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Craaliye 3 HaBua nnol ancoumainm

“Biochemistry and Molecular Biology of Plants™,

UL BHENANAETHCR B Meskax OHIN Bionoris Tpereoro (ocsiTHeo-Haykopore) pisHa BHULGT ocBiTH

L anobysadis coeniansuocri (91 Biosoria

inis




Hanas wypey

Biochemistry and Molecular Biology of Plants
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Kypc Gyac Tmacopo muknamaTHed on-ling 3 BHKOPHCTAHHAM KOPHOpATHBHOT

Ky pey paarpopmn Microsofl Teams (MS OfTice363). AcripatTam, KOTPI Ui HE MAHYTh
CEPHHEKH, IBEpTATHCE 3 BAIMIOBIIHAM AHCTOM Ha  CKPHHLKY
supportOffice 365 @iy, edu, ua, Marepiany kypey (Nekuii, 3aRAaHHA Ta MHTAHNA AT

o NPAKTHUHEX JIHATL Ta 1.} OY IVTh r::.-ﬁnmwan:lm FEEl I1JlﬁTi]'l-l'J|1HI Teams.
PAKY AL TET T2 Bioaoriummii l!'l!i':ll'i'l-'Jlerl'.‘T. wapesipa hisionorii T8 eKoNOril pocaHH
Kafheapa. 33 SK0
WKpInacHI
ANCHNIA N

[Maavie amank,
P T HAIRDE
CNENiaakHoCT

09 Bionoria cnewiansricTs 031 Bioaoria

Busaamanl gy pey

gouekt Kadeapy dizionoril @ eKoRorii pocinH, K.6.H., I0UEHT
Posarok Haranis [Iuurpiena

Kowtaktna Mataliva, romanyukid Inu.edu,ua
inhopyaiin
 BHEIA3AYIR _ o
Koncyawranii noe | Koncyastauii B JeHb NpOBSICHHA NEKLMPAKTHYHHE 38HATE (28 NoNepeiHBOmR
Kypey novoRmeHicTiO ). THcaTy Ha :_nra.'lpuH HY NOWNITY BHEELGYE,
riafy pawTLen Takow® MOmAHB KOHCYThTauE vepes e-mail abo & cucremi MicrosofiTeams
Indopmauin npo | ucuunnina “Biochemistry and Molecular Biology of Plants” ¢ ucunnnizom
Ky pe ginkHoro BRGopyY 2 cneuianibhocti 091 — Bioaoria oCRITHROT NPOrpasMi 10KTOPE

dpinocodil, axa suxnagacreca & 111 cemectpi B obeasi 3 KpeauTia (30 CapinelcLiom
Kpemsrrio-Tpancdepnow Creremoo ECTS)

Kypc cknasaeThes 1 32 rod NekUifHng 3ansTs, 16 roq npakTHusmy 3anate ta 42 ron
camoctiinol poGoTs, Jasepuiverscs icnmwrom, Tporpava RaRtanbHol THCLMIATHE
MICTH TR BAHH IMICTORMIE MOaY L,

Koporsa anoraiis
Eypcy

Mporpava AnctniaiHm nepeibatiar peefiuHe BHEYEHHA CTRPVETYPHOL opranisanil Ta |
GloxiMivHux TPOUECIE BCEPEANH] POCTHHHHY KNITHH Ta 0BroBOPEHHA HARHOBI LK
ACCATAEHE ¥ Bionoril pOCANH 13 BPaxyBaHHAM MOTSKYARPHO-TEHETHYHN BCNEKTIS,
JOKPEMA MEXAHIIMIB, 0 NeWATRE B OCHOBI peaknid pocand Ha GioTwumi Ta
afioTHuni dakropy cTpecy, cydacHi METOOM Ta dyHAAMCHTRNBHI BIAKPHTTA B
nactmni Poctiun-doskinan-Pocasusnureo i GioTexsonorni.

Kvpc ckAafacthed 3 WEcTH  ocHoBMMN Tem: 1) 3aransHi  ocobawsocti T
MONERY TAPHA OPTEHiSALIN POCTHHNNK KAITHI, 2) CHIHANLHI CHCTEME POCTHH, 3)
Kniteesmii  wakn;  4)  dynkmionansda  aETHBHICTE  POCAHHHHX  KNiTHH;  5)
Eneprerssnnil metafionisu; 6) Bropununi metadoaism.

Mera Ta wial KYpey

Merow i sapnansay Heeuaisiol aueuunning “BiochemistryandMolecularBiologyofl
Plants” € norasbaenns Basoadx sHaHL ¥ obaacTi GloxiMii Ta monexynapwol Gionorii
pocaun, QOPMYBAHHE KOMOETENLLiA, HEODXIAHAN 0AA TEOPUOT TeopeTwuHol Ta
eRCHEpHMENTAI k0T poBoTH B ranysi DIONOTIT POCIKE 13 POIYMINHAM OCobaMBocTeR
Gynosd ta PYHKILOHANEHGT AKTHEROCTE POCTHMHOND OPIaniaMy T4 BRaxyBaHHaM
OCHORHEX TEHZCHLITT ¥ CRCNCPHMCHTANBHAX JA0CHURENHAX ¥ WA rany3i; a Takom
BiEHE BONOATTHA (MXOROH) TEPMIBONOCIC anrmiiickkom Monoie, [lo wasepuiendi
Kypey ACmipant iMowc (JaxoBo NORCHHTH TR HABSCTH NPHEIAAN BHKOPHCTRHIL:




Jiteparypa nas
BHOMCIHHA
AN

| pOOOTI TA NOBCHKACHHOM Y HHTTI,

CYMICHUK TEXRON0TTH 0 ramei Bionorl pocars, Gyie osHaloMmIeiHil i3 CyacHHy K
MAYKOBUMI  nvEnikauismy, cnocoGaMy  BUPILIEHIT  HAYKOBMK npofines, o
CUPHATHME POTRITEY KPHTHUIOTD MHCIEHHR, TONOMOKE ¥ MaibyThii nppeciinis
AMNLHOCT], CAMOCTIHHOMY RuBpuenil | BHpimeHdl MHTaHL Y HAYKODO-R0CTIIHIE

Oenorna afrepaTypa
I. Biochemistry & Molecular Biology af Planis, 2™ edition, edited by Bob. B.
Buchanan, Wilhelm Gruissem, and Russell L. Jones. ASBP and Wiley Blackwell,
2018, - ISBN9TSMTOT 14218,

JopaTiosa JirepaTypa

1. R. L. Jones, H, Ougham, H. Thomas, §. Waaland, The Molecular Life of
Plants. Textbook —N.Y.: Wiley-Blackwell 2013.

2. Plant Metabolism and Biotechnology, First Ed. Ed. H. Ashihara, A. Crozier,
and A Komamine — N.Y.: Wiley & Sons, Ltd. , 2011.

3. Plant Cells and their orpanelles. Ist Ed. Ed. W. V. Dashek and G.5. Miglan

N.¥.: John Wiley & Sons, Lid., 2017.

4. KoGuneuska M, C. Bioximia pocann: nasd, nocit. / M. C. Kobuneuska, O, [.
Tepex: Jenip. naw yu-1 in. [ Gpanwa. — Jesia: THY i, |. ©paura , 2017, -
269

5. Kpaciannikoma J10., Askcenmnena Q0. Kuypro B.B., Bioximia pocaun —
Xapxin: Konoper, 2007,

6. ummnuosa .0, Caoned M. Ocsors Gnoxasin pactennil. Kype aekumi
110 cnetnansiomy kypey — M. BIY, 2004

Jonosiana:
MepionnuHi BHIAHHE

I, The Plant Cell (https:/academic.oup.com/pleell)
Flant Physiology (hitps:/facademic.oup com/plphys)
Current Opinion in Plant Biology (hitps:figrgo.page. link/epd0s)
Studia Binlogica (hips://grgo. page. linkSmoCs)
Mizioaoris pocass i renerika (hitps:figrgo.page. link/FsQFT)
Vipaincesnit Sloximiunmi scypuan (hip:/ua.ukrbiochemjournal org/)
Biopolymers and Cell {https:/fwww biopolymers.org.uathome/uk).

- e

Inopmaniini pecypon:

1. http: www, wiley.com/legacy/wileychifbuchanan

2. www sciencedirect com

3, hitp:/fonlinelibrary. wiley.com.

4. httpsywww, plos.ong’

5. www.asph.org

&l Swowew plantcel Lors

7. hpewww. planicell. org's ite/leachingtoolsiteaching. xhim|

lreprer-pecypen:
I. Teaching Tools i Plant Biology

plant-biodoay
g i_'lug:."."www.hmgggl.m'lu.:du.l’




4. htip:tonlinelibary, wiley com/qournal/10. 111LA{ISSN}1 3993054 issues

5. huipitpfwww.annual reviews,org/journaliarplant
6. Protein [1aia Bank
I.!Lms__:_fr'w.w_*ﬂ;-wtrdmﬁwﬂcrﬂ.i_nﬂm_aﬁumuﬂi nlex.
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_ Tpunanicrh Kypey
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Ciienn KYpeyY

G ro., 3 skax 48 r:.'rn. u.:..-uﬁmpunx qanunTh, 3 HHx 32 ot nexiii, 16 ron
NPAKTHUNNY JaHATS Ta 42 o camoctidnai poboTk

Oluiky nami
PRy Ak Tk i
HABMAHHR

[licns TBePUIEHIA LLOTO KYPCY 2COIPanHT Oyae :
WATH:
ocwonHi NONATTA TA TepsiNW, mo crocyloTsea GioxiMil Ta MOneKRyIApHOT
disionorii  pocaus;  0COBIMBOCTI GyaoeM, BRAcTHROCTI 1A JHAUEHHA
NPEICTABHMKIE  OCHOBHHX  KIBACIE OPraHidHnx  PEHOBHH Y npOTIKAHHAL
fizionoriumx npolecis POCANH B SpMMARNHE T CTPECOBHX YMOBAX; OCHOBHI
WNAKK CHHTEIY, NEPeTROPEHHA Ta po3naly gyrienomin, Oinkip Ta Ainigis
POCAHH; OCHOBHI TPHHLMIH B3AEMONCRETROPEHE BropHiEMY MeTafoniTie 3a Al
eKONOFIMHIY  YHHANKIE, MOMAHBOCTI NPAKTHYHOND  BHEOPHCTAHAA peUnBRH
propHHHOTG  MeTaboaiiMy pocauH ¥ meauuMHi,  Qapmanii, clischKoMY
TOCTIOLAPCTAI

BMITH!
akicia | KiNBKICID SHANITYRATH CKCNEPUMENTANBHI TA TeoperHaHi AaHI, OTHMANH]
BioxiMidHHME METORAMM | METOAAMH MOMCKYARPHOL Gioaoriil, BinbHO ONEPYHIHH
BLONORIANGIO  TEPMIHONOTIEND  SHTHCLEON  MOBOKD. BumimH  CNTHMI3YBATH
AOCIEEHHA CHTTERM POCTHHHHE gaiTHe. |3 BMEOPHCTAHHEM IHAHL [1pO Oynowy Ta
yMKILT MAKPOMONERY RMiTH IMTEpnIpeTYEATH Taki Gioaorivui SEMLA 8K picT,
PUARWTOK POCIMH T PeakiLi Ta fioTHani it afioTHYHD SRHHHEN.

Kamuoni caosa

Plant cell structure, signaling. cell cycle, cell functional activity, photosynthesis,
respiration, SIress responses, secondary metabolism

PopMaT KYPCY Orumui (DesHnil, sedipii), saocusni
npoBencHHA NEXIiN, paKTHHHIK pobiT Ta KOHCYARTALIT ANA KPAUIOro Po3yMiHHA
TEM
B Tesn Mogano v dopui CXEMH KYPCY**
Mincymxonnii lenmT B KisWi CEMECTpY
ROH TR, hopma
[ pepekBiznTm Tla8 BURHCHHA KYPCY CTYAEHTH noTpebyioTs HAIOBMNL THAHL 13 DOTAHIEH. CEONOIT,

reneTHiN, Bioximii, mikpoGionorii, disienorii Ta Gioximii pocnms, anrnifcLKol MOBH
NPOQRECTHOTG CIPAMYBAHHA.

Haraanmi serniH
Tat TEXHIKH, WKl

a) cAnRECHT — NEKILA, NOACHEHHA, Gecina, ARCKYCIA
6) woouni — IMHCTRYBANHA JEKUifHOrO marepiany TaOnHUAMMH, CXEMAMH TA

BVIYTh rpaudikamu, BipeoMaTepianaMH;
RHKOPHCTOBYBATHCA | B} Apaxmusul — BHKOHIHIA npakThunux  podit, wo ne HAE OPTAHIIALIR
T MAC BTG | AREIEHOT p.“ﬁ':.ﬂ“ A OTPHMAHHA HOBHX FHEHD, NepEBipKH NEBHHE HayKOBHX
KYpey FinoTes WA piBHi AOCTIHEHb, Y3AFATRHEHL T4 aHanisy ta Qopsysanns BMiHb |
) HARMNOK THTEPIPETaUil pesyn LTATIE AOCHTKEHE PiaHOMaHiTHIS 06 ckTIR.
Heofhximme SRrANBHG  KHRAHE  NporpaMu i ONEepaIifinl  CHCTEMM  JNA  NPENCTARNEHHA
| ofapwanas npeseH TR, AOCTYN A0 INTEpHETY, NEPCORUILHIA KOMN HOTEP.
Kpurepii Chimopanss nposoautses 33 100-0ansuo0 wkanoo, Kype sanepiuycTecs fCrToM |
i HIOBAIHH 33 PesYILTATAMH JLBDX NHCEMUBHY S1BAAHE T4 pranAOBoLl CIATTL




[y 1159
KAGRIOT0 LY
TR RS0
SRR T

1T wae npasTHONH WHAT: ME BHATIIYRITHMCMO T3 0broROPHIBATHMEMO 110 B
HAYKORI CTATT) 30 TCMOKD T TEER T Ackuiiinorne suATTR. Kosew HGHiFh‘dH't
MOWHHEN APOSUTATH Ohija JTOKYMCHTH Depe TARITTAM, KOWEH NOBHHCH CTARNTH
Ta BB 16 anwrann. Ha nowarky Kosmon napH fyae wac and 0GroRopeHHA
Oy U= HKIK KOMKPETHIS. 1arHTaHs, AKI RHIWERH TPH UHTRHHI CTATTI ﬂﬁrﬂ““F““Hﬁ_
BETHVATHME AN A0, NPCACTRILACHHY ¥ CTaTTl, KOUKHOM pHCYHEL Ta Tafnwi
T OTPHAANNY  Bicnowkis.  [Komie  npakTHYHe 3AHETTH  JARCPIIYRATHMETLCSR
RKOPOTEMM 03HAHOMICHHAM 13 TEAMMO HACTYIHOMD 1AHATTS.

MiacyMKOBE SARIANNN  RONOUATHME HAIHCANNA OrTAIOBOI CTATTI 92 TEMOH)
nayKopoi pofoTH acnipadtd B MEHAX TEMAETHEH  KYPCY. Acntpaujm MoBHHHI
ofroROpUTH inel e Temy crarti i amcnanaves. TTHCEMORE TPONGSHUIT 020 TEM
NOTPIBHG  HagicnaTM Sazaanerigl  enexTponsmo  nowter, [pesedtanis cTaT
E‘L 'i,-'l}']]_l.‘.'l'l,.-l:ﬂ Hil 'jaﬁL‘]JUIﬂ.II'hHHI I'I]:I'i.l.l-l.'ﬂ-l'-llll-'l:'.' FAHATTAX.

Banu HaEpaxosyioTh 5 HACTYIHAM COiBBIAHOIIEHHAM ;
s JONCAIAT T2 AKTHBEHICTE HA TPAKTHYRKX 2aHATTAX: 32 % cemecTpoBol OLUIHKH;
MAKCHMANEHA KinbkicTs Dasie 40 Ganie -
« prasgosa ctarra: 30 % cemectposol ouiHkn, MakcumansHa KinbkicTs 6anis — 20
fianin

l o yeumil icnuT: 30% ceMecTPOROT OUIHKH, MAKCHMANLHA KinbkicTs Gania « 30 Ganis.

[TiAcYMEORS MAKCHMATRHA KINEKICTE Banie — 100 Danie

Axagemiuna aofpouechicrn: Ouikyerees, wo poboTn acnipadris OyayTe T
OPUFIHANEHIMH  IOCAUKEHNAMN 9M MipkysanHsmi. BincyTwicTs nocuidks Ha
BHEOpUCTaH] owepens, GabpiKyBaiia DRepel, CNHCYRAHHA, BTPYHAHHA B poboTy
(HUTHY  CTY/IEHTIE CTAHOBAATE, ane He ODMeRVIOTR, NPHENaaH  MOKAHBO
akanemivnei neapbpotccnoctl. Buaeienna osuak akageMivnol nerofposecHocTi 8
nuckMoBifl pofoTi acmipawTa & nigcrapcio 408 1T HETApaXyEAHHUA BHEIALEWEM,
HEIANERHO Bill MACIITABIB naariaTy 4u odmany.

Binninyeauns 3a0ATh € BUETHROK CKIANOBORY HABMAHHA. O4ikyerecH, 100
acnipadth  BiAeiaa0TE yei nexuil i npakvwuni zaiinerta kypey. HeoBxigno
iHROPMYRETH BHEIAAA4E HPO HEMOMAHBICTE RiABIAATH 3AHATTA TA NOTPUMYRITHER

YCIX CTPOKIR BHIHANCHNX L1 BHKOHANHE YCiX BAAIR pobiT, nepeabauenux KypooM.
Jlitepatypa. Yca niteparyvpa, SKY CTYJEHTH He IMOMKYTEL SHAlTH camocTiino, Oy :
HRIAHA BHEMAJAMCM BHEAHMHO B OCBITHIX Winax Oes npapa i nepenadi Tperir
ocofam. ACMIPaHTH JA0XOMYHITECE 10 BRKOPHCTAHHA Takow i iswel niveparypu T8
| IEEpen, AKHX HEMAC CEPe] PEKOMEH 0 BIHHX.

Hsranmnm 4o icnnry

. Cell structure; biochemical composition, molecular structure of the main cell
components — endomembranne  system, plastids, cell wall, vacuolar
compartment.

2. Membrane Structure and Membranous Organelles Plasma membrane

Endoplasmic reticulum Golgi apparatus

Exocytosis and endocytosis

Vacuoles

The nucleus

Peroxisomes

Plastids wnd Mitochondria

Cell wall architecture, Mosynthesis and assembly




9.

10,
11.

12,

13
14.
5.
6.
17T,
18
19.

20.
21

pLarl
23.
24,
25,
26.
27,
28.
29,
3.
3.

32,
33,
14,
35.
36,
37
38

39,
440,
41,
42,
43,
44
45.
46,
47,
48,

49.

50,
5l.

Ciroowth and cell walls

Cell differentiation

Cell walls a5 sources of food, feed, fiber, and fuel, and their genetic
improvement

Ihe Cytoskeleton Actin and tubulin gene families Characteristics of actin
filaments and microtubules

Cytoskeletal accessory proleins

Observing the eytoskeleton: Statics and dynamics.

Role of actin filaments in directed intracellular movement

Cortical microtubules and expansion.

The cytoskeleton and signal transduction )
Plant cell signalling. Genetic, epigenetic hormonal and membrane regulation.
Signal Transduction Characteristics of signal perception, transduction, and
integration in plants

Signal perception at the plasma membrane

Intracellnlar signal transduction, amplification, and integration via secon.
messengers and MAPK cascades

Phytohormones signal transduction

Signal transduction from phytochromes

Biosynthesis of Hormones

Molecular mechanisms of cell cycle regulation.

Cell division, elengation, differentiation and cell death.

Programmed cell death in plant ontogenesis.

Animal vs plant cell cycles.

Mechanisms of cell cvcle control

Senescence and Cell Death

Membrane transport, transport systems of vacuolar membranne, proteis
sorting and vesicle traffic.

Energetic aspects of plant cell functioning.

Protein Synthesis, Folding, and Degradation

Plant viral translation

Protein synthesis in plastids

Protein degradation

Owverview of Plant Cell Energetics.

Photosystem  structure and function  Electron  transport pathways in
chloroplast membranes

ATP synthesis in chloroplasts

Variations in mechanisms of CO, fixation.

Respiration and Photorespiration.

Plant secondary metabolism. Role in stress reactions.

Terpenoids

Metabolic engineering of terpenoid production

Cyanogenic glycosides Glucosinolates

Alkaloids biosynthesis

Biotechnological application of secondary metabolites biosynthesis research
Phenolic compounds .

The phenylpropanoid pathway

Universal features of phenolic biosynthesis

Plant Environment and Agriculture.
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**Cyenma kKypey Biochemistry and Molecular Biology of Planis

Tabnmua |

Tumaens

Tesmi  1anaTh
nepenix)

[ KOPOTHHE

tDopMa MIALHOCT] Ta
aBCAT POAWH

TlopaTroRa NTepaTypa !
pECY P ANH BHKOHAHHA
aapaath (1a norpebu)

Tepsin
BHEOHAHIA

Rinchemistry
molecular

and
biology  of
plant eell.Membrane
Structure Endoplasmic
reticulum Golgi apparatus
Exocytosis and endocylosis
Vacuoles The nucleus
Peroxisomes Plastids
Mitochondria The Cell
WallThe  Cytoskeleton
The cvioskeleton  and

sig,_mﬂ transduction

Tewuii — 4 rom
npaKT. WHATTA = 2
ML, CAMOCTIRHA
podora — 4 roa

2 THAHHI

34

Plant ccll  signaling.
Genetic,
epigenctic,hormonal  and
membrane regulation.
Signal
TransductionBiosynthesis
of Hormones Gibberelling
Abscisic acid Cytokining
Auxins Ethylene
Brassinosteroids
Polyamines Jasmonic acid
Salicylhe acid
Strigolactones.
Phytomelanins.

Mexniiv - 4 rop,
NpaKT. JAHATTA - 2
ro, caMocTiiing
pobora ~ & roj

2 THECHI

5-6

Molecular mechanisms of
cell cyele regulation. Cell
division, elongation,
differentiation  and  cell
death. Programmed cell
death in plant ontogenesis.
Cell DivisionAnimal and

plant cell eycles. Historical
perspective on cell cycle
research  Mechanisms  of
cell cycle control  Cell
eyele  comtrol  during
development. Senescence |

Negmii - 4 rop,
NpakT. saHaTTE — 2
ro, CAMOCTIHHA
pofora — 6 roj

2 THHHI

£ Tr -




[and Cell Denth Types of

cedl death PCLY during seed
development andd
germination  Cell  death
during the development of
sccretory bodies, defensive
stoctures and organ shapes
PCD during  reproductive
development  Senescence
and PCD in the terminal
development of leaves and
other loteral  organs
Pigment metabolism  in
SENESCETICE

7.8

Functional activity of
plant cells. Membrane
transpord, protein sorting
and vesicle traffic.
Energetic aspects of plant
cell functioning. Prodein
Synthesis, Folding, and
Degradation Organellar
compartmentalization of
protein synthesis. From
RMA to protein,
Mechanisms of plant viral
translation Protein
synthesis in plastids
Post-translational
madification of proteins
Protein degradation
Endocytosis and
endosomal compartments

Mexnt — 4 rog,
NpAKT. SAHATTA - p
rod, camocTi HHE
poboTta —4 ron

2 TH#Hi

9-10

Plant Cell Energetics.
Photosynthesis Overview
of photosynthesis Light
ahsorption and energy
conversion Photosystem
structure and function
Electron transport
pathways in chloroplast
membranes ATP synthesis
in chloroplasts
Organization and
regulation of
photosynthetic complexes
Carbon reactions: the
Calvin-Benson cycle
Rubisco Regulation of the

Texuitn - 4 rom,
WpAKT. IAMATTR - 2
T, CHMOCTIHHA
podoTa = & roj

2 TH#HI




| Calvin—Benson cyele by
light ¥ariations in
mechanisms of CO
fixation. C4 rice. Antificial
photosynihesis

Respiration and
Photorespiration.
Overview  of  respiration
Citric acid cycle Plant
mitochondrial electron
transpor Plant
mitochondrial ATP
synthesis Regulation of the
citric acid cyele and the
cytochrome pathway
[ntegration of the
¢ytochrome  pathway and
nonphosphorylating
pathways Interactions
between mitochondria and
other cellubar
compartments Biochemical
basis of photorespiration
The photorespiratory
pathway

Jlekuii - 4 roa,
HpakT, BaHaTT — 2
i, camocTiina
pofoTa —4 roa

2 THEHI

13-14

Plamt secondary
metabolism. Role in stress
| reaclions. Terpenoids
Biosynthesis of the basic
five-carbon unit Formation
of parent carbon skeletons
Modification of terpenoid
skeletons Metabohe
engineering of terpenoid
production Cyanogenic
glycosides  Glucosinolates
Alkaloids biosynthesis and
Bictechnological
application of alkaloid
hiosynthesis research
Phenolic compounds
Phenolic  biosynthesis the
phenylpropanoid-acetaie
pathway The
phenylpropanoid  pathway
Universal  features  of
phenolic hinsynthesis
Evolution of secondary
pathways,  Biotechnology

Nesuii — 4 ron,
npaxT. 3aHATTR — 2
rojl, CAMOCTIRHA
pobora - B roa

2 THHHI




o laf  plant secondary |
metabolites ) :
15-16 T Plant Fuvironment anid Nesnit — 4 roa, 2 THIKHI
Agriculture. Responses o npuakt. e — 2
Plant Pathogens. Response o | o, camMocTif
Abiotic Stress. Mineral poliora - 6 roj
Mutrients Acgoisstion,
Transport and Utilization.
MpesenTauli  OTARAOBUX
| cTaTeit :
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