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Abstract: A reliable and sensitive method of genetic analysis is necessary to detect multiple specific nucleic acid 
sequences from samples containing limited template. The most widely utilized method of specific gene detection, 
polymerase chain reaction (PCR), imparts inconsistent results when assessing samples with restricted template, espe-
cially in a multiplex reaction when copies of target genes are unequal. This study aimed to compare two methods of 
PCR product analysis, fluorescent detection following agarose gel electrophoresis or dot blot hybridization with 
chemiluminescent evaluation, in the detection of a single copy gene (SRY) and a multicopy gene (β-actin). Bovine 
embryo sex determination was employed to exploit the limited DNA template available and the target genes of unequal 
copies. Primers were used either independently or together in a duplex reaction with purified bovine genomic DNA 
or DNA isolated from embryos. When used independently, SRY and β-actin products were detected on a gel at the 
equivalent of 4-cell or 1-cell of DNA, respectively; however, the duplex reaction produced visible SRY bands at the 
256 cell DNA equivalent and β-actin products at the 64 cell DNA equivalent. Upon blotting and hybridization of the 
duplex PCR reaction, product was visible at the 1–4 cell DNA equivalent. Duplex PCR was also conducted on 186 
bovine embryos and product was subjected to gel electrophoresis or dot-blot hybridization in duplicate. Using PCR 
alone, sex determination was not possible for 22.6% of the samples. Using PCR combined with dot blot hybridization, 
100.0% of the samples exhibited either both the male specific and β-actin products or the β-actin signal alone, indi-
cating that the reaction worked in all samples. This study demonstrated that PCR amplification followed by dot blot 
hybridization provided more conclusive results in the evaluation of samples with low DNA concentrations and target 
genes of unequal copies.
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Introduction
Polymerase chain reaction (PCR) is the most commonly used technique to amplify a specifi c gene 
or gene segment and was fi rst used for genetic diagnosis of a single copy gene from bovine blasto-
cysts in 1988 [1]. Upon the identifi cation of SRY as the gene responsible for sex determination in 
cattle [2], PCR became a widely used method of sexing bovine embryos [3–7]. Although PCR fol-
lowed by product detection on gel is frequently used, PCR assays for embryo sexing have been 
optimized to amplify samples with small amounts of DNA and they are also sensitive enough to 
amplify contamination by a single DNA molecule, consequently providing inconsistent or inaccurate 
results.

Almodin et al. [8] reported successful sex determination in only 82.0% of embryos using a single 
SRY primer set. It is possible that a failed PCR reaction resulted in the misdiagnosis of the embryo as 
a female. Others have used a duplex PCR protocol in which a male-specifi c primer set was used to 
determine sex, while a gene present in both male and female genomes was used as an internal reaction 
control. A retrospective study conducted by Shea [9] examined the use of duplex PCR for sexing 
4,183 embryos in a commercial bovine embryo transfer program. Embryos were recovered at blastocyst 
stage and up to 20.0% of their mass removed and biopsied. The failure to assign sex ranged from 6.0 to 
18.0% over the six year period and 7.0% of the male calves had been misdiagnosed as females. Failures 
at sexing were attributed to malfunctions of specifi c PCR reagents, contamination, and insuffi cient DNA 
template.

A simple procedure to increase effi ciency of multiplex PCR is the use of dot blotting followed by 
nucleic acid hybridization. Studies have been conducted comparing PCR with gel analysis to Southern 
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blot [10—12] and PCR consistently has been found 
to be more sensitive when each method was used 
independently. In 1999, Boerner et al. [13] 
combined the two methods by blotting PCR 
product to identify bovine Herpesvirus 4 (BHV-4) 
from experimentally-infected calves. Using PCR 
and gel analysis, a lower limit of 10 fg of BHV-4 
could be detected, whereas by blotting PCR prod-
uct, as little as 1 fg could be detected: a ten-fold 
increase in sensitivity. Results of this study indi-
cated that blotting PCR product followed by 
hybridization to nucleic acid probes allows for the 
detection of lower quantities of products of interest 
than gel analysis.

An accurate and, more importantly, reliable 
method of genetic analysis is necessary to detect 
specifi c DNA sequences with samples of limited 
template and target genes of unequal copies. 
Although previous studies have compared the 
sensitivity of gel analysis of PCR product versus 
blotting crude DNA, and even blotting of PCR 
product [13], no reports compare the two methods 
of analysis using a multiplex PCR reaction. This 
study aimed to compare duplex PCR with product 
visualization on agarose gel stained with ethid-
ium bromide versus PCR followed by dot 
blot hybridization in the detection of genes with 
unequal copies in the bovine genome: the bovine 
SRY gene, which exists in a single copy on 
the Y chromosome, and β-actin, in which multiple 
copies are present [14].

Studies evaluating the embryonic genome have 
centered on the ability to determine sex; however, 
as more of the bovine genome is mapped, genetic 
screening of embryos will expand to include genes 
impacting production traits. Therefore, multiplex 
PCR utilizing limited DNA template that is both 
accurate and repeatable needs to be developed. 
Multiplexing is challenging in that non-specifi c 
priming can yield false products, the primer sets 
must function under similar conditions, and the 
possibility of reduced sensitivity for gene detection 
must be considered.

Materials and Methods

DNA isolation
Genomic bovine DNA was isolated from bovine 
testis and ovary by using the Wizard® Genomic 
DNA Purifi cation Kit (Promega, Madison, WI, 
USA) and quantifi ed using spectrophotometry. 

Day 7 bovine embryos (n = 186) were warmed to 
room temperature and 3 μl Proteinase K (1 μg/μl; 
Sigma-Aldrich, St. Louis, Missouri, USA) was 
added. Tubes were placed in a thermocycler 
(Mastercycler® gradient; Eppendorf, Ontario, 
Canada) and incubated at 55 °C for 12 min to 
allow digestion of the zona pellucida and to 
lyse cell membranes. Embryos were heated 
to 98 °C for 10 min to inactivate the Proteinase K, 
and then held at 4 °C for immediate use in the 
PCR assay.

PCR
Primer sets for all experiments were generated to 
the genomic bovine β-actin gene and bovine SRY 
[15]. The β-actin product was 385 bp in size 
(forward: 5’-CCG AGG ACT TGA TTG TAC ATG 
G-3’; reverse: 5’-ACT GGT CTC AAG TCA GTG 
TAC AGG-3’). A 532 bp segment of the male-
specifi c SRY gene was amplifi ed (forward: 5’TCT 
TCC TTG TGC ACA GAC AG-3’; reverse: 5’ TTA 
TTG TGG CCC AGG CTT GT-3’). Primers were 
diluted to 250 pmoles/μl in TE stock and then 
diluted 1:10 in DepC water for a working stock. 
PCR mixture: 10 μl Go-taq (Promega), 1 μl of each 
β-actin primer and 2 μl of each SRY primer. Reac-
tion conditions were optimized for each primer set 
by performing PCR in an Eppendorph gradient 
thermocycler. Optimal reaction conditions were 
95 °C for 3 min followed by 35 cycles of denatur-
ation at 94 °C for 30s, primer annealing at 60 °C 
for 30s, extension at 72 °C for 30s, a hold at 72 °C 
for 3 min, and then a fi nal hold at 4 °C.

Male bovine genomic DNA was diluted to a 
concentration representative of  256, 64, 16, 4, and 
1 cell, assuming 7 pg per cell [16], and subjected 
to PCR with either each primer separately or 
together in a duplex reaction. Reactions were sub-
jected to gel electrophoresis on a 1.6% agarose gel 
containing 6 μl ethidium bromide 1% (Fisher 
Scientifi c, Fair Lawn, NJ, USA) in 5X Tris/Borate/
EDTA buffer at 85 V. Product was visualized by 
exposure to ultraviolet light. Sequences were 
confirmed by subcloning into pDrive Cloning 
Vectors (Qiagen Inc., Valencia, CA, USA) and 
sequenced at Clemson University Genomics 
Institute (Clemson, SC, USA).

Dot blot
PCR product was denatured with 0.1 vol 1N NaOH, 
incubated at 37 °C for 5 min, then neutralized by 
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addition of  20X SSPE (3M NaCl, 0.2 M NaH2PO4, 
0.02 M EDTA) to a fi nal concentration of 6X. Using 
a dot blot manifold, samples were added to 6X SSPE 
pre-soaked nylon membrane (BiobondTM-Plus Nylon 
Membrane; Sigma, St. Louis, MO, USA) over two 
pieces of Whatman paper. Embryo samples were run 
in duplicate, along with positive controls ranging 
from 2.0 ng to 0.08 ng of DNA purifi ed from PCR 
product (QIAquick® PCR purifi cation kit; Qiagen, 
Valencia, CA, USA). All membranes were cross-
linked twice (Spectrolinker; Spectronics Corporation, 
Westbury, NY, USA) under UV light. Membrane 
hybridization overnight at 55 °C was conducted using 
Amersham Gene Images AlkPhos Direct Labelling 
and Detection SystemTM (GE Healthcare, Bucking-
hamshire, UK). Blots were washed and product 
detection conducted by the addition of CDP-StarTM 
chemiluminescent detection reagent (GE Healthcare). 
The blots were exposed to autoradiographic fi lm 
(Kodak BioMax Light Film; Cedex, France) for 
20 min. Membranes were fi rst probed for the SRY 
gene segment and then stripped in boiling 6X SSPE/ 
0.5% SDS for 15 min, twice. Membranes were then 
probed for the β-actin segment.

Assay sensitivity
In the PCR reaction, sensitivity curves were per-
formed in order to determine the lowest detectable 

amount of PCR product using primer sets both 
individually and together in a duplex reaction. Male 
bovine genomic DNA ranging from the equivalent 
of 1 cell (zygote; 7.0 pg) to 256 cells (expanded 
blastocyst; 1.8 ng) was used as starting template. 
The products were visualized on a gel or dot blot 
membrane as described. In addition, PCR products 
from duplex reactions with starting template rang-
ing from the DNA equivalent of 1 cell to 256 cells 
were spotted on a nylon membrane, crosslinked, 
and hybridized as described (Figure 1).

Data analysis
Embryos were divided into two groups: ‘transfer-
able’ included viable embryos while ‘degenerate’ 
encompassed those embryos 8 cells or less or those 
that appeared to have deteriorated. SAS Chi-square 
analysis was used to evaluate differences in propor-
tions of embryos to which a sex was assigned.

Results
Comparison of gel analysis of PCR products to 
dot blotting of PCR products in both single primer 
pair and duplex primer reactions showed that 
blotting could detect lower quantities of product 
than gel analysis (Table 1). Whole embryos sub-
jected to duplex PCR amplifi cation showed that 

Duplex
(SRY & β-actin) 

β-actin only

SRY only

Neg 1 C 4 C 16 C 64 C 256 C

Figure 1. Results of Dot Blot hybridization following male-specifi c probe on single primer and duplex reactions. Figure 1 is a 
photograph showing the results of a dot blot hybridization using the SRY probe in single primer pair and duplex primer PCR reactions using 
a range of the 1 cell DNA equivalent to the 256 cell DNA equivalent.
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dot blot analysis provided more defi nitive results 
(p � 0.05) when compared to gel analysis of PCR 
product. Visualization of PCR product on a gel 
concluded that 37.6% of embryos were male 
(n = 70), 39.8% were female (n = 74), and 22.6% 
(n = 42) showed inconclusive results (Figure 2). 
No samples showed only the 532 bp (male-
specifi c) band. All samples were then subjected 
to dot blot analysis and revealed 48.4% male 
(n = 90) and 51.6% female (n = 96) embryos, with 
no inconclusive samples. Of the samples deemed 
inconclusive by PCR, blotting showed that 38.1% 
were male (n = 16) and 61.9% were female 
(n = 26). Interestingly, dot blot analysis revealed 
six samples that contradicted the gel analysis, 
representing 3.2% of the total samples evaluated: 
one female that the gel demonstrated as male 
and fi ve males that the gel indicated were females. 
There was no correlation between embryo 

cell grade (transferable versus degenerate) and 
inconclusive results.

Discussion
Results of this experiment support the hypothesis 
that duplex PCR amplifi cation followed by dot blot 
hybridization allowed for sensitive genetic charac-
terizations and can be applied to more consistently 
determine the presence of desirable (or undesirable) 
genes. Previous studies have shown that PCR often 
conveys considerable failure rates (8.0%–18.0%) in 
gene amplifi cation from samples with restricted DNA 
template [8, 9], due to defective reagents, contamina-
tion, or insuffi cient reaction optimization [17].

Following PCR alone, none of the embryo 
samples showed the male-specifi c band without the 
presence of β-actin. This is likely a result of the 
multiple occurrences of β-actin in the genome, thus 

Table 1. Starting template (cell equivalent) required to visualize product in both single and duplex primer PCR 
reactions using two detection methods.

Primers used independently Duplex reaction
SRY β-actin SRY β-actin

Gel analysis 4 c 1 c 256 c 64 c
Dot blot analysis 1 c 1 c 4 c 1 c

SRY (532 bp)

β-actin (385 bp)

1500 bp

400 bp

500 bp

300 bp

Figure 2. Agarose Gel following multipex PCR Reaction on 19 bovine embryos. Figure 2 is a photograph of 1.6% Agarose gel stained 
with ethidium bromide. The lanes with one band at 385 bp indicate a female embryo, while lanes with two bands, one at 385 bp and one at 
532 bp, denote a male embryo. On this gel, two samples showed inconclusive results (Samples 1 and 9). The male, female, and negative 
controls are labeled in the bottom right corner. The 100 kb ladder is in the lanes on the right and is labeled ‘L’
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providing more starting template relative to the 
male-specifi c sequence. Unlike the agarose gel, in 
which the presence of some bands was debatable, 
the results of the dot blots were indisputable. In the 
six dot blot samples that contradicted the gel analy-
sis, it is impossible to determine the ‘true’ sex of 
those embryos because the assay described required 
the consumption of the entire embryo. The 5 males 
that the gel suggested were females were probably 
due to the SRY band containing less DNA than the 
lowest detectable amount by gel analysis. The dot 
blot designated female that the gel indicated as male 
may have been due to sample contamination or gel 
artifact. To determine which method is more accu-
rate, an embryo biopsy could be performed with the 
blastomere subjected to the PCR/dot blot assay. The 
embryo could then be transferred to a surrogate and 
the sex of the fetus or resulting calf determined.

It is possible that embryos containing a smaller 
number of cells (less DNA template) would be less 
likely to reveal PCR product than the more devel-
oped embryos; however, in this study there was no 
correlation between embryo cell number or grade 
(transferable versus degenerate) and inconclusive 
PCR results. This supported previous fi ndings [9, 
18] that PCR frequently imparts inconsistent 
results, often for seemingly inexplicable reasons.

Future applications of a multiplex PCR/dot blot 
assay include pre-implantation genetic diagnosis 
in human assisted reproduction laboratories in 
which genetic diseases, such as Cystic Fibrosis, 
Huntingdon’s disease, and chromosomal aberra-
tions, could be identifi ed. When combined with 
blastomere biopsy, an embryo can be screened prior 
to freezing or transfer. This study demonstrated 
that duplex PCR amplifi cation followed by dot 
blotting and nucleic acid hybridization analysis 
provided accurate, sensitive, and consistent results 
in the evaluation of samples with low DNA con-
centrations and targets with unequal gene copies.

Disclosure
The authors report no confl icts of interest.

References
[1] King, D. and Wall, R.J. 1988. Identifi cation of specifi c gene sequences 

in preimplantation embryos by genomic amplifi cation: detection of 
a transgene. Mol. Reprod. Dev., 1:57–62.

[2] Sinclair, A.H., Berta, P., Palmer, M.S., Hawkins, J.R., Griffi ths, B.L., 
Smith, M.J., Foster, J.W., Frischauf, A.M., Lovell-Badge, R. and 
Goodfellow, P.N. 1990. A gene from the human sex-determining 
region encodes a protein with homology to a conserved DNA-binding 
motif. Nature, 346:240–44.

[3] Bredbacka, P., Kankaanpää, A. and Peippo, J. 1995. PCR-Sexing 
of bovine embryos: a simplified protocol. Theriogenology, 
44:167–76.

[4] Cheng, H., Shi, H., Zhou, R., Guo, Y., Liu, L., Liu, J., Jiang, Y., Kudo, 
T. and Sutou, S. 2001. Characterization of Bovidae sex-determining 
gene SRY. Genet. Sel. Evol., 33:687–94.

[5] Park, J.H., Lee, J.H. and Choi, K.M. 2000. Rapid sexing of 
preimplantation bovine embryo using consecutive and multiplex 
polymerase chain reaction (PCR) with biopsied single blastomere. 
Theriogenology, 55:1843–53.

[6] Weikard, R., Kuhn, C., Brunner, R.M., Roschlau, D., Pitra, C., 
Laurent, P. and Schwerin, M. 2001. Sex determination in cattle based 
on simultaneous amplifi cation of a new male-specifi c DNA sequence 
and an autosomal locus using the same primers. Mol. Reprod. Dev., 
60:13–19.

[7] Alves, B.C.A., Hossepian de Lima, V.F.M., Teixeira, C.M. and 
Moreira-Filho, C.A. 2002. Use of primers derived from a new 
sequence of the bovine Y. chromosome for sexing Bos taurus and 
Bos indicus embryos. Theriogenology, 59:1415–19.

[8] Almodin, C.G., Moron, A.F., Kulay, L. Jr., Minguetti-Câmara, V.C., 
Moraes, A.C. and Torloni, M.R. 2005. A bovine protocol for training 
professionals in preimplantation genetic diagnosis using polymerase 
chain reaction. Fertil. Steril., 84:895–9.

[9] Shea, B.F. 1999. Determining the sex of bovine embryos using 
polymerase chain reaction results: a six-year retrospective study. 
Theriogenology, 51:841–54.

[10] Schiffman, M.H., Bauer, H.M., Lorincz, A.T., Manos, M.M., Byrne, 
J.C., Glass, A.G., Cadell, D.M. and Howley, P.M. 1991. Comparison 
of Southern blot hybridization and polymerase chain reaction meth-
ods for the detection of human papillomavirus DNA. J. Clin. Micro-
biol., 29:573–77.

[11] Valetto, A., Di Martino, D., Scuderi, F., Lanza, T., Lanciotti, M., 
Bottini, F. and Dini, G. 2000. Detection of T cell receptor delta gene 
rearrangements in childhood B and T lineage acute lymphoblastic 
leukaemia by southern blot and PCR: technical comparison of two 
methods of analysis. Clin. Lab. Haematol,, 22(5):263–269.

[12] Shekhar, M.S., Azad, I.S. and Ravichandran, P. 2005. Comparison 
of dot blot and PCR diagnostic techniques for detection of white spot 
syndrome virus in different tissues of  Penaeus monodon. Aquaculture, 
261:1122–1127.

[13] Boerner, B., Weigelt, W., Buhk, H., Castrucci, G. and Ludwig, H.A. 
1999. sensitive and specifi c PCR/Southern blot assay for detection 
of bovine herpesvirus 4 in calves infected experimentally. J. Virol 
Methods, 83:169–80.

[14] Vandekerckhove, J. and Weber, K. 1978. At least six different actins 
are expressed in a higher mammal: An analysis based on the amino 
acid sequence of the amino-terminal tryptic peptide. J. Mol. Biol., 
126:783–802.

[15] Daneau, I., Houde, A., Ethier, J.F., Lussier, J.G. and Silversides, D.W. 
1995. Bovine SRY gene locus: cloning and testicular expression. 
Biol. Reprod., 52:591–99.

[16] Kim, Y.J., Sah, R.L., Doong, J.Y. and Grodzinsky, A.J. 1988. 
Fluorometric assay of DNA in cartilage explants using Hoechst 33258. 
Anal. Biochem., 174:168–76.

[17] Zeleny, R., Bernreuther, A., Schimmel, H. and Pauwels, J. 2002. 
Evaluation of  PCR.-based beef sexing methods. J. Agric. Food 
Chem., 50:4169–75.

[18] Taberlet, P., Griffi n, S., Goossens, B., Questiau, S., Manceau, V., 
Escaravage, N., Waits, L.P. and Bouvet, J. 1996. Reliable genotyping 
of samples with very low DNA quantities using PCR. Nucleic Acids 
Res., 24:3189–94.



<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 150
  /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 (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


