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Abstract 

The genomic structure can give vast information about fundamental properties of an organism 

and genome analysis is a recognized way to get an insight of important biological processes. 

With advances in genomic technology, it is possible to analyse a genome in relation to specific 

genes that contribute to the virulence and pathogenicity of bacteria.  

The Pseudomonas genus is one of the most diverse bacterial genera. Species within the 

genus have a broad range of function as some of them are plant-growth promoting but others 

are highly pathogenic. In this study, the genome of Pseudomonas DG134 strain, which was 

isolated from Peltigera membranacea lichen, is analysed in relation to the possibility of it being 

a plant pathogen. The type III secretion system is a major virulence factor among many 

pathogenic bacteria and therefore, bioinformatics tools were used to identify and locate genes 

that encode for components of the Type III secretion system. In the genome of Pseudomonas 

DG134, there is one gene cluster that contains several genes encoding the Type III secretion 

system, but they are not thought to be sufficient for Type III secretion system mediated 

infection.  

Many pathogenic microorganisms produce biosurfactants which are surface active 

secondary metabolites. Rhamnolipid is a common virulence factor which is mainly produced by 

Pseudomonas aeruginosa. Genes that participate in the biosynthesis of Rhamnolipid were 

searched in Pseudomonas DG134. Only one gene involved with Rhamnolipid production is 

present, which indicates that Pseudomonas DG134 is not capable of Rhamnolipid biosynthesis. 

Multiple alignment was performed with Mauve to compare Pseudomonas DG134 with five 

Pseudomonas syringae strains. Additionally, other possible genes that contribute to virulence 

were searched. Pseudomonas DG134 does harbour genes that may contribute to its virulence 

but not all genes required for specific virulence factors are present in the genome.
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Ágrip 
Uppbygging erfðamengis getur gefið mikilvægar upplýsingar um grundvallar eiginleika lífveru 

og með því að greina erfðamengi er hægt að fá góða innsýn í líffræðilega ferla. Með framförum 

í erfðamengjafræði er nú mögulegt að greina erfðamengi í tengslum við ákveðna 

meinvirkniþætti sem gera lífverur að sýklum. 

 Pseudomonas ættkvíslin er ein sú fjölbreyttasta og meðal annars geta sumir 

Pseudomonas stofnar stuðlað að vexti plantna en aðrir eru mjög sjúkdómsvaldandi. Í þessu 

verkefni var erfðamengið hjá Pseudomonas DG134 rannsakað en stofninn var einangraður úr 

Peltigera membranacea fléttu. Markmiðið var að kanna hvort að stofninn sé mögulegur 

plöntusýkill og því var leitað eftir genum sem kóða fyrir Type III secretion system sem er 

algengur meinvirkniþáttur meðal sýkla. Lífupplýsingatækni forrit voru notuð til þess að leita að 

genunum en í ljós kom að það er einn genaklasi sem inniheldur nokkur gen sem kóða fyrir Type 

III secretion system en þau eru ekki talin vera nægileg til þess að Pseudomonas DG134 geti 

valdið Type III secretion system hvataðri sýkingu. 

 Margir sýklar framleiða yfirborðsvirk efni og til dæmis framleiðir Pseudomonas 

aeruginosa mikið magn af Rhamnolipid. Rhamnolipid er meinvirkniþáttur og þar af leiðandi var 

leitað af genum í Pseudomonas DG134 sem eru nauðsynleg fyrir framleiðslu á Rhamnolipid. Það 

er aðeins eitt gen til staðar og því má áætla að stofninn geti ekki framleitt Rhamnolipid. 

 Margföld samröðun var framkvæmd með Mauve til þess að bera saman Pseudomonas 

DG134 við fimm Pseudomonas syringae stofna. Auk þess var leitað að öðrum genum sem taka 

mögulega þátt í meinvirkni stofnsins. Pseudomonas DG134 er með nokkur gen sem taka þátt í 

ýmsum meinvirkniþáttum en ekki eru öll nauðsynleg gen til staðar.   
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1 Introduction 

1.1 Bacterial genome 
Since the first bacterial genome was sequenced in 1995, many studies have focused on the 

genomic structure of prokaryotes. In recent years, these studies have shed new light on the 

diversity and function of the bacterial genome (Koonin & Wolf, 2008). The structure of the 

bacterial genome is rather simple, but highly organized and reflects some of the fundamental 

properties of bacteria. The bacterial genome is quite small with a size ranging from 500 to 

10.000 kb (Ochman & Davalos, 2006). It usually consists only of a single chromosome and 

additional extrachromosomal elements, such as plasmids, bacteriophages and transposons 

(Krawiec & Riley, 1990). The chromosomal DNA, which can be either circular or linear, is the 

main replicon and contains the vast majority of the genes which are highly organized and 

tightly packed (Holmes & Jobling, 1996; Ochman & Davalos, 2006). Many, but not all, bacteria 

have extrachromosomal elements, or secondary replicons in addition to the primary replicon. 

These extrachromosomal elements carry non-essential genes which have been acquired by 

horizontal gene transfer. Horizontal gene transfer is when genetic material, most often 

functional genes, are transferred between genomes of different organisms (diCenzo & Finan, 

2017). A common extrachromosomal element among bacteria are plasmids. Plasmids are 

small, double stranded DNA molecules which can be transported between bacteria by 

conjugation. Studies have shown that many plasmids provide bacteria specific characteristics, 

such as antibiotic resistance, toxin production or virulence factors for pathogenicity (Holmes 

& Jobling, 1996). The genes carried by plasmids also seem to make bacteria more adaptive, 

being able to adapt to various environmental factors which would not be possible in the 

absence of those specific genes (Kuzminov, 2014).  

  GC content is highly variable between bacterial species and even within genomes. GC 

content is the percentage of guanine or cytosine bases present in a genome, which usually 

ranges from 15% to 75% (diCenzo & Finan, 2017). The reason for bacterial GC content 

diversity is a controversial subject and has been well studied over the years. As of this day, 
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many seem to believe that the GC content is affected by multiple factors such as genome size, 

the environment and temperature. However, it is not unlikely that these factors are affected 

by mutation or even natural selection. Regardless of the reason, measuring GC content is 

important for both genome comparison and taxonomy (Hildebrand et al., 2010).  

Of all organisms, bacteria are often said to be the most genetically diverse. The 

diversity among bacterial genomes can be explained by mutations, natural selection and 

genetic drift, which have significantly affected the evolution of bacterial genomes (Kuo et al., 

2009). All organisms undergo mutations which are sudden alterations in the genetic material, 

either by nucleotide deletion or insertion. Interestingly, studies have shown that bacterial 

mutations are most often deletions where unnecessary genes are removed from the genome 

and a result, the bacterial fitness increases. The theory of natural selection states that only 

the fittest survive, and by deleting nonbeneficial regions, the bacterium chances to survive 

increases. Functional genes are therefore more conserved within the genome and the 

nonfunctional genes are more susceptible for deletions (Ochman & Davalos, 2006).  

To be able to understand how individual 

genes affect the genome as a whole as well as how 

the genes interact so an organism can function as a 

unit, it is important to recognize the structure of the 

genome. Genome annotation is a convenient 

method for genome analysis (Steward et al., 2017). 

Genome annotation involves three steps; identifying 

non-coding regions, identifying coding regions and 

using the information to predict the biological 

function of these elements (Jung et al., 2020). There 

are three different steps in genome annotation; 

nucleotide-level annotation, protein-level annotation 

and process-level annotation (Stein, 2001).  

Nucleotide level annotation, which is the first step in 

genome annotation, focuses on finding known 

genetic features within the genome. Features such as 

genes, tRNAs, rRNAs and repetitive elements are 

Figure 1: Three steps of genome 
annotation (Stein, 2001) 
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identified. In the following step, or protein level annotation, those features are looked at from 

a functional point of view within the genome. In the final step, process level annotation tries 

to combine this information and relate them to biological processes (Stein, 2001).   

 There are two different types of genome annotation that can be performed, structural 

annotation and functional annotation. Structural annotation is generally the first step in 

genome annotation and aims to identify and locate specific DNA features within the genome, 

such as known genes, exons, introns and promoters. The goal with structural annotation is to 

gather general information about the sequence and then by performing functional 

annotation, it is possible to determine the role of these features and relate them to biological 

processes (Ejigu & Jung, 2020).  

 There are numerous annotation servers available online, both for eukaryotes and 

prokaryotes. In 2008, a software for microbial genome annotation was opened under the 

name Rapid Annotation using Subsystem Technology, or RAST. RAST provides both an 

accurate and consistent annotation of complete bacterial genomes by dividing the data into 

subsystems based on their functional role (Aziz et al., 2008). The server provides accurate 

information from the genome annotation and allows one to observe the data graphically by 

using the SEED-Viewer (Aziz et al., 2008).  

 
 

1.2 Pseudomonas genus  
The large genus Pseudomonas has more than 200 species of Gram-negative bacteria that 

possess unique metabolic characteristics as well as great genetic diversity (Lalucat et al., 

2020). Pseudomonas species are motile, non-spore forming rods which belong to the class of 

Gammaproteobacteria (Palleroni, 2010). Pseudomonas species have great environmental 

adaptability and are therefore able to thrive in many different environments, including soil, 

water, as well as on plants or other hosts (Novik et al., 2015). Their diverse metabolic activity 

allows them to exploit a variety of substances and survive in the absence of some essential 

nutrients. Furthermore, they are resistant to some extreme environmental factors and can for 

example survive in temperatures from 4°C and up to 43°C (Igbinosa et al., 2012).   

The name Pseudomonas first came up during Walter Migula‘s research in Germany in 

the nineteenth century. At that time, due to insufficient resources and poor understanding of 
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bacterial genomes and taxonomy, Migula‘s work did not get much attention (Palleroni, 2010).  

Several decades later, the interest in Pseudomonas species increased, particularly in light of 

their nutritional properties and their possible ability to infect plants. As the time went by, the 

genus Pseudomonas kept growing steadily. With advances in genomics and research 

technologies, the taxonomy is now mainly based on the analysis of 16S rRNA sequence, 

having previously been based on phenotypic and morphological characteristics (Peix et al., 

2018). Today, it is possible to perform whole genome sequencing and in 2000 the first 

Pseudomonas genome, Pseudomonas aeruginosa PAO1, was sequenced. A special genome 

database, exclusively for Pseudomonas, is available online, which makes it possible to 

compare, annotate and analyse genomes from different species which is crucial for a variety 

of studies (Peix et al., 2018).  

As of today, more than 200 Pseudomonas species have been isolated and identified 

which makes the genus Pseudomonas one of the largest group of Gram-negative bacteria. 

Additionally, it is said to be the most studied genus due to their metabolic diversity, excellent 

adaptability, their pathogenicity, and their importance in various industries. Therefore, 

Pseudomonas is one of the most remarkable bacterial genera in the world. (Alam et al., 2021).  

 

Pseudomonas aeruginosa 
Pseudomonas aeruginosa has been studied extensively over the last few decades due to it‘s 

ability to infect humans. P. aeruginosa is often classified as an opportunistic pathogen as 

infections are not common among healthy individuals, but rather among immunosuppressed 

individuals and people with underlying diseases, such as cystic fibrosis (Silby et al., 2011).  

 Pseudomonas aeruginosa is a Gram-negative rod which has a rather large genome of a 

size that ranges between 5,5 and 7 Mbp. The average size of the bacterium is about 0,5-0,8	

𝜇m by 1,5-3,0 𝜇m and it is motile by one or more flagella being present (Iglewski, 1996; 

Klockgether et al., 2011). P. aeruginosa is commonly found in various environments as it is 

able to thrive in a wide range of temperatures, with the optimal temperature from 25°C to 

37°C but is able to survive at lower and higher temperature. The bacteria is resistant to 

various kinds of environmental factors, such as high salt concentrations, as well as many 

standard antibiotics, which is one of the main reasons why human infections caused by 

Pseudomonas aeruginosa can be difficult to treat (Iglewski, 1996).   
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 The genomic structure of Pseudomonas aeruginosa has been well studied due to the 

presence of an accessory genome. The genome consists of a core genome, which is highly 

conserved and shared among all P. aeruginosa strains and an accessory genome, which is the 

main reason for the variety that exists among various P. aeruginosa strains (Klockgether et al., 

2011). The core genome, which accounts for about 90% of the total genome, contributes to 

metabolic factors of the bacteria as well as it seems to affect its pathogenicity (Kung et al., 

2010). The accessory genome is derived from horizontal gene transfer where genomic 

information is transferred between organisms. This gene transfer generates a highly variable 

genome, which consists of extrachromosomal elements such as plasmids that are packed at a 

certain loci (Klockgether et al., 2011). The accessory genome contributes to Pseudomonas 

aeruginosa‘s extraordinary environmental adaptability as well as it‘s virulence and ability to 

cause infections (Silby et al., 2011).   

 

Pseudomonas fluorescens  
Pseudomonas fluorescens is an aerobic rod which has an optimal temperature that ranges 

from 25°C to 35°C. P. fluorescens is found in various environments, including soil, water and 

on plants and mammalian hosts (Liu et al., 2021; Scales et al., 2014). At first, Pseudomonas 

fluorescens was considered to be a species, but with advances in genomic studies, the 

classification has gone through frequent changes and today, P. fluorescens counts as a species 

complex which at least 50 different species belong to. Furthermore, P. fluorescens species 

complex shows the most genomic diversity of all species belonging to the Pseudomonas 

genus (Scales et al., 2014). Pseudomonas fluorescens is known for producing pyoverdine. 

Pyoverdine is a yellow-green, fluorescent siderophore which is essential for iron uptake and is 

therefore important for the growth and survival of a bacteria. Studies have indicated that the 

production of pyoverdine is affected by environmental factors as the synthesis mostly 

happens when iron is impaired (Meyer & Abdallah, 1978).   

 P. fluorescens is rather unique when compared with other related species, as many 

species among the Pseudomonas genus have the ability to cause diseases in humans as well 

as in plants. On the contrary, P. fluorescens has the ability to promote plant health and is 

therefore referred to as plant growth-promoting rhizobacteria (Hol et al., 2013). Plant 

growth-promoting rhizobacteria is a group of bacteria that colonize the surface of plants and 
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promote their growth by various mechanisms. In addition, they play an important role in 

protecting plants against pathogens by inducing systemic resistance (Qessaoui et al., 2019). 

Pseudomonas fluorescens protects and promotes plant growth by production of secondary 

metabolites, such as antibiotics, as well as by increasing nutrient uptake, suppressing 

pathogenic microorganisms and altering the plant hormone levels (Ganeshan & Kumar, 2005; 

Godara et al., 2013; Preston, 2004). Therefore, P. fluorescens importance in agriculture is 

substantial due to its plant protection mechanism and the ability to act as a biocontrol agent 

(Preston, 2004).  

 

Pseudomonas syringae 
Pseudomonas syringae is a gram-negative rod, which is approximately 1,5 𝜇m long and 1,2 

𝜇m in diameter and has the optimal temperature in the range of 22-30°C (Arnold & Preston, 

2019). Pseudomonas syringae has been extensively studied due to its ability to serve as a 

plant pathogen. There are over 50 pathovars that are classified as P. syringae which are highly 

pathogenic and are able to infect almost all types of plants. Because of their broad ability to 

infect plants, P. syringae strains are divided into subgroups according to their pathogenic 

properties. P. syringae serves as a model organism for studies on plant-pathogen interaction 

as well as for studies on pathogenic bacteria (Xin et al., 2018). Even though many P. syringae 

strains are pathogenic, not all of them are able to serve as pathogens and many of them are 

commensals on plants. Therefore, it is possible to compare the strains to get more insight into 

the pathogenicity of the bacteria and deduct what makes Pseudomonas syringae a pathogen 

(Xin et al., 2018). The process by which P. syringae strains induce infections has been well 

studied. They have two separate growth phases associated with plants; an epiphytic phase 

and an endophytic phase. The epiphytic phase is when the bacteria are present on the surface 

of the plants, which is commonly referred to as the phyllosphere. Some P. syringae strains are 

epiphytes and are not able to cause infections. For bacteria to cause infections, they have to 

enter the plant tissue and multiply, which is known as the endophytic phase. Therefore, a 

transition from the epiphytic phase to the endophytic phase is necessary for infection to 

occur (Xin et al., 2018).  

Studies that have been made on pathogenic variants of P. syringae, have shown that 

their pathogenicity and virulence is mainly due to the presence of a gene cluster called 
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hrp/hrc (Hypersensitive reaction and pathogenicity/hypersensitive reaction and conserved). 

The hrp/hrc gene cluster encodes for the Type III secretion system which is a common 

virulence factor among pathogenic Pseudomonas species (Ruinelli et al., 2019). Some 

Pseudomonas syringae strains are also known for their ice nucleation process. Strains that 

encode the ice nucleation protein (INP) can cause frost injury on plants due to the ability to 

freeze water at warmer temperatures than is usually possible (Pietsch et al., 2017). Plants 

with frost injury suffer the loss of water and nutrients as well as becoming more susceptible 

to bacterial infection due to the ice formation disrupting the plant‘s surface (Xin et al., 2018).  

Pseudomonas spp. as pathogens 
One of the main reasons why Pseudomonas species have been so extensively studied over the 

last few years is due to their ability to serve as a pathogen. Pseudomonas species have the 

ability to infect humans, plants and animals. Therefore, many studies have observed the host-

pathogen interaction. The host-pathogen interaction is complex and may include both 

beneficial and pathogenic organisms and due to the similarity between these two types of 

microorganism, it is often challenging to differentiate between them. Pseudomonas species 

are widely distributed and are often found on plant surfaces where some strains may be 

pathogenic and others may be beneficial (Passera et al., 2019). For example, research has 

shown that both P. fluorescens and P. putida are beneficial to plants while P. syringae is highly 

pathogenic and is often associated with plant diseases and is the most common and most 

studied plant pathogen (Passera et al., 2019; Xin et al., 2018). P. aeruginosa is known to be 

pathogenic for humans where infections in individuals with immunodeficiency are common, 

as well as in patients with cystic fibrosis (Ruiz-Roldán et al., 2020).   

 

1.3 Virulence factors 
Microorganisms have lived among humans since the beginning of time. Despite this, it was 

not until in the 19th century that researchers started to associate them with diseases. Since 

then, many studies have been made on pathogenic microbes and questions such as how and 

who they infect have been the main focus. With improvements in the field of genomics and 

taxonomy, the understanding of pathogenic microbes has increased significantly (Casadevall 

& Pirofski, 2009). Pathogenic bacteria encode different factors, often referred to as virulence 
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factors that contribute to their ability to cause infections (de Souza, 2003). These virulence 

factors vary between bacterial types and species while essentially having the same function. 

That is, they assist bacteria with invading the host, overcoming host resistance, and to cause a 

disease. These are the three main requirements for bacteria to cause infection (Ichinose et 

al., 2013; Peterson, 1996). Table 1 shows major virulence factors among Pseudomonas 

species. 

Table 1: Major virulence factors among Pseudomonas species (Pathogenesis of Pseudomonas, n.d.) 

Adherence 
Fap (Functional amyloid in Pseudomonas) 
Type IV pili 
Effector delivery system 
Exolysin 
HSI-2 
HSI-2 T6SS secreted effectors 
HSI-3 
HSI-I (Hcp1 secretion island I) 
HSI-I T6SS secreted effectors 
LasA 
LasB (Elastase) 
TTSS (Type III secretion system) 
TTSS secreted effectors 
xcp secretion system 
Motility 
Flagella 
Exotoxin 
ExoA (Exotoxin A) 
PLC (Phospholipase C) 
Exoenzyme 
Alkaline protease 
Immune modulation 
LPS 
Rhamnolipid 
Biofilm 
Alginate (Mucoid exopolysaccharide) 
Quorum sensing 
Nutritional/Metabolic factor 
Pyochelin 
Pyocyanin 
Pyoverdine 
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Type III secretion system 
Bacteria have evolved multiple strategies to induce infections in hosts. One of the most 

common virulence factor among pathogenic bacteria is the process by which they secrete 

effector proteins across the cell membrane and into the host. There are various types of 

secretion systems which allows the transport of these effector proteins which have different 

functions when inside the host (Green & Mecsas, 2016). There are many similar secretion 

systems encoded by different types of Gram-negative bacteria. The secretion systems have 

been given a number, from Type 1 through Type VI secretion systems. They essentially have 

the same function, but differ in relation to the types of effector protein they secrete and the 

number of membranes the effector proteins are transferred through (Green & Mecsas, 2016).  

Type III secretion system is a common virulence factor among Gram-negative bacteria, 

including some pathogenic Pseudomonas. The Type III secretion system consists of several 

subunits and each subunit is made out of multiple proteins (Green & Mecsas, 2016). The 

complex forms a basal body which is made of rings that span the outer and inner bacterial 

membrane. From the basal body, a needle component forms a continuous pathway to the 

translocon region which is attached to the host cell membrane. The host cell membrane is 

disrupted and the effector proteins travel through the pores and into the cytoplasm where 

they have various effects (Green & Mecsas, 2016).  

P. aeruginosa and P. syringae are known to encode for the Type III secretion system 

(Coburn et al., 2007). As mentioned before, P. aeruginosa is an opportunistic pathogen in 

humans which causes infections mainly in immunodeficient individuals. On the other hand, P. 

syringae is a common plant pathogen. Many plant pathogenic bacteria use the Type III 

secretion system, which is encoded by hrp (hypersensitive response and pathogenicity) and 

hrc (HR and conserved) genes, to induce effector proteins into the plant. The effector 

proteins are in turn encoded by other genes, the avr (avirulence) and hop (hrp-dependent 

outer protein) (Alfano et al., 2000; Büttner & He, 2009).  

 
 
 
 

Figure 2: The components of the Type III secretion system in Pseudomonas syringae. The structure of the 
hrp/hrc gene cluster in P. syringae pv.syringae 61 (O’Malley & Anderson, 2021) 
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Biosurfactants 
Biosurfactants are organic, surface active, secondary metabolites produced by many 

microorganisms, such as bacteria, yeast, and fungi (Sharma et al., 2021). Biosurfactants are of 

various kinds, including glycolipids, lipopeptides, fatty acids, phospholipids and 

lipopolysaccharides (Thavasi et al., 2011). Biosurfactants produced by microorganisms have a 

broad range of different functions which is mainly dependant on their structure. However, 

they all seem to be essential for the producing organism by altering surface properties, 

interacting with membranes and by affecting the bioavailability in the environment and 

therefore increasing nutrient access (D’aes et al., 2010). Biosurfactants have many properties 

that make them suitable for various industries, such as low toxicity and biodegradability as 

well as the fact that biosurfactants are very stable in extreme environmental conditions 

(Disha Sansarode & Sahasrabudhe, 2018). Biosurfactant producing microbes can be isolated 

from various different environments, such as soil, wastewater, on plant-surfaces or in marine 

environments. When bioprospecting 

for biosurfactant producing microbes, 

hydrocarbon contaminated sites can 

show much promise (D’aes et al., 

2010; Walter et al., 2013).  

As the majority of 

biosurfactant producing microbes are 

pathogenic, studies believe that the 

genes that are involved with 

biosurfactant biosynthesis also play some 

part in pathogenicity (Sharma et al., 2021). 

Rhamnolipid, which is mainly produced by Pseudomonas species is a glycolipid biosurfactant 

which has been studied greatly over the last few years. Studies have shown that the 

production of biosurfactants depends on the quorum sensing signaling pathway (Pena et al., 

2019; Sharma et al., 2021). Pseudomonas aeruginosa, which is the most studied Rhamolipid 

producer, has two main acyl-homoserine lactone quorum sensing systems which regulate 

rhamnolipid production, LasI/LasR and RhlI/RhlR (D’aes et al., 2010; Kostylev et al., 2019). 

These quorum sensing systems have also been studied in relation to the production of several 

Figure 3: Rhamnolipid biosynthesis pathway in 
Pseudomonas aeruginosa  (Wood et al., 2018). 
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other virulence factors, such as proteases, exotoxin A and pyocyanin (Sharma et al., 2021). 

These studies have mainly focused on human infections as biosurfactants play a different role 

in relation to plant diseases (Rutherford & Bassler, 2012). Biosurfactant can act as a 

protection for plants against diseases. Plant pathogens can cause serious agricultural 

damages, meaning new methods for biocontrol and agricultural protection have been an 

important subject. The chemical substances which have been used for this purpose for many 

decades are not optimal due to their harmful effects on both humans and the environment 

and therefore studies have aimed to find another way for biocontrol. Biosurfactants can be 

suitable for biocontrol by competing with plant pathogens due to their antimicrobial activity 

and their ability to increase the plant‘s immune system. Rhamnolipids have shown to be 

efficient as biocontrol, but the mechanism by which it acts remains unclear (Crouzet et al., 

2020).  
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2 Objectives 
The aim of this study is to analyse the genome of Pseudomonas DG134 in relation to genes that 

encode several common virulence factors among Pseudomonas species. The Type III secretion 

system is a major virulence factor among pathogenic Pseudomonas and therefore, the goal is 

to observe whether or not Pseudomonas DG134 encodes all the genes necessary for Type III 

secretion system mediated infection. In addition, Pseudomonas DG134 will be compared with 

other Pseudomonas strains to get a better insight on the virulence of Pseudomonas strains. The 

main goal of this study is to find out whether Pseudomonas DG134 can be considered a 

pathogen.   
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3 Materials and methods 
Pseudomonas DG134 was isolated from Peltigera membranacea during a study conducted by 

Margrét Auður Sigurbjörnsdóttir and Oddur Vilhelmsson (Sigurbjörnsdóttir & Vilhelmsson, 

2016). Whole genome sequencing was performed with nanopore technology by Gilda 

Varliero. Albacore was used for base calling and genome assembly was performed with Flye 

2.7.b1587.  

3.1 Annotation 
Rapid Annotation using Subsystem Technology, or RAST was used for the genome annotation 

of Pseudomonas DG134. The first step in genome annotation with RAST is to identify tRNA 

and rRNA encoding genes which is done by tRNAscan-SE and search_for_rnas. tRNAscan-SE 

searches tRNA genes by secondary structure and search_for_rnas uses BLASTN to identify 

rRNA encoding genes (Aziz et al., 2008; Brettin et al., 2015). When they have been identified, 

GLIMMER2 is used to seek probable protein coding genes by using FIGfams. FIGfams are 

proteins that share the same features and therefore are thought to originate from the same 

ancestor (Brettin et al., 2015). By using small pieces of FIGfams it is possible to determine 

related genes and locate approximately ten genomes that are closely related. The FIGfams 

are blasted against the related sequences to check if they are present. The genes that code 

for protein are recalled and the remaining genes are blasted against all the FIGfams database. 

The next step is to blast the remaining genes against non-redundant protein database to 

check for similarity. The last step in genome annotation with RAST is the metabolic 

reconstruction where the genes are divided into subsystems based on their functional role 

(Aziz et al., 2008). Pseudomonas DG134 genome is 6,428,755 bp with GC content of 60,4%. 

 

3.2 Genome representation 
GView v 1.7 was used for circular graphical representation of Pseudomonas DG134 genome. 

GC content and GC skew was also made with Gview (Petkau et al., 2010).  
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3.3 Alignment 
Multiple alignment was performed with Mauve. Mauve provides rapid alignment by using 

anchoring to speed up the process. Genome alignment makes it possible to detect 

evolutionary changes which have taken place within the genome due to gene loss, 

duplication, rearrangement and horizontal transfer. Therefore, multiple alignment is an 

important factor in genome analysis and comparative genomics where homologous regions of 

multiple sequences are found (A. E. Darling et al., 2010)  

There are two alignment algorithms which can be performed in Mauve, original 

algorithm and progressiveMauve algorithm. ProgressiveMauve is suitable when working with 

multiple genomes which are not identical and it is also more accurate than the original 

algorithm (A. E. Darling et al., 2010). ProgressiveMauve is a five step process. The first step in 

progressive alignment in Mauve is to find multi-MUMs, or local alignments which is alignment 

only in specific regions within the genome, rather than in the whole sequence. When multi-

MUMs have been found, they are used as anchors and to calculate a phylogenetic guide tree. 

The anchors form LCBs or Locally Collinear Blocks, which are collinear regions that have not 

been rearranged. The final step is performing progressive alignment of each LCBs with the 

guide tree which was calculated in the third step (A. C. E. Darling et al., 2004). 

Progressive mauve was used to align Pseudomonas DG134 with five other strains from 

Patric, the Pathosystems Resource Integration Center:  

 

Five strains from Patric which were aligned with Pseudomonas DG134: 

- Pseudomonas syringae pv.syringae SM (Dudnik & Dudler, 2013) 

- Pseudomonas syringae B728a (Feil et al., 2005) 

- Pseudomonas syringae UMAF0158 (Martínez-García et al., 2015) 

- Pseudomonas syringae pv.tomato strain delta X (Csorgo, 2019) 

- Pseudomonas syringae strain CAS02 (X. Wang et al., 2021) 
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4 Results 

4.1 Pseudomonas DG134 genome 
Figure 4 shows the circular diagram of Pseudomonas DG134 genome which was made with 

Gview. The black circle shows the GC content, the amount of guanine and the cytosine 

nitrogenous bases. The red circle shows GC skew and the blue circle shows the coding DNA 

sequences. 

 

 

 
 
 
 
 
 
 

 

Figure 4: Circular diagram of Pseudomonas DG134 genome with Gview: The blue circle shows 
the coding sequences of the genome, the black circle shows the GC content and the red circle 
shows the GC skew. 
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Annotation with Rast showed that 29% of Pseudomonas DG134 genome is a part of a 

subsystem. Figure 5 shows the different types of subsystems, how many genes are involved in 

each subsystem and their functional role. Table 2 shows an overview of Pseudomonas DG134 

genome from Rast. 

 

 

 

 

Figure 5: Genome annotation with Rast: This figure shows how much of the genome of Pseudonomas DG134 is a part of a 
subsystem. Detailed information about the subsystems as well as the number of genes that are involved in each subsystem 
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Table 2: Genome overview for Pseudomonas DG134 from Rast 

Pseudomonas DG134   
Size 6,428,755 bp 
GC content 60,4% 
Number of subsystems  384 
Number of coding sequences 8347 

 

 

4.2 Pseudomonas DG134 Type III secretion system 
One gene cluster was found within the genome of Pseudomonas DG134 that contains genes 

that are involved in the Type III secretion system. The gene cluster is located from 4,400,848 – 

4,415,410 bp, as shown in Figure 6 which shows both the location and the name of the genes.  

Additionally, HopPmaJ was found in Pseudomonas DG134 but it was located outside the gene 

cluster. HopPmaJ is an effector protein and is located 6,370,160 – 6,369,543 bp.  

 

 

 
 

 

 

Figure 6: The genes in Pseudomonas DG134 that encode for the Type III secretion system made with Gview, along with their 
location within the genome and a brief description of their function. Notice that the location is measured in kbp and not in kb.  
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4.3 Biosurfactants 
Genes required for the biosynthesis of Rhamnolipid were searched in Pseudomonas DG134. 

There is only one gene present, which is involved in the biosynthesis of Rhamnolipid, RhlA, 3-

(3-hydroxyalkanoyloxy)alkanoic acids (HAAs synthase). RhlA has the length of 810 bp.  

 

4.4 Genome alignment 
Table 3 shows general information about the five strains from Patric which Pseudomonas 

DG134 was aligned with.  

 

Table 3: General information about the five strains from Patric that Pseudomonas DG134 was compared 
with  

Strain Size (bp) GC content 

Pseudomonas DG134 6,428,755 60,4% 

Pseudomonas syringae pv.syringae SM 6,124,102 58,73% 

Pseudomonas syringae B728a 6,093,698 59,20% 

Pseudomonas syringae UMAF0158 5,850,990 59,28% 

Pseudomonas syringae pv.tomato strain delta x 6,397,114 58,39% 

Pseudomonas syringae strain CAS02 6,029,081 59,25% 
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Type III secretion system  
Figure 7 shows the alignment of Pseudomonas DG134 with five Pseudomonas syringae strains; 

P.syringae pv. syringae SM, P. syringae B728a, P.syringae UMAF0158, P.syringae pv. tomato 

strain delta X and P.syringae strain CAS02. The upper most region, located about 4,400,848 – 

4,415,410 bp is the region where the genes that take part in the Type III secretion system is 

located in Pseudomonas DG134. There was no alignment of this region between the other 

strains.  

 

Figure 7: Genome alignment performed by Mauve: Pseudomonas DG134 was aligned with five Pseudomonas 
syringae strains from Patric. This figure shows the gene cluster, located 4,400,848 – 4,415,410 bp which 
contains all the genes that encode for Type III secretion system in Pseudomonas DG134, except for the 
effector protein which was located outside the gene cluster. Pseudomonas DG is the top genome. Notice 
that the LCBs located below the center line have an inverse rotation relative to Pseudomonas DG134. 
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5 Discussion 
The genome of Pseudomonas DG134 was analysed in regards with essential genes that encode 

for the Type III secretion system which is a major virulence factor among many Gram-negative 

bacteria and some Pseudomonas species. Pseudomonas DG134 was also compared with five 

Pseudomonas syringae strains from Patric with the objective of finding whether or not the Type 

III secretion system genes are present in those strains.  

 

5.1 Secretion system in Pseudomonas DG134 
The genomic structure of the plant pathogen Pseudomonas syringae has been widely studied 

due to its ability to cause infection in a broad range of plants. The interaction between the 

pathogen and the host during infection is an important subject to get an improved insight into 

the complex process by which the pathogen delivers effector molecules directly into the host. 

The hrp/hrc gene cluster codes for most of the genes essential for the Type III secretion 

system which is one of the main virulence factor of P. syringae. The hrp/hrc gene cluster is 

thought to be located in pathogenicity islands and therefore they may be the product of 

horizontal gene transfer. The hrp/hrc gene cluster has the size of approximately 25 kb and is 

usually located about 20-40 bp in the bacterial genome and consists of many genes that take 

part in the Type III secretion system (Alfano et al., 2000; Collmer & Beer, 1998; Deng et al., 

1998). Several genes important for the function of the Type III secretion system are thought 

to be universal among pathogenic Gram-negative bacteria and therefore the presence of 

those genes within the genome of Pseudomonas DG134 could be a strong indicator of its role 

in pathogenicity (Collmer & Beer, 1998). Interestingly, that was not the case in this study as 

only seven out of the nine genes that are considered to be universal, were present in P. 

DG134. Many other genes that seem to be involved with the Type III secretion system are 

present; HrpJ, HrcV, HrpQ, HrcN, HrcR, HrcT, HrcU, HrpV, HrcC, HrpG and HrcJ. The function 

and the importance of the individual genes that participate in Type III secretion system 

mediated infection have been well studied. Mutant strains have been researched with the 
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goal of finding out what genes are essential for Type III secretion system mediated infection 

and what genes are not essential. A research done on three different P. syringae pathovars 

showed that mutations of specific genes involved with the hrp/hrc gene cluster encoding the 

Type III secretion system effect the virulence and pathogenicity of the strains. Studies of this 

kind may provide information as to what genes must be present for a bacteria to be 

pathogenic and what genes are not essential. This particular research suggested that HrpC 

and HrpF are essential for infection as mutant strains were not able to cause a disease. On the 

other hand, the virulence of HrpV, HrpG and HrpT mutant strains was reduced, suggesting 

that these genes contribute to the pathogenicity but are not essential for bacteria to be 

pathogenic (Deng et al., 1998).  

HrpR and HrpS are major Type III secretion system regulatory genes and are essential 

for Type III secretion system mediated pathogenicity. They work by activating the sigma factor 

HrpL (RNA polymerase sigma factor HrpL) which is in turn activates all the genes involved with 

Type III secretion system mediated pathogenicity (J. Wang et al., 2018). These regulatory 

molecules are therefore extremely important for the pathogenicity. Neither HrpR nor HrpS, 

the two major Type III secretion system regulatory genes are present in Pseudomonas DG134. 

Studies have shown that the pathogenicity of Pseudomonas syringae requires both HrpR and 

HrpS to be present for the maximal activation and transcription of HrpL. Due to the fact that 

neither HrpR nor HrpS are present in Pseudomonas DG134, one can assume that the HrpL can 

not be positively regulated by the traditional effects of HrpR and HrpS, and therefore the 

genes in the hrp/hrc gene cluster are not activated. The genes located in the hrp/hrc gene 

cluster are central for the pathogenicity by the Type III secretion system in P. syringae and 

their activation is essential for the bacteria to be able to cause infections (Hutcheson et al., 

2001).  

The Type III secretion system delivers effector molecules to the host which can have a 

broad range of effects. The effector proteins are of two types, avri (avirulence) and hop (hrp-

dependent outer proteins) but hairpins, HrpZ, HrpW, HrpA also seem to be secreted during 

infections (Alfano et al., 2000; Alfano & Collmer, 1997; Büttner & He, 2009). The only effector 

molecule present in Pseudomonas DG134 is HopPmaJ. It was not located in the gene cluster 

among the other genes that encode for the Type III secretion system.  
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 Due to the fact that Pseudomonas DG134 does not encode for all genes that 

participate in the Type III secretion system, nor encodes for other avirulence and hop effector 

proteins than HopPmaJ, it is possible to assume that it cannot induce Type III secretion system 

mediated infection. The negative regulator of the Type III secretion system, HrpV is present 

within the genome, which provides further indication about the fact that Type III secretion 

system is not a major virulence factor in Pseudomonas DG134. Studies have shown that all 

Type III secretion system components are needed for bacteria to be able to infect, thus the 

major regulatory genes, which activate the genes located in the hrp/hrc gene cluster are not 

present (Collmer & Beer, 1998).  

In a recent study on the genome of Pseudomonas DG134, some compelling evidence 

suggests that Pseudomonas DG134 encodes all the genes necessary for the Type VI secretion 

system. Type VI secretion system is a common secretion system found in many Pseudomonas 

species. Its structure and function is not entirely different from the Type III secretion system 

discussed previously as it is thought to be involved in virulence and pathogenicity (Gallique et 

al., 2017). The Type VI secretion system is encoded by several genes such as TssE, TssG and TssJ 

which were proven to be present within Pseudomonas DG134. Two gene cluster were found in 

Pseudomonas DG134 where the genes that encode for the Type VI secretion system are 

present. One cluster of genes is located at 2,417,747 – 2,437,729 bp and encodes nearly all of 

the genes that are essential for the function of Type VI secretion system, except for TssE and 

VgrG. These two genes are thus present in Pseudomonas DG134 but are not located in this 

specific cluster of genes. Another gene cluster located at 5,418,350 – 5,441,138 bp contains all 

the Type VI secretion systems encoding genes except for TssJ. With all those genes present in 

Pseudomonas DG134 this study strongly suggests that Pseudomonas DG134 harbours Type VI 

secretion system, although its function in this particular strain remains unresolved (Pálsdóttir, 

2021).   

 

5.2 Rhamnolipid biosynthesis 
There are two types of Rhamnolipids that are microbially produced, mono-rhamnolipid and di-

rhamnolipid, composed of either one or two rhamnose molecules. The biosynthesis of mono-

rhamnolipid is catalyzed by the enzyme rhamnosyltransferase 1 whereas rhamnosyltransferase 
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2 catalyzes the synthesis of di-rhamnolipid (Chong & Li, 2017; Sullivan, 1998). These enzymes, 

which catalyze the Rhamnolipid production are encoded by four genes, RhlA, RhlB, RhlR and 

RhlI. Both RhlA and RhlB are involved in the activation of rhamnosyltransferase and its function, 

but RhlR and RhlI are regulatory molecules. The process by which these genes are regulated is 

a complex process as it involves two quorum sensing systems, LasI/LasR and RhlI/RhlR. Both of 

these quorum sensing systems function as positive regulators (Sullivan, 1998). 

Genes essential for Rhamnolipid biosynthesis were searched within the genome of 

Pseudomonas DG134. Only one gene is present that is involved with the production of 

Rhamnolipid which is RhlA, 3-(3-hydroxyalkanolyoxy) alkanoic acids (HAAs) synthase. RhlA 

codes for the rhamnosyltransferase chain A whereas RhlB encodes for the other component of 

the enzyme rhamnosyltransferase, chain B. RhlA synthesizes the Rhamnolipid precursor, HAA, 

or 3-(3-hydroxyalkanoyloxy)alkanoic acid and RhlB is necessary for the synthesis of dTDP-L-

rhamnose from HAA to form mono-rhamnolipid (Chong & Li, 2017). Therefore, both RhlA and 

RhlB need to be present for the synthesis of Rhamnolipid and due to the fact that only RhlA is 

present in Pseudomonas DG134, one can assume that Pseudomonas DG134 does not have the 

genes necessary for Rhamnolipid production.  

5.3 Genome comparison 
Pseudomonas DG134 was compared with five Pseudomonaas syringae strains from Patric, see 

table 3 which shows an overview of general information about the strains, such as size and GC 

content. All five strains from Patric are of similar size ranging between 5,850,990 bp 

(Pseudomonas syringae UMAF0158) and up to 6,397,114 bp (Pseudomonas syringae pv. 

tomato strain delta X). Interestingly, Pseudomonas DG134 genome is the largest, or 6,428,755 

bp, and its GC content is also the highest, or 60,4% compared to the five other strains. The goal 

with comparing Pseudomonas DG134 genome with five Pseudomonas syringae strains was to 

gain insight as to whether the genes essential for the Type III secretion system are present in 

those strains. Patric gives a good overview over some interesting characteristic of each genome 

annotated. For example, it is possible to view specific genes that are thought to be involved in 

virulence according to the VFDB (Virulence Factor Database) and Victors.  

As Figure 7 shows, Mauve found no LCBs between the strains in the region that encodes 

the Type III secretion system genes in Pseudomonas DG134. That does not necessarily mean 
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that those genes are not present in the five other strains, rather it indicates that they are 

located somewhere else in the genome. Many genes that encode for the Type III secretion 

system are present in the five other strains from Patric but they are not located in the same 

area as they are in the genome of Pseudomonas DG134. That was the case as the genes that 

encode for the Type III secretion system are located in gene clusters which were found to be in 

differing locations in the genomes. For example, the genes that encode for the Type III secretion 

system in Pseudomonas DG134 are located 4,400,848 – 4,415,410 bp while they are located in 

a region from 1,425,559 – 1,442,472 bp and 2,660,407 – 2,674,327 bp in CAS02 and 5,018,610 

– 5,035,524 bp and 5,252,51 – 5,392,71 bp in UMAF0158.  

Pseudomonas syringae pv.syringae SM 
All the genes that encode components of the Type III secretion system are present in 

Pseudomonas syringae pv.syringae SM, or syringae SM, except for HrcQ. There is one gene 

cluster located approximately 1,338,187 – 1,374,716 bp where the genes for the Type III 

secretion system are encoded. Three effector proteins are present, HopPmaJ, HrpW and AvrE1 

but studies suggest that other genes such as HopAA1, HopI1, HopM1, HopBA1, HopA2 and 

HopAZ1 are effector proteins even though they are not termed as Type III secretion effectors 

in the Patric annotation database (Dudnik & Dudler, 2013). They are all present in the genome 

of P. syringae pv.syringae SM and therefore the strain encodes all components of the Type III 

secretion system, except for HrcQ as well as many effector proteins. There is a lack of studies 

on syringae SM but many P. syringae pv.syringae strains are pathogenic and it is one of the 

most diverse pathogen within the Pseudomonas genus when it comes to host range (Gutiérrez-

Barranquero et al., 2019). Due to insufficient research on syringae SM, it is difficult to 

determine its pathogenicity, but due to the fact that the strain harbours the Type III secretion 

system and many effectors, it is possible to assume that it has the ability to serve as a pathogen. 

Pseudomonas syringae pv. syringae B728a 
There are many genes present in Pseudomonas syringae pv.syringae B728a, which will be 

referred as B728a hereafter, that encode for the components of the Type III secretion system. 

All genes necessary for the Type III secretion system are present except for HrpL, HrpO, HrcQ 

and HrpZ. They are all present in one gene cluster which is located approximately 1,339,618 – 

1,377,777 bp. Three effector proteins; HopPmaJ, HrpW and AvrE1, are present in B728a, 
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although they are not located in the gene cluster. This is not consistent with previous studies 

as 22 effectors were predicted in a study made on the Type III effector repertoire of B728a 

(Vinatzer et al., 2006). All of the genes that are absent from B728a are also absent from 

Pseudomonas DG134.  

B728a has been quite well studied due to its ability to act as a plant pathogen. B728a is 

known for its epiphytic phase where it is mainly present on the surface of plants, such as the 

leaf and apoplast. Due to the fact that the plant exterior often undergoes several environmental 

changes, such as changes in temperature, water and solar radiation, B728a is thought to 

harbour special genes that contribute to its tolerance and allows it to survive during these 

changes (Feil et al., 2005).  Even though B728a is a common plant pathogen and harbours many 

of the genes that encode for the Type III secretion system, no evidence seem to confirm that 

the Type III secretion system contributes to the virulence and pathogenicity of B728a. 

Pseudomonas syringae UMAF0158 
Pseudomonas syringae UMAF0158, hereafter UMAF0158 is a pathogen which is known for 

causing a disease in a mango tree. The transition between the epiphytic and endophytic phase, 

which is necessary to cause infection, has been the main focus in the studies done on 

UMAF0158. Pathogenic Pseudomonas strains vary greatly in regards to the disease it causes as 

well as the hosts it infects but UMAF0158 and B728a are thought to be related (Martínez-García 

et al., 2015).  

The genes that encode for the Type III secretion system in UMAF0158 are located in two 

gene clusters. One gene cluster is located between 5,018,610 – 5,035,524 bp and the other 

one between 5,252,51 – 5,392,71 bp. The Type III secretion system encoding genes that are 

missing from UMAF0158 are HrpL, HrpO, HrcQ, HrcS, HrpF, HrpE, HrpZ, HrpS and HrpR. Five 

effector proteins are present, including HopPmaJ, HrpW, AvrE1 and HopAZ1 but additionally 

there were nine other genes named Type III effector but their name and function is unknown. 

Three proteins are present which are defined as chaperone proteins, SchM, AvrF and ShcA. 

Their function is unknown, although it is likely that at least AvrF acts as an effector molecule 

which is secreted by the Type III secretion system and into the host.  

No study suggests that the infections caused by UMAF0158 are mediated by the Type III 

secretion system. Thus, the studies that have been made have focused on biofilm formation 
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and how cellulose acts as a factor in the transition between the epiphytic and endophytic phase 

(Heredia-Ponce et al., 2020). Due to the presence of many Type III secretion system genes as 

well as the effector molecules and chaperones, it would be interesting to further inquire 

whether or not the Type III secretion system does in fact take part in the pathogenicity. For 

that, further studies need to be conducted.  

Pseudomonas syringae pv.tomato strain delta X 
Pseudomonas syringae pv.tomato strain delta X, which will be referred to as Tomato strain delta 

X contains most of the Type III secretion system except for HrpL, HrpO, HrcQ, HrcS, HrpE, HrpZ, 

HrpR and HrpS. They are all located in a region between 1,524,285 – 1,541,492 bp. Many 

effectors are present in Tomato strain delta X. HopPtoH, HolPtoQ, HopAG1, HopPmaJ, HrpW, 

AvrE1, HopAF1, HopT1-1 and HopK1 are all present, indicating that the strain is most likely a 

pathogen. That is consistent with other studies as many Pseudomonas syringae pv.tomato 

strains are pathogenic but only on tomatoes as the name suggests. Infections by P.syringae 

pv.tomato are mediated by the Type III secretion system and are dependent upon the HrpA 

pilus as well as HrpZ and HrpW hairpins which are secreted during infections. Research suggests 

that only one of either HrpZ and HrpW need to be present to cause the hypersensitive response 

and due to the fact that the HrpA pilus and HrpW are present in Tomato strain delta X, one can 

assume that the strain is able to cause Type III secretion system mediated infection (Preston, 

2000).   

Pseudomonas syringae strain CAS02 
According to VFDB there are 24 genes defined as virulence factors in Pseudomonas syringae 

strain CAS02, hereinafter referred to as CAS02, but Victors defined 19 genes as virulence 

factors. Those genes that are classified as virulence factors do not seem to be involved with the 

Type III secretion system in any way. Although there are 1215 hypothetical proteins in CAS02 

and with further analysis, many of the Type III secretion system genes are in fact present within 

the genome even though they are not classified as virulence factors. Figure 2 shows all the 

genes that are involved with the Type III secretion system in Pseudomonas syringae strains and 

the majority of them are present in CAS02, except for HrpL, HrpO, HrcQ, HrcS, HrpE and HrpZ. 

Pathogenicity locus probable regulatory protein HrpR, with the start codon at 1,423,568 bp, 

does indicate that HrpR is present. The genes that encode for the Type III secretion system in 
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CAS02 are located in two separate gene clusters. One gene cluster is located at 1,425,559 – 

1,442,472 bp and the other one from 2,660,407 – 2,674,327 bp.  

Only one effector protein, HopPmaj, was found in the genome of Pseudomonas DG134. On 

the other hand, there were five effector proteins present in the genome of CAS02, including 

HopPmaJ, HrpW, AvrE1, HopV1 and Candidate type III effector Hop protein. None of the 

effector proteins are located within the gene clusters as they are rather spread along the 

genome, for example, HopPmaj is located 1,228,849 – 1,229,190 bp and HopV1 is located 

3,401,225 – 3,402,106 bp. 

Interestingly, when compared to Pseudomonas DG134, many of the genes present in 

CAS02 and are involved with virulence according to VFDB, are also present in Pseudomonas 

DG134. For example; pvdS, pilG, alg8, algB, algD, fliG, pilM, pilT, algL, flgL, fleN, flgH and mbtH-

like are all genes that are present in both CAS02 and Pseudomonas DG134. Many of these are 

involved with the flagellum, which is an organelle that allows bacteria to move. Thus, the 

flagellum is considered a major virulence factor among Pseudomonas species as it plays an 

important role in adherence and mobility in the early stages of infections (Josenhans & 

Suerbaum, 2002).  

Comparison summary 
By comparing the genome of Pseudomonas DG134 with five Pseudomonas syringae strains, it 

is possible to get a good insight into the genes that encode for the Type III secretion system 

machinery. It is clear that Pseudomonas DG134 contains the least amount of Type III secretion 

system genes, compared to the other strains. Thus, all the genes that are present in 

Pseudomonas DG134 were all present in all the other strains. The genes conserved among all 

the strains are; HrpJ, HrcV, HrpQ, HrcN, HrcR, HrcT, HrcU, HrpV, HrcC, HrpG and HrcJ. They are 

mostly associated with the formation of the basal body on the Type III secretion system except 

for HrcN which is a part of the cytoplasmic component and HrpV, which is a negative regulator, 

thus the function of HrpG is unclear (Portaliou et al., 2016).  

 One gene, HrcQ is absent from all the strains, thus HrpL is only present in syringae SM. 

Studies that have been done on the regulation of the Type III secretion system are vague as 

some studies suggest that HrpR, HrpS and HrpL are all important regulators while other studies 

only mention HrpR and HrpS as regulators. Therefore HrpL might or might not be involved with 



 

 31 

the regulation or it is possibly transcribed by activation of HrpR and HrpS. In the absence of 

HrpL, HrpS acts as a major regulator which is consistent with studies as B728a, UMAF0158 and 

Tomato strain delta X are pathogens even they do not harbour the HrpL gene (J. Wang et al., 

2018). There are two phenotypes of HrcQ, HrcQa and HrQb and they are thought to form a C-

ring-like assembly.  

 Due to the fact that some genes, for example HrpK, HrpP, HrpT, HrpD, HrpB and HrpA 

are present in the pathogenic strains but not in Pseudomonas DG134, might indicate that they 

are essential for Type III secretion system mediated infection. Thus, genes that are termed as 

hypothetical proteins might be involved with the Type III secretion system without them being 

classified as Type III secretion system components.  

 It is likely that effector molecules are important for a bacteria to be able to cause Type 

III secretion system mediated infection. There is only one effector molecule present in 

Pseudomonas DG134 while there are at least three in the other strains.  

 

Other virulence factors of Pseudomonas DG134 
Table 1 shows major virulence factors among Pseudomonas species. To get a further insight 

into whether or not Pseudomonas DG134 can be considered a pathogen, some of the genes 

that contribute to these virulence factors were searched.  

The flagella plays an important role in pathogenic bacteria and contributes to virulence in 

many different ways. As mentioned previously, the flagella is involved with both adherence and 

motility early during infection. Additionally, the flagella is associated with biofilm formation, 

the secretion of effector molecules through the Type III secretion system, and it also works by 

triggering pro-inflammatory response in the host (Duan et al., 2013). The flagellum is thus 

connected with the Type III secretion system as some of the genes that encode for the Type III 

secretion system are homologous to flagellar export components as can be seen in Figure 6. 

Pseudomonas DG134 does encode many genes that are involved with the biosynthesis of 

flagella but not much is known about the function or regulation of those genes within 

Pseudomonas DG134.  

On the surface of many bacteria is a hair-like organelle called pili. They are usually made 

out of numerous small subunits and give the bacteria twitching motility. They are also involved 
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with many other functional roles and are classified as a major virulence factor among 

Pseudomonas species due to their role in biofilm formation and surface attachment. The main 

type of pili among Pseudomonas bacteria is the Type IV pili. Type IV pili is encoded by many 

different genes and for example Type IV pili is encoded by 40 genes in Pseudomonas 

aeruginosa. The function of the Type IV pili has been quite well studied in regards with bacterial 

pathogenicity. It is clear that the pili is an important factor in bacterial adherence as the strains 

that lack the Type IV pili have reduced adhesion ability and that is often connected with reduced 

virulence (Burdman et al., 2011; Leighton et al., 2015). In the genome of Pseudomonas DG134 

there are several genes involved in the biogenesis of Type IV pili, for example PilF, PilE, PilQ, 

PilN and PilM. Additionally, Type IV fimbrial assembly protein PilC is present as well as type IV 

pili signal transduction protein PilI. Because there are 40 genes involved with the Type IV pili in 

P. aeruginosa it is likely that Pseudomonas DG134 does not have all the genes for Type IV pili 

to be considered a major virulence factor. Nevertheless, due to the presence of some Type IV 

pili genes, it would be interesting to see whether or not it can contribute to the virulence of 

Pseudomonas DG134 even though there are only several genes present. For that, further 

studies on the genes encoding the Type IV pili would be necessary.   

Iron is an essential growth factor for most bacteria and therefore many bacteria have 

evolved strategies to increase their iron uptake. For this purpose, fluorescent Pseudomonas 

produces a greenish-yellow compound called Pyoverdine (Taguchi et al., 2010). Pyoverdine is a 

siderophore which is also involved with the regulation of other virulence factors such as 

exotoxin A and endoprotease (Lamont et al., 2002). In Pseudomonas DG134 there are several 

genes that seem to be involved in the production of Pyoverdine, such as PvdL, PvdH, PvdA, 

PvdD, PvdE, PvdF, PvdO, PvdN, PvdM and PvdP as well as the Sigma factor PvdS which is also 

present. The presence of those genes strongly indicates that Pseudomonas DG134 can produce 

Pyoverdine.  

It is clear that Pseudomonas DG134 does contain several genes that may be involved in 

pathogenicity. For example, some genes required for the formation of flagella, Type IV pili and 

Pyoverdine production are present but further studies need to be conducted to be able to 

confirm whether or not these genes are sufficient for the virulence of Pseudomonas DG134.  
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6 Summary 
Pathogenic bacteria cause various diseases in both humans and plants. Their pathogenicity 

depends on certain virulence factors which give pathogenic bacteria the ability to cause a 

disease. With genome analysis it is possible to assume whether or not a specific bacteria can 

be pathogenic due to the presence or absence of certain genes that contribute to their 

pathogenicity. Pseudomonas DG134 was studied with the goal of finding out whether or not it 

can be considered a pathogen. Genomic analysis was conducted in regards to major virulence 

factor among Pseudomonas species. Genes that encode for the Type III secretion system were 

searched within the genome as well as genes required for the biosynthesis of Rhamnolipid 

which is a common biosurfactant. Several genes were found within the genome of 

Pseudomonas DG134 that encode for the Type III secretion system, but they are not thought 

to be enough for Pseudomonas DG134 to cause Type III secretion system mediated infection. 

Only one gene involved in the biosynthesis of Rhamnolipid is present and several genes 

involved with other virulence factors are present, but further studies are needed to find 

sufficient evidence on whether or not Pseudomonas DG134 is in fact pathogenic.
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Appendix 
Table 4 shows the genes that are involved in the Type III secretion system and whether or not 

they are present in Pseudomonas DG134 and the five Pseudomonas syringae strains from 

Patric.  

Table 4: Overview of the genes that encode for the Type III secretion system in the strains. The blue cells 
indicate that the particular gene is present in the strain while the white cells indicate the gene is absent. 

Gene P. DG134 SM B728a  CAS02 UMAF0158 Delta X 
HrpK            
HrpL        
HrpJ             
HrcV             
HrpQ             
HrcN             
HrpO        
HrpP            
HrcQ       
HrcR             
HrcS         
HrcT             
HrcU             
HrpV             
HrpT            
HrcC             
HrpG             
HrpF           
HrpE         
HrpD            
HrcJ             
HrpB            
HrpZ        
HrpA            
HrpS          
HrpR          

Note 1: P. DG134 = Pseudomonas DG134, SM = Pseudomonas syringae pv.syringae SM, B728a = 
Pseudomonas syringae B728a, CAS02 = Pseudomonas syringae strain CAS02, UMAF0158 = Pseudomonas 
syringae UMAF0158, Delta X = Pseudomonas syringae pv.tomato strain delta X 


