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evolution of these molecules.

base (http://imgt.cnusc.fr:8104) is an integrated
database, specializing in immunoglobulins (Ig),
T-cell receptors (TeR), and major histocompatibility
complex (MHC) molecules of all species that was
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Here, Marie-Paule Lefranc describes

the IMGT database, a unique numbering
system for immunoglobulins, TcRs, and
immunoglobulin-like domains which
represents a step forward in analyzing
and comparing the structure and

created in 1989 by Marie-Paule
Lefranc (Montpellier IT Universi-
ty, CNRS, Montpellier, France)
[1, 2]. The IMGT unique number-
ing defined by Marie-Paule
Lefranc for immunoglobulins and
T-cell receptors has allowed a re-
definition of the limits of the vari-
able region framework (FR-
IMGT) and complementarity-de-
termining-regions (CDR-IMGT),
leading, for the first time, to a
standardized description of muta-
tions, allelic polymorphisms, and
structural configurations in 3D
representation, whatever the antigen receptor, the
chain type, or the species. This approach is highly
valuable for comparative analysis and evolution
studies of the Ig-like domain.

IMGT comprises three databases: LIGM-DB
(more than 25,000 sequences of Ig and TcR),
MHC/HLA-DB, and PRIMER-DB (the last two are
still under development). In order to easily compare
sequences of Ig and TcR from all species, a unique
numbering has been defined [3]. The IMGT unique
numbering relies on the high conservation of the
structure of the variable region. This numbering, set
up after aligning more than 5000 sequences, takes
into account and combines the definition of the
framework (FR) and complementarity determining
regions (CDR) [4], structural data from X-ray dif-
fraction studies [5], and the characterization of the
hypervariable loops [6].

CORE IHGT

CORI-1M6T

Figure 1. Graphical representation of (A) IgH V-D-J region of the mouse
antibody ES5.2 Fv fragment, and (B) TRB V-D-J region of the human TcR off
A6, with the IMGT numbering, available at the IMGT home page from
http://imgt.cnusc.fr:8104. CDR-IMGT lengths are (8.8.15) and (5.6.14).re-
spectively for (A) and (B). Amino acids are in the one-letter abbrevation.
Hydrophobic amino acids (hydropathy index with positive value) and
tryptophan residues (W) found at a given position in more than 50% of
analyzed Ig and TcR sequences are in blue. All prolines (P) are in yellow.
The CDR-IMGT are limited by amino acids shown in squares, which belong
to the neighboring FR-IMGT. Cross-hafched circles correspond to missing
posifions according fo the IMGT numbering. Missing positions of the CDRs
are not shown in this representation. Arrows indicate the direction of the
beta sheets and their different designations in Ig structure. *IMGT modifica-
tion: IMGT numbering for the graphical representation of the IgH V-D-J
region of the mouse antibody ES.2 Fv fragment revealed a conflict be-
tween the aminc-acid sequence and the atomic coordinate data in the
PDB file 1DVF: Leu-Ser-Leu (SEQRES lines) and Leu-Leu-Leu (ATOM lines).
The original sequence (8) is Leu-Ser-Ser-Leu (positions 91 to 94 in the IMGT
numbering: the serine added at position 93 Is shown in parentheses) (8).
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The IMGT unique numbering has several advantages:

L. It allows an easy comparison between sequences
coding the variable regions, whatever the anti-
gen receptor (Ig or TcR), the chain type (heavy
or light chains for Ig; o, B. . or & chains for
TcR). or the species. _

2. In the IMGT unique numbering, the conserved
amino acids always have the same position, for
instance cystein 23, tryptophan 41, leucine 89,
cystein 104, The hydrophobic amino acids of the
framework regions are also found in conserved
positions (see Table 1 and Figure 1).

A Side view (backbone model)

Y- 10T

B Side view (backbone model)
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Figure 3. 3D representation of (A) mouse antibody
E5.2 Fv fragment, and (B) human TcR off Aé variable
regions, with the IMGT numbering, available at the
IMGT Marie-Paule page from hftp://imgt.cnusc.fr.8104,
CDR-IMGT regions are colored as follows: IgH and TRB
V-D-J region: CORT-IMGT (red), CDR2AMGT (orange).
CDR3-IMGT (purple), IGK and TRA V-J region: CDR1-
IMGT (blue), CDR2-IMGT (green), CDR3-IMGT (green-
blue). The conserved C23, W41, and L89, and the FR-
IMGT amino ccids limifing the CDRAIMGT regions (posi-
fions 26 and 39 for the CDR1-IMGT, 55 and 66 for the
CDR2-IMGT, 104 and conserved W or F of the J-region
for the CDR3-IMGT), are shown in white. These images
have been generated with the program RASMOL ver-
sion 2.6 (9) from the PDB file 1DVF (10), containing the
atomic coordinates of the complex between the id-
iotopic antibody D1.3 Fv fragment and the anfi-idio-
fopic antibody E5.2 Fv fragment (only the ES.2 Fv frag-
mentis displayed here), and from the PDB file 1AO7
(11). containing the atomic coordinates of the com-
plex between human TR aff Ab, viral peptide Tax, and
human MHC melecule HLA-A201 (only the human TR
ap A6 variable regions are displayed here).

3. This unique numbering has allowed the redefin-

_ ition of the limits of the FR and CDR. The FR-
IMGT and CDR-IMGT lengths themselves be-

~ come crucial information characterizing the
variable regions belonging to a group. a sub-
group, and/or a gene (see Appendix).

4. Framework amino acids (and codons) located at
the same position in different sequences can be
compared without requiring sequence align-
ments. This also holds for amino acids belong-
ing to CDR-IMGT of the same length,

5. The ‘unique numbering is used as the output of

IMGT/DNAPLOT alignment tool which ana-
lyzes rearranged sequences according to IMGT
criteria. IMGT/DNAPLOT, freely available from
the IMGT home page. was developed in collabo-
ration with H-H. Althaus and W. Miiller (Insti-
tute for Genetics. Cologne. Germany), for the
program, and V. Giudicelli and M.-P. Lefranc
(LIGM, Montpellier, France) for the IMGT data
‘set and numbering [7]. In IMGT/DNAPLOT, a
rearranged sequence is compared to the set of
germling IMGT reference sequences (functional
or with an open reading frame). The results show,
~aligned with the rearranged sequence, the se-
quences of the most homologous V-gene. D-seg-
‘ment (for heavy chains), and J-segment alleles.
6. The IMGT unique numbering has allowed a
standardization of the description of the muta-
tions and allelic polymorphisms of the variable
regions. These mutations and allelic polymor-
 phisms are described by comparison to the “ref-
erence sequences” defined in IMGT. Allele
alignments are displayed according to the IMGT
unique numbering and with the FR-IMGT and
CDR-IMGT delimitations (see Figure 2).
7. The IMGT unique numbering permits compari-
son of the CDR-IMGT structural configuration
_ in 3D representations of the 1g and TcR regions
(sce Figure 3).

winio4

4125, 1015 91595 Mindie e

Figure 2. An example of allele alignments: Alignment of the human
IGLV3-21 alleles, available at the IMGT home page from
hftp://imgt.cnusc.f:8104. The aligned sequences are displayed ac-
cording fo the IMGT unigue numbering and with the FR-IMGT and
CDRIMGT delimitations. Dots indicate gaps. Dashes indicate similarity.
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Table 1. Correspondence Between the Unique IMGT Numbering Defined by M.-P Lefranc (3) and the Kabat Numberings (4)

IGH I6K I6L TRBY TRAV TRV TRGY
IMGT  Human IGHV6-1 IMGT  Human IGKVI-5 IMGT Human IGLV2-23 INGT  Human TREV6-5 1INGT  Human TRAVIS) INGT Human TROV2  IMGT
7 i 77, 7 7 % e i

.
.

*f/d// .

.
.

.

For each V-region group. ane germiine sequence Is shown with, on the left hand side of each column, the IMGT unique numbering (in bold) defined by M.-P Lefranc (3) and the
corresponding numbering accerding fo Kabat and coworkers (4). Positions of missing amino acids (shown with dashes) are reported te the 3 end of the CDR-IMGT, Asterisks
indicate positions for which it is not possible to make changes from one numbering to the other.automatically. Graphical representations of the sequences in the IMGT unique
numbering are available from the IMET homepage. at http://imgt cnusc fr:8104. Human IGHV6-1 (X92224), human IGKV 1-5 (Z000O0 1), human IGLY2-23 (X14616), human TRBVE-5
(L36092), hurnan TRAV1S3 (X02850), human TRDV2 (X15207), human TRGY3 (M13430). See Figure 1B for human rearranged TRBVE-5 (PDB: 1AO7),
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Appendix: Definition of the FR-IMGT and CDR-IMGT Regions

Overview

FR1-IMGT 1-26 (with 1st_CYS 23)

CDR1-IMGT from 27 (to 38 for the longest one)
FR2-IMGT 39-55 (with CONSERVED_TRP 41)
CDR2-IMGT from 56 (to 65 for the longest one)
FR3-IMGT 66-104 (with 2nd_CYS 104)
CDR3-IMGT

~ for germline V genes: from 105 (to 116 for the longest one)

- for rearranged V-D-J genes: from 105 to J-TRP or J-PHE not included

FRI-IMGT CDRI1-IMGT FR2-IMGT CDR2-IMGT FR3AIMGT CDR3-IMGT
(for germline
V gene)*
Amino acid 1426 27 + 38 39 £ 55 56 + 65 66 + 104 105+ 115
numbering (€23) W40 (C 104)
Number of 25-26 ag 5-12 aa 16-17 aa 0-10¢g 36-39 aa =Tl &g

amino acids

*+0.1,0r 2 nucleotide(s) before the heptamer.

For nucleotide position: * Multiply amino acid numiber by 3, for third nucleotide in codon.
* Multiply amino acid number by 3, minus 1 for second nucleotide in codon.
* Multiply amino acid number by 3, minus 2 for first nucleotide in codon.

For example: c23 Wal
tgt 67-69 tgg 121-123

Amino acids are shown by capital lefters (one-letter code). Nuclectides are shown by small letters.

FR-IMGT Regions

The FR1-IMGT region of Ig and TeR comprises amino acids 1-26 (26-26 amino acids, depending on the variable gene
group or subgroup). 1st_CYS is at position 23. The FR2-IMGT region of Ig cnd TeR comprises amino acids 39-55 (16-17
amino acids). CONSERVED_TRP is at position 41.The FR3-IMGT region of Ig and TeR comprises amino acids 66-104,
and comprises 36-39 amino acids depending on the variable gene group or subgroup. 2nd_CYS is at posifion 104,

CDR-IMGT Regions and Loops

The limits of the CDR1-IMGT region (for Ig and TcR) and those of the corresponding loop H1 (for IGHY genes) or
loop LI (for IGKV and IGLV genes) are identical. The CDR1-IMGT are limited by amino acids 26 and 39, which be-
long fo the FR1-IMGT and FR2-IMGT regions, respectively. The CDR1-IMGT regions encompass amino acids 27 o
38, and comprise from 5 to 12 amino acids depending on the variable gene group or subgroup. This applies to
both germiine and rearranged genes. The limits of the CDR2-IMGT region (for Ig and TeR) and those of the cor-
responding loop H2 (for IGHY genes) or loop L2 (for IGKY and IGLV genes) are identical. CDR2-IMGT are limited
by amino acids 55 and 66, which belong to the FR2-IMGT and FR3-IMGT regions, respectively, The CDR2-IMGT re-
gions encompaiss amine acids 56 to 65, and comprise 0 fo 10 aminc acids, depending on the variable gene
group or subgroup. This applies to both germiine and rearranged genes. The CDR3-IMGT region of germline v
genes starts with amino acid 105, and comprises 2 fo 11 amino ccids depending on the variable gene group or
subgroup. The 3" end of CDR3-IMGT is limited by the heptamer recombination signal. The CDR3-IMGT region of
rearranged Ig and TeR V-D-J genes and the corresponding loop H3 (for rearranged IGHV genes) or loop L3 (for
rearranged IGKV and IGLY genes) extend from amino acid 105 fo J-TRP or J-PHE not included.
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Numbering and Sequence Comparison of the CDR-IMGT

Numbering of the CDR-IMGT is based on the longest ones found in the multiple alignments. The longest
CDR-IMGT are:

CDRI1-IMGT Position 27 to 38 (12 amino acids)
CDR2-IMGT Position 56 to 65 (10 amino acids)
CDR3-IMGT

- for germline V genes
- for rearranged V-J genes or V-D-J genes

Position 105 to 115 (11 amino acids)
Position 105 to position of the amino acid
preceding J-TRP or J-PHE

Numbers are missing in shorter CDR-IMGT. Examples are:

= In a CDR1-IMGT with 5 amino acids, positions 27-31 are present, positions 32-38 are missing.

* In a CDR2-IMGT with 3 amino acids, positions 56-58 are present, positions 59-65 are missing.

* For a germiine V gene: In a CDR3-IMGT with 2 aminc acids, only positions 105 and 106 are present.

* For a rearranged V-J gene or V-D-J gene: CDR3-IMGT extends from position 105 o position of the amino
acid preceding J-TRP or J-PHE.

CDRIMGT are defined by their length (number of amino acids). For a given germiine V gene or V gene sub-
group, the length of the three CDR-IMGT may be shown, if necessary, info brackets ofter the gene name or gene
subgroup, and separated by dots. For example, IGKV1-6 (6.3.7) means that in the germline IGKV1-6 gene, the
CDR1-IMGT, CDR2-IMGT, and CDR3-IMGT regions are 6,3, and 7 amino acids long, respectively. Sequence com-
parisons of CDR-IMGT of the same length can be done directly using the numbering. For example, the codon or

amino acid at posftion 26 can be compared to all codons or amine acids at the same position for all CDR1-
IMGT of the same length. Sequence comparisons of CDR-IMGT of different lengths need alignment tools.
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