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Abstract
Many organisms harbor microbial associates that have profound impacts on host traits. The

phenotypic effect of symbionts on their hosts may include changes in development, repro-

duction, longevity, and defense against natural enemies. Determining the consequences of

associating with a microbial symbiont requires experimental comparison of hosts with and

without symbionts. Then, determining the mechanism by which symbionts alter these phe-

notypes can involve genomic, genetic, and evolutionary approaches; however, many host-

associated symbionts are not amenable to genetic approaches that require cultivation of

the microbe outside the host. In the current issue of PLOS Biology, Chrostek and Teixeira

highlight an elegant approach to studying functional mechanisms of symbiont-conferred

traits. They used directed experimental evolution to select for strains ofWolbachia wMelPop

(a bacterial symbiont of fruit flies) that differed in copy number of a region of the genome

suspected to underlie virulence. Copy number evolved rapidly when under selection, and

wMelPop strains with more copies of the region shortened the lives of their Drosophila
hosts more than symbionts with fewer copies. Interestingly, the wMelPop strains with more

copies also increase host resistance to viruses compared to symbionts with fewer copies.

Their study highlights the power of exploiting alternative approaches when elucidating the

functional impacts of symbiotic associations.

Symbioses, long-term and physically close interactions between two or more species, are cen-
tral to the ecology and evolution of many organisms. Though “Symbiosis” is more often used
to define interactions that are presumed to be mutually beneficial to a host and its microbial
partner, a broader definition including both parasitic and mutualistic interactions recognizes
that the fitness effects of many symbioses are complex and often context dependent. Whether
an association is beneficial can depend on ecological conditions, and mutation and other evolu-
tionary processes can result in symbiont strains that differ in terms of costs and benefits to
hosts (Fig. 1).

Elucidating the effects of host-associated microbes includes, when possible, experiments de-
signed to assay host phenotypes when they do and do not have a particular symbiont of interest
(Fig. 2). In systems in which hosts acquire symbionts from the environment, hosts can be
reared in sterile conditions to prevent acquisition [1]. If symbionts are passed internally from
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mother to offspring, antibiotic treatments can sometimes be utilized to obtain lineages of hosts
without symbionts [2]. The impacts of symbiont presence on survival, development, reproduc-
tion, and defense can be quantified, with the caveat that these impacts may be quite different
under alternative environmental conditions. While such experiments are sometimes more trac-
table in systems with simple microbial consortia, the same experimental processes can be uti-
lized in systems with more complex microbial communities [3,4].

Once a fitness effect of symbiosis is ascertained, determining the mechanistic basis of this ef-
fect can be challenging. A genomics approach sometimes provides informative insight into mi-
crobial function. Sequencing of many insect-associated symbionts, for example, has confirmed
the presence of genes necessary for amino acid and vitamin synthesis [5–8]. These genomic
revelations, in some cases, can be linked to phenotypic effects of symbiosis for the hosts. For ex-
ample, aphids reared in the absence of their obligate symbiotic bacteria, Buchnera aphidicola,
can survive when provisioned with supplemental amino acids but cannot survive without sup-
plementation, suggesting that Buchnera’s provisioning of amino acids is critical for host surviv-
al [9,10]. The Buchnera genome contains many of the genes necessary for amino acid synthesis
[5].

Linking genotype to phenotype, however, can be complicated. Experiments are necessary to
functionally test the insights garnered from genome sequencing. For example, just because a
symbiont has genes necessary for synthesis of a particular nutrient does not mean that the nu-
trient is being provisioned to its host. Furthermore, in many systems we do not know what ge-
netic mechanisms are most likely to influence a symbiont-conferred phenotype. For example,
if hosts associated with a given microbe have lower fitness than those without the microbe,

Fig 1. The symbiosis spectrum. The costs and benefits of symbiosis for hosts are not bimodal but span a continuum. The benefit to cost ratio is mediated
both by environmental conditions and by the strain of symbiont. For example, the bacteria Hamiltonella defensa increases aphid resistance to parasitoid
wasps. WhenHamiltonella loses an associated bacteriophage, protection is lost. Also, in aphids, Buchnera aphidicola is a bacterial symbiont that provisions
its hosts with critical nutritional resources. However, alterations of the heat shock promoter in Buchnera lessen the fitness benefit of symbiosis for the hosts
under elevated temperatures. Amplification of a region of theWolbachia genome known as Octomom causes the bacteria to shorten the lifespan of its
Drosophila fly hosts.

doi:10.1371/journal.pbio.1002066.g001
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what mechanism mediates this phenotype? Is it producing a toxin? Is it using too many host re-
sources? In these cases, a single genome provides even less insight.

Comparative genomics can be another approach. This requires collection of hosts with al-
ternative symbiont strains and then testing these strains in a common host background to
demonstrate that they have different phenotypic effects. Symbiont genomes can then be se-
quenced and compared to identify differences. This approach was utilized to compare genomes
of strains of the aphid bacterial symbiont Regiella insecticola that confer different levels of resis-
tance to parasitoid wasps [11]; the protective and nonprotective Regiella genome differed in
many respects. Comparing the genomes ofWolbachia strains with differential impacts on fly
host fitness [12,13] revealed fewer differences, though none involved a gene with a function
known to impact host fitness. Comparative genomics rarely uncovers a holy grail as the ge-
nomes of symbiont strains with alternative phenotypic effects rarely differ at a single locus of
known function.

Another approach, which is at the heart of studies of microbial pathogens, is to use genetic
tools to manipulate symbionts at candidate loci (or randomly through mutagenesis) and com-
pare the phenotypic effects of genetically-manipulated and unmanipulated symbionts. Indeed,
this approach has provided insights into genes underlying traits of both pathogenic [14] and
beneficial [15,16] microbes. There is one challenge. Many host-associated symbionts are not
cultivable outside of their hosts, which precludes utilization of most traditional genetic tech-
niques used to modify microbial genomes.

Fig 2. Approaches to functionally characterize symbiont effects. The first step in functionally characterizing the phenotypic impacts of a symbiont on its
host is to measure phenotypes of hosts with and without symbionts. Any effects need to be considered in the light of how they are modified by environmental
conditions. Understanding the mechanisms underlying symbiont alteration of host phenotype can involve, and often combines, genomic, genetic, and
evolutionary approaches. Solid arrows indicate the path leading to results highlighted in Chrostek and Teixeira’s investigation ofWolbachia virulence in this
issue of PLoS Biology.

doi:10.1371/journal.pbio.1002066.g002
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An alternative approach to studying symbiont function leverages evolution. Occasionally,
lineages that once conferred some phenotypic effect, when tested later, no longer do. If symbi-
ont samples were saved along the way, researchers can then determine what in the genome
changed. For example, pea aphids (Acyrthosiphon pisum) harboring the bacteria Hamiltonella
defensa are more resistant to parasitoid wasps than those without the bacteria [17,18]. Toxin-
encoding genes identified in the genome of aHamiltonella-associated bacteriophage were hy-
pothesized to be central to this defense [18,19]. However, confirmation of the bacteriophage’s
role required comparing the insects’ resistance to wasps when they harbored the sameHamilto-
nella with and without the phage. NoHamiltonella isolates were found in nature without the
phage, but bottleneck passaging of the insects and symbionts generation after generation in the
laboratory led to the loss of phage in multiple host lineages. Experimental assays confirmed
that in the absence of phage, there was no protection [20]. Similarly, laboratory passaging of
aphids and symbionts serendipitously led to spread of a mutation in the genome of Buchnera
aphidicola, the primary, amino acid-synthesizing symbiont of pea aphids. The mutation, a sin-
gle nucleotide deletion in the promoter for ibpA, a gene encoding for a heat-shock protein,
lowers aphid fitness under elevated temperature conditions [21]. The mutation is found at low
levels in natural aphid populations, suggesting that laboratory conditions facilitate mainte-
nance of the genotype.

In the above cases, evolution was a fortunate coincidence. In this issue of PLoS Biology,
Chrostek and Teixeira (2014) illustrate another alternative, directed experimental evolution.
Previous work demonstrated that a strain of the symbiotic bacteriumWolbachia, wMelPop, is
virulent to its Drosophila melanogaster hosts, considerably shortening lifespan while overproli-
ferating inside the flies [22]. To investigate the mechanism of virulence, researchers compared
the genomic content of an avirulentWolbachia strain to that of the virulent wMelPop [12,13].
These comparisons revealed that the wMelPop genome contains a region with eight genes that
is amplified multiple times; in avirulent strains there is only a single copy. This eight gene re-
gion was nicknamed “Octomom.” To functionally test whether OctomommediatesWolbachia
virulence, over successive generations, Chrostek and Teixeira selected for females with either
high or low Octomom copy numbers to start the next generations. They found that copy num-
ber could evolve rapidly and was correlated with virulence. Flies harboring wMelPop with
more copies of Octomom had shorter lifespans. This cost was reversed in the presence of natu-
ral enemies; flies harboring wMelPop with more copies of Octomom had higher resistance to
viral pathogens. Thus, selection provided a functional link between genotype and phenotype in
a symbiont recalcitrant to traditional microbial genetics approaches.

In many respects, this is similar to the research on aphids and their symbionts, where pro-
tective phenotypes were lost through passaging of aphids and symbionts generation after gen-
eration, as part of standard laboratory maintenance. Chrostek and Teixeira simply used the
tools of experimental evolution to select for altered symbionts in a controlled fashion. Compar-
ison of the studies also highlights two potential approaches—select for a phenotype and deter-
mine the genotypic change, or select for a genotype of interest and determine the
phenotypic effect.

Why do we need to know the genetic mechanisms underlying symbiont-conferred traits? In
terms of evolutionary dynamics, the maintenance of a symbiont’s effect in a population is pred-
icated on the likelihood of it being maintained in the presence of mutation, drift, and selection.
Symbiosis research often considers how ecological conditions influence symbiont-conferred
traits but less often considers the instability of those influences due to evolutionary change.
From the perspective of applied applications to human concerns, symbiont alteration of insect
phenotypes are potential mechanisms to reduce vectoring of human and agricultural patho-
gens, either through directly reducing insect fitness or reducing the capacity of vectors to serve
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as pathogen reservoirs [23–28]. Short term field trials, for example, have demonstrated spread
and persistence ofWolbachia in mosquito populations [29,30]. BecauseWolbachia reduce per-
sistence of viruses, including human pathogens, in insects [26,31–33], this is a promising pesti-
cide-free and drug-free control strategy for insect-vectored diseases. Can we assume that
Wolbachia and other symbionts will always confer the same phenotypes to their hosts? If the
conferred phenotype is based on a region of the genome where mutation is likely (e.g., the ho-
mopolymeric track within the heat shock promoter of aphid Buchnera, the Octomom region in
Drosophila wMelPop), then we have clear reason to suspect that the genotypic and phenotypic
makeup of the symbiont population could change over time. We need to investigate how popu-
lations of bacterial symbionts evolve in host populations under natural ecological conditions,
carefully screening for both changes in phenotype and changes in genotype over the course of
such experimental observations. We then need to incorporate evolutionary changes when
modeling symbiont maintenance and when considering the use of symbionts in
applied applications.

References
1. Kikuchi Y, Hosokawa T, Fukatsu T (2007) Insect-microbe mutualism without vertical transmission: a

stinkbug acquires a beneficial gut symbiont from the environment every generation. Appl Environ
Microbiol 73: 4308–4316. PMID: 17483286

2. Douglas AE (1988) Sulphate utilization in an aphid symbiosis. Insect Biochem 18: 599–605.

3. Hughes GL, Dodson BL, Johnson RM, Murdock CC, Tsujimoto H, et al. (2014) Native microbiome im-
pedes vertical transmission ofWolbachia in Anophelesmosquitoes. Proc Natl Acad Sci USA 111:
12498–12503. doi: 10.1073/pnas.1408888111 PMID: 25114252

4. Koch H, Schmid-Hempel P (2011) Socially transmitted gut microbiota protect bumble bees against an
intestinal parasite. Proc Natl Acad Sci USA 108: 19288–19292. doi: 10.1073/pnas.1110474108 PMID:
22084077

5. Shigenobu S, Watanabe H, Hattori M, Sakaki Y, Ishikawa H (2000) Genome sequence of the endocel-
lular bacterial symbiont of aphids Buchnera sp. APS. Nature 407: 81–86. PMID: 10993077

6. McCutcheon JP, McDonald BR, Moran NA (2009) Convergent evolution of metabolic roles in bacterial
co-symbionts of insects. Proc Natl Acad Sci USA 106: 15394–15399. doi: 10.1073/pnas.0906424106
PMID: 19706397

7. McCutcheon JP, Moran NA (2010) Functional convergence in reduced genomes of bacterial symbionts
spanning 200 million years of evolution. Genome Biol Evol.

8. McCutcheon JP, Moran NA (2011) Extreme genome reduction in symbiotic bacteria. Nat Rev Microbiol
10: 13–26. doi: 10.1038/nrmicro2670 PMID: 22064560

9. Akman Gündüz E, Douglas AE (2008) Symbiotic bacteria enable insect to use a nutritionally inade-
quate diet. Proc Biol Sci 276: 987–991.

10. Vogel KJ, Moran NA (2010) Sources of variation in dietary requirements in an obligate nutritional symbi-
osis. Proc Biol Sci 278: 115–121. doi: 10.1098/rspb.2010.1304 PMID: 20667882

11. Hansen AK, Vorburger C, Moran NA (2012) Genomic basis of endosymbiont-conferred protection
against an insect parasitoid. Genome Res 22: 106–114. doi: 10.1101/gr.125351.111 PMID: 21948522

12. Chrostek E, Marialva MSP, Esteves SS, Weinert LA, Martinez J, et al. (2013)Wolbachia variants in-
duce differential protection to viruses in Drosophila melanogaster: A phenotypic and phylogenomic
analysis. PLoS Genet 9: e1003896. doi: 10.1371/journal.pgen.1003896 PMID: 24348259

13. Woolfit M, Iturbe-Ormaetxe I, Brownlie JC, Walker T, Riegler M, et al. (2013) Genomic evolution of the
pathogenicWolbachia strain, wMelPop. Genome Biol Evol 5: 2189–2204. doi: 10.1093/gbe/evt169
PMID: 24190075

14. Hensel M, Shea JE, Gleeson C, Jones MD, Dalton E, et al. (1995) Simultaneous identification of bacte-
rial virulence genes by negative selection. Science 269: 400–403. PMID: 7618105

15. Kim JK, Jang HA, Won YJ, Kikuchi Y, Han SH, et al. (2014) Purine biosynthesis-deficient Burkholderia
mutants are incapable of symbiotic accommodation in the stinkbug. ISME J 8: 552–563. doi: 10.1038/
ismej.2013.168 PMID: 24088627

16. Dale C, Young SA, Haydon DT, Welburn SC (2001) The insect endosymbiont Sodalis glossinidius uti-
lizes a type III secretion system for cell invasion. Proc Natl Acad Sci USA 98: 1883–1888. PMID:
11172045

PLOS Biology | DOI:10.1371/journal.pbio.1002066 February 10, 2015 5 / 6

http://www.ncbi.nlm.nih.gov/pubmed/17483286
http://dx.doi.org/10.1073/pnas.1408888111
http://www.ncbi.nlm.nih.gov/pubmed/25114252
http://dx.doi.org/10.1073/pnas.1110474108
http://www.ncbi.nlm.nih.gov/pubmed/22084077
http://www.ncbi.nlm.nih.gov/pubmed/10993077
http://dx.doi.org/10.1073/pnas.0906424106
http://www.ncbi.nlm.nih.gov/pubmed/19706397
http://dx.doi.org/10.1038/nrmicro2670
http://www.ncbi.nlm.nih.gov/pubmed/22064560
http://dx.doi.org/10.1098/rspb.2010.1304
http://www.ncbi.nlm.nih.gov/pubmed/20667882
http://dx.doi.org/10.1101/gr.125351.111
http://www.ncbi.nlm.nih.gov/pubmed/21948522
http://dx.doi.org/10.1371/journal.pgen.1003896
http://www.ncbi.nlm.nih.gov/pubmed/24348259
http://dx.doi.org/10.1093/gbe/evt169
http://www.ncbi.nlm.nih.gov/pubmed/24190075
http://www.ncbi.nlm.nih.gov/pubmed/7618105
http://dx.doi.org/10.1038/ismej.2013.168
http://dx.doi.org/10.1038/ismej.2013.168
http://www.ncbi.nlm.nih.gov/pubmed/24088627
http://www.ncbi.nlm.nih.gov/pubmed/11172045


17. Oliver KM, Russell JA, Moran NA, Hunter MS (2003) Facultative bacterial symbionts in aphids confer
resistance to parasitic wasps. Proc Natl Acad Sci USA 100: 1803–1807. PMID: 12563031

18. Oliver KM, Moran NA, Hunter MS (2005) Variation in resistance to parasitism in aphids is due to symbi-
onts not host genotype. Proc Natl Acad Sci USA 102: 12795. PMID: 16120675

19. Degnan PH, Moran NA (2008) Diverse phage-encoded toxins in a protective insect endosymbiont.
Appl Environ Microbiol 74: 6782–6791. doi: 10.1128/AEM.01285-08 PMID: 18791000

20. Oliver KM, Degnan PH, Hunter MS, Moran NA (2009) Bacteriophages encode factors required for pro-
tection in a symbiotic mutualism. Science 325: 992–994. doi: 10.1126/science.1174463 PMID:
19696350

21. Dunbar HE, Wilson ACC, Ferguson NR, Moran NA (2007) Aphid thermal tolerance is governed by a
point mutation in bacterial symbionts. Plos Biol 5: e96. PMID: 17425405

22. Min KT, Benzer S (1997)Wolbachia, normally a symbiont of Drosophila, can be virulent, causing de-
generation and early death. Proc Natl Acad Sci USA 94: 10792–10796. PMID: 9380712

23. Rasgon JL, Styer LM, Scott TW (2003)Wolbachia-induced mortality as a mechanism to modulate path-
ogen transmission by vector arthropods. J Med Entomol 40: 125–132. PMID: 12693838

24. Bian G, Xu Y, Lu P, Xie Y, Xi Z (2010) The endosymbiotic bacteriumWolbachia induces resistance to
dengue virus in Aedes aegypti. PLoS Path 6: e1000833.

25. McMeniman CJ, Lane RV, Cass BN, Fong AWC, Sidhu M, et al. (2009) Stable introduction of a life-
shorteningWolbachia infection into the mosquito Aedes aegypti. Science 323: 141–144. doi: 10.1126/
science.1165326 PMID: 19119237

26. Moreira LA, Iturbe-Ormaetxe I, Jeffery JA, Lu G, Pyke AT, et al. (2009) AWolbachia symbiont in Aedes
aegypti limits infection with dengue, chikungunya, and Plasmodium. Cell 139: 1268–1278. doi: 10.
1016/j.cell.2009.11.042 PMID: 20064373

27. Kambris Z, Cook PE, Phuc HK, Sinkins SP (2009) Immune activation by life-shorteningWolbachia and
reduced filarial competence in mosquitoes. Science 326: 134–136. doi: 10.1126/science.1177531
PMID: 19797660

28. Hughes GL, Koga R, Xue P, Fukatsu T, Rasgon JL (2011)Wolbachia infections are virulent and inhibit
the humanmalaria parasite Plasmodium falciparum in Anopheles gambiae. PLoS Path 7: e1002043.

29. Hoffmann AA, Montgomery BL, Popovici J, Iturbe-Ormaetxe I, Johnson PH, et al. (2011) Successful es-
tablishment ofWolbachia in Aedes populations to suppress dengue transmission. Nature 476: 454–
457. doi: 10.1038/nature10356 PMID: 21866160

30. Hoffmann AA, Iturbe-Ormaetxe I, Callahan AG, Phillips BL, Billington K, et al. (2014) Stability of the
wMelWolbachia infection following invasion into Aedes aegypti populations. PLoS Negl Trop Dis 8:
e3115. doi: 10.1371/journal.pntd.0003115 PMID: 25211492

31. Teixeira L, Ferreira Á, Ashburner M (2008) The bacterial symbiontWolbachia induces resistance to
RNA viral infections in Drosophila melanogaster. Plos Biol 6: e2. doi: 10.1371/journal.pbio.1000002
PMID: 19222304

32. Hedges LM, Brownlie JC, O'Neill SL, Johnson KN (2008)Wolbachia and virus protection in insects. Sci-
ence 322: 702–702. doi: 10.1126/science.1162418 PMID: 18974344

33. Walker T, Johnson PH, Moreira LA, Iturbe-Ormaetxe I, Frentiu FD, et al. (2011) ThewMelWolbachia
strain blocks dengue and invades caged Aedes aegypti populations. Nature 476: 450–453. doi: 10.
1038/nature10355 PMID: 21866159

PLOS Biology | DOI:10.1371/journal.pbio.1002066 February 10, 2015 6 / 6

http://www.ncbi.nlm.nih.gov/pubmed/12563031
http://www.ncbi.nlm.nih.gov/pubmed/16120675
http://dx.doi.org/10.1128/AEM.01285-08
http://www.ncbi.nlm.nih.gov/pubmed/18791000
http://dx.doi.org/10.1126/science.1174463
http://www.ncbi.nlm.nih.gov/pubmed/19696350
http://www.ncbi.nlm.nih.gov/pubmed/17425405
http://www.ncbi.nlm.nih.gov/pubmed/9380712
http://www.ncbi.nlm.nih.gov/pubmed/12693838
http://dx.doi.org/10.1126/science.1165326
http://dx.doi.org/10.1126/science.1165326
http://www.ncbi.nlm.nih.gov/pubmed/19119237
http://dx.doi.org/10.1016/j.cell.2009.11.042
http://dx.doi.org/10.1016/j.cell.2009.11.042
http://www.ncbi.nlm.nih.gov/pubmed/20064373
http://dx.doi.org/10.1126/science.1177531
http://www.ncbi.nlm.nih.gov/pubmed/19797660
http://dx.doi.org/10.1038/nature10356
http://www.ncbi.nlm.nih.gov/pubmed/21866160
http://dx.doi.org/10.1371/journal.pntd.0003115
http://www.ncbi.nlm.nih.gov/pubmed/25211492
http://dx.doi.org/10.1371/journal.pbio.1000002
http://www.ncbi.nlm.nih.gov/pubmed/19222304
http://dx.doi.org/10.1126/science.1162418
http://www.ncbi.nlm.nih.gov/pubmed/18974344
http://dx.doi.org/10.1038/nature10355
http://dx.doi.org/10.1038/nature10355
http://www.ncbi.nlm.nih.gov/pubmed/21866159


<<
  /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


