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RNA interference is now a well-recognized post-transcriptional mechanism for
regulation of gene expression in both animals and plants. In this process,
microRNAs (miRNAs) direct silencing complexes to complementary RNA
sequences, leading to either degradation or repression of translation. Plants also
contain another type of small RNA, small interfering RNAs (siRNAs), that play a
role in gene silencing by directing cytosine methylation activities of complemen-
tary DNA sequences and thus, differ from miRNAs. This nuclear regulation sys-
tem is referred to as RNA-directed DNA methylation (RADM). In plant genomes,
transposable elements were initially thought to be regulated by DNA methylation
alone. However, several recent reports have revealed that siRNAs and RdADM
also play crucial roles in silencing of transposons and endogenous repeats. It is
also becoming apparent that transposons are subjected to different levels of regu-
lation in response to developmental and environmental cues. Transposons are
tightly regulated in germ cells to protect the host genome from transgenerational
mutagenic activity. In plants, transposons are also activated by biotic and abiotic
stress. The regulation of transposons in these different situations has been asso-
ciated with both the DNA methylation and siRNA-mediated regulation systems,
suggesting that plants likely evolved “multi-lock” systems for transposon regula-
tion to ensure tight control during the developmental phase and environmental

changes.
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INTRODUCTION

Plant genomes include many transposon copies.
Although many transposons are inactivated by mutations
in their DNA sequence, plants face the challenge of keep-
ing the remaining copies transcriptionally silent. Tran-
scriptional silencing is generally achieved by epigenetic
modification, particularly DNA methylation (Ichiyanagi,
2013). However, it is not so simple because changes in
epigenetic regulation also occur during environmental
responses, developmental phase changes, and meiosis
that can alter the epigenetic regulation. Recent research
has identified additional factors that are essential for the
regulation of transposon activity, including complemen-
tary small interfering RNAs (siRNAs) and both RNA- and
DNA-silencing complexes. This review provides an over-
view of transposon regulation during developmental and
environmental changes and describes the role of siRNAs
in ensuring tight control of transposons during these
events.
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MECHANISMS OF siRNA BIOGENESIS AND
REGULATION

Plant siRNAs are non-coding RNA molecules that are
generally 21-24 nucleotides in length and play a role in
RNA interference (RNAi) similar to microRNAs (miRNAs;
Bartel, 2004). However, unlike miRNAs that are encoded
in the genome by precursor hairpin sequences, siRNAs
are generated from the cleavage of perfectly complemen-
tary double-strand RNA sequences by Dicer-family pro-
teins. In plants, RNAi is thought to have evolved from
an anti-viral genome protection mechanism. Higher
plants gained specific DNA-dependent RNA polymerases
(Kanno et al., 2005; Mosher and Melnyk, 2010; Onodera
et al., 2005; Pontier et al., 2005). RNA polymerase IV
and V (Pol IV and Pol V) are plant-specific homologs of
RNA polymerase II. Pol IV and Pol V produce initial
RNA transcripts for RNA silencing and siRNA-induced
methylation, respectively. The non-coding RNAs can be
transcribed by Pol IV at target loci that include high-copy
repeats or transposons. Pol IV is required for the pro-
duction of > 90% of all siRNAs in Arabidopsis (Matzke
and Birchler, 2005; Ream et al., 2009; Zhang et al., 2007).
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Following transcription by Pol IV, the derived single-
stranded RNAs are subsequently converted to double-
stranded RNAs by RNA-dependent RNA polymerase 2
(RDR2), which are then processed by DICER-LIKE 3
(DCL3) to generate 24- to 26-nt siRNAs (Mosher et al.,
2008; Pontier et al., 2005; Zhang et al., 2007). The RNA-
induced silencing complex (RISC) containing ARGONAUTE
4 (AGO4) binds a subset of these siRNAs. The complex
scans the nucleus for matching transcripts by base pair-
ing with complementary sequences (Qi et al.,, 2006).
After being loaded with an siRNA, AGO4 interacts with
Pol V to recruit the DNA methyltransferase, DOMAINS
REARRANGED METHYLTRANSFERASE 2 (DRM2; Cao
and Jacobsen, 2002; Matzke et al., 2004; Matzke and
Birchler, 2005), leading to RNA-directed de novo DNA
methylation (RADM) and histone modification of the
target. Transposon-derived siRNAs may cause DNA
methylation of nearby genes via RADM and alter histone
modification of the locus, leading to heterochromatiniza-
tion and gene expression regulation.

EPIGENETIC CONTROL OF TRANSPOSONS

A major regulator of transposon activation is methylation
of DNA sequences. In plants, cytosine methylation in all
sequence contexts is controlled by specific DNA methyl-
transferases. Indeed, loss-of-function mutants of DNA
methyltransferases, such as METHYLTRANSFERASE 1
(MET1), release activity of some transposons (Kato et al.,
2003; Ronemus et al., 1996). Transposons are also acti-
vated in a mutant of SWI2/SNF2-like chromatin remod-
eling factor, DECREASE IN DNA METHYLATION 1
(DDM1), which maintains CG/non-CG methylation
(Hirochika et al., 2000; Miura et al., 2001; Tsukahara et
al., 2009). Most transposons are silenced by methylation
of their promoters; however, once a transposon is acti-
vated by a biotic or an abiotic impact, such as environ-
mental stress, plants use a second-lock system to protect
their own genome from the mobile elements. The second
regulator is siRNA-mediated de novo DNA methylation
and histone modification. The following two reports pro-
vided insight into the regulation of transposon mobility in
Arabidopsis via siRNA.

Transcription of the Copia93 retrotransposon named
“Evade” (EVD) was suppressed by CG methylation,
although transpositional activity was independently reg-
ulated through a post-transcriptional mechanism involv-
ing siRNA and methylation of histone H3 lysine 9
(Mirouze et al., 2009). In metl mutants, EVD’s tran-
scriptional activity was released, but EVD did not
transpose. However, when a metI mutant was combined
with a mutant deficient in siRNA biogenesis, a burst of
EVD transposition was observed. This indicates that
epigenetic regulation of retrotransposition is controlled by
selective machinery involving siRNAs.

When another Copia-type retrotransposon, ONSEN,
was activated by heat stress, it was shown to synthesize
extrachromosomal DNA that had the potential to trans-
pose (Ito et al., 2011). An increase in transcription level
in a mutant deficient in siRNA biogenesis indicated that
siRNA regulates ONSEN expression. ONSEN transpo-
sition was observed in the progeny of a mutant deficient
in siRNA biogenesis but not in wild-type plants, suggest-
ing that the siRNA engaged not only in transcriptional
but also in transpositional regulation of ONSEN.

TRANSPOSON SILENCING IN PLANT GERM
CELLS

In animals, epigenetic reprogramming, including dem-
ethylation of DNA and remodeling of histone modifica-
tions, occurs in germ cells and early embryos on a
genome-wide scale (Saito, 2013). Suppression of trans-
poson activity in gametes is an important defense to
ensure host genome stability by preventing transmission
of mutagenic activity to the next generation. To main-
tain transgenerational genome integrity, plants show
meiotic inheritance of gene silencing through the stable
inheritance of DNA methylation. However, large-scale
reprogramming also occurs in non-germ line reproductive
cells.

In Arabidopsis, female gametogenesis produces one egg
cell, one central cell (two nuclei), and several other acces-
sory cells. During fertilization, the egg cell fuses with
one of the two sperm cells from the male gametophyte to
form an embryo, and the central cell fuses with the other
sperm cell to form the triploid endosperm. DEMETER
(DME) is a helix-hairpin DNA glycosylase and removes
methylated cytosines causing global hypomethylation in
the endosperm (Gehring et al., 2009). Active demethyla-
tion by DME reactivates transposon expression, which
introduces transposon transcripts into the RNAi pathway,
producing additional siRNAs that can guide DNA methy-
lation (Ibarra et al., 2012). The expression of siRNAs in
the development of the endosperm specifically originates
from maternal chromosomes, indicating genome imprint-
ing. The siRNAs produced in the endosperm have been
reported to move into the egg cell to guide DNA methyla-
tion, seemingly to reinforce silencing in the germ cells
(Hsieh et al., 2009). This mechanism likely functions in
suppressing transposon activity in the embryo; however,
“mild” reactivation of transposons in the endosperm may
not be deleterious because the endosperm is not inherited
by the next generation.

Epigenetic reprogramming also plays an important role
in paternal genome reprogramming in Arabidopsis. The
male gametophyte contains two sperm cells and a vegeta-
tive nucleus. The egg cell and central cell are fertilized
by one sperm cell each, resulting in double fertilization.
Many genes involved in siRNA biogenesis and silencing
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are either not expressed or expressed at low levels in
pollen. The exception is DDM1I1, which is exclusively
localized in sperm cells but not in the vegetative nucleus
of mature pollen (Slotkin et al., 2009). In wild-type veg-
etative nuclei, the downregulation of DDM1 correlates
with DNA demethylation and transposon reactivation.
Similar to the endosperm, transposon activation in pollen
vegetative nuclei does not impair fitness of the next gen-
eration because the vegetative nucleus does not contrib-
ute DNA to the fertilized embryo or endosperm. It has
been postulated that the benefits of hypomethylation of
the vegetative cell occur when small RNAs are trans-
ported from the pollen grain cytoplasm into the sperm
cells, resulting in siRNA accumulation and de novo rem-
ethylation via RdADM to reinforce silencing of transposons
in the gametes (Olmedo-Monfil et al., 2010). Calarco et
al. (2012) sequenced the methylome of the sperm cell, the
vegetative cell, and the postmeiotic microspore and found
that, unlike in mammals, the plant germline retains CG
and CHG DNA methylation. However, CHH methyla-
tion is lost from retrotransposons in microspores and
sperm cells and is restored by de novo DNA methyltrans-
ferase guided by RdADM machinery, both in the vegetative
nucleus and in the embryo after fertilization. These
results demonstrated that genome reprogramming in pol-
len contributes to epigenetic inheritance and transposon
silencing guided by small RNAs.

ENVIRONMENTAL STRESS AND TRANSPOSON
REGULATION IN PLANTS

Environmental stress alters chromatin structure that is
associated with epigenetic regulation, including histone
modification and DNA methylation. Although most
transposons are silenced by epigenetic regulation, envi-
ronmental changes may induce transposon activation
(Grandbastien, 2004). Stress can induce changes in gene
expression through DNA hypomethylation. For exam-
ple, cold stress-induced hypomethylation triggers trans-
position of the Tam-3 transposon in Antirrhinum majus
(Hashida et al., 2006). siRNAs and DNA methylation
are known to be associated with the Tn¢l transposon in
Solanaceae (Andika et al., 2006). Tntl can be activated
by biotic stress, such as infection and wounding, and also
by abiotic stress (Grandbastien et al., 2005). However, the
relationship between the activation of Tn¢l and siRNAs
under stress is still poorly understood.

More direct evidence of siRNA-mediated regulation has
come from research on ONSEN transposition. ONSEN
activated by heat stress was transposed to the next gen-
eration in an siRNA biogenesis mutant (Ito et al., 2011).
ONSEN long terminal repeats (LTRs) contain a common
heat-response motif and are responsible for heat-stress
induced activation. Under stress, ONSEN is expressed,
inducing siRNA-mediated RADM to resilience the comple-

ment target copies (Ito et al., 2011; Matsunaga et al.,
2012). In an siRNA biogenesis deficient mutant,
ONSEN was activated, and transgenerational transposi-
tion was observed, indicating that siRNA is an important
regulator of stress-induced transposon activation.

Recently, McCue et al. (2012) reported that transposon-
derived siRNAs play a role in the regulation of gene
expression and stress response in trans in Arabidopsis.
siRNA854, produced from an Athila-family retrotranspo-
son, regulates UBP1b mRNA, which encodes an RNA-
binding protein involved in stress granule formation.
The regulation occurs on the post-transcriptional and -
translational levels when Athila retrotransposons are epi-
genetically activated, resulting in a phenocopy of the
stress-sensitive wubplb mutant phenotype. Athila is
likely to encode siRNA854 to inhibit UBP1b protein for-
mation and interfere with the function of translational
repression (McCue et al., 2012).

CONCLUSION AND PERSPECTIVES

Plants as a host genome of transposons have evolved
several secure systems to protect their genome from ecto-
pic transposition of mobile elements. The first lock is
transcriptional regulation by epigenetic modifications
that cause repressive heterochromatinization. Most
transposons are silenced by this regulatory mechanism.
However, the first lock is transiently released by develop-
mental or environmental changes. When a transposon
evades transcriptional regulation, plants actuate a second
lock, an siRNA-mediated system (Fig. 1). siRNA is a
powerful tool for host plants because of its target specific-
ity and rapid efficient response. Plants may have
evolved siRNA-mediated regulation as a result of long-
term selective pressure, resulting from the struggle with
mobile elements.

In addition, recent studies have revealed new roles for
siRNAs as transgenerational signals that include para-
mutation and stress memory. Paramutation involves an
allelic interaction that leads to heritable changes in gene
expression. In maize, alleles in siRNA production
impaired mutants lose their paramutagenic future
(Alleman et al., 2006). siRNA also related to epigenetic
memory. Progeny of a biotic-stressed plant showed
higher tolerance to the same stress (Luna et al., 2012;
Rasmann et al., 2012). Transgenerational memory, such
as a response to biotic and abiotic stress may be transmit-
ted to the next generation via siRNAs.

Although further investigation is necessary to under-
stand the relationship between the observed phenomena
and the role of siRNAs, small RNAs play an important
role in host genomes in transmitting transgenerational
information and facilitating transgenerational regulation
of transposons.
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Fig. 1. A proposed model for the role of siRNA in regulation of transposable elements (TEs) in plants. Developmental changes or
environmental stress affect epigenetic modifications and release suppressive elements such as DNA methylation and histone
modification. The removal of epigenetic elements activates TEs and the TEs attempt to transpose and amplify their copy
number. The host genome produces siRNAs that regulate TEs by transcriptional suppression and possibly by transpositional
inhibition. If a TE escapes regulation and is integrated into a host genome, it may promote genomic evolution of the host plant.

I thank Derek Goto for proofreading and his critical comments
on the manuscript. This work was supported by JST, PRESTO,
a Grant-in-Aid for Scientific Research on Innovative Areas
(23119501), a Grant-in-Aid for Young Scientists (B) (23770034),
the NIG Cooperative Research Program (2012-B2).

REFERENCES

Alleman, M., Sidorenko, L., McGinnis, K., Seshadri, V.,
Dorweiler, J. E., White, J., Sikkink, K., and Chandler, V. L.
(2006) An RNA-dependent RNA polymerase is required for
paramutation in maize. Nature 442, 295-298.

Andika, I. B., Kondo, H., Rahim, M. D., and Tamada, T. (2006)
Lower levels of transgene silencing in roots is associated
with reduced DNA methylation levels at non-symmetrical
sites but not at symmetrical sites. Plant Mol. Biol. 60,
423-435.

Bartel, D. P. (2004) MicroRNAs: genomics, biogenesis, mecha-
nism, and function. Cell 116, 281-297.

Calarco, J. P., Borges, F., Donoghue, M. T., Van Ex, F., Jullien,
P. E., Lopes, T., Gardner, R., Berger, F., Feijo, J. A., Becker,
J. D, et al. (2012) Reprogramming of DNA methylation in
pollen guides epigenetic inheritance via small RNA. Cell
151, 194-205.

Cao, X., and Jacobsen, S. E. (2002) Role of the Arabidopsis DRM
methyltransferases in de novo DNA methylation and gene
silencing. Curr. Biol. 12, 1138-1144.

Gehring, M., Bubb, K. L., and Henikoff, S. (2009) Extensive
demethylation of repetitive elements during seed develop-
ment underlies gene imprinting. Science 324, 1447-1451.

Grandbastien, M. A. (2004) Stress activation and genomic
impact of plant retrotransposons. J. Soc. Biol. 198, 425—
432.

Grandbastien, M. A., Audeon, C., Bonnivard, E., Casacuberta, J.
M., Chalhoub, B., Costa, A. P., Le, Q. H., Melayah, D., Petit,
M., Poncet, C., et al. (2005) Stress activation and genomic
impact of Tntl retrotransposons in Solanaceae. Cytogenet.

Genome Res. 110, 229-241.

Hashida, S. N., Uchiyama, T., Martin, C., Kishima, Y., Sano, Y.,
and Mikami, T. (2006) The temperature-dependent change
in methylation of the Antirrhinum transposon Tam3 is con-
trolled by the activity of its transposase. Plant Cell 18,
104-118.

Hirochika, H., Okamoto, H., and Kakutani, T. (2000) Silencing
of retrotransposons in arabidopsis and reactivation by the
ddm1 mutation. Plant Cell 12, 357-368.

Hsieh, D., Xia, Y., Wray, L., Qian, D., Pal, A., Dil, J. H.,
Osterwalder, J., Meier, F., Bihlmayer, G., Kane, C. L., et al.
(2009) Observation of unconventional quantum spin tex-
tures in topological insulators. Science 323, 919-922.

Ibarra, C. A., Feng, X., Schoft, V. K., Hsieh, T. F., Uzawa, R.,
Rodrigues, J. A., Zemach, A., Chumak, N., Machlicova, A.,
Nishimura, T., et al. (2012) Active DNA demethylation in
plant companion cells reinforces transposon methylation in
gametes. Science 337, 1360-1364.

Ichiyanagi, K. (2013) Epigenetic regulation of transcription and
possible functions of mammalian short interspersed ele-
ments, SINEs. Genes Genet. Syst. 88, 19-29.

Ito, H., Gaubert, H., Bucher, E., Mirouze, M., Vaillant, I., and
Paszkowski, J. (2011) An siRNA pathway prevents trans-
generational retrotransposition in plants subjected to stress.
Nature 472, 115-119.

Kanno, T., Huettel, B., Mette, M. F., Aufsatz, W., Jaligot, E.,
Daxinger, L., Kreil, D. P., Matzke, M., and Matzke, A. J.
(2005) Atypical RNA polymerase subunits required for
RNA-directed DNA methylation. Nat. Genet. 37, 761-765.

Kato, M., Miura, A., Bender, J., Jacobsen, S. E., and Kakutani,
T. (2003) Role of CG and non-CG methylation in immobili-
zation of transposons in Arabidopsis. Curr. Biol. 13, 421
426.

Luna, E., Bruce, T. J., Roberts, M. R., Flors, V., and Ton, J.
(2012) Next-generation systemic acquired resistance. Plant
Physiol. 158, 844-853.

Matsunaga, W., Kobayashi, A., Kato, A., and Ito, H. (2012) The
effects of heat induction and the siRNA biogenesis pathway



Small RNAs and regulation of transposons 7

on the transgenerational transposition of ONSEN, a copia-
like retrotransposon in Arabidopsis thaliana. Plant Cell
Physiol. 53, 824-833.

Matzke, M. A., and Birchler, J. A. (2005) RNAi-mediated path-
ways in the nucleus. Nat. Rev. Genet. 6, 24-35.

Matzke, M., Aufsatz, W., Kanno, T., Daxinger, L., Papp, I.,
Mette, M. F., and Matzke, A. J. (2004) Genetic analysis of
RNA-mediated transcriptional gene silencing. Biochim.
Biophys. Acta 1677, 129-141.

McCue, A. D., Nuthikattu, S., Reeder, S. H., and Slotkin, R. K.
(2012) Gene expression and stress response mediated by the
epigenetic regulation of a transposable element small
RNA. PLoS Genet. 8, e1002474.

Mirouze, M., Reinders, J., Bucher, E., Nishimura, T., Schneeberger,
K., Ossowski, S., Cao, J., Weigel, D., Paszkowski, dJ., and
Mathieu, O. (2009) Selective epigenetic control of ret-
rotransposition in Arabidopsis. Nature 461, 427-430.

Miura, A., Yonebayashi, S., Watanabe, K., Toyama, T., Shimada,
H., and Kakutani, T. (2001) Mobilization of transposons by
a mutation abolishing full DNA methylation in Arabidopsis.
Nature 411, 212-214.

Mosher, R. A., and Melnyk, C. W. (2010) siRNAs and DNA
methylation: seedy epigenetics. Trends Plant Sci. 15, 204—
210.

Mosher, R. A., Schwach, F., Studholme, D., and Baulcombe, D.
C. (2008) PolIVb influences RNA-directed DNA methylation
independently of its role in siRNA biogenesis. Proc. Natl.
Acad. Sci. USA 105, 3145-3150.

Olmedo-Monfil, V., Duran-Figueroa, N., Arteaga-Vazquez, M.,
Demesa-Arevalo, E., Autran, D., Grimanelli, D., Slotkin, R.
K., Martienssen, R. A., and Vielle-Calzada, J. P. (2010) Con-
trol of female gamete formation by a small RNA pathway in
Arabidopsis. Nature 464, 628-632.

Onodera, Y., Haag, J. R., Ream, T., Nunes, P. C., Pontes, O., and
Pikaard, C. S. (2005) Plant nuclear RNA polymerase IV
mediates siRNA and DNA methylation-dependent hetero-
chromatin formation. Cell 120, 613—-622.

Pontier, D., Yahubyan, G., Vega, D., Bulski, A., Saez-Vasquez,
J., Hakimi, M. A., Lerbs-Mache, S., Colot, V., and Lagrange,
T. (2005) Reinforcement of silencing at transposons and
highly repeated sequences requires the concerted action of
two distinct RNA polymerases IV in Arabidopsis. Genes
Dev. 19, 2030-2040.

Qi, Y., He, X., Wang, X. J., Kohany, O., Jurka, J., and Hannon,
G. J. (2006) Distinct catalytic and non-catalytic roles of
ARGONAUTE4 in RNA-directed DNA methylation.
Nature 443, 1008-1012.

Rasmann, S., De Vos, M., Casteel, C. L., Tian, D., Halitschke, R.,
Sun, J. Y., Agrawal, A. A., Felton, G. W., and Jander, G.
(2012) Herbivory in the previous generation primes plants
for enhanced insect resistance. Plant Physiol. 158, 854—
863.

Ream, T. S., Haag, J. R., Wierzbicki, A. T., Nicora, C. D., Norbeck,
A. D., Zhu, J. K., Hagen, G., Guilfoyle, T. J., Pasa-Tolic, L.,
and Pikaard, C. S. (2009) Subunit compositions of the RNA-
silencing enzymes Pol IV and Pol V reveal their origins as
specialized forms of RNA polymerase II. Mol. Cell 33, 192—
203.

Ronemus, M. J., Galbiati, M., Ticknor, C., Chen, J., and
Dellaporta, S. L. (1996) Demethylation-induced develop-
mental pleiotropy in Arabidopsis. Science 273, 654—657.

Saito, K. (2013) The epigenetic regulation of transposable ele-
ments by PIWI-interacting RNAs in Drosophila. Genes
Genet. Syst. 88, 9-17.

Slotkin, R. K., Vaughn, M., Borges, F., Tanurdzic, M., Becker, J.
D., Feijo, J. A., and Martienssen, R. A. (2009) Epigenetic
reprogramming and small RNA silencing of transposable
elements in pollen. Cell 136, 461-472.

Tsukahara, S., Kobayashi, A., Kawabe, A., Mathieu, O., Miura,
A., and Kakutani, T. (2009) Bursts of retrotransposition
reproduced in Arabidopsis. Nature 461, 423-426.

Zhang, X., Henderson, I. R., Lu, C., Green, P. J., and Jacobsen,
S. E. (2007) Role of RNA polymerase IV in plant small RNA
metabolism. Proc. Natl. Acad. Sci. USA 104, 4536-4541.




<<
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50222
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [596.130 795.120]
>> setpagedevice


