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Abstract

Perception of microbe-associated molecular patterns (MAMPS) by cell surface localized
pattern recognition receptors (PRRS) triggers pattern-triggered immunity (PTI). PTI is
associated with massive, rapid transcriptional reprogramming that occurs within 30 min after
MAMP perception. However, it remains unclear how signal for MAMP recognition at the
plasma membrane is relayed into the nucleus to trigger transcriptional reprograming. |
hypothesized that investigating nuclear and total protein abundance changes during PTI would
provide insights into this. However, existing protocols for nuclear isolation required for nuclear
proteomics have shortcomings. In this study, | modified a nuclear isolation protocol to facilitate
detection of nuclear proteins in Arabidopsis thaliana. Mass spectrometry-based comparison
with an existing nuclear isolation protocol showed that my method not only increased detection
of nuclear proteins but also reduced contaminants, especially plastidial proteins compared with
the previous protocol. | used this method to investigate nuclear protein dynamics during the
MAMP flg22-induced PTI. | found that flg22-induced PTI resulted in significant changes in
nuclear protein abundances with distinct responses at different time points. For instance, the
transcription factor WRKY47 showed increased abundance in the nucleus at 3 and 9 h after
flg22 treatment but was not detected in the total fraction. Consistently, mutant plants deficient
in WRKY47 showed compromised resistance against a bacterial pathogen. These results point
to the significance of nuclear proteomics. In addition, by comparing nuclear and total proteome
changes upon flg22-treatment, | found proteins showing signatures of movements between the
cytosol and nucleus including the kinases- NADK1 and PCRK1 showing signatures of nuclear
import and a phosphatase- MKP1 and a transcription factor TOE1 showing signatures of
nuclear export. | also profiled nuclear and total proteomes at earlier time points to investigate
protein abundance changes which likely precede transcriptional reprogramming. A hypothesis
for rapid transcriptional activation is de-repression: flg22 perception triggers inhibition or
disappearance of high-turnover negative regulators, which leads to transcriptional activation of
flg22-responsive genes. This is supported by the data that flg22 and the translational inhibitor
cycloheximide triggers highly overlapped gene expression changes. However, | found that
flg22 and cycloheximide triggered very different protein abundance changes, suggesting that
flg22 and cycloheximide do not share the same mechanism but do activate the common set of
genes. | found that nuclear proteome at 15 min after flg22-treatment showed downregulation of
a number of proteins including RIN4-a negative regulator of PTI, SSP5-a phosphatase and
transcriptional repressor, and MVQ1- a MPK3/6 substrate. Since, this downregulation was
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observed exclusively at 15 min in the nuclear fraction, downregulation of some of those proteins
may be important for transcriptional reprogramming in response to flg22. Taken together, this
thesis advances the field of nuclear proteomes in plants and provides insights into nuclear

protein dynamics during flg22-trigerred PTI.



1. Introduction

1.1  The plant immune system

In nature, plants are subjected to a wide variety of microbes. They can be pathogenic or
beneficial to plants (Agler et al., 2016; Hacquard et al., 2017; Berens et al., 2017). Plants have
evolved various mechanisms to recognize these microbes in order to stay healthy (Guan-Zhu,
2018).Plants have evolved pattern recognition receptors (PRRS) to sense microbial existence or
invasion (Couto and Zipfel, 2016; Wan et al., 2019b; Albert et al., 2020). The PRRs localizes
on the cell surface and recognize microbial molecules known as microbe-associated molecular
patterns (MAMPS). This recognition results in pattern-triggered immunity (PTI) (Tsuda and
Katagiri, 2010). These MAMPs are evolutionarily conserved and usually indispensable
microbial components that cannot be easily changed (Cook et al., 2015; Erbs and Newman,
2012; Boller and Felix, 2009). Plants can also mount PTI-like immunity by recognizing plant-
derived damage-associated molecular patterns (DAMPs) via PRRs (Couto and Zipfel, 2016;
Gust et al., 2017).

Evolution enabled several adapted pathogens to enhance their virulence via acquiring
pathogen effector molecules to suppress PTI resulting in effector-triggered susceptibility (ETS)
(Jones and Dangl, 2006). As a counter defense, plants have acquired a second branch of
immunity, called effector-triggered immunity (ETI), in which pathogen effector molecules are
recognized by intracellular receptors, typically belonging to nucleotide-binding leucine-rich
repeat (NLR) family proteins (Jones and Dangl, 2006; Cui et al., 2015; Guan-Zhu, 2018). The
NLRs can be grouped as sensor NLRs or helper NLRs (Tamborski and Krasileva, 2020). Sensor
NLRs can directly recognize effectors or indirectly recognize effector by monitoring host
proteins called guardees or decoys. The helper NLRs assist sensor NLRs or other NLRs for
immune activation. Some NLRs have an integrated decoy domain which mimics important
plant immune proteins, such as WRKY transcription factors, and serves as sensor for effector
to trigger ETI (Sarris et al., 2015; Le Roux et al., 2015). These sensor NLRs monitors the
guardees or decoys that alone are not sufficient to trigger ETI (Kourelis and Hoorn, 2018). For
example, the P. syringae effector HopZ1a interacts with the plasma membrane associated
receptor like cytoplasmic kinases (RLCK) ZED1. HopZ1a interaction with ZED1 is required
for recognition of HopZ1a by the NLR ZAR1 (Lewis et al., 2013). However, ZED1 alone does
not contribute to immunity against P. syringae in the absence of ZAR1 suggesting a decoy

function of ZED1. PTI and ETI share common signaling components, but ETI is more robust
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compared to PTI and is often associated with rapid cell death response to restrict growth of
some pathogens (Tsuda and Katagiri, 2010). Thus, PTI and ETI represents two branches of
plant immunity which help plants to fight against pathogens.

The role of plant immunity in detecting and regulating pathogenic microbes has been
widely studied. However, plant immunity also plays an important role in shaping the plant
microbiota (Teixeira et al., 2019; Fitzpatrick et al., 2020). Like pathogens, non-pathogenic or
beneficial microbes can also suppress or evade plant immunity in order to successfully colonize.
They do so by variation or degradation of MAMPSs, changing lifestyle or by altering the
surrounding environment to escape detection (Teixeira et al., 2019; Fitzpatrick et al., 2020).
For instance, plant growth promoting rhizobacteria (PGPR) was found to have beneficial or
deleterious effects on A. thaliana dependent on phosphate availability (Morcillo et al., 2020).
Another study found that PGPR can lower soil pH to suppress immunity and facilitate root
colonization (Yu et al., 2019). A recent study showed that A. thaliana roots can utilize both
MAMPs and DAMPs signals in order to activate antibacterial defense specifically against

pathogenic bacteria but not against commensal bacteria (Zhou et al., 2020a).

Furthermore, PTI was shown to regulate the phyllosphere microbiota composition in A.
thaliana. A quadruple mutant- mfec (lacking MIN7 involved in vesicle trafficking pathway and
lacking PRRs- FLS2, EFR, CERK1) was found to have reduced endophytic microbial diversity
compared to Col-0 plants (Xin et al., 2016; Chen et al., 2020). Additionally, relative abundance
of Firmicutes were greatly reduced and that of Proteobacteria increased in mfec mutant
compared to Col-0 showing importance of PTI in regulating the microbiota composition. Thus,
plant immune system not only help plants against pathogenic microbes but plays an important

role in regulating the microbiota.

1.2  Pattern-triggered immunity (PTI)

Until now several PRR-MAMP pairs have been identified and widely studied. PRRs can
be receptor kinases (RKs) or receptor-like proteins (RLPs) (Couto and Zipfel, 2016; Wan et al.,
2019a; Albert et al., 2020). RKs consist of a ligand binding extracellular ectodomain, a single
transmembrane domain and an intracellular cytoplasmic kinase domain. The RKs differ from
RLPs that lack an intracellular kinase domain or any other domain capable of intracellular signal
transduction. Therefore, RLPs depend on other RKs for downstream signaling. PRRs are also

categorized based on what kind of ligand-binding ectodomain they contain. PRRs recognize a
11



wide variety of MAMPs. For instance, PRRs containing a Leucin-rich repeat (LRR) ectodomain
bind proteins or peptides, PRRs containing lysine motifs (LysM) bind carbohydrate-based
ligands, PRRs containing lectin-type ectodomain bind ATP and, PRRs containing epidermal
growth factor (EGF)-like ectodomains bind cell wall derived oligogalacturonides (Couto and
Zipfel, 2016; Albert et al., 2020).

The microbial MAMPs are often required for microbial fitness. The MAMPSs cannot be
easily changed which is exploited by plants (Cook et al., 2015; Erbs and Newman, 2012; Boller
and Felix, 2009). For instance, flg22 is a 22 amino acid peptide derived from bacterial flagellin
and is recognized by the LRR-RK FLAGELLIN-SENSING2 (FLS2) in most land plants (Felix
et al., 1999; Gomez-Gomez and Boller, 2000; Guan-Zhu, 2018). EIf18 is the N terminus, 18
amino acid long, peptide from the bacterial elongation factor Tu (EF-Tu) and is recognized by
the LRR-RK EF-TU RECEPTOR (EFR) (Kunze et al., 2004; Zipfel et al., 2006). Other
bacterial MAMPs include bacterial cell wall forming peptidoglycans (PGN) and bacterial
medium-chain 3-hydroxy fatty acids. In A. thaliana PGN is recognized via the LysM domain
containing RLPs, LysM DOMAIN PROTEIN 1 and 3 (AtLYM1 and AtLYM3) (Zipfel, 2014).
Lipopolysaccharides (LPS) was previously reported to be recognized by a S-lectin domain
containing RK LIPOOLIGOSACCHARIDE-SPECIFIC REDUCED ELICITATION
(AtLORE) which senses the conserved lipid A (LA) moiety of bacterial LPS (Ranf et al., 2015).
However, recently it was found that AtLORE recognizes bacterial medium-chain 3-hydroxy
fatty acids that co-purifies with LPS and may not LPS itself (Kutschera et al., 2019).

Among MAMPs of fungal origin, chitin is the most extensively studied. Chitin is
perceived differently in different species. In A. thaliana, chitin is recognized by a heterodimer
consisting of the LysM-RKs CHITIN ELICITOR RECEPTOR KINASE 1 (CERK1) and
LysM-CONTAINING RECEPTOR KINASE 5 (LYKS5) which is primary chitin receptor in a
ligand dependent manner, and partially by LysM-CONTAINING RECEPTOR KINASE 4
(LYKA4) that constitutively interacts with LYKS5 leading to dimerization and phosphorylation
of CERK1 leading to downstream signalling (Cao et al., 2014; Xue et al., 2019; Liu et al.,
2012b). In Rice, chitin is recognized by LysM-RLP chitin-elicitor binding protein (OsCEBIP)
together with OsLYP4 and OsLYP6 which has dual specificity for both chitin and PGN (Liu
et al., 2012a; Kouzai et al., 2014). CEBIP is a LysM-RP that lacks intracellular kinase domain
and requires rice chitin-elicitor receptor kinase 1 (OsCERKZ1), which has an intracellular kinase

domain, to activate chitin signalling.
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Additionally, there are several MAMP-PRR pairs in other plant species. For instance, in
Solanum lycopersicum the LRR-RK FLS3 recognizes a different flagellin epitope, flgll-28. The
tomato LRR-RK COLD SCHOCK PROTEIN RECEPTOR (CORE) recognizes the csp22
epitope of the bacterial cold-shock protein (CSP). In Nicotiana benthamiana csp22 is
recognized by the LRR-RLP Nicotiana benthamiana RECEPTOR-LIKE PROTEIN
REQUIRED FOR CSP22 RESPONSIVENESS (NbCSPR) (Hind et al., 2016; Saur et al., 2016).
However, Wang et al. 2016 reported that ectopic expression of NoCSPR under 35S promoter
in N. benthamiana did not respond to csp22 as measure by oxidative burst assay. Instead, a
CORE homologue-NbCORE with 79% amino acid identity in N. benthamina was shown to be
responsive to csp22(Wang et al., 2016). Inrice, LRR-RK OsXA21 recognizes the Xanthomonas
oryzae pv. oryzae (Xo00) RaxX protein (Pruitt et al., 2015, 2017).

MAMP recognition by the PRRs leads to several downstream PTI responses that are
temporally regulated. For instance, PRR activation leads to rapid phosphorylation and
activation of downstream components leading to production of reactive oxygen species (ROS),
calcium influx, activation of mitogen-activated protein kinases (MAPKSs) and calcium-
dependent protein kinases (CDPKSs) pathways that are central to phosphorylating and activating
downstream components, such as transcription factors (TFs), leading to transcriptional
reprograming. However, it is mostly unknown where components of PTI signaling interact that
leads to signal transduction inside the nucleus. For instance, whether MAPKs or CDPKs
phosphorylate transcription factors (TFs) in the cytosol which in turn moves inside the nucleus
or MAPKs or CDPKs themselves move inside the nucleus to phosphorylate TFs leading to
transcriptional reprograming is still unknown. It is conceivable that some factors move from
the cytosol to the nucleus to trigger transcriptional reprogramming which still needs to be
identified.

1.3  Flg22 signaling

1.3.1 Flg22 perception and early signaling events

In A. thaliana, flg22 is sensed by the LRR-RK FLS2 that is associated with SOMATIC
EMBRYOGENESIS RECEPTOR KINASE (SERK) family co-receptors BRI1-ASSOCIATED
RECEPTOR KINASE 1 (BAK1, also known as SERKS3), and BAKI1-LIKE1/SERK4
(BKK1/SERK4) on the plasma membrane (Chinchilla et al., 2007; Roux et al., 2011; Schulze et
al., 2010). The flg22 binding to FLS2 is contributed by LRRs 3-18 which forms a binding
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groove in FLS2 where flg22 makes contact (Sun et al., 2013). Upon binding of flg22, FLS2
heterodimerizes with BAK1 within minutes (Boller and Felix, 2009; Chinchilla et al., 2007,
Sun et al., 2013). Heterodimerization of FLS2 and BAK1 leads to their rapid phosphorylation
initiating the intracellular signaling (Schulze et al., 2010; Schwessinger et al., 2011; Cao et al.,
2013). FIg22 acts like a “molecular glue” which stabilizes FLS2-BAK1 complex upon flg22
binding. The functional importance of BAK1 was shown via A. thaliana bakl mutants that
showed reduced flg22 response measured by reduced ROS production and higher susceptibility
to weakly virulent bacterial strain, such as- Pseudomonas syringae pv. tomato DC3000 (Pto
DC3000) without effector proteins or coronatine, compared to Col-0 (Roux et al., 2011). In
addition to BAK1, another FLS2 co-receptor- BAK1-LIKE1/SERK4 (BKK1) is required for
full activation of flg22 response (Roux et al., 2011). The bak1/-bkk1 double mutants was found
to have a greater reduction in flg22 responses, such as, reduced ROS production, MAPK

activation, and defense gene induction compared to single mutants.

FLS2-BAK1 complex formation is tightly regulated to prevent mis-activation in
absence of pathogen or prolonged activation of immune responses (Zhou and Zhang, 2020).
For instance, flg22 induced FLS2-BAK1 complex formation is inhibited by BAK1-
INTERACTING RECEPTOR-LIKE KINASE 2 & 3 (BIR2 & BIR3) that constitutively
associates with BAK1 in absence of flg22 (Gao et al., 2009; Halter et al., 2014; Imkampe et al.,
2017). In the presence of flg22, BAK1 is released and can initiate complex formation with FLS2
to allow flg22 triggered signalling. Recently, nuclear shuttle protein (NSP)-interacting kinase
1 (NIK1), a RK, was found to negatively impact flg22 induced PTI responses, such as, MAPK
activation and induction of defence marker genes- PP2C and WRKY29. The nik1-1 knockout
mutants were more resistant to Pto DC3000 and P. syringae pv. maculicola (Psm) ES4326 (Li
et al., 2019a). In the absence of flg22, NIK1 is associated with FLS2 and BAK1 to negatively
regulate mis-activation of immune response. Interestingly, since NIK1 remains associated with
FLS2/BAK1 irrespective of flg22, it was proposed that in presence of flg22, NIK1 would bind
more tightly to FLS2/BAK1 and negatively regulates prolonged PTI activation (Li et al.,
2019a). The phosphorylation of PRRs is critical for their activation, therefore, several protein
phosphatases directly regulate PRR activation via inhibiting phosphorylation. For instance,
phosphatases type 2C (PP2Cs) are important negative regulators of PRR complex formation
(Felix etal., 1994; Chandra and Low, 1995). In A. thaliana, overexpression of kinase-associated
protein phosphatase (KAPP) leads to reduced flg22 responsiveness and was found to be
associated with the cytoplasmic domain of FLS2 in yeast-two-hybrid assay (Gémez-Gomez et

al., 2001). Another A. thaliana protein phosphatase type 2A (PP2A) was found to be
14



constitutively associated with the FLS2 co-receptor BAK1 in planta (Segonzac et al., 2014).
Flg22 treatment reduced BAK1-associated PP2A activity and treatment with PP2A inhibitor,
cantharidin, could induce BIK1 phosphorylation and ROS production which suggests a

negative role of PP2A during PTI response (Segonzac et al., 2014).

In addition to the LRR-RKs discussed above there are other FLS2 interacting partners.
For instance, the plasma membrane localized LRR-RK- IMPAIRED OOMYCETE
SUSCEPTIBILITY1 (I0S1) interacts constitutively with FLS2 and its co-receptor BAK1. I0OS1
was shown to be important for early MAMP-responses, such as, induction of the PTI-marker
gene FLG22-INDUCED RECEPTOR-LIKE KINASE 1 (FRK1), callose deposition and, MAPK
activation by positively regulating the FLS2-BAK1 complex formation during MAMP
treatment (Yeh et al., 2016). Beside 10S1, a recently identified co-receptor is the malectin-like
receptor kinase FERONIA (FER) that serves as a scaffold protein and facilitates interaction of
PRRs, such as, FLS2 and EFR with their co-receptor BAK1 (Stegmann et al., 2017). Recently,
FER was shown to regulate FLS2-BAK1 association independent of its kinase activity and
regulates FLS2 mobility in plasma membrane nanodomains (Gronnier et al., 2020). Another
plasma membrane localized and, FLS2 and EFR associated receptor is the LORELEI-LIKE
GPI-ANCHORED PROTEIN 1 (LLG1), which is also a co-receptor of FER and promotes
interaction with BAK1 in a ligand dependent manner (Shen et al., 2017; Xiao et al., 2019).
LLG1 also contributes to flg22 activated downstream signaling and PTI responses, such as,
BOTRYTIS-INDUCED KINASE 1 (BIK1) phosphorylation and reactive oxygen species
(ROS) production (Shen et al., 2017). Thus, flg22 perception involves a complex association

among receptors and coreceptors for a successful perception and signaling.
1.3.2 Signaling downstream of FLS2- from the plasma membrane to the cytosol

Activation of PRRs following MAMP perception leads to activation of several
downstream signalling cascades such as phosphorylation and activation of RLCKs, ROS
production, Ca*? influx across plasma membrane, MAPKs, CDPKs cascades, and
heterotrimeric G proteins (Tang et al., 2017). RLCKSs are important intracellular components
of downstream signalling which phosphorylate and activate downstream components (Zhou
and Zhang, 2020). In A. thaliana, an important member of the RLCK family is BIK1 which is
associated with FLS2 in absence of flg22. Upon flg22 perception, BIK1 associated with
FLS2/BAK1 complex is phosphorylated by BAK1 releasing BIK1 from the plasma membrane.
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Activated BIK1 plays a crucial role during signalling from plasma membrane
downstream of several receptor kinases such as FLS2, EFR, PEPRs and, CERK1 (Tang et al.,
2017). For instance, BIK1 and a RLCK VII member- PBS1- LIKEL (PBL1) are required for
flg22 triggered activation of calcium channel and Ca*? influx in cytoplasm (Ranf et al., 2014;
Tang et al., 2017). In A. thaliana, CNGC2 and CNGC4 form a heteromeric calcium-permeable
channel that is kept under a resting state by calmodulin CAM7 (Zhou and Zhang, 2020). Flg22
binding leads to phosphorylation of CNGC4 by BIK1 that activates the calcium channel and
positively regulates flg22-induced ROS burst (Tian et al., 2019). BIK1 facilitates flg22-induced
ROS production by phosphorylating the RESPIRATORY BURST OXIDASE HOMOLOGUE
PROTEIN D (RBOHD) (Kadota et al., 2014; Li et al., 2014). Being an important signalling
component, BIK1 protein level is regulated by protein turnover. In A. thaliana, CPK28
regulates proteasomal-dependent turnover of BIK1 (Monaghan et al., 2014). Additionally, ROS
production is regulated by calcium-dependent kinase 5 (CPK5) that phosphorylates N-terminus
of RBOHD and is itself activated by increased cytosolic Ca*? regulated by cyclic nucleotide-
gated channel (CNGCs) (Delormel and Boudsocq, 2019; Tian et al., 2019). Recently, it was
shown that a CYSTEINE-RICH RK (CRK?2) is required for MAMP triggered ROS production
(Kimura et al., 2020). CRK2 remains associated with RBOHD. Upon flg22 treatment, C-
terminus in RBOHD is phosphorylated by CRK2, which is necessary for ROS production and
defence against Pto DC3000. On the other hand, RBOHD itself is under tight regulation via
AvrPphB SUSCEPTIBLE1-LIKE13 (PBL13). PBL13 is a member of RLCK-VII family, that
associates and phosphorylates RBOHD in absence of flg22 and negatively impact ROS
production (Lin et al., 2015). Other RLCKSs interacting with FLS2 are PTI-COMPROMISED
RLCK 1 (PCRK1) and PCRK2 which are important for flg22-triggered salicylic acid (SA)
accumulation and resistance against bacterial pathogens. Additionally, BRASSINOSTEROID
SIGNALING KINASE 1 (BSK1) of RLCK XII family also associates with FLS2 and is
required for flg22-induced ROS production (Shi et al., 2013).

The signal transduction downstream of RLCKs are also mediated via phosphorylation
and activation of MAPKs and CDPKSs that are crucial early signalling events downstream of
PRRs (Tena et al., 2011). In A. thaliana two distinct MAPK pathways are activated within
minutes after flg22 perception. The first pathway comprises of MPK4 and MPK11 which are
activated by upstream MAPK kinases- MKK1/MKK2 that are activated by MAPK kinase
kinase- MEKK1 and MEKK2. The second pathway comprises of MPK3 and MPK6 which are
activated by upstream MAPK kinases- MKK4/MKKS5 that are activated by MAPK kinase

kinase- MAPKKK3 and MAPKKKS5 (Zhou and Zhang, 2020). RLCKs are also shown to
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directly regulate MAPK cascade downstream of PRRs. For instance, BSK1 was shown to
interact with and phosphorylate MAPKKK5 and the bskl mutant showed reduced
phosphorylation of MAPKKKS5 compared to Col-0, which demonstrates a direct connection
between plasma membrane-localized receptor activation to cytosolic MAPK cascade activation
(Yan et al., 2018). Moreover, phosphorylation of MAPKKK5 was necessary for immunity
against bacterial and fungal pathogens. Additionally, MPKKKS5 phosphorylates several MKKs,
such as, MKK4/5. In turn, MKK4/5 phosphorylate MPK3/6 which are important for
downstream PTI induced transcriptional reprogramming. A previous report claimed that
phosphorylation of MAPKKKS5 by a RLCKVII-1 family member- PBL27, was required for
initiating chitin-induced activation of MAP kinase signalling cascade (Yamada et al., 2016).
However, subsequent report claimed RLCKVII-4 family members to phosphorylate
MAPKKKS5 at Ser-599 which is required for MAMPs-flg22, efl18, chitin, Pep2 induced
MPK3/6 activation (Bi et al., 2018). MPK3/6 have been described to have redundant roles and
positively regulate plant immunity (Su et al., 2017; Zhang et al., 2018). Thus, RLCKSs
constitutes an important link connecting downstream signalling after PRR activation at the

plasma membrane during PTI.

Another class of kinases are the calcium dependent protein kinases (CDPKSs) that are
rapidly phosphorylated upon flg22 treatment, such as CDPK4/5/6/11 (Boudsocq et al., 2010).
Transcriptional induction of flg22-responsive genes and flg22-induced ROS production were
completely abolished in cpk4cpk5cpk6éepkll quadruple mutants. CDPKs act like sensor of
increased cytosolic Ca*? produced due to variety of stresses. Due to presence of an N-terminal
serine/threonine kinase domain and a C-terminal CaM-like domain with EF-hand calcium
binding sites, CDPKs are effective signal transducers (Bigeard et al., 2015; Bredow and
Monaghan, 2019). CDPK5 was shown to be phosphorylated following flg22 or efl18 treatment
and RBOHD was identified as a substrate of CDPKS5 in response to flg22 (Dubiellaetal., 2013).
In the same study, CDPK5 and RBOHD was found to be required for flg22-induced activation
of PTI marker gene expression- NHL1 in distal untreated leaves and phosphorylation of
RBOHD was compromised in cdpkb mutants. CDPK28 was found to associate and
phosphorylate BIK1, a key RLCK downstream of several PRRs, to regulate BIK1 protein
turnover and negatively regulate PTI (Monaghan et al., 2014). BIK1 protein accumulation was
enhanced in cdpk28 mutants and was reduced in CDPK28 overexpressing lines. Activation of
CDPKs and MAPKSs leads to one of the hallmarks of PTI response-nuclear transcriptional
reprograming. Thus, CDPKs and MAPKSs constitutes crucial intermediators connecting signal

transduction from cytosol into the nucleus described in later sections.
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1.3.3 Signaling downstream of FLS2- from the cytosol to the nucleus

The MAPKSs and CDPKs mediate the intracellular signalling from cytosol to the nucleus
upon pathogen perception by the PRRs. They have several substrates, such as TFs, other kinases
that leads to one of the hallmarks of PTI response which is transcriptional reprograming. For
instance, a comparative transcriptome analysis of mpk3, mpk4, and mpk6 mutants found that
36% of flg22-upregulated genes and 68% of flg22-downregulated genes were affected in at
least one of the mpk mutants (Frei dit Frey et al., 2014). MAPKSs are known to interact and
phosphorylate variety of TFs, such as, basic region/leucine zipper motif (bZIP), basic helix-
turn-helix (bHLH), MYB, WRKY and, APETALA2/ETHYLENE-RESPONSE ELEMENT
BINDING FACTOR (AP2/ERF) (Tsuda and Somssich, 2015; Zhang et al., 2018). For instance
in A. thaliana, flg22 triggered activation of a bZIP transcription factor VIP1 via MAPKS3 leads
to its re-localization from the cytosol to the nucleus where it mediates the expression of
PATHOGENESIS-RELATED1 (PR1) and MYB44 (Djamei et al., 2007; Pitzschke et al., 2009).
Similarly, MPK3/6 are known to phosphorylate MYB44 that induces the WRKY70 which
regulates SA and JA mediated transcriptional responses (Persak and Pitzschke, 2013; Shim et
al., 2013). Additionally, several WRKY TFs are identified as potential targets of MPK3/6. For
instance, WRKY33 is phosphorylated via MPK3/6 which induces CYP71A13 and PAD3
involved in camalexin biosynthesis. Unlike phosphorylation dependent nuclear re-localization
of VIP1, MYB44 localizes in the nucleus with MPK3 and MKKA4, irrespective of its
phosphorylation status. Thus, one of the fundamental questions in plant immunity is in which
subcellular location do MAPKs and TFs interact? MAPKs may phosphorylate TFs in the
cytosol which then re-locate inside the nucleus similar to VIP1. Alternatively, MAPKs may
themselves translocate into the nucleus to phosphorylate transcription factors which in
turn induce transcriptional reprograming (Kim and Zhang, 2004). For instance, in animals
phosphorylation at a 3 amino acid domain (SPS) of extracellular signal-regulated kinase
(ERK)-2 was shown to induce its nuclear translocation (Wainstein and Seger, 2016). In
parsley, ERM kinase was reported to be translocated into the nucleus upon Pep-25 elicitor
treatment (Ligterink et al., 1997). It is conceivable that some factors move from the
cytosol into the nucleus to trigger transcriptional reprogramming. However, in plants

subcellular dynamics of MAPKSs upon pathogen perception is largely elusive.

Similar to MAPKs, CDPKs are also important mediators of transcriptional reprograming.

In A. thaliana, 70% of genes upregulated by ectopic expression of constitutively active CPK5
and CPK11 were also found to be upregulated by flg22 in microarray data. Recently, WRKY33
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was identified as a direct target of CDPK5 and CDPK6 regulating camalexin production
induced by Botrytis cinerea infection (Zhou et al., 2020b). Interestingly, WRKY33 is also
phosphorylated by MPK3/6 but at a different site than CDPK5/6 suggesting WRKY33 as a
common substrate regulating camalexin biosynthesis via specific phosphorylation of different
phosphosites (Zhou et al., 2020b; Mao et al., 2011). In addition, CDPKS5 was found to positively
regulate priming in non-infected leaves before secondary infections and results in SARD1
dependent enhanced accumulation of N-hydroxy pipecolic (NHP) acid which is a critical
regulator of systemic acquired resistance (SAR) (Guerra et al., 2020). Although several
instances about importance of CDPKSs in regulating TFs are known, however, subcellular

location of such interaction remains unknown.

Since the MAPKs/CDPKs rely on phosphorylation of their substrates for signal
transduction, phosphatases are crucial in controlling the activity of MAPKs/CDPKSs to regulate
immune responses. For example, overexpression of the protein phosphatase AP2C1 in A.
thaliana compromises flg22- and oligogalacturonides (OGs)-induced phosphorylation of the
MPK3/6 and, expression of FRK1 and At1g26380 (RetOx) but not of PHOSPHATE-
INDUCED1 (PHI1). Expression of FRK1 is regulated by MAPKSs, expression of RetOx is
regulated by MAPKs and CDPKs whereas expression of PHI is specifically regulated by
CDPKs (Galletti et al., 2011; Boudsocq et al., 2010). Thus, phosphatase AP2C1 specifically
de-phosphorylates MAPKSs. The phosphatase MITOGEN-ACTIVATED PROTEIN KINASE
PHOSPHATASE 1 (MKP1), was found to negatively regulate activation of MPK3 and MPKG®.
The mkpl mutants showed enhanced resistance to Pto DC3000 in an MPK6 dependent manner
(Anderson et al., 2011). Furthermore, upon elf26 treatment MPK6 phosphorylates MKP1
resulting in accumulation of MKP1 protein. MKP1 was proposed to be a high turnover protein
as demonstrated by increased accumulation of MKP1 after proteasome inhibitior-MG132
treatment (Jiang et al., 2017). Interestingly, protein phosphatases 2C (PP2Cs) were recently
shown to inactivate ABA induced MPK3/6 phosphorylation (Mine et al., 2017). Moreover, Pto
DC3000 was found to suppress MPK3/6 activation via induction of the PP2C- HAI1 to suppress
immunity. Therefore, protein phosphatases are important regulators of kinases and
corresponding immune responses. Nevertheless, similar to the CDPKs/MAPKS it is not known

in which subcellular location the phosphatases interact with their substrates.
1.3.4 FLS2-mediated transcriptional reprogramming in the nucleus

MAPKSs and CDPKs activation lead to nuclear transcriptional reprograming that results
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in production of antimicrobials to establish immunity. Transcriptional response to MAMPs-
flg22 and elf18 were found to be highly overlapping although they have different receptors
(Zipfel et al., 2006, 2004). An overlap of transcriptional response between flg22-induced
differentially expressed genes with other MAMPs and DAMPs like chitin, oligogalacturnoide
(OG) and peptidoglycan (PGN) was observed (Wan et al., 2008; Denoux et al., 2008; Gust et
al., 2007). Thus, different MAMP and DAMPs trigger largely overlapping transcriptional

response.

Transcriptional response is regulated via transcription factors that often act downstream
of MAPKs/CDPKs pathway that regulate the activity of transcription factors (Li et al., 2016).
The analysis of promoter sequences of flg22-induced genes and RKs showed overrepresentation
of W-box cis-acting DNA elements, that are binding site for WRKY TFs (Navarro et al., 2004;
Zipfel et al., 2004). The WRKY TFs may also be important to inhibit undue gene induction via
constitutively expressed WRKY TFs since induced WRKY gene expression was found to be
slightly upregulated in constitutive WRKY TF mutant, although the induction levels were lower
than that upon flg22 treatment. Since constitutive WRKY binding sites on induced WRKY
genes co-localizes with DNAse hypersensitive sites (DHSs) it was suggested that constitutive
WRKYSs act as repressors and are replaced by induced WRKY TFs upon induction via flg22
(Birkenbihl et al., 2018). Thus, WRKY TFs are important regulators during MAMP triggered
transcriptional reprograming. Another class of TFs overrepresented in the early PTI responsive
genes is the calmodulin-binding transcriptional activator (CAMTA) motifs which is important
for early PTI (Jacob et al., 2017). Previously, CAMTA3 was shown to be a negative regulator
of immunity based on elevated immune phenotype in camta3 knockout mutant (Du et al., 2009).
However, camta3 phenotype was later attributed to activation via two NLR proteins and a
guardee role of CAMTAS3 (Lolle et al., 2017). On the other hand, CAMTA3 was found to
positively regulate early stress response genes via a CAMTA binding motif, Rapid Stress

Response Element (RSRE), in response to various stresses including flg22 (Benn et al., 2014).

Being an important signalling point, TFs are under tight regulation. For instance, in the
absence of pathogen, WRKY 33 required for MAMP induced camalexin synthesis, is kept under
inhibition within a nuclear complex of MPK4 and VQ motif-containing protein (VQP) MKS1
(Qiuetal., 2008). Upon flg22 perception, MPK4 phosphorylates MKS1. The MKS1-WRKY33
complex is released from MKP4. This allows WRKY 33 to positively regulate transcription of
its target PHYTOALEXIN DEFICIENT3 (PAD3) which is required for synthesis of camalexin.
In a later study, WRKY33 was found to be phosphorylated by MPK3 and MPK6 and
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phosphorylation was necessary for pathogen induced camalexin production(Mao et al., 2011).
It will be interesting to know whether regulation of WRKY33 by MPK4 and MPK3/6 are as
well interconnected. MPK3/6-targeted-VQ-motif-containing protein 1 (MVQL) is another VQ-
protein that was found to be a negative regulator of several WRKY TFs. MVQL1 is degraded
upon flg22 treatment de-repressing WRKY TFs, thus allowing expression of target genes such
as NHL10 (Pecher et al., 2014). Thus, individual signaling components and their role in defense
signaling are getting more known. However, how TFs relay signal transduction inside the
nucleus, for instance, whether they move from the cytosol to the nucleus upon activation or get
activated inside the nucleus needs to be further investigated.

Some of the discoveries in plant immune signaling points towards several possibilities
which may further explain the mechanistic details of signaling from the plasma membrane to
the nucleus. For instance, whether MAPKSs and CDPKSs phosphorylate TFs in the cytosol and
phosphorylated TFs then translocate inside the nucleus, similar to VIP1. Alternatively, similar
to animal ERK2, whether plant MAPKs and CDPKs can themselves translocate inside the
nucleus where they phosphorylate TFs to regulate transcriptional reprogramming. It is
conceivable that some factors move from the cytosol to the nucleus to trigger transcriptional
reprograming. For instance, it was found that BIK1, which is associated with the plasma
membrane, also showed a nuclear localization (Lal et al., 2018). BIK1 was found to interact
with WRKY TFs-WRKY33, 50 and 57, in the nucleus, pointing to a mechanism that connects
PRR perception at the plasma membrane to transcriptional reprogramming in the nucleus (Lal
et al., 2018). However, since BIK1 nuclear localization is unaltered in both phosphodeficient
and phosphomimic versions it is still unclear how BIK1’s interaction with TFs is regulated upon
pathogen attack.

In addition to cytosol to nuclear translocation, chloroplast proteins are also known to be
re-located inside the nucleus to regulate nuclear encoded gene expression (Mullineaux et al.,
2020). For example, upon treatment with flg22, SA and, hydrogen peroxide chloroplasts were
found to induce stromal protrusion called stromules that surround the nucleus (Caplan et al.,
2015). The stromule frequency was found to correlate with a chloroplast protein- N-
RECEPTOR INTERACTING PROTEIN (NRIP1) that is required by the TIR-NB-LRR N
immune receptor to recognize TMV helicase protein p50 (Caplan et al., 2008, 2015). In
addition, it was later found that the perinuclear accumulation of stromules is specifically
directed towards the nucleus and is facilitated by microtubules and actin filament organization
during innate immune response (Kumar et al., 2018). Thus, stromule formation may be used by

other chloroplast proteins to get transported inside the nucleus upon pathogen attack. Another
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chloroplast localized protein PTM- a chloroplast envelope-bound plant homeodomain (PHD)
transcription factor, was found to show nuclear localization under photooxidative stress. Upon
various photooxidative stress inducing stimuli (norflurazon, lincomycin) PTM undergoes
proteolytic cleavage and its amino terminal translocate inside the nucleus to transmit chloroplast
signals to the nucleus, however, such signal transduction events are not known upon biotic
stresses (Sun et al., 2011).

Another example of nuclear translocation is the endoplasmic reticulum (ER) localized
EIN2 which is a positive regulator of ethylene signaling. EIN2 plays a central role in ethylene
signalling as in ein2 mutant are insensitive to ethylene (Ji and Guo, 2013). In the absence of
ethylene, EIN2 is kept phosphorylated by CTR1 preventing cleavage and translocation of EIN2
(Ju et al., 2012). In the presence of ethylene, ethylene receptors and CTRL1 are inactivated,
resulting in dephosphorylation, and cleavage of C-terminal part of EIN2. The cleaved C-
terminal part of EIN2 is translocated into the nucleus where it stabilizes EIN3 and activates
downstream signalling. During PTI, MPK3/6 phosphorylates the rate limiting ethylene
biosynthesis enzymes 1-aminocyclopropane-1-carboxylic acid synthases (ACS2 and ACS6)
which enhances ethylene production. Additionally, MPK3/6 phosphorylates WRKY 33 which
binds to the promoter of ACS2 and ACS6 to further enhance ethylene production (Tsuda and
Somssich, 2015).

In addition, to signalling components being translocated inside the nucleus to regulate
transcription, another hypothesis for quick and massive induction of flg22 responsive genes is
de-repression of transcription: at the basal state, transcription of flg22 responsive genes are
suppressed by a negative regulator(s) and upon flg22 perception, transcription is de-repressed
via removal or inactivation of such negative regulator(s). Previous studies suggested that de-
repression could be a mechanism to induce transcriptional reprogramming in response to flg22
as several flg22-responsive genes are also induced upon treatment with the protein synthesis
inhibitor cycloheximide (CHX) (Navarro et al., 2004; Jacob et al., 2017; Birkenbihl et al.,
2018). In this scenario, it has been proposed that translation of negative regulator(s), assumed
to be high turnover-proteins, is inhibited by CHX, which leads to reduced accumulation of the
negative regulator(s) resulting in activation of transcription of flg22 responsive genes.
Birkenbihl et al. 2018, investigating dynamics of WRKY TFs at both RNA and protein level
upon flg22 treatment found two classes of WRKYs- constitutive and induced. In untreated
samples constitutive WRKY s are bound to target genes. Upon flg22 treatment the constitutive
WRKYs are replace by induced WRKYSs suggesting a repressive role of the constitutive
WRKYSs during flg22 triggered transcriptional response. Protein translation inhibitors can
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similarly induce transcription of immune genes by blocking continuous synthesis of high turn-
over repressor proteins that are continuously degraded resulting in de-repression. Comparison
of transcriptome response by conditional expression of the CC-domain of barley Mildew
resistance locus A (MLAcc-) and CHX treatment showed 87% overlap among upregulated
genes (Jacob et al., 2017). This raises several possibilities. First, similar to CHX, MLAcc-
results in translation inhibition which leads to transcriptional activation via disappearance of
high-turnover negative regulators. Alternatively, MLAcc- and CHX activate common set of
genes via different mechanisms.

Similarly, overlapping gene expression induced by PTI and CHX might be due to PTI
inhibiting translation, and therefore PTI and CHX show similar gene expression profiles. On the
other hand, PTI may not inhibit translation but converges with CHX’s mode of action at some point

such as reduced accumulation of negative regulators of PTI-responsive genes.

1.4 Subcellular proteomics in plant immune system

Much of our current knowledge about plant immune responses are based on genetics and
transcriptomics studies (Zhou and Zhang, 2020; Albert et al., 2020). However, protein
abundance cannot always be explained by gene expression, therefore, our understanding of
plant immune responses at protein level is limited (Ali et al., 2014; Liu et al., 2016; Xu et al.,
2017). For example, half of the differentially abundant proteins in response to Phytophthora
infestans infection in potato (Solanum tuberosum) did not show corresponding change at the
transcriptome level (Ali et al., 2014). Thus, in order to understand protein level regulation of
plant immune responses proteomics is necessary. During the last decade, several proteomic
approaches were applied to understand protein dynamics during immune responses in plants.
Some of these studies analyzed total proteome (Jones et al., 2006; Wang et al., 2012; Parker et
al., 2013; Lassowskat et al., 2014) and other focused on proteomes of specific subcellular
organelles, such as, chloroplast and mitochondria (Jones et al., 2006), apoplast (Kaffamik et al.,
2009; Cheng et al., 2009; Strehmel et al., 2017), plasma membrane (Benschop et al., 2007;
Yadeta et al., 2017), cytoplasm (Rayapuram et al., 2018) and the nucleus (Fakih et al., 2016;
Howden et al., 2017) to investigate changes during plant defense response. Among these, total
phosphoproteome analysis to identify potential MAPK substrates in a dexamethasone (DEX)
inducible system, identified several putative MAPK substrates out of which only seven were
TFs-mostly WRKYSs, among substrates identified with potential roles in plant defense
(Lassowskat et al., 2014). On the other hand, another phosphoproteome analysis targeted to

nuclear proteome identified 156 out 198 phosphoproteins with the gene ontology term
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“nucleus” (Bigeard et al., 2014). This shows how targeted subcellular proteome analysis helps
in identification of low abundant nuclear proteins, such as, transcription factors. The protein
expression shows a wide range of protein abundances in any biological sample. Therefore, in
order to reduce the range of protein abundances, for instance via fractionation, supports
detection of low abundant proteins (Lundberg and Borner, 2019; Liu et al., 2019; Righetti and
Boschetti, 2020; Itzhak et al., 2016).

The challenging part in subcellular proteomics is to obtain pure organellar fraction. Thus,
proteins detected in a target organelle fraction may not be its true subcellular localization. Even
more challenging is to assign localization of proteins that have multiple subcellular localizations
such as signaling proteins. In order to assign protein localization and identify putative protein
movements several approaches were used, such as Protein Correlation Profiling (PCP),
localization of organelle proteins by isotope tagging (LOPIT), and Dynamic Organellar Maps
have been used (Krahmer et al., 2018; Dunkley et al., 2006; Itzhak et al., 2016). These methods
were used to produce organellar maps in mouse liver cells (PCP), A. thaliana callus (LOPIT)
and, HeLA cells (Dynamic Organellar Maps). These methods are conceptually similar but
differs in organelle separation technique and quantification method used. The cells are lysed to
release organelles which are them partially separated by gradient centrifugation. These fractions
have an overlapping proteome profiles and different organelles are represented by different
fraction. Next, MS profile of each fraction is obtained that yields abundance distribution profile
for each protein. Cluster analysis identifies protein groups with similar profiles. The profiles of
organellar marker proteins are compared with the clusters to identify which cluster represents
which organelle. Finally, the marker profile is used to train an algorithm that predicts
subcellular localizations of unknown proteins (Lundberg and Borner, 2019). All these methods
use multiple fractions to predict protein subcellular localization and protein movement where
the non-target fractions are used as a reference to filter out incorrect localization. My purpose
of including the total protein fraction together with nuclear protein fraction was to identify
signaling proteins from cytosol to the nucleus during PTI.

1.4.1 Nuclear proteomics in plant immune system

MAMP perception leads to a rapid nuclear transcriptional reprograming that ultimately
leads to PTI associated defense responses. Inside the nucleus, the compartmentalization of DNA
of eukaryotic cells necessitates a mechanism to connect non-nuclear signals to the
transcriptional machinery which demands for nuclear transport mechanisms. Common
examples are nucleocytoplasmic translocation of TFs (Plotnikov et al., 2011; Persak and
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Pitzschke, 2013), nuclear translocation of chloroplast proteins (Caplan et al., 2015; Sun et al.,
2011) and, nuclear translocation of membrane bound transcription factors (Yao et al., 2017; Lal
et al., 2018). In addition, nuclear transport plays a crucial role in regulating key cell-biological
processes such as, uptake of signaling receptors such as R-proteins and regulating activity of
transcription factors (Shen and Schulze-Lefert, 2007; Lundberg and Borner, 2019).
Nevertheless, it is still unclear how these events are related and what directly communicates the
perception of MAMPs, such as flg22, at the plasma membrane to transcriptional reprograming
inside the nucleus. Therefore, understanding of nuclear protein dynamics can provide clues that
can provide crucial information for mechanisms that connect MAMPs perception at the
extracellular space to the nuclear transcriptional reprogramming. To date, limited information
is available on nuclear protein dynamics during plant immune responses (Yin and Komatsu,
2016; Fakih et al., 2016; Tang et al., 2020; Howden et al., 2017).

In 2006, a two-dimensional gel electrophoresis (2-DE)-mass spectrometry (MS) based
nuclear proteome analysis was applied on hot pepper leaves after tobacco mosaic virus infection
(Lee etal., 2006). Due to technique limitations, only six protein significantly upregulated under
virus infection condition was identified, including a 26S proteasome subunit RPN7. Further
experiment suggested that RPN7 is located in the virus infected region and enhances
hypersensitive response (HR) of leaves to against the virus infection. Later, the nuclear response
in soybean leaves upon treatment of resistant and susceptible types of rust pathogen was carried
out, and exhibits a differential regulation of 855 proteins (Cooper et al., 2011). At least 20
potential transcription factors, some of which similar to WRKY19, and also phosphatases and
S-glycosyl hydrolases are specifically identified in the resistance interactions. To understand
the protein expression in A. thaliana upon chitin triggered immunity, Fakih et al compared the
nuclear proteomes of wild type Col-0 and cerkl, a receptor mutant, plants (Fakih et al., 2016).
CERKU1 is the membrane receptor for recognition of chitin signals and, leads to PTI in A.
thaliana. They identified 8 proteins that were specifically identified in wild type and not in
cerkl plants, and most of them were ribosomal proteins, however, none of them were known to
be involved in MAMP response. From these results it is largely unknown which nuclear protein
changes are relevant for MAMP response. More recently, a tomato nuclear proteome study
during Phytophthora capsici infection gave further insights into nuclear protein dynamics and
identified a family of AHL protein involved in immunity against P.capsici. A total number of
285 and 140 proteins were up- or down-regulated upon P. capsici infection, respectively. The
abundance of AT-Hook-Like (AHL) family protein, AHL1, AHL5, and AHL9, were reduced

upon pathogen infection, which were localized in the nucleus of tomato. Further experiments
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suggested that AHL1, AHL5 and AHL9 are involved in PTI activation and resistance against
P. capsici. In animal field Wuhr et.al 2015 studied nucleocytoplasmic partitioning using nuclei
isolated from frog oocytes via microdissection. Out of ca. 9000 proteins identified 55% proteins
were cytoplasmic, 27% were nuclear and 17% were equally distributed between nuclear and
cytoplasm. On investigating to what extent nuclear export affect nucleocytoplasmic protein
partitioning, they found only 3% of proteome were actively exported out of the nucleus.
However, there are few studies that investigated nuclear protein dynamics in plants during
immune response partly due to the fact that efficient isolation of nuclear protein remains
challenging. Thus, nuclear proteomics could be an important set up for the characterization of

molecular components involved in plant immunity.
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1.5. Thesis aims

One of the long-standing questions in plant immunity is where components of immune
signalling pathways interact to relay signal perception at cell surface inside the nucleus. For
instance, where does MAPKSs phosphorylate TFs- whether components of MAPK cascade
move inside the nucleus to interact with TFs or TFs and other signalling protein themselves
move inside the nucleus to induce immune response? I hypothesized that flg22 perception leads
to changes in nuclear protein abundance that induces PTI responses. Additionally, some
signaling proteins might re-locate inside the nucleus connecting MAMP perception at plasma

membrane to nuclear transcriptional reprograming.

In order to gain further insights into MAMP induced nuclear protein dynamics, I decided
to profile nuclear proteome along with total proteome as a control. I found that the existing
nuclear isolation protocol were standardized only based on western blotting with antibodies
representing single organelles to test for purity and enrichment of nuclear proteins. This does
not provide information about the overall quality of a purification method. Furthermore, the
existing nuclear isolation methods showed contamination of proteins from other compartments,
in particular, plastidial proteins. This would hinder the identification of low abundant nuclear
proteins like TFs. Therefore, my first aim of my PhD was to improve the existing nuclear

isolation protocol and test the overall improvement over existing protocols using LC-MS/MS.

To date nuclear proteomic studies in plants have focussed only on nuclear protein fraction
to study nuclear protein dynamics in response to various stimuli. In my thesis, inclusion of total
protein fraction together with nuclear protein fraction will not only be useful to investigate
protein abundance change but can also help to identify potential protein movement associated
with PTI. For instance, an increase in abundance in the nuclear fraction and no change in the
total fraction for a particular protein could imply nuclear import. Therefore, | used total protein
as a control to identify potential protein movement from cytosol into/out of nucleus upon flg22
treatment by LC-MS/MS.

Numerous studies have investigated transcriptional responses over broad temporal range
during PTI. However, differences in nuclear protein dynamics during PTI is yet largely
unknown. Therefore, my second thesis aim was to investigate nuclear protein dynamics at two
time points- 3 h and 9 h, representing early and late PT1 responses, after flg22 treatment. Among
proteins showing quantitative change upon flg22 treatment, I could not only detect proteins that
showed abundance change during the two time points tested but also detected handful of
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proteins showing signatures of protein movement. In addition, I also detected proteins in the
nuclear fraction whose role in plant immunity was yet unknown and its nuclear localization was

not yet experimentally confirmed.

The 3 h and 9 h time points provided insights into the nuclear protein dynamics associated
with early and late PTI but still earlier time points would provide information about protein
abundance changes that might occur prior to transcriptional changes. This led to my next aim
which was to identify proteins at early time points- 15, 30, 60 min after flg22 treatment.
Additionally, 1 also included protein synthesis inhibitor cycloheximide (CHX) treatment for 60
min in my study since previous studies found that flg22-responsive genes are also induced upon
CHX treatment. In this scenario, it has been proposed that de-repression of early flg22 genes is
achieved by inhibition of translation of negative regulators which are high turnover proteins.
This led me to test whether flg22 response overlap with CHX treatment at protein level similar

to transcriptomic studies.

Until now there were no attempt to investigate nucleocytoplasmic dynamics of proteins
during plant immune response. My thesis takes a first attempt in this direction to provide further
insights into the nuclear protein dynamics over a wide temporal range during flg22-trigerred

PTI and identifies a yet unknown TF that is a positive regulator of immunity.
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2. Results
2.1 The establishment of a new nuclear isolation protocol for nuclear proteome

analysis

To gain insights into nuclear protein dynamics during flg22 response, | decided to
profile nuclear proteome as well as total cellular proteome as a control. However, a previous
nuclear isolation protocol, henceforth referred as Folta-protocol, showed contamination of
proteins from other compartments, in particular, plastids (Folta and Kaufman, 2007). Therefore,
| attempted to improve Folta-protocol because contamination from other compartments will
prevent identification of low abundant nuclear proteins by LC-MS/MS (Burgess et al., 2014).
Compared to Folta-protocol, | modified various factors such as the homogenization method and
the composition of extraction buffer as these would affect nuclear intactness and protein
contamination from other compartments. For instance, | found that homogenization by
chopping with razor blades performed better than other homogenization methods such as
polytron, hand-held blender, paint shaker, or grinding snap-frozen leaves (Figure S1A, B). |
also adjusted concentration of Triton-X 100 (TX-100), a non-ionic detergent, which prevents
clumping of nuclei and facilitates its release from cells but also affects the integrity of
chloroplast resulting in chloroplast protein contamination during nuclear isolation (Loureiro et
al., 2007). Compared to Folta-protocol which uses 1% of TX-100, | found that a reduced
concentration, at 0.85% of TX-100 resulted in reduced protein contamination from chloroplasts
(Figure 1A, Figure S1C).

| assessed the nuclear protein enrichment and purity by immunoblotting (Figure 1B). |
used transgenic A. thaliana plants expressing GFP-tagged Nup50a, which localize to the
nucleoplasm (Tamura et al., 2010). | used anti-GFP antibody as a nuclear marker in addition to
the classical histone-H3 (Howden et al., 2017; Tamura et al., 2010). In addition, | used
antibodies against Rubisco large subunit (RbClI; chloroplast stroma), light-harvesting complex
Il (LHC; chloroplast thylakoid), cytosolic fructose-1,6-bisphosphatase (FBPase; cytosol),
isocitrate dehydrogenase (IDH; mitochondria) and calnexin homolog 1/2 (CNX1/2;
endoplasmic reticulum) to detect proteins from stroma, thylakoid, cytosol, mitochondria, and

endoplasmic reticulum, respectively.
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Figure 1: Establishment of a new protocol for nuclear protein isolation. (A) Schematic representation of
the new nuclear protein isolation protocol (SR). Number in circles represents the following changes to Folta
protocol- 1. chopping instead of blender, 2. TX-100 treatment excluded, and 3. 0.85% TX-100 instead of 1%.
(B) Fresh leaves from 4-5 weeks old transgenic Col-0 plants expressing GFP-tagged Nup50a were used for
nuclear and total protein isolation. Nuclear proteins were isolated by Folta-protocol (“FK”) or by the new
protocol (“SR”). Total protein (T) was isolated from total leaf extract. Extracted protein (2pg) was used for
immunoblotting using anti-GFP (nucleoplasm), anti-H3 (nuclear chromatin), anti-RbClI (chloroplast), anti-LHC
(thylakoid), anti-FBPase (cytosol), anti-IDH (mitochondria), and anti-CNX1/2 (endoplasmic reticulum)
antibodies. Ponceau staining was used to assess protein loading and RuBisCO abundance. The experiment was
performed with 3 independent biological replicates and a representative result is shown.

Compared to Folta-protocol (Figure 1A), my nuclear isolation protocol showed reduced
contamination of thylakoid (anti-LHC) and stromal proteins (anti-RbCl). Both the protocols
resulted in undetectable levels of cytosolic contaminations assessed by anti-FBPase. Although,
my protocol showed higher contaminations from mitochondria and endoplasmic reticulum
compared to Folta-protocol, my protocol showed higher nuclear enrichment as detected by anti-
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GFP and anti-H3 antibodies (Figure 1B). As it is known that plastidial proteins occupy a major
part of total cellular proteome, | concluded that my modified protocol would be a better method
to detect low abundant nuclear proteins (Fréhlich et al., 2012). In addition, | observed consistent
performances of my modified protocol in three independent experiments, which is important to

obtain reproducible results (Figure S2).

To further assess the efficiency of my protocol for nuclear protein enrichment, | compared
Folta and my protocol for quantitative nuclear proteomes using LC-MS/MS. As a control, | also
investigated total cellular proteome. | assigned subcellular localization for the proteins
identified by LC-MS/MS based on the predictions in SUBAA4 reference database (Hooper et al.,
2017). | analyzed protein subcellular localization in terms of both the abundance (Figure 2A)
and number (Figure 2B). Quantitative nuclear proteome patterns in replicates using both Folta
and my protocol showed high correlation (R? = 0.94 - 0.96) within the respective isolation
protocols (Table 1), and the correlation values were similar to those obtained in other studies
involving nuclear protein isolation which suggests that both methods produces reproducible
results (Howden et al., 2017; Yin and Komatsu, 2016). However, correlations between Folta
and my protocol were not high (R?= 0.47 - 0.52), which supports the immunoblotting results
(Figure 1B) showing different levels of contamination from plastids, mitochondria and
endoplasmic reticulum. In addition, the correlations between the total and nuclear fractions
isolated using my protocol was lower (R?= 0.17 - 0.22) than those between the total and nuclear
fraction isolated using Folta-protocol (R? = 0.38 - 0.48), which indicates that my protocol
produces more different proteome patterns from the total proteome than Folta-protocol and
suggests that my protocol enriches more nuclear proteins. Indeed, more nuclear proteins were
detected in terms of both the abundance and number when using my protocol than Folta-

protocol (Figure 2).

Consistent with immunoblotting results (Figure 1B), | observed lower contamination of
plastidial proteins (26.3% vs 50%) but slightly higher contamination of ER (2.2% vs 1.4%) and
mitochondrial (5.5% vs 5.3%) proteins with my protocol compared to the Folta-protocol (Table
2). Nevertheless, my protocol detected on average more nuclear proteins compared with Folta-
protocol in the abundance (17% vs 3.6%) and the number (1932 vs 1083). These results indicate
that my protocol has a higher power over Folta-protocol to detect nuclear proteins, which is
crucial to examine nuclear protein dynamics in particular with the low abundance proteins such

as transcription factors (Burgess et al., 2014).
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Figure 2: Nuclear proteins are highly enriched in the nuclear fraction using the newly established
protocol. Total and nuclear proteins were isolated from leaves of 4-5-week-old Col-0 plants. Nuclear proteins
were isolated using Folta-protocol (FK) or the new protocol described in this study (SR). Three replicates
(protein samples were prepared from independent plant materials and processed simultaneously) were used
for total proteins and each of the nuclear protein isolation was done by FK or SR-protocol. Relative protein
abundance was calculated using intensity based absolute quantification (IBAQ) values. The individual
columns represent each replicate showing relative protein abundance of proteins identified by LC-MS/MS
and its subcellular localization as predicted by SUBA4 reference database. (A) Ratio of different subcellular
localization of proteins based on their relative abundance (IBAQ value) in nuclear and total protein fraction.
(B) Ratio of different subcellular localization of proteins based on the number of proteins in nuclear and total
protein fraction. The first protein listed within each “Majority protein group” (see text) was used to assign
the subcellular localization based on SUBA 4 reference database.
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Table 1

Total 1 1.00

Total 2 0.96 1.00

Total 3 0.93 0.94 1.00

SR 1 0.17 0.18 0.20 1.00

SR 2 0.19 0.20 0.22 0.95 1.00

SR3 0.18 0.20 0.22 0.94 0.96 1.00

FK1 0.38 0.41 0.47 0.47 0.51 0.50 1.00

FK 2 0.40 0.43 0.48 0.48 0.52 0.51 0.96 1.00

FK3 0.39 0.42 0.48 0.47 0.52 0.51 0.93 0.94 1.00
Total 1 Total 2 Total 3 SR 1 SR 2 SR 3 FK1 FK 2 FK 3

Table 1: Two nuclear isolation protocols are reproducible. LFQ values were used to calculate correlation
(R?values) in Perseus (version 1.5.2.6) among replicates of Folta-protocol (FK), the new protocol (SR), and
the total fraction. Total and nuclear proteins were isolated from leaves of 4-5-week-old Col-0 plants. Three
replicates were prepared from independent plant material.

Table 2

Relative protein abundance Average protein number
Localization Total FK SR Total Folta SR
Cytoskeleton 0.0 0.0 0.0 3.3 4.0 4.3
Cytosol 21.5 28.1 35.2 1352.3 1425.0 1335.0
Endoplasmic reticulum 0.5 1.4 2.2 206.3 302.7 316.3
Extracellular 3.8 15 2.6 396.3 2447 273.0
Golgi 0.5 1.7 1.6 151.7 2143 2147
Mitochondrion 4.1 5.3 55 434.3 540.0 549.3
Nucleus 26 3.6 17.0 634.0 1083.7 1932.3
Peroxisome 2.4 0.9 1.5 121.7 110.3 96.0
Plasma membrane 1.2 3.9 4.2 344.0 608.0 601.3
Plastid 61.8 50.0 26.3 1236.0 1161.0 1054.0
Vacuole 1.7 3.6 3.8 71.7 93.3 91.7
Total 100 100 100 4951.7 5787.0 6468.0

Table 2: Subcellular localization patterns of proteins in the nuclear fractions. Relative protein
abundance (%) and number of proteins detected in the nuclear fractions isolated using Folta (FK) or the new
protocol (SR). Subcellular localization of proteins detected for the nuclear fractions as well as the total
fraction was determined using SUBAA4. The relative protein abundances (left) or the average number of
proteins detected (right) are shown. The numbers are averaged over three independent biological replicates.

2.2 Nuclear protein dynamics during flg22 response

| profiled total and nuclear proteome in leaves of four-week-old A. thaliana Col-0 plants
treated with flg22 or mock by LC-MS/MS to reveal nuclear protein dynamics during PTI. | took
two time points, 3 h and 9 h after the treatment, to capture temporal nuclear protein dynamics
because plant immune responses differ at these time points, such as differences in SA
accumulation (Seyfferth and Tsuda, 2014). | performed two independent experiments each with
three biological replicates. In total, | obtained 48 proteome results.
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2.2.1 Subcellular protein localization patterns remain largely unchanged during

flg22 response

Consistent with the previous analysis (Figure 2), | could enrich nuclear proteins in a

reproducible manner (Figure 3). Briefly, | observed a very high correlation (R>>0.92, Table S1)

between biological replicates from the same conditions within the same experiment, and

relatively high correlation (R?>0.88) between biological replicates from different experiments.

These high correlations were comparable or even higher compared to previous nuclear

proteomics study (Howden et al., 2017). Overall proportion of subcellular localization of

detected proteins in the abundance and number were comparable between flg22 and mock

treatment (Table 3), with slight increase for nuclear proteins upon flg22 treatment (Table 4),

suggesting at least dramatic protein movements into or out of the nucleus did not occur at 3 and

9 h after flg22 responses.
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Figure 3: Subcellular localization of proteins detected in the nuclear and total proteome analysis. Total
and nuclear proteins were isolated from leaves of 4-5-week-old Col-0 plants at 3 h or 9 h after 1 uM-flg22 or
mock treatment. Six replicates (protein samples were prepared in two different days each containing three
replicates prepared from independent plant materials) were prepared for each condition. Relative protein
abundance was calculated using intensity based absolute quantification (IBAQ) values. The individual
columns represent each replicate showing relative protein abundance of proteins identified by LC-MS/MS and
its subcellular localization as predicted by SUBA4 reference database. (A) Subcellular localization of proteins
based on their relative abundance (IBAQ value). (B) Subcellular localization of proteins based on protein

number.
Table 3
Average number of proteins detected
3h 9h
Nuclear Total Nuclear Total
flg22 mock flg22 mock flg22 mock flg22 mock
5147.5 5049.2 54443 5342.8 5073.3 4977.5 5656.2 5467.0

Table 3: Overview of the number of proteins detected by LC-MS/MS. The average number of
proteins detected from 6-replicates for nuclear or total protein fractions at 3 h or 9 h after 1 uM-flg22 or

mock treatment.

35


file:///C:/localdata/Thesis_20180710/20171025_Thesis_Figures.pdf

Table 4 (A): Proteins detected corresponding to each subcellular compartment at 3 h

Nuclear Total
Localization fig22 mock change pval fig22 mock change pval
cytoskeleton 5.7 6.0 -0.3 0.145 5.0 5.0 0.0 NA
cytosol 984.3 956.7 27.7 0.073 1320.8 1284.2 36.7 0.175
endoplasmic reticulum 251.2 241.7 9.5 0.031 256.7 251.2 55 0.430
extracellular 169.5 166.3 3.2 0.511 358.5 350.2 8.3 0.593
golgi 192.3 187.5 4.8 0.261 181.8 182.0 -0.2 0.978
mitochondrion 395.2 396.7 -1.5 0.891 483.8 478.3 55 0.646
nucleus 1665.2 1631.2 34.0 0.251 859.0 837.7 21.3 0.587
peroxisome 66.7 63.7 3.0 0.040 124.0 121.3 2.7 0.509
plasma membrane 496.2 480.5 15.7 0.356 468.8 448.0 20.8 0.306
plastid 849.2 846.0 3.2 0.843 1302.3 1302.5 -0.2 0.992
vacuole 72.2 73.0 -0.8 0.653 83.5 82.5 1.0 0.744
Sum 5147.5 5049.2 5444.3 5342.8
Table 4 (B): Proteins detected corresponding to each subcellular compartment at9 h

Nuclear Total
Localization fig22 mock change pval fig22 mock change pval
cytoskeleton 55 57 -0.2 0.687 5.2 5.0 0.2 0.3
cytosoal 969.0 936.3 32.7 0.135 1363.7 1309.2 54.5 0.025
endoplasmic reticulum 250.8 245.0 5.8 0.391 267.7 261.8 5.8 0.216
extracellular 146.2 157.5 -11.3 0.165 389.8 374.3 15.5 0.334
golgi 193.3 188.5 4.8 0.336 195.0 183.7 1.3 0.020
mitochondrion 379.3 373.8 55 0.724 507.5 489.0 18.5 0.092
nucleus 1742.8 1696.0 46.8 0.101 922.2 871.7 50.5 0.077
peroxisome 62.3 58.5 3.8 0.192 128.7 123.7 5.0 0.017
plasma membrane 494 .8 462.7 32.2 0.119 504.3 464.3 40.0 0.003
plastid 762.3 785.7 -23.3 0.286 1286.2 1298.5 -12.3 0.361
vacuole 66.8 67.8 -1.0 0.815 86.0 85.8 0.2 0.880
Sum 5073.3 4977.5 5656.2 5467.0

Table 4: Subcellular protein localization patterns remain largely unchanged during flg22 response.
SUBA4 predicted subcellular localization was used to compare contribution of each subcellular organelle in
nuclear or total fraction at 3 h (A) and 9 h (B) after flg22 or mock treatment. The numbers corresponding to
treatments indicates average number of proteins detected across 6-replicates. The third column (change)
indicates difference between average number of proteins detected in flg22 vs mock treatment. A two-tailed t-
test was used to calculate p-values (pval) corresponding to the change observed.
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2.2.2 Responses to biotic stress were enriched both in nuclear and total fraction

To gain insights into what specific biological processes are associated with protein
expression changes in the nucleus in response to flg22, | extracted quantitative proteins that are
differentially expressed (DEPs, |log. fold change| > 1; g-values < 0.05) and proteins showing
consistent presence/absence pattern (expressed either in flg22 or mock treatment). Proteins
consistently present in all six replicates in flg22 samples and consistently absent in all six
replicates in mock samples were defined as “Increased” and when vice-versa then defined as
“Decreased” (Table S4). | used the DEPs for gene ontology analysis. | used the BINGO plugin
in Cytoscape and the available gene ontologies (GOs) to rank the GO terms in the order of
statistical significance and showed the top ten GO terms (Figure 4). This analysis showed as
expected that GO terms were enriched for proteins linked to biological processes in responses
to various stimuli, including response to biotic stimulus and defense response in the nuclear
fraction at 3 h after flg22 treatment. Similarly, DEPs in the total fraction were enriched for GO
terms related to response to biotic stimulus and defense responses at both time points.
Consistent to previous studies, many well-known proteins responsible for key processes such
as transcriptional reprograming and SA accumulation during immunity responded to flg22
treatment. For example, the TFs- CBP60g and SARDL1 protein expression in the nucleus were
consistent to previous gene expression studies- CBP60g was increased (consistently present in
flg22 samples) at 3 and 9 h and, SARD1 was upregulated at 9 h upon flg22 treatment which is
consistent with their role in regulating ICS1 transcription and SA biosynthesis at early and late
time points, respectively (Wang et al., 2011a). In contrast, downregulated proteins did not yield
significant GO terms (except for total fraction at 9 h). Compared to 3 h, | found that upregulated
proteins in the nuclear fraction at 9 h are enriched for GO terms related to meristem activity.
These GO terms were associated with two upregulated proteins, OBE1 and OBEZ2, which are
transcription factors required for maintenance of apical meristem (Saiga et al., 2008). OBE1
interacted with HopO1-2, a type-3-effector from Pto DC3000, in a yeast-two-hybrid assay
(Mukhtar et al., 2011; Lu and Yao, 2018). Although the biological significance of OBE1 in
immunity is not known, a recent finding that maize heteromeric G-protein B subunit is a
common signaling point between shoot meristem maintenance and immune response also

suggests a connection between immunity and meristematic activity (Wu et al., 2020).
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2.2.3 Identification of transcription factors involved in flg22 response

Transcriptional reprograming is a hallmark of PTI which occurs within 30 min after flg22
perception and is regulated by transcription factors (TFs) (Navarro et al., 2004; Li et al., 2016).

TFs are generally low abundant nuclear proteins which necessitates enrichment of nuclear

Proteins upregulated in the nuclear fraction at 3h Proteins upregulated in the nuclear fraction at 9h
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Figure 4: Gene Ontology (GO) term analysis for differentially regulated proteins in the nuclear and total
fractions at 3 h and 9 h after flg22 treatment. The top 10 GO terms in descending order of statistical
significance are shown for proteins that are upregulated at 3 h and 9 h in the nuclear (A, B) and total (C, D)
fractions. GO terms associated with the downregulated proteins were enriched for only 9 h nuclear samples (E).
The values on x-axis shows —logio adjusted p-values. GO enrichment analysis was done with BingGO plugin
for Cytoscape (FDR=0.1). As background a customized reference protein list was used which consisted of
proteins that were detected at least twice in flg22 or mock conditions in nuclear or total fractions at 3h or 9 h.

proteins in proteome analysis (Burgess et al., 2014). In order to extract TFs in my data, | used
the PlantTFDB 4.0 database as a reference (Jin et al., 2017). Altogether, | identified 348 TFs in
nuclear and/or total protein fraction at 3 h and/or 9 h time points (Table 5). Of these, I identified
more TFs in the nuclear fraction (249/284 at 3 h / 9 h respectively) compared to total fraction
(70/81 at 3 h /9 h respectively), showing the significance of nuclear protein isolation to identify
low abundance proteins localized in the nucleus (Table 5). Among the identified TFs, 14 were
differentially expressed (|log> fold change| > 1; g-value < 0.05) in the nuclear fraction at 3 h

and/or 9 h in response to flg22 and none was differentially expressed in the total protein fraction
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(Table S2A). | could capture TFs that are linked to key immune processes, such as SA
biosynthesis at later stages of immunity (SARD1) and TFs that are involved in regulation of
flg22 induced genes (WRKY18, WRKY33, WRKY40) (Tsuda and Somssich, 2015; Birkenbihl et
al., 2017). Notably, I also found TFs which have not been implicated in immunity. Among them
was WRKY47 which showed the highest induction amongst the TFs identified (more than 8
folds) in the nuclear fraction at 3 h and 9 h. Consistently, WRKY47 expression was also highly
induced in the transcriptome data starting from 2 h to 9 h (Table S2A) (Birkenbihl et al., 2018).
These results suggest that WRKY47 is a novel TF involved in plant immunity. Therefore, the
subcellular localization of WRKY47 and its involvement in immunity was further investigated.
The subcellular localization of WRKY47 was investigated by transient expression in Nicotiana
benthamiana and it was found that transiently expressed WRKY47, tagged with either N-
terminal or C-terminal GFP, localize to the nucleus (Figure 5A), supporting its predicted role
as a TF. Importantly, on comparing the growth of Pto DC3000 in wrky47 mutant and wild type
Col-0 plants, it was found that Pto DC3000 growth was enhanced in wrky47 plants compared
to the Col-0 plants, indicating that WRKY47 is a positive regulator of plant immunity against
Pto DC3000 (Figure 5B-C).

In order to get further insights into how WRKY47 might be involved in immunity, |
performed a protein-protein network analysis using the STRING database (Szklarczyk et al.,
2015; Franceschini, 2015). | found that WRKY47 interacts with the LRR-RK IMPAIRED
OOMYCETE SUSCEPTIBILITY1 (I0S1) which is a positive regulator of PTI (Figure 5D).
IOS1 constitutively interacts with the flg22 receptor FLS2 and the co-receptor BAK1 and was
shown to be important for early PTI-responses like induction of the immune marker gene FRK1,
callose deposition, and MAPK activation by positively regulating the FLS2-BAK2 complex
formation during PTI (Yeh et al.,, 2016). The interaction between the nuclear-localized
WRKY47 and plasma membrane-localized 10S1, may imply a scenario similar to that upon
Xanthomonas oryzae (Xoo) infection, the rice plasma membrane-localized PRR, XA21, is
cleaved and re-localizes into the nucleus (Park and Ronald, 2012). However, biological
significance of nuclear localization of XA21 cleavage product remains unknown since it was
later found that the predicted nuclear localization sequence (NLS) that directs the cleavage
product of XA21 to the nucleus was not required during Xoo mediated immunity (Wei et al.,
2016).

39



Table 5

9h

3h
Nuclear Total
TFs detected 249 70
TFs Up/Down 32/18 5/6
TFs Increased/Decreased 8/1 1/0

Nuclear

284
27/48
12/2

Total
81
2/6
6/0

Table 5: Nuclear fractionation facilitated the detection of transcription factors. The transcription factors
(TFs) detected during LC-MS/MS at 3 h and/or 9 h after 1 uM-flg22 or mock treatment was identified using the
PlantTFDB 4.0 database. The TFs showing quantitative change (|log. fold change| > 0.5; g-value < 0.05) are
referred as TFs Up/Down. The TFs which are consistently present in flg22 samples (in at least five replicates)
and absent (in at least five replicates) in mock are defined as “TFs Increased” and vice-versa (as “TFs

Decreased™).
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Figure 5: WRKY47 localizes to the nucleus and plays a positive role in plant immunity. (A) Transient
expression of WRKY47-nYFP and WRKY47-cYFP under A.thaliana Ubiquitin-10 promoter (Pusgwo ) in N.
benthamiana. Blue indicates DAPI-stained nuclei. (B) Genomic structure of the wrky47 mutant. Grey boxes
represent exons and T-DNA insertion site is indicated. (C) Leaves of 4 to 5-week-old Col-0 and wrky47 plants
were syringe-infiltrated with Pto (ODsoo = 0.001). The bacterial titers were measured at 2 dpi. Bars represent
means and standard errors calculated from one experiment with four biological replicates using mixed linear
model. The statistically significant difference compared with Col-0 is indicated by the asterisk (P-value < 0.01).

Data from Yiming Wang.
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(D) WRKY47 interacts with 10S1. A set of 44 differentially expressed proteins (|-logz value| > 0.5; g-value <

0.05) in the nuclear fraction at 3 h was selected to create the PPI network. The PPI network was created using
STRINGdb in R and magnitude of protein abundance change was added into the PPI network. Color coded hallos
around the protein nodes indicate upregulation (red) or downregulation (green) and the color intensities reflect
magnitude of protein abundance change. Colored lines between the proteins indicate the various types of
interaction evidence. Protein nodes which are enlarged indicate the availability of 3D protein structure
information.
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2.2.4 Quantitative proteome changes in nuclear proteome and transcriptome

during flg22 response are highly correlated

In order to understand the relationship between gene and protein expression dynamics, |
compared the transcriptome data consisting of Col-0 and fls2, a null mutant lacking the flg22
receptor FLS2, treated with flg22 with the current proteome dataset (Hillmer et al., 2017). In
order to do correlation analysis, | imputed the missing values in my proteomics data set
(O’connell et al., 2018). Since, protein compositions of nuclear and total protein fraction are
different, I imputed those samples separately. For 6901 common proteins/genes, | used the log.

expression changes for correlation analysis.

| found differentially expressed proteins both in nuclear and total proteome in response to
flg22 (DEPs, |log> fold change| > 1; g-value < 0.05) (Table 6). I found that protein and gene
expression patterns are similar for the differentially expressed proteins (Figure 6A-B).
Additionally, 1 found a positive correlation between proteome and transcriptome data which
supports the accuracy of the proteome data and suggests that proteome changes are likely
explained by transcriptome changes at least in part. (Figure 6C, Table 7). | detected 30 and 106
DEPs in the nuclear fraction whereas | detected 29 and 101 DEPs in the total fraction at 3h and
9h respectively (Figure 6, Table S3).

Apart from differentially expressed proteins upon flg22 treatment, | found many proteins
showing consistent presence/absence pattern between flg22 and mock treatments (Table S4).
Among these proteins, | identified 20 TFs in the nuclear fraction (17 increased and 3 decreased,
Table S2B). Many of the identified TFs were known to be involved in plant defense responses.
For instance, | found several WRKY proteins (WRKY®6, 22, and 29) increased in abundance in
the nucleus at both 3 h and 9 h which were classified as flg22 induced group of WRKYs
(Birkenbihl et al., 2018). Promoters of WRKY6 and WRKY29 showed increased H3K4
trimethylation which correlated with increased expression of defence response genes
(Jaskiewicz et al., 2011) and WRKY22 was found to be involved in flooding induced increased
basal resistance (Hsu et al., 2013). The identification of immunity related TFs shows the
robustness of my nuclear enrichment method to identify low abundant proteins during flg22

response.
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Table 6

::::tg::ﬂ Nu";%i'};:::;ﬁ;?'ns Number of proteins with consistent

Time changing in abundance |presence/absence expression profile
Up Down Increased Decreased

Nuclear/ 3 h 26 4 33 8

Nuclear/ 9 h 73 33 69 14

Total/ 3 h 28 1 24 2

Total/ 9 h 86 15 67 2

Table 6: The number of proteins whose abundance changes in response to flg22. Left, proteins showing
quantitative change (* |-log2 value| > 1; g-value < 0.05) in response to flg22 vs mock treatment. Right, proteins
which are consistently present (in all 6-replicates) in flg22 samples but absent in mock are defined as
“Increased” and vice-versa (as “Decreased”).

Table 7
Transcriptome Proteome
3h Sh
DEP ALL DEP ALL
Nuc Tot Nuc Tot Nuc Tot Nuc Tot
1h 0.35 0.24 0.35 0.39 0.59 0.55 0.38 0.46
2h 0.76 0.55 0.36 0.4 0.75 0.71 043 0.52
3h 0.71 0.5 0.35 0.37 0.76 0.71 0.46 0.54
5h 0.36 0.48 0.3 0.31 0.76 0.73 0.44 0.52
9h 0.14 0.3 0.28 0.28 0.74 0.67 043 0.52

Table 7: Table showing Pearson correlation between transcriptome and proteome data. Pearson
correlation are shown between transcriptome and proteome data- nuclear (Nuc) and total (Tot) proteome, at
indicated time points. Proteome represents protein abundance change in Col-0 plants in response to flg22 vs
mock treatment. Transcriptome represents transcriptome change in Col-0 vs fls2 plants in response to flg22
treatment at indicated time-points. DEP- proteins showing quantitative change (Jlog2 value| > 1; g-value < 0.05).
ALL- all proteins identified during LC-MS/MS in the nuclear (Nuc) or total (Tot) fractions at 3 h and/or 9 h
after flg22/mock treatment.

2.2.5 Identification of candidate proteins which may directly relay signal for
flg22-perception at the plasma membrane to transcriptional reprogramming in

the nucleus

The mechanism by which flg22 perception on the plasma membrane triggers
transcriptional reprogramming in the nucleus remains largely elusive. Some factors must move
from the cytosol to the nucleus to activate transcriptional reprogramming. Proteins can be such
factors. Indeed, it was found that BIK1, which associates with the plasma membrane, localizes
in the nucleus upon activation by elf18. BIK1 interacts with WRKY TFs (WRKY33, 50, 57) in
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the nucleus, pointing to a mechanism that connects MAMP perception at the plasma membrane

to transcriptional reprogramming in the nucleus (Lal et al., 2018). To identify additional
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Figure 6: Quantitative protein changes closely mirrors transcriptome changes during flg22 response.
Heatmaps shows differentially expressed proteins in nuclear and total protein fraction (DEPS) upon flg22/mock
treatment. The first and second panel represents nuclear and total proteins, the third panel represents the
transcriptome change, and the fourth panel represents g-values for the respective protein abundance change.
Heatmap shows 119 DEPs in the nuclear fraction (A) and 108 DEPs in the total fraction (B) at 3 h and/or 9 h
after 1 uM-flg22 infiltration. (C) Correlation of DEPs identified in the nuclear proteome at 3 h (first panel)
and 9 h (second panel) with the transcriptome data (Col-0 vs fls2 plants in response to flg22 treatment).
Pearson correlation coefficients are shown.

proteins which relay the signal of flg22 perception to transcriptional reprogramming, | searched
for proteins which show an increased abundance in the nuclear fraction but no change in the
total protein fraction (or greater increase in the nuclear fraction than total fraction). In addition,

| also looked for nuclear proteins that decreased in abundance in the nuclear fraction which
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could be negative regulators of transcriptional reprograming. | selected proteins (both
quantitative and proteins showing presence/absence pattern) using these criteria for 3 h and 9 h
(Table S5). Among these, several proteins caught my attention, including WRKY47, because
they may explain signal flow to the nucleus, such as, TFs and kinases (Table 8). Among these
proteins, NAD Kinase 1 (NADK1, AT3G21070) increased >4-fold in the nuclear fraction with
no change in the total fraction 3 h after flg22 treatment (Table 8). NADKL is known to convert
NAD"* to NADP" in the cytosol (Waller et al., 2010; Hashida and Kawai-Yamada, 2019).
Recent studies in animal and plant established the significance of enzymatic activity of TIR
domains of TNLs in depletion of NAD* and pathogen recognition (Horsefield et al., 2019; Wan
etal., 2019a). Activation of some NLRs leads to their nuclear accumulation where they regulate
transcription (Tsuda and Somssich, 2015). The NAD™ cleavage by TIR domains of plant NLRs
leads to accumulation of second messengers like ADPR and cADPR which trigger calcium
signalling that leads to downstream signalling (Wan et al., 2019a). Several plant TIR-NLRs
such as RPS4, RPP1, RBAL and BATIR, required ENHANCED DISEASE SUSCEPTIBILITY
1 (EDS1) for cell death phenotype in response to pathogen (barley powdery mildew resistance
protein MLA10) unlike animal TIR-NLR SARML1 (sterile alpha and TIR motif containing 1)
(Wan et al., 2019a). At the same time, nuclear accumulation of EDS1 was shown to induce
autoimmunity (Stuttmann et al., 2016). In yeast, enzymes required for biosynthesis of NAD™*
are nuclear localized (Kawai and Murata, 2008). Thus, similar to enzymatic activity of plant
NLRs that require EDS1 for NAD+ depletion and ultimately to cell death, nuclear accumulation
of NADKTU in response to flg22 can regulate nuclear NAD*/NADP* homeostasis resulting in
secondary signalling cues to relay MAMP perception during PTI.

Another protein was the Pattern-Triggered Immunity Compromised Receptor-like
Cytoplasmic Kinase 1 (PCRK1, AT3G09830) which associates with the flg22 receptor FLS2
at the plasma membrane and was shown to be important for defense against Pma ES4326 and
regulation of SA biosynthesis (Sreekanta et al., 2015; Kong et al., 2016). | found that PCRK1
increased in abundance in the nuclear fraction compared to total faction (>4 fold) at 3 h. The
PCRK1 is predicted to be nuclear localized as per the SUBA4 database that uses different
subcellular targeting prediction algorithms. On the other hand, PCRK1 and its functionally
redundant homolog, PCRK2, that shares 80% amino acid sequence homology were found to be
plasma membrane localized and associated with the flg22 receptor, FLS2 in the absence of
flg22. Similar to BIK1, one of the explanations for observing increased PCRK1 abundance in
the nuclear fraction would be that PCRK1 re-localizes from plasma membrane to the nucleus

during flg22 response (Lal et al., 2018).
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Table 8

Ratio® Ratio®

) Proteome Transcriptome Lo
Protein ID SUBAcon Description

Nuc Tot Difference pval 1h 2h 3h 5h 9h

AT3G21070 | 2.30 -058 288 000 422 141 120 083 004 |cvtosol |NADkinase 1(NADK1)
AT4G01720 359 -0.14 3.74 0.00 082 136 292 275 265 |nucleus |WRKY family transcription factor (WRKY47)
AT3G09830 | 208 -0.38 246 001 225 1.01 1.32 141 078 [nucleus |Proteinkinase superfamily protein (PCRK1)

AT3G55270 | 2.99 -0.39 -2.60 0.01 -0.09 043 0.08 045 013 |nucleus |Tiogen-activated protein kinase
phosphatase 1 (MKP1)

AT2G28550 | -1.73 032 -2.05 0.00 -146 -0.92 -0.83 -0.85 -0.55 |nucleus |related to AP2.7 (TOE1)

Table 8: Table showing potential candidates involved in relaying flg22 perception. A subset of proteins
that shows change in nuclear abundance but no change in the total protein fraction at 3 h. The complete list of
such proteins at 3 and 9 h can be found in Table S5. Proteome changes in nuclear (Nuc) and total (Tot) fractions
and difference between them (Difference) are shown. A two-tailed t-test was used to calculate p-values (pval)
corresponding to the difference between protein abundance change in the nuclear and total fraction calculated
over 6-biological replicates. Ratio? represents protein abundance change in Col-0 plants in response to flg22
vs mock treatment. Ratio® represents transcriptome change in Col-0 vs fls2 plants in response to flg22 treatment
at indicated time-points. SUBA4 predicted subcellular localizations (SUBAcon) and descriptions are indicated
for the proteins shown.

Among the downregulated proteins in the nuclear fraction, | found Target of Early
Activation Tagged (TOE1l, AT2G28550) and MAPK PHOSPHATASE 1 (MKP1,
AT3G55270) interesting. These proteins were annotated as nuclear localized as per SUBA4
database and were downregulated in the nuclear fraction with no change in the total fraction at
3 h (Table 8). Among these, TOEL, a transcription factor, was shown to negatively regulate
FLS2-mediated immunity by binding to the FLS2 promoter (Zou et al., 2018). TOE1’s reduced
protein abundance in the nucleus may de-represses FLS2 expression during flg22 response.
Another downregulated protein | found in the nucleus was MKP1 (AT3G55270) which is a
phosphatase that inactivates immune-related MAPKSs, MPK3 and MPKS®, thereby negatively
regulating plant immunity (Bartels et al., 2009; Anderson et al., 2011; Jiang et al., 2017). |
found that MKP1 accumulation decreased in the nucleus at 3 h. Since, MAPK phosphorylation
is observed only up to 30 min, a reduction of MKP1 at 3 h may positively contribute towards a
second round of MAPK activation by other MAMPs and provide a conducive cellular
environment for phosphorylation of TFs and/or other components involved in PTI. At 9 h
MKP1 showed no protein abundance change in the nucleus. This is indicative of a scenario that
by 9 h MKP1 regains basal level to supress sustained activation of TFs and/or other components
making a negative feedback loop. For example, PROTEIN PHOSPHATASE 2A (PP2A)

dephosphorylates BAK1 to supress immune response (Segonzac et al., 2014). The identified
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proteins whose accumulation in the nucleus change, such as NADK1, PCRK1, TOE1, and

MKP1 are interesting candidates to further investigate their role in flg22-mediated immunity.

2.3 Flg22-induced genes are also induced by translational inhibitors

A hypothesis for quick and massive induction of flg22 responsive genes is de-repression
of transcription: at the basal state, transcription of flg22 responsive genes are suppressed by
negative regulator(s) and upon flg22 perception, transcription is de-repressed via removal or
inactivation of such negative regulator(s). Additionally, several flg22-responsive genes were
found to be induced upon treatment with the protein synthesis inhibitor cycloheximide (CHX)
which suggests that de-repression could be a mechanism to induce transcriptional
reprogramming in response to flg22 (Navarro et al., 2004; Jacob et al., 2017). In this scenario,
it has been proposed that translation of negative regulator(s), assumed to be high turnover-
proteins, is inhibited by CHX, which leads to reduced accumulation of the negative regulator(s),
resulting in activation of transcription of flg22 responsive genes. On comparing transcriptome
responses to flg22 (Winkelmiiller, 2018) and CHX treatments available in public databases
(Goda et al., 2008; Drechsel et al., 2013), there was a substantial overlap between genes
upregulated 1 h after flg22 treatment and 3 h and/or 4 h after CHX treatment (Figure S5).

To confirm these transcriptome results, I performed expression analysis of flg22 marker
genes, PROPEP3 and WRKY30, by RT-qPCR upon treatment with different translational
inhibitors and flg22 (Figure 7). I chose two time points- 2 h and 4 h because preliminary RT-
qPCR experiment showed that CHX induced flg22 responsive genes only from 1 h onwards
(Figure S6), which is consistent with protein degradation studies in human neural cell lines
which found CHX activity starts from 45 min (Heier and Didonato, 2009). As expected, f1g22
induced PROPEP3 and WRKY30 at 2 h and 4 h. Consistent with the transcriptome results, CHX
also induced these two genes at 2 h and 4 h. The CHX used in this and previous studies was
derived from microbes, which raises a possibility that such gene induction by CHX can be due
to contamination of microbial molecules that are recognized in A. thaliana Col-0 plants to
trigger PTI. In order to investigate the possibility of MAMP contamination in the CHX in my
experiments, I additionally used a synthetic source of CHX, which is unlikely contaminated
with MAMPs. CHX from the synthetic source similarly induced these two genes at 2 h and 4
h, suggesting that induction of flg22-responsive genes was due to CHX effects.
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Next, I tested if gene induction by CHX, overlapped with flg22 response, is due to its
activity of translational inhibition or other effects caused by CHX. To this end, I tested other
translational inhibitors-anisomycin, puromycin and chloramphenicol which inhibits translation
by different mechanism in eukaryotes (anisomycin and puromycin) and in prokaryotes
(chloramphenicol) (Figure 7). I found that similar to CHX, anisomycin induced both genes.
Puromycin induced WRKY30 but did not induce PROPEP3. Lastly, chloramphenicol, which
specifically inhibits only prokaryotic translation including chloroplast and mitochondrial
translation (Smith-Johannsen and Gibbs, 1972), neither induced PROPEP3 nor WRKY30,
suggesting that induction of flg22-responsive genes is specific to cytosolic eukaryotic
translation inhibition. Thus, flg22 treatment and cytosolic translational inhibition lead to
induced expression of the same set of genes. This raises several possibilities. First, flg22 inhibits
translation, and therefore flg22 and CHX treatments show similar gene expression profiles.
Second, flg22 does not inhibit translation but converges with CHX’s mode of action at some
point such as reduced accumulation of negative regulators of flg22-responsive genes. The first
possibility can be tested by performing a global translation profiling using ribosome foot-

printing to identify genes whose translation is altered by flg22 and CHX treatments.

2.4 Nuclear protein dynamics during early flg22-response

In this thesis, | discovered WRKY47 as a positive regulator of immunity. In addition, |
identified NADK1, PCRK1, TOE1, and MKP1, as potential regulators of flg22-mediated
responses in the nucleus. While these findings provided insights into how plants might mediate
flg22-mediated responses in the nucleus such as transcriptional reprogramming, how flg22
perception is relayed into the nucleus remained obscure. Therefore, I decided to profile earlier
nuclear protein dynamics to identify proteins that relay flg22 perception into the nucleus

thereby mediating transcriptional reprogramming.

| conducted additional nuclear and total proteome experiments at early time points (15, 30,
and 60 min) after flg22 treatment. As flg22-triggered transcriptional reprograming occurs
within 30 min (Li et al., 2016), | expected that | can capture protein dynamics before and after
transcriptional reprogramming occurs and that proteins whose abundance changes at these time
points might be involved in information relay of flg22 perception at the plasma membrane to
the nucleus. Similar to my 3 h-9 h experiments, I also included total protein fraction as it would
give us insights into nuclear specific events, such as protein movements, during early flg22
response. [ also performed and analyzed nuclear and total protein fractions upon CHX treatment

to test whether protein abundance changes overlap between CHX and flg22 treatments as
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observed for gene expression changes. For CHX treatment, I chose 60 min as my preliminary
RT-gqPCR experiments showed that CHX induced expression of flg22-responsive genes,
PROPEP3 and WRKY30, at 60 min and not at 30 min (Figure S6). Additionally, as the leaf
infiltration method used for 3 h and 9 h experiments are not suitable for short time periods, due
to the time required for treatment and sample collection, I used 12-day old seedlings and

immediately isolated nuclear and total proteins. In total, | analyzed 72 proteome samples.

2.4.1 Protein subcellular localization remain largely unchanged during early

flg22 response.

Similar to the 3 h-9 h results, I could enrich nuclear proteins in a reproducible manner
(Figure 8, S7 and, S8) and observed a very high correlation (R>>0.8, Table S6) between
replicates within the same conditions (i.e. same treatment-flg22/mock, at the same time point).
In comparison to the 3 h-9 h results (Table 4), | detected a smaller number of proteins in the
nuclear fraction than in the total fraction in early time points proteome data (Table 9) because
this could be due to differences arising from different tissues used (i.e. seedlings include roots).
A direct comparison of previous 3 and 9 h proteomes may not be very informative. Therefore,
| focused on comparisons within seedling samples. Within the seedling samples, | observed
high reproducibility and similar number of detected proteins (Table S6). In addition, overall
proportion of subcellular localization of detected proteins largely did not change for all
compartments at 15, 30, and 60 min after flg22 treatment, suggesting at least dramatic protein

movements into one direction unlikely occurred during early flg22 response.
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Figure 7: Translational inhibitors strongly induces expression of early flg22-responsive genes. Expression of
flg22-responsive genes PROPEP3 and WRKY30 were tested after treatment of 12-day-old A. thaliana seedlings with
1 uM-flg22/mock and different protein translational inhibitors (A-D). Protein translation inhibitors used were 100
puM-cycloheximide (chxS, synthetic source and chxM, microbial source), 200 puM-puromycin (puro), 100 uM-
anisomysin (anis), and 100 pM-chloramphenicol (chlo). Bars represents the standard error from independent
experiments (‘n’). Asterisks indicate significant difference between mock and treatment samples (mixed linear
model followed by Student’s t-test; **, p<0.001)
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Figure 8: Subcellular localization of proteins detected in the nuclear and total proteome analysis. Total and
nuclear proteins were isolated from Col-0 seedlings (12-day old) at 15 min after 1 puM-flg22 or mock (water)
treatment. Six replicates (protein samples were prepared in two different days each containing three replicates
prepared from independent plant materials) were prepared for each condition. Relative protein abundance was
calculated using intensity based absolute quantification (IBAQ) values. The individual columns represent each
replicate showing relative protein abundance of proteins identified by LC-MS/MS and its subcellular localization
as predicted by SUBA4 reference database. (A) Ratio of different subcellular localization of proteins based on their
relative abundance (IBAQ value). (B) Ratio of different subcellular localization of proteins based on protein
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Table 9

Nuclear Total
Time flg22 mock (water) flg22 mock (water)
15 min 4683.8 4598.5 5680.0 6068.3
30 min 5781.7 5788.3 7059.3 7081.0
60 min 5782.3 5786.3 7029.3 7061.3
CHX mock (DMSO) CHX mock (DMSO)
60 min 5751.7 5723.0 7057.0 7007.3

Table 9: The number of proteins detected in early time point samples. Average number of proteins detected
after 1 uM-flg22/ mock (water) or 100 uM-CHX/mock (DMSQ) treatment in nuclear or total fraction at 15,
30, and 60 min. For flg22 treatment at 15 min six replicates (protein samples were prepared in two different
days each containing three replicates prepared from independent plant materials) were used. For flg22
treatment at 30 and 60 min, and CHX treatment at 60 min three replicates prepared from independent plant
materials were used.

2.4.2 Cycloheximide and flg22 converge at the transcriptome level inducing

similar gene expression

On comparing the nuclear and total proteome upon flg22 and CHX treatments during early
time points, | found proteins whose abundance show significant changes in protein abundance
in nuclear and total proteome in response to flg22 and CHX (Table 10). | detected 97, 27 and
29 DEPs after 15, 30 and 60 min respectively of flg22 treatment and 24 DEPs after 60 min of
CHX treatment in the nuclear fractions. (Table 10, Figure 9A). | found that protein dynamics
in the nuclear fraction at 15 min were largely different from flg22 treated samples at other time
points and CHX treated samples (Figure 9A, Figure S10). On the other hand, I observed some
overlap (5 upregulated & 1 downregulated proteins common) between nuclear proteome at 30
and 60 min after flg22 treatment (Figure 9B). However, unlike the similarity at transcriptome
level, protein expression after flg22 and CHX treatment were largely dissimilar. The difference
among transcriptome and proteome responses (overlapping gene expression and non-
overlapping protein expression) suggests that flg22 and CHX treatments induce the same genes
but by different mechanisms (Merchante et al., 2017; Ding et al., 2014).

In order to investigate functional differences between flg22 and CHX response, |
performed a gene ontology enrichment using BINGO plugin in Cytoscape and depicted the top
10 GO terms (Figure 10, Figure S11). Among the flg22 induced upregulated proteins in the
nuclear fraction, at 15 and 30 min did not yield any significant GO terms, however, at 60 min

GO terms for defense response and biotic stimulus were enriched as expected.
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Table 10

Number of proteins significantly Number of proteins with consistent
Protein changing in abundance presence/absence expression profile
A Time
fraction
(Treatment) Up Down Increased Decreased

15 min

(flg22) 18 79 10 7
30 min

g (flg22) 15 13 6 3

Q

3 60 min

z (flg22) 20 9 11 3
60 min

(CHX) 6 18 11 8
15 min

(flg22) 1" 12 5 9
30 min

6 15 0 2
B (flg22)

=]

= 60 min

(flg22) 20 9 6 8
60 min

(CHX) 7 10 4 4

Table 10: The number of proteins whose abundance changes during early flg22 and CHX response. Left,
proteins showing quantitative change (|log2 value| > 1, p-value<0.05) upon flg22 (or CHX) vs mock treatment.
Right, proteins which are consistently present in flg22 (or CHX) samples but absent in mock are defined as
“Increased” and vice-versa (as “Decreased”) in the nuclear or total fractions at indicated time points.

Whereas among flg22 induced downregulated proteins in the nuclear fraction at 15 min, | found
GO terms enriched for “photosynthesis”, and photosynthesis related processes. This
observation was similar to a previous studies in A. thaliana that found downregulation of
photosynthetic related GO terms in down regulated genes at translational level during AvrRpm1
induced ETI response (Meteignier et al., 2017), in downregulated genes during coronatine
(COR) treatment (Attaran et al., 2014), and suppression of photosynthesis related genes upon
infection with Pto DC3000 or hrpA treatment (Lewis et al., 2015; De Torres Zabala et al., 2015).
Additionally, Attaran et al. 2014 found that although a global repression of photosynthetic
genes was observed they didn’t detect decrease in photosynthetic efficiency. Degradation of
photosynthesis related proteins alters the redox state of a cell which are critical signaling cues
(Pierella Karlusich et al., 2017; Su et al., 2018). Similarly, downregulation of photosynthesis
related proteins very early might serve as signaling cues for transcriptional reprograming during
PTI. Unlike the GO terms enriched in the nuclear fraction upon flg22 treatment, CHX treatment
resulted in different GO term enrichment like “response to organic substance”, “response to
endogenous stimulus” etc., which were different from flg22 treatment (Figure 10). | found that

flg22 and CHX treatment resulted in different protein abundance change in the total fraction as
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well (Figure S10), which indicates that effects of CHX and flg22 on both nuclear and total
protein accumulation are very different in contrast to transcriptome changes suggesting flg22
and CHX induce expression of similar genes with different mechanisms.

(A) Proteome (B)
Nuc Nuc
15min 30min 60min CHX 15min 30min 60min CHX Up

i I
Down
flg22(60 min)  CHX(60 min)
flg22(15 min) \\ flg22(30 min)

flg22(60 min) CHX(60 min)

flg22(15 min) \ flg22(30 min)

Figure 9: Early protein response to flg22 and cycloheximide are largely dissimilar. Heatmap showing DEPs
(llog: fold change| > 1; p-value < 0.05) in the nuclear fraction. (A) Left panel shows 97 DEPs at 15 min after 1 pM-
flg22 treatment averaged across six replicates. Right-top panel shows 28 DEPs at 30 min and right-middle panel
shows 29 DEPs at 60 min after 1 uM-flg22 treatment averaged across three replicates. Right-bottom panel shows 24
DEPs at 60 min after 100 uM-CHX treatment averaged across three replicates. (B) Venn diagram shows overlap of
upregulated and downregulated proteins in the nuclear fraction after flg22 or CHX treatment at indicated time points.

2.4.3 Protein downregulation in the nucleus may precede flg22-triggered

transcriptional reprograming

Nuclear protein dynamics at 15 min was strikingly different from that at 30, and 60 min

(Figure 9A). Out of 97 DEPs detected in the nuclear fraction at 15 min, | found 79 proteins
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were downregulated. | used seedlings, extracted proteins, and performed proteome analysis in
the same way for 15, 30, and 60 min samples, yet | observed this downregulation only in the
nuclear fraction at 15 min. This excludes the possibility of simple artifacts coming from
technical issues with seedling experiments and suggests that protein downregulation is a

specific response in the nuclear fraction at 15 min.

Proteins downregulated in the nuclear fraction at 15min Proteins downregulated in the nuclear fraction upon CHX
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cellular protein complex assembly
regulation of RNA metabolic process
pigment metabolic process
regulation of transcription, DNA-dependent

NADH dehydrogenase complex assembly
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response to light intensity
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Figure 10: Early protein response to flg22 and CHX results in enrichment of different GO terms. Top ten GO terms are
arranged according to their decreasing —log10 adjusted p-values for downregulated proteins (|log, fold change| > 1; p-value
< 0.05) after 1 uM-flg22 treatment after 15 min or 100 pM-CHX treatment after 60min in the nuclear fraction. GO enrichment
analysis was done with BingGO plugin for Cytoscape (FDR=0.1). As background a customized reference protein list was
used which consisted of proteins that were detected at least twice in the flg22 or mock conditions in nuclear or total fractions
at 15, 30, and 60 min or after CHX treatment for 60 min.

2.4.4 Protein that may be involved in early flg22 response

At 15 min time point, 79 proteins were down-regulated in the nuclear fraction (Figure 9A,
Table S7A). As these protein abundance changes precede transcriptional reprogramming, some
of changes may be important for flg22-triggered transcriptional reprogramming and perhaps
these down-regulated proteins may be negative regulators. In order to identify potential
negative regulators during early flg22 response, | focused on downregulated proteins in the
nuclear fraction which are predicted to be nuclear localized (Table 11). Among downregulated
proteins in the nuclear fraction at 15 min, | found (SCP1-like small phosphatase (SSP5,
AT5G11860) and, RPM1-interacting protein 4 (RIN4, AT3G25070) interesting. SSP5 is a RNA
polymerase Il carboxyl-terminal domain (RNA pol 1l CTD) phosphatase, capable of Ser5-PO4
dephosphorylation and serve as a transcriptional repressor (Feng et al., 2010; Hajheidari et al.,
2013). Experiments in A. thaliana protoplasts showed SSP5 to be localized in both cytosol and
nuclei. Therefore, the downregulation of SSP5 in the nucleus upon flg22 treatment could play

a role in the induction of immune genes via de-repression (Feng et al., 2010).
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RIN4 is tethered to plasma membrane by C-terminal acylation, and is a negative regulator
of PTI (Ray et al., 2019; Goslin et al., 2019; Afzal et al., 2011). Several pathogen effectors, like
AvrRpt2, target RIN4 to inhibit PTI. RIN4 is cleaved by AvrRpt2 into 3 fragments. Two of
these fragments, ACP2 and ACP3, contain a plant-specific nitrate-induced (NOI) domain which
are then released from plasma membrane and suppress PTI (Afzal et al., 2011). Subcellular
localization of these fragments after, being released from the plasma membrane, is unclear.
Effectors like AvrRpt2 also cleaves other NOI domain containing proteins which are predicted
to be plasma membrane localized such as RIN4 (Goslin et al., 2019). However, one of these
NOI proteins, a RIN 4 family protein (AT5G40645), was found to show nuclear localization.
The downregulation of RIN4 in the nucleus can be the non-membrane RIN4 proteins that are
not properly targeted to plasma membrane. An alternative explanation can be in absence of
pathogens plants use such non-targeted RIN4 to suppress PTI which upon MAMP perception

are quickly removed from the nucleus to induce immune response.

Among other downregulated proteins | found MPK3/6-targeted-VQ-motif-containing
protein 1 (MVQ1, AT1G28280) to be interesting. MVVQ1, a nuclear localized protein, belongs
to the groups of VQ-motif containing proteins that was found to be phosphorylated by MAP
kinases-MPK3 and MPK®6, and were named MPK3/6-targeted-VQ-motif-containing protein 1
(MVQL1) (Pecher etal., 2014). Flg22 treatment resulted in phosphorylation of MVVQ1 as shown
by mobility shift assay and resulted in decrease in MVVQ1 abundance (Pecher et al., 2014). |
found MVQL1 protein abundance decreased upon flg22 treatment in the nucleus at all time points
tested which is consistent with previous report of reduced MVQL1 protein level upon flg22
treatment. Additionally, MVVQ1 overexpression was found to inhibit flg22 induced NHL10, a
early flg22-marker gene (Boudsocq et al., 2010), promoter activity in A. thaliana protoplasts
(Weyhe, 2019). MVVQ1 was shown to negatively affect WRKY - mediated gene expression via
binding to WRKYs with the VQ-motif (Pecher et al., 2014; Weyhe, 2019). Recently, a
comparative transcriptomic study found that about 400 flg22-induced genes were suppressed
in MVQL1 overexpressing line compared to Col-0 and compromised resistance against Botrytis
cinerea infection indicating a negative regulatory role of MVQL1 in plant immunity (Weyhe,
2019). Compared to Col-0, mvgl plants were more sensitive to flg22-treatment as observed by
upregulation of a higher number of defense related genes (Weyhe, 2019). | also observed that
MVQ1 abundance decreased upon CHX treatment in the nuclear fraction which is consistent
with previous report of enhanced degradation of MVVQ1 upon flg22 and CHX co-treatment
(Pecher et al., 2014).This suggests that MVVQL is a high turnover protein whose rapid removal

from the nucleus could be important for de-repression of early immune genes.
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In addition to the downregulated proteins, upregulated proteins are also interesting, such
as TFs. Among upregulated proteins in the nuclear fraction at 15 min were PHD type
transcription factor with transmembrane domains (PTM, AT5G35210), Calmodulin-binding
transcription activator protein 2 (CAMTA2, AT5G64220) and, Calmodulin-binding
transcription activator protein 3/Signal Responsive 1 (CAMTA3/SR1, AT2G22300). PTM is a
chloroplast envelope-bound plant homeodomain (PHD) transcription factor that localizes in
chloroplast membrane. Upon various photooxidative stress inducing stimuli (norflurazon,
lincomycin) PTM undergoes proteolytic cleavage and its amino terminal translocate inside the
nucleus to transmit chloroplast signals to the nucleus (Sun et al., 2011).. | found that PTM
increased >2-fold in the nuclear fraction specifically at 15 min upon flg22 treatment (Table 11).
It remained unchanged in the nuclear fractions at other time points tested and was undetected
in the total fraction. Interestingly, the upregulation of PTM in the nuclear fraction at 15 min
coincided with downregulation of proteins involved in electron transport chain as found in GO-
term analysis (Figure 10). The downregulation of electron transport chain and photosynthesis
related proteins leads to ROS production (Su et al., 2018; Pierella Karlusich et al., 2017). PTM
was shown to sense ROS accumulation. A plausible role of PTM could be to sense the ROS
accumulation in response to flg22 which then undergoes cleavage and translocation into the
nucleus to trigger transcriptional reprograming. In this scenario PTM cleavage products may
use stromules to get translocated into the nucleus to mediate the expression of nuclear encoded
defense during flg22 response (Caplan et al., 2015). This led me to check which part of PTM
was detected in my nuclear fraction. | detected 15 peptides, all arising from N-terminal region
of PTM in my nuclear fraction (Figure 11). Most of these peptides were detected in flg22 treated
nuclear fraction (25 detections in flg22 vs 10 detection in mock) suggesting flg22 dependent
accumulation of N-terminal part of PTM (Figure 11). Specific upregulation of PTM in the
nuclear fraction together with its central role in transmitting chloroplast derived retrograde
signaling suggests that it may be an important signaling factor connecting MAMP perception

to nuclear transcriptional reprograming.

One of the proteins that were upregulated in the nuclear fraction in 15 min were
CALMODULIN-BINDING TRANSCRIPTIONAL ACTIVATORs-CAMTA2 and CAMTA3
(Table 11). The CAMATA3 was shown to be a negative regulator of immunity based on elevated

immune phenotype in camta3 knockout mutant and CAMTASs were shown to be involved in PTI
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Table 11: Potential candidates involved in early flg22 response

Proteome

Protein ID SUBAcon Description
Nuc Tot

15min 30min 60min CHX 15min 30min 60min CHX

Downregulated proteins

AT3G25070 421 -049 014  -033 028 028 032  -p1g |Plasma RPM1 interacting protein 4 (RIN4)
membrane

AT5G 11860 -1.21 NA NA NA NA NA NA NA cytosol SCP1-like small phosphatase 5 (SSP5)

AT1G28280 -25.16 -25.81 -1.23 -2.38 -22.82 NA NA NA nucleus VQ motif-containing protein (MVQ1)

Upregulated proteins
AT5G35210 1.10 NA NA NA NA NA NA NA nucleus metalloendopeptidases;zinc ion
binding;DNA binding (PTM)

AT5G64220 1.60 NA NA NA -0.21 NA NA NA  [nucleus Calmodulin-binding transcription
activator protein 2 (CAMTAZ2)

AT2G22300 1.32 NA NA NA -0.22 NA NA NA nucleus Calmodulin-binding transcription
activator protein 3 (CAMTA3)

Table 11: Table showing potential candidates involved in early flg22 response. A subset of proteins that
shows change in nuclear protein abundance during early flg22 response. The complete list of such proteins
after flg22 or cycloheximide (CHX) treatment can be found in Table S7.
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@® AASSNILEQMK, ASLMDIFSYIASR, AVELPNQVNGVQAR, DFDDNEVFLGK, DSQIPEVVGFK, HQNAVIPVIK,
IFSGLFPLK, IVSYDTGLYR, KIPGLNYGDASYIPR, NQNILLAGR, NVEDTGVDFR, QSTAPQFTINVR, TRVPTNINHR,
VATGLLENVPR, VSYGVFFGNQK
N-terms: Phobius
TMRs: UniProt

Number of detections

SN Peptides Score flg22 mock
1 AASSNILEQMK 81.95 1 0
2 ASLMDIFSYIASR 98.353 1 0
3 AVELPNQVNGVQAR 82.417 2 0
4 DFDDNEVFLGK 93.649 1 1
5 DSQIPEVVGFK 50.353 0 1
6 HQNAVIPVIK 77.318 3 0
7 IFSGLFPLK 75.109 2 2
8 IVSYDTGLYR 80.219 4 1
9 KIPGLNYGDASYIPR 46.68 1 0
10 NQNILLAGR 91.9 3 1
11 NVEDTGVDFR 64.04 1 0
12 QSTAPQFTINVR 74.944 1 2
13 TRVPTNINHR 71.524 2 0
14 VATGLLENVPR 57.348 1 2
15 VSYGVFFGNQK 62.582 2 0

Figure 11: N-terminal end of PTM was enriched in the nuclear fraction during flg22 response. Top panel
shows the transmembrane structure of PTM visualized in Protter (version 1.0) and peptides detected for its
identification are highlighted blue. Bottom panel shows number of times peptides are detected among the six-
replicates of flg22/mock treated nuclear fractions for the identification of PTM by LC-MS/MS.
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and ETI signalling (Du et al., 2009; Karasov et al., 2017). However, camta3 phenotype was
later attributed to activation via two NLR proteins and a guardee role of CAMTAS3 (Lolle et al.,
2017). Using a two NLR P-loop dominant negative mutants, dsc1-dn and dsc2-dn, it was shown
that camta3 phenotype is suppressed in the camta3/dscl-dn/dsc2-dn triple mutants and the
camta3 autoimmune phenotype is contributed by DSC1 and DSC2 NLRs. Additionally,
CAMTAS was found to positively regulate early stress response genes via a CAMTA-binding
motif, Rapid Stress Response Element (RSRE), in response to various stresses including flg22
(Benn et al., 2014). In line with previous studies, different CAMTAs, including CAMTA2 and
CAMTAZ3, were found to be induced within 15 min of various treatments including SA, JA, and
H.O> (Yang and Poovaiah, 2002). | found CAMTAZ2 was upregulated during flg22 treatment
at 15, 30 and 60 min and CHX treatment at 60 min in the nucleus and CAMTA3 was
upregulated in the nucleus upon flg22 treatment at 15 min and CHX treatment at 60 min. These
results together with a positive role of CAMTAZS in the induction of early stress response genes
suggests that CAMTAs may serve as a positive regulator of early flg22-induced PTI.
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3. Discussion

3.1 The establishment of a new nuclear isolation protocol for nuclear proteome

analysis

Despite several attempts to conduct nuclear proteome analysis, there is still much room for
method improvement. For instance, | found that Folta protocol showed contamination of
proteins from other compartments, in particular, plastidial proteins (Figure 1A). Nuclear protein
isolation protocol from Sikorskaite et al., 2013 also showed contamination of stromal proteins
as could be seen from Coomassie staining around 50 kDa which corresponds to RbClI, a stromal
protein (Sikorskaite et al., 2013). Many publications used either mechanical homogenisation or
with liquid nitrogen to homogenise plant tissue which may affect not only nuclear integrity but
also break chloroplasts that may leak into the nuclear protein fraction. | found that modifying
the homogenization technique, chopping instead of using a blender or with liquid nitrogen and
mortar-pestle, helped to reduce chloroplast contamination (Figure S1A, B). Vlasak et al. found
that in comparison to snap-freezing with liquid nitrogen, homogenization using blender
performed better to keep nuclei intact (Vlasak, 1981). However, Zhang et al. found that liquid
nitrogen performed better compared to blender for nuclei isolation from tomato leaves (Zhang
et al., 1995). Nevertheless, other protocols using blender for homogenisation recommends use
of lowest speed setting which suggests that the shearing force from mechanical homogenisation
would affect nuclear integrity (Folta and Kaufman, 2007; Sikorskaite et al., 2013). Therefore, |
used chopping with razor blades. Furthermore, compared to Folta-protocol, TX-100 at a final
concentration of 0.85 %, instead of 1 %, and only before the second centrifugation step resulted

in reduced chloroplast protein contamination.

Nuclear isolation protocols were evaluated for the quality of method by immunaoblotting
experiments for marker proteins and/or microscopy images using DAPI staining (Goto et al.,
2019; Howden et al., 2017; Fakih et al., 2016; Sikorskaite et al., 2013). However, both methods
cannot show the overall quality of the fractionation procedure. For instance, nuclear enrichment
is often shown by immunoblotting with nuclear histone-H3. However, histone-H3 may not
serve as the best marker for nuclear enrichment. Since histone-H3 is tightly associated with
chromatin, histone-H3 signal can be detected even from broken nuclei (Annunziato, 2008).
Therefore, | used transgenic plants expressing GFP-tagged Nup50a, localized to the
nucleoplasm, in addition to histone H3 to access nuclear enrichment (Tamura et al., 2010).

However, MS based proteome profiling is a more reliable method to reveal the overall quality
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of a nuclear isolation protocol as recently also used by Goto et al. 2019 on A. thaliana cell

cultures to demonstrate nuclear method isolation improvements (Goto et al., 2019).

Goto et al. 2019 used a high concentration sucrose gradient to isolate nuclei from A.
thaliana cell culture and identified 1539 nuclear proteins using LC-MS/MS. Another nuclear
proteomic study investigating chitosan-induced nuclear proteome changes in A. thaliana
identified 232 nuclear proteins (Fakih et al., 2016). In comparison, | identified 1932 nuclear
proteins as per SUBA4 subcellular predictions. This is an 25% increase in nuclear protein
detection as compared to Goto et al. which can allow us to identify flg22-responsive proteins
that are not yet implicated in immunity. The increased number of nuclear proteins identified in
my method compared to Goto et al. can be contributed by not only the improvement in nuclear
fractionation method but also sample preparation for LC-MS/MS and starting material used.
For instance, Goto et al. used a sequential protein extraction method to extract soluble,
peripheral and membrane proteins and A. thaliana cell cultures as starting material which may
as well aid in protein detection. However, one of the challenging aspects in nuclear proteomics
is to distinguish contaminants from bonafide nuclear proteins. Therefore, an approach
independent of obtaining pure organellar fraction to assign subcellular localization as done in
animal field might be further helpful in finding nuclear proteins. In addition, having several
protein fractions can give further insights into putative subcellular protein movements. For
example, methods such as PCP and LOPIT make use of several protein fractions and generate
protein abundance profiles for each fraction (Lundberg and Borner, 2019). These abundance
profiles for each fraction are compared to profiles of organellar marker proteins to identify
which fractions represent which organelles. The presence of several fractions corresponding to
different organelles serves as a reference and would help in detection of protein movement

into/out of the nucleus in response to external stimulus.

3.2 Nuclear protein dynamics during early and late flg22-response

MAMP perception by PRRs at the cell surface leads to several downstream PTI responses
that include transcriptional reprograming inside the nucleus. However, it is mostly unknown
where PTI signaling components, such as MAPKSs or TFs, interact to relay signal transduction
inside the nucleus. I hypothesized that some factors move from cytosol to the nucleus to relay
PTI signaling inside the nucleus. For instance, the plasma membrane associated-BIK1 was
found to localize in the nucleus upon elf18 treatment where it interacts with WRKY TFs,
indicating a mechanism that connects MAMP perception at the plasma membrane to nuclear

transcriptional reprograming (Lal et al., 2018). In order to select proteins involved in signal
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transduction from the plasma membrane inside the nucleus, | searched for proteins that showed
upregulation in the nuclear fraction with no change in the total fraction. Based on this
hypothesis, | found NADK1 interesting. NADK1 increased more than 4-fold in the nuclear
fraction with no change in the total fraction at 3 h after flg22 treatment (Table 8). NADK1
converts NAD+ to NADP+ in the cytosol (Waller et al., 2010; Hashida and Kawai-Yamada,
2019). Recently, in plants enzymatic activity of TIR domain was established in depletion of
NAD™ and pathogen recognition (Wan et al., 2019a). It is known that activation of some NLRs
leads to their nuclear accumulation (Tsuda and Somssich, 2015). On the other hand, NAD*
cleavage by TIR domains of plant NLRs leads to accumulation of second messengers such as
ADPR and cADPR which trigger calcium signaling (Wan et al., 2019a). Induction of nuclear
calcium is known to play an important role in the perception of nodulation (Nod) and
mycorrhizal (Myc) factors released by rhizobial and arbuscular mycorrhizal symbionts,
respectively (Charpentier, 2018). Briefly, rhizobial Nod factor (Nf) induced increase nuclear
calcium leads to activation of calcium pump, SERCA-type calcium ATPase (MCAS8) (Capoen
et al., 2011). MCAS8 is proposed to release Ca?* back into the lumen of the nuclear envelope.
Increased nuclear Ca?* activates calcium and calmodulin dependent kinases and activates signal
transduction to the downstream components such transcription factor CYCLOPs (Yano et al.,
2008; Singh et al., 2014). Nuclear accumulation of NADK1 in response to flg22 may regulate
nuclear NAD+/NADP+ homeostasis resulting in secondary signaling cues, such as increased
nuclear Ca?*, to relay MAMP perception during PTI. In addition, using nuclear import/export
inhibitors in combination with nuclear proteomics may further help to focus on MAMP

responsive protein movements during PTI.

Among proteins showing quantitative change in response to flg22 treatment in the nuclear
and total protein fractions | detected several TFs that have not been implicated in immunity
(Table S2A). Among them | found WRKY47, a TF yet unknown in immunity, to be highly
upregulated at 3 h and 9 h after flg22 treatment. Based on pathogen growth assay, WRKY47
was found to be a positive regulator of plant immunity against Pto DC3000 (Figure 5B-C).
WRKY47 belongs to group Il of WRKY TF gene family consisting of 74 genes based on
number and structure of WRKY domains and a zinc-finger motif (Eulgem et al., 2000; Wang
et al., 2011b). Phylogenetic analysis based on nucleotide sequence found WRKY47 together
with WRKY40 in group lla (Wang et al., 2011b). WRKY40 was found to be a negative
regulator during basal immunity whereas a positive regulator during AvrRpt2-induced ETI
(Seyfferth, 2016). Additionally, WRKY47 was found to be in group of induced WRKYs upon 1

or 2 h after flg22 treatment based on gene expression (Birkenbihl et al., 2018). Consistently, |
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found WRKY47 gene expression was also induced from 2 h after flg22 treatment (Table S2A).
However, WRKY47 protein level was similar to that of control at 2 h unlike induced WRKY's
after flg22 treatment (Birkenbihl et al., 2018), possibly due to a delay in protein synthesis.
Based on pathogen growth assay and its proposed role as induced WRKYs, WRKY47 may

function as a positive regulator during flg22-induced PTI.

On comparing protein and gene expression patterns for the proteins showing quantitative
change, I found a positive correlation with the transcriptome data. Since the transcriptome and
proteome data were generated independently, a positive correlation between transcriptome and
proteome data shows that protein responses are not random and indicates a high accuracy of
both omics datasets (Figure 6C, Table 7). A comparative proteome-transcriptome study
investigating high temperature stress response in yeast during ethanol fermentation found a
relatively high correlation (R=0.5593-0.7080) between DEPs and differentially expressed genes
(DEGS) showing same expression trends (Li et al., 2019b). Similar, overall correlation between
proteome and transcriptome changes (R=0.41) were also observed in A. thaliana upon elf18
treatment (Xu et al., 2017). Consistently, | observed that 3 h proteome is similar to
transcriptome at 2 h (R? = 0.76/.55 for nuclear/total proteome, respectively) and, 9 h proteome
is similar to transcriptome at previous time points, which is consistent with the central dogma
(Figure 6C, Table 7). This suggests that proteome changes mirrors transcriptome changes at 3
and 9 h and transcriptome independent protein abundance changes may be more prevalent in
early time points. Nevertheless, it is known that the dynamics of mMRNA and protein synthesis
can have large variations which must be considered while comparing proteome and
transcriptome correlations (Lee et al., 2011; Liu et al., 2016). For instance, a delay in mRNA to
protein synthesis was observed in fission yeast during oxidative stress and during life cycle
transition in Plasmodium falciparum (Lackner et al., 2012; Roch et al., 2004). Such delay
between mMRNA expression to protein synthesis can be as long as 12 h for certain proteins, for
example Trafdl, as reported in mouse dendritic cells upon LPS treatment (Jovanovic et al.,
2015). Thus, in order to compare proteome and transcriptome a more targeted approach
considering specific proteins and delay in protein synthesis may give us further insights into

dependency of proteome on transcriptional changes.

3.3 Nuclear proteins dynamics at very early time points

From 3 h and 9 h time points, | identified WRKY47 as a positive regulator of immunity.
In addition, I identified NADK1, PCRK1, TOE1, and MKP1, as potential regulators of flg22-
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mediated responses in the nucleus. Nevertheless, still earlier time points can provide

information about protein dynamics independent of transcriptional changes.

A hypothesis for flg22 induced quick and massive transcriptional reprograming is via de-
repression of transcription. At the basal state, transcription of flg22 responsive genes are
suppressed by negative regulator(s) and upon flg22 perception, transcription is de-repressed via
removal or inactivation of such negative regulator(s). Previous studies found an overlapping
transcriptional response upon flg22 and CHX treatment which suggests that de-repression could
be a mechanism to induce transcriptional reprograming (Navarro et al., 2004; Jacob et al.,
2017). Therefore, it was proposed that translation of negative regulator(s) which are high
turnover proteins was inhibited by CHX, which leads to reduced accumulation of negative
regulator(s), resulting in activation of flg22-induced transcriptional response. By comparing
transcriptome responses to flg22 (Winkelmdaller, 2018) and CHX treatments available in public
databases (Goda et al., 2008; Drechsel et al., 2013), there was a substantial overlap between
genes upregulated 1 h after flg22 treatment and 3 h and/or 4 h after CHX treatment (Figure S5).
Consistently, | found expression of flg22 marker genes, PROPEP3 and WRKY30, were
upregulated by flg22 and CHX treatment (Figure 7). Similar to CHX, anisomycin also induced
both genes. Puromycin, however, induced only WRKY30 but failed to significantly induce
PROPEP3 which might be due to slow mode of inhibition of puromycin or low concentration
used. Puromycin and anisomysin inhibit eukaryotic translation via different mechanisms and
they are structurally different from CHX, thus they would have different off target effect. All
three inhibitors, however, could induce PROPEP3 and WRKY30 (although puromycin failed to
significantly induce PROPEP3). Additionally, chloramphenicol, that specifically inhibits
bacterial translation (Smith-Johannsen and Gibbs, 1972), neither induced PROPEP3 nor
WRKY30. Together these results suggest that upregulation of flg22-responsive genes is specific
to cytosolic eukaryotic translation inhibition. Expression of same set of genes by flg22 and
CHX raises several possibilities. For instance, flg22 inhibits translation, and therefore, CHX
induces similar gene expression as flg22 treatment. Alternatively, flg22 does not inhibit
translation but converges with CHX’s mode of action at some point such as accumulation of
negative regulators of flg22-responsive genes. To test whether flg22 inhibits global translation
to induce early flg22-responsive genes ribosome foot printing can be used to identify genes
whose translation is altered (Brar and Weissman, 2015). On the other hand, to test whether
negative regulators are indeed high turnover proteins, we can monitor protein degradation rates
via targeted approach such as CHX-chase assay or using a MS based approach by metabolic

labelling such as SILAC(Eldeeb et al., 2019)
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An overlapping transcriptional response upon flg22 and CHX treatment led me to test
whether protein level also show similar trends. Therefore, I included CHX treatment for 60 min
in my proteomics experiment for early time points that included 15, 30 and 60 min of flg22
treatment. However, unlike the similarity at transcriptome level, protein expression after flg22
and CHX treatment were dissimilar both in nuclear and total protein fractions (Figure 9B). The
difference among transcriptome and proteome responses (overlapping gene expression and
non-overlapping protein expression) suggests that flg22 and CHX treatments induce the same
genes by different mechanisms, such as phosphorylation of initiation factors, composition of
ribosomal proteins, protein composition of the translational machinery and conformation of
MRNAs (Merchante et al., 2017; Ding et al., 2014). Additionally, CHX mediated transcriptome
response can be due to inhibition of protein synthesis of repressors, that are continuously
degraded. Whereas flg22-mediated transcriptome response can be due to gene activators.
Alternatively, due to differences in protein synthesis and gene expression dynamics as
discussed above (Lee et al., 2011; Lackner et al., 2012; Jovanovic et al., 2015), comparing a
later time point after CHX treatment to an earlier time point after flg22-treatment may show

some overlap at protein level.

One of the striking features of nuclear protein dynamics upon flg22 treatment during early
time points is downregulation of proteins in the nuclear fraction at 15 min. Out of 97 DEPs
detected in the nuclear fraction at 15 min, 79 proteins were downregulated (Figure 9A). |
observed this downregulation exclusively in the nuclear fraction at 15 min. This suggests that
at least artifacts coming from technical issues during nuclear fractionation can be excluded as
the downregulation was specific to 15 min nuclear sample. This downregulation of proteins,
which may be negative regulators, detected in the nuclear fraction may precede transcriptional
reprograming. Recently, in budding yeast global translation inhibition, using translational
inhibitors like CHX, was found to de-repress ribosome biogenesis genes (Cheng and Brar,
2019). Interestingly, in human cell lines global translational downregulation (reduced by 65%)
resulted in phosphorylation and activation of a MAPKKK-TAKZ1-D, that can phosphorylate
downstream targets like MKK4 and MKK3/6 triggering activation of p38 MAPK and stress
activated protein kinase (SAPK)/Jun amino-terminal kinases (JNK) (Cheng and Brar, 2019).
However, in plants effects of global translational inhibition on immunity is yet unknown.
Nevertheless, examples of removal of negative regulators for transcriptional induction is
known. For instance, degradation of jasmonate ZIM-domain (JAZ), a negative regulator of

jasmonate (JA) signaling, upon perception of jasmonoyl-isoleucine (JA-lle) alleviates the TF
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MYC2 from repression enabling MYC2 to regulate expression of early JA-responsive genes
(Tsuda and Somssich, 2015).

Among the flg22 induced downregulated proteins in the nuclear fraction at 15 min, I found
GO terms enriched for “photosynthesis”, and photosynthesis related processes. This
observation was similar to a previous study in A. thaliana that found downregulation of
photosynthetic related GO terms in down regulated genes at translational level during AvrRpm1
induced ETI response and in downregulated genes during coronatine (COR) treatment
(Meteignier et al., 2017; Attaran et al., 2014). In the same study, Attaran et al. 2014 found that
although a global repression of photosynthetic genes was observed they didn’t detect decrease
in photosynthetic efficiency. Degradation of photosynthesis related proteins alters the redox
state of a cell which are critical signaling cues (Pierella Karlusich et al., 2017; Su et al., 2018).
Similarly, downregulation of photosynthesis related proteins very early might serve as signaling

cues for transcriptional reprograming during PTI.
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4. Materials and Methods

4.1 Materials

4.1.1 Plant Materials

Arabidopsis thaliana accession Col-0 was used as the wild type (WT) and wrky47 mutant
used was in the same background. Transient expression assay was performed in Nicotiana

benthamiana (N.benthamiana).

Mutant Gene locus Cause of mutation Accession Reference

wrky47 AT4G01720 T-DNA Col-0 Alonso et al., 2003
4.1.2 Bacterial Material

Bacteria Strain Resistance Purpose

Pseudomonas syringae pv.
tomato DC3000 (Pto DC3000)
Escherichia coli (E. coli)
Agrobacterium tumefaciens
(A. tumefaciens)

Pto DC3000/pLAFR Rifampicin and

Tetracycline

pathogen assay

DH10B
Gv31010 pMP90

competent cells
competent cells

Rifampicin and
Gentamycin

4.1.3 Primers
Locus Plant Forward sequence Reverse sequence
ACTIN2 A.thaliana | TAAGGTCGTTGCACCACCTG GCTGGAATGTGCTGAGGGAA
PROPEP3 | A.thaliana | CTTGCGATCTTTCGTCATCA GTTCTTCCCTCTCGCTTTGA
WRKY30 | Athaliana | GCTGGACGATGGATTCAGTT AGTGGCTTCACATCCTTGAGA

4.1.4 Chemicals

Chemical Working Concentration Company
Flg22 5UM in sterile water ZBiolab Inc. (Westfield USA)
TritonX-100 10% in sterile water Sigma-aldrich, USA
EvaGreen DNA Dye 5 % in RT-qPCR mix Biotium (Hayward, USA)
Percoll 100 % Sigma-aldrich, USA
Antibody Working Concentration Company
Anti-GFP 1:2500 Abcam (Cambridge; UK)
Anti-cFBPase 1:5000 Agrisera (Sweden)
Anti-1DH 1:5000 Agrisera (Sweden)
Anti-CNX1/2 1:2500 Agrisera (Sweden)
Anti-RbClI 1:10000 Agrisera (Sweden)
Anti-LHC 1:5000 Agrisera (Sweden)
Anti-H3 1:5000 Agrisera (Sweden)
Anti-Rabbit 1gG 1:10000 Sigma-Aldrich (Steinheim;
Germany)
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Anti-Mouse Ig HP 1:10000 GE Healthcare (Freiburg;
Germany)

Kit/Enzyme Purpose Company

peqGOLD TriFast™ RNA Extraction Peqlab, Darmstadt

Super signal west/femto maximum
sensitivity substrates

Detection system for
Immunoblotting

Thermo Scientific (Darmstadt;
Germany)

SuperScript Il Reverse Transcriptase | cDNA synthesis Thermo Fischer Scientific (USA)
4.1.5 Media and solutions
Name Contents

% Murashige & Skoog (MS) (pH 5.8)

2.45g/1 MS medium with vitamins and MES buffer

1% (w/v) sucrose

0.5% (wi/v) plant agar

Sterilizing bleach solution

1.5 % (v/v) NaCIO

0.02 % (V/v) Triton X-100

King’s B (KB) (pH 6.9)

10 g/l bacto Proteose peptone No. 3

15 g/l Glycerol

1.5 g/l K;HPO,

15 g/l bacto agar

After autoclaving: 5 ml/l sterile 1 M MgSQO4

Luria-Bertani (LB) (pH 7.0)

1 % (w/v) tryptone

1 % (w/v) NaCl

0.5 % (w/v) yeast extract

1.5 % (w/v) agar

DNA extraction buffer

50 mM Tris-HCI

200 mM NaCl

0.2 mM EDTA

0.5 % SDS

100 pg/ml of Proteinase K (freshly added)

RNA precipitation solution

1.2 M NaCl

0.8 M trisodium citrate

cDNA precipitation solution

50 pl of 100% ethanol in total 52 pl solution

2 pl of 3M sodium acetate in total 52 pl solution

10 % APS 1g APS
10 ml H20
Electrophorese buffer (10x) 250 mM tris-HCI (pH 8.3)
1.92 M glycin

1 % (w/v) SDS

Ponceau staining solution

5 % (v/v) acetic acid

1 % (w/v) Ponceau S

PCR buffer (10x) (pH 8.8)

200 mM Tris-HCI

100 mM KCI

100 mM (NH4)2 504

20 mM MgCl,

10% Triton X-100

SDS-PAGE running buffer

192 mM glycin

25 mM tris-HCI (pH 8.3)

0.1 % (w/v) SDS

Separating gel buffer

1.5 M tris-HCI (pH 6.8)

0.3 % (w/v) SDS

Stacking gel buffer

0.5 M tris-HCI (pH 6.8)

0.3 % (w/v) SDS

TBST-T

20 mM tris-HCI (pH 7.6)
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137 mM NaCl

0.05 % (v/v) Tween-20
TE 1 mM EDTA pH 8.0
10 mM tris-HCI pH 7.4

Transfer (blotting) buffer 25 mM tris-HCI (pH 8.0)
192 mM glycin

0.1 % (v/v) SDS

20 % (w/v) methanol

4.2 Methods

4.2.1 Plant growth on soil

A. thaliana Col-0 seeds were stratified for 3-4 days at 4 °C in water in the dark. The seeds
were sown onto commercial soil (Stender, Schermbeck Germany) in 9 X 9 pots. Seedlings were
separated into fresh soil after 12-14 days and growing was continued for 2-3 weeks (10 h light/
14 h darkness, 23/20 °C, 60 % humidity). 4-5-week-old plants were transferred to long day
chamber 2 days prior to the experiments (12 h light/ 12 h darkness, 22 °C, 54/58 % humidity).
For infection, soil-grown-plants were transferred to another chamber at 22 °C with a 12 h

photoperiod and 60 % relative humidity three days before bacterial inoculation.

4.2.2 Plant growth on ¥2 MS-plate

For seedlings seeds were sterilized by shaking in 2 ml of a bleach solution for 10 min.
Then, seeds were washed 5 times with sterile water and stratified in sterile water for 3-4 days.
Sterilized seeds were diluted in 0.1 % (w/v) plant agar. The seeds were transferred onto %2 MS
agar plates using a 1 ml filter tip (equal distance between seeds) and grown in Percival growth
chamber (CU-36LX5D, Percival, USA) at 22 °C, 10 h L/D for eleven days. Eleven-day-old
seedlings were transferred to liquid %2 MS-Medium (same composition as MS-Agar) one day

before treatment.

4.2.3 Bacterial growth

Pto DC3000 was grown on King’B (KB) media for two days at 28°C. Before use bacteria
were transferred to liquid KB medium and incubated overnight at 28°C and 200 rpm until they
reached an OD600 between 0.8 and 1. E. coli were grown on LB media at 37°C and 190 rpm
with antibiotics. A. tumefaciens were grown on YEB media for two days at 28°C or in liquid
YEB media 16-20 h at 28°C and 200 rpm with antibiotics.
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4.2.4 Chemical treatment

11-day-old seedlings were transferred from %2 MS-Agar to 24-well plates each with 1.6 ml
of %2 MS-Medium 24 h prior to treatments. 10-12 seedlings per sample were transferred to each
well. For the flg22 and cycloheximide (synthetic) treatments, %> MS-Medium was removed and
replenished with 1600 pl of 1 uM f1g22 or 100 uM cycloheximide prepared in 2 MS-Medium
was added to the medium containing the seedlings. Six wells were combined for one replicate
to reduce experimental variance and were used immediately for nuclear protein isolation. One
seedling from each of the six well were harvested in liquid nitrogen at indicated time points for
preparation of total protein. The samples were stored at —80°C until use.

For gPCR experiments 5-10 seedlings per well were used. The antibiotics cycloheximide
(both microbial and synthetic), puromycin, anisomycin and chloramphenicol were added in
concentrations of 100 uM, 200 uM, 100 uM and 100 uM respectively similar to above. Three
wells were combined for one sample to reduce experimental variance when the seedlings were
harvested in liquid nitrogen at indicated time points. The samples were stored at —80°C until

use.

4.2.5 RNA isolation, cDNA synthesis, RT-gPCR, and statistical analysis

Seedling samples were ground in 2 mL Eppendorf tubes with 4 metal. The grounded
materials were mixed with 0.5 ml TRIfast for seedlings, or 1 ml TRIfast for leaves, by
vortexing. Chloroform (one fifth volume of added TRIfast) was added to the mixture and
centrifuged for 15 min at 14,000 rpm at 4 °C. The supernatant was transferred into a new 1.5
ml tube, isopropanol was added (same volume as the supernatant), and incubated 10 min at
room temperature followed by centrifugation for 15 min at 14,000 rpm at 4 °C. The pellet was
suspended in 200 ul of nuclease free water, mixed with 100 ul of RNA precipitation solution,
100 pl of isopropanol, and incubated for 10 min at RT. The RNA pellet was collected by
centrifugation for 15 min at 14000 rpm at 4 °C, washed with 400 pl of 75 % ethanol and
centrifuged again for 2 min at 12000 rpm at room temperature. The pellet was dried and
suspended in 50 pl of nuclease free water. RNA concentration was measured by NanoDrop

photometer (PeqLab, Erlangen, Germany).

SuperScript Il reverse transcriptase (Invitrogen, Thermo Fisher Scientific; USA) was used
for cDNA synthesis. The mixture was heated up by PCR thermocycler and then synthesized
cDNA was precipitated by cDNA precipitation solution. The cDNA was collected by
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centrifugation for 20 min at 14000 rpm at room temperature, the pellet was washed with 75%
ethanol, and centrifuged for 5 min at 14000 rpm at room temperature. The supernatant was
removed and the pellet was dried for 5 min. The cDNA pellet was suspended in 200 pl of

nuclease free water.

Reaction mix for cDNA synthesis:

50 uM oligo dT20 1wl
10 mM each dNTP mix 1wl
250 ng/ul RNA 11l
0.1 M DDT 2 ul
5XFirst-strand buffer 4 ul
SuperScript 11 reverse transcriptase 1 ul

RT-gPCR was performed on a CFX Connect Real-Time PCR Detection System (Biorad,
USA) using the following reaction mix and program. The target gene was quantified relative to
the expression of A. thaliana ACTIN2 (ACT2). The ACt values were calculated by subtracting
the Ct-value of the target gene from Ct-value of ACT2. The ACt values were used for further
statistical analysis.

Reaction mix for RT-qPCR:

cDNA 4 ul

2.5 uM Primer forward 2ul

2.5 uM Primer reverse 2 ul
10x PCR buffer 2.5 ul
10 mM dNTP 0.5 ul
Eva Green Dye 1.25ul
Homemade Taq polymerase 0.5 ul
Sterile water 12.25 ul

Programm for RT-qPCR:

Initial Denaturation 95°C 3 min
Denaturation 95 °C 15 sec
Annealing 60 °C 30 sec 40 cycles
Elongation 72 °C 30 sec
Final Elongation 55°C 1 min

The following models were fit to the relative Ct values compared to ACT2: Ctgyr =
GYgy+Rr+egyr, where GY, genotype:treatment interaction, and random factors; R, biological

replicate; e, residual; Ctytr = YTyt+Rr+eytr, where YT, treatment:time interaction; Ctgytr =
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GYTgyt+Rr+egytr, where GYT, genotype:treatment:time interaction. The mean estimates of
the fixed effects were used as the modelled relative Ct values, visualized as relative log.

expression values, and compared by two-tailed t-test.
4.2.6 Bacterial growth assay

Bacterial growth assay was performed as in (Wang et al., 2018). Briefly, Pto DC3000 was
grown in KB medium with 50 pg/ml rifampicin overnight. The bacteria were harvested,
washed, and diluted to ODego = 0.001 with sterile water. The bacterial suspension was syringe
(needleless) infiltrated in 4-5-week old leaves. Three leaf discs (approximately 1cm?) collected
was defined as a technical replicate and 4-independent plants were used in each experiment.

The experiment was performed once with four-biological replicates.

Means and standard errors were calculated from one experiment with four-biological
replicates using the mixed linear model in R. The following model was fit to the bacterial
growth data; logl0 CFUgyr = GYgy+Rr+egyr, where GY, genotype:treatment interaction, and
random factors; R, biological replicate; e, residual. The mean estimates of the fixed effects were
used as the modelled bacterial titers, and compared by two-tailed t-test.

4.2.7 Cloning and confocal microscopy

The construction of constructs and confocal microscopy was done as in Wang et al., 2019.
Briefly, coding region of WRKY47 fused with cYFP/n-YFP and expressed under under
A.thaliana Ubiquitin-10 promoter (Pugso1o). Bacterial transformation was done as in Seyferth,
2019. Briefly, electrocompetent A. tumefaciens cells (Gv3101 pMP90) were transformed with
the above construct. Single A. tumefaciens colony was grown in selective YEB media overnight
(28 °C; 200 rpm). The bacterial cells were harvested, cleaned and diluted to reach a final
concentration of ODeoo = 0.5. Bacterial suspension was syringe (needleless) infiltrated into
abaxial N. benthamiana leaves. The plants were kept at RT for 2 d until confocal microscopy.
Confocal microscopy was done with an LSM700 confocal microscopy (Zeiss Microscopy,
Germany) at standard settings (Wang et al., 2019). The experiment was performed once with

more than three-technical replicates.

4.2.8 Total and nuclear protein extraction

Total proteins were isolated from leaves of 4-5-week-old A. thaliana Col-0 plants or 12-

days old seedlings. For total proteins isolation from mature plants 4 leaves per plant per pot
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were harvested after flg22 or mock (water) treatment at indicated time points to reduce
experimental variation. Samples were frozen in liquid nitrogen and leaf material was
homogenized for 6 min using metal balls and a paint shaker. To this 100 pl of preheated SDT-
lysis buffer at 95 °C was added and incubated at 95 °C for 5 min. The lysate was centrifuged at
16,000 g for 15 min at RT and supernatant was transferred to a fresh 1.5 ml Eppendorf tube to
ensure separation of cell debris and leaf material from the protein containing supernatant. This
step was repeated once more. The supernatant was stored at -80 °C until further use. For total
protein isolation from seedlings 1-2 seedlings per well pooled from 6 well were used to reduce
experimental variation. Samples were frozen in liquid nitrogen and protein extraction proceeded

as in case discussed above.

Nuclear protein isolation was done freshly from leaves of 4-5 week old Col-0 plants or 12-
days old seedlings. For nuclear protein isolation from mature plants 4 leaves per plant from four
plants per pot pooled over four pots were used (64 leaves). In case of nuclear protein isolation
from seedlings ~72 seedlings pooled over six well were used. Sample pooling was done to

reduce experimental variation. Nuclear protein extraction was done using following steps:

1) 10 ml 1X NEB buffer was used per sample. Initially chopped with razor blades using 5
ml NEB buffer for leaves and 2 ml NEB buffer for seedlings to achieve a slurry. The
plant materials were chopped for 5 min on ice.

2) The homogenate was filtered twice through Miracloth (Calbiochem, catalogue no.
475855-1R). First filtration using single layer and second filtration using double layers
of Miracloth into a 50 ml falcon tube. The filtrate was topped up to 10 ml with 1X NEB
buffer.

3) Percoll (Sigma Aldrich, catalogue no. P1644) solutions- 30 % and 80 % were prepared
as described in step 11. Place 6 ml of 30 % Percoll in a round-bottom centrifugation
tube (pre-cooled) and underlay with 6 ml of 80 % slowly using an automatic pipette in
order to get a sharp interphase.

4) Load the homogenate (10 ml) on the 30 % - 80 % Percoll gradient prepared in the
previous step. Centrifuge at 3400 rpm, for 30 min at 4 °C

5) Collect the layer at 30 % - 80 % interphase from the Percoll gradient using a 5 ml pipette.
Collect up to 2 ml of interphase layer in a 15 ml falcon tube.

6) Top up the falcon up to 14 ml with 1X Gradient buffer containing 1 % TX-100 (final to
achieve a final concentration of 0.85 %). Transfer the solution in a round bottom

centrifugation tube (pre-cooled).
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7) Underlay the solution in the centrifugation tube with 6 ml of 30 % Percoll solution.
Centrifuge at 3400 rpm for 10 min at 4 °C. After centrifugation the nuclei settles at the
bottom of the centrifugation tube. Carefully decant the supernatant so as not to lose the
pellet.

8) Suspend the pellet in 1 ml 1X sample buffer and transfer in 2 ml Eppendorf tubes.
Centrifuge gently at 1000 g for 10 min to pellet nuclei. Remove the supernatant.

9) Add preheated SDT buffer (50ul) to the pellet and incubate at 95 °C for 10 min.
Centrifuge at maximum speed (13000 g) and collect supernatant.

10) Protein concertation was measured using the Pierce™ 660 nm Protein-assay (catalogue
n0.22660) kit as per manufacturer’s protocol.

11) Following solutions were used for nuclear protein isolation:

Nuclear Extraction Buffer (NEB)

(1X) Stock 100ml (2X)
Hexylene glycol (2 M) 7.8 M 51.28 ml

PIPES KOH pH 7 (20 mM) | 0.4 M 10 ml

MgCl2 (10 mM) 1M 2ml
2-mercaptoethanol (5 mM) | 143 M 17.5 pl in 50 ml 1X

Distilled water

Gradient Buffer (GB)

(1X) Stock 100ml (5X)

Hexylene glycol (0.5 M) 7.8 M 32.05 ml

PIPESKOHpH7 (5mM) | 0.4 M 6.25 ml

MgCl2 (10 mM) 1M 5ml

2-mercaptoenathol (5 mM) | 14.3 M 175 ulin 50 ml 1X
Percoll 80 % (30 ml)

GB 5X 6 ml

Percoll 24 mi

Percoll 30 % (30 ml)
GB 5X 6 ml

Percoll 9 ml
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Distilled water 15 ml

Gradient 1X (1 % TX-100)

12 ml per sample

GB 5X 10 ml

2-mercaptoenathol (5 mM) | 17.5 ul

TX-100 (25 %) 2 ml

Distilled water Top up to 50 ml

Additional details for stock solution preparations:
I. PIPES KOH 0.4 M (24.2 g PIPES KOH in 200 ml water),
ii. MgCI21 M (47.6 g /500 ml)
iii. 25% TX-100 (2.5 ml TX-100 100 % + 7.5ml water)
iv. 5 M 2-mercaptoethanol (3.5 ml 2-mercaptoethanol (14.3 M stock) + 6.5 ml water)
v. Hexylene glycol 7.8 M (Sigma aldrich, catalogue no. 112100) - Molarity calculated
from following information: d=0,925g/ml, MW=118.17g, Weight=500g)
vi. For LC-MS/MS analysis 10-30 pg protein was sent to the MS facility.
vii. SDT-lysis buffer (4 % (w/v) SDS, 100 mM Tris-HCI pH 7.6, 0.1 M DTT).

4.2.9 Immunoblotting, immunodetection, and Ponceau-staining

The extracted proteins were mixed with 1X protein loading dye (Biorad) and separated as
per Laemmli, 1970 in 1 x SDS-PAGE running buffer using Mini-PROTEAN 11 cells apparatus
(Bio-Rad). Proteins were first runned in a 4 % acrylamide stacking gel at 80 V for 30 min,
followed by their separation in a 12.5 % acrylamide resolving gel according to their molecular
weight at 120 V for 90 min.

Proteins were blotted from the gel onto a PVDF membrane at 100 V for 60 min using the
Mini Trans-Blot system (Bio-Rad) filled with transfer (blotting) buffer and cooled with an ice-
pack. Proteins on the membrane were saturated by an incubation with 5 % milk powder diluted
in TBS-T for 60 min at RT while shaking. The blot was washed 3 times with TBS-T each time
with 5 min shaking. First antibody was used (dilution in section 4.1.4) with 2.5 % milk/TBS-T
and was incubated overnight at 4 °C (50 rpm). Next day, the primary antibody solution was
completely removed, blot was washed 3 times with TBS-T each time with 5 min shaking, and
incubated for 60 min at RT with the secondary antibody (dilution in section 4.1.4) with 2.5 %

milk/TBS-T. Proteins were detected after a 5 min incubation with the SuperSignal™ West
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Pico/Femto Maximum Sensitivity substrate (Thermo Fisher Scientific) using the ChemiDocTM
MP system (Bio-Rad).

Equal protein loading was evaluated using Ponceau staining. The PVDF membrane was
incubated with Ponceau staining solution for 5 min at RT while shaking. Staining solution was
removed and the membrane was washed 3 times with TBS-T each time with 5 min shaking.

The air-dried membrane was used to evaluate protein loading.
4.2.10 Mass spectrometry

Mass spectrometry was performed by the Protein Mass Spectrometry Service at Max
Planck Institute for Plant Breeding Research, Cologne and the following method was made

available by Dr. Sara Christina Stolze.

“Sample Preparation and fractionation: Proteins were digested using a filter aided sample
preparation protocol (FASP) adapted from Wisniewski et al., 2009. In brief, protein
concentration was determined using Pierce 660nm Protein Assay and in case of total protein
extract 50 pg were used, for nuclear extracts the protein amount was <50 pg, so the entire
sample was processed. Next, 1/10 vol of LM DTT (100 mM final) was added and samples were
incubated for 5 min at 95 °C. Samples were then diluted with 8M urea in 0.1 M Tris/HCI pH-
8.5 (UA) to a compatible detergent concentration (0.5% SDS, max.) and loaded onto filters
(Sartorius, Vivacon 500, VNO1H22, 30k Da cutoff) by centrifuging for 10 min at 14000 g.
Samples were then washed with UA by centrifugation for 10 min at 14000 g and alkylated using
100 pL 55 mm chloracetamide in UA and incubation for 20 min in the dark, followed by
centrifugation for 10 min at 14000 g. After washing 3x with UA, the filter was transferred to a
new Eppendorf tube and 50 pL of LysC solution (stock: 0.5 pg/pL Lys-C (WAKO) in 50 mM
NH4HCO3 (ABC), working solution: dilute with UA to an enzyme:protein ratio 1:100) was
added and the sample was mixed and subsequently incubated for 3h at RT. Next, 300 pL of
trypsine solution (stock: 1 pg/uL in 1 mM HCI, working solution: dilute with UA to an
enzyme:protein ratio 1:100) was added, the sampes were mixed and incubated o/N at RT. After
centrifugation, 50 pL of ABC were added and samples were centrifuged for 10 min at 14000 g,
the flow through containing the peptides was acidified with TFA to 0.5% final concentration.
The flow through was desalted using stage tips with C18 Empore disk membranes (3 M)
(Rappsilber et al., 2003).
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Next samples were submitted to SDB-RPS fractionation using a protocol adapted from
(Borner and Fielding, 2014). In brief, stage tips were prepared with 2 layers of SDB-RPS
membrane and activated with 100 pL acetonitrile, followed by equilibration with 100 pL
equilibration buffer (30% (v/v) MeOH, 1% (v/v) TFA) and 100 pL 0.2% TFA. Next, peptides
were immobilized on the membrane and washed with 100 puL 0.2% TFA. Peptides were then
eluted into 3 consecutive fractions using SDB-RPS buffer 1 (100 mM NH4HCO2, 40% (v/v)
ACN, 0.5% FA), SDB-RPS buffer 2 (150 mM NH4HCO2, 60% (v/v) ACN, 0.5% FA) and
finally SDB-RPS buffer 3 (5% Ammonia (v/v), 80% (v/v) ACN). The collected fractions were

evaporated to dryness to remove residual ammonia.

LC-MS/MS data acquisition: Dried peptides were re-dissolved in 2% ACN, 0.1% TFA for
analysis and adjusted to a final concentration of 0.1 pg/pl. Samples were analysed using an
EASY-nLC 1200 (Thermo Fisher) coupled to a Q Exactive Plus mass spectrometer (Thermo
Fisher). Peptides were separated on 16 cm frit-less silica emitters (New Objective, 0.75 pum
inner diameter), packed in-house with reversed-phase ReproSil-Pur C18 AQ 1.9 um resin (Dr.
Maisch). Peptides (0.5 pg) were loaded on the column and eluted for 115 min using a segmented
linear gradient of 5% to 95% solvent B (0 min : 5%B; 0-5 min -> 5%B; 5-65 min -> 20%B; 65-
90 min ->35%B; 90-100 min -> 55%; 100-105 min ->95%, 105-115 min ->95%) (solvent A
0% ACN, 0.1% FA; solvent B 80% ACN, 0.1%FA) at a flow rate of 300 nL/min. Mass spectra
were acquired in data-dependent acquisition mode with a TOP15 method. MS spectra were
acquired in the Orbitrap analyzer with a mass range of 300—1750 m/z at a resolution of 70,000
FWHM and a target value of 3x106 ions. Precursors were selected with an isolation window of
1.3 m/z. HCD fragmentation was performed at a normalized collision energy of 25. MS/MS
spectra were acquired with a target value of 105 ions at a resolution of 17,500 FWHM, a
maximum injection time (max.) of 55 ms and a fixed first mass of m/z 100. Peptides with a
charge of +1, greater than 6, or with unassigned charge state were excluded from fragmentation

for MS2, dynamic exclusion for 30s prevented repeated selection of precursors.

Data processing: Raw data were processed using MaxQuant software (version 1.5.7.4,

http://www.maxquant.org/) (Cox and Mann, 2008) with label-free quantification (LFQ) and

iIBAQ enabled (Tyanova et al., 2016a). MS/MS spectra were searched by the Andromeda search
engine against a combined database containing the sequences from A.thaliana
(TAIR10 pep_20101214; ftp://ftp.arabidopsis.org/homef/tair/Proteins/TAIR10 protein_lists/)
and sequences of 248 common contaminant proteins and decoy sequences. Trypsin specificity
was required and a maximum of two missed cleavages allowed. Minimal peptide length was
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set to seven amino acids. Carbamidomethylation of cysteine residues was set as fixed, oxidation
of methionine and protein N-terminal acetylation as variable modifications. Peptide-spectrum-

matches and proteins were retained if they were below a false discovery rate of 1%.”
4.2.11 Bioinformatic and statistical analysis of LC-MS/MS data

PERSEUS (version 1.5.2.6) (Tyanova et al., 2016b) was used to analyse the protein
identification and quantification data from MaxQuant. The raw intensities were log.-
transformed for downstream analysis. To identify proteins showing significant change in
abundance (flg22 vs mock or CHX vs mock), a two-sample t-test with a false discovery rate
(FDR) of 0.05 was performed in PERSEUS. The resulting p-values were corrected for multiple
testing by calculating the FDR (or g-value) using p.adjust function with Benjamini-Hochberg
method in R. The GO-term enrichment analysis was performed using the BinGO plugin within
the Cytoscape environment. A Hypergeometric test by Benjamini-Hochberg FDR correction
for GO-enrichment was calculated in the BinGO plugin. As background a customized reference
protein list was used which consisted of proteins that were detected at least twice in at least one

condition (flg22 or mock and CHX or mock).
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6. Supplement

6.1 Supplementary figures
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Figure S1: Comparison of modifications to the nuclear protein isolation. Fresh leaves from 4-5 weeks old
transgenic Col-0 plants expressing GFP-tagged Nup50a were used for nuclear (N) and total protein isolation (H).
Nuclear proteins were isolated by the new protocol (“SR”) or Folta protocol (FK). (A & B) Comparison of
homogenization chopping (A) vs a blender (B) & chopping (A) vs paint-shaker (C). (C) Comparison of Triton X-
100 used only at second centrifugation step (1) vs used at both centrifugation steps (I11). Homogenate was used for
total proteins (H). 2 pg of protein was used for immunoblotting using anti-GFP (nucleoplasm), anti-H3 (nuclear
chromatin), anti-RbClI (chloroplast) and, anti-LHC (thylakoid) antibodies.
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Figure S2:
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Figure S2: Establishment of new protocol for nuclear protein isolation. Fresh leaves from 4-5 weeks old
transgenic Col-0 plants expressing GFP-tagged Nup50a were used for nuclear and total protein isolation.
Nuclear proteins were isolated by the Folta et al. protocol (“FK”) and by the new protocol (“SR”). Total
proteins (T) were isolated from total leaf extract (1g leaf material). Extracted protein (2ug) was used for
immunoblotting using anti-GFP (nucleoplasm), anti-H3 (nuclear chromatin), anti-RbCl (chloroplast), anti-
LHC (thylakoid), anti-FBPase (cytosol), anti-IDH (mitochondria) and anti-CNX1/2 (endoplasmic reticulum)
antibodies. Ponceau staining was used to assess protein loading and RuBisCO abundance. The figure shows
two replicates, (A) & (B), out of the three biological replicates for the immunoblotting experiment.
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Figure S3: Relative protein abundance of all proteins identified in each protein group. Subcellular
localization of all the proteins identified in each “Majority protein group” was used to calculate enrichment of
subcellular organelles using SUBA 4 reference database. The IBAQ values assigned to each “Majority protein
group” was divided by the total number of proteins identified within each “Majority protein group” and the
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Figure S4:
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Figure S4: LFQ intensities show a normalized distribution. Histogram showing distribution of logs
transformed LFQ intensity (blue bars) for replicates of nuclear and total fractions at 3 h and 9 h after 1 pm-
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Figure S5:

3210-1-2-3

Figure S5: Transcriptome responses overlap during flg22 and CHX treatment. Genes that were induced
more than 2-folds 1 h after 1 um-flg22 treatment (Ath_1h) were selected and compared to CHX treatment, 10 um
for 3 h (CHX_3h) or 35 um for 4 h (CHX_4h) from public data (Goda et al., 2008; Drechsel et al., 2013). Out of
237 genes 167 flg22-induced genes were also induced upon CHX treatment at 3 h and/or 4 h (Data from Thomas
Winkelmuller)
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Figure S6: Cycloheximide induces flg22-responsive genes from 1 h onwards. Expression of flg22-
responsive genes PROPEP3 and WRKY30 were tested after treatment of 12-day-old A. thaliana seedlings with
mock or flg22 (1 uM) and different protein translational inhibitors. Protein translation inhibitors used were 100
1M- cycloheximide (chxS, synthetic source and chxM, microbial source), 200 uM-puromycin (puro), 100 pM-
anisomysin (anis), and 100 puM-chloramphenicol (chlo).
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Figure S7:
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Figure S7: Subcellular localization of proteins detected in the nuclear and total proteome analysis. Col-
0 seedlings (12-day old) were treated with 1 uM-flg22, water (mock). Nuclear and total proteins were isolated
after 15min of flg22/water(mock) treatment. Six replicates (protein samples were prepared in two different
days each containing three replicates prepared from independent plant materials) were prepared for each
condition. Relative protein abundance was calculated using intensity based absolute quantification (IBAQ)
values. The individual columns represent each replicate showing relative protein abundance of proteins
identified by LC-MS/MS and its subcellular localization as predicted by SUBA4 reference database.
Subcellular localization of all the proteins identified in each “Majority protein group” was used to calculate
enrichment of subcellular organelles using SUBA 4 reference database. The IBAQ values assigned to each
“Majority protein group” was divided by the total number of proteins identified within each “Majority protein
group” and the resultant IBAQ values were assigned to each member within the group
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Figure S8: Subcellular localization of proteins detected in the nuclear and total proteome analysis. Col-
0 seedlings (12-day old) were treated with 1 puM-flg22, water (mock) or 100 pM-cycloheximide in %2 MS
solution. Nuclear and total proteins were isolated after 30 (A), and 60 min (B) of flg22/water(mock) treatment
or after 60 min (C) of CHX/DMSO (mock) treatment. Three replicates (protein samples were prepared on the
same day from independent plant materials) were prepared for each condition. Relative protein abundance was
calculated using intensity based absolute quantification (IBAQ) values. The individual columns represent each
replicate showing relative protein abundance of proteins identified by LC-MS/MS and its subcellular
localization as predicted by SUBA4 reference database. Subcellular localization of all the proteins identified
in each “Majority protein group” was used to calculate enrichment of subcellular organelles using SUBA 4
reference database. The first panel shows subcellular localization of proteins based on their relative abundance
(IBAQ value) in the nuclear and total protein fraction. The second panel shows subcellular localization of
proteins based on the number of proteins. The first protein listed within each “Majority protein group” (see
text) was used to assign the subcellular localization based on SUBA4 reference database.
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Figure S9:
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Figure S9: LFQ intensities show a normalized distribution. The histogram shows distribution of log.
transformed LFQ intensity (blue bars) for replicates of nuclear and total fractions after 1 pM-flg22-treatment
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Figure S10:
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Figure S10: Early protein response to flg22 and cycloheximide largely do not overlap. Heatmap showing
DEPs (|log. fold change| > 1; p-value < 0.05) in the total fraction. (A) First panel shows 23 DEPs at 15 min
after 1 uM-flg22 treatment averaged across six replicates. Second panel shows 18 DEPs at 30 min and third
panel shows 29 DEPs at 60 min after 1 uM-flg22 treatment averaged across three replicates. Fourth panel
shows 17 DEPs at 60 min after 100 uM-CHX treatment averaged across three replicates. (B) Venn diagram
shows overlap of upregulated and downregulated proteins in the total fraction after flg22 or CHX treatment at
indicated time points.
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Figure S11:
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Figure S11: Early protein response to flg22 and CHX results in enrichment of different GO terms. Top
ten GO terms are arranged according to their decreasing —logio adjusted p-values for downregulated (A, B) and
upregulated (C, D) proteins (|log2 fold change| > 1; p-value < 0.05) after 1 pM-flg22 treatment after 30, and
60 min or 100 pM-CHX treatment after 60min in the nuclear fraction. GO enrichment analysis was done with
BingGO plugin for Cytoscape (FDR=0.1). As background a customized reference protein list was used which
consisted of proteins that were detected at least twice in the flg22 or mock conditions in nuclear or total
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6.2 Supplementary Tables

Table S1:
Table S1 (A): Correlation among repli in the nucl fractionat 3 h
fig1 1.00
= |flg2 0.95 1.00
2 |fg3 0.92 0.95 1.00
S |fig 4 0.90 0.90 0.88 1.00
= filg 5 0.88 0.88 0.86 0.96 1.00
§ flg 6 0.87 0.88 0.86 0.93 0.96 1.00
;:’, mock 1 0.92 0.92 0.91 0.89 0.86 0.85 1.00
= |mock 2 0.90 0.92 0.92 0.90 0.88 0.89 0.93 1.00
: mock 3 0.90 0.93 0.94 0.87 0.85 0.85 0.93 0.96 1.00
g |mock 4 0.89 0.88 0.85 0.95 0.93 0.91 0.90 0.90 0.87 1.00
E |mock 5 0.88 0.88 0.86 0.94 0.95 0.93 0.90 0.91 0.88 0.97 1.00
mock6 0.89 0.89 0.86 0.95 0.95 0.93 0.90 0.91 0.88 0.97 0.97 1.00
fig 1 fig 2 fig3 flg 4 fig5 fig6 mock 1 mock2 mock3 mock4 mock5 mock6
flg22 3h mock 3h
Nuclear
Table S1 (B): Correlation among replicates in the nuclear fraction at 9 h
fig1 1.00
< |flg2 0.98 1.00
« |fla3 0.97 0.96 1.00
::n fig 4 0.93 0.93 0.92 1.00
= fig 5 0.93 0.91 0.92 0.96 1.00
E fig 6 0.91 0.89 0.91 0.94 0.97 1.00
5 mock 1 0.84 0.84 0.82 0.84 0.82 0.80 1.00
= |mock2 0.91 0.91 0.90 0.88 0.86 0.85 0.89 1.00
2 mock 3 0.93 0.93 0.92 0.88 0.87 0.86 0.86 0.93 1.00
8 |mock 4 0.88 0.87 0.88 0.91 0.93 0.93 0.84 0.87 0.88 1.00
E Imocks 0.87 0.86 0.86 0.90 0.92 0.92 0.85 0.88 0.87 0.96 1.00
mocké 0.90 0.89 0.90 0.91 0.93 0.92 0.83 0.89 0.91 0.95 0.94 1.00
fig1 fig2 fig3 flg 4 fig5 fig6 mock 1 mock2 mock3 mock4 mock5 mock6
flg22 9h mock 9h
Nuclear
Table 81 (C): Correlation among replicates in the total fraction at 3 h
fig 1 1.00
c |flg2 0.96 1.00
o |fg3 0.95 0.96 1.00
D |fig 4 0.93 0.93 0.93 1.00
= flg 6 0.95 0.95 0.94 0.96 1.00
kel fig 6 0.95 0.95 0.95 0.95 0.97 1.00
e mock 1 0.96 0.95 0.95 0.92 0.93 0.94 1.00
= |mock2 0.96 0.96 0.96 0.93 0.95 0.95 0.97 1.00
: mock 3 0.96 0.96 0.96 0.92 0.94 0.95 0.96 0.97 1.00
8 |mock 4 0.92 0.93 0.92 0.96 0.95 0.94 0.93 0.94 0.93 1.00
E |mocks 0.92 0.92 0.93 0.95 0.96 0.95 0.92 0.94 0.93 0.96 1.00
mock6 0.93 0.93 0.93 0.93 0.94 0.95 0.94 0.95 0.94 0.94 0.94 1.00
fig1 fig 2 fig3s fig 4 figs fig6 mock 1 mock2 mock3 mock4 mock5 mock6
flg22 3h mock 3h
Total
Table S1 (D): Correlation among replicates in the total fraction at9 h
fig1 1.00
= |fg2 0.96 1.00
S |fo3 0.963 0.961 1.00
S |fig 4 0.94 0.94 0.94 1.00
= flg 6 0.94 0.95 0.95 0.95 1.00
= fig 6 0.95 0.95 0.95 0.96 0.96 1.00
(= mock 1 0.95 0.94 0.94 0.92 0.92 0.92 1.00
= |mock2 0.95 0.95 0.95 0.92 0.92 0.93 0.97 1.00
i mock 3 0.95 0.94 0.95 0.91 0.92 0.92 0.97 0.97 1.00
g |mock 4 0.934 0.931 0.929 0.946 0.934 0.943 0.953 0.951 0.947 1.00
E mock 5 0.94 0.94 0.94 0.94 0.94 0.95 0.95 0.95 0.95 0.97 1.00
mock6 0.94 0.94 0.94 0.94 0.94 0.95 0.95 0.95 0.95 0.97 0.98 1.00
fig1 fig 2 fig3 fig 4 fig5s fig6 mock 1 mock2 mock3 mock4 mock5 mock6
flg22 9h mock 9h
Total
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Table S1: Table showing level of correlation between samples for each treatment and replicate. LFQ intensities were used to
calculate correlation (R?values) in Perseus (version 1.5.2.6). The R?values are indicated for nuclear fraction at 3 h (A), & 9 h (B),
and total fraction at 3 h (C) & 9 h (D) after 1 uM-flg22 or mock treatment. Six replicates (protein samples were prepared in two
different days each containing three replicates prepared from independent plant materials) were prepared for each condition.
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Table S2:

Table S(A): Transcription factors differentially expressed in the nuclear fraction at 3h and/or 9h in response to flg22

Ratio® Ratio®
Protein ID Proteome Transcriptome SUBAcon Description
3h 9h
Nuc Tot Nuc Tot 1h 2h 3h 5h 9h
AT1G47900 05 228 15 NA 0.1 0.2 06 0.3 05 nucleus Plant protein of unknown function (DUF869)
AT1G13260 26 NA 1.8 NA 0.5 1.0 1.0 0.9 15 nucleus |related to ABI3/VP1 1 (RAV1)
ATAG18880 254 NA 21 NA 16 1.0 15 1.0 12 nucleus heat shock transcription factor A4A
AT3G07780 1.0 NA 25 NA 0.6 07 0.8 0.7 0.4 plastid Protein of unknown function (DUF1423/0OBE1)
AT2G38470 36 23.5 2.7 NA 12 2.1 26 16 15 nucleus  |WRKY DNA-binding protein 33
AT1G73805 05 NA 3 NA 0.5 0.0 0.1 0.6 07 nucleus Calmodulin binding protein-like (SARD1)
AT4G01720 36 NA 52 NA 0.8 14 29 27 26 nucleus WRKY family transcription factor 47
AT2G28550 13 NA 11 NA 15 0.9 -0.8 0.9 0.5 nucleus  related to AP2.7 (RAP2.7/TOE1)
AT1G68840 2.5 NA 26.0 NA 16 17 238 1.8 1.9 nucleus |related to ABI3/VP1 2 (RAV2)
AT5G48160 0.2 NA 286 229 02 02 0.5 0.6 0.4 nucleus Protein of unknown function (DUF1423/0OBE2)
AT1G80840 43 25.1 25.8 NA 34 2.1 2.0 17 13 nucleus  |WRKY DNA-binding protein 40
AT4G24240 16 23.2 3.8 23.9 12 17 3.3 26 22 nucleus | WRKY DNA-binding protein 7
AT4G31800 0.4 0.3 2.7 22.7 06 0.4 1.1 13 1.8 nucleus  |WRKY DNA-binding protein 18
AT5G08330 0.0 05 15 249 0.4 09 1.0 13 1.2 nucleus TCP family transcription factor (TCP21)
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Table S2(B): Transcription factors showing consitent presence/absence expression profile in the nuclear fraction at 3h and/or 9h

Ratio® Ratio”
Protein ID Proteome Transcriptome SUBAcon Description
3h 9h
Nuc Tot Nuc Tot 1h 2h 3h 5h 9h
AT2G25000 NA NA 26.22 NA -0.09 -0.07 1.38 1.57 1.72 nucleus WRKY DNA-binding protein 60
AT2G42280 NA NA 25.17 NA -0.12 0.10 0.09 0.44 0.43 nucleus basic helix-loop-helix (bHLH) DNA-binding superfamily protein
AT5G52830 NA NA 25.88 NA 0.91 1.66 1.64 2.20 1.47 nucleus WRKY DNA-binding protein 27
AT1G68520 NA NA -24.14 NA -2.47 -2.58 -2.72 -2.25 -0.97 nucleus B-box type zinc finger protein with CCT domain
AT4G23550 28.25 24.55 26.45 24.32 1.31 2.90 3.46 3.73 1.73 nucleus WRKY family transcription factor
AT4G01250 28.13 NA 26.39 NA 2.24 3.24 4.04 3.49 2.35 nucleus WRKY family transcription factor
AT5G64750 28.06 22.32 0.04 NA 0.69 1.85 3.16 3.34 1.50 nucleus Integrase-type DNA-binding superfamily protein
AT1G62300 28.05 NA 27.33 NA 2.69 2.04 2.47 1.69 1.38 nucleus WRKY family transcription factor
AT4G18880 25.38 NA 2.08 NA 1.61 1.05 1.46 0.99 1.16 nucleus heat shock transcription factor A4A
AT2G30250 25.25 NA 25.19 NA 0.50 0.51 1.60 1.76 1.31 nucleus WRKY DNA-binding protein 25
NAC (No Apical Meristem) domain transcriptional regulator
AT5G08790 2498 0.68 24.60 -0.15 2.00 0.93 1.03 1.21 0.46 nucleus superfamily protein
AT1G10170 24.88 NA 0.03 NA -0.39 0.27 0.28 0.64 0.13 nucleus NF-X-like 1
AT4G18170 24.56 NA NA NA 1.87 1.03 1.37 1.06 0.33 nucleus WRKY DNA-binding protein 28
AT5G15130 23.21 NA 24.77 NA 0.19 NA NA NA 1.44 nucleus WRKY DNA-binding protein 72
AT1G80840 4.26 25.14 25.84 NA 3.43 2.07 2.01 1.72 1.29 nucleus WRKY DNA-binding protein 40
AT1G68840 2.51 NA 25.99 NA 1.56 1.74 2.82 1.82 1.94 nucleus related to ABI3/VP1 2
AT2G43010 -0.12 NA -24.28 NA -0.82 -1.00 -1.62 -2.23 -1.37 nucleus phytochrome interacting factor 4
AT2G22540 -23.86 NA -0.25 NA -0.62 -1.91 -1.23 -1.33 -0.77 nucleus K-box region and MADS-box transcription factor family protein
AT4G23810 -24.48 NA 24.71 NA 0.86 1.53 2.26 1.79 2.27 nucleus WRKY family transcription factor
AT3G61150 -24.76 NA 24.83 NA -0.12 0.45 0.97 0.32 0.05 nucleus homeodomain GLABROUS 1
Table S2: Transcription factors detected in the nuclear protein fractions. The transcription factors (TFs) detected during LC-MS/MS at 3 h and/or 9 h after 1 uM-

flg22 or mock treatment was identified using the PlantTFDB 4.0 database. (A) The TFs differentially expressed (|logz fold change| > 1; g-value<0.05) in the nuclear fraction
at 3 h and/or 9 h. (B) TFs showing consistent presence/absence pattern in the nuclear fraction at 3 h and/or 9 h. The TFs which are consistently present in flg22 samples (in
at least five replicates) and absent (in at least five replicates) in mock are defined as “TFs Increased” and vice-versa (as “TFs Decreased”).
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Table S3:

Table S3 (A): Differentially expressed proteins in nuclear fraction at 3 h

Ratio® Ratio®
Protein ID Proteome Transcriptome SUBAcon Description
3h Sh
Nuc Tot Nuc Tot 1h 2h 3h 5h 9h
AT5G52640 5.7 4.2 54 3.9 0.1 29 37 1.9 1.0 cytosol heat shock protein 90.1
AT3G12580 4.4 36 29 29 0.2 29 3.3 0.9 05 cytosol heat shock protein 70
AT1G80840 43 251 25.8 NA 34 21 20 17 13 nucleus WRKY DNA-binding protein 40
AT1G51800 41 15 6.0 3.1 3.0 3.0 47 5.2 4.7 plasma membrane | Leucine-rich repeat protein kinase family protein
AT1G51820 4.1 29 27.7 27.0 2.8 27 3.6 3.5 NA plasma membrane | Leucine-rich repeat protein kinase family protein
AT1G23170 3.7 4.0 57 49 0.4 19 25 1.3 0.1 cytosol Protein of unknown function DUF2359, transmembrane
AT4G01720 3.6 NA 5.2 NA 0.8 14 29 2.7 26 nucleus WRKY family transcription factor
AT2G38470 3.6 23.5 27 NA 1.2 21 26 1.6 1.5 nucleus WRKY DNA-binding protein 33
AT2G37040 3.5 26 14 3.0 1.9 3.0 4.0 3.7 37 cytosol PHE ammonia lyase 1
AT2G27660 3.4 26.4 4.8 26.0 31 3.0 41 3.4 29 nucleus Cysteine/Histidine-rich C1 domain family protein
AT4G01700 2.8 22 3.2 3.0 33 3.9 52 53 4.0 extracellular Chitinase family protein
AT2G39210 2.6 1.2 4.1 41 1.2 15 35 4.4 36 plasma membrane | Major facilitator superfamily protein
AT3G13790 2.5 0.7 37 2.0 0.5 2.0 27 3.4 39 extracellular Glycosyl hydrolases family 32 protein
AT1G68840 2.5 NA 26.0 NA 1.6 17 28 18 19 nucleus related to ABI3/VP1 2
AT3G53180 2.3 05 26 1.1 1.9 20 21 19 14 cytosol glutamate-ammonia ligases;catalytics;glutamate-ammonia ligases
AT3G01830 2.3 255 26.8 25.5 32 3.0 3.2 26 21 nucleus Calcium-binding EF-hand family protein
AT1G52200 2.3 25.7 27.0 26.5 1.6 25 47 48 42 plasma membrane | PLACS family protein
AT5G25260 2.2 36 4.4 5.1 1.9 26 3.8 3.7 29 cytosol SPFH/Band 7/PHB domain-containing membrane-associated protein family
AT3G50480 2.2 3.2 29.8 5.4 1.4 15 22 3.3 3.0 cytosol homolog of RPW8 4
AT2G18690 1.7 12 20 1.7 2.0 21 238 3.3 34 plasma membrane
AT5G54710 1.6 24.4 24 23.9 1.3 2.0 2.8 21 1.7 plasma membrane |Ankyrin repeat family protein
AT5G40780 1.4 1.8 26 2.8 1.7 1.4 21 3.6 4.0 plasma membrane |lysine histidine transporter 1
AT4G36670 14 25.3 28.3 27.8 0.9 1.5 3.0 45 4.8 plasma membrane | Major facilitator superfamily protein
AT3G62150 1.3 0.6 0.6 0.9 14 2.0 23 1.5 05 plasma membrane | P-glycoprotein 21
AT2G20960 1.1 1.2 0.8 0.5 2.6 22 24 1.6 1.1 nucleus Arabidopsis phospholipase-like protein (PEARLI 4) family
AT1G65390 1.0 1.0 23 34 1.9 18 35 45 3.7 plastid phloem protein 2 A5
AT2G28550 -1.3 NA -1.1 NA -1.5 -0.9 -0.8 -0.9 -0.5 nucleus related to AP2.7
AT1G71040 -1.6 -0.1 -0.7 0.0 0.0 -0.2 -0.2 0.6 1.2 extracellular Cupredoxin superfamily protein
AT1G03230 -1.9 0.1 -1.5 -0.3 0.7 0.2 0.0 0.0 -0.3 extracellular Eukaryotic aspartyl protease family protein
AT5G62340 -1.9 -0.2 -2.0 -0.7 NA NA NA NA NA extracellular Plant invertase/pectin methylesterase inhibitor superfamily protein
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Table S3 (B) Differentially expressed proteins in nuclear fraction at 9 h

Ratio® Ratio®
Protein ID Proteome Transcriptome SUBAcon Description
3h 9h
Nuc Tot Nuc Tot 1h 2h 3h 5h 9h
AT1G51800 4.1 15 6.0 31 3.0 3.0 4.7 5.2 4.7 plasma membrane Leucine-rich repeat protein kinase family protein
AT1G23170 3.7 4.0 5.7 4.9 0.4 1.9 25 1.3 0.1 cytosol Protein of unknown function DUF2359, transmembrane
AT5G52640 5.7 4.2 54 3.9 0.1 29 3.7 1.9 1.0 cytosol heat shock protein 90.1
AT4G01720 3.6 NA 5.2 NA 0.8 14 2.9 2.7 26 nucleus WRKY family transcription factor
AT2G27660 3.4 26.4 4.8 26.0 3.1 3.0 4.1 3.4 29 nucleus Cysteine/Histidine-rich C1 domain family protein
AT3G05500 0.4 0.9 4.6 5.6 0.2 04 0.7 1.5 3.2 cytosol Rubber elongation factor protein (REF)
AT5G25260 22 36 4.4 51 19 26 38 37 29 cytosol SPFH/Band 7/PHB domain-containing membrane-associated protein family
AT1G66090 27.5 4.2 41 27.0 1.6 2.6 14 1.6 14 plastid Disease resistance protein (TIR-NBS class)
AT2G39210 2.6 1.2 4.1 4.1 1.2 1.5 3.5 4.4 36 plasma membrane Major facilitator superfamily protein
AT5G61560 2.3 22.7 3.9 23.4 1.6 26 35 3.2 20 nucleus U-box domain-containing protein kinase family protein
AT4G24240 1.6 23.2 3.8 23.9 1.2 17 33 26 2.2 nucleus WRKY DNA-binding protein 7
AT2G20010 1.0 1.0 3.8 1.5 1.1 12 15 1.3 0.5 nucleus Protein of unknown function (DUF810)
AT2G17720 1.7 0.7 3.7 2.3 0.9 1.3 1.9 2.3 23 endoplasmic reticulum |2-oxoglutarate (20G) and Fe(ll)-dependent oxygenase superfamily protein
AT3G13790 25 0.7 3.7 2.0 0.5 20 27 34 39 extracellular Glycosyl hydrolases family 32 protein
AT5G02490 25 2.5 35 4.0 0.4 2.0 3.0 2.3 2.1 cytosol Heat shock protein 70 (Hsp 70) family protein
ubiquitin-associated (UBA)/TS-N domain-containing protein / octicosapeptide/Phox/Bemp1
AT4G24690 0.2 NA 3.4 26.9 -0.2 -0.2 0.3 0.6 1.7 nucleus (PB1) domain-containing protein
AT3G52400 22 2.0 3.3 2.9 1.6 17 3.6 29 2.3 plasma membrane syntaxin of plants 122
AT4G01700 28 22 32 3.0 33 39 52 53 40 extracellular Chitinase family protein
AT1G73805 0.5 NA 3.1 NA 0.5 0.0 0.1 0.6 0.7 nucleus Calmodulin binding protein-like
AT5G26340 1.7 1.7 3.0 26.8 1.9 1.6 24 2.6 2.8 plasma membrane Major facilitator superfamily protein
AT1G14740 1.1 NA 29 24.5 0.5 0.7 1.5 1.3 1.3 nucleus Protein of unknown function (DUF1423)
AT3G12580 4.4 36 29 2.9 0.2 29 33 0.9 0.5 cytosol heat shock protein 70
AT5G48540 2.6 1.3 28 1.7 2.8 3.1 3.9 3.8 3.1 extracellular receptor-like protein kinase-related family protein
AT4G31800 0.4 -0.3 2.7 22.7 0.6 04 1.1 1.3 1.8 nucleus WRKY DNA-binding protein 18
AT2G22500 1.2 1.1 27 14 12 1.0 17 1.9 17 mitochondrion uncoupling protein 5
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AT4G11890
AT2G38470
AT3G53180
AT5G40780
AT3G19930
AT5G48160
AT5G54160
AT3G07780
AT5G54710
AT4G23190
AT5G25250
AT1G65390
AT4G02880
AT3G29400
AT3G26210
AT5G51070
AT2G37710
AT5G47120
AT4G18880
AT5G54720
AT1G11260
AT2G18690
AT1G22410
AT1G34260
AT5G61210
AT3G06300
AT1G13260
AT4G08850
AT1G70520
AT4G33050
AT5G05190
AT4G30600

249
3.6
23
14
0.6
0.2
0.8
1.0
1.6
1.2
1.2
1.0
0.4
16

11
1.0
1.3
254
0.8
0.8
1.7
11
0.2
1.0
0.5
26
0.7
0.8
0.9
0.7
0.4

24.0
235
0.5
1.8
246
NA
0.5
NA
24.4
1.4
1.2
1.0
NA
-0.2
0.7
0.8
0.9
233
NA
1.3
0.3
1.2
0.7
NA
1.0
0.8
NA
0.7
0.5
1.7
239
0.5

27
2.7
26
26
26
26
26
25
24
23
23
23
22
22
21
21
21
21
21
2.0
2.0
20
1.9
19
1.8
1.8
1.8
1.5
1.5
1.5
15

1.5

256
NA

28
2.7
221
15
NA
23.9
26.0
0.1
3.4
22.8
14
4.1
1.2
1.8
242
NA
1.7
17
1.7
1.2
23.4
1.2

NA
1.7
2.0
0.8
243
23

2.1

1.2
1.9
17
0.5
-0.2
1.3
0.6
1.3
28
1.7
1.9
0.2
1.0
1.7
1.1

1.8
0.7
1.6
0.6
04
20
24
09
1.4
0.7
-0.5
18
1.6
20
33
0.5

2.0
2.1
2.0
14
1.1
0.2
21
0.7
2.0
22
2.0
1.8
0.2
12
0.7
1.1
2.0
1.3
1.0
0.6
12
2.1
23
09
1.1
1.1
1.0
1.7
1.7
24
3.0
0.4

22
26
2.1
2.1
1.9
0.5
25
0.8
2.8
27
33
3.5
-0.1
1.5
1.7
0.6
29
1.8
1.5
0.8
26
28
22
11
2.1
1.6
1.0
3.2
2.7
4.1
4.0
0.6

25
1.6
1.9
36
2.4
0.6
4.0
0.7
2.1
2.5
3.2
4.5
0.3
15
2.1
0.6
3.2
2.0
1.0
0.5
37
3.3
2.5
1.4
2.0
1.4
0.9
3.2
2.0
3.0
33
1.2

24
1.5
14
4.0
2.1
0.4
41
0.4
1.7
14
2.1
37
0.7
06
24
0.4
25
2.1
12
NA
38
3.4
23
06
1.1
1.5
1.5
2.9
1.3
1.8
25
0.8

cytosol

nucleus

cytosol

plasma membrane
plasma membrane
nucleus

cytosol

plastid

plasma membrane
plasma membrane
cytosol

plastid

cytosol

cytosol
endoplasmic reticulum
plastid

plasma membrane
endoplasmic reticulum
nucleus

cytosol

plasma membrane
plasma membrane
plastid

nucleus

nucleus
extracellular
nucleus

plasma membrane
extracellular
cytosol

nucleus

endoplasmic reticulum

Protein kinase superfamily protein

WRKY DNA-binding protein 33

glutamate-ammonia ligases;catalytics;glutamate-ammonia ligases
lysine histidine transporter 1

sugar transporter 4

Protein of unknown function (DUF1423)

O-methyltransferase 1

Protein of unknown function (DUF1423)

Ankyrin repeat family protein

cysteine-rich RLK (RECEPTOR-like protein kinase) 11
SPFH/Band 7/PHB domain-containing membrane-associated protein family

phloem protein 2 A5

exocyst subunit exo70 family protein E1

cytochrome P450, family 71, subfamily B, polypeptide 23
Clp ATPase

receptor lectin kinase

BAX inhibitor 1

heat shock transcription factor A4A

Ankyrin repeat family protein

sugar transporter 1

Class-Il DAHP synthetase family protein

FORMS APLOID AND BINUCLEATE CELLS 1A

soluble N-ethylmaleimide-sensitive factor adaptor protein 33
P4H isoform 2

related to ABI3/VP1 1

Leucine-rich repeat receptor-like protein kinase family protein
cysteine-rich RLK (RECEPTOR-like protein kinase) 2
calmodulin-binding family protein

Protein of unknown function (DUF3133)

signal recognition particle receptor alpha subunit family protein

111



AT1G12110
AT2G30490
AT3G45620
AT4G18950
AT5G44290
AT5G09420
AT4G30190
AT4G33910
AT1G13110
AT1G71880
AT1G14880
AT3G48570
AT2G41100
AT4G01090
AT3G05970
AT4G38550
AT3G04210
AT4G24780
AT4G04340
AT5G25460
AT2G36870
AT1G48570
AT5G49720
AT2G16280
AT3G27180
AT4G22690
AT5G23210
AT3G61820

AT5G13630
AT5G 14060
AT4G34980

-1.3
0.7
0.1
1.5
14

-0.2
0.2
0.3
0.3

-0.5

-0.1
0.2
0.7
0.1
0.5
0.9

-0.2

-1.0

-0.9

-0.4

-1.3
0.0

-0.3

-0.5

-0.1

-0.1

-0.5

-0.8

-0.4
0.0
-0.6

24.0
0.6
226
0.8
-0.7
0.4
0.1
NA
0.3
-0.6
0.2
-0.5
0.5
NA
0.0
1.3
-0.3
-0.1
-0.8
-0.1
0.1
-0.2
-0.4
-0.6
-0.3
0.0
0.1
-0.1

-0.6
-0.1
-0.2

14
14
14
12
12
12
11
11
11
11
11
11
1.0
1.0
1.0

-1.2
-1.3
-1.3
-1.3
-1.3
-1.3

-1.4
-1.4

245
1.2
0.6
0.9
0.9

1.4
23.7
1.3
0.9
04
04
1.3
NA
0.5
1.3
-0.3
-0.5
-1.0
-0.3
-1.1
-0.4
-1.1
-0.9
-0.3
-1.9
-0.2

-0.4

-1.3
-0.9
-0.6

-0.8
27
-0.1
24
12
1.0
0.3
0.7
1.7
-1.0
0.0
0.9
1.2
0.6
-0.3
16
03
-0.5
-0.8
-1.0
-0.6
-0.2
1.7
-1.0
-0.1
1.5
-0.7

-0.9

-0.4
-0.1
-1.0

-0.9
25
-0.1
14
1.6
0.3
1.9
1.0
1.9
-0.6
-0.4
14
1.0
1.1
-0.3
1.8
-0.5
0.5
-25
-1.4
-0.7
-0.4
-0.8
-0.7
-0.2
-0.3
-0.7

-0.4

-0.4
-1.8

0.7
32
0.1
27
2.0
04
3.1
1.1
35
05
0.4
24
1.8
14
0.0
36
-0.2
04
2.4
-1.0
-1.0
0.9
0.6
-0.9
-0.6
05
-0.8

-0.1

-2.0
-1.5
-1.5

05
4.2
05
26
2.0
02
4.1

11

32
15
03
23
18
0.9
05
22
-1.0
0.3
2.4
1.8
0.8
0.6
0.7
0.8
-1.0
1.0
1.4

-0.7

-2.8
-1.6
-1.4

2.0
3.6
0.4
1.0
1.3
07
3.6
07
23
22
1.1

21

1.8
0.8
0.6
1.2
-0.9
-1.0
1.2
-2.1
-0.5
0.0
-0.5
-0.9
-0.5
-1.0
-1.1

-0.4

-1.6
-0.9
-1.5

plasma membrane
endoplasmic reticulum
nucleus

nucleus

nucleus
mitochondrion

plasma membrane
golgi

endoplasmic reticulum
plasma membrane
plasma membrane
cytosol

nucleus

nucleus

peroxisome

nucleus

plasma membrane
extracellular

plasma membrane
extracellular
extracellular

plastid

cytosol

plasma membrane
plastid

endoplasmic reticulum
extracellular

extracellular

plastid
plastid

extracellular

nitrate transporter 1.1

cinnamate-4-hydroxylase

Transducin/WD40 repeat-like superfamily protein
Integrin-linked protein kinase family

Protein kinase superfamily protein

translocon at the outer membrane of chloroplasts 64-V
H(+)-ATPase 2

2-oxoglutarate (20G) and Fe(ll)-dependent oxygenase superfamily protein
cytochrome P450, family 71 subfamily B, polypeptide 7
sucrose-proton symporter 1

PLANT CADMIUM RESISTANCE 1

secE/sec61-gamma protein transport protein
Calcium-binding EF hand family protein

Protein of unknown function (DUF3133)

long-chain acyl-CoA synthetase 6

Arabidopsis phospholipase-like protein (PEARLI 4) family
Disease resistance protein (TIR-NBS class)

Pectin lyase-like superfamily protein

ERD (early-responsive to dehydration stress) family protein
Protein of unknown function, DUF642

xyloglucan endotransglucosylaserhydrolase 32

zinc finger (Ran-binding) family protein

glycosyl hydrolase 9A1

3-ketoacyl-CoA synthase 9
S-adenosyl-L-methionine-dependent methyltransferases superfamily protein
cytochrome P450, family 708, subfamily A, polypeptide 1
serine carboxypeptidase-like 34

Eukaryotic aspartyl protease family protein

magnesium-chelatase subunit chiH, chloroplast, putative / Mg-protoporphyrin IX chelatase,

putative (CHLH)
Aspartate kinase family protein

subtilisin-like serine protease 2
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AT2G39670
AT3G06980
AT3G47960
AT5G08330
AT5G64840
AT1G47900
AT3G02060
AT1G73600
AT3G18390
AT5G62340
AT3G07010
AT1G01300
AT1G68560
AT3G18080
AT5G62350
AT3G09210
AT2G05920
AT1G76160

-0.3
0.0
-0.7
0.0
-1.2

-0.2
0.2
-0.5
-1.9
-1.4

-0.8
-0.6
2.2
-0.3
-1.2
-1.6

-0.2
-0.5
-0.5

-22.8
NA

-0.3
-0.2
-0.2

-0.4

-1.5
-1.5

2.2
-2.4
-2.6
-2.8
-2.6
2.7

-0.9
-1.7
-0.7
-24.2
-1.5
NA

255

-0.3
0.1
-0.4
-0.4

0.3
NA

-0.3

-1.5

-0.4
04
-0.9

0.1

-1.1
-1.2
-0.3
-1.0

-0.6
-1.2
0.0
-1.1
NA

-0.7
-2.4
-2.1
-1.2
-1.0
-1.4

0.8

-1.0
-1.6
-0.4
-1.3

2.0
NA
-0.5
-0.6
-2.1

0.4
1.2
-0.1
1.2
0.2

-0.6
-0.2
-1.4
NA
-1.1
-0.4
-1.3
-2.1

-0.5
-1.3

0.6

plastid
nucleus
plasma membrane
nucleus
mitochondrion
nucleus
plastid

cytosol

plastid
extracellular
extracellular
extracellular
extracellular
extracellular
extracellular
plastid
extracellular

extracellular

Radical SAM superfamily protein

DEA(D/H)-box RNA helicase family protein

Major facilitator superfamily protein

TCP family transcription factor

general control non-repressible 5

Plant protein of unknown function (DUF869)

DEAD/DEAH box helicase, putative
S-adenosyl-L-methionine-dependent methyltransferases superfamily protein
CRS1/YhbY (CRM) domain-containing protein

Plant invertase/pectin methylesterase inhibitor superfamily protein
Pectin lyase-like superfamily protein

Eukaryotic asparty| protease family protein

alpha-xylosidase 1

B-S glucosidase 44

Plant invertase/pectin methylesterase inhibitor superfamily protein
plastid transcriptionally active 13

Subtilase family protein

SKUS5 similar 5
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Table S3 (C): Differentially expressed proteins in total fraction at 3 h

Ratio? Ratio®
Protein ID Proteome Transcriptome SUBAcon Description
3h 9h
Nuc Tot Nuc Tot 1h 2h 3h 5h 9h
AT5G64120 28.5 54 27.8 7.7 3.6 3.3 4.3 6.1 741 extracellular Peroxidase superfamily protein
AT5G52640 57 4.2 54 39 0.1 29 3.7 1.9 1.0 cytosol heat shock protein 90.1
AT1G66090 27.5 4.2 4.1 27.0 1.6 286 14 1.6 1.4 plastid Disease resistance protein (TIR-NBS class)
AT1G23170 37 4.0 5.7 4.9 04 1.9 25 1.3 0.1 cytosol Protein of unknown function DUF2359, transmembrane
AT3G12580 4.4 3.6 29 29 0.2 29 3.3 09 0.5 cytosol heat shock protein 70
AT5G25260 22 36 4.4 51 1.9 286 38 37 29 cytosol SPFH/Band 7/PHB domain-containing membrane-associated protein family
AT4G20860 244 3.3 23.2 47 27 3.1 4.5 51 46 plasma membrane |FAD-binding Berberine family protein
AT4G15610 241 3.2 25.0 3.0 1.6 1.9 21 26 23 plasma membrane |Uncharacterised protein family (UPF0497)
AT3G50480 22 3.2 29.8 54 1.4 15 22 3.3 3.0 cytosol homolog of RPW8 4
AT2G43620 26.5 31 26.2 5.0 43 34 31 4.0 6.0 extracellular Chitinase family protein
AT5G50200 31 3.0 30.0 4.7 26 2.8 3.6 4.4 4.4 extracellular nitrate transmembrane transporters
AT1G51820 4.1 29 27.7 27.0 28 2.7 3.6 35 NA plasma membrane |Leucine-rich repeat protein kinase family protein
AT2G37040 35 26 14 3.0 1.9 3.0 4.0 37 3.7 cytosol PHE ammonia lyase 1
AT1G71697 15 25 0.3 25 1.7 1.6 24 23 1.7 golgi choline kinase 1
AT5G02490 25 25 35 4.0 04 2.0 3.0 23 241 cytosol Heat shock protein 70 (Hsp 70) family protein
AT2G40000 26.0 23 247 23.1 1.9 1.5 2.0 06 0.8 nucleus ortholog of sugar beet HS1 PRO-1 2
AT4G01700 28 22 3.2 3.0 3.3 3.9 5.2 53 4.0 extracellular Chitinase family protein
AT3G53260 255 20 NA 06 24 22 21 1.4 1.4 cytosol phenylalanine ammonia-lyase 2
AT1G02930 23.5 1.7 24.2 2.8 1.7 1.6 2.8 3.8 3.3 cytosol glutathione S-transferase 6
AT3G22060 26.4 1.6 25.5 21 3.6 3.4 3.6 38 3.2 extracellular Receptor-like protein kinase-related family protein
AT3G25780 NA 1.6 NA 1.3 1.7 1.3 0.3 06 1.0 plastid allene oxide cyclase 3
AT1G51800 4.1 1.5 6.0 31 3.0 3.0 47 52 4.7 plasma membrane |Leucine-rich repeat protein kinase family protein
AT5G48540 2.6 1.3 2.8 1.7 28 341 39 38 31 extracellular receptor-like protein kinase-related family protein
AT3G51660 NA 1.3 NA 1.8 1.5 1.5 24 28 20 peroxisome Tautomerase/MIF superfamily protein
AT2G 18690 17 1.2 20 1.7 20 21 2.8 3.3 34 plasma membrane
AT5G48570 NA 1.2 23.2 26.4 0.5 4.0 4.1 02 0.1 cytosol FKBP-type peptidyl-prolyl cis-trans isomerase family protein
AT4G36500 0.5 1.2 0.5 -0.1 1.6 1.2 15 0.4 0.1 mitochondrion
AT1G76680 NA 1.0 NA 1.0 0.7 1.0 21 07 0.0 cytosol 12-oxophytodienoate reductase 1
AT4G21960 -24.8 -1.7 -27.6 -2.1 -0.9 -1.8 2.7 -2.6 -2.2 extracellular Peroxidase superfamily protein
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Table S3 (D): Differentially expressed proteins in total fraction at9 h

Ratio? Ratio®
Protein ID Proteome Transcriptome SUBAcon Description
3h 9h
Nuc Tot Nuc Tot 1h 2h 3h 5h 9h
AT5G64120 28.5 5.4 27.8 77 3.6 3.3 4.3 6.1 71 extracellular Peroxidase superfamily protein
AT3G05500 0.4 0.9 4.6 5.6 0.2 0.4 0.7 15 3.2 cytosol Rubber elongation factor protein (REF)
AT3G50480 22 3.2 29.8 5.4 1.4 1.5 22 3.3 3.0 cytosol homolog of RPW8 4
AT5G25260 22 3.6 4.4 5.1 19 26 38 37 29 cytosol SPFH/Band 7/PHB domain-containing membrane-associated protein family
AT2G43620 26.5 3.1 26.2 5.0 43 34 31 4.0 6.0 extracellular Chitinase family protein
AT1G23170 3.7 4.0 57 49 0.4 19 25 13 0.1 cytosol Protein of unknown function DUF2359, transmembrane
AT5G50200 341 3.0 30.0 4.7 26 2.8 3.6 4.4 4.4 extracellular nitrate transmembrane transporters
AT4G20860 24.4 3.3 23.2 4.7 2.7 31 4.5 5.1 4.6 plasma membrane FAD-binding Berberine family protein
AT2G39210 26 1.2 4.1 41 12 1.5 35 4.4 36 plasma membrane Major facilitator superfamily protein
AT2G38870 NA 21 NA 41 3.2 3.0 36 45 4.8 cytosol Serine protease inhibitor, potato inhibitor |-type family protein
AT5G02490 25 25 3.5 4.0 0.4 20 3.0 2.3 21 cytosol Heat shock protein 70 (Hsp 70) family protein
AT5G52640 57 4.2 5.4 3.9 0.1 29 3.7 19 1.0 cytosol heat shock protein 90.1
AT3G29034 245 2.2 23.2 3.5 21 25 3.8 3.8 3.2 cytosol
AT1G65390 1.0 1.0 23 3.4 1.9 1.8 3.5 4.5 3.7 plastid phloem protein 2 A5
AT1G51800 4.1 1.5 6.0 31 3.0 3.0 47 52 47 plasma membrane Leucine-rich repeat protein kinase family protein
AT5G19230 NA 1.9 NA 3.0 23 2.3 32 3.0 28 extracellular Glycoprotein membrane precursor GPl-anchored
AT4G01700 2.8 2.2 3.2 3.0 3.3 3.9 5.2 5.3 4.0 extracellular Chitinase family protein
AT4G15610 241 3.2 25.0 3.0 1.6 1.9 21 26 2.3 plasma membrane Uncharacterised protein family (UPF0497)
AT4G23210 31 25.5 29.6 3.0 12 1.7 22 3.2 3.8 plasma membrane cysteine-rich RLK (RECEPTOR-like protein kinase) 13
AT2G37040 35 2.6 1.4 3.0 19 3.0 4.0 3.7 3.7 cytosol PHE ammonia lyase 1
AT3G52400 22 2.0 3.3 29 1.6 1.7 36 29 23 plasma membrane syntaxin of plants 122
AT3G12580 4.4 3.6 29 29 0.2 29 3.3 0.9 0.5 cytosol heat shock protein 70
AT5G40780 14 1.8 26 28 17 1.4 21 36 4.0 plasma membrane lysine histidine transporter 1
AT1G02930 23.5 1.7 242 28 17 1.6 28 38 3.3 cytosol glutathione S-transferase 6
AT5G21900 26.9 1.1 NA 28 0.1 0.2 0.2 05 0.6 nucleus RNI-like superfamily protein
AT1G27020 NA -0.2 NA 28 05 -0.2 0.4 12 24 cytosol
AT3G19930 0.6 24.6 26 27 0.5 1.1 1.9 24 21 plasma membrane sugar transporter 4
AT1G22400 NA 1.9 NA 26 13 24 1.5 1.7 19 cytosol UDP-Glycosyltransferase superfamily protein
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AT1G71697
AT1G28380
AT5G55050
AT2G17720
AT4G34230
AT4G30600
AT4G23570
AT3G50930
AT3G22060
AT1G70520
AT3G13790
AT5G37600
AT2G39200
AT3G51660
AT2G37710
AT4G08850
AT5G54720
AT5G48540
AT3G55450
AT2G37130
AT2G18690
AT1G11260
AT4G23300
AT3G19010
AT3G21630
AT5G54160
AT5G03160
AT4G13510
AT4G30190
AT5G22060
AT3G25780
AT5G59730
AT3G07090
AT4G38550
AT2G41100

15
0.9
NA
1.7
NA
0.4
0.8
1.5
26.4
0.8
25
26.3
5.0
NA
1.0
0.7
0.8
2.6
0.9
NA
1.7
0.8
NA
NA
0.3
0.8
-0.2
1.1
0.2
0.4
NA
0.5
NA
0.9
0.7

-24.9
1.2
0.3
-0.1
1.2
0.4
0.5
0.3
0.2
0.1
1.0
1.6
0.7
1.0
1.3
0.5

0.3
0.7
NA
3.7
NA
15
0.9
1.3
255
1.5
3.7
255
29.8
NA
2.1
15
2.0
2.8
0.5
NA
2.0
2.0
26.4
22.2
0.2
26
15
2.1

0.6
NA
0.6
NA
1.0
1.0

25
24
23
23
23
2.3
23
22
21
20
2.0
20
1.9
1.8
1.8
1.7
1.7
1.7
1.7

1.7
16
16
1.5
1.5
1.4
1.4
1.4
13
1.3
1.3
13
1.3
13

1.7
16
0.2
0.9
0.8
0.5
0.5
15
36
16
0.5
19
4.0
1.5
1.8
1.8
0.6
2.8

-0.7
2.0
0.4
0.1
2.4
1.7
13

-0.3
1.2
03
0.2
1.7
0.7
0.4
1.6
1.2

16
1.7
1.5
1.3
1.5
0.4
22
0.8
34
1.7
2.0
1.8
3.6
1.5
2.0
1.7
0.6
3.1
0.6
0.1
2.1
12
0.8
2.2
1.7
2.1
0.6
1.2
19
16
1.3
0.3
2.1
1.8
1.0

24
25
21
1.9
22
0.6
18
0.1
36
27
27
27
6.0
24
29
3.2
0.8
3.9
1.2
0.1
2.8
26

3.5
2.1
25
22
25
31
1.9
0.3
1.0
14
3.6
1.8

23
18
25
2.3
31
12
0.9
0.8
38
2.0
34
4.4
6.2
2.8
32
3.2
05
3.8
11
06
33
37
17
2.9
22
4.0
17
23
41
09
0.6
03
13
22
18

1.7
1.2
22
2.3
2.9
0.8
1.0
0.7
32
13
3.9
43
53
2.0
25
2.9
NA
31
0.7
1.0
3.4
38
29
1.9
1.4
4.1
1.2
21
36
0.4
1.0
0.1
0.8
1.2
1.8

golgi

cytosol
extracellular
endoplasmic reticulum
cytosol
endoplasmic reticulum
cytosol
mitochondrion
extracellular
extracellular
extracellular
cytosol

plasma membrane
peroxisome
plasma membrane
plasma membrane
cytosol
extracellular
plasma membrane
extracellular
plasma membrane
plasma membrane
plasma membrane
golgi

plasma membrane
cytosol
endoplasmic reticulum
plasma membrane
plasma membrane
cytosol

plastid

golgi

cytosol

nucleus

nucleus

choline kinase 1

MAC/Perforin domain-containing protein

GDSL-like Lipase/Acylhydrolase superfamily protein
2-oxoglutarate (20G) and Fe(ll)-dependent oxygenase superfamily protein
cinnamy! alcohol dehydrogenase 5

signal recognition particle receptor alpha subunit family protein
phosphatase-related

cytochrome BC1 synthesis

Receptor-like protein kinase-related family protein
cysteine-rich RLK (RECEPTOR-like protein kinase) 2

Glycosyl hydrolases family 32 protein

glutamine synthase clone R1

Seven transmembrane MLO family protein

Tautomerase/MIF superfamily protein

receptor lectin kinase

Leucine-rich repeat receptor-like protein kinase family protein
Ankyrin repeat family protein

receptor-like protein kinase-related family protein

PBS1-like 1

Peroxidase superfamily protein

sugar transporter 1

cysteine-rich RLK (RECEPTOR-like protein kinase) 22
2-oxoglutarate (20G) and Fe(ll)-dependent oxygenase superfamily protein
chitin elicitor receptor kinase 1

O-methyltransferase 1

homolog of mamallian P58IPK

ammonium transporter 1;1

H(+)-ATPase 2

DNAJ homologue 2

allene oxide cyclase 3

exocyst subunit exo70 family protein H7

PPPDE putative thiol peptidase family protein
Arabidopsis phospholipase-like protein (PEARLI 4) family
Calcium-binding EF hand family protein
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AT1G02360
AT1G60420
AT1G13110
AT4G02480
AT1G22410
AT1G03370
AT2G30490
AT1G69410
AT5G51070
AT5G58430
AT2G04550
AT1G74020
AT3G06300
AT5G45510
AT3G53180
AT3G61580
AT2G23810
AT1G55450
AT3G01290
AT4G20830
AT2G36580
AT2G01600
AT5G13480
AT4G04340
AT3G59400
AT1G62180
AT5G49720
AT1G55140

AT5G13630

AT4G15560
AT3(G22235

NA
NA
0.3
0.1
1.1
0.5
0.7
24.9
1.1
0.2
NA
NA
0.5
-0.1
2.3
-0.4
0.3
0.7
0.3
26.6
23.7
-0.3
0.1
-0.9
-0.4
-0.3
-0.3
-0.1

1.0
0.1
0.3
0.0
0.7
0.5
0.6
0.2
0.8
1.0
0.3
0.6
0.8
0.1
0.5
-0.1
0.1
0.7
0.5
0.7
0.2
-0.1
0.6
-0.8
-0.6
-0.1
0.4
-0.5

-0.6

-0.3

-0.5

NA
NA
11
0.7
1.9
0.5
1.4
2.0
21
07
NA
NA
1.8
0.4
2.6
12
1.0
1.0
0.9
255
NA
0.0
0.2

-24.7
-2.4
-1.2

-23.6

-25.5

-0.5

1.0
1.0
1.0
1.0
-1.0
-1.0

3.4
0.2
17
-0.3
2.4
1.5
27
0.5
1.1
1.0
0.0
1.3
0.7
0.1
1.9
0.5
1.4
3.1
0.6
21
1.4
0.3
15
-0.8
-0.3
-1.2
1.7
-0.2

-0.3
0.1

34
04
19
0.3
23
13
25
1.0

0.8
0.0
1.5

0.6
20
0.7
06
21
0.9
22

07
24
-2.5
-1.1
-0.1
0.8

-0.3

38
1.1
35
03
22
18
32
17
06
08
-0.1
1.9
16
1.0
2.1
19
16
35
24
26
27
06
238
24
16
0.5
06
1.0

4.0
1.3
32
0.0
25
1.8
42
23
06
03
0.0
19
1.4

1.9
1.6
2.0
2.7
2.7
33
3.0
0.8
22
-2.4
-1.5
-0.2
-0.7
-1.5

-2.8

-0.9

0.1

3.1
1.5
23
0.2
2.3
0.9
3.6
23
0.4
0.4

16
1.5
1.6
14
0.4
2.1
1.1
26
27
24
0.1
1.7
-1.2
-0.3
-0.6
0.5

-0.8

-0.2

-0.7

extracellular

cytosol

endoplasmic reticulum
plastid

plastid

plasma membrane
endoplasmic reticulum
cytosol

plastid

plasma membrane
nucleus

vacuole

extracellular

cytosol

cytosol

endoplasmic reticulum
plasma membrane
cytosol

plasma membrane
plasma membrane
cytosol

cytosol

mitochondrion

plasma membrane
plastid

plastid

cytosol

plastid

plastid
plastid

plastid

Chitinase family protein

DC1 domain-containing protein

cytochrome P450, family 71 subfamily B, polypeptide 7

AAA-type ATPase family protein

Class-I| DAHP synthetase family protein

C2 calcium/lipid-binding and GRAM domain containing protein
cinnamate-4-hydroxylase

eukaryotic elongation factor 5A-3

Clp ATPase

exocyst subunit exo70 family protein B1

indole-3-butyric acid response 5

strictosidine synthase 2

P4H isoform 2

Leucine-rich repeat (LRR) family protein

glutamate-ammonia ligases;catalytics;glutamate-ammonia ligases
Fatty acid/sphingolipid desaturase

tetraspanin8

S-adenosyl-L-methionine-dependent methyltransferases superfamily protein
SPFH/Band 7/PHB domain-containing membrane-associated protein family
FAD-binding Berberine family protein

Pyruvate kinase family protein

ENTH/ANTH/VHS superfamily protein

ADP/ATP carrier 2

ERD (early-responsive to dehydration stress) family protein
enzyme binding;tetrapyrrole binding

5'adenylylphosphosulfate reductase 2

glycosyl hydrolase 9A1

Ribonuclease lll family protein

magnesium-chelatase subunit chiH, chloroplast, putative / Mg-
protoporphyrin IX chelatase, putative (CHLH)

Deoxyxylulose-5-phosphate synthase
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AT4G30440 -0.5 -0.9 -0.8 -1.6 -0.6 -0.7 -0.7 -0.9 -0.5 golgi UDP-D-glucuronate 4-epimerase 1

AT2G33830 NA -0.7 NA -1.6 -1.0 2.3 -1.5 25 2.2 nucleus Dormancyfauxin associated family protein

AT2G38170 -0.5 -0.4 -0.5 -1.6 -0.4 -2.1 -3.3 -2.9 -2.0 plastid cation exchanger 1

AT4G22690 -0.1 0.0 -1.3 -1.9 15 -0.3 0.5 -1.0 -1.0 endoplasmic reticulum | cytochrome P450, family 706, subfamily A, polypeptide 1
AT5G54770 -0.1 -0.5 -25.5 -1.9 -0.5 -1.2 -2.3 -3.4 -3.1 plastid thiazole biosynthetic enzyme, chloroplast (ARAB) (THI1) (THI4)
AT4G21960 -24.8 -1.7 -27.6 -2.1 -0.9 -1.8 2.7 -2.6 2.2 extracellular Peroxidase superfamily protein

AT1G16410 -25.5 273 -26.3 4.2 -1.1 -1.5 2.1 -1.9 -1.9 endoplasmic reticulum | cytochrome p450 79f1

Table S3: List of proteins showing quantitative change in response to flg22. Proteins that are differentially expressed (|log2 value| > 1; g-value < 0.05) in the nuclear
fraction at 3 h (A) and/or 9 h (B), and total fraction at 3 h (C) and/or 9 h (D) after 1 uM flg22-treatment.
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Table S4:

Table S4 (A): Proteins showing consistent present/absent expression profile in nuclear fraction at 3 h

Ratio? Ratio”
Protein ID Proteome Transcriptome SUBAcon Description
3h 9h
Nuc Tot Nuc Tot 1h 2h 3h 5h 9h
AT5G26920 28.6 23.4 28.6 NA 1.9 2.2 32 36 3.0 mitochondrion Cam-binding protein 60-like G
AT5G64120 28.5 54 27.8 7.7 36 3.3 4.3 6.1 71 extracellular Peroxidase superfamily protein
AT4G23550 28.2 24.6 26.4 243 1.3 29 35 37 17 nucleus WRKY family transcription factor
AT4G01250 28.1 NA 26.4 NA 22 3.2 4.0 35 24 nucleus WRKY family transcription factor
AT5G64750 28.1 22.3 0.0 NA 0.7 1.9 3.2 3.3 15 nucleus Integrase-type DNA-binding superfamily protein
AT2G19190 281 26.4 29.9 28.7 2.0 31 4.4 5.9 4.3 plasma membrane |FLG22-induced receptor-like kinase 1
AT1G62300 28.1 NA 27.3 NA 27 2.0 25 17 14 nucleus WRKY family transcription factor
AT1G51850 279 26.6 284 28.2 3.0 3.5 48 49 4.4 plasma membrane |Leucine-rich repeat protein kinase family protein
AT3G55150 27.8 249 26.5 23.9 NA 3.9 4.6 4.3 NA nucleus exocyst subunit exo70 family protein H1
AT1G66090 275 4.2 4.1 27.0 1.6 26 14 1.6 14 plastid Disease resistance protein (TIR-NBS class)
AT2G22880 274 NA 25.8 NA 1.5 1.7 27 2.9 17 nucleus VQ motif-containing protein
AT2G44370 27.2 24.5 29.0 257 24 4.0 56 5.0 43 nucleus Cysteine/Histidine-rich C1 domain family protein
AT2G17740 26.8 24.4 28.1 26.6 25 4.8 6.8 6.5 49 nucleus Cysteine/Histidine-rich C1 domain family protein
AT2G26560 26.5 29 25.0 1.7 3.6 2.3 21 0.5 -0.3 cytosol phospholipase A 2A
AT2G43620 26.5 3.1 26.2 5.0 4.3 34 31 4.0 6.0 extracellular Chitinase family protein
AT3G22060 26.4 1.6 25.5 21 36 34 3.6 3.8 3.2 extracellular Receptor-like protein kinase-related family protein
AT4G24230 26.3 24.4 0.4 252 0.7 0.6 15 12 05 extracellular acyl-CoA-binding domain 3
AT5G37600 26.3 0.7 25.5 2.0 1.9 1.8 27 4.4 43 cytosol glutamine synthase clone R1
AT3G46280 26.1 27.4 26.2 28.4 32 4.3 6.0 6.3 57 extracellular protein kinase-related
AT5G02790 25.6 0.0 NA 0.0 -0.3 -0.6 -1.0 -0.8 -0.7 cytosol Glutathione S-transferase family protein
AT1G09970 254 NA 254 NA 0.4 1.1 11 1.3 1.0 plasma membrane |Leucine-rich receptor-like protein kinase family protein
AT4G18880 254 NA 21 NA 1.6 1.0 15 1.0 12 nucleus heat shock transcription factor A4A
AT1G30755 253 233 25.6 235 27 24 31 25 19 nucleus Protein of unknown function (DUF668)
AT3G21070 253 21.4 25.6 217 4.2 14 12 0.8 0.0 cytosol NAD kinase 1
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AT1G53625
AT4G11890
AT2G39380

AT4G18170

AT5G57710

AT4G20860
AT4G21120
AT3G58620
AT1G20370
AT2G22540
AT1G04680
AT2G38580
AT4G23620
AT1G75380
AT1G28440
AT1G74270

AT5G39560

24.9
246

246

245

24.4
24.2
23.8
233
-239
-24.7
-247
-25.0
-25.6
-25.8
-27.5

-28.5

21.0

33
NA
NA
NA
NA
-0.2
NA
0.5
-0.7
NA
-0.9

NA

25.4
27

243
NA

254

23.2
25.1
241
NA
-0.2
-24.4
25.2
0.3
0.4
-26.1

0.4

NA
256
224

NA

NA

47
24.4
23.7
-22.7
NA
-0.2
NA
0.0
0.7
NA
26.6
NA

3.1
21
1.0

1.9

08

27
14
0.5
-0.2

-0.6

0.0
-0.3
-1.8
-0.3

0.0

NA

3.4
2.0
3.4

1.0

09

3.1

2.5
1.1

-0.4
-1.9
-0.7
0.2
0.3
2.4

-0.4

NA

4.2
22

48

45
3.4
14
-0.2
-1.2
-0.3
-0.1
-0.3
-1.9
-0.8
-0.2
NA

5.1

3.4
1.2
01

-1.3
-0.4
0.5
0.3
-1.2
-0.8
0.0
NA

26
24
NA
03

1.7

4.6
29
1.0
0.2
-0.8
0.0
0.4
0.3
0.3
-0.5
0.2
NA

nucleus
cytosol
plastid

nucleus
plastid

plasma membrane
plasma membrane
cytosol

nucleus

nucleus
extracellular
nucleus
mitochondrion
mitochondrion
plasma membrane
cytosol

plasma membrane

Protein kinase superfamily protein
exocyst subunit exo70 family protein H2
WRKY DNA-binding protein 28

Double Clp-N motif-containing P-loop nucleoside triphosphate
hydrolases superfamily protein

FAD-binding Berberine family protein

amino acid transporter 1

tetratricopetide-repeat thioredoxin-like 4

Pseudouridine synthase family protein

K-box region and MADS-box transcription factor family protein

Pectin lyase-like superfamily protein

Mitochondrial ATP synthase D chain-related protein

Ribosomal protein L25/GIn-tRNA synthetase, anti-codon-binding domain
bifunctional nuclease in basal defense response 1

HAESA-like 1

Ribosomal protein L35Ae family protein

Galactose oxidase/kelch repeat superfamily protein
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Table S4(B): Proteins showing consistent present/absent expression profile in nuclear fraction at9 h

Ratio® Ratio®
Protein ID Proteome Transcriptome SUBAcon Description
3h 9h
Nuc Tot Nuc Tot 1h 2h 3h 5h 9h
AT5G50200 3.1 3.0 30.0 4.7 2.6 2.8 3.6 4.4 4.4 extracellular nitrate transmembrane transporters
AT2G19190 28.1 26.4 29.9 28.7 2.0 3.1 4.4 5.9 4.3 plasma membrane FLG22-induced receptor-like kinase 1
AT2G39200 50 31 298 1.9 4.0 3.6 6.0 6.2 53 plasma membrane Seven transmembrane MLO family protein
AT3G50480 22 3.2 29.8 5.4 1.4 1.5 2.2 3.3 3.0 cytosol homolog of RPW8 4
AT4G23210 31 255 29.6 3.0 1.2 1.7 2.2 3.2 3.8 plasma membrane cysteine-rich RLK (RECEPTOR-like protein kinase) 13
AT2G44370 27.2 245 29.0 257 24 4.0 5.6 5.0 43 nucleus Cysteine/Histidine-rich C1 domain family protein
AT5G26920 28.6 23.4 28.6 NA 1.9 2.2 3.2 3.6 3.0 mitochondrion Cam-binding protein 60-like G
AT1G51850 27.9 26.6 28.4 28.2 3.0 35 4.8 4.9 4.4 plasma membrane Leucine-rich repeat protein kinase family protein
AT4G36670 1.4 253 28.3 27.8 0.9 1.5 3.0 4.5 4.8 plasma membrane Major facilitator superfamily protein
AT2G39518 27.0 25.7 28.2 28.1 3.0 4.0 5.6 6.2 5.6 extracellular Uncharacterised protein family (UPF0497)
AT2G17740 26.8 24.4 28.1 26.6 25 4.8 6.8 6.5 4.9 nucleus Cysteine/Histidine-rich C1 domain family protein
AT1G10340 3.0 24.5 27.9 24.4 1.7 1.3 1.8 19 1.9 plasma membrane Ankyrin repeat family protein
AT3G28540 NA NA 27.9 2.0 0.0 -0.3 -0.4 0.8 1.7 plasma membrane P-loop containing nucleoside triphosphate hydrolases superfamily protein
AT5G64120 28.5 5.4 27.8 7.7 3.6 3.3 4.3 6.1 7.1 extracellular Peroxidase superfamily protein
AT1G51820 4.1 29 27.7 27.0 2.8 2.7 3.6 3.5 NA plasma membrane Leucine-rich repeat protein kinase family protein
AT1G30900 251 11 274 3.6 0.6 0.9 1.1 1.9 1.7 vacuole VACUOLAR SORTING RECEPTOR 6
AT1G62300 281 NA 27.3 NA 27 2.0 2.5 1.7 1.4 nucleus WRKY family transcription factor
AT2G39530 NA 23.7 27.2 271 0.8 3.0 4.5 5.1 4.5 extracellular Uncharacterised protein family (UPF0497)
AT3G47480 25.2 NA 27.2 NA 0.4 1.1 1.3 2.2 2.5 plasma membrane Calcium-binding EF-hand family protein
AT3G21080 NA NA 27.1 22.7 -0.1 0.0 1.0 2.1 2.9 plasma membrane ABC transporter-related
AT1G52200 2.3 25.7 27.0 26.5 1.6 25 4.7 4.8 42 plasma membrane PLACS family protein
AT1G51890 26.5 23.6 27.0 26.3 1.8 29 4.1 4.1 3.7 extracellular Leucine-rich repeat protein kinase family protein
AT3G01830 2.3 25.5 26.8 25.5 3.2 3.0 3.2 2.6 2.1 nucleus Calcium-binding EF-hand family protein
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AT1G08050
AT3G55150
AT4G23550
AT4G01250
AT4G23200

AT5G57480

AT3G46280
AT2G43620
AT1G68840
AT5G52830
AT3GB6170
AT1G80840
AT2G16900
AT3G44630
AT1G30755
AT5G42050
AT5G37600

AT5G57710

AT5G54860

AT5G46520

AT4G12490

AT2G38580
AT1G69740
AT2G42280
AT3G09830
AT4G21120
AT5G06560

24.0
43
252
0.2
253
249
26.3

24.5

0.13
NA

NA

-24.73
25.87
NA
25.60
24.16

-1.22

23.5

24.9

24.6
NA
0.4

NA

27.4

NA
NA
NA
25.1
NA
NA
23.3
NA
0.7

22.58
NA

24.96

NA
0.03
NA
22.14
NA
NA

26.8
26.5
26.4
26.4
26.3

26.3

26.2
26.2
26.0
259
25.9
25.8
25.8
25.8
25.6
255
255

254

25.42

25.33

25.31

25.23
25.20
25.17
25.15
25.15

25.06

249

23.9

243
NA
0.0

NA

28.4
5.0
NA
NA

24.6
NA

227
NA

23.5
NA
2.0

NA

23.23
NA

28.50

NA
-0.06
NA
22.34
24.39
NA

0.8
NA

22
0.7

09

0.7
27
0.8
1.9

0.8

1.35

0.73

-0.18

0.05
-0.21
-0.12
2.25
1.37

0.96

1.6
3.9
29
3.2
1.3

0.7

4.3
3.4
1.7
1.7
0.5
21

1.8

24
0.9
1.8

0.9

-0.18
-0.10
0.10
1.01

252

1.8
4.6
3.5
4.0
0.6

1.2

6.0
3.1
2.8
1.6
1.0
20
24

3.1
1.5
27

1.2

1.90

0.75

3.63

-0.11
-0.16
0.09
1.32
3.36

1.01

1.8
4.3
3.7
3.5
0.8

1.7

6.3
4.0
1.8
22
1.5
1.7

24

25
1.7
44

1.6

1.43

0.85

5.89

0.49
-0.14
0.44
1.41
3.41
0.84

1.0
NA
1.7
24
0.5

1.6

5.7
6.0
1.9
1.5
1.4
1.3
1.2
0.2
1.9
1.5
43

1.7

0.63

6.59

0.39
0.36
0.43
0.78
293

nucleus
nucleus
nucleus
nucleus

plasma membrane
endoplasmic reticulum

extracellular
extracellular
nucleus
nucleus
mitochondrion
nucleus
nucleus
nucleus
nucleus
nucleus

cytosol
plastid

plasma membrane

cytosol

extracellular

nucleus

plastid

nucleus

nucleus

plasma membrane

nucleus

Zinc finger (C3HC4-type RING finger) family protein
exocyst subunit exo70 family protein H1

WRKY family transcription factor

WRKY family transcription factor

cysteine-rich RLK (RECEPTOR-like protein kinase) 12

P-loop containing nucleoside triphosphate hydrolases superfamily protein

protein kinase-related

Chitinase family protein

related to ABI3/VP1 2

WRKY DNA-binding protein 27

Ca-2+ dependent nuclease

WRKY DNA-binding protein 40

Arabidopsis phospholipase-like protein (PEARLI 4) family
Disease resistance protein (TIR-NBS-LRR class) family
Protein of unknown function (DUF668)

DCD (Development and Cell Death) domain protein
glutamine synthase clone R1

Double Clp-N motif-containing P-loop nucleoside triphosphate
hydrolases superfamily protein

Maijor facilitator superfamily protein
Disease resistance protein (TIR-NBS-LRR class) family

Bifunctional inhibitor/lipid-transfer protein/seed storage 2S albumin
superfamily protein

Mitochondrial ATP synthase D chain-related protein

Aldolase superfamily protein

basic helix-loop-helix (bHLH) DNA-binding superfamily protein
Protein kinase superfamily protein

amino acid transporter 1

Protein of unknown function, DUF593
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AT5G45110
AT4G12250
AT3G45060
AT2G38940
AT4G15610
AT3G08970
AT4G00300
AT5G15130
AT3G52190
AT4G32650

AT2G23770

AT3G22310
AT5G66675
AT2G39380
AT2G44380
AT1G14870
AT5G18750
AT2G28890
AT4G09420
AT1G01930
AT1G68520
AT4G08950
AT5G05690
AT2G43010
AT4G01130

24.89
2473
26.06
NA
24.09
2477
25.32
23.21
23.66
NA

NA

NA
23.99
24.56

NA
23.69

NA
23.62
21.68
-0.24

NA
-0.41
-24.69
-0.12

-1.95

NA
NA
NA
NA
3.24
22.31
-24.18
NA
0.27
23.09

24.01

NA
23.56
22.19

NA
24.08

NA

NA

NA

-0.28
NA
-0.91
NA
NA
017

25.05
25.02
25.01
24.98
24.97
24.96
24.96
24.77
24.76
24.60

24.54

24.41

24.40
24.30
24.12
24.10
24.06
23.53
22.50
-24.04
2414
-24.16
2425
-24.28

-25.04

NA
NA
NA
24.44
297
22.75
24.53
NA
1.33
NA

24.76

NA
24.18
22.41

NA
24.53
-25.39

NA
23.80

0.12
NA
-1.16
NA
NA

-0.35

1.39
0.36
1.28
0.10
1.63
0.32
0.35
0.19
0.96
0.73

0.71

0.18
1.32
1.03
1.07
2.32
0.15
1.56
0.03
0.13
-2.47
-1.87
-0.93
-0.82

0.02

0.67
0.31

1.82
1.94
213

-2.58
-0.49
-1.39
-1.00

-0.61

0.89
0.50
242
3.28
211
2.28
0.46

NA
1.97
2.37

0.75

047
1.07
477
3.84
3.86
0.74
2.19
0.75
0.04
-2.72
-0.28
-1.60
-1.62

-0.77

1.43
0.34
2.58
4.19
2.65
1.56
0.74

NA
2.26
3.24

0.66

0.85
0.83
NA
3.57
3.86
0.59
2.55
1.41
-0.08
-2.25
-0.01
-1.89
-2.23

-0.87

1.49
0.41
1.62
4.02
231
0.70
0.68
1.44
1.99
3.00

0.26

NA
2.89
3.59
0.11
1.84
1.66

-0.01
-0.97
0.16
-1.24
-1.37

-0.64

nucleus

golgi

plasma membrane
plasma membrane
plasma membrane
endoplasmic reticulum
vacuole

nucleus

endoplasmic reticulum

plastid
plasma membrane

mitochondrion
plasma membrane
plastid

nucleus

plasma membrane
nucleus

nucleus

cytosol

nucleus

nucleus
extracellular
endoplasmic reticulum
nucleus

extracellular

NPR1-like protein 3

UDP-D-glucuronate 4-epimerase 5

high affinity nitrate transporter 2.6

phosphate transporter 1;4

Uncharacterised protein family (UPF0497)

DNAJ heat shock N-terminal domain-containing protein
fringe-related protein

WRKY DNA-binding protein 72

phosphate transporter traffic facilitator1

potassium channel in Arabidopsis thaliana 3

protein kinase family protein / peptidoglycan-binding LysM domain-
containing protein

putative mitochondrial RNA helicase 1

Protein of unknown function (DUF677)

exocyst subunit exo70 family protein H2
Cysteine/Histidine-rich C1 domain family protein
PLANT CADMIUM RESISTANCE 2

DNAJ heat shock N-terminal domain-containing protein
poltergeist like 4

Disease resistance protein (TIR-NBS class)
zinc finger protein-related

B-box type zinc finger protein with CCT domain
Phosphate-responsive 1 family protein
Cytochrome P450 superfamily protein
phytochrome interacting factor 4

GDSL-like Lipase/Acylhydrolase superfamily protein
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AT2G39140
AT2G15970
AT3G28040
AT1G52190
AT4G33480
AT1G16410
AT1G65590

AT4G21960

0.32
-24.98
-1.48
-25.59
-0.05
-25.48
-1.21

-24.79

-0.52
-25.03
-0.72
NA
NA
-27.28
-0.06

-1.69

-25.11
-25.27
-25.33
-25.64
-25.75
-26.34
-27.13

-27.64

-23.45
-25.36
-0.01
NA
NA
-4.20
-0.39

-2.08

-0.37
-1.54
-0.07
-0.68
-0.24
-1.14
-0.22

-0.88

-0.43
-2.21
-1.24
-1.39
-0.62
-1.50
-0.28

-1.84

-0.74
-2.39
-1.56
-0.42
-1.12
-2.10
-0.42

-2.68

-0.99
-3.30
-1.43
-1.42
-0.93
-1.86
-0.78

-2.61

-0.47
-2.35
-0.94
-1.23
-0.60
-1.87
-0.43

-2.25

plastid

plasma membrane
plasma membrane
plasma membrane
plastid

endoplasmic reticulum
extracellular

extracellular

pseudouridine synthase family protein
cold regulated 413 plasma membrane 1
Leucine-rich receptor-like protein kinase family protein

Major facilitator superfamily protein

cytochrome p450 79f1
beta-hexosaminidase 3

Peroxidase superfamily protein
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Table S4(C): Proteins showing consistent present/absent expression profile in total fraction at 3 h

Ratio* Ratio®
Protein ID Proteome Transcriptome SUBAcon Description
3h 9h
Nuc Tot Nuc Tot 1h 2h 3h 5h 9h

AT3G46280 26.1 27.4 26.2 28.4 3.2 4.3 6.0 6.3 5.7 extracellular protein kinase-related
AT1G30700 NA 27.3 NA 28.9 24 5.0 56 5.7 3.8 extracellular FAD-binding Berberine family protein
AT5G48430 26.1 26.6 255 28.7 4.4 5.2 6.5 6.2 NA extracellular Eukaryotic aspartyl protease family protein
AT1G51850 27.9 26.6 28.4 28.2 3.0 3.5 4.8 49 4.4 plasma membrane Leucine-rich repeat protein kinase family protein
AT3G21230 NA 26.5 NA 26.4 2.1 2.5 26 3.3 2.3 peroxisome 4-coumarate:CoA ligase 5

AT2G27660 3.4 26.4 4.8 26.0 3.1 3.0 4.1 34 2.9 nucleus Cysteine/Histidine-rich C1 domain family protein
AT2G19190 28.1 26.4 29.9 28.7 2.0 3.1 4.4 5.9 4.3 plasma membrane FLG22-induced receptor-like kinase 1
AT1G21120 NA 26.1 NA 26.3 4.2 2.3 33 2.3 1.0 cytosol O-methyltransferase family protein

AT1G74310 24.7 26.0 24.9 25.3 0.5 3.7 1.5 0.0 -0.4 cytosol heat shock protein 101
AT1G52200 2.3 25.7 27.0 26.5 1.6 25 4.7 4.8 4.2 plasma membrane PLACS family protein

AT3G01830 2.3 26.5 26.8 25.5 3.2 3.0 3.2 2.6 2.1 nucleus Calcium-binding EF-hand family protein
AT4G36670 14 253 28.3 27.8 0.9 15 3.0 4.5 4.8 plasma membrane Major facilitator superfamily protein

AT4G12400 247 252 25.0 26.0 0.4 3.0 2.4 0.3 0.1 nucleus stress-inducible protein, putative

AT1G19380 1.1 251 0.1 243 1.0 14 28 27 23 plasma membrane Protein of unknown function (DUF1195)
AT3G09350 252 25.0 0.6 252 0.1 3.3 1.6 0.1 0.5 cytosol Fes1A

AT3G07185 3.1 25.0 1.6 24.6 2.6 2.5 31 2.1 1.5 nucleus RPM1-interacting protein 4 (RIN4) family protein
AT2G24850 241 24.9 NA NA 1.5 1.9 1.6 0.9 0.0 plastid tyrosine aminotransferase 3

AT3G55150 27.8 249 26.5 23.9 NA 3.9 4.6 4.3 NA nucleus exocyst subunit exo70 family protein H1
AT2G02010 NA 24.8 NA 25.2 3.4 2.8 1.4 0.6 0.7 cytosol glutamate decarboxylase 4

AT4G15417 NA 246 24.7 26.4 NA 2.0 27 NA NA cytosol RNAse Il-like 1

AT1G10340 3.0 24.5 27.9 24.4 1.7 1.3 1.8 1.9 1.9 plasma membrane Ankyrin repeat family protein

AT2G17740 26.8 24.4 281 26.6 25 4.8 6.8 6.5 49 nucleus Cysteine/Histidine-rich C1 domain family protein
AT2G42620 0.0 23.3 NA 0.0 -0.6 -0.2 0.2 0.0 -0.1 plastid RNI-like superfamily protein

AT5G44380 NA 22.9 NA 24.9 0.9 3.3 3.6 NA 3.5 extracellular FAD-binding Berberine family protein
ATAG37760 -0.1 -22.9 0.2 0.3 -0.1 0.0 -0.6 0.4 -0.2 plasma membrane squalene epoxidase 3

AT5G62360 NA -25.3 NA -25.9 -1.7 -0.9 -1.1 -1.2 -0.1 extracellular Plant invertase/pectin methylesterase inhibitor superfamily protein
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Table S4(D): Proteins showing consistent present/absent expression profile in total fraction at 9 h

Ratio® Ratio®
Protein ID Proteome Transcriptome SUBAcon Description
3h 9h
Nuc Tot Nuc Tot 1h 2h 3h 5h 9h
AT1G30700 NA 273 NA 28.9 24 5.0 5.6 5.7 3.8 extracellular FAD-binding Berberine family protein
AT1G30720 NA 2.8 NA 28.9 2.8 3.7 4.8 5.3 4.9 extracellular FAD-binding Berberine family protein
AT4G22470 24.4 3.8 NA 288 23 3.0 4.5 5.4 53 extracellular protease inhibitor/seed storage/lipid transfer protein (LTP) family protein
AT5G48430 26.1 26.6 255 28.7 4.4 5.2 6.5 6.2 NA extracellular Eukaryotic aspartyl protease family protein
AT2G19190 28.1 26.4 29.9 28.7 2.0 3.1 4.4 59 4.3 plasma membrane FLG22-induced receptor-like kinase 1
AT4G12490 NA 250 253 285 02 04 36 5.9 66 |extracellular S:;’Q;g‘r’[:‘ls ::rggit:” lipic-transfer protein/seed storage 25 albumin
AT3G46280 26.1 27.4 26.2 28.4 3.2 4.3 6.0 6.3 5.7 extracellular protein kinase-related
AT1G51850 27.9 26.6 28.4 28.2 3.0 3.5 4.8 4.9 4.4 plasma membrane Leucine-rich repeat protein kinase family protein
AT2G39518 27.0 257 282 281 3.0 4.0 5.6 6.2 5.6 extracellular Uncharacterised protein family (UPF0497)
AT4G36670 14 25.3 28.3 27.8 0.9 1.5 3.0 45 4.8 plasma membrane Maijor facilitator superfamily protein
AT5G39580 NA 26.8 NA 27.6 2.3 3.0 4.9 NA NA extracellular Peroxidase superfamily protein
AT4G36430 NA NA NA 27.3 NA 0.3 3.2 55 5.6 extracellular Peroxidase superfamily protein
AT2G39530 NA 23.7 27.2 271 0.8 3.0 4.5 5.1 4.5 extracellular Uncharacterised protein family (UPF0497)
AT1G51820 4.1 29 277 27.0 2.8 2.7 3.6 3.5 NA plasma membrane Leucine-rich repeat protein kinase family protein
AT1G66090 27.5 4.2 4.1 27.0 1.6 2.6 1.4 1.6 1.4 plastid Disease resistance protein (TIR-NBS class)
sGaeso |02 WA a4 B/ @2 02 03 06 17 | A Ao
AT5G26340 1.7 1.7 3.0 26.8 19 1.6 24 26 2.8 plasma membrane Maijor facilitator superfamily protein
AT1G64170 -0.6 NA 0.5 26.8 0.5 0.9 2.2 3.6 24 plasma membrane cation/H+ exchanger 16
AT3G47380 NA 25.2 24.2 26.6 2.0 2.5 3.2 29 2.2 extracellular Plant invertase/pectin methylesterase inhibitor superfamily protein
AT3G03640 NA NA NA 26.6 0.1 -0.5 -0.8 -0.6 2.1 extracellular beta glucosidase 25
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AT2G17740
AT1G52200
AT4G12470
AT3G11340
AT3G21230
AT3G51330
AT5G48570
AT4G15417
AT1G51890
AT1G65690
AT4G12400
AT2G27660
AT4G23190
AT3G54420
AT2G45220
AT2G44370
AT5G41750
AT2G45290
AT4G01750
AT4G11890
AT5G35735
AT3G01830
AT3G57550
AT1G74310
AT3G09350
AT4G24230
AT2G20880

26.8
23
NA
NA
NA
NA
NA
NA

26.5
NA

247
34
1.2
NA
NA

27.2
0.4
NA
NA

24.9
1.0

229
NA

24.67

25.21

26.29
NA

24.4
25.7
25.2

NA
26.5
NA
1.2
24.6
23.6
NA
25.2
26.4
14
24.9
26.1
24.5
0.8
24.1
245
24.0
25.2

25.54
0.73

26.02

25.01

24.39

NA

28.1
27.0
255
NA
NA
NA
23.2
24.7
27.0
26.6
25.0
48
23
NA
NA
29.0
26.7
NA
NA
27
1.4
26.83
NA
24.93
0.62
0.45

25.33

26.6
26.5
26.5
26.5
26.4
26.4
26.4
26.4
26.3
26.2
26.0
26.0
26.0
26.0
25.9
25.7
256
25.6
25.6
25.6
25.5
25.46
25,34
25.29
25.21
2521

25.19

25
1.6
0.2
0.0
21
1.0
0.5
NA
1.8
3.1
0.4
3.1
28
23
0.5
24
0.9
1.9
22
21
2.0
3.21

0.55
0.07
0.66

4.8
2.5
0.7
-0.3
2.5
2.3
4.0
2.0
2.9
3.5
3.0
3.0
2.2
2.5
1.7
4.0
0.7
2.2
3.0
2.0
2.6
3.04
1.95
3.67
3.28
0.62

-0.35

6.8
4.7
2.3
0.6
2.6
3.2
4.1
2.7
4.1
4.3
24
4.1
27
3.1
26
5.6
0.8
21
4.2
2.2
3.3
3.19
2.51
1.52
1.60
1.49

0.49

6.5
4.8
3.7
2.9
3.3
35
0.2
NA
4.1
44
0.3
34
25
4.4
33
5.0
1.1
1.9
37
25
25
264
2.27
0.02
0.09
1.24
0.68

4.9
4.2
5.8
3.4
2.3
3.1
0.1
NA
3.7
3.3
0.1
29
1.4
4.0
3.5
4.3
1.0
0.7
2.3
2.4
2.1
2.09
1.74
-0.36
0.45
0.54

0.77

nucleus

plasma membrane
extracellular

golgi

peroxisome
extracellular
cytosol

cytosol
extracellular
plasma membrane
nucleus

nucleus

plasma membrane
extracellular
extracellular
nucleus
mitochondrion
plastid
mitochondrion
cytosol

plasma membrane
nucleus

cytosol

cytosol

cytosol
extracellular

nucleus

Cysteine/Histidine-rich C1 domain family protein

PLACS family protein

azelaic acid induced 1

UDP-Glycosyltransferase superfamily protein
4-coumarate:CoA ligase 5

Eukaryotic aspartyl protease family protein

FKBP-type peptidyl-prolyl cis-trans isomerase family protein
RNAse ll-like 1

Leucine-rich repeat protein kinase family protein

Late embryogenesis abundant (LEA) hydroxyproline-rich glycoprotein family
stress-inducible protein, putative

Cysteine/Histidine-rich C1 domain family protein
cysteine-rich RLK (RECEPTOR-like protein kinase) 11
homolog of carrot EP3-3 chitinase

Plant invertase/pectin methylesterase inhibitor superfamily
Cysteine/Histidine-rich C1 domain family protein

Disease resistance protein (TIR-NBS-LRR class) family
Transketolase

rhamnogalacturonan xylosyltransferase 2

Protein kinase superfamily protein

Auxin-responsive family protein

Calcium-binding EF-hand family protein

guanylate kinase

heat shock protein 101

Fes1A

acyl-CoA-binding domain 3

Integrase-type DNA-binding superfamily protein

127



AT1G66880
AT1G76930
AT4G29740
AT1G08050
AT1G29690
AT5G44380
AT4G14440
AT2G30750
AT4G24160
AT4G00300
AT5G25440
AT4G21410
AT4G22530
AT5G05190
AT2G17760
AT1G51790
AT4G24240
AT1G30755
AT5G42830
AT1G43130
AT5G45650
AT3G18680

0.91
NA
NA

26.51
NA
NA
NA

23.80

0.88

25.32
NA

1.20
NA

0.74
NA

24.29
1.61
25.35
NA

0.15
NA

-0.47

23.09
24.03
2476
23.52
0.93
22.87
0.08
24.40
0.65
-24.18
24.42
24.51
23.77
23.91
NA
NA
23.19
23.25
22.79
0.02
NA
0.14

2493
NA
NA

26.81
NA
NA
NA

23.27

23.789

24.96
NA

25.84
NA

1.47
NA
23.90
3.85

25.56

NA
-0.04
NA
-24.12

25.15
25.01
24.97
24.93
24.91
24.90
24.77
24,67
24.63
24.53
24.51
24.38
24.34
24.25
24,22
24.21
23.91
23.46
22.65
22.59
-23.02
-25.01

074
3.04
1.64
1.57
1.12
3.30
0.50
0.67
0.80
0.51
207
2.16
1.41
2.99
0.92
2.09
1.72
241
1.69
0.31
-0.62
-0.43

1.63
3.31

1.77
1.74
3.61

0.39
1.23
1.13
0.46
248
2.93
1.14
4.01

1.86
3.33
3.28
3.13
2.67
0.19
-1.25
-1.10

148
3.78
2.71

148
NA
0.11

NA

0.74
3.17
244
0.90
3.35

3.15

2.56

2.10
0.73
-1.18
-1.856

473
244

0.99

3.48
0.14
1.92
0.70
0.68
2.10
1.76
0.49
2.54

1.50

2.18
1.89
1.53
0.30
-0.37
-1.45

plasma membrane

extracellular

endoplasmic reticulum

nucleus
cytosol
extracellular

peroxisome

endoplasmic reticulum

mitochondrion
vacuole

nucleus

plasma membrane
golgi

nucleus
extracellular
plasma membrane
nucleus

nucleus

cytosol

plasma membrane
extracellular

plastid

Protein kinase superfamily protein

extensin 4

cytokinin oxidase 4

Zinc finger (C3HC4-type RING finger) family protein
MAC/Perforin domain-containing protein

FAD-binding Berberine family protein
3-hydroxyacyl-CoA dehydratase 1

cytochrome P450, family 71, subfamily A, polypeptide 12
alpha/beta-Hydrolases superfamily protein
fringe-related protein

Protein kinase superfamily protein

cysteine-rich RLK (RECEPTOR-like protein kinase) 29
S-adenosyl-L-methionine-dependent methyltransferases superfamily protein
Protein of unknown function (DUF3133)

Eukaryotic aspartyl protease family protein
Leucine-rich repeat protein kinase family protein
WRKY DNA-binding protein 7

Protein of unknown function (DUF668)

HXXXD-type acyl-transferase family protein

like COV 2

subtilase family protein

Amino acid kinase family protein

Table S4: List of proteins showing consistent presence/absence pattern in response to flg22. Proteins which are consistently present in flg22 samples (in six replicates)

and absent (in six replicates) in mock are defined as “Increased” and vice-versa (as “Decreased”) in abundance.
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Table S5:

Table S5(A): Proteins showing greater increase or decrease in abundance in the nuclear fraction than the total fraction upon flg22 treatment at 3h

Ratio? Ratio®
Protein ID Feotems Tranecriptome SUBAcon Description
Difference p.val 1h 2h 3h 5h 9h
AT1G16820 413 0.00 -0.02 -0.12 -0.06 -0.28 -0.10 vacuolar ATP synthase catalytic subunit-related / V-ATPase-
cytosol related / vacuolar proton pump-related
AT3G21070 2.88 0.00 4.22 1.41 120 083 004 |gos0l NAD kinase 1
AT1G64280 2.79 0.00 0.88 0.55 0.52 0.65 0.22 cytosol regulatory particle non-ATPase subunit 5B
AT5G37600 2.61 0.00 1.94 1.81 2.69 4.39 4.25 cytosol glutamine synthase clone R1
AT5G64760 2.58 0.01 0.55 0.27 0.50 0.19 0.13 cytosol regulatory particle non-ATPase subunit 5B
AT5G02790 2.55 0.00 -0.25 -0.61 -1.03 -0.80 -0.71 cytosol Glutathione S-transferase family protein
AT5G11670 2.46 0.00 2.1 2.52 3.18 2.54 1.58 cytosol NADP-malic enzyme 2
AT1G09310 219 0.00 -1.03 -0.81 -1.24 -1.87 -2.38 cytosol Protein of unknown function, DUF538
AT5G52640 2.10 0.00 012 291 373 1.95 103 |eyiosoi heat stiock-protsin 904
AT3G33520 2.09 0.00 -0.28 -0.36 -0.51 -0.20 0.00 cytosol actin-related protein 6
AT3G53180 1.84 0.00 1.95 2.02 2.12 1.93 1.39 cytosol glutamate-ammonia ligases;catalytics;glutamate-ammonia ligases
AT1G28350 1.52 0.00 0.32 0.34 0.52 0.09 0.48 cytosol Nucleotidylyl transferase superfamily protein
AT2G40840 1.33 0.00 0.12 -0.59 -1.94 -2.67 -2.44 cytosol disproportionating enzyme 2
AT1G10870 1.30 0.00 -0.22 -0.24 -0.20 -0.12 0.07 cytosol ARF-GAP domain 4
AT3G07690 1.15 0.01 -0.02 -0.18 -0.21 0.05 0.42 cytosol 6-phosphogluconate dehydrogenase family protein
AT1G71780 1.81 0.01 -0.08 -0.06 0.38 0.36 0.24 reticulum unknown
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AT3G13790
AT5G62360
AT5G19280
AT4G24230
AT1G09750
AT5G48540
AT3G22060
AT3G14310

AT1G50200
AT5G26920
AT5G61670

AT4G01250
AT5G64750
AT2G22880
AT1G62300
AT4G23550
AT4G01720
AT2G38470
AT1G13260

AT1G61140

AT2G03340

2.94
2.69
2.35
1.92
148
1.47
1.39

2.41
5.61
1.51

4.83
4.69
4.66
4.26
3.88
3.74
3.67
3.22

3.03

2.89

0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.01

0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00

0.53
-1.67
0.04
0.66
-0.34
2.83
3.60
-1.36

0.08
1.89
-0.49

2.24
0.69
1.45
2.69
1.31

0.82
1.16
-0.49

0.69

-0.77

1.98
-0.94
0.03
0.62
-0.28
3.07
3.38
-1.75

-0.05
217
-0.90

3.24
1.85
1.67
2.04
2.90
1.36
21
0.95

0.49

-0.69

2.75
-1.10
-0.02
1.49
-0.64
3.91

3.60
-1.66

-0.05
3.19
-1.13

4.04
3.16
2.70
247
3.46
2.92
2.61
1.05

0.84

-0.32

3.42
-1.22
-0.12
1.24
-1.01
3.80
3.80
-1.62

-0.11
3.59
-0.59

3.49
3.34
2.94
1.69
3.73
2.75
1.60
0.86

-0.42

3.91
-0.10
0.18
0.54
-1.12
3.09
3.15
-1.89

0.24
2.99
-0.53

2.35
1.50
1.72
1.38
1.73
2.65
1.53
1.51

0.56

-0.34

extracellular
extracellular
extracellular
extracellular
extracellular
extracellular
extracellular

extracellular

mitochondrion
mitochondrion

mitochondrion

nucleus
nucleus
nucleus
nucleus
nucleus
nucleus
nucleus

nucleus

nucleus

nucleus

Glycosyl hydrolases family 32 protein

Plant invertase/pectin methylesterase inhibitor superfamily protein
kinase associated protein phosphatase

acyl-CoA-binding domain 3

Eukaryotic aspartyl protease family protein

receptor-like protein kinase-related family protein

Receptor-like protein kinase-related family protein

pectin methylesterase 3

Alanyl-tRNA synthetase

Cam-binding protein 60-like G

WRKY family transcription factor
Integrase-type DNA-binding superfamily protein
VQ motif-containing protein

WRKY family transcription factor

WRKY family transcription factor

WRKY family transcription factor

WRKY DNA-binding protein 33

related to ABI3/VP1 1

SNF2 domain-containing protein / helicase domain-containing
protein / zinc finger protein-related

WRKY DNA-binding protein 3
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AT1G68840
AT3G09830
AT3G55150
AT4G18880
AT4G31550
AT2G44370
AT1G05805
AT2G38250
AT5G59870
AT3G09360
AT4G05410
AT4G03080

AT1G64170
AT1G09970
AT1G51800
AT4G21410
AT4G26550
AT4G21120
AT3G47480

AT1G36390

AT1G69740

2.80
2.46
2.30
2.21
219
213
1.95
1.89
1.87
1.62
1.20

3.64
2.94
2.59
252
2.00
1.94
1.63

1.91

2.79

0.00
0.01
0.00
0.00
0.01
0.01
0.00
0.00
0.00
0.01
0.00
0.01

0.01
0.00
0.00
0.01
0.00
0.00
0.00

0.00

0.00

1.56
2.25
NA
1.61
1.99
2.39
0.14
0.67
0.52
-0.14
0.02
0.09

0.48
0.37
297
1.99
-0.22
1.37
0.45

-0.40

-0.21

1.74
1.01

3.93
1.05
2.66
4.02
0.52
0.92
0.34
-0.24
0.07
0.16

0.86
1.08
3.00
2.16
-0.16
2.52
1.05

-0.31

-0.10

2.82
1.32
4.58
1.46
3.03
5.64
0.39
0.87
0.25
-0.09
0.60
0.13

2.21
1.14
467
2.93
0.12
3.36
1.26

-0.73

-0.16

1.82
1.41

4.34
0.99
2.51

5.03
0.37
0.94
0.30
-0.09
0.30
-0.05

3.56
1.27
5.16
2.44
0.40
3.41
2.16

-0.68

-0.14

1.94
0.78
NA
1.16
2,07
4.31
0.37
0.90
-0.06
0.31
0.28
0.03

2.38
1.00
4.71
1.76
0.52
2.93
2.51

-0.41
0.36

nucleus
nucleus
nucleus
nucleus
nucleus
nucleus
nucleus
nucleus
nucleus
nucleus
nucleus

nucleus

plasma membrane
plasma membrane
plasma membrane
plasma membrane
plasma membrane
plasma membrane

plasma membrane

plastid

plastid

related to ABI3/VP1 2

Protein kinase superfamily protein
exocyst subunit exo70 family protein H1
heat shock transcription factor A4A
WRKY DNA-binding protein 11

Cysteine/Histidine-rich C1 domain family protein

basic helix-loop-helix (b HLH) DNA-binding superfamily protein

Homeodomain-like superfamily protein

histone H2A 6

Cyclin/Brf1-like TBP-binding protein
Transducin/WD40 repeat-like superfamily protein

BRI1 suppressor 1 (BSU1)-like 1

cation/H+ exchanger 16

Leucine-rich receptor-like protein kinase family protein
Leucine-rich repeat protein kinase family protein
cysteine-rich RLK (RECEPTOR-like protein kinase) 29
Got1/Sft2-like vescicle transport protein family

amino acid transporter 1

Calcium-binding EF-hand family protein

Co-chaperone GrpE family protein

Aldolase superfamily protein
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AT5G57710

AT2G05990
AT1G62960
AT3G54050
AT5G55220

AT3G55270
AT5G60850
AT2G15270

AT2G28550

2.26

1.79

1.66

1.08

-2.60
-2.38
-2.14

-2.05

0.00

0.00
0.01
0.01

0.00

0.01
0.00
0.01

0.00

0.75

-0.12
-0.29
-0.46
0.14

-0.09
-0.76
-0.04

-1.46

0.90

-0.20
-0.20
-0.84
-0.21

0.43
-1.44
0.06

-0.92

-0.84
-0.21
-2.1

-0.90

0.08
-0.59
-0.02

-0.83

1.60

-1.14
0.12
-2.82
-1.85

0.45
-0.74
0.23

-0.85

1.71

-0.93
047
-2.32

-2.00

0.13
-0.49
0.02

-0.565

plastid
plastid
plastid
plastid

plastid

nucleus
nucleus
nucleus

nucleus

Double Clp-N motif-containing P-loop nucleoside triphosphate
hydrolases superfamily protein

NAD(P)-binding Rossmann-fold superfamily protein
ACC synthase 10
high cyclic electron flow 1

trigger factor type chaperone family protein

mitogen-activated protein kinase phosphatase 1

OBF binding protein 4

related to AP2.7
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Table S5(B): Proteins showing greater increase or decrease in abundance in the nuclear fraction than the total fraction upon flg22 treatment at 9 h

Ratio® Ratio®

Protein ID Proteome Transcriptome SUBAcon Description

Difference p.val 1h 2h 3h 5h 9h
AT1G53310 4.25 0.00 -0.14 -0.19 0.43 1.13 1.68 cytosol phosphoenolpyruvate carboxylase 1
AT1G62820 2.14 0.01 -0.37 0.04 0.10 0.51 0.03 cytosol Calcium-binding EF-hand family protein
AT5G52640 1.88 0.00 0.12 2.91 3.73 1.95 1.03 cytosol heat shock protein 90.1
AT5G11670 1.81 0.00 2.1 2.52 3.18 2.54 1.58 cytosol NADP-malic enzyme 2
AT3G53180 1.78 0.00 1.95 2.02 212 1.93 1.39 cytosol glutamate-ammonia ligases;catalytics;glutamate-ammonia ligases
AT5G46520 1.72 0.01 0.73 0.75 0.75 0.85 1.05 cytosol Disease resistance protein (TIR-NBS-LRR class) family
AT4G02880 1.54 0.00 0.21 0.18 -0.13 0.35 0.68 cytosol
AT5G58200 1.53 0.00 -0.16 -0.48 -0.69 -0.45 -0.50 cytosol Calcineurin-like metallo-phosphoesterase superfamily protein
AT5G54160 1.49 0.01 1.29 2.09 2.51 4.02 4.09 cytosol O-methyltransferase 1
AT2G05830 1.24 0.01 -0.21 -0.17 -0.87 -1.39 -1.07 cytosol NagB/RpiA/CoA transferase-like superfamily protein
AT5G57480 359 0.00 085 070 124 175 160 |endoplasmicreticulum [ 190 contaming nuceoside riphosphate hydrolases superfamiy
AT5G52420 2.01 0.01 -0.22 -0.66 -0.98 -1.41 -1.03 endoplasmic reticulum
AT5G62360 4.44 0.00 -1.67 -0.94 -1.10 -1.22 -0.10 extracellular Plant invertase/pectin methylesterase inhibitor superfamily protein
AT5G50200 217 0.00 2.55 2.77 3.58 4.44 4.41 extracellular nitrate transmembrane transporters
AT3G13790 1.81 0.00 0.53 1.98 275 342 3.91 extracellular Glycosyl hydrolases family 32 protein
AT5G65760 1.57 0.01 0.02 -0.33 -0.78 -0.94 -0.49 extracellular Serine carboxypeptidase S28 family protein
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AT4G12250

AT5G26920
AT4G20010

AT4G01720
AT1G62300
AT2G38470
AT5G52830
AT4G01250
AT5G61560
AT5G64750
AT3G44630
AT2G16900
AT1G13260
AT4G18880
AT2G27660
AT1G27470
AT5G42050
AT5G04020
AT1G68840
AT3G21295
AT3G55150
AT5G48160
AT1G73805

278

5.89
2.30

5.81
3.62
3.56
3.54
3.52
3.28
3.23
3.14
3.08
3.02
3.00
2.93
2.91
277
2.69
2.68
2.60
2.55
2.52
2.34

0.00

0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.36

1.89
0.51

0.82
2.69
1.16
0.91
2.24
1.58
0.69
0.75
1.44
-0.49
1.61
3.06
-0.01
0.78
0.13
1.56
0.84
NA
-0.20
0.53

0.31

217
0.25

1.36
2.04
2.1

1.66
3.24
2.56
1.85
-0.06
1.78
0.95
1.05
3.04
0.56
0.95
0.66
1.74
0.34
3.93
0.18
-0.02

0.50

3.19
0.45

292
247
2.61

1.64
4.04
3.49
3.16
-0.28
2.36
1.05
1.46
413
0.87
1.49
0.88
2.82
0.46
4.58
0.54
0.07

0.34

3.59
1.06

2.75
1.69
1.60
2.20
3.49
3.19
3.34
-0.25
2.38
0.86
0.99
3.38
1.03
167
0.71
1.82
0.81
4.34
0.59
0.58

0.41

2.99
0.82

2.65
1.38
1.53
1.47
2.35
1.96
1.50
0.19
1.18
1.51

291
0.59
1.47
0.48
1.94
0.37

NA
0.38
0.75

golgi

mitochondrion

mitochondrion

nucleus
nucleus
nucleus
nucleus
nucleus
nucleus
nucleus
nucleus
nucleus
nucleus
nucleus
nucleus
nucleus
nucleus
nucleus
nucleus
nucleus
nucleus
nucleus

nucleus

UDP-D-glucuronate 4-epimerase 5

Cam-binding protein 60-like G

plastid transcriptionally active 9

WRKY family transcription factor

WRKY family transcription factor

WRKY DNA-binding protein 33

WRKY DNA-binding protein 27

WRKY family transcription factor

U-box domain-containing protein kinase family protein
Integrase-type DNA-binding superfamily protein
Disease resistance protein (TIR-NBS-LRR class) family
Arabidopsis phospholipase-like protein (PEARLI 4) family
related to ABI3/VP1 1

heat shock transcription factor A4A
Cysteine/Histidine-rich C1 domain family protein
transducin family protein / WD-40 repeat family protein
DCD (Development and Cell Death) domain protein
calmodulin binding

related to ABI3/VP1 2

Tudor/PWWP/MBT superfamily protein

exocyst subunit exo70 family protein H1

Protein of unknown function (DUF1423)

Calmodulin binding protein-like
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AT2G38250
AT2G25000
AT3G27260
AT2G44370
AT2G42280
AT3G09830
AT1G80840
AT4G31800
AT5G15130
AT3G01830
AT5G20050
AT3G47480
AT1G10340
AT3G21080
AT1G51800
AT4G23200
AT2G39200

AT3G28540

AT1G09970
AT5G54710
AT2G18690

AT5G57710

232
2.21
217
2.15
2.14
2.00
1.93
1.93
1.60
1.34
5.97
4.75
4.16
4.05
3.28
3.20
3.056

2.78

2.53
2.46
1.90

2.08

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.01

0.00

0.67
-0.09
0.15
2.39
-0.12
225
3.43
0.60
0.19

3.21

0.45
1.72
-0.05
297
0.74
4.01

-0.03

0.37
1.33
1.99

0.75

0.92
-0.07
042
4.02
0.10
1.01
2.07
0.39
NA
3.04
2.01
1.05
1.34
0.03
3.00
1.30

3.57

-0.33

1.08
2.00
2.09

0.90

0.87
1.38
0.24
5.64
0.09
1.32
2.01
1.06

NA
3.19
3.46
1.26
1.81
0.96
4.67
0.57
6.05

-0.44

1.14
2.85
2.78

0.94
1.57
0.33
5.03
0.44
1.41
1.72
1.27

NA
2.64
3.11
2.16
1.85
2.15
5.16
0.83
6.22

0.76

1.27
2.06
3.29

1.60

0.90
1.72
0.21
431
0.43
0.78
1.29
1.79
1.44
2.09
2.08
2.51
1.86
2.92
4.71
0.50
5.28

1.66

1.00
1.68
3.36

1.71

nucleus
nucleus
nucleus
nucleus
nucleus
nucleus
nucleus
nucleus
nucleus
nucleus
plasma membrane
plasma membrane
plasma membrane
plasma membrane
plasma membrane
plasma membrane

plasma membrane
plasma membrane

plasma membrane
plasma membrane

plasma membrane

plastid

Homeodomain-like superfamily protein

WRKY DNA-binding protein 60

global transcription factor group E8
Cysteine/Histidine-rich C1 domain family protein

basic helix-loop-helix (bHLH) DNA-binding superfamily protein
Protein kinase superfamily protein

WRKY DNA-binding protein 40

WRKY DNA-binding protein 18

WRKY DNA-binding protein 72

Calcium-binding EF-hand family protein

Protein kinase superfamily protein

Calcium-binding EF-hand family protein

Ankyrin repeat family protein

ABC transporter-related

Leucine-rich repeat protein kinase family protein
cysteine-rich RLK (RECEPTOR:-like protein kinase) 12
Seven transmembrane MLO family protein

P-loop containing nucleoside triphosphate hydrolases superfamily
protein

Leucine-rich receptor-like protein kinase family protein

Ankyrin repeat family protein

Double Clp-N motif-containing P-loop nucleoside triphosphate
hydrolases superfamily protein

135



AT3G07780 1.90 0.00 0.61 0.72 0.76 0.69 0.36 plastid Protein of unknown function (DUF1423)

AT2G46910 1.81 0.00 -0.14 -0.72 -0.85 -1.21 -1.28 plastid Plastid-lipid associated protein PAP / fibrillin family protein
AT2G37020 1.70 0.01 -0.08 -0.30 -0.24 -0.26 -0.07 plastid Translin family protein

AT1G69740 1.66 0.00 -0.21 -0.10 -0.16 -0.14 0.36 plastid Aldolase superfamily protein

AT2G17972 1.563 0.01 -0.21 -0.97 -0.97 -1.37 -0.55 plastid

AT2G27680 1.40 0.01 -0.19 -0.43 -1.03 -1.57 -1.65 plastid NAD(P)-linked oxidoreductase superfamily protein
AT5G36210 1.21 0.00 -0.08 -0.69 -0.60 -1.02 -0.19 plastid alpha/beta-Hydrolases superfamily protein

AT4G21750 234 001 014 -002  -042  -048  -047  |nucleus ggm:lf]b(?:n't‘;‘f;'r:‘g gigfe‘;;fam”y protein /lipic-binding START
AT2G43010 -2.32 0.00 -0.82 -1.00 -1.62 -2.23 -1.37 nucleus phytochrome interacting factor 4

AT5G28300 -2.06 0.00 -1.90 -1.44 -1.12 -1.06 -0.51 nucleus Duplicated homeodomain-like superfamily protein
AT1G47900 -1.81 0.00 -0.06 -0.18 -0.55 -0.29 -0.49 nucleus Plant protein of unknown function (DUF869)

AT5G60850 -1.62 0.00 -0.76 -1.44 -0.59 -0.74 -0.49 nucleus OBF binding protein 4

Table S5: Table showing potential candidates involved in relaying flg22 perception. Proteins that shows change in nuclear abundance but no change in the total protein
fraction at 3 h (A) or 9 h (B) in the nuclear fraction. Proteome changes in nuclear (Nuc) and total (Tot) fractions and difference between them (Difference) are shown. A
two-tailed t-test was used to calculate p-values (pval) corresponding to the difference between protein abundance change in the nuclear and total fraction calculated over
6-biological replicates. Ratio? represents protein abundance change in Col-0 plants in response to flg22 vs mock treatment. Ratio® represents transcriptome change in Col-
0 vs fls2 plants in response to flg22 treatment over indicated time-points. SUBA4 predicted subcellular localizations (SUBAcon) and descriptions are indicated for the
proteins shown.
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Table S6:

Table S6 (A): Correlation pli in the r fraction at 15 min
fig 1 1.00
c fig 2 0.96 1.00
E |[flg3 0.94 0.94 1.00
e flg 4 0.87 0.85 0.83 1.00
N % fig s 0.86 0.84 0.81 0.94 1.00
s | = [fige 0.89 0.88 0.89 0.90 0.89 1.00
©°
32 c mock 1 0.87 0.85 0.81 0.85 0.85 0.81 1.00
‘E|mock 2 0.87 0.86 0.82 0.86 0.85 0.83 0.93 1.00
L |mock 3 0.91 0.90 0.89 0.85 0.84 0.87 0.91 0.93 1.00
5 [mock 4 0.88 0.87 0.85 0.95 0.94 0.92 0.84 0.85 0.86 1.00
E mock 5 0.88 0.86 0.85 0.95 0.94 0.92 0.85 0.86 0.87 0.96 1.00
mock6 0.90 0.89 0.89 0.92 0.91 0.95 0.83 0.85 0.87 0.94 0.94 1.00
flg 1 fig 2 fig 3 fig 4 flg5 flg 6 mock 1 mock 2 mock 3 mock 4 mock 5 mock6
flg22 15min mock 15min
Nuclear
Table S6 (B): Correlation li inthe r fraction at 30 min
c |fg1 1.00
E 0.96 1.00
@ |flg2 : ’
o™
) 0.95 0.96 1.00
g = |fig3
E
z £ 0.96 0.97 0.96 1.00
£ |mock1
=3
L]
= |mock2 0.95 097 0.97 0.97 1.00
<]
E 0.95 0.96 0.97 0.97 0.97 1.00
mock 3
fig 1 fig 2 fig3 mock 1 mock 2 mock 3
flg22 30min mock 30min
Nuclear
Table S6 (C): Correlation among replicates in the nuclear fraction at 60 min
c |ng1 1.00
E
2 fig 2 0.95 1.00
o~
= p) 0.95 097 1.00
8 = |flg3 i ’ :
E
z £ 0.95 0.96 0.95 1.00
E |mock1
=1
©
= |mock2 0.96 097 0.97 0.97 1.00
(=]
3 0.95 0.96 0.96 0.96 0.97 1.00
mock 3
fig 1 fig 2 fig 3 mock 1 mock2 mock 3
flg22 60min mock 60min
Nuclear

Table S6 (D): Correlation among replicates in the nuclear fraction at 60 min after CHX treatment

Nuclear

CHX 60min

CHX 60min

fig 1
fig 2

fig 3

mock 1
mock 2

mock 3

1.00
0.97 1.00
085 0.95 1.00
0.97 0.96 0.95 1.00
0.95 0.95 0.96 0.95 1.00
0.95 0.94 0.95 0.95 0.95 1.00
fig 1 fig 2 flg 3 mock 1 mock 2 mock 3
CHX 60min CHX 60min
Nuclear
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Table S6 (E): Correlation

licates in the total fraction at 15 min

fig 1 1.00
< flg2 0.89 1.00
‘€ |flg3 0.93 0.89 1.00
2 |Ag4 0.92 0.84 0.90 1.00
% flg s 0.91 0.84 0.90 0.96 1.00
= = |flgé 0.91 0.84 0.90 0.97 0.96 1.00
K
c mock 1 0.93 0.89 091 0.89 0.89 0.89 1.00
‘£ |mock2 0.92 0.91 0.90 0.86 0.86 0.86 0.91 1.00
2 |mock3 0.94 0.89 0.95 0.91 0.91 0.92 0.93 0.92 1.00
% |mock4 0.92 0.84 0.90 0.95 0.96 0.96 0.89 0.86 0.91 1.00
g mock 5 0.91 0.84 0.90 0.96 0.96 0.96 0.89 0.86 0.91 0.96 1.00
mock6 0.91 0.83 0.89 0.97 0.97 0.96 0.89 0.86 0.91 0.96 0.97 1.00
fig 1 fig2 fig3 filg 4 flg 5 fig 6 mock 1 mock 2 mock 3 mock 4 mock 5 mocké
flg22 15min mock 15min
Total
Table S6 (F): Correlation among replicates in the total fraction at 30 min
£ |[flg1 100
g 0.95 1.00
: flg 2 ’ ’
> 0.95 0.93 100
s = |[flg3
” < 0.97 0.94 0.95 1.00
‘€ |mock 1
o
L)
§ mock 2 0.96 0.96 0.94 0.96 1.00
£ 0.93 0.91 0.95 0.93 0.91 1.00
mock 3
flg 1 fig 2 fig3 mock 1 mock 2  mock 3
flg22 30min mock 30min
Total
Table $6 (G): Correlation among replicates in the total fraction at 60 min
< |fg1 1.00
£
H fig 2 0.94 1.00
%, 0.93 0.93 1.00
s = |flg3 : :
©
E mock 1 0.96 0.94 093 1.00
(=3
o
§ mock 2 0.95 0.95 0.92 0.95 1.00
£ 0.92 0.92 0.96 0.93 0.92 1.00
mock 3
flg 1 fig 2 fig3 mock 1 mock2  mock 3
flg22 60min mock 60min
Total

Table S6 (H): Correlation among replicates in the total fraction at 60 min after CHX treatment

Total
CHX 60min

CHX 60min

fig1
fig2

flg 3

mock 1
mock 2

mock 3

1.00
0.94 1.00
0.95 0.92 1.00
0.93 0.91 092 1.00
0.95 095 093 0.93 1.00
0.94 0.92 0.96 0.91 0.93 1.00
fig 1 fig 2 fig3 mock 1 mock 2  mock 3
CHX 60min CHX 60min
Total
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Table S6: Table showing level of correlation between samples for each treatment and replicate. LFQ intensities
were used to calculate correlation (R? values) in Perseus (version 1.5.2.6). The R? values are indicated for nuclear
fraction at 15 min (A), 30 min (B), 60 min (C) and total fraction at 15 min (E), 30 min (F), 60 min (G) after 1 uM-
flg22 or mock treatment. The R2 values after 60 min of 100 uM-CHX or mock (DMSOQ) treatment are indicated for
nuclear (D) and total (E) fractions. Total and nuclear proteins were isolated from Col-0 seedlings (12-day old). For
15 min samples six replicates (protein samples were prepared in two different days each containing three replicates
prepared from independent plant materials) were prepared for each condition. For 30 and 60 min and CHX/DMSO
treated samples three replicates (from independent plant materials) were prepared for each condition.
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Table S7:

Table S7(A): Differentially expressed proteins in nuclear fraction at 15 min after flg22 treatment

Protein ID Proteome SUBAcon Description
Nuc Tot
15min 30min 60min CHX 15min 30min 60min CHX
AT3G02550 262 0.32 1.05 -2.54 NA NA NA NA nucleus LOB domain-containing protein 41
AT1G33790 2.25 0.01 -24.77 -24.71 -0.34 042 -0.29 0.36 cytosol jacalin lectin family protein
AT2G35540 2.05 -0.13 -0.11 0.08 NA NA NA NA nucleus DNAJ heat shock N-terminal domain-containing protein
AT3G52250 1.70 0.06 0.02 -0.07 NA NA NA NA nucleus Duplicated homeodomain-like superfamily protein
AT5G21010 1.64 -0.11 -0.19 -0.14 NA 0.19 0.32 0.19 cytosol BTB-POZ and MATH domain 5
AT5G64220 1.60 1.10 0.95 1.51 -0.21 -0.14 0.04 -0.40 nucleus Calmodulin-binding transcription activator protein with CG-1 and Ankyrin domains
AT3G21810 1.68 -0.11 -0.10 0.05 NA NA NA NA nucleus Zinc finger C-x8-C-x5-C-x3-H type family protein
AT1G51720 1.56 0.12 0.20 -0.04 NA NA NA NA cytosol Amino acid dehydrogenase family protein
AT3G06340 1.48 -0.02 -0.03 0.05 NA NA NA NA nucleus DNAJ heat shock N-terminal domain-containing protein
AT4G38495 1.46 0.18 -0.34 -0.03 NA NA NA NA cytosol
AT3G16650 1.40 0.05 0.21 -0.12 NA NA NA NA cytosol Transducin/WD40 repeat-like superfamily protein
AT4G32620 1.37 0.18 0.07 -0.19 NA NA NA NA nucleus Enhancer of polycomb-like transcription factor protein
AT2G22300 1.32 045 0.18 0.97 -0.22 0.20 -0.42 -0.51 nucleus signal responsive 1
AT1G19485 1.24 -0.08 -0.11 -0.10 NA NA NA NA nucleus Transducin/WD40 repeat-like superfamily protein
AT5G35210 1.10 -0.13 0.08 -0.06 NA NA NA NA nucleus metalloendopeptidases;zinc ion binding;DNA binding
AT5G10810 1.05 0.09 0.04 -0.01 NA NA NA NA cytosol enhancer of rudimentary protein, putative
AT3G10390 1.05 -0.06 0.03 -0.09 22.11 NA NA NA plastid Flavin containing amine oxidoreductase family protein
AT5G62270 1.02 0.10 -0.29 0.00 -0.42 0.26 -0.60 0.60 mitochondrion
AT1G51830 -1.00 0.05 -0.01 0.30 NA NA NA NA plasma membrane Leucine-rich repeat protein kinase family protein
AT4G01050 -1.00 0.34 0.16 0.07 0.03 0.04 -0.21 -0.02 plastid thylakoid rhodanese-like
AT1G48090 -1.02 -0.01 -0.54 0.31 -1.00 0.29 0.22 0.13 golgi calcium-dependent lipid-binding family protein
AT5G20350 -1.03 -0.32 -0.30 0.10 0.54 -0.13 0.54 0.26 golgi Ankyrin repeat family protein with DHHC zinc finger domain
ATCG00280 -1.05 0.27 0.46 0.31 0.04 0.37 0.02 -0.07 plastid photosystem Il reaction center protein C
AT5G58710 -1.05 -0.15 0.16 0.35 0.03 0.35 0.20 -0.35 endoplasmic reticulum (rotamase CYP 7
AT3G47930 -1.06 -0.05 0.06 0.64 -0.20 -0.04 0.28 0.12 mitochondrion L-galactono-1,4-lactone dehydrogenase
AT1G74730 -1.06 -0.17 -0.04 -0.49 0.19 0.44 0.16 -0.58 plastid Protein of unknown function (DUF1118)
AT4G11960 -1.06 0.52 0.03 0.39 0.04 0.10 -0.13 0.15 plastid PGR5-like B
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AT1G74470
AT2G47380
AT1G77590
AT1G35620
AT2G30695
AT2G35190
AT1G14345
AT4G25450
AT2G20940
AT2G27730
AT2G26280
AT3G59780
AT3G13150
AT1G73990
AT5G66570
AT5G65950
AT5G63980
AT1G06530
ATCG00680
AT3G25070
AT3G43540
AT5G 11860
AT3G23530
AT1G64430
AT4G13200
AT4G00585
AT5G04800
AT2G18770
AT5G03880
AT1G55340
AT4G15560
ATCG00580
ATCG01110

-1.07
-1.07
-1.07
-1.08
-1.09
-1.09
-1.09
-1.09
-1.10
-1.11
-1.12
-1.13
-1.14
-1.15
-1.16
-1.16
-1.16
-1.19
-1.20
-1.21
-1.21
-1.21
-1.22
-1.22
-1.23
-1.24
-1.26
-1.27
-1.28
-1.29
-1.31
-1.32
-1.35

0.25
-0.13
0.12
-0.31
1.23
-1.02
0.09
0.48
-0.09
-0.04
-0.30
0.29
-0.78
042
0.42
-0.06

NA
-0.03
0.34
-0.49
0.15
0.58
0.03
-0.08
-0.02
-0.93
0.31
-0.23
0.09
-0.13
049
0.72
-0.14

0.27
0.04
-0.16
-0.15
0.13
-0.45
0.53
0.09
0.17
-0.13
-0.76
-0.06
-0.34
0.01
0.16
0.05
NA
-0.02
0.65
-0.14
0.78
0.80
-0.06
-0.32
-0.12
-0.88
0.51
0.30
-0.04
-0.24
0.77
1.33
0.76

0.18
-0.35
0.53
0.16
191
-0.75
0.30
0.16
-0.03
0.06
-0.55
0.02
-0.78
0.04
0.17
0.70
NA
044
0.14
-0.33
0.57
0.08
0.29
0.13
0.10
-0.15
0.58
0.47
0.16
-0.17
-0.08
0.50
0.15

-0.07
0.73
-0.18
-0.04
0.14
0.31
0.00
-0.06
0.16
0.12
-0.14
-0.09
-0.06
-0.10
-0.09
0.15
-0.02
0.11
-0.18
-0.28
0.00
NA
-0.07
0.36
0.26
-0.07
-0.71
0.24
-0.04
NA
-0.27
-0.05
-0.17

0.08
-0.34
0.07
-0.15
-0.07
-0.31
0.15
-0.14
0.07
-0.11
-0.25
0.24
-0.20
0.16
0.09
0.20
0.01
-0.28
0.20
0.28
0.19
NA
0.12
0.15
-0.14
-0.23
-0.27
0.21
0.18
NA
0.38
-0.07
0.17

-0.11
-0.26
0.18
-0.14
0.00
0.14
-0.16
0.28
0.01
0.18
-0.28
0.04
-0.21
0.05
-0.14
-0.01
0.09
0.09
0.09
-0.32
0.27
NA
-0.22
0.12
-0.20
0.31
0.32
0.18
-0.05
NA
0.18
-0.05
0.27

0.29
-0.87
-0.20
-0.12
-0.20

0.07
-0.16

0.13
-0.08
-0.21

0.10

0.22

0.00

0.28
-0.15

0.08
-0.03
0.07
0.17
-0.19
0.05

NA

0.09
-0.01
0.07
0.75
023
0.03
0.21

NA

0.34
0.03
0.22

plastid
mitochondrion

plastid

endoplasmic reticulum

plastid

cytosol

plastid

plastid
mitochondrion
mitochondrion
nucleus
plastid
nucleus
plastid

plastid

cytosol

plastid
mitochondrion
plastid

plasma membrane
plastid

cytosol
plasma membrane
plastid

plastid
mitochondrion

plastid

endoplasmic reticulum

plastid
nucleus
plastid
plastid
plastid

Pyridine nucleotide-disulphide oxidoreductase family protein
Cytochrome c oxidase subunit Vc family protein
long chain acyl-CoA synthetase 9

PDI-like 5-2

novel plant snare 11

NAD(P)-linked oxidoreductase superfamily protein
non-intrinsic ABC protein 8

Protein of unknown function (DUF1279)

copper ion binding

CTC-interacting domain 7

Rhodanese/Cell cycle control phosphatase superfamily protein
Tetratricopeptide repeat (TPR)-like superfamily protein

signal peptide peptidase

PS Il oxygen-evolving complex 1

Inositol monophosphatase family protein
Tropomyosin-related

photosystem Il reaction center protein B

RPM1 interacting protein 4

Protein of unknown function (DUF1350)

SCP1-like small phosphatase 5
Cyclopropane-fatty-acyl-phospholipid synthase
Pentatricopeptide repeat (PPR) superfamily protein

NYC1-like

P-loop containing nucleoside triphosphate hydrolases superfamily protein
Thioredoxin family protein

Protein of unknown function (DUF1639)

Deoxyxylulose-5-phosphate synthase

photosystem Il reaction center protein E

NAD(P)H dehydrogenase subunit H
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ATCG00270
AT5G03160
AT1G31330
AT3G 16480
AT5G57030
AT2G32240
ATCG00340
AT4G02770
AT2G20890
AT2G22795
AT5G42150
AT1G76550
AT2G30740
ATCG00350
AT1G74880
AT5G67030
AT5G 14600
AT2G32480
AT5G02120
AT2G42310

AT5G58260

AT3G21865
AT2G18710
AT1G19580
AT1G01170
AT1G52410
AT2G 14750
ATCG00430
AT3G08920
AT3G03100
AT5G57345
AT1G14150
AT4G31390
AT4G23890
AT4G39710
AT1G02810
AT5G42270

-1.35
-1.35
-1.35
-1.38
-1.38
-1.38
-1.39
-1.41
-1.43
-1.49
-1.49
-1.50
-1.50
-1.52
-1.57
-1.59
-1.63
-1.63
-1.65
-1.65

-1.74

-1.74
-1.80
-1.85
-1.94
-1.97
-2.09
-2.19
-2.19
-2.34
-2.59
-2.59
-2.88
-2.94
-3.08
-3.48
-4.13

0.22
0.44
0.01
-0.18
-0.49
-0.13
0.12
0.09
0.47
-0.60
0.62
0.05
NA
-0.02
-0.01
0.15
NA
0.15
0.57
-0.08

0.07

0.13
0.02
0.15
0.62
0.26
0.05
-0.30
-0.37
-0.51
-0.27
0.18
-0.14
-1.04
22.45
-0.49
1.29

0.49
-0.67
0.17
0.28
0.89
-0.28
0.49
0.36
0.47
-0.23
0.38
0.15
NA
0.32
0.62
0.11
NA
0.10
0.29
-0.72

042
0.13
0.04
-0.02
0.06
0.00
-0.52
0.03
-0.36
-0.15
0.04
0.06
-0.11

0.31

0.28
0.42

0.08
-0.54
-0.17

0.00
-0.41
-0.04

0.10

0.17

0.12
-0.45
-0.23

042

NA

0.31

0.15

0.10

NA

0.15

0.22
-0.73

0.33
-0.15
0.07
0.69
-1.01
0.55
0.87
0.61

0.33
0.63
0.18
0.17
-0.25
-0.17
0.88
0.54

-0.05
-0.48
0.14
0.07
-0.25
0.06
-0.11
-0.03
0.00
-0.15
-0.20
-0.13
-0.14
0.03
-0.07
0.12
-0.73
0.06
-0.07
0.15

0.05

-0.27
0.27
-0.21
0.20
-0.80
-0.61
-0.03
0.16
0.88
022
0.38
-0.04
0.21

0.18
0.18
-0.10

0.23
-0.22
021

-0.32
-0.16
-0.08
0.16
0.23
-0.06
-0.02
-0.18
0.24
0.10
0.36
-0.09
0.29

NA

0.15
0.68
0.53

0.35

0.09
0.04
-0.60
0.24
0.16
-0.16
0.25
0.29
-0.19
0.65
0.17
0.14
0.15
0.04
-0.05
0.00

-0.06
0.26
0.03
0.00

-0.13
0.02
0.02
0.08
0.05

-0.24
0.16
0.12
0.23

-0.03

-0.23
0.01

NA

-0.08
0.06
1.45

-0.02

042
-0.02
-0.85
-0.13

0.00

0.32
-0.28
-0.03

0.56
-0.22

0.02

0.09
-0.06

0.13
-0.08
-0.05

0.08
0.01

0.19
-0.07
0.26
-0.04
0.19
0.04
0.32
-0.27
-0.23
-0.12
-0.08
0.19
0.17
0.17

NA

-0.63
0.75
0.83

0.09

0.35
0.38
-0.12
-0.05
-0.44
-0.23
0.09
-0.01
0.25
0.09
0.42
0.22
0.04
-0.06
0.06
0.21

plastid

endoplasmic reticulum
plastid

mitochondrion

plastid

cytosol

plastid

plastid

plastid

golgi

mitochondrion

cytosol

cytosol

plastid

plastid

plastid

endoplasmic reticulum
plastid

plastid

mitochondrion
plastid

nucleus
plastid
mitochondrion
plasma membrane
extracellular
plastid

plastid

plastid
mitochondrion
plastid

plastid

plastid

plastid

plastid

plastid

plastid

photosystem Il reaction center protein D

homolog of mamallian P58I1PK

photosystem | subunit F

mitochondrial processing peptidase alpha subunit

Lycopene beta/epsilon cyclase protein

Photosystem |, PsaA/PsaB protein
photosystem | subunit D-1

photosystem |l reaction center PSB29 protein

Glutathione S-transferase family protein

Phosphofructokinase family protein

Protein kinase superfamily protein

Photosystem |, PsaA/PsaB protein

NAD(P)H:plastoquinone dehydrogenase complex subunit O

zeaxanthin epoxidase (ZEP) (ABA1)

S-adenosyl-L-methionine-dependent methyltransferases superfamily protein
ARABIDOPSIS SERIN PROTEASE

one helix protein

oxidoreductases, acting on NADH or NADPH, quinone or similar compound as
acceptor

peroxin 22

SECY homolog 1

gamma carbonic anhydrase 1

Protein of unknown function (DUF1138)

TSK-associating protein 1

APS kinase

photosystem |l reaction center protein G

Rhodanese/Cell cycle control phosphatase superfamily protein

NADH:ubiquinone oxidoreductase, 17.2kDa subunit

PsbQ-like 2

Protein kinase superfamily protein

FK506-binding protein 16-2
tetratricopeptide repeat (TPR)-containing protein

FtsH extracellular protease family




Table S7(B): Differentially expressed proteins in nuclear fraction at 30 min after flg22 treatment

Protein ID Proteome SUBAcon Description
Nuc Tot

15min 30min 60min CHX 15min 30min 60min CHX
AT2G22880 NA 3.08 462 -0.01 NA NA NA NA nucleus VQ motif-containing protein
AT5G59820 NA 272 25.39 -1.21 NA NA NA NA nucleus C2H2-type zinc finger family protein
AT1G08420 26.04 242 1.20 1.57 -0.33 -0.04 0.04 0.14 nucleus BRI1 suppressor 1 (BSU1)-like 2
AT2G35040 25.50 1.66 0.08 -0.16 -0.02 0.01 0.13 -0.04 plastid AICARFT/IMPCHase bienzyme family protein
AT3G10670 0.24 1.40 0.31 -0.01 0.06 0.20 -0.12 -0.10 plastid non-intrinsic ABC protein 7
AT3G11960 NA 1.35 -0.35 0.92 NA NA NA NA nucleus Cleavage and polyadenylation specificity factor (CPSF) A subunit protein
AT5G55220 0.54 1.31 0.52 0.62 -0.05 -0.08 -0.04 0.22 plastid trigger factor type chaperone family protein
AT4G29780 0.54 1.20 228 -0.41 NA NA 22.04 NA cytosol
AT1G76080 0.23 1.18 1.13 1.34 -0.12 0.12 0.21 -0.10 plastid chloroplastic drought-induced stress protein of 32 kD
AT1G09750 NA 1.15 1.32 -0.43 024 0.09 -0.05 0.1 extracellular Eukaryotic aspartyl protease family protein
AT3G19480 -0.46 1.14 0.98 0.72 0.05 0.33 0.27 048 plastid D-3-phosphoglycerate dehydrogenase
AT5G64220 1.60 1.10 0.95 1.51 -0.21 -0.14 0.04 -0.40 nucleus Calmodulin-binding transcription activator protein with CG-1 and Ankyrin domains
AT5G27030 1.32 1.08 0.75 0.64 24.49 -0.12 0.20 -0.68 extracellular TOPLESS-related 3
AT2G25840 042 1.07 0.08 -0.21 0.19 0.08 -0.01 0.12 plastid Nucleotidylyl transferase superfamily protein
AT5G42390 0.63 1.03 0.30 0.52 0.03 0.16 0.05 0.14 plastid Insulinase (Peptidase family M16) family protein
AT2G35190 -1.09 -1.02 -0.45 -0.75 0.31 -0.31 0.14 0.07 cytosol novel plant snare 11
AT1G07250 0.50 -1.02 0.23 -0.13 -0.31 0.00 0.04 0.06 cytosol UDP-glucosyl transferase 71C4
AT5G18800 -26.70 -1.12 -0.61 -0.07 -0.08 0.09 -0.05 -0.35 cytosol Cox19-like CHCH family protein
AT2G06510 -0.51 -1.14 0.00 -0.03 NA NA NA NA nucleus replication protein A 1A
AT5G64400 NA -1.26 0.01 -0.45 -0.61 0.02 0.26 0.35 mitochondrion
AT1G33750 23.51 -1.27 -0.22 -0.06 NA NA NA NA mitochondrion | Terpenoid cyclases/Protein prenyltransferases superfamily protein
AT3G62870 -0.54 -1.34 -0.09 -0.09 0.05 -0.14 0.12 -0.21 cytosol Ribosomal protein L7Ae/L30e/S12e/Gadd45 family protein
AT3G12915 -0.29 -1.35 -0.35 0.43 -0.27 0.69 0.00 -0.53 cytosol Ribosomal protein S5/Elongation factor G/III/V family protein
AT5G 14280 NA -1.38 -0.86 -1.37 NA 0.88 0.21 0.38 nucleus DNA-binding storekeeper protein-related
AT5G62340 -21.30 -1.44 -0.07 -0.83 -0.74 24.40 0.15 -0.48 extracellular Plant invertase/pectin methylesterase inhibitor superfamily protein
AT4G12600 -0.03 -1.54 0.44 0.46 -0.08 -0.48 -0.18 -0.32 cytosol Ribosomal protein L7Ae/L30e/S12e/Gadd45 family protein
AT4G34610 NA -1.61 0.11 -0.69 NA NA NA NA nucleus BEL1-like homeodomain 6
AT3G05490 NA -2.25 -1.89 043 NA NA NA NA extracellular ralf-like 22
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Table S7(C): Differentially expressed proteins in nuclear fraction at 60 min after flg22 treatment

Protein ID Proteome SUBAcon Description
Nuc Tot
15min 30min 60min CHX 15min 30min 60min CHX
AT2G22880 NA 3.08 4.62 -0.01 NA NA NA NA nucleus VQ motif-containing protein
AT1G80840 22.43 0.99 3.15 -1.30 NA NA NA NA nucleus WRKY DNA-binding protein 40
AT5G64660 NA -23.51 2.80 -25.47 NA NA NA NA nucleus CYS, MET, PRO, and GLY protein 2
AT1G65390 NA 0.53 246 -1.06 NA NA NA NA plastid phloem protein 2 A5
AT4G29780 0.54 1.20 228 -0.41 NA NA 22.04 NA cytosol
AT2G38470 0.18 0.82 227 -0.16 NA NA NA NA nucleus WRKY DNA-binding protein 33
AT5G14590 NA 0.44 1.52 0.26 0.01 0.09 0.1 -0.02 mitochondrion Isocitrate/isopropylmalate dehydrogenase family protein
AT4G31550 NA -0.08 1.50 -1.39 NA NA NA NA nucleus WRKY DNA-binding protein 11
AT4G31800 0.58 0.74 1.41 -0.86 NA NA NA NA nucleus WRKY DNA-binding protein 18
AT1G68840 0.32 0.84 1.40 -1.74 NA NA NA NA nucleus related to ABI3/VP1 2
AT4G17900 NA 0.36 1.36 -0.11 NA NA NA NA nucleus PLATZ transcription factor family protein
ATCG00580 -1.32 0.72 1.33 0.50 -0.05 -0.07 -0.05 0.03 plastid photosystem Il reaction center protein E
AT1G09750 NA 1.15 1.32 -0.43 0.24 0.09 -0.05 0.1 extracellular Eukaryotic aspartyl protease family protein
AT3G54810 25.28 0.67 1.32 -2.82 NA NA NA NA nucleus Plant-specific GATA-type zinc finger transcription factor family protein
AT1G08420 26.04 242 1.20 1.57 -0.33 -0.04 0.04 0.14 nucleus BRI1 suppressor 1 (BSU1)-like 2
AT1G76080 0.23 1.18 1.13 1.34 -0.12 0.12 0.21 -0.10 plastid chloroplastic drought-induced stress protein of 32 kD
AT2G42600 -0.07 0.55 112 1.02 -0.06 0.03 0.03 0.03 cytosol phosphoenolpyruvate carboxylase 2
AT5G08790 0.17 0.29 1.09 -0.81 -0.99 NA NA NA nucleus NAC (No Apical Meristem) domain transcriptional regulator superfamily protein
AT2G47800 -0.15 -0.14 1.02 -0.04 -0.03 -0.36 0.00 0.05 plasma membrane |multidrug resistance-associated protein 4
AT3G52840 NA 0.28 1.00 -0.70 0.05 0.12 0.21 -0.06 extracellular beta-galactosidase 2
AT2G03340 0.60 -0.78 -1.24 -0.31 NA NA NA NA nucleus WRKY DNA-binding protein 3
AT3G57090 NA -23.11 -1.25 -0.29 0.01 0.15 -0.12 -0.02 mitochondrion Tetratricopeptide repeat (TPR)-like superfamily protein
AT4G32160 NA 0.00 -1.31 -0.86 NA 1.14 0.00 -0.54 nucleus Phox (PX) domain-containing protein
AT2G30590 2422 -0.82 -1.32 0.05 NA NA NA NA nucleus WRKY DNA-binding protein 21
AT1G54580 0.65 -0.58 -1.51 1.90 -0.31 -2.76 1.02 0.65 plastid acyl carrier protein 2
AT5G40440 -24.35 -0.03 -1.69 0.20 0.20 0.32 -0.30 -0.47 cytosol mitogen-activated protein kinase kinase 3
AT5G28220 NA 0.40 -1.82 23.67 NA 0.69 0.09 -0.48 cytosol Protein prenylyltransferase superfamily protein
AT3G05490 NA -2.25 -1.89 043 NA NA NA NA extracellular ralf-like 22
AT5G51440 NA -0.96 213 -0.29 NA -23.38 -23.87 -0.73 mitochondrion HSP20-like chaperones superfamily protein
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Table S7(D): Differentially expressed proteins in nuclear fraction at 60 min after CHX treatment

Protein ID Proteome SUBAcon Description
Nuc Tot
15min 30min 60min CHX 15min 30min 60min CHX
AT5G47390 NA 0.19 0.19 1.75 NA -0.35 23.13 -0.13 nucleus myb-like transcription factor family protein
AT5G64220 1.60 1.10 0.95 1.51 -0.21 -0.14 0.04 -0.40 nucleus Calmodulin-binding transcription activator protein with CG-1 and Ankyrin domains
AT1G65410 -0.05 0.04 -0.09 117 -0.29 -0.28 0.25 0.64 plastid non-intrinsic ABC protein 11
AT2G01350 -0.35 0.22 0.27 1.15 0.05 -0.29 0.04 0.1 cytosol quinolinate phoshoribosyltransferase
AT4G18480 0.39 0.41 0.53 113 -0.14 0.00 0.00 -0.01 plastid P-loop containing nucleoside triphosphate hydrolases superfamily protein
AT5G60600 -0.05 0.16 0.38 1.03 0.01 -0.03 0.01 0.06 plastid 4-hydroxy-3-methylbut-2-enyl diphosphate synthase
AT1G52410 -1.97 0.26 0.06 -1.01 -0.80 0.16 0.00 -0.44 cytosol TSK-associating protein 1
AT2G26890 -0.77 0.35 0.40 -1.05 0.51 -0.03 -0.33 0.01 cytosol DNAJ heat shock N-terminal domain-containing protein
ATAG36440 -22.88 -0.53 -0.256 -1.06 -24.31 -1.33 -0.09 0.06 plasma membrane
AT1G13260 0.63 0.35 0.28 -1.29 NA NA NA NA nucleus related to ABI3/VP1 1
AT1G80840 2243 0.99 3.15 -1.30 NA NA NA NA nucleus WRKY DNA-binding protein 40
AT3G17860 22.73 -0.18 -0.35 -1.31 NA NA NA NA nucleus jasmonate-zim-domain protein 3
AT4G31550 NA -0.08 1.50 -1.39 NA NA NA NA nucleus WRKY DNA-binding protein 11
AT1G25560 NA 0.35 0.15 -1.45 NA NA NA NA nucleus AP2/B3 transcription factor family protein
AT1G72450 0.56 0.20 -0.44 -1.52 NA NA NA NA nucleus jasmonate-zim-domain protein 6
AT4G28910 1.28 0.32 -0.04 -1.61 23.88 -0.22 -0.41 0.06 nucleus novel interactor of JAZ
AT2G22430 -0.10 -0.41 -0.70 -1.68 NA NA NA NA nucleus homeobox protein 6
AT1G68840 0.32 0.84 1.40 -1.74 NA NA NA NA nucleus related to ABI3/VP1 2
AT4G19003 NA -0.52 0.52 -1.76 25.21 -0.31 1.42 -0.07 cytosol E2F/DP family winged-helix DNA-binding domain
AT3G08630 0.57 -0.92 -0.57 -2.33 0.07 0.14 0.03 0.04 plastid Protein of unknown function (DUF3411)
AT1G28280 -25.16 -25.81 -1.23 -2.38 -22.82 NA NA NA nucleus VQ motif-containing protein
AT2G29990 NA -23.13 -23.39 -2.40 24.50 0.63 -25.33 -0.01 mitochondrion alternative NAD(P)H dehydrogenase 2
AT3G02550 262 0.32 1.05 -2.54 NA NA NA NA nucleus LOB domain-containing protein 41
AT3G54810 25.28 0.67 1.32 -2.82 NA NA NA NA nucleus Plant-specific GATA-type zinc finger transcription factor family protein
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Table S7: List of proteins showing quantitative change in the nuclear fraction at early time points. Proteins that are differentially expressed (|log2 value| > 1; p-value
< 0.05) in the nuclear fraction at 15 min (A), 30 min (B), and 60 min (C) respectively after 1uM-fl22/mock treatment or at 60 min (C) after 200uM CHX/mock (DMSO)
treatment.
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