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Identification of the pathogen causing tar spot disease on
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Abstract: Tar spot disease is a widespread foliar disease in broadleaf tree plantations. Its pathogens are highly diverse, and their

disease symptoms and morphological characteristics are often similar, and the ascospores within the ascomata collected in the field

are often underdeveloped, making morphological identification challenging. Based on morphological characteristics and multi-gene

phylogenetic analysis, this study identified the pathogen causing tarspot on Acer buergerianum collected from Chuzhou and Hefei

cities in Anhui Province as Rhytisma annuliforme. These results provide a theoretical basis for the identification and control of

pathogenic fungi causing tar spot disease in Acer species.
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B8 4% 11 I 174 2 VR 1T 38 B9 & Persoon( 1794) ## 37
i Xyloma J& , J5 i Fries(1819) ¥ 44 & Rhytisma, I 1
3.~ Rhytismataceae B} R I8 o 78 Bl J5 A9 4 42
o, LA AT 194 R0 KRR SROT R IE . SR,
T2 B0 00 2802 3 TR U T R 1T 0y, 3L
KA T W) B (4 Parmularaceae Jif 5% ) #i% I A i
WA I3 IR L o AL G253 28 T7 1k FEEAR I 1 9 R E
SO EL A, AR ERIRYE. &S T
R G 10 K R, Jt L J2 Lantz % (2011) il Karakehian
25(2019) B 58, ¥ 7~ T Rhytismataceae i 2 R #f, If
f& 9% J& T3 A E . Wang 45 (2023) X 42 th A B
Joa i T 1Y) 3R GE IO K IR, R R i e LA T I 1Y A
F ALY, AFEEREFRPESHEIF OB
BB 2ES; IR T, g T 248 LT
. BN FF A T4 JBAEY) llex spp., HF %5
IR T 204 ¥ B R 55 1R 4L B 8 Fanglania C.L. Hou,
Q.T. Wang & P.F. Cannon; %7 4 T Ml J& H %) Salix spp.1&
mEk R PR R R, RREE L K RDE SR
W JE %)y b kg 968 AR 28 T8 8 Xyloma Pers.; 7% A T 1R
THY) Acer spp. H. 1 2% 5 90 1] oli W& A #0024 5% TF 0 19
Wy R BERE 8 B B Rhytisma Fr., T BERE 80
J& K 3T G SR SR B B AR I TR AR AR R, AN
B FRAN Ok TR e CPR A 55, 2012) &

U AE R, TE 2 B8 I M T 28 AR Ml R A A% Tl
LAY = A B L, R B K e ER AR B v D I
4 RE AR o 200 AR R TR 4 H W0 R J ot
30~45 d J5 B U BEs 7—9 A #E AT A K B Be, 10—
11 H AT W% 2 o0 28 A1 4% 32 L 11 H 2 IR
SHRAMW LR, 3 AIRE 4 H %) 7 %835 ik
AR, 1995) . AP R ZERN ARG L E I
B FUE 25 27 WL AH 45 6 19 5 s, %o b R % B 114 i
JRHEAT TS, B AR R B E R ) R B A e T
WU KA 2 36 e A BRI AR 4 o

O RS W RvN

1.1 HRARE

FRAS Ry BB BN 1 — At RAE A LA T
N T ER A XA A T &) Ll X XA AT IE A . 2024 4
7 HIE R 8 HWIRAE 4 0y R BB bR A< (Ut B+ 58 2R
WA BA AR FR&EFRIBT), RIE3H R4 H
T8 R S oy A 90 4 AR, FEUCR R 4 e bR AR (1
79 R B A 7R R, S A
ar N BA AT, TR SRR 58 4 B

R BCGAAR AR H = MAas i, RE T Z8E

BN T B X (32.3047°N, 118.3188°E), 4K 24 236 m,
KAEHW N 20247 H 11 H, REANEKEME
ML, 955 2 9 S~ HOU 2184 (BJTC 20242184) F1 HOU
2185(BITC 20242185); b3 — b hn AR T ZBA &
HE T 4 BUAR b K 2 (39.9109°N, 116.4133°E), 3 ik 24
30m, REEHW A 202448 H7H, REANN T LA
ALz AR, 2% 5 43 3 HOU 2186( BITC 20242186) Al
HOU 2187(BJTC 20242187) .

BUAAR AR A = MO i A, SR A T B
N T ERH X (32.3047°N, 118.3188°E), i #k £ 236 m,
FKAEHW N 20244 A 11 H, REANEKEEME
T B, 45 4 %1 S HOU 2182(BJTC 20242182) #1 HOU
2183(BITC 20242183); b5 — it hn AR T ZBA &
BT 28 BeA I K2 (39.9109°N, 116.4133°E), 4K 30 m,
KA H Wk 2025 4E 4 H 16 H, R4 AN F 45 g
AR, 45 43 91 > HOU 2308( BITC 20252308) F1 HOU
2309( BJTC 20252309) .
12 EEEUE
121 mEARIEK

XF R AR R A HE AT WEE, FHAE S P40 T A7 50t
AR, A B e SR AR 0 A AR L AR AR L 3R
[T AN NV NN 3 S B iy = o = S i & (T
Nikon SMZ1000 % 22745 f% /R 4 i S 411 48 e 7
122 RBREAL EHFIEI LT

7 Nikon SMZ1000 % Z2 745 {5 {4 00 @ G B8~ , f
JI R HIAEDD , OF DL 2R 18 K AR 280590 i AR AR 36 s
B J5 7E Olympus BX51 2% i U35 T X AEAS i 28 2
FEAESEAT WA AR I, 0 s T 2 2L 3 A 67 & L )3
b = N a0 1 = e N A (AR A W S Y
FRAE, 1) LT . S A0 M . Sk 22 R f Pl e
FEE S SO FRAE, DA R 22 | + e 0+ Bl 19 P
ARAFNKINGE o R i R B 0 T REE, AN S = D
W 20 S FEAS AR AR 0 SR 09 BOEE A AR R R,
oy R A b SR KL JFH
CorelDraw 3% {4 22 il T % | ] 22 71 F 9 1 7 %5 F5 1F 45
FR B
1.3 RHEEFENW
1.3.1 DNA#BEZ 57| ¥ 3

HR4E Hou 5 (2009) 9 J7 3% , M\ 58 2R b 42 B2
F:N 41 DNA, i ITS11TS4 514 ( White, 1990; Gardes
and Brnus, 1993)9" 1% ITS(Internal transcribed spacer,
N % St ) B X)) IX 3, LROR/LRS 5| 4 (White, 1990)
P18 LSU(Large Subunit, 12 #8 7R K7 %) X 888, f
mtSSU1/mtSSU3R 5| ¥ ( Zoller et al., 1999) 3" 1 mtSSU
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(Mitochondrial Small Subunit, 257 7 /MF %L ) X35, PCR
F2 A ZR Sl 25 pl, 4075 8.5 uL LZEA® K L 12.5 uL 2 x
MasterMix, 1.0 pL 54547 (10 pmol/L) & 2.0 uL DNA
RibR . B S5 HE IR : 1) ITS: 94°C T 2% 1 3 min; 94°C
1 40 s, 45°C 1B k55 s, 72°C FE A 1 min, 3£ 30 D
Ry 72°C 4 FE A 7 min, 2)LSU: 94°C i 2% ¥ 3 min;
94°C A5 455, 52°C 1B k 45, 72°C #Ef# 3 min, 3t 35 4~
PEFR; 72°C LFEAHF 10 min, 3) mtSSU: 94°C T2 1 3 min;
94°C ZZ M 1 min, 52°C iR X 1 min, 72°C & fifi 1 min, &
35 ANMIEFR; 72°C A AEAH 7 min, PCR =4 A TAEY T
PRI A PR v (b [ v ) AT 2l . 0 0 s
132 ZAXFHRGME

T IEFIEMITS 750 5047, Fe e 2 4 RbE

i 4% PEHC 103 B2 Y B5 A% (HOU 2182 1 HOU 2308)
HATARKLEE MG . Ead Xt 2 4 0F 5% bR
A B F 5 4 B, & B H 5 NCBI(National Center for
Biotechnology Information, 3% & & % 4= 9 £ R {5 B
A ) B v PR SO A TR Y P S AR AL 4 T 99%,
WIS iz . R DRI L R GE Ay AL,
B X 2 I R A B 7 9 5 Rhytisma J& N H AL ) 4 2L K
KRG RRBIEN3INE
il Xyloma W REX BN F IIAHES &, R Z EHN RGE R
R

2% Wang 55 (2023) it i 1] /9 A0 ¢ 7 41, K 48
2 1 Fr 3 5 3 5 M GenBank T #AH N 8 ¥E, 75 A
I 7 %) — 3 {8 F§ MAFFT (https:/mafft.cbrc jp/alignment/

Fanglania. Johnstoniella

*x1 AMREGEBESHEAFIERR
Tab.1 Sequence information used for the phylogenetic analysis in this study
LKL B % bRA S aF 2% SCHk
. " % ITS LSU mtSSU

Species name Country Specimen number Host plants References
Cudoniella clavus France ~ AFTOL-ID 166 - DQ491520 DQA470944  FJ713604 Spatafora et al. (2006)
9 4t 55 0 £ China HOU 1406 I cornuta 0Q944273  0Q944311 0Q944352 Wang et al. (2023)
Fanglania hubeiensis
SHAR AR China HOU 943 Lonicera sp. 0Q944275 0Q944313  0Q944354 Wang et al. (2023)
Johnstoniella yunnanensis
Pezicula carpinea Korea  KUS-F51029 Carpinus laxiflora JN033388 JN086691  IN086765 Han etal. (2014)
ik B SR A% TR Canada HOU 1056 Acer platanoides ~ 0Q954769  0Q944293  0Q944331 Wang et al. (2023)
Rhytisma acerinum
BT A 4 TR Germany HOU 1058 A. pseudoplatanus ~ 0Q944148  0Q944295 0Q944332 Wang et al. (2023)
Rhytisma acerinum
BT R 2 T Germany HOU 1199 Acer sp. 0Q944150  0Q944297 0Q944334 Wang et al. (2023)
Rhytisma acerinum
BB A 2 T Germany HOU 1198 Acer sp. 0Q944149  0QY44296 0QY44333 Wang et al. (2023)
Rhytisma acerinum
Tl B 28 T - HOU 203 - GQ253100  FJ495190 - Wang et al. (2009)
Rhytisma acerinum
Rhytisma americanum Canada HOU 1057 A. saccharinum 0Q9%44147  0Q944294 - Wang et al. (2023)
I BB AL T China HOU 1258 A. buergerianum  0Q944151  0Q944298  0Q944335 Wang et al. (2023)
R. annuliforme
IR 50 BE RS 5 China  RoKi 2962 A. albopurpurascens  0Q944152  0Q944299 0Q944336 Wang et al. (2023)
R. annuliforme
LB A A China HOU 2182 Acer buergerianum ~ PX063563  PX063658  PX069840 7 fff 7% iill ¢
R. annuliforme
R L BTG AT China  HOU 2308 Acer buergerianum ~ PX063564  PX063659  PX069841 A< #F 77 i /¥
R. annuliforme
Rhytisma cf. punctatum Russia  Lantz et al. 414 (UPS)  A. pseudosieboldianum - HM140565 HM143838 Lantzetal. (2011)
Rhytisma japonicum Japan HOU 1050 Acer sp. 0Q944276 0Q944314 0Q944355 Wang et al. (2023)
B Canada HOU 1064 Acer sp. 0Q944338  0QY44300 0QY44338 Wang et al. (2023)
Rhytisma punctatum
— i 2R 0 Y B A R Japan  HOU 1049 Acer sp. 0Q944153  0Q944301 - Wang et al. (2023)
WA 1
Rhytisma sp. 1
EBXRE ina oKi . serrulatun ang et al.
EEREAE Chi RoKi 5090 A I 0Q944278  0Q944315 0Q944357 Wang et al. (2023)
Rhytisma taiwanense
R R A B Sweden Lantz 370 (UPS) Sa. cinerea - HM140566 - Lantz et al. (2011)

Xyloma salicinum

T 3R h DUBRLAR T8 6 P Fh R BN A =7 305 7 80 ok J o ) R a9 2R WA i 3.

Notes: The species marked in bold in the table are type specimens;

of origin or host plant.

”»

“—” is used to indicate missing sequence data or unrecorded information regarding country
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server/) BEAT X 5%, 28 Se-Al v.2.03a( Rambaut, 2000) #% 1E
JE HEBR O X 88, TR gt BT ITS. LSU
mtSSU 20 & ¥4 42, 73 ) R 1 e K 1 29 ¥ (Maximum
Parsimony, MP) . Ul - 3t #& W7 ( Bayesian Inference, BI)
il 5 K ALK ¥ (Maximum Likelihood, ML) ¥4 # & 4t &
/.

MP 43 #7 ffi I PAUP* 4.0b10 317, i 3 3 & X 48
M TBR 43 3 38 #, $RAT 1000 YK Bl ALV I 41, Jf:
11 5 W K (tree length, TL) . — Z 1 78 % (consistency
index, CI) . {4 ¥4 #5 U (retention index, RI) . H #5 — 5
4 38 %% (Rescaled consistency index, RC) Al A1 8L 4 48 %4
(homoplasyindex, HI) . %>y sl 0y B A% B8 o 9 2%
¥ % (Bootstrap, BP) PEAk .

BI 43 #7138 1 MrModeltest v.2.3 k4% & [H] 1 £ f 1
BAURLEL, ITS F1 LSU 24l GTR+G, mtSSU 4 HKY+G.,
Kt J5 i F§ MrBayes v.3.2.6 i5 17 I /R 1] ¢ 4% 58 4 R i
B (MCMC), B 4 4555 . 1000 7718, 4 100 R
FE 1R, £ 73 2450 %% (splifrequencies) 1 F- 321 B I i 22
/INT0.01 B E, 75 K0T 25% BALREAR, B TR HE
AT RS R R (PP) .

ML 43 M fE IQ-TREE 2.2.0 Hh 47, 4% 3 R £ U A
535 4 TNe+FQ+G4(ITS) | TN+F+G4(LSU) #l HKY+F+
G4(mtSSU), I [ Bl % 8 & # 4 {A (Bootstrap repli-
cates) BB N 1 000, L 45 H 24 #6; 58 {E ( Bootstrap) .

AW FEAL & ML 43 Fr Hh 3 25 46 5 (B (MLB) >
70% 2 £ W 2R HE, MP 3 #r b H 28 A6 46 6 (MPB) =
70% SCHFRYFEHE, LK DL 37 )5 30 38 (PP) = 95% 3¢
FRRIZREE . RSk E W AHH FigTree v1.4.3 Al #iL 4k, I
i 5 CoreIDRAW X4 #4745 AL HERR

2 GRS

21 EEFHIE

Rhytisma annuliforme (Syd., P. Syd. & E. J. Butler)
C.L. Hou, Q.T. Wang & P.F. Cannon( & 1, K[ 2)

e SR B AR A6 A B, Ay OO AL A NS
HoAfh 72 R S ARl 7 a8, B % 792k
TRRMINTILE S o A8 7 2 AL, EAR R R,
ELAEH 1100~2 500 pm, B i M, I3 i 24~ A B
MREETE O, T Y, TRR MR T 2R
BN A, A I A — S R A 2 AR G SR
2 M 5% Y, TR BE R 120~250 pm. B 5 2 5 27~35 pum,
M1 AR N 4~9 pm 1Y 40 20 s )2 & B A, R
0 15 i U0 1 7522 8 2R 14~30 pum, | ELAE
R 3~4 um 14 20 2R, HE A B 6 TB £ 2 2

BELL A 22 20k, 3 TR T4, %29 1 pm,
TR K, AN 53 B, F 522 UG I 22 96 2% 5 %
Gy WEE . B A3 6] 20 W, il D ok A 3, 2
Bk 2 A, AW, BEHE, K/ A (80~130) pmx (12~
16) pm, FH M+ 76 FE N HT R 1~217, K/ANK
(12.0~21.0) pmx (4.5~5.5) um, 1 [ )% 2 {5 50 2 , 18
IR RBIAETE 28, o, Jobm, BEW, Jer,
A 2 EAR 3~4 pm 1 KM, 43 5L T 76 1 7
617 FLS B e o

TS a i) L REE TR TR
S IE B R B, A FCTE AN RN 3R v e B e b, ARSI
B EARHMIE, B, AOoE, B8N T 25 R i,
EL 24 300~1 100 pm, H 5 X 508 5 40 -, 8
ANELIN ) 24 TF O o R EDVE D, AT AL T
R T I o R, TN 90~250 pm, [ BE R, &
JE 2 22~30 um, A B A F — 2 Bl R 21 40 AR
() 2% B2 20 M 5% 4%, A ELAE R 4~9 pm; R BE R AR B
HI B A 3~4 pm (18 SRR B AR 20 i A 1, JE B2 Dy 15~
22 pm, G A A AR E O A 7 R A TG £, RE
JG, T NN BE SE o TC R B A AR R R A, R
/N (6.0~16.0) pmx (1.5~2.5) pm, B4, {8 [ T 55
WrAn, TR R R, WA TE 1~2 pm RS, 3k
¥ JC 0, BEVE, JORR, D6, WA B B0 v i 58, K
/N H(3.0~4.0) pmx (1.5~2.0) pm, i 5o T 3 14 45 189 7l
B I T 1 E 0 7 2, DA A 7 AR AH A Y T K
) T o
22 RGEREBHW

F T2 4 ITS, LSU F1 mtSSU rDNA 40 [, %} 5
SERLTE H A 18 MR E T RGEL F 437, LA Cudoniella
clavus (Alb. & Schwein.) Dennis 1 Pezicula carpinea (Pers.)
Tul. ex Fuckel 7E 7 4S8 8, MM & I 16 EL X B9 X 888 5
21 A R R IR 2 084 BRI B . T A I B K T 29
2 M A% B — A~ e @ R 3), TL R 1298, CL2H
0.699, RI 4y 0.740, HI 7 0.301, RC /g 0.517, A7 45
MRS KRB EHA LRI EEH .

TE R % % B W E, f54 HOU 2182 . HOU 2308 1
Fr 3 55 ¥ 20 B RE 25 T L i SRR R TE — 32 (MLB = 98,
MPB = 100, PP = 1.00), UL &l 3. [H b, i W 8 46  h

3 e

AMFRETEEASRE LT 0N, BR AL
TR TR M T A S AT = A B A A 3 B AR AR


https://mafft.cbrc.jp/alignment/server/

543

FHFHEAE: 22 B = iR B D R 75

1000 pm

" 500 pm

& .

1000 pm 500 pm

1 £KE=ZFREFMHNFEM_EA Rhytisma annuliforme ( BJTC 20242182 )
Figure 1. Rhytisma annuliformeon living and dead leaves of Acer buergerianum (specimen BJTC 20242182)
s AL C-D. =BT R b ™A 1 3 MURRE AR, PR/ NBEC R BRI FRER B, MG LB FRE B =Rt b s R R Ao A
T2, Fi 3k FHE R o A 7 2% F-G. = FAmint B LAY i+ 3 R 88 02

Notes: A, C-D. Typical symptoms of the disease on a living leaf of Acer buergerianum, the small black patches are immature ascomata; B. Mature ascomata on a

dead leaf of Acer buergerianum; E. Mature ascomata and a conidioma (indicated by an arrow) on a dead leaf of Acer buergerianum; F-G. Mature ascomata on a leaf

of Acer buergerianum exposing the hymenium.

FE KRB RE 5 . Sydow 45 (1911) R 4% HE &
BRI P 0 T 2 G W8 Schizothyrium, 1 24 4 1
a4 JE B Schizothyrium annuliforme Syd., P. Syd. & E.J.
Butler, Cannon 55 (1986) 4K 4 H KA1 B (6 F 4 IR | 4
SPARTF BTy B H AR SRR AR, M B =
P55 £ 5 Bl Rhytismataceae, I T 45 4 FROR 47 (G £

Viladracula annuliformis (Syd., P. Syd. & E.J. Butler) P.F.
Cannon, Minter & Kamal, Wang 25(2023) #:F nrLSU 5
mtSSU J5 51| i & ¢ & 7 43 Bt , #2728 T i e 4y
R E BRI T Rhytisma J& , RILHE V. annuliformis &b
K R. annuliformis 54 o M T2 AL bR A< (1903
ARR H EDEE) E A5 B, TR R AR O 7 B, Wang 4§
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B 2 Rhytisma annuliforme ( BJITC 20242182 ) RIS ZAS4SE
Fig.2 Microscopic characteristics of Rhytisma annuliforme (BJTC 20 242 182)

TE: A THERIDNIEL B. 20 T2 U E; C. &A1 R T I A T4 MR AN T4 D. 7447,

Notes: A. Part of an ascoma in vertical section; B. Vertical section of a conidioma; C. Mature asci containing ascospores and an immature ascus; D. Ascospores.

100/99/1.00

89/-/1.00|

99/92/1.00|

76/-/-]

-195/-|" Rhytisma annuliforme HOU 2182

Rhytisma annuliforme HOU 2308
98/100/1 ,Oorcr

'me HOU 1258

100/100/1.00

Rhytisma annuliforme RoKi 2962

Rhytisma sp. 1 HOU 1049

Rhytisma cf. punctatum Lantz 414

100/100/1.00) Rhytisma taiwanense RoKi 5090*
Rhytisma japonicum HOU 1050*

Rhytisma acerinum HOU 1058

91/95/1.00)
Rhytisma acerinum HOU 1199

Rhytisma acerinum HOU 1056
Rhytisma acerinum HOU 203

Rhytisma acerinum HOU 1198

79/72/0.95)

Rhytisma americanum HOU 1057

99/92/1.00

7 Xyloma

y p HOU 1064
F ia h i is HOU 1406*
Joh iella y is HOU 943*
Lantz 370*

C iella clavus AFTOL-ID 166

Pezicula carpinea KUS-F51029

0.02

3 EFITS.LSU 7 mtSSU EEFIMBMRGL ER
Fig. 3 Phylogenetic tree constructed from the combined sequences of ITS, LSU and mtSSU

#: RGE LB WL Cudoniella clavus (Alb. & Schwein.) Dennis F1 Pezicula carpinea (Pers.) Tul. ex Fuckel 1 72K #E, MBL=70%, MBP=70%, PP=95% HJ3Z
FHEADIRRAE 433 b 7 RIS T H, IHLCR AT IR AR 1R AR, S ERE A ST T RAFRA I P91 T FE 1 733

Notes: The phylogenetic tree was rooted with Cudoniella clavus (Alb. &amp; Schwein.) Dennis and Pezicula carpinea (Pers.) Tul. ex Fuckel as the outgroup.

Support values (MBL = 70%, MBP = 70%, PP = 95%) are indicated on the branches. “*” denotes sequences from type specimens. Sequences generated in this

study are shown in bold. The clade containing the sequences from the specimens obtained in this study is highlighted with a green box.

(2023) ) H & E 7 75 44 £ 14 W Acer albopurpurascens
Hayata [ AR AS (37 3 [ )& 4 Zx i) 4T 1 R 40
REHE, BN KA, AWFE e R
537 K8 X b, i — 2 SZH5 5 R HOU 2182 5 HOU
2308 5 R. annuliformis A [7]— ) F .

4 %5

AR I IE TS A R IE S Z 3N RS LT T,

X 22 B T M T R I TT A B R R ) i T
117 %58, W Ho I o IR EBEE R . A BEOE
PRARAM IR T %0 IR A SRR S R T R, iR
F 2 W B AR I, X = B TR ) B 5 B Y
A SRR S SRR A

2 £ X M

R REEHE, B, AF. 2020, AJE H YD R E DT HE R (], SRR LB



543

FHFHEAE: 22 B = iR B D R 77

¥ (20): 100-102, 105.

Chu M, Cheng T T, Huang H, et al. 2020. Research progress on diseases and
pests of Acer[J]. Modern Agricultural Science and Technology, (20):
100—-102, 105. (in Chinese)

HIFI. 1979, 1 = BRI M]. bt B A

Dai F L. 1979. Sylloge fungorum sinicorum[M]. Beijing: Science Press. (in

Chinese)
B IR, 1995, = Ff AR B0 975 S BT 10 AOF 9 [J]. W VAR 2% B 2 4, 12(3):
268-270.

Hou C L. 1995. Study on pathogenic fungi of Acer buergrianum leaf spot[J].
Journal of Zhejiang Forestry College, 12(3): 268-270. (in Chinese)

HIEAR. 2004, 24 — L8 FRE B Bl e SR IRUHD 35 % DPPHL A 1h 9 35
PERIER ], LR K247, 31(2) 2 197-202.

Hu F L. 2004. Free radical scavenging activity of extracts from fresh leaves of
some timber trees in Anhui Province[J]. Journal of Anhui Agricultural
University, 31(2): 197-202. (in Chinese)

95 FL, VLR B, AL 5, 45 1994, B0 J A5 IF & W Aokt 14 T a4 Y WF
FE]. RRAO KR 54R, 21(4): 381-428.

Ke B F, Jiang Z H, Wang C G, et al. 1994. Timber qualities and uses of rare
wood species and trees to be developed[J]. Journal of Anhui Agricultural
University, 21(4): 381-428. (in Chinese)

MRYEAE, XV Rz, B UK, 55 2012, P B LA & SRR AL H (M), b st
(i) T

Lin Y R, Liu H Y, Hou C L, er al. 2012. Flora fungorum sinicorum:
Rhytismatales[M]. Beijing: Science Press. (in Chinese)

S 4. 1994, JARK 4G TR AR B A BE P 2 4 B S A S B R BF 5 (0],
gl R 22441, 21(3): 375-378.

Liu S Q. 1994. Study on wood acoustic indexes and related properties of five
tree species such as Kalopanax septemlobus[J]. Journal of Anhui
Agricultural University, 21(3): 375-378. (in Chinese)

i it 1), 5 =M AT 2 A% 2003, — 865 UL B AT T R 6E I BR L Eh R
BB FE 1] AR K2 2441, 30(2) 1 193-196.

Lu R L, Hu F L, He Y H. 2003. Free radical scavenging activity of the
FreshLeaves of some shade trees[J]. Journal of Anhui Agricultural
University, 30(2): 193—196. (in Chinese)

ik, F/NVE. 2005, K F AR AR 4 7 BT 50 IR S5 0T 2 AT 0], KU
KM CARNR), 2(5): 35-36, 45, 110.

Ma J, Wang X D. 2005. The germplasm resource of maple species and
assessment of their exploitations and utilization in tianmu mountain[J].
Journal of Yangtze University (Natural Science Edition), 2(5): 35-36,
45, 110. (in Chinese)

Te B ok, VER, WHRAT, 45, 2004, RO B IR K AE 1L AR T AR R P Y
BEFA[]. Bidr kB (5): 50-51.

Qiao Y J, Xu J W, Xie S Y, ef al. 2004. Application of maple to garden
greening in Shandong[J]. Protection Forest Science and Technology, (5):
50-51. (in Chinese)

Il 5, B o, LR G, &5 2003. TR BE BLAE B 2 1 T G 2
R[] VTVG AR R A 2440, 25(5) : 652-655.

QiuY X, Chen S X, Du T Z, et al. 2003. Seasonal changes of leaf protease

activity in several varieties of maple family[J]. Acta Agriculturae

Universitis Jiangxiensis, 25(5): 652—655. (in Chinese)

M7, X5 4, 8 2% . 1994, = FA AR A4 P B 3 9 WF 52 (0], 8L
el K224, 21(3): 370-374.

Ren H Q, Liu X M, Zi X Z. 1994. Wood qualities and uses of ya maple[J].
Journal of Anhui Agricultural University, 21(3): 370-374. (in Chinese)

HHUAL 2002. SO, 15 Je X A5 A I - ey il 5 P B 2 38 S A B2 TR (D).
HEALHE I e~ 408 (B AR AR, 23(2): 55-57.

Tong G H. 2002. The impact of SO, pollution upon the dissoluble sugar and
the content of chlorophyll of Lamina[J]. Journal of Huaibei Industry
Teachers College (Natural Sciences Edition), 23(2): 55-57. (in
Chinese)

A A, B2 (. 2005, A7 V8 TE 25 FI (B /9 o0 5 RS BUR A ) (1. H 2544,
28(3): 176-177.

Wei X Y, Liang J. 2005. Acer plants with potential medicinal value such as
Acer truncatum[J]. Journal of Chinese Medicinal Materials, 28(3):
176—177. (in Chinese)

VIR, 2017, =-E A4 EUE IR 5 20 A8 S0 AP IF 50 B = Mk i it 4
AR A )F [D]. B BRI TR

Xu J H. 2017. The Tissue Culture of Panax notoginseng and Polyploid
Induction and the Complete Chloroplast Genome Sequence of Acer
buergerianum[D]. Kunming: Kunming University of Science and
Technology. (in Chinese)

T E, IV, AR, 2E. 2020. 10 Ak o Al 4 9 A 25385 P4 (D). ST
AL, 48(9): 103-108.

Yang Z H, Sun Y, Lin B, et al. 2020. Evaluation on ecological adaptability of
ten Acer species[J]. Guizhou Agricultural Sciences, 48(9): 103—108. (in
Chinese)

Cannon P F, Minter D W. 1986. The Rhytismataceac of the Indian
subcontinent{M]. Wallingford: Centre for Agricultural Bioscience
International.

Fries E M. 1819. Uppstéllning af de i Sverige funne Vértsvampar (Scleromyci)
[J]. Kungl Svenska Vetenskapsakademiens Handlingar Ser, 3(40):
87-112.

Gardes M, Bruns T D. 1993. ITS primers with enhanced specificity for
basidiomycetes: Application to the identification of mycorrhizae and
rusts[J]. Molecular Ecology, 2(2): 113—-118.

Han J G, Hosoya T, Sung G H, et al. 2014. Phylogenetic reassessment of
Hyaloscyphaceae sensu lato (Helotiales, Leotiomycetes) based on
multigene analyses[J]. Fungal Biology, 118(2): 150—-167.

Hou C L, Li L, Piepenbring M. 2009. Lophodermium pini-mugonis sp. nov. on
needles of Pinus mugo from the Alps based on morphological and
molecular data[J]. Mycological Progress, 8(1): 29-33.

Karakehian J M, Quijada L, Friebes G, ef al. 2019. Placement of Triblidiaceae
in Rhytismatales and comments on unique ascospore morphologies in
Leotiomycetes (Fungi, Ascomycota)[J]. MycoKeys, 54: 99—-133.

Lantz H, Johnston P R, Park D, et al. 2011. Molecular phylogeny reveals a
core clade of Rhytismatales[J]. Mycologia, 103(1): 57-74.

Persoon C H. 1794. Dispositio Methodica Fungorum[J]. Neues Magazin fiir
die Botanik, 1: 81-155.

Rambaut A. 2000. Estimating the rate of molecular evolution: incorporating


https://doi.org/10.1111/j.1365-294X.1993.tb00005.x
https://doi.org/10.1016/j.funbio.2013.11.004
https://doi.org/10.1007/s11557-008-0575-z
https://doi.org/10.3897/mycokeys.54.35697
https://doi.org/10.3852/10-060

78 WA

R

k
B
(]
B

non-contemporaneous sequences into maximum likelihood phylo-
genies[J]. Bioinformatics, 16(4): 395-399.

Spatafora J W, Sung G H, Johnson D, et al. 2006. A five-gene phylogeny of
pezizomycotina[J]. Mycologia, 98(6): 1018—1028.

Sydow H, Sydow P, Butler E J. 1911. Fungi indine orientalis[J]. Annales
Mycologici, 9(1): 372-421.

Wang M M, Jin L T, Jiang C X, ef al. 2009. Rhytisma huangshanense sp. nov.

described from morphological and molecular data[J]. Mycotaxon, 103:

73-82.

Wang Q T, Guo M J, Lyu T, et al. 2023. Phylogeny and taxonomy of Rhytisma-
like species worldwide[J]. Fungal Diversity, 120(1): 77-119.

White T J. 1990. Amplification and direct sequencing of fungal ribosomal
RNA genes for phylogenetics[M]. New York: Academic Press.

Zoller S, Scheidegger C, Sperisen C. 1999. Pcr primers for the amplification of

subunit ribosomal DNA of lichen-forming

mitochondrial small

ascomycetes[J]. The Lichenologist, 31(5): 511-516.


https://doi.org/10.1080/15572536.2006.11832630
https://doi.org/10.1007/s13225-023-00519-2
https://doi.org/10.1006/lich.1999.0220

