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Characterization of intergenic transcription ssitets by
multifaceted use of massively paralleled sequencer
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[. Introduction

Since human genome and several other organisemgnges are completely sequenced, gene
regulation is realized to be more immense and rooneplex than expected. The functional properties ar
known not only on protein coding sequences but atsoprotein coding or untranslated regions. Régent
ten of thousands of non protein coding RNAs (ncRNAave been identified. Also in our large-scale
studies of human transcriptome, large numbers titipe NcRNAS have been observed, especially from
intergenic regions. However, solid evidences fog th vivo existence of them are inadequate, and
knowledge on the transcriptional mechanism of &igN¥AS remains elusive.

In this study, the intergenic
transcription start site (TSS) cluster:
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Fig.1. Schematic representation of the multifaceise of massively paralleled sequencer

[I. Materialsand Methods

In order to perform genome-wide integrated analg$ithe intergenic TSSs, various techniques
were combined with the massively paralleled seqgugrtechnology, lllumina GA (Fig.1), namely;
a) TSS Senl139,446,730 36 bp-TSS tags, uniquely mapped éohtiman genome (hgl8) without any
mismatch from six cell lines (a colon cancer celeé] DLD-1; an embryonic kidney cell line, HEK293,;
breast cancer cell line, MCF-7; a normal fibroblest, TIG-3; a Burkitt's lymphoma cell line, Ramas
lung epithelial cell line, BEAS2B) and six normasiues (brain, heart, kidney, fetal brain, fetarhefetal
kidney) of humans. Additional, 36,761,810 36 bp-T&$ from DLD-1, MCF7, HEK293, and TIG3 cells



which were cultured in 1% 0

b) ChIP Seq for RNA polymerase 110,687,815 tags for IP and 6,506,186 tags fokdpacind control
from DLD-1 cells

¢) Nucleosome Sed9,570,149 single-end tags from DLD-1 cells

d) Shotgun Sed3,382,901 shotgun tags

e) RNA Se( 20,094,475 tags and 14,879,174 tags for nucleducgtoplasmic fraction from DLD-1 cells

f) Small RNA Seq 604,141 21-25 bp size-selected RNA tags from OLEells

RT-gPCR; expression profiling of the iTSCS and hbiying RefSeq genes were performed in 20 kinds of
human normal tissues (Clontech Human Total RNA Braflanel Il; Adrenal gland, Bone marrow,
Brain(whole), Fetal Brain, Fetal liver, Heart, K&n Liver, Lung (whole), Placenta, Prostate, Sajiva

gland, Skeletal muscle, Testis, Thymus, Thyroichdlarachea, Uterus, Colon w/ mucosa, and spinalco

1. Results

Integrative transcriptome analysis of the inteigeNSCs (iTSCs) revealed that not all of the
iTSCs have the same characters. Figure 2 repradenssheme of the classification and the usedadsth
The findings in this study (will be described in maaletails below) demonstrated that possible bicidg

relevance iTSCs had distinctive features, thusctbaldiscriminated from the other noise-level iTSCs
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Fig.2. Schematic representation of the integrati@escriptome analysis of the iTSCs
i) iTSCsof >5ppm are only a minor population of theentireiTSCs
Base on 140 millions of TSS Seq tags, 371,849 sTAGS tag clustered into 500 bp bins) were
characterized. However, the number of iTSCs wignificant number of TSS tags, >5 parts per million

(ppm), at least in one cell type was only 6,039.

i) iTSCshave strong likelihood of representing TSSs of long ncRNASs

Overlapping analysis of the iTSCs position witlke Biends of the cDNA collections; MGC and
FLJ, and complete cDNA sequencing of shotgun sesp&amgs, revealed that 395, 1,617, and 464 iTSCs
overlapped with the 5’-ends of the MGC, FLJ, andtghn cDNAs, respectively.



iii) Surrounding sequences of iTSCs of >5ppm have several distinctive features

By analyzing characters o
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properties were found differently fron
ITSCs of <5ppm as shown in Table 1. Table 1. Characteristic features observed in th€8& >5ppm and <5ppm
The ChIP Seq analysis also showed diversity ofiHmhdings in the nearby regions of iTSCs of
>5ppm and <5ppm. The results showed that 376 (40%pf 931 iITSCs which were expressed at >5ppm
in DLD-1 overlapped the pol Il binding sites, whitely 3,305 (7%) out of 46,416 ITSCs of <5ppm
overlapped them. Interestingly, among these 3,2688<; although iTSCs were of <5ppm in DLD-1 cells,

those in other cell types were of >5ppm in 305 sase

iv) Majority of iTSCsof >5ppm expressed astissue-preferred manner
By using digital tag count of the TSS-Seq, 3,732 {6) of iTSCs were found expressed at
>5ppm only in one cell type. RT-gPCR assays weréopeaed in additional 20 kinds of human normal

tissues revealed that clear signals of 44 out aT6Cs of >5ppm were observed at least in onedissu

V) A quarter of iTSCsof >5ppm are located in the proximal regions of the RefSeq genes, which their
transcription islikely to beinfluenced from open chromatin of the neighboring transcription
23% (1,382 cases) of the iITSCs of >5ppm we A #irsc  RefSeg-linked iTSCs
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>5ppm and the nearby RefSeq genes was observe2B{Fic Fig 3. Correlaﬂg;s“%setween the iTSCs

on the other hand no such a correlation was foendhe and the nearest RefSeq genes
non-RefSeq-linked iTSCs of >5ppm.

By nucleosome Seq analysis, formation of the rasdee-free regions were found just upstream
of the TSSs the non-RefSeq-linked TSCs of >5ppm@eribdic positioning of nucleosome immediately
downstream of the TSS. On the contrary, no sucloraierly nucleosome structure was observed in

surrounding areas of the RefSeq-linked iTSCs >5gpjther the iTSCs of <5ppm.



vi) Biological relevance of the majority of the non-RefSeg-linked iTSCs is not serving as miRNA
precur sor

The overlapping analysis of iTSCs with previoudports small RNAs; miRNAs and snoRNAs,
and small RNA Seq data was performed. Howeverpfdy 22 miRNAs, 11 snoRNAs, and 2 small RNA
Seq, complete cDNA sequences directly showed tieitrtature forms of the small RNAs were actually

located within the transcripted regions followitng non-RefSeq-linked iTSCs.

vii) Large numbersof iTSC transcripts are exported into cytoplasm

Sub-cellular localization examined by RNA-Seq atlear and cytoplasmic fractions in DLD-1
cells, showed that 59% of non-RefSeg-linked iITS@srlapped at least 3 RNA Seq tags from the
cytoplasmic fraction. Of these, 99 iTSCs (17%) weadicularly enriched in cytoplasm (p<0.01).

viii) Numbers of non-RefSeg-linked i T SCs showed differential expression in hypoxic response

By comparing digital tag count of the TSS-Seq ofmmoxic state and hypoxic state of DLD-1,
MCF7, HEK293, and TIG3 cells found that in totaQ85and 365 iTSCs of >5ppm showed expression
induction or repression by more than 5 fold in oese to the hypoxic shock in at least one cell.type

For further study on the biological roles of iTSi@solve in hypoxic response, the differential
expression pattern of iTSCs and RefSeq genes veenpared by calculating Pearson’s correlation of the

respective TSS tag counts. Then particu
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relate with cell-cell interaction control. Fig.4.Example of hypoxic induction iTSCs.

I'V. Discussion

In this study, | described the attempt of charsteg the iTSCs by multifaceted use of massively
paralleled sequencer. Integrated analysis of vartgpes of transcriptome data revealed the diyersdit
iITSC properties, particularly for non-RefSeq-linké&Cs of >5ppm. Non-RefSeq-linked were found to be
determinedly and independently regulated, whichukhde essential to realize biologically relevant
transcriptions. This study also demonstrated thigigrative transcriptome data was a useful stapoigt

for further study on biological roles of the intergc transcripts.



