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New generation sequencing technologies have the potential to rapidly 

accelerate population genetics research, allowing scientists to 

comprehensively understand complex evolutionary histories, as well as 

functional and ecological biodiversity (Shokralla, et al. , 2012; Shendure & 

Hanlee, 2008). Prior to 1977, sequence production involved the handling of 

toxic chemicals and radio-active isotopes, restricting sequencing to persons 

of high expertise and speciality (Hunkapiller, 1991; Swerdlow, et al. , 1990; 

Sanger, et al. , 1977). In 1977, Fred Sanger and Alan R. Coulson published 

two methodological papers describing a new form of DNA sequencing 

technology, which would lead to the method (capillary-based, semi-

automated Sanger biochemistry) used almost exclusively in the field, for the 
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next 30 years (Shendure & Hanlee, 2008). Sanger sequencing transformed 

biology. It became a tool for deciphering complete genes and, later, entire 

genomes. Due to the unprecedented extent at which Sanger technology 

grew, factory-like enterprises, called sequencing centres, were established, 

housing hundreds of DNA sequencing instruments, operated by cohorts of 

personnel (Schuster, 2008; Hunkapilla, et al. , 1991). 

Despite the dominance of Sanger sequencing in laboratories, for a number of

decades, the technology had and continues to be hampered by inherent 

limitations in throughput, scalability, speed and resolution (Shendure & 

Hanlee, 2008). To overcome these barriers, an entirely new technology was 

required, one that democratised the field, putting the technology of 

comprehensive genetic analysis into the hands of individual investigators, 

not only major genome research centres (Shendure & Hanlee, 2008). The 

need for new technologies was pushed for by the facilitators of the Human 

Genome Project (HGP) (Ventor, et al. , 2001). The excitement and successful 

completion of the HGP, by two competing research bodies, lead to collective 

hunger for more advanced, economical sequencing technologies. Next-

generation sequencing (NGS), also known as massively parallel sequencing, 

was such a technology and has ignited a revolution in genomic science, 

similar to that seen when Sanger technology was presented in 1977, honing 

in on the era of ‘ post-genomic’ research (Schuster, 2008). 

The revolutionary nature of NGS technologies first became apparent in 2005,

in two separate publications, 454 Life Sciences (Marguiles, et al ., 2005) and 

the Multiplex Polony Sequencing Protocol (Shendure, et al. , 2005). The 

methodology of both research groups resulted in vast reductions in the 
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necessary reaction volume, while dramatically extending the number of 

sequencing reactions (Schuster, 2008). Despite such advances, in 

sequencing technology, NGS had a slow uptake in the scientific community, 

with a number of scientists having reservations. According to Schuster 

(2008), scientists accustomed to Sanger sequencing, as well as the initial 

scepticism echoed by funding bodies, resulted in a fear that large financial 

investments into Sanger-sequencing technologies would not produce 

returns, due to the technologies becoming obsolete. Other concerns were 

also raised, regarding the sequencing fidelity, read length, infrastructure cost

and the handling of the large data volumes produced by NGS (Zhang, et al ., 

2011). It was the process of combining ongoing Sanger sequencing projects 

with NGS technologies that promoted its acceptance, into the scientific 

community. Once the enormous potential of the technology had been 

realised, along with new and upcoming biology projects that required 

sequencing outside of what the current Sanger technology could feasibly 

produce, the concerns raised by NGS’s early sceptics started to be 

overlooked. A combination of both first and second generation technologies 

are now used in sequencing facilities and projects around the world, the 

implications of which, for the fields of evolutionary biology and population 

genetics is vast. 

Researchers now have the ability to observe small changes in ecological 

community structure that may occur following anthropogenic or natural 

environmental fluctuations (Hajibabaei, et al. , 2011; Leininger, et al ., 2006; 

Hunkapiller, et al. , 1991). Such implications of NGS technologies has led to 

the generation of whole-genome sequence data, for thousands of individuals 
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(Akey & Shriver, 2011; Harismendy, et al ., 2009). The availability of such 

data is leading to a better understanding of evolutionary processes, such as 

descriptions of sex-biased dispersal and mutation rate biases (e. g., Wilson 

Sayres, M. A., et al ., 2011). Furthermore, the ability to sequence the 

genomes of species, that have been long extinct, is no longer nonsensical, 

provided the samples from which DNA is to be extracted is still viable 

(Green, et al. , 2010; Reich, et al ., 2010). The hope that such projects may 

help population geneticists better understand the process of extinction, 

whether anthropomorphically or naturally induced, may help those 

endangered species whose current possibility of extinction, in the near 

future, is high (Akey & Shriver, 2011; Miller, et al ., 2011). However, despite 

such ambitious aspirations of population geneticists, one large area of 

research that remains surprisingly unanswered, within the literature, is the 

definition of a population or ‘ the population concept’ (Waples & Gaggiotti, 

2006). 

Given the importance of such a concept, one might expect to find a 

commonly used definition, one that is applicable to wild species, to 

determine how many populations exist within a delineated geographic area 

and the relationships amongst them (Waples & Gaggiotti, 2006). However, 

one does not exist, rather there is evidence that what makes a ‘ population’ 

is based on the research question. NGS technologies are providing 

population geneticists with the opportunity to flesh out a detailed definition 

of a population, on the molecular level. For example, Waples & Gaggiotti 

(2006) ask “ How different must molecular units be before individuals can be

considered a part of separate populations?” Different criteria can be 

https://assignbuster.com/new-generation-sequencing-technologies-
population-genetics/



New generation sequencing technologies: ... – Paper Example Page 6

established and assigned to individuals, in order to determine the answer. 

The interplay of different evolutionary forces (selection, migration, drift) will 

favour different species, with different forces being more obvious, at the 

molecular level, than others. The ability to pose a research question, 

pertaining to the individuals, within a particular habitat, is now possible due 

to the ability to sequence numerous samples with NGS technologies. 

The implications, in population genetics, for a new generation of sequencing 

technologies, are a greater focus on testing expectations. Such expectations,

simultaneously, result in excitement and daunt to those undertaking 

evolutionary and population genetic research, at present. Excitement exists 

because fundamental questions, pertaining to the patterns of genetic 

variation, within and between species, can now be analysed, with new 

generation sequencing technologies, such as NGS. Although NGS technology 

may still be in its infancy, the powerful possibility of analysing massive data 

sets is within reach of the individual and large-scale sequencing facilities 

alike, at a highly reduced cost. However, the methodological tools and 

theoretical models needed to interpret such large data sets are equally 

daunting to both new, and experienced, evolutionary and population 

geneticists. Despite such present and future challenges, population genetics 

research is looking promising, thanks to advances in NGS adoption and 

computation. 
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