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Abstract

The phylogeny of the genus Cynanchum s. str. is studied using cpDNA spacers and /7S. Morphological, anatomical and latex triterpenoid data
are interpreted in light of the molecular results, and discrepancies are discussed. Vegetative characters are better indicators of relationship than
floral characters, especially corona characters. The monophyly of all Malagasy species and, nested within the latter, of all stem-succulent taxa is
ascertained and the genera Folotsia, Karimbolea, Platykeleba and Sarcostemma are subsumed under Cynanchum. One African species, C. gal-
galense, is excluded from Cynanchum.
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Introduction Schum. forCynanchums. str. (incl. subgenMelli-
champig and some smaller, related genera, exclusively
The speciose genusynanchumL. has long been a of Old World origin.
“dustbin genus” for everything with a gynostegial, at In the Old World Vincetoxicum\Wolf was suggested
least basally fused corona, C(is) sensu Liede & Kuntgy Liede (1996a) to be a relative DflophoraR. Br.,
(1993). In the New World, the concept@ynanchum rather than o€ynanchumbased on chemistry. This has
was particularly confused since Woodson (1941) unitdzeen supported by various molecular studies (Civeyrel
a whole range of genera und&ynanchumbased main- et al. 1998; Sennblad & Bremer 2000, 2002; Liede
ly on North American material. But unlikesclepiad.., 2001). The cpDNA spacer analysis (Liede & Tauber in
New WorldCynanchunwas never homogeneous. Sunpress), however, showed that even in the Old World the
dell (1981) revised the most distinct subgeMsedli- generic concept o€ynanchumris more complex than
champia(A.Gray ex S. Watson) Sundell, characterizetiitherto assumed, and that some of the small Asian gen-
by comparatively large flowers and heart-shaped leavesa (e.g.MetaplexisR. Br.) probably ought to be includ-
with “stipules” (extremely reduced short shoots with &d inCynanchumin addition, this study indicated that
pair of smaller and sometimes differently shapethe Old World stem succulent gené&@lotsia Costantin
leaves). Analysis of New World and Old World member& Bois, KarimboleaDesc.,PlatykelebaN. E. Br., and
of Cynanchuni. using cpDNA spacers (Liede & Tau- SarcostemmR. Br. are nested within the Malagasy sub-
ber in press) has shown that in the New World only sublade of CynanchumHowever, Liede & Té&uber (in
gen. Mellichampiais correctly associated witlly- press) refrained from nomenclatural consequences both
nanchuns. str., whereas all other former members of thia the New World and in the Old World, because a single
genus belong to an unrelated, exclusively Americathataset was not considered sufficient for the extensive
group of genera. Liede & Tauber (in press) restricteatbmenclatural changes necessary to reflect these new re-
subtribe Metastelminae Endl. ex Meisn. to the Americasults. The present paper focuseCgnanchuns. str., in
genera, and resurrected subtribe Cynanchinae Barticular on the status of the small succulent genera
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240 Liede & Kunze

(Folotsia, Karimbolea Platykeleba Sarcostemmja modified protocol based on Baldwin (1992) described in

using evidence from a second molecular maif&,as Meve & Liede (2001)ITSsequences of 87 species were

well as from stem anatomy and triterpenoid analysis. obtained for the present study, two sequences have been
used in a previous study of the senior author.

Materials and methods Data analysis cpDNA sequences were pre-aligned with
. Perkin EImer Sequence Navigator Version 1.0.1, the
DNA sequence analysis alignment then adjusted manually. The alignment com-

Taxa. Following the results of Liede & Tauber (inprises 92 taxa and 2178 characters; 129 data cells and
press)Schizostephanus alatusas chosen as outgroup.the wholetrnT-L spacer ofC. schistoglossumwere un-
More distantly related outgroups such as members of tkeown. In thernL-F spacer, bp755-806 were excluded
Asclepiadinae (sensu Liede 1997b) or Tylophorinaeom all analyses, because alignment in this region is
(sensu Liede 2001) were not included in the analysis, mbiguous.

cause alignment dffS sequences is problematic be- Indels were coded as “missing characters®; parsimo-
tween members of different subtribes, and no other basgl informative indels were coded separately as pre-
member of Cynanchinae has yet been identified amoagnt/absent following the “simple gap coding” method
the 67 out of approx. 100 genera of Asclepiadeae fof Simmons & Ochoterena (2000). Indels present or ab-
which cpDNA sequences are available (Liede 2005gnt only in different accessions of the same species
Liede & Tauber 2000, in press; Liede et al. 2002, andere not coded. Indels of doubtful homology (e.qg.,
unpubl.). The ingroup comprises 91 accessions and Bp186—188, 186—189 in thenT-L spacer ofC. obtusi-
species, because two different accessions were includetium andC. madagascarienseespectively) were not

for six speciesRentarrhinum somaliens€. falcatum coded, nor were indels caused by variable length of a
C. galgalensgC. gerrardii, C. orangeanumC. the- chain of at least four repeats of the same base, because
sioides Table 1, see there for authors of species). Ftire length of these chains was found to vary even within
C. chouxii, C. ligulatumand one accession 6f gal- the same species (Verhoeven et al. in press). In total, 48
galense no ITS sequence could be obtained, or indels were coded, 32 in then T-L spacer, 9 in thé&nL
schistoglossumnthetrnT-L spacer of cpDNA is missing. intron and 7 in thérnL-F spacer.

Eight species of the ingroup are members of the Ameri- Sequences of rDNA were pre-aligned with Perkin
canCynanchunsubgenMellichampiaandMetalepis Elmer Sequence Navigator Version 1.0.1, the alignment
Griseb., four species are Asian, including two membetisen adjusted manually. The alignment comprises 89
of Cynanchunsect.Rhodostegiell§Pobed.) Tsiang and taxa and 827 characters, 27 data cells are unknown. Sep-
one member ofMetaplexis one speciesd. flori- arate coding of indels was not conducted because of the
bundum is Australian. From the African mainland,heterogeneity of the dataset. All alignments are available
twenty leafy species were included, constituting moreom the senior author and can be viewed in TreeBase
than half of all known AfricanCynanchumspecies (Sanderson et al. 1994): study accession number = S776,
(Liede 1996b). From Madagascar, eighteen leafy specimgtrix accession numbers = M1230, M1231.

were included, again almost half of all known leafy Sequence analysis, phylogenetic analysis and tests for
Malagasy species. Of stem succulents, twenty Malagasade support were performed using PAUP (Swofford
Cynanchumwere included, as well as a collection 0fl998), version 4.0b5 (PPC), on a Maclntosh G3 Power-
C. gerrardii from the African mainland. Eight speciesbook.

belonging to the small succulent gendfalotsia, Sequence divergence among taxa was calculated
Karimbolea PlatykelebaandSarcostemmevere also in- using the “Show Pairwise Distance” option for thel-
cluded, six of them from Madagascar. L spacer, thérnL intron and thernL-F spacer, as well as

for 5.8s,ITSL andiITS2 (excluding the end of 18s and the

DNA extraction and PCR. DNA was isolated from beginning of 26s). Beginning and end®61 andITS2
fresh or dried leaf tissue according to Doyle & Doylevere determined by comparison with Asclepiadoideae
(1987). PCR primers and protocol for the chloroplastequences submitted to EMBL (AJ402152-AJ402162,
DNA (cpDNA) trnT-L and trrL-F spacers and thenL  Meve & Liede 2001).
intron correspond to Taberlet et al. (1991). cpDNA spac- As the dataset was too large for complete analysis, a
ers of 19 species were sequenced for the present stugbarch strategy in two steps was performed in all parsi-
the remaining species have been used in previous studiesny analyses in order to find as many tree islands as
of the senior author. possible. First, starting trees were obtained (addition se-

The entire internal transcribed spacer regld®)(in- quence random, 1000 replicates, TBR branch swapping,
cluding 5.8S of ribosomal DNA (rDNA) was amplified“MulTrees” off, “steepest descent” off). The resulting
using the flanking primerbl'S4 andITS5 following a shortest starting trees were then subjected to TBR
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Cynanchurand the Cynanchinae 241

Table 1. Materials used for DNA, anatomical, and triterpenoid studies. Taxa in boldface have been analyzed for stem anatomy, underlined
taxa have been analyzed for latex triterpenoids.

Taxon Country: Province  Voucher EMBL EMBL
Accession No. Accession No.
trnT-L spacer ITS
trnL intron

trnL-F spacer

OUTGROUP
Schizostephanus alatus Kenya: s. loc. Noltee s.n. sub AJ410247 AJ329451
Hochst. ex K. Schum. IPPS 8111 (UBT) AJ410248
AJ410249
INGROUP - Old World Cynanchum relatives
Folotsia grandiflora Madagascar: s. loc. BG Munich s.n. (UBT) AJ290854 AJ492801
(Jum. & H. Perrier) Jum. & H. Perrier AJ290855
(Cynanchum grandidieri Liede & Meve) AJ290856
Madagascar: s. loc. Rauh 68584 (HEID) - -
Folotsia madagascariensis Madagascar: Toliara McPherson 14770 (MO) AJ428756 AJ492802
(Jum. & H. Perrier) Desc. AJ428757
(Cynanchum toliariLiede & Meve) AJ428758
Madagascar: Toliara Liede et al. 2695 (UBT) - -
— anat.
Madagascar: Toliara Liede et al. 2667 (MO, P, UBT) - -
— latex
Glossonema boveanum (Decne.) Decne.  Kenya: Northern Frontier Liede & Newton 3239 (ULM) AJ428804 AJ492803
AJ428805
AJ428806
Karimbolea macrantha Madagascar: Toliara Liede et al. 2808 AJ492372 AJ492804
(Jum. & H. Perrier) Liede & Meve (in cult. Bayreuth) AJ492373
(Cynanchum macranthum Jum. & H. Perrier) AJ492374
Karimbolea mariensis Meve & Liede Madagascar: Toliara Liede et al. 2825 (K, MSUN, UBT) AJ428768 AJ492805
(Cynanchum mariense (Meve & Liede) AJ428769
Liede & Meve) AJ428770
Karimbolea verrucosa Desc. Madagascar: Toliara Liede et al. 2826 (MSUN, UBT) AJ290878 AJ492806
(Cynanchum verrucosum (Desc.) AJ290879
Liede & Meve) AJ290880
Metaplexis japonica Makino Japan:s. loc. ex BG Tartu (UBT) AJ428810 AJ492807
AJ428811
AJ428812
Odontanthera radians (Forssk.) D.V. Field North Yemen: Hodeidah Mdiller-Hohenstein AJ428813 AJ492809
& Deil 1967 (UBT) AJ428814
AJ428815
Pentarrhinum abyssinicum Decne. Tanzania: Ufipa Bidgood et al. 2440 AJ428816 AJ492810
(K; MWC 8418) AJ428817
AJ428818
Pentarrhinum gonoloboides (Schltr.) Liede Kenya: Naivasha Liede & Newton 3157 (UBT) AJ428819 AJ492811
AJ428820
AJ428821
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Table 1. (Continued).

Taxon Country: Province  Voucher EMBL EMBL
Accession No. Accession No.
trnT-L spacer ITS
troL intron
trnL-F spacer

Pentarrhinum insipidum E. Mey. South Africa: Liede 2940 (UBT) AJ410232 AJ492812

Orange Free State AJ410233
AJ410234
Namibia: Karas Region  Meve & Liede 584a (MO) - -

Pentarrhinum somaliense (Schltr.) Liede  Ethiopia: Sidamo Mesfin & Vollesen 4238 (UPS) AJ428822 AJ492813
AJ428823
AJ428824

Kenya: Northern Frontier Liede & Newton 3225 (UBT) AJ492376 AJ492814
AJ492377
AJ492378

Platykeleba insignis N.E. Br. Madagascar: Rauh 68500 (HEID) AJ290906 AJ492815

(Cynanchum insigne Antananarivo AJ290907

(N.E. Br.) Liede & Meve) AJ290908

Madagascar: Lavranos s.n. (UBT) - -
Antananarivo

Sarcostemma arabicum Yemen: Sana'a RadCcliffe-Smith & Henchie - -

Bruyns & P. 1. Forst. 4624 (K, UBT)

Sarcostemma australe R. Br. Australia: Queensland  Kunze 205 (Minden) - -

Sarcostemma pearsonii N.E.Br. South Africa: Liede & Meve 582 (K, MSUN) AJ290909 AJ492816

Northern Cape AJ290910

AJ290211
South Africa: Liede & Hammer - -
Northern Cape 2518 (UBT) — anat.
South Africa: Liede & Hammer - -
Northern Cape 2520 (UBT) — latex

Sarcostemma resiliens Zimbabwe: Makoni Albers et al. 515 (UBT) - -

B.R.Adams & R.W. K. Holland

Sarcostemma stolonifera Tanzania: Arusha Noltee 199 (MSUN) - -

B.R.Adams & R.W. K. Holland

Sarcostemma vanlessenii Lavranos Kenya: s. loc. Lavranos s.n. (UBT) - -

Yemen: Dhamar Noltee 870 (MSUN) - -
Sarcostemma viminale Madagascar: Toliara Liede et al. - -
(L.) R.Br. ssp. viminale 2738 (MO, P, UBT) — latex
Liede et al. - -
2706 (MO, P, UBT) — anat.

ssp. suberosum Meve & Liede Zimbabwe: Bulawayo  Albers et al. AJ290912 AJ492817
540 (MSUN, UBT) AJ290213

ssp. thunbergii (G. Don) Liede & Meve

SSp. NOV.

South Africa:
Western Cape
South Africa:
Northern Cape
South Africa:
Northern Cape
South Africa:
Western Cape

Liede & Hammer
2507 (UBT) — latex
Liede & Hammer
2522 (UBT) — latex
Liede & Hammer
2514 (UBT) — anat.
Liede & Hammer

AJ290214
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Taxon Country: Province  Voucher EMBL EMBL
Accession No. Accession No.
trnT-L spacer ITS
trnL intron
trnL-F spacer

Cynanchum sect. Cynanchum (Old World)

Cynanchum abyssinicum Decne. Tanzania: Arusha Liede & Meve 3373 (UBT) AJ428579 AJ492734
AJ428580
AJ428581

Cynanchum aculeatum Madagascar: Toliara Liede et al. 2828 - -

(Desc.) Liede & Meve

Cynanchum acutum L. Portugal: s. loc. BG Lisboa s.n. (UBT) AJ428582 AJ492735
AJ428583
AJ428584

Cynanchum adalinae K. Schum. Cameroon: Sud Meve 902 (K, LBG) AJ428585 AJ492736

ssp. adalinae (Mt. Cameroon) AJ428586
AJ428587

Cynanchum africanum Hoffsgg. South Africa: Liede 2550 (MOQ) AJ428588 AJ492737

Western Cape AJ428589

AJ428590
South Africa: Meve & Liede 624 (UBT) - -
Western Cape

Cynanchum altiscandens K. Schum. Kenya: Kiambu Liede & Newton 2873 (UBT) AJ428591 AJ492738
AJ428592
AJ428593

Cynanchum ampanihense Madagascar: Toliara Liede et al. 2817a (MSUN) AJ428594 AJ492739

Jum. & H. Perrier AJ428595
AJ428596

Madagascar: Toliara Liede et al. 2824 (UBT) - -

Cynanchum angavokeliense Choux Madagascar: s. loc. Specks s.n.(UBT) AJ428597 AJ492733
AJ428598
AJ428599

Cynanchum appendiculatopsis Liede Madagascar: s. loc. Février s.n. (UBT) AJ492322 AJ492732
AJ492323
AJ492324

Cynanchum arenarium Madagascar: Toliara Liede et al. 2686 AJ428600 AJ492740

Jum. & H. Perrier (in cult. Bayreuth) AJ428601
AJ428602

Madagascar: Toliara Liede etal. 2713 (UBT) —anat.  — -
Liede et al. 2739 - -
(MO, P, UBT) — latex

Cynanchum bisinuatum Madagascar: Toliara Hardy 2907 (PRE 14664) - -

Jum. & H. Perrier

Cynanchum chouxii Liede & Meve Madagascar: Kotozafy 442 (MO, UBT) AJ492325 -

Fianarantsoa AJ492326
AJ492327
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Table 1. (Continued).

Taxon Country: Province  Voucher EMBL EMBL
Accession No. Accession No.
trnT-L spacer ITS
trnL intron
trnL-F spacer

Cynanchum clavidens N.E.Br. Kenya: Northern Frontier Liede & Newton 3226 (UBT) AJ428609 AJ492743

ssp. hastifolium (N.E.Br.) Liede AJ428610
AJ428611

Cynanchum comorense Choux Comores: Mayotte Pignal 1104 (P) AJ428612 AJ492744
AJ428613
Al428614

Cynanchum compactum Choux Madagascar: s. loc. Barad s.n. (UBT) AJ290842 AJ492745

ssp. compactum AJ290843
AJ290844

Madagascar: s. loc. Lavranos & Newton 12161 (UBT) — -

Cynanchum crassiantherae Liede Somalia: Balad Hedberg & Warfa 90 (UPS) AJ428615 AJ492746
AJ428616
AJ428617

Cynanchum crassipedicellatum Madagascar: Toliara Hardy 2852 (K, MSUN) AJ492328 AJ492747

Meve & Liede AJ492329
AJ492330

Cynanchum cucullatum N.E.Br. Madagascar: Liede et al. AJ428618 AJ492748

Antananarivo 2868 (MO, MSUN, P) AJ428619
AJ428620
Cynanchum danguyanum Choux Madagascar: Allorge 2026 (P) AJ428621 AJ492749
Antsiranana AJ428622
AJ428623

Cynanchum decaryi Choux Madagascar: Toliara Liede et al. 2691 (UBT) - -

Cynanchum descoingsii Rauh Madagascar: Toliara Descoings 28244 (UBT) AJ428624 AJ492750
AJ428625
AJ428626

Cynanchum ellipticumR. Br. South Africa: Liede 2933 (UBT) AJ290845 AJ320444

Eastern Cape AJ290846
AJ290847
South Africa:
Eastern Cape Liede 2916 (UBT) - —

Cynanchum erythranthum Madagascar: Rauh 74816 (HEID) AJ428627 AJ492751

Jum. & H. Perrier Antsiranana AJ428628
AJ428629

Cynanchum falcatum Ethiopia: Ogaden Kuchar & Abdirizak 21226 (UPS)  AJ492331 AJ492753

Hutchinson & E.A. Bruce AJ492332
AJ492333

Ethiopia: Sidamo Friis 3169 (K; MWC 8410) AJ428630 AJ492752
AJ428631
AJ428632
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Taxon

Country: Province

Voucher

EMBL
Accession No.
trnT-L spacer
troL intron
trnL-F spacer

EMBL
Accession No.
ITS

Cynanchum floribundum R.Br. Australia: Latz 12579 (MO) AJ428633 AJ492754
Northern Territory AJ428634
AJ428635
Cynanchum folotsioides Liede & Meve ~ Madagascar: Toliara Rauh 21847 (MSUN) AJ492334 AJ492755
AJ492335
AJ492336
Cynanchum galgalense Liede Somalia: Bari Thulin & Warfa 6205 (K, UPS) AJ492337 AJ492756
AJ492338
AJ492339
Somalia: Bari Thulin et al. 9433 (UPS) AJ492341 -
AJ492342
AJ492343
Cynanchum gerrardii (Harvey) Liede ~ Yemen: Al Hudaydah ~ Noltee 995 (MSUN) — latex - -
Kenya: Northern Frontier Meve 962 (ULM) AJ428645 AJ492757
AJ428646
AJ428647
Madagascar: Toliara Liede et al. 2797 (MSUN) AJ428642 AJ492758
AJ428643
AJ428644
Madagascar: s. loc. Rauh s.n. (HEID, UBT) - -
Cynanchum hardyi Liede & Meve Madagascar: Mangelsdorff RMM 43 (UBT) AJ492343 AJ492759
Mahajanga AJ492344
AJ492345
Madagascar: Toliara Hardy & Jacobsen 3571 (PRE) - -
Cynanchum implicatum Jum. & H. Perrier Madagascar: Mangelsdorff 24 (UBT) AJ428648 AJ492760
Antsiranana AJ428649
AJ428650
Cynanchum itremense Liede Madagascar: Phillipson et al. 3857 (MO) AJ492346 AJ492761
Fianarantsoa AJ492347
AJ492348
Cynanchum juliani-marnieri Desc. Madagascar: Toliara Teissier s.n. (UBT) AJ492349 AJ492762
AJ492350
AJ492351
Cynanchum junciforme (Decne.) Liede Madagascar: Liede et al. 2864 (MO, P, UBT) - -
Fianarantsoa
Cynanchum leucanthum Madagascar: Mangelsdorff 420 (UBT) AJ428654 AJ492764
(K. Schum.) K. Schum. Antsiranana AJ428655
ssp. leucanthum AJ428656
Cynanchum lineare N.E.Br. ssp. lineare  Madagascar: Ré6sli & Hoffmann 198 (UBT) AJ428660 AJ492765
Fianarantsoa AJ428661
AJ428662
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Table 1. (Continued).

Taxon

Country: Province

Voucher

EMBL
Accession No.
trnT-L spacer
trnL intron
trnL-F spacer

EMBL
Accession No.
ITS

Cynanchum luteifluens
(Jum. & H. Perrier)

Desc. var. luteifluens

Madagascar: Toliara

Liede et al. 2699
(MO, P, UBT) — anat.
Liede et al. 2731
(MO, P, UBT) — latex

var. longicoronae Liede Madagascar: Liede et al. 2624 - -
Fianarantsoa (MO, P, UBT)
Cynanchum longipes N.E.Br. Ghana: Jongkind & Schmidt AJ428663 AJ492766
Brong-Ahafo Region 1739(MO) AJ428664
AJ428665
Cynanchum madagascariense K. Schum.  Madagascar: Toliara Liede et al. 2756 (UBT) AJ428666 AJ492767
AJ428667
AJ428668
Cynanchum mahafalense Madagascar: Toliara Liede et al. 2831 (UBT) AJ428669 AJ492768
Jum. &H. Perrier AJ428670
AJ428671
Madagascar: Toliara Liede et al. 2649 (UBT) - -
Cynanchum marnieranum Rauh Madagascar: Toliara Rauh s.n. (MSUN) AJ492352 AJ492769
AJ492353
AJ492354
Cynanchum menarandrense Madascar: Toliara Rauh 7593 (HEID, UBT) - -
Jum. & H. Perrier
Cynanchum messeri Madagascar: Toliara Liede et al. 2721(MO, P, UBT) AJ428672 AJ492770
(Buchenau) Jum. & H. Perrier AJ428273
AJ428274
Cynanchum mevei Liede Madagascar: Toliara Teissier 215 (UBT) AJ428675 AJ492771
AJ428676
AJ428677
Liede et al. 2780 (MO, P, MSUN) - -
Cynanchum meyeri Schltr. Namibia Van Wyk 9030 (PRE) AJ428678 AJ492772
AJ428679
AJ428680
Cynanchum moramangense Choux Madagascar: Toamasina Rakotomalaza et al. 1202 (MO)  AJ492355 AJ492774
AJ492356
AJ492357
Cynanchum natalitium Schltr. South Africa: s. loc. Nicholas 2583 (NH) AJ428687 AJ4A92775
AJ428688
AJ428689
South Africa: s. loc. Kunze 316 (Minden) - -
Cynanchum obovatum Choux Madagascar: Mangelsdorff M14 (UBT) AJ428801 AJ492776
Antsiranana AJ428802

Madagascar:
Fianarantsoa

Liede et al. 2859
(MO, P, UBT)

AJ428803
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Taxon Country: Province  Voucher EMBL EMBL
Accession No. Accession No.
trnT-L spacer ITS
trnL intron
trnL-F spacer

Cynanchum obtusifolium L. South Africa: Liede 2925 (UBT) AJ428690 AJ492777

Eastern Cape AJ428691
AJ428692
South Africa: s. loc. Kunze 303 (Minden) - -

Cynanchum orangeanum N.E.Br. Botswana: Kgalagadi ~ Cole 347 (PRE) AJ492358 AJ492778
AJ492359
AJ492360

South Africa: Van Rooyen 4537 (PRE) AJ428693 AJ492779
Northern Cape AJ428694
AJ428695

Cynanchum ovalifolium Wight Philippines: Zamboanga Liede 3297 (ULM) AJ428696 AJ492780
AJ428697
AJ428698

Cynanchum pachycladon Choux Madagascar: Toliara Liede et al. 2741 (MO, P, UBT) AJ428699 AJ492781
AJ428700
AJ428701

Madagascar: Toliara Liede et al. 2663 (MO, P, UBT) - -

Cynanchum papillatum Choux Madagascar: Liede et al. 2862 (MSUN, UBT) AJ428702 AJ492782

Fianarantsoa AJ428703

AJ428704
Madagascar: Liede et al. 2622 (MO, TAN) - -
Fianarantsoa

Cynanchum perrieri Choux Madagascar: s. loc. BG Berlin 027-03-74-80 (B) AJ428705 AJ492783
AJ428706
AJ428707

Madagascar:
Fianarantsoa Liede et al. 2851 (UBT) - -

Cynanchum phillipsonianum Madagascar: Mangelsdorff M 25 (UBT) AJ428708 AJ492784

Liede & Meve Antsiranana AJ428709
AJ428710

Cynanchum polyanthum K. Schum. Uganda: Buganda Synnott 688 (K; MWC 8413) AJ428711 AJ492785
AJ428712
AJ428713

Cynanchum praecox Schltr. ex S. Moore  Tanzania: Ufipa Goyder et al. 3828 (PRE) AJ428714 AJ492786
AJ428715
AJ428716

Cynanchum pycnoneuroides Choux ~ Madagascar: Service Forestier 26466 (P) AJ428717 AJ492787

Fianarantsoa AJ428718

AJ428719
Madagascar: Rauh 10605 (HEID) - -
Fianarantsoa

Cynanchum radiatum Jum. & H. Perrier ~ Madagascar: Toliara Liede et al. 2744 (UBT) AJ492361 AJ492788
AJ492362
AJ492363
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Table 1. (Continued).

Taxon Country: Province

Voucher

EMBL
Accession No.
trnT-L spacer
trnL intron
trnL-F spacer

EMBL
Accession No.
ITS

Cynanchum rauhianum Desc. Madagascar: Toliara RG6sli s.n. sub Noltee 2662 AJ428723 AJ492789
(in cult. Bayreuth) AJ428724
AJ428725
Madagascar: Toliara Liede et al. 2630 (P, UBT) - -
Cynanchum repandum Choux Madagascar: Liede et al. 2867 (MO, P, UBT) AJ428726 AJ492791
Antananarivo AJ428727
AJ428728
Cynanchum rossii Rauh Madagascar: Toliara Singer 072478 (ZS9) AJ428729 AJ492792
AJ428730
AJ428731
Cynanchum rubricoronae Liede Somalia: Hiiraan Kuchar 16793 (K, MWC 8414) AJ428735 AJ492794
AJ428736
AJ428737
Cynanchum rungweense Bullock Tanzania: Mbeya Mwasumbi 16518 AJ428738 AJ492795
(MO, K, MWC 8415) AJ428739
AJ428740
Cynanchum schistoglossum Schltr. Burundi: Bujumbura Lewalle 5435 (MO) - AJ492796
AJ492364
AJ492365
Cynanchum sessiliflorum Madagascar: Mangelsdorff M13 (UBT) AJ428741 AJ492797
(Decne.) Liede Antsiranana AJ428742
AJ428743
Cynanchum sigridiae Meve & Teissier Madagascar: Toliara Teissier 135 (K, MSUN) AJ492366 AJ492798
AJ492367
AJ492368
Cynanchum sect. Rhodostegiella (Old World)
Cynanchum auriculatum China ex hort. Nanking s.n. (UBT) AJ410196 AJ492741
Buch.-Ham. ex Wight AJ410197
AJ419198
Cynanchum thesioides K. Schum. China Qingru 97-81(MO) AJ492369 AJ492799
AJ492370
AJ492371
China: Gansu Wang et al. 93-414 (MO) AJ428747 AJ492800
AJ428748
AJ428749
Cynanchum subgen. Mellichampia (New World)
Cynanchum blandum (Decne.) Sundell Ecuador: Napo Burnham 1668 (MO) AJ428403 AJ492742
AJ428604
AJ428605
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Table 1. (Continued).

Taxon Country: Province  Voucher EMBL EMBL
Accession No. Accession No.
trnT-L spacer ITS
trnL intron

trnL-F spacer

Cynanchum foetidum Kunth Mexico: Oaxaca Campos 3956 (MO) AJ428636 AJ492818
AJ428637
AJ428638
Kunze 624 (Minden) - -

Cynanchum laeve (Michx.) Pers. USA: Missouri Liede s.n. (UBT) AJ428651 AJ492763
AJ428652
AJ428653

Cynanchum ligulatum (Benth.) Woodson  Mexico: Sonora Martin & McWorther s.n. (MO) ~ AJ428657 -
AJ428658
AJ428659

Cynanchum montevidense Spreng. Argentina: Salta Liede & Conrad 3100 (ULM) AJ290848 AJ492773
AJ290849
AJ290850

Cynanchum cf. racemosum Jacq. Mexico: Tamaulipas Liede & Conrad 2609 (ULM) AJ428720 AJ492790
AJ428721
AJ428722

Cynanchum roulinioides Bolivia: Chuquisaca Wood et al. 13300 (K, UBT) AJ428732 AJ492793
(E. Fourn.) Rapini AJ428733
(C. contrapetalum Sundell) AJ428734

Metalepis albiflora Urban Ecuador: Napo Burnham 1611 (MO) AJA28774 AJ492808
AJ428775
AJ428776
Ecuador: Napo Gentry et al. 64103 (MO) -

branch swapping (“MulTrees” on) to the limit of com-analysis — was followed, and a combination of the two
puter capacity (between 30,000 and 40,000 trees). Intdatasets was analyzed. In addition, a Neighbor-Joining
nal support was assessed using 1000 bootstrap replicatealysis of all sequence data (Saitou & Nei 1987) was
with random addition of taxa (10 addition sequenceonducted as well, employing Jukes-Cantor (Jukes &
replicates), with a limit of 10 trees kept at each stefantor 1969) and Kimura 2-parameter (Kimura 1980)
Decay analyses were performed with AutoDecay 4distance models.

(Eriksson 1998) in combination with the reverse con- Finally, data from the morphological analysis of
straint option of PAUP*. African CynanchuniLiede 1997a) and the two molecu-

A partition homogeneity test (as implemented itar datasets were combined and analyzed, even though a
PAUP, 1000 replicates) showed significant discordangartition homogeneity test showed highly significant
between the cpDNA dataset and the rDNA dataset (pdiscordance (p = 0.01) between the morphological data
0.01), but if the partial cpDNA datasets were testeand both molecular datasets. Taxa for which either no
singly, no discordance was founmn(T-L spacer: p = molecular data or no detailed morphological data were
0.1,trnLintron: p = 0.99trnL-F spacer: p = 0.59). With available were omitted, as were double accessions of the
this result, the argument of Soltis et al. (2000) — thaame species, leaving 63 ingroup taxa. Liede (1997b) re-
tests of incongruence are often too coarse and that teededTylophoraas a primitive Asclepiadeae genus and
best way to detect true incongruence is to examine ttiaus a suitable outgroup. Since then it has been estab-
internal support of nodes in separate and combindéished thafTylophorabelongs to a different subtribe (Ty-
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lophorinae) in the Asclepiadeae (Liede 2001), and thResults

ITSsequences dfylophoraandCynanchuntannot be

aligned unambiguously (Liede et al. in press). ThereforbNA sequence ana|ysi5

Schizostephanus alatugas coded for morphological .

characters following Liede (1993b, @&ynanchum Sequence characteristics for both datasets are summa-
validum). To the morphological dataset of 87 charactef€d in Table 2. , _
(multistate characters treated as polymorphisms), theS€dquence divergences are higher I8l with
parsimony informative sequence characters of tV\QIO—19.4% than ihiTS2 with 0.0-11.9%. In both cases,
molecular datasets (145 f6FSand 114 for cpDNA) divergence betwee®lossonema boveanuand an
were added. In addition to a parsimony analysis of tf§mericanCynanchunspeciesiletalepis albiflorunfor
three combined datasets, an analysis of the moleculaPl: C. blanduntor ITS?) is larger than between any
data alone was performed with the reduced number i§@roup taxon and the outgroup. R3SL, the largest
taxa, and morphological characters were plotted on tH&/ergences are found betwe€ngalgalensandMeta-

resulting tree using MacClade 4.0 (Maddison & Maddi€Pis albiflora For the cpDNA, thérnL intron has the
son 2000). lowest sequence divergence with 0.0-4.2% between in-

group taxa, and thenL-T andtrnL-F spacers are almost
equally variable with 0.0-7.8 and 0.0-8.4%, respective-
Stem anatomy ly. Again, highest sequence divergence is not between

Twenty-seven leafless, stem-succulent membe@yof any ingroup taxon and the outgroup, but between a New
nanchunand related genera, three leafy Malagagy World and an Old World specie€. foetidumand
nanchumspecies, and a total of six non-succulerf- acutum(trnT-L spacer)Metalepis albiflorumand
African, Asian and American species@fnanchuns. |. Metaplexis japonicétrnL-F spacer)M. albiflorumand
were studied anatomically (Table 1). In addition, twé>lossonema boveanuftanL intron). Pairs of the same
American FunastrumE. Fourn. speciest. clausum Species are identical in all regions studie@.imgerrardii
Schltr. andr. pannosunschiltr., were studied. For the 2ndC. thesioidesBetween the remaining species pairs,
stem-succulent taxa, mature but not basal internod@¥ergences of up to 1.2% occur in one or several
were selected. Material was fixed in FAA, dehydratetfgdions.

via tertiary butanol, and embedded in paraffine. SectionsAnalysis of the cpDNA dataset withoGt schisto-
were stained for 5 minutes each in 0.1% aqueous safg4essum(268 parsimony informative characters) result-
nine and 0.5% Astra blue (Gerlach 1969). Sections weg€l in more than 40,000 trees (I = 484 steps, Cl = 0.677,
washed, deparaffinated with RoticlégRoth Chemi- Rl = 0.84, RC = 0.562; strict consensus see Fig. 1).
cals), and coverslipped with EntelfarThe data were Adding the separately coded indels (312 parsimony in-
tabulated and plotted onto the tree resulting from analfermative characters) resulted in more than 44,000 most
sis of the combined molecular data using MacClade 4parsimonious trees (I = 575 steps, Cl = 0.649, Rl = 0.828,
(Maddison & Maddison 2000) for the taxa for whichRC = 0.537; strict consensus see Fig. 1).

both datasets were available. Analysis of the rDNA dataset witho@. ligulatum,

C. chouxiiand the second accession@fgalgalense
(200 parsimony informative characters) resulted in more
than 44,000 most parsimonious trees (I = 605 steps,
Latex samples collected in the field were dried overnighktl = 0.514, Rl = 0.774, RC = 0.40; strict consensus see
in low heat on top of the plant dryer. Latex samples frofrig. 2) and retrieved largely the same main clades as the
cultivated plants were dried overnight at 60 °C. All san6pDNA dataset. However, the Malagasy clade is much
ples were analyzed for their acetone-extracted profile Ipgtter resolved, both for the leafy and the leafless taxa.
Paul G. Mahlberg at Indiana University. The latex sant-he leafless taxa together with the stem-succulent but
ples were redissolved in acetone and the supernatant l@afy C. pycnoneuroideorm a reasonably well support-
alyzed for triterpenoid components by gas-liquid chreed subclade of the Malagasy clade also including the
matography (Mahlberg et al. 1988). Analyses were pdeafless succulent taxa shared with mainland Africa
formed on a Hewlett-Packard 5710 chromatograpl®arcostemmandC. gerrardii).

equipped with a flame ionization detector and the oven Analysis of the combined cpDNA-rDNA dataset did
programmed from 240-290 °C at 4 °C/min. Nitrogenot change the well-supported clades of the single analy-
was the carrier gas, 20 ml/min. Injection port and deteses. The combined analysis (505 parsimony informative
tor temperatures were 250 and 350 °C, respectivebharacters) resulted in 2268 most parsimonious trees
Columns contained 3% OV-1 on 100/120 mesh Supelc@-= 1175 steps, Cl = 0.568, Rl = 0.785, RC = 0.446;
port. Individual compounds were quantified on &trict consensus tree see Fig. 3). Bootstrap values
Hewlett Packard 3380. increased for all clades retrieved in the single analyses,

Latex triterpene analysis
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Table 2. Sequence characteristics.

trnT-L spacer trnL intron trnL-F spacer IT$1 ITS2 5.8s
Aligned total length (bp) 11792 578 421 337 299 162
Length range (bp) 685 (C. acutum) 393 (C. longipes) 265 (C. longipes) 207 (Pentarrhinum ~ 221 159-162

- - -371 gonoloboides) (C. rubricoronae)

867 533 (Schizostephanus  —262 (Odontan- —259

(Metalepis albiflora)  (C. montevidense) — alatus) thera radians) (C. blandum)
Length mean (bp) 787.79 502.84 361.35 232.63 244.04 159.76
Number of parsimony 28 9 7 - - -
informative indels? (indels coded 32)
Sequence divergence 1.0-5.6 0.4-3.0 0.0-5.0 7.6-14.7 3.7-10.5 0.0-0.2
(ingroup/outgroup) (%)
Sequence divergence 0.0-7.8 0.0-4.3 0.0-8.4 0.0-19.4 0.0-11.9 0.0-0.2
(ingroup) (%)"
Sequence divergence 0.0-1.2 0.0-0.4 0.0-0.5 0.0-1.0 0.0-1.2 0.0

(pairs of same species)
(%)

252 characters permanently excluded because of ambiguous alignment
® not taking into account different accessions of the same species

indicating higher congruency of the two datasets than The two American sections — the North and Central
the partition homogeneity test. The Madagascar cladeAmericanC. foetidumC. laeveandC. racemosun(sect.
supported by 100% bootstrap value, and the succuléviellichampig and the South America@. blandum
clade, including the succulent but linear-leafegycno- C. montevidensandC. roulinioides(sect. Roulinia—
neuroides by 79% bootstrap support. Interestingly, théogether withMetalepis albiflorunform reasonably to
likewise stem-succulent but large-leav€d pachy- well-supported clades in all analyses (Figs 1-3). The
cladonis now basal to the succulent clade s. str., thougtentral AmericarC. ligulatum for which nolTS se-
only with 68% bootstrap support. Clades retrieved in thipience was available, falls into its expected place with
rDNA dataset but not in the cpDNA dataset were largel@. foetidumandC. racemosunmn the cpDNA analysis
preserved in the combined analysis, but equally unsuff~ig. 1). These two subclades form a well supported
ported; nevertheless, some basal resolution is apparemiade in the cpDNA and combined analyses (Figs 1, 3),
The results of the two separate Neighbor-Joininghereas they are unresolved with subclades dPéme
analyses based on Jukes-Cantor and Kimura 2-pararntsrhinum-clade (Liede et al. 2002) in the analysis
ter distance models produced trees almost identicalr@sulting fromlTSdata. In the combined analysis, the
topology (Fig. 4), the only difference concerning théfro-ArabianPentarrhinumclade is sister to the Ameri-
C. floribundumC. falcatumbranch, which is unresolved can clade (Fig. 3).
in the Kimura-2-parameter analysis but neighbor to the Most Asian taxa form a very well supported clade, in-
PentarrhinuniMellichampidC. acutumbranch follow- cluding Metaplexis japonicgFigs 1-3).Cynanchum
ing the Jukes-Cantor model. The Neighbor-Joining tremvalifolium, a widespread coastal Australasian species,
is highly congruent with the parsimony-based strict cofeins this clade with low support in thESand the com-
sensus phylogeny (Fig. 3). ltillustrates clearly the strubined datasets (Figs 2, 3); the Neighbor-Joining analysis
ture of Cynanchunwith short distances between the(Fig. 4) shows very long branches both for the core
groups and long distances between the taxa in a groupdisian taxa and fo€. ovalifolium The only available
African, American and Asian taxa. The Malagasy taxAustralian specie€;. floribundumjs even more weakly
are separated by a comparatively long distance, but digint to the Asian clade in tH€Sand combined analyses
tances are very short within the Malagasy group, arBigs 2, 3), but in the Neighbor-Joining analySidlori-
even shorter within the group of succulent species.  bundumis next to the AfricarC. falcatum
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African Cynanchuniall into three main groups. Sta- port for the other clades is either the same or worse than
ble and well supported by both datasets isGhelavi- for the molecular data alone. In the molecularly unre-
densclade, comprising the widespre@dclavidensthe solved stem-succuleftt. arenariumclade, morphologi-
two Somalian twiner€. crassiantheraandC. rubri-  cal data strongly support respective sister grelgiion-
coronae as well as the geophyt€. orangeanunand ships betweef. arenariumandC. hardyi andC. crassi-

C. praecoxIn the combined analysis (Fig. 3), this clad@edicellatumandC. descoingsii
is basal infCynanchum Plotting of the morphological characters defined in

The South AfricanC. africanum C. ellipticum Liede (1993b) on the strict consensus tree resulting from
C. meyerandC. natalitium and the East Africa@. alti- analysis of the combined molecular datasets shows that
scandensform a weakly supported clade for bothalmost all characters used are homoplasious. Only thick-
datasets (Figs 1-3), but only thES dataset joins the walled, ornamented fruits are restrictedPmtarrhinum
South AfricanC. obtusifoliumwithout support (Fig. 2), (andGlossonem@dontantherasee Liede et al. 2002),
and the East African endem@: rungweensés added which forms a subclade @ynanchumStem succu-
only in the combined analysis (Fig. 3). A tie tolence (Fig. 6A) is almost restricted to the “stem-succu-
C. polyanthums suggested by the Neighbor-Joinindent” clade, which includes the linear-leaf€dpycno-
analysis (Fig. 4), but not by parsimony analysis. The aseuroides The large-leafed but succule@t pachy-
sociation ofC. polyanthunwith the AustraliarC. flori-  cladonis basal to this clade, though with low support.
bundumin the cpDNA dataset without indels is mostOutside this clade, weak stem succulence occurs only in
likely an artefact caused by long-branch attraction.  C. phillipsonianum©Other characters, even conspicuous

The positions of the remaining species have less sumes such as trichomes on the corolla, ligulate or con-
port. The Somaliag. galgalenseshows no affinity to stricted coronas, papillose connective appendages, etc.,
any clade in any dataset, even though a second speciraenfound in several clades. Corona characters in particu-
has been analyzed for cpDNA to ascertain the results dar are highly homoplasious, e.g. the degree of fusion of
tained from the first specimen. The combined analysike gynostegial corona (Fig. 6B). Except for the Mala-
(Fig. 3) suggests a clade of the remaining AfricagasyC. erythranthurrclade, all clades have members
Cynanchunspecies, but only the subclade of the Westith coronas fused to various degrees. In the stem-suc-
African C. adalinaeandC. longipess reasonably well culent clade, possession of warts and striation of the
supported. Very well supported bySdata is the mor- stems can be used as a rough indicator for relationship in
phologically unsuspected sister species relationship libe leafless taxa (Fig. 7). All members of @earenari-
tweenC. falcatumand C. schistoglossunfor which um polytomy (except forC. rauhianum have warty
cpDNA data are incomplete). The members of thistems, but the latter also occur @ marnieranum
African clade — to which the type specie€ghanchum (Fig. 7A). The wartiness d. pachycladoris a feature
the circum-Mediterranedd. acutumbelongs — all show of its corky bark and probably not homologous to the
very long branches (Fig. 4). wartiness of the green stems of the remaining taxa. Stria-

Analysis of the combined morphological/moleculation is characteristic of the most derived subclade of the
dataset (343 parsimony informative characters) resuieem-succulent clade, bGt compactunandC. marnie-
in 1232 most parsimonious trees (I = 1488 stepmnumare exceptions (Fig. 7B).

Cl =0.337, RI =0.587, RC = 0.198; strict consensus see

Fig. 5_). Homoplasy measures for the combined trees Fm anatomy
considerably worse than for any of the molecular treés

alone, but better than those found by Liede (1997a) fértotal of 16 characters was studied (Table 3). All

pure morphological trees. Support is improved by mospecies follow the general pattern of Apocynaceae
phological characters only for th®lotsiaclade, sup- s.l., in which the pith is surrounded by an amphi-

Fig. 1. Analysis of the cpDNA dataset without C. schistoglossum. Strict consensus of 44,000 most parsimonious trees resulting from analysis
without indels (268 parsimony informative characters, | = 484 steps, Cl = 0.677, Rl = 0.84, RC = 0.562), and of more than 40,000 trees re-
sulting from analysis with indels (312 parsimony informative characters, | = 575 steps, Cl = 0.649, Rl = 0.828, RC = 0.537). Clades only re-
trieved in the analysis without indels are represented by dashed lines, those retrieved only in the analysis with indels by dotted lines. Bootstrap
percentages and decay indices are given for analysis without indels above branches, with indels below branches. The only conflicting arrange-
ment of taxa, C. obovatum and C. repandum, is indicated at the right margin. Asterisks indicate African taxa in the Malagasy clade.
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Schizostephanus alatus

100/42 ——— Cynanchum galgalense 6205
100/13 ——— Cynanchum galgalense 9433
Cynanchum acutum
Cynanchum ovalifolium
Cynanchum abyssinicum
J1_—— Cynanchum rungweense
—————— Cynanchum obtusifolium
62/1 ————— Cynanchum polyanthum
— Cc:ynanchum floribundum
......................................................................... ynanchum adalinae
571 — Cynanchum longipes
1 Cynanchum falcatum 212226
100/13 Cynanchum falcatum 3169
Cynanchum auriculatum
1 100/10 Metaplexis japonica
H 100/19 Cynanchum thesioides Qingru
Asian clade (co re) 100/10 Cynanchum thesioides Wang
Cynanchum altiscandens
61/1 Cynanchum ellipticum
- 69/1 Cynanchum natalitium
C. africanum - clade (core) 88/2 Cynanchum africanum
87/1 Cynanchum meyeri
100/5 Cynanchum clavidens
100/5 Cynanchum crassiantherae
ggg 99/5 gynanc2um rubricoronae
; . 98/5 ynanchum praecox
C. clavidens - clade 99/4 100/6 Cynanchum orangeanum 347
100/6 Cynanchum orangeanum 4537
100/1 g{;)ossonema bov:anum
100/23 ntanthera radians
5% o I 100112 Pentarinom Soyesioun
i - ntarrhinum abyssinicum
Pentarrhinum - clade 62/1 79/2] 100/13 Pentarrhinum insipidum
76/2 Pentarrhinum somaliense 3225
100/34 Pentarrhinum somaliense Mesfin
sect. Roulinia g1/4 Cynanchum roulinioides
8173 100/11 Metalepis albiflora
97/6 100/9 Cynanchum blandum
- 93/4 100/10 Cynanchum montevidense
subgen. Mellichampia 8312 Gymanchum laeue
—65/1 100/24 ynanchum 'et fum
sect. Mellichampia 100712 Cynanchum ligulatum
Cynanchum racemosum
Cynanchum obovatum «----- .
Cynanchum repandum «---+
Cynanchum angavokeliense
Cynanchum itremense
Cynanchum leucanthum
Cynanchum chouxii
Cynanchum lineare
64/1 Cynanchum madagascariense
76/2 Cynanchum moramangense
Cynanchum philippsonianum
Cynanchum pycnoneuroides
Cynanchum arenarium
Cynanchum crassipedicellatum
Cynanchum descoingsii
i Cynanchum hardyi
Cynanchum perrieri
Cynanchum rossii
MADAGASCAR Folotsia madagascariense
Karimbolea macrantha
11 Karimbolea mariense
Karimbolea verrucosa
95&: Cynanchum comorense
96/3 Cynanchum danguyanum
99&‘: Cynanchum cucullatum
99/5 gynancf'um papZIralutr’r’;
......................................................... {C———— CGynanchum erythranthum
741 Cynanchum sessiliflorum
6111 Cynanchum pachycladon
68/1 93/3 Cynanchum rauhianum
95/3 Folotsia grandifiora
5§9/1 —— Sarcostemma pearsonii*
60/ *—————= Sarcostemma viminale®
R Cynanchum compactum
61/1 7912 64/]_: Cynanchum mahafalense
85/2 Cynanchum messeri
69/1 . /4 —— Cynanchum folotsioides
611 §3/1 e Cynanchum implicatum
69/1 Cynanchum appendiculatopsis
---------------- 63/ Cynanchum marnieranum
Platykeleba insigne
60/1 Cynanchum ampanihense
- Cynanchum gerrardii Africa*
70/2 Cynanchum gerrardii Madagascar
69/2 Cynanchum mevei
Cynanchum sigridiae

62/1 Cynanchum juliani-marnieri
62/1 Cynanchum radiatum
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Fig. 2. Strict consensus of 44,000 most parsimonious trees resulting
from analysis of the rDNA dataset (200 parsimony informative char-
acters, | = 605 steps, Cl = 0.514, Rl = 0.774, RC = 0.40). For branch
labelling, see Fig. 1.

5811

Cyr hum orangeanum 4537
Cynanchum praecox
Cynanchum africanum
Cynanchum obtusifolium
Cynanchum altiscandens
Cynanchum ellipticum
Cynanchum meyeri
Cynanchum natalitium
Cynanchum polyanthum
Cynanchum adalinae
Cynanchum longipes
Cynanchum abyssinicum
Cynanchum acutum
Cynanchum falcatum 212226
Cynanchum falcatum 3169
Cynanchum schistoglossum
Cynanchum flonibundum
Cynanchum ovalifolium
Cynanchum auriculatum
Metaplexis japonica
Cynanchum thesioides Qingru
Cynanchum thesioides Wang
Pentarrhinum gonoloboides
Pentarrhinum abyssinicum
Pentarrhinum insipidum
Cynanchum laeve
Cynanchum foetidum
Cynanchum racemosum
Cynanchum roulinioides
Metalepis albiflora
Cynanchum blandum
Cynanchum montevidense
Glossonema boveanum
Odontanthera radians
Pentarrhinum somaliense 3225
Pentarrhinum somaliense Mesfin
Cynanchum madagascariense
Cynanchum pachycladon
Cynanchum philippsonianum
Cynanchum comorense
Cynanchum danguyanum
Cynanchum angavokeliense
Cynanchum itremense
Cynanchum leucanthum
Cynanchum lineare
Cynanchum moramangense
Cynanchum obovatum
Cynanchum repandum
Cynanchum erythranthum
Cynanchum sessiliflorum
Cynanchum cucullatum
Cynanchum papillatum
Cynanchum pycnoneuroides
Cynanchum rossii

Folotsia grandifiora

Folotsia madagascariensis
Cynanchum arenarium
Cynanchum crassipedicellatum
Cynanchum descoingsii
Cynanchum hardyi
Cynanchum perrieri
Cynanchum rauhianum
Kanimbolea macrantha
Karimbolea mariense
Karimbolea verrucosa
Sarcostemma pearsonii*
Sarcostemma viminale*
Cynanchum mahafalense
Cynanchum messeri
Cynanchum appendiculatopsis
Cynanchum compactum
Cynanchum folotsioides
Cynanchum implicatum
Cynanchum marnieranum

9413

98/4

Platykeleba insignis

Cynanchum ampanihense
Cynanchum mevei

Cynanchum sigridiae

Cynanchum gerrardii Africa™
Cynanchum gerrardii Madagascar
Cynanchum juliani-marnieri
Cynanchum radiatum



C. clavidens - clade

100/11
87/5 —'E—E

100/15

718

C. africanum - clade

Schizostephanus alatus
Cynanchum galgalense 6205
Cynanchum clavidens
Cynanchum crassiantherae
Cynanchum rubricoronae

100/9 9*_’/’16
—

-/1

MADAGASCAR

West African

741

subclade
C. adalinae - clade -/4

-1

East African
subclade

-

i

-"

-1

subgen. Mellichampia =

-

-1

sect.

Mellichampia 81/2

99/7

‘i'—:
100/29
52/3

100117
100/33

100114

sect.

Pentarrhinum - clade

94/6

100/40

99/9

Roulinia 100118

Y hum praecox
Cynanchum orangeanum 347
Cynanchum orangeanum 4537
Cynanchum obtusifolium
Cynanchum rungweense
Cynanchum africanum
Cynanchum altiscandens
Cynanchum ellipticum
Cynanchum meyern
Cynanchum natalitium
Cynanchum polyanthum
Cynanchum adalinae
Cynanchum longipes
Cynanchum abyssinicum
Cynanchum acutum
Cynanchum falcatum 212226
Cynanchum falcatum 3169
Cynanchum flonibundum
Cynanchum ovalifolium
Cynanchum auriculatum
Metaplexis japonica
Cynanchum thesioides Qingru
Cynanchum thesioides Wang
Cynanchum laeve
Cynanchum foetidum
Cynanchum racemosum
Cynanchum roulinioides
Metalepis albifiora
Cynanchum blandum
Cynanchum montevidense

VisSY

T e [

VOININY -TVH1SNY

100117

100/46 —

-1

100/15
gy =

100/52
100/9

100/13

stem

sSuc

clade

-1
-1

52/1

98/4

99/6

T

Glossonema bo
Odontanthera radians
Pentarrhinum gonoloboides
Pentarrhinum abyssinicum
Pentarrhinum insipidum
Pentarrhinum somaliense 3225
Pentarrhinum somaliense Mesfin
Cynanchum comorense
Cynanchum danguyanum
Cynanchum madagascariense
Cynanchum philippsonianum
Cynanchum leucanthum
Cynanchum angavokeliense
Cynanchum itremense
Cynanchum lineare
Cynanchum moramangense
Cynanchum obovatum
Cynanchum repandum
Cynanchum erythranthum
Cynanchum sessiliflorum
Cynanchum cucullatum
Cynanchum papillatum
Cynanchum pachycladon

n

83/4 ——
—

68/1

79/2

Cy hum pycnoneuroides
Cynanchum rossii

Folotsia grandifiora

Folotsia madagascariensis
Cynanchum arenarium
Cynanchum crassipediceliatum
Cynanchum descoingsii

82/3

culent

89/2

83/2

94/3

|

1007 —

——
X T7 [—

731

—

64/1]
I

Fig. 3. Strict consensus of the 2268 most parsimonious
trees resulting from analysis of all sequence data and cpDNA
indels (505 parsimony informative characters, | = 1175
steps, Cl = 0.568, Rl = 0.785, RC = 0.446). For branch la-
belling, see Fig. 1.

94/3——

84/2

97/4

S —

Cy hum hardyi
Cynanchum perrieri
Cynanchum rauhianum
Karimbolea macrantha
Karimbolea mariense
Karimbolea verrucosa
Sarcostemma pearsonii*
Sarcostemma viminale™
Cynanchum compactum
Cynanchum mahafalense
Cynanchum messeri
Cynanchum folotsioides
Cynanchum implicatum
Cynanchum appendiculatopsis
Cynanchum mamieranum
Platykeleba insignis
Cynanchum ampanihense
Cynanchum mevei
Cynanchum sigridiae
Cynanchum gerrardii Africa*™
Cynanchum gerardii Madagascar
Cynanchum juliani-mamieri
Cynanchum radiatum

[

vOold4dv

VOolrddv

dVOSYOvavin



Schizostephanus alatus

Cynanchum galgalense 6205

Cy hum ovalifolium
— Cynanchum auriculatum
| C Metaplexis japonica

1 ! Cynanchum thesioides Qingru
Cynanchum thesioides Wang

Cynanchum obtusifolium

Cynanchum polyanthum

Cynanchum rungweense

Cynanchum africanum

Cynanchum aftiscandens

Cynanchum ellipticum

Cynanchum meyeri

Cynanchum natalitium

Cynanchum floribundum
[~ Cynanchum fakcatum 212226

—— Cynanchum fakcatum 3169
Cynanchum acutum

Cynanchum abyssinicum

1 Cynanchum adalinae
Cynanchum longipes

Cynanchum laeve

| — Cynanchum foetidum
— Cynanchum racemosum

Cynanchum roulinioides
— ( Metalepis albifiora
Cynanchum blandum

| S
Cynanchum montevidense

——— Pentarrhinum gonoloboides

 ——— Lt L R e ]
L'———— Odontanthera radians

Pentarrhinum abyssinicum

| I Pentarrhinum insipidum
(== Pentarrhinum somaliense 3225
L Pentarrhinum somaliense Mesfin
Cynanchum clavidens
[ | E Cynanchum crassiantherae
Cynanchum rubricoronae
Cynanchum praecox
_‘_?y:anchum orangeanum 347
Cynanchum orangeanum 4537

Cynanchum obovatum
Cynanchum repandum
Cynanchum phifippsonianum
Cynanchum erythranthum
Cynanchum sessiliflorum

Cynanchum cucullatum
Cynanchum papillatum
Cynanchum madagascariense
Cynanchum comorense
Cynanchum danguyanum
Cynanchum leucanthum
Cynanchum lineare
Cynanchum moramangense
Cynanchum angavokeliense
Cynanchum itremense
Cynanchum pachycladon
Folotsia grandifiora
Folotsia madagascanensis
Cynanchum rossii
Karimbolea macrantha

Kanimbolea verrucosa
Cynanchum rauhianum
Cynanchum hardyi 0.5%
Cynanchum perieri distance
Cynanchum descoingsii
Cynanchum arenarium
- Cynanchum crassipedicellatum
Kanimbolea mariense
Cynanchum pycnoneuroides
_E Sarcostemma pearsonii*
Sarcostemma viminale*

Cynanchum mahafalense
Cynanchum messen
Cynanchum compactum
Cynanchum appendiculatopsis
Cynanchum folotsioides
Cynanchum implicatum
Cynanchum marnieranum

Platykeleba insignis
Cynanchum ampanihense
Cynanchum mevei

Cynanchum sigridiae

Cynanchum gerrardii Africa™
Cynanchum gerrarcil Madagascar Fig. 4. Neighbor-Joining Tree resulting from analysis of all se-

Cynanchum juliani-marnieri . .
Cynanchum radiatum quence data. Distance model: Kimura-2-parameter




Schizostephanus alatus

Cynanchum gaigalense
Cy hum abyssinicum
Cynanchum acutum
Cy hum africanum
Cynanchum falcatum
Cynanchum obtusifolium
Cynanchum polyanthum
Cynanchum rungweense
Lz@_{: Cynanchum adalinae
Cynanchum longipes
C. africanum - clade (core) Cynanchum aftiscandens
) Cynanchum natalitium
—_'E Cynanchum ellipticum
Cynanchum meyeri
ﬂ: Cynanchum orangeanum
C. clavidens - clade 7213 Cynanchum praecox
98/8 Cynanchum clavidens
a7n __—@ Cynanchum crassiantherae
Cynanchum rubricoronae

_____ﬂ: Cynanchum montevidense
Cynanchum auriculatum

100/18 Pentarrhinum abyssinicum
! Pentarrhinum insipidum

77/4

100/11

Pentarrhinum - clade 98/3 — Pentarrhinum gonoloboides
L Pentamhinum somaliense

W Cynanchum phillipsonianum

ﬂ: Cynanchum comorense
Cynanchum danguyanum
90/8 Cynanchum erythranthum
86/4 Cynanchum sessiliflorum
88/6 Cynanchum cucullatum
—: Cynanchum papillatum
Cynanchum angavokeliense
43 Cynanchum itremense
85/6 -1 -2 (—— Cynanchum leucanthum elongatum
J3 ———— Cynanchum lineare
2 Cynanchum moramangense
1 Cynanchum madagascariense
| 9810 Cynanchum obovatum
—.—{: Cynanchum repandum
Cynanchum pachycladon
MADAGASCAR 97/7 —— Folotsia grandifiorum
4 L — Folotsia madagascariense
Cynanchum pycnoneuroides
A Cynanchum rossii
E 82/4 41 ————————— Cynanchum perieri
E Cynanchum rauhianum
. 60/1 ﬂ: Cynanchum arenarium
: stem 60/2 Cynanchum hardyi
succulent __: Cynanchum crassipedicellatum
clade Cynanchum descoingsii
Cynanchum compactum
1 Cynanchum folotsivides
531 Cynanchum implicatum
84/5 1)9_[1_1_: Cynanchum mahafalense
Cynanchum messeri
Cynanchum appendiculatopsis
) Cynanchum mamieranum
Fig. 5. Strict consensus of the 1232 most parsimonious -2 Cynanchum ampanihense
trees resulting from analysis of the combined morphologi- 54/2 — Cynanchum mevei
cal/molecular dataset (343 parsimony informative charac- 42 [ Cymanchum gerrardii

ters; | = 1488 steps, Cl = 0.337, Rl = 0.587, RC = 0.198). i Cynanchum juliani-mamieri
For branch labelling, see Fig. 1. — Cynanchum radliatum




wnjepes wnyoueuld

uejusew ueinf wnyoueufD EBK

npruel wnyoueufD W
AW wnyoueuAD

asusyueduwe wnyoueuls B

wnuesmsuRW wWnyoueulD
sisdojenojpusdde wnyoueufs M
wneoiduy wnyoueul) &
SSPOISION0} WINYIURUAD
winjoedwoo wnyoueuf?) B
uesssw wnyoueuA) B
asusfejeyew unyoueulD B
wnueyne. wnyoueuD
wowed wnyoueuAD
hprey wnyoueuld
sBuposep wnyoueufo B
winjejeoipediSsesd wnyoueuf) &
wnueUese WNYXBUAD

sepioNeucUdAd wnyoueuls B
uopejofyoed wnyoueuA?) B
wnpuedes wnyoueulD
WNeACGO WNYoURUAD
WINJOYIISSOS WNYaBUAD
wnyueIlfIe wnyxeuf) M
wnejded winyoueufD M
WNJenanNd wnNyoueuAD
wnuenosdyyd wnyoueuls &
esusueosebepew wnyoueul) B
wnueAnbuep wnyoueuAD
BSUBIOWOD WNYoLBUAD
wmebuoe WnyueoNs| WNYoueuAD
esueburweRIOw WNYaueUAD
asesul| wnyoueuAD
esuewe.) WNYNLRUAD
asusipyonebue wnyoueuAD
wnypefiod wnyoueuk) &
sodiBuof winyaueukd
seujepe wnyoueul) &
wnjeoje; wnyoueuAd
wmnoe wnyoueuA) &
wnopIssAge wnyoueuA?) B
wnienoune wnyoueuA)
sapoqojouoh wnuyueed
asusifewos wnuyLeLed
wnpdisur wnumLeSd
wnoussAge wnureUed
BSUSPINSIUOW WINYOUBUAD
ssueembuns wnyoueuAD
wryoysniqo wnyoueuAD &
wneey WYoLRUAD
uofow wnyoueuAD
wnondile wnyoueuAd
SUBPUBISHIE WNYOUBUAD
wnueouse wnyoueuAD)
xooeeid wnyoueuf) &
wnuesbueio wnyoueulo B
SBUOIOUGNS WINYOURUAD B
eeeYLeISSRIO WNYOURUAD B
SUBPIABIO WNYOLRUAD B
esuefebeb wnyoueuln
snjefe snueyde}soziog

L]
[ =
[=]
2
[=]
Q|
®
9
[72]
Q|
f=

Eusion of the

" Character 39

Corona only basally fused

Corona fused between ¥4 and % of total length
Corona fused for more than % of total length

2

. s

E=3 equivocal

wmepes wnyoueuio B
usurew weynf wnyoueudo @
npreueb wnyoueufn @

1erew wnyoueudD M
esuetuedwe wnyoueufn @
wnuessiuew wnyoueufD B
sisdojenaipusdde wnyoueudn B
wmegdwr wnyoueuAD @
sapioisjojoy wnyoueufH M
wnoedwoo wnyoueufn W
uessew wnyoueudD W
esusjejeyew wnyoueuds
wnueynes wnyoueuAD B
vewed wnyoueulDH B

wpsey wnyoueulD ®
nsburoosep wnyoueufD B
wnjelpopadisseso wnyoueuln @
wnueusie wnyoueuloH @

nssos wnyoueufD @
asusueosebepew ejsjoo4 B
wruoypuesb eisjoo4 B
sepiosneucuafd wnyoueuln @
uopejofysed wnyoueufo B
wnpuedes wnNyoueulD
WNRAOGO WNYoUBUAD
WNIOYINSSOS WNYoUBUAD
wnyuefie wnyoueulD
wnjeded wnyoueul) BKE
wniennoano wnyoueuf) B
wnueuosdipyd wnyoueufD W
ssusuessebepew wnyoueul) BIRR
wnueAnbuep wnyoueul) BE
8SUBIOWOD WINYoURUAD
wnjebuoe wnyjueons; WNYoueuAD
osuabuewesow wWNysueUAD
alesuy wnyoueukD
esuswaly wnyoueuAD BB
ssusiieorebue wnyoueuA) B
wnyuekiod wnyoueul) BB
sediBuoy wnyoueulo BB
seulepe wnyoueuf) B
wnese) wnyoueukD
wmnoe wnyoueuAD
wnojuissAqe wnyoueuAD B
wnjenaune wnyoueuA) B
S8pIoGoIouE wnuiyLieled B
esueewOs WnUYLElUS] BIG
wnpidisul wnuyleued BE
wnoussAqe wnuryuelue BN
esuspirBoW WnyoueuAD B
esusembuny wnyoueul) BB
wnyoyisniqo wnyaueuA) B
wnipeleu wnyoueud) B
usfew wnyoueulH OC
wnondie wnyoueul BKE
suspueosiie wnyoueul) B
wnueouse wnyoueul) BIE

xooeesd WNYoueUA) B
wnuesbueio wNYoueUAD BIRE

SBUCIOUGN WNYIUBUAD B R

srsoyjuLRISSRIO WNyoueuAD B
SuspIABIO WNYoueuAD BN
oasusrebieb wnyoueul) B
snjeje snueyde}soziyos B

Shoots

Character 5

1

not succulent, herbaceous

not succulent, woody

succulent

N

Fig. 6. Examples of distribution of morphological characters identified by Liede (1993b) on the molecular phylogeny. A. Shoots woody, herba-

ceous or succulent. B. Degree of corona fusion.



wnjelpes wNyoueuAD
ueurew juelnf wnyoueul)
npieuel wnyoueulD

1orew wnyoueuA?D
esusyuedwe wnyoueuAD
wnueseluBW WNYIUBUAD &
sisdojenopuedde wnyoueuAD
wnjeondwy wnyoueuAD
SOPIOISION0) WNYIURUAD
wmoedwoo wnyoueuA
uessew wnyoueuAD
esuefefeyew wnyoueulD
wnueynes wnyoueuf?) &
ueiued wnyoueulD

hprey wnyoueuAD @
nsbujoosep winyoueuAD
wmeleopedissesn wnyoueuAD
wnueusse wWNYoURUAD
1SS0 WnYoueuAD
esueueosebepew eisjoo
wnioypueiB ersjolo4
sepjoinauousid wnyosueulD
uopejohyoed wnyoueudD
wnpuedes wnyoueulD
wnjieaogo wnyoueulD
wruoyisses wnyoueulD
wnyuelyyie wnyoueud)d
wniepded wnyoueul)
wnielnano wnyaueuAd
wnueosdypyd wnyoueuld
osueueoseBepew wnyoueuAD
wnueAnbuep wnyoueulD
BSUBIOWOD WNYOURUAD
wnjebuoie wnyjueone] WnyoueulD
esuebueweiow wnyoueuAD
alesulf wWNyoueuAD
esuswaly wnyoueukD
esusyexorebue wnyosueukd
wnyjueAiod wnyoueulD
sadjBuoy wnyoueuAD
seulfepe wNYoueuAD
wnjeofe) wWNYoueuAD)
wnnoe wnyoueuAD
wnouissAqe wnyoueulD
winjenoune wnyoueuA)
sepioqojouot wnuiyLelus ] m
esuslRWOS WNUIYLUeLed B
wpidisuy wouyuejued
wnouIssAge wnuiyueUS @
ssuspINSjUOW WNyouRUAD &
esusembuni wnyoueul) m
wWnijosN}Go WNYoueUAD &
wnieleu wnyoueul?) e
uehew wnyoueul) &
wnoldye winyoueulD
SuspuEISIiEe WNYIUBUAD &
wnueoue wnyosueuAo &
xooeesd wnyoueuf) m
wnueebueso wnyoueuf) e
SBUOJOOUGNI WINYOURUAD B
SRIBYIUBISSRID WNYIUBUAD &3
suepInejo wnyoueuf) &a
esusfebied wnyoueul)
snjeje snueydejsoziyos &

o)
2
9|
S
£
(22
=]
]
S
ol
s
£
o

o
2
©
bS]
]
k]
c

wnjepes wnyoueuAD
usiuiew weynf wnyoueukn
npsesieb wnyoueuAD
18AS W WINYIURUAD
esusyuedwe wnyoueul) B
wnueseiuseWw WNYoUeUAD
sysdojenoipuadde wnyoueul) &
wnjeoydu wnyoueuAD B
Sepioisiofo) winyoueusD &
wnjoedwoo wnyoueuA? &
uessaw winyoueul) B
esusfejeyew wWnyoueUAD &
wnueynes wnyoueuk? &
wetued wnyoueuld

nhpsey wnyoueukD
nsBujoosep wnyoueuAD
wnjejeoipedisselo wnyoueusD
wnieusse wnyoueuAD
1SS0J Wnyoueufo &
osusieasebepeus e1sjol:;
win.oypueib ersjol.
SOPI0INOUOUIAd wnyoueufD B3
uopejofyoed wnysueUAD
wnpueds: wnyoueuA &3
WNIeAOGO WNYoUBUAD
WINIOYHISSS WINyoueuAD
wnyjuesyfie wnyoueukD
wmepded wnyosueulD
wmejnono wnyoueuAD
wnuejuosdiyd wnyoueudD
asusiieosebepew wnyoueuAD
wnuednbuep wnyoueulD
BSUBIOWOD WNYIUBUA:
wnjebuole wnyIUEINS| WNYOUBUA
Bsusbueweow WNYoUBUA:
aiesulf WNYoURUAD
asusWaIY WNYouBUAD &
ssusiieyorebue wnyoueul) B
wnyjuefiod wnyoueudo &
sadibuoy wnyoueulD E
seulepe wnyoueulD &
wnjeofe; wnyoueulD &
wmnoe WNYoueuUA?) B
wnojurssAqe wnyoueuA) &
wnenoune wnyoueuAD B
sepioqojouoB wnunyejued &
osusyewos wnuiieued B
wnpidisul wnuyirelue B
wnouissAge wnuyiiejued B
BsuapIABUOW WNYOURUAD B
esusembun wnyoueulD B
WNOHISMGO WNYoUBUA
wnyfeley wnyaueux:
Lehow wnyoueuA;
wnondijie wnyoueUuA;
suepueosijfe wNYoueusD B
wnuegte wnyoueuA) B
xooeesd wnyoueulD E
winueeBuelo wnyoueufD &
BRUOIONIGNL WNYIURUAD
eeieyjuBISSEIO WNYoueULD B
suepiAejo wnyoueufD B
esuefebied wnyaueulD E
snjefe snueydejsoziyos B

£
Y ©
o =
2 5
0 c

warty

Character 8

N :

A

Fig. 7. Examples of distribution of morphological characters identified by Liede (1993b) on the molecular phylogeny. A. Stems warty or

smooth. B. Stems striate or uniform.




260 Liede & Kunze
s usyuns yanuw :z
© — —
& e ‘uayuns Apybigs | ‘uomisod ewsouzg | S (S22 ~
- (siofe] [pJanas ;| ‘pasafkejouow :Q)
E sifejjosequny (ST |22 1|2
B
a
S 35o|ided |o |o|o|o|o|o|o|lo|o| il |o|—|—
% i i ey .
§§ (om] ueyl alow:z 'z LA-L-llJSSqE’-O) cloelalalolalalalalalalal o
g S19ke| 4o Jsquinu
ewAyrusled spesied | — |~ |[o|o|o|o|o|o|o|o|o|o|o
g
S (1) BwWAYDUBIBPS YM
A o o o (e) o o o o o o o — o
'(0) parenualayipun ewAydusied
O -
g%-é SRS |DIBBYP |o|o|o|—|o|o|lo|—|—|—|o|—]|—
padnpal o|lo|lo|lo|lo|lo|o|lo|o|lo|o|o|o
©
g
>
5 () SMOI €= Ul S)SaU -
— || N|——|—|— =] —|— | —
o ‘(1) MO1 BUO Ul S1S8U () SISBU OU :S)SeU
<
wv
pulssoo] |o|o|o|o|o|jo|o|o|o|lo|jo|—|o
S||®2 |u0ls o|lo|—|o|lo|lo|o|o|o|jo|o|o|o
5U!J p=dnpai o|lo|lo|o|lo|lo|o|o|lo|o|o|o|o
sdn0169|6u!s oO|lo|lo|lo|lo|lo|lo|lo|jo|o|—|o|o
5
=
=<
S||83 Q| ueylalow —|o|—|o|lo|lo|—|o|—|—|o|o|o
S|I? Q1—G o|l—|lo|l—|—|—|o|—|—|o|lo|— |«
= () ewhypuasaps pue s|j@> payubl (1)
o s|192 pauiuby| ojbuis !(0) ewAypusted parenuaiayipun [ || e (e e (e e |e e e (e
m
o
<
S
O N
2 | >& G213 0
E RS2 R|Ia|2|2]2|3[8 XS
=] N [ O VI | N[> X]|O|WO|D |0 |0
= N N[O T ||| T || N | N|[—|N|[N
wvy
= = < § 3
S| =
S e <|§15|sl2] [3|5)5|8
= S = I8 (3|8 |2g|2|=E
o E|1 3| % LIS E2|F| D g\ S| S| S
S SIS |2I=E|F|®|8 s 22|83
2|1 S|SB | T8I |=2|S|[S|S|S|&
IS FIESIEIS|IS|S|c|2|2|S|X|T| &
o I f& S|w|o|g|Ss|o|T||Q|n|®
2 slg|e E EI2|E|E|E|E|E|E|E
: R HEHEHEEHEEE
™M @ SIS 2SS |S|E|CS|S|S|S|S|S|S
2 g |38 || |S|S|3|c|c|G|R|R|S
-2 < S IS < = < < < < IS < <
o 5]
= a (2|2 |S(T|SE|S|ST|S|S|S|S

Org. Divers. Evol. (2002) 2, 239-269




261

Cynanchurand the Cynanchinae

‘Aou dss

0 0 | | 0 l 0 | l 0 l 0 0 l 0 0 [4°1°14 djeulliA ewWa]s0dleS
nbraqunyi ~dss

14 0 | l 0 l 0 | 0 l 0 0 0 l 0 0 14514 djeullIA eWWa]S0dIeS
ajeulwA “dss

l 0 l l 0 l 0 0 l 0 0 0 0 0 l l 90L¢ d[euIlIA eWWS]S02IES
0 0 | | 0 | 0 0 0 | 0 0 0 | 0 0 8167 11U0SIead BUWIWS]S02IES
l 0 | 0 0 l l 0 l 0 0 | 0 0 l 0 GO MH sjeljsne ewis1sodies
l 0 l 0 0 ! 0 0 14 0 l 0 0 l 0 0 PO HR Y wnojqele ewwsajsodies
[4 0 | 10 0 l 0 0 | 0 0 0 | 0 0 0 "U's SOUBIAET sjubisul eqajxfield
l 0 0 0 0 0 0 0 l l 0 0 0 l 0 0 98¢ esooniion esjoquiliey
14 0 0 L0 0 0 0 0 0 _ 0 0 0 0 l 0 G697 sisualiessebepe els10/04
[4 0 | | 0 0 10 0 | 0 0 0 | 0 0 0 78589 eioyjpueib eisjojo4
14 0 0 l 0 0 l 0 14 0 0 0 0 0 l 0 0€9¢ wnuerynes wnyoueus)
[4 0 | | 0 0 0 0 0 | 0 0 0 0 l 0 08L¢ 1enaw wnydueud)
14 0 | l 0 l 0 0 0 l 0 0 0 0 l [4 leLe Hassaw wnypueus)
0 0 0 0 0 0 l 0 14 0 0 0 0 0 l 0 €65. asuaIpueleuaLL Wnydueusy
l 0 0 l 0 0 0 0 0 | 0 0 0 0 | l "u's yney wnuessiuiew wnydueusd
14 0 l [4 0 l 0 0 0 l l 0 0 l 0 [4 679¢ asuajejeyeww wniyueus)
9eU01031bUo| 1en

14 0 0 l 0 l 0 0 0 l l 0 0 l 0 l 779 suanjiain] wnyoueus)
suanyyiany “ea

0 0 l 0 0 0 0 l 0 0 0 l l 0 0 0 669¢ suanjjiaany wnydueudy
[4 0 | 0 0 0 0 | | | 0 0 | 0 0 0 u's Jalssia| uajutew-juenf wnypueudy
14 0 l l 0 0 10 0 0 l 0 0 0 0 l 0 LLSE Mpiey wniypueusd
l 0 | l 0 0 0 0 0 | 0 0 0 0 | l "u's yney lpselab wnyoueuf)
0 0 0 | 0 0 0 0 0 l 0 0 0 0 l 0 8€989 l1sbutossap wnypueuf)
z 0 | 0 0 | 0 0 0 | 0 0 0 0 l l 19tz wnpeduiod wnydueus)
4 0 0 | 0 0 l 0 4 0 0 0 0 0 l 0 1062 wnjenuisiq wnyoueusd
14 0 0 0 0 0 0 0 0 l 0 | 0 0 0 0 €lLe wniieuale wnyueus)

Org. Divers. Evol. (2002) 2, 239-269



[4 4 8l 14 14 “u's youig 3[eUIWIA BUWILIRIS0DIES

[4 G/ 8l € 14 "u's puejiey] 9[eUWIA BULIWISISO2IES
[4 89 1£4 € € 1414 "AOU “dSS ayeulLIA euILIRIS00IeS
nbiaqunyy ~dss
€ 65 0€ S q 444 d/eulWiA ewwalso2les
nbraquny; -dss
€ 19 0¢ S € L0S¢ d/eulWIA ewwa)sodles
ajeuiwiA ~dss
1 € €9 194 14 14 1 Q€T 3JUILLIA BUILIBISODIES
Gl 39 9l | 1 0.8
Y4 99 Gl € l "U'S SOURIART 1IUSSS|UBA BUILLID}S0IES
G 9 8l 9 [4 1 661 £18}IU0J01S PUWIWIB)SODIES
4 €L 6l € [4 GG SUBIJISa. BLUILLIBIS02IBS
S €9 144 1 1% 025¢ 11U0SIead PUWILWI)SODIES
€ 6L Ll l } "U'S SOURJART siubisul eqajayAield
9l vS 44 1 € 1 1 9787 eS0JN.1I9A B3joquiLiey
l l 4 74 ¥4 € l } £99¢ sisusliedsebepew ejsjojo4
[4 (A 8l 14 l l } 78589 elolyipuelb eisjojo4
6 14 ¥4 9 9 € } } 168¢ Harad wnydueud)
| 18 Ll l "u's yney wnueisiuiew wnydueuf)
4 LL Ll 4 l GEBC suanyya1n] “1en
€ A 0¢ 14 l LELT suanyiainy winydueus>
q 6L vl l l "us yney
L vL Ll 14 | G66 lipJessb wnydueud)
Cl 65 14" 9 L l } l 1682 wnjeja21padissen wnydueus)
G 85 0¢ L 9 4 l 1 6€LC wnjiieusie wnydueuf)
4 €L 0¢ € l | 8(8¢ wnjesajnoe wnydueus)
1% 4 78 0l 1 7987 wnjeyided wnydueud)
| 4 L€ 8¢ 6 €l 1 €987 uopepAyded wniypueuld
6 89 6l l l | 658¢ wnjeroqo wnydueufd
4 9 144 l 1 798¢ auuoypun wnyoueuld
L8 €l 8987 winjejnons wnydueus)
(S 6l 6¢ ¥29 wnuesLye wnysueul)
L [4 9 6¢ 9¢ 91 17 } 1 ey8G wnpidisur wnuiy1eyudd
Jaquiny sapadsg

6'lz v0rz €6L 08l Ll €91 /Sl GSL €Sl 8%l Syl ovl 9€l 07l Lll 88
(unw) swn uopualey

Liede & Kunze

9. sl vl €L T ool 6 8 L 9 g ¥ € z !
"ON Jjedd

262

‘splouadia1ii xa1e| Jo uonisodwiod abeusdiad “f ajqel

Org. Divers. Evol. (2002) 2, 239-269



Cynanchunand the Cynanchinae 263

phloematic xylem. Adjacent to the outer phloem is a The AmericarFunastrunspecies differ from all other
zone of sclerenchymatic fibres arranged either inamalyzed species by a division of the outer cortex into an
closed ring or in separate bundles with intermitterner part of more or less isodiametric parenchyma cells
parenchyma. The cortex is formed by parenchymatond surrounding, radially elongated palisade cells
tissue. Usually, but not always, present are a hypodéFig. 9B). Special cells such as brachysclereids or single
mis below the epidermis consisting of smaller cells dibres are absent iRunastrum but present ifsarco-
regular size, as well as a starch sheath on the insidest@mma stomata are level with the surfaceRonas-

the cortex. Differences between species involveum, but sunken irBarcostemma

mainly specialized cells occurring in the pith or the Plotting of the characters on the cladogram derived
cortex. from DNA characters shows that of the characters used

Fig. 8. Stem anatomy. A. Cross section
of a stem succulent Cynanchum
(C. rauhianum) representing the basic
pattern of stem anatomy. B. C. messeri,
specialized pith with parenchyma inter-
spersed with sclerenchyma fibres and
lignified cells. C. Sarcostemma viminale
ssp. nov. (SL 2552), cross section show-
ing nests of stone cells between outer
phloem and sclerenchyma of inner cor-
tex. D. Sarcostemma pearsonii, outer
cortex with stone cells, papillose epi-
dermis and sunken stomata. H: hypo-
dermis, iP: inner phloem, L: lignified
cells, oP: outer phloem, S: sclerenchy-
ma, St: stone cells, X: xylem.
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264 Liede & Kunze

the anatomical ones are no better indicators of relatiomum andC. perrieri, which both show three peaks of
ship than are the morphological ones in succu3nt approx. the same size at 14.8 min, 15.5 min and 16.3 min
nanchum Only a papillose epidermis coincides roughlyFig. 10F).Cynanchum crassipedicellatwwith an ex-
with the main clades of succule@ynanchumbutC. ceptionally large peak at 15.3 min and 19.3 rRivipt-
marnieranumwith a smooth epidermis is found in thesia madagascariensigith two late peaks, anidarim-
otherwise papillose clade, afid hardyiwith a papillose bolea verrucosawvith an exceptionally large peak at
epidermis in the otherwise smooth clade. TheRolot- 19.3 min also differ slightly. AlBarcostemmapecies —
siaspecies also differ in this character (Table 3). Onlifom Madagascar, mainland Africa or even India and
theC. mahafalend€. messerclade, which is morpho- Thailand — are remarkably uniform, except &rvan-
logically otherwise well supported, is uniquely charadesseniifor which the peak at 15.5 min is absent and the
terized by both lignified cells and sclerenchyma in thene at 19.3 min exceptionally large. Of the five leafy
pith. Malagasy species studied, pachyclador{(Fig. 10D)
shows the same peaks, but at different ratios, whereas
C. papillatum(Fig. 10C) displays a different pattern
(Table 4). The two African specieG, africanumand
Liede et al. (1993) used latex triterpenoid patterns ®entarrhinum insipidunfFig. 10B), show triterpenoid
show thatKarimboleaconstitutes a true member ofpatterns different from each other and from the Mala-
Asclepiadeae despite the erect pollinidgoferrucosa, gasy species.

the onlyKarimboleaspecies known at the time of that

analysis. In the course of that analysis (Liede et al. 1993),

the very different triterpenoid composition Bfinas- Discussion

trumand Old WorldSarcostemm&-ig. 10A, E) — then

both included inSarcostemmaensu Holm (1950) — The present results make a consistent treatmey-of
together with the striking uniformity of the stem-succulenbanchunL. difficult. The two extreme alternatives sup-
Malagasy species witharcostemma. str. (Fig. 10C, B}  ported by the data and cladistic theory are either to rec-
then belonging to five different genera — led to a discorgnize each clade as an independent genus, or to unite
tinuation of the study. AlImost all stem succulents shoall clades to a very broadly circumscribed ge@ys

the same general triterpenoid pattern with four majeranchumaAs the first option would result in many small,
peaks, the largest one at a retention time of 18 mimorphologically poorly discernible genera, the second
(Fig. 10C). A small fifth peak at 15.3 min is usually bulternative is more practicable. On the other hand, this
not always present (Table 4). Exceptions@rarena- would mean that well established, easily recognizable

Triterpene analysis

% Fig. 9. Stem anatomy. A. Cynanchum
pycnoneuroides, cross-section of succu-
lent stem of the only leafy species in the
succulent clade. B. Funastrum clausum,

g e é; palisade parenchyma. Abbreviations as
.. =L inFig. 8; P: palisade parenchyma.
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3 Fig. 10. Latex triterpenoid pat-
z ~ terns. A. Funastrum clausum (Liede
¢ o & Conrad 2599, M0). B. Pentar-
@ rhinum insipidum (Meve & Liede
® 584, M0). C. Cynanchum papilla-
0 tum (Liede et al. 2622, MO).
" D. Cynanchum pachycladon (Liede
&
L

etal. 2663, MO). E. Sarcostemma
pearsonii (Liede & Hammer 2520,
UBT). F. Cynanchum arenarium
(Liede et al. 2739, MO).
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genera would have to be abandoned. Thus, the gengvas, and were abandoned because of the then inexplica-
GlossonemgOdontantheraPentarrhinum Metaplexis  ble similarity between then well-established genera on
Metalepis Folotsia, Karimboleg PlatykelebaandSar- the one hand and the differences between species then
costemmare all candidates for inclusion in a la@g- believed to belong to one genus on the other h8ad (
nanchum Some genera not analyzed here due to lack ®@stemmaensu Holm; Liede 1996b, Liede & Tauber
material, e.g. the Asiafddelostemmalook. f., might be 2000). In the triterpenoid datas€t, arenariumandC.
likely candidates as well. However, especially for thperrieri share an apomorphic pattern (Fig. 10F), while all
Asian taxa and the Americavietalepis more species other stem-succulent species studied show slight varia-
would need to be analyzed before such far-reaching cdiens of the basic pattern (Fig. 10E). In the anatomical
clusions can be drawn. dataset, the four basic patterns described by Puech
Our results show that all leafless stem-succulent gef1-912) can be retrieved: the basic pattern without any no-
era folotsia Karimboleg PlatykelebaandSarcostem- ticeable specialisations (e.@., rauhianumFig. 8A); the
ma) are monophyletic with stem-succul&@ynanchum “Sarcostemnigpattern with single sclerenchymatic fi-
and that this group is derived from the likewise mondsres dispersed in the parenchyma of the cortex (Fig. 8C,
phyletic Malagasy subgroup @ynanchumEvidence D); theC. gerrardii pattern with sclerenchymatic fibres
comes from both a chloroplast and a nuclear molecularthe pith; and, as a specialisation of the preceding one,
marker, as well as from stem anatomy and triterpenoide C. messerC. mahafalenspattern with the pith con-
analysis Therefore, these genera are includedin  sisting almost exclusively of lignified cells and scle-
nanchumhere. While the former three genera are smalknchymatic fibres (Fig. 8B). However, only the
and endemic to Madagasc&arcostemmaomprises C. messerC. mahafalensgattern coincides with a
about 20 species even after the transfer of all Americalade retrieved by molecular analysis. The two Malagasy
members td-unastrum Philibertia Kunth andTetra- leafy stem-succulent species share the basic anatomical
physaSchltr. (Liede 1996b; Liede & Tauber 2000). Theoattern (Fig. 9A). The large-leavél pachycladors
necessary name changes on species level have alrebalsal to the stem-succulent clade followii§and com-
been made for the Malagasy representatives (Liedek8ned data (Figs 2—4), whereas the linear-ledveplyc-
Meve 2001), and will be made for African and Ausnoneuroidess an undisputed member of the stem-succu-
tralasianSarcostemm#ollowing species-level revision lent clade, so that its leaves must be understood as a sec-
of the group (Liede et al., in prep.). The hypothesis @indary development.
Liede (1997a) and Meve & Liede (2002), that the colo- The leafy non-succulent Malagasy species fall in two
nization of mainland Africa bynanchum gerrardii unsupported clades. Well supported is the subdade
and of the whole Old World Tropics t8arcostemma erythranthurC. sessiliflorunC. papillatuniC. cuculla-
originated in Madagascar, is supported independently hym In this clade, the former three species have reddish
the cpDNA and the rDNA data. Botb. gerrardiiand flowers in which the gynostegium is entirely enclosed
Sarcostemmare members of the succulent clade, whichy the corolla throughout anthedis. sessiliflorun{and
is nested in the well-supported clade of otherwise excl@- junciforme which was not available for analysis) had
sively Malagasy species. The identity of all partial sebeen described under a different gerygsnoneurum
guences for the African and Malagasy accessions lof Decaisne (1838), but were transferre€ymanchum
C. gerrardii points to a fairly recent event. 8arcostem- by Liede (1993a). The high support of the sister species
ma, the identity of cpDNA sequences betwekrvimi- pairsC. comorenskC. danguyanunmandC. obovatum
naleand the morphologically most distincti& pear- C. repandunis reflected in the morphological similarity
sonii, along with only three base changes between tlbéthese species. It is surprising, though, that each of the
two species folTS, also points to recent radiation andwo clades of leafy Malagasy species harbours a sub-
speciation ofSarcostemman the African mainland. clade with linear-leafed, tuberous speciésdngavoke-
Preliminary RAPD data (Liede et al., unpubl.) agrekense C. lineare C. moramangenseandC. sessiliflo-
with this conclusion. The short distances between tmem, C. cucullatumC. papillatum respectively). There-
Malagasy species, in particular the stem-succulent onés;e, this conspicuous habit must have evolved more
compared to the African species in both datasets (Fig.than once in Madagascar.
also allows the speculation that the radiation of the The present results indicate that the small Afro-Arabi-
Malagasy species is a fairly recent event, because itis generaPentarrhinum Glossonemand Odontan-
unlikely that botHTSand cpDNA should undergo a par-theraare monophyletic, and together form a subclade
allel slowdown in modification rate in Madagascar.  within Cynanchumas Liede et al. (2002) have demon-
The phylogeny resulting from the molecular data exstrated. This clade is characterized by thick-walled, or-
plains both the triterpenoid and the stem anatomical dateamented fruits. However, as no further morphological
Both studies were begun in the early 1990s to clarify tlee chemical evidence could be found, name changes are
phylogeny of stem-succulent Malagd@ynanchurmela- left to a species-level revision of the group.
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The Asian members of subgeRRhodostegiell{C. lobes. The following, mostly southern African
auriculatumandC. thesioideform a clade together C. africanumclade C. altiscandensand C. rung-
with Metaplexis indicating thaiMetaplexisshould be weenseare East African species) is moderately sup-
included inCynanchunas well. Again, evidence is not ported, at least for the core species. Morphologically it
considered sufficient to execute the necessary nasecharacterized by at the most shallowly cordate leaf
changes. Affinities of subgeRhodostegiellathe re- bases and a highly fused corona (with the exception of
maining Asian species (e.€. ovalifoliun) and the C. meyeria shrubby Namibian endemic). The third
seven true Australia@ynanchunspecies (Forster 1991, clade, theC. adalinaeclade, comprises the large
Liede 1996a), of which onl§. floribundumwas avail- African twiners with normally deeply cordate leaf
able for the present study, need to be studied furthertzses. Howeveg. falcatumandC. schistoglossum
thelTSdata (Fig. 2) indicate that these species miglmtave much less pronouncedly cordate leaf bases. This
form a monophyletic subclade Gynanchum clade is split into a West and an East African subclade
Likewise,Metalepis albifloras member of the Amer- (Fig. 3). Most members of this clade are unresolved in
ican subgenMellichampiafollowing both molecular the cpDNA analysis, and only th€. longipes-
datasets. Again, only one species of the genus could®eadalinaesister species relationship is well support-
analyzed and there is no additional chemical or morphed. Corona shape is highly diverse in this clade, nor-
logical evidence, so that no name changes are madally the staminal lobes are longer than the interstami-
here. The distances between the American species ar@ak ones, and ligules are present in some species
long as between the members of Gieacutungroup (C. abyssinicum This clade combines with the Asian,
and thePentarrhinumgroup (Fig. 4), and hint at an oldthe American and thBentarrhinumclade to form a
event. subclade ofCynanchunin sister-group position to the
The exclusion of the Somalidd. galgalensdrom Malagasy subclade (Fig. 3). All these clades are con-
Cynanchumby both molecular datasets (Figs 1-4) istant and some even well supported, but basal resolu-
surprising considering its morphological characterson is unsupported. This pattern of speciation, in
(Liede 1993b). The only character unusual @y- which several clades can be distinguished but no or un-
nanchumconcerns its long, bostrychoid, persistent insupported basal resolution is found between them,
florescences. Unfortunately, its latex color is still unseems to be rather frequent in Asclepiadoideae, as a
known. The highly fused corona Gf galgalenseloes similar situation has been encounteredyitophora
not indicate a relationship ©. obtusifoliunor another (Liede et al. in press) and in the stapeliads (Meve &
member of theC. africanunclade as suggested by Liedeliede in press). One might speculate that a rather old
(1993b), but must be interpreted as parallelism. An agroup of taxa has undergone geographic isolation and
tempt to align the cpDNA sequences of the tagal- is now evolving in different parts of the world at differ-
galenseaccessions to other published datasets (Lie@at speeds and reacting to different selection pressures,
2001; Liede & Tauber in press) showed that the speciesile at the same time hardly changed members of the
occupies an isolated position in the Asclepiadeae andgsnus are still extant in Africa, the center of origin of
not a member of any of the circumscribed subtribessclepiadoideae (Kunze et al. 1994).
(Liede, unpubl.).
The African Cynanchumspecies fall into three
clades. The problem that a morphological synapomaqy- .
phy, or at least a unique character combination, cogféxonom'c treatment
not be found even for well-supported clades is a fr
guent phenomenon in Asclepiadoideae (e.g., Lie
2001). In this subfamily, reticulate evolution and paralcynanchuml., Sp. Pl.: 212. 1 May 1753. — Typ€:
lelisms are the normal condition and not the exceptioacutumL.
both within and between genera (Liede & Taubex SarmasikiaBubani, Fl. Pyrenl: 550. 1897, nom.
2000; Meve & Liede 2001). The basal, predominantly illeg.
East African/Somaliag. clavidensclade is well sup- = BunburiaHarv. Gen. S. Afr. Pl., ed. I: 416. Jul-Dec
ported. Morphologically, it consists of two subclades. 1838. — TypeB. ellipticaHarv.
The first comprises the rhizomataceo@s or- = Colostephanusiarv., Gen. S. Afr. RPled. I: 417, in
angeanunandC. praecoxwith linear and elliptical nota. 1838. — TypeC. capensisiarv.
leaves, respectively. In the second subclade, leaves ar€yathellaDecne. in Ann. Sci. Nat. Botsér. 2,9: 332.
triangular to hastate in outline. The clade is character-Jun 1838 = CynoctonunE. Mey., Comm. PI. Afr.
ized by leaf bases that are never deeply cordate, and byAustr.: 215. 1-8 Jan 1838 [n@ynoctonumJ. F.
a corona that is fused for about half of its length and Gmel., Syst. Nat. 2: 306, 443. Sep(sero)-Nov 1791.
possesses pronounced staminal and interstaminalLoganiaceae)]. — Type: non designatus.

é/nanchum L.
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= DecanemaDecne. in Ann. Sci. Nat. Botsér. 2,9: At the species level, the necessary name changes for
338. Jun 1838. — Typ®&. bojerianumDecne. Malagasy species have been made in advance in order

= Decanemopsi€ostantin & Gall. in Bull. Mus. Hist. that the new names are available for the Flora of Mada-
Nat (Paris) 12: 418. 1906. — Typd®. aphylla gascar treatment (Liede & Meve 2001). The remaining

Costantin & GallSyn. nov. species to be renamed all belong to the former genus
= DiploglossumMeisn., PI. Vasc. Gerl: 269; 2:176. Sarcostemmeof which a RAPD study is well advanced
5-11 Apr 1840. — Type: non designatus. (Liede, Gebauer & Meve, unpubl. data). To reduce name

= Drepanostemmdum. & H. Perrier in Rev. Gén. Bot.changes to a minimum, the African, Asian and Aus-
23:256. 1911. — Typd®. luteumJum. & H. Perrier. tralianSarcostemmapecies will only be renamed after
Syn. nov. completion of this study.

= FlanaganiaSchiltr. in Bot. Jahrb. Syst8, Beibl. 45:
10. 22 Jun 1894. — TypE: orangean&schltr.

= Folotsia Costantin & Bois in Compt. Rend. Hebd.Acknowledgements
Séances Acad. Sci. 147: 258. 1908. — Typesar-

costemmatoideSostantin & BoisSyn. nov. Studies in the genuSynanchumhave been sponsored for
= KarimboleaDesc. in Cactus 15:; 77. Oct-Dec 1960. -many years by the DFG (LI 496). M. Chase, Kew, extracted an

Type:K. verrucosaDesc.Syn. nov. extra set ofCynanchunspecimens. A. Nicholas, Pietermar-
= MahafaliaJum. & H. Perrier in Rev. Gén. B@3: itzburg, R. Omlor, Mainz, L. Allorge, Paris, R. Mangelsdorff,

255. 1911. — TypeWl. nodosalum. & H. Perrier. Frankfurt, P. Morat, Paris, P. Raven, St. Louis, MO,

= Welicharmpia. Gray ex S. Watson in Proc. Amer.M. Tesser, Les Cadies, and 1. Thulh Uppeal colctec
Acad. Arts 22: 437. 25 Jun 1887. — TypW. ! IS study It aval -

tions under their care. Studies of triterpenoids were carried out

_ rubescens. Gray ex_S. Watson. in the laboratory of Prof. P. G. Mahlberg, Bloomington, IN.
= Monostemmdurcz. in Bjull. Moskovsk. Obsc. ISp. p . Meve, Bayreuth, offered valuable criticism on the

Prir., Otd. Biol. 21(1): 255. 1848. — Type: non desigmanuscript.
natus.Syn. nov.

= NematostemmaChoux in Compt. Rend. Hebd.
Séances Acad. Sci. 172: 1310. 1921. — Tixpeerri-

eri Choux. - References
= PerianthostelmaBaill., Hist. Pl. 10: 247. Jul-Aug
1890. — Type: non designatus. Baldwin, B. G. (1992): Phylogenetic utility of the Internal
= PlatykelebaN. E. Br., Bull. Misc. Inform1895: 250.  Transcribed Spacers of nuclear ribosomal DNA in plants:
Oct 1895. — TypeP. insignisN. E. Br.Syn. nov. an example from the Compositae. Mol. Phyl. Evol. 1: 3—16.
= PycnoneurunDecne. in Ann. Sci. Nat. Botsér. 2,9: Civeyrel, L., Le Thomas, A., Ferguson, K. & Chase, M. W.
340. 1838. — Lectotyp®. junciformeDecne. (1998): Critical reexamination of palynological characters
= RouliniellaVail in Bull. Torrey Bot. Club 29: 662. 30  used to delimit Asclepiadaceae in comparison to molecular
Dec 1902. — LectotypeR. corymbosgDecne.) Bul- phylogeny obtained from plastiatk sequences. Mol.

lock (Roulinia corymbos®ecne. )z RouliniaDecne. Pl Evol. 9: 517-527.

: . ecaisne, M. J. (1838): Etudes sur quelques genres de la
in Candolle, Prodr. 8: 516. Mar(med.) 1844 (HOP famille des Asclépiadacées. Ann. Sci. Nat., Bot. Sér. 2,9:

Roulinia Brongn. in Ann. Sci. Nat. Bot., sér. 2,14: 257-279. 321-349.

320. Nov 1840, nom. illeg|Liliaceae]). Doyle, J. J. & Doyle, J. L. (1987): A rapid DNA isolation pro-
= Sarcocyphuldarv., Thes. Caf2: 58. 1863. — Type:  cedure for small quantities of fresh leaf tissue. Phytochem.
S. gerrardiiHarv. Bull. 19: 11-15.
= Sarcostemm®&. Br., Prodr.: 462. 27 Mar 1810. — Lec-Eriksson, T. (1998): AutoDecay ed. 4.0. Distributed by the au-
totype:S. viminale(L.) R. Br. ex R. W. Holm Eu- thor, Bergius Foundation, Royal Swedish Academy of Sci-
phorbia viminalisL.). Syn. nov. ences, Stockholm.

= Symphyoglossuifurcz. in Bull. Soc. Imp. Natural- Forster, P. I. (1991): Ataxonomic revision@ynanchuni.
istes Moscou 21(1): 255. 1848. — Tyf®e:hastatum  (Asclepiadaceae: Asclepiadoideae) in Australia. Austrobai-
(Bunge) Turcz., nom. rej. [nodymphyglossum _ leya 3: 443-466. _ . I
Schltr. in Orchis 13: 8. 15 Feb 1919, (Orchidaceae’i’eslrlaCh’ D. (1969): Botanische Mikrotechnik. Thieme Verlag,
' Stuttgart.
nom. cons.]. , . :
= VoharangaCostantin & Bois in Compt. Rend. Hebd.H0|m’ R. W. (1950): The American speciesSafrcostemmR.

. Br. (Asclepiadaceae). Ann. Missouri Bot. Gard. 37:
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