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Abstract: Model organisms are the indispensable tools in biological research, providing simplified,
tractable systems for uncovering fundamental principles of life. Biological research depends on model
organisms, species that are well-studied and experimentally accessible to uncover fundamental life
processes. These models enable controlled experiments and genetic manipulation, allowing insights
that often apply broadly due to evolutionary conservation. The choice of a model depends on the
research question, genetic tractability, and relevance. Arabidopsis thaliana, a small, fast-growing
flowering plant belonging to the Brassicaceae family, is the foremost model organism in plant biology.
Being native to Europe and parts of Asia, this non-crop plant has become the model organism in many
allied fields of Plant Sciences due to its short life cycle and small genome size. These characters have
rendered it as one of the principal model systems. Additionally, numerous large T-DNA insertion
mutant collections are available. The advent of molecular biology and the completion of the
Arabidopsis genome sequence have contributed to helping researchers discover a large variety of
mutants identified for their phenotypes. Arabidopsis is closely related to crops like cabbage and
broccoli, and its rapid life cycle (5—6 weeks) and small genome make it ideal for genetic studies. Plants
like Arabidopsis thaliana are used as "stand-in" objects for molecular, genetic, and physiological
studies due to their simplicity and rapid growth. The present article emphasizes the key features of
Arabidopsis thaliana to be used as a phytological model in conducting research in various fields of
Plant Sciences like Genomic research.
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Introduction: Phytological models (or plant models) are computational, mathematical, or physical
representations used to simulate, predict, and analyse plant growth, development, physiology and
pathological dynamics. There are four key aspects for an organism to be considered as a phytological
model. They include

1. Functional-Structural Plant Models (Combination of morphological structure with physiological
processes (photosynthesis, respiration, growth) to model individual organs or whole plants.)

2. Plant Disease Models (predict pathogen outbreaks, such as rust on wheat or, by analysing data on
humidity, temperature, and host susceptibility).

3. Like Arabidopsis thaliana, the organisms should be used as "stand-in" objects for molecular,
genetic, and physiological studies due to their simplicity and rapid growth.
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4. They may be used to simulate crop yield, optimize fungicide applications, and evaluate the effects
of environmental stressors.

These models integrate environmental data like temperature and rainfall with biological factors
to optimize agricultural practices, understand genetic functions, and predict plant responses to
environmental changes. Arabidopsis is highly utilized in research due to its small size, allowing for
dense cultivation (e.g., in pots or Petri dishes) and high seed production (up to 10,000 per plant).

Methodology: They utilize meteorological, soil, and plant physiological data are utilized as Data
Inputs. L-systems for branching structures, artificial intelligence and deep learning (e.g., CNNs) are
often used for disease detection, boasting, in some cases, up to 99% success rates. The scale of model
may range from molecular, cellular to organ level or whole plant and canopy levels.

Taxonomic Position: Arabidopsis thaliana (Thale cress) is a small flowering plant belonging to the
mustard family (Brassicaceae), notable as a model organism in plant biology. It is classified within

the kingdom Plantae, phylum Tracheophyta (vascular plants), and class Magnoliopsida specifically
falling under the order Brassicales.

Distribution: Native Arabidopsis thaliana is widely distributed across Europe, continental Asia and
Northern Africa (Ratcliffe, 1965; Zwan et al., 2000; Al- Shehbaz and O’Kane, 2002; Hoffmann et al.,
2003). The hypothesis of a central Asiatic, west Himalayan origin is supported by the high number of
species distributed in these regions (Ro“bbelen, 1965; Price ef al., 1994). Its presence in America and
Australia is due to human migrations. Its limited geographical distribution indicates its preference for
temperate climates with low precipitation (Landolt, 1977). It is a pioneer plant that does not support
competition in dense vegetation. Arabidopsis was discovered in the Harz Mountains in the sixteenth
century by Johannes Thal (hence, thaliana), who called it Pilosella siliqguos. The current Arabidopsis
name was proposed by de Candolle in 1821.

Morphology: Arabidopsis thaliana is a small, self-pollinating annual weed (Brassicaceae family)
with a rapid 6-week life cycle. It features a basal rosette of 1.5-5 cm green-purplish leaves, a 20-25
cm flowering bolt, and small white flowers (4 sepals, 4 petals, 6 stamens). The fruit is a linear silique
containing 20-30 seeds. (Table 1).

Table 1: Key Morphological Features used in identifying Arabidopsis thaliana

Plant Part Features
Root A simple, vertical taproot system with smaller lateral roots
Stem and Growth | Grows 20-25 cm tall, with a central stem that bolts (elongates) after
about 3 weeks
Leaves Leaves can appear green to slightly purplish. Basal leaves form a
rosette, are often entire to coarsely serrated, and are covered in
unicellular trichomes. Cauline leaves on the stem are smaller, sessile,
and usually entire.
Inflorescence and | Corymb inflorescence, flowers are small(3mm), Tetramerous and

Flowers typical of mustard family
Fruit A silique (pod-like) 5-20 mm long, containing 20—30 small (0.5 mm)
seeds

Ecotypes of Arabidopsis thaliana: A. thaliana ecotypes first appeared 5 MYA ago (Koch et al., 2000).
This gave sufficient time for the creation of current ecotypes through natural mechanisms. Over 750
natural ecotypes or accessions of A. thaliana have been collected from around the world and are
available from two major seed stock centers: the Arabidopsis Biological Resource Center (ABRC) and
the Nottingham Arabidopsis Stock Centre (NASC). Researchers use the differences within this natural
variety (Quiroga et al., 2000) to uncover complex genetic interactions, such as those underlying plant
responses to environment and evolution of morphological traits. These different “ecotypes” or
accessions are quite variable in terms of morphology and development (e.g., leaf shape, trichoblast
formation) and physiology (e.g., flowering time, disease resistance). The most popular Arabidopsis
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accessions are Columbia (Col), Landsberg erecta (Laer) and Wassilewskija (Ws). These three ecotypes
are widely used for both molecular and genetic studies, and are the chosen genetic background for the
majority of Arabidopsis T-DNA insertion mutant collections. The Col and Laer ecotypes both originate
from a wild type Landsberg (La) strain selected by Professor George Re’dei, whereas the Ws (N1602)
ecotype originally comes from Vasljevici, in Belarus (http://seeds.nottingham.ac.uk). In contrast to
Col, the Laer line was obtained by X-ray-induced mutagenesis (Torii et al., 1996). Col ecotype was
proposed to be the molecular model for Arabidopsis by Meyerowitz and since then its genome has
been entirely sequenced (Arabidopsis Genome Initiative, 2000).

Laer is currently being sequenced with the purpose of obtaining new molecular markers for
chromosome  walking  (http://www.tigr.org/tdb/e2k1/ath1/atgenome/Ler.shtml).  The  major
Arabidopsis ecotypes, Col, Laer and Ws, are well known for their morphological differences and for
their genetic variability (Alonso et al., 2003 and Koornneef et al., 2010). Recently, a few studies have
shown a heterosis effect observed in the F1 generation of a cross between different Arabidopsis
accessions (Meyer et al., 2004; Rohde et al., 2004). The phenotypic differences observed among the
three ecotypes can be explained by genetic variability.

Arabidopsis as Phytological Model:

Arabidopsis being a simplest organism is not subject to the same ethical and regulatory scrutiny as
vertebrates, making them advantageous for high-throughput or exploratory studies. The success of
Arabidopsis as a model organism involves a combination of biological, genetic, and practical
advantages as mentioned in Table 2.

Table 2: Advantages of Arabidopsis thaliana as a Plant model organism

Specific Characters Advantages Key feature
Biological Traits Small size Plants are only 20-25 cm tall,
requiring minimal space.
Short life cycle Seed-to-seed completion occurs in

about 6 weeks, allowing for rapid
generation turnover.

High seed production | Each plant produces thousands of
seeds, enabling large-scale genetic
studies.

Genetic Simplicity Diploid genome Simplifies inheritance studies and
genetic manipulation.

Compact genome Contains approximately 27,000

(~135 megabases) genes, with minimal repetitive DNA
compared to many crop species.

Self-fertilizing Promotes genetic uniformity, yet

cross-fertilization is easily possible
for genetic experiments.

Experimental Accessibility Ease of cultivation Grows well in soil, hydroponics,
and under controlled growth
chambers or light boxes.

Transformation Agrobacterium tumefaciens-

protocols mediated transformation makes it
relatively simple to insert foreign
genes.

Available mutant Large T-DNA insertion mutant

libraries libraries (e.g., SALK, GABI-Kat)

are publicly available.

[JCRT2603206 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org b692


http://www.ijcrt.org/
http://www.tigr.org/tdb/e2k1/ath1/atgenome/Ler.shtml

www.ijcrt.org © 2026 IJCRT | Volume 14, Issue 3 March 2026 | ISSN: 2320-2882

Tools for reverse RNAI, CRISPR-Cas9, and inducible
genetics: expression systems are well-
established.

Research Applications of Arabidopsis thaliana in Plant Sciences:

Several dedicated databases and resources make Arabidopsis one of the most data-rich plant
models like TAIR (The Arabidopsis Information Resource) to provide curated gene functions, genome
maps, expression data, and mutant phenotypes, BAR (Bio-Analytic Resource for Plant Biology) in
offering tools for visualizing gene expression, co-expression networks, and pathway diagrams and
Arabidopsis Biological Resource Centre (ABRC) for Distribution of seeds, mutant lines, and plasmid
vectors to the research community. These resources ensure that data and materials are widely
accessible, promoting collaboration and reproducibility. Arabidopsis thaliana serves as the foundation
for research in multiple domains of plant science (Pic-1) and Table 3.

Pic-1. Arabidopsis thaliana in Multidomain Research in plant Sciences

Arabidopsis
thaliana

Plant Synthetic
Biology

Developmental Stress Genetics and 5
Biology Physiology Genomics Physiology

A A

Table 3- Arabidopsis as model organism used in multi domains of Plant Science

Domain of Plant Experimental Research
Science
Developmental Biology | Studies on meristem activity, leaf and root architecture, floral
organ identity, and embryogenesis.
ABC model of flower development to explain the method of
combinations of gene activities to determine floral organ identity
(sepals, petals, stamens, carpels).
Stress Physiology and | Elucidation of hormone signalling pathways such as:

Plant Hormonal Auxin (cell elongation, tropism),

regulation Gibberellins (stem elongation, seed germination),

Abscisic acid (stress response, stomatal closure),
Ethylene, cytokinins, jasmonates, and salicylic acid.

These studies have helped understand how plants respond
to environmental stimuli through complex hormonal crosstalk.
Investigation into abiotic stress tolerance (e.g., drought, salinity,
temperature extremes).

Insights into biotic stress responses, including plant-pathogen

interactions and defence gene regulation.

Genetics and Genomics | Functional analysis of genes through:

1. Forward Genetics (Mutant screening)

2. Reverse genetics (e.g., CRISPR knockouts)

3. Genome-wide association studies (GWAS).

4. Extensive use of microarrays, RNA-seq, and proteomics
in understanding gene expression dynamics.
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5. Pathogen Resistance (Elucidation of the gene-for-gene
model in plant immunity, including key regulators such
as NPR1 and R genes.)

Plant Physiology 1.Arabidopsis has helped identify multiple photoreceptors (e.g.,

phytochromes, cryptochromes) and pathways that govern
photomorphogenesis

2. Discoveries of plant circadian clock genes (e.g., TOC1, CCA1)
have expanded our understanding of time-regulated biological
functions.

Synthetic Biology 1.Arabidopsis serves as a chassis for synthetic circuits and

engineered pathways.

2.Advances in computational modelling and multi-omics
integration in Arabidopsis help predict gene regulatory networks
and metabolic fluxes

Arabidopsis thaliana is also used as plant model organism in Epigenetics and Chromatin

Remodelling studies like DNA methylation, histone modification. Non-coding RNAs in Arabidopsis
have deepened our understanding of gene regulation and also insights from Arabidopsis are translated
into crop improvement strategies in cereals, legumes, and oilseeds by identifying orthologous genes
and regulatory mechanisms resulting in Global Food security for sustainable development.

Conclusions: Arabidopsis is a powerful model organism due to its simplicity and versatility and
hence can be continued to make it the model of choice for basic plant biology. In spite of the
advantages this plant faces few limitations like it is not a crop plant, not ideal for C4 or CAM
pathways and due to lack of secondary metabolites care should be taken while choosing this plant as
a model organism based on experimental research to be carried out.
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