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Abstract

Single-cell analysis technologies are essential tools in research and clinical diagnostics. These methods include flow
cytometry, mass cytometry, and other microfluidics-based technologies. Most laboratories that employ these methods
maintain large repositories of antibodies. These ever-growing collections of antibodies, their multiple conjugates, and
the large amounts of data generated in assays using specific antibodies and conditions makes a dedicated software
solution necessary. We have developed AirLab, a cloud-based tool with web and mobile interfaces, for the
organization of these data. AirLab streamlines the processes of antibody purchase, organization, and storage, antibody
panel creation, results logging, and antibody validation data sharing and distribution. Furthermore, AirLab enables
inventory of other laboratory stocks, such as primers or clinical samples, through user-controlled customization. Thus,
AirLab is a mobile-powered and flexible tool that harnesses the capabilities of mobile tools and cloud-based
technology to facilitate inventory and sharing of antibody and sample collections and associated validation data.

Introduction

Technologies such as multicolor flow cytometry and
mass cytometry enable researchers to analyze multiple
molecules, such as proteins and their modifications, in
thousands of single cells in a rapid manner [1]. These
two methodologies are critical in the field of single-cell
biology. We recently developed imaging mass cytometry
[2], which allows multiparametric analysis in tissue sec-
tions, facilitating single-cell biology studies in the context
of each cell’s neighborhood and larger morphological fea-
tures of tissues [2]. Other high-throughput technologies
for single-cell analysis are single-cell sequencing [3] and a
multitude of microfluidic approaches [4]. Experimental
procedures for these single-cell analysis technologies are
backed by large inventories of antibodies or DNA probes.
Most laboratories and clinics that routinely use such tech-
niques also house large reagent stocks, for example, anti-
bodies labeled in multiple ways with fluorophores, metals,
or other molecular tags. Currently, inventory of these
stocks and data associated with each sample are managed
using commercial database software packages such as
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FileMaker, Access, or Excel [5] or tools designed more
specifically for research laboratories, such as Quartzy
[6] (https://www.quartzy.com) or Labguru [6] (http://
www.labguru.com). Quartzy is focused on the organization
of inventory and ordering whereas Labguru is specifically
designed for laboratory project management. Topic-specific
databases for biomedical research, such as Swissprot (http://
web.expasy.org/docs/swiss-prot_guideline.html), ~miRBase
[7], and PhosphoPep [8], have also been developed in the
past two decades. Databases aimed to aid antibody-aided re-
search also exist, including the Antibody Registry (http://
www.antibodyregistry.org), antibodypedia [9], and CiteAb
[10]. These are useful resources in which practical data
about titration, applications, background noise, and pitfalls
are described. None of these tools, however, were developed
integrally to handle antibody collections, to design and
manage antibody panels, to enable sharing of antibody val-
idation data, or to seamlessly connect the user with available
databases.

To address these needs, we have developed AirLab, a
cloud-based tool to manage and share antibody-based
single-cell research. AirLab was optimized for the mainten-
ance of antibody inventories and antibody data sharing
(Fig. 1la). AirLab streamlines the processes of purchase,
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Fig. 1 a Schematic of the AirLab platform. AirLab is a cloud-based tool with browser and iOS interfaces that powers antibody inventory, panel
and experiment design and execution, and experimental data management. b AirLab also enables data sharing within a laboratory or with the
community. The database schema summary depicts the main tables and relationships amongst them in the database. Data sharing is user-controlled
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vendor data acquisition, organization, storage, and antibody
panel creation and enables validation data handling and
sharing (Fig. 1b). Furthermore, AirLab can be customized
for inventory of other entities in the laboratory, such as
primers or patient samples, providing the basis for a full
virtualization of the laboratory. Data are shareable among
laboratory members and, in a user-controlled manner, with
the community (Fig. 1). AirLab has both web browser and
iOS app front-ends, bringing laboratory data into scientists’
pockets. We expect that this comprehensive tool, capable
of handling multiple data types and laboratory entities, will
save time and money for laboratories involved in large-
scale antibody-based research and will ultimately develop
into a database for sharing of antibody validation data.

Methods

AirLab was written in PHP and employs a MySQL
datastore. The PHP app can be deployed from a LAMP-
stack-capable Linux server. The front-end web interface
was written in HTML-Java script. AirLab is available
upon registration and acceptance of terms and condi-
tions at http://airlab.bodenmillerlab.org. At the time of
publication of this article, AirLab was hosted in Google
Cloud Services using SQL service and Google Storage
Solution. Data are encrypted and all transactions are
protected by user-specific tokens and passwords. The
iOS application was written in Objective-C and Swift;
the app can be downloaded from the App Store
(www.appstore.com) for use with an account created at
http://airlab.bodenmillerlab.org. The source code for the
SQL database, and the web and iOS versions is available
at http://www.bodenmillerlab.org/research-2/software-2/.

Software features

Registration and creation of accounts

A user must first create an individual account. After ac-
count creation, users are prompted to create a laboratory
or research group account or to join an already existing
group. Group creators are super administrators who can
invite additional members and configure access rights.
Invited users, if new to the platform, are prompted via
email to accept the invitation and create an account.
Group members have access to all group-level data and,
based on rights granted by the administrator, can per-
form various tasks. Users also have private access to
user-level data such as electronic laboratory notebooks.

Inventory management

AirLab provides a simple way to manage all reagents in
the laboratory (Fig. 1). Any user can place a reagent re-
quest, either by creating a new reagent in the database
or by requesting from an existing record. Full support
for reagent requests, including a convenient shop assistant
in i0S, is implemented (Additional file 1: Figure Sla). Re-
quested reagents are placed in a list. An authorized person
(e.g., lab manager) must accept (Additional file 1: Figure
Sla), modify, or reject the request. Upon acceptance of a
request, items appear in the user’s accepted list. Accepted
items should be marked as ordered when applicable by
users with rights to do so (Additional file 1: Figure S1b),
triggering a shift to the list of ordered items. Ordering
occurs outside AirLab through the normal purchasing
system of the institution. The price of the reagent can be
input into AirLab for expense analysis if desired. Upon
receipt, any laboratory member can mark the reagent as
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arrived (Additional file 1: Figure S1c). All actions, actors,
and timestamps are recorded for fast examination of the
purchasing process for every reagent (Additional file 1:
Figure S1d, e). A quick response (QR) code that can be
read with an iOS-device camera is generated for every re-
agent and can be used with the AirLab tool to perform
further actions. The vendor barcodes can also be scanned
and added to the database to enable reordering and other
actions.

If the antibody is ordered through the automatic shop
assistant, the system will classify the reagent as an anti-
body. If the antibody purchase request is input manually,
a switch must be selected to indicate that the reagent is an
antibody (Additional file 1: Figure S2a). Antibodies are
listed both in the Reagent Inventory section and in a sec-
tion called Antibody Gateway (Fig. 2a; Additional file 1:
Figure S2b). Specific information such as specificity, iso-
type, and epitope must be input (Additional file 1: Figure
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S2c¢). If the antibody has been requested through the auto-
matic shop assistant, most of this information will be re-
trieved automatically from the vendor’s website; the user
will be prompted to confirm the accuracy of the mined
data (Additional file 1: Figure S2c).

Antibodies can also be input manually through the Anti-
body Gateway. When done in such a way, only an abstract
antibody clone entity is created. An actual reagent tube (or
lot number) must be added subsequently (Additional file 1:
Figure S2d, e). Furthermore, antibodies conjugated with a
fluorophore, adaptor epitopes like biotin, or a metal isotope
can be added to the Conjugates list linked to a particular
antibody clone entity (Additional file 1: Figure S2e, f) may
be added. Upon conjugate creation, the system will suggest
a number for the tube. We strongly suggest the use of this
number. In this way, all information on a particular anti-
body is linked. In our laboratory, more than 900 conju-
gates are tracked using numbers automatically assigned.
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Fig. 2 a Representative listing of antibody clones in the laboratory storage in the iOS tool inferface. Selection of a record uncovers options that
can be performed over the record. b Panel building tool enables organization of antibodies per channel and offers basic information and
detailed information (shown in iOS interface). ¢ Antibody Panel list showing concentrations selected with calculations performed automatically
based on stock concentrations (shown in iOS interface). This facilitates inventory: Those with little volume remaining are marked and those with
no sample remaining are archived. Options for sharing and exporting, including as.conf files for control of CyTOF and CyTOF2 instruments, are
shown. d Representative listing of antibody clones and associated lots and conjugates (shown in web tool interface). e Antibody Panel list
showing concentrations selected with calculations performed automatically based on stock concentrations (shown in web tool interface)

Metal Tag Target Antibody Clone Concentration uL to pipet
ug/mL
Pria1 CD64 101 100 ug/mL 050
Nd142 CD68 Y1/82A 050  ug/mL 025
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Samples and non-commercial reagents

Inventory of antibodies, samples, and other laboratory-
generated reagents can be handled by AirLab (Fig. 1b).
To add an item, the user presses the “+” button in the
Samples section and selects the type of sample or re-
agent to add. Custom entities can be defined and reused
as templates (Additional file 1: Figure S1f). Customized
information such as volume, concentration, or photo-
graphs can be linked to items. A QR barcode is gener-
ated for every inventoried item; the OR code can be
scanned by the iOS app when actions are performed on
the item. AirLab enables tracking of aliquoted samples
and custom fields can be created for aliquots (Additional
file 1: Figure S1g). Custom actions are available after
swiping over a registry (Additional file 1: Figure S1h),
such as editing, aliquoting, marking as low, finished, or
archived.

Antibody panel creation

Panels of labeled antibodies can be created in AirLab
(Fig. 1b). A Panel Creation Tool (Fig. 2b; Additional file
1: Figure S2g—i) allows visualization and selection of dif-
ferent conjugates, one per channel, to generate antibody
panels of 40 antibodies or more. These panels can be
edited, duplicated, and shared (Fig. 2c; Additional file 1:
Figure S2g—i). Calculations for antibody preparation are
done automatically after concentration input (Fig. 2c).
Additionally, panels can be exported in several formats,
including CSV, PDEF, and.conf; the latter can be directly
imported into CyTOF® software (Fig. 2c). Data can also
be modified by the user during the experiment, for in-
stance, allowing tubes to be marked as empty or low dir-
ectly, which informs other laboratory members of the
status of finished reagents instantaneously. Panels will
display the AirLab assigned conjugate numbering sys-
tem, which greatly facilitates the collection of samples
from the inventory.

Antibody validation data

Importantly, validation data can be linked to the anti-
bodies. These data are very valuable and include optimal
conditions, titration data, and validation results that aid
users developing antibody panels (Additional file 1: Figure
S3a). Information can be shared within the user’s labora-
tory or publically. Should the researcher want to make the
data public across the scientific community (for instance,
after successful publication of results in a journal), a sim-
ple click will enable this through a generated link (Fig. 1b).
Use of the data sharing function in AirLab can drastically
reduce the time spent by researchers who are performing
antibody-based analyses. Further, AirLab connects directly
with relevant online resources for antibody-based research
such as antibodypedia [9] and the Antibody Registry
(http://www.antibodyregistry.org), which act as interactive
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repositories for antibody information. Additionally, AirLab
connects to CiteAb [10], an online database for antibody-
based search of scientific article citations, which is cur-
rently the most reliable way of predicting the functionality
of an antibody for a given application. Furthermore,
AirLab is conceived as a crowdsourced repository,
where researchers can add data and vote (thumbs up/
down system) upon completion of validation experi-
ments to indicate whether particular antibodies are spe-
cific and reproducible for a particular application such
as flow cytometry or immunofluorescence, thus in-
creasing the value of the tool.

Storage management

AirLab also provides means to virtualize the laboratory
and to specify the location of all samples and reagents
(Additional file 1: Figure S4). Rooms, refrigerators, and
freezers, liquid nitrogen tanks, racks, shelves, and boxes
can be virtualized hierarchically using this tool. Reagents
are linked to containers and information on storage sites
(and amounts of samples remaining) can be accessed
directly. In addition, labels can be generated and printed
through AirLab to facilitate tracking.

Electronic laboratory notebook

AirLab includes a simple but efficient electronic labora-
tory notebook (ELN). Text (which can also be dictated
orally to iOS devices), images (from the hard drive or
directly from the camera of the mobile device), well tem-
plates, and other files, such as Microsoft Word, Excel,
and PowerPoint, and PDF files can be seamlessly in-
cluded (Additional file 1: Figure S3a—d). Antibody panels
defined in the Antibody Gateway section, other types of
samples, or protocols can also be included in one click
(Additional file 1: Figure S3e). ELNs can be shared with
other laboratory members or with other researchers with
an AirLab account. Use of the AirLab ELN limits the
ability of users to manipulate data. An experiment’s cre-
ator can make modifications until sections of the note-
book (such as text sections or images) are “closed”.
Once a section is closed, it can no longer be modified
(Additional file 1: Figure S3f). All members involved in a
project can create new experiments and all can read all
experimental descriptions; however, only the creator of
an experiment is able to log data from an experiment,
enforcing accountability. After publication of results in
scientific journals, sections of ELNs can be set for public
access.

AirLab is intended to virtualize all aspects of research
and to consolidate all important data pieces (reagents,
results, samples, protocols, scientific literature) in a single
accessible format. Therefore, other functions are available
or under development. A simple PubMed reference man-
ager is included, as well as protocol builders and viewers
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and calculators. A general overview of the different types
of registries that AirLab can handle and how they interact
is depicted in Fig. 1b.

Discussion

Research laboratories are complex environments where
thousands of objects such as samples, reagents, instru-
ments, storage solutions, people, laboratory notebooks,
and digitized data files coexist. Multiple general databases
and tools (such as Filemaker [11], Microsoft Office tools
[12], Google Documents [13]) and dedicated research and
laboratory software tools (such as Labguru (http://
www.labguru.com), Quartzy (https://www.quartzy.com),
and Endnote [14]) have been developed to aid inventory
and information storage. Lacking, however, was a compre-
hensive software solution that handled the organization of
antibodies (and other reagents) and associated data within
a laboratory that could interface with publically available
data. Additionally, in recent years powerful computers
(like smart phones and tablets) have colonized nearly
every pocket, but, despite their attractive features, these
devices had not been integrated into research environ-
ments. We present here our development of a cloud plat-
form that addresses in a global manner what other tools
address only partially. The AirLab platform was engi-
neered to work effectively with mobile devices and to
interface seamlessly with internet sources. AirLab facili-
tates organization of data on large collections of antibody
stocks and streamlines the processes of purchasing, stor-
age, antibody panel creation, results logging, and antibody
validation data sharing and distribution. Designed with
antibody-based experiments in mind, the software can be
easily adapted to tracking of any type of reagent and any
type of high- or low-throughput experiment.

Our laboratory, as well as other testers in our univer-
sity, use AirLab routinely for organizing antibody inven-
tories and in design and analysis of high-throughput
research based on mass cytometry, a state-of-the-art
technology that allows for the measurement of 40 or
more (with the potential to expand to 100) parameters
in thousands of cells (or tissues, in the case of our recently
developed imaging mass cytometry). Use of AirLab has
decreased the time required to plan experiments drastic-
ally. Furthermore, our antibody waste is now negligible.
Other important advantages include accountability for use
of valuable reagents, expenditure tracking, and enhanced
reproducibility. Importantly, AirLab facilitates data shar-
ing and searching thanks to the cloud-based system. Air-
Lab is a laboratory software solution for research in the
digital age. The cloud-based platform in conjunction with
mobile gadgets enables ready access to relevant informa-
tion, reducing the logistical overhead of research that has
become increasingly convoluted due to application of
multiparametric experiments. A cloud-based system also
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represents a unique opportunity to aggregate data on
antibody performance, which is invaluable for all
antibody-based applications.

Additional file

Additional file 1: Figure S1. Inventory management. a Requested
reagent and buttons for laboratory managers to accept, reject, or modify
a request. b Approved request. Managers can mark the reagent as
ordered once the purchase order to the vendor is placed. ¢ Purchased
reagent. All members can mark reagents as arrived. d Information for
purchased reagents showing units in stock. e Details on reagent unit
purchase and storage. f Sample management system allows entry,
management, and aliquoting of user-defined samples. g Sample
information. h Contextual actions for sample registries. Figure S2.
Antibody management tools. a Antibody purchasing tool, streamlines
requests for antibody purchase. b Proteins list. Tapping shows list of
clones available for that protein (see panel d). ¢ Edit antibody clone tool
collects basic information for an antibody registry. d All available clones,
including specificities, sources, and applications. Contextual actions are
available after swiping the row. e Conjugates list displays the conjugates
per antibody lot. f Add conjugate window allows entry of conjugates by
specifying the lot and tag. g Panels list. h Antibody panel building tool
shows all conjugates; the user selects one conjugate per channel. Long
tap displays available information for conjugate. i Antibody panel
presentation mode allows users to set concentrations and record
inventory information (finished, low) and export the panel as CSV or
CyTOF templates. Figure S3. Electronic laboratory notebook (ELN). Simple
but efficient. Users can insert common file types, a images, b Microsoft
Office files, ¢ custom plate templates, d photographs, and e antibody
panels defined in the Antibody gateway section. f After entries are
finished, sections can be locked to prevent future modification. Figure
S4. Storage tools. Users can virtualize the laboratory by a room, b fridges,
freezers, tanks, etc. ¢ shelves and racks, or d boxes. e Functions available
upon clicking (removing, relocating, and mark as finished). (PPTX 10226 kb)

Acknowledgements
We thank all the members of the Bodenmiller laboratory for technical
support and platform beta-testing.

Funding

BB's research is funded by an SNSF Assistant Professorship grant (PPOOP3-
144874) and by the European Research Council (ERC) under the European
Union's Seventh Framework Programme (FP/2007-2013)/ERC Grant
Agreement n. 336921. S.C. was funded by a Roche Postdoctoral Fellowship.

Availability of data and materials

AirLab is available upon registration and acceptance of terms and conditions
at http://airlab.bodenmillerlab.org. The source code for the SQL database
and the web and iOS versions is available at http://www.bodenmillerlab.org/
research-2/software-2/ and on Github at https://github.com/
BodenmillerGroup/airlab under the GNU General Public License.

Authors’ contributions

RC carried out all programming and server-side administration tasks. RC, SC,
AJ, and BB designed the database and functional specifications. AO, SC, and
AJ tested the platform repeatedly. RC and BB wrote the manuscript.

Competing interests
The authors declare that they have no competing interests. No ethics
approval was required for this work.

Author details

'Institute of Molecular Life Sciences, University of Zurich, Winterthurerstrasse
190, Building/Room: Y11-J-82, CH-8057 Zurich, Switzerland. 2Departmem of
Biology, Biology Master's Program, ETH, Zurich, Switzerland.

Received: 17 February 2016 Accepted: 10 June 2016
Published online: 29 June 2016


http://www.labguru.com
http://www.labguru.com
https://www.quartzy.com
dx.doi.org/10.1186/s13059-016-1006-0
http://airlab.bodenmillerlab.org/
http://www.bodenmillerlab.org/research-2/software-2/
http://www.bodenmillerlab.org/research-2/software-2/
https://github.com/BodenmillerGroup/airlab
https://github.com/BodenmillerGroup/airlab

Catena et al. Genome Biology (2016) 17:142

References

1.

2.

Di Palma S, Bodenmiller B. Unraveling cell populations in tumors by
single-cell mass cytometry. Curr Opin Biotechnol. 2015;31:122-9.
Giesen C, Wang HA, Schapiro D, et al. Highly multiplexed imaging of tumor
tissues with subcellular resolution by mass cytometry. Nat Methods. 2014;
11(4):417-22.

Patel LR, Nykter M, Chen K, Zhang W. Cancer genome sequencing:
understanding malignancy as a disease of the genome, its conformation,
and its evolution. Cancer Lett. 2013;340(2):152-60.

Haselgrubler T, Haider M, Ji B, et al. High-throughput, multiparameter
analysis of single cells. Anal Bioanal Chem. 2014;406(14):3279-96.

Church J, Kiringoda R, LaGuardia L. Inherited colorectal cancer registries in
the United States. Dis Colon Rectum. 2004;47(5):674-8.

Vasilevsky N, Johnson T, Corday K, et al. Research resources: curating the
new eagle-i discovery system. Database (Oxford). 2012;2012:bar067.
Griffiths-Jones S. miRBase: the microRNA sequence database. Methods Mol
Biol. 2006;342:129-38.

Bodenmiller B, Campbell D, Gerrits B, et al. PhosphoPep-a database of
protein phosphorylation sites in model organisms. Nat Biotechnol. 2008;
26(12):1339-40.

Bjorling E, Uhlén M. Antibodypedia, a portal for sharing antibody and
antigen validation data. Mol Cell Proteomics. 2008;7(10):2028-37.

Helsby MA, Leader PM, Fenn JR, et al. CiteAb: a searchable antibody
database that ranks antibodies by the number of times they have been
cited. BMC Cell Biol. 2014;15:6.

Anderson JL, Macurak ML, Halpern ME, Farber SA. A versatile aquatics facility
inventory system with real-time barcode scan entry. Zebrafish. 2010;7(3):281-7.
Exner V, Hirsch-Hoffmann M, Gruissem W, Hennig L. PlantDB-a versatile
database for managing plant research. Plant Methods. 2008;4:1.

Rayhan RU, Zheng Y, Uddin E, et al. Administer and collect medical
questionnaires with Google documents: a simple, safe, and free system.
Appl Med Inform. 2013;33(3):12-21.

Zhang Y. Comparison of select reference management tools. Med Ref Serv
Q. 2012;31(1):45-60.

Page 6 of 6

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BioMed Central




	Abstract
	Introduction
	Methods
	Software features
	Registration and creation of accounts
	Inventory management
	Samples and non-commercial reagents
	Antibody panel creation
	Antibody validation data
	Storage management
	Electronic laboratory notebook

	Discussion
	Additional file
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Author details
	References

