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IMGT standards based on
IMGT-ONTOLOGY



IMGT-ON

http://lwww.imgt.org

OLOGY seven axioms:

To share, reuse and represent knowledge
In Immunogenetics and Life Sciences

IDENTIFICATION

~

CLASSIFICATION

DESCRIPTION

\
OBTENTION

ORIENTATION

LOCALIZATION

NUMEROTATION

Giudicelli and Lefranc, Bioinformatics (1999)
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Concepts of CLASSIFICATION

http://www.imgt.org

1. The IMGT-ONTOLOGY main concepts of classification

 include ‘group’, ‘subgroup’, ‘gene’, ‘allele’.

 have allowed to set up the nomenclature of the
Immunoglobulin (1G) and T cell receptor (TR) genes

(V, D, J, C genes).

2. IMGT gene names have been approved by the HUGO
Nomenclature Committee (HGNC) in 1999.

3. New alleles are validated by the WHO-IUIS/IMGT
nomenclature committee and entered in IMGT/GENE-DB.

4. IMGT/GENE-DB is the international reference database for
|G and TR genes (direct links from NCBI Entrez Gene)
and alleles.
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PROTOTYPE for a V-GENE http:/fwww.imgt.org
V-GENE
| L-PART1 V-EXON |
1 [ 1
5'UTR _| FR1-IMGT. IERZ-IMGT. FR3-IMGT 3'UTR
Cl W %' :
[ |
DONOR-SPLICE V-REGION
Label 1 Label 2 Relations entre Labels
V-GENE V-EXON '| , '
FR3-IMGT CDR3-IMGT f l '
L-PART1 DONOR-SPLICE r — .
V-REGION FR1-IMGT ,

V-REGION CDR3-IMGT I L |




IMGT/LIGM-DB Mot

Gene
Information
3 IMGT/LIGM-DB Consultation module ¥3 - Mozilla Firefox Tics systerm®
File Edit Wiew Go Bookmarks  Tools  Help http://www.imgt.org
FH Eevy Location/Qualifiers 2]
FH
FT L-V-D-J-C-3EQUENCE} <1..375>
FT fpartial
FT fdb_xref="taxon:Se0&"
D FT fcell_tgrpe="B—cell hybridoma ZF7™
FT ,-“II-IGT_nDte=”autnmatically annotated with IMGT tools™
E FT forganism="Homo sapiens'
FT V-D-J-REGICHN 1..375
S FT ftranslation="OQVHLVESGGAVFHPGRILELSEAASGF TF33VGMHIIVEQLR
FT AEGLEWVAVIWYDGENEYYADSVEGRFTIZRDNIENTLYLOMNSLEAED TAVYVC
C FT AFHVTIAAAGRRGAGHMDYWGOGTTVTVSS
FT V-REGIOHN 1..296
R FT Ffallele="IGHV3I-33%01, putatiwve'
FT fogene="IGHJTI-33"
| FT /CDR_length="[5.8.18]"
FT fputative_limit="3' =ide™
P FT ftranslation="OQVHLVESGGAVFHPGRILELSEAASGF TF33VGMHIIVEQLR T
FT AEGLEWVAVIWYDGENEYYADSVEGRFTIZRDNIENTLYLOMNSLEAED TAVYVC
T | rr LE"
FT FR1-IMGT 1..75
I FT .-"'AA_II'IGT=”1 Lo 26, AR 10 iz missing"™
FT ftranslation="QVHLVESGGAVFHPGRILELSRALS
O FT CDR1-TIHMGT TE..99
FT ras_mor=27 wa 34w 145 795 sequences from 251 species
N FT ftranslation="CGFTF33VCG"
FT FRZ-INGT 100, .150
FT .-'"P.A_II'IGT=”39 to 55T
FT ftranslation="MHWWEOLPAEGLEWVAYV'" .
FT COMIERVED-TRP 108..108 IMGT ONTOLOGY'
FT CDRZ-IMGT 151..174
o Tah ererss o san 277 IMGT labels for sequences
FT ftranslation="IWYDCGINK'"
il I fLransls 285 IMGT labels for 3D structures
FT .-'"P.A_II'IGT=”EE to 104, AL V3 iz mwissing™
FT ftranslation="YYADSVEGRFTISREDNIKNTLYLOMNSLEAED TAVYYC T ;I
Done o




Concepts of DESCRIPTION

http://www.imgt.org

1. The IMGT-ONTOLOGY concepts of description:

comprise the standardized IMGT labels and their relations.

have allowed to describe the IG (or antibody) and TR
sequences and structures, whatever the receptor type,

the chain type or the species.

. IMGT labels are used in all IMGT® databases and tools for

the description of:
nucleotide and amino acid sequences (IMGT/LIGM-DB...)
2D and 3D structures (IMGT/3Dstructure-DB...).

. Sequence Ontology (SO) includes IMGT labels.

. IMGT® databases can be queried using labels (a big ‘plus’

compared to generalist databases).
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IMGT Collier de Perles

Based on the IMGT unique numbering CDR-IMGT lengths
(first one in 1997) [8.10.12]

118

(@)= [T

jrs
]
[=x)

Lefranc et al. Dev. Comp. Immunol. 27, 55-77 (2003)
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IMGT Collier de Perles

Based on the IMGT unique numbering CDR-IMGT lengths
(first one in 1997) [8.10.12]

- conserved AA (and codons) 1
are always at the same positions:
23 1st-CYS
41 CONSERVED-TRP
89 hydrophobic
104 2nd-CYS
118 J-PHE, J-TRP

118

- delimitation of the FR-IMGT 10
and CDR-IMGT is standardized

- CDR-IMGT lengths are crucial
information

(@)= [T

jrs
]
[=x)

Lefranc et al. Dev. Comp. Immunol. 27, 55-77 (2003)



Concepts of NUMEROTATION

http://www.imgt.org

1. The IMGT-ONTOLOGY concepts of numerotation include:

IMGT unique numbering
IMGT Collier de Perles.

. The concepts bridge the gap between sequences and 3D

structures, at the amino acid (and codon) level, for:
the variable domains (V-DOMAIN and V-LIKE-DOMAIN)
the constant domains (C-DOMAIN and C-LIKE-DOMAIN).

. The concepts are used for:

mutations, polymorphisms
CDR-IMGT lengths
contact analysis, paratope definition.

. WHO-INN programme requires the CDR-IMGT lengths for

antibody.
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V-DOMAIN: VH and V-KAPPA héio _
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VH V-KAPPA VH  V-KAPPA
V-D-J junction  V-J junction

Side view of the V-DOMAIN View from above the CDR-IMGT

CDR: complementarity determining region
CDR3-IMGT (105-117)
V-D-J junction (104-118), V-J junction (104-118) IMGT® http://www.imgt.org



Immunoglobulin V-D-J generation
of sequence diversity

http://www.imgt.org

3V-REGION  N-REGION  D-REGION N-REGION
tgtgcgaama o tadch tggtggtgactgctattee &) gar(%a
JUNCTION

cC AP Y R G D T Y DY
tgt gcg cca tac cgg ggt gac act tat gat t



IMGT/JunctionAnalysis: analysis of the IG and TR junctions

THANK YOU N}”‘
for using IMGT/JunctionAnalysis G“““
cne
INTERNATIONAL T s
IMMUNOGENETICS 1CS Syt
[NFORMATION SYSTEME
Analysis of the JUNCTIONs
Input V nams V-REGION M1l D-REGICN Na
#1 MoZ724 IGHVT-4-1#02 tgtgegagaga aga aata
#2 247269 IGHV1-69%06 gtgagadad. fogggagotaaggl. . teatgagt
Input J-REGION J name D name Vmut Dmut Jmut Ngc
#1 ME27T24 0 ..., tttgactactgy IGHIA*02 IGHDS-24%01 0 2 1] /7
#2 247269 .. .actggttogacoootgg IGHIS*0Z  IGHD3-340Z2 O z 0 13/20
Translation of the JUNCTIONs
105 107 109 111 111.2  112.4  112.2 112 114 116 118 CDE3-IMST
104 106 108 110 111.1 111.3  112.3  11Z2.1 113 115 117 frame length
C A E E D 8 I G i E I F D ¥ W
#1 MeZ724 tgt gog aga gaa gat age aat gge tac aaa ata ttt gac tac tgg + 13

c & R & ¢ A& K ¥ __E F L E W F H ¢ ¥ W F DI P W
#2 2472690 tgt gog aga dyg ggg got aag grc gaa ttt ttg gag tgg tft cat ggg tac tgg tte gao coo tgg + 20




IMGT/JunctionAnalysis: analysis of the IG and TR junctions

IMGT/JunctionAnalysis Results M

system®

Locus IGH Maximum number of mutations :

Speci H . V-REGION : 2. D-REGION : 4; J-REGION : 2 http://www.imgt.org
pecies oo sapiens Deletion criterium : Using pattems

IMGTrepertoire link Locus representation Best D gene choice for a same score ' Less mutations

Description of the JUNCTIONs

Click on mutated {underscored) nucleotid to see the original orje: Z

i

Input  V name V-REGION P i D-REGION N2 P J-REGION  J name D name Vmut Dmut Jmut Hge
#1 770256 IGHV2-26%01  tgegacq..... tgttgt Co gEagegeetggtas ceanatate ...actetgaceactgy IGHJ4*02 IGHD6-13*01 1 2 1 5/15
#2 770257 1GHVI-7702 TOLGCyaN. GUALHY  eevaresrrrereneres CAgLLCLLAtyCe cgoee cractggtacttegatotetgy IGHIZ*0L  IGHD2-2t01 O 2 0 g/11
#3  7]0606 IGHV4-31%*03  tgtgogagad. C LOACLACT. v v esass cact ..atgettttgatgtetgg IGHI3*01 IGHD4-17+01 O 0 0 3/5
#4 770608 IGHV4-39%05  tgtge. cagagta  ..e.. acgatttttggagtoottatt.. ... coecqguyga ..atgettttgatatctgg IGHI3*02  IGHD3-3*01 O 0 0 12/17
#5 770610 IGHV4-34709  tgtgegagad. tegagag Lo sCHALLLLLGUAGtOOLLALL, ., .. goega oA tgatgettttgatatetgy IGHI3T0Z  IGHD3-3t01 0 0 0 9/12
#5 770611 IGHV4-59%01  tgrgegaga.. R TP T, tggtasctataa.  tgecggegtty ...actggetegaccectgy IGHISP0Z  IGHDI-6*01 0 2 0 9/13
#7 770613 IGHV4-58%01  totgegagag.  iiaaees cagCagctyytac cteect ....ctttgactactgy IGHI4*02 IGHDA-13*01 O 0 0 4/6
#5 770614 IGHV4-59*01  totgogaga.. CACEALER erersiarensnins EECUUTActLat. v vuuis, COCCEE  veieseas gactactgy IGHJ4*02 IGHD3-16*01 O 2 0 7/14
#9 770615 IGHV4-50%01  tgtgegagag. guety FIETELEL T ttteggaa .tactggtacttegatctetgy IGHJ2¥01 IGHDS-24%01 0 2 0 7/13
#10 Z70616 IGHV4-34701  tgtgegagag. oy N 12 21+ N 11112 ...actggttegaccectgy IGHIS?0Z IGHD3-16%01 0 O 0 6/8
#11 770620 IGHV4-30-4701 tgtgcgagaga BE vererrearssserens GUYYCHIRAtTYtt. 1. ey .gatgettttoatatetyy IGHI3*02 IGHD3-16701 1 4 0 5/5
#12 770621 IGHV4-38701  totgegagaca CCACHALLLALOE vvwvevivnnssres LT (1T LOACCCEE  aaeens ttgactactgy IGHI4%0Z IGHDI-16%01 0 1 0 12/21
#13 770677 IGHV4-39%06  tgtgegagaga t tgcccogetcctgocaaaat gLattactatgutioguuua. e vener.. tatgtacy 0 ... tttgactactgy IGHJ4*03 IGHD3-10%*01 O 0 0 15/28
< b

Tetiiné




The 11 IMGT physicochemical AA classes

[]I]
Mug

Gehe
. Information
I 1C5 system

http://www.imgt.org

“olume' classes ‘Hydropathy' classes
in A Hydrophaobic M eutral Hydrophilic
Werylarge 189228 F Wl i
Large 162-17 4 | L ] k. R
fedium 135-154 i E ]
Small 108-117 C F T [ M|
Wery smal B0-90 A (5 =)
o S A | 2 | &
Aliphatic E % Basic E E
T
— | | |
Lincharged Charged LIncharged
Manpolar I | Falar l

Pommié et al. J. Mol Recognit. 17, 17-32 (2004)



IMGT/JunctionAnalysis

Im
Analysis of the IG and TR junctions Gr B

Tics systenrl

JUNCTION alignments with translation and IMGT AA classes hitp:/fwww.img.org

Click an mutated {undetlined) amino acid to see the ariginal one: l:l

104 105 106 107 108 109 110 111 111.1  111.2 111.3 112.3 112.2 112.1 112 113 114 115 116 117 118

< e RN . B - D
cac  ttc

#1OAYIHI0EY  tot agt [ufel gag ggt agt got tat Ve ves e ves e tac cac gaa [ cag cag tog
. B - e o EEENEN - - B
#2OAYIOI0EE oo gty aas oo aong gat gat gat gyc e e e cac [ali s got gas tac Lo ocag tac toy
. a0 - EEEEGTEE B - o B
#3 AYIHI0EE  tot agt cco g gat agc got tat . ves e ves e tac cac gaa gac tteo cag cag tog
. e - EEEEE . B - D
#4OAYIINTE oo agt coo oy gt agt gct tat e e e e e tac cac gas cac Lo ocag cay toy

=

. BN - - (c - SO - B B -

#5 OAYIHI0EE  tot goyg aga caa aac coo cco gag tat agt ggc gca tat cat gat gag tag tteo gac cco tog

- BN - BN B > B

#6OAYIOI0EY tgo oy aga gay aryg ot tat gt oy ilils gyt tat tac coo oot gat goa Lt gag ote oy

. BN - - (e - O B B -

#TOAYIAI0N tot gog aga cag aat coo cco gag tat agt oo gca tat cat gat ggg tag tteo gac coco tog

- BN - B B - - BN

#3OAYIOINLZ tgo oy aga gay aryg ot tat gt oy ilils gyt tat tac coo oot gat gca Lt gag gto oy

. BN - - (e - O B B -

#9OAYIAI0NS  tot gog aga cag aac coo cco gag tat agt oo gca tat cat gat ggg tag tteo gac coco tog

Yousfi Monod et al. Bioinformatics 20, i379-385 (2004)
Pommié et al. J. Mol Recognit. 17, 17-32 (2004)



IMGT/V-QUEST http://www.imgt.org

{2 V-QUEST Search Page - Windows Internet Explorer

@f -y ¥ |<)' tbp: . imat, org fIMGT _vouest/shareftextes) o[ #2)| % h.l | RU
P X %Convertir e Sélectionner
'i,ﬁ‘_? Fawaris = Y-QUEST Search Page

>

WELCOME ! Im
to IMGT/V-QUEST G

THE Tics

INTERMATIOMAL
IMMUNOGENETICS
INFORMATION SYSTEME

Information
system®

http:/iwww.imgt.org

Citing IMGT/V-QUEST: Brochet, X. et al., Nucl. Acids Res. 36, W503-508 (2008). PMID: 18503082
Currentversion: 3.2.12 (22 February 2010)

Analyse your Immunoglobulin nucleotide sequences

@] Human @  Teleostei B

@&  Mouse - Atlantic cod
- Channel caffish
- Rainbow trout

@ Rat @ Chondrichthves :
@  Rabbit @ Sheep

Analyse your T cell Receptor nucleotide sequences

e Human a Monhuman primates
@  Mouse @  Bovine

@  Rainbow trout

| |ES




IMGT/V-QUEST http://www.imgt.org

{2 V-QUEST Search Page - Windows Internet Explorer

EOX

[y G 0 -
L&A | —|ae]Ca |-' | =

P X @Convertir e Sélectionner

'i,ﬁ‘_? Fawaris = Y-QUEST Search Page

WELCOME ! N}m
to IMGT/V-QUEST G

e Tics

INTERMATIOMAL
IMMUNOGENETICS
INFORMATION SYSTEME

Information
system®

http:/iwww.imgt.org

Citing IMGT/V-QUEST: Brochet, X. et al., Mucl. Acids Res. 36, W503-508 (2008). PMID: 18503082

Currentversion: 3.2.12 (22 February 2010)

Analyse vour Immunoglobulin nucleotide sequences . )
ey ° 1 IMGT/V-QUEST online: analysis by

E batches of up to

@& llouse . .
50 sequences in a single run

S IMGT/HighV-QUEST:
submission of 50.000 sequences
Analyse your T cell Receptor nucleotide sequences (OUtpUt: text for Excel)

e Human a Monhuman primates
@  Mouse @  Bovine

@  Rainbow trout

>

| |ES




IMGT/V-QUEST ‘Detailed view’: Result summary Mg

Sequence number 1: AF184762

Sequence compared with the human IG set from the [MGT reference directory

=AF184762
atggagtttgggetgagetgggttticcttgttgetattttaaaaggtgtecactgtgag
gtgcagctggtggagtctgggggaggettagteccagectgggggatecctgaaactetoe
tgtgcagectetgggticacccteagtggotecaaatgtgcactgggtecgecaggectee
gggaaagggctggagtoggttggccgtatoaaaaggaatgctgagtotoacgcgacagea
tatgctgcgtegatgagaggoaggctcaccatetocagagatgaticaaagaacacggeg
tttctgcaaatgaacagectgaaaagogatgacacggecatgtattattgtgtygatoogy
ggagatgtttacaaccgacagtggggccagggaaccctggtcaccgtetecteageatee
ccgaccagocccaaggtcttoccogotgagoctetgoagcacccagecagat

Gene

Tics

http://www.imgt.org

Information
system

Automatic evaluation

Result summary: < Productive IGH rearranged sequence (no stop codon and in frame junction)
V-GENE and allele IGHW3-73401 score = 1240 identity = 91,50% (269/294 nt)

J-GENE and allzle IGHI1*01 (b} score =179 identity = 82,68% (43/52 nt)

D-GENE and allele by IMGT/Junction&nalysis IGHD3-10#01 D-REGION is in reading frame 3

[COR1-IMGT.CDR2-IMGT.CDR3IMGT] lengths and AA JUNCTION | [8.10.10]

CVIRGDVYNRQW

(b) Other possibilities: IGH)4*02 and IGH)S5*02 (highest number of consecutive identical nucleotides)

IMGT/V-QUEST provides 22 different output results (analysis of IG nucleotide

seqguences and of their translation)



IMGT/V-QUEST ‘Detalled view': Mugs
Result summary table T

http://www.imgt.org

Information
system

Number of analysed sequences: 4 jl

seql seql seqd seq4

K& This release of IMGT/V-QUEST uses IMGT/JunctionAnalysis for the analysis of the JUNCTION

B~ Hyphens (-) show nucleotide identity, dots (.) represent gaps

Sequence number 1: seq1

Sequence caompared with the human |G set from the IMGT reference directary

sseql CLASSIFICATION

caggtgcegctggtgcagtoctggagotgaggtgeagaagoctygggcctcagtgeaggte
tcoctgoaeggottotggttacacctttaccagotatggtatcagotgggtacgacaggce
cctggaceagggottgagtggatgggetggeteagogocttacaatggtaacacasactat
JCECEgEEJCTCCAIICagJagtcaCcCARTJECCECAJECECATCCRCRICACETCCTAL
atggegctgeggegooctgagatectgacgacecggocgtgtattactgtgogagaggtat
cgtgocttttgatatctggggoccaagggaccacggtcaccgtotegage

Result summary: /4Dcluctive IGZH rearranged sZquence (no stop codon and in-frame junction)
Y-GEME and allele IGHY118%01 scorg = 1426 identity = 99,65% (287/288 nt)
J-GEME and allele |GHJ3*02 (&) score = 164 identity = 81,63% (40/49 nt)
D-GEME and allele by IMGT/ JunctionAnalysis { IGHD2-2*02 J D-REGIOM is in reading frame 3

| [CORT-IMGT.CORZ-IMGT.COR3-IMGT] lengths and AA JUMNCTION [8.8.9] CARGIRAFDIW

(a) Other possibilities: 1GHJE*02 (highest number of consecutive identical nucleotides)
<
| Done

&\H‘_




IMGT/V-QUEST ‘Synthesis view'’:

Summary table

[m

Mugé

Geée :
Information

Ti{‘s system

http://www.imgt.org

-
Number of analysed sequences: 7
Sequences compared with the human 1G set from the IMGT reference directary
25ummary table:
Sequence || V-GEME and - - V-REGION | V-REGION J-GEME and | D-GENE and D-REGION CDR-IMGT JUNCTION
(1] allele Al sCore ilentity % (nt) §| allele allele reading frame | lengths il L frame
zeql IGHY-69*06  |fProductive 1050 ?251'3?;;9 ) IGH13*02 IGHD3-16*%02 |2 [8.8.21] CARGGDYDYIWGSYRASDAF DY in-frame
seq? IGHW-69*06 Froductive 1300 ?;?2?29{838 nt) IGHJ4+01 IGHDB-13%01 1 [8.8.21] CARERNMGAYTSEWY GDYWEFDYWY in-frarme
seql IGHW4-34%01 Froductive 1411 (92?83?29;5 n) IGHJE*02 IGHD2-2%02 3 [8.7.20] SR AR WYY G I DOV in-frame
zeqd IGHY4-34*01 Froductive 1294 (925?',??;;5 ) IGHJE*02 IGHD3-10%01 2 [8.7.20] CARDFSPSPPGHYDARMNDMDWWY in-frarme
seqh IGHW4-34*01 Froductive 1284 (Q;TE?EWSDS n IGHJE™03 IGHD3-22%01 2 [B.7.21] CARWYYFDTSGYYPRMEY MDY in-frarme
seqh IGHW4-34%01 Froductive 12588 (9235?,?29;5 n) IGHJE*02 IGHD2-2%02 3 [B.7.25] CARGHKTAIRERPPTIGR MY SYD MDY in-frame
seq7 IGHV4-34*01  |[Productive | 1420 22?8”5-?2”;2 w |[lorusez fieHp2zm |3 [6.7.25] SARGDMWRIAVPASVDTAMAANWEDPW | in-frame
@ Results of IMGT/JunctionAnalysis for ; IGH junctions
@ Alignment with the closest alleles:
The analysed sequences are aligned with the closest allele {with number of aligned sequences in parenthesesy
IGHW1-B9*06(2) |GHWA-34701(8) 3

<

Terming

Zotero




IMGT/V-QUEST ‘Detalled view’:
7. V-REGION translation

) IMGTIV QUEST - Mozilla Firefox

Information
system

Fichier Edition Affichage  Historigue  Marque-pages  Outils 2

7. V-REGION translation

i it FR1 - IMGT - ———
1 5 1n 15 20
Q v 0 L v Q 3 e A E v K K P e} k] 3 v K v k] C
zegl cag gty cag cby gty cag tot ggg got ... gaa gtg aag aag oot gogg too tog ghby aag gtc teoo tg
Lz2582 IGHV1-69+*01 mm— = mmm mmm mmm mmm —mm —mm ——— L =mf mmm mmm mmm mmm mmm —mm e e —mm e —mm
———————————— - CDR1 - IMGT e e e L B L e et
25 30 35 40 45
E Fiy F ) W T F b=} 3 T Fiy I b=} W W R u] Fiy
zeqgl C &ay got LEL gga gtc acc TLEo ... agt agt tac got atc ago LYy gty oga cay goo
3 [t
L22582 IGHV1-6%+*01 - === —== —C= === —- === -—- ... -=C ==C ==L === === === —-= ——— ——— ——— ———
FRZ - IMGT ---——--————— - ————— = CDRZ - IMGT L
a0 a5 60 65
P e 0 e P E ) " e G I I P L F 3 K & u T &
zegl oot gga caa ggy oot gag tgg aty gga ggg atc atc oot thy ... ... tto gga aay goa aac tac go
L I T
Lz2582 IGHV1-69+*01 —== === ——= == =L —m= ——— —m— ——— ——— ——— ——— === 3-C ... ... --L --L -C& -== --= ——— ——
————————————————————————————————————————————————————————————— FR3 - IMGT ---—---—m——————
70 75 a0 g5 o0
u] K F u] ) E W T I T Fiy JE] iy 3 T b=} T W T Jul E
zeqgl a4 Cay aay TEC cag ... JUC aga gEc acy att acc gog gac goa TCOC acy agc acl gt [tac aty gag
E Fs
L22582 IGHV1-6%+*01 = === mm= mm- m-— L. === === e mmm mmm - mm- —-- —@= === === —== -=fB -C- |--= -—= -——
—————————————————————————————————————————————————————— = CDR3 - IMGT
a5 100 104
v 3 3 L R 3 E il T & v ¥ ¥ C A R 0 T e 3 3 ] ¥
aeqgl gty agc agc chbyg aga Lot gag gac acy goc gbg tat tat byt gog aga caa tabt ggb agt agt oot ta
L
Lz2582 IGHV1-69+*01 Cm= === === === ——= ——— ——— —mm ——m —— ——— ——m oo 0 —m— ——— - -

T Fiy T w G H G T L W T v
zeql t tac goc tac tgg ggc Cac gga acc otg gto acc gto t

LZ2582 IGHV1-69%01
£

Terming
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Alemtuzumab (CAMPATH®)

=

2 mutations:
S31>T, S28>F

VH domain

[8.10.12]

IMGT® http://www.imgt.org

0000000000

B human



Towards «Potential iImmunogenicity evaluation»

http://www.imgt.org

«  Comparison with the closest human germline genes and alleles
Number of different AA in FR-IMGT

V-REGION FR-IMGT

identity AA
percent differences
VH alemtuzumab 73 % 14 /91
bevacizumab 72.40 % 23
trastuzumab 81.63 % 9
V-KAPPA alemtuzumab 86.32 % 2 189
bevacizumab 87.40 % 7
trastuzumab 86.32 % 6

Magdelaine-Beuzelin C. et al. Crit. Rev. Oncol. Hemat. 64, 210-225 (2007)



IMGT/DomainGapAlign

Sequence name: alemtuzumab H

6 Mowve your mouse over the amino acids in bold for the characterization of AA class changes

@ Closest reference gene and allele(s) from the IMGT domain directory

V gene and allele
IGHV4-59*01

Species
Homao sapiens

J gene and allele
IGHI4*01
IGHI4*02
IGHI4*03

Species

Homo sapiens
Homo sapiens
Homo sapiens

Domain
1

Domain
1
1
1

@ Alignment with the closest genes and alleles from the IMGT domain directory

FR1-IMET
{1-2&)

=3

(1e-28)

alemtuzumab H @VQLRESGE.GLVRF SQTILSLICTVS

IGHY4-59*01

QVQLQESGE . CLVEP SETLSLICTVS

(Homo saoiens)

R Q

http://www.imgt.org

Smith-Waterman Score] Identity percentage [Overlap

404 73.0 100

Smith-Waterman Score Identity percentage Overlap

a4 92.9 14

a4 92.9 14

a4 92.9 14

CDR1-IMGT FRZ-IMGT CDRZ-IMGT FR3-IMGT CDR3-IMGT FR4-TMGT

(27-38) {33-55) |56-85) (66-104) (105-117}) {115-128)

BC c = crce c D E F foye G
(27-38) (33-48) {47-55) SE-%5) (66-T4) {75-84) (B85-38) (97-104) (105-117) (115-128)
o > - > - o —_—
27 38 3941 46 47 55 5§ 65 66 74 75 B0 84 85 83 96 97 104 105 11112 117 118 128
[P [ [ [ ([ [ [ [ N I [ [ [P [ R [ [, |
GFTF. ...TDFY MNWVRQEP GRGLEWIGF IRDEAERSYTT EYNESVE.E RVIMLVDTSE NQFSLRLSSVTA ADTAVYYC AREGHTAADFDYW GQESLVIVSS.
GESI....55YY WSWIRQDE CEGLEWIGY IYYS...GS5T NYNDSLE.S RVIISVDTSE NQFSLELSSVIZ ADTAVYYC AR FDYW GQETLVIVSS.
FTF TOF | 9 WV R F| BDK  ¥T IE v G ML R 5
7-REGION | ——

@ Region(s) and domain(s) identified in your sequence (corresponding to the closest genes and alleles)

Without gaps Sequence i FASTA format

Sequence i1 FASTA format

With gaps

-FDYHGQGSLUTVESASTKGFSUFFLAPS SESTSEETRALECLY

EDYFRERVIVSHNSCALTSCVHIFPAVLOSSELYSLESVVIVESSSLETR
TYICHVNHEERSHTEVDEEVEAPELLECESVFLFEPEPEDTIMISRTEEVT
CVVVDVSHEDPEVEFNWYVDEVEVHNAKTEEPREEQYNSTYRVVSVLIVLH
QDHLNCEEYECEVSNERLPAPTERT ISEAKGQPREPQVYTLEPPSRDELTE
NS LICLVEGF Y PSDIAVEWESNGQPENNYETTPPVLDSDESFELYSEL
TVDESEHQQENVESCSVMHEALHNHY TQESLELSPEE

B 1MGT collier de Perles



IMGT/DomainGapAlign

Towards «Potential iImmunogenicity evaluation» gt org
V-REGION
identity
percent CDR-IMGT FR-IMGT
lengths lengths
Closest human germline
IGHV4-59*01
V-REGION CDR-IMGT | Number of different AA FR-IMGT | Number of different AA
Sequence NaMe | ;o ntity percentage | lengths | in CDR1- and CDR2-IMGT |  lengths in FR-IMGT
alemtuzumab_H 73.0% [8,10,12] 11 St 14
11 different AA 14 different AA
in CDR1- and in FR-IMGT
CDR2-IMGT 14/91

Ehrenmann et al. Nucl. Acids Res. 38, D301-307 (2010)



IMGT/DomainGapAlign

Towards «Potential iImmunogenicity evaluation»

Characteristics of the AA class changes:

Information
system

http://www.imgt.org

. Different AA
FR-IMGT Number of different AA with class changes
; Different AA .
B L with class changes FR1-IMGT (1-26) 2 K14>R (++ ) very similar
E17=Q (+ +-) similar
G28>F (---) wery dissimilar —
S20>T (+-+) similar Wag=M (+--) dissimilar
o e S40=N  (---)  wvery dissimilar
130=F (+--) dissimilar
CDR1-IMGT (27-38) 6 S365T (+-+) similar FR2-IMGT (39-55) 5 142>V (+-+) similar
S36>D (---) very dissimilar K4g>R  (+ + +) very similar
Y37>F (-+-) dissimilar Y¥35=F (-+-) dissimilar
Y57>R (---) very dissimilar NEE>E (+--) d?SS_imilar
Y5850 (---) very dissimilar L71=V (+-+)  similar
CDR.E'IMGT (56'65) 5 SH0>K [— = —} very dissimilar FR3'IMGT (56‘104) 6 ST4>G (+ & _} similar
G63>Y (+--) dissimilar I7g=M (+ +-) similar
SB4>T (+-+) similar S7e=L | very dissimilar
Ko0=R (+ ++) wvery similar
FR4-IMGT (118-129) 1 T122=5 [+ -+) similar

(Hydropathy Volume Physicochemical)

+ : conserved classes
- : different classes

very similar (+ + +)
similar (+ - +), (+ +-)
dissimilar (+--), (-+-), (- - +)
very dissimilar (- - -)

Ehrenmann et al. Nucl. Acids Res. 38, D301-307 (2010)



IMGT/DomainGapAlign:

Towards «Potential iImmunogenicity evaluation»

http://www.imgt.org

IMGT Collier de Perles

AA that are different
compared to the closest
germline V and J genes and
alleles

(e.g. for alemtuzumab: 11 AAin
CDR1- and CDR2-IMGT and 14

AA in the FR-IMGT, compared to
Homo sapiens IGHV4-59*01)

Al ET cl c'T t:“l DT El FTulm

Ehrenmann et al. Nucl. Acids Res. 38, D301-307 (2010)



IMGT/3Dstructure-DB

IMGT Collier de Perles : Homo sapiens (Human) IGHV V-DOMAIN from b12 (1hzh_H)

http://www.imgt.org

CDR-IMGT lengths [8.8.20]

PYSID V'DOMAIN
Q D
D W |
N ) E S N-terminus
VNQ ) R (N / %/
Y P) (v) (F /lf "<
M Q) @) G)_(V)s(N —@
D L) (v)%|s|se| 1 (T) 55|W—<8) E |es
Vv A @A _ & _6)Y F
118 | W Q A 230 41 (W M D S
G syos|cf=(c) _(V)es(m) (W) (1) (A
K cg) (¥ (s) (R E) (F) (K
G AL O_@ O O G
Hydrogen bonds (I E (V) (K) (A Q) V) (Q
T v)_(A) (V)s(P G) »(RHD
Vv K) (1) (s L
| K) (D) (A R
V) 15(P—{A}—G)1s S W
s ] LL]
216 T T A A A e I

Lefranc et al. Nucl. Acids Res. 37, D1006-1012 (2009)



Contacts VH-(Ligand), V-KAPPA-(Ligand)

DomPair
DomPair
DomPair
DomPair
DomPair
DomPair
DomPair
DomPair
DomPair

DomPair

IMGT molecule name IMGT. . Chain IMGT. ch.ain Domain
description D description number
CAMPATH-1H, alembuzumab, FAB-GAMMA- g
MABCAMPATH® 1_KAPPA leel H - VAHCHL b1
[02]
lcel | L-KAPPA [01]
[02]
CDS2 (syrthetic peptide) Peptide leel P Peptide
MNumber of residues Atorn contact types
Uit 1 Unit 2 Resgutea
CONEACE Total From 1 From 2 Total Polar Hydrogen
Domain  Chain| | Domain  Chain
WH leel H ) CHL lcel H 19 17 B 9 125 9 1
V-KAPPA  lcel L B3 45 24 21 532 61 6
(Ligand) 1cel_P 25 19 12 7 216 40 9
CH1 leel H WH lcel H 19 17 ) g 125 9 1
C-KAPPA  lcel L B8 o8 28 30 498 40 6
VKAPPA leel ) WH lcel H B3 45 21 24 532 61 6
C-KAPPA  lcel L 18 18 B o 137 19 2
(Ligand) 1cel P 16 14 7 7 171 37 5
C-KAPPA lcel | CHI lcel H B8 o8 30 28 498 40 6
V-KAPPA leel L 18 18 10 g 137 19 2

[ﬂl
Mugé

Gene

Tics

http://www.imgt.org
IMGT domain
description

Information
system

WH

CH1
WHAPPA
CHAPPA




Contacts V-KAPPA-(Ligand)

Summary:
Residue  Mumber of residues Atom contact types
facts
contae Total From 1 From 2 Total Polar Hydrogen
16 14 7 7 171 37 5

List of the Residue@Position pair contacts:
Click 'R@P' for IMGT Residue@Position cards

Order Order
MGT Residue Domain Chain MGT Residue Domain
N Num

LIM
oo - - =
cco R - - <o
cco G N N A = ©
cco [~ ©
cco [ = > =
cco [~ -
cco [ - > <
cco [~ -
cco [~ -
cco [~ - =
cco [ R R -+
cco [ R - © >
cco [N = > <
cco [~ ©
cco [~ - =
cco [ R - ©

= T 4 O = o Lt 4 L T ot L T3

Chain

leel P
leel P
leel P
leel P
leel P
leel P
leel P
leel P
leel P
leel P
leel P
leel P
leel P
leel P
leel P
leel P

Atom contacts

Total Polar Hydrogen

1
21

3
20
12
14
12
12
11
18

4

20

B s e BRI WM W = WM B MDD O

o = = O oo O = O O O = O = o O O

http://www.imgt.org

Kaas Q. et al.
Nucl. Acids Res. (2004)



Contacts VH-(Ligand)

Im?; Residue Domain Chain Imf; Residue Domain Chain Total Polar Hydrogen htp/ww.imgt.org
g | || | [ elP 4 O 0
e | | | | [T el P 13 1 0
ded | [ | | FEEEET el P 14 2 2
RGP 55 PHE F WH  lcel HR@P 6 SR § lel P 5 0 0
RGP 55 PHE F WH  lcelH R@P 7  ALA A lelP 16 0 0
RGP 55 PHE F WH  fcelH RGP 8 AP D fe1 P 1 0 0
rae (570 ARG RIVHT el rar 7 ALa A leel P 9 3 2
rae (5700 ARG RV el rar 8 A D el P 20 6 1
rae [6f 0 Ve K VR el rar 8 A D el P 11 2 1
RGP 66 @U E VH  lcelH R@P 7 ALA A 1el P 1 0 0
ree [ ENE R - 2 e T el P 13 2 1
ree [AHE B cce «+ o s lel P 5 2 0
ree [ EE R e 7 an A felP 5 0O 0
de | [ | | [N lel P 2 1 0
e S e 2 TR T lel P 9 2 0
e [ FEN R oo : oy lelP 24 4 0
ded | [ | R lelP 21 5 0
e [ FEN AR - 2 = fe1 P 9 2 | ‘
de 0 | [ [ | AR lel P 11 0
ree R - : = s elP 11 4 1
ree (R - 2 = s lel P Bl 0
ded | [ | | R 1el P 3 0 0
ree SRR - : = s lel P 7 2 0
dad | [ | | R lel P 4 0 0 Kaas Q. et al.
o I cce ¢ = o = e ° Nucl. Acids Res. (2004)




IMGT/2Dstructure-DB

Overview
Your query: INNentries.  |[nternational Nonproprietary Name (INN)
Number of results: 53
|IClick on IMGT entry ID (2nd column) for entry card

IMGT IMGT

entry  IMGT molecule name entry  IMGT receptor description Species g posed Iiﬁ;tmm CAS number

1D type
1 7637  trastuzumab, 4D5v8, HERCEPTING N 1G-GAMMA-1_KAPPA Humenzed 78 (1997)  R40 (1998) 180288-69-1
2 7906  cetuximab, Fab €225, IMC-225, ERBITUX™ NN I5-GAMMA-1_KAPPA Chimeric L82 (1090)  R44 (2000) 205023-564
32 8005  alemtuzumab, Campath-1H, LDP-03, CAMPATH®/MABCAMPATH®E NN 16-GAMMA-1_KAPPA Humenzed B2 (2000)  R45 (2001) 216503-57-0
4 8017  bevaczumab, 12-1g61, F(ab)-12 IgG1, Fab-12 IgG1, rhuMAb-VEGF, AVASTIN® INN FAB-GAMMA-1_KAPPA Humanzed L83 (2000)  R45 (2001) 216974-75-3
5 8312 ranibzumab, Fab-12 variant Y0317, RhuFab, LUCENTIS® N FAB-GAMMA-1 KAPPA Humenzed 100 (2004) RS2 (2004) 347306821
6 8380  pertuzumab, thuMAB 2C4 NN FAB-GAMMA-1_KAPPA Humenzed  LBA(2003)  RS1 (2004) 380610-27-5
7 B598  naptumomab estafenatox NN FAB-GAMMA-1-SAG_KAPPA Mus musculss 196 (2006)  RS8 (2007) 676258-08-3
8 8651 tadoczumab NN FAB-GAMMA-1_KAPPA Humanzed 194 (2005)  RS6 (2006) 339086-80-5
9 8658  efungurmab N SCFV-HEAVY-KAPPA Homo sapiens 195 (2006)  RS7 (2007) 762260-74-2
10 8659  abagovomab NN 1G-GAMMA-1_KAPPA Mus musculis 195 (2006)  RS7 (2007) 792921-10-9
11 8669  atacicept NN FUSION-TNFRSF13B-FC-GAMMA-1 Homo sapiens 195 (2006)  RS7 (2007) 845264-92-8
12 8603  motavizumab NN IG-GAMMA-1_KAPPA Humanzed 195 (20068)  RS7 (2007) 577010-34-3
13 @734 bavituximab N IG-GAMMA-1_KAPPA Chimeric 105 (2006)  RS7 (2007) 548004-29-3
14 8730 aflbercept NN FUSION-FLT1-KDR-FC-GAMMA-1 Homo sapiens 195 (2006)  RS7 (2007) 862111-32.8
15 8750  rilonacept, ARCALYST™ NN FUSION-IL1RAP-IL1R1-FC-GAMMA-1 Homo sapiens 195 (2006)  RS7 (2007) 501081-76-1
16 8753 lexatumumab NN IG-GAMMA-1_LAMEDA Homo sapiens 195 (2006)  RS7 (2007) 845816-02-6
17 @818  ibalzurmab S| IG-GAMMA4 KAPPA Humenzed 197 (2007) RS9 (2008) 580188334
18 8832  tenatumomab, ST2146 N 16-GAMMA-2B_KAPPA Mus musculss 198 (2007)  R60 (2008) gg%ggjig
19 8836  canakinumab N 1G-GAMMA-1_KAPPA Homo sapiens  L97 (2007) RS9 (2008) jggigg‘;
20 8862  etaracizumab, MEDL522, hLM&0Q NN I5-GAMMA-1_KAPPA Humenzed 100 (2008)  Re1 (2000) 802553423
21 8864  otelxizumab NN 1G-GAMMA-1_LAMBDA Humenzed L8 (2007)  Re0 (2008) 881101442
22 8862  tepleumab NN IG-GAMMA-1_KAPPA Humanzed 197 (2007) RS9 (2008) 876387-05-2
23 @887  |uctumumab S| IG-GAMMA-1_KAPPA Homo sapiens 198 (2007)  Re0 (2008) 903512.50-5
24 8888  panobacumzb, Aerurmab 11 NN 1G-MU_KAPPA_J-CHAIN fﬁ,ﬂ;’”ﬂf;fgj L100 (2008) Unpublished 885053-07-4
35 8804  gantenerumab N IG-GAMMA-1_KAPPA Homo sapiens 197 (2007) RS9 (2008) 80957-37.9
26 8922  mistuzumab TN 1G-GAMMA-1_KAPPA Humenzed 198 (2007)  Re0 (2008) B899796-83-9
27 8932  veltuzumab N 1G-GAMMA-1_KAPPA Humenzed 198 (2007)  Re0 (2008) 728917-18-8
28 8941  tanezumab, RNG24 NN 1G-GAMMA-2_KAPPA Humenzed LS99 (2008)  Re1 (2009) 880266-57-9
20 /047 anrikinTumah TR TR-GAMMA-1T KAPDA Himanizad 18 (2007 REN F2008) O1NR49-22-N Y

Ehrenmann et al. Nucl. Acids Res. 38, D301-307 (2010)




IMGT/2Dstructure-DB

IMGT/2Dstructure-DB card for INN: 7637

IMGT molecule name IMGT receptor type IMGT receptor description Ligand{s) Species CC ChainID
INN name trastuzumahb
Common name 4D5VE G 1G-GAMMA-1_KAPPA Humanized 7637 _ HTE37T L]

Commercial name HERCEFTING

Proposed list L8 (1097) Recommended list R4o0(1908)

Trastuzumahb has been engineered with two amino acid changes IGHG1 CH3 D12=E, L14=M to convert the G1m1 allotype
to the iso-allotype n31m1, the resulting gamma chain being Gm17, nG1m1, in an attempt to reduce the risk of anti-G1m1
antibodies interfering with therapy.

IMGT Carter P. etal. Proc. Natl Acad. Sci. USA, 89, 4285-4289 (1992) PMID: 1350083

note )
Trastuzumah constant genes and alleles, and allotypes, based on sequence analysis are:

IGHG1*01, CH3 D12=E, L14=M Allotype G1m17nG1m1
IGK.C*01 (100%) Allotype Km3
The allotypes have been confirmed serologically.

Im
M
G

. Information
TICS system®

http://www.imgt.org

INN Chain Renumbered References
definitions details MGTfile = and links

Printable
card

Differences with the closest IMGT allele sequence are in orange.

Chain details of , 4D5V8, 1G, 1G-GAMMA-1_KAPPA Humanized [7637_H,7637_L]
Chain ID INN 7637_H
Chain length | 450
IMGT chain | H-GAMMA-T
description
=WH(1-120) + CH1(121-218) + HINGE-REGIOMN(219-233) + CH2(234-343) + CH3(344-450)
[ V-REGION
EVQLVESGEELVQPGGSLRLSCARSGF KD TY I HWVRQAPGKGLEWVLAR I Y E TGy TRYADSVEGRFT ISADT SKNT LA YLQMISLRAED
]N-AND[  J-REGION 10 CH1

TAVYYCSRRGEDEEYAMDYREQET LVIVSSASTKGESVEPLAPSSKSTSGATALLGCLVKDY FEEEVTVSRNSGALTSGVHTFPAVLYSS
] [HINGE-REGION ][

Ehrenmann et al. Nucl. Acids Res. 38,0301-307 (2010)



IMGT/2Dstructure-DB

Chain details of trastuz , 4D5VE, IG, 1G-GAMMA-1_KAPPA Humanized [7637_H,7637_L]

Chain ID INH 7637_H
Chain length | 450

IMGT chain | FCAMMAT
description
=WH{1-120) + CH1{121-218) + HINGE-REGIOMN(219-233) + CH2(234-343) + CH3(344-450)
[ V-REGICN
EVQLVE SGGELVQPGESLELSCARSGF I KD T IHWVEQA FGKGLEWVLA R I¥ ETHGY TRYADSVEGRFT I SADT SKNTLYLOMNSLERED
|N-BND[ J-REGION 11 CH1
TAVYYCSRWGGDEF Y LMD YRGS T LVIVS SASTRGESVFPLAPSSKST SEETARLGCLVEDY FPE PV VSHNSGALT SGVHT FERAVLOSS
] [HINGE-EEGICH 1[
Chain GLYSLSSVVIVESSSLGTQTY ICHVNHKE SN TKVDEEVE FKSCDT FEFCERCEAPFELLGGPSVFLFEEKEEDTIMI SRTEEVICVVVIVS
Sequence CH2 1L
HEDEEVEFNWYVDGVEVHNAKTKFREEQYN S TYRVVSVLIVLEQDWLNGKE YECKVSHEALEAP IEKT I SKAKGRFREEQVY TLEESRLE
CH3 ]

LTENGVSLICLVEGFY PSDIAVERE SHNGRPENNYRT T PEVLDSDES FELY SKLTVDKSERQOGHNVE SCSVMHEATHNHY TQRSLIL.S PG

Seqguence in FASTA format

MGT domain |, CLASSIFICATION

description

IMGT gene and
allele name

IMGT gene and
allele name

IGHV3-66*01 (81.60%)(Human) , IGHV3-66%02 (81.60%)(Human) , IGHV3-66*04 (81.60%)(Human) Alignment details

IGHJE*01 (V6.50%)(Human) , IGHJE*02 (76.50%)(Human) Alignment details

| 20 representation | IMGT Collier de Perles or IMGT Collier de Perles on 2 |ayers

V-DOMAIN | Contact analysis | Mot available
| CDR-IMGT lengths | [8.8.13]

| Sheet composition | Mot available

[ CDR1L ] [ CDR2 ]
EVQLVESGG.GLVQPGGSLRLSCAASGFNT . . . . KDTY IHWVRQAPGKGLEWVLE I VET . . IGYTRYADSVK. GRFTISLDTSKNTLYLQ
[ CDR3 ]
MNSLRAEDTAVYYCSEWGEDEFYAMDYNGQRGTLVIVSS

IMGT/DomainGapAlign results

Ehrenmann et al. Nucl. Acids Res. 38, D301-307 (2010)
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entries
-makb
-cept
@Search by:
[ Search l [ Feset l
r 1 | . | )
INM (International Monproprietary Mame) | |'— b | MM proposed list !éfter—:! ©and before O and
— P— e o
INI number |- v IMM recommended list — RS 4 aadibeiniet L Sans
T after
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Isotype and format |l Fusion protein format = Vi
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Specificity (target) R | Specificity origin B [ |
Sy || mEn e |— Vi
Clinical indication | | Regulatory agency |- Vi
Expression system L Year E [ ]
Application Clinical domain . |
[ Search l [ Feset l

Ehrenmann et al. Nucl.

e

Acids Res. 38, D301-307 (2010)




IMGT/mADb-DB

[ Search ][ Feset ]

INM (International Maonproprietary Mame)

MM proposed list

|- r_ Cand before O and after

[MNM number MM recommended list — \_f' O and before O and after
IMGT/mAb-DB section v Radialabelled! Canjugated " >
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Why are IMGT Colliers de Perles so useful?

* Provide a standardized analysis of domains (V,' c
and G) for IG, TR, MHC and for all other IgSF and
MhcSF.

- IMGT/Collier-de-Perles
- IMGT/DomainGapAlign

 Provide a standardized analysis of contacts
(antibody/antigen, peptide/MHC, TR/pMHC...)

- IMGT/3Dstructure-DB

e Bridge the gap between sequences and 3D
structures and vice versa

- IMGT/2Dstructure-DB cards (INN)
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IMGT/GeneFrequency.
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* 6 databases
* 15 online tools

e Sequences
» Genes
e Structures

* Immunoglobulins (IG)
(or antibodies)

» T cell receptors (TR)

s MHC

* IgSF and MhcSF
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