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Abstract The aim of this study was to investigate and
compare the microbial community structures of eubacteria
and archaea in the pit mud of Chinese Luzhou-flavor liquor
from the wall (C,) and bottom (Cp) of cellar through
nested PCR-denaturing gradient gel electrophoresis
(DGGE). The Shannon—Wiener index (H) calculated from
the DGGE profiles showed that the community diversities
of eubacteria and archaea in samples from C, were almost
higher than that from C,,. In addition, cluster analysis of
the DGGE profiles revealed that some differences were
found in the microbial community structure in samples
from different locations. The closely relative microorgan-
isms of all eubacterial 16S rRNA gene sequences fell into
four phyla (Firmicutes, Proteobacteria, Bacteroidetes and
Actinobacteria), including 12 genera and 2 uncultured
eubacteria. Moreover, 37.1 % eubacteria were affiliated
with Clostridium. Particularly, genus Acinetobacter was
absent in all samples from C, but present in all samples
from C,,. The closely relative microorganisms of all ar-
chaeal 16S rRNA gene sequences fell into four genera,
which included Methanobrevibacter, Methanoculleus,
Methanobacterium and Methanosaeta, while the dominant
archaea in samples from C,, and C, were similar. Results
presented in this study provide further understanding of the
spatial differences in microbial community structure in the
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pit mud, and is of great importance for the production and
quality improvement of Luzhou-flavor liquor.
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Introduction

Chinese liquor is one of the most distinctive products in
China as well as one of the six famous distillates in the world.
In general, it is typically divided into five categories: Luz-
hou-flavor style, light aroma style, soy sauce aroma style,
sweet honey style, and miscellaneous style. Annual pro-
duction of Luzhou-flavor style, manufactured from fer-
mented grains in a soil cellar (called as pit), is the highest
among the five styles. Pit is a rectangular underground pool
constructed by pit mud, specific fermented clay, providing
suitable habitat for the brewing microbiota. Microbial
community structure plays a key role during the fermenta-
tion, which lies on micro-environment in pit and pit age (the
use time of the cellar). Therefore, it is necessary to explore
microbial community structure in the pit mud and under-
stand the metabolic regulation during fermentation process.

Previous studies concerning microbial community
structure have been performed based on culture-dependent
methods. Wu et al. (2009) focused on microorganisms in
cellars through traditional culture-dependent methods and
more than 1,000 strains were obtained, among which 6
bacteria, 7 yeasts and 3 molds were selected for developing
new sacchariferous starters according to their characteris-
tics and abilities for liquor production. However, most of
the microorganisms are uncultured or difficult to culture,
and culture-dependent method is difficult to reveal the
inner pattern comprehensively and objectively (Amann

@ Springer



606

World J Microbiol Biotechnol (2014) 30:605-612

et al. 1995). Recently, molecular ecological methods, such
as denaturing gradient gel electrophoresis (DGGE), tem-
perature gradient gel electrophoresis (TGGE) (Muyzer and
Smalla 1998; Muyzer 1999) and real-time PCR (Bowers
et al. 2000) are widely used to analyze microbial com-
munity structures in complex environments. Among these
methods, DGGE is a direct and reliable method to analyze
the actual microbial community structure through band
migration overcoming the disadvantages of culture-
dependent methods (Wang et al. 2008). Moreover, DGGE
has been used increasingly to analyze microbial commu-
nity structure in various environments, such as wastewater
treatment system (Yang et al. 2012), soils (Watanabe et al.
2006; Wang et al. 2009) and pit mud (Shi et al. 2011). For
example, Shi et al. (2011) analyzed the microbial com-
munity features in different pit mud samples with the dif-
ference in pit age by PCR-DGGE, and the results showed
that pit mud of different cellar ages would induce specific
community evolvement of bacteria and methanogenic ar-
chaea. However, little is known about the eubacteria and
archaea in pit mud as well as the difference in the different
locations. Therefore, the aim of this study was to investi-
gate the characteristics of eubacteria and archaea commu-
nities and the difference between C,, and C,,.

Materials and methods

Sampling

The samples were collected from Lu-zhou Laojiao Co., Ltd,
located in Luzhou city, the southeast part of Sichuan
province, which was one of the famous Luzhou-flavor style

liquor manufactures in China. Samples were taken from
two locations (the wall and bottom of cellar) of three

Table 1 Primers used in this study

individual pits that were 200 years old. Each sample plot
was divided into four subplots and about 100g of pit mud
was collected from each subplot. All samples were well
mixed, then transferred to sterile polyethylene bags and
stored at —20 °C until analyzed.

DNA extraction

Five grams of each sample was suspended in 25 mL of
phosphate buffered saline (PBS, 0.1 mol/L, pH 8.0), and
eddied for 5 min. The suspension liquid was centrifuged at
600g at 4 °C for 10 min and the precipitate was washed
thrice by the same PBS buffer. The supernatant was pooled
and centrifuged at 12,000g at 4 °C for 10 min, and the
resulted pellet was washed three times by PBS, and then
stored at —20 °C until DNA extraction.

The pellets were subjected to DNA extraction using the
commercial Soil Genomic DNA Rapid Extraction Kit
(Bioteke Corporation, Beijing, China) according to the
manufacturer’s instruction. The crude DNA was detected
quantitatively according to absorbance at 260 nm with
micro-spectrophotometer K5500 (Beijing Kaiso Technol-
ogy Development Co., Ltd. China), and the purity was
assessed by electrophoresis on 0.6 % (w/v) agarose gels.
The extracted DNA was subsequently used as a template
for PCR to amplify 16S rRNA genes.

PCR amplification

All PCR primers were listed in Table 1. In order to
increase sensitivity and facilitate DGGE analysis, a nested
PCR technique was employed. For analysis of eubacterial
diversity, primer pairs 27F and 1492R were used to amplify
the nearly complete 16S rRNA encoding gene under con-
ventional PCR conditions in the first step of PCR.

Target Primer Sequence (5’ to 3') References
Bacteria Matsuyama et al. (2007)
First PCR round 27F AGAGTTTGATCCTGGCTCAG Kim et al. (2010)
1492R GGCTACCTTGTTACGACTT Cunliffe et al. (2009)
Second PCR round 357F* CTACGGGAGGCAGCAG Hu et al. (2009)
517R ATTACCGCGGCTGCTGG Wang et al. (2012)
Archaea
First PCR round PRA 46F YTAAGCCATGCRAGT Ovreas et al. (1997)
PREA1100R YGGGTCTCGCTCGTTRCC Wenbhui et al. (2007)
Second PCR round PARCH340F" CCCTAYGGGGYGCASCAG
PARCHS519R GWATTACCGCGGCKGCTG

F forward primer, R reverse primer

* Primer with a 40-bp GC clamp (CGCCCGCCGCGCGCGGCGGGCGGGGCGGGGGCACGGGGGG)
® Primer with a 39-bp GC clamp (CGCCCGGGGCGCGCCCCGGGCGGGGCGGGGGCACGGGGG)
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Subsequently, this initial PCR product was diluted and
used as a template for a nested PCR targeting the V3 region
of the 16S rRNA gene with DGGE primers 357F with the
GC clamp and 517R to create a DNA fragment suitable for
DGGE analysis.

For analysis of archaeal diversity, PCR amplification of
the 16S rRNA gene was performed using the universal
primer PRA 46F and PREA 1100R in the first step, fol-
lowed by nested PCR using the DGGE primers PARCH
340F with the GC clamp and PARCH 519R. The products
were examined by electrophoresis on 1 % agarose gels
before they were applied to DGGE.

DGGE analysis

The PCR products were analyzed by DGGE using the DCode
Universal Mutation Detection System (Bio-Rad, Hercules,
CA, USA). For determination of the eubacterial community,
8 % of the polyacrylamide gradient was superimposed onto
a30-60 % denaturant gradient, whereby 100 % was defined
as 7 M urea and 40 % (v/v) formamide. Gels were carried
outfor5 hat 150 V at60 °C, and then gels were stained with
SYBR Green I for 30 min (Molecular Probes, Eugene, OR,
USA). For archaeal community, a 35-65 % denaturant
gradient was applied to 8 % of the polyacrylamide gel. Gels
were carried out for 5 hat 130 V at 60 °C, and then gels were
stained with SYBR Green I for 30 min. The gels image was
documented with a Gel Print TMXR system (Bio-Rad, USA)
under UV illumination.

Excision of DGGE bands and sequencing

Representative bands observed in the DGGE profiles were
excised from the gel using a sterile scalpel and eluted
overnight at 4 °C in ultrapure water to allow DNA diffusion
out of the polyacrylamide matrix. The solution was then
used for further amplification. Excised bands were re-
amplified using the GC-clamp primers described previously
and re-run on DGGE gels to confirm their identity and
improve purity prior to sequencing. After that, DGGE bands
were re-amplified with no GC-clamp forward primer. The
PCR products were purified with a universal PCR purifi-
cation kit (Tiangen, Beijin, China) and sent to a commercial
sequencing company for cloning and sequencing (Sangon,
Shanghai, China). Then sequences obtained from this study,
were compared to the 16S rRNA gene sequences available
in GenBank (http://www.ncbi.nlm.nih.gov) to identify their
closest phylogenetic relatives.

Statistical analysis

Both of cluster analyses and community diversity were
performed using the Quantity One software, which was

used to convert individual DGGE lane to densitometric
profiles. The density of each band was calculated. The
evenness index and Shannon—Wiener index were deter-
mined based on the number and relative intensity of the
bands, and calculated using ZZSTAT V2010. Clustering of
the sample profiles was done using the unweighted pair
group method with arithmetic averages (UPGMA). Den-
drogram was constructed with NTSYS-pc 2.10e software.

Results
Community diversity

The DGGE finger-printing profiles of microbial community
were shown in Fig. 1. Notable differences were observed in
samples which were sampled from wall and bottom of
cellar aged for 200-year. The eubacterial and archaeal
community diversities were evaluated based on the ana-
lysis of the DGGE profiles (Table 2). The species richness
(S) distinguished the six samples from each other effec-
tively and showed that the number of bands in sample 1 (S:
28) was the highest and followed by sample 6. The even-
ness index (J) for the eubacterial community in C,
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Fig. 1 DGGE profiles of eubacteria (A) and archaea (B) from the V3
region of 16S rRNA obtained from 6 pit mud samples. Lanes
corresponding to different samples are indicated by numbers at the
top (Lanes 1, 2, 3 represent samples harvested from C,,-1, Cy-2, C,,-
3, respectively; while lanes 4, 5, 6 represent samples collected from
Cp-1, Cp-2, Cy-3, respectively). The bands indicated by the numbers
were excised, re-amplified and subjected to sequencing
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(0.977 < J < 0.985) appeared to have more homogeneous
ecosystems than that in Cy, (0.958 < J < 0.974). Remark-
ably, sample 1 exhibited the highest Shannon—Wiener
index (H: 3.25) in the PCR-DGGE profiles, which indi-
cated that the high number of different eubacterial species
was presented in sample 1.

In terms of the species richness, archaeal DGGE profiles
of samples from C, (labelled by 4-6) exhibited a higher
number of bands than that from C,, (labelled by 1-3).
Obviously, sample 4 showed the highest number of bands
(S: 23) and the highest Shannon—Wiener index (H: 3.022)
in the PCR-DGGE profiles. In addition, samples from Cy-
1 and Cy-3 showed higher evenness index than that from
Cp-1 and Cy-3, respectively, while sample from C,-2
showed slightly lower evenness index than that from C,-2
(Table 2).

Cluster analysis of DGGE fingerprints

Cluster analysis was performed using DGGE data to esti-
mate the order of relatedness among the pit mud samples
(Fig. 2). Cluster analysis of the eubacterial DGGE profiles
indicated that the sample 1 formed a group, and samples 2,
3 from C,, and samples 4, 5, 6 from C, were clustered into
different groups. In addition, it was interesting to find that
the main microbial populations of samples 2 and 3 were
similar to those samples from C, (Fig. 2A).

Cluster analysis of the archaeal DGGE profiles showed
that sample 4 formed a group, and samples 1, 2, 3 from C,,
and samples 5, 6 from C, were clustered into different
groups. Moreover, all of the samples from C,, clustered
within a group along with samples 5 and 6 (Fig. 2B).

Sequencing of DGGE bands

These representative bands of eubacterial PCR-DGGE
were sequenced and the results were shown in Table 3. The
similarity of all bands sequences was nearly >94 % com-
paring with those available in GenBank database. The
closely relative microorganisms of all eubacterial 16S
rRNA gene sequences fell into four phyla (Firmicutes,

Proteobacteria, Bacteroidetes and  Actinobacteria),
including 12 genera, uncultured Clostridium sp. (bands 7
and 11) and uncultured Synergistetes bacterium (band 31)
(Goodfellow et al. 2012). Among class Clostridia and order
Clostridiales, these sequences belonged to four families,
which included Clostridiaceae, Ruminococcaceae, Syn-
trophomonadaceae, and Peptococcaceae. Class Clostridia
was dominant and accounted for 54.3 % of all the closely
relative microorganisms, which fell into Clostridium
(bands 1, 2, 6, 7, 10, 11, 21, 22, 24, 25, 27, 29 and 33),
Ruminococcus (bands 9 and 26), Syntrophomonas (band
16), Sedimentibacter (band 18) and Desulfotomaculum
(band 19), respectively. Three genera, including Lactoba-
cillus (bands 4, 5 and 28), Virgibacillus (bands 12 and 13)
and Bacillus (bands 14, 15 and 20) were affiliated with
family Lactobacillaceae and family Bacillaceae in class
Bacilli, respectively. In addition, Rhodococcus (bands 34
and 35) and Microbacterium (bands 30 and 32) were
affiliated with class Actinobacteridae. Genus Acinetobacter
(bands 8 and 23) and family Porphyromonadaceae (band
3) were affiliated with class y-Proteobacteria and class
Bacteroidia, respectively.

Differences of microbial community diversity among
the samples in different cellars of the same pit age were
observed. For No. 1 cellar, genus Rhodococcus was not
detected in the sample from C,, yet Acinetobacter, Sedi-
mentibacter and Porphyromonadaceae were not detected
in the sample from C,. For No. 2 cellar, Synergistetes,
Rhodococcus and Porphyromonadaceae bacterium were
absent in the sample from C,,, additionally, Acinetobacter
and P. bacterium were absent in the sample from C,. For
No. 3 cellar, P. bacterium was not observed in the sample
from C,,, besides, Acinetobacter, Desulfotomaculum and P.
bacterium were not observed in the sample from C,,.

For archaeal PCR-DGGE, selected bands were excised,
sequenced and the results were listed in Table 4. Com-
parison of sequences from the excised bands and those
available in the GenBank database revealed that all excised
bands sequences were >98 % similar to 16S rRNA frag-
ments already in the database. The closely relative micro-
organisms of all archaeal 16S rRNA gene sequences were

Table 2 Diversity indices of

. . Sample® Eubacteria Archaea

eubacteria and archaea in pit
mud at different locations Species Evenness  Shannon-Wiener ~ Species Evenness  Shannon-Wiener
calculated from the DGGE richness index index richness index index
banding patterns shown in
Fig. 1 1 28 0.977 3.25 19 0.973 2.864
" Numbers 1_3 2 20 0.985 2.95 13 0.947 2.430

umbers 1-5 represent 3 18 0.980 2.83 15 0.957 2591
samples harvested from C,-1,
Cy-2, Cy-3, respectively; while 4 22 0.966 2.99 23 0.964 3.022
4-6 represent samples collected 5 23 0.974 3.05 20 0.958 2.871
from Gy-1, Cy-2, Cy-3, 6 24 0.958 3.04 15 0.932 2.523

respectively
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Fig. 2 Clustering analysis of DGGE profiles for eubacteria (A) and
archaea (B). Similarity was calculated using Euclidean distance and
clustering was done using UPGMA. Numbers 1-3 represent samples

affiliated with three families (Methanobacteriaceae,
Menthanomicrobiaceae and Methanosaetaceae), and fell
into four genera, including Methanobrevibacter, Methan-
oculleus, Methanobacterium, and Methanosaeta. Of these
archaea, a great majority of the sequences identified
belonged to genus Methanoculleus (accounted for 64.3 %
of the band sequenced), following by genus Methanosaeta
(bands 7, 8 and 9). The dominant archaeal species were
almost the same in the samples from different cellars and
different locations.

Discussion

In this study, PCR-DGGE was firstly employed to inves-
tigate the diversity of eubacterial and archaeal community
structures in pit mud simultaneously, and the differences
between C,, and C, as well as the different cellars of the
same pit age were examined. Cluster analysis for eubac-
teria and archaea indicated that the difference in eubacte-
rial community structure of six samples was higher than
archaeal community structure.

The results of sequencing showed that 37.1 % eubac-
teria were affiliated with genus Clostridium in all samples.
Genus Clostridium, as one of important contributors to
form representative aroma and flavor compounds in Luz-
hou-flavor type liquors, has been widely investigated.
Genus Clostridium converted organic substances into
organic acids, such as butyric and caproic acids, alcohols,
CO,/H, and minerals, forming ethyl butyrate and ethyl
caproate when butyric and caproic acids reacted with
alcohols by enzymatic and non-enzymatic catalysis (Zhang
et al. 2005). As yet, no result on the diversity of Clos-
tridium in the pit mud was reported. In fact, different
strains of the same genus fulfilled different functions and
synergistic metabolisms in co-culture. For example, Clos-
tridium kluyveri was often used to convert alcohol into a
mixture of acetic, butyric and caproic acids with methane
bacteria (Bornstein and Barker 1948), whereas Clostridium
ljungdahlii was able to co-metabolize CO and H, to form
acetate and ethanol (Worden et al. 1991). In addition,

(B)

—{

0.12 0.22 0.31 0.41 0.50
Euclidean distance

& th W e

harvested from Cy-1, Cy-2, Cy-3, respectively; while 4-6 represent
samples collected from C,-1, C,-2, C,-3, respectively

genus Ruminococcus was recognized as the major cellu-
lolytic bacterial species (Koike and Kobayashi 2006).
Some strains of genus Syntrophomonas detected such as
S. zehnderi could degrade long-chain fatty acids in co-
culture with Methanobacterium formicicum (Sousa et al.
2007). Genus Desulfotomaculum taxomomically was
affiliated with the class clostridia and was grown in com-
plex media with sulfate plus lactate or pyruvate that were
incompletely oxidized into acetate (Klemps et al. 1985).
Therefore, the Clostridiales is related to form major flavors
compounds, such as ethyl caproate, ethyl acetate and ethyl
lactate in Chinese Luzhou-flavor type liquor.

Genus Bacillus which was originated from Dagqu,
secreted various types of hydrolases such as amylases and
protease (Ramos et al. 2011), and it was the dominant
function bacteria in all types of Daqu (Xiu et al. 2012;
Zheng et al. 2012). Bacillus species played an important
role in liquefaction, saccharification (Owens et al. 1999),
aroma producing (Zhu et al. 2010) as well as the produc-
tion of heat- and acid-resistant cellulase. This enzyme
degraded cellulose into glucose as carbon source and
energy providing for other microorganisms in fermentation
process (Gao et al. 2012). Likewise, genus Lactobacillus
was also the functional microbes during liquor manufac-
ture, which produced bacteriocin inhibiting the growth of
pathogens and spoilage organisms (Zhang et al. 2005).
Furthermore, lactic acid was also a precursor of ethyl
lactate, which was one of the major flavor compounds.

Genus Microbacterium and genus Rhodococuus were
both affiliated with Phylum Actinobacteria and were fre-
quently found in soil, and the biodegradation potential of
the genus Rhodoccus received increasing attention (Mar-
tinkova et al. 2009), although the function was unknown in
liquor brewing.

In our present research, the diversity was assessed to
genus, and genus Methanoculleus was the dominant archaea
in the pit mud aged for 200-year by the nested PCR-DGGE.
The result agreed with conventional PCR-DGGE research.
Meanwhile, it was consistent with one attained by fluores-
cence in situ hybridization, in which the order Methanomi-
crobiale was considered as the dominant community and
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;?;ifngntla\l:/ti)t?ftt)elral:t sequence Band® Closest generab (accession no.) Similarity (%)° NCBI accession no.
1 Clostridium sp. (KC331156.1) 100 KF358390
2 Clostridium perfringens (KC242231.1) 96 KF358391
3 Porphyromonadaceae bacterium (JQ256505.1) 97 KF358392
4 Lactobacillus acetotolerans (KC331187.1) 100 KF358393
5 Lactobacillus acetotolerans (KC331187.1) 99 KF358394
6 Clostridium kluyveri (JN592512.1) 99 KF358395
7 Uncultured Clostridium sp. (JX575996.1) 99 KF358396
8 Acinetobacter bouvetii (JF681285.1) 99 KF358397
9 Ruminococcus sp. (AB744233.1) 100 KF358398
10 Clostridium kluyveri (JN592512.1) 100 KF358399
11 Uncultured Clostridium sp. (JX575996.1) 100 KF358400
12 Virgibacillus sp. (JQ809716.1) 99 KF358401
13 Virgibacillus sp. (JQ809716.1) 100 KF358402
14 Bacillus amyloliquefaciens (KC492055.1) 100 KF358403
15 Bacillus subtilis (KC222510.1) 99 KF358404
16 Syntrophomonas zehnderi (NR_044008.1) 95 KF358405
17 Uncultured Clostridia sp. (JN998138.1) 94 KF358406
18 Sedimentibacter hydroxybenzoicus (NR_029146.1) 96 KF358407
19 Desulfotomaculum acetoxidans (NR_027608.1) 88 KF358408
20 Bacillus methylotrophicus (KC456580.1) 100 KF358409
21 Clostridium ljungdahlii (FR733688.1) 99 KF358410
22 Clostridium sp. (FJ808611.1) 98 KF358411
23 Acinetobacter sp. (KC176453.1) 99 KF358412
24 Clostridium cylindrosporum (NR_026492.1) 98 KF358413
25 Clostridium cylindrosporum (NR_026492.1) 98 KF358414
26 Ruminococcus sp. (AB744233.1) 100 KF358415
27 Clostridium kluyveri (JN592512.1) 99 KF358416
28 Lactobacillus acetotolerans (KC331187.1) 94 KF358417
29 Clostridium cylindrosporum (NR_026492.1) 98 KF358418
* Bands are numbered 30 Microbacterium testaceum (JX996178.1) 100 KF358419
according to Fig. 1A . .
® Only highest homology 31 Uncultured .?‘ynergzstetes bacterium (JX575962.1) 100 KF358420
matches are presented 32 Microbacterium testaceum (HQ377332.1) 100 KF358421
¢ Similarity represents the % 33 Clostridium kluyveri (JN592512.1) 100 KF358422
similarity shared with the 34 Rhodococcus fascians (KC494315.1) 100 KF358423
sequences in the GenBank 35 Rhodococcus fascians (KC494315.1) 99 KF358424

databases

was assessed roughly and quantitatively (data not shown). In
fact, it is necessary to explore archaeal community diversity
and interspecies interaction to reveal the regulation mecha-
nisms of liquefaction, saccharification and fermentation
under extremely environment, where the alcohol degree is
more than 5 % (v/w) and titratable acidity is 2-3 %.

Moreover, there were some clear differences in the
microbial community structure between C,, and C, of the
same pit age. Especially, some differences were found in
the eubacterial community structure of different cellars,
while archaeal community structure was almost the same.
These may lie on the different micro-ecological environ-
ment, which is restricted by factors such as oxygen content,
pH, process parameters etc.

@ Springer

In conclusion, the aim of this study was to investigate
and compare the eubacterial and archaeal community
diversity in Cy and C, by nested PCR-DGGE. Results
presented here showed the closely relative microorganisms
of all eubacterial sequences included 12 genera and 2
uncultured eubacteria, and 37.1 % eubacteria were affili-
ated with Clostridium. The dominant archaea was Met-
hanoculleus, accounting for 64.3 % of the bands
sequenced. Moreover, there were some clear differences in
the microbial community structure between C,, and Cy, of
the same pit age. These results may contribute to further
understanding of the spatial differences in microbial com-
munity structure in the pit mud, and reveal the metabolic
mechanisms involved in fermentation process.
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Table 4 Archaea sequence

alignment with blast Band® Closest generab (accession no.) Similarity (%)° NCBI accession no.
1 Methanobrevibacter acididurans (NR028779.1) 99 KF358376
2 Methanoculleus submarinus (JN004139.1) 98 KF358377
3 Uncultured Methanobacterium sp. (JX576159.1) 98 KF358378
4 Methanoculleus submarinus (JN004139.1) 100 KF358379
5 Methanoculleus submarinus (JN004139.1) 99 KF358380
6 Methanoculleus submarinus (JN004139.1) 99 KF358381
7 Methanosaeta sp. (JX088310.1) 99 KF358382
. 8 Methanosaeta sp. (JX088310.1) 99 KF358383
acf;‘:ﬂflgarti r;‘?g‘fbfl;ed 9 Methanosaeta sp. (JX088310.1) 100 KF358384
b Only highest homology 10 Methanoculleus bourgensis (HE964772.1) 99 KF358385
matches are presented 11 Methanoculleus submarinus (JN004139.1) 99 KF358386
© Similarity represents the % 12 Methanoculleus submarinus (JN004139.1) 98 KF358387
similarity shared with the 13 Methanoculleus submarinus (JN004139.1) 99 KF358388
sequences in the GenBank 14 Methanoculleus submarinus (JNO04139.1) 99 KF358389
databases
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