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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 Boletacea€hma, but the area investigated is generally the region of
sourthwestern and southern China. The knowlezfggoletaceae 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 genss{#), the translation
elongation factor4) g defille and the second largest subuniRNA polymerase Il genefb2)
dataset (totally including 1 140 sequences from 409 collections). Our phylogenetic tree revealed 24
Boletaceae species from our collections, which are distributed in 16 gererd&oletus
Butyriboletus, CaloboletysChalciporus, Cyanoboletus Hemileccinum Hortiboletus Leccinum
Neoboletus Retiboletus Rubroboletus Strobilomyces Suillellus Tylopilus Villoboletus and
XerocomusOf these species, 14 are identified as known species, including three new to China, and
10 ae described and illustrated as new species in this paper. Accordingly, 15 species documented
from Shanxi before this study are briefly discussed.

Keywords i 10 new taxal Basidiomycete§ Boletalesi ectomycorrhizal fungii molecular
analysisi taxonomy

Introduction

Boletaceae Chevall. is one of the most speddsfungal 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 azedtiii commercial trade for their great dietary
and health value such Beletus eduliBull. andB. meiweiniuganjurDentinger (Rivad-erreiro et
al. 2023). They are therefore both ecologically and economically important and have attracted the
attention ofmany 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, Hgiland 1987, Watling & Li 1999, Li & Song 2000, Binder & BresinSk2 2Dai 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. 20144, 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. 2QHosen & 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, Zan@@01, 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 wgaring to southwestern, southern and northeastern
China. During the lastix 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, nrLSktEfl, rpb2) are used in our molecular
analyses. Morphological features and DidAsed molecular analysis were conducted based on
specimens gathered, and sequences available in the GenBank database. Ourtainh} eegify
the species diversity of BoletacaaeShanxi 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 frelcsh fShanxi Province, northern
China, from 2017 to 2022; then dried in a fruit drier ai 33C; and deposited at BJTC
(Herbarium Biology Department, Capital Normal University) and HSA (HebariunsShanxi
Institute for Functional Foods, Shanxi Agriculturdhiversity). 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 obtainedfm dry speci mens mounted in 5%
reagent (Dring 1971). The term &6[n/ m/p]d me:
coll ections. Di mensions of basidiigscfdy@&s wher
therangedic 6 represents at | east 90% of the measur

values. 6Q6 refers to the l-engwd/ wiedthsr atoi ¢ h
Q of all basidiospores + standard deviation.

DNA extraction, PCR amplification, sequencing and nucleotide alignment

A small amount of dry basidiomata (207 30 mg
Hz 214 times (Mixer Mi | | MM301, Haan, Ger many
tungsten carbide HaTotal genomic DNA was extracted from the powdered basidiomata using
NuCl ean Pl ant Genomic DNA Kit (CwBI O, Bei ji
instructions. Fragments of four nuclear loci, including nrDNA (IBBS8SITS2 = ITS), nuc nrLSU
subunit (nrLSV), translation elongation factorl te{l), and RNA polymerase |l second largest
subunit (pb2) were amplified and sequenced. The primer pairs of {#/F1S4 for ITS, LROR/LR5
for nrLSU, EF1B-F2/EFXB-R fortefl, and RPB2B-F2/RPB2B-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 tgjiBg 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, ambined matrix of ITSrLSU-tefl-rpb2 was compiled to identify the species
and to investigate their phylogenetic position in the Boletacgaéus aff. luteusand Suillus aff.
granulatuswere selected as outgroups based on a previous study (Wu et4l. P4 sequences
of the four loci (ITS, nrLSUtefl, 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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Suillellus flaviporus HKAS 126554 China
Pulveroboletus Group 99/0.99{ Suillellus flaviporus HKAS 123826 China

Suillellus flaviporus HKAS 126555 China
*/0.99 Suillellus pinophilus HKAS 126550 China
Suillellus comptus AMB 12639 Italy
/1 — Suillellus comptus 17827 Italy

Suillellus olivaceus BJTC FM1755 holotype China
00/1| Suillellus olivaceus BJTC FM1765 China Su. olivaceus
Suillellus olivaceus BJTC FM2411 China
Suillellus luridus AMB 12636 Italy

3/1 Suillellus luridus AMB 12638 Italy
Suillellus subamygdalinus BJTC FM2576 China
Suillellus subamygdalinus HKAS57953 China
75/1 87/ Suillellus subamygdalinus HKAS57262 China ~ Su. subamygdalinus|  Suillellus
Suillellus subamygdalinus HKAS53641 China
V1L Suillellus subamygdalinus HKAS74745 China
Suillellus lacrymibasidiatus HMJAU60203 China
99—/]{ Suillellus lacrymibasidiatus HMJAU60202 China

Suillellus yunnanensis BYTC FM1814 China
98/1| Suillellus yunnanensis BYTC FM1064 China
97/1|! Suillellus yunnanensis BJTC FM2334 China Su. yunnanensis
931 Suillellus yunnanensis HKAS 126549 China
9/ | Suillellus yunnanensis HKAS 126548 China
ols/1|| - Suillellus mendax AMB 12634 Italy

9g | Suillellus mendax AMB 12633 Italy
L Suillellus amygdalinus 112605ba USA
Caloboletus taienus GDGM44081 China
100/1} Caloboletus xiangtoushanensis GDGM44833 China
Caloboletus xiangtoushanensis GDGM45160 China
Caloboletus polygonius K(M)60247 Greece
Caloboletus panniformis HKAS57410 China
Caloboletus griseoflavus BJTC FM2221 China
IQQ4 Caloboletus griseoflavus BJTC FM699 China C. griseoflavus
Caloboletus griseoflavus BJTC FM2438 holotype China
100/1— Caloboletus inedulis MB06-044 USA
{E(Jal()boletus inedulis HKAS80478 USA
3/1 Caloboletus radicans HKAS80856 France Caloboletus
100/1 | Caloboletus yunnanensis HKAS69214 China
4';—‘ Caloboletus yunnanensis HKAS58694 China
Caloboletus panniformis HKAS77530 China
100/1— Caloboletus calopus BR5020159063805 Belgium
0o/ Caloboletus calopus Bcl Germany
100/1 Caloboletus guanyui FHMU 2019 China
Caloboletus guanyui FHMU 2040 China
D5/0.97 Caloboletus firmus MB06-060 USA
LO_QLLL Caloboletus firmus NY00796115 Belize

Rubroboletus reticulatus BJTC FM1784 holotype China
100/1 ) Rubroboletus reticulatus BYTC FM1812 China Riu reticulatus
Rubroboletus reticulatus BJTC FM1077 China
85/1 Rubroboletus dupainii JAM0607 USA
Rubroboletus flammeus FHMU6927 China
Rubroboletus latisporus HKAS 63517 China
100/1 Rubroboletus latisporus HKAS80358 China
Rubroboletus esculentus K.Zhao893 China
100/1 Rubroboletus esculentus Hui M.Shao-F1 China
Rubroboletus rhodoxanthus HKAS84879 Germany
1 Rubroboletus legaliae PRM 921886 Slovakia Rubroboletus
Rubroboletus legaliae MB-000295 Germany
Rubroboletus sinicus HKAS56304 China

O

o
—~
—

94/(.99

11 Rubroboletus flavus HKAS 126558 China
Rubroboletus flavus HKAS 90906 China

100/ 1~ Rubroboletus serpentiformis HKAS 126547 China
Rubroboletus serpentiformis HKAS 126557 China

Figure 17 Phylogenetic tree generateardn a maximum likelihood analysis based on combined
ITS-nrLSU-tefl-rpb2 sequences, showing the phylogenetic relationships of Boletaceae. Numbers
representing |ikelihood bootstrap support ( ML
probability BPPO 0. 95, right) are indicated above the
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100/1 | Crocinoboletus rufoaureus FHMU1975 China
ﬂ‘inoboletus rufoaureus HKAS53424 China
Crocinoboletus laetissimus FHMU2030 China
Pulveroboletus Grou p Neoboletus hainanensis HKAS90209 China
100/1 I— Neoboletus hainanensis HKAS59469 China
95/1 Neoboletus hainanensis HKAS63515 China
100/11 Neoboletus ferrugineus HKAS77617 China
[ Neoboletus ferrugineus HKAS77718 China
Neoboletus multipunctatus FHMU 2808 China
Neoboletus multipunctatus FHMU 1620 China
Neoboletus brunneissimus HKAS52660 China
70/p.96 Neoboletus tomentulosus FHMU 841 China
Neoboletus tomentulosus FHMU 842 China
100/1r Neoboletus flavidus HKAS58724 China
4[ Neoboletus flavidus HKAS59443 China
100/1 Neoboletus magnificus HKAS74939 China
[ Neoboletus magnificus HKAS54096 China
Neoboletus obscureumbrinus FHMU 2052 China
100/1 } Neoboletus obscureumbrinus FHMU 2059 China
' Neoboletus obscureumbrinus FAMU 2055 China Neoboteiys
L—— Neoboletus thibetanus HKAS57093 China
Neoboletus cinnamomeus BJTC FM1055 holotype China N. cinnamomeus
Neoboletus sanguineoides HK AS80823 China
100/1)l Neoboletus sanguineoides HKAS57766 China
Neoboletus sanguineoides HKAS55440 China
*10.99 100/11 Neoboletus brunneorubrocarpus HKAS 126559 China
Neoboletus brunneorubrocarpus HKAS 76660 China
Neoboletus rubriporus HKAS83026 China
Neoboletus rubriporus HKAS90210 China
Neoboletus rubriporus HKAS89174 China
Neoboletus luridiformis AT2001087 England
|| 100/1 Neoboletus venenatus HKAS63535 China
o1 Neoboletus venenatus HKAS57489 China
Neoboletus sanguineus HKAS80849 China
100/1r~ Neoboletus sanguineus HKAS90211 China
Neoboletus sanguineus HKAS68587 China
Butyriboletus parachinarensis BJTC FM2769 China
Butyriboletus parachinarensis BITC FM2770 China
Butyriboletus parachinarensis PC-43 Pakistan
Butyriboletus parachinarensis HKAS55413 China
100/1 Butyriboletus sanicibus Arora99211 China
Butyriboletus fechtneri AT2003097
Butyriboletus sinoregius BJTC FM1103 China
99/1{! Butyriboletus sinoregius BITC FM755 China Bu. sinoregius
Butyriboletus sinoregius BJTC FM1240 China
Butyriboletus regius MG408a
Butyriboletus regius KUN-HKAS 84878 Germany Butyriboletus
Butyriboletus brunneus NY00013631 USA
100/1F Butyriboletus subappendiculatus MB000260 Germany

95/%

Bu. parachinarensis

Butyriboletus subappendiculatus Wu 18328 Austria
0/1 Butyriboletus brunneoides BJTC FM1816 China
Butyriboletus brunneoides BJTC FM688 China
Butyriboletus yicibus HKAS57503 China
_I-\E Butyriboletus yicibus HKAS63528 China
T0/1L Butyriboletus yicibus HK AS68010 China

Bu. brunneoides

Figure 17 Continued.
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Leccinoideae

Figure 17 Continued.

100/

100/1, Cvanoboletus sp. HKAS90208-2 China
Cyanoboletus sp. HKAS90208-1 China
1[l0/1, Cyanoboletus flavocontextus BJTC FM2319-A holotype China
Cyanoboletus flavocontextus BJTC FM2319-B China Cy. flavocontextus
7/1; Cvanoboletus sp. HKAS59418 China
Cyanoboletus sp. HKAS52639 China
Cyanoboletus sinopulverulentus HKAS59609 China
Cyanoboletus hymenoglutinosus DC14-010 India
99/0.96; Cyanoboletus cyaneitinctus JAB_325
Cyanoboletus cyaneitinctus JAB_324
10071 Cyanoboletus pulverulentus MICH:KU0-09220408 USA
Cyanoboletus pulverulentus 9606 USA
Cyanoboletus pulverulentus MG126a Italy
100/1' Cyanoboletus pulverulentus MG 628a Italy
Cyanoboletus brunneoruber HKAS 80579-1 China
1L Cyanoboletus brunneoruber HKAS 63504 China
Cyanoboletus instabilis FHMU1839 China
Cyanoboletus fagaceophilus HKAS 123872 China
100/1{ Cyanoboletus fagaceophilus HKAS 126556 China
Cyanoboletus fagaceophilus HKAS 80691 China
Cyanoboletus instabilis HKAS59554 China
00/1 Cvanoboletus bessettei ARB 1393B USA
Cyanoboletus bessettei ARB 1393A USA
Cyanoboletus sp. HKAS76850 China
99/1 Lanmaoa asiatica HKAS63516 China

E Lanmaoa pseudosensibilis DS615-07 USA
96/1 Lanmaoa angustispora HKAS74759 China

100/1

Leccinum monticola NY-00815448 Costa Rica
100/1] Leccinum monticola NY-760388 Costa Rica
Leccinum monticola NY-760388 Costa Rica
Leccinum manzanitae NY-14041 USA
Leccinum aurantiacum L-0342207 France
Leccinum quercinum KUN-HKAS63502 China

100211 L eccinum of. aurantiacum BITC FM2191 China

Leccinum versipelle KUN-HKAS99380 China

Leccinum cerinum MK 11800 Finland

100/1; Leccinum pallidocastaneum KUN-HKAS52538 China
Leccinum pallidocastaneum KUN-HKAS52553 China
Leccinum duriusculum KUN-HKAS101160 Uzbekistan
85/1 Leccinum duriusculum GL4676 France

Leccinum cf. scabrum BJTC FM817 China

Leccinum cf. scabrum BJTC FM1923 China

Leccinum cf. scabrum BJTC FM2336 China

1001 eccinum melaneum KUN-HKAS57220 China b eelancas
x Leccinum scabrum KUN-HKAS56371 China

Leccinum holopus KUN-HKAS111906 Austria

10071t Leccinum holopus MICH:KUO09150707 USA

Leccinum palustre MK11107 Germany

88 Leccinum schistophilum KUN-HKAS98024 China

Leccinum phaeocarpum KUN-HKAS93967 China
m[ Leccinum phaeocarpum KUN-HKAS115851 China
Leccinum pseudoborneense KUN-HKAS110157 China
100/1[1 Leccinum pseudoborneense KUN-HKAS110156 China
Leccinum pseudoborneense KUN-HKAS110158 China
Leccinum schistophilum VDKO1128 Belgium
Leccinum album KUN-HKAS53417 China
10071 Leccinum album KUN-HKAS53417 China
Leccinum subradicatum KPM-NC-24518 Japan

Leccinum parascabrum KUN-HKAS59447 China

100/1
{ Leccinum parascabrum KUN-HKAS99903 China

Leccinum cf. aurantiacum BJTC FM2419 China [ of. qurantiacum

[97/0.98| Leccinum cf. scabrum BYTC FM1462 China L. of. scabrum/.

Cyanoboletus

Leccinum
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Figure 17 Continued.
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