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A new species of the lichen genus Phaeophyscia ( Physciaceae)

JIANG Shuhao, JIA Zefeng®

( College of Life Sciences, Liaocheng University , Liaocheng 252059, Shandong, China )

Abstract: Based on morphological, anatomical, chemical and molecular systematic methods, a taxonomic study was
carried out on the lichen genus Phaeophyscia collected from Mount Tai. One species, P. taishanensis is reported as new
to science. It is characterized by the following characters: white or hyaline cortical hairs sparsely on the upper surface of
the marginal peripheral zones of the lobes; white medulla; black lower surface with sometimes white or pale brown ends;
sparse cortical hairs occasionally on upper portion of thalline margin; and ascospores brown, Physcia-type, sized (18.0—
20.5) pm x (9.0-10.0) pum. Based on phenotypical characteristics, the similarities and differences between the new
species and similar species were discussed. the maximum likelihood phylogenetic tree was constructed with ITS
sequence, and the sequence analysis was carried out. A detailed morphological description and pictures of the
characteristics of this new species are provided. The discovery of this new species has accumulated basic data for the
study of Physciaceae biodiversity.

Key words: lichenized fungi, Caliciales, Physciaceae, phylogeny, taxonomy
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PEWRMWANTJE ( Phaeophyscia Moberg) )& T+
HETH ] ( Ascomycota) 2575 4 ( Lecanoromycetes ) ,
A H (Caliciales) B2 WA KB} ( Physciaceae ) , 4=
B4 66 Ff, P EERIE 21 Fh (BT, 20205 Ffi
SEATEH 2%, 2022 ; Wijayawardene et al., 2022; [
fait, 2023)

e w0 J& ( Phaeophyscia ) J& Moberg T
1977 %Lk Phaeophyscia orbicularis ( Neck.) Moberg
ot ST Y BRI B R S5 A AR A 2 ),
ks 5 8 3 A= L AE AR A B R A B, T
T, NI WA A B Physcia " 43 W% 8 | A0 35 J W5 i
K& PR fe J72 K=, N atranorin, T B2 2 Rk
BELAZL AT AR R BE K A A 20, 43 A= A+ R i
WFEE H/NF 4 pm K A9ZEHE (Moberg, 1977)
Ja K, Esslinger 7K N H W T Moberg [%) S 15 i i
J& Phaeophyscia 77 J& W5, 7E M Al _F K R A 4K &
TR AR | R 2 K—,Zi/é\ atranorin,?%\%ﬁﬂﬂﬁéﬁ
0, T B2 R R BE K A i 20 2L LA Fh g e T
B I8 Phyciella Essl., i & Physciella denigrata .
P. melanchra 1 P. nepalensis ( Esslinger, 1978)
H  HOW ST IR B A R A iz 4%

PG I T b A 1 32 R AR Ry iR b A A
FZE K-, A& atranorin, B8 2 A A5G 06, T
B AR RE AL L, A S Ol fl SRR BE G AR i 2H 4, O
i B P 5 | Physcia B4 5% Pachysporaria - 4% 7
T EATFIEEIE B/ T 4 um Ko @A
PRI 24 AR B R H 8 A b
& (Moberg, 1977; Aptroot & Sipman, 1991; Liu &
Hur, 2019) , %)@ HbAC ) 8 0K 43 A1 4% Jmy HoAT B 1
03] O o i | i 0 |
R, 2R S A AL 56 2 3% i b A P > H2 22 1 40
A X3k (B, 2023) .

A TR ORAT- T W R 27 A i ) 2 27 B A
PRAE (LCUF) B AR bR AS B AT S AN S e i), %
T R AR WA M 1 A, BT DARGE

1 #HE 7 *

1.1 ARIRAK

K A AR 28 LAY M A bR A IR AE T 0 K
AR 2R B AR AR ARSE (LCUF)
1.2 EEFFERER

TE OLYMPUS SZX16 14 =0 i fB8 T W%8 Hb &K

RN SRR, IR IR, T T 00 72 5, b HW
F# T B % A OLYMPUS DP74 %< i #L 1Y
OLYMPUS BX53 Jit: 57 it filt 858 T o A7 WL ¢ fie i1
fiE, IFHH IR,
1.3 LM

R K (109% 2 A ALK ) L C (IR
FRENEL AN K TR A0 P (X R AR 95% LI i
TRLFIVES VR ) TR I 7E M A AR B 2 BURE 2 B AT B
JRE (CT) |, T &8 W2 JZ A iz ('TLC ) 4] 1B A B
FRBACE W, RN C RGE (WA - &
fg =20 : 3, tb fH A& B ) ( Culberson &
Kristinsson, 1970; Culberson, 1972; Orange et al.,
2001) , il E 4 0.3% ~1.0% K Lugol” s ¥
X R BLU  EAT g  WLEE T AT UE A
FEEE RO
1.4 EFEARE PCR #E R

FRAS e BGE fE b A& {8 Sigma-Aldrich
REDExtract-N-Amp "™ {5 & , 2 W= 5 il B 5 647
AT BT G A 4R I, 51 ITSTF Al
ITS4 ( Gardes & Bruns, 1993; White et al., 1990)
PN IRFSR B X (1TS) Fr Bz, K H Zhao Al Jia
(2022) By PCR SN R FNE L A AFHEAT Y1, 1l
FH 1% B RS AR BE K F DK A PCR 39 724y, 2% fa A
A ) H R A B W) (B ) AT
1.5 FHILE M RELE ST

Wy 3R [ 7 51 fd ] %% /F Geneious v. 9.0.2
( Biomatters Ltd., Auckland, NZ) #47 $F42, 7 ¥F
J¥5) I % & GenBank (OR769731) ., [ llJ¥%]5
M GenBank W R 1) 37 573, ik 1 Frow , fif
JH MAFFT v. 7 (Katoh et al., 2009) #17 £ & %}
(ffiFH“ L-ING-i” 3z 53005 ), A 2 B0 BOAED) .
f# F Gblocks V0.19b ( Castresana, 2000; Talavera &
Castresana, 2007) XJ % B gy 8 K o (8] (R A58 7
S FEATIEBR . A PhyloSuite v. 1.2.2 ( Zhang et
al., 2020) #1417 RS K F 401, Al ModelFinder
( Kalyaanamoorthy et al., 2017) % AIC #4350 K
IRBISREE (ML) 23 Hr A DL- 33 (BI) 23 A ik
PER AU ML 23 Hr 19 e i A ALl TIM2e+R2, BI
ST BB E LRl SYM+1+G, 7 TIM2e+R2 1%
T, f# /] IQ-TREE ( Nguyen et al., 2015) #4735 000
X ultrafast ( Minh et al., 2013), L X Shimodaira-
Hasegawa-like % ( Guindon et al., 2010) #J% ML
B 7E SYM+1+G AR | ffi ] MrBayes V. 3.2.6
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Table 1  Species and sequence information used for phylogenetic analysis

YrFh N2 R GenBank F3%&ic 5
Species Voucher No. Locality GenBank accession No.
kL 2F BB WA Phaeophyscia adiastola — " China AY498670
P. cernohorskyi VAL_Lich 32599 PYYESF Spain ON831578
I B SRR AT P, ciliata Chen & Hu 21851 H1[E China AY498676
I SRR AN P. ciliata Tehler 7892h — AY498675
P. constipata — Fit fit Sweden AF224374
I8 BB MA T P. denigrata 14-0109 *[E China MN103153
[ 5 AR WA P. denigrata Han 2021093005-1 " [E China OMO065431
IR P, exornatula — #1 [ China AY498668
ZAZERIG WA P, exornatula — [ China AY498669
P. hirsuta Leavitt 19089 JHE USA MZ922172
P. hirsuta Leavitt 19094 2 USA MZ922171
J& 2B BIAT P, hirtella #1 [ China AY498659
B 2B SRAE WA P, hirtella 17-0256 #1 [ China MN103154
[ 3 7 SR U AR P, hirtuosa — f1[E China AY498662
I SR P, hirtuosa D4_PYPE1 Y[ UK KU862992
Bl BRIRMAN: P, hispidula HP-20L EfJE India 0K577906
T BRI P, hispidula — #1 [ China AY498673
P. imbricata — # [ China AY498661
P. kashmirensis LAH37160 [ FEE S IH Pakistan ON640614
P. kashmirensis LAH37161 [ HEHTH Pakistan ON640615
P. limbata Y06846 H 4 Japan LC669665
P. limbata Y06842 H 7 Japan LC669664
P. microspora LAH37623 L3 H Pakistan 00024192
P. microspora LAH37622 L JE A Pakistan 00024193
P. orbicularis Vondrak 24003 FETEILFNE Czech Republic 0Q718018
P. orbicularis MP49 Fis it Sweden KX512876
Sl AR BART P, primaria — #1 [ China AY498663
I BERWAM P. primaria — #1 [ China AY498660
P. pusilloides Palice 30896 $E LI E Czech Republic 0Q717560
P. pusilloides Vondrak 26103 FETTILAE Czech Republic 00717563
KELBIRBAN P. pyrrhophora Hur 060573 i [E Korea EU670228
SEWN BARWAMH P, rubropulchra 141271 i [E Korea MN150493
P. spinellosa FL-41438 H A Japan LC547498
2= (L BIRMAM P. taishanensis TS18074 t[E China OR769731
T IR P. trichophora Hur 041524 i [H Korea EU670216
H B RIRWAR P, trichophora Hur 050006 i Korea EU670218
Physciella melanchra Y06835 H A Japan LC669676
P. melanchra Y06819 H 7% Japan LC669674

I ABEFE A W F SRR

Note: The new sequences generated in this study are indicated in boldface.
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(Ronquist et al., 2012) 217 PR I 4709 SR B R
BE (MCMC) , B 455 200 A0, & ekl 25% Ok
ARy BI#, i H Figtree v. 1.4.4 #1T RG K
R E R,

2 R 59

2.1 RBEEFAH

ARG E o B F 50 R R T A
5] BLAST %5 5 DL & A OC SC R ( Fayyaz et al.,
2022; Niazi et al., 2023), UL Physciella melanchra
JANIEHE R ITS J¥51 38 45 (1), FTF ITS
PPN #EAT R G R E A, S5 o ML BRI BL B
gty — 3, P UER ML R K F M, ML £
GE ST IR LA 1, [R] IR ML A% F0 BT B A4 ) 36 4
RELARBEREES -2 B, RERT
gt BB R, #F I 1% By 0t ( Phaeophyscia
taishanensis) 5 [ BIRWAM (P. denigrata) RFE
T3, SRR 89% Y WUAH IR AE , DLW X P A
A EH BT W SR % & R, P. microspora 5 P.
kashmirensi RAE T — 32, LFFHN 92% , Bl J5 5 HE
A1 AR IR, 5 Niazi 55 (2023 ) B9 45258 —
B0 A% 1L R e W R R A i BT AE 4y S
P. microspora F P. kashmirensis T 1E 43 32 & W UH 4k
T3S, RFR T 89%

22 7B

Phaeophyscia taishanensis Sh. H. Jiang & Z.
F. Jia sp. nov. Fig. 2

Fungal names; FN 571697

Diagnosis: This new species is distinctly separate
from the comparable species Phaeophyscia denigrata
in that the upper portion of the thalline margin of the
apothecia occasionally have sparse cortical hairs, and
the lower cortex is paraplectenchymatous, ascospores
are only Physcia-type.

Etymology: The specific epithet * taishanensis’
refers to the type locality of Mount Tai, Shandong
Province, China.

Type: China, Shandong, Tai’ an City, Mount
Tai, Buyun Bridge, 36°14'51" N, 117°06'23" E,
940 m alt., on the bark of Ulmus pumila L., 8
November 2020, M. L. Zhu TS18074 ( holotype,
LCUF, GenBank OR769731).

Description; Thallus foliose, nearly orbicular or
irregular, more than 7 cm in diameter, closely adnate
to the substratum; lobes dichotomously to irregularly
branched, separate, sometimes imbricate, 0.6-1.1
mm wide, terminally obtuse; thallus 187.8 -273.0
pm thick ; upper cortex grey-green to olive-green, flat
or often slightly concave, occasionally have white or
hyaline cortical hairs on the upper surface of marginal
peripheral zones of the lobes, which sometimes can be
sparse, lacking maculation, soredia, isidia, or
lobules; upper cortex 26.1-39.7 pm thick; algal
layer continuous, 53.3 — 85.8 pm thick; medulla
loose, white, 70.3-109.5 pm thick; lower surface
black, sometimes white or pale brown on the lobe
ends, rhizinate; rhizines dense, black, the ends are
sometimes white, about 0.5 mm long; lower cortex
paraplectenchymatous, 28.6 — 38.4 pm thick.

Apothecia common, sessile, usually 0.5-1.5
mm in diameter; disc red-brown to black, epruinose;
margin entire ; the upper portion of the thalline margin

of the

countable

apothecia occasionally have sparse and

cortical hairs, usually found in the
immature apothecia, most of the apothecium do not
have cortical hairs; epithecium brown, 10.7-13.3
pm thick; hymenium hyaline or slightly brown,
80.5-93. 6 pm thick; hypothecium light brown,
26.5-30.3 pm thick; asci clavate, eight-spored;
ascospores brown, Physcia-type, (18-20.5) pm X
(9.0-10.0) pm, I+ blue; pycnidia common,

immersed into thallus, brown to black; conidia
ellipsoid, (2.6-3.3) wm X (0.9-1.7) pm.
Chemistry; Thallus K-; medulla K-; no

substances were detected by TLC.

FRAESRE ;. OB AR5 I SRR i AR AL X5
TETIZR M B AE B B O sS0k Om E)ZE,
TR JE A ik BE 2 T T AL
Physcia % ,

TR . AR ¢ taishanensis” 36 78 & W) Fh g &
B bt AR 2R 1

ER AL R F LW, F L, L o,
117°06'23" E.36°14'51" N, 4% 940 m,2020-11-
08, K il TS18074
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1/100

[
SRR
0.96/86

K LT BBMRUAT Phaeophyscia pyrrhophora EU670228
W P. rubropulchra MN150493

-P. constipata AF224374

1/100

0.97/83

R
-/86

0.97/88

-/70

FfITE ST P, hirtuosa AY498662

87 P BRI P, hirtuosa
171002 orbicularis OQ718018
P. orbicularis KX512876

B BN P imbricata AY498661
KU862992

'+ P. trichophora EU670218

HAELIAN P, richophora EU670216
-P. spinellosa 1LC547498

LEMRANT P, exornatula AY498668

-/77: P. cernohorskyi ON

1/99 P. hirsuta MZ92
P. hirsuta MZ92

0.96/98 P. limbata 1.C669665
/82 P. limbata LC669664
-/83 ZU
ZEFBARWNT P, exornatula AY498669

BRI P, ciliata AY498676

B LRWATT P, ciliata AY498675
100 P pusilloides OQ717560
P. pusilloides OQ717563

831578
2171
2172

0.97/97 FELFRIRIN: P, hispidula OK577906
05| FEILTRURIANT P, hispidula AY498673
S| BRAEHATT P, primaria AY498660

ISR P, primaria AY498663

1100 — BN P, denigrata MN103153

-/91

1/100 |Physciella melanchra LC669674

|Ph. melanchra 1.C669676
G
0.09

45 SEMRIAT P, denigrata OM065431

ZR | SRARHAIT P, taishanensis sp. nov. OR769731
1/96|P. microspora 0Q024192

P. microspora 0Q024193

1/96P. kashmirensis ON640614

\P. kashmirensis ON640615
RN P, adiastola AY498670
FEB LA P hirtella MN103154

KEBLIIA P, hirtella AY498659

T BB R MR R (PP) MIARE (BS) (VRN HRMEKR T 75 s8R 53 KT 0.95 BEUE, B ¥ Fh A A4

IR 9 FITRLIA SRR

The number in each branch represents posterior probability (PP) and bootstrap support (BS) values. PP values>0.95 and BS values>75 are

plotted on the branches. The new species and newly generated sequences are in bold.

B1 ETFITS FAIMENSEAURARERER

Fig. 1 Maximum likelihood tree illustrating the phylogeny based ITS sequences

Mo AR IR 3 BE 8RR, B KT 7
em , BE B MG A TR 34 R T SO E N HL 4y
2 oves AN ER,0.6~1.1 mm T8, K % F Bl
s AR JEE 187.8 ~273.0 pm ;b 35 11 JK 43 (5, = A
MEHE €, S48 Bk R 1, R o B B 0 2 B
TCHBE K28 HERUNA R LR )2 26.1~39.7
wm; 22 53.3 ~85.8 wm; B 2 B, 164, )R
70.3~109.5 wm; N FRH B, 27 R 2 K A
R, BB BOR B — AN oA, BB R v
HRREM, 25 0.5 mm £; FEJZJE 28.6~38.4
pm, K2 EUN R REL 4,

FRLE W A HARHEE 0.5~ 1.5 mm; £
L0 8 2 R 6 Tk Al 5 B 2% 50 2 4T B
BHHOSER R E, W58 W T AR K
AFELS, KB FEREARLLZ T, BZWE
f,10.7 ~ 13.3 pm; + 5 )2 35 Wik, B W 48
80.5~93.6 wm;HEJZ LG WK, HE 7,26.5~30.3
pm; TN SA 8 Nl TR T80, FEE,
Physcia %), }7(18~20.5) um X (9.0~10.0) wm,I
R TR L, M A TR A Sl
Y i I N B T 7 O SN SN I e NP s o
TR, (2.6~3.3) pm x (0.9~1.7) um,
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A AR TSR B B C KRR S JMEATHMEMR; D &5 EMA @R E; B TREHY; Fo TREHY (i
WBET); G-1 F4; J. AT K-0. T#HEF, HHR. A, B=2 mm; C=0.5 mm; D=1 mm; E, F=0.5 mm; G-1=20
pm; J=5 pm; K-O0=10 pwm,

A. Habit of thallus; B. Lobes; C. White or hyaline cortical hairs on the upper surface of the marginal peripheral zones of the lobes, pycnidia
and rhizines; D. The upper portion of the thalline margin of the apothecia occasionally have sparse cortical hairs; E. Apothecia section;
F. Apothecia section (in polarized light) ; G=I. Asci; J. Conidia; K—=O. Ascospore. Scale bars; A, B=2 mm; C=0.5 mm; D=1 mm; E,
F=0.5 mm; G-1=20 pm; J=5 pm; K-O=10 pm.

B2 mUZEEeAH (M. L. Zhu TS18074, LCUF)
Fig. 2 Phaeophyscia taishanensis (M. L. Zhu TS18074, LCUF)
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fb2z [ N AR K- 88 )2 K—; TLC A A
A AL 2 o

SN R P E A L R P 1% X
Hiu 1 AR PR 2 78 h i ) A, A SR R A 2R XL
S, AR R4y, AR K Y W (Ulmus
pumila L.) B Rz, #Z HAT, %A pR AR 2L
B,

HAWHFFE bR AS . I AR Ze& i, 281, 26 =4,
117°06'23" E 36°14’51” N, /4K 940 m,2020-11-
08, 4L i TS18071 . TS18072 . TS18073 .,

3 T ®w

AR T 18 3 SRR A S AR AR 3 TR S LA
MR R B2 A, TR R A, 27 R b &2
KA G @, FAT EAE A A OBk A
EE, W R ML B, T8, JRBE | Physcia
A1,(18~20.5) um x (9.0~10.0) pm, FEIEE K
i B AR S B R B R i ( Phaeophyscia
hirtella) . F H| & 2 W2 WA iF (P, hirtwosa) F1 P.
esslingeri ML, AF 5 P. hirtella 1 P. hirtuosa
o, R P 7R B LA R B R AR AR, AR
M r AT, 5 P. esslingeri L, J5#
AR ERTA S, BT B RER S, BT
595 N [ (17~)18~25] wm x [10~12( ~14) ]
pm ( Kondratyuk et al., 2016) SJEAS Fh b AR |3
T JC H BE, f4E B A A sk an k2 S, W
Mg TR 6T

ERGRE L AR ESCR S HE RGN
M ( Phaeophyscia denigrata) . P. microspora F1 P.
kashmirensis #13T . A% 5 P. denigrata ¥t , J5 %%
AT RE K A6, T FAR LR E, 7R
i+~ Pachysporaria B8 Physcia T ; T A4S Ff 1 4K
PRT e R, R AR s Ab K A B 0 2R
FEEMEA A OB EK EEE, TR TN
Physcia Y ; P. denigrata V4 B F Phyciella Essl.H1, T
PR 0, B2 2 2H 22 55 BE 1 A, 38 3 %) A
TP JEAT R D) AU WLE & B, A b T R R )=
R W RE B, X T #E @ Physciella 5
Phaoephyscia Z[A1“ By 3" X R HAELEE L BT
WE— W55, 5 P. microspora #H L | J5 & 355
A B, iR/, B (14~17) pm x
(6.0~8.0) pm, &K W54 F 4 (Schumm &

Aptroot, 2019) ; M A< 5 £ L&A BUR | 7611
iijt,ﬁ%éti‘@?%%ﬂﬂlo 5 P. kashmirensis #H H_’,,
Ja AR D G BA R EMKZEHE (Fayyaz et al. |
2022) , AR ULAT A H 4% s A TR IC K 28 HE | 7 2B 1
B B

BUs RGP B A R A BT ST TR AR
R RAEAFALE T F BARAL AEREE T
B, R AR R LA A K H W B R AR

SE .

APTROOT A, SIPMAN HJM, 1991. New lichens and lichen
records from New Guinea [ J]. Willdenowia, 20 221-256.
CASTRESANA J, 2000. Selection of conserved blocks from
multiple alignments for their use in phylogenetic analysis

[J]. Mol Biol Evol, 17(4) : 540-552.

CHEN JB, HU GR, 2022. The lichen family Physciaceae
( Ascomycota) in China VI. Five species new to China
[J]. Mycosystema, 41(1): 155-159. [ Ffdut, $1¢5,
2022. T EIERIA AR A VIL FLA BT Bl (1],
i, 41(1) ; 155-159. ]

CHEN JB, 2023. Flora lichenum Sinicorum. Physciaceae;
Vol. 20 [ M]. Beijing: Science Press: 1-262. [ FR{dxk,
2023. HPEHACGE. BIAACRE: 5520 45 [M]. dbat. Bl
HpRAL . 1-262. ]

CULBERSON CF, KRISTINSSON HD, 1970. A standardized
method for the identification of lichen products [ J]. J
Chromatogr A, 46. 85-93.

CULBERSON CF, 1972. Improved conditions and new data for
identification of lichen products by standardized thin-layer
chromatographic method [ J]. J Chromatogr A, 72(1):
113-125.

ESSLINGER T, 1978.
Physciaceae. [ll. A new species of Phaeophyscia from Hawaii
[J]. Mycologia, 70 1247-1249.

FAYYAZ I, AFSHAN NS, KHALID AN, 2022. Phaeophyscia
kashmirensis sp. nov. (Lecanorales, Physciaceae) from Azad
Jammu and Kashmir, Pakistan [ J]. Lichenologist, 54(6) :
355-361.

GARDES M, BRUNS TD, 1993.ITS primers with enhanced

specificity for basidiomycetes —

Studies in the lichen family

application to the
identification of mycorrhizae and rusts [ J]. Mol Ecol, 2(2) .
113-118.

GUINDON S, DUFAYARD JF, LEFORT V, et al., 2010. New
algorithms and methods to estimate maximum-likelihood
phylogenies: assessing the performance of PhyML 3. 0
[J]. Syst Biol, 59(3) . 307-321.

KALYAANAMOORTHY S, MINH BQ, WONG TKF, et al.,
2017. ModelFinder: fast model selection for accurate

phylogenetic estimates [ J]. Nat Method, 14(6) ; 587-589.



628 |1 I G/

44 ¥

KATOH K, ASIMENOS G, TOH H, 2009. Multiple alignment
of DNA sequences with MAFFT [ J]. Method Mol Biol
(Clifton, N.J.), 537: 39-64

KONDRATYUK SY, LOKOS L, FARKAS E, et al., 2016.
Phaeophyscia esslingeri sp. mnov. ( Physciaceae, lichen-
forming Ascomycota) — a new lichen species from Eastern
Asia, with a world-wide key to the hairy species of the genus
[J]. Stud Bot Hung, 47(2) : 251-262.

LIU D, HUR JS, 2019. Revision of the lichen genus
Phaeophyscia and allied atranorin absent taxa ( Physciaceae)
in South Korea [ J]. Microorganisms, 7(8) : 242.

MINH BQ, NGUYEN MAT, VON HAESELER A, 2013.
Ultrafast approximation for phylogenetic bootstrap [ J]. Mol
Biol Evol, 30(5) ; 1188-1195.

MOBERG R, 1977. The lichen genus Physcia and allied genera
in Fennoscandia [ J ]. Symbolae Bot
22. 1-108.

NGUYEN LT, SCHMIDT HA, VON HAESELER A, et al.,
2015. 1Q-TREE; a fast and effective stochastic algorithm for
estimating maximum-likelihood phylogenies [ J]. Mol Biol
Evol, 32(1) . 268-274.

NIAZI AR, AFSHAN NS, NASEER A, et al., 2023. A new

species and a new record of the genus Phaeophyscia Moberg

Upsalienses,

( Lecanorales, Physciaceae ) from Pakistan supported by
phenotypic and molecular phylogenetic analyses [ J]. Cryptog
Mycol, 44(4) . 51-59.

ORANGE A, JAMES PW, WHITE FJ, 2001. Microchemical
methods for the identification of lichens [ M ].
British Lichen Society; 1-101.

RONQUIST F, TESLENKO M, VAN DER MARK P, et al.,
2012. MrBayes 3.2 efficient bayesian phylogenetic inference

London;

and model choice across a large model space [ J]. Syst Biol,
61(3): 539-542.

SCHUMM F, APTROOT A, 2019. Virtuelles Herbarium der
Flechtengattungen Hyperphyscia, Phaeophyscia, Physcia und
Physconia [ M]. Norderstedt: Books on Demand: 1-632.

TALAVERA G, CASTRESANA J, 2007. Improvement of
phylogenies after removing divergent and ambiguously aligned
blocks from protein sequence alignments [ J]. Syst Biol,
56(4) . 564-577.

WEI JC, 2020. The enumeration of lichenized fungi in China
[M]. Beijing: China Forestry Publishing House: 1- 606.
[BITA, 2020. AR B ZR 0 (M. dbst.
Molk i ikt : 1-606. ]

WHITE TJ, BRUNST, LEE S, et al., 1990. Amplification and
direct sequencing of fungal ribosomal RNA genes for
phylogenetics [ M ]// INNIS MA, GELFAND DH,
SNINSKY JJ, et al. PCR Protocols. San Diego: Academic
Press: 315-322.

WIJAYAWARDENE NN, HYDE KD, DAI DQ, et al.,
2022.Outline of fungi and fungus-like taxa — 2021 [J].
Mycosphere, 13( 1) 53-453.

ZHANG D, GAO F, JAKOVLIC I, et al., 2020. PhyloSuite:
An integrated and scalable desktop platform for streamlined
molecular sequence data management and evolutionary
phylogenetics studies [ J]. Mol Ecol Resourc, 20(1):
348-355.

ZHAO YF, JIA ZF, 2022. Astrothelium subsiamense sp. nov. from
Fujian, China [J]. Mycotaxon, 137(3) . 477-484.

(RfEHE ®BIE IEH)



