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genome wide transcriptional analysis

FAR" FINIAR un 2 000 NnON { rax
B: npumepHo 2 000 000 (0,11 cek.

HTML] A genome-wide transcriptional analysis of the mitotic cell cycle
RJ Cho, MJ Campbell, EA Winzeler, L Steinmetz... - Molecular cell, 1998 - Elsevier
Progression through the eukaryotic cell cycle is known to be both regulated and
accompanied by periodic fluctuation in the expression levels of numerous genes. We report
here the genome-wide characterization of mMRNA transcript levels during the cell cycle of the
Lintupyetcs: 2468 [Moxoxue ctate Bce Bepcum ctateu (16) Lutuposats CoxpaHuTb

A genome-wide transcriptional analysis using Arabidopsis thaliana Affyme

gene chips determined plant responses to phosphate deprivation

J Misson, KG Raghothama, A Jain... - Proceedings of the ..., 2005 - National Acad Sciences
Abstract Phosphorus, cne of the essential elements for plants, is often a limiting nutrient
because of its low availability and mobility in soils. Significant changes in plant morphology
and biochemical processes are associated with phosphate (Pi) deficiency. However, the
Lintupyetcs: 618 Tloxoxwve ctaten Bce Bepcuu ctaten (19) Lutuposate CoxpaHutb

Genome-wide transcriptional analysis of aerobic and anaerobic chemosta

cultures of Saccharomyces cerevisiae

JJM Ter Linde, H Liang, RW Davis... - Journal of ..., 1999 - Am Soc Microbiol

ABSTRACT The yeast Saccharomyces cerevisiae is unique among eukaryotes in exhibiting
fast growth in both the presence and the complete absence of oxygen. Genome-wide
transcriptional adaptation to aerobiosis and anaerobiosis was studied in assays using DNA
Lutupyetcs: 263 Tloxoxue ctate Bce Bepcuu ctaten (10) LutupoBate CoxpaHuTb

ML) Genome-wide transcriptional analysis of the Arabidopsis thaliana

M “

HTmML] Genome-wide analysis reveals conserved transcriptional responses
downstream of resting potential change in Xenopus embryos, axolotl
regeneration, and ...

VP Pai, CJ Martyniuk, K Echeverri... - ..., 2016 - Wiley Online Library

Abstract Endogenous bioelectric signaling via changes in cellular resting potential (V mem)

is a key regulator of patterning during regeneration and embryogenesis in numerous model
systems. Depolarization of V mem has been functionally implicated in dedifferentiation,
Lintupyetca: 14 TNoxoxue ctatbn Bce Bepcnu cratem (8) LutmpoBate CoxpaHutb

HtmL] Microglial physiology and pathophysiology: insights from genome-wide

transcriptional profiling

A Crotti, RM Ransohoff - Immunity, 2016 - Elsevier

... Studies of the transcriptional control of tissue-resident macrophages have been performed largely
on ... For microglia in particular, the crosstalk of transcription factors, such as PU.1, RUNX, and ... In
the last few years, genome-wide sequencing technologies (RNA-seq and ChlP-seq ...

Untupyetca: 43 TlMoxoxwue ctate Bce Bepcun ctaten (7) Uutmpoate CoxpaHutb

Induced Genome-Wide Binding of Three Arabidopsis WRKY Transcription
Factors during Early MAMP-Triggered Immunity

RP Birkenbihl, B Kracher, IE Somssich - The Plant Cell, 2016 - Am Soc Plant Biol

... 146 Nevertheless, manual inspection of binding sites using the Integrative Genomics Viewer
(IGV; 147 ... TTGACT/C, termed the W-box. Within the 120 MB Arabidopsis Col0 genome

(Tair10), 136,087 178 ... mirroring their genomic abundances. 205 ...

Lintupyetca: 3 TMoxowwue ctatbk Bce Bepcun ctateu (5) Lutuposate CoxpaHutb

HtmM] Genome-Wide Transcriptional Regulation and Chromosome Structural

interaction with the plant pathogen Pseudomonas syringae pv. tomato DC30( Arrangement by GalR in E. coli

and the ...

R Thilmony, W Underwood, SY He - The Plant Journal, 2006 - Wiley Online Library
Summary Pseudomonas syringae pv. tomato DC3000 (Pst) is a virulent pathogen that
causes disease on tomato and Arabidopsis. The type Ill secretion system (TTSS) plays a key
role in pathogenesis by translocating virulence effectors from the bacteria into the plant host

Z Qian, A Trostel, DEA Lewis, SJ Lee, X He... - Frontiers in molecular ..., 2016 - ncbi.nim.nih.gov

... is close to the observed 16.3 £ 0.1 bits/site from all the predicted genomic sites. ... we used
transcriptome profiling to gain further insight into the impact of GalR on genome-wide transcription. ...
The results of the transeriptional analysis are displayed in the MAT plot shown in Figure ...

Moxoxwue ctatbu  Bee Bepcun ctaten (7) LutupoBate CoxpaHuTb



OTkyaa B3daTb cnncok 43I oB?

MuWKpOUYMN-aKCNEPUMEHTHI

CekBeHupoBaHue
TPAHCKPUMNTOMOB Pa3sHbIX TUMOB KNETOK;
NHOYLUMPOBAHHbLIX TPAHCKPUNTOMOB;
TPaAHCKPMNTOMOB MYTaHTHbIX OPraHM3MOB,;

TPaAHCKPUNTOMOB TPaHCreHHbIX OPraHM3MoB.
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D K.IAA_baseMeanA K.IAA_baseMean K.IAA_foldChan| K.IAA_pval |+1|K.IAA_pad]
AT4G2T7260 65,35 2330,49 35,663 4 44E-138 9,07E-134
ATA4G3T7390 39,56 1342,3 33,529 1,92E-110 1,596E-106
AT1G30760 32,76 104249 31,818 1,91E-96 1,30E-92
ATSG54510 45,63 1062,11 23,274 1,92E-75 9,8B2E-72
AT4G30140 16,77 603,22 355976 1,76E-58 7,20E-55
AT2G14560 6,93 376,23 54,264 4,15E-58 1,41E-54
AT2G35700 15,36 401,86 26,158 549E-52 1,60E-48
AT2G23170 32,45 169818 52,264 6,35E-48 1,62E-44
ATHGA4020 431,33 33,04 0,077 594E-46 1,35E-42
AT1G04680 34,21 444 34 12,587 2,64E-43 5,35E-40
ATIGOZ8E5 3,81 246,69 64, B06 2,43E-42 4,52E-39
AT1GT75750 420,5 37,96 0,08 4,37E-42 7,43E-39
AT2G19570 8,02 261,38 32,587 3,25E-40 5,10E-37
AT2G25450 667,62 98,62 0,148 1,06E-39 1,55E-36
AT4G15160 24,97 359,37 14,392 2,58E-39 3,51E-36
AT3G6E1430 853,06 85,64 0,112 2,30E-37 2,54E-34
AT3IG13380 43 82 422,14 9,633 2,26E-36  2,72E-33
AT1G62660 1305,46 277,38 0,212 2,590E-36 3,25E-33
AT3G15540 313 196,56 62 863 4 66E-36  5,01E-33
AT1G32450 287,49 21,47 0,075 1,62E-35 1,65E-32
AT1G64350 44 55 414,26 9,299 4 29E-35 4,17E-32
AT1GTT7650 38,61 380,58 9,867 2,35E-34 2,15E-31
AT3IGL10870 444 196,25 44,192 3,88E-34 345E-31
AT1G13530 360,59 41,31 0,115 1,47E-33 1,25E-30
AT1G17060 2542 309,61 12,178 6,62E-33 5,41E-30
AT1G28400 179,591 288,46 4,538 1,84E-32 1,45E-29

Cnucok 13l oB



Y10 MOXHO caenaTb co cninckom A3 oB?

CDyH KUunoHalibHad aHHOTauUUA,;

AHanun3 npeactaBNeHHOCTU YHKUMOHAMNbHbIX rPynn
reHoB (Gene Set Enrichment Analysis,GSEA);

[NMounck LUUNC-PEryndaToOpHbIX 311EMEHTOB,

[ eHHble ceTu;
Koakcnpeccus;

Knactepusauus;

A ap.



Y10 MOXXHO caenaTb co cnuckom A3 oB?

AHanun3 npeactaBNeHHOCTU YHKUMOHANbHbIX rPynn
reHoB (Gene Set Enrichment Analysis,GSEA);

[Tonck LUUNC-PEryndaToOpHbIX 311IEMEHTOB,

+META-AHAJINS

Knactepusauus;

q)yH KUMOHAallbHasdA aHHOTaUMA rpynn,

Annotation Summary Results

[ eHHble ceTu;

Current Gene LSt Lst_1 LU UAWEL Ll

Current Badnoground: Mus onssoulis Chedk Bolaulis (& G e AR

o) bZIP bHLH TCP ARF
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CDyHKLI,I/IOHaJ'IbHaFI dHHOTaAUUNA
FeHHaa oHTonorua (aHrn. Gene Ontology, nnn GO) — GUONHMOPMATUYECKUI NPOEKT,
NOCBALWEHHbIN CO30aHMNI0 YHUPULMPOBAHHOM TEPMUHONOINK ANA aHHOTaLMN FrEHOB U
reHHbIX NPOAYKTOB BCEX BMONOrMYecKnx BMOOB.

basa gaHHbIX «['@eHHOM OHTOSOrMM» BKITKOYaET TPU CrnoBap4: AgriGO
e MonekynsipHble pyHKUMM — crieumduryeckas akTMBHOCTb P::;ﬁ{\lRTeHgllf/::p
reHHOro NpPoayKTa Ha MOMEKYNAPHOM YPOBHE; MSigDB
e bBuonornyeckne npouLecchbl — CIOXHbIE SABMEHUS, Broad Institute
HeobxoauMble Ans XU3HeaesaTeNbHOCTU OPraHN3MOB; Enrichr
e KrneTo4yHble KOMMNOHEHTbl — YaCTU KNETKN Unn GeneSCF
BHEKIETOYHOrO NPOCTPaHCTBA, e OCYLLECTBNAETCH (DYHKLMS. DAVID
AmiGO 2
2016 GREAT
6onee 44 Tbic4 TEPMUHOB FunRich
Bonee 460 TbICAY aHHOTUPOBAHHbLIX OPraHN3MOB InterMine




AHanms npeacTaBrieHHOCTU PYHKUMOHANbHbIX rPYIn
reHoB (Gene Set Enrichment Analysis,GSEA)

A Phenotype B Leading edge subset
Classes # Gene set S
A B
I GenesetS I L I

—]

r— Carrelation with Phenotype

Ranked Gene List

(Subramanian et al., 2005)




Arabidopsis thaliana L.

pa3mep reHoma:
140 T.n.0.
5 XpomMocom

XXU3HEeHHbIW UMK
6 Hepernb
OonbLUOE KONMYeCcTBO CEMSH

XOpOLO aHHOTUPOBAH:
TAIR

Salk SNP Viewer

eFP browser

n ap.




fruit development flower development phyllotaxis embryo development

S AYKCUH - (PUTOrOPMOH,

shoot tropisms

= OCHOBHOW perynarop pocrta
f;% N pasBUTUSA pacTeHUU

venation patterning leaf shape

| | CH2COOH
N
root patterning root gravitropism pathogen interaction lateral root development &
il
§ = il 3-uHoonui-
i YKCyCHasi Kucrioma

Rybel et al., 2009
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KnacTtepusauus reHoB Mo cTeneHn uaMeHeHus
9KCnpeccum

A Down-regulation Up-regulation 6-quantiles
ver ; ﬁ inter- l ' ; i ; : it ; ; ver
Y | strong | . 'moderate | weak | very weak . weak | moderate . | strong | Y
strong ! ! mediate | I ' ' ' ' mediate ' ' strong

1 1 ] I I ] ]
1 ] . . 1 1 1 1 1 >
8.73 4.98 3.66 2.73 2.14 1.41 1.51 2:11 2.72 3.46 4.70 8.44

Fold change

+ obbeanHeHusd NHTEepBAalJioB



(DyHKLI,I/IOHaJ'I bHaA aHHOTaU A

PyHKUMOHanNbHaa aHHOTaUus rpynr, NoslyYeHHbIX Npu Knactepusauum
cnucka A3l oB;

BbisgBrieHne crneymdmnyHbIX Mo cTeneHn akcrnpeccnm PyHKUMOHaSTbHbIX
rpynmn reHos;

[MpoBepka pe3ynbTaToB Ha HE3ABUCUMbIX AAHHbIX;

[Tonck Lunc-perynaTopHbIX 3NeMeHTOB

oborauleHne uuc-aneMmeHTaMmm NpoOMOTOPOB ayKCUH-YYBCTBUTESbHbIX
FeHOB;

AHann3 obHapyXeHHbIX LIMC-31EMEHTOB MO HYKNEOTUAHOMY COCTaBYy;
OborauieHne obHapyXeHHbIX LMC-35IEMEHTOB B paniOHax C
onpeaeneHHbIM TUMOM XPOMaTUHA;

OborauweHne obHapyXeHHbIX LMC-3N1IEMEHTOB B paniOHax CBA3blBaHUA
TPaHCKPUMNLMOHHbBIX (PaKTOPOB.




Llenbto Hawen paboTbl ObINO BLIABUTL

- CONpAXXeHHOCTb CTeneHn nSMeHeHn4 aKCripeccnn reHoB B
OTBET Ha ayKCUH C Ppa3HbIMA beHKLI,I/IOHaJ'IbeIMI/I
rpynnamum reHoB,

- pa3nnynd B peryndaummn aykCUHOM 3TUX Tpyrin.




KonnyecTtBo hyHKLIMOHAMNbHbIX FPYMNMN FrEHOB B KAXKAOM TUME
MHTEHCMBHOCTW N HanpaBieHUs1 UBMEHEHMUIN 3KCNPECCUN

reHoB B OTBETE HAa ayKCUH
Dow:nreguiat!on | IUprlegulgtion Downregulation . 'Up(egullation
O NSERRIEVITEPERE P

e+
P 12 2; 1 4 1 8.




®OyHKLUMOHaNbHas aHHOTaALUS

basa gaHHbIX «['eHHOM OHTONOrMM» BKITKOYAET TPU CnoBaps:

e MonekynspHble pyHKUMN — cneumdmryeckas akTUBHOCTb FEHHOro NpoaykTa
Ha MOJEKYNsSPHOM YPOBHeE.

e bwuonornyeckune npoueccCbl — CJI0OKHbIE ABJ1IEHNA, HeO6XOD,VIMbIe ans
AKNU3HeJeATEeNIbHOCT OPraHM3MoB

e KneTo4Hble KOMMNOHEHTbl — YaCTU KNETKN UM BHEKNETOYHOr o
NPOCTPaHCTBA, rAe OCYLLIECTBNAETCA PYHKUMNS
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Perynsaumns aykCMHOM BMONMOrnyecknx npoLeccoB
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Perynsaumsa aykCMHOM reHoB, KOAMPYOLWMX O6enkn ¢ byHKUnaMn,
OCYLLECTBNAEMbIMIN B OCOObIX OpraHennax KneTok
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(DyHKLI,I/IOHaJ'IbHaFI dHHOTauunsA

- [MpoBepka pe3ynbTaToB HA HE3ABUCUMbIX JAHHbIX;

[Tonck unc-perynsatopHbIX 9NeMeHTOoB

- oborauleHune ync-anemMmeHTaMmm NPOMOTOPOB ayKCUH-YYBCTBUTENbHbIX
FEeHOB;

- AHanun3 obHapy>XeHHbIX LUNC-3NIEMEHTOB MO HYKNEOTUAHOMY COCTaBYy;

- OOboralieHne obHapyKXEHHbIX LINC-3IEMEHTOB B panioHax C
onpeaeneHHbIM TUMOM XPOMaTUHA;

- OOborauieHne obHapYyKXEHHbIX LIMC-3NEMEHTOB B panioHax CBA3bIBaHUS
TPaHCKPUMNLMOHHbLIX (PaKTOPOB.
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(DyHKLI,I/IOHaJ'I bHaA aHHOTaUUNA

[lonck LUNC-PErynAaATopHbIX 311EMEHTOB

- oboraweHne unc-aneMeHTaMmm NpoMOTOPOB ayKCUH-YYBCTBUTENbHbIX
reHOB;

- AHanu3 obHapy>XeHHbIX LMC-9NIEMEHTOB MO HYKNEOTUOAHOMY COCTaBy;

- OoboralieHne 0bHapYXEHHbIX LINC-3/1IEMEHTOB B panoHax C
onpeaeneHHbIM TUMOM XPOMaTUHA;

- OOboralieHne obHapYyKEHHbIX LINC-31IEMEHTOB B panoHax CBs3blBaHUS
TPaHCKPUMNLMOHHbBIX (PaKTOPOB.



MexaHn3am perynsiumm TpaHCKpUnumMm aykCMHOM

TGTC  GACA

Repression <€&——— Transcription
-Auxin  +Auxin Mironova et al., 2017



TpaHcKkpununoHHsle paktopbl ARF

ARF18
ARF11
ARF9

ARF2
ARF1

ARF13
ARF23

ARF14

ARF22

ARF12
ARF15
ARF20

ARF21
ARF19

ARF7
ARF8

ARF6

ARF5
ARF4

ARF3
ARF17

ARF10
ARF16

Aux/IAA
®

Vernoux et al., 2011



AyKCI/I H-HYBCTBUTEJIbHbIE 3JIEMEHTDI

TGTCTC
*75% NpoOMOTOpPOB [-2000; -1]
A. thaliana imetoT TGTCTC
(Ulmasov et al., 1997)

TGTOXX TGTSTSBC

*OboralleH B NpoKcMManbHOM
NPOMOTOpPE ayKCUH-
YYBCTBUTESIbHbLIX FEHOB
(Keilwagen et al., 2011)
TGTCGG
«Cant cBa3biBaHMSA ARF NOBbILLEHHOW
atpdpuHHOCTU (Boer et al., 2014)

S=GorC,B=CorGorT




13BECTHbIE dYKCUH-4YyBCTBUTEJIbHblE KOMIMO3NLUWNOHHbIE LUUNC-
peryndaTopHbie 3J1EMEHTHI

XXXXX TGTC
TGTC GACA
caunTbl CBA3bIBaAHUA
nosTopbl TGTCNN Apyrvx TO
bZips
Myb/Myc

(Boer et al., 2014) (Berendzen et al., 2012)



icnonb3oBaHHbIE MaTepuanbl

MaTtepuanbl Arabidopsis thaliana

[Mownck BceBO3MOXHbIE LWECTUHYKNEOTUOHbIE

nocriegoBaTenbHOCTU (rekcamepbl)
[MpomoTopbI [-1500;+1] TAIR10
TpaHCcKpUnTOMHbIE 21 SKCNepUMEHT >
3KCMEepUMEHTHI

v
[KoHTponb; 06paboTka ayKCUHOM]

Bpewms 86/;:»'1160T|<v| |<O}LI§HTP&\LKA

OuyeHb paHHu PanHHun  [losgHuim Hunskaa  CpepgHaa  Bbicokas
(0.5-1 h) (2-3 h) (>3 h) (0.001-0.1 uM) (1 pM)  (5-10 puM)
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[lonck accoumaummu
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Cnncok 060l'al.l.l,eHHbIX LUUNC-PEryrnATOPHbIX 3JTIEMEHTOB



O6HapyXXeHHble LMC-PerynsiTopHble 3fIEMEHThI

PaHHuu(<=2h) lMo3dHuli (>2h)
Up 24* 78
Down 3 121
(1) 6e3 A/T-6bocambix yuc-anemeHmMos
Up 8* 16
Down 3 26
(2) cneyugu4Hbl 1o epemeHU omeema
Up 6* 18
Down 0 99
(3) obozawieHsb! 8 peauoHax cesi3bieaHUss ARF
Up 11* 25
Down 3 37

*Bknodaa TGTCTC



O6HapyXXeHHble LMC-PerynsiTopHble 3fIEMEHThI

PaHHuu(<=2h) lo3dHuli (>2h)

Up 24* 78
Down 3 121
(1) 6e3 A/T-6ocamebix yuc-sriemeHmMos8 -
Up 8* 16
Down 3 26
(2) cneyugpuyHbl o epemeHU omeema
Up 6* 18
Down 0 99
(3) obozaweHsb! 8 peacuoHax cesidbleaHuss ARF
Up 11* 25
Down 3 37

*gknwdaa TGTCTC



ObHapyXeHHble ayKCUH-acCoLUMNPOBaHHbIE LINC-
PErynsaTopHbIE 3NIEMEHTbI

PaHHuu(<=2h) lo3dHuli (>2h)

Up 24* 78
Down 3 121
(1) 6e3 A/T-6ocamebix yuc-sriemeHmMos8
Up 8* 16
Down 3 26
(2) cneyugpuyHbl o epemeHU omeema -
Up 6* 18
Down 0 99
(3) obozaweHsb! 8 peacuoHax cesidbleaHuss ARF
Up 11* 25
Down 3 37

* Bkntoyaa TGTCTC



O6HapyXXeHHble LMC-PerynsiTopHble 3fIEMEHThI

PaHHuu(<=2h) lo3dHuli (>2h)

Up 24* 78
Down 3 121
(1) 6e3 A/T-6ocamebix yuc-sriemeHmMos8
Up 8* 16
Down 3 26
(2) cneyugpuyHbl o epemeHU omeema
Up 6* 18
Down 0 99
(3) 06ozaweHbI 8 pecuoHax cessbieaHusi ARF | 4
Up 11* 25
Down 3 37

* Bknmtovaa TGTCTC



Cxema perynsuum otBeTa Ha aykCUH Ha OCHOBE
npeackasaHHbIX LMC-3NEMEHTOB

PaHHAA akTuBaLuUs TPaHCKPUNLMM PaHHee nogaBneHne TpaHCKpUnLumm
2 bzZIP bHLH TCP ARF MYB bZIP

@ O O O O © ©

e o

AACATT  TACGTA CACATG TGTGGG TGTCTC TATA-box GATAAG ACGTGG
TAATTA ACGTAT GTCCCC TGTCCC ACGTGT
... 8 other ACGTAG

TOMTOM

Motif Comparison Tool

ANECOECGIS B s CIEEP




[locToBepHoe coBnageHne Mexay npeackasaHHbIM Lmc-
3NIEMEHTOM N CalNTOM CBSA3bIBAHNSA TPAHCKPUMNLIMOHHOIO dhaktopa
B TOMTOM
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e-value = e-value =
1.40e-03 F 9.76e-03
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(DyHKLI,I/IOHaJ'IbHaFI dHHOTauunsA

[Tonck unc-perynaTopHbIX 311EMEHTOB

- AHanus 06Hapy)KeHHbIX LUMNC-3J1EMEHTOB MO HYKNeoTnaHoMy COCTaBy,

- OOboralieHne 0bHapYyXEHHbIX LINC-3/IEMEHTOB B panloHax C
onpeaeneHHbIM TUMOM XPOMaTUHA;

- OOborauieHne obHapYyKXEHHbIX LIMC-3NEMEHTOB B panioHax CBA3bIBaHUS
TPaHCKPUMNLMOHHbLIX (PaKTOPOB.



Pacnpegenenne AT—-6oraTbIX LMC-3IEMEHTOB, aCCOLMNPOBAHHbLIX C PAHHUM OTBETOM
Ha ayKCWH BOOJSIb NPpOMOTOpOoB reHoB Arabidopsis
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The hexamers amount was calculated per each 100 nt in [-1500; +1] upstream regions of all genes (black line), auxin up—regulated (red line)
and auxin down-regulated genes (blue line).



DyHKUMOHaNbHas aHHOTauug

[lonck LUNC-PErynAaTopHbIX 3J1EMEHTOB

- OboralieHne obHapyXEeHHbIX LINC-3N1IEMEHTOB B panoHax C
onpeaeneHHbIM TUMOM XPOMaTUHA;
- OboralieHne oOHapyXEeHHbIX LNC-3N1IEMEHTOB B pavOHax CBS3blBaHUSA

TPAHCKPUTNMUNOHHbIX C*)aKTOpOB.




AccoLMNPOBaHHbIE C TUMOM XPOMAaTUHA LIMC-3NEMEHTbI
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(Sequeira-Mendes et al., 2014)



ACCOLI,I/II/IpOBaHHbIe C TUNOM XpOMaTuHa UnNC-aJryieMeHTbI

% ; ;
O non A/T-rich mA/T-rich
100 -

a0 -

a0 - Tunbl XxpomaTuHa
1. KopoBbIi npomoTop;

70 - — 2. MpokcmmanbsHbIn

npomMoTop;

f0 - 3. MexreHHble obnacTu;
4. [OucTanbHbIn NPOMOTOp;

a0 - 5. Monukom6-perynvpyemsbie

PErvoHbI;

40 - 6. MexreHHbl pagom ¢ TTS;
7. MeXreHHble perMoHsbl;

a0 - 8. leTepoxpomaTuH,
9. GC-6oraTbint

20 - reTepoXpomMaTuH.
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ACCOLI,I/II/IpOBaHHbIe C TUNOM XpOMaTnHa UNC-3JIEMEHTDI

Tunbl xpomaTtuHa

KopoBbii npoMoTop;
MpokcmanbHbIN
npomMoTop;

MexreHHble obnacTu;
[uncTanbHbI NpOMOTOP;
Monukomb6-perynmpyemeie
PErNOHBI;

MexreHHbin psgom ¢ TTS;
Me>XreHHble pervoHsi;
eTepoxpomaTuH;
GC-6oratbin
reTepoxpomaTuH.

A AKTUBALMS TPAHCKPUNLIAK [ A/T-6oratble rekcamepsl
l He A/T-6oraTble rekcamepsbl
...8 other ...10 other
ATATAC ATATAT TGTGGG AACCCT
ATATAA ACGTAA ATAAAT ACATGT TATAAA
AAAAAA CGTATA TAT[ATA CACATG . 1.
1] | [ ] I z
| 5 | 4 | | 1 ] 3.
4.
Tun xpomaTtnHa 5.
6.
B [NogaBneHue TpaHcKpunumm ATATGC 7
8.
CAACTA ACGTGG ...30 other GCTGCT o
.25 other GCATAT ATATAT GATAAG
ATATAC TACGTA TAGATA CGTATA AGATAA
TATATA AATGAT| ACGTAA AATCAT |AACGTG CACGTG
AATGAT |AACGTG | AATCAT| ACGTAT AATGAT | ACGTGG ACGTGG
AATCAT ACGTAT| ATATTC| CGTATA TATAAA |TACGTG X
| 5 A | 2 T

Tun xpomaTtuHa




DyHKUMOHaNbHas aHHOTauugd
- OyHKUMOHanNbLHaa aHHOTaUMA rpynmn, Nofy4vYeHHbIX NpU Knacrtepusauum
cnucka A3l oB.;
- BbiaBneHue crneunduyHbIX No CTENEHM IKCnpeccun PyHKUMOHaNbHbIX
rPynmn reHos;
- [lpoBepka pesynbTaTOB HAa HE3ABUCUMbIX OAHHbIX;

[Tonck LUNC-PETYNIATOPHbLIX 3JIEMEHTOB
- oboralleHune yuc-afieMeHTaMmm NpoMoTOPOB ayKCUH-YYBCTBUTENbHbIX
eHOB;
- AHanu3 obHapy>XXeHHbIX LUC-9SIEMEHTOB NO HYKNEOTUAHOMY COCTaBY;
- OOorauieHne obHapyXeHHbIX LUC-95IEMEHTOB B pallOHax CBA3bIBAHUA
TPaHCKPUMLMOHHBLIX PaKTOPOB;

- OO0boraLueHne obHapy>XeHHbIX LINC-31IEMEHTOB B panoHaxX CBA3bIBaHUS
TPaHCKPUMNLMOHHbLIX (PaKTOPOB.




Cxema peryndaunnm oreeta Ha aykCUH Ha OCHOBE MNpeancKka3aHHbIX

LIUC-3/IEMEHTOB

l A/T-rich hexamers

ATAAAA [ non-AT-rich hexamers
CATGCA eI ST ACATAA GACAGC ATATAA
GCATGT  ACATET ACATAT AAAATA | ATATTA  GCATGT
ACACAT GTCCCC v AATATAATTATA grecce “TETCA ACATAT
CACATG TGTCCC TAAACA AATATT ATTTTATGTCCC AACATT
TGTCTC I ] | TGTCTC I
IL , — . i — > i — R ——— - . i >
ARF5 obnacTtb cBsi3blBaHUS ARF2 obnacTtb cBs3blBaHMA
TACGTA
AACGTA
GATAAG 1GTGGG ACGTAT ACGTAG
ACACAT CACGTA TGGGCC A ToeA ACGTTA ACGTGG
CACACG CACGTT CATTAT GTCCCC carar  ACGTAA ACGTGA
CACATG CACGTG ATTATT TGTCCC CGTATA ACGTGT
GACAGC CGTGTA
TGTCTC | COTAAT [
N e e T T T T T T T T T e >

(panoHbl cBasbiBaHus ARF 661 B3aTbl 13 akcnepnmeHToB Dap-Seq, O’Malley et al., 2016 )

ARF6 obnacTtb cBAa3biBaHUA



AYKCUH-YYBCTBUTESbHbIE KOMMO3ULIMOHHbIE LIMC-
PErYyNATOPHbIE 31EMEHTbI?

XXXXX TGTC

(Berendzen et al., 2012)



e AHanus npencraBreHHOCTU PYHKLMOHAIbHbLIX rpymnmn
reHoB (Gene Set Enrichment Analysis,GSEA); |

e [louck LUNC-PETYNATOPHbIX 3J1EMEHTOB,

e Knacrtepusauyus.

+ META-AHAIING

Omelyanchuk, N. A., Wiebe, D. S., Novikova D. D., Levitsky, V. G., Klimova, N., Gorelova, V., C.
Weinholdt,G. V. Vasiliev, E. V. Zemlyanskaya, N. A. Kolchanov, A. V. Kochetov, I. Grosse,V. V. Mironova.
2017. Auxin regulates functional gene groups in a fold-change-specific manner in Arabidopsis thaliana roots.
Scientific Reports, 7.

Pavel Cherenkov, Daria Novikova, Nadya Omelyanchuk, Victor Levitsky, Ivo Grosse, Dolf Weijers and
Victoria Mironova. 2017. Diversity of cis-regulatory elements associated with auxin response in Arabidopsis
thaliana. Journal of Experimental Botany.



The pipeline for genome wide association analysis for potential cis-regulatory

elements associated with auxin response

A 1. Hexamer Extraction

>Gene1

ttcaaagttgaagatttaaacggaaacgctaaagaatacaatcttatt...

>Gene2

ttattaagaccaattggaacccaaaatcaatgaataattttgatacgg...

T~ —

Hexamer Presence Gene1 Gene2 Gene3
AAAAAA | TTTTTT + +
AAAAAC | GTTTTT + +

B

Repeat M times

Permutation

Promoter 1

Gene 1

Promoter 2 Gene 1

Promoter 2

Gene 2

Promoter 1

’ 2. Association search

W

2. Association Search -
Hexamer Fisher's DEGs ’ EHMEEnaEIS
Presence Exact Test r }
-
Save random meta p-value
P-values Dataset1 Dataset2 L
AAAAAA | TTTTTT 7e-1 8.5e-5 ] L
AAAAAC | GTTTTT 3.1e-2 4.8e-4 ===
p, P, Pu
L AAAAAA | TTTTTT 7.2e-1 5.3e-1 2.3e-3
S —
- = AAAAAC | GTTTTT 2.9e-2 3.6e-1 1.4e-1
3. Meta-analysis 5 i (p)
x%==22.In(p;
J L
Meta p-value Calculate permutation p-value
AAAAAA | TTTTTT | 6.4e-4 14 i J(pzroonman < priainota
. ==t
AAAAAC | GTTTTT | 1.8e-4 p; M

(A) Three steps of the pipeline: (1) computation of hexamer frequencies in the upstream regions, (2) analysis of association between the hexamer’s presence
in the upstream region and auxin up(down)-regulation of the gene, and (3) meta-analysis across all datasets. (B) Permutation test scheme.




step 1
Differentially

expressed

selection
p-value: t-test

Pipeline scheme

——>

step 2
GO terms
preselection

Fisher Exact test

—>

step 3
Estimation
of fold

specificity

Fisher Exact test

Threshold: Number
of genes,
FDR

FDR

FDR



Bonferroni correction

Declare a gene to be differentially expressed if p < 0.05/N.

Theorem 2: This correction guarantees a FWER below 0.05.

Carlo Emilio Bonferroni (1892 — 1960) ... University of Florence, Florence, Italy

... 1936

Olive Jean Dunn (1915 - 2008) ... UCLA, LA, USA ... (1959, 1961)



Benjamini-Hochberg correction

sort all p-values starting with the smallest p1 < p2 < ... <pN

seek the greatest index k such that pk <= 0.2*k/N

declare all genes 1, 2, ..., k to be differentially expressed

Theorem 6: This correction guarantees a FDR below 0.2 ... under the assumption of

independence or positive dependence of the p-values.

Yoav Benjamini (1949 -) ... Tel Aviv University, Tel Aviv, Israel ... 1995



Benjamini-Yekutieli correction

sort all p-values starting with the smallest p1 < p2 < ... <pN

seek the greatest index k such that pk <= 0.2*k/(EN) with F = sum_{j=1}"N 1/]

declare all genes 1, 2, ..., k to be differentially expressed

Theorem 7: This correction guarantees a FDR below 0.2,

Daniel Yekutieli ... Tel Aviv University, Tel Aviv, Israel ... 2001



dyHKUMOHaNbHas aHHOTauus: oueHka oboraweHuns 'O
TEPMMHAMN NO CPaABHEHUIO C OOLLLErEHOMHbLIM YPOBHEM

very weak weak moderate intermediate high very high
)
| |
1.51=<F<2.11 2.11<F<2.72 2.72 =F<3.46 3.46 <F<4.70 4.70 =F<8.44 F=8.44
1.41<F<2.14 2.14<F<2.73 2.73 =F<3.66 3.66 =F<4.98 4.98 <F<B.73 F=8.73

[anee cocegHne KBaHTUNM 06 bEONHANUCH Pa3NIMYHLIMK cnocobamu, 1 NonyvYeHHble 42 rpynnbl FeHOB
aHHoTupoBanuck B cucteme AGRIGO.

Mpu p adj <0.001, 225 1 307 'O TepmmHOB ObINK oboralleHbl XoTs 6bl B OAHOM MHTEpBarne,
COOTBETCTBEHHO, Cpean reHOB MOBbILWAKLLNX N MOHMKAKOLWMX CBOK AKcrnpeccuto. 15% aTux TEpMUHOB
Obinn oboralleHbl TONLKO B onpeaeneHHOM MHTepBare N3MeHEeHNN IKCNPECCUM, T.€. OHN TEPAIOTCA Npu
TPaaULMOHHOM aHHOTUPOBAHUN BCEX MEHOB.

Kpome Toro, Hanpumep, TpaHcnsauus oboralleHa Ha BCEM MHTepBarie NOBbILEHUs 3Kcnpeccun ¢ p adj
7,3 x10(-19) , a npun o4yeHb cnabbix 1 cnadbix n3MmeHeHusix ¢ p adj 6,6 x10 (-54). Opyrumun cnosamu,
reHol ¢ 'O TepMuHOM “TpaHcnAuMA” cpean aHHOTUPOBAHHbBIX FEHOB reHOMa coCcTaBnsAT 6,6%

(1346/20423), a cpeam reHoB, 04eHb cnabo 1 crabo noBbILWAKLLMX CBOK 3KCNPECCUIO B OTBET Ha
ayKcuH nx 36,5% (96/263).



Vouldullervic 11U Lpabrhcrviru LU BUEVIVE T THalViVI
NoBbILLALWMNMU UJTN NMOHNXA LMK SKCINPECCUO B OTBET

mmimlnH'ﬂatmaYnlérguI{ilﬁl:lt Total number | The portion of UGs in
the fold change interval | the fold dhange interval of UiGs the fold change interval
The UGs belonglng to the GO term: | 5d 2 i EE g haa
The rest UiGs a7 5N B | M.E%
Total number of 1z 263 524 7ag F3.3%

Hanpumep, cpaBHMBanv npoLeHT reHOB C TEPMUHOM “TPaHCNALUMS” Y FeHOB, NMOBbILIAIOLLUX CBOO
aKkcnpeccuto cnnabo n oyeHb crabo (¢ 1.4 v oo 2.7 pas), n y BCex reHoB, NoBbIakLLLmx
9KCnpeccuto.

B pesynbtaTte nony4daetcs, 4to n3 108 reHoB, y4aCTBYHOLLMX B NpoLecce TpaHCnaummn m
MOBbILLIAIOLLMX CBOK SKCNPECCUo B OTBET Ha ayKCcuH, 96 (88,9%) pearnpytoT Ha ayKCUH OYeHb
cnabbiMm nnn cnabbiM NOBbILLEHNEM IKCNPECCUN.

B TO Bpems kak BCe reHbl C Takon CTeNeHb NOBbILEHUS 3KCnpeccumn cocTaBnsaoT Bcero 33% oT
BCEX reHOB, MOBbILLAILLNX SKCNPECCHUI0, T.€. B NpoLecce TPaHCNsUUM 3TU reHbl 3Ha4nMo
oboralleHsbl.

Mpun p <0,05 'O TepMuH (yHKUMOHANbLHaA rpynna reHoB) paccMmaTpuBarcs kak pong-
cneum@uyHbIi B OTBETE HA AYKCUH, T.€. NBMEHEHUNS SKCMPECCUN B 3TOM rpynne npoxoannm B
onpegeneHHoM nHTepaarne ongos.



