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Abstract—Current data indicate that the Hox gene expression pattern differs between regular and irregular sea
urchins. Expression of most genes of the Hox cluster is not activated until the pluteus forms, and only Hox7,
Hox11/13b, and Hox11/13c are expressed at the blastula stage in two Regularia species examined previously,
Strongylocentrotus purpuratus and St. intermedius. In contrast, Hox7, Hox9/10, Hox11/13b, and Hox11/13c
are expressed at the blastula and gastrula stages; Hox1, Hox7, Hox8, Hox9/10, Hox11/13a, and Hox11/13b
are expressed at the prism stage; and most genes of the Hox cluster are activated at the pluteus stage in Pero-
nella japonica, the only species studied in Irregularia. The irregular sea urchin Scaphechinus mirabilis was
examined. Almost all of its Hox genes were silent at early stages. SmHox11/13b was an exception and was
expressed at the gastrula stage. Most Hox genes were activated only at the pluteus stage. Thus, the expression
pattern of the Hox cluster in Sc. mirabilis is similar to that of the regular sea urchins St. purpuratus and St. inter-
medius and differs from that of the other irregular sea urchin P. japonica.
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Echinodermata is a phylum of marine invertebrates
that undergo substantial rearrangements of the body
plan during their development. The rearrangements
reflect the intricate evolutionary history of the phy-
lum. Planktonic larvae formed in echinoderms during
ontogeny are bilaterally symmetrical, but display dis-
symmetry in the structure of coelomic derivatives [1].
A complex rearrangement of the organization occurs
in larvae of Echinodermata during metamorphosis,
resulting in secondary radial symmetry, which is typi-
cal for echinoderms. Genes of the Hox family are
known to play a crucial role in regulating the layout of
organs along the anteroposterior axis in Triploblastica,
and spatial and temporal collinearity is characteristic
of their expression [2, 3]. However, dramatic devia-
tions of spatial and temporal collinearity in Hox gene
expression have been observed in echinoderms. For
example, the central and posterior gene groups of the
Hox cluster are the first to be expressed in Echinoder-
mata species examined in this respect, while the ante-
rior group is expressed first in most Triploblastica [4—
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9]. Distortions in the order of expression of the regula-
tory genes might be associated with intricate morpho-
logical rearrangements, which have occurred in mem-
bers of the phylum Echinodermata in the course of
their evolution [10].

Two main body plans are observed in sea urchins
(Echinoidea). Species of the so-called regular sea
urchins (the subclass Regularia) show fivefold radial
symmetry in adults, as typical in echinoderms. Irregu-
lar sea urchins (the subclass Irregularia) are character-
ized by secondary bilateral symmetry, which develops
on the basis of radial symmetry and has a plane that
does not coincide with the plane of bilateral symmetry
of Triploblastica [11]. Expression of genes of the Hox
cluster during development has been studied in two
regular sea urchin species of the family Strongylocen-
trotidae, Strongylocentrotus purpuratus (Stimpson,
1857) and St. intermedius (A. Agassiz, 1864), and the
following regularities have been observed. Most of the
Hox genes remain inactive until a well-developed
planktotrophic pluteus larva forms. The Hox7,
Hox11/13b, and Hox11/13c genes are the only excep-
tion, being expressed at the blastula stage [4, 9, 12].
Another Hox gene expression pattern has been
observed in the irregular sea urchin Peronella japonica
Mortensen, 1948, which belongs to the family Lagan-
idae (Table 1). PiHox7, PiHox9/10, PiHox11/13b, and
PjHox11/13c are expressed at the blastula and gastrula
stages; PiHox1, PiHoxS8, and PjHox11/13a come to be
expressed along with the above genes at the prism
stage; and all but one gene of the Hox cluster are
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Table 1. Expression pattern of the Hox genes during early development in the sea urchin species examined to date

Developmental stage
Subclass Species Early Source
Blastula Gastrula Prism Late pluteus
pluteus

Regularia | Strongylocentrotus purpuratus ok ok ok wox Ak [4]

Stn intermedius sk _ * skskeskeskeokeoskoskoskoskokok skekeskeskoskoskoskokok [9]

Irregularia Peronellajaponl‘ca sekesk sesksieok sesfesisoksk sieskesieseoksiok sfesfesiesteokskeokoksk [7]
Scaphechinus mirabilis — * — ok wox our data

Asterisks show the number of genes with detectable expression in the Hox cluster; (—), expression undetectable.

expressed in the pluteus larva 48 hours post-fertiliza-
tion (hpf), with the exception of silenced PiHox11/13c
[7]. It is therefore possible to assume that activity of
the Hox cluster genes in early development differs
between regular and irregular sea urchins. To check
the assumption, we qualitatively assessed early expres-
sion of all of the 11 Hox genes in the developing irreg-
ular sea urchin Scaphechinus mirabilis A. Agassiz,
1864, which belongs to the family Scutellidae.

The following Sc. mirabilis developmental stages
were examined: blastula, 13 hpf; gastrula, 35 hpf;
prism, 46 hpf; early pluteus, 4 days post-fertilization
(dpf); and late pluteus, 9 dpf (Fig. 1). All experiments
with sea urchin fertilization and development were
carried out at the Vostok Marine Biological Station
(Zhirmunsky National Research Center of Marine
Biology). Urchins were collected in the Vostok Bay,
Sea of Japan. The urchins were kept in tanks with run-
ning aerated water until use and were washed with UV-
irradiated filtered seawater immediately before experi-
ments. Spawning was induced by injecting 1—2 mL of
0.5 M potassium chloride. Larvae were obtained via
artificial fertilization and cultured at 18°C.

Total RNA was isolated from eggs and larvae as
described by Kiselev et al. [13]. The total RNA amount
was assessed by spectrophotometry (NanoPhotometer
P-300, IMPLEN, Germany).

Complementary DNA (cDNA) was synthesized
using a reverse transcription kit (Evrogen, Russia) and
2 ug of total RNA. The reaction mixture (50 uL) for
reverse transcription—polymerase chain reaction
(RT—PCR) contained a 1x RT buffer, 0.24 mM each
deoxynucleotide triphosphate (ANTP), 0.2 uM oligo-
(dT),s primer, and 200 units of MMLYV reverse tran-
scriptase. The reaction was carried out at 37°C for 2 h.
The reaction products (0.5 uL) were amplified via
real-time PCR (qPCR).

To theoretically design the qPCR primers directed
to the Sc. mirabilis genes, we analyzed the nucleotide
sequence of the St. purpuratus Hox gene cluster [14, 15].
All data and respective query and visualization tools are
available via the SpBase public database of sea urchin
genomic sequences (http://www.spbase.org/SpBase/
rnaseq/) and the NCBI bioproject database (http://www.
ncbi.nlm.nih.gov/bioproject), acc. no. PRINASI1157.
NCBI Primer Blast software were used to design the
primers. To check the specificity of the resulting prim-
ers, PCR products were sequenced (ABI 3130 Genetic
Analyser, Applied Biosystems, United States).
Sequencing was carried out at the Federal Research
Center of East Asian Terrestrial Biodiversity. PCR
product sequencing was repeated at least three times
for each time point, and all of the resulting sequences
flanked by the primers (150—200 bp) did not substan-
tially differ from the respective St. purpuratus gene

Fig. 1. Scaphechinus mirabilis developmental stages examined in this study: (a) blastula, 13 hpf; (b) gastrula, 35 hpf; (c) prism
stage, 46 hpf; (d) pluteus, 4 dpf; and (e) pluteus, 9 dpf. Bar, 50 pm.
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Fig. 2. Quantitative assessment of the expression levels of the Hox cluster genes in Sc. mirabilis at early developmental stages. The
levels were measured in rel. units, taking the amplification level of the respective gene in unfertilized eggs to be unity.

sequences. To normalize the results obtained for
Sc. Mirabilis, the actin (GenBank acc. no. DQ229162)
and ubiquitin (GenBank acc. no. LOC754856) gene
sequences were used as an endogenous control. Data
were collected in five independent experiments. Prim-
ers used to amplify the actin and ubiquitin genes in
gPCR were as described previously [16].

The expression level was estimated in relative (rel.)
units for each individual Sc. mirabilis Hox gene. The
transcription level of a target gene in unfertilized eggs
was taken to be unity. Quantitative data were thus
obtained to characterize the expression levels of all of
the 11 Sc. mirabilis Hox genes at early developmental
stages.

Expression levels of most genes of the Sc. mirabilis
Hox gene cluster was extremely low in the first hours
and days of development and did not exceed the respec-
tive expression levels in unfertilized eggs (Fig. 2).
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Within the first two days post-fertilization,
SmHox11/13b was the only Hox gene expressed to a
level higher than unity at the gastrula stage (35 hpf).
The level was a maximum observed for the gene across
all stages examined. An overall increase in expression
of all but one (SmHox11/13b) Hox gene was detected
in 4-day-old pluteus larvae. However, only the
SmHox8 and SmHox11/13c genes showed expression
levels higher than unity at that stage. Expression of
most Hox genes decreased again in 9-day-old pluteus
larvae, with the exception of SmHox6, SmHox9/10
(expression levels higher than wunity), and
SmHox11/13b. However, the expression level of the
last gene at that stage did not reach the level observed
at the gastrula stage (Fig. 2).

Several similarities in quantitative Hox gene
expression patterns at early developmental stages were
observed between the irregular sea urchin Sc. mirabilis
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and the regular sea urchin St. intermedius [9]. An over-
all increase in expression of all Hox genes in 4-day-old
pluteus larvae is similarly characteristic of the St. inter-
medius development. In the first two days, the
SiHox11/13b gene is similarly expressed to the highest
level, but at the blastula, rather than gastrula, stage. In
addition, the SiHox2, SiHox3, SiHox5, SiHox8, and
SiHox9/ 10 genes are similar in expression dynamics to
SmHox2, SmHox3, SmHox5, SmHox8, and SmHox9/10
(the character of Hox& expression differed only in
9-day-old pluteus larvae). In the other regular sea
urchin St. purpuratus [4], expression of SpHox11/13b
similarly increases to a considerable extent at the mes-
enchymal blastula stage (21—36 hpf), decreases
abruptly at the late gastrula stage (48 hpf), and gradu-
ally increases again at the pluteus stage. A similar
expression pattern has been observed for SpHox7, but
without an abrupt decrease in expression at the gas-
trula stage [4]. In the irregular sea urchin P, japonica [7],
activation of PjHox7, PiHox11/13b, and PjHox11/13c
occurs as early as the blastula stage (6—10.5 hpf).
PjHox9/ 10 comes to be expressed along with the above
genes at the gastrula stage (13—15 hpf), and expression
of PiHox1, PiHoxS8, and PjHox11/13a is added at the
prism stage (18—21 hpf), while PiHox11/13c expres-
sion has no longer been detected to the end of the
experiment (up to the 3-day-old pluteus stage).
Almost all Hox genes are already expressed in 2-day-
old pluteus larvae in P. japonica, with the exception of
PjHox11/13c, which is expressed only in the blastula
and early gastrula, and PjHox2, whose expression has
not been detected throughout the experiment [7]. In
Sc. mirabilis, which was examined in this work,
expression levels exceeding unity were additionally
observed for SmHox§ (in 4-day-old pluteus larvae)
and SmHox9/ 10 (in 9-day-old pluteus larvae) (Fig. 2).
The expression pattern of PiHox11/13c with gene acti-
vation at the earliest developmental stages and subse-
quent lack of expression at the prism and pluteus
stages resembled that of SmHox11/13b to a greater
extent.

In total, the expression pattern of the genes belong-
ing to the Hox cluster in the irregular sea urchin
Sc. mirabilis is similar to that in the regular sea urchins
St. purpuratus and St. intermedius and differs from that
in the other irregular sea urchin P. japonica (Table 1).
It seems that differences in the expression pattern of
the Hox cluster genes are not determined by whether a
species belongs to Regularia or Irregularia, but depend
on other, still unidentified factors.

ACKNOWLEDGMENTS

We are grateful to staff of the diving service of the Zhir-
munsky National Research Center of Marine Biology for
collecting Sc. mirabilis sea urchins for the study, researchers
of the Federal Research Center of East Asian Terrestrial
Biodiversity for help with sequencing (RF Ministry of Sci-
ence and Higher Education, project no. 124012200181-4),

the anonymous reviewer for carefully reading the manu-
script and providing valuable advice, and A.A. Shuklov and
V.A. Shuklova for providing the possibility to prepare the
manuscript.

FUNDING

This work was supported by the Russian Science Foun-
dation (project no. 23—14—00047).

ETHICS APPROVAL AND CONSENT
TO PARTICIPATE

All applicable international, national, and/or institu-
tional guidelines for the care and use of animals were fol-
lowed. In accordance with Directive 2010/63/EU of Sep-
tember 22, 2010 on the protection of animals used for scien-
tific purposes, Chapter 1, Paragraph 3, the requirements of
bioethics do not apply to the subject of this study.

CONFLICT OF INTEREST

The authors of this work declare that they have no con-
flicts of interest.

OPEN ACCESS

This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, shar-
ing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to
the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were
made. The images or other third party material in this article
are included in the article’s Creative Commons license,
unless indicated otherwise in a credit line to the material. If
material is not included in the article’s Creative Commons
license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To
view a copy of this license, visit http://creativecom-
mons.org/licenses/by/4.0/

REFERENCES

1. Ivanova-Kazas, O.M., Sravnitel’naya embriologiya be-
spozvonochnykh zhivotnykh: Iglokozhie i polukhordovye
(Comparative Embryology of Invertebrates: Echino-
derms and Hemichordates), Moscow: Nauka, 1978.

2. Akam, M., Hox and HOM: homologous gene clusters
in insects and vertebrates, Cell, 1989, vol. 57, pp. 347—
349,

3. Arendt, D., Hox genes and body segmentation, Sci-
ence, 2018, vol. 361, pp. 1310—1311.

4. Arenas-Mena, C., Martinez, P., Cameron, R.A., et al.,
Expression of the Hox gene complex in the indirect devel-
opment of a sea urchin, Proc. Natl. Acad. Sci. U. §. A.,
1998, vol. 95, pp. 13062—13067.

DOKLADY BIOLOGICAL SCIENCES 2025



10.

11.

12.

EXPRESSION OF HOX GENES IN EARLY DEVELOPMENT OF IRREGULAR 5

Cameron, R.A., Rowen, L., Nesbitt, R., et al., Unusual
gene order and organization of the sea urchin Hox clus-
ter, J. Exp. Zool., Part B, 2006, vol. 306, pp. 45—58.

. Hara, Y., Yamaguchi, M., Akasaka, K., et al., Expres-

sion patterns of Hox genes in larvae of the sea lily Mera-
crinus rotundus, Dev. Genes Evol., 2006, vol. 216, no. 12,
pp. 797—809.

Tsuchimoto, J. and Yamaguchi, M., Hox expression in
the direct-type developing sand dollar Peronella japon-
ica, Dev. Dyn., 2014, vol. 243, pp. 1020—1029.

Kikuchi, M., Omori, A., Kurokawa, D., et al., Pattern-
ing of anteroposterior body axis displayed in the expres-
sion of Hox genes in sea cucumber Apostichopus japoni-
cus, Dev. Genes Evol., 2015, vol. 225, no. 5, pp. 275—
286.

Ageenko, N.V., Ezhova, O.V,, Kiselev, K.V., et al., Ex-
pression of HOX cluster genes in early larval develop-
ment of sea urchin Strongylocentrotus intermedius
(Echinodermata, Echinoidea), Dokl. Biol. Sci., 2025,
vol. 520, pp. 8—11.

Wollesen, T., Rodriguez Monje, S.V., Luiz de Oliveira, A.,
et al., Staggered Hox expression is more widespread
among molluscs than previously appreciated, Proc. R.
Soc. London, Ser. B, 2018, vol. 285, p. 20181513.

Beklemishev, W.N., Principles of Comparative Anatomy
of Invertebrates, vol. 1. Promorphology, Kabata, Z., Ed.,
Chicago: Univ. of Chicago Press, 1969.

Howard-Ashby, M., Materna, S.C., Titus Brown, C.,
et al., High regulatory gene use in sea urchin embryo-

SPELL OK

DOKLADY BIOLOGICAL SCIENCES 2025

13.

14.

15.

16.

neutral with regard to jurisdictional claims

genesis: Implications for bilaterian development and
evolution, Dev. Biol., 2006, vol. 300, pp. 27—34.

Kiselev, K.V., Dubrovina, A.S., Shumakova, O.A.,
et al., Structure and expression profiling of a novel cal-
cium-dependent protein kinase gene, CDPK3a, in
leaves, stems, and cell culture of wild-growing grape-
vine Vitis amurensis Rupr., Plant Cell Rep., 2013, vol. 32,
pp. 431—442.

Tu, Q., Cameron, R.A., Worley, K.C., et al., Gene
structure in the sea urchin Strongylocentrotus purpuratus
based on transcriptome analysis, Genome Res., 2012,
vol. 22, no. 10, pp. 2079—2087.

Tu, Q., Cameron, R.A., and Davidson, E.H., Quanti-
tative developmental transcriptomes of the sea urchin
Strongylocentrotus purpuratus, Dev. Biol., 2014, vol. 385,
no. 2, pp. 160—167.

Ageenko, N.V., Kiselev, K.V., and Odintsova, N.A.,
Expression of pigment cell-specific genes in the onto-
genesis of the sea urchin Strongylocentrotus intermedi-

us, J. Evidence-Based Complementary Altern. Med.,
2011, vol. 2011, p. 730356.

Translated by T. Tkacheva

Publisher’s Note. Pleiades Publishing remains
in

published maps and institutional affiliations.
Al tools may have been used in the translation or
editing of this article.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /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 true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /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 <>
    /RUS ()
    /ENU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


