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Abstract Forensic scientists are increasingly using DNA to
identify the species of a tissue sample. However, little
attention has been paid to basic experimental design issues
such as replication and the selection of taxa when designing
a species diagnostic test. We present an example using the
forensically important fly genus Lucilia in which an
increasingly larger sample size revealed that species
diagnosis based on the commonly used cytochrome oxidase
I gene (COI) was less straightforward than we initially
thought. This locus may still be useful for diagnosing
Lucilia specimens, but additional knowledge other than the
genotype will be required to reduce the list of candidate
species to include only forms that can be distinguished by
COI. We believe that these results illustrate the importance
of study design and biological knowledge of the study
species when proposing a DNA-based identification test for
any taxonomic group.
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Introduction

Although the great majority of forensic DNA analyses
are aimed at human identity testing [5], a growing number
of applications have been proposed for identifying species
(e.g., [11, 12, 17, 32)).

For a forensic entomologist, identifying an insect
specimen is typically an important early step in an
investigation [1, 20]. Traditional morphological keys are
unavailable or difficult to use for many immature stages
of these insects or even adult specimens such as some
female Sarcophagidae [20]. Therefore, many authors have
proposed a DNA-based method for forensic insect
identification (e.g., [9, 14, 21, 26, 29, 30, 35, 39]).

The published literature on this topic has included
considerable discussion of the relative merits of various
loci and laboratory methods [4, 19, 21, 22, 26, 35, 39]. Less
attention has been paid to more basic issues of determining
an adequate study sample when designing a species
diagnostic test, including replication and selection of taxa.
As a caution to workers in this field, we present in this
paper an example of how the apparent utility of a common
DNA-based test for identifying insect specimens declined
as more information became available.

The blow fly genus Lucilia Robineau-Desvoidy, whose
members are often referred to as the greenbottle flies,
includes many common species of both forensic and
veterinary importance [8, 20]. Compared to most forensi-
cally important insects, they have been well-studied using
molecular systematic methods [6, 10, 25, 38]. Biosyste-
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matic analysis based on sequences of the commonly used
cytochrome oxidase I (COI) gene produced robust phylo-
genetic trees that largely agreed with conclusions based on
morphology [25, 38]. One surprise was the discovery that
all Hawaiian Lucilia cuprina that were genotyped formed a
distinct COI lineage that was a sister group to the COI of
Lucilia sericata, while a phylogeny based on the nuclear
gene 28S ribosomal RNA produced separate branches
corresponding to the two morphologically defined species
[27]. Although the COI data for L. sericata and L. cuprina
did not agree with classical taxonomy, this did not
invalidate the concept of using COI for identifying speci-
mens because the odd L. cuprina haplotypes were both
monophyletic and confined to a limited geographic area. In
other words, the genetic data simply suggested three rather
than two categories for assigning a specimen: L. sericata,
Hawaiian L. cuprina, and all other L. cuprina.

Since these studies were conducted, many additional
COI sequences for Lucilia spp. and closely related species
have been deposited in the public GenBank database. These
data, plus some we generated, cast the previous phyloge-
netic results in a new light.

Materials and methods
New cytochrome oxidase I sequences

Newly sequenced adult fly specimens with associated
GenBank accession numbers are listed in Supplementary
Table 1. Standard methods, described in Wells and Sperling
[34], were used for DNA extraction, PCR, and sequencing.

Previously published sequences

The previously published GenBank calliphorid COI
sequences used in our analyses are listed in Supplementary
Table 2. Each sequence represents some portion of the
region corresponding to positions 1-1,545 of GenBank
accession AF295550, Phormia regina [35], which includes
the coding region for COI and a few bases of flanking
transfer RNA genes. A number of GenBank Lucilia COI
records were not included because each was identical to a
record that was used for our analysis.

Computer analyses

Maximum parsimony analysis [28] was performed as [35].
“Complete” sequences approximately 1,545 bp in length
were included in each phylogenetic analysis. P regina,
Chrysomya rufifacies [34), Eucalliphora latifrons [35], and
Cynomya (=Cynomyopsis) cadaverina [37] were used to
form the root of each phylogenetic tree.
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Results and discussion

The COI sequences generated by us were deposited in
GenBank (Supplementary Table 1). Among the previously
published sequences, Hemipyrellia ligurriens, with acces-
sion number AY097334 [6], was found to possess a 9-bp
deletion relative to the other sequences corresponding to
base positions 306-314 in AF295550 [35]. Therefore, three
amino acids are missing from the typical M3 transmem-
brane helix [13]. A COI amino acid indel that is not very
close to one end of the peptide is extremely unusual for an
insect [13], and it was not observed for the H. ligurriens
specimen that we sequenced (DQ453493).

The use of DNA sequence data to distinguish closely
related species is likely to be unreliable unless a condition
of reciprocal monophyly exists for those species [7, 15, 18]
(Fig. la). Alternative phylogenetic outcomes can make
identification based on a particular locus sometimes or
always impossible (Fig. 1b,c).

Our phylogeny of the complete COI haplotypes indicat-
ed a paraphyletic pattern for Lucilia illustris, and Lucilia
porphyrina (Fig. 2). The paraphyly of L. cuprina COI seen
here was previously described [27, 31]; however, in our
earlier paper we thought that this was solely because of a
distinct Hawaiian lineage with all other populations being
monophyletic for mtDNA [27]. Based on these additional
data, the Hawaiian L. cuprina haplotypes are not distinct as
previously thought. Instead they closely resemble L.
cuprina from Taiwan (AY097335 [6]), but also the separate
genus Hemipyrellia, also from Taiwan (the new DQ453493
and AY(097334 [6]). Bootstrap support for this lineage is
weak (63%), making the exact relationship of these H.
ligurriens haplotypes to those of L. sericata and L. cuprina
poorly resolved. However, based on COI, H. ligurriens is
clearly embedded within the L. sericata/cuprina clade (95%
bootstrap support, Fig. 2), a result that we feel raises
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P. regina AF295550
C. rufifacies AF083658

bootstrap (1,000 replicates)
consensus tree for Calliphoridae

100 — E. latifrons AF295557

based on the complete cyto-
chrome oxidase I sequence.
Numbers on branches indicate
percent bootstrap support.

L— C. cadaverina AF259505
L: D. lucilioides AY074903
D. fasciata AY074902

52

Dashed lines indicate species
that are not monophyletic for
this gene

99

51

62

60 L. cluvia DQ453490
100 —1__ L. coeruleiviridis DQ453494
95 L. exima DQ453491
_: L. mexicana DQ453492
-—- H. ligurriens DQ453493
(=1 A — — L. cuprina AY097335
I L — H. ligurriens AY097334
__63 _ _: —————— L. cuprina AJ417705
1 53 === L. cuprina AJ417704
L — — L. cuprina DQ453496
e L. cuprinaDQ453495
95 50 p— L. sericata AJ417712
L— [ sericata AJ417716
L. sericata AJ417713
. sericata AJ417715
. sericata AJ417717
. sericata L14947

63

95

100

78

. Sericata AJ417714

L
L
L
L
i‘: L. cuprina AJ417707
62 | L. cuprina AJ417706
L
L
L
L

96 . cuprina AJ417710

. cuprina AJ417711
. cuprina AJ417708
. thatuna DQ453489

100

93 — L. ampullacea DQ453487
7w —— L. porphyrina AY097336
1
78 —_—————— L. porphyrina AY074900
L. adisoemartoi AY074901

80

'i: L. caesar DQ453488

100 L. caesar AJ417703
96 1”771 lustri

=2 —_———_———— L. illustris L14945

| I L. illustris AJ551445
62 — L. bazini AY346450

questions about the validity of the genus Hemipyrellia that
is separate from Lucilia. Although the genus Dyscritomyia
was placed within Lucilia, this was based on poorly
supported basal nodes. Therefore, the exact relationship of
Dyscritomyia to the other greenbottle species is ambiguous.

Phylogenetic analyses of the shorter sequences (Supple-
mentary Fig. 1) were congruent with the pattern shown by
the complete sequences. L. illustris and Lucilia caesar could
not be distinguished using COI (Supplementary Fig. 1c—k).
L. caesar AF017424 was strongly associated with the
incorrect species (Supplementary Fig. 1c), even though it is
only 199 bp in length (Supplementary Table 2). Some L.
cuprina were assigned to the mixed species lineage that also

L—— | hainanensis AY346451

included Hemipyrellia (Supplementary Fig. 1m,p,q), as was
a single L. sericata (Supplementary Fig. ly). Lucilia
ampullacea was monophyletic (Supplementary Fig. 1b) and
the position of Lucilia papuensis was unresolved
(Supplementary Fig. 1a).

Thus, a lack of COI reciprocal monophyly appears to
be common within the genus Lucilia. In fact this was the
case for every sister species comparison for which we
had replicate haplotypes. Other than a situation in which
the single available samples from two species are found
to share an allele, a departure from reciprocal monophyly
can only be detected with replicate samples. Therefore,
additional specimens must be analyzed before the COI
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monophyly of many of these Lucilia species can be
known.

It has long been observed that L. cuprina shows
morphological variation corresponding to geographic dis-
tribution [2, 16, 33]. Some authors have labeled these the
subspecies Lucilia cuprina cuprina (Asia, Oceana, the New
World, and tropical Australia) and Lucilia cuprina dorsalis
(Africa to western India, temperate Australia, and New
Zealand) [16, 33]. For most L. cuprina in our analyses, we
lack the morphological data needed to distinguish these two
forms. Therefore, we cannot judge whether they should be
considered separate species as advocated by Wallman et al.
[31]. In contrast to this mtDNA phylogeny, L. cuprina was
monophyletic for nuclear loci [23, 24, 27]. Although animal
mtDNA is expected to undergo lineage sorting more quickly
than nuclear DNA after speciation [3, 18], and therefore to
be more useful for distinguishing recently diverged sister
species, this may not be the case for L. cuprina.

Our results do not automatically invalidate the use of
COI for identifying Lucilia specimens, but we believe that
it highlights at least two major concerns for anyone
proposing a forensic DNA-based species diagnostic test.
The first is the importance of having replicate samples from
a wide geographic range [36]. The second is the importance
of knowing the natural history and distribution of the
species involved. For example L. illustris and L. caesar are
both Palearctic species, but only L. illustris occurs in the
New World [20]. Therefore, COI data may serve to identify
an L. illustris specimen from North America but probably
not one from Europe. Based on the sequence data available
so far, the COI haplotypes of L. cuprina (assuming it is a
single species) and L. sericata are distinct in most
geographic areas but not so in Taiwan and perhaps other
East Asian regions. Knowledge of other aspects of the study
organisms, such as seasonal activity patterns, might allow an
investigator to eliminate a problematic species from consid-
eration and make identification based on COI possible.

Finally, we cannot exclude the possibility that one or more
of the deviations from reciprocal monophyly we observed
was the result of a misidentified specimen. It seems unlikely,
though, that this could account for all such cases given the
multiple research teams that produced the data.

Although this study focused on a single locus and insect
genus, the issues of study design raised here apply equally
well to any effort, such as those concerned with enforcing
food quality [12] or conservation [17] laws, to develop a
forensic species diagnostic test.

Acknowledgments We-Yun Chen kindly provided our Hemipyrellia
ligurriens specimen. We are grateful to the US National Institute of
Justice (JDW ), the University of Exeter (JRS), and the Wellcome
Trust (RW and JRS) for financial support. The views expressed here
are not necessarily those of the US Department of Justice.

@ Springer

References

1. Amendt J, Campobasso CP, Gaudry E, Reiter C, LeBlanc HN,
Hall MJR (2006) Best practice in forensic entomology—standards
and guidelines. Int J Legal Med (in press). DOI 10.1007/s00414-
006-0086-x

2. Aubertin D (1933) Revision of the genus Lucilia R.-D. (Diptera,
Calliphoridae). Linn Soc J Zool 38:389-463

3. Avise JC (2000) Phylogeography: the history and formation of
species. Harvard University Press, Cambridge

4. Benecke M (1998) Random Amplified Polymorphic DNA
(RAPD) typing of necrophageous insects (Diptera, Coleoptera)
in criminal forensic studies: validation and use in praxi. Forensic
Sci Int 98:157-168

5. Butler JM (2005) Forensic DNA typing. Elsevier, Amsterdam

6. Chen WY, Hung TH, Shiao SF (2004) Molecular identification of
forensically important blow fly species (Diptera: Calliphoridae) in
Taiwan. J] Med Entomol 41:47-57

7. Funk DJ, Omland KE (2003) Species-level paraphyly and
polyphyly: frequency, causes, and consequences, with insights
from animal mitochondrial DNA. Annu Rev Ecol Evol Syst
34:397-423

8. Hall MJR, Wall R (1995) Myiasis of humans and animals. Adv
Parasitol 35:257-334

9. Harvey ML, Dadour IR, Gaudieri S (2003) Mitochondrial DNA
cytochrome oxidase I gene: potential for distinction between
immature stages of some forensically important fly species
(Diptera) in Western Australia. Forensic Sci Int 131:134-139

10. Harvey ML, Mansell MW, Villet MH, Dadour IR (2003)
Molecular identification of some forensically important blowflies
of southern Africa and Australia. Med Vet Entomol 17:363-369

11. Kitano T, Umetsu K, Tian W, Osawa M (2006) Two universal
primer sets for species identification among vertebrates. Int J
Legal Med (in press). DOI 10.1007/s00414-006-0113-y

12. Lenstra JA (2003) DNA methods for identifying plant and animals
species in foods. In: Lees M (ed) Food authenticity and
traceability. CRC Press, Boca Raton, pp 34-53

13. Lunt DH, Zhang D-X, Szymura JM, Hewitt GM (1996) The insect
cytochrome oxidase I gene: evolutionary patterns and conserved
primers for phylogenetic studies. Insect Mol Biol 5:153-165

14. Malgorn Y, Coquoz R (1999) DNA typing for identification of
some species of Calliphoridae. An interest in forensic entomology.
Forensic Sci Int 102:111-119

15. Moritz C (1996) The uses of molecular phylogenies for
conservation. In: Harvey PH, Leigh Brown AJ, Maynard Smith
J, Nee S (eds) New uses for new phylogenies. Oxford University
Press, Oxford, pp 203-214

16. Norris KR (1990) Evidence for the multiple exotic origin of
Australian populations of the sheep blowfly Lucilia cuprina
(Wiedemann) (Diptera: Calliphoridae). Aust J Zool 38:635-648

17. Palumbi SR, Cipriano F (1998) Species identification using
genetic tools: the value of nuclear and mitochondrial gene
sequences in whale conservation. J Heredity 89:459—464

18. Palumbi SR, Cipriano F, Hare MP (2001) Predicting nuclear gene
coalescence from mitochondrial data: the three-times rule.
Evolution 55:859-868

19. Ratcliffe ST, Webb DW, Weinzievr RA, Robertson HM (2003)
PCR-RFLP identification of (Diptera, Calliphoridac) on human
corpses. J Forensic Sci 48:783-785

20. Smith KGV (1986) A manual of forensic entomology. British
Museum (Natural History), London

21. Sperling FAH, Anderson GS, Hickey DA (1994) A DNA-based
approach to the identification of insect species used for postmor-
tem interval estimation. J Forensic Sci 39:418-427 (published


http://dx.doi.org/10.1007/s00414-006-0086-x
http://dx.doi.org/10.1007/s00414-006-0086-x
http://dx.doi.org/10.1007/s00414-006-0113-y

Int J Legal Med (2007) 121:229-233

233

22.

23.

24.

25.

26.

27.

28.

29.

30.

erratum appears in letter from Wells and Sperling (2000) J
Forensic Sci 45:1358-1359)

Stevens JR (2003) The evolution of myiasis in blowflies
(Calliphoridae). Int J Parasitol 33:1105-1113

Stevens JR, Wall R (1995) The use of randomly amplified
polymorphic DNA (RAPD) analysis for studies of genetic variation
in populations of the blowfly Lucilia sericata (Diptera: Calliphor-
idae) in southern England. Bull Entomol Res 85:549-555
Stevens JR, Wall R (1996) Species, sub-species and hybrid
populations of the blowflies Lucilia cuprina and Lucilia sericata
(Diptera: Calliphoridae). Proc R Soc Lond B Biol Sci 263:1335—
1341

Stevens JR, Wall R (1997) The evolution of ectoparasitism in the
genus Lucilia (Diptera: Calliphoridae). Int J Parasitol 27:51-59
Stevens JR, Wall R (2001) Genetic relationships between blow-
flies (Calliphoridae) of forensic importance. Forensic Sci Int
120:116-123

Stevens JR, Wall R, Wells JD (2002) Paraphyly in Hawaiian
hybrid blowfly populations and the evolutionary history of
anthropophilic species. Insect Mol Biol 11:141-148

Swofford DL (1998) PAUP, phylogenetic analysis using parsimo-
ny (and other methods), version 4. Sinauer, Sunderland

Vincent S, Vian JM, Carlotti MP (2000) Partial sequencing of the
cytochrome oxydase b subunit gene I: a tool for the identification
of European species of blow flies for postmortem interval
estimation. J Forensic Sci 45:820—823 (published erratum appears
in letter from Wells and Sperling (2000) J Forensic Sci 45:1358—
1359)

Wallman JF, Donnellan SC (2001) The utility of mitochondrial
DNA sequences for the identification of forensically important

32.

33.

34.

35.

36.

37.

38.

39.

blowflies (Diptera: Calliphoridae) in southeastern Australia.
Forensic Sci Int 120:60-67

. Wallman JF, Leys R, Hogendoorn K (2005) Molecular systematics

of Australian carrion-breeding blowflies (Diptera: Calliphoridae)
based on mitochondrial DNA. Invertebrate Systematics 19:1-15
Ward J, Peakall R, Gilmore SR, Robertson J (2005) A molecular
identification system for grasses: a novel technology for forensic
botany. Forensic Sci Int 152:121-131

Waterhouse DF, Paramonov SJ (1950) The status of the two
species of Lucilia (Diptera, Calliphoridae) attacking sheep in
Australia. Aust J Sci Res B 3:310-336

Wells JD, Sperling FAH (1999) Molecular phylogeny of Chrys-
omya albiceps and C. rufifacies (Diptera: Calliphoridae). J Med
Entomol 36:222-226

Wells JD, Sperling FAH (2001) DNA-based identification of
forensically important Chrysomyinae (Diptera: Calliphoridae).
Forensic Sci Int 120:109-114

Wells JD, Williams DW (2007) Validation of a DNA-based
method for identifying Chrysomyinae (Diptera: Calliphoridae)
used in a death investigation. Int J Legal Med 121:1-8

Wells JD, Introna F, Di Vella G, Campobasso CP, Hayes J,
Sperling FA (2001) Human and insect mitochondrial DNA
analysis from maggots. J Forensic Sci 46:261-263

Wells JD, Goff ML, Tomberlin JK, Kurahashi H (2002) Molecular
systematics of the endemic Hawaiian blowfly genus Dyscritomyia
Grimshaw, (Diptera: Calliphoridae). Med Entomol Zool 53(Suppl
2):231-238

Zehner R, Amendt J, Schutt S, Sauer J, Krettek R, Povolny D
(2004) Genetic identification of forensically important flesh flies
(Diptera: Sarcophagidae). Int J Legal Med 118: 245-247

@ Springer



	Phylogenetic...
	Abstract
	Introduction
	Materials and methods
	New cytochrome oxidase I sequences
	Previously published sequences
	Computer analyses

	Results and discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


