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Abstract Caulerpa spp. are clonal green marine algae
which often act as invasive species when growing outside
their native biogeographical borders. Over the two past
decades, Caulerpa taxifolia has spread along the Mediter-
ranean coast, presently occurring at 70 sites and covering
nearly 3,000 ha of subtidal area. New genetic markers
(microsatellites) have been developed to assess clonal
structure and genetic diversity of recently established
populations of the invasive species C. taxifolia and
Caulerpa racemosa in comparison with populations of the
native Caulerpa prolifera in the Mediterranean. Our results
show that nine polymorphic markers have been developed

for C. prolifera, seven for C. taxifolia, and three for C.
racemosa. Genetic diversity in Caulerpa was assessed in
two geographical scales: one at a population scale where 40
thalli units were collected from C. prolifera in Cala d’Or,
Mallorca, Spain, and another at a species scale, where 30
sample units were analyzed for C. prolifera, 24 for C.
taxifolia, and 24 for C. racemosa from different sites in the
Mediterranean, Atlantic, and Pacific Ocean. Number of
alleles, expected heterozygosity, and marker amplification
success are provided in each case.
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Green algae of the genus Caulerpa (Bryopsidophyceae,
coenocytic algae; Bessey 1907) have the capacity to
propagate clonally and often show invasive behavior when
introduced beyond their native ranges, particularly as
competitors of seagrasses (e.g., de Villèle and Verlaque
1995; Williams 2007). Recently, the genus Caulerpa has
been attracting considerable research attention in the
Mediterranean Sea, where two tropical Caulerpa species,
Caulerpa taxifolia (M. Vahl) C. Agardh and Caulerpa
racemosa (Forsskål) J. Agardh, have spread into areas
formerly occupied by seagrasses. In 1984, C. taxifolia was
accidentally released into coastal waters of the Mediterra-
nean Sea in Monaco and has spread along France and Italy,
extending to the Spanish Balearic Islands, and covering
nearly 3,000 ha of subtidal area (Ribera and Boudouresque
1995). This species has also reached the California coast in
the USA (Jousson et al. 2000). How Caulerpa populations
maintain themselves and spread, which may take place by
clonal or/and sexual reproduction, is poorly understood (but
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see Phillips 2009). New microsatellite markers are devel-
oped in our study and are tested for their potential cross-
utilization among species to help understand the dynamics
of propagation of Caulerpa species, and why their
population dynamics and competitiveness varies between
species and populations.

Herein, we present the development of polymorphic
microsatellite loci for the genus Caulerpa, isolated from
Caulerpa prolifera and C. taxifolia. Levels of polymor-
phism are investigated for C. prolifera, C. racemosa, and C.
taxifolia, from the Mediterranean, Atlantic, and Pacific
regions. In C. prolifera, polymorphism is investigated from
a population in Cala d’Or, Mallorca, Spain.

Materials and methods

For construction of a microsatellite-enriched DNA library,
fresh material was collected in Cala d’Or, Mallorca, Spain,
from one individual of C. prolifera and one individual of C.
taxifolia, with libraries constructed for each. DNA was
purified by isolation of nuclei. Construction and screening
of the genomic libraries are described in Varela-Álvarez et
al. (2006), based on small modifications of protocols from
Billote et al. (1999) and Kijas et al. (1994). A total of 18
sequences obtained from these libraries containing micro-

satellite repeats were used to design primers using PRIMER
3 (Rozen and Skaletsky 2000).

For polymorphism testing and scoring of microsatellites,
sampled material was preserved in silica drying crystals,
and DNAwas extracted with the CTAB method (Doyle and
Doyle 1990). DNA was digested with AfaI (RsaI) (Amer-
sham Pharmacia Biotech), the same enzyme used for library
construction, to facilitate polymerase chain reaction (PCR)
amplification. Polymorphism was tested at two geograph-
ical scales. The first scale corresponded to three distant
geographical areas: Mediterranean, Atlantic, and Pacific.
The sample used consisted of the following: for C.
prolifera, 30 sample units (thalli fragments) from Spain,
Sicily, Cyprus, Gran Canaria, and Florida; for C. taxifolia,
24 sample units from Spain, Turkey, Florida, Polynesia, and
Australia; and for C. racemosa, 24 sample units from
Spain, Greece, Sicily, Cyprus, Florida, and Australia. The
C. racemosa samples from Spain, Sicily, and Cyprus
belong to C. racemosa var. cylindracea. The second
sampling scale was only performed for C. prolifera and
consisted of a sample of 40 thalli from a single population
in Cala d’Or, Mallorca, Spain (collected in an 80×20-m
area using random coordinates).

PCR amplifications were carried out in 10 μL reaction
volume with approximately 5–10 ng of template DNA
using the Qiagen Multiplex PCR Kit, where 2.0 μM of each

Table 1 Characterization of the ten microsatellite loci identified in C. prolifera and C. taxifolia

Primer name Microsatellite repeat Primers 5′–3′ Cloned
allele size

Tm (°C) Labeling GenBank accession
number

CaPr_M13 (GA)21 F: AAGAGGTAGGACAGCGACCA 105 58 5′FAM FJ969886
R: GACCCACCCACCACTCAC

CaPr_J2 (TC)17 F: GTAACCTAAACCATACCCCACCT 158 58 5′HEX FJ969887
R: TCAACCTCCCCTTGCGT

CaPr_M9 (CT)2T(CT)8 F: CTAGTCCTTTGCGAGAGC 150 58 5′FAM FJ969888
R: TCCATCTCCTGTTGTTGTT

CaPr_N12 (GA)6A2(GA)2A2GA2(AG)3 F: CGCGTGGGCTACCTTCT 154 58 5′HEX FJ969889
R: GGCTCCAATCTGGGGTG

CaPr_O17 (AG)24 F: CTATGACCCCGGCTTTTGAT 221 58 5´FAM FJ969890
R: GTCTCAAAATTTCACCGTCTCA

CaPr_A1 (GA)13 F: GTTAAACTGCAAGGGCATGG 203 58 5′FAM FJ969891
R: GATGTCAGTGTTGGCTGGTG

CaPr_N8 A12(TA)5 F: GCTCTGAACCACGGCTTATC 162 52 5′HEX FJ969892
R: CCTTCGGAGTCGATGAGAAC

CaPr_G4 (CT)6(TCA)2(CT)2 F: TGCAGATTTCGCAGTTTGAG 156 55 5′HEX FJ969893
R: AAGATCCTGGGTAGAGCCAAA

CaPr_D4 (CT)12 F: TTGGAATACCTTCGGGTGTC 222 48 5′FAM FJ969894
R: TCGGGAGAGAAATTGTCGTT

CaTa_A6 (AG)4G2(AG)CG(AG)5 F: GTAAGAGTGGGAGTGAGAGT 107 50 5′HEX FJ969895
R: ACCTATCCATCTTGCTC

The name, motif, primer sequence, size of cloned allele, labeling, and GenBank accession number are given for each locus. The loci starting with
CaPr derive from the C. prolifera library, and the loci starting with CaTa derive from the C. taxifolia library

Tm the optimal primer annealing temperature, F forward primer, R reverse primer
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primer (one of each primer pair 5′ labeled with FAM or
HEX), 0.5× Q solution, and 1× PCR Qiagen Master Mix
were used. The PCR program, following the Qiagen kit
instructions, was 95°C for 15 min; followed by 95°C for
30 s, Tm temperature (Table 1) for 30 s, and 72°C for 60 s,
for 40 cycles; and a final extension at 72°C for 5 min. For
each PCR reaction, we used a positive control (the cloned
microsatellite isolated in the library) and a negative control.
For genotyping, a mixture of 1 μL of PCR product, 0.15 μL
of genescan 500 Liz size standard (Applied Biosystems),
and 8.5 μL of Hi-Di Formamide (Applied Biosystems),
denatured at 95°C for 5 min, was electrophoresed on a
3730xl DNA Analyser (Applied Biosystems). The geno-
types were analyzed with GeneMapper 4.0 (Applied
Biosystems). Expected heterozygosities (non-biased) were
estimated using GENETIX 4.02 (Belkhir et al. 2005) and
are given for samples collected from a range of distant sites
just as representing diversity levels for the loci, under the
assumption that individuals are diploid (see below). The
presence of null alleles was tested with MICROCHECKER
(Van Oosterhout et al. 2004) under the assumption that all
individuals sampled are diploid.

Results and discussion

Specific primers were designed for 18 sequences containing
dinucleotide repeats from the libraries previously developed
by Varela-Álvarez et al. (2006). Ten loci were found to be
polymorphic in at least one species. The name, motif, primer
sequence, size of cloned allele, and GenBank accession
number are given for each locus in Table 1. Number of
alleles, allele sizes, expected heterozygosities, and amplifi-
cation success were different for each marker in each species.
The species C. prolifera had the highest amplification
success for the three Mediterranean Caulerpa spp. (Table 2).
The levels of heterozygosity represent the diversity of the
markers under the assumption that all individuals are diploid.

For C. prolifera, eight polymorphic markers were found
with two to nine alleles (Table 2). For C. racemosa, three

polymorphic markers were found with three to six alleles
(Table 2). For C. taxifolia, seven polymorphic markers were
found with three to seven alleles (Table 2). Null alleles
were detected for three loci in C. prolifera and three in C.
taxifolia (Table 2). No large allele dropout was detected
among the data for any marker. Three loci (CaPr_M13,
CaPr_J2, and CaPr_D4) showed multiple bands when
tested in C. racemosa and C. taxifolia. The flanking regions
of these markers seem to be conserved in the three species
but may have been duplicated in C. racemosa and C.
taxifolia, thus producing the multiple banding patterns
observed. Table 3 shows variability of seven microsatellite
loci in C. prolifera in a sample (n=40 units) of a meadow
in Cala d’Or, Mallorca, Spain. Number of alleles per locus
ranged from 2 to 8, with an average of 4.4 alleles per locus.
Expected heterozygosity was calculated after removal of
clonal replicates, and the values ranged from 0.05 to 0.71.
Null alleles were present in three loci: CaPr_J2, CaPr_N8,
and CaPr_G4. CaPr_M13 and CaPr_A1 did not amplify in
this population.

In this study, we were able to isolate ten new micro-
satellite markers for the Caulerpa genus, of which nine
were polymorphic in C. prolifera, seven in C. taxifolia, and
three in C. racemosa. Amplification success was low in
general, a result that might be expected if these taxa
represent complexes of cryptic species, as has been shown
in C. racemosa (Famà et al. 2002) and hypothesized for C.
taxifolia (Meusnier et al. 2002).
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CaPr_O17 75% 30 2 0.05 222–254 –

CaPr_N8 70% 28 4 0.31 110–160 √
CaPr_G4 45% 18 6 0.71 94–167 √
CaPr_D4 80% 32 8 0.48 106–224 –

Table 3 Characterization of di-
versity in a C. prolifera meadow
from Cala d’Or, Mallorca,
Spain, based on seven micro-
satellites and a sample size of 40

N sample size amplified, No
number of alleles, He expected
heterozygosity

718 J Appl Phycol (2011) 23:715–719



by FSE, both to EVA, by the NoE Marine Genomics Europe (GOCE-
CT-2004-505403, WP6, algal node) to MV and ES, and supported in
part by the Department of Energy award DE-FC09-07SR22506 to the
University of Georgia Research Foundation.

Disclaimer This report was prepared as an account of work
sponsored by an agency of the US Government. Neither the US
Government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise does not necessarily
constitute or imply its endorsement, recommendation, or favoring by
the US Government or any agency thereof. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the
US Government or any agency thereof.

References

Belkhir K, Borsa P, Goudet J, Chikhi L, Bohnomme F (2005)
(GENETIX) Genetix Logiciel sous Windows pour la Genetique
des populations. Retrieved from http://www.genetix.univ-montp2.
fr/genetix/genetix.htm on 30 June 2010

Bessey CE (1907) A synopsis of plant phyla. Nebr Univ Stud
7:275–373

Billote N, Lagoda P, Risterucci A, Baurens F (1999) Microsatellite
enriched libraries: applied methodology for the development of
ISSR markers in tropical crops. Fruits 54:277–288

de Villèle X, Verlaque M (1995) Changes and degradation in a
Posidonia oceanica bed invaded by the introduced tropical alga
Caulerpa taxifolia in the North Western Mediterranean. Bot Mar
38:79–87

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

Famà P, Jousson O, Zaninetti L, Meinesz A, Dini F, Di Giuseppe G,
Millar AJK, Pawlowski J (2002) Genetic polymorphism in
Caulerpa taxifolia (Ulvophyceae) chloroplast DNA revealed by
a PCR-based assay of the invasive Mediterranean strain. J
Evolution Biol 15:618–624

Jousson O, Pawlowski J, Zaninetti L, Zechman FW, Dini F, Di
Guiseppe G, Woodfield R, Millar A, Meinesz A (2000) Invasive
alga reaches California. Nature 408:157–158

Kijas J, Fowler J, Garbett C, Thomas M (1994) Enrichment of
microsatellites from the Citrus genome using biotinylated
oligonucleotide sequences bound to streptavidin-coated magnetic
particles. Biotechniques 16:657–662

Meusnier I, Valero M, Destombe C, Godé C, Desmarais E,
Bonhomme F, Stam WT, Olsen JL (2002) Polymerase chain
reaction-single strand conformation polymorphism analyses of
nuclear and chloroplast DNA provide evidence for recombina-
tion, multiple introductions and nascent speciation in the
Caulerpa taxifolia complex. Mol Ecol 11:2317–2325

Phillips JA (2009) Reproductive ecology of Caulerpa taxifolia
(Caulerpaceae, Bryopsidales) in subtropical eastern Australia.
Eur J Phycol 44:81–88

Ribera MA, Boudouresque CF (1995) Introduced marine plants, with
special reference to macroalgae: mechanisms and impact. In:
Round FE, Chapman DJ (eds) Progress phycological research,
209 vol 11. Biopress Ltd, Bristol, pp 217–268

Rozen S, Skaletsky HJ (2000) PRIMER 3 on the www for general
users and for biologist programmers. In: Krawetz S, Misener S
(eds) Bioinformatics methods and protocols: methods in molec-
ular biology. Humana Press, Totowa, pp 365–386

Van Oosterhout C, Hutchinson WF, Wills D, Shipley P (2004) MICRO-
CHECKER: software for identifying and correcting genotyping
errors in microsatellite data. Mol Ecol Notes 4:535–538

Varela-Álvarez E, Andreakis N, Lago-Leston A, Pearson GA, Serrao
EA, Procaccini G, Duarte CM, Marba N (2006) Genomic DNA
isolation from green and brown algae (Caulerpales and Fucales)
for microsatellite library construction. J Phycol 42:741–745

Williams SL (2007) Introduced species in seagrass ecosystems: status
and concerns. J Exp Mar Biol Ecol 350:89–110

J Appl Phycol (2011) 23:715–719 719

http://www.genetix.univ-montp2.fr/genetix/genetix.htm
http://www.genetix.univ-montp2.fr/genetix/genetix.htm

	Dinucleotide microsatellite markers in the genus Caulerpa
	Abstract
	Materials and methods
	Results and discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /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 /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. 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 on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


