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ABSTRACT
Summary: SpA is a web-accessible system for the management,
visualization and statistical analysis of T-cell receptor spectratype data.
Users upload data from their spectratype analyzers to SpA, which
saves the raw data and user-defined supplementary covariates to a
secure database. The statistical engine performs several data ana-
lyses and statistical summaries. The visualization engine displays
spectratype histograms in a Java applet and in an image file suitable
for download. All of these results are also saved to the database and
remain accessible to the user. Additional statistical tools specific to the
analysis of multiple spectratypes are also available through the SpA
interface.
Availability: The service is freely accessible via the web at
http://www.duke.edu/∼kepler/spa.html. Additional technical support
and specialized statistical analysis and consultation are available
by arrangement with the authors and, depending on the service
requested, may be subject to fee.
Contact: kepler@duke.edu

1 INTRODUCTION
The vertebrate immune system depends crucially on the generation
and maintenance of an enormous diversity of specialized recept-
ors called T-cell receptors (TCRs) and B-cell receptors. They are
used to sense the presence of microbial pathogens (see e.g. Janeway
et al., 2004). Loss of this diversity can compromise the effective-
ness of immune surveillance; it can also signal other underlying
deficiencies. Spectratype analysis was developed for gauging TCR
diversity by measuring the length-distribution of the third comple-
mentarity determining region (CDR3) in rearranged T-cell receptor
β-chain (TCRB) genes using PCR amplification and size separation
of the amplified products (Cochet et al., 1992; Pannetier et al., 1993,
1997).

Spectratype data are typically analyzed subjectively, using expert
judgment to classify CDR3 length histograms into a small num-
ber of categories (see e.g. Sarzotti et al., 2003). Although such
analyses have yielded much useful information in both basic biolo-
gical and clinical settings, we developed an objective, a statistically
rigorous approach to quantitative spectratype analysis based on the
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Fig. 1. SpA system architecture.

hierarchical-relative multinomial model (Kepler et al., 2005). Here
we describe SpA (Spectratype Analysis), a comprehensive data man-
agement system that integrates these statistical tools with tools for
the management and visualization of spectratype and covariate data.
A system designed with similar purposes in mind was developed by
Collette and Six (2002) for use within spreadsheet programs and is
available from those authors as well.

2 IMPLEMENTATION AND FUNCTIONALITY
SpA is written in Fortran90, C++ and Java, and is interconnected
to a relational database Oracle on a Linux platform.

Raw spectratype data, processed data, results of summary statist-
ical analysis and graphics are stored in an Oracle database. These
individual data are available for comparative analyses of multiple
datasets, hypothesis testing and statistical modeling using the integ-
rated statistical engine. The system architecture of SpA is briefly
diagrammed in Figure 1.
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2.1 Data fetching and preprocessing
Software developed for DNA sequence analysis, such as GeneScan®

(Applied Biosystems, Foster City, CA) and Genotester® (Amersham,
Uppsala), is typically used for peak detection and intensity quantific-
ation. The software typically produces 24 spectratype data files (one
for each primer pair or, roughly, each TCRBV family). In SpA, the
user compresses these 24 files into a single ZIP-formatted archive
(zipfile), which is then uploaded through the input interface. After
the archive has been uploaded, the decompression module opens
the archive and stores the individual files in a temporary directory.
The data are then preprocessed to convert the so-called peak loc-
ations and sizes into CDR3 lengths and relative abundances, and
these preprocessed data are stored along with the raw peak calls with
a preprocessing log detailing the data conversion in the database.

SpA registered users (registration is free of charge) can customize
the flexible interface to facilitate the use of the software for his/her
specific purpose, specifying any number of user-defined covariates
(such as subject age and clinical status) to be stored with the spec-
tratype data and used in subsequent data analyses. In subsequent
sessions, the interface will display the previously entered covariate
descriptors. Additional covariates can be added at any time. The
interface for adding covariates is shown in Figure 2A. For comparat-
ive or integrative analyses users can add or modify covariates at any
time, even after the spectratype data are uploaded to the SpA system.

Because different users may use different PCR primers to amplify
CDR3, spectratype analysis requires the specification of a Size Con-
version Table that provides the correspondence between amplicon
absolute length and CDR3 length for each receptor family. Using
SpA the user can select from available standard Size Conversion
Tables or supply his/her custom Size Conversion Tables, which will
be stored for subsequent use by that user. The interface for modifying
the Size Conversion Table is shown in Figure 2B.

2.2 Statistical data analysis
After preprocessing, the statistical data analysis modules are invoked
to perform summary analyses of the histograms for each TCRBV
family and for the assay as a whole. This information is made
available for immediate viewing and stored for later retrieval.

Additional statistical analyses and visualizations are available for
comparison and integration of multiple assays. For example, if the
user has supplied categorical covariate data, such as presence or
absence of a given drug therapy, statistical comparisons of repertoire
diversity based on that covariate can be performed. If continuous
covariate data are supplied, such as date-post-intervention, regres-
sions of TCR diversity can be computed, relevant hypothesis tests
performed and plots of these fits produced. In addition to the specific
procedures provided by SpA, we have developed an interface that
integrates the powerful and general purpose data analysis package R
(http://www.r-project.org/) to the system for more specialized pro-
cedures. These procedures can be designed and carried out by the
user (it is free for academic users), or, through special arrangement,
by the authors’ research team.

2.3 Visualization
Each TCRBV family produces a CDR3 length histogram, which
is rendered along with a curve showing the population mean curve
appropriate to that family (Fig. 2C). The image file is produced using
the Java 2D image package, and can be saved on the user’s machine

A

B

C

Fig. 2. SpA screenshots. (A) Interface for adding covariates; (B) Inter-
face for modifying the size conversion table; (C) Interface for spectratype
visualization.

as a PNG (portable network graphics) file as well as stored into the
SpA database.

2.4 Security and access
It is essential to maintain strict data confidentiality for both ethical
and scientific reasons. Our system is developed on a secure server
with secure login-based access. Academic users may register free
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of charge and receive the benefits of the customizable interfaces dis-
cussed above, in addition to data security. Unregistered users can gain
access through the public interface, but in this case, leave their data
open for public access. Technical support and assistance with more
complex data analyses are available by arrangement with the authors.
SpA is publicly available at https://www.duke.edu/∼kepler/spa.html

3 CONCLUSION
SpA is a web-accessible spectratype statistical analysis and data man-
agement system. It allows users to submit spectratype and general
covariate data for processing, analysis and visualization. Existing
analyses can be interactively retrieved and used in comparative and
integrative analyses. A detailed tutorial is available on the SpA site.
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