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In 2022, Swedish geneticist Svante Padbo won the Nobel prize in physiology for his work
in the sequencing of the Neanderthal genome. Much like the older Human Genome project, this
was a long-running investigation spanning almost two decades, with the first draft published in
2010. Interestingly, there were no new technologies developed for this project specifically- the
scientists made creative use of already existing technologies, specifically a combination of
Sanger sequencing and massively parallel pyrosequencing, an early type of next-generation
sequencing (NGS). (Noonan et al. 2008) This paper will provide an overview of how NGS
works, a comparison with Sanger sequencing, and a discussion on its uses and future in the
medical and anthropological fields.

Although first developed in 2000, NGS is relatively new compared to other sequencing
forms. Its main predecessor is Sanger sequencing, developed in 1975. Sanger sequencing has
three main steps: chain-termination PCR, gel electrophoresis, and gel analysis. Chain termination
PCR is similar to standard PCR, but includes the addition of a type of modified nucleotide called
dideoxyribonucleotides (ddNTPs). Because of the lack of -OH groups in ddNTPS as opposed to
standard dNTPs, bonds are not formed and as such copies are cut off at the points where ddNTPs
are added. This means that copies of the DNA sequences are terminated at different lengths
depending on ddNTP placement. After copying via chain-termination PCR, copies are separated
via gel electrophoresis. Smaller segments experience less resistance when moving through the
gel, so travel further towards the positive electrode, allowing DNA segments to be organized by
size. The gel can be read manually or with an automated laser, with terminal ddNTPs going in

order from shortest to longest strands. By reading the order of the ddNTP types, the sequence of



the entire strand can be pieced together. This is why although Sanger sequencing is similar to
standard PCR, PCR attempts to sequence a whole strand at once, while Sanger sequencing does
it in multiple portions to create a more accurate and reliable picture of the overall sequence.
(Sigma-Aldrich)

NGS follows similar steps to Sanger sequencing, but with a few distinct differences.
These steps are: fragmentation, library preparation, sequencing, and analysis. Much like in
Sanger sequencing, NGS involves breaking the DNA into millions of tiny pieces (this can be
done in multiple different ways) and often using (standard) PCR to amplify the pieces to be
prepared more easily. During library preparation, markers are attached to the DNA so the sample
of origin can be easily identified, as well as attaching sequencing adaptors to be used in
sequencing. This sequencing is done through massive parallel sequencing (allowing the millions
of pieces to be sequenced together) using an NGS sequencing machine. The bioinformatic
analysis is done by a program, which can piece together the millions of sequences to create one
cohesive sequence. The program can also compare the new sequence to human sequence
databases to look for variation and mutations, which is the factor of interest to anthropologists
and those in the medical field. (Qin, 2019) Sanger sequencing and NGS are very similar, but
NGS is significantly more efficient and can be used more easily in comparisons between both
other experimental sequences and sequence libraries. This is why it poses such a benefit to
genetic studies in many fields.

The case of Neanderthal DNA sequencing is the highest-profile example of NGS use in
evolutionary biology studies. This is because it reflects a larger ability to sequence ancient DNA,
which has historically been extremely difficult. The advent of NGS allowed for a 480x increase

in the size of ancient DNA sample available, which is its main benefit in the study of ancient



DNA (aDNA). One fo the main challenges posed by the sequencing of aDNA is that it is often
damaged, or only short lengths can be recovered and successfully sequences. One NGS read
produces significantly more data than other strategies, and it performs fairly quickly and
efficiently. Because of its increased reliability in data recovery, it is ideal for aDNA sequencing
in which this is a major issue. Usage is still somewhat limited since the other major issue with
aDNA sequencing is high contamination rates (due to bacterial and fungal contamination over
time, and researcher contamination, though this can be minimized), but as techniques improve,
we can expect huge strides in the field. (Knapp et al., 2010) The use of ultra-clean rooms and
unique tags to distinguish aDNA from contamination from researchers were some of the ways
used by the team investigated Neanderthal DNA to minimize the effects of contamination. (Max
Planck Society, 2010) The study of aDNA will provide a great deal of insight in evolutionary
biology and may even allow us to bring species back from extinction.

The other main field of interest for NGS is the medical field. As discussed earlier, the
digitization of NGS data makes comparison via bioinformatic software significantly easier. This
allows us to search for mutations in a much more efficient manner, which will greatly benefit
patients with genetic disorders. In combination with CRISPR gene editing technology, NGS
could potentially be used to find harmful mutations, which we could then edit with gene editing
techniques. NGS can search for multiple mutations at one time, which would be particularly
beneficial for examinations of cancers caused by multiple mutations. (Qin, 2019) Overall, the
efficiency and broad scope of NGS makes it particularly useful in clinical settings where broader
scope and speed are essential.

Although it has been around for around twenty years, NGS is still very much in

development. As with all sequencing methods, there are concerns regarding its accuracy, and it



can only combat sample contamination so much. However, it has been proven to be a more
advanced version of most other sequencing methods available today, particularly the similar but
less efficient Sanger sequencing. As the field of genetics continues to advance, we can expect to
see increased usage of NGS, and as it becomes more widespread, more usage in clinical field. |
believe that to make full use of this technique, we should focus on its clinical applications and
lowering the cost of sequencing machines and tests to make them more available for individuals,
as well as investing into research preventing or reversing contamination of samples. Clean
samples, both modern and ancient DNA, can tell us about current health issues for individual
patients and genetic groups, and it can tell us about where we came from- and how much of you

is Neanderthal.
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