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Opening the black box: Chinese hamster
ovary research goes genome scale

Genome scale science for CHO production cells: genomes, -omics and big data.
acib, the Austrian Center of Industrial Biotechnology, Vienna, Austria, 12-14 March

2014

The scientific community of Chinese hamster ovary (CHO)-cell scientists had a meeting
to discuss the opportunities and requirements for a new era of genome scale science
for CHO cells. With multiple genome sequences available, the challenge to the field
is to use approaches of systems and synthetic biology to enhance quality and yield of

recombinant therapeutics from CHO.

The last 4 years have seen an explosion of
available data on the genome of Chinese
hamster ovary (CHO) cells (1] and more
recently the Chinese hamster [23] as the most
appropriate reference genome. As a result, cell
biologists and engineers are now keen to dive
into the molecular details of how this cell line
achieves its high productivities and growth,
to understand the basis for their variabil-
ity and clonal heterogeneity and to increase
our control of the behavior of cells [4]. The
availability of genome sequence information
comes with the lucky and timely coincidence
of the emergence of efficient genome-editing
tools, such as the CRISPR/cas technology [s],
thus opening a window of opportunity dur-
ing the next years to understand and control
the cellular machinery and behavior of CHO
cells on a gene per gene level. Hence the chal-
lenge to the field is to use approaches of sys-
tems and synthetic biology to enhance qual-
ity and yield of recombinant therapeutics
from CHO.

For efficient use of the new tools and infor-
mation, a concerted effort of the scientific
community, both in academia and industry,
is required. The workshop organized by acib
together with CHOgenome.org (6] aimed at
bringing together the key players in the field,
to coordinate different approaches and to

provide a summary of where we stand. In the
following chapters the different sessions will
be described along with a summary of the
most important decisions reached during the
pre-meeting discussions on how to bring the

field forward.

Genomic sequences & what they
tells us

The first session obviously was dedicated
to the genomic information now available.
Nathan Lewis (UCSD, CA, USA) presented
data on differences between the sequenced
CHO cell lines with respect to single nucleo-
tide polymorphisms, indels and other struc-
tural variations, such as gene duplications
or deletions [2]. Overall, these variants are
clearly related to the respective history of
the different cell lines, thus outlining their
genetic ‘family trees’. In a more detailed anal-
ysis for instance of pro- and anti-apoptotic
genes, the expression pattern was consistently
changed in CHO cell lines relative to the
Chinese hamster, with a tendency towards
overexpression of antiapoptotic genes and a
reduction of pro-apoptosis. Clearly this is an
advantage to cells in culture for their long-
term survival. Nevertheless, many of the
apoptosis-related genes, whether pro- or anti-
apoptotic, showed duplications in several of
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the cell lines analyzed, without any distinct pattern
emerging. The precise regulation appears to be very
cell line specific, resulting in a balanced interplay of
pro- and anti-apoptotic signals and thus also reflecting
the phenotypic diversity of different CHO cell lines.

Karina Brinkrolf and Oliver Rupp (Bielefeld Univer-
sity, Bielefeld, Germany) then presented their results of
a Chinese hamster reference genome sequenced from
sorted chromosomes [3]. The knowledge about chro-
mosome location of genes and scaffolds is especially
important in view of the large number of chromo-
some rearrangements present in CHO cell lines: future
sequencing projects of cell lines can use this informa-
tion to identify the precise location of breaks and cross-
overs between chromosomes and to follow the emer-
gence of new translocations during long term culture
of cells.

The two Chinese hamster genomes now published
are both in a similar state of assembly, consisting of
several hundred thousand scaffolds each. The partici-
pants at the workshop saw the next most important
step in an improvement both of the assembly and the
annotation of the reference genome, which was unani-
mously agreed should be the Chinese hamster rather
than any of the ‘chromosomally re-arranged” CHO
cell lines. Using the short reads generated by next
generation sequencing (NGS) technology, it is diffi-
cult to impossible to assemble regions of high repeat
frequency and thus to generate a complete assembly
consisting of a single scaffold per chromosome. An
alternative approach here is the use of PacBio sequenc-
ing technology (Pacific Biosciences, CA, USA), which
is able to generate reads up to 20 kb long. PacBio
technology may not have the precision of other NGS
techniques, however, in combination the highly par-
allel NGS results together with the long PacBio reads
will enable a dramatically improved assembly. It was
decided therefore to approach the scientific commu-
nity and industry to contribute by crowd financing to
the generation of additional long-read sequences at 20x
coverage by PacBio (see CHOgenome.org for details on
how to contribute). The next release of a new assembly
is planned for the first half of 2015. This then will be
the starting point for a highly curated annotation that
in addition to genes, introns and exons also needs to
contain transcription start sites, promoter regions and

noncoding RNAs.

The -omics: tools & applications

The available genomic sequences now enable the devel-
opment of better analysis tools to study different CHO
phenotypes. Mike Betenbaugh and Amit Kumar from
Johns Hopkins University (MD, USA) presented

the proteomics database (7] now available through

CHOgenome.org, which lists more than 6000 proteins
expressed by CHO under various culture conditions,
while Jong Youn Baik, now at the University of Dela-
ware (DE, USA), presented his work performed at the
Korean Institute of Science and Technology (KAIST;
Seoul, South Korea) in Gyun Min Lee’s group on the
response of CHO cells under stressful conditions.
Differentially expressed genes were identified during
hyperosmosis, reduced temperature and butyrate addi-
tion, all of which influence specific productivity. Based
on the gained knowledge, targeted engineering of cells
enables improvement of cellular phenotypes. This was
demonstrated by overexpression of HSP60 and HSP70,
which enabled more rapid adaptation of cells to grow
in serum-free conditions. Diethard Mattanovich (acib,
Vienna, Austria) presented a comparative study of the
behavior of Pichia pastoris and CHO cells producing
two model proteins, HSA and a single-chain antibody,
using transcriptomics, proteomics and image analy-
sis. Samples were taken from chemostat cultures, an
approach that improves the reliability and consistency
of gene-expression patterns as the cellular environment
is stable and consistent. It was shown that in addition
to a response to increased productivity, both cell types
also show protein-specific stress responses.

Big data

The generation of large data sets in systems biology
presents the researcher with a new set of problems that
require innovative tools for data-set handling, not the
least of which is comparability and standardization.

Colin Clarke discussed the major statistical prob-
lems encountered with typical cell culture approaches,
such as the low number of samples and replicates (usu-
ally two to three) in relation to the large number of
analytes (e.g., 15,000 expressed genes) [s]. This results
in low statistical significance of results leading either to
a high false-negative or false-positive rate. Two possible
approaches can reduce this limitation: one is to increase
available data sets by uploading them to searchable
databases containing information on analyzed -omics
darta linked to relevant phenotypic data; alternatively
the biological significance of results can be increased
by analyzing in parallel multiple systems levels (such as
transcriptome, microRNome and proteome together).
Removal of irrelevant data from the statistical analyses,
such as genes that are not expressed, will also increase
significance.

Another approach is the development of genome-
scale models and their integration with multiple
-omics data sets to enable better understanding and
prediction of cell behavior, as presented by Nathan
Lewis, as well as by Dong-Yup Lee from Singapore
and Michael Hanscho from acib (Vienna, Austria), in
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collaboration with Lars K Nielsen from the University
of Queensland, Australia. A positive outcome of the
meeting is a collaboration of these groups to merge
their individual models into a consolidated version,
which will be published in early 2015.

Dissection of the different molecular steps of pro-
tein production and growth also opens the possibility
to redesign cell factories using approaches of synthetic
biology. As succinctly outlined by David James from
the University of Sheffield (Sheffield, UK), next
generation cell factories will have various properties,
as befits the respective product and its quality attri-
butes, with the ability to fine-tune precise expression
levels of genes engineered to assist the cell in its specific
production task [9].

The future

Kelvin H Lee from the University of Delaware (DE,
USA) finally presented his vision of the future of bio-
pharmaceutical production [10]. The interest in the
genome sequence and systems biology data of CHO
is caused by our new ability to understand the detailed
biology of this cell which makes it such a successful
producer of therapeutic proteins. The main focus now-
adays is on product quality, as yields have increased
over the last years to a level that causes many to con-
sider CHO bioprocessing a mature technology. Never-
theless, the impact of detailed genetic and phenotypic
changes on product quality and its variation are still
not understood and require further research. The data
and tools that should be available on CHOgenome.org
for this purpose, both for academics and the industry,
will contribute largely to the speed of developments in

this field.
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The general problems currently encountered in
-omics studies are inconsistencies in gene IDs between
the different databases available and the lack of curated
annotation for CHO. While the latter will improve
with time (see above), the problem that most online
analysis tools are set up for human and mouse and
not for CHO remains. To establish systems biology
approaches as standard tools for cell line develop-
ment and bioprocessing, CHOgenome.org will have to
develop to provide the infrastructure required, includ-
ing tools to compare multiple genomes and transcrip-
tomes, hosting or at least linking to relevant publica-
tions and data sets, providing online analysis tools for
CHO and also serving as a repository that enables
researchers interested in a specific gene to immedi-
ately look for previous reports on whether and under
which conditions this genes was expressed and at what
level. For this reason, acib is supporting the effort of
developing the website into a multifunctional port.
First versions will be out for beta-testing toward the
end of 2015, with bi-annual updates expected over the
next 3 years. Feedback from scientists and users will be
highly appreciated to make the website as functional
and user-friendly as possible.
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