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role of functional genomics 
in crop improvement



 GENOME A genome can be defined as a complete set (n) of 

chromosomes (hence of genes) inherited as a unit from one parent. It is 
thus the entire genetic compliment of a living organism. 

GENOMICS is a discipline in genetics that applies recombinant DNA 

technology, DNA sequencing methods and bioinformatics to sequence, 
assemble and analyze the function and structure of genomes.

WHAT IS GENOMICS?



BRANCHES OF GENOMICS

STRUCTUAL

GENOMICS

• Refers to high-throughput three dimensional structural determination 

and analysis of biological macromolecules.

FUNCTIONAL 

GENOMICS

• Development and application of global experimental approaches to assess gene 
functions by making use of the information and reagents provided by structural 
genomics.

COMPARATIVE

GENOMICS

• Field of  biological research in which the genomic features of different 
organisms are compared.



EVOLUTIONARY

GENOMICS

• Deals with the study of evolution of genomes.

PHARMACO-

GENOMICS

• Deals with the interaction of drugs with genomes.



THE MAN WHO STARTED IT ALL

In 1977 Fredrick Sanger developed the 
classical DNA sequencing technique now 
known as the Sanger method, to determine 
the order of bases in a DNA strand. 

He sequenced the genome of the virus 
Bacteriophage ɸ×174.

It earned him his second Nobel Prize in 
Chemistry in 1980.



NEXT GENERATION GENOME 
SEQUENCING METHODS

Massively Parallel Signature sequencing

Polony sequencing

454 Pyrosequencing

Illumina (Solexa) sequencing

SOLiD sequencing

Ion Torrent Semiconductor sequencing

DNA Nanoball sequencing

Heliscope single molecule sequencing

Single Molecule Real Time sequencing



HIGH-THROUGHPUT GENOME 
SEQUENCING TECHNOLOGIES



GENOMICS CENTERS



The ‘Omics’ Era

GENOMICS
TRANSCRIPTOMICS

PROTEOMICS
METABOLOMICS



IT ALL STARTED WITH A WILD 
MUSTARD PLANT

Since the publication in 2000 of the 
model Arabidopsis thaliana genome in 
the journal Nature, the number of 
genomes has steadily increased, 

peaking in 2012 with 13 publications. 

Genomes have been published in 12 
different journals with 38 of the 55 
(69%) published genomes appearing in 
Nature journals(Nature, Nature 
Genetics, Nature Biotech, and Nature 
Communications); Science is second 
with six published genomes.









WHAT AFTER GENOME SEQUENCING?

GENOME SEQUENCE IDENTIFICATION OF GENES

FUNCTIONAL ANNOTATION



FUNCTIONAL GENOMICS

Development and application of global (genome-wide or system wide) 
experimental approaches to assess gene functions by making use of the 
information and reagents provided by structural genomics.

Functional genomics includes a systematic analysis of mRNA and protein 
expression, exploration of gene product interactions and their influence on 
different phenotypic traits to define gene function. (Heiter and Beguski 1997)



FUNCTIONAL GENOMICS TECHNOLOGY

GENE LEVEL TRANSCRIPTOME LEVEL PROTEOME LEVEL

1. Homology searching 1. EST 1. 2D electrophoresis

2. Gene inactivation 2. SAGE 2. Differential display

3. Gene over-expression 3.DNA microarray 3. Yeast 2 hybrid system

4. Two step gene replacement 4. Subtractive
hybridization

5. Use of reporter gene expression

6. Immuno-cytochemistry



GENE LEVEL TECHNIQUES

• 1. HOMOLOGY SEARCHING
 Homologous genes share a common evolutionary ancestor, 

revealed by sequence similarity between genes.

 A homology search can be conducted with a DNA sequence 
but usually it is first converted into an amino acid sequence 
before the search is carried out.

 Homology search is carried out using softwares such as 
BLAST (Basic Local Alignment Search Tool). The analysis can 
be carried out simply by logging on to the website for one of 
the DNA databases and entering the sequence into the 
online search tool.

 A modified version called PSI-BLAST (Position specific 
Iterated BLAST) can identify more distantly related 
sequences.



LIMITATIONS

1. A growing problem is the presence in the databases of genes whose 
stated functions are incorrect.

2. There are  several cases where homologous genes have quite different
biological functions.

3. There are also examples of genes that have similar sequences but no
obvious evolutionary relatedness.



2. GENE INACTIVATION

a) HOMOLOGOUS RECOMBINATION
The easiest way to inactivate a 
specific gene is to disrupt it with an 
unrelated segment of DNA. This can be 
achieved by homologous 
recombination between the 
chromosomal copy of the gene and a 
second piece of DNA that shares some 
sequence identity with the target gene. 



b)TRANSPOSON TAGGING

• The inactivation is achieved by the insertion of a transposable element 
into the gene. Most genomes contain transposable elements and although 
the bulk of these are inactive, there are usually a few that retain their 
ability to transpose. 

• Under normal circumstances, transposition is a relatively rare event but it 
is sometimes possible to use recombinant DNA techniques to make 
modified transposons that change their position in response to an external 
stimulus to get inserted into the target gene of interest thereby 
inactivating it.





c)RNA INTERFERENCE

• Long double stranded RNAs (dsRNAs typically >200nt) can be used to 
silence the expression of target genes in a variety of organisms and cell 
types (eg worms, fruit flies and plants). 

• Upon introduction, the long dsRNA enter a cellular pathway that is 
commonly referred to as the RNA interference (RNAi) pathway.





3. GENE OVER-EXPRESSION

• To over-express a gene a special type of cloning vector is used. The vector 
is designed to ensure that the cloned gene directs the synthesis of as 
much protein as possible.

• The vector is therefore multicopy meaning that it multiplies inside the 
host organism  40-200 copies per cell, so there are many copies of the test 
gene.

• The vector must also contain a highly active promoter so that each copy of 
the test gene is converted into large quantities of mRNA, again ensuring 
that as much protein as possible is made.



4.TWO STEP GENE REPLACEMENT

• In this procedure the target gene is first replaced with the marker gene on 
its own, the cells in which this recombination takes place being identified 
by selecting for the marker gene phenotype.

• These cells are then used in the second stage of the gene replacement, 
when the marker gene is replaced by the mutated gene, success now 
being monitored by looking for cells that have lost the marker gene 
phenotype.

• These cells contain the mutated gene and their phenotypes can be 
examined to determine the effect of the directed mutation on the activity 
of the protein product.





5.USE OF REPORTER GENE

• For the reporter gene to give a reliable indication of where and when a 
test gene is expressed, the reporter must be subjected to the same 
regulatory signals as the test gene. This is achieved by replacing the ORF of 
the test gene with the ORF of the reporter gene.

• Most of the regulatory signals that control gene expression are contained 
in the region of DNA upstream of the ORF, so the reporter gene should 
now display the same expression pattern as the target gene.

• The expression pattern can therefore be determined by examining the 
organism for the reporter signal.





GUS reporter gene expression in transgenic plants 



6. IMMUNO-CYTOCHEMISTRY

• The only way to determine where the protein is located is to search for it 
directly. This is done by immuno-cytochemisty which makes use of 
antibody that is specific for the protein of interest and so binds to this 
protein and no other.

• The antibody is labeled so that its position in the cell, and the position of 
the target protein, can be visualized.



TRANSCRIPTOME LEVEL
1.EXPRESSED SEQUENCE TAGS

ESTs are short (200-500 nucleotides) DNA sequences that can

be used to identify a gene that is being expressed in a cell at 
a particular time.
In this procedure we isolate the messenger RNA (mRNA) from 
a particular tissue. 
It is treated with reverse transcriptase. This  produces  a
complementary DNA. The cDNA differs from the normal gene
in lacking the intron sequences.
Sequence 200-500 nucleotides at both the 5’ and 3’ ends of
each cDNA.
Examine the database of the organism’s genome to find a 
matching sequence. That is the gene that was expressed.



2. SAGE

• Serial analysis of gene expression (SAGE) 
involves digesting cDNA to generate short 
(~12 base pair), gene-specific sequence 
tags that represent the transcriptome of a 
cell population, followed by sequencing 
and quantification of these tags.

• SAGE does not require prior knowledge of 
target sequences and provides a 
quantitative gene expression.





3. DNA MICROARRAY

• A microarray is a set of short Expressed Sequence Tags made from a cDNA
library of a set of known (or partially known) gene loci.

• The ESTs are spotted onto a cover-slip-sized glass plate.

• A cell’s RNA is extracted. This RNA is then multiplied, labeled with 
fluorescence and hybridized to existing DNA on the microarray. After 
hybridization, the probes that were hybridized with targets are fluorescent 
and a computer scanner is able to detect this fluorescence. 

• Those probes that are fluorescent correspond to the genes that were 
expressed in the cell.



4. SUBTRACTIVE HYBRIDIZATION

• Subtractive hybridization is used to characterize transcripts that are 
differentially expressed between two cell populations. 

• The cDNA synthesized from one population is mixed with mRNA form 
another population, which results in the formation of cDNA-mRNA hybrids 
of transcripts that are expressed in both the populations. 

• More abundant mRNA remains unhybridized, and can then be isolated 
and characterized.



PROTEOME LEVEL

• 1. 2D GEL ELECTROPHORESIS
• PAGE is the standard method for separating proteins, but the usual 

procedure, in which proteins are separated according to their molecular 
weights, is unable to resolve the many proteins in an average proteome.

• To separate individual proteins, the polyacrylamide gel is rotated by 
90˚and a second electrophoresis is carried out at right angles to the first.





2. DIFFERENTIAL DISPLAY

• In phage display a special type of cloning vector is used, one based on λ
bacteriophage or one of the filamentous bacteriophages such as M13.

• The vector is designed so that a new gene that is cloned into it is 
expressed in such a way that its protein product becomes fused with one 
of the phage coat proteins.

• The phage protein therefore carries the foreign protein into the phage 
coat, where it is displayed in a form that enables it to interact with other 
proteins that the phage encounters.



3. YEAST TWO HYBRID SYSTEM

• The two-hybrid system is a molecular genetic tool which facilitates the 
study of protein-protein interactions. If two proteins interact, then the 
reporter gene(gal1-lacZ) is transcriptionally activated.

• The intact Gal4 protein is a transcriptional activator which has two 
separate functions (a DNA-binding and an activating domain). This 
application of knowledge is achieved by splitting the yeast Gal4 gene in 
two parts- the activating domain and the binding domain.

• The split protein does not work unless the two parts are in physical 
contact.















Functional Annotation of Genomes Using an 
Integrative Approach.

Discovering protein signatures using Inter-Pro.

Inter-Pro ( an Integrated source of Protein Domains and 
Functional Sites) is a collaborative project which provides 
an integrated layer upon the most commonly used suites 
of signature databases (Pfam, PROSITE, PRINTS,ProDom, 
SMART, TIGRGAMMs). 

InterProScan, a tool available from InterPro, can be run 
on a web-based interface 
(http://ebi.ac.uk/interpro/scan.html) or via a local 
installation. The current web version requires a protein 
sequence as the input file.



On the web interface InterProScan will return the results in a graphical “Picture View” 
format  and can be viewed or retrieved in Table View, Raw
Output, or XPML output.

 It is important to note that InterProScan calculates a checksum for your query sequence 
and uses it to look up precomputed tables to find an equivalent signature 
(that equals that
checksum).

For bulk data sets such 
as in a whole genome, a 
standalone
downloadable version is 
available from 
ftp.ebi.ac.uk/pub/databa
ses/interpro/iprscan/.





RESULTS

This study was undertaken to validate and genotype genome-wide physically mapped 
1632 Single Nucleotide Polymorphisms and 500 single sequence repeats markers 
showing in-silico polymorphism between ICC4958 (desi) and ICC12968 (kabuli) using 
Illumina Golden Gate Assay, Gel based Assay and fluorescent dye labeled 
automated fragment analyser

The marker genotyping and robust field phenotyping information of 
mapping individuals were used to develop high resolution intra-specific 
genetic linkage map for identification of major QTLs associated with pod and 
seed number/plant and 100 seed weight in chickpea.

One of 126.8kb major genomic region harbouring a strong SW- associated robust 
QTL(Caq’SW1.1:169.1-171.3cM) has been delineated by integrating high-resolution 
QTL mapping with comprehensive marker-based comparative genome mapping and 
differential expression profiling. This identified one potential regulatory SNP in the 
cis-acting element of candidate ERF(ethylene responsive factor) TF(transcription factor) gene 
governing seed weight in chickpea. 











Genomics of Drought Tolerance

In rice, several efforts were made to understand the differential expression of 
genes under drought stress by transcription profiling using RT-PCR and 
Microarray Techniques. Kathiresan et al (2006) carried out Microarray analysis 
of rice panicles selected from a drought-stressed plant and reported up-
regulation of several stress induced genes such as GTP- binding protein 3, 
cellulose synthase-6, heat shock cognate potein, DNA repair protein, reductase, 
zinc finger protein, actin depolymerising factor and pectin estrase. Rabbani et al 
(2003) identified  62 drought inducible genes in 2 week old drought stressed 
rice seedling

Popular rice land race N22 (Nagina 22) is a natural choice for much molecular 
characterization work because of its drought tolerance. A drought-induced cDNA
library was constructed from N22 and trascription profiling was performed, 589 
putative stress related genes were identified, and using this information, 
candidate gene were deduced for drought QTLs.



























WHERE ARE WE HEADING?
• Although gene function 

prediction has been an active 
area of research for the past 
15 years, its use in plant 
science has been limited.

• To exploit this technology we 
need :

 more data.
 better assessment of data and 

tool quality.
 easy access to the data and 

tools.
 high-throughput experimental   

validation.
• To reach the goal of breeding 

better plants for the future we 
have a long way to go.



THANK YOU…

THERE IS SO MUCH MORE TO BE 
DISCOVERED


