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“Cherish variations, for without it life will perish” – Sir Otto Frankel
The global system for conservation of plant genetic resources (PGR) is a pan-continental network integrating more 
than 2000 national and international genebanks out of which 130 genebanks hold more than 10,000 accessions 
and eight have more than 100,000 accessions. As per the PGR Genesys platform, accessions conserved in ex 
situ genebanks comprise more than 4 million maintained by over 450 institutes across the globe. Accumulation 
of huge quantity of germplasm accessions of unknown value and genetic composition within genebanks made 
its inclusion in crop breeding, economically unmanageable. This article provides some of the new age tools and 
methodologies being applied for more eff ective management of genebanks. 
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Introduction 
Plant genetic resources (PGR) are the forerunners 
of crop evolution and they occupy the most diverse 
ecological habitats on this planet. They have defi ned 
and determined the survival and adaptation of all living 
beings, including mankind and has generously provided 
for their sustenance. Subsequent crop improvement 
eff orts in selected crops led to preferential cultivation of 
improved varieties in a very limited number of species. 
The narrow genetic base in elite varieties resulted in 
signifi cant diversity loss and the non-preferred species 
faced extinction. Plant biologists soon realized the 
impending threat and put forth the need to address 
‘diversity’ in a more technical perspective. Starting 
from 1970s, there were concerted eff orts to promote 
an international network of genetic resources centres 
to further collection, conservation, documentation, 
evaluation and use of germplasm (Frankel and Bennett, 
1970). Today, the global system for conservation of 
PGR is a pan-continental network integrating more than 
2000 national and international genebanks out of which 
130 genebanks hold more than 10,000 accessions and 8 
have more than 100,000 accessions. The PGR Genesys 
platform which hosts compiled data on accessions 
conserved in ex situ genebanks, reports a total of more 

than 4 million accessions maintained by over 450 
institutes across the globe (https://www.croptrust.org/). 
Over the decades, the accumulation of huge quantity of 
germplasm accessions of unknown value and genetic 
composition within genebanks made its inclusion 
in crop breeding, economically unmanageable. The 
primary strategy adopted by Genebank researchers to 
overcome this hindrance was to undertake redundancy 
assessment and subsequently, identify a priority set of 
germplasm accessions that can eff ectively capture the 
allelic diversity, to the extent required. In the case of 
Crop Wild Relatives (CWRs) and landraces, the priority 
was to minimize barriers in mobilizing genetic variation 
into elite background. The tools and techniques employed 
for meeting this objective have evolved along with the 
advances in science and today, PGR management and 
crop improvement are making parallel progress by 
harnessing the benefi ts of cutting edge technologies.

Genomic Tools for Genetic Dissection of Complex 
Traits
The two major forward genetics approaches used for 
understanding the genetic basis of traits in germplasm 
collections are linkage mapping or QTL mapping and 
association mapping or linkage disequilibrium (LD) 
mapping (Cadic et al., 2013).  In large ex situ gene bank 
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collections, an ideal approach for genetic dissection is the 
association analysis viz., genome-wide association studies 
(GWAS), which is based on linkage disequilibrium (LD) 
or the non-random association of alleles at diff erent 
loci  (Kumar et al., 2022). The fundamental principle 
of GWAS is to analyse and validate marker-phenotype 
association within a very large, diverse set of individuals, 
as in the case of germplasm collections. Such collections 
have preserved historical recombinations and also account 
for larger number of alleles, thus enabling high-resolution 
mapping (Alqudah et al., 2020). GWAS is being used 
extensively to identify allelic variants associated with 
multiple traits of adaptive and agronomic importance 
(Akram et al., 2021). 
 The concept of Genomic Selection (GS) has also 
gained prominence, w.r.t to understanding the genetic 
basis of minor alleles. In GS, the genetic value of a 
set of accessions (breeding population) is predicted 
based on Genomic Estimated Breeding Value (GEBV) 
generated on a Training Population (TP) that is related 
to BP and is both genotyped and phenotyped. Using 
this prediction model, the marker eff ects are estimated 
across the breeding population, without phenotyping 
or QTL mapping (Heff ner et al., 2009; Calus, 2010). 
As compared to MAS, GS captures larger amount of 
genetic variation of the specifi ed trait since it involves 
high density markers with both minor and major eff ects 
and distributed throughout the genome (Desta and Ortiz, 
2014; Crossa et al., 2017). The developments in the 
fi eld of Machine Learning (ML) has enhanced genomic 
prediction accuracy through use of high precision tools 
for identifying subsets of SNPs having direct link to 
candidate genes aff ecting the trait of interest (Li et al., 
2018). The GS approach has been attempted in the ex 
situ genebank collection of CIMMYT, Mexico, for 
genomic prediction within Mexican and Iranian landrace 
accessions. The prediction accuracy implied potential 
scope of this technique in rapid introgression of exotic 
material including CWRs, into elite background, for 
eff ective germplasm enhancement (Crossa et al., 2016).

Moving Ahead of Genomes
The advances in various sequencing technologies have 
led to generation of high quality reference genomes in 
several major crops and even in the wild relatives of rice, 
wheat, barley, soybean and tomato. But, in the context 
of PGR, this whole genome sequence assemblies had 

the serious shortcoming of not addressing Structural 
Variations (SV) like Copy Number variations (CNVs) 
which are a major source of genetic variation during 
domestication and further diversifi cation of crop taxa (Lye 
and Purugganan, 2019) that can have a pronounced 
phenotypic impact (Alkan et al., 2011, Mahmoud et 
al., 2019). The emerging area of pan-genome analysis, 
effectively addresses this crucial requirement, thus 
holding significant implications for breakthroughs 
in genebank germplasm utilization. In pan-genome 
approach, several reference genome sequences are 
used as template to map the sequencing data, whereby 
all possible natural variations get detected, including 
those lost during domestication and crop improvement 
(Bohra et al., 2022). 
 The pangenome work on cultivated Asian rice 
conserved at IRRI Genebank could successfully unravel 
the full repertoire of genetic diversity that exists in the 
largest ex situ rice Genebank collection (Zhou et al., 
2020). Similar work has been reported in hexaploid 
bread wheat (Montenegro et al., 2017). Recently, the 
scope of pan-genome studies has been further expanded 
by including wild relatives, landraces and cultivars in 
multiple crops (Liu Y et al., 2020). As science progresses 
in leaps and bounds, the idea of pan-genome has further 
moved forward into the concept of ‘super-pangenome’, 
which involves a genus-level approach, by assembling 
multiple species specifi c reference genomes. Shang et 
al., 2022 reports the development of a Oryza super pan-
genome comprising both cultivated and wild species 
of Asian and African rice that can identify lineage-
specifi c haplotypes for trait-associated genes and can 
also provide fundamental understanding on the genetic 
basis of environmental adaptation and domestication of 
rice. The super pan-genome of genus Glycine has also 
made a remarkable contribution to PGR utilization by 
unleashing genetic potential from the perennial gene 
pool for soybean improvement (Zhuang et al., 2022). 
This strategy will facilitate in fully reaping the benefi ts 
of CWRs conserved in genebanks. 

Genebank Documentation at the Genebank-
Genomics Interphase
Genomics has propelled PGR management into the arena 
of ‘big data’ science, where data bases are no longer 
the supportive components, but rather, forms a highly 
specialized information inter phase that technically 
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regulates the access to resources. This Digital Sequence 
Information (DSI) now calls for defi ned guidelines and 
management strategies for ensuring fair benefi t sharing 
without restricting access (Aubrey, 2019). Contracting 
parties to the Convention on Biological Diversity (CBD) 
and ITPGRFA are starkly divided in their opinions 
with regard to the rules for accessing PGR DSI (Scholz 
et al., 2022) and it is currently challenging the basic 
fundamentals of PGR governance as envisaged in case 
of physical germplasm collections. Several solutions 
are being proposed for enhancing transparency in 
sequence data access. One example is the compulsory 
tagging of provenance information with the sequence 
information that has been proposed by the International 
Nucleotide Sequence Database Collaboration (INSDC), 
a core infrastructure for storage of global sequence data 
(Wilkinson et al., 2016).  Such endeavours will prove 
benefi cial only if it is eff ectively complemented with 
the complete passport data of national genebanks. Thus, 
as the debate continues, the onus is on genebanks to 
ensure eff ective mechanism for extensive documentation 
of their sovereign genetic resources and also make in-
house provisions for feedback and tracking of germplasm 
utilization by diverse consumers. 
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