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The advent of second and third generation DNA sequencing techniqnologies have revolutionized the 
genomics research. The Single Molecule Sequencing technologies are adequate to minimize occurrence 
of errors in sequencing. The third generation sequencing technologies could overcome limitations of 
first and second-generation sequencing technologies. The almost complete human genome sequencing 
was performed by using single molecular sequencing technologies. Benefits, risks and safeguards 
associated with the disclosure of information of very intimate kind contained in human genome, were 
also discussed. The power of whole sequencing for human welfare arises only from associations with 
medical histories, behavioral characteristics, physical descriptions and genome-environment 
interactions not from mere knowledge of base pairs. 
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INTRODUCTION 
 
Frederick Sanger‟s method of DNA sequencing has 
revolutionized the genomics research. Development of 
high throughput DNA sequencing protocols and 
advanced computational analysis methods made 
sequencing a routine procedure. Presently, commercially 
popular non-Sanger ultra-high-throughput second-
generation sequencing technologies became available in 
2007. Another non-Sanger much faster and cheaper 
single molecular sequencing (SMS), the third generation 
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sequencing technologies became available in 2008 for 
commercial purposes and that could overcome limitations 
of first and second-generation sequencing technologies. 
The almost complete human genome sequencing was 
performed by using Single Molecular Sequencing 
technologies. Benefits, risks and safeguards associated 
with the disclosure of information of very intimate kind 
contained in human genome, were also discussed.  

During the last more than three decades since Frederick 
Sanger developed dideoxy termination method of DNA 

sequencing, sequencing technologies received major 

advancements. Frederick Sanger‟ method, synergistically 

involving enzymology and chemistry has transformed DNA 

sequencing in few years into a routine and so simple 
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technique that genomes of a variety of the important 
plants and animals including human has been completely 
sequenced. Since the onset of genomics research in the 
mid-1990s, polymorphisms at the DNA level assumed 
importance and could be studied by numerous 
approaches. Certainly, the most direct strategy is the 
determination of the nucleotide sequence of a defined 
region (Maxam and Gilbert, 1977; Sanger et al., 1997), 
and the alignment of this sequence to a corresponding 
region in the genome of another related organism. Advent 
of the PCR speeds up progress in researches towards 
DNA sequencing (Mullis et al., 1994; Saiki et al., 1988). 
Consequently, it became possible to isolate DNA regions 
of interest from DNA of other organism with enhanced 
speed. Universal primer pairs were designed on the basis 
of sequence information for conserved parts of the DNA, 
and the PCR-amplified target regions were either 
sequenced directly or sequenced after cloning (Hillis et 
al., 1988). The popularity of DNA sequencing was further 
enhanced by the development of fluorescence-labeled 
primers and nucleotides that could be used for the 
automated detection of DNA molecules in gel- or 
capillary-based sequencing instruments (Smith et al., 
1996). With readings of up to 1200 base pairs, 
fluorescence sequencing provided much higher resolution 
than the traditional approach using radioisotopes. 
Moreover, it became easier to perform sequencing by 
transferring the data directly to a computer. The fact, that 
the technical equipment is more expensive than 
traditional sequencing facilities is not a real problem 
because custom sequencing services have become 
commercialized at cheaper rate. The extent of homology 
between various sequences can be deduced from the 
alignment, and phylogenies can be reconstructed by a 
variety of approaches (Felsenstein, 2004; Hall, 2001; 
Huelsenbeck and Crandall, 1997; Huelsenbeck et al., 
2001; Page and Holmes, 1998; Swofford et al., 1996). 
DNA sequencing provides highly robust, reproducible, 
and informative data sets, and can be adapted to different 
levels of discriminatory potential by choosing appropriate 
genomic target regions. However, certain limitations are 
observed. Firstly, DNA sequencing is tedious and 
expensive when very large numbers of individuals are 
required to be assayed. Secondly, the highly specific 
sampling at least for certain areas of research is used 
which could represent only a small part of the genome. 
For example, phylogeny reconstructions based on DNA 
sequence data generally result in gene trees, which do 
not necessarily reflect the species tree. Over the past 
decade, with the development of high throughput DNA 
sequencing protocols and advanced computational 
analysis methods, it has been possible to generate 
assemblies of sequences encompassing the majority of 
the human genome (Shendure et al., 2004; Chen, 2005). 
To meet the increased sequencing demands, several 
non-Sanger ultra-high-throughput sequencing systems 
became commercially available in 2007. 
 

 
 
 

 
The commercially popular non-Sanger ultra-high- 
throughput sequencing systems such as “Genome 
Analyzer”, “Genome Sequencer 20/FLX‟ „SOLiDTM 
system” etc. were described as second generation or 
next generation sequencing systems. Two versions of the 
human genome were developed by Human Genome 
Sequencing Consortium (Chen, 2005) and Celera 
Genomics (Shendure et al., 2004; Gupta, 2008) by using 
the second generation or next generation sequencing 
systems. The versions were derived from clone-based 
and random whole genome shotgun sequencing 
strategies, respectively. The Human Genome 
Sequencing Consortium assembly is a composite derived 
from haploids of numerous donors, whereas the Celera 
version of the genome is a consensus sequence derived 
from five individuals. Both versions almost exclusively 
report DNA variation in the form of single nucleotide 
polymorphisms (SNPs). However smaller-scale (100 bp) 
insertion/deletion sequences or large-scale structural 
variants (Mitchelson, 2007; Harding and Keller, 1992) 
also contribute to human biology and disease (Brakmann 
et al., 2002; Crut et al., 2005). It, therefore, warrants a 
comprehensive analyses and review applications of such 
technologies. Keller Harding (1992) proposed single 
molecule sequence system (SMS) in 1989 that could be 
realized in the laboratory through several approaches, 
such as scanning probe microscopy, exonuclease 
sequencing, and sequencing by synthesis (Brakmann et 
al., 2002; Bayley, 2006). It is another non-Sanger DNA 
sequencing approach which became available in 2008 for 
commercial purposes. This approach has been described 
as a third generation or next-next generation sequencing 
technology. It has been observed that SMS is much 
faster and cheaper technology. The following 
limitations/problems were observed while working with 
second generation sequencing systems (Jett et al., 1989; 
Harding and Keller, 1992). The amplification of the target 
DNA by polymerase chain reaction (PCR) creates several 
problems such as introduction of a bias in template 
representation, and the introduction of errors during 
amplification. The second major problem was „„phasing‟‟ 
of the DNA strands introduced by (Gupta, 2009) diploid 
nature of human genome (determining on which of the 
two chromosomes a variant is located). Two variants that 
lie in a gene on the same chromosome „„phased variants‟‟ 
are not the same as two variants (that is, alleles) located 
in genes on separate chromosomes. These limitations 
could be largely overcome by SMS technique. However, 
efficiency of SMS is still debatable and warrants 
continuous efforts to scrutinize and improve these 
technologies to solve the common major problems of 
second generation or/and third generation sequencing 
technologies such as weak automation, short read-
lengths, higher error-rates, and data management. Major 
emphasis for improvement of SMS has recently been 
given due to emerging demands for personal sequence. 

The SMS technologies for the first time  were applied to 
 



 
 
 
 
sequence a human genome of Stanford professor 
Stephen Quake. Despite the fact, professor Quake knew 
the risks in publishing identifiable personal information of 
the most intimate kind. He could dare to tell the world that 
it was his DNA that had been sequenced. Also, to date, 
only a few personal genomes have been fully sequenced. 
The genome sequences of few people like Craig Venter 
and James Watson have been published (Levy et al., 
2007; Wheeler et al., 2008). In view of the benefits from 
open sharing of genomic data, urgency of the need to 
circumscribe the use of personal genomic information has 
been emphasized. It is anticipated that proper intelligence 
and knowledge will counteract the inefficiencies of 
healthcare systems that still spend most of their money 
treating patients who are near to death. The promise of 
genomic medicine is preventative and predictive 
healthcare. Nevertheless, genomic medicine only works if 
the research community has databases combining 
genomic data and information about corresponding 
phenotypic expression. The mere knowledge of the base 
sequence in a human genome is hardly of little value. Its 
power for human welfare arises only from associations 
with medical histories, behavioral characteristics, physical 
descriptions and genome-environment interactions. On 
the other hand, consequences of putting the personal 
genome into public domain seem to have capacity to 
promote all social illnesses already prevalent in our 
societies such as discrimination, defamation, sexual 
orientation and socially defined 'race' discrimination etc. 
Consequently, it may reflect its impact to deterioration/ 
restructuring human society with respect to physical and 
mental health, aptitude or suitability for athleticism or 
employment, and eligibility for health, disability and life 
insurance. Also, it may result into unduly tenacious 
adherence to beliefs in genetic determinism that might 
prompt discomfort and/or harassment, with personal 
genetic information being available over the internet or in 
any widely available medium, that is, print media etc. 
 

Governments have introduced legislation in order to 
reduce such risks of disclosure of personal information of 
very intimate kind. The US has the Genetic Information 
Non discrimination Act (GINA). The EU has its Directive 
95/46/EC on data protection. The UK amended its 2004 
Human Tissue Act to make it illegal to sample someone's 
DNA without their consent. Whereas Germany passed 
legislation in April specifically prohibiting anonymous 
paternity tests and outlawing genetic testing for 
predisposition to illnesses of later life. One step ahead, 
apex court of India passed an order not to disclose or 
interfere in privacy of a individual and therefore, issued 
directives to Indian Government to stop even tests such 
as Norco tests which are conducted by investigating 
agencies on criminals to know information of intimate 
kind. Such measures may actually reduce the risk but 
they also increase the perception of risk: people worry 
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more about disclosing their genomes. 

Such considerations made it clear that other side of the 
picture is not as bright as was anticipated. Ten years after 
former president Bill Clinton announced that the first draft 
of the human genome was complete, medicine sector has 
yet to see any large part of the promised benefits 
(Anonymous, 2010). Paynter et al. (2010) reported that 
old fashioned method of taking a family history was a 
bettor guide. One area of potential improvement has 
been the discovery of genetic markers for cardiovascular 

disease as well as intermediate phenotypes such as 
cholesterol and blood pressure. 

Recent efforts using genome-wide association studies 
have greatly expanded the discovery of genetic markers 
associated with cardiovascular disease. To date, 
however, the utility of single genetic markers based on 
genome analysis, to improve cardiovascular risk 
prediction has shown mixed results, even for the most 
promising marker, located in the 9p21 region (Talmud et 
al., 2008; Brautbar et al., 2009). A genetic risk score 
comprising 101 single nucleotide polymorphisms was not 
significantly associated with the incidence of total 
cardiovascular disease (Paynter et al., 2010).). To 
combine the relatively small effects of individual genes 
and to better capture the complex relationship between 
genetics and cardiovascular disease, the use of 
amultilocus genetic risk score has been proposed 
(Morrison et al., 2007). One such score developed by 
Kathiresan et al. (2008) including 9 genetic markers 
associated with increased lipid levels but showed no 
improvement in discrimination and, only a slight 
improvement in reclassification was observed. In large 
part, however, the predictive abilities of recently 
discovered genetic markers have not been tested 6 for 
biologists, the genome has yielded one insightful surprise 
after another. But the primary goal of the 3 Billion US 
Dollars. Human Genome Project- to ferret out the genetic 
roots of common fatal diseases like cancer and 
Alzheimer‟s and then generate treatments-remains 
largely elusive. Indeed, after10 years of effort, geneticists 
are almost back to square one in knowing where to look 
for the roots of the common diseases. 
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