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Human genomics and microbiomics: the post-genomic scenario
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The human genome has been sequenced and the task was named as the ‘human genome project’. The ultimate
goal of the human genome project was to understand the human physiology and health, and to fight against
infectious and non-infectious diseases. Variations in the human genome sequence, such as single nucleotide
polymorphisms (SNPs) and haplotypes, associated with various diseases have been identified through ‘the
HapMap project’. Recently, ‘the 1000 genomes project’ has been initiated to catalogue the chromosomal
structural variations, which might be missed by the SNP approaches. In addition, the role of endogenous micro-
organisms, which live in and on humans and their genomes in human health has gained much attention in
recent years. Hence ‘the international human microbiome project’ has been recently launched, which may
reveal the role of endogenous microorganisms in maintaining the human health and susceptibility to diseases.

Soon after the human genome was se-
quenced, scientists and physicians world-
wide started debating on the consequence
of the human genome project’. In gen-
eral, any two humans are more than
99.9% similar with respect to their ge-
nome sequences. Only a small fraction
(0.1%) of sequences that varies among
the people is responsible for the individual
differences in susceptibility to disease or
response to drugs’. Therefore, human
genome research is now mainly focused
on the 0.1% variation associated with
different populations. The most common
type of variant is the single nucleotide
polymorphism (SNP), which is the single
base difference at a particular site. Even
before the human genome was completely
sequenced, the need for cataloging of
SNPs associated with various diseases
was proposed’. In this direction, the SNP
consortium was established in 1999 and
more than 1.4 million SNPs have been
reported® by 2001. The comprehensive
database, dbSNP (www.ncbi.nlm.nih.
gov/projects/SNP/), has information on
the SNP allele frequencies, the type of
SNP (either coding or non-coding), and
if coding, either synonymous or non-
synonymous".

The international HapMap project’
(www.hapmap.org) was launched in 2002.
The HapMap is a catalogue of common
genetic variants that occur in human be-
ings. It describes what these variants are,
where they occur in the genome, and
how they are distributed among people
within populations and among popula-
tions in different parts of the world. The
first phase of the HapMap project was
completed in 2005, where 1.3 million
genotyping assays with more than one
million SNPs were reported’. The second
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phase was completed in 2007 and has in-
creased the total to more than 3.1 million
SNPs®. The HapMap data consist of
SNPs, SNP haplotypes, genotypes and
tag SNPs. Variations organized on a sin-
gle chromosome or part of a chromo-
some are referred to as haplotypes, which
are usually inherited as intact blocks of
information. New haplotypes are formed
by additional mutations or by recombina-
tion. The coinheritance of SNP alleles on
these haplotypes leads to associations bet-
ween these alleles in the population,
which is known as linkage disequili-
brium (LD). Many empirical studies have
reported significant levels of LD and
often strong associations between nearby
SNPs in the human genome. Therefore,
there are only a few haplotypes in many
chromosome regions, which account for
most of the variations among people in
those regions. As a result, only a few of
these SNPs, referred to as ‘tag SNPs’,
are sufficient to identify each of the
commion haplotypes in a region’.
Recently, ‘the 1000 genomes project’
(www.1000genomes.org) has been initi-
ated to create the most comprehensive
map of human genetic variation, which
involves sequencing the genomes of a
thousand people from around the world”.
The project builds on the human haplo-
type map developed by the international
HapMap project. Going a major step be-
yond the HapMap, the 1000 genomes
project will map not only the SNPs, but
will also produce a high-resolution map
of larger differences in genome structure
called structural variants, such as re-
arrangements, deletions or duplications
of genome segments. The catalogue of
genetic variations developed in this pro-
ject will be useful in genome-wide asso-

ciation studies on people with particular
diseases.

Thus, human geneticists and epide-
miologists are concerned about the genetic
basis of susceptibility and resistance to
diseases. On the other hand, microbiolo-
gists are more concerned about the mi-
croorganisms that live inside and on
humans (human microbiota). The human
microbiota has co-evolved with its
human host and plays an important role
in human physiology. For example, the
human gastrointestinal tract itself har-
bours approximately 10 times more bac-
terial cells than there are cells in the
entire human body. The gut microbiota is
composed of >1000 species and it has
been estimated that the human micro-
biome (total genomes of the microbiota)
contains roughly 100 times more genes
than the human genome. Thus, human
beings are considered as ‘superorganisms’
and the metabolism of superorganism in-
volves the integration of indigenous
metabolic processes coded in the human
genome with those of the associated
microbiome®. Current estimates indicate
that more than 99% of the microorgan-
isms present in many natural environ-
mental niches are not readily culturable
and therefore not accessible. Analysis of
nucleic acids directly extracted from the
associated niche, the metagenomic ap-
proach, allows researchers to study natu-
ral microbiota without the need for
cultivation’. Each organism in an envi-
ronmental niche has a unique set of genes
in its genome; the combined genomes of
all the community members make up the
‘metagenome’.

The metagenomics-based microbial
diversity analysis largely depends on the
sequence analysis of small subunit ribo-

CURRENT SCIENCE, VOL. 97, NO. 2, 25 JULY 2009



COMMENTARY

somal RNA (16S rRNA) genes. The 168
rRNA genes are amplified using broad-
range PCR primers based on the sequen-
ces that are well-conserved among pro-
karyotes, corresponding to positions 8 to
1513 of the Escherichia coli 16S rRNA
gene'®. The 16S rRNA genes amplified
from metagenome are used to make libra-
ries of clones, where each clone repre-
sents a 16S rRNA gene from a prokaryotic
species. Individual clones are sequenced
and the 16S rRNA gene sequence simila-
rity analysis is used to identify the species-
level phylogenetic types (phylotypes).
The human metagenome-based 168
rRNA gene analyses have also been used
to detect uncultivated organisms that
cause diseases''. For this, DNA extracted
from the site of infection was subjected to
16S rRNA gene-based microbial diver-
sity analysis. The first novel pathogen to
be identified by sequence-based method
was Rochalimaea henselae (redesignated
as Bartonella henselae), the organism re-
sponsible for bacillary angiomatosis (cat
scratch disease)'”. Ehrlichia chaffeensis
causing a febrile illness associated with
tick bites and Tropheryma whipplei caus-
ing the Whipple’s disease are other
examples of pathogens identified using
this approach'".

The health and predisposition to vari-
ous non-infectious diseases of humans
are also determined by the genes coded
by the microbiome. For example, the in-
fluence of human microbiota in obesity
has been reported®. The metagenomic
sequence data of faecal specimens from
obese and lean individuals revealed a
strong association between the micro-
biota and obesity. In humans and mice,
more than 90% of the colonic bacteria
belong to just two divisions in the do-
main bacteria: the Firmicutes and the
Bacteroidetes. The obese (ob/ob) mice
have a 50% reduction in the abundance
of Bacteroidetes and a proportional in-
crease in Firmicutes compared with lean
mice. Further, the role of microbiota in
obesity has also been demonstrated by
the ‘microbiota transplantation’ experi-
ments. Turnbaugh et al.'" have colonized
the adult germ-free C57BL/6J mice with
a microbiota harvested from the caecum
of obese (ob/ob) or lean (+/+) donors.
Colonization of germ-free mice with an

obese (ob/ob) microbiota resulted in a
significantly greater increase in total
body fat than colonization with a lean
(+/+) microbiota. The metagenomics-
based shot-gun sequencing analyses of
gut specimens from obese mice revealed
that the obese microbiome has an increa-
sed capacity to harvest energy from the
diet'.

The international human microbiome
project (HMP) has recently been launched
to explore the role of microbiota in
human health and disease'®. The HMP is
another rational extension of the human
genome project. Ultimately, the goal is to
associate differences in microbiome with
those in metabolic function and/or dis-
case. Initially, researchers will sequence
600 reference microbial genomes to
make a collection of 1000 microbial
genomes. Sequencing of more reference
genomes would provide further insight
into the role of human microbiota and its
diverse metabolic functions. In addition,
shotgun sequencing approach will be
employed to generate more sequence
data from the human microbiome. The
datasets produced by HMP will be made
accessible through a public repository
database (www.hmpdacc.org). Initially,
the microbiome profiles of healthy vol-
unteers will be generated. These data
will then be compared with microbiome
from volunteers with specific diseases.

To conclude, the human genome pro-
ject revealed the complete human
genome sequence, which is 99.9% simi-
lar in all humans. The other genome-
variation studies are aimed to character-
ize the common patterns within 0.1% of
the genome structure, where humans dif-
fer from each other. The SNP consor-
tium, the international HapMap project
and the 1000 genomes project are aimed
at identifying the underlying genetic
variations in various human populations.
The HapMap project has contributed
much to our understanding of the under-
lying genetic variation in diverse human
populations and has facilitated the dis-
covery of many loci associated with
common human diseases, such as diabe-
tes, obesity, breast cancer, etc. The re-
cently launched 1000 genomes project
aims to discover much of the existing
common variation, including both SNPs

and the less-explored structural variants.
The superorganism concept is an impor-
tant paradigm shift in understanding
human biology. The HMP is aimed at
understanding the role of microbiome in
human physiology and health. Thus, the
integration of human genomics and micro-
biomics is essential for strategies to deve-
lop food or drugs.
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