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Illumina and new techniques in DNA analysis:
An overview

Lana Abrahams (mailto:lana@theposthole.org)
Mankind is always on the search for who, how and why we are human. Rather
uniquely as humans, we always strive for the unreachable and try to understand
the impossible. Once upon a time deoxyribonucleic acid (DNA) was exactly
that. As one of the most common and important structures in existence, DNA
was masked in obscurity, therefore launching a fight among talented scientists
to find the answers. Answers were indeed found, and in the past fifty years the
level of knowledge has grown beyond expectation. In this paper I wish to deal
with recently developed technologies and improvements in DNA manipulation
and what this means for archaeologists. I specifically will focus on Illumina, ‘a
global company that develops innovative array-based solutions for DNA, RNA,
and protein analysis’ (Illumina 2010), as an example of the machinery and
methods being employed, as well as an illustration of how commercial DNA
manipulation has become.

Illumina
Upon first setting eyes on the Illumina website, I felt like I was buying a
new laptop or iPod. The design and layout of the website suggests anything
but analytical services and thousands of dollars worth of DNA-manipulating
machines and software. The information is indeed advertising like any other
technology company, and upon clicking on the systems tab, a range of shinylooking products appear, seeming more like multimedia stations than the next
step in genetic engineering. Yet that is exactly what Illumina is, a leading
company in genetic engineering solutions, offering sequencing, genotyping and
CNV analysis, gene regulation and epigenetic analysis, as well as PCR and
genome analysing systems (Illumina 2010). Founded in 1998 by a team of
highly qualified scientists and with the aid of CW Group, a venture capital
firm, it now offers a total of eight systems and multiple services (Illumina 2010).
Its vision is quoted as ‘to be the leading provider of integrated solutions that
advance the understanding of genetics and health’ and its purpose ‘to improve
human health by enabling our customers to accelerate the collection, analysis
and application of biological information’ (Illumina 2010). These aims and
objectives are admirable, and luckily for the archaeological world they are not
limited to the healthcare service or present day biotechnology. A lack of cost
efficiency may prevent utilisation of this type of software and systems for now,
but if and when money is no longer an issue, archaeologists can apply this
information to the past and onto ancient DNA as easily as scientists can find
out information on human health and disease today via access to the human
genome. This is a slow process and the systems are still far from fully accessible,
yet it has potential. In this way, DNA becoming as commercial as physically
possible is actually an advantage for us; the easier the techniques become and
the cheaper they can be utilised, the more possibility there is for us to use such
techniques in more and more archaeological questions.
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PCR
Created in 1983, PCR, or polymerase chain reaction, is a commonly employed
technique (McPherson and Moller 2006). Although still extremely useful, traditional PCR has received less and less focus as other techniques have overshadowed its uses. This being said it still remains one of the most important
gene manipulation techniques of our time. Figure 1 shows my own annotated
picture of the PCR sequence, specifically for those unfamiliar with the idea.
From its initial discovery in the 1980s, PCR has improved and changed rapidly,
along the way dealing with contamination issues and technological problems.
Today, as demonstrated by Illumina, standard PCR is no longer as valuable
and worthwhile an application as it once was, instead the machine offered is
The Eco, a real-time PCR system. Claiming to make real-time PCR available
to all researchers and offering extreme sensitivity, Illumina (2010) identify that
its main difference from standard PCR is that samples are measured as they
are amplified rather than afterwards. What this really means is more accuracy
in the whole PCR process, something that any genetic engineering company
or genetic researchers have been and will continue to be searching for. This
automatically launches the system into the commercial world, opens it up to a
range of possible benefactors and most importantly makes it available to other
disciplines such as archaeology. Although archaeology may be happy to settle for
standard PCR techniques to amplify short DNA sequences, a system to make it
easier, more accurate and thus potentially more cost efficient cannot be taken for
granted. PCR is probably the most important development in archaeological
genetics as it has allowed previously unavailable DNA to be studied. This
has been most revealing in terms of ancient hominids, such as Neanderthals,
where little archaeological remains are available. The process of PCR is also
destructive and therefore the ability to succeed in creating the most accurate and
sensitive amplification is important to ensure valuable archaeological evidence
is not destroyed in vain.

Figure 1. Cycle One of the PCR process (Image credit: D. N. Farnell).

DNA sequencing
The name Genome Analyzer speaks for itself. Through the use of such a
machine, a genome (the complete volume of an organism’s hereditary information) can be sequenced. This more often than not involves some sort of
PCR to amplify the library present, again emphasising PCR’s revolutionary
presence in biotechnology, genetic engineering and archaeology. The use of
analysing complete genomes in archaeology can be fully shown with the recent
Neanderthal genome that has been draft sequenced to 40 billion nucleotides
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from three individuals (Affourtit et al 2010). If the availability of this service
could increase, then it may be possible to progress this further, enabling us to
really trace the heritage of Neanderthals and consequently modern humans more
accurately than has ever been done before. It is important to note that all these
techniques are surrounded by limitations, especially in terms of contamination,
and although the progressions can make the DNA manipulation simpler and
in principle more accurate, this will not render them error free. The Genome
Analyzer IIe and Genome Analyzer IIx have a simple workflow following three
steps; all based on ready to use and automated kits (Illumina 2010). The
main point of these kits is to reduce hands-on time needed, an important
characteristic as it reduces contamination and labour costs as well as freeing
up time to focus on other things. For example, any of the sequencing systems
only take approximately ten minutes to set up.
Through this paper I have given a comprehensive and insightful look into
the new techniques and equipment in DNA. The extremely scientific details
of the methods and techniques used in DNA manipulation have been omitted,
yet these are the true wonders behind the progression in genetic engineering
that has been possible. It is these principles that we should aim to utilise in
archaeology where possible, and hopefully with time they will become more
accessible to the archaeological field. Illumina is already a hugely successful
and world renowned company pushing for developments in genetic engineering,
something it is certainly achieving. The fiercely commercial world that Illumina
operates in is clear whilst navigating their website pages, there is even a shopping cart for the products we may choose. Yet unlike purchasing our iPods,
stereos or even cars, the scientific jargon that fills some pages highlights what
commercialism sometimes detracts from, although genetic engineering may be
getting cheaper and cheaper by the year it is still a hugely scientific, expensive
and very customer-specific field; a field, whose incorporation into archaeological
science I can only hope will continue to grow as mankind tries to find out all
those who, hows and whys.
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