
























Figs. 12- 15. - SEM micrographs of longitudinal sections of the mycorrhizae (SAPA 
11 60) : 12. A mycorrhiza: hyphal sheath (HS) covered with root tissue; stele (S) and 
cortex of the basal part (C) remained, but the root cap, meristem, and apical region 
of the cortex disappeared (arrow) (bar 0.5 mm). 13. Basal part of the mycorrhiza (bar 
= 100 pm). 14. Apical part of the mycorrhiza: root cells replaced by fungal hyphae 
(bar = 10 pm). 15. Fungal hyphae in outer cortical cells (arrows) (bar = 10 pm). 

mens examined. Moreover, invading hyphae were observed in the bas­
al part of the outermost cortical cell layer, but a typical Hartig net was 
not formed. These morphological features suggest that the mycorrhi­
zae of E. aprile on P. maximowiczii are not ectomycorrhizal: they are 
morphologically similar to mycorrhizae of E. sepium on Rosa su. and 



Figs. 16- 19. - Nomarski interference contrast micrographs of longitudinal sections 
of mycorrhizae (SAPA llGO): 16. A large dark granule of an outer cortical cell in the 
basal part (arrow). 17. Several small dark granules of outer cortical cells in the 
basal part. 18. Root cells with intact nuclei near cells with invaded hyphae. 19. Mi­
crosclerotia of unidentified DSE fungi (arrows) within the outer cortical cells in the 
basal part of mycorrhized root tips. Bars 10 pm. 

entolomatoid fungi associated with rosaceous and ulmaceous plants 
have the ability to form their structurally unique mycorrhizae on vari­
ous plants, including members of salicaceous species. 

However, ectomvcorrhizal entolomatoid fungi associated with 
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Figs. 20-23. - Nomarski interference contrast micrographs of a hyphal sheath (SAPA 
11 60): 20. The outer layer, composed of plectenchymatous tissue (bar = 20 pm). 
21. The middle layer, intermixed with plectenchymatous (black arrows) and pseu­
do parenchymatous (white arrows) tissues (bar = 10 ~\m) . 22. Two large, spherical to 
oval, pseudoparenchymatous cells in the inner layer (bar = 10 ~lm). 23. Numerous 
small , spherical, pseudoparenchymatous cells in the inner layer (bar = 10 pm). 

corrhizae of Entoloma sericeum (Bull.) Qw§l. on Salix rotundifolia 
Trautv. form a thick mantle of clamped hyphae running parallel to the 
root axis and an epidermal Hartig net out of which no invasion of root 
cells was observed (Antibus et al. 1981, Linkins & Antibus 1982). Be-



a typical Hartig net , also without any intracellular hyphae (Graf & 
Brunner 1996). From these facts, we think that entolomatoid fungi as­
sociated with salicaceous plants form two types of mycorrhizae de­
pending on the fungal species, viz . the unique morphological type de­
scribed above and ty-pical ectomycorrhizae. For a better understanding 
of mycorrhizal symbiosis between entolomatoid fungi and diverse 
plants, more comprehensive studies on their species-specific mycor­
rhizal morphology are required. 

lVIicrosclerotia of unidentified DSE fungi (Fig. 19 , arrows) were 
observed in some outer cortical cells in the basal part of E. aprile my­
corrhizae. Our mycorrhizal specimens have been collected from cool­
temperate deciduous forests of Hokkaido, northern Japan (Fig. 1). Per­
haps, DSEs frequently colonize roots of P. maximowiczii in those for­
ests because plants growing in cool, nutritionally poor, alpine or sub­
alpine ecosystems have a high incidence of DSEs (Haselwandter & 
Read 1980 , Stoyke et al. 1992, Hambelton & Currah 1997). Not infre­
quently, plant roots form typical mycorrhizal associations and, in ad­
dition, become colonized by DSE fungi (Peterson et al. 2004). However, 
no reports on additional colonization of DSEs in non-ectomycorrhizal, 
unique types of mycorrhizae formed by entolomatoid fungi including 
E. aprile have hitherto been published before the present study. 

Phylogenetic analysis 

ITS sequences were obtained from our collected specimens of ba­
sidiomata and mycorrhizae from Hokkaido, and allied three Entoloma 
species collected from other parts of Japan (Table 1). Phylogenetic 
comparisons of our specimens with allied specimens on ITS sequences 
of Entoloma spp . and related genera are shown in Fig. 24. Basidiomata 
of E. aprile were highly homologous (99.4 % - 100.0 %) among our col­
lected specimen and were separated from other known Entoloma spp. 
in the dendrogram based on ITS sequences. These results support our 
morphological observation that E . aprile differs from E . clypeatum f. 
clypeatum, E. clypeatum f. hybridum, and E. sepium in Japan, and is 
therefore a new record for the Japanese mycobiota. 

The sequences of P . maximowiczii mycorrhizae from lVIiyagaoka 
Park, Sapporo, were also highly homologous (96.7 % - 97 .3 %) with 
that of E. aprile basidiomata. Thus, we could confirm that P . maximo­
wiczii is the host plant of E. aprile. On the other hand, the sequences 
from mycorrhizae on P. maximowiczii from Ishikari shelterbelt forest, 
Ishikari, were highly homologous with E. clypeatum f. clypeatum 
(99.5 % - 100.0 %), E. clypeatum f. hybridum (92.9 % and 98.9 %) and 
E . sepium (99. 7 % and 99.8 %), and clearly separated from E. aprile 
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Fig. 24. - Neighbor-joining (NJ) tree based on sequences of the internal transcribed 
~n'H"pr TTS1-!'i .RS-ITS2 rf'2"ion for Dhvlo2"eneticallv related species in the genus En-



Acknowledgments 

We are grateful to Dr. Hisayasu Kobayashi, Ibaraki Prefectural 
Forestry Research Institute, for his valuable suggestions. We also ex­
press our sincere thanks to Dr. Daisuke Sakuma , Osaka Museum of 
Natural History, for the loan of important specimens. The first author 
thanks Dr. Makoto Kakishima , University of Tsukuba, for his kind 
help with SEM. For collecting specimens, we are thankful to Mr. Su­
sumu Koshimizu and to the staff of the Non Profit Organization , The 
Forum of Fungi in Northern Japan. 

References 

Agerer R. (1987-1993) Color atlas of ectomycorrhizae, 1st-7th delivery. Einhorn­
Verlag, Schwabisch GmLind. 

Agerer R., Waller K. (1993) iVlycorrh izae of Entoloma sepium: parasitism 01' symbio­
sis? Mycorrhiza 3: 1-15-15-1. 

Antibus R. K., Croxdale J. G., Miller O. K., Linkins A. E . (1981) Ectomycorrhizal 
fungi of Salix Totundijolia. III. Resynthesized mycorrhizal complexes a nd 
their surface phosphatase activit ies. Canadian Jouma.l of Botany 59: 2458-
2465. 

Breitenbach J., Kranzlin F. (199 5) Fu.ngi of SwitzeTlanci, vol 4. Boletes anel agarics, 
2nd part. Verlag Mykologia, Luzern. 

Felsenstein J. (1985) Confidence limits on phylogenies: an approac h using the boot­
strap. Evolution 3!J: 783-79l. 

Gardes M., Bruns T. D. (1993) ITS primers with enhanced specificity for basidio­
mycetes - application on mycorrhizae and rusts. Molecula-r Ecology 2: 113-
118. 

Graf F., B runner I. (1996) Natura l and synthesized ectomycorrhizas of the alpine 
d warf willow Salix heTbacea. MYCOTrh'iza 6: 227-235. 

Gryndlel' M. , Egertov<) Z ., Soukupova L., Gl'yncllerova H. , Borovicka J. , H rselova H. 
(2010) Molecular detec tion of Entoloma spp . associated with roots of l'osa­
ceous woody plants . Mycological P1'OgTess 9: 27-36. 

Hambleton S., Currah R. S. (1997) F ungal endophytes from the roots of alpine and 
boreal Ericaceae . Canaclian Jou'rnal of Botany 75 : 1570-1 58 l. 

Haselwandter K., Read D. J. (1980) Fungal associations of roots of dominant a nd 
sub-dominant plants in high-alpine vegetation systems with special refer­
ence to myco l'rhiza . Oecologia 45: 57-62. 

Imazeki R., Hongo T. (1987) ColO1'ed illustmtions of mush1'00ms of Japan, vol I (in 
J apanese) . Hoikusha, Osaka. 

Kimura M. (1980) A simple method for estimating evolutionary rates of base substI­
tutions through comparative studies of nucleotide sequences. Joumal of the 
MoleculaT Evolution 16: 111- 120. 

Kobayashi H. (2004) Studies on mycorrhizas of entolomatoic1 fungi associa ted with 
rosaceous and ulmaceous plants (in Japanese with English summary). Nip­
pon Kingakukai Kaiho 45: 43-51. 

Kobayashi H. (2007) Stuelies on entolomatoiel fungi associateel with 1'Osaceous anel 
ulmaceous plants in Japan anel theiT utilization (in Japanese with English 
summary). Ibaraki Prefectu ral Forestry Research Institute, Naka , Ibaraki, 
Japan. 

Kobayashi H. , Degawa Y. , Yamada A. (2003) Two new records of entolomatoicl fun­
gi ilsso ~iiltf'rl with rOS:'l~f'Oll S nl:'lnts from .r:'ln:'ln . Mur.n.<r.i.p'n.rp 44' 111-111 . 



I---

Kobayashi H. , Yamada A. (2003) Chlamydospore fo rmation of Entoloma clypeatum 
f . hybridum on mycorrhizas and rhizomorphs associ ated with Rosa multiflo ­
ra . Mycoscience -!-!: 61-62 . 

Largent D . L (199-l) Entolomatoid fungi of the Wes tern United S tates and Alaska. 
Mad River Press, Eureka . 

Largent D. L. , J ohnson D, Watling R. (1977) How to identify mushrooms to genus 
III : microscopic features . Mad River Press, Eureka. 

Linkins A., Antibus R. (1982) Mycorrhizae of Salix rotundifolia in coastal arctic 
tttndra. In: Arctic and alpine mycology, vol 1 (eds. Laursen G. A. & Ammi­
rati J . F .), Universi ty of Washington Press, Seattle: 509-53 l. 

Noonleloos lVI. E. (198 0) Entoloma subgenera Nolanea in Netherlands and adj acent 
region with a reconnaissance of their remaining taxa in Europe. Persoonia 
10: -t27-53-l. 

Noorcleloos lVI . E . (1981a) Introduction to the taxonomy of the genus Entoloma sen ­
sulato (Agaricales). Persoonia 11: 121- 151. 

Noo rc1 eloos lVI . E. (1981b) Entoloma subgenera Entoloma and Allocybe in Nether­
land and adjacen t region with a r econnaissance of theil' rema ining taxa in 
Europe. Persoonia 11: 153- 256. 

Noorc1eloos lVl. E . (1992) Entoloma s. I., Funghi Euro paei, vol 5. Edi zoni Canclusso, 
Saronno. 

Noordeloos lVl. E. (1998) Entolomataceae. In: Flom Agaricina Neerlaneliea 1 (eds . 
Bas C. , Kuyper T. W., Noordeloos M. E. , Vellinga E. C.) , Brookfie ld Balkema , 
Rotterdam, pp 98-99 . 

Noordeloos lVI. E. (2004) Entoloma s. I., F-unghi Europaei, vol 5A. Edizo ni Candusso, 
Saronno. 

Peterson R. L. , lVIassico tte H. B., lVIelville L. H. (2004) Myc01'1'hizas: anatomy and cell 
biology . CABI Publishi ng, Wallingford. 

Sai loLl N., Nei lVI. (1987) The neighbor-joining method: a new method for r econ­
structing phylogenetic trees. Molecular Biology anel Evolution 4: 406- 42 5. 

Singer R. (1986) The Agaricales in Modern Taxonomy, 4th ed. Koeltz Scientific 
Books, Kiinigstein. 

Stoyke G., Egger K. N. , Currah R. S . (1992) Charact erization of sterile endophytic 
fungi from the mycorrhizae of subalpine pla nts. Canadian .!oumal of Botany 
70: 2009-2 016 . 

S ZltCS E., Veghelyi K. (1998) Observation with Entoloma clypeatum, mycorrhizal 
fungus in H ungarian orchards. Acta Horticultume 477: 123-126. 

Thompson J. D., H iggins D. G., Gibson T. J. (1994) CLUSTAL W: improving the 
sensitivity of progress ive multiple sequ ence align ment through sequence 
weight ing, position specific gap penalties and weight matrix choice. Nucleic 
.Acids Research 18: 7213-7218. 

(Manuscript acceptecl14 June 2010; Conesponding Eelito,/,: R. PodeT) 


	entoloma-aprile01
	entoloma-aprile02
	entoloma-aprile03
	entoloma-aprile04
	entoloma-aprile05
	entoloma-aprile06
	entoloma-aprile07
	entoloma-aprile08
	entoloma-aprile09
	entoloma-aprile10
	entoloma-aprile11
	entoloma-aprile12
	entoloma-aprile13
	entoloma-aprile14
	entoloma-aprile15
	entoloma-aprile16
	entoloma-aprile17
	entoloma-aprile18
	entoloma-aprile19

