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Figure S1: Ploidy and breeding system data according to three different classifications. For ploidy only

models, classifications with states D and P were used (inner circle). For breeding system models classifica-

tions with states I and C were used (middle circle). For ploidy and breeding system models classifications

using ID,CD,CP were used (outer circle). Data with missing information in one of the traits was classified

simultaneously as two possible states, for example, diploids without breeding system ?D were classified as

(CD,CP)).
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Figure S2: Twenty-nine models of diversification are proposed for the study of ploidy, breeding systems,

and hidden states linked to the process of diversification. We divide the models by the type of focal trait

studied (ploidy only, breeding system only, or ploidy and breeding system). The contributions of the focal

trait to the diversification process can be measured by comparing the models in each of the columns. That

is, the focal trait only models assume that speciation and extinction rates are only linked to the trait itself,

the hidden trait only models assume that the diversification rates are linked to unknown factors but not the

trait of interest, and the focal trait with hidden trait models assume that both the focal trait and unknown

factors are contributing to diversification. (large format figure)
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Figure S3: Posterior distributions for each of the parameters in the ploidy only model (M1). Red color

represents diploid state D and blue color represents polyploid state P. (A)Speciation rates. (B) Extinction

rates. (C) Net diversification rates (speciation minus extinction from panels A and B). (D) Relative extinction

rates (extinction divided by speciation from panels A and B). (E) Polyploidization rate (r).
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Figure S4: Posterior distributions for each of the parameters in the ploidy and hidden trait model (M4). Red

color represents diploid state D and blue color represents polyploid state P. Dark colors represent hidden

state A and light colors hidden state B. (A) Speciation rates. (B) Extinction rates. (C) Net diversification

rates (speciation minus extinction from panels A and B). (D) Relative extinction rates (extinction divided by

speciation from panels A and B). (E) Polyploidization rate (r). (F) Transition rates between hidden states (

a and b ).
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Figure S5: Posterior distributions for each of the parameters in the breeding system only model (M11).

Green color represents self-incompatible state I and purple color represents self-compatible state C. (A)

Speciation rates. (B) Extinction rates. (C) Net diversification rates (speciation minus extinction from panels

A and B). (D) Relative extinction rates (extinction divided by speciation from panels A and B). (E) Self-

incompatible to self-compatible transition rate (qIC).
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Figure S6: Posterior distributions for each of the parameters in the breeding system and hidden trait model

(M14). Green color represents self-incompatible state I and purple color represents self-compatible state A.

Dark colors represent hidden state A and light colors hidden state B. (A) Speciation rates. (B) Extinction

rates. (C) Net diversification rates (speciation minus extinction from panels A and B). (D) Relative extinc-

tion rates (extinction divided by speciation from panels A and B). (E) Self-incompatible to self-compatible

transition rate (qIC). (F) Transition rates between hidden states ( a and b ).
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Figure S7: Posterior distribution for each of the parameters in the ploidy and breeding system model (M16).

Green color represents self-incompatible diploid state ID, blue color is the self-compatible and diploid state

CD and pink represents self-compatible polyploid state CP. (A) Speciation rates. (B) Extinction rates. (C)

Net diversification rates (speciation minus extinction from panels A and B). (D) Relative extinction rates

(extinction divided by speciation from panels A and B). (E) Self-incompatible to self-compatible transition

rate (qIC, yellow), polyploidization rate from self-incompatible (rI, light pink), and polyploidization from

self-compatible (rc, orange).
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Figure S8: Posterior distribution for each of the parameters in the ploidy, breeding system, and hidden trait

model (M19). Green color represents self-incompatible diploid state ID, blue color is the self-compatible

and diploid state CD and pink represents self-compatible polyploid state CP. Dark colors represent hidden

state A and light colors hidden state B. (A) Speciation rates. (B) Extinction rates. (C) Net diversification

rates (speciation minus extinction from panels A and B). (D) Relative extinction rates (extinction divided

by speciation from panels A and B). (E) Self-incompatible to self-compatible transition rate (qIC, yellow),

polyploidization rate from self-incompatible (rI, light pink), and polyploidization from self-compatible (rc,

orange). (F) Transition rates between hidden states ( a and b ).

38



Pantacantha ameghinoi
Combera paradoxa
Salpiglossis sinuata
Browallia speciosa
Streptosolen jamesonii
Sessea corymbiflora
Cestrum megalophyllum
Cestrum strigilatum
Cestrum diurnum
Cestrum tomentosumCestrum nocturnumCestrum aurantiacumCestrum elegansCestrum fasciculatumSchwenckia laterifloraMetternichia princepsEspadaea amoenaGoetzea elegansSchizanthus laetusSchizanthus litoralisSchizanthus porrigensSchizanthus pinnatusSchizanthus parvulusSchizanthus tricolorSchizanthus grahamii

Schizanthus hookeriSchizanthus alpestris
Schizanthus candidus

Schizanthus integrifolius
Schizanthus lacteus

Fabiana imbricata
Calibrachoa sellowiana

Calibrachoa parviflora
Calibrachoa pygmea

Petunia axillarisPetunia exsertaPetunia integrifolia
Petunia mantiqueirensis

Petunia bonjardinensis

Petunia scheideana
Petunia secreta

Petunia altiplana
Petunia reitzii

Petunia saxicola
Brunfelsia americana

Bouchetia anomala

Bouchetia erecta

Hunzikeria texana
Nierembergia rivularis

Nierembergia repens

Nierembergia graveolens

Nierembergia aristata

Nierembergia veitchii

Nierembergia calycina

Nierembergia linariifo
lia

Nierembergia scoparia

Nierembergia ericoides

Nierembergia tucumanensis

Nierembergia browallioides

Nierembergia pulchella

Sym
onanthus a

romaticu
s

Sym
onanthus b

ancro
ftii

Anthocercis
 gracilis

Anthocercis
 ilic

ifolia

Anthocercis
 litt

orea

Anthocercis
angustif

olia

Anthocercis
 vis

cosa

Anthocercis
 intric

ata
Cyphanthera odgersii

Grammosolen dixo
nii

Grammosolen tru
ncatus

Anthotro
che walco

ttii

Anthotro
che pannosa

Anthotro
che m

yoporoides

Cyph
an

the
ra 

micro
ph

ylla

Cren
idiu

m sp
ine

sce
ns

Cyph
an

the
ra 

an
tho

cer
cid

ea

Dub
ois

ia 
leic

hh
ard

tii

Dub
ois

ia 
ho

pw
oo

dii

Cyp
ha

nth
era

 al
bic

an
s

Dub
ois

ia 
myo

po
roi

de
s

Nico
tia

na
 ta

ba
cu

m

Nico
tia

na
 ot

op
ho

ra

Nico
tia

na
 ka

wak
am

ii

Nico
tia

na
 to

men
tos

a

Nico
tia

na
 to

men
tos

ifo
rm

is

Nico
tia

na
 th

yrs
iflo

ra

Nico
tia

na
 w

iga
nd

ioi
de

s

Nico
tia

na
 gl

uti
no

sa

Nico
tia

na
 ar

en
tsi

i

Nico
tia

na
 un

du
lat

a

Nico
tia

na
 be

na
vid

es
ii

Nico
tia

na
 ra

im
on

dii

Nico
tia

na
 co

rdi
fol

ia

Nico
tia

na
 so

lan
ifo

lia

Nico
tia

na
 pa

nic
ula

ta

Nico
tia

na
 kn

igh
tia

na

Nico
tia

na
 ru

sti
ca

Ni
co

tia
na

 cl
ev

ela
nd

ii

Ni
co

tia
na

 qu
ad

riv
alv

is

Ni
co

tia
na

 ob
tus

ifo
lia

Ni
co

tia
na

 lin
ea

ris

Ni
co

tia
na

 sp
eg

az
zin

ii

Ni
co

tia
na

 m
ier

sii

Ni
co

tia
na

 co
rym

bo
sa

Ni
co

tia
na

 ac
um

ina
ta

Ni
co

tia
na

 pa
uc

iflo
ra

Ni
co

tia
na

 sy
lve

str
is

Ni
co

tia
na

 n
ud

ica
uli

s

Ni
co

tia
na

 re
pa

nd
a

Ni
co

tia
na

 n
es

op
hil

a

Ni
co

tia
na

 st
oc

kto
nii

Ni
co

tia
na

 a
lat

a

Ni
co

tia
na

 la
ng

sd
or

ffii

Ni
co

tia
na

 b
on

ar
ien

sis

Ni
co

tia
na

 fo
rg

et
ian

a

Ni
co

tia
na

 lo
ng

iflo
ra

Ni
co

tia
na

 p
lum

ba
gin

ifo
lia

Ni
co

tia
na

 a
fri

ca
na

Ni
co

tia
na

 a
ca

uli
s

Ni
co

tia
na

 g
lau

ca

Ni
co

tia
na

no
ct

iflo
ra

Ni
co

tia
na

 p
et

un
io

id
es

Ni
co

tia
na

 fo
rs

te
ri

Ni
co

tia
na

 o
cc

id
en

ta
lis

Ni
co

tia
na

 u
m

br
at

ica

Ni
co

tia
na

 m
eg

al
os

ip
ho

n

Ni
co

tia
na

 s
im

ul
an

s

Ni
co

tia
na

 e
xc

el
sio

r

Ni
co

tia
na

 m
ar

itim
a

Ni
co

tia
na

 a
m

pl
ex

ica
ul

is

Ni
co

tia
na

 e
as

tii

Ni
co

tia
na

 s
ua

ve
ol

en
s

Ni
co

tia
na

 c
av

ico
la

Ni
co

tia
na

 g
oo

ds
pe

ed
ii

Ni
co

tia
na

 g
os

se
i

Ni
co

tia
na

 ro
tu

nd
ifo

lia

Ni
co

tia
na

 ro
su

la
ta

Ni
co

tia
na

 v
el

ut
in

a

La
tu

a 
pu

bi
flo

ra

Ja
bo

ro
sa

 in
te

gr
ifo

lia

Ja
bo

ro
sa

 s
at

iva

At
ro

pa
 b

el
la

do
nn

a

At
ro

pa
 k

om
ar

ov
ii

An
iso

du
s 

ta
ng

ut
icu

s

An
iso

du
s 

ca
rn

io
lic

oi
de

s

An
iso

du
s 

ac
ut

an
gu

lu
s

Hy
os

cy
am

us
 tu

rc
om

an
icu

s

H
yo

sc
ya

m
us

 p
us

illu
s

H
yo

sc
ya

m
us

 a
lb

us

H
yo

sc
ya

m
us

 n
ig

er

Hy
os

cy
am

us
 m

ut
icu

s

Hy
os

cy
am

us
 d

es
er

to
ru

m

At
ro

pa
nt

he
 s

in
en

si
s

Sc
op

ol
ia

 ja
po

ni
ca

Sc
op

ol
ia

 c
ar

ni
ol

ic
a

Sc
op

ol
ia

 p
ar

vi
flo

ra

Pr
ze

w
al

sk
ia

 ta
ng

ut
ic

a

Ph
ys

oc
hl

ai
na

 p
ra

ea
lta

Ph
ys

oc
hl

ai
na

 o
rie

nt
al

is
Sc

le
ro

ph
yl

ax
 a

rn
ot

tii
N

ol
an

a 
el

eg
an

s
N

ol
an

a 
ru

pi
co

la
N

ol
an

a 
ac

um
in

at
a

N
ol

an
a 

ro
st

ra
ta

N
ol

an
a 

ad
an

so
ni

i
N

ol
an

a 
ga

la
pa

ge
ns

is
N

ol
an

a 
pl

ic
at

a

N
ol

an
a 

at
ic

oa
na

N
ol

an
a 

hu
m

ifu
sa

N
ol

an
a 

la
xa

Ly
ci

um
 te

tra
nd

ru
m

Ly
ciu

m
 a

cu
tif

ol
iu

m
Ly

ciu
m

 b
os

cii
fo

liu
m

Ly
ciu

m
 h

irs
ut

um
Ly

ciu
m

 v
illo

su
m

Ly
ciu

m
 e

en
ii

Ly
ciu

m
 s

ch
we

in
fu

rth
ii

Ly
ciu

m
 s

ha
wi

i

Ly
ci

um
 d

ep
re

ss
um

Ly
ci

um
 ru

th
en

ic
um

Ly
ciu

m
 d

ec
um

be
ns

Ly
ciu

m
 p

um
ilu

m
Ly

ciu
m

 o
xy

ca
rp

um
Ly

ciu
m

 p
ilif

ol
iu

m
Ly

ciu
m

 g
ar

ie
pe

ns
e

Ly
ciu

m
 te

nu
e

Ly
ciu

m
 s

tra
nd

ve
ld

en
se

Ly
ciu

m
 a

m
oe

nu
m

Ly
ciu

m
 g

ra
nd

ica
lyx

Ly
ciu

m
 a

re
ni

co
la

Ly
ciu

m
 c

in
er

eu
m

Ly
ciu

m
 a

fru
m

Ly
ciu

m
 fe

ro
cis

sim
um

Ly
ciu

m
 h

or
rid

um
Ly

ciu
m

 s
ch

izo
ca

lyx
Ly

ciu
m

 b
oe

rh
av

iifo
liu

m
Ly

ciu
m

 p
al

lid
um

Ly
ciu

m
 c

oo
pe

ri
Ly

ciu
m

 m
ac

ro
do

n
Ly

ciu
m

 p
ub

er
ul

um
Ly

ciu
m

 c
al

ifo
rn

icu
m

Ly
ciu

m
 n

od
os

um
Ly

ciu
m

 vi
m

in
eu

m
Ly

ciu
m

 g
illi

es
ian

um

Ly
ciu

m
 a

m
eg

hin
oi

Ly
ciu

m
 ch

an
ar

Ly
ciu

m
 fu

sc
um

Ly
ciu

m
 m

inu
tifo

liu
m

Ly
ciu

m
 st

en
op

hy
llu

m

Ly
ciu

m
 ce

str
oid

es

Ly
ciu

m
 cu

ne
at

um

Ly
ciu

m
 m

or
on

gii

Ly
ciu

m
 b

re
vip

es

Ly
ciu

m
 ca

ro
lin

ian
um

Ly
ciu

m
 ra

ch
ido

cla
du

m

Ly
ciu

m
 te

nu
isp

ino
su

m

Ly
ciu

m
 e

lon
ga

tu
m

Ly
ciu

m am
er

ica
nu

m

Ly
ciu

m in
fau

stu
m

Ly
ciu

m m
ini

mum

Ly
ciu

m pa
ris

hii

Ly
ciu

m to
rre

yi

Ly
ciu

m an
de

rso
nii

Ly
ciu

m be
rla

nd
ier

i

Ly
ciu

m ex
se

rtu
m

Ly
ciu

m fr
em

on
tii

Ex
od

ec
on

us
 m

ier
sii

So
lan

dra
 gr

an
dif

lor
a

Dys
so

ch
rom

a v
irid

iflo
ra

Man
dra

go
ra 

ca
ule

sc
en

s

Nica
nd

ra 
ph

ys
alo

de
s

Brug
man

sia
 sa

ng
uin

ea

Brug
man

sia
 ar

bo
rea

Brug
man

sia
 au

rea

Datu
ra 

dis
co

lor

Datu
ra 

mete
l

Datu
ra 

ino
xia

Datu
ra 

lei
ch

ha
rdt

ii

Datu
ra 

fer
ox

Datu
ra 

qu
erc

ifo
lia

Datu
ra 

str
am

on
ium

Datu
ra 

ce
rat

oc
au

la

Salp
ich

roa
 or

iga
nif

olia

Ly
cia

nth
es

 sh
an

es
ii

Ly
cia

nth
es

 bi
flo

ra

Ly
cia

nth
es

 m
ult

iflo
ra

Ly
cia

nth
es

 ja
lice

ns
is

Lyc
ian

the
s h

ete
roc

lita

Lyc
ian

the
s ly

cio
ide

s

Lyci
anthes r

antonnetii

Lyci
anthes a

sarifo
lia

Lyci
anthes a

capulce
nsis

Lyci
anthes c

ilio
lata

Lyci
anthes m

ozin
iana

Lyci
anthes rz

edowski
i

Lyci
anthes d

ejecta

Lyci
anthes p

eduncularis

Capsic
um geminifolium

Capsic
um lanceolatum

Capsicu
m cili

atum

Capsicu
m rhomboideum

Capsicu
m ca

mpylo
podium

Capsicu
m vill

osum

Capsicum schottia
num

Capsicum recurvatum

Capsicum flexuosum

Capsicum cardenasii

Capsicum eximium

Capsicum pubescens

Capsicum tovarii

Capsicum chacoense

Capsicum baccatum

Capsicum coccineum

Capsicum annuum

Capsicum chinense

Capsicum frutescens

Capsicum galapagoensis

Cuatresia cuneata

Cuatresia exiguiflora

Cuatresia riparia

Nothocestrum longifolium

Withania coagulans

Withania somnifera
Deprea paneroi

Dunalia solanacea

Dunalia obovata

Vassobia breviflora

Dunalia brachyacantha

Eriolarynx lorentzii

Iochroma australe

Iochroma gesnerioides

Iochroma fuchsioides

Iochroma lehmannii

Acnistus arborescens

Iochroma cyaneum

Leucophysalis grandiflora

Leucophysalis nana

Schraderanthus viscosa

Brachistus stramoniifolius

Witheringia macrantha

Witheringia meiantha

Physalis alkekengi

Calliphysalis carpenteri

Quincula lobata

Physalis melanocystis

Physalis acutifolia

Physalis crassifolia

Physalis philadelphica

Physalis nicandroides

Physalis patula

Physalis peruviana

Physalis angustiphysa

Physalis longifolia

Physalis glutinosa

Physalis sordida

Physalis cordata

Physalis ignota

Physalisminima

Physalis pruinosa

Physalis lagascae
Physalis angulata
Physalis pubescens
Physalis lanceolata
Physalis heterophylla
Physalis virginiana
Physalis arenicola
Physalis walteri
Physalis pumila
Physalis cinerascens
Physalis mollis
Physalis viscosa

Jaltomata darcyana
Jaltomata repandidentata Jaltomata bohsiana
Jaltomata procumbens Jaltomata chihuahuensis Jaltomata grandiflora Jaltomata antillana Jaltomata auriculata Jaltomata oppositifolia Jaltomata salpoensis

Jaltomata andersonii
Jaltomata lezamae

Jaltomata sinuosa
Jaltomata viridiflora

Jaltomata yungayensis
Jaltomata contumacensis

Jaltomata leivae
Jaltomata biflora

Jaltomata dentata
Jaltomata bicolor

Jaltomata umbellata
Jaltomata cajacayensis

Jaltomata lomana
Jaltomata mionei

Jaltomata aspera Jaltomata lojae Jaltomata lanata
Jaltomata bernardelloana Jaltomata sagastegui

Jaltomata paneroi

Jaltomata herrerae Jaltomata yacheri Jaltomata weberbaueri
Jaltomata ventricosa Jaltomata sanchez-vegae

Solanum valdiviense

Solanum guineense

Solanum terminale

Solanum herculeum

Solanum trisectum

Solanum capsiciforme

Solanum simile
Solanum symonii

Solanum vescum

Solanum linearifolium

Solanum laciniatum

Solanum aviculare

Solanum multivenosum

Solanum aligerum

Solanum laxum
Solanum amygdalifolium

Solanum crispum

Solanum dulcamara

Solanum lyratum

Solanum wallacei

Solanum palitans

Solanum tripartitum

Solanum triflorum

Solanum physalifolium

Solanum pallidum

Solanum fiebrigii

Solanum villosum

Solanum scabrum

Solanum opacum

Solanum americanum

Solanum nigrum

Solanum ptychanthum

Solanum taeniotrichum

Solanum caripense

Solanum fraxinifolium

Solanum appendiculatum

Solanum brevifolium

Solanum etuberosum

Solanum palustre

Solanum lycopersicoides

Solanum sitiens

Solanum juglandifolium

Solanum ochranthum

Solanum habrochaites

Solanum neorickii

Solanum chilense

Solanum peruvianum

Solanum chmielewskii

Solanum pennellii

Solanum galapagense

Solanum lycopersicum

Solanum cheesmaniae

Solanum pimpinellifolium

Solanum bulbocastanum

Solanum jamesii

Solanum clarum

Solanum morelliforme

Solanum polyadenium

Solanum cardiophyllum

Solanum ehrenbergii

Solanum chomatophilum

Solanum scabrifolium

Solanum pinnatisectum

Solanum piurae

Solanum andreanum

Solanum
 doddsii

Solanum
 stenophyllidium

Solanum
 schenckii

Solanum
 iopetalum

Solanum
 violaceim

arm
oratum

Solanum
 albicans

Solanum
 acaule

Solanum
 boliviense

Solanum
 raphanifolium

Solanum
 lignicaule

Solanum
 laxissim

um

Solanum
 m

aglia

Solanum
 longiconicum

Solanum
 oxycarpum

Solanum
 agrim

oniifolium

Solanum
 colom

bianum

Solanum
 stipuloideum

Solanum
 vernei

Solanum
 candolleanum

Solanum
 m

icrodontum

Solanum
 dem

issum

Solanum
 kurtzianum

Solanum
 chacoense

Solanum
 berthaultii

Solanum
 infundibuliform

e

Solanum
 okadae

Solanum
 stoloniferum

Solanum
 hjertingii

Solanum
 verrucosum

Solanum
 guerreroense

Solanum
 hougasii

Solanum
 latiflorum

Solanum
 cacosm

um

Solanum
 exiguum

Solanum
 diploconos

Solanum
 pinetorum

Solanum
 sciadostylis

Solanum
 cylindricum

Solanum
 glaucophyllum

Solanum
 fusiform

e

Solanum
 m

elissarum

Solanum
 confusum

Solanum
 hibernum

Solanum
 luteoalbum

Solanum
stuckertii

Solanum
oxyphyllum

Solanum
 pendulum

Solanum
 tobagense

Solanum
 obliquum

Solanum
 roseum

Solanum
 m

aternum

Solanum
 betaceum

Solanum
 unilobum

Solanum
 cajanum

ense
Solanum

 fallax
Solanum

 endopogon
Solanum

 occultum
Solanum

 sibundoyense
Solanum

 proteanthum
Solanum

 tegore
Solanum

 circinatum
Solanum

 tenuisetosum
Solanum

 adscendens
Solanum

 turneroides
Solanum

 abutiloides

Solanum
 rugosum

Solanum
 asperum

Solanum
 m

auritianum

Solanum
 cordovense

Solanum
 reductum

Solanum
 argentinum

Solanum
 pseudocapsicum

Solanum
 rovirosanum

Solanum
 arboreum

Solanum
 aphyodendron

Solanum
 diphyllum

Solanum
 allophyllum

Solanum
 wendlandii

Solanum
 hoehnei

Solanum
 gardneri

Solanum
 m

icrophyllum
Solanum

 robustum
Solanum

 stagnale

Solanum
 paludosum

Solanum
 palinacanthum

Solanum
 m

am
m

osum
Solanum

 platense
Solanum

 capsicoides
Solanum

 acerifolium
Solanum

 atropurpureum

Solanum
 tenuispinum

Solanum
 incarceratum

Solanum
 m

yriacanthum

Solanum
 aculeatissim

um

Solanum
 viarum

Solanum
 sessiliflorum

Solanum
 quitoense

Solanum
 felinum

Solanum
 candidum

Solanum
 lasiocarpum

Solanum
 repandum

Solanum
 stram

oniifolium

Solanum
 hirtum

Solanum
 pectinatum

Solanum
 hyporhodium

Solanum
 pseudolulo

Solanum
 vestissim

um

Solanum
 sisym

briifolium

Solanum
 lycocarpum

Solanum
 m

itlense

Solanum
 crinitum

Solanum wrightii

Solanum tenuipes

Solanum johnstonii

Solanum grayi

Solanum lumholtzianum

Solanum angustifolium

Solanum fructu-tecto

Solanum rostratum

Solanum tribulosum

Solanum heterodoxum

Solanum citrullifolium

Solanum davisense

Solanum ensifolium

Solanum carolinense

Solanum aridum

Solanum jamaicense

Solanum lanceifolium

Solanum crotonoides

Solanum donianum

Solanum paniculatum

Solanum bonariense

Solanum asperolanatum

Solanum chrysotrichum

Solanum torvum

Solanum elaeagnifolium

Solanum hindsianum

Solanum houstonii

Solanum aculeastrum

Solanum coagulans

Solanum marginatum

Solanum giganteum

Solanum dasyphyllum

Solanum macrocarpon

Solanum cyaneopurpureum

Solanum aethiopicum

Solanum anguivi

Solanum lidii

Solanum vespertilio

Solanum humile

Solanum capense

Solanum tomentosum

Solanum violaceum

Solanum supinum

Solanum insanum

Solanum melongena

Solanum linnaeanum

Solanum incanum

Solanum pyracanthos

Solanum oldfieldii

Solanum coactiliferum

Solanum gabrielae

Solanum lasiophyllum

Solanum cleistogamum

Solanum horridum

Solanum echinatum

Solanum lucani

Solanum cunninghamii

Solanum dioicum

Solanum carduiforme

Solanum leopoldensis

Solanum cataphractum

Solanum petraeum

Solanum tudununggae

Solanum vansittartense

Solanum oedipus

Solanum clarkiae

Solanum melanospermum

Solanum beaugleholei

Solanum phlomoides

Solanum chippendalei

Solanum diversiflorum

Solanum asymmetriphyllum

Solanum sejunctum

Solanum hoplopetalum

Solanum hystrix

Solanum oligacanthum

Solanum nummularium

Solanum orbiculatum

Solanum tetrathecum

Solanum elachophyllum

Solanum ditrichum

Solanum vicinum

Solanum campanulatum

Solanum prinophyllum

Solanum pungetium

Solanum petrophilum

Solanum sturtianum

Solanum cinereum

Solanum centrale

Solanum esuriale

Solanum dianthophorum

Solanum ellipticum

Solanum quadriloculatum

Solanum inaequilaterum

Solanum dimorphispinum

Solanum viridifolium

Solanum incompletum

Solanum sandwicense

Solanum semiarmatum

Solanum cookii

Solanum corifolium

Solanum stupefactum

Solanum furfuraceum

Solanum densevestitum

Solanum nemophilum
Solanum stelligerum
Solanum chenopodinum
Solanum ferocissimum

Posterior Probability

0.6

0.7

0.8

0.9

1.0

D P

μD

λP

μP
λD

ρ

M1.	D/P	

Figure S9: Ancestral state estimation showing the maximum a posteriori estimates of the marginal proba-

bility distributions for each of the 650 internal nodes under the ploidy only model (M1).
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Figure S10: Ancestral state estimation showing the maximum a posteriori estimates of the marginal proba-

bility distributions for each of the 650 internal nodes under the ploidy and hidden states model (M4).
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Figure S11: Ancestral state estimation showing the maximum a posteriori estimates of the marginal proba-

bility distributions for each of the 650 internal nodes under the breeding system only model (M11).
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Figure S12: Ancestral state estimation showing the maximum a posteriori estimates of the marginal prob-

ability distributions for each of the 650 internal nodes under the breeding system and hidden states model
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Figure S13: Ancestral state estimation showing the maximum a posteriori estimates of the marginal proba-

bility distributions for each of the 650 internal nodes under the ploidy and breeding system model (M16).
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Figure S14: Ancestral state estimation showing the maximum a posteriori estimates of the marginal proba-

bility distributions for each of the 650 internal nodes under the ploidy, breeding systems, and hidden states

model (M19).
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Figure S15: Testing the addition of breeding system to ploidy models. (A) Ploidy only model (M1) where

data enter as binary D and P. (B) Lumped model for ploidy (M26) where data are the three-state values

(ID,CP,CD) but results are equivalent to model M1. (C) Ploidy and breeding system model (M16) where

data enter as the three-state values. Models M26 and M16 are comparable whereas M1 and M16 are not.

(D) Ploidy and hidden state model (M3) where data enter as binary D and P. (E) Lumped model for ploidy

and hidden state (M27) where data are the three-state values (ID,CP,CD) but results are equivalent to model

M3. (F) Ploidy, breeding system, and hidden state model (M18) where data enter as the three-state values.

Models M27 and M18 are comparable whereas M3 and M18 are not. Bayes factors comparing the models

are shown in Table 3.
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Figure S16: Testing the addition of ploidy to breeding system models. (A) Breeding system only model

(M11) where data enter as binary I and C. (B) Lumped model for breeding system (M28) where data are

the three-state values (ID,CP,CD) but results are equivalent to model M11. (C) Ploidy and breeding system

model (M16) where data enter as the three-state values. Models M28 and M16 are comparable whereas

M11 and M16 are not. (D) Breeding system and hidden state model (M13) where data enter as binary I

and C. (E) Lumped model for breeding system and hidden state (M29) where data are the three-state values

(ID,CP,CD) but results are equivalent to model M13. (F) Ploidy, breeding system, and hidden state model

(M18) where data enter as the three-state values. Models M29 and M18 are comparable whereas M13 and

M18 are not. Bayes factors comparing the models are shown in Table 3.
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Figure S17: Effect of asymmetric rates in hidden models. First column models M3, M13, and M18 assume

that the rates between hidden states are equal. The models in the second column (M4, M14, M19) assume

that the rates between hidden states are different . Column three models assumes that the rates between

hidden state are asymmetric and that the transition rates within each hidden states are also different. Bayes

factors in Table S5 strongly preferred models with asymmetric rates between states (second column) over

models with equal rates in hidden states (first column). Models in the second column are moderately or

equally prefer to more complex models in column 3.
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Figure S18: Posterior distributions for the net diversification rates of the preferred models with diploidiza-

tion. Red color represents diploid state D, blue color represents polyploid state P, green color represents

self-incompatible I, purple color represents self-compatible C, dark colors represent hidden state A and light

colors hidden state B. (A) Ploidy only model M6. (B) Ploidy and hidden states model M9 (C) Breeding

systems only model M11. (D) Breeding systems and hidden state model M14. (E) Ploidy and breeding

systems model M21. (F) Ploidy, breeding systems, and hidden states model M24.
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Model Marginal
log-likelihood M7 M8 M9 M10 Evidence

M6. D/P+d -1268.83 55.41 42.78 53.37 52.85 Every model strongly
preferred over M6

M7. CID D/P+d -1212.42 -12.62 -2.04 -2.04 Model M7 moderately
preferred over M9 and M10

M8. D/P+A/B d -1214.46 10.58 10.07 Asymmetric rates strongly
preferred over symmetric

M9. D/P+A/B +d asym -1214.46 -0.51 No evidence
M10. D/P+A/B +d all asym -1214.97

Table S1: Bayes factors in log-scale of ploidy only models with diplodization. Results indicate that a

character independent model (M7) is strongly preferred over model M6 (BiSSE). Model M7 (bold) is also

moderately preferred over any of the HiSSE models with asymmetric hidden rates (M9, M10).
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Model Marginal
log-likelihood M18 M19 M20 Evidence

M16. ID/CP/CD -1459.11 45.11 65.91 63.98 Every model strongly
preferred over M16

M17. CID ID/CP/CD *

M18. ID/CP/CD+A/B -1414 20.79 18.87 Asymmetric rates strongly
preferred over symmetric

M19. ID/CP/CD +A/B asym -1393.20 -1.92 Asymmetric hidden rates moderately
preferred over all asymmetric

M20. ID/CP/CD +A/B all asym -1393.12

Table S2: Bayes factors of ploidy and breeding system without diploidization in log-scale. Results indicate

that the model with asymmetric hidden rates (M19, bold) is strongly preferred over M16 and M18 and

moderately preferred over the MuHiSSe with all rates asymetric (M20). *Marginal log-likelihood for M17

could not be calculated within allotted computer time.
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Model Marginal
log-likelihood M22 M23 M24 M25 Evidence

M21. ID/CP/CD+d -1454.68 55.48 46.031 67.94 65.15 Every model strongly
preferred over M21

M22. CID ID/CP/CD+d -1399.201 -9.452 12.45 9.675 Model M24 strongly preferred
over M22

M23. ID/CP/CD+A/B d -1408.65 21.91 19.12 Asymmetric rates strongly
preferred over symmetric

M24. ID/CP/CD +d asym -1386.74 -2.78 Asymmetric hidden rates
preferred over all asymmetric

M25. ID/CP/CD +d all asym -1389.52

Table S3: Bayes factors of ploidy and breeding system with diploidization in log-scale. Results indicate that

the MuHiSSE model with asymmetric hidden rates (M24, bold) is strongly preferred over M21-M23 and

moderately preferred over the MuHiSSe with all rates asymmetric (M25).
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Model Marginal
log-likelihood Comparison K=log(BF(M1,M2) Preferred

Model (Evidence)
M1. D/P -1238.76 M1 vs. M4 60.47 M4 (Strong)
M4. D/P+A/B asym -1223.28
M11. I/C -1309.07 M11 vs. M14 61.35 M14 (Strong)
M14. I/C+A/B asym -1247.72
M16. ID/CD/CP -1459.11 M16 vs. M19 65.90 M19 (Strong)
M19. ID/CD/CP+A/B asym -1393.20
M6. D/P+d -1283.76 M6 vs. M9 69.3 M9 (Strong)
M9. D/P+A/B+d asym -1214.46
M21. IC/CD/CP+d -1454.68 M21 vs. M24 68.48 M24 (Strong)
M24. IC/CD/CP+A/B+d asym -1386.20

Table S4: Test for addition of hidden states in models via Bayes factors (in log-scale). Models with hidden

states (M4, M14, M19, M9, M24, bold) are strongly preferred over simpler models that do not include

hidden s
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Model Marginal
log-likelihood Comparison K=log(BF(M1,M2) Preferred

Model (Evidence)
M3. D/P+A/B -1234.52 M3 vs. M4 11.239 M4 (Strong)
M4. D/P+ A/B asym -1223.28 M4 vs. M5 -1.658 M4 (Moderate)
M5. D/P+A/B all asym -1224.93
M13. I/C+ A/B -1270.47 M13 vs. M14 22.75 M14 (Strong)
M14. I/C+ A/B asym -1247.72 M14 vs. M15 0.05 No evidence
M15. I/C+ A/B all asym -1247.67
M18. IC/CD/CP+A/B -1414.00 M18 vs. M19 20.79 M19 (Strong)
M19. IC/CD/CP+ A/B asym -1393.21 M19 vs. M20 -1.919 M19 (Moderate)
M20. IC/CD/CP+ A/B all asym -1395.129
M8. D/P +A/B+d -1225.05 M8 vs. M9 10.58 M9 (Strong)
M9. D/P+ A/B+ d asym -1214.46 M9 vs. M10 -0.52 M10 (Moderate)
M10. D/P+A/B+d all asym -1214.98
M23. IC/CD/DP+A/B+d -1408.65 M23 vs M24 21.91 M24(Strong)
M24. IC/CD/DP+A/B+d asym -1386.74 M24 vs M25 -2.78 M24 (Moderate)
M25. IC/CD/DP+A/B+ d all asym -1389.52

Table S5: Test for asymmetry of the hidden trait transition rates via Bayes factors. For all models, asym-

metric transition rates between hidden trait states are preferred over models with equal rates (bold). Adding

more complexity by assuming asymmetry in all rates within both hidden states is not preferred over models

with just asymmetry between hidden states.
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Model Marginal
log-likelihood Comparison K=log(BF(M1,M2) Preferred

Model (Evidence)
M1. D/P -1238.76 M1 vs. M6 65.92 M6 (Strong)
M6. D/P+d -1267.84
M4. D/P+A/B asym -1223.28 M4 vs. M9 8.81 M9 (Moderate)
M9. D/P+A/B+d asym -1214.46
M16. ID/CD/CP -1459.11 M16 vs. M21 4.41 M21 (Moderate)
M21. ID/CD/CP+d -1454.68
M19. IC/CD/CP +A/B asym -1393.20 M19 vs. M24 6.46 M24 (Moderate)
M24. IC/CD/CP+A/B+d asym -1386.20

Table S6: Test for inclusion of a diploidization rate via Bayes factors. Models with diploidization are

moderately preferred over models that do not include a diploidization rate (bold).
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