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Summary. The complete mitochondrial DNA (mtDNA) of Telmatogeton sp.
(Diptera: Chironomidae: Telmatogetoninae) was sequenced using Illumina
platform. The total length was 15652 bp which is one of the shortest mtDNA
among chironomids. Circular mitochondrial genome keeps basic 13 protein-coding,
22 tRNA, 2 rRNA genes and control region which were annotated for Tel/matogeton
sp. and deposed in GenBank. Raw reads were unevenly distributed along the
mitochondrial DNA, decreasing significantly around the control region. A
phylogeny revealed new position of Telmatogetoninae on the chironomids tree as
sister to Chironominae + Orthocladiinae but support for this node was low. The
origin of Telmatogeton sp. in the inland Caspian Sea basin may results of natural
habitat in Ponto-Caspian basins or invasion from the Black Sea in 20th century.
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Pestome. Tlonmnas wmutoxonmpuanbhas JHK (MtIHK) Telmatogeton sp.
(Diptera: Chironomidae: Telmatogetoninae) ObUIa IPOYUTAHA C HCIOIH30BAHUEM
wiatgopmsl [llumina. O6mas anuHa cocraBuia 15652 m.H., 4TO AenaeT ee OJgHOU
u3 cambix KopoTkux MTAHK cpenu xuponomun. KonbieBoid MUTOXOHApUATbHBIN
reHoMm mMmeeT 13 Genok-komupyromux redos, 22 TPHK, 2 pPHK u xoHTposbHAS
00acTe, KOTOpBIE OBUIM AaHHOTHPOBAHK Wiist Telmatogeton Sp. U NENOHUPOBAHBI B
GenBank. CeIpele mpouTeHHss OBUIM HEPAaBHOMEPHO paclpelesieHbl BIOJb
mutoxoHapuanbHoit  JIHK, mokpeITHE 3HAYMTENHLHO CHIDKAIOCH B paiioHe
KOHTPOJIbHOM o0nactu. PuitoreHust BISIBIIA HOBOE Tosiokenue Telmatogetoninae
Ha JiepeBe XHpOoHOMHU Kak cectpuHckoe mist Chironominae + Orthocladiinae, Ho
MOJIIeP)KKa 3TOro y3nma Obuta Huskoil. I[lpoucxoxnenue Telmatogeton sp. BO
BHyTpeHHeM Oacceiine Kacmuiickoro Mopsi, BO3MOXHO, SIBJISICTCS pPE3YJIETATOM
100 ero ucropuyeckoro oouranus B ITonro-Kacnuiickom OacceiiHe MM WHBA3HH
u3 YepHoro mops B XX Beke.

INTRODUCTION

Telmatogetoninae is a highly specialized subfamily of chironomids, the larvae
of which live in the littoral zones of the seas, but some species in Hawaii islands
have secondarily evolved from the marine environment into freshwater lotic habitats
(Newman, 1977). Subfamily includes two sister genera Telmatogeton Schiner and
Thalassomya Schiner with divergence in the Cretaceous (Tang et al., 2022) and 39
described species (Ashe & Connor, 2009).

The specimen sequenced in this study (EAM940) morphologically belongs to
Telmatogeton japonicus Tokunaga, 1933. According to Barcode of Life Data
System (BOLD) to date T. japonicus is divided into 4 Barcode Index Numbers
(BINS) three of which are found near the type habitat in Japan. On the other hand,
none of the sequenced specimens were collected exactly in the type habitat in Karo,
Tottori Prefecture, which not allow to assign one of four BINs to the ‘true’ T.
Japonicus. Morphological characteristics of larvae and adult males do not allow
reliably distinguishing species from different BINs (personal communication from
E.A. Makarchenko), which indicates that 7. japonicus is cryptic species. In addition,
at least two BINSs are invasive and expanding its range using different types of marine
structures (Coolen ef al., 2020) and are currently widespread throughout the boreal
zone. First species (BIN ACV4061) inhabits Sweden, Iceland and Japan (Hokkaido,
Hakodate), and the second (BIN AAN6244), which was sequenced in this study
inhabits USA (Atlantic coasts), Japan (Shirahama, Wakayama Prefecture) (Cornette
et al., 2015) and Kazakhstan (inland brackish Caspian Sea, this study).

The monophyly of genera Telmatogeton and Thalassomya were well supported
using a multi-locus approach (Tang et al., 2022). In turn, unlike most subfamilies,
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Telmatogetoninae have an unstable position on chironomid tree using both mor-
phological (Fig. 1A-D) and molecular data (Fig. 1E-H). It is noteworthy that high
support for the Telmatogetoninae (Kutty et al., 2018, Tang et al., 2022, Semen-
chenko et al., 2024) node did not maintain a stable position (Fig. 1F-H).
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Fig. 1. Phylogeny of Chironomidae suggested by: (A) Brundin (1966), (B) Murray &
Ashe (1981, 1985), (C) Sather (1977), Brundin & Sether (1978), Andersen & Sether
(1994), (D) Ache & Connor (2009), (E) Cranston et al. (2012), (f) Kutty et al. (2018), (G)
Tang et al. (2022), (H) Semenchenko et al. (2024). Blue color indicates subfamily Telmato-

getoninae.

In this study, we used Illumina Platform sequencing technology for paired-end
sequencing to obtain the complete mitochondrial genome of Telmatogeton sp. This
is the first complete mitochondrial sequence of subfamily Telmatogetoninae, which
provide new insight into the phylogeny of this subfamily on the chironomid tree.

MATERIAL AND METHODS

The photograph (Fig. 2) was taken using an Olympus SZX16 stereomicrocope
with an Olympus DP74 digital camera, and then stacked using Helicon Focus
software. The final illustration was post-processed for contrast and brightness using
Adobe®Photoshop® software.

Fig. 2. Larva of Telmatogeton sp. from Caspian sea. This image was taken by V.M. Lok-
tionov at Federal Scientific Center of the East Asia Terrestrial Biodiversity, Russia.
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A sequenced larva of Telmatogeton sp. was one of a broad sample of conspecific
chironomids, including imago males. However, the adults of this species were too
small in size, while the size of the larvae was sufficient to extract total DNA for
NGS sequencing. Samples were collected on 09 September 2018 in Kazakhstan
near Aktau city on a shore of Caspian Sea (50.871°N, 44.056°E) by Palatov D.M.
and preserved in 95% ethanol. A specimen and extracted DNA was deposed at
Federal Scientific Center of the East Asia Terrestrial Biodiversity (E.A. Makar-
henko, makarchenko@biosoil.ru) under the voucher number EAM940.
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Fig. 3. Mitochondrial genome map for Telmatogeton sp. Plots of GC content and skew
reflect GC content/skew scores. Positive and negative skew are indicated by purple and green
color respectively.

Total DNA was extracted from whole body of larva using a DNeasy Blood &
Tissue DNA kit (QIAGEN, Germany) according protocol and sent to ‘Novogen’
company for sequencing on the Illumina NovaSeq X Plus (Illumina, Hayward, CA).
Adapter sequences and low-quality reads were trimmed from the raw data using
Trimmomatic v0.38 (Bolger et al., 2014) after that reads were assembled using
SPAdes 3.15.5 (Bankevich ef al., 2012). The mitochondrial genome was annotated
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using MITOS2 (http://mitos2.bioinf.uni-leipzig.de/index.py, Bernt ez al., 2013) and
annotations of mitochondrial genomes of other chironomids in the GenBank under
accession number PP729117. We used CGView (Grant & Stothard, 2008) on web
online server (https://proksee.ca/, Grant et al., 2023) to calculate GC content and
make a mitochondrial map (Fig. 3). GetOrganelle (Jin et al., 2020) was used to
calculate matching pairs across mitogenome (Fig. 4). The ribosomal 128, 16S and
13 protein-coding genes (PCGs) were aligned with MAFFT 7 (Katoh et al., 2002)
on web server MPI Bioinformatics toolkit (Zimmermann et al., 2018).
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Fig. 4. The number of matching pairs across mitochondrial DNA showing the coverage-
depth of the Telmatogeton sp.

To clarify the phylogenetic position of Telmatogeton sp. we obtained 26 com-
plete mitochondrial sequences from the GenBank of chironomids belonging to 6
subfamilies. PartitionFinder 2.1.1 (Lanfear et al., 2017) is used to select the best-fit
partitioning scheme and models separately for each codon position of each PCGs
and ribosomal genes. A Bayesian Inferences (BI) analysis was performed with
MrBayes v.3.2.7 (Ronquist et al., 2012) under the following conditions: 10 million
generations with burn-in of 25% trees. Trace files were visually inspected in Tracer
v. 1.7 (Rambaut et al., 2018). The Maximum Likelihood (ML) tree was reconstructed
using 1Q-Tree v.2.2.0 (Minh et al., 2020), with 1 million ultrafast bootstraps with
PartitionFinder algorithm. Both trees were visualized in FigTree v. 1.4.4.

The data that support the findings of this study are openly available in GenBank
at https://www.ncbi.nlm.nih.gov/nuccore/PP729117. The associated BioProject, SRA
and BioSample numbers are PRINA1120621, SRR29341651 and SAMN41705186
respectively

RESULTS AND DISCUSSION
The length of Telmatogeton sp. complete mitogenome was 15,652 bp and contains
13 protein-coding genes, 2 ribosomal (rRNA) genes, 22 transfer RNA (tRNA) genes

and a control region (Fig. 3). Of these, 4 PCGs, 8 tRNA genes and both rRNA genes
are encoded the light strand, and other genes are encoded on the heavy strand, that
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corresponds to other chironomids (Zheng et al., 2021, Lin et al., 2022a, 2022b, Li
et al., 2022, Qi et al., 2023). The base composition of the Telmatogeton sp. was
37.4% A, 35.7% T, 15.6% C and 11.3% G. Most of the PCGs initiation codon is
ATG or ATT, except COI and ND1 genes starts with TTG, which is confirmed for
Prodiamesinae and Orthocladiinae (Lin et al., 2022b). For the termination codons,
all PCGs are terminated with the TAA stop codon, except COI that has incomplete
stop codon T.

The number of matching pairs across mitogenome are shown on Fig. 4. The
coverage depth is significantly decreased at the control region. Such decrease
appears to be characteristic of most chironomid mitogenomes. This fact forces to
increase the coverage using NGS sequencing or additionally amplify and sequence
the control region by Sanger sequencing.

The Bayesian phylogeny revealed Te/matogeton sp. as sister to Chironominae +
Orthocladiinae (Fig. 5). This position in new for Telmatogetoninae (Fig. 1), but
support for this node was low by both BI and ML algorithms. On the other hand,
the tree topology for the remaining subfamilies coincides with the results of
previous studies using multilocus (Cranston et al., 2012, Tang et al., 2022,
Semenchenko ef al., 2024) or transcriptome (Kutty et al., 2018) datasets.
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Fig. 5. Bayesian inference (BI) tree based on the mitochondrial 13 protein-coding genes,
12S and 16S ribosomal RNA of Telmatogeton sp. and some other available mitogenomes of
Chironomids. Bayesian posterior probabilities (higher than 0.7) and Maximum Likelihood
bootstrap values (higher than 70%) are given above tree nodes and asterisks (*) indicate full
node support.
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The origin of Telmatogeton sp. (BIN AAN6244) in the Caspian Sea basin
remains unknown and puts forward two hypotheses, natural habitat and invasive
colonization. The first hypothesis assumes that the Ponto-Caspian basins is the
natural habitat for this species, and the connection between the Black, Azov and
Caspian Seas existed until the late Pleistocene due to transgression (Yanina, 2014).
In this case, the presence of the species in the USA and Japan is apparently a
consequence of invasion. The second hypothesis suggests that the species is
invasive to the Black Sea, and its colonization of the Caspian Sea basin may be
associated with construction of the Volga-Don Canal since 1952 or ballast water
tanks mounted on ships since 1980s (Shiganova et al., 2023).

ACKNOWLEDGEMENTS

This study was funded by the Russian Science Foundation (RSF), project No.
23-24-00620. ‘Adaptive evolution, phylogeny and population structure of cold
tolerance chironomids (Diptera: Chironomidae)’, https://rscf.ru/project/23-24-
00620/.

We are grateful to Dmitriy M. Palatov (Moscow) for collecting material of
chironomids and to Eugenyi A. Makarchenko (Vladivostok) for specimen identi-
fication. The authors are grateful to Valeryi M. Loktionov (Vladivostok) for help
with preparing of larval microphotoraph.

REFERENCES

Andersen, T. & Sather, O.A. 1994. Usambaromyia nigrala gen. n., sp. n., and Usambaro-
myiinae, a new subfamily among the Chironomidae (Diptera). Aquatic Insects, 16(1):
21-29. DOI: 10.1080/01650429409361531

Ashe, P. & O’Connor, J.P. 2009. 4 World Catalogue of Chironomidae (Diptera). Part 1.
Buchonomyiinae,  Chilenomyiinae, = Podonominae, — Aphroteniinae,  Tanypodinae,
Usambaromyiinae, Diamesinae, Prodiamesinae and Telmatogetoninae. The Irish
Biogeographical Society, Dublin, Ireland. 445 pp.

Bankevich, A., Nurk, S., Antipov, D., Gurevich, A.A., Dvorkin, M., Kulikov, A.S., Lesin,
V.M., Nikolenko, S.I., Pham, S., Prjibelski, A.D., Pyshkin, A.V., Sirotkin, A.V., Vyahhi,
N., Tesler, G., Alekseyev, M.A. & Pevzner, P.A. 2012. SPAdes: a new genome assembly
algorithm and its applications to single-cell sequencing. Journal of Computational Biology,
19(5): 455-77. DOI: 10.1089/cmb.2012.0021

Bernt, M., Donath, A., Jihling, F., Externbrink, F., Florentz, C., Fritzsch, G, Piitz, J., Mid-
dendorf, M. & Stadler, P.F. 2013. MITOS: improved de novo metazoan mitochondrial
genome annotation. Molecular Phylogenetics and Evolution, 69(2): 313-9. DOI:
10.1016/j.ympev.2012.08.023

Bolger, A.M., Lohse, M. & Usadel, B. 2014. Trimmomatic: a flexible trimmer for Illumina
sequence data. Bioinformatics, 30(15): 2114-20. DOI: 10.1093/bioinformatics/btul 70

Brundin, L. 1966. Transantarctic relationships and their significance, as evidenced by
chironomid midges: with a monograph of the subfamilies Podonominae and Aphro-
teniinae and the Austral Heptagyiae. Kongl Vetensk Acad Handl. Almqvist and Wiksell.,
Stockholm, 11(1): 1-472.



Brundin, L. & Sather, O.A. 1978. Buchonomyia burmanica sp.n. and Buchonomyiinae, a
New Subfamily among the Chironomidae (Diptera). Zoologica Scripta, 7: 269-275.
DOI: 10.1111/j.1463-6409.1978.tb00610.x

Coolen, JW.P,, van der Weide, B., Cuperus, J., Blomberg, M., Van Moorsel, GW.N.M.,
Faasse, M.A., Bos, O.G,, Degraer, S. & Lindeboom, H.J. 2020. Benthic biodiversity on
old platforms, young wind farms, and rocky reefs. ICES. Journal of Marine Science and
Engineering, 77(3): 1250-1265. DOI: 10.1093/icesjms/fsy092

Cornette, R., Gusev, O., Nakahara, Y., Shimura, S., Kikawada, T. & Okuda, T. 2015. Chiro-
nomid midges (Diptera, Chironomidae) show extremely small genome sizes. Zoological
Science. 32: 248-54. DOI: 10.2108/zs140166

Cranston, P.S., Hardy, N.B. & Morse, GE. 2012. A dated molecular phylogeny for the
Chironomidae (Diptera). Systematic Entomology, 37: 172-88. DOI: 10.1111/j.1365-
3113.2011.00603.x.

Grant, J.R., Enns, E., Marinier, E., Mandal, A., Herman, E.K., Chen, C.Y., Graham, M., Van
Domselaar, G. & Stothard, P. 2023. Proksee: in-depth characterization and visualization of
bacterial genomes. Nucleic Acids Research, 51(W1): W484-W492. DOI: 10.1093/nar/
gkad326

Grant, J.R. & Stothard, P. 2008. The CGView Server: a comparative genomics tool for
circular genomes. Nucleic Acids Research, 36: W181-4. DOI: 10.1093/nar/gkn179

Jin, JJ., Yu, W.B., Yang, J.B., Song, Y., dePamphilis, C., Yi, T.S. & Li, D.Z. 2020.
GetOrganelle: a fast and versatile toolkit for accurate de novo assembly of organelle
genomes. Genome Biology, 21: 241. DOI: 10.1186/s13059-020-02154-5

Katoh, K., Misawa, K., Kuma, K. & Miyata, T. 2002. MAFFT: a novel method for rapid
multiple sequence alignment based on fast Fourier transform. Nucleic Acids Research,
30(14): 3059—-66. DOTI: 10.1093/nar/gkf436

Kutty, N.S., Wong, W.H., Meusemann, K., Meier, R. & Cranston, P.S. 2018. A phylogenomic
analysis of Culicomorpha (Diptera) resolves the relationships among the eight constituent
families: phylogenomic analysis of Culicomorpha. Systematic Entomology, 43: 434-46.
DOI: 10.1111/syen.12285

Lanfear, R., Frandsen, P.B., Wright, A.M., Senfeld, T. & Calcott, B. 2017. PartitionFinder 2:
New Methods for Selecting Partitioned Models of Evolution for Molecular and Morpho-
logical Phylogenetic Analyses. Molecular Biology and Evolution, 34(3): 772-773. DOLI:
10.1093/molbev/msw260

Li, S.Y., Zhao, Y.M., Guo, B.X., Li, C.H., Sun, B.J. & Lin, X.L. 2022. Comparative Analysis
of Mitogenomes of Chironomus (Diptera: Chironomidae). Insects, 13(12): 1164. DOI:
10.3390/insects13121164

Lin, X.L., Liu, Z., Yan, L.P,, Duan, X., Bu, W.J., Wang, X.H. & Zheng, C.G. 2022a. Mito-
genomes provide new insights of evolutionary history of Boreheptagyiini and Diamesini
(Diptera: Chironomidae: Diamesinae). Ecology and Evolution, 12(5): e8957. DOI:
10.1002/ece3.8957

Lin, X.L., Zhao, Y.M., Yan, L.P,, Liu, W.B., Bu, W.J., Wang, X.H. & Zheng, C.G. 2022b
Mitogenomes provide new insights into the evolutionary history of Prodiamesinae
(Diptera: Chironomidae. Zoologica Scripta, 51(1): 119-132. DOI: 10.1111/zsc.12516

Minh, B.Q., Schmidt, H.A., Chernomor, O., Schrempf, D., Woodhams, M.D., von Haeseler,
A. & Lanfear, R. 2020. IQ-TREE 2: New Models and Efficient Methods for Phylogenetic
Inference in the Genomic Era. Molecular Biology and Evolution, 37(5): 1530-1534.
DOI: 10.1093/molbev/msaa015



Murray, D.A. & Ashe, P. 1981. A description of the pupa of Buchonomyia thienemanni
Fittkau, with notes on its ecology and on the phylogenetic position of the subfamily
Buchonomyiinae (Diptera: Chironomidae). Spixiana, 4: 55-68.

Murray, D.A. & Ashe, P. 1985. A description of the adult female of Buchonomyia thiene-
manni Fittkau and a reassessment of the phylogenetic position of the subfamily Bucho-
nomyiinae. Spixiana, Supplement. 11: 149-160.

Newman, L.J. 1977. Chromosomal evolution of the Hawaiian Telmatogeton (Chironomidae,
Diptera). Chromosoma, 64: 349-369. DOI: 10.1007/BF00294943

Qi, Y., Bu, W.J., Zheng, C.G, Lin, X.L. & Jiao, K.L. 2023. New data on mitogenomes of
Thienemanniella Kieffer, 1911 (Diptera: Chironomidae, Orthocladiinae). Archives of
Insect Biochemistry and Physiology, 114(2): 1-9. DOI: 10.1002/arch.22051

Rambaut, A., Drummond, A.J., Xie, D., Baele, G. & Suchard, M.A. 2018. Posterior Summa-
rization in Bayesian Phylogenetics Using Tracer 1.7. Systematic Biology, 67(5): 901-904.
DOI: 10.1093/sysbio/syy032

Ronquist, F., Teslenko, M., van der Mark, P., Ayres, D.L., Darling, A., Hohna, S., Larget, B.,
Liu, L., Suchard, M.A. & Huelsenbeck, J.P. 2012. MrBayes 3.2: efficient Bayesian
phylogenetic inference and model choice across a large model space. Systematic Biology,
61(3): 539—42. DOI: 10.1093/sysbio/sys029

Seether, O.A. 1977. Female genitalia in Chironomidae and other Nematocera: morphology,
phylogenies, keys. Bulletin of the Fisheries Research Board of Canada, 197: 1-209.

Semenchenko, A.A., Cranston, P.S. & Makarchenko, E.A. 2024. A multi-locus phylogeny for
the Diamesinae (Chironomidae: Diptera) provides new insights into evolution of an amphi-
tropical clade. Zoological Journal of the Linnean Society, XX: 1-16. DOI: 10.1093/
zoolinnean/zlae035.

Shiganova, T.A., Kamakin, A.M., Pautova, L.A., Kazmin, A.S., Roohi, A. & Dumont, H.J.
2023. An impact of non-native species invasions on the Caspian Sea biota. Advances in
Marine Biology, 94: 69—-157. DOI: 10.1016/bs.amb.2023.01.002

Tang, H., Cheng, Q., Krosch, M. & Cranston, P.S. 2022. Maritime midge radiations in the
Pacific Ocean (Diptera: Chironomidae). Systematic Entomology, 48: 111-26. DOI:
10.1111/syen.12565

Yanina, T.A. 2014 The Ponto-Caspian region: Environmental consequences of climatechange
during the Late Pleistocene. Quaternary International, 345: 88-99. DOI:
10.1016/j.quaint.2014.01.045

Zheng, C.G,, Zhu, X.X., Yan, L.P,, Yao, Y., Bu, W.J., Wang, X.H. & Lin, X.L. 2021. First
complete mitogenomes of Diamesinae, Orthocladiinae, Prodiamesinae, Tanypodinae
(Diptera: Chironomidae) and their implication in phylogenetics. PeerJ, 9: €11294. DOLI:
10.7717/peerj.11294

Zimmermann, L., Stephens, A., Nam, S.Z., Rau, D., Kiibler, J., Lozajic, M., Gabler, F.,
Séding, J., Lupas, AN. & Alva, V. 2018. A Completely Reimplemented MPI Bioin-
formatics Toolkit with a New HHpred Server at its Core. Journal of Molecular Biology,
430(15): 2237-2243. DOI: 10.1016/j.jmb.2017.12.007




<<
  /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


