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Abstract

Big bud caused by several different phytoplasmas is an emerging threat to tomato production world-
wide. The development of resistant varieties would be an effective approach to manage this prob-
lem, but it requires an appropriate screening technique. Recently, we have described a simple and
efficient chip graft inoculation assay (CGIA) for the first time to screen tomato germplasm against
Tomato leaf curl New Delhi virus. The present study was conducted to first validate the CGIA for
phytoplasma transmission, then to assess the resistance of 74 genotypes belonging to different
Solanum species against 16SrII-D phytoplasma. CGIA success rate and phytoplasma transmission
was 100% since all the grafts survived and phytoplasma was detected in these plants using nested
polymerase chain reaction. No genotype was found resistant as all the grafted plants showed typical
disease symptoms. In addition to phytoplasma transmission, CGIA can be used for better under-
standing the plant-phytoplasma interactions and biology of phytoplasmas in tomato.
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Introduction

Tomato is reported to be infected by many microorgan-
isms worldwide, including phytoplasmas (Akhtar et al.,
2018). Phytoplasmas are a group of plant pathogenic
wall-less phloem inhabiting prokaryotes (El-Sisi et al.,
2017) naturally transmitted by phloem-feeding insect
species of the order Hemiptera (Akhtar et al., 2016).
Phytoplasmas can also be transmitted through grafting
and by vegetative propagation (Omar and Foissac,
2012). Phytoplasma diseases of tomato have been re-
ported worldwide (Du et al., 2013). The phytoplasma in-
fected tomato plants show different symptoms such as
big bud, proliferation of lateral shoots and phyllody (Xu
et al., 2013).
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Breeding tomato cultivars resistant to phytoplasmas or
their insect vectors would be an effective tool to manage phy-
toplasma diseases (Kumatri et al., 2019). However, to date, no
information is available about phytoplasma resistance in to-
mato. Moreover, finding resistance sources requires an ap-
propriate, efficient and reliable screening technique.
Recently, we have described a more resource-effective chip
grafts inoculation assay (CGIA) for the screening of tomato
germplasm against Tomato leaf curl New Delhi virus
(Akhtar et al., 2019). In this study, we describe the validation
of CGIA and resistance potential of different Solanum species
against 16St1I-D phytoplasma that will facilitate faster devel-
opment of disease-resistant cultivars.

Experimental

The 16SrII-D phytoplasma isolate used in this study was
described by Akhtar et al. (2018) (GenBank accession:
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Table 1. Response of different Solanum species against phyllody disease after chip grafting

Species/entry Type/source LP DS
Solanum galapagense S.C. Darwin & Peralta

LA0317 (TGRC 10) D/TGRC 23 +++
LA1306 (TGRC 24) ID/TGRC 22 +++
Solanum arcanum Peralta

LO6122 (AVRDC 22) ID/AVRDC 25 +++
Solanum neorickii D.M. Spooner, G.J. Anderson & R.K. Jansen

LA2727 (TGRC 14) ID/TGRC 22 +++
Solanum pimpinellifolium L.

LA0722 (TGRC 8) Wild/TGRC 23 +++
LA1261 (TGRC9) D/TGRC 22 +++
LA2184 (TGRC 7) D/TGRC 25 +++
LA2340 ¢/TGRC 23 +++
LO2707 (AVRDC 25) SD/AVRDC 25 +++
LO3715 (AVRDC 24) SD/AVRDC 24 +++
LO4166 (AVRDC 26) ID/AVRDC 22 +++
Solanum habrochaites S. Knapp & D.M. Spooner (LA1777) introgression lines in the background of cv. E-6203 (LA4024)
LA3925 ¢/TGRC 23 +++
LA3930 ¢/TGRC 21 +++
Backcross recombinant inbred lines (Solanum lycopersicum E-6203 x S. pimpinellifolium LA1589)

LA4157 ¢/TGRC 23 +++
+++=Severe disease symptoms; LP=latent period; DS=disease severity; D =determinate; D =indeterminate;

SD = semi-determinate; TGRC =Tomato Genetic Resources Centre, USA; AVRDC =Asian Vegetable Research and

Development Centre, Taiwan; ? = not known.

LT671581) maintained on tomato variety ‘Nagina’ in a glass-
house at Nuclear Institute for Agriculture and Biology
(NIAB), Faisalabad, Pakistan. Plant material comprised 74
genotypes of different Solanum species (Tables 1 and 2).
Seeds of each genotype were sown in three large earthen
pots, maintained in an insect-free glasshouse at NIAB and
plants were thinned to three plants per pot 4 weeks post-
germination. At the age of 6 weeks, test plants were inocu-
lated following the CGIA protocol (Akhtar et al., 2019).
Firstly, a slit of one inch was made one to two inches
below the tip on the main stem of the seedlings using a scal-
pel (Fig. 1(a)). Small pieces of about 2.54-3.81 cm long ten-
der stem/twig from a 16SrII-D phytoplasma-infected
source plant were cut and dipped in sterile distilled
water. A thin layer of the cell wall (bark) was removed
from two opposite sides of each portion of the small
piece to expose the cambium layer (Fig. 1(b)). This chip
was then inserted into the slit of the test plant (Fig. 1(c)
and (d)) and covered with parafilm (Fig. 1(e)). Parafilm
wrapping was degraded/removed after 10 d and success
or failure of the graft union was assessed visually. A graft
was determined to be successful if the inserted chip
retained its green colour and had fused to the rootstock
at the graft union edges (Fig. 1(f). Each grafted plant was
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observed to record disease severity data. Leaf samples were
collected 7, 12 and 15 d after grafting to confirm the trans-
mission/presence of the phytoplasma using nested-PCR
(nested-polymerase chain reaction). Total DNA was ex-
tracted from symptomatic and healthy plant leaves of
tomato test genotypes using the Cetyltrimethyl ammonium
bromide (CTAB) method (Doyle and Doyle, 1990). Nested-
PCR was carried out using primer pairs P1 (5'-AGAGTTT
GATCCTGGCTCAGGATT-3") and P7 (5-CGTCCTTCAT
CGGCTCTT-3"), followed by R16F2 (5'-ACGACTGCTGCT
AAGACTGG-3") and R16R2 (5-TGACGGGCGGTGTGT
ACAAACCCCG-3") (Deng and Hiruki, 1991; Lee et al., 1993).

Discussion

The CGIA successfully transmitted 16SrII-D phytoplasma to
all the grafted plants of different Solanum species. Chip
grafting and disease transmission were 100%, as all the in-
serted chips retained their green colour and fused to the
graft union edges of rootstock as earlier reported by
Akhtar et al. (2019). Symptoms developed from 17 to
30d post-inoculation (DPD) depending upon the tested
genotypes. Parafilm wrapped around the graft was


https://doi.org/10.1017/S1479262121000137

180

Table 2. Response of different S. lycopersicum genotypes against phyllody disease after chip grafting

K. P. Akhtar et al.

Entry Type/source LP DS Species/entry Type/source LP DS

Ailsa Craig ID/TGRC 23 +++ LA 3845B D/TGRC 22 +++
B-L-35 D/TGRC 22 +++ LO 6203 (AVRDC10) D/AVRDC 21 +++
Bright Valley D/TGRC 21 +++ LO 6170 (AVRDCT11) D/AVRDC 22 +++
Canada-25 D/EFUP 20 +++ LO2527 ID/NARC 20 +++
CLN 1462A D/AVRDC 21 +++ Lyp-1 D/AARI 21 +++
CLN1621F D/AVRDC 21 +++ Nagina D/AARI 18 +++
CLN1621L D/AVRDC 20 +++ Nageeb D/AARI 21 +++
CLN2037E ID/AVRDC 22 +++ NCEBR-5 D/TGRC 22 +++
CLN 2366A D/AVRDC 23 +++ NCEBR-6 D/USA 21 +++
CLN 2413R D/AVRDC 20 +++ NC HS-1 D/TGRC 22 +++
CLN 2418A ?/AVRDC 23 +++ PAK0010988 D/Bulgaria 22 +++
CLN 2545A D/AVRDC 19 +++ PAK0011009 D/NARC 20 +++
CLN 2445 B D/AVRDC 21 +++ PAK0011020 ID/NARC 21 +++
CLN2498D D/AVRDC 20 +++ Pakit ID/ AARI 17 +++
CLN3024A D/AVRDC 23 +++ Picdenato D/AARI 20 +++
CLN3078G D/AVRDC 21 +++ PRN-28-10 ID/NIAB 22 +++
CLN3078I D/AVRDC 20 +++ Roma D/ AARI 21 +++
CLN3125E D/AVRDC 17 +++ Riogrande D/EFUP 20 +++
CLN3150A-5 D/AVRDC 22 +++ RM-350-09 ID/NIAB 22 +++
CLN3205B D/AVRDC 23 +++ RM 400 ID/NIAB 21 +++
CLN3212A-25 D/AVRDC 20 +++ Romaking D/NARC 24 +++
F8-145 (AVTO1323) D/AVRDC 21 +++ Rowpac (LA 3214) ID/TGRC 17 +++
CLN3241H-27 SD/AVRDC 20 +++ Salar ID/AARI 21 +++
CLN3241R SD/AVRDC 22 +++ SUNDAR ID/AARI 19 +++
Galia D/GWP 18 +++ T-1359 D/Syngenta 21 +++
Jaklin D/Bulgaria 22 +++ UC-134 (LA1714) ?/TGRC 23 +++
LA1226 (TGRCT1) ID/TGRC 17 +++ V: 06232 ID/? 20 +++
LA1286 (TGRC3) wild/TGRC 23 +++ West Virginia 63 ID/ TGRC 21 +++
LA1673 (TGRC2) ID/TGRC 17 +++ 21,354 2/TGRC 20 +++
LO 2875 (AVRDC9) ID/AVRDC 18 +++ 88,572 D/AARI 23 +++
+++=severe disease symptoms; LP=Ilatent period; DS=disease severity; D =determinate; ID =indeterminate;

SD = semi-determinate; NIAB = Nuclear Institute for Agriculture and Biology, Pakistan; AARI=Ayub Agricultural Research
Institute, Faisalabad, Pakistan; NARC = National Agricultural Research Council, Pakistan; TGRC = Tomato Genetic Resources
Centre, USA; AVRDC = Asian Vegetable Research and Development Centre, Taiwan; EFUP = Establishment of facilitation
unit for participatory vegetable seed and nursery production programme, Pakistan; GWP = Gujranwala Pakistan; ? = not known.

removed 10 DPI. Phytoplasma infection was confirmed in
the samples collected 12 and 15 DPI and the nested-PCR
product of 1.2 kbp was amplified (online Supplementary
Fig. S1). However, phytoplasma was not detected in the
samples collected after 7 DPI from the grafted and healthy
control plants. None of the grafted genotypes were highly
resistant, resistant or tolerant (Tables 1 and 2). After 25—
40 DPI, severe phyllody symptoms similar to the source
plant were observed in grafted plants (Fig. 1(g).
Knowledge of the resistance level of tomato germplasm
is important in the resistance breeding programmes.
However, resistant germplasm identification requires an
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efficient and reliable screening method to clearly identify
their resistance level. Grafting is considered a more standar-
dized and reliable method to transmit viruses and phyto-
plasmas from infected to healthy plants (Akhtar et al.,
2019). The CGIA validated under the present study has sev-
eral potential advantages as it is fast, easy, needs no special
expertise, requires much less space, and is sensitive en-
ough to screen tomato germplasm for phytoplasma resist-
ance. The major advantage of the CGIA over other grafting
methods is that our developed method allows one infected
plant to provide a lot of chips (scions) as compared to a 1:1
ratio of the scion to rootstock in the case of side and cleft
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Fig. 1. Different steps involved in CGIA: (a) slit below the tip on the main stem; (b) phytoplasma infected small piece (chip) of
stem cut from source plant; (c & d) insertion of chip into the slit of the test plant; (e) slit covered with parafilm; (f) inserted chip

fused to the rootstock.

grafting techniques. Moreover, a chip used in this study
does not require a leaf or bud which is the principle of pre-
viously used methods (Akhtar et al., 2019). The CGIA,
therefore, offers a tool for efficient assessment of resistance
to this disease across a range of Solanum germplasm to de-
velop high-yielding and tolerant genotypes/hybrids to limit
phytoplasma spread in the field. Also, the CGIA can be
used to graft multiple stems or branches of the rootstock
plants and even they can be grafted using two different
scions. Multiple grafts on single rootstock plants can in-
crease the ‘dose’ of phytoplasma.

Here, for the first time, we have documented the response
of a high number of genotypes of different Solanum species
against phytoplasma. The results clearly show that no
sources of resistance to 16Sr1I-D phytoplasma are available
in the tested genotypes. In future, more genotypes of
Solanum species will be screened using the CGIA to find re-
sistant sources, with a view to developing resistant tomato
varieties. This assay also has the potential to be extended
to better understand the plant—phytoplasma interaction.

Supplementary material
The supplementary material for this article can be found at https://
doi.org/10.1017/S1479262121000137.

Acknowledgements

The authors are thankful to Mr Muhammad Tanvir Elahi,
RA, NIAB, Hamna Sadaf SA-I and Mr Zubair Ahmad SA-IT
for their useful technical assistance.

https://doi.org/10.1017/51479262121000137 Published online by Cambridge University Press

Conflict of interest
The authors declare that they have no conflict of interest.

Ethical standards
This article does not contain any studies with human participants
or animals performed by any of the authors.

References

Akhtar KP, Dickinson M, Asghar MJ, Abbas G and Sarwar N (2016)
Association of 16StII-C phytoplasma with lentil phyllody
disease in Pakistan. Tropical Plant Pathology 41: 198-202.

Akhtar KP, Saleem MY, Yousaf S, Ullah N, Rasool G and Sarwar N
(2018) Occurrence, identification and transmission of the
phytoplasma associated with tomato big bud disease and
identification of its vector and weed host in Pakistan. Archives
of Phytopathology and Plant Protection 51: 387-398.

Akhtar KP, Akram A, Ullah N, Saleem MY and Saeed M (2019)
Evaluation of Solanum species for resistance to tomato leaf
curl New Delhi virus using chip grafting assay. Scientia
Horticulturae 256: 108646.

Deng S and Hiruki C (1991) Amplification of 16S rRNA genes
from culturable and nonculturable Mollicutes. Journal of
Microbiological Methods 14: 53-61.

Doyle JJ and Doyle JL (1990) Isolation of plant DNA from fresh
tissue. Focus 12: 13-15.

Du Y, Mou H, Shi B, Xu X and Xiang V (2013) Molecular
detection and identification of a 16SrVI group phytoplasma
associated with tomato big bud disease in Xinjiang, China.
Journal of Phytopathology 161: 870-873.

El-Sisi Y, Omar AF, Sidaros SA and ElSharkawy MM (2017)
Characterization ~ of  16SrlI-D  subgroup  associated
phytoplasmas in new host plants in Egypt. Archives of
Phytopathology and Plant Protection 50: 504-513.


https://doi.org/10.1017/S1479262121000137
https://doi.org/10.1017/S1479262121000137
https://doi.org/10.1017/S1479262121000137
https://doi.org/10.1017/S1479262121000137

182

Kumari S, Nagendran K, Rai AB, Singh B, Rao GP and Bertaccini A
(2019) Global status of phytoplasma diseases in vegetable
crops. Frontiers in Microbiology 10: 1349.

Lee IM, Hammond RW, Davis RE and Gundersen DE (1993)
Universal amplification and analysis of pathogen 16S rDNA
for classification and identification of mycoplasma like or-
ganisms. Phytopathology 83: 834-842.

https://doi.org/10.1017/51479262121000137 Published online by Cambridge University Press

K. P. Akhtar et al.

Omar AF and Foissac X (2012) Occurrence and incidence of
phytoplasmas of the 16St1I-D subgroup on solanaceous and
cucurbit crops in Egypt. European Journal of Plant
Pathology 133: 353-360.

Xu X, Mou HQ, Zhu SF, Liao XL and Zhao WJ (2013) Detection and
characterization of phytoplasma associated with big bud disease
of tomato in China. Journal of Phytopathology 161: 430-433.


https://doi.org/10.1017/S1479262121000137

	Validation of chip grafting inoculation assay to assess the resistance of Solanum species against phytoplasma
	Abstract
	Introduction
	Experimental
	Discussion
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 1.3
  /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 true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 150
  /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 400
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile 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


