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n the face of climate change, population growth, 

and increasing resource limitations, the demand 

for resilient and productive crops has become a 

global priority. Pre-breeding serves as a critical bridge 

between the vast genetic diversity 

preserved in crop wild relatives 

(CWRs), landraces, and 

genebanks, and the elite cultivars 

used in modern agriculture. By 

systematically transferring 

valuable traits from non-adapted 

genetic sources into breeding-

ready materials, pre-breeding lays 

the foundation for developing 

climate-resilient, high-yielding, 

and nutritionally enhanced crop 

varieties. 

Modern agriculture has gradually narrowed its genetic 

base due to intensive selection for yield and 

uniformity. This genetic erosion has resulted in 

increased vulnerability to emerging biotic and abiotic 

stresses. Pre-breeding addresses this challenge by 

reintroducing adaptive traits from diverse germplasm 

sources into elite breeding lines. It is a critical step for 

expanding genetic variability and enhancing the long-

term sustainability of crop improvement programs. 

Understanding Pre-Breeding 

Pre-breeding refers to the process of 

identifying, evaluating, and 

introgressing beneficial genes or 

quantitative trait loci (QTLs) from 

wild relatives, landraces, or 

unadapted germplasm into cultivated 

varieties to create intermediate 

breeding materials. These pre-bred 

lines serve as bridge materials for 

developing improved cultivars.  

Unlike conventional breeding, which 

operates within a narrow genetic base, 

pre-breeding widens the breeding pool and reduces the 

risks associated with uniformity. The outputs4

commonly known as pre-bred lines or bridge 

materials4help eliminate reproductive barriers, 

minimize linkage drag, and provide genetically stable 

materials for downstream breeding. 
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Role of Pre-Breeding in Modern Agriculture 

Agricultural intensification has significantly reduced 

crop genetic diversity, with estimates suggesting that 

nearly 70% of genetic variation in major crops has been 

lost during domestication and modern breeding. This 

decline has increased susceptibility to pests, diseases, 

and climatic stresses. 

Pre-breeding plays a crucial role by: 

• Reintroducing adaptive traits such as drought 

tolerance, salinity tolerance, pest and disease 

resistance, and improved nutrient use efficiency. 

• Enhancing breeding efficiency by providing 

characterized, accessible genetic materials. 

• Reducing the time and cost required in breeding 

programs. 

• Integrating genomic tools and genebank data to 

ensure precise donor selection and trait tracking. 

Pre-Breeding Process 

Pre-breeding typically follows a structured, multi-step 

workflow: 

1. Germplasm Evaluation 

Screening of CWRs and landraces using high-

throughput phenotyping and genomic tools to identify 

donors of target traits. 

2. Controlled Crossing 

Hybridization between wild or unadapted donors and 

elite cultivars, often requiring techniques like embryo 

rescue to overcome incompatibility. 

3. Backcrossing and Selection 

Repeated backcrossing to recover desirable agronomic 

traits while retaining target genes. Marker-assisted 

selection (MAS) helps reduce linkage drag. 

4. Validation and Stabilization 

Multi-location field trials and genomic selection to 

confirm trait stability and yield performance. 

Advanced tools such as MAS, genomic selection (GS), 

and speed breeding have significantly increased the 

precision and efficiency of pre-breeding efforts. 

Success Stories in Pre-Breeding 

Wheat 

Synthetic hexaploids derived from crosses between 

durum wheat and Aegilops tauschii have introduced 

novel rust resistance genes (e.g., Sr59, Lr67). These 

have contributed to the development of disease-

resistant and stress-tolerant wheat lines. 

Rice 

The SUB1 gene for submergence tolerance was 

introgressed from the landrace FR13A into high-

yielding varieties like Swarna through marker-assisted 

backcrossing. These varieties can survive up to two 

weeks of flooding. 

Alfalfa 

Pre-breeding programs integrating genomic data from 

Medicago truncatula have enhanced forage quality and 

salinity tolerance, achieving up to an 18% 

improvement in nitrogen-use efficiency. 

Maize 

Pan-genomic analyses of teosinte and landraces have 

revealed drought-adaptive alleles, which are 

introgressed into elite inbreds using genomic selection 

to improve water-use efficiency and drought tolerance. 

Potato and Tomato 

Wild Solanum species have contributed late blight 

resistance genes (e.g., RB, Rpi-blb2), resulting in 

durable, stacked resistance in commercial varieties. 
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Challenges in Pre-Breeding 

Despite its advantages, pre-breeding faces several 

limitations: 

• Linkage Drag: Undesirable traits co-inherited with 

target genes. 

• Reproductive Barriers: Hybrid sterility or embryo 

inviability in distant crosses. 

• High Resource Requirement: Time-consuming 

and expensive processes. 

• Data Gaps: Incomplete phenotypic and genomic 

profiles of germplasm accessions. 

Emerging Technologies and Opportunities 

Several modern technologies are helping overcome 

these challenges: 

• CRISPR-Cas gene editing allows precise gene 

transfer without linkage drag. 

• High-throughput sequencing accelerates trait 

discovery. 

• AI-driven predictive models enhance donor 

selection and breeding design. 

• Global initiatives, such as the Crop Wild Relatives 

Project, have pre-bred over 1,500 lines across 19 

crops, demonstrating the scalability of pre-breeding 

efforts. 

Conclusion 

Pre-breeding is a foundational pillar of sustainable 

crop improvement. By unlocking the genetic potential 

of wild and underutilized germplasm and integrating it 

into modern breeding pipelines, it enables the 

development of resilient, productive, and nutrient-rich 

crops capable of meeting future global food security 

challenges. 
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