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1.  Technology Overview and Detailed Description 

Bioinformatics is an interdisciplinary field that develops methods and software tools for 

understanding biological data and combines computer science, statistics, mathematics, as 

wells as engineering to analyse and interpret biological data. Bioinformatics has been used 

for in silico analyses of biological queries using mathematical and statistical techniques. 

 

Bioinformatics is both an umbrella term for the body of biological studies that use computer 

programming as part of their methodology, as well as a reference to specific analysis 

"pipelines" that are repeatedly used, particularly in the field of genomics. Common uses of 

bioinformatics include the identification of candidate genes and nucleotides (SNPs). Often, 

such identification is made with the aim of better understanding the genetic basis of disease, 

unique adaptations, desirable properties (especially in the agricultural species), or differences 

between populations. In a less formal way, bioinformatics also tries to understand the 

organisational principles within nucleic acid and protein sequences, called proteomics1. 

 

The field of bioinformatics has evolved such that it now primarily involves the analysis and 

interpretation of various types of data. This includes nucleotide and amino acid sequences, 

protein domains, and protein structures2. 

 

Bioinformatics has become an important part of many areas of biology. In experimental 

molecular biology, bioinformatics techniques such as image and signal processing allow 

extraction of useful results from large amounts of raw data. In the field of genetics and 

genomics, it aids in sequencing and annotating genomes and their observed mutations. It  

plays a role in the text mining of biological literature and the development of biological and 

genetic data to organize and query biological data. It also plays a role in the analysis of gene 

and protein expression and regulation. Bioinformatics tools aid in the comparison of genetic 

and genomic data and more generally in the understanding of evolutionary aspects of 

molecular biology. At a more integrative level, it helps analyse and catalogue the biological 

pathways and networks that are an important part of systems biology. In structural biology, 

it aids in the simulation and modelling of DNA, RNA and protein3,4,5 , including biomolecular 

interactions6,7,8 . 

 

The field of bioinformatics experienced significant growth starting in the mid-1990s, driven 

largely by the Human Genome Project and by rapid advances in DNA sequencing technology. 

The actual process of analysing and interpreting data is referred to as computational biology. 

Important sub-disciplines within bioinformatics and computational biology include: 

https://en.wikipedia.org/wiki/Interdisciplinary
https://en.wikipedia.org/wiki/Software_tool
https://en.wikipedia.org/wiki/Biology
https://en.wikipedia.org/wiki/Computer_science
https://en.wikipedia.org/wiki/Statistics
https://en.wikipedia.org/wiki/Mathematics
https://en.wikipedia.org/wiki/Engineering
https://en.wikipedia.org/wiki/Biology
https://en.wikipedia.org/wiki/In_silico
https://en.wikipedia.org/wiki/Biological
https://en.wikipedia.org/wiki/Mathematical
https://en.wikipedia.org/wiki/Umbrella_term
https://en.wikipedia.org/wiki/Computer_programming
https://en.wikipedia.org/wiki/Computer_programming
https://en.wikipedia.org/wiki/Genomics
https://en.wikipedia.org/wiki/Nucleotide
https://en.wikipedia.org/wiki/Single-nucleotide_polymorphism
https://en.wikipedia.org/wiki/Nucleic_acid
https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Proteomics
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 Development and implementation of computer programs that enable efficient access 

to, use and management of, various types of information 

 Development of new algorithms (mathematical formulas) and statistical measures that 

assess relationships among members of large data sets. For example, there are methods 

to locate a gene within a sequence, to predict protein structure and/or function, and to 

cluster protein sequences into families of related sequences. 

 

What is the goal of bioinformatics? 

The primary goal of bioinformatics is to increase the understanding of biological processes. 

What sets it apart from other approaches, however, is its focus on developing and applying 

computationally intensive techniques to achieve this goal. Examples include: pattern 

recognition, data mining, machine learning algorithms, and visualization. Major research 

efforts in the field include sequence alignment, gene finding, genome assembly, drug design, 

drug discovery, protein structure alignment, protein structure prediction, prediction of gene 

expression and protein–protein interactions, genome-wide association studies, the modelling 

of evolution and cell division/mitosis. 

 

Analysing biological data to produce meaningful information involves writing and running 

software programs that use algorithms.  The algorithms in turn depend on theoretical 

foundations such as discrete mathematics, control theory, system theory, information theory, 

and statistics. Bioinformatics now entails the creation and advancement of databases, 

algorithms, computational and statistical techniques, and theory to solve formal and practical 

problems arising from the management and analysis of biological data. 

 

Bioinformatics also should be differentiated from related scientific fields such as biological 

computation and computational biology. Biological computation aims to develop biological 

computers using advances of bioengineering, cybernetics, robotics, and molecular cell 

biology. In contrast, bioinformatics develops and utilizes computational algorithms to 

understand and interpret biological processes based on genome-derived molecular 

sequences and their interactions. Therefore, in many aspects, bioinformatics seems similar to 

computational biology objectives. A computational biology is concentrated on building 

and/or developing theoretical models for biological analyses, whereas bioinformatics focuses 

on providing practical tools to organize and analyse basic genomic, proteomic and other 

“omics” data, including sequence analysis and its visualization9.  

2.  Application Examples and Case Studies 
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The first part of this section of this report will describe the tools used in bioinformatics, and 

is not intended to overwhelm the reader with technical detail. However, for the technically 

inclined, the literature in the public domain may be consulted, including several reviews. 

 

The second part of this section will deal specifically with applications of bioinformatics in 

agriculture. 

 

Tools used in bioinformatics 

The scientific literature on the applications of bioinformatics tools is overwhelming in extent, 

however, in this section of this report, a selection of the various tools of bioinformatics will be 

described to illustrate how bioinformatics can be used to extract, and analyse useful 

information from biological data that has been generated. The areas that will be discussed to 

illustrate the application of bioinformatics will include analyses of DNA/protein sequences, 

phylogenetic studies, predicting 3D structures of protein molecules, molecular interactions 

and simulations10.  

 

Gene Identification and Sequence Analyses 

Sequence analyses refer to the understanding of different features of a biomolecule like 

nucleic acid or protein, which give to it its unique function(s).  

 

These analyses are popular due to their huge applications in biological sciences, the simplicity, 

and the capacity to generate a wealth of knowledge about the gene/protein in question. 

sequence analyses are one of the frequently performed analyses of bioinformatics. Table 1 

below shows a list of tools used in primary sequence analyses. 

 

The tools used for primary sequence analyses are described extensively in the literature11 

 

Phylogenetic Analyses 

Phylogenetic analyses are procedures used to reconstruct the evolutionary relationship 

among a group of related molecules or organisms, to predict certain features of a molecule 

with unknown functions, to track gene flow, and to determine genetic relatedness12. A 

phylogenetic comparative analysis is widely used to control for the lack of statistical 

independence among species13. The methods to construct a phylogenetic tree are divided into 

three major groups: distance methods, parsimony methods, and likelihood methods. None of 

the methods is perfect; each one has its own strengths and weaknesses, which is beyond the 

scope of this report, but is referenced in detail elsewhere14. 

 

Sequence Databases 

Biological sequence database refers to a vast collection of information about biological 

molecules such as nucleic acids, proteins and polymers, each molecule to be identified by a 
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unique key. The stored information is not only important for future use but also serves as a 

tool for primary sequence analyses. With the advancement of high throughput sequencing 

techniques, the sequencing has reached to a whole-genome scale, which is generating a 

massive amount of data every day, at affordable costs. The submission and storage of this 

information to become freely available to the scientific community has led to the 

development of various databases worldwide. 

 

Genome Sequence Databases 

The GenBank, built by the NCBI (National Centre for Biotechnology Information), is a vast 

collection of genome sequences of over 250,000 species. The data from GenBank can be 

accessed through the NCBI’s integrated retrieval system, Entrez, while the literature is 

accessible via PubMed (a publication database). Each sequence carries information about the 

literature, bibliography, organism, and a set of various other features, which include coding 

regions, promoters, untranslated regions, terminators, exons, introns, repeat regions, and 

translations. 

 

Protein Sequence Databases 

The most significant protein sequence databases include SWISSPROT (Swiss Protein) 

Databank, TrEMBL (translation of DNA sequences in EMBL), UniProt (Universal Protein 

Resource), PIR (Protein Information Resource) and wwPDB (worldwide Protein DataBank). 

A selection of the most popular Miscellaneous databases as well as Signalling & Metabolic 

Pathway Databases, collectively known as genome databases, are listed in the literature15. 

 

Predicting Protein Structure and Function 

Protein molecules begin their life as shapeless amino acid strings, which ultimately fold up 

into a three-dimensional (3D) structure to become biologically active. The information of 3D 

structure of a protein is necessary to gain an insight into the function of a specific protein. 

Some of the tools used to predict the secondary structure of proteins are described in the 

literature16. 

 

Molecular Interactions 

Proteins seldom perform their functions in isolation, and therefore often interact with other 

molecules all the time to execute a certain process. Understanding how biomolecules interact 

with other molecules holds numerous implications, and the understanding of molecular 

interactions is also essential to elucidate the biological functions of a molecule. Selected tools 

to study protein-protein interactions is in the literature17. 

 

An extensive review of plants databases and economically important crops was conducted18, 

and is recommended as a reference for scientists. 
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The applications of bioinformatics in agriculture 

The genome sequencing of the plants and animals has also provided benefits to agriculture. 

Tools of bioinformatics are playing significant role in providing the information about the 

genes present in the genome of these species. These tools have also made it possible to 

predict the function of different genes and factors affecting these genes. The information 

provided about the genes by the tools makes the scientists to produce enhanced species of 

plants which have drought, herbicide, and pesticide resistance in them. Similarly, specific 

genes can be modified to improve the production of meat and milk. Certain changes can be 

made in their genome to make them disease resistant. 

 

The sequencing of the genomes of plants and animals will provide enormous benefits for the 

agricultural community. Bioinformatics tools can be used to search for the genes within those 

genomes that are useful for the agricultural community and to elucidate their functions. This 

specific genetic knowledge could then be used to produce stronger, more drought, disease 

and insect resistant crops and improve the quality of livestock making them healthier, more 

disease resistant and more productive. 

 

Crop breeding 

The goal of plant genomics is to understand the genetic and molecular basis of all biological 

processes in plants that are relevant to the species. This understanding is fundamental to 

allow efficient exploitation of plants as biological resources in the development of new 

cultivars with improved quality and reduced economic and environmental costs. This 

knowledge is also vital for the development of new plant diagnostic tools. Traits considered 

of primary interest are, pathogen and abiotic stress resistance, quality traits for plant, and 

reproductive traits determining yield19,20. A genome program is now an important tool for 

plant improvement. Such an approach to identify key genes and understand their function will 

result in a “quantum leap” in plant improvement. Additionally, the ability to examine gene 

expression will allow researchers to understand how plants respond to and interact with the 

physical environment and management practices. This information, in conjunction with 

appropriate technology, may provide predictive measures of plant health21, and to assist in 

decision-making at the level of commercial planting22. 

 

Insect Resistance 

Many plants have been made insect resistant by incorporating the desired genes. Bacillus 

thuringiensis is a bacterial species which increases the soil fertility and protects plants against 

pests. When researchers mapped its genome, they used its genes to incorporate into the plant 

to make it resistant against insects. For example, corn, cotton and potatoes have been made 

insect resistant. This new ability of the plants to resist insect outbreak may reduce the amount 

of insecticides being used and hence, the nutritional quality of the crops will be increased23. 
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Improved Nutritional Quality 

Gene-Diet-Disease interaction of Nutritional genomics aims to study the susceptible genes 

and provide dietary interventions for individuals at risk of such diseases. Scientists have 

recently succeeded in transferring genes into rice to increase levels of Vitamin A, iron and 

other micronutrients. This work could have a profound impact in reducing occurrences of 

blindness and anaemia caused by deficiencies in Vitamin A and iron respectively24. In another 

example, scientists have inserted a gene from yeast into the tomato, and the result is a plant 

whose fruit stays longer on the vine and has an extended shelf life25.  

 

When the changes are made in the genome of the plants, the nutritional value of plants also 

increases. Golden rice is an important achievement in this endeavour. Here the genes are 

inserted in the rice genome to increase the Vitamin A level in the crop. 

Information obtained from the model crop systems has been used to suggest improvements 

to other food crops. Arabidopsis thaliana (water cress) Oryza sativa (rice), Triticum aestivum 

(wheat) and Zea mays (Maize) are examples of available complete land plant genomes. 

 

Plant- pathogen interactions 

Organisms that cause infectious disease include fungi, oomycetes, bacteria, viruses, viroids, 

virus-like organisms, phytoplasmas, protozoa, nematodes and parasitic plants. Plant 

pathology involves the study of pathogen identification, disease etiology, disease cycles, 

economic impact, plant disease epidemiology, plant disease resistance, how plant diseases 

affect humans and animals, pathosystem genetics, and management of plant diseases. 

Genome sequenced from fungi, oomycetes, bacteria, viruses, viroids, virus-like organisms, 

phytoplasmas, protozoa, nematodes and parasitic plants gives opportunities to understand 

plant-pathogen interaction which helps to management, diagnose the disease and make 

disease resistance transgenic plant. In its most simple form, the gene-for-gene hypothesis 

states that plants contain single dominant resistance R genes that specifically recognize 

pathogens that contain complementary avirulence genes. Avirulence genes can be defined as 

genes in the pathogen that encode a protein product that is conditionally recognized directly 

or indirectly only by those plants that contain the complementary R gene. 

 

To survive, plants must defend themselves from numerous pathogens. Some defences are 

constitutive, such as various pre-formed anti-microbial compounds, whereas others are 

activated by pathogen recognition. The recognition process includes the product of a 

dominant or semi-dominant resistance R gene present in the plant and the corresponding 

dominant avirulence (Avr) factor encoded by or derived from the pathogen. The recognition 

of the Avr factor by the host plant starts one or more signal transduction pathways that 

activate several of the plant’s defences, thus compromising the ability of the pathogen to 

colonize the plant. The interactions between plants and pathogens are specific, complex and 

dynamic26. The identification of resistant genes in the germplasm of wild species of field crops 

and their subsequent integration into commercial cultivars has been the main approach of 
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many plant breeders. Several strategies for the identification, characterization and functional 

analysis of plant genes involved in the triggering, signaling and response to biotic and abiotic 

factors have been recently envisaged. In-silico biology therefore plays an important role to 

understand the plant pathogen interaction at gene and genome of plants and pathogens27.  

 

 

Agriculturally Important Microorganisms 

With the help of bioinformatics, researchers can under understand the genetic architecture 

of a microorganism and other pathogens, and to elucidate how these microbes affect the host 

plant using a metagenomics and transcriptomics approach. The result is the ability to develop 

pathogen resistant crops, and identify those microbes which are beneficial for the host28, 29, 
30. 

 

Growth in poorer soils 

Bioinformatics play an important role to detect the metal from Metagenomic sequencing 

obtains from contaminated soil31. Soil arguably houses the most complex microbial 

communities because of its ancient history, complex sets of interrelating gradients, and 

protective, isolating and relatively resource poor and stable physical structure. This results in 

an incredibly diverse set of gene sequences; at least at the scale soils are normally sampled. 

The challenge is no longer sequence yield, but the analysis of those sequences, and especially 

so due to the short sequence products of current sequencing technologies.  

 

Progress has been made in developing cereal varieties that have a greater tolerance for soil 

alkalinity, free aluminium and iron toxicities. These varieties will allow agriculture to succeed 

in poorer soil areas, thus adding more land to the global production base. Research is also in 

progress to produce crop varieties capable of tolerating reduced water conditions32,33. 

 

Improvement for plant resistance against biotic and abiotic stresses 

Genes from Bacillus thuringiensis that can control several serious pests have been successfully 

transferred to cotton, maize and potato. This new ability of the plants to resist insect attack 

means that the amount of insecticides being used can be reduced. A plant’s first line of 

defence against abiotic stress is in its roots. If the soil holding the plant is healthy and 

biologically diverse, the plant will have a higher chance of surviving stressful conditions.  

 

Renewable Energy  

Plant based biomass is one of the resource for obtaining energy by converting into biofuels 

such as ethanol which could be used to drive the vehicles and fly the planes. Biomass based 

crop species such as maize (corn), switch grass and lignocellulosic species like bagasse, and 

straw are widely used for biofuel production. Sequence variants in biomass-based crop 

species were detected to maximize biomass production and recalcitrance. Recently, genome 

of Eucalyptus grandis has been released which is also one of major resource of biomass 



 

   

10 
DRAFT NOT FOR DISTRIBUTION 

components and all the genes take part in conversion of sugars into biomass components have 

already been deciphered, therefore provides great insight into mechanisms and pathways 

responsible for this conversion so in future it will be possible to enhance production of 

biomass components in eucalyptus and other relevant plants34. Hence, the use of genomics 

and bioinformatics in combination with breeding would likely increase the capability of 

breeding crop species to be being used as biofuel feedstock and consequently keep increasing 

the use of renewable energy in modern society35,36. 

 

Comparative genomics is based on the fact that gene order and content among related plant 

species are largely conserved over millions of years of evolution37. Genome sequencing of 

several important plants species has enabled researchers to identify ‘chromosome’ and 

‘difference’ factor in sequences. This in turn has been used to identify value traits for crop 

improvement. For instance, the barley stem rust resistance gene has been identified from rice-

barley comparisons and the sugarcane rust resistance gene based on maize-sorghum 

comparisons38. Comparative genomics could help in achieving improvement of yields in rice, 

maize, and other related grass crops such as barley, rye, sugarcane and wheat. The ability to 

represent high resolution physical and genetic maps of plants has been one of the great 

applications of informatics tools. With several display formats available it has been possible 

to look for specific positions on the chromosome for large plant genomes.  

 

This kind of cross-genome referencing will lead to a convergence of economically relevant 

breeding information with basic molecular genetic information. The specific phenotypes of 

commercial interest that are expected to be dramatically improved by these advances include 

both the improvement of factors that traditionally limit agronomic performance (input traits) 

and the alteration of the amount and kinds of materials that crops produce (output traits). 

Examples include:  abiotic stress tolerance (cold, drought, submergence, salt), biotic stress 

tolerance (fungal, bacterial, viral, chewing and sucking insect attack (feeding)), nutrient use 

efficiency (manipulation of plant architecture and development (size, organ shape, number, 

and position, timing of development, senescence)), and metabolite partitioning (redirecting 

of carbon flow among existing pathways, or shunting into new pathways)39. 

 

Animal production and animal health 

Genomics, proteomics and bioinformatics offer the potential to identify genes or loci 

regulating traits of economic importance in animals. Production traits that are proposed as 

eligible for transgenic modification include increased growth rate and improved carcass 

composition, improved feed utilisation, modified milk composition, improved mohair 

production improved reproductive performance and increased disease resistance40. In 

veterinary research, bioinformatics tools were used in the detection of new castle diseases 

and to generate novel solutions for the continued improvement and development of 

molecular diagnostics41. 
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3.  Technology or Application Life Cycle: Current Status 

and Expected Development in 2020 and 2025 
Table 1: Heading 

Technology Area Current application in agriculture Expected applications in 

agriculture by 2020 

Expected applications in 

agriculture by 2025 

Bioinformatics Crop breeding. 

Insect Resistance. 

Improved Nutritional quality. 

Plant- pathogen interactions. 

Better understanding of and 

interaction with agriculturally 

important microorganisms. 

Animal production and animal 

health. 

Control of infectious diseases in 

animals. 

Improvement for plant 

resistance against biotic 

and abiotic stresses. 

Weather prediction 

Increased cultivation of 

crops in poorer soils. 

Renewable energy 

applications 

 

Faster detection of disease 

outbreaks at an early stage 

globally (not limited by 

geography). 

Faster elucidation of causes 

of disease outbreaks.  

Risk analysis or a prediction 

of the future. 

 

4.  Business Eco-System View 

Bioinformatics has, with time, become integrated with other disciplines, in a multidisciplinary manner, 

to address the need for solutions that deliver a comprehensive approach to a challenge. 

 

Bioinformatics overlaps with:  

 Smart farming 

 Genetics 

 Sensor technology 

 IT and IT Infrastructure 

5.  Benefits and Risks 

The benefits and risks of bioinformatics, from development to application are listed below in 

point form for ease of reference. 

 

Benefits 

 Increase crop performance and yield, and therefore increased productivity (disease 

resistance, drought tolerance) 

 Pest resistant crops – cost effective solutions to problems of economically relevant crops 

such as cotton, corn and potato through the introduction of beneficial genes 
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 Improved nutritional value, flavour and texture, through the incorporation of essential 

elements such as Vitamin A, increased starch content, or beans with more amino acids 

 Reduced dependence on pesticides, and therefore increased environmental benefits 

(such as reduced leaching of chemicals into water reserves), less exposure by farmers 

to toxic pesticides  

 Increased product shelf-life for better market prices and inclusion of smallholder 

farmers into the mainstream of the agricultural sector 

 Manipulated fruit ripening, to exploit better market prices, and reduce competition by 

ensuring the availability of fruit when no other sources are available; an immediate 

result is the ability to demand premium prices for fruit 

 Climate change studies - there are many organisms which use carbon dioxide as their 

sole carbon source and increasing levels of carbon dioxide emission is one of the major 

causes of the global climate change. The study of genomes of these microbial organisms, 

which is possible through bioinformatics, helps in proposing ways to decrease the 

carbon dioxide content42 

 

Risks 

 Unknown health effects (allergens and toxins) due to the scarcity of data on possible (or 

not) long-term effects (food safety concerns) 

 Ecological risks and the requirement for long-term observation 

 Lack of consumer acceptance of the products, and the requirement for onerous labelling 

legislation due to heightened consumer awareness  

 Food safety concerns. 

 Access to and use of proprietary information (intellectual property) 

6.  Potential Economic, Social, Ecological 

(Environmental) and Political Developments and 

Impacts 

The following sections highlight the challenges faced by African farmers in a modern-day 

context, however, as well as the potential developments and impacts of Bioinformatics. 

 

Economic Developments and Impacts 

The market for bioinformatics 

According to Reportlinker43, the global bioinformatics market was valued at $2.9 billion in 

2012 and is poised to reach $7.5 billion by 2017 at a CAGR of 20.9%. The growth of the 

bioinformatics market is driven by decrease in cost of DNA sequencing, increasing government 

initiatives and funding, and growing use of bioinformatics in biomarkers development 
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processes, amongst others. It is expected that the market will offer opportunities for 

bioinformatics solutions manufacturers with the introduction and adoption of technologies 

such as nanopore sequencing and cloud computing. However, factors such as scarcity of 

skilled personnel to ensure proper use of bioinformatics tools and lack of integration of a wide 

variety of data generated through various bioinformatics platforms are hindering the growth 

of the market, and if allowed to prevail, will continue to hinder the growth of the market. 

Manufacturers of bioinformatics solutions will face further challenges regarding industry 

consolidation and management of high volume data, if the appropriate infrastructure 

investments are not made. The major players in the bioinformatics market are Accelrys, Inc. 

(U.S.), Affymetrix, Inc. (U.S.), Life Technologies Corporation (U.S.), Illumina, Inc. (U.S.), and CLC 

bio. (Denmark). 

 

The OECD and FAO have predicted that sub-Saharan Africa’s consumption and production of 

agricultural commodities over the period 2016–2025, will place a demand on imported 

foodstuffs, and that these imports will increasingly meet region’s growing demand for food 

products of higher value commodities. The importation of processed foods may still stimulate 

job growth in food retailing, but jobs will be lost upstream stages of the food system, namely, 

on-farm production, agricultural input supply and agri-business services, financial services for 

the farming sector, storage, and local trading 

 

The bulk of countries in Africa do not cultivate GM maize, but South Africa is the exception, 

since GM maize can be imported if it is registered domestically. Because of this condition, 

South Africa is currently unable to acquire white maize from the United States.  

 

Another risk to domestic producers is high price volatility in the region, particularly in key food 

staple markets, and governments have responded to stabilise prices and supply through 

continued intervention.  

 

The potential for urbanization and growth in income to stimulate job creation in downstream 

segments of the food value chain is dependent upon the source of the primary agricultural 

products. If domestic farm production (due primarily to farm commercialization) can meet 

rising urban demand, then job opportunities will be presented food assembly, wholesaling, 

the convenience foods market, processing and retail. However, if domestic production is 

unable to meet food demand, then imported food (both raw and processed) will take an 

increasing share of consumers’ expenditure. A reduction in barriers to regional trade (i.e. the 

promotion of intraregional trade) offers an affordable means of reducing domestic price 

volatility44. The suggestion is that an enabling environment which allows intraregional trade 

to occur more efficiently has immense potential to ensure food security in the region. This is 

evident in regions where cross border trade is prevalent (Mozambique-Malawi, Malawi-

Zambia, Uganda-Kenya), with neighbouring countries, essentially pooling production to 

stabilise markets45. 
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Social Developments and Impacts 

Agricultural transformation  

In a recent BFAP report 46 changes in the macro and sector level policies that support the 

observed agricultural transformation, and emerging megatrends that may impact agriculture’s 

contribution to future economic transformation in the Southern African region over the ten 

years were studied. Marked improvements (due to increased domestic and foreign private 

investment, increased tax revenues, and increased contribution to GDP) in macroeconomic 

management will prevail, and continuous and sustainable growth will rely on governments’ 

ability to anticipate and absorb shocks to the system, whilst continuing to implement relevant 

policies that preserve macroeconomic stability. 

 

African Union (AU) heads of states launched the Comprehensive Africa Agriculture 

Development Programme (CAADP), a programme of the New Partnership for Africa 

Development (NEPAD), which was interpreted as Africa’s policy framework for agricultural 

transformation, wealth creation, food security and nutrition, economic growth and 

prosperity47. This was in response to, amongst others, the realization of Africa’s population 

growth, labour demands, and global developments. 

 

A surge in food prices was observed in 2007, and has continued to rise. Consequently, the 

demand for agricultural land in Africa has risen dramatically. This demand has been 

accelerated by recent agricultural subsidies and land policies in many countries. The effect of 

this land acquisition has been a rise in the numbers of medium scale farmers, and large-scale 

land acquisitions. 

 

Africa has also experienced rising crop diversification. This is due to changing production 

systems in Africa, driven by rapid economic growth, extensive urbanization, changing 

consumer preferences when women take control over their own incomes (and make decisions 

on nutritional needs), as well as globalized markets and their drivers. The implications of crop 

diversification have been linked to enhanced food security, rural income generation, 

nutritional diversity needs, and the desire to reduce risks against climate change effects. 

Evidence for this is seen clearly in the choices made by smallholder famers, particularly those 

farming on rain-fed land, who have diversified their crop to counter climate change, meet 

consumer demand (the demand by China and India for cash crops such as soya beans, 

tobacco, ground nuts for example, and the commercialization opportunities on offer), adapt 

to the demands of changing from smallholder staple food production to commercial high-

value products farming, or simply to avert crop failure48,49. 
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Megatrends 

According to the BFAP 2016 report referred to elsewhere, the following megatrends are 

envisaged for the future. These megatrends are interpreted as some of the drivers for 

investment in bioinformatics, with the aim of addressing these megatrends. 

 

Youth numbers and employment: With over 60% of Africa’s population currently under 25 

years old, 17 million people will enter the labour force each year over the next decade50. Using 

current employment growth rates, less than 50% of those entering the labour force each year 

will be absorbed into meaningful off-farm wage-paying jobs. In a more hard-hitting report 

(McKinsey Global Institute51) it was stated that even under the most favourable conditions, 

the supply of wage jobs in manufacturing, services, and government is not growing fast 

enough to absorb more than two-thirds of the region’s rapidly rising labour force. Therefore, 

family farming will become important to offer the excluded youth with employment in the 

agricultural sector and the informal sector.  

 

Consistent with employment trends observed by the Groningen Global Development 

Centre52, a recent World Bank report53 projects that family farming will remain the single 

largest source of employment for the coming decades. Employment in some non-farm sectors 

will rise rapidly, but agriculture will dominate in most African countries. New and better crops 

from bioinformatics should attract youth into agriculture. 

 

Land availability and soil degradation: Major bodies of evidence in Africa point to soil 

degradation arising from unsustainable cultivation practices in high-density areas of the 

continent54,55,56. Loss of micronutrients and soil organic matter presents with peculiar 

challenges because it cannot be overcome through the application of fertilisers, and crop 

output is depressed57. Because of continuous cultivation and lack of crop rotations, soil 

organic carbon levels are at their minimum in high population-density areas. Smallholder 

farmers in these areas do not benefit from the current yield gains offered by plant genetic 

improvement due to their farming on depleted soils that do not respond to fertilizer 

application58. Bioinformatics should deliver crops that are able to interact in useful ways with 

soils, even marginal soils. 

 

Ecological (Environmental) Developments ad Impacts 

The BFAP 2016 report also describes climate change as another megatrend envisaged for the 

future. There is consensus in the literature on two general predictions of climate change, 

namely, greater variability in agricultural production and a decline in crop productivity59. In 

sub-Saharan Africa, the predominance of rain-fed cropping systems and extensive, pasture-

based livestock production means that this region is prone to climatic variability, relative to 

other regions in the world. Historical climate studies suggest that the region is to recurrent 
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drought. This somewhat explains Africa’s low yield, and although this may be the case, the 

opportunity is in realizing that there is potential to facilitate continued growth in food 

production, before the region’s biophysical limits are reached.  

 

Africa and Latin America are experiencing the world’s fastest growth in the farmland under 

cultivation60. However, feeding the global population through expansion of agricultural land 

will surely promote the degradation of natural ecosystems. The alternative, which is ecological 

intensification of agriculture would require deliberate access to appropriate technology and 

its adoption, including sustainable water use through irrigation systems and the 

implementation of best farming practices. 

 

Human capacity development 

Statisticians and informatics experts have become advanced users of bioinformatics software 

and develop a capability to solve problems locally. To facilitate the process of skills 

development, biomathematics/bio-computing could be introduced at university level, and the 

establishment of small software groups and companies should be encouraged through 

government entrepreneurship programmes.  

 

A challenge remains in the understanding of the results of the data generation and processing 

activities. At present, advanced bioinformatics is concentrated in a few research centres and 

private companies around the world that have the capacity to employ personnel with highly 

specialized training. Although bioinformatics methods are relatively freely accessible through 

public databases described above, and that here is a gap between the level of skills and 

technology application in developing countries and the industrialized world, bioinformatics is 

the enabling technology for several fields of biomedical and agricultural research.  

 

Political Developments and Impacts 

National Policy Mandates of South Africa (taken from the DAFF2015/16 to 2019/20 Strategic 

Plan)  

The strategic goals and associated objectives of the Department of Agriculture, Forestry and 

Fisheries (DAFF), namely,  

 effective and efficient strategic leadership, governance and administration;  

 enabling environment for food security and sustainable agrarian transformation;  

 enhance production, employment and economic growth in the sector,  

are a response to achieve the National Development Plan’s (NDP) objectives and targets. To 

align with these priorities, objectives and targets, the department aims to continue providing 

comprehensive support to all categories of producers. The support will increase the number 

of people participating in different agricultural sector activities.  
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In rural areas, the focus is on support to subsistence and smallholder producers in line with 

the expectations of the NDP, namely that a third of the food surplus should be produced from 

small-scale farmers or households. The department aims to support targeted land reform 

beneficiaries as the NDP also supports the land reform objective. DAFF will implement 

sustainable development programmes that ensure protection of biomes and endangered 

species, rehabilitation of degraded land and climate change mitigation and adaptation 

strategies. The department also aims to improve the production efficiencies for smallholder 

producers. These strategies include organising smallholder producers into commodity-based 

organisations, increasing their collective bargaining power in negotiations, as well as 

providing support and training to SMMEs. Implementation of transformation initiatives such 

as the AgriBEE Charter, Forestry Charter and allocation of commercial fishing rights will 

promote participation in the economy of the country.  

 

Three key programmes are aligned with the priorities, namely Fetsa Tlala, aimed at massive 

production of staple foods on fallow land that has the potential for agricultural production; 

Ilima/Letsema, aimed at supporting sustainable agriculture and promoting rural development 

for smallholder producers; and LandCare to address land degradation problems and 

encourage sustainable use of natural resources.  

 

The NDP also states that agriculture has the potential to create close to 1 million new jobs by 

2030 through:  

 Expanding irrigated agriculture—the 1,5 million ha under irrigation could be expanded 

by at least another 500 000 ha to 2 million ha • Cultivating underutilised land in 

communal areas and land-reform projects for commercial production  

 Supporting commercial agricultural industries and regions with the highest growth and 

employment potential  

 Supporting upstream and downstream job creation 

 Finding creative opportunities for collaboration between commercial farmers, 

communal farmers and complementary industries  

 Developing strategies that give new entrants access to value chains and support. 

 

The New Growth Path (NGP) 

The NGP is a national policy which broadly aims to unblock private investment and job 

creation to address systematic blockages to employment-creating growth (infrastructure, 

skills, regulatory framework, for example). It focuses on productive sectors and proactively 

intends to support industries, activities and projects that will generate employment. The NGP 

has identified job drivers for growth, namely, infrastructure, agricultural value chains, mining 

value chain, manufacturing, tourism and high-level services, green economy, knowledge 

economy, social economy, public sector, rural development and African regional 

development. The NGP manages the job drivers for growth such as in mining, commercial 

agriculture and smallholders, higher industries, and others. 
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Industrial Policy Action Plan  

The IPAP takes place within the framework of continuous improvements and upscaling of 

concrete industrial development interventions, as set out in the National Industrial Policy 

Framework (NIPF). IPAP aims to upscale key interventions over a rolling three-year period, 

with a ten-year outlook on desired economic outcomes. The NIPF has the following core 

objectives, namely to:  

 Facilitate diversification beyond the economy’s current reliance on traditional 

commodities and non-tradable services that require the promotion of value addition, 

characterised particularly by the movement into non-traditional tradable goods and 

services that compete in export markets and against imports.  

 Ensure the long-term intensification of South Africa’s industrialisation process and 

movement towards a knowledge economy.  

 Promote a labour-absorbing industrialisation path, with the emphasis on tradable 

labour-absorbing goods and services and economic linkages that create employment.  

 Promote industrialisation, characterised by the increased participation of historically 

disadvantaged people and marginalised regions in the industrial economy.  

 Contribute towards industrial development in Africa with a strong emphasis on building 

the continent’s productive capacity and securing regional economic integration. 

 

The Agricultural Policy Action Plan (APAP)   

Based on this analysis of the various challenges within the Agriculture, Forestry and Fisheries 

(AFF) sectors the AFF Strategic Framework was developed to outline appropriate responses 

to these challenges. The APAP aims to translate these high-level responses offered in the 

Agricultural, Forestry and Fisheries Strategic Framework, into tangible, concrete steps. The 

IGDP identifies four broad sector goals:  

 Equitable growth and competitiveness;  

 Equity and transformation;  

 Environmental sustainability; and  

 Governance, 

 

which translate into a comprehensive, abiding intervention framework, which will be 

supported through iterations of APAP via short and medium-term interventions targeting 

specific value chains (sectoral interventions) or transversal challenges (transversal 

interventions). 

 

The APAP therefore aligns itself with the New Growth Path (NGP), the National Development 

Plan (NDP), as well as the Medium Term Strategic Framework in respect of Outcomes 4, 7 and 

10.  
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Annexure 1 illustrates the alignment of bioinformatics with the key policy mandates of DAFF, 

articulated in the NDP, and APAP, and illustrates where bioinformatics and possibly 

technologies of the future may be used to support the delivery of the South African 

government’s proposed interventions as articulated in the APAP.  

7.  Conclusions 

Biology is a big-data discipline, and so is the study of Ecology. Major drivers of growth in this 

field include: 

 Next Generation Sequencing 

 Imaging 

 Remote  

 Demand in computer storage, and networking infrastructure 

 The development of standards  

 Data integration & visualisation  

 

Bioinformatics is also an essential interdisciplinary scientific field to the life science helping to 

understand the “omics” field and technologies, as well as handling and analysing “omes” data 

produced. The accumulation of high-throughput biological data due to the technological 

advances in “omics” fields required and prioritized the use of bioinformatics resources and IT 

applications for the analysis of complex “Big Data”, which would be impractical and useless 

without bioinformatics. Therefore, as highlighted herein, there is a critical need for the 

preparation of well-qualified, new generation scientists with integrated knowledge, 

multilingual ability, and cross-field experience who are capable of using sophisticated 

operating systems, software and algorithms, and database/networking technologies to 

handle, analyze, and interpret high-throughput and increasing volume of complex biological 

data61, in order to ensure the continued feasibility, and scaling potential of this discipline. 

 

There is a need for research communities to collaborate and share controlled vocabularies 

and data, as well as the results of analysis. The efforts of the plant ontology(PO) and gene 

ontology (GO) consortia would assist, and efforts are being carried out internationally to link 

existing related databases on the globe62. These efforts will enable the transfer of knowledge 

and information on agriculturally related matters and practices, for the benefit of both 

commercial and smallholder farmers seeking to meet the scalable deliverables of 

governments. The linking of agricultural information resources would be helpful for whole 

scientific community around the world in the pursuit of cultivating best variety of crops and 

plants63 for inclusive development. 
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8.  Synthesis and key trends from the literature 

The growth of the bioinformatics market is driven by decrease in cost of DNA sequencing, 

increasing government initiatives and funding (both private and public funding), and the 

growing use of bioinformatics in agriculture. It is expected that the market will offer 

opportunities for bioinformatics solutions manufacturers with the introduction and adoption 

of upcoming technologies such as nanopore sequencing and cloud computing. 

 

Process of life science research is changing, and so in time, data mining the public data 

resources will save time and money. Because of the scale of research, biologists will spend 

less time in the laboratory, more on the computer. This will create the demand for complex 

skills, namely Computational Biologists). The advent of bioinformatics will bring about 

outsourced data generation (i.e. research service companies, in particular NGS services) 

 

Bioinformatics has created new infrastructure requirements for life sciences. These include, 

but are not limited to data centres with relevant expertise (European Bioinformatics Institute 

(EU), and the National Centre for Biotechnology Information (USA)). Such infrastructure has 

also necessitated the requirement for international collaborations, facilitating remote 

collaborations with data, data integration, analysis and visualization 

 

Cross-disciplinary working, has resulted in new disciplines being created, namely, Computer 

Science and Electronic Engineering, Mathematics and Computer science, and the 

development of new informatics-led sub-disciplines such as Cheminformatics, as well as Data 

managers and Data scientists 
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