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Research progress on detection and control of oak wilt
caused by Bretziella fagacearum
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' Ningbo Academy of Inspection and Quarantine, Ningbo, Zhejiang 315012, China; >Ningbo Joysun Product Testing Service
Company, Ningbo, Zhejiang 315012, China; *Ningbo Customs District P. R. China, Ningbo, Zhejiang 315012, China

Abstract: Breiziella fagacearum, which causes oak wilt, is listed as a quarantined pathogen in China. The pathogen is currently
mainly distributed in the United States and mainly infects Quercus spp. and Castanea spp. plants, resulting in devastating diseases.
There is scant research on this pathogen in China, which is not conducive to the understanding and control of this pathogen. Here,
we review B. fagacearum as the causal agent of oak wilt, particularly focusing on taxonomy, distribution, host, symptoms, and mor-
phological and biological characteristics. Related detection and quarantine information were also included in this study. However, the
use of chemicals and other control measures is still in its early stages, and there are challenges regarding the control of oak wilt. This
review includes a comprehensive comparison and summary of the applications, possible challenges, and potential improvements for
the control of oak wilt. To date, the prevention and control of this disease remain a challenge, and solid quarantine work is consid-
ered the most important means of preventing and controlling it. To deal with the threat that oak wilt may pose to biosecurity in China,
this paper puts forward relevant suggestions for strengthening quarantine identification, surveillance, treatment, and cooperation.
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KBRS o TEAE F ™ H A BN R R A JE 953k
M, B A BT 7 B ER R AL 5 (O Brien et al. ,
2000) o % T HAE FE ™ H M KARIA XE R W A
o AR ) O B 4 20 ( European and  Mediterranean
Plant Protection Organization, EPPO) B &K A 25 i
WS AL A FAY) INEER | HASE E M X
S SRRk Rkl R Sl a oY/ AESRUR R R N
N AL AN E G A YR A 4 %) B
(e NRILFIE A8 ,2007) o

LT, 14 AT %07 ¥ B iR AR A 2200 , MR RG220
— HRA WARMERIIE S Bk o 4 P37 3 AR AR B I
FMRE AR 77 2 4 BB B R L A, 2410, BN
ST 22008 T R BIF SO 520, AN T X200 T
FTATERIAR i, DRIk, A SOGE P A O 92000 T 1Y)
FHOCHFFE AR 1 s
1 f5¥EF

i# 1Y Index Fungorum ¥4 (http: // www. index-
fungorum.org/names/names.asp ) 2 . HR A 25 75 1 B
2¢ 24N Ceratocystis fagacearum ( Bretz) J. Hunt, HIA
YR 2445 Chalara quercina B.W. Henry . Endoconid-
iophora fagacearum Bretz F1 Thielaviopsis quercina (B.
W. Henry) A.E. Paulin, T.C. Harr. & McNew, {H#x
B RGER T Ao Ui dE R X R AR T Kbk
Bl Ceratocystidaceae B & AL —AE (41 Cer-
atocystis . Endoconidiophora , Chalara F1 Thielaviopsis
S5 M2/ T — A8 J& Bretziella (de Beer et al.
2017) , H:22 2 4 Bretziella fagacearum (Bretz) Z.W.
deBeer, Marinc.,T.A.Duong & M.J.Wingf., [H I, £k
A 2295 TR Jm LR JE Fungi F2E1 1] Ascomycota
VT7] Pezizomycotina #&57¢ 49 Sordariomycetes P& A&
49 Hypocreomycetidae /N & FH Microascales 4 B
5¢F} Ceratocystidaceae Bretziella J&, 3L Bretz-
iella fagacearum VE ARG ZIREIPL T F44 .

2 9%

RIS ZE0 B 3 2 0A 7 5 [ 1 v % 40 M B R
FRAI A PE A (EFSA et al. ,2019) LA K BRI A 7Y
I ( Crop Protection Compendium, CPC, htips: //
www.cabi.org/cpe/) o JRAETE L HIH P S0 A
WA B e A F R HGE B IF R WS g diE,
TR AR GE AR AT fE 2 h T 1% % 72 BT 2L ( Boyraz &
Bastas,2001; EPPO,2017)

3 FE

BRA 229 T 2 2R AR R Quercus spp. FIHL &
Castanea spp MY, HAF L3 1, %08 H 27 FHER
EFRE T FE, W e AR EIE 120 &
TR E AL (PR R, 1998) o H F SRS R
WiZIRE I 5 A 2 /DR 2 FAMFTE I, A i &
B, e SR A Y I BE C. sativa Miller . HP EHEE C.
mollissima Blume , 3% Y #z 3% C. dentata ( Marsh.)
Borkh 5502 7 52 1200 1 12 4 BB Bl ( Bretza & Long,
1950; Rexrode & Brown, 1983) , H-ALAT AF5XIN Ny, 5
IR ASIE LI BT EREYI (EFSA et al.,2019)
4 ERK

A FAEYIAS[R], ARG 220 1 5 R A RE AR AN TA]
23 A EAYIR T Bt BT R A SR A SE AR, R
i 22 B 5o AR T ToU P sl 00 A5 T o T4 6 , R I
U I AR SEE TS R R PN A (™ R R SR
2013) , IR ELELLAER . FKE Quercus fabri Hance 1
B 36 AR Quercus texana Buckley R EER IR
(Juzwik et al. ,2011) ; ZL MRS B 0.3, 18 W 7E By
JURIN S BURE AR, S Wi 56 B i e B R & o, AN
AR IE TR T4 ZE . it e s, R s
NI [ia) WA 4 R, 3728 DR 75 4 €0 2848 (0, B 52
oyl ) L - AR i 3 1 N T [ Y 73
— AR BUS JLE A i L 56 429 it 5t
T2 FIBR ORS00 A —4F B 2 4F B A8, — 1>
Z= A — R BU LR B SE , 1 R B & AE AR 5
CIRRIEAL; FEMITEARIER YL 5 ) BUAE R Y 3 L 208
1 R FE R PR B T 8% G B[] R R AR A5, 3l
SAERGYE I 3~8 A NIET:, 1EHFZFEHEKZER,
W B 5 i R 26 3 g W kA B, e B R 3X
FRERALAR g 5 IR IR I o /N 0 P PH 5 A 7 4
Joi BOR AN T 25 1 32 A [ 2 B 1 i 2 | (L BE B8 A7 0%
(Juzwik et al.,2011; O’Brien et al.,2000) .

RA 225 T A 18 e R A A0 A 1 e i 0 AR
PRI A 22 A0 AR 8 S T R 25 T 38 SURRB A 7T D R
TS (L 28 (EFSA,2020) B K FIR B8 2 18] 2
B AT AT AR I TR 22 )2 | X 02 AR A 22005 3 1Y (b 2
S TERR, E DA ZE 0 25 1 2 N AR, HAE
JEA b SRR Ry ) F A B Je B AR (5 2k 2 T
W R BB Z A B AR IR A R 5% B SRk
BRI S 2 75 ] A sl AR SF I R,
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Table 1 Host information of B. fagacearum

% 3 Host 5 [BHARPE Sensitivity S ik References
FLMZHE Castanea dentata Susceptible Bretz & Long,1950; Rexrode & Brown, 1983
M Castanea mollissima Highly susceptible Bretz & Long,1950; Fowler,1951; Rexrode & Brown, 1983
FKEALEETW Castanea pumila Susceptible Bretz & Long,1950; Rexrode & Brown, 1983
BRI ZE Castanea sativa Susceptible Bretz & Long, 1950; Rexrode & Brown, 1983
L& Lithocarpus Susceptible Bretz & Long,1950; Rexrode & Brown, 1983
SRR Malus Susceptible Bretz & Long,1950; Rexrode & Brown, 1983
KRB Quercus sp. / de Beer et al. ,2017
L HHKE Quercus alba Highly susceptible Anonymous, 1960; Craighead & Nelson, 1960; EFSA et al.,

WAEKE Quercus bicolor

K% Quercus borealis /
LT RRAR Fh Quercus borealis var. maxima /
Quercus catesbaei

PRLRR Quercus coccinea /
LARES S Quercus ellipsoidalis /
EpiEAR: Quercus falcata /

KFMAER Quercus ilicifolia
HEARKE Quercus imbricaria

KIRAE Quercus macrocarpa /
o 1 22 F8KE Quercus marilandica /
Quercus montana /
FEIHR Quercus muehlenbergii /
HAER Quercus nigra /
VAR Quercus palustris /
ToHAR Quercus petraea Ausceptible
WIER Quercus phellos /
WHE Quercus prinus /
B Quercus pubescens Ausceptible
Bk Quercus robur Susceptible
AESELIBHM Quercus rubra y
Quercus rubra var. borealis /
FAgrys Quercus shumardii /
FFIIMRASAD Quercus shumardii var. texana /
BB Quercus stellata /
I EBAER Quercus velutina /
W R WAR Quercus virginiana /

2019; EPPO, 1997; Fergus & Yount, 1953; Gilman, 1949;
Weaver & Jeffers, 1952

Carter & Wysong, 1951

Anonymous, 1960; Brandt,1962; French & Christensen, 1950
Gilman, 1949 ; Upadhyay, 1981

Carter, 1950
Witcher, 1969

Brandt, 1962; Englerth et al., 1956; EPPO, 1997; EFSA et
al. ,2019; Felix,1955; Fergus & Yount, 1953 ; Grand, 1985

EPPO,1997; EFSA et al. ,2019; French & Christensen, 1950,
Gibbs, 1980; Gilman, 1949

Anonymous, 1960; EPPO, 1997; EFSA et al.,2019; Felix,
1955

Fergus & Yount, 1953

Anderson, 1968, 1974; Anonymous, 1960; Fergus & Yount,
1953; Gilman, 1949

Anonymous, 1960; EFSA et al. ,2019; EPP0O,1997; French &
Christensen, 1950; Gilman, 1949

Felix,1955; Gilman, 1949

Craighead & Nelson, 1960

Gilman, 1949

Grand, 1985; Grand & Doggett,1973; Witcher, 1969
Anonymous,1960; EFSA et al.,2019; EPPO,1997; Fergus &
Yount, 1953 ; Gilman, 1949

EFSA et al.,2019; EPPO,1997; MacDonald et al. ,2001
Fowler,1951; Grand, 1985

Fergus & Yount,1953; Weaver & Jeffers, 1952

EFSA et al. ,2019; EPPO,1997; MacDonald et al. ,2001
EFSA et al.,2019; EPPO,1997; MacDonald et al.,2001

Anderson, 1968; de Beer et al.,2014,2017; EFSA et al.,
2019; EPPO,1997; Fowler,1951; Jensen-Tracy,2009

Fergus & Yount, 1953
EFSA et al. ,2019; EPPO,1997
Lewis, 1985

Anonymous, 1960; EFSA et al.,2019; EPPO,1997; Shields,
1951

Anonymous, 1960; Brandt, 1962; EFSA et al.,2019; EPPO,
1997; Fergus & Yount,1953; Gilman,1949; Shields, 1952
EFSA et al.,2019; EPPO,1997; Lewis, 1985; Tainter, 1986

5 REEEYFRESHFE

BRAT 2200 oA il 35 SR IR B 24 °C, TR+
R IREE 25 C . KR feidiE 28 C KT 16 C
T 32 CHARAE, R 32 C WEEK
Z F| 0] ( Sinclair & Lyon,2005) , SR LIS, 9%
SR B K AR, FEART B R BT =2 ] T8 B 44

(EFSA,2018) , BHALTER B2/ A bF 5L i i i 7
4 (Gibbs & French,1980) , 15 TS24 F, WM
TE L2 BN 3 AT RE S 1% 5 AE 8N 74 Fg 3 32 3
it A LA ( Sinclair & Lyon, 2005) o Bk A 25 9%
AT A B K B A %8 (BN 37%
~45% FKZE N 44% ~ 52% ) , T I 1 1 TR B 7S
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H 8~25 C , FEBGIR R 25 F N T AR K PR (EF-
SA,2020) . HI T HHABSEHTEE TS, DL SZ R
AT RS20 2005 TROE R TE 1 a PN DS AR 19 1 - 350
SR ABTERL T FRAA IS B IS (] AT 3K 4 a (Gibbs &
French,1980; Sinclair & Lyon,2005) ., AHR¥E A ¥
B 1208 RO T Y L DX 27 AR 5 e K AR T —
B WRTBEAS 52 i B2 BRI, 3 Al BB 2 th T
A JE I R AT FE R T FIAR 2R [BIAFTE ( Appel ,1995)

TRV TE 4% A A BE IR b 52 K a0 AR
ot WA RS AR, SRR R, B
N R A A B A s D N R
T 32 #7128 2R (Henry , 1944 ; Juzwik et al. ,2011)
TREFE R BOIR, BA R R B PE T 22 ik
AR T REFE I, He R 0, T 1 (0, 4
e, THRMZOT, 4T RAN, S ERE,
R, 3 Al I T E IR 2 IR B
FEALANMDRRIR | AR R BRI A, SR AT
BN, BREIE , A S ~F- , 325 B, DAAS [R] < B2 1
P E L, TR F (de Beer et al. ,2017) ,
6 RREA

MRS 22 DA 2 IO () A A8 SO 3 e I D3l
AR ARG TR AT S AR KTF P A o 1
T, 0T AR A V7 i 5 2L 20 PN A 4 i vk
A FAEY) IR GLE 1R S NP R ) 3 58
S AR K 2> T B0z B AR B R 22 RS
FET:, BARIET I, o 1 70 Al A b mT 3 i oy 48
E S %o e O A o (AU &5 e { D
BT AT KNS, S 30 B TT 24 TS iE
BICR VAT KRB IR 515 — 26 LU B Y B e
(Cease & Juzwik,2001; Lin & Phelan,1992) , X4t
B bl 5 601, AR R AT 2 B IR, RiA%
#5955 (B2 K K, 2005a; Harrington, 2013; EFSA,
2018,2020; Sinclair & Lyon,2005)

7 fRiE

A 2805 T A B 5 A 7 At i A% 4% A 3 A%
2 Moy, HmML R 32 2l e I R R g R
/e L SR SIS (R, 2005a) o AERAE
BRp R R AR B2 fE e e JRak N A
VST R T R M AR 22 HOIR T 22 ] - 2
HEE B H Fh 28H  Carpophilus sayi ., Colopterus trun-

cates \Epuraea corticina | Glischrochilus sanguinolentus |

G. fasciatus | G. quadrisignatus ( B2 KK, 2005a) , 7]\
%% W B ALEE Pseudopityopthorus minutissimus | P.
pruinosus (B2 KM ,2005b; Buchanan, 1957 ; Sinclair
& Lyon,2005) , HiAth | UL Arrhenodes minutus .
Carpophilus hemipterus F1 Scolytus intricatus ( EFSA,
2018,2020) , T 1 7 8 3 MR A 2 Ml B 45 (EF-
SA,2018) , FRIZHt& , fEHFMIP) L, AL 3 ik
JSCBI R AT 1 (IS A S | 7 5 P RS A 2 1T L =25405)
i X (2R A BRI ZE ) ] S T A A5 4R
B (Juzwik et al.,2011) o A LL T4 MU AR IR
Fen) 77 2B A S (AR R U2 e A A 22 05 TR ( Appel
1995; Bruhn et al.,1991; Harrington,2013)

IR L e S SRR Y. T N E I NN NI N
il E 2 55 ] A JEA rh 8 B Bt A Ay B AR et T
RESE A BT A 7 DEAT AL 4% (™ IE R0 R 53, 2013)
BRAGZE0 TE 2 011 LU o326 A0 7 2 B 7E B AN
Py SR R e S e B, HA
e 2 AN [F) 5 BE B A T AR AH 18 I A BE AT AT PR A
B, 1T R Hh 42 ik AN ] 194 TR 4R A 5 T A R R I
AR EIZ 99 B 1) 2558 ( Harrington ,2013)
8 KEEERAK

A 2 i T 2 — £ I M i 1) L o it
T, 56 [ SRR i 45 [l 0 B T A T 1 TR
WSS 78, WIS R T 1 AR A 28 g o %)
HEZE (https ; // inspection. canada. ca/plant-health/inva-
sive-species/ plant-diseases/ oak-wilt/ response-frame-
work/ eng/1563898431188/1563898479048 #a103 ) , KX
SRXTIZG B AR AU 4T T & T 43 AT (https: //
www. ncbi. nlm. nih. gov/pmec/articles/PMC7009401/
pdf/ EFS2-16-e05185.pdf) , 124>, T [ [ 5 1 AAG H
TEARAG B TR, RER A ZE 0 T B0 R 2 T R
AR TR [ AR e GB/T 28083 -201 1 BRAR 255 1 K
PSS TR ) HEAT , LA T 1) 355 3 1R B OO 25
FAIEAE g S Wit . BURE v | 18 SE B AG & AR
FIRY RS BT T R BB T, WL 4562 75 A 72 (5, 55 8L (EPPO,
1997 ; Robinet et al. ,2016) ; £ AR Y B, N B A6 25
B B AR TR Z [A] S A R 22 2 5 45 R AT
FERRMG 20 A R TR X AT P 2 e, A
FEARL, FTNHE YT 24 J4 J5 19 AR 8 A rh 23 85 1 Ok
MERZEHR T ( Gibbs & French, 1980) , A 5125 At
AT LAS3 B 05 14 ( Webber, 2015) . 3R 15 5 3%
B 12005 T 1 A MR A B DR TP R A 22 0 T Y
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OB T RO T (00 T 2 FRHECT ik A S bE B 1 895 100 (EPPO 1997 )

P R Z AR A ) o, B DB T LB B AL K

A Kk B 36 BRI D EOR ) W BT
S I AHROE $AR S B R R ME , AR YR TAE 2
RUER I FEY) (MRIEFESF,2015; EHRSE,
2015) 3PP R TR, R EER I
A 3 S5 {0 55 1 15t 3% W I Botryosphaeria
stevensii Shoemaker (5K &% 9655 ,2015) (KR PE SR
W Phytophthora ramorum Werres, de Cock et Man in’
t Veld (4TS, 2021)  FERAZ B T Mo-
nilinia fructicola ( Winter) Honey ( 7K 251l 55 , 2022)
S DRI A3 S A HR R S ARG 1 T ) ) G M
TAEREF ISR

VT, A 35 A 2707 12 R A T AR 22 5 T
HIRTFEASE D . Wu er al. (2011) HRAEHRA: 229 R
K GEAURNIE] TTS 80 22 5%, 43 5 B & 1 3% T 1Y
3 PCR FISZE 285 PCR KGN 5 35 , 6 i 52 3 %
ST IR E] 1 pg DNA (25 uL RNARFR) (0.1 pg
DNA (20 L 2 WK %R ), Lamarche et al. (2015)
P ARAL 220 T S L Rl ) BF JP 50 25 5% B T
IR SIS PCR AT vE . BiRTr k]
L TR AL 2 A 45 2 AR 20 1, S P4
S, RS A7 R A6 S A I R[] B A Y R Y
J&&  BRAL 22 T 1Y 3 [ W R A AR T kR S 4
NIRRT RS BUR L AR T 5T 12
BET IO dnwe AE L B R 2 i BT T BAE
SEMUBRAG 22 995 B 43 25 ) CMW 2656 (14 4 JE PRI 4
¥, ¥ 50 15 B I /f 7€ GenBank 'h (% 3t %5
MKGJ00000000) ( Wingfield et al.,2016)

ARICGEITAE GenBank HY T ZRHR Al 2205 T S H:
VTAUFR %) 1TS 251, UL Kernia pachypleura B ITS ¥
511 (DQ318208) AN, fifi HH MEGA6.0 #X {4 3#E17 L
Xt , R 2B % 7 (neighbor-joining method, NJ) #4) 2
TRG ALK TR, 1S5 R 0 A D0 AR Al 22 0 T
ITS J7 51 430 R AE [ — 1> 43 32 ( Bootstrap {E - 99)
(B 1) o X3RRI ITS J3 91 53 B GE % A 850X 70 R A
Z T S R
9 Bt

NS A DMLY SEBRAR SR, B
S50 OBATSHEA (1) BRI AR
FRIERIA A, JE RIS B2 0 R BB 2L 25 T BRI

(2) TEF 2 FNA) S0/ W A SR A8 87, B k4 1
J&YL (Gleason et al.,2005) ; (3) @578 A+ 1%
ARTE A 735 B 1B AR & A% # ( Harrington, 2013)
FERIARAR Y 7 s, DORT eI AN [R) >R HTAR 38
J B 1) J5 vk HE AR AT BE R 54% ~ 100% (Koch et
al. ,2010)

X RN TARHE I AR AR =, iR BiiG
ISR BR . 12— BAR AT X AT IR
FEREOMERE IR K, T H AT IR A BE 98 AT AR
TABRAGZE 0 1Y 5 1 A R W R A B HAS
ANEWNEAEEE S, 16 K T AR & 25
SOCTERRAL 20 & A R R 1) aF EAEYHE DB O, Tt
LR R 28 [ 45 N 0 B AR FNAHA  [] Bsf X6 12005 25
TERE R TR RTE,

10 RE5

S T N A 2 0 A 22 T e T — 2
WFFE AEAT SR AT e — BB N 8 A TR, — | R 25
o o R JEATI AR R N, A WF 5T O R T AR A
Al REJE N AE P AF P SE P iR SE A% A S I (Juzwik
et al. ,2008) . —, K ik iz o B b R 2R TR L
HALREA A5 BE I AEAE AT E 1, D7 T 58 58
Ao = HANE E R 3 A1 I BR AT 2200 T AT 3 A Bk
R A BRAR T Fo GT229 T F JRd 2k o

SRy XA A 22 9 T R T 3 AR A 7 3 Y
B, BRSO LA JLAS 5 T A A 52 . (1)
PR AL TS 10 I R 922 T B ™ B 320 T ik A Fk
[, — ELAG H 2000 T, 7 S it 7™ A ) i B B i 45
R 98 A0 BRI 5 (2) %5 VI OG T AN 2 4R %00 TR 4 BRTE
Bl A 2B i AR O, AT A O B 32 T 1) A 92 48 5
Ti ik T AR 220 T 0 DR A3 R DU B R A R
AT A ARANZE R A 5 L R AR 20 T AR ie A i AR
S5 (3) I W P HORBESY sl R — 2R R
At 22909 DA W D g B AT A A I M DU R 5 5 (4) TF
JRR AL FRVOCHARBIY , R A B3 AR A
R RIARAG 22 T A e AL BB AR 5 (5) I A1, —
Ty kL2 KOy B AL BRAG 200 10 35 M, A2 &
SRS T BRI IK 3] B2 ) e B e b B 4
ELRPIERAE W 53— J7 T, sk 28 E R ARG 1
K B S BIE 5 A AVEWE ST, 2 (5] 07 ) AR Al 22
o ST 325 S F S
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8g | KC305163 Ceratocystis polonica 133.38
DQ318199 Ceratocystis polonica WIN(M) 450
DQ318196 Ceratocystis pinicola WIN(M) 98
DQ318198 Ceratocystis pinicola WIN(M) 1437
FJ411321 Endoconidiophora coerulescens CMW:26364
99 ' FJ411322 Endoconidiophora coerulescens CMW:26365
DQ318197 Ceratocystis resinifera WIN(M) 79
89 1 DQ318205 Ceratocystis resinifera WIN(M) 1409
| 78 | FJ411324 Thielaviopsis paradoxa CMW:8779
DQ318203 Ceratocystis paradoxa WIN(M) 925
FJ411323 Thielaviopsis paradoxa CMW:8790
FJ411327 Davidsoniella eucalypti CMW:3254
FJ411328 Davidsoniella eucalypti CMW:4453
87 || FJ411329 Davidsoniella neocaledoniae CMW:3270

691 FJ411330 Davidsoniella neocaledoniae CMW:26392
g7 | FJ411336 Thielaviopsis populi CMW:26387
_| FJ411337 Thielaviopsis populi CMW:26388

92

L | o5FJ411332 Berkeleyomyces basicola CMW:7625
LY _4 FJ411335 Berkeleyomyces basicola CMW:25440
89 ” FJ411339 Thielaviopsis radicicola CMW:1032
FJ411340 Thielaviopsis radicicola CMW:6728

0| FJ411341 Chalaropsis thielavioides CMW:22737
FJ411342 Chalaropsis thielavioides CMW:22736

KC305148 Ceratocystis adiposa UAMH 6974

100 DQ318195 Ceratocystis adiposa CBS 138.34

KC305147 Ceratocystis adiposa UAMH 6973
85 KC305146 Ambrosiella ferruginea CBS 460.82
94 KC305145 Ambrosiella ferruginea CBS 408.68
KC305149 Ceratocystis fagacearum C 460
KC305150 Ceratocystis fagacearum C 465
KC305151 Ceratocystis fagacearum C 505
KC305152 Ceratocystis fagacearum C 520
99 [ KC305153 Ceratocystis fagacearum C 660
FJ411344 Bretziella fagacearum CMW:2039
FJ411345 Bretziella fagacearum CMW:2658
DQ318193 Ceratocystis fagacearum WIN(M) 892

100 [ KC305156 Ceratocystis moniliformis CBS 118243
l KC305166 Ceratocystis tribiliformis CMW 13015
50 | KC305161 Ceratocystis platani CBS 127662
1001 KC305162 Ceratocystis platani CBS 129000

DQ318208 Kernia pachypleura WIN(M) 253

a

B 1 IRIEFEZHEEREXEKRD ITS FIHEHNRERER

Fig.1 Phylogenetic tree generated from ribosomal internal transcribed spacer (ITS) sequences of B. fagacearum strains and related species

52 0k BUKAK, WA, Gfibk, ZEE Mk, JE8E, 2005a. 35 EARR L
FERMZHRE LR ERER. e, 19(1) . 37-38.
RIS FS | BETE N BRARIE, 7 B, AR, 2015, TR
HERIEAR AR /NGB A A& A F R, 24
(3): 215-218.

ZEE, BME, X7, REW, B4, 2021, #EEE S
K2 JFK Hp e AR R BTG TR R RS 4 5E . M % 4 F 4R,
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