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We believe that automation and

microtechnology will bring the understanding

and control of individual cells to a whole new level

and empower our customers to serve patients

faster and better.
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benefi ts

by an image series for each isolated

single cell

Assurance of clonality

as high as standard 

handpipetting

Very high cell viability

after a short introduction all your lab

staff  can easily use our devices

Easy to use

c.sight™

Isolate single cells in well plates within minutes.
Brightfi eld nozzle imaging with 10x magnifi cation. 

Cell line development and single-cell genomics.

Isolate green fl uorescent eukaryotic cells in well plates.
Brightfi eld and fl uorescence imaging.

Fully tunable to enable even low-intensity samples.

f.sight™

Next-generation Single-cell Dispensing in   
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benefi ts

thanks to the

disposable cartridges

No cross-contamination

enabling time- and costeff ective

workfl ows

Very high effi  ciency 

enabled by 96- and 384-plates

and additional substrates

Flexibility 

Isolate prokaryotic cells in well plates. Brightfi eld nozzle
imaging with 20x magnifi cation. Sort single bacteria for

culture, genomics or mass spec.

b.sight™

Single-cell isolation by brightfi eld imaging.
Two separate carriers for well plates.

Automation-ready with open deck and software API.

single-cell printer™

Cell Line Development and Single-cell Genomics
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DAY 0

DAY 5

DAY 3

DAY 6

DAY 4

DAY 7

Clonal cell line development is a crucial step in

many applications including generating biopharma-

ceuticals (e.g. monoclonal antibodies). Current

workfl ows in cell line development have major draw-

backs such as missing proof of clonality, ineffi  cient

single-cell isolation and reduced cell viability.

The single-cell printer™ technology enables

documented assurance of clonality, providing

effi  cient and fast single-cell seeding combined with

excellent cell viability and zero risk of crosscontami-

nation.

applications

cell line development

All cytena products supports SLAS/SBS format 96-

well and 384-well plates. You can process a great

variety of typical cell lines used in cell line

development, such as CHO-K1, HEK 293 and L929.

Workfl ow

TransfectionTransfection Single-Cell isolationSingle-Cell isolation Assurance of clonalityAssurance of clonality

enabled by instruments from
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cell line development

single-cell printerTM in a standard biosafety cabinet at a customer site c.sightTM in a standard biosafety cabinet at a customer site

Select for productivity Screen for quality Screen for stabilityScreen for stabilityScreen for qualitySelect for productivity
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Isolating single cells remains a challenging task in

single-cell genomics. Current methods can not

provide the evidence needed to ensure that only a

single cell has been isolated in the analysis vessel.

To preserve their DNA, it is essential to maintain

cell integrity before lysis. Cells should also

undergo as little stress as possible before lysis in

order to preserve their RNA and their expression le-

vel. The single-cell printer™ deposits single cells in 

a very gentle manner, guaranteeing high purity and

high viability.

This system provides an optimized foundation for

downstream single-cell genomic analysis.

single-cell genomics

Single cells of the osteosarcoma cell line U2OS were

dispensed in wells of a 384-well microliter plate

and preloaded with one microliter of PBS.

Additional cells were dispensed in dry wells,

resulting in 98% single-cell dispensing effi  ciency.

Whole genome amplifi cation (WGA) was performed

on the cells and comparable DNA yields were

achieved for dry and PBS wells. The WGA DNA was

evaluated by a multiplex PCR on repetitive LINE1

transposons and revealed positive results in all

WGA samples.

application example

applications

In addition, U2OS-specifi c mutations in SLC34A2

(c.1538G>T) and TET2 (c.1394C>T) were detected in

representative WGA samples of single cells

dispensed in PBS.

Cancer cell suspension Assurance of clonalitySingle-cell isolation

Workfl ow

enabled by instruments from
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single-cell genomics

mutational analysis by sequencing empty droplets as negative template controls

whole genome amplifi cation precise droplet deposition for single-cell genomics applications
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The fully automated 

drop positioning ensu-

res that every cell is de-

posited with millimeter 

precision. This enables

minimal quantities

of prestored medium —

ideal for low-volume

assays and single-cell

genomics.

Empty droplets are

dispensed as negative

template controls,

enabling detection of

potential free-fl oating

DNA. We have demon-

strated WGA-reagent 

reductions between 

four and 20-fold.

1  J. Riba et al., Biospektrum, May 2017, Volume 23, Issue 3, pp 298–300
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c.sight™

We designed the c.sight™ to meet the specifi c

requirements of both cell line development and

single-cell genomics. Our system off ers high

effi  ciencies, fast plate processing and reliable

image and data storage — along with assurance

of clonality by an image series of the single-cell

dispensing event for each well.

  cell line development.

  single-cell genomics applications.

    low-volume assays 
(WGA, PCR, NGS setups).

   assurance of clonality by series of
nozzle images.

   high cell viability and high recovery
enabled by gentle dispensing technology.

   no cross-contamination thanks to the
disposable cartridges.

  easy to use.

   integrated plate deionizer eliminates
electrostatic charge.

  high-precision droplet deposition unit delivers
your cell in even the smallest volumes of pres-
tored media or reagents for low volume assays.

    compatible with a large variety of PCR-plates
including nonskirted formats.

products

tailored for: benefi ts: features:
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The embedded deionizer effi  ciently removes any

electrostatic charge from your 96- and 384-well

plates. 96- and 384-PCR well plates can also be

used, and our plate chiller keeps your reagents at

the required temperature throughout dispensing.

Our high-precision droplet deposition ensures that

every cell is deposited with millimeter precision. This

enables minimal quantities of prestored medium or

reagents — ideal for low-volume assays and single-

cell genomics.

Thanks to its new design, the c.sight™ can now be

operated outside of a biosafety cabinet to support

specifi c applications. The hatch and fl ap protect

your sample and substrate from environmental

infl uences while dispensing.

The c.sight™ comes with our all-new software which

is easy and intuitive to use. The interactive wellplate

enables you to freely defi ne your experiment.

You can save and load templates and experiments

directly from the start screen — your experiment is

just one click away.

Our proven and reliable
single-cell dispensing
technology has a new look.

c.sight™
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f.sight™

The f.sight™ dispenses both unlabeled and

fl uorescent cells with the highest effi  ciency. The

innovative dual-camera system enables you to

simultaneously capture brightfi eld and fl uorescence

information at full resolution.

You can control both cameras independently and

leverage the powerful built-in and free adjustable

blue laser. Combined, their high dynamic range

visualizes even the weakest fl uorophores.

Want to use fl uorescent dyes to label your products

right in or on the cells producing them? Not a

problem. The f.sight™ can visualize them, even when

there are only a few of them.

   single-cell applications based on
fl uorescent sorting.

  selection of best-producers for CLD.

  rare cell research and discovery.

  high-resolution objectives.

   freely adjustable blue laser.

   integrated plate deionizer eliminates 
electrostatic charge.

    separate camera systems for brightfi eld 
and fl uorescence imaging.

     supports most common green dyes 
(GFP, FITC, CT-Green, DyLight, Calcein AM 
and more).

    detects even low-intensity dye and low
copy numbers.

products

features:tailored for: benefi ts: features:
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Use standard dyes like GFP, FITC, Calcein AM, Cell-

Tracker Green and more. Thanks to our lightblocking 

fl ap, your dyes and cells are always protected from 

ambient light. Worried about bleaching or phototo-

xic eff ects from the laser? You don‘t need to worry. 

The laser‘s spot only illuminates the nozzle, and 

you can freely adjust its intensity. When running 

sensitive dyes, just reduce the laser‘s intensity and 

increase the camera‘s exposure time to keep your 

sample safe.

Want to process non-fl uorescent cells? Simply switch

off  the laser and use the f.sight‘s™ brightfi eld-

sorting mode. Just like its smaller brother — the

c.sight™ — the cells can be sorted afterward

according to morphological criteria.

Our all-new software is fast and intuitive. Design 

your individual fl uorescence experiments within 

minutes. You get separate full-resolution brightfi eld 

and fl uorescence imaging along with an overlay 

image. Everything is always recorded and saved for 

future analysis and assurance of clonality.

Meet our new 

fl agship!

f.sight™
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b.sight™

For the fi rst time, you can dispense single bacteria

using validated single-cell dispensing technology.

The b.sight™ isolates prokaryotic cells in the submi-

cron range. Its extremely high-resolution optics

and in-line illumination make even the smallest

cells visible. No staining or labeling is required to

isolate single bacteria.

Isolation is made simple with our disposable cartridge. 

Just pipette your sample into its reservoir, mount the 

cartridge to the b.sight™ and start sorting right away.

A new dimension of cells also requires a new

dimension of dosing chips. Our new cartridges

designed for bacteria dispensing produce even

smaller droplets to ensure stable and accurate

bacteria encapsulation.

  single-bacteria applications.

  single strain isolation and culture.

  research and discovery.

   leverages brightfi eld imaging to isolate
single bacteria from suspension samples.

   disposable cartridge eliminates risk of
cross-contamination.

   fully functional in anaerobic conditions.

   high-resolution objective and special 

cartridge enable sorting of bacteria at 

the sub-micrometer scale

   integrated plate deionizer eliminates 

electro-static charge

products

tailored for: benefi ts: features:
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Our all-new software is easy and intuitive to use.

 The interactive well plate enables you to design your

own individual bacteria-dispensing experiment.

Plus, you can visualize how bacteria are sorted in

the cartridge and dispensed into your 96- or 384-

well plate in real-time. Images of the singlebacteria

dispensation are safely stored to provide

assurance of clonality.

The b.sightTM can be operated at 37 degrees Celsius

and under nitrogen atmosphere. Enjoy its small

footprint, low-particle emission and low-heat

emission. These specifi cations provide the ideal

basis for its use in anaerobic conditions. You can

also control the device from outside the cabinet —

just connect a monitor, keyboard and mouse, or use

a remote control terminal.

b.sight™
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single-cell printer™

    dispense single cells in 96- or 384-
well plates.

  one cartridge feeds multiple plates.

  fast and consistent processing times.

   low footprint (550 x 430 mm)
and external PC.

  open deck architecture.

   deal for plate-handling robots.

   automation-ready API.

  sample client and documentation.

   drivers from various integrators
available.

products

integration: automation:throughput:

cytena’s single-cell printerTM (scpTM) is a benchtop-

sized automated laboratory instrument. The open

deck contains two separate carriers for loading 

96- and 384-well plates. The dispensing head‘s

dispensing unit and optics can be moved freely

along a three-axes robotic stage.

16



Thanks to its open deck, our system is ideal for an

automation environment. Plate-handling robots can

freely access the deck to load and remove plates. The

scpTM comes with a ready-to-use API so you can

leverage our sample client and extensive API

manual. Develop your own drivers or let your

integrator do this job for you.

The system is user-friendly and can be operated by

every member of your lab after a short introduction.

Our proven 

single-cell technology  
since 2014

single-cell printerTM
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cartridge

Our internally developed and patented single-cell

dispensing technology enables fully automated

isolation of single cells into standard microwell

plate formats. The instrument uses an inkjet-like

principle featuring a disposable, one-way dispen-

sing cartridge.

The cartridge holds your sample in a small reservoir.

From there, the cells are transported into the

microfl uidic chip. Once loaded, the cartridge

attaches easily to the dispenser. The dispenser‘s

piezo-electric plunger generates tiny droplets of cell

suspension from the cartridge without ever coming

into direct contact with the sample.

products

sample:

  single-cell suspensions.

  5 - 80 μl sample volume.

  <1 μl dead volume.

safety:

  single-use disposable.

  noncontact dispensing.

  no cross-contamination.

usability:

   UV-sterilized.

  individually packed.

  sample load by pipetting.

certifi cations:

   animal-component free.

  BSE / TSE free.

  no cytotoxic materials.
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Every droplet that contains a single cell of interest

can be sorted into your desired substrate. Dispense

as many single cells as you need with one cartridge.

After changing samples or isolating suffi  cient cells,

just detach the cartridge and dispose of it.

cytena‘s disposable, one-way cartridge takes up to

80 microliters of cell sample. The individually-

packed, sterilized cartridges are easily loaded by

hand-pipetting. Its silicon microfl uidic chip

generates free-fl ying picoliter droplets to act as

transport vessels for the cells. One cartridge can fi ll

many well plates with single cells. After use, the

cartridge is disposed of and replaced. This 

innovative approach prevents cross-contamination

and eliminates the need for extensive cleaning

steps.

cartridge
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assurance of clonality

Our systems provide assurance of cell line clonality for

each dispensed cell.

Each single cell for each well is monitored, automatically

generating and storing a sequence of images on the

hard drive. This documentation enables you to confi rm

every single cell ejection.

Leverage the pharmaceutical
industry‘s most trusted technology
for assuring monoclonality!

technology

1 2 3 4 5

... a cell‘s path toward
the nozzle

targeted
single cell

before cell
dispensing tracking ...

targeted single
cell with contour

overlay

imaging after cell
dispensing confi rms

the single cell has
left the nozzle
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technology

working principle

Our technology is based on an inkjet-like principle.

We generate tiny, free-fl ying droplets from a

microfl uidic chip (1). Your sample cells are stored

inside this chip, which is part of our dispensing

cartridge (2). The system works as a direct

displacement dispenser. This means we can generate

a droplet at any point in time, also known as dropon-

demand. We use a microscope objective and a

camera to look into the chip directly at your cells.

We take an image of them in the nozzle. The nozzle

is the lower part of the chip where droplets are

ejected from.

After taking an image, our lightning-fast image-

processing algorithm detects all cells captured,

counting and classifying them according to morpho-

logical criteria like size and roundness. The system 

then generates a droplet to eject everything inside 

the nozzle. In this way, the system functions by 

confi rming — not controlling — what the droplet 

contains.

To sort the droplets, we have developed a pneumatic 

shutter system (3) located directly underneath the 

nozzle.

droplet with one cell 

high-resolution optics and

software algorithm detect a

single cell in the nozzle

droplet with a single cell is

ejected while the

pneumatic shutter is closed

droplet with a single cell

lands in the dedicated well

After generating a droplet that contains a single

cell (4), the system allows this specifi c droplet to 

pass onto your substrate (5). The shutter

handles all droplets that do not contain one cell,

including void and multicell droplets, as waste.

1 cartridge

2 cell suspension

3 pneumatic shutter

4 free-fl ying droplet

5 micro-well plate
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working principle

droplet with more 
than one cell 

droplet without a cell 

high-resolution optics

and software algorithm

detect more than one cell

in the nozzle

high-resolution optics and

software algorithm detect no

cell in the nozzle

droplet with more than one cell is

ejected and immediately defl ected

into waste by pneumatic shutter

empty droplet is ejected and

immediately defl ected into

waste by pneumatic shutter

1 cartridge

2 cell suspension

3 pneumatic shutter

4 free-fl ying droplet

5 micro-well plate

1 cartridge

2 cell suspension

3 pneumatic shutter

4 free-fl ying droplet

5 micro-well plate
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performance data

approved cell types*

human cancer cell lines human cell lines human primary cells animal cell lines

NCI-H460** (non-small cell lung)

A549** (non-small cell lung)

HCT-116** (colon)

MDA-MB-231** (breast)

U-2 OS (human osteosarcoma)

HeLa (cervix adenocarcinoma)

Ca Ski (cervix epidermoid carcinoma)

SiHa (cervix squamous cell carcinoma)

C-33 A (cervix carcinoma)

Jurkat (Acute T-cell Leukemia)

Kasumi-1 (human myeloblast)

THP-1 (Acute Monocytic Leukemia)

Raji (Burkitt‘s Lymphoma)

B-cells

T-cells

HEK 293

fi broblasts

keratinocytes

CHO-K1

RBL

L929

SP2/0-Ag14

NIH-3T3

sample requirements

instrument sample type
prior fi ltering
(mesh size)

cell type
min. cell 
diameter

max. cell
diameter

min. 
concentration

optimal
concentration

max. 
concentration

scp™

c.sight™

f.sight™

suspension 40 μm eukaryotic 5 μm 35 μm 104 cells/ml 105–106 cells/ml 107 cells/ml

b.sight™ suspension 10–15 µm prokaryotic ~ 1 µm 10 µm 104 cells/ml 105–106 cells/ml 107 cells/ml

cartridge characteristics

instrument chip reservoir
min. sample

volume
max. sample

volume
dead 

volume
microfl uidic

outlet (nozzle)
droplet volume

dispensation
mode

scp™

c.sight™

f.sight™

silicon-glass polymer 5 μl 80 μl < 1 μl 40 x 40 μm 150 pl noncontact

b.sight™ silicon-glass polymer 5 µl 80 µl < 1µl 20 x 20 µm 35 pl noncontact

* These cell types have been successfully dispensed and postdispensing viability is confi rmed by successful proliferation

** NCI60: human tumor cell lines used in the US National Cancer Institute (NCI) 60 human tumor cell line anticancer drug screen
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single-cell dispensing effi  ciency

single-cell viability (clonal recovery rate)

single-bacteria dispensing and growth

Single-bacteria dispensing and growth

1. Riba, J (2016). Label-free isolation and deposition of single bacterial cells from 

heterogeneous samples for clonal culturing. Scientifi c Reports

Example picture of the 20 μm nozzle

opening with a single bacteria indicated

by the arrow.

50 μm

   Single-baceria dispensing effi  ciency     Single-baceria grown to colonies

E. faecalis E. coli B. subtilis

The b.sight™ was verifi ed with diff erent

bacterial species. Very high single-bacteria

isolation effi  ciencies (above 90%) and very

high rates of colony growth from individual

bacteria (between 75% and 92%) have

consistently been achieved.

Bacteria colony array grown from 10 × 10 dispensed

single bacteria on LB-agar. Single bacteria cells

were dispensed from a heterogeneous culture of E.

coli and E. faecalis previously mixed in a ratio of 1:1.

Two clearly distinguishable colony morphologies

can be found for the two diff erent types of bacteria.

Visual inspection by light microscopy revealed that

shiny sharped edge colonies were grown from E.

faecalis while matte colonies with diff use edges

could be assigned to E. coli.

performance data

 dispensing effi  ciency* >90%

 confi rmed and proven by single-cell genomics

 tested on many common cell lines

  throughput >5 min per 96-well plate 

(one cell per well)

 excellent cell viability

 high clonal recovery rates*

  no pressure, no cross-contamination, 

no electric fi elds

 as gentle as hand-pipetting

* dispensing effi  ciency = number of wells containing a single cell per total numbers
of wells addressed.

*clonal recovery rate = number of viable colonies derived from a confi rmed single cell.
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performance data

validation of fl uorescence
intensity based sorting

Validated with industry partner.

Multiple 384 well plates were fi lled with fl uorescent

single beads and subsequently additional plates

were fi lled with fl uorescent single CHO cells.

Very high dispensing effi  ciencies with beads:

98% (n = 1’152 wells) and CHO-cells: 97%

(n = 1’536 wells) was demonstrated. Single-cell

deposition effi  ciency determined by nozzle images

and additionally confi rmed by plate imaging.

Example of one of the 384
well plates fi lled with
fl uorescent beads.

White = 0 bead per well

Green = 1 bead per well

Red = 2 beads per well

The number of all the dispensed

beads was determined using our

nozzle images and achieved 100%

correlation with results obtained

by additional plate imaging.

Example of one of the 384
well plates fi lled with
fl uorescent-labeled CHO
cells.

White = 0 cell per well

Green = 1 cell per well

Red = 2 cells per well

The number of all the dispensed cells

was determined using our nozzle

images and achieved 100%

correlation with results obtained by

additional plate imaging.
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application example – cold capture assay

example of validated dyes

We conducted experiments with our industrial

partner in order to isolate well-producing CHO cells

after transfection. Cold capture assay was applied

in accordance with N. Borth1.

f.sight‘s™ fl uorescence sensitivity is suffi  cient for

the low-fl uorescence intensities of the cold capture

application. Most fl uorescent plate imaging instru- The f.sight™ provides full-resolution brightfi eld

(left) and fl uorescence images, as well as an

overlay image (right). All images are recorded

and stored for future analysis.

1. Pichler J, Hesse F, Wieser M, Kunert R, Galosy SS, Mott JE, Borth N., A study on the temperature dependency and time course of the cold capture antibody secretion assay, J Biotechnol. 2009 Apr 20;141(1-2)

Cold capture Cell tracker green Live-or-dye

ments do not have the sensitivity needed to

detect these low intensities. The cold capture assay

enables users to sort antibody-producing cells from

non-producers to dispense only antibody-producing

cells in your well plate.

The impressive results demonstrate the highfl uore-

scence sensitivity of the f.sight™.

Nuclear Green DCS1

(dispensing isolated single nuclei from cells)

performance data

27



Achieving Greater Efficiency and Higher Confidence in Single-Cell Cloning by

Combining Cell Printing and Plate Imaging Technologies

Mandy Yim

Cell Culture, Pharma Technical Development, Genentech, Inc., 1 DNA Way South San Francisco, California, 94080

David Shaw

Cell Culture, Pharma Technical Development, Genentech, Inc., 1 DNA Way South San Francisco, California, 94080

DOI 10.1002/btpr.2698

Published online 0, 2018 in Wiley Online Library (wileyonline
library.com)

In recent years, health authorities have increased emphasis on demonstrating that a cell line,

which is used for the generation of biologics, is clonally derived. Within the past few years,

single-cell manipulation technologies, especially microfluidic drop-on-demand dispensing, have

gained increased attention in the biopharmaceutical industry. This work discusses the develop-

ment and characterization of a single-cell printing workflow followed by plate imaging. By

combining single-cell printing and plate imaging with manual image verification it is possible

to, (1) dramatically reduce the number of microtiter plates needed during the single-cell cloning

of clinical cell lines, as compared with a limiting-dilution single-cell cloning workflow, and

therefore reduce the number of high-resolution images acquired and stored and (2) achieve

>99.99% assurance that the cell lines deriv
ed from this workflow are clonally derived.
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In recent yea
rs, health

authorities
have increased

emphasis on
demonstrating

that a cell line,

which is used for the generation
of biologi

cs, is clonally derived. W
ithin the past few years,

single-cell
manipulation

technologi
es, especia

lly microfluidic
drop-on-de

mand dispensing
, have

gained increased
attention in the biopharmaceutical i

ndustry. T
his work discusses

the develop-

ment and characteriz
ation of a single-cell

printing workflow
followed by plate imaging. By

combining single-cell
printing and plate imaging with manual image verification

it is possib
le

to, (1) dram
atically reduce the

number of microtiter pl
ates neede

d during the single-
cell clonin

g

of clinical
cell lines,

as compared with a limiting-diluti
on single-cell

cloning workflow,
and

therefore
reduce the number of high-resol

ution images acquired and stored and (2) achieve

>99.99% assurance
that the ce

ll lines der
ived from this workfl

ow are clonall
y derived.

Keywords
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pment (CL
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lonality, m
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Introduct
ion

The existing guidance for the biotechnol
ogy industry calls

for reasona
ble assurance

that the production
cell line has origi-

nated from a single cell, and the cloning procedure
should be

fully documented, with details of imaging techniques
and/or

appropriate
statistics.

1,2 Various si
ngle-cell c

loning methods are

used in mammalian cell line developme
nt and they each have

their own
advantages

and disadvanta
ges in terms of ease o

f use,

cost to implement, s
eeding efficiency,

and cloning efficiency.

Single-cell
manipulation

technologi
es, such as microfluidic

drop-on-de
mand dispensing

have gained much interest fo
r the

single-cell
cloning step of mammalian cell line de

velopment
.
1–5

Limiting dilution cloning has been commonly used due to its

simple operation
and low cost to implement. In this method,

cells are diluted and plated in multi-well p
lates at an

appropri-

ately low cell densit
y such that statist

ically many wells shou
ld

contain only one cell. To ensure that cell lines are clonally

derived, m
ultiple rounds of serial s

ubcloning
by limiting dilu-

tion may be necessary.
This process is very time and labor

intensive w
hich is at odds

with the need to rapidly bring to mar-

ket medicines for patient needs. More importantly,
although

probability
of a clonally derived population

can be calculated

based on Poisson distribution
after limiting dilution cloning,

8

high assurance
that a cell line is clonally

derived is difficult
to

demonstrate without di
rect eviden

ce, such as a clear docu
men-

ted image.
9 Implementation of high-res

olution whole wel
l imag-

ing of cells in microplates
has enabled a single round of

cloning by limiting dilution followed by direct imaging to pro-

vide high assurance
that a cell line is clonally derived.

10

Cloning by limiting dilution is based on the statistical d
istribu-

tion of cells tha
t are dilute

d at an appropriate
ly low cell densit

y

to seed in microplates
and due to the statistical d

istribution
of

cells by limiting dilution, o
nly a portion of wells will conta

in

one-cell at
the time of plating.

This limits the efficiency
of the

limiting dilution single-cell
cloning workflow

as the majority of

the wells on the plate will be empty or contain
more than one

cell and therefore will not p
roduce clones that can be carried

forward in clinical cell line development. Thus,
it would be

desirable to identify an improved workflow
to achieve a

higher

frequency
of wells with one-cell th

an is achieved by limiting

dilution cloning, especially
if the added workflow

provides

additional
data to support tha

t the cell li
ne is clona

lly derived.

Fluorescen
ce-activate

d cell sorting
(FACS) is

another wi
dely

used method for single-cell
cloning of clinical ce

ll lines.
11,12

FACS can efficiently
evaluate m

any cells at the
single-cell

level

and allows for high-throu
ghput isolation of single-cells

from

subpopula
tions based

on size, granu
larity, and

fluorescenc
e.
2,13

Cells of in
terest are p

assed through a hydrodyn
amically focused

stream of sheath fluid, selec
ted by their light

scattering
or emis-

sion properties,
charged by electrical p

lates and deflected into a

collection
container s

uch as a multi-well p
late.

14 Plate imaging

can then be used to confirm that only one cell is
in each well of

a multi-well p
late. One-

cell occup
ancy at the time of plating

can be much higher with
FACS as compared with limiting dilu-

tion due to single-cell
deposition

. However
, sorting consistenc

y

and high cloning efficiency
can be challengin

g to achieve due

to sorting variability
and the potential f

or low clone recovery,

likely due to mechanical
stresses attributed

to the use of high

voltage, hi
gh pressure, a

nd chemical s
tress from

the sheath
fluid

during cell sortin
g.
15 The sorting accuracy of all commercial

cell sorters is sufficient
for sorting into standard 96-well

plates,
16 but can be challen

ging for low-vo
lume 384-well

plates
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Achieving	High	Efficiency	and	Confidence	in	Single-cell	Cloning	by	
Combining	Cell	Prin:ng	and	Image	Analysis	Technologies	

Mandy	Yim,	David	Shaw,	Genentech

Andre	Gross	(Cytena),	Michael	Mell	(Cytena),	Erich	Inglin	(TekmaAc),	Steve	Lang,	Mike	Laird		

Abstract	

Method	

EffecAve	single-cell	cloning	plays	an	important	role	in	
generaAon	of	monoclonal	anAbodies.	Within	the	past	
years,	single-cell	technologies	especially	microfluidic	
drop-on-demand	dispensing	have	gained	increased	
aLenAon	in	biopharmaceuAcal	industry.	The	
development	and	characterizaAon	of	single-cell	
deposiAon	with	manual	image	verificaAon	that	
provides	greater	than	99.99%	assurance	of	clonally-
derived	cell	lines	will	be	discussed.	

Conclusion	

Acknowledgements	

Results	&	Discussion	

Cytena’s	Single-Cell	Printer™	(SCP)	features	a	
transparent	dispenser	chip,	a	high-magnifying	camera	
system,	a	high-speed	pneumaAc	shuLer,	and	a	three-
axes	robot	stage	for	controlled	prinAng	of	single-cells.	
The	image	based	cell	detecAon	algorithm	was	used	to	
idenAfy	single-cell	prior	to	prinAng	to	ensure	single-
cell	deposiAon.	The	image	series	of	each	single-cell	
event	are	stored	and	assigned	to	the	specific	well	
locaAon	for	subsequent	analysis.				

CHO-K1	green	fluorescent	Dasher	and	red	fluorescent	
Rudolph	clones	were	used	to	characterize	single-cell	
prinAng	followed	by	plate	imaging	workflow.	Dasher	
and	Rudolph	clones	were	mixed	at	the	appropriate	
raAo	to	compensate	for	their	differences	in	doubling	
Ame	and	co-cultured	for	2	passages	to	achieve	1:1	
raAo	at	the	Ame	of	plaAng.	The	co-cultured	cells	were	
stained	with	live	cell	dye	and	single-cell	printed	into	
eight	384-well	plates	(Corning™	3542).	Nexcelom’s
Celigo™	image	analysis	was	used	to	determine	count	
of	fluorescent	single-cells	at	day0	immediately	acer	
plaAng.	Acer	14	days	incubaAon	in	a	humidified	CO2
incubator	(Panasonic™)	at	37°C,	plates	were	imaged	
on	Celigo™	for	confluence	reading	in	bright	field,	red,	
and	green	fluorescent	channels	to	determine	percent	
wells	that	had	one	cell	at	the	Ame	of	plaAng	but	had	
mixed	populaAons	at	the	end	of	cell	culture.	Single-
Cell	Printer™	images	were	compared	to	Celigo™	
images	to	confirm	the	data	agrees	with	Celigo™	image	
analysis.	

2018	
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Mixed Populations

Single-cell	cloning	with	Single-Cell	Printer™	followed	by	Celigo™	imaging	can	accurately	and	precisely	idenAfy	
single-cells	with	very	high	assurance.	By	combining	single-cell	deposiAon	with	manual	image	verificaAon	on	both	
Single-Cell	Printer™	and	Celigo™,	we	have	achieved	high	cloning	efficiency	and	strong	assurance	of	clonally-
derived	cell	lines.		

SCP	Day0	image	verificaAon:	one-cell	
occupancy	(95.9%),	Polyclone	occupancy	
(1.5%)	and	empty	wells	(2.6%)	

Celigo	Day0	image	verificaAon:	one-cell	
occupancy	(87.9%),	Polyclone	occupancy	
(1.5%)	and	empty	wells	(10.5%)	

SCP	prinAng	in	error	(polyclone	&	empty	
occupancy)	

Celigo	confluence	verificaAon:	green	
(48.8%),	red	(33.4%),	no	growth	(17.5%),	
mixed	populaAons	(0.3%)	

None	of	the	wells	had	mixed	
populaAons	that	had	>1	cell	in	both	
Celigo	&	SCP	image	verificaAon	

Examples	of	Celigo	images	at	confluence	

Example	of	SCP	prinAng	in	error	(a	second	
cell	near	channel	wall	was	not	detected	
due	to	decreased	background	contrast	

SCP:	2	cells	printed	

Plating efficiency
Single-cell events

16.10.2017 Ruth Wagner | Octapharma Biopharmaceuticals

 1056-3840 wells per project evaluated
 89 % - 98 % single-cell events with Single-Cell Printer

LD = Limited Dilution
SCP = Single‐Cell Printer

customer feedback

customer feedback and testimonials

Beyond many biotechnology companies, CMOs, CROs and 

CDMOs, the majority of the world‘s top-ten pharmaceutical 

companies are leveraging cytena‘s instruments.

More than 15 publications have been published by our

customers so far, all focusing on cytena‘s single-cell 

printerTM technology. The authors include Novartis, Bayer, 

Genentech, AstraZeneca, Selexis, MedImmune, Novimmune, 

Octapharma, ExcellGene and many more.

Yim M., Shaw D., Achieving greater effi  ciency and higher confi dence in single-cell cloning by combining cell printing and plate imaging technologies, Biotechnol Prog. 2018
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customer feedback

Novimmune

“… By use of a scp, the number of monoclonal
cell lines increased six-fold compared to the
LD process therefore increasing the number of
pools that can be cloned.”

“Consequently by implementing both of these
technologies the CLC process can be decreased
from 9 months to 6 months.”
Mahé A., et al. (2017). Optimization of the cell line construction process for 

manufacturing purposes using a novel single cell printing technology. Poster 

presentation at ESACT 2017 in Lausanne.

Genentech

“It has also been demonstrated that the SCP™ can
accurately and precisely deposit one cell in a well.”

“Single-cell images from SCP™ and Celigo®
can be used as documented evidence of a viable
clonally derived cell line in a regulatory
submission package.”
Yim M., Shaw D., Achieving greater effi  ciency and higher confi dence in single-cell 

cloning by combining cell printing and plate imaging technologies, Biotechnol Prog. 2018
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contact us

cytena GmbH | Neuer Messplatz 3 | 79108 Freiburg | Germany

+46 31-128 700 | info@cytena.com | www.cytena.com

„cytena“, „single-cell printer“, “scp“, „c.sight“, „f.sight“, „b.sight“ and the cytena logo are trademarks of cytena GmbH. All other marks are the property of their owners. © 2019 cytena GmbH
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