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Abstract 

This review represents an attempt to highlight the different types of molecular markers by introducing a brief summary on the 

development of genetic markers including both the classical genetic markers and more advanced DNA-based molecular markers. 

This review could be helpful to better understand the characteristics of different genetic markers and its role in specifying the 

genetic diversity of animal genetic resources. 
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Introduction 

What are they? 
A genetic marker is a gene or DNA sequence with a known 

location on a chromosome and associated with a particular 

gene or trait. It can be described as a variation, which may 

arise due to mutation or alteration in the genomic loci that can 

be observed. A genetic marker may be a short DNA sequence, 

such as a sequence surrounding a single base-pair change 

(single nucleotide polymorphism, SNP), or a long one, like 

mini & micro satellites [1]. The main aim of the breeder is to 

select animal with superior genetic potential as parents for the 

next generation. The first attempt to improve animals used the 

phenotype of an animal for a specific trait as a tool for 

selection. This application uses external animal characteristics 

as a marker that called morphological markers (i.e. udder 

shape, coat color, body shape, skin structure, and anatomical 

characteristics) [2]. These markers depend on visual 

observation and measurement to identify, classify, and 

characterize the genetic evolution of different species or 

populations. The conclusions reached through applying 

morphological markers are often not completely accurate 

when they used for the evaluation of farm animal genetics, 

because these markers based on subjective judgments and 

descriptions. Another type of markers represents by using of 

cytological markers that were included several criteria such as 

chromosome karyotypes, bandings, repeats, translocations, 

deletions, and inversions to investigate the genetic resources 

of animals [3, 4, 2, 5, 6]. The third type of markers is biochemical 

markers, such as the blood type and isozymes. These markers 

represent biochemical traits that could be analyzed by protein 

electrophoresis. The differences in the amino acid 

composition of isozymes and soluble proteins were used to 

investigate the genetic variation within species and 

phylogenetic relationships between species [7]. 

 

Restriction fragment length polymorphism (RFLP) 
The RFLP is a technique that is not widely used now, but it 

was one of the first techniques used for DNA analysis in 

forensic science and several other fields. The RFLP is defined 

by the existence of alternative alleles associated with 

restriction fragments that differ in size from each other [8]. The 

molecular basis of the RFLP is that nucleotide base 

substitutions, insertions, deletions, duplications, and 

inversions within the whole genome can remove or create new 

restriction sites [9]. Despite the fact that it is less widely used 

now, there have been numerous benefits to RFLP analysis. It 

plays an important role in allowing scientists to map the 

human genome as well as provide information on genetic 

disease [10, 11, 12]. 

The RFLP was also one of the first methods used for genetic 

typing - also known as genetic fingerprinting, profiling or 

testing. Despite that the RFLP have many benefits but it is still 

a slow and more tedious process compared to some of the 

newer DNA analysis techniques. Ii is also requires 

substantially larger sample sizes than other forms of analysis. 

 

Random amplification of polymorphic DNA (RAPD) 

In the last decade, the RAPD technique based on the 

polymerase chain reaction (PCR) has been one of the most 

commonly used molecular techniques to develop DNA 

markers [13, 11]. The RAPD technology provides a quick and 

efficient screen for DNA sequence based polymorphism at a 

very large number of loci. The major advantage of RAPD 

includes that, it does not require pre-sequencing of DNA [14, 2 

15]. The RAPD analysis has been extensively used for various 

purposes which include identification and classification of 

accessions [26], identification of breeds [16] and genetic 

diversity analysis [17]. The principle of RAPD is that, a single, 

short oligonucleotide primer, which binds to many different 

loci, is used to amplify random sequences from a complex 

DNA template. 

 

Amplified fragment length polymorphism (AFLP) 

AFLP markers have found the widest application in analyses 

of genetic variation below the species level, particularly in 

investigations of population structure and differentiation [18]. 

AFLP methods rapidly generate hundreds of highly replicable 

markers from DNA; thus, they allow high-resolution 
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genotyping of fingerprinting quality. However, AFLPs are 

dominant bi-allelic markers, [19] and are unable to distinguish 

dominant homozygous from dominant heterozygous 

individuals [20]. The AFLP method is an ideal molecular 

approach for population genetics and genome typing, it is 

consequently widely applied to detect genetic polymorphisms, 

evaluate, and characterize animal genetic resources [21, 22, 23]. 

 

Microsatellites 

Microsatellites or simple sequence repeated (SSR) loci, which 

have been referred to in the literature as variable number of 

tandem repeats (VNTRs) and simple sequence length 

polymorphisms (SSLPs), are found throughout the nuclear 

genomes of most eukaryotes and to a lesser extent in 

prokaryotes [11, 22]. The number of repeats is variable in 

populations of DNA and within the alleles of an individual. 

The sequence below has a 20 dinucleotide repeat (40bp) 

stretch of CA that is shownin bold. 

 

CGTTCAATAAGCAAAAATCCATAGTTTTAGGAA

TGTGGGCT 

GCTTGGTGTGATGTAGAAGGCGCCAATGCATCT

CGACGTAT 

GCGTATACGGGTTACCCCCTTTGCAATCAGTGC

ACACACAC 

ACACACACACACACACACACACACACACACAG

TGCCAAGCA 

AAAATAACGCCAAGCAGAACGAAGACGTTCTC

GAGAACACC 

AGAAGTTCGTGCTGTCGGGGCATGCGGCGAGT

AAAGGGGAT 

 

Single-nucleotide polymorphism (SNP) 

In 1996, Lander proposed a new molecular marker technology 

named SNP. In other words, it refers to a sequence 

polymorphism caused by a single nucleotide mutation at a 

specific locus in the DNA sequence [2]. This sort of 

polymorphism includes single base transitions, transversions, 

insertions and deletions [11], and the least frequent allele 

should have a frequency of 1% or greater. The more recent 

SNP concept has basically arisen from the recent need for 

very high densities of genetic markers for the studies of 

multifactorial diseases [20]. In 1996, Lander proposed a new 

molecular marker technology named SNP. When a single 

nucleotide (A, T, C, or G) in the genome sequence is altered 

this will represent the SNP. In other words, it refers to a 

sequence polymorphism caused by a single nucleotide 

mutation at a specific locus in the DNA sequence. This sort of 

polymorphism includes single base transitions, transversions, 

insertions and deletions), and the least frequent allele should 

have a frequency of 1% or greater Transitions are the most 

common (approx.2/3) among all the SNP mutation types SNP 

markers are one of the popular approach, despite they can be 

considered as a step backwards (simple bi-allelic co-dominant 

markers) when compared to the highly informative multi-

allelic microsatellites [22, 21]. The more recent SNP concept has 

basically arisen from the recent need for very high densities of 

genetic markers for the studies of multifactorial diseases The 

fundamental principle of SNPs is to hybridize detected DNA 

fragments with high-density DNA probe arrays (also called 

SNP chips); the SNP allele is then named according to the 

hybridization results SNPs are third generation molecular 

marker technology coming after RFLPs and SSRs it was 

successfully performed to investigate genetic variation among 

different species and breeds. 

 

Advantages of molecular markers  

 Molecular markers are abundant while biochemical 

markers are very few and morphological markers still 

fewer in number and insufficient for using for breeding 

purposes. 

 Morphological and biochemical markers are subject to 

variation due to environmental factors while molecular 

markers are not. 

 Biochemical markers may show tissue specificity while 

molecular markers show no such bias. 

 Morphological markers are affected by epistasis while 

molecular markers are not. 

 Molecular markers can exhibit high polymorphism 

compared to the other types of markers 

 

Conclusion 

The accurate genetic evaluation of animals is the primary 

target for their conservation and utilization. Different methods 

have been developed and tested at the DNA sequence level. 

These methods provide a large number of markers and 

opening up new opportunities for evaluating diversity in farm 

animal genetic resources. Among all these methods, 

microsatellites remained the marker of choice for the past 15 

years [77-80], due to their highly polymorphic and hence 

informative nature [81]. The continuous development of 

molecular markers along with innovation of new statistical 

methods and the available of software could be end the debate 

about this subject by identification which of them is the best. 

This certainly will lead to more progress in application of 

molecular markers in animal breeding. 

 

Future perspectives  

Faced with major challenges in increased production because 

of global challenges new biotypes of diseases and arming, 

often reduce insects and several abiotic stresses which often 

reduce crop yield. The progress made in biotechnology crop 

yield. The progress made in biotechnology and genomics is 

preparing the path to meet the and genomics is preparing the 

path to meet the challenges; besides that new genes for 

resistance to challenges; besides that new genes for resistance 

to major biotic and abiotic stresses are constantly being 

identified using DNA markers. Integration of desired genes 

from different backgrounds led to the development of crops 

gene pool. 
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