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Abstract

Transposons are powerful tools for conducting genetic manipulation and functional studies in
organisms that are of scientific, economic, or medical interest. Minos, a member of the Tcl/mariner
family of DNA transposons, exhibits a low insertional bias and transposes with high frequency in
vertebrates and invertebrates. Its use as a tool for transgenesis and genome analysis of rather

different animal species is described.

Introduction

Transposons employ intricate mechanisms of excision and
reinsertion, and they appear to play an important role in the
evolution of their hosts, often accounting for a substantial
part of the genomes [1-5]. This makes transposons in them-
selves interesting biologic systems that are worth studying.
More recently, however, they have primarily attracted
attention as tools for the manipulation of the genomes of
their natural hosts and, more importantly, the genomes of
other species that are not closely related. Transposons have
even been found to be active in organisms that do not belong
to the kingdom of their natural host [6,7]. This review
summarizes the advances that have been made with one of
these versatile genomic tools, namely the transposon Minos.

History of Minos

Minos is a DNA (class II) transposon that was fortuitously
identified as a repetitive element in the genome of the fruit
fly Drosophila hydei. The natural element, approximately
1.8 kilobases in length, is characterized by 254 base pair (bp)
perfect inverted terminal repeats flanking a two-exon trans-
posase gene (Figure 1). Sequence comparisons revealed

homology with mobile elements of the Tc1/mariner super-
family of transposable elements [8]. The Minos element
carries a single gene that is interrupted by a 60 bp long
intron and encodes a transposase. The amino-terminus of
the transposase contains a putative DNA-binding domain
resembling the paired domain, a conserved feature of the
Pax protein family [9]. The carboxyl-terminus of the Minos
transposase contains a D,D34E catalytic triad, which is also
found in transposases of related elements such as Tcr and
Barii1 [10]. The presence of an unmapped nuclear localiza-
tion signal has been inferred based on the nuclear
localization of a Minos transposase-enhanced green fluores-
cent protein (EGFP) fusion [11].

It was demonstrated that the Minos element actively trans-
poses in the D. hydei germline [9]. Surveys among
Drosophila spp. have revealed widespread occurrence of
Minos-like elements; 21 out of 26 analyzed species of the
repleta group and 5 out of 7 analyzed species of the saltans
group carry Minos-like transposons. Evolutionary analysis
suggests that the distribution of Minos in the genus
Drosophila is best explained by horizontal transfer of the
element across species [12,13].
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Structure of the natural Minos element isolated from Drosophila hydei. The transposase gene is interrupted by a 60 base pair long intron. Not all features
are drawn to scale. IDR, inner direct repeat; ITR, inverted terminal repeat; ODR, outer direct repeat.

The mechanism of transposition

Like most DNA transposons, Minos moves in a host genome
with a cut-and-paste mechanism, whereby the transposase
excises the element from the original site of insertion and re-
inserts it into a new locus in a nonreplicative manner. The
transposition of Minos, like that of the other Tci/mariner-
like elements [10], occurs into a TA dinucleotide that is
duplicated upon insertion [9]; this implies that a staggered
cut of the target DNA leads to 2 bp single strand TA over-
hangs as the first step in the insertion reaction. Analysis of
the sequences that flank insertion sites in the genome of
Drosophila melanogaster revealed that Minos transposase
has little sequence preference beyond the TA target di-
nucleotide [14]. This is in contrast to most other trans-
posable elements studied thus far, which exhibit variable
degrees of flanking sequence preference, resulting in biased
insertion and consequently the existence of ‘hot’ and ‘cold’
spots along the genome [15,16].

Although much of the recent work on transposons is
concerned with the transgenesis of vertebrates, simpler
model organisms and cell lines are more suitable for the
analysis of the transposition mechanism. The introduction of
a non-autonomous Minos element and of a transgene
expressing transposase into the D. melanogaster genome
[17] allowed the study of the Minos transposition mecha-
nism by mobilization of the non-autonomous element and
subsequent molecular analysis of the excision and trans-
position events [18]. Two types of chromosomal sites were
recovered after excision: sites precisely restored and sites
containing leftovers (footprints) of the mobilized element.
Precise excision (restoration of the original site of insertion)
was detected only in flies heterozygous for the insertion,
presumably resulting from gene conversion [18]. Most
footprints were 6 bp long and consisted of the four terminal
nucleotides of either one of the inverted repeats plus the
duplicated TA dinucleotide. The structure of the footprints
suggested a possible mechanism of excision involving
staggered cuts by the transposase at the ends of the inverted
repeats, creating single strand overhangs of the four
terminal bases of each end. During reinsertion, the over-
hangs of the mobilized element are joined to the TA over-
hangs of the target site, followed by polymerase-mediated
fill-in of the single stranded DNA. This leads to regeneration
of the transposon ends and duplication of the target TA. This

model predicts that a heteroduplex flanked by the TA
duplication is formed at the site of excision. Indeed, the
existence of such heteroduplexes in the genome of D.
melanogaster flies in which Minos is actively excising was
directly demonstrated [18].

Several excision sites were also cloned from vertebrate cells,
in which a single non-autonomous Minos element was
mobilized by trans acting transposase. These footprints,
however, were much more heterogeneous in their size and
structure, reflecting differences in the post-excision
processes compared with Drosophila [19].

An analysis of Minos excisions from a plasmid in the simple
chordate Ciona intestinalis identified the typical 6 bp foot-
prints as well as variants thereof with short insertions or
deletions [11].

Sequence-specific interaction of transposase and the
transposable element at or near the inverted repeats is
required for transposition. Each of the Minos inverted
repeats contains two 18 bp direct repeats near the ends of
the inverted repeat (Figure 1). DNAasel protection with
purified recombinant Minos transposase protein shows that
these direct repeats are bound by transposase (Figure 2a).

Although the binding site close to the end of the element (the
‘outer’ direct repeat) is expected to play a role in the excision
of the element, the function of the second, ‘inner’ repeat is
not known. In addition to Minos, two other well studied
transposons of the Tci/mariner family carry two direct
repeats per inverted terminal repeat: Tc3 and Sleeping
Beauty. Transposon mobility assays suggest that both the
outer and the inner pairs of binding sites are required for full
activity of Sleeping Beauty [20,21] and Minos (Klinakis A
and Savakis C, unpublished data) but not that of Tc3 [22].
The mechanism underlying the involvement of the inner
direct repeat in Minos and Sleeping Beauty transposition
remains to be elucidated.

It is intriguing that the inner direct repeat overlaps a
putative TATA box in the 5 inverted repeat of Minos, and
primer extension analysis revealed a transcriptional initia-
tion site for the Minos transposase approximately 30 bp
downstream of this repeat (Figure 2b). These observations
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Figure 2

Binding of transposase to the Minos inverted terminal repeat and internal
Minos transcription initiation sites. (a) DNAasel footprint of a Minos
inverted terminal repeat. ‘G+A reaction’ indicates G and A specific
sequence reaction; the DNAasel protection reactions were done in
duplicate. ‘+ transposase’ indicates twofold molar excess of transposase
over target DNA, and ‘++ transposase’ indicates 20-fold molar excess of
transposase. The positions of the protected sequences (open boxes), the
hypersensitive positions (filled box), as well as the positions of the inner
(bottom arrow) and outer direct repeats (top arrow) are indicated.
Experimental details are available on request. (b) Promoter activity of a
Minos inverted terminal repeat. ‘A’, ‘C’, ‘G’, and ‘T’ indicate base specific
sequencing reactions. Also shown are primer extension reactions with a
Minos-specific primer on total RNA isolated from D. melanogaster
populations with (+) or without (-) a Minos insertion. The lower
horizontal arrow indicates a transcription start about 30 base pairs
downstream from the inner direct repeat. An additional transcription
start site is detected between the two direct repeats (upper horizontal
arrow). The vertical arrow and dashed lines indicate the inner direct repeat.

suggest a possible role for the inner transposase binding site
in autoregulation of transposase expression. Negative
feedback mechanisms that regulate transposition have been
suggested for other transposable elements too [23-25].

In vitro activity assays established for other members of the
Tci/mariner transposon superfamily have demonstrated
that no specific host factors are essential for transposition
[26,27]. Although direct biochemical evidence is not yet
available for Minos, the ability of Minos-based vectors to
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transpose in cells of a wide range of metazoan species
[19,28-40] is indicative of the element’s host independence
(Figure 3).

Minos as a tool for genetics

Transposons can be used as vectors for genetic manipula-
tion. The inverted terminal repeats are the only cis-acting
sequences necessary for transposition. Transposon mediated
transgenesis mimics nature; many transposons found in
genomes are non-autonomous derivatives. Autonomous
elements have intact inverted repeats and carry an active
transposase gene. Non-autonomous elements also carry
functional inverted repeats but no functional transposase
gene, because of the accumulation of point mutations and
deletions. Elements that lack an intact transposase gene are
unable to catalyze their own transposition, but they can be
mobilized with transposase supplied in trans. In a typical
engineered transposon, the transposase gene is inactivated
through the insertion of a selective marker or deleted and
replaced by a marker gene. For transgenesis, the transposon
is injected into early embryos. Transposase is supplied in
trans from a copy of the transposase gene introduced into
the genome, or (more often) expressed from co-injected
plasmid or transposase mRNA. The transient nature of the
supply of transposase is the key to the generation of stable
insertions. A construct carrying a non-autonomous trans-
poson is usually termed a ‘donor’ and a construct carrying an
active transposase gene is termed a ‘helper’.

The Minos transgenesis system is supported by an extensive
toolkit that has allowed experimentation in a wide spectrum
of species. First, extra-chromosomal assays have been
devised to facilitate and speed up the process of assessing
the effectiveness of the Minos components in diverse
organisms of interest [11,28,33,34,36,41]. Second, an ever-
increasing number of Minos-based transformation vectors
has been created, containing either fluorescent proteins such
as GFP or more traditional marker genes for the easy
identification of integration events and transgenic individuals
[14,17,30-32,35-37,39,40,42-44]. Third, the availability of
different transposase sources, varying from a chromosomal
copy of the transposase gene to a helper plasmid or in vitro
synthesized mRNA, can fit most purposes and experimental
settings [17,28,32,35,45].

The development of Minos-based gene manipulation for
mammals was based on a first phase of evaluation in insects.
As in the case of all other insect transposons,
D. melanogaster has been the favored testing ground for
most components and applications of the Minos system. The
original use of Minos as a germline transformation vector in
D. melanogaster [17] was followed by the transformation of
the medfly Ceratitis capitata, in the first report of a
transposon system applied in a genus other than the one in
which it was originally identified [32]. The validation of
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Figure 3

Simplified Cladogram of species in which Minos has shown to be active. The original host (Drosophila hydei) is boxed. Assays for three types of Minos
activity are distinguished and indicated (extrachromosomal, chromosomal, and germline).

improved Minos tools in activity assays conducted in
mosquito and lepidopteran embryos and cell lines [28,33,
34,41] opened the way to the stable germline transformation
of a species of great medical importance, namely the human
malaria vector Anopheles stephensi [30]. More recently, the
development of even more efficient Minos transposase
sources [45] and of versatile fluorescent marker systems
[31,46,47] facilitated the genetic transformation of diverse
arthropod species, ranging from Diptera (the olive fly
Bactrocera oleae [31]) to Coleoptera (the red flour beetle
Tribolium castaneum [35]), Lepidoptera (the silkworm
Bombyx mori [40]), and Crustacea (the amphipod Parhyale
hawaiensis [36]).

The genetic transformation of D. melanogaster using the P-
element over 25 years ago [48,49] triggered the development
of innovative experimental approaches that revolutionized
molecular genetic analysis in this model organism. However,
the use of the P-element is limited to species closely related
to D. melanogaster. The establishment of Minos and other

transposon systems allowed a number of these forward and
reverse genetic methodologies to be transferred to several
non-Drosophilid insects of experimental and practical
interest, as well as to a Crustacean. For instance, analysis of
cis regulatory elements with reporter constructs has been
demonstrated in Ceratitis and Parhyale [36,50], enhancer
trapping has been undertaken in Tribolium [35] and
Parhyale (Pavlopoulos A, Averof M, unpublished data),
conditional mis-expression systems have been developed in
Anopheles and Parhyale [43] (Pavlopoulos A, Averof M,
unpublished data), and post-transcriptional gene silencing
via RNA interference constructs has been employed in
Anopheles [51].

Minos activity is not limited to arthropod species; it has also
been used for germline transformation and enhancer trap-
ping in two species of ascidians [11,37,38,44,52]. Finally,
Minos-based transposons have been mobilized successfully
in cultured human cells and in the mouse soma and
germline [19,29,39].
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In addition to Minos, there is a handful of other DNA
transposons used for vertebrate transgenesis, the most
widely employed of which is Sleeping Beauty. The relative
evaluation of these different transposons is difficult unless
experiments are performed under comparable conditions,
which is generally not the case. However, one such compari-
son has been done with regard to transposition efficiency of
the transposons Sleeping Beauty, Tol2, Mos1, and piggyBac.
In all four different vertebrate cell lines tested, piggyBac
clearly outperformed the other elements [53]. An analogous
direct comparison of these elements with Minos has not yet
been performed. One should, however, be careful not to take
the transposition rate as the only criterion of the usefulness
of a transposable element as a genomic tool. Depending on
the intended application, insertional preference, the capacity
to carry large inserts, mutagenicity, the ability to create
deletions upon excision, and other properties can be at least
equally important as high transposition frequency.

Minos as a tool for genomics

The availability of sequenced genomes for several model and
nonmodel organisms signals the next challenge in genomics
research, namely the functional annotation of all predicted
genes. Classic genetic analysis relies on the use of mutations
to study the function of the affected gene. The most common
experimental approach is inactivation of the gene by
chemical mutagenesis or insertional mutagenesis using
transposable elements or viruses. Insertional mutagenesis
has the advantage that the targeted gene is at the same time
tagged with the inserted DNA, and so it is relatively easy to
identify and retrieve. In principle, the short target sites of
most transposable elements would allow a single transposon
to saturate the whole genome with mutagenic insertions. In
practice, however, every transposable element exhibits
insertional biases for certain genomic loci, rendering
mutagenesis of the entire genome problematic. For example,
the ability of the P-element to target new genes in D.
melanogaster appears to have reached its limits [16,54]. In
accordance with the distinct target preferences between
Minos and P, a pilot study [14] indicated that more than half
of Minos generated insertions were in genes not previously
hit by the P-element.

Although the P-element tends to insert in 5 untranslated
regions, Minos insertions in Drosophila genes occur
preferentially into introns. These insertions appear to be
spliced out with the targeted introns and thus do not
interfere with normal gene function. However, re-mobilizing
such insertions by providing transposase in trans leads at
reasonable frequency to deletions of flanking DNA, so that
induced excision can be used to ‘knockout’ the targeted gene
[14]. Because of the ability of Minos to transpose at high
frequencies and the fact that 60% of all Minos insertions
were in or close to genes, the Minos system has become an
integral component of the Drosophila Gene Disruption
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Project, which is a systematic effort to mutate all genes in
the Drosophila genome [55] (Bellen H, personal communi-
cation).

The efficiency of large-scale mutagenesis screens is
enhanced in genetic schemes that utilize two different
transposons, say A and B. The jump starter’ element A (with
inverted repeats A) encodes transposase B that, when
expressed, mobilizes the ‘mutator’ element B (with inverted
repeats B) into new genomic loci. The independent develop-
ment of both Minos and piggyBac based gene transfer
systems in the beetle Tribolium castaneum [35,46] allowed
the initiation of a large-scale insertional mutagenesis screen
by the GEKU consortium (research groups based in
Goettingen, Erlangen, Kansas, and the US Department of
Agriculture Grain Marketing and Production Research
Center). In such screens, Minos might be more useful as the
mutator element because, unlike piggyBac, it can excise
imprecisely, offering the possibility to generate mutant
alleles secondarily.

Other transposon based approaches to genomic analysis
include the various ‘trapping’ schemes, in which expression
of a reporter or selection gene carried by the inserted
transposon depends on the targeted gene. In enhancer
trapping [56] the expression of a transposon encoded
marker gene is activated or modulated by transcription
enhancer elements near to the transposon insertion site. In
such traps, expression of the marker gene follows partly or
fully the spatial and temporal expression of the gene
normally controlled by the ‘trapped’ enhancer elements.
Minos based enhancer trapping has been demonstrated in
the ascidian Ciona [57], in Tribolium [35], in Parhyale
(Pavlopoulos A, Averof M, unpublished), and in D. melano-
gaster (Metaxakis T, Savakis C, unpublished data).

In exon trapping, expression of a transposon-encoded
marker gene depends on appropriate splicing of the marker
gene upon insertion of the element into an intron [56]. The
preference of Minos to insert into introns in the fly and the
mouse [14] (Zagoraiou L, unpublished data) suggests that
Minos may be particularly useful for this type of analysis.
Indeed, the choice of an exon trapping Minos based
transposon as mutagen in human cells in culture was
justified by the outcome of the experiment [29]. This
transposon carried an intronic splice acceptor followed by a
selection gene that would be expressed only upon insertion
into an intron of an active gene and then spliced in the
correct frame to the upstream exon. Using this transposon
mediated mutagenesis (TRAMM) method, it was demon-
strated that the Minos system can potentially trap/tag all
genes in a mammalian genome. Co-transfection of a Minos
transposon construct with a helper plasmid expressing
transposase into HeLa cells resulted in 4% of the cells being
stably transformed, with on average two Minos insertions
per transformed cell.
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In later studies, efficient inter-chromosomal transposition of
Minos was demonstrated in double transgenic mice,
carrying tandem copies of non-autonomous Minos elements
and the Minos transposase gene under the control of tissue
specific promoters. The observed transposition rate was
much greater in oocytes than in lymphocytes (8% versus
0.6%) [19,39]. Its high germline activity makes Minos a
powerful tool for genome-wide functional studies in whole
mice and probably in other vertebrates.

Conclusion
Minos has attracted interest as a tool for basic research, for
biotechnological purposes [58], and for developing

strategies to control arthropod disease vectors and agricul-
tural pests [30-32,51]. Minos has been successfully evalua-
ted as a tool for the transgenesis of diverse animal species,
both vertebrates and invertebrates, whereas its functionality
in plants has yet to be tested. In most species tested, Minos
transposition occurs with high frequency, transposons can
carry relatively large transgenes, insertions are stable in the
absence of transposase [58], and the only obvious target site
preference is the TA dinucleotide. Overall, these features
demonstrate the usefulness of Minos as a tool for functional
genetic and genomic approaches in model and nonmodel
organisms, including vertebrates.

Competing interests

CS is a founding member and nonexecutive director of a
company, Minos BioSystems Ltd (http://www.minosbiosystems.
com), which owns intellectual property related to the Minos
transposable element.

Acknowledgements
AP is supported by a Marie-Curie Intra-European fellowship.

This article has been published as part of Genome Biology Volume 8,
Supplement |, 2007: Transposons in vertebrate functional genomics.
The full contents of the supplement are available online at
http://genomebiology.com/supplements/8/S1.

References

. Biemont C, Vieira C, Borie N, Lepetit D: Transposable elements
and genome evolution: the case of Drosophila simulans. Genet-
ica 1999, 107:113-120.

2.  Biemont C, Vieira C: What transposable elements tell us
about genome organization and evolution: the case of
Drosophila. Cytogenet Genome Res 2005, 110:25-34.

3. Hedges D), Batzer MA: From the margins of the genome:
mobile elements shape primate evolution. Bioessays 2005, 27:
785-794.

4. Hua-Van A, Le Rouzic A, Maisonhaute C, Capy P: Abundance, dis-
tribution and dynamics of retrotransposable elements and
transposons: similarities and differences. Cytogenet Genome Res
2005, 110:426-440.

5. Kidwell MG: Transposable elements and the evolution of
genome size in eukaryotes. Genetica 2002, 115:49-63.

6.  Gueiros-Filho FJ, Beverley SM: Trans-kingdom transposition of
the Drosophila element mariner within the protozoan Leish-
mania. Science 1997, 276:1716-1719.

Genome Biology 2007,

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Volume 8, Suppl |, Article S2

Rubin EJ, Akerley B, Novik VN, Lampe DJ, Husson RN, Mekalanos JJ:
In vivo transposition of mariner-based elements in enteric
bacteria and mycobacteria. Proc Natl Acad Sci USA 1999, 96:
1645-1650.

Franz G, Savakis C: Minos, a new transposable element from
Drosophila hydei, is a member of the Tcl-like family of
transposons. Nucleic Acids Res 1991, 19:6646.

Franz G, Loukeris TG, Dialektaki G, Thompson CR, Savakis C:
Mobile Minos elements from Drosophila hydei encode a two-
exon transposase with similarity to the paired DNA-binding
domain. Proc Natl Acad Sci USA 1994, 91:4746-4750.

Plasterk RH, Izsvak Z, Ivics Z: Resident aliens: the Tcl/mariner
superfamily of transposable elements. Trends Genet 1999, 15:
326-332.

Sasakura Y, Awazu S, Chiba S, Kano S, Satoh N: Application of
Minos, one of the Tcl/mariner superfamily transposable ele-
ments, to ascidian embryos as a tool for insertional mutage-
nesis. Gene 2003, 308:1 1-20.

Arca B, Savakis C: Distribution of the transposable element
Minos in the genus Drosophila. Genetica 2000, 108:263-267.

de Almeida LM, Carareto CM: Multiple events of horizontal
transfer of the Minos transposable element between
Drosophila species. Mol Phylogenet Evol 2005, 35:583-594.
Metaxakis A, Oehler S, Klinakis A, Savakis C: Minos as a genetic
and genomic tool in Drosophila melanogaster. Genetics 2005,
171:571-581.

Vigdal TJ, Kaufman CD, lzsvak Z, Voytas DF, lvics Z2 Common
physical properties of DNA affecting target site selection of
sleeping beauty and other Tcl/mariner transposable ele-
ments. | Mol Biol 2002, 323:441-452.

Spradling AC, Stern D, Beaton A, Rhem EJ, Laverty T, Mozden N,
Misra S, Rubin GM: The Berkeley Drosophila Genome Project
gene disruption project: single P-element insertions mutat-
ing 25% of vital Drosophila genes. Genetics 1999, 153:135-177.
Loukeris TG, Arca B, Livadaras |, Dialektaki G, Savakis C: Introduc-
tion of the transposable element Minos into the germ line of
Drosophila melanogaster. Proc Natl Acad Sci USA 1995, 92:9485-
9489.

Arca B, Zabalou S, Loukeris TG, Savakis C: Mobilization of a
Minos transposon in Drosophila melanogaster chromosomes
and chromatid repair by heteroduplex formation. Genetics
1997, 145:267-279.

Zagoraiou L, Drabek D, Alexaki S, Guy JA, Klinakis AG, Langeveld A,
Skavdis G, Mamalaki C, Grosveld F, Savakis C: In vivo transposi-
tion of Minos, a Drosophila mobile element, in mammalian
tissues. Proc Natl Acad Sci USA 2001, 98:11474-11478.

Cui Z, Geurts AM, Liu G, Kaufman CD, Hackett PB: Structure-
function analysis of the inverted terminal repeats of the
sleeping beauty transposon. | Mol Biol 2002, 318:1221-1235.
Izsvak Z, lvics Z, Plasterk RH: Sleeping Beauty, a wide host-
range transposon vector for genetic transformation in ver-
tebrates. | Mol Biol 2000, 302:93-102.

Fischer SE, van Luenen HG, Plasterk RH: Cis requirements for
transposition of Tcl-like transposons in C. elegans. Mol Gen
Genet 1999, 262:268-274.

Miskey C, lzsvak Z, Kawakami K, Ivics Z: DNA transposons in
vertebrate functional genomics. Cell Mol Life Sci 2005, 62:629-
641.

Lohe AR, Hartl DL: Autoregulation of mariner transposase
activity by overproduction and dominant-negative comple-
mentation. Mol Biol Evol 1996, 13:549-555.

Hartl DL, Lozovskaya ER, Nurminsky DI, Lohe AR: What restricts
the activity of mariner-like transposable elements. Trends
Genet 1997, 13:197-201.

Lampe D), Churchill ME, Robertson HM: A purified mariner
transposase is sufficient to mediate transposition in vitro.
EMBO J 1996, 15:5470-5479.

Vos JC, De Baere |, Plasterk RH: Transposase is the only nema-
tode protein required for in vitro transposition of Tcl. Genes
Dev 1996, 10:755-761.

Klinakis AG, Loukeris TG, Pavlopoulos A, Savakis C: Mobility
assays confirm the broad host-range activity of the Minos
transposable element and validate new transformation
tools. Insect Mol Biol 2000, 9:269-275.

Klinakis AG, Zagoraiou L, Vassilatis DK, Savakis C: Genome-wide
insertional mutagenesis in human cells by the Drosophila
mobile element Minos. EMBO Rep 2000, 1:416-421.

Genome Biology 2007, 8(Suppl 1):S2

Pavlopoulos et al. S2.6



http://genomebiology.com/2007/8/S1/S2

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.
49.

50.

51.

52.

Catteruccia F, Nolan T, Loukeris TG, Blass C, Savakis C, Kafatos FC,
Crisanti A: Stable germline transformation of the malaria
mosquito Anopheles stephensi. Nature 2000, 405:959-962.
Koukidou M, Klinakis A, Reboulakis C, Zagoraiou L, Tavernarakis N,
Livadaras |, Economopoulos A, Savakis C: Germ line transforma-
tion of the olive fly Bactrocera oleae using a versatile trans-
genesis marker. Insect Mol Biol 2006, 15:95-103.

Loukeris TG, Livadaras |, Arca B, Zabalou S, Savakis C: Gene trans-
fer into the medfly, Ceratitis capitata, with a Drosophila hydei
transposable element. Science 1995, 270:2002-2005.

Shimizu K, Kamba M, Sonobe H, Kanda T, Klinakis AG, Savakis C,
Tamura T: Extrachromosomal transposition of the transpos-
able element Minos occurs in embryos of the silkworm
Bombyx mori. Insect Mol Biol 2000, 9:277-281.

Zhang H, Shinmyo Y, Hirose A, Mito T, Inoue Y, Ohuchi H, Loukeris
TG, Eggleston P, Noji S: Extrachromosomal transposition of
the transposable element Minos in embryos of the cricket
Gryllus bimaculatus. Dev Growth Differ 2002, 44:409-417.
Pavlopoulos A, Berghammer AJ, Averof M, Klingler M: Efficient trans-
formation of the beetle Tribolium castaneum using the Minos
transposable element: quantitative and qualitative analysis of
genomic integration events. Genetics 2004, 167:737-746.
Pavlopoulos A, Averof M: Establishing genetic transformation
for comparative developmental studies in the crustacean
Parhyale hawaiensis. Proc Natl Acad Sci USA 2005, 102:7888-7893.
Matsuoka T, Awazu S, Satoh N, Sasakura Y: Minos transposon
causes germline transgenesis of the ascidian Ciona savignyi.
Dev Growth Differ 2004, 46:249-255.

Matsuoka T, Awazu S, Shoguchi E, Satoh N, Sasakura Y: Germline
transgenesis of the ascidian Ciona intestinalis by electropora-
tion. Genesis 2005, 41:67-72.

Drabek D, Zagoraiou L, deWit T, Langeveld A, Roumpaki C,
Mamalaki C, Savakis C, Grosveld F: Transposition of the
Drosophila hydei Minos transposon in the mouse germ line.
Genomics 2003, 81:108-111.

Uchino K, Imamura M, Shimizu K, Kanda T, Tamura T: Germ line
transformation of the silkworm, Bombyx mori, using the
transposable element Minos. Mol Genet Genomics 2007, 277:213-
220.

Catteruccia F, Nolan T, Blass C, Muller HM, Crisanti A, Kafatos FC,
Loukeris TG: Toward Anopheles transformation: Minos
element activity in anopheline cells and embryos. Proc Natl
Acad Sci USA 2000, 97:2157-2162.

Salvemini M, Mauro U, Velaeti S, Polito C, Saccone G: A new Minos
vector for eye-specific expression of white+ marker in Cer-
atitis capitata and in distantly related dipteran species. Insect
Mol Biol 2006, 15:341-349.

Lycett GJ, Kafatos FC, Loukeris TG: Conditional expression in
the malaria mosquito Anopheles stephensi with Tet-On and
Tet-Off systems. Genetics 2004, 167:1781-1790.

Sasakura Y, Awazu S, Chiba S, Satoh N: Germ-line transgenesis
of the Tcl/mariner superfamily transposon Minos in Ciona
intestinalis. Proc Natl Acad Sci USA 2003, 100:7726-7730.

Kapetanaki MG, Loukeris TG, Livadaras |, Savakis C: High frequen-
cies of Minos transposon mobilization are obtained in
insects by using in vitro synthesized mRNA as a source of
transposase. Nucleic Acids Res 2002, 30:3333-3340.

Berghammer AJ, Klingler M, Wimmer EA: A universal marker for
transgenic insects. Nature 1999, 402:370-371.

Horn C, Schmid BG, Pogoda FS, Wimmer EA: Fluorescent trans-
formation markers for insect transgenesis. Insect Biochem Mol
Biol 2002, 32:1221-1235.

Rubin GM, Spradling AC: Genetic transformation of Drosophila
with transposable element vectors. Science 1982, 218:348-353.
Spradling AC, Rubin GM: Transposition of cloned P elements
into Drosophila germ line chromosomes. Science 1982, 218:
341-347.

Christophides GK, Livadaras |, Savakis C, Komitopoulou K: Two
medfly promoters that have originated by recent gene
duplication drive distinct sex, tissue and temporal expres-
sion patterns. Genetics 2000, 156:173-182.

Brown AE, Bugeon L, Crisanti A, Catteruccia F: Stable and herita-
ble gene silencing in the malaria vector Anopheles stephensi.
Nucleic Acids Res 2003, 3 |:e85.

Sasakura Y, Oogai Y, Matsuoka T, Satoh N, Awazu S: Transposon-
mediated transgenesis in a marine invertebrate chordate,
Ciona intestinalis. Genome Biol 2007, 8(Suppl 1):S3.

Genome Biology 2007,

53.

54.

55.

56.

57.

58.

Volume 8, Suppl |, Article S2 Pavlopoulos et al.

Wu SC, Meir Y], Coates CJ, Handler AM, Pelczar P, Moisyadi S,
Kaminski JM: piggyBac is a flexible and highly active transpo-
son as compared to sleeping beauty, Tol2, and Mosl in
mammalian cells. Proc Natl Acad Sci USA 2006, 103:15008-15013.
Venken K], Bellen H): Emerging technologies for gene manipu-
lation in Drosophila melanogaster. Nat Rev Genet 2005, 6:167-
178.

Bellen HJ, Levis RW, Liao G, He Y, Carlson JW, Tsang G, Evans-
Holm M, Hiesinger PR, Schulze KL, Rubin GM, et al.: The BDGP
gene disruption project: single transposon insertions associ-
ated with 40% of Drosophila genes. Genetics 2004, 167:761-781.
Bellen H): Ten years of enhancer detection: lessons from the
fly. Plant Cell 1999, 11:2271-2281.

Awazu S, Sasaki A, Matsuoka T, Satoh N, Sasakura Y: An enhancer
trap in the ascidian Ciona intestinalis identifies enhancers of
its Musashi orthologous gene. Dev Biol 2004, 275:459-472.
Markaki M, Drabek D, Livadaras I, Craig RK, Grosveld F, Savakis C:
Stable expression of human growth hormone over 50 gen-
erations in transgenic insect larvae. Transgenic Res 2007, 16:99-
107.

Genome Biology 2007, 8(Suppl 1):S2

S2.7




<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgfaRotisSansSerif
    /AgfaRotisSansSerif-Bold
    /AgfaRotisSansSerifExtraBold
    /AgfaRotisSansSerif-Italic
    /AgfaRotisSansSerifLight
    /AgfaRotisSansSerifLight-Italic
    /AkzidenzGroteskBE-Bold
    /AkzidenzGroteskBE-It
    /AkzidenzGroteskBE-Light
    /AkzidenzGroteskBE-LightOsF
    /AkzidenzGroteskBE-Md
    /AkzidenzGroteskBE-MdIt
    /AkzidenzGroteskBE-Regular
    /AkzidenzGroteskBE-Super
    /Aldine721BT-Bold
    /Aldine721BT-BoldItalic
    /Aldine721BT-Italic
    /Aldine721BT-Light
    /Aldine721BT-LightItalic
    /Aldine721BT-Roman
    /AllegroBT-Regular
    /AmerTypewriterITCbyBT-Medium
    /Anna
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ATNebraska
    /ATNebraskaBold
    /ATNebraskaBoldItalic
    /ATNebraskaItalic
    /ATToronto
    /ATTorontoBold
    /ATTorontoBoldItalic
    /ATTorontoItalic
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BalticSans
    /BankGothicBT-Medium
    /Barmeno-ExtraBold
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Bembo
    /Bembo-Bold
    /Bembo-BoldItalic
    /Bembo-Italic
    /BenguiatITCbyBT-Bold
    /Berkeley-Book
    /Berkeley-BookItalic
    /Berkeley-Italic
    /Berkeley-Medium
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldCondensed
    /BodoniBT-BoldItalic
    /BodoniBT-Book
    /BodoniBT-BookItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /BookmanITCbyBT-Demi
    /BookmanITCbyBT-DemiItalic
    /BookmanITCbyBT-Light
    /BookmanITCbyBT-LightItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BremenBT-Bold
    /Bulgarian-Ariel
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Caslon224ITCbyBT-Bold
    /Caslon224ITCbyBT-BoldItalic
    /Caslon224ITCbyBT-Book
    /Caslon224ITCbyBT-BookItalic
    /CaslonFiveForty-Italic
    /CaslonFiveForty-Roman
    /CaslonThree-Roman
    /Castellar
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Monospace
    /CenturySchoolbookBT-Roman
    /CenturySchoolbook-Italic
    /CharlesworthBold
    /CheltenhamBT-Bold
    /CheltenhamBT-BoldCondensed
    /CheltenhamBT-BoldCondItalic
    /CheltenhamBT-BoldExtraCondensed
    /CheltenhamBT-BoldHeadline
    /CheltenhamBT-BoldItalic
    /CheltenhamBT-BoldItalicHeadline
    /CheltenhamBT-Italic
    /CheltenhamBT-Roman
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ComicSansMS
    /ComicSansMS-Bold
    /CommonBullets
    /CopperplateGothic-Bold
    /CopperplateGothicBT-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyOneAB
    /Copperplate-ThirtyTwoBC
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CurlzMT
    /DauphinPlain
    /Dax-Regular
    /Dax-RegularExpert
    /Elephant-Italic
    /Elephant-Regular
    /English111VivaceBT-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITCbyBT-Bold
    /ErasITCbyBT-Book
    /ErasITCbyBT-Demi
    /ErasITCbyBT-Light
    /ErasITCbyBT-Medium
    /ErasITCbyBT-Ultra
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /FelixTitlingMT
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothicITCbyBT-Heavy
    /FranklinGothicITCbyBT-HeavyItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldItalic
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /FuturaBlackBT-Regular
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /Futura-LightOblique
    /FuturaLtCnBTItalic
    /FuturaMdCnBTItalic
    /FuturaTEE-BoldCond
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-Light
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Garamond-LightItalic
    /Gautami
    /GeometricSlab712BT-BoldA
    /GeometricSlab712BT-ExtraBoldA
    /GeometricSlab712BT-LightA
    /GeometricSlab712BT-LightItalicA
    /GeometricSlab712BT-MediumA
    /GeometricSlab712BT-MediumItalA
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Giddyup
    /Giddyup-Thangs
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Giovanni-Black
    /Giovanni-BlackItalic
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-BoldSC
    /Giovanni-Book
    /Giovanni-BookItalic
    /Giovanni-BookSC
    /GloucesterMT-ExtraCondensed
    /GoudyHandtooledBT-Regular
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Haettenschweiler
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Roman
    /Impact
    /ImprintMT-Shadow
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /Kartika
    /KidsPlain
    /Latha
    /Latin725BT-Bold
    /Latin725BT-BoldItalic
    /Latin725BT-Italic
    /Latin725BT-Medium
    /Latin725BT-MediumItalic
    /Latin725BT-Roman
    /LatinExtraCondensedBT-Regular
    /LatinWidD
    /Lithograph-Bold
    /LithographLight
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathematicalPi-Five
    /MathematicalPi-Four
    /MathematicalPi-One
    /MathematicalPi-Six
    /MathematicalPi-Three
    /MathematicalPi-Two
    /MicrosoftSansSerif
    /Minion
    /MinionBlack
    /MinionBold
    /MinionBoldItalic
    /MinionItalic
    /MinionSemibold
    /MinionSemiboldItalic
    /MonotypeSorts
    /MSOutlook
    /MVBoli
    /Myriad-BdWeb
    /Myriad-CnItWeb
    /Myriad-CnWeb
    /Myriad-ItWeb
    /Myriad-Web
    /NewBaskerville-Bold
    /NewBaskerville-BoldItalic
    /NewBaskerville-Italic
    /NewBaskerville-Roman
    /NewtextITCbyBT-Regular
    /NewtextITCbyBT-RegularItalic
    /NuptialScript
    /OCRAbyBT-Regular
    /OCRAExtended
    /OCRB10PitchBT-Regular
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OnyxMT
    /Optima
    /Optima-Bold
    /Optima-BoldOblique
    /Optima-Oblique
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PosterBodoniBT-Roman
    /Pronto
    /Raavi
    /RageItalic
    /Rockwell
    /RockwellBold
    /Rockwell-Bold
    /RockwellBoldCondensed
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /RockwellExtraBold
    /Rockwell-ExtraBold
    /RockwellItalic
    /Rockwell-Italic
    /RockwellLight
    /ScriptMTBold
    /ScriptMT-Bold
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Shruti
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Staccato222BT-Regular
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /StoneSans
    /StoneSansItalic
    /StoneSerif
    /StoneSerif-Bold
    /StoneSerif-BoldItalic
    /StoneSerif-Italic
    /StoneSerif-Semibold
    /StoneSerif-SemiboldItalic
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-BlackRounded
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-BoldRounded
    /Swiss721BT-Heavy
    /Swiss721BT-HeavyItalic
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Medium
    /Swiss721BT-MediumItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721BT-ThinItalic
    /Swiss911BT-ExtraCompressed
    /Sylfaen
    /SymbolMT
    /SyntaxBlack
    /SyntaxBold
    /SyntaxItalic
    /SyntaxRoman
    /SyntaxUltraBlack
    /Tahoma
    /Tahoma-Bold
    /TektonMM
    /TiffanyITCbyBT-DemiItalic
    /TiffanyITCbyBT-Heavy
    /TiffanyITCbyBT-HeavyItalic
    /TiffanyITCbyBT-Light
    /TiffanyITCbyBT-LightItalic
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-BoldCond
    /TimesNewRomanMT-Cond
    /TimesNewRomanMT-CondItalic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Medium
    /TwCenMT-MediumItalic
    /TypoUprightBT-Regular
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WoodtypeOrnaments-One
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZurichBT-Black
    /ZurichBT-BlackExtended
    /ZurichBT-BlackItalic
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldExtended
    /ZurichBT-BoldExtraCondensed
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraBlack
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-LightCondensedItalic
    /ZurichBT-LightExtraCondensed
    /ZurichBT-LightItalic
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


