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Abstract—The Pasig River system, which includes its major tributaries, the Marikina, Taguig-Pateros, and 
San Juan Rivers, is the most important river system in Metro Manila.  It is known to be heavily polluted due 
to the dumping of domestic, industrial and solid wastes. Identification of microbial species present in the 
riverbed may be used to assess water and soil quality, and can help in assessing the river’s capability of 
supporting other flora and fauna.  In this study, 16S rRNA gene or 16S rDNA sequences obtained from 
community bacterial DNA extracted from riverbed soil of Napindan (an upstream site along the Pasig River) 
and Vargas (which is along the Marikina River) were used to obtain a snapshot of the types of bacteria 
populating these sites. The 16S rDNA sequences of amplicons produced in PCR with total DNA extracted 
from soil samples as template were used to build clone libraries.  Four positive clones were identified from 
each site and were sequenced. BLAST analysis revealed that none of the contiguous sequences obtained 
had complete sequence similarity to any known cultured bacterial species. Using the classification output of 
the Ribosomal Database Project (RDP) Classifier and DECIPHER programs, 16S rDNA sequences of 
closely related species were collated and used to construct a neighbor-joining phylogenetic tree using 
MEGA6.  Six out of the 8 cloned samples were found to belong to obligate anaerobe species, suggesting 
that these species live deep within the sediment layer and do not have access to dissolved oxygen.  Three 
species were found to be associated with sulfate-reducing bacteria, which suggests an abundance of sulfur 
containing compounds in the riverbed. This is the first census report of the Pasig River microbial population 
using an approach that utilizes 16S rDNA sequences without culture nor isolation of bacteria. Further studies 
employing multiple composite samples and larger sample sizes are recommended for more comprehensive 
bacterial taxonomic profiles as well as evaluation of interactions between community members and bacterial 
response to environmental perturbations.
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INTRODUCTION

The Pasig River system (Figure 1) is the major river system in Metro Manila 
and is composed of the Pasig River, Marikina River, Taguig-Pateros River, and San 
Juan River.  The principal  river,   the Pasig River,  traverses  the width of  Metro 
Manila and connects Laguna de Bay and Manila Bay. Due to its location and reach, 
the river has traditionally been an important means of transport for city dwellers, as 
well as a water source for domestic and industrial use. However, the Pasig River 
and all three tributaries are heavily polluted due to the dumping of domestic waste, 
and  industrial  waste  from  tanneries,  textile  mills,  food  processing  plants,  and 
distilleries. The Department of Environment and Natural Resources classifies the 
rivers under class D status, which means that river water may be used only for 
agricultural applications such as irrigation and livestock watering, and secondary 

industrial applications like cooling. In recent years, the riverbed has become more 
silted with organic matter and non-biodegradable garbage (Gorme et al. 2010).

Water-saturated  sediments  make  up  the  bulk  of  biomass  in  a  river 
environment (Fischer and Pusch 2001), usually in the form of microbial biofilms. 
These  microbes  are  responsible  for  the  bulk  of  metabolic  activity  in  river  and 
stream ecosystems, and 76–96% of total respiration (Craft et al. 2002; Naegeli and 
Uehlinger  1997;  Pusch  1997;  Pusch  et  al.  1998;  Vaque  et  al.  1992).  Bacterial 
growth  in  this  environment  is  dependent  on  physico-chemical  traits,  such  as 
temperature, salinity, pH, as well as presence of pollutants.  Fluctuations in these 
conditions may result to either an increase or decrease of bacterial growth and may 
also result in drastic changes in bacterial populations (Daniel 2005; Fierer et al. 
2007;  Hidayat  et  al.  2012).  Identification  of  microbial  species  present  in  the 
riverbed  may  be  used  to  assess  water  and  soil  quality,  and  may  also  help  in 
assessing a river’s capability of supporting other flora and fauna. Although soil 
microbial  communities  are  known  to  possess  incredible  diversity  with  tens  of 
thousands of species of bacteria and fungi in a gram of soil, they have remained 
poorly characterized (Kristiansson et al. 2011). This is due not only to often low 
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concentrations of each bacterial species present (Engel et al. 2010; Myrold et al. 
2014), but also to the difficulty in isolating and culturing individual species. 

Figure 1. Map of Pasig River and its tributaries.  The two sampling sites, 
Napindan/C6, which is along Pasig river, and Vargas, which is along 
Marikinina River, are indicated by black circles  (Map courtesy of the Pasig 
River Rehabilitation Commission).

A  metagenomic  approach  that  employs  culture-independent  analysis  of 
genomes from total microbial DNA extracted from an environmental sample (such 
as oil, water, fluids and fecal matter) has made possible the rapid identification of 
multiple  bacterial  species  present.  This  approach  allows  the  identification  of 
previously uncultured (and therefore unknown) bacterial species. Previous studies 
have  demonstrated  that  this  approach  provides  a  better  description  of  the 
taxonomic composition of soil microbial communities or soil microbiome (Myrold 
et al. 2014). Various culture-independent studies investigating sediment microbial 
populations  and  their  phylogenetic  structure  have  used  techniques  such  as 
denaturing  gradient  gel  electrophoresis  (DGGE) and clone  libraries.  Data  from 
these  studies  have  demonstrated  that  microbial  communities  are  extremely 
sensitive to changes in the physicochemical state of freshwater sediments (Feris et 
al. 2004; Feris et al. 2003; Ramsey et al. 2005; Zeglin et al. 2011), and can be used 
as indicators of ecological degradation. Metagenomics has also been employed to 
assess direct or indirect impact of microbes on health and biogeochemical cycles, 
and has even led to the discovery of new genes (Gomez-Alvarez et al. 2009; Huson 
et al. 2009; Kröber et al. 2009; Petrosino et al. 2009; Shah et al. 2011; Thomas et 
al.  2012).  For  instance,  in  a  study  by  Ferrer  et  al.  (2011)  on  the  microbial 
community  of  the  anoxic  sediments  of  Laguna  de  Carrizo  in  Madrid,  Spain, 
annotated  genes  from species  found  in  this  site  were  predominantly  related  to 
sulfur  oxidation,  sulfur  metabolism,  thiosulfate  reduction,  iron-oxidation  and 
denitrification.  Another  useful  application  of  metagenomics  is  the  use  of 
phylogenetics  to  look at  the distribution of  bacteria  populating an environment 
(Devereux and Mundfrom 1994). 

In  this  study,  a  metagenomics  approach  that  makes  use  of  sequence 
comparison of the 16S rDNA  from total bacterial genomic DNA extracted from 
riverbed soil was employed to obtain a snapshot of the types of bacteria present in 
two riverbed sampling sites – Napindan, an upstream site along the Pasig River, 
and  Vargas,  which  is  along  the  Marikina  River,  a  tributary  to  the  Pasig.   
Phylogenetic  tree  construction  based  on  sequence  comparison,  which  can  help 
reveal the evolutionary relationships of the unknown bacteria, was also performed.  
The types of bacterial species present in the sampling sites were correlated with the 
types  or  status  of  the  environment  in  order  to  obtain  necessary  information to 
assess the state of health of the Pasig River.

METHODOLOGY

Soil sample collection and pH determination 
Riverbed  soil  samples  were  obtained  from the  Pasig  River  Rehabilitation 

Commission (PRRC).  These were collected by divers from the Philippine Coast 
Guard  contracted  by  PRRC,  who  used  shovels  and  rice  sacks  to  collect  soil 
sediment  samples  from  the  target  collection  sites.  A portion  of  the  samples 
collected were transferred to resealable non – sterile plastic bags and immediately 
frozen. The sites of the Pasig River Unified Monitoring Stations (Figure 1) used in 
this  study were  Napindan (14.5351º  N,  121.1022º  E)  and Vargas  (14.5663º  N, 
121.0735º E). Soil pH values were determined by mixing sediment and deionized 
water at a 1:5 mass to volume ratio.

Soil genomic DNA extraction and construction of 16S rDNA clone 
library

Total genomic DNA from each soil sample was extracted using the Mo Bio 
Powersoil® DNA isolation kit (California, USA) which was used according to the 
manufacturer’s protocol. DNA extract quality was assessed using 1% agarose gel 
electrophoresis stained with ethidium bromide and visualized using BIO-RAD UV 
transilluminator 2000 (Milan, Italy).

PCR  primers  8F  (5’-AGAGTTTGATCCTGGCTCAG-3’)  and  1492R  (5’-
GGTTACCTTGTTACGACTT-3’) were used to amplify targeted 16S rDNA of the 
genomic DNA extracted from soil samples. The PCR reaction mixture contained 1 
µL of  genomic  DNA and  both  primers,  and  2X  Taq  Master  Mix  (Vivantis). 
Amplification  conditions  were  as  follows:   initial  denaturation  at  94ºC  for  5 
minutes, followed by 35 cycles of denaturation (94ºC, 1 minute), annealing (54ºC, 
1  minute),  and  extension  (72ºC,  1  minute  45  seconds),  ending  with  a  final 
extension at 72ºC for 5 minutes. Amplicon size and quality were assessed by 1% 
agarose gel electrophoresis.

Amplicons  were  ligated  into  pCR™2.1-TOPO®  vectors  using  Invitrogen 
TOPO® TA Cloning® kit (California, USA) and the ligation mixtures were used to 
transform  competent  E.  coli  cells  using  heat  shock  process,  following  the 
manufacturer’s  protocol.  Randomly picked transformants  were  screened for  the 
presence  of  cloned  16S  rDNA  using  colony-PCR  with  M13  forward  (5’-
GTAAAACGACGGCCAG-3’)  and  reverse  (5’-CAGGAAACAGCTATGAC-3’) 
primers.  Amplification  followed  a  similar  temperature  profile  as  16S  rDNA 
amplification from the previous step except for the initial denaturation being set to 
10 minutes and the annealing temperature at 55ºC.  The presence of cloned 16S 
rDNA amplicons was assessed using 1% agarose gel electrophoresis.

DNA sequencing and Data Analysis
PCR amplicons were sent to Macrogen (Seoul, South Korea) for sequencing 

using  the  Sanger  method.  Sequences  were  analyzed  using  CodonCode  Aligner 
v4.2.7 (http://www.codoncode.com/aligner/). Contiguous sites of the forward and 
reverse sequences were assembled and edited using the same program. The 1400 - 
1600  base  pairs  sequences  were  subjected  to  editing  to  produce  contigs  with 
around 450 – 1000 base pairs. Sequences were further analyzed using Basic Local 
Alignment  Search  Tool  (BLAST)  from the  National  Center  for  Biotechnology 
Information (NCBI) website.

The contig sequences were run through DECIPHER, an online tool used for 
deciphering and managing biological sequences, to weed out chimeric sequences 
(Wright et al. 2012). The sequences were also classified using Ribosomal Database 
Project (RDP) Classifier (Wang et al. 2007). Using the classification output of both 
programs, 16S rDNA sequences of closely related species were collated and used to 
construct a neighbor-joining phylogenetic tree using MEGA6 (Tamura et al. 2013).

RESULTS AND DISCUSSION

The two sites included in this study are Napindan, which is located near the 
outlet of Laguna de Bay to the Pasig River, and Vargas, which is found along the 
Marikina River and near the Marikina-Pasig River junction. Being major upstream 
contributors  of  water  in  the  Pasig  River,  these  sites  may  be  considered  as 
benchmarks  for  water  and soil  quality  throughout  the  stretch  of  the  river.  The 
metagenomics  approach,  which  employs  culture-independent  sequence-based 
analysis of the collective microbial genomes contained in environmental samples, 
can detect known as well as unknown (because they have not been cultured, or are 
unculturable)  bacterial  species.   The  type  of  bacterial  species  detected  can  be 
useful in assessing the health of the river because a correlation between bacterial 
species present and the quality or health of a river sampling site can be made.

The total genomic DNA profiles of samples taken from two sampling sites 
exhibited  smears  in  agarose  gel.  PCR  amplification  of  16S  rDNA  using  the 
genomic DNA as template, however, produced the expected size bands of about 
1400 base pairs (data not shown).  PCR using clones that were positive for 16S 
rDNA  insertion  produced  amplicons  of  about  1700  base  pairs,  suggesting  the 
inclusion of amplified plasmid DNA. Four positives clones were detected out of 70 
colonies picked from each clone library.

Bacterial enumeration and identification in this study was based on sequence 
analysis of 16S rDNA amplicons (Table 1). Sequence analysis of the 16S rDNA 
amplicons  is  considered  the  gold  standard  for  bacterial  identification  and 
characterization studies (Mizrahi-Man et al. 2013). The 16S rDNA from bacteria is 
universal  and  functionally  conserved;  thus,  random  sequence  changes  are 
considered  to  be  useful  evolutionary  markers.  Its  1500  base  pair  gene  length, 
which includes 9 hypervariable regions, is also sufficiently long for bioinformatics 
– based sequence analysis.

Chimeric sequences, which may cause overestimation of species diversity that 
can account for most errors in metagenomic data analysis (Janda and Abbott 2007; 
Shah et al. 2011), were weeded out using DECIPHER prior to further analysis. 
BLAST search to find the closest 16S rDNA sequences hits revealed that none of 
the closest matches for each clone (which include 16S rDNA complete and partial 
sequences of bacterium from various phyla) had 100% sequence similarity with the 
contig sequences (Table 1). The sequences for each clone contig (designated NP-01 
to NP-04 for the samples from the Napindan sampling site, and V-01 to V-04 for 
samples from the Vargas site) have been submitted to, and are currently accessible 
in,  GenBank  (Accession  #  KM107850  –  KM107853  for  NP-01  to  NP-04; 
KM107856 – KM107859 for V-01 to V-04).

Contig  sequences  of  microbial  species  from  unique  DNA sequences  run 
through  the  RDP classifier  (a  Naïve  Bayesian  classifier)  generated  taxonomic 
classification  and  sequences  of  16S  rDNA  of  related  species  were  collated 
according to taxonomic classifications of both RDP and DECIPHER (Table 2). The 
sequences  used  for  phylogenetic  analysis  were  restricted  to  cultured 
representatives; therefore, the number of representatives that can be used for each 
sample was subject to availability in online databases.
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Table 1. Top results of contig sequences when run through BLAST including the 
max  score,  total  score,  query  coverage,  E  value,  percentage  identity,  and  the 
accession number and description of the closest sequence.

A phylogenetic tree (Fig. 2) was generated using MEGA6 that employs the 
neighbor-joining method.  This is a distance based method which joins pairs of 
sequences, or “neighbors”, with the least number of differences or evolutionary 
distance (Saitou and Nei 1987). A phylogenetic tree using the maximum-likelihood 
method (that uses probability for production of optimal trees; Pagel 1999) yielded 
similar  results,  but  with  varying branch lengths  and bootstrap  values  (data  not 
shown). Results generated from both phylogenetic trees clearly suggest that the 
sequence comparison groups for each sample analyzed were closely related and in 
accordance to the classification output from DECIPHER and RDP (Table 2). Both 
results were consistent with the top results from BLAST analysis (Table 1), with 
the  exception  of  NP-04,  which  was  classified  under  Acidobacteria  by  both 
DECIPHER and RDP but was grouped under Syntrophomonadaceae according to 
the BLAST analysis.

!  

Figure 2. Phylogenetic tree of contig sequences and 16S rDNA sequences 
of closely related species using the neighbor-Joining method with 1000 
replicate bootstrap test generated using MEGA6. Escherichia coli was 
included as outgroup.  Samples from the study are labeled NP-01 to NP-04 
and V-01 to V-04.

Phylogenetic  analysis  showed  that  NP-01  and  members  of  the  family 
Syntrophobacteraceae,  Class  Deltaproteobacteria,  (which  include  Desulfacinum 
infernum,  Desulfacinum  hydrothermale,  and  Thermodesulforhabdus  norvegica) 
share  a  common  ancestor.  Members  of  the  Syntrophobacteraceae  are  Gram-
negative and are neutrophilic thermophiles. They are also strictly anaerobic and 

able to utilize sulfate and sulfite as electron acceptors (Beeder et al. 1995; Rees et 
al. 1995; Sievert and Kuever 2000). NP-02 share common ancestry with Caldilinea 
aerophila  and  Caldilinea  tarbellica  of  the  family  Caldilineaceae,  Phylum 
Chloroflexi.  Both  species  are  Gram-negative,  thermophilic,  neutrophilic,  and 
facultative  anaerobic  (Gregoire  et  al.  2011;  Sekiguchi  2003).  NP-03  share  a 
common  ancestor  with  the  members  of  the  family  Syntrophaceae,  Class 
Deltaproteobacteria.  Known  representatives  of  this  family,  such  as  Smithella 
propionica,  Syntrophus  buswellii,  Syntrophus  aciditrophicus,  and  Syntrophus 
gentianae, are all Gram-negative, mesophilic, neutrophilic, and strictly anaerobic 
(Auburger and Winter 1995; Jackson et al. 1999; Liu et al. 1999; Mountfort et al. 
1984;  Wallrabenstein  et  al.  1995).  NP-04  share  common  ancestry  with 
Dethiobacter  alkaliphilus  and  Candidatus  Contubernalis  alkalaceticum  of  the 
family Syntrophomonadaceae, Phylum Firmicutes and Class Clostridia. Both are 
Gram-positive,  mesophilic,  alkaliphilic,  and  obligate  anaerobic.  Dethiobacter 
alkaliphilus is able to utilize thiosulfate and elemental sulfur or polysulfide as an 
electron acceptor (Sorokin et al. 2008; Zhilina et al. 2005).

Table  2.  Taxonomic  classification  of  contig  sequences  from  the  results  of 
DECIPHER and RDP.

V-01 and V-02 are  closely  related to  the  family  Anaerolineaceae,  Phylum 
Chloroflexi. Members of Anaerolinea thermophile, Anaerolinea thermolimosa, and 
Ornatilinea  apprima  are  Gram-negative,  thermophilic,  neutrophilic  to  slightly 
alkaliphilic, and obligate anaerobic (Podosokorskaya et al. 2013; Sekiguchi 2003; 
Yamada  2006).  V-03  share  common ancestry  with  the  members  of  the  family 
Acetobacteraceae.  Representative  species  Acetobacter  syzygii,  Gluconobacter 
japonicas,  and  Gluconobacter  kondonii  are  known  to  be  Gram-negative, 
mesophilic, acidophilic, and obligate aerobic (Lisdiyanti et al. 2001; Malimas et al. 
2009; Malimas et al.  2007). V-04 share common ancestry with Desulfuromonas 
thiophila  and Desulfuromonas acetoxidans  of  the family Desulfuromonadaceae, 
Class  Deltaproteobacteria.  Desulfuromonas  thiophila,  Desulfuromonas 
acetoxidans,  Desulfuromonas  palmitatis,  Desulfuromonas  acetexigens,  and 
Desulfuromonas chloroethenica  are Gram-negative, mesophilic, neutrophilic and 
obligate anaerobic. They can utilize different forms of sulfur as electron acceptor 
(Coates  et  al.  1995;  Finster  et  al.  1997;  Finster  et  al.  1994;  Krumholz  1997; 
Pfennig and Biebl 1976).

Most of the cloned samples belong to families that are obligate anaerobes, 
except  for  NP-02 and V-03,  which are  grouped with  facultative  anaerobes  and 
obligate  aerobe families,  respectively.  These data  suggest   that  the  bulk of  the 
cloned species most likely live deep within the sediment layer and do not have 
interaction or access to dissolved oxygen, whereas the facultative anaerobe and 
obligate aerobe live near or at the water-sediment boundary. A study by Qian, et al. 
(2000) reported that dissolved oxygen (DO) of waters from the surface in the Pasig 
River does not necessarily reflect the DO from waters right above the river bed. 
However,  unlike  mid-  to  downstream  sites,  upstream  sites  of  the  Pasig  have 
dissolved oxygen near the riverbed.

The temperature determined by the Pasig River Rehabilitation Commission 
for the year 2013 was between 26 to 32°C. The pH of the sediments of two sites 
(Napindan and Vargas) were 7.90 and 8.66, respectively. These conditions are able 
to  support  the  growth of  neutrophiles  and alkaliphiles,  obligate  and facultative 
anaerobes, and mesophiles and thermophiles. Some of the samples, such as NP-01, 
NP-04,  and  V-04,  were  also  associated  with  sulfate-reducing  bacteria  or  with 
bacteria  able  to  use  sulfur  compounds  as  electron  acceptor,  possibly  from the 
families  Syntrophobacteraceae,  Syntrophomonadaceae,  and 
Desulfuromonadaceae, respectively.  This suggests a high abundance of sulfur or 
sulfur containing compounds in the riverbed. Sulfate-reducing bacteria are known 
to  help  reduce  heavy  metal  contamination  in  water  by  producing  sulfides  that 
easily react with divalent metals, such as cadmium and copper. The heavy metal 
sulfides produced have very low solubility, so the compounds can easily precipitate 
out (Muyzer and Stams 2008).

This  study  employs  16S  rDNA-targeted  sequence  analysis  to  conduct  a 
phylogenetic analysis of bacterial population in two sampling sites in Pasig River.  
The low sensitivity of the clone screening method limited the number of unique 
sequences  identified.   Nevertheless,  the  study  demonstrates  the  utility  of  the 
culture-independent metagenomics approach in characterizing microbial species in 

Sample
GenBank 

Accession 
No.

Description of closest sequence Max 
score

Total 
score

Query 
cover

E 
value

Ident
GenBank 

Accession 
No.

NP-01 KM107850
Syntrophus aciditrophicus strain SB 16S 
ribosomal RNA gene, complete sequence 992 992 100% 0 91% NR_102776.1

NP-02 KM107851
Caldilinea aerophila strain DSM 14535 16S 
ribosomal RNA gene, complete sequence 658 658 100% 0 86% NR_074397.1

NP-03 KM107852
Syntrophus gentianae strain HQgoe1 16S 
ribosomal RNA gene, partial sequence 1461 1461 99% 0 93% NR_029295.1

NP-04 KM107853
Dethiobacter alkaliphilus strain AHT 1 16S 
ribosomal RNA gene, partial sequence 688 688 100% 0 87% NR_044205.1

V-01 KM107856
Longilinea arvoryzae strain KOME-1 16S 
ribosomal RNA gene, partial sequence 686 686 99% 0 88% NR_041355.1

V-02 KM107857
Bellilinea caldifistulae strain GOMI-1 16S 
ribosomal RNA gene, partial sequence 673 673 99% 0 89% NR_041354.1

V-03 KM107858
Kozakia baliensis strain NBRC 16664 16S 
ribosomal RNA gene, partial sequence 1454 1454 100% 0 95% NR_113858.1

V-04 KM107859
Desulfuromonas acetexigens strain 2873 16S 
ribosomal RNA gene, partial sequence 1548 1548 100% 0 93% NR_044770.1

 Pelobacter venetianus Gra PEG 1 (NR 044779.1)

 Pelobacter acetylenicus WoAcy1 (NR 029238.1)

 Pelobacter carbinolicus DSM 2380 (NR 075013.1)

 Desulfuromonas acetexigens 2873 (NR 044770.1)

 Desulfuromonas chloroethenica TT4B (NR 026012.1)

 Desulfuromonas palmitatis SDBY1 (NR 025973.1)

 V-04 (KM107859)

 Desulfuromonas thiophila NZ27 (NR 026407.1)

 Desulfuromonas acetoxidans DSM 684 (NR 121678.1)

 Malonomonas rubra GraMal1 (NR 026479.1)

 Pelobacter acidigallici MaGal12T (NR 026154.1)

 Desulfuromusa succinoxidans Gylac (NR 029276.1)

 Desulfuromusa bakii Gyprop (NR 026175.1)

 Desulfuromusa kysingii Kysw2 (NR 029275.1)

Desulfuromonadaceae

 Syntrophus buswellii DM-2 (NR 029294.1)

 Syntrophus gentianae HQgoe1 (NR 029295.1)

 Syntrophus aciditrophicus SB (NR 102776.1)

 Smithella propionica LYP (NR 024989.1)

 NP-03 (KM107852)

Syntrophaceae

 NP-01 (KM107850)

 Desulfacinum infernum BalphaG1 (NR 044640.1)

 Desulfacinum hydrothermale MT-96 (NR 028757.1)

 Thermodesulforhabdus norvegica A8444 (NR 025970.1)

 Syntrophobacter wolinii DB (NR 028020.1)

 Desulfovirga adipica TsuA1 (NR 036764.1)

 Desulforhabdus amnigena ASRB1 (NR 029289.1)

 Syntrophobacter fumaroxidans MPOB (NR 075002.1)

 Syntrophobacter pfennigii KoProp1 (NR 026232.1)

Syntrophobacteraceae

 NP-04 (KM107853)

 Dethiobacter alkaliphilus AHT1 (EF422412.2)

 Candidatus Contubernalis alkalaceticum clone Z-7904 (DQ124682.1)

 Thermohydrogenium kirishiense strain DSM 11055 (NR 117160.1)

 Syntrophomonas wolfei (AF022248.1)

 Pelospora glutarica WoGl3 (NR 028910.1)

 Thermosyntropha tengcongensis L-60 (NR 109048.1)

 Thermosyntropha lipolytica JW265 (NR 026356.1)

Syntrophomonadaceae

 Caldilinea tarbellica D1-25-10-4 (HM134893.1)

 Caldilinea aerophila DSM 14535 (NR 074397.1)

 NP-02 (KM107851)

Caldilineaceae

 V-01 (KM107856)

 V-02 (KM107857)

 Anaerolinea thermolimosa IMO-1 (NR 040970.1)

 Anaerolinea thermophila UNI-1 (NR 074383.1)

 Ornatilinea apprima P3M-1 (NR 109544.1)

 Leptolinea tardivitalis YMTK-2 (NR 040971.1)

 Longilinea arvoryzae KOME-1 (NR 041355.1)

 Levilinea saccharolytica KIBI-1 (NR 040972.1)

 Bellilinea caldifistulae GOMI-1 (NR 041354.1)

Anaerolineaceae

 V-03 (KM107858)

 Acetobacter syzygii 9H-2 (AB052712.1)

 Acetobacter peroxydans (AB032352.1)

 Gluconobacter japonicus NBRC 3269 (AB178408.1)

 Gluconobacter kondonii NBRC 3266 (AB178405.1)

 Acidomonas methanolica NBRC 104435 (AB682176.1)

 Gluconacetobacter takamatsuzukensis T61213-20-1a (AB778531.1)

 Gluconacetobacter tumulisoli T611xx-1-4a (AB778530.1)

 Kozakia baliensis NBRC 16664 (AB681100.1)

 Asaia prunellae T-153 (AB485741.1)

 Asaia lannaensis (AB469044.2)

Acetobacteraceae

 Escherichia coli K-12 (NC 000913.3)

64

100

38

97

100

93

82

100

73

88

100

99

84

100

97

90

74

57

98

100

76

100

61

100

87
100

80

86

100

100

89

95

89

100

86

58

100

98

4378

43
97

52

99 80
100

54

100

100

95

98
87

44

47

100

35

45

0.02

Name DECIPHER RDP

NP-01 Syntrophobacterales Root[100%] Bacteria[100%] "Proteobacteria"[98%] Deltaproteobacteria[97%] 
Syntrophobacterales[88%] Syntrophobacteraceae[64%] Desulfovirga[39%]

NP-02 Caldilineae Root[100%] Bacteria[100%] "Chloroflexi"[100%] Caldilineae[57%] 
Caldilineales[57%] Caldilineaceae[57%] Caldilinea[57%]

NP-03 Syntrophobacterales Root[100%] Bacteria[100%] "Proteobacteria"[100%] Deltaproteobacteria[100%] 
Syntrophobacterales[100%] Syntrophaceae[100%] Smithella[60%]

NP-04 Acidobacteria_Gp22 Root[100%] Bacteria[100%] "Acidobacteria"[100%] Acidobacteria_Gp18[100%] 
Gp18[100%]

V-01 Anaerolineaceae Root[100%] Bacteria[100%] "Chloroflexi"[99%] Anaerolineae[97%] 
Anaerolineales[97%] Anaerolineaceae[97%] Longilinea[87%]

V-02 Anaerolineaceae Root[100%] Bacteria[100%] "Chloroflexi"[100%] Anaerolineae[100%] 
Anaerolineales[100%] Anaerolineaceae[100%] Longilinea[43%]

V-03 Acetobacteraceae Root[100%] Bacteria[100%] "Proteobacteria"[100%] Alphaproteobacteria[100%] 
Rhodospirillales[100%] Acetobacteraceae[100%] Granulibacter[54%]

V-04 Desulfuromonadales Root[100%] Bacteria[100%] "Proteobacteria"[100%] Deltaproteobacteria[100%] 
Desulfuromonadales[100%] Desulfuromonadaceae[100%] Desulfuromonas[100%]
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the Pasig River system. Phylogenetic analysis, which was based on the comparison 
of individual clone contigs with gene sequences archived in annotated databases, 
produced insights on the types of bacteria present in the riverbed soil  samples. 
Previous organismic studies of the Pasig River have been limited to rotifers (Lazo 
et al. 2010), fish (Chavez et al. 2006), fungi (Yap and Halos 2009), and cultured 
bacteria  (Dela  Cruz  and  Halos  1997).  This  study  reports  for  the  first  time,  an 
approach of utilizing community 16S rDNA to generate a census of the microbial 
population in two sites of the Pasig River system. Future studies using multiple 
composite  samples,  larger  sample  sizes,  and  use  of  other  techniques  like 
pyrotagged  sequencing  (Hamady  et  al.  2008  and  Muller  et  al.  2013)  are 
recommended.
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