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The representation of bacterial and archaeal genome 
sequences is strongly biased towards cultivated 
organisms, which belong to merely four phylogenetic 
groups. Functional information and inter-phylum level 
relationships are still largely underexplored for candidate 
phyla, which are often referred to as ‘microbial dark 
matter’. Furthermore, a large portion of the 16S rRNA
gene records in the GenBank database are labeled as 
“environmental samples” and “unclassified”, which is in 
part due to low read accuracy, potential chimeric 
sequences produced during PCR amplifications and the 
low resolution of short amplicons. In order to improve the 
phylogenetic classification of novel species and advance 
our knowledge of the ecosystem function of uncultivated 
microorganisms, high-throughput full length 16S rRNA
gene sequencing methodologies with reduced biases are 
needed. We evaluated the performance of PacBio
single-molecule real-time (SMRT) sequencing in high-
resolution phylogenetic microbial community profiling. 
For this purpose, we compared PacBio and Illumina
metagenomic shotgun and 16S rRNA gene sequencing 
of a mock community as well as of an environmental 
sample from Sakinaw Lake, British Columbia. Sakinaw
Lake is known to contain a large percentage of microbial 
species from candidate phyla. Sequencing results show 
that community structure based on PacBio shotgun and 
16S rRNA gene sequences is highly similar in both the 
mock and the environmental communities. Resolution 
power and community representation accuracy from 
SMRT sequencing data appeared to be independent of 
%GC content of microbial genomes and was higher 
when compared to Illumina-based metagenome shotgun 
and 16S rRNA gene (iTag) sequences, e.g. full-length 
sequencing resolved all 23 OTUs in the mock 
community, while iTags did not resolve closely related 
species. SMRT sequencing hence offers various 
potential benefits when characterizing uncharted 
microbial communities.

Abstract

This study pursued the following aims:

1) To evaluate the representation accuracy 
between PacBio and Illumina (shotgun 
and 16S) of a known community

2) To evaluate the influence of GC-richness 
on sequence representation

3) To evaluate the resolution power of the 
phylogenetic diversity of Sakinaw Lake, 
especially with respect to candidate phyla

4) To evaluate the representation of 
candidate phyla OTUs and compare 
between PacBio 16S and iTags

Objectives

DNA from species in the mock community was obtained from the 
American Type Culture Collection (ATCC). The environmental 
water sample was collected at 120 m depth from Sakinaw
Lake, British Columbia, Canada, in 2010. DNA was isolated 
using 0.22 µM Sterivex Filters and Cesium Chloride Density 
Gradient Centrifugation [1]. For universal amplification of the 
V4 region of the 16S rDNA (iTags), forward primer 515F and 
reverse primer 806R were used (250 bp insert). Full-length 
16S rDNA amplification was performed using primers 27F and 
1492R. DNA was amplified using the KAPA SYBR FAST 
qPCR Kit. Pooled amplicons were purified with AMPure
(Agencourt Bioscience, Beverly, MA) and analyzed with a 
Bioanalyzer 2100 (Agilent) instrument. Amplicons and 
genomic DNA were sequenced on an Illumina Miseq, HiSeq
2500, and a PacBio RSII sequencing platform, respectively. 
Fro the mock community, we obtained 2,116,448 iTag reads, 
7,438,720 Illumina shotgun reads, ~10,000 PacBio 16S reads, 
and 604,529 PacBio Shotgun reads.

16S sequences of the Sakinaw sample were first rarefied to 
5,000 reads. OTUs with ≥ 2 reads were used for phylogenetic 
analysis resulting in 4,407 iTag and 5,000 PacBio sequences. 
Sequences were initially aligned using the SINA aligner [2]. 
Phylogeny based on this alignment was reconstructed using 
fasttree [3].

Materials & Methods

Figure 1: Abundance profiles of Mock community as represented by PacBio and lllumina
sequences. Order follows the abundance profile of the PacBio Shotgun sequence data. 
Species name are colored by %GC range.

Results

Conclusions

1) The two closely related Salmonella spp. were not 
resolved by iTag sequences, because dissimilarities 
occur outside the V4-region

2) PacBio 16S sequences do not appear to be as 
influenced by %GC-content as Illumina sequences

3) There are minor differences between datasets from iTags
and PacBio 16S in the classifiable OTUs

4) iTag sequences may overestimate microbial diversity as 
16S variability in the V4-region is not homogeneous 
across phyla

5) Full-length 16S sequences are essential for the 
expansion of current databases because partial 16S can 
be more accurately placed when few or no cultured 
representatives are available
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Figure 2: Average abundance differences according to %GC 
range. Species abundance as represented by PacBio
Shotgun data was used as reference, to which all 
other datasets were compared.

iTags PacBio
16S

# of phyla resolved (reads) 32 (4,407) 34 (5,000)
# of candidate phyla (reads) 18 (2,139) 16 (1,724)
# of families resolved (reads) 45 (3,906) 49 (4,636)
# of families from candidate phyla (reads) 22 (3,197) 18 (3,217)
# of OTUs (reads) 1,843 (4,407) 359 (5,000)

Table 1: OTU-assignment statistics of classifiable sequences. Comparison between 
iTag and PacBio 16S data shows that datasets are very similar and do not 
show large discrepancies where sequences can be classified.

Figure 4: PacBio OTU tree (359 assigned OTUs). Pink: 175 (48.74%) 
unclassified OTUs; orange text labels: candidate phyla; blue text labels: 
phyla classified in PacBio data and absent from iTags. Branch colors denote 
phyla clades.

Sakinaw Lake Analysis

Mock Community Analysis

Figure 3: a) Sequence similarities between Salmonella spp. 16S full-length 
(97.4%) and V4-region (100%) sequences.
b) Over-estimated diversity by iTag sequences can result from 
hypervariability over the V4-region compared to the full-length 
sequence.
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Bac teri a;Pro te o ba cte ria ;Gam ma pro teo b ac te ri a;L eg io n el la l es ;C ox ie ll a ce ae ;Aqu i ce ll a;Un clas si fie d ;Unc la ss ifi ed ;

Ba cte ria ;Prote ob ac teri a;Ga mm ap ro te o ba cte ria ;

Unc la ss i fi e d;

Un clas si fie d ;

Bac te ri a;Prote ob a cte ria ;Gam ma pro teo b ac te ri a;L eg ion el l al es ;Le gio ne l la ce ae ;Le g io ne l la ;

Bac teri a ;Pro teo ba cte ria ;Ga mma p rote ob ac teri a ;L eg ion e ll al e s;L eg io n el la ce a e;L eg ion el l a;

Ba cte ri a ;Pro teo b ac teri a;Ga mm ap ro te o ba cte ria ;Le gio ne ll a le s;L eg ion el l ac ea e ;L e gion e ll a ;

Ba cte ri a;Prote ob a cteri a ;Gam ma pro teo b ac te ri a;L eg io n el l al es ;Le gio ne l la ce a e;Le g io n el la ;

Bac te ri a;Pro te o ba cte ria ;

Ba cteri a ;Pro teo b ac te ri a;

Ba cte ria ;Pro te ob ac teri a;Ga mm a pro te o ba cte ria ;Le g io ne l la l es ;L e gion e ll a ce ae ;Le gio ne l la ;

Ba cte ria ;Prote ob ac teri a ;G am ma pro teo ba cte ria ;L eg io n el la l es ;Le gio ne ll a ce ae ;Le g io ne l la ;

Bac teri a ;Pro teo ba cte ria ;Ga mm ap rote ob a cteri a ;

Ba cte ria ;Prote ob ac teri a ;G am ma pro teo ba cte ria ;Le g io ne l la l es ;L e gio ne ll a ce ae ;Le gio ne l la ;

Ba cte ria ;Prote ob a cteri a ;G am ma pro teo ba c te ri a;Le g io n el la l es ;Le gio ne ll a ce ae ;Le g io ne l la ;

Bac te ri a;Pro te o ba cte ria ;Ga mma p roteo b ac teri a;L eg ion el l al e s;Le g io n el la ce a e;L eg io n el l a;

Bac teri a ;Pro teo ba cte ria ;Ga mm ap rote ob a cteri a ;L e gion e ll al e s;L eg io n el l ac ea e;L eg ion e ll a;

Ba cter ia ;Pro teo b ac te ri a;Ga mm ap ro te o ba cte ria ;Le gio ne ll a le s;L eg ion e ll ac ea e ;L e gion e ll a ;

Bac te ri a;Pro te o ba cte ria ;Gam ma pro teo b ac te ri a;L eg ion el l al es ;Le gio ne l la ce ae ;Le g io ne l la ;

Un clas si fie d ;

Un cla ss if i ed ;

Ba cte ria ;Prote ob ac teri a;G am map ro te o ba cte ria ;Le gio ne l la le s ;L eg ion e ll ac ea e ;L e gion e ll a ;
Ba cteri a;Pro teo ba cte ria ;Ga mma p rote ob ac teri a;L eg ion el l al es ;Le gio ne l la ce ae ;Le g io ne l la ;

Ba cte ri a ;Pro teo b ac te ri a;Ga mm ap rote ob a cteri a ;L e gion e ll al e s;L eg io n el la ce a e;L eg io n el la ;

Bac te ri a;Prote ob a cteri a ;G am ma pro teo ba cte ria ;Le g io ne l la le s;L e gion el l ac ea e ;L e gion e ll a ;

Ba cteri a
;Pro teo ba cte ria ;Ga mma pro teo b ac te ri a;Me thy lo co cc ale s;Me thy lo co cc ac ea e ;

Ba cte ria ;Pro teo ba c te ria ;Ga mma pro teo b acte ria ;Pse ud om on a da le s;Pse u do mo na da ce a e;Pse ud o mo na s;

Bac teri a;P
ro te o ba cte ria ;G am ma pro teo ba cte ria ;Pse ud om on ad a le s;Pse u do mo na da ce a e;Pse ud o mo na s;

Un cl as si f ie d ;Unc la ss if i ed ;
Ba cteri a ;Pro teo ba cte ria ;Del tap ro te o ba cte ria ;Bd e ll o vi bri on a le s;Bac teri ov ora c ac ea e;u nc ul ture d ;

Ba cte ria ;Prote ob ac teri a;De lta pro teo b ac te ri a;Bde l lo vi b rio na l es ;Ba cte rio vo rac a ce ae ;u n cu ltu red ;

Bac teri a;Pro te o ba cte ri a ;D el tap rote ob ac teri a;Bd el l ov ib rio n al es ;Bac te ri ov ora ca ce ae ;un cu l tu red ;

Ba cte ria ;Pro teo b ac te ri a;De lta pro te o ba cte ria ;Bde ll o vi bri on a le s;Ba cteri o vo ra ca c ea e;u nc ul ture d;

Bac te ri a;Prote ob a cteri a ;D el tap rote ob ac teri a ;M yx oc oc ca le s;u nc ul ture d ;

Ba cte ri a ;Pro teo b acte ri a;De lta pro teo ba cte ria ;Des ul fov ib ri on al e s;De su lfo vi bri on a ce ae ;Des ul fov ib ri o;

Unc la ss if i ed ;

Ba cte ri a ;Pro teo b ac te ri a;De lta pro teo ba cte ria ;GR−W P3 3 −3 0;

Bac teri a;Prote ob a cteri a;Al ph ap rote ob ac teri a;Rh od os pi ril l al es ;Fa mi ly  In ce rtae  Sed is ;Re yra ne l la ;

Ba cteri a;Prote ob a cteri a;Al ph ap rote ob ac te ria ;Ri cke tts ia l es ;Fa mi ly  In ce rta e Se di s;Ca ed ib ac ter;

Un cl as si fi e d;
Ba cteri a;Pro te ob a cteri a;Al ph ap rote ob ac teri a;Ri cke tts ia l es ;SM 2D1 2;

Ba cteri a;Pro te ob a cteri a;De lta pro teo ba cteri a ;SAR3 24  cl ad e(Ma ri ne  g rou p  B);

Ba cteri a;Pro te ob a cteri a;Al ph ap rote ob ac teri a;Ri cke ttsia l es ;Ri ck ettsi a cea e ;u nc ul ture d;

Ba cteri a;Prote ob ac teri a;Al ph ap roteo b acte ria ;Ric ke tts ia le s;Ri cke ttsi ac ea e;Ric ke tts ia ;

Ba cteri a;Prote ob ac teri a;Alp h ap roteo b acte ria ;Ric ke tts ia le s;Ri cke ttsia c ea e;Ric ke tts ia ;
Ba cte ria ;Pro teo ba cteri a;Al ph ap rote ob ac te ria ;Rhi zo bi al e s;Me th yl ob a cteri ac ea e;Me thy lo ba cte ri u m;

Bac teri a;Prote ob ac te ria ;Al p ha pro te ob a cteri a;Ca ul ob ac te ral es ;Cau lo ba cte ra ce ae ;
Ba cte ri a ;Pro te ob ac teri a;Alp ha pro teo ba cteri a;Rh izo b ia le s;

Ba cteri a;Proteo b acte ri a ;Al ph ap rote ob acte ria ;Rh i zob i al es ;Brad yrh iz ob ia ce ae ;Bra dy rhi zob i um;

Bac te ria ;Pro teo ba cteri a;Al ph ap ro teo ba cteri a;Rh iz ob ia le s;Xan tho ba ctera ce ae ;

Bacte ria ;Pro te ob ac teri a;Alp ha pro te o ba cteri a;Rhi zo bi al e s;

Bac te ria ;Pro teo ba cteri a ;Al ph ap rote ob ac te ria ;Rh i zo bi al es ;Ph yl lo ba cte ria cea e ;M eso rhi zo bi u m;

Bacte ria ;Pro te o ba cteri a;Al ph ap roteo ba cte ri a ;Rh iz ob ia l es;Hy ph omi cro bi ac ea e;

Bac te ria ;Pro teo ba cteri a ;Al ph ap rote ob ac te ria ;

Ba cte ri a ;Pro te ob ac teri a;Alp ha pro teo ba cteri a;Sp hi ng om on ad al es ;Sp hi ng om on ad ac ea e;Sph in go bi u m;

Ba cteri a;Prote ob ac te ria ;Alp ha pro te ob a cteri a;Sph in go mo na da le s;Sph i ng omo na d ace ae ;Nov os ph in go bi um ;

Ba cteri a;Prote ob acte ria ;Al ph a prote ob ac te ria ;Sph in go mo na da le s;

Bac te ria ;Proteo ba cte ria ;Al ph a prote ob ac te ri a;Cau lo b acte ral es ;Hyph om on ad ac ea e;Hi rsch i a;

Ba cteri a ;Pro te ob ac teri a;Alp ha pro teo ba cte ri a ;Ca ul o ba ctera le s;Cau l ob ac te rac ea e;

Ba cteri a;Prote ob ac te ria ;Alp ha pro teo ba cteri a;Ca ul ob ac teral e s;Cau lo b acte rac ea e;Cau l ob ac te r;

Un cl as si fi e d;
Bac teri a;Prote ob ac te ri a;

Bac te ri a;Proteo b ac te ria ;Al p ha pro te o ba cteri a;Rh od os pi ril l al es ;Ac eto ba ctera ce ae ;

Bac te ria ;Proteo ba cte ria ;Al ph a pro te ob a cteri a;Rh od os pi ril l al es ;Ac etob ac tera ce ae ;u n cul ture d;

Bac te ria ;Pro teo ba cte ria ;Al ph a pro te ob ac teri a;Rh od osp i ril la l es;Ace tob ac tera cea e ;

Ba cte ria ;Pro teo ba cte ri a ;Al ph ap rote ob ac teri a;Rho do sp i ri l la le s;Ace tob ac te rac ea e;

Bac teri a;Prote ob ac teri a;Alp ha p ro teo ba cte ria ;Rho do sp iri ll a le s; I−1 0;

Un cl as si fi e d;

Bac teri a;Prote ob ac teri a;De lta pro te o ba cteri a ;G R−W P33−3 0 ;

Unc la ss if i ed ;Unc la ss if i ed ;Unc la s si fi ed ;

Ba cte ria ;Prote ob ac teri a;De lta pro teo ba cte ria ;Des ul fob a ctera le s;De su l fo b ul ba ce ae ;De su lfu riv ib rio ;

Bac teri a;Pro te ob a cteri a ;De l ta p rote ob ac teri a;Syn trop ho b ac te ral e s;Syn trop ha ce ae ;De su lfo ba cc a;

Ba cteri a ;Pro teo ba cte ria ;Del tap rote ob a cteri a ;Sy ntro ph ob a ctera le s ;Sy ntrop h ac ea e;De su lfo b acc a;

Ba cte ria ;Pro teo b ac te ri a;De ltap ro te o ba cte ri a ;Sy ntro ph ob a ctera le s ;Sy ntrop h ob ac tera ce ae ;un cu ltu red ;

Bac te ri a;Prote ob ac teri a;De lta pro teo ba c te ria ;Des ul fob a ctera l es;De su l fo ba c te rac ea e ;De su l fa t irh ab d iu m;

Bac teri a;Pro te o ba cteri a ;Del tap rote ob ac teri a;De su lfo ba cte ral es ;Des ul fob ac tera ce ae ;SEEP−SRB1;

Ba cte ria ;Pro teo ba cte ria ;Del tap ro te ob a cteri a ;De su l fo b acte ral e s;Des ul fob a ctera ce ae ;De sul foc o ccu s;

Bac te ri a;Prote ob a cteri a ;De l ta p rote ob ac te ri a;Syn trop h ob ac te ra le s;Syn trop ha ce a e;De su lfo mo ni l e;

Ba cteri a ;Pro teo ba cte ria ;Del tap rote o ba cteri a ;D es ul furo mo na da l es ;G R−W P3 3− 58 ;

Unc l ass i fi e d;Un cl as si f ie d ;

U nc la ss if i ed ;

Unc la s si fi e d;Bac teri a;Pro te ob a cteri a ;De l ta p ro teo b ac te ri a;Des ul furo mo na d al es ;

Unc la ss if i ed ;

Un cl a ssi f ie d ;Un c la ssi f i ed ;Unc la ss if i ed ;

Un cl as si f ie d;

Unc l ass if i e d;Un cl as si fi e d;

Un cl as si f ie d ;Uncl a ssi f i ed ;Unc la ss if i ed ;

Bac te ri a;Prote o ba cte ria ;Del tap ro te o ba cte ria ;Sva 04 85 ;

Ba cte ria ;Pro teo b ac teri a;De l ta pro te ob ac teri a;De su l fa rcu l al e s;Des ul fa rcu la ce ae ;un cu l ture d;

Ba cteri a ;Pro teo b ac te ri a;De lta pro teo ba cte ri a;De su lfa rcu la l es ;D es ul farc ul ac e ae ;un cu ltu red ;Ba cte ria ;
Ba cteri a ;Pro teo b ac te ri a;De lta pro teo b ac te ri a;

Bac te ri a;Pro te o ba cte ria ;Del tap ro te o ba cte ria ;Des ul farc ul a le s;De su l fa rcu l ac ea e;u nc ul tu red ;

Ba cte ri a;Prote ob a cteri a ;Del tap rote ob a cte ri a ;Des ul farc ul a le s;De su lfa rcu la c ea e;u nc ul tu re d ;
Ba cte ria ;Prote ob ac teri a;De l ta p ro te ob ac teri a;De su l fa rcu l al e s;Des ul fa rc u la ce ae ;un cu l ture d;

Bac teri a ;Pro teo b ac te ri a;De lta pro teo ba c te ri a;De su lfa rcu la l es ;Des ul farc ul a ce ae ;un cu l tu re d;
Bac te ri a;Pro te o ba cte ria ;Del tap ro te o ba cte ria ;Des u lfa rcu la le s ;De su l farcu l ac ea e ;u n cu ltu red ;

Bac teri a;Pro te o ba cte ria ;Del tap ro te o ba cte ria ;Sva 04 8 5;

Ba cte ria ;Prote ob a cteri a ;De l ta p rote ob ac teri a ;De su l fa rcu l al e s;Des u lfa rc u la ce ae ;un cu l ture d;

Ba cte ria ;Prote ob ac teri a ;De l ta p rote ob ac teri a;De su l fa rcu l al es ;Des ul farc ul a ce ae ;un cu l tu re d;Ba cteri a ;Pro teo ba cte ri a;De lta pro teo ba cte ria ;Des ul farc u la le s;De su l fa rcu la c ea e;u nc ul ture d ;

Bac te ri a;Prote ob a cteri a ;De l tap rote ob a cteri a;De su l fa rcu l al es ;Des ul farc ul a ce ae ;un cu l tu red ;

Ba c te ri a;Prote ob a cteri a ;De l ta p rote ob ac teri a;De su l fa rcu l al es ;Des ul farc ul a ce ae ;un cu ltu red ;

Ba cteri a ;Pro teo ba cte ria ;De lta pro teo ba cte ria ;Des ul farc u la le s;De su l fa rcu l ac ea e;u nc u ltu re d ;

Ba cteri a ;Pro teo ba c te ri a;De lta pro teo ba c te ria ;De su lfa rcu la l es ;D es ul farc ul ac ea e ;un cu ltu red ;

Bac te ri a;Pro te ob a cte ria ;Del tap rote ob a cteri a ;D es ul farc ul al e s;De su lfa rcu la ce ae ;u nc ul ture d;

Ba cte ria ;Prote ob ac teri a;De lta pro teo b ac te ri a;De su lfa rcu la l es ;D es ul farc ul a ce ae ;un cu ltu red ;

Bac teri a;Pro teo ba cte ria ;Del tap ro te o ba cte ria ;Des ul farc ul a le s;De su lfa rcu l ac ea e;u nc ul ture d ;

Ba cteri a ;Pro teo b ac te ri a;De lta pro teo b ac te ri a;De su lfa rcu la l es ;Des ul farc ul a ce ae ;un cu ltu red ;

Bac teri a;Pro te o ba cte ria ;Del tap ro te o ba cte ria ;Des ul farc ul a le s;De su lfa rcu l ac ea e;u nc ul tu red ;

Ba cte ria ;Prote ob a cteri a ;D el tap rote ob ac teri a ;De su l fa rc ul al e s;De su lfa rcu la ce a e;u nc ul ture d;

Ba cte ria ;Prote ob a cteri a ;De l tap rote ob ac teri a ;De su l fob ac tera le s;De su l fob ac tera ce ae ;un cu l tu re d;

Ba cte ri a ;Pro teo b ac te ri a;De lta pro teo b ac teri a;Sva 0 48 5 ;Bac teri a ;Pro teo ba c te ria ;De lta pro teo ba c te ri a;Ord er In ce rta e  Se d is ;Sy ntro ph o rha bd a ce ae ;Syn tro p ho rha b du s;Bac teri a;Pro te o ba cte ria ;Del tap ro teo ba cte ria ;Ord er Inc erta e Se di s;Sy ntro ph orh a bd a ce ae ;Sy n tro ph o rha bd u s;

Bac te ri a;
Unc la ss if i ed ;

Ba cte ria ;Prote ob a cteri a ;De l tap rote ob a cteri a ;Sv a0 4 85 ;
Ba cte ria ;Prote ob ac teri a;De l ta p rote ob ac teri a;Sv a0 48 5 ;

Ba cte ria ;Prote ob a cteri a ;Del tap rote ob a cte ri a ;Sy n tro ph o ba cte rale s;Syn trop ha ce a e;u nc ul ture d ;

Bac te ri a;Pro te o ba cte ria ;Del tap ro te o ba cte ria ;Syn tro p ho ba c te ra le s;Syn trop h ac ea e;

Bac teri a;Pro te o ba cte ria ;Del tap ro teo ba cte ria ;Syn trop ho b ac te ra le s;Syn trop h ac ea e ;

Bac teri a;Pro te o ba cte ria ;De lta pro teo ba cte ria ;Syn trop ho b ac tera le s;Sy ntro ph ac ea e ;

Bac teri a ;Pro teo ba c te ri a;De lta pro teo b ac te ri a;Syn trop h ob ac tera le s ;Sy ntro ph a ce ae ;

Bac teri a ;Pro teo b ac te ri a;De lta pro teo b ac te ri a;Syn trop h ob ac tera le s ;Sy ntro ph a ce ae ;Syn tro p hu s;

Bac teri a ;Pro teo ba cte ri a;De lta pro teo ba c te ri a;Syn trop h ob ac tera le s ;Sy ntro ph ac e ae ;

Ba c te ri a;Prote o ba cte ri a ;Del tap ro te o ba cte ria ;Syn tro p ho ba cte rale s;Syn trop h ac ea e;Sm ith el la ;

Bac te ria ;Pro teo ba cteri a;De ltap rote ob ac te ria ;Sy ntro ph ob acte rales ;Sy ntrop ha ce ae ;un cul ture d;
Bac teri a;Pro te o ba cte ria ;Del ta pro teo ba cte ria ;Syn trop ho b ac tera le s;Sy ntrop h ac ea e ;
Bac te ri a;Pro te o ba cte ria ;Del tap ro te o ba cte ria ;Syn trop ho b ac te ra le s;Syn trop h ac ea e ;u n cu ltu red ;

Bac teri a;Proteo ba cte ri a ;De lta pro te ob ac te ria ;Syn tro ph ob ac te rales ;Sy ntrop ha ce ae ;un cu lture d;
Un class ifi ed ;
Bac teri a;Proteo ba cte ri a ;De lta pro te ob ac te ria ;Syn tro ph ob ac te rales ;Sy ntrop ha ce ae ;

Ba cteri a ;Pro teo b ac te ri a;De lta pro teo b ac te ri a;

Bac teri a;Proteo ba cte ri a ;De lta pro te ob ac te ri a;
Bac teri a;Proteo ba cte ri a ;De lta pro te ob ac te ri a;

Un clas si fie d ;
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