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The approaches MiTCR uses to analyze TCR sequencing data 
have been shown to be efficient in previous studies5,6. The soft-
ware performs CDR3 extraction, identifies V, D and J segments, 
assembles clonotypes, filters out or rescues low-quality reads5 and 
provides advanced correction of PCR and sequencing errors1,5 
using either a predefined or user-specified strategy (Fig. 1a and 
Supplementary Notes 1–3). Simple command-line parameters, 
human-readable configuration files and a well-documented appli-
cation programming interface (API) optimized for use in scripts 
make the software flexible enough for routine data extraction by 
immunologists as well as for more advanced analysis and cus-
tomization by bioinformaticians (Supplementary Note 1 and 
Supplementary Data 1). 

We computationally optimized and parallelized the algorithms 
such that MiTCR can efficiently extract CDR3 information at 
a speed of more than 50,000 sequencing reads per second (0.3– 
0.6 gigabases min–1) on standard PC hardware. For example, 
Illumina MiSeq run of 10 million reads can be analyzed in ~3 min, 
and a HiSeq lane of 100 million reads can be analyzed in ~20 min 

(Supplementary Note 4).
Output is provided in a tab-delimited 

text file that contains exhaustive infor-
mation regarding TCR clonotype com-
position, abundance and aggregated 
sequence quality (Supplementary Data 
2). Additionally, we developed MiTCR 
Viewer software that works with a cus-
tom (*.cls) format produced by MiTCR, 
enabling convenient visualization, filter-
ing and in silico spectratyping of the data 
(http://mitcr.milaboratory.com/viewer/; 
Supplementary Data 3). 

We demonstrated the accuracy and spec-
ificity of MiTCR for the analysis of both 
cDNA-based and genomic DNA–based 
high-throughput sequencing datasets 
(Supplementary Tables 1 and 2).

To verify software performance with 
datasets of known clonotype composition, 
we generated Illumina-like data sets in silico,  
based on real rates of PCR and sequenc-
ing errors (Supplementary Note 5).  
We determined the efficiency of human 
TCR-α and TCR-β  CDR3 extraction, clo-
notype generation and error correction for 
the model data (Fig. 1b,c). Accuracy of  
V and J segment identif ication was 
97–99%. MiTCR efficiency was supe-
rior compared to that of existing CDR3-
extraction packages (Supplementary 
Note 6,  Supplementary Table 3  and 
Supplementary Fig. 1).

MiTCR: software for T-cell receptor 
sequencing data analysis
To the Editor: High-throughput sequencing technologies have trans-
formed the field of antigen receptor diversity studies, enabling deep 
and quantitative analysis for deciphering adaptive immunity function 
in health and disease1–4. As more data are produced each year, there 
is steadily growing demand for standardized analysis software. 

Here we report MiTCR, an open-source software for rapid, 
robust and comprehensive analysis of hundreds of mil-
lions of raw high-throughput sequencing reads contain-
ing sequences encoding human or mouse a or β T-cell anti-
gen receptor (TCR) chains (Supplementary Software). Raw 
data in FASTQ format generated via Illumina, 454 or Ion 
Torrent sequencing can be used as input for analysis. The only 
requirement is that sequence encoding conserved positions  
flanking the complementarity-determining region 3 (CDR3), 
Cys104 and Phe118 or Trp118, is covered by a sequencing read.

Figure 1 | MiTCR data analysis. (a) Analysis pipeline. Vertical bars show sequence quality. Horizontal 
bars represent raw sequencing reads. (b,c) Analysis of in silico–simulated data of 3 × 106 sequencing 
reads (average Phred quality = 33) containing 105 human TCR-a or TCR-β CDR3 clonotypes. Efficiency of 
CDR3 identification and correction of PCR and sequencing errors is shown for the input clonotypes (b) 
and CDR3-containing reads (c). The error-correction strategies (SMD, save my diversity and ETE, 
eliminate these errors) are described in Supplementary Notes 1–3.

b

c
0

10
20
30
40
50
60
70
80
90

100

Tr
ue

 (%
)

TCR-α
TCR-β

E
rr

on
eo

us
 (%

)

PCR errors
Sequencing errors

110
120
130
140
150
160
170
180
190
200

0
10
20
30
40
50
60
70
80
90

100

0
10

Tr
ue

 (%
)

E
rr

on
eo

us
 (%

)

a

CDR3 extractor

Raw
sequencing

reads

Clonotype builder

×  222

Core clonotypes:

C

TGTGCCAGCAGCTTAGCGCCGGGAGCAACTAATGAAAAACTGTTTTTT
×  219

TGTGCCAGCAGCTTAGCGCCGGGAGCAACTAATCAAAAACTGTTTTTT ×  3

× 182

× 2

CDR3-marked
sequencing read
with quality data

FTRBJ1-4TRBV7-6

TRBJ1-4TRBV7-6 TRBD2

TRBD2

Input data SMD
correction

ETE
correction

Low-quality 
read mapping

Input data SMD
correction

ETE
correction

Low-quality 
read mapping

Deposit
low-quality
CDR3 reads

Cluster
high-quality
CDR3 reads

Map low-quality
CDR3 reads

Error corrector

Identi�ed clonotypes (input = 105 true clonotypes)

Reads with identi�ed CDR3 (input = 3 × 106 reads)

TGT GCC AGC AGC TTA GCG CCG GGA GCA ACT AAT GAA AAA CTG TTT TTT

C A S S L A P G A T N E K L F F
TGT GCC AGC AGC TTA GCG CCG GGA GCA ACT AAT GAA AAA CTG TTT TTT

TGT GCC AGC AGC TTA GCG CCG GGA GCA ACT AAT GAA AAA CTG TTT TTT

TGT GCC AGC AGC TTA GCG CCG GGA GCA ACT AAT CAA AAA CTG TTT TTT

TGT GCC AGC AGC TTA CCG CCG GGA GCA ACT AAT GAA AAA CTG TTT TTT

TGT GCC AGC AGC TTA GCG ACG GGA GCA ACT AAT GAA AAA CTG TTT TTT

TGT GCC AGC AGC TTA GCG CCG GGA GCA ACT AAT GAA AAA CTG TTT TTT

np
g

©
 2

01
3 

N
at

ur
e 

A
m

er
ic

a,
 In

c.
 A

ll 
rig

ht
s 

re
se

rv
ed

.

http://mitcr.milaboratory.com/viewer/


814 | VOL.10 NO.9 | SEPTEMBER 2013 | nature methods

correspondEnce

MiTCR modules are checked by more than 80 comprehen-
sive unit tests, which improved the reliability and correctness of 
the code. The MiTCR API package can be used in Java projects 
through Maven and in Groovy scripts using Groovy Grapes. 
MiTCR is regularly updated; Windows installer, cross-platform 
binaries and source code are available from http://mitcr.milabo-
ratory.com/ under the terms of the GNU GPL v3 license.

Note: Any Supplementary Information and Source Data files are available in the 
online version of the paper (doi:10.1038/nmeth.2555).
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ESTOOLS Data@Hand: human stem cell 
gene expression resource
To the Editor: We developed ESTOOLS Data@Hand, a resource to 
facilitate exploration of published gene expression array data in stem 
cell research. The resource, updated four times a year, offers efficient 
sample identification, preprocessing that enables cross-experiment 
comparisons and computational analysis.

High-throughput studies provide large amounts of data on 
human embryonic stem cells (hESCs) and human induced plu-
ripotent stem cells (hiPSCs), their parent cells as well as their 
differentiated progeny cells1. Published genome-wide expres-
sion data on stem cells can be exploited to answer questions 
other than those addressed in the original studies. This is one 
reason why such data are actively stored in the public reposi-
tories ArrayExpress2 and Gene Expression Omnibus (GEO)3. 
Nevertheless, the means to perform such reanalyses are currently 
limited. Often, sample information is only available as free text 
in publications or public databases, hindering identification of 
appropriate samples. Moreover, the measurement data are often 
available in heterogeneous formats, and the lack of systematic pre-
processing hampers cross-experiment comparisons. Some data-
bases have been developed for stem cell research (Supplementary 
Note 1 and Supplementary Table 1), but none provide both a 

wide range of human pluripotent stem cell gene expression data 
and typical analysis tools.

ESTOOLS Data@Hand regroups gene expression array data 
and annotations primarily from experiments including hESCs or  
hiPSCs and thus involves stem cell pluripotency, differentia-
tion and cell dedifferentiation. We selected data from GEO and 
ArrayExpress manually, preferentially including large experi-
mental series; the selection covers pluripotent cells as well as 
dozens of other cell and tissue types reported in the same stud-
ies (Fig. 1a, Supplementary Methods and Supplementary  
Tables 2–4). Meta-analysis, a statistical approach to combine results 
from independent but related studies is a relatively inexpensive option 
that has the potential to increase both the statistical power and gener-
alizability of single-study analysis4. We established two sample meta-
datasets of 408 and 245 jointly normalized samples using the two most 
common array types for this data collection, Affymetrix and Illumina 

Figure 1 | Gene expression data and analysis workflows in ESTOOLS  
Data@Hand. (a) Cell and tissue types of the samples. (b) The data analysis 
steps available on the user interface.
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