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Abstract: The lichen-forming genus Diploschistes belongs to Ascomycota, Lecanoromycetes,
Ostropomycetidae, Graphidales, Diploschistaceae. This genus includes 48 crustose species
worldwide, and is confirmed as monophyletic group. Based on morphological, anatomical and
chemical observation combined with phylogenetic analysis of ITS, a new species of
Diploschistes, D. viridis (referring to subg. Diploschistes), is found and described from western
Tianshan Mountains. Detailed morphological descriptions, illustrations, habitat and color photos
of this species are provided, and an ITS phylogenetic tree was constructed by maximum
likelihood (ML) and Bayesian inference (BI) method.
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W2 A< J& Diploschistes Norman +& 1852 4F-##
SR, SEECEE T PEFLACR; Thelotremataceae
Stizenb . {HAEILRLG AN SCHLACKL & I BE 5T H
RIR, PeALACRH S SCFARBHE ARSI IE A S
WM RE AR A | F4 | FRMFIIEE L
BVFZALZ AL, MELAREIX 2 RHY X 5 M
— X BITE TPEALAB 2 8 LR, A SCFAK
B LR PR A RSB SR,
Henssen & Jahns (1973)#1 Henssen (1976)f85EfL
A<H} Thelotremataceae F13C 7&K F} Graphidaceae
Dumort 437l JL7E T PEfLAK W H Ostropineae
Nannfeldt F13C7\. H Graphidineae Zahlbr H',,
I UAER S TR B i R G2 e it s it #2281,
PEFLARPHE R LA, (HE M ARICFEARFR,
S HM W IFZRKZFR (Martin et al. 2003; Grube et
al. 2004; Liicking et al. 2004 ; Staiger et al. 2006;
Lumbsch et al. 2014), Mangold et al. (2008)7E K
N0l a6 S s e A T S v 8 S o
CFARBHY R, FF A AR AE SCFAEL
Mo 7E2010 4£1 ( FEER KAL) (Outline of the
Ascomycota)F K T X 4~4328 240 (Lumbsch &
Huhndorf 2010). JE, —Ee2235FHnFEW
2FFBON ST AR Graphidaceae 1T TIRARY
r2ESY . Liicking et al. (2013)5 Rivas Plata
et al. 2013t — LW CFKWER R 3 AR
(tribe): CF A% Graphideae Rivas Plata, Liicking
& Lumbsch . JEfL &K % Thelotremateac Rivas
Plata, Liicking & Lumbsch 1 &5 4<% Ocellularieae
Rivas Plata, Liicking & Lumbsch, FF4EXZAK S
Diploschistes £ & — 73 SC i TE T 305 &K %
Graphideae H . Bfif5, Lumbsch et al. (2014)7E 3
ARG T 4 45875 Acanthothecieae Lumbsch,
Kraichak & Liicking . *{ Zx & % Diploschisteae
(Zahlbr.) Lumbsch, Kraichak & Liicking. JFRACHE
Leptotremateae Lumbsch, Kraichak & Liicking #l
Wirthiotremateae Lumbsch, Kraichak & Liicking,
Kraichak et al. (2018)#1 Liicking (2019)F] F i} [a]

2% 1< (temporal banding approach)43 5| XJ 2% ioi
2N Lecanoromycetes O.E. Erikss. & Winka NP~
SO BT TIRABNSE, HE R CF
AHFl Graphidaceae 24 A ZEACE} Diploschistaceae
Zahlbr . ZPACHE} Fissurinaceae B.P. Hodk . SCFAK
#l Graphidaceae s.str. FIPEFLAE} Thelotremataceae
4 B, FEHEH T ARl Diploschistaceae
FPEFLAE} Thelotremataceae. 7E Wijayawardene
et al. (2022)% KM FAXA YY) FE 0 o8 o
FKIER (CHEMZEEE T EIA ) (Outline of
Fungi and Fungus-like Taxa)® >k H T X442k
AR5

MM RRGE T, WEAKRE T WK
B SCFAKE L JETRT A A5 TR,
25U 48 F (Kirk et al. 2008 ; Pérez-Vargas et
al. 2012; Fernandez-Brime et al. 2013; Abbas et
al. 2014; Ababaikeli et al. 2016, 2018), HEL
HOERA 15 A1 AR (Wei 2020) A8 5
AT ATHE N T BT, AT /D B0R SE e 21 T Hb
[X(Lumbsch 1993 ; Lumbsch & Aptroot 1993 ; Pant
& Upreti 1993; Breuss & Brunnbauer 1997;
Umafia & Sipman 2002), A K7EAA . LIE &
EEFIH AL A | .

XL AR i AR 1) 3 4 R AE S BA 5 2R
o R 2 2 ] R | 22 AR, A
FEER 7 (Lumbsch 1989 ; Guderley & Lumbsch
1996; Guderley et al. 1997), WA=y 252
FH 45 7 BR 25 2H 1Y (Fernandez-Brime et al. 2013),
XA & A A T R IE AR 2 ] ARk
TR 2 RSO O EOE sUfCR) Z R A
i B B2 AR (Lumbsch 1989), AR b A< 411
TR INFIE ST, Fernandez-Brime
et al. QOI)ENZKEHAS N 3 NS :
subg. Diploschistes .

Diploschistes Norman

Diploschistes subg. Limborina Fdez.-Brime, Gaya
& Llimona #1 Diploschistes subg. Thorstenia

Fdez.-Brime, Gaya & Llimona,
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i it A T M 0 I R Bt R e,
DLFNEE A N A Diploschistes muscorum (Scop.)
R. Sant 7E#rsmA AEH T IZ 95341, HEVE /K Gt |
RIFNRA I AE - ERRE UL B, AR HIA
TR AT TR T R X AR Y 2
B MSSY , WSH IRES L IE . A ESEIE
B X578 A 2 &K Diploschistes diacapsis (Ach.)
Lumbsch FJJE B2 () 1 G ER , 76 b7 1k 3 1
b AR ) B D7 w4 B8 29 4 ] (Pintado
et al. 2005),

USRI AL T R ILPEES, HA 7.85 77 hm®
KIRMRBEUE, THAE 1 600-2 400 m Z i), FLT)
AR HAL KL M, R Rl v 9 L
B, XFBRIELLE, R, WET,
Z IR Mo X B P AW E Y, B AR
78 = eS|y Tl e N B o e S 2
BRI R, e — & iRk &, A
KA H %, 58 W 58 RSB+ 5 G BESE
BV B — R s il

2018-2021 4, Xrsm L) s kit AT A
TR PR A AR R T O A & A — R
A SCERAL TR AL . A SR TR A IS
b T 80%)E 13 D 24 A ITS P31, It
#TRGERE R AREE R T E A ) 2
FEPESRBERL A TR

1 AR5 %®

1.1 #R
K BB SRR I PUERIL TS M AR A 14 30 42 WL
GBI AARAS
1.2 HWRESESECEIRNEE
FHAR RG2S (SZMAS) R LA AA F1
PRI ST TMES s AR5 0B s
(Nikon DS-Fi2)Xf #i A /R Fl -3 5 1) N A4 i A
fTWi%%, JH Nikon ECLIPSE NI-E #/F57 4% 3. i
XA AT IR . MR AR SNERIE 25 IR A
NIKON D-810 £A%HHHLHA A

1934 E¥ER

A 2 £ S 3 T2 )2 BT (Culberson &
Kristisson 1970; Culberson 1972; Orange et al.
2001) % 7€ H A A RO o B SO i A I
FA K (5%-10%Z A KER) . C (EAH
HIFUKE W) . KC GEfil K, BHEAMI C)
P R ORI W) o R R AN,
FIRRE R E T HAKER . )2 20k T A
MIERRGE R : C REMW K LME=85:15); G
RGE(H R CR TR P R=139:83:8), f/i xfH
AR, BB AU 365, 254 nm kb %41
ST 2 IR B R AT T 2 W B B R AT
55 PR 2 R A e AR 0 RE L, AATATRR S
A A BT B P
1.3 SFMARGAEFZDHTEE

F| ] Sangon Biotech 3L R 2 DNA ifi#
R & [ T AR TR (i) e A PR\ T3 R
DNA, #H rDNA-ITS REHRE, RH5IY
ITSIF FITS4 #47 PCR P 1 . PCR AR R : 2% Tag
PCR master mix 12.5 uL, 5[4 ITS1F (5'-CTTGGT
CATTTAGAGGAAGTAA-3")Fl ITS4 (5'-TCCTC
CGCTTATTGATATGC-3') (10 pmol/L)4% 0.5 pL,
DNA #4% 2 L, ddH,0 9.5 uL. PCR [ v 5514
95 ‘CHiZZYE 5 min; 10 MEH(95°CAEE 30 s,
66 ‘CiRk 30's,72 CHE{H 90 s); 34 PMEFR(9S C
5 305, 56 ‘CIEk 30's, 72 CHEff 60 s); 72 °C
JEH 10 min, PCR ¥ 3 Wiyl Fp Z 484 T4k
Y TAR () By R 7] 58 o
14 RGEABSH

WPy MY ITS FP4) i DNASTAR-seqman
pro #HATHHE, JFKIFS] Ei4®E NCBI, #1%)7
F1'5 5 OP070000 1 OP070001, M RFELREH
Fir P SNBSS 5 WA ITS JPHITEL

BLAST [Nucleotide BLAST: Search nucleotide
databases using a nucleotide query (nih.gov)]4%

52 3CHk(Martin et al. 2003 ; Fernandez-Brime
et al. 2013; Abbas et al. 2014; Ababaikeli et al.
2016, 2018)7E NCBI ~#k, FrH ITS F4l{5 B4
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Table 1

Species and sequence information used for phylogenetic analysis

Yrkh 44 FEUEARA S KA FER T4 5
Species Voucher No. Locality GenBank No.
Diploschistes ocellatus1 BCC-Lich 13207 / AF098411
Diploschistes ocellatus?2 DUKE 144450 ICHIE. Australia KC167010
Diploschistes cinereocaesiusl ESS 9364 ZWNEHE Venezuela AJ458282
Diploschistes cinereocaesius2 Hb. Palice JEJAZ /K Ecuador KJ542542
Diploschistes wuil Abbas 20093003 i EBrE Xinjiang, China MG461530
Diploschistes wui2 Abbas 20093021 Hr[E Hr i Xinjiang, China MG461532
Diploschistes xinjiangensis 1 Abbas 110821s1 T [E Hr s Xinjiang, China KJ000011
Diploschistes xinjiangensis2 Abbas 110821s2 i EBTEE Xinjiang, China KJ000012
Diploschistes diacapsis1 DUKE 30912 VUL Spain KC166978
Diploschistes diacapsis2 DUKE 130126 E[E USA KC166979
Diploschistes neutrophilus1 BCN-Lich19357 PEHESF Spain KC166982
Diploschistes neutrophilus2 BCN-Lich 19329 VAL Spain KC166983
Diploschistes scruposus Hb. Fdez.-Brime PEHEA Spain KJ542545
Diploschistes gypsaceusl BCN-Lich 19324 PHHEA Spain KC166988
Diploschistes gypsaceus?2 BCN-Lich 19345 PEBESF Spain KC166989
Diploschistes muscoruml BCN-Lich 19344 PEPESF Spain KC167007
Diploschistes muscorum?2 BCN-Lich 19334 PEHEF Spain KC167008
Diploschites viridis1 20217673 HFEF#E Xinjiang, China OP070000
Diploschites viridis2 20217676 HEHFE Xinjiang, China OP070001
Diploschistes tianshanensis1 Abbas 20s1 HrEBTEE Xinjiang, China KC959951
Diploschistes tianshanensis2 Abbas 20s2 rhE#rsm Xinjiang, China KC959952
Diploschistes diploschistoides1 DUKE 144445 VUFEF Spain KC166984
Diploschistes diploschistoides2 DUKE 18863 BRFIT Australia KC166985
Diploschistes rampoddensis 1 BCN-Lich 18011 PHPEA Spain KC166993
Diploschistes rampoddensis2 BCN-Lich 18008 PHHEZF Spain KJ542543
Thelotrema lepadinum / / AF546077

e AW FFPSI LR

Note: The new sequences generated in this study are indicated in boldface.

T 1, #H MEGA v11.0.10 X} iR 831 k47

X} (alignment) , 215 4 4544 57 )5 1] F ModelFinder
(Kalyaanamoorthy et al. 2017)/ Akaike information
criterion (AIC)MENEPE R AERL AR, 4TI K
{RLAR 1 (maximum likelihood, ML)t Y i A
A% TNe+G4, #47 D37 (Bayes inference,

BI) 23 BT (4 B3l 4 780 Sk K2P+G4, {# i IQ-TREE
v1.6.12(Nguyen et al. 2015)7E TNe+G4 BRI | i}
17 5 000 YKHHR B JE (ultrafast) (Minh et al.
2013), LA & Shimodaira-Hasegawa-like T b1 {2l
IR FL G 56 (Guindon e al. 2010)4fE Wi K ABLIR

ARG KRS, E ML W, fH MrBayes v3.2.6
(Ronquist et al. 2012)7E K2P+G # (2 I~ F-471z
17, 1000 000 1X) T #i b DL S HE T R Gtk Ak
HAp s 25% 0 RAEEERE A 2 AL E R g 5 57
(burn in=0.25), % BI . RGKFH AT
fb 5 2L HE Figtree HiEAT .

2 BER54M

21 RGEBDH
ML 2345 BI 20 TSR R 40 K B 46
—, RARGLRFERE 1). REKBEERE

EMER 1935
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TN, 13 DREGAMIFN 3N T 6 D033 BEE e
K D. diacapsis (Ach.) Lumbsch, D. neutrophilus
(Clauzade & Cl. Roux) Fern FIXZAK D. scruposus
(Schreb.) Norman, D. gypsaceus (Ach.) Zahlbr 4]
Fh L 1) SRR 5 5 B 2 IR 7543 32 3 (Clade
3). HrEEALAK D. xinjiangensis A. Abbas & S.Y.
Guo. XA D. wui A. Abbas, S.Y. Guo &
Ababaikeli Fl KR IE WL AK D. cinereocaesius
(Sw.) Vain 3 MR R 4332 2 (Clade 2), ZH%
N 81%, BUS SR N 0.99. G A D. viridis
HRIWMZA D. tianshanensis A. Abbas, S.Y.
Guo & Ababaikeli JAE—32, AL IRAEE, B
X2 MRE BRI ESGRER, FFHX 2 4

100/1.00

YR S EE A A D, muscorum H T R AE 5
3 4 (Clade 4), L HF3 98%, BI ISt % R 1,
BT RGEK B INEIR GBS E — 5, S8
GAG RIGA B GAA & BAR A 25
TAFME, IESh, Clade 4 3£ 5 Clade 3 45332 A
(Clade A), H% N 57%, BI JGHAE%R K 0.86,
P& Martin et al. (2003)F1 Ababaikeli et al.
o16) IR AR, BRELWNE KA GEE T D.
scruposus Y& . D. diploschistoides (Vain.) G.
Salisb, T HL 2 -RXERAK D. rampoddensis (Nyl.)
Zahlbr Fll D. ocellatus (Fr.) Norman 3 ™¥)#14% H
JE R & . AN S HE (Outgroup) I8 DL PEFL A T.
lepadinum (Ach.) Ach 15 T 1 JEF

— Diploschistes ocellatus!

88/1.00

83/0.95

99/1.00

Clade 1
[ Diploschistes ocellatus? ade

99/1.00 Diploschistes cinereocaesius
—|: Diploschistes cinereocaesius2
87/0.79 Diploschistes wuil
{ Diploschistes wui2

M‘: Diploschistes xinjiangensis |
Diploschistes xinjiangensis2

Clade 2

— Diploschistes diacapsis1

81/0.99

87/1.00

73/0.97

57/0.86

i 97/1.00 98/1.00

85/1.00

54/0.97

99/1.00

% Diploschistes neutrophilus
i‘: Diploschistes scruposus
88/0.99 Diploschistes gypsaceus 1
89/0.84 I: Diploschistes muscoruml
Diploschistes muscorum2
m: Diploschites viridis1
M': Diploschistes tianshanensis |

[ Diploschistes diacapsis2

Diploschistes neutrophilus?2 Clade 3

Diploschistes gypsaceus?2 Clade A

Clade 4
Diploschites viridis2

Diploschistes tianshanensis2

Diploschistes diploschistoides!
— Diploschistes diploschistoides Clade 5

99/1.00

[N Diploschistes diploschistoides?2
— Diploschistes rampoddensis |

o Diploschistes rampoddensis2 Clade 6

0.05

1 WEKEITS FHRGELABRN
Fig. 1

Thelotrema lepadinum Outgroup

BN SRR (ML) KT 50%F1)5 B HER (B K T 0.75 B

Phylogenetic tree construction of Diploschistes based on ITS. Maximum likelihood bootstrap value

above 50% and Bayes inference posterior probability above 0.75 are shown at nodes.
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Diploschistes viridis R. Mamut, J.J. Fang & T.
Payzulla, sp. nov. Fig. 2

MycoBank: MB 845080

Diagnosis: Similar to D. tianshanensis A.
Abbas, S.Y. Guo & G. Ababaikeli, but differing in
having a thick, rimosely areolate thallus, containing
orsellinic acid, and saxicolous habitat.

Etymology: viridis referred to the green color
of the lichen thallus and apothecia.

Type: China, Xinjiang, Korla, Hejing
County, Mt. Tianshan, Gongnaisi forest farm,
84.534 444°E and 43.262 778°N, alt. 1 930 m, Jul.
2021, coll. Mamut R., B.T. Li, GNS 7673
(Holotype, XJU, GenBank OP070000, OP070001;
Isotype, HMAS-L, HMAS-L 154766).

Description: Thallus crustose, rimosely
areolate, pale grayish green, green pruina of
densely distributed apothecial discs giving the
thallus a greenish yellow appearance, up to 4 mm
thick; margins distinct, whitish; epinecral layer
25-35 pm thick, without a well-developed cortex;
photobiont trebouxioid.

Apothecia urceolate, densely distributed,
0.3-1.7 mm in diam., with an orbicular, concave
disc with greenish yellow pruina. Proper exciple
red brown, 60-80 pm thick. Hymenium hyaline,
140-170 pum high. Hypothecium red brown,
without oil droplets, 20-40(-50) pm thick.
Paraphyses simple, apices not thickened. Ascospores
ellipsoid, brown, muriform, 30-38x14-17 pm.
Pycnidia not observed.

Spot tests: K+ yellow, C+ and KC+ vivid
red, PD—.

Secondary metabolites: Lecanoric acid,
diploschistesic acid and orsellinic acid detected by
TLC.

Habitat: It grows on the rocks under Picea
schrenkiana Fisch. & C.A. Mey trees.

Additional material examined: China,
Xinjiang, Korla, Hejing County, Mt. Tianshan,
Gongnaisi forest farm, 84.534 444°E and
43.262 778°N, alt. 1 930 m, Jul. 2021, coll. Mamut
R., B.T. Li, GNS7670, paratype; China, Xinjiang,
Korla, Hejing County, Mt. Tianshan, Gongnaisi

forest farm, 84.534 444°E and 43.262 778°N, alt.
1930 m, Jul. 2021, coll. Mamut R., B.T. Li,
GNS7671, GNS7675, GNS7676, GNS7678.

E2 ZREWGKROFSTFEREE A MK,

B: MAKRE RO T2, C: 4d4%; D: F
BN E: FEEADIOEHET); F: ALK
W) G, H: THMAT. WHIR: A, B=lcm; D,

E=100 pm; F=50 um; G, H=5pum

Fig. 2 Morphological and anatomical photos of
Diploschistes viridis (Specimen No: GNS7673). A:
Thallus; B: Magnified photo of thallus (showing the
structure of apothecia); C: Habitat; D: Cross section
of apothecia; E: Cross section of apothecia (in
polarized light); F: Cross section of thallus; G, H:

Ascospore. Scale bars: A, B=1 cm; D, E=100 pm;
F=50 pm; G, H=5 pm.

EFR 1937
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Remarks: Diploschistes viridis is restrictedly
distributed on the shady slope of Gongnaisi forest
farm, with low temperature, weak evaporation, and
abundant precipitation (Fig. 2C). This new species
is characterized by its rimosely areolate, grayish
green thallus and yellowish green apothecia. It is
morphologically similar to D.
having thin, continuous, muddy and uniform
thallus, dark brown proper exciple, yellowish
brown hypothecium, containing lecanoric acid and
diploschistesic acid, without orsellinic acid, and
having corticolous habitat. In D. viridis, thallus is
rimosely areolate, forms a certain shape; proper
and hypothecium are red brown,
containing lecanoric acid, diploschistesic acid and
orsellinic acid, with a saxicolous habitat. Another
similar species is D. scruposus (Schreb.) Norman
which differs in having a brownish gray thallus,
darkish apothecial disc, 100-140 pm high
hymenium, and the predominantly (4-)8-spored
asci. Diploschistes viridis has a green apothecial
disc and 140-170 pm high hymenium, having
always 4-spored asci.
related to D. muscorum in having the same
secondary metabolites, but the latter differs in
having whitish gray, grayish or whitish pruinose,
thinner thallus, being a juvenile parasite on
Cladonia spp., and having a smaller ascospores
(Lumbsch 2002). Diploschistes wui is also
saxicolous, but it is distinguished by its thin bluish
gray thallus, epruinose discs, 8-spored asci, and
smaller ascospores (Ababaikeli et al. 2018).

Gongnaisi Forest Farm is known as a
“old-growth forest”, and is located in nourthwest
of Hejing County, Xinjiang, China. In this forest
farm dead and dying trees are a favorite habitat of
many epiphytic lichens, and lichen diversity on
fallen trees is often higher than that on living and
vital trees.

tianshanensis

exciple

Diploschistes viridis is

FHIETRTAY . ORR 5 RIS AP, HI21%
BRI AR ZOR | B, ERIEYI A

LR SR E A A I (=373
YR A A T4 (0

FHIE: sIARARSEIR, UK, JOIRPER, 5

“viridis”

1938 EIEIR

WEE TR B, hSWEw, A6, HRERE
TR IR (0, 0 8] %85 4 20 3 0 TRT RO 38 0980 4R
B T A G, R K 4 mm, MUK
25-35 um JB, FEMZEEMMEE, L, A
PR R

TR, FIE, PRI THAK
R, 4, BoRE, HAS 03-1.7 mm.
FrAHORE R S ER FE I TR S
RARIE A, ANigsk, 5L, B2 P IHREH 2
£ 0, 60-80 um J& ., F52)ZJ0(0, 140-170 pm
o BEEILLTHE M, 20-40(=50) um JE . ]2z
—, T AR, TN 461, AR
¥, kR, W, 30-38x14-17 um. 4347
THRAM

fE2E R0 MR K+8E 0 CHE41(a, M
KR KC+4I £, PD—.

2z R, WK, &R
(TLC),

By A R R, A A KA
KIW=A2 Picea schrenkiana Fisch. & C.A. Mey.
THEA F

AR A . GNS7673 (BEArA): K%
84.534 444°, 4b4; 43.262 778°, Wik 1930 m,

s AEREL, RINPEEI kY, RN A
ALK, A228EE | 2021 4 7 A ; GNS7670,
GNS7671, GNS7675, GNS7676. GNS7678: %:
2% 84.534 444°, b4 43.262 778°, ¥4k 1 930 m,
BEmAER L, RINPEI MY, RN A
KAR-ERYE, 253k, 2021 47 H .

3 Wi

VA B, BB 2 A R 43 A1 76 LT 5 bk
WA, SRR, 7RSS, Rl X, Bk
TR X (B 20), S EAR 5 K11

&K D. tianshanensis TEMAKE (@, . TR
Mgt | FREFRIRA RN R H)5
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BrhARARES:, W, RIE, WAREIEIR,
WEGRW O, JZEER A, NENEARIRM
RBR, A BEOR, ERIEME b i
GAMANK)E, H—EIeik, ik, 224
%n%)%'%m%@, NERGATR . ZRBIIRANH (@

, BRIV A . SBEEK GWEK D.
scruposus FAT AR 2L RIRER A AR, (H
WEGARP TR RA, 7522 100-140 pm =,
FRAAT RS 15 TEREAGAK TS ok
o, F52)5 140-170 pm 7, THEAMTHR 4 1
IR RUGA G EEHE R A D. muscorum A [F)FF:
PR A B B HAA IR 8RR IR A sk
IR FE . BCTHIACIR , AR 5 A A
@A |, I A BN FEAF(Lumbsch 2002),
RAMGAK D. wui %Hﬁﬂﬂ%ﬁ%ﬁﬁiﬁﬁ%ﬁi
HREAGACH, WA IR K, FRERA:
oK e, R 8 1>, ?@?j(/J\ RS SEPIE 3
AKX /]N(Ababaikeli et al. 2018),

ZHER I, LRI T R BT ARAE R
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