I3meHeHne aKcnpeccumn B
KNybeHbKax ropoxa npu
cMumbunose

KypaTtop: lNonnHa KostonmHa

HUW aKywepcTBa, rMHeKonorun un penpogykronornn umerum [l. O. OTTa

NcnonHuTtenb: Bapeapa TBoporosa



[opox (Pisum sativum) obpasyeT KnybeHbKM




Y10 TaKkoe KNyDeHbKM 1 3a4eM OHUM HYXKHbI?

Bacteroids [T

Nodule




RaK pacTeHunA y3HatoT, KTO XO4YeT C HUMU

\J
B3aMMOJENCTBOBATL?
Mapa3nTtmuyeckue rpubbl U HACEKOMbIE BblAENAIOT MonesHble KNybeHbKoBble BaKTepuKn BblAENAIOT
XUTOONIMrocaxapmabl U3 8 MOHOMEpPOB XUTOONMUrocaxapuabl U3 5 moHomepos

co8



KaK 3TW BeleCcTBa B/JMAKOT Ha SKCMPECCULO
[EHOB B KOPHAX?

* PHK KopHen ropoxa, 0bpaboTaHHbIX €08 - 3 BMOOrMYECKMX NOBTOPHOCTM
 PHK KopHen ropoxa, 0bpaboTaHHbIX €05 - 3 OBMOOrMYECKMX NOBTOPHOCTM

 PHK KopHeu ropoxa, obpaboTtaHHbIX Boaomn (control) - 3 buonornyeckmnx

NOBTOPHOCTHU

Hawa uenb - aHanu3 gupdpepeHumanbHom akcnpeccum!



Kak cekBeHnpoBann PHK KopHen?

TexHonorna MACE

Fragmentation Sequencing Quantification
: ! A Streptavidin- : :
5 AAAAAAA—3 AAAAAAA-3 AAAAAAA-3
3 cDNA s @ —— Beads . s @ TTTTTTT-5 . 1
5 cDNA AAAAAAA-3" AAAAAAA~-3" AAAAAAA-3
3 TTTTTTT-5 TTTTTTT-5 TTTITTT=5 .
o AAAAAAA-3" AAAAAAA-3" AAAAAAA-3"
3 cDNA s @ - e @ u TTTTTTT-5'
5 sveiailigll | l AMAAAA-3 @y . : AAAAAAA-3' ' .lll 4
3 TTTTTTT-5 TITITTI=S" TTITITTT=5"

l, Assembly

5 AAAAAAA-3 . AAAAAAA-Z" .
£ TTTTTTT-5 TTTTTTT-5 TTTTTTT—-S -
5 AAAAAAA-3" . AAAAAAA-3 . 3
3 TTTTTTT-5 TTTTTTT-5 TTTTTTT 5'

|
50— 500 bp

https://genxpro.net/sequencing/transcriptome/mace-
massive-analysis-of-cdna-ends/
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HaLWW pnabl
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Ha KakoM TPaHCKPUNTOM BbipaBHMBATb HALLW PUabI?

CratbA Konunuectso N50 Mepa ueHTpanbHoOMn TpaHCKpPUNTOM 4Yero 310
nocneaoBaTe/NIbHOCTEN B TEeHAEHUUN A/INHDI 6bin?
TPaHCKpUNTOME TPaHCKpUNTA
Franssen et al., 2011 81,449 ? 454 (KOHTMr) [MpOpPOCTKM, HazeMHaA
88 1 208 (Mmoga) (cMHrNEeToH)  YacTb B3pPOC/Oro
pacTeHusn
Kaur et al., 2012 100,078 ? 719 (KoHTHUr) [MpOpPOCTKM, HA3eMHaA
301-350 (cuHrneToH) 4acCTb B3POC/IOro
pacTeHusn
Kerr et al., 2017 81,774 2170 1,285 Ma3ywHaa no4ka
Sudheesh et al., 126,335 (Kaspa), 1106 (Kaspa), 809 (Kaspa) HasemHblie u
2015; 145,730 (Parafield) 1083 (Parafield) 797(Parafield) noA3eMHble YacTun

B3POC/IOr0 pacTeHus, a
TaK»Ke NPopOCTOK

Zhukov et al., 2015 58,397 (knybeHnek) 37,287 1282 (knybeHek) 881 (knybeHek) Knyb6eHbKN 1 KopHU
(KopeHb) 1260 (KopeHb) 841 (KopeHb)



Multimappers

BbipaBHMBaAHME Ha pa3Hble MMEOLWMECA TPAHCKPUNTOMbI, @ TaKKe
TPAHCKPUATOMbI, YyMEHbLUEHHbIE UM 0ObeANHEHHbIE C MOMOLLLBIO
nporpammsl Dedupe

]
Tissue_organ
@ Al_together
D Axillary_buds
oy . Module
Ddas ® @ Nodule and_axillary_buds
. Root
25 - Deep Purple is the best
®
Dds0 SaTo Dd8s0o
@
®
B8 50 92 94

Aligned_reads
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* Hantn onTumanbHbIN pedepPeHCHbIN TPaHCKPUNTOM U BbIPOBHATbL HA HEro
HaLWW pnabl

* [TonyunTb CNUCOK AnddepeHLMaNbHO IKCNPECCUPYIOLLLMXCA reHOB B Npobax
control, co5 n co8: nporpamma RSEM u naket DeSeq?2

* [lposectn Gene Enrichment Analysis



AHANM3 IN1aBHbLIX KOMIMOHEHT

PCA analysis of all samples

condition
cob

& cof
2 control

& batch
A # 2015
[ ] A 2017
1= Hm 2018

PCZ: 23% varance

10 a
PC1L. 629 variance
MeToabl: DeSeq2 (R)



[eHbl C UBMEHEHHbIM YPOBHEM 3KCMpeccnn B obpasuax co5 m co8 no

CPABHEHMUIO C KOHTPOIEM

co5 co8

batch batch
[/ 1 ¥ condition Y - 12015 batch

gb|GDTM01037978.1| AMO_PEA RecName: Full=Primary amine oxidase 2017 BT condition
gh|GDTM01001324.1| eukaryotic aspartyl protease family protein 05 ” 2018
gb|GDTMO01045531.1| peroxidase ' -
A ; ) ) condition
gb|GDTM01011282.1| alanine-glyoxylate aminotransferase-like protein A
gb|GDTMO01033425.1| cationic peroxidase 0 gh|GDTM01004413.1| pathogenesis-related protein PR10
gh|GDTM01038025.1| putative tonoplast intrinsic protein o6
gb|GDTMO01004812.1| aquaporin TIP2 05

gb|GDTM01015011.1| PIP2_PEA RecName: Full=Probable aquaporin PIP-type 7a
gb|GDTM01018126.1] -
gb|GDTM01021446.1| lipoxygenase

gb|GDTMO1000475.1| Kunitz type trypsin inhibitor / Alpha-fucosidase
| gb|GDTMO01010536.1| dormancy-associated protein
gb|GDTM01037575.1| putative plasma membrane intrinsic protein gHIeOTMOI035299.1]. projine:nchipratein
gh|GDTMO01006684.1| PREDICTED: cationic peroxidase 1-like
. gb|GDTM01045077.1| pathogenesis-related protein 10a
. gb|GDTM01052771.1| PREDICTED: extensin-2
gh|GDTMO01053444.1| lipoxygenase
| gb|GDTMO01005553.1] AMYB_VIGUN RecName: Full=Beta-amylase
ﬁ gb|GDTMO01015543.1| hydroxyproline rich glycoprotein PsHRGP1
gb|GDTM01037460.1| lipoxygenase
gb|GDTMO01034326.1| vacuolar acid invertase Psl-1
b|GDTM01035336.1| pathogenesis-related protein bet V | family protein
gb|GDTM01014674.1| Serine/Threonine kinase
gb|GDTM01021407.1| classl chitinase
gh|GDTM01051674.1] -
gb|GDTM01054123.1| long-chain acyl-CoA synthetase
gb|GDTMO01043503.1| cytochrome P450 family 71 protein
gb|GDTMO01020784.1| Kunitz type trypsin inhibitor

gh|GDTMO1034080.1| subtilisin-like serine protease

| gb|GDTMO01004842.1| auxin-responsive AUX/IAA family protein
gh|GDTM01018290.1| albumin |
gb|GDTM01018352.1| PREDICTED: cold-regulated 413 plasma membrane protein 1

-1

] conooaq
s 558355
oooooo0
gggo0s w88 8
22399 2eg
§_§‘§_rm-w Wik
()
X =R

gb|GDTMO1004090.1] PREDICTED: B3 domain-containing protein At5g42700-like

gh|GDTMO01044073.1] glycoside hydrolase family 18 protein

batch
1 2015
2017
05 2018
condition
0 control
co8
05
-1

MeToabl: DeSeq2 (R), p<0,1, LFC >0,2
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* Hantn onTumanbHbIN pedepPeHCHbIN TPaHCKPUNTOM U BbIPOBHATbL HA HEro
HaLWW pnabl

* [TonyunTb CNUCOK AnddepeHLMaNIbHO SKCNPECCUPYIOLLLMXCA reHOB B Npobax
control, co5 u co8

* [TpoBectn Gene Enrichment Analysis: naket GSEABase



Gene Enrichment Analysis

AHHOTauuA B TepmnHax KEGG: 4951 n3 15238 reHos,

IKcnpeccupyrowmxca B KopHax (oK. 32%)

AHHOTaumnAa B TepmunHax GO: 11963 ns 15238 reHos,

3KCNPECCUPYIOLLIMXCA B KOPHAX (OK. 79%)



Pathways

oxidoreductase activity, acting on the CH-NH2 group of donors 5

GO enrichment: co5 versus control

methyl indole-3-acetate esterase activity -
methyl jasmonate esterase activity -
aromatase activity -

glucose-6-phosphate dehydrogenase activity -
primary amine oxidase activity -

phenylalanine ammonia-lyase activity 4
protein-disulfide reductase activity -
naringenin-chalcone synthase activity -

chitin binding -

glucuronosyltransferase activity -

histone methyltransferase activity (H3-K4 specific) -
chitinase activity -

aldose 1-epimerase activity <

quinone binding -

xyloglucan:xyloglucosyl transferase activity -
linoleate 13S-lipoxygenase activity -

quercetin 4'-O-glucosyltransferase activity -
thiolester hydrolase activity -

glutathione transferase activity -
guercetin 3-O-glucosyltransferase activity -

pectinesterase activity 1
histone methyltransferase activity -

protein-lysine N-methyltransferase activity- @

oxidoreductase activity, acting on single donors with incorporation of molecular oxygen+ .

phospholipid-translocating ATPase activity -
N-methyltransferase activity 1 @

| Down-regulation Up-regulation
[ ]
®
[ ]
]
e
®
®
@
[
[
@
@
[
@
[
®
®
[
®
®
5 10 15 20 5 10 15 20
OddsRatio

MeTtoabl: GSEABase (R), p<0,01, LFC >1, OddsRatio > 2

Pvalue
0.008
0.006
0.004

0.002

o
®
®
® v
®

1z



GO enrichment: co8 versus control

octanoyltransferase activity-

nucleoside diphosphate kinase activity-

cis-zeatin O-beta-D-glucosyltransferase activity-

NAD(P)H oxidase activity-

Pathways

quinone binding-

transcription regulatory region DNA binding-

histone-lysine N-methyltransferase activity-

Down-regulation Up-regulation
[ ]
@
@
[ ]
@
&
25 5.0 7.5 10.0 125 25 50 75 10.0 125
OddsRatio

MeTtoabl: GSEABase (R), p<0,01, LFC >1, OddsRatio > 2

Pvalue

Count
® 4
® s
®:
® v



KEGG enrichment: co5 versus control

Down-regulation Up-regulation
D-Glutamine and D-glutamate metabolism- '
Isoflavonoid biosynthesis- .
cGMP-PKG signaling pathway .
Cutin, suberine and wax biosynthesis- B
Pyruvate metabolism;- o
Linoleic acid metabolism . i
Isoquinoline alkaloid biosynthesis- . ® s
Glutathione S-transferase- ® : -
ABC transporters; e _—
Receptor-like kinases:- ° 0.04
Pantothenate and CoA biosynthesis: 0 Zzz
Flavonoid biosynthesis- ° i
Plant-pathogen interaction ®
p53 signaling pathway{ -«
Phenylalanine, tyrosine and tryptophan biosynthesis °
MAPK-signaling pathway — plant °
Phenylpropanoid biosynthesis: ®
Plant hormone signal transduction{ @

Pathways

10 20 30 40 10 20 30 40
OddsRatio

HeKkoTopble Ha3BaHMsA nyTen H6bin

MeTopabi: GSEABase (R), p<0,05, LFC >1, OddsRatio > 1,2 afanTUPOBaHbI ANA PaCTeHUI



KEGG enrichment: co8 versus control

Down-regulation

Up-regulation

cGMP-PKG signaling pathway
Inositol phosphate metabolismj
Lipopolysaccharide biosynthesis
Vesicular transport;

Autophagy — other

Histone-lysine N-methyltransferase

Brassinosteroid biosynthesis

Pathways

ABC transporters
Galactose metabolismj
Receptor-like kinases:

NF-Y transcription factors regulation

Peroxisome-

Plant hormone signal transduction

10

OddsRatio

10

Count
® 5
® w
® s

Pvalue

0.04
0.03
0.02
0.01

HekoTopble Ha3BaHWA nyTen bbian
afanTUpOBaHbl ANA PacTeHUM

MeToabi: GSEABase (R), p<0,05, LFC >1, OddsRatio > 1,2



BbiBOAbI

* MonyyeH  pedepeHCHbIn  TPAHCKPUNTOM AN  BblpaBHUBAHMA  Pe3y1bTaToB

CEKBEHUpPOBaAHUA KopHen Pisum sativum

 CornacHo pe3ynbTaTam aHanm3a andbdepeHUManbHON 3SKCNpPeccum reHoB M aHanNm3a
oborauwieHna Habopamu reHoB, oA BAUAHMEM 06pPabOTKM XUTOOAMTOCaXxapmnagamm cos um
CO8 B KOPHAX ropoxa aKTUBMPYHOTCA HAbOpbl reHOB, OTBEYAloWMX 3@ B3aMmogencresme
“napasnt-xo3amnH”, cBA3bIBaHME W pacCLUenIeHne XUTUHA, a TaKXKe MHOTrOYMCNEHHbIE
CUrHa/ibHble MyTU, BKAOYawlWwMe B cebss PUTOrOpMOHbI, PeuenTopHble KUHa3bl U

TPAHCKPUNLUMNOHHbIE GaKTOPbI



GO annotation - 3anacHou chana!

GO Domain

A
L

Enzume
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