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1& 4 ( Cinnamomum camphora (L. ) Presl ) ¥ 44
15, J@ s B ( Lauraceae ) , ¥4 J& ( Cinnamomum Trew )
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I UK bR (3 k) 16 PDA FARIE 5% 2 d, 1
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Note: A: The trunk canker disease mainly extended along the stem and the necrotic cortex cracked symptoms; B: The necrosis on shoots; C: The nec-

rotic tissues formed black canker lesions on stem of young trees; D: The partial enlarged view of necrosis on shoots; E and F; The partial enlarged view

of symptoms on the infected and in the xylem (E) and rind (F).
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Fig.1 Typical canker symptoms of camphor tree
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{E:AL BL CL: MR PDA FiFRBEi97 2 d I IORITE ;A2 B2 (€2 /0 AE 4 1 /R =20 pm,
Note: Al, Bl, and CI ;Mycelium colonies of Botryosphaeria strains cultured on PDA for 2 d;A2, B2, and C2:Mycelium colonies of Botryo-

sphaeria strains cultured on PDA for 4 d;A3, B3, and C3:Conidial morphologies of Botryosphaeria strains. Scale bars =20 pm.
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Fig.2 Colonial and conidial morphologies of camphor tree canker strains
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RRRAEST IR 30 d IFRERE ML B R A M T4,
Bk S AR BN AT o X ISR R R Y v
ERIGHERFILA S B, parva {RFEFHAILL
AR R (5 R BB o0 o B, <R
R 22 SRR AR A AR PR Lk 2 BRI PR
HARMS , v b Kbt , B 97 2 d Mg BRI
BRI 2 C1) 51557 4 d ), W K A 6@, 5
T KR, W2 BRI T AT
BRI, HON R, b, 4 BRACER B bR AE A% 10

WA B O T A BB T AA 2 FR
(5 R AU JC (i A G B 5, Bl T A2 ol
BAE e, BT el — At (18 2 €2), 70
fAFKE N 19. 12 ~ 33,61 um, 5% 4 9. 85 ~
19.97 pm, SFEIR G N 1. 75 (2 1) o AU Bk
YZS7-6a 1E55 77 30 d INBERR I 2R WL 21 B i1 73
AT o IZRBIRBR I EVE FFE M B TR S S
B. rthodina {REHBRARML ™

x1 EMRHREAREXEERNSERTAND

Table 1 Conidial dimensions of camphor tree canker strains

LS 4y K/ Conidial dimensions
Strains # x i Length x width/pum (K x 3&) FH4{H + FrdfiiR Mean of Length x width £ SD/um  K/%% L/W

[# YZS1-2a (18.36 ~32.23) x (5.55 ~12.35) (25.64 £2.44) x (8.53 £1.51) 3.08 £0.54
YZS11-1a (19.21 ~26.21) x (5.42 ~10.40) (22.36 £2.14) x(9.16 £0.97) 3.04 £0.51
YZS5-1a (21.36 ~32.24) x (8.55 ~14.56) (28.16 £2.44) x (11.22 +1.44) 2.54 +0.35

I #4 YZS9-1a (21.82~32.23) x(9.03 ~17.96) (26.33 £2.35) x (11.79 £1.62) 2.48 +0.49
YZS9-1b (18.23 ~29.66) x (7.50 ~ 13.58) (24.01 £2.17) x (10.40 £1.31) 2.34 +0.29
YZS1-1a - - -
YZS3-2a - - -
YZS9-1¢ - - -
YZS9-1d - - -

I 74 YZS1-6a (19.12 ~26.51) x (10.54 ~14.86) (22.43 £1.45) x (12.62 +1.13) 1.79 £0. 15
YZS3-3a (19.36 ~26.23) x(9.85 ~15.48) (22.96 £1.53) x (13.27 £1.13) 1.74 £0.21
YZS8-1a (21.86 ~29.58) x (12.69 ~18.19) (26.50 £1.66) x (15.32 +1.19) 1.74 +0. 15
YZS8-1b (22.23~33.61) x (12.65~19.97) (28.45+£2.29) x (16.41 +1.54) 1.74 £0. 14
YZS7-6a - - -

BRI GE T 50 AT - BN R AT (30 d) o

Note : The length and width of 50 conidia were measured from each selected strains.

days) .

2.3 REER DNA FIMRAZRLE ST

XFIEHCHY 14 BRACK B R 4T 1TS | B-tubulin I
EFl-o FFA37 1,3 A 23047 3 3 < 3 2 550
400,200 bp e R B, 5 WU H bR b BoR /b —
o K39 1TS FFFI7E NCBI | Blastn HoX, 2%
LN W EE YZS1-2a,YZS5-1a,YZS11-1a 5 B. do-
thidea ( ToPERY . W FE 218 Fusicoccum aesculi) [
A H R CMWB8000 AH{BITE A 100% ; T Bk YZS1-1a,
YZS3-2a . YZS9-1a . YZS9-1b . YZS9-1¢ . YZS9-1d 5 B.
parva ( JToPERL . /N FE R HY Neofusicoccum parvum ) [
REEHE R CMWI081 AU 99% ; TR #k YZS1-6a
YZS3-3a,YZS7-6a,YZS8-1a,YZS8-1b 5 B. rhodina
(JCPERL . v n] B, — il Lasiodiplodia theobromae) I
TRFH bR CMWI074 AH{LINE R 99%

WA U5 T PR T AS [R) b X1 14 403 A5 4 05t 3

-7 No conidia were observed during the observation period (30

PRI LA S GenBank %5 57 (8 AN [a] [ 5 3t X B AN [ 7
TP 28 T T TR ARG 1TS A% R A R T R G
HEARRR 237, 25 R« 14 Oy A 15t 7 9 T K SR 4
N3 AR 3) o, 3 B R E R 1
TR ) TR R FIR I B -1 2B Y T R CMIWB000 (55 53¢
5 AY236949) Ak [A] — B 6 My JEASFEAE Ky 1T AY
18 TR R AR L TBT 74 =2 M T BT AR CMIW908 T (85 5%
5 AY236943) AL [A] — AR S T SR AE Dy I &Y
FIR) TR R T A U5 T 552 VY AR A T AR CMWO074 (6 5%
5 AY236952) AL [n] —HAF . I Ah, AR ACER R
PRAY ITS | B-tubulin F1 EF1-o J5 51 4H 5 4 G R AL B
AAT I HEALR SR TTS Fp 51 i Ay 2t 1% 2 Al g 285 2R
—E(E4) ., H, ABETE R 0 R R 5t 97 i
SN 3 Tl [ 21 Y i) 2 4 DA Js TR TR LT, 23 0l 2 B
dothidea \B. parva F B. rhodina,
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® Y7S5-1a

100 | CMW8000 (P1um, Switzerland, AY236949) . " - dothid
e YZSll-la otryosphaeria dothidea

®YZS1-2a

®YZS9-1c

68 ® Y7S3-2a

87 | ®YZS9-1b

CMW9081 (Poplar, New Zealand, AY236943) B. parva
99 |eyzs9-1d

®Y759-1a

971 ' ®vsi-la

CMW9072 (Acacia, Australia, AY339260) | B.lutea

96 CMW9076 (Apple, New Zealand, AY236946) | B.australis
® Y7S8-1b
® Y7S1-6a
0 l@yzs8-1
& B. rhodina
99 ® y753-3a
CMW9074 (Pine, Mexico, AY236952)
39 ® Y7S7-6a
L — CMW7060 (Fraxnus, Netherlands, AY236955) | B Stevensii
90 CMW7774 (Chestnus, USA, AY236953) | B.obtusa
CBS 120840 (Plum, South Africa, KC343021) | piaporthe amygdali
[r—
0. 02

T AT B BEARAE ST T - 7308 55 ORI A £ CREMAIFIIE R 5.
Note: The strains obtained in this study were indicated by a circle ( + ). The host, country, and GenBank accession numbers of ITS sequence of pat-

tern strains were showed in parentheses.

B3 ETARFHEREEEEEN ITS FIHEE Rl
Fig.3 Phylogenetic tree of Botryosphaeria species associated with camphor canker disease in Chongqing
Municipality based on the Neighbour-Joining analysis of ITS nucleotide sequences

100 ® Y7S1-2a

99 CMW8000 (AY236949, AY236927, AY236898) Botryosphaeria dothidea
® YZS11-1a
®Y759-1a
®YZS9-1d B. parva

CMW9081 (AY236943, AY236917, AY236888)

CMW9072 (AY339260, AY339252, AY339268) | B.lutea
CMW9076 (AY236946, AY236922, AY236893) | B.australis
o6 [ CMW9074 (AY236952, AY236930, AY236901)
88 | L @ Y753-3a B. rhodina
® VIS1-6a
81 CMW7060 (AY236955, AY236933, AY236904) | B.stevensii
98 L CMW7774 (AY236953, AY236931, AY236902) | B.obtusa
CBS 120840 (KC343021, KC343989, KC343747) | Diaporthe amygdali
o

TE AT R B AR AR BEAC R T - 708 o 455 OB AR AY ITS | B-tubulin FI EFl-a JFF 8345
Note: The strains obtained in this study were indicated by a circle ( + ). The GenBank accession numbers of ITS | B-tubulin and EFI-a sequences of

pattern strains were showed in parentheses.
4 ETFAERAEEREREERR ITS,B-tubulin 71 EF1-o F 592 09 RSt (L5
Fig.4 Phylogenetic tree of Botryosphaeria species associated with camphor canker disease in Chongqing
Municipality based on the Neighbour-Joining analysis of combined ITS,-tubulin and EF1-« nucleotide sequences
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2.4 fREEEFENE

R AR R MRIE AR | AR AR % 2
d FFUE RN 4 d IR BB ks (0 s i 35z R
TABE. FBEROIIER L, 5 AL TR 6, e A IR
@, 59 B AL AL 2 M B (] SA) , $ Rl o B
PDA (B S  BRIS R Kol o X R R A5 HE AT F
S, TR IR 5 SR O R SR — 2 H

A

B. dothidea B.rhodina B. parva
MOCK YZS1-2a YZS3-3a

YZS9-1a

ITS JyFAHIR] A5 45 Bk FQ I I, 69 73 B 45 210 19 1
BRI A 53 07 90 A ST o >R I SPSS PR X AN
[F) S T AR 159770 B AR FE AR 1 AR A B AR A% S
4 d BB BERE TR 2 k22 e 0 A, A5 R B B
parva EHRAIEURYERRGR , B rhodina T i) EUW T
IKZ,B. dothidea TR PRI EUR LR , H R Bl Y F AR
Z IRV 25 AN 2 (18] 5B) o

B
30.01 B. dothideam B. rhodianam B. parva

E c
£25.0 c
= be €
B abc
g abc
abc
abc I
a ab alb l
T
5] ® « ) 8 8 8 & © < 5]
I S S DN A,
| |
D — O = 00 M = MDD
v w N NN NNV NN NV VN Wy
NN % N N NN N NN N N
Eal o R - - - - o

AAEFRER BN 4 d AR BT RS ; B A R R ARAERA | AR AR BB AR I BOR PRI E

A: Wounded shoots of camphor tree were inoculated with colonized plugs and photographed at four days post inoculation. B The lengths of necrosis in-

oculated with strains of Botryosphaeria species on wounded camphor shoots.

5 AEE®REMENBERFEREBRENESR

Fig.5 Disease symptoms and lengths of necrosis on excised shoots inoculated

with strains of Botryosphaeria species

3 9t

It 5 D T 45 A R B bR Bk e £ e
WORMEESR . ASBESE IR 2 % B, 57 R A A 1
V970 10 LR AR T, A Hb S ) T AR T A
PR, ETR, 56 TR0 592 95 0 Dt B 19 10 6
b HZARAR Y 2 R AE AT %58 . 1995 4R 37 o
0T YRR T T I T L X PR A 9% 95 , 2005 4FEXS
AR I TR S R A R B 3%
3 X (R 507 006 T S 5 B, dothidea , AR BF5E 5
FARB Z 5, 25 BEEAET T 2009 AEXTT
IR AT IR 55 T HEAT T 0 B, TR bk
T 1€ I A IR A €0, 3 AR AT T Y
UEAR T B, ABFFE b g 1 B8 bk 5 % AEAH I
(HR R AR D e s s RS A T, LR
DRI AT il PR g 7 280 s R S T P B SR P R 5 32
BB TR 5 N FARAE R 2 500, ELAR [ o i)
ASFRE 22 AW S, (SO 187 25 25 3 000 o o i 1 3
FTIEAFE—E MW 2E " . 1TS R 31 RERS SR 1
52 I £ ] ] B o 14 22 5, T AR R )12 o
JHF 20 B A () o 14] 20 0L RS 6] 19 & 46 % 75 WE 5%
w1020 R e, A BIF Y S U T bR T 25 2

IE, F25 6 H A ITS, B-tubulin 1 EF1-o 751 11 3£k
KR O RUR T H PR DX A R 15 07 0 1 A7 485
WEFE I, SRR R LR R B, dothidea ;
Wb BT E R B. parva 1 B. rhodina 2 AF 515
R IZ0 B B AR IE o &5 R ] S R GERTE T AR
Tt 973 1140 Do T 42 AR T K 0 [ X 455 A 3¢ 97 s
B TA A B T

R Itz T AE 1 AR A BB S BB )
SESE R R R R T PR [5] il IXC ) 495 A 35t 97 i TR
() 250 1 14 22 S5 HC b Seloke 15T W) . ) A+ SOG4 , HL
SRR AE W AR G, B parva T FR B 20K
Ve IR, B. rhodina AR EUR MR Z , B. dothidea
RIARAYBOR TS o A AT B 2 AL Fh
N B. dothidea ,{HFE 2 >80 1 #9 Fha] X 3
Heh X R A IR TE U o AT, A Al IE 3R
B, 2 e Js T J ) 1 22 Tl ] 5 SRR AR
RS Htt B, dothidea \B. parva Fl
B. rhodina 753 [E 5 A7 75, HAERL Bk K B8 A #
H B A E a2 P R H AT K
ALEB 1R IUAT B. dothidea ¥ fE % {0
PO TR ARG AL SR 1 327 K2 —,
U, AW 5% DA T DA (] iy DX R4 - 20 B3 45 31 1Y) B.
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dothidea .B. parva 1 B. rhodina BUR i & &t RENE
5 E A B R A A S5 SR o B Rt —
LIRAMSE

4 ik

ARG X SR [ T DA [ L DX A A U5t K
HEAT T e BT 1Y 20 15 5 Al A, AR AR AT 0 I T 1Y
FEAS AL ITS J7 51 | B-tubulin ¥ 51 H EFl-a J5 5]
KB, K PRI S E N B, dothidea |
B. parva F1 B. rhodina , H.AS [5] F 8] 20 71 2175 22
5, B. parva SR EURTER R, B. rhodina IR 2., T
B. dothidea BUR 55 , Hom, B. rhodina f1 B. par-
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R ABIFFEAR Tt 97908 1 & A WA T KA L B il & B
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Identification and Sequence Analysis of Canker Pathogen of
Camphor Tree in Chongqing

ZHAI Li-feng ,ZHANG Mei-xin ,ZHAO Hang ,DENG Jia-cheng
(School of Advanced Agriculture and Bioengineering, Yangtze Normal University, Chongging 408000, China)

Abstract; [ Objective | To identify the pathogen of camphor tree ( Cinnamomum camphora) canker disease, the
diseased branches of camphor tree were collected from the Fuling, Beibei and Yuzhong district of Chongging.
[ Method | Pathogens were isolated from the diseased samples and purified by single-mycelium tips culture. The
species of pathogens were primarily identified by the morphological characterizations of purified strains. To ana-
lyze the phylogenetic of the selected strains, the sequences of rtDNA-ITS, B-tubulin and EF1-a genes were am-
plified and sequenced. The selected strains showing different morphological and molecular characteristics were
tested for their pathogenicity on detached shoots of camphor. [ Result] A total of 48 isolates were isolated from
the diseased camphor tree canker samples in Chongqing, and 68 purified strains were obtained by single-myceli-
um tip technique. Based on the characterization of fungal colony and conidia, the 68 purified strains were
grouped into three types. Fourteen strains from the three types were selected to construct phylogenetic tree. The
phylogenetic analysis results showed that the three types belong to Botryosphaeria dothidea (type 1), B. parva
(type II ) and B. rhodina (type III). Pathogenicity tests on the camphor tree shoots showed that all the tested
strains could induce canker lesions. Remarkably, the strains of B. parva exhibited the strongest virulence than
that of the B. rhodina and B. dothidea strains. The B. dothidea strains showed the weakest virulence. [ Conclu-
sion | B. parva, and B. rhodina are isolated from camphor canker disease for the first time. It is suggested that
B. dothidea, B. parva, and B. rhodina are the common causal agents for camphor tree canker diseases in
Chongqing.

Keywords: camphor tree canker; Botryosphaeria; sequence analysis; pathogenicity
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