TR A SR IR Nov. 20, 2023, 50(11): 48394851
Microbiology China DOI: 10.13344/j.microbiol.china.230571
http://journals.im.ac.cn/wswxtbcn Copyright ©2023 Microbiology China All Rights Reserved

B ®E BGP(TG)EARRIMMEMFEHARM F LAY
(EESOR Pk

PHEFE, FEF T, BE BAKR, REHR, R, RE
IPEL Kb 22BE, 1hPE K4 030801

PERIE, VAT, IVNE, TR, AR, KA, VBT, BEE. CUMTE BGR(TGIERIRIFUME S M RAGRI H 1R et
TEVEL[T]. AR, 2023, 50(11): 4839-4851.
LIANG Yinping, XU Zhiyu, SUN Xiaohan, FAN Le, SHI Lingjun, ZHU Huisen, XU Qingfang, ZHAO Xiang. Infection process

of Blumeria graminis f. sp. poae BGP(TG) on the leaves of Poa pratensis with different resistance[J]. Microbiology China, 2023,
50(11): 4839-4851.

B E. [#%] EF I KR(Poa pratensis)é L A EMmE, AR LA AT S & Rk
i IMRFem ey k. [B 6] A RA KA E BGP(TG) A 3 N RREuHEE T #H KRt kA
oy BRI REERFRARRAODRTROTZAE., [FEYI A DHEELELES
EMBEINEG 7k, SRR 3 N EFARBAHITODFRLILNEK, ittt
HRKREFERE., REFLRATVREFEIL, ST OR AT RE KT TFARR LI £
F. [£R] KR ERFARBERLML 2 ASHEAH®E, RAKAOHEH BGP(TGYZ L
Bl utt se P91z e it A2 A K —28, (29K K vt A LA R B RTF T LM 2 ANsuft; EH 1-2d &,

B RKAT RO ATTHR S AFENRESFRTRER A BAL;, B 1 dE, KT
I AR KXILRHAREREZZ T ZAL (P<0.05), ‘ZAEAHXILRHARERES T HE

7 (P<0.05). [##] AT AR A AT RTARTH LR ELIEPILREF LT ARKEG
PEBRANLZT RO ERMER, AFZRTARGD RO o6 R T ZibEaf AT,
X FRTFRA AARGRE; REdE;, LK, F¥

VEHIH « PG 40k K R S 314 9% (2020BQ74); 1 P 25 R RHE B3 T H (2021L166); 18 k% T/ER%
Jih 5% G BT I H (SXBYKY2021023)5 1l 75 4 H 5 5] G 307 B 45 % i Bt 6 (YDZISX2022B006) s 11 75 4 H s F & i &
(202102140601006)

"% AR S TR A [F]

This work was supported by the Doctoral Scientific Foundation of Shanxi Agricultural University (2020BQ74), the Scientific
and Technological Innovation Program of Higher Education Institutions in Shanxi Province (2021L166), the Doctoral
Scientific Foundation for Returned Scholars in Shanxi Province (SXBYKY?2021023), the Shanxi Province Central Guide Local
Science and Technology Development Fund (YDZJSX2022B006), and the Key Research and Development Program of Shanxi
Province (202102140601006).

*These authors contributed equally to this work.

*Corresponding author. E-mail: sxndzhaox@126.com

Received: 2023-07-13; Accepted: 2023-08-17; Published online: 2023-09-19



4840 (YIS Gk Microbiol. China

Infection process of Blumeria graminisf. sp. poae BGP(TG) on
the leaves of Poa pratensis with different resistance

LIANG Yinping®, XU Zhiyu”, SUN Xiaohan, FAN Le, SHI Lingjun, ZHU Huisen,
XU Qingfang, ZHAO Xiang*

College of Grassland Science, Shanxi Agricultural University, Taigu 030801, Shanxi, China

Abstract: [Background] Poa pratensis powdery mildew caused by Blumeria graminis f. sp.
poae is an airborne disease, and planting resistant species is the most economical,
environmentally friendly, and effective method for controlling this disease. [Objective] To
observe the infection process of BGP(TG) on the leaves of three P. pratensis species with
different resistance and clarify the role of papillae in the resistance of P. pratensis to powdery
mildew. [Methods] Coomassie brilliant blue staining was combined with microscopy to observe
the infection process of BGP(TG). The rate of secondary germ tube formation and the formation
of haustoria and effective papillae in the three species were determined. [Results] The powdery
mildew symptoms in ‘Explorer’ were more serious than those in the other two species, and the
infection process of BGP(TG) was similar in different species. However, the formation of
primary haustoria on the leaves of ‘Explorer’ was earlier than that of the other two species. One-
or two-days post inoculation with BGP(TG), the formation of fifth-level germ tubes on the
surface of ‘Taihang’ was slower than that of ‘Explorer’ and ‘Black Jack’. One day post
inoculation with BGP(TG), more effective papilla was formed on ‘Taihang’ than on ‘Black Jack’,
and the effective papilla formation rate on ‘Black Jack’ was higher than that on ‘Explorer’
(P<0.05). [Conclusion] This study clarifies the infection process of B. graminis f. sp. poae and
provides a theoretical basis for the prevention and control of powdery mildew in P. pratensis.
Keywords: Poa pratensis; Blumeria graminis; infection process; papilla; germ tubes
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Figure 1 Symptoms of Poa pratensis species with
different resistance to powdery mildew 9 days after
powdery mildew inoculation. A, B and C were the
symptoms of powdery mildew inoculated for 9 days in
‘Explorer’, ‘Black Jack’ and ‘Taihang’, respectively.
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Figure 2 Observation on the infection process of powdery mildew in different resistant species of Poa
pratensis. Al, B1, C1, DI, El, F1, G1 and H1 are the infection of powdery mildew when the ‘Explorer’ is
inoculated for 4 h, 8 h, 16 h, 20 h, 1 d, 2 d, 3 d and 7 d, respectively. A2, B2, C2, D2, E2, F2, G2 and H2 are
the infection of powdery mildew when the ‘Black Jack’ is inoculated for 4 h, 8 h, 16 h,20h, 1d,2 d, 3 d and
7 d, respectively. A3, B3, C3, D3, E3, F3, G3 and H3 are the infection of powdery mildew when the
‘Taihang’ is inoculated for 4 h, 8 h, 16 h, 20 h, 1 d, 2 d, 3 d and 7 d, respectively. Co: Conidia; PGT: Primary
germ tube; AGT: Appressorium germ tube; AP: Appressorium; PP: Penetration peg; HI: Initial haustoria; MH:
Mature haustoria; PA: Papilla; SH: Secondary hyphae; Hy: Hyphae.
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Figure 3 The formation of papillaec and haustoria at the interaction site 1 d after inoculation with powdery
mildew. A: Haustoria, none papillae. B: Haustoria, papillac. C: None haustoria, none papillaec. D: None

haustoria, papillae.
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Figure 4 The formation of papillae and haustoria
at the interaction site 1 d after inoculation with
powdery mildew. Different lowercase letters
indicated that there were significant differences
among the proportion of different formation
conditions in different species at 0.05 level.
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Figure 5 Conidia representative graph with different number of germ tubes 1-2 d after powdery mildew
inoculation. A: There are only primary and secondary germ tubes on conidia. B: In addition to primary and
secondary germ tubes, there is a third-level germ tube on conidia. C: In addition to primary, secondary and

third-level germ tube, there is a fourth-level germ tube on conidia. D: In addition to primary, secondary,
third-level and fourth-level germ tube, there is a fifth-level germ tube on conidia. PGT: Primary germ tube;

AGT: Appressorium germ tube; GT: Germ tube.
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*1 EMEVME 12 TFTEFERENTERF L ILFERSEI
Table 1 Statistics on the proportion of conidia with different number of germ tubes inoculated with
powdery mildew for 1-2 days

Species Hours post 2 branch proportion 3 branch proportion 4 branch proportion 5 branch proportion
inoculation (h) (%) (%) (%) (%)
Explorer 24 61.66+0.59Ca 38.34+0.59Ac - -
28 21.584+3.16Cb 78.42+3.16Aa - -
32 10.90+1.10Cc 72.27+0.27ABb 16.82+0.82A¢ -
36 8.54+1.88Bcd 39.79+0.21Cc 51.67+1.67Ad -
40 8.61£1.20Bcd 7.68+2.12Cd 80.88+2.45Aa 2.83+0.87Ac
44 6.60+1.09Cde 6.67+1.93Bd 75.44+1.16Ab 11.30+0.22Ab
48 5.52+0.89Be 6.14+0.60Cd 57.36+0.40Ac 30.98+0.19Aa
Black Jack 24 81.33+£5.03Ba 18.67+5.03Bd - -
28 47.15+1.65Bb 52.85+1.65Bb - -
32 18.91+3.82Bc¢ 74.15£3.71Aa 6.48+1.01Be -
36 12.25+0.65Bde 47.14+3.59Bc 40.61+2.93Bd -
40 11.0343.07Bde 18.07+0.12Bd 70.91+£2.96Ba -
44 14.55+0.26Bcd 10.17+1.52Be 62.59+2.85Bb 10.75+0.36Ab
48 8.514+2.26A¢ 13.97+1.66Bde 56.56+3.44Ac 20.96+4.04Ba
Taihang 24 90.78+2.12Aa 9.22+2.12Ce - -
28 55.74+3.61Ab 44.26+3.61Cb - -
32 28.87+3.87Ac 65.83+4.85Ba 5.30+1.09Bd -
36 22.05+3.99Ad 62.60+3.82Aa 15.3545.28Cc¢ -
40 16.98+1.98Ad 34.74+0.26Ac 48.28+1.72Cb -
44 16.99+1.47Ad 26.68+2.55Ad 53.93+4.69Cb 2.40+0.68Bb
48 8.06+0.36ABe 21.68+1.48Ad 60.24+1.30Aa 10.03+£0.55Ca

AT AN 7 g 273 To] — it R A [ e Rl o 1] 2% 2445 R0 9 20 2R 01 o5 B AT 22 53 B35 (P<0.05) s AN i) KB 7 B 2 ] — $ie
FIRF [V AN [i] it 25 2980 B0 B9 20 A 70 o PO AT (35 22 5 (P<0.05); —: M AEAL T HY A 73 %0 0

Different lowercase letters indicated that the proportion of conidia with different number of germ tubes at different inoculation
times in same specie was significantly different (P<0.05); Different capital letters indicated that there are significant
differences in the proportion of conidia with different number of germ tube sat the same inoculation time in different species

(P<0.05); —: Indicated that the percentage of conidia was 0.

[E2LVCR R R o N S e T IR
XA R T 1 i TR 40y i 39 1 A58 T 4R e ied A R T 5
ER—E HPUR MR RAEL, S8 b AP _E
Wk, HY R R 16k
BZ, MABERAMYHIEE AR RZERS
U P2 DA DB,
32 ARMNAMERRE®RFEARNOZI
FLIIEVF Z AW B o e A AR o e
B EL T TR B A0, JF Bl e g 3 it
HUBRR A~ e B L L 1L I A8 125 B 22 1B

R AR ek A, (] B ol A 0 1 LAt 7 ) A 75 0
BRUCR . ARBFIE KRB, KA A BT AR
KA E ST K (P<0.05), TERFLR
A3 E LT IR 4 (P<0.05), BIA &AL R
i1 b 55 E H RLBOR G R 0 B e E R DG G
Fo LiEWI e, NEEMABEE, bt
PE/INAZ i 3R L B TR it 2R HL A B R AR A L
%5 Sun ZEMIRFSTHLL B, AN REDTRLEN A A%
FLR MY LS SR ORI S WA oG, =&
BISAMR AR —3, R BFLREAEAIA R
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JE PR 42 A B R B EEAE
33 FRMEEMEARBHNTEMESF
EHERHRAIF I

R A B B 2 AR AT R — R (Y
W) AR 28 G L2, RRIE A
7B B AR A 2R, PR SR AR R AL
ARG, SO RRIE 2R . AR L
B 11 B TR 7E B 1 LR I b AR e i) ) Y AR
b, oA B ERAR A W) AR 2R R A ZEE L
SRS 3-5 R, AT HABARAT K
WMBEIEARDS B rf [ p g, 4254
B o A i o e R R BT A R R R
Z5%. 1A, “BRE LA 2 FENER
+ o B LT ORA T A BN (P<0.05); 2d
B, IRB 50 A 5 SRS A Al o L g
BT ORAT BT (P<0.05), ZFERE L
AR R T R YRR B A bR . T BT HE A5
WFE R B, ASRPUHE A AR R O RS
PRI L2 3 T AN IR [R) A 22 5, e PR A Je%
o A4 L B LR 3 HL A M s i L 2R OV
SR, AMESERFEDT. BREINAZR
MR A B IRREE &, (H BRI B R
A TOE AR A, A A X
HAMRZER -5, RMAKRAKERAREL L
IR L BRWIA 2R MM B M2, AT LA
ML M2 DR AEZFE, AR RAEARSEM
B R A KRS

ZE TR, AP WA RPN 3 A
TR BRI B R R RS R,
BT 1R T 76 A TR 1 2 s 7 S OR R e 3 A v
ATk WLERK . S ERTREE U
FLIE AR A 0 TE B 25 S FN 2 R 8 Ak, 3R
B 3 A S Al 5 OBy B BGP(TG) R 4 i FE Ak
A —5; A RAT b R 5 i A A
2 AR, HARMFAL R R B TR

S5 RN, AT AR B
IS 1) B o HEAR BUAEAS [T din b b A R 22
St o A SCHR T R R AR B R R A R
Fu TR AR EIE A R
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B, AR AT B MR R R i — 2
WFFE SR LSRRl A 2%

REFERENCES

[1] LUO HS, ZHOU ZX, SONG GL, YAO HX, HAN LB.
Antioxidant enzyme activity and microRNA are
associated with growth of Poa pratensis callus under
salt stress[J]. Plant Biotechnology Reports, 2020, 14(4):
429-438.

[2] ZHU M, JI J, SHI WQ, LI YF. Occurrence of powdery
mildew caused by Blumeria graminis f. sp. poae on Poa
pratensis in China[J]. Plant Disease, 2021, 105(4):
1212.

[3] TURGEON AlJ. Turfgrass Management[M]. Upper
Saddle Rivert: Prentice Hall Inc, 1991.

[4] SORENG RIJ. Chloroplast-dna phylogenetics and
biogeography in a reticulating group: study in Poa
(Poaceae)[J]. American Journal of Botany, 1990,
77(11): 1383-1400.

[5] YILMAZ A, NISHIYAMA MY IJr, FUENTES BG,
SOUZA GM, JANIES D, GRAY J, GROTEWOLD E.
GRASSIUS: a platform for comparative regulatory
genomics across the grasses[J]. Plant Physiology, 2009,
149(1): 171-180.

[6] SHARIATIPOUR N, HEIDARI B, SHAMS Z,
RICHARDS C. Assessing the potential of native
ecotypes of Poa pratensis L. for forage yield and
phytochemical compositions under water deficit
conditions[J]. Scientific Reports, 2022, 12: 1121.

(71 WA, RERR, W, BRIy RER R BRI

S A s R R DT ST 0] Bl ik, 2012, 21(3):
93-98.
GU LJ, XU BL, LI B, LIANG QL. Biological
characteristics of a pathogen of turfgrass root rot
disease[J]. Acta Prataculturae Sinica, 2012, 21(3):
93-98 (in Chinese).

(8] #HCHL, HhtE, BFME, MEH, BHEFH, K,
SR, THREFE . 10 > E b BRGSO BT
PEVEO A R Z AT (D). IS RERE, 2020, 40(3):
47-56.

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



RARPESE: FOB B BGP(TG)FEAFIUIE LI 7 AR Fr 1R G FEMLER 4849

[10] UMESHA S, RICHARDSON PA, KONG P, HONG CX.

DONG WK, MA X, MAO CH, DENG JH, JIA XX,
ZHANG SP, GUO SS, MA HL. Resistance evaluation
and physiological characteristic analysis of ten Poa
pratensis varieties to powdery mildew[J]. Grassland
and Turf, 2020, 40(3): 47-56 (in Chinese).

SUN XY, XIE FC, CHEN YJ, GUO ZX, DONG LL,
QIN LG, SHI ZJ, XIONG LB, YUAN RL, DENG WJ,
JIANG YW. Glutamine synthetase gene PpGSl.1
negatively regulates the powdery mildew resistance in
Kentucky bluegrass[J]. Horticulture Research, 2022, 9:
uhac196.

A novel indicator plant to test the hypersensitivity of
phytopathogenic bacteria[J]. Journal of Microbiological
Methods, 2008, 72(1): 95-97.

[11]3E SCRN. B R BORPT A B ML AF 58 [D]. 22 M

HR A I 22 83, 2020.

DONG WK. Study on the resistance mechanism of Poa
pratensis to powdery mildew (Blumeria graminis D)[D].
Lanzhou: Doctoral Dissertation of Gansu Agricultural
University, 2020 (in Chinese).

[12] 2. 055 R 20 /0N T2k il 0 15 % B0 AL BRLF 5 [D].

RIR: BRI\ — AR B R0 A 183, 2017.
HAN D. Screening cultivars of resistant to rust and the
resistant mechanism to rust of adzuki bean[D]. Daqing:
Master’s Thesis of Heilongjiang Bayi Agricultural
University, 2017 (in Chinese).

(13] T 5. FH TGRS L i 17 5048 7 1R 4R % 19 2

A=A 22 500 A [D]. W ZREE: ZRAEAROML R A 2
fLiB 3, 2021.

DING Z. Physiological and biochemical differences
analysis of resistance and susceptible Melon lines in
response to Podosphaera xanthii infection[D]. Harbin:
Master’s Thesis of Northeast Agricultural University,
2021 (in Chinese).

[14] HRHE. Edm AP B2 (M), 2 W JEsT: Bhe

#t, 2013.
XIE LH. General Plant Pathology[M]. 2nd ed. Beijing:
Science Press, 2013 (in Chinese).

[15]SO0OD M, KAPOOR D, KUMAR V, KALIA N,

BHARDWAJ R, SIDHU GPS, SHARMA A.
Mechanisms of plant defense under pathogen stress: a
review[J]. Current Protein & Peptide Science, 2021,
22(5): 376-395.

(16] 2= T, il i B pAR b 3 T A 0y 4 M B £ 722 AE ).

BLMELE, 2013, 31(3): 17-24, 29.
LAN SC, JIANG S. Change in the cell walls of plants
on pathogen stress[J]. Guizhou Science, 2013, 31(3):

17-24, 29 (in Chinese).

[177ZEYEN RJ, CARVER TLW, LYNGKJAER MF.

Epidermal cell papillae[J]. Powdery Mildews A
Comprehensive Treatise, 2002: 107-125.

[18] THORDAL-CHRISTENSEN H, GREGERSEN PL,

COLLINGE DB. The barley/Blumeria (syn. Erysiphe)
graminis interaction[M]//Mechanisms of Resistance to
Plant Diseases. Dordrecht: Springer Netherlands, 2000:
77-100.

[19] SUZUKI T, SHINOGI T, NARUSAKA Y, PARK P.

Infection behavior of Alternaria alternata Japanese
pear pathotype and localization of 1,3-B-D-glucan in
compatible and incompatible interactions between the
pathogen and host plants[J]. Journal of General Plant
Pathology, 2003, 69(2): 91-100.

[20] ZRIE], TR, vl B A A 2 R B vl 45 4 5 1 by

9 PR B AH G HE R ST ()], B2 AE R, 2022, 49(6):
1200-1212.

WEI XY, WANG Y]J. Correlation between anatomical
structure and resistance to powdery mildew in Chinese
wild Vitis species[J]. Acta Horticulturae Sinica, 2022,
49(6): 1200-1212 (in Chinese).

1] A PUAS/NZE i Rh b R B A 4R e oo i I

LN 25 7RI HT[D]. AR U ARl 2 A 2
FLiB 3, 2015.

LI WD. Differential display of wheat powdery mildew
on four wheat cultivars by means of reverse
transcription-polymerase chain reaction[D]. Chengdu:
Master’s Thesis of Sichuan Agricultural University,
2015 (in Chinese).

[22) AT, HBEEAE, RITAS, VB, WM, T,

B, JEJe. LRI v KA S5 R 5 0 R e
PEMIBFFE[I]. S MR, 2021, 29(7): 1430-1435.
ZHU K, ZHENG GH, LIU LJ, ZHOU L, LI SS, FAN
ZY, ZHONG Y, NI N. Study on anatomical structure of
leaf epidermis and powdery mildew resistance in Poa
pratensis[J]. Acta Agrestia Sinica, 2021, 29(7):
1430-1435 (in Chinese).

[23] CHOWDHURY J, HENDERSON M, SCHWEIZER P,

BURTON RA, FINCHER GB, LITTLE A. Differential
accumulation of callose, Arabinoxylan and cellulose in
nonpenetrated versus penetrated papillae on leaves of
barley infected with Blumeria graminis f. sp. hordei[J].
New Phytologist, 2014, 204(3): 650-660.

[24] BEARHE. #Ea1F Pmd0 /INZZ BT F1RHIG 11 40 i 2 A 1 o

SLERRIEID]. AR PO Al K B2 i
2020.
LIANG YP. The cytology and proteome studies on the

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



4850 WA

FiE Rk

Microbiol. China

resistance of wheat carrying Pm40 against Blumeria
graminis f. sp. tritici[D]. Chengdu: Doctoral Dissertation
of Sichuan Agricultural University, 2020 (in Chinese).

(251 BRF. /N2 VR I 1R A B BE R ILEE (D], Pl g Al
K2E24, 1989, 11(4): 336-339.

CHEN Y. Examination of primary infection by wheat
powdery mildew[J]. Journal of Southwest Agricultural
University, 1989, 11(4): 336-339 (in Chinese).

[26] iA=L, B, /0B, FERIE. AOBEEA RS
WA A R bR R G B LU AR [D]. PE IR R AR L
K2F2E i (A RBL R, 2008, 36(3): 161-165, 170.
ZHANG JK, LUO SX, LI XW, WANG YIJ.
Comparisons on the Uncinula necator invasion
procedure of resistant and susceptible grapes[J]. Journal
of Northwest A&F University (Natural Science Edition),
2008, 36(3): 161-165, 170 (in Chinese).

[27] 2. /NAEWE R TE R YL BT S s Al L fh AR

HSHURTER G R I]. MY B2, 1997, 27(4):
289-292.
LI JQ. Changes of structure and chemistry of wheat
infected by powdery mildew and ITS relation to
resistance[J]. Plant Pathology, 1997, 27(4): 289-292 (in
Chinese).

[28] CHANG XL, LUO LY, LIANG YP, HU YT, LUO PG,
GONG GS, CHEN HB, KHASKHELI MI, LIU TG,
CHEN WQ, ZHANG M. Papilla formation, defense
gene expression and HR contribute to the powdery
mildew resistance of the novel wheat line L699
carrying Pm40 gene[J]. Physiological and Molecular
Plant Pathology, 2019, 106: 208-216.

[29]LIU RQ, WANG L, ZHU JL, CHEN TT, WANG Y],
XU Y. Histological responses to downy mildew in
resistant and susceptible grapevines[J]. Protoplasma,
2015, 252(1): 259-270.

[30] myJA WL, FMACYSE, E NI, UK, S50, R, B

JREI*%%EI?“KIEH;L&E}I&MM b= e s #R 0]
PR, 2021, 47(2): 28-36.
GAO QF, SUN JX, WANG G, HE HL, CAI R, PAN JS.
The infection process of Sphaerotheca fuliginea on
different resistant materials[J]. Plant
Protection, 2021, 47(2): 28-36 (in Chinese).

[B1]VFaETF. Bl BR B0 ST R o8 BTk D1 -5 AL )
RID]. E i PR R A=A 2 L8 3, 2023,

XU ZY. Evaluation and mechanism preliminary study
of powdery mildew resistance in Poa pratensis L.
germplasms[D]. Jinzhong: Master’s Thesis of Shanxi

cucumber

Agricultural University, 2023 (in Chinese).

[32]HU YT, LIANG YP, ZHANG M, TAN FQ, ZHONG SF,

LI X, GONG GS, CHANG XL, SHANG J, TANG SW,
LI T, LUO PG. Comparative transcriptome profiling of
Blumeria graminis f.sp. tritici during compatible and
incompatible interactions with sister wheat lines
carrying and lacking Pm40[J]. PLoS One, 2018, 13(7):
e0198891.

[33] 5Kk2F 1. /INAZ PmAO Jik I8 JR425  110R T 0 52 G 1 o)

&%’ziif” 53 BT [D]. AR U Al K2 A2
w3, 2013.
ZHANG XB. Primary infection suppression of
Blumeria graminis f. sp. tritici regulated by wheat
Pm40 gene and ESTS analysis in wheat[D]. Chengdu:
Master’s Thesis of Sichuan Agricultural University,
2013 (in Chinese).

[34] AGHNOUM R, NIKS RE. Specificity and levels of
nonhost resistance to nonadapted Blumeria graminis
forms in barley[J]. New Phytologist, 2010, 185(1):
275-284.

[35]MEYER D, PAJONK S, MICALI C, O’CONNELL R,
SCHULZE-LEFERT P. Extracellular transport and
integration of plant secretory proteins into
pathogen-induced cell wall compartments[J]. The Plant
Journal, 2009, 57(6): 986-999.

[36] 1 L0, 15 5, FOpa. m A E 0 ow i a f g

A ARG AR ] 19 5 ZR [CL// o [ bl 202 2 v JIAE
FLor4x 2017 AE2ERAE 22, 2017.
GUO WL, GUO YY, LI XZ. Relationship between
powdery mildew infection process and resistance in
Pumpkin seedlings[C]//Chinese Horticultural Society
Pumpkin Research Branch 2017 Annual Academic
Conference, 2017 (in Chinese).

[37] BRACKET CE. The ultrastructure of the haustorial
apparatus of Erysiphe graminis and its relationship to
the epidermal cell of barley[J]. Phytopathology, 1968,
58: 12-30.

381 &8, XUBrl, kAR, AL, NE Pm21 S

55 110 1R TR 7 00 52 4% 400 ) R 2 S A0 S B [T AR
27, 2011, 37(1): 67-73.
ZHANG Z, LIU XH, ZHAI HC, WANG HZ. Primary
infection suppression of Blumeria graminis f. sp. tritici
and host cell responses regulated by Pm21 gene in
wheat[J]. Acta Agronomica Sinica, 2011, 37(1): 67-73
(in Chinese).

(39 A, #RE, £, TR, A&, E%Fﬁl/\
(ERON T/ fiﬁ‘»‘iﬂi nuﬁ“ FA o BRI A2 BESZ R[], 22 8%
Ll B2, 2007, 35(6): 1711-1713, 1755.

ZHOU W, LI CX, WANG F, XU XF, SHI ZQ. Changes
of histopathology and isozymes in susceptible and

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



ZARBESE: PR B BGP(TG)EAFIFUME R R BRI B R G R 22 4851

resistant Pumpkin cultivars penetrated by Podosphaera
xanthii[J]. Journal of Anhui Agricultural Sciences,
2007, 35(6): 1711-1713, 1755 (in Chinese).

[40] HUCKELHOVEN R. Powdery mildew susceptibility
and  biotrophic infection strategies[J]. FEMS
Microbiology Letters, 2005, 245(1): 9-17.

[41] HUCKELHOVEN R. Cell wall-associated mechanisms
of disease resistance and susceptibility[J]. Annual
Review of Phytopathology, 2007, 45: 101-127.

[42] ALBERSHEIM P, DATVILL A, ROBERTS K,
SEDEROFF R, STAEHELIN A. Cell Walls and
Plant-Microbe Interactions|[M]. New York: Taylor &
Francis, 2011.

[43]LI AL, WANG ML, ZHOU RH, KONG XY, HUO NX,
WANG WS, JIA JZ. Comparative analysis of early
H,0, accumulation in compatible and incompatible
wheat-powdery mildew interactions[J]. Plant Pathology,
2005, 54(3): 308-316.

[44] SUN YH, LI XZ, ZHANG QZ, ZHANG XJ, MA ZY,

HONG YY, ZHANG LL, CHEN SX. The reverse
mutation of CSMLOS8 results in susceptibility to
powdery mildew via inhibiting cell wall apposition
formation and cell death in cucumber (Cucumis sativus
L)[J]. Scientia Horticulturae, 2023, 313: 111894.

[45]1 LIANG YP, XIA Y, CHANG XL, GONG GS, YANG
JZ, HU YT, CAHILL M, LUO LY, LI T, HE L,
ZHANG M. Comparative proteomic analysis of wheat
carrying Pm40 response to Blumeria graminis f. sp.
tritici  using two-dimensional electrophoresis[J].
International Journal of Molecular Sciences, 2019,
20(4): 933.

[46] EBTHE, R, XM, 2. BOAE S A FOR

WHTPE AR5 (1], A ERY, 2009, 35(6):
52-55.
WANG AW, FU JF, LIU B, ZHOU RIJ.
Histopathological study on strawberry cultivar’s
resistance to Sphaerotheca aphanis[J]. Plant Protection,
2009, 35(6): 52-55 (in Chinese).

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




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


