Mycologia, 93(5), 2001, pp. B87-896.

© 2001 by The Mycological Society of America, Lawrence, KS 0448807

Phylogenetic relationships of Australian and New Zealand Armillaria species

M.PA. Coetzee

B.D. Wingfield!
Department of Genetics, Tree Pathology Cooperative
Programme {TPCP), Forestry and Agricultural
Biptechnology Institute (FABI), University of Pretoria,
Pretoria, 0002, South Africa

P. Bloomer
Department of Genetics, University of Pretoria,
Pretoria, 0002, South Africa ;

G.5. Ridley

New Zealand Forvest Research Mnstitufe Lid., Private
Bag 3020, Rotorua, New Zealand

G.A Kile

CSIR(O Forastry and Forest Products, PO BOX E4008,
Kingston ACT 2604, Australia

M.]. Wingfield
Tree Pathology Cooperative Programme (TPCE),
Foresiry and Apricultural Biotechnology Institute
{FABD, Untversity of Pretoria, Pretoria, 0002, South
Africa

ity &

Abstract: Armillaria species cause Armillaria root
rot on a wide range of plant species throughout the
world. Based on morphology and sexual compatbil-
ity, various species of Armzllaria have been reported
from Australia and New Zealand. These include A.
finnulea, A. fumosa, A. pallidula, A. novae-zelandiae
and A. luteobubaling from Australia, In New Zealand,
A, lBmonea, A. novaezelandice, A. hinnulea and a
fourth undescribed but morphologically distinct spe-
cies are recognized. To determine the phylogenetic
relationships between Armillaria spp. from Australia
and New Zealand, the ITS region (ITS 1, 5.85 rRNA
gene and IT52) of the rfRNA operon was amplified
and the DNA sequences determined for a collecton
of isolates. The ITS sequences of A. ostoyae (from
USA) and A. singpina {from USA) were included for
comparison. Phylogenetic trees were generated using
parsimony analysis. Armillaria hinnulea was found to
be more closely related to Armillaria spp. occurring
in the Northern Hemisphere than it was to the other
Australian and New Zealand species. The remainder
of the Australian and New Zealand Armillaria spp.
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included in this study formed a monophyletic clade
and confirmed separadon of species based on mor
phology and sexual compatbility.
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INTRODUCTION

Armillgria (Fr.:Fr) Staude (Staude 1857) (Basidio-
mycetes, Agaricales, Tricholomataceae) species are
among the most important phytopathogenic fungi.
Species of Armillaria are necrotrophic pathogens on
a large variety of plant hosts (Raabe 1962, Watling et
al 1991) and mycotrophic associates of achlorophyl-
lous plants (Watling et al 1991). Members of this ge-
nus occur worldwide and can be found in boreal,
temperate and topical regions of the world, in plan-
tadons, parks, gardens and natural forestss (Hood et
al 1991, Kile et al 1991).

More than 39 different morphologically and bio-
logically defined species of Armillaria are known
(Volk and Burdsall 1995). Morphological studies of
basidiocarps identified five different Armillaria spp.
in Australia and three species in New Zealand (Kile
and Watling 1983, 1988). The five species in Australia
are: A. fumosa Kile & Watdl. (Kile and Watling 1983},
A, hinnulea Kile & Watl. (Kile and Watling 1983), A.
novaszelandiae (Stev)) Herink (Stevenson 1964, Her-
ink 1973}, A. palliduls Kile & Watl. (Eile and Watling
1988), and A. lutenbubaling Watl. & Kile (Podger et
al 1978). Armillaria novaezelandiae, A. himonea (G.
Stev.) Boesewinkel (Boesewinkel 1977), A. hinnulea,
and a fourth morphologically distinct but unnamed
species are found in New Zealand (Watling et al
1991, Hood 1992, GS Ridley unpubl). Kiie and Wa-
tling (1988) showed that isclates representdng these
morphologically distinct Armillaria spp. are sexually
incompatble with one another and thus represent
different biological species. -

Northern Hemisphere Armillariz spp. have been
well studied at the molecular level (Anderson et al
1987, 1989, Smith and Anderson 1989, Harrington
and Wingfield 1995, Volk et al 1996). Several phylo-
genetic studies were conducted on African, North
American, European and Asian Armillaria spp. (An-
derson and Stasovski 1992, Terashima et al 1998,
Chillali et al 1998, Coetzee et al 2000a, b) using in-
ternal wranscribed spacer regions (TTS1 and ITS2)
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and the first intergenic spacer region (IGS1) se-
quence data as well as regions generated through se-
quencing with arbitrary primed primers (SWAPP)
PCR (Piercey-Normore et al 1998). In contrast, no
such studies have been conducted on the Australian
and New Zealand Armillaria spp. Their phylogenetic
relationships are thus unknown. The objective of this
study was to determine the phylogenedc relation-
ships between the Australian and New Zealand Ar
millaria species using sequence data from the ITSI,
ITS2 and the 5.85 gene regions of the rRNA operon.

MATERIALS AND METHODS

Fungal isolates—Haploid and diploid isolates of Armillaria
spp. originating from different regions in Australia and New
Zealand were obmined (TasLE I). These isolates are main-
tained in the culmre collection of the Tree Pathology Co-
operative Programme (TPCP), Foresory and Agricultural
Biotechnology Institute (FABI), University of Pretoria,
South Afrira.

DNA extraction.—Isolates were grown in liguid MY (2%
malr extract and 0.3% yeast extract) at 22 C in the dark for
two weeks. Mycelium was harvested by centrifugatdon (15
300 X g, 20 min), lyophilized and ground to a fine powder
in liquid nirogen. DNA was extracted according to the
method described by Coetzee et al (2000h). RNase A (0.01
mg/uL] (Roche Diagnostcs) was added to the suspension
at 37 C 1o remove contaminating RNA

PCR—PCR fragments for the IT51 and ITS 2 regions in-
cluding the 5.85 gene between the small subunit {8517} and
large subunit (LSU) were obtained using the primer set
IT5] and ITS4 (White et al 1990). The IGS1 region was
amplified using the primer set P-1 (Hsiau 1996) and -1
{Duchesne and Anderson 1990), The PCR condidons were
the same as those described by Coetzee et al (2000b).

DNA sequencing—DNA sequences were determined using
an ABI PRISM™ 377 DNA sequencer. The ITS region was
sequenced in both directions with primers ITS1 and IT54
and newly designed internal primers CS2B (5’
CAAGGTGOGTTCAAAGACTCG 8') and CS3B (5
CGAGTCTTTGAACGCACCTTG 3'). The sequence reac-
Hons were carried out using an ABI PRISM® Dye Termi-
nator Cycle Sequencing Ready Reaction Kit with AmpliTag®
DNA Polymerase, FS (Perkin Elmer, Warrington, UX.) ac-
cording to the manufacturer’s directions,

Sequencs analysis—Muldple alignments of ITS DNA se-
quences were done using the Clustal W version 1.6 (Thomp-
son et al 1994) program and manually adjusted. Aligned
ITS sequences for the Auswralian and New Zealand Armil-
lzriz isolates were deposited in TreeBase (accession number
5569, marrix aceession number M862). Phylogenetic analy-
ses were conducted using searches based on maximum par-
simony and maximum likelihood in PAUP* vers. 4 (Swof
ford 1998). Ambiguously aligned sequence regions were ex-
cluded from the data matrix before analysis. In the parsi-

mony analysis, insertions and deletions (indels) of more
than one base were treated in various ways to assess their
influence on the mpu]ﬂg}f of the wees obtzined, However,
with the excepdon of indels included without coding and
gaps treated as newstate, the topology of the mrees remained
the same, irrespectve of the indel meatment. Indels were,
therefore, regarded as the result of a single evoludonary
event and were coded with multistate characters (0 = de-
letion, >0 = insert}. Phylogenetic trees were rooted to A,
ostoyae (B481, GenBank accession number AF169645) and
A, singpina (B493, GenBank accession number AF169646)
as the outgroup.

Most parsimonious (MP) rees were generated by heuris-
tic scarches with TBR (Tree Bisection Reconnecdon)
branch swapping and MulTrees effective. String wees
were obtained via stepwise addidon with 100 random mxon
additon sequences. MaxTrees was set to autc-increase. Zero
length branches were collapsed. Parsimonious mees ob-
mined according to the procedure described above were
oprmized by applying successive weighting according 1o the
mean consistency of each parsimony informatve character.
This weighrng scheme was applied untl the number of MP
trees obtained after heuristic searches had smbilized. The
confidence levels of the branching points on the phyloge-
neic wees were determined by bootstrap (1000 replicares)
(Felsenstein 1985). Heuristic searches were used in this
analysis with MulTrees and TBR active. Starting trees were
obtained via stepwise addidon of taxa with A. osteyes (B481)
as the reference mxon. MaxTrees was set 1o autc-increass,
zero length branches were set to collapse and topological
constraints were not inforced. Bremer support/decay in-
dexes (Bremer 1988, Donoghue et al 1992) were caleulated
for monophyletic rlades using AutoDecay v. 4.0 (Eriksson
1998).

The phylogenetc reladonship berween A. hinnules and
the Northern hemisphere Armillaric spp. was determined
m preliminary analysis. ITS sequence data for various Ar
millaria spp., with the excepdon of A. fircipes and A heimii,
were obmined from GenBank. Sequences were aligned us-
ing Clustal W vers. 1.6 (Thompson et al 1994) and manually
adjusted by inserting gaps. Most parsimonious trees wers
obtained as described for the Ansrralian and New Zealand
Armillaria spp. Indels were, however, included without cod-
ing in this analysis.

Phylogenetic analysis based on maximum likelihood was
done to estimate nucleotide frequencies, gamma dismibu-
tion and the tansiton/oansversion (6/t] rato. Search
settings corresponded to the Hasegawa-Kishino-Yano (HEY)
madel (Hasegawa et al 1985). Starung branch lengths were
obtained using the Rogers-Swofford approxmation meth-
od. Molecular clock was not enforced. Smrting wees were
obuained via stepwise addition and the additon of seguenc-
es followed the order of taxa in the dam set. Heuristic
searches were conducted with TBR and MulTrees effectve.
MaxTrees was set to auto-increase. Branches were collapsed
if branch lerigths were less than, or equal to 1075,

RESULTS

PCR—The 1GS-1 region was successfully amplified
using the primers P-1 and O-1. Double bands were
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observed for certain isolates within the same speces.
IGS-1 amplicon sizes varied between 4040 bp (base
pairs) and greater than 1500 bp for the various Ar
millaria spp. (TaBLE I). The ITS regions and 5.85
gene were successfully amplified using the primers
ITS] and ITS4. ITS amplicon sizes were the same
within species but varied between 800 and 1000 bp
among the different species,

Phylogenetic analysis—Dara for the TTS] region in-
cluded sequences starting 22 bp downsmream from
the ¥ end of the 85U while sequences for the [T52
region stopped approximately 3 bp upsteam from
the 5' end of the LSU. The total number of charac-
ters obtained after alignment by inserting gaps (with-
out coding indels) was 867, The number of nucleo-
tides sequenced, however, varied between 658 and
763 characters between the different isolates. The
ITS1 and ITS52 regions were characterized by the
presence of numerous indels. The largest indel was
abserved in A. ltmomes (CMW4991, CMW49932,
CMW4678 and CMW4680) and was 127 bp in size.
Indels were, with few exceptions, conserved within
. species.

Parsimony analysis of the ITS sequences in which
indels were treated in various ways, generated MP
trees that differed in length, number of ees re-
tained, consistency index and retenton index. The MP
trees generated using different indel treamments were
similar in topology, with some variatdon of branches
at the dps of trees. Analysis with indels excluded and
gaps weated as newstate, however, produced MP trees
that differed in the placement of A. Fmones and A,
novaszelandiae clades relative to other clades.

The MP tree (F1G. 1) generated with indels coded
with multistate characters and gaps treated as miss-
ing, grouped the isolates of A. kinnuleg, A. Futeobu-
balina, A. pallidula, A. fumosa, A. novaszelandiae, A.
limonea and the unknown New Zealand species into
six strongly supported monophyletc lineages. Armil-
laria pallidula isolates and A, fumosa isolates grouped
in a strongly supported (100%) clade and could not
be differentated from each other. Isolates represent-
ing A. novaezelandige formed a sister group with the
A. pallidula—A. fumosa group. In this analysis we were
not able to clearly differentate between A. novgeze-
landiae isolates from New Zealand and isolates rep-
resenting the same species from Australia. Armillaria
limonea formed a basal group to the A. pallidula—A.
Sfumosa and A. novaezelandiae sister group. Armillaria
luteobubalinag isolates were placed basal o A. Emonea
on the most parsimonious ee. The most parsimo-
nious ee generated from the data set placed isolates
representing the unknown species basal o A. lutzo-
bubaling, Armillariz hinnulea was placed basal to the

rest of the Australian and New Zealand species. It was
intriguing thart, in our preliminary study, A. Ainnulea
grouped strongly within a clade representing the
Northern hemisphere Armillaria spp. and not in the
Australian—New Zealand Armillaria clade. (F1c. 2).

DISCUSIION

Molecular analysis of the [G5-1 of the tfRNA operon
of Armillaria spp. from Australia and New Zealand
indicated that this is a highly divergent group of fun-
gi. In this study the IGS-1 amplicon sizes varied sig-
nificanty among the species. These size differences
can only be atmributed to the preésence of large indels,
This is in contast o the Northern Hemisphere Ar
millaria species where the IGS51-1 region was found
to range berween 845 bp and 920 bp among the dif-
ferent Armillaria species (Anderson and Stasovski
1992, Harrington and Wingfield 1995, Terashima et
al 1998). The large size variation observed in the IG5
1 region for the Australian and New Zealand species
made it unsuitable for use in a robust phylogenedc
study and it was, therefore, not included in this study.
The ITS regions (ITS1, 5.85 gene and ITS2) of the
rDNA operon were used as an alternative to the IGS-
1 region to determine the phylogenetic relatdonships
between the Ausmalian and New Zealand Armillaria
species. Anderson and Stasovski (1992) found that
the ITS regions for the majority of the Northern
Hemisphere Armillaric spp. were excessively con-
served for determining the phylogenetc reladon-
ships. ITS sequence data obtained in this study indi-
cated a higher degree of DNA sequénce similarity
between the various lineages but with sufficient vari-
ation to be used in phylogenetc analysis of the Aus-
tralian and New Zealand Armillaria spp.
Cladograms generated indicated that A. hinnulea
is more closely related to the Northern Hemisphere
Armillaria spp. than to the other Australian and New
Zealand species. In a preliminary analysis of ITS se-
quences for A. kinnulea and Northern Hemisphere
and African Armillaria spp. (F1G. 2), A. hinnulea
grouped within the Northern Hemisphere clade.
This is in agreement with the views of Kile and Wa-
tling (1983), who indicated that A. hinnulea resem-
bles the European A. bulbosa Velen. (synonym: A. cep-
istipes). Armillaria hinnuleg is further disinguishable
from the other Australian and New Zealand Armal-
lamia spp. in generzal basidiocarp morphelogy, and is
the only Australian species with clamp connections
in the subhymenial layer of the basidiocarp (Kile and
Wading 1983). The New Zealand populadon of A.
hinnulee differs from the Australian collections by
having clamps in both the subhymenium and the hy-
menium (G5 Ridley unpubl). Sexual compadbility
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Genbank

1G5 amplicon Alternative accession
Species size (ca) Culture No, number Haost Origin Collector Mo,
Armillaria hinnulea 660 bp CMWA4490 3612/18 Basidiocarp on Natfe- South Island, G5 Ridley AF3I2I905
ofagus sp. New Zealand
ChMW4988 3611/15 Basidiocarp on Noth- South Island, G5 Ridley AF320906
ofagics sp. Mew Zealand
ChMW4987 as11/10 Basidiocarp on Noth- South Island, G5 Ridley AF329907
ofagus sp. New Zealand
CMW4983 Let2(11}) DBasidiocarp on Noth- Australia — AF329908
ofagies sp.
A, huteobubaline 610 bp CMW4978 MiColel (18) Unknown Victoria, Aus- — AFB20909
tralia
CMW4aTH MiColel (1) Linknown Vicloria, Aus- P AF329910
tralia
CMW3042 50,85 Encalyptus regnans Australia CGA Kile AF320011
CMW49T77 SA(G) Unknown South Australia — AF329912
CMWET4 WARL(G) Unknown Western Aus- - AI329913
tralia
A, pallidula 400 bp CMW4972 Q1d5761 Unknown Quecnsland, — AF329914
Ausiralia
CMWADGH 3626, ATCC 66124 Pinus caribaea var. Australia P Gordon AF829915
hondurensis j
A, fumosa 400 bp CMWASGD Qld. Coll, 9({4) Unknown Queensland, GA Kile AF329916
Australia
CMWA4957 125 Basidiocarp on Freca- Tasmania, Aus- GA Kile AF329917
byprines sp. tralia
CMW4955 128.1 Basidiocarp on Euca- Tasmania, Aus GA Kile AF329918
lyfrines sp. tralia
CMW4456 123.2 Basidiocarp on Fuea-  Tasmania, Aus- GA Kile AF329919
byfrteas sp. tralia
CMW4959 Qld.Coll.8(1) 7 radioga Claeensland, GA Kile AF329920
Australia
CMWIUET Q1. Coll 9(3) P radiata Cheensland, GA Kile AF329921
Australia
A, novaszelandias B30 bp CMW4965 121, ATCC 66127, Basidiocarp on An- Tasmania, Aus- GA Kile AF32g9922
DAR41E]2 thevosperma mos- tralia
chatum
CMW49GG Lod(4) Unknown Australia — AF329925
CMW49G4 Q. Coll.10(3) Basidiocarps on P Queensland, GA Kile AFRZ992

ratedisrta

Australia

D68

YIDOTODA



Tanrk I, Continued

Genbanlk
IGS amplicon Allernative accession
Species size (ca) Culiure No. nuinber Host Origin Collector No.
ChiW498G 3606/ 15 Basidiocarps lrom South Island, G5 Ridley AF320025
Nothofagus fusea Mew fealand
and N, solandn o
forest
CMW4Tae G3.0.494.4 Rhizomorphs from MNaorth !l!_-llaﬂd, LA Hood AF5299265
Beilschmiedia fausa Ntw_ﬁi&aﬁland
forest
A. limonea 580 bp CMW4991 3522/% P radiata North Island, G5 Ridley AF329927
MNew Zealand
CMWa992 3523/13 P radiata North Island, G5 Ridley AFR29928
Mew Lealand
CMW4678 A5.4.26.3 Rhizomorphs from MNorth Island, 1A Hood AF3209429
Beilschmisdia tawa Mew Lealand
forest
CMWAGH0 C3.28.0.1 Rhizomorphs from Morth Island, 1A Hood AFS29940
Beilschmiedia taiwa MNew Zealand
forest
Armillaria sp. =1500 bp CMWESYT AShd Nothofagus fusea MNorth 1sland, 1A Hood AF320081
Mew Zealand
ChMW4994 4698,/ 10 Nothafagus sp, North Island, G5 Ridley & |F AFR29952
Mew Lealand Gardener
CMW4993 4698,/9 Nothofagus sp. MNorth lsland, GS Ridley & |F AF320953
Mew Lealand Gardener

-ads VIEVTIDNY (NVTIVIZ MIN ONV NVITVEISOY 40 ANTOOTRH{ TV 13 TAZLI0D
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e CMW4988 (South Island, NZ)
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100
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= CMW4987 (South Island, NZ)
— CMW4983 (Australia)
— CMW4978 (Victoria, Aust)
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69
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100
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16
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dl.5
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d2.7

CMW4960 (Queensland, Aust)
— C M W4957 (Tasmania, Aust)

d20.5
100

CMW4955 (Tasmania, Aust)

e CMW4956 (Tasmania, Aust)

CMW4959 (Queensland, Aust)
CMW4967 (Queensland, Aust)
= CMW4963 (Tasmania, Aust)

dd.1
99

31

di3
76

CMW4966 (Australia)

e CM W4964 (Queensland, Aust)

— CMW4986 (South Island, NZ)

b CM W4722 (North Island, NZ)

e CMW4991 (North [sland, NZ)

11

— CMW4992 (North [sland, NZ)
CMW4678 (North Island, NZ)

ds
100

m— CMW4680 (North Isiand, NZ)
— CMW5597 (North Island, NZ)

16

CMW4994 (North Island, NZ)

— CMW4993 (North Island, NZ)

A. hinnulea

A. luteobubalina

A. pallidula

A. fumosa

A. novae-zelandize

A, limonea

Unknown species

Fic. 1. One of the most parsimonious wees generated after a heuristic search from the ITS sequence dam wl'ith indels
coded and gaps treated as missing. Bootstrap (1000 replicates) values and Bremer support indexes for the branr:_hmg m:u:j:ers
are indicated above the ee branches. Values below the branches are the branch lengths. Number of parsimony informative
characters = 113, length of mee = 202, CI = 0.880 and RI = (.967.
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AF163597 | A. mellea
b AF163595 Western USA

_L':;ma;san A. mellea
AF163587 Eastern USA

- AF163586
— AF163583
— . AF163582
ﬁflﬁ3594 A, meﬂe&
AF163593 | 4n
AF163591
I U54822
54821
U54816
1754815 A. ostoyae
54813
Us54814
154812
—:E;jgié A. cepistipes
154809
U54808
. CMW4950 .
—ECMW4933 A. hinnulea
" AF169645 | A. ostoyae
— AF169646 | A. sinapina
I U34820
154819
CMW35597
CMW4594
. CMW4722
f— CMW4964
. CMW4978
o CMW4979
[ CMW4991
o CMW4992
[ CMW4972
CMW4968
CMW4959
CMW4gs7 | A fumosa -
 CMW3173 | A. heimii
—CMW2171| A. fuscipes 1

A, mellea
Europe

A. tabescens

A. gallica

Northern hemisphere

A_ borealis

A, ectypa

Unknown species

A. novae-zelandiae

A. luteobubalina

A. limonea

A. pallidula

Australia and New Zealand

Africa

Fic. 2. Strict consensus tree from 210 MP trees for Armillaria spp. from the Northern and the Scuthern hemisphere.
Number of parsimony informative characters = 339, length of tree = 485, CI = 0.786, RI =0.834, AF and U numbers refer
to GenBank accession numbers.
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studies (Kile and Watling 1988) confirmed the sep-
aration of A, hinnuleq from the other Armillaria spp.
based on morphology and indicated that this is a dis-
tinct species. Our grouping of the A hinnulea iso-
lates in & swrongly supported monophyletic clade dis-
tant to the other Australian and New Zealand Armil-
laria spp. is thus in congruence with the differentia-
tion of this species based on morpheology and sexual
compatibility tests.

Using interfertlity tests, A. hinnules isolates from
Australia and putative A, hinnulea isolates from the
central North Island of New Zealand were shown not
to be conspecific by Kile and Watling (1988). Clad-
ograms generated in the current smdy support this
observation where the isolate of A. Ainnulea
(CMW4983) from Austalia and the putative A, hin-
nulea isolates from the New Zealand North Island
(CMW5597, CMW4994 and CMW4933) segregated in
different clades. However, isolates derived from bas-
idiomes collected in the South Island of New Zealand
and identfied as A. hirnulea based on micro-mor-
phology were grouped into the same clade as the
Australian isolate of A. hinnulea. This indicates that
A, hinnulea is present in the South Island of New
Zealand and is the same species as that occurring in
Australia. It also indicates the presence of a new un-
described species in the central North Island of New
Zealand,

Armillaria fumosa and A. pallidula could not be
separated based on their ITS sequence differences
resulting in ome strongly supported monophyletic
group. Armillaria pallidula, while sharing some mor-
phological features with A. fumose, was shown to be
a distincr biological species (Kile and Watling 1988).
Armillaria pallidula was described from one location
in Queensland but possibly overlaps A. fumosa in geo-
graphic distibuton (Kile and Watling 1988). Data
presented in this study indicate that the two species
are closely related and are probably sibling species.
Differences in morphology and mating type were not
congruent with the differentation at ITS level,

Analysis of the ITS sequence data showed that the
A. noveezelandiae isolates from New Zealand and
Australia belong to a single monophyletic clade and
basal to the A. pallidula—A. fumosa group. Armillaria
novaezelandiae occurs in the temperate rainforests of
southeastern Australia and New Zealand (Hood
1989). Macro- and micro-morphology of the type ma-
terial from New Zealand (Stevenson 1964) was simi-
lar to that morpholegy of basidiocarps found in Aus-
alia (Kile and Watling 1983), Kile and Wading
(1983) also found that the vegewatve morphology of
the Ausmalian and New Zealand isolates of A. novas
zelandiae is very similar. Ar the biological species lev-
el, it was shown that A. novaeezelandiae isolates from

New Zealand, mainland Australia and Tasmania are
sexually compatdble (Kile and Wading 1983). Mor
phological descriptions, sexual compatbility tests
and [TS sequence analyses presented here indicated
that A novaszelandics from Australia and New Zea-
land are very closely related.

The grouping of A. limones isolates in a monophy-
letic clade basal to the A, rovaeczelandiae clade sup-
ports the differentiation of these two species based
on vegetative and basidiocarp morphology. The veg-
etative morphologies of A. [monea and A. novaeze
landiae are distinctly different and can be used to
differentiate between isolates representing these spe-
cies (Shaw et al 1981). Armillaria novas-zelandiageand
A. limonea can be separated on micro-morphology,
partcularly on the structure of the pileipeliis (GS
Ridley unpubl). Comparisons between the descrip-
tions of the macro-morphology of A. Emonea (Steven-
son 1964) and A. novaezelandiae (Stevenson 1964,
Kile and Wating 1983} indicated that they are dis-
tinct species. The grouping of A. Emones from New
Zealand basal to A. novaezelondige and not 1o the
Anstralian A, pallidula-A. fumoesa clade is supported
by their biogeography. It is apparent that A. Emonea
and A. novaezelandize, although divergent in mor
phology, are very similar in ITS sequences and, there-
fore, phylogenetically related.

Armillaria buteobubalina grouped basal to A. limo-
nea on the cladogram generated in this study. Armil-
laria luteobubalina is the most prevalent Armillaria sp.
in Ausmralia and is widely distributed in New South
Wales, Victoria, South Australia, Western Australia,
Tasmania and parts of southeast Queensland (Kile
and Wading 1981, 1983, Pearce et al 1986, Shearer
and Tippett 1988, Shearer 1994), The grouping of A.
luteobubalina close to the New Zealand A. &monea
and not the other Armillaria species from Australia
is interesting since there are limited similarities in
their basidiocarp morphology (Stevenson 1964,
Podger et al 1978). These two species, however, ars
similar in their yellow pigmentation of the pileus.
Based on sexual compatibility tests, Eile and Watling
(1982} showed thar A. Emonee and A. luteobubaling
are distinct biological species.

Our results indicate that the unknown Armillaria
species included in this study is different from the
other Australian and New Zealand Armillania spp.
This species is only known in the central North Island
of New Zealand (Hood 1992). Haploid culmures of
this fungus were crossed with haploid tester strains
of A. novaezelandiae but failed to form dikaryons
{Hood and Sandberg 1987). It was thus suggested
that the unknown North Island of New Zealand fun-
gus probably represented A. hinnules (Kile and Wa-
tling 1983%). Haploid isolates were, however, incom-
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patdble with A. hinnulea tester strains from Ansmralia
(Eile and Wading 1988) and the rn.i::rumcrphnlag}r
of the basidiocarps of the two species also differed
{Hood 1989). Based on our phylogenetc analysis
and evidence from the reported sexual compatibility
tests and morphology of the basdiocarps, we believe
that this is a distinct taxon that needs to be formally
described.

Large indels were present in both ITS1 and ITS2
regions obtained in this study. To reduce the effect
of the indels we applied a multistate coding system,
by which blocks of indels were replaced by numeric
characters. This coding system resulted in an increase
in resolution at the branch tps of the trees obtained
after heuristic searches. Phylogenetic analysis based
on ITS data in this study showed that the Armillaria
spp. from Australia and New Zealand, with the ex-
ceptdon of A. hinnules, formed a smongly supported
monophyletic group and that they are separated
from one another.
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