ng
in

g 
tu

ni
ng

 p
ar

am
et

er
s 

(s
ee

 A
pp

en
di

x)
 u

si
ng

th
e 
p
r
o
p
s

 c
om

m
an

d.
 B

e 
w

ar
ne

d,
 h

ow
ev

er
, t

ha
t c

ha
ng

in
g 

tu
ni

ng
 p

ar
am

et
er

s 
of

 p
ro

po
sa

ls
an

d 
pr

op
os

al
 p

ro
ba

bi
lit

ie
s 

m
ay

 d
es

tr
oy

 a
ny

 h
op

e 
of

 g
et

tin
g 

co
nv

er
ge

nc
e.

 F
or

 in
st

an
ce

,
yo

u 
ne

ed
 a

t l
ea

st
 o

ne
 m

ov
e 

ch
an

gi
ng

 e
ac

h 
pa

ra
m

et
er

 in
 y

ou
r 

m
od

el
.

T
he

 n
ex

t s
te

p 
is

 to
 e

xa
m

in
e 

th
e 

he
at

in
g 

pa
ra

m
et

er
s 

if
 y

ou
 a

re
 u

si
ng

 M
et

ro
po

lis
-c

ou
pl

ed
M

C
M

C
. I

f 
ac

ce
pt

an
ce

 r
at

es
 f

or
 th

e 
sw

ap
s 

be
tw

ee
n 

ad
ja

ce
nt

 c
ha

in
s 

(t
he

 v
al

ue
s 

cl
os

e 
to

th
e 

di
ag

on
al

 in
 th

e 
sw

ap
 s

ta
tis

tic
s 

m
at

ri
x)

 a
re

 lo
w

, t
he

n 
it 

m
ig

ht
 b

e 
a 

go
od

 id
ea

 to
de

cr
ea

se
 th

e 
te

m
pe

ra
tu

re
 to

 m
ak

e 
th

e 
co

ld
 a

nd
 h

ea
te

d 
ch

ai
ns

 m
or

e 
si

m
ila

r 
to

 e
ac

h 
ot

he
r

so
 th

at
 th

ey
 c

an
 c

ha
ng

e 
st

at
es

 m
or

e 
ea

si
ly

. T
he

 e
ff

ic
ie

nc
y 

of
 th

e 
M

et
ro

po
lis

 c
ou

pl
in

g 
ca

n
al

so
 b

e 
im

pr
ov

ed
 b

y 
in

cr
ea

si
ng

 th
e 

nu
m

be
r 

of
 p

ar
al

le
l c

ha
in

.

A
 g

oo
d 

w
ay

 o
f 

im
pr

ov
in

g 
co

nv
er

ge
nc

e 
is

 to
 s

ta
rt

 th
e 

an
al

ys
is

 f
ro

m
 a

 g
oo

d 
tr

ee
 in

st
ea

d 
of

st
ar

tin
g 

it 
fr

om
 a

 r
an

do
m

ly
 c

ho
se

n 
tr

ee
. F

ir
st

 d
ef

in
e 

a 
go

od
 tr

ee
, w

ith
 o

r 
w

ith
ou

t b
ra

nc
h

le
ng

th
s,

 u
si

ng
 th

e 
co

m
m

an
d 
u
s
e
r
t
r
e
e

. T
he

n 
st

ar
t t

he
 c

ha
in

s 
fr

om
 th

is
 tr

ee
 u

si
ng
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m
c
m
c
p
 
s
t
a
r
t
i
n
g
t
r
e
e
=
u
s
e
r

. A
 d

is
ad

va
nt

ag
e 

w
ith

 s
ta

rt
in

g 
th

e 
an

al
ys

is
 f

ro
m

 a
 g

oo
d

tr
ee

 is
 th

at
 it

 is
 m

or
e 

di
ff

ic
ul

t t
o 

de
te

ct
 p

ro
bl

em
s 

w
ith

 c
on

ve
rg

en
ce

 u
si

ng
 in

de
pe

nd
en

t
ru

ns
. A

 c
om

pr
om

is
e 

is
 to

 s
ta

rt
 e

ac
h 

ch
ai

n 
fr

om
 a

 s
lig

ht
ly

 p
er

tu
rb

ed
 v

er
si

on
 o

f 
a 

go
od

 tr
ee

.
M

rB
ay

es
 c

an
 in

tr
od

uc
e 

ra
nd

om
 p

er
tu

rb
at

io
ns

 o
f 

a 
st

ar
tin

g 
tr

ee
; t

hi
s 

is
 r

eq
ue

st
ed

 u
si

ng
m
c
m
c
p
 
n
p
e
r
t
s
=
<
i
n
t
e
g
e
r
_
v
a
l
u
e
>

.

H
ow

 d
o 

I 
ru

n 
M

rB
ay

es
 in

 p
ar

al
le

l?

Se
e 

se
ct

io
n 

7 
of

 th
is

 m
an

ua
l.

T
he

 li
ke

lih
oo

d 
va

lu
es

 f
ir

st
 in

cr
ea

se
 a

nd
 th

en
 d

ro
p.

 W
ha

t i
s 

th
e 

pr
ob

le
m

?

Se
ve

ra
l u

se
rs

 h
av

e 
ob

se
rv

ed
 th

at
 li

ke
lih

oo
d 

va
lu

es
 c

an
 s

om
et

im
es

 in
cr

ea
se

 in
 th

e 
ea

rl
y

ph
as

e 
of

 a
 r

un
 a

nd
 th

en
 d

ec
re

as
e 

to
 a

 s
ta

bl
e 

va
lu

e;
 o

ne
 u

se
r 

re
fe

rr
ed

 to
 th

e 
ph

en
om

en
on

as
 “

bu
rn

-o
ut

”.
 A

ct
ua

lly
, t

hi
s 

ty
pe

 o
f 

be
ha

vi
or

 c
an

 b
e 

se
en

 w
ith

 c
er

ta
in

 ty
pe

s 
of

 d
at

a 
se

ts
an

d 
m

od
el

s 
an

d 
is

 p
ar

t o
f 

th
e 

no
rm

al
 b

ur
n-

in
. H

ow
ev

er
, i

t d
oe

s 
in

di
ca

te
 a

 p
ro

bl
em

 w
ith

th
e 

m
od

el
. T

yp
ic

al
ly

, t
he

 p
ro

bl
em

 is
 d

ue
 to

 o
ve

r-
pa

ra
m

et
er

iz
at

io
n,

 a
 p

oo
r 

pr
io

r,
 o

r 
a

co
m

bi
na

tio
n 

of
 th

es
e 

fa
ct

or
s.

In
 M

rB
ay

es
, t

he
 s

ta
rt

in
g 

va
lu

e 
fo

r 
m

os
t p

ar
am

et
er

s 
is

 a
n 

ar
bi

tr
ar

ily
 c

ho
se

n 
va

lu
e 

th
at

 is
lik

el
y 

to
 b

e 
cl

os
e 

to
 th

e 
m

ax
im

um
 li

ke
lih

oo
d 

es
tim

at
e 

(M
L

E
) 

of
 th

e 
pa

ra
m

et
er

. T
he

 M
L

E
va

lu
e 

ty
pi

ca
lly

 a
ls

o 
co

rr
es

po
nd

s 
to

 th
e 

m
od

e 
(p

ea
k)

 in
 th

e 
po

st
er

io
r 

pr
ob

ab
ili

ty
di

st
ri

bu
tio

n.
 I

n 
m

os
t c

as
es

, y
ou

 e
xp

ec
t t

he
 b

ul
k 

of
 th

e 
pr

ob
ab

ili
ty

 m
as

s 
in

 th
e 

po
st

er
io

r
pr

ob
ab

ili
ty

 d
is

tr
ib

ut
io

n 
to

 b
e 

in
 th

e 
re

gi
on

 c
lo

se
 to

 th
e 

M
L

E
. H

ow
ev

er
, i

t i
s 

po
ss

ib
le

 th
at

th
er

e 
is

 a
 r

eg
io

n 
in

 p
ar

am
et

er
 s

pa
ce

 w
ith

 o
nl

y 
m

od
er

at
e 

he
ig

ht
 (

lo
w

er
 li

ke
lih

oo
d 

va
lu

es
)

bu
t c

on
si

de
ra

bl
y 

la
rg

er
 p

ro
ba

bi
lit

y 
m

as
s 

th
an

 th
e 

M
L

E
 r

eg
io

n.
 I

t i
s 

lik
e 

co
m

pa
ri

ng
 th

e
m

as
s 

of
 a

 to
w

er
 to

 th
e 

m
as

s 
of

 a
 h

ug
e 

of
fi

ce
 c

om
pl

ex
. E

ve
n 

if
 th

e 
to

w
er

 is
 c

on
si

de
ra

bl
y

hi
gh

er
, i

ts
 m

as
s 

is
 g

oi
ng

 to
 b

e 
on

ly
 a

 f
ra

ct
io

n 
of

 th
e 

m
as

s 
of

 th
e 

of
fi

ce
 c

om
pl

ex
.

A
 ty

pi
ca

l s
itu

at
io

n 
in

 w
hi

ch
 th

is
 c

an
 o

cc
ur

 is
 if

 y
ou

: (
1)

 u
se

 a
 u

ni
fo

rm
 p

ri
or

 o
n 

br
an

ch
le

ng
th

s,
 w

hi
ch

 p
ut

s 
co

ns
id

er
ab

le
 p

ri
or

 p
ro

ba
bi

lit
y 

on
 lo

ng
 b

ra
nc

he
s;

 (
2)

 h
av

e 
da

ta
 th

at
 a

re
re

la
tiv

el
y 

un
in

fo
rm

at
iv

e 
ab

ou
t b

ra
nc

h 
le

ng
th

s;
 a

nd
 (

3)
 h

av
e 

a 
m

od
el

, s
uc

h 
as

 th
e 

ga
m

m
a

m
od

el
, w

ith
 a

 lo
w

 b
ut

 n
ot

 in
si

gn
if

ic
an

t p
ro

ba
bi

lit
y 

as
so

ci
at

ed
 w

ith
 lo

ng
 b

ra
nc

he
s 

fo
r

w
ea

k 
da

ta
. I

n 
su

ch
 c

as
es

, t
he

 M
L

E
 r

eg
io

n 
at

 s
ho

rt
 b

ra
nc

h 
le

ng
th

s 
ca

n 
ha

ve
 c

on
si

de
ra

bl
y

sm
al

le
r 

pr
ob

ab
ili

ty
 m

as
s 

th
an

 th
e 

le
ss

 li
ke

ly
 b

ut
 m

uc
h 

la
rg

er
 r

eg
io

n 
at

 lo
ng

er
 b

ra
nc

h
le

ng
th

s.

U
nl

es
s 

yo
u 

fe
ed

 M
rB

ay
es

 w
ith

 y
ou

r 
ow

n 
st

ar
tin

g 
tr

ee
, t

he
 r

un
 w

ill
 s

ta
rt

 w
ith

 a
ll 

br
an

ch
le

ng
th

s 
se

t t
o 

0.
1.

 T
hi

s 
is

 c
lo

se
 to

 th
e 

M
L

E
 r

eg
io

n,
 a

nd
 in

 th
e 

ea
rl

y 
ph

as
e 

of
 th

e 
ru

n 
yo

u
w

ill
 s

ee
 th

e 
lik

el
ih

oo
d 

va
lu

es
 c

lim
b 

as
 th

e 
to

po
lo

gy
 is

 im
pr

ov
ed

 b
y 

br
an

ch
re

ar
ra

ng
em

en
ts

 w
hi

le
 th

e 
br

an
ch

 le
ng

th
s 

re
m

ai
n 

sm
al

l. 
E

ve
nt

ua
lly

, h
ow

ev
er

, t
he

 lo
ng

br
an

ch
 le

ng
th

 r
eg

io
n 

w
ill

 a
ttr

ac
t t

he
 c

ha
in

 th
ro

ug
h 

its
 h

ig
h 

pr
ob

ab
ili

ty
 m

as
s 

an
d 

yo
u 

w
ill

se
e 

th
e 

br
an

ch
 le

ng
th

s 
in

cr
ea

se
 a

nd
 th

e 
lik

el
ih

oo
d 

va
lu

es
 d

ec
re

as
e 

to
 a

 s
ta

bl
e 

re
gi

on
.

T
he

re
 a

re
 b

as
ic

al
ly

 tw
o 

w
ay

s 
of

 f
ix

in
g 

th
e 

“b
ur

n-
ou

t”
 p

ro
bl

em
. O

ne
 is

 to
 c

ha
ng

e 
yo

ur
pr

io
rs

 s
o 

th
at

 th
ey

 p
ut

 m
or

e 
pr

ob
ab

ili
ty

 in
 th

e 
M

L
E

 r
eg

io
n.

 A
n 

ob
vi

ou
s 

st
ep

 is
 to

 c
ha

ng
e

a 
un

if
or

m
 p

ri
or

 o
n 

br
an

ch
 le

ng
th

s 
to

 a
n 

ex
po

ne
nt

ia
l p

ri
or

; a
s 

ex
pl

ai
ne

d 
ab

ov
e 

in
 th

e
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se
ct

io
n 

on
 b

ra
nc

h 
le

ng
th

 p
ri

or
s,

 a
n 

ex
po

ne
nt

ia
l p

ri
or

 is
 m

or
e 

un
in

fo
rm

at
iv

e 
th

an
 th

e
un

if
or

m
 p

ri
or

 a
ny

w
ay

. T
he

 o
th

er
 p

os
si

bi
lit

y 
is

 to
 s

im
pl

if
y 

yo
ur

 m
od

el
. F

or
 in

st
an

ce
,

as
su

m
e 

eq
ua

l r
at

es
 o

ve
r 

si
te

s 
in

st
ea

d 
of

 a
 g

am
m

a 
m

od
el

, o
r 

ch
oo

se
 a

 s
ub

st
itu

tio
n 

m
od

el
w

ith
 f

ew
er

 f
re

e 
pa

ra
m

et
er

s.

H
ow

 c
an

 I
 te

st
 m

od
el

s 
us

in
g 

B
ay

es
 f

ac
to

rs
?

T
he

 B
ay

es
ia

n 
ap

pr
oa

ch
 p

ro
vi

de
s 

a 
co

nv
en

ie
nt

 w
ay

 o
f 

co
m

pa
ri

ng
 m

od
el

s 
th

ro
ug

h 
th

e
ca

lc
ul

at
io

n 
of

 B
ay

es
 f

ac
to

rs
, w

hi
ch

 c
an

 b
e 

in
te

rp
re

te
d 

as
 in

di
ca

to
rs

 o
f 

th
e 

st
re

ng
th

 o
f 

th
e

ev
id

en
ce

 in
 f

av
or

 o
f 

th
e 

be
st

 o
f 

tw
o 

m
od

el
s.

 T
he

 B
ay

es
 f

ac
to

r 
va

lu
es

 a
re

 ty
pi

ca
lly

in
te

rp
re

te
d 

ac
co

rd
in

g 
to

 r
ec

om
m

en
da

tio
ns

 d
ev

el
op

ed
 b

y 
K

as
s 

an
d 

R
af

te
ry

 (
19

95
).

U
nl

ik
e 

a 
hi

er
ar

ch
ic

al
 li

ke
lih

oo
d 

ra
tio

 te
st

, t
he

 m
od

el
s 

co
m

pa
re

d 
w

ith
 B

ay
es

 f
ac

to
rs

 n
ee

d
no

t b
e 

hi
er

ar
ch

ic
al

ly
 n

es
te

d.
 A

 B
ay

es
 f

ac
to

r 
is

 c
al

cu
la

te
d 

si
m

pl
y 

as
 th

e 
ra

tio
 o

f 
th

e
m

ar
gi

na
l l

ik
el

ih
oo

ds
 o

f 
th

e 
tw

o 
m

od
el

s 
be

in
g 

co
m

pa
re

d.
 T

he
 lo

ga
ri

th
m

 o
f 

th
e 

B
ay

es
fa

ct
or

 is
 th

e 
di

ff
er

en
ce

 in
 th

e 
lo

ga
ri

th
m

s 
of

 th
e 

m
ar

gi
na

l m
od

el
 li

ke
lih

oo
ds

.

T
he

 m
ar

gi
na

l l
ik

el
ih

oo
d 

of
 a

 m
od

el
 is

 d
if

fi
cu

lt 
to

 e
st

im
at

e 
ac

cu
ra

te
ly

 b
ut

 a
 r

ou
gh

 e
st

im
at

e
m

ay
 b

e 
ob

ta
in

ed
 e

as
ily

 a
s 

th
e 

ha
rm

on
ic

 m
ea

n 
of

 th
e 

lik
el

ih
oo

d 
va

lu
es

 o
f 

th
e 

M
C

M
C

sa
m

pl
es

 (
N

ew
to

n 
an

d 
R

af
te

ry
, 1

99
4)

. M
rB

ay
es

 c
al

cu
la

te
s 

th
is

 e
st

im
at

or
 w

he
n 

yo
u

su
m

m
ar

iz
e 

yo
ur

 s
am

pl
es

 w
ith

 th
e 

co
m

m
an

d 
s
u
m
p

. I
n 

th
e 

ou
tp

ut
 f

ro
m

 th
e 

su
m

p
co

m
m

an
d,

 y
ou

 w
ill

 f
in

d 
th

e 
fo

llo
w

in
g 

ta
bl

e 
(i

t m
ig

ht
 lo

ok
 a

 li
ttl

e 
di

ff
er

en
t d

ep
en

di
ng

 o
n

ho
w

 m
an

y 
si

m
ul

ta
ne

ou
s 

ru
ns

 y
ou

 h
av

e 
pe

rf
or

m
ed

; t
hi

s 
ta

bl
e 

is
 f

or
 tw

o 
ru

ns
):

 
 
 
E
s
t
i
m
a
t
e
d
 
m
a
r
g
i
n
a
l
 
l
i
k
e
l
i
h
o
o
d
s
 
f
o
r
 
r
u
n
s
 
s
a
m
p
l
e
d
 
i
n
 
f
i
l
e
s

 
 
 
 
 
 
"
r
e
p
l
i
c
a
s
e
.
n
e
x
.
r
u
n
1
.
p
"
,
 
"
r
e
p
l
i
c
a
s
e
.
n
e
x
.
r
u
n
2
.
p
"
,
 
e
t
c
:

 
 
 
 
 
 
(
U
s
e
 
t
h
e
 
h
a
r
m
o
n
i
c
 
m
e
a
n
 
f
o
r
 
B
a
y
e
s
 
f
a
c
t
o
r
 
c
o
m
p
a
r
i
s
o
n
s
 
o
f
 
m
o
d
e
l
s
)

 
 
 
R
u
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A
r
i
t
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m
e
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i
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m
e
a
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H
a
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o
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i
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e
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O
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A
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-
-
-
-
-
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Fo
r 

in
st

an
ce

, a
ss

um
e 

w
e 

w
an

t t
o 

co
m

pa
re

 a
 G

T
R

 m
od

el
 w

ith
 a

n 
H

K
Y

 m
od

el
. T

he
n

si
m

pl
y 

ru
n 

tw
o 

se
pa

ra
te

 a
na

ly
se

s,
 o

ne
 u

nd
er

 e
ac

h 
m

od
el

, a
nd

 e
st

im
at

e 
th

e 
lo

ga
ri

th
m

 o
f

th
e 

m
ar

gi
na

l l
ik

el
ih

oo
ds

 f
or

 th
e 

tw
o 

m
od

el
s 

(u
si

ng
 o

nl
y 

sa
m

pl
es

 f
ro

m
 th

e 
st

at
io

na
ry

ph
as

e 
of

 th
e 

ru
ns

).
 T

he
n 

si
m

pl
y 

ta
ke

 th
e 

di
ff

er
en

ce
 b

et
w

ee
n 

th
e 

lo
ga

ri
th

m
s 

of
 th

e
ha

rm
on

ic
 m

ea
ns

 a
nd

 f
in

d 
th

e 
co

rr
es

po
nd

in
g 

in
te

rp
re

ta
tio

n 
in

 th
e 

ta
bl

e 
of

 K
as

s 
an

d
R

af
te

ry
 (

19
95

; t
o 

us
e 

th
is

 ta
bl

e,
 y

ou
 a

ct
ua

lly
 h

av
e 

to
 c

al
cu

la
te

 tw
ic

e 
th

e 
di

ff
er

en
ce

 in
 th

e
lo

ga
ri

th
m

 o
f 

th
e 

m
od

el
 li

ke
lih

oo
ds

).
 T

he
 s

am
e 

ap
pr

oa
ch

 c
an

 b
e 

us
ed

 to
 c

om
pa

re
 a

ny
 p

ai
r

of
 m

od
el

s 
yo

u 
ar

e 
in

te
re

st
ed

 in
. F

or
 in

st
an

ce
, o

ne
 m

od
el

 m
ig

ht
 h

av
e 

a 
gr

ou
p 

co
ns

tr
ai

ne
d

to
 b

e 
m

on
op

hy
le

tic
 w

hi
le

 th
e 

ot
he

r 
is

 u
nc

on
st

ra
in

ed
, o

r 
on

e 
m

od
el

 c
an

 h
av

e 
ga

m
m

a-
sh

ap
ed

 r
at

e 
va

ri
at

io
n 

w
hi

le
 th

e 
ot

he
r 

as
su

m
es

 e
qu

al
 r

at
es

 a
cr

os
s 

si
te

s.
 A

s 
st

at
ed

 a
bo

ve
,

m
od

el
s 

ne
ed

 n
ot

 b
e 

hi
er

ar
ch

ic
al

ly
 n

es
te

d.
 A

n 
in

te
re

st
in

g 
pr

op
er

ty
 o

f 
th

e 
B

ay
es

 f
ac

to
r

co
m

pa
ri

so
ns

 is
 th

at
 it

 c
an

 f
av

or
 e

ith
er

 th
e 

m
or

e 
co

m
pl

ex
 m

od
el

 o
r 

th
e 

si
m

pl
er

 m
od

el
, s

o
th

ey
 n

ee
d 

no
t b

e 
co

rr
ec

te
d 

fo
r 

th
e 

nu
m

be
r 

of
 p

ar
am

et
er

s 
in

 th
e 

m
od

el
s 

be
in

g 
co

m
pa

re
d.
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A
dd

iti
on

al
 d

is
cu

ss
io

n 
of

 B
ay

es
ia

n 
m

od
el

 te
st

in
g,

 w
ith

 s
ev

er
al

 e
xa

m
pl

es
, i

s 
fo

un
d 

in
N

yl
an

de
r 

et
 a

l. 
(2

00
4)

.

C
an

 I
 d

o 
m

od
el

-j
um

pi
ng

 in
 M

rB
ay

es
?

B
ay

es
ia

n 
M

C
M

C
 m

od
el

 ju
m

pi
ng

 p
ro

vi
de

s 
a 

co
nv

en
ie

nt
 a

lte
rn

at
iv

e 
to

 m
od

el
 s

el
ec

tio
n

pr
io

r 
to

 th
e 

an
al

ys
is

. I
n 

m
od

el
 ju

m
pi

ng
, t

he
 M

C
M

C
 s

am
pl

er
 e

xp
lo

re
s 

di
ff

er
en

t m
od

el
s

an
d 

w
ei

gh
ts

 th
e 

re
su

lts
 a

cc
or

di
ng

 to
 th

e 
po

st
er

io
r 

pr
ob

ab
ili

ty
 o

f 
ea

ch
 m

od
el

.

T
he

 o
nl

y 
m

od
el

 ju
m

pi
ng

 im
pl

em
en

te
d 

in
 M

rB
ay

es
 3

 is
 th

e 
es

tim
at

io
n 

of
 f

ix
ed

-r
at

e
am

in
o-

ac
id

 s
ub

st
itu

tio
n 

m
od

el
s 

(s
ee

 th
e 

se
ct

io
n 

on
 th

os
e 

m
od

el
s 

in
 th

is
 m

an
ua

l)
. G

en
er

al
m

od
el

 ju
m

pi
ng

 a
cr

os
s 

m
od

el
s 

of
 d

if
fe

re
nt

 d
im

en
si

on
al

ity
 w

ill
 b

e 
im

pl
em

en
te

d 
in

 v
er

si
on

4 
of

 M
rB

ay
es

.

M
od

el
T

es
t s

ug
ge

st
s 

a 
m

od
el

 f
or

 m
y 

da
ta

. H
ow

 d
o 

I 
im

pl
em

en
t i

t i
n 

M
rB

ay
es

?

A
 m

od
el

 s
el

ec
tio

n 
pr

oc
ed

ur
e,

 s
uc

h 
as

 th
at

 im
pl

em
en

te
d 

in
 M

od
el

T
es

t a
nd

 M
rM

od
el

T
es

t,
of

te
n 

su
gg

es
ts

 a
 q

ui
te

 s
pe

ci
fi

c 
m

od
el

 f
or

 y
ou

r 
an

al
ys

is
, i

nc
lu

di
ng

 e
st

im
at

es
 o

f 
al

l
pa

ra
m

et
er

s.
 T

hi
s 

su
gg

es
tio

n 
is

 o
ft

en
 b

as
ed

 o
n 

se
ve

ra
l s

im
pl

if
ic

at
io

ns
; f

or
 in

st
an

ce
, y

ou
m

ig
ht

 h
av

e 
fi

xe
d 

th
e 

to
po

lo
gy

 w
he

n 
co

m
pa

ri
ng

 m
od

el
s 

an
d 

yo
u 

m
ig

ht
 h

av
e 

us
ed

 a
 s

m
al

l
se

t o
f 

th
e 

po
ss

ib
le

 m
od

el
s.

 I
n 

th
e 

B
ay

es
ia

n 
ap

pr
oa

ch
, t

he
re

 is
 o

nl
y 

a 
m

od
er

at
e

co
m

pu
ta

tio
na

l p
en

al
ty

 a
ss

oc
ia

te
d 

w
ith

 e
st

im
at

in
g 

pa
ra

m
et

er
s 

ra
th

er
 th

an
 f

ix
in

g 
th

em
 p

ri
or

to
 a

na
ly

si
s.

 T
he

 B
ay

es
ia

n 
ap

pr
oa

ch
 is

 ty
pi

ca
lly

 a
ls

o 
go

od
 a

t h
an

dl
in

g 
m

ul
ti-

pa
ra

m
et

er
m

od
el

s.
 T

he
re

fo
re

, w
e 

re
co

m
m

en
d 

th
at

 y
ou

 ta
ke

 th
e 

ge
ne

ra
l t

yp
e 

of
 m

od
el

 s
ug

ge
st

ed
 b

y
yo

ur
 m

od
el

 s
el

ec
tio

n 
m

et
ho

d 
an

d 
th

en
 e

st
im

at
e 

al
l o

f 
th

e 
pa

ra
m

et
er

s 
in

 th
at

 m
od

el
 in

M
rB

ay
es

. I
f 

th
e 

su
gg

es
te

d 
m

od
el

 is
 n

ot
 im

pl
em

en
te

d 
in

 M
rB

ay
es

, u
se

 th
e 

ne
xt

 m
or

e
co

m
pl

ex
 m

od
el

 a
va

ila
bl

e 
in

 th
e 

pr
og

ra
m

. I
f,

 f
or

 s
om

e 
re

as
on

, y
ou

 f
ee

l t
ha

t y
ou

 r
ea

lly
ne

ed
 to

 f
ix

 m
od

el
 p

ar
am

et
er

s 
in

 M
rB

ay
es

 to
 s

pe
ci

fi
c 

va
lu

es
, y

ou
 c

an
 d

o 
th

at
 u

si
ng

p
r
s
e
t
 
<
p
a
r
a
m
e
t
e
r
_
p
r
i
o
r
_
n
a
m
e
>
 
=
 
f
i
x
e
d
 
(
<
v
a
l
u
e
 
o
r
 
c
o
m
m
a
-

s
e
p
a
r
a
t
e
d
 
v
a
l
u
e
s
>
)

. F
or

 in
st

an
ce

, i
f 

yo
u 

w
an

t t
o 

fi
x 

th
e 

sh
ap

e 
pa

ra
m

et
er

 o
f 

th
e

ga
m

m
a 

m
od

el
 to

 0
.1

2,
 u

se
 p
r
s
e
t
 
s
h
a
p
e
p
r
=
f
i
x
e
d
(
0
.
0
5
)

.

H
ow

 m
an

y 
da

ta
 p

ar
tit

io
ns

 c
an

 I
 h

av
e 

in
 M

rB
ay

es
?

M
rB

ay
es

 3
 a

llo
w

s 
15

0 
pa

rt
iti

on
s.

 I
f 

yo
u 

ne
ed

 m
or

e 
pa

rt
iti

on
s,

 s
im

pl
y 

ch
an

ge
 th

e 
va

ri
ab

le
M
A
X
_
N
U
M
_
D
I
V
S

 in
 th

e 
so

ur
ce

 f
ile

 m
b
.
h

 a
nd

 r
ec

om
pi

le
 th

e 
pr

og
ra

m
.

D
oe

s 
M

rB
ay

es
 r

un
 f

as
te

r 
on

 a
 d

ua
l-

pr
oc

es
so

r 
m

ac
hi

ne
?

N
o.

 T
he

 W
in

do
w

s 
an

d 
M

ac
 v

er
si

on
s 

of
 M

rB
ay

es
 3

.1
 a

re
 n

ot
 m

ul
tit

hr
ea

de
d 

so
 th

ey
 w

ill
no

t t
ak

e 
ad

va
nt

ag
e 

of
 m

or
e 

th
an

 o
ne

 p
ro

ce
ss

or
 o

n 
a 

si
ng

le
 m

ac
hi

ne
. H

ow
ev

er
, y

ou
 s

ho
ul

d
be

 a
bl

e 
to

 r
un

 tw
o 

co
pi

es
 o

f 
M

rB
ay

es
 w

ith
ou

t n
ot

ic
ea

bl
e 

de
cr

ea
se

 in
 p

er
fo

rm
an

ce
 o

n 
a

du
al

-p
ro

ce
ss

or
 m

ac
hi

ne
 (

pr
ov

id
ed

 y
ou

 h
av

e 
en

ou
gh

 R
A

M
 f

or
 b

ot
h 

an
al

ys
es

).

H
ow

 m
uc

h 
m

em
or

y 
is

 r
eq

ui
re
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Y
ou

 c
an

 c
al

cu
la

te
 th

e 
am

ou
nt

 o
f 

m
em

or
y 

ne
ed

ed
 to

 s
to

re
 th

e 
co

nd
iti

on
al

 li
ke

lih
oo

ds
 f

or
an

 a
na

ly
si

s 
ro

ug
hl

y 
as

 2
 *

 (
# 

ta
xa

) 
* 

(#
 s

ta
te

s 
in

 th
e 

Q
 m

at
ri

x)
 *

 (
# 

ga
m

m
a 

ca
te

go
ri

es
) 

* 
4

by
te

s 
(f

or
 th

e 
si

ng
le

-p
re

ci
si

on
 f

lo
at

 v
er

si
on

 o
f 

th
e 

co
de

; d
ou

bl
e 

th
e 

m
em

or
y 

re
qu

ir
em

en
t

fo
r 

th
e 

do
ub

le
-p

re
ci

si
on

 c
od

e)
. T

he
 p

ro
gr

am
 w

ill
 n

ee
d 

sl
ig

ht
ly

 m
or

e 
m

em
or

y 
fo

r 
va

ri
ou

s
bo

ok
-k

ee
pi

ng
 p

ur
po

se
s 

bu
t t

he
 b

ul
k 

of
 th

e 
m

em
or

y 
re

qu
ir

ed
 f

or
 a

n 
an

al
ys

is
 is

 ty
pi

ca
lly

oc
cu

pi
ed

 b
y 

th
e 

co
nd

iti
on

al
 li

ke
lih

oo
ds

.

H
ow

 d
o 

I 
fi

x 
th

e 
tr

ee
 to

po
lo

gy
 d

ur
in

g 
an

 a
na

ly
si

s?

In
 p

ri
nc

ip
le

, o
ne

 c
an

 f
ix

 a
 tr

ee
 to

po
lo

gy
 b

y 
sp

ec
if

yi
ng

 c
on

st
ra

in
ts

 f
or

 a
ll 

of
 th

e 
no

de
s 

in
th

e 
tr

ee
. H

ow
ev

er
, w

e 
do

 n
ot

 r
ec

om
m

en
d 

do
in

g 
th

is
 b

ec
au

se
 it

 is
 c

om
pu

ta
tio

na
lly

 v
er

y
in

ef
fi

ci
en

t. 
A

 b
et

te
r 

w
ay

 is
 to

 s
et

 th
e 

pr
op

os
al

 p
ro

ba
bi

lit
y 

of
 a

ll 
to

po
lo

gy
 m

ov
es

 to
 0

us
in

g 
th

e 
p
r
o
p
s

 c
om

m
an

d.
 T

he
n 

yo
u 

ne
ed

 to
 s

w
itc

h 
on

 o
ne

 p
ro

po
sa

l t
ha

t c
ha

ng
es

br
an

ch
 le

ng
th

s 
bu

t n
ot

 to
po

lo
gy

 b
y 

in
cr

ea
si

ng
 it

s 
pr

op
os

al
 p

ro
ba

bi
lit

y 
fr

om
 0

 to
 s

om
e

re
as

on
ab

le
 p

os
iti

ve
 v

al
ue

 (
lik

e 
5)

. T
he

 “
no

de
 s

lid
er

” 
is

, i
n 

ou
r 

ex
pe

ri
en

ce
, t

he
 b

es
t o

f
th

es
e 

pr
op

os
al

s.

6.
 D

if
fe

re
n

ce
s 

B
et

w
ee

n
 V

er
si

o
n

 2
 a

n
d

 V
er

si
o

n
 3

W
e 

ha
ve

 d
is

co
nt

in
ue

d 
th

e 
de

ve
lo

pm
en

t o
f 

ve
rs

io
n 

2 
of

 M
rB

ay
es

 a
nd

 r
ec

om
m

en
d 

al
l

us
er

s 
to

 s
w

itc
h 

ov
er

 to
 v

er
si

on
 3

. W
ith

 th
e 

re
le

as
e 

of
 v

er
si

on
 3

.1
, v

ir
tu

al
ly

 a
ll 

m
od

el
s

im
pl

em
en

te
d 

in
 v

er
si

on
 2

 a
re

 a
va

ila
bl

e 
in

 v
er

si
on

 3
 (

pl
us

 m
an

y 
m

or
e)

. T
he

 o
nl

y
ex

ce
pt

io
n 

is
 th

e 
tim

e-
ir

re
ve

rs
ib

le
 m

od
el

 o
f 

nu
cl

eo
tid

e 
ev

ol
ut

io
n,

 w
hi

ch
 is

 s
til

l n
ot

im
pl

em
en

te
d 

in
 v

er
si

on
 3

. I
f 

yo
u 

ar
e 

in
te

re
st

ed
 in

 s
ee

in
g 

th
is

 m
od

el
 r

ea
pp

ea
r,

 le
t u

s
kn

ow
.

A
n 

im
po

rt
an

t d
if

fe
re

nc
e 

be
tw

ee
n 

ve
rs

io
ns

 2
 a

nd
 3

 is
 f

ou
nd

 in
 th

e 
w

ay
 m

od
el

s 
ar

e
de

fi
ne

d.
 M

rB
ay

es
 3

 b
y 

de
fa

ul
t e

st
im

at
es

 m
os

t p
ar

am
et

er
s,

 th
er

e 
is

 n
o 

ne
ed

 to
 s

pe
ci

fy
e
s
t
i
m
a
t
e

 f
or

 a
ny

 p
ar

am
et

er
. S

om
e 

th
in

gs
 th

at
 w

er
e 

pr
ev

io
us

ly
 s

et
 u

si
ng

 l
s
e
t

 a
re

 n
ow

se
t u

si
ng

 p
r
s
e
t

. T
hi

s 
is

 tr
ue

 f
or

 th
e 

am
in

o 
ac

id
 m

od
el

 a
nd

 f
or

 th
e 

si
te

 s
pe

ci
fi

c 
ra

te
s 

(s
ee

se
ct

io
n 

4 
of

 th
is

 m
an

ua
l f

or
 m

or
e 

in
fo

rm
at

io
n 

on
 th

e 
si

te
 s

pe
ci

fi
c 

ra
te

 m
od

el
 in

 v
er

si
on

3)
. T

hu
s,

 s
ite

-s
pe

ci
fc

 r
at

es
, f

or
 in

st
an

ce
, c

an
 n

o 
lo

ng
er

 b
e 

in
vo

ke
d 

us
in

g
r
a
t
e
s
=
s
i
t
e
s
p
e
c

.

In
 m

or
e 

de
ta

il,
 th

e 
ch

an
ge

s 
ar

e 
as

 f
ol

lo
w

s,
 w

ith
 e

m
ph

as
is

 o
n 

th
e 

fe
at

ur
es

 in
 v

er
si

on
 2

 th
at

ar
e 

im
pl

em
en

te
d 

di
ff

er
en

tly
 in

 v
er

si
on

 3
 (

co
m

m
an

ds
 a

nd
 o

pt
io

ns
 in

 v
er

si
on

 2
 li

st
ed

al
ph

ab
et

ic
al

ly
):

ca
lib

ra
ti

on
. C

al
ib

ra
tio

n 
of

 c
lo

ck
 a

nd
 r

el
ax

ed
-c

lo
ck

 tr
ee

s 
is

 n
ot

 (
ye

t)
 im

pl
em

en
te

d 
in

M
rB

ay
es

 3
.

co
ns

tr
ai

nt
. T

he
 f

or
m

at
 o

f 
th

e 
co

ns
tr

ai
nt

 n
ow

 in
cl

ud
es

 a
 p

ro
ba

bi
lit

y 
va

lu
e 

(c
o
n
s
t
r
a
i
n
t

<
n
a
m
e
>
 
<
p
r
o
b
a
b
i
l
i
t
y
>
 
=
 
<
l
i
s
t
_
o
f
_
t
a
x
a
>

).
 T

he
 p

ro
ba

bi
lit

y 
va

lu
e 

is
 ig

no
re

d
by

 v
er

si
on

 3
.1

 o
f 

th
e 

pr
og

ra
m

 b
ut

 it
 m

us
t b

e 
in

cl
ud

ed
 in

 th
e 

co
ns

tr
ai

nt
 d

ef
in

iti
on

. T
he

pr
ob

ab
ili

ty
 v

al
ue

 w
ill

 b
e 

us
ed

 b
y 

fu
tu

re
 v

er
si

on
s 

of
 th

e 
pr

og
ra

m
.

ls
et

 a
am

od
el

. T
he

 a
m

in
o-

ac
id

 m
od

el
 is

 n
ow

 s
et

 u
si

ng
 p
r
s
e
t
 
a
a
m
o
d
e
l
p
r

.
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ls
et

 a
nc

fi
le

. A
nc

es
tr

al
 s

ta
te

s 
ar

e 
no

w
 w

ri
tte

n 
to

 th
e 
.
p

 f
ile

(s
).

ls
et

 b
as

ef
re

q.
 W

he
th

er
 th

is
 p

ar
am

et
er

s 
is

 e
st

im
at

ed
 o

r 
fi

xe
d 

to
 a

 p
ar

tic
ul

ar
 v

al
ue

 in
ve

rs
io

n 
3 

is
 c

on
tr

ol
le

d 
by

 s
et

tin
g 

th
e 

pr
io

r 
w

ith
 p
r
s
e
t
 
s
t
a
t
e
f
r
e
q
p
r

. B
y 

de
fa

ul
t, 

al
l

pa
ra

m
et

er
s 

ar
e 

es
tim

at
ed

. T
he

re
 is

 n
o 
b
a
s
e
f
r
e
q

 o
pt

io
n 

in
 th

e 
l
s
e
t

 c
om

m
an

d 
of

ve
rs

io
n 

3 
of

 M
rB

ay
es

.

ls
et

 c
lo

ck
. W

he
th

er
 th

e 
tr

ee
 is

 a
 c

lo
ck

 o
r 

a 
no

n-
cl

oc
k 

tr
ee

 is
 n

ow
 s

et
 u

si
ng

 p
r
s
e
t

b
r
l
e
n
s
p
r

.

ls
et

 e
nf

or
ce

ca
l. 

C
al

ib
ra

tio
ns

 a
re

 n
ot

 im
pl

em
en

te
d 

(y
et

) 
in

 M
rB

ay
es

 3
.

ls
et

 e
nf

or
ce

co
do

n.
 T

he
 ty

pe
 o

f 
nu

cl
eo

tid
e 

m
od

el
 is

 n
ow

 s
et

 u
si

ng
 l
s
e
t

n
u
c
m
o
d
e
l
=
4
b
y
4
/
d
o
u
b
l
e
t
/
c
o
d
o
n

.

ls
et

 e
nf

or
ce

co
n.

 N
ow

 s
et

 u
si

ng
 p
r
s
e
t
 
t
o
p
o
l
o
g
y
p
r
 
=
 
c
o
n
s
t
r
a
i
n
t
s

(
<
l
i
s
t
_
o
f
_
c
o
n
s
t
r
a
i
n
t
s
>
)

.

ls
et

 in
fe

ra
nc

. N
ow

 s
et

 u
si

ng
 r
e
p
o
r
t
 
a
n
c
s
t
a
t
e
s

.

ls
et

 in
fe

rp
os

se
l. 

N
ow

 s
et

 u
si

ng
 r
e
p
o
r
t
 
p
o
s
s
e
l

.

ls
et

 in
fe

rr
at

es
. T

hi
s 

is
 n

ow
 s

et
 w

ith
 r
e
p
o
r
t
 
s
i
t
e
r
a
t
e
s

.

ls
et

 n
ca

t 
(n

um
be

r 
of

 c
at

eg
or

ie
s 

us
ed

 to
 a

pp
ro

xi
m

at
e 

th
e 

ga
m

m
a 

di
st

ri
bu

tio
n 

of
 s

ite
 r

at
es

).
N

ow
 s

et
 u

si
ng

 l
s
e
t
 
n
g
a
m
m
a
c
a
t

 to
 d

is
tin

gu
is

h 
it 

fr
om

 n
b
e
t
a
c
a
t

 (
th

e 
nu

m
be

r 
of

ca
te

go
ri

es
 u

se
d 

to
 a

pp
ro

xi
m

at
e 

th
e 

be
ta

 d
is

tr
ib

ut
io

n 
of

 r
at

e 
/ s

ta
tio

na
ry

 s
ta

te
 a

sy
m

m
et

ry
ac

ro
ss

 s
ite

s 
in

 th
e 

st
an

da
rd

 m
od

el
).

ls
et

 n
on

re
vm

at
. T

im
e-

ir
re

ve
rs

ib
le

 m
od

el
s 

ar
e 

no
t i

m
pl

em
en

te
d 

in
 M

rB
ay

es
 3

.

ls
et

 o
m

eg
a.

 W
he

th
er

 th
is

 p
ar

am
et

er
s 

is
 e

st
im

at
ed

 o
r 

fi
xe

d 
to

 a
 p

ar
tic

ul
ar

 v
al

ue
 in

 v
er

si
on

3 
is

 c
on

tr
ol

le
d 

by
 s

et
tin

g 
th

e 
pr

io
r 

w
ith

 p
r
s
e
t
 
o
m
e
g
a
p
r

. B
y 

de
fa

ul
t, 

al
l p

ar
am

et
er

s 
ar

e
es

tim
at

ed
. T

he
re

 is
 n

o 
o
m
e
g
a

 o
pt

io
n 

in
 th

e 
l
s
e
t

 c
om

m
an

d 
of

 v
er

si
on

 3
 o

f 
M

rB
ay

es
.

ls
et

 r
at

es
. T

he
 s

ite
 s

pe
ci

fi
c 

ra
te

 m
od

el
s 

(s
i
t
e
s
p
e
c

, s
s
g
a
m
m
a

, s
s
a
d
g
a
m
m
a

) 
ar

e 
no

w
se

t u
si

ng
 th

e 
m

or
e 

ge
ne

ra
l p

ar
tit

io
ni

ng
 m

od
el

. S
ee

 s
ec

tio
n 

3 
of

 th
is

 m
an

ua
l a

s 
w

el
l a

s 
th

e
di

sc
us

si
on

 o
f 

pa
rt

iti
on

 m
od

el
s 

in
 s

ec
tio

n 
4.

ls
et

 r
ev

m
at

. W
he

th
er

 th
is

 p
ar

am
et

er
s 

is
 e

st
im

at
ed

 o
r 

fi
xe

d 
to

 a
 p

ar
tic

ul
ar

 v
al

ue
 in

 v
er

si
on

3 
is

 c
on

tr
ol

le
d 

by
 s

et
tin

g 
th

e 
pr

io
r 

w
ith

 p
r
s
e
t
 
r
e
v
m
a
t
p
r

. B
y 

de
fa

ul
t, 

al
l p

ar
am

et
er

s
ar

e 
es

tim
at

ed
. T

he
re

 is
 n

o 
r
e
v
m
a
t

 o
pt

io
n 

in
 th

e 
l
s
e
t

 c
om

m
an

d 
of

 v
er

si
on

 3
 o

f
M

rB
ay

es
.

ls
et

 s
eq

er
ro

r.
 T

he
 m

od
el

 o
f 

se
qu

en
ci

ng
 e

rr
or

 is
 n

o 
lo

ng
er

 im
pl

em
en

te
d 

in
 M

rB
ay

es
 3

.
T

he
 m

od
el

 ty
pi

ca
lly

 r
es

ul
ts

 in
 s

m
al

l c
or

re
ct

io
ns

 in
 p

ar
tit

io
n 

su
pp

or
t v

al
ue

s 
bu

t i
t c

on
fl

ic
ts

w
ith

 im
po

rt
an

t a
lg

or
ith

m
ic

 s
ho

rt
-c

ut
s 

im
pl

em
en

te
d 

in
 v

er
si

on
 3

.
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ls
et

 s
ha

pe
. W

he
th

er
 th

is
 p

ar
am

et
er

s 
is

 e
st

im
at

ed
 o

r 
fi

xe
d 

to
 a

 p
ar

tic
ul

ar
 v

al
ue

 in
 v

er
si

on
 3

is
 c

on
tr

ol
le

d 
by

 s
et

tin
g 

th
e 

pr
io

r 
w

ith
 p
r
s
e
t
 
s
h
a
p
e
p
r

. B
y 

de
fa

ul
t, 

al
l p

ar
am

et
er

s 
ar

e
es

tim
at

ed
. T

he
re

 is
 n

o 
s
h
a
p
e

 o
pt

io
n 

in
 th

e 
l
s
e
t

 c
om

m
an

d 
of

 v
er

si
on

 3
 o

f 
M

rB
ay

es
.

ls
et

 s
it

ep
ar

ti
ti

on
. T

he
 p

ar
tit

io
n 

of
 s

ite
s 

is
 n

ow
 s

et
 u

si
ng

 s
e
t
 
p
a
r
t
i
t
i
o
n

.

ls
et

 t
ra

ti
o.

 W
he

th
er

 th
is

 p
ar

am
et

er
s 

is
 e

st
im

at
ed

 o
r 

fi
xe

d 
to

 a
 p

ar
tic

ul
ar

 v
al

ue
 in

 v
er

si
on

 3
is

 c
on

tr
ol

le
d 

by
 s

et
tin

g 
th

e 
pr

io
r 

w
ith

 p
r
s
e
t
 
t
r
a
t
i
o
p
r

. B
y 

de
fa

ul
t, 

al
l p

ar
am

et
er

s 
ar

e
es

tim
at

ed
. T

he
re

 is
 n

o 
t
r
a
t
i
o

 o
pt

io
n 

in
 th

e 
l
s
e
t

 c
om

m
an

d 
of

 v
er

si
on

 3
 o

f 
M

rB
ay

es
.

pr
se

t 
ba

se
fr

eq
pr

. N
ow

 s
et

 u
si

ng
 p
r
s
e
t
 
s
t
a
t
e
f
r
e
q
p
r

.

pr
se

t 
br

le
np

r.
 N

ow
 s

et
 u

si
ng

 p
r
s
e
t
 
b
r
l
e
n
s
p
r

. T
he

 o
pt

io
ns

 a
re

 n
ow

 m
or

e
co

m
pl

ic
at

ed
 a

s 
w

el
l, 

si
nc

e 
th

e 
pr

io
r 

in
cl

ud
es

 in
fo

rm
at

io
n 

bo
th

 a
bo

ut
 th

e 
ge

ne
ra

l t
yp

e 
of

th
e 

br
an

ch
 le

ng
th

s 
(c

lo
ck

, n
on

-c
lo

ck
) 

an
d 

th
e 

sp
ec

if
ic

 s
ha

pe
 o

f 
th

e 
pr

io
r 

(f
or

 e
xa

m
pl

e,
un

if
or

m
 o

r 
ex

po
ne

nt
ia

l)
.

pr
se

t 
si

te
ra

te
pr

. N
ow

 s
et

 u
si

ng
 p
r
s
e
t
 
r
a
t
e
p
r

. T
he

 o
pt

io
ns

 a
re

 f
i
x
e
d

 o
r

v
a
r
i
a
b
l
e

 (
D
i
r
i
c
h
l
e
t

).
 T

he
 p

ar
am

et
er

s 
of

 th
e 

D
ir

ic
hl

et
 c

an
 b

e 
se

t t
o 

re
fl

ec
t v

ar
io

us
ty

pe
s 

of
 p

ri
or

 in
fo

rm
at

io
n 

co
nc

er
ni

ng
 th

e 
si

te
 r

at
es

.

pr
se

t 
qm

at
pr

. N
ow

 s
et

 u
si

ng
 p
r
s
e
t
 
r
e
v
m
a
t
p
r

 a
nd

 p
r
s
e
t
 
a
a
r
e
v
m
a
t
p
r

 f
or

nu
cl

eo
tid

e 
an

d 
am

in
o-

ac
id

 s
ub

st
itu

tio
n 

ra
te

s,
 r

es
pe

ct
iv

el
y.

se
t.

 T
hi

s 
co

m
m

an
d 

on
ly

 c
on

tr
ol

le
d 

th
e 
a
u
t
o
c
l
o
s
e

 o
pt

io
n 

in
 M

rB
ay

es
 2

. I
n 

ve
rs

io
n 

3 
it

co
nt

ro
ls

 a
 n

um
be

r 
of

 d
if

fe
re

nt
 th

in
gs

, i
nc

lu
di

ng
 th

e 
cu

rr
en

tly
 s

el
ec

te
d 

pa
rt

iti
on

.

sh
ow

no
de

s.
 T

hi
s 

co
m

m
an

d 
is

 n
o 

lo
ng

er
 in

cl
ud

ed
 in

 M
rB

ay
es

 3
. U

se
 s
h
o
w
t
r
e
e

 to
di

sp
la

y 
th

e 
us

er
 tr

ee
.

7.
 A

d
va

n
ce

d
 T

o
p

ic
s

7.
1.

 C
o

m
p

ili
n

g
 M

rB
ay

es

C
om

pi
lin

g 
th

e 
M

rB
ay

es
 e

xe
cu

ta
bl

e 
fr

om
 th

e 
so

ur
ce

 c
od

e 
ca

n 
be

 d
on

e 
on

 s
ev

er
al

 d
if

fe
re

nt
co

m
pi

le
rs

 ta
rg

et
in

g 
al

l t
he

 c
om

m
on

 o
pe

ra
tin

g 
sy

st
em

s:
 M

ac
in

to
sh

, W
in

do
w

s,
 a

nd
 U

ni
x.

T
he

 e
as

ie
st

 w
ay

 to
 b

ui
ld

 M
rB

ay
es

 is
 to

 u
se

 th
e 

in
cl

ud
ed

 M
a
k
e
f
i
l
e

 w
ith

 a
 m

ak
e 

to
ol

.
O

ne
 c

an
 a

ls
o 

co
m

pi
le

 M
rB

ay
es

 w
ith

 th
e 

M
et

ro
w

or
ks

 C
od

ew
ar

ri
or

 a
nd

 M
ic

ro
so

ft
 V

is
ua

l
St

ud
io

 s
ui

te
s.

7.
1.

1.
 C

o
m

p
ili

n
g

 w
it

h
 G

N
U

 M
ak

e

In
 th

e 
he

ad
er

 o
f 

th
e 
M
a
k
e
f
i
l
e

, y
ou

 c
an

 d
ef

in
e 

a 
nu

m
be

r 
of

 v
ar

ia
bl

es
:

A
R

C
H

IT
E

C
T

U
R

E
. T

hi
s 

va
ri

ab
le

 d
ef

in
es

 th
e 

ar
ch

ite
ct

ur
e 

yo
u 

ar
e 

ta
rg

et
in

g.
 S

et
tin

g 
th

is
va

ri
ab

le
 is

 m
an

da
to

ry
. F

or
 e

xa
m

pl
e,

 f
or

 a
 U

ni
x 

en
vi

ro
nm

en
t y

ou
 w

ou
ld

 u
se

A
R
C
H
I
T
E
C
T
U
R
E
 
=
 
u
n
i
x

. O
th

er
 o

pt
io

ns
 a

re
 w
i
n
d
o
w
s

 a
nd

 m
a
c

.
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M
P

I.
 S

et
 th

is
 v

ar
ia

bl
e 

to
 y
e
s

 if
 y

ou
 w

an
t t

o 
co

m
pi

le
 th

e 
pa

ra
lle

l (
M

PI
) 

ve
rs

io
n 

of
M

rB
ay

es
. T

hi
s 

va
ri

ab
le

 is
 s

et
 to

 n
o

 b
y 

de
fa

ul
t, 

m
ea

ni
ng

 th
at

 a
 s

er
ia

l v
er

si
on

 o
f 

M
rB

ay
es

w
ill

 b
e 

bu
ilt

. S
ee

 b
el

ow
 f

or
 m

or
e 

in
fo

rm
at

io
n 

on
 h

ow
 to

 c
om

pi
le

 a
nd

 r
un

 th
e 

M
PI

 v
er

si
on

of
 M

rB
ay

es
.

C
C

. T
hi

s 
va

ri
ab

le
 d

ef
in

es
 w

hi
ch

 c
om

pi
le

r 
to

 u
se

. F
or

 e
xa

m
pl

e,
 g
c
c

 f
or

 th
e 

G
N

U
co

m
pi

le
r 

or
 i
c
c

 f
or

 th
e 

In
te

l C
 c

om
pi

le
r.

 T
he

 d
ef

au
lt 

se
tti

ng
 is

 th
e 

G
N

U
 c

om
pi

le
r.

D
E

B
U

G
. S

et
 th

is
 v

ar
ia

bl
e 

to
 y
e
s

 if
 y

ou
 w

an
t t

o 
co

m
pi

le
 a

 d
eb

ug
 v

er
si

on
 o

f 
M

rB
ay

es
.

T
hi

s 
ad

ds
 th

e 
ap

pr
op

ri
at

e 
fl

ag
 f

or
 th

e 
G

N
U

 g
db

 d
eb

ug
ge

r.

O
P

T
F

L
A

G
S.

 S
et

s 
th

e 
op

tim
iz

at
io

n 
fl

ag
s 

fo
r 

th
e 

co
m

pi
le

r.
 T

hi
s 

op
tio

n 
is

 ig
no

re
d 

if
D
E
B
U
G

 is
 s

et
 to

 y
e
s

. T
he

 d
ef

au
lt 

is
 s

et
 to

 -
O
2

, w
hi

ch
 y

ie
ld

s 
go

od
 r

es
ul

ts
 f

or
 e

ve
ry

pl
at

fo
rm

. I
t i

s,
 h

ow
ev

er
, p

os
si

bl
e 

to
 p

er
fo

rm
 s

om
e 

tu
ni

ng
 w

ith
 th

is
 v

ar
ia

bl
e.

 W
e 

gi
ve

 a
fe

w
 p

os
si

bi
lit

ie
s 

be
lo

w
 f

or
 s

om
e 

co
m

m
on

 p
ro

ce
ss

or
 ty

pe
s,

 a
ss

um
in

g 
yo

u 
ar

e 
us

in
g 

gc
c

ve
rs

io
n 

3.
 S

ee
 th

e 
gc

c 
m

an
ua

l f
or

 f
ur

th
er

 in
fo

rm
at

io
n 

on
 o

pt
im

iz
at

io
n 

fl
ag

s.

In
te

l x
86

. S
om

e 
co

m
pi

le
r 

fl
ag

s 
fo

r 
gc

c 
un

de
r 

un
ix

 a
nd

 f
or

 g
cc

/c
yg

w
in

 u
nd

er
w

in
do

w
s:

-
m
a
r
c
h
=
X

, w
ith

 X
 o

ne
 o

f 
p
e
n
t
i
u
m
4

, a
t
h
l
o
n
-
x
p

 o
r 
o
p
t
e
r
o
n

. I
f 

yo
u 

ha
ve

 o
ne

of
 th

es
e 

pr
oc

es
so

rs
 th

is
 w

ill
 g

en
er

at
e 

in
st

ru
ct

io
ns

 s
pe

ci
fi

ca
lly

 ta
ilo

re
d 

fo
r 

th
at

pr
oc

es
so

r.

-
m
f
p
m
a
t
h
=
s
s
e

 a
tte

m
pt

s 
to

 u
se

 th
e 

SS
E

 e
xt

en
si

on
 f

or
 n

um
er

ic
al

 c
al

cu
la

tio
ns

. T
hi

s
fl

ag
 is

 o
nl

y 
ef

fe
ct

iv
e 

in
 c

om
bi

na
tio

n 
w

ith
 th

e 
ab

ov
e 

m
en

tio
ne

d 
-
m
a
r
c
h

 f
la

g.
 T

hi
s

fl
ag

 c
an

 p
ro

vi
de

 a
 b

ig
 p

er
fo

rm
an

ce
 g

ai
n.

 H
ow

ev
er

, u
si

ng
 th

is
 f

la
g 

in
 c

om
bi

na
tio

n
w

ith
 o

th
er

 o
pt

im
iz

at
io

n 
fl

ag
s 

m
ig

ht
 y

ie
ld

 n
um

er
ic

al
ly

 in
co

rr
ec

t c
od

e.
 F

or
 e

xa
m

pl
e,

on
e 

ca
n 

se
t

-
m
f
p
m
a
t
h
=
s
s
e
,
3
8
6

 b
ut

 th
is

 f
la

g 
le

ad
s 

to
 in

co
rr

ec
t r

es
ul

ts
 w

he
n 

us
ed

 in
co

m
bi

na
tio

n 
w

ith
 -
m
a
r
c
h
=
p
e
n
t
i
u
m
4

.

-
f
o
m
i
t
-
f
r
a
m
e
-
p
o
i
n
t
e
r

 s
av

es
 s

om
e 

fu
nc

tio
n 

ov
er

he
ad

.

-
O
3

 in
st

ea
d 

of
 
-
O
2

 tu
rn

s 
on

 e
ve

n 
m

or
e 

op
tim

iz
at

io
n 

fl
ag

s.
 H

ow
ev

er
, i

t d
oe

s 
no

t
al

w
ay

s 
pr

od
uc

e 
fa

st
er

 c
od

e 
th

an
 -
O
2

.

M
ac

 G
4 

an
d 

G
5.

 S
om

e 
co

m
pi

le
r 

fl
ag

s 
fo

r 
gc

c 
fo

r 
O

S 
X

:

-
f
a
s
t
.

 T
hi

s 
fl

ag
 is

 s
pe

ci
fi

c 
fo

r 
th

e 
gc

c 
ve

rs
io

n 
de

liv
er

ed
 b

y 
A

pp
le

. I
t t

ur
ns

 o
n 

a 
se

t
of

 c
om

pi
le

r 
fl

ag
s 

w
hi

ch
 tr

ie
s 

to
 o

pt
im

iz
e 

fo
r 

m
ax

im
um

 p
er

fo
rm

an
ce

. T
hi

s 
is

 th
e

re
co

m
m

en
de

d 
se

tti
ng

 if
 y

ou
 h

av
e 

a 
G

5 
pr

oc
es

so
r 

an
d 

th
is

 v
er

si
on

 o
f 

gc
c.

-
O
2

 o
r 
-
O
3

.

-
m
c
p
u
=
X

, w
ith

 X
 o

ne
 o

f 
G
4

 o
r 
G
5

.
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Se
tti

ng
 -
m
c
p
u

 o
r 
-
f
a
s
t

 o
n 

th
e 

M
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 r
es

ul
ts

 in
 g

cc
 e

na
bl

in
g 

a 
nu

m
be

r 
of

 d
if

fe
re

nt
fl

ag
s.

 R
ea

d 
th

e 
gc

c 
m

an
ua

l c
ar

ef
ul

ly
 if

 y
ou

 w
an

t t
o 

ex
pe

ri
m

en
t w

ith
 o

th
er

 f
la

gs
.
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2.
 C

o
m

p
ili

n
g

 w
it

h
 C

o
d

e 
W

ar
ri

o
r 

o
r 

V
is

u
al

 S
tu

d
io

W
e 

pr
ov

id
e 

M
rB

ay
es

 p
ro

je
ct

 f
ile

s 
fo

r 
bo

th
 M

et
ro

w
er

ks
 C

od
e 

W
ar

ri
or

 a
nd

 M
ic

ro
so

ft
V

is
ua

l S
tu

di
o 

in
 th

e 
so

ur
ce

 c
od

e 
pa

ck
ag

e.
 A

ll 
th

e 
re

le
va

nt
 f

la
gs

 a
re

 s
et

 in
 th

es
e 

fi
le

s,
 s

o
yo

u 
sh

ou
ld

 b
e 

ab
le

 to
 c

om
pi

le
 th

e 
co

de
 w

ith
ou

t a
ny

 f
ur

th
er

 m
od

if
ic

at
io

ns
.

7.
2.

 C
o

m
p

ili
n

g
 a

n
d

 R
u

n
n

in
g

 t
h

e 
P

ar
al

le
l V

er
si

o
n

 o
f 

M
rB

ay
es

M
et

ro
po

lis
 c

ou
pl

in
g 

or
 h

ea
tin

g 
is

 w
el

l s
ui

te
d 

fo
r 

pa
ra

lle
liz

at
io

n.
 M

rB
ay

es
 3

 ta
ke

s
ad

va
nt

ag
e 

of
 th

is
 a

nd
 u

se
s 

M
PI

 to
 d

is
tr

ib
ut

e 
he

at
ed

 a
nd

 c
ol

d 
ch

ai
ns

 a
m

on
g 

av
ai

la
bl

e
pr

oc
es

so
rs

 (
A

lte
ka

r 
et

 a
l.,

 2
00

4)
. T

he
re

 a
re

 tw
o 

M
PI

 v
er

si
on

s 
of

 M
rB

ay
es

. T
he

 f
ir

st
 is

 th
e

pa
ra

lle
l v

er
si

on
 f

or
 M

ac
in

to
sh

 c
om

pu
te

rs
 d

is
tr

ib
ut

ed
 a

s 
pa

rt
 o

f 
th

e 
M

ac
in

to
sh

 p
ac

ka
ge

. I
t

is
 in

te
nd

ed
 f

or
 u

se
 o

n 
cl

us
te

rs
 o

f 
M

ac
in

to
sh

 c
om

pu
te

rs
 a

nd
 r

un
s 

un
de

r 
PO

O
C

H
, w

hi
ch

m
us

t b
e 

in
st

al
le

d 
fi

rs
t. 

T
he

 s
ec

on
d 

M
PI

 v
er

si
on

 o
f 

M
rB

ay
es

 is
 in

te
nd

ed
 f

or
 u

se
 o

n
cl

us
te

rs
 r

un
ni

ng
 U

N
IX

 a
nd

 m
us

t b
e 

co
m

pi
le

d 
fr

om
 th

e 
so

ur
ce

 c
od

e.

7.
2.

1.
 T

h
e 

P
ar

al
le

l M
ac

in
to

sh
 V

er
si

o
n

T
he

re
 a

re
 s

ev
er

al
 o

pt
io

ns
 a

va
ila

bl
e 

fo
r 

ru
nn

in
g 

jo
bs

 in
 p

ar
al

le
l o

n 
cl

us
te

rs
 o

f 
M

ac
in

to
sh

co
m

pu
te

rs
. F

or
 e

xa
m

pl
e,

 in
 O

S 
X

, y
ou

 c
ou

ld
 c

on
fi

gu
re

 y
ou

r 
m

ac
hi

ne
 to

 r
un

 jo
bs

 u
si

ng
m

pi
ch

 o
r 

la
m

-m
pi

 a
nd

 th
en

 c
om

pi
le

 th
e 

re
gu

la
r 

U
ni

x 
M

PI
 v

er
si

on
 o

f 
th

e 
pr

og
ra

m
 a

s
de

sc
ri

be
d 

in
 th

e 
ne

xt
 s

ec
tio

n.
 H

ow
ev

er
, t

he
 s

im
pl

es
t m

et
ho

d 
is

 to
 u

se
 D

ea
n 

D
au

gg
er

's
pr

og
ra

m
 P

oo
ch

 (
av

ai
la

bl
e 

at
 w

w
w

.d
au

ge
rr

es
ea

rc
h.

co
m

/p
oo

ch
/w

ha
tis

.h
tm

l)
 to

 c
on

tr
ol

 th
e

jo
bs

. T
he

 P
oo

ch
 w

eb
 s

ite
 g

iv
es

 a
 g

oo
d 

de
sc

ri
pt

io
n 

of
 th

e 
st

ep
s 

re
qu

ir
ed

 to
 r

un
 a

 jo
b 

in
pa

ra
lle

l. 
T

he
 s

te
ps

 a
re

 a
s 

fo
llo

w
s:

1.
 

C
on

fi
gu

re
 a

 n
et

w
or

k 
of

 M
ac

in
to

sh
 c

om
pu

te
rs

. Y
ou

 h
av

e 
pr

ob
ab

ly
 a

lr
ea

dy
 d

on
e

th
is

 s
te

p!
 Y

ou
 s

im
pl

y 
ne

ed
 m

or
e 

th
an

 o
ne

 c
om

pu
te

r 
ho

ok
ed

 to
 th

e 
in

te
rn

et
.

2.
 

B
uy

 a
nd

 in
st

al
l a

 c
op

y 
of

 P
oo

ch
 f

or
 e

ac
h 

co
m

pu
te

r 
yo

u 
in

te
nd

 to
 r

un
 M

rB
ay

es
 o

n.

3.
 

St
ar

t P
oo

ch
 o

n 
al

l o
f 

th
e 

co
m

pu
te

rs
 o

f 
yo

ur
 c

lu
st

er
. I

f 
yo

u 
se

t P
oo

ch
 to

au
to

m
at

ic
al

ly
 s

ta
rt

 o
n 

lo
gi

n,
 th

en
 th

is
 h

as
 a

lr
ea

dy
 b

ee
n 

do
ne

.

4.
 

Se
le

ct
 'N

ew
 J

ob
' f

ro
m

 P
oo

ch
 o

n 
on

e 
of

 th
e 

co
m

pu
te

rs
.

5.
 

Se
le

ct
 th
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 c
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 o
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l m
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Data TypeCoding BiasMisc.

Restriction
0 - 1

State Frequencies
(Substitution Rates)

State FrequenciesSubstitution Rates

fixed/estimated (Dirichlet) 
prset statefreqpr

equal/gamma 
lset rates

equal/gamma 
lset rates

all/variable/
nopresencesites/noabsencesites

lset coding

Standard
0 - 9

equal/estimated (SymmDir) 
prset symdirihyperpr

all/variable/informative
lset coding

unordered/ordered
ctype

Across-Site
Rate Variation

Across-Site
Rate Variation

Across-Tree
Rate Variation

Data TypeModel Type

DNA
A C G T

4by4
lset nucmodel

doublet
lset nucmodel

fixed/est. (Dirichlet) 
prset statefreqpr

F81/HKY/GTR
lset nst=1/2/6

yes/no
lset covarion

equal/gamma/
propinv/invgamma/

adgamma
lset rates

fixed/est. (Dirichlet)
(over 16 states) 
prset statefreqpr

F81/HKY/GTR
lset nst=1/2/6

equal/gamma/
propinv/invgamma

lset rates

Across-Site
Omega Variation

fixed/est. (Dirichlet)
(over 61 states) 
prset statefreqpr

codon
lset nucmodel

F81/HKY/GTR
lset nst=1/2/6

equal/Ny98/M3
lset omegavar

Models supported by MrBayes 3 (simplified)
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Sliding Window Proposal

x

δ

New values are picked uniformly from a sliding window
     of size δ centered on x.
Tuning parameter: δ
Bolder proposals: increase δ
More modest proposals: decrease δ

Works best when the effect on the probability of the
data is similar throughout the parameter range

Works well when changes in small values of x have
a larger effect on the probability of data than
changes in large values of x. Example: branch lengths.

Works well for proportions, such as revmat and statefreqs.

Multiplier Proposal

New values are picked from the equivalent of a
    sliding window on the log-transformed x axis.
Tuning parameter: λ = 2 ln a
Bolder proposals: increase λ
More modest proposals: decrease λ

Node Slider

Two adjacent branches a and b are chosen at random
The length of a + b is changed using a multiplier with tuning
    paremeter λ
The node x is randomly inserted on a + b according to a
    uniform distribution

An internal branch a is chosen at random
The length of a is changed using a multiplier with tuning
    paremeter λ
The node x is moved, with one of the adjacent branches, in subtree A,
    one node at a time, each time the probability of moving one more
    branch is p (the extension probability).
The node y is moved similarly in subtree B.

Bolder proposals: increase λ
More modest proposals: decrease λ

Bolder proposals: increase λ
More modest proposals: decrease λ
Changing λ has little effect on the boldness of the proposal

Bolder proposals: increase p
More modest proposals: decrease p
Changing λ has little effect on the boldness of the proposal.

Three internal branches - a, b, and c - are chosen at random.
Their total length is changed using a multiplier with tuning
    paremeter λ.
One of the subtrees A or B is picked at random.
It is randomly reinserted on a + b + c according to a uni-
    form distribution

The boldness of the proposal depends heavily on the uniform
    reinsertion of x, so changing λ may have limited effect

Extending TBRLOCAL

Dirichlet proposal

New values are picked from a Dirichlet (or Beta) distribution
     centered on x.
Tuning parameter: α
Bolder proposals: decrease α
More modest proposals: increase α

x

ba

x
aa b c

x

α small

α large

x axx/a

yA

A

B

B

The most common proposal types used by MrBayes 3


