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Effect of the GDF9 gene on the weight of lambs at birth
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Abstract

Getmantseva, L., Bakoev, N., Shirokova, N., Kolosova, M., Bakoev, S., Kolosov, A., Usatov, A., Shevtsova, V., &
Kolosov, Y. (2019). Effect of the GDF9 gene on the weight of lambs at birth. Bulgarian Journal of Agricultural
Science, 25(1), 153-157

The role of the GDF9 gene in the process of folliculogenesis, oocyte normal maturation and the development of the em-
bryo promoted an investigation of its polymorphism and testing it as a genetic marker of farm animals’ reproductive indices.
The purpose of this paper was to study the influence of the SNP effect of the GDF9 gene in point G1 (G260A) on the weight
of lambs at birth in Volgograd sheep. The objects of research were 117 sheep of the Volgograd breed, Russia. The results of
the first and second lambing were taken into account to determine the weight of lambs at birth. The analysis was carried out
by PCR-RFLP method. A mixed linear model was used to quantify the effect of different genotypes of the GDF9 gene on the
weight of lambs at birth. A set of factors included in the model was determined by using one-factorial (ANOVA) and multifac-
torial (MANOVA) variance analysis. The multifactorial variance analysis allowed establishing a high statistical significance of
the SNP effect of the GDF9 gene on weight of lambs at birth. As a result, it was found that weight of lamb at birth in ewes of
the AG genotype was 0.156 kg larger than in ewes of the GG genotype. Further studies aimed at studying the GDF9 gene in
sheep of different breeds will allow revealing peculiar influence of different allelic variants on the productive qualities of sheep.
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Introduction

Today in the world there are about 1200 sheep breeds
varying in economic features (Kaczor, 2017). At lamb-
ing sheep usually bring one or two lambs. However, there
are more productive breeds such as Inter alia Cambridge,
Thoka, Javanese, Belclare, Lacaune, Woodland, Booroola,
Aragonesa, Romney (Inverdale and Hanna), Garole (Ben-
gal), Belle-ile, small-tailed Han, Hu and Kendrapada, whose
litter size ranges from three to six lambs (Davis et al., 1982;
Juengel et al., 2013).

Studying fertility genes in various breeds is of great im-
portance for increasing the profitability of the sheep industry.

Research in this area will provide a better understanding of
fertility and infertility process in mammals and thereby to
prevent genetic disorders associated with reproduction. Ge-
netically determined differences in the number of maturing
and ovulating follicles in sheep have been investigated since
1982, when an attempt was made to explain the genetic foun-
dations of nest multiple lambing in different sheep breeds
(Davis et al., 1982). It has been shown that sheep fertility
depending on breed may be determined either by a polygenic
or a major segregating gene named the Fec gene.

The folliculogenesis and oogenesis process depends on the
relationship between the oocyte and the surrounding somatic
cells (Huang and Wells, 2010). In the folliculogenesis pro-
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cess the oocytes secrete the factors necessary for the growth
of surrounding follicular cells and regulate differentiation,
proliferation, apoptosis and luteinization of granulosa and
cumulus cells. One of these factors is the differential growth
factor 9 (GDF9), produced by the oocyte throughout the time
of the primary follicle formation to ovulation. GDF9 plays
an important role in the development of folliculogenesis in
mammals due to its importance for a normal maturation of
the oocyte and further development of the embryo, while in
the absence of this factor embryos stop developing until they
reach the blastocyst stage (Sudiman et al., 2014). In sheep the
sequence of the GDF9 gene (Gene ID: 100217402) comprises
2500 bp and contains two exons and one intron. The gene pro-
tein product is represented by 456 amino acids. The first exon
comprises 397 bp encoding 134 amino acids, the second exon
comprises 968 bp encoding 322 amino acids. The role of the
GDF9 gene in the process of folliculogenesis, oocyte normal
maturation and the development of the embryo promoted an
investigation of its polymorphism and testing it as a genetic
marker of farm animals’ reproductive indices. Bodensteiner et
al. (1999) were the first to establish the GDF'9 gene expression
in sheep oocytes. In studies of Hanrahan et al. (2004) there
were 8 polymorphic points of the GDF9 gene (G1-G8) rep-
resented. Three mutations from eight do not lead to a change
in the amino acid sequence (G2, G3 and G5). Five remaining
nucleotide substitutions (G1, G4, G6, G7 and G8) result in
amino acid substitutions (Hanrahan et al., 2004). As a result
of studies made by Barzegari et al. (2010) it was found that
the presence of G1 mutation was also confirmed in Iranian
Moghani and Ghezel breeds. Sheep with heterozygous geno-
type were more prolific, and double litters were more frequent
(53.8%), while in homozygote sheep the proportion of dou-
ble litters was small (6.3%). Previous studies of the Volgo-
grad and Salsk sheep showed the presence of the GDF9 gene
polymorphism at the G1 (G260A) point and its association
with litter size. It was found that the largest number of lambs
was observed in ewes of AG genotype (Gorlov et al., 2018).

Together with litter size the weight of lambs at birth is an
important breeding trait. In this regard the purpose of this pa-
per was to study the influence of the SNP effect of the GDF9
gene in point G1 (G260A) on the weight of lambs at birth in
Volgograd sheep.

Materials and Methods

Experiment material

The objects of research were 117 sheeps of the Volgograd
breed, Russia. The results of the first and second lambing
were taken into account to determine the weight of lambs
at birth.

PCR-RFLP analysis

Genomic DNA was isolated from small pieces (1-10
mm?) of ear tissue using a kit Diatom DNA Prep100 ac-
cording to the manufacturer’s instructions (Isogene Lab Ltd,
Russia). The analysis was carried out by PCR-RFLP meth-
od (polymerase chain reaction-restriction fragment length
polymorphism). Special oligonucleotide primers proposed
by Hanrahan et al. (2004) were used to amplify the GDF9
(G1) gene: 5’-GAAGACTGGTATGGGGAAATG -3’ and
5’-CCAATCTGCTCCTACACACT -3°. PCR conditions:
initial denaturation - 2 min at 94°C; denaturation 94°C — 30
s, annealing 63°C — 40 s, elongation 72°C - 30 s (35 cycles),
final elongation at 72°C 4 min. The GDF9 gene fragment
restriction with 462 bp length was performed using BstHH1
endonuclease. The restriction fragments were separated in a
2% agarose gel with adding ethidium bromide.

Statistical analysis

A mixed linear model was used to quantify the effect
of different genotypes of the GDF9 gene on the weight of
lambs at birth (Getmantseva et al., 2017). A set of factors
included in the model was determined by using one-factorial
(ANOVA) and multifactorial (MANOVA) variance analysis.
The following factors were considered as potential factors
of the model:

a) Fixed effects: the sex of the lamb (male, female), litter
size (single litter, twins litter), lambing number (first, sec-
ond), the GDF9 gene genotype (AG, GQG). All factors are
classified as discrete with a fixed set of levels.

b) Random effects: the additive genotype of the mother.

Calculation of the mixed linear model parameters was
performed using the R language Ime package in the R-studio.

Results

The results of molecular genetic studies showed that
the polymorphism of the GDF9 at the G1 (G260A) point in
the population under study is represented by two alleles A
and G with frequencies 0.04 and 0.96 respectively and two
genotypes AG and GG with frequencies 8.55 and 91.45%
respectively. The homozygous AA genotype in the sample
was absent.

As a result of studying the Volgograd sheep it was found
that an average weight of the AG genotype ewes’ lambs at
the first lambing was 3.62 kg. At the second lambing the
weight of lambs in single litters averaged 3.32 kg, and in
twins litters - 2.71 kg (Table 1).

Lambs of GG genotype ewes had the weight of 3.48 kg
at first lambing. At the second lambing in single litters the
weight of lambs was 3.38 kg, and in twins litters - 2.53 kg
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Table 1. Weight of lambs at birth in ewes with AG genotype of GDF9 gene

Genotype of Weight of lambs at birth
gﬁgg gene in Single-litter Twins-litter
Female Male All Female Male All
First lambing
AG 3.54+0.07 3.73+0.09 3.62+0.06 - - -
GG 3.37+0.03 3.59+0.03 3.48 £0.03 - - -
Second lambing
AG 3.20+0.15 3.50 +0.20 3.32+0.13 2.56 +£0.20 2.86 6+£0.17 2.71+0.14
GG 3.24+0.07 3.48 +0.04 3.38+0.04 2.35+0.07 2.67+0.06 2.53+0.05

(Table 1).The results obtained showed that the AG geno-
type of the GDF9 gene is associated with a better weight
of lambs at birth. To evaluate the reliability of the findings
a mixed linear model was used.

Figures 1-3 show the distribution of the weight of lambs at
birth depending on the levels of fixed factors. The influence sig-
nificance of the factors before incorporating them into the mixed
model was determined by means of the variance analysis. The
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Fig. 3. Distribution of weight of lambs at birth depending on the genotype of ewes by the GDF9 gene

differential evaluation by the single-factor variance analysis
showed a high statistical significance of the factors’ influence
with the exception of the SNP effect of the GDF9 gene: lamb
sex (male lamb / female lamb); litter size (single litter / twins
litter); lambing number; mother additive genotype. However,
a multivariate variance analysis of all factors in total allowed
to establish that in the given model the factor of lambing num-
ber does not significantly affect the analyzed feature, while the
SNP-effect of the GDF9 gene in ewes it is authentically associ-
ated with the weight of lambs at birth (Table 3). Visual analysis
of primary data made it possible to establish the cause of this
discrepancy. At the first lambing there were only single litters,
while at the second lambing there were 44% twin litters. Obvi-
ously, the litter size negatively correlates with the weight lamb
at birth. Thus, the evaluation of the effect of lambing number in
the weight lamb at birth model without considering the number
of lambs would show a decrease in the weight of lambs at birth.
In fact, the observed decrease in weight of lambs at birth is due
to an increase in other important indicators — such as litter size
(single litter or twins litter) and weight of litter. Including the
factor of litter size in the weight of lambs at birth model allowed
establishing the absence of influence of lambing number on this
indicator. Taking into account the data in Table 2 and the justifi-
cations given, the mixed linear model of the weight of lambs at
birth was compiled as follows:

WLB ~ Sex + Litter size + GDF9 + (1 | Mother) (1)

where WLB — the weight of lambs at birth; Sex — sex of the
lamb (male, female), Litter sizes - (single litter, twins litter),
GDF9 - the GDF9 gene genotype (AG, GG).

In our studies the weight of female lamb from single litter of
the mothers with genotype AG was determined as a baseline in
the mixed linear model. The results presented in Table 3 showed
that the weight of lambs at birth in ewes of the AG genotype

Table 2. Assessment of the significance of the differences
between the levels of factors affecting the weight of lambs
at birth

Factor P-value P-value
(ANOVA) | (MANOVA)
Sex of lamb 0.0004* 0.0000*
Litter size 0.0000* 0.0000*
Lambing number 0.0000* 0.8600
GDF9 gene genotype 0.3940 0.0170*
Additive genotype of the mother 0.0003* 0.0001*

* - statistically significant

Table 3. Weight of lambs at birth with allowance for fixed
factors of the mixed linear model

Fixed factors Level of factor | Weight of lambs | P-value
at birth
Female 3.4635+0.0770
fl . *
Sex of lamb Male 37201 £0.0393 | 00
. . Single-litter 3.4635+0.0770 "
Litter sizes Twins-litter | 24815 £ 0.0411 | 000
+
GDF9 gene AG 3.4635+0.0770 0.0387*
genotype GG 3.3075 £0.0765

* - statistically significant

was 0.156 kg larger than in ewes of the GG genotype. It has also
been established that male-lamb weight is 0.26 kg larger than
female-lamb weight on average, and twin lambs on average are
0.98 kg less in weight than their single-born analogues.

Discussion

Thus, the obtained results showed the presence of a positive
SNP-effect of the GDF9 gene on weight of lambs at birth. How-
ever, it should be noted that the homozygous AA genotype was
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not established in the population under study and the frequency
of the favorable AG genotype was 8.55%. Similar results were
obtained by other scientists who investigated polymorphism of
the GDF9 gene in sheep of different breeds. Studies conducted
on Salsk sheep also showed the lack of AA genotype and fre-
quencies of genotypes AG and GG were 10 and 90%, respective-
ly (Kolosov et al., 2015). The study of the Iranian Baluchi sheep
conducted by Moradband et al. (2011) also showed the lack of
the homozygous AA genotype by the GDF9 gene. Eghbalsaied
et al. (2017) studied the polymorphism of the GDF9 (G1) gene
in the Shal, Ghezel, Afshari, Lori-Bakhtyari sheep and found
out a high frequency of the GG genotype, which was 85.7%,
73.7%, 85.4% and 88.2% respectively. However, the Shal, Ghe-
zel and Afshari breeds demonstrated the AA genotype with a
frequency of 6.1%, 1.7% and 3.6% respectively. It should be
noted that the AA genotype was found in these breeds only in
ewes, with the AA genotype being absent in rams.

Nicol et al. (2009) suggested that a mutation in the GDF9
gene increases the rate of ovulation in animals with heterozy-
gous genotype, but in two of the four mutations the develop-
ment of follicles is disrupted in homozygous ewes leading to
infertility. Ovarian insufficiency is caused by blocking follicular
growth at the early development stage. The phenotype mani-
festation may depend on other conjugated alleles or interaction
between multiple mutations, which may be the reason that not
all breeds manifest this affect (Vége et al., 2013). In our study
the low frequency of the desired genotype AG in the Volgograd
sheep may be related both to the negative influence of the AA
genotype on the fertility of the animals and to the fact that the
Volgograd sheep breeding was not targeted at increasing fertil-
ity. Further studies aimed at studying the GDF9 gene in sheep
of different breeds will allow revealing peculiar influence of dif-
ferent allelic variants on the productive qualities of sheep.

In conclusion, multifactorial variance analysis allowed es-
tablishing a high statistical significance of the SNP effect of the
GDF9 gene on the weight of lambs at birth. As a result, it was
found that weight of lambs at birth in ewes of the AG genotype
was 0.156 kg larger than in ewes of the GG genotype.

References

Barzegari, A, Atashpaz, S., Ghabili, K., Nemati, Z., Rustaei, M.,
& Azarbaijani, R. (2010). Polymorphism in GDF9 and BMP15
associated with fertility and ovulation rate in Moghani and Ghezel
sheep in Iran. Reproduction of Domestic Animals, 45(4), 666-669.

Bodensteiner, K. J., Clay, C. M., Moeller, C. L., & Sawyer, H. R.
(1999). Molecular cloning of the ovine growth/differentiation fac-
tor-9 gene and expression of growth/differentiation factor-9 in
ovine and bovine ovaries. Biology of Reproduction, 60(2), 381-
386.

Received: 16.03.2018; Accepted: 11.05.2018

Davis, G. H., Montgomery, G. W., Allison, A. J., Kelly, R. W., &
Bray, A. R. (1982). Segregation of a major gene influencing fe-
cundity in progeny of Booroola sheep. New Zealand Journal of
Agricultural Research, 25(4), 525-529.

Eghbalsaied, S., Khorasgani, F. R., Amini, H. R., Farahi, M., Da-
vari, M., Pirali, A., Pourali, S., Vatankhah, M., Rostami, M.
& Atashi, H. (2017). Variant GDF9 mRNA is likely not the main
cause of larger litter size in Iranian Lori-Bakhtyari, Shal, Ghezel,
and Afshari sheep breeds. Archives Animal Breeding, 60(2), 119-
129.

Getmantseva, L., Kolosov, A., Leonova, M., Bakoev, S., Klimenko,
A., Usatov, A., Radyuk, A., Vaselenko, V., Makarenko, M. &
Bakoev, N. (2017). Polymorphisms in obesity-related leptin gene
and its association with reproductive traits of sows. Bulgarian
Journal of Agricultural Science, 23(5), 843-850.

Gorlov, L. F., Kolosov, Y. A., Shirokova, N. V., Getmantseva, L. V.,
Slozhenkina, M. 1., Mosolova, N. 1., Bakoev, N.F., Leonova,
M.A., Kolosov, A.Y. & Zlobina, E. Y. (2018). GDF9 gene poly-
morphism and its association with litter size in two Russian sheep
breeds. Rendiconti Lincei. Scienze Fisiche e Naturali, 29(1), 61-
66.

Hanrahan, J. P., Gregan, S. M., Mulsant, P., Mullen, M., Davis, G.
H., Powell, R., & Galloway, S. M. (2004). Mutations in the genes
for oocyte-derived growth factors GDF9 and BMP15 are associ-
ated with both increased ovulation rate and sterility in Cambridge
and Belclare sheep (Ovis aries). Biology of Reproduction, 70(4),
900-909.

Huang, Z., & Wells, D. (2010). The human oocyte and cumulus cells
relationship: new insights from the cumulus cell transcriptome.
Molecular Human Reproduction, 16(10), 715-725.

Juengel, J. L., Davis, G. H., & McNatty, K. P. (2013). Using sheep
lines with mutations in single genes to better understand ovarian
function. Reproduction, 146(4), R111-R123.

Kaczor, U. (2017). Genes Involved Litter Size in Olkuska Sheep. In:
Genetic Polymorphisms, InTech.

Kolosov, A. Y., Getmantseva, L. V., Shirockova, N. V., Klimenko,
A., Bakoeyv, S. Y., Usatov, A. V., ... & Leonova, M. A. (2015).
Polymorphism of the GDF9 gene in Russian sheep breeds. Journal
of Cytology & Histology, 6(1), 305.

Moradband, F., Rahimi, G., & Gholizadeh, M. (2011). Associa-
tion of polymorphisms in fecundity genes of GDF9, BMP15 and
BMP15-1B with litter size in Iranian Baluchi sheep. Asian-Aus-
tralasian Journal of Animal Sciences, 24(9), 1179-1183.

Nicol L., Bishop S.C., Pong-Wong R., Bendixen C.,HolmL E.,
Rhind S.M., McNeilly A.S. (2009) Homozygosity for a single
base-pair mutation in the oocyte-specific GDF9 gene results in ste-
rility in Thoka sheep. Reproduction, 138, 921-933.

Sudiman, J., Sutton-McDowall, M. L., Ritter, L. J., White, M.
A., Mottershead, D. G., Thompson, J. G., & Gilchrist, R. B.
(2014). Bone morphogenetic protein 15 in the pro-mature complex
form enhances bovine oocyte developmental competence. PLoS
One, 97), ¢103563.

Vage, D. 1., Husdal, M., Kent, M. P., Klemetsdal, G., & Boman, 1.
A. (2013). A missense mutation in growth differentiation factor 9
(GDF9) is strongly associated with litter size in sheep. BMC Ge-
netics, 14(1), 1.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


