[ | Peghepamu cmameil, onybaixoeanux ¢ «Cytology and Genetics», No 1, 2025 p. [ |

CHROMOANAGENESIS IN PLANTS FOR
CROP IMPROVEMENT AND EVOLUTION

K. SIVASANKARREDDY ', J. JOSEPH '™,
A.K. UPADHYAY ', P.K. FAHIDA ',
A.l. EDAKKALATHUR ', A.P. DEEPTHY 2

' Department of Plant Breeding and Genetics,

Kerala Agricultural University, Thrissur, Kerala, India-680656
2 Rice Research Station, Kerala Agricultural University,

yttila, Kerala, India-682019

ankitkumar9133@gmail.com, fahida.pk@kau.in, asish.ei@kau.in,
deepthy.a@kau.in

Role of chromosomal structural rearrangements in creation
of variability has been discussed widely over the years.
During the past decade, advances in plant genome
sequencing and bioinformatics tools led to the detection of
more complex types of chromosome rearrangements that
arise due to a single catastrophic event. Chromoanagenesis
is the term used to describe these catastrophic events and
it was initially found in cancer cells, and subsequently
observed in a variety of other systems, including plants.
Chromoanagenesis is induced by different interconnected
mechanisms like micronucleation, breakage-fusion-bridge
(BFB) cycles, and closed chain translocation. In this review
we discuss the genesis, types, features, mechanisms and
role of chromoanagenesis in plants for crop improvement
and evolution.
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XPOMOAHATEHE3 ¥V POCIIMHAX
JUTS TTONIMIIEHHS TA EBOJIOLIIT
CUIBCBbKOT'OCITOJAPCbKUX KYJIBTYP

Poib XpOMOCOMHUX CTPYKTYPHHMX IIEpeOYIOB y CTBO-
PEHHI MiHJIMBOCTI IIIMPOKO OOrOBOPIOETHCS BIPOAOBXK
0aratbOX PpOKiB. YTPOJOBXK OCTAHHBOTO NECATUIIITTS
nporpec y po3poOlli iHCTPYMEHTIB JJisI CEKBEHYBaHHS
TEHOMY POCJMH Ta 6i0iHDOPMATUKU MPUBIB 1O BUSB-
JIEHHS OiJbl CKJIAAHUX TUITIB XPOMOCOMHUX TIepely-
JIOB, sIKi BUHMKAIOTh BHACiIOK OJHi€l KaTacTpodiyHoi
nonii. XpoMoaHareHe3 — 1€ TepPMiH, SIKWil BUKOPUC-
TOBYETBbCSA JUISI OIMMCY LIMX KaTacTpoiyHUX TTOMIIi;
CIIOYaTKy BiH OYB BUSIBJICHUII B pakKOBUX KIIITMHAX, a
3TOIOM CIIOCTEpiraBcs B 0araThOX iHIIMX CHCTEMaXx, 30-
KpeMa, B pocivMHax. XpOMOaHareHe3 iHIyKyeTbCs Pi3-
HUMHU B3aEMOTIOB’I3aHUMU MeXaHi3MaMM, TaKUMM SIK

© IHCTUTYT KIIITUHHOI BIOJIOTIT TA TEHETUYHOI
IH>XXEHEPIT HAH YKPATHMU, 2025

78

MiKpOHYKJIeaIlisl, UK po3puBy-3TUTTI-MicTKa (BFB)
1 TpaHClIoKallisi 3aMKHEHOI 4YaCTMHU JIaHIIOXKa. Y
LIbOMY OIJISIAI MU OOTOBOPIOEMO T€HE3UC, TUMU, 0CO0-
JIMBOCTi, M€XaHi3MU Ta poJib XpOMOAHareHe3y B pOC-
JIMHAX JUIS TIOJIIMIIEHHST Ta €BOJIIOLI CiIbChbKOTOCMO-
JIApCHKUX KYJIbTYP.

Karouoei caosa: xpomocomMu, XpoMoaHareHe3, MiKpo-
PO, TepedyI0Ba XpPOMOCOM.

REFERENCES

Aguilera A, Gymez-Gonzalez B (2008) Genome insta-
bility: a mechanistic view of its causes and con-
sequences. Nat Rev Genet 9:204—217. https://doi.
org/10.1038/nrg2268

Alonge M, Wang X, Benoit M et al (2020) Major
Impacts of Widespread Structural Variation on Gene
Expression and Crop Improvement in Tomato. Cell
182:145—161. https://doi.org/10.1016/j.cell.2020.05.021

Amundson KR, Ordocez B, Santayana M et al (2020)
Genomic Outcomes of Haploid Induction Crosses in
Potato (Solanum tuberosum L.). Genetics 214:369—
380. https://doi.org/10.1534/genetics.119.302843

Anand RP, Tsaponina O, Greenwell PW et al (2014)
Chromosome rearrangements via template switching
between diverged repeated sequences. Genes Dev
28:2394—2406. https://doi.org/10.1101/gad.250258.
114

Baca SC, Prandi D, Lawrence MS et al (2013) Punc-
tuated Evolution of Prostate Cancer Genomes. Cell
153:666—677. https://doi.org/10.1016/j.cell.2013.03.021

Bastiaanse H, Henry IM, Tsai H et al (2021) A systems
genetics approach to deciphering the effect of dosage
variation on leaf morphology in Populus. The Plant
Cell 33:940—960. https://doi.org/10.1093/plcell/ko
aa016

Bastiaanse H, Zinkgraf M, Canning C et al (2019) A
comprehensive genomic scan reveals gene dosage
balance impacts on quantitative traits in Populus
trees. Proc Natl Acad Sci USA 116:13690—13699.
https://doi.org/10.1073/pnas. 1903229116

Blanc-Mathieu R, Krasovec M, Hebrard M et al
(2017) Population genomics of picophytoplankton
unveils novel chromosome hypervariability. Sci Adv
3:1700239. https://doi.org/10.1126/sciadv.1700239

Carbonell-Bejerano P, Royo C, Torres-Pérez R et al
(2017) Catastrophic Unbalanced Genome Rearran-
gements Cause Somatic Loss of Berry Color in
Grapevine. Plant Physiol 175:786—801. https://doi.
org/10.1104/pp.17.00715

Crasta K, Ganem NJ, Dagher R et al (2012) DNA
breaks and chromosome pulverization from errors in
mitosis. Nature 482:53—58. https://doi.org/10.1038/
nature10802

Denais CM, Gilbert RM, Isermann P et al (2016)

ISSN 0564—3783. Ilumonoeia i cenemura. 2025. T. 59 Ne 1



Nuclear envelope rupture and repair during cancer
cell migration. Science 352:353—358. https://doi.
org/10.1126/science.aad7297

Dewhurst SM (2020) Chromothripsis and telomere
crisis: engines of genome instability. Curr Opin Ge-
net Develop 60:41—47. https://doi.org/10.1016/j.
2de.2020.02.009

Di Meo GP, Perucatti A, Chaves R et al (2006) Cattle
rob(1;29) originating from complex chromosome
rearrangements as revealed by both bandingand FISH-
mapping techniques. Chromosome Res 14:649—
655. https://doi.org/10.1007/s10577-006-1074-1

Doligez A, Adam-Blondon AF, Cipriani G et al (2006)
An integrated SSR map of grapevine based on five
mapping populations. Theor Appl Genet 113:369—
382. https://doi.org/10.1007/s00122-006-0295-1

Ducos A, Berland HM, Bonnet N et al (2007) Chro-
mosomal control of pig populations in France:
2002—2006 survey. Genet Sel Evol 39:583. https://
doi.org/10.1186/1297-9686-39-5-583

Fenech M, Kirsch-Volders M, Natarajan AT et al
(2011) Molecular mechanisms of micronucleus,
nucleoplasmic bridge and nuclear bud formation in
mammalian and human cells. Mutagenesis 26:125—
132. https://doi.org/10.1093 /mutage/geq052

Fukami M, Shima H, Suzuki E et al (2017) Catastrophic
cellular events leading to complex chromosomal
rearrangements in the germline. Clin Genet 91:653—
660. https://doi.org/10.1111/cge.12928

Guo W, Comai L, Henry IM (2023) Chromoanagenesis
in plants: triggers, mechanisms, and potential impact.
Trend Genet 39:34—45. https://doi.org/10.1016/j.tig.
2022.08.003

Guo W, Comai L, Henry IM (2021) Chromoanagene-
sis from radiation-induced genome damage in Po-
pulus. PLoS Genetics 17:¢1009735. https://doi.org/
10.1371/journal.pgen.1009735

Hastings PJ, Ira G, Lupski JR (2009) A Microhomology-
Mediated Break-Induced Replication Model for the
Origin of Human Copy Number Variation. PLoS Ge-
netics 5:¢1000327. https://doi.org/10.1371/journal.
pgen.1000327

Hatch EM, Fischer AH, Deerinck TJ, Hetzer MW
(2013) Catastrophic Nuclear Envelope Collapse in
Cancer Cell Micronuclei. Cell 154:47—60. https://
doi.org/10.1016/j.cell.2013.06.007

Henry IM, Zinkgraf MS, Groover AT, Comai L (2015)
A System for Dosage-Based Functional Genomics
in Poplar. Plant Cell 27:2370—2383. https://doi.
org/10.1105/tpc.15.00349

Hoffelder DR, Luo L, Burke NA et al (2004) Resolution of
anaphase bridges in cancer cells. Chromosoma 112:389—
397. https://doi.org/10.1007/s00412-004-0284-6

Holland AJ, Cleveland DW (2012) Chromoanagene-
sis and cancer: mechanisms and consequences of
localized, complex chromosomal rearrangements.

ISSN 0564—3783. Llumonoeisa i eenemuxa. 2025. T. 59. No 1

Peghepamu cmameii, onybaixoeanux ¢ «Cytology and Genetics», No 1, 2025 p. |

Nat Med 18:1630—1638. https://doi.org/10.1038/
nm.2988

Ibacez J, Mucoz-Organero G, Zinelabidine LH et al
(2012) Genetic Origin of the Grapevine Cultivar
Tempranillo. Am J Enol Vitic 63:549—553. https://
doi.org/10.5344/ajev.2012.12012

Isaac O, Thiemer K (1975) Biochemical studies on
camomile components/III. In vitro studies about the
antipeptic activity of (--)-alpha-bisabolol (author’s
transl). Arzneimittelforschung 25(9):1352—1354

Itani OA, Flibotte S, Dumas KJ et al (2016) N-Ethyl-
N-Nitrosourea (ENU) Mutagenesis Reveals an
Intronic Residue Critical for Caenorhabditis elegans 3'
Splice Site Function in Vivo G3. Gen Genom Genet
6:1751—1756. https://doi.org/10.1534/23.116.028662

Klaasen SJ, Truong MA, Van Jaarsveld RH et al (2022)
Nuclear chromosome locations dictate segregation
error frequencies. Nature 607:604—609. https://doi.
org/10.1038/s41586-022-04938-0

Kloosterman WP, Cuppen E (2013) Chromothripsis
in congenital disorders and cancer: similarities and
differences. Curr Opin Cell Biol 25:341—348. https://
doi.org/10.1016/j.ceb.2013.02.008

Koltsova AS, Pendina AA, Efimova OA et al (2019) On
the Complexity of Mechanisms and Consequences
of Chromothripsis: An Update. Front Genet 10:393.
https://doi.org/10.3389/fgene.2019.00393

Korbel JO, Campbell PJ (2013) Criteria for Inference of
Chromothripsis in Cancer Genomes. Cell 152:1226—
1236. https://doi.org/10.1016/j.cell.2013.02.023

Lee JA, Carvalho CM, Lupski JR (2007) A DNA
Replication Mechanism for Generating Nonrecur-
rent Rearrangements Associated with Genomic Di-
sorders. Cell 131:1235—1247. https://doi.org/10.1016/
j.cell.2007.11.037

Liu P, Erez A, Nagamani SCS et al (2011) Chromoso-
me Catastrophes Involve Replication Mechanisms
Generating Complex Genomic Rearrangements. Cell
146:889—903. https://doi.org/10.1016/j.cell.2011.07.
042

Liu S, Kwon M, Mannino M et al (2018) Nuclear
envelope assembly defects link mitotic errors to
chromothripsis. Nature 561:551—555. https://doi.org/
10.1038/s41586-018-0534-z

Lu P, Han X, Qi J et al (2012) Analysis of Arabidopsis
genome-wide variations before and after meiosis and
meiotic recombination by resequencing Landsberg
erecta and all four products of a single meiosis.
Genome Res 22:508—518. https://doi.org/10.1101/
gr.127522.111

Ly P, Brunner SF, Shoshani O et al (2019) Chromoso-
me segregation errors generate a diverse spectrum
of simple and complex genomic rearrangements.
Nat Genet 51:705—715. https://doi.org/10.1038/s41
588-019-0360-8

Maciejowski J, Chatzipli A, Dananberg A et al (2020)

79



[ | Peghepamu cmameil, onybaixoeanux ¢ «Cytology and Genetics», No 1, 2025 p. [ |

APOBEC3-dependentkataegisand TREX1-drivenchro-
mothripsis during telomere crisis. Nat Genet 52:884—
890. https://doi.org/10.1038/s41588-020-0667-5

Maciejowski J, De Lange T (2017) Telomeres in cancer:
tumour suppression and genome instability. Nat Rev
Mol Cell Biol 18:175—186. https://doi.org/10.1038/
nrm.2016.171

MaciejowskiJ, LiY, Bosco N et al (2015) Chromothripsis
and Kataegis Induced by Telomere Crisis. Cell 163:
1641—1654. https://doi.org/10.1016/j.cell.2015.11.054

Mathieu N, Pirzio L, Freulet-Marrire MA et al (2004)
Telomeres and chromosomal instability. Cell Mol
Life Sci 61:641—656. https://doi.org/10.1007/s00
018-003-3296-0

Meyer TJ, Held U, Nevonen KA et al (2016) The Flow
of the Gibbon LAVA Element Is Facilitated by the
LINE-1 Retrotransposition Machinery. Genome Biol
Evol 8:3209—3225. https://doi.org/10.1093/gbe/evw224

Meyerson M, Pellman D (2011) Cancer Genomes
Evolve by Pulverizing Single Chromosomes. Cell
144:9—10. https://doi.org/10.1016/j.cell.2010.12.025

Migliaro D, De Nardi B, Vezzulli S, Crespan M
(2017) An Upgraded Core Set of 11 SSR Markers
for Grapevine Cultivar Identification: The Case of
Berry-Color Mutants. Am J Enol Vitic 68:496—498.
https://doi.org/10.5344/ajev.2017.17048

Morishita M, Muramatsu T, Suto Y et al (2016) Chro-
mothripsis-like chromosomal rearrangements induc-
ed by ionizing radiation using proton microbeam
irradiation system. Oncotarget 7:10182—10192. https://
doi.org/10.18632/oncotarget.7186

Nik-Zainal S, Van Loo P, Wedge DC et al (2012) The
Life History of 21 Breast Cancers. Cell 149:994—
1007. https://doi.org/10.1016/j.cell.2012.04.023

Otsuka S, Bui KH, Schorb M et al (2016) Nuclear
pore assembly proceeds by an inside-out extrusion
of the nuclear envelope. Elife 5:e19071. https://doi.
org/10.7554/eLife.19071

Pellestor F (2014) Chromothripsis: how does such a
catastrophic event impact human reproduction? Hu-
man Reproduction 29:388—393. https://doi.org/10.
1093/humrep/deu003

Pellestor F (2019) Chromoanagenesis: cataclysms be-
hind complex chromosomal rearrangements. Mol
Cytogenet 12:1—12. https://doi.org/10.1186/s13039-
019-0415-7

Pellestor F, Gaillard J, Schneider A et al (2022) Chro-
moanagenesis, the mechanisms of a genomic chaos.
Seminars Cell Develop Biol 123:90—99. https://doi.
org/10.1016/j.semcdb.2021.01.004

Rodriguez-Zaccaro FD, Henry IM, Groover A (2021)
Genetic Regulation of Vessel Morphology in Populus.
Front Plant Sci 12:705596. https://doi.org/10.3389/
fpls.2021.705596

Romanenko S, Serdyukova N, Perelman P et al (2017)
Intrachromosomal Rearrangements in Rodents from
the Perspective of Comparative Region-Specific

80

Painting. Genes 8:215. https://doi.org/10.3390/genes
8090215

Schubert I (2007) Chromosome evolution. Curr Opin
Plant Biol 10:109—115. https://doi.org/10.1016/.pbi.
2007.01.001

Schiitze DM, Krijgsman O, Snijders PJF et al (2016)
Immortalization capacity of HPV types is inversely
related to chromosomal instability. Oncotarget 7:
37608—37621. https://doi.org/10.18632/oncotarget.8058

Sebastian P, Schaefer H, Telford IRH, Renner SS (2010)
Cucumber (Cucumis sativus) and melon (C. melo)
have numerous wild relatives in Asia and Australia,
and the sister species of melon is from Australia.
Proc Natl Acad Sci USA 107:14269—14273. https://
doi.org/10.1073/pnas.1005338107

Stephens PJ, Greenman CD, Fu B et al (2011) Massive
Genomic Rearrangement Acquired in a Single Ca-
tastrophic Event during Cancer Development. Cell
144:27—40. https://doi.org/10.1016/j.cell.2010.11.055

Storchova Z, Kloosterman WP (2016) The genomic
characteristics and cellular origin of chromothripsis.
Curr Opin Cell Biol 40:106—113. https://doi.org/
10.1016/j.ceb.2016.03.003

Terradas M, Martin M, Hernandez L et al (2012)
Nuclear envelope defects impede a proper response
to micronuclear DNA lesions. Mutat Res-Fund Mol
M 729:35—40. https://doi.org/10.1016/j. mrfmmm.
2011.09.003

Terradas M, Martin M, Tusell L, Genesca A (2009) DNA
lesions sequestered in micronuclei induce a local
defective-damage response. DNA Repair 8:1225—
1234. https://doi.org/10.1016/j.dnarep.2009.07.004

Weckselblatt B, Rudd MK (2015) Human Structural
Variation: Mechanisms of Chromosome Rearran-
gements. Trend Genet 31:587—599. https://doi.org/
10.1016/j.tig.2015.05.010

Yang L, Koo DH, Li D et al (2014) Next-generation
sequencing, FISH mapping and synteny-based mo-
deling reveal mechanisms of decreasing dysploidy in
Cucumis. Plant J 77:16—30. https://doi.org/10.1111/
tpj. 12355

Yi K, JuYS (2018) Patterns and mechanisms of structural
variations in human cancer. Exp Mol Med 50:1—11.
https://doi.org/10.1038/s12276-018-0112-3

Zhao Q, Meng Y, Wang P et al (2021) Reconstruction
of ancestral karyotype illuminates chromosome
evolution in the genus Cucumis. Plant J 107:1243—
1259. https://doi.org/10.1111/tpj.15381

Zhang F, Khajavi M, Connolly AM, Towne CF, Batish
SD, Lupski JR (2009) The DNA replication FoSTeS/
MMBIR mechanism can generate genomic, genic
and exonic complex rearrangements in humans. Nat
Genet 41:849—853

Received September 04, 2023

Received November 14, 2023
Accepted January 18, 2025

ISSN 0564—3783. Ilumonoeia i cenemura. 2025. T. 59 Ne 1




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Uncoated FOGRA29 \050ISO 12647-2:2004\051)
  /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 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 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 false
  /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 <<

    /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 <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /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.)
    /RUS <>
    /UKR <>
  >>
  /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


