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Democratizing plant biotechnology: The case of seed industry
Dr. Rajeev K Taggar

EDITORIAL

A handful of large multi-national seed companies have monopolized the 
seed industry. The dynamics of business require that these companies 

exploit only the high business-value crops that are grown over large areas and 
are consumed by a major chunk of the population (1,2). The result is a world 
dependent upon a selected few crops, deprived of the benefits of the massive 
diversity of edible crops, even though there is a wealth of knowledge available 
on the nutritional and agronomic aspects of a treasure-full of underutilized 
and neglected crop species. The underutilized and neglected crops are 
traditionally consumed by people in small localized regions (1). In a world 
driven by the survival of only the big players, where mergers and acquisitions 
are commonplace (3), even relatively better-known crops fall by the wayside 
because these big companies want to invest only for big profits. Same is true 
for germplasm of even the major food crops. Large seed companies tend to 
cater to the environment prevalent over large areas of land, thereby ignoring 
varieties adapted to small localized environmental niches (4). This is where 
the local seed industry in the developing countries, comprising mainly of the 
small and medium enterprises (SME), comes into play. In the developing 
countries, private-sector is the key to delivering quality seeds to the farmers; 
public-sector is usually not enough (2). The local seed industry has the 
potential to pick up the crops and the germplasm ignored by the big players, 
which are nevertheless much adapted to the local environment, cater to 
the local tastes, are nutritionally rich, empower the local people by way of 
recognition and enhanced employment opportunities, lead to biodiversity 
and germplasm conservation by “conservation through use”, bring-in 
agricultural sustainability in lieu of agricultural over-simplification and could 
be a major element of food security in the world (1,2,4).

Plant biotechnology is now a major force for driving a successful seed industry 
in the developing countries (1,2,5). It is required in conjunction with 
traditional plant breeding to improve the genetic architecture of crop traits, 
to shorten crop breeding cycle and to develop high-yielding hybrid varieties 
(4,5). However, biotech is expensive and requires long-term efforts with 
uncertain results, or at least this is the impression left by some of the biotech 
undertakings by large seed companies. An example is that of the genetically-
modified crops. According to reports by Monsanto (6) and Syngenta (7), 
the spending for a genetically-modified crop from trait discovery to first 
commercial sale, including regulatory costs, was at least $ 136 million. The 
timeline in both cases was 13 years. The average annual R&D spending of 
local SME seed companies in India around the same period was $2 million 
(8). Democratization of plant biotechnology is the need of the hour.

The major areas of the application of plant biotechnology in SME seed 
industry in the developing countries are marker-assisted-breeding (MAB), 
doubled haploids (DH), molecular diagnostics and genetically-modified 
(GM) crops. While the SME seed industry is self-reliant for applying the first 
three out of these technologies viz. MAB, DH and molecular diagnostics, they 
need to partner with the large seed companies, generally the multi-national 
seed companies, or the academia, to make use of the GM technology. In 
most cases, SME seed industry gets on licence the GM crop varieties, which 
have been developed and taken through the regulatory approval by the large 
seed companies and/or academia. This is followed by inbred line conversion 
and the development of local company’s proprietary hybrids. 

The requirements of the seed industry from the molecular marker 
technologies could be grouped into three categories: i. low marker coverage 
(<20markers) for projects like marker-assisted-selection (MAS, foreground) 
and hybrid seed purity testing ii. medium marker coverage (100-5000 
markers) for applications like DNA fingerprinting of inbreds and hybrids, 
marker-assisted backcross (MABC) and QTL mapping and iii. High to ultra-
high marker coverage (>10,000 markers) for projects like genomic selection 
(GS) and genome wide association studies (GWAS). The SME seed industry 
requires the marker technologies for low (<20 markers) to medium marker 
coverage (100-5,000 markers). The applications requiring high to ultra-high 
marker coverage (>10,000 markers), at this point in time, are either quite 
expensive or analytically quite demanding. 

The SME seed industry has a twin-pronged goal of seeking economy in 
genotyping and bringing-in in-house self-sufficiency. Among the prominent 
marker technologies, numerous SNP genotyping platforms have been 
deployed that use a variety of chemistries, detection methods and reaction 
formats. These include SNP-arrays, bead-arrays, mass spectrometry based 
platforms and microfuidics and PCR miniaturization based platforms (9,10). 
Most of these technologies have been applied quite successfully by the 
large seed companies for medium to high and ultra-high marker coverage. 
However, these technologies are not suitable for the applications requiring 
low marker coverage i.e., <20 markers. Genotyping-by-sequencing (GBS) 
has been applied successfully for crops with large and complex genomes, 
empowers by obviating dependence on SNP-arrays/bead-arrays and is cost-
effective. However, it is analytically demanding and is suited for applications 
requiring high to ultra-high marker coverage (11,12). Presently, GBS may not 
be best choice for SME seed industry. In the coming times, GBS could play a 
democratizing role for the SME seed industry to undertake projects like GS 
and GWAS requiring high to ultra-high marker coverage. GoldenGate assay, 
DArT-array, KASP assay (or KASPar), AmpSeq, rAmpSeq and AmpSeq-SSR 
have been compared well in the published reports (9,10,13-16). DArT-array 
and DArT-Seq are suited for medium to high and ultra-high marker coverage 
but not for low marker coverage. KASP assay is a uni-plex marker technology, 
suited for low to medium marker coverage (9). 

According to Rasheed et al. 2017, while the cost of DArT markers is 
“moderate”, the cost of AmpSeq markers is “very low” (10). KASPars have 
been reported to be clearly more cost-efficient than GoldenGate assay (9). 
AmpSeq/rAmpSeq markers cost less than $5 for ~3000 datapoints (12,10) 
while AmpSeq-SSR cost $ 15 for ~3000 datapoints (14). The minimum 
stated cost per datapoint for KASPar genotyping services is GBP 0.1 (17) 
i.e., $0.133. With in-house assays the price would go down further. At a 
comparative level, the cost per datapoint using SSR/SNP markers as uni-plex 
on qPCR/HRM-analyser is about 10 times that figure i.e., ~$1.300 (personal 
figures). Gel-based (10) and capillary electrophoresis based marker platforms 
cannot compete KASPars in cost, efficiency or manpower needs (14). For the 
SME seed industry, KASP assay using qPCR/HRM-analysis system promises 
to be an effective and economical option for projects involving low marker 
coverage while for medium marker coverage, the sequencing-based AmpSeq, 
rAmpSeq and AmpSeq-SSR markers hold good potential. 

DH technology, alone or in combination with the molecular markers, is 
priceless for shortening the crop breeding time (5). However, in-vitro DH 
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production protocols are genotype dependent and are sensitive to many 
conditions like the stage of anther and donor plant (18). Development of DH 
inducer lines, as in maize (19), and providing access to such resources (20) 
would be a great democratizing factor for the SME seed industry. Breeding 
for disease resistance is a perpetual crop improvement goal. So far, pathogen 
detection has been carried out by the resource-intensive pathogen-culturing, 
ELISA, pathogen-specific marker assays, immunological strip-tests, microscopy 
and DNA barcoding. Array-based culture-free approaches like AxiomTM 
microbiome array for 16S rRNA profiling are also available. Metagenomics, 
the sequencing-based culture-free analysis of all nucleic acids present in a 
sample, is coming-up as a resource-efficient and technologically empowering 
approach (21,22). For the SME seed industry in the developing countries to 
be successful and to incorporate modern technologies, collaborations and 
support are required from the public-sector academia, governmental policy 
making and philanthropic organizations. A dedicated section of the academic 
curricula needs to be structured according to the actual industry needs, with 
an eye to the future industry needs, rather than just the publication potential 
and the promise of remote and uncertain returns. The strength of SME seed 
industry lies in having a strong crop phenotyping expertise and manpower, 
which it could offer for collaborations. The academia, government and 
the philanthropic organizations could contribute with expertise in genetic 
mapping (GWAS, MAGIC etc.), GBS, genome editing and crop modelling. 
Also required is the access to germplasm, genomic databases and advanced 
tools for crop breeding data integration, bioinformatics and statistical analysis. 
Praiseworthy work is being done towards this end by the CGIAR centres. 
The Bill and Melinda Gates Foundation (BMGF) has generously contributed 
to the Genomic Open-source Breeding Informatics Initiative (GOBii) (23) 
and IBP (Integrated Breeding Platform (IBP) (24), which are being run in 
collaboration by a consortium of national and international public sector 
and private sector organizations. The success of biotech-incubators within 
public-sector centres of excellence in disseminating modern technologies to 
the SME seed industry would be obvious with a glance over the list of past 
and present beneficiaries of the agribusiness-incubator at the International 
Crops Research Institute for the Semi-Arid Tropics (ICRISAT) (25).

Cheaper sequencers from Illumina and Ion Torrent (Fisher Scientific) are 
already within the purchasing power of SME seed companies (8). MinION 
from Oxford Nanopore Technologies, at $1,000, could be an ultimate 
democratization of the sequencing technologies. Even with high error rate, the 
MinION data has been used successfully for diagnostic DNA fingerprinting 
of organisms with small genomes (26,27) and has shown promise for DNA 
fingerprinting of the large human genome (28). Improvements in nanopore 
chemistry, base-calling algorithms and library preparation protocols are 
expected to further improve the nanopore sequencing (29). Substantial 
savings can be made on infrastructure by using cheap alternatives such as 
paint shaker in place of sample grinding machine, black cardboard enclosu
re+transilluminator+digital camera as gel photo-documentation system and 
using -20C freezer in place of -80C freezer where feasible. It is possible to 
build a laboratory for DNA extraction and genotyping capable of low to 
medium marker coverage, without a sequencer, within $100,000 and for low 
through medium to ultra-high marker coverage within $150,000, inclusive of 
a sequencer (personal figures), which should be within the spending power 
of SME seed industry (8).

While large seed companies are playing a priceless role in feeding an ever-
growing population and contributing to the development of innovative 
technologies for crop improvement, the success of SME seed industry 
in the developing countries is inextricably linked to global food security. 
The future of seed industry lies in tapping on large germplasm base for 
breaking heterosis barriers, breeding for quality traits, incorporating biotic 
and abiotic stress resistances and developing crops adapted to a changing 
climate. Modern plant biotechnological approaches would be required by 
the SME seed industry to perform its role well and to remain competitive. 
Democratizing access to modern technologies and resources for the SME 
seed industry in the developing countries deserves world focus.
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