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ABSTRACT

The tribe Retiniphylleae and its single genus Retiniphyllum Bonpl. contains 22 species of shrubs and small trees that grow
in white sand soils mostly in the Guayana Region of South America. The circumscription of the tribe is based on the diagnostic
characteristic of two collateral and pendulous ovules per locule, a rare condition in the Rubiaceae. However, for the same
reason, its placement within the family has been controversial. The monophyly and systematic position of the tribe
Retiniphylleae and Retiniphyllum were tested based on a phylogenetic analysis of irnL-F and rps16 sequence data. The results
confirm the monophyly of the tribe and genus Retiniphyllum. The tribe is placed sister to the core members of the subfamily
Ixoroideae s. str. The genera Botryarrhena Ducke and Seyphiphora C. F. Gaertn. are not related to the tribe Retiniphylleae, as
formerly hypothesized.

Key words:  Botryarrhena, Guayana Region, Ixoroideae, Retiniphylleae, Retiniphyllum, rpsl6, Rubiaceae, Scyphi-
phora, trnL-F.

The tribe Retiniphylleae includes only the genus
Retiniphyllum Bonpl. This genus consists of 22
species of shrubs and small trees that grow on white
sand soils in the Neotropics. Most species are
distributed in the Guayana Region, and a few reach
the Amazon Basin, eastern Andes, and central and
eastern Brazil. The Retiniphylleae consists of shrubs
or trees characterized by the abundant resin located at
apical buds. Each flower is subtended by a bracteole
located at the base of the pedicel and an involucel
(calyculus) located at the top of the pedicel. Flowers
have corollas with contorted aestivation, stamens
reflexed in anthesis, anthers with basal and apical
sterile appendages, a (4 t0)5(to 6 to 8)-locular ovary

with two collateral pendulous ovules per locule,
drupaceous fruits, and pyrenes normally containing
one seed due to the abortion of one ovule. In addition,
many species exhibit secondary pollen presentation.
Some of these characters are not common in the
Rubiaceae, especially the condition of two ovules per
locule. In this family, most members have one or many
ovules per locule. As a consequence, the tribe
Retiniphylleae has been clearly defined and isolated
in the family, but for the same reason, its placement
within the Rubiaceae has been controversial.

In the earliest systems of classification (Kunth,
1818; Roemer & Schultes, 1818; Jussieu, 1820;
Richard, 1830; de Candolle, 1830; Bentham, 1841),
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Table 1.

Taxa sampled for the phylogenetic analyses of the trnL-F spacer and the rpsl6 intron data sets.

GenBank accession number

Taxa Voucher trnl-F rpsl6
Aleisanthia rupestris Ridl. Tange 45171 (AAU) AF152660° —
Alibertia edulis (Rich.) A. Rich. in DC. Jansen-Jacobs 3840 (GB) AF201029' —
Alibertia edulis (Rich.) A. Rich. in DC. Rova 2288 (GB) — AF200975'
Amphidasya colombiana (Standl.) Steyerm. Stahl et al. 3542 (GB) AF152624* —
Amphidasya ambigua (Standl.) Standl. taxon 61933 — AF1292717
Borojoa patinoi Cuatrec. Persson et al. 2194 (GB) AF201034! AF200984!
Botryarrhena pendula Ducke Campos 29 (NY) EU821638 —
Calochone redingii (De Wild.) Keay Chase 3355 (K) AF201036' AF200986'
Calycophyllum spruceanum (Benth.) Hook. f. ex K. Schum.  Hatschbach 62777 (NY) AY5550807 EU821613
Ceriscoides sessiliflora (Wall. ex Kurz) Tirveng. Maxwell 87-967 (AAU) AF201039' AF200989'
Cinchona pitayensis Wedd. Andersson et al. 2109 (GB) AF152684* —
Cinchona pubescens Vahl taxon 50278 — AF004035°
Coffea liberica Hiern Delprete 7357 (NY) AY555081% EU821614
Condaminea corymbosa (Ruiz & Pav.) DC. Rova et al. 2084 (S) AF102406° —
Condaminea corymbosa (Ruiz & Pav.) DC. taxon 60042 — AF004039°
Duperrea pavettifolia Pit. Delprete 7373 (NY) AY555082* EU821615
Fadogia audruana J. M. Fay, J.-P. LeBrun & Stork Fay 8901 (NY) EU821639 EU821616
Ferdinandusa Pohl sp. Alves 2267 (NY) AY555083* EU821617
Feretia aeruginescens Stapf Muwanyambo 154 (NY) AY 555084 EU821618
Gardenia taitensis DC. Struwe & Albert 1208 (NY) AF102426° —
Gardenia volkensti subsp. spatulifolia Stapf & Hutch. Rova TO11 (GB) — AF200996'
Genipa americana L. Delprete 6522 (NY) AF152665* —
Genipa americana L. Persson & Gustafsson 342 (GB) — AF200997"
Hippotis brevipes Spruce ex K. Schum. Woytkowski 5620 (NY) AF152636* —
Hippotis scarlatina Krause taxon 172217 — AF331650"
Ibetralia surinamensis Bremek. Persson et al. 1930 (GB) AF 201048' AF201000'
Ixora finlaysoniana Wall. ex G. Don Delprete 7344 (NY) AY555085” EU821619
Keetia multiflora (Schum. & Thonn.) Bridson Delprete 7384 (NY) AY555086* —
Kutchubaea Fisch. ex DC. sp. Rodriguez 59 (NY) AY555087* —
Kuichubaea Fisch. ex DC. sp. Rodriguez 828 (NY) — EU821620
Leptactina leopoldi-secundi Biittner Delprete 7364 (NY) AY555088° EU821621
Limnosipanea spruceana Hook. f. Jansen-Jacobs et al. 2615 (NY)  AY555102* —
Limnosipanea erythraeoides (Cham.) K. Schum. Macedo 5537 (US) — EU821622
Macrosphyra longistyla (DC.) Hook. F. ex Hiern Bagshawe 1457 (BM) AF201051" AF201004!
Mussaenda pubescens Buch.-Ham. Delprete 7399 (NY) AY555089* EU821623
Pavetta stenosepala K. Schum. Delprete 7387 (NY) AY555090* EU821624
Platycarpum acreanum G. K. Rogers Cid Ferreira 10407 (NY) AY5551007 —
Polysphaeria Hook. f. sp. Groves 529 (K) AF152655' AF201011"
Posoqueria gracilis (Rudge) Roem. & Schult. Munzinger 504 (NY) EU821640 —
Pouchetia baumanniana Biittner Delprete 7359 (NY) AY5550912 EU821625
Pseudomussaenda flava Verde. Andrews 857 (S) AF152652* —
Psilanthus mannii Hook. f. Delprete 7349 (NY) AY555092* —
Psychotria L. sp. Araijo 1054 (NY) AY555079° EU821612
Psydrax schimperiana (A. Rich.) Bridson Delprete 7388 (NY) EU821641 EU821626
Pyrostria media (A. Rich. ex DC.) Cavaco Zaruccht 7424 (NY) EU821642 EU821627
Randia nitida (Kunth) DC. Delprete 7358 (NY) AY5550932 EU821628
Retiniphyllum concolor (Spruce ex Benth.) Miill. Arg. Berry 7093 (NY) EU821643 —
Retiniphyllum concolor (Spruce ex Benth.) Miill. Arg. Berry 7422 (NY) — EU821629
Retiniphyllum maguirei Standl. Evans 3230 (MO) EU821646 EU821632
Retiniphyllum rhabdocalyx Miill. Arg. Cortés 1648 (NY) EU821644 EU821630
Retiniphyllum schomburgkii (Spruce ex Benth.) Miill. Arg. Berry 7567 (MO) EU821645 EU821631
Retiniphyllum secundiflorum Bonpl. Berry 7457 (MO) EU821647 EU821633
Rondeletia inermis (Spreng.) Krug & Urb. Acevedo et al. 7691 (NY) AF152745° —
Rondeletia portoricensis Krug & Urb. Taylor 11678 (MO) — AF243015"
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Table 1.  Continued.
GenBank accession number
Taxa Voucher trnl-F rps16
Rosenbergiodendron densiflorum (K. Schum.) Fagerl. Jansen-Jacobs et al. 3977 (GB) ~ AF201061' —
Rosenbergiodendron densiflorum (K. Schum.) Fagerl. Gustafsson et al. 1994 (GB) — AF201014"
Rytigynia senegalensis Blume Madsen 6176 — EU821637
Scyphiphora hydrophyllacea C. F. Gaertn. Larsen 43134 (NY) EU821648 EU821634
Sipanea stahelii Bremek. Rova et al. 2068 (GB) — AF243023"
Sipanea wilson-brownei R. S. Cowan Mori 25056 (NY) EU821649 —
Sipaneopsis rupicola (Spruce ex K. Schum.) Steyerm. Wurdack & Adde 43253 (NY) AF152678° —
Stachyarrhena harleyi J. H. Kirkbr. Thomas 12032 (NY) EU821650 —
Stachyarrhena sp. Jansen-Jacobs et al. 4707 (GB) — AF201021"
Tarenna drummondit Bridson Delprete 7406 (NY) AY555097* EU821635
Tocoyena williamsii Standl. Stahl 3028 (GB) AF201071" —
Tocoyena Aubl. sp. Jansen-Jacobs et al. 3976 (GB) — AF201016'
Vangueria madagascariensis J. F. Gmel. Delprete 7383 (NY) AY555098* EU821636

GenBank sequences were originally published in 'Persson (2000b), *Delprete & Cortés-B. (2004), *Rova et al. (2002), "Rova
(unpublished), *Struwe et al. (1998), °Andersson & Rova (1999), and “Piesschaert et al. (2000).

the bi-ovulated locules of Retiniphyllum were misin-
terpreted, resulting in its association with tribes
currently placed in the subfamily Rubioideae. Hooker
(1873) established the tribe Retiniphylleae to include
Retiniphyllum and, by an incorrect interpretation of
the fruit, the genus Kuichubaea Fisch. ex DC. In the
classic system of classification proposed by Schumann
(1891), the tribe Retiniphylleae was not recognized,
and Retiniphyllum was placed in the tribe Gardenieae
of the subfamily Cinchonoideae. Verdcourt (1958)
recognized the tribe Retiniphylleae, and maintained it
in the subfamily Cinchonoideae. Bremekamp (1966),
who proposed one of the most important systems of
classification for the Rubiaceae in the 20th century,
criticized previous placements of Retiniphyllum and
simply called it an “aberrant” genus. According to
Bremekamp (1966), the absence of secondary pollen
presentation, a defining character of the tribe Garden-
ieae and his subfamily Ixoroideae, was absent in
Retiniphyllum. Robbrecht (1988, 1993) maintained
Retiniphyllum in the tribe Retiniphylleae and placed
it in the subfamily Antirheoideae, a subfamily that
was not supported by molecular data (Bremer &
Jansen, 1991; Bremer & Struwe, 1992; Bremer et al.,
1995; Bremer, 1996; Rova, 1999; Rova et al., 2002).
Andersson and Rova (1999), in their phylogenetic
study that focused on the subfamily Rubioideae using
rps16, sampled Retiniphyllum for the first time and
placed it in the subfamily Ixoroideae. This placement
was also supported by Rova (1999) and Rova et al.
(2002) in their study of the Condamineeae—Rondele-
tieae—Sipaneeae complex. In these analyses, Retini-
phyllum was located in an isolated clade of the
Ixoroideae related to Paleotropical representatives,
sister to a clade with members of the tribes Coffeeae,

Gardenieae, Octotropideae, Pavetteae, Rondeletieae,
and Vanguerieae. In the most recent Rubiaceae
classification, the traditional Cinchonoideae and
Ixoroideae were merged in a single subfamily, and
the tribe Retiniphylleae was placed in the supertribe
Ixoridinae of the subfamily Cinchonoideae (Robbrecht
& Manen, 2006).

The genera Botryarrhena Ducke and Scyphiphora
C. F. Gaertn. were tentatively included in the tribe
Retiniphylleae by Robbrecht (1988). Botryarrhena
comprises two species distributed in the Amazon
Basin and Guayana Region. Ducke (1932) pointed out
the resemblance of Botryarrhena to Retiniphyllum
they

racemose inflorescences, and two (rarely three or

because share bisexual flowers, terminal,
four) ovules per locule. On the other hand, the Asian
genus Scyphiphora includes only S. hydrophyllacea C.
F. Gaertn., the only mangrove species in the
Rubiaceae. It has unique placentation with two ovules
per locule, one of which is pendulous and the other
erect. Robbrecht (1988) thought that this peculiar
placentation is perhaps a form derived from the
condition in Retiniphyllum.

The main goals of this study are to: (1) test the
monophyly of the tribe Retiniphylleae, (2) evaluate
the phylogenetic position of the Retiniphylleae within
the subfamily Ixoroideae, and (3) evaluate the
relationship of the genera Botryarrhena and Scyphi-
phora with Retiniphyllum.

METHODS
TAXON SAMPLING

A total of 49 taxa representing most tribes or groups
recognized in the subfamily Ixoroideae s.l. were used
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to test the monophyly of the Retiniphylleae: the
Condamineeae complex clade (Rova et al., 2002),
Henriquezieae (Rogers, 1984), Posoquerieae (Del-
prete et al., 2004), Sipaneeae (Delprete & Cortés-B.,
2004), Mussaendeae (Bremer & Tulin, 1998), Ixoreae
(Andreasen & Bremer, 2000), Vanguerieae (Lantz et
al., 2002), Octotropideae (Robbrecht, 1988), Coffeeae,
Pavetteae (Andreasen & Bremer, 2000), the Alibertia
group (Persson, 2000a), and Gardenieae s.l. (Rob-
brecht, 1988).

In the phylogeny of Retiniphyllum (Cortés-B. et al.,
in prep.), most of the species are resolved in three
main clades. In the present study, five representative
species of Retiniphyllum were selected, including at
least one from each clade: R. concolor (Spruce ex
Benth.) Miill. Arg., R. maguirei Standl., R. rhabdoca-
lyx Miill. Arg., R. schomburgkii (Benth.) Miill. Arg.,
and R. secundiflorum Bonpl.

Leaf samples were collected in the Botanical
Gardens of Bruxelles (BR), Leiden (L), and Wagenin-
gen (W) by the second author, or obtained from
DNA
(cpDNA) sequences of the trnl-F intergenic spacer

herbarium material. We used chloroplast
and the rpsI6 intron. Of the total number of sequences
used in the analyses, 41% were original; the rest were
downloaded from GenBank from Persson (2000b)
[22%], Delprete and Cortés-B. (2004) [20%], and
Rova et al. (2002) [9%], and the remaining 8% from
Rova (unpublished), Struwe et al. (1998), Andersson
and Rova (1999), and Piesschaert et al. (2000).
Voucher information is presented in Table 1.

OUTGROUP SELECTION

Four members of the subfamilies Rubioideae and
Cinchonoideae were selected as outgroup. Psychotria
L. and Amphidasya Standl. have been shown to be part
of the subfamily Rubioideae (Bremer & Manen, 2000;
Rova et al., 2002), while Cinchona L. and Rondeletia
L. are members of the subfamily Cinchonoideae
(Bremer & Thulin, 1998; Rova et al., 2002).

DNA EXTRACTION, AMPLIFICATION, AND SEQUENCING

Total genomic DNA was isolated from approxi-
mately 1 em? of dried leaf tissue desiccated in silica
gel, or from herbarium material, using a modified
CTAB methodology (Motley et al., 2005).

DNA was amplified using the polymerase chain
reaction (PCR) following Motley et al. (2005). For
amplification of the trnL-F spacer, the primers “e”
(5"-GGTTCAAGTCCCTCTATCCC-3") and “f" (5'-
ATTTGAACTGGTGACACGAG-3') of Taberlet et al.
(1991) were used. The rpsI6 intron was amplified
using  the (5"-GTGGTAGAAAG-

primers  rpsF

CAACGTGCGACTT-3") and rpsR2 (5'-TCGGGATC-
GAACATCAATTGCAAC-3") designed by Oxelman et
al. (1997). The PCR conditions were: hold 94°C
for 3 min., 32 cycles of 94°C for 45 sec., 52°C for
30 sec., 72°C for 1 min. 30 sec., and hold 74°C for
7 min., hold 4°C. Cross-contamination was controlled
by using negative controls in the PCR reactions. In
addition, DNA from two individuals per species was
extracted, amplified, and sequenced, when possible.
Amplified products were purified with spin columns
from the QIAquick PCR purification kit (Qiagen,
Valencia, California, U.S.A.) following protocols
provided by the manufacturer. Cycle sequencing
conditions, gene cleaning using hydrated Sephadex
G-50 DNA Grade F columns (Amersham Pharmacia
Biotech Inc., Piscataway, New Jersey, U.S.A.), and the
visualization separation of fragments were run on an
ABI Prism 377 DNA sequencer (Applied Biosystems,
Foster City, California, U.S.A.) following the protocols
described in Motley et al. (2005).

PHYLOGENETIC ANALYSIS

The sequences were first edited in Sequencher
3.1.2 (Gene Codes Corporation, Ann Arbor, Michigan,
US.A)) and preliminarily aligned with ClustalX
(Thompson et al., 1997) using the default settings.
They were then manually edited using BioEdit (Hall,
1999).

Parsimony analyses with equal character weights
and unordered characters were performed with NONA
(Goloboff, 1993) in concert with WinClada (Nixon,
2002). In the analyses, gaps were treated as missing
values. Five heuristic searches were performed
holding a maximum of 100,000 trees per search. In
each search, 500 replications were carried out,
keeping five trees per replication under the option
mult*max*. The trees obtained were used to calculate
a strict consensus tree. In order to evaluate the relative
support of the clades, bootstrap (BS) and jackknife (JK)
analyses were executed using 1000 replicates.

REsuLts

The combined analysis of the ¢irnL-F and rps16 data
matrices had a total of 52 taxa and 1428 characters,
282 of which were parsimony informative. The
heuristic search resulted in 54 most parsimonious
trees of 651 steps in length, with a consistency index
(CI) of 0.61 (when excluding uninformative charac-
ters) and a retention index (RI) of 0.82. Figure 1
shows the strict consensus tree obtained in the
heuristic search with BS and JK support values.

In the strict consensus tree resulting from the
maximum parsimony analysis, a well-supported clade
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Bremer, 2000). —G. Vanguerieae (Lantz et al., 2002). —H. Octotropideae (Robbrecht, 1988). —I. Coffeeae. —J. Alibertia
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(BS = 89%, JK = 94%) was retrieved containing
genera Condaminea DC., Ferdinandusa Pohl, Caly-
cophyllum DC., and Hippotis Ruiz & Pav., which had
been placed in the subfamily Cinchonoideae in
previous systems of classification (Verdcourt, 1958;
Bremekamp, 1966; Robbrecht, 1988, 1993). This
clade was sister to the rest of the sampled genera.
Members of the tribes Sipaneeae, Henriquezieae, and
Posoquerieae are together in an unsupported clade
sister to the members of the tribe Mussaendeae (BS =
56%, JK = 67%) and the clade that includes
Retiniphyllum species. All the species sampled of
Retiniphyllum are together in a strongly supported
clade (BS = 100%, JK = 100%), sister to a clade
that includes Ixoreae, Vanguerieae, Octotropideae,
Coffeeae, Pavetteae, Alibertia group, and Gardenieae s.l.

DiscussioN

THE MONOPHYLY AND POSITION OF THE TRIBE RETINIPHYLLEAE
IN THE SUBFAMILY IXOROIDEAE

Because species of Retiniphyllum formed a strongly
supported monophyletic lineage (BS = 100%, JK =
100%) in the independent (not shown) and combined
chloroplast analyses (Fig. 1), the monophyly of the
genus Retiniphyllum is confirmed. Similarly, the
isolated position of Retiniphyllum in the cladogram
also confirms the monophyly of the tribe Retiniphyl-
leae.

The tribe Retiniphylleae is placed as a clade within
the subfamily Ixoroideae s.l., sister to the tribes that
correspond for the most part to the Ixoroideae sensu
Bremekamp (Bremekamp, 1966). Although the sys-
tematics of the subfamily Ixoroideae have been largely
modified since Bremekamp’s proposal, his tribes
Gardenieae, Ixoreae, and Vanguerieae correspond to
the core of the Ixoroideae in its original circumscrip-
tion. The results presented here also support those
previously reported by Rova (1999) and Rova et al.
(2002).

Robbrecht (1988) included the tribes Retiniphyl-
leae and Vanguerieae in the subfamily Antirheoideae,
suggesting that morphological similarities of their
fruits and seeds supported this relationship. In
addition, Robbrecht and Manen (2006) considered
that these similarities were consistent with their
placement in their supertribe Ixoridinae. According
to our results, the tribe Retiniphylleae is not closely
related to the Vanguerieae.

THE PLACEMENT OF BOTRYARRHENA

Botryarrhena was resolved within the Alibertia
group, sister to Stachyarrhena Hook. f. in a clade
with the genera Ibetralia Bremek., Kuichubaea,

Alibertia A. Rich. ex DC., and Borojoa Cuatrec.
(Fig. 1).

Ducke (1932) suggested an affinity between the
genera Botryarrhena and Stachyarrhena. They share
racemose inflorescences, but differ because Stachyar-
rhena has unisexual flowers and a dioecious breeding
system (Ducke, 1932). Stachyarrhena is now placed
within the Alibertia group, a clade within the tribe
Gardeniaeae (Persson 2000a, b). Subsequently, uni-
sexual flowers have been observed in Botryarrhena
(Persson & Delprete, pers. comm.), providing further
support for the placement of Botryarrhena in this
lineage.

The relationship between Botryarrhena and Retini-
phyllum suggested by Ducke (1932) was based on
flower sexuality, inflorescence morphology, and
number of ovules per locule. However, it is important
to note that Standley was not able to see the berry-like
fruits of Botryarrhena, a common fruit type of many

genera in the Ixoroideae but not in Retiniphyllum.

THE PLACEMENT OF SCYPHIPHORA

According to our results, the genera Retiniphyllum
and Scyphiphora are resolved in two distinct clades,
indicating that the bi-ovulate condition has evolved
independently in the subfamily.

Puff and Rohrhofer (1993) studied the morphology
of Scyphiphora in detail and found no characters
suggesting a close relationship to Retiniphyllum. They
tentatively placed Seyphiphora in the subtribe Di-
plosporinae, tribe Gardenieae s.l, based on the
presence of tracheidal idioblasts in Seyphiphora,
which are similar to the mesophyll sclereids in the
Gardenieae. Andreasen and Bremer (2000), using
morphological and molecular data, placed Scyphi-
phora as sister to the tribe Ixoreae, and they
tentatively included it in the Ixoreae.

Our results indicate that Scyphiphora is sister to a
clade that
Vanguerieae (Fig. 1). This indicates that Seyphiphora

includes the tribe Ixoreae and also

is neither a member of the tribe Gardenieae s.l. as
Puff and Rohrhofer (1993) suggested, nor a member of
the tribe Ixoreae as Andreasen and Bremer (2000)
hypothesized.
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