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Abstract: Species of the genus Retiboletus (Boletaceae, Boletales) in China are investigated 

based on morphology and phylogenetic analyses of DNA sequences from nuc rDNA internal 

transcribed spacer (ITS) and partial 28S regions and sequences from the translation 

elongation factor 1-a gene (tef1a). Six lineages are recovered among the collections studied. 

Five of these are documented and presented in the present paper, including three new species 

and two new combinations. The remaining species is not described due to the paucity of 

material. The specimens from China identified as “R. ornatipes” or “R. retipes” are in fact R. 

sinensis or R. kauffmanii, those labeled “R. griseus” are either R. fuscus or R. pseudogriseus. 

A key to all known taxa of the genus is provided. Phylogenetic relationships of taxa within 

Retiboletus are partially resolved. A preliminary biogeographical analysis shows that allied 



 

 

species of Retiboletus between eastern Asia and North/Central America are common but 

there are no Retiboletus species common to both continents. Species of Retiboletus in Japan 

and southern China are conspecific or closely related.  

Key words: biogeography, boletes, new taxa, systematics, taxonomy 

INTRODUCTION 

Retiboletus Manfr. Binder & Bresinsky, typified by R. ornatipes (Peck) Manfr. Binder & 

Bresinsky, was erected on the basis of the presence of retipolides (unusual 

spiromacrolactones) in the Boletaceae (Binder and Bresinsky 2002). Molecular phylogenetic 

studies have confirmed its monophyly (Wu et al. 2014). Five taxa of Retiboletus were 

reported from China in the past, namely R. ornatipes, R. retipes (Berk. & M.A. Curtis) Manfr. 

Binder & Bresinsky, R. griseus (Frost) Manfr. Binder & Bresinsky, R. nigerrimus (R. Heim) 

Manfr. Binder & Bresinsky and Boletus griseus var. fuscus Hongo (a member of Retiboletus) 

(Chiu 1948, 1957; Teng 1963; Zang et al. 1996; Mao 1998; Wang and Liu 2002; Wang et al. 

2004; Zang 2006). They are important and well-known in the country, because all of them 

except R. nigerrimus are edible and have been sold widly in Yunnan province, southwestern 

China (Mao 1998, Wang and Liu 2002, Wang et al. 2004).  

Recent studies on other members of Boletales have indicated that taxa common to 

both eastern Asia and North America are rare (Mueller et al. 2001, Li et al. 2009, Feng et al. 

2012, Zeng et al. 2013, Li et al. 2014, Zhao et al. 2014). As to Retiboletus, R. ornatipes, R. 

retipes and R. griseus all originally were described from North America (Berkeley 1872, Peck 

1878), but it is unknown whether these species also occur in China or eastern Asia.  

In our studies of Chinese boletes we made numerous collections of Retiboletus. In this 
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paper we attempt (i) to evaluate the phylogenetic relationships of the species within the genus 

Retiboletus, (ii) examine the geographical diversity of the genus in eastern Asia and 

North/Central America (iii) and elucidate the species diversity of Retiboletus in China. 

MATERIALS AND METHODS 

Morphological studies.—Specimens were described and photographed in the field and deposited in the 

Herbarium of Cryptogams, Kunming Institute of Botany, Chinese Academy of Sciences (HKAS) or the Fungal 

Herbarium of Hainan Medical University (FHMU). The holotype of Boletus kauffmanii Lohwag deposited in the 

Herbarium of the Botanical Institute, University of Vienna (WU), also was examined. Color codes are from 

Kornerup and Wanscher (1981). Sections of the squamules on the pileus were cut tangentially and halfway 

between the center and margin of the pileus. Sections of the squamules on the stipe were taken from the middle 

part along the longitudinal axis of the stipe. Five percent KOH was used as a mounting medium for microscopic 

studies. All microscopic structures were drawn free-hand. The notations “basidiospores (n/m/p)” indicate that 

the measurements were made on n basidiospores from m basidiomata of p collections. Dimensions of 

basidiospores are recorded as (a)b–c(d), where the range b–c represents a minimum of 90% of the measured 

values, and extreme values (a and d), whenever present, are in parentheses. Q refers to the length/breadth ratio 

of basidiospores; Qm refers to the average Q of basidiospores ± sample standard deviation. All line drawings of 

microstructures were made from rehydrated material.  

DNA extraction, PCR and DNA sequencing.—Total genomic DNA was obtained with a modified 

Cetyltrimethylammonium bromide (CTAB) procedure of Doyle and Doyle (1987) or the Plant Genomic DNA 

Kit (TIANGEN Biotech, Beijing, China) according to the manufacturer's instructions from collections dried 

with silica gel. Primer pairs used for amplification were: the partial nuc 28S rDNA D1-D2 domains (28S) with 

LROR/LR5 (Vilgalys and Hester 1990, James et al. 2006), the nuc rDNA ITS1-5.8S-ITS2 region (ITS) with 
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ITS1/ITS4 (White et al. 1990), the translation elongation factor 1-a gene (tef1a) with EF1-α-F/EF1-α-R 

(Mikheyev et al. 2006), the RNA polymerase II largest subunit gene (rpb1) with RPB1-B-F/RPB1-B-R (Wu et 

al. 2014) and the RNA polymerase II second largest subunit gene (rpb2) with RPB2-B-F1/RPB2-B-R (Wu et al. 

2014). PCR was performed in a total volume of 25 μL containing 12.5 μL GoTaq® Green Master Mix (Promega, 

USA), 2 μL per primer (10 μM), 2 μL DNA template and 6.5 μL nuclease-free water. PCR reactions were 

performed with 4 min initial denaturation at 95 C, followed by 34 cycles of denaturation at 94 C for 40 s, 

annealing at 54 C for 60 s, extension at 72 C for 90 s, and a final extension at 72 C for 10 min. Amplified PCR 

products were purified and directly sequenced with an ABI 3730xl DNA Analyzer and a BigDye terminator 3.1 

kit (Sangon, Shanghai, China) with the same primers used for PCR amplifications. The products that failed to be 

sequenced directly were cloned (Gao and Yang 2010). DNA sequences were compiled with SeqMan 

(DNASTAR Lasergene 9) and BioEdit (Hall 1999). Sequences were aligned with MUSCLE 3.6 (Edgar 2004) 

and manually adjusted where necessary. Edited sequences were deposited in GenBank (28S: 

KP739280–KP739297; ITS: KP739263–KP739279; tef1a: KP739300–KP739306; rpb1: KP739298; rpb2: 

KP739299) (TABLE I). 

Dataset assembly.—Forty-four sequences, (18 of 28S, 17 of ITS, seven of tef1a, and one each of rpb1 and rpb2) 

from 21 collections were newly generated (TABLE I). For the 28S dataset the 18 new sequences were aligned 

with selected sequences from GenBank and previous studies (Binder and Bresinsky 2002; Desjardin et al. 2009, 

2011; Dentinger et al. 2010; Hosen et al. 2013; Nuhn et al. 2013; Wu et al. 2014) (TABLE I). For the 

concatenated multilocus dataset the 28S, ITS and tef1a sequences were aligned with selected sequences from 

previous studies (Binder and Bresinsky 2002; Desjardin et al. 2009, 2011; Hosen et al. 2013; Wu et al. 2014) 

(TABLE I). Spongiforma thailandica Desjardin et al. and S. squarepantsii Desjardin et al. were chosen as 

outgroup for both datasets inferred by Wu et al. (2014). Sequences of rpb1 (KP739298) and rpb2 (KP739299) 
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were submitted to GenBank for future studies. 

Phylogenetic analyses.—The 28S dataset and the combined nuclear dataset (28S + ITS + tef1a) were both 

analyzed with maximum likelihood (ML) and Bayesian inference (BI). Maximum-likelihood tree generation and 

bootstrap analyses were performed with the program RAxML 7.2.6 (Stamatakis 2006) running 500 bootstrap 

replicates combined with a ML search. Bayesian analyses with MrBayes 3.1 (Huelsenbeck and Ronquist 2005) 

were carried out with a Markov chain Monte Carlo (MCMC) tree-sampling procedure. Nucleotide substitution 

models based on the Akaike information criteria (AIC) data were obtained with MrModeltest 2.3 (Nylander 

2004). For the 28S dataset the best-fit likelihood model was HKY+I+G. For the combined dataset HKY+I+G, 

HKY+G and SYM+I+G were chosen as best-fit likelihood models for 28S, ITS and tef1a partitions, respectively. 

Bayesian analyses were run with one cold and three heated chains and sampled every 100 generations. Trees 

sampled from the first 25% were discarded as burn-in, and Bayesian posterior probabilities (PP) were calculated 

for a majority consensus tree of the retained Bayesian trees. Runs were terminated once the average standard 

deviation of split frequencies were below 0.01. 

RESULTS 

Morphological data.—Thirty-two specimens, including 27 recently collected samples and 5 

collections cited in the previous reports, were examined. They represent five taxa of 

Retiboletus. An additional collection (HKAS 52680), representing an independent species, 

was included in our molecular phylogenetic analyses but not formally described due to the 

paucity of material. 

Molecular data.—The 28S dataset consisted of 51 taxa and 930 nucleotide sites, and the 

alignment was submitted to TreeBase (S17081). The three-locus dataset (28S + ITS + tef1a) 

consisted of 21 taxa and 2433 nucleotide sites, and the alignment was submitted to 
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TreeBASE (S17083). Phylograms with branch lengths inferred with RAxML, including the 

support values, are illustrated (FIGS. 1, 2).  

The samples of Retiboletus were grouped into 13 independent lineages (FIG. 1) based 

on 28S dataset. Six lineages (1, 3, 5, 8, 10, 11) were from China. In lineage 1 the materials of 

R. sinensis from southeastern/southern China were clustered with Japanese collections named 

“R. retipes” with strong statistical support (BS = 100, PP = 1) (FIG. 1). In lineage 2 three 

samples named “R. retipes” including two from USA, one from Costa Rica and one sample 

labeled “R. sp.” from Costa Rica had 61% bootstrap support (FIG. 1). Lineage 3 included 

three collections of R. kauffmanii and one labeled “R. aff. Ornatipes”, all from southwestern 

China and with strong statistical support (BS = 100, PP = 1). Lineage 4 included nine 

samples of R. ornatipes all from USA with strong statistical support (BS = 100, PP = 1). 

Lineage 5 included one specimen called “R. sp.” from southeastern China. Lineage 

6 included three specimens also labeled “R. retipes” from USA with strong statistical support 

(BS = 91, PP = 1). Lineage 7 included two collections of R. flavoniger from Costa Rica with 

strong statistical support (RAxML BS = 100, PP = 1). Lineage 8 included four specimens of 

R. zhangfeii from southeastern China and one labeled “R. aff. nigerrimus” from southwestern 

China with strong statistical support (BS = 100, PP=1). Lineage 9 included one sample 

named “R. nigerrimus” from Japan. Lineage 10 included two collections of R. fuscus, one 

labeled as “R. aff. griseus”, and one named “R. griseus”, all from southwestern China with 

strong statistical support (BS = 100, PP = 1). Lineage 11 included one collection of R. 

pseudogriseus from southeastern China. Lineage 12 included three specimens of R. griseus 

from USA with strong statistical support (BS = 96, PP = 1). Lineage 13 included one 



 

 

specimen labeled “Tylopilus sp.” from USA.  

Five major clades (I–V) within Retiboletus were recovered based on three-locus 

dataset (28S + ITS + tef1a) (FIG. 2). Clade I included R. zhangfeii and the Japanese R. 

nigerrimus with high statistical support (BS = 100, PP = 1). In clade II R. fuscus, R. 

pseudogriseus, R. griseus and R. sp. grouped with 84% bootstrap support. In clade III R. 

sinensis, R. retipes (22/97), R. kauffmanii and R. ornatipes grouped together (BS = 75). Clade 

IV and clade V harbor R. retipes (116/96) and R. flavoniger, respectively.  

TAXONOMY 

Retiboletus fuscus (Hongo) N.K. Zeng & Zhu L. Yang, comb. et stat. nov.  FIGS. 3a–c and 4             

MycoBank MB811563 

   ≡ Boletus griseus var. fuscus Hongo, J Jap Bot 4:301, 1974 (Basionym). 

Basidiomata medium-sized. Pileus 5–8 cm diam, subhemispherical to convex, sometimes 

applanate; surface dry, densely subtomentose, grayish brown to grayish black; margin 

decurved; context 1–2 cm thick in the center of pileus, white, sometimes changing to pale 

brown when injured. Hymenophore poroid, adnate or slightly depressed around apex of stipe; 

pores angular, 0.3–1 mm diam, grayish white to yellowish, changing to brown when injured; 

tubes 0.6–1.2 cm long, grayish white, changing to pale brown when injured. Stipe 4–11 × 1–4 

cm, central, subcylindric, solid; surface dry, grayish white, reticulate nearly to base; reticulum 

grayish brown to grayish black; context white, sometimes yellowish in the lower part, 

changing to pale brown when injured; annulus absent. Basal mycelium white. Odor indistinct. 

Basidia 21–30 × 7–8 μm, clavate, thin-walled, four-spored; sterigmata 4–5 μm long. 

Basidiospores [60/3/3] (8.5–)9–12(–13) × 3.5–4(–4.5) μm, Q = (2.13–)2.25–3.43(–3.57), Qm 



 

 

= 2.77 ± 0.35, subfusiform to ellipsoid, slightly thick-walled (up to 0.5 μm), olive brown to 

yellowish brown in KOH, smooth. Hymenophoral trama boletoid. Cheilocystidia 32–40 × 

6–10 μm, subfusiform or fusiform, thin-walled, with yellowish brown contents, without 

encrustations. Pleurocystidia 38–45 × 6–8 μm, abundant, fusiform or subfusiform, 

thin-walled, with yellowish brown contents, without encrustations. Pileipellis a trichoderm 

100–120 μm thick, composed of more or less vertically arranged, sometimes slightly 

interwoven, colorless, pale yellowish brown to yellowish brown in KOH, 4–8 μm wide, thin- 

to slightly thick-walled (up to 0.5 μm) hyphae; terminal cells 30–52 × 6–8 μm, narrowly 

clavate or subcylindrical, with obtuse apex. Pilea trama composed of thin- to slightly 

thick-walled (up to 0.5μm) hyphae 3–8 μm diam. Stipitipellis hymeniform, composed of 

thin-walled, colorless, pale yellowish brown to yellowish brown, emergent hyphae with 

clavate or subfusiform terminal cells (15–30 × 5–7 μm) and occasionally with clavate, 

four-spored basidia (30–35 × 7–8 μm). Stipe trama composed of cylindrical, thin- to slightly 

thick-walled (up to 1 μm), parallel hyphae 4–10 μm diam. Clamp connections absent in all 

tissues.  

Habitat: Solitary or in groups on the ground in forests of Fagaceae.  

Distribution: Japan (Hongo 1974) and southwestern China. 

Specimens examined: CHINA. YUNNAN PROVINCE: Tengchong County, Guangpojiao Village, 20 

Jul, 2009, Y.C. Li 1713 (HKAS 59460); Heqing County, Yanglongtan, near the roadside of national highway 214, 

22 Aug, 2010, G. Wu 358 (HKAS 63590); Kunming City, bought from a market, 24 Jul 2013, KM 090 (HKAS 

83946).   

Notes: Boletus griseus var. fuscus originally was described from Japan (Hongo 1974) 



 

 

and is easily recognized by its grayish brown to grayish black pileus, a grayish brown to 

grayish black reticulated stipe with a white basal mycelium and a white context. In the 

phylogenetic analyses B. griseus var. fuscus forms an independent lineage within Retiboletus, 

allied with R. griseus and R. pseudogriseus (FIGS. 1, 2). Consequently elevation of var. fuscus 

to species rank is proposed.  

In China R. fuscus was called the “Black bolete”, which was misidentified as R. 

griseus (Wang et al. 2004). However, R. griseus has a grayish pileus, a stipe with yellow 

pigmentation at the base, and a distribution in North/Central America (Smith and Thiers 1971, 

Ortiz-Santana et al. 2007). Retiboletus fuscus is also very similar to R. pseudogriseus N.K. 

Zeng & Zhu L. Yang (see below), but the latter has a more slender stipe, wider basidiospores 

(9.5–11 × 4–4.5 μm) and a thicker pileipellis.  

Retiboletus kauffmanii (Lohwag) N.K. Zeng & Zhu L. Yang, comb. nov. FIGS. 3d–g, 5, 6               

MycoBank MB811564 

   ≡ Boletus kauffmanii Lohwag [as 'kauffmani'], Symbolae sinicae (Wien: Julius Springer) 

2:57, 1937 (Basionym). 

Typification: CHINA. YUNNAN PROVINCE: Lijiang (Likiang) Prefecture, Xuesong 

(Ngulukō) Village, more than 2900 m, during end of Sep to beginning of Oct 1916, unknown 

collector 1903 (holotype WU 12947). CHINA. YUNNAN PROVINCE: Lijiang Prefecture, 

roadside from Gucheng District to Yongsheng County, 2600 m, 21 Aug, 2010, G. Wu 352 

(epitype designated here, HKAS 63584). GenBank: 28S=KP739282, tef1a = KP739301, 

rpb1 = KP739298, rpb2 = KP739299. 

Basidiomata medium-sized to large. Pileus 5–15 cm in diameter, subhemispherical to 
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broadly convex, sometimes applanate; surface dry, densely subtomentose, yellowish brown, 

olive-gray to gray brown; margin decurved; context 1.5–2.6 cm in thickness in the center of 

the pileus, pale yellow to yellow, unchanging in color when injured. Hymenophore poroid, 

adnate or slightly depressed around apex of stipe; pores angular, 0.5–2 mm in diameter, 

yellow, usually changing brown when injured; tubes 0.5–0.9 cm in length, yellowish, usually 

changing pale brown when injured. Stipe 6–12 × 0.6–2.8 cm, central, subcylindric, solid, 

usually flexuous; surface dry, yellowish to brownish yellow, prominently and coarsely 

reticulate nearly to base; reticulum brownish black, sometimes yellow at apex; context yellow, 

unchanging in color when injured; annulus absent. Basal mycelium yellow. Odor indistinct. 

Basidia 23–32 × 8–10 μm, clavate, thin-walled, four-spored; sterigmata 4–5 μm long. 

Basidiospores [300/15/10] (8.5–)9–13 (–15) × (3.5–)4–5(–5.5) μm, Q = 

(1.73–)2.00–3.00(–3.33), Qm = 2.43 ± 0.28, subfusiform to ellipsoid, slightly thick-walled (up 

to 0.5 μm), olive brown to yellowish brown in KOH, smooth. Hymenophoral trama boletoid. 

Cheilocystidia 30–45 × 6–8 μm, abundant, subfusiform or fusiform, thin-walled, with 

yellowish brown to brown contents, without encrustations. Pleurocystidia 39–60 × 7–10 μm, 

abundant, fusiform or subfusiform, thin-walled, with yellowish brown contents, without 

encrustations. Pileipellis a trichoderm 100–120 μm thick, composed of more or less vertically 

arranged, sometimes interwoven when old, yellowish brown to brown in KOH, thin-walled 

hyphae 4–10 μm diam; terminal cells 20–74 × 5–10 μm, narrowly clavate or subcylindrical, 

with obtuse apex. Pilea trama composed of slightly thick-walled (up to 0.5 μm) hyphae 5–14 

μm diam. Stipitipellis hymeniform, composed of thin-walled, yellowish brown to pale brown 

in KOH, emergent hyphae with narrowly or broadly clavate, fusiform or subfusiform terminal 



 

 

cells (13–45 × 6–9 μm), and occasionally with clavate, four-spored basidia (20–37 × 8–10 

μm). Stipe trama composed of cylindrical, slightly thick-walled (up to 0.5 μm) parallel 

hyphae 5–14 μm diam. Clamp connections absent in all tissues.  

Habitat: Solitary to scattered on the ground in forests dominated by Quercus sp., 

Pinus yunnanensis Franch. or in mixed forests of Fagaceae and P. yunnanensis.  

Distribution: Southwestern China.  

Additional specimens examined: CHINA. YUNNAN PROVINCE: Yulong County, Jiuhe Town, Damaidi 

Village, 20 Aug, 2010, G. Wu 317 (HKAS 63548); Weixi County, 3200 m, W.K. Zheng 8376 (HKAS 12063, as 

“R. retipes” in Zang et al. 1996); Puer County (previously called Simao County), nearby Hongqi Reservoir, 

1450 m, 3 Aug 1991, Z.L. Yang 1378 (HKAS 23751, as “R. ornatipes” in Zang et al. 2006); Xiangyun County, 

Midian Town, Dasongping Village, 9 Jul 2009, N.K. Zeng 273, 274 (HKAS 83947, 83948, respectively); 

Lanping County, Tongdian Town, Huangsong Village, 13 Aug 2010, B. Feng 809 (HKAS 68590); Tengchong 

County, Mazhan Town, Yunhua Village, 2080 m, 14 Aug 2010, Y.J. Hao 264 (HKAS 69248); Kunming City, 

near Qiongzhu Temple, 6 Sep 2012, Y.J. Hao 760 (HKAS 76418). SICHUAN PROVINCE: Xichang County, 

Luoji Mountain, 2100 m, 19 Jul 1992, P.Q. Sun 1845, 1845B (HKAS 25650, 25651, respectively, as “R. 

ornatipes” in Zang 2006).  

Notes: Boletus kauffmanii Lohwag originally was described from Lijang, Yunnan 

(Lohwag 1937; Horak 1987). Although B. kauffmanii is common in southwestern China, it 

was not recognized correctly by Chinese mycologists (Chiu 1948, 1957; Zang et al 1996; 

Mao 1998; Wang et al. 2004; Zang 2006). One of us (Yang) re-examined the holotype of B. 

kauffmanii deposited in WU, found the new collections matched the holotype. 

The holotype of B. kauffmanii is composed of a single basidioma missing the lower 
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part of the stipe and is seriously infected by mold. To interpret and update the species concept, 

a recently collected specimen HKAS 63584, collected near the holotype locality, is 

designated here as epitype.  

Boletus kauffmanii is well characterized by its relatively larger and robust basidiomata, 

a yellow to yellowish brown stipe with a yellow basal mycelium, a yellow context, narrow 

subfusiform or fusiform cystidia, and relatively wide basidiospores. Our phylogenetic 

analyses showed that B. kauffmanii is not a member of the genus Boletus L. s.s. but belongs 

to Retiboletus (FIGS. 1, 2), and the morphological features of B. kauffmanii also match the 

concept of genus Retiboletus (Binder and Bresinsky 2002), and thus the new combination 

Retiboletus kauffmanii is proposed.  

In China R. kauffmanii was called the “yellow bolete” by the locals (Wang et al. 2004) 

and was misidentified as R. ornatipes or R. retipes (Chiu 1948, 1957; Zang et al 1996; Mao 

1998; Wang et al. 2004; Zang 2006), which are two closely related species that cannot be 

differentiated by morphological characters (Binder and Bresinsky 2002). However, R. 

retipes/ornatipes has relatively narrower basidiospores, 9–13 × 3–4 μm, wider cystidia 

(38–65 × 9–15 μm) with a ventricose base, and a distribution in North/Central America 

(Smith and Thiers 1971, Ortiz-Santana et al. 2007). Retiboletus flavoniger (Halling et al.) 

Manfr. Binder & Halling and R. sinensis N.K. Zeng & Zhu L. Yang (see below) are also 

similar to R. kauffmanii. However, R. flavoniger has a black pileus when young, a context 

that stains orange brown and distribution in Central America (Halling and Mueller 1999). 

Retiboletus sinensis has smaller basidiomata, shorter and wider pleurocystidia, and smaller 

basidiospores (8–10 × 3.5–4 μm). 
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Phylogenetically R. kauffmanii, R. sinensis, R. retipes (22/97) and R. ornatipes are in 

the same clade with 75% bootstrap support (clade III, FIG. 2). 

Retiboletus pseudogriseus N.K. Zeng & Zhu L. Yang, sp. nov.           FIGS. 3h–j and 7 

MycoBank MB811565 

Typification: CHINA. FUJIAN PROVINCE: Zhangping County, Xinqiao Town, Chengkou 

Village, 357 m, 3 Sep 2009, N.K. Zeng 668 (holotype HKAS 83950). GenBank 28S = 

KP739285, ITS = KP739268.  

   Etymology: named because of its phenotypic similarity to the species Retiboletus 

griseus. 

Diagnosis: This species is distinguished from others in Retiboletus by the brown to 

blackish brown pileus with a thicker pileipellis, a slender stipe with blackish brown reticulum 

and a white basal mycelium, and a white context. 

Basidiomata medium-sized. Pileus 5.5–9 cm in diameter, subhemispherical to convex, 

sometimes applanate; surface dry, grayish white (5B2), covered with brown (5B3–4) to 

blackish brown (5E1–2) squamules; margin decurved; context 1–1.2 cm in thickness in the 

center of the pileus, white (1B1–2), changing brown in color when injured. Hymenophore 

poroid, slightly depressed around apex of stipe; pores angular, 0.5–1 mm in diameter, grayish 

white (4B2–3), changing to brown when injured; tubes 0.4–0.8 cm in length, grayish white 

(4B2–3), changing to brown when injured. Stipe 6–7 × 1–1.5 cm, central, subcylindric, solid, 

usually flexuous; surface dry, grayish white (5B2), reticulate nearly to base; reticulum 

blackish brown (5E1–2); context white (1B1–2), changing to brown when injured; annulus 

absent. Basal mycelium white. Odor indistinct. 



 

 

Basidia 23–29 × 8–10 μm, clavate, thin-walled, four-spored; sterigmata 4–5 μm long. 

Basidiospores [40/2/2] (9–)9.5–11(–12) × 4–4.5 μm, Q = (2.25–)2.38–2.75(–3.00), Qm = 2.57 

± 0.15, subfusiform to ellipsoid, slightly thick-walled (up to 0.5 μm), olive brown to 

yellowish brown in KOH, smooth. Hymenophoral trama boletoid. Cheilocystidia 36–50 × 

7–11 μm, abundant, subfusiform or fusiform, thin-walled, with yellowish brown contents, 

without encrustations. Pleurocystidia 40–60 × 9–11 μm, abundant, fusiform or subfusiform, 

thin-walled, with yellowish brown contents, without encrustations. Pileipellis a trichoderm 

about 260 μm thick, composed of more or less vertically arranged, sometimes slightly 

interwoven, pale yellowish brown, yellowish brown to brown in KOH, thin- to slightly 

thick-walled (up to 0.5 μm) hyphae 4–13 μm diam; terminal cells 30–85 × 4–13 μm, 

narrowly clavate or subcylindrical, with obtuse apex. Pilea trama composed of thin- to 

slightly thick-walled (up to 0.5μm) hyphae 2–10 μm diam. Stipitipellis hymeniform, 

composed of thin- to slightly thick-walled (up to 0.5 μm) hyphae with narrowly or broadly 

clavate, subfusiform or fusiform terminal cells (17–44 × 5–14 μm) and occasionally with 

clavate, four-spored basidia (25–35 × 8–9 μm). Stipe trama composed of cylindrical, thin- to 

slightly thick-walled (up to 1 μm) parallel hyphae 5–12 μm diam. Clamp connections absent 

in all tissues.  

Habitat: Solitary on the ground in forests of Fagaceae.  

Distribution: Southeastern China.  

Additional specimens examined: CHINA. FUJIAN PROVINCE: Zhangping County, Xinqiao Town, 

Chengkou Village, 357 m, 31 Aug 2009, N.K. Zeng 597 (HKAS 83949).  

Notes: Retiboletus pseudogriseus was misidentified as R. griseus (Wu et al. 2013). 



 

 

However, R. griseus has a pileus with a relatively thin pileipellis, a stipe with yellow 

pigmentation at the base, narrower basidiospores, 9–12 × 3.5–4 μm, and a distribution in 

North/Central America (Smith and Thiers 1971, Ortiz-Santana et al. 2007). Retiboletus 

pseudogriseus is also similar to R. fuscus. For the differences between them see discussion 

above.  

Phylogenetically R. pseudogriseus forms an independent lineage within Retiboletus 

(FIGS. 1, 2), which is grouped with R. fuscus, R. grisus, and one collection named “R. sp.” 

from southeastern China (FIG. 2). 

Retiboletus sinensis N.K. Zeng & Zhu L. Yang, sp. nov.          FIGS. 3k–o, 8                   

MycoBank MB811566  

Typification: CHINA. FUJIAN PROVINCE: Zhangping County, Xinqiao Town, Chengkou 

Village, 357 m, 27 Jul 2013, N.K. Zeng 1289 (holotype HKAS 83956). GenBank 28S = 

KP739290, ITS = KP739273.  

Etymology: referring to China, holotype locality.  

Diagnosis: This species is distinguished from others in Retiboletus by the relatively 

small basidiomata, a yellow, reticulated stipe with a yellow basal mycelium, a yellow context, 

relatively small basidiospores, and narrow subfusiform or fusiform cystidia. 

Basidiomata small to medium-sized. Pileus 3–8 cm diam, subhemispherical to convex, 

sometimes applanate; surface dry, densely subtomentose, olive brown (3C3–4), yellowish 

brown (3A7), gray brown (5B4) to brown (5C4–5); margin decurved; context 0.4–2.6 cm 

thick in the center of the pileus, pale yellow to yellow (2A4–5), changing to yellowish brown 

when injured. Hymenophore poroid, adnate or slightly depressed around apex of stipe; pores 
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angular, 0.3–1.5 mm diam, yellow (4A4–5), slowly changing to yellowish brown when 

injured; tubes 0.2–1.1 cm long, yellowish (4A3–4), changing to yellowish brown when 

injured. Stipe 4.7–11 × 0.7–2 cm, central, subcylindrical, solid, usually flexuous; surface dry, 

yellow (3A3–4) to brownish yellow (4A3–4), prominently and coarsely reticulate nearly to 

base; reticulum yellow (3A3–4), becoming brownish (5B3–4) with age; context yellow 

(2A4–5), changing to yellowish brown when injured; annulus absent. Basal mycelium yellow. 

Odor indistinct. 

Basidia 27–39 × 8–9 μm, clavate, thin-walled, four-spored; sterigmata 4–5 μm long. 

Basidiospores [300/14/8] 8–10(–11) × (3–)3.5–4(–4.5) μm, Q = (2.00–)2.25–2.86(–3.14), Qm 

= 2.45 ± 0.19, subfusiform to ellipsoid, slightly thick-walled (up to 0.5 μm), olive brown to 

yellowish brown in KOH, smooth. Hymenophoral trama boletoid. Cheilocystidia 20–37 × 

4.5–7 μm, abundant, subfusiform or fusiform, thin-walled, with brownish yellow to yellowish 

brown contents, without encrustations. Pleurocystidia 31–46 × 5–6 μm, abundant, fusiform or 

subfusiform, thin-walled, with brownish yellow to yellowish brown contents, without 

encrustations. Pileipellis a trichoderm 100–130 μm thick, composed of more or less vertically 

arranged, sometimes slightly interwoven, colorless, yellowish to yellowish brown in KOH, 

thin-walled hyphae 4–8 μm diam; terminal cells 34–67 × 5–8 μm, narrowly clavate or 

subcylindrical, with obtuse apex. Pilea trama composed of thin- to slightly thick-walled (up 

to 0.5 μm) hyphae 3–10 μm diam. Stipitipellis hymeniform, composed of thin-walled hyphae 

with narrowly or broadly clavate, subfusiform or fusiform terminal cells (18–45 × 3–8 μm). 

Stipe trama composed of cylindrical, thin- to slightly thick-walled (up to 0.5 μm) parallel 

hyphae 5–11 μm diam. Clamp connections absent in all tissues.  



 

 

Habitat: Solitary to scattered on the ground in forests of Fagaceae.  

Distribution: Southeastern and southern China, Japan.  

Additional specimens examined: CHINA. HAINAN PROVINCE: Changjiang County, Bawangling Nature 

Reserve, 676 m, 23 Aug 2009, N.K. Zeng 569 (HKAS 59832). FUJIAN PROVINCE: Zhangping County, Tiantai 

National Forest Park, 356 m, 28 Aug 2009, N.K. Zeng 586 (HKAS 83951); Zhangping County, Xinqiao town, 

Chengkou village, 357 m, 1 Sep 2009, N.K. Zeng 650 (HKAS 83952); same location, 3 Sep 2009, N.K. Zeng 

671, 672 (HKAS 83953, 83954, respectively); same location, 25 Jul 2013, N.K. Zeng 1278 (HKAS 83955); 

same location, 27 Jul 2013, N.K. Zeng 1299 (HKAS 83957); same location, 30 Jul 2013, N.K. Zeng 1326 

(HKAS 83958); same location, 18 Aug 2013, N.K. Zeng 1435 (HKAS 83959). TAIWAN PROVINCE: Nantou 

County, Sun Moon Lake, 17 Aug 2000, J.M. Chen 2512 (HKAS 37403, as “R. ornatipes” in Zang 2006).  

Notes: Retiboletus retipes/ornatipes are highly similar to R. sinensis. However, R. 

retipes/ornatipes have relatively large basidiomata, slightly longer basidiospores, 9–13 × 3–4 

μm, wider cystidia (38–65 × 9–15 μm) with ventricose base and are distributed in 

North/Central America (Smith and Thiers 1971, Ortiz-Santana et al. 2007). Retiboletus 

flavoniger and R. kauffmanii also share many common features with R. sinensis. However, R. 

flavoniger has a black pileus when young, a black pigment in the lower part of stipe, a 

context that stains orange brown, larger basidiospores, 10.5–13.3 × 4.2–5.6 μm, and a 

distribution in Central America (Halling and Mueller 1999). For morphological differences 

between R. kauffmanii and R. sinensis see discussion above.  

In our phylogenetic analyses the collections of R. sinensis are clustered with one 

specimen named “R. retipes” from Japan with strong statistical support (FIG. 1, 2), indicating 

that material from Japan should be recognized as R. sinensis.  



 

 

Retiboletus zhangfeii N.K. Zeng & Zhu L. Yang, sp. nov.               FIGS. 3p–t, 9                

MycoBank MB811568  

Typification: CHINA. FUJIAN PROVINCE: Zhangping County, Xinqiao town, Chengkou 

village, 360 m, 3 Aug 2013, N.K. Zeng1369 (holotype HKAS 83962). GenBank 28S = 

KP739296, ITS = KP739279, tef1 a = KP739306.  

Etymology: “zhangfeii” is named for Zhang Fei, a historic Chinese hero, said to have 

a dark face.   

Diagnosis: This species is distinguished from others in Retiboletus by the 

black-brown pileus with a distinctive purple tinge, a brownish black, reticulated stipe with a 

white basal mycelium, a white to pale olivaceous context and a cutis pileipellis. 

Basidiomata medium-sized to large. Pileus 5–10 cm diam, subhemispherical when 

young, then convex to applanate; surface dry, densely subtomentose, dark purple (10C2–3) 

when young, then gray brown (5D3), brown (5E7–8) to brownish black (2F1–2); margin 

decurved; context 0.8–1.3 cm thick in the center of the pileus, gray-white (5B1), changing 

brown to blackish brown when injured. Hymenophore poroid, adnate or slightly depressed 

around apex of stipe; pores angular, 0.5–1 mm diam, gray white (4B1–2) when young, then 

lilac (8B2–3) to purple (9D2–3), changing to brown or dark brown when injured; tubes 

0.4–0.8 cm long, gray white (4B1–2) when young, then lilac (8B2–3), changing to brown or 

dark brown when injured. Stipe 5–12 × 1–2.5 cm, central, subcylindrical, solid, usually 

flexuous; surface dry, grayish white (4B1–2), prominently reticulate nearly to base; reticulum 

brownish black (2F1–2), sometimes with purple tinge (10C2–3); context pale olivaceous 

(3B4–5), but upper part gray white (5B1), changing to brown or blackish brown when injured; 



 

 

annulus absent. Basal mycelium white. Odor indistinct. 

Basidia 23–33 × 8–10 μm, clavate, thin-walled, four-spored; sterigmata 3–5 μm long. 

Basidiospores [121/6/3] (8–)9–11(–12) × (3.5–)4–5 μm, Q = (1.80–)2.00–2.75(–3.14), Qm = 

2.39 ± 0.22, subfusiform to ellipsoid, slightly thick-walled (up to 0.5 μm), olive brown to 

yellowish brown in KOH, smooth. Hymenophore trama boletoid. Cheilocystidia 30–40 × 

7–11 μm, abundant, subfusiform or fusiform, thin- to slightly thick-walled (up to 1 μm), with 

yellowish brown contents, without encrustations. Pleurocystidia 34–50 × 9–12 μm, abundant, 

fusiform or subfusiform, thin- to slightly thick-walled (up to 0.5 μm), with yellowish brown 

to brown contents, without encrustations. Pileipellis a cutis 100–130 μm thick, composed of 

yellowish brown, brown to dark brown in KOH, thin-walled hyphae 4–7(–10) μm diam; 

terminal cells 27–65 × 4–8 μm, narrowly clavate or subcylindrical, with obtuse apex. Pilea 

trama composed of thin- to slightly thick-walled (up to 0.5μm) hyphae 3–9 μm diam. 

Stipitipellis hymeniform, composed of thin-walled, colorless or yellowish brown to brown in 

KOH, emergent hyphae with narrowly or broadly clavate, fusiform or subfusiform terminal 

cells (15–41 × 5–10 μm). Stipe trama composed of cylindrical, thin- to slightly thick-walled 

(up to 0.5 μm) parallel hyphae 3–8 μm diam. Clamp connections absent in all tissues.  

Habitat: Gregarious on the ground in forests of Fagaceae.  

Distribution: Southeastern China.  

Additional specimens examined: CHINA. FUJIAN PROVINCE: Zhangping County, Xinqiao town, 

Chengkou Village, 360 m, 27 Jul 2013, N.K. Zeng 1298 (HKAS 83960); same location, 28 Jul 2013, N.K. Zeng 

1311 (HKAS 83961); same location, 4 Aug 2013, N.K. Zeng 1381 (HKAS 83963). 

Notes: Retiboletus nigerrimus, originally described from Papua New Guinea, is highly 



 

 

similar to R. zhangfeii, but the former has a pileus with a distinctive blue tinge, a lemon 

yellow pilea context and orange context in the base of stipe that is unchanging on exposure 

and longer basidiospores, 11.5–14.5 × 3.6–4.6 μm (Heim 1963). Phylogenetic analysis 

demonstrated that R. zhangfeii is closely related to the collection named “R. nigerrimus” from 

Japan (FIGS. 1–2). 

DISCUSSION 

Species diversity.—Thirteen lineages of Retiboletus, including six from China, were 

recovered with very high statistical support based on the 28S dataset (FIG. 1). Of interest the 

collections named “R. retipes” resolved in three different parts of the tree (Lineage 1, 2, 6) 

(FIG. 1). A similar pattern also was noted by Binder and Bresinsky (2002). In lineage 1 three 

collections named “R. retipes” from Japan were grouped with R. sinensis with strong 

statistical support (FIG. 1), indicating the Japanese “R. retipes” is very close to R. sinensis if 

they are not conspecific. The question which of lineages 2 and 6 corresponds to the true R. 

retipes remains to be determined.  

The Papua New Guinean R. nigerrimus, a species with dark basidioma, has been 

presumed also to be distributed in Singapore, Japan and China (Heim 1963, Corner 1972, 

Endo and Hongo 1976, Mao 1998, Zang 2006, Horak 2011). But our data indicates that the 

name “R. nigerrimus” probably encompasses a few similar taxa instead of a single species. 

Our studies also revealed that Chinese collections similar to “R. nigerrimus” form an 

independent lineage within Retiboletus and are distinct from the collection labeled “R. 

nigerrimus” from Japan. Moreover the Chinese material also differs from the true R. 

nigerrimus morphologically, so we propose the new taxon “R. zhangfeii”.   



 

 

Most lineages of Retiboletus delimited by the 28S dataset have their own unique 

morphological features, but some taxa are difficult to identify based on morphological 

characters, and thus secondary metabolites and geographical distribution ranges also should 

be used to delimit species/lineages. Based on previous studies (Heim 1963, Smith and Thiers 

1971, Corner 1972, Hongo 1974, Binder and Bresinsky 2002, Ortiz-Santana et al. 2007, 

Horak 2011) and our morphological examinations, the described taxa within Retiboletus can 

be summarized in the following key. 

KEY TO THE TAXA OF RETIBOLETUS  

1. Basal mycelium yellow……………………………………………………………………..2 

1. Basal mycelium white………………………………………………....................................7 

2. Stipe surface yellow, brownish yellow to yellowish brown…………………..…….............3 

2. Stipe surface brownish black to black…………………...……………..............R. flavoniger 

3. Basidiospores 3–4 μm wide…………...……………………………………....................4 

3. Basidiospores 4–5 μm wide……….………………………………..............R. kauffmanii 

4. Pileus 4–16 cm wide, cystidia 9–15 μm wide, bottle-like cystidia present and common, distributed in 

North/Central America.. …………..................................................5 

4. Pileus 3–8 cm wide, cystidia 4.5–7 μm wide, bottle-like cystidia absent, distributed in 

Asia……..…………………….……….............................................................R. sinensis 

5. Substance 102 (an unidentified compound) and xerocomic acid absent, known from southeastern North 

America to Central America….........................................................6 

5. Substance 102 (an unidentified compound) and xerocomic acid present, known from northeastern North 

America………………………...........................R. ornatipes 



 

 

6. Retipolides B and D absent…………………………...............Lineage 2 of FIG. 1/R. retipes  

6. Retipolides B and D present………………………..................Lineage 6 of FIG. 1/R. retipes  

7. Pileus brown……………………………………………………...........................................8 

7. Pileus black………………………………………..............................................................11 

8. Stipe surface without stains…………………………………………………………...........9 

8. Stipe surface with vinaceous red stains………………………………..............R. vinaceipes  

9. Pileus grayish brown to grayish black, stipe without yellow tinge, known from eastern 

Asia.....................................................................................................................................10 

9. Pileus grayish, stipe with yellow tinge, known from North/Central 

America………………...........................................................................................R. griseus 

10. Pileipellis 100–120 μm thick………...…………………..............................R. fuscus 

10. Pileipellis about 260 μm thick………...…………………...............R. pseudogriseus 

11. Pileus with a distinctive purple tinge, context gray on pileus but pale olivaceous on base of stipe, changing to 

brown or dark brown when injured ……….........................R. zhangfeii  

11. Pileus with a distinctive blue tinge, context lemon yellow in pileus but orange in base of stipe, no color 

change when injured…………………............................R. nigerrimus  

Phylogenetic implications.—The taxa of Retiboletus in clades I and II (FIG. 2) share a white 

basal mycelium. The taxa in clade I are characterized by black basidiomata, whereas the taxa 

in clade II are distinguished by their brown pilei. Although the taxa in clades III, IV and V 

share two common features, brown pilei and yellow basal mycelium, they can be separated 

by other characters: the only taxon in clade IV represented by a collection named as “R. 

retipes” differs from the taxa in clade III in the presence of retipolides B and D (Binder and 



 

 

Bresinsky 2002); the only taxon in clade V, R. flavoniger, differs from the taxa of clades III 

and IV by its brownish black to black stipe surface and context becoming orange-brown 

when injured. The phylogenetic relationships among the clades were largely unresolved.  

Geographic divergence.—It is clear that several taxa from both sides of the Pacific in clades 

II and III, and allied species from eastern Asia and North America are obvious (FIG. 2). In 

clade II North American R. griseus and eastern Asian taxa (viz. R. fuscus, R. pseudogriseus, 

R. sp.; HKAS 52680) group together, which is statistically supported by ML analysis (FIG. 2). 

In clade III four closely related species are recovered; R. sinensis and R. kauffmanii occur in 

Asia, whereas R. ornatipes and R. retipes (22/97) occur in North America (FIG. 2). In the past 

R. ornatipes, R. retipes and R. griseus were regarded as geographically widespread taxa in 

Asia or North America. Our study did not identify disjunct populations of the same purported 

taxon in the two continents.  

As noted earlier the affinities of macrofungi between southern China and Japan are 

evident (Zhang et al. 2004, Hao et al. 2014, Zeng et al. 2014). In our study the two regions 

share the same taxon, namely R. sinensis or closely related taxa, namely R. zhangfeii in 

southeastern China and “R. nigerrimus” in Japan (clade I, FIG. 2).   

ACKNOWLEDGMENTS 

The authors thank the following: Dr LS Wang, Dr ED Liu, Dr XY Wang, Kunming Institute of Botany, Chinese 

Academy of Sciences (KIB, CAS) for providing some specimens of Retiboletus on loan; Ms YJ Hao, Dr B Feng 

(KIB, CAS), Dr T Ma (the Research Institute of Resource Insects, Chinese Academy of Forestry) and Dr LP 

Tang (Kunming Medical University) for providing collections; Mr Z Zhao (Bawangling Nature Reserve, Hainan) 

for his kind help during field investigations. We also thank the two anonymous reviewers for critical reading 



 

 

and helpful comments. The study was supported by the National Natural Science Foundation of China (Nos. 

31210103919, 31360008) and the Key Laboratory for Plant Diversity and Biogeography of East Asia, KIB, 

CAS (KLBB 201303). 

LITERATURE CITED 

Berkeley MJ. 1872. Notices of North American fungi. Grevillea 1:33–39. 

 

Binder M, Bresinsky A. 2002. Retiboletus, a new genus for a species complex in the Boletaceae-producing 

retipolides. Feddes Repert 113:30–40. 

 

Chiu WF. 1948. The boletes of Yunnan. Mycologia 40:199–231. 

 

———. 1957. Atlas of Yunnan boletes. Beijing: Science Press. 154 p. 

 

Corner EJF. 1972. Boletus in Malaysia. Singapore: Government Printer. 263 p. 

 

Dentinger BTM, Ammirati JF, Both EE, Desjardin DE, Halling RE, Henkel TW, Moreau PA, Nagasawa E, 

Soytong K, Taylor AF, Watling R, Moncalvo JM, McLaughlin DJ. 2010. Molecular phylogenetics of 

porcini mushrooms (Boletus section Boletus). Mol Phylogenet Evol 57:1276–1292. 

 

Desjardin DE, Binder M, Roekring S, Flegel T. 2009. Spongiforma, a new genus of gasteroid boletes from 

Thailand. Fungal Divers 37:1–8. 

 

https://www.researchgate.net/publication/247938130_Retiboletus_a_new_genus_for_a_species-complex_in_the_Boletaceae_producing_retipolides?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/247938130_Retiboletus_a_new_genus_for_a_species-complex_in_the_Boletaceae_producing_retipolides?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/275044853_Notices_of_North_American_fungi?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/259599420_Spongiforma_a_new_genus_of_gasteroid_boletes_from_Thailand?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/259599420_Spongiforma_a_new_genus_of_gasteroid_boletes_from_Thailand?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/285908535_The_boletes_of_Yunnan?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/47533309_Molecular_phylogenetics_of_porcini_mushrooms_Boletus_section_Boletus?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/47533309_Molecular_phylogenetics_of_porcini_mushrooms_Boletus_section_Boletus?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/47533309_Molecular_phylogenetics_of_porcini_mushrooms_Boletus_section_Boletus?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==


 

 

———, Peay KG, Bruns TD. 2011. Spongiforma squarepantsii, a new species of gasteroid bolete from Borneo. 

Mycologia 103:1119–1123. 

 

Doyle JJ, Doyle JL. 1987. A rapid DNA isolation procedure for small quantities of fresh leaf material. 

Phytochem Bull 19:11–15. 

 

Edgar RC. 2004. MUSCLE: multiple sequence alignment with high accuracy and high throughput. Nucleic 

Acids Res 32:1792–1797. 

 

Endo M, Hongo T. 1976. Materials for the fungus flora of Japan 24. Trans Mycol Soc Japan 17:345–348.  

 

Feng B, Xu J, Wu G, Hosen MI, Zeng NK, Li YC, Tolgor B, Kost GW, Yang ZL. 2012. DNA sequence analyses 

reveal abundant diversity, endemism and evidence for Asian origin of the porcini mushrooms. PLoS ONE 

7(5):e37567. 

 

Gao Q, Yang ZL. 2010. Ectomycorrhizal fungi associated with two species of Kobresia in an alpine meadow in 

the eastern Himalaya. Mycorrhiza 20:281–287. 

 

Hall TA. 1999. BioEdit: a user-friendly biological sequence alignment editor and analyses program for 

Windows 95/98/NT. Nucleic Acids Symp Ser 41:95–98. 

 

Halling RE, Mueller GM. 1999. New boletes from Costa Rica. Mycologia 91:893–899. 

https://www.researchgate.net/publication/245035737_A_Rapid_DNA_Isolation_Procedure_from_Small_Quantities_of_Fresh_Leaf_Tissues?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/245035737_A_Rapid_DNA_Isolation_Procedure_from_Small_Quantities_of_Fresh_Leaf_Tissues?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/230779799_DNA_Sequence_Analyses_Reveal_Abundant_Diversity_Endemism_and_Evidence_for_Asian_Origin_of_the_Porcini_Mushrooms?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/230779799_DNA_Sequence_Analyses_Reveal_Abundant_Diversity_Endemism_and_Evidence_for_Asian_Origin_of_the_Porcini_Mushrooms?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/230779799_DNA_Sequence_Analyses_Reveal_Abundant_Diversity_Endemism_and_Evidence_for_Asian_Origin_of_the_Porcini_Mushrooms?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/230779799_DNA_Sequence_Analyses_Reveal_Abundant_Diversity_Endemism_and_Evidence_for_Asian_Origin_of_the_Porcini_Mushrooms?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/230779799_DNA_Sequence_Analyses_Reveal_Abundant_Diversity_Endemism_and_Evidence_for_Asian_Origin_of_the_Porcini_Mushrooms?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/40690086_Ectomycorrhizal_fungi_associated_with_two_species_of_Kobresia_in_an_alpine_meadow_in_the_eastern_Himalaya?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/40690086_Ectomycorrhizal_fungi_associated_with_two_species_of_Kobresia_in_an_alpine_meadow_in_the_eastern_Himalaya?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/271784413_New_Boletes_from_Costa_Rica?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/8667716_MUSCLE_Multiple_Sequence_Alignment_with_High_Accuracy_and_High_Throughput?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/8667716_MUSCLE_Multiple_Sequence_Alignment_with_High_Accuracy_and_High_Throughput?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==


 

 

 

Hao YJ, Qin J, Yang ZL. 2014. Cibaomyces, a new genus of Physalacriaceae from east Asia. Phytotaxa 

162:198–210. 

 

Heim R. 1963. Diagnoses latines des espèces de champignons ou, nonda associés à la folie du komugl tai et 

dundaal. Rev Mycol 28:277–283. 

 

Hongo T. 1974. Notes on Japanese larger fungi 21. J Jap Bot 49:294–305. 

 

Horak E. 1987. Boletales and Agaricales (fungi) from northern Yunnan, China I. Revision of material collected 

by H. Handel-Mazzetti (1914–1916) in Lijiang. Acta Botanica Yunnanica 9:65–80. 

 

———. 2011. Revision of Malaysian species of Boletales s.l. (Basidiomycota) described by E.J.H. Corner 

(1972, 1974). Malayan For Rec 51:1–283. 

 

Hosen MI, Feng B, Wu G, Zhu XT, Li YC, Yang ZL. 2013. Borofutus, a new genus of Boletaceae from tropical 

Asia: morphology, taxonomy and phylogeny. Fungal Divers 58:215–226. 

 

Huelsenbeck JP, Ronquist F. 2005. Bayesian analysis of molecular evolution using MrBayes. In: Nielsen R, ed. 

Statistical methods in molecular evolution. New York: Springer. p 183–226. 

 

James TY, Kauff F, Schoch C, Matheny PB, Hofstetter V, Cox C, Celio G, Gueidan C, Fraker E, Miadlikowska 

https://www.researchgate.net/publication/234109743_Borofutus_a_new_genus_of_Boletaceae_from_tropical_Asia_phylogeny_morphology_and_taxonomy?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/234109743_Borofutus_a_new_genus_of_Boletaceae_from_tropical_Asia_phylogeny_morphology_and_taxonomy?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/287897750_Cibaomyces_a_new_genus_of_Physalacriaceae_from_East_Asia?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/287897750_Cibaomyces_a_new_genus_of_Physalacriaceae_from_East_Asia?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/228385002_Bayesian_analysis_of_molecular_evolution_using_MrBayes?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/228385002_Bayesian_analysis_of_molecular_evolution_using_MrBayes?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==


 

 

J, Lumbsch HT, Rauhut A, Reeb V, Arnold AE, Amtoft A, Stajich JE, Hosaka K, Sung G-H, Johnson D, 

O’Rourke B, Crockett M, Binder M, Curtis JM, Slot JC, Wang Z, Wilson AW, Schüßler A, Longcore JE, 

O’Donnell K, Mozley-Standridge S, Porter D, Letcher PM, Powell MJ, Taylor JW, White MM, Griffith 

GW, Davies DR, HumberRA, Morton JB, Sugiyama J, Rossman AY, Rogers JD, Pfister DH, Hewitt D, 

Hansen K, Hambleton S, Shoemaker RA, Kohlmeyer J, Volkmann-Kohlmeyer B, Spotts RA, Serdani M, 

Crous PW, Hughes KW, Matsuura K, Langer E, Langer G, Untereiner WA, Lücking R, Büdel B, Geiser 

DM, Aptroot A, Diederich P, Schmitt I, Schultz M, Yahr R, Hibbett D, Lutzoni F, McLaughlin D, 

Spatafora J, Vilgalys R. 2006. Reconstructing the early evolution of the fungi using a six gene phylogeny. 

Nature 443:818–822. 

 

Kornerup A, Wanscher JH. 1981. Taschenlexikon der Farben 3. Göttingen, Germany: Muster-Schmidt Verlag. 

242 p.  

 

Li YC, Yang ZL, Tolgor B. 2009. Phylogenetic and biogeographic relationships of Chroogomphus species as 

inferred from molecular and morphological data. Fungal Divers 38:85–104. 

 

———, Ortiz-Santana B, Zeng NK, Feng B, Yang ZL (2014) Molecular phylogeny and taxonomy of the genus 

Veloporphyrellus. Mycologia 106:291–306. 

 

Lohwag H. 1937. Hymenomycetes. In: Handel-Mazzetti H. (Hrg.) Symbolae Sinicae 2. Vienna, Austria: Julius 

Springer. p 37–66.  

 

https://www.researchgate.net/publication/284602259_Phylogenetic_and_biogeographic_relationships_of_Chroogomphus_species_as_inferred_from_molecular_and_morphological_data?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/284602259_Phylogenetic_and_biogeographic_relationships_of_Chroogomphus_species_as_inferred_from_molecular_and_morphological_data?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==


 

 

Mao XL. 1998. Economic fungi of China. Beijing: Science Press. 762 p. 

 

Mikheyev AS, Mueller UG, Abbot P. 2006. Cryptic sex and many-to-one coevolution in the fungus-growing ant 

symbiosis. Proc Natl Acad Sci USA 103:10702–10706. 

 

Mueller GM, Wu, QX, Huang YQ, Guo SY, Aldana-Gomez R, Vilgalys R. 2001. Assessing biogeographic 

relationships between North American and Chinese macrofungi. J Biogeogr 28:271–281. 

 

Nylander JAA. 2004. MrModeltest 2.3. Program distributed by the author. Uppsala University: Evolutionary 

Biology Center. 

 

Nuhn ME, Binder M, Taylor AFS, Halling RE, Hibbett DS. 2013. Phylogenetic overview of the Boletineae. 

Fungal Biol 117:479–511. 

 

Ortiz-Santana B, Lodge DJ, Baroni TJ, Both EE. 2007. Boletes from Belize and the Dominican 

Republic. Fungal Divers 27:247–416. 

 

Peck CH. 1878. Report of the Botanist. 1875. Ann Rep NY St Mus Nat Hist 29:29–82.  

 

Singer R. 1942. Das System der Agaricales II. Ann Mycol 40:1–132. 

   

———. 1947. The Boletoideae of Florida with notes on extralimital species III. Am 

https://www.researchgate.net/publication/285805344_MrModeltest_V2_Program_Distributed_by_the_Author?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/285805344_MrModeltest_V2_Program_Distributed_by_the_Author?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/6968809_Cryptic_sex_and_many-to-one_coevolution_in_the_fungus-growing_ant_symbiosis?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/6968809_Cryptic_sex_and_many-to-one_coevolution_in_the_fungus-growing_ant_symbiosis?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/290988157_Das_System_der_Agaricales_II?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/228818897_Boletes_from_Belize_and_the_Dominican_Republic?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/228818897_Boletes_from_Belize_and_the_Dominican_Republic?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/227629441_Biogeographic_relationships_between_North_American_and_Chinese_macrofungi?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/227629441_Biogeographic_relationships_between_North_American_and_Chinese_macrofungi?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/271490009_Phylogenetic_overview_of_the_Boletineae?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/271490009_Phylogenetic_overview_of_the_Boletineae?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==


 

 

      Midl Nat:1–135. 

 

———. 1986. The Agaricales in the modern taxonomy. 4th ed. Koenigstein, Germany: Koeltz Scientific Books. 

981 p. 

 

Smith AH, Thiers HD. 1971. The boletes of Michigan. Ann Arbor: Univ. Michigan Press. 

 

Stamatakis A. 2006. RAxML-VI-HPC: maximum likelihood-based phylogenetic analyses with thousands of 

taxa and mixed models. Bioinformatics 22:2688–2690. 

 

Teng SC. 1963. Fungi of China. Beijing: Science Press. 808 p. 

 

Vilgalys R, Hester M. 1990. Rapid genetic identification and mapping of enzymatically amplified ribosomal 

DNA from several Cryptococcus species. J Bacteriol 172:4238–4246. 

 

Wang XH, Liu PG. 2002. Resources investigation and studies on the wild commercial fungi in Yunnan. 

Biodivers Sci 10:318–325. 

 

———, ———, Yu FQ. 2004. Color atlas of wild commercial mushrooms in Yunnan. Kunming, China: 

Yunnan Science and Technology Press. 136 p. 

 

White TJ, Bruns T, Lee S, Taylor JW. 1990. Amplification and direct sequencing of fungal ribosomal RNA 

https://www.researchgate.net/publication/240287965_The_Boletes_of_Michigan?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/20778652_Rapid_Genetic_Identification_and_Mapping_of_Enzymatically_Amplified_Ribosomal_DNA_from_Several?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/20778652_Rapid_Genetic_Identification_and_Mapping_of_Enzymatically_Amplified_Ribosomal_DNA_from_Several?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/283520506_RAxML-VI-HPC_Maximum_Likelihood-based_phylogenetic_analyses_with_thousands_of_taxa_and_mixed_models?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/283520506_RAxML-VI-HPC_Maximum_Likelihood-based_phylogenetic_analyses_with_thousands_of_taxa_and_mixed_models?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==


 

 

genes for phylogenies. In: Innis MA, Gelfand DH, Sninsky JJ, White TJ, eds. PCR protocols: a guide to 

methods and applications. New York: Academic Press. p 315–322. 

 

Wu G, Feng B, Xu J, Zhu XT, Li YC, Zeng NK, Hosen MI, Yang ZL. 2014. Molecular phylogenetic analyses 

redefine seven major clades and reveal 22 new generic clades in the fungal family Boletaceae. Fungal 

Divers 69:93–115. 

 

Wu XL, Mao XL, Tolgor B, Song B, Li TH, Zhao YX, Chen SL, Zeng NK, Huang SZ,Wen TC, Deng CY. 2013. 

Medicinal fungi of China. Beijing: Science Press. 923 p. 

 

Zang M, Li B, Xi JX. 1996. Fungi of the Hengduan Mountains. Beijing: Science Press. 598 p. 

 

———. 2006. Flora fungorum sinicorum. Vol. 22. Boletaceae I. Beijing: Science Press. 215 p. 

 

Zeng NK, Tang LP, Li YC, Tolgor B, Zhu XT, Zhao Q, Yang ZL. 2013. The genus Phylloporus (Boletaceae, 

Boletales) from China: morphological and multilocus DNA sequence analyses. Fungal Divers 58:73–101. 

 

———, Wu G, Li YC, Liang ZQ, Yang ZL. 2014. Crocinoboletus, a new genus of Boletaceae (Boletales) with 

unusual boletocrocin polyene pigments. Phytotaxa 175:133–140. 

 

Zhang LF, Yang JB, Yang ZL. 2004. Molecular phylogeny of eastern Asian species of Amanita (Agaricales, 

Basdiomycota): taxonomic and biogeographic implications. Fungal Divers 17:219–238. 

https://www.researchgate.net/publication/260792622_Molecular_phylogenetic_analyses_redefine_seven_major_clades_and_reveal_22_new_generic_clades_in_the_fungal_family_Boletaceae?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/260792622_Molecular_phylogenetic_analyses_redefine_seven_major_clades_and_reveal_22_new_generic_clades_in_the_fungal_family_Boletaceae?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/260792622_Molecular_phylogenetic_analyses_redefine_seven_major_clades_and_reveal_22_new_generic_clades_in_the_fungal_family_Boletaceae?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/297929983_Molecular_phylogeny_of_eastern_Asian_species_of_Amanita_Agaricales_Basidiomycota_taxonomic_and_biogeographic_implications?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/297929983_Molecular_phylogeny_of_eastern_Asian_species_of_Amanita_Agaricales_Basidiomycota_taxonomic_and_biogeographic_implications?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/257799885_The_genus_Phylloporus_Boletaceae_Boletales_from_China_Morphological_and_multilocus_DNA_sequence_analyses?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==
https://www.researchgate.net/publication/257799885_The_genus_Phylloporus_Boletaceae_Boletales_from_China_Morphological_and_multilocus_DNA_sequence_analyses?el=1_x_8&enrichId=rgreq-55839fc68cb247275956b1c432ca05d9-XXX&enrichSource=Y292ZXJQYWdlOzI4OTUzNTc0MztBUzozNjk0NzY3MDYwMjk1NjhAMTQ2NTEwMTUxOTI5OA==


 

 

 

Zhao K, Wu G, Yang ZL, Feng B. 2014. Molecular phylogeny of Caloboletus (Boletaceae) and a new species in 

east Asia. Mycol Prog 13:1127–1136. 

 

LEGENDS 

FIG. 1. Phylogram inferred from a 28S dataset using RAxML. RAxML likelihood bootstrap (BS ≥ 50 %) and 

Bayesian posterior probabilities (PP ≥ 0.95) are indicated above or below the branches as RAxML BS/PP. SW = 

southwestern, SE = southeastern. 

FIG. 2. Phylogram inferred from a multilocus (rDNA 28S and ITS, and tef1a) dataset using RAxML. BS ≥ 50 % 

and PP ≥ 0.95 are indicated above or below the branches as RAxML BS/PP. SW = southwestern, SE = 

southeastern. 

FIG. 3. Basidiomata of Retiboletus species. a–c. R. fuscus (a–b from HKAS 59460; c from 83946). d–g. R. 

kauffmanii (d–e from HKAS 63584, epitype; f–g from HKAS 76418). h–j. R. pseudogriseus (HKAS 83950, 

holotype). k–o. R. sinensis (k from HKAS 83955; l from HKAS 83956, holotype; m–o from HKAS 59832). p–t. 

R. zhangfeii (p from HKAS 83960; q from HKAS 83961; r, t from HKAS 83962, holotype; s from HKAS 83963) 

(a–b photo Y.C. Li; c photo T. Ma; d–e photo G. Wu; f–g photo Y.J. Hao; h–t photo N.K. Zeng). 

FIG. 4. Microscopic features of Retiboletus fuscus (HKAS 83946). a. Basidia and pleurocystidia. b. 

Basidiospores. c. Cheilocystidia. d. Pileipellis. e. Stipitipellis. Bars = 10 μm (drawn by N.K. Zeng). 

FIG. 5. Microscopic features of holotype and one recent collection of Retiboletus kauffmanii (a, c, e–g from 

HKAS 76418; b, d from WU 12947, holotype). a. Basidia and pleurocystidia. b–c. Basidiospores. d. Cystidia. e. 

Cheilocystidia. f. Pileipellis. g. Stipitipellis. Bars = 10 μm (a, c, e–g drawn by N.K. Zeng; b, d drawn by Z.L. 

Yang). 



 

 

FIG. 6. Microscopic features of epitype of Retiboletus kauffmanii (HKAS 63584). a. Basidia and 

pleurocystidium. b. Pleurocystidia. c. Basidiospores. d. Cheilocystidia. e. Pileipellis. f. Stipitipellis. Bars = 10 

μm (drawn by G. Wu). 

FIG. 7. Microscopic features of Retiboletus pseudogriseus (HKAS 83950, holotype). a. Basidia and 

pleurocystidia. b. Basidiospores. c. Cheilocystidia. d. Pileipellis. e. Stipitipellis. Bars = 10 μm (drawn by N.K. 

Zeng). 

FIG. 8. Microscopic features of Retiboletus sinensis (HKAS 83956, holotype). a. Basidia and pleurocystidia. b. 

Basidiospores. c. Cheilocystidia. d. Pileipellis. e. Stipitipellis. Bars = 10 μm (drawn by N.K. Zeng). 

FIG. 9. Microscopic features of Retiboletus zhangfeii (HKAS 83962, holotype). a. Basidia and pleurocystidium. 

b. Basidiospores. c. Cheilocystidia. d. Pileipellis. e. Stipitipellis. Bars = 10 μm (drawn by N.K. Zeng). 
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TABLE I. Species used in molecular phylogenetic analyses, their vouchers and GenBank accession numbers 

   GenBank accession Nos. 

Species Voucher Locality 28S ITS tef1a 

“Retiboletus aff. griseus”  HKAS 59460 Yunnan, SW China JQ928626 JQ928613 JQ928580 

“Retiboletus aff. nigerrimus”a HKAS 59699 Yunnan, SW China JQ928627 — JQ928582 

“Retiboletus aff. ornatipes”a HKAS 63548 Yunnan, SW China KF112416 — KF112177 

Retiboletus flavonigera RH7247 Costa Rica AF456828 — — 

Retiboletus flavoniger RH7189 Costa Rica AF456829 — — 

Retiboletus fuscusa HKAS 83946 Yunnan, SW China KP739280 KP739264 KP739300 

Retiboletus fuscus N.K. Zeng 1894 

(FHMU)   

Yunnan, SW China KP739281 KP739265 — 

“Retiboletus griseus”a HKAS 63590 Yunnan, SW China KF112417 KP739263 KF112178 

Retiboletus griseus 202/97 Massachusetts, USA AF456834 — — 

Retiboletus griseus BD210 Virginia, USA HQ161858 — — 

Retiboletus griseusa Both sn New York, USA KF030308 — KF030414 

Retiboletus kauffmaniia HKAS 76418 Yunnan, SW China KP739284 KP739267 — 

Retiboletus kauffmanii HKAS 63584 Yunnan, SW China KP739282 — KP739301 

Retiboletus kauffmanii HKAS 68590 Yunnan, SW China KP739283 KP739266 — 

Retiboletus nigerrimusa Tyni1 Japan AF456832 — — 

Retiboletus ornatipes 215/97 Massachusetts, USA AF456805 — — 

Retiboletus ornatipes 219/97 Massachusetts, USA AF456809 — — 

Retiboletus ornatipes 11/97 Massachusetts, USA AF456810 — — 

Retiboletus ornatipes 5/97 Massachusetts, USA AF456812 — — 

Retiboletus ornatipes 94/97 North Carolina, USA AF456814 — — 

Retiboletus ornatipesa 201/97 Massachusetts, USA AF456815 — — 

Retiboletus ornatipes 161/97 North Carolina, USA AF456817 — — 

Retiboletus ornatipes 186/97 Massachusetts, USA AF456819 — — 

Retiboletus ornatipes 93/97 North Carolina, USA AF456825 — — 

Retiboletus pseudogriseusa HKAS 83950 Fujian, SE China KP739285 KP739268 — 

“Retiboletus retipes” Japan2 Japan AF456806 — — 

“Retiboletus retipes” Japan1 Japan AF456807 — — 

Retiboletus retipes RH7567 Costa Rica AF456808 — — 

Retiboletus retipes 57/97 North Carolina, USA AF456811 — — 

“Retiboletus retipes”a Japan3 Japan AF456822 — — 

Retiboletus retipesa 116/96 North Carolina, USA AF456823 — — 

Retiboletus retipes 96/97 North Carolina, USA AF456830 — — 

Retiboletus retipesa 22/97 North Carolina, USA AF456831 — — 

Retiboletus retipes RV98.127 Virginia, USA AY612821 — — 

Retiboletus sinensis HKAS 59832 Hainan, southern China KP739286 — — 

Retiboletus sinensis HKAS 83951 Fujian, SE China — KP739269 — 

Retiboletus sinensis HKAS 83952 Fujian, SE China KP739287 — — 

Retiboletus sinensis HKAS 83953 Fujian, SE China — KP739270 — 



 

Species Voucher Locality GenBank accession number 

   28S ITS tef1a 

Retiboletus sinensis HKAS 83954 Fujian, SE China KP739288 KP739271 — 

Retiboletus sinensisa HKAS 83955 Fujian, SE China KP739289 KP739272 KP739302 

Retiboletus sinensis HKAS 83956 Fujian, SE China KP739290 KP739273 — 

Retiboletus sinensisa HKAS 83957 Fujian, SE China KP739291 KP739274 KP739303 

Retiboletus sinensis HKAS 83958  Fujian, SE China KP739292 KP739275 — 

Retiboletus sinensis HKAS 83959 Fujian, SE China KP739293 KP739276 — 

Retiboletus zhangfeiia HKAS 83960 Fujian, SE China KP739294 KP739277 KP739304 

Retiboletus zhangfeiia HKAS 83961 Fujian, SE China KP739295 KP739278 KP739305 

Retiboletus zhangfeiia HKAS 83962 Fujian, SE China KP739296 KP739279 KP739306 

Retiboletus zhangfeii HKAS 83963 Fujian, SE China KP739297 — — 

Retiboletus sp.a HKAS 52680 Fujian, SE China KF112424 — KF112179 

Retiboletus sp. MAN053 Costa Rica KF030327 — — 

Tylopilus sp.  204/97 USA AF456813 — — 

Spongiforma thailandicaa DED 7873 Thailand EU685108 EU685113 KF030436 

Spongiforma squarepantsiia LHFB14 Borneo HQ724509 HQ724511 — 

a Sequences were used for the concatenated multilocus dataset (28S + ITS + tef1a) besides the 28S dataset. AY612821 was 

from GenBank; AF456805–AF456815, AF456817, AF456819, AF456822–AF456823, AF456825, AF456828–AF456832 

and AF456834 were from Binder and Bresinsky (2002); EU685108 and EU685113 were from Desjardin et al. (2009); 

HQ161858 was from Dentinger et al. (2010); HQ724509 and HQ724511 were from Desjardin et al. (2011); JQ928580, 

JQ928582, JQ928613 and JQ928626–JQ928627 were from Hosen et al. (2013); KF030308, KF030414, KF030327 and 

KF030436 were from Nuhn et al. (2013); KF112177, KF112179, KF112416–KF112417 and KF112424 were from Wu et al. 

(2014). SW, southwest; SE, southeast. 
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