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Abstract. This paper describes effects of different concentrations of sucrose (20,
30 and 40 g/l), BAP (0.0 and 2 mg/l) as well as MS strength basal media (full, 2
MS and Y MS) on the in vitro shoot proliferation in Tissue Culture Laboratory,
University of Tabriz. Nodes were cut from in vitro potato shoots and cultured on
MS strength basal media for shoot proliferation. All cultures were of 16h light/ 8h
dark photoperiod and at 25 +2 °C in growth chamber. This experiment was
carried out factorial experiment based on completely randomized design with
four replications. After 4 weeks of culture, number of lateral shoots and nodes,
shoot length, root number and callus induction percentage was measured.
Analysis of variance showed that numbers of lateral shoots and node, shoots
length, root number and callus induction percentage were influenced by studied
factors. Number of lateral shoots was increased by using 2 mg/l BAP, but main
shoot length was declined by addition of BAP on culture media. The number of
nodes in MS full strengths was higher than 1/2MS and 72 MS media. Maximum
root number was observed in the media without BAP and high concentrations of
sucrose. Minimum callus induction (an undesirable trait in the proliferation stage)
was observed in free BAP media.

Key words: BAP, MS strength basal media,
Shoot proliferation, Sucrose, Potato.

INTRODUCTION

Potato was propagated by asexual reproduction which was transferred sys-
temic disease (such as viral and bacterial diseases) (Chandra et al. 1992).
These diseases are causing decrease of yield. So that is essential access
to healthy plants through meristem culture and subsequent microtuber pro-
duction (Bajaj 1987; Fatima et al. 2005). Microtuberization was carried out
from single-node explants of in vitro potato shoots (Baroja-Fernandez et al.
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2002). So it is necessary that shoot proliferation stage will be optimized for
maximum microtuber production (Yu et al. 2000). Shoot proliferation stage
was affected by some factors such as temperature, medium compositions,
genotype, photoperiod and carbon source. Since the production of more
shoots and ultimately achieved higher rooted plants is important in microtu-
ber production process (Al- Safadi et al. 2000). In most studies, different
type and concentrations of cytokinin was used in proliferation medium. BAP
was used to apical dormancy as well as adventitious shoot induction
(Belarmino et al. 1994). Roca et al. (1978) showed that medium with BAP,
GA3 and NAA were led to a rapid increase of shoot proliferation in potato
micropropagation.

Plant cells, tissue or organ is requiring carbon source (George 1993;
Gopal 2004). Concentration of carbon source was affected on in vitro
morphogenesis in different plant species (Gopal 2004). Sucrose was lead-
ing to reduction of osmotic potential of the culture medium and mainly sup-
plied energy source for plant cells (George, 1993). In some species high
concentrations of sucrose (up 30 g/l) can be influenced on micropropaga-
tion stage. Abou Dahab et al. (2005) showed that in Ruscus hypoglossum,
the highest plantlet length was produced by using 50 g/l sucrose and using
30 and 40 g/l sucrose gave the highest number of shoots and leaves per
shoot. In vitro potato plants were produced on PM-103 medium with %3
sucrose from single-node cuttings (Chandra et al., 1992). Proliferation of
single node cuttings from virus-free seedlings of potato was performed with
% 2 sucrose during 21 days (Sarkar et al. 2006).

MS medium used commonly for plant tissue culture can be supple-
mented by organic and inorganic component for growth and development
of plant cells, but this based medium was not optimum for all species and
specific propos. Abou Dahab et al. (2005) showed that in Ruscus hypo-
glossum, using MS medium at full salt strength produced the highest num-
ber of Shoots. Seabrook et al. (2004) reported that BAP had inhibitory ef-
fect on shoot elongation in Ludwigia repens, which was overcome by sub-
culturing shoots on half-strength MS media without growth regulators after
4 weeks of culture. Shafei Hagiabad et al. (2007) reported that the highest
number of shoots with the lowest length in Nephrolepis exaltata Schott cv.
Bostoniensis was achieved on media consisting half strengths of MS min-
eral salts, 30 or 20 g/l sucrose and 1 or 2 mg/l BA. Multiplication rate of 4.5
per month can be achieved on MS medium supplemented with 2 % sucrose
and 2 mg I”' BAP in Passiflora edulis (Kantharajah and Dodd 1999). The
aim of the recent study was optimization of concentrations of sucrose and
BAP as well as MS strength basal media for increasing shoot proliferation
from potato single node cuttings.
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MATERIALS AND METHODS

In vitro potato shoots (Solanum tuberosum cv. Agria) were sub-cultured every 3 to
4 weeks internal by placing 5 single node cuttings on each jar containing 30ml of
semi-solid MS medium without hormones, supplemented by 30 g.l'1 sucrose and 8
g.I'1 agars. The culture was maintained at 25+2°C in 16 h light/ 8 h dark photope-
riod. Axillary buds were cut from in vitro shoot and were cultured on proliferation
medium. Proliferation medium was including various concentrations of sucrose (20,
30 and 40 g/l), BAP (0.0 and 2 mg/l) and two MS strength basal media (1/2MS and
1/4MS), with MS medium as control. Nodes from in vitro potato shoots were cul-
tured for shoot proliferation on MS strength basal media and incubated in 16h light/
8h dark photoperiod at 25 +2 °C in growth chamber for 4 weeks. After 4 weeks, the
number of lateral shoots and nodes, shoots length (cm), percentage of callus and
root number were recorded. This study was carried out factorial experiment based
on completely randomized design with four replications. Data obtained from this
study were analyzed using SPSS software Ver.16. The means comparison carried
out by Duncans New Multiple Range Tests at 5 % probably level.

RESULTS AND DISCUSSION

Axillary buds were grown in all treatments and produced shoots containing
of favorite stem diameter and its color was brownish green to dark brown
(Fig. 1). Data analysis showed that number of lateral shoots did not influ-
ence by different concentrations of sucrose, MS strength basal media and
interactions between them. However, the number of lateral shoots were
significantly affected by different concentrations of BAP (p<0.01) and BAP
x MS strength basal media (p<0.05). Addition of BAP to all MS strength
basal media was increased number of lateral shoots than media without
BAP. However, significant differences were observed on MS strength basal
media in each level BAP (0.0 and 2 mg/l) for number of lateral shoots. It
seems that 1/2MS medium (with 2 mg/l BAP) had maximum number of lat-
eral shoots (Fig. 2). Maximum Number of lateral shoots was taken place by
using 2 mg/l BAP. Uddin (2006) reported that highest number of shoots
was produced on medium with 3 mg/l BAP. Kantharajah and Dodd (1999),
reported that multiplication rate of 4.5 per month can be achieved in a MS
medium supplemented with % 2 sucrose and 2 mg I”' BAP in Passiflora
edulis.

Main shoot length did not influence by different concentrations of su-
crose and MS strength basal media. However, different concentrations of
BAP and BAP x MS strength basal media were significantly affected on
main shoot length (p<0.01). Main shoot lengths in media without BAP (5.5
cm) were significantly higher than the media with BAP (1 cm). In media
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containing 0.0 mg/l BAP, significant difference among MS strength basal
media were showed for shoot length. Therefore the highest shoot length
was observed in 1/4MS and increasing MS strength basal media led to de-
crease main shoot length. Perhaps its reason can be explained that in %2
MS and 2 MS media due to decreased concentrations of salts, low osmotic
pressure, was resulted increasing shoot growth. The Least main shoot
length was observed in 74 MS and 2 MS media with BAP. This showed that
due to reducing the concentration of media was BAP effects further and to
be resulting reduced in shoot length (Fig. 3).

Figure 1. In vitro shoots with desirable diameter
(right: dark brown color shoots, left: brownish green color shoots).
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Figure 2. Mean lateral shoots number in MS strength basal
media and different concentrations of BAP.
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Figure 3. Mean main shoots length in MS strength basal media
and different concentrations of BAP.

Significant difference did not exist between MS strength basal media
and different concentrations of sucrose and interactions between them in
lateral shoot length. However, lateral shoot length was significantly affected
by different concentrations of BAP and BAP x sucrose (p<0.01). No signifi-
cant difference was observed among the three concentrations of sucrose in
media containing 2 mg/l BAP for lateral shoot length (2 cm). However, in
media without BAP, significant differences among different sucrose concen-
trations were observed. So that increasing the amount of sucrose, length of
lateral shoot was significantly increased and maximum lateral shoot length
was observed in media with 40 g/l sucrose (without BAP) and non signifi-
cant difference was showed among different sucrose concentrations for
length of lateral shoot (with BAP). On the other hand, in medium without
BAP and containing 20 g /I sucrose, shoot did not grow (Fig. 4). Seabrook
et al (2004) reported that BAP had inhibitory effect on Ludwigia repens
shoot elongation, which was overcome by sub-culturing shoots on half-
strength MS media without growth regulators after 4 weeks of culture. Abou
Dahab et al (2005) showed that in Ruscus hypoglossum longest shoot was
recorded with 55 g/l sucrose.

Number of main shoots nodes were significantly affected by MS strength
basal media, BAP and sucrose (p<0.01) and MS strength basal media x
BAP (p<0.05) and other interaction were not significant. Number of main
shoot nodes was decreased with increasing sucrose concentration and the
highest number of main shoot nodes observed in 20 g/l sucrose. Increasing
osmotic pressure by increasing sucrose was reduced the number of nodes
and length of shoot (Fig. 5). Abou Dahab et al (2005) showed that in Rus-
cus hypoglossum, the highest number of node was recorded with 40 g/l su-
crose. In media without BAP, non significant differences between the three
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MS strength basal media for number of main shoot nodes were observed.
However, number of main shoot nodes was declined with addition of BAP
in each three MS strength basal media and in 1/4MS medium (with BAP)
had not node (Fig. 6). Maximum main shoot length was observed in me-
dium without BAP, so maximum number of main shoot nodes occurred in
this media.
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Figure 4. Mean lateral shoots length in different concentrations
of sucrose and BAP.
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Number of lateral shoots nodes did not influence by different concentra-
tions of BAP and sucrose and interactions between them. However, num-
ber of lateral shoots nodes was significantly affected by MS strength basal
media (p<0.05). The number of lateral shoots nodes was higher in MS me-
dium than %2 MS and "4 MS media. Perhaps its reason was attributed min-
eral elements reduced in theses media (Fig. 7). Produced root on plantlet
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Figure 7. Mean number of lateral shoot node in cultivated
in MS strength basal media

had approximate 5 - 18 cm length. In some shoots, adventitious root on
proliferation medium were formed. The Solanaceae family has ability high
rooting, so these plantlets were transferred to pots, without sub-cultured to
rooting medium (Fig. 8). Root number was significantly affected by different
concentrations of sucrose, BAP (p<0.01) and sucrose x MS strength basal
media, MS strength basal media x BAP (p<0.05) and MS strength basal
media x BAP x sucrose (p<0.01). The maximum root number was ob-
served in ¥4 MS medium with 40 g/l sucrose and without BAP. Minimum
root number was produced in MS medium with 2 mg/l BAP and 20 g/l su-
crose (Fig. 9). Thus increasing carbon source had a positive effect on the
root number and BAP a negative effect, Since BAP is a shoot induction
hormone. Abou Dahab et al (2005) reported that in Ruscus hypoglossum
MS medium at % strength was the most effective treatment in increasing
the number of roots/shoot-let and highest number of roots was recorded
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with 50 g/l sucrose.
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Figure 9. Mean root number in MS strength basal media
in different concentrations of sucrose and BAP

Produced calli on the end of shoots, were soft, brownish green color and
its diameter had ranged 3-6 mm (Fig. 8). Callus induction percentage did
not influence by MS strength basal media and sucrose and interactions be-
tween them. Call induction percentage only was significantly affected by
BAP (p<0.01) and BAP x MS strength basal media (p<0.05). Callus induc-
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tion percentage was in media without BAP lower than media with BAP.
Minimum callus induction percentage was observed in ¥4 MS media without
BAP. Callus induction percentage increasing was significantly in strength of
MS medium (without BAP). Maximum Callus induction percentage was ob-
served in each three MS strength basal media with BAP. However, non
significant differences were observed among three MS strength basal me-
dia (Fig. 10). Since callus induction in proliferation stage is undesirable trait,
because callus and shoot cells competes in nutrient absorption and supply.
Therefore, in proliferation medium, BAP should be used in minimum con-
centrations.
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Figure 10. Call induction percentage in MS strength
basal media in different concentrations of BAP

CONCLUSION

The results showed that MS strength basal media, sucrose and BAP played
a significant role in micropropagation in vitro. The potato cv. Agria is a well-
know commercial cultivar cultivated all over the world and most probably
this is the first work. So there was no scope to compare the findings of pre-
sent study with previous one. The finding of this study will help the re-
searchers for further research on cv. Agria.

REFERENCES

Abou Dahab, A.M., Habib Afaf, M.A., Hosni, Y.A., Gabr, A.M.M. (2005): Effect of MS-salt
strength, sucrose and IBA concentration and acclimatization media on Ruscus
hypoglossum L. micropropagation. Arab Journal of Biotechnology 8 (1): 141-154.

Al-Safadi, B., Ayyoubi, Z., Jawdat, D. (2000): The effect of gamma irradiation on potato

South west J Hortic Biol Environ (2012)



72 S. Kazemiani et al.

microtuber production in vitro. Plant Cell Tissue and Organ Culture 61: 183-187.

Bajaj, Y.P.S. (1987): Biotechnology in agriculture and forestry, Vol. 3: Potato. Published by
Springer- Verlag.

Baroja-Fernandez, E., Aguirreolea, J., Martinkova, H., Hanus, J., Strand, M. (2002):
Aromatic cytokinins in micropropagated potato plants. Plant Physiological Biochemical
40:217-224.

Belarmino, M. M,. Abe, T., Sasahara, T. (1994): Plant regeneration from stem and petiole
prptoplast of sweet potato and its wild relative. Plant Cell Tissue Organ Culture 37:145-
150.

Chandra, R., Randhawa, G.J., Chaudhari, D.R., Upadhya, M.D. (1992): Efficacy of triazoles
for in vitro microtuber production in potato. Potato Research 35: 339-341.

Fatima, B., Usman, M., Ahmad, I., Khan, |.A. (2005): Effect of explant and sucrose on
microtuber induction in potato cultivars. International Journal of Agriculture and Biology
7(1): 63-66.

George, E.F. (1993): Plant propagation by tissue culture. part1. The technology Exegetics
England. Potato. Phd Thesis, Punjab Agricultural University Ludhiana (pb) India.

Gopal, J., Chamail, A., Sarkar, D. (2004): In vitro production of microtubers for conservation
of potato germplasm: Effect of genotype, abscisic acid and sucrose. In Vitro Cellular &
Developmental Biology, Plant 40 (5): 485-490.

Kantharajah, A.S., Dodd, W.A. (1999): In Vitro Micropropagation of Passiflora edulis (Purple
Passion fruit). Annals of Botany 65: 337-339.

Roca, W.M., Espinoza, N.O., Roca, M.R., Bryan, J.E. (1978): A tissue culture method for the
rapid propagation of potatoes. The International Potato Center (CIP).

Sarkar, D., Pandey, S.K., Sharma, S. (2006): Cytokinins antagoniz the jasmonates action on
the regulation of potato (Solanum tuberosum L.) tuber formation in vitro. Plant Cell
Tissue Organ Culture 87: 285-295.

Seabrook, J.E.A., Douglass, L.K., Arnold, D.A. (2004): Effect of leaves on microtubers
produced from potato single-node cutting in vitro. American Journal of Potato Research
81:1-5.

Shafei Hagiabad, M., Hamidoghli Y., Fotohi R. (2007): Effects of different concentrations of
mineral salt, sucrose and benzyl adenine on Boston Fern (Neprolepis exaltata Schott cv.
Bostoniensis) runner tips initiation Gazvini. Journal of Science and Technology of
Agriculture and Natural Resources 11(40): 137-146.

Uddin, S.N. (2006): In vitro propagation of Elite indigenous potato (Solanum tuberosum L.
var Indurkani) of Bangladesh. Journal of Plant Sciences 3: 212-216.

Yu, W.C., Joyce, P.J., Cameron, D.C., McCown, B.H. (2000): Sucrose utilization during
potato microtuber growth in bioreactors. Plant Cell Reports 19: 407-413.

South west J Hortic Biol Environ (2012)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /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 true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


