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ABSTRACT. Diuris species exhibit a large amount of morphological variation, resulting in a lack of unique
characters and hence difficulties in assessing phylogenetic relationships. This study used direct sequencing
of the nuclear ITS and plastid #rnT-F regions for assessment of the phylogenetic relationships among some
closely related Diuris species from the state of Victoria, Australia. Yellow- and purple-flowered Diuris
species formed well-supported monophyletic sister clades. Relationships within the purple-flowered clade,
including Diuris fragrantissima, were unresolved and purple-flowered species in the ‘‘punctata” group
sampled for this study are genetically very closely related. This study will have implications for the con-
servation of Diuris fragrantissima and the location of a suitable mycorrhizal symbiont for reintroduction

of this critically endangered species.
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INTRODUCTION

The sunshine diuris, Diuris fragrantissima
D.L. Jones & M.A. Clem., is among Victoria’s
most endangered orchid species, suffering a se-
vere population decline since the 1930s. Once
abundant in numbers of tens of thousands on the
native grassland plains west of Melbourne, by
1980 only one population of less than 100 in-
dividuals remained. In 2001, three plants existed
at this site, but these plants have not recurred
since 2002. The decline of plant numbers is
largely the result of habitat destruction and deg-
radation from agricultural, industrial, and urban
development. Other factors are grazing, weed in-
vasion, and illicit collection. At one stage, the
last remaining site was guarded during daylight
hours in the flowering season, because media
publicity attracted thieves and vandals. In the
late 1970s to early 1980s, plants were propagat-
ed symbiotically from seed, with some plants
collected directly from the wild and placed in
cultivation at the Royal Melbourne Zoo. Seed
from these original plants has been germinated
asymbiotically, resulting in a flourishing ex-situ
collection of the plants. To date, however, at-
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tempts at (symbiotic) reintroductions have been
unsuccessful.

The genus Diuris Smith was first placed in
tribe Diurideae by Endlicher in 1842 (Kores et
al. 2000, 2001). With the exception of a single
species in East Timor, the genus is entirely re-
stricted to Australia with more than 55 species
distributed through every state except the North-
ern Territory (Bishop 1996, Jones 2000). Al-
though the genus has been recognized consis-
tently during 160 years of taxonomic treatments
of the family Orchidaceae, the genus remained
under revision in 2001 (Jones 2000). Hence the
exact number of species within the genus was
still unknown almost 160 years after its circum-
scription.

Although the genus as a whole is easily rec-
ognized by its attractive flowers (Backhouse &
Jeanes 1995), many species and even plants
growing in close proximity can exhibit an ex-
traordinary range of floral forms. This variation
causes great difficulties in defining taxa (Bishop
1996, Jones & Clements 2001, Kores et al.
2001). Adding to this are frequent hybridization
(Bishop 2000, Jones & Clements 2001) and the
ability of species to mimic other plants growing
sympatricly that tricks pollinators into visiting
the unrewarding flowers (Dafni & Bernhardt
1990, Bishop 1996).
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The limited number of unique characters and
the great morphological diversity within and be-
tween species have made morphological studies
difficult within the genus Diuris. Groups within
the genus are being revised progressively, based
on morphology (Jones 2000). The 55 species
currently recognized have been placed into sev-
en morphological groups, with Diuris fragran-
tissima placed in the Diuris punctata group
along with other eastern Australian species D.
alba, D. arenaria, D. dendrobioides, D. oporina,
D. parvipetala, D. punctata, and D. tricolor
(Jones 2000). Species within this group are char-
acterized by forked to palmate tubers held ver-
tically in the soil, white to purple flowers, and
long lateral sepals (Jones 2000).

Once known as the white form of the purple
diuris (Diuris punctata var. albo-violacea Rupp
ex Dockr.), Diuris fragrantissima, the sunshine
diuris, was first recognized as a separate species
by Jones and Clements (Clements 1989, Murphy
et al. 2002). The species is shorter in stature than
other purple-flowered Diuris species and has
generally pale-colored, fragrantly scented flow-
ers (Backhouse & Jeanes 1995). The genetic dis-
tinction between D. punctata and D. fragrantis-
sima, however, has not been investigated.

Substantial morphological variation occurs
within populations of Diuris punctata across
Victoria. Since 1989 D. fragrantissima has been
recognized as a separate species based on mor-
phological characters. The ex-situ collection of
this species is also very morphologically vari-
able. The relationships between D. fragrantissi-
ma and other species in the ‘“punctata” group
must be fully understood to achieve successful
reintroductions and especially to locate suitable
reintroduction sites. Fay and Krauss (2003) stat-
ed, “Until the relationships between species and
delimitation of species in a group are fully un-
derstood, it can be difficult or inappropriate to
formulate conservation strategies.”

To date, molecular methods have not been
employed to better understand relationships ex-
clusively within the genus Diuris. An amplified
fragment length polymorphism (AFLP) study of
an ex-situ collection of D. fragrantissima, how-
ever, found genetic variation in this species,
which has been in cultivation for 20 years (E.
Pryde pers. comm.).

Most classifications of Diuris species, even at
the tribal and sub-tribal levels, do not include
more than one Diuris species (Cameron et al.
1999, Kores et al. 2000). In their molecular
study of the tribe Diurideae, Kores et al. (2001)
include only two species of Diuris. Clements et
al. (2002) include four Diuris species in their
phylogenetic analysis of tribe Diurideae, but
none of these is placed within the same group

SELBYANA

Volume 26(1,2) 2005

based on morphology (Jones & Clements 2001).
Species ‘“‘complex” relationships within the ge-
nus Diuris (such as the D. punctata complex of
large purple-flowered species) have not been re-
solved on the basis of molecular data. If the mo-
lecular relationship between species within this
group is close, it may be possible to use fungi
isolated from the more widespread species for
use in the reintroduction of the rarer D. fragran-
tissima.

DNA sequence data are now used widely to
investigate phylogenetic relationships of orchid
taxa at varying taxonomic levels and in the de-
limitation of orchid species (Fay & Krauss
2003). For reconstructing phylogenetic relation-
ships at various taxonomic levels within Orchi-
daceae, the following DNA regions have been
used successfully: the internal transcribed spacer
(ITS) region of nuclear ribosomal DNA (nr-
DNA), trnT-trnF (including the trnT-trnL inter-
genic spacer, trnL intron, and region between
trnL and trnF) and marK regions of the chloro-
plast DNA (cpDNA). Analyses of plastid and
nuclear DNA sequences, as well as combined
analyses of these sequences, have been used in
many molecular systematic studies to date:
Douzery et al. (1999), Sierra et al. (2000), Whit-
ten et al. (2000a, 2000b), Gravendeel et al.
(2001), Kores et al. (2001), Pridgeon and Chase
(2001), Pridgeon et al. (2001), Soliva et al.
(2001), Gravendeel and Vogel (2002), Carlsward
et al. (2003). The use of combined data sets us-
ing regions with different levels of variation in-
creases phylogenetic resolution, hence providing
insight into evolutionary changes within taxa
rather than genes (Whitten et al. 2000b, Soliva
et al. 2001). Therefore the aims of this study
were to identify phylogenetic relationships with-
in the purple-flowered “D. punctata” species
complex and to determine their relationship to
some yellow-flowered Diuris species within
Victoria.

MATERIALS AND METHODS

Species sampled and collection sites are listed
in TABLE 1. Diuris fragrantissima, D. dendro-
bioides, and D. punctata form the “‘punctata”
group. The remaining species were selected for
the analyses, because they are all placed in dif-
ferent morphological groups (Jones 2000) and
hence provide a good comparison for closeness
of relationships between species in the “D.
punctata” group. They also were selected, be-
cause they are found in a similar geographical
range within Victoria. Plant material did not
need to be collected for all D. fragrantissima,
two D. sulphurea, and two D. punctata, as their
stored DNA samples were provided by Liz
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TaBLE 1. Sample sites, species sampled, and accession numbers.
Genbank accession number
Sample site Species sampled trnT-F ITS
Melbourne Zoo Diuris fragrantissima™® AY851051 AY851068
Munro D. punctata AY851059 AY851076
Rockbank D. chryseopsis AY851046 AY 851063
Parwan D. chryseopsis AY851045 AY851062
Wooragee D. chryseopsis AY851053 AY851070
D. punctata AY851060 AY851077
Bonegilla D. dendrobioides AY851047 AY851064
Boorhamen D. punctata AY851056 AY851073
D. dendrobioides AY851048 AY851065
Grampians D. punctata AY851057 AY851074
Lake Fyans D. punctata AY851058 AY851075
D. orientis AY851054 AY851071
D. pardina AY851055 AY851072
Research D. sulphurea AY851061 AY851078
Genbank Orthoceras strictum AJ409433 AF348048

* Plant material collected and DNA extracted by Liz Pryde, RMIT University, Melbourne, Victoria, Australia,

2002.

Pryde, RMIT University. These samples had
been extracted from plants held in ex-situ col-
lections at Melbourne Zoo and the Royal Botan-
ic Gardens Melbourne and private collections of
Dick Thomson and Helen Richards. For DNA
extraction, ca. 5 cm of one young leaf was col-
lected from each plant, placed on moist paper
toweling, and transported to the laboratory on
ice.

DNA Extraction, Amplification,
and Sequencing

DNA was extracted from fresh or silica-gel-
dried leaf tissue, using Dneasy extraction Kits
(Qiagen), following the manufacturer’s instruc-
tions. Amplification of all DNA regions was car-
ried out in 40 ul polymerase chain reactions
(PCR), including 20 ul HotStarTaq® MasterMix
(Qiagen), 0.8 ul each primer, 1.6ul template
DNA, and 16.8 ul MilliQ H,O. Three regions
between the trnT and #rnF genes (including the
trnT-L and trnl-F intergenic spacers and trnL
intron) were amplified in separate reactions, us-
ing the forward primers a (CATTACAAATGC
GATGCTCT), ¢ (CGAAATCGGTAGACGCT
ACG), and e (GGTTCAAGTCCCTCTATCCO),
along with their reverse primers, b (TCTACC
GATTTCGCCATATC), d (GGGGATAGAGG
GACTTGAACQC), and f (ATTTGAACTGGTGA
CACGAG) (Taberlet et al. 1991). Nuclear ribo-
somal ITS1and ITS2 spacers along with the 5.8S
gene were amplified with the primers 17SE (A
CGAATTCATGGTCCGGTGAAGTGTTCG)
and 26SE (TAGAATTCCCCGGTTCGCTCGC
CGTTAC) (Sun et al. 1994). The thermal cy-
cling protocol, conducted using a Biometra®™

thermocycler was as follows: for ITS, 94°C 2
min., (94°C 1 min., 52°C 1 min., 72°C 2 min)
30 cycles, 72°C 7 min. extension; for rrnT-E
95°C 15 min., (94°C 30 sec., 57°C 30 sec., 71°C
1 min.) 30 cycles, 72°C 5 min. extension. PCR
products were purified using the Qiaquick PCR
Purification Kit (Qiagen) following the manu-
facturers protocol. Cycle sequencing was carried
out directly on the purified PCR product, using
the ABI Prism Big Dye Terminator Cycle Se-
quencing Ready Reaction Kit (Applied Biosys-
tems, Foster City, California, USA) with 3 pl
PCR product, 4 pl Big Dye Terminator mix, 4
pl of sequence dilution buffer, 1.0 pl primer, and
8 nl MilliQ H,O. Cycle sequencing conditions
for both nrDNA ITS and plastid #rnT-F regions
was comprised as follows: 96°C 30 sec., 50°C
15 sec., 60°C 4 min. (24 cycles) 4°C 30 min.,
using a Biometra® thermal cycler. Sequencing
reactions were purified using ethanol precipita-
tion, and both forward and reverse sequences
were analyzed on an ABI 377 automated se-
quencer, using standard dye-terminator chemis-
try (conducted by the Microbiology Department,
Monash University, Clayton, Victoria).

Phylogenetic Analyses

Programs made available by the Australian
National Genomic Information Service, AGIC
1996-1998) (ANGIS) were used to edit and
align sequences (ClustalX). All sequences were
submitted to Genbank, and accession numbers
are provided in TABLE 1. Individual gaps in the
sequence data were coded as missing values; in-
sertions/deletions were coded as present/absent
characters; and individual base positions were
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TABLE 2. Values and statistics from parsimony analyses of plastid and nuclear sequences and combined data.
Values and statistics trn'T-F ITS Combined matrix

Taxa (No.) 8 8 8
Characters (No.) 1745 836 2581
Variable characters (No.) 141 137 278
Phylogenetically informative

characters (No.) 44 60 104
MPTs (No.) 6 1 4
Tree length (steps) 79 81 164
CI 0.6552 0.8148 0.7134
RI 0.8272 0.9453 0.8922
Clades in bootstrap consensus

with >85% support (No.) 4 4 6

Note: MPTs = maximum parsimony trees. CI = consistency index. RI = retention index.

coded as unordered multistate characters. Eight
indel characters were coded for the #rnT-F and
two for the ITS region. All characters were treat-
ed as independent, unordered, and equally
weighted. Maximum parsimony (MP) analyses
were conducted using PAUP* version 4.0b10
(Swofford 1998) for separate and combined
trnT-F and ITS datasets, using heuristic searches
with 100 random addition sequence replicates,
tree bisection-reconnection (TBR) branch swap-
ping, and MULPARS on. Orthoceras strictum
was used as outgroup in all analyses based on
previous molecular studies by Kores et al.
(2001) and Clements et al. (2002). The consis-
tency indices (CI) and ensemble retention indi-
ces (RI) (Kitching 1998) were calculated. Inter-
nal support values of clades in separate and
combined analyses were calculated using boot-
strap analyses (Felsenstein 1985), with 1000 full
heuristic bootstrap replicates, TBR branch-swap-
ping, 10 random addition sequence replicates,
and MULPARS on. Bootstrap values were con-
sidered as strong (85-100%), moderate (75—
84%), and weak (50-74%) following Pridgeon
et al. (2001).

RESULTS

Results of this study are presented under the
following headings: the trnT-trnF alignment, nu-
clear ribosomal ITS1-5.8S—ITS2, and combined
nuclear and plastid sequences.

trnT-trnF

The trnT-trnF alignment had a total of 1745
sites, of which 141 were variable and 44 were
phylogenetically informative (TABLE 2). Eight
indels were scored in this region. Greater vari-
ation was observed in the non-coding trnT-trnL
intergenic spacer than in the combined sequence
data of the #rnL intron and #rnL-F intergenic

spacer, which was unexpected. FIGURE 1 shows
the strict consensus of the six most parsimonious
trees (MPTs) obtained (length = 79, CI = 0.66,
RI = 0.83) and the bootstrap percentages of sup-
ported clades. Although few groups were re-
solved, the majority of clades were supported by
high bootstrap percentages (BP > 85%). Four
out of six clades received strong support: Clade
C, Diuris chryseopsis—D. pardina (BP = 99);
Clade E, D. dendrobioides (BP = 84); Clade D,
D. chryseopsis (BP = 96), and Clade E D. punc-
tata from The Grampians and Lake Fyans (BP
= 91). The entire ingroup, with the exception of
D. sulphurea, was weakly supported as mono-
phyletic (Clade A, BP = 57). Within this clade,
yellow-flowered species (D. chryseopsis, D. par-
dina, and D. orientis) formed a separate clade
(B), and purple-flowered species (D. punctata,
D. sp. aff. punctata, and D. fragrantissima) were
unresolved. Diuris pardina formed the sister
taxon to D. chryseopsis, and these two species
formed a sister clade to D. orientis. Diuris den-
drobioides was moderate—strongly resolved (BP
= 84) and was the sister group to D. punctata
from Boorhamen.

The relationships of Diuris fragrantissima
were not resolved within the purple-flowered
species. Diuris sulphurea was unresolved at the
basal node of the cladogram without bootstrap
support, hence the relationship of this species or
whether it is a sister group to the remaining taxa
was unclear.

Nuclear Ribosomal ITS1-5.8S-ITS2

The alignment had a total of 836 sites, of
which 137 were variable and 60 were phyloge-
netically informative (TABLE 2). Two indels
were scored in this region. The MP analyses
yielded 1 MPT (length = 81, CI = 0.81, RI =
0.95), and resolution of this single MPT (FIGURE
2) was moderate, again with four out of six
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FIGURE 1.

Strict consensus of six trees (length = 79, consistency index = 0.66, retention index = 0.83)

derived from a parsimony analysis of the #rnT-F sequence data. Bootstrap percentages are indicated above

branches. Letters indicate major clades.

clades receiving strong support. The bootstrap
consensus tree was mostly congruent with the
trnlL-F data set. Clade A, including all ingroup
taxa except D. sulphurea (as for trnT-F) was
strongly supported as monophyletic (BP = 91)
and contained two well-supported monophyletic
clades (B, BP = 100, C, BP = 87) that divide
yellow- and purple-flowered species, with the
exception of D. orientis. Diuris pardina formed
a sister group to D. chryseopsis. The topology
of the strict consensus obtained was very similar
to trnT-E but the BPs of some clades were
slightly higher, with stronger resolution of in-
group clades obtained. The only incongruence
between the ITS and #rnT-F tree was that D. or-
ientis was resolved as sister group to the purple-
flowered species (BP = 87) rather than to the
yellow-flowered species, for which it received
lower support (BP = 60). The ITS region pro-

duced considerably more resolution and more
well supported groups (BP > 85) than #nT-E
however less resolution was obtained between
the purple-flowered species (within clade E). Al-
most no variation was observed between purple-
flowered species in this region. Diuris sulphurea
was resolved outside remaining clades, hence its
relationship to remaining taxa remained unclear.

Combined Nuclear and Plastid Sequences

Comparative observations of the strict con-
sensus trees and bootstrap percentage (BP) of
the clades recovered in the separate nuclear and
chloroplast analyses identified no conflicting
well-supported clades (see FIGURES 1, 2). The
total aligned length of the combined ITS and
trnT-F sequences was 2581 bp, which contained
278 (10.8%) variable and 104 (4.0%) phyloge-
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D. punctata (Wooragee)

D. orientis (Lake Fyans)

D. sulphurea (Research)

Orthoceras strictum

FIGURE 2.

Single most parsimonious tree (length = 81, consistency index = 0.81, retention index = 0.95)

resolved from analysis of the ITS sequence data. Bootstrap percentages are indicated above branches. Letters

indicate major clades.

netically informative characters. Parsimony
analysis of combined DNA sequences produced
four MPTs with a length of 164 steps, CI of 0.71
and RI of 0.89. The strict consensus of the four
trees, including the bootstrap percentages (BP)
for each clade, is depicted in FIGURE 3. Resolu-
tion in the consensus tree was higher than for
the individual #rnT-F and ITS trees; however,
Diuris fragrantissima remained unresolved. Six
out of ten clades received strong support (BP >
85). Both purple- and yellow-flowered species
formed well-supported monophyletic sister
clades in this analysis (BP = 100). Diuris orien-
tis was weakly supported as sister to the yellow-
flowered species (clade A), as found in the anal-
ysis of the #rnT-F region (FIGURE 1). Diuris den-
drobioides formed a close relationship (BP =
86) with D. punctata weakly supported as sister
taxon (BP = 57). Diuris pardina was a well-

supported sister taxon to D. chryseopsis (clade
A, BP = 100). Diuris sulphurea was placed at
the basal node of the cladogram, outside the re-
maining ingroup taxa. Remaining ingroup taxa
formed a well-supported monophyletic clade
(BP = 94). Branch lengths on a randomly cho-
sen MPT are depicted in FIGURE 4. More varia-
tion was observed within the yellow-flowered
species clade than within purple-flowered spe-
cies (clade B), as shown by the short branch
lengths in the purple-flowered clade. Very little
variation was observed between the purple-flow-
ered Diuris species sampled in this study.

DiISCUSSION

Separate and combined analyses showed that
yellow- and purple-flowered Diuris species sam-
pled in this study formed two monophyletic
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FIGURE 3.

Orthoceras strictum

Strict consensus of four trees (length = 164, consistency index = 0.71, retention index = 0.89)

derived from a parsimony analysis of the combined #rnT-F and ITS sequence data. Bootstrap percentages are
indicated above branches. Letters indicate major clades.

clades. The placement of D. sulphurea, unre-
solved at the basal node in all analyses, was
placed outside the two major clades of purple-
and yellow-flowered species (FIGURE 3). Diuris
orientis formed a weakly supported sister group
to clade A (D. chryseopsis and D. pardina) in
the #rnT-F and combined analysis. This species,
however, was sister to the “‘punctata” group
based on ITS characters. The different gene trees
may be indicative of potential hybridogenic or-
igins of D. orientis, with the cpDNA trnT-F
tracking the maternal line and the nuclear ITS
sequence tracking the paternal line.

All populations of Diuris chryseopsis sampled
during this study showed a large amount of mor-
phological variation, particularly in plant height
and floral structure, color and fragrance. This
variation also was observed in all populations of

D. punctata, and D. dendrobioides sampled dur-
ing this study. Because of its late flowering time
and small population numbers, however, D. den-
drobioides was rarely seen in flower. Diuris
punctata generally exhibited large variation in
plant stature and floral color, ranging from white
to mottled purple to profuse dark purple. Flow-
ers were variably fragranced, which may reflect
the flowering stage rather than a useful taxo-
nomic character. Hence fragrance is not a defin-
ing character for Diuris fragrantissima, as noted
in Backhouse and Jeanes (1995) and Jones and
Jones (2000). Little variation (evolutionary
change) was observed within the purple-flow-
ered “punctata’ group, and the clade (B) has
very short branch lengths compared to the yel-
low-flowered species used in this study (FIGURE
3). These taxa were unresolved in the ITS anal-
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D. dendrobioides (Bonegilla)
D. dendrobioides (Boorhamen)

D. punctata (Boorhamen)

D. fragrantissima (Private Collection

of Helen Richards)
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D. fragrantissima (Melbourne Zoo)

D. punctata (Grampians)
D. punctata (Lake Fyans)
D. punctata (Wooragee)

D. punctata (Munro)

FIGURE 4. Phylogram derived from a parsimony analysis of the combined #nT-F and ITS sequence data.

ysis, with almost no variation being detected.
The trnT-F and combined analyses revealed a
small amount of variation, but this was still low.
The variation in the purple-flowered clade was
lower than that between individuals of D. chry-
seopsis (FIGURE 3). This indicates the very close
relationships between species in the ‘punctata’
group defined by Jones (2000). Within clade B,
D. dendrobioides is well supported as being
closely related (BP = 86), and one sample of D.
punctata forms a sister taxon to this species.
Diuris punctata is paraphyletic within clade B,
with two D. punctata individuals from the
‘Wooragee and Munro sites, forming the two bas-
al nodes of the purple-flowered clade. Diuris
fragrantissima, also paraphyletic, is resolved as
sister to the two D. punctata species from The
Grampians and Lake Fyans, and also as the bas-
al taxon of a clade containing a monophyletic
D. dendrobioides and D. punctata from the
Boorhamen site.

Nuclear ITS and Plastid Sequence Data

The ITS region had 60 (7.2%) phylogeneti-
cally informative characters, compared to 44
(2.5%) for trnT-F in this study. The #rnT-F re-
gion is more than twice the length of ITS, but
ITS had almost three times the amount of infor-
mative variation than did #nT-E on a percentage
basis. Other authors who have used combined
ITS and #rnL-F data (e.g., Whitten et al. 2000b,
Williams et al. 2001a, Salazar et al. 2003) have
found similar results. The CI and RI values for
the ITS region were considerably higher than for
trnT-F (CI = 0.81 and 0.66 respectively; RI =
0.95 and 0.83 respectively). Overall tree length
(trnT-F = 79 steps, ITS = 81 steps) and topol-
ogy, however, were similar in the two analyses.

The high level of congruence between the nu-
clear and plastid data sets (which also included
coding and non-coding regions), and high boot-
strap values for clades in all analyses support the
resulting consensus tree of the combined data as
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a good hypothesis of phylogenetic relationships
among the taxa sampled.

Within the #rnT-F region, the #rnT-L interge-
nic spacer was found to be more variable than
the 7rnL intron and trnL-F spacer collectively.
Most authors have used the #rnL intron and
trnL-F spacer only, in phylogenetic analyses at
varying taxonomic levels of Orchidaceae (Whit-
ten et al. 2000a, 2000b, Kores et al. 2001, Prid-
geon & Chase 2001, Soliva et al. 2001, Williams
et al. 2001a, 2001b, Carlsward et al. 2003, Sa-
lazar et al. 2003). In their analysis of phyloge-
netic relationships of section Moniliformes with-
in the genus Coelogyne, Gravendeel and Vogel
(2002) include the trnT-trnL intergenic spacer,
and discovered 43 phylogenetically informative
characters from 1643 sites (2.62%). In compar-
ison, Soliva et al. (2001), in their phylogenetic
study of the genus Ophrys obtained only 11 par-
simony informative characters from 766 sites
(1.44%) in trnL-trnF, concluding that ITS and
trnL-F sequence data provided a limited insight
into the interspecific relationships and that more
variable DNA regions are required for better res-
olution of phylogenetic relationships. The inclu-
sion of the #rnT-trnL intergenic spacer may aid
future analyses.

Diuris fragrantissima in the ‘punctata’ group

Diuris fragrantissima was considered a vari-
ant of D. punctata until 1989, when less than
100 individuals remained at a single site. It is
not known whether the distributions of these two
species have ever overlapped. This study did not
attempt to resolve phylogenetic relationships
within the whole genus Diuris, but rather aimed
to provide an insight into the relationships of
Diuris fragrantissima within the ‘“punctata”
group and of the “punctata” group within the
genus. The results of all analyses support place-
ment of D. fragrantissima within the “puncta-
ta” group of purple-flowered Diuris species, but
the clade is unresolved in terms of species re-
lationships. Yellow-flowered species are clearly
distinct from purple-flowered species, with high
bootstrap percentage values, apart from D. or-
ientis, which has yellow flowers suffused with
reddish brown. Although major clades are well
supported, very little variation was detected
within the purple-flowered clade. This low level
of variation compares with that shown between
D. chryseopsis individuals. Yet Diuris fragran-
tissima is recognized as a distinct species to D.
punctata.

Diuris pardina and D. orientis, which are
placed in “maculata” and ‘longifolia” groups
respectively (Jones 2000), show up to six times
the number of character changes between their
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closest relative than do any of the purple-flow-
ered taxa exhibit. (This could be the result, how-
ever, of gaps in sampling.) The low levels of
variation between all purple-flowered species in
this study suggest that morphological variation
may be a gradational change across the geo-
graphic range of these species and may be over-
lapping and not taxonomically informative. Al-
though closely related to its purple-flowered
counterparts, D. fragrantissima was unresolved
in all analyses. To confirm the taxonomic status
of the species and further investigate gradational
morphological change, additional sequence data
of the marK region will be included with the
analyses in this study. The goal will be to in-
vestigate whether further phylogenetically infor-
mative variation is discovered and to further re-
solve the closely related taxa in the “‘punctata”
complex.

Van den Berg et al. (2002) found in their mo-
lecular study of the tropical orchid genus Cym-
bidium that marK had a much higher percentage
of phylogenetically informative characters than
did ITS, hence matK might be informative in
resolving the close relationships between purple-
flowered species in the “punctata” complex.
Clements et al. (2002) resolved four species of
Diuris (D. punctata, D. aurea, D. drummondii,
and D. magnifica), using only the ITS sequence
region, with high bootstrap support (BP = 98—
100). The very low resolution of purple-flow-
ered Diuris species in our study, which also in-
corporates the plastid t#nT-F region, is another
indication of the close relationships between the
purple-flowered species sampled. A method for
investigating levels of genetic variation with po-
tentially high levels of variation is required to
examine the ““D. punctata’ group, for example,
AFLP or inter-simple sequence repeat (ISSR)
methods. These methods will resolve levels of
variation at the intra-specific level and within
and between populations and may also be more
effective for determining geographical grada-
tional morphological variation.

Whitten et al. (2000b) effectively used the cri-
teria of Backlund and Bremer (1998) to recog-
nize subtribes within Maxillarieae from their re-
sultant cladograms: (1) subtribes and clades
must be monophyletic and highly supported, (2)
nodes defining subtribes preferably should in-
clude morphological synapomorphies that per-
mit recognition of members, (3) the classifica-
tion should be as consistent as possible with pre-
vious systems. Based on these criteria, Diuris
chryseopsis, D. pardina, and D. orientis are rec-
ognized as separate, distinct species. These three
species also fall into separate morphological
groups as defined by Jones (2000). Diuris chry-
seopsis has bright lemon-yellow flowers with a
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few brown streaks and markings. In contrast,
flowers of D. pardina are yellow with heavy
dark red-brown blotching, and D. orientis flow-
ers are yellow with reddish-brown suffusions.
Diuris dendrobioides is a strongly supported
monophyletic clade that probably warrants rec-
ognition at the species level; however further
analysis of genetic relationships between closely
related taxa is required for formal taxonomic as-
signment.

The resultant cladograms in these analyses
supported all previous studies including Diuris
species and appear to support the Jones (2000)
morphological grouping of Diuris species. All
purple-flowered species group closely together,
while species that belong to separate morpho-
logical groups (the yellow-flowered species)
group more distantly. No formal morphological
study, however, has been conducted for these
species to determine unique morphological syn-
apomorphies for each taxon. Morphological
characters that were thought to distinguish spe-
cies (such as paler and fragrant flowers and short
stature in D. fragrantissima) were discovered
during this study to be questionable (e.g., fra-
grance was noticed variably in all populations of
D. punctata). Until a thorough morphological in-
vestigation is conducted and the taxonomy of
the “punctata’ group is resolved, including ge-
netic relationships, formulating taxonomies from
the results of this study is inappropriate.

Sequence Variation
and Geographical Distance

This study also investigated whether the nu-
clear ITS and plastid #rnT-F regions would de-
tect intraspecific geographical variation. Such
variation observed between taxa sampled during
this study did not correlate strongly with geo-
graphical distance. Within clade B in the com-
bined analysis (FIGURE 3), Diuris punctata from
Boorhamen was more closely related to D. den-
drobioides than to other D. punctata individuals.
Two D. chryseopsis individuals were sampled
from populations in NE Victoria (Hamilton and
Wooragee sites) that were separated by less than
20 km. No variation was observed between
these two individuals; however, these individu-
als showed no sequence variation to D. chry-
seopsis sampled from Rockbank, near Mel-
bourne in southern Victoria.

Variation was observed between individuals
of Diuris punctata from different sites but this
variation did not reflect geographic distance be-
tween populations sampled. Diuris punctata in-
dividuals sampled from the relatively close
Grampians and Lake Fyans populations were
monophyletic in the combined consensus (FiG-
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URE 3), but D. punctata individuals from Woor-
agee and Boorhamen populations, which are
separated by a similar distance, were resolved as
paraphyletic. Diuris dendrobioides is resolved as
monophyletic, but with some variation. The two
individuals of this species included in this study
were sampled from populations within 20 km
distance.

CONCLUSIONS AND IMPLICATIONS
FOR CONSERVATION

The extremely close molecular relationships
of the purple-flowered species sampled for this
study indicate that a shared mycorrhizal symbi-
ont might exist. Warcup (1971, 1973, 1975,
1981) concluded that genus-level specificity
might exist between Australian terrestrial or-
chids and their fungal isolates. In addition, he
discovered in 1981 that seed of six Diuris spe-
cies germinated with Tulasnella (perfect stage
Rhizoctonia) spp. isolates but did not germinate
with Sebacina, a species commonly associated
with Caladenia species. Hence closely related
Diuris species, potentially all Diuris species,
may germinate in the presence of similar fungi.

Many authors have used molecular methods
to successfully reconstruct phylogenies within
tribe Diurideae (Kores et al. 2000, 2001; Cle-
ments et al. 2002), but this study is the first to
use molecular methods to assess ‘‘complex’ re-
lationships (defined by Jones 2000) within the
genus Diuris. This is surprising, considering the
high level of morphological variation and few
unique characters observed in the majority of
Diuris populations during this study. Many other
authors have used sequence information for de-
limitation of species within subtribes and genera
(Cox et al. 1997; Ryan et al. 2000; Pridgeon et
al. 2001; Pridgeon & Chase 2001; Soliva et al.
2001; Williams et al. 2001a, 2001b; Gravendeel
& Vogel 2002; van den Berg et al. 2002; Carls-
ward et al. 2003; Makarevitch et al. 2003). Also
the resolution of species in this study, such as
D. orientis, D. pardina, and D. chryseopsis from
D. punctata reveals that the small amount of
variation between the purple-flowered species
sampled may well reflect their close genetic re-
lationships. Further analyses of population-level
variation, however, are required to assess genetic
relationships and taxonomy. In addition, a mor-
phological study with high sample numbers
within each species would aid in the classifica-
tion and taxonomic status of the morphological-
ly variable species. Such studies are complicated
by the threatened status of many of the species.
Plants sampled for this study cannot be removed
from the wild, requiring in-situ measurements.
Morphological diversity within the whole tribe
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Diurideae, however, is known to be high (Kores
et al. 2001), resulting in a lack of easily identi-
fiable morphological synapomorphies, which
has made taxonomy and classification within
Diuris difficult. The phylogenetic trees generat-
ed in this study show high levels of bootstrap
support and demonstrate the potential use of ITS
and trnT-F sequence data for the resolution of
taxonomic groups within Diuris.
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