
1 

Genetics(10201232) 

Topic 17: Genomics 

 

Dr Jihad Abdallah 



2 

Dodgson et al. 1997: 

• The term “Genomics” is an indicator of the revolution 
in animal (and plant) genetics. 

 

• The emergence of this term was to indicate a topdown 
approach, concentrating on the whole genome (and its 
map) rather than one or a few individual genes. 

 

• The driving force for this revolution has been the 
development of DNA-based genetic markers, 
which, in turn, depended on the emergence of 
recombinant DNA technology. 
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DNA markers 

• A genetic marker is an easily identifiable piece of 

genetic material, usually DNA, that can be used in the 

laboratory to tell apart cells, individuals, populations, 

or species. 

• Uses in animal genetics: 

- Study genetic diversity 

- Gene/QTL mapping 

- Genome-wide association studies 

- Detection of selection signatures 
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Classes of markers 
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Classes of markers 
• DNA based markers can be classified into: 

- Type I markers: are associated with a gene of known 

function 

- Type II markers are associated with anonymous gene 

segments of one sort or another. 

• DNA-based markers could also be grouped into: 

    -  clone/sequence-based (CSB) markers and 

    -   fingerprint (FP) markers. 
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• The CSB requires the isolation of a cloned DNA 

fragment and often determination of some or all of 

its DNA sequence. They include: 

- Microsatellites (also known as Simple Sequence 

Repeats, SSRs) 

- RFLP (Restriction Fragment Length 

Polymorphism) 

- STS (Sequence-tagged Site):primers for PCR 

- EST (Expressed Sequence Tags): are a subset of STS 

that are expressed into mRNA. 
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• The FP markers require no a priori knowledge of the 
sequence of the polymorphic region or isolation of a 
cloned DNA fragment.  

• They include: 

- Random Amplified Polymorphic DNA (RAPD) 

- Minisatellites [sometimes called variable number of 
tandem repeats (VNTR)] 

- Amplified Fragment Length Polymorphisms (AFLP) 

FP markers 
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• In general, CSB markers, microsatellites in 

particular, are superior to FP markers for a full 

genome scanning project (for QTL or other traits), if 

the necessary resources can be obtained.  

• FP markers are particularly useful to individually 

characterize genetic lines and gene flow or parentage 

questions.  

• FP markers are also useful for a quick, cost-effective 

scan of the genetic diversity between two individuals 

or lines, for quickly tagging genes encoding simple 

phenotypic traits, or in a search for polymorphisms in 

an interval previously defined by CSB markers. 
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Source: http://www.biotech.iastate.edu/publications/mendel/ModuleIIP1.pdf 
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Microsatellites 

• Also known as Simple Sequence Repeats, SSRs 

• Are repeated units of two to six nucleotides that occur 

throughout the DNA of animal genomes.  

• The sequence ATATATAT is one example of a 

microsatellite. The sequence GATGATGAT is 

another example. 

• They have the advantages of being multiallelic, 

highly polymorphic, co-dominant, and assayable by 

PCR. 
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RFLP (Restriction Fragment 

Length Polymorphism) 

• RFLP uses restriction enzymes to digest (cut) the 

DNA molecule and identify regions linked to a trait. 

• Relatively cheap to generate (require a cloned DNA, 

but no sequence) 

• Co-dominant 

• Labor intensive and mostly biallelic (have less 

polymorphic content than microsatellites).  
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Random Amplified Polymorphic 

DNA (RAPD) 
• They derive from the fact that short oligonucleotide 

primers in PCR reactions with lowered annealing 
criteria will generally amplify a spectrum of 
fragments from almost any template DNA.  

 

• One or more of these fragments is often polymorphic 
(usually, but not always, due to a single base change 
in the primer binding site), are dominant markers 
fairly evenly distributed throughout the genome 
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Single Nucleotide Polymorphisms 

(SNPs, also called “snips” ) 
• Biallelic markers. On average, SNPs will occur in an 

organism’s DNA more than 1% of the time.  

• Because only about 3% to 5% of an organism’s DNA 
codes for proteins, most SNPs are found outside the 
regions of genes of interest.  

• SNPs found in a gene of interest are of particular 
interest to researchers because they are directly 
associated with a desired trait.  

• Because of the recent advances in technology, SNPs 
are playing a greater role in selection and diagnosis of 
genetic traits. 
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Source: Dodgson et al. 1997 
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DNA Sequencing 

• A technology used to detect molecular markers of 
DNA is called DNA sequencing.  

• DNA sequencing is the process of determining the 
exact order of the bases A, T, C, and G in a piece of 
DNA.  

• The DNA to be sequenced is used to generate a set of 
fragments that differ in length from each other by 
one base pair.  

• The fragments are separated by size using 
electrophoresis. 

• By reading the gel from the bottom up, the sequence 
of DNA can be determined. 
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Linked and direct markers 
• Using well-designed experiments, scientists can find 

molecular markers that are located very close to 
major genes of interest. The molecular marker is said 
to be linked to that gene.  

• Linked markers are located near the gene of interest 
on the chromosome and are not part of the DNA of 
the gene of interest. 

• A second kind of molecular markers is one that is 
part of the gene of interest (direct markers). 

• Direct markers  are easier to work with after they are 
found, but they often are more difficult to find than 
linked markers. 
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QTL and Major genes 

• Major genes: genes which have large effect on 
the given trait 

• QTL (Quantitative Trait Loci): having small or 
intermediate effects on quantitative traits. 

• Examples of major genes:  

      - Booroola gene (fecundity gene) 

      - Double muscling gene in cattle (Charolais, 
Belgium blue) – on chromosome number 2.  

      - Callipyge gene in sheep (near the telomere 
region of chromosome 18 ) trait 
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Double muscling in Cattle 

Callipyge sheep 
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MARKER-ASSISTED SELECTION 

(MAS) 
• MAS allows for selection without the expense (or 

danger or stress to animals) of raising and testing 
progeny.  

• MAS also allows selection to occur among related 
individuals that do not exhibit the trait in question 
(e.g., milk or egg laying in males), 

• MAS can be useful for traits that are difficult to 
measure, exhibit low heritability, and/or are 
expressed late in development. 
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MARKER-ASSISTED SELECTION 

(MAS) 

• The information from the DNA testing, combined 

with the observed performance records for 

individuals, is intended to improve the accuracy of 

selection and increase the possibility of identifying 

organisms carrying desirable and undesirable traits at 

an earlier stage of development. 

• Combining information from performance records 

and genetic tests into the selection process will be 

better than using performance, phenotype, and 

markers separately. 
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Genomic-enhanced EPDs 

• Genomic-enhanced EPDs are produced using DNA 
and traditional (performance records, pedigree) 
information sources.  

• The inclusion of DNA information should improve 
the accuracy of EPDs, especially for young animals 
with little performance data. 

•  How much a DNA test improves accuracy? The 
answer depends on the amount of genetic variation 
accounted for by the test, and the accuracy of the 
EPD for that trait in the absence of DNA information. 
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