Jakob Denisov, Anton Katsubo, J'r‘é.

is coming

Laboratory of functional

. . |
mod somonrative gemomics Daria Pisetskaya, Zoe Chervontseva a .2

>> EXPrerierl: A Neurat neitworK

O eXPression analysls

AHann3 Nnpu3HaKkoB, NO3BONAKLWKMX NpeacKkasbiBaTb 3KCNPECCUI0 reHoB Y E. coli

AImMS DATA

® BbIsSICHUTH, MOTYT JIM HEUPOHHBIC CETH NITYOOKOr0 0OyYECHUS UCITOJIb30BATHCS N3 craren [1] ObLIA B3STHI MUKPOYUIIOBBIE JAHHBIE I10

U1 aHAJIM3a JAHHBIX SKCOPECCUM ITeHOB E.coli. skcrpeccun 4189 renos E. coli B 1918 yciaoBusix.
e [IpoaHanu3upoBaTh, KAKUE MPU3HAKU BIUSIOT HA MPEJACKA3aHUE CETH.

Microarray expression dataset for 4189 E. coli genes 1n
e Find out whether neural networks may be used for analysis of expressions 1918 conditions was taken from [1].

e [dentify features considered by the neural network for prediction.

[1] Carrera J, Estrela R, Luo J, Rai N, Tsoukalas A, Tagkopoulos I. An integrative, multi-scale,
genome-wide model reveals the phenotypic landscape of Escherichia coli. Mol Syst Biol. 2014;10(7):735.
Published 2014 Jul 1. do1:10.15252/msb.20145108

REeSUILTS

Certb - denoising aBTo3HKOAEp. CBOpAaYMBAECT BXOJHOM BEKTOP IKCIIPECCUN B MACCHUB C Certb - npeaukTop. [IpeackaspiBaeT 3HaU€HHUE T€HA, IKCITPECCHS] KOTOPOTO ObLIa CKPhITa MACKOM. CeTrb-guckpuMuHaATOp. ONpEeaesaeT, HACKOJIbKO BXOAHOW BEKTOP SKCIPECCUM TTOXO0K
MHWHHUMAJIBHBIM YHCJIOM JJIEMEHTOB. AHaJ'II/IBI/IpyCTCH crnoco0 CBCPTKHU. AHaJn/BI/IpIOTcsI T'EHbI, HA SKCIIPECCUIO KOTOPBIX HEUPOCETH “CMOTpHT” B IICPBYIO O4Yepeab, YTOOBI IpeacKa3arb Ha HACTOSALLIUN.
The network 1s a denoising autoencoder. Minimizes the input expression vector into an array 3HAuUEHHE CKPBITO STUEHKH. Network - discriminator. Determines the extent of closeness input vector of data to
with a minimal number of elements. The minimization method is analyzed. The network is the predictor. Predicts the value of the gene whose expression was hidden by the mask. Genes, the real E.coli’s expression vector.
the expression of which the neural network "looks at" first to predict the value of the hidden cell, are analyzed.
Layer (type) Output Shape Param # Layer (type) Output Shape Param #
input 2 (InputLayer) (None, 15552) 0 Layer (type) Output Shape Param # conv1d_3 (Conv1D) (None, 4185,64) 384
—_—————e—ee e e P = = e e e e e e — — —— Conv1d_4 (Conv’]D) (None,4181, 16) 5136
dense 5 (Dense) (None, 256) 3981568 dense_1 (Dense) (None, 4) 16760
conv1d_5 (Conv1D) (None, 4177, 4) 324
dense 6 (Dense) (None, 32) 8224 dense_ 2 (Dense) (None, 8) 40 flatten_1 (Flatten)  (None, 16708) 0
dense 7 (Dense) (None, 256) 8448 dense 3 (Dense) (None, 8) 72 dense_5 (Dense) (None, 100) 1670900
dense_6 (Dense) (None, 50) 5050
dense 8 (Dense) (None, 15552) 3996864 dense_ 4 (Dense) (None, 1) 9
Total params: 7,995,104 activation_1 (ACtivation) (None, 1 ) 0 dense_7 (Dense) (None, 20) 1020
Trailnable params: ] , 995 , 104 oS- oo oo o= ——=——=—=====
Non-trainable params: 0 Total params: 16,881 dropout_4 (Dropout) - (None, 20) 0
" Trainable params: 16,881 dense_8 (Dense) (None, 4) 84
PXHUTCKTYypa CCTU. HMcnonp3oBaHbl MOITHOCBI3HEBIE ciion. Ha BXOAC - HCCKOJIBKO Ppa3 ITIOBTOPCHHAA Ta6n1/1ua OKCIIPECCHUHU C N t . bl . O
nob6asieHHbIM mryMoM. // The network architecture. Fully connected layers are used. At the input - several repetitions of the on-trainablé params. dropout_5 (Dropout) (None, 4) 0
expression table with added noise. B ’
Apxutektypa cetu-npeaukropa. Mcnonb3oBanbl noHOCBsA3HBIE ¢iou. // The network architecture. Fully connected layers are used. dense_9 (Dense) (None, 1) 5
JUIA Ka)KI0ro reHa M3 MeTaboIMYeCcKOro IyTH (CTPOKH) OBUIM MOCYMTaHBI BAKHOCTH Beex 4189 I‘r’:‘r'];’;;a?:ra;isﬁggz 003
JlBoliHas HepapXudecKas TeHOB A TIpeACKa3aHusl JKcnpeccud. B cronbiax ocraBieHbl HauOosiee BaXKHBIE s Non-trainable params: 0
Kiracrepu3anusa NCXOAHbIX JaHHBIX. MpEACKa3aHusl reHbul. Yem OOJIbIIIE 3HAYEHHE B KIIETKE, TEM BakHee ObLI I'eH B CTOJIOIE JIA
3aMETHBI ITOJI0CHI CHITBHO IpeJcKa3aHusl dKCIIpeccuu TeHa B cTpoke. // For each gene in a metabolic pathway (rows), ApXUTEKTypa CeTU-IUCKpUMHUHaTOpa. Ha BXoae MCIoiab30BaHbl TPU CBEPTOYHBIX
CKOPPEJIMPOBAHHBIX TCHOB, HAIIPUMED, importance of each 4189 genes for the prediction was calculated. Columns represent genes that are CJ1051, 32 KOTOPBIMH CJEIYIOT MOJHOCBS3HBIE cion. // Discriminator’s architecture.
pHOOCOMHBIX OCIIKOB. the most important for the prediction. The larger is the value in a cell, the more important is the Three convolutional layers were used at the input, followed by dense layers.
gene 1n the column i1s for the prediction of the gene in the row.
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Knacrepusanus npeacraBieHus

BHYTPEHHETO CJIOA :

aBTODHKoO/epa. MHOIMe HEMPOHBI | — ¢ -
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IIPOCTO HE UCIOJIB3YIOTCS 110 : :

HEU3BECTHOW NPUYMHE. S

Clustering of the autoencoder et — % CTOJOIBI. JJUCKPUMUHATOP YUHIICS pa3jindarh MEPEMCIIaHHBIC TaHHBIC OT
internal layer representation. B | 4

. “ HETepeMENIaHHbIX. MakCUMaJbHO JTOCTUTHYTasi TOYHOCTH ONPEIACICHUS -
Many neurons are simply not e

i, | o e A o is: 70,03%. // ApXI/ITeKTypa CETU-IUCKpUMUHATOpa. Ha BXolle MCHONb30BAHBI TPU
used due to unknown reasons. N S— ] e
| : CBEPTOYHBIX CJIOS, 32 KOTOPBIMM CJIEIYIOT ITOTHOCBSA3HBIEC CIIOMU.
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Krnactepu3oBaHHbBIE JJAHHBIE OBLIA TIOCTPOYHO IIEpPEMEIIaHbl M Hape3aHbl Ha

Knactepusanuio reHos = s
aBTODHKOJEPOM MOXKHO CPABHUTE . T ” o
C KJIaCTEPU3allMel T€eHOB |_-,-— =

JInsg TIOHMMaHHS TOro, KakKue TEeHBl HamOoiee

HCXOHEIX TAHHELX F - ‘ - - BaXKHBI 11 AUCKPUMHHATOpPA, MBI IIOOYEPETHO
AR ' - pr - - - aroc - I“ figN, W3MEHSJIM 3HAaYeHHE PKCIIPECCUH TeHa 0 TeX IO
Autoencoder gene clustering can T | — = = P aro- i Py p . P,
be compared to source data gene s o E- 16 aoe- = » givl, [MOKa 3HAYECHUE WJICHTUYHOCTHU HE Ha4YHET
clustering. g":,’c;: e e — 22 aro- fliA, tar n3MeHsaThes ¢ 1 Ha 0. Beur momyden cnucok 119
purB - -
PurH S ' , - . N el L ICHOB, KOAHPYIOIIUX OenKu XCMOpCL TN,
R Wi ¥k ¥ FE 2@ = < T ‘d T pheA - = o
8 2dadaazda §>E&° s v (GUMOpHUI M KIYTUKOB. ITOT PE3yabTaT IJIOXO
. . , B . , _ aspC - - 0.0 o
Division of the original dendrogram into clusters, £=68/375 Division of the autoencoder dendrogram into clusters, 2=56/375 :z‘;g: = - HOI[I[aeTCH 6I/IOHOFI/I‘IGCKOI/I I/IHTepHpeTaHI/II/I. // TO
g transcr, 46/293 35 ] transcr, 35/293 I'enbl myTn OMOcHHTE3a MypuHOB. // The D d ds hat th I K
hén — sigma, 3/20 —— sigma, 2/20 . R . ditedl e
a0 y b — sRNAs, 19/62 | — SRNAS, 19762 purine biosynthesis pathway. Onepossi: il I o understanding what the neural network extracts
i : trpB - .

from the data, we gradually changed each gene
expression until identity value started to change
from 1 to 0. This yielded 119 genes, mainly
encoding flagella, fimbriaec and chemoreception

[cvpA, purF, ubiX], [purD, purH], [purM,
purN], [purE, purK], [hfID, purB]
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I'eHbl myTH OMOCHHTE32 APOMATHYECKHUX
aMUHOKMCJOT. // Biosynthesis of aromatic amino
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Matching clusters

acids. proteins. There 1s no obvious biological
10 . . . .
Omneponsr: [aroF, tyrA], [trpA, trpB, trpC, trpD, trpE, explanation for this observation.
5 trpL], [aroA, serC] mean+3 mean+4 mean+5
° 02 04 06 08 10 12 Oy: gene position in the  *3payeHne NIEHTUYHOCTH - OTBET
t 1 ) v
l Input vector TMCKPUMHUHATOPA Ha BXOJHON BEKTOP IKCHPECCUI
. Ox: +n of the mean
JlenaporpaMmbl UIss TE€HOB Hape3aliiCh Ha PACCTOSHHUAX t/2 OT KOHIIA BETBEH s l, T - : ) (1 - moxoxa, 0 - He moxo)ka Ha HOPMaJIbHYIO). //
U o] 2916 gene’s expression - ) :
MOJIyYeHHUsI KJIacTepoB JJisg cpaBHeHUs ux ¢ 06azoii RegulonDB. Knacrepsr uz RegulonDB [, S— White means 0 identit Identity value - NN’s response on input
OIIPpCACIAINCh KaK MHOXCCTBO I'CHOB, PCTYIHPYCMBIX KaKHUM-TO OTACIBbHBIM CHI'Ma- I'ennl IYyTH OMOCHHTeEe3a N30JIeHIINHA U3 Smmre‘o”l) » Y expression vector (1 - full ldentlty’ 0 - zero
dakTopoM / TpaHckpunuuoHHbIM ¢akTtopom / manort PHK. Knacrepsl cuuranuch TPEOHHMHA. N

1dentity to normal)

cystathionine f-lyase: malY

coBHagaromuMu, ecii 9/10 ux 31eMeHTOB OBIIIN OJUHAKOBEIM.

Omneponsl: [1lVvL, ilvX, invG, ilvM, 1lvE, 1lvD, 1lvA],
Dendrograms for genes were cut at a distance of t/2 from the end of the branches to obtain [ilv], ilvH] e T
clusters for comparison with the RegulonDB database. RegulonDB clusters were defined as

In 5-methyltetrahydropteroyl tri-L-glutamate—. { - c ndependent a 5-methyltetrahydrofolate—. “ methionine synthase: metH 4-1 |lr\ ‘:;l S

| | | | ] metE | 21113 | e

sets of genes regulated by a particular sigma factor / transcription factor / small RNA. DU [ - o S C O n C l l I s I : I -
| - [ J HZO’ B \ spontaneous

Clusters were considered to match i1f 9/10 of their elements coincided. .

transcr - CpaBHEHHUE 10 TPAHCKPHUIIIHOHHBIM (DaKTOpaM i - |
sRNAs - cpasuenne o mansivm PHK metB - i pE3YIIbTAT.
-0.6
. - tC -
transcr - comparison by transcription factors "nztE_ u e ] - -03 2. OOHajaexuBarolye MNPeABAPUTEIbHBIE PE3YIbTAaThl MOKa3al
1 - 1 1 §- 0.0
sigma - comparison by sigma factors - N B NS W | OJIMH U3 TPEX UCCIIEOBAHHBIX MOIXO/IOB.
sRNAs - comparison by small RNAs € U ¥ @ X U Wk YU gUT L L E QS 3 H 5 5 5
ERESEREEEEBEENEE SN . Ho m nns Hero TpeOyercss OOJibllle BPEMEHH HAa OOy4YEHHE
TH.
Buono, umo asmosuxooepy mnedocmaem 9 knacmepos no CpAGHEHUK C An20PUMMOM e
Kracmepuszayuy. Imo o3Hauaenm, 4mo pe3ynbmam HeyOO061emeopUmeeHt, U nowy4eHHas I'enbl MyTH OMOCHMHTE3a THAMUHA. // I'enbl nyTH OMocuHTE3a MeTHOHMHA. // The methionine .
Helpocemnv 8psi0 U Hecem MHO20 NONe3HOU UHDOPMAYUL O CEA3AX Meofcdy CeHamu. The thiamine biosynthesis pathway. biosynthesis pathway. 1. The problem statement and network architecture strongly
[thiC, thiE, thiF, thiS, thiG, thiH], Omneponsl: [metB, metL]. influence the result.
It c.an be seen that the autogncoder.lacks 9 clusters compar?d to the clustering legorl.thm. [thiM, thiD] o) Only one of three studied approaches yiel ded promising
This means that the result is unsatisfactory, and the resulting neural network is unlikely result
to provide much useful information about the relationship between the genes. CSULLS.

3. But it requires more computational time to properly train the
network.



