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HOACHUTEJ/IBHASA 3AIIMCKA

Henn u 3apaun y4e0HOH TUCHUILTHHBI

Henp yueOHON IUCHMIIIMHBI — C(POPMUPOBATh Y CTYJIEHTOB MPAKTHYECKUE
HABBIKM B OONACTM KIETOYHOH W MOJICKYJISPHOH OMOJIOTHH, TO3BOJISIOIINE
pa3zpabarbiBaTh (PyHAAMEHTAIBHBIC M NPUKIAAHBIC TPOOJIIEMBbl (PU3NONOTHH,
OnoxuMur, OMO(PU3NKU 1 OMOMHKEHEPHH.

3anaum y4eOHOI AMCUMIIHHBI:

1) ocBoEHUE METOMOB SEKTPO(U3NOIOTUN, aHAJIM3A TE€HEPALIMM AKTHBHBIX
GopM KHCIOpOJA W PA3BUTHS CUMOTOMOB 3alpPOrpaMMHPOBAHHOM
KJIETOYHOI ruOenu 1 aBTO(arvy B KJIETKAX 3YKapHOT,

2) O3HAKOMJICHHE C MPHHLMIIAMH MCCIEAOBAHUN KJIETOK C MCMOIb30BAHUEM
Pa3JIMYHbIX TUIIOB MUKPOCKOIIUH;

3) oBnameHue npueMaMu paboThl C KYyJbTypaMW KIIETOK PAcTCHUHA W
YKUBOTHBIX;

4) OCBOCHME  METOAOB  CTAaTHYECKOW  LUTOMETPUM,  ONPEACTICHHS
YKU3HECTTOCOOHOCTH KJIETOK € UCIOJIB30BaHUEM (IIyOPECLUEHTHBIX 30H/0B,;

5) npuoOpETEHNE HABBIKOB KOHCTPYMPOBAaHWS W aHAIM3a IUIA3MUIHBIX
KOHCTPYKIIUHA.

MecTo y4eOHOoii THCIHIIHHBI B CHCTEME TIOJTOTOBKM Marucrpa

Y4eOHas MUCIUIUIMHA OTHOCHUTCS K KOMIIOHEHTY YUPEXKIACHMS BBICIIETO
oOpa3oBaHMs YU4eOHOTO TjIaHa ¥ BXOIUT B YU€OHBIH MOIYJIb «METObI KIETOYHOMN
OHOJIOTUI.

CBsi3Hu ¢ JpyrUMH  Y4YEOHBIMM JHUCIMIUIMHAMH, BKJItOYass y4YCOHBIE
JUCIUIUTMHBL KOMIIOHEHTA YUYPEKACHUS BBICIIETO 00pa3oBaHUs, JAUCIMILIAHbBI
crenuanu3aluy u ap.

HUzyuenune yueOHOM gucturinHbl  «lIpakTUKyM 10 KIETOYHOW U
MOJICKYJIIpHO# OMoorun» 0a3upyeTcsl Ha 3HAHUSX, TOJYYECHHBIX CTYJACHTAMU I10
yueOHbIM uctuiinHam «Kierounas Ouojorus», «MeTobl OMOJIOTUYECKUX W
AKOJIOTMYECKHAX MCCIAEAOBAHMIY). YueOHas mnporpaMMa COCTaBJIcHA € Y4YETOM
MEXKIPEAMETHBIX CBA3€H ¢ y4eOHBIMM JucCHUIIMHAMU «BbuonHpopMaTukay,
«CurHasibHas TPAHCAYKIMS Y BBICIIUX pacTeHui», CTPyKTYpHO-()yHKIIMOHAJIbHAS
OpraHu3aiysi FEHOMOBY.

TpeOoBaHus K KOMIIETCHIUAM

OcBocHre y4yeOHON guctMiuaHbl  «[IpakTHKymMm 1O KIETOYHOH U
MOJIEKYJIIPHOI OMONOTHH» JOJDKHO 00eCneunTh (opmupoBanue
cnenmranu3npoBanHoi komnereHmn CK-4 «Bnaaetb COBpeMEHHBIMU 3HAHUSAMU U
NPAKTUYECKAMH HABBIKAMHU B 00JIACTH 31EKTPO(PU3MONIOrUH, aHAIN3a FEHEPALuu
AKTUBHBIX (POPM KHUCIIOPOAAa W PA3BUTHS CUMITOMOB 3alpOrpPaMMHUPOBAHHOM
KJIETOYHOW THOen M aBToarMd B KIETKAX 3YKApUOT, OBITH CHOCOOHBIM
pazpabarbiBaTh (PyHAAMEHTAIBHBIC W MPUKIAAHBIC TPOOIEMbl  (PU3UOJIOTHH,
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onoxumuu, OMOPHU3UKKM U OUOMHKCHEPUH C HWCIOJIb30BAHUEM METOAOB MMATY-
KJIaMIl, (PUKCaluu MOTEHIMANA, CIEKTPOCKOMUU 3JIEKTPOHHOIO MapaMarHUTHOTO
pPE30HAHCA U IPYTUX COBPEMEHHBIX MOIX0I0B KJIETOUYHON OMOTIOTHUN».

B pe3ynbrare ocBoeHUs yUEOHON JUCIHMIUTAHBL CTYIEHT JTOJDKEH:

3HATD:

— COBPEMCHHBIE METOAMYECKUE IMOXOJbl, HCIOJb3YEMBIE B KJICTOYHOU U
MOJICKYJIIPHOU OHMOJIOTuH;

— Mopdosnornyeckue U OMOXMMUYECKUE CUMITOMBI 3alpPOrpaMMHPOBAHHOMN
ru0en KJIETOK Y BBICIIUX PACTEHUIA;

— (PM3BHKO-XMMUYECKAE CBOHCTBA TPHUIUICTHOTO KHUCIOPOAA, KOHIICMIIMIO
OKHCJIUTEJIBHOTO CTpecca, KIacCU(PUKAIMI0 AHTHOKCUJAHTOB, POJIb AKTUBHBIX
(opM KUCIOPOJa B )KU3HH PACTCHHUIA,

— OCHOBHbIE MyTH OWOCHTHAIM3AMA Y JKABOTHBIX M PACTCHUA,
XaPAKTEPUCTHK BTOPUYHBIX MECCEHIKEPOB;

yMeTh:

— NpOBOAUTHL onpeaeneHue konnyectsa JIHK B KIeTKax >KUBOTHBIX U
PacCTEHH C MOMOIIB CTATUYECKOUN [IUTOMETPU U,

— MPOBOAUTH OMPEACIIEHUE MKUZHECTOCOOHOCTH KIIETOK C HMCIOJb30BAHUEM
(yOpECIICHTHBIX 30H/I0B;

— OCYIIECTBIISITh KOHCTPYUPOBAHKUE U aHAIU3 MJIA3MUIHBIX KOHCTPYKIIUA;

— HCIMOJIB30BaTh MOJIMMEPA3ZHYIO IEMHYIO PEAKIUIO JUTSl U3YUEHUS KJIETOUYHBIX
OTBETOB;

BJIAJCTh:

— MpUEeMaMH pabOThI C KYJbTYPaMH KJIETOK PACTCHHUIA U )KUBOTHBIX;

— MPOTOKOJIAMHA METOJUK OOHAPY>KCHUSI Pa3pbIBOB OJJHO- U JIBYXIIEMOYECUHBIX
JHK;

— METOJIaMU M3MEPEHUs MPOIYKIMUA AKTUBHBIX (JOPM KHCIOPOAA B KUBBIX
CUCTEMAX;

— MPOrpaMMHBIMU O00€CIICUEHUEM ISl aHAJIh3a M300paXEHUH W MOCTPOCHUS
rpajpukoB Imagel, Sigmaplot10.0, Visio 2016, cCTaTHCTUYECKOro aHaIM3a
AKCIEPUMEHTAJIbHBIX JJAHHBIX.

CrpyKTrypa y4eOHOii A CHHIIHHBI

JlucumnnuHa u3ydaetcs B 1-3 cemectpax. Beero Ha wsyueHue yudeOHOU
JUCLUIUIMHBL « [IpakTUKyM MO KIECTOYHONH W MOJIEKYJISPHOH Ouonorum »
OTBEJICHO:

— JUIsl OYHOM (POPMBI MONTYUYEHHS BhICIIErO 00pazoBaHus — 630 yacoB, B TOM
yucsne 292 ayauTopHbIX 4aca, M3 HUX B 1 cemecrtpe: sekumm — 4 daca,
npaktuyeckue 3aHatus — 120 wyacoB, BO 2 cemectpe: nekumu — 4 daca,
MPAKTUYECKUE 3aHATUS — 94 yaca, B 3 cemecTpe: JeKknuu — 4 Jaca, TpakTHYECKUC
3aHATHS — 66 YacoB.

TpynoeMKoCTh Y4eOHOM NUCUUIUIAHBI COCTABIISIET 18 3aUETHBIX €IMHULL.

dopma Tekyuiei arrectanmu — 3a4et (1, 2, 3 ceMecTpsl).



COJAEP/KAHUE YUEBHOI'O MATEPHAJIA

Section 1. Introduction

Topic 1.1 Introduction to Cell and Molecular Biology. Introduction to
Biological research. Designing scientific papers and reports. Learning resources.
Scientific information, plagiarism and referencing. Approaches used in Cell and
Molecular Biology. Laboratory equipment. Toolkit for carrying out a scientific
experiment.

Section 2. The use of cell, tissue and whole plant cultures in Cell Biology and
Biotechnology

Topic 2.1 Seed harvesting and preservation. Harvesting of wet and dry
seeds. Storage conditions and facilities. Seed banks. Long-term storage.
Germination testing. Seeds priming, scarification, warm and cold stratification.
Seeds sterilization protocols.

Topic 2.2 Growing plants in non-sterile conditions. Nutrient solutions for
plants: composition, solidifying agents, protocols. Knop’s medium, Murashige and
Scoog medium. Growing plans using roll method. Growing plants in pots in growth
chambers, hydroponic systems.

Topic 2.3 Growing plants in sterile conditions. Sterilization of media and
tools, laminar flow cabinets. Model plants used in plant cell biology and physiology
studies. Obtaining an aseptic culture of Arabidopsis thaliana L. Heynh. Growth tests
using medium exchange technique. Cultivation of moss Physcomitrella patens L.

Section 3. Introduction to the methods of animal cell cultivation

Topic 3.1 Types of cultured animal cells. Types of cultured cells, the
benefits and guidelines for their use. Equipment and materials necessary for
working with cell cultures.

Topic 3.2 Basic techniques for working with cell cultures: counting and
determination of cell viability, cell seeding and removal. Methods of assessing
cellular responses.

Section 4. Methods of the cell cycle analysis

Topic 4.1. The cell cycle model. Genetic control of the cell cycle in animal
and plants. Kinetics of cell populations.

Topic 4.2. Analysis of cell proliferation. Determination of the amount of
DNA in cells in animals and plants with help of static cytometry. Application of
the DNA-histogram method for the analysis of cell proliferation.



Section 5. Transport of substances through membranes

Topic 5.1 The structure and function of ion channels. Transportation of
substances and intracellular signaling processes. Molecular genetic analysis of ion
channels. Measurement of potassium fluxes with K™ -selective macroelectrode.

Section 6. Methods of detection and analysis of cell death

Topic 6.1. Contemporary forms of cell death. Programmed cell death,
apoptosis and necrosis. Types of programmed cell death in plants. Morphological
and biochemical symptoms of programmed cell death in cells of higher plants. .

Topic 6.2. Analysis of apoptosis and necrosis. Methods of detection and
analysis of apoptosis and necrosis in cell suspensions and tissue slices. Cell
viability tests using fluorescent probes.

Topic 6.3 DNA degradation and methods of its detection. Genotocixity.
Apoptotic DNA fragmentation. Methods of it detection: The DNA laddering
assay, the TUNEL assay, the single cell gel electrophoresis assay (Comet assay).
Comet assay protocols for detecting single strand breaks and double strand breaks.

Section 7. Statistical analysis of experimental data

Topic 7.1 Statistical analysis of experimental data. Representation of
experimental data. Software for image analysis and graphs plotting: Imagel,
Sigmaplot10.0, Visio 2016. Graphs, histograms, box plots. Mean, standard
deviation of the mean, standard error of the mean, p-value. Comparison of data
with normal distribution. Statistical tests: t-test, one-way ANOVA test.

Section 8. Reactive oxygen species and their role in biological systems

Topic 8.1 Activation of triplet oxygen, general concepts of reactive
oxygen species (ROS) and free radicals. Physical and chemical properties of
triplet oxygen, its activation and recovery. Evolutionary aspects of use and general
concepts of ROS. The concepts of oxidizing agent, reducing agent, redox reactions
and standard reduction potentials.

Topic 8.2 The most important ROS in plant systems, the concept
oxidative stress, antioxidants and ROS-dependent regulation. The main ROS
found in biological systems. Chemical and physical properties of ROS with
biological activity. Hierarchy significance of individual ROS from the
physiological point of view. Crossstock between individual ROS. Scheme of the
formation of ROS in various cell compartments and plant tissues. Definition
oxidative stress, its nature and consequences. Concept and classification
antioxidants. General views on the regulatory role of ROS. ROS generation as a
side mechanism and ROS synthesis for regulatory purposes de novo.

Topic 8.3. Methods of measuring ROS production in living systems.
Tests on superoxide generation and its localization within cells and tissues:
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colorimetry, spectrophotometry, electron spectroscopy paramagnetic resonance
(EPR), use of fluorescent and luminescent probes, inherited indicators (HyPer) and
other methods. Localization of superoxide synthesis in plant cells and tissues in
connection with regulation of physiological functions.

Section 9. Design and analysis of plasmid constructs

Topic 9.1. Essential functional elements in plasmids of main vector
types. Plasmid vector databases. Software packages suitable for viewing and
analysis of plasmid constructs. Restriction analysis in silico and planning of
restriction digests.

Topic 9.2. Modeling of molecular cloning experiments (virtual cloning).
Task 1: design of an expression plasmid. Task 2: design of a suicidal plasmid for
gene knockout. Task 3: design of a plasmid for complementation assay.

Section 10. Design of synthetic oligonucleotides

Topic 10.1. Properties of oligonucleotides suitable for various purposes.
Reaction conditions influencing oligonucleotide properties. Principles of and
software packages for calculation of oligonucleotide annealing temperature.
Calculation of stability of stem-loop structures and oligonucleotide dimers.
Multiplexing of PCR primers. Oligonucleotides with redundant bases.

Topic 10.2. Checking oligonucleotide specificity with PrimerBLAST.
Task 1: design of oligonucleotides for hybridisation experiments. Task 2: design of
oligonucleotides for routine and multiplex PCR. Task 3: design of oligonucleotide
primers and hydrolysis probes for qualitative PCR.

Section 11. The use of PCR to study cellular responses

Topic 11.1. The use of PCR to study metabolic and signaling cellular
responses Methods for 1solating total RNA from various sources. Protocol for the
reverse transcription reaction. Selection of oligonucleotide primers. Real-time PCR
using the intercalation dye Sybr Green. Calculation of mRNA expression of cell
response by direct comparison of threshold cycles.

Section 12. Cellular biotechnology

Topic 12.1 Cellular cultures and their role in Cell and Molecular
Biology studies. Immortalised cell lines: HEK 293 (Human embryonic kidney
293), HeLa (cervical cancer cells from Henrietta Lacks), Their role in uncovering
the mechanisms of the carcinogenesis. Using HEK293 expression system to study
plant proteins.



Section 13. Biosignaling at the level of biomembranes

Topic 13.1 Second messenger systems. The main biosignaling pathways in
animals and plants, the relationship with secondary messenger systems and mineral
exchange. Ca*" signaling. Aequorin-based measurements of intracellular Ca?*-
signatures in plant root cells.

Section 14. Genetically modified organisms and transgenic lines

Topic 14.1 Using GMO and transgenic lines in Cell and Molecular
Biology, Biotechnology and Medicine. Biotechnology based on the cultures of
plant cells, tissues and organs (receiving economically important secondary
metabolites, microclonal reproduction and plant recovery, cellular technologies in
plant breeding, obtaining transgenic plants, preservation of the gene pool of rare
and endangered species). Mutant and transgenic lines of Arabidopsis thaliana,
their verification.



YUYEBHO-METOJJUYECKASI KAPTA YUEBHON JUCOUTLJIAHBI

JIHeBHas gopma nosydyeHust 00pa3oBaHus

KonuuecTso AYAUTOPHBIX HaCOB
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1 Introduction
1.1 | Introduction to Cell and Molecular 4
Biology
2 The use of cell, tissue and whole plant YCTHBIH OIpocC
cultures in Cell Biology and
Biotechnology
2.1 | Seed harvesting and preservation 6
2.2 | Growing plants in non-sterile conditions 12
2.3 | Growing plants in sterile conditions 16
3 Introduction to the methods of animal YCTHBIH OIpoC
cell cultivation
3.1 | Types of cultured animal cells 10
3.2 | Basic techniques for working with cell 10
cultures
4 Methods of the cell cycle analysis MPE3CHTALUSA
4.1 | Cell cycle model 6
4.2 | Analysis of cell proliferation 16




5 Transport of substances through
membranes
5.1 | The structure and function of ion channels 6
6 Primary reactions of cells to stress YCTHBIN OIPOC
6.1 | Contemporary forms of cell death 10
6.2 | Analysis of apoptosis and necrosis 10
6.3 | DNA degradation and methods of its 12
detection
7 Statistical analysis of experimental OTYETHI MO MPAKTUIECKUM
data 3a4a4aM
7.1 | Statistical analysis of experimental data 6
8 Reactive oxygen species and their role pedepar
in biological systems
8.1 | Activation of triplet oxygen, general
concepts of reactive oxygen species
(ROS) and free radicals
8.2 | The most important ROS in plant 12
systems, the concept oxidative stress,
antioxidants and ROS-dependent
regulation
8.3 | Methods of measuring ROS production in 12
living systems
9 The use of PCR to study cellular Mpe3eHTalUs
responses
9.1 | The use of PCR to study metabolic and 20
signaling cellular responses
10 | Design and analysis of plasmid OTYETHI MO MPAKTHYECKUM
constructs 3aJa4aM
10.1 | Essential functional elements in plasmids 12
of main vector types
10.2 | Modeling of molecular cloning 12

experiments (virtual cloning).
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11 | Design of synthetic oligonucleotides OTYETHI MO MPAKTUIYECKUM
3ama4amM
11.1 | Properties of oligonucleotides suitable for 12
various purposes
11.2 | Checking oligonucleotide specificity with 14
PrimerBLAST
12 | Cellular biotechnology YCTHBIN OIPOC
12.1 | Cellular cultures and their role in Cell 18
and Molecular Biology studies
13 | Biosignaling at the level of MPE3EHTALNS
biomembranes
13.1 | Second messenger systems 24
14 | Genetically modified organisms and pedepar
transgenic
14.1 | Using GMO and transgenic lines in Cell 24

and Molecular Biology, Biotechnology
and Medicine
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NHPOPMAIMNOHHO-METOANYECKAA YACTD

IlepeyeHs OCHOBHOI JHTEPATYPHI

1. Molecular Cell Biology 8th edition / H. Lodish, et al. — New York, USA: W.H.
Freeman and Company, 2016. — 1150 p.

2. Molecular Biology of the Cell 6th edition / B. Alberts, et al. — New York, USA:
W.W. Norton & Company, 2014. — 1464 p.

3. Campbell Biology 11th Edition / N.A. Campbell & L.A. Urry, et al. — London,
UK: Pearson, 2017. — 1488 p.

4. Essential Cell Biology 4th Edition / B. Alberts, et al. — New York, USA:
Garland Science, 2013. — 864 p.

IlepeyeHb KONMOJHUTEIBHOI JTUTEPATYPbI

1. Instant Notes in Animal Biology 2nd edition / R.D. Jurd. — London, UK: Taylor
& Francis (Bios), 2003. — 312 p.

2. Instant Notes in Plant Biology 2nd edition / A. Lack & D.E. Evans — London,
UK: Taylor & Francis (Bios), 2001. — 370 p.

3. Cell Biology 3rd edition / T. Pollard, et al. — London, UK: Elsevier, 2016. —
908 p.

4. Cell Biology: A Short Course / S.R. Bolsover et al. — Hoboken, USA: John
Wiley & Sons Inc., 2016. — 411 p.

5. The Biology of Cancer 2nd edition/ R.A. Weinberg. — London, UK: Taylor &
Francis, 2013. — 850 p.

IlepedyeHb peKOMEHAYEMBbIX CPEeICTB THATHOCTUKH H METOAHKA
(popMuUpOBaAHUS UTOTOBOII OLICHKH

OueHka 3a OTBETHl HA MPAKTUYECKHUX 3aHITHIX MOXKET BKIKOYATh B CeOs
NOJTHOTY OTBETA, HATMYUE APTYMEHTOB, TPUMEPOB U3 MPAKTUKH U T.JI.

[Ipn oneHuBaHum pedepara oOpaliacTcss BHUMAHUE HA. COJACP)KAHUE H
NOJTHOTY PACKPBITASL TEMBI, CTPYKTYPYy H MOCIEIOBATEIBbHOCTh W3JIOKEHUS,
VCTOYHUKHU U UX UHTEPIPETALUIO, KOPPEKTHOCTH O(OPMIICHHS U T. 1.

B kauecTBe CpeACTB TUATHOCTHKHM TAKXKE MPOBOAMUTCS KOHTPOJIb PEIIEHUS
3a/1a4 OTKPBITOTO M 3aKPBITOTO THTIA.

Onucanue HHHOBAMOHHBIX MOAX0A0B H METO/I0B K MpPenoJaBaHuIo
Y4eOHOW TUCUMILTHHBI

[Tpn opranuzanuu 00pa30BATENBHOTO MPOLECCA MCMOJIB3YETCS MPAKTHKO-
OPUEHTHPOBAHHBIN IMOJXO0/, KOTOPBIH IIPEAIIOJIaracT:

- OCBOCHHE COJICP)KaHKE 00pa30BaHMsl YEPE3 PELICHHS MPAKTUYECKUX 33134,

- MpUOOPETEHHUE HABBIKOB S(P(QEKTUBHOTO BBIMOJHCHUS Pa3HBIX BHIOB
npo(PEeCCUOHATIBHOM AEITETHOCTH,
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- OpHUCHTAIMIO HA TCHEPUPOBAHWE WACH, peanu3aluio TPYHIOBBIX
CTYJCHUYECKHMX TIPOEKTOB, PA3BUTHE MPEIATPUHUMATEIBCKOM KYJIbTYPHI;

- HCMOJB30BAHUIO MPOLEAYP, CHOCOOOB OIECHUBAHUS, (PUKCUPYIOIINX
c(hOpMUPOBAHHOCTH MPO(PECCUOHATBHBIX KOMIETCHITHHA.

[Ipy opranuzanuu 00pa3oBaTENBHOTO MpPOLECCa TAKXKE HCHOIB3YIOTCS
METOJIbI U MPUEMBI PA3BUTHSI KPUTHUYECKOTO MBIIICHUS, KOTOPBIE MPEACTABISIOT
co0oii cuctemy, (POPMUPYIOIIYIO HABBIKA PadOTHl ¢ MH(POpMALMEH B MPOIECCE
YTCHUS M MHUCHbMA, MOHUMaHWKM MHQGOPMAIMM KaK OTIPABHOTO, a HE KOHECYHOTO
MYHKTa KPUTUYECKOTO MBITIIJICHUSI.

MeTtoanyeckue peKOMEHIALUH 110 OPraHu3aluu
CAMOCTOSITE/ILHOI PadoThl 00yYAKOIIUXCH

[Ipy wu3yueHHH y4YeOHONH JUCHMILIMHBI PEKOMEHAYETCS HCMOJb30BaTh
creaytoume (GopMbl CAMOCTOSTENIBHOM PaOOTHI:

— NOMCK (moadop) U 0030p JAUTEPATYPbl M SJIEKTPOHHBIX MCTOYHHUKOB IO
WHJUBUTyAJTEHO 33/IaHHOM MpoOsieMe Kypcea;

— paboThl, MpPEeAyCMATPUBAIOIIME PEUICHWE 3a7a4y U BBINOJHEHUE
yIPaKHEHUH, BbIIABAEMBIX HA MPAKTUYCCKUAX 3aHSATHUSX;

— U3YYEHHUE MaTepuajia, BBIHECEHHOTO Ha CAMOCTOSITENbHYI0 MPOPabOTKY;

— MOATOTOBKA K MPAKTUUYECKUAM 3aHSATHSIM;

— MOATOTOBKA K 3a4ETy;

— MOATOTOBKA MPE3ECHTALIMIA Ha 3aJaHHBIE TEMBI.

IIpumepHbIii nepeveHb BONPOCOB K 3a4eTy

1. Tlomxoapl, MCMIOAB3YEMBIE B KJIETOYHON U MOJIEKYJIIPHOW OMOJIOTHH.

2. MojenbHbIE PACTEHUS, WCIOJIB3YEMbIE B OMOJOTHYECKUX U (PU3MOTOTHYECKUX
uccieoBaHusX. MCronb30BaHUE KIETOYHBIX, TKAHEBBIX PACTUTEIBHBIX KYJIBTYD B
KJIETOYHOW OMONIOTHH U OMOTEXHOIOTHH.

3. BelpamuBaHue pacTeHHUd B CTEPWIBHBIX YCIOBHUSX: COOMIOAEHHWHA yCIIOBUI
ACENTHKH, MUTATEIIbHBIE CPEIBI.

4. Tunbl KyIbTHBHUPYEMBIX KJIETOK >KABOTHBIX M YEJIOBEKA, MPEUMYINECTBA W
PEKOMEHJALMH 110 HX TPAUMEHEHUIO.

5. OCHOBHBbIE MPUEMBI PAOOTHI C KIIETOYHBIMHU KYJIBTYPaAMHU.

6. [I'€eHETMYECKHA KOHTPOJIb KJIETOYHOIO LMKJIA Y SKABOTHBIX W PACTCHHIA.
KuHeTHKa KIIETOUHBIX TOMYJISLIHNA.

7. Ctpyktypa u (PyHKIMN HOHHBIX KAaHAJIOB.

8. MonekynspHO-reHETUYECKI I aHaIM3 HOHHBIX KQaHAJIOB.

9. TpaHCHOpT BEMIECTB U BHYTPUKIETOYHBIE CUTHAIBHBIE TIPOLIECCHI.

10. 3anporpaMMupoOBaHHas KJIETOYHAS THOEIb. OMPEACICHUE U TUIIBL.

11. Otmmums 3anporpaMMmupoBaHHON KieTouHoil rubenu (3KI') y pacrenuii m
YKUBOTHBIX. MOpQoaornuecknue 1 OMOXMMHUYECKHE CHMIITOMBI aliONTO30MOA00HOM
3KI" B KJIETKaX BBICIIMX PACTCHHUM.

12. Metonuka TUNEL.
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13. ®nyopodopsl, HayopeciieHTHBIE KPACUTETN U (DITYOPECIICHTHBIE OCIIKH.

14. IlpuHUMBL MCCHETOBAHUI KIIETOK C HKCHOJIB30BAHUEM PA3JIMYHBIX THIIOB
MUKPOCKOTIHH.

15. AxtuBHble Gpopmbl kuciaopoaa (ADK) n ux pons B OHOJIOTHYECKUX CHCTEMAX.
16. Cxema oOpazoBanus ADK B pa3iIMyHbIX KJIECTOYHBIX KOMITAPTMEHTAX W
PACTUTENBHBIX TKAHSX.

17. OkucautenpHblid  cTpecc, €ro mnpupoga W nociaeAacteus. [loHatue wu
KJTaccu(PUKaIys aHTUOKCHIAHTOB.

18. Meroasl uamepenus npoaykunu ADK B )KMBBIX CHCTEMAX.

19. Ima3MuaHO-BEKTOPHBIE 0a3bl AaHHBIX. [lakeTel mporpamm, MOAXOASIIME ISt
IPOCMOTpPA M aHAIKM3A TUIA3MHIHBIX KOHCTPYKIUH.

20. IIpoBepka cnenu@UUHOCTH OJMTOHYKICOTHIOB ¢ TOMOIIbI0 PrimerBLAST.
21. Meroasl BeiAcNeHAs TOTaNbHOM PHK 13 pa3znuyHbIX HCTOYHUKOB.

22. Ucnonb3zoBanue [P namg wm3ydeHuss MeTaOONMUYECKMX W CHTHAJIBHBIX
KJIETOYHBIX.

23. BropuuHbsle  moOCpeaHUKHA. XapaKTEPUCTHKA W POib B NEpenaye
BHYTPUKJIETOYHOTO CcHrHana. Kackajael peakuui, 3amyCKacMbIX BTOPUYHBIMHA
NOCPEAHUKAMM.

24, KyapTypbl 3yYKapUOTHYECKMX KJIETOK. OO0mias XapakTepUCTHUKA, METOJbI
NOJTyYEHUS, MOJACPKAHNAS U TPUMEHEHUE.

25. BUOTEXHOJIOTHYECKUE TPUEMbl HAa OCHOBE KJIETOYHBIX KYJIBTYP M 3HAHWH
KJIETOYHOW OMOIOTHH.
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MPOTOKO.I COIJIACOBAHHS YYEBHOI ITPOT'PAMMBI YBO

Haszsanue HaszBanue [Ipennoxxenus Pemenue, npunsaroe
yueOHOI Kkaeapbl 00 UBMEHEHUSX B kadeapoi,
JUCIUTUIVHBI, COJICpKaHUU YUEOHOM pa3zpaboTaBiiei
C KOTOpO# IPOrpamMmMmBel y4eOHYIO
TpeOyercs VUPEKIAECHUS BBICILIETO nporpaMmy (¢
COIJIaCOBaHUE oOpa3oBaHusl 1O YKa3aHUEM JaThl U
y4eOHON JUCIMIIMHE HOMEpA MPOTOKOJIA)
CrpykTypHO- Moutekynsip- Hsmenenus YTBEpAUTH
(yHKIHMOHANBHAS | HOM OMoJorum | HE TPeOYrOTCS COrJIaCOBaHUE
opraHu3anus 0€3 BHECCHUS
T€HOMOB U3MECHCHUH,
pOTOKOJT Ne 23
oT 24 wrons 2019 1.
buonngpopmaruka | buoxumun H3meHnenus YTBEPAUTH
HE TpeOyroTCS COTJIACOBAHUE
0€e3 BHECEHU S
U3MECHCHUH,
poTOKOJT Ne 23
oT 24 wrons 2019 1.
CurnanpHast Knerounoit H3meHeHus YTBEpaUTH
TPAHCAYKLMS Y OMONOTHH 1 HE TpeOyroTCS COrJIaCOBaHUE
BBICILIMX PACTEHH | OMOMHKEHEPHUA 0€e3 BHECEHM S
pacTeHuit W3MEHEHWU,
mpOTOKOJT Ne 23
oT 24 wrons 2019 1.
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JOIOJIHEHUSA 1 I/BMEUHEHI/ISI K Y‘IEBHOﬁ IMPOI'PAMME I1O
N3YYAEMOU YUYEBHOU JUCHUIIJIMHE
Ha / y4eOHBIH TOJ

No JIOTIOJIHEHUS U U3MEHECHUS OcHOBaHMWE
n/m

VY4eOHasi mporpaMmMa NepecMoTpeHa U 0100peHa Ha 3ace1aHuu Kaeapbl
(mpotokos No oT 201 1)

3aBenyroumii kadeapoi

YTBEPXIAIO
JlekaH ¢axynpTeTra
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