
Introduction to Genomics 



GENOMES 

Genomics: is the study of the genome. The full DNA sequence of 

an organism  



3 domains of life:  Archaea, Bacteria and Eukaryote 
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Thousands  of completed genomes 

 

1569 Eukaryote 

2782 complete viral genomes  

200 mammals 

88 insects 

413 fungi 

154 Plants 

210 protists 

438 animals 

1742 bacteria 

121 archaea 

3 domains 





What does one want to know from GENOMES? 

 

 

 

 



4 chromosomes 





Eukaryote genome annotation 
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Annotation aims 

• Produce a canonical gene set for each genome 

– Protein-coding genes (CDS) 

– ncRNA genes (rRNA, tRNA, miRNA etc) 

 

• Functional annotation consisting of: 

– Brief description 

– Protein domains (InterPro) 

– Gene Ontology (GO) terms 

– Enzyme Classification (EC) numbers 

 

• Release of these data on website 

• Submission of these data to public repositories (GenBank/EMBL/DDBJ) 

 

• (Re)annotation of the genome in a timely manner depending on available 

data and resources 



Gene prediction pipeline 

                       Blessed predictions 

Community submissions Manual annotations 

Species-specific predictions Similarity predictions 

Transcript based predictions 

 Canonical 

predictions 

(Genewise)  
(Genewise)  

(Exonerate)  

(Apollo)  (Genewise, Exonerate, Apollo)  

Protein family HMMs 

(Genewise)  

ncRNA predictions 

(Rfam)  



Genome browser 



 
 
Functional Genomics: is the area of genomics that study the 

biological activity of the genes and their products   
 

New generation 

sequencing 

DNA Micro-arrays 

RNA interference 



Recombinant DNA technology 

Restriction endonucleases:  are enzymes that 

recognize and cleave specific palindromic 

sequences in DNA.  

DNA segments of interest may be 

isolated by "cloning" - cutting the DNA 

with a restriction enzyme, and ligating it 

into a vector, such as a plasmid, which 

can then be reproduced in bacteria.  

Artificial rearrangement of DNA; segments of DNA from one organism can be incorporated into the genetic 

makeup of another organism. Using these techniques, researchers can study the characteristics and actions of 

specific genes.  



DNA libraries are bacterial or 

viral cultures that contain 

mixtures of DNA molecules 

inserted into vectors.  

 

 

 

 

 

Once cloned, DNA fragments 

can be characterized by DNA 

sequencing.  

Recombinant DNA technology 



Recombinant DNA technology 



Extract mRNA 
 
 

Make  cDNA   
 
 

Digest with Sfi I 
 
 

Isolate  cDNAS by size 
 
 

Ligation into vector 
 
 

Transform  bacteria  
 
 

Pick up clones 
 
 

PCR 
 
 

Sequencing 
 
 

Day 1 

Day 2 

Day 3 

Day 4 



• QUANTITATION OF mRNA 

 

–PCR 

–Northern blotting 

–In situ hybridization 

 



Polymerase Chain Reaction (PCR) is a technique for the amplification of 

DNA. This technique requires knowledge of the sequence of the DNA to be 

amplified.  

PCR 



PCR 

Kary B. Mullis  

The Nobel Prize in Chemistry 1993 
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Conversion of mRNA to cDNA by Reverse Transcription 
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• Sensitive 

• Can discriminate closely related mRNAs 

• Technically simple 



Real time PCR 





www.biorad.com 

2a. excitation 

filters 

2b. emission 

filters 

1. halogen 

tungsten lamp 

4. sample plate 

3. intensifier 
5. ccd 

detector 

350,000 

pixels 
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TaqMan 







 
 
 

DNA microarray 



Expression profiling array platform 

cDNA 

 

Sample 1 Sample 2 







Condition A Condition B 



Cy-3 Cy-5 

4a NF vs 2.33 18h 

Anopheles gambiae cell line EST 4000 array 



Cell line immune responses 



• 15,360 EST clones from a pooled mosquito stages library 

• 480 EST clones from an adult head library 

• 20K EST array construction (16K+4K) 

• EST clustering & assembling database -AnoEST  

20K array platform 

High density array platform 



• 0.25 nl of DNA, spots range of 100 um in diameter, 50,000 DNA/array 

 

• 20 um2 in diameter (5 um2), 400,000 DNAs/array 



               a) Nanodispenser                         b) High-density nanowell plate 

 

 

 

 

 

 

 

• Nanowell plates: volumes of 1 nl 

 

•  miniaturized protein assays. 

 

•  Cell-free transcriptions and translations assays transfer into wells 



Sequencing Approaches 



Analogs of the dNTPs 

which lack the hydroxyl 

group at the 3’ position.  

 

Incorporation of a ddNTP 

into a growing DNA 

strand gives rise to 

termination of strand 

synthesis.  

dideoxynucleotide 



The Nobel Prize in Chemistry 1958 The Nobel Prize in Chemistry 1980 

Frederick Sanger 

Prize motivation: "for their contributions 

concerning the determination of base 

sequences in nucleic acids" 

Prize motivation: "for his work on the 

structure of proteins, especially that of 

insulin". 

http://www.nobelprize.org/nobel_prizes/chemistry/laureates/1980/sanger.html
http://www.nobelprize.org/nobel_prizes/chemistry/laureates/1980/sanger.html


Sequencing 



Sequencing 



Sequencing 



A fully automated sequencing  system. This system 

automatically fills the capillary array with a gel, denatures and loads the 

sample, applies the voltage program, and analyzes the data.  

Sequencing 



Sequencing 



Sequencing 



Sequencing 



>AECAL_A1_P1.seq  L776 N%1 CAP11 SZ757 AT49 NF%1 

gi|21288014|gb|EAA00335.1| (AAAB01008986) agCP9558 [Anopheles ga...   226   2e-058 

gi|21291336|gb|EAA03481.1| (AAAB01008704) ebiP2250 [Anopheles ga...   194   8e-049 

gi|21358457|ref|NP_651703.1| (NM_143446) CG1907 gene product [Dr...   153   2e-036 

gi|7292529|gb|AAF47931.1| (AE003482) CG7514-PA [Drosophila melan...   130   1e-029 

gi|21355497|ref|NP_647924.1| (NM_139667) CG18418 gene product [D...   129   5e-029 

---->Results for cdd: 

gnl|Pfam|pfam00153 mito_carr, Mitochondrial carrier protein           105   8e-024 

 

>AECAL_A11_P1.seq  L857 N%9 SN631 SZ631 AT49 NF%2 

gi|22987835|gb|ZP_00032908.1| (NZ_AAAC01000288) hypothetical pro...    33   3.5 

gi|7662182|ref|NP_055649.1| (NM_014834) KIAA0563 gene product [H...    32   6.0 

gi|20344445|ref|XP_109199.1| (XM_109199) nuclear receptor co-rep...    32   7.8 

gi|20881184|ref|XP_126352.1| (XM_126352) nuclear receptor co-rep...    32   7.8 

gi|6754802|ref|NP_035438.1| (NM_011308) nuclear receptor co-repr...    32   7.8 

---->Results for cdd: 

No matches to database 

 

>AECAL_A12_P1.seq  L685 N%3 CAP20 SZ654 AT49 NF%3 

gi|16799875|ref|NP_470143.1| (NC_003212) similar to two-componen...    32   6.5 

---->Results for cdd: 

No matches to database 

 

>AECAL_A2_P1.seq  L499 N%5 SN153 SZ153 AT52 NF%5 

No matches to database 

---->Results for cdd: 

No matches to database 

 

>AECAL_A4_P1.seq  L134 N%2 CAP5 SZ119 PA96 AT55 NF%0 

No matches to database 

---->Results for cdd: 

No matches to database 

 

>AECAL_A5_P1.seq  L788 N%2 CAP14 SZ766 AT54 NF%2 

gi|18568320|gb|AAL76030.1|AF466607_1 (AF466607) putative 30.5 kD...   356   2e-097 

gi|11497204|ref|NP_051320.1| (NC_000951) conserved hypothetical ...    35   1.3 

gi|23025069|gb|ZP_00064247.1| (NZ_AAAO01000060) hypothetical pro...    34   1.7 

gi|20808196|ref|NP_623367.1| (NC_003869) Methyl-accepting chemot...    34   1.7 

gi|13358128|ref|NP_078402.1| (NC_002162) unique hypothetical mem...    34   2.3 

---->Results for cdd: 

No matches to database 

 filename="AECAM_B12_P2.seq" 

GGCCATTACGGCCGGGGACAGTATTTCTTGTCATTCCACAAGGATAGAT

TGCTTTGGGCCTGTACCTTACCG 

TCCTGGTAAATCTTCTGTCCACAACCAGTGGCAATCTTCAAAGATCAAC

AACGACAACAACAGAGAAGACGC 

CTACGGCGGATTCAACTAAGATCGGTCGCTTGTACTTCGGCACTCTCGT

GTACGTGAATGCCACAAAGGATC 

AGGAACTCATCAATGGCGTCTTCGACGCCACTTTGAATCGCTTGACCAA

GCTGAATGTGGAAGATGTCCACG 

AGAAGAACGTCGGTCGCTACGATATGACCACTCTGCTCTGCTGGGCGG

TCAATAATTACTTGCTTTATGATA 

AATATAACGAAAAGGCGGATATGGTGTATAAGCTTGCGAAGAAGTTCTA

TCCCGAACGAAACGATAAAGCCA 

AAACGGAACGGGAAATACTGGCTCGGCAACCCTGTAAGGCAAATCTGC

CGGTAACGGTCATCACGGGATTCG 

CTTGGAATAAAACGTAGTCTGGGTACTATGAAATGTNTGAAGTAGGTTC

TACTTGGACGATGAATAAAAATC 

TAATACTATGTCCAAA 

----------------------------------------------------------------------------------------------   14 

; 

 filename="AECAM_B2_P2.seq" 

TCGGCCATTACGGCCGGGGAGTGTATAAATCCGTATCAGTCAATTAGAA

TGAAAATAATAATTTTACTACTA 

TTTGTTGTCTGTTGCATGCTTGCTACACATTTTTGCTCCCCAATTATTGA

AGAAGATGATTTTTCCTCGTTT 

GCATCACCATGCTTACAGCCGCCAACAAATTTCAAGAAACGATATTTTGT

ACATAACAACATACACGTTACG 

TTCTTGGAAGCATGGAGACAGTGTCAAGCCATTGGTCTTCGCTTAGCTA

CCATTACATCTGAGGAGGATAGT 

AAACTCATGCAGGAAACCATTGCAAATTCAACTAACACGAAAGGTCCTT

GGTATATCGGTGGCACCGACTTA 

GGGAATGAAGGACACTTTGTTTGGATATCTACCAATAAGCCTGTCGGAC

ACATGACAGGATACTTCAACTAT 

TCACCCGGACAACCAGACAATGCTGGAGGAAGCGAAAACTGTCTCGAG

ATCGGTCGGTGGGGTGGTGTAGTC 

TGGAATGATGTGCCATGCGATGCAAAGCTACCCTACATTTGTAAATCTG

TCNCTCCAAACTGGTCGTAAAAA 

ACAATGAACATAATAAATCATNTGTTNGTTTATNANTNGAACCCTTTC 

Sequencing 



NEXT generation: 454 sequencing 

250 bp/sample 

100 Mb/7 h run 

$2000/100 Mb 

adenosine 5´ phosphosulfate  



  I.  Template preparation 
1.   DNA fragmentation 

2.   DNA immobilization 

3.   DNA amplification 

 

  II.  Sequencing 

III.   Analysis 



  I.  Template preparation 
1.   Emulsion PCR 

2.  Solid-Phase amplification 



Emulsion PCR 



Solid-Phase amplification 



  II.  Sequencing 

1. Cyclic reversible termination 

 

2. Single nucleotide addition (Pirosequencing) 

 

 







illumina system 

Solid-Phase  

amplification 

Cyclic reversible  

termination  





 
 
 

RNA interference 

Reverse genetic: test the effect of inhibiting 

the expression of a gene on a phenotype of interest.  



RNAi is the sequence-specific, post-transcriptional gene  

silencing mediated by double–stranded RNA (dsRNA). 

 

RNA interference (RNAi): 
 

A method for evaluating gene function 

AGGTGAAACAGTTTAGGATCAACTTATAAGACTCTAAACCCCTCTGACA

AACGTCACGCATACAGTTGGAGATCTGACTTCAAACTATAGAAATCAAG

CAAACGAAATTTCAAGGTCGAAACATAAATATGTTCGTTAATCTATTTTA

CAACGTGCAGATTATTTCAGACACATGGCTCGAAATATATCATAAATTTC

GTTTCTCATAC 



How does RNAi work ? 

Ribonuclase 

Small interfering RNAs 

RNA-induced silencing complex 



How does RNAi work ? 

Hannon (2002). RNA interference. Nature 418, 244-251 



Introduced by: 

- injection of dsRNA 

- feeding of dsRNA 

- bathing the cells with dsRNA 

- feeding of bacteria expressing dsRNA 

- Transgenic approaches 

Effect can spread throughout treated animal (systemic) 

Effect can be transmitted to F1 generation 

RNA interference (RNAi): 
 
 





RNA interference (RNAi) 



Why RNA interference (RNAi)? 
 

  

- Mechanism of defense to silence expression of  

  exogenous genes ? 

 

- Mechanism for regulation of gene expression? 



RNAi analysis of proboscipedia 

in the milkweed bug  

Oncopeltus fasciatus 

proboscipedia-RNAi 

causes transformation 

of labium towards legs 



Parental RNAi 

in Tribolium (Coleoptera) 

Injection of dsRNA 

into haemolymph  

of female pupae 

results in lack-of-function 

Phenotype in embryos 

derived from such females 



 
 
 

Confocal Microscopy 



Confocal Microscopy 

The illumination is achieved by scanning one or more focused beams of light, 

usually from a laser, across the specimen. The images produced by scanning 

the specimen in this way are called optical sections. This terminology refers to 

the noninvasive method by which the instrument collects images, using 

focused light rather than physical means to section the specimen. 



A microRNA is a short RNA (an average of 22). 

 

miRNAs are post-transcriptional regulators that bind to complementary 

sequences on target  mRNA resulting in translational repression or target 

degradation and gene silencing 

Micro RNA 



Micro RNA 



Epigenetics is the study of heritable changes 

in gene expression caused by mechanisms 

other than changes in the underlying DNA 

sequence (nucleotide sequence).  

 

Examples: DNA methylation and histone 

deacetylation (suppress gene expression) 

Epigenetics 




