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1. INTRODUCTION

1.1 Tribolium castaneum

Tribolium castaneumalso known ashie red flour beetleoriginate from Indiabut it
has been widely scattered by rhaso today is considered cosmopolitan spedegolium
castaneurmis tenebrionid beetle2.3- 4.4 mm in size, it has 4levelopmentaktages eggs,
larvae, pupa anddult (Figurel). It's generation time is temperature dependant and can take
from 20 days on 37.5 AC Thepcampoosper ort wWide variely4f0 d a vy
grain, cereal and nyiroductsat >10% relative humidify Thesebiological properties have
estabished it as important organism for studies of development and evolution as well as for
biomedical and agricultural reseatcHribolium castanem is a major global pest in the
agricultual industry it causes billions of dollar worth losses on stored grain and cereal
products Tribolium castaneunprovides an excellent genetic model systemColeopterans
the largest and most diverse order of eukaryotic organisms. SimilaDrasophila
melanogasterin the order DipteraTribolium castaneumhas characteristics desired in a
genetic model organism including ease of culture, short generation time, large brood sizes and
efficacy of genetic manipulation. The potentialToafbolium castaneunfor genetic analysis
has been demonstrated through RNA interferéfocmhole-genome molecular mappihgnd
classical mutational studf€ Completion ofthe genome sequentehave ber greatly
facilitated nolecular geneticsand genomic studies ifiribolium castaneumSequencing
involved the euchromatic portion of the genome, with >20% of the genome, corresponding to
heterochromatic regions, excluded due to technical difficulfié®® genome sequence is
currently being annotated and large sets of expressed sequence tags (ESTs) have been
generated from stageand tissuespecific cDNA libraries by the Tribolium research
community. The sequence data provide useful information for identifying and characterizing
the function and organizationof beetle genes as well as their orthologues in other insect
species.Tribolium castaneunis momentarilythe most efficient model system for performing
functional analysis of genes lost in the Drosophila lineage but consena@tien insects.
Beetles (Coleoptera) and flies (Diptera) divergdmut300 million years agd. Although
Coleoptera is considered to occupy a basal phylogenetic position, Diptera is one of the most
advanced insect orders and there is evidence that gene sequences in [rosaphilave

evolved rapidly’. As genome sequence data become availabl&rfbolium castaneunand
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other insect species, comparative genomics may reveal the genetic innovations that

accomp@nied the evolution of higher insects.

Figure 1 Developemental stages @fibolium castaneumA) larvae, B) pupa, (
adult and D) eggs.

1.2 Satellite DNA

Satellite DNA (satDNA) is generallyformed of large arrays of tandemly repeating
DNA in which the monomers are repeated in a head to tail fashlibough seldom satDNAs
can have complex repeatganisation resulting in high@rderrepeats (HORs)SatDNA is
located mainly in the centromeric, pericentromeric and telomeric regions of chrom&somes
In eukaryotic organisms satDNA constitutes a considerable part of the genomicaSNA
beetles from the coleopteran family Tenebrionfdaeg. in Tribolium castaneunits major
satellite (TCAST), comprise 35% of the whole gentin®@atDNA is major builthg element
of heterochromatin and it is important in the establishment and maintenance of cenfromeric
telomeric and subtelomeric regions, which are essential for proper chromosome segregation.
In insects satDNA repetitive units (monomeusyallyfalls in two size classes, although with

numerous exceptions, one in the range of aboutl®A0bp and the other in the range of about
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300400 bpg°. In some species satDNA monomer length is strictly conserved despite
remarkable sequence difference and compartmentalization into different genomic'fegions
SatDNA monometength can be a critical aspect for the nucleosome positioning and for the
heterochromatin condensation and centromeric functioh is also possible that the
monomeslength conservation is necessary for the modulation didrigrder structures or

that the length requirements are consequence of the interaction between -aataylil@nd
specialized centromere proteifis Generally the same type of satDNA exists in all
chromosomes of an insect spetiemdsometimessatDNA can be chromosompesific. In
relation to specificity satDNA can be species specific, but usually it is shared among more or
less related speci€sSpeciesspecific satDNA can be produced by changes in the number of
copies as a result of differential amplification mE-existingrepeats. Ancestor of a closely
related speciesancontain a "library" of repeat gaences, some of which could be amplified
into a major satelliteluring cladogenesi Quantitative changes in satDNAs can occur in the
course of the spettion process, thus forming a speesgecific profile of satDNAsIt is
generally accepted that satDNAs follow an evolutionary pattern known as concerted evolution
which induces sequent®mogenisationvithin a repeat family and their subsequent fixation

in the populatioft. The internal satDNA sequence variability in insects is in rangjgo?,
variability of each satDNA in each species depends mainly on the ratio betweemanati
homogenisation/fixation rat€s Many of the repetitive units of satDNAs havariableand
highly conserved regions this indicates that conserved regions of satDNAs can have important
functional rolé®?* The sequence conseriat may be due to the satDNAequence
interaction with specific proteins important in heterochromatin formation and in the possible
role of satDNA in controlling gene expressidrDifferent satDNA types can coexist in a
species, andhe sequence variability corresponding to each type can diffee of
characteristics of satDNA in majority of eukaryotic organisms is an intrinsically bent
structure. Intrinsic curvature is a sequedependent property of the DNA molecwidich

may be r&ated to chromatin organisation and the tight winding of DNA in constitutive
heterochromatiras well as to specific protein bindffgSatDNAs have a general reputation

of being transcriptinally irert, however lar expression of these non coding sequences has
been observed in many organisms including inéettsTranscription of satDNAs generally
shows developmentastage and tissugpecific differences, suggesting that the trapse
could have regulatory rol&s SatDNAs and their transcripts play critical roles in
heterochromatin formation and providing regular function of centromere and kinetohore

thus enabling proper chromosome functioning and ensudegome integritf’?> Any
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disruption in proper heterochromatin formation or in centromere and kinetohore function can
causeaneuploidyand chromosore instability”. The complete sequence conservation, wide
evolutionary distribution and presence of functional elements such as promoters and
transcription factor binidg sites within some sBINA sequences has led to the assumption
that in addition to participating in centromere formation, they might also at$-eegulabry
elements of gene expressianTo perform potentiategulatory functions, sBINA elements

are predicted to be preferentially distributed in euchromatic portion of the genomes, in the

vicinity of genes.

1.2.1.TCAST satellite DNA

Tribolium species have sequence specific satellite DNA profiles: in each species a
single highly repesented satellite is detected and the satellites exhibit no significant sequence
similarity except common structural features in thenfef stable dyad structures and A+
rich blocks They are main building component of centromeric and pericentromeior seof
all chromosomes and they all have high A+T corfefit’ In the red flour beetl@ribolium
castaneunTCAST is a majorsatellite DNAand it shares most features common to all main
satellites in Tribolium species. TCAST satelliteencompasses centromeric as well as
pericentromeric regianof all chromosomé$ TCAST satellite has high A+Eontentof 73%,
and lacks significant internal substructur€EAST satellite is composed of two subfaseli
Tcastla and Tcastlb that together make up betwed®%50f the whole genome. Tcastla
and Tcastlb have average homology of 79%, similar size of 362 bp and 377 bp respectively,
but are characterized by a divergent, subfamily specific region of apprexnif0 bp?
(Figure2). The two subfamilies are prevalently organized in the intersperseddtihough a
portion exists in the form of homogenous tandem arrays composed of only Tcastla or
Tcastlb.Comparison of sequence variability of Tcastla and Tcastlb amonfyibedium
castaneunstrains reveals a difference in the frequency of particulartrontapresent at some
positions. However, no difference in amount or organization of subfamilies was detected

amongTribolium castaneurstrains.
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CGAGTTATARAGTTGGATATAAATAATATTTAACAAAAACTTGCTTAAAAATAAAATGT

*kkk kkhkk  kkk ok kkkk %k * *% kkkkk * *% k% % *

TTGTTGATTTAAAATACACTTAATTTATTGGGTCCAATACTTTATTAGAAGAAAAAGGA
TGAAATACTGAAATTAAACTAAATAINGTGTCTAACACTTTAGTAGAGRAAAAAGRAA 1

* * Kk kkk kk hhk hhkkk kkkk kkk kk kkkkkk hhkkk  hhkkkk kk

GTGACATAAAAGTCACTGAAGTCTTCAGAGTCGTTTIGRAGCATTTTCGTEe 235
RAGACATAAAAGTCACYAAAGKYTTCAGARTCGTYTTTAGTCGTCATAATAATA 239

Kkkkkkhkkkkhkkkhkk kkk kkkkkk kkkk k% k * % *kk *
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GTAACAGTKTF-- TTGGTTTCTTGCTTATATCTCGAAAACAGTTACTCCTATSAATTT ¢

*kk kkkk Kk *kkkkkk kkkkkkkkkk * kkkkkkkkkkkkkkkkkkk kkkkk

TTATCTTTCTTTCAAAATTAA 360
TTRTCTTTYTTTCAAAATTAA 376

*k kkkkk kkkkkkkkkkkk

Figure 2 Alignement of Tcastla and Tcastlb variants of the mijbolium castaneursatellite.

1.3 Transposable elements

Transposable element is a DNA sequence that can change its relative pasition w

the genomeTransposable elements are found in the genomes of nearly all euk&ryiitese

are twomain classesf transposable elements accoglio theirmechanisnof transposition.

Class | (retrotransposons) use "copy and pastethanismof transposition. They copy
themselvesn two stages,ifst by transcription from DNA to RNA and then by reverse
transcription from RNA back to DNA. The DNA copy is then inserted into the genome in a
new position. For this kind of transposition is needecenrsy transcriptase which is often
coded by transposable eleméself (Figure3). Retrotransposonsan be further classified as
autonomous and nesutonomous. Autonomous retrotransposons are coding for proteins
necesary for their transposition, although they are also dependent on host RNA polymerases

and DNA repair enzymes for successful jumping. fdatonomous retrotransposons do not

code

Furthermore reverse transcriptemecoding transposable elements include long terminal

for any protein and must hij acoktiomt her
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repeat (LTR) retrotransposons and #diR retrotransposons, which have no terminal
repeatsClass Il (DNA transposons) use "cut and paste" transposnecharsm In this type

of transposable elements transpositions are catalysed by various types of transposase enzymes
(Figure 3). Some transposasecan bind only to specific sequence targets and some can
transpose to any taegsite.Transposase cuts target DNA and makes szl cut in it then
intermediate DNAIs inserted and ligated by transposase and gaps are filled by DNA
polymerase. As a result we have direct repeats around inserted DNA which can be used as a
evidenceof transposition Kigure 4). Transposable elements can constitute considerable part
of the genome.g. inTribolium castaneunthey constitute %% of the genont& Based on

the hypothesis of Britten and David$omepettive elements can be a source of regulatory
sequences, and act to distribute regulatory elements throughout the genome. In particular,
mobile transposable elements are predicted to be a source-obdiog material that allows

for the emergence of genetiovelty, and influences evolution of gene regulatory netwérks
Recently it has been shown that at least 5.5% of conservedodamy elementsinique to
mammals originate from mobile elements, and are preferentially located close to genes

involved in development and transcription regulation
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2. AIMS

Much is known about TCAST satellite DNA structure and organization in
heterochromatic regions @fibolium castaneurshromosome$32 However, there are many
unanswered questions about presence of TCAST satellite repeats within euchromatic region
of Tribolium castaneungenomeWhole genome sgiencing projects enable the presence and
distribution of satellite DNA repeats in the euchromatic portion of the genome to be
determined.The goal of this research is to analyse distribution, organisation, sequence
features and phylogenetic relationships TCAST repeats within euchromatin as well to
describe genes in their vicinitguch analysisould give us some insights into possible gene
regulatory roleof satellite DNA elements. In addition, comparisoh satellite DNAlike
elements dispersed withireuchromatin, with homologous elements present within
heterochromatin, may also reveal insights into the origin of satellte DNAs and their

subsequent evolutidh
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3. MATERIALS AND METHODS
3.1. Searching for TCAST satellite sequences ifribolium castaneungenome

BLASTN version 2.2.22+web servicewas used to screen ehNCB Genomes
(chromosome)database offribolium castaneum(http://blast.ncbi.nim.nih.gov/Blast.cgf)
All scaffolds that have not been mapped to Ilgg&kagroups were also screened
(http://www.ncbi.nlm.nih.gov/Traceswgs/?val=AAJJOL The program was optimized to
search for highly similar sequences (megablast) to the query seqiégee 6)'*. Genes
flanking TCAST homologous elements were found automatically by NCBI bRegpbasea

reference database of eukaryotic repetitive DNAs screened usitiyU-BLAST?,

10 20 30 40 50 60
Tcas t1b (360bp) AGCTGATAAA ATTTCCTACA AAATAGTTAT TTGCATTTTT CATGTAGGAC TAACCATAAG

O R S RO [Py FPSS IR RO [OOON OO
70 80 90 100 110 120

Tcastlb (360bp) CGAGATATAT GTTTGAAAAT AATTAATATT TAAAAAAAAA TTGCTTTAAC AGAAAATGTC
FUPOY U PO FUPY [P O [ (OO [POOPY FOS [P Poo
130 140 150 160 170 180
Tcast1b (360bp) TTGTTGATTT AAAATACACT TAATTTATTG GGTCCAATAC TTTATTAGAA GAAAAAGGAA
FUUOY U SO FOPSY [P O [ (OO IO O [P oo
190 200 210 220 230 240
Tcastlb (360bp) GTGACATAAA AGTCACTGAA GTCTTCAGAG TCGTTTTAAA TGCTGCATTT TCGTCTTCG?
FUUOY U SO PP [POY O [ (OO [OOY O [P oo
250 260 270 280 290 300
Tcastlb (360bp) CTCAAACATT GAAAACTGAA TTACATTTTG TTCAGTAACA GTACAGTTTT CTTATTGGTT
ool ool el o] el el
310 320 330 340 350 360
Tcast1b (360bp) TTTTGCTTAT ATCACGAAAA CAGTTACTCC TATCAATTTT TATCTTTCTT TCAAAATTAA

Figure 5 TCAST seqgence used fecreeneng NCBI Genomes database for euchromatic T
segences.
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3.2. Refining BLASTN resuts and importing results into database

BLAST output file has many alignments and only one smaller fractipresents data
needed in theresearch. In order to achieve that blast hits on the query segqubece
alignments were analyzed one by one. Ontlilose genomic sequences that contain at least
140 nt (40% of TCAST monomer length) continuous stretch with more than 80% homology
to TCAST elementwere considered for the further analysis. Alignments of the query
sequencavere mapped regarding to start aadd site, chromosome number and total length
of the alignment. Additionally, gene data as uniprot Hdfrez ID, gene name and distance
from neighboring TCAST satellite elememtere imported into database. In process of
BLAST data collecting and managemeditra Edit Professional Text/HEX Editor Version
14.00a (http://www.ultraedit.com) and Microsoft Office Excel 2007
(http://office.microsoft.com/kRhr/) were used.

3.3. Analysis of TCASTlike elementsand their flanking region

3.3.1. Defining exact starand end sites of TAST-like elements

Sequences corresponding MCBI blasthits aswell as their flanking regionsvere
analyzed by Nucleic Acid Dot Plots web service (http://www.vivo.colostate.edu/
molkit/dnadot/), using standard parameters (window $izenismatch limit 0), or more
relaxed conditions (window size 11, mismatch limit 1), in order to determine the exact start
and end site of particular TCASike element.In analysis 50®p flanking region for each
TCAST-like elementwas also includedfrom both 5' and 3' sitesAs additional tool in this
analysis program BioEdit Sequenadéignment Editor v 7.0.5.3" was used Resultsof the
analysis will point outpossiblespecificitiesin euchromatic TCAST satellite sequence and

composition as well as their flankingregion.

3.32. AT content analysis

To determine whether there was a target preference for the insertion of IBAST
elements the AT content within 100bp of the flanking regions for each TAik& Element
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was analyzedfrom both 5' and 3' sites. ATontent was analyzed using BioEdit Sequence
Alignment Editof.

3.33. Terminal inverted repeats and target site duplicationsanalysis

The TCAST transposelike elements were analyzed in detail for the presence of
hallmarks, such as terminal inverted repeats (TIRg)target site duplications (TDs) with the

aid of the Gene Jockey sequence analysis program (Apple Macintosh)

3.3.4. Secondary structure analysis

Secondary structure amals was performed to detect there were present any
secondary structure motifs espfic for TCAST-like elements.Secondary structures were
determined using the default parameters of the MFOLReb server
(http://mfold.rna.albany.ed®g=mfold*>. MFOLD web server algorithm predicts a minimum
free energy for a given single straddeucleotide sequence needed to predict nucleic acid

folding as well as hybridization and melting temperatures.

3.3.5. Sequence alignment and phylogenetic analysis

To see whether there is any clustering of sequences of TCAST sditadlidements
due b the difference in the homogenization at the level of local actapmosome, or among
different chromosomes, sequena&gnment and phylogenetic analysis were performed.
Tcastlaand Tcastlb subunits were analyzed separategguence alignment was parhed
using MUSCLE algorithdf¥ combined with manual adjustment. All sequences were included
in the alignment, with the exception of the ones that did not at least partially overlap with
other sequences. Gloks was used to eliminate poorly aligned positions and divergent
regions of the alignmerits jModelTest 0.1.1 softwaf®was used to inferre bet models of
DNA evolution - TPM3uf+G for transposchke and A type elements, and TPM1uf for B
type elements. Maximum Kelihood (ML) trees were estimated with the PhyML 3.0

softward® using besfit models. Markov chain Monte Carlo (MCMC) Bayesian searches
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were perbrmed in MrBayes v. 3.1.Z.under the bedit models (2 simultaneous runs, each
with 4 chains; 3x1Dgenerations; sampling frequency 1 in every 100 generations; majority
rule consensus trees constructed based on trees sampled after).oBranch support was
evaluated by bootstrap analysis (1000 replicates) in ML and by posterior probabilities in
Bayesiananalyses. Pairwise sequence diversity (uncorrectedigs) calculated using the
MEGA 5.05 softwaré’

3.4. Searching for genes ithe vicinity to TCAST satellite elements

Genes flanking TCASThomologous elements were foumditomatically by NCBI
blast Figure6). All genes automatically found by NCBI blast web serwiee included in
the analysisTCAST satellite homologous elements were mapped to 5' or 3' ends, as well as
within introns of protein coding genesLink in the NCBI blast output file for the
corresponding neighbouring gemmables redirectiono selected NCBInucleotideregion
summary page where, among many other dallREZ gene id for corresponding genan
be found Throwh this gene id uniprot IBan be obtained and it ised inthe further gene
identification.

3.5. Searching for Tribolium castaneumgenes homologues iDrosophila melanogaster

Tribolium castaneungenes homologues iDrosophila melanogastewere searchd
by using OrthoDB Phylogenomic database (http://cegg.unige.ch/ortiddB&h gene has
OrthoDB identifie under Uniprot data (http://www.uniprot.orf/)which is linked to
OrthoDB. OrthoDB identifier is a link between orthologogsnes in different species. Each
Drosophila melanogastegene is represented by unique Fbd® number while each

Tribolium castaneurgene is represented by unique Uniprot ID.
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ﬂ:e:‘ll-IC 007424.2|NC 007424 E Tribolium castaneum linkage group 9, reference assembly (based
on Tcas_3.0), whole genome shotgun sequence
Length=21459655

Sort alignments for this subject sequence by:
E value Score Percent identity
A Query start pesition Subject start pesiticn

Features flanking this part of subject sequen/ B
18773 bp at 5' side: similar to GA20S501-FA /
7795 bp at 3' side: similar to RAB37, member RAS conccgene family

Score = 556 bits (301), Expect = 4e-155
Identities = 344/364 (94%), Gaps = 6/364 (1%)
Strand=Plus/Plus

Query 1 AGCTGATARRATTTCCTACAARRTAGTTATITGCATITITCATGTAGGACTARCCATRARG 60
PEEREEEErerr e e e e et Pererr e e e e e e e el
Sbjct 18138343 AGCTGATAARATTTCCTACRARARTAGTTAGTTGCATTTITTICATGTAGGACTAACCATAAG 18138402

Query 61 CGAGATATATGITTGAAARTAATTAATATITaaaaaaaaaT-TGCTTTAACAGARRATGT 119
20 T Y 80U L 0 4 P 0 o
Sbjct 18138403 CGAGATATAAGTTTGAAARTAATTAATAATTAARAARAR-TGTGCTTITARCAGRRAATGT 18138461

Query 120 CTTGTTIGATTTAAARTACACTTARTTTATTGGGTCCAATACTTTATTAGARGAARRAGGRE 179
Il

L Lrerr e Peerr bbb Cererrere e rrerrerid
Sbjct 18138462 CITGT-GATTTAARATACACTAARTTTATTGGGTICCRACACTTTATTAGAGGARARAGGA 18138520

Query 180 AGTGACATARRAGTCACTGARAGTCTTCAGAGTCGITTT-ARATGCTGCATITICGICTIC 238
Forrrrerrereerrer e et b reererrerr et Frrerirr e err el
Sbjct 18138521 GGAGACATARRAGTCACTGAAGTCTITCAGAGTCGTTTITITAAATGCTGCATITICGICTIC 18138580

Query 239 GICTCRRACATTGARAACTGAATTACATTTT-GTTCAGTARCAGT-ACAGTTTTICTTATIT 296
PELREREEE e v e e ey |
Sbjct 18138581 GICTCRARACATTGARAACAGAATTACATITITGITCAGTAACAGTTACAGITTIICTITACT 18138640

Query 297 GGTTITTIGCTTATATCACGARRACAGTTACTCCTATCARTTTTTATCTTTICTTTICARRR 356
LErrerrrerrrerr e veerr reerererr teerrre e e ere et terrrrnl
Sbjct 18138641 GGITITITGCTITATATCTCGAAATCAGTTACTCTTATCAATITTTATICTTITITICAARR 18138700

Query 357 TTAR 360
11
Sbjct 18138701 TTAR 18138704

C

Features in this part of subject(quence:

similar to CG32666 CG32666-FB

Score = 540 bits (292), Expect
Identities = 342/365 (93%), Gaps
Strand=Plus/Plus

4e-150
7/365 (1%)

Figure 6 Here is an example of linksutomaticallyadded to output file by NCBI blast w
service, to NCBI nucleotide summary page for genes in proximity to a Tcastlb hom«
sequence. Links are containing data such as gene distance from the alignement, gene
location relative to the alignments. There are 3 possible scenarioussdecetéd from 5' (A) «
3' (B) sideas well as withilgene sequence (C) (in intron).

3.6. Analysis of genes flanking TCASThomologous elements

3.6.1.Gene Ontology (GO) annotation

The Gene Ontology (GOproject is a bioinformatics initiative with the aim of
standardizing the representation of gene and gene product attributes across species and
databases. The project provides a contted vocabulary of terms for describing gene product

characteristics and gene product annotation data. The GO project has developed three
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structured controlled vocabularies (ontologies) that describe gene products in terms of their
associated biologicalrpcesses, cellular components and molecular functions in a species
independent mannefhe controlled vocabularies are structured so that they can be queried at
different levels: for example;O can be usedb find all the gene products in tAeibolium
castaneunmgenome that are involved imgaal transduction, ocanbe used t@oom in on all

the receptor tyrosine kinases. This structure also allows annotators to assign properties to
genes or gene products at different levels, depending on the depthwdé#ge about that
entity. On uniprot protein summary pagbere is a link to EBI Quick GO database
(http://www.ebi.ac.uk/QuickGO/) whelist of assigned G@erms for each gene of interest

was obtainedAcquired data was used to cre#éble withdetailed description of the genes,
including molecular function of their protein products, biological processes in which these
proteins are involved, and their cellular localization (cellular componEabje withdetailed
descriptionof the geneswas created usg data for Tribolium castaneungenes. In cases
where ortholog gene iDrosophila melanogastdrad more GO information than the one from
Tribolium castaneurthese additional GO annotations were added too.

3.62. Determining correlated characteristics between genes

In order to determine biological features (annotations) that frequentigae in a set
of genes and rank them by statistical significance web service GeneCodis 2.0
(http://genecodis.dacya.ucm.&éAnd Fatigo Ifttp://babelomics.bioinfo.cipf.es? wereused
GeneCodisand Fatigo generatstatistical rank scores for single annotations and their
combinations. To find all the possible combinations of annotations, GeneCodis uses the
apriori algorithn™ and Fatigo uses Fisher's exact test for 2*2 contingency takdesarry
out enrichment tesOnce the annotations were extracted, a statistical analysis based on the
hypergeometric distribution or the Ghest of independence was executed to calculate the
statstical significance f values) for each individual annotation or -@onotations.
Determination of biological annotations or combinations of annotations that are significantly
associated to a list of genes under study with respect to a reference lismplilhgze
possible gene regulatory role of TCAST satellite. One problem in this analysis is that
GeneCodis still doesn't havfeibolium castaneungene annotations database, and therefore in
order to perform this kind of analysi3rosophila melanogastegeneannotations database

needs to be usedhe results acquired fobrosophila melanogastecan be used to draw

17



conclusions aboutribolium castaneunbecause usuallgrthologs have the same functiéin
Annotationstracked were three GO (biological process, molecular function and cellular
component), KEGG pathways and InterProtit$canotations.

3.63. Phylostratigraphic analysis

Genomic phylostratigraphy can be used to show groumhggenes by their
phylogenetic origi. This grouping can uncover footprints of important adaptive events in
evolution. Comparison of sequenced genomes has shown that a significant fraction of genes
occurs only indefined lineages®*® This implies that these genes have arisen during the
evolution of the respective lineages, probably in the context of lineagdicelaptations.

This means that by genomic phylostratigraphy evolutionary innovatiansbe tracedy
using data from genome projects. tlme genomic phylostratigraphy analysidrosophila
melanogastergere orthologs ofTribolium castaneumgenes near TAST-like satellite
elementswere used Drosophila melanogastedata was used because there is not yet
Tribolium castaneunstratification map availablelo assigntheseDrosophila melanogaster
genes to the internodes on the phylogenetic (Fegure 7) BLAST sequence similarity
searcles® against the nomedundant protein databdSevere used All genes were then
distributed into 4 groups (genomic phylostrata) according to éngergencef their founders
in the phylogery. Variation from the expected frequencies of expression events for the genes
in vicinity to TCAST-like satellite elements was tested by a-taibed hypergeometric test
with Bonferroni correction (alpha = 0.025) using GeneM®rge
Drosophila\
Diptera -,

Endopterygota N
Insecta

Pancrustacea
Arthropoda

N
Protostomia\ +

Bilateria\

Eumetazoa\
Metazoa\
Holozoa (Metazoa + Allies)\ JP
Opisthokonta\
Eukaryota\
CellulaLrg.\%)

Figure 7 Phylogenetic tree used in stratificationbsophila melanogastagenome. Tree is divide
into 14 genomic phylostrata.

~
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3.7. Analysis of dstribution of TCAST -like elements on Tribolium castaneum
chromosomes

Two-tailedhypergeometritest with Bonferroni correction (alpha = 0.02&#s used to

analyse the distribution of TCASlike elements amongjribolium castaneunchromosomes

in order to detect whether TCASike elements were istributed randomly among the
Tribolium castaneum chromosomes or whether there was a significant over or
underrepresentation of the elememts some chromosomedn each chromosome the
frequency of TCASTlike elements was compared with the frequency irctimaplete sample
and the significance of deviatiom&s calculated. Furthermgreositions of constitutive
heterochromatin and euchromatin were assigned on the haploid Bebafum castaneum
chromosomes, based onbanding datd and Tribolium castaneum 3.0 Assembly data
(http://www.beetlebase.orgWVithin euchromatic segments, the position of each TCN&T

element is specifically indicated based on the position within the genomic sequence.
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4. RESULTS

4.1. Identification of dispersedTCAST -like elements

Using the consesus sequence of TCAST satellite DNg#igure 5) as a query
sequence, the NGB>enomeglatabase ofribolium castaneunwasscreenedemployingthe
alignment program BLASTN version 2.2.22+. The program was optimized ai@hséor
highly similar sequences (megablast) and blast hits on the query sequence were analyzed
individually. Alignments were mapped regarding start and end site, chromosome humber
alignment orientatiorand total length. When the distance between twgnaients on the
same chromosome was short, the genomic sequence was further analyzed by alod plot
BioEdit Sequence Alignment editdo identify any potential continuity between the two
alignments.Dot plot analysigFigure 8) and sorted mapped daitadicated that there are 3
types of TCASTike elements present in euchromatic regionsTobolium castaneum

genome.

DMA 1 an horizontal axis = 360 hases
DMA 2 onvertical axis = 1363 bases

* Tcastla

Figure 8 Dot plot analysis: consensus sequence of TCAST satellite [
against trimer detected if'@hromosome. This dot plot graph indicates tl
there are 2 variants of TCASike satellite element. These variants we
named Tcada and Tcastlb.
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Two of themusually occur togethawhile the third one usually occurs alone and rsmne
characteistics typical for transposongFigure 9 & Figure 10). Two subtypes of TCAST
satellite monomers were mutually interspersed: Tcastla and Tcastlb. Tcastlb corresponds to
the TCAST stellite consensus that was used as a query seddeand Tcastla corresponds

to thenew version offCAST subfamilylately experimentally confirmed iheterotiromatin

anddescribedf.

IR  SatF ?? SatR IR
136 352
286 516 283

Figure 9 Shematic representation of TCAST transpodikee element. It containins twc
TCAST-like satellite elements: SatF136 bp long and SatR352 long. IR represnts inverte
repedas.

:

3

T % :
ét}\y 7/%’:’/ %‘
*-o:._‘ \\\ ;
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f 27”“ N“‘ \\ ;;

Figure 10 Mfold DNA graphical output for TCAST transposaclike element and 50 bp flanl
region. It is visible that TCAST transposeliiee element forms long ant stable hairpin second
structure.
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4.2. Classification of dispersed TCASTlike elements

Only genomic sequences with at leag0Int (40% of TCAST monomer length) of
continuous sequence, and > 80% identity to the TCAST consensus sequence were considered
for further analysis. The total number of dispersed TCAKT elements was 68lable 1),
with 36 elements flanked by genes at both 56
either at 506 or 30 end (sequences no. 36, 39
(Table2). Except 68 TCASTike elementsassociated with genes, no other dispersed TCAST
like elements were found within the assembletbolium castaneungenome. Analysis of
scaffolds that have not been mapped to linkage groups revealed presence of additional 41
TCAST-like elements, but sincéey were not mapped fribolium castaneungenome and

could possibly derive from heterochromatin, we did not consider them for further analysis.

Table 1 Summarised data from table 1. showing the number of TCAST like elemehts fiorin of
either satellite or transposactike elements on each chromosome. The number of genes in vicinity to
TCAST-like elements on each chromosome is indicated as well as postions of TiBA%Iements
relative to genes: from 3' side, 5' side or imdn.

Chromosome  TCAST \ Satelite Transposone 3 5 intron Genes
2 1 2 1 1 1 3
5 2 3 4 3 1 7

17 4 13 11 11 6 28
4 2 2 2 2 2 6
4 3 1 2 2 2 6
4 2 2 2 2 2 6
4 2 2 1 1 3 5
6 2 4 2 2 3 7
17 12 5 10 10 7 25
5 4 1 3 3 2 8
68 34 35 38 37 29 101

= Satellite u3
5

E Transposon )
Hintron
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There were only three cases in which two different TCAKd elements were associated

with the same gene: gene D6X2C4 contains TCAKS sequenes no. 6 and 13 within
introns,gene D6 X2U7 i s f | ank aehcesano. 55a6d 7arasgecti@efy, e nd
while gene D6WB29 is | ocated at 36 end of t
within an intron. All other TCASTlike elements were positioned near or within different

genes. Thus in total, there were 101 genesdaunthe vicinity of TCASTlike elements.
Characteristics of the genes associated with TGA&Telements, including gene identity

number, gene name and chromosomal location, position relative to the associatedliIkEAST

element and distances between TJAike elements and genes are shownTible 2.

Distances between TCASTi ke el ements and genes range fr
site of the sequence no. 36 ), to a maximal distance of 404 270 nt (genepesitio at 506 s i |

the sequence no. 5).
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Table 2 TCAST-like elements associated with genes wifhiilbolium castaneursuchromatin

Uniprot Entrez Gene name Chr Sat seq. Position Distance, bp DM homolog FBgn Type Length copies
D6WZP1 662564 Altered disjunction 9 1 5' 18773 Q9VEH1 FBgn0000063 satelite 734 2,0
D6WZP3 662624 Rasrelated protein Rai26 9 1 3 7795 Q9VP48 FBgn0086913 satelite 734 2,0
D6WZL9 661947 Probable serine/threoningrotein kinase 9 2 inside QOKHT7 FBgn0052666 satdite 993 2,8
D6X226 660275 Arrest 9 3 5' 99669 Q8IP89 FBgn0000114 satelite 716 2,0
D6X238 661741 Numb 9 & 3 115984 P16554 FBgn0002973 satelite 716 2,0
100141832 no match on uniprot 9 4 5' 1520 satelite 517 14
D6X2D0 660440 Shortchain dehydrogenase 9 4 3 6704 Q9VES80 FBgn0038610 satelite 517 1,4
D6X1E7 656884 Cytochrome P450 306A1 9 5 5' 404270 Q9VWR5  FBgn0004959 satelite 1058 2,9
D6X2U7 656977 Elongase 9 5 3 9947 Q9VCY6  FBgn0038986 satelite 1058 2,9
D6X2C4 660195 Dopamine receptor 1 9 6 inside P41596 FBgn0011582 satelite 304 0,8
D6X2U7 656977 Elongase 9 7 5 7128 Q9VCY6  FBgn0038986 satelite 394 11
D6X366 657055 elongation of very long chain fatty acids protein 9 7 3 50111 Q9VCY5  FBgn0053110 satelite 394 11
D6X0D7 657748 Ret oncogene 9 8 5 56625 Q8INUO FBgn0011829 satelite 213 0,6
D6XO0E1 657829 Dpr9 9 8 3 62781 Q9VFD9  FBgn0038282 satelite 213 0,6
D6X2H8 654954 ADAM netalloprotease 9 9 inside Q6QU65 FBgn0051314 transposone 1107
Dex2U7 655561 Elongase 9 10 5' 47902 Q9VvCz0 FBgn0038983 transposone 1085
D6X2V3 655640 Putative uncharactezed protein 9 10 3 67953 Q9VDB7 FBgn0038881 transposone 1085
D6X244 655011 Serine/hreonineprotein kinase 32B 9 11 inside QOKID3 FBgn0052944 transposone 1062
D6X374 100141521 Putative uncharacterized protein 9 12 inside Q9vVGZ4  EBgn0037814 satelite 292 0,8
D6X2C4 660195 Dopamine receptor 1 9 13 inside P41596 FBgn0011582 transposone 900
D6X259 656290 Transport and Golgi organization 13 9 14 5 9456 Q9VGT8 FBgn0040256 satelite 222 0,6
D6X260 656373 Proteintyrosine sulfotransferase 9 14 3 33523 Q9VvYB7 FBgn0086674 satelite 222 0,6
D6X075 658603 MICAHlike protein 9 15 5 39684 Q9vU34 FBgn0036333 satelite 203 0,6
D6X1P2 658891 tiptop 9 15 3 142821 Q9U3V5 FBgn0028979 satelite 203 0,6
D6X095 659195 Troponin C 9 16 5 3922 P47947 FBgn0013348 transposone 589
D6X0I1 659336 Troponin C 9 16 3 15143 P47947 FBgn0013348 transposone 589
D6X1J0 655713 Transporter 9 17 inside Q9NB97 FBgn0034136 satelite 915 2,5
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http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=full_report&list_uids=662564
http://www.ensemblgenomes.org/id/FBgn0000063
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=full_report&list_uids=662624
http://www.ensemblgenomes.org/id/FBgn0086913
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=full_report&list_uids=661947
http://www.ensemblgenomes.org/id/FBgn0052666
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=full_report&list_uids=660275
http://www.ensemblgenomes.org/id/FBgn0000114
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=full_report&list_uids=661741
http://www.ensemblgenomes.org/id/FBgn0002973
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=full_report&list_uids=100141832
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=full_report&list_uids=660440
http://www.ensemblgenomes.org/id/FBgn0038610
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=full_report&list_uids=656884
http://www.ensemblgenomes.org/id/FBgn0004959
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=full_report&list_uids=656977
http://www.ensemblgenomes.org/id/FBgn0038986
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=full_report&list_uids=660195
http://www.ensemblgenomes.org/id/FBgn0011582
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=full_report&list_uids=656977
http://www.ensemblgenomes.org/id/FBgn0038986
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=full_report&list_uids=657055
http://www.ensemblgenomes.org/id/FBgn0053110
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=full_report&list_uids=657748
http://www.ensemblgenomes.org/id/FBgn0011829
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=full_report&list_uids=657829
http://www.ensemblgenomes.org/id/FBgn0038282
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=full_report&list_uids=654954
http://www.ensemblgenomes.org/id/FBgn0051314
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=full_report&list_uids=655561
http://www.ensemblgenomes.org/id/FBgn0038983
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=full_report&list_uids=655640
http://www.ensemblgenomes.org/id/FBgn0038881
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=full_report&list_uids=655011
http://www.ensemblgenomes.org/id/FBgn0052944
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=full_report&list_uids=100141521
http://www.ensemblgenomes.org/id/FBgn0037814
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=full_report&list_uids=660195
http://www.ensemblgenomes.org/id/FBgn0011582
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=full_report&list_uids=656290
http://www.ensemblgenomes.org/id/FBgn0040256
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=full_report&list_uids=656373
http://www.ensemblgenomes.org/id/FBgn0086674
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=full_report&list_uids=658603
http://www.ensemblgenomes.org/id/FBgn0036333
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=full_report&list_uids=658891
http://www.ensemblgenomes.org/id/FBgn0028979
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=full_report&list_uids=659195
http://www.ensemblgenomes.org/id/FBgn0013348
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=full_report&list_uids=659336
http://www.ensemblgenomes.org/id/FBgn0013348
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=full_report&list_uids=655713
http://www.ensemblgenomes.org/id/FBgn0034136

Table 2, continued

Uniprot Entrez Gene name Chr Sat seq. Position Distance, bp DM homolog FBgn Type Length copies
D6WF56 100141877 zinc finger protein 250 3 18 5' 125685 Q7KAHO  FBgn0027339 satelite 1208 34
D6WF61 656924 Transcription initiation factor TFIID subunit 7 S 18 3 64294 Q9VHY5 FBgn0024909 satelite 1208 3,4
D6WGB1 659040 Mahya 3 19 5' 115537 P20241 FBgn0002968 satelite 687 1,9
D6WGB5 659201 V-type proton ATPase subunit E S 19 3 82217 P54611 FBgn0015324 satelite 687 1,9
D6WII0 100141571 NADH dehydrogenase, putative 3 20 5' 4278 Q9W3N7 FBgn0029971 transposone 635

D6WII2 100142263 Putative uncharacterized protein S 20 3 18585 Q9VviY1l FBgn0032769 transposone 635
D6WFT8 657535 WD repeaicontaining protein 47 3 21 inside Q960Y9 FBgn0026427 satelite 604 1,7
D6WDY2 656125 Kynurenine aminotransferase 3 22 5' 10696 Q8SXC2 FBgn0037955 transposone 1000
De6WDY4 656298 Annexin IX 3 22 3 11599 P22464 FBgn0000083 transposone 1000
D6WFK8 656174 ankyrin 2,3/unc44 3 23 inside Q7KU95 FBgn0085445 transposone 1081
D6WFX1 657874 ral guanine nucleotide exchange factor 3 24 5' 64025 Q8MT78 FBgn0034158 transposone 888
D6WFX3 658031 galactosel-phosphate uridylyltransferase 3 24 3 3958 Q9VMA2 FBgn0031845 transposone 888
D6WDQ4 659233 Putative uncharacterized protein 3 25 5' 15051 Q8TOR9 FBgn0038809 transposone 1016
D6WDQ6 659376 coiled-coil domain containing 96 8 25 3 9162 A1ZAT72 FBgn0013988 transposone 1016
D6WF68 655042 glucose dehydrogenase 3 26 5' 25896 Q9VYO00 FBgn0030598 transposone 1067
C3XZ92 655348 Mitogen-activated protein kinase kinase kinase kinast 3 26 3 92876 Q8SYAl FBgi®034421 transposone 1067
D6WES82 658463 Putative uncharacterized protein 3 27 inside Q9VDK2 FBgn0038815 transposone 314
D6WHX6 658191 Putative uncharacterized protein 5 28 5' 173881 Q1RKQ9 FBgn0085382 transposone 826

D6WI58 658343 Cathepsin L 3 28 3 82559 Q95029 FBgn0013770 transposone 826
D6WDJ9 656922 Putative uncharacterized protein 5 29 5' 173548 Q8IPJ1 FBgn0031859 transposone 1084
D6WDNO 657559 PRMT5 3 29 3 383809 Q9oU6Y9 FBgn0015925 transposone 1084
D6WGS3 656976 Putative uncharacterized protein 5 30 5' 37572 AOAMQS8 FBgn0034655 satelite 216 0,6
D6WGTO 100142515 calpain 3 3 30 3 226707 Q11002 FBgn0008649 satelite 216 0,6
D6WDS8 660532 Musclespecific protein 300 5 31 5' 378626 Q4ABGY FBgn0260952 transposone 1060
D6WDTO 654860 Phosphatidylinositebinding clathrin assembly protein 3 31 3 7855 C1C3H4 FBgn0086372 transposone 1060
D6WHF2 664188 Nephrin 3 32 inside Q9WA4T9 FBgn0028369 transposone 666

D6WI96 100142620 Heat shock protein 70 3 33 inside P11147 FBgn0001219 transposone 1058
D6WG02 654917 N-acetylglucosaminyltransferase vi 3 34 inside Q9VUH4 FBgn0036446 transposone 1058
D6WYD1 656891 Putative uncharacterized protein 8 35 5' 385712 Q8SY79 FBgn0032249 satelite 625 1,7
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Table 2, continued

Uniprot Entrez Gene name Chr Sat seq. Position Distance, bp DM homolog FBgn Type Length copies
D6WYN3 654942 serinetype protease inhibito 8 35 3 58583 Q9VSC9 FBgn0035833 satelite 625 1,7
D6WYA1 657913 Copia protein (Gaint-pol protein) 8 36 3 262 B6V6Z8 ?? satelite 196 0,5
D6WYC9 656718 Cmpn-acetylneuraminic acid synthase 8 37 inside B5RJF3 FBgn0052220 transposone 831
D6WV42 656028 CG5080 8 38 inside Q7K3E2 FBgn0031313 transposone 582
D6WYAO 100142507 Beaten path 8 39 51 7165 Q94534 FBgn0013433 transposone 1181
D6WUX6 662235 Putative uncharacterized protein 8 40 inside Q7KUK9 FBgn0036454 transposone 440
D6X0E1 654938 defective proboscis extension response 7 41 inside Q9VFD9 FBgn0038282 satelite 722 2,0
D6WPX8 662021 Ribosomereleasing factor 2, mitochondrial 7 42 5' 17480 Q9VCX4 FBgn0051159 transposone 905
A2AXT72 662058 Gustatory receptor 7 42 3 1581 Q9WT1 FBgn0041250 transposone 905
D6WTD1 661895 similar to chitinase 6 7 43 inside QIVW2M7 FBgn0034580 satelite 1440 4,0
D6WPE6 100142073 voltagegated potassium channel 7 44 inside P17970 FBgn0003383 transposone 814
D2A2C6 663849 Putative uncharacterizbprotein 4 45 5' 9489 Q9V3S3 FBgn0013300 satelite 549 15
D2A2D1 663875 Putative unclracterized protein 4 45 3 10920 Q9w191 FBgn0034994 satelite 549 15
D2A2I0 657017 Puative uncharacterized protein 4 46 5' 5820 Q8Sz28 FBgn0033786 satelite 558 1,6
D2A211 657098 Ribonucleosidaliphosphate reductase 4 46 3 7000 P48591 FBgn0012051 satelite 558 1,6
D177G6 660983 Kinesinlike protein 4 47 inside Q9vVLW2 FBgn0031955 transposone 508
D2A2P8 100142595 PiggyBac transposable element 4 48 inside Q9VHL1 FBgn0037633 transposone 377
D6WB65 655028 E74 2 49 5' 60525 P20105 FBgn0000567 satelite 770 2,1
D6WB73 654962 organic cation transporter 2 49 3 2638 Q7K3M6 FBgn0034479 satelite 770 2,1
D6WBGS8 659129 pre-mRNAsplicing helicase BRR2 2 50 3 4811 Q9VUV9 FBgn0036548 satelite 728
D6WB14 658844 monophenolic amine tyramine 2 51 5' 7955 pP22270 FBgn0004514 transposone 567
D6WB15 658769 Cuticular protein 47Ef 2 51 3 16173 Al1Z8H7 FBgn0033603 transposone 567
D6WB29 657778 Endoprotease FURIN 2 52 inside P30432 FBgn0004598 transposone 1045
A8DIV5 657942 Nicotinic acetylcholine receptor subunit alphall 2 53 5' 13645 P25162 FBgn0004118 transposone 1021
D6WB29 657778 Endoprotease FURIN 2 53 & 4875 P30432 FBgn0004598 transposone 1021
D6X3I19 661787 Transcription initiation factor IIF 10 54 5' 10025 Q05913 FBgn0010282 satelite 870 2,4
D6X3J1 661827 Putative uncharacterized protein 10 54 3 6607 satelite 870 2,4
D6X4P3 655389 Neutral alphaglucosidase ab 10 55 inside Q7KMM4 FBgn002588 satelite 694 1,9
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Table 2, continued

Uniprot Entrez Gene name Chr Sat seq. Position Distance, bp DM homolog FBgn Type Length copies
D6X3H5 661246 Neurexind 10 56 51 2234 Q94887 FBgn0013997 satdite 224 0,6
D6X3H7 661308 Succinate semialdehyde dehydrogenase 10 56 3 14901 Q9VBP6 FBgn0039349 satelite 224 0,6
D6X4V6 655916 Tubby, putative 10 57 inside Q9VB18 FBgn009530 transposone 763
D6X3J6 662034 Putative uncharacterized protein 10 58 5' 1015 Q9VEJ9 FBgn0038511 satelite 564 1,6
D6X3J7 657069 cdc73 domain protein 10 58 3 27239 Q9VHI1 FBgn0037657 satelite 564 1,6
D2A693 663231 lysinespecific demethylase 4B 6 59 inside Q9V6LO FBgn0053182 satelite 498 1,4
D2A490 659655 Facilitated trehalose transporter Tre.homolog 6 60 inside Q8MKK4 FBgn0033644 transposone 689
D2A614 659728 Putative uncharacterized protein 6 61 5' 116030 QIW4G2 FBgn0260971 transposone 764
D2A616 659791 Putative uncharacterized protein 6 61 3 4860 Q9VNB4 FBgn0037323 transposone 764
D2A3V0 657272 FascicliF3 6 62 5' 37286 P15278 FBgn0000636 satelite 281 0,8
D2A3V3 657421 LIM domain kinase 1 6 62 3 21789 Q8IR79 FBgn0041203 satelite 281 0,8
D6W8F4 660322 Discorelated X 63 inside Q9VXJI5 FBgn0042650 satelite 530 15
D6wW8D3 659123 PlexA X 64 5' 1973 096681 FBgn0025741 transposone 848
D6WGD2 659272 Aldosel-epimerase X 64 3 6472 Q9VRU1 FBgn0035679 transposone 848
B3MMG1 657652 Neuratcadherin 5 65 inside 015943 FBgn0015609 satelite 273 0,8
D6WNNG6 658579 Transient receptor potentiafamma protein 5 66 5' 2547 Q9VvJJ7 FBgn0032593 transposone 894
A3RES80 658661 Cardioacceleratory peptide receptor 5 66 3 27105 Q868T3 FBgn0039396 transposone 894
AlLJUG2 661207 Ultraspiracle 5 67 inside P20153 FBgn0003964 satelite 379 11
D6WNB3 656063 Y box protein 5 68 5' 14993 046173 FBgn0022959 satelite 455 1,3
D6WNB6 656095 Peptide chain release factor 1 5 68 3 350365 Q9VK20 FBgn0032486 satelite 455 1,3

Description: List of genes with gene identity number, gene hame and chromosomal locatianceBibetween TCASke elements and genes,
positions of TCAST i ke el ements rel ative t o ge n elikeeleneibts (satlbte oo transposideeypen, theirr
total length in bp and copy number of satellite repeatsinvin array are shown
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Table 3 Chromosomalocation, exact start and end site, and composition of TGK&Telements within genomic sequence

Name Variant Location Start End Genone View

(left) Distant approximately 19kb from gene "D6WZP1" .
Molecular function: ATP binding; protein kinase activity.
Biological process:protein phosphorylation.

Cellular component:unknown.

1 BA LG9 18138275( 18139008
(right) Distant approximately 8kisom gene "D6WZP3 (Q9VP48)" .

Molecular function: GTP binding .

Biological process:protein transportsmall GTPase mediated signal transduction
Cellular component*: intrinsic to plasma membrane.

Transcript in: Part of transript from gene "D6WZL9".

Molecular function: ATP binding; protein serine/threonine kinase activitsansferase activity, transferring phospher
2 ABA LG9 17975173| 17976213| containing groups.

Biological process:proteinphosphorylation

Cellular component: unknown.

(left) Distant approximately 100kb from gene "D6X226 (Q8IP89)" .

Molecular function: nucleotide binding; RNA binding

Biological process*:regulation of alternative nuclear mRNA splicing, via spliceosome;-mt#e aggressive behavior; mRN
polyadenylation; germ cell development; spermatid development; oogenesis; positive regulation of exit from mitosiise ¢
stem cell division; negative regulation of oskar mRNA transla@afiular component*: nucleus; P granule.

3 AB LG9 928152 | 9282235 | (right) Distant approxirately 116kb from gene "D6X238 (P16554)" .

Molecular function* : protein bindingNotch binding; nucleotide binding; ATP binding

Biological process*: cell fate determination; neuroblast fate determination; central nervous system developmen
developmaet; pericardial cell differentiation; protein localization; multicellular organismal development; glial cell migr
regulation of asymmetric cell division; sensory organ precursor cell division; negative regulation of Notch signaling; f
muscle c# fate specification; regulation of neurogenesis, asymmetric neuroblast division.

Cellular component*: nucleus; cytoplasm; cell cortex; basal part of cell; basal cortex.
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Table 3, continued

Name Variant Location

End

Genone View

4 AB LG9

10699909

10700425

(left) Distant approximately 1,5kb from gene "hypotdtjmatein” .
Molecular function: unknown.

Biological processunknown .

Cellular component: unknown.

(right) Distant approximately 6,5kb from gene "D6X2D0".
Molecular function: oxidoreductase activityjucleotide binding
Biological processoxidation-rediction process

Cellular component:unknown.

5 AgBA LG9

4568301

4569358

(left) Distant approximately 404kb from gene "D6X1E7 (Q9VWR5)" .

Molecular function: monooxygenase activityiron ion binding;electron carrier activity; oxidoreductase activity, agtion
paired donors, with incorporation or reduction of molecular oxygen; heme birlioiggical process:oxidationreduction
process

Cellular component*: microsome; endoplasmic reticulum membrane.

(right) Distant approximately 10kb from gene "D6X2U7".
Molecular function: unknown.

Biological processunknown.

Cellular component:integral to membrane.

6 B LG9

10553279

10553582

Transcript in: Part of transcript from gene "D6X2C4".

Molecular function: signal transducer activitylopamineeceptor activig; G-protein coupled receptor activity.

Biological process:signal transduction; @rotein coupled receptor protein signaling pathway; dopamine receptor sig
pathway.

Cellular component:integral to membrane.

7 B LG9

4587153

4587546

(left) Distant ajproximately 7kb from gene "D6X2U7".
Molecular function: unknown.

Biological process:unknown.

Cellular component:integral to membrane.

(right) Distant approximately 50kb from gene "D6X366".
Molecular function: unknown.

Biological process:unknown.

Cellular component:integral to membrane.
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Table 3, continued

Name Variant Location Start End Genone View

(left) Distant approximately 57kb from gene "D6X0D7".

Molecular function: nucleotide binding; ATP binding; protein tyrosine kinase activity; calcium ion binding.
Biological process:protein ptosphorylation; homophilic cell adhesion.

Cellular component:membrane.

8 B LG9 19746866( 19747078
(right) Distant approximately 63kb from gene "D6X0E1 (Q9VFD9)".
Molecular function: unknown.

Biological process*:behavioral response to ethanol

Cellular component: unknown.

Transcript in: Part of transcript from gene "D6X2H8".

Molecular function: metalloendopeptidase activiginc ion binding.
Biological process: proteolysis.

Cellular component: unknown.

9 TR LG9 11855262 11856368

(left) Distant approxnately 48kb from gene "D6X2U7".
Molecular function: unknown.

Biological processunknown.

Cellular component:integral to membrane.

10 TR LG9 13938275( 13939359
(right) Distant approximately 68kb from gene "D6X2V3 (Q9VDB7)".
Molecular function: unknown.

Biological process*:phagocytsis, engulfment.

Cellular component: unknown.

Transcript in: Part of transcript from gene "D6X244 (QOKID3)".
Molecular function: ATP binding; protein serine/threonine kinase activity; transferase activity, transferring phosy
11 TR LG9 9763147 | 9764208 | containing groups.

Biological process*:protein phosphorylation; actin filament organization; regulation of cell shape.
Cellular component: unknown.

Transcript in: Part of transcript from gene "D6X374".

Molecular function: unknown.
12 = ek 269409285094 464 Biological process:unknown.

Cellular component:unknown.

30



Table 3, continued

Name Variant Location End Genone View

Transcript in: Part of transcript from geneD6X2C4 (P41596)".
Molecular function: signal transducer activity; receptor activity-pBotein coupled receptor adty; dopamine recepto
activity.
13 UL LER LRSHETE | ostiletey Biological process:signal transduction; @rotein coupled receptor signaling pathway; dopamine receptor signaling pat
thermotaxis*, associative learning*; visual learning*.
Cellular component:integral to membrane.
(left) Distant approximately 9,5kb from gene "D6X259"
Molecular function: transferase activity, transferring glycosyl groups.
Biological process:metabolic process.
Cellular component: unknown.
14 AB LG9 9894630 | 9894851
(right) Distant approximately 34kfvom gene "D6X260 (Q9VYB7)"
Molecular function: sulfotransferase activity; proteigrosine sulfotransferase activity*.
Biological process*:protein secretion.
Cellular component*: integral to membrane; Golgi membrane
(left) Distant approximately 40kb from gene "D6X075 (Q9VU34)"
Molecular function: zinc ion binding.
Biological processunknown.
Cellular component: unknown.
15 AB LEE Holzet || ke (right) Distant approximately 143kb from gene "D6X1P2 (Q9U3V5)"
Molecular function: zinc ion binding; DNA bading*.
Biological process* :regulation of transcription, DNAlependent; multicellular organismal development; specificatio
segmental identity, head; epidermis morphogenesis; compound eye development.
Cellular component:intracellular;nucleus*.
(left) Distant approximately 4kb from gene "D6X095 (P47947)"
Molecular function: calcium ion binding.
Biological processunknown.
Cellular component: unknown.
16 TR LG9 1560153 | 1560740
(right) Distant approximately 15kb from gene "D6X0I1 (P47947)"
Molecular function: calcium ion binding.
Biological process:unknown.
Cellular component:unknown.
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Table 3, continued

Name Variant Location Start End Genone View

Transcript in: Part of transcript from gene "D6X1J0 (QONB97)".

Molecular function: neurotransmitter:sodium symporter activity; dopaminengnaembrane transporter activity*; cocai
17 AB LG9 5501464 | 5501685 | binding*.

Biological process:neurotransmitter transport; dopamine transport*; sleep*; circadian sleep/wake cycle*.

Cellular component:integral to membrane.

(left) Distant approximatly 126kb from gene "D6WF56 (Q7KAHO0)"
Molecular function: nucleic acid binding; zinc ion binding.
Biological process*:regulation of chromatin silencing.

Cellular component:intracellular.

18 ABBA LG3 23706992| 23708337
(right) Distant approximately 64kb from gene "D6WF61 (Q9VHY5)"

Mol ecular function*: sequencespecific DNA binding transcription factor activity.
Biological processtranscription initiation from RNA polymerase Il promoter.
Cellular component:transcription factor TFIID complexjucleus

(left) Distant approximately 115kb from gene "D6WGB1 (P20241)"

Molecular function: calcium ion binding.

Biological process*:neuron celicell adhesion; epidermal growth factor receptor signaling pathway; multicellular orgaf

development; axonogenesis; imaai disc morphogenesis; axon ensheathment; mushroom body development; septate

assembly; nerve maturation; melanotic encapsulation of foreign target; regulation of tube size, open tracheal sys|

19 BA LG3 28288889 28289575 extension; dendrite morphogenesis; synapsarozgtion; esta_blish_ment_ of g_lial b_Iodmlain barrier. _ _
Cellular component*: plasma membrane; pleated septate junction; tight junction; lateral plasma membrane; filopodium,

(right) Distant approximately 82kb from gene "D6WGB5 (P54611)"

Molecular function: protontransporting ATPase activity, rotational mechanism.

Biological process:ATP hydrolysis coupled proton transport.

Cellular component: protonttransporting twesector ATPase complex, catalytic domain.

(left) Distant approxnately 4kb from gene "D6WII0 (Q9W3N7)"
Molecular function: NADH dehydrogenase activity.

Biological process*:oxidationreduction process.

Cellular component: mitochondrion.

20 TR LG3 36078931| 36079422
(right) Distant approximately 18,5kb from gene "D6WI12"
Molecular function: unknown.

Biological process:unknown.

Cellular component: unknown.
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Table 3, continued

Name Variant Location Start End Genone View

Transcript in: Part of transcript from gene "D6WFT8 (Q960Y9)".
Molecular function*: DNA binding.

21 BA LG3 4957720 | 4957084 | Biological process*:mitotic chromosome condensation; gene silendiegerochromatin formation; chromosome organizatid
Cellular component*: chromosome, centromeric region; heterochromatin; condensed chromosome; polytene chrof
nuclear heterochromatin.

(left) Distant approximately 10,5klbdm gene "D6WDY2 (Q8SXC2)"

Molecular function: catalytic activity; transferase activity, transferring nitrogenous groups; pyridoxal phosphate b
kynurenineoxoglutarate transaminase activity*aininocyclopropand-carboxylate synthase activity*.

Biological process:biosynthetic process-dminocyclopropand-carboxylate biosynthetic process*.

) R LG3 17823306| 17824305 Cellular component:unknown.

(right) Distant approximately 11,5kb from gene "D6WDY4 (P22464)"
Molecular function: calcium ion binding; calciurdependent phosplipid binding.
Biological process*:wing disc dorsal/ventral pattern formation.

Cellular component: unknown.

Transcript in: Part of transcript from gene "D6WFK8 (Q7KU95)".
Molecular function: unknown.

23 TR LG3 25914814| 25915894| Biological process:signd transduction; microtubule cytoskeleton organization*; neuromuscular junction development*
extension.

Cellular component*: neuromuscular junction; presynaptic membrane; terminal button.

(left) Distant approximately 64kivom gene "D6WFX1"
Molecular function: guanytnucleotide exchange factor activity.
Biological process:small GTPase mediated signal transduction.
Cellular component:intracellular.

24 TR LG3 26709980| 26710867
(right) Distant approximately 4kb from gene "D6WFX3"

Molecular function: catalytic activity; UDRglucose:hexosé&-phosphate uridylyltransferase activity; zinc ion binding.
Biological processgalactose metabolic process.

Cellular component: unknown.
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Table 3, continued

Name Variant Location End Genone View

(left) Distant approximately 15kb from gene "D6WBQ
Molecular function: unknown.

Biological processunknown.

Cellular component:unknown.

25 R RS LSRR | IR S (right) Distant approximately 9kb from gene "D6WDQ6 (A1ZA72)"

Molecular function*: protein serine/threonine kinase activity; calmodulépendent protein kinase aty; myosin light chain
kinase activity; transferase activity.

Biological process*:protein phosphorylation.

Cellular component*: microtubule associated complex.

(left) Distant approximately 26kb from gene "D6WF68"

Molecular function: choline dehydrogenase activity; oxidoreductase activity, acting e®BHroup of donors; flavin adenin
dinucleotide binding.

Biological process:alcohol metabolic process; oxidatioeduction process.

Cellular component: unknown.

26 TR LG3 24245475| 24246541
(right) Distent approximately 93kb from gene "C3XZ292"

Molecular function: nucleotide binding; ATP binding; protein kinase activity; protein serine/threonine kinase activity;
GTPase regulator activity; transferase activity, transferring phosphontaining grous.

Biological process:protein phosphorylation.

Cellular component: unknown.

Transcript in: Part of transcript from geneD6WE82 (Q9VDK2)".
Molecular function*: nucleotide binding.

Biological process:unknown

Cellular component: unknown.

27 TR LG3 19520989| 19521302

(left) Distant approximately 174kb from gene "D6WHX6"
Molecular function: unknown.

Biological processunknown.

Cellular component: unknown.

28 UL = HlEseg | LDTEE (right) Distant approximately 83kb from gene "D6WI58 (Q95029)"

Molecular function: peptidase activity; cysteirgpe endopeptidase activity; hydrolase activity.

Biological process:proteolysis; multicellular organismal development*; digestion*; autophagic cell death*; salivary glal
autophagic cell death*.

Cellular comporent*: lysosome; fusome.
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Table 3, continued

Name Variant Location Start End Genone View

(left) Distant approximately 174kb from gene "D6WDJ9"
Molecular function: unknown.

Biological process:unknown.

Cellular component: unknown.

(right) Distant approximately 384kb from gene "D6WDNO (Q99§Y

29 TR LG3 15448171| 15449494 Molecular function: methyltransferase activity; protein methyltransferase activity*; transferase activity*; peaotgitine
omegaN symmetric methyltransferase activity*.

Biological process: methylation; transcription, DNAdependent*; multicellular ganismal development*; pole plas
assembly*; pole plasm protein localization*; intracellular mRNA localization*; peptidyinine methylation*; peptidyl
arginine methylation, to symmetriedimethyl arginine*; cell differentiation*; P granule organizatiopecdysone recepter
mediated signaling pathway*; growth*; oogenesis*.
Cellular component: cytoplasm; nucleus*.

(left) Distant approximately 38kb from gene "D6WGS3"
Molecular function: unknown.

Biological processunknown.

Cellular component:unknown.

30 Ea L= SIS e (right) Distant approximately 227kb from gene "D6WGTO (Q11002)"

Molecular function: calcium ion binding; calciurdependent cysteirtype endopeptidase activity; hydrolase activity*.
Biological process:proteolysis; phagocytosigngulfment*; dorsal/ventral pattern formation*; protein autoprocessing*; H
signaling pathway involved in spinal cord dorsal/ventral patterning*; cuticle development*.

Cellular component:intracellular; cytoplasm®*; actin cytoskeleton*; neuronal cell body*

(left) Distant approximately 379kb from gene "D6WDS8"
Molecular function: unknown.

Biological processunknown.

Cellular component: unknown.

31 TR LG3 16844007 16845066
(right) Distant approximately 8kb from gene "D6WDTOQ"

Molecular function: clathrin bnding; phospholipid binding;-phosphatidylinositol binding.
Biological process:clathrin coat assembly.

Cellular component:clathrin coat.
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Table 3, continued

Name Variant Location Start End Genone View

Transcript in: Part of transcript from gene "D6WHF2 (Q9WA4T9)".
Molecular function*: protein binding.

32 TR LG3 8278354 | 8279019 | Biological process*: compound eye morphogenesis; homophilic cell adhesion; heterophilicetieidhesion; garland ce
differentiation; myoblast fusion; larval visceral muscle development; regulation of striated muscle tissue development
Cellular component:membrane; plasma membrane*; adherens junction*; cell surface*.

Transcript in: Part of transcript from gene "D6WI96 (P11147)".

Molecular function: nucleotide binding; ATP binding; protein binding*; chaperomalimg*.
Biological process*:nuclear mRNA splicing, via spliceosome; embryonic development via the syncytial blastoderm; rd
33 TR LG3 11368959| 11370016| to stress; neurotransmitter secretion; nervous system development; axon guidance; axonal fasciculatiemediesedl
transport; RNA interference
Cellular component: nucleus; cytoplasm; lipid particle; microtubule associated complex; perinuclear region of cytd
precatalytic spliceosome; catalytic step 2 spliceosome; Z disc.

Transcript in: Pat of transcript from geneD6WGO02 (Q9VUH4).

Molecular function: transferase activity, transferring hexosyl groups; alpl8amannosylglycoprotein -fetaN-
34 TR LG3 27541368| 27541686| acetylglucosaminyltransferase activity*.

Biological process:carbohydrate metabolic process

Cellular component: membrane.

(left) Distant approximately 386kb from gene "D6WYD1"
Molecular function: Rab GTPase activator activity.

Biological process:positive regulation of Rab GTPase activity.
Cellular component:intracellular.

35 BA LG8 1951867 | 1952561
(right) Distant approximately 59kb from gene "D6WYN3 (Q9VSC9)"

Molecular function*: chitinase activity; hydrolase activity, acting on glycosyl bonds.
Biological processunknown.

Cellular component: unknown.

(right) Distant 262bp fom gene "D6WYAL1"

Molecular function: nucleic acid binding; zinc ion binding.
Biological process:DNA integration.

Cellular component: unknown.

36 B LG8 896125 896320
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Table 3, continued

Name Variant Location Start End Genone View

Transcript in: Part of transcript from gene "D6WYC9".
Molecular function: unknown.

Biological processlipopolysaccharide biosynthetic process
Cellular component:unknown.

37 TR LG8 1528414 | 1529244

Transcript in: Part of transcript from gene "D6WV42".

33 R LG8 5308401 | 5308982 Molecular function: unknown.
Biological process:unknown

Cellular component: unknown.

Molecular function: unknown.
39 TR LG8 774647 775827 | Biological process*: axon guidance; defasciculation of motor neuron axon; axon choice point recognition; Bolwig's
morphogenesis.

Cellular component: membrane.

Transcript in: Part of transcript from gene "D6WUX6".
Molecular function: unknown.

Biological process:unknown

Cellular component: unknown.

40 TR LG8 3944782 | 3945221

Transcript in: Part of transcript 'm gene "D6X0E1 (Q9VFD9)".
Molecular function: unknown.

Biological process*:behavioral response to ethanol

Cellular component: unknown.

(left) Distant approximately 7kb from gene "D6WYAO (Q94534)"
41 ABA LG7 2265910 | 2266834

(left) Distant approximately 17kb from gene "D6WPX8 (Q9VCX4)"

Molecular function: nucleotde binding; GTP binding; GTPase activity.

Biological process:GTP catabolic process; mitochondrial translation*; ribosome disassembly*.
Cellular component*: mitochondrion.

42 TR LG7 12042178| 12043082| (right) Distant approximately 1,5kb from gene "A2AX72 (Q9VPT1)"

Molecular function: signal transducer activity; receptor activity;pBtein coupled receptor activitigste receptor activity*.
Biological process:signal transduction; rotein coupled receptor signaling pathway; sensory perception of taste; beh
detection of carbn dioxide*; sensory perception of smell*; response to carbon dioxide*; response to stimulus*; dete
chemical stimulus involved in sensory perception of taste*.

Cellular component: membrane; integral to membrane; plasma membugdergjrite*; neuronatell body*.
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Table 3, continued

Name Variant Location End Genone View

Transcript in: Part of transcript from gene "D6WTD1 (Q9W2M7)".

Molecular function: catalytic activity; hydrolase activity, hydrolyzing-@ycosyl compounds; chitinase activity; hydrolg
43 AAAA LG7 4818766 | 4820205 | activity; hydrolase actity, acting on glycosyl bonds; cation binding.

Biological process:carbohydrate metabolic process; chitin metabolic process; chitin catabolic process; metabolic proce:
Cellular component*: extracellular region.

Transcript in: Pat of transcript from gene "D6WPEG6 (P17970)".

Molecular function: voltagegated potassium channel activity.

44 TR LG7 9703400 | 9704213 | Biological process: potassium ion transport; regulation of ion transmembrane transport*; potassium ion transme
transport*

Cellular component: membrane; voltaggated potassium channel complex.

(left) Distant approximately 9kb from gene "D2A2C6 (Q9V3S3)"
Molecular function: DNA binding.

Biological process*:spermatid nucleus differentiation.

Cellular component*: chronatin.

45 ABA LG4 1384466 | 1385028
(right) Distant approximately 11kb from gene "D2A2D1"

Molecular function: ionotropic glutamate receptor activity; extracelledgutamategated ion channel activity.
Biological processunknown.

Cellular component: membrane.

(left) Distant approximately 6kb from gene "D2A210"
Molecular function: unknown.

Biological processunknown.

Cellular component: unknown.

46 AB LER ZERVEEY)|| el (right) Distant approximately 7kb from gene "D2A2I1 (P48591)"

Molecular function: ribonucleosidediphosphate reditase activity; ATP binding; oxidoreductase activity.

Biological process: DNA replication; oxidatiorreduction process; activation of caspase activity*; deoxyribonucle
biosynthetic process*.

Cellular component:ribonucleosidediphosphate reductase cplex.

Transcript in: Part of transcript from geneD1ZZG6 (Q9VLW2)".

Molecular function: nucleotide binding; ATP binding; microtubule motor activity.
Biological process:microtubulebased movement

Cellular component: microtubuk; cytoplasm?*; cytoskeleton®*.

47 TR LG4 5029909 ( 5030416
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Table 3, continued

Name Variant Location Start End Genone View

Transcript in: Part of transcript from gene "D2A2P8".

Molecular function: unknown.
48 IR ez fhAsziosy) d2se ey Biological process:unknown

Cellular component: unknown.

(left) Distant approximately@b from gene "D6WB65 (P20105)"

Molecular function: sequencespecific DNA binding transcription factor activity.

Biological process:regulation of transcription, DNAlependent; autophagy*; multicellular organismal development*;
death*; salivary glandell autophagic cell death*; regulation of development, heterochronic*; oogenesis*.

49 BA LG2 934977 935572 Cellular component: nucleus.

(right) Distant approximately 2,6kb from gene "D6WB73"
Molecular function: transmembrane transporter activity.
Biological processtransmembnae transport.

Cellular component:integral to membrane.

Molecular function: nucleotide binding; ATP binding; ATEependent helicase activity; hydrolase activitycleoside
50 AgBgA? LG2 1290094 | 1291458 | triphosphatase activity.

Biological process*:mRNA processing; RNA splicing.

Cellular component*: nucleus; spliceosomal complex.

(left) Distant approximately 8kb from gene "D6WB14 (P22270)"

Molecular function: signal tansducer activity; receptor activity;-@otein coupled receptor activity; octopamine rece
activity.

Biological process:ignal transduction; @rotein coupled receptor signaling pathway; sensory perception of smell*.

51 R LG2 298503 299069 Cellular component:integral to menbrane; plasma membrane*.

(right) Distant approximately 16kb from gene "D6WB15"
Molecular function: structural constituent of cuticle.
Biological processunknown.

Cellular component: unknown.

Transcript in: Part of transcript fnrm gene 'D6WB29 (P30432)".

Molecular function: hydrolase activity; peptidase activity; seritype peptidase activity; serifigpe endopeptidase activit
52 TR LG2 451626 452670 | ATP binding*; transmembrane receptor protein tyrosine kinase activity*.

Biological process:proteolyss; protein phosphorylation*; transmembrane receptor protein tyrosine kinase signaling path

(right) Distant approximately 4,8kb from gene "D6WBGS8 (Q9VUV9)"
Cellular component*: membrane; integral to membrane.
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Table 3, continued

Name Variant Location Start End Genone View

(left) Distant approximately 14kb from gené&8DIV5"

Molecular function: recepbr activity; ion channel activity; acetylcholireetivated catiorselective channel activity
extracellular liganebated ion channel activity.

Biological processtransport; ion transport.

Cellular component: membrane; plasma membrane; integral to membsymapse; cell junction; postsynaptic membrane.

53 TR LG2 428375 | 429394
(right) Distant approximately 5kb from gene "D6WB29 (P30432)"
Molecular function: hydrolase activity; peptidase activity; seritype peptidase activity; serifigpe endopeptidase activit
ATP binding*; tansmembrane receptor protein tyrosine kinase activity*.
Biological process:proteolysis; protein phosphorylation*; transmembrane receptor protein tyrosine kinase signaling path
Cellular component*: membrane; integral to membrane.
(left) Distant approximately 10kb from gene "D6X319 (Q05913)"
Molecular function: DNA binding; catalytic activity; transferase activity*.
Biological process:transcription initiation from RNA polymerase Il promoter; positive regulation of transorpDNA-
dependent.

54 ABA LG10 1397507 | 1398376 Cellular component: nucleus.

(right) Distant approximately 6,6kb from gene "D6X3J1"
Molecular function: unknown.

Biological processunknown.

Cellular component: unknown.

Transcript in: Part of transcripfrom gene 'D6X4P3 (Q7KMM4)".

Molecular function: catalytic activity; hydrolase activity, hydrolyzing-@ycosyl compounds; carbohydrate binding; alp
55 BAB LG10 9243139 | 9243842 | glucosidase activity*; maltose alpigiucosidase activity*.

Biological process:carbohydrate metaboliagcess

Cellular component*: microtubule associated complex.
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Table 3, continued

Name Variant

Location

Start

End

Genone View

(left) Distant approximately 2,2kb from gene "D6X3H5 (Q94887)"

Molecular function: unknown.

Biological process:cell adhesion; establishment or maintenance of cell ippladorsal closure*; protein localization*; axo|
ensheathment*; synaptic vesicle targeting*; synaptic vesicle docking involved in exocytosis*; septate junction assen®
maturation*; regulation of tube size, open tracheal system*cedlljunction organization*; establishment of glial blebdain
barrier*; terminal button organization*; presynaptic membrane assembly*.

Cellular component: membrane; integral to membrane; integral to plasma membrane*; septate junction*; pleated

56 2 Lety 2Tl SRzt junction*; cdl junction*; presynaptic active zone*.
(right) Distant approximately 15kb from gene "D6X3H7 (Q9VBP6)"
Molecular function: oxidoreductase activity, acting on the aldehyde or oxo group of donors, NAD or NADP as ag
succinatesemialdehyde dehydrogemaactivity*.
Biological process:metabolic process; oxidatimeduction process.
Cellular component: unknown.
Transcript in: Part of transcript from gene "D6X4V6".
57 TR LG10 | 10249341| 10250103 Molecular function: unknown. _
Biological processintracellularsignal transduction
Cellular component:intracellular.
(left) Distant approximately 1kb from gene "D6X3J6 (Q9VEJ9)"
Molecular function: peroxidase activity; heme binding; oxidoreductase activity*.
Biological process:oxidationreduction process; response to oxidative stress.
Cellular component: unknown.
58 BA LG10 1554285 | 1554971 | (right) Distant approximately 26,6kb from gene "D6X3J7 (Q9VHI1)"

Molecular function*: transcription factor binding.

Biological process*:compound eye morphogenesis; imaginakdierived leg morphogenesis; chaeta morphogenesis; img
discderived wing vein morphogenesis; imaginal disrived wing margin morphogenesis; Wnt receptor signaling path
positive regulation of smoothened signaling pathway; positive regulatimansicription, DNAdependent.

Cellular component*: protein complex; Cdc73/Pafl complex.
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Table 3, continued

Name Variant Location End Genone View

Transcript in: Part of transcript from gene "D2A693 (Q9V6L0)".

Molecular function: DNA binding; oxidoreductase activity, acting on singlendrs with incorporation of molecular oxyge
incorporation of two atoms of oxygen*; metal ion binding*; histone demethylase activityK@H3pecific)*; histone
demethylase activity (H&36 specific)*.

Biological process*: transcription, DNAdependent; ragation of transcription, DNAlependent; chromatin modificatio
histone demethylation; histone H® demethylation; negative regulation of transcription, Dlpendent; oxidatiereduction
process; histone HBR36 demethylation

Cellular component*: nuclets.

59 BA? LG6 6976682 [ 6977189

Transcript in: Part of transcript from gene "D2A490 (Q8MKK4)".

Molecular function: substratespecific transmembrane transporter activity; trehalose transmembrane transporter activity
Biological processitransport; transmebnane transportrehalose transport*

Cellular component: membrane; integral to membrane; plasma membrane*; plasma membrane part*.

(5]0] TR LG6 11779417| 11780163

(left) Distant approximately 116kb from gene "D2A614"

Molecular function: ion channel activity; ptassium channel activity.
Biological process:potassium ion transmembrane transport.
Cellular component: membrane; integral to membrane.

61 TR LG6 8735958 [ 8736740
(right) Distant approximately 4,8kb from gene "D2A616"
Molecular function: transporter activity.

Biological processtransport.

Cellular component:intracellular.

(left) Distant approximately 37kb from gene "D2A3V0 (P15278)"

Molecular function: unknown.

Biological process*: cell adhesion; homophilic cell adhesion; multicellular organismal dewatnt; nervous syste
development; axon guidance; axonal fasciculation; learning or memory; synaptic target recognition; olfactory learning;
target attraction; cell differentiation; ovarian follicle cell development.

Cellular component: membranepasolateral plasma membrane*; integral to membrane*; lateral plasma membrane*;
membrane*; septate junction*.

62 AB e Py EElaniay (right) Distant approximately 22kb from gene "D2A3V3 (Q8IR79)"
Molecular function: ATP binding; metal ion binding; nucleotide binding; mio kinase activity; transferase activit
transferring phosphorusontaining groups; zinc ion binding; kinase activity*; protein kinase binding*; protein serine/thrg
kinase activity*.
Biological process:protein phosphorylation; actin cytoskeletorganization*; compound eye development*; establishmer
imaginal disederived wing hair orientation*; establishment of planar polarity*; imaginal disc morphogen
phosphorylation*; regulation of axonogenesis*; synapse assembly*; synaptic growthigrhascular junction.

Cellular component*: actomyosin contractile ring; cell cortex; cleavage furrow; cytoplasm; midbody.
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Table 3, continued

Name Variant Location Start End Genone View

Transcript in: Part of transcript from gene "D6W8F4".
Molecular function: zinc ion binding.

Biological process:unknown

Cellular component:intracellular.

63 BA LGX 10766673| 10767192

(left) Distant approximately 2kb from gene "D6W8D3 (096681)"

Molecular function: receptor activity; protein binding*; semaphorin receptor activity*.
Biological process:signal transduction; multicellular organismal development; axon guidance*; axon midline choice
recognition*; motor axon guidance*; semaphepiexin signaling pathway involved in regulation of photoreceptor cell 4
guidance*.

64 TR LGX 10594562 10595409| Cellular component:intracelular; membrane; integral to membrane.

(right) Distant approximately 6,5kb from gene "D6WGD2 (Q9VRU1)"

Molecular function: catalytic activity; isomerase activity; carbohydrate binding; aldesgirherase activity*.
Biological process:carbohydrate metahiolprocess; hexose metabolic process.

Cellular component: unknown.

Transcript in: Part of transcript from gene "B3MMGL1".

Molecular function: calcium ion binding.

Biological process:ccell adhesion; homophilic cell adhesion

Cellular component: membrane; plasma membrane; integral to membrane.

65 B LG5 15212039( 15212315

(left) Distant approximately 2,5kb from gene "D6WNN6 (Q9VJJ7)"

Molecular function: ion channel activity; calcium channel activity; cation channel activity*; prdigiding*.

Biological process:calcium ion transmembrane transport; visual perception*; response to light stimulus*; detection
stimulus involved in visual perception*.

Cellular component: membrane; integral to membrane; rhabdomere*.

66 TR LG5 3545168 | 3546061
(right) Distart approximately 27kb from gene "A3RES80 (Q868T3)"
Molecular function: G-protein coupled receptor activity; receptor activity; signal transducer activity; vasopressin re
activity; peptide receptor activity*.

Biological process:signal transduction; @rotein coupled receptor signaling pathway; ecdysis, cbhiised cuticle*.
Cellular component:integral to membrane; integral to plasma membrane*.
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Table 3, confnued

Name Variant Location Start End Genone View

Transcript in: Part of transcript from gene "A1JUG2 (P20153)".
Molecular function: DNA binding; liganddependent nuclear receptor activity; metal ion binding; receptor activity; segu
specific DNA binding; sequenespecific DNA binding transcription factor activity; steroid binding; steroid hormone rec
activity; zinc ion bindng; ecdysteroid hormone receptor activity*; juvenile hormone binding*; lipid binding*; protein bind
protein heterodimerization activity*; protein homodimerization activity*.

Biological process:intracellular receptor mediated signaling pathway; reagraof transcription, DNAdependent; steroi
67 A?B RED SRR A2 hormone mediated signaling pathway; transcription, Edéfiendent; border follicle cell migration*; dendrite morphogened
ecdysone receptanediated signaling pathway*; ecdysemediated induction of salivargland cell autophagic cell death
germ cell development*; muscle organ development*; negative regulation of cell differentiation*; negative regulé
transcription, DNAdependent*; neuron development*; neuron remodeling*; positive regulation ofcriios, DNA-
dependent*; regulation of development, heterochronic*
Cellular component: nucleus; polytene chromosome*; ecdysone receptor holocomplex*; dendrite*.

(left) Distant approximately 15kb from gene "D6WNB3 (046173)"

Molecular function: nucleic acid binding; DNA binding; mRNA binding*.

Biological processregulation of transcription, DNAlependent; nuclear mRNA splicing, via spliceosome?*; oogenesis*.
Cellular component*: precatalytic spliceosome; catalytic step 2 spliceasom

68 A LG5 3048045 | 3048267
(right) Distant approximately 350kb from gene "D6WNB6"
Molecular function: translation release factor activity, codon specific.
Biological processitranslational termination.

Cellular component: cytoplasm.

Composition of dispersed TCASike elementgA: Tcastla, B: Tcastlb, ?: Tcastla or Tcastlb, g: sequence gap between A and B, TR: transposon), their
chromosomal location and start and end sites. Detailed description of neighbouring genes including molecular functigmod¢ith@roducts, biolagal
processes in which these proteins are involved and their cellular localization (cellular component) isAshavgene identificator is Uniprot ID used
bracketed Uniprot ID is foDrosophila melanogastetJniprot ID in brackets is used when more @&ta inDrosophila melanogastathan for Tribolium
castaneunwere available. * denotd3rosophila melanogastésO data
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4.3.Characteristics of TCAST-like elements

4.3.1 TCAST satellite-like elements

Sequence analysis of the 68 TCAlBe elements dentified within the vicinity of
genes enabled their classification into two groups. The first group contains partial TCAST
satellite monomers or tandemly arranged elements, either complete or partial dimers, trimers
or tetramersTable2). The minimal size of satellite repeat is 203 nt (0.6 of complete TCAST
monomer; sequence no. 15), while the maximal size is 1 440 nt (4 complete TCAST
monomers; sequence no. 43pble2). In manysequences, two subtypes of TCAST satellite
monomers were mutually interspersed: Tcastla and Tcastlb. Tcastlb corresponds to the
TCAST satellite consensus that was used as a query setfuamceTcastla corresponds to
thelately discovered CAST subfamily®. Tcastla and Tcastlb have an averagmology of
79%, and are of similar sizes, 362 bp and 377 bp respectively, but are characterized by a
divergent, subfamily specific region of approximately 1j* (Figure 2). There were 34
TCAST satellitelike elements found within or in the region of 53 genes. Lengths of TCAST
satellitelike elements Table2), their exact start and end sites within genomgueece and

composition Table3) are provided.

In order to see if there is any clustering of sequences of TCAST sdikéitements
due to the difference imé& homogenization at the level of local array, chromosome, or among
different chromosomes, sequence alignment and phylogenetic analysis were performed.
Tcastla and Tcastlb subunits were extracted from TCAST sdlikbitsequences and
analyzed separatelplignment was performed on 24 Tcastla subunits, rangin@éfom
136 and 377 bpHigure 11). The average pairwise distances between Tcastla subunits of
TCAST satellitelike sequences was 5.8%@.able 4) Alignment adjustment using Gblo&ks
which eliminatespoorly aligned positions and divergent regions resulted in few changes,
therefore the original, unadjusted alignment was used for the cormtrudtiphylogenetic
trees. Since the sequences differ in lengths and comprise regions of divergent variability,
methods that take into account specific models of DNA evolution were considered as the most
suitable for the construction of phylogenetic tremsaximum likelihood (ML) and Bayesian
(MCMC). The ML tree showed weak resolution with no significant support for clustering of
sequences derived from the same satdikeearray or from the same chromosome. Similarly,

Bayesian tree demonstrated no sigaint sequence clusteringigure12A). Alignment of 28
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Tcastlb subunits, ranging from 159 bp to 363 Bigure 13) was also not significantly
affected by Gblocks adjustment, tbfare the unadjusted alignment was used for the
constructon of phylogenetic treed-igure 12B). The average pairwise divergence between
Tcastlb subunits, of TCASS¥atellitelike sequences, was. Ao (Table 5). With the ML
phylogenetic tree, four groups composed of two or three sequences, were resolved by
relatively low bootstrap values. However, the majority of Tcastlb subunit sequences remained
unresolved. There was no clustgyiof subunits derived from the same array or the same
chromosome(Figure 12B). Bayesian tree analysis produced one significantly supported

cluster composed of 10 sequences derived from 7 chromosbigese(2B).

46



Figure 11 Graphical representation of multiple alignment of 24 TCAST satéiliee elements (subunits Tcastla). Sequence nui
correspond to those ihable2 andTable 3. When a particular sequence is composed of few subrepeats (e.g. Tcastla or Tcastlb
indicating subrepeats are added (e.g., 02_1, 02_2).
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