
A SOUTHERN HEMISPHERE CONTRIBUTION 
TO THE PHYLOGENETIC STUDY OF THE AGARICS 

B.J. Rees 1 & 2, A.D. Marchant2, G.C. Zuccarello \ MM. Heslewood 2 & J. Bartlett 4 

' School of Biological, Earth & Environmental Science, University of New South Wales, SYDNEY 2052, 
New South Wales, Australia. 

2 National Herbarium of New South Wales, Royal Botanic Gardens, Sydney, New South Wales, 2001, Australia. 
3 National Herbarium Netherlands, University of Leiden, PO Box 9514, 2300 RA Leiden, The Netherlands. 

4Bribie Island Aquaculture Research Centre, 144 North Street, Woorim, Queensland, Australia 4507. 

Abstract 

Sequences for the 5 ' end of the nuclear large r ibosomal subuni t are compared for 18 species of 
Gymnopilus. Four teen of these are for Austral ian collections, the remainder from the Nor thern 
Hemisphe re . T h e sequences have been analysed in conjunction wi th 60 species o f b rown-spored 
genera from bo th hemispheres to p lace them in context. Resul ts confirm the independant posi t ion of 
/Gymnop i lu s in the overall phy logeny of agaric species. 

K e y w o r d s : Nuc lea r large r ibosomal subuni t R N A , Gymnopilus, Cortinarius, Agar ica les , molecular phylogeny. 
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Introduct ion 

T h e process of revis ing macrofungal genera in Austral ia where so m a n y n e w species awai t descr ipt ion, 
inevi tably raises ques t ions about the m o n o p h y l y of the group under considerat ion and its re la tedness to o ther 
genera . T h e m o n o p h y l y of twenty species of the agaric genus Gymnopilus P . Kars ten has b e e n established in a 
cladistic analysis o f sequences from the Internal Transcr ibed Spacer (ITS) reg ion of r ibosomal D N A us ing 
m a x i m u m pa r s imony (MP) and m a x i m u m l ikel ihood (ML) analyses (Rees et al. 2002) . In order to explore the 
diversi ty of the genus , species from bo th the Nor the rn and Southern Hemisphe res were included, resul t ing in 
eight g roups of species , and two remaining taxa wi th unresolved affiliations. These groups b o r e no resemblance 
to the tradit ional morpho log ica l infrageneric classification of Gymnopilus based on the type of velar remains and 
spore s ize (Guzman-Dava los 1995, Hes ler 1969, Romagnes i 1942, Singer 1951). 

Before the use of molecu la r data, an ongoing debate existed about the inclusion of Gymnopilus in the agaric 
family Cor t inar iaceae (Pouzar) R. He im, on the basis of similar spore wall s tructure and ornamenta t ion (Bas 
1988, Hes le r 1969, M o s e r 1983, Singer 1951) or in the Strophariaceae Singer & Smith , on the basis o f its 
saprot rophic m o d e of nutr i t ion and the presence of s tyrylpyrone p igmen t s p roduced b y other m e m b e r s of that 
family (Hoi land 1990, K u h n e r 1980). Hoi land also p roposed the idea that bo th Gymnopilus and Cortinarius Fr. 
m a y have ar isen from a common , saprotrophic , Gymnopilus-like ancestor, wi th one l ine mainta ining the 
saprot rophic lifestyle u l t imate ly giving rise to the Strophariaceae and other dark-spored genera , whi le the other 
gave rise to a mycor rh iza l l ine similar to Dermocybe (Fr.) Sacc. in the Cort inar iaceae. Pe tersen (1968) has 
c o m m e n t e d on the similar , cyanophi l ic react ion in the ornamented spore wal ls of bo th Gymnopilus and Gomphus 
S.F. Gray species, ra is ing the possibi l i ty that b rown-spored agarics m a y have ar isen from a gomphoid- l ike 
ancestor. M o s e r (1985) advocated caut ion in the use of chemical data for de termining re la t ionships be tween 
genera , especial ly w h e n s tyrylpyrones are found in seemingly unrelated genera such as Inonotus P . Kars ten and 
Phaeolus Pat . T h e descr ipt ion of Cortinarius species which p roduce s tyrylpyrone p igmen t s (Moser 1985, 
Wat l ing et al. 1992) and of Gymnopilus species mycorrh iza l on orchid Cattleya Lin ley species , tended to support 
the re tent ion of Gymnopilus within the Cort inar iaceae, but no conclus ive decis ion could be arrived at owing to 
lack of further infomation. 

Our initial a t tempts to arr ive at a phy logeny for representat ive genera from the Cort inar iaceae and Strophar iaceae 
in the sense of Singer (1986) us ing ITS sequence data, resulted in p rob lems wi th a l ignment of sequences and 



largely unreso lved consensus trees, wi th little light shed on the nature of the relat ionships. T h e publ ica t ion of a 
phy logeny of 154 agar ic taxa (Monca lvo et al. 2000) representing most families within the Agar ica les us ing the 
5 ' end of the nuc lear large r ibosomal subunit gene (nLSU) of r ibosomal D N A with Ganoderma lucidum (Fr.) 
P . Ka r s t en and Ganoderma australe (Pers.) Pat . as outgroups , heralded a n e w unders tanding of relat ionships in 
the order . T h e two families Cort inar iaceae and Strophariaceae were found not to b e monophyle t ic . N o 
Gymnopilus species w e r e included, but in a larger more recent analysis of 877 taxa ( roughly one tenth o f the 
descr ibed agaric species) us ing Auricularia polytricha (Mont.) Sacc. as outgroup, four species of Gymnopilus 
were to b e found wi th in a ' gymnop i lo id ' c lade, together with a single Hebelomina Ma i r e and Galerina Ear le 
species. Galerina, w h i c h also emerges as non-monophyle t ic in the analysis, was regarded b y Singer (1986) as the 
genus closest to Gymnopilus wi th in the Cort inariaceae, but could be differentiated from it b y a suite of features 
including the absence of s tyrylpyrone p igments . Since then, species of Gymnopilus have b e e n descr ibed wi th 
undetec table levels o f s tyrylpyrones and wel l -developed supra-hilar discs, and the bounda ry be tween the two 
genera in the Southern Hemisphe re has b e c o m e less well-defined (Rees et al. 1999, 2002) . Hebeloma K u m m e r 
and Crepidotus K u m m e r appeared to b e the mos t closely related large genera. 

Some c lades in the en larged agaric phy logeny reflect similarities in ecological , b iochemica l and nutr i t ional habi ts 
rather than morpho log ica l similarit ies (Monca lvo et al. 2002) , and several problemat ic taxa enjoy n e w and in 
some cases rather surpr is ing affiliations. Al though boots t rap support is not s trong for some of the c lades , 
Phaeocollybia R. H e i m species are not too far r emoved from other mycorrhizal formerly Cor t inar iaceous genera . 
Howeve r , Descolea gunnii (Berk. : Massee ) E. H o r a k with a hymeniform pileipell is occurs in the s ame c lade as 
Bolbitius Fr., Pholiotina Fayod and Conocybe Fayod species as predicted b y Singer on the bas is o f 
morpholog ica l similari t ies. Phaeomarasmius erinaceus (Pers. : Scherff.) Romagnes i is in close p rox imi ty to 
Tubaria (W.G . Smith) Gil let species wh ich are wel l removed from other cort inar iaceous former allies. Melanotus 
Pat. and Kuehneromyces Singer & A.H. Smith species are to be found near the base of the euagar ic c lade clearly 
separated from Pholiota K u m m e r but close to Psilocybe K u m m e r species. 

As so few of the Aus t ra l ian species of the major agaric genera have been revised, m o s t comprehens ive 
phylogenet ic ana lyses d o not include data for Austral ian species, a l though m a n y genera such as the former genus 
Rozites P . Kars ten ( n o w transferred to Cortinarius on molecular evidence) , are thought to have co-evolved wi th 
Nothofagus B l u m e in the Southern Hemisphe re (Bougher et al. 1994). It seems wor thwhi le therefore to offer the 
fol lowing sequence da ta for Austra l ian species of b rown-spored genera in the form of an analysis , p lac ing t hem 
in context wi th exot ic species of the s ame genera. A n y anomalies , if they exist, will add to a more comple te 
unders tanding of re la t ionships wi th in the agarics especial ly with regard to species and genera that have been 
difficult to p lace up to the present . 

T h e analysis inc ludes samples from most , but by no means all, of the agaric genera formerly included in the 
families Cor t inar iaceae and Strophar iaceae by Singer (1986) . Austral ian and some N e w Zealand taxa have been 
used whe re material or previously publ i shed sequences were available, supplemented by G e n B a n k sequences 
already avai lable for re la ted genera and species from northern Europe and Nor th Amer ica . A small n u m b e r of 
genera thought to b e der ived from Gymnopilus-Mke ancestors have also been included, as wel l as a n u m b e r of 
species and genera such as Cortinarius abnormis Wat l ing & T.W. May , Phaeomarasmius Scherffel and 
Descolea S inger w h o s e affiliations were considered intermediate or controversial . 

Materials a n d methods 

A total of 79 sequences were analysed. These included 21 collections of 18 species o f Gymnopilus that we re 
compared wi th two species o f each b rown-spored agaric genus as detailed in Table 1. W h e r e poss ible each pah-
consis ted of one Aus t ra l ian collect ion and one Nor thern Hemisphere collection, bu t not necessar i ly the s ame 
species . D N A was ext rac ted from fresh or dried collections, and the mos t comple te sequences were used for the 
analysis , a l though dupl ica tes exist for some of the Austral ian Gymnopilus species. A s it was not poss ib le to 
de termine the col lec t ion site for m a n y of the Nor thern Hemisphere species, only voucher number s are provided , 
and the w o r k in wh ich the species were publ ished. Authori t ies for the taxa are inc luded at the end of this pape r in 
the Appendix . 



Species n a m e Col lect ion N o Sequence publ i shed G e n B a n k N o 
Agrocybe parasitica B R Q 02/24 This w o r k A Y 2 1 9 5 8 0 
Agrocybe praecox S A R 85/149 M o n c a l v o et al. (2000) A F 0 4 2 6 4 4 
Bolbitius vitellinus S A R s.n. H o p p l e & Vilgalys (1999) A F 0 4 1 5 4 3 
Bolbitius vitellinus S A R 84/100 Relmer et al. (1944) B V U 1 1 9 1 3 
Bolbitius demangei J M C R 137 M o n c a l v o et al. (2002) A F 2 6 1 5 2 0 
Conocybe rickenii J 183 H o p p l e & Vi lgalys (1999) A F 0 4 1 5 4 6 
Coprinellus disseminatus C 2 2 1 H o p p l e & Vilgalys (1999) A F 0 4 1 5 2 5 
Coprinellus micaceus C12 H o p p l e & Vi lgalys (1999) A F 0 4 1 5 1 3 
Cortinarius abnormis B R S A 02/03 This work A Y 2 1 9 5 8 1 
Cortinarius alboroseus N Z 8672 Peintner et al. (2002) A Y 0 3 3 1 2 7 
Cortinarius caperatus G 9 6 / 3 Monca lvo et al (2002) A F 2 6 1 4 9 7 
Cortinarius elaiochrous N Z 8 7 0 1 Peintner et al. (2002) A Y 0 3 3 1 2 6 
Cortinarius iodes J M 96/23 M o n c a l v o et al. (2000) A F 0 4 2 6 1 3 
Cortinarius limoneus IB 19740328 Peintner et al. (2002) A Y 0 3 3 1 2 6 
Cortinarius metallicus B R V 99/14 This work A Y 2 9 1 5 8 2 
Cortinarius sp. B R V 99/15 This work A Y 2 1 9 5 8 3 
Cortinarius traganus D A O M 212213 Monca lvo et al. (2002) A F 2 6 1 5 0 0 
Cortinarius violaceus D A O M 2 1 6 7 9 6 Monca lvo et al. (2002) A F 2 6 1 4 9 9 
Crepidotus applanatus var. M C A 170 A i m e (thesis) A F 2 0 5 6 9 4 

applanatus 
Crepidotus applanatus var. M C A 188.8 A i m e (thesis) A F 2 0 5 7 0 0 

globigera 
Crepidotus sp . B R T A S 98/62 Th i s work A Y 2 1 9 5 8 4 
Crepidotus sp. B R S A 99/15 This work A Y 2 1 9 5 8 5 
Dermocybe austroveneta 1...647 Chamber s et al. (2000) A F 1 1 2 1 4 7 
Dermocybe marylandensis J M 96/24 Monca lvo et al. 2000) A F 0 4 2 6 1 5 
Dermocybe splendida B R W A 99/62 This work A Y 2 1 9 5 8 6 
Descolea gunnii D u k e 3001 Monca lvo et al. (2000) A F 2 6 1 5 2 3 
Galerina marginata 1 N S W 99/11 This work A Y 2 1 9 5 8 7 
Galerina marginata 2 R M 3 2 2 5 Monca lvo et al. (2002) A F 1 9 5 5 9 0 
Galerina paludosa C B S 388.88 Monca lvo et al. (2000) A F 2 6 1 6 5 3 
Galerina subcerina U N S W 99/31(a) This work A Y 2 1 9 5 8 8 
Galerina tibiiformis U N S W 00/09 This work A Y 2 1 9 5 8 9 
Gomphus novae-zelandiae Z T 68-557 M o n c a l v o et al. (2002) A F 2 6 1 5 4 7 
Gymnopilus aeruginosus C B S 296 .36 Monca lvo et al. (2002) A F 2 6 1 6 5 0 
Gymnopilus allantopus B R W A 99/7(b) This work A Y 2 1 9 5 9 0 
Gymnopilus anomalus B R W A 99/5 This work A Y 2 1 9 5 9 1 
Gymnopilus austropicreus B R V 99/4 This work A Y 2 1 9 5 9 2 
Gymnopilus crociphyllus U N S W 98/34 This work A Y 2 1 9 5 9 3 
Gymnopilus dilepis L E E C H 982 This work A Y 2 1 9 5 9 4 
Gymnopilus eucalyptorum B R V 99/10 This work A Y 2 1 9 5 9 5 
Gymnopilus ferruginosus B R V 99/5 This work A Y 2 1 9 5 9 6 
Gymnopilus junonius 1 SJ84074 Monca lvo et al. (2000) A F 1 9 5 5 9 1 
Gymnopilus junonius 2 B R V 99/1 Th i s w o r k A Y 2 1 9 5 9 7 
Gymnopilus junonius 3 B R S A 02/08 This work A Y 2 1 9 5 9 8 
Gymnopilus luteofolius A M M 12367 This work A Y 2 1 9 5 9 9 
Gymnopilus marginatus B R Q 02/13 This work A Y 2 1 9 6 0 0 
Gymnopilus megasporus B R S A 02/02 This work A Y 2 1 9 6 0 1 
Gymnopilus moabus U N S W 99/38 This work A Y 2 1 9 6 0 2 
Gymnopilus penetrans C B S 168.79 Monca lvo et al. (2002) A F 2 6 1 6 5 2 
Gymnopilus picreus A S 97/103 This work A Y 2 1 9 6 0 3 
Gymnopilus purpuratus Z T 02/01 This work A Y 2 1 9 6 0 4 
Gymnopilus sp. A U N S W 02/02 This work A Y 2 1 9 6 0 5 
Gymnopilus sp. B K S 803/95 This work A Y 2 1 0 6 0 6 
Gymnopilus spectabilis C B S 489 .90 Monca lvo et al. (2002) A F 2 6 1 6 5 1 
Hebeloma crustuliniforme S A R 87/408 R e h n e r e / a / . (1994) H C U 11918 

T a b l e 1 . List of s p e c i e s inc luded . 



Hebeloma sp. 
Hebeloma westraliense 
Hypholoma aurantiacum 1 
Hypholoma aurantiacum 2 
Hypholoma sublateritium 
Inocybe geophylla var. lilacea 
Inocybe sp . 
Kuehneromyces mutabilis 
Kuehneromyces sp. 
Melanotus horizontalis 
Melanotus phillipsii 
Melanotus subcuneiformis 
Melanotus sp. 
Phaeocollybia jennyae 
Phaeocollybia ratticauda 
Phaeomarasmius erinaceus 
Phaeomarasmius sp. 
Pholiota squarrosoides 
Pholiota squarrosa 
Pholiota sp. 
Psilocybe stuntzii 
Psilocybe silvatica 
Stropharia rugosoannulata 
Tubaria furfuracea 
Tubaria rufofulva 

B R B G 99/8 
B R W A 99/39 
H 1 7 ( H B 5 ) 
B R B G 99/8 
J M 96/20 
J M 96/25 
B R T A S 98/27 
G E L 4 3 6 9 
U N S W 02/39 
V 2 0 8 C B S 101982 
V 0 7 7 C B S 101833 
R V P R 64 
U N S W 02/60 
D A O M 221500 
B R V 99/11 
S V H 4 E C V 934 
G A T E S 0006 
JJ7 

Strain Phs 1 
B V R 99/12 
V T 1263 216 
R V 5/7/1989 
D 2 5 8 
M C A 391 
U N S W 98/19 

Monca lvo et al. (2002) 
This work 

Monca lvo et al. (2002) 
Monca lvo et al. (2000) 
Hopp le (1999) 

This work 

Monca lvo et al. (2000) 
J a r o s c h & B e s l (2001) 

Monca lvo et al. (2002) 
This work 

Monca lvo et al. (2002) 
Monca lvo et al. (2002) 
Monca lvo et al. (2002) 
This work 
Monca lvo et al. (2002) 
This work 

Langer (2001) 
This work 

Monca lvo et al. (2000) 
Monca lvo et al. (2000) 
This work 

Monca lvo et al. (2002) 
This work 

This work 
This work 

A Y 2 1 9 6 0 7 
A Y 2 1 9 6 0 8 
A F 2 6 1 6 3 3 
A Y 2 1 9 6 0 9 
A F 0 4 2 5 6 9 
A F 0 4 2 6 1 6 
A Y 2 2 2 7 4 0 
A J 4 0 6 5 5 1 
A Y 2 1 9 6 1 0 
A F 2 6 1 6 0 9 
A F 2 6 1 6 0 8 
A F 2 6 1 5 1 1 
A Y 2 1 9 6 1 1 
A F 2 6 1 5 0 6 
A Y 2 1 9 6 1 2 
A F 2 6 1 5 9 4 
A Y 2 1 9 6 1 3 
A F 0 4 2 5 6 8 
A F 3 5 2 0 4 7 
A Y 2 1 9 6 1 4 
A F 0 4 2 5 6 7 
A F 0 4 1 5 4 4 
A F 0 4 1 544 
A F 2 0 5 7 1 0 
A F 2 1 9 6 1 5 

Abb rev i a t i ons for Aus t ra l i an v o u c h e r co l lec t ions : Al l BR co l lec t ions a re cur rent ly h o u s e d at U N S W , G A T E S a n d 
KS a re p r iva te co l l ec t ions he ld by G e n e v i e v e G a t e s (Tasman ia ) or Kat r ina S y m e (now h o u s e d a t P E R T H ) . 
In fo rmat ion regard ing o v e r s e a s co l lec t ions a re de ta i led in Monca l vo ef al. 2 0 0 0 , 2 0 0 2 w i th t h e excep t ion of ZT , 
A M M in W A S H , a n d p r i va te co l lec t ion L E E C H , mater ia l of wh i ch a re a lso he ld at U N S W . 

D N A Extract ion 
D N A w a s extracted in C T A B buffer us ing the following procedure . Tissue (approximate ly 1 0 - 5 0 m g ) was 
g round in microfuge tubes in extract ion buffer ( 2 % C T A B , 0.1 M Tr is -HCl (pH 8.0), 1.4 M N a C l , 0 .02M E D T A , 
1% P E G 8000) . Samples w e r e then p laced in a waterbath at 65°C for 30 min . mix ing occasional ly. Samples were 
spun for 10 min. at 12K G and then extracted with an equal vo lume of phenol :chloroform: isoamyl a lcohol 
(25:24:1) , mixed and spun again for 10 min . T h e aqueous phase was then extracted wi th an equal vo lume of 
chloroform:isoamyl a lcohol (24:1) , spun, and the aqueous phase r emoved to a fresh microfuge tube. A n equal 
vo lume of 1 0 0 % isopropanol was added, the tube inverted several t imes and p laced at r o o m tempera ture for 
30 min . T h e sample w a s centrifuged for 30 min . at 12K G and decanted. The D N A pellet w a s washed in 7 0 % 
ethanol , air-dried and 50 ul of T E buffer was added. 1 ul of DNase-free R N a s e A was added and the sample 
incubated at 37°C for 15 min . The sample was then frozen until use. 

Ampl i f ica t ion and s e q u e n c i n g of t h e 5' end of Large Sub-Uni t nuclear R ibosomal R N A g e n e 
T h e pr imers L R 7 ( T A C T A C C A C C A A G A T C T ) (detailed in Monca lvo et al. (2000) and the Vi lga lys w e b site at 
(h t tp : / /www.botany.duke.edu/fungi /mycolab/pr in ters .h tm)) , and ITS5 ( G G A A G T A A A A G T C G T A A C A A G G ) 
(Whi te et al. 1990), w e r e used to amplify a roughly 17kbp fragment of D N A including the 5 ' end of the L S U , as 
wel l as the entire internal t ranscr ibed spacer region. 

Ampli f ica t ion condi t ions w e r e as follows: each 5 0 u L reaction conta ined 5 u T of B i o T a q 10X N H 4 buffer 
(BioLine Co. ) , 2.5u.L of 5 0 m M M g C l 2 , 5 u L of a mixture of four deoxynucleot ide t r iphosphates, each at a 
concent ra t ion of 2 . 5 m M , l u L of each of the pr imers at a concentrat ion of 20u,M, 3 5 u L sterile water , and 0.5u.L 
of B i o T a q (BioLine Co.) T a q po lymerase , at a concentrat ion of 5 uni t s /uL. 

A t o u c h d o w n P C R p r o g r a m was used , wi th an initial denaturat ion of 95°C for five minutes . The initial 
denatura t ion tempera ture w a s 65°C, reduc ing to 45°C, with two cycles at each of the higher tempera tures , 
fo l lowed b y thirty repet i t ions of the final cycle . Each cycle had a denaturat ion step of 30 seconds at 95°C, and an 
extens ion step of 1 min . 30 sec. at 72°C. 

http://www.botany.duke.edu/fungi/mycolab/printers.htm
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F i g u r e 1 . Re la t ionsh ips of Gymnopilus spec ies a n d re lated 
b r o w n - s p o r e d g e n e r a , b a s e d on c o m p a r i s o n of t he D N A 
s e q u e n c e of t he 5' e n d of t he nuc lear La rge Sub-Un i t 
r i b o s o m a l R N A g e n e . T h e leng th of t h e s e q u e n c e 
a l i g n m e n t ( inc lud ing gaps ) w a s 1004 bases , 2 1 4 of wh i ch 
w e r e p a r s i m o n y in fo rmat i ve . 

T h e t o p o l o g y is t he major i t y - ru le c o n s e n s u s of 8 5 2 e q u a l -
leng th p a r s i m o n y t rees (cons is tency index 0 .368 , re tent ion 
index 0 .648) . T h i c k l ines ind ica te c l ades w h i c h jackkn i fe 
ana l ys i s ind ica ted to h a v e m o r e than 5 0 % suppor t , w i th 
v a l u e s a s s h o w n . Auricularia polytricha w a s d e f i n e d a s t h e 
o u t g r o u p . 

S o u t h e r n H e m i s p h e r e t axa a re s h o w n under l i ned . 
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P C R produc ts were purif ied b y a Wiza rd P C R Preps (Promega Co.) , and sequenced us ing A B I cycle sequencing 
chemis t ry and electrophoresis equ ipment (Perkin-Elmer Co. ) , using the pr imers L S 7 and ITS3 
( G C A T C G A T G A A G A A C G C A G C ) (Whi te et al. 1990), with addit ional internal p r imers in some cases , where 
necessary . 

T h e results of sequencing the internal t ranscr ibed spacers will be analysed and repor ted in another publ icat ion. 

Analys is of s e q u e n c e data 
Sequences were edi ted us ing the p r o g r a m 'Sequenche r ' (GeneSearch) , and al igned ' b y e y e ' . T h e a l ignment was 
cladist ically analysed us ing the p r o g r a m P A U P * (Swofford 2001) . T h e sequence from Auricularia polytricha 
was defined to be the ou tgroup . Trees were generated using M a x i m u m Pars imony criteria, and support for c lades 
was es t imated by Jackknife analysis (100 replicates, with 3 7 % character replacement , and the ' Jac r e sampl ing ' 
opt ion chosen) . 

N e w sequences genera ted in this s tudy have been deposited in GenBank. 

Results 

A sequence a l ignment o f total length ( including inserted gaps) 1004 bases was genera ted (however , some of the 
sequences obtained from G e n B a n k for compar i son wi th the sequences generated in this s tudy were shorter than 
this). 

Pa r s imony analysis yie lded 852 equal- length t rees (length 1218, consis tency index 0 .368, retention index 0.648) . 
F igure 1 is the majori ty-rule consensus of these trees. Jackknife analysis indicated very low support for mos t of 
the c lades shown. T h o s e wi th jackkni fe support of more than 5 0 % are indicated b y thick lines. Boots t rap analysis 
(results no t shown) p roduced similar levels o f support for these clades. 

Wi th Auricularia polytricha defined as the outgroup, Gomphus novae-zealandiae appears as sister to all the other 
taxa analysed, this c lade having 1 0 0 % jackknife support . With in this clade, there were two large clades o f 
interest. O n e of these conta ined all the Gymnopilus species, and was clearly separate f rom another c lade 
conta ining genera formerly included in the Cort inar iaceae and Strophariaceae as defined by Singer (1986) , b o t h 
of wh ich appear to b e polyphylet ic . T h e convent ion of using 7 ' fol lowed b y a lower case n a m e for a c lade n a m e 
has been followed, to avoid confusion be tween clade names and convent ional generic names . 

T h e genus Galerina appears to be polyphyle t ic , wi th two species (G. paludosa and G. subcerina) appear ing as 
sister to Gymnopilus. Galerina marginata is associated with genera formerly placed in the Strophar iaceae ra ther 
than Cort inar iaceae, whi le Galerina tibiformis is associated with an Inocybe species. 

Wi th in Gymnopilus itself, G. picreus and G. austropicreus appear the mos t isolated species , wi th others (apart 
from G. marginatus, G. penetrans and G. anomalus) forming closely related groups . These groups cor respond 
roughly wi th groups der ived from I T S data (Rees et al. 2002) , but L S U data was no t as informative as I T S 
sequences in dis t inguishing be tween species . Gymnopilus aeruginosus, which has green colours in the p i leus 
surface and flesh w h e n young , is to b e found in a small clade with red-coloured species. 

T h e /gymnopi lo id c lade is well isolated from the genus Cortinarius which contains former Rozites and 
Cuphocybe species as wel l as representat ives of the traditional subgenera Cortinarius, Dermocybe, Myxacium 
and Telamonia. Cortinariaus abnormis is c lear ly contained within Cortinarius in associat ion wi th C. alboroseus, 
C. elaiochrous and an u n n a m e d , former Cuphocybe species from Australia. W i t h the small number of species 
used, o ther species apar t from Cortinarius violaceus were not well-resolved, owing in par t to the shor tness of the 
sequence for some species , including Cortinarius iodes. Relat ionships in this large genus are more satisfactorily 
reso lved us ing ITS sequence data. 

Other genera inc luded b y Singer (1986) in the Cort inariaceae are to b e found scat tered throughout the major i ty 
rule tree in posi t ions wel l isolated from Cortinarius (Fig. 1). Inocybe geophylla var. lilacea shows an affinity 
wi th Galerina tibiiformis albeit wi th weak support . The three Hebeloma species (which form a wel l -suppor ted 
clade) are associated wi th Agrocybe praecox, separate from the Conocybe IBolbitius c lade. However , a c lade 



conta ining Conocybe, Bolbitius, Descolea gunnii and Phaeocollybia appears as a basal group distant f rom 
Cortinarius wi th w h i c h the latter two genera had previous ly been associated. 

T h e anomalous p l acemen t of Cortinarius limoneus is undoub ted ly owing to the sequence having a 300 base 
delet ion, wh ich depr ives us of mos t o f the phylogenet ica l ly informative mater ial . The posi t ion of Agrocybe 
parasitica is also uncer ta in , as he teroplasmy prevented us from obtaining readable sequence from P C R product , 
for about hal f the length of the D N A region. 

In this analysis , the bounda ry be tween traditional subfamilies Phol io to ideae and Strophar ioideae of 
St rophar iaceae (sensu Singer 1986) has disappeared, but individual genera are to b e found in c o m p a n y wi th o ther 
genera wi th w e a k support . Kuehneromyces and the dark-spored genera such as Melanotus form a separate c lade 
wi th one , bu t not b o t h species of Psilocybe species, which are wide ly separated. 

Representa t ives o f several little k n o w n or undescr ibed species from Austra l ia such as Cortinarius (Cuphocybe), 
Kuehneromyces and Melanotus species inc luded in the analysis to see where they wou ld emerge , are clearly 
related on the bas is of L S U data to o ther s imilar exotic species. A n Aust ra l ian Phaeomarasmius species appears 
as sister to a group o f Tubaria species despite the presence of a t r ichoderm in the pi leus surface hyphae . This 
col lect ion shows in termedia te morphologica l characters wor thy o f further invest igation. 

Discussion 

M a n y o f the results f rom this analysis support findings o f the giant phy logeny of the agarics recent ly publ i shed 
b y M o n c a l v o et al. (2002) , but others do not. It is offered as a set t ing in which to p lace n e w sequences for an 
expanded list of spec ies of ma in ly Southern Hemisphe re origin, and as a check on the identi ty o f so m a n y n e w 
Aust ra l ian taxa w h o s e affiliations have been hitherto uninvest igated. It also incorporates several taxa wi th 
t ransi t ional features such as Cortinarius abnormis, Descolea gunnii, Tubaria, Phaeomarasmius and Agrocybe 
species , wh ich have b e e n included in a variety of formerly convent ional agaric families b y a number o f authors 
in the past . Suppor t for c lades in bo th analyses is often w e a k and the posi t ions of taxa can often be reversed in 
such poor ly suppor ted clades. 

Phylogenet ic analysis of the 5 ' end of the L S U coding region of r ibosomal D N A in this study, clearly 
demons t ra tes that the rus t -b rown spored genus Gymnopilus is monophyle t ic . This confirms findings of an earlier 
s tudy based on I T S sequences (Rees et al. 2002) . Regret tably L S U sequences were not available for all the 
species included in the prev ious study, including Pyrrhoglossum pyrrhum (Berk. & M.A. Curtis) Singer n o w 
combined into Gymnopilus as G. pyrrhum (Berk. & M.A. Curtis) B J . Rees . Since then, sequences have b e e n 
genera ted for two less frequently encountered species Gymnopilus megasporus and G. marginatus fom Austral ia . 
Whi l e groups of species present within Gymnopilus bea r some resemblance to those der ived from ITS phyogeny , 
the L S U analysis is less informative as might b e expected. There are also some differences, which reflect the 
incorpora t ion of n e w species sequences into the data set. Nor the rn Hemisphe re Gymnopilus 
junoniuslG. spectabilus species still form a cohes ive g roup with Aust ra l ian collections. T h e n a m e G. junonius 
has pr ior i ty (Or ton 1960) for this species, bu t spore incompatabi l i ty s tudies m a y help resolve w h y this species is 
the on ly cosmopol i t an species yet descr ibed from the genus from Austral ia . 

In accordance wi th the predic t ions of Singer (1986) , some of the Galerina species ana lysed are conf i rmed as 
mos t c lose ly related to Gymnopilus, wh ich according to Monca lvo et al. (2002) also contains Hebelomina 
neerlandica wi th wh ich w e as yet have no exper ience. In the present analysis , Gymnopilus can no longer b e 
thought of as part of the Cort inar iaceae or Strophariaceae which are bo th seen to b e polyphyle t ic in this t rea tment 
and that o f M o n c a l v o et al. (2002) . Gymnopilus is a wel l - represented genus in Austra l ia wi th over 40 species 
(Rees 1996) , and seems to b e more c losely related to the /hebe lomato id and / tubarioid clades than to other former 
m e m b e r s of the Cor t inar iaceae or Strophariaceae. 

T h e ques t ion of the evolut ionary deve lopment of the b rown-spored agarics is far. from sett led (Monca lvo et al. 
2002) , but any connec t ion be tween Gymnopilus and present day Gomphus species (which share some spore wal l 
and ornamenta t ion features wi th Gymnopilus) is not immedia te ly obvious . 

It is confi rmed that, despi te the possess ion of s tyrylpyrone p igments , Cortinarius abnormis is definitely wi th in 
Cortinarius on molecu la r grounds , wi th in a c lade containing former Cuphocybe and Rozites species, inc luding a n 



undescr ibed Cuphocybe species from Austral ia. As a result, the ability to produce s tyrylpyrone p igments has 
arisen independent ly in at least two agaric genera , as well as in Phaeolus and Inonotus, regardless of preferred 
substrata. Al though the posi t ion of Descolea gunnii is not totally resolved in this analysis , the species shows 
some affiliations wi th the /bolbit ioid clade as Singer (1986) predicted on a morphologica l basis . A similar 
affinity was also apparen t in the big data set of Monca lvo et al. (2002) . 
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All interstate col lect ions have been made under private collecting permits issued by appropr ia te State authorit ies 
to the senior author and their co-operat ion is much appreciated. David Orlovich, L inda Gunn and Paul Yea tes are 
thanked for occasional help with extraction and sequencing of D N A . Alec W o o d , Joe Ammira t i , E g o n Horak , 
Tony Leech and Katr ina S y m e have kindly provided collections for sequencing. This work is an extension of an 
initial project funded by a small A R C grant awarded to Bettye Rees , David Orlovich and Joe Zuccarel lo at the 
Univers i ty of N e w Sou th W a l e s in 1999. It would not have been completed wi thout the encouragement and 
support of staff at the Nat iona l Herbar ium of N.S .W. , Royal Botanic Gardens , Sydney. 

A P P E N D I X 
Author i t ies for inc luded taxa: ( fol low Brummi t 

Agrocybe parasitica S tevenson 
A. praecox (Pers. : Fr.) Fayod 
Bolbitius vitellinus (Pers . : Fr.) Fr. 
B. demangei (Quel .) Sacc . & D . Sacc . 
Conocybe rickenii (Jul . Schaeff.) Kuhner 
Coprinellus disseminata (Pers . : Fr.) Hopp le & 

Vi lgalys 
C. micaceus (Bull. : Fr.) Hopp le & Vilgalys 
Cortinarius abnormis Wat l ing & T .W. M a y 
C. alboroseus (R. H e i m ) Peintner, E. Horak , 

M . M . Mose r & Vi lga lys 
C. caperatus Fr. 
C. elaiochrous E . Horak , M . M . Moser , Peintner & 

Vilgalys 
C. iodes Berk. & M . A . Curt is 
C. limoneus (Fr. : Fr . ) Fr. 
C. metallicus (Bougher , Fuhrer & E. Horak) 

Peintner , E . Horak , M . M . Mose r & Vi lgalys 
C. traganus (Fr. : Fr . ) Fr. 
C. violaceus (L. : Fr . ) S.F. Gray 
Crepidotus applanatus ( P e r s . : Fr.) S taude var. 

applanatus Singer 
C. applanatus (Pers . : Fr.) S taude var. globiger 

(Berk.) Sacc . 
Dermocybe austroveneta (Cleland) M . M . Mose r & 

E. Horak 
D. marylandensis Ammi ra t i 
D. splendida E . H o r a k 
Descolea gunnii (Berk. : Massee ) E. Horak 
Galerina marginata (Batsch) Kuhner 
G. paludosa (Fr.) Kuhne r 
G. subcerina A .H. Smi th & Singer 
G. tibiiformis A .E . W o o d 
Gomphus novae-zelandiae Segedin 
Gymnopilus aemginosus (Peck.) Singer 

& Powell 1992) 

G. allantopus (Berk.) Pegler 
G. austropicreus B.J. Rees 
G. crociphyllus (Cooke & Massee) Pegler 
G. decipiens (W.G. Smith) P .D . Orton 
G. eucalyptorum (Cleland) Singer 
G. ferruginosus B.J. Rees 
G. junonius (Fr.) P .D. Orton 
G. luteofolius (Peck) Murril l 
G. marginatus B.J. Rees 
G. megasporus Grgurinovic 
G. moabus Grgurinovic 
G. odini (Fr.) Kuhner & Romagnes i 
G. penetrans (Fr. : Fr.) Murri l l 
G. picreus (Pers. : Fr.) P. Karsten 
G. purpuratus (Cooke & Massee) Singer 
G. spectabilis (Fr.) A.H. Smith 
G. tuificola M . M . Moser 
Hebeloma crustuliniforme (Bull . : Fr.) Quelet 
H. westraliense Bougher , T o m m e r u p & Mala jczuk 
Inocybe geophylla (Sowerby) Quel . var. lilacina 

Gillet 
Kuehneromyces mutabilis (Schaeff. : Fr.) Singer & 

A.H. Smith 
Melanotus subcuneiformis (Murril l) Singer 
M. phillipsi (Berk. & Broome) Singer 
M. horizontalis (Bull.) P .D. Orton 
Phaeocollybia jennyae (P. Karsten) R. H e i m 
P. ratticauda E. Horak 
Phaeomarasmius erinaceus (Pers. : Scherff.) 

Romagnes i 
Pholiota squarrosoides ( P e c k ) Sacc . 
P. squarrosa (O.F. Miill.) P . K u m m e r 
Tubaria furfuracea (Pers. : Fr.) Gillet 
T. rufofulva (Cleland) D.A. Reid & E. Horak 
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