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PE®EPAT

CTpykTypa M 00bEM IMIVIOMHOH PadoOThI: TUIJIOMHas paboTa COCTOUT M3
BBEJICHUA, 3 TJaB, 3aKIIOYEHHS, CIHCKAa HCIOJIb30BAHHBIX MCTOYHUKOB # |
npwiokenus. OO0beM JUIIIIOMHOM pPaboThl coctaBisger 47 crpanuil. B pabote
UCIOJIb30BaHO 24 m300paxkeHuit, 2 Tabmuikl. B mporiecce Hanmucanus padoThl OBLIO
UCIOJIb30BaHO 29 UCTOYHUKOB.

KiroueBble c¢jioBa: pak, ODKCIPECCHS TEHOB, METAa0OJIUT, METa0oJn3M,
CEeKBECHMPOBaHHUE, MallTMHHOE 00y4ueHue, Python.

O0beKTOM HcC/e0BAHMA JUIJIOMHOM pabOThl CTalM: 3KCIEPUMEHTAIIbHbIC
JAHHBbIE CEKBEHHPOBAaHUS OJMHOYHBIX KIJIETOK C MOMOLIBIO METOJ0B MAIUIWHHOIO
oOydeHHUsl AJIs IPEeICKa3aHusl YPOBHEW MeTaOOIUTOB B KJIETKA.

AKTyaJlbHOCTh JaHHOW PpadoThl  3aKjIO4YaeTcs B HEOOXOIUMOCTH
YCTAQHOBJICHUS B3aMMOCBS3M OSKCIIPECCHUM TE€HOB W YPOBHAMH METaOOJIM3MOB B
KJIETKaX.

Heabp paHHO# padOTBI — HWCCICAOBAHHME JIAHHBIX JKCIPECCUU TEHOB, IS
npe/icKa3aHusl ypOBHEW META00IMTOB € TOMOIIBIO METOJIOB MAIlIMHHOTO OO0 yUEHUS.

JI71st TOCTH>KEHUS] TOCTABJIEHHOM 11eJIM ObUTH PELLEHBI CIEIYIOIINE 3aJauu:

1) HM3ydeHa JmTepaTypa 1Mo CEKBEHUPOBAHUIO OJMHOYHBIX KJICTOK.

2) WM3yueHbl OHOJMOTEKM MAIIMHHOIO OOy4YyeHUsA Takue Kak: pandas,
numpy, matplotlib, seaborn. Otnensubie MeToaBI OMOIIMOTEK: sklearn u plotly.

3) BemmonHeHa mnporpaMMHas —peaiu3alus  aIrOpuTMa  MCCIEIOBaHUS
AKCIIEPUMEHTAIbHBIX JAHHBIX 3KCIPECCUU '€HOB U YPOBHS METa00IUTOB.

MeTtoabl uccie0BaHUsI: U3yYEHUE TEOPETUUECKOW MH(POPMALIMK O METOAAX
CEKBCHHpPOBAaHUs T'EHOB, H3y4y€HHE MpPOOJEMbl HHTETPALMH META0O0JIOMUKH H
TPAHCKPUNTOMUKHU. V3ydeHne MeromoB o0OpaOOTKM MaHHBIX, METOJ TJIaBHBIX
KOMIIOHEHT, METOJ] HE3aBHCHUMBIX KOMIIOHEHT. A TakXke MojeNiell MaIlluHHOTO
OOydeHHMs: JTMHEHHOM perpeccuu, ClydailHOro Jjieca M TPajUEeHTHOro OYCTHHTA.
AHamu3 W u3ydYeHHe OMONMOTEeK aHaiu3a JaHHBIX I PadoThl C JaHHBIMU
AKCIIPECCUU TEHOB, a TakKe OMOJMOTEK MAIIMHHOTO OOy4YeHUS M JIOCTYITHBIX
TEXHOJIOTUH IS BBIMIOJHEHHS IPOrPaMMHON peasih3aiiii ajlrOpruT™Ma.



Pygepar

Crpykrypa i a6'ém AbIJIOMHAW nmpanbl: JBIIUIOMHAs Tpala CKIagaenia 3
YBSIZI3EHHA, 3 KipayHIKOY, 3aKIIOUYIHHS, CIICY BBIKAPBICTAHBIX KPBIHII 1 1 gamarky.
AG'€m nwimuioMHal mparel ckiagae 47 crapoHak. Y paOore BbIKapbicTaHa 24
BIZIAPHICHI, 2 TAOMIIBI. Y Mpalpce HaMiCaHHs Mpalbl ObUIO BhIKApbICTaHA 29 KPBIHIII.

KiouaBbiss CJI0BBI:  pak, DJKCOpACia TeHay, wmeTabamiT, wmeTrabanisMm,
CeKBeHIpaBaHHe, MalllbIHHAE HaBy4yaHHe, Python.

A0'ekTaM aacjeJaBaHHsl JBIIJIOMHANW Tpalbl CTall: SKCIEPHIMEHTATbHBIS
Ja/I3eHbIsl CEKBEHIpaBaHHS aJ31HOYHBIX KJIETaK 3 Jamamorail Merajnay MalllblHHara
HaBy4YaHHs JJIs MIPaJIKa3aHHs Y3pOYHAY MeTabamiTay y KiIeTKa.

AKTyaJbHACIb JaA3eHall mpambl 3aKiloJacima Y HeaOXoHacIl
YycTaHayJIeHHS Y3aeMacyBs31 AKCIPACii TeHaY 1 y3poyHsIMI MeTadamizMay y KIIeTKax.

MbTa naj3eHail mpaubl - JacieJaBaHHE JaJ3€HBIX JKCIPACil reHay, mis
npajKa3aHHd y3pOyHsAy MerTabamitay 3 jJanaMmorail merajay  MalllblHHara
HaBy4JaHHs.J[JI1 nmacArHEeHHsS TMmacTayieHall MAThl OBUTI BbIpallaHbl HACTYITHBISA
3a7a4bl:

1)  BrIByyana mitaparypa rma CeKBEeHipaBaHHS aJI3IHOYHBIX KJICTaK.

2)  BeiByuansl Oi0MiSTIKI MalllbIHHATA HABYYaHHsI Takis sK: pandas, numpy,
matplotlib, seaborn. AcoOHbIst MeTa bl 610IsATIK: sklearn i plotly.

3) Beikananma TparpamMHas  plaiizampbli  aNrapelTMy  JacieJaBaHHs
AKCHEPHIMEHTAIBHBIX JA3CHBIX IKCIPACII TeHaY 1 Y3pOoyHI0 MeTabaiTay.

MeTanbl aacjielaBaHHsi: BbIBYYdHHE TIapAIThIUHAKM 1H(papMmalblli ab MeTagax
CEKBEHIpaBaHHs T€HAy, BBIBYUOHHE MpaldjeMbl I1HTArpalbli MeTabajloMiKi 1
TPAHCKPBINITOMIKI. BpIByusHHE MeTazay amnpanoyki JaHbIX, MeETaj TrajJoyHBIX
KaMIaHeHT, METaJl HEe3aJeKHBIX KaMMaHeHT. A TakcamMa MajdJiay MalllblHHara
HaBY4YaHHS: JIHEHHaW parpacii, BbIMAJKOBara Jjecy 1 TrpajJbleHTHara OYCTBIHTY.
AHaJi3 1 BBIBYYdHHE OIO0IATAIK aHANI3y JaHbIX U1 paOOThl 3 JaHBIMI 3KCIIPACil
reHay, a takcama OiOJiSITOK MalllbIHHAra HaBy4YaHHS 1 JIACTYIMHBIX TAXHAJOTIM JJIst
BbIKaHAHHS MparpaMHaii praizallbli aJIrapbITMy.



ABSTRACT

Structure and scope of the thesis: the thesis work of the head of
administration, 3 chapters, managers, teachers, sources used and 1 appendix. The
volume of the thesis is 47 pages. The work used 24 images, 2 tables. In the process of
writing the work, 29 sources were used.

Keywords: cancer, gene expression, metabolite, metabolism, sequencing,
machine learning, Python.

Object of study thesis: Experimental single-cell sequencing data using
machine learning methods to predict metabolite levels in a cell.

Relevance of this work lies in the need to establish the relationship between
gene expression and metabolic levels in cells.

The purpose of this work is exploring gene expression data to predict
metabolite levels using machine learning methods.

To achieve this goal, the following tasks were solved:

1) Study the literature on single cell sequencing

2) Studied machine learning libraries such as: pandas, numpy, matplotlib,
seaborn. Selected library methods: sklearn and plotly.

3) Perform a software implementation of an algorithm for predicting
metabolites based on gene expression data.

Research methods: studying theoretical information about gene sequencing
methods, studying the problem of integrating metabolomics and transcriptomics.
Study of data processing methods, principal component method, independent
component method. As well as machine learning models: linear regression, random
forest and gradient boosting. Analysis and study of data analysis libraries for working
with gene expression data, as well as machine learning libraries and available
technologies for software implementation of the algorithm.



