o

DO

5

DO =
A
oo Cn

g

30C
e}

1O

B0 aniBeo aniBo aniBo ansie
fe)

N
30C
e}

wibe o

) guﬁg@ SRR SRR GRab G

1O
IE
e}

T
o G

10
ey
e}

T =
o G

10
“‘Fg

s &

g)

VT“@?

63%;%5%3 g

o

cgnﬁéf@ c;hﬁér@ cgnﬁéf@ QO C;ﬁﬁr@ C@ﬁr@ Qn
&

pole
I

©
TIEVO
[

mﬁéﬁ
70

IR &

O

£ théi c
=

mﬁéﬁ

Do,

SIEO
(o)

Selife?

g % uV[F
2

TIEVO

00,
(=}

0 WSO QYO

[
o G

C?:“ﬁ/
>

paife]

VLY

0o

NS
] Cg,“\@

JoC
(o7

O
o

an

Bl
oo
e}

] té‘w@

JOC,

W20
b G

<

polel
”T\gf“

'S0 qnibeo

“W&i C%mu?z@ =
(2] )

it

WEao qnsis

TOC

C@ﬁéﬁ@ Q
Rew ek &
o5 %‘

é?@
T 2
%‘w@ ez

N

Cé

yel
o G

T
TIEY

%

S
DO

W
&

aee
o G

pole]

CW%N

AGRI MAGAZINE

(International E-Magazine for Agricultural Articles)

Volume: 02, Issue: 03 (March, 2025)

Available online at http://www.agrimagazine.in
D blish with Pride & “Agri Magazine, ISSN: 3048-8656

Genetic Diversity and Conservation of Wild Relatives for Crop
Improvement
“Geetam Singh! and Balram?
Dept. of Plant Breeding and Genetics, R.B.S. College, Bichpuri, Agra, Affiliated with
Dr. Bhimrao Ambedkar University, Agra, India
Department of Horticulture, Sikkim University, Sikkim, India
“Corresponding Author’s email: geetamsingh210798@gmail.com

Genetic diversity in crops and their wild relatives forms the foundation of agricultural
sustainability and crop improvement. Wild relatives of crops harbor valuable genetic
traits that can be utilized to enhance crop resilience to biotic and abiotic stresses.
Conservation of these genetic resources is critical for ensuring food security in the face of
climate change and population growth. This review explores the genetic diversity present in
wild relatives of crops, the methodologies for their conservation, and their integration into
crop improvement programs. By combining traditional breeding technigues with cutting-edge
technologies, the agricultural community can leverage this genetic potential to address global
challenges.

Introduction

Genetic diversity is the cornerstone of crop evolution and agricultural progress. Wild
relatives of cultivated crops, collectively referred to as crop wild relatives (CWR), represent
an invaluable reservoir of genetic variation. These genetic resources are increasingly
important in the face of emerging challenges such as climate change, pests, and diseases.

This review aims to:
« Provide an overview of genetic diversity within CWR.
o Discuss the importance of conserving these

COLLECTS
resources.
« Highlight methodologies to integrate CWR traits i » 0
into modern crop breeding programs. | cl,r“nate infon‘nz‘ati‘o : 9 0
W [
Importance of Genetic Diversity in Crop ol e b ecch
Improvement ,
Genetic diversity refers to the variation of genes ﬁlﬂ / I ?%
within a plant species. It is the foundation for crop <l L
improvement as it provides the raw materials for ]
developing new varieties with desirable traits. Its | "1‘} I, T
significance spans several dimensions of agriculture, | " il e
especially in enhancing productivity, resilience, and | *  chanctesics eltecharacsics W
sustain ability. wild rice WO P cultivated rice
. . . de novo domestication
Basis for Adaptation and Evolution _— %
Genetic diversity facilitates adaptation to changing L » .
environmental conditions. Wild relatives exhibit est[ab'ishme"“’f. " Infommatizaton
greater variation in traits such as drought tolerance, T oSy T
pest resistance, and nutritional quality. construction
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Contributions to Breeding Programs

e Biotic Stress Resistance: Genes from wild
species have been incorporated to combat
diseases like rust in wheat and blight in rice.

e Abiotic Stress Tolerance: Traits for salinity
tolerance and water-use efficiency have been
introgressed from wild relatives.

e Enhanced Yield and Quality: Wild relatives
contribute to traits like grain size, flavor, and
nutritional composition.

Nutrient
specific trait

Yield
specific
traits

()

Germplasm resources |

Conservation of genetic
diversity

\7 |
V

Small millet impro

Biotic
stress
resistance

Role in Climate Resilience

The variability in CWR provides a buffer against
the impacts of climate change by allowing crops to ol

thrive in extreme environments. Climate change m Biotechnological
brings increased incidences of drought, heatwaves, approaches
flooding, and salinity. Genetic diversity enables breeders to select traits for drought tolerance,
salinity resistance, and temperature adaptation. Drought-tolerant rice (Sahbhagi dhan) and
heat-tolerant wheat lines in breeding programs. Varieties with diverse genetic bases perform
better under fluctuating climatic conditions, ensuring food security. In dynamic climates,
populations with genetic diversity evolve over time, maintaining their viability and
productivity. Diverse crop varieties contribute to maintaining soil health, nutrient cycling,
and biodiversity in agro-ecosystems.

Genetic Diversity in Wild Relatives

Wild relatives of crops, commonly referred to as Crop Wild Relatives (CWRs), are species
closely related to domesticated crops but have not undergone extensive human selection and
breeding. These plants, often found in natural ecosystems, harbor rich genetic diversity,
making them an invaluable resource for modern agriculture and crop improvement. As
pathogens adapt to changing climates, genetic diversity offers the ability to introduce
resistant genes from wild relatives or landraces. Diverse crop varieties contribute to
maintaining soil health, nutrient cycling, and biodiversity in agro-ecosystems.

Significance of Genetic Diversity in Wild Relatives

Wild relatives exhibit a wide range of genetic variation, offering traits such as resistance to
pests and diseases, tolerance to abiotic stresses (drought, salinity, temperature extremes), and
improved nutrient use efficiency. Wild wheat species (Aegilops speltoides) contributed genes
for resistance to leaf rust and powdery mildew. These species thrive in diverse and extreme
habitats, enabling them to evolve traits that can be critical in breeding climate-resilient crops.
CWRs represent the genetic foundation from which modern crops were domesticated,
maintaining evolutionary traits that may have been lost in domesticated varieties. Resistance
genes from wild relatives are incorporated into crops to combat evolving pathogens and pests.
Traits for drought, heat, salinity, and cold tolerance found in wild relatives are critical in
developing stress-resilient varieties.

Examples of Crop Wild Relatives

Wheat Aegilops tauschii Stem rust resistance
Rice Oryza rufipogon, Oryza nivara Flood and drought tolerance
Maize Zea diploperennis Disease resistance, perenniality
Tomato Solanum habrochaites Heat and drought tolerance
Potato Solanum demissum Late blight resistance
Barley Hordeum spontaneum Salinity tolerance
Sunflower Helianthus annuus Insect resistance
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Molecular Basis of Diversity

The molecular basis of diversity refers to the genetic, epigenetic, and biochemical
mechanisms that generate and maintain variability within and among populations of
organisms. These variations serve as the foundation for evolution, adaptation, and trait
improvement in both natural ecosystems and agriculture. Understanding these molecular
mechanisms is essential for crop improvement, conservation, and addressing challenges like
climate change.

e Wheat: Resistance to stripe rust and other diseases sourced from Aegilops species.

e Rice: Traits like submergence tolerance derived from Oryza rufipogon.

e Tomato: Wild relatives contribute to disease resistance and flavor enhancement.

Conservation Strategies

In Situ Conservation: Preserving wild relatives in their natural habitats ensures their
evolution and adaptation. Example: Protected areas and biosphere reserves like the Western
Ghats for conserving rice wild relatives in India.

Ex Situ Conservation: Gene banks preserve seeds and germplasm of wild relatives for
future use. The Svalbard Global Seed Vault and national institutions like ICAR’s National
Bureau of Plant Genetic Resources (NBPGR) in India.

Role of Modern Technologies

Whole genome sequencing of wild relatives helps identify useful genes and understand
genetic architecture. The sequencing of Oryza rufipogon facilitated breeding for drought-
tolerant rice.

Genomics and Bioinformatics
Technologies such as next-generation sequencing (NGS) enable detailed characterization of
genetic resources, aiding in the identification of valuable

traits.
CWR

CRISPR and Gene Editing introduction
Gene editing tools allow precise transfer of desirable Cone T -
traits from CWR to crops without the need for traditional editing ' hybridisaion
crossing. Precise editing of genomes to introduce stress \/C/m pimpme;t\/
tolerance and pest resistance traits from wild relatives. %ethodswnhcwr})
Utilization of CWR in Crop Improvement Genetic \T ™ Polyploidy
« Conventional Breeding: CWR can be directly | ™" =

crossed with cultivated crops to introduce desirable Adnneed

traits. QTL analysis

e Molecular Breeding: Modern techniques, such as
marker-assisted selection and genome editing, can be used to efficiently identify and
transfer beneficial genes from CWR to cultivated crops.

« Introgression: This process involves transferring a specific trait from a wild relative into
a cultivated crop through a series of backcrosses.

Case Studies

e Wheat: Resistance to wheat rusts from Aegilops tauschii incorporated into modern wheat
through synthetic hexaploid wheat.

o Rice: Flood-resistant Swarna Sub-1 variety developed using genes from Oryza rufipogon.

e Tomato: Salt-tolerant lines developed by transferring genes from Solanum cheesmaniae,
a wild relative growing in saline environments.

Challenges in Conservation and Utilization
o Habitat Loss and Degradation: The major threat to CWR is habitat loss due to human
activities such as agriculture, urbanization, and deforestation.
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e Limited Access and Utilization: Many CWR are underutilized due to limited access to
germplasm, lack of knowledge about their genetic diversity, and insufficient funding for
research and development.

o Climate Change: Climate change poses a significant threat to CWR by altering their
habitats and affecting their distribution and survival.

Global Initiatives and Collaboration
1. Convention on Biological Diversity (CBD).
2. International Treaty on Plant Genetic Resources for Food and Agriculture (ITPGRFA).

Role of Organizations

1. CGIAR Centers: Leading ex situ conservation efforts.

2. FAO: Guidelines for sustainable use of genetic resources.

3. Global Seed Vault: A repository for preserving seed diversity.

Conclusion

Crop wild relatives represent a vital resource for the future of agriculture. By conserving and
utilizing their genetic diversity, the agricultural sector can meet the challenges posed by
climate change, population growth, and resource limitations. Integrating traditional and
modern approaches, supported by robust policy frameworks and global collaboration, will
ensure the sustainable use of CWR for crop improvement and food security.
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