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(simplified) history of DNA sequencing (part 1) 

•  1977 Fred Sanger, "DNA sequencing with chain-terminating 
inhibitors” (radioactive electrophoresis on plate gels) 

•  1984 Sequencing of the Epstein-Barr virus genome, 170,000 nt ...  
•  1987 Applied Biosystems launches the first automated plate gel 

sequencers (fluorescent Sanger technique) ABI 370.  
•  1995 Craig Venter et coll. (Institute for Genomic Research): first 

complete genome of a free-living organism, the bacterium 
Haemophilus influenzae (1,830,137 nt); first use of whole-genome 
shotgun sequencing.  

•  1999 ABI introduces the 96 capillary sequencer (ABI Prism 
3700) for the Human Genome Project (still fluo. Sanger)  

•  2001 1st draft of the Human Genome Sequence (Sanger) 
 2003 Completion of the Human Genome Project 

•  2007 1st sequencing of an individual human genome Craig Venter 
(100 millions $) (–> 2 million $ in 2008) 



   Technological developments 
Sanger sequencing : 

Next generation sequencing or massively parallel sequencing 
2nd generation : wash and scan (cycles) since 2004 

3nd generation NGS : single molecule sequencing 



Towards routine sequencing of entire 
human genomes (history of sequencing part 2) 
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The human genome 
l  Diploïd organism, 23 pairs of chromosomes  
l  3.3 billion pairs of nucleotide 
l  60 % of repeated sequences 

l  Interspersed seq. (retrotransposons [LINEs/SINEs], transposons 45 % 
l  Pseudogenes               1 % 
l  Simple repeats (microsatellites)          3 % 
l  Segmental duplications (non-homologous recombination)   5 % 
l  Satellite sequences (recombination, tandem repeats)     6 % 

l  2 % of protein coding sequences 
l  20,687 genes and a mean 6.3 isoforms per locus. 



Variation of the human genome 
l  Mean variations, per individual : 
-  > 1 000 copy number variations (CNV) 
-  3 to 4 millions single nucleotide variations (SNV) 

including ≈ 20 000 in or near protein coding sequences : 
-  10 000 silent variations 
-  9 000 missense variations 
-  100 nonsense variations 
-  100 splice site variations 

l  Only about 10 variations are pathogenic = disease causing 
   (genetic load) 



Informatics and bio-
informatics challenges 



Identification of disease genes by family studies 

Inherited diseases : 
•  Two or more affected per family 
•  Monogenic / multifactorial diseases 
•  Localisation of disease genes by linkage studies 
•  Calculation of likelihood of linkage: LOD score 

Topics : 
•  Dominant diseases 
•  Recessive diseases 
•  Homozygosity mapping 
•  Founder effect 
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For θ = 0, LOD score for the comparison the 2nd child with the 1st child :  

LOD score for the comparison the 5 next 
children with respect to the 1st child:  



     probability in favor probability Bonferoni 
of linkage by chance correction 

      for multiple testing
x60 

LOD score = 1.5 32 to 1 p=0.03 >1 
(25) 

 
LOD score = 3 1000 to 1 p=0.001 p=0.06  

 (≈210)  
 
LOD score = 4 10 000 to 1 p=0.0001 p=0.006 

 (>213) 
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= log10 4 =  0.6

LOD score = log10   1/3 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= log10 4 
           3
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Recessive disease 
for the 2nd affected child :

for the 1st healthy child :

= log10  4 x 44 
                  34

=  0.6 + 4 x 0.125 = 1.1
Total LOD score for all children : 



Linkage analysis by homozygosity mapping 

consanguinity 
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LOD score = log10   1  x  1 
                          1/2 x 1/2

= log10 24 =  1.2

For the first affected child:

x  1  x  1  
    x 1/2 x 1/2

Total LOD score for all 4 affected children :
= log10  24 x 4 x 4 x 4                         =  1.2 + 3 x 0.6 = 3.0



Multiallelic microsatellite marker 
DNTR dinucleotide tandem repeat 
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Ataxia with oculomotor apraxia type 2 

Portuguese family - P13 Tunisian Family - Tun4 

AOA2 

refined 

interval 



Genotyping with 
GeneChip Array 10K SNP 

(single nucleotide 
polymorphisms) 

Affymetrix 
 

(Actually GeneChip 250K 
and 906K SNP) 



I. Method: GeneChip array Affymetrix

250 ng



→  Homozygosity by descent shared by all 4 affected siblings on chromosome 1.

Genomewide scan in a large consanguineous family

chr.1 
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deficiency 
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Variation of the length of a common shared region among 
patients, around the founder mutation 

Mutation 

1st G 2nd G 10th G 50th G 100th G 

40Mb 25Mb 2-3Mb 0.5Mb 0.2Mb 

Ancient founder event 
—> small common shared region 



Geographical distribution, on the Portuguese 
mainland, of families with AOA1 (linked to 9p13) 

families linked to 9p13 

families with unknown 
linkage status 

families not linked to 
9p13 

Founder effect 
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UCSC Genome Browser on Human May 2004 Assembly



Geographic origin of the 5 Algerian  families linked to chr20 
 North-East of Algeria (Sétif wilaya) 

PHARC syndrom (Polyneuropathy, 
Hypoacousia, Ataxia, Retinitis P., Cataract) 



Alg	  128	   Alg	  139	   Alg	  96	   Alg	  142	   Alg	  28	  

19601543	   rs720436	   A	  	  	  	  	   A	  	  	  	  	   A	   A	   B	   B	   A	  	  	  	  	   B	   A	   B	  	  
20106062	   rs1028434	   B	   B	   ND	   ND	   B	   B	   B	   B	   B	   B	  
20264206	   rs928066	   B	   B	   ND	   ND	   B	   B	   B	   B	   B	   B	  
20287310	   rs721424	   A	   A	   A	   A	   A	  	   A	   A	  	   A	   A	   B	  
20483833	   rs1074440	   B	   B	   B	   B	  	  	  	  	   A	  	   A	   A	  	   A	   B	   B	  
20610543	   D20S912	   301	   301	   297	   297	   299	   299	   299	   299	   301	   301	  
20826383	   rs2038383	   B	   B	   B	   B	   B	   B	   B	   B	   B	   A	  
20930386	   rs755963	   B	   B	   B	   B	   B	   B	   B	   B	   B	  	  	  	   A	  
21258407	   D20S190	   253	   253	   255	   255	   259	   259	   259	   259	   259	   261	  
22854446	   rs1888610	   B	   B	   B	   B	  	  	  	  	   A	   A	   A	   A	   A	   A	  
22923923	   rs717756	   B	   B	   ND	   ND	   A	   A	   A	   A	   A	   A	  
22987041	   rs2007743	   A	   A	   ND	   ND	   A	   A	   A	   A	   A	   A	  
23271987	   rs1112819	   B	   B	  	  	  	  	   ND	   ND	   B	   B	  	  	  	  	   B	   B	  	  	  	  	   B	   B	  	  	  	  	  
23283569	   D20S871	   194	   194	   190	   190	   194	   194	   194	   194	   194	   194	  
23295553	   rs999072	   B	   B	  	  	  	  	   B	   B	  	  	  	  	   A	   A	   A	   A	   A	   A	  
23532116	   rs726217	   A	   A	   A	   A	   B	   B	  	  	  	  	   B	   B	  	  	  	  	   B	   B	  	  	  	  	  
23570758	   rs2254635	   B	   B	  	  	  	  	   ND	   ND	   A	   A	   A	   A	   A	   A	  
23573547	   rs2145231	   B	   B	  	  	  	  	   A	   A	   B	   B	  	  	  	  	   B	   B	  	  	  	  	   B	   B	  	  	  	  	  
23937652	   rs3843776	   B	   B	  	  	  	  	   A	   A	   A	  	   A	  	   A	  	   A	  	   A	  	   A	  	  
23937782	   rs3843777	   A	   A	   B	   B	  	  	  	  	   B	   B	  	  	  	  	   B	   B	  	  	  	  	   B	   B	  	  	  	  	  
23937930	   rs3848799	   B	   B	  	  	  	  	   B	   B	  	  	  	  	   B	   B	  	  	  	  	   B	   B	  	  	  	  	   B	   B	  	  	  	  	  
24033110	   rs761863	   A	   A	   B	   B	  	  	  	  	   B	   B	  	  	  	  	   B	   B	  	  	  	  	   B	   B	  	  	  	  	  
24122028	   rs487665	   B	   B	  	  	  	  	   ND	   ND	   B	   B	  	  	  	  	   B	   B	  	  	  	  	   B	   B	  	  	  	  	  
24371416	   rs722834	   A	   A	   A	   A	   A	   A	   A	   A	   A	   A	  
24996940	   rs2387577	   A	   A	   A	   A	   A	   A	   A	   A	   A	   A	  
24997283	   rs2207631	   B	   B	  	  	  	  	   B	   B	  	  	  	  	   B	   B	  	  	  	  	   B	   B	  	  	  	  	   B	   B	  	  	  	  	  
25127155	   rs2387733	   B	   B	  	  	  	  	   ND	   ND	   A	   A	   A	   A	   A	   A	  
26114910	   D20S191	   227	   227	   229	   229	   229	   229	   229	   229	   229	   229	  
29310063	   rs1474945	   B	  	   B	  	   B	  	   B	  	   B	  	   B	  	   B	  	   B	  	   B	  	   B	  	  
29469970	   rs721220	   A	   A	   A	   A	   A	   A	   A	  	  	  	  	   A	   A	  	  	  	  	   A	  
29940293	   D20S111	   249	   249	   251	   251	   251	   251	   251	   251	   251	   251	  
30429539	   D20S200	   283	   283	   271	   271	   271	   271	   271	   271	   271	   271	  
31123410	   DH1	  	   263	   263	   267	   267	   265	   265	   265	   265	   ND	   ND	  
31599059	   D20S890	   199	   199	   213	   213	   210	   210	   210	   210	   208	   210	  	  
31929741	   D20S878	   229	   229	   225	   225	   227	   227	   227	   227	   227	   227	  
31982015	   rs725478	   A	   A	   A	   A	   A	   A	   A	   A	   A	   A	  
32000125	   DH2	   194	   194	   202	   202	   202	   202	   202	   202	   ND	  	  	  	   ND	  	  
32309697	   rs2378132	   A	   A	   A	   A	   A	   A	   A	   A	   B	   A	  
32325217	   rs819144	   A	   A	   	  	   A	   A	   A	   A	   A	   A	   B	   A	  
32325488	   rs819145	   B	   B	   B	   B	   B	   B	   B	   B	   A	   B	  
33431481	   rs725908	   A	   A	   ND	   ND	   A	   A	   A	   B	   B	   A	  
33915657	   D20S909	   151	   151	   145	   145	   153	   153	   153	   153	   ND	   ND	  
34316842	   D20S847	   157	   157	   153	   153	   151	   151	   ND	   ND	   ND	   ND	  
34166072	   rs3850528	   A	   A	   B	   B	   A	   A	   A	   A	   A	   A	  
35310424	   rs1073768	   A	   A	   B	   B	   A	   A	   A	   B	   B	   A	  

CDK5RAP1 
H470P 

Founder haplotype in 
4 out of 5 families 
linked to chr. 20 



Homozygous mutation of the α/β hydrolase 12  
(ABHD12) gene in 4 Algerian families 

Alg 28 
Alg 142 

Alg 96 

Alg 139 

Alg 128 

 9 Mb/1950 SNP /60 genes 

6 Mb/642 SNP /33 genes  

Affymetrix SNP array 6.0 
(906.000 SNP) : 

control 

patient 

carrier 



Linkage for multifactorial diseases : 

 
Same principles 

(genetic linkage, linkage disequilibrium = association studies) 

 

But very small penetrance  

–> small LOD scores despite very large cohorts of patients 
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