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1) STUDY GROUPS
Mimosa dataset

Taxon samplingMimosa(Mimosoideae, Leguminosae) is a large genus okdaB0 described species,
distributed mainly in the Neotropics with aroundsffecies occurring in the Old Worldimosais
remarkably rich in fire-adapted narrow endemicthanCerrado, but at the same time also highly dever
other major Neotropical habitats such as seasodaflyropical forest, subtropical grasslands, aid r
forest. More than a quarter Bfimosaspecies grow only in the Cerrado and nowhere(élsand it is the
second largest genus in this biome (2). Two-hundretififty species were sampled to span the falijesof
morphological diversity and as wide a coveragesafgygaphy and ecology as possible, including ad fiv
sections and 37 of 41 series proposed in Barneébfyageneric classification (3), plus half of théd@orld
species (these not included in Barneby’s monogragig 13 outgroups (Appendix S1). For some species,
multiple accessions were included. Nearly halfhef $pecies listed for the Cerrado (1) were sam@2aut
of 189), most of these being narrow endemics adaptérequent fires.

Molecular methods: Total DNA from silica-dried lesvor herbarium material was isolated using DNeasy
Plant Mini Kit (Qiagen Ltd., Dorking, Surrey, UKAfter an initial screening of 10 plastid regionsetrnD-
trnT spacer was selected as the most reliable andladNA sequence locus. TkD-trnT region was
amplified using external and internal primers fr@j except for an additional forward primer trn@ZTG
TAC AGC ATG CAT ATT CTT ACG), which was designed filnis study. For most samples tineD-trnT
locus was amplified in a single PCR reaction. Fghly degraded DNA templates, amplifications were
performed using internal primers trnE and trnY, aothetimes the newly designed primer trnT2 (GAC GTA
TCG CCG AGT AAT TCC). Reactions were carried ouaitotal volume of 2@l containing ~5-20 ng of
DNA template, 1X Buffer, 0.5 M of betaine, 1.5 mMMgCl,, 0.1 mM of each dNTP, 048V of each

primer and 0.6 U ofaqpolymerase (Yorkshire Bioscience, York, UK). PGRditions were 94°C for 45
sec, 30 cycles of 45 sec at 94°C, 1 min at 55°Clamih at 72°C, followed by a final extension ofin at
72°C. PCR products were purified using exonucléasel shrimp alkaline phosphatase (Exo/SAP) and
sequenced in four reactions using the two PCR psmed two internal primers, using Big Dye cheryistr
(Applied Biosystems, Foster City, CA, USA). Consensequences from the four strands were assembled
using Sequencher software (GeneCodes Corp., AnorAkil), and then aligned in ClustalX (5) and
manually edited using BioEdit (6). The final datasantained 2226 bp, after exclusion of 140 bp of
ambiguous alignment. A total of 614 variable chemacwere found, 368 (16.5%) of them parsimony
informative, 334 (15.0%) considering only the ingsoA number of informative indels were also foumd

the dataset, but these were not used in the Bayagsglysis. GenBank accession numbersrf@-trnT
sequences dflimosaand voucher information are given in Appendix S1.

Andira dataset

Taxon samplingAndirais a mostly Neotropical legume genus comprising2€cies of trees and shrubs,
with only A. inermisoccuring outside of the Neotropics, in Africa (Fhur species grow in fire prone
habitats in the Cerradé. cujabensisA. cordatg A. vermifugaandA. humilis Of theseA. cordataandA.
cujabensisare endemic to the Cerrado, akdvermifugaalso occurs sporadically in the Amazon and gallery
forests. Andira humilisoccurs mostly in the Cerrado, but also in otharofire prone vegetation. The dataset
includes 25 species éindira (42 accessions) and utilizes the geHymenolobiunas an outgroup (five spp.
represented). The inclusion Ahdirain this study of Cerrado origins is relevant siitde one of many
examples of tree genera which are predominantlgdon the rain forest but contain a few specigh@
Cerrado (others includ&énnona Caryocar, JacarandaPalicoureg Qualeg andVochysia 8, 9).

Molecular methods: A molecular dataset based o® 8@ subunit and flanking internal transcribedceps
ITS1andITS2of nuclear ribosomal DNA was generated by Skera &hd is published here for the first
time. Total DNA from fresh leaf material, herbarigpecimens, or from leaves dried in silica gel or
anhydrous calcium sulfate was extracted followimg €TAB method (11). Each region was amplified from
the 3’ end of 18S through ITS1 through 5.8S throli@® to the 5’ end of 25S using the primers ITSab#
ITS 8P (12). For three accessions using leaf natiedm herbarium specimenA. (praecox A.

tervequinataA. trifoliolata) this primary PCR reaction did not achieve sufitiamplification, therefore a

2



nested PCR was carried out using the internal psiieS 1 and ITS 4 (13) with roughly 0.25 pL of
unpurified, primary PCR reaction for the DNA tentplaBioline Tag and reagents (Bioline, London NW2,
UK) were used for all PCR reactions in the follogimmounts: ~5-20 ng of DNA template, 5 pL of Bielin
10X NH, buffer, 200 puM each dNTPs, 2.5 mM Mg@.3 uM of each primer, 1.25 U of BioTag and
distilled sterile water to 50 pL total volume. TIH& PCR conditions were 3 min at 94°C, followed30y
cycles of 1 min at 94°C, 1 min at 55°C, 1.5 mid28C, finished by a final extension of 5 min atG2PCR
products were purified using the QIAgen PCR Puatfiin Kit according to manufacturer’s instructions
(Qiagen Ltd., Dorking, Surrey, UK). Sequencing wampleted using Thermosequenase |l chemistry
(Amersham Pharmacia, Buckinghamshire, UK) and pilynthe same primers as used for amplification,
except in some instances where ITS3P, its reverd@S2G (12) were also used. Sequences were viewed
using Sequence Navigator (Applied Biosystems, Fd@3itg, CA, USA) and consensus sequences were
manually assembled and edited. Taxa with multiplgies of ITS were included in the dataset only when
sequences of the paralogues could be deduced witloming {.e. those accessions which had only one
insertion-deletion). The final dataset containe8 @@ of which 20% were variable and 13% parsimony
informative as well as 14 indels of which five weersimony informative but not used in the Bayesian
analysis. GenBank accession numbers for the IT8esegs and voucher information are given in Appendi
S2.

Lupinus dataset

Lupinusis a predominantly New World genus with around gfécies of herbs and woody perennials. The
major centres of diversity are the Andes in Soutiefica and the Rocky Mountains in North America. A
total of 11 species grow in the Cerrado, mostligher elevation sites, and eight of them are @erra
endemics (14, 15). The other three extend theggeamo southern Brazil, Uruguay and Argentina. Difeer
speciesl. ovalifoliusandL. pouvensalanuknown only from the type collections from Minasr@is

(Brazil), could potentially also occur in the Cetoabut the precise details of these records ateawn. We
used a concatenated dataset of the 5.8S suburiiteakthg internal transcribed spacéfS1landITS2and
sequences of one copyHGCYC1A of theCYCLOIDEAlike LEGCY Clregulatory nuclear gene (2028 bp)
from Hughes & Eastwood (16), which contained 9&me(140 accessions), including five Cerrado geci
(L. crotalarioides L. guaraniticus L. parvifolius L. subsessiligndL. velutinug, and eight outgroups.

Microlicieae dataset

The tribe Microlicieae in the Melastomataceae heenlredefined to exclud&iocnema Siphanthera
CastratellaandCambessedesiand most recent accounts recognize the core Miae (referred here as
Microlicieae) comprising 6 genera and 275-300 g avith approximately 90% of them endemic to the
Cerrado (17, 18). This clade is formedMigcrolicia (ca. 130 species)avoisiera(46), Rhyncantherd15),
Chaetostom#l11), Trembleya(18) andStenodor(2), and grows in a broad variety of habitats, dret
particularly rich in high altitudeampo rupestreegetation (17-22; Karina Silva, pers. comm.)jreprone
habitat in which fire frequency depends on the itgi$ grasses and herbs. Taxonomic uncertaintiim
group is evident, particularly withiMicrolicia, the largest genus of Microlicieae, which is pgorl
understood taxonomically (18).

The analysis of the Cerrado Microlicieae was basegdrevious family level phylogenies of the
Melastomataceae using three plastid ldaci, rpl16 andndhF) containing 34 species and 2 outgroups (18,
23). Another 23 publisheghl16 sequences of Microlicieae (18) were added to thgirin order to increase
taxon sampling and the accuracy of divergence &stienates. ThebcL andndhF partitions not sampled for
the 23 species of Microlicieae were treated asingss$ata. The final dataset contained a total offcies
and 3498 bp. Sampling in this clade is low (aroli%h), but at least two species of the largest gewéhin
Microlicieae have been sampled.

2) PHYLOGENETIC AND DATING ANALYSIS

Estimating the ages of legume lineages



Molecular Dataset: Sequences of the chloroplast gemetK and flankingirnK introns when available for

the Leguminosae were obtained from published wodkumnpublished sequences deposited in GenBank (24-
30). Most of these sequences were amplified ugimggpstrnK685F andtrnK2R (see ref. 24 for references),
which covers thenatK gene and part of thenK intron. When available, sequences of the flankiog-

coding portion of thernK intron were included to improve resolution, partily within the mimosoids

which have slow rates of DNA evolution among thgulmes (25). As a consequence, most sequences (689)
in our dataset have this region (ca. 1100 bp) misBom the data matrix. The final aligned dataset
contained 2979 bp for 829 legumes representinggéd@ra, plus 10 outgroups.

Fossil calibration: The legume family represents an excellent grouprimecular dating analysis because it
has an abundant fossil record that is highly det#et(25, 31). By using most of the fossil consiisafrom
previous analyses of legume divergence (24, 25) thi¢ addition of two mimosoid fossils, and inciegs
taxon sampling with the addition of 101 publisheidwsoid sequences (26, 30, 32), the age of nodes of
interest could be better estimated. A list of tBédssil calibration points used to constrain nadebe
legume phylogeny is given in Table S1. All fossilsre defined as minimum age constraints and
implemented in the dating analysis as a lognormagissical distribution, which is an adequate ptimtake
account of the incompleteness of the fossil re€¢®8d 34). One exception was fossil A, which sets a
boundary between 60-70 Mya for the legume stem baded on a conservative interpretation of theyearl
legume fossil record (25). Age estimates obtaindtiis analysis provided the basis for understanttie
timing of diversification of particular groups afterest limosa Andira andLupinug that were used as
secondary calibrations in subsequent dating arsabfsCerrado lineages.

Previous legume divergence studies (24, 25), thaisglally congruent regarding their interpretation o
fossils, disagreed on the placement and relialwfity few specific fossils. The following paragrapxplain
our interpretation, use, or omission of variousiiesfrom these previous studies (24, 25) and ¢htce two
new mimosoid fossils previously described whichlagee included as additional age constraints.

A 60 Mya fossil wood with vestured pits from Malas/used to constrain the legume crown node in Biwne
et al. (24). Vestured pits are a typical anatomical cttaréstic of legume wood, although absent in some
groups. Because of the problematic placement sfftissil given the ambiguity in the optimizationtis
character onto the phylogeny, we preferred nat¢tude it in our analysis. In any case, our reshiuld
not be affected by excluding this fossil wood frtme analysis as the age estimate for the legunvencro
node was consistently older than 60 Mya (see ebelow), even without a minimum age constraintiis
node. Fossil P, Gaesalpinias.s. fossil used by Bruneatial. (24) was also discarded from our analysis
because it is redundant, given that another caiiir@oint (fossil O) nested within tlgaesalpiniaclade
imposes the same minimum age constraint. The widgbdscent fossil pods attributedAorocarpuswere
discarded by Laviet al. (25) as lacking diagnostic apomorphies. Howeverjineluded it as a calibration
point in our analysis (fossil M) following the impetation of Bruneast al. (24).

One of the earliest macrofossils attributed tortinmosoids are the fossil flowePsotomimosoidea
buchanensislescribed from the Paleocene-Eocene boundary ¢&5 M North America (35). These authors
argued that these magnificent fossils provide Hréest unequivocal evidence for mimosoids, withesal
characters that are thought to be plesiomorphikimvthe mimosoids, such as spicate inflorescences,
actinomorphic bisexual flowers, valvate petal agsion, tubular stigmas, and ten exserted freeextam
clearly visible. This fossil was used by Lawhal. (25) to calibrate the stem node of the mimosoids.
However, Crepet & Taylor (35) pointed out the dffes of P. buchanensito members of the Dimorphandra
group, traditionally placed in the Caesalpinioidesiece they have similar characters such as sagita
anthers, uneven stamen lengths and distinctivempafiorphology and ultrastructure. This would leathe
possibility of using this fossil to constrain thasie of the Dimorphandra group. However, because the
Dimorphandra group has now been shown to be polgpby24), this makes placement of this fossil
uncertain. One possibility would be to place tloissil at the most recent common ancestor (mrctjeofiwo
clades of the Dimorphandra group, which coincidiéb nwode 10 in Bruneaet al. (24). These authors
argued that this option is preferable and more ewagive because this fossil shares characteristibsth
mimosoids and caesalpinioids and we have followatldpproach here. This was designated as fossil F2



Table S1 Fossils used to calibrate nodes in the legunmiagianalysis. Letters used to designate the
calibration points follow those of Bruneatial. (24). Calibration points used only in Lawehal. (25) have
the digit “2” added after the letter. See thesenerices (24, 25) for original fossil descriptiond éurther
discussion of fossils.

Name Fossil Age (Mya) Node constrained Reference
A early fossil record of Leguminosae 60-70 Leguteensnode (25)
C Cercisleaves and pod 34 Cercisstem node (24, 25)
D Bauhinias.l. 46 Bauhiniastem node (24)
E Hymenaedlower in amber 24 Hymenaeastem node (24, 25)
F Prioria flowers in amber 24 mrca &frioria and (24)
Oxystigma
F2 Protomimosoidea buchanensis 55 mrca of clades of (24, 25)
flowers Dimorphandra group
G Daniellia wood in amber 53 Daniellia stem node (24)
H Aphanocalyxeaves 46 Aphanocalyxstem node (24)
I Crudia fruits and leaflets 45 Crudia stem node (24)
12 StyphnolobiunandCladrastisfruits 40 Stem node leading to (25)
and leaves Styphnolobiunand
Cladrastis
J Barnebyanthus buchananensis 55 Papilionoideae stem node (24, 25)
flowers
J2 leaves and pods similar to 56 Genistoid crown node (25)
BowdichiaandDiplotropis
K Swartziafruits and leaflets 45 Swartziastem node (24)
K2 Machaeriumleaflets 40 Machaeriumstem node (25)
L “Prosopis linearifolid leaves 34 Arcoastem node (24, 25)
L2 Tipuanafruits 10 mrca offipuanaand (25)
Maraniona
M Acrocarpusfruit 45 mrca ofAcrocarpusand  (24)
Ceratonia
M2 Robinia zirkeliiwood 34 Robiniastem node (25)
N Senndfruits 45 Sennastem node (24)
(0] Mezoneurorfruits 45 Caesalpinia(subgen. (24, 25)
Mezoneurohstem node
Q Ingeae / Acacieae fossil pollen 45 mrca of Acaeiblngeae See text
R Eumimosoidea plumodwers, 45 Dinizia stem node (24)
leaves and fruits
X Calliandra pollen 16 Calliandra stem node (36)

Other relevant early mimosoid fossils are the Eedwers, leaves and fruits Blimimosoidea plumosa
first described by Crepet & Dilcher (37) from Tersee (USA), and later found at other localitiesl@nth
America (38). These fossils were interpreted asxdimct mimosoid genus with flowers similar to gésdant
generaDinizia andFillaeopsis which also have pollen arranged in tetrads (88hough not included by
Lavin et al. (25), this fossil was used to constrain Birizia stem nodelinizia plus a set of sequences
labelled “Folli”, in reference to the collector afnew taxon close tOinizia) by Bruneatet al. (24), and is
interpreted here in the same way.

A fossil leaf described a&cacia mahengendeom the Eocene of Tanzania (39) was used aslaratibn
point to constrain thAcacias.l. stem node to a minimum age of 46 Mya in thedysis of Bruneaet al.
(24). However, in consultation with mimosoid leguspecialists (M. Luckow, G. Lewis, L. Rico, pers.
comm.), we have concluded that there is not enexglence to assign this fossil unequivocally togbaus
Acacias.l., given that many of its characteristics dra@ed by other mimosoids, or could belong to an
extinct lineage. Hence, it was decided not to heefossil as a constraint in the analysis. A mondre
convincing fossil is thédcacialike flower preserved in Dominican Republic ambent the Oligocene-
Miocene boundary (40), which shows apomorphic attara such as numerous stamens with free filaments
each with an anther bearing a stalked gland arati@déed leaf pinnae bearing numerous small leafditef
which suggest affinities tAcacia Lavin et al. (25) used the estimated age of this fossil to ttamsthe first
branching lineage containing &cacia given thatAcacia as traditionally circumscribed is clearly



polyphyletic (30, 32, 41, 42). However, we have usgtd this 20 Mya fossil in the analysis as theesaote
was constrained by a significantly older fossill@olthat provided a minimum age of 45 Mya (seeWglo

Recent paleobotanical studies in Mexico (43, 44hdentified a number of Tertiary legume macroiless
(leaf and fruit fragments), and assigned them taregenera, including the mimosoidga, Mimosa
Lysiloma PithecellobiumStryphnodendrarPiptadenia andProsopis along with several caesalpinioids and
papilionoids. Despite the diversity and qualitytiése fossils, we consider many of the assignnients
extant genera speculative and unjustified giveriable of diagnostic apomorphies, and none of theam a
compelling enough to include as fossil constraifts.example, the fosdihga leaves described by Calvillo-
Canadell & Cevallos-Ferriz (43) are doubtfully dutitable to that genus given that one putative apphic
character used to assign these leavéisga the presence of extrafloral nectaries on theiatiaxie of the
leaf rachis is unconvincing as it is apparentlydbaxial leaf surface that is visible. Furthermahe, leaflets
are significantly smaller than any known moderga (T.D. Pennington, pers. comm.). There is no doubt
that a diverse assemblage of legumes was preste {Dligocene of Mexico, but the identities of¢be
diverse fossil assemblages in relation to extamigg remain, in most cases, very uncertain.

The two additional mimosoid fossil constraints usedur analysis came from the pollen record. Mioids
pollen is frequently arranged in polyads, which meger found amongst Papilionoideae and are veeyina
Caesalpinioideae, occurring in only a few caesajrgenera in the form of tetrads (45). Many migids
polyad types possess particular characteristi¢satieadiagnostic of major clades or even genera (46
Consequently, there is clear potential for theifgeslen record, which is rich in mimosoids, tontobute to
understanding the evolutionary history of the legapand to provide effective fossil constraints for
mimosoid lineages. Many pollen types have beenriestfrom the fossil record and related to extant
groups based on overall similarity. However, duthtogreat variation in pollen characters, theglyar
reflect pollen characters at the generic level ,(dA)l many specimens described are controversial or
misinterpreted (48).

Of particular interest here is pollen ascribedi® Acacieae-Ingeae, which is very distinct fromriet of

the Mimosoideae and easily identified by the preseaf compound flattened polyads, grain heteromgrph
presence of internal pores and other diagnostiackers (46). The basic pollen type in these graopsists
of flattened acalymmated polyads containing 16rgraiisually arranged in 2 rows, but several oymed
also occur. The oldest fossils of this type of @oltate from the Eocene and have been recordedsftem
in Brazil (Polyadopollenites vancampaef. 49), EgyptAlbizia sp.; ref. 50), ColombiaAcaciapollenites
sp.; ref. 51), Cameroo® ¢lyadopollenites vancampaef. 52), but see Caccavari (53) for a critical
discussion. Other records interpreted\aaciapolyads have also been reported from Eocene amuggo
sediments from Germany, Australia and New Zealard (efs in Bruneaet al. (24). In modern mimosoids,
similar circular polyads composed of 16 pollen gsawith relatively large diameter are found in sale
extant taxa such ascacias.l. (subgeneraAcacig AculeiferumandPhyllodineag, PithecellobiumZapoteca
Albizia, ZygiaandCojoba(46, 54-57).

Bruneauet al.(24) used a\lbiziatype fossil pollen from the Eocene of Egypt (50fbnstrain the Ingeae
stem node to a minimum age of 45 Mya in their asialy\However, the placement of this fossil is
problematic, given that other pollen types shadrgymilar set of characters also occuAtacias.l., thereby
affecting the placement of this fossil constraiitte interpretation of these fossil pollen typesfien

difficult as there has been disagreement aboutdhect affinities to modern groups, especiallysstn the
tribes Acacieae and Ingeae. For example, the fpelén referred aécaciapollenitesp. was referred as
belonging to theAlbizia group’ by Guinet & Ferguson (47), whilst Caccay&8) argued that it has greater
affinities with Acaciapollen. This lack of agreement regarding fosdihafes and overlap in characteristics
is not surprising given that neither of these silsemonophyletic, with part of the Acacieae nowwkn to

be nested within the Ingeae (30, 41).

Adopting a more conservative approach, we assitiredrigin of this Acacieae-Ingeae fossil polyadte
node equivalent to the most recent common ancebfcacieae and Ingeae. Hence, it is assumedtlsat t
characteristic type of pollen originated in thiad® comprising the aforementioned groups. Consélguen
the set of Eocene Acacieae-Ingeae fossil pollertiomed above, which are the oldest known fossils fo
these two tribes, were used to constrain nodediiranalysis. By applying this calibration pointto
relatively derived node within the mimosoids, timalgsis is reconciled with evidence of Eocene feshat
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have been associated with other less derived miishgsoups such aBentaclethraCalpocalyx Xylia,
AdenantheraAmblygonocarpuandTetrapleura(47, 50, 53). As a result, the potential for thiessils to
constrain the age estimates is enhanced by chbtbe tngeae / Acaciae Eocene fossil pollen, asavides
a more rigorous constraint.

A second mimosoid node was constrained using fpsfiitn belonging unequivocally to the genus
Calliandrafrom the Middle Miocene of Argentina (36). Thisespmen has several diagnostic apomorphic
characters of the very distinctive pollenGidlliandra, including eight grains arranged in a monoplanatr,
calymmated (a tectum common to all grains) poly#tkre one of the cells is strongly modified into an
appendix, giving the whole polyad a distinctivesgimmetric shape. This combination of features iquen
among the mimosoids, and is believed to be highécmlized withinCalliandra (46). More recently, Guinet
& Hernandez (58) segregat€alliandra sensu stricto, which includes all Neotropical sgeevith eight-
grain polyads plus two species from Africa, frora tkmaining species with 16-grained polyads, winehe
either transferred tdapotecaNeotropics) or excluded fro@alliandra (Old World species). Caccavari (36)
argued that the Miocene fossil from Argentina repris a transitional form between two types ofteigh
grained polyad of extai@alliandra recognized by Guinet (59). The estimated ageisffttssil is 16 Mya
based on radiometric dating (see ref. 36), andusead to constrain th@alliandra stem node (node X in the

phylogeny).

Dating analysis: A relaxed molecular clock approach was implememeé8EAST version 1.4.8 (60) to
simultaneously estimate the legume phylogeny amerdéence times. An initial tree that was compatible
with the priors (age calibrations and group definis) was specified in order to avoid problems ath
likelihood at the start of the analysis as reconueenby the program’s manual. This initial tree had
topology and branch lengths (node ages) that wargatible with the priors defined, and was obtaiagd
follows. An exploratory run on BEAST under the slegi model of nucleotide substitution with default
settings and no fossil calibrations was used t@g#a an initial topology. This tree then was malaifed in
TreeEdit (61) to make branch lengths (node heigias)jpatible with the constraints imposed by the
minimum ages derived from the fossil calibratiohisTadjusted tree was then incorporated into a BEAS
file as a tree block for the full analysis thatlimted all fossil calibrations as described abdweenty
individual chains of 10generations were performed, and after the exaiusi® x 16 generations
(burn-in from each chain), the results were comtbimee final dated legume phylogeny showing the
23 calibration points and the nodes estimateddbssquent phylogenetic analysed/ifnosa Andira and
Lupinusis shown in Fig. S1.

Age estimates, both the mean and 95% credibiligrials (Cl), for five nodes (obtained from theuege
matK analyses were used as calibration constraintsufasequent analyses of the individual legume distase
investigated hereMimosa Andira andLupinug using a normal statistical distribution priortkvimean and
standard deviation set in order to approximatectiteesponding estimate. For example, in the famvilye
analysis, the age dlimosacrown node was estimated as 24.0, with a 95% litigiinterval of 18.1-30.6
Mya. This information (posterior) was provided asadibration point (prior) in a subsequent analydia
much more densely samplbtimosaspecies datasetiiD-trnT), using a normal distribution with mean 24.0
and a normal standard deviation of £3.5 Mya. Thextes (diamonds in Fig. S1) were selected based on
reasonable level of taxon sampling of these gesamaning the root node, and also to match correspgn
nodes present in the more densely sampled spesiesghylogenies. The points used for secondary
calibration (squares in Fig. S2) are as followihgMimosadatasetMimosacrown node (24.0 Mya, CI

[18.0, 30.6]) and sectioMimadeniacrown node (16.6 Mya, CI [10.1, 23.6]); Rhdira dastaset: split
betweenAndira andHymenolobiun(16.3 Mya, CI [5.4, 31.3]); )upinusdatasetLupinusstem node (18.8
Mya, CI [11.9, 24.8]), and the crown node of thede formed bysenista Spartium PterospartumRetama
andStauracanthug12.8 Mya, CI [6.3-18.0]). The dating analysis floe Microlicieae of the Cerrado was
time calibrated using three fossils following therwof Fritschet al. (18). Analyses of the four individual
study group datasets comprised three independestofuld generations each. Since all
independent runs for each dataset converged teatie posterior, the individual runs were
combined, resulting in a final aggregate of 2.0%denerations (after the exclusion of burn-in
trees). In all analyses all the estimated paramétad sufficient effective sample sizes (ESS), in



most cases well above the minimum of 200 recomnu(@&). Chronograms for all four study groups
containing their respective Cerrado lineages aogvshn Fig. S2a-d.

3) OPTIMIZATION ANALYSIS

Ancestral character reconstruction analysis wad tes@lentify Cerrado lineages and to infer theitgpive
ancestral biomes, and also to investigate the &walof fire adaptations. Biome types were coded as
multistate character (see below) and optimized uadeaximum parsimony criterion ("Unordered") onto
the 50% majority rule consensus tree using Mes@62g In order to account for topological uncertgj
the procedure ‘Trace over trees’ was used to suimenancestral state reconstructions over a set@f 5
Bayesian trees sampled at stationarity. In additmeestral area optimization was performed using
maximum likelihood (ML) reconstruction methods, aHiallow the incorporation of branch length
information into ancestral state inference. In tmnslysis we used the Mkl model of character eiiut
which assumes that any particular change betwedssss equally probable, and the rate of changwén
by a single parameter. The likelihood of each stateach node was computed for a set of Bayesas tr
using the Trace over trees option as describedeal#iveach node a proportion of each state wasigive
which corresponds to the number of trees on whiiehréconstructed state set at the node containsttta
as uniquely best according to the reconstructigera. However, this procedure does not allow abtar
states to be coded as polymorphic (as is the ex®@.[T o overcome this problem, we replaced the
polymorphism by the predominant biome in which gipalar taxon occurs, or the most typical liferfoof
a given species. For critical nodes, independeaiiyaes were conduced using each character statel ecd
polymorphic, and the results were compared. log@tiimization analyses, multiple accessions of draes
taxon were pruned in order to reduce each taxamipone terminal.

Ancestral biome reconstruction
The biome of occurrence of each species was diedifto 9 categories as follows:

Major areas (aggregate biomes):

Code | Area

Dry Forest (including the Chaco and arid subtabpiesert/matorral)*

Rain Forest

Wetland

Tropical Savanna

Subtropical Grasslands

Temperate

Mediterranean

Tropical Montane

S|vjoju|ajwvk|o

Widespread across several vegetation types

*These classes merge into each other and this lefadition has been widely used elsewhere (63Julting the
Chaco within a broader dry forest concept is momroversial because of its peculiar flora and amnce of frost, but
does not affect our results.

The following sources, in conjunction with the aarsi field experience, were used to assemble aepec
level matrix of ecological distributionsimosadataset (3, 64-68Andira dataset (7, 69, 70)upinus
dataset (14); Microlicieae dataset (2, 71-75), thiedvirtual herbaria NYBG
(http://sciweb.nybg.org/science2/vii2.asp) and Mh@p(//www.tropicos.org/). Designation of biomes of
occurrence for the Microlicieae dataset shoulddresiclered tentative. In that dataset, becausesofety
sparse sampling across the family, we often hads@mn areas in a very broad sense to correspdhd to
biome preference of an entire genus representigtianalysis by only one species.

A more refined ancestral biome reconstruction ier €errado lineages was also implemented usintga fi
categorization of Neotropical biomes (15 minor arege below), which were optimized onto the
phylogenies of the four study groups after scodgagh species’ distribution. This analysis could/onl



unequivocally identify ancestral areas for fourr@do lineages (Caatinga for Mimosa 10 and 11, and
Amazon for Andira 1 and 2, Table S2).

Minor areas (biomes):

Code | Area

Caatinga

Amazon

Atlantic forest

Andean dry forest

Wetland

Temperate grassland

Cerrado

Non Cerrado-savanna

Chaco

Mexican dry forest (including matorral and Noftimerican deserts)

Other rain forests (including gallery forests)

Other dry forests

Temperate forest (including montane forest)

Old world dry forests

S 00|w> o n~Nooanswnko

Widespread across many vegetation types

Data on biome of occurrence fidlimosa Andira, Lupinusand Microlicieae are shown in the Appendices
S1-4. The results of the both parsimony and MLrogation analyses used to define Cerrado lineagées a
ancestral areas are shown in Table S2. Ancestashcter reconstructions based on parsimony optiioiza
were mapped onto majority rule consensus trees §3g-d).

In most cases the ML agreed with parsimony recaastms. In a few cases where there were divergence
(discussed below), the results obtained do notgdéime main conclusions this study.

According to the ML optimization, a lardgimosalineage would be defined comprising the Mimosaeta
4,5, 6 and 7, as well as the clade composdd.lsomniansM. brachycarpaandM. adenocarpaThe node
that defines this new large clade is present in 81%e trees, and in 73% of the reconstructioasdsna’ is
the state with highest probability at that nodéhalgh 18% of reconstructions are equivocal. Tkis nlade
combining the aforementioned lineages would havagenof 6.7 Mya [4.1-9.4]. Another difference is th
inclusion of the wetland speci®& corinadeniain the lineage Mimosa 8, which would imply an a§&.4
Mya [3.1-8.7] for this group, slightly older thahawvn in the main paper (4.1 Mya). The ancestrad afe
this clade based on ML reconstruction remains expail

Because polymorphic states are not allowed in theaNblysis, a few area reconstructions produced
divergent results depending on which state wasasguPolymorphism ibupinus guaraniticuga species
occurring in both Cerrado and subtropical grasspndded as ‘savanna’ had no impact on the re@d8%
trees assigning the node to Cerrado as in therpangi optimization), but when this species was assigo
subtropical-grassland, the respective node becequesocal, implying two independent colonizatiofshe
Cerrado; one represented onlylbyparvifoliug estimated at 1.4 Mya [0.6-2.4], and another doirtg theL.
velutinus L. crotalarioidesandL. subsessilislade estimated at 1.2 Mya [0.4-1.9], but in beakes the
ancestral area reconstruction is equivocal. Sifygilarithin the Microlicieae dataset, coding theyrabrphic
taxa ofTrembleyaas ‘wetland’ changes the delimitation of the Miwieae Cerrado lineage by excluding
Trembleydrom this clade. This change would imply an ag8.6fMya [4.9-11.6] for this Cerrado lineage,
1.8 Mya younger than shown in Fig. 2. If the polyptac taxa offTrembleyaare coded as ‘savanna’, the
ancestral node defining the Microlicieae Cerradalelnow include$rembleyaas in the parsimony
optimization analysis, and is supported by 97%hefreconstructions in the ML analysis.



Table S2 Area (biome) optimization used to identify Cewditheages (Cerrado crown clades) and infer their
putative ancestral areas (stem lineages leadi@gitado crown clades). Analyses performed usingiipany

/ maximum likelihood reconstructions based on a06&#0 trees. Values are in percentages. Minanbs
found in the secondary ancestral area reconstng{warsimony) are in parentheses. Cerrado lineages
Mimosa 4, 5, 6, and 7 were not found in the ML restauction.

Cerrado Trees Trees Trees Trees Ancestral Trees Trees
lineage where supporting supporting containing area supporting  supporting
clade is Cerrado Cerrado crown  ancestral ancestral ancestral
found crown clade* clade** node area* area**

Mimosa 1 100 na na 100 Equivocal na na

Mimosa 2 100 87197 87197 87 Equivocal na na
Dry Forest /

Mimosa 3 99 98 /96 100/97 100 Equivocal 66 / na 66 / na

Mimosa 4 100 87 /94 88/94 83 Equivocal na na

Mimosa 5 100 na na 99 Equivocal na na

Mimosa 6 100 100/ 100 100/ 100 65 Equivocal na na

Mimosa 7 97 89/95 91/98 96 Equivocal na na

Mimosa 8 92 84 /92 93/100 100 Equivocal na na
Dry Forest /

Mimosa 9 98 83 /56 85 /57 100 Equivocal 97 I na 97 / na
Dry Forest

Mimosa 10 100 na na 100 (Caatinga) 100/75 100/75
Dry Forest
(Caatinga) /

Mimosa 11 100 na na 100 Equivocal 100/ na 100/ na

Lupinus 100 92/100 92/100 99 Grassland 99/99 100/100
Rain Forest

Andira 1 54 35/55 65/89 100 (Amazon) 100 /99 100/ 99
Rain Forest

Andira 2 100 100/99 100/99 93 (Amazon) 91/75 97/81

Microlicieae 100 -197 -197 100 Wetland 91 /57 91 /57

na: not applicable, either because lineage is fdrioyeonly one species (terminal branch), or becansgncestral area
could not be assigned (equivocal).

* percentage of the 540 trees supporting the charatate.

** percentage of trees supporting the charactde s$tarelation to the subset of trees that cortfaénnode.

Evolution of fire adaptation

A set of diverse fire adaptations, such as thecatlon of biomass to underground storage organgledu
with ability of resprout, thick corky bark (insuian that protects internal tissues), thick termim@nches
(more resistant to fire), and specialized phenaclaigstrategies, are characteristic of many savatardas (9,
76-78).

Species oMimosaandAndirawere classified into 7 life history categoriesdzhsn the literature (3, 7), and
coded as follows:

Code | Habit
Herb
Shrub
Vine/Liana
Functionally herbaceous subshrub with xylopodium
Woody shrub with xylopodium
Pachycaul treelet

Tree

O WNEFO

Habits 3, 4, and 5 were considered to be assoamithdire adapted species, since they involvepttesence
of an underground storage ogan (xylopodium) aredrésistance (pachycaul treelet). In addition, the
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evolution of thick corky bark id\ndira was also investigated. Data on hablirhiosaandAndira) and
presence/absence of corky batldira) are shown in Appendices S1 and S2.

Fig. S4a shows the hypothesized evolution of biierf in Mimosa which probably evolved from a woody
shrub ancestor. Fire related life formddimosaevolved many times. The occurrence of these habits
strongly associated with distribution of speciethie Cerrado. However, some fire adapted life foanes
also present in other biome types such as sub#lgrasslands, in which natural fires also occue F
adapted life form irAndira evolved only once, iA. humilis most likely from a tree ancestor (Fig. S4b).
This node is present in 292 of 540 trees, and 2A2&24 optimizations support ‘tree’ as the ancéstede
for A. humilisbased on parsimony and ML reconstructions, resmdgt

The occurrence of thick corky barkAmdirawas coded as present and absent based on (7ptmized
onto the phylogeny (Fig. S4c). Bark type is unknowA. grandistipulaA. jaliscensisA. praecoxandA.
tervequinataand was coded as missing for these species. @arkyis hypothesized to have evolved twice
in Andira (Fig. S4c): once in clade Andira A.(cordataandA. cujabensis where all Bayesian trees
assigned an origin of corky bark; and a second tinde vermifugaclade Andira 2). All thé\ndira species
with corky bark grow in the Cerrado.

Overall, highly congruent results were found wheimg a ML approach for ancestral state reconstoaif
habit inMimosaandAndira, and corky bark ilAndira.

4) DESCRIPTION OF 15 CERRADO LINEAGES

Mimosa 1: This lineage is represented by only grezies M. nuda which is sister td/. debilis a
widespread species that can also occur in the @efvdimosa nudacomprises an alliance of five
infraspecific varieties in the Cerrado (3), exterydio open habitats in Paraguay and Argentina. Jpesies
is a functionally herbaceous subshrub that groas fa xylopodium, enabling it to resprout after fire

Mimosa 2: This robustly supported clade incluMescanthocentraM. verecundandM. jacobita(and
probably its putative sibling species sensu Barr{8pyM. bipennatulanot sampled here). All species are
restricted to the Cerrado, excdypt xanthocentrawhich has a broader geographic range across South
America. Fire adaptations include annual growtimfieoxylopodium, and leaves crowded towards thedbran
tips.

Mimosa 3: This strongly supported clade includesnimers of Barneby’s (3) subseri@slycephalag20
species)Dicerasteq1), Discobolae(1), Hirsutae(11), and alsd/. skinneri Most species in this clade are
Cerrado endemic$limosa hirsutissimandM. skinneriextend their ranges beyond the Cerrado, whileethre
species grow in dry grasslands in Paraguay andniirge The group shows diverse fire adaptations
including erect virgate stems arising each yeanfeoxylopodium, and many of them are functionally
herbaceous subshrubs. The presence of xylopoditine isister-group of this clade, as well as at the
ancestral node leading to it (see Fig. S4a), suggeat members of clade Mimosa 3 retained thés fir
adapted condition from their ancestors. In thigc#se origin of this fire related morphology sedms
predate the origin of this Cerrado lineage, suggggire-adaptation to fire. Our sample includedfécies

of a probable total of 34. This is the second largeoup oMimosain the Cerrado.

Mimosa 4: This well supported clade comprises pbseried_eiocarpae(3). Based on morphological
affinity, we believe it probably comprises 11 spscieight of them growing in fire prone habitatg] &éhe
others in the Caatinga and in Paraguay. Six spétiascessions) of this group were sampled. The
predominant life form is a shrub.

Mimosa 5: This group is formed BY. interruptg a Cerrado endemic, and probablyglutinosa(based on
morphological affinity), which grows in open vegita along the Paraguay river basin. Only the first
species was sampled in our study.

Mimosa 6: This small clade of arborescent shrulostages, represented hereMyapodocarpabut
probably also containinl. xavantinagbased on morphological affinities, grow in woodlaavanna.
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Mimosa 7: This clade contains species from theesBieptunioideadall four species sampled) and
Rojasianagone out of three species sampled), and also tmtypic serieduriculatae(3), making a total
of eight species of herbs and shrubs, some of g#hemwing fire adaptations such as xylopodia. With th
exception oM. occidentaliswhich grows in Mexico and Central America, alesigs occur in the Cerrado,
and most of them are local endemics.

Mimosa 8: This is the largest Cerrado clade witlimosa remarkably rich in life forms and taxa. It
comprises the seri€etosa@ndPachycarpad3) and a total of around 50 species (probablyemobe
discovered), of which 26 were sampled. Four newisgéehat are currently being described (Simon &
Hughes, unpublished) are included in this groupspécies grow in the Cerrado and the vast majargy
highly specialized local endemics. Strategies antbhmological adaptations to fire in this group are
amazingly diverse, and include trees with leavesided at the top of the branches, thick terminahbhes,
persistent stipules to protect the trunk from faed prostrate functionally herbaceous subshrutsigg
from thick xylopodia.

Mimosa 9: This clade comprises species from s@@ifoliatae(17 species)Campicolag(3), Filipedes

(6) andEchinocaulagl1), making a total of 27 species (estimate baseBarneby’s treatment), ca 80% of
these occurring in the Cerrado (most of them end&mi he remaining species grow in coastal anchsont
Brazil, Belize and Venezuela. One spechsdiplotricha is a global invasive weed in tropical regiongeLi
forms vary from functionally herbaceous plants graprom a carrot-like xylopodium, to erect shruliss
known that taxon under-sampling can cause biasrttsygounger age estimates (79), and this couldhbe a
issue since sampling in this group is less thdmrd of the total species estimated. However, adtlene
member of each series has been sampled, whichegdlue chances of underestimating the age of ldude ¢
due to taxonomic under sampling. This group reakhigh support in the Bayesian analysis.

Mimosa 10: This lineage is represented by only spexiesM. laticifera, a tree endemic to the Cerrado
biome. This species has been recorded in 18 @1Besites surveyed by (80). This species is nestad
clade composed by species mostly from South Amedecel Old World dry forests, and has probably
originated from a Caatinga ancestor.

Mimosa 11:Mimosa pithecolobioideis a treelet that grows in cerrado and campo tupastricted to the
Cerrado.

Andira 1: This clade is formed by the Cerrado sge&i humilisandA. vermifugaand also by the wet forest
Mexican endemid. galleotiana Andira vermifugas common in the Cerrado, being recorded in 148bu
376 sites (80), but occasionally also occurs infaedst sitesAndira humilishas a geoxylic suffrutex
growth habit, a unique morphological fire adaptaiio this otherwise arborescent genus (7). It grimws
savannas and other fire prone vegetation. Thie¢kathough present in our Bayesian analysis, udia
the majority rule tree of a Bayesian analysis (Dyyeakly supported. Estimates from the nearebt we
supported node provide an age of 2.9 Mya CI [12}for this clade, slightly older than the estimafel.8
Mya CI [0.5-3.4] shown in Fig. 2j. A divergent IT®py fromA. humilis(RTP268) has been found in our
analysis. This might be a remnant of introgreshiyeridization, followed by bidirectional, concerted
evolution of the ITS region between different aso@ss ofA. humilis(a phenomenon documented in other
taxa, e.g. ref. 81 Andira humilisalso shows divergent placements of accessionslifoaoplast gene tree
(7). However, incongruent placements of accessibtisis species in the nuclear and chloroplast gezes
suggest complexity that merits further studies.

Andira 2: This well supported clade includes twedps of trees (occasionally shrubs)cordataandA.
cujabensisthat have thick corky bark to protect from fiBath species are restricted to the Cerrado,
occurring in savanna habitats and occasionallyaltery forest (7).

Lupinus: The five Cerrado species sampled here tomell supported clade and comprise 45% of all
Cerrado species. Under-sampling of Cerrado taxaldhmt significantly affect our results, considheyithat
all taxa not sampled are very likely to fall withins same clade in which all species have uniffatéo
leaves. If all Cerrado species had been includedage estimate for this lineage is unlikely talaker than
2.7 Mya (split betweeh. paraguariensisand other unifoliolate speciefupinus parvifoliusshows a
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singular ericoid shrub morphology with imbricataves, thought to be an adaptation to fire and wisich
also found in species of a range of other planilfasnin the Cerrado.

Microlicieae: The largest Cerrado clade sampletthigmstudy is within the Microlicieae, a well supfsu
clade nested deep within the Melastomataceae Th&.group has an estimated 200 species, manyeof th
narrow endemics, with diverse life forms. Sevepacies show fire adaptations such as the wood gtk
(xylopodium) inMicrolicia. The genu®hyncantherawhich also belongs to the core Microlicieae was n
included in the Cerrado clade, as found by (18h&lghRhyncantheraontains a substantial number of
species growing within the Cerrado biome, it prefgetter sites such seasonally flooded marshes with
saturated soils, very different from most of thieestmembers of core Microlicieae, which grow mainly
seasonally dry, fire prone habitats (18, 20). Tositpn ofRhyncantherat the base of the clade
Microlicieae, and also the fact that some spedidg@mbleyaoccur in gallery forests and other moist sites,
suggest a wetland ancestral biome for this largea@e clade (Fig. S3d).

It is interesting to notice that this large fireagted clade emerges within a family that predoreimat wet,
fire-free habitats (see discussion in ref. 18). ldaer, this was not the only incursion of the Malasitaceae
into the Cerrado. There is no doubt that thereotirer fire-adapted lineages in this family, suchvakin
Miconia, CambessedesiandTibouchinathat also occur in well drained savanna areas.exevw they are
yet to be sampled and incorporated into this cdnlighe 3.7 Mya age estimated for the Cerrado core
Microlicieae by Fritsclet al. (18), and later corroborated by Renner (82), issmerably younger than the
one reported here (9.8 Mya). This discrepancy calpaattributed to the use of different dating roeith
since a relaxed molecular clock analysis perforore@8EAST using the same calibration points andsgdta
(with only two species of core Microlicieae) of tSahet al. (18) found a very similar result (3.5 Mya). The
difference between these age estimates can bemegblay the fact that under-sampling can bias edém
towards younger ages (79). Since we included a eargrehensive sample of species in the group of
interest, the age estimate obtained was significaider.

5) EVIDENCE FROM OTHER GROUPS

A small number of other published plant phylogettireg include Cerrado taxa were also assessedtasfpa
this study. However, problems with: (i) low samgliof Cerrado species; (ii) inadequate phylogenetic
resolution and support; (iii) divergence time estiion (e.g., no fossil calibration available), metey

could not be included in the formal analyses okdpence times and ancestral biome / fire adaptation
reconstructions. However, in spite of these linitas, the preliminary results presented in thesdiss are
highly consistent with our conclusions providingrgeelling additional evidence about the originstaf t
Cerrado flora (Table S3).

Table S3 Phylogenetic studies including Cerrado taxa ndided in the main analysis. The first three
columns highlight the limitations of these phylogerthat led to their exclusion from the main aselyThe
last four columns outline elements of these stuttiascorroborate the conclusions of this paper.

Study group Sampling of Well Age Cerrado Multiple Age of Evolution of
[ref.] Cerrado resolved / estimate  lineges are origins of Cerrado fire adaptation
species* strongly provided derived Cerrado lineages

supported lineages (Mya)

phylogeny
Manihot (17/47) no yes yes yes <6.6 yes
(Euphorbiaceae) (xylopodium)
(83]
Ruellia (15/52) yes no yes yes - yes
(Acanthaceae) (xylopodium)
(84]
Styrax (4/16) yes no yes yes - yes (thick corky
(Styracaceae) bark)
[85]
Viguiera (9/22) no yes yes ? <3 yes
(Asteraceae) (xylopodium)
[86]

* sampled in the study / total of Cerrado specieseld on the latest Cerrado checklist (2).
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Manihotis a genus richly represented in the Cerradonaanaly species are subshrubs with large woody
roots. The main limitations of thdanihot phylogeny (83) are that the tree too poorly resdland weakly
supported (albeit with a number of robustly suppditlades) to provide reliable estimates for thesan]
Cerrado lineages or to infer ancestral biomes/ddtaptations of Cerrado lineages. Despite thestations,
a number of features are clear: there is cleareedd for multiple independent Cerrado lineagekeéat two
Cerrado clades), which are nested witklianihotand likely to be recent as the crown node divergdime
estimate is 6.6 Mya, making the Cerrado nodes yauthgn that. Thus, the preliminadanihot phylogeny
is in line with our findings in terms of recency,ditu evolution, niche lability (multiple indepesrt Cerrado
clades) and a strong probability that these arecéeted with fire adaptation.

Ruelliais also well represented in the Cerrado, but gpason sampling and lack of resolution in the
phylogeny (84) limit conclusions about the evolotaf CerraddRuellia making it difficult to infer ancestral
biomes or indeed to accurately infer how many irtelent Cerrado recruitments there may have beda. Da
on fire adaptations are very scattered and no gerere time estimates are avaialable. HoweveRtisdlia
phylogeny strongly supports the idea that therararkiple independent Cerrado lineages nested mvithi
Ruellig representing up to eight separate lineagesnbhtde species that occur in the Cerrado (albeit no
necessarily endemic to the Cerrado). This genuasktriking similarities taMimosa i.e. a genus that spans
virtually the complete diversity of Neotropical bies and that has several independent Cerrado cthdee
nested, and at least some of them associatedigitbtlibers.

The Styrax(85) phylogeny is limited by sparse taxon samplitgch makes inferences about the number
and distribution of Cerrado clades and their prédahcestral biomes problematic. Furthermore, we ha
not located any information about fire adaptatidng,it is known that some Cerrado species such as
ferrugineuscan develop thick corky bark. Despite this, thglpgeny provides clear evidence for two
independent Cerrado lineages, both nested witleirée. ThereforeStyraxphylogeny is consistent with
niche lability and relative recency of Cerrado plameages.

Taxon sampling in the phylogeny @iguiera(86) is sparse and lack of resolution in the lireé inferences
about the evolution of the Cerraflgguiera It is not clear how many Cerrado lineages thegeand it is
problematic to infer ancestral biomes. Apparentyr@do lineage(s) are nested within the genuscarde
(based on substitution rates) divergence time estisnsuggest South American, and hence Brazilieciesp
are < 3 Mya.

Additional evidence about the timing of diversitica of the Cerrado flora and its association \tli&
emergence of frequent fires comes from recentlyigld dated phylogenies of two important herbaseou
monocot groups. The first comes from a study ofgdiversification (87). Four of the most importgrass
genera in the Cerrado (88) have age estimateath@bmpatible with the dates proposed for tharong
the CerradoAxonopugstem node 5 MyaRaspalum(crown node 5 Mya)Tristachya(stem node 7 Mya),
andMesosetungstem node 4 Mya). All these genera are C4 Pahig@sses. Another ecologically
important group in the CerradoRhynchospor&Cyperaceae). The C4 cladeRifynchosporas composed
by 21 species that are particularly successfupgencand warm habitats (the Cerrado is an impocemter
of diversity), and was estimated to have origindtetiveen 4.2 and 7.4 Mya (89), in line with the dthesis
of a recent origin of the Cerrado. Sampling atgpecies level in these studies is sparse (oftemy@ssingle
species to represent a genus) and thereforeifficutt to determine if these groups originatedhim the
Cerrado, particularly because many of them are spidEad in other biomes, and long distance dispirsal
these herbaceous groups is frequent. However ginestimates provided for these typical flammalkeld
provide additional support for the timing of origohthe fire adapted flora of the Cerrado.
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Appendix S1 Mimosadataset: species sampled in this study, voucl@miation, GenBank accession
numbers fotrnD-trnT sequences, biome and habit (see text for codityharium acronyms follow
Holmgrenet al. (90). * Un-named species for which descriptioreiarpreparation (Simon & Hughes,
unpubl. data; Lewist al, unpubl. data).

GenBank

accession
Species Voucher Herbarium Country number Biome | Habit
Anadenanthera colubrin@/ell.) Brenan Hughes CE 2308 FHO Bolivia FJ981975 0
Microlobius foetidugJacq.) M.Sousa & G.Andrade Hughes CE 2150 FHO bdexi FJ981976 0 6
Mimosa acantholob@Willd.) Poir. var.acantholoba Eastwood RJ 118 FHO Peru FJ981977 0,8 1,6
Mimosa acantholob®&oir. var.eurycarpa(B.L.Rob.)
Barneby Montafio-Arias S 28 UAMIZ Mexico FJ981978 0,3 1,6
Mimosa acapulcensiB.L.Rob. Otero R R2 MEXU Mexico FJ981979 0 1
Mimosa aculeaticarp®rtega Simon MF 808 MEXU Mexico FJ981980 7 1
Mimosa acutistipul@8enth. varacutistipula Simon MF 705 FHO Brazil FJ981981 0 1
Mimosa adenantheroid¢Martens & Galleotti) Benth. Martinez-Bernal A 945 UAMIZ Mexico FJ981982 0,7 1
Mimosa adenantheroid¢Martens & Galleotti) Benth.
var. hystricosa(Brandegee) R.Grether, ined. Tenorio P 21201 MEXU Mexico FJ981983 0,7 1
Mimosa adenocarpBenth. Simon MF 728 FHO Brazil FJ981984 2,3 1
Mimosa adenophylldaub. ex Glaz. Simon MF 458 UB Brazil FJ981985 3 1
Mimosa adenophylldaub. ex Glaz. vamitis Barneby Lima LCL 184 HUEFS Brazil FJ981986 0,3 1
Mimosa adenotrich&enth. Dutra VF 332 VIC Brazil FJ981987 3 1
Mimosaaff. bathyrrhenaBarneby Simon MF 874 FHO Brazil FJ981988 1 1
Mimosaaff. flagellaris Benth. Queiroz LP 12322 HUEFS Brazil FJ981989 4
Mimosaaff. weberbauerHarms Pennington TD 17903 K Peru FJ98199 4 il
Mimosaaff. xanthocentraVart. Queiroz LP 10476 HUEFS Brazil FJ981991 3 3
Mimosa affinisB.L.Rob. Simon MF 814 MEXU Mexico FJ981992 W 0
Mimosa albidaHumb. & Bonpl. ex Willd. varalbida Hughes CE 2083 FHO Mexico FJ981993 W 1
Mimosa albolanata aub. Simon MF 667 uB Brazil FJ981994 3 4
Mimosa antioquensiKillip ex Rudd var.isthmensis
R.Grether Simon MF 860 MEXU Mexico FJ981995 0,1 2
Mimosa antrorsa8enth. Fagg CW 1747 UB Brazil FJ981996 3 1
Mimosa apodocarp8enth. Simon MF 635 uB Brazil FJ981997 3 1
Mimosa arenos@Willd.) Poir. var.leiocarpa(DC.)
Barneby Martinez-Bernal A 923 UAMIZ Mexico FJ981998 0,3 1
Mimosa artemisianéleringer & Paula Faria SM 138 RB Brazil FJ981999 1 6
Mimosa asperd/.E.Jones Simon MF 817 MEXU Mexico FJ982000 0 1
Mimosa atlanticaBarneby Ribas OS 4333 HUEFS Brazil FJ982001 1 L
Mimosa auriculataBenth. Hughes CE 2405 FHO Bolivia FJ982002 3 j
Mimosa bahamensBenth. Way MJ 132 K Mexico FJ982003 0 1
Mimosa benthamiMacbride Simon MF 848 MEXU Mexico FJ982004 0 1
Mimosa bifurcaBenth. Dahmer N 4 ICN Brazil FJ982005 4 1
Mimosa bimucronat&untze Simon MF 301 uUB Brazil FJ982006 1 6
Mimosa biunciferdBenth. Simon MF 805 MEXU Mexico FJ982007 0 1
Mimosa blanchetiBenth. Simon MF 688 FHO Brazil FJ982008 0 1
Mimosa bolivianaBenth. Hughes CE 2426 FHO Bolivia FJ982009 0 j
Mimosa borealiA.Gray Simon MF 873 FHO USA FJ982010 0 1
Mimosa brachycarp&enth. Queiroz LP 10589 HUEFS Brazil FJ982011 3 |
Mimosa brevipetiolat®8urkart var.hirtula (Burkart)
Barneby Queiroz LP 12614 HUEFS Brazil FJ982012 4 3
Mimosa busseanidarms Clarke GP 26 K Tanzania FJ982013 0 L
Mimosa caesalpiniifoli@enth. Simon MF 756 FHO Brazil FJ982014 0 6
Mimosa calcicoleB.L.Rob. Simon MF 846 MEXU Mexico FJ982015 0 1
Mimosa callidryasBarneby Cruz JM 94 HUEFS Brazil FJ982016 4 1
Mimosa callithrixMalme Simon MF 684 uB Brazil FJ982017 3 1
Mimosa campicoldlarms varplanipesBarneby Simon MF 692 FHO Brazil FJ982018 3 1
Mimosa camporurBenth. Faria SM 729 RB Brazil FJ982019 W 0
Mimosa candolleR.Grether Hughes CE 2394 FHO Bolivia FJ98202( W 1
Mimosa castd.. Johnson CD 2189-80 MEXU Panama FJ982021 01 2
Mimosa ceratonid.. var. interior Barneby Simon MF 727 FHO Brazil FJ982022 1 1
Mimosa chartostegiBarneby Ribas OS 5085 HUEFS Brazil FJ982023 4 L
Mimosa cisparanensiBarneby Simon MF 568 uB Brazil FJ982024 3 1
Mimosa claussenBenth. varclavicepsBarneby Simon MF 766 FHO Brazil FJ982025 3 5
Mimosa claussenBenth. varmegistophyllaBarneby Simon MF 768 FHO Brazil FJ982026 3 1
Mimosa colombian®ritton & Killip Torres AM 21343 K Colombia FJ982@2 1 2
Mimosa conifloraBurkart Ribas OS 3060 HUEFS Brazil FJ982028 1 1
Mimosa cordistipulaBenth. Simon MF 693 FHO Brazil FJ982029 0,3 4
Mimosa coruscocaesBarneby Martins RC 469 UB Brazil FJ982030 3 1
Mimosa corynadeni8ritton & Rose Sousa M 12896 MEXU Mexico FJ982031 2 1
Mimosa costeny®cVaugh Simon MF 833 MEXU Mexico FJ982032 0 6
Mimosa cruentdenth. Queiroz LP 12575 HUEFS Brazil FJ982033 4 4
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Appendix S1 (cont.)

Mimosa crumenarioidek.P.Queiroz & G.P.Lewis Simon MF 722 FHO Brazil FJ982034 3 4
Mimosa cryptothamndBarneby Simon MF 738 FHO Brazil FJ982035 3 4
Mimosa ctenodeBarneby Hughes CE 2212 FHO Peru FJ982036 1
Mimosa cyclophylldaub. Simon MF 757 FHO Brazil FJ982037 3 3
Mimosa daleoideBenth. Schinini A 35683 MEXU Argentina FJ982038 4 1
Mimosa dalyiBarneby Wood JRI 16487 K Bolivia FJ982039 0 1
Mimosa deamiB.L.Rob. Martinez-Bernal A 919 UAMIZ Mexico FJ982D4 0 1
Mimosa debilisHumb. & Bonpl. ex Willd. vardebilis Hughes CE 2393 FHO Bolivia FJ982041 w 0,1,3
Mimosa decorticanBarneby Simon MF 681 uB Brazil FJ982042 3 1
Mimosa delicatulaBaill. Sutherland JM 262 K Madagascar FJ98204 0 il
Mimosa dens8&enth. vardensa Simon MF 870 FHO Brazil FJ982044 3 1
Mimosa depauperatBenth. Simon MF 801 MEXU Mexico FJ982045 0 1
Mimosa detinenBenth. Sanchez 46 MO Bolivia FJ982046 0 1
Mimosa dicerasteBarneby Simon MF 448 UB Brazil FJ982047 3 1
Mimosa diminutasp. nov. ined.* Simon MF 866A FHO Brazil FJ982048 3 3
Mimosa diplotrichaC.Wright ex Sauvalle var.
diplotricha Simon MF 600 UB Brazil FJ982049 W 0,1
Mimosa diplotrichaC.Wright ex Sauvalle var.
diplotricha Simon MF 877 FHO Taiwan FJ982050 w 0,1
Mimosa discobol®8arneby Simon MF 744 FHO Brazil FJ982051 3 1
Mimosa distachy&av. var.oligacantha(DC.) Barneby | Ku F 365 MEXU Mexico FJ982052 0 1
Mimosa dolen¥ell. var.rigida (Benth.) Barneby Simon MF 879 FHO Brazil FJ982053 4 3 3
Mimosa dominarunBarneby Simon MF 776 FHO Brazil FJ982054 3 5
Dominican
Mimosa domingensiBenth. Barneby RC 18276 NY Republic FJ982055 0 1
Mimosa dormiensiumb. & Bonpl. ex Willd. Guadarrama MA 6841 MEXU Meo FJ982056 2 1
Mimosa dryandroideFaub. ex Glaz. Ribas OS 3449 HUEFS Brazil FJ982057 1 1
Mimosa dutragvlalme Dahmer N 5 ICN Brazil FJ982058 4 0
Mimosa dysocarp8enth. Newman M 296 K USA FJ982059 0 1
Mimosa echinocaul8enth. Simon MF 679 uUB Brazil FJ982060 3 1
Mimosa emoryan8&enth. Grether R 2842 UAMIZ Mexico FJ982061 0 1
Mimosa ervendbergi.Gray Martinez E 35132 MEXU Mexico FJ982062 1 2
Mimosa fachinalensiBurkart Dahmer N 16 ICN Brazil FJ982063 1 1
Mimosa fachinalensiBurkart Dahmer N 20 ICN Brazil FJ982064 1 1
Mimosa filipesMart. Queiroz LP 10058 HUEFS Brazil FJ982065 0,3 1
Mimosa flagellarisBenth. Queiroz LP 12545 HUEFS Brazil FJ982066 4
Mimosa flocculos@urkart CNPF sn ? Brazil FJ982067 1 1
Mimosa foliolosaBenth. varpubescen8enth. Simon MF 733 FHO Brazil FJ982068 3 4
Mimosa galeottiBenth. Simon MF 840 MEXU Mexico FJ982069 0 1
Mimosa gatesiaBarneby Simon MF 741 FHO Brazil FJ982070 3 3
Mimosa gemmulatBarneby vargemmulata Simon MF 690 FHO Brazil FJ982071 0,3 1
Mimosa goldmaniB.L.Rob. Martinez-Bernal A 921 UAMIZ Mexico FJ982n7 0 1
Mimosa gracilisBenth. varinvisiformisBarneby Simon MF 762 FHO Brazil FJ982073 3 3
Mimosa gracilisBenth. var stipitataBarneby Simon MF 745 FHO Brazil FJ982074 3 3
Mimosa grandidierBaill. Du Puy DJ M56 K Madagasca FJ982075 0 1
Mimosa guaraniticaChodat & Hassl. Nascimento JG 474 HUEFS Brazil 2098 0,3,4 3
Mimosa guatemalens{giook. & Arn.) Benth. Simon MF 831 MEXU Mexico FI2®77 0 1
French
Mimosa guilandina€DC.) Barneby varguilandinae Prévost M-F 3958 K Guiana FJ982078 1 2
Mimosa gymnaBarneby Silva JM 3541 HUEFS Brazil FJ982079 1 1
Mimosa hafomantsin¥lilliers Lewis GP 2138 K Madagascar FJ982080 0 6
Mimosa hamatailld. Simon MF 876 FHO India FJ982081 0 1
Mimosa heringerBarneby Proenca C 2138 UB Brazil FJ982082 3 L
Mimosa hexandrél.Micheli Fabian-Martinez K 128 MEXU Mexico FJ982%8 0 1,6
Mimosa hexandrivi.Micheli Simon MF 711 FHO Brazil FJ982084 0 1,6
Mimosa hirsutissim&art. var.barbigera(Benth.)
Barneby Simon MF 765 FHO Brazil FJ982085 3 3
Mimosa hirsutissimlart. var.grossaBarneby Queiroz LP 12854 HUEFS Brazil FJ982086 3 3
Mimosa honduran®ritton Simon MF 858 MEXU Mexico FJ982087 1 2
Mimosa honestMart. Simon MF 720 FHO Brazil FJ982088 0 3
Mimosa humivaganBarneby Simon MF 737 FHO Brazil FJ982089 3 3
Mimosa hypoglaucsart. var.hypoglauca Simon MF 723 FHO Brazil FJ982090 3 4
Mimosa incanaenth. Dahmer N 2 ICN Brazil FJ982091 4 1
Mimosa incarunBarneby Hughes CE 2206 FHO Peru FJ982092 1
Mimosa interrupteBenth. Queiroz LP 10485 HUEFS Brazil FJ982093 3 1,6
Mimosa invisaMart. ex Colla varinvisa Simon MF 715 FHO Brazil FJ982094 0,1,3 1
Mimosa irriguaBarneby Simon MF 694 FHO Brazil FJ982095 0 1
Mimosa jacobiteBarneby Hughes CE 2400 FHO Bolivia FJ982096 3 L
Mimosa josephin8arneby Hughes CE 2398 FHO Bolivia FJ982097 3 L
Mimosa kalungasp. nov. ined.* Simon MF 866 FHO Brazil FJ982098 3 3
Mimosa lacerat&Rose Hughes CE 2057 FHO Mexico FJ98209¢ Q L
Mimosa lactifluaDelile ex Benth. Hughes CE 2079 FHO Mexico FJ982100 O 1
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Appendix S1 (cont.)

Mimosa lamolinasp. nov. ined.* Hughes CE 2648 FHO Peru FJ982101 0 1
Mimosa lanicep8arneby Simon MF 773 FHO Brazil FJ982102 3 1
Mimosa lanuginos&laz. ex Burkart vatanuginosa Simon MF 732 FHO Brazil FJ982103 3 3
Mimosa laticiferaRizzini & Mattos Simon MF 599 uB Brazil FJ982104 3 6
Mimosa latispinosdam. Sutherland JM 206 K Madagascar FJ982105 6
Mimosa lepidophor&izzini Cardoso D 1747 FHO Brazil FJ982106 0 1
Mimosa lepidotaHerzog Hughes CE 2469 FHO Bolivia FJ982107 0 1
Mimosa leptanth®enth. Nascimento JG 471 HUEFS Brazil FJ982108 o s
Mimosa leptocarp&ose Rico L 1014 K Mexico FJ982109 0 1
Mimosa leucaenoideBenth. Montafio-Arias S 8 UAMIZ Mexico FJ982110 0 1
Mimosa levenensiBrake Luckow M 4453 FHO Madagascar FJ982111 Q L
Mimosa lewisiBarneby Simon MF 696 FHO Brazil FJ982112 0 1
Mimosa loxensi8arneby Lewis GP 2987 K Ecuador FJ982113 0 L
Mimosa luisan8randegee Simon, M.F. 844 FHO Mexico FJ982114 0 il
Camargo-Ricalde SL
Mimosa malacophyll&.Gray 530 UAMIZ Mexico FJ982115 2
Mimosa manide®arneby Simon MF 760 FHO Brazil FJ982116 3 5
Camargo-Ricalde SL
Mimosa martindelcampdiledrano 527 UAMIZ Mexico FJ982117 1
Mimosa melanocarpBenth. Simon MF 675 UB Brazil FJ982118 3 1
Mimosa menabeendi Vig. var.menabeensis Sutherland JM 209 K Madagascar FJ982119 0 il
Mimosa minarunBarneby Nascimento JG 495 HUEFS Brazil FJ982120 03 3
Mimosa minutifoliaB.L.Rob. & Greenm. Simon MF 810 MEXU Mexico FJ98212 3
Mimosa modestMlart. var.modesta Simon MF 708 FHO Brazil FJ982122 0 3
Mimosa mollisBenth. Simon MF 850 MEXU Mexico FJ982123 0 1
Mimosa monancistr&enth. Simon MF 809 MEXU Mexico FJ982124 0 1
Mimosa montan&unth. var.montana Hughes CE 2225 FHO Peru FJ982125 0 1
Mimosa mossambicendsenan Brummitt RK 8896 K Malawi FJ982126 0 1
Mimosa myriadenigBenth.) Benth. vapunctulata
(Benth.) Barneby Aceved6-Rdgz P 7483 K Ecuador FJ982127 1 P
Mimosa myriocephal8aker Rakoto R 329 K Madagascar FJ982128 0 R
Mimosa nanchititiand&.Grether & Barneby Grether R 2938 UAMIZ Mexico B2929 1
Mimosa neptuniodedarms Wood JRI 22123 K Bolivia FJ982130 2,3 1
Mimosa nossibiensBenth. varnossibiensis Du Puy DJ M350 K Madagascar FJ982131 0 2
Mimosa nothacaci®arneby Lewis GP 2353 K Ecuador FJ982132 0 5
Mimosa nudaenth. varnuda Hughes CE 2396 FHO Bolivia FJ982133 3 3
Mimosa nuttallii(DC.) B.L.Turner Simon MF 875 FHO USA FJ982134 0 0
Mimosa oblong@enth. Barbosa E 463 HUEFS Brazil FJ982135 1 1
Mimosa occidentali8ritton & Rose Simon MF 821 MEXU Mexico FJ982136 1 0
Mimosa oligosperm8arneby Simon MF 865 FHO Brazil FJ982137 3 1
Mimosa onilahensiR.Vig. Du Puy DJ M899 K Madagascar FJ982138 0 |
Mimosa ophthalmocentrislart. ex Benth. Way MJ SWM2434 K Brazil FJ982139 0 1
Mimosa orthacanth@enth. Barros JC sn K Brazil FJ982140 1 1
Mimosa orthocarp&pruce ex Benth. Simon MF 855 MEXU Mexico FJ982141 1
Mimosa palmerRose Simon MF 823 MEXU Mexico FJ982142 0 1
Mimosa pappos8enth. varpapposa Simon MF 601 UB Brazil FJ982143 3 3
Mimosa pectinatipinn®&urkart Hughes CE 2036 FHO Peru FJ982144 Q L
Mimosa pedersenBarneby Queiroz LP 12645 HUEFS Brazil FJ982145 1 1
Mimosa per-dusenBurkart Ribas OS 4545 HUEFS Brazil FJ982146 4 1
Camargo-Ricalde SL
Mimosa pigral. var. berlandieri(A.Gray) B.L.Turner | 531 UAMIZ Mexico FJ982147 1
Mimosa pigral. var.dehiscengBarneby) D.Glazier &
Mackinder Hughes CE 2414 FHO Bolivia FJ982148 2 1
Mimosa piluliferaBenth. Dahmer N 3 ICN Brazil FJ982149 1 1
Mimosa piluliferaBenth. varpseudincangBurkart)
Barneby Simon MF 878 FHO Brazil FJ982150 1 1
Mimosa pithecolobioideBenth. Dutra VF 317 VIC Brazil FJ982151 3 1
Mimosa platycarp@8enth. varplatycarpa Simon MF 859 MEXU Mexico FJ982152 0 1,6
Mimosa polyanth@enth. Simon MF 829 MEXU Mexico FJ982153 0 1
Mimosa polycarp&unth var.subandinaBarneby Hughes CE 2462 FHO Bolivia FJ982154 0, L
Mimosa polycephalBenth. varpolycephala Simon MF 400 UB Brazil FJ982155 3 3
Mimosa polydactylddumb. & Bonpl. ex Willd. Coradin L 8682 CEN Brazil FJ982156 0
Mimosa polydidym®arneby Simon MF 719 FHO Brazil FJ982157 3 3
Maesen LJG Van der
Mimosa prainianaGamble 3834 K India FJ982158 0 1
Mimosa pseudocallodBurkart Ribas OS 5845 HUEFS Brazil FJ982159 4 3
Mimosa pseudoradul&laz. ex Barneby var.
pseudoradula Simon MF 664 UB Brazil FJ982160 3 3
Mimosa pseudosepiaridarms Simon MF 712 FHO Brazil FJ982161 2 6
Mimosa pseudosetosp. nov. ined.* Simon MF 864 FHO Brazil FJ982162 3 4
Mimosa psilocarp@.L.Rob. Martinez-Bernal A 933 UAMIZ Mexico FJ982AL6 1
Mimosa psorale@enth. Phillipson PB 3571 K Madagascar FJ982164 [0 1
Mimosa pteridifoliaBenth. Simon MF 754 FHO Brazil FJ982165 3 1
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Appendix S1 (cont.)

Mimosa pudicd.. Simon MF 669 UB Brazil FJ982166 w 0,1
Mimosa purpusiBrandegee Simon MF 841 MEXU Mexico FJ982167 0 1
Mimosa pyrenedaub. Simon MF 678 uUB Brazil FJ982168 3 3
Camargo-Ricalde SL
Mimosa quadrivalvid. var. quadrivalvis 532 UAMIZ Mexico FJ982169 2 0
Mimosa radulaBenth. varimbricata(Benth.) Barneby Simon MF 731 FHO Brazil FJ982170 3 3
Mimosa ramboBurkart Queiroz LP 12530 HUEFS Brazil FJ982171 4 1
Mimosa ramulos@enth. Queiroz LP 12340 HUEFS Brazil FJ982172 4 |
Mimosa reginéBarneby Simon MF 759 FHO Brazil FJ982173 3 5
Mimosa revolutdBenth. Hughes CE 2278 FHO Bolivia FJ982174 0 1
Mimosa rhodocarpgBritton & Rose) R.Grether Hughes CE 2161 FHO Mexic FJ982175 0 6
Mimosa robust&.Grether Simon MF 818 MEXU Mexico FJ982176 1,2 1
Mimosa rubicaulidam. ssphimalayana(Gamble)
H.Ohashi Thomas SM 24/1 K Nepal FJ982177 0 1
Mimosa rufescenBenth. varrufescens Ferreira GC 596 K Brazil FJ982178 1 2
Mimosa rupertianaB.L.Turner Bye R 12884 MEXU Mexico FJ982179 0 0
Mimosa rusbyan®arneby & Fortunato Sarkinen T 2071 FHO Bolivia §29880 0 1
Mimosa scabrell@enth. Lima HC 4055 RB Brazil FJ982181 1 6
Mimosa schleideniHerter Queiroz LP 12348 HUEFS Brazil FJ982182 4 1
Mimosa schomburgkBenth. Hellin JJ 15 FHO Honduras FJ982183 1,2 J
Mimosa sensitiva. var. sensitiva Almeida D 4 HUEFS Brazil FJ982184 w 2
Mimosa sericanth&enth. Simon MF 410 uB Brazil FJ982185 3 1
Mimosa setos8enth. varpaludosa(Benth.) Barneby Simon MF 725 FHO Brazil FJ982186 2 1
Mimosa setos8enth. varurbica Barneby Simon MF 730 FHO Brazil FJ982187 3 4
Mimosa setosissimaaub. Simon MF 676 uB Brazil FJ982188 3 1
Mimosa setuligerddarms Simon MF 709 FHO Brazil FJ982189 0 3
Mimosa sicyocarp®.L.Rob. Cal6ncio J 4936 MEXU Mexico FJ982190 0 1
Mimosa similisBritton & Rose Simon MF 807 MEXU Mexico FJ982191 0 1
Mimosa sinaloensiBritton & Rose Simon MF 828 MEXU Mexico FJ982192 0 2
Mimosa skinnerBenth. vardesmodioideBenth.)
Barneby Simon MF 746 FHO Brazil FJ982193 1,3 0
Mimosa somnianklumb. & Bonpl. ex Willd. var.
lasiocarpa(Benth.) Barneby Simon MF 736 FHO Brazil FJ982194 W 1
Mimosa sousaR.Grether Martinez-Bernal A 918 UAMIZ Mexico FJ985B1
Mimosasp. Dahmer N 15 ICN Brazil FJ982196 0 1
Mimosa speciosissinBaub. Simon MF 753 FHO Brazil FJ982197 3 4
Mimosa spirocarparose Simon MF 825 MEXU Mexico FJ982198 0 1
Mimosa splendid8arneby Simon MF 739 FHO Brazil FJ982199 3 5
Mimosa sprengeliDC. Queiroz LP 12469 HUEFS Brazil FJ982200 4 1
Mimosa strigillosarorr. & A.Gray Lievens AW 2666 MEXU USA FJ982201 2 1
Mimosa strobilifloraBurkart Ribas OS 3600 HUEFS Brazil FJ982202 1 1
Mimosa stylos®arneby Dutra VF 318 VIC Brazil FJ982203 3 1
Mimosa tejupilcand.Grether & A.Martinez-Bernal Montafio-Arias S 16 V)24 Mexico FJ982204 7 1
Mimosa tenuiflorgWilld.) Poir. Simon MF 698 FHO Brazil FJ982205 0 61
Mimosa tequilang.Watson Simon MF 813 MEXU Mexico FJ982206 0 0
Mimosa texan&@mall var filipes (Britton & Rose)
Barneby Simon MF 845 MEXU Mexico FJ982207 0 1
Mimosa texan&mall var.texana Simon MF 803 MEXU Mexico FJ982208 0 1
Mimosa torresiadR.Grether Torres-Colin R 10040 MEXU Mexico FJ982209 1
Mimosa townsendBarneby Lewis GP 3025 K Ecuador FJ982210 0 5
Mimosa tricephal&Cham. & Schitdl. vamelsonii
(B.L.Rob.) Chehaibar & R.Grether Martinez-Bernal A 920 UAMIZ Mexico FJ982211 0 1
Mimosa ulbrichianaHarms Simon MF 710 FHO Brazil FJ982212 0 1
Mimosa uleiTaub. vargrallator Barneby Simon MF 777 FHO Brazil FJ982213 3 3
Mimosa uliginosa&Chod. & Hassl. Queiroz LP 12608 HUEFS Brazil FJagp2
Mimosa unipinnatd.D.Parfitt & Pinkava Carranza MA 2355 MEXU Mexico FJ982215 0 1
Mimosa uraguensislook. & Arn. Simon MF 862 FHO cultivated FJ982216 1 1
Mimosa ursineéMart. Simon MF 704 FHO Brazil FJ982217 0 3
Mimosa velloziandart. var.velloziana Simon MF 721 FHO Brazil FJ982218 W 2
Mimosa venatorurBarneby Simon MF 740 FHO Brazil FJ982219 3 3
Mimosa verecundBenth. Simon MF 749 FHO Brazil FJ982220 3 1
Mimosa verrucos®&enth. Simon MF 706 FHO Brazil FJ982221 0 1
Mimosa vestitdenth. Simon MF 769 FHO Brazil FJ982222 3 3
Mimosa vilersiiDrake Labat J-N 3020 K Madagascar FJ982223 C 1
Mimosa viperinasp. nov. ined.* Simon MF 461 FHO Brazil FJ982224 3 3
Mimosa virgulaBarneby Silva MA 5134 UB Brazil FJ982225 3 3
Mimosa volubilisVilliers Du Puy DJ M739 K Madagasca FJ982226 0 2
Mimosa waterlotiiR.Vig. Schrire BD 2551 K Madagascar FJ982227 0 L
Mimosa watsoniB.L.Rob. Simon MF 857 MEXU Mexico FJ982228 1 2
Mimosa weberbaueilarms Hughes CE 2043 FHO Peru FJ982229 ( 1
Mimosa weddellian®enth. Ritter N 4604 MO Bolivia FJ982230 2 1
Mimosa woodiAtahuachi & C.E.Hughes Hughes CE 2285 FHO Bolivia Jog2231 0 1
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Appendix S1 (cont.)

Mimosa xanthocentrMart. var.subsericegBenth.)
Barneby Hughes CE 2403 FHO Bolivia FJ982232 w 3
Mimosa xavantinaBarneby Farias R 346 UB Brazil FJ982233 3 1
Camargo-Ricalde SL
Mimosa zygophyll8enth. 525 UAMIZ Mexico FJ982234 1
Parapiptadenia excels@Griseb.) Burkart Hughes CE 2425 FHO Bolivia FIBR2 6
Piptadenia adiantoideéSpreng.) Macbride Simon MF 726 FHO Brazil FJ98223¢ 1,2
Piptadenia buchtieniBarneby Hughes CE 2427 FHO Bolivia FJ982237 0 5
Piptadenia gonoacanth@Mart.) Macbride Simon MF 735 FHO Brazil FJ982238 1 6
Piptadenia stipulaceéBenth.) Ducke Simon MF 702 FHO Brazil FJ982239 0 1
Piptadenia trispermgVell.) Benth. Armstrong KE 512 FHO Brazil FJ982240 1,2
Piptadenia viridifloraBenth. Hughes CE 1681 FHO Mexico FJ982241 0 5
Pityrocarpa moniliformiBenth. Way MJ SWM2449 K Brazil FJ982242 0 6
Pityrocarpa obliqguaMacbride Macqueen DJ 439 K Mexico FJ982243 0
Stryphnodendron adstringefigart.) Coville Simon MF 734 FHO Brazil FJ982244 3 6
Stryphnodendron obovatuBenth. Hughes CE 2397 FHO Bolivia FJ982245 0 [6
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Appendix S2 Andira dataset: species sampled in this study, voucliemmation, GenBank accession

number for ITS sequences, biome, habit and bawk fgpe text for coding). Herbarium acronyms follow

Holmgrenet al. (90).

GenBank

accession Corky
Species Voucher Herbarium Country number Biome | Habit | bark
Andira anthelmigVell.) Benth. Jardin J 568 CEPEC Brazil FJ542764 1 6 0
Andira anthelmigVell.) Benth. Pennington RT 227 FHO Brazil FJ5427¢ 1 6 0
Andira carvalhoiR.T.Penn. & H.C.Lima
(copy 1) Pennington RT 233 FHO Brazil FJ542765 1 1 O
Andira carvalhoiR.T.Penn. & H.C.Lima
(copy 2) Pennington RT 233 FHO Brazil FJ542766 1 1 0
Andira cordataArroyo ex. R.T.Penn. &
H.C.Lima Pennington RT 264 FHO Brazil FJ54276]7 3 6 1
Andira cujabensi8enth. Pennington RT 503 UB Brazil FJ542768 1,38 5 1
Andira fraxinifolia Benth. Pennington RT 236 FHO Brazil FJ542770 1 1
Andira fraxinifolia Benth. Sugiyama M 889 K Brazil FJ542769 1 1 0
Andira galeottiangStandl. Rico L sn K Brazil FJ542762 1,2 6 0
Andira galeottianaStandl. Lavin M 8214 MEXU Mexico UsS59889 1,2 6 0
Andira grandistipulaAmshoff (copy 1) Hoffman B 1992 us Brazil FJ542771 3 6 ?
Andira grandistipulaAmshoff (copy 2) Hoffman B 1992 us Brazil FJ542772 3 6 ?
Andira humilisMart. ex. Benth. Pennington RT 239 FHO Brazil 623 3 4 0
Andira humilisMart. ex. Benth. Pennington RT 246 FHO Brazil FI624 3 4 0
Andira humilisMart. ex. Benth. Pennington RT 268 FHO Brazil FI6%6 3 4 0
Andira humilisMart. ex. Benth. Pennington RT 269 FHO Brazil FI626 3 4 0
Andira inermis(W. Wright) DC. Bridgewater S 347 E Belize FJ54278 0,1,2 6 0
Andira inermis(W. Wright) DC. (copy 1) Cheek M 3579 K Cameroon J5£2782 0,1,2 6 0
Andira inermis(W. Wright) DC. (copy 2) Cheek M 3579 K Cameroon 542783 0,12 6 0
Andira inermis(W. Wright) DC. (copy 1) Gardener M 6619 E Mexico| J5B2777 0,1,2 6 0
Andira inermis(W. Wright) DC. (copy 2) Gardener M 6619 E Brazil JoR2778 0,12 6 0
Andira inermis(W. Wright) DC. Hughes CE 1673 FHO Mexico FJ542784 0,1,2 6 0
Andira inermis(W. Wright) DC. Pennington RT 589 E Costa Rica  42F80 0,1,2 6 0
Andira inermis(W. Wright) DC. Pennington TD 13358 K Costa Rica 542779 0,1,2 6 0
Andira jaliscensiR.T.Penn. (copy 1) Magallanes JAS 4404 NY Mexico  J542785 0 6 ?
Andira jaliscensiR.T.Penn. (copy 2) Magallanes JAS 4404 NY Mexico  J542786 0 6 ?
Andira legalis(Vell.) Toledo Pennington RT 307 FHO Brazil FJ5827 1 6 0
Andira macrothyrs®Ducke Pennington RT 1207 E Peru FJ542789 1 6 0
Andira macrothyrsa@ucke (copy 1) Pennington RT 523 E Peru FJ542791 1 6 0
Andira macrothyrsa@ucke (copy 2) Pennington RT 523 E Peru FJ542792 1 6 0
Andira macrothyrs®Ducke Pennington TD 13550 K Brazil FJ542790 1 @ g
Andira marauensi$\.F.Santos Carvalho AM sn CEPEC Brazil FJ542788 1 6 0
Andira micranthaDucke Rodrigues W 11180 INPA Brazil FJ542793 1 [6 g
Andira multistipulaDucke Pennington RT 537 E Ecuado FJ542794 1 6 0
Andira nitidaMart. ex. Benth. Carvalho AM 3309 CEPEC Brazil 42895 1 1 0
Andira nitidaMart. ex. Benth. Pennington RT 292 FHO Brazil [£405%3) 1 1 0
Andira nitidaMart. ex. Benth. Pennington RT 301 FHO Brazil By 1 1 0
Andira ormosioidegenth. Lima HC 4831 RB Brazil FJ542798 1 6 0
Andira parvifloraDucke Rodrigues W 11179 INPA Brazil FJ542799 1 @ g
Andira praecoXArroyo ex. R.T.Penn. Rabelo BV 3199 K Brazil FJ8aa 1 6 ?
Andira surinamensi§Bondt) Splitg. ex.
Amshoff Gardener M 6630 E Trinidad FJ542801 1,2 6 Qg
Andira surinamensi@Bondt) Splitg. ex.
Amshoff Pennington RT 433 FHO Guyana FJ542802 1,2 6 0
Andira surinamensi§Bondt) Splitg. ex.
Amshoff Pennington RT 463 FHO Guyana FJ542803 1,2 6 0
Andira taurotesticulatdR.T.Penn. Pennington RT 525 E Ecuador FJ542804 L 6 0
Andira tervequinat&.T.Penn., Aymard &
N.Cuello Liesner R 20674 E Venezuela FJ542805 13 6 ?
Andira trifoliolata Ducke Coomes D 81 K Venezuela FJ542806 1 6 D
Andira unifoliolataDucke Rodrigues W 11186 INPA Brazil FJ542807 1 @ g
Andira vermifuggMart.) Benth. Pennington RT 271 FHO Brazil FJ5328 3 1 1
Hymenolobium alagoanulBucke Pennington RT 224 E Brazil FJ542758 1 6 (
Hymenolobium flavurKleinhoonte Pennington RT 451 K Guyana FJ542760 1 6 0
Hymenolobium mesoamericaniirC.Lima | Pennington RT 614 E Costa Rica AF187087 1 6 0
Hymenolobium nitidurBenth. Rodrigues W 11177 INPA Brazil FJ542759 1 € 0
Hymenolobiunsp. Pennington TD 16995 K Peru FJ542761 1 6 D
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Appendix S3 Lupinusdataset: species sampled in this study and bisgetéxt for coding). Voucher
information and GenBank accession numbers are mexsén Hughes & Eastwood (16).

Species

Biome

Genista anglica

Species

Biome

Genista pilosa

Lupinus mollendoensis

0

Genista tenera

Lupinus montanus

Genista umbellata

Lupinus multiflorus

Lupinusaff. bangii

Lupinus mutabilis

Lupinusaff. ramossisimus

Lupinus neomexicanus

Lupinusaff. sarmentosus

Lupinus nubigenus

Lupinus albescens

Lupinus odoratus

Lupinus albus

Lupinus paraguariensis

Lupinus andersonii

Lupinus paranensis

Lupinus angustifolius

Lupinus parvifolius

Lupinus arboreus

Lupinus piurensis

Lupinus argenteus

Lupinus polyphyllus

Lupinus arizonicus

Lupinus praestabilis

Lupinus arvensis

Lupinus prostratus

Lupinus ballianus

Lupinus pubescens

Lupinus bandelierae

Lupinus pulvinaris

Lupinus bangii

Lupinus purosericeus

Lupinus bicolor

Lupinus reitzii

Lupinus bracteolaris

Lupinus rivularis

Lupinus breweri

Lupinus rubriflorus

Lupinus carpapaticus

Lupinus semperflorens

Lupinus chachas

Lupinus sericeus

Lupinus chamissonis

Lupinus sierrae-blancae

Lupinus chrysanthus

Lupinus solangorum

ENIIE IS A ENEE NS, § NS ENE ENEENE ENT ENEIS  ENE I A E NS NS FC N ENT IS, § BN FNS PN

Lupinus concinnus

Lupinussp.CEH2002

Lupinus cosentinii

Lupinussp.CEH2004

Lupinus crotalarioides

Lupinussp.CEH2005

Lupinus cumulicola

Lupinussp.CEH2037

Lupinus densiflorus

Lupinussp.CEH2107

Lupinus digitatus

Lupinussp.CEH2117

Lupinus gibertianus

Lupinussp.CEH2118

Lupinus grayi

Lupinussp.CEH2160

Lupinus guaraniticus

Lupinussp.RJE168

Lupinus harvardii

Lupinussp.RJE174

Lupinus hirsutissimus

Lupinussp.RJE206

Lupinus hispanicus

Lupinussp.RJES59

AN BN BNE BN BN ENS ENI EN] ENIENI BN BN

Lupinus huaronensis

Lupinus subacaulis

Lupinus huigrensis

Lupinus subsessilis

Lupinus lactus

Lupinus tarapacensis

Lupinus lanatus

Lupinus texensis

Lupinus latifolius

Lupinus tominensis

Lupinus lepidus

Lupinus truncatus

Lupinus lindleyanus

Lupinus uleanus

Lupinus linearis

Lupinus velutinus

Lupinus luteus

Lupinus villosus

Lupinus magnistipulatus

Lupinus weberbaueri

Lupinus mantaroensis

Pterospartum tridentatum

Lupinus micranthus

Retama monosperma

Lupinus microcarpus

Spartium junceum

Lupinus microphyllus

Stauracanthus genistoides

olo|o|o|NAw Ao NANw(N

Lupinus misticola
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Appendix S4.Microlicieae dataset: species sampled in this saurdl/biome (see text for coding). Voucher

information and GenBank accession numbers are mexsén Fritschet al. (18).
Species Biome
Amphiblemma cymosum
Arthrostemma ciliatum
Astronia smilacifolia
Bertolonia maculata

Blakea trinervia
Cambessedesia

Castratella piloselloides
Chaetostoma cupressinum
Chaetostomap.

Clidemia rubra
Dichaetanthera asperrima
Diplectria divaricata

Dissotis rotundifolia
Driessenia glanduligera
Eriocnema fulva
Graffenrieda rotundifolia
Gravesiasp.

Heterocentron subtriplinervium
Lavoisiera alba

Lavoisiera caryophyllea
Lavoisiera confertiflora
Lavoisiera cordata
Lavoisiera crassifolia
Lavoisiera imbricata
Lavoisiera mucorifera
Lavoisiera subulata

Leandra mexicana
Macrocentrum repens
Maieta guianensis

Medinilla humbertiana
Melastomasp.

Memecylon edule

Meriania nobilis

Microlicia aff. oligantha
Microlicia aff. tomentella
Microlicia amblysepala
Microlicia fasciculata
Microlicia juniperina
Microlicia minima

Microlicia sp.1

Microlicia sp.2

Microlicia sp.3

Microlicia sp.5

Microlicia sp.4
Monochaetum calcaratum
Monolena primuliflora
Mouriri helleri

Osbeckia chinensis
Pternandra caerulescens
Pterolepis glomerata

Rhexia virginica
Rhynchanthera grandiflora
Stenodon suberosus
Tetrazygia urbanii
Tibouchina urvilleana 12,3
Trembleya laniflora 2,3
Trembleya parviflora 1 2
Trembleya parviflora 2 2
Trembleya pentagona 23
Triolenasp. 1

= N
w00 || |w|W]w|w]w|w|wk PN R 0000|0006 06| [ [ T |0 [N N 2 e e e

[N
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Captions for Supporting Figures

Fig. S1.LegumematK chronogram from one of the 2000 Bayesian treepkahat stationarity. Posterior
probability values are shown next to nodes. Letb@raodes correspond to calibration points derfueich
the fossil record. Diamonds are nodes that hadgkeestimated and were used as secondary calibratio
points in subsequent evolutionary rates analysésimabsa Andira andLupinus Scale bar in million years.

Fig. S2.Chronograms showing one of 540 Bayesian treeslsdnap stationarity foMimosa(Fig. S2a),
Andira (Fig. S2b) Lupinus(Fig. S2c) and Microlicieae (Fig. S2d). Postepoobability values are shown
next to nodes. Squares correspond to constraindesnesed as calibration points, and red branches to
Cerrado lineages. Scale bars in million years.

Fig. S3.Biome optimization in four plant groupslimosa Lupinus Andira, and Microlicieae). Aggregate
biomes were optimized onto the 50% majority rulasemsus tree of 540 Bayesian trees sampled at
stationarity. Cerrado lineages are indicated onitite. Colour codes as given in Fig. S3a.

Fig. S4.Evolution of fire adapted life forms MimosaandAndira (Fig. S4a-b), and evolution of corky bark
in Andira (Fig. S4c). Characters were optimized onto the Bjority rule consensus tree of 540 Bayesian
trees sampled at stationarity. Cerrado lineagemdieated on the right. Colour codes for Fig. $dllow

Fig. S4a.
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Hymenolobium mesoamericanum RTP614
Hymenolobium nitidum WR11177
Hymenolobium alagoanum RTP224
Hymenolobium flavum RTP451
Hymenolobium sp. TDP16995

. grandistipula BH1992 copy 1

A. macrothyrsa RTP1207
. parviflora WR11179

. unifoliolata WR11186
micrantha WR11180

. cordata RTP264
cujabensis RTP503
praecox BVR3199
taurotesticulata RTP325
tervequinata RL20674
. trifoliolata DC 81
inermis CEH1673

. multistipula RTP537

. jaliscensis JASM4404 copy 1
marauensis AMC SN
macrothyrsa TDP13550
surinamensis RTP463

. galeottiana ML8214

. vermifuga RTP271 -

. humilis RTP269 Andira 1
. carvalhoi RTP233 copy 2
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Fig. S4c
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. grandistipula BH1992 copy 1
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. legalis RTP307
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[ Corky bark absent
Il Corky bark present
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