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Cucremman GO — MEXBNCLMIITIMHAPHOE HAQYyWHOE HarpasrieHue,
obpasosaslieecs Ha CTEIKe 6UOTNIOrMUN U TEOPUN CIIOKHBIX CUCTEM.
MeTtogonoruyeckas oCHOBA CUCTEMHON GUONONUIK 3aKIIOYAETCA B TOM,
yTo Nobon GUMoNoOrMYEecKUii 06 BEKT PaCCMaTpPUBAETCA KK CUCTEMA,

T.e. LeJIOCTHETM KOMIUTEKC B3AUMOCBA3AHHBIX U B3AUMOMEUCTBYHOLLMX
SSTEMEHTOB.

CucremHaa 6uonorma  oOpueHTUpoBaHa HA MU3yYeHUE  CIIOXHLIX
B3AUMOAEUCTBUA B XMBBIX CUCTEMAX W WUCMNONb3YET LESTOCTHAIN
(holistic) mogxos pna aHanusa 6uonornueckux NpoLeccos Ha Bcex
YPOBHAX OpraHU3auum XUsou Npupoast.

Xomazm (OoF pp.-rpev. UenbIA, LenbHBIA) — wu3yuwaer npobnemy
COOTHOLIEHMA WYaCTU U  LeNoro, MUCXOAsWwaa W3 Ka4ecTBEHHOro
csoeobpasma U NpUopUTETa LIENoro rNo OTHOLIEHUIO K €0 HYacTam.

O6 stom B cBoen «Merapuanke» nucan eue ApuUctorens: «Lernoe
6onblile, YeM CYMMAa ero HacTem».



“To, 4TO ONUCLIBAKOT B MOPDOAOTrUM KaK
opraHuyeckue Gopmbl U CTPYKTYpPb!,
ABASIETCA B AEUCTBUTEABHOCTH
MOMEHTaAbHbIMU Cpe3amMmu yepes
NPOCTPAHCTBEHHO-BPEMEHHOU DEeHOMEH;
TO, YTO HA3bIBAKOT CTPYKTYPOU, ABASETCAH
MeANEHHbIM npoueccom 60AbLLIOH
NPOAOAKUTEABHOCTU, TO, YTO HaA3bIBAKOT
dYHKUUEN, ecTb ObICTPbLIM Npouece
KOPOTKOM NPOAONKUTEABHOCTH”

NuoHepom cuctemHoin buonormm asnsetca Jlioasur PoH bepranaHgu -
cozaarens obllei Teopuei CUCTEM U aBTOP KHUIMU
«O0Lasa Teopusa cucteM B pusmke u ouonormm», onybnukosaHHou B 1950 roay.

BnepBbie TepMMH «cucmemHas Ouonozusi» Obin ucnonb3osadH B 1993 r
BanbrepoMm LiumuHcOeprom u Tomacom Tunne (Walter Zieglginsberger and
Thomas R. Tillle «The phammacology of pain signaling». Cumr Opin Neurobiol.

1993 Aug;3(4):611-618. Max Planck Institute of Psychiatry, Munich, Germany.



OCHOBHOE€ BHUMaHWe B CUCTEMHOM OuonorMn yaenaerca Tak
Ha3biBAEMbIM  JMEpAXCHMHLIM  ceolicmeaM  OUONOMMUYECKUX
0DbbLeKTOB (CKUCTEM), TO €CTb CBOMCTBAM, KOTOpbie HEBO3MOXHO
OOBLACHUTL C TOUKM 3pEHUS CBOMCTB TOMbKO WX KOMIMOHEHTOB
(3ﬂeMeHTOB). LizeT-CBET, HOMPOHLI-COHAHME.

IMepdxenmuocms (or aHm. Emergent, — BO3HUKaIOLLWA,
HEOXM1AaHHO NOABNAIOLMACA) — 3TO

Hanuyue y Kakou-nubo cUcTteMbl OCODLIX CBOMCTB, HE NMPUCYLLIMX eé
aNeMeHTaM UInu

HEeCBOAAUMOCTbL CBOMCTB CUCTEMbI K CYMME CBOMCTB €€ KOMIMOHEHTOB;
CUHOHMM  «3MEpKeHTHOCTM»  (emergence) —  «CUCTEMHbLIA

ahdekm.

OMEpIKeHTHbIe CBOMCTBA W MNOBeAcHUE CUCTEMbI HEBO3MOMXHO
NnpeacKkasdib, eCIin OorpaHM4YMBaTbCAH TOINbKO NMpOCTbLIM
pPaCCMOTPEHUEM OTAETNbHLIX AEeMEHTOB, COCTABINAIOLLUX 3TY CUCTEMY.

B 6uonorvu noHATHe «3MepIipKeHTHOCTU» ODBLIMHO BbipaXaloT Tak:
OflHO AepeBO — He nnec, a CKOMNeHue OTAeNbHbIX KIEeTOK — He
OpPraHu3M.



[naBHLIMK 3324aMM  CUCTEMHOM

ounonorvum 3aKmodacTcs B |
BhiABNEHWH IMEPIPKEeHTHBIX
CBOWCTB KNETOK, TKaHew 3

OpraHnu3MoB nyrem
MOeNnUpoBaHKA (MareMarm4eckoro
M KOMIMLTEPHOM0) M MNOCTPOEHMA
reHETMUECKMX, METabonmueckmx M
CUMHanbHbIX CETeN.

Ana nocTpoeHus Takux CeTeM
HanOonee BaXHYI0 poOnb WIPaloT
KOMIMbTEpPHbIE M TaK HasbiBaemble
«OMUKOBLIe» mexHono2uu (omics
techniques) - MPaHCKPUIIMOMUKA,
fnpomeoMuKa u memabonoMuKa.

Ucnonb3oBaHWe B  CHUCTEMHOM
OuMonorMM OMMKOBLIX TEXHOMOIMH
No3BOMNKMNO pesko YCKOPMWTDL
nonyyeHwe HOBOM WH(GOPMAaLMKA O

dyHKLMAX pacTUTENbHbIX
OpraHU3MOB.

Proteins Genes

_|SYSTEMS
\|BIOLOGY
\

Richensetal. {2009)"Systems biology coupled with
labeHree high-throughputdetection as a novel
approach fordiagnosis of chronic obstructive
pulmonary disease” Respiratory Research. 10:29.



CucremHas (MHTerpaTuBHas)
Buonorus, ucnonb3ys
KOMMbTEPHbIE U KOMWUKOBBLIEY
TexHororun, uaydaet BCE o
B3anmocBA3fax (networks) Ha
BCEX ypoBHAX opraHusauuu
YXUBO MaTepuu.

YPOBHM OpPraHn3aumm Xusom matepum

KNETOYHbLIN

OpraHHbIN

| OpraHM3meHHbi

| NONYNALUMOHHO - BUAOBOW

61oreoLeHOTUIECKUI

| buocdepHbIn

Aristotle: « The whole is more than the sum of ifs paris».



3 3a CrNoXHOCTU OObekTa u3yuyeHud,
©0NbLLIOIo KONUYeCTBa NapaMeTpoB,
nepeMeHHbIX U ypaBHEHUMN, ONMUCHIBAIOLLIUX
OuonomMuyeckylo CUCTeMy, CoBpeMeHHas
CUCTEeMHaa buornorma HembicnuMa be3s
WCIOMNb30BaHUA KOMILIOMEDHLIX
mexHonoauti.

Ing aToi Lenu cnyxmr — OMoMndopMaTHKa, KOTOpas CnocobcTeyeT
CUCTEMHOMY NMOHUMAaHUIO OMONOIMMYEeCKMX NpoLIeccoB Ha OCHOBE
MareMaTu4yeCckux MeTo0B KOMIMbIOTEPHOIO aHanu3a.

Omuuue OMOUHGPOPMATUKKM OT APYIUX MNOAXOAO0B COCTOMT B TOM, YTO OHa
¢oKycupyerca Ha coznaHum U NPUMEHEHUU MUHTEHCUBHbIX BbIYUCITUTENbHbIX
METOA0B NS JOCTUKEHUA 3TON LIenu.

B duonHgpopMaTuke UCnonb3yloTca METObI NPUKINAAHOU MareMaTuKM,
CTaTUCTUKU U MHPOPMATUKK.



lNeHow pesyxoBuaxu Tana — Arabidopsis thaliana (L.)
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3a npoweawme 7-8 neT CUKBEHUPOBAHBLL FEHOMbL
(Complefed Lar'ge-Scale Sequcncmg Pro JGC'I‘S)

B 2010-2011 im pacumppoBatibl reHOMbI anenbCcHHa H MaHaapWHa,
KaKao H 3eMIBSEHHKH, 3 TaKoxe S0MoHH H KOHOTUIH.
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Bo3HUKaeT HOBas HayKa — reHoMMKa , KoTopas BKIIoMaeT:
CmpyKmypHYI0 2cHOMUKY - W3YJYaeT coflepXaHue U
OopraHu3aLusa reHOMHOM MHOPMaLIUK.
PYHKQUOHANLHYIO 2EHOMUKY — aHanu3supyeTt peanusaiuio
wHMOpMAaL|UMK, 3anNUCaHHOW B reHOME, OT reHa — K npu3sHaky. Mayyaer
NPUHUKUNBI (DYHKLIMOHUPOBAHUA  OTAIENbHbIX FEHOB U UX
KOMIIEKCOB.
< CpaeHumenbHYI0 (30O LIOHHYIO) 2EHOMUKY —

CpaBHUTENbHbIE UCCNEN0BAHUA COlEPXKaHUA U

OpraHu3aLun reHOMOB pa3HbiX OPraHU3MOB.
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[ToaBnaloTCca HOBbLIE MOHATUSA U HOBbie BUonormMyeckue HaAYKWK.
TpaHckpunTom(uka), npoteom(uka), merabosnom(uka)
n 6uouHEOpMATUKA.

Cuctemnan 6uonorua M PYHXUMOHANbLHAA MEeHOMMKA
MHTErpUMPYIOT AGHHLIX TPAHCKPMNTOMMKM, NPOTEOMMKM M
MmeTaboriommKM ANA NOJSTYYEHMA LESIOCTHOrO NPeACTARIIeHMA O
KMBLIX OPraHMIMaX.
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3ta nHdopMaLua gaer
OCHOBY A aHanW3a
NpoLecCcoB Ha pasHbiX
YpOBHSIX:
-BHOXMMUYECKOM;
-[eHeTUYECKOM;
-PerynaropHom;

- KneToyHoM;

- OpraHnamMeHHOM;

- DBOJIIOLMOHHOM.

MeToanl, npumeHseMbie AnA
3ITUX Lenei Nnoka3aHbl

MeXAY KpYTaMN.

OpnHa 13 gocTynHbix 6as
AaHHBIX N0 reHaM W
reHoMam —

Kyoto Encyclopedia of
Genes and Genomes
(KEGG; Ity /Hamm.
genome.ad.jg/kegqg)



L.W. Sumner et al. | Phytochemistry 62 (2003) 817-836

Genome Transcriptome Proteome Metabolome

Gene . ﬁ% 4 z
Expression S 9.{
N —> >

o

Fig. 1. Integrated functional genomics, The effects of gene perturbations are evaluated at multiple levels including the transcriptome, protcome, and
metabolome. Changes in the metabolome occur as a consequence of those changes in the transcriptome that result in changes in the levels or cata-
lytic activities of enzymes. Therefore, metabolome analysis is a valuable tool for inferring gene function.



TpaHCKpUNTOM

COBOKYNHOCTb Bcex MPHK,
KOTOpble onpeaensoT PYHKLMOHAbHYIO
cneynuUYHOCTb KNeTKK

N R R

Figure 1. Comparison of gene expression in tomato and pepper fruit using a
cONA microarray prepared from tomato EST clones

(a) The TOM1 array, which comains 12 899 features derived from the
tomato genome, was fabricated as described in the text. In this experiment
RNA was extracted from pericarp tissue representing equivalent stages of
fruit development in tomato and pepper, i.e. breaker stage. After reverse
transcription the two resultant cONA populations were labeled with
different fluorescent dyes (Cy3™ and Cy8™, respectively), co-hybridized
to the TOM1 array, and visualized using @ microarray scanner. Raw
fluorescence data was converted to false-color
described in the text. Array features that appear yellow imply similar
expression levels in the two mBNA populations. Array features that appear
red imply increased transcript abundance in the tomato mRNA population
and/or divergence of the corresponding pepper mRNA sequence. Array
features that appear green imply increased transcript abundance in the

expression data as

pepper mRNA population when compared with tomato. The white square

Alba et al., 2004

m (b)),

encircles a single sub-grid (420 cONA features) that is enlarged and shown



Anains sxenpeceun 8300 renos,
KOHTPOIHPYIOLUIHX pa3sBUTHE
pacrenuii apadbujoncuca
(Zhu et al., 2001).

Figure 1. Schematic diagram of the
data mining approach used in this
study. It is started from the expression
measurements of 8 300 genes in nine-
teen samples. The white boxes indicate
the input data, while the yellow boxes
indicate the output results. Arrows indi-
cate the data mining process, and solid
lines connect the input and output
boxes. The green box indicates the
approach has been taken for unknown
gene function assignment. Fold change
is indicated. P, Present call, AD, aver-

age difference. (Zhu et al., 2001)

64 reHa aKCNpecCHpYIOTCA
TONbKO B KOPHAX,

94 — B NIMCTLAX,
3 — B LBeTOHOCaX
36 — B LBeTKax .

Expression 5247 leaf genes
dynamics Cluster 5 time points N
AD>25 and P
AD>50, P, >4X in leaf samples
than other organs
8300 genes
197 organ genes 19 samples AD>25 and P
root 64 * Leaf6 in any sample
leaf 94 44— - Root4 p»| 6626 genes
Flower 36 * Flower 2 19 Samples
Inflorescence stem 3 iﬁqﬂ s 2
« Seedling 2
AD>250 and P
in all samples
Organ
Gene/pathwa ;
champ:ﬁmﬁgn 347 constitutive genes expression =
matrix
Transcript
abundance
Regulatory Global
sequence expression
analysis cluster
Unknown gene function assignment

- Molecular biology analysis




HPOTQOM — COBOKYMHOCTb Bcex Berkoe, KoTopble
onpefensaoT MyHKUWOHaNbHYO cneuyuguYHOCTb KINEeTKK
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K. A. Resing, N.G. Ahn | FEBS Letters 579 (2005) 885-889

Subcellular fractionation,
Cells, tissue protein chromatography
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Fig. 1. Protein profiling by shotgun proteomics. Complex mixtures of proteins are proteolyzed in solution, and resulting peptides are simplified by
chromatographic separation prior to MS/MS sequencing. Often, protein separation and enrichment is carried out before digestion, for example by
protein chromatography, SDS-PAGE, or organelle purification.
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Integrating protein networks and other biological information. (Bottom) The map of interactions among 1200 yeast proteins represents only
the tip of the information iceberg. Highlighted in blue are proteins involved in galactose regulation, which in the map are found in a topological

cluster (see text). A cluster of cytoskeletal proteins (highlighted in red) is also visible.
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Peter Uetz, Russell L. Finley Jr.
From: FEBS Lett 259 (2005)



[pOTEOMHbIN IKCNEePUMEHT

BrpcncHEC H OCUHCTEA TpaOTHYCCKHH JAKECT
TOTANBHOIO OCIKa Ocnka
OTHOCHUTENbHbINW Upenmudukayua
KONMYe CTBE HHbIN OuHCTEH CMCCH OCOTHAOR OT NpoOAYKTOB KOHEYHOro
AHANK3 KOMIIOHCHTOR JAMCKCCTHOH MMKMPOBaAHWUA
cMecH Ha SPE xonosge
e ™
LC-MS/MS sxruepuMenTR
v (nanoUPLC-ESI-Ombitrap-LIT-MS/MS
LC-MS 3kcniepaMeaTHI S (DDA-experiment), GPF )
(nanoUPLC-ESI-Orbitrap-LIT-MS) 11
I IoHCKORHIH ANMOPHTM
4 ~ SEQUEST
Tlonck B aHROTAIASA HACHTR()HIHPORAHARIX baza manHRIX:

MHKHPORAHHKX NICTHJOR RO BCEX Mpobax
\ J
O

(= )

OTHOCHTCIFHEH KOTHYCCTRCHHEH AHATTH3

\ J

Conpayernum: SPE — solid phase extraction; LIT — linear ion frap; DDA

—data depend acquisition; GPF — gas phase fractionaftion.

Unmiprot Arabidopsis_thaliana reviewed fsta =~ )

!

~
AGE-Moma(aEpORaHHEIC
nenTHAE (1/Z, ty, 3apan)
J
19



Clinostated

Stress establishment experiments

Analysis of metabolites (GC-MS)

Proteomic experiment [LC-MS/MS)




Microgravity-related changes in proteome. Overview

ATP/ADP antiporter
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Pentose Phosphate Pathweany
GE&P 6-phosphoghuconate DH

Fru-6-P — 6-Pgluconolactone —> 6-Pghiconate —> Ribulose-5-P
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Pyruvate dehydrogenase; DH—dehydrogenase; PEP— s :
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Changes in protein metabolism

Number of down- and up-regulsied proteins

24h The fust day of trealment
resulls m many differentially
SO NANNNNN expressed protems mvolved
. Synthesis Synthesis 2 P by
Folding datmn Among them most up-
r T T T 1 requiated and past of down-
requiated were protems of
20 15 10 5 0 O 4 8 12 16 20 large and small ibosomal
\ ) L - J subuniis_
Ribosomal proteins
in S440: 55,857,523 in S40: 59,517,518,524, 527,528, S30
: 4] 127 2
in S60:1.15 inS60: 1.7, .14, .17, 1.18
Swal Folding
THENTEe | 48h Past-
O madification
- Synthesis \
r T T l T 1 T T T T 1 Ribosomal profems were
. : still dominant after two
Foywepisisnenpodapes 20 16 2 12 8 . | 00 4 8 12 16 20 days of microgravily.
I'E":n‘;"'"‘“ﬁ"“ - ] ) However ther pattem
s S et Y Y differs from that of first
L{large) — Gosmammi(505). Ribosomal proteins day.
(Banormezm [ E Aradonoraas
-1 Gevma, lympem)
6 in S490: 511,515
in S40: 516, 520,527 ! T inS60:L3
in $60: .13, 1.26, L.23A in S50 chl: L2, 12,114,129

Seedings development under “loss of gravity™ was accompanied with significant struchral adjpstment of both ribosomal sulbumnits.
Most up-reguiisted and part of down-reguilsted were proteins of large and smalll ribosomall sulbamnits.



U Simulated microgravity causes alternations in
composition of primarily metabolites and in
energy metabolism (most probably activate
gluconeogenesis and pentose phosphate

pathways).

Ll Simulated microgravity causes altemations in
protein biosynthesis (most probably composition
of ribosomal proteins).






Metabolic pathways — Reference pathway
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MeTabosioMHuKa KaKk HayKa

MeTabonommxa vsydaer uU3meHeHWe COAEPIKaHNA HU3KOMOEKYAAPHbIX
MeTaboANTOB B OpPraHM3Me Ha onpeze/ieHHOM 3Tane OHTOreHe3a B 3aBMCMMOCTH
OT BHELLHWUX YCNOBUM.

MeTabonuThIsTo npoayKTLl 06MEHa BeLLecTB, KOTOpbIe MPUHUMAIOT y4acTue B
npoLieccax pocra, pa3BUTUA U YCTOMYMBOCTH OPraHM3MOB, MNO3TOMY
meTab0/10MHbIM aHaNN3 ABAAETCA UHPOPMATMBHOWU HUOXMMHUYECKOM
XapaKTepuCTMKOU ¢peHoTUNa.

MeTabornom 310 COBOKYNHOCTb BCEX HU3KOMONEKYNAPHBIX METabO/IMTOB B
ob6bekTe (KneTKa, TKaHb, OpraH, OpraHn3m).
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Memabonom— COBOKYIMNHOCTb BCEX MeTabonuTos,
CBOMCTBEHHbIX KNeTKe, TKaHu unu opraHy Ha ornpegerieHHOM
IJrane OHToreHesa B 3aBUCUMOCTU OT yC]'lOBVIﬁ cpeibl.

metabolic PROFILING:
LC/MS(/MS),cemsmm

metabolic FINGERPRINTING
direct MS (Q-TOF, FT-ICR, MALDI)
NMR, rRaman, FT-IR, ...

Major techniques for metabolic profiling: gas chromatography-
mass spectrometry (GC/MS), liquid chromatography-mass spectrometry
(LC/MS), liquid chromatography-tandem mass spectrometry (LC/MS/
MS), capillary electrophoresis-mass spectrometry (CE/MS), direct MS
techniques for metabolic ‘fingerprinting™: quadrupole-time of flight (Q-
TOF), Fourier transform-ion cyclotron resonance (FT-ICR) and matrix
assisted laser desorption/ionization (MALDI) and direct spectroscopic
techniques: nuclear magnetic resonance (NMR), Raman and Fourier

transform infra-red (FT-IR).

- v :
NMR |'.l St 10%mol

LC/UV 10%mol

GC/MS 10'2mol

LC/MS 10 5mol
LC/L.LLF 10 ¥mol
CE/L.LF 103mol

) . ) ___ Summer et al., 2002
Fig. 3. A comparison of the relative sensitivities of various metabo-

lomic tools. NMR has rapid analysis times but suffers from lower
sensitivity thus allowing visualization only of the more concentrated
metabolites (i.c. the tip of the iceberg). GC/MS and HPLC/MS pro-
vide good selectivity and sensitivity. CE/LIF (laser induced fluores-
cence) provides very high sensitivity but lower selectivity.



MeToaoJiorus MeTad0JIOMHOI0 aHAJIH3A

METO/ B PASAEAEHWA

lfasoran xposmarorpaduna — Hanbonee WMPOKO KCNONL3YEeMbIM MeTQA. OHA A3ET O4YEHb BbICOKOS
Xpomarorpapuueckoe paspellicHue, HO AN onpeaeneHus mHorx bruomoneryn Tpebyerca xumuueckan
AepuBatusaums, He3 Heé MOTyT aHA/IM3UMPOBATLCA TO/LKO AeTyune coeauHeHns. Hekoropble
MAKPOMOJIEKY/Ibl W NOISIPHbIE METAabO/UTBI He MOTYT HCCNSA0BaTLCA DbiTh U3MEpPEeHbI.
BuicoxoaddexmHBHan MMAROCTHanA Xpomarorpapusa (BIMHX) — wmeer Bonee HU3Koe
Xpomatorpadpuueckoe paspelleHude, HO 3TO KOMINeHoUpyerca Donee WMpoKum psaaom

COSAUHEHWH, KOTOPbIE MNOTEHUMANbHO MOTYT ObiTb HACHTWPULIMPOBAHDI.

Kamwanapumi asexrpodopes umeet Donee BhiICOKYIO TeOPeTHIeCKYI0 PPeKTUBHOCTL pPasAe/icHUs, Yem
BIHKX 1 MOMKET MCNOMbL30BaTbLCA ANA HCCSAOBaHKA Dosee IMPOKOID AXWANA30Ha COSAUHEHUA, YeM ra3-
xpomarorpadpun. Kak v Bce snektpodopeTHiecke mMetofibl, OH Hawbonee yaobeH ana pasaeneHun
WOHOB.

METO/ OGHAPYIKEHWA

Macc-cnekTpomeTpus — MCNOAL3YETCA AN UACHTUPUKALMK W KO/IMHECTBEHHOIO aHAMU3a PasAe/ieHHbIX
MeTabo/MTOB Ha OCHOBE MX PPArMEHTALUMK NPYA HOHU3AUMK € NOMOLLLIO DubDnroTeKk Macc-
CNEKTPOMETPHHECKHUX AAHHDIX .

ApepHbli MarHHTHMK pesosanc (cnexTpockonua AIMP) — He HYKAAETCA B NPeABAPHTENIbHOM
pasaencHUur MeTaboAUTOB M NO3BOAAET UCNIO/bL30BATL HCCASAOBAHHBbIE 0Dpasubl A4 AdAbLHEHILErO
aHanu3a. [penmyiecreamu AMP ABAAIOTCA BbICOKAA BOCNIPOUIBOAMMOCTDL M NPOCTOTA NOATOTOBKHU
obpasuos. OaHako AMP umeer CyuectBeHHO Dosee HU3KYIO YYBCTBUTE/IbHOCTD.

CyuieCTBYIOT U APYIve MeHee pPacnpOCTpaHeHHbIe METOAD!, Takue Kak BIHX € 31eKTpOXMMHHeCcKum
ACTEKTUPOBAHMEM M TOHKOC/IOMHAA XpOMaTorpadua CMeceid € U3O0TONHLIMU METKIAMM.
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Summary mass spectrum of Arabidopsis leaf extract following either chromatographic separation (A) or direct infusion (B). lons were detected for
positive ionization full-scan MS. Chromatography was performedona 0.1 x 450 mm monolithic C18 column. Summary mass spectrum, which derives
from adding up all mass scans over the chromatographic run, shows distribution of m/z within the acquisition mass range of 100-1500 atomic mass units,
exceeding S/N > 6. (Shulaev et al. Physiol. Plant. 132, 2008)

Macc-cnekTpsl meTabonmTor
nucta apabuponcuca



Ons nonyyeHunss metaborioma(os) HeobxoaMmo
CTPOWTL MaremaTuyeckue (CTaTucTuYeckune)
MO EMNW aHanManpyemblX NpoLeccoB.

OTO HanpaerneHne B CTaTUCTUKE Ha3bIBaOT
XEMOMETPUKOMN.



OcobeHHOCTU meTabosnniomuku, oTsinuaroliiMe eé oT Apyrmx
“flIOCT-TeHOMHELX' TeXHOSNOTUM:

< KoHLUeHTpaLK1a M KOMNapTMEeHTANM3aLMA MeTabDONMTOR B KNeTKaX M TKaHAX
NOCTOAHHO BAPLHPYIOT.

3J710 TpebyeT, BO-NepBbiX, eCTKON CTaHZapTH3aL M| NpoTOKONOB MeTaboNnoMHOIo

aHanusa, a, BO-BTOpbIX, HOBOIO METOAONOMMUECKOID Noaxofa, KOTOPLIA no3sonsaer

OLeHUBAaTHL AWHAMMKY NOTOKOB W KOHLIeHTpaLMA METabONMTOB B KNETKaxX U TKaHaXx. [nsa

ITON LLenn CNYXMT TaKasa «OMUKOBasA» TEXHONOMMSA, KakK hnaKcomMMKa.

% MetabonuToR cnuuikom MmHoro (oxono 200 000) u OHW CUNLHO pa3snNKUYaIoTCA Mo
CBOMM (PU3NKO-XMMWUECKMM CBOMCTBaM. [o3TOMYy aHanus pasnMuHbIX KNaccos
XUMWYECKMX COSIMHEHWA TpebyeT NpUMeHeHHWA pasnuuHbIX METOLOB (DU3HKO-
XHUMWYECKOIo aHanmsa.

% He cozpnaHa eaqMHaA TeXHONoOMM4Yeckas ennargopmar» anga aHanuia mMetabonoMonB
pasnuuHbLIX OMonorMyecknx 0OLEeKTOB.

C MeToau4ecKod M METOAONOrMUYECKOW TOUYKH 3peHns Cpeii «OMMKOBLIX» TEXHOMOIMMA
uccnenoBaHuii Hanbonee CNOXHOM ABNAETCA MMEeHHO METaboNnoOMMKa.

Hawbonee ahdekTMBHLIM METQROM onpefeneHrus MeTabonuTOB pacTeHWH ABnAeTCA
MacCc-CNeKTpOMETPHS, KOTopasl NO3BONAET aHANW3UPOBATL METab0NOMbI, BKMIOUAIOLLMe
ho 20 Toic. meTabonuToB (Weckwerth W. Annu. Rev. Plant. Biol., 2003. 54, 669-689).
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MeTabonomuxa FIOIVOMNIET FOMYUATH «CHAMOKX? (PUIMONIOTUUECKMX FIPOLECCos B
xnemxe (NaxX (PeHOTURMUECKOTO FIPOARIeHAS TeHEeTUUECKOM MHPOPMALIMK) U aBNgeTc
Haubonee aACNBATHOM (PYHXLIMOHANLHOM XAPAKTEPUCTUNOMA OpraHMImos. Axanus
metabonoma (8 OTNIMUME OT TPAHCKPUAITOTOMA M FipoTeoma) otobpaxatoTca BCe
MIMEHEHUSI, FIPOUCXOAIUME B OPraAHUIME, MHULIMMpYEMLIE, BHYTPEHHUMM, TAK M
BHEUMHMMIA (PAXTOPAANA.

B 10 spems rEHOMMNG, TPAHCKPUIITOMMXG M FIPOTEOMMXA MIYUQIOT AaHHiIe 00
xcripeccu renoe M bGenwos, meTabonuuecxse FMPOMPUITUA  SAIOTCHIAMOW?
(PUIMONIOTUMECKMX Fipolleccos B Knetke (NaX (PEHOTUFIMMECKOTO  FIPOSIRIIEHIAS
pPeanuIyemoid reHEeTUUECKOM MHEOPMALIMM) M dBNIIOTCS Haubonee aAeXBATHOMU

wmmmunﬁmmepucmﬁmuxm.

AHanul COBOXYFHOCTU MeTADONUTOR, CBOMUCTBEHHLIX KIETKE, TNAHMA WM Opraxy Ha
OfipenerieHHOM 3Tafne OHTOTeHe3a FMpUM OofipeaeneHHsIX ycnoeuax cpem: (T.e.
smetabonoma) - Hambonee aNeXBATHAY PYHXLIMOHANLHAS XAPAKTEPUCTIANG KFIETNA.

Ananua metabonoma (B OTNMWAE OT TPAHCKPUIITOMA M FIPOTEOMA) FIOIBONIET

Aonyw s Haubonee nonHyio M Oonee  anexBATHYIO  (PYHKLIAOHANLHYIO
XAPAKTEPUCTAXY OPTaHMIMA.

Merabonom (wax ((PEHOTUNMUECKOE FIPOSIBNIEHME PEAnMIYeMOM TeHEeTUUECKOMU
MHPOPMALIMM) OTPAXAET BCE MIMEHEHMUS, KOTOpHIE FIPOMCXOMIT B OPraHMIME B OTBET
HA BHYTPEHHUE U BHEUIHME (PAXTOPLI.



Plant metabolomics programs accessible via the internet

Academic/non profit

2nd International Meeting on Plant Metabolomics
Max Planck Institute

‘The Noble Foundation

‘GARNet

Jlowa State University

Platform for Plant Metabolomics

Plant Research International

John Innes Centre

Norwich Research Park

Chiba University, Japan

Leibniz Institute of Plant Biochemistry, Germany

Wageningen University, The Netherlands

Leiden University

Imperial College, London

Michigan State University

Institute of Biological Sciences. University of Wales, Aberystwyth

Center for Novel Agricultural Products (CNAP), University of York

Commercial

Metanomics

Paradigm Genetics

Phenomenome Disoveries

The Netherlands Organization for Applied Scientific Research (TNO)
Pioneer Hybrid

Syngenta

Unigen, Korea Crop Design, Belgium
Exelixis Plant Sciences

Large Scale Biology, USA

Unilever

Numico

http://www.metabolomics-2003.mpg.de
http://www.mpimp-golm.mpg.de/fichn/index-e.html
http://www.noble.org/plantbio/MS/index.htm
http://www.york.ac.uk/res/garnet/beale.htm
http://www.plantsciences.iastate.edu/
http://www.bb.iastate.edu/faculty/dimmas/index.html
http://www.public.iastate.edu/~botany/wurtele.html
http://www.dpw.wau.nl/pf/PPM/indexppm.html
http://www.plant.wageningen-ur.nl
http://www.jic.bbsrc.ac.uk/corporate/Facilities/metabolomics.html
http://www.metabolomics-nrp.org.uk /nrp.html
http://www.p.chiba-u.ac.jp/lab/idenshi/index-e.html
http://www.ipb-halle.de/english/institute/institute. htm
http://www.ipb-halle.de/english/institute/research.htm
http://www.wau.nl/welcome.html
http://www.fwn.leidenuniv.nl/gs/bio_pharmaceutical_sciences/staff/ Verpoorte.htm
http://www.med.ic.ac.uk/divisions/ 1 /nicholson.asp
http://www.bch.msu.edu/faculty/dellapenna.htm
http://www.aber.ac.uk/biology/
http://gepasi.dbs.aber.ac.uk/dbk/metabol.htm
http://www.york.ac.uk/org/cnap/01_research/0lc_labB/0lc6_plant/01¢6_plant.htm

http://www.metanomics.de/
http://www.paradigmgenetics.com/default.asp
http://www.phenomenome.com/
http://www.voeding.tno.nl/biotechnology/
http://www.pioneer.com/
http://www.syngenta.com/en/index_flash.asp
http://www.cropdesign.com/
http://www.exelixis.com/discovery/plant_biotech
http://www.Isbc.com/index.php
http://research.unilever.com
http://www.numico-research.com/splashpage.html

Merabonomsan MOIBOIRET NOUTYUQTh <CHAMOK® (PMIMONONMMECKMX Npoueccos B Knewke (mox
(PEHOTMITMUECKOTS MPORBIICHMS (EHETMUMECKOM MH(POPMALMEM) M ABIReTCs QRSKBATHOM
PYHKLMOHANHHOM X0PAKTEPMCTIOM oprassamos. Anana mevabonoma (B oTismse o7 TPaHCKPMITIOTOMA
M npoteoma) oTolpaxamoTes BCE MIMEHEHMN, MPOMCXORMIME B OPraHMIME, WHMLMMpYEMEE, KOK
BHYTPEHHMAMM, TAK M BHELLHMWM (PAKTODAMM



BuouHmopmaTuka |

(MHPOpMaLMOHHAGS 6UONOTUS) - omHocutea K uuciy BRICOKMX

TEXHONOFUI  COBpemeHHOW Ouonorum wu  ofecnewBaeT  WH(POPMALIUOHHO-

KOMMNbLIOTEPHBIE U TeopeTUYEeCKMe OCHOBLI CUCTEMHOM Ouonorum, reHeTuuyeckou
UHXeHepuU U GuoTexHoNnoruu.

K yucny nHaubonee akmyarnbHbix 3aday4 OuouHGOPMamMUKU AENTIOMCS.

CO3aHWNe KOMMbIOTEPHLIX 633 AaHHbLIX ANA XpaHeHWA SKCnepUMeHTaNbHONW MHGOPMaLK O
CTPYKTYpe W hyHKLMKM Guonornuecknx o6bekToB Ha Boex YPOBHSAX UX OpraHu3aLvu;

pa3paboTka anropyuTMOB W NAKETOB NPOTPaMM UM aHanNn3a MH(MOPMaLM1, HaKanIMBaeMOW B
nepeunciieHHbiX Bhille 6a3zax JaHHbIX;

M3yyeHWe MEXaHW3MOB XpaHEeHUA, peanu3aLuny 1 nepeaavuvn HacneAcTBeHHOW MHGDPMaLWK,
3aK04MPOBaHHOW B reHOMAX;

MOZENMPOBAHWE CTPYKTYPHOMW OpraHn3auyvv v (pyHKLMK MaKPOMOSIEKYIT;
M3yJyeHue 3aKOHOMEPHOCTEW SBOMIOLIMA MaKpOMOJICKYIT;

CO37laHWe MaTeMaTUYecKux Mogener (hyHKLMOHUPOBAHUA KIETOK W LieNbiX OpraHM3MOoB Ha
OCHOBE MH(OpMALUK, 3aNUCaHHOW B X FreHOMAX;

CcO3faHve MAaTEMAaTUYECKNX MoZenel BocnpousBeieHua, (PyHKLMOHUPOBAHWUA W SBOJIIOLMN
NOMYNALMA U SKOCUCTEM;

pa3paboTka TeopeTUYeCcKux OCHOB (hapMakonorum, GMoTexHoNorMM U arpoboNorM HOBOTo
MOKOJIEHWA.



Software solutions for integrated data analysis

R

MATLAB
Bioconductor
Cytoscape
Osprey
Genevestigator
MAPMAN
MetaGenAlyse

www.r-project.org/
www.mathworks.com/products/matlab/
www.bioconductor.org/
www.cytoscape.org/
biodata.mshri.on.ca/osprey/servlet/Index
www.genevestigator.ethz.ch/
gabi.rzpd.de/projects/MapMan/
metagenealyse.mpimp-golm.mpg.de/




MHayCTPMANbHO pa3sBUTbie CTPaHbl PacXofyloT AecSTKM MMNNKAPAOB AONNapoB Ha |
dyHaaMeHTanbHbie U NPUKNaAHbIe UCCNeAoBaHua B 0ONacTU BLICOKMX TEXHONOMMIA
COBpeMeHHOH OMONorMM M 3HauMTENbHO GonbluKMe CPeACTBa Ha MX NPaKTHIEcKoe
MCNONb30BaHKe.

O 3HauMMOoCTH M MacluTabax necnegosaHi B obnact MHPOpMaLMOHHON
OunonorMM cBMAETEeNnLCTBYET TOT (DaKT, YTO TONLKO B Onvkavlumue 4 roaa B
MHAYCTPMANbHO pa3sBUTLIX cTpaHax Mupa (CLUA, AHITIUA, AMNOHUA, TEPMAHUA,
OPAHLIAA) B vHOpMAaLMOHHBIE TEXHONOMMKW, OPUeHTUPOBaHHbLIe Ha
MoneKynapHyio OMoONormio, reHeTUKY, OMOTEXHONOIMIO, MEeULIMHY, arpoDHONOMMIO
Oyger nuBecTMpoBaHo bonee 30 Mmunnuapaos gonnapos 1l

Pacxoabl Ha bnonormueckue necnegosaHna B CLUA cocTaBnsioT B HacToslee
BpeMa Ao 50% BceX MHBECTHULLMA B HayKy.

Nx MOTMBaLMA - HaLMOHaNbHaa Oe30nacHOCTL MIVOOW CTpaHbl 3aBUCHT OT
BRAfileHWA BbICOKMMM TEXHONMOIMAMMW COBpeMeHHOW OMONOorMKU M MX NpaKTWUeCcKoro
MCNONb30BaHWA B NPOMLILLINEHHOCTH, 3ApaBOOXpPaHeHWH, CoLManbHON 1
AemMorpaguueckon cepax, oxpaHe OKpyXalolleh cpefibl, NPOM3BOACTBE
NPOAYKTOB NUTaHKA .

[lpn 3TOM KpUTWYECKHM BaXKHYIO ponb B COBpeMeHHOW OMONorMM MIrpaior
WHOMALMOHHAA OHONOMMA.



The most prominent examples of generic maps are
the Roche Applied Science Wall Charts (“Biochemical
Pathways™ and “Cellular and Molecular Processes™ at
http://www.expasy.org/cgi-bin/search-biochem-index)
and the Kyoto Encyclopedia of Genes and Genomes
maps (KEGG:; available at http://www.genome.ad.jp/
kegg/; Kanechisa et al., 2002). With the advent of the
post-genomic era the KEGG maps have been integrated
into a software that allows the visualization of mRNA
expression data in a biochemical map environment
(http://www.genome.ad.jp/kegg/expression/).

One of the comprehensive open-source software
packages with relevance for A. thaliana researchers
is MAPMAN (http://gabi.rzpd.de/projects/MapMan/;
Thimm et al., 2004). Within MAPMAN, A. thaliana genes
are grouped into over 200 hierarchical categories (BINs)
by a module called TRANSCRIPTSCAVENGER, and hun-
dreds of metabolites are linked to pathways using the
METABOLITESCAVENGER module.

An impressive tool in development, which features
advanced visualization and statistical analysis tools for
the analysis of post-genomic data sets obtained with
A. thaliana, is the MetNet package (http://www.pub-

lic.iastate.edu/~mash/MetNet/exchange.html;  Wurtele
et al., 2003). It integrates statistical and clustering pack-
ages and will eventually include capabilities to model
metabolic and regulatory networks. MetNet has a
JAVA-based interface to a database (MetNetDB) that
contains information on known interactions in meta-
bolic and regulatory networks. The FCModeler mod-
ule captures input for MetNetDB and converts it into
a graphical format.

OTrpuiThiM M HauBonee yaobHBIM NAaKeTOM NpoTpaMmM,
KOTOPbIH NoasonseT pabotam ¢ basamu faHHbBIX N0 reHaM U

reHomam apabugoncuca smnnerca MAPMAN.

B aTom nareTe nporpaMm reHn apabugoncuca
crpynnuposaHn bonee yem 200 nepapxmwiecrix
KATEropmMu U COTHH MeTabonmwiecrnx nyTei .
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Signalling by tips Feijo et al., 2004 Current Opinion in Plant Biology

Gene expression data in pollen relative to vegetative tissues (i.e. leaves, seedlings and siliques) are depicted using the MAPMAN tool [65] to display
the genomic dataset derived from work by JD Becker (unpublished). Genes are symbolised by colour-encoded boxes (red, down-regulation; blue,
upregulation; grey, absent call in pollen). Many genes in the classes ‘protein modification’ (protein kinases), ‘receptor kinases’, ‘G-proteins’
(GTPases and GTP-binding proteins) and ‘calcium regulation’ (calmodulins and calcium-dependent protein kinases) are enriched in pollen or even
selectively expressed (see Table 1). These genes are probably involved in integrating signals from the female tissue with pollen-tube germination
and growth processes, thus leading to a successful fertilisation. By contrast, genes that are involved in ‘hormone metabolism’ are in general
downregulated in pollen, with a few exceptions mainly in auxin-induced proteins. Thus, the responses of pollen tubes to hormones might be

either negligible or restricted to very specific responses. ABA, abscisic acid; GA, gibberellin; IAA, indole-acetic acid.
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Genomics
Gene —»> (ggno'?ne ‘ (MHTQFPOTMBHOH)
Transcriptomics EMOHO ﬂ
A £ Transcriptome | I v

Protein ~ —p| Froteomics | _, | Bioinformatics |_p | ;4,0 plant
Proteome System Integration

Metabolomics |
Metabolome

A
—1 Scheme showing how
the integration of results from
different technological levels of
functional genomics leads to
construction of a virtual plant

Holtorf et al., 2002

lNocne nonyyeHua MHGOpMaLMK 00 omadenbHbIX Monexynax, Heobxogumo oyager
COCTaBMUTDL YETOCIMHYI0 CIMPYKIMYPHYIO U (DYHKYUOHANBHYIO KapmuHy KNETOMHbIX
NpoLeccoB.

Ipu sToM obA3arenbHO BO3HMKHET nNpobnemMa NoOHUMaHWA:

» lNpyHUMNOB ynpaBneHua (puU3sHonorMen KneTtkm m

> MexaHu3MOB ee OTBETHbIX peakL Wi Ha BHELUHWe W BHYTPEeHHWe pa3fpaXuTenu.

Metabolite =

Phenotype —p| Phenomics
Phenome

OxotuarensHas 3aaaua Syaer 3aKniouarscs B peKOHCTPYKLUUU KNETKU U CO3/AaHUN
BUPTYQNbHOIO PAGCTEHUA.
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