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	The subway system is one of the most used means of transportation in cities, due to the easy access and the lower cost to commuters. The aims of this study were to determine the subway microbiome and to understand the interactions between commuters-commuters and commuters-surface. This study also allowed identifying potential sources of microorganisms, providing useful information to develop preventive measures to decrease the microbiological load, and to detect possible imbalances of microbiome that can lead to the excessive proliferation of pathogenic species.  
In January of 2016, a total of 155 samples were collected from different surfaces in stations and trains from the Lisbon’s subway. All the samples taken were analyzed to determine the DNA concentration. Then, statistical analyses were performed to determine the influence of several parameters associated with subway system (line, station, type of surface, sampling duration, and a period when the sample was collected) in the DNA concentration collected. The diversity of microorganism presence in the subway was determined for 28 samples, using new-generation sequencing (NGS). Data related to the species identification were used to determine possible sources of microbial diversity. Finally, the identification of functional pathways was performed.  
In the samples sequenced, 47 families were found, being the Moraxellacea, Pseudomonadaceae, and Sphigobacteriacea the most frequent. A total of 117 species were identified, none being considered of elevated public health hazard. Bacteria usually described as soil, water and vegetation habitats were identified as the main sources of microbiome (50%), followed by human-associated microbiome (38%), being identified bacteria frequently isolated from the gastrointestinal tract, skin, and urogenital tract. Finally, bacteria commonly associated with food products (cheese, yogurts, processed meats) and meat (mainly pigeons) (12%) were identified. Finally, more than 500 different functional pathways were detected, revealing that the microorganisms present in the subway system are metabolically active.  
Through the results gathered in this work, the Lisbon subways system features a microbiome within the expected, not representing any danger to public health. However, further studies must be conducted to improve the knowledge of the microbiome of this system and to detect and prevent possible weaknesses in cases of infectious diseases outbreaks or, in worst-case scenarios, in the event of a bioterrorism attack.
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	A rede de metro é um dos meios de transporte mais utilizados nas cidades, principalmente devido ao fácil acesso e ao baixo custo para os passageiros. Os objetivos deste estudo foram determinar o microbioma do metro e compreender as interações passageiro-passageiro e passageiros-superfície. Este estudo permitirá ainda conhecer as potenciais fontes de microrganismos de modo a desencadear medidas de redução da carga microbiológica e detetar antecipadamente possíveis desequilíbrios do microbioma que possam conduzir à proliferação exagerada de espécies patogénicas. 
	Em Janeiro de 2016, foram recolhidas 155 amostras das superfícies das estações e das carruagens do Metro de Lisboa. Foi determinada a concentração de DNA presente nas amostras recolhidas. Seguidamente, foram realizadas análises estatísticas para determinar a influência diferentes parâmetros associados à rede de metro (linha, estação, tipo de superfície, duração da amostragem e período do dia em que se realizou a amostragem) na concentração de DNA. A diversidade de microrganismos presentes no metro foi determinada, em 28 das amostras recolhidas, recorrendo a sequenciação de nova geração (NGS). Os dados relativos às espécies identificadas foram usados para identificação de possíveis fontes de diversidade microbiana. Finalmente, procedeu-se à identificação das vias metabólicas presentes nestas amostras. 
	Foram identificadas 47 famílias de microorganismos, Moraxellacea, Pseudomonadaceae e Sphigobacteriacea as mais representadas. No total foram identificadas 117 espécies, não sendo nenhuma destas especies considerada de alto risco para a saúde pública. Bactérias habitualmente descritas como habitantes solo, água e vegetação, foram identificadas como a principal fonte de diversidade do microbioma (50%). Seguiram-se as bactérias associadas ao microbioma humano (38%), sendo identificadas bactérias frequentemente isoladas a partir do tracto gastrointestinal, pele e tracto urogenital. Finalmente, foram encontradas outras fontes de bactérias (12%), como alimentos (queijo, iogurtes, carnes procesadas) e animais (sobretudo pombos). Finalmente foram identificadas  mais de 500 vias metabólicas diferentes, revelando que os microorganismos presentes na rede do metro se encontram metabolicamente activos.	 
	Através dos resultados reunidos ao longo deste trabalho, considera-se que o Metro de Lisboa apresenta um microbioma dentro do esperado, não sendo representando qualquer perigo para a saúde pública. Contudo, mais estudos tem de ser conduzidos para melhorar o conhecimento do microbioma do Metro de Lisboa, de forma a detetar e prevenir possíveis debilidades em casos de surtos de doenças infecciosas ou, em piores cenários, na eventualidade da ocorrência de ataques de bioterrorismo.	
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Micrography, a specimen of Mucor, a microfungus, was the first microorganism to be described, in 1665, by Robert Hooke. Later, in 1676, Leeuwenhoek described the first bacteria and protozoa. The biggest contribute from Leeuwenhoek to biology, the discovery of bacteria, happened with his interest in taste. Due to an illness, he lost this sense. When examining his tongue, he described the existence of small organisms -  “animalcules”. After this first report, Leeuwenhoek turn identified bacteria in other samples, such as teeth (Society 2016). These discoveries were possibly resorting to the use of simple’s microscopes that allowed to magnify objects from 25- to 250-folds (Society 2016). However, after these descriptions a lapse of 150 years occurred, allowing further development of microscopes that became the base to discovery and understanding of microorganism (Society 2016). 
Pasteur, who lives 100 years after was the first to describe anaerobic bacteria (Society 2016). After this, and with some of the theories of Pasteur, microorganisms regained its importance in biology.
From this point onwards, millions of microorganisms were identified. In the last four decades microorganisms were found in the most extreme environments, the from the permafrost from the highest mountains, such as the Himalayas, to the abyssal depths of the oceans, presenting a high diversity of both physical and chemical conditions (Larowe et al. 2015). Also, the bacterial biomass was been determined to be higher than the biomass animal and vegetal combined (Stein 2015). 
Understanding the quantity and the diversity of such microorganisms is easy to anticipate the widespread and constant presence of bacteria even in the most extreme conditions, being their diversity a constant.
So, an immeasurable diversity of microorganisms exists in every specific environment and this microbial diversity is called microbiome (Peterson et al. 2009). The human body has its one microbiome, such as others animals, being a resident for microorganisms and their metabolic functions for at least 500 million years (Cho & Blaser 2012; Land et al. 2008; Ley et al. 2008). This microbial counterpart has an active participation in several host function, such as defense, metabolism, and reproduction (Cho & Blaser 2012; Benson et al. 2010). Existing theories postulate that the specific actual microbiome in the human body is the result of natural selection based on co-adaptation mechanism (Cho & Blaser 2012). 
Undoubtedly, the microbiome contributes to the human struggle against diverse society’s challenges (Leroy Hood 2012). The microbiome influences both human health and well-being in several ways. Bacterial cells are ten times more numerous than human cells (Qin et al., 2010; Anon 2012), microorganisms produce multiple active molecules present in the human bloodstream (Hood, 2012), for example 36% of these molecules are produced by the gut microbiome (Leroy Hood 2012).  Also, concerning the genes, the ratio is from 130 microbial genes to one human gene, in a healthy human. Moreover, these microorganisms act as a source of both pathogen protection (Vaarala, 2012) and hazards (Markle et al., 2013). 
Despite essential to human health, is not clear how the microbiome influences human health. Nevertheless, in modern medicine, microorganisms are commonly considered as enemies (Schneider & Winslow 2016; Cho & Blaser 2012; Margulis 1998). In 1980, Robert Koch, postulate that bacteria are present in all cases of the disease. To prove this assumption, bacteria were extracted for the host, grown in pure culture, re-introduced in a healthy host, and finally recovered from the infected host. However, now like in the past, this postulate has some limitations. For example, some bacteria cannot be grown in pure culture, and some human disease do not have a similar “model” in animals. In other words, in animals the same bacteria do not have the same impact, do not cause the same disease or any disease (Fredericks & Relman 1996). Therefore, is important to understand how bacteria cause diseases. Bacteria can be infected by virus or can gain access to a deep tissue and then cause a disease. In immunocompromised patients, harmless bacteria may cause diseases. In other cases, the same bacteria may cause a disease in a healthy human, but not in an another healthy human. Bearing these principals in mind, it makes more sense that community characteristics may be more relevant that one single bacteria cause a disease. However, a long way is still needed to understand the mechanism associated with pathogen-host interactions (Cho & Blaser 2012). Being important the application of new tools to improve the knowledge of this relation (Cho & Blaser 2012). As such, microorganisms profoundly influence human health. In environments where the people are in direct contact with each other and can circulate among different environments, in a short space, such as cities, the impact of microorganisms in a human health can be facilitated (Afshinnekoo et al., 2015).
Although the human microbiome, has been highly studied, with the HMP project, the same does not apply for the city’s microbiome (indoor air), at least in large-scale studies (Afshinnekoo et al., 2015; Peterson et al., 2009). The characterization of this microbiome is important once, people in modern societies, especially in cities, spend more the 90% of their time indoors. The indoor air consists of a myriad of solid aerosol particles, including inhalable bioaerosols, which have been studied due to their impact on public health (Leung et al. 2014; Douwes et al. 2003). Some causative microbial agents that have been documented in different indoor environments can be transmitted among individuals (Leung et al. 2014; Kembel et al. 2012; Grinshpun & Adhikari 2014).
An example of an indoor environment is the public transport system, such as the subway. Every day and worldwide, millions of people use this public transport system, allowing the interaction between commuters and between commuters and subway surfaces. Nonetheless, little is known about microbiome characteristics of this public transport system, and the impact of the surface type, season, commuter type, or subway design on their commute in the microbiome characteristics. However, the effect of the architecture, specifically, indoor ventilation, has been demonstrated in previous studies play roles in shaping the indoor microbiome (Leung et al. 2014). This indoor ventilation, due to the architecture of the subway, been mainly an underground transportation, is very present. Microbial DNA studies show too, that the indoor microbiome is influenced by their human occupants (Hsu et al. 2016).
Previous studies investigated the microbial composition in the subway and other indoor areas. However, some limitations in the methodologies used underestimated the diversity of microbial exposure for the commuters (Leung et al. 2014). This studies primarily focused on culture-dependent techniques (viable counts of bacteria and fungi and with the biochemical or molecular identification of cultures) (Robertson et al. 2013; Leung et al. 2014). Using culture-dependent techniques, only a small fraction of microorganism can be grown and identified, bringing a reduced perspective of the microbial diversity found in subway air (Robertson et al. 2013).
Nowadays, the microbiome composition can be determined using both culture-dependent and -independent methods. Using the conventional microbiological methods (culture-dependent) is impossible to determine the diversity of the microorganisms in a sample. Many factors, like fungal and bacterial viability, the use of the inappropriate growing medium, the final concentration of the microorganism in the sample makes the use of conventional methods rather limited (Leung et al. 2014).
The challenge to disclosure the majority of the organisms increase the interest and outset the improvement of the technical capacities for metagenomics surveys of aerosol environments. (Be et al. 2015). The advent of Next Generation Sequencing (NGS; culture-independent) brought the possibility of profiling entire microbial communities from complex samples, uncovering new organisms, and following the dynamic nature of microbial populations under changing conditions. Being a constant scientific effort and frequently reviewed since its first application in 2002, the NGS has been used in virus discovery in basic and applied research, being without surprise its increasing application as a diagnostic tools (Hall et al. 2015). The potential diagnostic applications of viral metagenomics extend to other areas of expertise (Hall et al. 2015; Karlsson et al. 2013). Therefore, this tool has been applied in forensics (Hall et al. 2015) and environmental sciences to monitor water, soil, and air samples (Hall et al. 2015; Ng et al. 2012).
The NGS, a non-Sanger-based sequencing technology (Schuster 2008), allows processing millions of sequences in a single run, rather than 96 sequences per run, being only necessary to complete the samples processing in one or two instruments (Mardis 2008). Also, some of the cloning bias issues are avoided, once NGS do not use the “libraries” that have been subject to a conventional vector-based cloning and Escherichia coli – based amplification stages associated with capillary sequencing. This way, genome misrepresentation due to bias associated with capillary sequencing is lower (Mardis 2008).
Metagenomics sequencing differs from the conventional methods overcoming the main constraints associated with microorganism culture, as stated before. Such technique permits a better understanding of the microbial community and its dynamics throughout time and space. 
However, with the development of NGS, a high diversity of microorganism was found in several environments, such as the case of subways. However, this high diversity brings the alarming situation of new strains of microorganism that are known to be resistant to antimicrobial agents. Making that new research have to be performed to analysed this news developments.
The Antibiotic Resistance (AMR), is emergence of resistance of microorganisms – bacteria, viruses, fungi, and parasites – to antimicrobial agents used in medicine (Aspevall et al. 2015). This is a public health concern due to the increase of worldwide infections. Nowadays, the facility in the people travel between the countries, make the rapid global spread of the multi-resistant bacteria that can cause common infections worrying (Aspevall et al. 2015).
The alarming situation of some of the treated infections became not treated when the microorganism became resistance to antimicrobial, and the appearance of new infectious disease did that some global programs appear. Global programs have been developed to monitor some resistance in specific bacterial pathogen, such as Mycobacterium tuberculosis, Neisseria gonorrhoeae. The genome of other species, such as Escherichia Coli and Bacillus subtillus, have been studied to find and map their existing mutations (Aspevall et al. 2015; Singer et al. 1989; Sueoka 1970). Additionally, in some geographic areas, surveillance programs to monitoring the microorganism resistance to antimicrobial have been created. Examples of this programs are the European Antimicrobial Surveillance Network (EARS-Net), the Central Asian and Eastern European Surveillance of Antimicrobial Resistance (CAESAR) and the Latin American Antimicrobial Resistance Surveillance Network (ReLAVRA) (Aspevall et al. 2015). In a general view, these programs intend to prevent worldwide infections and to prevent and control the possible mutations in some strains that they are known for cause disease in human or animals.
Combining the studies on genomes with the advance of the computational tools, was possible to identify biosynthetic gene clusters (BGC). These are physically clustered group of two or more genes that encode for a biosynthetic pathway to produce a specific metabolite. Nowadays, is possible systematically explore and prioritize the BGC for experimental characterization (Medema et al. 2015). However, not all biosynthetic genes are encoded in the producer’s genomes, making that in the laboratory conditions they are often not expressed. Techniques are now available to successfully activate “silent” gene clusters. These techniques allow optimizing production yields and manipulate biosynthesis pathways (Iftime et al. 2016; Weber et al. 2015). One of the techniques to activated the pathways in the native host strains is to resort to the insertion of the additional promoters upstream of the biosynthesis genes. The biosynthetic genes can be independently regulated or constitutively expressed. The expression of the gene clusters in a heterologous host can lead to expression and biosynthesis of the new products. These products can represent a promising alternative for activation of secondary metabolite gene clusters presents in harmful strains (Iftime et al. 2016). This synthetic biology allows the redesign of BGCs for effective heterologous expression in pre-engineered hosts. This will finally allow the construction of the standardized high-throughput platforms for natural product discovery (Medema et al. 2015; Yamanaka et al. 2014; Shao et al. 2013). With the changes happening in the researched environment, there is an increasing need to access all the experimental and contextual data on characterized BGC’s for comparative analysis, for function prediction and for collecting building blocks for the design of novel biosynthetic pathways. Some projects are now being designed to assign the informatics platform to the information are more easily (Medema et al. 2015; Yamanaka et al. 2014; Shao et al. 2013).
These novels markers, AMR and BGC’s, allow to discriminate and validate the small molecules encoded by these microorganism’s genomes and dynamically regulated transcriptomes (The MetaSUB International Consortium 2016; Röttig et al. 2011; Khayatt et al. 2013). Bacteria use these small molecules to mediate microbial competition, cooperation, environment sensing and adaptation. It has been hypothesized that identifying these small molecules produced by the bacteria, will reveal hidden traits of their adaptation, what to leave to their successful colonization of variegated surfaces and environments (The MetaSUB International Consortium 2016; Baranašić et al. 2014).
The news technologies available combined with the new scientific questions resulted in several publication concerning the microbiome composition, using the NGS, in metropolitan area either by studying the air and rodents (Leung et al. 2014; Afshinnekoo et al. 2015) or the geographic distribution of taxa from highly trafficked surfaces at a city-wide scale (Afshinnekoo et al., 2015). The Metagenomics and Metadesign of the Subways and Urban Biomes (MetaSUB) International Consortium, recently published data on the microbiome of New York, Boston Subway and Hong Kong Subways (The MetaSUB International Consortium 2016; Hsu et al. 2016; Afshinnekoo et al. 2015). Also, this Consortium is currently implementing the same studies in others cities, such as Lisbon and Porto.
In the New York study, half of all DNA present on the subway’s surfaces matches no known organism and the hundreds of the species of bacteria identify were harmless, being the Pseudomonas stuzeri the most frequent microorganism. In this study was concluded that more commuters bring more diversity (Afshinnekoo et al. 2015). On other hand, in Hong Kong, Proteobacteria were the phylum more represented, like in New York with the Pseudomonas (belonging to Proteobacteria phylum). The authors suggested that the lines influenced the microbiome, considering that the stations with interchanging are more similar between them, that the stations that have none interchanging (Leung et al. 2014). Note, that the subway system from Hong Kong has many stations with interchanging between stations. Finally, the studies conducted in the Boston subway system, revealed that microbiome is influenced by the combination of two factors. The human body interactions and the material composition of the surfaces, (Hsu et al. 2016). Generally speaking, in all the subway systems microorganisms originating from human skin, soil, and water were detected (Hsu et al. 2016; Afshinnekoo et al. 2015; Leung et al. 2014).
This study, with forensic applications, will allow determinate the microbial community composition in the surfaces of Lisbon’s subway (Metro de Lisboa) lines and to predict possible sources of infection/diseases. As a public transport system, the subway constitutes a favorable route for the dispersion of microorganisms, from one place for another. Therefore, as previously stated, the dynamics of the microbiome is important to understand the behavior of the microorganisms, to analyze emission sources and transmission routes, which may be useful in cases of an infection or a more dramatic case, in cases of bioterrorism. 
As a part of the international METASUB project (coordinated by Professor C. Manson, Weill Cornell Medical College and Yale Law School, New York, United States of America), the principal aim of the present work is bring a molecular view of the cities to improve their design, use, and impact on health, using for that DNA-based sequencing method for health surveillance and potential disease detection (Afshinnekoo et al. 2015). This aim will be achieved by the identification of microorganisms, using NGS strategies (shotgun), in the subway system of Lisbon.
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Sampling area 
The Lisbon’s subway system (Metro de Lisboa), is a member of the Transportes de Lisboa company. Lisbon’s subway comprises four lines and 55 stations. The four lines were named with the first four letters of the alphabet and represented by symbols of the city History (Figure 1).

Figure 1 – Representation of the four lines that constitute the Lisbon’s subway, with the names and the directions of the lines.  
All the lines and stations are underground except line B, where a section of the path at the begging of the line (such as Odivelas and Senhor Roubado) are aboveground. 
Annually, the Lisbon’s subway is used by 140.1 millions of people (547,733 habitants). The totality of the metro systems is located inside the city limits, with a total extension of 43,2Km. 
The Lisbon’s subway fleet is composed of 334 carriages, produced by Sorafame/Siemens (MetropolitanoLisboa 2002).

Sample collection
Samples (swabs) were collected at the 55 stations of Lisbon’s subway. Samples were collected in triplicates: two surfaces in each station, and one surface of the train (total of 159 samples in Lisboa, with the 4 control samples). The sampled surfaces were preselected according to the MetaSUB project guidelines (Table 1 and Supplementary Tables 1).
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Table 1 – Surfaces in the subway stations and cars of the subway were sampled. The description of the material for each surface was presented in Supplementary Table 1.


Samples were collected at Lisbon’s subway between the 6th and 9th January 2016. Also, in the station of Saldanha, two additional samples were collected inside of the subway station (Supplementary Table 2). Line A, was collected on the 6th January, lines B, and D on the 7th January and, finally, line C on the 8th January.
For sample collection, a nylon flocked swab with transport medium (Copan Liquid Amies Elution Swab 481C, Italia) was used. The transport medium consists of sodium chloride (51.3 mmol NaCl), potassium chloride (2.7 mmol KCl), calcium chloride (0.9 mmol CaCl2), magnesium chloride (1.1 mmol MgCl2), monopotassium phosphate (1.5 mmol KH2PO4), disodium phosphate (8.1 mmol Na2HPO4), and sodium thioglycollate (8.8 mmol HSCH2COONa), pH 7.0±0.5 (Amies, 1967). Each surface was swabbed for three minutes, except the samples collected inside the subway train (the swabbing time depended on the duration between two adjacent stations). Four controls samples, one in each line, were collected. Controls were collected by exposing the nylon flocked swab to the air, during 30 seconds. After a surface sampling, the swab was placed immediately into the collection tube, in contact with the transport medium. Samples were then stored at ‑80ºC until further use. 

DNA Extraction and Quantification
According to the methodology previously published by the MetaSUB Consortium (MetaSUB International Consortium, 2016), DNA extraction was performed using the MoBio Powersoil isolation kit. Briefly, cells were lysed, and the inorganic materials were precipitated. The DNA was bound to the silica membrane of the kit’s spin filters. Then, the DNA was purified with an ethanol wash and Agencourt AMPure XP magnetic beads. Samples were incubated at 25ºC, for 15 min, and placed on an Invitrogen magnetic separation rack (MagnaRack), for 5 min. To assure that all the impurities were removed, 700 µl of 80% ethanol were added to the beads (Afshinnekoo et al. 2015). For purification of the extracted DNA, 10 µl of an elution buffer were added. For DNA quantification was performed in a QuBit 2.0 fluorometer with the high-sensitivity Kit, using 1 µl of the eluent (Afshinnekoo et al. 2015). For an individual sample, two or three swabs from the same sample were combined for optimal biomass recovery (Hsu et al. 2013).

Library Preparation 
Only 28 out of the 155 samples were further processed for microbiome and functional pathways analysis. In this set of samples were include 16 samples from subway stations’ (seven samples elevators, five samples from turnstiles, two samples from escalators, one garbage can, one ticket validation, one info button, one vending machine) and 11 from the subway cars (four samples from the vertical support post, three from the bench support, two from the air conditioned, and one from the seat). The samples were chosen to include samples from begin, middle, and the end of each line.
Once again, the procedures from manufacturer’s standard protocols were followed. Subsequently, using Truseq Nano DNA library preparation protocols (FC-121-4001), the DNA fractions were prepared for Illumina sequencing libraries. Some samples were also prepared with QIAGEN genes Reader DNA Library Prep I Kit (cat. No. 180984). The preparation of the samples involved Covaris fragmentation to ~500 it, removal of the small fragments (<200), A-tailng adaptor ligation, followed by PCR amplification, and bead-based library size selection. The visualization of the fragments was made in a BioAnalyzer 2010, producing libraries with 450-650bp (Afshinnekoo et al. 2015).

Shotgun library sequencing
Extracted the DNA, only the samples with at least 80ng/µl were used to others procedures. These samples were sent to the Broad Institute for the shotgun library construction. For shotgun library construction, the Illumina Nextera XT method was used. The samples were sequenced on an Illumina Hiseq 2000 platform with 100-bp paired-end (PE) reads. The sequencing complexity was 16.7 x 106 PE reads per sample. To remove low-quality reads and human host sequences were used the KneadDATA v0.3 pipeline (Hsu et al. 2013). After the removal of low-quality reads, the remaining reads were first clipped with the FASTX toolkit, to guarantee 99% base-level accuracy (Q20). The reads were prepared to MegaBLAST and only trimmed reads with more than 10 bases with quality scores and less of 20 were removed. Also, only one read from each pair was analyzed further, once MegaBlast does not lodge paired sequences. Next, the reads were aligned with MegaBLAST to search for a match to any organism in the full NCBI NT/NR database. Once, the MegaBLAST output for one read, returned with multiple hits to sequence from different taxa, the hits covering less than 65 bp of the 80 bp enquiry sequences were removed. Although, existed the necessity to filter once again the hits from the MegaBLAST. So for that, following the protocol of the MEGAN software, was required a min-score of 60 and a top percent of 10. Consequently, hits with a score lower than 60 were ignored, and hits that were not within 10 percent of the best bit score were, once again, ignored. Finally, a top percent of 100 was implemented, for that, at least one hit had a bit score bigger than 100. Once again, bit scores with less than 100 were ignored (Huson et al., 2007; Afshinnekoo et al. 2015). To select the single “best” taxa, the LCA algorithm was used. LCA is a bioinformatics method for estimating the taxonomic composition of metagenomics DNA samples (Huson et al., 2007; Afshinnekoo et al. 2015).
To classify bacterial and viral sequences, samples were analyzed using the software MetaPhlAn 2.0. This program profiles the composition of microbial communities, obtained in metagenomics shotgun sequencing with species-level resolution and allows to identify specific strains and track strains across samples for all species (Segata et al., 2012; Afshinnekoo et al. 2015). To classify specific pathogens SURPI and the BWA software were used. With the BWA, the sample sequences were aligned against several reference genomes, including the virulence plasmid (Naccache et al.; Li and Durbin, 2010; Afshinnekoo et al. 2015). With the SURPRI, what is a computational program, the pathogens are identified from the complex metagenomics NGS data generated (University of California n.d.). 

16S amplicon sequencing
An amplification of the 16S region was performed using a sample barcode sequence and the primers designed incorporating the Illumina adapters, allowing the directional sequencing and the coverage of the variable V4 region.
The PCR was performed in triplicate. PCR conditions were as following: 1 μl of template (1:50), 10 μl of HotMasterMix with the HotMaster Taq DNA Polymerase (5 Prime), and 1 μl of primer mix (for a final concentration of 10 μM). Cycling conditions consisted of an initial denaturation of 94°C for 3 min, followed by 24 cycles of denaturation at 94°C for 45 sec, annealing at 50 °C for 60 sec, extension at 72°C for 5 min, and a final extension at 72°C for 10 min.
To reduce non-specific amplification products from host DNA, amplicons were quantified on the Caliper LabChipGX (PerkinElmer, Waltham, MA), size selected (375-425 bp) on the Pippin Prep (Sage Sciences, Beverly, MA). The final library size and quantification was performed on an Agilent Bioanalyzer 2100 DNA 1000 chip (Agilent Technologies, Santa Clara, CA). Sequencing was performed on the Illumina MiSeq platform according to the manufacturer’s specifications (Hsu et al. 2013).



Identification of possible sources of microbial diversity 
The association between the species identified in the microbiome and the possible sources - environmental, human or animal - where these microorganisms can be found was performed using the available online library.

Human body part association 
The association between the species identified in the microbiome and the body parts where these microorganisms can be found was performed using the Human Microbiome Project (HMP) database (http://hmpdacc.org/).

Functional pathways analysis
The association between the functional pathways identified in the metabolome and the kingdoms and their superclass’s where this pathway can be found was performed using the MetaCyc database (http://metacyc.org/).

Statistical Analysis
For the statistical analysis, data was grouped into categories. The categories were time (morning, afternoon), line (A, B, C, D), surface, the surface material, sampling time, and place of sampling (subway station or car). 
Data was verified for a normal distribution using the Shapiro test, verifying that none of the categories followed a normal distribution, even when applying the transformations (Log, Ln, etc.) in attempt to normalize the data. To verify if the categories had significant differences between them, non-parametric tests were applied. The non-parametric test used was Spearman test, and the p-value considered was 0.05. P values of 0.05 or lower were considered as statistically significant.
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DNA Quantification
DNA was extracted in the totality of the 159 samples collected from the Lisbon’s subway, including the control samples. The DNA concentration ranged from less of 0.5 µg (negative control) to more the 600 µg, from sample B21-Handrail, and D32-Turnstile. The average of DNA collected in all the lines was, 76.9±110.4 µg; in Line, A was 69.1±60.0 µg, in line B was 170.6±152.2 µg; in line, C was 39.8±22.2 µg, and in line, D was 77.6±116.5 µg.
In almost all the parameters studies no statistically significant difference was found. Therefore, no significant difference was observed between the stations (Figure 2 B, Supplementary table 2), or the surfaces (Figure 2 C, Supplementary table 2). Contrarily, statistically significant differences were observed between line A and line B (p=0.02) and between line B and Line C (p=0.02) (Figure 2 A, Supplementary table 2). 
Only the 12 surfaces analyzed in the subway station, in terms of the average of DNA collected in all the surfaces, per line, no statistically significant differences were found (Figure 3 A; Supplementary Table 2). 
The five surfaces analyzed in the subway car, in terms of the average of DNA collected in all the surfaces, per line, once again, no statistically significant differences were found (Figure 3 B, Supplementary Table 2). 
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Figure 2 – DNA concentration collected in each sample in Lisboa Subway. (A) Average DNA concentration per line; (B) Average DNA concentration per station (C) Average DNA concentration per surfaces. The line was discriminated by color: Line A – Blue; Line B – Red; Line C – Green: Line D – Yellow; Data are mean ± stdev. Values significantly different between lines (*P < 0.05 **P < 0.01; t-test). 
A
B

 Figure 3 – DNA concentration collected in subway stations and cars (A) Average DNA concentration collected in the subway stations (grouped by lines); (B) Average DNA concentration collected in the interior of a subway car (grouped by lines). Data are mean ± stdev.
Samples were collected in a different times of the day, in both the subway station or car, being possible to divide the collection time into two time periods, morning and afternoon. Significant differences were found between the two time periods (p-value = 0.000), being the highest DNA concentrations found in the afternoon period (Figure 4; Supplementary table 2).


Figure 4 – Average DNA concentration collected per time interval. Data are mean ± stdev. Values significantly different between lines (*P < 0.05; t-test).

Microbiome analysis
The shotgun technique was used to identify the microorganisms present in Lisbon’s subway subway system. Bacteria corresponded to the most predominant kingdom detected (94.4%, 153 organisms), followed by fungi (3.1%, five organisms) and virus (2.5%, five organisms) (Figure 5).

Figure 5 – Distribution, by kingdoms, of the microorganisms identified in the Lisbon’s subway.

The bacterial species found in Lisbon subway’s surfaces were grouped into the families. A total of 47 bacterial families were identified, being Moraxellaceae family with higher relative abundance, followed by Enterobacteriaceae, Pseudomonadaceae, Oxolobaxteriaceae (Figure 6). Moraxellaceae were present in almost all surfaces analysed, like the Pseudomonas. No distribution pattern was found, once for example in the pole, in one sample the Moraxellaceae is clearly dominant, in another sample for the same surface, the same family is not present. Like on this surface, this happens in others, which does not show a pattern.   
[image: ]
Figure 6 – Relative abundances of bacterial families in the analyzed surfaces. Colored with blue, are the surfaces that are in the subway car (pole, air conditioner, grip - bench support, and seat). In green are the surfaces in the subway station (turnstile, elevator, escalator, garbage can, ticket validation, info button, and vending machine). Only families that appear in at least present in five of the 28 sequenced samples.

In the Lisbon subway system, including both subway’s station and cars, Acinetobacter Iwoffi (39.8%) was the bacterial species most frequently detected, followed by Pseudomonas (10.1%), Massila (7.5%), Panteoa (7.4%), and Aceinobacter ursingii (6.5%) (Figure 7). 
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Figure 7 – Main microorganism on subway surfaces (stations and cars).

In subway’s stations, species such as Acinobacter Iowffi (50.7%) and Pseudomonas (8.8%) remained as the species most frequently found. However, other species such as Pantoea (unclassified) (6.2%), Massila timonae (5.1%), Acinobacter johsonii (2.7%), Pseudomonas stutzeri (1.4%), and Pantoea agglomerans (1.0%) presented higher frequency than in the general view. On other hand, species such as Dermacoccus sp Ellin185, Staphylococcus haemolyticus, Carnobacterium maltaromaticum, Weissella. and Ruminococcus torques were absent from the subway station (Figure 8).
[image: ]
Figure 8 – Main microorganism on subway’s station surfaces.

In subway’s car, Acinobacter Iwooffii (15,9%) remained as the most frequently detected species in the microbiome with. Other species such as Pantoea (13.9%), Enhydrobacter aerosaccus (10.1%), Acinetobacter (3%), Sphingobacterium sp IITKGP BTPF85 (2.6%), and Pantoea agglomerans (2%) were presented higher frequency than in general view. On other hand, species such as Rothia dentocariosa, Rothia mucilaginosa, Streptomyces coelicoflavus, Chryseobacterium gleum, Exiguobacterium sp MH3 are absent from the subway car (Figure 9).
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Figure 9 – Main microorganism on subway’s cars surfaces.

Identification of possible sources of microbial diversity
The microorganisms identified in the Lisbon subway system can have one or several sources. Using the HMP website and the several bibliographic references was possible to identify the possible sources for the microbial diversity found in the subway system. 
The main sources of the diversity of the microorganisms that constitute this particular microbiome were the environment (50.0%), humans (38%), and animal (12%) (Figure 10). 

Figure 10 – Possible sources of the microbial diversity found in the subway system.
Amongst the environment-associated sources, the soil (34.6%) was the main contributor for microbial diversity, followed by the water (18.7%), and plants (13.1%). The minor were air (3%), sewage (3%), and ice (0.9%) (Figure 11).

Figure 11 – Possible environment-associated sources for the microbial diversity identified in the subway system.
Amongst the human-associated sources, the second most represented in the subway microbiome, have with the most significant source of microbial diversity was the normal flora of the gastrointestinal tract (29.3%), followed by the normal flora of the skin (20.7%), and the normal flora of the urogenital tract (19.5%) On another hand, the Lymph nodes (1.2%), were the source with less representability (Figure 12).

Figure 12 – Possible human-associated sources the microbial diversity identified in the subway system.

Finally, amongst the animal-associated sources, the most significant source of microbial diversity was food-associated (76%). In this group, were represented microorganism linked to the production or treatment of the alimentary products. The other sources are animal associated, which can find the microorganisms that are possible to find in the meets that are consumed (Figure 13).   

Figure 13 – Possible animal and food-associated product sources the microbial diversity identified in the subway system


Functional pathways analysis
In the functional pathways analysis, the bacteria remained as the kingdom most frequently represented (49.9%), followed by Archaea (14.7%), and Fungi (8.8%). However, in this analysis, other Eukaryotic kingdoms, such as Plantae (14.7%) and Animalia (7,0%), were also detected in significant percentages (Figure 14).

Figure 14 – Possible host organisms for the actives pathways identified in the subway system.
Then, a research on MetaCyc database was performed to identify the superclass the pathways. Amino acids biosynthesis or degradation (13.5%), secondary metabolism biosynthesis or degradation (12.2%), and generation of precursor metabolites and energy (10.9%) were the functional pathways’ superclass more represented in this subway system. Interestingly, the Antibiotic biosynthesis or resistance superclass contributed with two percent to the main pathways identified (Figure 15 and Supplementary Table/Figure 5).

Figure 15 – Main superclass’s from the actives pathways identified in the subway system.
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	A total of 159 samples were collected in the Lisbon subway system. The majority of these samples presented a DNA concentration higher than 0.5 µg for DNA, with the exception of six samples. In the subway station, the info button was the surface that most frequently presented this low DNA concentration. This might have happened due to the small interaction between commuters and this surface. Also, the info button is a vertical surface reducing the deposition of microorganisms. In the subway car, support posts (vertical and horizontal) were the surfaces that most frequently exhibit a DNA concentration lower than 0.5 µg. Once more, this might be due to the structure (building material and spatial orientation) of the surface, to the place where the sampling was performed, or to the reduced sampling time. It should be noticed that the samples inside subways cars were limited by the duration of the travel between two adjacent stations. Contrarily to what has been described above, the surface in the subway’s car with higher DNA concentration (>600 µg), was the horizontal support post. This discrepancy with previous values might be related to the interval between the interaction commuters-surfaces. Since this sample was collected during rush hour (18:30), is possible to postulate that commuters were using the horizontal support shortly before the sampling. In subway stations, turnstiles and the handrails presented the highest DNA concentrations. This can happen due to the timing of the collection, or because these surfaces are very used in the quotidian of the subway system. Regarding the design, these surfaces are very different being the handrail in the horizontal plane and made of metal, and the turnstile in the vertical plane and made of glass and rubber.
Despite the large dispersion of values found, line B presented the highest DNA concentrations among the lines analyzed. This line that connects the Aeroporto (Airport) and S. Sebastião (in the center of Lisbon) stations frequently used by both workers and tourists. Line D presented the second highest DNA concentration. In the time of the year in which the collection took place, both workers and students that live outside the city commonly use this line, which serves the main University Campus in Lisbon (Cidade Universitária). In line A, including some of the oldest metro stations in the subways systems, the number of cars that circulates is lower (three instead four) when compared the remaining lines. Also, the architecture of the station in line A is clearly different from the remaining stations. These facts could account for the lower DNA concentrations detected. Finally, line C that connects Telheiras to Cais do Sodré presented the lowest values of DNA concentration. Lines A and C, have some of the most touristic places in the city, being the oldest lines in this subway system. Statistically significant differences were observed between Line A and Line B. Only the number of the commuters and the structure of the station may affect the concentration of DNA collected. Line B is the most recent line of the subway system and presents fewer commuters than Line A, at least in the month that the sampling took place. Line C also presented statistically significant differences with Line B. These two lines were collected in different time periods; line C was collected in the morning period while Line B was collected in the afternoon (Supplementary table 1). This indicates that the collection time may have an effect on the DNA concentration. Also, this differences may be related to the cleaning routines in this subway systems since all the cleanings are usually performed during the morning period. The analysis of more samples would allow understanding if these time periods have an influence in the diversity identified. Regarding the number of commuters in both lines, line B has a higher number when compared with line C. A correlation between DNA concentration and the sampled period was observed in the Hong Kong subway, where the afternoon period was found to present more diversity than the morning period (Leung et al. 2014). The number of commuters did not appear to have an influence in the concentration of DNA collected; opposite trends were observed in New York (Afshinnekoo et al. 2015), being possible to hypothesize that the architecture of the lines may influence the concentration of DNA collected. 
No statistically significant differences were found between the stations or the surfaces in subways stations (Figure 2 B and C) and cars (Figure 3 A and B), indicating that these parameters do not influence DNA concentration values. Until now, only the line presented influence in DNA concentration, since between the surfaces no difference was found (Figure 3 A and B). This can indicate that the material of the surface and the time of sampling did not influence the DNA concentration.
To verify the effects of line, stations, surface and time, further testing needs to be conducted. For instance, it would be interesting to study the intradiurnal pattern of the DNA concentration. As such, samples should be collected in several stations along all lines, with two hours’ intervals.


The shotgun sequencing provided information about the microbiome of the subway system. However, not all the samples have been sequenced. The sequenced samples were chosen to ensure the best coverage of the subway system, including both terminal and interchange stations. 
Microorganism represent the majority of the biomass in the world, it was expected that in the subway system this was not different. Bacteria was the kingdom most represented, followed by the Fungi, and Virus. This differences between the bacteria and virus can appear once the kit used to extract the DNA was not specific to extract only the DNA from virus or one taxa in particularly. So, once the genome from virus is considerably smaller than the genome of a bacteria, and exist more difficulty in extract DNA from virus, this differences between bacteria and virus may appear.  
Moraxellacea, Pseudomonadaceae and Sphigobacteriacea families were the most frequently found (Figure 6). In the subway of Boston, it was concluded that the each surface has a specific microbiome, meaning that the microbiome is deeply influenced by the surface/material (Hsu et al. 2016). The same was not observed in Lisbon, since no microbial signature was found for the surfaces. In this study, only 28 samples were sequenced and there was an uneven distribution of the samples - in some surfaces four samples were sequenced while in other surfaces only one sample was sequenced. 
The phylum Proteobacteria, remained as the phylum more represented such as in the New York and Hong Kong subway systems (Afshinnekoo et al. 2015; Leung et al. 2014). More specifically, the order Pseudomonadales, including the species Acinetobacter Iwoffi and the genus Pseudomonas. The species more common in the subway surfaces was A. Iwoffi . This bacteria, present in the human body, is frequently found in the normal flora of the skin, airways or urogenital tract. Despite being harmless to immunonocompetent hosts, in immunocompromised patients this species is known as the etiological agent of diseases such as pneumonia, posthemorrhagic hydrocephalus among other (See Supplementary table 4). The high abundance of this bacteria, supports the fact that the microbiome is deeply influenced by the human microbiome. The same was observed in the others subways systems previously studied (Afshinnekoo et al. 2015; Hsu et al. 2016; Leung et al. 2014). However, due the limited number of sequenced samples was not possible to further analyzed the participation of the human body in the diversity of subway microbiome. Also, due the specific legislation applied was not possible to verify several other aspects, such as if the microbiome in a specific station or stations is influence according to the microbiome of a specify population group, as concluded in Hong kong, where Enhydrobacter was found in human skin, mostly from Chinese individuals (Leung et al. 2014). In the New York subway, similar results were reported, being verified that the human DNA collected from the surfaces can recapitulate the geospatial demographics of the city in U.S. census data (Afshinnekoo et al. 2015). Pseudomonas, were the second most frequent microorganism found in the subway microbiome. These are mostly environmental bacterias, such as Massilia and Pantoea (See Supplementary table 4). Pseudomonas did not present the same importance in the surfaces from the subway car, although these bacteria appeared in the general view of the subway. This can happen due to the difference that exists between the number of samples from the subway car and subway station, making that the samples from the subway car have much more influence on the general view of the subway. Therefore, is not a surprise that significant difference were not found between the general view and the subway car. 
Other species of bacteria that appeared with lower abundance were helpful to understand how the surrounding environment influences the subway microbiome. This was the case of bacteria such as Exiguobacterium sp MH3, Exiguobacterium sibirium, Psychrobacter Cryohalolentis, Psychrobacter aquaticus or Psychrobacter arcticus, among others. These species are frequently found in extreme environments (See supplementary table 4), mostly associated with water sources. Similar results were previously reported in the Hong Kong subway system (Leung et al. 2014). In fact, both cities are surrounded by water. Other bacterias, such as Citrobacter freundii, Citrobacter, Acinetobacter towneri, Acinetobacter oleivorans or Comamonas testosteroni, are commonly associated with sewage (See supplementary table 4). The appearance of these bacterias in the subway system may be related to the industrial water treatment stations present inside of the tunnels of the subway. Lastly, other species are related with the oil and gas work-effluent, such as Acinetobacter guillowiase, Pseudomonas fulva, Pseudomonas alcaligenes and Delfia acidovorans (See supplementary table 4). The appearance of these bacterias may result for the proximity of some stations to Lisbon port (Porto de Lisboa) or even to the oils used in subways cars. Therefore, it has been proven that the external environment can deeply influence the subway system. However, once again, due the limited number of samples was not possible to conclude if the one particular station has its characteristic microbiome, or if there is an interaction between the stations, making the stations more similar between them, as in the Hong Kong subway, where an interaction between the lines has been reported (Leung et al. 2014)
All the species have a possible source. A primally analyze in the HMP website gave the possible sources to some of the identified species. However, the HMP database only contains species human-associated sources, such as skin or gastrointestinal track. After, another research using bibliographic material. Gathering the information from both, environment-associated sources appeared as the major contributors for subway microbiome diversity, followed by human-associated sources, and food- and animal-associated. 
Amongst the environment-associated sources, the soil was the major contributor for subway microbiome diversity as previously reported in other subways systems (Afshinnekoo et al. 2015; Leung et al. 2014), followed by water that frequently found near to some subway stations. Several soil-associated bacteria have been frequently detected in others indoor environments (Leung et al. 2014). These results were also expected, since commuters carry these microorganisms in the sole of shoes from the outside to inside the subway system. Once inside of the subway system, this microorganism became airborne due to the ventilation system existing in the subway.
The human body was the second largest source of subway microbiome diversity. Amongst the human-associated sources, the normal flora of the gastrointestinal track was the as the major contributors for subway microbiome diversity, followed the normal flora of the skin. In the analyzed samples, only one seat in the subway car and no bench in the subway station were sequenced. These results showed a possible transfer between the gastrointestinal tract and hands and later these microorganisms were transfer to subway surfaces. These results are consistent with previous reports from other subway systems, where for example, in New York the same sources are considered main human sources for the microbiome subway (Afshinnekoo et al. 2015).
The third source largest source of subway microbiome diversity were food- and animal-associated sources. The food-associated microorganism are commonly found in the production or preservation of some aliments, such as cheese, yogurt, and meat curing brines. These microorganisms can be transfered from the alimentary product to the hand of the commuters and then to the subway surfaces. Animal-associated microorganisms are mainly those associated with Portuguese cuisines, such as cows, ducks or goats. However, other animals such pigeons are quite to found both outdoor using several buildings for the construction of  the nests. 
Bacteria were the most predominant organisms contributing to the identified pathways, followed by several Eukaryotic kingdoms. Comparing the results from the functional pathways with those of the microbiome, a higher diversity of organisms was identified. The research showed that the amino acids biosynthesis or degradation, secondary metabolism biosynthesis or degradation, and generation of precursor metabolites and energy were the functional pathways’ superclass more represented. Once the microorganisms have to adapt and survive in the subway system, and the generation of the metabolites is one of the many strategies that adopted by the organisms to survive (The MetaSUB International Consortium 2016). The antibiotic biosynthesis or resistance superclass was another of the superclass detected. This is interesting, due to the recent reports of antibiotic-resistance microorganism in the subway systems (Leung et al. 2014; Zhou & Wang 2013; Dybwad et al. 2012). However, this is not a matter of concern due to the residual percentage that this superclass showed being the subway system considered as a safe transportation. 
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The characterization of the subway microbiome was performed using the high-throughput culturing-independent method, NGS, and though a limited number of the sample was analyzed, was possible to verify the high diversity present in the Lisbon’s subway system. Also, it was observed that the time and the architecture of the lines had an influence on the concentration of the DNA collect. However, with the present dataset was not possible to prove that specific groups etnias had an impact on the diversity of a particular line or station from the subway, such as a specific environment or that a surface has a specific microbiome. More samples are needed for these hypotheses be proven, and to understand if exist an interaction between the stations and lines, or if all lines and stations have its specific environment, with a possibility of having an exception when for example commuters carry with them a specimen that is characteristic from one station to another.
Amongst the microorganisms and the functional pathways that found in this study, none represent an immediate threat to the public health. With the results herein presented is possible to secure that the subway continues to be a safe transportation to commuters. The environment and human-associated sources are the major contributors for the subway’s microbiome diversity, being possible to deduce that the results from more samples will increase the diversity found. 
Regarding forensic aspects, none of the species identified can be considerd as a threat, and the interaction station-line and line-line have to be clarified. However, results from previous studies showed that the antibiotic-resistant organisms are presente in the system, and although actually, the percentage is not alarming, active surveillance is required. The number of commuters per day is elevated and with the high interaction between the commuters-surfaces or commuters-commuters, the subway constitutes an ideal route for the transmission and transportation of harmful microorganism, as in the case of a bioterrorism attack or the new outbreak of a infectious disease. 
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Characterization of microbiome in Lisbon Subway 




	Sample Number
	Date
	Time
	Site
	GPS coordinates (Latitude/Longitude)
	Description
	Place
	Material
	Sampling Duration
	Collector
	Quant Yield (total ng)

	A01
	06.01.16
	 
	Amadora Este → Alfornelos 
	 
	 
	Inside Metro Carriage 
	Vertical Support Post
	Metal
	3min
	AF and MO
	28,00

	A02
	06.01.16
	15:26
	Amadora Este
	38° 45′ 28″ N
	9° 13′ 05″ W
	Underground Metro Station
	Turnstile
	Glass and rubber
	3min
	AF and MO
	104,80

	A03
	06.01.16
	15:26
	Amadora Este
	
	
	Underground Metro Station
	Elevator
	Metal and glass
	3min
	AF and MO
	93,20

	A04
	06.01.16
	 
	Alfornelos → Pontinha
	 
	 
	Inside Metro Carriage 
	Bench Support
	Metal
	1min20sec
	AF and MO
	134,40

	A05
	06.01.16
	15:46
	Alfornelos
	38° 45′ 37″ N
	9° 12′ 18″ W
	Underground Metro Station
	Handrail
	Metal
	3min
	AF and MO
	61,12

	A06
	06.01.16
	15:46
	Alfornelos
	
	
	Underground Metro Station
	Escalator
	Rubber
	3min
	AF and MO
	54,08

	A07
	06.01.16
	 
	Pontinha → Carnide 
	 
	 
	Inside Metro Carriage 
	Window
	Glass
	1min18sec
	AF and MO
	35,68

	A08
	06.01.16
	16:05
	Pontinha
	38° 45′ 41″ N
	9° 11′ 48″ W
	Underground Metro Station
	Ticket Kiosk 
	Metal and plastic
	3min
	AF and MO
	86,40

	A09
	06.01.16
	16:05
	Pontinha 
	
	
	Underground Metro Station
	Payphone
	Metal and plastic
	3min
	AF and MO
	76,80

	A10
	06.01.16
	 
	Carnide → Colégio Militar/Luz
	 
	 
	Inside Metro Carriage 
	Horizontal Support Post
	Metal
	1min42sec
	AF and MO
	27,36

	A11
	06.01.16
	16:24
	Carnide 
	38° 45′ 31″ N
	9° 11′ 33″ W
	Underground Metro Station
	Ticket Validation
	Plastic
	3min
	AF and MO
	82,40

	A12
	06.01.16
	16:24
	Carnide 
	
	
	Underground Metro Station
	Bench
	wood
	3min
	AF and MO
	41,60

	A13
	06.01.16
	 
	Colégio Militar/Luz →Alto dos Moinhos 
	 
	 
	Inside Metro Carriage 
	Seat
	Velvet and plastic
	1min29sec
	AF and MO
	32,16

	A14
	06.01.16
	16:36
	Colégio Militar/Luz
	38° 45′ 09″ N
	9° 11′ 19″ W
	Underground Metro Station
	Info Placard
	Acrylic
	3min
	AF and MO
	147,20

	A15
	06.01.16
	16:36
	Colégio Militar/Luz
	
	
	Underground Metro Station
	Garbage can
	Metal
	3min
	AF and MO
	43,68

	A16
	06.01.16
	 
	Alto dos Moinhos → Laranjeiras
	 
	 
	Inside Metro Carriage 
	Vertical Support Post
	Metal
	1min25sec
	AF and MO
	152,00

	A17
	06.01.16
	16:48
	Alto dos Moinhos
	38° 44′ 58″ N
	9° 10′ 46″ W
	Underground Metro Station
	Info button
	Metal and plastic
	3min
	AF and MO
	 

	A18
	06.01.16
	16:48
	Alto dos Moinhos
	
	
	Underground Metro Station
	Turnstile
	Glass and rubber
	3min
	AF and MO
	49,28

	A19
	06.01.16
	 
	Laranjeiras → Jardim Zoológico
	 
	 
	Inside Metro Carriage 
	Bench Support
	Metal
	1min38sec
	AF and MO
	42,08

	A20
	06.01.16
	17:08
	Laranjeiras
	38° 44′ 53″ N
	9° 10′ 19″ W
	Underground Metro Station
	Handrail
	Metal
	3min
	AF and MO
	50,24

	A21
	06.01.16
	17:08
	Laranjeiras
	
	
	Underground Metro Station
	Payphone
	Metal and plastic
	3min
	AF and MO
	68,80

	A22
	06.01.16
	 
	Jardim Zoológico → Praça de Espanha 
	 
	 
	Inside Metro Carriage 
	Window
	Glass
	1min47sec
	AF and MO
	84,00

	A23
	06.01.16
	17:15
	Jardim Zoológico
	38° 44′ 31″ N
	9° 10′ 07″ W
	Underground Metro Station
	Ticket Kiosk 
	Metal and plastic
	3min
	AF and MO
	122,40

	A24
	06.01.16
	17:15
	Jardim Zoológico
	
	
	Underground Metro Station
	Bench
	wood
	3min
	AF and MO
	37,76

	A25
	06.01.16
	 
	Praça de Espanha → São Sebastião
	 
	 
	Inside Metro Carriage 
	Horizontal Support Post
	Metal
	1min27sec
	AF and MO
	3,50

	A26
	06.01.16
	17:30
	Praça de Espanha
	38° 44′ 14″ N
	9° 09′ 34″ W
	Underground Metro Station
	Ticket Validation
	Plastic
	3min
	AF and MO
	38,24

	A27
	06.01.16
	17:30
	Praça de Espanha
	
	
	Underground Metro Station
	Info Placard
	Acrylic
	3min
	AF and MO
	40,48

	A28
	06.01.16
	 
	São Sebastião → Parque 
	 
	 
	Inside Metro Carriage 
	Seat
	Velvet and plastic
	1min15sec
	AF and MO
	57,28

	A29
	06.01.16
	17:40
	São Sebastião
	38° 44′ 04″ N
	9° 09′ 16″ W
	Underground Metro Station
	Garbage can
	Metal
	3min
	AF and MO
	36,48

	A30
	06.01.16
	17:40
	São Sebastião
	
	
	Underground Metro Station
	Info button
	Metal and plastic
	3min
	AF and MO
	28,80

	A31
	06.01.16
	 
	Parque → Marquês de Pombal
	 
	 
	Inside Metro Carriage 
	Vertical Support Post
	Metal
	1min14sec
	AF and MO
	4,66

	A32
	06.01.16
	18:07
	Parque
	8° 43′ 45″ N
	9° 09′ 00″ W
	Underground Metro Station
	Payphone
	Metal and plastic
	3min
	AF and MO
	105,60

	A33
	06.01.16
	18:07
	Parque
	
	
	Underground Metro Station
	Turnstile
	Glass and rubber
	3min
	AF and MO
	23,20

	A34
	06.01.16
	 
	Marquês do Pombal → Avenida
	 
	 
	Inside Metro Carriage 
	Horizontal Support Post
	Metal
	1min20sec
	AF and MO
	21,92

	A35
	06.01.16
	18:23
	Marquês do Pombal
	38° 43′ 28″ N
	9° 09′ 01″ W
	Underground Metro Station
	Handrail
	Metal
	3min
	AF and MO
	70,88

	A36
	06.01.16
	18:23
	Marquês do Pombal
	
	
	Underground Metro Station
	Vending machine
	Acrylic and Plastic 
	3min
	AF and MO
	53,92

	A37
	06.01.16
	 
	Avenida → Restauradores 
	 
	 
	Inside Metro Carriage 
	Window
	Glass
	1min
	AF and MO
	100,00

	A38
	06.01.16
	18:36
	Avenida
	38° 43′ 12″ N
	9° 08′ 45″ W
	Underground Metro Station
	Escalator
	Rubber
	3min
	AF and MO
	108,00

	A39
	06.01.16
	18:36
	Avenida
	
	
	Underground Metro Station
	Ticket Kiosk 
	Metal and plastic
	3min
	AF and MO
	63,68

	A40
	06.01.16
	 
	Restauradores → Baixa-Chiado
	 
	 
	Inside Metro Carriage 
	Horizontal Support Post
	Metal
	1min17sec
	AF and MO
	408,00

	A41
	06.01.16
	18:49
	Restauradores
	38° 42′ 54″ N
	9° 08′ 29″ W
	Underground Metro Station
	Bench
	wood
	3min
	AF and MO
	49,76

	A42
	06.01.16
	18:49
	Restauradores
	
	
	Underground Metro Station
	Ticket Validation
	Plastic
	3min
	AF and MO
	80,00

	A43
	06.01.16
	 
	Baixa-Chiado → Terreiro do Paço
	 
	 
	Inside Metro Carriage 
	Seat
	Velvet and plastic
	1min17sec
	AF and MO
	34,08

	A44
	06.01.16
	19:03
	Baixa-Chiado
	38° 42′ 38″ N
	9° 08′ 21″ W
	Underground Metro Station
	Info Placard
	Acrylic
	3min
	AF and MO
	57,92

	A45
	06.01.16
	19:03
	Baixa-Chiado
	
	
	Underground Metro Station
	Garbage can
	Metal
	3min
	AF and MO
	24,48

	A46
	06.01.16
	 
	Terreiro do Paço → Santa Apolónia 
	 
	 
	Inside Metro Carriage 
	Vertical Support Post
	Metal
	3min
	AF and MO
	28,00

	A47
	06.01.16
	19:22
	Terreiro do Paço
	38° 42′ 23″ N
	9° 08′ 07″ W
	Underground Metro Station
	Info button
	Metal and plastic
	3min
	AF and MO
	42,40

	A48
	06.01.16
	19:22
	Terreiro do Paço
	
	
	Underground Metro Station
	Ticket Validation
	Plastic
	3min
	AF and MO
	74,56

	A49
	06.01.16
	
	Terreiro do Paço → Santa Apolónia 
	
	
	Inside Metro Carriage 
	Air conditioner
	Metal
	3min
	AF and MO
	87,20

	A50
	06.01.16
	19:40
	Santa Apolónia 
	38° 42′ 45″ N
	9° 07′ 24″ W
	Underground Metro Station
	Turnstile
	Glass and rubber
	3min
	AF and MO
	98,40

	A51
	06.01.16
	19:40
	Santa Apolónia 
	
	
	Underground Metro Station
	Elevator
	Metal and Glass
	3min
	AF and MO
	56,64

	Acontrol
	06.01.16
	 
	Amadora Este 
	 
	 
	Underground Metro Station
	 
	 
	0min30sec
	AF and MO
	<0,50


[bookmark: _Toc462917483]Supplementary table 1 - - Detailed description of the samples that took place in January of 2016 in Lisbon Subway. 
	Line
	Time (hr)
	Site
	Description
	Place
	Material
	Sampling Duration (minutes)
	Quant Yield (total ng)

	A
	15
	Amadora Este/Alfornelos
	SC
	Vertical Support Post
	Metal
	3
	28.0

	
	
	Amadora Este
	SS
	Turnstile
	Glass and rubber
	3
	104.8

	
	
	Amadora Este
	SS
	Elevator
	Metal and glass
	3
	93.2

	
	
	Alfornelos/Pontinha
	SC
	Bench Support
	Metal
	1
	134.4

	
	
	Alfornelos
	SS
	Handrail
	Metal
	3
	61.1

	
	
	Alfornelos
	SS
	Escalator
	Rubber
	3
	54.1

	
	16
	Pontinha/ Carnide 
	SC
	Window
	Glass
	1
	35.7

	
	
	Pontinha
	SS
	Ticket Kiosk 
	Metal and plastic
	3
	86.4

	
	
	Pontinha 
	SS
	Payphone
	Metal and plastic
	3
	76.8

	
	
	Carnide/Colégio Militar/Luz
	SC
	Horizontal Support Post
	Metal
	1
	27.4

	
	
	Carnide 
	SS
	Ticket Validation
	Plastic
	3
	82.4

	
	
	Carnide 
	SS
	Bench
	wood
	3
	41.6

	
	
	Colégio Militar/Luz/Alto dos Moinhos 
	SC
	Seat
	Velvet and plastic
	1
	32.2

	
	
	Colégio Militar/Luz
	SS
	Info Placard
	Acrylic
	3
	147.2

	
	
	Colégio Militar/Luz
	SS
	Garbage can
	Metal
	3
	43.7

	
	
	Alto dos Moinhos/Laranjeiras
	SC
	Vertical Support Post
	Metal
	1
	152.0

	
	
	Alto dos Moinhos
	SS
	Turnstile
	Glass and rubber
	3
	49.3

	
	17
	Laranjeiras/Jardim Zoológico
	SC
	Bench Support
	Metal
	1
	42.1

	
	
	Laranjeiras
	SS
	Handrail
	Metal
	3
	50.2

	
	
	Laranjeiras
	SS
	Payphone
	Metal and plastic
	3
	68.8

	
	
	Jardim Zoológico/Praça de Espanha 
	SC
	Window
	Glass
	1
	84.0

	
	
	Jardim Zoológico
	SS
	Ticket Kiosk 
	Metal and plastic
	3
	122.4

	
	
	Jardim Zoológico
	SS
	Bench
	wood
	3
	37.8

	
	
	Praça de Espanha/São Sebastião
	SC
	Horizontal Support Post
	Metal
	1
	3.5

	A
	17
	Praça de Espanha
	SS
	Ticket Validation
	Plastic
	3
	38.2

	
	
	Praça de Espanha
	SS
	Info Placard
	Acrylic
	3
	40.5

	
	
	São Sebastião/Parque 
	SC
	Seat
	Velvet and plastic
	1
	57.3

	
	
	São Sebastião
	SS
	Garbage can
	Metal
	3
	36.5

	
	
	São Sebastião
	SS
	Info button
	Metal and plastic
	3
	28.8

	
	18
	Parque/Marquês de Pombal
	SC
	Vertical Support Post
	Metal
	1
	4.7

	
	
	Parque
	SS
	Payphone
	Metal and plastic
	3
	105.6

	
	
	Parque
	SS
	Turnstile
	Glass and rubber
	3
	23.2

	
	
	Marquês do Pombal/Avenida
	SC
	Horizontal Support Post
	Metal
	1
	21.9

	
	
	Marquês do Pombal
	SS
	Handrail
	Metal
	3
	70.9

	
	
	Marquês do Pombal
	SS
	Vending machine
	Acrylic and Plastic 
	3
	53.9

	
	
	Avenida/Restauradores 
	SC
	Window
	Glass
	1
	100.0

	
	
	Avenida
	SS
	Escalator
	Rubber
	3
	108.0

	
	
	Avenida
	SS
	Ticket Kiosk 
	Metal and plastic
	3
	63.7

	
	
	Restauradores/Baixa-Chiado
	SC
	Horizontal Support Post
	Metal
	1
	408.0

	
	
	Restauradores
	SS
	Bench
	wood
	3
	49.8

	
	
	Restauradores
	SS
	Ticket Validation
	Plastic
	3
	80.0

	
	19
	Baixa-Chiado/Terreiro do Paço
	SC
	Seat
	Velvet and plastic
	1
	34.1

	
	
	Baixa-Chiado
	SS
	Info Placard
	Acrylic
	3
	57.9

	
	
	Baixa-Chiado
	SS
	Garbage can
	Metal
	3
	24.5

	
	
	Terreiro do Paço/Santa Apolónia 
	SC
	Vertical Support Post
	Metal
	3
	28.0

	
	
	Terreiro do Paço
	SS
	Info button
	Metal and plastic
	3
	42.4

	
	
	Terreiro do Paço
	SS
	Ticket Validation
	Plastic
	3
	74.6

	
	
	Terreiro do Paço/Santa Apolónia 
	SC
	Air conditioner
	Metal
	3
	87.2

	
	
	Santa Apolónia 
	SS
	Turnstile
	Glass and rubber
	3
	98.4

	
	
	Santa Apolónia 
	SS
	Elevator
	Metal and Glass
	3
	56.6

	B
	15
	Aeroporto/Encarnação
	SC
	Vertical Support Post
	Metal
	2
	52.7

	B
	15
	Aeroporto
	SS
	Turnstile
	Glass and rubber
	3
	168.3

	
	
	Aeroporto
	SS
	Elevator
	Metal and glass
	3
	223.2

	
	
	Encarnação/Moscavide
	SC
	Bench Support
	Metal
	2
	304.2

	
	
	Encarnação
	SS
	Handrail
	Metal
	3
	304.2

	
	
	Encarnação
	SS
	Escalator
	Rubber
	3
	52.0

	
	16
	Moscavide/Oriente 
	SC
	Window
	Glass
	1
	120.6

	
	
	Moscavide
	SS
	Ticket Kiosk 
	Metal and plastic
	3
	313.2

	
	
	Moscavide
	SS
	Bench
	Wood
	3
	226.8

	
	
	Oriente/Cabo Ruivo
	SC
	Horizontal Support Post
	Metal
	2
	113.4

	
	
	Oriente
	SS
	Ticket Validation
	Plastic
	3
	105.3

	
	
	Oriente
	SS
	Info Placard
	Acrylic
	3
	142.2

	
	
	Cabo Ruivo/Olivais 
	SC
	Seat
	Velvet and plastic
	1
	19.1

	
	
	Cabo Ruivo
	SS
	Garbage can
	Metal
	3
	26.5

	
	
	Cabo Ruivo
	SS
	Info button
	Metal and plastic
	3
	22.1

	
	
	Olivais
	SS
	Ticket Validation
	Plastic
	3
	52.4

	
	
	Olivais
	SS
	Elevator 
	Metal and glass
	3
	45.7

	
	17
	Chelas/Bela Vista 
	SC
	Bench Support
	Metal
	1
	18.4

	
	
	Chelas
	SS
	Turnstile
	Glass and rubber
	3
	216.0

	
	
	Chelas
	SS
	Handrail
	Metal
	3
	669.6

	
	
	Bela Vista/Olaias 
	SC
	Window
	Glass
	1
	13.6

	
	
	Bela Vista
	SS
	Escalator
	Rubber 
	3
	318.6

	
	
	Bela Vista
	SS
	Ticket Kiosk 
	Metal and plastic
	3
	466.2

	
	
	Olaias
	SS
	Bench
	Wood 
	3
	177.3

	
	
	Olaias
	SS
	Info Placard
	Acrylic
	3
	49.7

	
	13
	Alameda/Saldanha 
	SC
	Seat
	Velvet and plastic
	3
	150.3

	
	
	Saldanha/São Sebastião
	SC
	Vertical Support Post
	Metal
	2
	157.5

	
	
	Alameda/São Sebastião
	SC
	Air conditioner
	Metal
	2
	246.6

	C
	10
	Telheiras/Campo Grande 
	SC
	Vertical Support Post
	Metal
	2
	5.5

	
	
	Telheiras 
	SS
	Turnstile
	Glass and rubber
	3
	2.5

	
	
	Telheiras 
	SS
	Elevator
	Metal and glass
	3
	2.6

	
	
	Campo Grande/Alvalade
	SC
	Bench Support
	Metal
	2
	11.3

	
	
	Alvalade/Roma
	SC
	Window
	Glass
	1
	2.5

	
	
	Alvalade
	SS
	Handrail
	Metal 
	3
	11.0

	
	
	Alvalade
	SS
	Ticket Kiosk 
	Metal and plastic
	3
	7.5

	
	
	Roma/Areeiro
	SC
	Horizontal Support Post
	Metal
	1
	3.0

	
	
	Roma
	SS
	Bench 
	Wood 
	3
	9.5

	
	
	Roma
	SS
	Ticket Validation
	Plastic
	3
	7.6

	
	
	Areeiro/Alameda 
	SC
	Seat
	Velvet and plastic
	1
	4.3

	
	
	Areeiro
	SS
	Info Placard
	Acrylic
	3
	7.9

	
	
	Areeiro
	SS
	Garbage can
	Metal
	3
	5.2

	
	11
	Alameda/ Arroios
	SC
	Vertical Support Post
	Metal
	1
	6.9

	
	
	Alameda
	SS
	Info button
	Metal and plastic
	3
	5.2

	
	
	Alameda
	SS
	Vending Machine 
	Acrylic and Plastic 
	3
	5.9

	
	
	Arroios/Anjos
	SC
	Bench Support
	Metal
	1
	2.6

	
	
	Arroios
	SS
	Turnstile
	Glass and rubber
	3
	4.8

	
	
	Arroios
	SS
	Handrail
	Metal
	3
	3.7

	
	
	Anjos/Intendente
	SC
	Window
	Glass
	1
	2.7

	
	
	Anjos
	SS
	Escalator
	Rubber 
	3
	1.8

	
	
	Anjos
	SS
	Ticket Kiosk 
	Metal and plastic
	3
	2.7

	
	12
	Intendente/Martim Moniz
	SC
	Horizontal Support Post
	Metal
	1
	3.7

	
	
	Intendente
	SS
	Bench
	Wood 
	3
	5.6

	
	
	Intendente
	SS
	Info Placard
	Acrylic
	3
	5.7

	
	
	Martim Moniz/Rossio
	SC
	Seat
	Velvet and plastic
	1
	4.1

	
	
	Martim Moniz
	SS
	Ticket Validation
	Plastic
	3
	5.3

	C
	12
	Martim Moniz
	SS
	Garbage can
	Metal
	3
	2.0

	
	
	Rossio/Baixa-Chiado
	SC
	Vertical Support Post
	Metal
	3
	1.6

	
	
	Rossio
	SS
	Vending Machine 
	Acrylic and Plastic 
	3
	2.4

	
	13
	Baixa-Chiado/Cais do Sodré
	SC
	Bench Support
	Metal
	3
	5.4

	
	
	Telheiras/Alvalade 
	SC
	Air conditioner
	Metal
	2
	3.2

	
	
	Cais do Sodré
	SS
	Elevator
	Metal and Glass
	3
	11.1

	
	
	Cais do Sodré
	SS
	Escalator
	Rubber 
	3
	2.4

	D
	10
	Odivelas/Senhor Roubado
	SC
	Bench Support
	Metal
	3
	64.5

	
	
	Odivelas
	SS
	Turnstile
	Glass and rubber
	3
	39.8

	
	
	Odivelas
	SS
	Elevator
	Metal and glass
	3
	43.2

	
	
	Senhor Roubado/Ameixoeira
	SC
	Vertical Support Post
	Metal
	2
	33.0

	
	
	Senhor Roubado
	SS
	Handrail
	Metal
	3
	47.7

	
	
	Senhor Roubado
	SS
	Escalator
	Rubber
	3
	56.8

	
	
	Ameixoeira/Lumiar
	SC
	Window
	Glass
	1
	115.2

	
	
	Ameixoeira
	SS
	Ticket Kiosk 
	Metal and plastic
	3
	32.3

	
	
	Ameixoeira
	SS
	Bench
	Wood
	3
	44.3

	
	11
	Lumiar/Quinta das Conchas
	SC
	Horizontal Support Post
	Metal
	1
	14.1

	
	
	Lumiar
	SS
	Ticket Validation
	Plastic
	3
	347.2

	
	
	Lumiar
	SS
	Info Placard
	Acrylic
	3
	33.0

	
	
	Quinta das Conchas/Campo Grande
	SC
	Seat
	Velvet and plastic
	1
	518.4

	
	
	Quinta das Conchas
	SS
	Garbage can
	Metal
	3
	31.0

	
	
	Quinta das Conchas
	SS
	Info button
	Metal and plastic
	3
	169.6

	
	
	Campo Grande/Cidade Universitária
	SC
	Vertical Support Post
	Metal
	2
	34.9

	
	
	Campo Grande
	SS
	Vending Machine 
	Acrylic and plastic 
	3
	38.2

	
	
	Campo Grande
	SS
	Payphone 
	Metal and plastic
	3
	38.6

	
	
	Cidade Universitária/Entre Campos
	SC
	Bench Support
	Metal
	2
	64.2

	
	
	Cidade Universitária
	SS
	Ticket Validation
	Plastic
	3
	57.9

	D
	11
	Cidade Universitária
	SS
	Handrail
	Stone 
	3
	67.0

	
	12
	Entre Campos/ Campo Pequeno
	SC
	Window
	Glass
	1
	1.4

	
	
	Entre Campos
	SS
	Turnstile
	Glass and rubber
	3
	53.9

	
	
	Entre Campos
	SS
	Ticket Kiosk 
	Metal and plastic
	3
	41.0

	
	
	Campo Pequeno/Saldanha
	SC
	Horizontal Support Post
	Metal
	1
	26.0

	
	
	Campo Pequeno
	SS
	Bench
	Wood 
	3
	83.2

	
	
	Campo Pequeno
	SS
	Info Placard
	Acrylic
	3
	33.2

	
	
	Saldanha/Picoas
	SC
	Seat
	Velvet and plastic
	1
	28.2

	
	
	Saldanha
	SS
	Garbage can
	Metal
	3
	21.6

	
	
	Saldanha
	SS
	Info button
	Metal and Plastic
	3
	44.6

	
	14
	Picoas/Marquês de Pombal
	SC
	Vertical Support Post
	Metal
	3
	42.4

	
	
	Picoas
	SS
	Turnstile
	Glass and rubber
	3
	600.0

	
	
	Picoas
	SS
	Handrail
	Metal
	3
	60.4

	
	
	Marquês de Pombal/Rato
	SC
	Bench Support
	Metal
	3
	43.0

	
	
	Rato
	SS
	Elevator
	Metal and Glass
	3
	47.6

	
	
	Rato
	SS
	Escalator 
	Rubber 
	3
	89.6

	
	
	Odivelas/Senhor Roubado
	SC
	Air conditioner
	Metal
	3
	56.8

	
	
	Saldanha
	SS
	Bathroom 
	Diverse 
	3
	8.7

	
	
	Saldanha
	SS
	Air conditioner (Attending Box)
	Metal
	3
	45.2


Legend: SC – subway car; SS – Subway station.


[bookmark: _Toc462917484]Supplementary table 2 - Statistical analyses performed to determine the influence of line (A), surface (B), material (C), sampling duration (D), and sampled period (E) on DNA concentration.
A
B
C
D
E


[bookmark: _Toc462917485]Supplementary table 3 – Taxonomic representation of the microorganism identified in the subway system.
	Domain
	Phylum
	Class
	Order
	Family
	Genus
	Species

	Bacteria
	Actinobacteria
	Actinobacteria
	Actinomycetales
	Dermabacteraceae
	
	

	
	
	
	
	 
	Brachybacterium
	Brachybacterium sp.

	
	
	
	
	Dermacoccaceae
	Dermacoccus
	Dermacoccus sp Ellin185

	
	
	
	
	Micrococcaceae
	Kocuria
	Kocuria sp.

	
	
	
	
	 
	Kocuria
	K. rhizophila

	
	
	
	
	Micrococcaceae
	Micrococcus
	M. luteus

	
	
	
	
	
	Rothia
	Rothia sp.

	
	
	
	
	
	
	R. dentocariosa

	
	
	
	
	 
	 
	R. mucilaginosa

	
	
	
	
	Propionibacteriaceae
	
	

	
	
	
	
	
	Propionibacterium
	P. acnes

	
	
	
	 
	Streptomycetaceae
	Streptomyces
	S. coelicoflavus

	
	
	
	Bifidobacteriales
	Bifidobacteriaceae
	Bifidobacterium
	B. animalis

	
	Bacteroidetes
	Flavobacteriia
	Flavobacteriales
	Flavobacteriaceae
	Chryseobacterium
	Chryseobacterium sp.

	
	
	
	
	
	
	C. gleum

	
	
	
	
	
	Empedobacter
	E. brevis

	
	
	 
	 
	 
	Riemerella
	Riemerella sp.

	
	
	Sphingobacteriia
	Sphingobacteriales
	Sphingobacteriaceae
	Pedobacter
	Pedobacter sp:

	
	
	
	
	
	Sphingobacterium
	Sphingobacterium sp.

	
	 
	 
	 
	 
	Sphingobacterium
	Sphingobacterium sp IITKGP BTPF85

	
	Deinococcus Thermus
	Deinococci
	Deinococcales
	Deinococcaceae
	Deinococcus
	Deinococcus sp.

	
	Firmicutes
	Bacilli
	Bacillales
	Bacillaceae
	Bacillus
	B. nealsonii

	
	
	
	
	
	Lysinibacillus
	Lysinibacillus sp.

	
	
	
	
	
	 
	L. sphaericus

	
	
	
	
	Bacillales noname
	Exiguobacterium
	Exiguobacterium sp.

	
	
	
	
	
	
	Exiguobacterium sp MH3

	
	
	
	
	
	
	E. sibiricum

	
	
	
	
	Staphylococcaceae
	Macrococcus
	M. caseolyticus

	
	
	
	
	
	Staphylococcus
	S. epidermidis

	
	
	
	
	
	
	S. equorum

	
	
	
	
	
	
	S. haemolyticus

	
	
	
	
	 
	 
	S. saprophyticus

	
	
	
	Lactobacillales
	Aerococcaceae
	Aerococcus
	A. viridans

	
	
	
	
	Carnobacteriaceae
	Carnobacterium
	Carnobacterium sp WN1359

	
	
	
	
	 
	 
	C. maltaromaticum

	
	
	
	
	Enterococcaceae
	Enterococcus
	E. casseliflavus

	
	
	
	
	
	
	E. durans

	
	
	
	
	
	
	E. faecalis

	
	
	
	
	
	
	E. faecium

	
	
	
	
	
	
	E. hirae

	
	
	
	
	
	
	E. italicus

	
	
	
	
	
	
	E. mundtii

	
	
	
	
	 
	 
	E. sulfureus

	
	
	
	
	Lactobacillaceae
	Lactobacillus
	L. delbrueckii

	
	
	
	
	Leuconostocaceae
	Leuconostoc
	L. carnosum

	
	
	
	
	
	
	L. mesenteroides

	
	
	
	
	
	
	L. pseudomesenteroides

	
	
	
	
	 
	Weissella
	Weissella sp.

	
	
	
	
	Streptococcaceae
	Lactococcus
	L. lactis

	
	
	
	
	 
	Streptococcus
	S. thermophilus

	
	
	Clostridia
	Clostridiales
	Eubacteriaceae
	Eubacterium
	E. rectale

	
	
	
	
	Lachnospiraceae
	Blautia
	R. torques

	
	 
	 
	 
	Ruminococcaceae
	Subdoligranulum
	Subdoligranulum sp.

	
	Proteobacteria
	Alphaproteobacteria
	Caulobacterales
	Caulobacteraceae
	Asticcacaulis
	Asticcacaulis sp.

	
	
	
	
	
	Brevundimonas
	Brevundimonas sp.

	
	
	
	
	
	 
	B. diminuta

	
	
	
	
	
	Caulobacter
	Caulobacter sp.

	
	
	
	
	
	
	C. vibrioides

	
	
	
	Rhizobiales
	Bradyrhizobiaceae
	Rhodopseudomonas
	R. palustris

	
	
	
	
	Brucellaceae
	 
	 

	
	
	
	
	
	Brucella
	Brucella sp.

	
	
	
	
	 
	
	B. ovis

	
	
	
	
	Rhizobiaceae
	Agrobacterium
	Agrobacterium sp.

	
	
	
	
	
	
	A. tumefaciens

	
	
	
	
	 
	Rhizobium
	R. lupini

	
	
	
	 
	Rhodobiaceae
	 
	 

	
	
	
	Rhodobacterales
	Rhodobacteraceae
	Paracoccus
	Paracoccus sp.

	
	
	
	 
	 
	
	P. denitrificans

	
	
	
	Sphingomonadales
	Sphingomonadaceae
	Novosphingobium
	N. lindaniclasticum

	
	
	
	
	
	Sphingobium
	Sphingobium sp.

	
	
	
	
	
	
	S. yanoikuyae

	
	
	Betaproteobacteria
	Burkholderiales
	Alcaligenaceae
	Achromobacter
	A. piechaudii

	
	
	
	
	
	Bordetella
	Bordetella sp.

	
	
	
	
	Burkholderiaceae
	Cupriavidus
	Cupriavidus sp.

	
	
	
	
	Burkholderiaceae
	Ralstonia
	Ralstonia sp.

	
	
	
	
	Burkholderiales noname
	Thiomonas
	Thiomonas sp.

	
	
	
	
	Comamonadaceae
	Comamonas
	Comamonas sp.

	
	
	
	
	
	
	Comamonas sp B 9

	
	
	
	
	
	
	C. testosteroni

	
	
	
	
	
	Delftia
	Delftia sp.

	
	
	
	
	
	
	D. acidovorans

	
	
	
	
	 
	Polaromonas
	Polaromonas sp.

	
	
	
	
	Oxalobacteraceae
	Duganella
	D. zoogloeoides

	
	
	
	
	
	Herbaspirillum
	Herbaspirillum sp.

	
	
	
	
	
	Janthinobacterium
	Janthinobacterium sp.

	
	
	
	
	
	Massilia
	Massilia sp.

	
	
	
	
	
	 
	M. timonae

	
	
	 
	Gallionellales
	Gallionellaceae
	 
	 

	
	
	Gammaproteobacteria
	Chromatiales
	Chromatiaceae
	Rheinheimera
	Rheinheimera sp.

	
	
	
	Enterobacteriales
	Enterobacteriaceae
	Citrobacter
	Citrobacter sp.

	
	
	
	
	
	
	Citrobacter freundii

	
	
	
	
	
	Enterobacter
	Enterobacter cloacae

	
	
	
	
	
	 
	Enterobacter hormaechei

	
	
	
	
	
	Erwinia
	Erwinia billingiae

	
	
	
	
	
	Escherichia
	Escherichia sp.

	
	
	
	
	
	
	E. coli

	
	
	
	
	
	 
	E. hermannii

	
	
	
	
	
	Klebsiella
	Klebsiella sp.

	
	
	
	
	
	
	Klebsiella oxytoca

	
	
	
	
	
	 
	Klebsiella pneumoniae

	
	
	
	
	
	Pantoea
	Pantoea sp.

	
	
	
	
	
	
	P. agglomerans

	
	
	
	
	
	
	P. dispersa

	
	
	
	
	
	 
	P. vagans

	
	
	
	Pasteurellales
	Pasteurellaceae
	Haemophilus
	H. influenzae

	
	
	
	Pseudomonadales
	Moraxellaceae
	Acinetobacter
	Acinetobacter sp.

	
	
	
	
	
	
	Acinetobacter sp ATCC 27244

	
	
	
	
	
	
	A. baumannii

	
	
	
	
	
	
	A. bereziniae

	
	
	
	
	
	
	A. bouvetii

	
	
	
	
	
	
	A. guillouiae

	
	
	
	
	
	
	A. haemolyticus

	
	
	
	
	
	
	A. indicus

	
	
	
	
	
	
	A. johnsonii

	
	
	
	
	
	
	A. junii

	
	
	
	
	
	
	A. lwoffii

	
	
	
	
	
	
	A. oleivorans

	
	
	
	
	
	
	A. parvus

	
	
	
	
	
	
	A. pittii calcoaceticus nosocomialis

	
	
	
	
	
	
	A. radioresistens

	
	
	
	
	
	
	A. radioresistens

	
	
	
	
	
	
	A. schindleri

	
	
	
	
	
	
	A. towneri

	
	
	
	
	
	
	A. ursingii

	
	
	
	
	
	Enhydrobacter
	E. aerosaccus

	
	
	
	
	
	Psychrobacter
	Psychrobacter sp 1501 2011

	
	
	
	
	
	
	P. aquaticus

	
	
	
	
	
	
	P. arcticus

	
	
	
	
	 
	 
	P. cryohalolentis

	
	
	
	
	Pseudomonadaceae
	Pseudomonas
	 Pseudomonas sp.

	
	
	
	
	
	Pseudomonas
	Pseudomonas sp 313

	
	
	
	
	
	
	Pseudomonas sp HPB0071

	
	
	
	
	
	
	P. alcaligenes

	
	
	
	
	
	
	P. chloritidismutans

	
	
	
	
	
	
	P. fragi

	
	
	
	
	
	
	P. fulva

	
	
	
	
	
	
	P. luteola

	
	
	
	
	
	
	P. mandelii

	
	
	
	
	
	
	P. mendocina

	
	
	
	
	
	
	P. psychrophila

	
	
	
	
	
	
	P. psychrotolerans

	
	
	
	
	
	
	P. putida

	
	
	
	
	
	
	P. stutzeri

	
	
	
	
	
	
	P. synxantha

	
	
	
	
	
	
	P. syringae

	
	
	
	
	 
	
	P. taiwanensis

	
	
	
	Xanthomonadales
	Xanthomonadaceae
	Pseudoxanthomonas
	Pseudoxanthomonas sp.

	
	
	
	
	
	Stenotrophomonas
	Stenotrophomonas sp.

	
	
	
	
	
	 
	S. maltophilia

	
	 
	 
	 
	
	Xanthomonadaceae noname
	Pseudomonas geniculata

	
	Tenericutes
	Mollicutes
	Mycoplasmatales
	Mycoplasmataceae
	Mycoplasma
	M. wenyonii

	Fungi
	Ascomycota
	Eurotiomycetes
	Eurotiales
	Aspergillaceae
	 
	 

	
	
	Saccharomycetes
	Saccharomycetales
	Debaryomycetaceae
	Debaryomyces
	D. hansenii

	
	
	 
	 
	Saccharomycetaceae
	Torulaspora
	T. delbrueckii

	
	
	Sordariomycetes
	Hypocreales
	Nectriaceae
	Fusarium
	Fusarium sp.

	 
	 
	 
	 
	
	
	F. graminearum

	Virus
	Viruses noname
	Viruses noname
	Caudovirales
	Podoviridae
	Epsilon15-like virus
	 

	
	
	
	
	 
	P22-like virus
	 

	
	
	
	
	Siphoviridae
	Siphoviridae_noname
	Propionibacterium phage PHL060L00

	 
	 
	 
	 
	 
	 
	Staphylococcus phage






[bookmark: _Toc462917486]Supplementary table 4 – Possible source for the microbial diversity observed in the Lisbon Subway.
	Species 
	Relative Abundance (average %)
	Type of organism 
	Possible sources to microorganism 

	A. lwoffii
	39.81
	Gram -
	Normal flora of the airways, skin, and urogenital tract 

	Pseudomonas unclassified   
	10.08
	Gram -
	nd 

	Massilia unclassified   
	7.48
	Gram -
	Environmental (air and water)

	Pantoea unclassified  
	7.43
	Gram -
	nd 

	A. ursingii
	6.51
	Gram -
	Environmental

	
	
	
	Normal flora of the skin and mouth 

	M.  timonae
	5.19
	Gram -
	nd 

	E. aerosaccus
	3.79
	Gram -
	Environmental 

	
	
	
	Normal flora of the skin

	A. johnsonii
	2.23
	Gram -
	Normal flora of the skin and gastrointestinal tract 

	P. stutzeri
	1.45
	Gram -
	Environmental (soil and water )

	Sphingobacterium sp IITKGP BTPF85
	1.42
	Gram -
	nd 

	S. maltophilia
	1.13
	Gram -
	Environmental (plants, soil, and water)

	A. unclassified  
	1.07
	Gram -
	nd 

	A. radioresistens
	1.00
	Gram -
	Environmental

	
	
	
	Normal flora of the skin and gastrointestinal tract 

	A. pittii calcoaceticus nosocomialis
	0.95
	Gram -
	nd 

	P. putida
	0.91
	Gram -
	Environmental (soil)

	P.agglomerans
	0.74
	Gram -
	Environmental (air, plants, soil, and water)

	
	
	
	Normal flora of the gastrointestinal tract and urogentital tract 

	Sphingobacterium unclassified  
	0.60
	Gram -
	nd 

	E.billingiae
	0.54
	Gram -
	Environmental (plants)

	E. brevis
	0.50
	Gram -
	nd 

	Cupriavidus unclassified  
	0.49
	Gram -
	Environmental (soil)

	B. nealsonii
	0.43
	Gram +
	nd 

	E. cloacae
	0.42
	Gram -
	Normal flora of the gastrointestinal tract

	Psychrobacter sp 1501 2011
	0.42
	Gram -
	nd 

	P. dispersa
	0.34
	Gram -
	nd 

	Janthinobacterium unclassified  
	0.33
	Gram -
	nd 

	Brevundimonas unclassified  
	0.29
	Gram -
	nd 

	Escherichia unclassified  
	0.28
	Gram -
	Normal flora of the gastrointestinal tract

	Chryseobacterium unclassified  
	0.28
	Gram -
	nd 

	Stenotrophomonas unclassified  
	0.27
	Gram -
	Environmental (soil)

	
	
	
	Normal flora of the gastrointestinal tract

	K. pneumoniae
	0.26
	Gram -
	Environmental (plants, soil, and water )

	
	
	
	Normal flora of the arways, skin, gastrointestinal tract, and urogentital tract 

	P. psychrotolerans
	0.23
	Gram -
	nd 

	Agrobacterium unclassified  
	0.22
	Gram -
	nd 

	Comamonas sp B 9
	0.17
	Gram -
	nd 

	B. diminuta
	0.16
	Gram -
	Environmental 

	
	
	
	Normal flora of the mouth

	A. tumefaciens
	0.13
	Gram -
	Environmental (plants and soil)

	M. wenyonii
	0.12
	 
	nd 

	R. lupini
	0.12
	Gram -
	Environmental (plants and soil)

	A. bereziniae
	0.09
	Gram -
	Environmental 

	
	
	
	Normal flora of the skin

	P. luteola
	0.09
	Gram -
	Environmental

	Klebsiella unclassified  
	0.09
	Gram -
	nd 

	K. oxytoca
	0.08
	Gram -
	Normal flora of the gastrointestinal tract

	A. baumannii
	0.07
	Gram -
	Normal flora of the skin and urogenital tract 

	E.hermannii
	0.07
	Gram -
	Normal flora of the blood and urogenital tract

	S. saprophyticus
	0.07
	Gram +
	Normal flora of the skin and gastrointestinal tract and urogenital tract 

	Pedobacter unclassified  
	0.07
	Gram -
	Environmental (Sludge and soil)

	Sphingobium unclassified  
	0.06
	Gram -
	Environmental (soil)

	Citrobacter unclassified  
	0.06
	Gram -
	Environmental (sewage, soil, and water)

	
	
	
	Normal flora of the gastrointestinal tract

	A. schindleri
	0.06
	Gram -
	nd 

	E. casseliflavus
	0.05
	Gram +
	Normal flora of the mouth

	L. lactis
	0.05
	Gram +
	Environmental (plants)

	
	
	
	Food associated

	A. viridans
	0.05
	Gram +
	Normal flora of the urogenital tract

	
	
	
	Food associated

	Carnobacterium sp WN1359
	0.04
	Gram +
	Food associated

	
	
	
	Environmental (water)

	Comamonas unclassified  
	0.03
	Gram -
	nd 

	Acinetobacter sp ATCC 27244
	0.03
	Gram -
	Normal flora of the skin

	E. faecalis
	0.03
	Gram +
	Normal flora of the blood, gastrointestinal tract, urogenital tract, and lymph nodes 

	Riemerella unclassified  
	0.03
	Gram -
	Animal associated

	P. mandelii
	0.03
	Gram -
	Environmental (water)

	Exiguobacterium sp MH3
	0.03
	Gram +
	Environmental (ice and soil)

	L. mesenteroides
	0.02
	Gram +
	Normal flora of the gastrointestinal tract

	Asticcacaulis unclassified  
	0.02
	Gram -
	Environmental (soil and water)

	E. mundtii
	0.02
	Gram +
	Animal associated

	
	
	
	Environmental (plants and soil)

	P22likevirus unclassified  
	0.02
	 
	nd 

	S. yanoikuyae
	0.02
	Gram -
	Environmental (soil)

	C. maltaromaticum
	0.02
	Gram +
	Environmental

	
	
	
	Food associated

	P. geniculata
	0.01
	Gram -
	Environmental (water)

	A. haemolyticus
	0.01
	Gram -
	Normal flora of the airways

	M. luteus
	0.01
	Gram +
	Environmental (air and water)

	
	
	
	Animal associated

	
	
	
	Normal flora of the skin and gastrointestinal tract 

	S. thermophilus
	0.01
	Gram +
	Food associated

	E.sulfureus
	0.01
	Gram +
	Food associated

	P. psychrophila
	0.01
	Gram -
	Food associated

	E. hirae
	0.01
	Gram +
	nd 

	Pseudomonas sp HPB0071
	0.01
	Gram -
	nd 

	A. guillouiae
	0.01
	Gram -
	Environmental (oil)

	Pseudomonas sp 313
	0.01
	Gram -
	nd 

	Paracoccus unclassified  
	0.01
	Gram -
	nd 

	P. fragi
	0.01
	Gram -
	Food associated

	P. vagans
	0.01
	Gram -
	Environmental (plants)

	Propionibacterium phage PHL060L00
	0.01
	 
	Normal flora of the skin

	Dermacoccus sp Ellin185
	0.01
	Gram +
	Normal flora of the skin

	P. acnes
	0.01
	Gram +
	Normal flora of the skin 

	Rheinheimera unclassified  
	0.00
	 
	nd 

	E. coli
	0.00
	Gram -
	Normal flora of the gastrointestinal tract and urogentital tract 

	Ralstonia unclassified  
	0.00
	Gram -
	nd 

	K. rhizophila
	0.00
	Gram +
	Environmental (soil)

	L. pseudomesenteroides
	0.00
	Gram +
	Environmental (plants)

	
	
	
	Food associated

	P. fulva
	0.00
	Gram -
	Environmental (plants and oil)

	Thiomonas unclassified  
	0.00
	Gram -
	Environmental

	Kocuria unclassified  
	0.00
	Gram +
	Normal flora of the skin and gastrointestinal tract

	Delftia unclassified  
	0.00
	Gram -
	nd 

	Caulobacter unclassified  
	0.00
	Gram -
	nd 

	P. synxantha
	0.00
	Gram -
	nd 

	P. mendocina
	0.00
	Gram -
	Environmental (soil and water )

	P. chloritidismutans
	0.00
	Gram -
	nd 

	Epsilon15likevirus unclassified  
	0.00
	 
	nd 

	A. piechaudii
	0.00
	Gram -
	Environmental (soil)

	
	
	
	Normal flora of the airways and blood 

	C. testosteroni
	0.00
	Gram -
	Environmental (sludge)

	A. towneri
	0.00
	Gram -
	Environmental (sludge)

	Staphylococcus phage PVL
	0.00
	 
	nd 

	D. acidovorans
	0.00
	
	Environmental (oil, sludge, soil, and water)

	Herbaspirillum unclassified  
	0.00
	Gram -
	Environmental (plants and soil)

	E. sibiricum
	0.00
	Gram +
	Environmental

	E. faecium
	0.00
	Gram +
	Normal flora of the blood, gastrointestinal tract, and urogentital tract 

	Exiguobacterium unclassified  
	0.00
	Gram +
	Environmental 

	D. zoogloeoides
	0.00
	Gram -
	Environmental (sludge and water)

	A. oleivorans
	0.00
	Gram -
	Environmental (sludge, soil, and water)

	P alcaligenes
	0.00
	Gram -
	Environmental (oil, sludge and soil)

	P. cryohalolentis
	0.00
	Gram -
	Environmental (soil)

	C. gleum
	0.00
	Gram -
	Normal flora of the urogenital tract

	
	
	
	Environmental (soil and water)

	P. aquaticus
	0.00
	Gram -
	Environmental (water)

	M. caseolyticus
	0.00
	Gram +
	Food associated

	Weissella unclassified  
	0.00
	Gram +
	Environmental

	
	
	
	Normal flora of the gastrointestinal tract

	
	
	
	Food associated

	N. lindaniclasticum
	0.00
	Gram -
	Environmental (soil) 

	P. arcticus
	0.00
	Gram -
	Environmental (soil)

	A. indicus
	0.00
	Gram -
	Environmental (soil) 

	S. equorum
	0.00
	Gram +
	Animal and Food associated

	R. torques
	0.00
	Gram +
	Normal flora of the gastrointestinal tract

	Brachybacterium unclassified  
	0.00
	Gram +
	Environmental

	
	
	
	Food associated

	Lysinibacillus unclassified  
	0.00
	Gram +
	Environmental (soil)

	P. syringae
	0.00
	 
	Environmental (plants)

	A. bouvetii
	0.00
	 
	Environmental (sludge)

	Deinococcus unclassified  
	0.00
	Gram +
	Environmental (soil) 

	Bordetella unclassified  
	0.00
	Gram -
	Animal associated

	B. ovis
	0.00
	Gram -
	Food associated

	E. italicus
	0.00
	Gram +
	Food associated

	
	
	
	Normal flora of the mouth

	S. coelicoflavus
	0.00
	Gram +
	Environmental (soil)

	A. parvus
	0.00
	Gram -
	Animal associated

	Fusarium unclassified  
	0.00
	Fungi
	nd 

	E. durans
	0.00
	Gram +
	Food associated

	
	
	
	Normal flora of the gastrointestinal tract and urogentital tract 

	S. haemolyticus
	0.00
	Gram +
	Normal flora of the skin and urogenital tract 

	L. carnosum
	0.00
	Gram +
	Food associated

	C. vibrioides
	0.00
	Gram -
	Environmental

	P. denitrificans
	0.00
	Gram -
	Environmental (sewage, sludge, and soil)

	R. dentocariosa
	0.00
	Gram +
	Normal flora of the airway, blood, and mouth 

	A. junii
	0.00
	Gram -
	Normal flora of the arways,  blood, and gastrointestinal tract

	Subdoligranulum unclassified  
	0.00
	Gram -
	Normal flora of the gastrointestinal tract

	H. influenzae
	0.00
	Gram -
	Normal flora of the arways and  blood

	L. delbrueckii
	0.00
	Gram +
	Normal flora of the gastrointestinal tract and urogentital tract 

	B. animalis
	0.00
	Gram +
	nd 

	P. taiwanensis
	0.00
	Gram -
	Environmental (soil)

	R. palustris
	0.00
	Gram -
	Environmental

	L. sphaericus
	0.00
	Gram +
	Environmental (sludge, soil, and water)

	F. graminearum
	0.00
	Fungi
	Environmental (plants and soil)

	E. rectale
	0.00
	Gram +
	Normal flora of the gastrointestinal tract

	Pseudoxanthomonas unclassified  
	0.00
	Gram -
	Environmental (soil)

	T. delbrueckii
	0.00
	Fungi
	Food associated

	Rothia unclassified  
	0.00
	Gram +
	Normal flora of the gastrointestinal tract and mouth

	Polaromonas unclassified  
	0.00
	Gram -
	Environmental (soil and water)

	E. hormaechei
	0.00
	Gram -
	Normal flora of the blood, mouth and urogenital tract 

	S. epidermidis
	0.00
	Gram +
	Normal flora of the skin and urogenital tract 

	R. mucilaginosa
	0.00
	Gram +
	Normal flora of the arways and mouth

	D. hansenii
	0.00
	Yeast
	Food associated




[bookmark: _Toc462917487]Supplementary table 5 – Description of the sources and Superclass’s of active pathways.  
	Active Pathways
	Expected Taxonomic Range
	Superclasses

	12DICHLORETHDEG-PWY: 1,2-dichloroethane degradation
	Bacteria
	Degradation/Utilization/Assimilation → Chlorinated Compounds Degradation

	3-HYDROXYPHENYLACETATE-DEGRADATION-PWY: 4-hydroxyphenylacetate degradation
	Proteobacteria
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation

	4-HYDROXYMANDELATE-DEGRADATION-PWY: 4-hydroxymandelate degradation
	Bacteria; Fungi 
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation

	4TOLCARBDEG-PWY: 4-toluenecarboxylate degradation
	Proteobacteria
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation

	AEROBACTINSYN-PWY: aerobactin biosynthesis
	Proteobacteria
	Biosynthesis → Siderophore Biosynthesis

	ALLANTOINDEG-PWY: superpathway of allantoin degradation in yeast
	Yeasts
	Degradation/Utilization/Assimilation → Amines and Polyamines Degradation → Allantoin Degradation

	ANAEROFRUCAT-PWY: homolactic fermentation
	Archaea; Bacteria; Eukaryota 
	Generation of Precursor Metabolites and Energy → Fermentation

	ANAGLYCOLYSIS-PWY: glycolysis III (from glucose)
	Bacteria; Eukaryota 
	Generation of Precursor Metabolites and Energy → Glycolysis

	ARG+POLYAMINE-SYN: superpathway of arginine and polyamine biosynthesis
	Bacteria
	Biosynthesis → Amines and Polyamines Biosynthesis

	ARGDEG-IV-PWY: arginine degradation VIII (arginine oxidase pathway)
	Proteobacteria
	Degradation/Utilization/Assimilation → Amino Acids Degradation→ Proteinogenic Amino Acids Degradation → L-arginine Degradation

	ARGDEG-PWY: superpathway of arginine, putrescine, and 4-aminobutyrate degradation
	Bacteria
	Degradation/Utilization/Assimilation → Amino Acids Degradation→ Proteinogenic Amino Acids Degradation → L-arginine Degradation

	ARGININE-SYN4-PWY: ornithine de novo biosynthesis
	Metazoa
	Biosynthesis → Amino Acids Biosynthesis → Other Amino Acid Biosynthesis → L-Ornithine Biosynthesis

	ARGSYN-PWY: arginine biosynthesis I (via L-ornithine)
	Archaea; Bacteria; Viridiplantae
	Biosynthesis → Amino Acids Biosynthesis → Proteinogenic Amino Acids Biosynthesis → L-arginine Biosynthesis

	ARGSYNBSUB-PWY: arginine biosynthesis II (acetyl cycle)
	Archaea; Bacteria; Fungi; Viridiplantae
	Biosynthesis → Amino Acids Biosynthesis → Proteinogenic Amino Acids Biosynthesis → L-arginine Biosynthesis

	ARO-PWY: chorismate biosynthesis I
	Bacteria; Eukaryota 
	Biosynthesis → Aromatic Compounds Biosynthesis → Chorismate BiosynthesisSuperpathways

	ASPASN-PWY: superpathway of aspartate and asparagine biosynthesis; interconversion of aspartate and asparagine
	Bacteria
	Biosynthesis → Amino Acids Biosynthesis

	AST-PWY: arginine degradation II (AST pathway)
	Proteobacteria
	Degradation/Utilization/Assimilation → Amino Acids Degradation → Proteinogenic Amino Acids Degradation → L-arginine Degradation

	BIOTIN-BIOSYNTHESIS-PWY: biotin biosynthesis I
	Bacteria
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Vitamins Biosynthesis → Biotin Biosynthesis

	CALVIN-PWY: Calvin-Benson-Bassham cycle
	Bacteria; Eukaryota 
	Biosynthesis → Carbohydrates Biosynthesis → Sugars Biosynthesis; Degradation/Utilization/Assimilation → C1 Compounds Utilization and Assimilation → CO2 Fixation → Autotrophic CO2 Fixation;  Generation of Precursor Metabolites and Energy → Photosynthesis

	CARNMET-PWY: L-carnitine degradation I
	Proteobacteria
	Degradation/Utilization/Assimilation → Amines and Polyamines Degradation → Carnitine Degradation

	CATECHOL-ORTHO-CLEAVAGE-PWY: catechol degradation to &β-ketoadipate
	Proteobacteria; Actinobacteria 
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation → Catechol Degradation

	CENTBENZCOA-PWY: benzoyl-CoA degradation II (anaerobic)
	Bacteria
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation → Benzoyl-CoA Degradation

	CENTFERM-PWY: pyruvate fermentation to butanoate
	Proteobacteria; Firmicutes 
	Generation of Precursor Metabolites and Energy → Fermentation → Pyruvate Fermentation

	CITRULBIO-PWY: citrulline biosynthesis
	Mammalia
	Biosynthesis → Amino Acids Biosynthesis → Other Amino Acid Biosynthesis → L-citrulline Biosynthesis

	COA-PWY: coenzyme A biosynthesis
	Archaea; Bacteria; Eukaryota 
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Coenzyme A Biosynthesis

	COBALSYN-PWY: adenosylcobalamin salvage from cobinamide I
	Proteobacteria
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Vitamins Biosynthesis → Cobalamin Biosynthesis → Adenosylcobalamin Biosynthesis →Adenosylcobalamin Salvage from Cobinamide

	COLANSYN-PWY: colanic acid building blocks biosynthesis
	Proteobacteria
	Biosynthesis → Carbohydrates BiosynthesisSuperpathways

	CRNFORCAT-PWY: creatinine degradation I
	Bacteria
	Degradation/Utilization/Assimilation → Amines and Polyamines Degradation → Creatinine Degradation

	DAPLYSINESYN-PWY: lysine biosynthesis I
	Bacteria
	Biosynthesis → Amino Acids Biosynthesis → Proteinogenic Amino Acids Biosynthesis → L-lysine Biosynthesis

	DENITRIFICATION-PWY: nitrate reduction I (denitrification)
	Archaea; Bacteria; Fungi
	Degradation/Utilization/Assimilation → Inorganic Nutrients Metabolism → Nitrogen Compounds Metabolism → Denitrification;  Degradation/Utilization/Assimilation → Inorganic Nutrients Metabolism → Nitrogen Compounds Metabolism → Nitrate Reduction;  Generation of Precursor Metabolites and Energy → Respiration → Anaerobic Respiration

	DENOVOPURINE2-PWY: superpathway of purine nucleotides de novo biosynthesis II
	Bacteria
	Biosynthesis → Nucleosides and Nucleotides Biosynthesis → Purine Nucleotide Biosynthesis →Purine Nucleotides De Novo Biosynthesis

	DTDPRHAMSYN-PWY: dTDP-L-rhamnose biosynthesis I
	Archaea; Bacteria 
	Biosynthesis → Carbohydrates Biosynthesis → Sugars Biosynthesis → Sugar Nucleotides Biosynthesis → dTDP-sugar Biosynthesis → dTDP-L-Rhamnose-Biosynthesis;  Biosynthesis → Cell Structures Biosynthesis → Lipopolysaccharide Biosynthesis → O-Antigen Biosynthesis

	ECASYN-PWY: enterobacterial common antigen biosynthesis
	Proteobacteria
	Biosynthesis → Cell Structures BiosynthesisSuperpathways

	ENTBACSYN-PWY: enterobactin biosynthesis
	Proteobacteria
	Biosynthesis → Siderophore Biosynthesis Superpathways

	FAO-PWY: fatty acid &β-oxidation I
	Bacteria; Eukaryota 
	Degradation/Utilization/Assimilation → Fatty Acid and Lipids Degradation → Fatty Acids Degradation

	FASYN-ELONG-PWY: fatty acid elongation -- saturated
	Bacteria; Viridiplantae
	Biosynthesis → Fatty Acid and Lipid Biosynthesis → Fatty Acid Biosynthesis

	FASYN-INITIAL-PWY: superpathway of fatty acid biosynthesis initiation (E. coli)
	Bacteria; Eukaryota 
	Biosynthesis → Fatty Acid and Lipid Biosynthesis → Fatty Acid Biosynthesis

	FERMENTATION-PWY: mixed acid fermentation
	Bacteria; Fungi 
	Generation of Precursor Metabolites and Energy → Fermentation

	FOLSYN-PWY: superpathway of tetrahydrofolate biosynthesis and salvage
	Bacteria; Fungi 
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Vitamins Biosynthesis →Folate Biosynthesis

	FUCCAT-PWY: fucose degradation
	Bacteria
	Degradation/Utilization/Assimilation → Carbohydrates Degradation→ Sugars Degradation

	GALACTARDEG-PWY: D-galactarate degradation I
	Bacteria
	Degradation/Utilization/Assimilation → Carboxylates Degradation → Sugar Acids Degradation → D-Galactarate Degradation; Degradation/Utilization/Assimilation → Secondary Metabolites Degradation → Sugar Derivatives Degradation → Sugar Acids Degradation → D-Galactarate Degradation

	GALACTUROCAT-PWY: D-galacturonate degradation I
	Bacteria
	Degradation/Utilization/Assimilation → Carboxylates Degradation → Sugar Acids Degradation → D-Galactarate Degradation; Degradation/Utilization/Assimilation → Secondary Metabolites Degradation → Sugar Derivatives Degradation → Sugar Acids Degradation → D-Galactarate Degradation

	GALLATE-DEGRADATION-I-PWY: gallate degradation II
	Bacteria
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation → Gallate Degradation

	GALLATE-DEGRADATION-II-PWY: gallate degradation I
	Bacteria
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation → Gallate Degradation

	GLCMANNANAUT-PWY: superpathway of N-acetylglucosamine, N-acetylmannosamine and N-acetylneuraminate degradation
	Bacteria
	Degradation/Utilization/Assimilation → Amines and Polyamines Degradation

	GLUCARDEG-PWY: D-glucarate degradation I
	Bacteria
	Degradation/Utilization/Assimilation → Carboxylates Degradation → Sugar Acids Degradation → D-Glucarate Degradation; Degradation/Utilization/Assimilation → Secondary Metabolites Degradation → Sugar Derivatives Degradation → Sugar Acids Degradation → D-Glucarate Degradation

	GLUCARGALACTSUPER-PWY: superpathway of D-glucarate and D-galactarate degradation
	Bacteria
	Superpathways

	GLUCONEO-PWY: gluconeogenesis I
	Archaea; Bacteria; Fungi; Viridiplantae
	Biosynthesis → Carbohydrates Biosynthesis → Sugars Biosynthesis → Gluconeogenesis

	GLUCOSE1PMETAB-PWY: glucose and glucose-1-phosphate degradation
	Bacteria
	Degradation/Utilization/Assimilation → Carbohydrates Degradation→ Sugars Degradation

	GLUDEG-I-PWY: GABA shunt
	Metazoa
	Degradation/Utilization/Assimilation → Amines and Polyamines Degradation → 4-Aminobutanoate Degradation; Degradation/Utilization/Assimilation → Amino Acids Degradation → Proteinogenic Amino Acids Degradation → L-glutamate Degradation

	GLUTORN-PWY: ornithine biosynthesis
	Archaea; Bacteria
	Biosynthesis → Amino Acids Biosynthesis → Other Amino Acid Biosynthesis → L-Ornithine Biosynthesis

	GLYCOCAT-PWY: glycogen degradation I
	Bacteria
	Biosynthesis → Carbohydrates Biosynthesis → Sugars Biosynthesis; Degradation/Utilization/Assimilation → Carbohydrates Degradation → Polysaccharides Degradation → Glycogen Degradation;  Degradation/Utilization/Assimilation → Polymeric Compounds Degradation → Polysaccharides Degradation → Glycogen Degradation

	GLYCOGENSYNTH-PWY: glycogen biosynthesis I (from ADP-D-Glucose)
	Bacteria
	Biosynthesis → Carbohydrates Biosynthesis → Polysaccharides Biosynthesis → Glycogen and Starch Biosynthesis

	GLYCOLATEMET-PWY: glycolate and glyoxylate degradation I
	Bacteria
	Degradation/Utilization/Assimilation → Carboxylates Degradation→ Glycolate Degradation

	GLYCOLYSIS-E-D: superpathway of glycolysis and Entner-Doudoroff
	Bacteria; Eukaryota 
	Generation of Precursor Metabolites and Energy Superpathways

	GLYCOLYSIS-TCA-GLYOX-BYPASS: superpathway of glycolysis, pyruvate dehydrogenase, TCA, and glyoxylate bypass
	Bacteria
	Generation of Precursor Metabolites and EnergySuperpathways

	GLYCOLYSIS: glycolysis I (from glucose-6P)
	Archaea; Bacteria; Eukaryota 
	Generation of Precursor Metabolites and Energy → Glycolysis

	GLYOXYLATE-BYPASS: glyoxylate cycle
	Archaea; Bacteria; Eukaryota 
	Generation of Precursor Metabolites and Energy

	GOLPDLCAT-PWY: superpathway of glycerol degradation to 1,3-propanediol
	Firmicutes; Proteobacteria 
	Degradation/Utilization/Assimilation → Alcohols Degradation →Glycerol Degradation

	HCAMHPDEG-PWY: 3-phenylpropanoate and 3-(3-hydroxyphenyl)propanoate degradation to 2-oxopent-4-enoate
	Proteobacteria
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation → Phenolic Compounds Degradation

	HEME-BIOSYNTHESIS-II: heme biosynthesis from uroporphyrinogen-III I (aerobic)
	Bacteria
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Porphyrin Compounds Biosynthesis → Heme Biosynthesis

	HEMESYN2-PWY: heme biosynthesis from uroporphyrinogen-III II (anaerobic)
	Bacteria; Fungi; Alveolata 
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Porphyrin Compounds Biosynthesis → Heme Biosynthesis

	HISDEG-PWY: histidine degradation I
	Bacteria
	Degradation/Utilization/Assimilation → Amino Acids Degradation → Proteinogenic Amino Acids Degradation → L-histidine Degradation

	HISHP-PWY: histidine degradation VI
	Mammalia
	Degradation/Utilization/Assimilation → Amino Acids Degradation→ Proteinogenic Amino Acids Degradation → L-histidine Degradation

	HOMOSER-METSYN-PWY: methionine biosynthesis I
	Bacteria
	Biosynthesis → Amino Acids Biosynthesis → Proteinogenic Amino Acids Biosynthesis → L-methionine Biosynthesis → L-methionine De Novo Biosynthesis

	ILEUDEG-PWY: isoleucine degradation I
	Archaea; Bacteria; Eukaryota 
	Degradation/Utilization/Assimilation → Amino Acids Degradation → Proteinogenic Amino Acids Degradation → L-isoleucine Degradation

	KETOGLUCONMET-PWY: ketogluconate metabolism
	Bacteria
	Degradation/Utilization/Assimilation → Carboxylates Degradation → Sugar Acids Degradation; Degradation/Utilization/Assimilation → Secondary Metabolites Degradation → Sugar Derivatives Degradation → Sugar Acids Degradation

	LACTOSECAT-PWY: lactose and galactose degradation I
	Firmicutes
	Degradation/Utilization/Assimilation → Carbohydrates Degradation→ Sugars Degradation → Galactose Degradation; Degradation/Utilization/Assimilation → Carbohydrates Degradation → Sugars Degradation → Lactose Degradation

	LEU-DEG2-PWY: leucine degradation I
	Bacteria; Eukaryota 
	Degradation/Utilization/Assimilation → Amino Acids Degradation → Proteinogenic Amino Acids Degradation → L-leucine Degradation

	LIPASYN-PWY: phospholipases
	Archaea; Bacteria; Eukaryota 
	Degradation/Utilization/Assimilation → Fatty Acid and Lipids Degradation

	LYSDEGII-PWY: lysine degradation III
	Fungi
	Degradation/Utilization/Assimilation → Amino Acids Degradation→ Proteinogenic Amino Acids Degradation → L-lysine Degradation

	LYSINE-AMINOAD-PWY: lysine biosynthesis IV
	Euflenozoa; Fungi
	Biosynthesis → Amino Acids Biosynthesis → Proteinogenic Amino Acids Biosynthesis → L-lysine Biosynthesis

	LYXMET-PWY: L-lyxose degradation
	Bacteria
	Degradation/Utilization/Assimilation → Carbohydrates Degradation→ Sugars Degradation

	M-CRESOL-DEGRADATION-PWY: m-cresol degradation
	Proteobacteria
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation

	MANNOSYL-CHITO-DOLICHOL-BIOSYNTHESIS: dolichyl-diphosphooligosaccharide biosynthesis
	Eukaryota
	Biosynthesis → Carbohydrates Biosynthesis → Oligosaccharides Biosynthesis; Macromolecule Modification → Protein Modification → Protein Glycosylation

	MET-SAM-PWY: superpathway of S-adenosyl-L-methionine biosynthesis
	Bacteria
	Biosynthesis → Amino Acids Biosynthesis → Individual Amino Acids Biosynthesis → Methionine Biosynthesis

	METH-ACETATE-PWY: methanogenesis from acetate
	Archaea
	Generation of Precursor Metabolites and Energy → Respiration → Anaerobic Respiration →Methanogenesis

	METHYLGALLATE-DEGRADATION-PWY: methylgallate degradation
	Bacteria
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation

	METSYN-PWY: homoserine and methionine biosynthesis
	Bacteria
	Biosynthesis → Amino Acids Biosynthesis → Proteinogenic Amino Acids Biosynthesis → L-methionine Biosynthesis → L-methionine De Novo Biosynthesis

	NAD-BIOSYNTHESIS-II: NAD salvage pathway II
	Bacteria
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → NAD Metabolism →NAD Biosynthesis

	NONMEVIPP-PWY: methylerythritol phosphate pathway
	Bacteria
	Biosynthesis → Secondary Metabolites Biosynthesis → Terpenoids Biosynthesis → Hemiterpenes Biosynthesis → Isopentenyl Diphosphate Biosynthesis

	NONOXIPENT-PWY: pentose phosphate pathway (non-oxidative branch)
	Bacteria; Eukaryota 
	Generation of Precursor Metabolites and Energy → Pentose Phosphate Pathways

	OANTIGEN-PWY: O-antigen building blocks biosynthesis (E. coli)
	Bacteria
	Biosynthesis → Cell Structures Biosynthesis → Lipopolysaccharide Biosynthesis → O-Antigen Biosynthesis

	ORNARGDEG-PWY: superpathway of arginine and ornithine degradation
	Bacteria
	Degradation/Utilization/Assimilation → Amino Acids Degradation → Arginine Degradation

	OXIDATIVEPENT-PWY: pentose phosphate pathway (oxidative branch) I
	Bacteria; Eukaryota 
	Generation of Precursor Metabolites and Energy → Pentose Phosphate Pathways

	P101-PWY: ectoine biosynthesis
	Bacteria
	Biosynthesis → Amines and Polyamines Biosynthesis

	P105-PWY: TCA cycle IV (2-oxoglutarate decarboxylase)
	Proteobacteria; Actinobacteria; Cyanobacteria; Euglenida 
	Generation of Precursor Metabolites and Energy → TCA cycle

	P108-PWY: pyruvate fermentation to propionate I
	Bacteria
	Generation of Precursor Metabolites and Energy → Fermentation → Pyruvate Fermentation

	P124-PWY: Bifidobacterium shunt
	Actinobacteria
	Degradation/Utilization/Assimilation → Carbohydrates Degradation → Sugars DegradationGeneration of Precursor Metabolites and Energy → Fermentation

	P161-PWY: acetylene degradation
	Bacteria
	Degradation/Utilization/Assimilation →Degradation/Utilization/Assimilation - Other;  Generation of Precursor Metabolites and Energy → Fermentation

	P162-PWY: glutamate degradation V (via hydroxyglutarate)
	Firmicutes; Fusobacteria
	Degradation/Utilization/Assimilation → Amino Acids Degradation → Proteinogenic Amino Acids Degradation → L-glutamate Degradation; Generation of Precursor Metabolites and Energy → Fermentation

	P163-PWY: lysine fermentation to acetate and butyrate
	Bacteria
	Degradation/Utilization/Assimilation → Amino Acids Degradation → Proteinogenic Amino Acids Degradation → L-lysine Degradation; Generation of Precursor Metabolites and Energy → Fermentation

	P184-PWY: protocatechuate degradation I (meta-cleavage pathway)
	Proteobacteria
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation → Protocatechuate Degradation

	P185-PWY: formaldehyde assimilation III (dihydroxyacetone cycle)
	Fungi
	Degradation/Utilization/Assimilation → C1 Compounds Utilization and Assimilation → Formaldehyde Assimilation

	P221-PWY: octane oxidation
	Bacteria; Fungi
	Degradation/Utilization/Assimilation → Degradation/Utilization/Assimilation - Other

	P23-PWY: reductive TCA cycle I
	Archaea; Bacteria; Proteobacteria 
	Degradation/Utilization/Assimilation → C1 Compounds Utilization and Assimilation → CO2 Fixation →Autotrophic CO2 Fixation → Reductive TCA Cycles

	P4-PWY: superpathway of lysine, threonine and methionine biosynthesis I
	Bacteria
	Biosynthesis → Amino Acids Biosynthesis Superpathways

	P41-PWY: pyruvate fermentation to acetate and lactate I
	Bacteria
	Generation of Precursor Metabolites and Energy → Fermentation → Pyruvate FermentationSuperpathways

	P42-PWY: incomplete reductive TCA cycle
	Archaea
	Degradation/Utilization/Assimilation → C1 Compounds Utilization and Assimilation → CO2 Fixation → Autotrophic CO2 Fixation →Reductive TCA Cycles

	P441-PWY: superpathway of N-acetylneuraminate degradation
	Bacteria
	Degradation/Utilization/Assimilation → Carboxylates DegradationSuperpathways

	P562-PWY: myo-inositol degradation I
	Bacteria; Fungi 
	Degradation/Utilization/Assimilation → Secondary Metabolites Degradation → Sugar Derivatives Degradation → Sugar Alcohols Degradation

	P601-PWY: (+)-camphor degradation
	Proteobacteria
	Degradation/Utilization/Assimilation → Secondary Metabolites Degradation → Terpenoids Degradation→ Camphor Degradation

	PANTO-PWY: phosphopantothenate biosynthesis I
	Bacteria; Fungi; Viridiplantae
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Vitamins Biosynthesis →Pantothenate Biosynthesis

	PANTOSYN-PWY: pantothenate and coenzyme A biosynthesis I
	Bacteria
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Coenzyme A Biosynthesis; Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Vitamins Biosynthesis

	PENTOSE-P-PWY: pentose phosphate pathway
	Bacteria; Eukaryota 
	Generation of Precursor Metabolites and Energy → Pentose Phosphate PathwaysSuperpathways

	PEPTIDOGLYCANSYN-PWY: peptidoglycan biosynthesis I (meso-diaminopimelate containing)
	Bacteria
	Biosynthesis → Cell Structures Biosynthesis → Cell Wall Biosynthesis → Peptidoglycan BiosynthesisSuperpathways

	PHOTOALL-PWY: oxygenic photosynthesis
	Bacteria; Viridiplantae
	Generation of Precursor Metabolites and Energy → Photosynthesis Superpathways

	POLYAMINSYN3-PWY: superpathway of polyamine biosynthesis II
	Bacteria; Eukaryota 
	Biosynthesis → Amines and Polyamines BiosynthesisSuperpathways

	POLYAMSYN-PWY: superpathway of polyamine biosynthesis I
	Bacteria
	Biosynthesis → Amines and Polyamines BiosynthesisSuperpathways

	POLYISOPRENSYN-PWY: polyisoprenoid biosynthesis (E. coli)
	Archaea; Bacteria ; Eukaryota 
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Polyprenyl BiosynthesisSuperpathways

	PPGPPMET-PWY: ppGpp biosynthesis
	Bacteria
	Biosynthesis → Metabolic Regulators Biosynthesis

	PROPFERM-PWY: L-alanine fermentation to propionate and acetate
	Firmicutes
	Generation of Precursor Metabolites and Energy → FermentationSuperpathways

	PROTOCATECHUATE-ORTHO-CLEAVAGE-PWY: protocatechuate degradation II (ortho-cleavage pathway)
	Bacteria
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation → Protocatechuate Degradation

	PWY-101: photosynthesis light reactions
	Bacteria; Eukaryota 
	Generation of Precursor Metabolites and Energy → Electron Transfer Generation of Precursor Metabolites and Energy → Photosynthesis

	PWY-1042: glycolysis IV (plant cytosol)
	Viridiplantae
	Generation of Precursor Metabolites and Energy → Glycolysis

	PWY-1269: CMP-KDO biosynthesis I
	Bacteria; Proteobacteria; Viridiplantae 
	Biosynthesis → Carbohydrates Biosynthesis → Polysaccharides Biosynthesis → CMP-3-deoxy-D-manno-octulosonate Biosynthesis; Biosynthesis → Carbohydrates Biosynthesis → Sugars Biosynthesis → Sugar Nucleotides Biosynthesis → CMP-sugar Biosynthesis

	PWY-1501: mandelate degradation I
	Proteobacteria
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation → Mandelates Degradation

	PWY-1622: formaldehyde assimilation I (serine pathway)
	Bacteria
	Degradation/Utilization/Assimilation → C1 Compounds Utilization and Assimilation → Formaldehyde Assimilation

	PWY-181: photorespiration
	Bacteria; Eukaryota; Viridiplantae
	Generation of Precursor Metabolites and Energy → Photosynthesis

	PWY-1861: formaldehyde assimilation II (RuMP Cycle)
	Bacteria
	Degradation/Utilization/Assimilation → C1 Compounds Utilization and Assimilation → Formaldehyde Assimilation

	PWY-1882: superpathway of C1 compounds oxidation to CO2
	Bacteria
	Degradation/Utilization/Assimilation → C1 Compounds Utilization and Assimilation

	PWY-2083: isoflavonoid biosynthesis II
	Gunneridae
	Biosynthesis → Secondary Metabolites Biosynthesis →Phenylpropanoid Derivatives Biosynthesis → Flavonoids Biosynthesis → Isoflavonoids Biosynthesis; Biosynthesis → Secondary Metabolites Biosynthesis →Phytoalexins Biosynthesis → Isoflavonoid Phytoalexins Biosynthesis

	PWY-241: C4 photosynthetic carbon assimilation cycle, NADP-ME type
	Embryophyta
	Generation of Precursor Metabolites and Energy → Photosynthesis

	PWY-2504: superpathway of aromatic compound degradation via 3-oxoadipate
	Bacteria
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation

	PWY-2723: trehalose degradation V
	Fungi
	Degradation/Utilization/Assimilation → Carbohydrates Degradation → Sugars Degradation → Trehalose Degradation

	PWY-282: cuticular wax biosynthesis
	Viridiplantae
	Biosynthesis → Cell Structures Biosynthesis → Plant Cell Structures → Epidermal Structures; Biosynthesis → Fatty Acids and Lipids Biosynthesis

	PWY-2941: lysine biosynthesis II
	Firmicutes
	Biosynthesis → Amino Acids Biosynthesis → Proteinogenic Amino Acids Biosynthesis → L-lysine Biosynthesis

	PWY-2942: lysine biosynthesis III
	Bacteria
	Biosynthesis → Amino Acids Biosynthesis → Proteinogenic Amino Acids Biosynthesis → L-lysine Biosynthesis

	PWY-3041: monoterpene biosynthesis
	Tracheophyta
	Biosynthesis → Secondary Metabolites Biosynthesis → Terpenoids Biosynthesis → Monoterpenoids Biosynthesis; Generation of Precursor Metabolites and Energy

	PWY-3101: flavonol biosynthesis
	Spermatophyta
	Biosynthesis → Secondary Metabolites Biosynthesis → Phenylpropanoid Derivatives Biosynthesis →Flavonoids Biosynthesis → Flavonols Biosynthesis

	PWY-3301: sinapate ester biosynthesis
	Brassicaceae
	Biosynthesis → Secondary Metabolites Biosynthesis → Phenylpropanoid Derivatives Biosynthesis →Cinnamates Biosynthesis

	PWY-3481: superpathway of phenylalanine and tyrosine biosynthesis
	Viridiplantae
	Biosynthesis → Amino Acids Biosynthesis

	PWY-361: phenylpropanoid biosynthesis
	Spermatophyta
	Biosynthesis → Cell Structures Biosynthesis → Plant Cell Structures → Secondary Cell Wall; Biosynthesis → Secondary Metabolites Biosynthesis → Phenylpropanoid Derivatives Biosynthesis →Lignins Biosynthesis

	PWY-3661: glycine betaine degradation I
	Archaea; Bacteria; Eukaryota 
	Degradation/Utilization/Assimilation → Amines and Polyamines Degradation → Glycine Betaine Degradation

	PWY-3781: aerobic respiration (cytochrome c)
	Bacteria; Eukaryota 
	Generation of Precursor Metabolites and Energy → Electron Transfer; Generation of Precursor Metabolites and Energy → Respiration → Aerobic Respiration

	PWY-3801: sucrose degradation II (sucrose synthase)
	Cyanobacteria; Viridiplantae 
	Degradation/Utilization/Assimilation → Carbohydrates Degradation → Sugars Degradation → Sucrose Degradation

	PWY-3841: folate transformations II
	Viridiplantae
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Vitamins Biosynthesis→ Folate Biosynthesis → Folate Transformations

	PWY-3941: β-alanine biosynthesis II
	Bacteria; Viridiplantae
	Biosynthesis → Amino Acids Biosynthesis → Other Amino Acid Biosynthesis → βAlanine Biosynthesis

	PWY-4041: &gamma;-glutamyl cycle
	Fungi; Metazoa 
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Reductants Biosynthesis

	PWY-4202: arsenate detoxification I (glutaredoxin)
	Mammalia
	Detoxification → Arsenate Detoxification

	PWY-4221: pantothenate and coenzyme A biosynthesis II
	Viridiplantae
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Coenzyme A Biosynthesis

	PWY-4321: glutamate degradation IV
	Viridiplantae
	Degradation/Utilization/Assimilation → Amino Acids Degradation → Proteinogenic Amino Acids Degradation → L-glutamate Degradation

	PWY-4361: methionine salvage I (bacteria and plants)
	Archaea; Bacteria; Embryophyta; Metazoa 
	Biosynthesis → Amino Acids Biosynthesis → Proteinogenic Amino Acids Biosynthesis → L-methionine Biosynthesis → L-methionine Salvage → S-methyl-5-thio-α-D-ribose 1-phosphate degradation; Degradation/Utilization/Assimilation → Nucleosides and Nucleotides Degradation → S-methyl-5-thio-α-D-ribose 1-phosphate degradation

	PWY-4984: urea cycle
	Bacteria; Eukaryota 
	Degradation/Utilization/Assimilation → Inorganic Nutrients Metabolism → Nitrogen Compounds Metabolism

	PWY-5004: superpathway of citrulline metabolism
	Metazoa; Viridiplantae
	Biosynthesis → Amino Acids Biosynthesis → Other Amino Acid Biosynthesis → L-citrulline Biosynthesis Superpathways

	PWY-5005: biotin biosynthesis II
	Bacteria
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Vitamins Biosynthesis→ Biotin Biosynthesis

	PWY-5022: 4-aminobutyrate degradation V
	Firmicutes
	Degradation/Utilization/Assimilation → Amines and Polyamines Degradation → 4-Aminobutanoate Degradation

	PWY-5030: histidine degradation III
	Mammalia
	Degradation/Utilization/Assimilation → Amino Acids Degradation → Proteinogenic Amino Acids Degradation → L-histidine Degradation

	PWY-5041: S-adenosyl-L-methionine cycle II
	Bacteria; Eukaryota 
	Biosynthesis → Amino Acids Biosynthesis → Proteinogenic Amino Acids Biosynthesis → L-methionine Biosynthesis → L-methionine Salvage → S-adenosyl-L-methionine cycle

	PWY-5079: phenylalanine degradation III
	Fungi
	Degradation/Utilization/Assimilation → Amino Acids Degradation → Proteinogenic Amino Acids Degradation → L-phenylalanine Degradation

	PWY-5080: very long chain fatty acid biosynthesis I
	Bacteria; Eukaryota 
	Biosynthesis → Fatty Acid and Lipid Biosynthesis → Fatty Acid Biosynthesis

	PWY-5083: NAD/NADH phosphorylation and dephosphorylation
	Fungi; Viridiplantae 
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → NAD Metabolism

	PWY-5097: lysine biosynthesis VI
	Archaea; Bacteria; Magnoliophyta 
	Biosynthesis → Amino Acids Biosynthesis → Proteinogenic Amino Acids Biosynthesis → L-lysine Biosynthesis

	PWY-5100: pyruvate fermentation to acetate and lactate II
	Bacteria
	Generation of Precursor Metabolites and Energy → Fermentation→ Pyruvate Fermentation

	PWY-5103: isoleucine biosynthesis III
	Proteobacteria
	Biosynthesis → Amino Acids Biosynthesis → Proteinogenic Amino Acids Biosynthesis → L-isoleucine Biosynthesis

	PWY-5104: isoleucine biosynthesis IV
	Archaea; Bacteria 
	Biosynthesis → Amino Acids Biosynthesis → Proteinogenic Amino Acids Biosynthesis → L-isoleucine Biosynthesis

	PWY-5121: superpathway of geranylgeranyl diphosphate biosynthesis II (via MEP)
	Bacteria; Viridiplantae
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Polyprenyl Biosynthesis → Geranylgeranyl Diphosphate Biosynthesis; Biosynthesis → Secondary Metabolites Biosynthesis →Terpenoids Biosynthesis → Diterpenoids Biosynthesis

	PWY-5129: sphingolipid biosynthesis (plants)
	Viridiplantae
	Biosynthesis → Fatty Acid and Lipid Biosynthesis → Sphingolipid Biosynthesis

	PWY-5135: xanthohumol biosynthesis
	Cannabaceae
	Biosynthesis → Secondary Metabolites Biosynthesis → Phenylpropanoid Derivatives Biosynthesis →Flavonoids Biosynthesis → Prenylflavonoids Biosynthesis

	PWY-5136: fatty acid &β-oxidation II (peroxisome)
	Viridiplantae
	Degradation/Utilization/Assimilation → Fatty Acid and Lipids Degradation → Fatty Acids Degradation

	PWY-5138: unsaturated, even numbered fatty acid &β-oxidation
	Viridiplantae
	Degradation/Utilization/Assimilation → Fatty Acid and Lipids Degradation → Fatty Acids Degradation

	PWY-5139: pelargonidin conjugates biosynthesis
	Magnoliophyta
	Biosynthesis → Secondary Metabolites Biosynthesis → Phenylpropanoid Derivatives Biosynthesis →Flavonoids Biosynthesis → Anthocyanins Biosynthesis

	PWY-5154: arginine biosynthesis III (via N-acetyl-L-citrulline)
	Bacteria
	Biosynthesis → Amino Acids Biosynthesis → Proteinogenic Amino Acids Biosynthesis → L-arginine Biosynthesis

	PWY-5156: superpathway of fatty acid biosynthesis II (plant)
	Viridiplantae
	Biosynthesis → Fatty Acid and Lipid Biosynthesis → Fatty Acid Biosynthesis Superpathways

	PWY-5163: p-cumate degradation to 2-oxopent-4-enoate
	Proteobacteria
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation

	PWY-5168: ferulate and sinapate biosynthesis
	Spermatophyta
	Biosynthesis → Secondary Metabolites Biosynthesis →Phenylpropanoid Derivatives Biosynthesis → Cinnamates Biosynthesis

	PWY-5173: superpathway of acetyl-CoA biosynthesis
	Magnoliophyta
	Generation of Precursor Metabolites and Energy → Acetyl-CoA Biosynthesis

	PWY-5178: toluene degradation IV (aerobic) (via catechol)
	Proteobacteria
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation → Toluenes Degradation Superpathways

	PWY-5182: toluene degradation II (aerobic) (via 4-methylcatechol)
	Proteobacteria
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation → Toluenes Degradation Superpathways

	PWY-5188: tetrapyrrole biosynthesis I (from glutamate)
	Archaea; Bacteria; Proteobacteria; Magnoliophyta 
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Tetrapyrrole Biosynthesis

	PWY-5189: tetrapyrrole biosynthesis II (from glycine)
	Actinobacteria; Proteobacteria; Fungi; Euglenozoa
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Tetrapyrrole Biosynthesis

	PWY-5265: peptidoglycan biosynthesis II (staphylococci)
	Actinobacteria; Firmicutes 
	Biosynthesis → Cell Structures Biosynthesis → Cell Wall Biosynthesis → Peptidoglycan Biosynthesis

	PWY-5283: lysine degradation V
	Bacteria
	Degradation/Utilization/Assimilation → Amino Acids Degradation → Proteinogenic Amino Acids Degradation → L-lysine Degradation

	PWY-5307: gentiodelphin biosynthesis
	Magnoliophyta
	Biosynthesis → Secondary Metabolites Biosynthesis → Phenylpropanoid Derivatives Biosynthesis →Flavonoids Biosynthesis → Anthocyanins Biosynthesis

	PWY-5320: kaempferol glycoside biosynthesis (Arabidopsis)
	Brassicaceae
	Biosynthesis → Secondary Metabolites Biosynthesis → Phenylpropanoid Derivatives Biosynthesis →Flavonoids Biosynthesis → Flavonols Biosynthesis

	PWY-5345: superpathway of methionine biosynthesis (by sulfhydrylation)
	Bacteria; Fungi
	Biosynthesis → Amino Acids Biosynthesis → Proteinogenic Amino Acids Biosynthesis → L-methionine Biosynthesis → L-methionine De Novo Biosynthesis

	PWY-5347: superpathway of methionine biosynthesis (transsulfuration)
	Bacteria
	Biosynthesis → Amino Acids Biosynthesis → Proteinogenic Amino Acids Biosynthesis → L-methionine Biosynthesis → L-methionine De Novo Biosynthesis

	PWY-5353: arachidonate biosynthesis
	Fungi; Bryophyta; Clorophyta 
	Biosynthesis → Fatty Acid and Lipid Biosynthesis → Fatty Acid Biosynthesis → Unsaturated Fatty Acid Biosynthesis → Polyunsaturated Fatty Acid Biosynthesis → Arachidonate Biosynthesis

	PWY-5381: pyridine nucleotide cycling (plants)
	Viridiplantae
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → NAD Metabolism

	PWY-5384: sucrose degradation IV (sucrose phosphorylase)
	Actinobacteria
	Degradation/Utilization/Assimilation → Carbohydrates Degradation → Sugars Degradation → Sucrose Degradation

	PWY-5391: syringetin biosynthesis
	Spermatophyta
	Biosynthesis → Secondary Metabolites Biosynthesis → Phenylpropanoid Derivatives Biosynthesis →Flavonoids Biosynthesis → Flavonols Biosynthesis

	PWY-5415: catechol degradation I (meta-cleavage pathway)
	Actinobacteria; Proteobacteria
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation → Catechol DegradationSuperpathways

	PWY-5417: catechol degradation III (ortho-cleavage pathway)
	Proteobacteria; Fungi
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation → Catechol Degradation Superpathways

	PWY-5419: catechol degradation to 2-oxopent-4-enoate II
	Actinobacteria; Proteobacteria 
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation → Catechol Degradation

	PWY-5420: catechol degradation II (meta-cleavage pathway)
	Actinobacteria; Proteobacteria 
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation → Catechol Degradation Superpathways

	PWY-5423: oleoresin monoterpene volatiles biosynthesis
	Pinidae
	Biosynthesis → Secondary Metabolites Biosynthesis → Terpenoids Biosynthesis → Monoterpenoids 

	PWY-5424: superpathway of oleoresin turpentine biosynthesis
	Pinidae
	Biosynthesis → Secondary Metabolites Biosynthesis → Terpenoids Biosynthesis Superpathways

	PWY-5425: oleoresin sesquiterpene volatiles biosynthesis
	Pinidae
	Biosynthesis → Secondary Metabolites Biosynthesis →Terpenoids Biosynthesis → Sesquiterpenoids Biosynthesis

	PWY-5427: naphthalene degradation (aerobic)
	Bacteria
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation → Naphthalene Degradation

	PWY-5430: meta cleavage pathway of aromatic compounds
	Bacteria
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation → Benzoate Degradation Superpathways

	PWY-5431: aromatic compounds degradation via &β-ketoadipate
	Proteobacteria
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation → Catechol Degradation Superpathways

	PWY-5451: acetone degradation I (to methylglyoxal)
	Mammalia
	Degradation/Utilization/Assimilation → Fatty Acid and Lipids Degradation → Acetone Degradation

	PWY-5464: superpathway of cytosolic glycolysis (plants), pyruvate dehydrogenase and TCA cycle
	Viridiplantae
	Generation of Precursor Metabolites and Energy Superpathways

	PWY-5484: glycolysis II (from fructose-6P)
	Archaea; Bacteria; Eukaryota 
	Generation of Precursor Metabolites and Energy → Glycolysis

	PWY-5487: 4-nitrophenol degradation I
	Proteobacteria
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation → Nitroaromatic Compounds Degradation → Nitrophenol Degradation → 4-Nitrophenol Degradation; Degradation/Utilization/Assimilation → Aromatic Compounds Degradation → Phenolic Compounds Degradation → Nitrophenol Degradation → 4-Nitrophenol Degradation

	PWY-5488: 4-nitrophenol degradation II
	Bacteria
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation → Nitroaromatic Compounds Degradation → Nitrophenol Degradation → 4-Nitrophenol Degradation; Degradation/Utilization/Assimilation → Aromatic Compounds Degradation → Phenolic Compounds Degradation → Nitrophenol Degradation → 4-Nitrophenol Degradation

	PWY-5494: pyruvate fermentation to propionate II (acrylate pathway)
	Bacteria
	Generation of Precursor Metabolites and Energy → Fermentation→ Pyruvate Fermentation

	PWY-5499: vitamin B6 degradation
	Proteobacteria
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis

	PWY-5505: glutamate and glutamine biosynthesis
	Archaea; Bacteria; Eukaryota 
	Biosynthesis → Amino Acids Biosynthesis → Proteinogenic Amino Acids Biosynthesis → L-glutamate Biosynthesis; Biosynthesis → Amino Acids Biosynthesis → Proteinogenic Amino Acids Biosynthesis → L-glutamine Biosynthesis

	PWY-5514: UDP-N-acetyl-D-galactosamine biosynthesis II
	Giardiinae
	Biosynthesis → Amines and Polyamines Biosynthesis → UDP-N-acetyl-D-galactosamine Biosynthesis; Biosynthesis → Cell Structures Biosynthesis → Cell Wall Biosynthesis

	PWY-5532: adenosine nucleotides degradation IV
	Archaea
	Degradation/Utilization/Assimilation → Nucleosides and Nucleotides Degradation → Purine Nucleotides Degradation →Adenosine Nucleotides Degradation

	PWY-561: superpathway of glyoxylate cycle and fatty acid degradation
	Viridiplantae
	Generation of Precursor Metabolites and Energy Superpathways

	PWY-5651: tryptophan degradation to 2-amino-3-carboxymuconate semialdehyde
	Bacteria; Fungi; Metazoa 
	Degradation/Utilization/Assimilation → Amino Acids Degradation → Proteinogenic Amino Acids Degradation → L-tryptophan Degradation

	PWY-5654: 2-amino-3-carboxymuconate semialdehyde degradation to 2-oxopentenoate
	Bacteria
	Degradation/Utilization/Assimilation → Carboxylates Degradation

	PWY-5659: GDP-mannose biosynthesis
	Archaea; Bacteria; Eukaryota 
	Biosynthesis → Carbohydrates Biosynthesis → Sugars Biosynthesis → Sugar Nucleotides Biosynthesis → GDP-sugar Biosynthesis

	PWY-5667: CDP-diacylglycerol biosynthesis I
	Bacteria; Eukaryota 
	Biosynthesis → Fatty Acid and Lipid Biosynthesis → Phospholipid Biosynthesis → CDP-diacylglycerol Biosynthesis

	PWY-5675: nitrate reduction V (assimilatory)
	Bacteria; Fungi 
	Degradation/Utilization/Assimilation → Inorganic Nutrients Metabolism → Nitrogen Compounds Metabolism → Nitrate Reduction

	PWY-5686: UMP biosynthesis
	Archaea; Bacteria; Eukaryota 
	Biosynthesis → Nucleosides and Nucleotides Biosynthesis → Pyrimidine Nucleotide Biosynthesis →Pyrimidine Nucleotides De Novo Biosynthesis → Pyrimidine Ribonucleotides De Novo Biosynthesis

	PWY-5690: TCA cycle II (plants and fungi)
	Fungi; Viridiplantae 
	Generation of Precursor Metabolites and Energy → TCA cycle

	PWY-5692: allantoin degradation to glyoxylate II
	Viridiplantae
	Degradation/Utilization/Assimilation → Amines and Polyamines Degradation → Allantoin Degradation

	PWY-5695: urate biosynthesis/inosine 5'-phosphate degradation
	Bacteria; Fabaceae; Metazoa 
	Biosynthesis → Amines and Polyamines Biosynthesis; Degradation/Utilization/Assimilation → Nucleosides and Nucleotides Degradation → Purine Nucleotides Degradation

	PWY-5705: allantoin degradation to glyoxylate III
	Bacteria; Viridiplantae
	Degradation/Utilization/Assimilation → Amines and Polyamines Degradation → Allantoin Degradation

	PWY-5723: Rubisco shunt
	Spermatophyta
	Generation of Precursor Metabolites and Energy

	PWY-5724: superpathway of atrazine degradation
	Bacteria
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation → s-Triazine Degredation → Atrazine Degradation

	PWY-5743: 3-hydroxypropanoate cycle
	Chloroflexi (Bacteria)
	Degradation/Utilization/Assimilation → C1 Compounds Utilization and Assimilation → CO2 Fixation →Autotrophic CO2 Fixation

	PWY-5744: glyoxylate assimilation
	Thermoprotei (Archaea); Chloroflexi (Bacteria)
	Degradation/Utilization/Assimilation → C1 Compounds Utilization and Assimilation → CO2 Fixation →Autotrophic CO2 Fixation; Degradation/Utilization/Assimilation → Degradation/Utilization/Assimilation - Other

	PWY-5747: 2-methylcitrate cycle II
	Bacteria
	Degradation/Utilization/Assimilation → Carboxylates Degradation → Propanoate Degradation → 2-Methylcitrate Cycle

	PWY-5749: itaconate degradation
	Bacteria; Opisthokonta 
	Degradation/Utilization/Assimilation → Carboxylates Degradation

	PWY-5751: phenylethanol biosynthesis
	Cellular Organisms; Viridiplantae 
	Biosynthesis → Aromatic Compounds Biosynthesis; Biosynthesis → Secondary Metabolites Biosynthesis → Phenylpropanoid Derivatives Biosynthesis

	PWY-5767: glycogen degradation III
	Fungi; Gracilarial
	Degradation/Utilization/Assimilation → Carbohydrates Degradation → Polysaccharides Degradation → Glycogen Degradation   /   Degradation/Utilization/Assimilation → Polymeric Compounds Degradation → Polysaccharides Degradation → Glycogen Degradation

	PWY-5791: 1,4-dihydroxy-2-naphthoate biosynthesis II (plants)
	Viridiplantae
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Quinol and Quinone Biosynthesis → 1,4-Dihydroxy-2-Naphthoate Biosynthesis

	PWY-5837: 1,4-dihydroxy-2-naphthoate biosynthesis I
	Bacteria; Viridiplantae
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Quinol and Quinone Biosynthesis → 1,4-Dihydroxy-2-Naphthoate Biosynthesis

	PWY-5838: superpathway of menaquinol-8 biosynthesis I
	Bacteria; Halobacteria 
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Quinol and Quinone Biosynthesis → Menaquinol Biosynthesis

	PWY-5840: superpathway of menaquinol-7 biosynthesis
	Archaea; Bacteria 
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Quinol and Quinone Biosynthesis → Menaquinol Biosynthesis

	PWY-5845: superpathway of menaquinol-9 biosynthesis
	Bacteria
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Quinol and Quinone Biosynthesis → Menaquinol Biosynthesis

	PWY-5850: superpathway of menaquinol-6 biosynthesis I
	Bacteria
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Quinol and Quinone Biosynthesis → Menaquinol Biosynthesis

	PWY-5855: ubiquinol-7 biosynthesis (prokaryotic)
	Bacteria
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Quinol and Quinone Biosynthesis → Ubiquinol Biosynthesis

	PWY-5856: ubiquinol-9 biosynthesis (prokaryotic)
	Bacteria
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Quinol and Quinone Biosynthesis → Ubiquinol Biosynthesis

	PWY-5857: ubiquinol-10 biosynthesis (prokaryotic)
	Proteobacteria
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Quinol and Quinone Biosynthesis → Ubiquinol Biosynthesis

	PWY-5860: superpathway of demethylmenaquinol-6 biosynthesis I
	Haemophilus
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Quinol and Quinone Biosynthesis →Demethylmenaquinol Biosynthesis → Demethylmenaquinol-6 Biosynthesis

	PWY-5861: superpathway of demethylmenaquinol-8 biosynthesis
	Bacteria
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Quinol and Quinone Biosynthesis →Demethylmenaquinol Biosynthesis → Demethylmenaquinol-8 Biosynthesis

	PWY-5862: superpathway of demethylmenaquinol-9 biosynthesis
	Bacteria
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Quinol and Quinone Biosynthesis → Demethylmenaquinol Biosynthesis

	PWY-5870: ubiquinol-8 biosynthesis (eukaryotic)
	Ascomycota
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Quinol and Quinone Biosynthesis → Ubiquinol Biosynthesis

	PWY-5872: ubiquinol-10 biosynthesis (eukaryotic)
	Eukaryota
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Quinol and Quinone Biosynthesis → Ubiquinol Biosynthesis

	PWY-5873: ubiquinol-7 biosynthesis (eukaryotic)
	Bacteria
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Quinol and Quinone Biosynthesis → Ubiquinol Biosynthesis

	PWY-5896: superpathway of menaquinol-10 biosynthesis
	Actinobacteria; Bacteroidetes 
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Quinol and Quinone Biosynthesis → Menaquinol Biosynthesis

	PWY-5897: superpathway of menaquinol-11 biosynthesis
	Bacteroides; Micrococcales; Prevotella 
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Quinol and Quinone Biosynthesis → Menaquinol Biosynthesis

	PWY-5898: superpathway of menaquinol-12 biosynthesis
	Agromyces; Microbacterium; Prevotella 
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Quinol and Quinone Biosynthesis → Menaquinol Biosynthesis

	PWY-5899: superpathway of menaquinol-13 biosynthesis
	Microbacterium; Prevotella 
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Quinol and Quinone Biosynthesis → Menaquinol Biosynthesis

	PWY-5910: superpathway of geranylgeranyldiphosphate biosynthesis I (via mevalonate)
	Bacteria; Eukaryota 
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Polyprenyl Biosynthesis → Geranylgeranyl Diphosphate Biosynthesis; Biosynthesis → Secondary Metabolites Biosynthesis →Terpenoids Biosynthesis → Diterpenoids Biosynthesis

	PWY-5913: TCA cycle VI (obligate autotrophs)
	Proteobacteria; Cyanobacteria 
	Generation of Precursor Metabolites and Energy → TCA cycle

	PWY-5918: superpathay of heme biosynthesis from glutamate
	Archaea; Proteobacteria; Euglenozoa; Magnoliophyta 
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Porphyrin Compounds Biosynthesis → Heme Biosynthesis

	PWY-5920: superpathway of heme biosynthesis from glycine
	Proteobacteria; Fungi; Euglenozoa; Metazoa 
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Porphyrin Compounds Biosynthesis → Heme Biosynthesis

	PWY-5922: (4R)-carveol and (4R)-dihydrocarveol degradation
	Bacteria
	Degradation/Utilization/Assimilation → Secondary Metabolites Degradation → Terpenoids Degradation→ Carveol Degradation

	PWY-5941: glycogen degradation II
	Archaea; Bacteria; Opisthokonta 
	Degradation/Utilization/Assimilation → Carbohydrates Degradation → Polysaccharides Degradation →Glycogen Degradation; Degradation/Utilization/Assimilation → Polymeric Compounds Degradation → Polysaccharides Degradation → Glycogen Degradation

	PWY-5958: acridone alkaloid biosynthesis
	Piperaceae; Rutaceae
	Biosynthesis → Secondary Metabolites Biosynthesis → Nitrogen-Containing Secondary Compounds Biosynthesis → Alkaloids Biosynthesis

	PWY-5971: palmitate biosynthesis II (bacteria and plants)
	Bacteria; Viridiplantae
	Biosynthesis → Fatty Acid and Lipid Biosynthesis → Fatty Acid Biosynthesis → Palmitate Biosynthesis

	PWY-5972: stearate biosynthesis I (animals)
	Bacteria; Opisthokonta 
	Biosynthesis → Fatty Acid and Lipid Biosynthesis → Fatty Acid Biosynthesis → Stearate Biosynthesis

	PWY-5973: cis-vaccenate biosynthesis
	Bacteria; Magnoliophyta 
	Biosynthesis → Fatty Acid and Lipid Biosynthesis → Fatty Acid Biosynthesis → Unsaturated Fatty Acid Biosynthesis

	PWY-5981: CDP-diacylglycerol biosynthesis III
	Bacteria
	Biosynthesis → Fatty Acid and Lipid Biosynthesis →Phospholipid Biosynthesis → CDP-diacylglycerol Biosynthesis

	PWY-5989: stearate biosynthesis II (bacteria and plants)
	Bacteria; Viridiplantae
	Biosynthesis → Fatty Acid and Lipid Biosynthesis → Fatty Acid Biosynthesis → Stearate Biosynthesis

	PWY-5994: palmitate biosynthesis I (animals and fungi)
	Opisthokonta
	Biosynthesis → Fatty Acid and Lipid Biosynthesis → Fatty Acid Biosynthesis → Palmitate Biosynthesis

	PWY-6060: malonate degradation II (biotin-dependent)
	Bacteria
	Degradation/Utilization/Assimilation → Carboxylates Degradation→ Malonate Degradation

	PWY-6061: bile acid biosynthesis, neutral pathway
	Vertebrata
	Biosynthesis → Fatty Acid and Lipid Biosynthesis → Sterol Biosynthesis

	PWY-6098: diploterol and cycloartenol biosynthesis
	Pteridaceae
	Biosynthesis → Secondary Metabolites Biosynthesis → Terpenoids Biosynthesis → Triterpenoids Biosynthesis

	PWY-6109: mangrove triterpenoid biosynthesis
	Rhizophoraceae
	Biosynthesis → Secondary Metabolites Biosynthesis → Terpenoids Biosynthesis → Triterpenoids Biosynthesis

	PWY-6113: superpathway of mycolate biosynthesis
	Mycobacteriaceae
	Biosynthesis → Fatty Acid and Lipid Biosynthesis → Fatty Acid Biosynthesis   /  Superpathways

	PWY-6121: 5-aminoimidazole ribonucleotide biosynthesis I
	Bacteria; Eukaryota
	Biosynthesis → Nucleosides and Nucleotides Biosynthesis → Purine Nucleotide Biosynthesis → 5-Aminoimidazole Ribonucleotide Biosynthesis

	PWY-6122: 5-aminoimidazole ribonucleotide biosynthesis II
	Archaea; Bacteria 
	Biosynthesis → Nucleosides and Nucleotides Biosynthesis → Purine Nucleotide Biosynthesis → 5-Aminoimidazole Ribonucleotide Biosynthesis

	PWY-6123: inosine-5'-phosphate biosynthesis I
	Bacteria
	Biosynthesis → Nucleosides and Nucleotides Biosynthesis → Purine Nucleotide Biosynthesis → Purine Nucleotides De Novo Biosynthesis → Purine Riboucleotides De Novo Biosynthesis → Inosine-5'-phosphate Biosynthesis

	PWY-6124: inosine-5'-phosphate biosynthesis II
	Eukaryota
	Biosynthesis → Nucleosides and Nucleotides Biosynthesis → Purine Nucleotide Biosynthesis → Purine Nucleotides De Novo Biosynthesis → Purine Riboucleotides De Novo Biosynthesis → Inosine-5'-phosphate Biosynthesis

	PWY-6125: superpathway of guanosine nucleotides de novo biosynthesis II
	Bacteria
	Biosynthesis → Nucleosides and Nucleotides Biosynthesis →Purine Nucleotide Biosynthesis → Purine Nucleotides De Novo Biosynthesis

	PWY-6126: superpathway of adenosine nucleotides de novo biosynthesis II
	Archaea; Bacteria; Eukaryota 
	Biosynthesis → Nucleosides and Nucleotides Biosynthesis →Purine Nucleotide Biosynthesis → Purine Nucleotides De Novo Biosynthesis

	PWY-6147: 6-hydroxymethyl-dihydropterin diphosphate biosynthesis I
	Bacteria; Fungi; Viridiplantae
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Vitamins Biosynthesis → Folate Biosynthesis →6-Hydroxymethyl-Dihydropterin Diphosphate Biosynthesis

	PWY-6151: S-adenosyl-L-methionine cycle I
	Archaea; Bacteria 
	Biosynthesis → Amino Acids Biosynthesis → Proteinogenic Amino Acids Biosynthesis → L-methionine Biosynthesis → L-methionine Salvage → S-adenosyl-L-methionine cycle

	PWY-6163: chorismate biosynthesis from 3-dehydroquinate
	Archaea; Bacteria; Fungi; Algaea 
	Biosynthesis → Aromatic Compounds Biosynthesis → Chorismate Biosynthesis

	PWY-6182: superpathway of salicylate degradation
	Bacteria
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation

	PWY-6190: 2,4-dichlorotoluene degradation
	Bacteria
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation → Chloroaromatic Compounds Degradation →Chlorotoluene Degradation → Dichlorotoluene Degradation; Degradation/Utilization/Assimilation → Chlorinated Compounds Degradation → Chloroaromatic Compounds Degradation →Chlorotoluene Degradation → Dichlorotoluene Degradation

	PWY-6210: 2-aminophenol degradation
	Bacteria
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation

	PWY-6215: 4-chlorobenzoate degradation
	Bacteria
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation → Chloroaromatic Compounds Degradation →Chlorobenzoate Degradation; Degradation/Utilization/Assimilation → Chlorinated Compounds Degradation → Chloroaromatic Compounds Degradation →Chlorobenzoate Degradation

	PWY-621: sucrose degradation III (sucrose invertase)
	Archaea; Bacteria; Eukaryota 
	Degradation/Utilization/Assimilation → Carbohydrates Degradation→ Sugars Degradation → Sucrose Degradation

	PWY-622: starch biosynthesis
	Cyanobacteria; Rhodophyta; Viridiplantae
	Biosynthesis → Carbohydrates Biosynthesis → Polysaccharides Biosynthesis → Glycogen and Starch Biosynthesis

	PWY-6270: isoprene biosynthesis I
	Embryophyta
	Biosynthesis → Secondary Metabolites Biosynthesis → Terpenoids Biosynthesis → Hemiterpenes Biosynthesis

	PWY-6277: superpathway of 5-aminoimidazole ribonucleotide biosynthesis
	Bacteria
	Biosynthesis → Nucleosides and Nucleotides Biosynthesis → Purine Nucleotide Biosynthesis → 5-Aminoimidazole Ribonucleotide Biosynthesis

	PWY-6282: palmitoleate biosynthesis I
	Bacteria
	Biosynthesis → Fatty Acid and Lipid Biosynthesis → Fatty Acid Biosynthesis → Unsaturated Fatty Acid Biosynthesis →Palmitoleate Biosynthesis

	PWY-6286: spheroidene and spheroidenone biosynthesis
	Bacteria
	Biosynthesis → Secondary Metabolites Biosynthesis → Terpenoids Biosynthesis → Carotenoids Biosynthesis; Biosynthesis → Secondary Metabolites Biosynthesis → Terpenoids Biosynthesis → Tetraterpenoids Biosynthesis

	PWY-6305: putrescine biosynthesis IV
	Viridiplantae
	Biosynthesis → Amines and Polyamines Biosynthesis → Putrescine Biosynthesis

	PWY-6307: tryptophan degradation X (mammalian, via tryptamine)
	Mammalia
	Degradation/Utilization/Assimilation → Amino Acids Degradation → Proteinogenic Amino Acids Degradation → L-tryptophan Degradation

	PWY-6313: serotonin degradation
	Metazoa
	Degradation/Utilization/Assimilation → Hormones Degradation

	PWY-6317: galactose degradation I (Leloir pathway)
	Bacteria; Fungi; Embryophyta 
	Degradation/Utilization/Assimilation → Carbohydrates Degradation → Sugars Degradation → Galactose Degradation

	PWY-6318: phenylalanine degradation IV (mammalian, via side chain)
	Metazoa
	Degradation/Utilization/Assimilation → Amino Acids Degradation → Proteinogenic Amino Acids Degradation → L-phenylalanine Degradation

	PWY-6338: superpathway of vanillin and vanillate degradation
	Bacteria
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation → Vanillin Degradation

	PWY-6339: syringate degradation
	Bacteria
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation

	PWY-6342: noradrenaline and adrenaline degradation
	Bacteria
	Biosynthesis → Secondary Metabolites Biosynthesis → Sugar Derivatives Biosynthesis → Cyclitols Biosynthesis

	PWY-6351: D-myo-inositol (1,4,5)-trisphosphate biosynthesis
	Eukaryota
	Biosynthesis → Secondary Metabolites Biosynthesis → Sugar Derivatives Biosynthesis → Cyclitols Biosynthesis

	PWY-6352: 3-phosphoinositide biosynthesis
	Eukaryota
	Biosynthesis → Fatty Acid and Lipid Biosynthesis → Phospholipid Biosynthesis

	PWY-6353: purine nucleotides degradation II (aerobic)
	Archaea; Bacteria; Opisthokonta 
	Degradation/Utilization/Assimilation → Nucleosides and Nucleotides Degradation → Purine Nucleotides Degradation

	PWY-6367: D-myo-inositol-5-phosphate metabolism
	Eukaryota
	Biosynthesis → Fatty Acid and Lipid Biosynthesis → Phospholipid Biosynthesis; Biosynthesis → Secondary Metabolites Biosynthesis → Sugar Derivatives Biosynthesis → Cyclitols Biosynthesis

	PWY-6368: 3-phosphoinositide degradation
	Eukaryota
	Degradation/Utilization/Assimilation → Fatty Acid and Lipids Degradation

	PWY-6369: inositol pyrophosphates biosynthesis
	Eukaryota
	Biosynthesis → Secondary Metabolites Biosynthesis → Sugar Derivatives Biosynthesis → Cyclitols Biosynthesis

	PWY-6383: mono-trans, poly-cis decaprenyl phosphate biosynthesis
	Mycobacteriaceae
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Polyprenyl Biosynthesis

	PWY-6385: peptidoglycan biosynthesis III (mycobacteria)
	Mycobacteriaceae
	Biosynthesis → Cell Structures Biosynthesis → Cell Wall Biosynthesis → Peptidoglycan Biosynthesis

	PWY-6386: UDP-N-acetylmuramoyl-pentapeptide biosynthesis II (lysine-containing)
	Actinobacteria; Firmicutes 
	Biosynthesis → Cell Structures Biosynthesis → Cell Wall Biosynthesis → UDP-N-Acetylmuramoyl-Pentapeptide Biosynthesis

	PWY-6387: UDP-N-acetylmuramoyl-pentapeptide biosynthesis I (meso-DAP-containing)
	Bacteria
	Biosynthesis → Cell Structures Biosynthesis → Cell Wall Biosynthesis → UDP-N-Acetylmuramoyl-Pentapeptide Biosynthesis

	PWY-6396: superpathway of 2,3-butanediol biosynthesis
	Bacteria; Fungi 
	Generation of Precursor Metabolites and Energy → Fermentation → Butanediol Biosynthesis Superpathways

	PWY-6433: hydroxylated fatty acid biosynthesis (plants)
	Viridiplantae
	Biosynthesis → Fatty Acid and Lipid Biosynthesis → Fatty Acid Biosynthesis → Hydroxylated Fatty Acids Biosynthesis

	PWY-6435: 4-hydroxybenzoate biosynthesis V
	Viridiplantae
	Biosynthesis → Aromatic Compounds Biosynthesis → 4-Hydroxybenzoate Biosynthesis

	PWY-6467: Kdo transfer to lipid IVA II (Chlamydia)
	Chlamydiae/Verrucomicrobia group
	Biosynthesis → Cell Structures Biosynthesis → Lipopolysaccharide Biosynthesis / Biosynthesis → Fatty Acid and Lipid Biosynthesis → Kdo Transfer to Lipid IVA \ Superpathways

	PWY-6470: peptidoglycan biosynthesis V (&β-lactam resistance)
	Actinobacteria; Firmicutes 
	Biosynthesis → Cell Structures Biosynthesis → Cell Wall Biosynthesis → Peptidoglycan Biosynthesis / Detoxification → Antibiotic Resistance / Superpathways

	PWY-6471: peptidoglycan biosynthesis IV (Enterococcus faecium)
	 Lactobacillales
	Biosynthesis → Cell Structures Biosynthesis → Cell Wall Biosynthesis → Peptidoglycan Biosynthesis / Detoxification → Antibiotic Resistance / Superpathways

	PWY-6478: GDP-D-glycero-&α;-D-manno-heptose biosynthesis
	Bacteria 
	Biosynthesis → Carbohydrates Biosynthesis → Sugars Biosynthesis → Sugar Nucleotides Biosynthesis → GDP-sugar Biosynthesis

	PWY-6491: D-galacturonate degradation III
	Fungi
	Degradation/Utilization/Assimilation → Carboxylates Degradation → Sugar Acids Degradation → D-Galacturonate Degradation  / Degradation/Utilization/Assimilation → Secondary Metabolites Degradation → Sugar Derivatives Degradation → Sugar Acids Degradation → D-Galacturonate Degradation

	PWY-6507: 5-dehydro-4-deoxy-D-glucuronate degradation
	Bacteria 
	Degradation/Utilization/Assimilation → Secondary Metabolites Degradation → Sugar Derivatives Degradation

	PWY-6519: 8-amino-7-oxononanoate biosynthesis I
	Bacteria 
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Vitamins Biosynthesis → Biotin Biosynthesis → 7-Keto,8-aminopelargonate Biosynthesis

	PWY-6525: stellariose and mediose biosynthesis
	Caryophyllaceae
	Biosynthesis → Carbohydrates Biosynthesis → Oligosaccharides Biosynthesis

	PWY-6527: stachyose degradation
	Viridiplantae
	Degradation/Utilization/Assimilation → Carbohydrates Degradation → Sugars Degradation

	PWY-6531: mannitol cycle
	Apicomplexa; Phaeophyceae
	Degradation/Utilization/Assimilation → Secondary Metabolites Degradation → Sugar Derivatives Degradation → Sugar Alcohols Degradation

	PWY-6538: caffeine degradation III (bacteria, via demethylation)
	Bacteria 
	Degradation/Utilization/Assimilation → Secondary Metabolites Degradation → Nitrogen Containing Secondary Compounds Degradation → Alkaloids Degradation → Caffeine Degradation

	PWY-6545: pyrimidine deoxyribonucleotides de novo biosynthesis III
	Archaea; Bacteria; Dictyostelium; Viruses 
	Biosynthesis → Nucleosides and Nucleotides Biosynthesis → 2'-Deoxyribonucleotides Biosynthesis → Pyrimidine Deoxyribonucleotides De Novo Biosynthesis /  Biosynthesis → Nucleosides and Nucleotides Biosynthesis → Pyrimidine Nucleotide Biosynthesis → Pyrimidine Nucleotides De Novo Biosynthesis → Pyrimidine Deoxyribonucleotides De Novo Biosynthesis /  Metabolic Clusters

	PWY-6559: spermidine biosynthesis II
	Bacteria 
	Biosynthesis → Amines and Polyamines Biosynthesis → Spermidine Biosynthesis

	PWY-6562: norspermidine biosynthesis
	Vibrionaceae
	Biosynthesis → Amines and Polyamines Biosynthesis

	PWY-6565: superpathway of polyamine biosynthesis III
	Vibrionaceae
	Biosynthesis → Amines and Polyamines Biosynthesis / Superpathways

	PWY-6567: chondroitin sulfate biosynthesis (late stages)
	Metazoa
	Biosynthesis → Carbohydrates Biosynthesis → Polysaccharides Biosynthesis → Glycosaminoglycans Biosynthesis

	PWY-6568: dermatan sulfate biosynthesis (late stages)
	Metazoa
	Biosynthesis → Carbohydrates Biosynthesis → Polysaccharides Biosynthesis → Glycosaminoglycans Biosynthesis

	PWY-6581: spirilloxanthin and 2,2'-diketo-spirilloxanthin biosynthesis
	Bacteria 
	Biosynthesis → Secondary Metabolites Biosynthesis → Terpenoids Biosynthesis → Carotenoids Biosynthesis / Biosynthesis → Secondary Metabolites Biosynthesis → Terpenoids Biosynthesis → Tetraterpenoids Biosynthesis

	PWY-6588: pyruvate fermentation to acetone
	Bacteria 
	Generation of Precursor Metabolites and Energy → Fermentation → Pyruvate Fermentation

	PWY-6590: superpathway of Clostridium acetobutylicum acidogenic fermentation
	Firmicutes
	Generation of Precursor Metabolites and Energy → Fermentation → Pyruvate Fermentation / Superpathways

	PWY-6608: guanosine nucleotides degradation III
	Bacteria; Metazoa
	Degradation/Utilization/Assimilation → Nucleosides and Nucleotides Degradation → Purine Nucleotides Degradation → Guanosine Nucleotides Degradation

	PWY-6612: superpathway of tetrahydrofolate biosynthesis
	Bacteria; Fungi; Viridiplantae
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Vitamins Biosynthesis → Folate Biosynthesis / Superpathways

	PWY-6628: superpathway of phenylalanine biosynthesis
	Bacteria 
	Biosynthesis → Amino Acids Biosynthesis → Proteinogenic Amino Acids Biosynthesis → L-phenylalanine Biosynthesis / Superpathways

	PWY-6630: superpathway of tyrosine biosynthesis
	Bacteria 
	Biosynthesis → Amino Acids Biosynthesis → Proteinogenic Amino Acids Biosynthesis → L-tyrosine Biosynthesis / Superpathways

	PWY-6633: caffeine degradation V (bacteria, via trimethylurate)
	Bacteria 
	Degradation/Utilization/Assimilation → Secondary Metabolites Degradation → Nitrogen Containing Secondary Compounds Degradation → Alkaloids Degradation → Caffeine Degradation

	PWY-6637: sulfolactate degradation II
	Bacteria 
	Degradation/Utilization/Assimilation → Inorganic Nutrients Metabolism → Sulfur Compounds Metabolism → Sulfolactate Degradation

	PWY-6660: 2-heptyl-3-hydroxy-4(1H)-quinolone biosynthesis
	Bacteria 
	Biosynthesis → Secondary Metabolites Biosynthesis

	PWY-6662: superpathway of quinolone and alkylquinolone biosynthesis
	Bacteria 
	 Biosynthesis → Secondary Metabolites Biosynthesis / Superpathways

	PWY-6682: dehydrophos biosynthesis
	Streptomyces
	Biosynthesis → Secondary Metabolites Biosynthesis → Antibiotic Biosynthesis

	PWY-6703: preQ0 biosynthesis
	Bacteria 
	Biosynthesis → Secondary Metabolites Biosynthesis

	PWY-6708: ubiquinol-8 biosynthesis (prokaryotic)
	Bacteria 
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Quinol and Quinone Biosynthesis → Ubiquinol Biosynthesis

	PWY-6724: starch degradation II
	Viridiplantae
	Biosynthesis → Carbohydrates Biosynthesis → Sugars Biosynthesis   /    Degradation/Utilization/Assimilation → Carbohydrates Degradation → Polysaccharides Degradation → Starch Degradation     /    Degradation/Utilization/Assimilation → Polymeric Compounds Degradation → Polysaccharides Degradation → Starch Degradation

	PWY-6728: methylaspartate cycle
	Halobacteria 
	Generation of Precursor Metabolites and Energy

	PWY-6731: starch degradation III
	Archaea
	Degradation/Utilization/Assimilation → Carbohydrates Degradation → Polysaccharides Degradation → Starch Degradation   /   Degradation/Utilization/Assimilation → Polymeric Compounds Degradation → Polysaccharides Degradation → Starch Degradation

	PWY-6737: starch degradation V
	Archaea
	Degradation/Utilization/Assimilation → Carbohydrates Degradation → Polysaccharides Degradation → Starch Degradation   /  Degradation/Utilization/Assimilation → Polymeric Compounds Degradation → Polysaccharides Degradation → Starch Degradation

	PWY-6749: CMP-legionaminate biosynthesis I
	Bacteria 
	Biosynthesis → Carbohydrates Biosynthesis → Sugars Biosynthesis → Sugar Nucleotides Biosynthesis → CMP-sugar Biosynthesis → CMP-legionaminate biosynthesis

	PWY-6755: S-methyl-5-thio-&α;-D-ribose 1-phosphate degradation I
	Bacteria 
	Biosynthesis → Amino Acids Biosynthesis → Proteinogenic Amino Acids Biosynthesis → L-methionine Biosynthesis → L-methionine Salvage → S-methyl-5-thio-α-D-ribose 1-phosphate degradation  /   Degradation/Utilization/Assimilation → Nucleosides and Nucleotides Degradation → S-methyl-5-thio-α-D-ribose 1-phosphate degradation

	PWY-6760: xylose degradation III
	Archaea; Bacteria 
	Degradation/Utilization/Assimilation → Carbohydrates Degradation → Sugars Degradation → Xylose Degradation

	PWY-6763: salicortin biosynthesis
	Populus; Salix
	Biosynthesis → Secondary Metabolites Biosynthesis → Phenylpropanoid Derivatives Biosynthesis → Benzenoids Biosynthesis → Benzoate Biosynthesis

	PWY-6785: hydrogen production VIII
	Chlorophyta; Cyanobacteria 
	Generation of Precursor Metabolites and Energy → Hydrogen Production

	PWY-6803: phosphatidylcholine acyl editing
	Spermatophyta
	Biosynthesis → Fatty Acid and Lipid Biosynthesis

	PWY-6823: molybdenum cofactor biosynthesis
	Archaea; Bacteria; Eukaryota 
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Molybdenum Cofactor Biosynthesis

	PWY-6834: spermidine biosynthesis III
	Archaea; Bacteria 
	Biosynthesis → Amines and Polyamines Biosynthesis → Spermidine Biosynthesis

	PWY-6837: fatty acid beta-oxidation V (unsaturated, odd number, di-isomerase-dependent)
	Opisthokonta; Viridiplantae 
	Degradation/Utilization/Assimilation → Fatty Acid and Lipids Degradation → Fatty Acids Degradation

	PWY-6842: glutathione-mediated detoxification II
	Viridiplantae
	Detoxification

	PWY-6855: chitin degradation I (archaea)
	Archaea
	Degradation/Utilization/Assimilation → Carbohydrates Degradation → Polysaccharides Degradation → Chitin Degradation   /   Degradation/Utilization/Assimilation → Polymeric Compounds Degradation → Polysaccharides Degradation → Chitin Degradation

	PWY-6897: thiamin salvage II
	Bacteria
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Vitamins Biosynthesis → Thiamine Biosynthesis → Thiamine Salvage   / Superpathways

	PWY-6901: superpathway of glucose and xylose degradation
	Bacteria 
	Degradation/Utilization/Assimilation → Carbohydrates Degradation → Sugars Degradation   /  Superpathways

	PWY-6906: chitin derivatives degradation
	Vibrionaceae
	Degradation/Utilization/Assimilation → Carbohydrates Degradation → Polysaccharides Degradation → Chitin Degradation     /    Degradation/Utilization/Assimilation → Polymeric Compounds Degradation → Polysaccharides Degradation → Chitin Degradation

	PWY-6936: seleno-amino acid biosynthesis
	Viridiplantae
	Biosynthesis → Amino Acids Biosynthesis → Other Amino Acid Biosynthesis

	PWY-6940: eicosapentaenoate biosynthesis III (fungi)
	Opisthokonta
	Biosynthesis → Fatty Acid and Lipid Biosynthesis → Fatty Acid Biosynthesis → Unsaturated Fatty Acid Biosynthesis → Polyunsaturated Fatty Acid Biosynthesis →Icosapentaenoate Biosynthesis   / Superpathways

	PWY-6942: dTDP-D-desosamine biosynthesis
	Bacteria 
	Biosynthesis → Carbohydrates Biosynthesis → Sugars Biosynthesis → Sugar Nucleotides Biosynthesis → dTDP-sugar Biosynthesis

	PWY-6945: cholesterol degradation to androstenedione I (cholesterol oxidase)
	Bacteria 
	Degradation/Utilization/Assimilation → Steroids Degradation → Cholesterol Degradation

	PWY-6946: cholesterol degradation to androstenedione II (cholesterol dehydrogenase)
	Bacteria 
	Degradation/Utilization/Assimilation → Steroids Degradation → Cholesterol Degradation

	PWY-6953: dTDP-3-acetamido-3,6-dideoxy-&α;-D-galactose biosynthesis
	Bacteria 
	Biosynthesis → Carbohydrates Biosynthesis → Sugars Biosynthesis → Sugar Nucleotides Biosynthesis → dTDP-sugar Biosynthesis   /   Biosynthesis → Cell Structures Biosynthesis → Lipopolysaccharide Biosynthesis

	PWY-6956: naphthalene degradation to acetyl-CoA
	Bacteria 
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation  / Superpathways

	PWY-6957: mandelate degradation to acetyl-CoA
	Proteobacteria
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation → Mandelates Degradation / Superpathways

	PWY-6969: TCA cycle V (2-oxoglutarate:ferredoxin oxidoreductase)
	Actinobacteria; Cyanobacteris; Euglenida; Proteobacteria 
	Generation of Precursor Metabolites and Energy → TCA cycle

	PWY-6971: oleandomycin biosynthesis
	Bacteria 
	Biosynthesis → Secondary Metabolites Biosynthesis → Antibiotic Biosynthesis → Macrolide Antibiotics Biosynthesis

	PWY-6973: dTDP-D-olivose, dTDP-D-oliose and dTDP-D-mycarose biosynthesis
	Bacteria 
	Biosynthesis → Carbohydrates Biosynthesis → Sugars Biosynthesis → Sugar Nucleotides Biosynthesis → dTDP-sugar Biosynthesis

	PWY-6974: dTDP-L-olivose biosynthesis
	Bacteria 
	Biosynthesis → Carbohydrates Biosynthesis → Sugars Biosynthesis → Sugar Nucleotides Biosynthesis → dTDP-sugar Biosynthesis

	PWY-6976: dTDP-L-mycarose biosynthesis
	Bacteria 
	Biosynthesis → Carbohydrates Biosynthesis → Sugars Biosynthesis → Sugar Nucleotides Biosynthesis → dTDP-sugar Biosynthesis

	PWY-6981: chitin biosynthesis
	Arthropoda; Cnidaria; Entamoeba; Fungi
	Biosynthesis → Carbohydrates Biosynthesis → Polysaccharides Biosynthesis    /   Superpathways

	PWY-7000: kanamycin biosynthesis
	Actinobacteria 
	Biosynthesis → Secondary Metabolites Biosynthesis → Antibiotic Biosynthesis  / Superpathways

	PWY-7002: 4-hydroxyacetophenone degradation
	Bacteria 
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation

	PWY-7006: 4-amino-3-hydroxybenzoate degradation
	Bacteria 
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation

	PWY-7007: methyl ketone biosynthesis
	Solanum 
	Biosynthesis → Secondary Metabolites Biosynthesis   / Generation of Precursor Metabolites and Energy  /  Metabolic Clusters

	PWY-7013: L-1,2-propanediol degradation
	Bacteria 
	Degradation/Utilization/Assimilation → Alcohols Degradation

	PWY-7014: paromamine biosynthesis I
	Actinobacteria 
	Biosynthesis → Secondary Metabolites Biosynthesis → Antibiotic Biosynthesis → Paromamine Biosynthesis

	PWY-7024: superpathway of the 3-hydroxypropionate cycle
	Chloroflexi
	Degradation/Utilization/Assimilation → C1 Compounds Utilization and Assimilation → CO2 Fixation → Autotrophic CO2 Fixation / Superpathways

	PWY-702: methionine biosynthesis II
	Embryophyta
	Biosynthesis → Amino Acids Biosynthesis → Proteinogenic Amino Acids Biosynthesis → L-methionine Biosynthesis → L-methionine De Novo Biosynthesis

	PWY-7031: undecaprenyl diphosphate-linked heptasaccharide biosynthesis
	Campylobacter
	Biosynthesis → Carbohydrates Biosynthesis → Oligosaccharides Biosynthesis     /  Macromolecule Modification → Protein Modification → Protein Glycosylation

	PWY-7036: very long chain fatty acid biosynthesis II
	Bacteria; Eukaryota 
	Biosynthesis → Fatty Acid and Lipid Biosynthesis → Fatty Acid Biosynthesis

	PWY-7039: phosphatidate metabolism, as a signaling molecule
	Viridiplantae
	Biosynthesis → Fatty Acid and Lipid Biosynthesis → Phospholipid Biosynthesis

	PWY-7046: 4-coumarate degradation (anaerobic)
	Bacteria 
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation → Phenolic Compounds Degradation

	PWY-7055: daphnetin modification
	Spermatophyta
	Biosynthesis → Secondary Metabolites Biosynthesis → Phenylpropanoid Derivatives Biosynthesis → Coumarins Biosynthesis

	PWY-7077: N-acetyl-D-galactosamine degradation
	Proteobacteria
	Degradation/Utilization/Assimilation → Carbohydrates Degradation → Sugars Degradation

	PWY-7090: UDP-2,3-diacetamido-2,3-dideoxy-&α;-D-mannuronate biosynthesis
	Bacteria 
	Biosynthesis → Carbohydrates Biosynthesis → Sugars Biosynthesis → Sugar Nucleotides Biosynthesis → UDP-sugar Biosynthesis   /   Biosynthesis → Cell Structures Biosynthesis → Lipopolysaccharide Biosynthesis → O-Antigen Biosynthesis

	PWY-7094: fatty acid salvage
	Bacteria 
	Biosynthesis → Fatty Acid and Lipid Biosynthesis → Fatty Acid Biosynthesis

	PWY-7097: vanillin and vanillate degradation I
	Bacteria 
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation → Vanillin Degradation

	PWY-7098: vanillin and vanillate degradation II
	Bacteria 
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation → Vanillin Degradation

	PWY-7102: bisabolene biosynthesis
	Bacteria; Eukaryota 
	Generation of Precursor Metabolites and Energy

	PWY-7104: dTDP-L-megosamine biosynthesis
	Bacteria
	Biosynthesis → Carbohydrates Biosynthesis → Sugars Biosynthesis → Sugar Nucleotides Biosynthesis → dTDP-sugar Biosynthesis

	PWY-7115: C4 photosynthetic carbon assimilation cycle, NAD-ME type
	Viridiplantae
	Generation of Precursor Metabolites and Energy → Photosynthesis

	PWY-7117: C4 photosynthetic carbon assimilation cycle, PEPCK type
	Magnoliophyta; Poacea 
	Generation of Precursor Metabolites and Energy → Photosynthesis

	PWY-7118: chitin degradation to ethanol
	Opisthokonta
	Generation of Precursor Metabolites and Energy

	PWY-7136: &β myrcene degradation
	Proteobacteria
	Biosynthesis → Secondary Metabolites Biosynthesis

	PWY-7153: grixazone biosynthesis
	Actinobacteria 
	Biosynthesis → Secondary Metabolites Biosynthesis

	PWY-7157: eupatolitin 3-O-glucoside biosynthesis
	Gunneridae
	Biosynthesis → Secondary Metabolites Biosynthesis → Phenylpropanoid Derivatives Biosynthesis → Flavonoids Biosynthesis → Flavonols Biosynthesis

	PWY-7161: polymethylated quercetin biosynthesis
	Gunneridae
	Biosynthesis → Secondary Metabolites Biosynthesis → Phenylpropanoid Derivatives Biosynthesis → Flavonoids Biosynthesis → Flavones Biosynthesis

	PWY-7174: S-methyl-5-thio-&α;-D-ribose 1-phosphate degradation II
	Bacteria 
	Biosynthesis → Amino Acids Biosynthesis → Proteinogenic Amino Acids Biosynthesis → L-methionine Biosynthesis → L-methionine Salvage → S-methyl-5-thio-α-D-ribose 1-phosphate degradation   /   Degradation/Utilization/Assimilation → Nucleosides and Nucleotides Degradation → S-methyl-5-thio-α-D-ribose 1-phosphate degradation

	PWY-7184: pyrimidine deoxyribonucleotides de novo biosynthesis I
	Archaea; Bacteria; Eukaryota 
	Biosynthesis → Nucleosides and Nucleotides Biosynthesis → 2'-Deoxyribonucleotides Biosynthesis → Pyrimidine Deoxyribonucleotides De Novo Biosynthesis    /   Biosynthesis → Nucleosides and Nucleotides Biosynthesis → Pyrimidine Nucleotide Biosynthesis → Pyrimidine Nucleotides De Novo Biosynthesis → Pyrimidine Deoxyribonucleotides De Novo Biosynthesis    /   Metabolic Clusters

	PWY-7185: UTP and CTP dephosphorylation I
	Archaea; Bacteria; Eukaryota 
	Degradation/Utilization/Assimilation → Nucleosides and Nucleotides Degradation → Pyrimidine Nucleotides Degradation → Pyrimidine Ribonucleosides Degradation → UTP and CTP Dephosphorylation

	PWY-7187: pyrimidine deoxyribonucleotides de novo biosynthesis II
	Archaea; Bacteria 
	Biosynthesis → Nucleosides and Nucleotides Biosynthesis → 2'-Deoxyribonucleotides Biosynthesis → Pyrimidine Deoxyribonucleotides De Novo Biosynthesis   / Biosynthesis → Nucleosides and Nucleotides Biosynthesis → Pyrimidine Nucleotide Biosynthesis → Pyrimidine Nucleotides De Novo Biosynthesis → Pyrimidine Deoxyribonucleotides De Novo Biosynthesis

	PWY-7196: superpathway of pyrimidine ribonucleosides salvage
	Archaea; Bacteria; Fungi; Viridiplantae
	Biosynthesis → Nucleosides and Nucleotides Biosynthesis → Pyrimidine Nucleotide Biosynthesis → Pyrimidine Nucleotides Salvage   /  Superpathways

	PWY-7198: pyrimidine deoxyribonucleotides de novo biosynthesis IV
	Archaea
	Biosynthesis → Nucleosides and Nucleotides Biosynthesis → 2'-Deoxyribonucleotides Biosynthesis → Pyrimidine Deoxyribonucleotides De Novo Biosynthesis    / Biosynthesis → Nucleosides and Nucleotides Biosynthesis → Pyrimidine Nucleotide Biosynthesis → Pyrimidine Nucleotides De Novo Biosynthesis → Pyrimidine Deoxyribonucleotides De Novo Biosynthesis   /  Metabolic Clusters

	PWY-7199: pyrimidine deoxyribonucleosides salvage
	 Amoebozoa; Archaea; Bacteria; Metazoa 
	Biosynthesis → Nucleosides and Nucleotides Biosynthesis → Pyrimidine Nucleotide Biosynthesis → Pyrimidine Nucleotides Salvage

	PWY-7200: superpathway of pyrimidine deoxyribonucleoside salvage
	Archaea; Bacteria; Eukaryota 
	Biosynthesis → Nucleosides and Nucleotides Biosynthesis → Pyrimidine Nucleotide Biosynthesis → Pyrimidine Nucleotides Salvage   /  Superpathways

	PWY-7204: pyridoxal 5'-phosphate salvage II (plants)
	Viridiplantae
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Vitamins Biosynthesis → Vitamin B6 Biosynthesis

	PWY-7208: superpathway of pyrimidine nucleobases salvage
	Archaea; Bacteria; Fungi; Viridiplantae
	Biosynthesis → Nucleosides and Nucleotides Biosynthesis → Pyrimidine Nucleotide Biosynthesis → Pyrimidine Nucleotides Salvage   /  Superpathways

	PWY-7209: superpathway of pyrimidine ribonucleosides degradation
	Archaea; Bacteria; Metazoa
	Degradation/Utilization/Assimilation → Nucleosides and Nucleotides Degradation → Pyrimidine Nucleotides Degradation → Pyrimidine Nucleobases Degradation   /  Degradation/Utilization/Assimilation → Nucleosides and Nucleotides Degradation → Pyrimidine Nucleotides Degradation → Pyrimidine Ribonucleosides Degradation   /  Superpathways

	PWY-7210: pyrimidine deoxyribonucleotides biosynthesis from CTP
	Actinobacteria; Firmicutes; Fungi; Metazoa
	Biosynthesis → Nucleosides and Nucleotides Biosynthesis → Pyrimidine Nucleotide Biosynthesis → Pyrimidine Nucleotides Salvage  /  Metabolic Clusters

	PWY-7211: superpathway of pyrimidine deoxyribonucleotides de novo biosynthesis
	Archaea; Bacteria; Eukaryota 
	Biosynthesis → Nucleosides and Nucleotides Biosynthesis → 2'-Deoxyribonucleotides Biosynthesis → Pyrimidine Deoxyribonucleotides De Novo Biosynthesis   /Biosynthesis → Nucleosides and Nucleotides Biosynthesis → Pyrimidine Nucleotide Biosynthesis → Pyrimidine Nucleotides De Novo Biosynthesis → Pyrimidine Deoxyribonucleotides De Novo Biosynthesis   /  Superpathways

	PWY-7212: baicalein metabolism
	Viridiplantae
	Biosynthesis → Secondary Metabolites Biosynthesis → Phenylpropanoid Derivatives Biosynthesis → Flavonoids Biosynthesis → Flavones Biosynthesis

	PWY-7219: adenosine ribonucleotides de novo biosynthesis
	Archaea; Bacteria; Eukaryota 
	Biosynthesis → Nucleosides and Nucleotides Biosynthesis → Purine Nucleotide Biosynthesis → Purine Nucleotides De Novo Biosynthesis → Purine Riboucleotides De Novo Biosynthesis

	PWY-7221: guanosine ribonucleotides de novo biosynthesis
	Bacteria 
	Biosynthesis → Nucleosides and Nucleotides Biosynthesis → Purine Nucleotide Biosynthesis → Purine Nucleotides De Novo Biosynthesis → Purine Riboucleotides De Novo Biosynthesis

	PWY-7228: superpathway of guanosine nucleotides de novo biosynthesis I
	Archaea; Bacteria; Eukaryota 
	Biosynthesis → Nucleosides and Nucleotides Biosynthesis → Purine Nucleotide Biosynthesis → Purine Nucleotides De Novo Biosynthesis   /  superpathways 

	PWY-7229: superpathway of adenosine nucleotides de novo biosynthesis I
	Archaea; Bacteria; Eukaryota 
	Biosynthesis → Nucleosides and Nucleotides Biosynthesis → Purine Nucleotide Biosynthesis → Purine Nucleotides De Novo Biosynthesis    /  superpathways 

	PWY-722: nicotinate degradation I
	Proteobacteria
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation → Nicotinate Degradation

	PWY-7230: ubiquinol-6 biosynthesis from 4-aminobenzoate (eukaryotic)
	Fungi 
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Quinol and Quinone Biosynthesis → Ubiquinol Biosynthesis

	PWY-7233: ubiquinol-6 bypass biosynthesis (eukaryotic)
	Fungi
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Quinol and Quinone Biosynthesis → Ubiquinol Biosynthesis

	PWY-7234: inosine-5'-phosphate biosynthesis III
	Archaea
	Biosynthesis → Nucleosides and Nucleotides Biosynthesis → Purine Nucleotide Biosynthesis → Purine Nucleotides De Novo Biosynthesis → Purine Riboucleotides De Novo    /Biosynthesis → Inosine-5'-phosphate Biosynthesis

	PWY-7235: superpathway of ubiquinol-6 biosynthesis (eukaryotic)
	Fungi 
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Quinol and Quinone Biosynthesis → Ubiquinol Biosynthesis   /  Superpathways

	PWY-7237: myo-, chiro- and scillo-inositol degradation
	Bacteria
	Degradation/Utilization/Assimilation → Secondary Metabolites Degradation → Sugar Derivatives Degradation → Sugar Alcohols Degradation   /    Superpathways

	PWY-7238: sucrose biosynthesis II
	Viridiplantae
	Biosynthesis → Carbohydrates Biosynthesis → Sugars Biosynthesis → Sucrose Biosynthesis

	PWY-7242: D-fructuronate degradation
	Bacteria 
	Degradation/Utilization/Assimilation → Carboxylates Degradation → Sugar Acids Degradation   /   Degradation/Utilization/Assimilation → Secondary Metabolites Degradation → Sugar Derivatives Degradation → Sugar Acids Degradation

	PWY-7245: superpathway NAD/NADP - NADH/NADPH interconversion (yeast)
	Fungi 
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → NAD Metabolism   /  Superpathways

	PWY-724: superpathway of lysine, threonine and methionine biosynthesis II
	Viridiplantae
	Biosynthesis → Amino Acids Biosynthesis   /   Superpathways

	PWY-7251: pentacyclic triterpene biosynthesis
	Viridiplantae
	Biosynthesis → Secondary Metabolites Biosynthesis → Terpenoids Biosynthesis → Triterpenoids Biosynthesis   /   Metabolic Clusters

	PWY-7254: TCA cycle VII (acetate-producers)
	Bacteria 
	Generation of Precursor Metabolites and Energy → TCA cycle

	PWY-7268: NAD/NADP-NADH/NADPH cytosolic interconversion (yeast)
	Fungi
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → NAD Metabolism

	PWY-7269: NAD/NADP-NADH/NADPH mitochondrial interconversion (yeast)
	Fungi 
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → NAD Metabolism

	PWY-7274: D-cycloserine biosynthesis
	Streptomycetaceae
	Biosynthesis → Amino Acids Biosynthesis → Other Amino Acid Biosynthesis     /   Biosynthesis → Secondary Metabolites Biosynthesis → Antibiotic Biosynthesis

	PWY-7279: aerobic respiration (cytochrome c) (yeast)
	Fungi
	Generation of Precursor Metabolites and Energy → Electron Transfer     /    Generation of Precursor Metabolites and Energy → Respiration → Aerobic Respiration

	PWY-7283: wybutosine biosynthesis
	Eukaryota
	Biosynthesis → Nucleosides and Nucleotides Biosynthesis → Nucleic Acid Processing   /   Superpathways

	PWY-7286: 7-(3-amino-3-carboxypropyl)-wyosine biosynthesis
	Eukaryota
	Biosynthesis → Nucleosides and Nucleotides Biosynthesis → Nucleic Acid Processing

	PWY-7288: fatty acid &β-oxidation (peroxisome, yeast)
	Fungi 
	Degradation/Utilization/Assimilation → Fatty Acid and Lipids Degradation → Fatty Acids Degradation

	PWY-7289: L-cysteine biosynthesis V
	Bacteria 
	Biosynthesis → Amino Acids Biosynthesis → Proteinogenic Amino Acids Biosynthesis → L-cysteine Biosynthesis

	PWY-7300: ecdysone and 20-hydroxyecdysone biosynthesis
	Arthropoda
	Biosynthesis → Hormones Biosynthesis

	PWY-7301: dTDP-&β-L-noviose biosynthesis
	Actinobacteria
	Biosynthesis → Carbohydrates Biosynthesis → Sugars Biosynthesis → Sugar Nucleotides Biosynthesis → dTDP-sugar Biosynthesis

	PWY-7312: dTDP-D-&β-fucofuranose biosynthesis
	Enterobacteriaceae
	Biosynthesis → Carbohydrates Biosynthesis → Sugars Biosynthesis → Sugar Nucleotides Biosynthesis → dTDP-sugar Biosynthesis   /   Biosynthesis → Cell Structures Biosynthesis → Lipopolysaccharide Biosynthesis → O-Antigen Biosynthesis

	PWY-7315: dTDP-N-acetylthomosamine biosynthesis
	Proteobacteria
	Biosynthesis → Carbohydrates Biosynthesis → Sugars Biosynthesis → Sugar Nucleotides Biosynthesis → dTDP-sugar Biosynthesis  /  Biosynthesis → Cell Structures Biosynthesis → Lipopolysaccharide Biosynthesis → O-Antigen Biosynthesis

	PWY-7316: dTDP-N-acetylviosamine biosynthesis
	Bacteria 
	Biosynthesis → Carbohydrates Biosynthesis → Sugars Biosynthesis → Sugar Nucleotides Biosynthesis → dTDP-sugar Biosynthesis   /   Biosynthesis → Cell Structures Biosynthesis → Lipopolysaccharide Biosynthesis → O-Antigen Biosynthesis

	PWY-7317: superpathway of dTDP-glucose-derived O-antigen building blocks biosynthesis
	Bacteria 
	Biosynthesis → Carbohydrates Biosynthesis → Sugars Biosynthesis → Sugar Nucleotides Biosynthesis → dTDP-sugar Biosynthesis   /   Biosynthesis → Cell Structures Biosynthesis → Lipopolysaccharide Biosynthesis → O-Antigen Biosynthesis  /   Superpathways

	PWY-7318: dTDP-3-acetamido-3,6-dideoxy-&α;-D-glucose biosynthesis
	Bacteria 
	Biosynthesis → Carbohydrates Biosynthesis → Sugars Biosynthesis → Sugar Nucleotides Biosynthesis → dTDP-sugar Biosynthesis   /   Biosynthesis → Cell Structures Biosynthesis → Lipopolysaccharide Biosynthesis → O-Antigen Biosynthesis

	PWY-7328: superpathway of UDP-glucose-derived O-antigen building blocks biosynthesis
	Bacteria 
	Biosynthesis → Carbohydrates Biosynthesis → Sugars Biosynthesis → Sugar Nucleotides Biosynthesis → UDP-sugar Biosynthesis / Biosynthesis → Cell Structures Biosynthesis → Lipopolysaccharide Biosynthesis → O-Antigen Biosynthesis / superpathways 

	PWY-7345: superpathway of anaerobic sucrose degradation
	Viridiplantae
	Degradation/Utilization/Assimilation → Carbohydrates Degradation → Sugars Degradation → Sucrose Degradation   / superpathways

	PWY-7347: sucrose biosynthesis III
	Methylobacter; Methylomicrobium; Methylophaga; Methylophilaceae
	Biosynthesis → Carbohydrates Biosynthesis → Sugars Biosynthesis → Sucrose Biosynthesis

	PWY-7371: 1,4-dihydroxy-6-naphthoate biosynthesis II
	Bacteria 
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Quinol and Quinone Biosynthesis → 1,4-dihydroxy-6-naphthoate biosynthesis

	PWY-7374: 1,4-dihydroxy-6-naphthoate biosynthesis I
	Bacteria 
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Quinol and Quinone Biosynthesis → 1,4-dihydroxy-6-naphthoate biosynthesis

	PWY-7379: mRNA capping II
	Metazoa; Viruses
	Biosynthesis → Nucleosides and Nucleotides Biosynthesis → Nucleic Acid Processing   /  Superpathways

	PWY-7383: anaerobic energy metabolism (invertebrates, cytosol)
	Annelida; Mollusca; Nematoda; Platyhelminthes 
	Generation of Precursor Metabolites and Energy → Fermentation

	PWY-7384: anaerobic energy metabolism (invertebrates, mitochondrial)
	Annelida; Mollusca; Nematoda; Platyhelminthes 
	Generation of Precursor Metabolites and Energy → Fermentation   /   Superpathways

	PWY-7389: superpathway of anaerobic energy metabolism (invertebrates)
	Annelida; Mollusca; Nematoda; Platyhelminthes 
	Generation of Precursor Metabolites and Energy → Fermentation  /  Superpathways

	PWY-7391: isoprene biosynthesis II (engineered)
	 
	Biosynthesis → Secondary Metabolites Biosynthesis → Terpenoids Biosynthesis → Hemiterpenes Biosynthesis

	PWY-7400: arginine biosynthesis IV (archaebacteria)
	Archaea; Bacteria 
	Biosynthesis → Amino Acids Biosynthesis → Proteinogenic Amino Acids Biosynthesis → L-arginine Biosynthesis

	PWY-7405: aurachin RE biosynthesis
	Bacteria 
	Biosynthesis → Secondary Metabolites Biosynthesis → Antibiotic Biosynthesis → Aurachin Biosynthesis

	PWY-7409: phospholipid remodeling (phosphatidylethanolamine, yeast)
	Eukaryota
	Biosynthesis → Fatty Acid and Lipid Biosynthesis → Phospholipid Biosynthesis → Phosphatidylethanolamine Biosynthesis

	PWY-7411: superpathway phosphatidate biosynthesis (yeast)
	Eukaryota
	Superpathways

	PWY-7412: mycinamicin biosynthesis
	Actinobacteria 
	Biosynthesis → Secondary Metabolites Biosynthesis → Antibiotic Biosynthesis → Macrolide Antibiotics Biosynthesis

	PWY-7413: dTDP-6-deoxy-&α;-D-allose biosynthesis
	Bacteria 
	Biosynthesis → Carbohydrates Biosynthesis → Sugars Biosynthesis → Sugar Nucleotides Biosynthesis → dTDP-sugar Biosynthesis

	PWY-7432: phenylalanine biosynthesis (cytosolic, plants)
	Viridiplantae
	Biosynthesis → Amino Acids Biosynthesis → Proteinogenic Amino Acids Biosynthesis → L-phenylalanine Biosynthesis

	PWY-7434: terminal O-glycans residues modification
	Eukaryota
	Macromolecule Modification → Protein Modification → Protein Glycosylation

	PWY-7440: dTDP-&β-L-4-epi-vancosamine biosynthesis
	Actinomycetales 
	Biosynthesis → Carbohydrates Biosynthesis → Sugars Biosynthesis → Sugar Nucleotides Biosynthesis → dTDP-sugar Biosynthesis

	PWY-7446: sulfoglycolysis
	Bacteria 
	Degradation/Utilization/Assimilation → Secondary Metabolites Degradation → Sugar Derivatives Degradation → Sulfoquinovose Degradation

	PWY-7450: anthocyanidin modification (Arabidopsis)
	Magnoliophyta
	Biosynthesis → Secondary Metabolites Biosynthesis → Phenylpropanoid Derivatives Biosynthesis → Flavonoids Biosynthesis → Anthocyanins Biosynthesis

	PWY-7478: oryzalexin D and E biosynthesis
	Magnoliophyta
	Biosynthesis → Secondary Metabolites Biosynthesis → Phytoalexins Biosynthesis → Terpenoid Phytoalexins Biosynthesis

	PWY-822: fructan biosynthesis
	Bacteria; Embryophyta
	Biosynthesis → Carbohydrates Biosynthesis → Polysaccharides Biosynthesis

	PWY-841: superpathway of purine nucleotides de novo biosynthesis I
	Archaea; Bacteria; Eukaryota 
	Biosynthesis → Nucleosides and Nucleotides Biosynthesis → Purine Nucleotide Biosynthesis → Purine Nucleotides De Novo Biosynthesis  /  Superpathways

	PWY-842: starch degradation I
	Poaceae
	Degradation/Utilization/Assimilation → Carbohydrates Degradation → Polysaccharides Degradation → Glycans Degradation  / Degradation/Utilization/Assimilation → Carbohydrates Degradation → Polysaccharides Degradation → Starch Degradation /  
Degradation/Utilization/Assimilation → Polymeric Compounds Degradation → Polysaccharides Degradation → Glycans Degradation /  Degradation/Utilization/Assimilation → Polymeric Compounds Degradation → Polysaccharides Degradation → Starch Degradation

	PWY-922: mevalonate pathway I
	Archaea; Bacteria; Fungi; Metazoa 
	Biosynthesis → Secondary Metabolites Biosynthesis → Terpenoids Biosynthesis → Hemiterpenes Biosynthesis → Isopentenyl Diphosphate Biosynthesis

	PWY0-1061: superpathway of alanine biosynthesis
	Bacteria 
	Biosynthesis → Amino Acids Biosynthesis → Proteinogenic Amino Acids Biosynthesis → L-alanine Biosynthesis   /  Superpathways

	PWY0-1241: ADP-L-glycero-&β-D-manno-heptose biosynthesis
	Proteobacteria
	Biosynthesis → Carbohydrates Biosynthesis → Sugars Biosynthesis → Sugar Nucleotides Biosynthesis → ADP-sugar Biosynthesis

	PWY0-1261: anhydromuropeptides recycling
	Bacteria 
	Degradation/Utilization/Assimilation → Secondary Metabolites Degradation → Sugar Derivatives Degradation

	PWY0-1296: purine ribonucleosides degradation
	Archaea; Bacteria; Opisthokonta 
	Degradation/Utilization/Assimilation → Nucleosides and Nucleotides Degradation → Purine Nucleotides Degradation

	PWY0-1297: superpathway of purine deoxyribonucleosides degradation
	Bacteria 
	Degradation/Utilization/Assimilation → Nucleosides and Nucleotides Degradation  /  Superpatways 

	PWY0-1298: superpathway of pyrimidine deoxyribonucleosides degradation
	Bacteria
	Degradation/Utilization/Assimilation → Nucleosides and Nucleotides Degradation → Pyrimidine Nucleotides Degradation / Superpathways

	PWY0-1319: CDP-diacylglycerol biosynthesis II
	Proteobacteria; Viridiplantae 
	Biosynthesis → Fatty Acid and Lipid Biosynthesis → Phospholipid Biosynthesis → CDP-diacylglycerol Biosynthesis

	PWY0-1415: superpathway of heme biosynthesis from uroporphyrinogen-III
	Bacteria 
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Porphyrin Compounds Biosynthesis → Heme Biosynthesis  /  Superpathways

	PWY0-1479: tRNA processing
	Bacteria 
	Biosynthesis → Nucleosides and Nucleotides Biosynthesis → Nucleic Acid Processing

	PWY0-1533: methylphosphonate degradation I
	Bacteria 
	Degradation/Utilization/Assimilation → Inorganic Nutrients Metabolism → Phosphorus Compounds Metabolism → Methylphosphonate Degradation

	PWY0-162: superpathway of pyrimidine ribonucleotides de novo biosynthesis
	Bacteria; Eukaryota 
	Biosynthesis → Nucleosides and Nucleotides Biosynthesis → Pyrimidine Nucleotide Biosynthesis → Pyrimidine Nucleotides De Novo Biosynthesis → Pyrimidine Ribonucleotides De Novo Biosynthesis  / Superpathways

	PWY0-166: superpathway of pyrimidine deoxyribonucleotides de novo biosynthesis (E. coli)
	Archaea; Bacteria 
	Biosynthesis → Nucleosides and Nucleotides Biosynthesis → 2'-Deoxyribonucleotides Biosynthesis → Pyrimidine Deoxyribonucleotides De Novo Biosynthesis   /  Biosynthesis → Nucleosides and Nucleotides Biosynthesis → Pyrimidine Nucleotide Biosynthesis → Pyrimidine Nucleotides De Novo Biosynthesis → Pyrimidine Deoxyribonucleotides De Novo Biosynthesis   /  Superpathways 

	PWY0-301: L-ascorbate degradation I (bacterial, anaerobic)
	Bacteria 
	Degradation/Utilization/Assimilation → Carboxylates Degradation → L-Ascorbate Degradation

	PWY0-42: 2-methylcitrate cycle I
	Bacteria; Fungi
	Degradation/Utilization/Assimilation → Carboxylates Degradation → Propanoate Degradation → 2-Methylcitrate Cycle

	PWY0-781: aspartate superpathway
	Bacteria 
	Superpathways

	PWY1F-FLAVSYN: flavonoid biosynthesis
	Spermatophyta
	Biosynthesis → Secondary Metabolites Biosynthesis → Phenylpropanoid Derivatives Biosynthesis → Flavonoids Biosynthesis

	PWY3O-19: ubiquinol-6 biosynthesis from 4-hydroxybenzoate (eukaryotic)
	Fungi 
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → Quinol and Quinone Biosynthesis → Ubiquinol Biosynthesis

	PWY3O-355: stearate biosynthesis III (fungi)
	Fungi 
	Biosynthesis → Fatty Acid and Lipid Biosynthesis → Fatty Acid Biosynthesis → Stearate Biosynthesis

	PWY4FS-4: phosphatidylcholine biosynthesis IV
	Viridiplantae
	Biosynthesis → Fatty Acid and Lipid Biosynthesis → Phospholipid Biosynthesis → Phosphatidylcholine Biosynthesis

	PWY4FS-7: phosphatidylglycerol biosynthesis I (plastidic)
	Bacteria; Eukaryota 
	Biosynthesis → Fatty Acid and Lipid Biosynthesis → Phospholipid Biosynthesis → Phosphatidylglycerol Biosynthesis  / Superpathways

	PWY4FS-8: phosphatidylglycerol biosynthesis II (non-plastidic)
	Bacteria; Eukaryota 
	Biosynthesis → Fatty Acid and Lipid Biosynthesis → Phospholipid Biosynthesis → Phosphatidylglycerol Biosynthesis  / Superpathways

	PWY4LZ-257: superpathway of fermentation (Chlamydomonas reinhardtii)
	Viridiplantae
	Generation of Precursor Metabolites and Energy → Fermentation → Pyruvate Fermentation / Superpathways

	PWY5F9-12: biphenyl degradation
	Bacteria 
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation

	PWY66-367: ketogenesis
	Chordata 
	Generation of Precursor Metabolites and Energy → Other

	PWY66-373: sucrose degradation V (sucrose &α;-glucosidase)
	Mammalia
	Degradation/Utilization/Assimilation → Carbohydrates Degradation → Sugars Degradation → Sucrose Degradation

	PWY66-374: C20 prostanoid biosynthesis
	Mammalia
	Biosynthesis → Hormones Biosynthesis

	PWY66-378: androgen biosynthesis
	Vertebrata
	Biosynthesis → Hormones Biosynthesis

	PWY66-387: fatty acid &α;-oxidation II
	Metazoa
	Degradation/Utilization/Assimilation → Fatty Acid and Lipids Degradation → Fatty Acids Degradation

	PWY66-388: fatty acid &α;-oxidation III
	Metazoa
	Degradation/Utilization/Assimilation → Fatty Acid and Lipids Degradation → Fatty Acids Degradation

	PWY66-389: phytol degradation
	Mammalia
	Degradation/Utilization/Assimilation → Alcohols Degradation

	PWY66-391: fatty acid &β-oxidation VI (peroxisome)
	Vertebrata
	Degradation/Utilization/Assimilation → Fatty Acid and Lipids Degradation → Fatty Acids Degradation

	PWY66-399: gluconeogenesis III
	Metazoa
	Biosynthesis → Carbohydrates Biosynthesis → Sugars Biosynthesis → Gluconeogenesis

	PWY66-409: superpathway of purine nucleotide salvage
	Eukaryota; Mammalia 
	Biosynthesis → Nucleosides and Nucleotides Biosynthesis → Purine Nucleotide Biosynthesis → Purine Nucleotide Salvage  / Superpathways

	PWY66-422: D-galactose degradation V (Leloir pathway)
	Eukaryota
	Degradation/Utilization/Assimilation → Carbohydrates Degradation → Sugars Degradation → Galactose Degradation

	PWY6666-2: dopamine degradation
	Metazoa
	Degradation/Utilization/Assimilation → Amines and Polyamines Degradation

	PWYG-321: mycolate biosynthesis
	Mycobacteriaceae
	Biosynthesis → Fatty Acid and Lipid Biosynthesis → Fatty Acid Biosynthesis

	PYRIDNUCSAL-PWY: NAD salvage pathway I
	Bacteria; Fungi 
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → NAD Metabolism → NAD Biosynthesis

	PYRIDNUCSYN-PWY: NAD biosynthesis I (from aspartate)
	Bacteria; Eukaryota 
	Biosynthesis → Cofactors, Prosthetic Groups, Electron Carriers Biosynthesis → NAD Metabolism → NAD Biosynthesis

	REDCITCYC: TCA cycle III (helicobacter)
	Bacteria 
	Generation of Precursor Metabolites and Energy → TCA cycle

	RHAMCAT-PWY: L-rhamnose degradation I
	Bacteria 
	Degradation/Utilization/Assimilation → Carbohydrates Degradation → Sugars Degradation → L-rhamnose Degradation

	RUMP-PWY: formaldehyde oxidation I
	Bacteria 
	Degradation/Utilization/Assimilation → C1 Compounds Utilization and Assimilation → Formaldehyde Oxidation   / Generation of Precursor Metabolites and Energy

	SALVADEHYPOX-PWY: adenosine nucleotides degradation II
	Archaea; Bacteria; Eukaryota 
	Degradation/Utilization/Assimilation → Nucleosides and Nucleotides Degradation → Purine Nucleotides Degradation → Adenosine Nucleotides Degradation

	SER-GLYSYN-PWY: superpathway of serine and glycine biosynthesis I
	Archaea; Bacteria; Eukaryota 
	Biosynthesis → Amino Acids Biosynthesis  /  Superpathways

	SO4ASSIM-PWY: sulfate reduction I (assimilatory)
	Bacteria; Fungi
	Degradation/Utilization/Assimilation → Inorganic Nutrients Metabolism → Sulfur Compounds Metabolism → Sulfate Reduction   / Superpathways

	SPHINGOLIPID-SYN-PWY: sphingolipid biosynthesis (yeast)
	Fungi 
	Biosynthesis → Fatty Acid and Lipid Biosynthesis → Sphingolipid Biosynthesis

	SUCSYN-PWY: sucrose biosynthesis I (from photosynthesis)
	Cyanobacteria; Viridiplantae 
	Biosynthesis → Carbohydrates Biosynthesis → Sugars Biosynthesis → Sucrose Biosynthesis   / Superpathways

	SULFATE-CYS-PWY: superpathway of sulfate assimilation and cysteine biosynthesis
	Bacteria 
	Superpathways

	TCA-GLYOX-BYPASS: superpathway of glyoxylate bypass and TCA
	Archaea; Bacteria 
	Generation of Precursor Metabolites and Energy → TCA cycle  /   Superpathways

	TCA: TCA cycle I (prokaryotic)
	Archaea; Bacteria 
	Generation of Precursor Metabolites and Energy → TCA cycle

	TEICHOICACID-PWY: teichoic acid (poly-glycerol) biosynthesis
	Firmicutes
	Biosynthesis → Cell Structures Biosynthesis → Cell Wall Biosynthesis → Teichoic Acids Biosynthesis

	THRESYN-PWY: threonine biosynthesis
	Archaea; Bacteria; Fungi; Viridiplantae
	Biosynthesis → Amino Acids Biosynthesis → Proteinogenic Amino Acids Biosynthesis → L-threonine Biosynthesis

	TOLUENE-DEG-DIOL-PWY: toluene degradation to 2-oxopent-4-enoate (via toluene-cis-diol)
	Proteobacteria
	Degradation/Utilization/Assimilation → Aromatic Compounds Degradation → Toluenes Degradation

	TRIGLSYN-PWY: triacylglycerol biosynthesis
	Eukaryota
	Biosynthesis → Fatty Acid and Lipid Biosynthesis

	TRNA-CHARGING-PWY: tRNA charging
	Archaea; Bacteria; Eukaryota 
	Biosynthesis → Aminoacyl-tRNA Charging   /  Metabolic Clusters

	TYRFUMCAT-PWY: tyrosine degradation I
	Fungi; Mammalia; Proteobacteria 
	Degradation/Utilization/Assimilation → Amino Acids Degradation → Proteinogenic Amino Acids Degradation → L-tyrosine Degradation
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