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Abstract Obtaining full-length 16S rRNA gene sequences
is important for generating accurate taxonomy assignments
of bacteria, which normally is realized via clone library
construction. However, the application of clone library has
been hindered due to its limitations in sample throughput
and in capturing minor populations (<1 % of total micro-
organisms). To overcome these limitations, a new strategy,
two-step denaturing gradient gel electrophoresis (2S-
DGGE), is developed to obtain full-length 16S rRNA gene
sequences. 2S-DGGE can compare microbial communities
based on its first-round DGGE profiles and generate partial
16S rRNA gene sequences (8–534 bp, Escherichia coli
numbering). Then, strain-specific primers can be designed
based on sequence information of bacteria of interest to PCR
amplify their remaining 16S rRNA gene sequences (515–
1541 bps, E. coli numbering). The second-round DGGE can
confirm DNA sequence purity of these PCR products. Fi-
nally, the full-length 16S rRNA gene sequences can be
obtained through combining the two partial DNA sequen-
ces. By employing 2S-DGGE, taxonomies of a group of
dehalogenating bacteria have been assigned based on their
full-length 16S rRNA gene sequences, several of which
existed in dehalogenating microcosms as minor populations.
In all, 2S-DGGE can be utilized as a medium throughput
method for taxonomic identification of interested/minor
populations from single or multiple microbial consortia.
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Introduction

The 16S rRNA gene-based molecular tools have revolution-
ized our understanding of the diversity and dynamics of
bacterial community which normally involves microbial
community profiling and taxonomic assignments of specific
populations based on full-length 16S rRNA gene sequences.
Among them, PCR-denaturing gradient gel electrophoresis
(DGGE; Muyzer et al. 1993) has played a key role in
fingerprinting of microbial communities. Compared with
other methods (e.g., clone library), DGGE has advantages
in loading multiple samples in a single run and in observing/
comparing their microbial community profiles directly on a
gel (Nocker et al. 2007). However, the commonly used
DGGE method is limited by a maximum of ~500 nucleo-
tides for good separation on DGGE gels (Nocker et al.
2007), therefore, only partial 16S rRNA gene sequences
can be obtained from sequencing excised gel bands. Burr
et al. (2006) reported a strategy to overcome this limitation
by cloning full-length 16S rRNA PCR products, followed
by PCR/DGGE to screen the clone library, and then by
sequencing the DNA of clones. Nevertheless, the strategy
offsets advantages of normal DGGE both in sample
throughput and microbial community comparison. More-
over, this strategy has low genotyping capability due to the
limitation step of PCR/DGGE which screens sequence dif-
ferences only within one (i.e., the V3) out of nine highly
variable regions of cloned full-length 16S rRNA gene
sequences (Burr et al. 2006).

Clone library has been widely used to complement other
methods to obtain full-length16S rRNA gene sequences for
taxonomic identification (Nocker et al. 2007; Yoshida et al.
2009). However, the employment of clone library also
brings several limitations, e.g., the gene sequences of minor
populations (<1 % in total abundance) could be missed due
to picking and sequencing limited clones (Nocker et al.
2007); clone library is a low throughput method, which
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makes it time- and labor-intensive to compare microbial
communities through constructing multiple clone libraries.

In this study, we developed a new strategy, two-step
denaturing gradient gel electrophoresis (2S-DGGE), to com-
pare microbial communities through screening sequence
differences across over five highly variable regions (V1–
V5) of 16S rRNA genes, and to capture the full-length
sequences of interested/minor populations from one or mul-
tiple samples for their taxonomic assignments without te-
dious clone library construction.

Materials and methods

Chemicals

Unless stated otherwise, chemicals were purchased from
Sigma-Aldrich (SIGMA-ALDRICH, St. Louis, MO, USA)
at the highest purity available. The DNA extraction kits and
PCR reagents were obtained from Qiagen (QIAGEN,
GmbH, Germany).

Culture and growth conditions

A 1,2-dichloroethane (1,2-DCA) dechlorinating microcosm
was established with digester sludge, and its dechlorinating
bacteria were characterized by 2S-DGGE. Dehalococcoides
sp. strain MB (EU073964) that dechlorinates tetrachloro-
ethylene (PCE) to dominant trans-1,2-dichloroethene
(trans-DCE) was utilized to prepare an artificial DNA sam-
ple in this study and was maintained as described previously
(Cheng and He 2009). A coculture containing a Dehalococ-
coides sp. and two Dehalobacter sp. was also selected to
prepare the artificial DNA sample, which was enriched from
a river sediment sample and could dechlorinate PCE com-
pletely to ethene within 30 days.

DNA extraction, PCR, clone library, and sequencing

Total genomic DNA was extracted from 1 ml of cell pellets
collected from dechlorinating cultures and the controls
according to a method described previously (Löffler et al.
1997). The concentration of the nucleic acid was determined
by a Nanodrop-1000 (NanoDrop Technologies, Wilmington,
DE, USA). PCR (Eppendorf, Hamburg, Germany) amplifica-
tion of nearly complete 16S rRNA gene sequences were
conducted under conditions described previously (Löffler et
al. 1997). Clone libraries of 16S rRNA genes of dehalogenat-
ing cultures were established by using TOPO-TA cloning kit
(Invitrogen, Carlsbad, CA, USA), and all further clone-
based experiments were carried out as described previous-
ly (He et al. 2003). Purified plasmids or PCR products

were sequenced and aligned by using MEGA4 (He et al.
2003; Tamura et al. 2007).

DGGE

PCR products amplified with a primer set of 8FGC and
518R or 519FGC and 926R were separated on an 8 %
polyacrylamide gel with a gradient range of 30–60 %
(100 % denaturant consisted of 7 M urea and 40 % deion-
ized formamide) in 0.5× TAE buffer. Gradient gels were cast
with Bio-Rad’s Model 475 gradient delivery system (Bio-
Rad, Hercules, CA, USA). The electrophoresis was per-
formed for 15 h at a constant electric current of 30 mA
and a temperature of 60 °C with the DCode Mutation De-
tection System (Bio-Rad, Hercules, CA, USA). Gel images
of SYBR® Gold (Invitrogen, Carlsbad, CA, USA) stained
DNAwere taken by using a Molecular Imager Gel Doc XR
System (Bio-Rad, Hercules, CA, USA). Bands of interest
were excised and DNA fragments were extracted by using
the QIAEX II Gel Extraction Kit (QIAGEN, GmbH, Ger-
many). The captured DNAs were then PCR re-amplified by
using the primer set 8FGC and 518R or 519FGC and 926R,
and re-analyzed by DGGE to confirm that single bands were
obtained before sending the PCR re-amplified products for
sequencing.

2S-DGGE procedures

The schematic diagram of 2S-DGGE was shown in Fig. 1,
which included seven steps: (1) partial sequences (PCR
amplified using primers 8FGC and 518R) of 16S rRNA
genes were prepared; (2) DGGE was carried out to separate
partial 16S rRNA gene fragments from Step 1, and bands of
interest were excised from DGGE gels to elute the DNAs,
followed by PCR re-amplification, purification, and then se-
quencing; (3) sequences from Step 2 were aligned with Bio-
Edit assembly software (http://www.mbio.ncsu.edu/BioEdit/
bioedit.html), and were analyzed with BLASTN (http://
www.ncbi.nlm.nih.gov/) to design a strain-specific forward
primer targeting sequences of highly variable regions in V1
(from base 69–100, Escherichia coli numbering), V2 (from
base 137–226, E. coli numbering) or V3 (from base 440–496,
E. coli numbering); (4) the remaining part of 16S rRNA gene
sequences of interested species were PCR amplified with
primer sets of the newly-designed strain-specific forward pri-
mers (BandX-F, X01, 2, 3……) and universal bacterial re-
verse primer (1392R/1541R); (5) diluted PCR products (50
times dilution) from Step 4 were used as templates for PCR
amplification with another universal bacterial primer set
(519FGC and 926R) for following DGGE analysis; (6) the
second round of DGGE was conducted to separate DNA
fragments from Step 5 to check their purity/diversity; (7) once
DGGE gels showed single bands (e.g., Band 2 and Band 3 in
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Fig. 1), the corresponding purified PCR products from Step 4
would be sequenced and then nearly full-length 16S rRNA
gene sequences were obtained by assembling sequences
obtained at Step 2 and Step 7. However, if DGGE gel showed
multiple bands (e.g., Band1-1 and Band1-2 in Fig. 1), bands
could also be excised and sequenced. As a result, a ~920-bp
sequence (from base 8–926, E. coli numbering) could be
obtained by assembling both Step 7 and Step 2 sequences.
Normally, single fragments could be obtained at Step 4 with
well-designed strain-specific forward primers at Step 3.

Nucleotide sequence accession numbers

The nearly full-length 16S rRNA gene sequences of Deha-
lococcoides species are deposited in GenBank under acces-
sion numbers JF698641-JF698649.

Results

2S-DGGE development

To understand the phylogeny of microbes in a consortium
and to obtain their full-length 16S rRNA gene sequences
without referring to the tedious clone library construction, a
2S-DGGE approach was developed (Fig. 1). Selecting ap-
propriate universal bacteria primer sets at Step 1 and Step 5
(Fig. 1) and designing bacterium strain-specific forward

primers at Step 3 were crucial when developing the 2S-
DGGE method. The primer sets selected should meet the
following two criteria: firstly, to get nearly full-length 16S
rRNA gene sequences, the forward universal bacteria primer
used at Step 1 should be 8F (Reysenbach et al. 1994) or 11F
(Kane et al. 1993), and the reverse universal bacteria primer
used at Step 4 should be 1392R (Lane 1991) or 1541R
(Paster et al. 2002); secondly, to screen sequence differences
within continuous highly variable regions by 2S-DGGE, the
reverse universal bacteria primer used at Step 1 and forward
universal bacteria primer used at Step 5 should target the
same positions in the 16S rRNA gene sequences. Several
different universal bacteria primer sets (i.e., 8FGC-518R,
8F-518RGC, 519FGC-926R, 519F-926RGC, 519FGC-
1115R, and 519F-1115RGC) for Step 1 and Step 5 in
Fig. 1 were assessed through computer program MELT94
(Lerman et al. 1996). In the assessment, 16S rRNA gene
sequences of known dehalogenators were used as model
sequences to be amplified with those primer sets and then
the melting behavior of simulative amplified products were
predicted with MELT94. Two universal bacteria primer sets
(8FGC and 518R, and 519FGC and 926R) were ultimately
chosen to be used in the 2S-DGGE analysis, both of which
exhibits good separation of dehalogenators’ 16S rRNA gene
fragments based on their meltmaps calculated by MELT94.
The predicted result was confirmed through conducting 2S-
DGGE with 16S rRNA gene sequences from two Dehalo-
coccoides species strains MB (EU073964) and BAV1
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(CP000688) (data not shown). Additionally, the two primer
sets were also able to effectively fingerprint complex micro-
bial communities other than communities in dechlorinating
cultures (Juck et al. 2003; Nakasaki et al. 2009).

The bacterium strain-specific forward primers used at
Step 4 can be either the available genus-specific primers or
primers designed at Step 3 based on the sequence informa-
tion from Step 2, depending on the complexity of the mi-
crobial community in the studied samples. The available
genus-specific forward primers can be utilized as forward
primers at Step 4 only when single bacterium in this genus
presented in DGGE results at Step 2, and the target positions
of genus-specific forward primers should be located in V1,
V2 or V3 (base 8–529, E. coli numbering). If multiple
species from the same genus presented at Step 2, bacterium
strain-specific forward primers should be designed at Step 3,
and then the remaining 16S rRNA gene sequences of those
species can be amplified with bacterium strain-specific for-
ward primers combined with the reverse universal bacteria
primer, 1392R (Lane 1991) or 1541R (Paster et al. 2002).
1392R was chosen in this study due to its comparatively
broader matches compared to 1541R (Baker et al. 2003).
The sequences (from base 8–529, E. coli numbering) from
Step 2 covered three highly variable regions of 16S rRNA
genes (Baker et al. 2003). The designed strain-specific for-
ward primers for PCR amplifications at Step 4 should target
positions within any of the three highly variable regions, and
the particular variable base pairs specific for the targeted
strain should be located at the 3′ end of the strain-specific

forward primer, which usually ensures the primer specificity
(Wu et al. 2009).

Phylogenetic characterization of Dehalococcoides
in a 1,2-dichloroethane (1,2-DCA) dechlorinating culture
by using 2S-DGGE

2S-DGGE can compare microbial community profiles di-
rectly on the gel and, at the same time, provide taxonomic
assignments of bacteria with full-length 16S rRNA gene
sequences. To demonstrate these capabilities, 2S-DGGE
was employed to characterize dechlorinating bacteria in a
1,2-DCA dechlorinating consortium (Fig. 2). Through com-
paring DGGE profiles (with PCR products amplified with
8FGC and 518R at Step 1) of the 1,2-DCA dechlorinating
culture (lane 1 in Fig. 2a) and its control (lane 2 in Fig. 2a)
without 1,2-DCA amendment, band-1 was shown to repre-
sent the bacterium responsible for 1,2-DCA dechlorination
(Step 2). DNA sequencing results show that band-1 repre-
sents a Dehalococcoides bacterium in Victoria-subgroup.
Based on the sequence information, a forward primer,
denoted as Dhc-Victoria, was designed to specifically target
the V3 highly variable region of the Dehalococcoides 16S
rRNA gene sequence (Step 3), of which the specificity was
verified using RDP's ProbeMatch (Cole et al. 2009). The
remaining 16S rRNA gene sequence of the Dehalococ-
coides bacterium could be amplified with primers Dhc-
Victoria and 1392R (Step 4), of which diluted DNA samples
(50 times dilution) were used as templates for PCR

Fig. 2 a Application of 2S-
DGGE to characterize dechlor-
inators in a 1,2-DCA dechlori-
nating culture (lane 1) and in its
control culture without 1,2-
DCA amendment (lane 2)
(note: Step 2 using 8FGC/518R
primers); lane 3, amplification
specificity of Dehalococcoides
bacteria with 519FGC/926R
primers at Step 6. b Phyloge-
netic tree of dechlorinators in
the 1,2-DCA dechlorinating
culture (closed circle) and
PBDE-debromination micro-
cosms (open circles). Phyloge-
netic analyses were conducted
in MEGA4 (Tamura et al. 2007)
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amplification with primers 519FGC and 926R (Step 5), and
then subjected to DGGE separation (Step 6) to check wheth-
er the remaining 16S rRNA gene sequence was specifically
amplified. The single band on DGGE gel (lane 3 in Fig. 2a)
confirmed the specific PCR amplification of the remaining
16S rRNA gene sequences with primers Dhc-Victoria and
1392R, and thus, their sequence information could be
obtained through sequencing purified PCR products from
Step 4. Finally, near full-length 16S rRNA gene sequence of
the Dehalococcoides bacterium was obtained by assembling
sequences from Step 3 and Step 7.

Application of 2S-DGGE to probe minor populations

2S-DGGE can be utilized to phylogenetically characterize
minor populations in a complex microbial community. To
determine its applicability, an artificial DNA sample was
prepared, in which 16S rRNA gene sequences of two Deha-
lococcoides (strain MB and AD14-1) and two Dehalobacter
(strainTCP2 and AD14) were mixed with 16S rRNA gene
sequences from a digester sludge sample. The amount of
each of those four dehalogenators’ DNA was less than 1 %
of total DNA (molar basis). A clone library was constructed
as a control with the PCR products amplified with universal
bacterial primer set (8F and 1392R) and the artificial DNA
as the template. Before conducting 2S-DGGE, the mixed
DNA templates were firstly PCR amplified with 8F forward
primer and genus-specific reverse primers, DHC710R and
DEB630R (Table 1), to specifically amplify 16S rRNA gene
sequences of Dehalococcoides and Dehalobacter, respec-
tively. The diluted PCR products were further used as

templates for PCR amplifications with universal bacteria
primer set, 8FGC and 518R, at Step 1, and their products
were profiled on DGGE gels (lanes 1 and 2 in Fig. 3a).
Figure 3a demonstrated that the two Dehalobacter (lane 1 in
Fig. 3a) and two Dehalococcoides (lane 2 in Fig. 3a) were
specifically amplified. Through serial procedures of band
excising, DNA extraction, PCR re-amplification and subse-
quent sequencing, partial 16S rRNA gene sequences (from
base 8-529, E. coli numbering) of those four dehalogenators
were obtained, based on which four strain-specific forward
primers (Deb-V2-F, DebTCP-V3-F, Dhc-V2-F, and
DhcMB-V2-F in Table 1) were designed. Then, the remain-
ing 16S rRNA gene sequences could be obtained through
PCR amplifications with those strain-specific forward pri-
mers together with 1392R reverse primer, of which the
specificities were confirmed by DGGE profiles (lanes 3, 4,
5, and 6 in Fig. 3a) on PCR products amplified with the
primer set, 519FGC and 926R. The DNA fragments from
Dehalococcoides sp. MB (lane 3 in Fig. 3b) and strain
AD14-1 (lane 4 in Fig. 3a) stopped at positions with the
same denaturant concentration for their identical sequences
from base 519 to 1392 (E. coli numbering). Full-length 16S
rRNA gene sequences of dehalogenators in this artificial
sample were finally obtained through assembling sequences
from Step 2 and Step 7, which were consistent with their
previous sequencing results. In comparison, among 100
randomly picked clones in the control experiment, only
one clone harbored the 16S rRNA gene sequence of Deha-
lococcoides sp. AD14-1.

To further demonstrate the advantage of 2S-DGGE over
clone library in characterizing specific populations from

Table 1 Primers used in this study

Primer Target Orientation Sequence (5′ to 3′) Reference or source

8F Bacteria 16S rRNA genes Forward AGAGTTTGATCCTGGCTCAG Reysenbach et al. 1994

519F Bacteria 16S rRNA genes Forward CAGCMGCCGCGGTAATWC Baker et al. 2003

518R Bacteria 16S rRNA genes Reverse ATTACCGCGGCTGGCTGG Muyzer et al. 1993

926R Bacteria 16S rRNA genes Reverse CCGICIATTIITTTIAGTTT Baker et al. 2003

1392R Bacteria 16S rRNA genes Reverse ACGGGCGGTGTGTAC Lane 1991

DHC710R Dehalococcoides 16S rRNA genes Reverse CAGTGTCAGTGACAACCTAG This study

DEB630R Dehalobacter 16S rRNA genes Reverse CGCACTTTCACATCAGACTT This study

Deb-V2-F Dehalobacter 16S rRNA gene Forward GACTAGGAGGCATCTCCT This study

DebTCP2-V3-F Dehalobacter 16S rRNA gene Forward AGGTACCGTCAATCTCAAG This study

Dhc-V2-F Dehalococcoides 16S rRNA gene Forward TTCACTAAAGCCGTAAGGC This study

DhcMB-V2-F Dehalococcoides 16S rRNA gene Forward TTCATTAAAGCCGCAAGGT This study

Dhc-Cornell Dehalococcoides 16S rRNA gene Forward GTTCATTAAAGCCGCAAGGT This study

Dhc-Victoria Dehalococcoides 16S rRNA gene Forward TAAAGCCGTAAGGTGCTTGA This study

Dhc-Pinellas Dehalococcoides 16S rRNA gene Forward GTTCACTAAAGCCGTAAGGC This study

GC-clampa – Forward CGCCCGCCGCGCGCGGCGGGC
GGGGCGGGGGCACGGGGGG

Muyzer et al. 1993

a The GC-clamp was attached to the 5′-end of the 8F and 519F to get primers 8FGC and 519FGC, respectively
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actual samples, it was applied to polybrominated diphenyl
ethers (PBDEs) debromination microcosms established with
soils or sediments from different geographic sites (Lee and
He 2010). Previous studies have identified that Dehalococ-
coides species presented in most PBDE-debromination
microcosms as minor populations by using genus-specific
primers (Lee and He 2010). However, the 16S rRNA gene
sequence information of these Dehalococcoides bacteria
was limited due to massive work in clone library construc-
tion. To obtain their nearly full-length 16S rRNA gene
sequences without construction of multiple clone libraries,
2S-DGGEwas applied to phylogenetically characterizeDeha-
lococcoides populations in six randomly chosen PBDE-
debromination microcosms (i.e., S-T-1, C-T-2, C-T-3, C-T-7,
C-T-10, and GY-T-11) (Lee and He 2010). Figure 3b showed
that three typical bands stopping at different gradient
positions appeared on the DGGE gel, which was extracted
and sequenced. Sequencing results demonstrated that they
represented bacteria affiliated to three subgroups of Deha-
lococcoides, i.e., Cornell (195-like, Dehalococcoides sp.
strain ST1, presented only in S-T-1), Victoria (VS-like,
Dehalococcoides sp. strain CT3-2, CT10-2, and GY11-2
presented in C-T-3, C-T-10, and GY-T-11, respectively),
and Pinellas (CBDB1-like, Dehalococcoides sp. strain
CT2, CT3-1, CT7, CT10-1, and GYT11-1 presented in
C-T-2, C-T-3, C-T-7, C-T-10, and GY-T-11, respectively).
The remaining 16S rRNA gene sequences of 195-, VS-
and CBDB1-like Dehalococcoides were obtained through
PCR amplifications with their specific forward primers
(Table 1) together with 1392R, and the amplification
specificity was confirmed by DGGE at Step 6 (data not
shown). The nearly full-length 16S rRNA gene sequences

(1,353 bp) were identified in the microcosms, sharing
100 %, 99 % (1 bp difference over 1,353 bp), and
100 % similarities with that of strains 195, VS, and
CBDB1, respectively (Fig. 2b).

Discussion

Microbial community analysis normally involves two steps:
to screen and compare microbial communities by using
community profiling techniques (e.g., Terminal Restriction
Fragment Length Polymorphism or T-RFLP, DGGE, and
next-generation sequencing platforms); to identify the tax-
onomy of the microbes based on full-length 16S rRNA gene
sequences by clone library (Nocker et al. 2007). Though the
clone library can generate high quality full-length 16S
rRNA gene sequences, it has limitations in sample through-
put and in capturing minor populations (<1 % of total
microorganisms; Nocker et al. 2007; Ding and He 2012).
In this study, the newly developed 2S-DGGE approach
provides an alternative and convenient way to obtain full-
length 16S rRNA gene sequences, which distinguishes from
clone library by its advantages of running multiple samples
in a single run and displaying microbial community profiles
directly on the gel. Therefore, 2S-DGGE can be a comple-
mentary approach to clone library in studying specific pop-
ulations in mixed cultures. 2S-DGGE also has high
resolution capability in screening sequence difference. Out
of nine highly variable regions in 16S rRNA genes (Baker et
al. 2003), Liu et al. (Liu et al. 2008) reports that V2 and V4
give the lowest error rates when assigning taxonomy, and
these two regions are also suitable for community clustering

Fig. 3 2S-DGGE analysis of minor populations: a charactering two
Dehalococcoides and two Dehalobacter with less than 1 % in abun-
dance over total microorganisms in an artificial complex microbial
community. Lane 1 Dehalobacter bacteria (Step2); lane 2 Dehalococ-
coides bacteria (Step 2); lanes 3, 4, 5, and 6 amplification specificity of
Dehalococcoides sp. MB, Dehalococcoides sp. unknown,

Dehalobacter sp. unknown, and Dehalobacter sp. TCP2, respectively
(Step 6). b Characterizing Dehalococcoides in PBDE-debromination
microcosms established with soils and sediments from different geo-
graphic sites. Lane 1, S-T-1; lane 2, C-T-2; lane 3, C-T-3; lane 4, C-T-
7; lane 5, C-T-10; lane 6, GY-T-11
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(Liu et al. 2008). Compared with normal DGGE by screen-
ing sequence difference within the sole V3 region, 2S-
DGGE can screen sequence differences across over 5 highly
variable regions (V1~V5) within 16S rRNA genes by using
the two selected GC-clamped PCR primer sets (8FGC and
518R, and 519FGC and 926R), which thus could supply
much better genotyping capability. For example, 2S-DGGE
analysis demonstrates an insertion sequence in V1 region of
the 16S rRNA gene of strain TCP2, which is not in the
coverage of the widely used DGGE primer set 341FGC and
518R (Muyzer et al. 1993) targeting only the V3 region of
the 16S rRNA genes.

2S-DGGE technique also shows advantage of probing
minor dechlorinators (e.g., <1 % Dehalococcoides or Deha-
lobacter) in microbial reductive dechlorinating consortia or
bioremediation sites, which are difficult to be captured by
clone library unless picking more than 100 colonies. Fur-
thermore, phylogenetic characterization of specific dechlor-
inators can be conducted by PCR analysis using genus-
specific primers. To further differentiate their subgroups
and make taxonomy assignments, multiple clone libraries
are required for each genus-specific PCR product but only
partial 16S rRNA gene sequences (depending on the am-
plified sequence length of genus-specific primers) can be
obtained, e.g., ~830 bp sequences can be obtained by
using Dehalobacter genus-specific primers Deb179F and
1007R (Holliger et al. 1998). The 2S-DGGE can differ-
entiate distinct species in each genus and further pull out
their nearly full-length 16S rRNA gene sequences of
interested/minor populations within multiple samples si-
multaneously in a single run, e.g., phylogenetic character-
ization of Dehalococcoides populations present in PBDE-
debromination microcosms by using a single run of 2S-
DGGE instead of constructing 6 clone libraries (Fig. 3b).
Additionally, 2S-DGGE might be a complementary strat-
egy to next-generation sequencing (NGS) platforms to
obtain full-length sequences of interested populations,
e.g., dechlorinating bacteria, nitrification/denitrification
bacteria, phosphate accumulation microorganisms, etc.
Thus far, characterizing microbial community has been
greatly facilitated by the development of NGS platforms
(e.g., GS-FLX system, Illumina Solexa system, and SOL-
iD system) which supply unsurpassed detection capability.
However, the application of NGS is still limited due to
their relatively short read-lengths (e.g., average 330 bp for
454 GS-FLX system; Metzker 2010). Based on 16S rRNA
gene sequence (V1–V3) information generated by NGS,
bacterial strain-specific forward primers can be designed
(Step 3 in Fig. 1) to probe bacteria of interest, and then
their full-length 16S rRNA gene sequences can be
obtained through following 2S-DGGE procedures.

Overall, the medium throughput 2S-DGGE approach is
promising both in characterizing microbial communities and

in taxonomy identification of interested/minor populations
with full-length 16S rRNA gene sequence.
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