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1 Mucoromycotina Mucorales

Mortierellales Endogonales Hibbet et al. 2007

Glomeromycota Zygomycota

Spatafora et al. 2016 Mortierellomycotina

Glomeromycotina Mucoromycota

Hibbet et al. 2007

White et al. 2006

Glomeromycota Basidiomycota

Ascomycota James et al. 2006 Hibbett et al. 2007

Bidartondo et al. 2011

Martin et al. 

2008 Martin et al. 2010 Tisserant et al. 2013 Kohler et al. 2015

 

mm 1 cm

Link 1809 Endogone pisiformis Link Endogone 

Link

Tuber P. Micheli ex F.H. Wigg.

Berkeley and Broome 1846 Endogone lactiflua Berk. & Broome

Tulasne and Tulasne 1845

Glomus Tul. & C. Tul. Tulasne and Tulasne 1851

Bucholtz 1912 E. lactiflua

Endogone flammicorona Trappe & Gerd. Trappe and Gerdemann 1972
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Link 1809

Bucholtz 1912 Tulasne and Tulasne 1851

2 Glomus macrocarpus Tul. & C. Tul. Glomus 

microcarpum Tul. & C. Tul.

Thaxter 1922 Endogonaceae Endogoneae

Thaxter 1922

E. pisiformis 2

Endogone reniformis Bres. Endogone malleola Harkn.

3 Glaziella 

Berk. Sclerocystis Berk. & Broome Sphaerocreas Sacc. & Ellis

3 Endogone vesiculifera Thaxt. =Rhizophagus vesiculiferus 

(Thaxt.) C. Walker & A. Schüßler Endogone fuegiana Speg. =G. fuegianum (Speg.) Trappe & 

Gerd. Endogone mosseae T.H. Nicolson & Gerd. =Funneliformis mosseae (T.H. Nicolson 

& Gerd.) C. Walker & A. Schüßler arbuscular 

mycorrhiza Peyronel 1937 Mosse 1953 Nicolson 

and Gerdemann 1968

1960

 

Kanouse 1936 2 Endogone reniformis Endogone malleola

Walker 1923 E. malleola

Mortierellaceae Modicella Kanouse

Smith et al. 2013 Modicella

Gerdemann and Trappe 1974 Thaxter 1922

Gigaspora Gerd. & Trappe

Acaulospora Gerd. & Trappe

Modicella 5

Thaxter 1922 Sclerocystis Glaziella Sphaerocreas

E. pisiformis

Trappe and Gerdemann 1979
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Bucholtz 1912 Glaziella

Gibson et al.

1986 Perry et al.

2007 Pyronemataceae

Pirozynski and Dalpé 1989

Sclerocystis Glomeraceae 

Piroz. & Dalpé Glomaceae Morton and Benny 1990

Glomerales J.B. Morton & Benny Glomales

Moreau 1953

Archaeosporales Diversisporales Paraglomerales Schüßler et al. 2001

4

Archaeosporales Geosiphon pyriformis (Kütz.) F. Wettst.

4

4

4 Schüßler et al. 2001

Dikarya

3 1

James et al. 2006  

Gerdemann and Trappe 1974 Yao et al. 1996

Redecker et al. 2013

E. pisiformis E. lactiflua

Yao et al. 1996

10 GenBank

https://www.ncbi.nlm.nih.gov/genbank/ 2016 11 16 15

2 6 GenBank

3 RNA rDNA 18S

Gerdemann and Trappe 1974

3 Sclerogone Warcup Youngiomyces Y.J. Yao
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Peridiospora C.G. Wu & Suh J. Lin Warcup 1990 Yao et al. 1995a Wu and Lin 1997

Youngiomyces aggregatus Y.J. Yao rDNA 18S 28S

2

3

E. pisiformis E. lactiflua Youngiomyces

1-1 Bucholtz 1912 Gerdemann and Trappe 1974 Yao et al. 1996

 

 

 

 
1-1  

Yao et al 1996 A B Youngiomyces C
*  

Hirose et al. 2014 Gerdemann and Trappe 1974

Sphaerocreas pubescens Sacc. & Ellis

rDNA 18S

Warcup 1985

Glomus tubaeformis P.A. Tandy Eucalyptus L'Hér.

Smith and Read 2008 McGee 1996 G. 

tubaeformis 3

Densospora McGee
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UNITE https://unite.ut.ee 2016 11 16 Densospora 

solicarpa McGee DAR6942 DAR74956 Densospora nuda McGee DAR69412

DAR69416 D. solicarpa L3619 L3138 L3656

Sphaerocreas Densospora

 

E. pisiformis

 

 

Smith and Read 2008

Smith and Read 2008

Smith and Read 

2008  

ectomycorrhiza

fungal sheath

Hartig net Smith and Read 

2008 Smith and 

Read 2008 Angiospermae

Fagaceae Betulaceae Salicaceae Dipterocarpaceae

Myrtaceae Nothofagaceae
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Gymnospermae Pinaceae Smith 

and Read 2008

Agerer 2006

250 1 Smith and 

Read 2008 Tedersoo and Smith 2013  

E. lactiflua E. flammicorona Trappe and Gerdemann 

1972 Pinus strobus L. 2–3

Fassi 1965

Fassi and Palenzona

1969 E. lactiflua E. flammicorona Trappe and Gerdemann 1972

Pseudotsuga menziesii (Mirb.) Franco Fassi

1965

E. flammicoron

Bonfante-Fasolo and Scannerini 1977

E. flammicorona

Tandy 1975 Chu-Chou and Grace 

1979 1984 Warcup 1990 E. flammicorona

E. 

flammicorona E. lactiflua

Walker 1985

Warcup 1990 3 Y. aggregatus Endogone aggregata P.A. Tandy

Endogone tuberculosa Lloyd Sclerogone eucalypti Warcup

Reverchon et al. 2012 Bahram et al. 2013 Schirkonyer et al. 

2013 Miyamoto et al. 2014 Benucci et al. 2016

 

 

1-3 Mycothallus  

Marchantiophyta Bryophyta

Anthocerophyta

Lycopodiophyta
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Pteridophyta

Clarke et al. 2011

F. mosseae Glomus mosseae 

(T.H. Nicolson & Gerd.) Gerd. & Trappe

Conocephalum conicum (L.) Dum. Ligrone et al. 

2007

Smith and Read 2008

Humphreys et al 2010

Pressel et al. 2010

Selosse 2005 mycothallus MT

myco + thallaus endophyte Boullard 1979

1988 Read et al. 2000 mycothallus MT

MT

MT Bidartondo et al 2011 Desirò et al. 2013 Pressel 

et al. 2016

Bidartondo et al. 2011

Field et al. 2015a  

Marchantiopsida

Jungermanniopsida Haplomitriopsida 3

Crandall-Stotler et al. 2009 Wikström et al. 2009 2012

Forrest et al. 2006 Charophyceae

Renzaglia 

et al. 2015 MT

Smith and Read 2008

Ligrone et al. 2007 Duckett 

et al. 2014 3.5 4.2

Remy et al. 1994

Pirozynski and Malloch 1975 4.4 4.2
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4.8 4.4 Simon et al. 1993

Redecker et al. 2000

Smith and Read 

2008  

Haplomitriales Haplomitrium 

Nees Treubiales Treubia Goebel MT

Carafa et al. 2003 Duckett et al. 2006 Lilienfeld 1911

Haplomitrium hookeri (Sm.) Nees MT

Stahl 1949 Treubia insignis Goebel MT

Haplomitrium blumei (Nees) R. M. Schust. Calobryum blumii Nees MT

Carafa et al. 2003 Duckett et 

al. 2006 MT Duckett et al. 2006

MT MT Bidartondo et 

al. 2011 MT

MT

MT

MT

Bidartondo et 

al. 2011

Field et al. 2015c Desirò et al. 2013

Rimington et al. 2015

MT

MT

Horneophyton lignieri (Kidst. & W.H. Lang) Bargh. & 

Darrah Strullu-Derrien et al. 2014
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Bidartondo et al. 2011 Field et al. 2015b MT

H. blumei H. hookeri 2 MT

MT

Haplomitrium mnioides (Lindb.) R.M. Schust. MT

Apotreubia Hattori 

& Mizutani

Stech et al. 2002 4 MT

MT MT

 

 

Sphaerocreas Densospora

Bidartondo et al. 2011

2

3

E. pisiformis Sphaerocreas

4

5

2 E. lactiflua E. flammicorona

6

MT MT

7 Apotreubia nana (S.Hatt. & Inoue.) S.Hatt. & Mizut.

MT MT

8

MT  
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Endogone Sclerogone Youngiomyces Peridiospora 4

Morton and Benny 1990 Hibbet et al. 2007 Gerdemann and 

Trappe 1974 Yao et al. 1996

13 Sclerogone 1 Youngiomyces 4

Peridiospora 2 Wu and Lin 1997 Endogone aurantiaca Błaszk.

Endogone maritima Błaszk., Tadych & Madej Błaszkowski 1997 Błałszkowski et al. 

1998 4 22 2-1

1 Yao et al. 

1996 Youngiomyces

2 2

Yao et al. 1996 Sclerogone 0.5 mm

10 Warcup 1990 Yao et al. 1996 Peridiospora

Wu and Lin 1997  

2002 Assembling the Fungal Tree of Life AFTOL http://aftol.org

2000

E. pisiformis

Gerdemann and Trappe 1974 Yao et al. 1996 E. lactiflua E. flammicorona

Calonge 

and Pasabán 1993

1-1

Youngiomyces

Sphaerocreas pubescens Densospora
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Gerdemann and Trappe 1974 Yao et al. 1996 E. 

pisiformis E. lactiflua E. flammicorona

Yamamoto et al. 2015

12 6 Endogone 

alba (Petch) Gerd. & Trappe Peridiospora reticulata C.G. Wu & Suh J. Lin

Peridiospora tatachia C.G. Wu & Suh J. Lin 2-1

 

Yamamoto 

et al. 2015 2017  

 

 

 ** 
 

Endogone acrogena Gerd., Trappe & Hosford US 1 T 

E. alba (Petch) Gerd. & Trappe LK 2 T 
E. aurantiaca Błaszk. PL 3 T 
E. crassa P.A. Tandy AU 4 T 
E. flammicorona Trappe & Gerd. IT 5 T AU 4 ES 6 NO 7 NZ 8 PT 9 SI

10 SW 11 US UK 12  
E. incrassata Thaxt. US 13 T CA 14  
E. lactiflua Berk. & Broome UK 15 T AR 16 CA 14 DK 17 ES 18 IT

19 LT 20 PL 21 PT 22 SI 10 US 1  
E. maritima Błaszk. PL 23 T 
E. oregonensis Gerd. & Trappe US 1 T 
E. pegleri Y.J. Yao AU 25 T 
E. pisiformis Link* DE 26 27 T CZ 28 RO 29 SW 30 US 1  
E. pseudopisiformis Y.J. Yao US 25 T 
E. reticulata P.A. Tandy AU 4 T 
E. sphagnophila G.F. Atk. US 31 T 
E. tuberculosa Lloyd AU 32 T 
E. verrucosa Gerd. & Trappe US 1 T NZ 33  
Peridiospora  
P. reticulata C.G. Wu & Suh J. Lin TA 34 T 
P. tatachia C.G. Wu & Suh J. Lin* TA 34 T BR 35  
Sclerogone  
S. eucalypti Warcup* AU 36 T 
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 ** 
Youngiomyces  
Y. aggregatus Y.J. Yao AU 37 T 
Y. carolinensis Y.J. Yao* US 37 T 
Y. multiplex (Thaxt.) Y.J. Yao US 37 T ES 38  
Y. stratosus (Trappe, Gerd. & Fogel) Y.J. Yao US 37 T 
*  
**AR AU BR CA CZ DE DK

ES IT LK LT NO NZ PL
PT RO SI SW TA UK US

Gerdemann and Trappe 1974 2: Petch 1925, 3: Błaszkowski 1997, 4: Tandy 1975, 5: Trappe and 
Gerdemann 1972, 6: Vidal 1994, 7: Eckblad 1985, 8: Chu-Chou and Grace 1979, 9: Fogel 1980, 10: Mihál et 
al. 2011, 11: Kers 1985, 12: Trappe and Gerdemann 1972, 13: Thaxter 1922, 14: Berch and Fortin 1984, 15: 
Berkeley and Broome 1846, 16: Nouhra et al. 2008, 17: Lange 1954, 18: Vidal 1997, 19: Montecchi and 
Sarasini 2000, 20: Kutorga and Kataržytė 2008, 21: Błaszkowski et al. 2004, 22: Yao et al. 1996, 23: 
Błaszkowski et al. 1998, 15: Yao et al. 1995a, 26: Link 1809, 27: Trappe and Gerdemann 1979, 28: Pilát 1957, 
29: Pap et al. 1990, 30: Lihnell 1937, 31: Atkinson 1918, 32: Lloyd 1918, 33: Chu-Chou and Grace 1983c, 34: 
Wu and Lin 1997, 35: Goto and Leonor 2006, 36: Warcup 1990, 37: Yao et al. 1995b, 38: Vidal et al. 1997. 
T  

Sphaerocreas 2-2

1

Gerdemann and Trappe 1974

ZEISS Stemi 

2000C Carl Zeiss Nikon D5100 Nikon

Gerdemann and Trappe 

1974

60°C 12

TNS

KPM  

TNS KPM E. flammicorona TNS-F-51163

KPM-TO-1 E. lactiflua TNS-F-51164 E. pisiformis TNS-F-51165 TNS-F-51166 TNS-F- 

51167 TNS-F-235870 Endogone sp. KPM-MEL2342016 Endogone sp. 5
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18S 28S EF-1α RPB1 

 
E. flammicorona 
EF-11001 KPM-NC0024202  2011  ○ LC002615a ○ 

EF-11002 KPM-NC0024203  2011  ○ LC002616a ○ ○ 

EF-13002 KPM-NC0024738  2013  LC107332b LC107360b LC107375b 

EF-13001 KPM-NC0024204  2013  
EF-14002 2014  ○ ○ ○ 

EF-15001 2015  ○ ○ ○ ○ 

EF-15002 2015  ○ ○ ○ ○ 

E. incrassata 
EI-10001 KPM-NC0024205  2010  ○ 
EI-11001 2011  
EI-11002 KPM-NC0024206  2011  ○ 
EI-11003 KPM-NC0024207  2011  ○ 
EI-11004 KPM-NC0024208  2011  ○ ○ ○ ○ 

EI-11005 KPM-NC0024209  2011  ○ ○ ○ 

EI-11006 KPM-NC0024210  2011  ○ 

EI-11007 KPM-NC0024211  2011  
EI-12001 KPM-NC0024212  2012  ○ LC002619a ○ ○ 

EI-12002 2012  
EI-12003 2012  
EI-12004 KPM-NC0024213  2012  LC107337b LC002620a LC107379b ○ 

EI-12005 KPM-NC0024214  2012  LC107338b LC002621a LC107380b ○ 

EI-12006 KPM-NC0024215  2012  ○ 

EI-12007 KPM-NC0024216  2012  ○ 
E. lactiflua 
EL-10001 KPM-NC0024218  2010  ○ LC002622a ○ 

EL-10002 KPM-NC0024219  2010  ○ LC002623a ○ ○ 

EL-10003 KPM-NC0024220  2010  ○ 

EL-11001 KPM-NC0024221  2011  ○ LC002625a ○ ○ 

EL-11002 KPM-NC0024222  2011  
EL-11003 KPM-NC0024223  2011  ○ LC002626a ○ ○ 

EL-11004 2011  
EL-11006 KPM-NC0024224  2011  
EL-14001 2014  LC107343b LC107364b LC107385b 

EL-15001 2015  ○ ○ ○ ○ 
EL-15003 2015  ○ ○ ○ 
E. pisiformis 
EP-11001 KPM-NC0024225  2011  ○    
EP-11003 KPM-NC0024226  2011  LC107344b LC002627a LC107386b ○ 
EP-12001 KPM-NC0024227  2012  LC107345b LC002628a LC107387b  
EP-12002 KPM-NC0024228  2012      
EP-12003 KPM-NC0024229  2012  LC107346b LC107365b LC107388b ○ 
EP-12004 2012      
EP-12005 2012      
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18S 28S EF-1α RPB1 

 
E. pisiformis 
EP-12007 KPM-NC0024230  2012  LC107347b LC002629a LC107389b ○ 
EP-12008 KPM-NC0024231  2012  ○ 
EP-12009 KPM-NC0024232  2012  LC107348b LC107366b LC107390b 

EP-12010 KPM-NC0024233  2012  LC107349b LC002630a LC107391b ○ 
Endogone sp. 1 
ESP-A-11001 KPM-NC0024740  2011  LC107350b LC107367b LC107392b 

ESP-A-12001 KPM-NC0024741  2012  LC107351b LC107368b LC107393b 

ESP-A-13001-4 KPM-NC0024742  2013  LC107353b LC107370b LC107395b ○ 
ESP-A-14001 KPM-NC0024743  2014  LC107354b 

ESP-A-14002 KPM-NC0024744  2014  LC107355b LC107372b LC107396b 

ESP-A-16001-1 2016  ○ ○ ○ 
Endogone sp. 2 
ESP-G-14001 2014  ○ ○ ○ 
ESP-G-15001 2015  ○ ○ ○ ○ 
ESP-G-15002 2015  
Endogone sp. 3 
ESP-B-13001 2013  ○ ○ ○ ○ 
ESP-B-13002 2013  ○ ○ ○ ○ 
ESP-B-13003 2013  ○ 
ESP-B-13004 2013  ○ ○ ○ ○ 
ESP-B-13005 2013  
ESP-B-14001 2014  ○ 
ESP-B-14002 KPM-NC0023961  2014  
ESP-B-14003 KPM-NC0023962  2014  
ESP-B-14004 KPM-NC0023963  2014  
Endogone sp. 4 
ESP-F-10001 2010  
ESP-F-14001 2014  ○ ○ ○ 
ESP-F-15001 2015  ○ ○ ○ ○ 
ESP-F-15002 2015  ○ ○ ○ ○ 
Youngiomyces sp. 1 
ESP-E-14001 2014  ○ ○ ○ 
S. pubescens 
SP-12002 KPM-NC-22975  2012  AB755410c ○ ○ ○ 
SP-12004 KPM-NC-22969  2012  AB752291c    
SP-12005 KPM-NC-22970  2012  AB755407c ○ ○ ○ 
SP-12013 KPM-NC-22971  2012  AB755408c ○ ○ ○ 
SP-12014 KPM-NC-22972  2012  AB755409c ○ ○ ○ 
SP-12015 KPM-NC-22973  2012  AB752293c ○ ○ ○ 
SP-12016 KPM-NC-22974  2012  AB752295c LC107618b LC107619b ○ 
SP-2014 KPM-NC0023964  2014  ○ ○  ○ 

KPM  
E. flammicorona 
KPM-NC0024201 2003      
TO-1 2014  ○ ○ ○ ○ 
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18S 28S EF-1α RPB1 

KPM  
E. lactiflua 
KPM-NC0024217 2002      
E. pisiformis 
KPM-NC0024746 2000  
KPM-NC0024747 2000  
Endogone sp. 5 

MEL 2342016 2010 
     

TNS  
E. flammicorona 

TNS-F-51163 1967  
E. lctiflua 
TNS-F-51164 1976  
E. pisiformis 
TNS-F-51165 1977  
TNS-F-51166 1977  
TNS-F-51167 1977  
TNS-F-235870 1901  
a Yamamoto et al. 2015 b Yamamoto et al. 2017 c Hirose et al. 2014

. 
 

24

100% 100%

1:1:1 100 μm

ZEISS Axio Imager A1 Carl Zeiss

Nikon D90

Nikon

1 20

PhotoRuler Ver. 1.1 http://www.inocybe.info/_userdata/ruler/PhotoRuler.html

1-1

Clémençon 2009
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Gerdemann and Trappe 1974 Yao et al. 1996

2-1  

 

1.5 mL

300 μL CTAB −65°C DNA DNA

Gardes and Bruns 1993

3

65°C 30 300 μL CIA

6,000 rpm 15

3 M 

10 15,000 rpm 5

1 mL 70% 

15,000 rpm 2 50 μL TE

DNA PCR

DDBJ 4

rDNA 18S 28S EF-1α RPB1 PCR KAPA2G Robust 

Hotstart ReadyMix PCR kit Kapa Biosystem 2-3

PCR 2-4 PCR

GeneAmp®PCRSystem2700 Applied Biosystems PCR

18S 28S 95°C 2

95°C 12 55–58°C 12 72°C 12 3 37

EF-1α 95°C 2 95°C 12 65°C

60°C 1 1.0°C 0.5°C 12 72°C 12 3

10 95°C 12 55–58°C 12 72°C

12 3 35 RPB1 95°C 2 95°C 12

65°C 60°C 1 1.0°C 0.5°C 12

72°C 1 3 10 95°C 12 55°C 12

72°C 1 3 35 PCR

PCR 2 μL BRG-100-02

1 μL 2% 100 V

30 0.5 ppm 30

C-70G UV
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PCR 100

2nd PCR 2nd PCR 1st PCR 2-4

PCR QIAquick PCR Purification Kit Qiagen

BigDye Terminator v. 3.1 Cycle Sequencing 

Kit Life Technologies 2-5 2-4

PCR

96°C 1 95°C 10 55°C 5

60°C 4 3 25

ABI PRISM 3130xl genetic analyzer Life Technologies

EF-1α

RPB1 DDBJ

2-2

DDBJ  

 

 

 1 μL   
 9.5 

2x KAPA2G Robust HotStart ReadyMix 12.5 1x 
5 μM  1.25 0.5 μM 
5 μM  1.25 0.5 μM 

DNA 0.5 
 25 

 
 a 

 5'-3'  b 
c 

18S NS1 F 18S GTAGTCATATGCTTGTCTC P C 1 
18S NS3 F 18S GCAAGTCTGGTGCCAGCAGCC C 1 
18S NS4 R 18S CTTCCGTCAATTCCTTTAAG C 1 
18S NS5 F 18S AACTTAAAGGAATTGACGGAAG C 1 
18S EF3 R 18S CAAACTTGGTCATTTAGAGGA P C 2 
18S 28S Zygo5.8r F R 5.8S CGGRGAGTAYRCCTGTTTCAG P 3 
28S ITS3 F 5.8S GCATCGATGAAGAACGCAGC P 4 
28S CTB6 F 28S GCATATCAATAAGCGGAGG C 5 
28S LB-W F R 28S CTTTTCATCTTTCCCTCACGG C 6 
28S TW13-EN R 28S GAGCATCATCGACCGATCT P C 3 
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 a 

 5'-3'  b 
c 

EF-1α 983F F EF-1α GCYCCYGGHCAYCGTGAYTTYAT P C 7 
EF-1α EF-EnF1 F EF-1α TTCTCATTATTGCCGCCGGTAC P C 3 
EF-1α EF-EnF2 F EF-1α GTCCGTCAACATGACCTGGTTC C 3 
EF-1α EF-EnR1 R EF-1α GTTGAATCCTACACCGAGTTCCC P C 3 
EF-1α 2218R R EF-1α ATGACACCRACRGCRACRGTYTG P C 7 
RPB1 Df F RPB1 TACAATGCYGAYTTYGAYGG P C 7 
RPB1 F3r R RPB1 ATHGAYACNGCYGTNAAGACYGCCG P C 7 
RPB1 Fr R RPB1 CAYGCDATGGGDGGDMGDGARGG P C 7 
RPB1 G2r R RPB1 GTCATYTGDGTDGCDGGYTCDCC P C 7 
aF R bP PCR C c1 White et al. 1990 2 Smit et al.

1999 3 4 Gerdes and Bruns 1993 5 Taylor and Bruns 1999 6 Tedersoo 2007
7 AFTOL  

 1 μL   
 2.5 

5x   1.5 1.5x 
1.6 μM  1 0.16 μM 
2.5x  1 0.25x 
PCR  4 

 10 

DDBJ UNITE https://unite.ut.ee

AFTOL http://aftol.org DNA BLAST

2-6 MEGA 6.06 Tamura et al. 2013 MUSCL

Gblocks Server http://molevol.cmima.csic.es/castresana/Gblocks_server.html

dataset_2_1 18S 1623 bp

2 Mortierella chlamydospora (Chesters) Plaats-Niterink Mortierella 

verticillata Linnem. Calcarisporiella 

thermophila (H.C. Evans) de Hoog Echinochlamydosporium variabile X.Z. Jiang, H.Y. Yu, M.C. 

Xiang, X.Y. Liu & X.Z. Liu Hirose et al. 2012 Jiang et al. 2011 maximum 

likelihood ML raxmlGUI 1.31 Silvestro and Michalak 2012

GTR+G rapid bootstrap 1,000



 

 19 

 

 

 

   
18S 28S EF-1α RPB1 

Endogone flammicorona 
OSC T33845  JF414205 
OSC 111442  JF414206 
OSC 62257  KC708378 
OSC 62337  KC708379 
OSC T12525  KC708380 
OSC T33084  KC708382 
2190  KM594017 
Endogone incrassata 
9044-I  KJ952220 
Endogone lactiflua 
OSC 80932  DQ536471 DQ273788 AFTOL-ID: 45 
OSC T32530  JF414201 
OSC T32544  JF414202 
OSC T32674  JF414203 
OSC T33849  JF414204 
9142  KM594018 
MA59900-A  KJ952221 
Endogone oregonensis 
OSC 130614  JF414196    
Endogone pisiformis 
DAOM 233144a  DQ322628 DQ273811 DQ282618 DQ294601 
OSC 80931  JF414194 AFTOL-ID: 44 AFTOL-ID: 44 
CRBF 0001a  X58724 
OSC 112172  KC708389 
Endogone magnospora nom. nud. 
DAR69441  UDB018869    
Endogone sp. 
OSC T13431  JF414197    
OSC T26631  JF414198    
OSC T14506  KC708390    
OSC T32492  JF414199    
OSC T32417  JF414200    
W5994  KC708391    
AD001  KM594016    
PERTH7648049  KM594019    
PERTH7648847  KM594020    

Youngiomyces Youngiomyces aggregatus 
OSC 130580  JF414195    
DAR74991  UDB018868    
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18S 28S EF-1α RPB1 

Densospora Densospora nuda 
DAR69416  UDB018872 
Densospora solicarpa 
DAR69421   UDB018865 UDB018864 
DAR74956  UDB018861 UDB018860 

Mortierella chlamydospora 
NRRL2769a  AF157143 AF157197 AF157259 
Mortierella verticillata 
NRRL6337a  AF157145 DQ273794 AF157262 DQ294595 

Umbelopsis Umbelopsis isabellina 
NRRL1757a  AF157166 AF157220 AF157300 
Umbelopsis ramanniana 
NRRL5844a  DQ322627 DQ273797 AF157258 DQ294598 

Calcarisporiella Calcarisporiella thermophile 
CBS 279.70a  AB597205 AB617741  Calth2p4_011354b 
NBRC33279a  AB597204 AB617739   

Echinochlamydosporium Echinochlamydosporium variabile 
LN07-7-4a  EU688964 EU688963   

Diversisporales Dentiscutata Dentiscutata heterogama 
INVAM FL225a  AY635832 DQ273792 DQ282612 DQ294604 

Paraglomerales Paraglomus Paraglomus occultum 
INVAM IA702a  DQ322629 DQ273827 DQ282614 DQ294602 

Rhizophagus Rhizophagus irregularis 
MUCL43194a 

/DAOM181602a 
/DAOM197198a 
/AFTOL-ID: 48 

 AY635831 DQ273790 AFTOL-ID: 48 AM284974 

Basidiobolus Basidiobolus ranarum 
NRRL34594a  AY635841 DQ273807 DQ282610 DQ294589 
a b Genozymes Project Public Genomes http://genome.fungalgenomics.ca  

 

 

Sphaerocreas Densospora

Calcarisporiella

18S 28S EF-1α RPB1 4

18S 28S 2 1

2-2 2-6 C. thermophila NBRC 33279

RPB1 2-2-3 Densospora 

solicarpa DAR69421 DAR74956 18S 28S

2-2-4-1 4 18S dataset_2_2 1645 bp 28S dataset_2_3 699 

bp EF-1α dataset_2_4 982 bp RPB1 dataset_2_5 937 bp
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2-2-4-1   

82 4 E. 

incrassata 15 E. pisiformis 11 E. flammicorona 7 E. lactiflua 11

S. pubescens 8

3 Endogone sp. 1 8 Endogone sp. 2 3

Youngiomyces sp. 1 1

2

Endogone sp. 3 9

Endogone sp. 4 4 12 KPM

E. pisiformis KPM-NC0024746 KPM-NC0024747 Endogone sp. 5 MEL 2342016

Endogone sp. 1 Densospora tubaeformis TNS

E. pisiformis TNS-F-51165 TNS-F-51166 TNS-F-51167

 

E. incrassata E. pisiformis

Endogone sp. 1 TNS-F-51165 TNS-F-51166 TNS-F-51167

E. flammicorona E. lactiflua Endogone sp. 2 Youngiomyces

Youngiomyces Endogone sp. 3 Endogone sp. 4 S. pubescens D. 

tubaeformis 4 E. incrassata E. pisiformis

Youngiomyces  

 

DNA

Sphaerocreas Densospora 2

2-1 E. pisiformis Sphaerocreas

Densospora

Sphaerocreas–Densospora  

3 1 E. 

pisiformis E. incrassata Endogone oregonensis Gerd. & Trappe Endogone sp. 1

Youngiomyces

Youngiomyces aggregatus Youngiomyces sp. 1 2
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E. lactiflua E. flammicorona Endogone sp. 2

3 Endogone sp. 4 Endogone sp. 5

 

Sphaerocreas–Densospora S. pubescens Densospora 

nuda D. solicarpa S. pubescens 2

1

2 Densospora 2 D. solicarpa

S. pubescens  
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50 70
AUS

CAN CHN ESP GBR ITA JPN MEX
NZL
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2-2 2-5 28S

2-3 Calcarisporiella

Sphaerocreas-Densospora

Sphaerocreas-Densospora

18S 3  

3 Youngiomyces

Youngiomyces sp. 1

Sphaerocreas-Densospora S. pubescens 2

2-3-2  
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50 70 2-1
Ho He

Ch Yo Youngiomyces  
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50 70 2-3
Ho He

Ch Yo Youngiomyces
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2-4 EF-1α dataset_2_4  

50 70 2-1
Ho He

Ch Yo Youngiomyces
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50 70 2-1
Ho He

Ch
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2-3-4 Sphaerocreales  

2-3-1 2-3-2 2-3-3

Sphaerocreas-Densospora Sphaerocreales S. pubescens D. 

tubaeformis E. pisiformis

Heterogamites Melanochlamys Youngiomyces

 

 

 

Endogonales Moreau ex R.K. Benj., The Whole Fungus 2: 599 (1979) 

 

 

 

Endogonaceae Paoletti, in Saccardo, Sylloge Fungorum 8: 905 (1889) 

2 cm 1  

 

 

2 2  

Heterogamites Melanochlamys Sclerogone

Peridiospora  

 

 

Endogone Link, Mag Ges Naturf Freunde Berl 3 (1): 33 (1809) 

Youngiomyces Y.J. Yao, Kew Bull 50 (2): 350 (1995) 

1 cm  
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Endogone incrassata Thaxt., Proc Am Acad Art Sci 57: 315 (1922) 

2-6

1.6–3.3 mm

1

 

2 11.9–39 μm

1.6–13 μm 0.4–1.2 μm

8.2–23.1 μm 0.9–12.3 

μm 0.6–2.4 μm  

1.7–11.1 μm 0.5 

μm 2.5 μm

. 

50.7–94.6 × 53.1–103.3 μm 0.7–1.39

3.1–5.5 μm

1 2 4.7–9.6 μm

1.0–2.8 μm

0.8–2.7–(10.2) μm

12.9–24.3 μm 3.0 μm

 

 

. 

6 11  

Thaxter 1922 Gerdemann and 
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Trappe 1970 Yao et al. 1996 Gerdemann and Trappe 1974 E. 

incrassata

E. incrassata

Berch and Fortin 1984 Yao et 

al. 1996 Berch and Fortin 1984

E. incrassata

2-6 F Gerdemann and Trappe 1970

2-6 G E. lactiflua E. 

flammicorona Gerdemann and Trappe 1974

Gerdemann and Trappe 1974 E. incrassata

2-6 E

Thaxter 1922 Fig. 19

"compacted surrounding hyphae" E. incrassata

EI-11003 EI-12006

 (4.7) 4.8–9.3 (9.6) μm  

(0.8) 1.2–2.7 (3.1) μm 2-6 H–J .

E. incrassata

1 Nothadelphia mortierellicola Degawa & W. Gams

Degawa and Gams 2004 N. 

mortierellicola 1 Mortierella hypsicladia Degawa & W. Gams

E. lactiflua 2  

Thaxter 1922 Gerdemann and Trappe 1974 Berch and 

Fortin 1984 Rimington et al. 2015

E.pisiformis Godfrey

1957a E. pisiformis

76–80 μm 3.5–4.5 μm 3 μm

Gerdemann and Trappe 1970 E. incrasasta

E. incrassata E. pisiformis
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EI-11004 EP-11003 EI-12001 EP-12001 EI-12004 EP-12008 EI-12005

EP-12010 E. pisiformis 7 9

E. incrassata 6 11  
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2-6 Endogone incrassata 
A EI-12001 B C E EI-12007 D EI-12005 F EI-11007 G EI-11006 H–J EI-11003  
A B C D

E F G
H–J  

Zs Sp Eu Ga Ml A 2 
mm B 1 mm C 200 μm D–G 20 μm H 5 μm I J 10 μm  
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Endogone pisiformis Link, Mag Ges Naturf Freunde Berl 3 (1): 33, t. 2:52 (1809) 

2-7

1.7–3.6 × 1.3–

2.7 mm

 

77.6–105.3 μm

1.9–9.3 μm 0.3–3.8 μm

 

2.5 μm 3.5–13.7 μm  

24.8–58.2 × 24.9–43.5 μm 0.97–1.42 0.5–

2.1 μm 1 2 2.2–6.5 μm

1.2–3.8 μm

0.7–3.5 μm

4.6–12.1 μm 1.7 μm

 

 

. 

7 9  

E. pisiformis

Link 1809 Trappe and Gerdemann 1979 Trappe and Gerdemann 1979

Greiz, Thüringen, Germany Endogone ludwigii Bucholtz E. pisiformis

E. pisiformis

Bucholtz 

1912 Trappe and Gerdemann 1979 Yao et al. 1996

Mt. Fichtelberg E. pisiformis TNS-F-235870

2-7 C D
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E. pisiformis Berch and Fortin 1984

1

2-7 C 2-7 D

Bucholtz 1912 Fig. 77 Pegler et al. 1993 Fig. 1 E pl. 13 A B

Endogone sp. 1 E. pisiformis

Gerdemann and Trappe 1974 E. sphagnophila E. pisiformis

Atkinson 1918

“the internal mycelium has a general radial direction from the basal depression, 

diverging in all directions toward the peridium”

Berch and Fortin 1984 Yao et al. 1996

E. pisiformis

E. pisiformis

Endogone sp. 1

E. pisiformis

E. pisiformis Endogone sp.1

TNS E. pisiformis

TNS-F-51165 TNS-F-51166 TNS-F-51167

2-7 E E. 

pisiformis

2-7 C D

2-7 C D

Endogone acrogena Gerd., Trappe & Hosford

 

E. pisiformis E. incrassata

1 1  

1-1 Youngiomyces

2 1  1-1 E. pisiformis

E. incrassata 1 Youngiomyces
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20-7 H I E. pisiformis

Kanouse 1936 Berch 

and Fortin 1983b Eckblad 1985 Youngiomyces

2 Youngiomyces

 

E. pisiformis 2-1 Vidal and Vila 1994

Paz et al. 2013 May 1997

115 μm 20 μm

Endogone pseudopisiformis Y.J. Yao 1

Sphaerocreas Densospora

E. pisiformis E. incrassata
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2-7 Endogone pisiformis A–D F–I Endogone pisiformis E  
A F I EP-11001 B G H EP-11003 C EP-12010 D TNS-F-235870 E TNS-F-51167 A B

C D C D E
F G

H I 2 St Hb
Se Sp Eu Ga A B 1 mm C–E 100 

μm F 20 μm G–I 10 μm  
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Endogone corticioides Koh. Yamam., Degawa & A. Yamada, Mycoscience 58: 25 (2017)

Endogone sp. 1  

2-8

: corticioid fungi . 

3–12 × 2–10 mm

3.1–10.1 μm

0.4–1.2 μm  

19–77 μm

47–137 μm 13–74 μm 1.5–5 μm 0.5–1.6 μm

 

204–453 μm

1.8–4.7 μm 0.4 μm  

26.5–49.8 × 27.7–51.2 μm 0.83–1.19 0.5–1.5 μm

1 2–9.7 μm

1.4–5.3 μm 0.6–3.3 μm

2.3–15.1 μm 1.3 μm

 

 

. 

7 10  

KPM E. pisiformis 2

KPM-NC0024746 KPM-NC0024747 Endogone sp. 1

2-8 A C

2-8 I J E. pisiformis Endogone sp. 1 E. 

pisiformis 2-8 A D

2-8 E F H 2-8 D G
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E. pisiformis 

E. pisiformis 2-1 2-5

Endogone corticioides Koh. Yamam., Degawa & A. Yamada

Yamamoto et al. 2017  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2-8 Endogone corticioides 
A ESP-A-14002 B D E G I J ESP-A-13001-4 C KPM-NC0024747 F KPM-NC0024746 H
ESP-A-12001 A B C D E F

G H
I J J Hp Sp

Ga Gs Su A 5 mm B 2 mm C 3 
mm D 500 μm E F 100 μm G H 30 μm I J 20 μm  
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Endogone nanospora sp. nov., nom. prov. Youngiomyces sp. 1  

2-9

.

1.1–4.4 mm 135.2–144.3 μm

 

1 12.8–29.5 μm

2.9–10.4 μm 1.9 μm  

3–8 μm 3.1 μm 0.7–2.2 μm 0.5 μm  

14.8–31.3 ×12.1–32.4 μm 0.47–1.83

0.4–0.8 μm 2 1.6–3.6 μm

1.8–2.9 μm

1.9 μm

 

 

. 

8  

2 Yao et al. 1995a

Youngiomyces Youngiomyces 4 Y. aggregatus

Youngiomyces carolinensis Y.J. Yao Youngiomyces multiplex (Thaxt.) Y.J. Yao

4 100 

μm 30 μm

Youngiomyces

2-1 Y. aggregatus Youngiomyces

E. pisiformis

Youngiomyces 2-7 H I

E. oregonensis Gerdemann and Trappe 1974
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1 Youngiomyces Youngiomyces

1

 

 

 
2-9 Endogone nanospora 

A–J ESP-E-14001 A B C D E
F G–J

Sp Eu A 1 mm B 500 μm C D F 20 μm E 50 
μm G–J 10 μm  
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Heterogamites  

Heterogamites gen. nov., nom. prov. 

heterogamy .

2 cm  

 

 

2  

 

Heterogamites flammicorona comb. prov. 

Endogone flammicorona Trappe & Gerd., Trans Br Mycol Soc 59 (3): 405 (1972) 

2-10

7.5–14 mm

 

67.5–152.8 μm

1.6–4.1 μm 0.5 μm  

3.1–24.3 μm 0.5 μm

7.3–15.3 μm 3.9 

μm  

72.6–113.2 × 65.6–98.2 μm 0.78–1.48 0.7–1.7 μm

0.7–4.9 μm 3.4–17.1 μm

5.5–16 μm

7.5 μm

4.9–9.4 μm 1.1–4.6 μm

18–35.3 μm

2.2 μm  
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. 

8 10  

TNS H. flammicorona

TNS-F-51163 H. flammicorona EF-11002

2

2-10 H

2-10 I
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2-10 Heterogamites flammicorona 

A–G EF-13001 H I EF-11002 A B C
D E F

E F G H I
Eu Gs Hm Ma

Mi Sp Su Zs A10 mm B 200 μm C E–I 
20 μm D 50 μm  
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Heterogamites lactiflua comb. prov. 

Endogone lactiflua Berk. & Broome, Ann Mag Nat Hist 18: 81 (1846) 

2-11

3–16 mm

 

40.7–54.5 μm

1.5–7 μm 0.5 μm  

11.3 μm 0.7 μm

10–12 μm 0.6 μm  

59.7–112.6 × 56.4–115.4 μm 0.86–1.11 1.4–3.1 μm

7.3–12.5 μm 8–17.5 μm

2 3

1.5–9.8 μm 1.6–2.8 μm

3.3–7.1 μm

1.2–3.7 μm 21.3–29.8 μm

2.4 μm  

 

H. flammicorona . 

9 11  

Gerdemann and Trappe 1974 Yao et al. 1996 E. 

lactiflua H. flammicorona Fischer 1897

E. lactiflua Trappe and Gerdemann

1972 E. lactiflua

E. flammicorona E. lactiflua Calonge and 

Pasabán 1993 2

2
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H. lactiflua

2 3 2-11 F G J K

2-11 H I 1 2

H. flammicorona

AFTOL E. lactiflua OSC 80932 2

2-1

2 H. 

lactiflua H. flammicorona

EF-11002 EL-11003

H. flammicorona H. lactiflua

EL-11003 2-11 L M H. flammicorona

2-10 H I  

KPM-NC0024217 EL-10002 E. incrassata

 (6.8) 

7.2–10.3 (11.4) μm 1 μm 2-11 D
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2-11 Heterogamites lactiflua 
A EL-11006 B I EL-10001 C E–G K EL-11001 D H EL-10002 J EL-10003 L M EL-11003 A

B C D
E F–I L

M Eu Gs
Hm Ma Mi Sp Su Zs

A 10 mm B 200 μm C E 50 μm D 5 μm F–M 20 μm  
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Heterogamites pseudoflammicorona sp. nov., nom. prov. 

Endogone sp. 2  

2-12

H. flammicorona . 

5–8 mm

 

48.5–74.7 μm

1–4.2 μm 0.7 μm  

1.6–5.4 μm 0.4–1.5 μm  

48–83.6 × 50.6–75.8 μm 0.94–

1.22 0.7–2.6 μm 5.6–6.7 μm

4 11.3–26.3 μm

6–13.9 μm 0.7–4 μm

3.7–5.9 μm 2.7–4.6 μm

19.6–35.9 μm 2 μm

 

 

. 

9

11  

H. 

flammicorona 2-12 A B F H H. 

flammicorona H. lactiflua

2-12 E Heterogamites

Heterogamites H. flammicorona H. lactiflua
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Tandy 1975 Walker 1985

ESP-G-15001

ESP-G-14001

ESP-G-15002

 

 

 
2-12 Heterogamites pseudoflammicorona 

A ESP-G-14001 B–D F G ESP-G-15001 E H I: ESP-G-15002 A B
C D

E F G H
I Sp Eu Hm Ma

Mi Zs A 3 mm B 100 μm C D H I 20 μm E–G 50 
μm  
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Melanochlamys  

Melanochlamys gen. nov., nom. prov. 

. 

2 cm  

 

 

2  

 

Melanochlamys microspora sp. nov., nom. prov. 

Endogone sp. 3  

2-13

. 

2–4 mm

 

1 78.5–125.2 μm

1.7–3.8 μm 1.2 μm

 

1.1–5.1 μm 1.4 μm  

67.1–92.4 × 48.9–72.9 μm 1–1.4 1

2 3–1.7 μm

4.3–5.1 μm

4.6–8.5 μm

6.5 μm  

 

. 

6 10  
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M. macrospora

2-13 A B

Melanochlamys

 

 

 

2-13 Melanochlamys microspora 
A B ESP-B-14004 C ESP-B-13001 D E ESP-B-14003 F ESP-B-13003 G ESP-B-13004 A
B C D E

F G A–C 1 mm D 100 μm E–G 50 μm  
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Melanochlamys macrospora sp. nov., nom. prov. 

Endogone sp. 4  

2-14  

.

8–11 mm

 

2.9–14.2 μm

0.7 μm  

4.1–32.4 μm

3.8 μm  

533.2–746.8 × 379.2–618.8 μm 0.94–

1.6 1 2 14.9–19.5 μm

12.9–24 μm

26.1–42.1 μm 20 

μm  

 

Zanthoxylum piperitum (L.) DC.  

9 10  

 2-14 D E

2 2-14 H I

2-14 G 2 1

2

Glomus multicaulis Gerd. & B.K. Bakshi Funneliformis mosseae

Rhizophagus fasciculatus (Thaxt.) C. Walker & A. Schüßler Glomus lacteus S.L. Rose & 

Trappe Gerdemann and Bakshi 
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1976 Gerdemann and Trappe 1974 Rose and Trappe 1980 Gerdemann and Bakshi 1976

 

Gerdemann and Trappe 1974 1 cm

Glomus melanosporum

166–277 × 129–244 μm M. microspora M. macrospora

G. melanosporum

Schüßler and Walker 2010 Melanochlamys
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2-14 Melanochlamys macrospora 

A–D F H I ESP-F-15002 E G ESP-F-15001 A B C
D E F

G H I
Ol Il Sh

A B 5 mm C G 200 μm D 50 μm E 20 μm F 100 μm H I 20 μm  
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Sphaerocreales  

Sphaerocreales ord. nov., nom. prov. 

Sphaerocreaceae  

 

Sphaerocreaceae  

Sphaerocreaceae fam. nov., nom. prov. 

1 cm  

3 μm  

 

3

 

Sphaerocreas Densospora  

 

Sphaerocreas  

Sphaerocreas Sacc. & Ellis, Michelia 2 (8): 582 (1882) 

Sphaerocreas pubescens Sacc. & Ellis, Michelia 2 (8): 582 (1882) 

2-15  

0.6–1.7 mm

 

14.1–19.8 μm

0.8–6.2 μm 0.9 μm

48–99 μm 3.8–19 μm  

1–2.2 μm 0.5 μm  

23–

41.9 × 18–29.8 μm 0.91–1.83 1 2 μm 3

0.4–0.6 μm 1.7–3 μm 0.3–0.6 μm 2 5

13 μm
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5 10  

Sphaerocreas S. pubescens

2 2-15 G

Melanochlamys Densospora

Tandy 1975

Warcup 1985 McGee 1996 2-15 L

2-15 A

B D–F Saccardo 1882 Thaxter 1922 Gerdemann and Trappe 1974

2-15 A B

Gerdemann and Trappe 1974 20–48 × 18–45 μm

Saccardo 1882 Thaxter 1922 25–30 × 20–2 μm 18 × 15–25 × 22 μm

Gerdemann and Trappe 1974 Gerdemann 

and Trappe 1974 Thaxter 1922 38 μm

55 μm

S. pubescens

2 2-1 2-5

SP-12002 SP-12013

SP-12015

SP-12004 SP-12005 SP-12014 SP-12016 SP-2014 Peel et 

al. 2007 Dfa Dfb Cfa

S. pubescens

Cfa

2 2

S. 

pubescens

S. pubescens Thaxter 1922 Gourley 1982

McGee and Trappe 2002

7 × 5 × 3 mm
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2-15 Sphaerocreas pubescens 

A D SP-12015 B L SP-13001 C E F J K SP-12016 G SP-12002 H: SP-2014 ; I SP-12015 A
B C D E F

G–I J K L
Ol Ml Il A B 1 mm D 200 μm E 100 

μm F 20 μm G–L 10 μm  
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Densospora  

Densospora McGee, Aust Syst Bot 9 (3): 330 (1996) 

5 mm  

 

1–3 μm  

 

 

Densospora tubaeformis (P.A. Tandy) McGee, Aust Syst Bot 9 (3): 330 (1996) 

2-16  

4.4–6.3 mm 1.6–2.7 mm

 

1 144.3–272.4 μm

1.4–2.1 μm 0.3–0.4 μm  

0.8–2.5 μm 0.2–0.9 μm  

18.5–33.3 × 16.3–25.8 μm

0.96–1.44 1 2 μm 3 0.3–0.9 

μm 1.8–2.9 μm 0.7–1.7μm 2 3 14 μm

 

 

 

6  

31–35 × 23–28 μm 28–35 × 20–30 

μm

2-16 C D 2-16 

K–M D. tubaeformis Tandy 1975 Warcup 1985 McGee 1996

D. tubaeformis Gleason and McGee 2004 D. solicarpa

D. tubaeformis 3

2-16 K 2
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2-16 J Sphaerocreas

 

 

 
2-16 Densospora tubaeformis 

A–M MEL 2342016 A B C D
E F G–J J K–M

K L M
Ol Ml Il A 

5mm B 1 mm C 100 μm D–F 20 μm G–M 10 μm  
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2-4  

Sphaerocreas-Densospora Benny et al. 2014

Densospora

Benny et al. 2016 Hirose et al. 2014

Sphaerocreas

Sphaerocreas-Densospora

Sphaerocreas Densospora 3

Tandy 1975

2 2

S. pubescens

Sphaerocreales Sphaerocreaceae Densospora

Sphaerocreas Densospora

Densospora S. pubescens Warcup 1985

Densospora D. tubaeformis S. 

pubescens

2-16 K–M S. pubescens 2-15 L Sphaerocreas

Densospora Densospora

Sphaerocreas Densospora

D. tubaeformis

 

Heterogamites

Melanochlamys

Melanochlamys

Heterogamites Melanochlamys

Melanochlamys

Heterogamites

Melanochlamys

Thaxter 1922
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1

Youngiomyces

E. aggregata E. nanospora

E. pisiformis Youngiomyces

2-7 H I Youngiomyces

E. aggregatus 2 OSC 13058 DAR74991

E. aggregatus DAR74991

E. aggregatus

OSC 13058 E. pisiformis BLAST E. 

pisiformis 99%

 

Sphaerocreales

9 5

M. microspora

S. pubescens Sphaerocreales

M. microspora

E. pisiformis E. incrassata
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Sphaerocreales

Kanouse 1936

Endogone sphagnophila Endogone pisiformis Endogone occidentalis

Benjamin 1979 Hetergemites lactiflua Godfrey 1957b

Walker 1985 Warcup

1990 5 Heterogamites flammicorona Endogone tuberculosa Endogone 

reticulata Endogone aggregata Sclerogone eucalypti

Gerdemann and Trappe 1974 Bearch and Fortin 1983a Dalpé 1990

Melin-Norkrans MMN Marx 1969 E. pisiformis

Dalpé 1990 E. pisiformis 4

DAOM 198857 DAOM198006 DAOM 198008 DAOM 216697

StrainInfo http://www.straininfo.net

Treubia lacunosa (Colenso) Prosk. MT

Field et al. 2015b  

E. pisiformis

E. pisiformis

MMN

Berch and Castellano 1986 Gerdemann and Trappe 1974 Tedersoo 

and Smith 2013

Sphaerocreales Densospora tubaeformis

Warcup 1985 Czapek-Dox Warcup 1959
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Sphaerocreales

 

Laccaria bicolor (Maire) P.D. 

Orton Martin et al. 2008 Tuber melanosporum Vittad. Martin et al. 2010

Rhizophagus irregularis (Błaszk., Wubet, Renker & Buscot) C. 

Walker & A. Schüßler Tisserant et al. 2013

1

E. pisiformis 4

T. melanosporum R. irregularis

E. pisiformis

 

E. pisiformis

Sphaerocreales S. pubescens

S. pubescens Hirose et al. 2014

 

 

2 E. pisiformis 3 EP-12003 EP-12008 EP-12010

1 EP-12003 EP-12008

3 EP-12010

1.5 mL 5°C 56

 

 

 

1.5 mL 0.01% Tween 80
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2 3 1% 

w/v 20

Zeiss Stemi-2000c

200 μL 50 Norkrans’C

MNC 3-1 Yamada and Katsuya 1995

121°C 20 50 ppm 100 ppm

20°C

Zeiss AXIO Imager A1 10 EP-12010

3

MNC

2

Melzer 2  

NBRC 3-2  

 

 1 L  
 1.0 g 

 0.5 g 
0.2%  0.5 ml 

 0.5 g 
1.0%  0.5 ml 
100 ppm  0.5 ml 

 0.23 g 
 0.5 g 

 10 g 
 15 g 

 

2 S. pubescens SP-12016 1

5°C 5

3-2-1-2

3-2-1-2 MNC

3-2-1-2 NBRC 3-2  
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18S E. pisiformis

3 1

3-2 1.5 mL

CTAB DNA 2

PCR NS1 EF3

1st PCR NS3 EF 2nd PCR

NS3 EF3 2-4

2 18S

 

EP-12010 SEP-12010-17 75 mL

TGK 10 mL MNC 121°C 20

8 mm

56 MNC

 

 

 

8

MNC

121°C 20

7 20°C

1

4 mm 8

5 mm

70°C

Tukey's post hoc test 5%
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KaleidaGraph ver. 3.6J Hulinks

3-2-1-2  

EP-12003 10% 5/50 EP-12008 4% 2/50 EP-12010 34%

20/50 SEP-12010-18 SEP-12010-19

SEP-12010-20 3-2 3 34 3-2 56

EP-12010

3-2 3-1 H

1

3-1 H

3-1 A D

3-1 B C E F G

0.9–16 μm 1.2 μm

30 μm

1

3-2 50

18S 100%

3-3  
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A–C SEP-12003-2 D–F SEP-12010-7 G SEP-12010-6 H SEP-12010-20 B C A 33
68 E F D 111 122 G

H Zs Sw Sp
Eu Op A B D G 100 μm C E F 200 μm H 10 μm  
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2

3

3-2 A Heterogamites 2

0.8–5 μm 0.5 μm 3-2 B C

E. pisiformis 3-2 B C

3-2 B

3-2 B

18 μm 3-2 C

1

3-2 B 3-2 C

3

18S

100% 3-3  

 

A B C MNC Se Sw A 10 mm B
C 20 μm
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  a NBRC  
 d 

E. pisiformis EP-12003 SEP-12003-1  2 18 
SEP-12003-2  2 20 
SEP-12003-3 NBRC109549 2 26 
SEP-12003-4b NBRC109550 2 26 
SEP-12003-5 NBRC109551 2 34 

EP-12008 SEP-12008-1b NBRC109552 3 12 
SEP-12008-2 NBRC109553 3 12 

EP-12010 SEP-12010-1b  56 3 
SEP-12010-2  56 7 
SEP-12010-3  56 7 
SEP-12010-4  56 10 
SEP-12010-5  56 10 
SEP-12010-6  56 10 
SEP-12010-7  56 10 
SEP-12010-8  56 10 
SEP-12010-9 NBRC109555 56 10 
SEP-12010-10  56 10 
SEP-12010-11  56 10 
SEP-12010-12  56 10 
SEP-12010-13  56 10 
SEP-12010-14 NBRC109556 56 13 
SEP-12010-15  56 13 
SEP-12010-16 NBRC109557 56 13 
SEP-12010-17c  56 13 

S. pubescens SP-12016 S7-3b NBRC109377 5 2 
a E. pisiformis S. pubescens b c

d E. pisiformis S. pubescens
 

    
E. pisiformis SEP-12003-4a EP-12003 726/726; 100%b 

SEP-12008-1a EP-12008 710/710; 100%b 
SEP-12010-1a EP-12010 728/728; 100%b 

S. pubescens S7-3 SP-12016 739/739; 100%c 
a b 18S 2 c

18S AB752295 DDBJ  
 

3-3 2 56

35 42 3-5 E F H
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3-5 G 3-4

3

3-4

56 3-5 A B

3-5 C 3-5 E F

3-5 H

3-5 D

3-5 A–D

3-5 E F H

3-5 A–D

3-5 E

3-6 A

3-6 C

3-6 B

3-6 B

3-6 E 3-6 D

3-6 F G

16–40 μm 2–3 μm
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56 7 5%

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 
5%  
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A B C D E F
G H 10 mm  
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A SEP-12008-1 11 B SEP-12010-17
56 C SEP-12003-4

11 D SEP-12010-17 56
E SEP-12003-4 11 F G SEP-12003-4

11 F A 
50μm B–D 20μm E–G 10μm  

 
   

 
 

       
 + + + + + + + + 

 
+ + + + - - - - 

 + + + + - - - - 

 
+ - + - + - - - 

 - + - - - + - + 

 - + - + - + + + 
 - - - + + + - + 

+ -  
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4 40%

EP-12010 4 10

3-2 56

Berch and Fortin 1982 E. 

incrassata 2

Berch and Fortin 1983b 8 9 E. pisiformis

4°C 4 Allium ampeloprasum 

var. porrum (L.) J. Gay 22°C

2

Gerdemann and Trappe 1974 E. 

pisiformis

Berch and Fortin 1983b 5°C

2 8

 

3-1 Berch and Fortin 1983b

Dalpé 1990 Jabaji-Hare and Charest 1987

3-6 C

E. pisiformis
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E. pisiformis

Tanaka et al. 2002 Silva et al. 2005

E. pisiformis

-

Smith and Read 2008 E. 

pisiformis

1

Gonapodya prolifera (Cornu) A. Fisch.

Chang et al. 2015 E. pisiformis

 

S. pubescens Sphaerocreas

Densospora 2 S. pubescens Densospora tubaeformis

Warcup 1985 Warcup 1985 D. tubaeformis

0.9–2.2 μm

S. pubescens 3-2

3–4 μm

Sphaerocreales E. pisiformis
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Agerer 2006

Agerer 2006 star-like

Cenococcum geophilum Fr.

Lactarius Pers.

Agerer 2001 2006

 

2 Heterogemites flammicorona =Endogone flammicorona Heterogamites 

lactiflua =Endogone lactiflua

Fassi 1965 Tandy 1975 Chu-Chou and Grace 1983ab 1984 Endogone 

aggregata Endogone tuberculosa Sclerogone eucalypti

Warcup 1990 5

GenBank

1

rDNA internal 

transcribed spacer ITS Benny 

et al. 2016 ITS1F Gardes and 

Bruns 1993 ITS GenBank

E. pisiformis AF006509 H. lactiflua AY997045 ITS AT

76.04% 65.05% AT PCR



 

 78 

Su et al. 1996 ITS

GenBank 5 105

ITS 2 5 ITS

18S

 

Yamamoto et 

al. 2016  

 

2 1 36°21′39.9′′N, 

137°56′10.3′′E 700 m Navi https://gbank.gsj.jp/geonavi/

Quercus acutissima Carruth. 2012 4 13

2

36°31′10.7′′N, 138°21′15.8′′E 1,300 m Quercus 

crispula Blume 2015 6 21 Sasa senanensis 

(Franch. & Sav.) Rehder 10 × 10 cm 5 cm

 1 1 2 7 0.56 mm

10 μm Tandy 1975

Warcup 1990

Clémençon 2009

“An 

Information System for Characterization and Determination of Ectomycorrhizae DEEMY ”

http://www.deemy.de 1.5 mL 100 μL

CTAB −65°C  
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DNA

2 1 2

DNA

18S 28S EF-1α 3 rDNA

ITS PCR 2

18S PCR

NS1 EF3 2-4 28S

EF-1α 2 2nd PCR

ITS ANG-I

5′-GAAACCTGCACAGCAGAACG-3′ ITS-4 Gardes and 

Bruns 1993 5′-TCCTCCGCTTATTGATATGC-3′ ITS 95°C

2 95°C 12 55°C 12 72°C 12

3 37 PCR

2

ITS PCR 2

2 DDBJ

 

 

1 2 EME-12001 2

1 EME-15001

DDBJ BLAST

2 18S 28S EF-1α 3

2-2 DNA 2-6 3

18S 2

Endogone oregonensis Gerdemann and Trappe 1974

18S DDBJ UNITE BLAST

Sphaerocreales L3619

18S-28S UDB028692 EF-1α UDB028794 L3656 18S-28S UDB004033 L3138 18S-28S

UDB002714 UNITE

2-6 Mortierella chlamydospora Mortierella verticillata Calcarisporiella 
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thermophila Echinochlamydosporium variabile  

2

3 18S dataset_4_1 1,650 bp 28S dataset_4_2 660 bp EF-1α

dataset_4_3 982 bp 3

2  

 

EME-12001 EME-15001 ITS

512/513 bp 99% 498/502 bp 99%  

 

4-1 EME-12001 EME-15001

4-1 B–F 4-1 G–J

 

1.8–2.8 mm 0.2–0.3 mm

 

short distance 10.1–17.7 μm

type B type E

0.8–21.1 μm 3.2 μm

1 1.6–3.2 μm

palmetti
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4-1  
A C–J EME-15001 B F EME-12001 A B C D E

F G–J
Ih Em Sh Hn Ep Co

Nu A 1 mm B–E G–I 20 μm F J 10 μm  
 

EME-12001 EME-15001 99–100%

18S 1131/1133 bp 99% 28S 436/436 bp 100% EF-1α 699/699 bp 100%

 

EME-12001 EME-15001 E. pisiformis

2 Endogone corticioides

2 4-3 4-4 18S

E. pisiformis

4-2 Warcup 1990 E. 
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aggregata

4-2 4-3 E. oregonensis

Gerdemann and Trappe 1974

4-2 H. flammicoronai H. lactiflua

Heterogamites

L3138 L3619

L3656 Sphaerocreales 3

S. pubescens 1 2 D. solicarpa McGee 1996
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50 70

AUS CAN CHN GBR JPN
MEX  
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50 70

AUS CAN CHN GBR JPN
MEX  
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50 70

AUS CAN CHN GBR JPN
MEX  
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Tedersoo and Smith 2013

Schoch et al. 2009 Oberwinkler 2012

Agerer 2006

Sphaerocreales

4-1 B–F 2-10 D 2-13 C

D F Warcup 1990 E. aggregatus E. tuberculosa

 

E. pisiformis E. corticioides E. pisiformis

2 Berch and Fortin 1983a

Berch and Castellano 1986 3 E. pisiformis

4

Smith and Read 2008 3 E. pisiformis

E. pisiformis

 

short distance Agerer 2001
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Agerer 2001

contact distance

3 E. pisiformis E. pisiformis

E. pisiformis

H. flammicorona

Tandy 1975 Agerer 2001 medium distance

long distance

Agerer 2001

medium distance long distance

 

Thaxter 1922 Gerdemann and Trappe 1974 2

Smith and Read 2008

18S

PCR
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5  Heterogamites 2  

5-1

 Endogone pisiformis Endogone corticioides

Endogone sp.

Heterogamites flammicorona Endogone flammicorona Heterogamites 

lactiflua Endogone lactiflua 2 2

2-1 2

H. flammicorona

Fassi and Palenzona 1969 Tandy 1975 Chu-Chou and Grace 1979 Warcup 1990 H. 

lactiflua 1 Walker 1985

3

Fassi and Palenzona 1969 Walker 1985 Warcup 1990

500 2

1000 Fungal Genomes

http://genome.jgi.doe.gov/programs/fungi/1000fungalgenomes.jsf

E. pisiformis H. lactiflua H. flammicorona 3

H. flammicorona H. lactiflua

 

2 Sphaerocreas Densospora

Sphaerocreales Sphaerocreales

Densospora 2 Warcup 1985 McGee 1996 3

2

4

Heterogamites Tandy 1975 Walker 1985 3

 

H. flammicorona H. lactiflua
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4 Sphaerocreales Densospora

 

5-2

5-2-1  

4°C Yamada et al. 1999

10 1.5 mL

1 mL 0.1% Tween80

1

3 1.5 mL 1 mL

140 mL TGK 5% 

5 200 

mL

75 mL 1

3

75 mL 12

20°C

 

B

5 mm

140 mL

60 mL 5 mm 1

0.45 μm Millipore

121°C 30

1

Eyela FLI-2000A 20°C 140 

μmol/m2/s 1 1  
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5-2-2  

2 H. lactiflua EL-14001 H. flammicorona EF-15001

2 mm

1.5 mL 4°C

 

1 1

10

10 1

 

5-2-3  

5-2-4  

18S DNA

2 PCR NS1

EF3 1st PCR NS3 EF

2nd PCR NS3 EF3

2-4

18S 2  

 

5-3  

5-3-1 H. lactiflua  

EL-14001 124

146 1–3 mm

150

2nd PCR DNA 18S
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100 % 5-1  

 

5-1 H. lactiflua 18S  

ID   

S-EL-14001 EL-14001 669/669 100%* 

* 18S 2  

 

 

5-1 A 5-1 B

5-1 C D

5-1 F

5-1 E 5-1 C

5-1 G

Walker 1985 H. lactiflua

5-1 H

5-1 I

5-1 J Yao et al. 1996

2 H. lactiflua

 

1–2.2 mm 0.2–0.3 mm

 

contact distance

1–7.8 μm 1.2 μm

23.2 μm 0.8 μm

~

1

2–9.7 μm palmetti

2.3–8.3 μm

1–1.7 μm

 

~
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5.3 mm

44.3–50.7 μm 57.6–67.6 μm

1.5 μm 19.1 μm

 

 

 

A B Melzer C D Melzer
E Melzer F

Melzer G H I J Em
Hn Ep Co En Nu Mi
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Ma Ph Sp St Sw
A I 1 mm B 100 μm C–G J 20 μm H 2 mm  

 
 

120

H. lactiflua 130

2 mm

135 2nd 

PCR DNA 18S

100% 5-2  

 

ID   

S-EF-15001 EF-15001 511/511; 100%* 

* 18S 2  

 

5-2 A 5-2 F

5-2 B 5-2 C

5-2 C 5-2 E 5-2 D

Fassi 1965

Tandy 1975 H. flammicorona

H. lactiflua

5-2 G H 5-2 I J

Yao et al. 1996 2 H. flammicorona

 

1.3–2.7 mm 0.2–0.3 mm

 

contact distance

1.2–6.7 μm 1 μm

8.7 μm 0.6 μm

~

1 2 1.8–7.0 μm palmetti
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3.1–11.1 μm 0.7–2.1 μm

 

 

1.5 mm

~

55.8–69.1 μm 49.2–52.7 μm ~

1.6 μm 6.5 μm

6.3–9.6 

μm 5.7–9.8 μm 4.8 μm 4.9–7.3 μm  
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A B Melzer C Melzer
D Melzer E Melzer

F G H I J
Em Hn Ep Co En

Nu Ph Sp Hm St Eu
Sw A G 1 mm B H 100 μm C–F I J 20 μm  

 

H. lactiflua H. flammicorona

2

H. lactiflua H. flammicorona

2
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2

Tedersoo and Smith 2013

3 Heterogamites

ITS1F ITS4 ITS PCR

ITS

18S Heterogamites

Heterogamites

 

H. lactiflua H. flammicorona

2 Gerdemann and Trappe 1974 Trappe et al. 2009

Fassi et al. 1969 Gerdemann and Trappe 1974

early stage fungi Inocybe (Fr.) Fr. Laccaria 

Berk. & Broome late stage fungi

Lactarius Russula Pers. Smith and Read 2008

H. lactiflua H. flammicorona early stage fungi H. lactiflua H. flammicorona

Smith et al. 1998

Lodge and Wentworth 1990 Smith and Read 

2008

Hetereogamites

 

3 Endogone sp. E. pisiformis

E. corticioides

2

H. lactiflua H. flammicorona

2

H. lactiflua

Błaszkowski et al. 1998 2~7

E. maritima

H. lactiflua 2
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E. maritima H. lactiflua

Heterogamites

Heterogamites

Heterogamites

contact distance long distance 3

Tedersoo et al. 2008 Tedersoo et al. 2009 Sphaerocreales Sphaerocreales

2

L3138 L3619

3 1.5–3 μm Leho 

Tedersoo Warcup 1985 Densospora tubaeformis

Pinus kesiya Royle ex Gordon 2 μm

Sphaerocreales

 

H. flammicorona

Pseudotsuga menziesii Fassi and Palenzona 1969 Chu-Chou and Grace 1979 Pinus strobus Fassi 

and Palenzona 1969 Pinus radiata D. Don Chu-Chou and Grace 1984 Pinus elliottii Engelm.

Pinus halepensis Mill. Pinus taeda L. Pinus torreyana Parry ex Carrière Cedrus deodara 

(Roxb. ex D. Don) G. Don Tandy 1975  H. lactiflua Pinus contorta Douglas ex Loudon

Walker 1985

H. lactiflua H. flammicorona

2

Yao et al. 1996 Tandy 1975 H. flammicorona

Acacia Mill. Eucalyptus Melaleuca L. Casuarina L.

Heterogemites 

Heterogemites 
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3 1

Mycothallus MT

MT Pressel et al. 2010

MT

Ligrone et al. 2007 Duckett et al. 2014

MT

1

MT

Bidartondo et al. 2011 MT

Carafa 

et al. 2003 Duckett et al. 2006 MT

lump Carafa et al. 2003 Duckett et al. 2006

Carafa et al. 2003 Duckett et 

al. 2006 MT

MT

Duckett et al. 2006

MT

MT  

Bidartondo et al. 2011 MT

Sphaerocreales 2

Hirose et al. 2014 Yamamoto et al. 2015 2 2

MT

 

Ligrone et al. 2007 Haplomitrium chilensis R.M. Schust. MT

MT

Bidartondo et al. 2011

MT

MT  
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MT

MT  

 

Shi and Zhu 2006

 2001 Carafa et al. 2003

MT MT

2012 4

MT

6 1

ZEISS Stemi 2000C

MT MT

1

30 15

1 1.5 

mL 70 μL TE −65°C  

 

MT

Koske and Gemma 1989

1.5 mL 2.5% KOH

105°C 12 1.5 mL

1.5% HCl 15 1.5 mL

0.05% 1:1 V/V 105°C

60

PVLG Koske and Tessier 1983

ZEISS Axio Imager A1

18S

Sphaerocreales MT

MT



 

 100 

 

TE DNA DNA

Izumitsu et al. 2010

700W 90

−65°C 5 15,000 

rpm DNA PCR  

PCR 2 1st PCR

18S NS1 EF3 2-4 1st PCR

100 2nd 

PCR

MT Carafa et al. 2003 Duckett et al. 2006 Bidartondo et al. 2011

MT MT

Desirò et al. 2013

EndAD1f

5'-GTAGTTGAATTTTAGCCYTGGCT-3' EndAD2r

5'-ACCTTCCGGCCAAGGTTATARAC-3' AML1

5'-ATCAACTTTCGATGGTAGGATAGA-3' AML2

5'-GGAAACCAAAGTGTTTGGGTTC-3' 2nd PCR

PCR 2

2

2nd PCR

2  

 

Bidarotondo 

et al. 2011 Desirò et al. 2013 Field et al. 2015bc Rimington et al. 2015

operational taxonomic unit OTU

Hibbett et al. 2016

MT Sphaerocreales

MT 2
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Sphaerocreales 18S 6-3

USERCH v9.0 Edgar 2010 -cluster_fast

18S EndAD1f EndAD2r

890 bp OTU 2

MT

Bidarotondo et al. 2011 Desirò et al. 2013 Field et al. 2015bc

Rimington et al. 2015 DDBJ

OTU

 

 

6-3 MT OTU 6-4

Sphaerocreales 2-6

4 EME-12001

Sphaerocreales L3138 L3619

dataset_6_1

OTU 2 Mortierella 

chlamydospora Calcarisporiella thermophila

2  

 

PCR DDBJ

BLAST

MaarjAM http://maarjam.botany.ut.ee BLAST

MaarjAM 97%

OTU virtual taxa VT Öpik et al. 2010 BLAST

VT

VT

 

 

7 1 6-1
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6-1 A

6-1 B

 

4 6-2  

1 6-2 B–F 5 μm

1

2 μm

10 μm

1

10 20  

2 6-2 A 1

 

3 6-3 1

3–5 μm 25 μm

1 1

5 1 2  

4 6-4 5 μm

1–3

3

 

4

6-5 1 3
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1 3 4  

 

 

   
 

HM_Kyoto 2013.3.31  30 
HM_Mie 2015.5.5  30 
HM_Okinawa 2016.1.19  15 
HM_Hiroshima 2016.3.13  15 
HM_Ehime 2016.3.29  15 
HM_Kochi 2016.3.30  15 
HM_Hachijo 2016.4.15  15 

a 

MT b 

OTUc 
VTd 1 2 3 

4 

 
 

HM_Kyoto_1 69 0 0 0 0 OTU 26 - 
HM_Kyoto_4 44 0 0 15 0 OTU 26 - 
HM_Kyoto_5 39 0 0 107 9 - VTX00004 
HM_Kyoto_6 0 0 65 0 0 OTU 20 - 
HM_Kyoto_9 48 0 0 35 1 OTU 64 VTX00191 
HM_Kyoto_15 0 0 106 0 0 OTU 20 - 
HM_Kyoto_17 35 0 0 0 0 OTU 64 - 
HM_Kyoto_20 35 0 0 27 0 - D5Glom 
HM_Kyoto_24 0 0 39 0 0 OTU 20 - 
HM_Kyoto_25 213 0 36 0 0 OTU 26 - 
HM_Mie_22 191 0 0 0 0 OTU 21 - 
HM_Mie_23 64 0 0 0 0 OTU 79 - 
HM_Mie_24 7 0 0 0 0 OTU 27 - 
HM_Mie_28 43 0 0 0 0 OTU 27 - 
HM_Mie_30 4 35 0 0 0 OTU 25 - 
HM_Okinawa_1 0 0 57 0 0 OTU 3 - 
HM_Okinawa_3 0 0 171 16 0 OTU 4 - 
HM_Okinawa_4 0 0 24 3 0 OTU 4 - 
HM_Okinawa_6 0 0 3 288 0 OTU 17 - 
HM_Okinawa_8 0 0 8 0 0 OTU 4 - 
HM_Okinawa_10 0 0 25 0 0 OTU 4 - 
HM_Okinawa_11 0 0 14 36 0 OTU 16 VTX00124 
HM_Okinawa_14 0 0 30 0 0 OTU 4 - 
HM_Hiroshima_1 0 0 14 0 0 OTU 16 - 
HM_Hiroshima_7 0 0 44 0 0 OTU 4 - 
HM_Hiroshima_8 24 0 2 0 0 OTU 25 - 
HM_Hiroshima_11 0 0 12 0 0 OTU 16 - 
HM_Hiroshima_13 12 15 1 0 0 OTU 25 - 
HM_Hiroshima_14 39 0 0 0 0 OTU 25 - 
HM_Hiroshima_16 7 0 0 0 0 OTU 25 - 
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a 

MT b 

OTUc 
VTd 1 2 3 

4 

 
 

HM_Ehime_1 6 0 75 0 0 OTU 1 - 
HM_Ehime_2 2 0 19 0 0 OTU 1 - 
HM_Ehime_3 0 0 11 0 0 OTU 1 - 
HM_Ehime_4 0 0 195 0 0 OTU 1 - 
HM_Ehime_5 0 0 26 0 0 OTU 1 - 
HM_Ehime_6 0 0 28 0 0 OTU 1 - 
HM_Ehime_7 5 0 19 0 0 OTU 2 - 
HM_Ehime_8 18 0 26 0 0 OTU 10 - 
HM_Ehime_9 0 0 71 0 0 OTU 1 - 
HM_Ehime_10 0 0 69 0 0 OTU 1 - 
HM_Ehime_12 7 0 17 0 0 OTU 1 - 
HM_Ehime_13 0 0 5 0 0 OTU 1 - 
HM_Ehime_14 0 0 142 0 0 OTU 1 - 
HM_Ehime_15 8 0 26 0 0 OTU 1 - 
HM_Kochi_2 10 0 0 10 0 OTU 25 - 
HM_Kochi_3 0 33 0 0 0 OTU 25 - 
HM_Kochi_4 0 5 0 104 0 OTU 25 - 
HM_Kochi_10 3 1 0 0 0 OTU 25 - 
HM_Kochi_11 30 0 0 27 2 OTU 25 - 
HM_Kochi_12 0 4 0 321 44 OTU 25 VTX00005 
HM_Hachijo_3 0 0 0 224 21 - VTX00005 
HM_Hachijo_5 0 0 0 186 0 - VTX00159 
HM_Hachijo_8 0 0 0 192 5 - VTX00166 
a b MT

c 6-3-2 d 6-3-3  

A B MT
A 5 mm B 1 mm
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A 2 MT HM_Mie_24 OTU 27 B-F 1 MT B HM_Hiroshima_14 OTU 25
C HM_Kochi_2 OTU 25 D HM_Kyoto_1 OTU 26 E HM_Mie_24 OTU 27 F HM_Kyoto_17 OTU 
64 20 μm



 

 106 

A HM_Ehime_1 OTU 1 B HM_Ehime_7 OTU 2 C HM_Ishigaki_1 OTU 3 D HM_Ishigaki_3
OTU 4 E HM_Hiroshima_7 OTU 4 F HM_Ehime_8 OTU 10 G HM_Ishigaki_11 OTU 16 H

HM_Hiroshima_11 OTU 16 I HM_Kyoto_15 OTU 20 20 μm
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A HM_Kyoto_9 VTX00191 B HM_Kyoto_9 VTX00191 C
HM_Kyoto_9 VTX00191 D

HM_Kyoto_20 D5Glom E HM_Kyoto_20 D5Glom F HM_Kyoto_5
VTX00004 20 μm
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A B HM_Kyoto_9
OTU 64 VTX00191 A S 50 μm

Sphaerocreales

7 48 USERCH

0.996 Endogone incrassata Endogone corticioides Heterogamites. 

flammicorona Heterogamites lactiflua 0.998 11

18 OTU 0.997 3 OTU 2

1 OTU 0.997

6-3

0.997 MT MT

DNA MT

80 OTU 6-4  
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* 
*  

0.997 0.996 0.998 
ESP_A_11001, 12001, 13001_3, 
13001_4, 14001, 14002, 16001 Endogone corticioides OTU 1 

OTU 1 
OTU 1 

EI_10001~11004, 11006, 12001, 
12004~12007 E. incrassata OTU 2 OTU 2 
EI_11005 OTU 2 
ESP_E_14001 E. nanospora OTU 3 OTU 3 OTU 3 
EP_11001, 11003, 12003, 12007, 
12009, 12010 E. pisiformis OTU 4 OTU 4 OTU 4 

EP_12001, 12008 OTU 5 
EF_11001, 11002, 13002, 14002, 
15001, 15002, TO1 Heterogamites flammicorona OTU 5 OTU 5 OTU 6 

EL_11003 

H. lactiflua OTU 6 OTU 7 EL_10001, 11001, 14001, 15001, 
15003 OTU 6 
EL_10002, 10003 OTU 7 OTU 8 
ESP_G_14001 H. pseudoflammicorona OTU 6 OTU 7 OTU 9 
ESP_G_15001 OTU 7 OTU 10 
ESP_F_14001, 15001, 15002 Melanochlamys macrospora OTU 8 OTU 8 OTU 11 
ESP_B_13001 

M. microspora 

OTU 9 OTU 9 OTU 12 
ESP_B_13002, 13003 

OTU 10 OTU 10 
OTU 13 

ESP_B_13004 OTU 14 
ESP_B_14001 OTU 15 
SP_12002, 12013 Sphaerocreas pubescens A  OTU 11 OTU 11 OTU 16 
SP_12015 OTU 17 
SP_12004, 12014, 12016, 
2014_Okinawa, 
AB752292_S_pubescens_S3_2_Kyoto 

S. pubescens B  OTU 12 OTU 12 OTU 18 

* 2  
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OTU  OTU a 
bp  

 c 
 b 

 
OTU 1 HM_Ehime_15, 

Ehime_6 
833   J 

HM_Ehime_5, 10, 13 830   J 
HM_Ehime_14, 12 827   J 
HM_Ehime_3 818   J 
HM_Ehime_4 817   J 
HM_Ehime_2 815   J 
HM_Ehime_9 796   J 
HM_Ehime_1 794   J 

OTU 2 HM_Ehime_7 798   J 
OTU 3 HM_Okinawa_1 783   J 
OTU 4 KC708427 887 Folioceros sp.  M 

HM_Okinawa_14, 10 824   J 
HM_Okinawa_3, 4 820   J 
HM_Hiroshima_7 817   J 
HM_Okinawa_8 814   J 

OTU 5 JF414210 1610 Allisonia cockaynii  NZ 
JF414209 1607 Allisonia cockaynii  NZ 
KR779275, KR779277 1520 Allisonia cockaynii  NZ 
KC708416 1516 Phaeomegaceros coriaceus  NZ 
KR779273 1493 Allisonia cockaynii  NZ 
KC708411 886 Phaeoceros carolinianus  NZ 

OTU 6 JF414220 1608 Treubia pygmaea  NZ 
JF414212 1607 Haplomitrium gibbsiae  NZ 
JF414216 1606 Treubia lacunosa  NZ 

OTU 7 JF414218 1608 Treubia lacunosa  NZ 
JF414217, JF414215 1607 Treubia lacunosa  NZ 

OTU 8 KC708412 886 Phaeoceros carolinianus  NZ 
KC708433, KC708437 885 Phaeomegaceros coriaceus  NZ 

OTU 9 KJ952217 1445 Anogramma leptophylla  F 
OTU 10 HM_Ehime_8 835   J 
OTU 11 JF414207 1608 Paraphymatoceros sp.  A 
OTU 12 JF414208 1605 Haplomitrium gibbsiae  NZ 
OTU 13 JF414211 1608 Haplomitrium blumei  M 
OTU 14 KC708419 1610 Phaeoceros carolinianus  A 
OTU 15 KR779279 1517 Neohodgsonia mirabilis  NZ 

KR779282 1508 Neohodgsonia mirabilis  NZ 
OTU 16 HM_Hiroshima_1 831   J 

HM_Okinawa_11 828   J 
HM_Hiroshima_11 820   J 

OTU 17 HM_Okinawa_6 716   J 
OTU 18 JF414213 1608 Haplomitrium hookeri  E 
OTU 19 JF414214 1605 Treubia lacunosa  NZ 
OTU 20 HM_Kyoto_15, 6 884   J 

HM_Kyoto_24 873   J 
OTU 21 HM_Mie_22 621   J 
OTU 22 KJ921770 1622 Treubia lacunosa  NZ 
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OTU  OTU a 
bp  

 c 
 b 

 
OTU 22 JF414219 1608 Treubia lacunosa  NZ 
OTU 23 KC708420 887 Phaeoceros dendroceroides  M 
OTU 24 KC708443 1606 Phaeoceros carolinianus  SA 
Sphaerocreales  
OTU 25 KJ921773 1619 Treubia lacunosa  NZ 

KJ921772 1618 Treubia lacunosa  NZ 
JF414227 1603 Treubia lacunosa  NZ 
KJ921771 1588 Treubia lacunosa  NZ 
KC708432, KC708430 883 Phaeomegaceros coriaceus  NZ 
HM_Mie_30 836   J 
HM_Kochi_10~12 827   J 
HM_Kochi_2 824   J 
HM_Hiroshima_13, 16 820   J 
HM_Kochi_4 818   J 
HM_Hiroshima_8 817   J 
HM_Kochi_3 809   J 
HM_Hiroshima_14 738   J 

OTU 26 HM_Kyoto_1, 25, 4 882   J 
OTU 27 HM_Mie_28 656   J 

HM_Mie_24 630   J 
OTU 28 JF414228 1602 Treubia lacunosa  NZ 
OTU 29 JF414229 1605 Treubia pygmaea  NZ 

JF414230 1604 Treubia pygmaea  NZ 
OTU 30 JF414235 1604 Treubia tasmanica  NZ 
OTU 31 KC708394 884 Anthoceros laminiferus  NZ 
OTU 32 KC708395 884 Anthoceros laminiferus  NZ 
OTU 33 KC708400 1604 Anthoceros sp.   
OTU 34 KC708405 1559 Paraphymatoceros coriaceus  NZ 

KC708407 886 Paraphymatoceros coriaceus  NZ 
OTU 35 KC708409 886 Phaeomegaceros coriaceus  NZ 
OTU 36 JF414221 1609 Allisonia cockaynii  NZ 

KC708434 886 Anthoceros laminiferus  NZ 
OTU 37 KC708431 1603 Phaeoceros carolinianus  NZ 

KC708429 886 Phaeomegaceros coriaceus  NZ 
KC708393 883 Phaeoceros carolinianus  NZ 

OTU 38 KC708441 1550 Phaeoceros carolinianus  C 
OTU 39 KC708442 886 Anthoceros agrestis  C 
OTU 40 KC708444 886 Phaeoceros carolinianus  SA 
OTU 41 KJ952215, KJ952216 1443 Lycopodiella inundata  E 
OTU 42 JF414234 1605 Treubia tasmanica  A 
OTU 43 KC708401 884 Phaeoceros laevis  E 
OTU 44 KC708403 884 Phaeoceros carolinianus  NZ 
OTU 45 KC708406 1556 Paraphymatoceros coriaceus  NZ 
OTU 46 KC708413 884 Phaeomegaceros coriaceus  NZ 
OTU 47 KC708421 883 Phaeoceros dendroceroides  P 

KC408423 882 Phaeoceros carolinianus  P 
OTU 48 KC708422 1380 Phaeoceros dendroceroides  P 
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OTU  OTU a 
bp  

 c 
 b 

Sphaerocreales  
OTU 49 KC708436 883 Megaceros sp.  NZ 
OTU 50 KC708438 883 Phaeoceros laevis  E 
OTU 51 KC708440 1528 Phaeoceros carolinianus  P 
OTU 52 KJ921775 1621 Haplomitrium gibbsiae  NZ 
OTU 53 KJ921776 1625 Haplomitrium gibbsiae  NZ 
OTU 54 KJ952214 1445 Lycopodiella inundata  E 
OTU 55 KJ952232 1393 Anogramma leptophylla  I 
OTU 56 JF414233 1605 Treubia tasmanica  A 

JF414231, JF414232 1604 Treubia_pygmaea  NZ 
OTU 57 KC708402 885 Anthoceros punctatus  E 

KC708435 885 Anthoceros laminiferus  NZ 
OTU 58 KC708404 1056 Anthoceros punctatus  US 
OTU 59 KC708418 884 Phaeomegaceros coriaceus  NZ 
OTU 60 KC708424 1606 Phaeoceros carolinianus  M 
OTU 61 KC708425 886 Anthoceros sp.  M 
OTU 62 KJ921774 1589 Haplomitrium gibbsiae  NZ 
OTU 63 KJ952212 1446 Lycopodiella inundata  E 
OTU 64 HM_Kyoto_17 882   J 

HM_Kyoto_9 866   J 
OTU 65 JF414222 1604 Haplomitrium gibbsiae  NZ 

KC708408 883 Megaceros leptohymenius  NZ 
KC708439 883 Phaeomegaceros coriaceus  NZ 

OTU 66 JF414223 1605 Haplomitrium ovalifolium  NZ 
OTU 67 JF414224 1609 Neohodgsonia mirabilis  NZ 
OTU 68 JF414225 1604 Paraphymatoceros coriaceus  NZ 
OTU 69 JF414226 1604 Treubia lacunosa  NZ 
OTU 70 KC708392 1606 Phaeoceros carolinianus  NZ 
OTU 71 KC708397 886 Anthoceros agrestis  E 

KC708396 884 Phaeoceros carolinianus  NZ 
OTU 72 KC708398 1607 Phaeoceros laevis  E 
OTU 73 KC708426 1604 Anthoceros sp.  M 
OTU 74 KC708428 883 Phaeoceros carolinianus  M 
OTU 75 KJ952213 1443 Lycopodiella inundata  E 
"Group I" 
OTU 76 KC708399 883 Phaeoceros laevis  

 
OTU 77 KJ952218 1445 Lycopodium annotinum  US 
OTU 78 KJ952219 1447 Lycopodium fastigiatum  NZ 

KC708417 886 Anthoceros laminiferus  NZ 
OTU 79 HM_Mie_23 774   J 
OTU 80 KC708415 886 Phaeomegaceros coriaceus  NZ 

a 5-3-1 NCBI b

c A C E
F I J M NZ P SA US
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OTU dataset_6_1

Sphaerocreales OTU 24 OTU

6-6 6-4 MT H. 

flammicorona H. lactiflua Heterogamites pseudoflammicorona

Sphaerocreales 51 OTU 6-6 6-4 Densospora 

nuda OTU 25 MT

I Desirò et al. 2013 OTU 76 OTU 80

6-6 6-4  

Sphaerocreales OTU

1 2 MT OTU

3 MT 6-2

1 2 Sphaerocreales 3

Desirò et al. 2013 I 1

MT I Sphaerocreales MT

I 1 MT
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50 70
OTU

OTU  
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4 MT 4

6-2 6-5

MaarjAM BLAST

Archaeosporales Archaeosporaceae Archaeospora VT

6-2 VT 6-5  

VT   VT
 

VT  VT
 

VTX00004 Archaeosporaceae
Archaeospora  

GQ140623 Phragmites australis 
(Cav.) Trin. ex Steud.

 

 

D5Glom Archaeosporaceae
Archaeospora  

KC832514 
Diphasiastrum alpinum (L.) 
Holub  

 

VTX00005 Archaeosporaceae
Archaeospora  

AF131054 Hyacinthoides non-scripta 
(L.) Chouard  

 

VTX00191  AJ563887 Hepatica nobilis 
Mill.  

 

VTX00124  AY129615 Faramea occidentalis (L.) A. 
Rich.  

 

VTX00159  AY499494   
VTX00166  AJ418860 Pulsatilla patens (L.) Mill.

 
 

MT

MT

MT

MT

Bidartondo et al. 2011 Field et al. 2015b

Sphaerocreales

H. chilensis MT

Ligrone et al. 2007

MT Bidartondo et al. 2011

PCR
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PCR Bidartondo et al. 2011

Bidartondo et al. 2011

1,700 m Haplomitrium blumei 1

1,000 m

Öpik et al. 2006

1

Bidartondo et al. 2011

MT

MT

MT

Archaeospora Ligrone et al. 2007 H. chilensis MT

Claroideoglomeraceae

Diversisporales MT Ligrone et al. 2007 Bidartondo et al. 2011

Archaeospora

MaarjAM VT D5Glom

MT VT

MT

MT

 

MT

Paris Smith and Read 2008

MT Field et al. 2015c

Rimington et al. 2015

fine endophyte

Glomus tenue (Greenall) I.R. Hall

Sphaerocreales Orchard et al. 2017
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Hall 1977 Thippayarugs et al. 1999 Błaszkowski 

2012 Orchard et al. 2017 MT

fine endophyte MT

MT

MT

MT Sphaerocreales

MT-1, MT-2 MT

 

2 Sphaerocreales 2

MT 3

1 I 2

MT

Sphaerocreales MT

MT
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Bidartondo et al. 2011 Field et al. 2015b

MT 6

Sphaerocreales 2

MT

Schuster 1983

MT MT

Apotreubia nana

Apotreubia hortoniae R.M. Schust. & Konstant. ex Konstant.

Apotreubia yunnanensis Higuchi 3

Apotreubia pusilla Grolle

Stech et al. 2002

Forrest et al. 2006

Stech and Frey 2004

MT

MT

 

Sphaerocreales 6

MT

Duckett et al. 2006
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Hattori et al. 1966

Schuster and Konstantinova 1995

MT

MT

MT

 

MT MT

 

 

2,000 m

2016 5 13

2 cm 11

ZEISS Stemi 2000C

1.5 cm

2

0.5−1.0 cm 2

2

1 1.5 

mL 70 μL TE −65°C  

 

6

ZEISS Axio Imager A1   

 

DNA 6 18S 28S EF-1α
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18S PCR 5 NS1 EF3

NS3 EF3

2nd PCR 28S EF-1α PCR 2

PCR 2

2 DDBJ

BLAST 2

6  

 

7-1 MT

Duckett et al. 2014

7-2 C

7-2 A 7-2 B v

7-2 B iii iv

7-2 E MT

2–3 7-2 B iv

7-2 K 2 

μm

7-2 G–K

10–15 μm 1 2 10

5 μm

7-2 G

7-2 B iii 7-2 B iv

7-2 

D

7-2 F

7-2 L
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7-2 B i ii 6

MT MT

1  

 

 

A B C B 5 mm C 2 mm  
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A B i~v C
D B iii E B iii F B iii iv

G-J B iv K B v
L B iv

A 200 μm B 100 μm C-L 20 μm  
 

 

18S 2
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Endogone corticioides 100% 28S EF-1α 99 100%

7-1 MT E. corticioides  

 

 

 Endogone corticioides ESP-A-14002  
18S  28S  EF-1  

AP_1 1055/1055 100%  - 976/978 99%  
AP_2 823/823 100%  - 968/970 99%  
AP_3 1148/1148 100%  - 998/1000 99%  
AP_4 1141/1141 100%  927/927 100%  994/996 99%  
AP_5 979/979 100%  - - 
AP_6 1148/1148 100%  - 976/978 99%  
AP_7 1138/1138 100%  - 884/886 99%  
AP_8 979/979 100%  - 969/971 99%  
AP_9 822/822 100%  - 976/978 99%  
AP_10 1091/1091 100%  - 928/930 99%  
AP_11 1141/1141 100%  - - 

 

7-4  

MT

MT

Duckett et al. 2006

Duckett et al. 2006

Duckett et al. 

2006 7-2 B iii

Schuster and Konstantinova 1995

  

MT E. corticioides

E. corticioides

MT 1

6 MT

Sphaerocreales

E. corticioides

E. incrassata 2 E. incrassata

6 MT OTU 12
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MT E. corticioides

2

ESP-A-16001 MT

 

MT

6

MT

MT

MT

MT

MT

E. corticioides MT

6 MT

MT

1 MT

MT 1 MT

MT  
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Hibbett et al. 2007

Yao et al. 1996

Sphaerocreas Densospora

Sphaerocreales

2 Modicella

Smith et al. 2013 Smith et al. 2013 Modicella

Modicella

mm

Sphaerocreales

 

Sphaerocreales

Densospora

2

Heterogamites Densospora

Maser et al. 1978 McGee and Baczocha 1994

2

Sphaerocreales

Melanochlamys 2

Sphaerocreas Densospora 3

Melanochlamys
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Sphaerocreales

2

2 Tandy 1975

Warcup 1985 McGee 1996 2

Sphaerocreales

Densospora Melaleuca 

uncinata R. Br. McGee and Baczocha 1994

Densospora McGee 1996

Densospora pH

Melanochlamys

Sphaerocreales

3 Endogone 

pisiformis Sphaerocreas pubescens Warcup 1985 1990

4 5

Heterogamites Sphaerocreales Densospora

E. pisiformis

Heterogamites

Tandy 1975 Warcup 1990 2 Endogone incrassata E. 

pisiformis Endogone corticioides Endogone nanospora

Densospora

S. pubescens 3 Densospora tubaeformis Warcup 

1985

Sphaerocreales
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Sphaerocreales

Sphaerocreales

 

Youngiomyces

Youngiomyces

Yao et al. 1995a Youngiomyces 4 Y. stratosus 3

Youngiomyces E. nanospora

E. oregonensis Gerdemann and Trappe 

1974 E. corticioides E. pisiformis

2-7 E 2-8 E F E. nanospora Youngiomyces calorinensis

2-9 E F Yao et al. 1996

Heterogamites

2 Heterogamites 3

5 Heterogamites lactiflua Heterogamites 

flammicorona 2

H. lactiflua

5

Endogone maritima H. lactiflua

Heterogamites

Heterogamites
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Heterogamites

Heterogamites

Heterogamites

E. pisiformis E. incrassata

Maser et al. 1978 3 E. 

pisiformis

Heterogamites

Maser et al. 1978

Heterogamites Melanochlamys

Melanochlamys

 

Bidartondo et al. 2011 Pirozynski and 

Malloch 1975 Simon et al. 1993 Redecker et al. 2000 Smith and Read 2008

Bidartondo et al. 2011 MT 2

Sphaerocreales 2

MT 6

MT 6

MT Ligrone et al. 2007

MT

MT
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Forrest et al. 2006 4 Heinrichs 

et al. 2007 Wikström et al. 2009

Aglaophyton major (Kidston & Lang) D.S. Edwards Edwards 1986 MT

Remy et al. 1994

MT

MT

Smith and Read 2008 Bidartondo et al. 2011

4

Rhynia gwynne-vaughanii Kidston & Lang Horneophyton lignieri (Kidst. & W.H.Lang) Bargh. & 

Darrah

Karatygin et al. 2006 Strullu-Derrien et al. 2014

MT

 

MT Carafa et al. 2003 6

Smith and 

Read 2008

Ligrone et al. 2000 Edwards et al. 2003

MT

MT MT

Bidartondo et al. 2011

MT

6 7

Field et al. 2015c Desirò et al. 2013

Anogramma Link Pressel et al. 2016 MT

MT 4

MT

MT

MT

fine endophyte

MT
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Sphaerocreales Orchard et al. 2017

MT

fine endophyte

MT MT fine endophyte

MT

Aglaophyton major

MT Strullu-Derrien et al. 2014 Aglaophyton

Crane et al. 

2004

 

Heterogamites

Fassi 1965

Tandy 1975 Walker 1985 5 fine 

endophyte Hall 1977 Thippayarugs et al. 1999 Fine endophyte

Heterogamites  

MT

Sphaerocreales MT

5

MT

MT

MT
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E. flammicorona 
EF-11001 KPM-NC0024202  2011.10.24  Av p  
EF-11002 KPM-NC0024203  2011.11.3  Ah p  
EF-13002 KPM-NC0024738  2013.9.18  As 

EF-13001 KPM-NC0024204  2013.10.23  Lk p Pd
Qs 

EF-14002 2014.10.30  Lk p Pd
Qs 

EF-15001 2015.9.20 
 

Pd Qc 

EF-15002 2015.9.28  Ah 
E. incrassata 
EI-10001 KPM-NC0024205  2010.11.9  ND 
EI-11001 2011.8.4  Av Be Td 
EI-11002 KPM-NC0024206  2011.8.7  Av Ph Td 
EI-11003 KPM-NC0024207  2011.8.25  A Ph Td 
EI-11004 KPM-NC0024208  2011.9.12  As Pj 
EI-11005 KPM-NC0024209  2011.9.27  Av Td 
EI-11006 KPM-NC0024210  2011.10.24  Pd Qc 
EI-11007 KPM-NC0024211  2011.11.3  Av Td 

EI-12001 KPM-NC0024212  2012.7.15  
Av Ph
Pk Td 

EI-12002 2012.7.26  Av Td 
EI-12003 2012.8.29  Av Ph Td 
EI-12004 KPM-NC0024213  2012.9.13  Av Be Td 
EI-12005 KPM-NC0024214  2012.9.24  As Pj 
EI-12006 KPM-NC0024215  2012.11.3  Av Td 
EI-12007 KPM-NC0024216  2012.11.3  Av 
E. lactiflua 
EL-10001 KPM-NC0024218  2010.9.18  As 
EL-10002 KPM-NC0024219  2010.11.6  Ah Td 

EL-10003 KPM-NC0024220  2010.11.6  
Ah Bp Lk
(p) Qc Td 

EL-11001 KPM-NC0024221  2011.9.13 21  As p  
EL-11002 KPM-NC0024222  2011.11.3  Av Td 
EL-11003 KPM-NC0024223  2011.11.3  Av Td 
EL-11004 2011.11.3  Av p  
EL-11006 KPM-NC0024224  2011.11.25  Av p  
EL-14001 2014.9.23  As Pj 

EL-15001 2015.9.20 
 

Pd Qc 

EL-15003 2015.10.10  Pd 
E. pisiformis 
EP-11001 KPM-NC0024225  2011.8.5  Av Ph Td 
EP-11003 KPM-NC0024226  2011.9.12  As Pj 
EP-12001 KPM-NC0024227  2012.7.15  Av Pk Td 
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E. pisiformis 

EP-12002 KPM-NC0024228  2012.7.15  
Av Ph
Pk Td 

EP-12003 KPM-NC0024229  2012.8.12  Av Ph Td 
EP-12004 2012.8.26  Av Ph Td 
EP-12005 2012.8.29  Av Td 
EP-12007 KPM-NC0024230  2012.9.2  Av Ph Td 
EP-12008 KPM-NC0024231  2012.9.13  Av Be Td 

EP-12009 KPM-NC0024232  2012.9.14 
 

Qc 

EP-12010 KPM-NC0024233  2012.9.24  As Pj 
Endogone sp. 1 
ESP-A-11001 

KPM-NC0024740  2011.8.7  Av Be Td 

ESP-A-12001 
KPM-NC0024741  2012.8.29  Av Be Td 

ESP-A-13001-4 
KPM-NC0024742  2013.9.8  Av Be Td 
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KPM-NC0024743  2014.8.23  Av Ph Td 
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KPM-NC0024744  2014.8.23  

Av Be
Ph Pk Td 

ESP-A-16001-1 2016.7.2 
 

Qc 

Endogone sp. 2 
ESP-G-14001 2014.11.24  Af Qs 
ESP-G-15001 2015.10.3  Ct Qa Qs 
ESP-G-15002 2015.11.23  Af Qs 
Endogone sp. 3 
ESP-B-13001 2013.7.15  Cs 
ESP-B-13002 2013.10.11  Cs 
ESP-B-13003 2013.10.13  Cs Qm 
ESP-B-13004 2013.10.14  Cs Qm 
ESP-B-13005 2013.11.5  Cs Qm 
ESP-B-14001 2014.6.27  Cs Qm 
ESP-B-14002

KPM-NC0023961  2014.8.31  Cs Qm 

ESP-B-14003
KPM-NC0023962  2014.8.31  Cs Qm 

ESP-B-14004
KPM-NC0023963  2014.9.1  Cs 

Endogone sp. 4 
ESP-F-10001 2010.10.11  Ct Qs 
ESP-F-14001 2014.9.20  Fc 
ESP-F-15001 2015.9.26  Pd 
ESP-F-15002 2015.10.3  Ct Qs 
Youngiomyces sp. 1 
ESP-E-14001 2014.8.24  Pd Qc 
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S. pubescens 
SP-12002 KPM-NC-22975  2012.6.7  Av Td 
SP-12004 KPM-NC-22969  2012.6.17  Co p  
SP-12005 KPM-NC-22970  2012.6.24  Co p  
SP-12013 KPM-NC-22971  2012.7.29  Fc Qc 
SP-12014 KPM-NC-22972  2012.7.29  Fc Qc 
SP-12015 KPM-NC-22973  2012.7.29  Am 
SP-12016 KPM-NC-22974  2012.8.9  Af Cs 
SP-2914

KPM-NC0023964  
2014.9.1  Cs Pl 

KPM  
E. flammicorona 

KPM-NC0024201 2003.9.28  
Av Fc
Ph Td 

TO-1 2014.8.  P Q 
E. lactiflua 
KPM-NC0024217 2002.11.3  Lk p Pd 
E. pisiformis 
KPM-NC0024746 2000.10.1  A 
KPM-NC0024747 2000.10.11  A R 
Endogone sp. 5 
MEL 2342016 2010.6.29  E 

TNS  
E. flammicorona 

TNS-F-51163 1967.10.25  Pa Ps 
E. lctiflua 
TNS-F-51164 1976.12.14  Pm 
E. pisiformis 
TNS-F-51165 1977.9.9  ND 
TNS-F-51166 1977.9.4  ND 
TNS-F-51167 1977.9.4  ND 
TNS-F-235870 1901.8.5  Vm 
*A Af Ah Am As Av Be Bq

Co Cs Ct E Fc Lk P Pa
Pd Ph Pj Pk Pl Pm

Ps Q Qa Qc Qm Qs R
Td Vm p ND  
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L S mm  

  
 

        
L S L S L S L S L S L S L S L S 

7 1 1.0 0 0 0 2.0 0 4.0 0 1.0 0 3.0 0 0 0 1.0 0 
2 0 0 1.0 0 0 0 0 0 2.0 1.0 3.0 0 0 0 2.0 0 
3 0 0 0 0 1.0 0 3.0 1.0 6.0 4.0 3.0 0 0 0 0 0 
4 1.0 0 0 0 0 0 1.0 0 0 0 1.0 0 0 0 2.0 0 
5 2.0 0 1.0 0 2.0 0 2.0 2.0 0 0 0 0 0 0 4.0 1.0 
6 0 0 0 0 3.0 1.0 1.0 0 6.0 3.0 0 0 0 0 3.0 1.0 
7 0 0 1.0 0 1.0 0 1.0 0 0 0 0 0 0 0 4.0 0 

14 1 3.0 0 0 0 5.0 0 8.0 0 5.0 0 9.0 0 0 0 4.0 0 
2 0 0 3.0 0 1.0 0 2.0 0 9.0 6.0 8.0 0 0 0 6.0 1.0 
3 2.0 0 2.0 0 3.0 0 8.0 5.0 22.0 18.0 7.0 0 0 0 2.0 0 
4 3.0 0 1.0 0 2.0 0 4.0 0 3.0 0 6.0 0 0 0 6.0 1.0 
5 4.0 0 4.0 1.0 6.0 0 11.0 8.0 2.0 0 0 0 0 0 10.0 4.0 
6 3.0 0 0 0 6.0 3.0 3.0 0 19.0 11.0 0 0 0 0 10.0 8.0 
7 0 0 3.0 0 4.0 1.0 6.0 1.0 1.0 0 0 0 0 0 9.0 0 

21 1 6.0 1.0 8.0 2.0 7.0 0 11.0 0 7.0 0 13.0 0 0 0 8.0 2.0 
2 3.0 0 8.0 0 6.0 0 15.0 6.0 27.0 18.0 18.0 10.0 0 0 11.0 4.0 
3 5.0 1.0 7.0 1.0 6.0 1.0 10.0 5.0 36.0 29.0 13.0 0 0 0 6.0 1.0 
4 7.0 0 4.0 0 7.0 1.0 15.0 5.0 19.0 5.0 7.0 1.0 0 0 13.0 7.0 
5 7.0 1.0 5.0 2.0 8.0 1.0 15.0 11.0 10.0 5.0 2.0 0 0 0 24.0 14.0 
6 7.0 3.0 1.0 0 8.0 3.0 9.0 4.0 33.0 23.0 11.0 0 0 0 18.0 12.0 
7 5.0 1.0 6.0 0 6.0 2.0 11.0 3.0 14.0 7.0 7.0 1.0 0 0 15.0 2.0 

28 1 9.0 4.0 16.0 3.0 9.0 3.0 13.0 5.0 41.0 23.0 28.0 11.0 0 0 21.0 14.0 
2 8.0 4.0 9.0 2.0 8.0 5.0 17.0 8.0 41.0 41.0 36.0 28.0 0 0 19.0 12.0 
3 8.0 4.0 10.0 4.0 10.0 5.0 13.0 6.0 41.0 41.0 29.0 9.0 0 0 17.0 4.0 
4 10.0 1.0 8.0 1.0 10.0 3.0 25.0 7.0 41.0 41.0 19.0 14.0 0 0 28.0 22.0 
5 9.0 5.0 6.0 2.0 9.0 3.0 18.0 11.0 41.0 41.0 14.0 3.0 0 0 41.0 28.0 
6 10.0 7.0 8.0 0 10.0 5.0 10.0 5.0 41.0 41.0 25.0 2.0 0 0 30.0 25.0 
7 8.0 5.0 8.0 2.0 8.0 3.0 11.0 5.0 41.0 41.0 19.0 10.0 0 0 24.0 10.0 

35 1 11.0 7.0 18.0 4.0 11.0 6.0 17.0 6.0 41.0 41.0 41.0 25.0 0 0 30.0 23.0 
2 11.0 4.0 13.0 4.0 11.0 6.0 19.0 10.0 41.0 41.0 41.0 41.0 0 0 29.0 23.0 
3 10.0 7.0 11.0 5.0 11.0 7.0 16.0 7.0 41.0 41.0 41.0 26.0 0 0 26.0 15.0 
4 12.0 4.0 9.0 1.0 12.0 4.0 25.0 8.0 41.0 41.0 41.0 29.0 0 0 41.0 30.0 
5 12.0 9.0 9.0 2.0 12.0 7.0 18.0 11.0 41.0 41.0 29.0 18.0 0 0 41.0 41.0 
6 12.0 11.0 12.0 1.0 13.0 8.0 12.0 6.0 41.0 41.0 41.0 19.0 0 0 41.0 41.0 
7 11.0 7.0 10.0 4.0 13.0 7.0 11.0 6.0 41.0 41.0 33.0 24.0 0 0 41.0 19.0 

42 1 17.0 12.0 20.0 6.0 17.0 9.0 23.0 9.0 41.0 41.0 41.0 41.0 0 0 41.0 41.0 
2 14.0 8.0 17.0 9.0 15.0 10.0 22.0 12.0 41.0 41.0 41.0 41.0 0 0 41.0 41.0 
3 16.0 10.0 15.0 8.0 16.0 13.0 17.0 8.0 41.0 41.0 41.0 41.0 0 0 41.0 41.0 
4 19.0 9.0 14.0 3.0 18.0 8.0 25.0 9.0 41.0 41.0 41.0 41.0 0 0 41.0 41.0 
5 16.0 11.0 13.0 4.0 21.0 14.0 20.0 11.0 41.0 41.0 41.0 41.0 0 0 41.0 41.0 
6 18.0 15.0 14.0 3.0 21.0 15.0 20.0 16.0 41.0 41.0 41.0 41.0 0 0 41.0 41.0 
7 15.0 12.0 13.0 9.0 18.0 11.0 21.0 12.0 41.0 41.0 41.0 41.0 0 0 41.0 41.0 

49 1 19.0 14.0 21.0 7.0 19.0 11.0 23.0 10.0 41.0 41.0 41.0 41.0 0 0 41.0 41.0 
2 15.0 8.0 18.0 11.0 15.0 11.0 23.0 13.0 41.0 41.0 41.0 41.0 0 0 41.0 41.0 
3 17.0 11.0 17.0 10.0 19.0 14.0 21.0 8.0 41.0 41.0 41.0 41.0 0 0 41.0 41.0 
4 20.0 10.0 16.0 4.0 20.0 10.0 27.0 10.0 41.0 41.0 41.0 41.0 0 0 41.0 41.0 
5 17.0 12.0 15.0 7.0 23.0 16.0 22.0 11.0 41.0 41.0 41.0 41.0 0 0 41.0 41.0 
6 20.0 16.0 16.0 6.0 22.0 18.0 25.0 19.0 41.0 41.0 41.0 41.0 0 0 41.0 41.0 
7 16.0 13.0 15.0 11.0 21.0 22.0 26.0 15.0 41.0 41.0 41.0 41.0 0 0 41.0 41.0 

56 1 21.0 17.0 21.0 8.0 21.0 13.0 23.0 10.0 41.0 41.0 41.0 41.0 0 0 41.0 41.0 
2 16.0 10.0 19.0 13.0 15.0 12.0 23.0 13.0 41.0 41.0 41.0 41.0 0 0 41.0 41.0 
3 19.0 12.0 19.0 12.0 22.0 16.0 24.0 8.0 41.0 41.0 41.0 41.0 0 0 41.0 41.0 
4 21.0 11.0 17.0 5.0 22.0 11.0 28.0 10.0 41.0 41.0 41.0 41.0 0 0 41.0 41.0 
5 18.0 13.0 18.0 10.0 25.0 17.0 24.0 11.0 41.0 41.0 41.0 41.0 0 0 41.0 41.0 
6 22.0 17.0 17.0 8.0 24.0 20.0 30.0 20.0 41.0 41.0 41.0 41.0 0 0 41.0 41.0 
7 17.0 14.0 18.0 12.0 24.0 13.0 29.0 18.0 41.0 41.0 41.0 41.0 0 0 41.0 41.0 
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g  

 
 

     
 

  
 

1 1.136 1.112 1.124 1.103 1.075 1.071 1.022 1.053 1.025 
2 1.105 1.106 1.114 1.096 1.110 1.063 1.025 1.052 1.011 
3 1.111 1.109 1.137 1.106 1.120 1.071 1.021 1.065 1.019 
4 1.138 1.098 1.116 1.115 1.088 1.075 1.025 1.056 1.026 
5 1.122 1.109 1.120 1.131 1.073 1.073 1.028 1.061 1.101 
6 1.140 1.101 1.129 1.120 1.102 1.065 1.019 1.056 1.021 
7 1.127 1.130 1.122 1.119 1.099 1.079 1.027 1.062 1.025 
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