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| dentification and analysis of the peach brown rot pathogens from
different peach-growing areasin China
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Abstract: [Background] Brown rot on peach and nectarine trees caused by Monilinia spp. is an important
fungal disease, and produces serious economic losses frequently in China. There may exist more than one
species of peach brown rot pathogens. [Objective] To clarify the species and pathogenicity of brown rot
pathogens from different peach-growing areas in China. [M ethods] The pathogens were isolated from peach
brown rot fruits of different peach production areas, using the method of single spore isolation. Identification
and analysis of isolates were carried out by morphological characteristics, molecular biology methods, and
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inoculation assay. [Results] In this study 15 brown rot pathogen isolates were obtained from 8 different
peach-growing areas. The morphological characteristics of the isolates were dightly different from each
other, but the isolate hfyn from Yunnan Province was significantly different from the other isolates. Based on
its morphology, rDNA ITS segquence and phylogenetic analysis, the isolate hfyn was identified as Monilia
yunnanensis, which was a newly found brown rot pathogen, and the other 14 isolates were identified as
Monilinia fructicola. PCR amplification using several pairs of specific primers confirmed the morphological
and rDNA ITS identification results. Inoculation tests showed that the pathogenicities on peach fruits of
15 isolates from different peach producing areas were different. The isolates from Lishui, Zhejiang Province,
Shijiazhuang, Hebel Province, and Qingdao, Shandong Province had more virulent, and the virulences of
isolates from Kunming, Yunnan Province and Tai’ an, Shandong Province were relatively weak. [Conclusion]
The results indicated that the mgjor pathogen of brown rot in peach-growing areas in China was Monilinia
fructicola, and there were differences in morphology and pathogenicity among these isolates from different
peach-growing areas. The result from the present study may provide a scientific basis for managing peach
brown rot epidemics.

Keywords: Peach brown rot, Monilinia fructicola, Monilia yunnanensis, rDNA I TS, Pathogenicity
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IR THIE S SE ik, WSS B bkTE PDA P
TR ASRAIE
1.5 J%E rDNA ITSFFIH 185 54

HIHL 25 °C 5537 3 d 1) PDA AR oy s bk iFi 22,
RAEEIEHZ] DNA Pt B0 S oo gtk
FEKZH DNA, IS HEE I i TR A U JE K 2 DNA
Fih, SRIEE rDNA ITS s Tss (5-TC
CTCCGCTTATTGATATGC-3)Hll ITS5 (5-GGAAGT
AAAAGTCGTAACAAGG-3), ¥ 1 18SrDNA-ITSI-
5.8S rDNA-ITS2-28S rDNA XI5 J¥51. PCR I i
K Z (25 uL): 1xPCR buffer (MgCl,) 1.5 mmol/L,
Tag DNA R4 1.25 U, dNTPs200 pmol/L, ITS4
TS5 514746 0.2 pmol/L , 3K 2H DNA #itl 5L,
ddH,0 #MEF) 25 ul . PCR S )i 4514 : 94 °C 3 min;
94°C30s, 55°C30s, 72°C15min, 1t 30 MEH;
72°C 10min, >R A 1% e i F vk kil PCR 7™
1. ¥ PCR 7= H ih & alidb Im s 2% A4 TAEY)
TAR (W) B A BRA wl#EA TN, D7 45 SR AE
GenBank %4 Pg th#E4 7[RI 7 41 F T, F 043 25 ik
PR, FF FAREIN 3 s 1 TS J7 51 MEGA 7.0 #4
HRGR T AR
1.6 4551 PCRYETESH

N T A TS S [ B 25 50 H A
NI P X R s T 20 B AR 1 70 FHAE , R
loos 251 Ma 218 Coté 51V BIE A 1TS KI5
R X AT RAPD F B 22 5 X IR T [X. 4 M.
fructicola, M. laxa 5§ M. fructigena & ik 14 B 45 5
PES 1T PCR Y 344508, 21 1.5 SRS 4 B bk
S DNA. FesHs1975) . PCR 4 (A R 1
ST

(1) =M loos %M BlY M. fructicola-ITS1
(5-TATGCTCGCCAGAGGATAATT-3)#1 M. fructicola-
ITS4 (5-TGGGTTGCAGAAGCACACT-3), 5|4

M. laxa-1TS1 (5-TATGCTCGCCAGAGAATAATC-3)
1 M. laxa-ITS4 (5-TGGGTTTTGGCAGAAGCACA

CC-3), B4 M. fructigena-1TS1 (5-CACGCTCGC

CAGAGAATAACC-3)#l M. fructigena-I TS4 (5'-GG
TGTTTTGCCAGAAGCACACT-3), PCR JZ uj 1A %
(25uL): K[ 41 DNA 25 10 ng, 4514 0.2 umol/L,
dNTPs 200 umol/L , Tag DNA %41 1.0 U, 1xPCR
buffer, PCR i 5&4: 94 °C 3 min; 94°C30s,
67.5°C30s, 72 °C 1.5 min, 30 MJ§#f; 72 °C 10 min,
(2 8 Ma &M 514 M. fructicola-IMfF
(5'-ATGCAGAAGTGTGAATAGGGCCT-3)#l M.

fructicola-IMfR (5'-CGAAGGATGAGAGGAAGATT
AGGG-3), B4 M. laxa-MLF2 (5-CGAGGCTCT

TTACGACATTTG-3)#1 M. laxa-MLR2 (5-TTATAC
TATGGCCG GGCAGA-3)., PCR W IKZ (25 uL):
2] DNA 25 10 ng, #5514 0.5 umol/L, dNTPs
200 umol/L , Taqg DNA 241} 0.75 U, 1xPCR buffer.
PCR S i £514: 95 °C 3 min; 94°C40s, 64°C 30s,
72°C 1min, 35 7FEH; 72°C 10 min,

(3) B cote M 15141 MO368-5 (5-GC
AAGGTGTCAAAACTTCCA-3), FiiEs|¥4rilh

M. fructicola-MO368-10R (5-AAGATTGTCACCAT
GGTTGA-3). M. laxa-LaxaR2 (5-TGCACATATCC

CTCGAC-3)Hl M. fructigena-MO368-8R (5-AGATC
AAACATCGTCCATCT-3'), PCR [ Wi 1A& £ (10 uL):
L2 DNA 25 10ng, 5% 0.2 umol/L, dNTPs
200 pmol/L, Taq DNA %43 0.25 U, 1xPCR buffer.
PCR JZ i 451 95°C 2 min; 95°C 15, 60 °C 15 s,
72°C 1min, 35/ MfEH; 72°C3min,
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75% R AR R TIN5 TR Mgk 1, KT
SRR R 2 A0/ 1 (R 2 mm), RE AR
6 mm IRk HE J S R DR DF O 4 T e SR TR
M F, SR KR AT, 25 °C R 3E,
24 h G HYE, 5 24 h WEHE R & 0w 15 i IF:
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(9.3-16.4) um, FHK/M K 17.5 pmx13.2 pm., Al
PR ORI SRR RDE SRS A 257 4568

(LB E T PUF0 Lane MR I B TR A8 A 78
Ik X Ry B R AR 4 S M. fructicola,
SRz B2 Bk hyn TR 2S5 A BRIV 2
AR, ANRRLOR, TCBIRACREE, ANk
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Tablel Sources, PCR amplification resultsand pathogenicity of brown rot isolates

LBk G SRAE Hb rDNA ITS %58 looset al. Maet a. Cotéet al. LRSI o e
|solates Source I dentification cola laxa gena cola laxa cola laxa gena Pathogenicity on fruit

hfal 1T KHE Monilinia fructicola ~ + _ ¥ - + — _ o
Dalian, Liaoning

hfsc P R Monilinia fructicola + = + — + _ _ Kk ok
Chengdu, Sichuan

hfsq 7R Monilinia fructicola ~ + - + - _ _ ok
Qingdao, Shandong

hfyn =R Monilia yunnanensis ~ + + + - - - _ o
Kunming, Yunnan

hfhs-1 Wb A F Monilinia fructicola + = + — + _ _ *kk
Shijiazhuang, Hebel

hfhs-2 WAL A FRE Monilinia fructicola + = + — + _ _ Kk ok
Shijiazhuang, Hebel

hfhs-3 WHbA RE Monilinia fructicola ~ + - + — + _ o
Shijiazhuang, Hebei

hfzl-2 WIVLHE 7K Monilinia fructicola ~ + - P 2 - = -
Lishui, Zhegjiang

hfzl-3 WILHR K Monilinia fructicola ~ + - y - + _ _ -
Lishui, Zhejiang

hfbn-4-26 jtﬁ@iﬁ Monilinia fructicola + = + — + _ _ * Kk
Haidian, Beijing

hfbn-5-27 v 5iifTE Monilinia fructicola + — + — + _ _ *x
Haidian, Beijing

hfbn-rp21  Jtiigie Monilinia fructicola + - + - + _ _ *x
Haidian, Beijing

hfst-8 A ZR4E Monilinia fructicola + = + — + _ _ *
Tai’an, Shandong

hfst-10 I A ZR4E Monilinia fructicola + = 4 — + _ _ *
Tai’an, Shandong

hfst-25 2R 28 Monilinia fructicola ~ + - + + _ _ -
Tai’an, Shandong

{E: cola’y M. fructicola #5534 5 1axa iy M. laxa Fi57 P4 35741 gena iy M. fructigena #5524 3945 +: AFERAEY
PIEA s — TCRRRIET AT, e TEMCR ESRBOREIARECR, PAENGIRETRL; v MRS, e R

s *: A RS, AR TR

Note: cola: M. fructicola specific product; laxa: M. laxa specific product; gena: M. fructigena specific product; +: Having products; — No
products. ***: Large lesion with more mold spores on fruit; **: Medium lesion with a certain amount spores on fruit; *: A certain size lesion

with less spores on fruit.
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Bl HMBRRES SHRBEERS

Figurel Colony morphology of brown rot isolates on PDA

e A WIVLER/KA B hizl-2; B: JUEUEFTESTESAR hfbn-5-27; C. INARZEL/r Bk hist-8; D: INAEH S/ EMk hisg; E: mFE
B3 Bpk hfyn.

Note: A: Isolate hfzl-2 from Lishui, Zhejiang; B: Isolate hfbn-5-27 from Haidian, Beijing; C: Isolate hfst-8 from Tai’ an, Shandong; D: Isolate
hfsg from Qingdao, Shandong; E: Isolate hfyn from Kunming, Yunnan.

ZOTm

E 2 M. fructicola Xz H B (hfz-2) I D ERFEM P ERFRS

Figure2 Conidial chain and conidia mor phology of typical isolate (hfzl-2) of M. fructicola
W AL B: MAfTEE; C AT

Note: A, B: Conidial chains; C: Conidia.

HMELL T B, BUEmE, 2BKEOTAEZRES 22 HEDNAITSFI BESREREH

bk, BiHbdys). PR 1E). B5 M. fructigena FIFSIY ITSANTSS % Fik 15 AN4r bkt T
M. laxa (TG SEMEHS A AT, B 5 M. yunnanensis ~ PCR 73, 283 2 43l #5- 51 K /N2 500 bp # ITS
RIS TE AL FBJFA . #E GenBank £, BLAST 4553
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W1, 15 M3 B RR I RRFR RN 5 Z ARV R 99%01 2 &
EIFH. KHEEMNTE hfyn 5 GenBank
(%) Monilia yunnanensis H{LLEE >l 99%, T4y 14 4
Y5 E &9 Monilinia fructicola 541 HA 99%0Y
FAMRLEE . 15 RRBKHE NG TR 43 B0k 1TS JPoIERAE
GenBank 315 1875

M NCBI GenBank T~ AL fie e 4 [R) F AT
IR R T R A T8, F MEGA 7.0 #{F

T RGERE Mo RARARANR I AL EaL A g
ARGk EMN, AIREBR A 1000, 58K, Bk
=EITERS, HAth 14 53R S M. fructicola
HZEFNE A1 . =TS M. yunnanensis
TEF—4r32, SE#HKIER M. fructigena I3 7E [/ —4
Kor32, U AR MRS M. fructigena R4 C R
BRI, T M. laxa Fil M. mumecola {354 % 2
WA F i (B 3)

95| Monilinia fructicola P-2 (KJ131184.1)

hths-2 (MH127837)
hfhs-1 (MH127836)

hfdl (MH127835)
hfbn-rp21 (MH127834)
hfbn-5-27 (MH127833)
hfbn-4-26 (MH127832)
hths-3 (MH127838)
htsc (MH127839)

Monilinia firucticola P-1 (KJ131183.1)

Monilinia fructicola 2014 FC51 (LT615189.1)

g7 | Monilinia fructicola 2014 FC54 (LT615190.1)

hfsq (MH127840)

hfst-8 (MH127841)

hfst-10 (MH127842)

hfst-25 (MH127843)

hfzl-2 (MH127845)

hfzl-3 (MH127846)

Monilinia laxa 1.2 (EF153013.1)

82

Monilinia laxa EF8 (KJ542644.1)

=

5| Monilinia laxa BF-SZ-1 (HQ908790.1)

Monilinia fructicola 2014 FC32 (LT615174.1)
Monilinia fructicola 2013 FC50 (LT615169.1)
Monilinia fructicola NC13-098 (KM279616.1)
Monilinia fructicola P164 (F1411110.1)
Monilinia fructicola NC13-098 (KM279616.1)
Monilinia fructicola MoC7 (KM652457.1)
Monilinia fructicola THF-1 (F]J515894.1)

64 Monilinia fructicola W7 (EF207419.1)

Monilinia laxa 2013 LX2 (LT615187.1)
Monilinia laxa 2013 LX9 (LT615172.1)
Monilinia laxa 2013 LX5 (LT615171.1)

15

37 hfyn (MH127844)

36

50

]
0.002

3 ET rDNAITS FHIRAHEEMEN AR L B

Monilinia mumecola HXL10-1a (HQ908787.1)

99 ———— Monilinia fructigena SL10 (HQ908791.1)
L—— Monilinia fructigena LHF-1 (F1515891.1)
Monilia yunnanensis KY-1 (HQ908788.1)

A Monilinia fructigena NW523 (EU520073.1)
Monilinia fructigena NW522 (EU622274.1)

Figure3 Phylogenetic tree constructed using the adjacency method based on rDNA I TS sequences
E: Z5HXFHIN GenBank 5% 58 TGS, JrSCAMREAR AR, ARRFTR KA 0.002 #1IR B,
Note: The GenBank accession numbers of aligned sequences are shown in the brackets. The bootstrap values are shown at the node. Bar

0.002 means the nucleotide substitution rate of 0.002.
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23 HRMESIYI G

HiE 4 AT, SR 1oos 25 pxd 15 kk4y
BMRHETT PCR 9714, A ITS XAERPES 1Y
ITSUITSA (M. fructicola)if 15 4 BRI 1 H T
K/NZR 330 bp H B, oAt hfyn AT hfsg Z8HL ik
R =i/ (B 4A); Tl A ITSUITSA
(M. fructigena)s | IS {LAE hfyn 3 BSARY 38 H TR
24 330 bp MY BE, (AT ITSUITSA (M. laxa)5 | #0]
XF 15 BRBkHE A TR A B AR B G R R R
BE( 1) AR Ma 25 U8Bt il 10 8L X S A
S5 T PCR 744, ImfF/ImfR (M. fructicola)
F1H%F 15440 BRI 45 55 1oos 2%t M.
fructicola 511195 IR 255 —HF, #RAEY 14 iy
SRR 4B, £ 1), BorEiREE R Ny
440 bp; 1 MLF2IMLR2 (M. laxa)s |1 15 443 25
PRIGRATY I R B, BT Coté 25 g x
RAPD 22 5 7 BE XIS IR 55 |90 15 kA3 25 bkt
11 PCR Y14, % MO368-5 F1 M. fructicola-M O368-
10R BIHINtER hfyn I hfsq Bea 471 i 4474, H:
A% 134 SRR Y 14 T 500 bp 2647 B RS
(E 4C), AN BIRHHAET YT M. laxa, M. fructigena
PR PR | AR BB 1S B 4501 (3R 1)
24 BURMENE

PR ICIG 2, 15 BEMEAR B 1A 43 B bR I RE 1

pp M CK 1 2 3 4 5 6
A 400
300

B
500
250

[
750
500

BEREOE, (B4 BRI EORE A 2257, 2
AN/ NI (R BE (R 1) R 24 h, &5
RN Bk R B 22 IR AR TE K IR I A
PE, Hrpsk BWiTe hfzl-2 1 hfzl-3. PUJI hsc,
JLEHY hfbn-4-26 bRy hfhs-1 %843 B HRX kAR
AR TERSR, SR A T . R R
HAl oy ERIEER H 25 Hefl)a 96 h, X 2L g5tk
5 AR O 28 5 1 Rk — MU, e e 5
PR, SRR A = m AL AR 282 1) 3 B AR AR
[FIERF [i) PN BT B B /N B A6 -t /b, RS0 )
FAXFHSS o 18 B Bk T s T AR A B AR AR SR
() A IR o
3 WikE4w

AHFSE R A T AN [RIBE ™ XA 48 g s R |
e 15 BREC ST EIRR, SR ITSIP910r 14
TE S HAR R () R GE A TS ATE 85 i A T 2
B, H 14 8 AR 5EZ 45 B (Monilinia fructicola,
TePEA AR A M Monilia fructicola), 1 /b=
B AL (M. yunnanensis) . 3% 1d B 3% A= X Bk
FE 0 TR £ 228 DLRI R M. fructicola, X 5 Hu %510
I RIS TPOLI G i 45 R A — B, (A 7E3E AR
k., M. yunnanensis &} &5 i 14 JE R T, HUK
J& M. polystroma, Tfij M. fructicola i AR ;
S HNEFFPERETE L PGB R AR & B,

— 500

4 HBIEHEE S EHTEH loos EY ., MaZ9%n coté 'Yy M. fructicola 3149113 1T PCR 12 . 5k &

Figure4 PCR amplification electrophoresis pattern of 15 brown rot isolates using M. fructicola primers of loos et all*”!, Ma
et all*® and Cété et all*?, repectively

e A: loosZ ITSUITSA (M. fructicola)5 #1414 ; B: Ma % IMfF/IMTR (M. fructicola)5 |44 1% ; C. Coté%E MO368-5/M0368-10R
(M. fructicola)5 |74 #4. M: 500 bp marker (A); 2000 bp marker (B 1 C). 1: hfdl; 2: hfsc; 3: hfsg; 4: hfyn; 5: hfhs-1; 6: hfhs-2;
7: hfhs-3; 8: hfzl-2; 9: hfzl-3; 10: hfbn-4-26; 11: hfbn-5-27; 12: hfbn-rp21; 13: hfst-8; 14: hfst-10; 15: hfst-25.

Note: A: loos et a. ITSUITSA (M. fructicola) primer pair; B: Ma et a. IMfF/ImfR (M. fructicola) primer pair; C: Coté et a.

MO368-5/M0368-10R (M. fructicola) primer pair. M: 500 bp marker (A), 2 000 bp marker (B and C). 1: hfdl; 2: hfsc; 3: hfsg; 4: hfyn; 5:
hfhs-1; 6: hfhs-2; 7: hfhs-3; 8: hfzl-2; 9: hfzl-3; 10: hfbn-4-26; 11: hfbn-5-27; 12: hfbn-rp21; 13: hfst-8; 14: hfst-10; 15: hfst-25.
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5 HHMERERE S BIRKIEME AR ARRRL

Figure5 Symptoms of peach fruitsinoculated by brown rot isolatesin vitro
. A: fEFPS 48h; B: RS 96 h. 1. hfzl-2; 2. hizl-3; 3. hfst-25; 4. hfyn; 5. CK (ddH.0).
Note: A: 48 h after inoculation; B: 96 h after inoculation. 1: hfzl-2; 2: hfzl-3; 3: hfst-25; 4: hfyn; 5: CK (ddH0).

I 24 Monilinia fructigena, 1fii M. fructicolafR />,
LAy B A7 2 R EOSERARL, R 1RSSOk
TRTFAk . R AISE SR | B E B8 s B Rl EEAS TR
X ATRE S AT E R . Il O, TR B —
HHE5E . EIRFIPIERFSE M. yunnanensis i {4 2 #F
PERTEE R I, R AMRSERR SRR AR B
G R EMEE RRAE —ENZER . It
A, AW RGHER BR M. yunnanensis 5 M.
polystroma #I M. fructigena (554 % 25T, Zhu
SEPURESE AN IX 3 FIEYI R B AR P R R R
S KB W, [FJE T M. fructicola i 14 Bk B AR
TEILASHE A AR, 77 A R o A i A IR A2
M. fructicola & ULE4 R A SCRHES™, BLRHFH P
PARIIAFTE S 2R, S04 5505 X b B E
F Ko SRMAWITE 25 o IR 53 BRI IRV T 2
FULEARRE R 4070 TR AE 5 Hu 251 L
SEZFPI A HGE — B, (HT DA BB 2251 G
BRI K e I 8 i 0 A B 5 g i i P

FH loos Z0FN Ma S EF X M.
fructicola FAESRMET [PIXF 15 43 Bi#kiE T T PCR
P8, A Y M. fructicola (1) 14 N4 B kRIS
B TR, Lok AILAR T B 04 B bk
hfsq 457458, X HE— B HIE T ASBFSE Wk I8 5 B
HISELE IR . %E N M. yunnanensis it = 40 B bk

hfyn t 38 75 b 14 sk —8i sy
SRS, AOHEES, W) nfsq 4y ES bR, IR Coté
2R3 M. fructicola 53119 RAPD 22 5% 1 B 5
PSP G, R IR 2 B Rk hfsg il me o0 25
Bk hfyn BeA I EEHIE AT B Pl
X BB W AR E A o i TN A 4
BE] M. laxa Htk, SEMHZME SRS YR e
B R S AR . Ak, T 1oos 251
THH M. fructigena 555445 W1 IUTE 2 B 43 B0k hfyn
H 3 T RAE SR, T FLAEA Y IDNAITS &
GEER B hfyn 43 kk 5 E R IE H9 M. yunnanensis
KY-1 1 M. fructigena &b F[R—4~5r3%, B M.
yunnanensis Al M. fructigena 3245 280, T4 14k
I M. yunnanensis J&H1 M. fructigena 76455 & HI R
S MRS AR, (A H TR B E XK R R
(RS PCR 5149 [FINE, AR TERR S5 | P
BRI BB A IS L, S e P g
FEERAR], X FTRE S WA B0 22 5 5 A &
RESEPEA 56 o R 26 IR [R] 7 DOR IR Ak A8
W 5 BARAAAE SO E 22 5, R R Rl —Hh Xk
PRI o SRR AEAE R 22 57, WNLIR A B bk
By hfsq F1Z84¢ hfst 55 TEREHS IR 20 Bk o0 758
FEH, ASCRATT ITS J§4 e Bk %514 PCR
P, RO NRET TR ERHTEE M.
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fructicola, M. fructigena, M. laxa #1 M. polystroma)
FAE A R F S I (FH T % M. mumecola #1 M.
yunnanensis)fJ Real-time PCR #5145 Jy 1128 a m
Z7%,

AW 58 A RE DA BG4 T8 i i 2R P 2 B ) M.
fructigena #1 M. laxa 73 bk, 25 FUEASCRIBE
58 H R TR A [RIRG 7 X Ak o T R 2k
OB 377 X SRR OBk AR 2T 1502, IF
VAT 2 . RIIBCRAEINE, I B3R5 1Y
OYERRED, Bz X pgE e AR, HK, A
WIFER R R B Bk, DR b iR J 702 £
TN PRI TR R 2 2B, T M. laxa F
M. fructigena 4L s SR 143 A9 bt ardg
S PN TR ) 53 B s, oy A AT REAE
PERAFEPIR L, SRR, Kb wit—2
5T, ARG, (EABEFRE R UL 1 H i Fe = pk
F X AE R TE R ELR N M. fructicola. T HE
BT i T Ak 32 DR TR TR A S A O A, A S
ALY R FNIE AN [k 7 DX B A0 i T 0 8 Ak
ook, DR R IR E WS B R R 0 54 2
FEPE, SASTR] ™ XM B 0 1A Ry 1 4 A P ie
HEHE

REFERENCES

[1] Ogawa M, Zehr El, Bird GW, et al. Compendium of Stone Fruit
DiseaseM]. USA . Paul, Minnesota: American Phytopathologica
Society Press, 1995

[2] Xiang WN. Chinese Mycology and Plant
Literature]M]. Beijing: Science Press, 1957 (in Chinese)
AHERAR. [ BB A S AE YR EE A SCIR[M]. b3 BE R
#k, 1957

[3] Ingtitute of Pomology/Citrus Research Institute, Chinese
Academy of Agricultural Sciences. Chinese Fruit Pest [M]. 2nd
ed. Beijing: ChinaAgriculture Press, 1994 (in Chinese)
OB = BRI T BT ATAG IS, o [ SRR S M.
2 fi. dbmt: hEgOl R, 1994

[4] Zhu XQ, Chen XY, Luo Y, et al. First report of Monilinia
fructicola on peach and nectarine in China[J]. Plant Pathology,
2005, 54: 575

[5] HuMJ, ChenY, Chen SN, et al. First report of brown rot of peach
caused by Monilinia fructicola in southeastern China[J]. Plant
Disease, 2011, 95(2): 225

[6] Li SF, Chen C. Incidence and management of the peach fruit
brown rot[J]. Plant Protection, 2009, 35(2): 134-139 (in Chinese)

Pathology

(8]

(9]

(10

(11]

(12]

(13]

[14]

(19]

[16]

[17]

(18]

(19]

[20]

2y, WROR. AR A & A FIBEIAR . AR, 2009,
35(2): 134-139

Batra LR. World species of Monilinia (fungi): Their ecology,
biosystematics and control[J]. Mycologia Memoirs, 1991, 16:
1-246

Chen LF, Xu JY. Agricultura Plant Pathology [M]. 4th ed.
Beijing: ChinaAgriculture Press, 2015 (in Chinese)

FRAIEE, IR, RAAEYIREEIM]. 4 W dbat: PRl
Hi Rt 2015

Harada Y, Nakao S, Sasaki M, et a. Monilia mumecola, a new
brown rot fungus on Prunus mume in Japan[J]. Journal of General
Plant Pathology, 2004, 70(6): 297-307

Hu MJ, Cox KD, Schnabel G, et al. Monilinia species causing
brown rot of peach in Ching[J]. PLoS One, 2011, 6(9): €24990
van Leeuwen GCM, Baayen RP, Holb 1], et a. Distinction of the
Asiatic brown rot fungus Monilia polystroma sp. nov. from M.
fructigena[J]. Mycological Research, 2002, 106(4): 444-451

Luo CX. Advances and prospects on researches of brown rot
disease on fruits[J]. Acta Phytopathologica Sinica, 2017, 47(2):
145-153 (in Chinese)

B AR TR AR S IR B LR R ). AR B AR,
2017, 47(2): 145-153

Ji ZL, Zhang JJ, Xu JY, et a. Characteristics and competition of
procymidone-resistant Botrytis cinerea isolates[J]. Journa of
Yangzhou University (Agricultural and Life Science Edition),
2007, 28(2): 65-68 (in Chinese)

e IJOBR, SRAAE, IRAAC, A5, PURSERRINY IR A 2 A0 A bR AR
FHFERREN[D. B KF2 4 Aol 54 R4, 2007,
28(2): 65-68

Wei JC. Funga ldentification Manual[M]. Shanghai: Shanghai
Scientific & Technica Publishers, 1979 (in Chinese)

Bisol. EREETIHM]. B RIEREEOR A, 1979
Lane CR. A synoptic key for differentiation of Monilinia
fructicola, M. fructigena and M. laxa, based on examination of
cultural characters[J]. EPPO Bulletin, 2002, 32(3): 489-493
White TJ, Bruns T, Lee S, et a. Andysis of phylogenetic
relationships by amplification and direct sequencing of ribosomal
RNA geneg[A]//Innis MA. PCR Protocols: A Guide to Methods
and Applications{M]. New York: Academic Press, 1990: 315-322
loos R, Frey P. Genomic variation within Monilinia laxa, M.
fructigena and M. fructicola, and application to species
identification by PCR[J]. European Journal of Plant Pathology,
2000, 106(4): 373-378

MaZ, LuoY, Michailides TJ. Nested PCR assays for detection of
Monilinia fructicola in stone fruit orchards and Botryosphaeria
dothidea from pistachios in Cadifornia[J. Journa of
Phytopathology, 2003, 151(6): 312-322

Coté MJ, Tardif MC, Meldrum AJ. Identification of Monilinia
fructigena, M. fructicola, M. laxa, and Monilia polystroma on
inoculated and naturally infected fruit using multiplex PCR[J].
Plant Disease, 2004, 88(11): 1219-1225

Yin LF. Characterization of populations of Monilinia spp. on
stone and pome fruits in China and genetic evolution of the Cyt b
genes[D]. Wuhan: Doctora Dissertation of Huazhong
Agricultural University, 2015 (in Chinese)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



878 (DG ESTE Microbiol. China

FHRIY. T ERMTRE R R S ) Cyt b 2k RAPD 737 [D]. iRil: gl Ks i1 2A i3, 2016
i 1% AL BFFE[D]. 2RI Al Ko L2238 3, [24] Zhu XQ, Zheng HH, Fang YL, et a. A method to induce
2015 significant production of conidia from Monilinia fructigena,

[21] Zhu XQ, Niu CW, Chen XY, et a. Monilinia species associated Monilia polystroma, and Monilia yunnanensis[J]. Australasian

with brown rot of cultivated apple and pear fruit in China[J]. Plant Plant Pathology, 2014, 43(5): 531-533
Disease, 2016, 100(11): 2240-2250 [25] Fan JY, Zhu XQ, Guo LY, et al. Comparison of three molecular

[22] Zhou F. Population structure and pathogenicity of Monilinia in identification methods for Monilinia species on stone and pome

Shanxi  ProvincelD]. Taigu: Master’'s Thesis of Shanxi fruits[J]. Acta Phytophylacica Sinica, 2007, 34(3): 289-295 (in
Agricultural University, 2015 Chinese)
JELDF ULV A 0 T RN R R S BUR PRI Y (D). KA 1 BEERHE, AN, SRR, GE. W T =R R T Y
PO KA1 25457 18 3, 2015 R[], HP IR 244, 2007, 34(3): 289-295

[23] Yan DQ. Genetic diversity of Monilia yunnanensis by using [26] Wang JR, Guo LY, Xiao CL, et a. Detection and identification of
RAPD anaysisiD]. Wuhan: Master's Thesis of Huazhong six Monilinia spp. causing brown rot using TagMan real-time
Agricultural University, 2016 (in Chinese) PCR from pure cultures and infected apple fruit[J]. Plant Disease,
EIRF . RWEERHE Monilia yunnanensis 114 £ kY 2018. DOI: 10.1094/PDIS-10-17-1662-RE

R oY oY R Y SRY R RY RY R RY RY R RY RY R RY RY R RY R R RY R R RY R R RY R R RY R R RY R R RY R R RY R R RY RY R RY RY R R RY R R RY LY R R LY

(4% p.818)
0 I o |
35 ZHICHK: S5 S0 SO S IS R WUF-HEY b, RATFRRITORHEI G o 3T 225 SOk 411 B 358 (3O
BRVEH A 3 AR 4iks, 2T 3 ASIET 3 A, JEhn“dai“et al.”, fEEERIA)E, AFZEAZSRIT). X
Wk TI% . AR R T, EAMHRIZ LS R, AHE, ARHE. S OB AR
225 SR A% X2 )
[1] Marcella C, Claudia E, Pier GR, et a. Oxidation of cystine to cysteic acid in proteins by peroyacids as monitored by
immobilized pH gradients]J]. Electrophoresis, 1991, 12(5): 376-377
[2] Wang BJ, Liu SJ. Perspectives on the cultivability of environmental microorganisms[J]. Microbiology China, 2013, 40(1):
6-17 (in Chinese)
EAREE, XIRCL. FERE TR EORRIPI IR, e~ k, 2013, 40(1): 6-17
[3] ShenT, Wang JY. Biochemistry[M]. Beijing: Higher Education Press, 1990: 87 (in Chinese)
R, TEeA. APAIMI. et w5 Rk, 1990: 87
[4] Liu X. Diversity and temporal-spatial variability of sediment bacterial communities in Jiaozhou Bay[D]. Qingdao: Doctoral
Dissertation of Institute of Oceanology, Chinese Academy of Sciences, 2010 (in Chinese)

XK. BEHETURRI AN TR A S BREI 23 20 UE[D). 75 & b R Be FEpr R i -7 118 3¢, 2010
4 FrRILEA
41 RFMFHISC: ML Kl DNA s IR 79 e SC, 3 Jeil o PR L JE EMBL (BR) % GenBank (35 )5k
DDBJ(HZ), HiE 33 [E FREEE % 55 (Accession No.) 5 FFHk .
42 KTMAL: (1) AP REZRATFRENSCE, 5 —RMH. (2) WEATLEL T F ., FEPH SR, e
1 (BRSO &R BB R AR T 4B 38T o VEE A i, BOEFSer U, (3) A st AR g 48 50 A BGH
TF3CFINL, B R NFS RS, FiEEE L EFE. (4) AT, MEELARIEIS SCRY I, R
TR ST TR —U R R, BEH A
43 HRART IARATA R (1) KR TIS S5 R mE SRS HE . MASERRREE, — Bl 2 A0 Z Wi E-mail
ULHAIE I, (EE SRR ARSI E MG U AR . gl . i, KAnlal)G, 1F& MR iR = iR
BEIWHATB UG FAZ B, e 5 w5 & AR S PRI AL, RS BB R e R HEBA R R (2) AR TR
P A N, — BRI AR5 SRR T et i —hmofle , e PR IR AR S B 1 S5l

5 REHEWH
WI—ZSE A, WETE A R AT AR PR MR AR — 5 10 A R S R IS AT . I 6 )
6 BKFEHIRN

Hihik . JERTHTEIBH X LR PG 1 5B 3 5 ERLEBERMUAE YR T (REEY~- @ ) e (100101)
Tel: 010-64807511; E-mail: tongbao@im.ac.cn; ik . http://journals.im.ac.cn/wswxtbcn

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



