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hinese hamster ovary (CHO) cells are used

widely for production of recombinant

therapeutic proteins, including monoclonal

antibodies (MAbs). Efficient generation of
high-quality recombinant CHO cell lines is a critical
step in biopharmaceutical development.

Recombinant expression of therapeutic proteins
requires stable integration of a gene of interest (Gol)
into a CHO cell genome. An important determinant of
the quality of the resulting recombinant CHO cell
line is the genomic location and integrity of that
transgene sequence. The most common approach is
random Gol integration — as part of a linearized
plasmid — into the host genome, followed by
selection of stable integrants (1). That process can
lead to undesirable integration events — e.g.,
multiple integration sites, unexpected integrations of
backbone sequences, and undesired sequence or
structural variants in the integrated transgene
sequence (2-6).

Traditionally, the genetic characterization of cell
lines has been carried out using Southern blot and/or
fluorescence in situ hybridization (FISH) analysis.
However, their results are incomplete and can be
difficult to interpret. Next-generation sequencing
(NGS) approaches such as Cergentis’s proprietary
Targeted Locus Amplification (TLA) technology is

SUMMARY

- Fujifilm Diosynth Biotechnologies has integrated
Cergentis’s Targeted Locus Amplification (TLA) technology
into Apollo X cell-line development as a powerful tool for
completely sequencing transgenes and integration sites.

- TLA detects all single-nucleotide variants (SNVs) and
structural variants in an integrated transgene sequence.

» TLA analyses can be used in development and quality
control of cell lines, for clone selection, and for assessment
of clonality and genetic stability.

proving to be powerful for providing information-
rich analysis of transgenes and their integration
sites (7). TLA-based transgene and integration-site
sequencing presents a cost-effective and high-quality
alternative to conventional approaches.

TLA-based transgene analyses can

- identify the transgene integration site(s)

* detect structural changes in host DNA at the
transgene integration site(s)

* sequence an entire transgene and detect all
single-nucleotide variants (SNVs) as well as
structural changes within the transgene

« provide an estimation of the transgene copy
number.

Figure 1: Next-generation sequence (NGS) coverage across the transgene in Apollo X cell line 33-4, with primer
sets 1 (TOP) and 2 (BOTTOM); black arrows indicate primer location; y-axis is limited to 500x.
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Table 1: Identified single-nucleotide variants (SNVs) in Apollo X cell line 33-158

Primer Set 1 Primer Set 2
Variant Region Position Reference Mutation Coverage Percentage Coverage Percentage
1 Promoter 1728 G +5ACTTA 357 73% 294 74%
2 Promoter 472 G +5AATTC 1986 9% 1194 1%
3 HC 4264 A +16 1561 94% 648 93%
4 HC 4316 T +1C 1743 90% 610 85%
5 HC 5218 T +1C 32 78% 14 1%
6 HC 5484 G +1A 21 90% 9 89%
7 Backbone 7896 C -7 3824 95% 1665 94%

Table 2: TG-TG fusions in Apollo X cell line 33-158

Fusion Homology,
Fusion Transgene Transgene Orientation Inserts
1 - 1 11966 <«  head to tail - —
2 -+ 761 10104 = tail to head 2,—
3 » 1310 9924 « tail to tail 1,—
4 « 2619 9923 <«  headtotail 1,—
5 « 2668 9924 <« head to tail - —
6 » 3198 10104 = tailtohead 2,—
7 > 3747 9924 « tail to tail 1,—
8 « 5742 9923 «  head to tail 1,—
9 « 5791 9924 head to tail - —
10 « 701 8137 head to tail 2,—
" « 9554 9928 = headtohead -3
12 » 9917 9980 = tailtohead - —
13 « 9921 10882 <«  head to tail - =
14 > 9924 10616 = tail to head - —

TLA IN THE APOLLO X CELL-LINE

DEVELOPMENT PROCESS

Apollo X technology is the latest Fujifilm Diosynth
Biotechnologies mammalian expression system that
fast tracks the cell-line development process without
compromising product quality. This iteration
delivers MAb titers up to 10 g/L in a 10-week
development timeline. As a contract development
and manufacturing organization (CDMO), we deliver
high-quality products to our partners as our main
priority.

TLA technology can be applied at different stages
of the Apollo X cell-line development process.
Genetic characterization of transgenes and genomic
integration sites gives additional assurance about the
quality, efficiency, and reliability of the Apollo X
work flow. TLA analyses can determine the number
of integration sites with their exact positions and
detect SNVs or structural changes.

Quality Control of Cell Lines During Clone
Selection: TLA can increase the efficiency and
quality of clone selection (8). It can be used to
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Figure 2: TLA sequence coverage across the top 50
scaffolds of the CHO genome using primer set 1in
Apollo X cell line 32-121; the scaffolds are indicated on
the y-axis, the scaffold position on the x-axis. Similar
results were obtained with primer set 2, and the
identified integration site is circled in blue.
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+ deselect siblings — determine which candidate
cell lines share the same integration site(s) and the
same genetic origin

« select cell lines without transgene sequence
variation in the Gol — by enabling early detection of
cell lines with potentially problematic structural
variants or SNVs in the plasmid or Gol sequence)

» select cell lines with desired (numbers of)
transgene integration sites.

The number and complexity of integration sites
partly determine genetic stability of cell lines (9).
Therefore, it can be reasonable to select those lines
with the smallest number of clean integration sites.

Cell-Bank Genetic Characterization: TLA generates
high-quality data regarding the transgene sequence.
So it can be used to characterize the complete genetics
of transgenes and integration sites in cell banks.

Clonality Assessment: TLA analyses detect
transgene integration site(s) at base-pair resolution.
Identified breakpoint-spanning reads are unique to
each integration site. So breakpoint sequence-based
polymerase chain reaction (PCR) analysis can be
used to test subclones and assess the clonality of a
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Figure 3: Sequencing reads

5'-integration site
Scaffold_5:59,971,578 (tail) fused to TG:9,654 (head) with 2 bp homology

ATTGCTTGAATGGAGACACAGGGACCTCCATTGCTTTGGGGCTGATGGATGGGGTGAAAATGAATTCAGAA
TCATACGGACCACCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGT
CAGGGG

3'-integration site
TG:9,863 (tail) fused to scaffold_5:59,974,906 (head) with 31 bp inserted

GTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCAGCGC
GGTATCTGCGGGCGCTGCGCACGGTA TCAGGTATCTTCCTCCATCACTCTCCACTTTGTTGTTAGATTGGATCT
CTCACT GAACCCAGAGCTCACCGATTCTATTACACAGGCTGACCCATGAGCC

Figure 4: TLA sequence coverage across the transgene integration locus; CHO scaffold_5:59,509,768-60,517,018;
sequence coverage (in gray) generated with primer set 1in Apollo X cell line 31-187; blue arrow indicates the location
of the breakpoint sequence identified with both primer sets. Similar results were obtained with primer set 2. The

y-axis is limited to 50x.
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master cell bank (MCB). If a MCB is clonal, then all
subclones are expected to share the same integration
site(s) (10).

Assessment of Genetic Stability: TLA-based
analysis of multiple generations will provide
information about the stability of a certain clone
over time. Stable cell lines are expected to show the
same integration site(s) and (if present) transgene
sequence variants consistently (9).

EXEMPLARY TLA-BASED SEQUENCING
OF APOLLO X CELL LINES
Transgene Sequence: TLA analyses result in high
sequencing coverage across the integrated transgene
site. Figure 1 depicts NGS coverage across the
transgene sequence. Coverage is defined as the
number of NGS reads that cover a given locus (in this
case, the transgene sequence). Good coverage is
observed across the complete transgene sequence
TG:1-11966.

SNVs, Insertions, and Deletions: Table 1 specifies
identified SNVs and small insertions or deletions
(InDels). Note that SNVs 1 and 2 are located in the
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homologous regions and represent the same
sequencing read — TCGTGACTTCCGAATTCGCCGCCACC
— aligned to both positions at the border of the MAb
light-chain (LC) and heavy-chain (HC) promoter.
SNVs 1-7 are present in all 12 samples tested and
probably represent variants present in the provided
reference sequence.

Structural Variants: TLA enables detection of
structural variants of the transgene sequence by
detecting fusions of different transgene sequences.
Identified transgene-transgene (TG-TG) fusions either
represent a junction site of two transgene copies that
have integrated as a concatemer or are the result of a
structural rearrangement (inversion, deletion, or
duplication) within one copy of a transgene.

Table 2 lists identified TG-TG fusion sites. Fusion
read 1 represents the circularity of the plasmid.
Fusion reads 2 and 6, 3 and 7, 4 and 8, and 5 and 9
each represent the same fusion reported twice
because of transgene homology. At least one side of
fusion reads 3-5, 7-9, and 11-14 is in close
proximity to the linearization site at position
TG:9920.
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Table 3: Primers used in TLA analysis

Primer Binding
Set  Direction Position Sequence
1 RV 8582 CGATCAAGGCGAGTTACAT
FW 8952 TGCCTCACTGATTAAGCATT
2 RV 10730 CGACGATGCAGTTCAATG
FW 11027 AACCGGAATTGGCAAGTAAA

Integration Sites: Integration sites were
determined, and as Figure 2 shows, the TG has
integrated into scaffold 4.

Locus-Wide Coverage and Breakpoint Sequences:
The reads in Figure 3 were identified in Apollo X cell
line 31-187 by marking the integration site on
scaffold 5. The coverage profile in Figure 4 shows
that a 3.3-kb genomic deletion with the coordinates
in scaffold 5 of 659,971,581-59,974,905 has occurred
in the region of the integration site.

Copy Number: An exact copy number cannot be
determined using TLA. However, an estimation can
be made based on the number of integration sites,
the number of fusion reads, and the ratio of coverage
on the TG and genome-integration site. The average
copy number from all six Apollo X cell lines tested
was 15.

DISCUSSION

Early analytical assessment of gene-sequence integrity
is important during CHO cell-line development of
biopharmaceuticals. It enables selection of clonally
derived cell lines with the most favorable stability and
product quality attributes. The quality of recombinant
protein produced is an important metric because
deviations and variations in the primary protein
sequence or higher-order structure can affect product
efficacy and/or safety (11, 12).

Traditional methods of genetic characterization
have limitations in data quantity, throughput, and
turnaround time. Here, we have demonstrated
successfully the applicability of TLA technology to
CHO clone selection for biopharmaceutical
production and the technology’s ability more data
than traditional genetic characterization techniques.
Furthermore, previous studies have aligned the
findings obtained from TLA data with those of other
standard analytical methods (8).

Orthogonal product characterization methods
such as liquid chromatography and mass
spectrometry (LC-MS) still are preferred for detection
and quantification of translational errors such as
amino-acid substitutions. Those can be attributed to
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cellular stress induced by suboptimal media and
bioreactor conditions (13, 14). Although cell culture
conditions can be optimized to improve translational
errors later in process development, it is critical to
screen and differentiate early — during cell-line
development — for intrinsic mutations within the
recombinant gene. That will help minimize negative
impacts on development and costs.

Apollo X expression technology is based on a host
cell line derived from CHO-DG44 and a dihydrofolate
reductase (DHFR) selection system. Traditionally,
DG44 cell-line development has used methotrexate
(MTX)-based amplification to increase gene copy
number and productivity (15, 16). The process can
yield up to ~500 copies of recombinant-gene tandem
repeats and directly affects development timelines
and decreased cell-line stability (17-19). TLA analysis
reveals that the approximate gene copy number for
Apollo X-derived recombinant cell lines is in the tens
rather than hundreds of gene copies.

That is likely to be a consequence of the holistic
approach used during Apollo X development.
Proprietary expression-vector technology was
combined with directed evolution (to gain an improved
host cell phenotype) and careful design of the cell-line
development process (e.g., a single, low-concentration
MTX selection step). That combination allowed us to
accelerate cell-line development timelines without
affecting the quality of the cell lines we produce.

TLA technology allows Fujifilm Diosynth
Biotechnologies to support rapid genetic
characterization of clonal cell lines during Apollo X
cell-line development and clone selection. This
includes early confirmation of recombinant-gene
integrity and identification and elimination of clones
that produce aberrant protein products.

METHODS
TLA and Sequencing: Viable frozen CHO cells were
used and processed according to the Cergentis TLA
protocol (7). Two-primer sets were designed on the
transgene (Table 3) and used in individual TLA
amplifications. PCR products were purified and the
library prepped using the Illumina Nextera flex
protocol and sequences on an Illumina sequencer.

Alignment of Sequencing Reads: Reads were
mapped using BWA-SW (version 0.7.15-r1140,
settings bwasw-b7) (20). The NGS reads were aligned
to the TG sequence and host genome. The CHO-K1GS
assembly CHOK1GS_HZDv1 (GCA_900186095.1) was
used as a reference host-genome sequence.

SNV Detection: The presence of SNVs was
determined using SAMtools mpileup software
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(SAMtools version 1.3.1) (21, 22). SNVs are reported
that meet the following criteria:

+ allele frequency of at least 5% (relative amount
of reads with the variant compared with total
coverage on the variant position)

« variants present in the data of both primer sets

* coverage > 30x for at least one primer set

« variants identified in both forward- and reverse-
aligning sequencing reads.

TG-TG fusion detection: Fusion sequences
consisting of two parts of the TG are identified using
a proprietary Cergentis script. Fusions resulting from
the TLA procedure itself are recognized by the
restriction-enzyme-specific sequence at the junction
site and removed. TG-TG fusions are reported that
meet the following criteria:

 The TG-TG fusion is present in >1% of reads at
the position of the fusion.

+ The TG-TG fusion is observed in data of both
primer sets unless those data provide a clear
explanation why the fusion is not found in one
dataset.

« Visual inspection is performed on the TG-TG
fusions in an NGS data browser to remove fusions
that are sequencing artifacts (e.g., fusions found at
hairpin structures or low-complexity regions).

Integration Site Detection: Integration sites are
detected based on coverage peak(s) in the genome
and identification of fusion-reads between the TG
sequence and host genome.
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