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bacterial corn pathogen Pantoea stewartii subspecies stewartii in the xylem
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Wilson Martin Farthing

ABSTRACT

In the United States corn is one of the leading agricultural products and one of the top
exports. The majority of U.S corn is grown in the Midwestern region of the U.S. known as the
Corn Belt where the bacterial disease Stewart’s Wilt reduces crop yield. Pantoea stewartii subsp.
stewartii (Pss) is transmitted into corn via the corn flea beetle insect vector, Chaetocnema
pulicaria. As the beetle feeds on the corn plant leaves, Pss deposited in beetle feces enter the leaf
through lesions. The early stage of Pss infection begins in the mesophyll apoplast of the corn leaf
where a type 11 secretion system (T3SS) and its associated effectors induce water soaking (WS)
and nutrient release. Ultimately, Pss will enter the plant xylem apoplast (will be referred to as the
xylem) and use quorum sensing (QS) to initiate a lifestyle shift. Within the xylem, Pss grows to
high cell density and secretes exopolysaccharide (EPS), forming a biofilm which eventually
obstructs water transport, leading to wilting and necrosis. Previous Tn-Seq experiments provided
insights into genes that are essential for in planta survival, including the master transcriptional
regulator, Leucine-responsive Regulatory Protein (Lrp). To better understand the role of Lrp
when Pss inhabits the xylem, RNA-Seq experiments comparing Pss wild-type and Alrp strains
grown in planta were conducted to ascertain differential gene expression. The RNA-Seq data
was further analyzed using DESeq2 and validated using qRT-PCR methods. Following

validation, the Pss genome was annotated using Blast2GO software and genes upregulated and



downregulated by Lrp were linked with biological processes. Lrp was found to be involved in
regulating capsule biosynthesis and nitrogen-associated assimilation and metabolism during Pss
survival in the xylem. This provides further insight into how Pss contends with harmful host

defense compounds and extracts scarce nutrients present in the in planta xylem environment.

A corn xylem fluid extraction method was developed that has enabled more
physiologically relevant growth experiments to be conducted in vitro. Extracted xylem fluid was
used to grow Pss wild-type and Alrp mutant strains as monocultures to observe any differences
in growth patterns in different growth media. When grown separately in xylem fluid or Luria-
Bertani (LB) medium, the Pss wild-type and Alrp mutant strains grew at similar rates and to final
cell densities . The Pss Alrp mutant strain greatly outcompeted the wild type when grown
together in LB medium. However, when the two Pss strains were growth together in xylem fluid,
a shift in relative competition was observed, providing evidence of the wild type slightly
outcompeting the Alrp mutant. Analysis of the composition of extracted xylem fluid through

metabolomics will help define the nutrients specifically utilized by Pss in planta.

Altogether, the outcome of these research projects was to provide pertinent discoveries to
contribute to understanding the mechanisms used by Pss to survive in the corn xylem
environment. Broadly, increased understanding of Pss pathogenesis may translate to

understanding pathogenesis mechanisms in other bacterial wilt-disease causing plant pathogens.
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GENERAL AUDIENCE ABSTRACT

Corn is a significant agricultural product and export in the United States. This important
crop is used as a food source for humans, a primary nutrient source of livestock, and a major
ingredient for corn-based industries manufacturing commodities such as culinary additives,
biofuels, and preservatives. Certain bacteria are greatly beneficial to plants, able to increase their
overall health and growth, while other bacteria share a more insidious relationship with plants
and cause disease. The research discussed in this thesis focuses on the bacterial pathogen
Pantoea stewartii subspecies stewartii (Pss), the causal agent of Stewart’s wilt disease in corn.
Pss grows inside the plant xylem (vascular tissues which distribute water throughout the plant)
and forms a biofilm that causes plant wilt leading to lower crop yield and even plant death.
Previous research on Pss identified important genes for successful Pss survival inside the corn

plant xylem. One of those genes codes for the Leucine-responsive Regulatory Protein (Lrp).

Using a combination of experimental (RNA-Seq) and computational (bioinformatics)
analyses, Lrp was found to control other genes related in biological process important for living
inside the plant, necessary for the metabolism of available nutrients and production the protect

slime layer within biofilm. By better understanding the key bacterial genes needed for Pss to



grow inside the xylem, new disease intervention strategies can be developed to disrupt these

genes and impede the ability of the bacterium to infect the plant.

A second part of this research project was to develop a method for extracting corn xylem
fluid from the plant. Using this extracted xylem fluid, experiments could be conducted in the
laboratory to study Pss growth in more detail. The original strain of Pss (wild type) was grown
separately and in combination with a Pss mutant lacking the Lrp gene in the extracted xylem
fluid. Both strains grew similarly in the xylem fluid, but the wild type slightly outcompeted the
mutant strain when they were grown in competition. Future work in the lab will use extracted
xylem fluid to determine its precise nutrient composition and the development of synthetic
xylem fluid that will enable a more detailed analysis of mechanisms used by Pss to grow in the
xylem. Work on Pss serves as a model for the study of other bacterial wilt-disease causing

pathogens.
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CHAPTER ONE

Literature Review



The genus Pantoea

Pantoea spp. are members of the family Enterobacteriaceae with characteristic yellow
pigmentation. These Gram-negative proteobacteria with a rod-shaped morphology have been
divided into approximately 20 species, found in a multitude of environments. Closely associated
with Erwinia and Tatumella, the three genera form a monophyletic group nested within
Enterobacteriaceae (Walterson and Stavrinides, 2015). This monophyletic group is also closely
related to other enterobacterial genera like Dickeya, Pectobacterium, Brenneria, and
endosymbiotic Sodalis (Tindall, 2014). Initially, Pantoea spp. were discovered and described as
plant pathogens, causing wilt and necrotic symptoms dependent on the agricultural host.
Subsequently, Pantoea spp. have been isolated in a variety of environments and in association
with a variety of hosts including not only plants, but also insects and even humans. In relation to
their occupancy of a wide range of environments, the Pantoea genomes provide versatility,
resilience, and genetic tractability, key traits for a model organism (Walterson and Stavrinides,
2015). Indeed, some Pantoea spp. have had their genomes fully sequenced and are able to be
easily maintained in laboratories. Pantoea spp. are used for study of plant pathogenicity in a
variety of key agricultural crops such as maize, melons, pineapples, and onions in relation to

niche-specific (or host-dependent) adaptation.

The agricultural impact of Pantoea stewartii subsp. stewartii (Pss)

Pantoea stewartii subsp. stewartii (Pss) is the causative agent of the disease Stewart’s
wilt in corn. It results in lost crop yield and necessitates that corn seed be screened for the
presence of Pss prior to overseas export from the USA (Michener, Pataky, and White, 2002;
Michener, Freeman, and Pataky, 2003). Stewart’s wilt disease has had minimal impact on

resistant field corn cultivar yields for over 50 years, yet it continues to significantly reduce yields
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in sweet and popcorn cultivars/hybrids (Freeman and Pataky, 2001; Herrara et al., 2008; Roper,
2011). Pss is capable of infecting corn seeds and thus transmission by infected seeds requires a
screening procedure to ensure corn seed exports are not harboring Pss (Michener, Pataky, and
White, 2002). There is a risk assessment of the entry of Pss in the European Union (EU)
specifically for United States (US) maize export, and over 60 countries have quarantine
restrictions on US maize export to prevent the introduction of Pss (Pataky, 2003; EFSA Panel,
Bradgard et al., 2019; Scala et al., 2023). The two major disease symptoms associated with
Stewart’s wilt in susceptible field corn, sweet corn, and popcorn crop are leaf blight and wilting
(Pataky, 2003; Roper, 2011). Leaf blight is usually observed in mature plants infected with Pss.
The bacteria cause linear, yellow, water-soaking lesions, which follow the leaf vascularity
(Block, Hill, and McGee, 1999). These lesions turn darker in color and necrotic as the infection
progresses, though leaf blight itself usually will not cause death (Block, Hill, and McGee, 1999).
Wilt is observed as flaccid stem integrity and stunted growth due to obstruction of water and
nutrient flow in the xylem. Wilt typically is only seen when a seedling is infected with Pss and
can lead not only to stunted growth, but to death (Roper, 2011). Colonization and subsequent
biofilm formation in the xylem is responsible for blocking the flow of water through the xylem,
resulting in the development of the wilt disease symptoms (Figure 1.1). Extracellular
polysaccharides (EPS) production associated with biofilm formation allows the bacteria to
adhere to the xylem and provides protection from host defenses. Production of EPS at the
appropriate time is necessary for complete virulence and transmission throughout the plant

xylem (Beck von Bodman and Farrand, 1995).



Pss insect vector

Chaetocnema pulicaria, commonly known as the corn flea beetle, is the Pss-associated
transmission vector (Pataky, 2003) that facilitates Pss introduction and entry into the plant host.
The insect is endemic to North America in the midwest and mid-Atlantic regions of the USA.
Pss overwinters in the insect where it is carried in the hindgut, and it is subsequently deposited
into the plant host through insect feces (Pataky, 2003; Roper, 2011) (Figure 1.1). Pss enters the
plant through lacerations in the plant leaves produced when the beetle feeds during warmer
spring and summer seasons. Pss first colonizes the mesophyll apoplast before migrating toward
the xylem vasculature through an undefined process that likely requires motility (Herrera et al.,
2008). Pss uses an animal associated Type 111 secretion system (T3SS) to facilitate colonization
and persistence in the beetle gut (Correa et al., 2012).

Many Gram-negative bacteria utilize T3SSs, which act as a conduit to inject bacterial
proteins (known as effectors) directly into target host cells. The Pss T3SS is encoded on a
distinct stretch of the chromosome with other virulence factors known as a pathogenicity island
(specifically named PSI-2). Bacterial PSI-2 systems are associated with colonization of animal
host vectors and Pss DC283 carries two important effector genes on PSI-2, ospC1 and ucpl
(Stavrinides, No, and Ochman, 2010; Correa et al., 2012). The gene ucpl is associated with
aggregation and adhesion to the hindgut of the insect vector (Stavrinides, No, and Ochman,
2010; Correa et al., 2012). Pantoea spp. are associated with a wide variety of insect vectors and
some of these associations are incredibly specialized, involving intracellular symbiosis in
specialized vector cells. It is suggested that most interactions with insect vectors are mutualistic,
and the relationship between Pss and the corn flea beetle is considered to be such. The vector

provides nutrients, a stable habitat, and dispersal. The bacteria provide metabolism of otherwise



inaccessible compounds, breakdown of toxins, and antagonism of insect pathogens (MacCollom,

et al., 2009; Noman et al., 2020). Conversely, Pss has a pathogenic relationship with corn plants.

Pss virulence factors

The main plant pathogenicity/virulence factors associated with Pss are a second T3SS
and its associated effectors, and biofilm or exopolysaccharide production (EPS). Gene clusters
associated with T3SS, and EPS production are highly regulated through a two-component
regulatory system or quorum-sensing (QS) systems, respectively. Thus, in Pss, the
hypersensitivity response and pathogenicity (Hrp) T3SS and Stewartan EPS production have
been the subject of much research (Beck von Bodman and Farrand, 1995; Koutsoudis et al.,
2006; Ham et al., 2008).

For Pss, the Hrp T3SS genes are on PSI-1 (Correa et al., 2012), a fairly large (24 kbp)
genomic pathogenicity island. The PSI-1 T3SS most closely resembles a Hrc-Hrpl T3SS, which
is also found in the related Pantoea species, P. agglomerans (Frederick et al. 2001; Coplin et al.
2002). PSI-1 T3SS is regulated by a two-component regulatory system, HrpX/ HrpY (Merighi et
al. 2003, Merighi et al., 2006; Walterson et al., 2015). HrpX is a sensor histidine kinase and
HrpY is a response regulator that activates the hrp genes during nutrient-scarce conditions. HrpY
activates HrpS, which in turn regulates the expression of a sigma factor, HrpL, involved in
regulating the expression of type Il secretion effectors (T3SEs) (Merighi, Majerczak, and
Coplin, 2005).

For Pss, delivery of the effector protein into the plant cells by the Hrp T3SS is an
essential step in the early stages of corn leaf apoplast infection and essential for progressive
colonization of the plant (Figure 1.1). The hrp gene cluster encodes both the T3SS and its

transporter molecules. Adjacent to this hrp gene cluster are genes for the sole effector molecule,



wtsE and a chaperone for WtsE, wtsF. Both are involved in water-soaking symptoms, though
still regulated as a part of the HrpL regulon (Ham et al., 2008). Specifically, the WtsE effector
molecule, belonging to the AvrE family of effectors, causes disruption of the cell membrane and
host metabolism through activation of host genes involved in the phenylpropanoid pathway
(Ham et al., 2008; Ham et al., 2009; Asselin et al., 2015) As a consequence, the production of
callose (thickening of the plant cell walls), salicylic acid, and other host defensing signaling
molecules are disrupted during the hypersensitivity response (Ham et al., 2008).

As Pss enters the xylem, it is suspected that the bacteria interact with the living
parenchymal cells adjacent to pit membranes and in between the non-living xylem lumens.
Recently, it has been shown that mesophyll cell interaction with Hrp T3SS and WtsE effectors
triggers the release of nutrients to the apoplast fluid, allowing the Pss to grow in high numbers
(Gentzel et al., 2022). It has been proposed that WtsE assists in nutrient acquisition in the xylem
and some evidence has been provided to support that WtsE does play a role in dissemination into
the xylem and subsequent altering of xylem fluid (i.e., sap), however this has yet to be supported
further (Doblas-1banez et al., 2019). As well, the precise nutrients extracted from the
parenchyma and other plant tissues is still unknown.

Besides the T3SS, Pss virulence is also mediated by EPS (Stewartan) production.
Stewartan is an anionic, exopolysaccharide consisting of galactose, glucuronic acid, and glucose
(Bernhard et al., 1990; Bernhard et al., 1996). The composition of Stewartan is most similar to
amylovoran, EPS synthesized by the related species, Erwinia amylovora (Bernhard et al., 1996).
Pss gene clusters associated with EPS production are highly regulated through a quorum-sensing
(QS) system (Bernard et al., 1990; Poetter and Coplin, 1991; von Bodman et al., 2003). The QS

system regulated gene clusters are responsible for pathogenicity, including EPS production,



adhesion, and motility/dispersal. More specifically, QS controls the expression of the wce (also
known as cps) gene clusters, which are responsible for EPS production (Koutsoudis et al., 2006).
Thus, T3SSs, effectors (WtsE/AvVrE), and EPS production facilitate bacterial colonization of the
plant apoplast and xylem, respectively (Ham et al., 2008).

In addition to these main virulence factors, a number of other Pss virulence factors have
been identified. Pss carotenoid pigment biosynthesis, which provides UV radiation protection,
was found to be regulated by the Esal/EsaR QS system and significantly contributed to virulence
during in planta infection (Mohammadi, Burbank, and Roper, 2012). An RTX-like cytotoxin was
discovered to contribute to water-soaked lesion formation and release of plant cell contents into
apoplastic fluid (Roper et al., 2015). Pss was found to release an endoglucanase involved in plant
tissue degradation and leading to systemic plant infection (Mohammadi, Burbank, and Roper,
2012). The Pss genes oxyR and soxR are involved in stress response and tolerance of reactive
oxygen species during in planta infection (Burbank and Roper, 2014). In addition, OxyR mutants
showed a decrease in EPS production and SoxR mutants showed deficiency in water-soaked
lesion formation (Burbank and Roper, 2014). Pss siderophore production was required for iron
acquisition and bacterial motility in planta (Burbank, Mohammadi, and Roper, 2015). Pss
mutants deficient in siderophore production, showed decreased virulence (Burbank,

Mohammadi, and Roper, 2015). Previous research has also provided evidence of proteins
involved in outer membrane translocation and Lon protease activity that are necessary for

virulence and Pss survival in planta (Duong, Jensen, and Stevens, 2018).



The role of quorum-sensing (QS) regulation

The biosynthesis and excretion of Stewartan EPS is controlled by a single QS system,
EsaR/Esal and second-tier transcription factor, RcsA (Poetter and Coplin, 1991; von Bodman et
al., 2003) (Figure 1.2). Stewartan production involves expression of three distinct gene clusters:
wecel, weell, weelll (also known as cps genes) (Carlier et al., 2009). As in most Gram-negative
proteobacterial QS regulation systems, there is a master regulatory transcription factor, EsaR and
an autoinducer synthase, Esal. The gene esal encodes the enzyme that synthesizes the QS acyl
homoserine lactone (AHL) signal, specifically N-3-oxo-hexanoyl homoserine lactone. During
low cell-density EsaR is active, activating or repressing transcription of specific target genes
(von Bodman et al., 2003). During high cell-density, with concurrent high concentrations of the
AHL, EsaR is inactive resulting in loss of activation or repression of gene transcription (Figure
1.2). This system is the reverse of the LuxR/LuxI QS system characterized in many other
proteobacterial species (von Bodman et al., 2003). When EsaR is active it represses expression
of the Rcs phosphorelay regulatory system (an environmental monitoring system common in
many Enterobacteriaceae) involved in capsule production (Majdalani and Gottesman, 2005).
Specifically, EsaR represses expression of rcsA, which encodes one of the two EPS gene co-
activators (second tier) transcription factors (Minogue et al., 2005; Duong and Stevens, 2017). In
contrast, active EsaR activates expression of the (second tier) transcription factor gene, IrhA,
which regulates surface motility (Duong and Stevens, 2017). During high cell density (roughly 3
x 108 cells), EsaR is inactivated by the AHL signal. Inactivation of EsaR leads to derepression of
the Rcs sensory kinase system. If cells are at high cell density and Pss senses that it is in the
xylem (through RcsC and RcsD sensory kinases), EPS biosynthesis will be induced (Majdalani

and Gottesman, 2005; Duong and Stevens, 2017). EPS production is highly regulated to ensure



energy and resources are not wasted and that this phenotypic shift is conducive for survival
(Koutsoudis et al., 2006). Disruption of this array of continuous QS sensing and signaling is
detrimental to Pss, diminishing pathogenicity (von Bodman & Farrand, 1995; Koutsoudis et al.,

2006).

In planta transcriptome analysis via RNA-Seq

While many of the initial studies of Pss gene regulation were done in vitro, more recently
efforts have been made to study Pss gene regulation in planta. Duplicate samples of Pss DC283
were grown under three different conditions: in vitro Luria Bertani (LB) broth to low cell
density, in vitro LB agar to high cell density, and in planta to high cell density for an RNA-Seq
analysis (Packard et al., 2017). RNA was purified from each sample and HiSeq Illumina
sequencing was performed. This experiment provided a snapshot of the Pss transcriptome in
each growth environment and enabled a comparison of Pss gene expression levels during “pre-
infection” low cell density growth in broth to high cell density growth in agar medium, and more
importantly in planta. The data provided evidence of genes that were involved in colonization
and persistence within the plant xylem by identifying differentially expressed genes. After gene
ontology classification, it was discovered that there was obvious upregulation of nutrient
transporters and oxidation-reduction processes during in planta growth. Higher expression of
nutrient transporters could be associated with acquisition of nutrients specific to the host xylem
fluid. Higher expression of oxidation-reduction processes could be associated with a Pss stress
resistance response to the host defense mechanisms. Importantly, the expression of these genes
was not cell density-dependent, as similar differential regulation was seen using both the pre-

inoculum and agar grown cells in comparison to the in planta cells. In conclusion, this



experiment provided strong evidence for specific patterns of gene expression related to in planta

growth.

In planta analysis of essential genes via Tn-Seq

The next logical step after establishing what genes were differentially regulated was to
determine what genes were essential for in planta growth through transposon sequencing (Tn-
Seq). This work was greatly facilitated by sequencing and assembly of the complete Pss DC283
genome (Duong, Stevens, and Jensen, 2017). Prior to the sequencing of Pss DC283, the genomic
sequence was in 65 separate contigs. The complete Pss genome sequence consists of a single
circular chromosome, 10 circular plasmids, and a single linear phage. This provided a more
manageable reference genome for future genetic analysis including Tn-seq and phylogenetics.

A Tn-Seq analysis was performed to determine the genes that are essential for in planta
colonization and survival in the xylem. A random mariner transposon library was generated that
consisted of approximately 40,000 mutants, providing close to 10 transposon insertions per gene
(Duong et al., 2018). A sample from the Tn mutant library grown in LB broth served as the pre-
inoculum control. Tn mutants were then inoculated in the corn plant xylem and growth for 10
days before harvesting the post-inoculum sample. The pre-inoculum and post-inoculum samples
were processed and sequenced using Hi-seq Illumina sequencing. Afterwards the transposon
insertion sequences were identified and enumerated. Analysis of this data identified 486 genes
beneficial for in planta survival with 27 of these genes being transcription factors. A subsequent
reverse genetic analysis to ascertain the role of several of these transcription factors led to the
discover that the global transcription factor Leucine-responsive Regulatory Protein (Lrp) played

an important role in motility and capsule regulation (Bartholomew et al., 2021).
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The Leucine-responsive Regulatory Protein (Lrp)

Lrp is a ubiquitous global transcriptional factor, with homologs found over many
bacterial and archaeal species. Lrp has been found to regulate ~1/3 of the E. coli genome under a
variety of different growth conditions (Kroner, Wolfe, and Freddolino., 2019). An Escherichia
coli Lrp homolog along with two archaeal species and one additional bacterial species have been
characterized by protein crystallography (de Los Rios and Perona, 2007). Each homolog has
been found to form nearly identical octameric, ring structures from four repeating dimeric
subunits. One exception is an Lrp from an archaeal species, which can form a helical structure
out of 12 dimeric subunits (de Los Rios and Perona, 2007). The Lrp protein consist of two major
domains: an N-terminal with a helix-turn-helix motif, which is thought to interact with DNA, and
a C-terminal with an alpha-beta domain, which interfaces with small molecule effectors (i.e.,
leucine and SRNAS). These larger, self-associated Lrp octameric structures can shift to an open,
linear conformation that could permit the binding to multiple sites on a Lrp-regulated promoter,
allowing DNA to wrap around the structure and interact with multiple N-terminal domains (de
Los Rios and Perona, 2007). This wrapping of DNA is further supported by spacing patterns of
Lrp-binding sequences within the promoter of regulated genes. In this manner, the DNA
elements are able to bind to multiple N-terminal domains in Lrp as well as RNA polymerase with
an optimal space for transcription initiation (de Los Rios and Perona, 2007). This linear structure
may also be important as an additional Lrp function for non-specific DNA packaging (de Los
Rios and Perona, 2007).

Across the Bacteria and Archaea, Lrp regulates multiple essential processes including
amino acid metabolism, pili synthesis, and additional cellular functions (Brinkman and Ettema,

11



2003). More specifically, Lrp is known to regulate expression of virulence factors in other
related plant pathogens, such as Erwinia and Xanthomonas (Cubero and Graham, 2004;
Schachterle and Sundin, 2019) with the absence of Lrp leading to a decrease in virulence. In Pss,
Lrp is known to positively control motility and biofilm production that are important for the in
planta lifestyle of Pss (Bartholomew et al., 2021). The predominant focus of Lrp research has
been with in vitro experiments (Kroner, Wolfe, and Freddolino, 2019), while in vivo function
remains a poorly understood subject. To gain a clearer picture of how these bacterial pathogens
adapt to shifting environmental conditions, further experimentation in physiologically relevant
conditions is needed. The construction of synthetic media mimicking in planta nutrient
conditions is one way to accomplish this. However, this will not provide the whole story as
phytopathogens must also compete with or manipulate the host for resources and contend with
host defense mechanisms in planta. Defining the precise composition of the metabolites present
inside of the apoplast and xylem of corn plants is vital to better understanding the lifestyle of Pss

and other phytopathogens.

The xylem environment and nutrient availability for growth in planta

As stationary organisms, plants must be able to extract and process all their nutrients
from close proximity. Moreover, due to this lifestyle, plants must be able to persist through a
wide array of both biotic and abiotic stresses. Combating biotic stressors, such as pathogens, is
mostly through fortification of physical barriers and production of numerous defense metabolites
dependent on the stimuli (Castro-Moretti et al., 2020; Nishad et al., 2020). Because of the
common characteristic in plant host response to pathogens, metabolomics is an obvious and
important analysis to study plant-pathogen interactions. Defense metabolites produced by the

plants can be categorized as either phytoalexins (response to pathogens), phytoanticipins (present
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prior to pathogen attack), or volatile organic compounds (Castro-Moretti et al., 2019).
Metabolomic analysis prior to and during pathogen introduction can further characterize host
defense metabolites with regard to their localization, abundance, and function.

Broadly, the host plant has constitutively expressed or passive defenses and inducible
defenses (Castro-Moretti et al., 2020). The host plant defenses involve both pathogen-associated
molecular pattern (PAMP)-triggered immunity and effector-triggered immunity (ETI) (Bae et al.,
2015; Castro-Moretti et al., 2020; Gentzel et al., 2022). Some bacterial phytopathogens,
including Pss, utilize effector proteins that are directly injected into host cells during
pathogenesis. Host-cell receptors are able to recognize these effectors and activate the ETI,
usually initiating hypersensitivity response (HR) (Fredrick et al., 2001; Bae et al., 2015).
Previous studies of xylem infection indicate a bolstering of physical barriers, like the formation
of tyloses (outgrowths of adjacent parenchymal cell into the xylem vessel to obstruct movement
of vascular pathogens) and vascular coating of xylem-associated cells, to prevent further spread
of the pathogen (Dixon and Pegg, 1969; Street, Robb, and Ellis, 1986; Yadeta and Chomma,
2013; Bae et al., 2015). The composition of the xylem fluid is also altered due to the release of
different pathogenesis-related (PR) enzymes, phytoalexins, peroxidases, phenols, inorganic and
organic compounds, and metabolites (Yadeta and Chomma, 2013; Bae et al., 2015; Castro-

Moretti et al., 2020).

In addition to these host defense metabolites, the plant has a transient level of primary
metabolites present that can be catabolized. This is another plant-pathogen interaction that can be
elucidated as the battle between nutrient sequestration by the host and nutrient acquisition and
utilization by the pathogen (Castro-Moretti et al., 2020). There is much overlap between forced

nutrient availability and suppression of the plant host defenses by pathogens. The recognition of
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pathogens by plant pattern-triggered immunity leads to activation of nutrient uptake transporters
and the repression of exporters resulting in the sequestration of resources from the invading
pathogen (Nishad et al., 2020). By suppressing this host defense response, the bacteria have
increased access to nutrients. Phytopathogens also disrupt host cell integrity, leading to
additional release of resources for utilization by the plant pathogen (Nishad et al., 2020; De La
Fuente et al., 2020; Gentzel et al., 2022). While the suppression of host immunity is fairly well
studied, nutrient susceptibility, the induced nutrient release by phytopathogens, remains less
studied. One way to establish what nutrients are accessible to support pathogen growth is via a
metabolomics analysis.

The Mackey lab at Ohio State University has used metabolomics to analyze changes that
occur upon the invasion of Pss into the apoplast of the corn plant leaves (Gentzel et al., 2022).
Similar to many other hemi-biotrophic plant pathogens, Pss induces significant, macroscopic
water accumulation (water soaking) and subsequent accumulation of nutrients in the apoplast
while maintaining host cell integrity (Gentzel et al., 2022). The total leaf nutrient composition
remains constant during this infection phase, however over time there is an over-accumulation of
nutrients in the apoplast. Moreover, the measured amount of nitrogen and carbon, as well as the
molecular composition provided by metabolomic analysis, suggest this induced release of
nutrients allows for Pss proliferation in the apoplast (Gentzel et al., 2022). The metabolites
released due to the activity of the T3SS effector WtsE provide carbon and nitrogen sources for
assimilation by Pss. Thus, this promotion of nutrient susceptibility during the apoplast phase of
corn plant infection provides adequate nutrients and conditions for growth in that niche. It
remains unclear if Pss continues to utilize the strategy during late-stage infection while invading

the plant xylem.
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Pss must transition to the functional, hallow cells known as Tracheary Elements (TE)
(Ménard and Pesquet, 2015) in the plant xylem. Broadly, the xylem is composed of tracheary
vessels, rigid fibers, and metabolically active parenchymal cells (Schuetz, Smith, and Ellis, 2013;
Bae et al., 2015). Hydraulic pressure regulation and transport of xylem water and nutrients is
dependent on adjacent parenchymal cells (Doblas-Ibanez et al., 2019). These living parenchymal
cells directly interact with the xylem fluid and allow for transport of nutrients and water via a
modified cell wall structure known as the pit membrane (Choat, Cobb, and Jansen, 2008). The
xylem vessels provide unimpeded movement of xylem fluid; however, the vessels are
interconnected through small pores called pits (Choat, Cobb, and Jansen, 2008). Pits connecting
xylem vessels form pit chambers with a central, thin membrane known as a pit membrane. The
pit membrane is composed of a woven mesh of polysaccharides, with small openings only
allowing passage of water and transported minerals to neighboring parenchymal cells, while
prohibiting the passage of emboli (air bubbles) and vascular pathogens (like Pss) (Choat and
Pittermann, 2009). Vascular pathogens must penetrate the rigid, exterior xylem wall or breach
the pit membrane to access the nutrient-poor xylem environment. The transition from the plant
apoplast to the xylem remains unknown, however there has been some evidence for WtsE being
required for dissemination into the xylem as well as triggering a plant nutrient scarcity response,
altering the xylem fluid composition to limit pathogen growth (Doblas-Ibanez et al., 2019).
Bacterial motility is also likely required (Herrera et al., 2008). However, the manner whereby
secretion systems and effectors might be used for nutrient acquisition in the xylem by Pss is not
fully understood.

The predominant function of the xylem is water transport, being a relatively nutrient-poor

environment. Even still, vascular pathogens like Pss are able to survive and proliferate within
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xylem fluid. Thus, it is important to analyze the metabolite composition of the xylem fluid, in
planta. The precise composition of xylem fluid remains unknown aside from untargeted
metabolomic analysis of uninfected Zea mays (Goodger et al., 2005). Xylem-dwelling
phytopathogens, including Pss, must have the appropriate machinery to extract and utilize
nutrients for in planta growth. Calcium, magnesium, potassium, nitrate, phosphate, and sulfate
are the most abundant inorganic ion in the xylem sap of oilseed rape plants (Nakamura et al.,
2008). Relatively few metabolomic analyses have been carried out on corn xylem fluid
composition. Uninfected corn xylem fluid contains a very low abundance of carbohydrates, with
the predominant source of potential nutrients being nitrogen-containing compounds like amino
acids (Alvarez et al., 2006; Alvarez et al., 2008; Nakamura et al., 2008; Fernandez-Garcia et al.,
2011). A detailed metabolomic study of the corn xylem fluid would allow for the cataloguing of
metabolites and better determination of the presence of basic nutritional requirements for Pss, as

well as the Lrp-regulated response to the available metabolites.

Research Plan

While some key virulence factors necessary for Pss pathogenesis are understood, detailed
knowledge about the pathways and mechanisms that enable successful entrance and inhabitation
of the corn xylem remain to be discovered. Prior to this thesis research, the role of Lrp during
Pss survival in planta was not well characterized. Chapter Two presents results from an in planta
RNA-Seq study comparing gene expression in a Pss Alrp mutant strain and the wild-type strain
with the goal of identifying functions important for survival in the xylem. Chapter Three presents
a procedure for extracting xylem fluid from corn saplings and findings from growing Pss wild-
type and Alrp mutant strains together, and separately in the extracted xylem fluid.

Characterization of the function of global transcriptional regulator Lrp may enable the
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development of future disease intervention strategies against Pss and other wilt-disease causing

phytopathogens.
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Figure 1.1. Infection process of Pantoea stewartii subsp. stewartii (Pss) in corn (Zea mays).

(a) Pss colonizes the hindgut of the corn flea beetle (Chaetocnema pulicaria). (b) The bacteria
are deposited in leaf lesions formed during the beetle feeding process. (¢) During early stages of
infection, Pss inhabits the apoplast of the corn leaves expressing the Hrp-Hrc type 111 secretion
system and effectors causing water soaking and the release of nutrients. Pss follows the
apoplastic route and eventually enter xylem vessels leading to colonization of the xylem through
a poorly defined mechanism. (d) During the late stage of infection, Pss produces

exopolysaccharide, proliferates, and forms a biofilm, blocking water flow and causing wilt.
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Figure 1.2. Diagram of the quorum sensing (QS) system of Pantoea stewartii subsp.

stewartii. Esal is constitutively expressed, synthesizing the autoinducer acyl homoserine lactone
(AHL). At low cell density, EsaR is in a functional conformation, and it binds to target promoter
regions which either activates (top left) or represses (bottom left) QS-regulated genes. At high

cell density, AHL enters the cell and binds to EsaR inactivating the transcription factor. This will

lead to the deactivation (top right) or depression (bottom right) of the target genes, respectively.
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Abstract

Pantoea stewartii subsp. stewartii (Pss) causes Stewart’s wilt disease in corn, which is the
primary bacterial disease of corn in the USA. Pss is introduced into corn via the corn flea beetle
vector, Chaetocnema pulicaria, when beetle feces enter wounds created during feeding. The
infection begins in the apoplast of the leaf where Pss causes leaf blight. Subsequently, the
bacteria move to the xylem and form a biofilm, preventing water transport. This causes wilting
and leads to necrosis, consequently affecting both crop yield and survival. A previous RNA-Seq
analysis provided a snapshot of the wild type Pss transcriptome during growth in planta and
evidence of differential Pss gene expression when it resides in the xylem. Tn-Seq
experimentation subsequently identified specific genes essential to survival in planta including
Irp, which encodes the global transcription factor, Leucine-responsive Regulatory Protein (Lrp).
The Lrp protein family is found across many bacterial and archaeal species where it regulates
multiple critical physiological functions. In Pss, Lrp is known to positively control motility and
biofilm production, which are important for the in planta lifestyle of Pss. Bioinformatic analyses
using RNA-Seq data comparing wild-type Pss to a Alrp strain was completed to define the Lrp
regulon in planta through differential gene expression. Results provide support for Lrp
involvement in regulating capsule biosynthesis, and nitrogen-associated assimilation and
metabolism. This work has provided insights into how Pss recognizes and exploits the corn

xylem environment.
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Introduction

Pantoea stewartii subspecies stewartii (Pss) is a Gram-negative, yellow-pigmented
proteobacterium nested within the family Enterobacteriaceae with other bacterial
phytopathogens. Pss is the known causative agent of Stewart’s wilt disease in corn plants
(maize); a disease endemic to the Mid-Atlantic and midwestern corn belt regions in the United
States that includes the states Illinois, Indiana, lowa, and Missouri (Michener, Freeman, &
Pataky, 2003). Stewart’s wilt disease has minimal impact on resistant field corn cultivars, yet it
continues to significantly reduce yields in susceptible field corn and more prevalently sweet and
popcorn cultivars/hybrids (Freeman and Pataky, 2001; Herrara et al., 2008; Roper, 2011).
Concern about Pss transmission internationally via seeds has mandated a screening procedure to
ensure exported seeds are not infected with Pss (Michener et al., 2002; Roper, 2011). There is a
Pss risk assessment with regard to the entry of Pss in the European Union (EU) for United States
(US) maize export, and more than 60 countries have quarantine restrictions on US maize exports
to prevent the introduction of Pss overseas (Pataky, 2003; EFSA Panel, Bradgard et al., 2019;

Scala et al., 2023).

Pss is reliant on the corn flea beetle, Chaetocnema pulicaria, as a vector for the initial plant
infection. Pss is inoculated into the leaf apoplastic space through lesions formed during feeding
and subsequent defecation (Roper, 2011; Bae et al., 2015; Gentzel et al., 2022). Delivery of Pss
effector proteins (i.e., WtsE and WtsF) into the plant cells by the Hypersensitivity response
protein (Hrp) Type Il Secretion System (T3SS) is essential in the early stages of corn leaf
infection and for progressive colonization of the plant (Ham et al., 2008; Gentzel et al., 2022).
Pss virulence is also mediated by the production of exopolysaccharide (EPS), Stewartan, after

Pss has moved to the xylem through an unknown mechanism that likely requires motility. Pss
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gene clusters associated with EPS production are highly regulated through a quorum-sensing
(QS) system (von Bodman, Majerczak, & Coplin, 1998) and are only expressed at high cell
density. The Pss QS system controls the expression of the wce (also known as cps) gene clusters,
which are responsible for EPS production (Koutsoudis et al., 2006). In addition to EPS
production, other gene clusters responsible for adhesion and motility/dispersal are also under QS
control. Successful Pss colonization of the xylem leads to biofilm formation and blockage,
resulting in wilt symptoms. Thus, T3SSs, effectors (WtsE/AvrE), and EPS production act in a
coordinated manner to facilitate bacterial colonization of the plant apoplast and xylem,

respectively (Ham et al., 2008).

Pss shifts between multiple environments over its lifetime (i.e., soil environment, insect
vector hindgut, corn plant apoplast, corn plant xylem). Pss must be able to sense and adapt its
lifestyle to each of these differing environments for survival. A Tn-Seq analysis was performed
to determine the genes that are essential for Pss in planta colonization and survival in the xylem
(Duong, Jensen, & Stevens, 2018). Analysis of the Tn-Seq data identified 486 essential genes
with 27 of these genes being transcription factors in planta. A subsequent reverse genetic
analysis using deletion mutants to ascertain the role of several of these transcription factors led to
the discovery that the transcription factor, the Leucine-responsive Regulatory Protein (Lrp),
plays an important role in motility and capsule regulation during xylem colonization

(Bartholomew et al., 2021).

Across the Bacteria and Archaea, Lrp regulates multiple essential processes including amino
acid metabolism, pili synthesis, and additional cellular functions (Brinkman et al., 2003). More
specifically, Lrp regulates expression of virulence factors in other related plant pathogens, such

as Erwinia and Xanthomonas (Cuberto and Graham, 2004; Schachterle and Sundin, 2019), with
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the absence of Lrp leading to a decrease in virulence. In Pss, Lrp is known to positively control
motility and capsule production that are important for the in planta lifestyle of Pss (Bartholomew
et al., 2021). The predominant focus of Lrp research has been with in vitro experiments (Kroner,
Wolfe, & Freddolino, 2019), while in vivo function remains a poorly understood subject. To gain
a clearer picture of how these bacterial pathogens adapt to shifting environmental conditions,

further experimentation in physiologically relevant conditions is needed.

In this study, RNA-Seq was used to determine significant, differential gene expression
between the wild-type Pss and Alrp mutant strains when grown in planta to better understand the
role of Lrp during Pss growth in the xylem. It was hypothesized that a determination of the Lrp
regulon would reveal additional downstream genes important for Pss survival in the xylem. The
identified Pss genes and their regulators have the potential to serve as a model for other xylem-

dwelling bacterial phytopathogens.

Materials and methods

Bacterial strains and growth medium

Pantoea stewartii (Pss) DC283 wild-type (Dolph et al., 1988) and Alrp strains
(Bartholomew et al., 2022) were used for experiments. Both strains were grown in Luria Bertani
broth (LB; 10 g/L tryptone, 5 g/L NaCl, 5 g/L yeast extract) supplemented with 30 pug/ml

nalidixic acid (NA).

Growth of cultures for in planta infection

Overnight cultures of the Pss DC283 and Alrp strains were grown by shaking at 30°C,
250 rpm in 5 ml of LB broth supplemented with 30 pg/ml NA. The overnight cultures were

diluted to an ODego 0f 0.05 in 5 ml of the same medium and grown to an ODego of 0.2. One ml of
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culture was pelleted via centrifugation (Eppendorf centrifuge 5424, rotor FA-45-24-11) for 1 min
at 10,000 RPM. The cell pellet was resuspended and washed twice in 1 ml of phosphate saline
solution (PBS; 137 mM NaCl, 2.7 mM KCI, 10 mM Na;HPOa, pH 7.4) (Packard et al., 2017)

prior to plant inoculation.

Growth and inoculation of plants for RNA-Seq analysis

Zea mays corn plants (strain B73, 2020 seed harvest from the Mackey laboratory, Ohio
State) were grown in Pro-Mix BX General Purpose Mycorrhizae soil. Up to four full trays (12
plants per tray) were grown in a Percival Scientific (CMP4030) plant chamber. Plant trays were
filled to and maintained to a level of 2 cm with milli-Q H2O. Corn plants were grown at 28°C,
~80% humidity with 16-hour light and 8-hour dark cycles (~200 mE m—2 s —1 light intensity) for

5 days prior to inoculation.

Corn plants were removed from the growth chamber after 5 days of growth and the
exterior surface of the stems were disinfected with 70% ethanol (EtOH) (coleoptile to 1st collar)
prior to being inoculated. A one-centimeter incision was made using a sterile needle (B-D
PrecisionGlide 26 gauge) in the corn plant stem ~1 cm above the soil line. All plants were
inoculated with 5 pl of the appropriate Pss subcultured strain by pipetting the inoculum in and
out of the incision site five times. The plants were returned to the growth chamber and grown for

an additional 3 days prior to harvesting.

RNA extraction and RNA-Seq analysis

The stems of three corn plants were disinfected with 70% EtOH and cut at ~1 cm above
the soil line and again before the first branchpoint of leaves, using an EtOH disinfected razor

blade. All surfaces and equipment were cleaned with RNase Away (Molecular Bio-Products).
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The stem was then sliced into small pieces (~0.5 cm in length) and transferred to a 15 ml conical
tube containing 2 ml of RNA Protect (Qiagen). All samples were placed on ice and gently rocked
for 30 min. After, 1.5 ml of the liquid contents were transferred to a sterile Eppendorf microfuge
tube and the bacteria were pelleted via centrifugation (Eppendorf centrifuge 5424) for 10 min at

5000 RPM. The supernatant was removed, and the cell pellets were stored at -80°C prior to RNA

extraction.

The frozen pellets were resuspended in 100 pl RNase-free TE buffer containing 15
mg/ml lysozyme and 10 pl of 20 mg/ml Proteinase K (Qiagen) (Packard et al., 2017). After
resuspension, 700 pl of Qiazol was added to the sample and the sample was vortexed for 10 sec
every 2 min at room temperature over a 10 min period. Next, 140 ul of chloroform was added to
the sample and the tube was mixed vigorously by hand. The sample was subjected to
centrifugation for 15 min at 12,000 RPM (Eppendorf centrifuge 5424), then the aqueous phase
was carefully transferred to a new collection tube. An 840 ul volume of 100% EtOH was added
to the sample and the tube was mixed vigorously by hand. The miRNeasy kit (Qiagen) with on-
column DNase digestion was used for total RNA extraction as previously described (Packard et
al., 2017). Extracted RNA samples were sent to the Virginia Tech Computational Organizational
Research Lab (CORE) to determine RNA integrity. An RNA integrity number (RIN) value
minimum of 7.0 was required for continued analysis of a sample. RNA samples were then sent to
the Roy J. Carver Biotechnology Center at the University of Illinois where ribosomal RNA
(rRNA) was removed from samples prior to cDNA conversion and Illumina Hi-Seq 2500 100
nucleotide (nt) single-end read RNA-sequencing provided single end reads of high-quality,

triplicate RNA samples of wild-type DC283 and Alrp mutant strains grown in planta.
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Bioinformatic analysis of RNA-Seq data

RNA-Seq read data for each sample (three wild-type and three Alrp strain samples) were
provided in a compressed tar.gz file format. The data was downloaded and decompressed prior to
file import into Geneious Prime software. The DC283 complete genome (Duong et al., 2017)
(NZ_CP017581 to NZ_CP017592) was also downloaded from the NCBI nucleotide database and
imported into Geneious Prime software for use as the reference genome library. This provided 12
distinct contigs representing the fully sequenced Pss DC283 genome. RNA-Seq sample reads
were aligned and mapped to the reference genome/contigs using an internal Geneious mapper
program. RNA-Seq sample reads were either aligned to all 12 contigs of the reference genome at
once (bulk alignment) or individually aligned to a single contig at a time (individual alignment)

and expression levels were calculated for each assembly generated from the alignment.

Expression levels were obtained from the annotations and tracks tab for each reference
sequence and all generated assemblies. . The expression levels were calculated through
normalizing the number of reads mapped to each coding sequence (CDS). Reads partially
mapped to multiple locations (multi-mapped) were counted as partial matches (0.5 reads mapped
to each of the locations). Expression levels (raw reads, reads per kilobase of transcripts per
million (RPKM), transcripts per million (TPM)) along with associated gene name, location,
direction, length, GO function, and GO process were exported, for each of the 12 alignments in
all six samples, into a Microsoft Excel Workbook. Expression data for each contig (six sample
alignment datasets for each) were organized into individual worksheets and oriented by gene
location (specifically minimum location on the contig). Expression level ratios between the
DC283 and Alrp alignments were calculated along with the associated P-values for expression

level variance between alignment samples. Specifically, three-fold differential expression or
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greater for both activated (upregulated in wild-type strain) and repressed genes (upregulated in
the Alrp strain). This was completed for both individual and bulk alignment techniques and
genes with the highest and lowest expression ratios were identified. A cutoff was used so that
TPM values of 100 or more were further analyzed. An exception to this was the inclusion of any
coding sequence adjacent to multiple others with different expression levels. P-values were also
used during data analysis, however coding sequences (CDSs) with P-values greater than 0.05
were not ruled out on this criterion alone. The P-value signifies the magnitude of variation

between the RNA-Seq dataset expression levels (specifically TPM values).

Differential gene expression analysis via DESeq?2

The DESeg2analysis was performed using Geneious Prime implementation of the R
DESeq package on the RNA-Seq raw read alignments as a second method for determining
differential expression between the wild type and the Alrp mutant strains. For this approach, the
RNA-Seq raw read sets were aligned to single contigs (individual alignment technique), instead
of all 12 contigs at once (bulk alignment technique). After aligning all six of the RNA-Seq read
sets to the main chromosome (NZ_CP017581), the NZ_CP017581 reference sequence displayed
the expression levels calculated for each read set. The reference sequence was then analyzed
using the DESeq?2 differential expression analysis. DC283 wild-type reads and Alrp reads were
manually assigned to different sample condition groups: wild type (group A) and mutant (group
B). This process was repeated for the remaining 11 chromosome reference sequences. The
DESeq2 analysis provided differential expression confidence values and P-values for each CDS

(Table S2.1 and 2).
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Comparative genomics using NCBI BLASTp

For each of the 11 differentially expressed genes of interest, the NCBI gene ID was
searched and confirmed using the NCBI gene database. Next, the correlating peptide sequence
was found under NCBI reference sequences (RefSeq) for each gene. After selecting the peptide
sequence and recording the NCBI peptide sequence ID, the FASTA sequence was copied from
the NCBI protein database and used as a query sequence to be searched using NCBI BLASTDp.
From the description tab, peptide sequence ID, descriptions, and reference literature were
reviewed for the ten returns with the highest max score. From the taxonomy tab, taxonomy
names were collected for the selected ten results. NCBI gene and Pubmed were used to search
key words and annotations for further evidence of related gene function in published primary
literature. Finally, query coverage and percent identity were noted for the top ten max scores

provided by the NCBI BLASTp search (Table S2.3-13).

Quantitative reverse transcription polymerase chain reaction (QRT-PCR) Primer Optimization

The Integrated DNA Technologies OligoAnalyzer Tool was used to generate qRT-PCR
primer sets for all selected coding sequences (Table S2.14) and previously identified
housekeeping gene gyrB was used as a control (Packard et al., 2017). Primers were required to
meet the following parameters: Tm of 62°C, GC percentage between 40 and 60%, primer length
of 18-22 bp, and amplicon length of 80-130 bp. Also, primer sets were required to have a AG of -

9 or lower for potential hetero-dimer, self-dimer, and hairpin formation.

Genomic DNA was extracted from Pss strain DC283 using the Qiagen DNAeasy Blood
and Tissue Kit to be used as the template for primer optimization and was quantitated using an
Implen nanophotometer. Each gPCR reaction contained the following: 12.5 pl of SYBR Green

Mix (Applied Biosystem), 4.5 pl of dH2O, 1 ul of forward primer and 1 pl of reverse primer
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(800 nM), and 1 ul of genomic DNA template at several concentrations in a total volume of 20
pl. A starting concentration of 200 ng/ul was used for the genomic DNA template, which was
serially diluted 1:2 dilution to a final concentration of 12.5 ng/ul to generate standard curves to

determine the efficiency for each primer set.

The qPCR master mix was prepared by combining SYBR Green Mix, dH20, and primers
for each primer set. A 19 pL volume of the master mix was added to each appropriate well in an
Applied Biosystems 96-well MicroAmp PCR reaction microplate, including a negative control
(water instead of genomic DNA templated added). Genomic DNA (1 ul) was added to
appropriate wells following the 1:2 dilution series described above with all reactions performed
in triplicate. Applied Biosystems MicroAmp optical adhesive film was applied to the 96-well
plate after all reagents were added and the plate was centrifuged at 1400 RPM for 2 min in a
Beckman Coulter Avanti J-26 XP centrifuge (rotor: JS-5.3) to remove air bubbles. The triplicate
reactions of the standard curves were amplified using an Applied Biosystems Step One Plus RT
PCR thermocycler. The thermocycler was programmed as follows: 95°C for 10 min, 40 cycles at
95°C for 15 sec (denaturation) and 60°C and 64°C for 1 min (annealing temperature). Each

primer set was optimized to 100% + 10% efficiency using the standard curve of diluted template.

cDNA conversion of RNA samples

RNA isolated from a second independent set of wild-type and Alrp cells grown in planta
as described above were converted to cDNA using the High-Capacity cDNA Reverse
Transcription Kit (ThermoFisher). A master mix consisting of 2 ul of 10X RT Buffer, 0.8 pl of
25X dNTP mix (100 nM), 2 pl of 10X RT random primers, 4.2 pl of nuclease-free H.O, and 1 pul
of MultiScribe Reverse Transcriptase was prepared for each RNA sample. Ten pl of extracted

RNA was added to 10 pl of the master mix. The 20 pl reaction was then carried out in the
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thermocycler (BIO RAD T100 Thermo Cycle) which was programmed as follows: 25°C for 10

min, 37°C for 120 min, 85°C for 5 min, and 4°C hold. The cDNA samples were stored at -20°C.

gRT-PCR Validation

The cDNA samples were diluted to 20 ng/ul prior to qRT-PCR. The qRT PCR master
mix was prepared by combining 12.5 ul of SYBR Green, 1.5 ul of dH20, 1 pl of the appropriate
forward primer (800 nM), 1 ul of the appropriate reverse primer (800 nM). A 16 ul volume of
the master mix was added to each appropriate well in an Applied Biosystems 96-well MicroAmp
PCR reaction microplate, including a negative control (water instead of cDNA template added),
then 4 pl of cONA was added to the appropriate well. Reactions were carried out in technical
triplicate in a MicroAmp PCR plate covered with Applied Biosystems MicroAmp optical
adhesive film and centrifuged at 1400 RPM for 2 min in a Beckman Coulter Avanti J-26 XP
centrifuge (rotor: JS-5.3) to remove air bubbles. An Applied Biosystems Step One Plus RT PCR
machine was programmed for 40 cycles with a denaturation temperature of 95°C for 15 sec and
annealing temperature of 60°C for 1 min. If the initial average cycle threshold (Ct) values were
greater than 30 (e.g., nac, aceB, and yjbF samples), the cDNA template concentration was
increased to 40-50 ng/ul and any samples that remained with a Ct value >30 were excluded from
calculations (i.e. yjbF was done in duplicate). A AACt comparative analysis was completed using
gyrB as the internal control for normalization and the DC283 cDNA as the reference sample.
Fold gene expression was calculated using the average AACt values and the 2°*2%Y formula

(Applied Biosystems).

Gene Ontology Analysis

Blast2GO software was used for gene ontology (GO) annotation of the Pss DC283

genome. GO annotations were then matched with the sequences in the RNA-Seq data, pairing
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differential expression and prediction GO annotations. The genes from this paired dataset were
separated further into genes that were three-fold or more differentially expressed (either activated
or repressed) between DC283 and Alrp in planta cultures. Manual annotation was completed for
the remaining genes with three-fold or more differential expression, but no GO annotation
provided by Blast2GO. Manual GO annotation was completed using NCBI BLASTp and
Geneontology.org searches. Four activated genes were manually annotated using NCBI BLASTp
and Geneontology.org searches (DSJ_RS03065, yjbF; DSJ_RS03070, yjbE; DSJ_RS03060, gfcC
/yjbG; DSJ_RS03055, yjbH). Gene set enrichment was conducted on the three-fold or greater
differentially expressed and GO or manually annotated genes. The analysis focused on groups of
genes enriched for Biological Process (BP) gene ontologies. Fisher’s exact test was utilized for
statistical analysis and p-values were false discovery rate (FDR) adjusted. Gene groups with p-

values of 0.05 or lower were considered significantly regulated in the datasets.

Accession numbers

The RNA-Seq read data has been deposited into the NCBI Sequence Read Archive (SRA) with
accession numbers pending. An Excel file summarizing the total read counts for each sample
using the Pss DC283 complete genome (NZ_CP017581 to NZ_CP017592) from NCBI; Duong,
Stevens, and Jensen, 2017) was deposited into the NCBI Gene Expression Omnibus database

(GEO accession numbers pending).

Results

Differentially expressed genes discovered through RNA-Seq

RNA-Seq was performed on the Pss DC283 wild-type and Alrp strain RNA extracted

from in planta grown cells, in experimental triplicate, to determine differential gene expression
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during growth in the corn xylem. RNA-Seq yielded between 50 and 76 million raw 100 bp
length reads/sample. These reads were aligned to the DC283 reference genome. The normalized
transcripts per million (TPM) counts for each experimental sample were calculated and averaged
between replicates. Averaged, normalized TPM counts were used to determine differential
expression between the DC283 wild-type and Alrp strains. The genes most differentially
expressed between Pss DC283 wild-type and Alrp strain grown in planta were identified (Table
2.1). All select genes met the inclusion criteria of three-fold or greater difference in the
expression between the wild-type and the Alrp mutant strains and a TPM count of 100 or greater
with the exception of the cheR and rutA coding sequences (Table 2.1). These two genes were
included due to their greater than three-fold differential expression and their location adjacent to
multiple other coding sequences with significant differential expression, potentially signifying a
gene cluster/operon. Overall, there were 78 total genes meeting the minimum of three-fold
differential expression and meeting the TPM 100 count cutoff and 154 total genes with three-fold
or more differential expression without the TPM 100 count cutoff parameter (Table S2.15 and

16). Eleven of the most differentially regulated genes were selected for more in depth evaluation.

RNA-Seq data was aligned to the DC283 reference genome by either the bulk alignment
(Table 2.1) or individual alignment (Table 2.2) technique. These two different alignment
assemblies were compared to confirm likeness by matching the number of sequences, percent
pairwise identity, and percent GC content and found to be identical. After calculation of
differential expression for both the individual and bulk alignment assemblies, all 11 initially
selected coding sequences of interest continued to meet the initial criteria of three-fold or greater
difference in the expression between the wild type and the Alrp mutant strains (Table 2.1 and

2.2). The bulk alignment was used to prevent over representation of read matches for duplicate
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coding sequences on separate contigs. Expression ratios of individual alignment assemblies and
bulk alignment assemblies remained similar, except for the expression ratio of rutA (Table 2.1
versus 2.2), which had an increased expression ratio for the individual alignment (increase from
8.25 to 14). Although not listed, the majority of the remaining rut operon genes were also found
to meet the inclusion criteria for individual alignment likely due to an increase in their TPM
(Table 2.2; Table S2.17). Overall, the TPMs for all coding sequences were higher in the
individual alignment assemblies compared to the bulk alignment. However, the number of
differentially expressed coding sequences meeting the selection criteria was 69 in the individual
alignment, slightly lower than the 78 meeting criteria in the bulk alignment (Table S2.17 and 18

versus Table S2.15 and 16).

Validation of RNA-Seg via qRT-PCR and DESeq2 analysis

Eleven genes were initially chosen for gRT-PCR experimental validation based on the
magnitude of differential gene expression from the RNA-Seq analysis (Table 2.1 and 2.2; Figure
2.1). Gene choice was also driven by particular physiological interest and putative biological
function annotations. DSJ_RS03065 (yjbF) is one of multiple genes found in the yjb operon
essential for EPS production, further supporting the role of Lrp in regulating biofilm production
(Ferrieres et al., 2007; Bartholomew et al., 2021). The yjb genes has previously been shown to
belong to the Rcs regulon (Ferrieres et al., 2007). DSJ_RS11700 (nac) is known to be important
in nitrogen assimilation control in Escherichia coli (Muse and Bender, 1998). Also, nac was one
of the transcription factors found to be important during in planta growth (Duong et al., 2018;
Bartholomew et al., 2021). DSJ_RS03005 (aceB) encodes malate synthase, which is a well
characterized enzyme essential for the shunted glyoxylate cycle and involved in stress response

(Sarkhel et al., 2022). DSJ_RS25825 (rutA) along with other rut genes found on the plasmid
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represented by sequences in NZ_CP017591 plays a role in pyrimidine catabolism, serving as a
nitrogen source in E. coli (Loh et al., 2006). DSJ_RS08675 (an ATP binding cassette domain
CDS) is closely related to an ABC-type branched chain amino acid transporter in another
Pantoea species (Rocha et al., 2023). The remaining genes of interest (lysozyme CDS, putative
holin CDS, cheR, glycoside hydrolase family 10 protein CDS, N-acetylmuramoyl-L-alanine
amidase CDS, and hypothetical protein CDS) were chosen mainly due to their high magnitude of
differential expression. The control gene gyrB was chosen due to its housekeeping function and

stable expression in both DC283 and Alrp strains.

Primer sets for nine of the eleven genes of interest were successfully optimized and the
gRT-PCR results were found to match the trends of the RNA-Seq data analysis (Figure 2.2). The
absolute expression values for the RNA-Seq analysis and qRT-PCR were not identical, however,
the trends strongly support the validity of the RNA-Seq dataset. DESeq2 analysis also provided
differential expression confidence values between the wild type and the Alrp mutant strains
(Table 2.3). All nine selected genes have absolute confidence values greater than two
(correlation with a p-value of 0.01). Negative confidence values signify genes upregulated in the
wild type, while positive confidence values signify genes upregulated in the mutant. Thus, the
DESeq?2, differential expression analysis, provides further support for nine genes of interest
having significant differential expressions. DESeq?2 also provided many other potentially
significant, differentially expressed genes (a total of 340 genes with three-fold or more
differential expression) for future review and research (Table S2.1 and 2). Validation of the
RNA-Seq data through q RT-PCR and DeSeq?2 supported moving forward with further
bioinformatic analyses, including comparative genomics and gene ontology mapping and

annotation with regard to biological process regulation.
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Comparative genomics using NCBI BLASTp

The YjbF, RutA, Nac, ABC-binding cassette domain containing protein, AceB, CheR,
and N-acetylmuramoyl-L-alanine amidase CDSs all had high percent identity (100% to 88%)
and query coverage (100% to 97%) (Table S2. 3-9) with their respective top ten NCBI BLASTp
alignments. The glycoside hydrolase CDS had a slightly lower percent identity (93% to 80%)
and query coverage (100% to 96%) (Table S2.10). Lysozyme, putative holin, and hypothetical
protein all had an even lower percent identity (65% to 39%) and query coverage (99% to 80%)
(Table S2.11-13). Nevertheless, the comparative genomics for each of the select genes provided

initial support for potential function.

Most of the selected coding sequences shared close similarity for proteins associated with
bacteria in the Enterobacteriaceae family, though predominantly other Pantoea spp (Table S2.
3-10). This supports the idea that these genes are highly conserved across Pantoea spp. The
lysozyme and putative holin coding sequences on the NZ_CP017591 plasmid, and the
hypothetical protein on the main chromosome had lowsimilarity with other proteins, however,
the best matches remained with bacteria associated with the Enterobacteriaceae family such as
Erwinia and Serratia (Table S2.11-13). These results suggest that the lysozyme and holin genes
may be specific to our Pantoea DC283 strain or that they are potentially associated with a

remnant prophage.

Gene Ontology (GO) analysis

GO analysis was used to identify classes of genes associated with differential gene
expressions. A total of 59 and 60 annotated genes for Lrp-related activated and repressed genes,
respectively, were able to be given GO designations. The most significantly activated and

repressed biological processes (GO biological processes with two or more associated genes and
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an FDR adjusted p-value of 0.05 or less) are shown in Figures 2.3 & 2.4, respectively. The GO
analysis identified five different groups of genes (nitrogen utilization, uracil catabolic process,
EPS biosynthesis process, xanthine transport, and nitrate transmembrane transport) under the
biological process hierarchy associated with Lrp-related activation and three different groups of
genes (arginine catabolic process to glutamate, arginine catabolic process to succinate, and 4-
amino-4-deoxy-alpha-L-arabinopyranosyl undecaprenyl phosphate biosynthetic process)

associated with Lrp-related repression (Figures 2.3 and 2.4).

Discussion

Phytopathogens colonize the vascular systems of plants tend to be distinguished by those
inhabiting either the phloem or the xylem. Xylem-dwelling phytopathogens, like Pss, enter a
continuous extracellular space known as the mesophyll apoplast including the space between the
plant cell wall and plasma membrane. Following the apoplastic route, these pathogens eventually
enter and subsequently colonize the xylem through a poorly defined mechanism. Fluctuating
xylem fluid flow, plant defenses, and scarce nutrients make the plant xylem a seemingly
inhospitable environment for bacteria (De La Fuente et al., 2022). To date, there is limited
knowledge of the complete set of genes required for Pss entrance into and subsequent

colonization of the xylem.

Previously, transcriptome data of Pss grown in planta versus in vitro in a LB culture
identified genes significantly upregulated during in planta growth (Packard et al., 2017). The
largest groups of upregulated genes encoded transporters of amino acids and alternative sugars,
other compounds like ammonia, and a transcriptional regulator involved in nitrogen assimilation
control, nac (Packard et al., 2017). In addition, genes with functions associated with oxidative

stress, like incl, were found to be upregulated (Packard et al., 2017). Other genes associated with
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oxidation and reduction included some involved in fatty acid metabolism, such as malate
synthase (aceB), suggesting the presence of fatty acids and limited glucose availability in the
xylem and/or the need to remove glyoxylate during oxidative stress (Packard et al., 2017;
Sarkhel et al., 2022). A Tn-Seq study subsequently discovered multiple genes essential for Pss in
planta growth and survival (Duong, Jensen, & Stevens, 2018) including the global transcription
factor, Lrp. Lrp was found to regulate motility and capsule production in Pss, factors critical for
in planta virulence (Bartholomew et al., 2021), but additional work was needed to define its

regulon.

In this study, RNA-Seq was used to analyze the transcriptome of Pss wild-type and Alrp
mutant strains during monoculture in planta growth. Comparison of the RNA-Seq datasets
allowed for the determination of differential gene expression (three-fold or greater) between the
wild-type Pss and the Alrp mutant. gRT-PCR analysis of nine select genes was used as an
independent method to validate the RNA-Seq data. DESeqz2, a second differential expression
analysis, was also used to predict differential gene expression. GO analysis highlighted several
biological processes as being key physiological outputs putatively under Lrp control that are

necessary for in planta colonization and survival in the xylem.

The xylem is a difficult environment for phytopathogens to colonize. Vascular pathogens
able to penetrate the xylem barriers must overcome a constantly fluctuating flow of xylem fluid.
When bacteria are sensed by the host, plant physical barriers are reinforced and toxic defense
compounds are secreted into the nutrient-poor xylem fluid (De La Fuente et al., 2022). There are
a limited number of vascular bacterial pathogens, but interestingly most of these pathogens have
evolved to inhabit and thrive in the xylem (Yadeta and Chomma, 2013; Bae et al., 2015; De La

Fuente et al., 2022). All of these xylem-dwelling phytopathogens must have the appropriate
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machinery to extract and utilize nutrients for growth. Previous research shows that Pss is able to
influence the host metabolism and extract available nutrients during mesophyll apoplast infection
(Asselin et al., 2015; Gentzel et al., 2022). It remains unknown if Pss also disrupts the host plant
metabolism during xylem infection, although WtsE plays an undefined role in the xylem
(Doblas-Ibanez et al., 2019). The xylem fluid contains low amounts of carbohydrates, with the
predominant source of potential nutrients thought to be nitrogen-containing compounds, like
amino acids (Alvarez et al., 2006; Alvarez et al., 2008; Nakamura et al., 2008; Fernandez-Garcia
etal., 2011).

The GO analysis of the Lrp-controlled genes provided 59 total annotated genes with
three-fold or greater activation (Table S2.15). Five activated GO biological processes were found
to be significantly enriched: nitrogen utilization, uracil catabolic process, exopolysaccharide
(EPS) biosynthetic process, xanthine transport, and nitrate transmembrane transport. Of these,
the biological processes with the greatest number of annotated genes were those involved in
nitrogen utilization and uracil catabolic processes. All six genes encode proteins in the Rut
pathway, which processes pyrimidines (uracil, thymine, cytosine) to be utilized as a usable
nitrogen source (Kim et al., 2010), were identified. The six identified genes (rutFEDCBA) are
located in an operon on the NZ_CP017591 plasmid with rutG in the following order
rutGFEDCBA. In E. coli, the Rut pathway was found to be one of three pyrimidine catabolic
pathways and it is activated by the nitrogen regulatory protein C (NtrC) (Loh et al., 2006; Kim et
al., 2010). E. coli required an intact Rut pathway to grow using uracil as a sole nitrogen source
(Kim et al., 2010).

Another upregulated gene involved in the utilization of nitrogen encodes the Nac

(nitrogen assimilation control) transcriptional regulator. In Klebsiella aerogenes, K. pneumonia,
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and E. coli; this gene was found to be activated by the nitrogen regulatory system (Ntr) under
glutamine scarce conditions (Bender, 2010). E. coli Nac regulates histidine, urea, and proline
catabolic pathways, while repressing ammonia assimilation pathways and genes like glutamine
synthase and glutamine dehydrogenase (Muse & Bender, 1998; Bender, 2010). Nac is also
repressed (via catabolic repression) by glucose (Bender, 2010). In Pss, Nac may be important for
nutrient acquisition from amino acids present in xylem fluid.

The xylem is believed to have scarce glucose levels. Upregulation of the gene aceB,
which encodes the glyoxylate cycle enzyme malate synthase, suggests that alternative carbon
sources may be present. The glyoxylate cycle is a tricarboxylic acid pathway shunt that allows
growth using acetate and fatty acids as a sole carbon source and net carbon accumulation from
acetyl CoA (Maloy & Nunn, 1982). Interestingly, recent research provides evidence that malate
synthase helps improve survival during oxidative stress due to metabolism of glyoxylate (Sarkhel
et al., 2022). Plants are known to secrete reactive oxygen species in response to bacterial
infection (Yadeta and Chomma, 2013; Bae et al., 2015). Oxidative reductive biological
processes, including genes involved in oxidative stress response were one of the biological
processes most upregulated during Pss grown in planta (Packard et al., 2017).

The second largest group of annotated genes was associated with the activation of the
EPS biological process. EPS production is the major virulence factors used by Pss during late-
stage xylem infection and the culprit for the characteristics of Stewart’s wilt disease (von
Bodman & Farrand, 1995; Roper, 2011). EPS is an essential virulence factor that provides
protection against harsh conditions and plant defense, while anchoring the bacteria to counteract
the flow of xylem fluid (Roper, 2011, De La Fuente, 2022). The yjobHGFE genes were all located

adjacently in an operon on the main chromosome. In E. coli, the yjbEFGH operon was shown to
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be responsible for EPS production while under the control of the Rcs (regulator of capsule
synthesis) phosphorelay system (Ferrieres et al., 2007). In Erwinia amylovora (a phytopathogen
which causes fire blight disease), Lrp has also been described as a virulence regulator associated
with control of EPS production (Schachterle and Sundin, 2019). In Pss, EPS production is
regulated by the EsaR/Esal quorum-sensing system and the Rcs two-component regulatory
system (Carlier, Burbank, & von Bodman, 2009). Lrp appears to also be involved in a
mechanism of coordinated activation of the yjb operon and the essential process of EPS
production during in planta growth. Previous research found that the Pss A/rp strain showed
reduced biofilm formation and motility along with lower virulence for inoculated corn plants
(Bartholomew et al., 2022).

In the Lrp regulon, the xanthine transport biological process was associated with the
activated genes for rutG (first gene in the rut operon as described above) and a purine permease
(WP_006121072.1; found on the main chromosome). The rutG gene likely encodes a putative
pyrimidine transporter based on its function in E. coli (Kim et al., 2010). Interesting rutG has
been linked with a biological process related to the transport of a purine base, not a pyrimidine.
Purine permeases transport xanthine and other purine-like compounds (Karena & Frillingos,
2011). Across many bacterial genera, purines are used as carbon, nitrogen, and energy sources
(Karena & Frillingos, 2011; Hartwich, Poehlein, & Daniel, 2012; Kasahara et al., 2023).
Interestingly, plants secrete purine-like compounds known as cytokinin (CK) in response to a
wide-array of biotic and abiotic factors (Kieber & Scheller, 2014; Castro-Moretti et al., 2020).
This may provide some evidence of Pss utilizing the purine-like compounds, like CKs, as a

minor resource when growing in the xylem.

47



The nitrate transmembrane transport biological process was linked with the ABC
transporter ATP-binding protein (WP_006118921.1) and ntrB. These two genes are adjacent to
each other on the main chromosome. In many Gram-negative bacteria the general nitrogen
regulatory system (Ntr) controls nitrate transport and assimilation (Luque-Almagro et al., 2011).
This is a two-component system involving the sensory kinase, NtrB, and response regulator,
NtrC. This system is responsive to ammonia (a product of nitrite reduction) and glutamine levels
(Lugue-Almagro et al., 2011). In Pseudomonas aeruginosa, a AntrBC strain was found to have
reduced biofilm formation, a loss of swarming motility, and decreased surface motility (Alford et
al., 2020). An activated, putative nitrate regulatory protein CDS (WP_006118918.1) is found
upstream and adjacent to ntrB on the Pss main chromosome and is suspected to encode NtrC. In
addition, the ABC nitrate transporter ATP-binding protein (WP_006118921.1) and two
annotated, activated genes, a nitrite reductase, nirB, and nitrate reductase are located adjacent to
and downstream of ntrB. Along with regulation of nitrogen metabolism and nitrate assimilation,
ntrC, was found to regulate genes involved in stress response (Alford et al., 2020). Finally, one
of the most upregulated genes encoding an ATP-binding cassette domain containing protein
(WP_033737785.1) was found to have GO processes associated with branched chain amino acid
(BCAA) transport. BCAAs consist of leucine and iso-leucine, important signaling molecules for
Lrp (Kroner, Wolfe, and Freddolino, 2019).

The GO analysis provided 60 total annotated genes related to three-fold or greater
repression (Table S2.16). Three annotated genes, astA, astD, and astB, were associated with both
the arginine catabolic processes, converting arginine to glutamate and to succinate. The astADB
genes are adjacently located on the Pss main chromosome. In K. aerogenes, the arginine

succinyl-transferase pathway (AST) is composed of the astCADBE operon (Schneider, Kiupakis,
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& Reitzer, 1998). In K. aerogenes and E. coli, this pathway converts arginine and aspartate to
glutamate and succinate in nitrogen-limited conditions (Schneider, Kiupakis, & Reitzer, 1998).
Interestingly, there is a repressed aspartate aminotransferase family protein CDS upstream of
astADBE in Pss. In E. coli, this operon is activated by the transcriptional regulator NtrC in low
glutamine and ammonia levels (Leigh & Dodsworth, 2007; Alford et al., 2020). In Pss, genes
encoding the two-component regulatory system NtrBC are activated, however the ast operon is
repressed. Previous metabolomic characterization shows that glutamine is at much greater
concentrations (3.5 mM) compared to any other compound in xylem fluid (Alvarez et al., 2008).
This suggests that Pss could utilize glutamine from the xylem fluid and would repress the
unnecessary production of glutamine through the AST assimilation pathway.

Finally, two genes in the Lrp regulon were associated with the repressed 4-amino-4-
deoxy-alpha-L-arabinopyranosyl undecaprenyl phosphate biosynthetic process. The arnDC
genes associated with this biological process are both found on the plasmid NZ_CP017591
within the arnBCADTEF operon. In E. coli, the 4-amino-4-deoxy-alpha-L-arabinopyranosyl
undecaprenyl phosphate biosynthetic process produces modified lipid A (L-Ara4N modified
lipid A), which provides increased resistance to cationic antimicrobial peptides (Breazeale,
Ribeiro, & Raetz, 2002). Expression of the arn operon leads to the biosynthesis and translocation
of the L-Ara4N modified lipid A (Breazeale, Ribeiro, & Raetz, 2002; Bertani & Ruiz, 2018).
Lipopolysaccharide (LPS) is the major component of the outer leaflet within the outer membrane
(OM) in Gram-negative bacteria, providing structural integrity of the OM and defense against
passive diffusion of deleterious hydrophobic compounds, like antibiotics (Bertani & Ruiz, 2018).
Because LPS is a ubiquitous characteristic of Gram-negative bacteria multiple components of

LPS, especially the endotoxic lipid A anchor, trigger the innate immune response. In plants,
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Microbe-Associated Molecular Pattern (MAMP) immunity is triggered by components of LPS
(Nishad et al., 2020; Castro-Moretti et al., 2020). Pss may be repressing the biosynthesis of
components of LPS, like lipid A, to avoid detection by the plant host. This would complement
the role of the more external EPS layer in providing redundant protection against the
constitutively secreted plant defense compounds.

Other annotated genes of interest that did not fit into the biological processes described
above are cheR, glycoside hydrolase family 10 protein CDS, and N-acetylmuramoyl-L-alanine
amidase CDS (Table 2.1-3). The gene cheR is well known for its involvement in chemotactic
response and motility, constitutively methylating chemoreceptors and leading to repression of
chemotactic motility (Springer and Koshland, 1977). Additionally, adjacent Pss genes cheZ and
cheY (involved in dephosphorylation of CheY and control of flagellar rotation in response to
environment stimuli, respectively) were also found to be repressed by Lrp (Table
S2.14)(Springer and Koskland, 1977). Lrp has been associated with control of bacterial motility
in Pss as well as in other closely related phytopathogens, like Erwinia amylovora (Schachterle
and Sundin, 2019; Bartholomew et al., 2022). Thus, CheR may play an important role in the
movement of Pss within the plant.

Glycoside hydrolase family 10 proteins are involved in degradation of major structural
components in plant cell walls known as heteroxylans (Naumoff, 2016; Rafiei, Velez and
Tzelepis, 2021). This protein may be necessary during the early stages of Pss infection for
nutrient extraction or movement through the host vascular system, but unnecessary for survival
once established in the xylem (Rafiei, Velez and Tzelepis, 2021). Finally, N-acetylmuramoyl-L-
alanine amidases are widespread among bacteria and associated with cell wall modification and

degradation (Heidrich et al., 2001). Repression of an enzyme that could compromise the
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protective peptidoglycan layer during infection may help afford protection to Pss in the xylem.
Further investigation of the Lrp-regulated genes in Pss would enable assignment of more precise
physiological function during in planta growth.

In conclusion, this study has defined genes associated with the Lrp regulon of the
bacterial corn pathogen Pss. Pss must be able to sense its local environment and adjust its
physiology to appropriate adapt and grow. In the corn xylem, Lrp regulation modulates uptake
and utilization of nitrogen-containing compounds. These nitrogen containing compounds are
potential carbon and nitrogen sources used by Pss to grow in the xylem environment. Lrp is also
involved in the expression of protective mechanisms, including biofilm formation. What
metabolite Lrp senses to elicit these responses remains unknown, but an analysis of the precise

metabolites present in xylem fluid will likely provide key insights.
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Table 2.1. RNA-Seq data comparing the Pss in planta DC283 reads and Alrp reads from the
bulk alignment technique for select genes.

Locus Tag Gene Annotation Type of Expression  P-value
Regulation® ratio®
DSJ_RS03065 yjbF YjbF family lipoprotein A 32.54 0.042
CDS
DSJ_RS24935 lysozyme CDS A 20.05 7.47E-
05
DSJ_RS24945 putative holin CDS A 15.02 3.49E-
05
DSJ_RS25825  rutA  rutA CDS A 8.25 0.064
DSJ_RS11700 nac  nac CDS A 8.05 0.063
DSJ _RS08675 ATP-binding cassette A 7.19 0.016
domain-containing protein
CDS
DSJ_RS03005 aceB aceB CDS A 3.53 0.16
DSJ_RS15630 cheR cheR CDS R 0.13 (7.69) 0.0015
DSJ_RS23920 glycoside hydrolase family 10 R 0.09 (11.11) 0.035
protein CDS
DSJ _RS23915 N-acetylmuramoyl-L- R 0.07 (14.29) 0.069
alanine amidase CDS
DSJ_RS13940 hypothetical protein CDS R 0.07 (14.29) 0.066
DSJ RS00025 gyrB DNA gyrase subunit B Control 0.97 0.59

& A = activated or R = repressed genes in planta

b Expression ratio and P-value calculated manually using the averaged, normalized TPM values
of three DC283 in planta samples and three Alrp in planta samples.

57



Table 2.2. RNA-Seq data comparing the Pss in planta DC283 reads and Alrp reads from the
individual alignment technique for select genes.

Locus Tag Gene Annotation Type of Expression  P-value
Regulation? ratio®
DSJ _RS03065 yjbF YjbF family lipoprotein A 31.55 0.043
CDS
DSJ_RS24935 lysozyme CDS A 19.20 0.00015
DSJ _RS24945 putative holin CDS A 14.40 0.00011
DSJ_RS25825  rutA  rutA CDS A 14.05 0.041
DSJ_RS11700 nac  nac CDS A 7.90 0.065
DSJ_RS08675 ATP-binding cassette A 7.11 0.017
domain-containing protein
CDS
DSJ_RS03005 aceB aceB CDS A 3.43 0.16
DSJ_RS15630 cheR cheR CDS R 0.13 (7.69) 0.0015
DSJ_RS23920 glycoside hydrolase family 10 R 0.16 (6.25) 0.015
protein CDS
DSJ_RS23915 N-acetylmuramoyl-L- R 0.13 (7.69) 0.045
alanine amidase CDS
DSJ_RS13940 hypothetical protein CDS R 0.06 (16.67) 0.0019
DSJ RS00025 gyrB DNA gyrase subunit B Control 0.94 0.21

a A = activated or R = repressed genes in planta

b Expression ratio and P-value calculated manually using the averaged, normalized TPM values
of three DC283 in planta samples and three Alrp in planta samples.
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Table 2.3. DESeq2 analysis of genes from the RNA-Seq data comparing the Pss in planta
DC283 reads and Alrp reads.

Locus Tag Gene Annotation Type of Differential  P-value
Regulation® Expression
Coefficient”
DSJ_RS03065 yjbF  Y]jbF family lipoprotein A -38.47 2.31E-
CDS 42
DSJ_RS24935 lysozyme CDS A -143.91 8.46E-
147
DSJ_RS24945 putative holin CDS A -136.28 7.28E-
139
DSJ_RS25825  rutA  rutA CDS A -8.95 2.63E-
11
DSJ_RS11700 nac nac CDS A -12.91 9.85E-
16
DSJ_RS08675 ATP-binding cassette A -12.85 1.16E-
domain-containing protein 15
CDS
DSJ_RS03005 aceB aceB CDS A -4.22 2.28E-
06
DSJ_RS15630 cheR cheR CDS R 24.42 5.16E-
28
DSJ_RS23920 glycoside hydrolase family 10 R 13.15 1.96E-
protein CDS 15
DSJ_RS23915 N-acetylmuramoyl-L- R 10.46 1.92E-
alanine amidase CDS 12
DSJ_RS13940 hypothetical protein CDS R 52.20 2.88E-
56
DSJ RS00025 gyrB DNA gyrase subunit B Control -0.17 0.40

& A = activated or R = Repressed gene in planta

b DE-Seq? differential expression analysis completed using the same read sets and individual

read alignment technique. Negative differential expression coefficients correlate with

upregulated genes, while positive values correlate with downregulated genes.
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Figure 2.1. Differential mMRNA expression in planta. Whole transcriptome data (average,
normalized TPM) of Pss DC283 and Alrp strains grown in planta. Blue filled circles represent
each gene. Green and red lines represent three-fold expression ratio cutoff. Any circle that falls
outside of cutoff lines is considered upregulated (green) or down regulated (red) in planta. The
11 genes initially selected for validated through gRT-PCR are represented as green-filled

(upregulated) or red-filled (downregulated) circles.
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Figure 2.2. Relative gene expression from the RNA-Seq and qRT-PCR data. gRT-PCR
analysis results (blue) and RNA-Seq analysis results (orange) for the nine indicated genes (ATP-
binding cassette domain-containing protein CDS abbreviated to ATP-BC; glycoside hydrolase
family 10 protein CDS abbreviated to Glyco hydro; N-acetylmuramoyl-L-alanine amidase CDS
abbreviated to NALA). (A) Fold-activation or (B) repression is shown on a logarithmic scale.
RNA-Seq and qRT-PCR results are the average of three experimental samples with the gRT-
PCR analyzed in triplicate. The gyrB gene was used as a reference for normalization of the qRT-

PCR results.
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Figure 2.3. Gene Ontology analysis groups of biological process significantly activated by
Lrp. Total number of matches in the Pss genome (orange) compared to Lrp-activated gene
matches (blue) with associated biological process. Groups shown had at least two or more genes
assigned to the same biological process group and a maximum p-value of 0.05 after False

Discovery Rate (FDR) adjustment, shown to the right of each process.
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Figure 2.4. Gene Ontology analysis groups of biological processes significantly repressed by
Lrp. Total number of matches in the Pss genome (orange) compared to Lrp-repressed gene
matches (blue) with associated biological process. Groups shown had at least two or more genes
assigned to the same biological process group and a maximum p-value of 0.05 after False

Discovery Rate (FDR) adjustment, shown to the right of each process.
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Abstract

Pantoea stewartii subspecies stewartii (Pss) is a plant pathogen that infects corn, causing
Stewart’s wilt disease. Pss utilizes a type 111 secretion system effectors (T3SSESs) to induce water
soaking (WS) and the release of nutrients while inhabiting the plant leaf apoplast. As the
infection progresses, Pss enters the xylem and uses density-dependent quorum-sensing control to
facilitate a lifestyle shift at high cell density leading to biofilm formation. While inhabiting the
xylem, Pss must contend with harmful host defense compounds and extract scarce nutrients
present in the xylem. Previous research has highlighted the Leucine-responsive Regulatory
Protein (Lrp) as a regulator of multiple functions related to virulence during Pss growth in the
xylem. The purpose of this work was to develop a method for extracting corn xylem fluid to
enable in vitro growth studies under more physiologically relevant conditions. Pss wild-type and
Alrp mutant strains were grown in extracted xylem fluid and Luria-Bertani (LB) medium to
compare phenotypic differences in growth patterns related to (1) differences in growth media and
(2) the presence/absence of the Irp gene. When grown in monoculture, both Pss strains grew well
in the extracted xylem fluid and LB medium. However, when grown together in LB medium, the
Alrp mutant strain greatly outcompeted the wild type whereas in xylem fluid, wild type
marginally outcompeting the Alrp mutant. In addition to these growth studies, the development
of xylem fluid extraction methods will enable future metabolomic analyses to determine the
composition of corn xylem fluid, thereby identifying key metabolites used by Pss during growth

in the xylem, and the development of synthetic xylem fluid for in vitro experimentation.

65



Introduction

Phytopathogenic bacteria infect a broad range of plant species and target multiple plant
structures from leaves and stems to roots and tubers. Select bacterial plant pathogens specifically
target the host plant’s vascular system, including the xylem. Pantoea stewartii subsp. stewartii
(Pss) is a bacterial phytopathogen that infects susceptible corn varieties in the xylem. Pss utilizes
the corn flea beetle (Chaetocnema pulicaria) as a vector to overwinter in the hindgut and for
transfer into the corn plant through feces as the insect feeds (Pataky, 2003; Roper, 2011). Pss
first enters the maize apoplasts where a type 11 secretion system (T3SS) with type 111 effectors
(T3E), and other secreted enzymes induce water soaking (WS), suppression of host defense,
nutrient release, and eventual necrosis of host cells; this causes leaf blight symptoms in the host
plant (Fredrick et al., 2001; Ham et al., 2008; Ham et al.,2009; Doblas-1banez et al., 2019;
Gentzel et al., 2022). Pss then migrates through the vascular system of the corn plant and
colonizes the xylem. How Pss enters the xylem remains poorly understood, however regulation
of this transition to the xylem environment is controlled by quorum sensing and likely involves
motility functions (Koutsoudis et al., 2006; Roper, 2011). During the later stage of xylem
infection, QS density-dependent signaling prompts the Pss cells to produce exopolysaccharide
(EPS) at high cell densities leading to biofilm formation (Bradshaw et al., 1981; Coplin & Cook,
1990). Dense biofilm formation restricts and eventually blocks water transport in the xylem

leading to Stewart’s wilt disease symptoms.

During early infection, Pss infiltrates the leaf apoplasts. Utilizing its T3SS, Pss induces
WisE-dependent apoplast hydration and increased concentrations of available nutrient sources
(Gentzel et al., 2022). Pss growth in the apoplast is dependent on apoplast hydration and the

subsequent release of nitrogen and carbon sources. The precise composition of nutrients released
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and accumulated in the apoplast during WtsE-induced WS was determined using metabolomic
analyses (Gentzel et al., 2022). Interestingly, Pss was found to efficiently assimilate the most
abundant carbon and nitrogen source in the hydrated apoplast (Gentzel et al., 2022). This
provides evidence that Pss utilizes the T3SS during apoplast infection to release metabolites that
serve as carbon and nitrogen sources supporting bacterial growth in that host niche (Ham et al.,
2008; Gentzel et al., 2022). It remains unclear if Pss continues to utilize this same strategy
during late-stage infection while invading the plant xylem. However, WtsE is thought to play a
role during the growth of Pss in the xylem (Doblas-1banez et al., 2019). To date, scarce
metabolomic analyses have been carried out on corn xylem sap/fluid composition. Uninfected
corn xylem fluid contains a very low abundance of carbohydrates, with the predominant source
of potential nutrients being nitrogen-containing compounds like amino acids (Alvarez et al.,

2006; Alvarez et al., 2008; Nakamura et al., 2008; Fernandez-Garcia et al., 2011).

The xylem is a difficult environment for bacterial pathogens to colonize, it is composed
of tracheary vessels, rigid fibers, and metabolically active parenchymal cells (Schuetz et al.,
2013; Bae et al., 2015). The xylem allows for the efficient transport of water and minerals
absorbed through the root system along with structural resilience to shifts in pressure facilitating
this transport. The xylem vessels provide unimpeded movement of xylem fluid; however, the
vessels are interconnected through small pores called pits (Choat, Cobb, & Jansen., 2008). Pits
connecting xylem vessels form pit chambers with a central, thin membrane known as a pit
membrane. The pit membrane is composed of a woven mesh of polysaccharides, with small
openings only allowing passage of water and transported minerals to neighboring parenchymal
cells (Choat and Pittermann, 2009). Vascular pathogens must penetrate the rigid, exterior xylem

wall or breach the pit membrane to access the nutrient-poor xylem environment. Once pathogens
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enter the xylem, they must also overcome a fluctuating flow of xylem fluid. When pathogens are
sensed by the host plant, physical barriers are reinforced and toxic defense compounds such as

reactive oxygen and nitrogen species are secreted into the xylem (De La Fuente et al., 2022).

Though there are a limited number of vascular bacterial pathogens, they have evolved to
inhabit and thrive in the xylem utilizing the available nutrients (Yadeta and Chomma, 2013; Bae
et al., 2015; De La Fuente et al., 2022). All of these xylem-dwelling phytopathogens must have
the appropriate machinery to extract and utilize nutrients for growth. Calcium, magnesium,
potassium, nitrate, phosphate, and sulfate are the most abundant inorganic ions in the xylem fluid
of oilseed rape plants (Nakamura et al., 2008). The xylem fluid of field corn contains low
amounts of carbohydrates (Alvarez et al., 2006; Alvarez et al., 2008; Nakamura et al., 2008;
Fernandez-Garcia et al., 2011). However, one study found high levels of nitrogen-containing
compounds including glutamine, glutamate, and many amino acids present in corn xylem fluid
(Alvarez et al., 2008). Additional nutrients are also likely extracted by pathogens using cell wall
degrading enzymes (CWDE) or invasion of parenchymal cells and induction of nutrient release
(YYadeta and Chomma, 2013; Gentzel et al., 2022), however, overall pathogen nutrient

acquisition and survival in the xylem is not well understood.

Previous research defining the transcriptome data of Pss grown in planta demonstrated
the upregulation of a number of genes encoding nutrient transporters (Packard et al., 2017). A
subsequent Tn-Seq study identified genes essential for in planta survival of Pss (Duong, Jensen,
& Stevens, 2018). One of these genes, the Leucine-responsive Regulatory Protein (Lrp) was
shown to function in plant virulence, regulating motility and capsule production in Pss
(Bartholomew et al., 2021). Lrp is a master global transcriptional factor, with homologs present

in many bacterial and archaeal species. Lrp is able to regulate bacterial physiology in response to

68



changes in the external environment, for example, ~ 1/3 of the E. coli genome was differentially
expressed under varying growth conditions (Kroner et al., 2019). Here, a xylem fluid extraction
procedure was designed and implemented to begin the process of defining the metabolites
present in corn xylem fluid that (1) are utilized by Pss during in planta growth and (2) effect the
activity of Lrp with regard to promoter recognition. Following xylem fluid collection, initial
studies were conducted to determine the growth pattern of wild type and Alrp strains separately

in monoculture and together in the competition experiments described herein.

Materials and Methods

Growth of bacterial cultures

Pss wild-type strain, 1G1001 (strain DC283 encoding nalidixic acid (NA) resistance
modified to also encode tetracycline (Tet) resistance) (Dolph et al., 1988; Packard et al., 2017)
was grown in 5 ml of Luria Bertani broth (LB; 10 g/L tryptone, 5 g/L NaCl, 5 g/L yeast extract)
supplemented with 30 pg/ml NA and 5 pg/ml Tet overnight at 30°C, 250 rpm (New Brunswick
Scientific, Excella E25 Incubator Shaker Series). The Pss Alrp mutant strain (encoding NA
resistance) was grown in 5 ml LB broth supplemented with 30 pg/ml NA overnight at 30°C, 250
rpm. The following morning both overnight cultures were subcultured to an ODego 0f 0.02 in the
same medium. Subcultures were grown in tandem at 30°C, 250 rpm in a shaking incubator until
an ODego of 0.2 was reached (low cell density). One ml of each sample was transferred to a 1.5
ml Eppendorf tube and subjected to centrifugation at 10,000 rpm for 2 min (Eppendorf
microcentrifuge 5424, rotor FA-45-24-11). The resulting cell pellet was washed by resuspension
in 1 ml phosphate buffered saline (PBS; NaCl, KCI, Na,HPO4, KH2PO4) twice. Subsequently,

500 ul of each washed culture was transferred into a single Eppendorf tube generating a 1:1 ratio
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of the two strains (1 ml total volume). The remaining 500 pl of IG1001 and Alrp washed cells

were used for monoculture growth experiments.

Xylem fluid extraction

Zea mays corn seeds (B73 strains, 2020 harvest) were planted in individual pots with
Promix soil (BX mycorrhizae general purpose growing medium) and grown for 8 days in a
Percival Scientific plant chamber at 28°C and 16-hour light and 8-hour dark cycles (~200 mE
m—2 s —1 light intensity). After 8 days of growth, corn plants were removed from the growth
chamber and the exterior surface of the stems was disinfected with 70% EtOH (coleoptile to 1st
collar) prior to being cut. The stems were cut using a disinfected razorblade ~2.5 cm from the
soil line. Xylem fluid was collected from the top of the cut stem every 10 minutes using a P200
pipette. The first xylem fluid droplet was discarded to avoid potential contamination. The xylem

fluid was transferred to a 1.5 mL microtube and stored on ice prior to long term storage at -80°C.

In vitro growth & competition assay

A Falcon 96-well microtiter plate was set up as follows: 100 ul of LB or xylem fluid into
appropriate triplicate wells; 50 ul of PBS with NA120 (120 pg/ml) into all wells; 50 ul of culture
(IG1001 only, Alrp only, or 1:1 mixture) or PBS without NA into appropriate well. Thus, the
final dilution of the culture was an ODggo 0f 0.05 with each well containing 30 pug/ml NA with
samples performed in triplicate. The microtiter plate was then covered with a Diversified Biotech
Breathe-Easy Sealing membrane and transferred to a Synergy HTX multimode plate reader. The
plate reader was set to run for 24-hrs using the following settings: absorbance reads (Asoo) every
5 min, incubation temperature of 30°C, and continuous, orbital shaking (283 cpm).

The remaining 1:1 sample was used to perform serial dilutions and spread plate samples

for viable cell counts on NA only plates (pre-growth plates) reaching final dilutions of 10°, 10,
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and 107, All serial dilutions and spread plating were done in triplicate. The plates were incubated
at 30°C for 48 hrs. Similarly, after 24 hrs, 50 pl of 1:1 post-growth in xylem fluid and LB was
used to perform serial dilutions and spread plate samples on NA only plates (post-growth plates)
reaching final dilutions of 10, 107, and 1078,

For both pre-growth and post-growth plates, colony forming units were recorded after the
48 hrs of growth. Next, plates were evaluated by replicate picking of 100 colonies on to
matching sets of grid plates on LB agar with NA30 and LB agar with NA30 and Tet5. These
replica plates were incubated at 30°C for 24 hrs. The observed growth was recorded, and the
relative competitive index (RCI) values were calculated with the following formula where input

= pre-growth and output = post-growth.

deletion patches
( Wt patches

deletion patches
( Wt patches

)output

RCI =

)input
Results

In vitro monoculture growth in Luria-Bertani broth and xylem fluid

The Pss wild-type 1G1001 and Alrp mutant strains grew well in the xylem fluid and LB
broth as monocultures (Figure 3.1). Both Pss strains grown in LB grew slightly faster and
reached a slightly greater maximum ODeoo than either Pss strain grown in xylem fluid. However,
after the 13- and 17-hr time point for IG1001 and Alrp, respectively, there is a decrease in ODgoo
for both Pss monocultures grown in LB with the wild-type decreasing more rapidly. By the 24-hr

timepoint all Pss monocultures are at similar ODsoo.
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In vitro competition assay in Luria-Bertani broth and xylem fluid

When grown in LB at a 1:1 ratio with the wild-type strain IG1001, the Alrp mutant is
capable of outcompeting the wild type, supported by a high averaged RCI value of 55.65 +30.42
from three experimental trials (Table 3.1). When the wild-type strain 1G1001 and the Alrp
mutant strain are grown in xylem fluid at a 1:1 ratio, there is a substantial shift in the observed
RCI values; an averaged RCI value of 0.74 £0.35 from six experimental trials (Table 3.2). This
data suggests that the wild type slightly outcompetes the mutant when grown together in xylem
fluid. Though the Pss strains were grown to the same ODsgoo 0f 0.2 and processed identically
prior to making the 1:1 cultures, the calculated pre-growth 1:1 (Wt: Alrp) ratios was not exactly a
1:1 ratio for each experimental replicate (Table 3.1 and 3.2). Additionally, different extracted
xylem fluid batches were used for most of the xylem fluid competition assay experiments (Table

3.2), which may have differentially impacted growth of the two strains.

For the first three competition assay experiments, the 1:1 pre-growth total averaged cell
count was 9.23x107 CFU/ml and the post-growth average, total cell counts after grown in xylem
fluid was 2.65x108 CFU/mI (Table 3.3). The post-growth average, total cell counts from 1:1
growth in LB broth was 7.9x108 CFU/mI (Table 3.3). Therefore, the 1:1 LB mixed culture
reached ~3 doubling periods over 24 hrs while the 1:1 xylem fluid mixed culture had ~1.5

doubling periods.

For a single experimental trial, the wild-type strain, IG1001, was selected for using Tet5
during both pre- and post-growth plating during competition assays. This trial was completed
due to specific concerns about the viability of the 1G1001 strain in LB. The pre-growth 1G1001
cell count for 1:1 growth in xylem fluid was 3.1x10” CFU/ml (total cell count was 1.0x10®

CFU/mI) and the post-growth 1G1001 cell count for 1:1 growth in xylem fluid was 2.7x108
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CFU/ml (total post-growth cell count was 7.9x108 CFU/mI). Thus, in the 1:1 xylem fluid mixed
culture, the 1G1001 wild-type strain reached ~three doubling periods. The pre-growth 1G1001
cell count for 1:1 growth in LB broth was 5.0x10" CFU/ml (total pre-growth cell count was
1.0x10% CFU/mI) and the post-growth 1G1001 cell count for 1:1 growth in LB broth was 1.2x108
CFU/ml (total post-growth cell count was 3.6x108 CFU/mI). Therefore, in the 1:1 LB mixed
culture, 1G1001 reached ~two doubling periods. Although the 1G1001 wild type had ~one less
doubling period in LB medium compared to xylem fluid, this does not completely explain the

shift in average RCI between 1:1 growth in LB versus xylem fluid.

Discussion

The precise composition of Zea mays xylem fluid remains unknown, however, some
research has shown that it contains low amounts of carbohydrates and is dominated by nitrogen-
containing compounds including glutamine, glutamate, and many amino acids (Alvarez et al.,
2006; Alvarez et al., 2008; Nakamura et al., 2008; Fernandez-Garcia et al., 2011). Comparative
growth of Pss in vitro LB medium and extracted xylem fluid can provide further insight into the
relative levels of nutrients available to the bacteria in each condition. In addition, the ability of
Pss to grow in xylem fluid, independent of host interaction, can be studied. Defining the
metabolites present in xylem fluid will ultimately help identify the nutrients utilized by Pss
during growth in xylem fluid. The global regulator Lrp is known to be responsive to metabolites
(e.g., leucine) present in a given environment. It is therefore likely that there are nutrient uptake
and processing pathways specific to growth in xylem fluid that are under Lrp control.

When the wild-type and Alrp mutant strains are grown separately in xylem fluid, they
seem to have comparable growth rates and grow to similar max ODs. The results of these

monoculture experiments suggest that any functions controlled by Lrp are not necessary during
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in vitro growth. Similarly, the competition assay between the wild-type and Alrp mutant strains
in vitro demonstrated that the two strains grew very similarly with the wild type growing only
slightly better. However, a prior in planta study determined that the Alrp strain is significantly
outcompeted by the wild-type strain (Bartholomew et al., 2021). Collectively, these findings

suggest that Lrp is required for growth and survival specific to in planta environment.

Pss biofilms perform a predominant role during growth in the xylem; Pss capsule
production is a known virulence factor, required for survival during the late-stage xylem
infection (Beck von Bodman & Farrand, 1995; Koutsoudis et al., 2006). Overall, capsule
production provides multiple roles for Pss including nutrient uptake, adhesion, and resistance to
host defenses (Roberts, 1996; Roper, 2011). The wild-type Pss strain is capable of capsule
prouduction, wheras the Alrp mutant strain is unable to produce high levels of capsule
(Bartholomew et al., 2021). This difference in phenotypic output may help to explain the results
that in high-nutrient medium (LB broth), the wild-type strain is strongly outcompeted by the Alrp
mutant strain. Under these growth conditions, the wild type is going to be directing a significant
portion of energy and resource toward EPS production and the Alrp mutant strain can function as
a cheater. However, in xylem fluid, when the wild type produces EPS may be serving to
positively impact nutrient acquisition and also possibly to protect against host defense
compounds still present in the extract xylem fluid. Beyond nutrient acquisition, the wild type
may also be capable of metabolizing metabolites present in the xylem fluid more effectively
through Lrp-regulated pathways, while the mutant cannot (reducing the amount of nutrients
available to the Lrp mutant). In Klebsiella pneumoniae, mutants deficient in capsule production
outcompeted the wild type when grown in nutrient rich medium (Buffet, Rocha, & Rendueles,

2021). However, when grown in a nutrient poor environment, capsule production provided a
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significant fitness advantage for the wild-type strain (Buffet, Rocha, & Rendueles, 2021). Thus,
the energy expenditure for capsule production is only outweighed by the fitness cost in the
appropriate environment and equally important is the regulation of EPS biosynthesis processes
(Koutsoudis et al., 2006; Buffet, Rocha, & Rendueles, 2021). The role of Lrp during growth in

xylem fluid in relation to capsule production and nutrient acquisition is still poorly understood.

Interestingly, the Alrp mutant strongly outcompetes the wild type during growth in LB,
while both strains grow similarly in monoculture. Perhaps because the Alrp strain does not make
as much EPS, it is able to direct more energy expenditure toward growth and proliferation.
However, the degree of out-competition suggests that additional factors may be involved that
actual inhibit or kill the wild-type stain. For a single experiment, pre- and post- growth 1:1 mixed
culture was grown on plates with Tet to select for the 1G1001 wild-type strain. The wild-type
strain appeared to doubled ~3 times in 24 hrs when grown in LB, however, when grown in
xylem fluid reached ~2 doubling periods. This can also be compared to the total cell growth
(wild-type and mutant strains combined) 1:1 mixed culture. The average total cell growth in LB
medium reached roughly 3 doubling periods in 24 hrs, but only ~1.5 doubling periods when
grown in the extracted xylem fluid. Overall, this further suggests that the wild-type strain has
decreased growth in LB broth when grown with the Alrp mutant strain. Interestingly, when
comparing RNA-Seq alignment and expression levels of the wild type and mutant (Chapter 2),
the endogenous linear phage (NZ_CP017592) results suggest that the mutant strain has lost most
of phage or it is only being expressed in the wild type. The role this might play in the
competition assay is currently unknown. RNA-Seq reads are from in planta monoculture growth

and likely not representative of expression during 1:1 growth in xylem fluid either. It is clear that
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there is a significant shift in RCI values when competing the two strains in LB versus xylem

fluid (Table 3.1 versus Table 3.2); additional experiments are warranted.
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Table 3.1. Relative Competitive Index (RCI) values of Pss wild type (1G1001) and Alrp
mutant (1:1) competition assay growth in LB medium after 24 hr.

Experimental Trial

Incubation Period

Relative Competitive

Pre-growth Ratio

(Hours) Index (RCI) Value 2 (Wt:Alrp)
1 24 74.56 1.27
2 24 48.26 0.82
3 24 44.14 0.92
Avg. Avg.

55.65 + 30.42 1.00£0.24

& RCl values are the average for each experiment with triplicate samples.
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Table 3.2. Relative Competitive Index (RCI) values of Pss wild type (1G1001) and Alrp
mutant (1:1) competition assay growth in xylem fluid after 24 hr.2

Experimental Incubation Relative Pre-growth ratio | Extracted Xylem
Trial Period (Hours) Competitive (Wt:Alrp) Fluid Batch
Index (RCI)
Value
1 24 1.35 1.27 01.17.23 and
02.01.23
2 24 0.39 0.82 02.17.23 and
03.11.23
3 24 0.48 0.90 04.08.23
4 24 0.85 0.92 05.11.23
5 24 0.82 0.41 05.11.23
6 24 0.54 0.51 06.21.23
Avg. Avg.
0.74 £0.35 0.81+£0.31

2 RClI values are the average for each experiment with triplicate samples.

b Extracted xylem fluid batches were combined prior to transfer into microtiter plate wells.
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Table 3.3. Pre- and post-growth viable clonogenic cell numbers (CFU/mI) of Pss during
competition assays in xylem fluid and LB medium.

Experimental Trial

Pre-growth (CFU/ml)

XF Post-growth

LB Post-growth

(CFU/mI) (CFU/ml)

1 8.93E7 2.33E8 7.37E8
2 7.77E7 2.83E8 8.2E8
3 1.1E8 2.78E8 8.13E8
Avg. Avg. Avg.

9.23E7 2.65E8 7.9E8
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Figure 3.1. Monoculture growth of 1G1001 wild type and Alrp mutant strain in xylem fluid
or LB medium. IG1001 in xylem fluid (blue), IG1001 in LB broth (orange), Alrp in xylem fluid
(grey), Alrp in LB broth (yellow). Completed in experimental and technical triplicate. Error bars
are + standard error.
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Figure 3.2. 1:1 growth of 1G1001 wild type and Alrp mutant strain during competition
experiments in xylem fluid or LB medium. IG1001 and Alrp in xylem fluid (blue), IG1001 and
Alrp in LB broth (orange). Completed in experimental and technical triplicate. Error bars are £

standard error.
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CHAPTER FOUR

Concluding Remarks
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In the United States, corn (Zea mays) remains one of the leading agricultural products,
providing sustenance for humans, feeding much of our livestock (another leading U.S.
agricultural product), and facilitating many other industries (USDA, 2022). Unsurprisingly, a
great deal of research revolves around this key agricultural crop to improve the quality and
overall yield of corn. This includes the study of phytopathogens that infect corn and diminish
crop yields. The research presented in this master’s thesis focuses on the xylem-dwelling,

bacterial corn pathogen Pantoea stewartii subsp. stewartii (Pss).

Pss is the causative agent of Stewart’s wilt in susceptible corn varieties causing reduced
crop yields and even plant death. Pss is reliant on its associated vector the corn flea beetle
(Chaetocnema pulicaria) for transmission. Thus, Stewart’s wilt and the corn flea beetle share a
nearly identical range and are endemic to the Mid-Atlantic and midwestern United States
(Michener, Freeman, & Pataky, 2003). Pss is also capable of infecting corn seeds, impacting the
export of corn from the United States and requiring an extensive screening process or quarantine
restrictions to avoid introduction into other countries (EFSA Panel, Bradgard et al., 2019). Pss is
introduced into the corn plant through feces while the corn flea beetle feeds on leaves. The early
stage of infection consists of Pss cells inducing water soaking and nutrient release into the leaf
apoplast. Following an apoplastic route, Pss eventually enters xylem vessels, following the plant
vasculature to colonize the xylem. During the late stage of the infection, Pss begins to secrete
exopolysaccharide (EPS; stewartan) and proliferate forming a biofilm, which increasingly
restricts water flow in the xylem and leads to wilting symptoms. Pss infection significantly stunts
the growth of infected corn and if a seedling is infected early enough, can lead to death (Roper,

2011).
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Pss utilizes a relatively low number of virulence factors during this infection process,
including a type 111 secretion system and EPS production that are key virulence factors (Roper,
2011). Further, Pss grows as a monoculture in infected corn plants. This makes Pss a good
model phytopathogen for analysis of the host-pathogen interactions and the mechanisms
necessary for pathogenesis. Previous research has provided evidence of the importance of the Pss
Leucine-responsive Regulatory Protein (Lrp) while infecting the corn xylem; Lrp is involved in

regulating EPS production and surface-based motility (Bartholomew et al., 2021).

The analysis of the RNA-Seq datasets and subsequent gene ontology analysis presented
in Chapter Two provides additional evidence for the involvement of Lrp in capsule production
and chemotaxis. Lrp was also linked with activation of biological processes involved in nitrogen-
based compound transport and utilization. In one prior study, the xylem fluid of field corn was
found to be composed of scarce carbohydrates with the predominant, potential nutrient source
being amino acids (Alvarez et al., 2008). Of these amino acids, glutamine/glutamate was the
most abundant amino acid in the xylem fluid (Alvarez et al., 2008). In Chapter Two, a gene
encoding a glutamate synthase-related protein, an enzyme essential for nitrogen assimilation,
was identified as being in the Lrp regulon. In addition, other Lrp-activated genes were related to
nitrogen utilization and transport. Previous RNA-Seq analyses comparing gene expression of Pss
grown in planta versus in enriched medium discovered that the largest group of upregulated
genes were associated with amino acid transport (Packard et al., 2017). The results of Chapter
Two and previous research completed in our research group, suggest that Pss is utilizing nitrogen
transport and assimilation processes while inhabiting the corn xylem, with Lrp playing a
significant role in the regulation of these processes. Future work could be directed towards

identifying key nutrient source utilized by Pss through the characterization Pss wild-type and
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Alrp strain growth on specific sole nutrient sources. Biolog metabolic characterization
microplates preconfigured to contain individual sole source carbon and nitrogen substrates in 96-
well plates could be used to simultaneously test a number of growth substrates in parallel. The
results from these phenotypic assays would provide help link the involvement of Lrp to the

uptake and utilization of specific metabolites.

In Chapter Three, a technique to extract xylem fluid from corn plants was developed.
With the successful extraction of corn xylem fluid, in vitro growth experiments were then
completed under more physiologically relevant conditions. After discovering that monoculture
Pss was capable of growing in the extracted xylem fluid, the ability of the Alrp mutant strain to
grow was also examined. Somewhat surprisingly, there was no large-scale discernible difference
in growth between the wild-type and Alrp mutant strain (although the wild type has a slightly
greater decrease in absorbance than the Alrp mutant during stationary phase). Competition
experiments were performed to see if the results would mirror those found in planta, where the
wild-type strain outcompeted the Alrp strain. In LB medium after 24 hrs, the Alrp strain greatly
outcompeted the wild-type strain. In xylem fluid after 24 hrs the wild type slightly outcompeted
the Alrp strain. Without additional RNA-Seq analyses comparing expression of these strains in
either growth condition, it is difficult to provide a definitive explanation for these results. The
drastic out competition by the Alrp mutant when the two strains are grown together in enriched
medium may be caused by the energetic demands of EPS production or active death/killing of
the wild-type strain. The mechanism still remains unclear, though activation of a prophage in the
wild type is one possibility. The energy and resource demand for EPS biosynthesis are also likely
contributing to the observed phenotype as a rcsA mutant incapable of capsule production also

outcompetes the wild type (Bartholomew et al., 2022), but to a lesser degree than the Irp mutant.
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However, the results from the two strains competed in extracted xylem fluid are more
physiologically relevant, mainly because the growth environment better resembles the in planta
conditions. Interestingly, the wild-type strain appears to be outcompeting the Alrp strain when
growth together in xylem fluid. Processes like EPS production and nitrogen transport and
metabolism may provide benefits to the wild-type strain. Yet, the Alrp strain is able to grow
similar ODeoo as the wild type, when grown alone in the extracted xylem fluid. Variation in the
pre-growth ratios (Wt: Alrp) and different lots of xylem fluid may have created the variability
between the observed RCI values. The fact that Lrp plays a more significant role during in planta
competition of the Pss wild-type strain and Alrp mutant strain (Bartholomew et al., 2021) may

reflect that Lrp is critical for Pss responses to host stresses.

Further investigation of some findings in this thesis is warranted. RNA-Seq could be utilized
to better understand genes being expressed during Pss growth in xylem fluid. This may provide
insight of processes being activated or repressed in an intermediate environment (between
growth in enriched medium and in planta growth). This would help to distinguish Pss
physiological outputs related to metabolism versus stress. Untargeted metabolomic analysis of
extracted corn xylem fluid would provide valuable qualitative lists of the most abundant
metabolites present. Eventually a targeted metabolomic analysis should be completed for
quantification of select metabolites, potentially used by Pss as C and N sources when growing in
the xylem. Untargeted and eventually targeted metabolomic analyses would provide a great deal
of insight on metabolites which could be utilized by Pss and plant defense chemicals present in
the xylem. Finally, accurately characterizing the composition of the extracted xylem fluid could
eventually lead to the producing of synthetic xylem fluid enabling precise control of parameters

during in vitro work.
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In conclusion, the work completed in this thesis was performed to provide a better
understanding of the role of Lrp in regulating essential process during Pss colonization and
survival in the corn xylem. By better understanding how Pss is able to survive in the xylem,
more accurate and efficient targets for disease intervention can be determined. The mechanisms
necessary for Pss colonization and pathogenesis are likely conserved in other wilt-disease
causing phytopathogens. Thus, further studies about Pss afford the potential to aid in efforts to

mitigate other wilt-causing plant diseases more broadly.
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Table S2.1. DESeq2 activated genes (3-fold or more)

ATP-binding protein CDS

Gene ID Protein ID Description Differential | Differential
Expression Expression p-
Absolute value
Confidence
DSJ_RS24935 | WP_006120907.1 | lysozyme CDS 143.91 8.46E-147
DSJ_RS24945 | WP_044242612.1 | putative holin CDS 136.28 7.28E-139
DSJ_RS24930 | WP_006120906.1 | hypothetical protein CDS 86.79 3.33E-89
DSJ_RS03070 | WP_006121543.1 | yjbE CDS 70.8 3.58E-75
DSJ_RS03065 | WP_006121542.1 | YjbF family lipoprotein CDS | 38.47 2.31E-42
DSJ_RS27730 N-acetylmuramoyl-L-alanine | 33.87 3.75E-36
amidase CDS
DSJ_RS01810 | WP_006121153.1 | MHS family MFS transporter | 32.13 6.73E-36
CDS
DSJ_RS03950 | WP_006121727.1 | glutamate synthase-related 25.54 3.27E-29
protein CDS
DSJ_RS24925 | WP_006120905.1 | RHS repeat protein CDS 23.38 1.43E-25
DSJ_RS05750 | WP_006117572.1 | brnQ CDS 22.77 2.68E-26
DSJ_RS04370 ATP-binding cassette 21.05 1.61E-24
domain-containing protein
CDS
DSJ_RS09590 | WP_006118610.1 | Irp CDS 20.23 1.48E-23
DSJ_RS03060 | WP_006121540.1 | capsule biosynthesis GfcC 195 1.00E-22
family protein CDS
DSJ_RS04820 | WP_006120831.1 | serA CDS 19.2 2.15E-22
DSJ_RS28535 | WP_006120904.1 | RHS repeat-associated core 19.01 4.09E-21
domain-containing protein
CDS
DSJ_RS13580 | WP_006119040.1 | MFS transporter CDS 18.21 2.82E-21
DSJ _RS26610 | WP_006122068.1 | DASS family sodium- 17.56 2.77E-20
coupled anion symporter
CDS
DSJ_RS03185 | WP_006121564.1 | YitT family protein CDS 16.45 1.76E-19
DSJ_RS03945 | WP_006121726.1 | sulfite reductase subunit 15.49 1.83E-18
alpha CDS
DSJ_RS03055 | WP_006121538.1 | YjbH domain-containing 14.92 7.15E-18
protein CDS
DSJ_RS04365 | WP_161784121.1 | ABC transporter permease 14.14 4.59E-17
CDS
DSJ_RS17450 | WP_006120054.1 | argT CDS 13.6 1.70E-16
DSJ_RS14225 | WP_006119210.1 | hpxO CDS 13.21 4.62E-16
DSJ_RS11700 | WP_006119661.1 | nac CDS 12.91 9.85E-16
DSJ_RS08675 | WP_033737785.1 | ATP-binding cassette 12.85 1.16E-15
domain-containing protein
CDS
DSJ_RS22200 | WP_044242664.1 | amino acid ABC transporter | 12.29 4.34E-15
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DSJ_RS06170 | WP_006117643.1 | folA CDS 11.84 1.33E-14

DSJ_RS17435 | WP_006120049.1 | hisP CDS 11.69 1.89E-14

DSJ _RS24690 | WP_006122225.1 | T3SS effector OspC family 11.67 1.71E-14
protein CDS

DSJ_RS00225 | WP_006121331.1 | glnA CDS 10.81 1.54E-13

DSJ_RS21075 | WP_006118228.1 | carbonic anhydrase CDS 10.6 2.68E-13

DSJ _RS17445 | WP_006120052.1 | histidine ABC transporter 10.26 6.12E-13
permease HisQ CDS

DSJ_RS19990 | WP_006118049.1 | sugar ABC transporter ATP- | 9.86 1.61E-12
binding protein CDS

DSJ_RS08265 | WP_006118422.1 | asnB CDS 9.81 1.83E-12

DSJ_RS28530 | WP_006120902.1 | RHS repeat-associated core 9.42 2.34E-11
domain-containing protein
CDS

DSJ_RS05315 | WP_006120744.1 | RidA family protein CDS 9.31 6.42E-12

DSJ_RS01370 | WP_006121072.1 | purine permease CDS 9.17 8.87E-12

DSJ_RS25825 | WP_006121918.1 | rutA CDS 8.95 2.63E-11

DSJ RS04360 | WP_006121806.1 | phosphotriesterase-related 8.68 2.85E-11
protein CDS

DSJ_RS11900 | WP_006119617.1 | NCS2 family permease CDS | 8.42 5.36E-11

DSJ_RS06280 | WP_006117664.1 | ilvN CDS 8.38 5.94E-11

DSJ _RS19755 | WP_006118006.1 | GntR family transcriptional 8.38 6.06E-11
regulator CDS

DSJ_RS19750 | WP_006118005.1 | NCS1 family 8.29 7.77E-11
nucleobase:cation symporter-
1 CDS

DSJ_RS28525 | WP_006120901.1 | adhesin CDS 7.99 7.76E-10

DSJ_RS11715 | WP_006119658.1 | aldehyde dehydrogenase 7.89 2.05E-10
family protein CDS

DSJ_RS19845 | WP_006118025.1 | hpxU CDS 7.81 2.54E-10

DSJ RS16165 | WP_006119839.1 | glycosyltransferase CDS 7.62 3.99E-10

DSJ_RS19460 | WP_003850469.1 | gInK CDS 7.61 4.22E-10

DSJ_RS06000 | WP_006117612.1 | atzF CDS 7.48 5.73E-10

DSJ_RS19865 | WP_006118029.1 | amino acid ABC transporter | 7.44 6.35E-10
ATP-binding protein CDS

DSJ_RS08670 | WP_006118505.1 | bioD CDS 7.31 8.73E-10

DSJ_RS19840 | WP_006118024.1 | gamma-glutamyltransferase 7.27 9.85E-10
CDS

DSJ_RS25815 | WP_006121916.1 | rutC CDS 7.12 2.04E-09

DSJ_RS04355 | WP_006121805.1 | glutamine amidotransferase | 7.04 1.72E-09
CDS

DSJ_RS19455 | WP_006117945.1 | amtB CDS 6.98 1.98E-09

DSJ_RS26605 | WP_006122067.1 | fumA CDS 6.96 3.32E-09

DSJ_RS17440 | WP_006120050.1 | ABC transporter permease 6.86 2.75E-09
CDS

DSJ_RS12830 | WP_006118918.1 | nitrate regulatory protein 6.79 3.26E-09

CDS
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DSJ_RS02175 | WP_006121195.1 | rsmG CDS 6.76 3.52E-09

DSJ _RS11730 | WP_006119655.1 | ABC transporter substrate- 6.75 3.66E-09
binding protein CDS

DSJ_RS10440 | WP_237166120.1 | sdiA CDS 6.71 4.06E-09

DSJ_RS00230 | WP_006121330.1 | glnL CDS 6.66 4.61E-09

DSJ_RS18495 | WP_006120376.1 | NupC/NupG family 6.66 4.58E-09
nucleoside CNT transporter
CDS

DSJ_RS26615 | WP_006122069.1 | flavocytochrome ¢ CDS 6.62 8.01E-09

DSJ_RS19760 | WP_006118007.1 | hpxA CDS 6.53 6.38E-09

DSJ_RS07180 | WP_006120502.1 | grcA CDS 6.52 6.72E-09

DSJ_RS25810 | WP_006121915.1 | rutD CDS 6.09 2.96E-08

DSJ_RS26625 | WP_006122071.1 | dcuR CDS 6.08 3.36E-08

DSJ_RS00090 | WP_006121361.1 | Lacl family transcriptional 5.99 2.45E-08
regulator CDS

DSJ_RS06275 | WP_006117663.1 | ilvl CDS 5.98 2.60E-08

DSJ RS11720 | WP_006119657.1 | haloacid dehalogenase type Il | 5.88 3.32E-08
CDS

DSJ_RS03010 | WP_006121534.1 | aceA CDS 5.85 3.62E-08

DSJ_RS24995 | WP_006120919.1 | repA CDS 5.79 1.35E-07

DSJ_RS00240 | WP_006121328.1 | hemN CDS 5.78 4.30E-08

DSJ_RS19885 | WP_006118033.1 | uraH CDS 5.64 6.32E-08

DSJ_RS06730 | WP_006117754.1 | DUF3461 family protein 5.56 7.66E-08
CDS

DSJ_RS15230 | WP_001062678.1 | cspE CDS 5.56 7.68E-08

DSJ_RS04350 | WP_044242973.1 | M20 family metallopeptidase | 5.53 8.22E-08
CDS

DSJ_RS15770 | WP_006120217.1 | putP CDS 55 8.96E-08

DSJ_RS26620 | WP_006122070.1 | FAD:protein FMN 5.49 1.93E-07
transferase CDS

DSJ_RS16160 | WP_006119838.1 | O-antigen ligase family 5.45 1.02E-07
protein CDS

DSJ _RS21080 | WP_006118229.1 | SulP family inorganic anion | 5.4 1.14E-07
transporter CDS

DSJ_RS01075 | WP_006121016.1 | DUF1471 domain-containing | 5.37 1.25E-07
protein CDS

DSJ_RS05995 | WP_006117611.1 | uca CDS 5.35 1.30E-07

DSJ_RS22765 | WP_006121400.1 | HTH-type transcriptional 5.29 1.55E-07
regulator CDS

DSJ_RS19980 | WP_006118047.1 | sugar ABC transporter 5.26 1.68E-07
substrate-binding protein
CDS

DSJ_RS23220 | WP_006122537.1 | hypothetical protein CDS 5.13 1.53E-07

DSJ_RS02170 | WP_006121194.1 | mnmG CDS 4.9 4.08E-07

DSJ_RS06115 | WP_006117633.1 | rpsT CDS 4.9 4.03E-07

DSJ_RS05200 | WP_006120764.1 | relA CDS 4.85 4.59E-07
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DSJ _RS11725 | WP_006119656.1 | FAD-binding oxidoreductase | 4.83 4.88E-07
CDS
DSJ_RS22875 | WP_006121381.1 | yidC CDS 4.74 6.01E-07
DSJ_RS25820 | WP_006121917.1 | rutB CDS 4.69 1.43E-06
DSJ_RS25805 | WP_006121913.1 | malonic semialdehyde 4.68 1.55E-06
reductase CDS
DSJ_RS25795 | WP_006121911.1 | rutG CDS 4.6 2.04E-06
DSJ_RS02670 | WP_006121285.1 | stress-induced protein CDS 4.49 1.11E-06
DSJ_RS08130 | WP_006118407.1 | mrdB CDS 4.48 1.14E-06
DSJ_RS14240 | WP_006119213.1 | xdhB CDS 4.48 1.15E-06
DSJ_RS19830 | WP_006118022.1 | AtzE family amidohydrolase | 4.45 1.27E-06
CDS
DSJ_RS11605 | WP_006119679.1 | APC family permease CDS 4.44 1.29E-06
DSJ_RS11735 | WP_006119654.1 | ABC transporter permease 4.43 1.34E-06
CDS
DSJ_RS14560 | WP_006119296.1 | pspD CDS 441 1.42E-06
DSJ_RS14250 | WP_006119215.1 | guaD CDS 4.37 1.56E-06
DSJ_RS24840 | WP_044242602.1 | ParA family plasmid- 4.37 3.84E-06
partitioning AAA ATPase
CDS
DSJ_RS21910 | WP_006120926.1 | rpll CDS 4.34 1.70E-06
DSJ_RS22880 | WP_006121380.1 | yidD CDS 4.29 1.94E-06
DSJ_RS03005 | WP_006121533.1 | aceB CDS 4.22 2.28E-06
DSJ_RS12865 | WP_006118925.1 | DeoR/GIpR family DNA- 4.13 2.93E-06
binding transcription
regulator CDS
DSJ_RS19825 | WP_006118021.1 | hpxZ CDS 4.09 3.19E-06
DSJ_RS24845 | WP_044242605.1 | hypothetical protein CDS 4.05 9.29E-06
DSJ_RS19765 | WP_006118008.1 | puuk CDS 3.97 4.35E-06
DSJ_RS23025 DnaJ domain-containing 3.96 4.06E-06
protein CDS
DSJ_RS04065 | WP_006121750.1 | rplU CDS 3.93 4.95E-06
DSJ_RS14245 | WP_006119214.1 | xdhA CDS 3.93 4.99E-06
DSJ_RS19790 | WP_006118014.1 | LysR substrate-binding 3.93 4.87E-06
domain-containing protein
CDS
DSJ_RS04070 | WP_006121751.1 | rpmA CDS 3.91 5.24E-06
DSJ_RS09575 | WP_006118607.1 | cydC CDS 3.89 5.59E-06
DSJ_RS14575 | WP_006119300.1 | pspA CDS 3.89 5.65E-06
DSJ_RS21915 | WP_000135199.1 | rpsR CDS 3.87 5.94E-06
DSJ_RS02005 | WP_003848088.1 | nusG CDS 3.85 6.34E-06
DSJ_RS02990 | WP_170317984.1 | ABC transporter substrate- 3.85 6.19E-06
binding protein CDS
DSJ_RS02495 | WP_001051798.1 | rpmG CDS 3.83 6.69E-06
DSJ_RS27515 YobF family protein CDS 3.82 6.86E-06
DSJ_RS25800 | WP_006121912.1 | rutF CDS 3.82 1.47E-05
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DSJ_RS05985 | WP_006117609.1 | urtA CDS 3.81 6.98E-06
DSJ_RS19870 | WP_006118030.1 | alanine--glyoxylate 3.79 7.48E-06
aminotransferase family
protein CDS
DSJ _RS04345 | WP_237166105.1 | SH3 domain-containing 3.77 7.86E-06
protein CDS
DSJ_RS17365 | WP_006120035.1 | pta CDS 3.72 8.83E-06
DSJ_RS19850 | WP_006118026.1 | transporter substrate-binding | 3.64 1.08E-05
domain-containing protein
CDS
DSJ_RS00085 | WP_006121363.1 | PTS sugar transporter subunit | 3.62 1.15E-05
I1B CDS
DSJ_RS26545 | WP_006122055.1 | DUF2946 domain-containing | 3.61 2.63E-05
protein CDS
DSJ_RS09630 | WP_006118618.1 | focA CDS 3.6 1.19E-05
DSJ_RS19880 | WP_006118032.1 | uraD CDS 3.6 1.21E-05
DSJ_RS14300 | WP_006119227.1 | bioD CDS 3.57 1.31E-05
DSJ_RS22735 | WP_006121405.1 | organic hydroperoxide 3.54 1.42E-05
resistance protein CDS
DSJ_RS14825 | WP_006119360.1 | ompW CDS 3.53 1.47E-05
DSJ_RS05990 | WP_006117610.1 | GntR family transcriptional 3.45 1.79E-05
regulator CDS
DSJ_RS22970 | WP_006122493.1 | hypothetical protein CDS 3.39 2.69E-05
DSJ_RS05205 | WP_006120763.1 | mazG CDS 3.36 2.23E-05
DSJ_RS09430 | WP_033737663.1 | YbjN domain-containing 3.36 2.24E-05
protein CDS
DSJ_RS26635 | WP_006122073.1 | Rpn family recombination- 3.35 5.35E-05
promoting nuclease/putative
transposase CDS
DSJ_RS02490 | WP_006121249.1 | rpmB CDS 3.33 2.47E-05
DSJ_RS03260 | WP_006121581.1 | CidA/LrgA family protein 3.33 2.44E-05
CDS
DSJ_RS08185 | WP_006118419.1 | glutamate/aspartate ABC 3.33 2.42E-05
transporter substrate-binding
protein CDS
DSJ_RS03205 | WP_006121568.1 | YjcB family protein CDS 3.31 2.62E-05
DSJ_RS25430 | WP_006122243.1 | hypothetical protein CDS 3.31 6.44E-05
DSJ_RS23655 recombinase family protein 3.28 6.23E-05
CDS
DSJ_RS25840 | WP_006121921.1 | amino acid ABC transporter | 3.22 7.48E-05
permease CDS
DSJ_RS00235 | WP_006121329.1 | gInG CDS 3.19 3.57E-05
DSJ_RS03165 | WP_006121560.1 | pspG CDS 3.19 3.53E-05
DSJ_RS13040 | WP_006118956.1 | rpIT CDS 3.19 3.50E-05
DSJ_RS14570 | WP_006119299.1 | pspB CDS 3.19 3.43E-05
DSJ_RS03015 | WP_006121535.1 | aceK CDS 3.18 3.64E-05
DSJ_RS05195 | WP_006120765.1 | rimD CDS 3.17 3.74E-05
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DSJ _RS19860 | WP_033738775.1 | amino acid ABC transporter | 3.16 3.85E-05
permease CDS

DSJ_RS07235 | WP_006120519.1 | eraCDS 3.12 4.22E-05

DSJ_RS27750 | WP_141119420.1 | hypothetical protein CDS 3.1 0.000109

DSJ_RS07720 | WP_006120612.1 | hypothetical protein CDS 3.08 4.72E-05

DSJ_RS11755 | WP_006119650.1 | GNAT family N- 3.07 4.87E-05
acetyltransferase CDS

DSJ_RS21920 | WP_006120927.1 | priB CDS 3.07 4.93E-05

DSJ_RS07000 | WP_006120684.1 | mprA CDS 3.02 5.52E-05

DSJ_RS10790 | WP_006118831.1 | ketoacyl-ACP synthase 11l 3.02 5.47E-05
CDS

DSJ_RS13035 | WP_006118955.1 | rpml CDS 3.02 5.49E-05
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Table S2.2. DESeq2 repressed genes (3-fold or more)

Gene ID Protein ID Description Differential Differential
Expression Expression
Absolute p-value
Confidence
DSJ_RS1394 | WP_044242009. | hypothetical protein CDS 52.2 2.88E-56
0 1
DSJ_RS2859 | WP_232368668. | hypothetical protein CDS 31.92 3.98E-35
0 1
DSJ_RS2359 | WP_006118540. | pentapeptide repeat-containing 31.04 1.56E-33
5 1 protein CDS
DSJ_RS28605 GMC family oxidoreductase 25.02 6.33E-28
CDS
DSJ_RS1563 | WP_006120244. | cheR CDS 24.42 5.16E-28
0 1
DSJ_RS1713 | WP_006119983. | hypothetical protein CDS 20.71 4.04E-24
5 1
DSJ_RS1253 | WP_006119493. | hypothetical protein CDS 20.23 1.44E-23
0 1
DSJ RS1562 | WP_006120245. | chemotaxis response regulator 19.99 2.82E-23
5 1 protein-glutamate
methylesterase CDS
DSJ_RS0125 | WP_006121048. | livH CDS 19.71 5.73E-23
0 1
DSJ_RS1562 | WP_006120246. | cheY CDS 19.2 2.30E-22
0 1
DSJ_RS00155 ligB CDS 18.94 4.48E-22
DSJ_RS0808 | WP_237166131. | pagP CDS 18.56 1.14E-21
0 1
DSJ_RS1561 | WP_006120247. | cheZ CDS 18.34 1.96E-21
5 1
DSJ _RS0125 | WP_006121049. | branched-chain amino acid ABC | 17.21 2.94E-20
5 1 transporter substrate-binding
protein CDS
DSJ_RS2282 | WP_237166091. | MipA/OmpV family protein 16.11 4.09E-19
0 1 CDS
DSJ_RS1293 | WP_006118936. | astA CDS 15.8 8.58E-19
5 1
DSJ_RS2861 | WP_237166174. | c-type cytochrome CDS 15.43 5.02E-18
0 1
DSJ_RS2871 | WP_257789149. | hypothetical protein CDS 14.65 3.08E-17
0 1
DSJ_RS0124 | WP_006121047. | high-affinity branched-chain 14.14 4.49E-17
5 1 amino acid ABC transporter
permease LivM CDS
DSJ RS0015 | WP_006121350. | trimeric intracellular cation 13.85 9.30E-17
0 1 channel family protein CDS
DSJ_RS1294 | WP_006118938. | astB CDS 135 2.22E-16
5 1
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DSJ_RS1253 | WP_006119492. | Dinl-like family protein CDS 13.31 3.59E-16
5 1

DSJ_RS2392 | WP_006120402. | glycoside hydrolase family 10 13.15 1.96E-15
0 1 protein CDS

DSJ_RS1400 | WP_006119144. | malQ CDS 12.95 8.71E-16
0 1

DSJ_RS2777 | WP_156879149. | hypothetical protein CDS 12.75 3.55E-15
5 1

DSJ _RS2667 | WP_226375901. | sorbitol dehydrogenase family 12.75 3.08E-15
0 1 protein CDS

DSJ_RS2391 | WP_006120399. | hypothetical protein CDS 12.31 2.00E-14
0 1

DSJ_RS2051 | WP_006118138. | 178 family peptidase inhibitor 12.18 5.71E-15
5 1 CDS

DSJ_RS2505 | WP_085980116. | DUF1460 domain-containing 11.99 5.00E-14
0 1 protein CDS

DSJ_RS2537 | WP_085980116. | DUF1460 domain-containing 11.99 5.60E-14
0 1 protein CDS

DSJ_RS0021 | WP_006121333. | yihX CDS 11.89 1.15E-14
5 1

DSJ RS0021 | WP_006121334. | virulence factor BrkB family 11.63 2.25E-14
0 1 protein CDS

DSJ_RS0497 | WP_006120806. | LysR family transcriptional 10.84 1.40E-13
0 1 regulator CDS

DSJ_RS21535 hypothetical protein CDS 10.74 1.86E-13
DSJ_RS0872 | WP_006118516. | Bax inhibitor-1/YccA family 10.69 2.15E-13
5 1 protein CDS

DSJ_RS2391 | WP_044242411. | N-acetylmuramoyl-L-alanine 10.46 1.92E-12
5 1 amidase CDS

DSJ_RS0760 | WP_006120635. | pepB CDS 10.34 5.02E-13
0 1

DSJ_RS2399 | WP_085980116. | DUF1460 domain-containing 10.19 4.41E-12
0 1 protein CDS

DSJ_RS1948 | WP_006117950. | PLP-dependent cysteine 10.11 8.78E-13
0 1 synthase family protein CDS

DSJ_RS0016 | WP_044242832. | hypothetical protein CDS 9.74 2.20E-12
0 1

DSJ_RS23590 IS1 family transposase CDS 9.6 8.51E-12
DSJ_RS0124 | WP_006121046. | livG CDS 9.59 3.19E-12
0 1

DSJ_RS1905 | WP_006117865. | SPFH/Band 7/PHB domain 9.54 3.63E-12
5 1 protein CDS

DSJ_RS2161 | WP_006118314. | formyltransferase family protein | 9.38 5.35E-12
5 1 CDS

DSJ_RS2519 | WP_044243389. | hypothetical protein CDS 9.17 4.64E-11
5 1

DSJ_RS1388 | WP_006119102. | PTS sugar transporter subunit 9.16 9.39E-12
0 1 1A CDS
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DSJ_RS1093 | WP_006118861. | phoP CDS 8.58 3.66E-11

5 1

DSJ_RS23905 helix-turn-helix domain- 8.48 2.70E-10
containing protein CDS

DSJ_RS1591 | WP_006119794. | hypothetical protein CDS 8.33 6.97E-11

0 1

DSJ_RS15920 DUF3164 family protein CDS 8.29 7.72E-11

DSJ_RS0760 | WP_170317975. | sseB CDS 8.24 8.97E-11

5 1

DSJ_RS2793 | WP_006119982. | hypothetical protein CDS 8.22 9.39E-11

5 1

DSJ_RS1388 | WP_006119103. | hypothetical protein CDS 7.83 2.41E-10

5 1

DSJ_RS0123 | WP_006121045. | livF CDS 7.62 4.03E-10

5 1

DSJ_RS2389 | WP_100208625. | inverse autotransporter beta 74 3.79E-09

0 1 domain-containing protein CDS

DSJ_RS12925 porin CDS 7.27 9.78E-10

DSJ_RS1537 | WP_006120299. | mdtJ CDS 7.24 1.06E-09

0 1

DSJ_RS2360 | WP_237166145. | ItrA CDS 7.16 3.48E-09

0 1

DSJ_RS1426 | WP_232368641. | DUF1283 family protein CDS 7.13 1.38E-09

5 1

DSJ_RS1375 | WP_044241999. | ATP-binding cassette domain- 6.97 2.07E-09

5 1 containing protein CDS

DSJ_RS1443 | WP_006119258. | carboxypeptidase M32 CDS 6.91 2.40E-09

5 1

DSJ RS01170 gluconate transporter CDS 6.65 4.81E-09

DSJ_RS1375 | WP_006119079. | fetB CDS 6.64 5.01E-09

0 1

DSJ_RS00985 type 1V pilus secretin PilQ CDS | 6.52 6.75E-09

DSJ_RS1093 | WP_044241892. | phoQ CDS 6.38 9.33E-09

0 1

DSJ _RS13320 efflux transporter periplasmic 6.3 1.15E-08
adaptor subunit CDS

DSJ_RS0455 | WP_006121841. | winged helix-turn-helix domain- | 6.25 1.31E-08

5 1 containing protein CDS

DSJ_RS0939 | WP_033737669. | ybjG CDS 6.24 1.33E-08

5 1

DSJ_RS1420 | WP_006119205. | SDR family oxidoreductase 6.23 1.37E-08

5 1 CDS

DSJ_RS28165 MFS transporter CDS 6.2 1.48E-08

DSJ_RS0260 | WP_006121270. | rfaC CDS 6.2 1.52E-08

0 1

DSJ_RS2665 | WP_006122076. | aspartate aminotransferase 6.07 4.01E-08

0 1 family protein CDS

DSJ_RS2681 | WP_006122099. | MFS transporter CDS 6.07 3.95E-08

0 1
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DSJ_RS0099 | WP_006121002. | HofP DNA utilization family 5.98 2.55E-08
0 1 protein CDS
DSJ_RS2140 | WP_006118281. | PadR family transcriptional 5.88 3.29E-08
0 1 regulator CDS
DSJ_RS0014 | WP_052310153. | oligosaccharide flippase family | 5.87 3.40E-08
5 1 protein CDS
DSJ_RS1590 | WP_006119793. | DUF2786 domain-containing 5.81 3.98E-08
5 1 protein CDS
DSJ_RS1294 | WP_006118937. | astD CDS 5.8 4.13E-08
0 1
DSJ_RS2597 | WP_006121946. | arnA CDS 5.79 8.11E-08
5 1
DSJ_RS0260 | WP_006121271. | glycosyltransferase family 9 5.76 4.64E-08
5 1 protein CDS
DSJ_RS25480 DDE-type 5.76 9.31E-08
integrase/transposase/recombina
se CDS
DSJ_RS2664 | WP_006122074. | mgo CDS 5.74 1.04E-07
0 1
DSJ_RS08730 lysylphosphatidylglycerol 5.72 5.12E-08
synthase domain-containing
protein CDS
DSJ_RS0402 | WP_006121741. | mlaF CDS 571 5.30E-08
0 1
DSJ _RS1582 | WP_006119781. | TetR family transcriptional 5.69 5.51E-08
5 1 regulator CDS
DSJ_RS2161 | WP_006118313. | VIT family protein CDS 5.48 9.43E-08
0 1
DSJ_RS23440 IS3 family transposase CDS 5.4 2.72E-07
DSJ_RS2668 | WP_006122081. | sensor domain-containing 5.38 2.67E-07
0 1 diguanylate cyclase CDS
DSJ_RS0456 | WP_237166106. | fimbrial protein CDS 5.34 1.34E-07
5 1
DSJ_RS2598 | WP_006121947. | arnC CDS 5.31 3.28E-07
0 1
DSJ _RS0925 | WP_082999183. | SDR family oxidoreductase 5.29 1.52E-07
0 1 CDS
DSJ_RS2373 | WP_006122348. | 1S4 family transposase CDS 5.19 7.04E-07
0 1
DSJ_RS1052 | WP_006118782. | biofilm development regulator 511 2.41E-07
0 1 YmgB/AriR family protein CDS
DSJ _RS1443 | WP_006119257. | rstB CDS 511 2.37E-07
0 1
DSJ_RS19030 ATP-binding cassette domain- 511 2.36E-07
containing protein CDS
DSJ_RS2340 | WP_006120540. | DUF1173 family protein CDS 5.03 7.96E-07
0 1
DSJ_RS0563 | WP_044241215. | hypothetical protein CDS 5 3.12E-07
5 1
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DSJ_RS21540 TerC/Alx family metal 4.98 3.29E-07
homeostasis membrane protein
CDS
DSJ_RS1400 | WP_006119145. | malP CDS 4.9 4.02E-07
5 1
DSJ _RS2142 | WP_006118284. | ornithine decarboxylase CDS 4.9 4.03E-07
0 1
DSJ_RS2468 | WP_085980114. | DUF1460 domain-containing 4.77 2.73E-07
0 1 protein CDS
DSJ_RS1278 | WP_006118910. | gamma- 4.71 6.48E-07
5 1 glutamylcyclotransferase CDS
DSJ _RS1028 | WP_044241835. | DUF2184 domain-containing 4.6 8.36E-07
0 1 protein CDS
DSJ_RS2598 | WP_006121948. | arnB CDS 4.6 1.98E-06
5 1
DSJ_RS02940 site-specific integrase CDS 4,57 9.18E-07
DSJ_RS28295 TonB-dependent receptor CDS | 4.55 9.68E-07
DSJ_RS1653 | WP_006119924. | NAD-dependent malic enzyme | 4.5 1.09E-06
0 1 CDS
DSJ_RS1332 | WP_006118996. | DUF1656 domain-containing 4.46 1.22E-06
5 1 protein CDS
DSJ_RS1847 | WP_006120370. | mgrA CDS 4.42 1.36E-06
5 1
DSJ_RS1334 | WP_006118999. | anmK CDS 4.4 1.46E-06
0 1
DSJ RS0164 | WP_237166097. | extracellular solute-binding 4.36 1.62E-06
0 1 protein CDS
DSJ_RS2551 | WP_052310156. | harpin HrpZ family protein CDS | 4.36 3.69E-06
0 1
DSJ_RS2207 | WP_006120963. | yhcN CDS 4.33 1.75E-06
0 1
DSJ_RS2597 | WP_006121945. | arnD CDS 4.31 4.22E-06
0 1
DSJ _RS2286 | WP_006121383. | malonic semialdehyde reductase | 4.29 1.92E-06
5 1 CDS
DSJ_RS2665 | WP_039339318. | diaminobutyrate--2-oxoglutarate | 4.21 5.60E-06
5 1 transaminase CDS
DSJ_RS0455 | WP_080577479. | IS5 family transposase CDS 4.19 2.49E-06
0 1
DSJ_RS20090 aspartyl/asparaginyl beta- 4.19 2.45E-06
hydroxylase domain-containing
protein CDS
DSJ_RS20800 HTH domain-containing protein | 4.17 2.62E-06
CDS
DSJ_RS1438 | WP_006119245. | smrA CDS 4.14 2.85E-06
5 1
DSJ_RS25045 SH3 domain-containing protein | 4.12 7.36E-06

CDS
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DSJ_RS2007 | WP_006118062. | hypothetical protein CDS 4.08 3.31E-06

0 1

DSJ_RS1463 | WP_044242048. | FdhF/YdeP family 4.07 3.43E-06

5 1 oxidoreductase CDS

DSJ_RS0564 | WP_006117554. | hypothetical protein CDS 4.05 3.60E-06

0 1

DSJ_RS1333 | WP_006118998. | slyB CDS 4.03 3.73E-06

5 1

DSJ _RS1591 | WP_044242188. | ANR family transcriptional 4.01 3.95E-06

5 1 regulator CDS

DSJ_RS0183 | WP_006121158. | ilvD CDS 3.96 4.54E-06

5 1

DSJ_RS03305 methyl-accepting chemotaxis 3.96 4.46E-06
protein CDS

DSJ_RS1925 | WP_006117903. | phage tail assembly protein CDS | 3.96 4.50E-06

5 1

DSJ_RS28510 flagellin FIiC CDS 3.95 2.72E-06

DSJ RS1279 | WP_006118911. | serine/threonine protein kinase 3.91 5.28E-06

0 1 CDS

DSJ_RS2692 | WP_237166169. | GNAT family N- 3.91 1.16E-05

0 1 acetyltransferase CDS

DSJ_RS1926 | WP_044241528. | phage tail sheath family protein | 3.9 5.35E-06

5 1 CDS

DSJ_RS1413 | WP_006119178. | kup CDS 3.89 5.56E-06

5 1

DSJ _RS11670 methyl-accepting chemotaxis 3.87 5.96E-06
protein CDS

DSJ_RS1027 | WP_006118738. | hypothetical protein CDS 3.85 6.27E-06

5 1

DSJ_RS03340 hypothetical protein CDS 3.83 6.72E-06

DSJ_RS2672 | WP_085980110. | peroxiredoxin CDS 3.81 1.54E-05

0 1

DSJ_RS2367 | WP_044241673. | TroM/KikA/MpfK family 3.75 1.81E-05

0 1 conjugal transfer protein CDS

DSJ_RS2734 | WP_141119352. | hypothetical protein CDS 3.73 8.59E-06

0 1

DSJ_RS0513 | WP_006120778. | ppnN CDS 3.72 8.91E-06

0 1

DSJ_RS1747 | WP_006120059. | folC CDS 3.7 9.37E-06

5 1

DSJ_RS2528 | WP_044243377. | DUF1778 domain-containing 3.7 2.20E-05

5 1 protein CDS

DSJ_RS2447 | WP_237166148. | SOS response-associated 3.68 6.75E-06

5 1 peptidase family protein CDS

DSJ_RS2676 | WP_141119410. | hypothetical protein CDS 3.64 2.38E-05

0 1

DSJ_RS1030 | WP_006118744. | DUF3383 domain-containing 3.62 1.16E-05

5 1 protein CDS
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DSJ _RS1926 | WP_006117904. | phage major tail tube protein 3.62 1.15E-05

0 1 CDS

DSJ_RS0140 | WP_006121078. | proP CDS 3.57 1.29E-05

0 1

DSJ_RS28515 PIN domain-containing protein | 3.57 1.09E-05
CDS

DSJ_RS0402 | WP_006121742. | mlaE CDS 3.56 1.35E-05

5 1

DSJ_RS25670 glucan 1,4-alpha-glucosidase 3.55 3.08E-05
CDS

DSJ_RS2565 | WP_006121888. | hypothetical protein CDS 35 3.59E-05

5 1

DSJ_RS1264 | WP_237166058. | hypothetical protein CDS 3.48 1.63E-05

0 1

DSJ_RS24660 DNA-binding protein CDS 3.45 1.73E-05

DSJ_RS2521 | WP_044243383. | hypothetical protein CDS 3.44 4.21E-05

0 1

DSJ_RS25380 ISL3 family transposase CDS 3.43 4.65E-05

DSJ_RS20095 dhaR CDS 3.42 1.92E-05

DSJ_RS1032 | WP_006118747. | hypothetical protein CDS 341 1.96E-05

0 1

DSJ_RS1589 | WP_006119790. | hypothetical protein CDS 3.41 1.97E-05

0 1

DSJ_RS0351 | WP_006121635. | DUF1440 domain-containing 3.4 2.02E-05

5 1 protein CDS

DSJ_RS0403 | WP_006121743. | mlaD CDS 3.4 2.04E-05

0 1

DSJ_RS2679 | WP_006122098. | aspartate/glutamate racemase 3.37 5.04E-05

5 1 family protein CDS

DSJ_RS1033 | WP_006118749. | hypothetical protein CDS 3.33 2.47E-05

0 1

DSJ_RS1261 | WP_044241907. | IS5 family transposase CDS 3.33 2.44E-05

0 1

DSJ_RS0708 | WP_006120668. | mgtA CDS 3.31 2.61E-05

5 1

DSJ_RS1028 | WP_006118740. | DUF4054 domain-containing 3.22 3.19E-05

5 1 protein CDS

DSJ_RS0403 | WP_006121744. | mlaC CDS 3.2 3.40E-05

5 1

DSJ_RS1999 | WP_006118050. | threonine/serine dehydratase 3.19 3.49E-05

5 1 CDS

DSJ_RS15345 betT CDS 3.17 3.74E-05

DSJ_RS2130 | WP_006118259. | methyl-accepting chemotaxis 3.17 3.74E-05

0 1 protein CDS

DSJ_RS2803 | WP_006121887. | hypothetical protein CDS 3.14 9.28E-05

5 1

DSJ_RS2596 | WP_006121944. | arnT CDS 3.14 9.40E-05

5 1
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DSJ_RS0939 | WP_082999197. | serine hydrolase CDS 3.1 4.42E-05
(I)DSJ_R81086 \1NP_006118845. thik CDS 3.09 4.62E-05
5DSJ_R82208 \1NP_006120965. yhcN CDS 3.09 4.60E-05
?DSJ_RSlOB? \1NP_006118758. baseplate J/gp47 family protein | 3.05 5.13E-05
CSI)DSJ_R81037 \iNP_006118757. ﬁ;f)thetical protein CDS 3 5.88E-05
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Table S2.3. Top ten matches from NCBI BLASTp for yjbF2.

Description Scientific Max Query | Percent | Accession

Name Score | Cover | ldentity
YjbF family lipoprotein Pantoea 443 100% | 100 WP _006121542.1
[Pantoea] stewartii
(this study) DC283
YjbF family lipoprotein [Pantoea | Pantoea sp. 441 100% | 99.53 WP_324020634.1
sp. JZ229] JZ29
Y]jbF family lipoprotein [Pantoea | Pantoea 442 100% | 99.53 KAB0554803.1
stewartii subsp. stewartii] stewartii subsp.

stewartii
YjbF family lipoprotein [Pantoea | Pantoea 440 100% | 99.53 WP_263757152.1
stewartii] stewartii
YjbF family lipoprotein [Pantoea | Pantoea 439 100% | 99.53 WP_205958979.1
stewartii] stewartii
YjbF family lipoprotein [Pantoea | Pantoea 439 100% | 99.07 WP_054634701.1
stewartii] stewartii
YjbF family lipoprotein [Pantoea | Pantoea 438 100% | 99.07 WP_054688509.1
stewartii] stewartii
YjbF family lipoprotein [Pantoea | Pantoea 432 97% 99.52 WP_269750698.1
stewartii] stewartii
YjbF family lipoprotein Pantoea 387 97% 88.57 WP_257469426.1
[Pantoea]
YjbF family lipoprotein [Pantoea | Pantoea allii 387 97% 88.1 WP_217268308.1
allii]
YjbF family lipoprotein [Pantoea | Pantoea 382 97% 88.1 WP_277395937.1
ananatis] ananatis

& The shaded row signifies the NCBI BLASTDp results for the Pss DC283 strain. Results were
organized by the maximum score value calculated by NCBI through the sum of the matched
amino acid sequences and penalties from sequence mismatches.
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https://www.ncbi.nlm.nih.gov/protein/WP_006121542.1?report=genbank&log$=prottop&blast_rank=1&RID=ZYEFKJF8013
https://www.ncbi.nlm.nih.gov/protein/WP_324020634.1?report=genbank&log$=prottop&blast_rank=2&RID=ZYEFKJF8013
https://www.ncbi.nlm.nih.gov/protein/KAB0554803.1?report=genbank&log$=prottop&blast_rank=3&RID=ZYEFKJF8013
https://www.ncbi.nlm.nih.gov/protein/WP_263757152.1?report=genbank&log$=prottop&blast_rank=4&RID=ZYEFKJF8013
https://www.ncbi.nlm.nih.gov/protein/WP_205958979.1?report=genbank&log$=prottop&blast_rank=5&RID=ZYEFKJF8013
https://www.ncbi.nlm.nih.gov/protein/WP_054634701.1?report=genbank&log$=prottop&blast_rank=6&RID=ZYEFKJF8013
https://www.ncbi.nlm.nih.gov/protein/WP_054688509.1?report=genbank&log$=prottop&blast_rank=7&RID=ZYEFKJF8013
https://www.ncbi.nlm.nih.gov/protein/WP_269750698.1?report=genbank&log$=prottop&blast_rank=8&RID=ZYEFKJF8013
https://www.ncbi.nlm.nih.gov/protein/WP_257469426.1?report=genbank&log$=prottop&blast_rank=9&RID=ZYEFKJF8013
https://www.ncbi.nlm.nih.gov/protein/WP_217268308.1?report=genbank&log$=prottop&blast_rank=10&RID=ZYEFKJF8013
https://www.ncbi.nlm.nih.gov/protein/WP_277395937.1?report=genbank&log$=prottop&blast_rank=11&RID=ZYEFKJF8013

Table S2.4. Top ten matches from NCBI BLASTp for rutA2.

[Pantoea]

Description Scientific Max Query | Percent | Accession

Name Score Cover | ldentity
pyrimidine utilization protein A Pantoea 760 100% | 100 WP 006121918.1
[Pantoea] stewartii
(this study) DC283
pyrimidine utilization protein A Pantoea 759 100% | 99.72 WP_172913344.1
[Pantoea stewartii] stewartii
pyrimidine utilization protein A Pantoea 758 100% | 99.72 WP_058702558.1
[Pantoea stewartii] stewartii
pyrimidine utilization protein A Pantoea 758 100% | 99.72 WP_289347533.1
[Pantoea stewartii] stewartii
pyrimidine utilization protein A Pantoea 757 100% | 99.72 WP_033742497.1
[Pantoea]
pyrimidine utilization protein A Pantoea 757 100% | 99.72 WP_205956038.1
[Pantoea stewartii] stewartii
pyrimidine utilization protein A Pantoea sp. | 757 100% | 99.72 WP_324021740.1
[Pantoea sp. JZ29] JZ29
pyrimidine utilization protein A Pantoea sp. | 756 100% | 99.72 WP_110268475.1
[Pantoea sp. PNA 03-3] PNA 03-3
pyrimidine utilization protein A Pantoea 756 100% | 99.45 WP_185200251.1
[Pantoea stewartii] stewartii
pyrimidine utilization protein A Pantoea 750 100% | 98.35 WP _047713811.1
[Pantoea ananatis] ananatis
pyrimidine utilization protein A Pantoea 748 100% | 98.07 WP_013027866.1

& The shaded row signifies the NCBI BLASTDp results for the Pss DC283 strain. Results were
organized by the maximum score value calculated by NCBI through the sum of the matched
amino acid sequences and penalties from sequence mismatches.
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https://www.ncbi.nlm.nih.gov/protein/WP_006121918.1?report=genbank&log$=prottop&blast_rank=1&RID=ZYE88MZ5013
https://www.ncbi.nlm.nih.gov/protein/WP_172913344.1?report=genbank&log$=prottop&blast_rank=2&RID=ZYE88MZ5013
https://www.ncbi.nlm.nih.gov/protein/WP_058702558.1?report=genbank&log$=prottop&blast_rank=3&RID=ZYE88MZ5013
https://www.ncbi.nlm.nih.gov/protein/WP_289347533.1?report=genbank&log$=prottop&blast_rank=4&RID=ZYE88MZ5013
https://www.ncbi.nlm.nih.gov/protein/WP_033742497.1?report=genbank&log$=prottop&blast_rank=5&RID=ZYE88MZ5013
https://www.ncbi.nlm.nih.gov/protein/WP_205956038.1?report=genbank&log$=prottop&blast_rank=6&RID=ZYE88MZ5013
https://www.ncbi.nlm.nih.gov/protein/WP_324021740.1?report=genbank&log$=prottop&blast_rank=7&RID=ZYE88MZ5013
https://www.ncbi.nlm.nih.gov/protein/WP_110268475.1?report=genbank&log$=prottop&blast_rank=8&RID=ZYE88MZ5013
https://www.ncbi.nlm.nih.gov/protein/WP_185200251.1?report=genbank&log$=prottop&blast_rank=9&RID=ZYE88MZ5013
https://www.ncbi.nlm.nih.gov/protein/WP_047713811.1?report=genbank&log$=prottop&blast_rank=10&RID=ZYE88MZ5013
https://www.ncbi.nlm.nih.gov/protein/WP_013027866.1?report=genbank&log$=prottop&blast_rank=11&RID=ZYE88MZ5013

Table S2.5. Top ten matches from NCBI BLASTp for nac?.

Description Scientific | Max Query | Percent | Accession

Name Score | Cover | ldentity
nitrogen assimilation transcriptional | Pantoea | 611 100% | 100 WP 006119661.1
regulator NAC [Pantoea] stewartii
(this study) DC283
nitrogen assimilation transcriptional Pantoea | 597 100% | 97.05 WP_063880109.1
regulator NAC [Pantoea]
nitrogen assimilation transcriptional Pantoea | 596 100% | 96.72 WP_013026297.1
regulator NAC [Pantoea]
nitrogen assimilation transcriptional Pantoea | 595 100% | 96.72 WP_210449567.1
regulator NAC [Pantoea ananatis] ananatis
nitrogen assimilation transcriptional Pantoea | 595 100% | 96.39 WP_264417660.1
regulator NAC [Pantoea ananatis] ananatis
nitrogen assimilation transcriptional Pantoea | 595 100% | 96.72 WP_241567633.1
regulator NAC [Pantoea allii] allii
nitrogen assimilation transcriptional Pantoea | 594 100% | 96.39 WP_072136923.1
regulator NAC [Pantoea ananatis] ananatis
nitrogen assimilation transcriptional Pantoea | 594 100% | 96.39 WP_028724818.1
regulator NAC [Pantoea ananatis] ananatis
nitrogen assimilation transcriptional Pantoea | 594 100% | 96.39 WP_089517204.1
regulator NAC [Pantoea ananatis] ananatis
nitrogen assimilation transcriptional Pantoea | 594 100% | 96.39 WP_047713915.1
regulator NAC [Pantoea ananatis] ananatis
nitrogen assimilation transcriptional Pantoea | 593 100% | 96.39 WP_221611777.1
regulator NAC [Pantoea ananatis] ananatis

& The shaded row signifies the NCBI BLASTDp results for the Pss DC283 strain. Results were
organized by the maximum score value calculated by NCBI through the sum of the matched
amino acid sequences and penalties from sequence mismatches.
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https://www.ncbi.nlm.nih.gov/protein/WP_006119661.1?report=genbank&log$=prottop&blast_rank=1&RID=ZYDSBWX5013
https://www.ncbi.nlm.nih.gov/protein/WP_063880109.1?report=genbank&log$=prottop&blast_rank=2&RID=ZYDSBWX5013
https://www.ncbi.nlm.nih.gov/protein/WP_013026297.1?report=genbank&log$=prottop&blast_rank=3&RID=ZYDSBWX5013
https://www.ncbi.nlm.nih.gov/protein/WP_210449567.1?report=genbank&log$=prottop&blast_rank=4&RID=ZYDSBWX5013
https://www.ncbi.nlm.nih.gov/protein/WP_264417660.1?report=genbank&log$=prottop&blast_rank=5&RID=ZYDSBWX5013
https://www.ncbi.nlm.nih.gov/protein/WP_241567633.1?report=genbank&log$=prottop&blast_rank=6&RID=ZYDSBWX5013
https://www.ncbi.nlm.nih.gov/protein/WP_072136923.1?report=genbank&log$=prottop&blast_rank=7&RID=ZYDSBWX5013
https://www.ncbi.nlm.nih.gov/protein/WP_028724818.1?report=genbank&log$=prottop&blast_rank=8&RID=ZYDSBWX5013
https://www.ncbi.nlm.nih.gov/protein/WP_089517204.1?report=genbank&log$=prottop&blast_rank=9&RID=ZYDSBWX5013
https://www.ncbi.nlm.nih.gov/protein/WP_047713915.1?report=genbank&log$=prottop&blast_rank=10&RID=ZYDSBWX5013
https://www.ncbi.nlm.nih.gov/protein/WP_221611777.1?report=genbank&log$=prottop&blast_rank=11&RID=ZYDSBWX5013

Table S2.6. Top ten matches from NCBI BLASTp for ATP-binding cassette domain-

containing protein CDS?.

containing protein [Pantoea allii]

Description Scientific Name | Max | Query | Percent | Accession
Score | Cover | Identity
putative amino acid transporter Pantoea 487 100% | 100 EHUQ01427.1
[Pantoea stewartii subsp. stewartii | stewartii subsp.
DC283] stewartii DC283
High-affinity branched-chain amino | Pantoea 486 100% | 100 WHS97625.1
acid transport ATP-binding protein | stewartii
LivF [Pantoea stewartii]
ABC-type branched-subunit amino | Pantoea sp. 486 100% | 100 PXV78902.1
acid transport system ATPase PNA 03-3
component [Pantoea sp. PNA 03-3]
ABC-type branched-subunit amino | Pantoea sp. 486 100% | 100 TDS71640.1
acid transport system ATPase PNA 14-12
component [Pantoea sp. PNA 14-
12]
ATP-binding cassette domain- Pantoea 484 100% | 100 WP_033737785.1
containing protein [Pantoea] stewartii DC283
(this study)
ATP-binding cassette domain- Pantoea 483 100% | 99.58 WP_054634368.1
containing protein [Pantoea stewartii
stewartii]
ATP-binding cassette domain- Pantoea 481 100% | 99.17 WP_054688116.1
containing protein [Pantoea stewartii
stewartii]
ATP-binding cassette domain- Pantoea 480 100% | 99.58 WP_058701173.1
containing protein [Pantoea stewartii
stewartii]
ABC transporter ATP-binding Pantoea 461 100% | 95.42 WP_096012522.1
protein [Pantoea]
ABC transporter ATP-binding Pantoea 459 100% | 95 WP_063881134.1
protein [Pantoea]
ATP-binding cassette domain- Pantoea allii 459 100% | 95 WP_218995101.1

& The shaded row signifies the NCBI BLASTDp results for the Pss DC283 strain. Results were
organized by the maximum score value calculated by NCBI through the sum of the matched
amino acid sequences and penalties from sequence mismatches.
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https://www.ncbi.nlm.nih.gov/protein/EHU01427.1?report=genbank&log$=prottop&blast_rank=1&RID=ZYCCMP0V013
https://www.ncbi.nlm.nih.gov/protein/WHS97625.1?report=genbank&log$=prottop&blast_rank=2&RID=ZYCCMP0V013
https://www.ncbi.nlm.nih.gov/protein/PXV78902.1?report=genbank&log$=prottop&blast_rank=3&RID=ZYCCMP0V013
https://www.ncbi.nlm.nih.gov/protein/TDS71640.1?report=genbank&log$=prottop&blast_rank=4&RID=ZYCCMP0V013
https://www.ncbi.nlm.nih.gov/protein/WP_033737785.1?report=genbank&log$=prottop&blast_rank=5&RID=ZYCCMP0V013
https://www.ncbi.nlm.nih.gov/protein/WP_054634368.1?report=genbank&log$=prottop&blast_rank=6&RID=ZYCCMP0V013
https://www.ncbi.nlm.nih.gov/protein/WP_054688116.1?report=genbank&log$=prottop&blast_rank=7&RID=ZYCCMP0V013
https://www.ncbi.nlm.nih.gov/protein/WP_058701173.1?report=genbank&log$=prottop&blast_rank=8&RID=ZYCCMP0V013
https://www.ncbi.nlm.nih.gov/protein/WP_096012522.1?report=genbank&log$=prottop&blast_rank=9&RID=ZYCCMP0V013
https://www.ncbi.nlm.nih.gov/protein/WP_063881134.1?report=genbank&log$=prottop&blast_rank=10&RID=ZYCCMP0V013
https://www.ncbi.nlm.nih.gov/protein/WP_218995101.1?report=genbank&log$=prottop&blast_rank=11&RID=ZYCCMP0V013

Table S2.7. Top ten matches from NCBI BLASTp for aceB2.

Description Scientific Name | Max Query | Percent | Accession

Score Cover | ldentity
malate synthase A [Pantoea | Pantoea stewartii | 1106 100% | 100 WP _006121533.
stewartii] DC283 1
(this study)
malate synthase A [Pantoea] Pantoea 1104 100% | 99.81 WP_039339090.1
malate synthase A [Pantoea Pantoea stewartii | 1104 100% | 99.62 WP_033738929.1
stewartii]
malate synthase A [Pantoea Pantoea stewartii | 1103 100% | 99.62 WP_277283738.1
stewartii]
malate synthase A [Pantoea Pantoea stewartii | 1103 100% | 99.62 WP_172913009.1
stewartii]
malate synthase A [Pantoea] Pantoea 1102 100% | 99.62 WP_205952478.1
malate synthase A [Pantoea Pantoea stewartii | 1102 100% | 99.62 WP_205957151.1
stewartii]
malate synthase A [Pantoea Pantoea sp. JZ29 | 1102 100% | 99.44 WP_324020638.1
sp. JZ29]
malate synthase A [Pantoea Pantoea stewartii | 1101 100% | 99.62 WP_164482782.1
stewartii]
malate synthase A [Pantoea Pantoea stewartii | 1101 100% | 99.62 WP_054688451.1
stewartii]
malate synthase A [Pantoea Pantoea stewartii | 1100 100% | 99.44 WP_058702323.1
stewartii]

& The shaded row signifies the NCBI BLASTDp results for the Pss DC283 strain. Results were
organized by the maximum score value calculated by NCBI through the sum of the matched
amino acid sequences and penalties from sequence mismatches.
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https://www.ncbi.nlm.nih.gov/protein/WP_006121533.1?report=genbank&log$=prottop&blast_rank=1&RID=ZYC5B1JE013
https://www.ncbi.nlm.nih.gov/protein/WP_006121533.1?report=genbank&log$=prottop&blast_rank=1&RID=ZYC5B1JE013
https://www.ncbi.nlm.nih.gov/protein/WP_039339090.1?report=genbank&log$=prottop&blast_rank=2&RID=ZYC5B1JE013
https://www.ncbi.nlm.nih.gov/protein/WP_033738929.1?report=genbank&log$=prottop&blast_rank=3&RID=ZYC5B1JE013
https://www.ncbi.nlm.nih.gov/protein/WP_277283738.1?report=genbank&log$=prottop&blast_rank=4&RID=ZYC5B1JE013
https://www.ncbi.nlm.nih.gov/protein/WP_172913009.1?report=genbank&log$=prottop&blast_rank=5&RID=ZYC5B1JE013
https://www.ncbi.nlm.nih.gov/protein/WP_205952478.1?report=genbank&log$=prottop&blast_rank=6&RID=ZYC5B1JE013
https://www.ncbi.nlm.nih.gov/protein/WP_205957151.1?report=genbank&log$=prottop&blast_rank=7&RID=ZYC5B1JE013
https://www.ncbi.nlm.nih.gov/protein/WP_324020638.1?report=genbank&log$=prottop&blast_rank=8&RID=ZYC5B1JE013
https://www.ncbi.nlm.nih.gov/protein/WP_164482782.1?report=genbank&log$=prottop&blast_rank=9&RID=ZYC5B1JE013
https://www.ncbi.nlm.nih.gov/protein/WP_054688451.1?report=genbank&log$=prottop&blast_rank=10&RID=ZYC5B1JE013
https://www.ncbi.nlm.nih.gov/protein/WP_058702323.1?report=genbank&log$=prottop&blast_rank=11&RID=ZYC5B1JE013

Table S2.8. Top ten matches from NCBI BLASTp for cheR®.

Description Scientific Max | Query | Percent | Accession

Name Score | Cover | ldentity
methyl-accepting chemotaxis protein | Ipomoea 613 100% | 98.28 GMEQ7329.1
[Ipomoea batatas] batatas
protein-glutamate O- Pantoea 602 100% | 100 WP_006120244.
methyltransferase CheR [Pantoea] | stewartii 1
(this study) DC283
protein-glutamate O- Pantoea 599 100% | 99.66 WP_039343183.1
methyltransferase CheR [Pantoea stewartii
stewartii]
protein-glutamate O- unclassifie | 592 100% | 98.62 WP_063879920.1
methyltransferase CheR [unclassified | d Pantoea
Pantoea]
protein-glutamate O- Pantoea 592 100% | 98.28 WP_013026103.1
methyltransferase CheR [Pantoea]
protein-glutamate O- Pantoea 590 100% | 97.93 WP_252294896.1
methyltransferase CheR [Pantoea ananatis
ananatis]
protein-glutamate O- Pantoea 590 100% | 97.93 WP_072138115.1
methyltransferase CheR [Pantoea ananatis
ananatis]
protein-glutamate O- Pantoea 590 100% | 98.28 WP_096011142.1
methyltransferase CheR [Pantoea]
protein-glutamate O- Pantoea sp. | 587 100% | 97.24 WP_269291839.1
methyltransferase CheR [Pantoea sp. | LMR881
LMR881]
protein-glutamate O- Pantoea sp. | 581 100% | 95.17 WP_313655581.1
methyltransferase CheR [Pantoea sp.]
protein-glutamate O- Pantoea 580 100% | 95.17 WP_128085067.1
methyltransferase CheR [Pantoea deleyi
deleyi]

& The shaded row signifies the NCBI BLASTDp results for the Pss DC283 strain. Results were
organized by the maximum score value calculated by NCBI through the sum of the matched
amino acid sequences and penalties from sequence mismatches.
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https://www.ncbi.nlm.nih.gov/protein/GME07329.1?report=genbank&log$=prottop&blast_rank=1&RID=ZYBJHCAG016
https://www.ncbi.nlm.nih.gov/protein/WP_006120244.1?report=genbank&log$=prottop&blast_rank=2&RID=ZYBJHCAG016
https://www.ncbi.nlm.nih.gov/protein/WP_006120244.1?report=genbank&log$=prottop&blast_rank=2&RID=ZYBJHCAG016
https://www.ncbi.nlm.nih.gov/protein/WP_039343183.1?report=genbank&log$=prottop&blast_rank=3&RID=ZYBJHCAG016
https://www.ncbi.nlm.nih.gov/protein/WP_063879920.1?report=genbank&log$=prottop&blast_rank=4&RID=ZYBJHCAG016
https://www.ncbi.nlm.nih.gov/protein/WP_013026103.1?report=genbank&log$=prottop&blast_rank=5&RID=ZYBJHCAG016
https://www.ncbi.nlm.nih.gov/protein/WP_252294896.1?report=genbank&log$=prottop&blast_rank=6&RID=ZYBJHCAG016
https://www.ncbi.nlm.nih.gov/protein/WP_072138115.1?report=genbank&log$=prottop&blast_rank=7&RID=ZYBJHCAG016
https://www.ncbi.nlm.nih.gov/protein/WP_096011142.1?report=genbank&log$=prottop&blast_rank=8&RID=ZYBJHCAG016
https://www.ncbi.nlm.nih.gov/protein/WP_269291839.1?report=genbank&log$=prottop&blast_rank=9&RID=ZYBJHCAG016
https://www.ncbi.nlm.nih.gov/protein/WP_313655581.1?report=genbank&log$=prottop&blast_rank=10&RID=ZYBJHCAG016
https://www.ncbi.nlm.nih.gov/protein/WP_128085067.1?report=genbank&log$=prottop&blast_rank=11&RID=ZYBJHCAG016

Table S2.9. Top ten matches from NCBI BLASTp for N-acetylmuramoyl-L-alanine

amidase CDS2.

amidase [Pantoea ananatis]

Description Scientific Name Max | Query | Percent | Accession
Score | Cover | Identity

N-acetylmuramoyl-L-alanine Pantoea stewartii | 527 100% | 100 EHT99613.1
amidase [Pantoea stewartii subsp. stewartii
subsp. stewartii DC283] DC283
N-acetylmuramoyl-L-alanine Pantoea stewartii | 526 100% | 100 WP _044242411.1
amidase [Pantoea stewartii] DC283
(this study)
N-acetylmuramoyl-L-alanine Pseudomonas sp. | 498 100% | 94.19 WP_153649594.1
amidase [Pseudomonas sp. CFSANO084952
CFSAN084952]
N-acetylmuramoyl-L-alanine Pantoea 497 99% 94.14 WP_191919602.1
amidase [Pantoea agglomerans] | agglomerans
N-acetylmuramoyl-L-alanine Erwinia persicina | 496 99% 93.75 WP_137270236.1
amidase [Erwinia persicina]
N-acetylmuramoyl-L-alanine Pseudomonas 491 99% 93.36 WP_024421548.1
amidase [Pseudomonas syringae | syringae group
group]
N-acetylmuramoyl-L-alanine Salmonella 490 99% 93.36 EEJ6141359.1
amidase [Salmonella enterica enterica subsp.
subsp. enterica serovar Urbana] | enterica serovar

Urbana
N-acetylmuramoyl-L-alanine Enterobacter 490 99% 93.36 ELH8609681.1
amidase [Enterobacter asburiae] | asburiae
N-acetylmuramoyl-L-alanine Erwinia 490 100% | 92.25 WP_016191995.1
amidase [Erwinia tracheiphila] | tracheiphila
TPA: N-acetylmuramoyl-L- Enterobacter 488 99% 92.58 HCR1909560.1
alanine amidase [Enterobacter kobei
kobei]
N-acetylmuramoyl-L-alanine Pantoea ananatis | 486 99% 91.8 WP_176017449.1

& The shaded row signifies the NCBI BLASTDp results for the Pss DC283 strain. Results were
organized by the maximum score value calculated by NCBI through the sum of the matched
amino acid sequences and penalties from sequence mismatches.
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https://www.ncbi.nlm.nih.gov/protein/EHT99613.1?report=genbank&log$=prottop&blast_rank=1&RID=ZYE0R628013
https://www.ncbi.nlm.nih.gov/protein/WP_044242411.1?report=genbank&log$=prottop&blast_rank=2&RID=ZYE0R628013
https://www.ncbi.nlm.nih.gov/protein/WP_153649594.1?report=genbank&log$=prottop&blast_rank=3&RID=ZYE0R628013
https://www.ncbi.nlm.nih.gov/protein/WP_191919602.1?report=genbank&log$=prottop&blast_rank=4&RID=ZYE0R628013
https://www.ncbi.nlm.nih.gov/protein/WP_137270236.1?report=genbank&log$=prottop&blast_rank=5&RID=ZYE0R628013
https://www.ncbi.nlm.nih.gov/protein/WP_024421548.1?report=genbank&log$=prottop&blast_rank=6&RID=ZYE0R628013
https://www.ncbi.nlm.nih.gov/protein/EEJ6141359.1?report=genbank&log$=prottop&blast_rank=7&RID=ZYE0R628013
https://www.ncbi.nlm.nih.gov/protein/ELH8609681.1?report=genbank&log$=prottop&blast_rank=8&RID=ZYE0R628013
https://www.ncbi.nlm.nih.gov/protein/WP_016191995.1?report=genbank&log$=prottop&blast_rank=9&RID=ZYE0R628013
https://www.ncbi.nlm.nih.gov/protein/HCR1909560.1?report=genbank&log$=prottop&blast_rank=10&RID=ZYE0R628013
https://www.ncbi.nlm.nih.gov/protein/WP_176017449.1?report=genbank&log$=prottop&blast_rank=11&RID=ZYE0R628013

Table S2.10. Top ten matches from NCBI BLASTp for glycoside hydrolase family 10

protein CDS?.

Description Scientific Name | Max | Query | Percent | Accession

Score | Cover | ldentity
glycoside hydrolase family 10 | Pantoea stewartii | 826 100% | 100 WP 006120402.1
protein [Pantoea stewartii] DC283
(this study)
glycoside hydrolase family 10 Erwinia persicina | 775 99% 93.73 WP_137270237.1
protein [Erwinia persicina]
glycoside hydrolase family 10 Pantoea 770 99% | 92.73 WP_191919601.1
protein [Pantoea agglomerans] | agglomerans
glycoside hydrolase family 10 Intestinirhabdus | 768 100% | 92 WP_155107654.1
protein [Intestinirhabdus alba] alba
glycoside hydrolase family 10 Pseudomonas sp. | 764 100% | 91.75 WP_153649593.1
protein [Pseudomonas sp. CFSANO084952
CFSAN084952]
glycoside hydrolase family 10 Pseudomonas 758 100% | 91.25 QUW65089.1
protein [Pseudomonas synxantha
synxantha]
glycoside hydrolase family 10 Pantoea ananatis | 734 97% 88.95 WP_258875450.1
protein [Pantoea ananatis]
glycoside hydrolase family 10 Pantoea stewartii | 711 99% | 85.61 WP_277285546.1
protein [Pantoea stewartii]
family 10 glycosylhydrolase Erwinia 697 97% 83.12 WP_325175723.1
[Erwinia tracheiphila] tracheiphila
family 10 glycosylhydrolase Erwinia 696 97% 83.12 WP_269467531.1
[Erwinia tracheiphila] tracheiphila
glycoside hydrolase family 10 Pseudomonas 665 96% 80.62 WP_111780110.1
protein [Pseudomonas syringae | syringae group
group]

& The shaded row signifies the NCBI BLASTDp results for the Pss DC283 strain. Results were
organized by the maximum score value calculated by NCBI through the sum of the matched
amino acid sequences and penalties from sequence mismatches.
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https://www.ncbi.nlm.nih.gov/protein/WP_006120402.1?report=genbank&log$=prottop&blast_rank=1&RID=ZYCNXSBK013
https://www.ncbi.nlm.nih.gov/protein/WP_137270237.1?report=genbank&log$=prottop&blast_rank=2&RID=ZYCNXSBK013
https://www.ncbi.nlm.nih.gov/protein/WP_191919601.1?report=genbank&log$=prottop&blast_rank=3&RID=ZYCNXSBK013
https://www.ncbi.nlm.nih.gov/protein/WP_155107654.1?report=genbank&log$=prottop&blast_rank=4&RID=ZYCNXSBK013
https://www.ncbi.nlm.nih.gov/protein/WP_153649593.1?report=genbank&log$=prottop&blast_rank=5&RID=ZYCNXSBK013
https://www.ncbi.nlm.nih.gov/protein/QUW65089.1?report=genbank&log$=prottop&blast_rank=6&RID=ZYCNXSBK013
https://www.ncbi.nlm.nih.gov/protein/WP_258875450.1?report=genbank&log$=prottop&blast_rank=7&RID=ZYCNXSBK013
https://www.ncbi.nlm.nih.gov/protein/WP_277285546.1?report=genbank&log$=prottop&blast_rank=8&RID=ZYCNXSBK013
https://www.ncbi.nlm.nih.gov/protein/WP_325175723.1?report=genbank&log$=prottop&blast_rank=9&RID=ZYCNXSBK013
https://www.ncbi.nlm.nih.gov/protein/WP_269467531.1?report=genbank&log$=prottop&blast_rank=10&RID=ZYCNXSBK013
https://www.ncbi.nlm.nih.gov/protein/WP_111780110.1?report=genbank&log$=prottop&blast_rank=11&RID=ZYCNXSBK013

Table S2.11. Top ten matches from NCBI BLASTp for Lysozyme CDS?.

amalonaticus]

amalonaticus

Description Scientific Name Max Query | Percent | Accession

Score | Cover | ldentity
lysozyme [Pantoea Pantoea stewartii 306 100% | 100 WP 006120907.1
stewartii] DC283
(this study)
TPA: lysozyme Enterobacter 285 99% 92.47 HDT0662096.1
[Enterobacter cloacae subsp. | cloacae subsp.
dissolvens] dissolvens
lysozyme [Pantoea sp. Pantoea sp. AS142 | 189 94% 64.03 WP_337013859.1
AS142]
lysozyme [Serratia Serratia 189 95% 65.25 WP_241389545.1
proteamaculans] proteamaculans
lysozyme [Photorhabdus Photorhabdus 187 94% 62.59 WP_036768629.1
australis] australis
lysozyme [Serratia Serratia 186 96% 62.68 WP_074181130.1
marcescens] marcescens
lysozyme [Erwinia Erwinia 185 95% 62.14 WP_233481704.1
tracheiphila] tracheiphila
lysozyme [Serratia] Serratia 184 95% 63.83 WP_010895802.1
lysozyme [Salmonella Salmonella enterica | 184 95% 61.7 EJX4511277.1
enterica]
lysozyme [Photorhabdus Photorhabdus 184 94% 62.59 WP_041382327.1
asymbiotica] asymbiotica
lysozyme [Citrobacter Citrobacter 184 95% 63.83 WP_103780161.1

& The shaded row signifies the NCBI BLASTDp results for the Pss DC283 strain. Results were
organized by the maximum score value calculated by NCBI through the sum of the matched
amino acid sequences and penalties from sequence mismatches.
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https://www.ncbi.nlm.nih.gov/protein/WP_006120907.1?report=genbank&log$=prottop&blast_rank=1&RID=ZYDCFZZ3013
https://www.ncbi.nlm.nih.gov/protein/HDT0662096.1?report=genbank&log$=prottop&blast_rank=2&RID=ZYDCFZZ3013
https://www.ncbi.nlm.nih.gov/protein/WP_337013859.1?report=genbank&log$=prottop&blast_rank=3&RID=ZYDCFZZ3013
https://www.ncbi.nlm.nih.gov/protein/WP_241389545.1?report=genbank&log$=prottop&blast_rank=4&RID=ZYDCFZZ3013
https://www.ncbi.nlm.nih.gov/protein/WP_036768629.1?report=genbank&log$=prottop&blast_rank=5&RID=ZYDCFZZ3013
https://www.ncbi.nlm.nih.gov/protein/WP_074181130.1?report=genbank&log$=prottop&blast_rank=6&RID=ZYDCFZZ3013
https://www.ncbi.nlm.nih.gov/protein/WP_233481704.1?report=genbank&log$=prottop&blast_rank=7&RID=ZYDCFZZ3013
https://www.ncbi.nlm.nih.gov/protein/WP_010895802.1?report=genbank&log$=prottop&blast_rank=8&RID=ZYDCFZZ3013
https://www.ncbi.nlm.nih.gov/protein/EJX4511277.1?report=genbank&log$=prottop&blast_rank=9&RID=ZYDCFZZ3013
https://www.ncbi.nlm.nih.gov/protein/WP_041382327.1?report=genbank&log$=prottop&blast_rank=10&RID=ZYDCFZZ3013
https://www.ncbi.nlm.nih.gov/protein/WP_103780161.1?report=genbank&log$=prottop&blast_rank=11&RID=ZYDCFZZ3013

Table S2.12. Top ten matches from NCBI BLASTp for Putative Holin CDS?,

persicina]

Description Scientific Name Max Query | Percent | Accession

Score | Cover | ldentity
putative holin [Pantoea Pantoea stewartii 211 100% | 100 WP 044242612.1
stewartii] DC283
(this study)
putative holin [Pantoea Pantoea stewartii 206 98% 100 WP_151160774.1
stewartii]
TPA: hypothetical protein Enterobacter cloacae | 175 91% 91.84 HDT0662094.1
[Enterobacter cloacae subsp. dissolvens
subsp. dissolvens]
putative holin [Erwinia Erwinia typographi 109 99% 49.54 WP_052130656.1
typographi]
putative holin Enterobacter 108 93% 50 WP_148245175.1
[Enterobacter asburiae] asburiae
putative holin [Pantoea sp. | Pantoea sp. AS142 105 100% | 46.73 WP_337013858.1
AS142]
hypothetical protein uncultured 105 85% 52.75 CAH2926348.1
CPSOU_4944 [uncultured | Paraburkholderia sp.
Paraburkholderia sp.]
putative holin [Erwinia Erwinia persicina 101 85% 52.17 WP_137270227.1
persicina]
putative holin [Serratia Serratia ficaria 95.5 100% | 41.12 WP_161990702.1
ficaria]
phage holin family protein | Serratia ficaria 94 100% | 40.19 WP_262121768.1
[Serratia ficaria]
putative holin [Erwinia Erwinia persicina 94 86% 45.16 WP_244634731.1

& The shaded row signifies the NCBI BLASTDp results for the Pss DC283 strain. Results were
organized by the maximum score value calculated by NCBI through the sum of the matched
amino acid sequences and penalties from sequence mismatches.
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https://www.ncbi.nlm.nih.gov/protein/WP_044242612.1?report=genbank&log$=prottop&blast_rank=1&RID=ZYCYMCDT016
https://www.ncbi.nlm.nih.gov/protein/WP_151160774.1?report=genbank&log$=prottop&blast_rank=2&RID=ZYCYMCDT016
https://www.ncbi.nlm.nih.gov/protein/HDT0662094.1?report=genbank&log$=prottop&blast_rank=3&RID=ZYCYMCDT016
https://www.ncbi.nlm.nih.gov/protein/WP_052130656.1?report=genbank&log$=prottop&blast_rank=4&RID=ZYCYMCDT016
https://www.ncbi.nlm.nih.gov/protein/WP_148245175.1?report=genbank&log$=prottop&blast_rank=5&RID=ZYCYMCDT016
https://www.ncbi.nlm.nih.gov/protein/WP_337013858.1?report=genbank&log$=prottop&blast_rank=6&RID=ZYCYMCDT016
https://www.ncbi.nlm.nih.gov/protein/CAH2926348.1?report=genbank&log$=prottop&blast_rank=7&RID=ZYCYMCDT016
https://www.ncbi.nlm.nih.gov/protein/WP_137270227.1?report=genbank&log$=prottop&blast_rank=8&RID=ZYCYMCDT016
https://www.ncbi.nlm.nih.gov/protein/WP_161990702.1?report=genbank&log$=prottop&blast_rank=9&RID=ZYCYMCDT016
https://www.ncbi.nlm.nih.gov/protein/WP_262121768.1?report=genbank&log$=prottop&blast_rank=10&RID=ZYCYMCDT016
https://www.ncbi.nlm.nih.gov/protein/WP_244634731.1?report=genbank&log$=prottop&blast_rank=11&RID=ZYCYMCDT016

Table S2.13. Top ten matches from NCBI BLASTp for Hypothetical Protein?.

Description Scientific Name Max Query | Percent | Accession

Score | Cover | ldentity
hypothetical protein Pantoea stewartii | 181 100% | 100 WP 044242009.1
[Pantoea stewartii] DC283
(this study)
hypothetical protein Pantoea stewartii | 179 98% 100 ARF50289.1
DSJ 13735 [Pantoea subsp. stewartii
stewartii subsp. stewartii DC283
DC283]
hypothetical protein [Erwinia | Erwinia 110 98% 57.95 WP_034888843.1
typographi] typographi
hypothetical protein Enterobacter 71.6 97% | 41.38 WP_025203077.1
[Enterobacter ludwigii] ludwigii
hypothetical protein Rahnella sp. 68.9 98% 35.23 WP_208951208.1
[Rahnella sp. ChDrAdgB13] | ChDrAdgB13
hypothetical protein unclassified 67.8 97% | 36.78 WP_150039778.1
[unclassified Pantoea] Pantoea
hypothetical protein [Serratia | Serratia 63.2 94% 39.29 MBH2951077.1
marcescens] marcescens
hypothetical protein [Serratia | Serratia 62.8 94% | 39.29 WP_239822169.1
bockelmannii] bockelmannii
hypothetical protein Serratia 62.8 94% 39.29 WP_197792532.1
[Serratia]
hypothetical protein [Serratia | Serratia 62 94% | 39.29 EGS9997787.1
marcescens] marcescens
hypothetical protein [Serratia | Serratia 61.6 94% 39.29 WP_043144001.1
marcescens] marcescens

& The shaded row signifies the NCBI BLASTDp results for the Pss DC283 strain. Results were
organized by the maximum score value calculated by NCBI through the sum of the matched
amino acid sequences and penalties from sequence mismatches.
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https://www.ncbi.nlm.nih.gov/protein/WP_044242009.1?report=genbank&log$=prottop&blast_rank=1&RID=ZYD5ZN9S013
https://www.ncbi.nlm.nih.gov/protein/ARF50289.1?report=genbank&log$=prottop&blast_rank=2&RID=ZYD5ZN9S013
https://www.ncbi.nlm.nih.gov/protein/WP_034888843.1?report=genbank&log$=prottop&blast_rank=3&RID=ZYD5ZN9S013
https://www.ncbi.nlm.nih.gov/protein/WP_025203077.1?report=genbank&log$=prottop&blast_rank=4&RID=ZYD5ZN9S013
https://www.ncbi.nlm.nih.gov/protein/WP_208951208.1?report=genbank&log$=prottop&blast_rank=5&RID=ZYD5ZN9S013
https://www.ncbi.nlm.nih.gov/protein/WP_150039778.1?report=genbank&log$=prottop&blast_rank=6&RID=ZYD5ZN9S013
https://www.ncbi.nlm.nih.gov/protein/MBH2951077.1?report=genbank&log$=prottop&blast_rank=7&RID=ZYD5ZN9S013
https://www.ncbi.nlm.nih.gov/protein/WP_239822169.1?report=genbank&log$=prottop&blast_rank=8&RID=ZYD5ZN9S013
https://www.ncbi.nlm.nih.gov/protein/WP_197792532.1?report=genbank&log$=prottop&blast_rank=9&RID=ZYD5ZN9S013
https://www.ncbi.nlm.nih.gov/protein/EGS9997787.1?report=genbank&log$=prottop&blast_rank=10&RID=ZYD5ZN9S013
https://www.ncbi.nlm.nih.gov/protein/WP_043144001.1?report=genbank&log$=prottop&blast_rank=11&RID=ZYD5ZN9S013

Table S2.14. qRT PCR Primer sets.

Name 5’ to 3’ Primer Sequence Primer Annealing
concentratio | Temperatur
n (nM) e (°C)
gyrB_F GACGTGACCACGCTCAATAATTTC 800 60
gyrB_R CGGCTCGCACATTCGTAC 800
reckF_F AGAGGCAAAGTCATCAATGAGGTA 500 64.5
AA
recF R GGGCGAGTTCCTGACTAACCA 500
yjbF_F CTGTCACGCCTCAGGAAAT 800 60
yjbF R TGTAACCCAGCACGACAAA 800
lysozyme_F GACTATCTCTCTGCCGCAAAT 800 60
lysozyme R TTCCCTTCGTCGCACTAATC 800
holin_F ATGGGTATTGTAGGTGCTGAAA 800 60
holin_R ATGAATGCGCCGATCTCTC 800
rutA_F CGCCACCATTGATTCCATTTC 800 60
rutA_R TGCCCATTTGCTCGTACTC 800
nac_F CCAGTCTGCGGTGATGAAT 800 60
nac_R TGCAGAAGCGGCATAGTT 800
ATP-BC F CGCAGATGAGCGTAGAAGATAA 800 60
ATP-BC R TGTTGACGCAGTGAATAGAGAG 800
aceB_F CAATACCTCGAAGCCTGGATTA 800 60
aceB_R GATAGAGGTACGGGCGATTTC 800
cheR_F CGTATCAGCCAGCTCATCTATC 800 62
cheR_R GACGTACCAGACGGTTGTAAA 800
glyco-hydro_F CTGGATGACACTGAGCGTATTA 800 60
glyco-hydro R CACAGGGAACCACCTGAAATA 800
NALA- CATCGGAGTTGAGGTGGTTAAT 800 60
amidase_
F
NALA.- ACCGCTGGAGGATATTGATTG 800
amidase
R

hypothetical_F

CAGCTCATTGAGGATGGGATTA

hypothetical R

GCCATAGGGCGTCAGTAATAG
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Table S2.15. Bulk alignment RNA-Seq activated genes (3-fold or greater)?.

Gene_ID Protein_ID Description Ratio Max
(Wt:Alrp) | P value | TPM
DSJ_RS28720 | WP_006122365.1 | hypothetical 9.38E-
protein CDS 3903.63 06 7.91E+04
DSJ_RS27260 | WP_006122425.1 | ParB/RepB/Spo0J
family plasmid
partition protein 1.64E-
CDS 751.00 06 2.88E+01
DSJ _RS26975 | WP_006122363.1 | protelomerase
family protein 1.93E-
CDS 439.91 05 1.74E+01
DSJ_RS03065 | WP_006121542.1 | YjbF family 4.20E-
lipoprotein CDS 32.54 02 2.19E+02
DSJ_RS03070 | WP_006121543.1 | yjbE CDS 8.82E-
28.32 03 2.10E+04
DSJ_RS24935 | WP_006120907.1 | lysozyme CDS 7.47E-
20.05 05 5.52E+03
DSJ_RS24945 | WP_044242612.1 | putative holin CDS 3.49E-
15.02 05 3.34E+03
DSJ_RS03060 | WP_006121540.1 | capsule
biosynthesis GfcC
family protein 5.89E-
CDS 13.38 02 1.07E+02
DSJ_RS24930 | WP_006120906.1 | hypothetical 1.35E-
protein CDS 12.28 03 4.58E+03
DSJ_RS25825 | WP_006121918.1 | rutA CDS 6.38E-
8.25 02 9.89E+01
DSJ _RS21075 | WP_006118228.1 | carbonic anhydrase 7.23E-
CDS 8.24 02 7.90E+01
DSJ_RS11700 | WP_006119661.1 | nac CDS 6.32E-
8.05 02 3.72E+02
DSJ_RS03055 | WP_006121538.1 | YjbH domain-
containing protein 6.69E-
CDS 7.98 02 6.55E+01
DSJ_RS25815 | WP_006121916.1 | rutC CDS 6.54E-
7.24 02 7.68E+01
DSJ_RS08675 | WP_033737785.1 | ATP-binding
cassette domain-
containing protein 1.58E-
CDS 7.19 02 3.51E+02
DSJ_RS01810 | WP_006121153.1 | MHS family MFS 4.29E-
transporter CDS 6.73 04 4,72E+01
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DSJ_RS11740 | WP_006119653.1 | ABC transporter 1.18E-
permease CDS 6.51 01 8.18E+00
DSJ_RS25820 | WP_006121917.1 | rutB CDS 9.95E-
5.68 02 4.66E+01
DSJ_RS25810 | WP_006121915.1 | rutD CDS 9.30E-
5.60 02 4.59E+01
DSJ_RS12835 | WP_006118919.1 | ABC transporter
substrate-binding 7.36E-
protein CDS 5.53 03 1.77E+02
DSJ_RS11730 | WP_006119655.1 | ABC transporter
substrate-binding 8.06E-
protein CDS 5.21 02 2.53E+01
DSJ _RS11715 | WP_006119658.1 | aldehyde
dehydrogenase
family protein 4.62E-
CDS 5.02 02 2.58E+01
DSJ_RS19750 | WP_006118005.1 | NCS1 family
nucleobase:cation 1.23E-
symporter-1 CDS | 4.90 03 7.82E+01
DSJ_RS27730 | DSJ_RS27730 N-
acetylmuramoyl-L-
alanine amidase 1.45E-
CDS 4.85 03 2.10E+03
DSJ _RS12855 | WP_006118923.1 | nitrate reductase 1.16E-
CDS 4.82 02 4.23E+01
DSJ_RS06000 | WP_006117612.1 | atzF CDS 3.42E-
4.80 02 2.23E+01
DSJ_RS11745 | WP_006119652.1 | ABC transporter
ATP-binding 9.24E-
protein CDS 4.77 02 1.71E+01
DSJ_RS12850 | WP_006118922.1 | nirB CDS 5.21E-
4.70 03 2.67E+01
DSJ_RS11735 | WP_006119654.1 | ABC transporter 8.23E-
permease CDS 4.59 02 1.78E+01
DSJ_RS25805 | WP_006121913.1 | malonic
semialdehyde 9.65E-
reductase CDS 4.30 02 2.54E+01
DSJ_RS12840 | WP_006118920.1 | ntrB CDS 2.14E-
4.24 02 4.23E+01
DSJ_RS11720 | WP_006119657.1 | haloacid
dehalogenase type 7.20E-
Il CDS 4.23 02 3.56E+01
DSJ_RS05995 | WP_006117611.1 | uca CDS 5.17E-
4.20 02 2.02E+01
DSJ_RS08670 | WP_006118505.1 | bioD CDS 2.95E-
4.13 02 9.12E+01
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DSJ_RS12860 | WP_006118924.1 | cobA CDS 1.89E-
4.10 02 5.17E+01
DSJ_RS04365 | WP_161784121.1 | ABC transporter 1.29E-
permease CDS 3.91 02 9.85E+01
DSJ_RS06170 | WP_006117643.1 | fol A CDS 6.46E-
3.90 03 4.88E+01
DSJ_RS25800 | WP_006121912.1 | rutF CDS 1.59E-
3.86 01 3.41E+01
DSJ_RS11725 | WP_006119656.1 | FAD-binding
oxidoreductase 7.99E-
CDS 3.83 02 2.02E+01
DSJ_RS19755 | WP_006118006.1 | GntR family
transcriptional 2.05E-
regulator CDS 3.81 03 2.30E+01
DSJ_RS03950 | WP_006121727.1 | glutamate
synthase-related 2.45E-
protein CDS 3.76 03 7.50E+01
DSJ_RS19990 | WP_006118049.1 | sugar ABC
transporter ATP-
binding protein 2.63E-
CDS 3.76 02 2.14E+01
DSJ RS12830 | WP_006118918.1 | nitrate regulatory 8.07E-
protein CDS 3.74 03 5.34E+01
DSJ_RS25795 | WP_006121911.1 | rutG CDS 8.99E-
3.71 02 2.33E+01
DSJ_RS12845 | WP_006118921.1 | ABC transporter
ATP-binding 2.47E-
protein CDS 3.62 02 4.38E+01
DSJ_RS03005 | WP_006121533.1 | aceB CDS 1.62E-
3.53 01 1.73E+02
DSJ _RS01370 | WP_006121072.1 | purine permease 4.74E-
CDS 3.52 03 5.00E+01
DSJ _RS04360 | WP_006121806.1 | phosphotriesterase-
related protein 2.59E-
CDS 3.45 02 5.39E+01
DSJ_RS24925 | WP_006120905.1 | RHS repeat protein 3.45E-
CDS 3.40 03 1.43E+03
DSJ_RS05990 | WP_006117610.1 | GntR family
transcriptional 6.55E-
regulator CDS 3.38 02 2.22E+01
DSJ_RS03010 | WP_006121534.1 | aceA CDS 9.25E-
3.32 02 3.21E+01
DSJ_RS04370 | DSJ_RS04370 ATP-binding
cassette domain-
containing protein 1.37E-
CDS 3.26 03 3.46E+02
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DSJ_RS14225 | WP_006119210.1 | hpxO CDS 4.08E-
3.24 04 4.82E+01
DSJ_RS11755 | WP_006119650.1 | GNAT family N-
acetyltransferase 1.22E-
CDS 3.23 01 2.49E+01
DSJ_RS03945 | WP_006121726.1 | sulfite reductase 6.99E-
subunit alpha CDS | 3.23 03 7.59E+01
DSJ_RS28535 | WP_006120904.1 | RHS repeat-
associated core
domain-containing 2.42E-
protein CDS 3.16 03 5.30E+02
DSJ_RS26610 | WP_006122068.1 | DASS family
sodium-coupled
anion symporter 3.10E-
CDS 3.13 03 4.40E+02
DSJ_RS15670 | WP_006120236.1 | flhD CDS 2.16E-
3.11 01 5.65E+02
DSJ_RS04350 | WP_044242973.1 | M20 family
metallopeptidase 5.81E-
CDS 3.09 02 9.48E+01
DSJ_RS26615 | WP_006122069.1 | flavocytochrome c 2.62E-
CDS 3.07 02 2.34E+02
DSJ_RS04355 | WP_006121805.1 | glutamine
amidotransferase 3.71E-
CDS 3.05 02 1.25E+02
DSJ_RS19455 | WP_006117945.1 | amtB CDS 5.35E-
3.04 03 4.62E+02
DSJ _RS05985 | WP_006117609.1 | urtA CDS 4.26E-
3.03 02 4.13E+01
DSJ_RS09590 | WP_006118610.1 | Irp CDS 4.65E-
3.02 03 1.18E+03
DSJ_RS21080 | WP_006118229.1 | SulP family
inorganic anion 9.96E-
transporter CDS 2.99 02 7.13E+01

&Shaded rows signify coding sequences differentially expressed (3-fold or more) but were unable

to be provided with gene ontology (GO) annotation(s).
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Table S2.16. Bulk alignment RNA-Seq repressed genes (3-fold or more)?.

Gene_ID

Protein_ID

Description

Ratio
(Wt:Alrp)

P value

Max
TPM

DSJ_RS08955

WP_006122434.1

DUF3486 family
protein CDS

0.07

2.49E-01

2.67E+00

DSJ_RS13940

WP_044242009.1

hypothetical
protein CDS

0.07

2.22E-03

3.34E+03

DSJ_RS23915

WP_044242411.1

N-
acetylmuramoyl-
L-alanine amidase
CDS

0.07

6.91E-02

6.40E+03

DSJ_RS23920

WP_006120402.1

glycoside
hydrolase family
10 protein CDS

0.09

3.52E-02

6.17E+03

DSJ_RS02395

WP_006121232.1

ogr/Delta-like zinc
finger family
protein CDS

0.11

3.28E-01

5.82E+00

DSJ_RS17135

WP_006119983.1

hypothetical
protein CDS

0.12

1.32E-02

2.83E+03

DSJ_RS15630

WP_006120244.1

cheR CDS

0.13

1.53E-03

3.47E+01

DSJ_RS23595

WP_006118540.1

pentapeptide
repeat-containing
protein CDS

0.14

1.12E-02

1.17E+04

DSJ_RS12530

WP_006119493.1

hypothetical
protein CDS

0.15

8.77E-03

1.26E+03

DSJ_RS23905

DSJ_RS23905

helix-turn-helix
domain-containing
protein CDS

0.15

3.93E-02

2.65E+03

DSJ_RS23910

WP_006120399.1

hypothetical
protein CDS

0.15

1.56E-02

1.14E+04

DSJ_RS28590

WP_232368668.1

hypothetical
protein CDS

0.16

2.55E-04

4.90E+02

DSJ_RS15625

WP_006120245.1

chemotaxis
response regulator
protein-glutamate
methylesterase
CDS

0.16

5.39E-03

3.41E+01

DSJ_RS15615

WP_006120247.1

cheZ CDS

0.16

8.09E-03

9.74E+01

DSJ_RS15620

WP_006120246.1

cheY CDS

0.17

5.05E-03

8.29E+01

DSJ_RS27775

WP_156879149.1

hypothetical
protein CDS

0.17

1.74E-03

3.33E+03

DSJ_RS26670

WP_226375901.1

sorbitol
dehydrogenase
family protein
CDS

0.18

4.34E-03

7.96E+02
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DSJ_RS02405

WP_006121234.1

TOPRIM and
DUF927 domain-
containing protein

CDS 0.18 4.28E-01 | 4.19E+00
DSJ_RS08080 | WP_237166131.1 | pagP CDS 0.18 1.14E-02 | 7.10E+02
DSJ RS12935 | WP_006118936.1 | astA CDS 0.18 6.51E-03 | 2.40E+01
DSJ_RS22820 | WP_237166091.1 | MipA/OmpV

family protein

CDS 0.19 1.17E-02 | 2.96E+02
DSJ_RS14000 | WP_006119144.1 | malQ CDS 0.20 1.25E-02 | 1.26E+01
DSJ_RS12945 | WP_006118938.1 | astB CDS 0.20 7.89E-05 | 7.41E+00
DSJ _RS08975 | WP_006122431.1 | transglycosylase

SLT domain-

containing protein

CDS 0.20 4.70E-01 | 1.68E+00
DSJ_RS23590 | DSJ_RS23590 IS1 family

transposase CDS 0.21 1.62E-02 | 1.33E+04
DSJ _RS20515 | WP_006118138.1 | 178 family

peptidase inhibitor

CDS 0.21 2.50E-04 | 8.06E+02
DSJ RS00155 | DSJ RS00155 ligB CDS 0.21 1.30E-03 | 2.89E+02
DSJ RS01250 | WP_006121048.1 | livH CDS 0.21 6.56E-04 | 4.66E+01
DSJ_RS28610 | WP_237166174.1 | c-type cytochrome

CDS 0.21 7.87E-04 | 8.89E+01
DSJ _RS28710 | WP_257789149.1 | hypothetical

protein CDS 0.21 1.06E-02 | 7.11E+02
DSJ_RS28605 | DSJ_RS28605 GMC family

oxidoreductase

CDS 0.22 3.78E-04 | 1.37E+02
DSJ_RS04970 | WP_006120806.1 | LysR family

transcriptional

regulator CDS 0.22 2.26E-02 | 5.73E+01
DSJ_RS20070 | WP_006118062.1 | hypothetical

protein CDS 0.22 1.09E-02 | 9.73E+00
DSJ_RS23600 | WP_237166145.1 | ItrA CDS 0.22 1.87E-02 | 5.13E+02
DSJ_RS25050 | WP_085980116.1 | DUF1460 domain-

containing protein

CDS 0.23 9.53E-03 | 1.60E+03
DSJ_RS25370 | WP_085980116.1 | DUF1460 domain-

containing protein

CDS 0.23 1.03E-02 | 1.62E+03
DSJ_RS23990 | WP_085980116.1 | DUF1460 domain-

containing protein

CDS 0.23 8.08E-03 | 1.60E+03
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DSJ_RS25510

WP_052310156.1

harpin HrpZ
family protein
CDS

0.23

1.18E-02

1.28E+03

DSJ_RS25655

WP_006121888.1

hypothetical
protein CDS

0.24

4.84E-02

3.07E+02

DSJ_RS27935

WP_006119982.1

hypothetical
protein CDS

0.24

3.84E-02

6.93E+02

DSJ_RS00160

WP_044242832.1

hypothetical
protein CDS

0.25

7.58E-04

9.06E+01

DSJ_RS09395

WP_033737669.1

ybjG CDS

0.25

3.59E-03

7.78E+02

DSJ_RS01255

WP_006121049.1

branched-chain
amino acid ABC
transporter
substrate-binding
protein CDS

0.25

1.50E-04

1.61E+02

DSJ_RS12535

WP_006119492.1

Dinl-like family
protein CDS

0.26

1.76E-03

8.43E+02

DSJ_RS01245

WP_006121047.1

high-affinity
branched-chain
amino acid ABC
transporter
permease LivM
CDS

0.27

7.11E-04

1.98E+01

DSJ_RS08725

WP_006118516.1

Bax inhibitor-
1/YccA family
protein CDS

0.27

1.29E-02

4.47E+02

DSJ_RS25505

WP_006121853.1

AvrE-family type
3 secretion system
effector CDS

0.27

7.62E-02

2.41E+03

DSJ_RS25660

WP_006121889.1

ATP-grasp
domain-containing
protein CDS

0.27

5.53E-02

6.04E+02

DSJ_RS00150

WP_006121350.1

trimeric
intracellular cation
channel family
protein CDS

0.27

3.68E-03

2.12E+02

DSJ_RS28250

WP_006122450.1

GpE family phage
tail protein CDS

0.28

1.15E-02

7.64E+00

DSJ_RS25605

WP_006121877.1

hypothetical
protein CDS

0.28

4.69E-02

3.60E+02

DSJ_RS21495

DSJ_RS21495

lysine N(6)-
hydroxylase/L-
ornithine N(5)-
oxygenase family
protein CDS

0.28

5.29E-02

3.92E+02
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DSJ_RS20375

WP_141119358.1

hypothetical

protein CDS 0.28 9.25E-02 | 1.55E+00
DSJ RS21615 | WP_006118314.1 | formyltransferase

family protein

CDS 0.28 1.20E-02 | 5.13E+01
DSJ_RS21735 | WP_006118330.1 | SFCGS family

glycine-rich

protein CDS 0.29 2.31E-01 | 2.45E+00
DSJ_RS02415 | WP_006121236.1 | hypothetical

protein CDS 0.29 1.89E-01 | 4.01E+00
DSJ_RS07600 | WP_006120635.1 | pepB CDS 0.29 1.14E-02 | 2.30E+02
DSJ_RS21490 | WP_006118294.1 | aspartate

aminotransferase

family protein

CDS 0.29 6.10E-02 | 2.31E+02
DSJ_RS20800 | DSJ_RS20800 HTH domain-

containing protein

CDS 0.29 1.20E-02 | 2.14E+01
DSJ_RS27770 | DSJ_RS27770 hypothetical

protein CDS 0.30 7.18E-02 | 4.19E+03
DSJ RS12940 | WP_006118937.1 | astD CDS 0.30 6.93E-03 | 5.66E+00
DSJ RS15370 | WP_006120299.1 | mdt] CDS 0.30 5.95E-03 | 1.85E+02
DSJ_RS02605 | WP_006121271.1 | glycosyltransferase

family 9 protein

CDS 0.30 4.90E-02 | 6.53E+02
DSJ_RS04555 | WP_006121841.1 | winged helix-turn-

helix domain-

containing protein

CDS 0.30 2.18E-02 | 5.10E+01
DSJ RS21780 | WP_006118339.1 | yihU CDS 0.30 2.81E-01 | 1.67E+00
DSJ_RS25600 | WP_006121876.1 | Flil/YscN family

ATPase CDS 0.30 3.79E-02 | 2.63E+02
DSJ_RS08920 | WP_006122442.1 | DUF2190 family

protein CDS 0.30 4.11E-01 | 3.00E+00
DSJ_RS28035 | WP_006121887.1 | hypothetical

protein CDS 0.31 4.89E-02 | 4.83E+02
DSJ _RS13755 | WP_044241999.1 | ATP-binding

cassette domain-

containing protein

CDS 0.31 4.08E-03 | 2.78E+01
DSJ _RS02600 | WP_006121270.1 | rfaC CDS 0.31 3.00E-02 | 3.26E+02
DSJ_RS18890 | WP_006117838.1 | hypothetical

protein CDS 0.31 2.34E-01 | 7.98E+00
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DSJ_RS15825

WP_006119781.1

TetR family
transcriptional

regulator CDS 0.31 3.28E-02 | 1.38E+02
DSJ_RS20075 | WP_006118063.1 | hypothetical

protein CDS 0.31 6.75E-03 | 8.68E+00
DSJ RS10935 | WP_006118861.1 | phoP CDS 0.32 3.27E-03 | 7.43E+02
DSJ_RS15910 | WP_006119794.1 | hypothetical

protein CDS 0.32 6.72E-04 | 1.14E+02
DSJ_RS25500 | WP_044243030.1 | type Il secretion

system chaperone

CDS 0.32 7.39E-02 | 3.74E+03
DSJ_RS24680 | WP_085980114.1 | DUF1460 domain-

containing protein

CDS 0.32 2.88E-04 | 2.57E+03
DSJ _RS25610 | WP_044243053.1 | type Il secretion

system HrpP C-

terminal domain-

containing protein

CDS 0.32 5.43E-02 | 2.27E+02
DSJ_RS19480 | WP_006117950.1 | PLP-dependent

cysteine synthase

family protein

CDS 0.32 3.26E-03 | 8.37E+01
DSJ _RS25595 | WP_006121875.1 | sctD CDS 0.32 3.60E-02 | 2.05E+02
DSJ _RS25975 | WP_006121946.1 | arnA CDS 0.33 1.38E-04 | 8.23E+02
DSJ_RS15905 | WP_006119793.1 | DUF2786 domain-

containing protein

CDS 0.33 7.93E-03 | 1.65E+01
DSJ RS15915 | WP_044242188.1 | ANR family

transcriptional

regulator CDS 0.33 5.38E-04 | 2.01E+01
DSJ_RS25555 | WP_044243044.1 | Escl/Yscl/HrpB

family type 111

secretion system

inner rod protein

CDS 0.33 6.00E-02 | 1.01E+04
DSJ _RS25585 | WP_006121872.1 | sctW CDS 0.33 6.85E-02 | 5.00E+02
DSJ _RS25625 | WP_033742539.1 | sctS CDS 0.34 3.96E-02 | 4.10E+02
DSJ_RS25970 | WP_006121945.1 | arnD CDS 0.34 1.16E-03 | 3.63E+02
DSJ _RS25620 | WP_006121880.1 | sctR CDS 0.34 3.81E-02 | 6.92E+02
DSJ_RS25980 | WP_006121947.1 | arnC CDS 0.34 4.70E-04 | 9.96E+02

& Shaded rows signify coding sequences differentially expressed (3-fold or more) but were unable

to be provided with gene ontology (GO) annotation(s).
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Table S2.17. Individual alignment RNA-Seq activated genes (3-fold or more).

Gene ID Protein ID Description Ratio P-value Max
(Wt:Alrp) TPM

DSJ_RS0306 | WP_006121542. | Y]jbF family 31.55 4.29E-02 | 3.12E+0
5 1 lipoprotein CDS 2
DSJ_RS0307 | WP_006121543. | yjbE CDS 27.64 9.80E-03 | 2.99E+0
0 1 4
DSJ_RS2493 | WP_006120907. | lysozyme CDS 19.20 1.46E-04 | 6.71E+0
5 1 4
DSJ_RS2494 | WP_044242612. | putative holin CDS | 14.38 1.11E-04 | 4.10E+0
5 1 4
DSJ_RS2582 | WP_006121918. | rutA CDS 14.06 4.08E-02 | 1.36E+0
5 1 3
DSJ RS0306 | WP_006121540. | capsule biosynthesis | 13.02 6.02E-02 | 1.52E+0
0 1 GfcC family protein 2

CDS
DSJ_RS2581 | WP_006121916. | rutC CDS 12.28 4.02E-02 | 1.06E+0
5 1 3
DSJ_RS2493 | WP_006120906. | hypothetical protein | 11.77 1.50E-03 | 5.57E+0
0 1 CDS 4
DSJ_RS2581 | WP_006121915. | rutD CDS 9.75 5.86E-02 | 6.32E+0
0 1 2
DSJ_RS2582 | WP_006121917. | rutB CDS 9.43 6.45E-02 | 6.42E+0
0 1 2
DSJ_RS2107 | WP_006118228. | carbonic anhydrase | 8.12 7.34E-02 | 1.13E+0
5 1 CDS 2
DSJ_RS1170 | WP_006119661. | nac CDS 7.90 6.48E-02 | 5.30E+0
0 1 2
DSJ_RS0305 | WP_006121538. | YjbH domain- 7.81 6.84E-02 | 9.34E+0
5 1 containing protein 1

CDS
DSJ_RS2580 | WP_006121913. | malonic 7.42 5.36E-02 | 3.50E+0
5 1 semialdehyde 2

reductase CDS
DSJ_RS0867 | WP_033737785. | ATP-binding 7.11 1.72E-02 | 5.01E+0
5 1 cassette domain- 2

containing protein

CDS
DSJ_RS2580 | WP_006121912. | rutF CDS 6.65 1.01E-01 | 4.70E+0
0 1 2
DSJ_RS1174 | WP_006119653. | ABC transporter 6.62 1.18E-01 | 1.18E+0
0 1 permease CDS 1
DSJ_RS0181 | WP_006121153. | MHS family MFS 6.58 5.44E-04 | 6.72E+0
0 1 transporter CDS 1
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DSJ_RS2579 | WP_006121911. | rutG CDS 6.57 4.32E-02 | 3.21E+0
5 1 2
DSJ_RS2661 | WP_006122068. | DASS family 5.78 7.86E-03 | 7.57E+0
0 1 sodium-coupled 3
anion symporter
CDS
DSJ_RS2661 | WP_006122069. | flavocytochrome c 5.64 3.31E-02 | 4.03E+0
5 1 CDS 3
DSJ_RS1283 | WP_006118919. | ABC transporter 5.49 6.74E-03 | 2.47E+0
5 1 substrate-binding 2
protein CDS
DSJ_RS1173 | WP_006119655. | ABC transporter 5.09 8.32E-02 | 3.61E+0
0 1 substrate-binding 1
protein CDS
DSJ _RS1171 | WP_006119658. | aldehyde 4.93 4.87E-02 | 3.67E+0
5 1 dehydrogenase 1
family protein CDS
DSJ_RS1975 | WP_006118005. | NCS1 family 4.82 1.24E-03 | 1.12E+0
0 1 nucleobase:cation 2
symporter-1 CDS
DSJ_RS1285 | WP_006118923. | nitrate reductase 4.81 1.14E-02 | 6.03E+0
5 1 CDS 1
DSJ RS1174 | WP_006119652. | ABC transporter 478 9.35E-02 | 2.44E+0
5 1 ATP-binding protein 1
CDS
DSJ_RS0600 | WP_006117612. | atzF CDS 4.75 3.54E-02 | 3.17E+0
0 1 1
DSJ_RS2773 | DSJ_RS27730 N-acetylmuramoyl- | 4.68 1.76E-03 | 2.56E+0
0 L-alanine amidase 4
CDS
DSJ_RS1285 | WP_006118922. | nirB CDS 4.66 4.96E-03 | 3.81E+0
0 1 1
DSJ_RS1173 | WP_006119654. | ABC transporter 4.56 8.41E-02 | 2.53E+0
5 1 permease CDS 1
DSJ_RS1284 | WP_006118920. | ntrB CDS 4.20 1.92E-02 | 5.88E+0
0 1 1
DSJ_RS0599 | WP_006117611. | uca CDS 4.18 5.22E-02 | 2.88E+0
5 1 1
DSJ_RS1172 | WP_006119657. | haloacid 4.14 7.48E-02 | 5.07E+0
0 1 dehalogenase type II 1
CDS
DSJ RS1286 | WP_006118924. | cobA CDS 4.10 1.76E-02 | 7.37E+0
0 1 1
DSJ_RS0867 | WP_006118505. | bioD CDS 4.08 3.14E-02 | 1.30E+0
0 1 2
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DSJ _RS0436 | WP_161784121. | ABC transporter 3.81 1.47E-02 | 1.40E+0
5 1 permease CDS 2
DSJ _RS0617 | WP_006117643. | folA CDS 3.78 7.81E-03 | 6.96E+0
0 1 1
DSJ_RS1975 | WP_006118006. | GntR family 3.76 1.71E-03 | 3.21E+0
5 1 transcriptional 1
regulator CDS
DSJ_RS1172 | WP_006119656. | FAD-binding 3.76 8.36E-02 | 2.87E+0
5 1 oxidoreductase CDS 1
DSJ_RS1283 | WP_006118918. | nitrate regulatory 3.70 8.64E-03 | 7.62E+0
0 1 protein CDS 1
DSJ_RS1999 | WP_006118049. | sugar ABC 3.66 2.80E-02 | 3.05E+0
0 1 transporter ATP- 1
binding protein CDS
DSJ_RS0395 | WP_006121727. | glutamate synthase- | 3.65 2.61E-03 | 1.07E+0
0 1 related protein CDS 2
DSJ_RS1284 | WP_006118921. | ABC transporter 3.58 2.29E-02 | 6.10E+0
5 1 ATP-binding protein 1
CDS
DSJ RS0137 | WP_006121072. | purine permease 3.45 5.03E-03 | 7.12E+0
0 1 CDS 1
DSJ_RS0300 | WP_006121533. | aceB CDS 3.43 1.57E-01 | 2.40E+0
5 1 2
DSJ_RS0436 | WP_006121806. | phosphotriesterase- | 3.38 2.86E-02 | 7.69E+0
0 1 related protein CDS 1
DSJ_RS0599 | WP_006117610. | GntR family 3.36 6.56E-02 | 3.17E+0
0 1 transcriptional 1
regulator CDS
DSJ_RS2492 | WP_006120905. | RHS repeat protein | 3.24 4.04E-03 | 1.74E+0
5 1 CDS 4
DSJ_RS0301 | WP_006121534. | aceA CDS 3.22 8.73E-02 | 4.47E+0
0 1 1
DSJ_RS1175 | WP_006119650. | GNAT family N- 3.20 1.23E-01 | 3.55E+0
5 1 acetyltransferase 1
CDS
DSJ RS1422 | WP_006119210. | hpxO CDS 3.19 2.92E-04 | 6.88E+0
5 1 1
DSJ_RS0437 | DSJ_RS04370 ATP-binding 3.18 2.02E-03 | 4.93E+0
0 cassette domain- 2
containing protein
CDS
DSJ_RS0394 | WP_006121726. | sulfite reductase 3.14 8.00E-03 | 1.08E+0
5 1 subunit alpha CDS 2
DSJ_RS0435 | WP_044242973. | M20 family 3.04 6.08E-02 | 1.35E+0
0 1 metallopeptidase 2

CDS
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DSJ RS2584 | WP_006121921. | amino acid ABC 3.01 1.02E-02 | 7.47E+0
0 1 transporter permease 2

CDS
DSJ RS1567 | WP_006120236. | flhD CDS 2.99 2.15E-01 | 7.87E+0
0 1 2
DSJ RS0435 | WP_006121805. | glutamine 2.99 3.93E-02 | 1.78E+0
5 1 amidotransferase 2

CDS
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Table S2.18. Individual alignment repressed genes (3-fold or more).

Gene ID Protein ID Description Ratio P- Max
(Wt:Alrp) | value | TPM

DSJ RS026 | WP_006121271 | glycosyltransferase family | 0.06 1.90E | 4.85E+0
05 ! 9 protein CDS -03 3
DSJ_RS277 | WP_156879149 | hypothetical protein CDS 0.06 2.36E | 3.72E+0
75 1 -01 0
DSJ_RS239 | WP_044242411 | N-acetylmuramoyl-L- 0.12 3.19E | 8.10E+0
15 1 alanine amidase CDS -01 0
DSJ _RS049 | WP_006120806 | LysR family transcriptional | 0.12 8.09E | 3.93E+0
70 ! regulator CDS -03 3
DSJ RS194 | WP_006117950 | PLP-dependent cysteine 0.13 1.52E | 5.04E+0
80 A synthase family protein -03 1

CDS
DSJ_RS012 | WP_006121048 | livH CDS 0.13 4.48E | 8.33E+0
50 1 -02 4
DSJ_RS076 | WP_006120635 | pepB CDS 0.14 5.08E | 1.75E+0
00 1 -03 3
DSJ_RS200 | WP_006118062 | hypothetical protein CDS 0.15 4.86E | 4.95E+0
70 1 -03 1
DSJ_RS156 | WP_006120244 | cheR CDS 0.16 5.99E | 1.42E+0
30 1 -03 2
DSJ_RS012 | WP_006121049 | branched-chain amino acid | 0.16 1.54E | 8.03E+0
55 A ABC transporter substrate- -02 4

binding protein CDS
DSJ_RS159 | WP_006119793 | DUF2786 domain- 0.16 3.91E | 1.21E+0
05 ! containing protein CDS -03 2
DSJ_RS089 | WP_006122431 | transglycosylase SLT 0.17 1.08E | 1.03E+0
75 A domain-containing protein -02 3

CDS
DSJ RS203 | WP_141119358 | hypothetical protein CDS 0.17 6.96E | 3.49E+0
75 1 -03 1
DSJ _RS239 | WP_006120402 | glycoside hydrolase family | 0.18 4.26E | 5.83E+0
20 1 10 protein CDS -01 0
DSJ_RS129 | WP_006118937 | astD CDS 0.19 1.16E | 4.30E+0
40 1 -02 2
DSJ RS216 | WP_006118314 | formyltransferase family 0.19 1.04E | 1.83E+0
15 ! protein CDS -02 1
DSJ RS239 | DSJ_RS23905 | helix-turn-helix domain- 0.19 1.07E | 1.08E+0
05 containing protein CDS -04 1
DSJ_RS089 | WP_006122442 | DUF2190 family protein 0.20 1.23E | 1.13E+0
20 1 CDS -04 3
DSJ_RS188 | WP_006117838 | hypothetical protein CDS 0.20 1.61E | 7.15E+0
90 1 -03 1
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DSJ_RS129 | WP_006118938 | astB CDS 0.20 1.09E | 4.28E+0
45 1 -03 2
DSJ_RS279 | WP_006119982 | hypothetical protein CDS 0.21 4.74E | 2.34E+0
35 1 -01 0
DSJ _RS159 | WP_006119794 | hypothetical protein CDS 0.21 2.00E | 8.33E+0
10 1 -02 1
DSJ_RS217 | WP_006118330 | SFCGS family glycine-rich | 0.21 7.61E | 1.41E+0
35 ! protein CDS -03 1
DSJ_RS093 | WP_033737669 | ybjG CDS 0.24 2.69E | 9.64E+0
95 1 -02 2
DSJ RS087 | WP_006118516 | Bax inhibitor-1/YccA 0.24 4.45E | 1.13E+0
25 ! family protein CDS -03 3
DSJ_RS156 | WP_006120247 | cheZz CDS 0.25 4.88E | 2.47E+0
15 1 -04 2
DSJ_RS023 | WP_006121232 | ogr/Delta-like zinc finger 0.25 1.19E | 4.42E+0
95 ! family protein CDS -03 4
DSJ_RS080 | WP_237166131 | pagP CDS 0.25 9.71E | 1.17E+0
80 1 -04 3
DSJ RS024 | WP_006121234 | TOPRIM and DUF927 0.26 9.30E | 4.33E+0
05 | domain-containing protein -04 4
CDS
DSJ RS001 | WP_006121350 | trimeric intracellular cation | 0.26 2.49E | 2.00E+0
50 A channel family protein -03 5
CDS
DSJ_RS205 | WP_006118138 | 178 family peptidase 0.26 1.91E | 3.06E+0
15 ! inhibitor CDS -03 1
DSJ_RS109 | WP_006118861 | phoP CDS 0.26 8.73E | 6.49E+0
35 1 -03 2
DSJ RS024 | WP_006121236 | hypothetical protein CDS 0.27 2.21E | 3.45E+0
15 1 -02 4
DSJ_RS001 | DSJ_RS00155 | ligB CDS 0.27 4.71E | 1.48E+0
55 -03 5
DSJ_RS142 | WP_006119205 | SDR family oxidoreductase | 0.27 4.86E | 3.09E+0
05 1 CDS -03 2
DSJ RS235 | WP_006118540 | pentapeptide repeat- 0.27 8.42E | 1.11E+0
95 1 containing protein CDS -03 1
DSJ_RS171 | WP_006119983 | hypothetical protein CDS 0.28 1.13E | 7.45E+0
35 1 -02 1
DSJ_RS253 | WP_085980116 | DUF1460 domain- 0.28 2.27E | 3.73E+0
70 ! containing protein CDS -01 0
DSJ_RS285 | WP_232368668 | hypothetical protein CDS 0.28 8.51E | 2.15E+0
90 1 -02 0
DSJ RS140 | WP_006119144 | malQ CDS 0.28 9.88E | 3.35E+0
00 1 -03 2
DSJ _RS139 | WP_044242009 | hypothetical protein CDS 0.28 4.89E | 3.36E+0
40 1 -02 2
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DSJ _RS045 | WP_006121841 | winged helix-turn-helix 0.29 1.35E | 4.39E+0
55 A domain-containing protein -02 3
CDS
DSJ_RS246 | WP_085980114 | DUF1460 domain- 0.29 1.69E | 5.58E+0
80 ! containing protein CDS -01 0
DSJ_RS109 | WP_044241892 | phoQ CDS 0.29 4.67E | 9.49E+0
30 1 -02 2
DSJ _RS239 | WP_006120399 | hypothetical protein CDS 0.29 3.89E | 8.23E+0
10 1 -03 0
DSJ_RS153 | WP_006120299 | mdtJ CDS 0.29 2.55E | 2.57E+0
70 1 -03 2
DSJ_RS282 | WP_006122450 | GpE family phage tail 0.30 2.55E | 2.32E+0
50 ! protein CDS -01 0
DSJ _RS200 | WP_006118063 | hypothetical protein CDS 0.30 4.05E | 4.04E+0
75 1 -03 1
DSJ_RS125 | WP_006119493 | hypothetical protein CDS 0.30 4.12E | 5.86E+0
30 1 -02 2
DSJ_RS129 | WP_006118936 | astA CDS 0.30 2.80E | 4.73E+0
35 1 -02 2
DSJ_RS156 | WP_006120246 | cheY CDS 0.30 3.20E | 2.00E+0
20 1 -02 2
DSJ_RS217 | WP_006118339 | yihU CDS 0.30 3.74E | 1.26E+0
80 1 -03 1
DSJ RS228 | WP_237166091 | MipA/OmpV family 0.31 2.10E | 1.11E+0
20 ! protein CDS -01 1
DSJ_RS250 | WP_085980116 | DUF1460 domain- 0.31 4.03E | 4.17E+0
50 ! containing protein CDS -01 0
DSJ_RS156 | WP_006120245 | chemotaxis response 0.31 6.92E | 1.65E+0
25 A regulator protein-glutamate -04 2
methylesterase CDS
DSJ_RS089 | WP_006122434 | DUF3486 family protein 0.31 2.71E | 1.08E+0
55 1 CDS -03 3
DSJ RS159 | WP_044242188 | ANR family transcriptional | 0.31 1.76E | 7.52E+0
15 ! regulator CDS -02 1
DSJ_RS026 | WP_006121270 | rfaC CDS 0.31 1.70E | 2.79E+0
00 1 -02 4
DSJ_RS158 | WP_006119781 | TetR family transcriptional | 0.31 3.95E | 1.22E+0
25 ! regulator CDS -03 2
DSJ RS214 | DSJ_RS21495 | lysine N(6)-hydroxylase/L- | 0.32 6.75E | 2.40E+0
95 ornithine N(5)-oxygenase -03 1
family protein CDS
DSJ RS214 | WP_006118294 | aspartate aminotransferase | 0.32 1.67E | 2.86E+0
90 ! family protein CDS -04 1
DSJ_RS137 | WP_044241999 | ATP-binding cassette 0.33 7.82E | 3.86E+0
55 | domain-containing protein -03 2

CDS
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DSJ_RS012 | WP_006121047 | high-affinity branched- 0.33 2.43E | 1.03E+0
45 A chain amino acid ABC -03 5
transporter permease LivM
CDS
DSJ_RS125 | WP_006119492 | Dinl-like family protein 0.34 2.11E | 5.57E+0
35 ! CDS -02 2
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Table S2.19. Chromosomal and sequence location of genes of interest.

Gene ID Protein ID Contig Name Minimum | Maximum
DSJ_RS03065WP_006121542.1 NZ_CP017581 | YjbF family lipoprotein 608869 | 609516
CDS
DSJ_RS24935WP_006120907.1 NZ_CP017590 | lysozyme CDS 38611 39054
DSJ_RS24945WP_044242612.1) NZ_CP017590 | putative holin CDS 39316 39639
DSJ_RS25825WP_006121918.1 NZ_CP017591 | rutA CDS 74062 75153
DSJ_RS11700WP_006119661.1 NZ_CP017581 | nac CDS 2325813 2326730
DSJ_RS08675WP_033737785.1) NZ_CP017581 | ATP-binding cassette 1766492 | 1767214
domain-containing protein
CDS
DSJ_RS03005WP_006121533.1 NZ_CP017581 | aceB CDS 595320 596918
DSJ_RS15630WP_006120244.1) NZ_CP017581 | cheR CDS 3110145 3111017
DSJ_RS23920WP_006120402.1| NZ_CP017588 | glycoside hydrolase 37217 38419

family 10 protein CDS

DSJ _RS23915WP_044242411.1) NZ_CP017588 | N-acetylmuramoyl-L- 36438 37214
alanine amidase CDS

DSJ_RS13940WP_044242009.1 NZ_CP017581 | hypothetical protein CDS 2756560 | 2756829
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Table S2.20. Chromosomal and sequence location of genes related to significant biological

processes.

Gene ID

DSJ_RS25800
DSJ_RS25810
DSJ_RS25820
DSJ_RS25815
DSJ_RS25805

DSJ_RS25825
DSJ_RS03065

DSJ_RS03070
DSJ_RS03060

DSJ_RS03055

DSJ_RS25795
DSJ_RS01370

DSJ_RS12845

DSJ_RS12840
DSJ_RS12935
DSJ_RS12945
DSJ_RS12940
DSJ_RS25980
DSJ_RS25970

Protein ID

WP_006121912.1
WP_006121915.1
WP_006121917.1
WP_006121916.1
WP_006121913.1

WP_006121918.1
WP_006121542.1

WP_006121543.1
WP_006121540.1

WP_006121538.1

WP_006121911.1
WP_006121072.1

WP_006118921.1

WP_006118920.1
WP_006118936.1
WP_006118938.1
WP_006118937.1
WP_006121947.1
WP_006121945.1

Contig

NZ_CP017591
NZ_CP017591
NZ_CP017591
NZ_CP017591
NZ_CP017591

NZ_CP017591
NZ_CP017581

NZ_CP017581
NZ_CP017581

NZ_CP017581

NZ_CP017591
NZ_CP017581

NZ_CP017581

NZ_CP017581
NZ_CP017581
NZ_CP017581
NZ_CP017581
NZ_CP017591
NZ_CP017591
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Name

rutF CDS
rutD CDS
rutB CDS
rutC CDS

(rute) malonic
semialdehyde
reductase CDS

rutA CDS

YjbF family
lipoprotein CDS

yjbE CDS

(yjbG)capsule
biosynthesis GfcC
family protein CDS

YjbH domain-
containing protein
CDS

rutG CDS

purine permease
CDS

ABC transporter
ATP-binding protein
CDS

ntrB CDS
astA CDS
astB CDS
astD CDS
arnC CDS
arnD CDS

Minimum | Maximum

70872
72019
73313
72901
71444

74062
608869

609709
608129

606039

69503
257168

2529221

2528338
2552594
2555088
2553622
105279
102407

71414
72858
74062
73287
72034

75153
609516

609954
608872

608129

70840
258547

2530009

2529210
2553625
2556413
2555091
106259
103300



Table S2.21. List of all GO biological process annotations associated with activated genes

(3-fold or more)?.
GO Biological Process Description Activated | Genome
Transmembrane transport 9 259
Nitrogen utilization
Uracil catabolic process
Extracellular polysaccharide biosynthetic
process
Regulation of DNA-templated transcription
Xanthine transport
Peptidoglycan catabolic process
Nitrate transmembrane transport
glyoxylate cycle
tricarboxylic acid cycle
purine nucleobase metabolic proces
urate catabolic process
alkanesulfonate catabolic process
alanine catabolic process
response to leucine
glutamate biosynthetic process
ammonia assimilation cycle
glycine biosynthetic process
one-carbon metabolic process
dihydrofolate metabolic process
tetrahydrofolate biosynthetic process
folic acid metabolic process
transport
pyrimidine nucleotide transport
catabolic process
biotin biosynthetic process
cell wall macromolecule catabolic process
Killing of cells of another organism
defense response to bacterium
fumarate transport
succinate transmembrane transport
L-amino acid transport
peptide transport
nucleobase transport
carbon utilization
cysteine biosynthetic process
hydrogen sulfide biosynthetic process
siroheme biosynthetic process
methylation
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nitrate assimilation 1 0
positive regulation of DNA-templated 1 10
transcription

regulation of bacterial-type flagellum 1 1
assembly

ammonium transmembrane transport 1 0
organonitrogen compound metabolic process | 1 7
regulation of DNA-templated transcription 1 8
initiation

& The “Activated” column represents the number of genes with 3-fold or more activation that
were annotated with the associated biological process. The “Genome” column represents the
total number of Pss genes that were annotated with the associated biological process.
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Table S2.22. List of all GO biological process annotations associated with repressed genes
(3-fold or more)2.

GO Biological Process Description Repressed | Genome
protein secretion by the type 111 secretion system 4 14
lipid A biosynthetic process 4 17
phosphorelay signal transduction system 4 60
regulation of DNA-templated transcription 4 240
lipopolysaccharide biosynthetic process 3 13
response to antibiotic 3 12
arginine catabolic process to glutamate 3 1
arginine catabolic process to succinate 3 1
4-amino-4-deoxy-alpha-L-arabinopyranosyl undecaprenyl | 2 0
phosphate biosynthetic process

protein secretion 2 25
symbiont-mediated perturbation of host defense-related 2 2
programmed cell death

lipopolysaccharide core region biosynthetic process 2 9
carbohydrate metabolic process 2 50
phosphorylation 2 117
DNA replication 2 29
DNA repair 2 31
electron transport chain 2 27
negative regulation of protein secretion 1 1
cysteine biosynthetic process 1 6
L-cysteine catabolic process to pyruvate 1 1
phosphate ion transmembrane transport 1 8
proton motive force-driven ATP synthesis 1 10
proton transmembrane transport 1 28
6-sulfoquinovose(1-) catabolic process 1 2
choline transport 1 1
glycine betaine transport 1 5
response to chemical 1 3
spermidine transmembrane transport 1 1
phosphoenolpyruvate-dependent sugar phosphotransferase | 1 35
system

carboxylic acid metabolic process 1 4
proteolysis 1 84
conversion of methionyl-tRNA to N-formyl-methionyl- 1 2
tRNA

cellular biosynthetic process 1 3
organonitrogen compound biosynthetic process 1 3
branched-chain amino acid transport 1 2
transmembrane transport 1 267
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amino acid transport 1 34
RNA-templated DNA biosynthetic process 1 5
DNA damage response 1 11
defense response to virus 1 4
lysine biosynthetic process via diaminopimelate 1 12
positive regulation of gene expression 1 0
L-alanine transport 1 1
phenylalanine transport 1 0
D-alanine transport 1 1
leucine import across plasma membrane 1 1
L-valine transmembrane transport 1 0
L-isoleucine import across plasma membrane 1 1
DNA transposition 1 154
peptidoglycan biosynthetic process 1 40
DNA replication, synthesis of RNA primer 1 14
regulation of chemotaxis 1 1
archaeal or bacterial-type flagellum-dependent cell 1 1
motility

chemotaxis 1 51
DNA integration 1 65
methylation 1 37
peptidoglycan catabolic process 1 19

& The “Repressed” column represents the number of genes with 3-fold or more repression that
were annotated with the associated biological process. The “Genome” column represents the
total number of Pss genes that were annotated with the associated biological process.
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