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Abstract— In Africa, status of biodiversity conservation 

of many plants and animals is questionable as this is 

considered to be caused by limited and lack of authentic 

information concerning genetic diversity. This has led to 

a considerable compromise of conservation decisions in 

Africa. As a result, lack of reliable information continues 

to cause a great effect on the long-term security of species 

of plants and animals. Current advancement in genomics 

has proved to play a vital role in conservation of plant 

and animal biodiversity. It produces genetic data that 

helps researchers to understand the interaction between 

ecosystem and organisms, also among organisms 

themselves. The information extracted from plants and 

animals via genomics techniques can be used to develop 

good approaches for biodiversity conservation. Despite 

its usefulness, there is a limited awareness on the 

application of potential genomics in plants and animals 

conservation in many developing countries, especially in 

Africa. The aim of this review is to raise awareness and 

catalyse the application of genomics techniques in 

rejuvenation and conservation of plants and animals in 

Africa. Precisely, the paper addresses the efficacy of 

potential genomics in plants and animals conservation; 

and seeks to show how Africa can benefit from genomics 

technology. About 62 peer-reviewed articles were 

reviewed. This current review has shown that genomics 

helps to identify good genes for fitness, and develops tools 

to monitor and conserve plants and animals biodiversity. 

The review recommends that regardless of the limitation 

of genomics application in biodiversity conservation in 

Africa, African researchers must consider using this 

technology for better conservation of plants and animals 

biodiversity.  
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I. INTRODUCTION 

Despite being rich in biodiversity, Africa is experiencing 

a considerable loss of its plant and animal biodiversity 

(Muhumuza and Balkwill, 2013). While most developed 

countries have adopted Genomic technologies in an effort 

to conserve biodiversity, their use elusive in Africa 

(Lyantagaye, 2013; Muhumuza and Balkwill, 2013). 

Climate change coupled with other human induced 

factors further threaten plant and animals species of 

which many are at risk of extinction (Thomsen and 

Willerslev, 2015; Yule et al. 2013). Anthropogenic 

activities such as pollution, habitat destruction of habitats, 

overexploitation and introduction of alien invasive 

species are among the factors causing loss of plant and 

animal biodiversity (Dirzo et al. 2014; Thomsen and 

Willerslev, 2015). Preventing this loss of plant and animal 

biodiversity is a challenge that many countries in Africa 

face (Dirzo et al. 2014). Several conservation policies, 

agreements, declarations and strategies have been 

implemented to stop the causal loss process of plant and 

animal species. Abascal et al. (2016) reported that, even if 

all above mentioned threats are eliminated, certain species 

may fail to survive because of accumulation of genetic 

deterioration — a process whereby an endangered animal 

and plant species with a limited gene pool shrinks more 

and some individuals from the living population even die 

before having a chance to breed with others in their 

endangered low population (Abascal et al. 2016). As a 

consequence, such deterioration leads to losses in genetic 

diversity (the raw materials required for adaptation by 

natural selection), poor fertility and health, and a great 

prevalence of genetically determined abnormalities and 

disorders. Additionally, genetic defects may reduce 

semen quality and cause several other abnormalities, 

hence affecting the population.  

From an ecological and socio-economic perspective, 

conservation of natural variation of plant and animal 

species is important (Mazzotti, 2014). There are benefits 
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that may occur in some species as a result of natural 

variation, and other species can be valuable than others 

(Hoffmann et al. 2015). But anthropogenic pressure in the 

environment decreases natural variation of species, thus 

increasing life uncertainty of plants and animals in their 

habitats (De Vos et al. 2015; Godoy, 2016; Khan et al. 

2016; Li et al. 2014). Anthropogenic disturbances in the 

environment are due to progress in technology and 

industrialization, increase in human population, global 

warming and other human related influences (Hoffmann 

et al. 2015; Yule et al. 2013). Prolonged exposure of 

organisms to anthropogenic activities causes loss of 

biodiversity (De Vos et al. 2015). Biodiversity 

conservation is the international political agreement 

agenda that emphasizes the management and conservation 

of plants and animals world-wide (Funk et al. 2012; Khan 

et al. 2016). However, the information about plants and 

animals biodiversity as well as genetic diversity in many 

places around the world is limited (De Cara et al. 2013; 

Hasbún et al. 2016).  

The application of genomics for conservation of plant and 

animal population or biodiversity is known as 

conservation genomics (Garner et al. 2016; Grueber, 

2015). It is the field of science that uses genomic data 

from thousands or tens of thousands of loci to address 

important questions for biodiversity conservation (Garner 

et al. 2016; Perry et al. 2012; Wamalwa et al. 2016). 

Compared to old conservation genetic methods that used 

10-20 loci, conservation genomics is much more powerful 

(Gayral et al. 2013; McCormack et al. 2013; McMahon et 

al. 2014). The technique allows precise approximations of 

demographic parameters such as population size, 

variations in population size, and flow of gene (Du et al. 

2016; Tian et al. 2017). It gives the opportunity to 

demonstrate adaptive genetic variation across real world 

(Hasbún et al. 2016). It is also possible to tell and 

describe the identity of plant and animal species, genetic 

diversity, hybridization level, effective population size 

and demographic history using genomic methods (Irizarry 

et al. 2016; Tian et al. 2017).  

The total number of genetic characteristics in the genetic 

makeup of species refers to genetic diversity (Rao and 

Hodgkin, 2002), whereas, genetic variability is the 

variations of genetic characteristics in the population 

(Yazici and Bilir, 2017). Genetic diversity is very 

important for species existence because it helps 

populations to adapt to different environmental changes. 

Because of the development of genomic methods, it is 

possible to assess genetic variability (Hintzsche et al. 

2016) and improve plant and animal conservation and 

restoration (Miller et al. 2012). Ecologists and biologists 

can understand the evolutionary tree of life (Hasbún et al. 

2016) and provide measures for biodiversity conservation 

using genomic tools (Funk et al. 2012). They can solve 

biodiversity conservation and restoration difficulties 

using genomic techniques (Miller et al. 2012). Moreover, 

they can also influence conservation policy and strategies 

(Khan et al. 2016).   

 

II. BIODIVERSITY, CONSERVATION AND 

GENOMICS 

Genomics is defined as the branch of science in the field 

of molecular biology which deals with the function, 

evolution, structure and mapping of genomes 

(Kadakkuzha and Puthanveettil, 2013; Lyantagaye, 2013). 

It is concerned with the study of genomes and their 

interaction with the environment (Ekblom and Wolf, 

2014; Reportlinker, 2013). Roderick (1986) defined the 

term genomics as a science discipline which refers to the 

mapping, sequencing, as well as analysis of the genome 

(Khan, 2016; Xu, 2012). A genome is whole set of 

deoxyribonucleic acid (DNA) within a single cell of an 

organism, or a complete set of chromosomes that decides 

an organism (Renaut et al. 2012; Khan et al. 2016). 

Genetic data generated from genomics study can help 

researchers and ecologists understand the interaction 

between ecosystem and organisms (Funk et al. 2012). 

Understanding this interaction is critical in developing a 

better approach for conservation (Hongbo et al. 2015; 

Lyantagaye, 2013; Toro et al. 2014). Furthermore, it may 

help finding out how living organisms differ between and 

within species as well as how they differ from each other 

(Reportlinker, 2013). Genomics potentially allows 

biologists or scientists to study genes over time and to test 

the genetic variability of any form of life, from 

prokaryotes to eukaryotes (Tian et al. 2017). One of the 

most evident findings of genomics is the ability to explain 

how much is shared between organisms (Xu, 2012). 

Different forms of life including diverse microorganisms, 

animals, plants, their ecosystems and the genes they 

contain on the earth is called biodiversity (Khan et al. 

2016; McCarthy et al. 2012; Rawat and Agarwal, 2015). 

On the other hand, Rao and Hodgkin (2002) defined 

biodiversity as the variation existing in all species of 

animals and plants, their genetic material and the 

ecosystems in which they occur. Three levels of 

biodiversity are characterized within an area, biome or 

planet (Fig. 1). These are ecosystem diversity, genetic 

diversity and species diversity (Khan et al. 2016; Rawat 

and Agarwal, 2015; Nuijten et al. 2016). Ecosystem 

diversity means different habitats, ecological process and 

biotic communities within the biosphere (McMahon et al. 

2014). Species diversity is defined as the variety of 

species within an ecosystem, while, genetic diversity 

refers to the variation within species and population 

(Nuijten et al. 2016) or variation in genes and genotype 
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(Rao and Hodgkin, 2002). Despite the fact that genetic 

diversity is important for species adaptation and survival, 

it is also a major component in the ecosystem (Rawat and 

Agarwal, 2015). Existence and evolutionary success of 

many living organisms depend on the genetic diversity 

(Gülcü and Bilir, 2017; McMahon et al. 2014). Thus, 

biodiversity can also mean the variability within and 

between species, and between ecosystems (McCarthy et 

al. 2012: McMahon et al. 2014). In both genetics and 

genomics, diversity is recognized as one of the most 

fundamental levels of biodiversity together with 

ecosystem diversity, species diversity and community 

diversity (McMahon et al. 2014).  

 
Fig.1: Three levels of biodiversity within a biome 

 

There are several biotic and abiotic factors that have 

negative impacts on biodiversity (Bahrndorff et al. 2016). 

These factors are shown in Fig. 2, and include predation, 

parasitism, competition, diseases, and separation due to 

human actions, habitat alteration, climatic changes and 

natural catastrophes (Hoffmann et al. 2015; Khan et al. 

2016), introduction of exotic species, destruction of 

natural habitat as well as killing of natural components of 

a population (IUCN, 2015; Mazzotti, 2014). These factors 

not only cause decrease in biodiversity of plants and 

animals, but also cause extinction of biodiversity of some 

species (De Vos et al. 2015). Most of these factors 

provoke displacement of species from their natural 

habitats, retreating, and completely vanish from the 

wilderness (Mazzotti, 2014). Because of these threats, 

several studies have suggested the use of genomic tools as 

effective methods for conservation of plants and animals 

biodiversity (Aravanopoulos, et al. 2015; De Vos et al. 

2015; Khan et al. 2016; IUCN, 2015; Lyantagaye, 2013). 

The main concern of researchers is to maintain rare and 

endangered species of plants and animals via genomic 

methods (Aravanopoulos, et al. 2015; Nuijten et al. 2016; 

Shafer et al. 2015). Therefore, based on genomic studies 

there are genomic conservation tools developed in order 

to stop dwindling of biodiversity (Fig. 3).  

 

 

 

 
 

Fig. 2: Summarized factors that have negative impacts on 

biodiversity 

 

Currently, the most used genetic tools in plants and 

animals include amplified fragment length polymorphism 

(AFLP), DNA and RNA sequence analysis, and DNA 

finger printing, microsatellites, minisatellites, and random 

amplification of polymorphic DNA (RAPD), random 

fragment length polymorphism (RFLP), single strand 

conformation polymorphism (SSCP) and single 

nucleotide polymorphisms (SNPs). Summary of these 

tools is shown in Fig. 3. Current individuals’ DNA or 

historic DNA is used by these tools to analyse genetic 

variation in species or population (Khan et al. 2016). 

Because of the development in high throughput next 

generation sequencing, other tools are used in population 

and conservation genomic in forest and fruit tree. 

(Aravanopoulos et al. 2015). Numerous techniques and 

tools exist that use genomic methods to conserve plant 

and animal biodiversity. McCormack et al. (2013) 

emphasize that, if there is a need to apply genomics in 

conservation such as in endangered plant and animal 

species, the genomes of these species must be sampled at 

considerable densities and with extra markers. 

 
Fig. 3: Summary of genomic tools used to detect genetic 

variations in plants and animals 
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III. WHY GENOMICS? 

Understanding the genetic structure and composition of 

plants and animals in their habitat is important for 

developing successful management strategies for their 

conservation. Declining of global biodiversity of plants 

and animals attract attention of biologists and ecologists 

towards conservation (Aravanopoulos, et al. 2015; 

Nuijten et al. 2016; Rutledgea et al. 2012; Catchen et al. 

2013; Hoffmann et al. 2015). In order to reduce loss of 

plant and animal biodiversity, researchers have been 

using genomic methods and techniques (McMahon et al. 

2014). Genomic methods allow collection of extensive 

genetic information of phenotypic and ecological data 

from many species in numerous populations and 

individuals (Hohenlohe et al. 2012; Khan et al. 2016; 

Trinh et al. 2017). These genetic data are used to identify 

the signatures of selection and adaptive genetic variation 

on a complete genome scale (Catchen et al. 2013). The 

data can also be used to provide a possibility to 

differentiate nearly related but adaptively different 

populations (Hohenlohe et al. 2012). Further, Perry et al. 

(2012) claimed that, it is possible to gather huge amounts 

of data and sequence any species at moderate effort than 

previous due to advancement of genomics technology. 

Genomics plays an important role in conservation of 

plants and animals (Gardner et al. 2016; Godoy, 2016; 

Khan et al. 2016; McMahon et al. 2014). It aids to 

determine the genome segments responsible for 

adaptation, and improve our knowledge on 

microevolution through a better understanding of positive 

mutation, selection and recombination (Funk et al. 2012; 

Gülcü and Bilir, 2017; Trinh et al. 2017). It helps to 

identify essential genes for fitness and eventually 

develops modern monitoring tools for endangered plant 

and animal species (Godoy, 2016). Development of 

potential genomic tools has enabled studies of population 

structure, current demographic events and genetic 

variations in threatened species of plants and animals 

(Grueber, 2015). With advanced genomics tools it is 

possible to detect harmful mutations in the genes for 

metabolism, functions, immunity and in any part of living 

organism, plants and animals (Grueber, 2015; Khan et al. 

2016). Techniques and tools of genomics are used to 

detect variations linked with conservation and population 

structure from the genome of various species (Khan et al. 

2016; Mcmahon et al. 2014). Genomics analysis tools 

give researchers a deeper level of understanding the 

organisms in their environments (Funk et al. 2012; 

Gardner et al. 2016; Jones et al. 2013), and to track the 

movements of individual organisms (Simpson et al. 

2017). For example, more than 3000 individual of 

humpback whales (Megaptera novaeangliae) have been 

distinguished using genetic fingerprints obtained from 

skin samples (WCS, 2017). This used genomics 

techniques by carefully comparing selected markers in the 

DNA of thousands of whales. According to WCS (2017), 

this technique is important for monitoring the movements 

of the whales from the South Atlantic to the Indian 

oceans, and conservation of the whale populations. 

Similarly, genomics tools like this can help to establish 

whether how and when the interaction of different species 

of the population occurs. Furthermore, a study on water 

voles in Scotland to understand if their survival is 

threatened by mink was done using DNA microsatellite 

markers, the DNA study showed that the mink is not a 

threat to the population of water voles because a result 

revealed high genetic mixing levels (Melis et al. 2013). In 

addition, the DNA studies on Pipistrelle bats in UK 

confirmed that there are two species but not a single 

species. Furthermore, Aravanopoulos et al. (2015) 

claimed that, advanced genomics accelerate the rate of 

conservation genomics in forest plants. This is because of 

the development in high throughput next generation 

sequencing capabilities. 

In the absence of phenotypic information, the genomics 

has made possible to identify population with adaptive 

compatibilities on the basis of genetic data (Tian et al. 

2017; Trinh et al. 2017). Ecologists and biologists have 

been trying to discover genes that support local adaptation 

in certain species in ecosystems. Understanding the 

genetic architecture of local adaptation is fundamental to 

defining conservation units, determine conservation 

priorities and design restoration programmes for 

threatened or endangered plant and animal species (Miller 

et al. 2012). Catchen et al. (2013) opined that, 

identification of genetic diversity is important for the 

adaptation of populations at their local habitats, and it can 

be used to design a biodiversity conservation framework. 

For example, the population with specific adaptive alleles 

can be identified and used to supplement the endangered 

population or reintroducing species into the habitat in 

which the natural population has vanished (Simpson et al. 

2017). The loss of genetic diversity and inbreeding 

accumulation due to fragmentation and decrease of 

population may compromise the viability of population 

(Casas-Marce et al. 2013). An example of organism 

showing this is the Iberian lynx (Lynx pardinus) which is 

in the edge of extinction (Godoy, 2016). Mitochondrial 

sequences and 36 microsatellite markers were used to 

evaluate the current genetic status of the Iberian lynx and 

to assess the genetic signatures of its past history 

(Abascal et al. 2016; Casas-Marce et al. 2013). Species’ 

mitochondrial diversity was found to be very low with 

only two haplotypes; furthermore, Abascal et al. (2016) 

and Godoy (2016) showed that the levels of genetic 

diversity at microsatellite markers were very low in both 
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remnant populations. Yet, genetic differentiation between 

the two populations was high. By using genomic tools, 

Abascal et al. (2016), Casas-Marce et al. (2013) and 

Godoy, (2016) concluded that, the present genetic 

patterns in the L. pardinus are because of the result of its 

recent decline and fragmentation. Therefore, conservation 

measures can be taken to stop further population 

fragmentation and decline. Although a recovery of 

endangered species of plants and animals is hindered by 

excessive population decline, genetic erosion can make it 

more badly (Godoy, 2016). In order to appreciate the 

patterns of genomic erosion and how this affect species 

viability of plants and animals we need to use genomics 

tools. This is because these tools help to conserve species, 

and contribute to save species from extinction 

(Aravanopoulos et al. 2015; Karolchik et al. 2014). 

Development of genomics has resulted into increase in 

the number of species with whole-genome sequence data 

(Ellegren, 2014; Grueber, 2015; Rutledgea et al. 2012). 

This has made availability of genome resources to most 

endangered plant and animal species (Ellegren, 2014; 

Grueber, 2015; Karolchik et al. 2014). Conservation of 

plants and animals is growing and promises to modernise 

the population genetics field due to the use of genome-

wide single nucleotide polymorphisms (Rutledgea et al. 

2012). In some species, a relationship between 

environmental characteristics and the distribution of 

genotypes can be detected using genomics technology, 

showing the importance of natural selection as the main 

source of differentiation (Hasbún et al. 2016). 

Considering the species richness of Africa, including 

many endangered species, it is imperative to adopt usage 

of genomic methods for biodiversity conservatory 

purposes. Since genomic techniques and tools are 

becoming cheaper and more accessible (McCormack et 

al. 2013), biologists and researchers in Africa can use 

these tools to conserve and manage plant and animal 

biodiversity. Furthermore, the use of genomic analysis 

tools can be used to assess and track the distribution of 

threatened and endangered plants and animals (Bowden et 

al. 2012; Steiner et al. 2013). This makes conservation of 

plant and animal biodiversity very easier, and thus 

reducing the rate of biodiversity loss and even extinction 

from the wild (Hongbo et al. 2015). Genomics has 

enabled studies of how climate change has limited 

biodiversity by looking at DNA of ancient preserved 

specimens of plants and animals to understand, and how 

biodiversity has changed with time (Fitzpatrick et al. 

2012; Johnson and Koepfli, 2014; McMahon et al. 2014; 

Miller et al. 2012). These techniques can further inform 

sound policy decisions for conservation and management 

of wildlife biodiversity against climate change effect. It is 

apparent, therefore that accurate usage of genomic tools 

can result into considerable conservation of Africa’s 

biodiversity, to sustainably meet plant and animal 

species’ demands for future generations. 

 

IV. CONCLUSIONS 

This review has demonstrated that biologists, 

conservationists, ecologists and researchers should 

appreciate the conservation benefit resulting from 

genomic methods especially for plants and animals. 

Advanced genomics plays a vital role in biodiversity 

conservation and produces genetic data that help 

researchers to know the interaction between ecosystem 

and organisms, and among organisms themselves. The 

information extracted from them through genomic 

techniques can be used to develop methods for 

biodiversity conservation. Moreover, the development of 

conservation genomic tools can enhance our 

understanding of the genetic variation and structure of 

plants and animals. Researchers in developing countries 

are highly encouraged to use the advanced genomic 

methods to improve biodiversity conservation sector and 

reduce loss of plants and animals. Genomic conservation 

is very crucial as this is key to understanding the genetic 

structure, relationships of phylogenetic, causes and 

reasons for loss of genetic diversity in plants and animals. 

Finally, if well utilized, genomic methods can guide 

decision making in our conservation strategies and 

policies in Africa. 
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