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PE®EPAT

Marwuctepckas padota 71 c., 20 puc., 93 UCTOUYHUKOB.

PA3PABOTKA [TPOTPAMMHOI'O KOMIIJIEKCA JUIA
®EHOTUITMYECKOI'O AHAJIM3A PACTEHUI ARABIDOPSIS THALIANA B
KVYJIBTYPE IN VITRO

O0bekT wucciaenoBanus: 1udppossie (otorpadum pacrenwmii Arabidopsis
thaliana L. Heynh., xyneTypa pacrenuii Arabidopsis thaliana L. Heynh.

Heasr  ucciaenoBaHusi:  pa3paboTKa  MPOTPaMMHOTO  OOECIICUYCHUS,
MO3BOJISIIONIECTO  aBTOMATH3MPOBATh TPeAoOpadOTKy © aHauu3 OWOJOTHYECKUX
(beHOTUITMYECKUX JaHHBIX JJIs pacTyiei KynbTypbl Arabidopsis thaliana L. Heynh..

MeTtoabl wWccaenoBaHMsA. S3bIK  IporpamMmupoBanus  Python, meTombl
MAIIMHHOTO OOYYEHUsI U TIOCTPOCHUS MPe/ICKa3aTeIbHbIX MOIETICH, TEXHIKA PaOOThI
¢ kynbrypoit Arabidopsis thaliana, monydenue nzobpaxenuit pacrenuii Arabidopsis
thaliana L. Heynh. B kyneType in vitro, mopdomerpudeckre METOIbI ONpPECIICHHSI
pPOCTOBBIX  [MapaMeTpoOB, aHAJIW3 PACTCHUH C TOMOIIbIO  Pa3pabOTaHHOTO
MPOTPaMMHOT0 00€CTICUEHUSI.

Pe3yabTaThl: pa3paboTaH MPOrpaMMHBIA KOMILIEKC IJis (H)EHOMHOTO aHajIHu3a
pactrenuii Arabidopsis thaliana L. Heynh. Ha ocHOBe OMOJIMOTEK KOMITBIOTEPHOTO
3peHHs M MalIMHHOTO oOyuyeHHs. Pa3paboTaHHBIM KOMIUIEKC MO3BOJISIET U3MEPSThH
IUIOINAAN TIOBEPXHOCTEH OpraHOB PAacTeHUH, a TaKKe IMPElCKa3bIBaTh UX CBHIPYIO U
cyxyto Maccy. C HCMOJb30BaHMEM KOMILUIEKCA MpoaHalu3upoBaHa BHIOOpKa U3 35
Jalek ¢ KyJbpTypo# in vitro mosoaeix pacrenuii Arabidopsis thaliana, BeipameHHbIX
B KOHTPOJBHBIX YCIOBHSX M B YCIOBHSX OKHCIHTEIBHOTO cTpecca. V3MepeHs
3HAYEHUsS IUIOMalell KOpPHEW W JIMCTHEB IO JAHHBIM, HM3BJICYCHHBIM Ha OCHOBE
N300paKeHN, TOMy4aeMbIX €XKEJIHEBHO Ha TMPOTSHKEHUH BCEro  IEpHoAa
KyJIbTHBHPOBAHUS. DTH TTapaMeTPhl B TaIbHEHIIIEM MCTIOIH30BaHBI IS TIPEICKA3AHUS
MacC KOpPHEW U JIHCThEB C y4acTHeM OOYUYEHHON MOJENH, TOYHOCTh KOTOPOM
cocraBuia 96,6% mo merony R-kBamgpara. B pesynbpTaTe mpou3BeACHBI BBHIUYUCICHUS
JI0JIM MacC KOPHEHW U JIMCTHEB 110 OTHOIICHHIO K OOIIEH Macce pacTeHUsl, COOTHOIIICHHE
IUIOIAAX KOPHEW W JINCTBEB K WX CYyXHM MaccaM, a TaKKe H3MEHEHHE DTHX
napaMeTpOB B TEUCHHUE MEPHUOJa KyJIbTHBHpOBaHUs. Ha OCHOBE NaHHBIX (HEHOMHOTO
aHamM3a I[IOKa3aHO, YTO OKHUCIIHUTENBHBIA CTPECC, BBI3BIBAEMBI  CMECSIMH,
TCHCPUPYIONTUMH  THAPOKCWIBHBIC  paJWKaNbl,  BBI3BIBAET  CTATUCTHUYCCKH-
JOCTOBEPHOE CHMIKEHHE CKOPOCTH Habopa OMoMacchl KOPHEH W JHCTHEB PACTCHHN
Arabidopsis thaliana L. Heynh.



ABSTRACT

Master's thesis 71 p., 20 figures, 93 sources.

DEVELOPMENT OF A SOFTWARE PACKAGE FOR PHENOTYPIC
ANALYSIS OF ARABIDOPSIS THALIANA PLANTS IN VITRO CULTURE

Object of research: Digital photographs of Arabidopsis thaliana L. Heynh.
plants, Arabidopsis thaliana L. Heynh. plant culture.

Purpose of research: Development of software to automate the preprocessing
and analysis of biological phenotypic data for a growing culture of Arabidopsis thaliana
L. Heynh.

Methods of research: Python programming language, methods of machine
learning and construction of predictive models, techniques of working with
Arabidopsis thaliana culture, imaging of Arabidopsis thaliana L. Heynh. plants in in
vitro culture, morphometric methods of determining growth parameters, analysis of
plants using the developed software.

Obtained results: A software package for phenomic analysis of Arabidopsis
thaliana L. Heynh. plants based on computer vision and machine learning libraries has
been developed. The developed complex allows measuring surface areas of plant
organs and predicting their wet and dry masses. Using the complex, a sample of 35 in
vitro culture cups of young Arabidopsis thaliana plants grown under control conditions
and under oxidative stress was analyzed. Root and leaf area values were measured from
data extracted from images acquired daily throughout the cultivation period. These
parameters were further used to predict root and leaf masses with the trained model,
which had an R-squared accuracy of 96.6%. As a result, the proportion of root and leaf
masses in relation to the total plant mass, the ratio of root and leaf area to their dry
masses, and the change in these parameters during the cultivation period were
calculated. Based on the data of phenomic analysis, it was shown that oxidative stress
induced by mixtures generating hydroxyl radicals causes a statistically significant
decrease in the rate of biomass recruitment of roots and leaves of Arabidopsis thaliana
L. Heynh. plants.



PODPEPAT

Maricrapckas asicepraupis /1 c., 20 main., 93 kpbIHiI.

PACIIPAIIOVKA [MTPATPAMHAT A KOMIUJIEKCY JUIS
OEHATBIIITYHAE AHAJII3Y PACJITH ARABIDOPSIS THALIANA V KYJIBTYPbBI
IN VITRO

A0'exT nacaenaBanHsi: niu0aBbis ¢atarpadii paciain Arabidopsis thaliana L.
Heynh., xynerypa paciin Arabidopsis thaliana L. Heynh.

MbdTa faaciaemaBaHHSI. pacmpanoyka IparpaMHara 3a0ecrsiudHHS, SKOe
Ja3Bayisic ayTaMarbI3aBallb MPemoOpadOTKy 1 aHami3 OisiariyHblX (eHaTHIIIYHAS
Jaa3eHbBIX IS pacie KyapTypsl Arabidopsis thaliana L. Heynh.

MeTaapl aacjeaaBaHHs. MOBa nparpamaBanHs Python, MeTansl MaribiHHara
HaBY4YaHHs 1 MaOyJOBbI MPEICKa3aTeIbHBIX MaJdJIsay, TOXHIKA Mpaibl 3 KyJbTypan
Arabidopsis thaliana, arpeiManHe Mamonkay paciaid Arabidopsis thaliana L. Heynh. y

KYJIBTYpHI 1n Vitro, MOpHoOMETpHUYECKIE METa bl BEI3HAYDHHS POCTABBIX MMapaMeTpay,
aHaJji3 paciiiH 3 JanaMmorail pacnpaiiaBanara rnparpamHara 3a0eCrsiYdHHSI.

ATpbIMaHbIsl BBIHIKI. pacrpanaBaHbl IparpaMHbl KOMIUIEKC A1 (DEHOMEHY
aHamizy paciin Arabidopsis thaliana L. Heynh. Ha acHOBe 6i0isToK KaMI'tOT3pHara
IJIe/)KaHHS 1 MallblHHAra HaBydaHHs. PacripariaBanbl KOMIUIEKC /a3Bajisie BBIMSpPALb
IUIONIYBI TABEPXHAY OpraHay paciiH, a TakcaMa MpajiKka3Ballb 1X ChIPYIO 1 CyXyI0 Macy.
3 BBIKaphICTAHHEM KOMIUIEKCY IIpaaHajizaBaHa BblOapka 3 35 KyOkay 3 KyJbTypail in
vitro mananeix paciin Arabidopsis thaliana, Beipanuanpx y KaHTPOJBHBIX YMOBAX i
Ba YMOBax akxicisiIbHara crpacy. BeiMepaHbls 3HaUSHHS MJI0IIYay KapaHey 1 Jicus na
JAJ3€HbIX, BEIHATHIX HA ACHOBE MAJIFOHKAY, IITO aTphIMIIIBAIOLLIA IITOAHS HA MpalAry
YCATo NEephIsAy KyJIbThIBABAHHS. [ 3THIA MMapameTpsl ¥ JAIEHIIBIM BBIKAPbICTAHBI IS
MpajKa3aHHs Mac KapaHéy 1 Jicus 3 y/a3eliaM HaBy4YaHall MajIdJi, aKjIaHaclb SKOU
ckiana 96,6% mna Meran3e R-kBaapara. Y BbIHIKY 3pOOJ€HBI BBUIIYIHHI JOJ1 Mac
KapaH€y 1 jicus ¥ agHOCIHAX Ja aryjibHail mMace paciiHbl, CyaJHOCIHBI TJIONIYBI
KapaH€y 1 Jicugd Ja 1X CyXiM macam, a Takcama 3MsSHEHHE I3ThIX NapameTpay Ha
npalsry nepbisiay KyiabTbiBaBaHHS. Ha acHoBe naa3eHbIx (heHaMeHaslbHAara aHai3y
NaKa3aHa, IITO aKICISUIBHBIX CTPAC, SIKI BBIKIIIKAeHa CyMecsMi, IeHepaBaJbHbISA
riipakciiibHas paJbIKalibl, BHIKJIIKAE CTAThICThIYHA-TIDYHAE 3HIKIHHE XYTKACLl HA0Opy
OissMacel kapanéy i micus paciin Arabidopsis thaliana L. Heynh.



