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Screening and biological characterization of infection
cushion-deficient mutants in Botrytis cinerea
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Abstract: [Objective] To screen infection cushion-deficient mutants in Botrytis cinerea strain
RoseBC-3 transformed with Agrobacterium tumefaciens. [Methods] Mycelial plugs of B. cinerea were
inoculated on onion epidermal strips, which were then incubated for 12 to 120 h, stained with Medan
dye and finally examined with a light microscope. Colony morphology, formation of infection
cushions, pathogenicity, and production of pectinase and toxic metabolites by the selected mutants were
determined using routine methods. [Results] One hundred and sixty-eight transformed mutants of B.
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cinerea were divided into three types: the rapid formation type (158 mutants), the slow formation type
(9 mutants), and the defective formation type (only one isolate, namely AT19). On potato dextrose agar,
isolate AT19 grew slowly, produced conidia and formed colonies with the normal appearance.
However, it could hardly infect leaves of tobacco, strawberry, broadbean and pea, although it was
detected to be able to produce pectinase and some toxic metabolites. [Conclusion] Formation of
infection cushions appears important for B. cinerea to infect plant tissues.

Keywords: Botrytis cinerea, Infection-cushion, Characterization
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1 3NRLFERTFRGE FRAREELILE 20 °C)
Figure 1 Comparison of formation of infection cushions by the three mutants of Botrytis cinerea on
onion epidermal strips (20 °C)
e Ar KR 12 hW BRI I B: K557 48 h AT L™ A VR YR 287814, C: K557 120 h S kK AT19 508
Note: A: A mutant formed mature infection cushions after 12 h; B: A mutant formed mature infection cushion after 48 h; C: Isolate AT19 did
not form any mature infection cushions after 120 h.

£ 1 EHHF4k RoseBC-3 FNZRT{R AT19 15354354 ELER

Table 1 Comparison of the colony and morphological characteristics between strains RoseBC-3 and AT19
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Figure 2 Colonies of strains RoseBC-3 and AT19 formed on PDA at 20 °C
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Figure 3 Mycelial growth rates by strains RoseBC-3 and
AT19 on PDA at 20 °C
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Note: The bars with different letters indicate significant differences
at P<0.05.
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Figure 4 Pathogenicity comparison between strains RoseBC-3 and AT19 (20 °C, 72 h)
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Figure 5 Number of infection cushions formed by strains
RoseBC-3 and AT19 of on onion epidermis

TE: Bk AT19 7EE53R)5 72-120 h 7242 (R Yedhoh R A 12
Note: Isolate AT19 formed immature infection cushions after
incubation for 72 to 120 h.
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Figure 6 Determination of pectinase produced by strains
RoseBC-3 and AT19

3 4

IRAEE— RIS A B TR 25, 2K
HEHRRREYIFBORNEENRZ — . ZiddEs
LB B, D 76 100 1 2 T SR BRI Il
YA, R AN e LU R Y, R R Y



Vit AR AR YR BRI AL TR (4 i 1 S ARG A W R P 5 2157

70.0f
60.0f T A
50.0f

40.0-
oCK
30.0t mRoseBC-3

20.0L oAT19

a
b
M
|

WL

Germination

WS
Inhibition percentage (%)

S
=

K
Growth

B 7 &4k RoseBC-3 #1 AT19 HYIH1EK M == 4055
T4 LR

Figure 7 Comparison of production of some toxic
metabolites produced by strains RoseBC-3 and AT19
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Note: Inhibition of germination of wheat seeds and suppression of
the following germ growth by the toxic metabolites produced by

strains RoseBC-3 and AT19. Bars for each strain with different
letters indicate significant difference at P<0.05.

IE AL H B e e iE R . maek, AR
Agrobacterium tumefaciens-mediated transformation
(ATMT)H AR T BB s AL 5 Ak, IH A& B ikl it
GBI — LTI T RE o AR STl I %) K A 4
ffd RoseBC-3 [ T-DNA FifibLif A\ 2SR FEi e , 15
B —rRiz YRR IR AT19,

T R AR G BRBRC TR AR AT19 FEF A B e
RoseBC-3 A A 5k L HR , K R 35 A7 A — 5 2
St SRR E KRN GG, JrA A
AE BPERIRER A 22 O RGR, SR TR
B2, e B B2 R A,
PRI ERAB R AT LA A B 2 BT, (H A% AR R
ARAREEK, HAETE0.1-0.3 cm ML, X
P BIRR Z B A ) R e e — e 22 5, (Hih T
IR NAEE W AR, P, R IRE
Pk AT19 WIZAEIEH TSR

G AR TR R 5 BT A B T PR A B0 ) 28 R R
HEWEM, 20 °C THEFR 72 h, $EFMEFAERIERTY
BRI AT LU A e, HEFP IR IRTE R AT19 1Y
M WA A REE, FORAERER DA A
WTE2Z o X BRI IR G AT WO A R K

PR BF A U TR AR RoseBC-3 TEALFI O EZEZE 12 h
TEREAEIE IR 1 TR IR Y AR, AR YL
ATLOUER BB IR YL R 22 . 28R PR #R AT19
TR 22 0 JCTk R B AR G, — ELEIHFT 120 h
B TCIRAE T 25 SR 3 IE 5 H AR etk
BEAR X AR Y HIE B G T 45 SRR AT19
ANRETE U AR YR X —45 AR AR e A
PR AR RR B0 18I AE R T A K %181
B, TS ASBEIE R AVR G DA G

[, AR X 28 AR TR AT19 7= A SR |
BERMRE ST TS o WA A FL A U AR A4
R REAMYFREENYT, HH Botcinolide
AR 2R & 6035k, Botrydial fEfSH | AEY) o
e 1)1 Tobi I YN T(TF 5 e o | i A W R 2
R AHLETHEPAERITE R, ABRIKH R AT19 193
TR, AP REEAC - AR R Y 7 LR IR
ZEH AR, R, X g5 R R TR Y
BAEERE R TP E TN, MR, EHEENE LR
t, WA HEBREEFRIE &A1 PDB P EERE SR
XP/NERIFIEE, KR — G s, WAHE
PREAEORE R ATRE, W . R LA A
INTFHIR, BB AR S A

BB, FURT A TR Yetidi ke 2845 14
B AR, A5 T DA e 3 PR R R A BN S
XTIZEAEM T-DNA il AN SR 3L R (1) D) gE At
IR RIBIE . SORAT BT T KA A 1R YL 38
B3 FHL

2 % X W

[1] Yang YT. The research progress in infection and control of gray
mold disease on vegetable in protected conditions of China[J].
Agrochemicals, 2003, 42(1): 6-10 (in Chinese)
Wtedts. [ AR B S KA (R L K B TR BRI ST
JE[J]. 424, 2003, 42(1): 6-10

[2] Staples RC, Mayer AM. Putative virulence factors of Botrytis
cinerea acting as a wound pathogen[J]. FEMS Microbiology
Letters, 1995, 134(1): 1-7

[3] Sharman S, Heale JB. Penetration of carrot roots by the grey
mould fungus Botrytis cinerea Pers. ex Pers[J]. Physiological
Plant Pathology, 1977, 10(1): 63-64,IN33-IN39,65-71

[4] Garcia-Arenal F, Sagasta EM. Scanning electron microscopy of
Botrytis cinerea penetration of bean (Phaseolus vulgaris)
hypocotyls[J]. Journal of Phytopathology, 1980, 99(1): 37-42

[5] Backhouse D, Willetts HJ. Development and structure of

http://journals.im.ac.cn/wswxtbcn



2158 WA 2# 8 Microbiol. China 2015, Vol.42, No.11

infection cushions of Botrytis cinerea[J]. Transactions of the 2013, 32(2): 30-35 (in Chinese)

British Mycological Society, 1987, 89(1): 89-95 0, kE Bk, & RITFEN S K ZME R RoseBC-3
[6] Fullerton RA, Har.rls FM, Hallet IC. Rind distortion of lemon I EREARL]. Herh gl R2E224R, 2013, 32(2): 30-35

caused by Botrytis cinerea Pers[J]. New Zealand Journal of . L

Crop Horticultural Science, 1999, 27(3): 205-214 [11] Zhang L, Wu MD, Li GQ, et al. Effect of Mitovirus infection on
[7] Jurick WM, Rollins JA. Deletion of thadenylate cyclase (sacl) formation of infection cushions and virulence of Botryfis

gene affects multiple developmental pathways and pathogenicity cinerea[J]. Physiological and Molecular Plant Pathology, 2010,
in Sclerotinia sclerotiorum[J]. Fungal Genetics and Biology 75(1/2): 71-80 .
2007, 44(6): 521-530 [12] Gourgueg M, Brune't-Slmon‘ A, Lebrun MH, et al. .The
[8] Li MY, Liang XF, Rollins JA. Sclerotinia sclerotiorum tetraspanin BcPlsl is requlred for appressorium-mediated
y-glutamyl transpeptidase (Ss-Ggt/) is required for regulating penetration f)f Bourytis cinerea into host plant leaves[J].
glutathione accumulation and development of sclerotia Molecular Microbiology, 2004, 51(3): 619-629 .
acompound  appressoria[J]. Molecular  Plant-Microbe [13] Cao JB, Zhang J, Zhang L, et al. Ultrastructural gbservatlon on
Tnteractions, 2012, 25(3): 412-420 1r}fect10n cushion of grey mould fungus pepetratlon the_ leaf of
[9] Xiao XQ, Xie JT, Cheng JS, et al. Novel secretory protein oilseed rape[J]. Journal of Huazhong Agricultural University,

Ss-Cafl of the plant-pathogenic fungus Sclerotinia sclerotiorum 2013, 32(6): 46-50 (in Chinese)

is required for host penetration and normal sclerotial WEl, s, SR, 5. RERIE ER R RIS
development[J]. Molecular Plant-Microbe Interactions, 2014, HBEEMMERT]. SRl K244z, 2013, 32(6): 46-50
27(1): 40-55 [14] Colmenares AJ, Aleu J, Duran-Patron R, et al. The putative role

[10] Fan L, Zhang J, Yang L, et al. Agrobacterium of botrydial and related metabolites in the infection mechanism
tumefaciens-mediated transformation of Botrytis cinerea strain of Botrytis cinerea[J]. Journal of Chemical Ecology, 2002, 28(5):
RoseBC-3[J]. Journal of Huazhong Agricultural University, 997-1005

AR AR AR Y R R Y R AR Y R AR oY K AR oY R R Y R R Y R R ALY oK) R Y R R R R R Y oK) R AR oK) R Y oK) AR Y oK) R K oY) R K oY) R R oY) R Y R R LY
(E4 p.2150)
fiE F= & Wy

3.3 HEEEEEFI
3.3.1 BESCHEEL: 1) @SS — ARR, DAATIX ST 45 05 T SCHRIE RAER R 1 2) SBUH EahBs, gishii
BFRBHHER, RGN, XREA] DU G, DR BRIE R 3) @il i RS, EOREDER, A FEi; 4) %
SCREELA N 2RI 5 SO 2L — 2, (Hn] Heh SO R, 5 5205 45 WAl B SCR AT &l IR 1) L 57 ) 5 T JS AR
. 5) MEPAREMHBEE, BRAERANEAITR, 1. DNA, ATP %; 6) 7EJLSCRZE P, ARNEA T SCF bR
PV
332 EEA: NEEG. B4R, —SBRU . BEMENERINH, R, Rk
4 FeBlULEA
4.1 TP

JFL¥ B 5E DNA | RNA 5iZE (A 5071938 3¢, i el i E PR3t R % EMBL (BkY) 3k GenBank (3 [E)zf DDBI (H 4),
HE 15 3 [ PR AL N PE % 555 (Accession No.)Ja K,
4.2 KT RIAL
42.1 ARAREEZANTFRERNIE, HI—FRmi.
422 JUEARTESHER ., FERHACE, FEERE EIEROCT . SR BB JE A Rl T a « /E5
5L, ROEE A,
4.2.3  XFsE BRI T SCT i T, I R A R Eh, #E R B R
424 XFTAM. EEUHBIES O ESLHE, WPZRREG . FFRERSIT AT RN —UER, mMEH AT,
43  HRRRIT KART R R
431 KRMTIBSGHRESREHE AT E, —BAAERE 2 4~ H Z N8 E-mail YLARE, 1EESRT T
RGBT ER . Ryl . G, VE#E RS g R ] i RS W T B R TE, SRS DABER I i P 44 R
RS BE IR TR G DAL B SR, TR e W R 4R R R S A, R R R S J5 HEBA & 2%
432 XFERRAA AR — R RAE SR et g ME— R, XA R R AR S Y S

5 REBEWAR
e —Z A, BEAE & SRR R R — 5 ) R e T A R . XA
6 BFEIR

Mok AT LR VA BK 1 5B 3 5 i ERRA B M E MRS AT (R 22@ e ) SidE 5(100101)
Tel: 010-64807511; E-mail: tongbao@im.ac.cn; Riil: http://journals.im.ac.cn/wswxtben

http://journals.im.ac.cn/wswxtbcn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


