
161

World Rabbit Sci. 2007, 15: 161 - 166
© WRSA, UPV, 2003

Correspondence: D. Vasicek, vasicek@scpv.sk
Received December 2006 - Accepted February 2007.

ABSTRACT: Many reports in the past decade showing successful sperm mediated gene transfer (SMGT) of
foreign DNA into both non-mammalian and mammalian animals. Fresh collected, extender washed rabbit sperm
cells were co-cultured with linear 14.3 kb gene construct and used for AI. Transgene integration in rabbit
genome was verified by PCR analysis. The PCR results show that transgenic founder rabbits transmitted
transgene to F1 generation. Our preliminary results suggest that SMGT could be an effective method for
production of genetically modified rabbits.
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INTRODUCTION

The rabbit is a source of meat but transgenic rabbits may also serve to generate models for biologicial
and medical studies. Recently, the rabbit has attracted much attention from the biotechnology
community. Several features make it an attractive model for transgenics and cloning, including: the
rapid onset of sexual maturity, a short gestation period, a relatively larger number of offspring per
litter, year-round reproductive capacity, and an average life-span of 9 years. Also noteworthy is that
the rabbit genome is estimated to be 3 billion base pairs long, almost equal to the size of the human
genome (Fadiel et al., 2003).

Genetically modified organisms (GMOs) now offer the oportunity to improve both the production
and charactristics of conventional strains of animals and plants currently exploited in agriculture. As
a potential tool for genetically manipulating animals, sperm mediated gene transfer (SMGT) has the
advantages of simplicity and cost-effectiveness, in contrast with more established methods of
transgenesis such as pronuclear microinjection (Lavitrano et al., 2006).

Brackett et al. (1971) first described that rabbit sperm could take up exogenous DNA and transfer it
to ova through fertilization. Eighteen years after this original description of sperm-mediated DNA
transfer by Brackett and coworkers Lavitrano et al. (1989) first published an efficient way to create
transgenic mice by introducing foreign DNA into an egg via the sperm.

Recently, Wang et al. (2003) and Shen et al. (2006) showing successful sperm mediated gene transfer
of foreign DNA in rabbit. The successful in vitro uptake of DNA constructs by animal sperm cells
has been documented in many species (for review see Smith and Spadafora, 2005).

We want to demonstrate here that simply incubation of washed sperm cells with DNA followed
artificial insemination (AI) could be used for production of genetically modified rabbits.
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MATERIALS AND METHODS

Gene construct
The construct used for SMGT consisted of a 2.5 kb murine whey acidic protein promoter (mWAP), 7.2
kb cDNA of the human coagulation factor VIII (hFVIII), and 4.6 kb of 3’ flanking sequences of the
mWAP gene (Figure 1) (Paleyanda et al., 1997). The plasmid pPolyIII-D was digested with Not I to
release the 14.3 kb insert and gel purified in a QIAEX II (Qiagene, Hilden, Germany). DNA concentration
was determined spectrophotometricaly.

Animals
Does of M91 and P91 lines (derived from NZW) were artificially inseminated. Forty-eight hours
before AI 25 I.U of PMSG per doe (Sergon, Bioveta, Czech Republic) was administrated. After AI the
females were immediately injected with 2.5 μg synthetic GnRH (Supergestran, Ferring-Léciva, Czech
Republic) (Parkanyi et al., 2005).

Sexually maturated PCR positive males were mated and females inseminated with wild-type counterparts
and F1 generation was analysed for transgene integration. All newborn kits were analysed by PCR.

Preparation of sperm
After evaluation, semen from the selected rabbit donors was collected using an artificial vagina
(Carluccio et al., 2004). Sperm cells were twice washed in Diluent mixture for rabbit sperm (DMRS)
with antibiotic (Art. Nr: 13540/0001, MINITÜB, Tiefenbach-Germany) to completely remove seminal
plasma. After this treatment, the sperm/diluent was kept at room temperature. Sperm cells were
resuspended and counted by using a hemocytometric chamber.

Sperm DNA uptake and artificial insemination
Washed sperm cells were diluted in DMRS at concentration 96×106/ml. Gel purified Not I fragment of
gene construct was added at 35 ng/106 sperm cells. The tube was continualy inverted to prevent
sedimentation of sperm. After incubation 60 minutes at room temperature DNA treated sperm cells
suspension was used (0.5 ml per female) for AI (Carluccio et al., 2004).

Polymerase chain reaction analysis
Kits were sampled at day of born. DNA was isolated from ear tissue of rabbits. About 100 mg of DNA
was subjected after first denaturation step (94°C 2 min) to 35 cycles of PCR amplification (94°C 20 s,
64°C 30 s, and 72°C 30 s, final 72°C 10 min) using 1 unit of Platinum Taq DNA polymerase (Invitrogen)
and primers for the hFVIII cDNA #3693 and #3694 (Table 1) wich define a 601 bp region of hFVIII
cDNA (Figure 2). Ten microliters of PCR products was analysed by electrophoresis in 1.5% agarose
gel stained with ethidium bromide. The genomic DNA of the positive samples with primers #3693 and
#3694 were further analysed by PCR with transgene specific primers WAP-5’f and #3694 and HF
Ex26f and WAP-3’r (Table 1) using Phusion Hot Start HF DNA polymerase (Finnzymes) to check
integrity of incorporated DNA. As a positive control for PCR amplification was used about 1 ng of
Not I fragment of 14.3 kb mouseWAP-hFVIII cDNA construct.

 

I I II III IV 
5´WAP 2.5 kb hFVIII cDNA 7.2 kb 3´WAP gene 4.6 kb 

Not I EcoRI EcoRI Not I Kpn I Kpn I Kpn I 

Figure 1: Map of hFVIII cDNA construct used for SMGT - 7.2 kb Kpn I fragment of human Factor VIII
cDNA inserted into first exon of mouse WAP gene in vector pPolyIII-D (Paleyanda et al., 1997) (Not
drawn in scale).

Human Factor VIII cDNA construct
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The conditions for Phusion Hot Start HF DNA polymerase were as follows: 100 ng of genomic DNA;
500 nM of each primer, 0.25 mM of each dNTP, 1 × GC buffer; 1 unit enzyme; total volume 25μl.

The cycling conditions for primers WAP-5’f and #3694 were as follows: first denaturation step 98°C
30 s; 98°C 10 s, 69°C 30 s, and 72°C 45 s 35 cycles; final extension 72°C 10 min; PCR product: 1788 bp.

The cycling conditions for primers HF Ex26f and WAP-3’r were as follows: first denaturation step
98°C 30 s; 98°C 10 s, 72°C 2 min 30 s 35 cycles; final extension 72°C 10 min; PCR product: 3.72 kb

Ten microliters of PCR products was analysed by electrophoresis in 0.7% agarose gel stained with
ethidium bromide (Figures 3 and 4). The nucleotide-nucleotide BLAST was used to check the
specificity of primers for PCR. The goal was to make sure that the primers will give a unique product
from the target transgene.

RESULTS AND DISCUSSION

All kits appeared normal at birth, and there was no obvious difference in appearance between the
transgenic and nontransgenic littermates. Summary of insemination results of SMGT experiments are
in Table 2. Litter size of does inseminated with DNA treated sperm was in normal range (9.1±1.5). In
total 86 live born and 5 dead born animals were PCR screened for transgene. Number of genetically
modified kits after SMGT varied from 12.5% to 55.5%.

In Figure 2, PCR analysis of DNA samples from the ears of twelve kits showed that seven kits (lanes
no. 2, 3, 6-8, 10 and 12) were positive for the hFVIII transgene whereas the others (lane no. 4, 5, 9 and
11) were negative. PCR using primers #3693 and #3694 was in positive animals amplified specific
hFVIII cDNA fragment 601 bp. In all rabbit samples was also amplified 950 bp fragment which is

Table 1: Primers used for the mWAP-hFVIIIcDNA transgene analysis.

Primer Sequence of primer from 5' to 3' nt position GenBank Acc. No.
#3693 GTA GAC AGC TGT CCA GAG GAA 1204-1225 NM_000132
#3694 GAT CTG ATT TAG TTG GCC CAT C 1804-1782 NM_000132
WAP-5'f CTA GAG CTG TGC CAG CCT CTT C 2309-2330 U38816
HF Ex26f TGC CCT GAG GAT GGA GGT TCT G 7179-7200 NM_000132
WAP-3'r GCC CAC TGT GGA TGG TGT CAT C 5745-5724 U38816

Figure 2: PCR analysis using primers for the hFVIII cDNA #3693: 5'-GTA GAC AGC TGT CCA GAG
GAA-3' and #3694: 5'-GAT CTG ATT TAG TTG GCC CAT C-3' (Table 1) with a PCR product of 601 bp
(Paleyanda et al., 1997). Lane 1 – MW marker lambda DNA/EcoRI + HindIII (Promega), lanes 2, 3, 6,
7, 8, 10, 12 – positive animals, lanes 4, 5, 9, 11 – negative animals, lane 13 – negative control for PCR.
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probably amplified from rabbit coagulation factor VIII and served as internal control for functional
PCR amplification. The exact sequence of this 950 bp fragment remain unclear, because BLAST
search of primers sequences of the unfinished Oryctolagus cuniculus database showed no homology
sequence.

After PCR screening with primers #3693 and #3694 positive DNA samples were diluted to 100 ng/μl in
10mM Tris-HCl (pH 8.5) and further analyzed to check the integrity of integrated DNA with primers
from promoter region of transgene construct WAP-5’f and #3694 from exon 11 of human factor VIII
cDNA for amplification of 1788 bp PCR product (Figure 3). The primers HF Ex26f from exon 26 of
human factor VIII cDNA and WAP-3’r from 3’ region of transgene construct for amplification of 3.72
kb PCR product (Figure 4).

From 86 live born kits 39 (45.3%) has been PCR positive with primers #3693 and #3694 and 31 kits
(36%) has been PCR positive for all primers combination (Table 3) used for the mWAP-hFVIIIcDNA
transgene analysis. Eight animals of F0 generation positive for 601 bp PCR product showed as a
negative for amplification of 5’ region and 3’ region of transgene. Seven (22.5%) sexually maturated
PCR positive animals, four males were mated and three females inseminated with wild-type
counterparts and F1 generation was analysed for transgene integration. Each male shown normal
libido and was mated with two wild-type does.

Figure 3: PCR analysis of F1 generation
using primers WAP-5’f: 5'- CTA GAG
CTG TGC CAG CCT CTT C -3' and #3694:
5'- GAT CTG ATT TAG TTG GCC CAT C
-3' (Table 1) with a PCR product of 1788
bp. Lane 1 – MW marker lambda DNA/
EcoRI + HindIII (Promega), lanes 2, 3, 7,
8, 9, 11, 13 – positive animals, lanes 4, 5,
6, 10, 12 – negative animals, lane 14 –
wild type negative animal, lane 15 –
positive control, lane 16 – negative
control for PCR.

Figure 4: PCR analysis of F1 generation
using primers HF Ex26f: 5'- TGC CCT GAG
GAT GGA GGT TCT G -3' and WAP-3’r: 5'-
GCC CAC TGT GGA TGG TGT CAT C -3'
(Table 1) with a PCR product of 3.72 kb.
Lane 1 – MW marker lambda DNA/EcoRI
+ HindIII (Promega), lanes 2, 3, 7, 8, 9, 11,
13 – positive animals, lanes 4, 5, 6, 10, 12 –
negative animals, lane 14 – wild type
negative animal, lane 15 – positive control,
lane 16 – negative control for PCR.
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Germline transmission to F1 offsprings are in Table 4. With exception of male no. 02 and female no. 11,
all other founder rabbits transmit the transgene to F1 generation. The germline transmission of
transgene to F1 generation varied from 0% to 25%. The germline transmission of transgene is the
crucial point in assessing of a transgenic animal in this context. Sperm-mediated gene transfer is
confirmed as a technique that permits a high rate of transgenic mammals.

It is experimentally documented that quality of semen is important factor in SMGT experiments
(Lavitrano et al., 2003). A guideline for the handling of rabbit bucks and semen can be used for
selection of semen donors for SMGT experiments (IRRG, 2005). Wang et al., 2003 used washed and
lipofectin incubated sperm cells and showed that bovine serum albumin (BSA) incubation medium
could effectively block exogenous DNA uptake in rabbit sperm cells. Therefore concentration of
BSA in extender should be considered in SMGT experiments. For production of transgenic rabbits
they use embryo transfer. Shen et al., 2006 employed dimethylsulfoxide (DMSO) as a medium to
transfect testicular germ cells with exogenous DNA via repeated direct injection into animal testis.
This technique requires surgical manipulation of anesthetised animals.

In our experiments we simply washed twice sperm cells from the selected rabbit donors in commercially
available Diluent mixture for rabbit sperm, incubated with linear exogenous DNA and performed
standard artificial insemination. No cost liposomes, or repeated animal testes injection or expensive
equipment and laborious techniques such as embryo culture, embryo transfer and electroporation
are required to obtain genetically modified rabbits.

Remarkable progress in gene mapping and genome sequencing endeavors in livestock will open a
new set of possibilities for introduction of precise genetic modifications for agricultural applications.
The host of possibilities includes progress in areas like milk production, growth rate, carcass
composition, reproductive performance, and disease resistance. SMGT is the inexpensive methods
for production of genetically modified livestock.

Table 3: Primers combination used for the mWAP-hFVIIIcDNA transgene analysis.
Forward primer Reverse primer PCR product

#3693 #3694 0.6 kb
WAP-5'f #3694 1.788 kb
HF Ex26f WAP-3'r 3.72 kb

Table 2: Summary of AI of sperm mediated gene transfer experiments.

Female no. Live born kits Dead born kits No. of
screened kits

No. of PCR
positive1 (%)

No. of live PCR
positive1 (%)

1 10 0 10 5 (50) 4 (40)
2 8 3 11 5 (45.4) 3 (27.2)
3 8 0 8 4 (50) 2 (25)
4 12 0 12 5 (41.6) 5 (41.6)
5 7 0 7 2 (28.6) 2 (28.6)
6 8 1 9 5 (55.5) 4 (44.4)
7 8 0 8 3 (37.5) 1 (12.5)
8 9 1 10 5 (50) 4 (40)
9 9 0 9 5 (55.5) 5 (55.5)
10 7 0 7 4 (57.1) 1 (14.3)

1 PCR positive kits with all primers combination in Table 3.



166

VASICEK et al.

CONCLUSION

Rabbit sperm are able to carry foreign DNA into eggs at fertilization. SMGT method establishes a
simple and straightforward technology of introducing DNA into rabbits, offering many advantages
over other methods, which require considerable skill for micromanipulation. In the field may take
advantage to transmit transgene to the progeny with high efficiency.
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Table 4: Germline transmission to F1 offsprings.

Rabbit Live born kits Dead born kits No. of
screened kits

No. of PCR
positive1 (%)

No. of live PCR
positive1 (%)sex no.

M2 01 11 7 18 3 (16.6) 2 (11.1)
M 02 0 0 0 0 (0) 0 (0)
M 03 9 8 17 2 (11.7) 2 (11.7)
M 06 8 4 12 3 (25) 3 (25)
F 08 8 1 9 1 (11.1) 1 (11.1)
F 09 8 0 10 2 (20) 2 (20)
F 11 9 1 9 0 (0) 0 (0)

1 PCR positive kits with all primers combination in Table 2. 2M: male, F: female.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /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 false
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


