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Abstract: A molecular phylogeny of the family Iridaceae based on the plastid gene rps4
was obtained using both parsimony and distance methods. Thirty-four species were exam-
ined together with eight outgroup species. Results show that the Iridaceae are monophy-
letic, and that Isophysis is likely to be the earliest emerging genus. Subfamily Ixioideae
plus the genera Aristea and Nivenia form a strongly supported clade. Within subfam. /ri-
doideae, the tribe Irideae includes the genus Bobartia (of disputed position), and the tribe
Mariceae includes Cypella. The division of Iridoideae into tribes is consistent with their
geographical distribution.

The chloroplast genome has been extensively used in plant systematics for phylo-
genetic reconstructions. It is well suited for this because of its relatively small
size, its conservative mode of evolution (i.e. its slow rate of nucleotide substitu-
tion) and its relative abundance as a component of plant total DNA. It has there-
fore provided much basic information to support comparative evolutionary
research (Lampra & Benpicu 1979, Paimer & Zamir 1982, Paimer & SteIN 1986,
Zurawskl & CLecG 1987, Sortis & al. 1989, Lavin & al. 1990, Worre & al. 1991,
CLece & Zurawskl 1992, CLege & al. 1994).

The plastid gene most commonly used for phylogenetic analyses in plants is
rbcL, which encodes the large subunit of ribulose biphosphate carboxylase/oxyge-
nase. More than 500 complete rbcL. sequences are now available for land plants
(Cuase & al. 1993). Other chloroplast genes have also been used, such as marK
(Jonnson & Sorris 1994, SteeLe & ViLcaLys 1994, Jonnson & Soiris 1995), atpB
(Hoot & al. 1995), ndhF (Oumsteap & Reeves 1995) and rps 4 (Napor & al. 1994,
1995). Some non-coding regions of chloroplast DNA, such as the atpB-rbcL inter-
genic region (Manen & al. 1994), the trnL intron and the trnL-trnF spacer (T aBer-
LET & al. 1991, GieLry & Taserier 1994, Ham & al. 1994, Mes & Harr 1994) have
been successfully used for evolutionary studies of closely related taxa. For the
present work on Iridaceae, we chose to use the rps 4 gene (encoding protein 4 of
the small chloroplastic ribosomal subunit) for its relatively small size (generally
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600 bp), its good sequence variation and its previously successful use in a phylo-
genetic reconstruction in the Poaceae (Napot & al. 1994).

The Iridaceae are a medium-sized family of plants including 77 genera and
1750 extant species (GoLDBLATT, pers. comm. ), mostly found in the Southern Hemi-
sphere. Africa is the centre of diversity of the family, and the majority of species
are concentrated in the temperate and Mediterranean regions in the Southern part
of the continent (GoLpsLart & al. 1995). The tropical and subtropical America is
also a centre of Iridaceae. Some genera may have a markedly disjunct distribution
in Oceania. Many genera of Iridaceae are economically important because of their
ornamental value. DanLcren & al. (1985) classified Iridaceae into 5 subfamilies
(Isophysoideae, Aristeoideae, Sisyrinchioideae, Iridoideae, and Ixioideae). The
recent classification of Iridaceae by Gorperarr (1990) divides the family into only
four different subfamilies (Isophysidoideae, Nivenioideae, Iridoideae, and Ixioi-
deae). These classifications differ mainly in the position of Patersonia (subfam.
Nivenioideae according to Gorperart) and subfam. Sisyrinchioideae sensu DaHL-
GrReN & al. (1985), and in the inclusion or not of the genus Geosiris in the family
Iridaceae.

Some aspects of the phylogeny of Iridaceae are still disputed, such as the posi-
tion of the genera Isophysis (DanLereN & al. 1985, Gorbsrarr 1990, Rupair 1994,
CHase & al. 1995), Geosiris (Cronouist 1981, DarLoren & al. 1985, GovLbsLarT
1990) and Bobartia (GorpeLarT & RuparL 1992), the delimitation of the genera
within the Iridoideae tribes Mariceae, Tigridieae, and Irideae (GoLpsLarr 1991)
and the position of the subfam. Ixioideae within the Iridaceae (GoLpsLart 1990,
RuparL 1994). Our goal was to contribute to the solution of some of these prob-
lems using the molecular information provided by the rps 4 sequences. The results
are presented in this paper. In order to add information to the reconstructions
obtained by a parsimony program (PAUP), we also used the new distance method
Anataxis (Brrrar 1995), that we have already applied to a phylogeny of monocots
(Napot & al. 1995). In the discussion, the phylogenetic relationships in Iridaceae
provided by this molecular approach are compared to other phylogenetic and bio-
geographic data on this family.

Material and methods

Plant material. Fresh leaves were collected from 34 species of [ridaceae listed in
Table 1. In order to select the best set of outgroup species to reconstruct phylogenies,
comparative tests were carried out using plants belonging to the Liliales sensu DaHLGREN
(in which Iridaceae are included) and to the Asparagales, based on RupaiyL’s (1994) sug-
gestion that /ridaceae are closer to Asparagales than to Liliales. Representatives from all
Liliales families except Iridaceae were included in this study. Asparagales encompass 33
families; samples from 12 of them were assayed. Comparative trials showed that much
better resolution and robustness of trees was obtained with Asparagales than with Liliales,
thus confirming suggestion by RuparL (1994). Using this information, eight Asparagales
species, listed in Table 1, were finally retained to constitute the outgroup species.

DNA isolation, amplification and sequencing. Total DNA was extracted by the
CTAB method modified by Doyre & DovyLe (1987). A fragment of approximately 800 bp
including rps 4, a non-coding region and the tnS gene was amplified by PCR (Fig. 1).
PCR primers (see below) were selected at the 5’ end of the rps 4 and the at 5’ end of #rnS
conserved regions. The selection of the primer rnS was based on the comparison of the
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Table 1. Sequence accession numbers (EMBL Databank), names, geographic distribution
and vouchers of the species analysed. The samples came from the “Muséum National
d’Histoire Naturelle” — MNHN (Paris, France; EB Ecole Botanique, S Serre), Botanical
Garden of Porto Alegre (Brazil), Botanical Garden of Geneva (Switzerland), Royal Bota-
nical Garden of Kew (England), Missouri Botanical Garden (USA) and Departement of
Botany of Campinas (Brazil)

EMBL no. Species (geographic distribution) Origin/voucher specimens
768231 Alophia veracruzana GoLDBLATT Missouri (GoupsLatT & Howarp)
(America) 9070 MO
768232 Aristea platycaulis Baxer MNHN (S 69-1198)
(Africa, Madagascar)
768234 Babiana stricta Ker-GawL MNHN (S 94-578)
(Africa, Socotra)
768235 Belamcanda chinensis Apans. (Asia) MNHN (JA 84-1389)
768268 Bobartia gladiata Ker-GawL (Africa) Kew (G 9490 MO 16)
768236 Crocosmia sp. PLancu. (Africa) Porto Alegre (034)
768237 Crocus nudiflorus HoHen. MNHN (EB 66-2483bis)
(Europe, Asia, Africa)
768254 Cypella sp. Hers. (America) Porto Alegre (027)
768238 Dietes grandiflora Brown (Africa) MNHN (S 70-531)
268239 Dietes robinsoniana Kuarr (Africa) MNHN (S 88-82)
768240 Freesia sp. Krart (Africa) MNHN (EB)
768241 Gladiolus communis Tourn. MNHN (EB)
(Africa, Madagascar, Eurasia)
768255 Gladiolus murielae Hocusr. MNHN (EB)
(Africa, Madagascar, Eurasia)
768256 Gladiolus papilio Hook. Missouri (GoLpBLATT & MANNIG)
(Africa, Madagascar, Eurasia) 9841 MO
768257 Iris ensata Truns. (Europe, Asia, Missouri
Africa, North America) (Soromon 19400 MO)
768242 Iris lutescens Guss. (Europe, Asia, MNHN (EB)
Africa, North America)
EmZ29254 [ris pallida Lam. (Europe, Asia, MNHN (EB)
Africa, North America)
768243 Isophysis tasmanica Moore (Tasmania) Kew (J. BrunL 2)
768244 Lapeirousia neglecta Pourr. (Africa)  Kew (GoLpsLarT & MAaNNIG)
9489 MO
768245 Libertia formosa Gran. (Australasia,  Genéve (Chile)
America)
768246 Micranthus juncus Eckr. (Africa) Kew (Cuase 1-156)
768258 Moraea spathulata Kiarr (Africa) MNHN (EB-90-1494)
768247 Neomarica sp. SpracUE (America) Porto Alegre (010)
768266 Nivenia corymbosa Baker (Africa) Kew (GowpprLarr sn. MO-MWC
418)
768248 Patersonia fragilis Ascuers & Graesn. MNHN (S 92-20)
(Oceania)
768259 Patersonia sp. Bentn. & Hook. Kew (UNSW 21494-MWC 418)
(Oceania)
768260 Pillansia templemannii BoLus (Africa) Kew (Bean s.n. MO)
768261 Romulea revelieri Jorp. & Fourr. MNHN (Morer 93-88)
(Africa)
268262 Sisyrinchium sp. Benth. & Hook. Campinas (Herbarium)

(America)
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Table 1 (continued)
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EMBL no. Species (geographic distribution) Origin/voucher specimens
768263 Sisyrinchium striatum L. (America) Geneve (Chile)
768249 Sparaxis sp. Ker-Gawr (Africa) MNHN (EB)
768250 Tigridia sp. Juss. (America) MNHN (EB)
768264 Trimezia stayermarkii R. FosTer Missouri (GoLpeLATT 1345 MO 54)
(America)

768265 Watsonia anguta Ker-GawL (Africa) Kew (GorpsLarr 6904 MO 4)
X84109 Agave bracteosa W aTs. MNHN (S 54-699)
X84115 Asparagus scaber BrioN MNHN (EB)
768267 Furcraea gigantea VENT. MNHN (S 64-321)
268253 Haemanthus magnificus L. MNHN (S 69-18)
768251 Hymenocallis littoralis SALISB. MNHN (S 92-303)
X84133 Narcissus odorus Tourn. MNHN (EB)
768252 Nerine bowdenii W ATSON. MNHN (EB)
X84148 Yucca filamentosa Woon MNHN (S)

rpsM rps3' trmS

-~ — - -

—rps4d ] trnS
rps5’ Es»N" m Tps»M' 100 bp
rp>55‘ PCR ampilification product "Ts

Fig. 1. Positions and directions of the primers used to amplify and to sequence the rps 4
gene

Genbank sequences from spinach (accession number AC =M16878), rice
(AC = X15901), tobacco (AC =2Z00044/S54304) and Marchantia (AC =X04465/
Y00686). The rps5’ primer was selected by a comparison of rps 4 sequences of spinach,
tobacco, rice and maize (AC = X01608). PCR was carried out in a volume of 100 ul using
a standard technique with Taq polymerase (Appligene, Strasbourg, France). The annealing
temperature was 60 °C. PCR products were directly sequenced with the Sequenase PCR
Product Sequencing Kit (USB-Amersham) including a treatment of the PCR product with
Exonuclease I and Alkaline Phosphatase. The positions of the PCR and sequencing
primers of the rps 4 gene are shown in Fig. 1. Sequences of primers used in this work are
given in Table 2.

Alignment and analysis of sequence data. Nucleotide sequences were aligned using
the CLUSTAL W 1.5 program (Tuompson & al. 1994). These alignments were used for
construction of maximum parsimony (MP) trees using the heuristic and branch-and-bound
research modes (TBR option) of program PAUP 3.1.1 (Sworrorp 1993). The “branch and
bound” and heuristic search modes of PAUP were used in several phylogenetic reconstruc-
tion attempts. Whether the indels should be taken into account or not was considered: both
options were used and the gaps corresponding to the insertions (see below) were alterna-
tively treated as missing data or additional character state (“fifth base”). Bootstrap (1000
replications) using the search option heuristics of PAUP 3.1.1 were done. An estimation of
the decay of parsimony analysis for each branch (Bremer 1988) was performed using the
trees longer by 1, 2 and 3 steps than the most parsimonious trees. This decay analysis also
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Table 2. Names and sequences of the primers for PCR and sequencing

Name Sequence

trnS 5'(TACCGAGGGTTCGAATC)3’

rpss’ 5'"(ATGTCCCGTTATCGAGGACCT)3’
rps3’ 5'(ATATTCTACAACTAACAACTC)3’
rpsM 5'(CCATTAACTAAAATATGTGT)3’
rpsM1 5'(CAATATCGTATTCGTCTAGAA)3’
rpsM2 5'(TTTTACTACAACTACTTGAGA)3’
rpsM’ 5'(TAGACATATTTTAGTTAATGG)3’

used the program PAUP 3.1.1. Distance analyses were performed using the new program
ANATAXIS (Brrrar & Carter 1994, Birmar 1995, Navor & al. 1995). This program was
developed as an alternative to the quick but biased classical phenetic methods. It is a tree-
compatibility distance method that groups taxa while taking into account both the possi-
bility of homoplasy and of different rates of evolution within different branches. We used
this obvious advantage in the phylogenetic reconstruction of monocots (Navor & al. 1995)
and in the present work on [ridaceae. The objective of ANATAXIS is to allow a quick
analysis of a large set of data by using all possible information without having to analyse
the possible evolutionary story of each site (as cladistic parsimony methods do), while
nevertheless avoiding the phenetic pitfalls of widely differing evolutionary rates in the
different lineages. It should be noted that the ANATAXIS trees indicate polychotomies
when information is judged to be insufficient, in order to avoid the unnecessary display of
uncertain or unsupported phylogenetic relationships. The program MacClade 3.0 (Mapbi-
soN & Mabpison 1992) was used for performing analysis of character evolution.

Results

With the aid of the deduced amino acid sequences which they encode, the rps 4
nucleotide sequences were aligned for all plants listed in Table 1, representing 34
Iridaceae and 32 distinct sequences, since those of Iris pallida and I. lutescens are
identical, as are those of Gladiolus communis and G. papilio. Similarly, 8 out-
group species (represented by 7 distinct sequences, those of Agave bracteosa and
Yucca filamentosa being identical) were also used. Including insertions (see
below), the nucleotide sequence matrix encompasses 552 nucleotide sites (corre-
sponding to 184 amino acids) out of the 648 of the complete reading frame.

The nucleotide sequence alignment displays 129 variables sites, 80 of which
are cladistically informative; 14% of these changes occur at the first position of

Table 3. Calculated values of the consistency index (c.i.), retention index (r.i.) and
rescaled consistency index (r.c.i. = c.i. X r.i.) for each codon position for the three illus-
trated in Fig. 3

Codon position c.i. r.i. r.c.i.
I 1.00 1.00 1.00
2nd 0.69 0.78 0.57

31 0.70 0.92 0.64
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Outgroups

Furcraea gigantea
Agave, Yucca
Hymenocallis littoralis
Nerine bowdenii
Haemanthus magnificus
Narcissus odorus
Asparagus scaber

Iridoideae

Trimezia stayermarkii
Alophia veracruzana
Belamcanda chinensis
Bobartia gladiatus
Cypella sp.

Dietes grandiflora
Dietes robinsoniana
Iris ensata

Iris lutescens, I. pallida
Moraea spathulata
Neomarica sp.
Sisyrinchium striatum
Sisyrinchium sp.
Tigridia sp.

Libertia formosa

Isophysidoideae
Isophysis tasmanica

Ixioideae

Watsonia angusta
Sparaxis sp.

Pillansia templemannii
Romulea revelieri
Lapeirousia neglecta

Gladiolus communis, G. papilio

Gladiolus murielae
Babiana stricta
Crocosmia sp.
Crocus nudiflorus
Freesia sp.
Micranthus junceus

Nivenioideae
Aristea platycaulis
Nivenia corymbosa
Patersonia sp.
Patersonia fragilis

T. T. Souza-Cues & al.:

ATATTGCTTCCTCCCCTCAC--—--—-- GAGGAATTGCCAAACCA
ATATTGCTTCCTCCCCTCAC~=-~—~= GAGGAATTGCCAAACCA
CTATTGCTTCAGCCCCTCGC--~~-- GAGGAATTGCCAAACCA
TTATTGCTTCATCCCCTCAC-~~~—~ GAGGAATTGCCAAACCA
TTATTGCTTCAGCCCCTCGC~~~=~~~ GAGGAATTGCCAAACCA
CGATTGCTTCAGCCCCTCGC-~--—--- GAGGAATTGCCAAACCA
CTATCGCTTCGTCCCCTCAC-~~——~ GAGGAATTGCCAAACCA
ATATTGCTTCATCCTCCCAC-----~- GACCAATTACCAAACCA
ATATTGCTTCTACCCCCCAC-----~- GCGGAATTACCAAACCA
ATATTGCTTTGTCCCCCCAC------ GAGGAATTGCCAAACCA
ATACTGCTTCGTCCCCCCAC-~—~~—- GAGGAGTTGCCAAACCA
ATATTGCTTCATCCTCCCAC--~—~~ GAGGAATTACCAAACCA
ATATTGCTTCGTCCCCCCAC--——-- GAGGAGTTGCCAAACCA
ATATTGCTTCGTCCCCCCAC---—~~ GAGGAGTTGCCAAACCA
ATTTGGCTTGGTCCCCCCAC---~-~- GAGGAATTGCCAAACCA
ATATTGCTTCGTCCCCCCAC-—--—~ GAGGAATTACCAAACCA
ATATTGCTTCGTCCCCCCAA~~-——~ GAGGAGTTGCCAAACCA
ATATTGCTTCATCCCCCCAC-—=~--- GAGGAATTACCAAACCA
CTATTGCCTCGTCCCCCCAC-~-—-~- GAGGAATTACCAAATCA
CTATTGCCTCGTCCCCCCAC-——-~~ GAGGAATTACCAAATCA
ATATTGCTTCATCCCCCCAC--—-—-- GAGGAATTACCAAATCA
CTATTGCTTCGTCCCCCCAC-~~~~~— GAGGAATTACCAAACCA
ATATTGCTTCATCCCCCCAC-~—---- GAGGAATTGCCAAACCA

TTATTGCTTCATCCCCCCAC~~~CAGGAGGAATTGCCAAACCA
TTATTGCTTCATCCCCCCAC--~CAGGAGGAATTGCCAAACCA
TTATTGCTTCATACCCCCAC-~-CAGGAGGAATTGCCAAACCA
TTATTGCTTCATCCCCCCAC---CAGGAGGAATTGCCAAACCA
TTATTGCTTCATCCCCCCAA~--CAGGAGGAATTGCCAAACCA
TTATTGCCTCATCCCCCCAC~~~-CAGGAGGAATTGCCAAACCA
TTATTGCCTCATCCCCCCAC-~--CAGGAGGAATTGCCAAACCA
TTATTGCTTCATCCCCCCAC~~~-CAGGAGGAATTGCCAAACCA
TTATTGCTTCATCCCCCCAC---CAGGAGGAATTGCCAAACCA
TTATTGCTTCATCCCCCCAC---CAGGAGGAATTGCCAAACCA
TTATTGCTTCATCCCCCCGC---CAGGAGGAATTGCCAAACCA
TTATTGCTTCATCCCCCCAC~~~CAGGAGGAATTGCCAAACCA

ATATTGCTTCATCCCCCCAC---CACGAGGAATTGCCAAACCA
CTATTGCTTCCTCCCCCCAC-~~CAGGAGGAATTGCCAAACCA
ATATTGCTTCATCTACCCAACCCCAGGAGGAACTGCCAAACCA
ATATTGCTTCATCTACCCAGCCCCAGGAGGAACTGCCAAACCA

Fig. 2. Alignment of positions 477 to 521 of the rps 4 nucleotide sequences of the Irida-
ceae species and of the outgroups showing the insertions found in the genera Patersonia,
Aristea and Nivenia and in the Ixioideae
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Fig. 3. Strict consensus tree of 223 steps calculated from 6 most parsimonious trees of
221 steps resulting of a branch-and-bound search using PAUP 3.1.1. (gap treated as fifth
base). The bootstrap value (indicated if > 50%) of the 1000 replicates appears below the
branch. The lengths of the branches as well as their decay values are indicated above the
branches. c.i.=0.758 (0.671 when excluding the cladistically uninformative sites);
r.i. = 0.891. The subfamilies (and tribes within the Iridoideae) are indicated. American
tribes within Iridoideae are indicated by underlining and the Oceanian species are shown
using boxes

codons, 24% at the second position, and 62% at the third position as determined
with MacClade 3.0. The values for consistency, retention and rescaled indices per
codon were also calculated with MacClade 3.0 and are indicated in Table 3.

The most variable regions were found to be situated in the 5" and 3’ regions of
the sequence, as already shown by Napor & al. (1994). Three supplementary
nucleotides forming an extra codon were found close to the 3’ end in the rps 4
sequences of members of subfamily Ixioideae as well as in the sequences of the
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Fig. 5. Distance tree obtained using ANATAXIS (gap treated as fifth base). The subfami-
lies and the tribes of Iridoideae are indicated. Putative fast (+) or slow (—) evolution rates
are indicated for all branches. The subfamilies (and tribes within the Iridoideae) are indi-
cated. American tribes within Iridoideae are indicated by underlining and the Oceanian
species are shown using boxes

genera Aristea and Nivenia. At this same location the rps 4 sequences of the two
Patersonia species display not one but two supplementary codons. These inser-
tions are illustrated in the alignment shown in Fig. 2.

In a preliminary analysis the amino acid sequences were aligned and used for
phylogenetic reconstruction. This led to three MP trees of 86 steps with a strict
consensus tree of 87 steps (not shown). Because of the lack of discrimination
within the clades and of the many polychotomies found, further work was carried
out using the nucleotide sequences.

Seven distinct rps 4 sequences from species belonging to the order Aspara-
gales (see legend to Fig. 3), the closest order to Liliales to which Iridaceae
belong, were chosen to form an outgroup, because preliminary tests (see Material
and methods) with PAUP and ANATAXIS confirmed this order to be within the
monocots the best outgroup to Iridaceae.

When the gaps in the alignment were treated as “fifth base”, with a combina-
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tion of branch-and-bound and heuristic searches (Tree-Bisection-Reconnection
branch-swapping) 6 most parsimonious trees of 221 steps were obtained. The
strict consensus tree (Fig. 3) consisted of 223 steps, with a consistency index of
0.758 (0.671, if the cladistically uninformative sites are excluded) and a retention
index of 0.891. The robustness of the trees has been estimated both by bootstrap-
ping (FeLsEnsTEIN 1985) and by decay analysis (Bremer 1988). The corresponding
values are given in Fig. 3.

When gaps were alternatively treated as “missing data”, no essential differenc-
es in the trees were observed for the genus Patersonia, which was then found asso-
ciated to the Iridoideae rather than to the Nivenia/Aristeal/lxioideae clade; these
varying positions of Patersonia are illustrated in Fig. 4. The basal position of
Isophysis to the rest of Iridaceae was not strongly supported.

The distance analysis with ANATAXIS was also used twice, alternatively tak-
ing into account or leaving out the insertions in Patersonia, Nivenia, Aristea and
the Ixioideae. In the first option, Patersonia appears basal in the. tree topology
(Fig. 5), which places it in a different position from that proposed by PAUP
(Fig. 3) using the same option, while in the second option it is joined to the Iridoi-
deae as it does with PAUP (see Fig. 4). It can be noted that the species of Iridoi-
deae form a clade in which the tribes are resolved according to Gorpsrart (1990):
Irideae, Sisyrinchieae and Mariceae/Tigridieae. The second main clade in the
ANATAXIS tree clearly groups the Ixioideae together with Aristea and Nivenia.

With 12 synapomorphic sites, both the MP and ANATAXIS results seem there-
fore to confirm that the species of Iridaceae do form a clade. Within this taxon,
Isophysis tasmanica, a species from Tasmania, appears basal to all other Iridaceae
that are divided into three main clades grouping species with identical geographi-
cal distribution. The first one includes the species of Iridoideae from the Old
World. The second clade groups the genera that are distributed within the tribes
Tigridieae, Mariceae and Sisyrinchieae of the Iridoideae (GoLpLatT 1990) and
that occur in South and Central America. The third clade, consisting of Nivenia,
Aristea, and of the subfam. Ixioideae Old World species, is very well supported
and appears in 99% of the bootstrap replicates with a decay value of its supporting
branch greater than 3. Its internal cluster of all Ixioideae (GoLpsrarT 1990) is also
well supported with a bootstrap value of 87 though rps 4 provides poor resolution
within this group. The very variable position of the Australian genus Patersonia
was previously emphasized (Fig. 4).

Discussion

In this work we have examined the phylogeny of Iridaceae using the rps 4 gene as
a phylogenetic tool. The results presented here confirm that despite the relatively
small size of the rps 4 gene (making for easier and faster sequencing of the sam-
ples), the amount of information displayed by this gene is sufficient to reconstruct
a phylogeny of the Iridaceae. In addition, the sequences showed a low level of
homoplasy within the gene, as shown here by the indices (Table 3, Fig. 3). For this
reconstruction we used in parallel two methods: the maximum parsimony prin-
ciple as implemented within PAUP (Sworrorp 1993) and an improved distance
method, ANATAXIS (Brrrar & Carter 1994, Birtar 1995). Globally equivalent
trees were obtained with both the PAUP and ANATAXIS programs.
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A parsimony analysis was also performed using only the first and the second
bases because the third codon positions may evolve more rapidly than the second
and first codon positions in protein-coding genes. We obtained one tree of 74 steps
(not shown), the topology of which was almost identical to that obtained with
PAUP when treating gaps as fifth base. The few differences occurred mostly in the
subfam. Iridoideae, which treated in this way were not resolved as a clade. The
conservation of trees topology when only the first and the second bases are used
had been shown already by Rirrano & Crece (1987) with the other plastid genes
rbcL and atpB.

As mentioned in the Material and methods section, all tests were performed
using eight species of Asparagales as outgroups because in preliminary tests Irida-
ceae appeared to be closer to Asparagales than to the order Liliales in which they
are usually included. This is in agreement with other works based either on molec-
ular (Cuase & al. 1993, 1995; DuvarL & al. 1993) or morphological (RubarL 1994)
data. Should convergent data confirm these links with Asparagales, then Irida-
ceae might be taken out from Liliales and their systematic position revised.

Although variable bootstrap values were found according to the selection of
outgroups used, both reconstruction methods indicated a monophyletic origin of
Iridaceae, in agreement with other systematic and phylogenetic studies of this
family. Another important feature of our results is the almost perfect correspon-
dence of the clusters of genera found in our phylogenetic trees with the classifica-
tion proposed by GorpeLart (1990). Apart from a few exceptions or positional
uncertainties discussed below, it may be said that molecular criteria fit perfectly
with the results of morphological and anatomical studies.

Because of its basal (parsimony trees) or nearly-basal ANATAXIS positions in
Iridaceae, Isophysis belongs to the family and may have diverged at an early stage
from primitive Iridaceae. However, in a phylogeny by Cuase & al. (1995) using
the rbcl. gene and including six Iridaceae, Isophysis tasmanica appears as a sister
group to a cluster grouping five other Iridaceae plus representatives of Ixioliria-
ceae and Doryanthaceae. If Isophysis really is a member of the Iridaceae, Chase’s
results suggest that the family is paraphyletic. This contradicts our results and the
classifications of Danrcren (1985) and Gorpsrart (1990) and may originate either
from the smaller sampling used by Cuase & al. (1995) or the fact that certain rep-
resentatives were not included in our study (e.g., Ixioliriaceae or Doryanthaceae).

The trees do not confirm the monophyly of the Nivenioideae and emphasize the
links of the three selected genera of this subfamily, Nivenia, Patersonia and Aris-
tea with Ixioideae. Nivenioideae appear therefore to be paraphyletic and to consist
of early emerging species sharing a common ancestor with Ixioideae. One of the
reasons for this clustering is the presence of a similar insertion at the same place
in the rps 4 sequence.

Insertions in this gene are not uncommon in higher plants, as for instance in its
3’ end in Cycas revoluta Tuuns., Taxus baccata L., Luzula sylvatica (HubsoN)
Gopiv (Napor 1994) and Epifagus virginianus Bart. (WoLre & al. 1992) or in its 5’
region as in Cyperus vegetus Barr., Taxus baccata and Luzula sylvatica (Napbor
1994). In this work an identical or almost identical 3-nucleotide insertion was
found in the rps 4 sequence at the same precise location in the Ixioideae, in Aris-
tea and in Nivenia; in Patersonia a comparable 6-nucleotide insertion occurs at
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the same position (Fig. 2). As mentioned in the Results section, the evolutionary
implication of one (two for Patersonia) supplementary aminoacid in the putative
protein led us to carefully examine how these 3- (or 6-) nucleotides insertions
(resulting in gaps for other Iridaceae in the alignments) should be considered in
the reconstruction programs.

Whichever way the gaps were treated (“missing data” or “fifth base”), Ixioi-
deae and Aristea plus Nivenia remain associated, while this is not true for Pater-
sonia. When the insertions are not taken into account, parsimony and distance
trees suggest that the insertions found in the cluster Nivenia + Aristea + Ixioideae
and the one found in Patersonia would result from a convergence. When the gaps
are considered as a fifth base, ANATAXIS and the parsimony consensus trees are
still consistent with the idea of a clade grouping Nivenia, Aristea and Ixioideae
(Fig. 3) whereas differences exist in both PAUP and ANATAXIS trees concerning
Patersonia: this genus is included by the parsimony consensus tree into the clade
formed by Ixioideae, Aristea and Nivenia whereas it remains in the unresolved
basal polychotomy displayed by ANATAXIS. Despite this discrepancy, the evolu-
tionary importance of an insertion for the resulting rps 4 protein leads us to favour
the “fifth base” option and to hypothesise an unique mutational event linking
Nivenia, Aristea, the Ixioideae and, most probably, Patersonia.

Both parsimony and distance trees show that /xioideae are in a terminal posi-
tion relative to the other species of Iridaceae. This confirms the analysis done by
Govrpsrart (1990), but disagrees with RuparL’s (1994) suggestion that Ixioideae
have a basal position. The poor resolution within /xioideae suggests a rapid radia-
tion of the subfamily and indicates a evolutionary scenario different from that of
Iridoideae; analysis of the clade with ANATAXIS suggests a few evolution rate at
the origin of the radiation (Fig. 5).

Whichever phylogeny program was used, the molecular trees differentiate the
species of the subfam. Iridoideae by their geographical distribution. The New and
Old World species belong to different clades even if the phylogenetic relationships
between them may vary slightly according to the program used. However, the
presence of a basal trichotomy for the Iridoideae in the ANATAXIS tree, together
with indications of fast evolution at this level, suggest that the divergence between
all these groups may have occurred over a relatively short period of time.

The closeness of Bobartia to Moraea and Dietes is supported with statistical
methods (bootstrap value of 80%, decay value of 2). This disagrees with
GorpsLatt’s (1990) positioning of Bobartia in the tribe Sisyrinchieae sensu GoLp-
BLATT, and with Ruparr’s (1994) suggestion that Bobartia forms a sister group to
the Sisyrinchieae, although GorpsLatT & RupaLL (1992) agreed that the position of
Bobartia was controversial. DanLoren & al. (1985) had suggested that Bobartia
might have its closest relatives in Iridoideae near Dietes. Our results support
DanLcren’s hypothesis on the closeness of Bobartia and Dietes.

One may speculate on the biogeographical evolution of [ridaceae correlating
molecular data (especially the existence of the insertion in the rps 4 sequence),
phylogenetical reconstructions, paleogeography of the Southern hemisphere and
the geographical distribution of extant members of the family. One may for
instance hypothesize that South African ancestors to extant /ridaceae generated
first an early South American branch and that later on some of these ancestors
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underwent a 3-nucleotide insertion event that led to the group from which present-
day Nivenioideae (except Pattersonia whose position is problematic) and Ixioi-
deae emerged, with no further possibility of migrating to South America. Both Iri-
doideae and Ixioideae lineages from this South African stock spread northwards
to generate the existing Iridaceae of Europe, Asia and North America. An alterna-
tive hypothesis to explain the origin of Iridaceae might involve waves of migra-
tion of species from an original lineage in Oceania of which Isophysis and Pater-
sonia would be current day representatives.

In conclusion, the phylogeny of the Iridaceae based on the rps 4 nucleotide
sequences presented here confirms the monophyletic origin of the Iridaceae pro-
posed in other systematic and phylogenetic works (Danrcren & al. 1985, Gorp-
BLATT 1990, RupaLL 1994); Isophysis tasmanica could be the first actual emerging
species of the Iridaceae, which might support the proposal of a subfam. Isophysi-
oideae by DanLcren & al. (1985) and Gorpsrart (1990). The subdivisions within
Iridoideae agree with the observed geographical distribution of its species, the
tribe Irideae being separated from the American tribes Mariceae, Tigridieae and
Sisyrinchieae. The position in the tribe [rideae is very well supported and
excludes Bobartia from the American Sisyrinchieae in which it has been placed.
The subfam. Ixioideae is undoubtedly a natural clade that emerged recently with-
in the Iridaceae and seems to be very strongly associated to Aristea, this last genus
being clearly separated from Nivenia and Patersonia. This work has allowed us to
confirm that the rps 4 gene can be used in molecular phylogenies to solve taxo-
nomic problems at the intra-familial level and it is probable that other plant phy-
logenies can be based on sequences of this plastid gene.
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