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Abstract

Iribe Loteae has major diversity centres in the Mediterranean region and in California.
However, four monospecific genera are restricted to other parts of Africa and Asia. This paper is
focused on the monospecific Asian genus Podolotus, which is crucial for understanding evolution
of Loteae. Evidence from four DNA markers (nrITS, psbA-trnH, petB-petD and rpsl16 intron) is
used to infer phylogenetic relationships of Podolotus. Analysis of the combined data set strongly ,
Suggests that Podolotus is closest to Coronilla. These two genera share several important
morphological features but differ in fruit type (dehiscent vs. lomentaceous). Traditionally,
Coronilla was thought to be closest to two other genera with lomentaceous fruits, Hippocrepis and
Scorpiurus. Our data support the view that lomentaceous fruits evolved in Coronilla independently
from all other members of Loteae that bear this fruit type. At least five independent origins of

lomentaceous fruits took place in evolution of Loteae. Molecular phylogenetic rooting of the tribe
Loteae is discussed.

Introduction

The temperate herbaceous tribe Loteae (Leguminosae) has two major diversity
centres in the Mediterranean region and in California. However, a number of
monospecific genera of Loteae are restricted to non-Mediterranean parts of Africa and
Asia. These are Kebirita Kramina & Sokoloff in NW Africa, Antopetitia A. Rich. in
mountains of Tropical Africa, Podolotus Royle ex Benth. (mountains of Afghanistan,
Iran, Pakistan, India and disjunctively in Oman) and Pseudolotus Rech. f. from Oman
and Makran desert in Iran and Pakistan (Polhill, 1981; Rechinger, 1984: Ali & Sokoloff,
2001; Kramina & Sokoloff, 2001). Though comprising an insufficient part of species
diversity of the tribe, they are highly significant for understanding higher-level
relationships in Loteae. It is an open question whether these genera should be viewed as
“ousted relics” (see Eskov, 1992, 2002), like the species-poor Australian lineage of Lotus
(Kramina & Sokoloff, 2004).

Podolotus hosackioides Benth. is one of most enigmatic representatives of the tribe
Loteae. The plant was first collected by Royle in Himalayas (Mussoorie). Royle
suggested that the plant belongs to a new monospecific genus. The name Podolotus
hosackioides was adopted by Bentham ( 1835) in his account of Leguminosae in Royle’s
1llustrated book on Himalayan botany. Bentham (1835) has noted that Podolotus
resembles the North American genus Hosackia Douglas ex Benth. in general habit and
leaf morphology and the Old World genus Lotus L. in corolla structure but differs from
these genera in stalked fruit. Both Lotus and Hosackia belong to the tribe Loteae.

Bentham & Hooker (1865) proposed a new relationship of Podolotus. They accepted
P. hosackioides as a member of the large genus Astragalus (tribe Galegeae). Podolotus
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expanded tribe Loteae. Sokoloff (2003b) and Sokoloff & Lock (2005) placed Podolotus
Just after Coronilla in the linear sequence of genera of the tribe Loteae.

Molecular phylogenetic data supported the broader concept of Loteae (to include
Coronilleae) (Allan & Porter, 2000; Allan ef al.. 2003; Degtjareva et al., 2003, 20064,
2006b; Sokoloff et al., 2007), but failed to support its origin from Galegeae. Instead.
members of Robinieae and Sesbanjeae were unexpectedly identified as closest relatives
of Loteae (€.2., Hu er al., 2000: Wojciechowski ef al., 2000, 2004).

The first molecular marker used to establish relationships of Podolotus was nuclear
ribosomal ITS (Degtjareva et al., 2006a). The analysis of Degtjareva et al., (2006a) was
focused on Lorus s.str., but included also representatives of all genera of Loteae plus
Robinia and Sesbania. Depending on the method of analysis, the genus Podolotus
dppeared to be sister to a clade comprising Coronilla, Scorpiurus and Hippocrepis (all
three genera formerly assigned to Coronilleae) or to Hippocrepis plus Scorpiurus. Neither
of two topologies received significant support in the study of Degtjareva et al., (2006a).

Degtjareva er al., (submitted) used nrITS plus three plastid markers to analyse
phylogenetic relationships in Anthyllis. Apart from Anthyllis, representatives of all other
genera of Loteae plus an outgroup, Sesbania were included. They found position of
Podolotus to be unresolved in analyses of nrITS data set. In Bayesian analysis of plastid
data, Podolotus was sister to Coronilla with posterior probability 0.99, but in maximum
parsimony analysis, this grouping did not receive bootstrap support exceeding 50%. Only
one species of Coronilla was included in this study.

Morphological cladistic analysis of Sokoloff (2006) placed Podolotus as a sister to
(Hosackia ((Scorpiurus + Hippocrepis) Coronilla)) with bootstrap support 63%, though
another morphological cladistic analysis based on just slightly different data set failed to
resolve relationships of Podolotus (Sokoloff, 2003b). The most stable result of all
morphological cladistic analyses was appearing a clade comprising Scorpiurus,
Hippocrepis and Coronilla. These genera share several important morphological features,
including lomentaceous fruits, the absence of a sterile bract on peduncles of partial
inflorescences, joint initiation of adaxial sepals in course of flower development, the
presence of well-developed stipules (Sokoloff et al., 2007). When the morphological data
Sl was analysed together with nrITS sequence data, the Scorpiurus-Hippocrepis-
Coronilla clade was also revealed (Sokoloff ez al., 2007).

To summarize, both morphological and molecular phylogenetic analyses show that
Podolotus is not closely related to Lotus s.str therefore supporting its recognition as a
distinct genus. However, neither molecular nor morphological phylogenetic analyses
provided robust and unequivocal data on relationships of this Interesting genus. The
present study is aimed in understanding this issue. We use the four-marker molecular data
set produced to investigate phylogeny of Anthyllis (Degtjareva et al., submitted) and
extend sampling of some key genera, especially Coronilla to aclieve a more
'c,resentative sampling of taxa potentially related to Podolotus. Tuc position of
Coronilla appears to be crucial. Indeed, some analyses suggest that this genus is closest
0 Hippocrepis and Scorpiurus while an alternative possibility implies SISter-group
relationships between Coronilla and Podolotus.

Material and Methods

Taxonomic sampling: For molecular phylogenetic analysis, sequences for each of four
markers of Hippocrepis (H. balearica H multisiliquosa), Coronilla (C. repanda, C.
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with coronilla (maximum parsimony analysis of combined data set), with Podolotus
(maximum  parsimony analysis of plastid data set), with Podolotus plus Coronilla
(Bayesian analysis of combined data set), or fallen in an unresolved position between
Podolotus+Coronilla, Hippocrepis+Scorpiurus and the rest of Loteae (Bayesian analysis
of plastid data set). The unstable rooting with Seshania is not surprising, because of high
differences between sequences of Sesbania and any member of Loteae. It 1s clear that
long branch attraction does not allow precise rooting of Loteae in our study. Still, higher-
level studies of legume phylogeny suggest that Sesbania could be the closest outgroup of

Loteae (Wojciechowski et al., 2004).
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Dorycnopsis abyssinica
Dorycnopsis gerardii
Kebirita roudairei
Syrmatium glabrum
Acmispon parviflorus
Oltleya utahensis
Hosackia pinnata
Hosackia rosea

Ornithopus compressus

Ornithopus micranthus

Anthyllis cytisoides

Anthyllis circinnata

Antopetitia abyssinica

Pseudolotus villosus

Hammatolobium lotoides

Cytisopsis pseudocytisus
Tripodion tetraphyllum
Lotus tetragonolobus

Lotus schimperi

Hippocrepis balearica

Hippocrepis multisiliquosa

Hippocrepis emerus

Scorpiurus muricatus

Podolotus hosackioides

Coronilla vaginalis

Coronilla repanda

Coronilla viminalis

Coronilla somalensis

Coronilla rostrata

Sesbania sesban

Fig. 1. 50%-majority rule bootstrap consensus tree inferred from maximum parsimony analysis of

combined nrlTS plus plastid data. Bootstrap support values are indicated. The tree is rooted using
Sesbania as the outgroup. Names of taxa with lomentaceous fruits are underlined.
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Podolotus hosackioides
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Fig. 3. Tree inferred from Bayesian analysis of combined nrITS plus plastid data. Posterior
probabilities of branches are indicated. Scale = 0.1 substitution/site. The tree is rooted using
Sesbania as the outgroup. Names of taxa with lomentaceous fruits are underlined.
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mature calyx of Podolotus is morphologically similar to the calyx of Coronilla (Polhill,
1981). Therefore we cannot rule out the possibility that Podolotus also has joint initiation
of adaxial sepals.

When we consider the evidence from morphology together with recent molecular
phylogenetic data, it appears to be most logical to estimate a basal split of Loteae
between the ((Coronilla + Podolotus)(Hippocrepis + Scorpiurus)) clade (the /Coronilla
clade) and the rest of Loteae (the /core Loteae clade). If we accept this rooting, several
Interesting tendencies in morphological evolution can be traced (data from Sokoloff ef
al., 2007). Two unusual morphological features are recorded only from the /Coronilla
clade, namely, the joint initiation of adaxial sepals and flower buds bent backwards.
Stipules reduced to dark glands and occurrence of a sterile bract on peduncles of partial
inflorescences appear to be synapomorphies of the /core Loteae clade (with a few
scattered reversions in species-poor lineages). Both character states are absent from the
/Coronilla clade, and the occurrence of a sterile bract appears to be a unique feature of
Loteae, at least among higher papilionoid tribes (Sokoloff et al., 2007).

Homoplastic evolution of lomentaceous fruits in Loteae: If Podolotus is sister to
Coronilla, important conclusions can be made on fruit evolution in Loteae. The following
genera of Loteae have lomentaceous fruits: Hippocrepis, Scorpiurus, Coronilla,
Hammatolobium, Antopetitia, Ornithopus. This is clearly a derived character state in
Loteae (e.g., Allan er al., 2003; Degtjareva et al., 2003). The ancestral fruit type of
Loteae would be the fruit that dehisces by two valves, as in Lotus, Podolotus, Hosackia
and other genera that were assembled in the Polhill’'s expanded Lotus s.l. The
primitiveness of dehiscent fruits is supported by the fact that this kind of fruits is present
in and typical to outgroups of Loteaec (Sesbanieae and Robinieae). Molecular
phylogenetic data show that Ornithopus is sister to Hosackia, Antopetitia is sister to
Anthyllis, Hammatolobium is sister to Cytisposis, Coronilla is sister to Podolotus. In all
these pairs, one of two genera has lomentaceous fruits while another one has non-
lomentaceous (either dehiscent or indehiscent) fruit. The only sister pair of genera both
having lomentaceous fruits is Hippocrepis and Scorpiurus. In total, phylogenetic data
suggest occurrence of at least five independent origins of lomentaceous fruits in Loteae.
It 1s most interesting that the placement of Podolotus suggests independent origins of
lomentaceous fruits in° Coronilla and Hippocrepis. These two genera were always
considered to be closely related, and the fruit morphology was usually seen as the key
feature to unite them. Lassen (1989) however suggested that lomentaceous fruits possibly
evolved more than once in course of evolution of this group. Based on comparative
morphology, he suggested that Coronilla, Hippocrepis and Scorpiurus are possibly not
closer to each other than to Podolotus and Hosackia. Lassen (1989) highlights the fact
that the moniliform fruit of Podolotus 1s very peculiar; although it is dehiscent, the
innerhyaline stratum at maturity separates from the valves and surrounds the individual
seeds like plastic bags. Therefore, the fruit of Podolotus can be seen as a step towards
lomentaceous fruits. Our study largely supports the conclusions of Lassen, though we did
not find evidence for close relationships between Podolotus and Hosackia.

We agree with Lassen (1989) in the hypothesis that the structure of inner pericarp
layer in Podolotus can be seen as a precondition for the origin of lomentaceous fruits.
However, this feature is not restricted to Podolotus. Rather, presence of parenhymatous
septa between adjacent seeds is characteristic to nearly all members of Loteae with
dehiscent fruits. Separation of the iner parenchymatous layer of pericarp in mature fruits
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