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Abstract 
 
Changes of photosynthesis under blue light were examined in the ABA-overproducing 7B-1 mutant in tomato. Net 
photosynthetic rate (PN), stomatal conductance (gs), intrinsic water-use efficiency (WUEi) and chlorophyll (a+b)  
[Chl (a+b)] content in leaves of different insertion (1st, 4th and 9th ones) were measured in 5-, 7- and 9-week-old plants. 
PN, gs, and Chl (a+b) content were mostly similar in young leaves of 7B-1 and wild type (WT) plants. With the aging of 
leaves, a blue-light-induced increase in PN and gs to steady-state was delayed and steady-state values of PN and gs were 
lower in 7B-1 plants compared with WT. Steady-state values of WUEi were increased in 4th and 9th leaves of 7B-1 plants 
compared with WT. The results can be explained by the higher endogenous level of ABA in 7B-1 plants and their lower 
sensitivity to ABA in earlier growth stage. 

 
Additional key words: ABA-overproducer, chlorophyll content, net photosynthetic rate, Solanum lycopersicum, stomatal conductance, 
tomato mutant. 
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The 7B-1 mutant in tomato is an ABA-overproducer 
which has lower sensitivity to blue light in early 
ontogenetic stages: it shows reduced hypocotyl de-
etiolation (Fellner et al. 2001). It has also lower blue-
light-specific resistance of seed germination to osmotic 
stress (Fellner and Sawhney 2002). It is known that ABA 
causes stomatal closure (e.g. Assmann and Shimazaki 
1999, Thompson et al. 2007) and that stomatal opening 
can be stimulated by blue light (e.g. Assmann and 
Shimazaki 1999, Košvancová-Zitová et al. 2009). 
Therefore we hypothesized that the 7B-1 mutant should 
have a reduced ability to open stomata which could result 
in a reduced rate of photosynthesis under blue light in 
comparison with WT. Thus the aim of this work was to 
find out whether and how the rate of photosynthesis 
under blue light was altered in 7B-1 plants.   

Two genotypes of tomato (Solanum lycopersicum L.) 
were used in this study: cv. Rutgers (WT) and the 7B-1 
mutant. Seeds of the 7B-1 mutant were kindly provided 
by Prof. Vipen K. Sawhney (University of Saskatchewan, 
Canada). Plants of both genotypes were grown during 
October 2010 in a greenhouse in soil (Potgrond H, 
Klasmann Deilmann GmBH, Germany) in small pots  
(80 × 80 × 70 mm, i.e. volume 448 cm3; one seed per pot; 
10 mm deep) and watered daily. High-pressure sodium 
lamps PlantaStar E40/ES 400 W (Osram GmbH, Ger-
many) were used as a subsidiary light source to maintain 
a 16-h photoperiod. A temperature was adjusted from 
15°C to 27°C. Three-week-old plants were transferred to 
a growth chamber SGC.170.PFX.J (Weiss-Gallenkamp 
Ltd., Loughborough, UK) and let to acclimate for 
2 weeks to stable growth conditions: the long-day 
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photoperiod (16 h light/8 h dark), photosynthetic photon 
flux density (PPFD) of about 100 μmol m–2 s–1 provided 
by fluorescent tubes Luxline Plus F58W/830 (Havells 
Sylvania GmbH, Germany), a temperature of 25°C 
light/18°C dark and a relative air humidity of 50% 
light/55% dark. The plants were watered daily. 

PN was measured in fully expanded attached leaves as 
a rate of CO2 assimilation using an open gas-exchange 
system LI-6400 (LI-COR Inc., Lincoln, NE, USA). The 
measurements were performed in three terms on leaves of 
different insertion when the plants were 5, 7, and 9 weeks 
old. 1st leaves of 5-week-old plants, 1st and 4th leaves of 
7-week-old plants and 4th and 9th leaves (bearing the 
inflorescence) of 9-week-old plants were measured 
(leaves were counted from the plant base). Seven plants 
of the 7B-1 mutant and seven WT plants were used. The 
measurement was carried out during light period from 
8:00 to 18:00 h in turns on WT and 7B-1 plants to 
eliminate effect of diurnal changes. The measured leaf 
was inserted into a leaf chamber and after 30-min 
adaptation to the dark and to the chamber conditions (see 
below) the measurement was started. The CO2 concen-
tration in the leaf chamber was set to 380 μmol mol–1, the 
relative air humidity to 50% and the temperature of the 
air to 23°C. After 5 min of measurement in the dark, the 
leaf was exposed to blue actinic light (of about 380 μmol 
m–2 s–1), PN and gs were measured for 65 min and then 
their time-response curves were drawn. The blue light 
was supplied by a source of cold white light (Schott KL 
2500, Schott Glas, Wiesbaden, Germany) in a combina-
tion with a blue glass filter (Schott BG 12, Schott Glas, 
Wiesbaden, Germany) with thickness of 1.45 mm, domi-
nant peak in 400 nm and spectral half width 132 nm. For 
PN and gs, steady-state values and time of steady-state 
achievement were evaluated. The time of steady-state 
achievement was estimated from an intersection of two 
lines of increasing and horizontal part of the time-
response curve. WUEi was calculated as a ratio of PN and 
gs values in steady-state.   

Chl (a+b) content was estimated nondestructively by 
a chlorophyll meter SPAD-502 (Konica Minolta Sensing, 
Japan) in the leaves used for the PN and gs measurement. 
The measurement was done 1 day after the gas-exchange 
measurement after 30 min of dark adaptation of plants. 
The SPAD reading was calibrated by means of an 
analytical measurement of real Chl (a+b) content in other 
tomato leaves. Discs of 14 mm in diameter have been cut 
off from the leaf blade at the site used for the SPAD 
measurement. The discs were frozen in liquid nitrogen, 
homogenized in 80% acetone with a small amount of 
MgCO3 and centrifuged at 3,600 × g for 5 min. The 
Chl (a+b) content in the supernatant was determined 
spectrophotometrically (Unicam UV550 Thermo Spec-
tronic, Cambridge, UK) with spectral slit width of 1 nm 
according to Lichtenthaler (1987). A linear correlation  
(r2 = 0.955, p0.0001) was found between the SPAD  
 

reading and leaf Chl (a+b) content:  

Chl (a+b) [μg cm–2] = 5.48 + 1.02 × SPAD reading. 

The two-sample t-test was used for comparison of 
presented parameters of the 7B-1 mutant and WT. The 
two-sample paired t-test was used for comparison of 
presented parameters of the same leaf (1st and 4th leaves) 
of different age. The statistical analyses were done using 
an OriginPro 8.5.1 (OriginLab Corporation, Nort-
hampton, MA, USA). 

When the dark-adapted leaves were exposed to blue 
light, PN increased to a steady state (Fig. 1). Compared 
with WT, the 7B-1 mutant had a slower light-induced 
increase in PN to the steady state in 1st leaf in 7-week-old 
plants and in 4th leaves in both 7- and 9-week-old plants 
(Fig. 1, Table 1). The slowdown was more pronounced in 
9-week-old plants (Table 1). Further, the 7B-1 mutant had 
significantly lower steady-state values of PN only in 1st 
and 4th leaves of 7- and 9-week-old plants, respectively 
(Fig. 1). Similarly, gs increase to the steady state was 
slowed down only in 1st and 4th leaves of 7- and 9-week-
old 7B-1 plants, respectively, and, in comparison with 
WT, the steady-state values of gs were lower in 1st leaves 
of 7-week-old plants and in 4th leaves of both 7- and  
9-week-old plants of 7B-1 (Table 1). Again, the diffe-
rence in the gs steady-state values between WT and 7B-1 
became more pronounced with an increasing age of 4th 
leaves. Thus the significant and/or more pronounced 
differences in PN and gs were found between WT and  
7B-1 when the measured leaves were 2 weeks older. 

It means that although the 7B-1 mutant is an ABA-
overproducer (Fellner et al. 2001) and shows lower 
sensitivity to blue light (Fellner et al. 2001, Fellner and 
Sawhney 2002), which should reduce stomatal opening, 
we can not make a general conclusion that the 7B-1 
mutant had lower PN and gs under blue light. Compared 
with literature the results could indicate that the decrease 
in the PN and gs steady-state values together with the 
slowdown of their increase to the steady state could be 
associated with a faster ontogeny of mutant’s leaves. 
Chl (a+b) content was not lower in 7B-1 compared with 

WT (Table 1) but both rate of photosynthesis and gs can 
decrease during leaf ontogeny even before Chl content 
starts to decline (e.g. Xu et al. 1997, Majer and Hideg 
2012) and stomatal opening has been shown to be slowed 
down with increasing leaf age (e.g. Ögren and Sundin 
1996).  

Nevertheless we suggest that the main reason for the 
differences found between photosynthetic parameters of 
7B-1 and WT can be just the increased endogenous ABA 
level in 7B-1 as indicated by an increase in WUEi (Table 1). 
It is known that WUEi rises with increasing endogenous 
ABA level (e.g. Zhang et al. 2004) including ABA-
overproducing transgenic tomato plants (Thompson et al. 
2007). An unchanged WUEi in 1st leaves of the 7B-1 
mutant could be explained by their lower sensitivity to  
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Fig. 1. Representative blue-light-induced increase in net photosynthetic rate (PN) to steady-state in 1st leaf of 5-week-old plants (A), in 
1st (B) and 4th leaves (C) of 7-week-old plants, and in 4th (D) and 9th (E) leaves of 9-week-old plants of wild type (WT) and the 7B-1 
mutant. Arrows indicate switching the blue light on, dashed lines indicate time of steady-state achievement. Insets: steady-state values 
of PN: black column – WT, white column – 7B-1; means and SD are shown, n = 6–7; * significantly different (p<0.05). 
 
 
 
Table 1. Time of net photosynthetic rate (PN) and stomatal conductance (gs) steady-state achievement, steady-state values of gs, 
chlorophyll content [Chl (a+b)] and steady-state values of intrinsic water-use efficiency (WUEi) in 1st (L1), 4th (L4) and 9th (L9) 
leaves of 5-, 7- and 9-week-old plants of wild type (WT) and the 7B-1 mutant. Means ± SD (n = 6–7). * significantly different 
(p<0.05) from the corresponding leaf of WT, + significantly different (p<0.05) from the leaf of the same insertion measured on the 
same type of plants two weeks earlier.  
 

5 weeks 7 weeks 9 weeks 
L1 L1 L4 L4 L9 

Time of PN steady-state achievement [min]    
WT 28 ± 11 27 ± 4 21 ± 2 24 ± 4 21 ± 2 
7B-1 34 ± 7 49 ± 6*+ 31 ± 6* 37 ± 8* 24 ± 9 

Time of gs steady-state achievement [min]    
WT 36 ± 6 39 ± 3 38 ± 7 34 ± 3 35 ± 4 
7B-1 37 ± 7 55 ± 7*+ 43 ± 6 50 ± 7* 39 ± 8 

gs [mol(H2O) m–2 s–1]    
WT 0.13 ± 0.01 0.11 ± 0.02+ 0.22 ± 0.05 0.14 ± 0.04+ 0.25 ± 0.04 
7B-1 0.14 ± 0.02 0.08 ± 0.02*+ 0.16 ± 0.04* 0.08 ± 0.01*+ 0.21 ± 0.06 

Chl (a+b) [μg cm–2] 
WT 36 ± 1 35 ± 2+ 36 ± 2 35 ± 4 44 ± 4 
7B-1 36 ± 1 34 ± 4 37 ± 2 35 ± 2+ 47 ± 3 

WUEi [μmol mol–1] 
WT 51 ± 2 49 ± 12 35 ± 4 32 ± 7 29 ± 3 
7B-1 50 ± 6 48 ± 13 47 ± 13* 42 ± 6* 39 ± 10* 
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endogenous ABA as young 7B-1 plants are supposed to 
be less sensitive to endogenous ABA (Fellner and 
Sawhney 2002).  

We can conclude that the blue-light-induced increase 
in PN and gs to steady state was delayed and steady-state 
values of PN and gs were lower only when the measured 

leaves of 7B-1 were older and that these alterations in 
photosynthesis are most probably associated with the 
higher endogenous ABA level in 7B-1 plants. A measure-
ment of more detailed dependence of PN and gs on leaf 
insertion and age could contribute to better understanding 
of peculiarity of 7B-1 photosynthesis. 

 
References 
 
Assmann, S.M., Shimazaki, K.-I.: The multisensory guard cell. 

Stomatal responses to blue light and abscisic acid. – Plant 
Physiol. 119: 809-815, 1999. 

Fellner, M., Sawhney, V.K.: The 7B-1 mutant in tomato shows 
blue-light-specific resistance to osmotic stress and abscisic 
acid. – Planta 214: 675-682, 2002. 

Fellner, M., Zhang, R., Pharis, R.P., Sawhney, V.K.: Reduced 
de-etiolation of hypocotyl growth in a tomato mutant is 
associated with hypersensitivity to, and high endogenous level 
of, abscisic acid. – J. Exp. Bot. 52: 725-738, 2001. 

Košvancová-Zitová, M., Urban, O., Navrátil, M., Špunda, V., 
Robson, T.M., Marek, M.V.: Blue radiation stimulates photo-
synthetic induction in Fagus sylvatica L. – Photosynthetica 
47: 388-398, 2009. 

Lichtenthaler, H.K.: Chlorophyll and carotenoids: Pigments of 
photosynthetic biomembranes. – Meth. Enzymol. 148: 350-
382, 1987. 

Majer, P., Hideg, E.: Developmental stage is an important factor  
 

 that determines the antioxidant responses of young and old 
grapevine leaves under UV irradiation in a green-house. – 
Plant Physiol. Biochem. 50: 15-23, 2012. 

Ögren, E., Sundin, U.: Photosynthetic responses to variable 
light: a comparison of species from contrasting habitats. – 
Oecologia 106: 18-27, 1996. 

Thompson, A.J., Andrews, J., Mulholland, B.J. et al.: Over-
production of abscisic acid in tomato increases transpiration 
efficiency and root hydraulic conductivity and influences leaf 
expansion. – Plant Physiol. 143: 1905-1917, 2007. 

Xu, H.-L., Gauthier, L., Desjardins, Y., Gosselin, A.: Photosyn-
thesis in leaves, fruits, stem and petioles of greenhouse-grown 
tomato plants. – Photosynthetica 33: 113-123, 1997. 

Zhang, X., Zang, R., Li, C.: Population differences in physio-
logical and morphological adaptations of Populus davidiana 
seedlings in response to progressive drought stress. – Plant 
Sci. 166: 791-797, 2004. 

 



<<
  /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
  /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 false
  /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 false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
    /CZE <>
  >>
  /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




