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Abstract

Summary: In biological assays, systematic variability, known as a batch effect, can often confound

the effects of true biological conditions and has been well documented for a variety of high-

throughput technologies. In microplate-based multiplex experiments, such as Luminex or OLINK

assays, researchers need to consider both position and plate effects. Those effects can be easily

accounted for if the experiments are properly designed, which includes randomization of the sam-

ples across multiple experimental runs. However, doing the ad hoc randomization becomes chal-

lenging when handling multiple samples. PlateDesigner is the first web-based application that pro-

vides randomization for microplate experiments, ensuring that the main principles of the

experimental design, such as grouping samples from the same biological units and balancing the

distribution of experimental conditions, are applied. Creating randomizations with PlateDesigner is

simple and the results can be exported in a variety of formats, and easily integrated with microplate

readers and statistical analysis software.

Availability and implementation: PlateDesigner is written in R/Shiny and is hosted online by the

Center of Biostatistics at the Icahn School of Medicine at Mount Sinai. This application is freely

available at platedesigner.net.

Contact: mayte.suarezfarinas@mssm.edu

1 Introduction

High-throughput technologies are used in many fields of biological

research and allow measurement of protein and gene expression,

epigenetic modifications and cell populations. While facilitating

great discoveries, these studies can be quite erroneous if systematic

variability is not accounted for, a phenomenon known as a batch ef-

fect (Lambert and Black, 2012).

Batch effects can be due to a variety of factors, including equip-

ment and experimental fluctuations or sample processing habits.

These effects have been well documented for a wide range of technolo-

gies, from microarray chips (Benito et al., 2004) and RNA-sequencing

lanes (Auer and Doerge, 2010) to the microplates (Browne et al.,

2013) used in the ELISA or multiplex assays, such as Luminex and

OLINK. An unidentified batch effect will lead to increased variability

of the data, making it more difficult to identify true biological effects;

since oftentimes the experimental variability can be higher than the

biological variability. For example, Leek et al. (2010) found that 17%

of sequence variability in the 1000 Genome Project was associated

with the biological differences, whereas an immense 32% could be

explained by the date when the samples were run.

Identification of batch effect relies on a careful exploratory ana-

lysis of documented potential biases using principal component ana-

lysis and then quantifying the percent of explained variance by

PVCA (Li et al., 2009). More recently, a formal statistical test has

been introduced to identify the presence of batch effect

(Nyamundanda et al., 2017). Once the batch is identified, the vari-

ability of the data can be reduced by modelling the batch effect sim-

ultaneously with the biological effect of interest using a variety of

available techniques, including sva and ComBat (Leek et al., 2012),

or linear models (Clarke et al., 2013; Johnson et al., 2007).
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However, if there are confounding factors between batch and

the biological variable, the two sources of variability are intertwined

and cannot be reliably estimated. This scenario renders the data un-

usable, or worse - published spurious findings (Dressman et al.,

2007; Sebastiani et al., 2011).

Such scenarios can be avoided if experiments are properly

designed. Even though the majority of labs have rigorously standar-

dized sample processing to ensure consistent experimental condi-

tions, the application of experimental design principles has been

lagging behind, in part due to the overconfidence in the precision of

the technology (Lambert and Black, 2012). Different assays have a

number of potential confounders that can be explored. For example,

in RNA-sequencing one should consider accounting for separate

library preparations, lanes, and dates when the samples were run

(Auer and Doerge, 2010). In microplate-based experiments, which

are commonly used in protein and epitope studies, both well pos-

ition and use of multiple plates have been identified as potential

sources of bias (Browne et al., 2013; Harrison and Hammock,

1988). Fortunately, most of those effects can be easily addressed if

the experimental conditions, samples, and plates are properly

randomized, ensuring that samples are randomly assigned positions

within plates and experimental conditions are well represented

among all the plates (Qu, 2011; Roselle et al., 2016). Though this

task might seem trivial for someone with quantitative and informat-

ics background, for the researchers with no coding experience or

statistical understanding of randomization methodologies, attempt-

ing a successful ad hoc randomization will be next to impossible,

even for a moderate number of samples. Thus, sample randomiza-

tion often becomes secondary in hopes of addressing batch and loca-

tion effects post hoc at the analysis stage. However, the analysis of

any scientific study should be considered at the design phase, as even

the most sophisticated statistical methods cannot always ‘rescue’ a

poorly designed experiment. This golden rule readily embraced in

clinical trials is not yet fully adopted in the lab.

To facilitate experimental design in microplate experiments we

have developed PlateDesigner—a web application written in R/

Shiny (Chang, 2017)—to streamline proper experimental design,

and to ensure that biological effects can be adjusted for systematic

variability.

2 Materials and methods

PlateDesigner is straightforward to use and is highly customizable.

After uploading initial information about their samples, researchers

can design the experimental setup by specifying the randomization

units (RU), the number and position of replicates, and the type of

control samples, such as background, quality controls and standard

curve dilutions (Fig. 1A). In some cases, it is desirable that a certain

experimental condition (i.e. exposure, disease, or study site) is ad-

equately represented in each plate. In PlateDesigner this can be

achieved by specifying a ‘balancing condition’. Sampling weights for

the RU are equal or defined by the frequency distribution of the ‘bal-

ancing condition’ (eg. the proportion of patients in the drug and pla-

cebo groups).

Plates are populated sequentially: (i) the number (N) of RUs that

fits the plate is determined. (ii) N RU are then drawn from the pool of

available RU with sampling weights. (iii) Samples from those N RU,

controls and their replicates are positioned in each plate-well.

Placement can be completely randomized or keeping the replicates to-

gether (horizontally or vertically), as to ease the technician’s labor.

The process iterates until the available RU pool is empty. This process

ensures that all samples from the same RU are placed in the same plate

(eg. repeated visits from same patient) and experimental conditions

are well-balanced. Furthermore, empty wells are kept together on the

last plate, allowing for the re-use of the plate in future experiments.

The plate design can be exported in a variety of ways: (i) a pdf

file with a convenient color-coded plate template that will aid the

sample pipetting to the microplates; (ii) a csv file with sample identi-

fiers and their assigned plate and well positions, easily read by statis-

tical programs and languages, and (iii) a machine-readable text file

to be uploaded to the microplate reader software, i.e. xPONENT

for the Luminex-based assays (Luminex Corporation, Austin,

Texas) (Fig. 1B and C). By doing so, researchers will be freed from

the tedious and error prone manual entry of sample identifiers

matched to well location into the assay’s software.

3 Summary

PlateDesigner is easy to use and does not require background know-

ledge of randomization techniques or programming. The user just

needs a web browser and is not required to install any programs or

packages. Researchers will upload basic information about their

samples, make menu selections for their experimental setup, and

within seconds get an experiment plan that is properly designed,

reducing data entry time and ensuring correct recording of experi-

mental information. To our knowledge, PlateDesigner is the first

and only web-based application currently available to researchers

that generates randomization schemes for microplate experiments

Fig. 1. PlateDesigner pipeline. (A) A snapshot of the application’s ‘Data

Upload’ and ‘Design Experiment’ web pages. (B–C) Outputs that are provided

by the application and their utility: color-coded plate templates in a.pdf format

for the researchers to add samples to a microplate; plain text (.txt) files for

each randomized plate that can be uploaded to a plate-reader software; ran-

domization information for each sample in a.csv format that can be used in

the analysis
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and does not require researchers to have any coding background.

PlateDesigner facilitates randomization, allowing seamless execu-

tion of well-designed, unbiased experiments.
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