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Abstract

cp DNA variations were examined in 5 genera of the tribe Polygonatae, for 60 probe-enzyme
combinalions, to study Disporum-Prosaries generic separation problem. The shared fragments were counted,
index of similarity and distance matrix was calculated. The distance within the genus Prosartes was 0.033,
while it differed from Disporum in 0.34-0.342. The difference of Prosartes from Streptopus was 0.217,
while between Disporum and Uvularia was 0.164-0.171. The data was examined using Neighbour Joining
(NJ) and Fitch-Margoliash methods. The divergence between Disporum and Prosartes was greater than that
between Disporum and Uvularia or Prosartes and Streptopus. Within the genus Prosartes, P. maculaia was
different from the rest of the Prosartes species.

rbcl gene sequence data revealed that north American Prosartes and Asian Disporum species differed
by 90-96 substitution (100d= 6.92-7.41). The base substitution between Disporum and Prosartes is much
greater than that between Prosartes and Streptopus (14-16, 100d=1.03-1.18) or that between Disporum and
Uvularia (23-26, 100d=1.70-2.01).

The results support recent morphological, karyological and molecular arguments of the restoration of
genus Prosartes as an independent genus. The results also indicate that Uvularia is closly related to

Disporum while Strepiopus is closer to the genus Prosartes.
Introduction

Genus Disporum comprises about 23 species perennial herbaceous plants
characterized by drooping terminal inflorescence. The taxonomy of the genus
Disporum sensu lato 1s quite controversial.

The genus Disporum was first described by D. Don (1825) and Prosartes as an
independent genus in 1841. The distribution of the genus 1s isolated disjunctively into
two remote regions; one (Disporum sensu stricto) in eastern Asia southward to Ceylon
and the eastern Himalayas, and the other (Prosartes) in North America. Bentham &
Hooker (1883) transferred the then species of Prosartes to the genus Disporum on the
basis of similarity in the habit and some floral characters of the taxa. Lumping of these
2 genera was criticized many times (Jones, 1951; Therman, 1956; Cave, 1970; Sen,
1975; Takhtajan, 1987; Hong & Zhu, 1990; Tamura er al., 1992). Jones (1951)
created a section Prosartes and kept all North American species of the genus under it.

Morphologically and karyologically Prosartes differs from Disporum in that, 1)
anthers are innate in Prosartes while adnate in Disporum, ii) style entire in Prosartes
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while deeply divided in Disporum, ii1) the seeds are pendulous tn Prosartes while
ascending in Disporum, 1v) Prosartes has straw-coloured to reddish berries while
Disporum has dark blue to black berries, v) chromosomes are smaller in Prosartes than
Disporum, and vi) Prosartes has prochromosome type (i.e. chromosomes with distinct
characters), while Disporum possesses a typical homogeneously diffused type of
interphase chromosomes.

Takhtajan (1987) reported that chromosomes of Asiatic Disporum are similar to
Uvularia than to Prosartes. Conover (1983, 1991) reported that leaf venation and
stomatal guard cell pattern of Prosartes were quite distinct from those of Disporum.
Fakuhara & Shinwari (1994) mentioned that the seed coat anatomy of Disporum is
similar to Uvularia and Prosartes has distinct type of seed coat structures.

Based on observations of Jones (1951), Therman (1956), Sen (1975), Takhtajan
(1987), Hong & Zhu (1990), Tamura es al., (1992) the section Prosartes was
recognized as an independent genus by Utech et al., (1994) and Shinwari er al.,
(1994a). .

In recent years there has been growing interest in the use of molecular systematics
as a tool for solving controversial phylogenetic problems (Ogihara & Tsunewaki, 1982;
Shinwari et al., 1994a,b,c). Palmer (1985) and Crawford (1990), have provided a
concise and lucid discussion of the potential value and limitations of RFLPs for
systematic studies. Such studies have contributed to a better understanding of a host of
phylogenetic problems, including the identification of crop plant origins from wild
species, 1dentification of maternal and paternal ancestry of a number of hybrid and
polyploid species, detection of unexpected cases of introgression, and identification of
the progenitor genus of a putatively monotypic, morphologically isolated genus (Palmer
1987; Palmer er al., 1988; Crawford, 1990).

In our first effort (Shinwari et al., 1994a) rbcL gene sequence data was obtained
for 4 species of Disporum sensu lato. To further check the idea of restoration of the
genus, seed coat anatomy of a number of closely related taxa was studied (Fukuhara &
Shinwari, 1994). in the present study more information on the subject is provided
through restriction fragments length polymorphism (RFLP) of two species of Disporum
sensu stricto, all five species of genus Prosartes, two species of genus Uvularia, one
species each of genus Streptopus and Tricyrtis.

Materials and Methods

Plant Materials: Eleven accessions of five different genera of tribe Polygonatae sensu
lato were selected to represent 11 species (Table 1). Voucher specimens have been
deposited in the Herbarium of the Department of Botany, Faculty of Science, Kyoto
University, Japan (KYO).

DNA extraction: DNA from the leaf samples were extracted according to modified
method of Tai & Tanksley (1990). Three to four grams of fresh leaves were snap-
frozen with liquid-nitrogen and crushed into fine powder with mortar and pestle. To
the powdered leaves which were transferred into 50ml polypropyrene corning tube,
16ml of prewarmed extraction buffer (100mM Tris-HCI, pH 8.0; 50mM EDTA, pH
8.0; 50mM NaCl; 1.25% SDS; 10mM B-merchaptoethanol) was added. After a
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Fig.1. A Neighbor - Joining method tree among 4 genera and 6 species of Liliaceae - Polygonatae, reflecting

relationship between Asiatic Disporum and American Prosartes.

thorough mixing, the tube was incubated at 65°C for 10 min. Subsequently, 6 ml of
SM KAc was added to the tube, which was kept on ice for 20 min. Approximately 10
ml chloroform was added to each tube. After thorough mixing, the tube was
centrifuged in Hitachi refrigerated centrifuge (20 PR) at 7,000 rpm for 10 min. The
aqueous phase was transferred into a new tube and the DNA was precipitated by adding
12 ml of isopropanol and centrifuged at 7000 rpm for 8 min. The pellet was then
dissolved in 600xl-TE, 30ug RNase and was incubated at 65°C for 30 min. The
insoluble debris was spun down in a microfuge at 15,000 rpm for 20 min. The
supernatant was stored at 4°C.

RFLP analysis: DN As were digested with 12 six-base cutters (Bam HI; Bgl 11; Dra I;
Eco RI; Eco RV; Hin dllI; Kpn I; Pst I; Pvu II; Sac I; Sca I and Xho I),
electrophoresed in agarose gels, transferred onto nylon membranes (Hybond-N,
Amersham), and hybridized with Dioscorea (Terauchi er al., 1989). The labeling of
probes and detection of hybridization were done with a non-radioactive system using
DIG-dUTP kit (Boehringer Mannheim).

Phylogenetic trees: A Neighbour Joining (NJ) dendrogram (Fig. 1) Saitou & Nei (1987)
and Fitch Margoliash tree (Fig.2) were constructed showing restriction fragment pattern
similarity among these 11 taxa. The NJ method is a distance matrix method producing
an unrooted tree without the assumption of a clock. NJ method sequentially identifies
neighbour pairs that minimize the total length of the tree. Fitch & Margoliash (1967)
method proceeds by inserting "missing” OTU's as common ancestors of later OTU's
and fits branch lengths to groups of three OTU's at a time.

Results

RFLP analysis: Hybridization of the five cpDNA probes to southern blot with digest of
I'l DNA samples for the 12 enzymes were examined. We failed to detect small
fragments ( < 1kb) predicted to occur because of a restriction site loss/gain. Failure to
detect these fragments most likely results from insufficient sensitivity of the southern
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Fig.2. A Fitch Margollash tree among 4 genera and 6 species of Liliaceae - Polygonatae, reflecting relation-

ship between Asiatic Disporum and American Prosartes.

hybridization to detect small fragments (Fig.3) and that Disporum is closer to Uvularia
than to Prosartes, while Prosartes is nearer to Streptopus than to Disporum.

The result obtained by counting shared fragments and calculating the index of
similarity and distance matrix shows that the distance within the genus Prosartes was
0.033, while it differed from Disporum in 0.34-0.342 (Table 2). The difference of
Prosartes from Streptopus was 0.217, while between Disporum and Uvularia as 0.164-
0.171. The data was examined using NJ and Fitch-Margoliash methods. The
divergence between Disporum and Prosartes was greater than that between Disporum
and Uvularia or Prosartes and Streptopus. Within the genus Prosartes, P. maculata
was different from the rest of the Prosartes species.

rbel. gene sequence data revealed that North American Prosartes and Asian
Disporum species differed by 90-96 substitution (100d= 6.92-7.41). The base
substitution between Disporum and Prosartes is much greater than that between
Prosartes and Strepropus (14-16, 100d=1.03-1.18) or that between Disporum and
Uvularia (23-26, 100d=1.70-2.01).

Discussion

The higher order taxonomy as well as intrageneric classification and taxonomic
status of Disporum sensu lato is currently in a flux. Uvularia and Srreptopus are the
genera most commonly associated with Disporum sensu lato. Numerous morphological
reasons against lumping of Disporum and Prosartes. (Don, 1841; Hooker, 1883;
Takhtajan, 1987; Gleason & Cronquist, 1991) and karyological (Jones, 1951; Therman,
1956; Sen, 1975. Hong & Zhu, 1990. Tamura er al., 1992) were given. The recent
studies on micro-morphological leaf characters (Conover 1983, 1991) and seed coat
anatomy (Fakuhara & Shinwari, 1994) also recommend generic status for Prosartes.

Based on all these observations Utech er al., (1994) and Shinwari et al., (1994)
justified the formal recognition of genus Prosartes. The results of the present study
revealed greater divergence between Disporium and Prosartes than between other
genera of the tribe. Therman (1956) was of the view that the center of diversification of
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BE5

Fig 30 RELP paterns. (For accession numbers 1-11 see Table 1)

the whole tribe Polygonatae probably lies in Eastern Asia. The size of chromosomes of
Disporum 1s much bigger than that of Prosartes and Streptopus. Therefore, based on
all this information we can conclude that Disporum in the tribe is a primitive genus and
the rest of the genera are rather advanced.

rbcll gene sequence data revealed that North American Prosartes and Asian
Disporum species differed by 90-96 substitution (100d= 6.92-7.41). The base
substitution between Disporum and Prosartes 1s much greater than that between
Prosartes and Streptopus (14-16, 100d=1.03-1.18) or that between Disporum and
Uvularia (23-26, 100d=1.70-2.01).

The divergence between Disporum and Prosartes was greater than that between
Disporum and Uvularia or Prosartes and Streptopus. Within the genus Prosartes, P.
maculata was ditterent from the rest of the Prosartes species. Molecular data turned
out to be congruent with morphological data in supporting the restoration of the genus
Prosartes.
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