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Led by Dennis Lo and Rossa Chiu, the project
team has been pursuing a novel facet of cell-
free DNA biology, which the team termed as
fragmentomics. This refers to the analysis
of the ending patterns and fragmentation
characteristics of cell-free DNA molecules.
This research area has attracted little attention
in the past. Cell-free DNA molecules exist in
circulation in a naturally fragmented form. By
studying the end sequences of cell-free DNA
molecules systematically and across the whole
genome, the team initially made the surprising
observation that cell-free DNA fragmentation
is a non-random process. There are genomic
locations which featured more regularly at cell-
free DNA ends than others which have been
termed as the preferred ends. Those findings
then prompted the team to investigate the
ends of cell-free DNA from various angles.
The team found certain motif sequences to
be overrepresented among cell-free DNA
molecules and then showed that the ends may
be blunt or jagged in nature in both plasma
and urine. Those intriguing observations

spurred the team to study the biological basis
by exploring the roles of various DNA digesting
enzymes, including Deoxyribonuclease 1 Like
3 (DNase1L3), Deoxyribonuclease | (DNase1)
and DNA Fragmentation Factor Subunit Beta
(Dffb). During this journey, the team uncovered
pathologies with altered activity levels of
those enzymes that would be associated with
perturbations in the cell-free DNA profiles. In
other words, by improving their understanding
of biological mechanisms, one may ultimately
find novel ways to develop diagnostic tests.
One of the team’s research publications on
fragmentomics (Han et al. Genome Res 2021;
31:2008-2021) has been featured on the cover
of the journal, Genome Research. Interestingly,
since the research team began the exploration
of fragmentomics, interests from other groups
on the topic have also gathered momentum. In
other words, the team’s academic pursuit has
led to the emergence of a new research field
and the journal, Science, even has invited the
team to contribute a review on the topic (Lo et
al. Science 2021; 372: eaaw3616).

On the other hand, the team has been actively
harnessing the power of applying single
molecule sequencing to the analysis of cell-
free DNA. First, the team made the surprising
observation that there was an under-appreciated
population of long cell-free DNA molecules
in maternal plasma. This class of cell-free
DNA molecules enabled new and additional
information to be gathered about pregnancy
health and fetal genetic profile as shown
by the work in Yu et al. (Proceedings of the
National Academy of Sciences U S A 2021; 118:
€2114937118). Second, cytosine methylation
of CpG dinucleotides is one important strategy
to distinguish tissue origin of cell-free DNA
molecules or one that allows the detection of
pathological processes associated with aberrant
methylation profile via cell-free DNA analysis.
Bisulfite sequencing has remained as the key
technology to study DNA methylation. However,
bisulfite converts all unmethylated cytosines into
thymine residues, even when the cytosines are
out of the context of CpG sites.

Consequently, bisulfite sequencing results
in reduced sequence resolution and adds
ambiguity. To resolve this, the team has attained
a major achievement by successfully developing
an approach based on studying the kinetic
features of single molecule sequencing data to
distinguish methylated cytosine without the need
for bisulfite treatment. The team believes this
method would greatly enhance and facilitate any
genetic and genomic studies focused on DNA
methylation. Those data have been published in
Tse et al. Proceedings of the National Academy
of Sciences USA 2021; 118: e2019768118.
Since the release of the publication, they have
been approached by a dozen of research groups
to provide the bioinformatics code to enable
their adoption of the published methodology.
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Cell-free DNA in plasma consists of fragments of DNA and has been used for noninvasive
prenatal testing, cancer liquid biopsies, and transplantation monitoring. Han et al.
demonstrate the interrelationships between nucleases, cell-free DNA fragmentation, and DNA
methylation, which are depicted in this artistic illustration. The railroad (representing DNA)
enters a red tunnel (representing a blood vessel) in the distant mountain. The railroad has
red and green sign posts, denoting methylated cytosines and unmethylated cytosines on the
DNA, respectively. Barriers of different colors are different nucleases, preferring to cleave
(down position) or not cleave (up position) the DNA. DNASE1 (red barriers) prefers to cleave
at unmethylated cytosines, while DNASE1L3 (green barriers) prefers to cleave at methylated
cytosines. Thus, nuclease-mediated cell-free DNA fragmentation is informed by underlying
DNA methylation. (Cover art using watercolor and colored pencils on paper by Carmen Ng
[https://www.carmen-ng.com/], based on a concept from Dennis Lo.

Source: Cover illustration of journal issue publishing Han et al. Nuclease deficiencies alter
plasma cell-free DNA methylation profiles. Genome Research 2021; 31: 2008-2021.
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