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Arabidopsis natural variants and the Indian scenario

Sribash Roy

Arabidopsis thaliana is the model species of choice in plant science. It is the first plant species whose
genome was sequenced in 2001. One of the important factors that has largely contributed in the growth of
Arabidopsis as a model plant is existence of its natural variants across the globe and its availability from
public sources. These natural variants have helped in discovering a large number of quantitative trait loci
associated with specific traits and other functional alleles. The 1001 genome consortium was launched in
2009 to unearth the genetic and epigenetic variations in natural accessions spread across the globe. How-
ever, there was no report of detailed work on Indian populations of Arabidopsis before 2015. The Indian
populations of Arabidopsis thaliana are unique and may provide valuable information on its evolution and
adaptation under different climatic conditions. Since major conclusions on the origin and evolution of
Arabidopsis thaliana from different studies were drawn without including the Indian populations, inclusion
of these populations in global data analysis may help unearth new findings.

Historical perspective of
Arabidopsis research

Arabidopsis thaliana, a tiny weed is
widely used as the model plant by re-
searchers. The earliest mention of the
species in the literature was in a paper by
Alexander Braun in 1873, where he de-
scribed a mutant plant found in a field
near Berlin, Germanyl. However, it was
Friedrich Laibach who described the
chromosome numbers of Arabidopsis'.
He is viewed, without question, as the
father of experimental Arabidopsis re-
search. In a seminal paper, Laibach for
the first time proposed Arabidopsis
thaliana as a model plant for genetic
studies!. In 1951, he and his students
emphasized the importance of natural
variation in the study of physiology such
as flowering time and seed dormancy.
Since then, it has been almost seven dec-
ades that researchers have used 4.
thaliana as a model to understand every
aspect of plant life. There was increased
interest in Arabidopsis research among
researchers in the sixties. However, it
gained momentum during late eighties
and early nineties with researchers ex-
ploiting the genetic potential of Arabi-
dopsis to characterize plant-specific
processes. Thereafter, several excellent
reviews summarizing the progress on
plant research using Arabidopsis as a
model have been published from time to
time' . In a most recent review, cele-
brating 50 years of the first Arabidopsis
conference in 2015, Provart et al.* me-
ticulously summarized almost every as-
pect of plant life that has been described
using Arabidopsis. They included 54,033

Arabidopsis papers published till 2015 to
summarize how it has contributed in our
understanding in the fields of cell bio-
logy, biochemistry, genetics, epigenetics,
physiology, development biology, geno-
mics, systems biology, etc. Thus as of
today (7 November 2017), going by the
number of publications available in
PubMed, Arabidopsis remains as the
plant with the highest number of publica-
tions (30,051; retrieved using ‘ Arabidop-
sis’ as the search term in the title of the
research article in PubMed advance
search option). Even the important crop
plants such as rice, wheat, etc. could not
keep pace with Arabidopsis research in
terms of research publications. For ex-
ample, following the above search crite-
rion, rice and wheat retrieved 23,946 and
21,500 publications respectively. It indi-
cates that Arabidopsis still remains the
first choice for plant biologists.

One of the important factors that con-
tributed immensely to the growth of
Arabidopsis as model plant is its natural
variation among so-called eco-types. The
analysis of genetic variation of popula-
tions found significant structure on a
global scale, as well as long-range isola-
tion by distance among different re-
gions®’. Similarly, at the regional scale,
several laboratories have initiated the
development of new A. thaliana collec-
tions for genetic variation studies such as
northern Europelo’”, France'?, Central
Asia® and China'’. The first report on
polymorphism patterns on a large-scale
study by Nordborg et al.® revealed a
species-wide pattern of isolation by dis-
tance, with linkage disequilibrium decay-
ing similarly to that in humans. This
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work was followed by generation of
large-scale single nucleotide polymor-
phism (SNP) data by several authors'*"7.
Some of these studies have shown patterns
of climate adaptation using SNPs'>'3.
Developments in quantitative genetics
enabled identification of genomic re-
gions associated with specific traits. So
far, large natural variations have been
reported for every phenotypic trait inves-
tigated. Several genes underlying QTLs
have been identified using biparental in-
bred populations of Arabidopsis'®™'. The
existence of natural variations has also
led to the discovery of functional allele
of genes. One example is FRI, a major
gene in the control of flowering time,
which is mutated both in Col and Ler,
but was identified in late-flowering natu-
ral accessions”. With the advancement
of sequencing technology, genome-wide
association (GWA) is rapidly becoming a
preferred choice for studying the genet-
ics of natural variations. While extensive
linkage disequilibrium in Arabidopsis is
a major disadvantage in identifying the
causal site(s) among many highly associ-
ated ones, availability of naturally occur-
ring inbred (‘pure’) lines makes it
possible to capture local genotypes. In
one of the largest samplings from a sin-
gle geographic region, 180 inbred lines
were sequenced to find evidence of
selection and genome-wide association
studies (GWAS) in local populations®.
Similarly, several hundred lines have been
sequenced in other studies to compare
with the existing reference genome*2°.
GWAS have been extensively used as a
tool for dissecting natural variations?”2°.
More recently, The 1001 Genomes
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Consortium (2016) described global
polymorphisms in 4. thaliana using more
than 1135 re-sequenced natural acces-
sions representing the native Eurasian
and North African range and recently co-
lonized North America®®. This study
provided a broader aspect of the species
history that it is a complex mixture of
survivors from multiple glacial refugia. It
suggested that those which survived ex-
pansion/invasion during glacial period
might have favoured population expan-
sion. The study also provided a powerful
GWAS platform to decipher how genetic
variation translates into phenotypic
variation in response to environmental
challenges. Interestingly, this and other
global studies did not include Indian
populations (except two accessions —
Kas-1 and Kas 2). This may be due to
non-availability of accessions in stock
centres from this region. It will be inter-
esting to see if inclusion of accessions of
Indian origin has any impact on the ob-
servations of the 1001 genomes study,
considering our earlier observation that
Indian populations might have evolved in
isolation®',

Indian scenario

Though A. thaliana had gained the status
of a model plant species during the nine-
ties, publications from India were a mere
13 till 2000. This is based on the search
term ‘Arabidopsis’ in the title/abstract,
‘India’ as affiliation and ‘publication
date’, 1980 to 2000 in PubMed advance
search option. The number of publica-
tions from 2000 to 2017 with the same
criterion was 823 (as of 7 November
2019). However, this number may be
more if other sources of publication
could be considered. In contrast, while
China had only 29 publications during
1980 to 2000, this increased to 7501 dur-
ing 2000-2017 when searched with the
same criterion as above, except with
affiliation term as China (as on 7 No-
vember 2019).

It is interesting to note that there was
no detailed report on A. thaliana popula-
tions from India till 2015 (ref. 7).
Though there was mention of herbarium
specimen and occurrence of the species
in Western Himalaya, no detailed work
was carried out before the report by
Singh er al.*. There are only two Indian
accessions available in the Arabidopsis
stock centre (Kas-1 and Kas-2). How-
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ever, the Indian origin of Kas-1 has been
questioned by Vander Zwan and Cam-
panella®® who reported an FEuropean
origin for the same. This was latter sup-
ported by Zhang ef al** on the basis
of retroposons analysis. Interestingly,
analysis of six Western Himalayan popu-
lations using chloroplast markers by the
present author’s group also showed that
the Kas-1 accession clustered together
with the European accessions, but not
with other Indian accessions’'.

We initially collected six populations
from different altitudes of Western
Himalaya and reported the morphologi-
cal trait variations®>. Subsequently, we
genetically characterized these popula-
tions using 19 simple sequence repeats
(SSRs) and 12 chloroplast markers, and
showed how these populations might be
genetically distinct from the other world
populations®'. Further, using population-
level transcriptome data, we observed
how light intensity plays a critical role in
the emergence of population-level varia-
tions in the coding regions of these
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genes. We also identified high light in-
tensity-tolerant putative genes from the
highest altitude populations®. It is to be
noted that one of the populations studied
by us is in the highest elevation habitat
reported so far for the species. Availabi-
lity of populations across wide climatic
range due to elevation makes them ideal
for studying plant adaptation. Encour-
aged by the initial observations, we further
explored new populations and success-
fully collected 12 of them from this re-
gion. We characterized these populations
using 43 SSR markers spanning all five
chromosomes. Data suggest that most of
these 12 populations from distinct clades
when analysed using clustering algo-
rithms (Figure 1). Using whole-genome
sequencing approach, these populations
also showed similar observations.

Conclusion

A. thaliana is the model species for
modern plant biology research. From
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Unrooted neighbour joining trees of West Himalayan accessions. Genetic

distance matrix of 43 MS markers was utilized for construction of tree using MEGA 5.0
(ref. 36). The three-letter initials correspond to name of the collection site followed by

accession number.
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understanding the different plant-specific
processes such as physiological, bio-
chemical, molecular, etc. to population-
level studies, thousands of accessions
and hundreds of populations have been
studied worldwide. Recently, emphasis
has been given on local-level population
studies to explore local-level adaptation
mechanisms. The Himalayan populations
provide excellent opportunity in this
direction. The natural variations in the
coding region of the genes might provide
a clue to their local adaption and envi-
ronmental factors. A greater collabora-
tion among ecologists, molecular
biologists, computational biologists, etc.
may provide further insight into the evo-
lution and adaptation mechanisms of the
Himalayan populations of 4. thaliana.
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