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ABSTRACT

Genomic signal processing (GSP) can solve various biological problems in low
computational cost. There are many mathematical algorithms mostly used for gene
identification and comparison between sequences, making use of several DNA
representations that did not evolve due to lack of efficiency.

The knowledge of the exact position of the transcription start sites (TSS), which is the
location where transcription starts at the 5'-end of a gene sequence in an RNA
molecule, is critical for the identification of the regulatory regions that flank it. Many
approaches have been mentioned in the literature about locating the TSS positions.

This study presents a novel method for identifying transcription start sites (TSS) from
CAGE (Cap Analysis of Gene Expression) data and applying features and techniques
borrowed form GSP that also aim to identify TSSs. A fairly new representation method
for nucleotides has been introduces able to extract and represent the information in a
time series signal vector.

Signals were transferred from time to frequency domain, which allows for filtering
artifacts in an efficient robust way, and vice versa. Several filters have been used and
their parameters were optimized to maximize the accuracy and performance in results.

In the context of this work a fully modular computational tool has been designed and
implemented using GSP techniques and mathematical algorithms able to detect TSSs
with high accuracy.

The method was tested in real human cells (H9 line) with data downloaded from
FANTOMS repository and the accuracy has been compared with other algorithms and
the ground truth. All the results are presented in this study.
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NEPIAHWYH

H emeepyaoia onuatog o€ emimedo yovIOIWUATOG UTTOPEI va AUoel did@opa BioAoyIKdA
TTpoBAAPaTa  PE  XAMNAO  UTTOAOYIOTIKO KOOTOG. YTTAPYXOUV TTOAAOI  paBnuartikoi
aAy6piBuol o1 0TToi0I XPNOIMOTIOIOUVTAI KUPIWG YIa TNV avayvwpeion Twv yovidiwv Kal Tn
OoUyKpION METOEU OKOAOUBIWYV, XPNOIMOTIOIWVTOG APKETEG avaTtapaocTdoels Tou DNA
TToU Oev £€eAixOnKav AOyw EAAEIYPNG ATTOTEAECUATIKOTNTAG.

H yvwon 1ng akpifoug Béong Twv BEoswv Evapeng petaypaens (TSS), n otroia eivai n
Béon 6tTou n petaypa®n gekivd oT1o 5'- dkpo piag aAAnAouxiag yovidiou oe éva RNA
MOPIO, €ival aTTaPaiTNTA YIO TNV Ovayvwpion TwV PUBUICTIKWY TIEPIOXWY TTOU TO
emnpedlouv. Z1n BIBAloypagia £xouv avo@epBei TTOANEG TTPOCEYYIOEIG OXETIKA PE TOV
EVTOTTIONO TwV BE0EwV £vapéng JETAYPAPNG.

AuTr N PeAETN TTapouoiddel pia véa PEBODO yia TNV avayvwpeion Twv Béoewv évapéng
peTaypa@nic (TSS) ammd ta dedouéva CAGE (Cap Analysis of Gene Expression) kal Tnv
EQPAPHOYN XAPOKTNEIOTIKWY KAl TEXVIKWY BAVEICUEVWY OTTO TNV €TTECEPYATia OANATOC,
TTOU OTTOOKOTIOUV €TTIONG OTNV avayvwpion Twv Bfoewv €vapgng HETAypa®ngG.
Mapouoiddetal pia véa pEBOdOC yia TV avaTTapdoTaon TwV VOUKAEOTIBIWV IKavh va
€CAyel KAl va TTAPOUCIACEl TV TTANPOPOPIa O€ HOPPr) CHPATOG OTO TTEDIO TOU XPOVOU.

Ta oApaTa peTa@EPBNKav atrd 10 TTEdI0 TOU XPOVOU OTO TTEDIO TWV CUXVOTATWY, OTToU
MTTOPEI VO Yivel QIATPAPIOUA QUTWYV KAl VO ATTOPAKPUVOEI 0 BOpUBOG PE ATTOTEAECUATIKO
TPOTTO. 'YOoTepa Ta oApaTta emmaviABav oTo TTedio Tou Ypodvou. XpnoluoTroinénkav
QPKETA QIATPA Kal Ol TTOPAPETPOI TOUG BEATIOTOTTOINONKAV VIO VO PEYIOTOTTOINOOUV ThV
akpipela kal TNV ammédoon TwV ATTOTEAEGUATWV.

210 TAdiola auTAg TnNG epyaciag €xel oxedlaoTei Kal UAoTToINBei éva TTAApWG
TTOPAMETPOTIOINCIMO UTTOAOYIOTIKO EPYOAEI0O ME TN XPHion TEXVIKWV ETTECEPYQTiag
ONUATOG KOl POBNUATIKWY OAYOpPiOPWY IKaOVWY va  avixveuouv BEoelg  €vapéng
METAYPOPNG ME UYWNAN aKpiBEla.

H péBodog autr) doKIHAoTNKE O€ TTPAyuaTIKG avBpwTiva KUTTapa (H9) e dedopéva atrod
10 atroBetr)pio FANTOMS Kkai n akpifeid Toug ouykpidnke pe GAAOUC aAyopiBuoug 6TTwg
etmiong kal Tnv payuatikotnta (Ground Truth). OAa Ta amroteAéopaTa TTapoucialovTal
oTn TTapoUCca PEAETN.
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AEZEIZX KAEIAIA: ©Ofocic évapéng deTaypa@ng, yovidiwpa, emmeéepyacia OnuaTog,
CAGE, FFT, GSP



