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Momusayus u yenp. TeHBl YelOBeKa MOXHO pa3[eluTh Ha TOBCEMECTHO
SKCIPECCHPYEMBIE TEHBI JOMAITHETO XO3SHMCTBA M TKaHEeCTIeU(pUIHBIC TEHBI, KOTOPHIC
9KCHPECCUPYIOTCS TOIBKO B OJTHOM THIIE KJICTOK WM TKaHEH. | eHeTHuecKuii MexaHusm
peryysiiMyd 3THX THUIIOB I'€HOB MOKET OBITh aCCOLMUPOBAH C OpraHM3aLluei nuc-
perynsropHoro peruona. CpG-ocTpOBKH, pAaCIHONOKEHHBIE B IUC-PETYJISTOPHBIX
001acTsaX, MOTYT U3MEHATh YPOBHH SKCIPECCHH F€HOB B 3aBUCHMOCTHU OT MATTEPHA UX
METHJIMPOBAHUSI.

Lenpto nmaHHOM pabOTBl OBUI TOWCK CTPYKTYPHBIX OTIMYHN (PYHKIIHMOHAIBHBIX
DIIEMEHTOB B IHC-PErYJIATOPHBIX PETHOHAX TKaHEeCHeUW(UYHBIX TEHOB OT TEHOB
MTOBCEMECTHO SKCITPECCUPYIOMINXCS (TEHOB JOMAIITHETO X03SHCTBA).

Memoowt u ancopummol: MaTepuanoM HCCICIOBAHUS MOCTYXWIH 977 TKaHECICIH-
(GuUHBIX TeHOB uenoBeka w3 6a3ssl Human Protein Atlas u 554 rena «momarirHero
xo3siictBay [1]. AHamu3 (YHKIHOHAIBHBIX 3JEMEHTOB MPOBOMAMIA C ITOMOIIBIO
Cpgplot, NCBI Genome browser, SINE Base, a Takxe 6a3 1aHHBIX 00 9KCIIPECCHHU TCHOB
GTEX, lllumina, BioGPS. UccnenoBanu Hamu4are CPG-0CTPOBKOB B IIHC-PETYIISATOPHBIX
obmactsx (2000 m. H. 10 caifTa Hadaga TPAHCKPHUIIINH ) U3y4aeMBbIX T€HOB.
Pesynomamesi: B TSS200 obmacti reHoB mgomamrHero xo3siiictBa B 88.08 % Opumm
npencraienbl GC ocrpoBkamu, B TSS1500 o0s1actu onu coctapisiiu Toyibko 31.04 %
oT 00mero 4mcna rmocienoBarebHocTei. il TKaHeceUPUUHBIX TEHOB OBLIO
oOHapyxkeHo 3HaunTenbHO MeHbliee uucio GC octpoBkoB B TSS200 obmactu
(19.55 %), 1 9.31 % >1ux renos umenu GC octposku B TSS1500 obmactu. OTmedaercst
CylIeCTBEHHAsI Pa3HUIA U B JUIMHE OCTPOBKOB MEXKIy MCCIEIYeMbIMUA THIIAMH T'€HOB.
OOHapy)XeHO, 4YTO CpelHss UIMHAa OCTPOBKa paBHsuIack 566.51 m. H. 11 TkaHe-
crienupUIHBIX TeHoB u 719.71 1. H /UIA TEHOB JoMalHero xo3sicTBa. C MOMOIIBIO
0a3pl ganHbix SINE Base ocymiecTBIIsid MOMCK TOMOJIOTHH JJIsi KOPOTKUX JAMCIIEPrH-
POBaHHBIX IOBTOPOB B IIMC-PETYIIATOPHBIX 00JACTAX H3ydaeMbiX reHOB. Alu-31eMeHThI
NpUCYTCTBOBAIIN B 49.84 % muc-perynaropHbIx o0nactel TKaHecnenn()UIHbBIX TEHOB U
B 65.52 % 1mc-perynsaTOpHBIX o0JlacTel TeHOB JoMalIHero xo3siictea. OOHapyKeHO,
4TO yCpeaHeHHoe paccTosiHue oT Alu-aremMenTa 10 caifta Hadaia TPAHCKPUIIIIUKA TeHOB
JIOMAIITHETO XO3SHCTBa MEHBIIE, YeM 3TO K€ PACCTOSIHUE JUIA TKaHecHeUU(pUIHBIX
reHoB. buomHpopmarhyeckuii aHanmM3 Mokasajd, 4Yto mapel  Alu-aneMeHToB
npucyrcTBoBad B 13.2 u 23.1 % nuc-peryssITopHBIX o0JIacTell TKaHecTenU(pHUIHBIX
T'€HOB M TEHOB JIOMAIITHEr0 X035HCTBa COOTBETCTBEHHO. BaskHO 0T™MeTHTB, uTO Bee Alu-
napel UMeJIM MHBEPTUPOBAHHBIH XapakTep opueHTauuu. CpellHee pacCTOSHUE MEXIY
WHBEPTUPOBAaHHBIMU mapamu  AlU-3J1eMEHTOB, HaHIECHHBIX B [HUC-PETYISTOPHBIX
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o0acTsaX TKaHecTIeHU(PUIHBIX TEHOB OBUIO MEHBIIIE, YeM aHAIOTUYHBIN TOKA3aTeNb JIs
TCHOB JIOMAIIIHETO XO3IHCTBA.

Bvi6oowi: OOHapYXKEHbI CylIeCTBEHHbIC OTIWYMs B Jokanu3anuu CpG-ocTpoBKOB U
AlU-31eMEHTOB IHMC-PETYIATOPHBIX PETMOHOB TKAHECTICHM(DUYHBIX T'€HOB OT T'€HOB
MOBCEMECTHO JKCIpeccUpyromuxcsl (TeHOB JoMaliHero xossiictBa) B 155200 wu
TSSS1500.

Qunancuposanue. Pabota BBITIONIHEHA NMPH (HUHAHCOBOHW Monepkke MUHHCTEpCTBA
HayKd M BbIcuiero oOpa3zoBaHusi PO B pamkax rocynapcTBEHHOTO 3alaHusl B cdepe
HayuHoi aesrensHocTd Ne FENW-2023-0018.
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Motivation and Aim: Human genes can be divided into ubiquitously expressed
housekeeping genes and tissue-specific genes that are expressed in only one type of cell
or tissue. The genetic mechanism of regulation of these types of genes may be associated
with the organisation of the cis-regulatory region. CpG islands located in cis-regulatory
regions may change the expression levels of genes depending on their methylation
pattern. The aim of this work was to find structural differences between the functional
elements in the cis-regulatory regions of non-specific genes and genes that are
universally expressed (housekeeping genes).

Methods and Algorithms: The study material included 977 human tissue-specific genes
from the Human Protein Atlas database and 554 housekeeping genes (Eisenberg E.,
Levanon E. Y., 2013). Analysis of functional elements was carried out using Cpgplot,
NCBI Genomebrowser, SINE Base, as well as gene expression databases GTEX,
lllumina, BioGPS. The presence of CpG islands in cis-regulatory regions (2000 bp
before the transcription start site) of the studied genes was studied.

Results: 88.08 % of housekeeping genes contained CpG islands in the TSS200 region,
and only 31.04 % of ubiquitously expressed genes contained a CpG island in the
TSS1500 region. For tissue-specific genes a significantly smaller number of CpG islands
were found in the studied regions. 19.55 % of tissue-specific genes contained CpG
islands in the TSS200 region, and only 9.31% of these genes contained CpG islands in
the TSS1500 region. There is also a significant difference in the length of islands
between the types of genes studied. It was found that the average length of the island
was 566.51 bp. for tissue-specific genes and 719.71 bp for housekeeping genes. Using
the SINE Base database, we searched for homology for short dispersed repeats in the
cis-regulatory regions of the studied genes. Alu elements were present in 49.84 % of the
cis-regulatory regions of tissue-specific genes and in 65.52 % of the cis-regulatory
regions of housekeeping genes. It was found that the average distance from the Alu
element to the transcription start site of home genes is less than the same distance for
tissue-specific genes. Bioinformatics analysis showed that Alu element pairs were
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present in 13.2 and 23.1 % of cis-regulatory regions of tissue-specific and housekeeping
genes, respectively. It is important to note that all Alu pairs had an inverted orientation.
The average distance between inverted pairs of Alu elements found in cis-regulatory
regions of tissue-specific genes was less than that for housekeeping genes.

Conclusion: Significant differences were found in the localization of CpG islands and
Alu elements of cis-regulatory regions in tissue-specific genes from genes ubiquitously
expressed in the TSS200 and TSSS1500 regions.

Funding: The work was carried out with financial support from the Ministry of Science
and Higher Education of the Russian Federation within the framework of the state
assignment in the field of scientific activity No. FENW-2023-0018.
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