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Abstract

The circadian clock is necessary for plants to anticipate environmental changes. This leads to a
coordination of plant development and growth and thus to increased fitness. Many clock components
were identified by genetic and biochemical approaches, and studies on these components revealed a
core oscillator with multiple feedback loops. A suite of computation analyses is uncovering the
outputs of this oscillating network. Mathematical analysis is contributing to our understanding of the
network under clock control, moving toward an explanation of how the clock integrates and
coordinates various developmental programs with daily environmental cues. From there, these
systems approaches will look to establish further nodes within the clock network.

Introduction and context

The earth is continuously rotating and this generates
repetitive day-night changes each day. As sessile organ-
isms, plants perceive various environmental signals and
adjust to these changes. Thus, predictable day-night
changes are important signals for plants to synchronize
an internal biological clock to the external time of
day, and this creates the useful circadian regulatory
mechanism.

The plant circadian network can be conceived as being
composed of an input pathway, a core oscillator, and
output pathways [1]. Plants recognize light quality,
quantity, and duration, and variations in temperature
as input signals. These predictable environmental signals
have been termed “zeitgebers,” as they are the cues that
lead to clock resetting in response to seasonal photo-
period differences - a process known as entrainment.
The core oscillator has been shown to consist of multiple
autoregulatory feedback loops, and to date, many
Arabidopsis thaliana clock genes have been identified
[1]. Several core clock proteins are transcription factors
and are additionally proposed to initiate the mechanism

of the clock by generating widespread transcriptional
rhythms [2]. For instance, the clock-output pathways
potentiate various biological responses, such as devel-
opment, metabolism, hormone responses, and photo-
periodic response [1,3]. At a molecular level, the
expression of approximately 30% of the total transcrip-
tome of A. thaliana has been found to be under circadian
regulation [4].

The A. thaliana clock has been especially well defined
regarding components that generate a transcriptional
feedback loop. Two morning elements, LATE ELON-
GATED HYPOCOTYL (LHY) and CIRCADIAN CLOCK-
ASSOCIATED 1 (CCA1), are partially redundant MYB-like
transcription factors and repress transcription of the
evening-acting factor TIMING OF CAB EXPRESSION 1
(TOC1) by direct binding to its promoter evening-element
region. Conversely, TOC1 promotes LHY and CCAI
transcription and consequently forms a negative feed-
back loop, and this has been classified as the core of the
oscillator [5]. However, this one-loop model was not
sufficient to explain various mutant phenotypes. For
example, the lhy ccal double mutant and the ftocl single
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mutant display short periodicity rather than arrythmicity.
In addition, the lhy ccal double mutant is entrainable
by light-dark cycles [6-8]. Moreover, through intensive
genetic investigations, additional clock-regulating com-
ponents were identified. TIME FOR COFFEE (TIC),
PSEUDO-RESPONSE REGULATOR 7 (PRR7), and PRR9
act in the morning, and GIGANTEA (GI), EARLY
FLOWERING 3 (ELF3), ELF4, and LUX ARRHYTHMO
(LUX) function in the evening. Mutations of these genes
lead to strong phenotypic perturbations within the clock.
Therefore, the functional position of these components in
the clock model was questioned and the need to make a
more inclusive clock model was reinforced [9-15].

Computational analysis was introduced as one systems
approach to assist the understanding of the molecular
genetics of the plant clock. This allowed for a mathema-
tical examination of the robustness of the clock upon the
quantitative changes of various parameters. Several para-
meters were calculated to ‘set up’ the mathematical
circadian-clock model, such as light as an input signal,
transcription and mRNA degradation rates of the clock
genes, protein turnover rates, and protein transport [16].
The first mathematically established multiple-loop
A. thaliana clock model incorporated two undefined
components as X and Y. Although genes acting as an X
have not yet been identified, its transcription was
mathematically predicted to be increased by the genetic
activity of TOC1. From there, X promotes the transcrip-
tion of LHY/CCA1. Y was stated to act to form another
loop with LHY/CCA1 and TOC1. Both LHY/CCA1 and
TOC1 repress the expression of Y, whereas Y was
postulated to promote TOCI transcription. Y was simu-
lated to be acutely upregulated by light. In this work, GI
was suggested as a partial component of Y [17].

Major recent advances

Since the creation of the two-loop interlocking model
could not explain the short-period phenotype of the tocl
mutant [6], and since this model had limited flexibility to
simulate photoperiodic changes, the combination of
newly identified experimental results with computational
analysis was used to expand the clock as a three-loop
circuit. It adopted PRR7 and PRRY to form an additional
morning loop with LHY/CCA1l. LHY/CCA1 positively
regulated the expression of PRR7 and PRR9, and PRR7 and
PRROI repressed LHY and CCA1 expression [11,13,18]. The
factor X, from above, was now placed as a connection
between the LHY/CCA1-PRR7/PRR9 morning loop and
the TOC1-Y evening loop [19,20]. These models provided
explicit and testable hypotheses, which could largely be
confirmed by genetic approaches [21]. Other uses of the
three-loop model were to computationally predict the
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placement of ELF4 within the oscillating network and to
predict how an arrhythmic circadian mutant could exist as
a single-gene, loss-of-function allele [22]. Collectively,
systems modeling provided a gene-regulatory circuit that
explains much of the molecular genetic data in the
literature [22].

Recent mathematical studies have widened our scope of
understanding from the simple core-clock oscillation to
more complex responses, such as the perception of a
seasonal variation or flowering-time regulation. A pre-
dictive photoperiodic pathway has been mathematically
demonstrated [23]. Moreover, a view of how the oscillator
is buffered from unpredictable environmental changes,
such as daily weather patterns, can be rationalized through
modeling approaches [24].

Future directions

As a companion with experimental approaches, systems
modeling has widened our understanding of the
A. thaliana circadian clock. Furthermore, structural model-
ing is expanding the predictive scope of inferred bio-
chemistry of clock proteins [22,25]. In spite of these
breakthroughs, there are still a number of questions to be
resolved. First, parameters were oversimplified in most
mathematical models. For example, LHY and CCA1 have
been treated as if they were one component [19,20],
although they are only partially redundant [8,26,27].
Second, various input factors should be considered. In
current mathematical models, light was the only input
factor included in the circadian clock. However, there are
other factors, such as temperature, humidity, metabolism,
and hormone responses, and these must be incorporated
in the model to explain entrainment [28,29]. Third, post-
transcriptional regulation of the clock proteins should be
more seriously considered. Recently, several post-transla-
tional modifications, including phosphorylation of TOC1
and protein-protein interactions within the various PRRs,
were hypothesized to be an important regulatory mechan-
ism of the core clock. Nevertheless, these biochemical
interactions have not yet been incorporated into the
network model [30,31]. Fourth, in addition to nuclear
signaling, a metabolic clock should be considered. This is
because it has been reported that the cytosolic Ca®*
signaling molecule cADPR (cyclic adenosine diphosphate
ribose) could be mathematically incorporated into the
circadian clock [32]. Finally, regulation of output path-
ways affected by the core clock should be incorporated
into various computational models. For example, multi-
ple developmental processes, such as flowering and
photomorphogenesis, have been experimentally revealed
to be under the circadian-clock regulation [1,3,21]. How
to build the exact regulatory structure from the core
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clock to output responses must be clarified, and systems
modeling through computational approaches will clearly
aid that need.

Abbreviations

CCA1, CIRCADIAN CLOCK-ASSOCIATED 1; ELF, EARLY
FLOWERING; GI, GIGANTEA; LHY, LATE ELONGATED
HYPOCOTYL; PRR, PSEUDO-RESPONSE REGULATOR;
TOC1, TIMING OF CAB EXPRESSION 1.

Competing interests
The authors declare that they have no competing
interests.

Acknowledgments

This work was supported by the Korea Research
Foundation (KRF-2008-357-C00147), the Alexander
von Humboldt Foundation, the Max Planck Society,
and the Deutsche Forschungsgemeinschaft (German
Research Foundation) (DA1061/4-1).

References

. Harmer SL: The circadian system in higher plants. Annu Rev Plant
Biol 2009, 60:357-77.

2. Hanano S, Stracke R, Jakoby M, Merkle T, Domagalska MA,
Weisshaar B, Davis S): A systematic survey in Arabidopsis
thaliana of transcription factors that modulate circadian
parameters. BMC Genomics 2008, 9:182.

3. Nozue K, Covington MF, Duek PD, Lorrain S, Fankhauser C,
Harmer SL, Maloof JN: Rhythmic growth explained by coin-
cidence between internal and external cues. Nature 2007,
448:358-61.

F1000 Factor 6.8 Must Read

Evaluated by Martin Robert McAinsh 23 Jul 2007, Christiaan van der
Schoot 01 Aug 2007, C Robertson McClung 02 Aug 2007, Phil
Wigge 09 Oct 2007

4. Covington MF, Maloof JN, Straume M, Kay SA, Harmer SL: Global
transcriptome analysis reveals circadian regulation of key
pathways in plant growth and development. Genome Biol 2008,
9:R130.

5.  Alabadi D, Oyama T, Yanovsky MJ, Harmon FG, Mas P, Kay SA:
Reciprocal regulation between TOCI and LHY/CCAI
within the Arabidopsis circadian clock. Science 2001,
293:880-3.

F1000 Factor 6.0 Must Read
Evaluated by Jo Putterill 18 Oct 2001

6.  Locke )C, Millar A}, Turner MS: Modelling genetic networks with
noisy and varied experimental data: the circadian clock in
Arabidopsis thaliana. | Theor Biol 2005, 234:383-93.

7. Alabadi D, Yanovsky MJ, Mas P, Harmer SL, Kay SA: Critical role for
CCAIl and LHY in maintaining circadian rhythmicity in
Arabidopsis. Curr Biol 2002, 12:757-61.

F1000 Factor 3.0 Recommended
Evaluated by Jo Putterill 05 Jun 2002

8.  Mizoguchi T, Wheatley K, Hanzawa Y, Wright L, Mizoguchi M,
Song HR, Carre IA, Coupland G: LHY and CCAI are partially

20.

21.

22.

http://f1000.com/reports/biology/content/2/49

redundant genes required to maintain circadian rhythms in
Arabidopsis. Dev Cell 2002, 2:629-41.

F1000 Factor 3.0 Recommended
Evaluated by Jo Putterill 31 May 2002

Hazen SP, Schultz TF, Pruneda-Paz JL, Borevitz JO, Ecker JR, Kay SA:
LUX ARRHYTHMO encodes a Myb domain protein essen-
tial for circadian rhythms. Proc Natl Acad Sci U § A 2005,
102:10387-92.

Ding Z, Millar AJ, Davis AM, Davis S: TIME FOR COFFEE
encodes a nuclear regulator in the Arabidopsis thaliana
circadian clock. Plant Cell 2007, 19:1522-36.

Farre EM, Harmer SL, Harmon FG, Yanovsky MJ, Kay SA: Over-
lapping and distinct roles of PRR7 and PRR9 in the
Arabidopsis circadian clock. Curr Biol 2005, 15:47-54.

FI1000 Factor 3.0 Recommended
Evaluated by C Robertson McClung 08 Feb 2005

Salome PA, McClung CR: PSEUDO-RESPONSE REGULATOR 7
and 9 are partially redundant genes essential for the
temperature responsiveness of the Arabidopsis circadian
clock. Plant Cell 2005, 17:791-803.

Nakamichi N, Kita M, Ito S, Yamashino T, Mizuno T: PSEUDO-
RESPONSE REGULATORS, PRR9Y, PRR7 and PRR5, together
play essential roles close to the circadian clock of Arabidopsis
thaliana. Plant Cell Physiol 2005, 46:686-98.

Kim WY, Fujiwara S, Suh SS, Kim J, Kim Y, Han L, David K,
Putterill J, Nam HG, Somers DE: ZEITLUPE is a circadian
photoreceptor stabilized by GIGANTEA in blue light.
Nature 2007, 449:356-60.

F1000 Factor 8.2 Exceptional
Evaluated by C Robertson McClung 05 Oct 2007, Julin Maloof 09
Oct 2007, Judy Callis 18 Oct 2007

McWatters HG, Kolmos E, Hall A, Doyle MR, Amasino RM, Gyula P,
Nagy F, Millar A, Davis S): ELF4 is required for oscillatory
properties of the circadian clock. Plant Physiol 2007, 144:391-401.

Hubbard KE, Robertson FC, Dalchau N, Webb AA: Systems
analyses of circadian networks. Mol Biosyst 2009, 5:1502-11.

Locke JC, Southern MM, Kozma-Bognar L, Hibberd V, Brown PE,
Turner MS, Millar AJ: Extension of a genetic network model by
iterative experimentation and mathematical analysis. Mol Syst
Biol 2005, 1:2005.0013.

F1000 Factor 8.2 Exceptional
Evaluated by Lee Sweetlove 14 Jul 2005, Charles Auffray 27 Jul 2005,
Elena Alvarez-Buylla 28 Jul 2009

Nakamichi N, Kiba T, Henriques R, Mizuno T, Chua NH,
Sakakibara H: PSEUDO-RESPONSE REGULATORS 9, 7, and
5 are transcriptional repressors in the Arabidopsis circadian
clock. Plant Cell 2010, 22:594-605.

F1000 Factor 6.0 Must Read
Evaluated by Stacey Harmer 16 Apr 2010

Locke JC, Kozma-Bognar L, Gould PD, Feher B, Kevei E, Nagy F,
Turner MS, Hall A, Millar AJ: Experimental validation of a
predicted feedback loop in the multi-oscillator clock of
Arabidopsis thaliana. Mol Syst Biol 2006, 2:59.

Zeilinger MN, Farre EM, Taylor SR, Kay SA, Doyle FJ 3rd: A novel
computational model of the circadian clock in Arabidopsis
that incorporates PRR7 and PRR9. Mol Syst Biol 2006, 2:58.
Ding Z, Doyle MR, Amasino RM, Davis S: A complex genetic
interaction between Arabidopsis thaliana TOCI and CCAI/
LHY in driving the circadian clock and in output regulation.
Genetics 2007, 176:1501-10.

Kolmos E, Nowak M, Werner M, Fischer K, Schwarz G, Mathews S,
Schoof H, Nagy F, Bujnicki M, Davis §J: Integrating ELF4 into the
circadian system through combined structural and functional
studies. HFSP | 2009, 3:350-66.

Page 3 of 4
(page number not for citation purposes)


http://www.f1000biology.com/article/id/1088989
http://www.f1000biology.com/article/id/1001011
http://www.f1000biology.com/article/id/1006622
http://www.f1000biology.com/article/id/1006594
http://www.f1000biology.com/article/id/1023769
http://www.f1000biology.com/article/id/1091173
http://www.f1000biology.com/article/id/1027027
http://www.f1000biology.com/article/id/2927968

F1000 Biology Reports 2010, 2:49

23.

24.

25.

26.

27.

28.

Salazar |D, Saithong T, Brown PE, Foreman ], Locke JC, Halliday K],
Carre |IA, Rand DA, Millar AJ: Prediction of photoperiodic
regulators from quantitative gene circuit models. Cell 2009,
139:1170-9.

Troein C, Locke JC, Turner MS, Millar AJ: Weather and seasons
together demand complex biological clocks. Curr Biol 2009,
19:1961-4.

F1000 Factor 3.0 Recommended
Evaluated by Stacey Harmer 06 Nov 2009

Kolmos E, Schoof H, Plimer M, Davis §J: Structural insights into
the function of the core-circadian factor TIMING OF CAB2
EXPRESSION | (TOCI). | Circadian Rhythms 2008, 6:3.

Hall A, Bastow RM, Davis S, Hanano S, McWatters HG, Hibberd V,
Doyle MR, Sung S, Halliday KJ, Amasino RM, Millar A]: The TIME
FOR COFFEE gene maintains the amplitude and timing of
Arabidopsis circadian clocks. Plant Cell 2003, 15:2719-29.

Pruneda-Paz JL, Breton G, Para A, Kay SA: A functional genomics
approach reveals CHE as a component of the Arabidopsis
circadian clock. Science 2009, 323:1481-5.

F1000 Factor 3.0 Recommended
Evaluated by Stacey Harmer 26 Mar 2009

Gould PD, Locke JC, Larue C, Southern MM, Davis SJ, Hanano S,
Moyle R, Milich R, Putterill J, Millar A}, Hall A: The molecular basis

29.

30.

31

32.

http://f1000.com/reports/biology/content/2/49

of temperature compensation in the Arabidopsis circadian
clock. Plant Cell 2006, 18:1177-87.

Hanano S, Domagalska MA, Nagy F, Davis SJ: Multiple phytohor-
mones influence distinct parameters of the plant circadian
clock. Genes Cells 2006, 11:1381-92.

FI1000 Factor 3.0 Recommended
Evaluated by Daniel Chamovitz 12 Jan 2007

Wang L, Fujiwara S, Somers DE: PRR5 regulates phosphorylation,
nuclear import and subnuclear localization of TOCI in the
Arabidopsis circadian clock. EMBO | 2010, 29:1903-15.

Fujiwara S, Wang L, Han L, Suh SS, Salome PA, McClung CR,
Somers DE: Post-translational regulation of the Arabidopsis
circadian clock through selective proteolysis and phosphor-
ylation of pseudo-response regulator proteins. | Biol Chem 2008,
283:23073-83.

F1000 Factor 3.0 Recommended
Evaluated by Judy Callis 01 Aug 2008

Dodd AN, Gardner MJ, Hotta CT, Hubbard KE, Dalchau N, Love J,
Assie ]M, Robertson FC, Jakobsen MK, Gongalves |, Sanders D,
Webb AA: The Arabidopsis circadian clock incorporates a
cADPR-based feedback loop. Science 2007, 318:1789-92.

Page 4 of 4
(page number not for citation purposes)


http://www.f1000biology.com/article/id/1165604
http://www.f1000biology.com/article/id/1157654
http://www.f1000biology.com/article/id/1052756
http://www.f1000biology.com/article/id/1117897

	Abstract
	Introduction and context
	Major recent advances
	Future directions
	Abbreviations
	Competing interests
	Acknowledgments
	References


<<
  /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 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

  /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


