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Introduction:

Behind every high-yielding, disease-
resistant and climate-resilient crop lies an
invisible blueprint—the chromosome.
Although chromosomes cannot be seen with
the naked eye, they carry the genetic
information that controls virtually every
characteristic of a plant, from plant height and
flowering time to grain quality, disease
resistance and stress tolerance. For plant
breeders, chromosomes are therefore much
than visible under a

more structures

microscope; they are the architectural
framework of crop improvement.

Modern agriculture faces enormous
challenges. Rapidly changing. climates,
emerging diseases, declining genetic diversity
and increasing demand for food require crops
that can perform reliably under difficult
conditions. To develop such crops, breeders
need to understand not only individual genes
but also how genes are organized, inherited

and exchanged through chromosomes.

What Exactly Are Chromosomes?

Chromosomes are thread-like structures
present in the nucleus of plant cells. They are
composed mainly of DNA associated with
proteins, particularly histones. DNA contains
genes—the functional units of heredity—that
provide instructions for producing proteins and
regulating biological processes. The number of
chromosomes differs among crop species. For
example, bread wheat possesses 42
chromosomes (2n = 42), while maize has 20
20) and rice has 24

chromosomes (2n = 24). Each chromosome

chromosomes (2n =

contains thousands of genes arranged in a
specific order.

Interestingly, chromosome number
alone does not determine the complexity or
usefulness of a crop. What matters greatly is
which genes are present, how they are
organized and how they interact.
Chromosomes and Crop Diversity

Genetic variation is the raw material of
plant breeding. During meiosis, chromosomes

undergo recombination, allowing genetic
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information from parents to be reshuffled in

their offspring. This natural process creates
new combinations of genes that breeders can
select for desirable characteristics. For
example, a breeder may cross a high-yielding
variety with a disease-resistant donor. Through
successive generations of selection, desirable
chromosome segments from both parents can
be combined into a superior breeding line.

Thus, every new variety represents a
carefully selected combination of chromosome
segments.
The Power of Polyploidy

One of the most fascinating features of
plant chromosomes is polyploidy, in which
plants possess more than two complete sets of
chromosomes.Many important crops have
evolved through polyploidy. Bread wheat is a

classic example, possessing ' three related
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Polyploidy can provide plants with

additional  genetic  material, sometimes
contributing to increased adaptability, larger
organs and enhanced genetic flexibility. It has
therefore played an enormous role in the
evolution and diversification of cultivated
plants.
Wild Relatives: Hidden Treasure Houses

Wild relatives of crops often contain
valuable genes that have been lost or reduced
during domestication. These genes may
provide resistance to diseases, insects, drought,
salinity, heat or other stresses.

But how can breeders identify and
transfer these useful chromosome segments?

This is where cytogenetics becomes
extremely powerful.

Techniques such as fluorescence in

situ hybridization (FISH) and genomic in

genomes—A, B and D—with seven situ hybridization (GISH) allow researchers
chromosomes in each genome. to visualize chromosomes and identify
Table 1. Chromosome Numbers of Important Crop Plants

Sr.  Crop Scientific name Chromosome Ploidy level

No. number (2n)

1 Bread wheat Triticum aestivum 42 Hexaploid

2 Durum wheat Triticum durum 28 Tetraploid

3 Rice Oryza sativa 24 Diploid

4 Maize Zea mays 20 Diploid

5 Barley Hordeum vulgare 14 Diploid

6 Chickpea Cicer arietinum 16 Diploid

7 Soybean Glycine max 40 Diploid

8 Cotton (upland cotton) Gossypium hirsutum 52 Allotetraploid

9 Potato Solanum tuberosum 48 Tetraploid

10  Groundnut Arachis hypogaea 40 Allotetraploid
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from

chromosome

segments  originating
different species. Imagine chromosomes as
coloured threads. FISH and GISH can help
scientists determine which thread came from
which parent or species. This makes it
possible to track valuable alien chromosome
segments during breeding.
Chromosome Engineering: Designing Better
Crops

Traditional crossing is not always
sufficient to transfer a desirable gene from a
wild relative. Sometimes unwanted genes are
transferred along with the desired one. This
phenomenon is known as linkage drag.

Chromosome engineering provides
strategies to overcome this challenge.

Through

recombination and cytogenetic _screening,

controlled crossing,
breeders can attempt to reduce the size of

unwanted chromosome segments while
retaining the useful gene. This approach has
been particularly important in  wheat
improvement, where chromosome segments
from related species have been introduced to
improve resistance to diseases and other
stresses.

From Microscope to Molecular Markers
Cytogenetics has evolved dramatically.
Earlier, researchers mainly studied

chromosome number, size, shape and pairing

under a microscope.

Today, cytogenetics

works together with molecular markers,
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DNA

bioinformatics. A

sequencing, genomics and

chromosome  region
identified through cytogenetic analysis can
now be investigated using molecular markers
and genome sequences. Researchers can locate

(QTLs),

develop markers closely linked to useful traits

genes and quantitative trait loci

and accelerate their transfer into elite varieties.
This integration has created a powerful bridge:
Chromosome — DNA — Gene — Marker
— Trait — Improved Variety
Chromosomes Meet Genome Editing

The arrival of CRISPR-based genome
editing has taken crop improvement to another
level. Genome editing can make precise
changes in selected genes, while cytogenetics
provides the broader chromosome-level
context.

However, genome editing does not
replace cytogenetics. Chromosome number,
ploidy, chromosome structure and genome
stability remain important considerations,
particularly in polyploid crops such as wheat.
The future of breeding is therefore likely to
involve an integration of cytogenetics +
genomics + molecular breeding + genome
editing.

A New Era of Chromosome-Based Breeding

Modern plant breeding is moving from
simply selecting plants with desirable
appearances to understanding the genetic

architecture underlying those traits.
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Advanced technologies can now help

breeders visualize chromosomes,
identify QTLs, detect structural

sequence
genomes,
variations and track wuseful chromosome
segments with remarkable precision. This
knowledge is especially important for
developing crops capable of withstanding
drought, heat, salinity, emerging diseases

and unpredictable climatic conditions.
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Conclusion

Chromosomes may be microscopic, but
their influence on agriculture is enormous.
They carry the genetic instructions that shape
crops and provide the framework through
which genetic variation is inherited and
reshuffled. From the discovery of chromosome
numbers to modern FISH, GISH, molecular

markers, genome sequencing and CRISPR, our

Table 2. Major Cytogenetic Tools and Their Applications in Crop Improvement

Cytogenetic tool What does it do?

Application in plant breeding

Karyotyping Examines chromosome Identifies chromosomal
number, size and morphology  abnormalities and ploidy
differences
FISH (Fluorescence Uses fluorescent probes to Identifies chromosome regions
In Situ Hybridization) locate specific DNA sequences and helps detect structural
on chromosomes changes
GISH (Genomic In Distinguishes chromosomes or Tracks  alien  chromosome
Situ Hybridization) chromosome segments from introgressions from wild
different species relatives
Chromosome banding Reveals characteristic Helps identify individual
chromosome patterns chromosomes and  structural
rearrangements
Meiotic cytology Examines chromosome pairing Assesses chromosome
and segregation during meiosis  behaviour, fertility and genome
stability
Chromosome Manipulates chromosome  Transfers useful genes from wild
engineering segments through breeding and relatives into cultivated crops
other techniques
Molecular Combines cytogenetic methods Supports chromosome
cytogenetics with molecular tools identification and the
localization of useful genetic
regions
Chromosome-scale Integrates chromosome Facilitates  gene  discovery,
genome analysis information with DNA structural variation analysis and
sequencing and genome precision breeding
assembly
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understanding of  chromosomes has

transformed plant breeding. The next
generation of crops will not be improved by
looking only at the plant above the soil.
Breeders will increasingly look inside the
cell—to the chromosomes and the genomes
they carry.

The future of crop improvement may
be written in DNA, but its architecture is
built on chromosomes.
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