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Archaea are an important constituent of the human gut microbiota, but there is no information on human gut archaea in
an Indian population. In this study, faecal samples were obtained from different age groups (neonatal babies, pre-
school children, school-going children, adolescents, adults and elderly) of a southern Indian population, and from a
tribal population also resident in southern India). 16S rRNA gene sequences specific to Archaea were amplified from
pooled faecal DNA in each group, sequenced, and aligned against the NCBI database. Of the 806 adequate sequences
in the study, most aligned with 22 known sequences. There were 9 novel sequences in the present study. All sequences
were deposited in the GenBank nucleotide sequence database with the following accession numbers: KF607113 -
KF607918. Methanobrevibacter was the most prevalent genus among all the age groups accounting for 98% in
neonates, 96% in post-weaning, and 100% each in preschool, school and adult population. In the elderly, Methano-
brevibacter accounted for 96% and in tribal adults, 99% of the clones belonged to Methanobrevibacter genus. Other
genera detected included Caldisphaera, Halobaculum, Methanosphaeraand Thermogymnomonas. Methanobrevi-
bacter smithii predominated in all age groups, accounting for 749 (92.9%) of the 806 sequences. Archaea can be
found in the faeces of southern Indian residents immediately after birth.Methanobrevibacter smithii was the dominant
faecal archeon in all age groups, with other genera being found at the extremes of age.

[Rani SB, Balamurugan R and Ramakrishna BS 2017 Molecular analysis of the human faecal archaea in a southern Indian population. J. Biosci.]

1. Introduction

The microbiota of the human gastrointestinal tract play ma-
jor roles in human nutrition and metabolism (Ramakrishna
2013). While a large number of gut microbial species,
including bacteria, archaea and fungi, have been cultured
(Rajilić-Stojanović and de Vos 2014), there remain many
gut microbes that are uncultivable. The enormous progress
of the last two decades in characterizing the composition and
function of the gut microbiota was primarily driven by the
development of molecular tools for analysis and the
development of molecular phylogenetics (Ramakrishna
2007; Lagier et al. 2012).

Archaea are single-celled microorganisms, distinct from
bacteria, that do not have a cell nucleus or membrane-bound
organelles within the cell, and are classified as a separate
Domain or Kingdom. There are four phyla of archaea that

are widely distributed in the environment (Schleper et al.
2005; Auguet et al. 2010; Baker et al. 2010). Examination of
16S ribosomal RNA genes provides a powerful tool to study
the gastrointestinal microbiota without culturing them
(Yarza et al. 2014). Although they resemble bacteria
morphologically, archaea possess genes and metabolic
pathways (such as transcription and translation) that are
found only in eukaryotes. One of the important biological
properties of archaea is their ability to generate methane
(Forterre et al. 2002; Cavicchioli 2011). Methanogenesis is
important for preventing the accumulation of acids and
reaction end-products in the human colon (McNeil 1984;
Samuel et al. 2007).

The human faecal archaea have been characterized in
Western populations, but no information is available on the
human faecal archaea in Indians. Like the other gut
microbiota, archaea are majorly influenced by dietary and
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environmental influences, and it is conceivable that there
may be differences between populations with respect to the
archaea present in stool. We undertook a study to identify the
dominant archaea present in the faeces of southern Indian
residents at different ages.

2. Methods

2.1 Samples

Faecal specimens, collected from healthy free living individuals
in the community, were used for these studies. The studies were
carried out in residents of semi-urban and rural areas in Vellore
district of Tamil Nadu. Faecal samples from individuals of var-
ious ages ranging from children to the elderly were collected as
described earlier (Balamurugan et al. 2008). Faecal samples from
neonates were collected from the maternity ward of a hospital as
described earlier (Kabeerdoss et al. 2013). Informed written
consent was obtained for faecal sample collection and molecular
analysis from adult participants, and from any one of the parents
in the case of children. Faecal samples were received in the
laboratory and stored at −80°C. All study participants were
healthy and none had received any antibiotics in the 2 months
prior to faecal collection. The study groups consisted of the
following: neonates on the second day after birth; post-weaning
children aged 6 months to 2 years; preschool children aged 3
years to 5 years; school-going children aged 6 years to 17 years;
adults aged 18 years to 65 years; elderly individuals aged over 65
years; adult tribals 18 to 65 years residing in the Yelagiri hills.

2.2 Extraction and purification of DNA

DNA was extracted from 220 mg of faecal samples using the
QIAamp® DNA Stool Mini Kit (Qiagen, Tilden, Germany),
following the manufacturer’s protocol, and eluted in 100 μL of
buffer AE provided in the kit and stored at −20°C. DNA from
10 individuals in each group was pooled in equal amounts and
formed the starting point for the following studies.

2.3 Archaeal 16S rRNA gene amplification

Segments of the 16S rRNA gene specific to Domain Archaea
were amplified from the extracted DNA using the primers
A333F (5′TCCAGGCCCTACGGG3′) and A976R (5′
YCCGGCGTTGAMTCCAATT3′) (Baker and Cowan
2004). The segment of DNA amplified by the two primers
includes a number of shorter sequences that cover up to 97% of
Archaeal phyla and species (Wang and Qian 2009). DNA from
the 10 individuals in each group (10 ng from each individual,
100 ng total) was pooled and used in the PCR. The mix
contained 300 μM of each primer, 10 units of Ampliqon Taq
DNA polymerase 2X Master Mix Red (0.2 units/μL, 0.4 mM

dNTPs, 2 mM MgCl2 final concentration). The PCR cycling
was done for 40 cycles with initial denaturation at 95°C for
1 min followed by denaturation at 95°C for 30 s, 59°C anneal-
ing for 30 s, and 72°C for 2 min, followed by a 10 min 72°C
extension. The amplicons thus obtained were checked on 1.0%
agarose gel for amplification and the 607 bp band (figure 1)
was excised and purified using QIAquick Gel Extraction kit
(Cat.No. 28704; Qiagen, Tilden, Germany).

2.4 Cloning and plasmid isolation

PCR products were cloned into pCR®2.1-TOPO® vector
(Invitrogen, Carlsbad, CA, USA), and One-Shot® MAX Effi-
ciency® DH5αTM-T1® chemically competent E. coli cells
(Invitrogen, Carlsbad, CA, USA) were transformed using the
TOPO-TA Cloning® kit (Invitrogen, Carlsbad, CA, USA),
according to the manufacturer’s instructions. Single white
colonies were picked up and inoculated in 3 mL LB broth with
ampicillin (75 μg/mL) and incubated overnight at 37°C at

Figure 1. Representative gel picture showing PCR product after
amplification using the primers in this study. Lane on the left shows
the 1 kb DNA ladder, the middle lane has the non-template control
(NTC), while the right lane shows the 607 bp product from the adult
group (Sample_Ad).
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260 rpm in a shaking incubator. 850 μL of culture was added
to 150 μL of glycerol and stored at −80°C. 800 μL of glycerol
stock was taken and inoculated in 8 mL of LB broth with
ampicillin and incubated overnight at 37°C, at 260 rpm. Plas-
mids were isolated using a plasmid isolation kit (Cat. No. PLN
350, Sigma-Aldrich, St Louis, MO, USA) and eluted in 75 μL
of sterile water. The plasmids were quantified by fluorimetry
using SYBR green and stored at −20°C.

2.5 PCR crosscheck of clones

The inserts in the plasmids were cross checked by PCR
amplification using the same set of primers (A333F and
A976R). The plasmids which showed 607 bp product were
considered as recombinant clones.

2.6 Sequencing of clones

120 plasmids from each group were sequenced using Big
Dye terminator cycle sequencing kit v.3.1 (Applied BioSys-
tems, Foster City, CA, USA) and M13F (5′GTAAAACG
ACGGCCAGT3′) sequencing primers on an Applied Bio-
systems model 3730XL automated DNA sequencing system
at Macrogen, Seoul, Korea.

2.7 Sequence analysis

120 clones from each age group were sequenced unidirec-
tionally using M13F primer and examined to provide a
comprehensive picture of the faecal archaeal flora. The raw
sequence data from chromatogram was converted to FASTA
format. The vector sequences were identified using Vec
screen tool (NCBI) and vector sequences were removed
manually. Vector trimmed sequences were checked for Chi-
meras using Database Enabled Code for Ideal Probe Hybrid-
ization Employing R (DECIPHER) software (Wright et al.
2012). No chimeras were detected in any of the sequences.
Sequences with poor quality reads and short read lengths
were excluded. Clean sequences were used for taxonomic
identification and phylogenetic analysis. All the sequences
were thereafter identified through the GenBank database
(www.ncbi.nlm.nih.gov) using the BLAST (basic local
alignment search tool) algorithm (Altschul et al. 1997) and
the ‘Classifier’ tool of the Ribosomal Database Project
(RDP) II (Cole et al. 2005). 806 sequences were submitted
to GenBank through Bankit.

2.8 Phylogenetic analysis

The 806 sequences from the study and 22 sequences from
NCBI to which our sequences corresponded were

downloaded in FASTA format from GenBank using MEGA
5.2.2. Sequences from the present study which matched
available sequences from NCBI with ≥99% similarity were
considered to be identical to the NCBI sequences and were
labelled with NCBI accession IDs. Sequences with less than
99% similarity were labelled with individual clone names.
Thirty-one unique sequences were uploaded to MEGA 5.2
software. Clustal W program with default parameters com-
puted the pairwise alignment and multiple sequence align-
ment. Pairwise distances were calculated for the aligned
sequences. Overall mean distance was 0.4 and sequences
were used to produce an unrooted phylogenetic tree accord-
ing to the neighbour-joining method with 1000 bootstrap
replicates and using the Jukes-Cantor model.

2.9 Nucleotide sequence accession numbers

The nucleotide sequences reported in this study appear in the
GenBank nucleotide sequence database with the following
accession numbers: Ne_A - KF607113 - KF607228; PW_A
- KF607229 - KF607339; PS_A - KF607567 - KF607681;
SG_A- KF607340 - KF607449; Ad_A - KF607450 -
KF607566; El_A - KF607682 - KF607798; and TA_A-
KF607799 - KF607918.

2.10 Ethical considerations

The consent forms and study protocol were approved by the
Institutional Review Board (IRB), Christian Medical Col-
lege, Vellore.

3. Results

Cleaned sequences from neonate (116 clones), post-weaning
(111 clones), preschool (115 clones), school going (110
clones), rural adult (117 clones), elderly population (117
clones) and tribal adult (120 clones) were used for taxonom-
ic and phylogenetic analysis. The sequence length of the
evaluated clones is shown in figure 2.

3.1 Taxonomic analysis

Of the 806 sequences in the present study, many corre-
sponded to 22 sequences already recorded in the NCBI
database. Nine novel sequences in the present study did not
find appropriate matches in the NCBI database and have
been uploaded in GenBank. Archaea belonging to 2 phyla
and 5 genera were detected in the different groups. Euryarch-
aeota and Crenarchaeota were the two phyla detected. Eur-
yarchaeo ta formed the mos t abundant phylum.
Methanobrevibacter was the most prevalent genus among
all the age groups accounting for 98% in neonates, 96% in
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post-weaning, and 100% each in preschool, school-going
and adult population. In the elderly, Methanobrevibacter
accounted for 96% and in tribal adults, 99% of the clones
belonged to Methanobrevibacter genus. Other genera
detected in very minor proportions belonged to Caldi-
sphaera (Phylum Crenarchaeota), Halobaculum (Phylum
Euryarchaeota), Methanosphaera (Phylum Euryarchaeota),
and Thermogymnomonas (Phylum Euryarchaeota) (table 1).

Figure 3 depicts the distribution of archaeal sequences in
the faeces of the different age groups that were studied. As
can be seen from this, the overwhelming majority of faecal
archaeal sequences in all the groups belonged to Methano-
brevibacter smithii.

3.2 Distribution of archaeal taxa among the
different study groups

We attempted to compare the distribution of archaeal taxa
among the various study groups. The post-weaning children,
school children, and adolescent groups were clubbed, as
were the tribal and rural adult groups, and the neonate,
children, and elderly were compared. Venn diagrams were
generated to show the overlap and differences between these
four groups (figure 4).

3.3 Phylogeny

The 22 unique NCBI-matched sequences and the 9 novel
sequences identified in this study were used to construct an
unrooted phylogenetic tree (figure 5). The novel archaeal
sequences identified in the present study were clustered
separately from the archaea already recorded in the database.

4. Discussion

We describe, for the first time, the faecal archaea of a southern
Indian population, determined using a cultivation-independent
molecular approach. The dominant presence of Methanobre-
vibacter in the faeces in all age groups as well as the presence
of other archaea, including several novel ones, is described.

Many of the faecal archaea are methane producers or
methanogens. The methanogenic archaeon Methanobrevi-
bacter smithiiwas first identified in 1982 from a human faecal
culture (Miller et al. 1982). Early studies used culture to
identify methane-producing microbes and found that they
were predominantly located in the right colon (Pochart et al.
1993).Methanobrevibacter smithii has been reported to be the
most prevalent archaeal species in human faeces followed by
Methanosphaera stadtmanae, which was, however, much less
common (Dridi et al. 2009; Mihajlovski et al. 2010). Non-
methanogenic archaea including members of Thermoplasma,
the Crenarchaeota and halophilic archaea have also been
reported in the gastrointestinal tract. The literature provides
conflicting information regarding the occurrence of the ar-
chaea in children. Methanogenic archaea could be detected in
the faces of children in New Zealand (Stewart et al. 2006),
while they could not be detected in Italian children before the
age of 27 months (Rutili et al. 1996). An increase in the
diversity of methanogenic archaeal species in faeces was found
in elderly individuals compared to adults (Dridi et al. 2011).

The present study found thatM. smithiiwas themost prevalent
archaeal species in faeces. It ranged from 88.7% in neonates and
the elderly, to 97.2% in school-going children.Methanosphaera
was the next most common archaeal genus in this study. We also

Figure 2. Length distribution of the amplicons that were cloned
and sequenced.

Table 1. Archaeal genera identified in each of the study groups

Group Methanobrevibacter smithii Methanobrevibacter other Other genera

Neonatal 103 11 Methanosphaera 2

Post-weaned children 104 3 Methanosphaera 3
Halobaculum 1

Pre-school children 105 10 0

School going children 107 3 0

Adult 112 5 0

Tribal adult 114 5 Caldisphaera 1

Elderly 104 9 Thermogymnomonas 4
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found Thermogymnomonas, Halobaculum and Caldisphaera
although they were much less abundant than Methanobrevi-
bacter. In addition, we identified several novel archaea sequences
which have not been previously described and these sequences
have been deposited in GenBank. Archaeal genera other than
Methanobrevibacter were particularly noted at the extremes of
age. Our studies suggest that increased diversity occurs at both
ends of the age spectrum. Others have also noted an increased
diversity of methanogenic archaea in elderly individuals as com-
pared to adults (Dridi et al. 2011). This is very likely related to
differences in dietary practices in these age groups.

Few studies have examined the presence of archaea in the
gut microbiota of children. A study in Italy did not find meth-
anogenic archaea in children below the age of 27months (Rutili
et al. 1996). A study in a Western population reported that
archaea transiently occurred in the faeces of neonates in the first
weeks of life and thereafter reappeared only at a much later age
(Palmer et al. 2007). In the present study, faecal archaea could
be identified in all age groups including newborn infants and
children of all ages. It is possible that theremay be differences in
the age of appearance of archaea in the stool in developing and
developed countries. The very early archaeal colonization of the

Figure 3. Frequency of different archaeal species among the fecal microbiota of the different groups of healthy individuals in this study.
Ne_A, neonatal archaea; PW_A, pre-weaning children; PS_A, pre-school children; SG_A, school going children; Ad_A, adults; El_A,
elderly; TA_A, tribal adults.

Figure 4. Venn diagrams showing distribution of the archaeal taxa in different age groups. Panel (A) includes tribal population. Four-way
Venn diagrams were plotted in (A) comparing neonate, children (PW, PS and SG), rural adults and elderly using VENNY (http://bioinfogp.
cnb.csic.es/tools/venny/index.html). In Panel (B) the addition of tribal adults to the rural adult pool showed that some of the neonate and
children archaea were present in the tribal adults.
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gut in the developing countries is consistent with the very early
microbial colonization of the gut that we have earlier noted in
newborn infants in southern India (Kabeerdoss et al. 2013).

Several of the human faecal archaea reported in the pres-
ent study matched to strains that were originally described as
environmental strains or animal strains. We have earlier
noted gut colonization of humans by animal microbiota in
individuals living in close proximity to animals
(Balamurugan et al. 2009).

The significance of the archaeal population of the gut in
human health and disease has not been studied to the same
extent to which the bacterial contribution has been studied.
Methanobrevibacter produces methane from by-products of
bacterial fermentation in the gut. It contributes to human
nutrition and metabolism (Vanderhaeghen et al. 2015). Re-
cent studies have begun to identify alterations of the archaea
in human disease. It has been reported that there is a reduc-
tion of methanogenic archaea in patients with irritable bowel
syndrome (Pozuelo et al. 2015) while Methanosphaera
stadtmanae abundance has been reported to increase in in-
flammatory bowel disease (Blais Lecours et al. 2014).

The strength of the study is that it was based on full-
length cloning and sequencing of the archaeal 16S rRNA

gene. There are three limitations of the study: First, we used
unidirectional sequencing since our sequencing strategy
provided usable reads up to 700 bp. It is possible that
bidirectional sequencing would have provided a marginal
increase in usable sequences. Second, the depth of
sequencing was much less than that which can be achieved
by next generation sequencing; however, the latter results in
short length sequences which then require to be assembled
using appropriate strategies while the current strategy
provided the exact sequence without the need for assembly.
Third, the samples were pooled and not individually
sequenced; again, this was not considered important in the
context of discovery. Although these limitations are
acknowledged, this is the first report of the faecal archaea
in an Indian population and is likely to be of use when
studies are designed to evaluate the contribution of the gut
archaea in human health in Indians.
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Figure 5. Phylogenetic tree constructed from 31 unique sequences identified in the present study. Twenty-two sequences that corre-
sponded with >99% similarity to those already available in the NCBI database were labelled with the NCBI accession number, while nine
sequences that were described for the first time in this study are depicted by green diamonds and marked with study identifier numbers (Ne,
neonate; PW, pre-weaning; TA, tribal adult).
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