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coronate flowers and have been transferred accord-
ingly: but there are still some species (e.g.. Aste-
phanus geminiflorus Decne., A. multiflorus T. Mey.)
that have not been transferred yet because generic
limits in New World Asclepiadeae are still very
]Im)rl}' understood.

Liede (1994) noticed that Astephanus s. str. and
the closely related Microloma. both of which lack
a corona, have colorless latex and long. non-ver-
rucose hairs on the adaxial corolla surface, and tha
they shared this combination of the two features
with nine other, coronate genera: Blyttia Ar., Di-
plostigma K. Schum.. Goydera Liede. Oncinema
Arn.. Pentatropis R. Br., Pleurostelma Baill., Rhyn-
charrhena F. Muell.. Schistostephanus Hochsl. ex
Benth.. and Tvlophoropsis N. E. Br. Since these two
features are not found in combination elsewhere in
Asclepiadeae, she concluded that they most likely
represent an apomorphy for this group. and there-
fore added these nine genera to the Astephaninae
(Liede, 1994,

In her synopsis of Asclepiadeae as a whole,
Liede (1997) added five more genera to the Aste-
phaninae (Emicocarpus K. Schum., Eustegia R. Br..
Seshagiria Ansari & Hemadri, Tylophora. and Vin-
cetoxicum Medik.). based on the presence of one or
both of the following features: long, slender hairs
on the adaxial surface of the corolla and sparse
clear latex. Traditionally, Tvlophora has not even
been considered to be a member of Asclepiadeae
because Schumann (1895) misinterpreted the po-
sition of the pollinia in the anther sacs. Schumann’s
(1895) Tylophoreae K. Schum.. except for Tylopho-
ra, the nomenclatural type, comprise exclusively
taxa today considered to be members of Marsden-
icae and Stapelicae. Swarupanandan et al. (1996)
discussed the position of pollinia in detail, coming
to the conclusion that Tvlophora is a member of
Asclepiadeae. Additionally he found (Swarupan-
andan, 1996) that Tylophora also possesses the
elongated style typical for Asclepiadeae. Recent
molecular studies (Sennblad, 1997: Civeyrel et al..
1998) confirmed its position in Asclepiadeae. Fol-
lowing these results. Liede (1997) put Tlophoropsis
N. E. Br. into synonymy under Tylophora. since it
only differs by its pendent pollinia (in contrast to
the horizontal ones in Bylophora)., which does not
constitute a fundamental difference.

Only two of the nine genera comprising Schu-
mann’s (1895) Astephaninae (Astephanus and M-
croloma) are currently recognized in this subtribe.
Of the remaining seven genera. Henrya has been
put into synonymy under Nlophora. and Esmeral-
dia into synonvmy under Metastelma. and the re-

mainder have been transferred as good genera to

other Asclepiadeae subtribes by Liede (1997). Am-
blystigma and Mitostigma were transferred 1o the
Oxypetalinae since both possess the combination of
a corolla tube at least half as long as the total co-
rolla length and a very conspicuous long stylar
head. which are apomorphies of Oxypetalinae. The
monotypic Nautonia agrees in habit, floral struc-
ture, and fruit and seed morphology with both Me-
tastelma, type genus of Metastelminae, and the
closely related Ditassa, which differs from Metas-
telma only in that most of its species have a double
instead of a simple staminal corona. Even though
some species of Hemipogon look different in habit
and corolla shape, the genus is linked to the Me-

tastelminae by species such as H. luteus E. Fourn.,
and all species agree with Metastelminae very well
in fruit and seed morphology (Liede et al., unpub-
lished data). Lastly, the monotypic Asian Adelos-
temma. which was originallv described under
Cynanchum 1., and was only excluded from Cy-
nanchum because its lack of a corona, agrees with
Cynanchum s, str. in all other features. Thus Nau-
tonia, Hemipogon, and Adelostemma were all trans-
ferred to the Metastelminae.

Liede (1994) conducted a cladistic analysis of
the Astephaninae (without the five genera added in
Liede, 1997) based on 22 morphological charac-
ters. However, this analysis was flawed because Ty-
lophora. then still considered a Marsdenieae, was
used as the outgroup: while later research showed
that it actually belongs to the Asclepiadeae (Swa-
rupanandan et al.. 1996) and is congeneric with
Tylophoropsis, which had been recognized as mem-
ber of the Astephaninae by Liede (1994), so that
Tvlophora should have been considered a member
of the ingroup (Liede, 1997).

Liede’s (1994, 1997) concept of Astephaninae
was criticized by Bruyns (1999a), who examined a
living plant of Seshagiria and found it to contain
white latex., whereas Liede (1997) had no infor-
mation on this character. Bruyns (1999h) also con-
ducted a cladistic r-illl(]_\' on almost the same range
of genera. but excluded Seshagiria, thongh he did
not exclude it formally from the subtribe. and found
Eustegia and Emicocarpus so closely related that
he treated them as one unit in his cladistic analysis.
He (Bruyns, 1999h) suggested numerous embel-
lishments to the matrix of morphological characters
given in Liede (1994). However, these characters
are nol necessarily any more useful for cladistic
analysis. For example. character 9 (corolline corona
present or absent) in Bruyns (1999h) is irrelevant
because a corolline corona is absent throughout the
ingroup. Bruynss (1999b) choice of the distantly

related genus Secamone R. Br. as an oulgroup
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might contribute to the isolated basal position of
Tvlophora in his strict consensus tree (Bruyns.
1999h). In contrast, Liede (1996) found support for
a close relationship between Tylophora and Vinee-
toxteum in the occurrence of alkaloids and of 14,
| 5-seco-pregnanes in both genera. but nowhere
else in Asclepiadeae, as far as known. This close
relationship has been confirmed both by matK se-
quence data (Civeyrel et al., 1998) and rbcl. se-
quence data (Sennblad, 1997).

The present paper investigates the circumscrip-
tion of the Astephaninae sensu Liede (1994, 1997)
by a molecular marker, the trn'l-L spacer, trnl. in-
tron, and trnl-F spacer.

MATERIALS AND METHODS
TAXA

Material was available of all genera of Aste-
phaninae sensu Liede (1994, 1997) except three
(Emicocarpus, Rhyncharrhena. Seshagiria: Table 1).
Gymnema R. Br. and Cionura Griseb., members of
the Marsdenieae., and Ceropegia L. and Stapelia 1...
members of the Ceropegicae, were chosen as out-
groups belonging 1o different tribes. In the Ascle-
piadeae. a wide range of different genera was in-
cluded. focusing on genera and species without a
corona. They are listed in Table 1 (refer here for
authors of species) according to their classification
by Liede (1997).

DNA EXTRACTION AND PCR

DNA was isolated from fresh or dried leaf tissue
according to Dovle and Doyle (1987). PCR primers
and protocol for the plastid trnT-trnl. and trnl-trnl
spacers as well as the ¢l intron follow Taberlet
et al. (1991). Sequences were obtained on an ABI
Prism Model 310 Version 3.0 sequencer. Of the 43
taxa. 36 have been sequenced for this study: the
remaining seven sequences had been deposited at
EMBL in the course of earlier studies of the author
(for accession numbers, see Table 1).

DATA ANALYSIS

Sequences were pre-aligned with Perkin Elmer
Sequence Navigator Version 1.0.1: the alignment
was cleaned manuallv. The sequence alignment
(available from the author) comprises 43 taxa and
2088 characters (1076 sequence characters and 18
indels in the tra'T-trnl. intron (primers a and b), 547
sequence characters and 9 indels between the two
trnl-exons (primers ¢ and d), and 432 sequence
characters and 6 indels in the trnl-trnk intron

(primers e and f)); 45 data cells are unknown and
were coded as missing characters.

Phylogenetic analysis and tests for clade support
were performed using PAUP version 4.0d65 (PPC:
Swolford. 1998), on a Macintosh Powerbook G3.
Indels were coded as “missing” characters through-
oul: possibly parsimony-informative indels were

coded separately following the “simple gap coding”™
method of Simmons and Ochoterena (2000). In two
areas with very irregular and potentially ambiguous
indel pattern in the trnl-F spacer (bp 340-108.
693-758). no separate indel coding was performed.
Different lengths of poly-chains of more than 5 bp
have not been coded as indels either because the
length of these chains has been found to be variable
even within the same species (Liede, unpublished
data).

For parsimony analysis, first all sequence char-
acters were analyzed. Then the 33 separately coded
indels were added. Heuristic search for both data
sels was conducted in two steps: first, starting trees
were obtained setting addition sequence at “ran-
dom™ and 1000 replicates, “MulTrees™ and “Steep-
est descent™ off. Then, these starting trees were
subjected to TBR branch swapping, “MulTrees™ on.
“Steepest descent™ off.

Bootstrap search (1000 replicates) was conduct-
ed under the “fast™ stepwise addition type of
search. Jackknife resampling (1000 replicates) was
sel lo 50% deletion, and *Jac™ resampling: the oth-

er sellings were identical to the bootstrap settings.

REstrrs

Parsimony analysis of all sequence characters
(vielding 202 parsimony-informative characters) re-
sults in 104 most parsimonious trees (I = 6011, CI
= (0.8494, Rl = 0.8777, RC = 0.7455). Adding
the indels vields 234 parsimony informative char-
acters (indel 8 of the trn'T-1. spacer is not parsimony
informative). and analysis results in 40 most par-
= 670, CI = 0.8239. Rl =

0.7144). The strict consensus tree

simonious lrees (|
0.8671, RC =
resulting from both analyses is shown in Figure 1.

In both analyses. the ingroup splits into two ma-
jor. well-supported  clades, the Astephanus-clade
and the Tylophora-clade, though the position of taxa
within the Tylophora-clade is less well established.
The topology of the strict consensus resulting from
the addition of the indels changes only the position
of the Pentatropis-clade from the base of the Tylo-
phora-clade to an unresolved subclade of the Ty-
lophora-clade (dashed line in Fig. 1) and distin-
unsupported  subclades  of  the

guishes  two
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Continued.

Table

\('t‘(‘\.‘\i()ll \ll.

EMBL

spacer

intron

trnT-1.

trnl.
trnl-F spacer

Voucher

(UBT)

Origin

Species

0274

0275

6O

0277

i

02

AJ4

Meve s.n.

Germany

Vincetoxicum hirundinaria Medic.

AJ4

A4

AJA

Ali & Khatoon s.n. (GA)

Pakistan

Al & S, Khatoon

Vincetoxieum stocksii S. 1.

79

AJ4102

Tvlophora-clade (dotted lines in Fig. 1). In both
analyses, Fustegia forms the most basal clade in
Asclepiadinae, followed by the Astephanus-clade.
The New World Metastelminae (including the three
representatives of Oxypetalinae as a subclade) fol-
low and are equally well supported. The main
clades that follow are the Old World Metastelminae
(including Schizostephanus). the Asclepiadinae,
and. last. the Dlophora-clade, which comes out in
the most derived position.

DISCUSsION

The genera placed in Astephaninae by Liede
(1994, 1997) are not monophyletic according to the
results of the cpDNA analvis.

Schizostephanus is more closely related 1o Pen-
tarrhinum and the Old World species of Cynan-
chum than 1o other Astephaninae genera. Schizos-
tephanus shares with Cynanchum the highly fused
corona of staminal and interstaminal parts as well
as the reniform leal bases and possesses thus the
characters listed as synapomorphies for the Metas-
telminae Endl. ex Meisn. sensu Liede (1997), to
which it is consequently transferred.

Eustegia shows no close affinity, either morpho-
logically or molecularly. to any other genus includ-
ed in the analysis and takes a basal position within
the tribe Asclepiadeae. Bruyns (1999b) has exam-
ined the close relationship of Eustegia and Emi-
cocarpus, in particular with reference to their
unique 3-seriate corona. The isolated position of
Eustegia and Emicocarpus argued for by Bruyns
(1999h) is supported by the present results at least
for Kustegia. Both genera are monotypic, and both
occupy a very restricted distribution area, Eustegia
in the Western Cape, and Emicocarpus around Ma-
puto (Mozambique), suggesting that these two gen-
era might be relics of a once more widespread and
diverse group of Asclepiadeae.

The three southern African genera Astephanus,
Wicroloma, and Oncinema form a clade with 100%
bootstrap and jackknife support in the present anal-
ysis. Bruyns and Linder (1991) listed “similarly
shaped. small subcoriaceous leaves and slender
climbing habit and the similarly elongated style
apex” as well as clear latex as common characters
of these three genera. While none of these char-
acters alone is unique in Asclepiadeae. the com-
bination of all three can be used to characterize the
Astephaninae-clade. All species of Microloma in-
vestigated possess a chromosome number of x =
10 (Albers et al., 1993). while the vast majority of
Asclepiadoideae, 96 of the 104 genera studied,
possess v = 11 (Albers & Meve, 2001 this volume).
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Cionura erecta

| S Gymnema sylvestre
100/100 —— Ceropegia nilotica

1001100 L— Stapelia glandulifiora

ASTEPHANINAE s.str.

100/100

Astephanus neglectus*
Astephanus triflorus*

Eustegia minuta*
96/88
95/88

72/72
84/81

80/78

METASTELMINAE 96/96

100/100

Oncinema lineare*

72/60
77/66

81/73 Microloma sagittatum*
sanal—

98/95 —— "Astephanus” geminiflorus
99/98 Grisebachiella hieronymi

Microloma tenuifolium*

Ditassa grazielae

Dbt (New World) 94/94

98/98
99/99

METASTELMINAE

OXYPETALINAE

100/100
100/100

Metastelma schaffneni

100/
oo

84/79
84/78

Nautonia nummularia

99/99 Schistogyne sylvestris

100/100

Melinia candolleana

Melinia parviflora

56/ Schizostephanus alatus

(Old World)

89/84
86/84

ASCLEPIADINAE

76/68 |g7/95 Pentarrhinum insipidum

99/98

Cynanchum auriculatum

Cynanchum ellipticum
Pergularia daemia

| 88182
88/81
99/98

63/54

99/99 [100/99 Asclepias syriaca
100/100

100/99 [ Pentatropis madagascariensis*

Gomphocarpus physocarpus

61/54

94/93
99/97

TYLOPHORINAE

64/52

Figure 1. Strict consensus tree of the 104 most pars

(.7455) resulting from parsimony analysis of all sequenc

100/99 — Pentatropis nivalis*
Tylophora heterophylla*

59/54 — [lylophora conspicua®
73/69 L——— Tylophora sylvatica*

85/71 Blyttia fruticulosum*
90/79 Pleurostelma cernuum*
95/87

95/90

87/73

Diplostigma canescens*

Goydera somaliense*

Tylophora flexuosa var. perrottetiana*
Tylophora anomala*
Tylophora flanaganii*

77/74 |
83/79
‘ Biondia henryi

Tylophora indica*

....... Vincetoxicum atrafum*

Vincetoxicum stocksii*

Vincetoxicum carnosum*

65/62
66/63
imonious trees (I = 611, Cl = 0.8494. Rl = 0.8777. RC =
e characters and of the 40 most parsimonious trees (I = 670,

Vincetoxicum hirundinarig*

Cl = 0.8239, Rl = (0L.8671, RC = 0.7144) resulting from analysis of all sequence characters and all indels. Asterisks

denote taxa included in Astephaninae sensu Liede (199
without the indels: the dashed line indicates a clade not re

7). Dotted lines indicate clades not retrieved in the analysis
‘trieved in the analysis including the indels. Numbers indicate

hootstrap/jackknife values and refer to the analysis without the indels above branches and with the indels below the

]H‘-’l]l('hl‘!‘i.
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Unfortunately. there are no eytological data avail-
able on this potential synapomorphy for Astephanus
and Oncinema. With Astephanus, this clade in-
cludes the nomenclatural type of the subtribe As-
tephaninae. The Astephaninae s, str. therefore in-
clude only three genera: Astephanus, Microloma,
and Oncinema. This subtribe is restricted 1o the
Old World, only occurring in southern Africa: the

results of the present analysis confirm that none of

the corona-less New
Astephanus R. Br. Records of Microloma incanum
Decne. in Madagascar (Meve & Liede. 1995) might
point to a once more widespread distribution of As-
tephaninae s. str. in Africa, but the material is 100
scanty to postulate such an extended distribution
area with certainty. The Astephaninae s. str. occupy
the second most basal position in the Asclepiadeae
(Fig. 1). As both most basal clades (Fustegia and
Astephaninae s. str.) oceur in southern Africa, it
can be :-tpt't'uluh‘{] that the origin of '\h‘('ll'Piil(It‘ilt‘
probably lies in the southern African area.

New World Metastelminae (sensu Liede, 1997)
(including Oxvpetalinae), the Asclepiadinae. and
the Old World Metastelminae form monophyletic
clades between Astephaninae s. str. and a clade
comprising the remainder of the genera attributed
to Astephaninae sensu Liede (1994, 1997) together
with Biondia, which was formerly considered a
member of Metastelminae. The split of Metastel-
minae sensu Liede (1997) into an Old World and a
New World clade has been observed in an analysis
of the genera Sarcostemma s.l. (Liede & Tiuber,
2000) and Cynanchum (Liede & Tiuber, in prep.),
and is discussed in depth in the latter paper. The
close relationships between Oxvpetalinae and the
New World clade of Metastelminae is at present
under study (Liede & Goyder, unpublished results).

Biondia, Blyitia, Diplostigma, Goydera, Penta-
tropis, Pleurostelma, Tylophora, and Vincetoxicum
form a well-supported clade in the analysis of se-
quence characters alone, and their close relation-
ship is supported by the indel pattern. as the in-
clusion of indels raises both bootstrap and
jm'kkniff' values (Fig. 1). Resolution within this
clade is low, with the exception of the well-sup-
ported subclade formed by the four small African
genera Blyttia, Diplostigma, Goydera, and Pleuros-
telma. The basal position of Pentatropis is weakly
supported in the analysis of sequence characters
alone, and the Pentatropis-clade forms an unre-
solved subclade of the main clade in the analysis
including the indels (Fig. 1). As a corollary, Vin-
cetoxicum carnosum Benth. alwavs appears in the
unresolved  Tylophora-clade and  should not be
transferred to Pentatropis as was suggested earlier

World taxa is a member of

due to its morphology (Liede. 1994). Common mor-
phological characters of the genera in the Tylopho-
ra-clade include rather small. inconspicuous flow-
ers with a gynostegial corona of five separate
staminal parts. and small. often disk-shaped pollin-
ia attached to the corpusculum via evlindrical cau-
dicles. Latex is clear in almost all taxa except for
some species of Tvlophora, which have white or yel-
lowish latex. Non-verrucose hairs on the adaxial co-
rolla surface are also present (Liede, 1994, 1997),
mainly at the entrance of the tube. Rhyncharrhena.
one of the genera for which no sequenceable ma-
terial could be obtained, also shows these charac-
ters. Its only species was originally described under
Pentatropis (P, linearis Decne.), and while the char-
acters listed by Wilson (1980) may warrant its rec-
ognition as a distinct genus, its morphology indi-
cates a position between Pentatropis and Tylophora,
in particular with regard to corona and inflores-
cence structure. Therefore, Rhyncharrhena is ten-
tatively placed in the Tylophorinae.

The Tylophora-clade has been analyzed for a
second marker, ITS (Liede et al., in press), for
which the same pattern has been found with a
strongly supported clade and weak internal reso-
lution. An attempt to align ITS sequences of the
three Astephaninae s. str. genera with those of Ty-
lophora and its allies failed (Liede, unpublished
data), which is not surprising considering that 1TS
in general has a much faster rate of change than
the cpDNA regions analvzed here. For the members
of the TVlophora-clade. the name Tylophorinae K.
Schum. is appropriate. even though Schumann
(1895) used it 1o circumseribe a set of genera now
classified as Marsdenieae and Ceropegieae except
for the type genus. Tylophora (Liede & Albers.
1994). While it is unfortunate that Tvlophora is the
only genus common to Tvlophoreae sensu Schu-
mann (1895) and Tylophorinae as circumscribed
here, Article 47 and Recommendation 19A.2 of the
ICBN (Greuter et al., 2000) indicate that this is the
correct name for the taxon,

The Tylophorinae, with the two species-rich gen-
era Tylophora and Vincetoxicum. are distributed
throughout the Old World. with a center of generic
diversity in East Africa. Contrary 1o traditional
views that taxa with a very simple floral structure
are primitive in Asclepiadeae, Tylophorinae occupy
an advanced position within the Asclepiadeae.
which comes out as the crown clade in our study.
Sennblad (1997), Civevrel et al. (1998), Fishbein
(2001 this volume), and Potgieter and Albert (2001
this volume) have analyzed a smaller number of
Asclepiadeae taxa. In the rbel. study of Sennblad,
the Tylophora/Vincetoxicum-clade comes oul as sis-
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ter to an Oxypetalinae/Gonolobinae-clade in the
most derived position. The strange position of “Cy-
nanchum™ in this study (Sennblad, 1997) is ex-
plained by the choice of a New World representa-
tive (C. serpyllifolium Kunth) that is not a member
of Cyvananchum s. str. (Liede & Tiuber, in prep.).
Schizostephanus (a member of Old World Metastel-
minae) and Asclepias/Calotropis (Asclepiadinae) are
unresolved Tylophorinae/Oxy-
petalinae/Gonolobinae-clade (Sennblad. 1997). for

sisters 1o the

which. unfortunately. no support values are given.
In the matK study of Civeyrel et al. (1998) the
Nlophora/Vincetoxicum-clade again comes out as
sisler to an ()\_\[lt'ltllinat'f(;lrnnluhinat'-l'lzit|l' in a
more derived posilion than l"wrgui'uriu (.-\st'lvpiu:]i—
nae) and Pentarrhinum (Old World Metastelminae).
In the matK study of Fishbein (2001) the Tylopho-
ralVincetoxicum-clade forms one of the unresolved
Asclepiadeae-clades. In the combined trnl.-F spac-
er. trnl. intron and morphological fruit character
study of Potgicter and Albert (2001), the three un-
clades Oxystelma (one species), Tylophor-
inae (four species). and Asclepiadinae (seven

resolvec

species) lake the most derived position in Ascle-
car that

piadeae. From these studies it becomes ¢
Tylophorinae are one of the most derived groups of
Asclepiadeae, so that their rather simple floral
structure has to be regarded as an advanced rather
than a primitive character.

The fact that Tylophorinae most likely represent
an advanced group of genera is underlined by the
distribution of Vincetoxicum. Of all Asclepiadoi-
deae (and even Apocynaceae), Vincetoxicum has ra-
diated furthest to the north (as far as Sweden). away
from the sub-tropical African center of origin of the
subfamily (Good, 1951). Vincetoxicum possesses a
remarkable potential to expand range distribution,
probably due to its capacily of self-fertilization, un-
usual in Asclepiadoideae (Lumer & Yost, 1995).
and its rapid spread throughout the Uniled States
and Canada aller its accidental introduction in sev-
eral places along the east coast of North America
in the second halfl of the last century has been well
documented (e.g., Sheeley & Raynal, 1990).

No malerial for sequencing was available for
Seshagirta, a recently deseribed Indian genus of
doubtful affinity (Ansari & Hemadri, 1971a.
1971b). Its floral structure is strongly reminiscent
of that in some members of Pentatropis (e.g.. P ob-
longifolia (Cosl.) Liede), bul its stout, verrucose
fruits are otherwise unknown in Tylophorinae.
Bruyns (1999a) has pointed out that Seshagiria has
white latex. but neither he (Bruyns, 1999a) nor An-
sari and Hemadri (1971a, 1971h) have any sug-

gestions as to the relationships of this rare mono-

tvpic genus. Thus, for the time being, Seshagiria is
considered as a genus incertae sedis in the Ascle-
piadeae,

Appendix 1 presents a corollary classification of
the Asclepiadeae.
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ApPPENDIX 1.
Asclepiadeac.

Corollary taxonomic changes within the

METASTELMINAE Endl. ex Meisn., PL. Vasc. Gen. 1: 257,
267; 2: 174, 1840, TYPE: Metastelma R. Br.
Metastelma R. Br.. Asclepiadeae 41. 1810, TYPE: Me-
tastelma parviflorum (Sw.) R. Br. ex Schult.

Schizostephanus Hochst. ex K. Schum., Bot. Jahrb. Syst,
17: 139, 1893, TYPE: Schizostephanus alatus
Hochst. ex K. Schum.

ASTEPHANINAE Endl. ex Meisn., Pl Vase, Gen. 1: 257,
260; 2: 174, 1840. TYPE: Astephanus R. Br.
Astephanus R. Br., Asclepiadeae 43, 1810. TYPE: As-
tephanus triflorus (1. 1) R. Br. ex Schult., in Roem.
& Schult., Syst. Veg. 6: 122, 1820,

Haemax E. Mey., Comm. Pl Afr. Austr. 223, 1838. TYPE:
Haemax massonii E. Mey.

Microloma R. Br., Asclepiadeae: 42. 3 Apr. 1810.
TYPE: Microloma sagittatum (1..) R. Br.

Oncinema Arn.. Edinburgh New Philos. J. 17: 261,
1834, TYPE: Oncinema roxburghii A,

Glossostephanus E. Mey., Comm. PL. Afr. Austr. 217, 1838,
TYPE: Glossostephanus linearis (L. 1) E. Mey.

TYLOPHORINAE (K. Schum.) Liede, stat. nov. Basionvm:
Tylophoreae K. Schum.. in Engl. & Prantl, Nat.
PHlanzenfam. 4: 209. 1895. TYPE: Tvlophora R. Br.

Biondia Schlir., Bot. Jahrb. Syst. 36 (Beibl. 82): 91.
1905. TYPE: Biondia chinensis Schitr.

Blyttia Arn.. in Jardine & Johnston, Mag. Zool. Bot. 2:
120. 1838. TYPE: Bhyttia arabica Arn. (Haplostem-
ma Endl).

Haplostemma Endl.. Gen. PL Suppl. 3: 75. 1843, nom.
illeg.

Diplostigma K. Schum.. in Engler, Pllanzenw. Ost-Afri-
kas C: 324, 1895, TYPE: Diplostigma canescens K.
Schum.

Goydera Liede, Novon 3: 265. 1993, TYPE: Goydera so-
maliense Liede.

Pentatropis R. Br. ex Wight & Arn.. in Wight, Contr.
Bot. India 52. 1834. TYPE: Pentatropis microphylla
(Roth ex Schult.) Wight & Armn.

Ischnostemma King & Gamble, ). Asiat. Soc. Bengal, Pt
2, Nat. Hist. 74: 532, 1908, TYPE: Ischnostemma
selangoricum King & Gamble.

Pseudopentatropis Costantin, in Lecomte, FL. Indo-Chine
4= 61, 1912, TYPE: Pseudopentatropis oblongifolia
Coslantin.

Strobopetalum N. E. Br., Bull. Misc. Inform. Kew 1894:
335. 1894, TYPE: Strobopetalum bentii N. F. Br.

Pleurostelma Baill.. Hist. PLL 10: 266. 1890. TYPE:
Pleurostelma grevet Baill.

Microstephanus N. E. Br., Bull. Misc. Inform. Kew 1895:
249, 1895. TYPE: Microstephanus cernuus (Decne.)
N. E. Br.

Podostelma K. Schum.. Bot. Jahrb. Svst. 17: 133, 1893,
TYPE: Podostelma schimperi (Vatke) K. Schum.,
Rhyncharrhena F. Muell., Fragm. 1: 128, 1859. TYPE:

Rhyncharrhena atropurpurea F. Muell.

Tylophora R. Br., Prodr. 460. 1810, TYPE: Tviophora
flexuosa R. Br.

Amblyoglossum Turcz., Bull. Soc. Imp. Naturalistes Mos-
cou 25: 310, 1852, TYPE: Amblyoglossum brevipes
Turce.

Belostemma Wall. ex Wight, Contr. Bot. India 52. 1834.
TYPE: Belostemma hirsutum (Wall.) Wall. ex Wight.

Hovopsis H. Lév., Repert. Spec. Nov. Regni Veg. 13: 202,
1914, TYPE: Hoyopsis dielsii H. Lév.

Hybanthera Endl.., Prodr. FL. Norfolk. 59. 1833. TYPE:
Hybanthera biglandulosa Fandl.

Iphisia Wight & Am.. in Wight. Contr. Bot. India: 52,
1834. TYPE: not designated.

Nanostelma Baill., Hist. Pl 10: 247,
nostelma congolanum Baill.

Neohenrya Hemsl., Bull. Torrey Bot. Club 19: 97, 1892,
TYPE: Neohenrva angustiniana (Hemsl.) Hemsl.
(Henrya Hemsl. non Henrya Nees ex Benth., Hen-
ryastrum Happ).

Oncostemma K. Schum., Bot. Jahrh. Syst. 17: 148, 1893,
TYPE: Oncostemma cuspidaium K. Schum.

Tylophoropsis N. E. Br.. Gard. Chron., ser. 3.
1894, TYPE: not designated.

Vincetoxicum Wolf, Gen. PL: 130. 1776. TYPE: Vince-
toxicum hirundinaria Medik.

Alexitoxicon St.-Lag., Ann. Soc. Bol. Lyon 7: 67, 1880,
nom. illeg.

Antitoxicum Pobed., FI. URSS 18: 674, 1952, nom. illeg.

Pentabothra Hook. {., FL. Brit. Ind. 4: 18. 1883. TYPE:
Pentabothra nana (Buch.-Ham. ex Wight) Hook. I.

Pyenostelma Bunge ex Decne., in A, de Candolle, Prodr.
8: 512, 1844, TYPE: Pyenostelma chinensis Bunge
ex Decne.

1890. TYPE: Na-

16: 244.



ELUCIDATING DEEP-LEVEL
PHYLOGENETIC
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ABSTRACT

To elucidate relationships at deep levels within Saxifragaceae we analvzed phylogenetically a data set of sequences
for six DNA regions. four representing the chloroplast genome (rbel.. matK, trnl-trnF, psbA-trnH) and two from the
nuclear genome (I'TS and expansion segments of the 265 rDNA). A total of 6676 bp was aligned per taxon, 4559 bp
and 1878 bp from the chloroplast and nuclear genomes. respectively. Chloroplast and nuclear trees agreed closely,
prompting analysis of a combined, six-gene data set. Application of both parsimony and maximum likelihood methods
vielded similar topologies. The use of different ITS alignments and the exclusion of hard-to-align ITS regions had little
impact on either the final nuelear-based topology. or the shortest trees from the analysis of six genes. The affinities of
two monolvpic genera (Saxifragella and Saxifragodes) endemic to Tierra del Fuego were elucidated. Saxifragella is an
carly branching member of the North Temperate genus Saxifraga s str.: Saxifragodes is sister to Cascadia, a genus
endemic to Oregon and Washington. Long-distance dispersal from east Asia or western North America to South America
mayv have plaved an important role in forming these and other similar disjunctions in the family. A number of well-
supported clades are present. including Saxifraga s. str.. Micranthes. Saxtfragopsis/Astilbe. Chrysosplenium/Peltoboyki-
nia. and the Bovkinia and Heuchera groups. The use of additional characters has provided greatly increased resolution
and internal support at deep levels. Saxifragaceae comprise two major lineages: Saxifraga s. str. (including Saxifragella)
and all other genera of the family (the heucheroids). This major split is accompanied by general biogeographical and
maorphological differences. Whereas Saxifraga s. str. is largely arctic to alpine in occurrence, the heucheroid clade is
largely temperate in distribution. Saxifraga <. str. has a relatively uniform floral morphology (generally actinomorphic:
5 sepals, 5 petals, 10 stamens, 2 carpels). whereas the heucheroid clade encompasses actinomorphic and zvgomorphic
forms. as well as variation in the number of sepals. petals. stamens, and carpels. Deep-level relationships within both
Saxifraga s. str. and the heucheroid clade are well resolved and supported. A phyvlogenetic classification of the family
is provided.

Kev words:  molecualar systematies, phylogeny, Saxifragaceae. laxonomy.

Saxifragaceae are a eudicot family of approxi-
mately 30 genera of herbaceous perennials. about
half of which are monotypic (Table 1). The largest
eenera include Heuchera (about 50 species: Rosen-
dahl et al.. 1936). Chrysosplenium (57 species:

Hara. 1957). a narrowly defined Saxifraga (over

1987: Webb &
1989). and the Micranthes clade (= Saxifraga sect.

300 species: Gornall. Gornall.

Wicranthes: approximately 70 species: Gornall,
1967: Webh & Gornall. 1989). Although a modest
sized familyv. members of Saxifragaceae have served
as important models for studies of autopolyploid
speciation (reviewed in Soltis & Soltis, 1999: Se-
graves & Thompson, 1999), coevolution. and geo-
eraphic mosaic speciation (e.g.. Thompson, 1994:
Thompson & Pellmyr, 1992). Members of Saxifra-
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