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Taxonomy of Rhizoctonia fungi: status quo and problems

LI Wei "%, CAO Shulin'?, CHEN Huaigu
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2 Jiangsu Co-Innovation Centre for Modern Production Technology of Grain Crops (Yangzhou University),
Yangzhou 225009, Jiangsu, China

Abstract: Plant pathogens Rhizoctonia spp., which include diverse organisms, are soil inhabitants.
They produce no spores and survive as hyphae and sclerotia. This paper reviewed classifications
(according to number of nuclei, anastomosis, sexual reproduction, phylogeny, ect.) of Rhizoctonia fungi
and analyzed the status quo of the taxonomy. Based on the number of hyphal nuclei, Rhizoctonia spp.
are classified into uninucleate (UNR), binucleate (BNR), and multinucleate fungi (MNR). BNR and
MNR are omnipresent, while UNR are rarely found in the nature. According to the result of anastomosis
reactions, MNR and BNR are respectively categorized into 13 and 18 anastomosis groups (AGs). Some
AGs are further divided into subgroups based on some stable characteristics, but the standards for the
subclassification are not uniform. The results of molecular phylogenetic research also support the
classification of AGs and subgroups. Based on the morphological characteristics of some Rhizoctonia
isolates with sexual reproduction, MNR and BNR are identified as Thanatephorus and Ceratobasidium,
respectively. At present, genome sequencing has been completed for at least 17 isolates of 9 AGs or
subgroups which are important plant pathogens and orchid mycorrhizal fungi. Comparative genomics
and mitogenomics have played an important role in the classification and phylogenetic research of
Rhizoctonia. In summary, the classification systems of Rhizoctonia are special and complex. The authors
also analyzed the problems in the taxonomy of Rhizoctonia and the future research trend, hoping to

provide a reference for the future research on Rhizoctonia.

Keywords: multinucleate Rhizoctonia; binucleate Rhizoctonia; anastomosis group; Ceratobasidiaceae;
orchid mycorrhizal fungi
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Figure 1

Life cycle of Rhizoctonia fungi as plant pathogen. The photographs with image number at the

bottom right obtained from IPM images (https://www.ipmimages.org/), more information could be checked
out according to the number. Other photographs were taken by the authors.
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Figure 2 Fluorescence staining of the nuclei of

MNR (A) and BNR (B). Arrows point out the
septum in the hyphae (S).
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Table 1 The criteria of classification of hyphal anastomosis reactions*™!
A e 3 7R ELERS, SR
Reaction Phenotype Nature of genetic relationship between isolates
CO  TCHHEAEM WAL, AHE R ToE TRGRFR, BT MBS
No interaction Hyphae grow past each other, no recognition Isolates have no genetic relationship and belong
to different AG
Cl AVRZ3%fh A RE s REAAR A, PERESA B il st T R BOERE R, 8 T AR GG
Hyphal No evidence of wall or membrane contact, reaction may or Isolates have a distant genetic relationship and

contact only  may not be accompanied by cell death belong to either the same or different AG

C2  HEfu S il ANfEEERMOTRLG, PRBERA A ANERSET:, AT MR R ML 225, 8 TR R
FET- B TR A
Killing

reaction

Isolates represent genetically distinct individuals
Wall fusion (anastomosis) evident, with cell death of that belong to the same AG
anasto-mosing and adjacent cells, somatic incompatibility

response often macroscopically visible

C3  SEafhs AR RE SRR, JCARIRAE TR

Perfect fusion Wall and membrane fusion evident, point of anastomosis

P/wsi e s o=t 2 N R . S
H AT BESE Al — S BRR A A [l Bk 2R

not clearly visible, cell death absent Isolates are genetically identical or closely
related, individuals belong to the same AG and

may represent clones

A: *Eﬁ%, B:

3 ZHH R. solani BHHE LA R LI ZR Rl BRI S AR PET s C
MD: E2fE, PR 10 pm

Figure 3 Anastomosis reactions in multinucleate Rhizoctonia solani strains”®!. A: No fusion; B: Fusion with
death of fused cells; C and D: Perfect fusion. Bars=10 um.
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S Fax e HA SR REAFAE T8 , ) L2 0 2R
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2.3 ETEZMinEmTES %K

B & I 5% 18 TR R TR AR 8 ) PR 1
TEFR 53 B B P 3L A3 A [R) 08 S A S [ 22 4%
B8 1Y T 22 Bil& 49 %% (anastomosis frequencies) .
ZF F AW (host origin) . U 1 (pathogenicity)
R 4L (cultural characteristics) . 4k 4 & 75 °K
(vitamin requirement) . & [ 8% 53 22 5 S5 %5
Bl AR Ay 5 T P IR A 7 AR B 0

SVASRUL, R4y R 280 BAE 2 4%
2R (R 2), ZRLEE AG-1 BG 1

AMLBEB 5 EIKRI R SURT , BB Z Ml
Py SE AL A (leaf blight), PRI, ARE B PR
XA TR 2 E R BOREX 23 TA | IB Al IC W
BENS S350 3 ASERE ID . TE 1 IF U2 AR A
A PN %4 53¢ [R] B X (ribosomal internal transcribed
spacer , ITS)J¥ #1] #l [7] T 1) 22 & i 17 X 9
e, AG-2 B A REH, AG-2-1 Il AG-2-2 W R¥
SEARE G RR B A RS AR X A3 Y, (HE AG-2-2
mB # AG-2-2 IV, AG-2-2 LP (large-patch
symptoms) W 3= Z AR B B0 PR AR I IR R
fiE (culture type)2 & X 431%, AG-3 @&
A3 ANERE PT. TB 1 TM, 43 3% & A 1 25
F 5 £ ¥ (potato) . 4H FL (tabacoo) Fll F jili
(tomato)®* 3T DNA 458 RELAY A R 1 22 57
AG-4 BlGFE X453 HG (homogeneous group)-1
M HG-IL LR, AG-6 Bi-GHE/M M HG-1 #l GV
(genotypic variation) W #E!' J5 HEETF M AR 1
(fatty acid profiles) 2= 5%, AG-4 fltGH#E 5
T HG-IIT W, AG-9 filt & FF I 2 M40 4 A=
£ Bl WTRER T HHEZR By JiFRE! TP
(thiamine prototrophic)fM4EA K B, EH TX
(thiamine auxotrophic)iV 7",

WAL, BETE T f e H A A
4 AG-B. AG-D il AG-F X 3 Ml &HE(F 3).
AG-B ) Ba., Bb il Bo W fHf AR 4 1R 22 fil 5 471
SRR FRRFIEIX 3191, AG-D 1y DI, DII Al
DI WA RIS SRR . P22 K, il
B BURME K ITS AR50, 51k
INZE BURG R . BLPE R R Rhizoctonia-patch |
winter-patch il winter-stem-rot %55 3 [ & DI
WARE, M5 EEPEE elephant-footprint JiF 3 Ay
J& DILEREDY ) 5 R BE Y spring-rot 3 F 1
J& DI AP, AG-F #J Fa Fil Fb W AR B4
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K2 SRLZER. solan))IFh S B R T &

Table 2 The different anastomosis groups and subgroups of multinucleate R. solani isolates

AR AR Fe iR sl AF A

Group Subgroup Source or host plant

1 IA, IB, IC, ID, IE, IF KRG, Bk, MAE. M. ME. B0, FEE. HIE b WK, D%, KY
EATRE YR
Rice, corn, cotton, sorghum, lettuce, cabbage, buckwheat, carrot, flax, potato, soybean
and other leguminous plants, etc.

2 1,2-1IB, 2-1V, 2-LP, 3,4, KFi. B, BEE, fB&H . 2. B G, HFERMEY S

I, 12T, BI Rice, corn, strawberry, tulips, ginger, grass, sugar beet, cruciferous plants, etc.
3 PT, TB, TM A MR FKh4E Potato, tobacco, tomatoes, etc.

HGI, HGII, HGIII

BHEE . PHLLMG . S BIE. AL ML, REFERHEYE

Sugar beets, tomato, potato, pea, onion, cotton, soybean and other leguminous plants, etc.
5 THEOURERE), DRE. BOoE KESERHEYE

Soil (non pathogenic), potato, grass, soybean and other leguminous plants, etc.

6 HGI, GVI1, GV2,GV3,GV4  +HE(TOIEME), 3245 Soil (non pathogenic), sugar beet, etc.

7 K& Soybean

8 INFE L K. KEETRHMHEY) Wheat, barley, soybean and other leguminous plants, etc.
9 TP, TX e - IERHMEY) Potato, cruciferous plants

10 + 3 (TR JE ) Soil (non pathogenic)

11 INFE | K FE % Wheat, barley, etc.

12 AEMZE . ¥ b Cauliflower, radish

13 43 (TR JE %) Soil (non pathogenic)

W BE A S CH1-2,31,51,59,62-66]
Note: Summarized from references [1-2,31,51,59,62-66].

ATy 22 A TR il T N AR 18 X 93 5 AN
SERMAR 2G5 57, LA RERRZ R e
WHE” . AR EE ST E— D AL T A% TR 2
R0, AR ELAG B 4 A SR AR SO
TEBEAE, e RS | R 3 B 45 S A s B
SR R T E SV SR, TEERERY 2R
Bt 41 1) 22 75 (phenotype) LU B 2, 280 tL
TR GE W LR 3 2 T VI 3l i Ok . BRECIE
152 BRI B AT EE A BT SR A, PR
AR RAETEA Rl G T AR IR 2 4 . 51
b, R IE HR AR B AR AN T
24 ETAEMHRIFERND

e T A VAR AR B9 43 28 R LR 4 8 2
i LA, N CEIPREEE | ) A
Wy kR WIEM 2018) AUk TR L L
AU B RE i BB AR A M A A RRAE 22

ARG R B RS T AN A8 2 (speciation), K
MtEERT | BERERERERVY v
BHRILESFVIE T EEENREIE S L%
R A3 Rl T D FE R A PE A . TEZ2A% TR
s b, BT A R A AR B RHIE
W03 4 A& AT E (Ceratobasidium
Rogers). W E & (Tulasnella Schrot), T-Hip
J& (Thanatephorus Donk)#1 Waitea Warcup &
Talbot!"!, JE4ER, JEBRIELEE N T RS
EOPREE IR, R E N Waitea J& C W%
FAHERE, o nlE T XS H N AR R
(Tulasnellaceae) FI K B B H (Corticiales) T W1k
B R Corticiaceae)' ™ . KISk —H BA
NI& Waitea JEH) R. zeae Fl R. oryzae, T.H{H
%N W. zeae (Voorhees) Crouch & Cubeta #ll
W. oryzae Crouch & Cubeta®,
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Table 3 The different anastomosis groups and subgroups of binucleate Rhizoctonia isolates

Fl-& B Group

P #E Subgroup R UEE 7 F4H4) Source or host plant

A=CAG2 W D48 %E | [ 24 Peanut, potato, horticultural plants
B Ba, Bb, Bo +HEOOREME), KFE. EKEE Soil (non pathogenic), rice, maize, etc.
C 22BHEY . BHSE Orchid, suger beet
D=CAG]I DI, DI, DIII  /NZE . RF . HEFEFEE Wheat, barley, forages and turfgrasses
E=CAG3=CAG6 THEOURIEE), BERKEEAY . CEJRHY Soil (non pathogenic), Oxalis, Erigeron
F=CAG4 Fa, Fb THECOWEYE), BE. KRS, W, A%
Soil (non pathogenic), strawberry, soybean, pea, peanut, etc.
G SO EAEY) . 1E4E . HREEF Stellaria, peanut, strawberry, etc.
H + 5 (JEIR 5 Soil (non pathogenic)
I THECTRIENE), ®. BAE. 2RHEY S
Soil (non pathogenic), sugar beet, strawberry, orchid, etc.
K +IEOUHEEME), #H3E . BEZA Soil (non pathogenic), sugar beet, onion
L 1 3% (FoH )5 ) Soil (non pathogenic)
o 1 3% (FoH )5 4) Soil (non pathogenic)
P=U ZRHEY . AR, HEAR . 2 Orchid, tea, Betula, ginger
Q B Turfgrasses
R=CAGS5 TR, N, HEA . 2 Soil (non pathogenic), cucumber, Betula, ginger
S=CAG7 + 8 (JCHR JE ) Soil (non pathogenic)
\Y% F3k . 2 Taro, ginger
w A% FHSE Potato, suger beet

W 4537 CHR[2,10,33,38,44,47-48]
Note: Summarized from references [2,10,33,38,44,47-48].

HAET, WRHA AR 22 e, 21
SEAR AL AN T B (Thanatephorus)™
T 4% @il A 1 2 [ PE R A9 4H 7 (basidia) . $H
M (sterigmata) F1#H 761 (basidiospores) 1 JE &
FRIE 2R A w2, WA e il)E FR—4
i, BDJRTZZE [ T. cucumeris (Frank) Donk]. .
W2 A% TR M A% 2 R H 2R MR
(Ceratobasidium)'"™ . X% A% WA R A #EZ
A AR R 2 R R A NGRS
A% AL W RS R M, 2l T I A
] (AR EOY, (HJE S S 5 SR I AR AT 22 A9IA
Al HOET A 22 R BT & BRI R A AR
Ceratobasidium sp. LG RERAT L . 22K
TE H AR Ao A e/, H R GE 1 AUTERA A F1
R AR o0 B B Ok | BT

D EBEE . RIEESNE 5 DwkeA e
ROBEHFHIE, Hietala 55Ny BA% 22 1 TR 1O A 1
THACTE AL 5 2R AR A PHAE B — T 27 AR 7R 5 8
¥ FETE C. bicorne J. Erikss. & Ryvarden
FLEEAR &, B T8> C. bicorne MIARETE
B, JERMEE— e ik, xEF A
WA MR, F Ceratobasidium sp. 37~
LSt

AP A FF T — B 5 XS 51 /N E SO
P 22 ¥ 8 AG-DI EAFY SSR R 15147,
A T RE AR . L8 IR R
4 DERERREA S LA M, S5 RER], B
22 1%, % AG-DI MEAF % 1) J5t i) S 3 AE R REIE A
Lt ferbrl e 8] EEAEN, HEAER KM
A PEEACH A B0 dn ey 52 B gt 4 1 ot A S 45T
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RIEHPI, Liv SRR L1515t 5
M) 7 ATEREFE R T RS LIS, TR B
FEAE AR SE T FRATALE T, B A 75 #6
K AG-DIWERE bR i AT g AS 1B —A>, i
— B UEH] T 2R T S

YE&IN R, 2R EA TS R
L, HAMEM A TR R — e 2. 2K
LR A Acremonium . Penicillium %5 )& ) 5
JEE TR A P A SR SR 22 4%
WA O R MA AN R Z , X —HE
v AR B L B AIESE . T8, KT 2 EA
PEHEAOR 52 I F 25 FP A 20 T2 70-80 4F4,
TEIRZ 5 2k T 22 A PEA FE A58 JL TR I
fiRiE .

BT FREFIM RSN IRZ HR M
KM R T E R FEEIN N, IXAERAE 1L
LG IR SR BLIE L T X, T4 KEK, W24
I B IX SR PR AU S = 058 1 22 A% T T
PR, 5453 R GEAE 5 I FH A TR R 75 RE
B %F N IR AFAE BEIR] . 22 TR i — 2D 1 4 R AR
T EE AR F A AR PR AR R E, L2
Xof — S Ny HL 3 A R ARG A S R B
FOLEL A& RE . FESLIERE [, FEs6 IR
BT RGEX M A BRI R LA B A5 R
2.5 DTFEMERARELIZESLPHINA

WEE AP HoR K e, R BT
bR A WAk 27 B oy A W 2 i i N ) T il
AyRTT AR R A AT | TR A B A3 Y
DNA-DNA %44 DNA #5450 K% 4 RAPD
(random amplified polymorphic DNA)"" | SSR
(simple sequence repeats)™ F1 ITS J¥ 41 43 #r
OS] ORI E 2 REE . RGikE
KR AT PRI

MU EHGE G BoRE, fEXLy T4
Ok, ME ITS 54 XA [R) @il A AT

TEAY 48 2R 5 AR T 22 B G 0 2R R 45 R W) 5 B2 A
Xt g5 g U OSSN R 5 A AR ) SRR AR AL,
UTAESRAE L2 TR Sy 2N E I T IR BR ITS P51
(4 R GEFE AW LR 1 e T2 ik 4k
M, TERSFgrEkh, RAEILT ITS 5
G el 2 B 19 01 R G5 I RE A LL A
T A & Al G A R O, HAEZZ AT A
[F) 25 0 B R AR X 2 AT ARAFAE IR R, e —2)
MK b, O 2 WH A AR — DR
(monophyletic group)!'™**!, i £ J& — g% 1) /K F
b, KGR AU 22 KR RN B A
Al o A 2% 22 T B9 451 RS A Y TR RR S 7
[Al— 3R, ML ZAZH R AG-E. AG-F,
AG-P, AG-R fll AG-S Bl GRHRETEL K24
R 4 S L A2 R, BT R AR
o3RG o3 BT vk AN BE R 58 42 Xy
o WIH—DBEERE, BRI A
PEHEAC T 8 0% 1 $8 T J8 R0 T AR T I A 5T 1Y
otk B (sister group)Je 22 Xt TR 3 A HH B
FEFAFTREA L5 X 2 &

FHN, LA SERE RE A RDE AR A ITS
Fe A ARLRE B =K T 81%" %), Ui iZ Al A e
ARG R WO 21 20E , Wl REAFAE—28
HAB R, & A Rk BLAY IR BE Fh (eryptic
species) o AP PAXT XWAZ 22 ¥ AG-DI W Bf
15 DNERAY ITS PO Tk, wZn
—ETP A 9 B 2R ITS F51, Fh5
PEAEH 5 o o T A2 B B B 1Y 1 2% 93
N, X[ EREN A B ITS Fealnl g
i o>l 3 3. XAGERGE— LU T 22
B E A Ze kB ] — A 0 L 2 )
—ATERR, R REAFTE 2R R AR I

AR = | 5L 2R
G F FRGEAF AP NT I — LR S L R 4T 22
XA ERE R 2R AR RO ENE . 224%
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TR R TR 22 5 T P 0 AR R AT Ak 2 i 1T, A
o F A ST ) SE AL ST RS R T E R
(phylogenetic species)f¥ 5514 it AR i . FEHE—
K F R e, FRE SRS
FEPRA R X 4> Z2 A% MR 22 K 0, [ B B A
At AR R A ot ARG LA, BE TR
FAOXT 22 R T 1) o3 AT BT AL

3 SHBARBLGELAE LB LR
W) AL

RGFTE—E WY PR, T 58 22 il 5 1
1) 22 4% 53 R T BE SR IR 2 H i s s FH Hopl) iz
B2 MR, HEl, 2L wEtsh
13 DMEVERE, 8 AG-1-AG-13, ASiALiZ
W R. solani NG —mIF 4, A TER KT
W [T. cucumeris (Frank) Donk]. B SR T- 5 & /&
HAMEM G4, BN T A2 EA &AW
TAERYME DT s, Stalpers 7R I 4 @
Rhizoctonia DCWALEFT- G T hanatephorus
Donk i P2, HRT2A AR B4 19 X7 43 B
A A5 IR .

WALl 18 Ml aRE, sl
AG-A-AG-1,AG-K,AG-L, AG-O-AG-S.AG-V
M AG-W, il DA Ceratobasidium sp. )5 TH /Il El &
BEA T4, A 1967 4F Parmeter 254y
T PR S N A R S, AT 20 SRR A
Fifir 45, AR SR 24 31 AR A5 3 )2 >,
Hl, ML ER IS — M4 . BRI
BTN, A WO sz L
1 B R A B AR A T R AT Rl G R X0 o
B — AL 2 R R Ay, R
PR R L2 TH BA 2 B4 16 Rk,
1M L5 WU 22 R T Y A SR GO R A Jk
TR, BAAZ Y G AR A% AT BB & AU Y s 64

AR5y BTG L, FRAR 22 A% R WU 22 K% R
FRARFIR BB, 3t 2 9 3 ) s A HE R i i A

YRR ) AR T T, LR T Y
kR A RS 43 2 B ZFh Al A TR B AR
A P A N SO 973 90 PR 11 /N 22 25 38 4 2 o
T 328 MR, HA LS R U
AG-DI Fl& e, 5 95%, /NS Jysmis1el
HAM 5% 3G T 2% AG-1, AG2. AG-5 fll
AG-11 FGEHRE, X/NEZRZASFILT EE0H
PO M, AR R R R 22,
FEDEAT 22 K% VI 5 I D 4 B, O AR R
(dominant group) Wk EEISHE(E , MIBIETRAL
3 B I 1) 22 A TR WA A0 8 3o B0 71 I E A RE A
S AR I A
3.1 BRZLZEE LS EFAFE

R 22 G oy 28 B R TE 2 2 R T
S, 1969 4F Parmeter 25 @57 T 2% 2%
W 4 ADEERE, 2 XRigimE 13 4
(7 2)0ON W AG-BI ¥ — FEE#EAE A ST
RATE, (HARYE 1TS P8 10 R G L Bk
HIH R AG-2 BATE, B —A B A S A N

Z RN PR 2 R A R, A2 A
Y B RO . HAFFWH) 1z, L AG-1
A TERD TR Y R AR . TR BEERL. R
T AERE R SHRE Z R (3R 2).AG-1
G TR TA TERF BRI G K R R R 0K , 51 AL
i, S E R AR, R E .,
2010-2020 4[] Hy SR o i B ) /K A S A4 7 B
WHAAEHA 102.5 97 170, KAk, AG-1-1B WRE
(1) 22 1% TR RE A% 12 G T 7 A BRI 25 B 1Y) 8% S 1
Y, BIEMRZETREDY, AG-2-2 fl AG-4 @&
TEASLRE % 51 RS Bl 2% 1 ST RS o 00 300 8 31 5
(seedling damping-off)>**, IR REF AR EFIK
SRS AR, AG3 B ARERY PT
HE 51 Y 8 5 2500 7 0 Rl R R TE 2 3k
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B SRR XA KA, 1l ) T R R B
A 35 50%P¢,

Z W HEI R 13 D REE R, HH
A 6 MRLE FERLAN o3 28 AR . X SE P
S AREF A G —, TESCPRfE I, W2
R R AR R IR AL, B T2 BULAN 5 R
FEEMMEDF RSN, 20 Rk b
ANEH, WAREBUE.

3.2 WLizEE LM S BFHVEFE

XU 22 K% TR 45 TR 22 Rl B 1 s ST 3l R L R
A%, A 1983 4F Ogoshi % HfiE T AG-A-AG-S
I 19 MEE#EZ ), 2005 4F, Hyakumachi
GENHNL T 2 N REE AG-T Fil AG-U, ¥%
K% A% W A R R 21 APV b IR &2
WG AR S o or ¥ R G BRI N, AG-T Hl
AG-N B2 E N8 T 2% 16 ; AG-M Wk &k H
PR 5] AG-T %28 F AG-A; AG-U
P E SR T AG-P, RIS 22 4% 1 Rl 5 FRE 400 D
16 AR 2015 4, A E AR KR R g A
BAA 5 [ e 45 2 25 85 2 95 (potato stem canker) (¥
WAL 2R 5 T — A B T AG-WHT,
2017 4E = A K2 A% R A A1 28 B 2 14T A DA £t
JRE R Sk R 22 A Bk 25 b oy B M T WU 22 1% A
) AG-V AR L, XU 228 Bl A28
H 18 NI A RE(ER 3).

KA 22 4% B TP ) 22 B R 5 B 2 = B AR T
FTCI S ) - S A 0, R s D Lt b
FErh i AT 44 102 5 | S /N7 SURK 5 R B 2 3 i
WK AG-D A RER) DI AN 1O%0 /NG g
e — R ERME N E, LT A R iR
N RRLIC, TERRIN . JB3EM . B K
PHFNE PN ER AT He B >173] ) Vvan Der Hoeven T
1977 FEHEST ARG 229 R. cerealis Van Der

Hoeven, [ JHIUIRRY/INEFERAFHEY)
B A% 22 A% Y, 1984 45, Murray il Burpee
MR 7E K 3 AE AR b 55 0 Y 2 TR bR Y S 40
+(metabasidia) FIFH 1 R B 454 , 7 T
ABLBWHAERREMAME C. cereale
Murray & Burpee®®, RAZERENEARZL |

BN N W 2% WA 44

H A I8 1Y 2= B ) o AR T 32 2SS
TR AEER . BEER(Tulasnellaceae)
FIIC #1155 B RL (Serendipitaceae)’®® . N Z ()
WFFRAGE R, ML ZE T AG-G, AG-I,
AG-P il AG-R il 5 2 22 B R 2K 2 B R AR A Y
FEARPET ROk, BRE —SE R AR A
MR TR ) XA 22 A% T 58 A 1 BT AL e, fH IR
MR AIBIESE, W T 205 2B Z 18] )
FAEHLE T f#AR PP,

HEMEZEREMIL, 2R NESZ
FEPETE 5 o BR A BOE 28 A B0 AR 2R TG A )
eI AN, A E A R ERE . B
J A A B O DR i S AR TR (R 2), X
0, 75 6 RUAZ 22 4% W 5 e 2 TR B hn 52 2% O A
HXKFR . MET 2L A A g N
[F]—Flh, RO 22 4% T AS 7] 5 A 22 8] ] e A
Ef— 25, XEAHEMARNESER B
SR . B, H AR AUZ 22 % 06 3 28 A
HE BN RIS TETRRIE A2k, ¥k
MR A 2 A T8 — ) o S B ot R T R
Mo SR,  H T 22 A% R W98 A A1 B DG I 4
SR E ARG T ) AL LR, % 2%
R E AR E A R, XA AT g A &
BUESAERIM R RARE . IR A 2 T
PRIV — R 2 H. B, fEEEE 2
W H AR A BN VAL 22 A% T R
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4 ARREARAFTRAARRLE
AR AR AR

B 2013 4F Y1l A2 548 5 ¥ 5 152 1A A
KA —N IR A RN, 221
rh— L L ) ) D TR R R TR AR T R R 2
bR ZE A . BT, 5EKRESAHR I AG-1-1A
WHOaAZRDRATE, EE. BEMDE
POV 7 SRR RR AT T SRE DR 4 ) 102100101
AG-1-IB AG-2-211IB .AG-3 #l AG-3-PT .AG-4,
AG-8 %5 il 1 o8 W A TR PR e A T SR R 4
T 23091020031 i v W R, Ay E ROk
/) AG-Ba FIZEFFEAR B AG-1 filG eI
e P SE P, o, A E RO RS
F A BAK H Tlumina 254 PacBio B9 ¥ 5k,
Xt 2% AG-1-1A . W% 2% 1H AG-Ba Fil
— A A% 22 K% T R AR AT TR TR T A Ay
Mr, Scaffold %7351/ F) 21, 19 1 36 7%,
MR AR B 1 3 R 2 20 5 e s 2

H AT ECE 2B, 22 0% 08 1 S5 A K/INFE
28.93-96.41 Mb Z[h], HHRZIEA & HEKE
AR Ak, A A BARE 7 2014 45 qPCR 3: T AU 24
i AG-DI WAL 40 R/INAE 32.2-36.6 Mb
Z [0S B ) e Y WU 22 4% TR 3 TR 4L
(48.66-58.44 Mb) S o /N, {H 5 4% 24K 1
AG-1-1A AR 4 (-3 38.56 Mb)!'39%100-101]
AL, ZEEAK, WA IEE AT 1 /N2
SR A I DAL P 2B 3R T B % . XS
P AL R 22 R R X — BEAR AN R 28 L R T R
BRZ B S v e LA E i . X AR 2% T
KW EL kIR T 5%,

JL DR 2 O PR R i Ry 22 % T 4y 2 Ak
FFEERAE T I AR, kA T i 22 SR R
B B 0 BE R A B R Gk 4K 43 BT R LT
FUEH R RN 5RNAME, B

TR FA) R A 58 AT 20 235 4 RS DR A R ) R
mHBA 2P HEERE | R 1K
FHAWEZRE A, HAre 20w H7E2Z Y
53 R G p 0 BT 2 BN ALF
G A W) 3 S T8 T i AR S — e gk
TESARYIENAGR, R ERREHR
OB , 25 B A B N 4 R/ 2 S+
KA TP IR RS . NIE, X —BR %I
3 AFTE B o LR R R RN R A A o 25 5 T
AL R 9 B4 T A W) 3 28 RSB A IR, H T
ik DR L T DR 2 R/ INASRE TR g Ak B 5 3%
] RS2 Ak T Ak R 4 4 B LT 2 2R Y S Tk S
o XAl RET ZAKEE LR W15 Bt T-BOk g

22 % PR — R 23 T A I T
Ty A —BE TR XA 75 O AR A , R4S UL
BE DR 20 S WF T 0 gt A 22 A% w1 dE Ak i A PP A 2
B AP B F 2R X ST, HATE 2oy
SN 22 AR IEAEZ, Ti5b, %
AR . R E R A B RN A PR T
P, 22T e R e (PR 0 Y 5 TR 2L AT oA 3R
o o NZZAZTRT PP 23 B B2 MU A 5 I e ] E
iR X — [ ) R AR 2 — o BEAE DN P ROR B &
JEFSA BIFEAR, SR BOR 2 1 22 A% TR 58
BEE R AL e, M P X 2 23l m 2 4 /R T %2 22
i R W B TR (SN i R S o SN N )
IIENRATRAAKSE DNA FFHR AT, 5
ARG S A LR 0 ISR I Z B

5 kE

22 A% R A D B AR AR ) i L T T 52 5K
TE, WAk, HBHE— B R B U
HURTF. LIS, 227 MR8 2 JUAR el
A AT T B A A A0, AR
JEE, X AR E L e MA TG IE A E B
REYFZN, FCBIFSE s AR Py 217 B I s —
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PRS0 AN, JCIR AR 22 B AR A i 2 A
BB, AT X AT AR T AR 46
RYE HRTHILEY S . T RGeae . ek
eof e LN A TS 45 R, A3 X 22 A% T 4 o
JE& KRR BRSO T T BEE P (K 4). Hor
R AL S - (1) AU ZZA% TR BT AE 1 A FH R
Je L2 A% P R SRR, AR A TR R U
YW — I3 (2) T T RG-S,
Z LR EAR ST, TR 2 A% WA — BB o
ME R RAE—E, FIMELEHEAES
AR, SRR DAY EE o
DR IHG HE 0 22 4% 22 2% TR AR AT et 2 SR 22 4% T
o ORI — AL S R R 20 525 (3) H
XU 22 4% T R Rl 10 20 AN BE IX 0 J 5% TR 1Y
PRGRFR, BB IOTEER T IR — R

FURIBHASN, ik iTREM P 23 S — i) 3 S A

=

(/ UNR
Ceratobasidium

@Y

New
genus
?

TG (4) HAZ 2L B AT REE 22 M AT A T 1 AR
L ARG ARG RS, e R E
ERLs (5) R4 HET 2 22w #0 I o — A Fl,
EAR S B 27 A A G A S AN [R5 37 T 35Uk
DB AR SE 22 5, AR AT RE 2 B B 2 iR,
JRESS)

LY AL IR A SR AAF Y A
UM, AEE AT 222 R T
R RAICHL . ZZA% - A" A TS5 4R 45
AP AR ST R T IR e, XU A 2%
R AL A0 T R BT o 752 P 5T
MR H AL 4, 22 2 A0 Y 2k
PR R I PR . Besh, HRnR L1k
PR 2 A S8 3 SRR il = 7 3 BR A T 31
ARLE Wy 2 W WF 5T T BOAE 22 4% W BF 5 0 1T 1Y)
M, XWEESE T AN 2R S Z

A Crops

R B

Forages and turfgrasses

MRA (R [f]) Forests (nursery)

\/

ew
species
2

/New

|  M— y
LA
\\__‘_? v e

MNewh 4, o
| species <
\_\ 9 /

22 R Orchid
11 Soil
S~ MHBE Y

Common wild plants

~

———————— & TEHK Forests

B4 ZBEMBEEUXRARESMATERER SR CAHBE IR, BARAEREE T

Figure 4

Illustration of the evolutionary relationship and ecological niche of Rhizoctonia fungi. The solid

line represents existing data support, and the dashed line represents the authors’ prediction.
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) (ELFE 6 I 22 A% T 5 o R Z |) . HeA: 224
W5 =R Z D) BEAENLE Y T ™ AL
AT 2 K TR ) 53 2 i o8 93 2R R e it
T4,

TELZ R 1 53 28 20 SOH AR G 9 i, FR
ITARATIAFAE LT 0] 8

(1) ZZA% T 5 AR AR AN TG BR , iR AF
e o T 22 A% B AR A D7 9% T Y T
KT 22 A% T B 5 48 R 53 B v e 1 T By
FEREOTIL, RO R RS B SRR AR D . TR
KE, B 2SR R S5 1 T
VE&Z TR, 75 2T R 43 282 if 53 ) i
AN, fEESN, 20 tH42 80 A4 H A FIRK
FKIRA AV EIEM R LI E NS 2%
A AR i, BAEAR 2 5 JL TG G B .
Y T T AR 2R, 2242 T 1 ol %) S S DRI R
T 7 22 il 5 DA E AR KRR B b SR 9E 3
B AR R E R R . R TR
B, 22T 53 22 SR AR I (] T 58 . 4R
M, PO B Rl . 24500 07 128 55 5 R PR A9
BT 2B, XWRERAFWFL, 1EH
INHTE B AR . AR SRR ERG K 2
LG T , BRI 2R E AR 3k
15 22 R T T TR TR A8 22 5 2 AT LS
7 35 T 356 K 4] Mok AR 4 19 41 R BL 4 W5 1
AL N 5y 28 TR N Y R R IAE . 1554
EHESHFREFSMES R E LN K
JJr I, R TR T 22 G B A R A
Y IO/ S

() TENHDIRIREM AR L, ESFEL
IR, 2R THAE 200 SEFIVE AR Y IR #
Pridsk, I HAWILIOR — B AR Y 2 il
R at s, Bk, SAEYIEE A SRR R
Bz, A, 24BFAEARANELR T, 8
FE 7K RN 23 A3 A S B AN R S AL 1 i A8 DL I T

AW A R FR A 25 T T A 9 K. B
AEAF SR 22 BIAE P TR PR 1) A 2o R SOE TR
IIAAIR, X6 22 R TR TE IR S AR TR0 L Ao
CIFIR S R ARG TES S AR5 LR i
NG 5 T EARBR e ORI M 55 I AR B AT
REIC A Z M EA fr T3A 2 R B I o
JIAN, WA R N AR T E O Ak R T,
ZBHE Y Z b B R TN A T R Y 22 A R R
FUE AR ST . BEE PR 22 4% 1 A 5% B4
A, ZERZTRE B 28T RE s iR — P B IE
T 22 B MR 00 A= 250 S AR LA o it —
BT

(3) WA IRMNE XL W LZE G AR
TR 22 4% 22 1) 32 46 353 4% AR BRAE B A — 5 =X
TE— &R B A3 T ifA . 2B ZE
AT A SRR, ARMRLRE B A T 22 (R 22 8] A
RERLG, DNUEAT DR T 2w a2, @&
SC RS AR, 2R T 22 B S AR
JEAESER A R BUAIC R, 75 AR TR LA,
EA5HMAAEZMEBND JE TR DNA J
B9 0> T RS E TR S R o, W22 RS
RERF RGFREB LB 2™, BB
F% T PR i LA PR, XAt S 2 TR 22
flE7E A AR S R S K A o G, dnfep 3k
THE 2B G B AE AR T W SR A/
UEERE o> B 22 G LR AT BRI A R R
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