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Abstract  

Since the development of oil in the 19th century, petroleum products have 

become the main fuel consumed by human society. Petroleum consists of a 

mixture of different hydrocarbons, the main component of which is alkanes, 

and it also contains elements such as sulphur, oxygen, nitrogen, phosphorus 

and vanadium. Petroleum is mainly used as fuel oil and gasoline, which is 

currently one of the most important and widely used energy sources in the 

world. It is also a raw material for many chemical industry products such as 

solutions, fertilisers, pesticides, mineral oil base oils for lubricants and 

plastics. Oil is present in almost every part of our lives, from the transport and 

production of food, clothing, materials and pharmaceuticals to the plastics 

used in the manufacture of a large number of products. 

 

Some of the harmful compounds produced during the extraction process of 

petroleum are extractable hydrocarbons, known as polycyclic aromatic also 

known as polycyclic aromatic hydrocarbons or polyaromatic hydrocarbons 

(PAHs) compounds. PAHs are pervasive environmental pollutants that are 

potentially toxic, mutagenic and carcinogenic, and have a significant impact 

and harmful effect on the environment. These hazardous substances are 

considered to be petroleum pollutants and have become widespread in the 

environment. The contamination of soils and waters has become a major 

problem worldwide as the pollutants produced by oil development can be very 

harmful to human health and the environment in which they live. When soil is 

contaminated, it affects the growth of plants and transmits harmful 

substances. When it reaches the sea, it poses a threat to humans and fish. 

 

The treatment of oil-contaminated soils and waters by micro-organisms has 

been systematically studied on a large scale. They play a major role in the 

degradation of polluting compounds. And among them Pseudomonas putida 
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is the most promising microbial strain for degrading contaminants from 

petroleum. 

 

This project will analyse the whole genome sequencing of Pseudomonas 

putida through a series of genetic analyses, focusing on the degradation of 

petroleum by Pseudomonas putida and their gene sequences. By integrating, 

comparing and analysing these microorganisms, the impact of pollutants on 

the microbial community will be assessed and the feasibility of biodegradation 

will be judged. 

Key Words: crude oil, degradation, pseudomonas putida, Whole genome 

sequencing 
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1. Introduction 

 

1.1 Background of Crude Oil 

Crude oil is a naturally occurring fossil fuel that is made up of 

hydrocarbons, leased layers of mainly a mixture of hydrogen and carbon 

atoms. It is found in liquid form in subsurface reservoirs in tiny spaces 

within sedimentary rocks and can also be found as a component on the 

surface of oil sands and in nearby areas. When crude oil is found it is 

usually found together with natural gas and brine. Crude oil can also be 

referred to as petroleum, as it includes both unrefined crude oil and 

refined petroleum products. It is a non-renewable energy source with 

limited reserves. Gragh 1 shows the petroleum products that can be 

processed from a single barrel of crude oil. 

 

 
Gragh 1 Petroleum products made from a single barrel of crude oil 

（https://www.howden.com/en-gb/articles/pcog/where-does-crude-oil-come-from） 
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Crude oil is a liquid formed from the remains of dead organisms such 

as algae and zooplankton that existed in the marine environment 

millions of years ago. During their lives, these organisms absorbed 

energy from the sun and stored it in their bodies in the form of carbon 

molecules. Once they die, their remains are buried underground or at 

the bottom of the sea and stored in underground layers of sand, mud 

and rock. Over millions of years of accumulation and deposition, these 

remains are buried deeper and deeper in sediment and organic matter. 

The accompanying great pressure, high temperatures and lack of 

oxygen can transform the organic material into a waxy substance known 

as chytrid. As time progresses, more heat is built up and greater 

pressures are brought into play, with the caseous roots being 

catalytically transformed into hydrocarbons. Hydrocarbons also exist in 

many different types together, and the hydrocarbon component of these 

forms crude oil. As crude oil is a liquid product, it moves from areas of 

high pressure to areas of low pressure through tiny voids in the 

surrounding rock, i.e. it moves from deep subsurface structures and 

submarine structures towards the surface until it flows into impermeable 

layers of rock or clay where it forms underground reservoirs. 

Crude oil is found underground in layers of impermeable rock and clay, 

and as people exploit and use it, drilling for oil becomes necessary to 

go deeper and deeper, meaning that oil reserves become less and less 

available until they are depleted. Since the exploitation and use of oil in 

the 19th century, energy resulting from the development of petroleum 

products has become the main fuel consumed by human society. It is 

mainly stored in the upper regions of the earth's crust. Petroleum 

consists of a mixture of different hydrocarbons, the main component of 

which is alkanes, and it also contains elements such as sulphur, oxygen, 

nitrogen, phosphorus, and vanadium. Oil is mainly used as fuel oil and 

petrol, which is one of the most important and widely used energy 
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sources in the world today. It is also a raw material for many chemical 

industry products such as solutions, fertilisers, pesticides, mineral oil 

base oils for lubricants and plastics. Oil is present in almost every part 

of our lives, from the transport and production of food, clothing, materials 

and medicines to the plastics used in the manufacture of a large number 

of products. Today 88% of the oil extracted is used as fuel and the other 

12% as a raw material for the chemical industry. All in all, oil is one of 

the essential energy sources for the human world. 

 

1.2 Hazards of Oil Applications  

Crude oil is a complex hydrocarbon formed from the decomposition 

of Carboniferous plant remains under high temperature and pressure, 

and is a naturally occurring product of extractable petroleum 

hydrocarbons (EPHs), i.e. polycyclic aromatic also known as polycyclic 

aromatic hydrocarbons or polyaromatic hydrocarbons (PAHs) 

compounds. Amongst these, PAHs are a widespread environmental 

contaminant that is potentially toxic, mutagenic and carcinogenic, with 

significant environmental impacts and hazards. The contamination of 

soils and waters has become a major problem in the world that needs 

to be addressed immediately, as the pollutants from oil development can 

be very harmful to human health and the living environment. In terms of 

soil research, shuguang et al. (2017) point out that petroleum has a low 

density, high viscosity, and low emulsification capacity, which is easily 

absorbed by the soil surface and can affect the permeability and porosity 

of the soil (Wang, 2009; He et al., 1999). Petroleum is rich in carbon and 

small amounts of nitrogen compounds, so it can alter the composition 

and structure of soil organic matter to some extent, while affecting soil 

components such as C/N, C/P, salinity, pH, EH and electrical 

conductivity (Li et al. 2009). Thirdly, it can hinder plant growth, e.g. the 

concentration of oil and the germination rate and individual height of 
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plants can show a negative correlation, which has a significant impact 

on causing the plants themselves to be less resistant to pests and 

diseases. (Zhu, 2010; Shan et al., 2014). In addition, oil in the soil can 

lead to a significant reduction in the content of elements such as 

phosphorus, potassium and nitrate that are available to plants in the soil, 

as well as an increase in the concentration of other trace elements, 

which can lead to an increase in the elements absorbed by the plant that 

are harmful to it and cannot be processed, leading to its growth and 

development being affected and even widespread death and extinction 

(Navjot.K et al. 2017). Ingestion of petroleum contaminants by humans 

can have serious consequences. Due to the volatility of the aromatic 

compounds in petroleum, it is more likely to be hazardous to human 

health in the environment. It can enter the body of humans and animals 

through breathing, skin contact and diet. It reduces the normal function 

of the liver and kidneys, creates respiratory problems and immune 

dysfunction. And the resulting social panic and economic problems and 

environmental pollution over the next few decades are unsustainable. 

The solution to petroleum contaminants is therefore a matter of great 

urgency for human health and survival (Pena. P et al. 2020). Finally, 

petroleum contaminants in soil affect not only the soil circle but also 

water bodies. The sources of oil pollution in the marine environment 

include 2 types, natural and anthropogenic, and anthropogenic pollution 

is the main cause of marine pollution. Offshore oil extraction, oil spills 

from offshore oil transportation accidents pose a great danger to the sea. 

Oil spills can cause great harm to deep sea and coastal fisheries. When 

oil enters the ocean, it spreads rapidly into a shimmering film of oil. 

Typically, the film formed by one tone of oil can cover an area of 12 

square kilometers of sea surface. The large oil film reduces the amount 

of energy that can be put into the sea by solar radiation and blocks the 

interaction between sea and air, directly affecting the photosynthesis of 
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marine plants and the cycle of the entire marine food chain, thus 

seriously disrupting the normal ecological balance in the marine 

environment. Oil pollution greatly reduces the ability of marine 

organisms to feed, reproduce and grow, disrupting the normal 

physiological behavior of cells and causing abnormal development of 

embryos and larvae of many marine organisms. Oil can easily block the 

respiratory organs of sea animals and fish, causing them to suffocate 

and die. A 0.1% diesel emulsion in seawater can completely block the 

photosynthesis of seaweed seedlings - and more seriously, vulnerable 

links in the marine ecosystem that, once damaged, are difficult to 

recover from for decades. Oil waste poisons marine and coastal organic 

substrates, interrupting the food chain on which fish and marine life 

depend and on which their reproductive success is based. Commercial 

fishing enterprises may be permanently affected. (Carls, M. G. 2001. 

and Pezeshki, S. R. 2000 ) 

 

1.3 Role of Microbial Crude Oil Aspects 

The treatment of oil-contaminated soils and waters has been 

systematically studied on a global scale. The main methods included 

are physical methods, chemical methods, and bioremediation methods. 

Bioremediation techniques have evolved considerably in recent years, 

with the aim of effectively restoring crude oil-contaminated 

environments and organisms in an eco-friendly manner and at very low 

cost (Azubuike, C. C et al. 2016). To achieve this goal, researchers have 

developed and modelled a number of different biotechnological tools, 

however, the varying properties and composition of contaminants lead 

to the fact that there is no single biotechnology that can effectively 

address all contamination, where the applicable environmental 

conditions of microorganisms in the contaminant's native region with 

their growth and metabolism are key to addressing the biodegradation 
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and bioremediation of contaminants (Verma and Jaiswal 2016). 

Bioremediation has become one of the most valuable and viable 

treatment technologies in the field of eco-environmental protection 

compared to the other two remediation methods and is considered as 

the measure of choice for the remediation of crude oil pollution. The 

most extensively studied is the bioremediation of petroleum 

hydrocarbons, which uses the metabolic diversity of microorganisms to 

degrade crude oil contaminants. Bacteria are often chosen as the 

primary choice for bioremediation (Prakash and Irfan 2011) because of 

their rapid metabolic rates, the fact that they fit into a variety of different 

degradation pathways, and the fact that their genetic sequences and 

properties can be manipulated to enhance their bioremediation 

capabilities. Of these, alkane degradation is the most common 

phenomenon, and it is possible to isolate and characterise prokaryotic 

and eukaryotic microorganisms capable of using these products as 

carbon sources, and degradation of long-chain n-alkanes has emerged 

as an important approach to oil pollution of the marine environment 

(Kumar. S et al. 2011). It has also been shown that microorganisms can 

be used to induce extracellular and intracellular enzymes, with 

extracellular enzymes playing a major role in the degradation of 

petroleum hydrocarbons (Barnabas et al. 2013). Extracellular enzymes 

break down the oil into simpler compounds that are readily absorbed 

and utilized by microorganisms. The biodegradability of aromatic 

hydrocarbons and the presence of molecular oxygen in the form of 

molecular oxygen can also be used to initiate enzymatic attack on the 

PAH ring to form cis-dihydrodiols for the purpose of degrading pollutants 

(Kumar et al. 2011). Also, co-culture techniques can be used to enhance 

biodegradation efficiency (Kadali et al. 2012). The complementary 

effects of microorganisms on each other may lead to a significant 

increase in growth and viability between different microorganisms 
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(Sampath et al. 2012), and this approach can directly or indirectly 

increase biodegradation rates. It is also possible to exploit the 

hydrophobicity of the cells (Babita.k et al. 2012), the biosurfactant 

produced by petroleum degrading bacteria facilitates the uptake and 

production of hydrocarbons from crude oil by the bacterial cells and 

converts pollutants into less toxic products with high biodegradability, 

therefore hydrocarbon degrading bacteria with the ability to produce 

biosurfactant are widely recommended for the rapid degradation of 

crude oil. Rapid degradation, which can lead to increased emulsification 

of the oil, can also modify the adhesion of hydrocarbons to other 

bacterial cell surfaces (Manoj, k. et al. 2006). Transgenic 

microorganisms can also be used in bioremediation processes to 

effectively remove pollutants that cannot be degraded by indigenous 

microorganisms. It plays an important role in remediating industrial 

wastes, reducing the toxicity of harmful compounds, removing pollution 

from hydrocarbons and gasoline emissions. (Kumar et al. 2018) 

Environmental factors can also be used to optimise microbial biomass. 

The growth rate of microorganisms is influenced by various 

environmental factors and can be aided by controlling the pH, 

temperature, moisture content, aeration, and nutrient utilisation of a 

particular environment (Kumari, B et al. 2020). Biostimulants can be 

used to enhance biodegradability using different types of biofortification 

and biostimulation products (Kumari, B et al. 2020). Fillers provide 

optimum free air space and regulate the water content of the soil. They 

are usually divided into structural and organic fillers, which when added 

to the soil, increase soil aeration and microbial activity. And they also 

have a microbial biomass that can enhance soil fertility. That is, they 

treat crude oil by increasing the biodegradation rate in composting 

applications (Nakles and Ray 2002, Koolivand et al. 2013. Kumari et al. 

2016). 
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1.4 Pseudomonas Putida 

 In the biodegradation of crude oil, microorganisms are considered to be 

the only biological source of hydrocarbon degradation (Atlas, 1981). 

Bacterial species have been shown to degrade hydrocarbons. Pure 

cultures of Pseudomonas aeruginosa are obtained by enrichment 

techniques from effluents that have been contaminated for some time 

(Raghavan and Vivekanandan, 1999) and due to their powerful 

capabilities in the degradation and biotransformation of biotic and 

xenobiotic pollutants, Pseudomonas has great potential for different 

biotechnological applications, especially in the field of bioremediation 

and biocatalysis. (Loh.k.c, et al. 2008). A proteomics-based theoretical 

approach allows the conversion of aromatic compounds into 

dihydroxylated intermediates and their catabolism by Pseudomonas 

aeruginosa during degradation via metabolite specific upstream 

pathways. (Loh.k.c, et al. 2008). pseudomonas putida has been shown 

to improve the degradation of crude oil and pseudomonas putida has 

been found to show the best performance in degrading alkanes 

(zheng.M.Y et al. 2018). Similarly, Pseudomonas putida can degrade 

hydrocarbons such as benzene (Munoz et al. 2007), toluene, p-xylene 

(Yu et al. 2001), biphenyl (Ohta et al. 2001) and phenol (Juang & Tsai 

2006).   Pseudomonas putida has great potential for the degradation of 

alkanes and aromatic hydrocarbons in crude oil. 

 

1.5 Aims and Objectives 

The main objective of this study was to obtain the capacity of the 

existing strain of Pseudomonas putida in terms of oil degradation through 

data analysis. Analysis of the potential of this strain for oil degradation. 

All genomes of pseudomonas putida were located based on the 

database of existing studies, the collected data were genome-wide 

annotated using Prokka and then a pangenome was constructed using 
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Roary to identify core and accessory genes. Finally, the genomic data 

were analysed using METABOLIC (METabolic And BiogeOchemistry 

anaLyses In miCrobes) and analytical reports and graphs were output to 

study the metabolism and function of the genome. 
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2. Method  

    All the data and models involved in this project were completed with the 

assistance of Dr Umer Zeeshan Ijaz (http://userweb.eng.gla.ac.uk/umer.ijaz/) 

and Dr Ciara Keating at the University of Glasgow, who provided relevant 

training to help me with the processing and analysis of the relevant data. 

 

2.1 Initial Preparation Works 

 

2.1.1 Literature Search 

  As this project investigates the analysis of gene sequences 

corresponding to specific bacteria, specific keywords were used 

in the selection of the relevant studies. These keywords include: 

"pseudomonas putida", used to select specific bacterial strains; 

"oil degradation/ degrading crude oil", used to qualify the topic of 

interest; and "pathway/review", used to search for gene functions 

and methods. "pathway/review" for finding the function and 

method of a gene. By adding the above keywords to relevant 

academic search engines (Google Scholar: 

https://scholar.google.com/ and University of Glasgow library: 

https://www.gla.ac.uk/myglasgow/library/ ), 54 relevant studies 

were initially screened. Then, by reviewing the content of these 

publications, the methods and conclusions given in the articles 

were used to compare the corresponding sample data and 

information about their gene sequences with the subject of this 

project, and the relevant requirements of this project for these. As 

there are not many studies involved in the strains of this project 

that degrade crude oil, the final selection of literature was minimal. 

However, the direction of this project has great potential in the 

field of bioremediation 
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2.1.2 The Acquisition and Storage of Data 

The strains involved in this project were provided by NCBI 

(National Center for Biotechnology Information), which has a 

range of databases related to biotechnology and biomedicine and 

is a great resource for bioinformatics tools and services, the main 

one used in this case being the GenBank database of DNA 

sequences. All downloaded data is stored in a remote cluster, also 

provided by Dr Umer Zeeshan Ijaz. The above procedures were 

operated via the relevant command line under Linux operating 

system conditions set up on the MobaXterm software 

(https://mobaxterm.mobatek.net/) platform, and the gene 

sequences downloaded from the database were stored in the files 

corresponding to their NCBI login numbers. The specific workflow 

is: 

1) Create the exclusive pseudomonas putida folder on the 

MobaXterm software platform. 

2) connect to the bacterial data on the ncbi on the platform 

(ftp ftp.ncbi.nlm.nih.gov) 

3) then log in to anonymous and find the bacterial data on 

genbank in genomes 

4) Find the list of Pseudomonas_putida data and download 

its data to a local storage tool. 

5) Download the bacterial genome to the created file using the 

relevant commands. (Refer to Appendix 1 for the exact procedure 

steps). 

2.1.3 Summary 

  Preliminary data collation has been completed by reading the 

literature on the project and downloading the relevant genomes. 

The next step is to analyze the genomes studied: prokka -> roary 

-> coinfinder -> metabolic. 
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2.2 Prokka 

 

2.2.1 Function of Prokka  

Prokka is an excellent solution, a command line software tool 

that can fully annotate a bacterial genome component in a very 

short time and can be used for further analysis and to view the 

genome information and results on relevant software. information 

and analysis results (Seemann, T 2014).  

 

2.2.2 Prokka Workflow  

The workflow of Prokka is also done under the Linux 

operating system set up on the MobaXterm software platform and 

is as follows. 

1) Set up the installation path and environment variables in 

the linux operating environment, enable the minconda2 

environment which is available for all tools and set up pangenome. 

2) Type in the prokka command to enter the annotation of the 

bacteria. 

3) Run prokka and annotate all sequences. 

It takes 5-10 minutes to run prokka for each genome, and as 

Pseudomonas_putida has 194 genomes, this stage of running 

prokka takes 3 working days to carry out. (See Appendix 2 for the 

exact procedure steps). 
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2.3 Roary 

 

2.3.1 Function of Roary 

  Roary is a tool for the rapid construction of large-scale 

pangenomes, identifying core and helper genes. Roary can build 

pangenomes of thousands of prokaryotic samples on a standard 

desktop without compromising the accuracy of the results. As the 

software requires the use of annotated spliced sequences per 

sample, all strains analysed must be from the same species. The 

coding regions in the sequences are converted to protein 

sequences by the CD-HIT tool and then the BLASTP tool is used 

to search for protein sequences in all strains, which are then 

divided into groups using the Markov cluster algorithm (MCL) and 

combined with the previously converted sequences from CD-HIT 

to produce the final result (Page, A et al. 2015). By running Roary, 

the core and common genes of a strain can be found and the 

precent and absent of the genome corresponding to each gene 

can be seen. 

2.3.2 Roary Workflow  

1) Create the roary folder, find all the .gff files in the genome 

file and copy them to the roary file. 

2) Set up the installation path and environment variables in 

the linux operating environment, enable the minconda2 

environment for all tools and set up pangenome. 

3) Set the correct path to PRERL5LIB. 

4) Enter the ROOAY command to enter the identification of 

the genome and the creation of the pangenome. 

5) As Pseudomonas_putida has 194 genomes, it took 3 working 

days to run this stage of ROARY. (The exact steps can be found 

in Appendix 3) 
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2.4 Coinfinder  

 

2.4.1 Function of Coinfinder  

  Coinfinder is an algorithm and software tool that detects genes 

that are associated and segregated from other genes more 

frequently than expected in the pan-genome. Written primarily in 

C++, Coinfinder is a command line tool that generates text, gexf 

and pdf output for the user. The given gene pairs are overlapping 

(Whelan, F. J. 2020). Where the gexf file outputs a networkmap and 

the pdf file outputs a heatmap. 

 

2.4.2 Confinder Workflow  

1) Set the installation path and environment variables in the 

linux operating environment, enable the minconda2 environment 

for all tools, and enable coinfinder on Orion cluster. 

2) Create the coinfinder-test folder and use the "git clone" 

command to download the data associated with the coinfinder 

manuscript (https://github.com/fwhelan/coinfinder- manuscript.git) 

3) This project is interested in the 

gene_presence_absence.csv generated by Roary and core-

gps_fasttree.newick. Suggest that the phylogeny should be in 

Newick format with no zero-length branches. They suggest using 

core gene information to construct such phylogenies (e.g. as 

suggested in the Roary pipeline https://sanger-

pathogens.github.io/Roary/). Therefore copy the core-

gps_fasttree.newick and gene_presence_absence.csv files to 

provide preparation for running the coinfinder. 

4) Run according to the coinfiner command and view the resulting 

files (of interest are the PDF files and GEXF files that can be 

viewed at https://gephi.org/users/download/. (Appendix 4). 
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2.5 Metabolic  

 

2.5.1 Function of Metabolic 

Metabolic (https://github.com/AnantharamanLab/METABOLIC) 

is able to predict the metabolic and biogeochemical functional 

profile of any given genomic dataset. These genomic datasets 

can be macrogenome assembled genomes (MAG), single cell 

amplified genomes (SAG) or pure culture sequenced genomes. 

METABOLIC has two main implementations, METABOLIC-G and 

METABOLIC-C. METABOLIC-G.pl allows the generation of 

metabolic profiles and biogeochemical cycling maps of input 

genomes and does not require input sequencing reads. 

METABOLIC-C.pl generates the same output as METABOLIC-

G.pl, but as it allows input of macro-genomic reads it will generate 

information related to community metabolism. It can also 

calculate genome coverage. Parses the information and 

generates graphs of elemental/biogeochemical cycling pathways 

(Zhou, Z et al. 2020). 

 

2.5.2 Metabolic Workflow 

1) Set up the metabolic environment, enable metabolic 

software on Orion and directory. 

2) Set up the path to the METABOLIC repository so that the 

project can start using the software 

3) Dump the test genome into a local directory 

4) Ensure that the genome has a .fasta extension 

5) run the software 

6) Check the input genome folder. You will notice that 

additional annotation files have been generated 

7) Check the output folder. You are interested in 
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Nutrient_Cycling_Diagrams and METABOLIC_result.xlsx, which 

summarises everything (refer to Appendix 5 for detailed steps) 

 

2.6 R Studio 

In this project, R studio will be used to analyse and count 

genomic similarity and gene relatedness. The jaccard similarity in 

R is used to enforce the similarity of the genome. It ranges from 

0 to 1. The higher the number, the more similar the data is. and 

use Coincidence Analysis (CNA) to model and provide a 

comprehensive analysis of causality. can is a method for causal 

data analysis. It allows you to see if there is an association 

between genes. 
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3. Result 

 

3.1 Prokka Output 

When a Prokka run of a genome is completed, 10 output files will be 

generated, such as table2. 

 
Table 2（Seemann, T 2014） 

 

The focus of this project is on the genbank database, and the gff file is 

almost identical to the gbk file. As the gff file will need to be received for 

subsequent analysis, the gff file was chosen for this project. As 

Pseudomonas_putida has 194 genomes, one of the genomes was 

chosen as an example and after completing the prokka run, its output file 

is Figure 1: 

 
Figure1 Prokka Output File 

  In this genbank file generated from the genome, as in Figure 2, you 

can see its output (commond=less PROKKA_07072021.gbk), including 
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the size of the genome, the different kinds of genes it contains, its origin 

and its gene sequence. This provides valid data for subsequent 

computational analysis. It can be said to provide a detailed annotation of 

the whole genome. 

 
Figure2 Genome Kernel 

 

3.2 Pan-genome 

When run roary is complete, an analysis graph of the pangenome can 

be output, analysing the different organism colonies by comparing the 

presence and absence of genes in the genome with each other to give a 

clearer picture of the presence of genes in the genome. 
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Figure 3 pangenome pie 

 

As shown in Figure 3, The total number of genomes possessed by 

Pseudomonas putida is 194, of which the classification of genes is as 

follow： 

Core genes (190% <= strains <= 194%) 89 

Soft core genes (182% <= strains <190%) 768 

Shell genes (28% <= strains < 182%) 6149 

Cloud genes (strains < 28%) 89794 

Total genes  96800 

   

From the genome analysis report provided by Roary, it appears that the 

only core genes associated with degradation in the genes of 

Pseudomonas putida is uao, which is Uric acid degradation bifunctional 
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protein.  

 

 

Figure 5 pangenome frequency 

 

An analysis of the frequency of the pangenome is shown in Figure 

5 above, and it can be seen that the frequency of activity of genomes in 

no.1-25 is frequent. 
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Figure 6 pangenome matrix 

 

 

A pangenome matrix plot is shown in Figure 6, with the classification 

of the gene represented on the left and the frequency of its presence on 

the right. The tree file and present_absence file from the roary output file 

can be added via the phandango (Hadfield, J et al. 2018) website 

(https://jameshadfield.github.io/phandango/#/) to view the detailed 

distribution of genes. Figure 6 shows the higher frequency of genes over 

time, as shown in Figure 7. 
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Figure 7 Phandango Output 

 

3.3 Network and Heatmap of Pangenomes 

Figures 8 and 9 show a schematic representation of the network and 

heatmap in the coinfinder output file. After clusters of homologous genes 

have been clustered together coinfinder can identify overlapping sets of 

genes in a pan-genomic dataset. 

 
Figure 8 Network of Pangenomes 
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Figure 9 Heatmap of Pangenomes 

  A network and heatmap of the 194 genomes is shown in Figure 8 

and Figure 9, and if each gene node is statistically related to each other 

in the pan-genome, they connect to another gene. The nodes are colored 

by the connected component (i.e. the set of reassociated genes) in colors 

corresponding to those used in the heatmap output. Similar to networks, 

each set of overlapping genes is co-colored. Genes are shown in relation 

to the input core gene phylogeny. 
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prokka_GCF_900051225.1_14673_4_24_genomicprokka_GCF_900058425.1_13154_3_69_genomicprokka_GCF_900064805.1_11679_1_38_genomic
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3.4 The Degradation of Psudomonas Putida 

In the analysis tables generated by metabolic, all the genomes 

associated with pseudomonas putida can be found along with the gene's 

category, function and the associated set of analysis results. Of these, 

the genomes associated with degradability and not completely absent 

are shown in Table 3 below. 

 
Table 3 Degradation of Psudomonas Putida 

From Table 3 it can be seen that in terms of degrading microorganisms, 

pseudomonas putida species are mainly found in three areas, Fatty acid 

degradation, complex carbon degradation and Aromatics degradation, 

after deleting genes that are completely absent from the pan-genome, a 

total of There were nine genes. Of these, acyl-CoA dehydrogenase 

oxidises short-chain aliphatic substrates of fatty acids (Brian McMahon 

et al. 2005); in the case of cellulose degradation, pseudomonas putida is 

surface bound as a cellulase to achieve co-hydrolysis of cellulose 

substrates (Tozakidis, I.E.P et al. 2016), hemicellulose debranching has 

a similar role (Wang, Y et al. 2019); the ability of bacteria to use low 

molecular weight lignin suggests that bacteria have a number of unique 

and specific enzymes that catalyse the production of a variety of useful 

compounds, lignin decomposes Pseudomonas malodorosa mt-2 ( Tahir 

et al. 2019); other oligosaccharides are not yet mentioned in the 

degradation of pseudomonas putida, and only alginate lyase is described 

as degrading (qian.l et al. 2020); microbial cells can carry or secrete 

amylolytic enzymes, and Shuba et al. (2010) reported that soil samples 
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isolated from Pseudomonas putida containing chitin were characterised 

by chitin degradation; Urszula G (2011) noted that activated sludge 

samples from wastewater treatment plants were isolated from a strain of 

Pseudomonas putida designated as N6. Catechol 1,2-dioxygenase in 

strains designated as N6 up to a certain concentration can completely 

degrade phenol; flavin prenyltransferase and vanillate can whole-cell 

regulate the mode supporting the hypothetical activity of the enzyme in 

anoxic aromatic metabolism and degradation of the compound through 

intermediates from Phenol to Benzoyl-CoA (Werner D. et al 1991); 

benzoyl coenzyme A reductase (BCR) catalyzes the dearylation of 

benzoyl coenzyme A (benzoyl-CoA), the central step in the anaerobic 

degradation pathway of various aromatic compounds. Benzoyl 

coenzyme A reductase (BCR) catalyzes dearomatization of benzoyl 

coenzyme A (benzoyl-CoA), which is the central step in the anaerobic 

The BCR catalyzes dearomatization of benzoyl coenzyme A (benzoyl-

CoA), which is the central step in the anaerobic degradative pathways 

for a variety of aromatic compounds.  

 

3.5 Pseudomonas putida crude oil degradation 

A comprehensive analysis of the genome and an overview of the 

literature has been presented above, and this section will present and 

analyse the functions of genes in pseudomonas putida that are capable 

of contributing to the crude oil degradation field and characterise them 

by analogy. 

 

3.5.1 Overview of existing research 

From the analysis reported above and from literature studies 

on crude oil degradation, four of the genes in pseudomonas 

putida have been shown to play a role in the field of crude oil 

degradation. By table 4. 
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Table 4 Existing Psudomonas Putida of Oil Degradation  

 

In a study conducted on crude oil-contaminated soil (Abbasian, 

F et al. 2016), alkane monooxygenase was involved in 

hydrocarbon degradation, and alkane sulfonate monooxygenase 

was involved in the degradation of alkanes and sulfonated 

alkanes (Pal, S et al. 2017). And (Pal, S et al. 2017) noted that 

microorganisms isolated from crude oil sludge with growth 

substrates containing alpha-D-glucose had very good growth in 

crude oil. Genes related to degradation functions alpha-amylase 

and isoamylase were present in the results of the analysis. 

catechol 1,2-dioxygenase is an aromatic hydrocarbon and 

aromatic hydrocarbons are the main compounds in crude oil and 

aromatic hydrocarbons can be biodegraded to less toxic 

compounds in several steps for the purpose of degrading crude 

oil (Tavakoli, A et al. 2017). 

 

3.5.2 statistic of pangenome activity 

Figure 10 shows the statistics for the active regions of the 

genome, from which it can be seen that there are seven points 

in the regions where the genes occur frequently, which means 

that the genomes in these regions share the same functions and 

properties. Taking genome 53 and 70 (GCA_001467195.1 and 

GCA_001904555.1) as an example, it can be seen through the 

ncbi database that their size is 5.13991 6.76743, and GC 

percentage: 57.7% ,62.3%, and in genome20 and genome126, 

their sizes and GC percentages are 5.83022 and 5.52011; 
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61.4% and 63.3%, respectively, and they share a common core 

gene, uao, in the roary core genes. 

 
Figure 10 Jaccard Output 
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Table 5 CAN Output 

MCF 

 outcome condition consistency coverage complxity minimal 

1 GENE1 gene4->GENE1 

 

1 0.141361

26 
1 TRUE 

2 GENE1 gene4->GENE1 

 

1 0.005235

6 
1 TRUE 

3 GENE2 GENE3->GENE

2 

 

1 

0.96875 1 TRUE 

4 GENE2 GENE4->GENE

2 

 

1 
0.864583

33 
1 TRUE 

5 GENE2 gene1->GENE2 

 

1 0.010416

67 
1 TRUE 

6 GENE4 gene1->GENE4 1 0.012048

19 
1 TRUE 

ASF  

 outcome condition consistency coverage complexity minimal 

1 
GENE2 

GENE3<->GEN

E2 
1 0.96875 1 TRUE 

CSF  

 outcome condition consistency coverage complexity minimal 

1 
GENE2 

GENE3<->GEN

E2 
1 0.96875 1 TRUE 

 

Table 5 shows the output of the analysis in the R package which 

is a configuration comparison method for causal data analysis. 

There is a strong correlation between genes 2 and 3, and that the 
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corresponding genes are alpha-amylase and isoamylase, which 

are genes belonging to the same role and species. 

 

4. Discussion 

The aim of this project was to carry out a genome-wide analysis of 

pesudomonas putida through a series of software processes and data 

analysis. The results of the analysis provide a clear picture of the type, form 

and function of the entire genome and gene sequences of pesudomonas 

putida and the role of the different genes. It is also possible to see that 

genome belonging to the same genotype have different gene sequences. It 

is also possible to see the metabolic and reactive forms of each of their 

genes. 

As can be seen in Figure 8, the pan-genome grid shows that the 

coinfinder aggregates the pan-genomes into homologous clusters of genes 

identified as overlapping sets of genes, aggregated into seven different 

coloured points, meaning that the pan-genomes are statistically related or 

separated at the same point. And the same definition is used in the hotspot 

map. At the same time, the genes with degradation roles in the 

pesudomonas putida present have seven different functions. And, as shown 

in Figure 10, the genome is clustered at seven points as well, and these 

regions of the genome are similar or related. Whether this means that the 

genomes have the same properties in the seven degradation modes 

remains to be further investigated. 

In the genome-wide analysis of pesudomonas putida, complex carbon 

degradation accounted for one-half of the genes in the gene species used 

for degradation, but this has not been argued in the study. However, 

hydrocarbon degradation is the main form of degradation in pesudomonas 

putida. And of the genes already present that degrade crude oil, they are all 

in the form of enzymes or enzyme species. This suggests that 

pesudomonas putida still has great potential for degrading crude oil. 
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5. Conclusion  

  Through the sequencing analysis of the whole genome of pesudomonas 

putida, this project demonstrates that 

pesudomonas putida has an important role in the field of petroleum 

degradation. The existence of many genomes (194) to degrade compounds, 

the possession of seven different functional genes that can play a role in the 

field of degradation, and their expression are evidence of the important role 

that microorganisms play in bioremediation and environmental protection. 

Of course, this project also has certain drawbacks, as it carries out a 

completely purely theoretical analysis and data statistics and does not 

produce experimental results in the laboratory, which lacks a certain degree 

of convincing and practical ability. However, it can also help the laboratory 

to save time by targeting genomes for experiments. Overall, with more 

research and practice, pesudomonas putida will play a great role in the 

degradation of petroleum compounds.  
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Appendix 1  
 
[studentprojects@howe 
/shared5/studentprojects/zhen/Pseudomonas_putida/test]$ ftp 
ftp.ncbi.nlm.nih.gov 
Name (ftp.ncbi.nlm.nih.gov:studentprojects): anonymous 
your password 
Password: 
230 Anonymous access granted, restrictions apply 
Remote system type is UNIX. 
Using binary mode to transfer files. 
ftp> cd genomes 
250 CWD command successful 
ftp> cd genbank 
250 CWD command successful 
ftp> ls Pseudomonas* 
ftp> cd bacteria 
ftp> bye 
[studentprojects@howe 
/shared5/studentprojects/zhen/Pseudomonas_putida/test1]$ for f 
in `cat var.txt`; do name=$(grep -w "$f" assembly_summary.txt 
| cut -f9 | cut -f2 -d'=' | sed 's/ /_/g' | sed 's/\//_/g' | 
sed 's/\:/_/g' | sed 's/)/_/g' | sed 's/(/_/g'); xx=$(grep -w 
"$f" assembly_summary.txt | cut -f20 | cut -f10 -d'/'); wget -
-tries=75 -c $f/$xx\_genomic.fna.gz; done 
--2021-08-14 18:33:45--  
ftp://ftp.ncbi.nlm.nih.gov/genomes/all/GCA/016/845/885/GCA_016
845885.1_ASM1684588v1/GCA_016845885.1_ASM1684588v1_genomic.fna
.gz 
           => ‘GCA_016845885.1_ASM1684588v1_genomic.fna.gz’ 
Resolving ftp.ncbi.nlm.nih.gov (ftp.ncbi.nlm.nih.gov)... 
130.14.250.12, 130.14.250.11, 2607:f220:41e:250::11, ... 
Connecting to ftp.ncbi.nlm.nih.gov 
(ftp.ncbi.nlm.nih.gov)|130.14.250.12|:21... connected. 
Logging in as anonymous ... Logged in! 
==> SYST ... done.    ==> PWD ... done. 
==> TYPE I ... done.  ==> CWD (1) 
/genomes/all/GCA/016/845/885/GCA_016845885.1_ASM1684588v1 ... 
done. 
==> SIZE GCA_016845885.1_ASM1684588v1_genomic.fna.gz ... 
1372706 
==> PASV ... done.    ==> RETR 
GCA_016845885.1_ASM1684588v1_genomic.fna.gz ... done. 
Length: 1372706 (1.3M) (unauthoritative) 
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100%[=========================================================
=============>] 1,372,706    989KB/s   in 1.4s    
 
2021-08-14 18:33:48 (989 KB/s) - 
‘GCA_016845885.1_ASM1684588v1_genomic.fna.gz’ saved [1372706] 
 
Appendix 2  
 
[studentprojects@moore 
/shared5/studentprojects/zhen/Pseudomonas_putida/test1]$ expor
t PATH=/home/opt/miniconda2/bin:$PATH 
[studentprojects@moore 
/shared5/studentprojects/zhen/Pseudomonas_putida/test1]$ unset 
PERL5LIB 
[studentprojects@moore 
/shared5/studentprojects/zhen/Pseudomonas_putida/test1]$ sourc
e activate pangenome 
(pangenome) [studentprojects@moore 
/shared5/studentprojects/zhen/Pseudomonas_putida/test1]$ prokk
a -h 
(pangenome) [studentprojects@moore 
/shared5/studentprojects/zhen/Pseudomonas_putida/test1]$ prokk
a GCA_014764425.1_ASM1476442v1_genomic.fna --locustag 
GCA_014764425.1 --outdir GCA_014764425.1 
 
Appendix 3 
(pangenome) [studentprojects@moore 
/shared5/studentprojects/zhen/Pseudomonas_putida/RAW_genomes]$ 
mkdir roary 
(pangenome) [studentprojects@moore 
/shared5/studentprojects/zhen/Pseudomonas_putida/RAW_genomes]$ 
ls -d */*.gff 
(pangenome) [studentprojects@moore 
/shared5/studentprojects/zhen/Pseudomonas_putida/RAW_genomes]$ 
for i in $(ls */*.gff); do cp $i roary/$(echo $i | sed 
's!/.*!!').gff; done 
(pangenome) [studentprojects@moore 
/shared5/studentprojects/zhen/Pseudomonas_putida/RAW_genomes]$ 
unset MAFFT_BINARIES  
 
(pangenome) [studentprojects@moore 
/shared5/studentprojects/zhen/Pseudomonas_putida/RAW_genomes]$ 
export PATH=/home/opt/miniconda2/bin:$PATH 
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(pangenome) [studentprojects@moore 
/shared5/studentprojects/zhen/Pseudomonas_putida/RAW_genomes]$ 
source activate pangenome 
 
(pangenome) [studentprojects@moore 
/shared5/studentprojects/zhen/Pseudomonas_putida/RAW_genomes]$ 
export PERL5LIB=/usr/local/lib/perl5/site_perl/5.22.0/ 
(pangenome) [studentprojects@moore 
/shared5/studentprojects/zhen/Pseudomonas_putida/RAW_genomes]$ 
roary -h 
(pangenome) [studentprojects@moore 
/shared5/studentprojects/zhen/Pseudomonas_putida/RAW_genomes]$ 
roary -f ./roary_tree -e -n -v -p 8 -v -r -I 60 —-group limit 
8000 ./roary/*.gff 
(pangenome) [studentprojects@moore 
/shared5/studentprojects/zhen/Pseudomonas_putida/RAW_genomes] 
watch -n 1 “ls -larth | tail -5” 
 
Appendix 4  
[studentprojects@howe 
/shared5/studentprojects/zhen/Pseudomonas_putida2/RAW_genomes]
$ export PATH=/home/opt/miniconda2/bin:$PATH 
[studentprojects@howe 
/shared5/studentprojects/zhen/Pseudomonas_putida2/RAW_genomes]
$ source activate coinfinder-env 
(coinfinder-env) [studentprojects@howe 
/shared5/studentprojects/zhen/Pseudomonas_putida2/RAW_genomes]
$ mkdir coinfinder-test 
(coinfinder-env) [studentprojects@howe 
/shared5/studentprojects/zhen/Pseudomonas_putida2/RAW_genomes]
$ cd coinfinder-test 
(coinfinder-env) [studentprojects@howe 
/shared5/studentprojects/zhen/Pseudomonas_putida2/RAW_genomes/
coinfinder-test]$ git clone 
https://github.com/fwhelan/coinfinder-manuscript.git 
Cloning into 'coinfinder-manuscript'... 
remote: Enumerating objects: 31, done. 
remote: Counting objects: 100% (31/31), done. 
remote: Compressing objects: 100% (24/24), done. 
remote: Total 31 (delta 8), reused 29 (delta 6), pack-reused 0 
Unpacking objects: 100% (31/31), done. 
Checking out files: 100% (18/18), done. 
(coinfinder-env) [studentprojects@howe 
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/shared5/studentprojects/zhen/Pseudomonas_putida2/RAW_genomes/
coinfinder-test]$ ls 
coinfinder-manuscript 
(coinfinder-env) [studentprojects@howe 
/shared5/studentprojects/zhen/Pseudomonas_putida2/RAW_genomes/
coinfinder-test]$ ls -larth 
total 203K 
drwxrwxr-x 201 studentprojects studentprojects 394 Aug 15 
11:25 .. 
drwxrwxr-x   3 studentprojects studentprojects   3 Aug 15 
11:25 . 
drwxrwxr-x   3 studentprojects studentprojects  21 Aug 15 11:25 
coinfinder-manuscript 
(coinfinder-env) [studentprojects@howe 
/shared5/studentprojects/zhen/Pseudomonas_putida2/RAW_genomes/
coinfinder-test]$ ls 
coinfinder-manuscript 
(coinfinder-env) [studentprojects@howe 
/shared5/studentprojects/zhen/Pseudomonas_putida2/RAW_genomes/
coinfinder-test]$ cp coinfinder-
manuscript/gene_presence_absence.csv . 
(coinfinder-env) [studentprojects@howe 
/shared5/studentprojects/zhen/Pseudomonas_putida2/RAW_genomes/
coinfinder-test]$ cp coinfinder-manuscript/core-
gps_fasttree.newick . 
(coinfinder-env) [studentprojects@howe 
/shared5/studentprojects/zhen/Pseudomonas_putida2/RAW_genomes/
coinfinder-test]$ ls 
coinfinder-manuscript  core-gps_fasttree.newick  
gene_presence_absence.csv 
(coinfinder-env) [studentprojects@howe 
/shared5/studentprojects/zhen/Pseudomonas_putida2/RAW_genomes/
coinfinder-test]$ coinfinder -i gene_presence_absence.csv -I -
p core-gps_fasttree.newick -o output 
 
 
Appendix 5  
abund_table<-read.csv("presence_absence_table.csv",header = 
TRUE,row.name = 1) 
#install.packages("vegan") 
library(vegan) 
library(ggplot2) 
library(ggrepel) 
#help("vegdist") 
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#help(package="vegan") 
#vignette(package="vegan") 
#vignette(package="vegan","intro-vegan ") 
ggrepel.max.overlaps = Inf 
abund_table.dist<-vegdist(abund_table,method="jaccard") 
 
#ord<-metaMDS(abund_table,distance="jaccard",k=5) 
ord<-capscale(abund_table ~ 
1,distance="jaccard")#PCoA(Principle Coordinate Analysis 
 
#Now we use the scores() to extract the location of Genomes 
df<-as.data.frame(scores(ord, display = "sites")) 
pdf("myplot.pdf") 
 
p <- ggplot(df,aes(MDS1,MDS2)) 
p<-p+geom_point(color = "red") 
p<-p + geom_label_repel(aes(label = rownames(df)),size = 2.5) 
+ theme_bw() 
print(p) 
dev.off() 
 
 
Appendix 6  

abund_table<-
read.csv("presence_absence_table.csv",header=TRUE,row.name=1) 

#install.packages("cna") 

library(cna) 

#help(package="cna") 

threshold_perc<-0.9 

abund_table.cna<-cna(abund_table,cov=threshold_perc) 

 

#Take hints from here: https://rdrr.io/cran/cna/man/condTbl.html 

 

#One of these three methods should work,if not then check help("msc"), or 
help("asf"), or help("csf") 
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#All the files are stored as CSV files 

 

df.msc<-as.data.frame(msc(abund_table.cna)) 

write.csv(df.msc,"MSC.csv") 

 

df.asf<-as.data.frame(asf(abund_table.cna)) 

write.csv(df.asf,"ASF.csv") 

 

df.csf<-as.data.frame(csf(abund_table.cna)) 

write.csv(df.csf,"CSF.csv") 

 

 

 

 

 

 

 

 

 

 

 


