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Abstract  

The Boletaceae is a highly diverse group of organisms with both ecological and edible values. 

There are many studies on Boletaceae in China, but the area investigated is generally the region of 

sourthwestern and southern China. The knowledge of Boletaceae in northern China is limited. In 

this study, we surveyed the species diversity of Boletaceae in Shanxi Province, northern China. 

Molecular phylogenetic analyses were performed using a concatenated internal transcribed spacer 

of the nuc rDNA (ITS), the large subunit of nuclear ribosomal RNA gene (nrLSU), the translation 

elongation factor 1-Ŭ gene (tef1), and the second largest subunit of RNA polymerase II gene (rpb2) 

dataset (totally including 1 140 sequences from 409 collections). Our phylogenetic tree revealed 24 

Boletaceae species from our collections, which are distributed in 16 genera, i.e. Boletus, 

Butyriboletus, Caloboletus, Chalciporus, Cyanoboletus, Hemileccinum, Hortiboletus, Leccinum, 

Neoboletus, Retiboletus, Rubroboletus, Strobilomyces, Suillellus, Tylopilus, Villoboletus, and 

Xerocomus. Of these species, 14 are identified as known species, including three new to China, and 

10 are described and illustrated as new species in this paper. Accordingly, 15 species documented 

from Shanxi before this study are briefly discussed.  
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Introduction  

Boletaceae Chevall. is one of the most species-rich fungal family in basidiomycetes. Many 

species of this family form ectomycorrhizal symbioses with trees such as species in Pinaceae and 

Fagaceae (Wu et al. 2022), and some species are utilized in commercial trade for their great dietary 

and health value such as Boletus edulis Bull. and B. meiweiniuganjun Dentinger (Rivas-Ferreiro et 

al. 2023). They are therefore both ecologically and economically important and have attracted the 

attention of many mycologists from the early morphological stage to the current molecular stage 

(Snell 1941, Chiu 1948, Teng 1963, Smith & Thiers 1971, Corner 1972, Pegler & Young 1981, 

Singer 1986, Høiland 1987, Watling & Li 1999, Li & Song 2000, Binder & Bresinsky 2002, Dai et 

al. 2010, Horak 2011, Feng et al. 2012, Zhang et al. 2012, Gelardi et al. 2014a, b, c, Vizzini 2014a, 

b, Zhao et al. 2014a, b, Zeng et al. 2014, Orihara et al. 2016, Wu et al. 2016a, b, Zhang & Li 2018, 
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Chai et al. 2019, Khmelnitsky et al. 2019, Hosen & Yang 2021, Li et al. 2021, Fu et al. 2022, Wu et 

al. 2022, Mao et al. 2023). 

In China, the complex and diverse natural environment has resulted in high species richness 

of Boletaceae (Chiu 1948, 1957, Teng 1963, Bi et al. 1990, 1993, 1997, Zang et al. 2001, Li et al. 

2011, 2014a, b, Zhang et al. 2012, 2014, Zeng et al. 2014, Wu et al. 2016a, b, Zhang & Li 2018,  

Li et al. 2021, Fu et al. 2022, Wang et al. 2022). However, the knowledge of Boletaceae is 

significantly insufficient in northern zone comparing to southwestern, southern and northeastern 

China. During the last six years, we collected a lot of specimens of Boletaceae in Shanxi Province 

where there are vegetation types that represent the main forests in northern China. In this study, 

four highly informative genetic markers (ITS, nrLSU, tef1, rpb2) are used in our molecular 

analyses. Morphological features and DNA-based molecular analysis were conducted based on 

specimens gathered, and sequences available in the GenBank database. Our aims are to: 1) clarify 

the species diversity of Boletaceae in Shanxi Province, northern China; 2) describe and illustrate 10 

new species found in this province. 

 

Materials & Methods  

 

Sample collections 

The collections were obtained and photographed in the field from Shanxi Province, northern 

China, from 2017 to 2022; then dried in a fruit drier at 40ï50°C; and deposited at BJTC 

(Herbarium Biology Department, Capital Normal University) and HSA (Hebarium of Shanxi 

Institute for Functional Foods, Shanxi Agricultural University). Macroscopic characters were 

recorded from fresh specimens. Standardized color values matching the color of the description 

were taken from ColorHexa (http://www.colorhexa.com/). Microscopic characteristics were 

observed in sections obtained from dry specimens mounted in 5% KOH, Congo Red, or Melzerôs 

reagent (Dring 1971). The term ó[n/m/p]ô means n. basidiospores from m. basidiomata of p 

collections. Dimensions of basidiospores are given using the following format ó(aï)bïc(ïd)ô, where 

the range óbïcô represents at least 90% of the measured values, and óaô and ódô are the most extreme 

values. óQô refers to the length/width ratio of basidiospores in side-view; óQavô refers to the average 

Q of all basidiospores ± standard deviation. 

 

DNA extraction, PCR amplification, sequencing and nucleotide alignment 

A small amount of dry basidiomata (20ī30 mg) was crushed by shaking for 45 seconds at 30 

Hz 2ī4 times (Mixer Mill MM301, Haan, Germany) in a 1.5 mL tube, together with a 3 mm diam 

tungsten carbide ball. Total genomic DNA was extracted from the powdered basidiomata using 

NuClean Plant Genomic DNA Kit (CWBIO, Beijing, China), following the manufacturerôs 

instructions. Fragments of four nuclear loci, including nrDNA (ITS1-5.8S-ITS2 = ITS), nuc nrLSU 

subunit (nrLSU), translation elongation factor 1-Ŭ (tef1), and RNA polymerase II second largest 

subunit (rpb2) were amplified and sequenced. The primer pairs of ITS1-F/ITS4 for ITS, LR0R/LR5 

for nrLSU, EF1-B-F2/EF1-B-R for tef1, and RPB2-B-F2/RPB2-B-R for rpb2 were used to amplify 

and sequence the above loci (Vilgalys & Hester 1990, Wu et al. 2014). PCR reactions procedures 

and sequencing for these loci followed the protocols described by Wu et al. (2014) and Feng et al. 

(2012). The PCR products were sent to Beijing Zhongkexilin Biotechnology Co. Ltd. (Beijing, 

China) for purifying, sequencing, and editing. Accession numbers of new and downloaded 

sequences stored in the NCBI database are provided in Supplementary Table 1. 

 

Phylogenetic analyses 

For this study, combined matrix of ITS-nrLSU-tef1-rpb2 was compiled to identify the species 

and to investigate their phylogenetic position in the Boletaceae. Suillus aff. luteus and Suillus aff. 

granulatus were selected as outgroups based on a previous study (Wu et al. 2014). The sequences 

of the four loci (ITS, nrLSU, tef1, rpb2) were aligned in the online version of MAFFT 7.110 using 

default parameters (Katoh & Standley 2013) and manually edited in BioEdit v.7.0.9 (Hall 1999).  
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Figure 1 ï Phylogenetic tree generated from a maximum likelihood analysis based on combined 

ITS-nrLSU-tef1-rpb2 sequences, showing the phylogenetic relationships of Boletaceae. Numbers 

representing likelihood bootstrap support (MLBS Ó 70%, left) and significant Bayesian posterior 

probability (BPP Ó 0.95, right) are indicated above the nodes. Novel sequences are printed in bold. 
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Figure 1 ï Continued. 
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Figure 1 ï Continued. 
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Figure 1 ï Continued. 


