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Abstract We transferred Din5 (dehydrin5) gene from bar-
ley to poplar to determine the effect of its expression on the
transgenic poplars. The results from northern blot analysis
showed that the expression level of gene varied among the
transgenic lines. During their culture on tissue culture media,
the transgenic poplars formed vigorous growing callus in the
presence of 5% PEG. When the transgenic poplars were gr-
owing in pots and witheld watering, they stayed much heal-
thier than nontransgenic poplars. The transgenic poplars sho-
wed higher rates of photosynthetic rates, stomatal conducta-
nce and evaporation rates under the drought stress, although
there was no significant difference in soil water content within
the treatments. The relative electrical conductivity of the tran-
sgenic poplars after 20% PEG treatment was lower than that
of nontransgenic poplars. The results provide evidence that
the expression of ~ivDhn5 gene conferred drought tolerance
in the transgenic poplars.

Keywords Dehydrin5, Drought tolerance, Photosynthetic
rates, Relative electrical conductivity, Transgenic poplar

Introduction

Salt, drought and freezing stresses are the most critical abio-
tic stresses that affect productivity of annual crop species
as well as perennial trees (Caruso et al. 2002). Recently
rapid desertification has resulted in increased interest in the
development of crop varieties that could tolerate the various
environmental stresses. However, different plants adapt to
their environment by different mechanisms. Therefore, it
has been very difficult to select or develop varieties which
withstand various environmental stresses via conventional
breeding. The stacking of those traits into a selected variety
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requires cross fertility between the organisms that carry tra-
its of interest (Flowers and Yeo 1995). This barrier could
be overcome by genetic engineering (Singsit et al. 1997).
It is now possible to selectively transfer only the traits of
interest into a new plant variety so that we could avoid
to transfer the unwanted portion of DNA in the donor ge-
nome (Cushman and Bohnert 2000).

A number of promising genes for salt and drought
tolerance have been reported. Among them are LEA (late
embryogenesis-abundant protein) genes (Brini et al. 2007b).
Dehydrin belongs to LEA 1I group protein and known to
be induced by environmental stresses including drought and
cold temperature. Dehyrin is thought to play a role as a
stabilizer of cellular macromolecules (Close 1996, 1997,
Ingram & Bartels 1994). For example, transgenic plants ex-
pressing LEA genes from barley and corn showed increased
tolerance against drought and salt stresses (Xu et al. 1996;
Figueras et al. 2004). So far 13 dehydrin (D/in 1 to 13)
genes from barley have been reported (Rodriguez et al.
2005). Among them, Dhn5 is known to be induced by low
temperature stress and involved in freezing tolerance by
protecting meristematic cells from losing water (Zhu et al.
2000). Han and Hwang (2003) transferred the barley Dhn5
gene to Artemisia adamsii and reported that the calli from
transgenic plants grew much better than those from nontr-
ansgenic plants in the presence of 20% PEG. Similarly,
transgenic Arabidopsis carrying wheat Dhn5 gene displayed
enhanced tolerance against salt and osmotic stresses (Brini
et al. 2007a). Many other cases of transgenic plants expre-
ssing LEA/Dhn proteins with increased tolerance against
salt, drought and cold stresses have been reported (Xu et
al. 1996; Babu et al. 2004; Sivamani et al. 2000; Honjoh
et al. 1999).

We were interested in confirming whether the gene could
confer poplar, a woody species, tolerance against such
stresses. Therefore, in the present study, we introduced
barley Dhn5 gene to poplar and examined the phenotypes
of the transgenic poplars under drought stress.
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Materials and methods
Gene cloning and vector construction

Barley Dhn5 gene was PCR cloned from barley genomic
DNA using published sequence (GenBank accession No.
M95810). A primer set was designed to amplify the gene:
Forward: ggatcctaccetcga acggectataa, and Reverse: gagctc
tgaatgtgcatacggtgga. An enzyme site (BamHI1 in F primer
and Sacl in R primer, respectively) was inserted to each
primer to ease cloning process. The amplified PCR product
was inserted into pBI121 after GUS gene was removed by
BamH1 and Sacl digestion and transferred to an Agrobac-
terium tumefaciens vector, the strain GV3101.

Poplar transformation and regeneration

The chimeric p35S-hvDhn5 gene was introduced to poplar
by A. tumefaciens mediated transformation (Fillatti et al.
1987). Transformed cells were selected on MS medium
(Murashige and Skoog 1962) containing 1.0 mg/L 2.4-D,
0.1 mg/LL BAP, 0.01 mg/LL NAA, 500 mg/L cefotaxime
plus 50 mg/L kanamycin. Shoots were regenerated on WPM
(Lloyd and McCown 1981) containing 1.0 mg/L zeatin, 0.1
mg/L BA, 0.01 mg/lL. NAA and 50 mg/L kanamycin.

Molecular analysis

Genomic DNA was extracted from the leaves of poplar
plants using a MagExtractor-Plant Genome kit (Toyobo,
Osaka, Japan). Ten g of the genomic DNA were digested
with a restriction enzyme Pst 1 overnight, run on 1%
agarose gel and then transferred to Hybond-XL nylon
membrane by capillary transfer method (Southern 1975).
The full-length AvDhn5 coding sequence labelled with
PP_dCTP was used as probe for hybridization for 12 h. The
membrane was washed in 2 x SSC and 0.1% SDS (50C)
for 10 min and in 0.2 x SSC and 0.1% SDS (50C) for
30 min followed by exposing to an X-ray film at -70C.

For northern blot, the total RNA was isolated from yo-
ung leaves using TRI Reagent (Molecular Research Center
Inc., Cincinnati, OH, USA). Ten ug of the RNA were run
on 1.2% formaldehyde agarose gel and then transferred to
Hybond-XL nylon membrane. The methods for probe pre-
paration and hybridization were the same as in Southern
hybridization.

Drought tolerance assays

For drought tolerance assay, four different transgenic clo-

nes (Dhns-1, 5-3, 5-9, and 5-10) showing different expre-
ssion levels were used. To determine tolerance of the trans-
genic lines to drought stress, both in vitro and greenhouse
pot trials were performed. For in vitro drought tolerance
assay, leaf fragments (0.5 cm % 1.0 cm) were cultured on
callus inducing media (MS with 1.0 mg/L 2.4-D and 0.1
mg/L BAP) containing various levels (0, 5, 10%) of polye-
thylene glycol (PEG). Fresh weight growth of the calli was
determined after 5 weeks growth on culture medium. Drou-
ght tolerance of the two transgenic lines (Dhn5-1 and Dhn
5-10) was assessed in a pot trial in the greenhouse. The
plants were transferred to plastic pots filled with sand soil
and fully watered. After 28 days, transgenic and nontrans-
genic poplars were subjected to drought treatment by with-
holding irrigation for 7 days. Reference plants were irri-
gated at 3 to 4 day interval. The photosynthesis of the pop-
lars was compared when damage symptoms were visible.
A portable photosynthesis system (model LI-6400, LI-COR,
Lincoln, NE) was used to determine photosynthetic rates.
After photosynthesis measurement, soil water content at the
end of 7 days was measured.

Ion leakage analysis

Ion leakage of the leaves was measured by relative electri-
cal conductivity (REC) as described by Wu et al. (2008)
with some modifications. Leaf tissue was cut into segments
of 1 cm” with cork borer (No. 6). Five leaf segments were
then drought stress for 48 hrs with 20% PEG solution at
room temperature (2542°C). After the stress, the leaf segments
were washed quickly five times with distilled deionized
water and then put into 15 ml of distilled deionized water
in falcon tube (50 ml) and shaked using a rotary shaker
(170 rpm) at room temperature (25+2°C). Electrical con-
ductivity (EC) was measured at 1 hr later using an ion con-
ductivity meter (Mettler co.) (E;). Then, the tubes contain-
ing the segments were autoclaved for 20 min at 121°C and
the conductivity of the effused was measured after cooling
it to room temperature (£3). Relative electrical conductivity
was measured by the formula E; / E> x 100.

Results and discussion

Development and molecular analyses of transgenic poplars
Transgenic calli were first screened on callus inducing me-
dium in the presence of 50 mg/l kanamycin. Shoots were

also regenerated from the calli in the presence of 50 mg/L
kanamycin. Southern blot analysis using barley Dhn5 gene
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Fig. 1 Schematic illustration of a plant expression vector carrying
Pp35S-hvDhn5 gene (Dhn5: barley dehydrin5 gene, p35S: CaMV35S
promoter, pNOS: nopaline synthase promoter, npt II: neomycin
phosphotransferase II, NOS3’: nopaline synthase terminator)
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Fig. 2 Southern blot analysis of poplars transformed by p35S-hvDhns.
Genomic DNA (10ug) from regenerated poplars was digested with
Pst 1 and separated by electrophoresis in an 1.0% agarose gel. The
gel was blotted onto nylon membrane, and hybridized with *p_la
beledfull-length #vDhn5 gene. 1: nontransgenic poplar and 2 to 6:
transgenic poplars
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Fig. 3 Expression of p35S-hvDhn5 gene revealed by Northern blot
analysis. 10 pg of total RNA extracted from leaf tissues were reso-
Ived on formaldehyde agarose gel and blotted onto nylon membrane.
Hybridization was done with 32P-labeled probe of full length /v
Dhn5 gene. The top is EtBr-stained gel showing rRNA bands. C:
nontransgenic poplar and 1 to 5: transgenic poplars

as a probe revealed that out of 5 transgenic poplars exami-
ned, two contained a single copy transgene and three con-
tained multiple copies (Fig. 2). Northern blot using barley
Dhn5 gene showed that expression level varied much up
to 10 fold difference among transgenic lines (Fig. 3). The
difference in the transcription level among transgenic lines
may be due to different copy number or different integra-
tion sites in the genome (Cooley et al. 1995; Sarria et al.
2000).

Drought tolerance test using test tube plants

To determine tolerance of the svDhn5 transgenic poplars
to drought stress, calli were induced from the transgenic
lines on callus inducing (and growing) medium containing
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Fig. 4 Fresh weight of callus of poplar with a barley D/hn5 gene
grown in media supplemented with PEG. Control is the nontrans-
genic poplars; Dhn5-1, Dhn5-3, Dhn5-9, and Dhn3-10 are the trans-
genic poplars with the #ivDhn5 gene. All the plants were treated
with PEG for 28 days. Vertical bars represent standard errors (n=3
per experiment)
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0, 5, 10% PEG. Although all the lines tested formed
vigorously growing callus in the absence of PEG, they all
showed growth suppression in the presence of PEG.
However, transgenic lines showed less damage by PEG
imposed stress than untransformed control. In the presence
of 5% PEG nontransgenic poplars attained only 15% of
callus growth (in fresh weight) that could be produced in
the absence of PEG. In contrast, transgenic lines showed
26 and 37% of callus growth otherwise obtained in the
absence of PEG. However, at 10% PEG, all the lines
showed growth suppression and did not show any dif-
ference in the growth among the lines (Fig. 4). Transgenic
Artemisia carrying the same Dhn5 gene was reported to
tolerate up to 20% PEG. The difference may be genetic
nature of the plant materials. Artemisia adamsii is native to
Gobi desert and thus thought to be highly tolerant to stress
(Han and Hwang 2003). There might be other factors that
protect Artemisia from drought or osmotic stresses.

Drought tolerance test using pot plants

hvDhn5 transgenic poplars withheld watering for a week
did not show any wilting symptoms while nontransgenic
poplars suffered from severe wilting damage (Fig. 5).
There was no difference in photosynthetic rate between
transgenic and nontransgenic poplars in normal conditions.
However, at the time of wilting symptoms developed, the
photosynthetic rate of nontransgenic poplars rapidly
dropped to 33. 7% of that in normal condition. In contrast,
the transgenic lines Dhn5-1 and Dhn5-10 maintained the
rates up to 84.6 and 92.7% of normal condition,
respectively (Fig. 6-A).

Soil water content was also determined by the time when
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Fig. 5 Growth phenotypes of nontransgenic poplar vs. transgenic
poplars over expressing ivDhn5 gene after 7 days of withholding
watering; (A) nontransgenic poplar, (B) and (C) transgenic poplars

photosynthetic rates were measured. There was no diffe-
rence in soil water content between the pots with transgenic
lines and those with nontransgenic poplars (Fig. 7). Both
drought and salt stress are known to cause the reduction
in photosynthetic rates (Greenway and Munns 1980). When
plants are under drought stress, they close stomata and th-
ereby lowering CO, level in the mesophyll cells and reduc-
ing photosynthetic activity (Farquhar et al. 1987; Gimenez
et al. 1992). Oh et al. (2005) also demonstrated that drou-
ght stress reduced plant growth and thus productivity of
aspen plants by decreasing photosynthesis. Thus, it is cri-
tical to maintain photosynthetic structures and photosynth-
etic activity under drought stress for plant productivity (Tu-
nnacliffe and Wise 2007).

Changes in stomatal conductivity under drought stress
appeared to be similar to those in photosynthesis. Whereas
nontransgenic poplars under drought stress displayed 8.2%
activity of untreated poplars, the two transgenic lines were
shown to maintain 23.3% and 32.5%, respectively of untr-
eated poplars under the same conditions (Fig. 6-B). These
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Fig. 7 Relative soil water content after 7 days of withholding wa-
tering. Control is the nontransgenic poplars; Dhn5-1 and Dhn5-10
are the transgenic poplars with the /wDhn5 gene. All the plants were
treated for 7 days. Vertical bars represent standard errors (n=3 per

experiment)
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Fig. 8 The relative electrical conductivity in the leaf discs of non-
transgenic and transgenic poplars after 20% PEG treatment for 48
hrs. Vertical bars represent standard errors (n=3 per experiment)

results suggest that stomata closure play a role in the de-
fense against drought stress and the transgenic lines seem
to have better capacity to control stomatal closure. Similar
observation was also made by other workers (Chaves et al.
2003).

As for changes in transpiration rate under drought stress,
nontransgenic poplars showed markedly 93.2% decrease
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Fig. 6 Photosynthetic rate (A), transpiration rate (B) and stomatal conductance (C) of p35S-AvDhn5 transgenic poplars after 7 days of
withholding watering. Control is the nontransgenic poplars; Dhin5-1 and Dhn5-10 are the transgenic poplars with the AvDhnS gene. All
the plants were treated for 7 days. Vertical bars represent standard errors (n=3 per experiment)
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when compared to untreated poplars. In contrast, trans-
genic lines showed merely decreased rates of 64.3% and
62.8%, respectively when compared to untreated poplars
(Fig. 6-C). Thus, the transgenic lines have higher activities
in photosynthesis, stomatal conductivity, and transpiration
than nontransgenic poplars. Therefore, overall, transgenic
lines were more tolerant and thus showed less damage

symptoms.

Ion leakage test

Figure 8 shows the relative ion conductivity of the solution
exuded from leaf disks after 20% PEG treatment. There
was no significant difference between transgenic and nontr-
ansgenic poplars in the absence of PEG. However, when
treated with PEG, the relative ion conductivity was signifi-
cantly lower in the solution from transgenic lines than that
from nontransgenic poplars. Whereas the ion conductivity
of nontransgenic poplars increased 153.3% by PEG treat-
ment, those of transgenic lines increased to 138.4% and
136.5%, respectively. The result is consistent with the pre-
vious reports showing lower ion conductivity in both trans-
genic tobacco and rice plants expressing LEA or HVAI ge-
ne (Wang et al. 2006; Liu et al. 2009). Wang et al. (2006)
conjectured that the low ion conductivity might be due to
less damage of the transgenic plants since the LEA proteins
protected the membrane under drought stress. Similarly,
LEA proteins act as a stabilizer of cellular molecules and
thus protect cellular components under the stress (Tunnacli-
ffe and Wise 2007; Bajji et al. 2002). Therefore, the trans-
genic poplar lines are more tolerant to drought stress than
nontransgneic poplars due to the expression of /ivDhn5 gene.

References

Babu RC, Zhang JX, Blum A, Ho THD, Wu R, Nguyen HT (2004)
HVAL, a LEA gene from barley confers dehydration tolerance
in transgenic rice (Oryza sativa L.) via cell membrane protec-
tion. Plant Sci 166:855-862

Bajji M, Kinet JM, Lutts S (2002) The use of electrolyte leakage me-
thod for assessing cell membrane stability as a water stress tol-
erance test in durum wheat. Plant Growth Regul 36:61-70

Brini F, Hanin M, Lumbreras V, Amara I, Khoudi H, Hassairi A, Pa-
gés M, Masmoudi K (2007a) Overexpression of wheat
dehydrin DHN-5 enhances tolerance to salt and osmotic stress
in Arabidopsis thaliana. Plant Cell Rep 26:2017-2026

Brini F, Hanin M, Lumbreras V, Irar S, Pagés M, Masmoudi K
(2007b) Functional characterization of DHN-5, a dehydrin
showing a differential phosphorylation pattern in two
Tunisian durum wheat (7riticum durum Desf.) varieties with
marked differences in salt and drought tolerance. Plant Sci

172:20-28

Caruso A, Morabito D, Delmotte F, Kahlem G, Carpin S (2002) De-
hydrin induction during drought and osmotic stress in Populus.
Plant Physiol Biochem 40:1033-1042

Chaves MM, Maroco JP, Pereira JS (2003) Understanding plant res-
ponses to drought from genes to the whole plant. Funct. Plant
Biol 30:239-264

Close TJ (1996) Dehydrins: emergence of a biochemical role of a
family of plant dehydration proteins. Physiol. Plant 97:795-
803

Close TJ (1997) Dehydrins: a commonality in theresponse of plants
to the dehydration and low temperature. Physiol Plant 100:
291-296

Cooley J, Ford T, Cristou P (1995) Molecular and genetic charac-
terization of elite transgenic rice plants produced by electric
discharge particle acceleration. Theor Appl Genet 90:97-104

Cushman JC, Bohnert HJ (2000) Genomic approaches to plant stre-
ss tolerance. Curr Opin Cell Biol 3:117-124

Farquhar GD, Hubic KT, Terashima I, Codon AG, Richards RA
(1987) Genetic variation in the relationship between photosyn-
thetic CO, assimilation rate and stomata conductance to water
loss. Progress in Photosynthetic Research, 4. J. Biggings
(Eds.), Martinus Nijhoff Publishers, The Hague, pp 209-212.

Figueras M, Pujal J, Saleh A, Savé R, Pages M, Goday A (2004) Ma-
zie Rab17 over-expression in Arabidopsis plants promotes os-
motic stress tolerance. Ann. Appl. Biol 144:251-257

Fillatti JJ, Sellmer J, McCown B, Hassig B, Comai L (1987) Agro-
bacterium mediated transformation and regeneration of popl-
ars, Mol Gen Genet 206:192-199

Flowers TJ, Yeo AR (1995) Breeding for salinity resistance in crop
plants: where next?, Aust. J. Plant Physiol 22:875-884

Gimenez C, Mitchell V], Lawlor DW (1992) Regulation of photo-
synthetic rate of two sunflower hybrids under water stress. Pl-
ant Physiol 96:635-643

Greenway H, Munns R (1980) Mechanisms of salt tolerance in non-
halophytes. Annu. Rev. Plant Physiol 123:149-190

Han KH, Hwang CH (2003) Transformation of Artemisia adamsii,
Endemic to a gobi desert, with CLP, DAn5 to enhance environ-
mental stress tolerance. Korean J. Plant Biotechnol 30:315-
321

Honjoh KI, Oda Y, Tkata R, Miyamoto T, Hatano S (1999) Intro-
duction of the hiC6 gene, which encodes a homologue of a late
embryogenesis abundant (LEA) protein, enhances freezing
tolerance of yeast. J. Plant Physiol 155:509-512

Ingram J, Bartels D (1994) The molecular basis of dehydration tol-
erance in plants. Annu. Rev Plant Physiol 106:377-403

Liu X, Wang Z, Wang L, Wu R, Phillips J, Deng X (2009) LEA 4
group from the resurrection plant Boea hygrometrica confer
dehydration tolerance in transgenic tobacco. Plant Sci 176:
90-98

Lloyd D, McCown BH (1981) Commercially feasible micropropa-
gation of mountain laurel, Kalmia latifolia, by use of shoot tip
culture. Proc. Intl. Plant Prop Soc 30:421-427

Murashige T, Skoog F (1962) A revised medium for rapid growth
and bioassays with tobacco tissue culture. Physiol Plant 15:



208

J Plant Biotechnol (2011) 38:203-208

473-497

Oh CY, Han SH, Kim YY, Lee JC (2005) Changes of drought toler-
ance and photosynthetic characteristics of Populus davidiana
Doe according to PEG treatment. Korean J. Agricultural and
Forest Meterol 7:296-302

Rodriguez EM, Sevensson JT, Malatrasi M, Choi DW, Close TJ
(2005) Dhn13 encodes a KS-type dehydrin with constitutive
and stress responsive expression. Theor. Appl. Genet 110:
852-858

Sarria R, Torres E, Angel F, Chavarriaga P, Roca WM (2000) Trans-
genic plants of cassava (Manihot esculenta) with resistance to
Basta obtained by Agrobacterium-mediated transformation.
Plant Cell Rep 19:339-344

Singsit C, Adang MJ, Lynch RE (1997) Expression of a Bacillus
thuringiensis crylA (c) gene in transgenic peanut plants and
its efficacy against lesser cornstalk borer. Transgenic research
6:169-170

Sivamani E, Bahieldinl A, Wraith JM, Al-Niemi T, Dyer WE, Ho
TD, Wu R (2000) Improved biomass productivity and water
use efficiency under water-deficit conditions in transgenic wh-

eat constitutively expressing the barley HVA1 gene. Plant Sci
155:1-9

Southern EM (1975) Detection of specific sequences among DNA
fragments. ] Mol Biol 98:503-517

Tunnacliffe A, Wise MJ (2007) The continuing conundrum of the
LEA proteins. Naturwissenschaften 94:791-812

Wang Y, Jiang J, Zhao X, Liu G, Yang C, Zhan L (2006) A novel
LEA gene from Tamarix androssowii confers drought toleran-
ce in transgenic tobacco. Plant Sci 171:655-662

Wu W, SuQ, Xia XY, Wang Y, Luan YS, An LJ (2008) The Suaeda
liaotungensis kitag betaine aldehyde dehydrogenase gene im-
proves salt tolerance of transgenic maize mediated with mini-
mum linear length of DNA fragment. Euphytica 159:17-25

Xu D, Duan X, Wang B, Hong B, Ho THD, Wu R (1996) Expression
of a late embryogenesis abundant protein gene, HVAI, from
barley confers tolerance to water-deficit and salt-stress in trans-
genic rice. Plant Physiol 110:249-257

Zhu B, Choi DW, Fenton R, Close TJ (2000) Expression of the bar-
ley dehydrin multigene family and the development of freezing
tolerance. Mol Gen Genet 264:145-153




<<
  /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 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

  /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


