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Supplementary Table S1 - Climate data of Mongar district 

(Bhutan). Monthly Average Rainfall (mm) (a); Monthly Average 

Maximum Temperature (°C) (b); Monthly Average Minimum 

Temperature (°C) (c); Monthly Average Sunshine Hours. Data from 

National Center of Hydrology and Meteorology, Royal Government 

of Bhutan. 

 

a) Monthly average rainfall (mm) 
Month 2019 2020 2021 2022 2023 Mean 

January 0.0 18.6 3.1 3.1 0.0 4.96 

February 42.0 46.4 2.8 64.4 5.6 32.24 

March 34.1 43.4 40.3 3.1 62.0 36.58 

April 105.0 96.0 18.0 63.0 57.0 67.80 

May 179.8 251.1 136.4 68.2 24.8 132.06 

June 60.0 171 75.0 168 168.0 128.40 

July 406.1 226.3 251.1 133.3 86.8 220.72 

August 80.6 93.0 105.4 49.6 176.7 101.06 

September 138.0 63.0 30.0 96.0 42.0 73.80 

October 15.5 18.6 151.9 124.0 62.0 74.40 

November 0.0 9.0 6.0 0.0 0.0 3.00 

December 0.0 3.1 18.6 3.1 9.3 6.82 

 

 

 

 

 

 

b) Monthly average maximum temperature (°C) 

Month 2019 2020 2021 2022 2023 mean 

January 17.5 14.6 15.4 15.5 16.2 15.84 

February 16.9 17.2 19.6 15.1 18.4 17.44 

March 20.2 20.6 21.3 24.4 20.2 21.34 

April 22.9 21.6 25.7 23.1 22.9 23.24 

May 23.0 23.0 24.1 24.7 24.2 23.80 

June 26.8 24.5 25.6 23.7 25.2 25.16 

July 24.7 23.5 25.5 27.0 25.6 25.26 

August 28.3 26.9 24.6 27.0 24.7 26.30 

September 24.3 24.4 27.1 25.1 27.1 25.60 

October 22.4 24.4 24.3 22.5 23.7 23.46 

November 20.4 20.2 19.6 20.3 21.8 20.46 

December 15.5 16.1 16.6 17.1 17.7 16.60 

 

 

 

 

 



c) Monthly average minimum temperature (°C) 

Month 2019 2020 2021 2022 2023 Mean 

January 5.8 5.4 7.1 5.4 6.9 6.12 

February 7.4 7.2 8.2 5.2 9.6 7.52 

March 9.4 10.4 11.2 12.6 11.0 10.92 

April 13.5 12.3 13.0 14.8 13.5 13.42 

May 15.9 15.0 15.9 16.4 15.1 15.66 

June 18.1 18.0 18.5 18.0 18.4 18.20 

July 18.4 18.7 18.7 19.2 18.9 18.78 

August 19.0 19.3 18.8 19.1 19.0 19.04 

September 17.7 18.4 18.0 17.9 18.7 18.14 

October 14.2 15.9 15.5 14.9 14.6 15.02 

November 12.0 10.3 10.1 10.2 10.9 10.70 

December 6.3 7.6 7.2 8.4 8.5 7.60 

 

 

 

 

 

 
d) Monthly average sunshine hours 

Month 2019 2020 2021 2022 2023 Mean 

January 8.0 5.4 3.9 5.7 5.9 5.78 

February 5.2 5.0 6.1 5.0 4.5 5.16 

March 5.0 5.5 4.5 5.9 4.6 5.10 

April 5.1 4.5 6.6 3.7 6.2 5.22 

May 2.6 3.8 2.9 4.4 4.4 3.62 

June 5.0 3.1 3.1 1.6 3.3 3.22 

July 3.0 1.2 2.3 5.2 2.4 2.82 

August 5.7 4.5 2.0 5.0 2.2 3.88 

September 2.9 2.5 6.0 4.2 5.2 4.16 

October 5.5 6.4 5.6 5.4 6.8 5.94 

November 5.7 7.1 6.7 8.9 8.4 7.36 

December 6.0 4.1 5.9 5.7 5.9 5.52 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Table S2 - Soil characteristics of the hazel orchard where the truffles were collected (data from the 

Royal University of Bhutan). 

Soil 

horizon 

OM 

% 

C 

% 

pH 

H2O 
EC 

mS cm-1 
Texture 

(USDA) 

Sand 

% 

Silt 

% 

Clay 

% 

N 

% 

P 

ppm 

K 

ppm 

Topsoil 8.10 13.97 6.82 0.05 Clay Loam 60 0 50 0.70 0.76 27 

Sub-soil 4.84 8.34 6.98 0.03 Clay 30 2 68 0.42 0.98 25 

 
 
 
 
 
 
 
Supplementary Table S3 - Oligonucleotide primers and PCR cycling conditions used in this study. 
Primer Sequence (5’ – 3’) Target 

gene 

PCR amplification 

conditions 

Reference 

ITS1F CTTGGTCATTTAGAGGAAGTAA ITS rRNA 95 °C 6 min; 34 x (94 °C 30 s, 

56 °C 30 s, 72 °C 1 min), 72 

°C 7 min 

Gardes and Bruns (1993) 

White et al. (1990) 

ITS4 TCCTCCGCTTATTGATATGC ITS rRNA 

bRPB2-6F TGGGGKWTGGTYTGYCCTGC RPB2 94 °C 5 min; 35 x (94 °C 30 s, 

52 °C 30 s, 72 °C 50 s), 72 °C 

10 min 

Denton et al. (1998) 

He and Yang (2021) 

bRPB2-7R CCCATWGCYTGCTTMCCCAT RPB2 

EF1-983F ACHGTRCCRATACCACCRATCTT TEF1-α 94 °C 5 min; 35 x (94 °C 30 s, 

52 °C 30 s, 72 °C 75 s), 72 °C 

10 min 

Rehner and Buckley (2005) 

He and Yang (2021) 

EF1-1567R GCYCCYGGHCAYCGTGAY TEF1-α 

 
  



Supplementary Table S4 - Species, lineage voucher specimen, country, and corresponding GenBank accession 

numbers (ITS, TEF1-α, RPB2) of the Tuber specimens used for the phylogenetic analysis. Sequences generated in this 

study are in bold. 

Taxon Name Lineage Voucher 

Specimen 

Country ITS RPB2 TEF1-α 

Tuber sp. melanosporum 5501 Buthan PZ142840 PZ149757 PZ149755 

Tuber sp. melanosporum 5503 Buthan PZ142841 PZ149758 PZ149756 

T. borchii puberulum BJTC FAN217 New Zealand KT067681a OM584229b KT067717a 

T. brumale melanosporum GB52 Italy HM485345c JQ954494d – 

T. brumale melanosporum GB53 Italy FJ748900e JQ954495d – 

T. formosanum melanosporum BJTC FAN107 Yunnan, China MF621549f OM584210b OM649564b 

T. formosanum melanosporum BJTC FAN356 Sichuan, China MF627986f OM584252b OM649594b 

T. longispinosum melanosporum K225 Japan AB553414g AB553558g AB553538g 

T. longispinosum melanosporum K447* Japan AB553423g – – 

T. melanosporum melanosporum GB200 Italy FJ748904e JQ954515d JX022594d 

T. melanosporum melanosporum AQUI10152** Italy NR200421h – – 

T. melanoumbilicatum melanosporum YNAU017* Yunnan, China OK625304i OR832411i OR832379i 

T. melanoumbilicatum melanosporum YNAU018 Yunnan, China OK625305i OR832412i OR832380i 

T. microexcavatum melanosporum YNAU1263 Yunnan, China OR250184i OR832413i OR832381i 

T. microexcavatum melanosporum YNAU1264 Yunnan, China OR250185i OR832414i OR832382i 

T. pseudobrumale melanosporum YAASL3181* Yunnan, China KJ742703l – – 

T. pseudobrumale melanosporum YNAU0228 Yunnan, China OR665411i OR832428i OR832396i 

T. pseudobrumale melanosporum YNAU0240 Yunnan, China OR665415i OR832432i OR832400i 

T. pseudohimalayense melanosporum YNAU1608 Yunnan, China PP784763i PP796861i PP796851i 

T. pseudohimalayense melanosporum YNAU1663 Yunnan, China PP784764i PP796862i PP796852i 

T. sinense melanosporum BJTC FAN108 China MF627968f OM584211b OM649565b 

T. sinense melanosporum BJTC FAN110 China MF627970f OM584212b OM649566b 

T. variabilisporum melanosporum BJTC FAN362* Sichuan, China OM287845b OM584253b OM649595b 

T. variabilisporum melanosporum YNAU1670 Yunnan, China PP784762i PP796860i PP796850i 

T. yigongense melanosporum BJTC FAN729 Tibet, China MF663716f OM584277b OM649623b 

T. yigongense melanosporum BJTC FAN731* Tibet, China MF663714f – – 

T. yunnanense melanosporum YNAU019* Yunnan, China OK625306i OR832407i OR813081i 

T. yunnanense melanosporum YNAU020 Yunnan, China OK625307i OR832408i OR813082i 

T. yunnanense melanosporum YNAU0107 Yunnan, China OR665397i OR832409i OR813083i 

T. yunnanense melanosporum YNAU0491 Sichuan, China OR250186i OR832410i OR813084i 

*holotype; **epitype. References: aFan et al. (2016); bFan et al. (2022); cBonito et al. (2010); dBonito et al. (2013); eBonito et al. 

(2011); fFan et al. (2018); gKinoshita et al. (2011); hLeonardi et al. (2021); iWang et al. (2024); lLi et al. (2014) 

 



 

References 

Bonito GM, Gryganskyi AP, Trappe JM, Vilgalys R (2010) A global meta-analysis of Tuber ITS rDNA 

sequences: species diversity, host associations and long-distance dispersal. Molecular Ecology 

19(22):4994–5008. https://doi.org/10.1111/j.1365-294X.2010.04855.x 

Bonito G, Smith ME, Nowak M, Healy RA, Guevara G, Cázares E, Kinoshita A, Nouhra ER, Domínguez 

LS, Tedersoo L, Murat C, Wang Y, Moreno BA, Pfister DH, Nara K, Zambonelli A, Trappe JM, 

Vilgalys R (2013) Historical biogeography and diversification of truffles in the Tuberaceae and their 

newly identified southern hemisphere sister lineage. PLoS One 8(1):e52765. 

https://doi.org/10.1371/journal.pone.0052765 

Bonito G, Trappe GM, Donovan S, Vilgalys R (2011) The Asian black truffle Tuber indicum can form 

ectomycorrhizas with North American host plants and complete its life cycle in non-native soils. 

Fungal Ecology 4(1):83‒93. https://doi.org/10.1016/j.funeco.2010.08.003 

Denton AL, McConaughy BL, Hall BD (1998) Usefulness of RNA polymerase II coding 

sequences for estimation of green plant phylogeny. Molecular Biology and Evolution 

15(8):1082–1085. https://doi.org/10.1093/oxfordjournals.molbev.a026007 

Fan L, Li T, Xu YY, Yan XY (2022) Species diversity, phylogeny, endemism and geography of 

the truffle genus Tuber in China based on morphological and molecular data. Persoonia 

48:175-202. https://doi.org/10.3767/persoonia.2022.48.05 

Fan L, Zhang JL, Li T, Sun HJ, Xiong WP, Li Y (2018) Chinese black trufles: Tuber yiongense 

sp. nov., taxonomic reassessment of Tuber indicum s.l., and re-examination of the T. sinense 

isotype. Mycotaxon 133:183-196. https://doi.org/10.5248/133.185 

Fan L, Zhang P, Yan XY, Li Y (2016) Phylogenetic analyses of Chinese Tuber species that 

resemble T. borchii reveal the existence of the new species T. hubeiense and T. wumengense. 

Mycologia 108(2):354–362. https://doi.org/10.3852/14-349 

Gardes M, Bruns TD (1993) ITS primers with enhanced specificity for basidiomycetes–application 

to the identification of mycorrhizae and rusts. Molecular Ecology 2(2):113–118. 

https://doi.org/10.1111/j.1365-294X.1993.tb00005.x 

He ZM, Yang ZL (2021) A new clitocyboid genus Spodocybe and a new subfamily 

Cuphophylloideae in the family Hygrophoraceae (Agaricales). MycoKeys 79:129–148. 

https://doi.org/10.3897/mycokeys.79.66302 

Kinoshita A, Sasaki H, Nara K (2011) Phylogeny and diversity of Japanese truffles (Tuber spp.) 

inferred from sequences of four nuclear loci. Mycologia 103(4):779–794. 

https://doi.org/10.3852/10-138 

Leonardi M, Iotti M, Mello A, Vizzini A, Paz-Conde A, Trappe JM, Pacioni G (2021) Typification 

of the four most investigated and valuable truffles: Tuber aestivum Vittad., T. borchii Vittad., 

T. magnatum Picco and T. melanosporum Vittad. Cryptogamie Mycologie 42(9):149–170. 

https://doi.org/10.5252/cryptogamie-mycologie2021v42a9 

https://doi.org/10.1111/j.1365-294X.2010.04855.x
https://doi.org/10.1371/journal.pone.0052765
https://doi.org/10.1016/j.funeco.2010.08.003
https://doi.org/10.1093/oxfordjournals.molbev.a026007
https://doi.org/10.3767/persoonia.2022.48.05
https://doi.org/10.5248/133.185
https://doi.org/10.3852/14-349
https://doi.org/10.1111/j.1365-294X.1993.tb00005.x
https://doi.org/10.3897/mycokeys.79.66302
https://doi.org/10.3852/10-138
https://doi.org/10.5252/cryptogamie-mycologie2021v42a9


Li SH, Zheng LY, Liu CY, Wang Y, Li L, Zhao YC, Zhang XL, Yang M, Xiong HK, Qing Y, 

Wang L, Zhou DQ (2014) Two new truffles species, Tuber alboumbilicum and Tuber 

pseudobrumale from China. Mycological Progress 13:1004. https://doi.org/10.1007/s11557-

014-1004-0 

Rehner SA, Buckley E (2005). A Beauveria phylogeny inferred from nuclear ITS and EF1-α 

sequences: evidence for cryptic diversification and links to Cordyceps teleomorphs. 

Mycologia 97(1):84–89. https://doi.org/10.1080/15572536.2006.11832842 

Wang R, Dong G, Li Y, Wang R, Yang S, Yuan J, Xie X, Shi X, Yu J, Pèrez-Moreno J, Yu F, 

Wan S (2024) Three new truffle species (Tuber, Tuberaceae, Pezizales, and Ascomycota) 

from Yunnan, China, and multigene phylogenetic arrangement within the Melanosporum 

group. Journal of Fungi 10(9):640. https://doi.org/10.3390/jof10090640 

White TJ, Bruns T, Lee S, Taylor J (1990) Amplification and direct sequencing of fungal ribosomal 

RNA genes for phylogenetics. In: PCR Protocols: A Guide to Methods and Applications 

(Innis MA, Gelfand DH, Sninsky JJ, White TJ, eds), vol 18. Academic Press, New York, 

USA, pp 315–322. https://doi.org/10.1016/B978-0-12-372180-8.50042-1 

 

 

https://doi.org/10.1007/s11557-014-1004-0
https://doi.org/10.1007/s11557-014-1004-0
https://doi.org/10.1080/15572536.2006.11832842
https://doi.org/10.3390/jof10090640
https://doi.org/10.1016/B978-0-12-372180-8.50042-1

