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Integrating Phylogenetic Data in Ecological Analysis
Wolf L. Eiserhardt

Ecoinformatic approaches to understand ecological processes in a changing world
v Summer School 16.-20.9.2013, Department of Bioscience, Aarhus University

1. ecology = interactions interactions depend on t'rqits i

“It is interesting to contemplate an entangled bank, [...] and to reflect that these
elaborately constructed forms, so different from each other, and dependent on each
other in so complex a manner, have all been produced by laws acting around us. “
Charles Darwin 1859, On The Origin of Species

£l Fiserhardt CIRCE summer SEHOSI AU TT5- 1979 2073 http://commons wikimedia.org
traitsare evolved species and their interactions
cukanotes B EE) e are not independent

Loal size fog. emd)

it G W " ‘- : Pl conifers

Ackerly & Reich 1999 Am J Bot

Leat de span (log. month)

Vii : ; - ecological patterns should reflect the
s evolutionary history of traits.
22013

£l _Fiserbardt CIRCH<pmmer<ciogl A 16:.10/9 2013 Barton et gl _"Evolution Nolf | Eiserhardt CIRCE summerschool AU 14:19
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2. species pools € lineage diversification

O <A
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Hardy & Senterre 2007 J Ecol/

f1 Fiserhordt CIRCE summer school Al 16:19/9 2013

Number of species
3

Svenning et al. 2008 J Biogeogr

lf | Fiserhordt CIRCE summer school Al 16:19/9 2013

ENVIRONMENT

speciation by isolation net
diversification

dispersal limitation

phylognetic niche
conservatism

diversity
patterns -
b s.» .

ecological limits

L
F)

biolic interaction® -

Eiserhardt 2011

Nolf |_Fiserbardt CIRCE summerschogl A

community assembly:
evolutionary history matters across scales

Blogeographic processes:
Speciation, extinction

- Saina
Cavender—Bare?E( al. 2009 ELE

f|_Fiserhardt CIRCE symmearschool AU 146-19/0 2013

ecology <> evolution

- adaptive speciation/radiation
- coevolution in trophic networks
- character displacement

- convergence
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phylogenetic trees:

. s cladogram chronogram
hypotheses about species’ history v
tip, operational
taxonomic unit :A':fﬁé%%ﬁae
s14 molecular %%aém
age estimation liiannae
s13 (dating”) it
internal branch/edge S 1 2 raceae S%gg%
s11 e
ranth
terminalbrancedge S 10

[39
i s8
erminal node
internal node 7

thiym
s6 idpanin
s5 t[mya]
_‘.I’DD( node (- S4 .
3 no branch lengths - branch lengths ~ branch lengths ~ time
52 just topology character change
S
s1
phylogenetic signal Brownian Motion

Xep1 = X¢ + N(0,02)

http://commons.wikimedia.org,

|

t[mya]

phenotypic similarity ~ time of joint evolution

"Phylogenetic signal [is the] tendency (pattern) for evolutionarily related organisms to
resemble each other, with no implication as to the mechanism that might cause such
resemblance (process).” Blomberg et al. 2003

. : a) v =20 . .
Brownian Motion ' A Brownian Motion is often wrong.
vy = L0
T Numerous alternative models
ve=10 . - Ornstein-Uhlenbeck (selective optima)
b) - ACDC
- density dependence
g oA - punctuational
8 [l ;
§ S| G - trait-dependent (##SSE-models)
g g .
3
° g can be tested using e.g. GEIGER
Expected covariance among species (02 = 1.0): 5 H t al. 2008 Bioinf tics)
fv, 00 00 | [20 00 on] 3 armon et at. foiniormatics,
C={00 vgtvge Vao |=[00 20 10| T
100 vy vetves| (00 10 20 é
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Phylogenetic Signal (PS)
Quantitative statistic: How strong is the
each other™?

Blomberg's K: observed vs. BM

"tendency for related species to resemble

(Blomberg, Garland & Ives 2008 £volution)

Phylogenetic Signal (PS)

) ) o Picante:
Quantitative statistic: Ho Kﬁa:c o
. phylosigna
tendency for related sp multiPhylosignal

each other”?

Blomberg's K: observed vs. BM

(Blomberg, Garland & Ives 2008 £volution)

Quantitative statistic: How strong is the

each other”?

Pagel's A

GEIGER:
fitDiscrete
fitContinuous

"tendency for related species to resemble
}\‘z.l - I E _7\4=0

hito.//bad

= ob dMSEO/ 4 MSEq K ob dMSEO/ 4 MSEq
= observe expecte = observe expecte
MSE / P MSE MSE / P MsE
0 1 oo 0 1 oo
random BM early divergence, random BM early divergence,
trait values  expectation later stasis - ”Phylogen. Niche Conservatism’] trait values  expectation later stasis - ”Phylogen. Niche Conservatism”
Phylogenetic Signal (PS) .. -
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serhardt. CIRGE summer schoo

,As species of the same genus have ! ‘
usually ... some similarity in habits
and constitution, and always in
structure, the struggle will
generally be more severe between
species of the same genus.”

Darwin (1859) On the Origin of Species

Are co-occurring species
more closely related (less closely related)
than expected based on random assembly?

e.g. Webb et al 2002 Annu Rev Ecol Syst

1
1 3 1 2
2 phylogenetic phylogenetic
3 overdispersion clustering
2 4 3 4
4
phylogenetic signal
1
1 3
2 phylogenetic
3 overdispersion
2 4
4

phylogenetic convergence
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1. quantifying phylogenetic relatedness

/

9 0

2. null model testing -
O

sample

)
i

\L

N

\
\

/

g. Webb et al. 2002 Annu Rev Ecol Syst

O
,/

e.

1. quantifying phylogenetic relatedness

- Faith’s PD -
- “feature diversity” ’C

Picante: {
pd

Figure: Swenson 2011 Am J Bot

1. quantifying phylogenetic relatedness
- MPD
— <€ 12 3 4 s
— <€ ! di; dig dyy dis
I 23 Y24 M25
{ P @) dndd
3 @ d34 dSS
1 4 4 dyy dgp dgs dys
<€ s @@ dq,
t{mya) @ 6 dgy dg, des dey des
dis d3s dis dsg dy; ™ dys
dig dzg day dys
dys dys dyy
das s Picante:
3x 2% 1x mpd

6
di
s
dsg
g
dsg

Webb et al. 2002 Annu Rev Ecol Evol Syst

®

1. quantifying phylogenetic relatedness

g
()
°
- w
MNTD >
o
o
— <€ 12 3 4 5 6 o
9]
— <€ ! di; dig dyy dys die =
% 0 @uew  :
3 d31 dy d35 dyg ~
N 4 d4] d42 d43 d45 d45 g
<€ 5 dy dy dg dy dse 5
6 P
t{mya) @ dgy de; de3 dos s g
K
dis s diy dsg  dp7dyg B3
die dsg das di
das das dss
das das Picante:
1x X 2x mntd
mpd: 3x 2x  1x

1. quantifying phylogenetic relatedness

-PD

- MPD

- MNTD

- PSV/PSR/PSE/PSC (Helmus et al. 2007 Am Nat)

- BST/HST (Hardy & Senterre 2007 J Ecol
Hardy & Jost 2008 J Ecol)

Picante:
psv
spacodiR:
spacodi .calc

®

Alternatively: distance based measures

Al Phyl i of
Phylogenetic clustering
Observed

Phylogenetic overdispersion
//:;

Phylogenetic distance

Ce-occurmence
m |l
21
1
I
[}
I
|
1
I

Cavender-Bares et al. 2006 £cology

Phylogenetic distance

Hardy 2008 J Ecol for a comparison with the previous approach
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Which metric should | use?

< Cadotte et al. 2010 ELE

see also:
Hardy 2008 J Ecol/
Schweiger et al. 2008

o Oecologia
Kembel 2009 £LE

Gamma—

_1
Simpsons
PO
Fichness.
Hed

SimpsonsPhy
MPDabund.

Figure 3 Hicrarchically clustered FEuclidean distances of the
community manking for 18 diversity metrics,

1. quantifying phylogenetic relatedness

2. null model testing ——
e N\

Simulate community |
assembly without the O sameie
process(es) of interest O

O
SO = SObS (usually..) O

Q ]
| o O
\‘ pool » /

e.9. Webb et al. 2002 Annu. Rev. Ecol. Syst 33, 475-505

eliminate all processes that have something
to do with phylogeny

sp.l sp.1 sp.2 sp.3 sp.4 sp.5 sp.6

site.1 1 1 0 1 0 0
sp-2 site.2 0 1 0 1 1 0
sp.3 site.3 1 1 0 1 1 1

site.4 0 0 0 0 1 0
sp-4 site.5 0 o 1 1 1 1
sp.5 site.6 0 0 0 1 0 0

site.7 0 1 1 1 1 1
sp.6 = |

eliminate all processes that have something
to do with phylogeny

sp.1 sp.5 . sp.1 sp.2 sp.3 sp.4 sp.5 sp.6

site.1 1 1 0 1 0 0
sp2 sp.2 site.2 01 0o 1 1 0
sp3 _ sp6 site.3 1 1 0 1 1 1

site.4 o] 4] 0 0 1 0
sp4  sp.l sitee5 0 0 1 1 1 1
sp5  sp3 sitee6 0 O ©0 1 0 0

site.7 0 1 1 1 1 1
sp.6 sp.4 = |

Picante: null.model = “taxa.labels” q
spacodiR: resamp.1ls

tree$tip.label <- sample(tree$tip.label)
colnames(dmat) <- rownames(dmat) <- sample(colnames(dmat))

problem: abundance/occupancy PS

1) test for PS or
APD =0

(Hardy 2008 J £col)
2) abundance-

sp.1 [
sp.2 [
sp.3 [

corrected
sp4fl null model
5p.5 . (Hardy 2008 J £col)
sp.6]

spacodiR:
resamp.la

randomizing the community matrix

"frequency”
3
sp.1 sp.1 sp.2 sp.3 sp.4 sp.5 sp.6
site.1 1 0 1 0 0
sp.2 site.2 0 0
sp.3 site.3 1
site.4 0
sp.4 site. 5
sp.5 site.6 T
site.7
sp.6 = | "richness”

2s

Picante: null.model = c(”independentswap”, q
“trialswap™)

spacodiR: resamp.2x, resamp3.x
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Table 2. Constraits of the dilferent null models on the sirsctural features of dats, Equivalences with previous works ane given as foolnotes

randomizing the community matrix

data left unchaiped afler randon

abuanda; Spatial sutocorrelation ol Phylogenetic distribution

Nl model

equevalenes) distributbon per spocies Toca) shundances for each wpecies of global spocics shundances
Is' X X X
Iy X X X
sp.1 sp.1 sp.2 sp.3 sp.4 sp.5 sp.6 Ia X X X X
site.l1 1 1 0 1 0 0 by X
sp.2 sitez 0 1 o 1N/1 o0 ' X .
.3 site.3 1 1 0 1 1 3 L b &
site.4 0 0 0 o 1 0 o o ¥ %
sp.4 site.5 0 0 1 1 1 1 B X X X
sp.5 site.6 0 0 0o 1 0 0
site.7 o 1 1 1 1 1
sp.6 = "
), 10 the “unconstraimed mall model” in Kembel & Hubbell

t'in Paviocost 341 (Webh ot
)

1 i Prviocos 341 (Webh 20073
o

(20041, “null model 1" in Covender-Bares ef ol (20061, and to ‘null 1" in Hedmus of al

Prviocom 3
1, 10 i

e ata, equivalent 1o model ¥ of funti
bbell {20061, 10 ‘mull modd ¥ in Cavender- Bane:

Picante: null.model = c(’frequency”, “richness™)
spacodiR: resamp.2s, resamp.3i
*Omdy the number of stes whe

see Hardy 2008 J Eco/and Kembel 2009 ELE Apprcticunely e

"True ondy for prese

for a comparison of NULL models. T Hardy 2008 J Ecol

pocics. the destribution of abundances amang sites s affected)
crion defining when species have similar enotgh abundances to be permsted

deviation from the 0: standardized effect size deviation from the 0: standardized effect size
4 O saln‘p1e’ 4 O saln‘p1e’
- | . | .
2 ° L/ B (L
& . & .
2 — “_overall @l e 2 i i—f/ “_overall ::ovyl e
4 5 6 7 8 9 10 4 5 6 7 8 9 10
MPD MPD
. Tops — mean(ry)
sd(ro)
deviation from the O: standardized effect size significance??
| ses.mpd/mntd @
< <
,E = E = mpd.obs.zank mpd.obs.zmpd.obs.p:
g, & s
© i \ \ ~ @ ‘ © L 0.262
=4 - _ uvsrau::oﬁ / g - | _44_;‘
4 5 6 7 8 9 10 4 5 6 7 8 9 10
MPD MPD t
MPD,,s — mean(MPD,) one-tailed test!
NRI = -1 x — dMPDO Picante: .
sd(MPDo) ses.mpd or. Z-score (e.g. a=0.05 €« |Z|>1.96
NTI = —1 x AN Dobs — mean(MNTD,) ses.mntd (assumes normal distribution)
sd(MNTD,)
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alternatives to null models? limitations of the "alpha-level™ its ambiguous
empirical PD~SR analytical null
b) Indices o~
2 dee /g :
2 . g
2 Q
1] 50 100 150 200 1200 1200 3200 4200 6
species nichness Tree size @
- problematic if - good, but with . 8
. - o
effect ~ SR assumptions ) 5
wxal hybadizamon .GE)
&
O
species pool scaling "Phylogenetic beta diversity” (sranam & Fine 2008 £corzet)
E\ser.h.c.lrc.i_t etal. 2012 Bot J Linn S.o.(: Kissling, Eiserhardt et al. 2012 PNAS O”OWS more SpeCifiC hypothesis tests.
/ u L LS - full species turnover

-2 —
\ focal

““survey unit

¥
: Teron >
:

Wliceq pool o

)] L | T T T T

Not relatedness index (MR}
1
1

SAM AFR D AUS
__total pool
"Phy|OCJenetiC beto diVel’Sity“ (Graham & Fine 2008 £col Letd) "Ph)"OQenetiC beto diVerSity“ (Graham & Fine 2008 £col Letd)
allows more specific hypothesis tests. allows more specific hypothesis tests.

T Car
\"/’

high phylogenetic
turnover

Y

t[mya] t[mya]
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allows more specific hypothesis tests.

low phylogenetic

t[mya]

"Phylogenetic beta diversity” (cranam & Fine 2008 £cor et

"Phylogenetic beta diversity” (cranam & Fine 2008 £cor et
allows more specific hypothesis tests.

high phylogenetic
turnover

Y

t[mya]

branch-length based indices

a: shared branch length i[+

JE— k[ + +

+[ |+

independent branch lengths
c

a

hylosor = ——
Py 05-(2a+b+o)

. b+c Picante:
unifrac =————
a+b+c phylosor
unifrac

phylosor: Bryant et al. 2008 PNAS 105, 11505-11511
unifrac: Lozupone & Knight 205 Appl Environ Microbiol 71, 8228-8235
general: Faith et al. 2009 Int J Mol Sci 10, 4723-4741

®

Faith et al. 2009

distance-based indices

v
Jé 12 3 4
0 dy @)

L 22 dy 0 ([@p)d (eo)
BI<35s o (0o G

[
]
A

M

7 4 d41 dQZ d43 o
€5 dy dy, dy g
t{myal @ €6 dg dg dgz dgg
dys dag dyg dgg dydyy
diS d36 d24 d13
dZS d45 d34
dZS d45
Picante:
comdist
comdistnt

Webb et al. (2008) in Carson & Schnitzer (eds) Trapical Forest Community Ecology

distance-based indices

v \ 4
* 1 2 3 4 5 6
— 2] > 0 du() @@y
%_ >2 d; 0 (@) dyy dys dg
. 93 d3l dSZ 0 d34 d35 d36
4 d4l d42 d43 0 d45 d46
5 iy dy dy doy O e
t[mya] @ 6 dg dg; deg dey des O
dys dag dyy dgg  dypdys
dye dsg dyg dys
dZS d45 d34
s dag
2 1« 2x s0  Picante: @
comdist: 6x 3x 1x  1x +0 comdist
comdistnt

‘Webb et al. (2008) in Carson & Schnitzer (eds.) Tropical Forest Community Ecology

distance-based indices: diversity partitioning

~~_ global diversity/
h ~ _ distinctness (,gamma*“)

- -
-
.
.
4 N

’ Q N

! average local diversity/ O ‘l

|\ distinctness (,,alpha“) 1 -

7

\
’

h O - ’Y

a—-y

abundance: BST (Hardy & Jost 2008 J Ecol)
presence-a bsence: HST (Hardy & Senterre 2007 J £col)

®

spacodiR:
spacodi .calc
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DATED [2]) E
PHYLOGENY TIME MATRIX
e  spesies
- — § PHYLOGENETIC
- 3 TURNOVER

Sites

DISTRIBUTION all z _

MAPS model| |3 = —\

= H R,

e assupLace (5 > R aren
R partitioning
species d

ASSEMBLAGE 5 - SPATIAL

GRID - DISTANCE

| sites
“‘% N R, it niche suolution
— 2'
3 R gy limited niche avolution
andior

=
E.,g limited dispersal
SUTABILITY 72|  BARRIER
MAPS § ) DISTANCE N R limited dispersal
b %8 sites multiple
s g N 1e9ression | R unepiained/
i - %' distance onaapoenelic
matrices
ENVIRONMENT ENVIRONMENTAL
MAPS DISTANCE
b & = sites
e
H J
(FCA) H
Eiserbordt CIRCE summer cchool AL 14-19/9 o Eiserhardt et al. 2013 Scientific Reports

needed:
simultaneous models of trait evolution
and community assembly.

)
Onlintl

P(TEP) = 0.631
P=0,0017
" (]

PpPE) = 0.226
P=02386

Pillar & Duarte 2010 £LE

lf | Fiserhordt CIRCE summer school Al 16:19/9 2013
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« Character evolution: basic principles
¢ Phylogenetic community ecology

* Phylogenetic data: practical issues

e Tutorial

normally there is no tree covering all your spp.

"backbone”

PF Stevens: http://www.mobot. orq/MOBOT/research/APweb/

how do | get a phylogenetic tree?

ecologlcol scmpllnq is bod for phylogenetics!

1 _Eisarhardt CIRCE summearschogl Al 12

Welcome to TreeBASE

frow NGEAIE s apesly of pojpmet ki S o st foqpachs v, i fn s s
v ot oo

Sarre et pdmgnl

MSF Cista Wamagerment
o Lisderuamping £acs will usderpirimans moleutar diveigencs detes: A ssampls bom the Sou Amecices iznif

Dlota Accase clade Liotammini
domarnaly Saptarmben 05, 2413
Fomeee o Mhatuslintic mirmic i el filating by sltiude shags Be wruters ol Asdess buteilly conmusties

m — gencme sequence
e "rpe Il an
’ o 9 Fermickda}
r' ﬁ * Tasmeoenic sevhion of Earotium and tanber ol species 10 Speigites
\ / Aot 10, 2013
M/ ; bty . st Ok chrsmmevoms et honges
e Rarcms ber the Pateursa T
Auspest 18, 201
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DRYAD About - Forresearchens -

For organizations

Browse for data

FRecently PubSshed Data [

Search for data

@ LS

Contactus  Login Sign Up

| T s e —— e |

Nuceode e | [

Lomts Adarcra -y

Chellanthes deltoldea voucher BIOTA 127.270 (HBG) ATP synthase CF0 B chain
(a1pF) gene, partial alpF-atpa spacer, ATP CF1
spacer, AN e

alpha chain (atpA) gene and atp,
tRNA-Arg (trR) gens, partia...

how do | get a phylogenetic tree?

manual adjustments (,grafting”):
genlspl
genlsp2
genlsp3
genlsp4

genlsp5
seris D
genlspl

gen2spl
gen2sp2

gen3spl
gen3sp2
gen3sp3
gen3sp4
gen3sp5
—[ gen3sp6

t[mya]

1

——

-

genlspl
genlsp2
genlsp3
genlspd
genlsp5
genlsp6
gen2spl
gen2sp2
gen3spl
gen3sp2
gen3sp3
gen3sp4
gen3sp5
gen3sp6

how do | get a phylogenetic tree?

genlsp5
genlsp6

manual adjustments (,grafting”):
genlspl
gen2spl

genlspl
genlsp2
gen2sp2
gen3spl
gen3sp2
gen3sp3
gen3sp4

genlsp3
gen3sp5
E gen3sp6

genlsp4
tlmya]

how do | get a phylogenetic tree?

genlsp5
genlsp6
genlspl

manual adjustments (,grafting"):
genlsp2
gen2spl

genlspl
genlsp2
gen2sp2
gen3spl
gen3sp2
gen3sp3
gen3sp4

genlsp3
gen3sp5
E gen3sp6

genlsp4
t[mya]

how do | get a phylogenetic tree?

genlspl
genlsp2
genlsp3
genlsp4
genlsp5
genlsp6
genlsp5
genlspl
genlsp2
gen2spl

gen2sp2
gen3spl
gen3sp2
gen3sp3
gen3sp4

gen3sp5
E gen3sp6

t[mya]

© Wolf L. Eiserhardt, Aarhus University
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how do | assign missing divergence times?

[ibmetonsoms____J TimeTres of it Book

how do | assign missing divergence times? how do | assign missing divergence times?
BLADJ = Branch Length Adjustment BLADJ = Branch Length Adjustment
in Phylocom (Webb et al. 2008 Bioinformatics) in Phylocom (Webb et al. 2008 Bjoinformatics)

- not model based
- doesn’t handle uncertainty

» — - randomize if you can.
»
— ]
tlmyal
how do | assign missing species? ”lespﬁ v how do | assign missing species? ”fg;lspe ]
L g L g
use toxonomy genlspl use toxonomy genlspl
genlsp2 genlsp2
1. random addition genlsp3 1. model-based addition genlsp3
_|: genlsp4d _|: genlsp4d
- pick a branch genlsps - model expected MPD genlsps
P(b)~Length(b) gen2spl for the taxon based on gen2spl
- pick atime on the branch. richness and age (e.q. Yule model)

- update divergence time matrix
Add multiple spp. in random order
Do it N times. cannot be represented as tree any more.

Eiserhardt et al. 2012 Bot J Linn. Soc

© Wolf L. Eiserhardt, Aarhus University
(wolf.eiserhardt@biology.au.dk)
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how do | get a phylogenetic tree?

supertree services:
- phylomatic/phylotastic
- Beaulieu et al. 2012 Ecology

supermatrix services:
- Roquet et al. 2012 Ecography

- phyloGenerator N
(Pearse & Purvis 2013 Methods Ecol Evol) - ’7"'”““-""-' oy
o |
Roquet et al. 2011 Ecography Pearse & Purvis 2013 Methods Ecol Evol
phylogenetic uncertainty phylogenetic uncertainty
bact_ferr
[, bactsimp optimal: Bayesian phylogenetics
bact_bifi .
4 Aaa L{ 0,39 ) - sample N trees from the Markov chain

i 0763 bact_maj1

0,94 bact_aca2 a0900

- bact_cons so050

e bact_mara o

",Tﬁ— bact_kill o
bact_setu

e pactripa | |

1 bact_gasi oo

e |

bact_plin 40250

structure and handling of tree files: structure and handling of tree files:
Newick (Phylip): Newick (Phylip):

C C

A B A B
L | L |

((A,B).C): ((A:0.4,B:0.4):0.6,C:1):

© Wolf L. Eiserhardt, Aarhus University
(wolf.eiserhardt@biology.au.dk)
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structure and handling of tree files:
Newick (Phylip):

A B C
LEJF

((A:0.4,B:0.4)E:0.6,C:1)F:

structure and handling of tree files:
Newick (Phylip):

het S
F e lz‘ead -tree @

— write.tree

((A:0.4,B:0.4)E:0.6,C:1)F:

#NEXUS

BEGIN TAXA; NEXUS
TAXLABELS spA spB spC;

END;

BEGIN DATA;
DIMENSIONS ntax=4 nchar=15;
FORMAT datatype=dna symbols="ACTG" missing=? gap=-;
MATRIX
spA  atgctagctagctcg
spB  atgcta??tag-tag
spC  atgttagctag-tgg

END;
BEGIN TREES;

LINK Taxa = Taxa;
TRANSLATE

2 s, e @
2 spB,
3 spC- read.nexus

TREE treel = ((1,2),3); write.nexus
ND;

#NEXUS

BEGIN TAXA; NEXUS
TAXLABELS spA spB spC;

END;

BEGIN DATA;
DIMENSIONS ntax=4 nchar=15;
FORMAT datatype=dna symbols="ACTG" missing=? gap=-;
MATRIX
spA  atgctagctagctcg
spB  atgcta??tag-tag
spC  atgttagctag-tgg

END;
BEGIN TREES;

LINK Taxa = Taxa;
TRANSLATE

2 s, e @
2 spB,
3 spC- read.nexus

TREE treel = ((1,2),3); write.nexus
ND;

- use other software (e.g. mesquiteproject.org)
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