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Expressed Sequence Tags (ESTs) and Single Nucleotide Polymorphisms (SNPs) are providing in depth 
knowledge in plant biology, breeding and biotechnology. The emergence of many novel molecular 
marker techniques are changing and accelerating the process of producing mutations in plant 
molecular biology research. This coupled with the availability of cheap sequencing techniques and 
access to a complete genome sequence has been shown to complement traditional marker –based 
approaches. Expressed Sequence Tags (ESTs) have provided an important source for the study of 
Single Nucleotide Polymorphisms (SNPs) in plants. SNP markers have become popular, partly because 
of their high density within the genome and also their ease with which they are characterized. This 
review also focuses on some methods used in genotyping SNPs. 
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INTRODUCTION 
 
Mankind, in his quest to improve food quality, has been 
looking for variant forms of crops. Plant breeders and 
farmers have created new varieties through traditional 
plant breeding. In traditional plant breeding crosses bet-
ween plants are performed. Sexual crossing of such 
nature are done in an uncontrolled manner and this often 
leads to a random combination of genes which results in 
new traits, some of which may be undesirable. Selection 
and careful evaluation of the offspring is therefore 
necessary. 

Taditional plant breeding has gone through many phas-
es, from the era of cross pollination between varieties of 
the same species, to hybridisation between different spe-
cies and genus to overcome barriers imposed by 
combining species belonging to different families. How-
ever, traditional plant breeding is costly and time 
consuming and moreover, the selection and evaluation of 
the new varieties can take several years to achieve. With 
the discovery of the DNA, a new area of modern plant 
biotechnology begun. In plant breeding the development 
of molecular marker systems facilitated the selection and 

evaluation process greatly. These molecular tools have 
increased the speed and precision for achieving desired 
agronomic traits.  

Restriction fragment length polymorphism (RFLPs) be-
longs to the first generation of hybridization-based 
markers developed in humans in the 1980s (Botstein et 
al.,  1980; Demartinville et al., 1982) and thereafter used 
in plant research (Weber and Helentjaris, 1989). In RFLP, 
the variation (s) in the length of DNA fragments produced 
by a digestion of genomic DNAs and hybridisation to 
specific markers of two or more individuals of a species is 
compared (Kahl, 2001). RFLPs have been used exten-
sively to compare genomes in the major cereal families 
such as rye, wheat, maize, sorghum, barley and rice 
(Bennetzen, 2000; Devos et al., 1993; Dubcovsky et al., 
2001). Extensive studies have also been carried on 
genome relationships in the grass family using RFLP 
technique (Devos and Gale, 2000). The advantages of 
RFLPs include detecting unlimited number of loci, 
codominant and the use of probes from other species. 
However, RFLPs are expensive, time consuming  and  la- 
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bour intensive. PCR based marker systems are more 
rapid and requires less plant material. The first of PCR 
based marker was known as Rapid Amplified Polymor-
phic DNAs (RAPDs) and are produced by PCR using 
genomic DNA and arbitrary primers (Welsh and 
McClelland, 1990; Williams et al., 1990; Jacobson and 
Hedrén, 2007). However, the results from RAPDs may 
not be reproduced in different laboratories. RFLPs and 
RAPDs have been used to map or tag agronomically 
important genes including resistance genes against 
viruses, bacteria, fungi, nematodes and insects (Mohan 
et al., 1994; Mohan et al., 1997). Amplified Fragment 
Length Polymorphism (AFLPs) combines both PCR and 
RFLP and it is generated by digestion of PCR amplified 
fragments using restriction enzymes (Vos et al., 1995). 
For example, AFLPs have been used to assess the levels 
of genetic diversity within and between populations of 
Nordic meadow (Festuca pratensis Huds) (Fjellheim and 
Rognli, 2005). Recently, AFLP technique has been used 
in the analysis of  pathogens which affect wheat kernels 
in Russia (Gannibal et al., 2007). AFLPs are highly repro-
ducible and this enables rapid generation and high 
frequency of identifiable AFLPs, making it an attractive 
technique for identifying polymorphisms and for determin-
ing linkages by analysing individuals from a segregating 
population (Mohan, 1997). 

Another class of molecular markers which depends on 
the availability of short oligonucleotide repeat sequences 
in the genome of plants is the simple sequence repeat 
(SSR) polymorphism or microsatellites (Tautz and Rentz, 
1984; Hearne et al., 1992). SSR markers are fairly cheap 
and no sequence information is required for their detec-
tion. SSR gives good polymorphism as well as requiring 
only a small quantity of DNA to start with. However, it 
suffers a similar disadvantage to that of RAPDs in that its 
reproducibility in different laboratories may be low as 
described earlier. Polymorphisms can be detected in 
sequences which occur between two SSRs. These set of 
markers are known as Inter Simple Sequence Repeats 
(ISSR) (Zietkiewicz et al., 1994; Yang et al., 1996). 

Currently plant biologists are exploiting the use of 
Expressed Sequence Tags (ESTs) and Single Nucleotide 
Polymorphisms (SNPs) as markers in gene discovery 
research. ESTs are short DNA sequences corresponding 
to a fragment of a complimentary DNA (cDNA) molecule 
and which may be expressed in a cell at a particular 
given time. ESTs are currently used as a fast and 
efficient method of profiling genes expressed in various 
tissues, cell types or developmental stages (Adams et al., 
1991). One of the many interesting applications of ESTs 
database (dbEST) is gene discovery where many new 
genes can be found by querying the dbEST with a protein  
or DNA sequence. On the other hand, a Single Nucleo-
tide Polymorphism (SNP) is a DNA sequence variation 
occurring when a single nucleotide- A-T-C or G- in the 
genome differs between members of a  species (or  betw- 

 
 
 
 
een paired chromosomes in an individual). SNPs may 
occur in the coding, non-coding and intergenic regions of 
the genome, thus enabling the discovery of genes as a 
result of the differences in the nucleotide sequences. 

However, other markers such as DNA Amplification 
Fingerprinting (DAF), Cleaved Amplified Polymorphic 
Sequences (CAPS), Specific Amplicon Polymorphism, 
Marker Assisted Breeding and Sequence Tagged Sites 
(STS)  are all in use in modern plant breeding. 

The emergence of these molecular markers in plants 
has greatly broadened our knowledge in understanding 
the genetic basis of important agronomic traits which 
have resulted in the characterization of many genes 
using existing information from known crop species. This 
has resulted in the improvement of important agronomic 
traits and the creation of genetic variation in the field of 
plant biotechnology over the last few years. Moreover, it 
has led to the development of many new technologies 
with the aim to further learn more about the plant 
genomes and how gene functions can be obtained from 
them. The development of the herbicide-resistant and 
insect-resistant crops made a significant impact in the 
agricultural biotechnology industry. Since then, little suc-
cess has been recorded probably due to our lack of 
knowledge of the genome sequences from plants. 
Currently, there is a wealth of information in genomics 
and together with the reduction in cost of analysing the 
sequence of genomes, new methods have emerged for 
identifying candidate genes for improvement in plants 
(Gutterson and Zhang, 2004). The general understanding 
of plant growth, development, differentiation and defence 
has greatly been improved through the study of genome 
structure and function in some model plants such as 
Arabidopsis thaliana (Arabidopsis Genome Initiative, 
2000). This has further been boosted by the study of 
other model plants including rice (Oryza sativa), maize, 
(Zea mays) and Lotus japonicus (Yu et al., 2002; 
Martienssen et al., 2004; Handberg and Stougaard, 
1992). In addition, the use of Populus tremula x Populus 
tremuloides as a model plant has made it possible to 
study woody species (Wullschleger et al., 2002).   

The purpose of this review paper is to summarize and 
present some molecular biology concepts and techniques 
used in discovering genes in plants, the use of ESTs and 
SNPs in gene discovery research. Furthermore, this 
review paper also looks at some methods used in SNP 
genotyping and the potential application of functional 
genomics and single nucleotide polymorphisms in plant 
biotechnology. 
 
 
FUNCTIONAL GENOMICS  
 
Functional genomics may be explained as understanding 
the function of genes and other parts of the genome. The 
ultimate goal in functional  genomics  is  to  discover  new  



 
 
 
 
 
genes and their function. This will lead to the creation of 
mutant databases, cDNA and genomic libraries and over 
expressing or silence lines (Chory et al., 2000). Some of 
the methods used in gene discovery include Global 
Transcript Profiling, Reverse Genetics, Map Based 
Cloning and Proteomics. These components of functional 
genomics mentioned above, together with the sequenc-
ing of the genome of plants, play an important role in 
gene discovery and comparative genomics (Rudd, 2003). 
 
 
Global transcription profiling 
 
For a gene to be functional, it must be transcribed, pro-
cessed and translated into a functional protein. Expres-
sion analyses of genes are important part of gene 
function studies. Global transcript profiling involves the 
analysis of transcripts using hybridisation-based techni-
ques such as Northern blotting, RNA dot blotting or 
microarrays. These methods have become popular in 
recent years in allowing the evaluation and elucidation of 
gene expression. A wide range of biological processes, 
including hormone and stress responses have been 
addressed using transcript profiling. Changes in gene 
expression during cell division, expansion, secondary 
wall formation, lignification and cell death have been 
demonstrated in poplar (Hertzberg et al., 2001). Gene 
expres-sion upon pathogen attack, abiotic stress and 
hormonal responses in arabidopsis has been examined 
through the use of transcriptional profiling (Cheong et al., 
2000). Analyses through Northern blot hybridization 
revealed how gene expression differed in flood-tolerant 
FR13A rice compared to the flood-sensitive PBI rice type 
(Agarwal and Grover, 2005). In rice, serial analysis gene 
expres-sion (SAGE) showed that most of the highly 
expressed genes in the seedlings were housekeeping 
genes (Mstumura et al., 1999). By transcription profiling, 
genes expressing enzymes involved in the shikimate 
pathway, leading to the biosynthesis of phenylalanine 
have been shown to be transcriptionally upregulated in 
primary stems in arabidopsis (Ehlting et al., 2005). 
Advances in PCR technology have made the exact quan-
tification of messenger RNA products possible. Quan-
titative real-time PCR (qRT-PCR) relies on the ability to 
progressively quantify fluorescence emitted from specific 
double-stranded DNA binding dyes or fluorophore-labelled 
probes that bind to the DNA thereby enabling quantification 
(Song et al., 2002). qRT-PCR has been used to show that 
there is an increase in amplified DNA transcripts of NaCl 
dependent transcription factors in arabidopsis roots 
(Yuanqing and Deyholos, 2006), determination of transgene 
copy number and mRNA levels (Chiang et al., 1996; Ingham 
et al., 2001; Leutenegger et al., 1999). 
 
 
Reverse genetics 
 

This technique involves the  isolation and  detection  of  a  

Ayeh       333 
 
 
 
gene without a prior knowledge of the protein or nucleo-
tide sequence. This technique leads to the establishment 
of a map position of the genes being isolated. Geneticists 
have used knockout mutation as a reverse genetic 
method to study gene function. However, knockout 
methods, which may be carried out using T-DNA or 
transposable element insertions, chemical or radio-
actively induced mutation, provide very few clues of the 
function of the gene in question (Bouche and Bouchez, 
2001). In view of the problems that are encountered in 
knock out mutation techniques, over expression offers an 
alternative and complementary strategy to knockout 
analysis. This is because over expression methods are 
less affected by the situation where it becomes difficult to 
observe the expression of a gene being looked for. This 
difficulty in observing the expression of a gene in knock-
out mutation is referred to as functional redundancy 
(Zhang, 2003). Reverse genetics has led to a new mole-
cular marker technique that takes advantage of the 
availability of DNA sequencing. This new method is 
called Targeting Induced Local Lesions IN Genomes 
(TILLING). This novel method has enabled researchers 
to investigate the functions of genes in plants. TILLING is 
thus a powerful reverse genetic method that allows the 
generation of an allelic variation for any target gene, 
including essential genes (Slade and Knauf, 2005). The 
process combines random chemical mutagenesis, which 
is readily used on plant and animals (Kodym and Afza, 
2003), with PCR-based screening (Figure 1) of genome 
regions of interest (McCallum et al., 2000). TILLING has 
enabled the detection of thousands of mutations in 
hundreds of Arabidopsis genes (Till et al., 2003). Unlike 
conventional mutation breeding, in which the mutation 
frequency is unknown or estimated only from mutations 
carrying a visible phenotype, TILLING provides a direct 
measure of mutations induced (Slade et al., 2005).  
 
 
Map based cloning 
 

Map based cloning is a functional genomic approach for 
gene detection. It is also called positional cloning or map-
assisted cloning (MAC). Map based cloning involves the 
cloning of a specific gene in the absence of a transcript or 
protein product (Gunther, 2001). The technique uses 
closely linked molecular markers with the desired gene. 
In MAC, knowledge about the chromosomal location of 
the gene, construction of a physical map and together 
with a genomic library is required (Young, 1990). The 
identification and sequencing of the clones in the geno-
mic library that contain the genomic fragment corres-
ponding to the area of interest on the physical map is 
then carried out. This process has been described as 
‘chromosome walking’ and this strategy relies on an 
accurate position of the target gene on a genetic map. 
The tightly linked markers are used to isolate the clones 
containing  these  markers  from  a  large-insert  genomic 
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Figure 1. Seeds are induced to produce genetic variants by a 
chemical mutagen. Seeds are sown to produce plants up to the M2 
population. M2 population seeds are sampled and DNA isolated 
from them and then pooled for PCR analysis. PCR products 
denatured are allowed to form heteroduplex and subsequently 
cleaved by Cel I and then analysed. (Source:  Slade and Knauf, 
2005).  
 
 
 
library. The area of the genomic library that corresponds 
to the region of interest in the physical map is further sub-
cloned, sequenced and analysed. The disadvantage in 
MAC is the time-consuming and manual work involved. 
Map-based cloning has led to the definition and isolation 
of Quantitative Trait Loci (QTL) as genetic loci where 
functionally different alleles segregate and cause signifi-
cant effects on a quantitative trait (Salvi and Tuberosa, 
2005). The use of MAC with a QTL approach has 
enabled the detection of a locus associated with NaCl 
tolerance in Arabidopsis (Quesada et al. 2002). Positional 
cloning is thus a promising method for identification of 
novel genes for which only the locus phenotype is known 
(Mindrinos et al., 1994: Grant et al., 1995). 
 
 
Proteomics 
 
This is one of the emerging and fast growing areas of 
research and though debatable; it is expected to provide 
a better understanding of regulation and function in 
biological systems than information revealed by genome 
sequencing projects. In addition to its definition as 
characterisation of proteins, proteomics extends to the 
studies of other protein properties such as expression  le- 

 
 
 
 
vels, posttranslational modification and interaction with 
other proteins (Aebersold and Mann, 2003; Barbeir-
Brygoo and Joyard, 2004). It consists of three main steps 
which include: 1) identification of proteins, their isoforms 
and their prevalence in each tissue, 2) characterising the 
biochemical and cellular functions of each protein and 3) 
analysis of protein regulation and its relation to other 
regulatory networks (Bertone and Synder, 2005). An 
important and useful technique in quantifying proteins is 
the High-Performance Liquid Chromatography (HPLC). 
HPLC is a fast and sensitive technique that provides the 
high resolution required for the detection and quantifi-
cation of compounds in complex biological samples 
(Goulard et al., 2001). HPLC has been used to characte-
rise and quantify the betalin pigments in the plant species 
of eight genera in the Amaranthaceae (Yizhong et al., 
2005), analysis of polyamines in plants (Walter and 
Geuns, 1987) and the analysis of DNA methylation in 
plants (Johnston et al., 2005). 
 
 
EXPRESSED SEQUENCE TAGS (ESTs) 
 
Functional genomic approaches may provide powerful 
tools for identifying expressed genes. The discovery of 
novel genes and its possible utilization in modern plant 
breeding continue to engage the attention of most plant 
biologists. ESTs are short DNA molecules (300 - 500 bp) 
reverse-transcribed from a cellular mRNA population 
(MacIntosh et al., 2001). They are generated by large-
scale single-pass sequencing of randomly picked cDNA 
clones and have proven to be efficient and rapid means 
to identify novel genes (Adams et al., 1991). ESTs thus 
represent informative source of expressed genes and 
provide a sequence resource that can be exploited for 
large-scale gene discovery (Whitefield et al., 2002).  

By using comparative genomic approaches, the puta-
tive functions for some of these new cDNA clones may 
be found (Velculescu et al., 1995) and thereby constitute 
an important tool for a better understanding of plant 
genome structure, gene expression and function (Lopez 
at al., 2005). A large number of ESTs have been 2003; 
Nishiyama et al., 2003). Ji et al. (2006) studied and 
generated from various plant species including both 
mosses and cycads (Brenner et al., 2003; Kirst et al., 
2003) model and crop plants like A. thaliana, rice, wheat 
and maize as well as other species such as gymno-
sperms, produced ESTs clones assembled into 375 
contigs and 696 clusters when Glycine soya was 
subjected to saline conditions with the objective of mining 
salt tolerance genes. A number of ESTs have been 
generated and produced by studying genes involved in 
stress adaptation in the mangrove plant Acanthus ebra-
cteatus Vahl (Huang and Madan, 1999; Nguyen et al., 
2006), studying the genome of Panax ginseng C.A Meyer 
(Choi et al., 2005; Kim et al., 2006).  Coles  et  al.  (2005) 
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Table 1. Some specific plant EST databases with their websites. 
 

Plant EST database Website 
B-EST barley database http; //:pgrc.ipk-gatersleben.de/est/est/login 
Chlamydomonas resource centre http: //www.biology.duke.edu/chlamy.genome 
Kazusa EST database http: //www.kazusa.or.jp/en/plant/database 
NCBI Unigenes http://www.ncbi.nlm.nih.gov/UniGene/ 
PlantGDB http://www.zmdb.iastate.edu/PlantGDB/ 
Solanaceae genomics network http://sgn.cornell.edu/ 
TIGR Plant Gene Indices http://www.tigr.org/tdb/tgi/plant.shtml 
University Minnesota http://www.ccgb.umn.edu/ 
Pscroph database http://www.pscroph.ucdavis.edu 
dbEST http://www.ncbi.nlm.nih.gov/dbEST/index.html 
REDB (Rice EST Database) http://www.ncpgr.cn 
Mendel-GFDb and Mendel-ESTS: http://www.mendel.ac.uk/ 
US Mirror: http://genome.cornell.edu/ 
EGENES http://www.genome.jp/kegg-bin/create_kegg_ 
Sputnik http://www.mips.gsf.de/proj/sputni 
ESTree db http://www.itb.cnr.it/estree 
TbestDB http://www.tbestdb.bcm.umontreal.ca 

 
 
 
developed and characterised an EST database for 
quinoa (Chenopodium quinoa Willd) and demonstrated 
the usefulness of EST libraries as a starting point for 
detecting DNA sequence polymorphisms (SNPs). They 
compared cDNA sequenc-es of quinoa with sequences in 
the TIGR A. thaliana and GeneBank protein database. 
67% of the quinoa proteins showed homology to 
Arabidopsis proteins  with putative function, 18% had no 
significant matches, 9% had significant homology to 
Arabidopsis proteins with no known function and 6% 
sharing significant homology with plant proteins from 
species other than Arabidopsis.  According to the dbEST 
release (September, 2007), there are currently over 46 
million ESTs belonging to both plants and animals. Many 
of these dbESTs have their websites where they can be 
assessed (Table 1). Although there is no real substitute 
for a complete genome sequence, EST sequencing 
certainly avoids the biggest problems associated with 
genome size and the accompanying retrotransposon 
repetitiveness (Tang et al., 2003).  
 
 
SINGLE NUCLEOTIDE POLYMORPHISMS (SNPs) 
 
In the past, molecular markers were mainly based on 
genomic DNA (Gupta et al., 2002). The DNA could be-
long to transcribed or non- transcribed regions of the 
genome (Gupta and Rustgi, 2004). However, there is a 
rapid accumulation of new markers, obtained from a large 
number of cDNA clones in a variety of plants and the 
accumulation of a large number of expressed sequence 
tags (ESTs) in the public databases. These markers are 
gradually gaining popularity compared to the older DNA-
based markers. The genomic-based markers such as 

RFLP have their limitations. RFLPs are usually labour 
intensive and fairly expensive. In addition, RFLPs require 
large quantities of DNA and often polymorphism may be 
very low (Williams et al., 1991). RAPDs have a low 
reproducibility both between and within laboratories, mak-
ing them less attractive. AFLPs require only a small 
amount of DNA; however, they are dominant and the 
technique itself can be challenging. Many of these 
markers mentioned above require the use of gel 
electrophoresis, are time consuming and expensive. The 
emerging new molecular markers such as Single Nucleo-
tide Polymorphism (SNPs) techniques do not always 
need these electrophoresis-based assays. SNPs are 
excellent markers for association mapping of genes 
controlling complex traits and provide the highest map 
resolution (Botstein and Risch, 2003; Brookes, 1999; 
Bhattramakki et al., 2002). SNPs are robust in usage and 
polymorphisms are identifiable and there are several 
methods that can be used to detect them.  SNPs are the 
most frequent type of variation found in DNA (Brookes, 
1999; Cho et al., 1999) and their discovery together with 
insertions/deletions has formed the basis of most 
differences between alleles. SNPs can thus be explained 
as any polymorphism between two genomes that is 
based on a single nucleotide exchange. In plants, studies 
on the occurrence and nature of SNPs are beginning to 
receive considerable attention, particularly in Arabidopsis 
where over 37, 000 SNPs have been identified through 
the comparison of two accessions (Jander et al., 2002). It 
has been reported in maize that there occurs a frequency 
of one non-coding SNP per 31 bp and 1 coding SNP per 
124 bp in 18 maize genes assayed in 36 inbred lines 
(Ching et al., 2002).  

In  a   related   transcriptome-based   molecular  marker  
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technique, ESTs has been used to detect both length and 
sequence polymorphisms (Brown et al., 2001). Develop-
ment of new SNPs include re-sequencing of PCR 
amplicons with or without pre-screening, electronic SNP 
(eSNP) discovery in shotgun genomic libraries and eSNP 
discovery in expressed sequence tag (EST) libraries 
(Rafalski, 2002). A number of EST collections have been 
used to describe and detect SNPs in maize (Zea mays 
L.) (Ching et al., 2002) and Soybean (Glycine max L. 
Merr.) (Zhu et al., 2003). In another studies using 
cassava (Manihot esculenta Crantz), Lopez et al. (2005) 
have developed strategies for detecting SNPs from ESTs 
of cassava. Lopez and co-workers adopted a two-way 
approach using bioinformatics-based analysis of the 
available ESTs and by PCR based analysis of non-
coding sequences. They arranged a total of 11, 954 
ESTs from 5 cassava cultivars into 1,875 contigs and 
3,175 singletons using the StackPack software (Lopez et 
al., 2005). Using a PCR approach, EST sequence from 
the 5'-ends of genes was used. The estimated frequency 
for intra-cultivar SNPs was one per 905 bp and one per 
1,032 bp for the inter-cultivar SNPs.  For SNPs detection 
derived from 3' ESTs, they detected a total of 136 SNPs 
and the frequency of one per 66 bp. They concluded that 
the number of SNPs in the 5'-EST, where there is a high 
proportion of coding regions, was low. SNPs outside the 
coding regions were high in the 3'-end of selected ESTs 
and in BAC end sequences. The latter two methods 
allowed the evaluation of the presence of non-coding 
SNPs in several cultivars. They further observed that the 
non-coding regions can accumulate a greater number of 
polymorphisms and that not all genes accumulate SNPs 
at the same time. They observed two groups of genes: 1) 
those containing a relatively high number of SNPs (more 
than 6) and those with few or no SNPs.  

SNP haplotypes (the specific pattern and order of 
alleles on a chromosome) may be detected in genomes 
and this may give us information as to whether they are 
in Linkage Disequilibrium (LD), that is if alleles at one 
locus are not randomly assorted with alleles at another 
locus (Borecki and Suarez, 2001). This phenomenon can 
be seen in populations that have experienced a 
bottleneck and inbreeding during domestication and may 
ultimately exhibit extensive LD (Hudson, 2001). 
 
 
SNPs genotyping 
 
There are several methods that are used in genotyping 
SNPs. Matrix-assisted laser desorption/ionization time-of-
flight mass spectrometry (MALDI-TOF) (Griffin and Smith, 
2000) and the detection of heteroduplex through 
sequences by denaturing high performance liquid chro-
matography (DHPLC) (Underhill et al., 1996) and DNA 
microarrays (Hacia and Collins, 1999) are some of the 
effective methods for the detection of SNPs. The principle  

 
 
 
 
of MALDI-TOF is briefly described here. The MALDI-TOF 
method utilises the principle of primer extension for the 
generation of products of SNP because it is easy to 
design and robust. The principle is shown in Figure 2 
below.  According to Sauer (2006), the principle involves 
the reaction of a PCR product with an extension primer 
that is chosen upstream of the SNP under investigation, 
ddNTPs and a thermostable DNA polymerase that will 
eventually yield allele specific products. The polymerase 
extends the 3'–end of the primer by specifically incor-
porating nucleotides that are complementary to the DNA 
template. The extension reaction terminates at the first 
nucleobase in the template where a nucleotide occurs 
that is complementary to one of the ddNTPs in the 
reaction mix. A thermostable DNA polymerase employed 
in a temperature-cycled reaction leads to linear ampli-
fication of the extended primers. The products are then 
incorporated into the MALDI-TOF column for SNPs 
genotyping. 

However, these may be expensive to use and 
unavailable to laboratories in the under and developing 
world. A less expensive method that can be used for 
development of new SNPs could be the Cleaved-
Amplified Polymorphic Sequence (CAPS) marker (Maeda 
et al., 1990). In CAPS, a set of oligonucleotide primers 
complementary to a sequence, which is known within a 
locus, are synthesized.  Then using the PCR technique, 
the primers are used to amplify part of a locus in say two 
different organisms. The amplification products are sub-
jected to restriction endonucleases to identify RFLPs 
among the different organisms (Konieczny and Ausubel, 
1993; Lyamichev et al., 1993). The use of CAPS markers 
have also been exploited for the detection of single 
nucleotide polymorphisms using polymearse chain reac-
tion (PCR) and restriction endonuclease (Jarvis et al., 
1994; Michaelis and Amasino, 1998). With CAPS, 
Morales et al. (2004) found 11 SNPs (32%) in the coding 
regions and remaining 23 (68%) located in the non-
coding regions, either in 3'UTR or sequences that were 
seen in the introns. Both synonymous and non-synony-
mous changes were observed in the coding regions. In 
the former, 7 SNPs (64%) in which 6 of them had the 
SNP located in the third nucleotide position of the codon 
were detected. The writers were, however of the view 
that their data could not be used as a basis in deter-
mining SNP frequency because only coding sequences, 
the neighbouring 3'UTR and intron regions were exa-
mined. The implication here is that the actual SNP 
frequency might have been underestimated. It is 
interesting to note, however that, the results of Morales et 
al. (2004) compared favourably with those obtained in 
analysing synonymous and non-synonymous proportions 
in maize. They further compared their work with that of 
Zhu et al. (2003), whose work on soybean identified more 
SNPs in non-coding introns and 3'UTRs. They thus 
submitted that the discovery of SNPs should be targeted  
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Figure 2. The principle of the primer extention reaction method is shown here. A DNA polymerase extends 
an oligonucleotide upstream of a SNP with a set of ddNTPs on a PCR product resulting in allelic-specific 
products for MALDI analysis. (Source: Sauer, 2006). 

 
 
 
to the 3'UTRs of cDNA or to positions where introns are 
known to be located. In maize, SNP frequency has been 
found to be high and occur in every 28 - 124 bp 
(Tenaillon et al., 2001). SNP spoly-morphisms can also 
be identified from many individuals through direct 
sequencing of DNA segments (amplified by PCR) (Gaut 
and Clegg, 1993). Rafalski (2002) described this method 
of SNPs detection where PCR primers were designed to 
amplify 400-700 bp segments of DNA, which are derived 
from genes of interest or ESTs (Rafalski, 2002). 

The single-strand conformation polymorphism analysis 
is one of the methods used for SNPs detection (Orita et 
al., 1989) and has been reviewed by Shi (2001). In 
single-strand conformation polymorphism, portions of the 
DNA with expected polymorphisms are first amplified by 
PCR. PCR products are denatured and this creates 
single-stranded DNAs, which are separated on a nonde-
naturing polyacrylamide gel. Fragments are generated 
with a single base modification and forms a different 

conformer which  migrates  differently  when compared 
with wild type DNA as explained in Figure 3. DNA micro-
array technology can be described as a hybridisation-
based method that can be used to detect SNPs. In 
microarrays, thousands of oligonucleotides at extremely 
high density are applied to a micro-scale format solid 
support in an ordered array. The DNA sample under 
investigations for SNPs detection is PCR amplified to 
incorporate fluorescent labelling and then hybridized to 
the solid support array. The perfect matches between the 
oligonucleotides immobilised on the support system and 
that of the amplified PCR products, may give stronger 
fluorescent signals over mismatched combina-tions, 
which give a weaker signal. There are a number of 
examples where DNA micro-array has been used to 
genotype SNPs (Wang et al., 1998; Bai et al., 2007). 

In cases where the actual polymorphic sequence is not 
known, it is still possible to detect SNPs and insertions or 
deletions in the polymorphic  sequences  (Murphy  et  al., 



 
338         Afr. J. Biotechnol. 
 
 
 

 
 
Figure 3. Single-strand conformation polymorphism analysis. 
Single-stranded DNAs were produced by denaturation of the PCR 
products and separated on a nondenaturing polyacrylamide gel. A 
fragment with a single-base modification generally forms a different 
conformer and migrates differently when compared with wild type. 
(Source: Shi, 2001). 
 
 
 
2003). An-Ping Hsia et al. (2005) reported a novel 
technique known as the Temperature Gradient Capillary 
Electrophoresis (TGCE), which is a high-throughput 
method in discovering SNPs, insertions and deletion 
polymorphisms. TGCE principle is based on the forma-
tion of heteroduplex DNA. In heteroduplex DNA, two 
single- nucleotide chains from different origin form a 
double stranded (duplex) molecule. In a homoduplex 
however, single- stranded nucleic acid molecule contain-
ing inverted repeats may anneal to each other, so that 
double-stranded regions are generated which are linked 
by single stranded loops. Detection of heteroduplex is 
obtained through comparison of migration of homo 
/heteroduplex under different temperatures. At certain 
temperatures, homo/heteroduplex DNA molecules exhibit 
different electrophoretic mobilities. Heteroduplex DNA 
molecules have lower melting temperatures than homo-
duplex DNA molecules. This is due to the presence of 
mismatches in the former that results in the formation of 
secondary structures at lower temperatures.  The writers 
showed that heteroduplex molecules exhibit slower 
electrophoretic mobilities than their homoduplex counter-
parts. They further demonstrated that they could detect a 
single SNP in amplicons of 800 bp using TGCE.  
 
 
CONCLUSION AND FUTURE PERSPECTIVES 
 
The extensive application of markers from the expressed 
region of the genome in plants, gives hope to plant 
biologists in that it is of extreme relevance in improving 
crops. Thus functional genomics is providing methods  for 
profiling of transcripts, proteins and metabolites, and  this  

 
 
 
 
may facilitate a much more characterization of plant 
status with changing environmental conditions (Wissel et 
al., 2003). Functional genomics driven by EST gene 
discovery project may significantly advance our under-
standing of the complexity of biological and celluar 
processes required for growth and development (Arpat et 
al., 2004). SNP technology may allow us to locate and 
detect candidate ESTs associated with agronomic traits 
and obtain a transcript map, which can be directly 
compared with an earlier detected quantitative trait loci. 
Single Nucleotide Polymorphism and indels are essential 
source of polymorphic markers for studying association of 
agronomic traits, which may be tightly linked to markers. 
SNPs based markers are thus becoming the marker 
system of choice because they are easily developed from 
sequence data, highly reproducible as reported by 
Rafalski (2002). It is envisaged that the knowledge gain-
ed from the understanding of plant functional genomics, 
ESTs and SNPs may find important application in 
breeding, agronomic practice and ecosystem research, 
especially in developing countries. 
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