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Knowledge of phylogenetic relationships provides insights into the origin and
evolution of cultivated plants which are important for the human society. The subgenus
Ceratotropis (Piper) Verdcourt of the genus Vigna (Leguminosae) includes five
important legumes, mung bean (Vigna radiata), black gram (V. mungo), moth bean (V.
aconitifolia), azuki bean (V. angularis) and rice bean (V. umbellata) for food, and other
species utilized as forage and cover crops. The wild species of Ceratotropis inhabit
coastal sandy soil, lime stone hills, rocky places, forest margins, roadsides and open
fields in the southeastern part of Eurasia. Despite the agronomical and ecological
importance of the subgenus, little is known about the genetic diversity and interspecific
relationships among the domesticated and wild species of Ceratotroprs. This study
aimed to investigate the intra- and inter-specific relationships in subgenus Ceratotropis
in order to undserstand its origin and evolution for better utilization of genetic
resources. Chapter I reviewed conventional taxonomic, geobotanic and phylogenetic
studies in Ceratotropis. Chapter II described characterization of Vigna species from
Myanmar at molecular level. Chapter III mentioned the molecular phylogeny of
subgenus Ceratotropis based on four chloroplast DNA region sequences. Chapter IV
examined intraspecific diversity of wild, weedy and cultivated azuki beans for

discussing the origin of crops. Chapter V included general conclusions.

In the chapter I, taxonomy, diversity and ethnobotany in subgenus Ceratotropis



were reviewed. The subgenus consists of ca. 21 species which are distributed in tropical
South Asia, Himalayan highlands, subtropical South East Asia, and temperate East
Asia. The subgenus is considered to be a morphologically homogeneous group, however
it is subdivided into two morphological groups (Azuki bean group s. stz and Mung bean
group) or three sections (Angulares, Ceratotropis and Aconitifoliae) on the basis of
seedling characters. Based on cross compatibility, three or more isolated gene pools
were proposed in Ceratotropis. Although inter- and intra-specific relationships within
the Ceratotropis have been investigated by the morphological, biochemical, isozyme and
DNA analyses, there still remains little understanding of phylogeny. Morphological and
molecular studies indicated incongruency on relationships among species and
subdivision of subgenus Ceratotropis. These different opinions on phylogenetic
relationships and diversity of subgenus Ceratotropis were mainly based on limited
samples from South Asia and East Asia. Furthermore, different geographic regions have
been proposed on the cradle of domesticated species. For example, there are two
hypotheses on the origin of domesticated azuki bean (V. angularis var. angularis): East
Asian origin vs. multiple origins, although direct progenitor of cultivated azuki bean is

unclear.

In the chapter II, phylogenetic placement of Vigna species from Myanmar were
determined using three non-coding region sequences of zrnT-F. Fifteen species including
author’s collections in field surveys and those from National Seed Bank of Myanmar
were selected. Phylogenetic tree based on 110 informative characters in trnT-F divided
10 Myanmar species into two well differentiated groups, the azuki bean group and the
mung bean group. Six Myanmar species were clustered with the azuki bean group and
four species with the mung bean group. No lineage differentiation was found among
three races of V. angularis and V. nepalensis. Wild Vigna accession from Myanmar
showed similar morphological features to wild azuki bean and shared a 51-bp deletion
with V. angularis and V. nepalensis. Three V. minima accessions grouped as a distinct
clade. Vigna riukiuensis nested with V. nakashimae and sistered to V. hirtella, V.
umbellata, and V. exilis. The mung bean group radiated into five subgroups. Vigna
trinervia from Myanmar clustered with tetraploid V. reflexo-pilosa. A high level of
difference in substitutions, indels and microsatellites in the #rnT-F region was found
between mung bean and black gram. Phylogenetic relationships and diversification

pattern suggest that Myanmar is an overlapping area of two genetically distinct groups.

In the chapter III, phylogenetic relationships and histotrical biogeography
of subgenus Ceratotropis were investigated by sequencing the multiple chloroplast DNA
regions (petA-psbd, psbD-trnT, truT-trnE and ¢trnT-trnl) in 42 accessions of 18 species
and four outgroups. The maximum parsimony and Bayesian phylogenetic trees based

on 224 parsimony informative sites revealed robust interspecific relationships and



presence of two geographical groups. The East Asia-South East Asian clade included
two domesticated and 9 wild species and was subdivided into two subgroups, temperate
and subtropical groups. Temperate group included V. minima from Myanmar, wild,
weedy and cultivated V. angularis and V. nepalensis, and subtropical group comprised V.
nakashimae, V. riukiuensis, V. minima from Indonesia, V. Airtella, V. exilis, wild and
cultivated V. umbellata and V. tenuicaulis. The Indian subcontinent clade included four
domesticated and eight wild species in tropical regions of South Asia. This clade,
tropical group, was divided into two subgroups: V. trinervia- V. reflexo-pilosa- V. trilobata
subgroup and V. mungo-V. grandiflora subgroup. Character mapping on the
phylogenetic trees indicated multiple evolution of hypogeal germination and pod
pubescence in subgenus Ceratotropis. Applying the absolute synonymous substitution
rate of ~1.3 x 109 substitution/site/year and assuming 7' = D4/2), the divergence of
Indian subcontinent clade from East Asia-South East Asia clade was estimated at 4.2
mya (Da = 0.01116). Temperate group diverged from subtropical group at 1.9 mya (Da =
0.0494) within East Asia- South East Asian clade. Diversification of subgenus
Ceratotropis into different geographical and ecological groups might be in

Pleistocene-Holocene epoch.

In the chapter IV, in order to investigate the sequence variation in
domesticated azuki beans, four chloroplast intergenic spacer regions ({rnQ-rpsl6,
trnD-trnY, trnT-trnE, psbD-trnT) were analyzed in 31 accessions representing wild,
weedy, cultivated azuki beans and related V. nepalensis. Wild azuki bean, V. angularis
var. nipponensis, from East Asia shared the same substitution and microsatellite
repeats with weedy and cultivated azuki beans. Himalayan endemic species, V/
nepalensis, was closely related to V. angularis suggesting V. nepalensis to be one of the
representatives of wild azuki bean adapted to relatively warm climatic conditions of
Himalayan highlands. Intraspecific chloroplast DNA phylogeny and haplotype network
revealed two geographical groups of wild azuki beans. Shared synapomorphy,
microsatellite variation, and no lineage differentiation between Himalayan and East
Asian cultivated azuki beans suggest that the maternal genome donor of cultivated
azuki bean is the wild populations from East Asia. The cultivated azuki bean might

disperse throughout Asia after the domestication in Far East Asia.

Present study provides the accurate phylogenetic information on species
relationships, evolutionary pathways and origin of subgenus Ceratotropis. Chloroplast
non-coding region sequences indicated Pleistocene-Holocene diversification of subgenus
Ceratotropis into two major groups in Indian subcontinent and South East Asia. Closest
wild relatives of domesticated species of Ceratotropis were revealed in different
eco-geographic groups. Presence of only two major groups and multiple origin of

hypogeal germination type disagree with the three sections in subgenus Ceratotropis.



Chloroplast haplotype network of three races of V. angularis suggests domestication of
azuki bean in East Asia. Ecological and geographic factors assumed to play an
important role in the diversification of subgenus Ceratotropis. The results of present
study will provide a foundation for sustainable utilization of wild species as genetic
resources in gene transfer and crop improvement as well as in situ and ex situ

conservation of plant diversity.
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