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Deciphering the genetic information 

• I. phase: cellular basis of heredity, chromosomes. 

 (Miescher, Flemming, Mendel, Sutton, Morgan etc.) 

• II. phase: molecular basis of heredity, DNA double helix. 

(Watson, Crick, Wilkins, R. Franklin, Chargaff etc.) 

• III. phase: biological mehanism of heredity. 

(transcription, translation, enzymes, recombinant DNA) 

• IV. phase: deciphering genes and genomes, Genomics. 

(genetic mapping, gene and genome sequencing, 

bioinformatics) 

• Genome sequencing projects: OMICS 



Human Genome Project 
- backgrounds 

• First scientific initials: in the early 1980s 

- accelerate biomedical research, infrastructure investment 

• On-going genome sequencing projects 

- λ-phage, SV40 virus, human mitochondrial genome (1981) 

• Genetic and physical mapping in human genome 

- Botstein et al., 1980; Olson and Sulston, 1986; 

• Developement in DNA sequencing technologies 

- shotgun sequencing, ESTs, STSs etc. 

• US NRC Report 1988, US DOE and NIH. 

- parallel model organism genome projects; genetic, physical 
and sequence maps of human genome; bioetical issues. 





Genome projects at timescale 







Human Genome Project 
- aims (1990) 

• To determine the complete human chromosomal 

DNA sequence. 

• Building-up sequence databases (Bioinformatics) 

• To identify and describe all genes in the human 

genome (new genes and gene types). 

• Developement of DNA sequencing technology 

and data assasment.  



Human Genome Project 
- contributors and landscapes 

• HUGO: Human Genome Organization 

- US DOE and NIH, UK MRC and WTSI, CEPH , FMDA, Japan, 
European Community (yeast genome), Germany, China. 

• 1990-1995: genetic and physical mapping 

- medical disorders, fixing physical loci, model organisms 

• large-scale sequencing: two-phase paradigm „shotgun” 

- 2001: draft genome sequence, 2003: full genome sequence 
 

• Celera Genomics:  

- Applied Biosystems., TIGR (C. Venter) 

- 1998-2001: „whole genome shotgun”  

- ABI PRISM 3700 DNA Analyzer 



Publishing the draft human genome 



First results of the human genome draft sequence  

• first Vertebrata genome, euchromatin region coverage around 96% 

• considerable variability in distribution of genetic elements and 

features (ie. HOX clusters – „repeat poor”) 

• ~ 30-40.000 genes, complexity and alternative splicing 

• complex proteom, vertebrata-specific domain assambly 

• horizontal gene transfer, transposable elements inactivation 

• chromosome segments duplication (pericentromer, subtelomer) 

• meiotic mutation rates in males and in females 

• recombination rate varies between and along chromosomes 

• more million of SNPs, genome-wide linkage mapping 



DNA sequencing by 
chemical modification 

(Maxam-Gilbert) 



Molecular cell biology, Lodish 

Sanger dideoxy sequencing 



DNA sequencing by chain termination 
(Sanger) 
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Primer 
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ddNTP terminated products 
each one base different in 

length 

Each ddNTP is labeled 
with a different color 
fluorescent dye 

Sequence is read by noting peak 
color in electropherogram 
(possessing single base resolution) 

Figure 10.5, J.M. Butler (2005) Forensic DNA Typing, 2nd Edition © 2005 Elsevier Academic Press 

BigDye Terminator DNA Sequencing 



DNA sequencing: developement in technology 
and in bioinformatics 
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Figure 10.9, J.M. Butler (2005) Forensic DNA Typing, 2nd Edition © 2005 Elsevier Academic Press 



Standard sequencing: 

650 bps read 

2 h 30 min running 

– 16 capillaries 

 

1 day: 100 000 bps 



HV1 C-stretch  

16189T 

Poor quality sequence  
(two length variants out of phase) 

Good quality sequence 

Primer strategies typically used with C-stretch containing samples 

(A) 

(B) 

(C) 

C-stretch C-stretch 

Use of internal primers Double reactions from the same strand 

Figure 10.7, J.M. Butler (2005) Forensic DNA Typing, 2nd Edition © 2005 Elsevier Academic Press 
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Figure 10.9, J.M. Butler (2005) Forensic DNA Typing, 2nd Edition © 2005 Elsevier Academic Press 



„shotgun” genome sequencing 

RJ Reece: Analysis of Genes and Genomes, 2004 

2. 3. 





‚Fingerprint clone contig’ assembly 

International Human Genome Sequencing Consortium: Initial sequencing and analysis of the human genome, 
Nature 409, 860 (2001) 





Whole genome sequence assembly 

JC Venter, et al.: The Sequence of the Human Genome, Science 291, 1304 (2001) 

500-600 bp 



STS genome mapping 



Chromosome mapping 

RJ Reece: Analysis of Genes and Genomes, 2004 



Human Genome Project 
- preliminary results 

• Finished in 2003 two years before planned 

- 2001: draft sequence published (Science, Nature) 

• DNA sequence gained from several persons’ genomes 

- Personal DNA and cell cultures 

• Rate of failed nucleotides 1/10.000 (99,99 % accuracy) 

• 4-5 X coverage, gaps closing (heterokromatin) 

• Starting genome projects, annotation, data sharing: 

- i.e. Ensemble, Human Genome Diversity Project, stb. 



Genome sequencing: Technology and Bioinformatics 





BRCA1 / BRCA2: 23 /27 exons (80Kb) 

No prior screening: SSCP, DGGE, dHPLC etc. 

One sample – one assay concept 

Quick, accurate, full coverage 

BRCA1 / BRCA2: 34 / 47 amplicons respectively 

BRCA1 / BRCA2 genes resequencing 

- Molecular diagnostics of mutations 



BRCA1 / BRCA2 gene resequencing 

- Molecular diagnostics of mutations 



Next Generation Sequencing – 

 

Massively Parallel Sequencing of clonally 

amplified (or single) DNA molecules 

-Process millions of sequence reads in parallel 

-Library preparation 

-Specific adaptor oligos 

-Little volume DNA template 

-Produce shorter read lengths (35-400 bp) 

-100 Mb to several Gb nucleotid sequence determination 



Enzymes: 

Klenow fragment  

ATP sulfurylase 

Luciferase 

Apyrase 

Ronaghi M (2001) Genom Res 

Pyrosequencing  

chemiluminescent detection of pyrophosphate 

Reagents: 

Adenozin-phosphosulphate 

(APS) 

D-luciferin 

DNA template 

Primers 

dNTPs one by one 



Ahmadian A (2006) Clin Chim Acta 

Pyrosequencing 



Ronaghi M (2001) Genom Res 



Roche/454 sequencing technology 

2005. 454 Life Sciences developed (GS 20) 
Mycoplasma genitalia 580 kb genome, 99.96% accuracy 
 
2007. Roche Applied Science (GS FLX series) 



Shearing DNA (some several 100 bps long) 
End-repair 
Adapter adding 

DNA preparation 



Emulsion PCR 

Several million copies of a fragment 

Microreactors 
Water in Oil emulsion 

Roche/454 sequencing technology 
Clonal amplification 



Picotiter well plate mounting 

Ansorge (2009) New biotechnology  

3,4*106 wells 
Sequencing reaction in picoliter volumes 

Roche/454 sequencing technology 



Ansorge (2009) New biotechnology  

Sequencing by pyrosequencing 

Roche/454 sequencing technology 



Next Generation Sequencing – Roche 454 platform 



Ansorge (2009) New biotechnology  

A) DNA shearing to fragments (some 100 bps long) 
B) End-repair, Add A overhang 
C) Adapters ligating (T overhang) 

Illumina/Solexa sequencing 
DNA preparation 



Voelkerding (2009) Clin Chem 

Clone clusters 
1000 copies min. 
 
50×106 clusters 

PCR with anchored primers 
Bridge amplification 

Illumina/Solexa sequencing 

Clonal amplification 



Voelkerding (2009) Clin Chem 

Fluorescently labled reversible chain terminators 

Each 4 nucleotides into the reaction  

1. Adding reagents 

2. Nucleotide incorporation 

3. Washing 

4. Signal detection 

5. Fluor cleavage and block removal 

Sequencing by DNA synthesis 

Illumina/Solexa sequencing 



Voelkerding (2009) Clin Chem 

Fluorescent signal detection 
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Illumina/Solexa sequencing 



SOLID: Sequencing by Oligo Ligation and Detection 

Genomic DNA 

Library 
preparation 

Complement adapters 



Primer hybridisation to adapter sequence 

Thermostable ligase 

Probes: in 16 combination 

Probes 

Octamer 

2 probe specific bases 

3 degenerated bases 

3 universal 

Fluorescent marker 

Ligation 

Washing 

Signal detection 

Cleavage – 3 nukleotid 

Voelkerding (2009) Clin Chem 

Applied Biosystems - SOLiD 

Sequencing by probe ligation 



Another probe ligation 

 

Cycle performs 7 times 

Voelkerding (2009) Clin Chem 

Applied Biosystems - SOLiD 



Denaturing 

New round starts with n-1 adapter primer 

Altogether 5 rounds 
Each nucleotide are queried 2* 

Voelkerding (2009) Clin Chem 

Applied Biosystems - SOLiD 





Next Generation DNA Sequencing: SOLID 

- Kémiai hasítás, amplifikálás és ligálás 

Accuracy: 99.99 % 





Ion semiconductor DNA sequencing 



Ion semiconductor DNA sequencing:  

Personal Genome Machine 

No PCR reaction, light emission, 
CCD camera etc. 

Instead pH measures in 
microfluids 



Ion semiconductor DNA sequencing 



Ion semiconductor DNA sequencing: Ion Torrent 

JM Rothberg et al. Nature 475, 348-352 (2011) doi:10.1038/nature10242 



https://www.coursera.org/course/genomescience 


