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IMGT-ONTOLOGY
axioms and concepts



IMGT-ON
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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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CLASSIFICATION axiom

1. The IMGT-ONTOLOGY main concepts of classification

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

 have allowed to set up the nomenclature of the
Immunoglobulin (1G) genes (V, D, J, C genes).

http://www.imgt.org

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 genes (direct links from NCBI Entrez Gene) and alleles.



CLASSIFICATION axiom Tl ==

1. The IMGT-ONTOLOGY main concepts of classification

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

 have allowed to set up the nomenclature of the
Immunoglobulin (1G) 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 genes (direct links from NCBI Entrez Gene) and alleles.




++§- IMGT Mare-Paule page: IMGT repertoire - Netzcape I\'%m
Fichier Edition  Afficher  Aller  Communicator  Aide Gﬂ}
Ties
LDCU.E I‘Bﬂfﬂ-ﬂﬂ-ﬂfﬂf';nﬂ' Hiiman 11 =
Human IGI} Im
WELCOME! M
ent
M to IMGT/GENE-DB uno
B
s THE GEIIE : _
[MTERMATIOHAL Intormation
¢l o IMMUMNOGENETICS T]Eﬂ system®
q INFORMATION SYSTEME _
H
http://www.imgt.org
TRT 7 1% F97 LIt on n ———
LY = - m 0 b= W= T el — t-
BLC EHEH —— & H—HEHE—EHHH HE—— O 1 600 kb
= = S =& T g
2 G 588578 B Enn AR 8
in i [ I IR ] O ol mmmo— o
— { HHHH—4+—+—H{—HHHHHE-  800+kk
A zgasfe ereowro o ol oo Gud en - cqsm
Mol Mism e o oom M r Mot M Moo o0 oo | 2345RK7
AT —THTHT t l‘!l i PH—ll—l—lllDEll;fl—D— 3 1080k
H:I i ?ﬁ % m Enhancer
5 i in i imil :
= i) '
IGand TR: 1538 genes and 2523 alleles from human and mougp

& ==

Document : chargé

=
Ly

g =\ Eal v




PROTOTYPE for a V-GENE gt

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 I | I
FR3-IMGT CDR3-IMGT f l |
L-PART1 DONOR-SPLICE I — .
V-REGION FR1-IMGT |

V-REGION CDR3-IMGT I L |




DESCRIPTION axiom

http://www.imgt.org

. The IMGT-ONTOLOGY concepts of description:
comprise the standardized IMGT labels and their relations.

have allowed to describe the IG (or antibody) sequences
and structures, whatever 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).



DESCRIPTION axiom

http://www.imgt.org

. The IMGT-ONTOLOGY concepts of description:
comprise the standardized IMGT labels and their relations.

have allowed to describe the IG (or antibody) sequences
and structures, whatever 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).




IMGT/LIGM-DB

3 IMGT/LIGM-DB Consultation module ¥3 - Mozilla Firefox
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File Edit Wiew Go Bookmarks  Tools  Help

FH Eevy Location/Qualifiers

FH

FT L-V-D-J-C-3EQUENCE} <1..375>

FT fpartial

FT fdb_xref="taxon:Se0&"

FT fcell_type="B—cell hybridoma ZF7™

FT fIHGT_nDte=”autDmatically annotated with IMGT tools™

FT forganism="Homo sapiens'

FT V-D-J-REGICHN 1..375

FT ftranslation="OQVHLVESGGAVFHPGRILELSEAASGF TF33VGMHIIVEQLR

FT AEGLEWVAVIWYDGENEYYADSVEGRFTIZRDNIENTLYLOMNSLEAED TAVYVC

FT AFHVTIAAAGRRGAGHMDYWGOGTTVTVSS

FT V-REGIOHN 1..296

FT Ffallele="IGHV3I-33%01, putatiwve'

FT fogene="IGHJTI-33"

FT yoor 1enginerrs.s. 1437 D3 sequences from 236 spe
FT fputgtive_limit="3' =ide™

FT ftranslation="OQVHLVESGGAVFHPGRILELSEAASGF TF33VGMHIIVEQLR

FT AEGLEWVAVIWYDGENEYYADSVEGRFTIZRDNIENTLYLOMNSLEAED TAVYVC

FT LET

FT FR1-IMGT 1..75

FT IAA_IHGT=”1 Lo 26, AR 10 iz missing"™

FT ftranslation="QVHLVESGGAVFHPGRILELSELAS

FT | CDR1-IMGT 76..99 |MGT-ONTOLOGY

FT IAA_IHGT="2? Lo 34

FT reremsiacion=rerrssver - 27 7 IMGT |abels for sequences
FT FRZ-INGT 100, .150

FT saa_mmet=r3s wo sst 285 [MGT labels for 3D structureé
FT ftranslation="MHWWEOLPAEGLEWVAYV'"

FT COMIERVED-TRP 108..108

FT CDRZ-IMGT 151..174

F1 /23_THGT="S6 to 63" SO (Sequence ontology):
FT ftranslation="IWYDCGINK'"

FT | FR3I-IMGT 175. .288 67 ||\/|GT Iabe|S

FT IAA_IHGT="EE to 104, AL V3 iz mwissing™

FT ftranslation="YYADSVEGRFTISREDNIKNTLYLOMNSLEAED TAVYYC T

Done
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CDR-IMGT lengths

[8.10.12]

Lefranc et al. Dev. Comp. Immunol. 27, 55-77 (2003)
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1. IMGT unique numbering

« conserved AA (and codons) CDR-IMGT lengths
at the same positions: [8.10.12]
1st-CYS 23
2nd-CYS 104

J-PHE, J-TRP 118

118

(@)= [T

jrs
]
[=x)

Lefranc et al. Dev. Comp. Immunol. 27, 55-77 (2003)
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1. IMGT unique numbering

e conserved AA (and codons) CDR-IMGT lengths
at the same positions: [8.10.12]
1st-CYS 23
2nd-CYS 104 :

J-PHE, J-TRP 118

118

2. IMGT Collier de Perles

e standardized delimitation of
the FR-IMGT and CDR-IMGT.
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Lefranc et al. Dev. Comp. Immunol. 27, 55-77 (2003)
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2 mutations:
S31>T, S28>F

VH domain
[8.10.12]

0000000000

B human

rat

IMGT Biotechnology page (http://www.imgt.org)



NUMEROTATION axiom T =

. 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 (codon) level, for:

the variable domains (V-DOMAIN)
the constant domains (C-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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The eleven IMGT amino acid classes
according to the physicochemical properties
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IMGT Collier de Perles amino acid profile fzjr:
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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

CDR3-IMGT= Complementarity determining region (105-117)
V-D-J junction (104-118), V-J junction (104-118)



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

Im

for using IMGT/JunctionAnalysis IG”I“““
ene
INTERNATIONAL T s
IMMUNOGENETICS 1C8 s
[NFORMATION SYSTEME
Analysis of the JUNCTIONs
Input V nams W-REGION N1 D-REGION U
#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
105 107 109 111 111.2 112,44  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 g I G T E I F D ¥ W
#1 MeZ724 tgt gog aga gaa gat age aat gge tac aaa ata ttt gac tac tgg + 13
C A E G = A E i E E L E ) F H = ¥ W F D |3 W
#2 2472690 tgt gog aga dyg ggg got aag gl:c 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




IMGT/JunctionAnalysis: analysis of the IG and TR junctions

system®

JUNCTION alignments with translation and IMGT AA classes

http://www.imgt.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
. EEEEE - - : - oOEEEE - BN EGOEE o -
#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 - oOEEEE - BN EGOE o -
#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-i385 (2004)
Pommié et al. J. Mol Recognit. 17, 17-32 (2004)



IMGT/V-QUEST ‘Synthesis view’:

8. Results of IMGT/JunctionAnalysis

http://www.imgt.org

8. Resulis of IMGT/JunctionAnalysis

Results for the IGH junctions

Analysis of the JUNCTIONs

Click on mutated (underlined) nucleotide to see the original one

—

Inpnt WV name

seql
seqz2
seq3

seqd

IGHV1-18*01
IGHV3-30*04
IGHVI-30*04

IGHV3-30*04

3"/-REGION

tgtgcgagaga

tgtgcgagaga

tgtgcgagad.

tgtgcgagaga

Translation of the JUNCTIONs

P o1 P
gcactectoggce
tcgga
gaaggecgaag
t tecctoctaccc coc

Click on mutated (underlined) amino acid to see the ariginal one:

—

D-REGION 2
CLECEQLE. .. « . tgcggocggaaadgggt
JLEtagCagtags. .« . .- ccagt
. fufe gt o s o T (RN acccggco -
JIgtatagcagcagotag. - - Bg

aCtactttgactactgg

5'J-REGION

.Ctttocattactgg

tacttccagcactgg

ttgantactgg

J name

IGHJ4*02

D name Viut Dmmt

IGHD4-4+01

IGHJ4*02

IGHDA-159*01

IGHJ1*01

IGHD3-10%01

IGHJ4*02

IGHDA-13*01

CDR3-IMGT Molecular

Al

Juut  Hgc

[
k2
(=
-
]
o

1 8/13

io4 105 106 107 108 10% 110 111 111.1 111.2 112.3 112.2 112.1 112 113 114 115 116 117 115 Frame length Dass pI
-l - - -8 - ------- "
#1 seql tgt gog age geg CEC ToC Tog  goc tac 2gt atg @aa ggg gtc Tttt caer tac tgg 18 2,471.81 10.28
- HN - 1 - EEE B cE
#2 sSeqZ tgt gog age QBT Cgg BgL BLE QgCE gtg gocc CEg LEC LEC LLL gEC TEC tgg 15 2,127.37 &.58
CIIIIT--S -- L BN
#3 sSeqd tgt gog age ggeE &Bgg BCg BAQ  ggt tcg ga ccc ggc tec ttc cag cac tgg 1a 2,064.32 11.72
CE = - - ------ww
#4 seqd tgt gog age get tocc tocc teEc coo ccg ggt gca gct gge gtt gen tac tgg 17 1,884.1 6.44
< |
| Done

s|_|<_



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

£ v-QUEST Search Page - Mozilla Firefox - 0] x|
Fle Edit View History Bookmarks Tools Help
i;ﬁv C X « |=)- | http://imgt.cines.fr/IMGT_vquest/share/textes/ 7 - |-| Google yol

[2] Most Visited #® Getting Started | Latest Headlines _ | tomcat & Outils linguistiques

WELCOME'! Im
to IMGT/V-QUEST G

THE T . Information
INTERMATIONAL 1CS8 system®
IMMUNOGENETICSE

INFORMATION SYSTEME

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

EZ~ From the Version 3.0.0 of IMGT/V-QUEST, gaps in CDR1-IMGT and CDR2-IMGT are placed at the top of the loops
Currentversion: 3.1.2 (18 July 2008)

Analyse your Immunoglobulin nucleotide sequences

a @  Teleostel
a - Aflantic cod
- Channel catfish
- Rainbow trout
@ Rat
@  Chondrichthves @  Sheep

Analyse your T cell Receptor nucleotide sequences

a Human & Monhuman primates
&  ouse
~|
| Done S




IMGT/V-QUEST Search page

WELCOME ! Im
to IMGT/V-QUEST Search page Gene

Information
system®

THE T .
INTERMATIONAL 1CS
IMMUNOGENETICS
INFORMATION SYSTEM®

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

K== From the Version 3.0.0 of IMGT/V-QUEST, gaps in CDR1-IMGT and CDR2-IMGT are placed at the top of the loops

Analyse your Immunoglobulin sequences

Your selection: Human

Analysis by batches of up to
50 sequences in a single run

Your sequences are compared to the Human (Homo sapiens) IG set from the IMGTN-QUEST reference directory s

-

Nucleotide sequences
Sequence sets to test IMGTN-QUEST are available here

« Type (or copy/paste) your sequence(s) in FASTA format

rsegl
caggtgcagotggtgoagtctggagotgaggtgaagaagococtggggoctcagtgaaggre
tcoctgocaaggottotggttacacctttaccagotatggtatcagoctgggtgogacaggoe
cctggacaagggottgagtggatgggatggatcagogottacaatggtaacacaaactat
gcacagaagctccagggoagagtcaccatgaccacagjacacatccacgagcacagocctac
atggagctgaggagocotgagatctgacgacacggoccgtgtattactgtgogagaggratca
cgtgottttgatatctgggoccaagggaccacggocaccgootogags

»zeql 7
caggtgcagotggtgoagtotggggoctgaagtgaagaagococtgggtcctoggtgaaggre
tcoctgocaaggottttggagtcaccttcagtagttacgotatcagoctgggtgogacaggoe
cctggacaagggoctgagtggatgggagggatcatcoctttgttocggaaaggocaaactac r

F

C or give the path access to a local file containing your sequence(s) in FASTA format
| Browse |

Start I Clear the form

Kl

| Done




Im

IMGT/V-QUEST Selection for results display M

— Information
>seq2 Tics system®
caggtgcagotggtgcagtotggggotgaagtgaagaagoctgggtoctoggtgaaggte
tocctgoaaggottttggagtcacocttcagtagttacgotatcagetgggtgogacaggec http://www.imgt.org
cctggacaagggoctgagtggatgggagggatcatcoctttgttoggaaaggcaaactac LI

" Or give the path access to a local file containing your sequence(s) in FASTA format
| Browse_ |

Stat | Clearthe form |

Selection for results display CLASSIFICATION

Export in text I Nb of nu es per line in alignments: [60 -]
« A. Detailed view
r
1. ¥ Alignment for V-GENE 6. ¥ V-REGION alignment bl ey de Feona
2. ¥ alignment for D-GENE 7. ¥ V-REGION translation @ linkto IMGT/Collier-de-Perles tool
3. Alignment for J-GENE 8. ¥ V-REGION protein display " IMGT Collier de Perles (for a nb of sequences < 5)
4. W Results of INGTLunctionAnalysis 9. " \-REGION mutation table € no IMGT Collier de Perles
" with full list of eligible D-GENES 10. ™ V-REGION mutation statistics 13. "' Sequences of V- V-J- or V-D-J- REGION (nt and "A4) with aaps in FASTA
& without list of eligible D-GEMEs 11. I V-REGION mutation hot spots

5. [ 5 (the JUNCTION (nf and 'AX 14. I Annotation by INGT/Automat

 B. Synthesis view

1. M Alignment for V-GENE 5. ¥ V-REGION protein display (with AA class colors)

2. ¥ y-REGION alignment 6. ¥ V-REGION protein displav (anly #A changes displayed)
3. ¥ V-REGION translation 7. ¥ V-REGION most frequently occurring A4

4. ¥ \-REGION protein display 8. ¥ Results of IMGTUunclionAnalysis

Advanced parameters

Selection of IMGT reference directory set | F«ORF=«inframe P ;l & with all alleles T With allele *01 only

Search for insertions and deletions = No " Yes (slower, the nb of submitted sequences in a single run is limited to 10) i
, , Nb of D-GENEs in IGH JUNCTIONS (default is 1) _ [defout =] In 3V-REGION

Parameters for IMGT/JunctionAnalysis [Gefack =] Mb of accepted mutations: Idefaun - [ in D-REGION

Idefault 2 I in 5'J-REGION

S KR

| Done




Im
M
G
Tics

IMGT/V-QUEST Selection for results display

>aeg2 =

Information

system®
CAggTgCAgCIgUtgCaAgTCTggggCtgaagtgaagaagcotgggtoctoggtgaaggte
TCCTgCaAggCTIIITggagtCACCITCAgTAgTTACGCTATCAgCTgUgTgCgacagges http S IWWWL mgt.org
CCTggaAcCaaAgggCCTgagtgCaATogUaAgggaAtCATCOCTTIgTICggaaaggcaaactac LI

" Or give the path access to a local file containing your sequence(s) in FASTA format
I _Browse_ |

Stat | Clearthe fom |

Selection for results display
Export in text I Nb of nucleotides per line in alignments: [e0 -]

& A. Detailed view

1. ¥ Alignment for V-GENE 6. ¥ \-REGION alignment 12 ILIST Collisrde Parles

2 ¥ Alignment for D-GENE 7. ¥ V-REGION transiation @ ik to INGT/Collier-de-Perles tool

3. ¥ alignment for J-GENE 8. ¥ V.REGION protein display ' IMGT Collier de Perles (for a nb of sequences < 5)

4 ¥ Results of IMGTunctionAnalysis g I_EEMMM ' no IMGT Collier de Perles
" with full list of eligible D-GENEs 10. I V-REGION mutation statistics 13. [J Sequences of V- V-J- or V-D-)- REGION (nt and 'AA’) with gaps in FASTA
@ without list of eligible D-GENES 11. [ V-REGION mutation hot spots andaziess s LRh I nene I RESIGH AL

5. [ Sequence ofthe JUNCTION ¢nt and'a4) 14. 7 Annotation by INGT/Automat

© B. Synthesis view

1. ¥ Alignment for V-GENE
2. ¥ V-REGION alignment
3. ¥ V-REGION translation
4. ¥ V-REGION protein display

¥ V-REGION protein display (with A4 class colors)

¥ V-REGION protein display (only A4 changes displaved)
¥ V-REGION most frequently accurring A4

¥ Results of IMGTUunctionAnalysis

W~ o O

Advanced parameters

Selection of IMGT reference directory set | F-ORF« inframe P = & with all alleles © With allele *01 only
Search for insertions and deletions & No " Yes (slower, the nb of submitted sequences in a single run is limited to 10)
Nb of D-GENES in IGH JUNCTIONS (defaultis 1) I ot :' IV RECIN

Parameters for IMGT/JunctionAnalysis [Gefact =] Nb of accepted mutations: [ defaut _+ | in D-REGION

default = | in §'J-REGION

| Done

Nl
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M
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IMGT/V-QUEST Selection for results display

>aeg2 =

Information

system®
CAggTgCAgCIgUtgCaAgTCTggggCtgaagtgaagaagcotgggtoctoggtgaaggte
TCCTgCaAggCTIIITggagtCACCITCAgTAgTTACGCTATCAgCTgUgTgCgacagges http S IWWWL mgt.org
CCTggaAcCaaAgggCCTgagtgCaATogUaAgggaAtCATCOCTTIgTICggaaaggcaaactac LI

" Or give the path access to a local file containing your sequence(s) in FASTA format
I _Browse_ |

Stat | Clearthe fom |

Selection for results display
Export in text I Nb of nucleotides per line in alignments: [e0 -]

& A. Detailed view

1. ¥ Alignment for V-GENE 6. ¥ \-REGION alignment 12 ILIST Collisrde Parles

2 ¥ Alignment for D-GENE 7. ¥ V-REGION transiation @ ik to INGT/Collier-de-Perles tool

3. ¥ alignment for J-GENE 8. ¥ V.REGION protein display ' IMGT Collier de Perles (for a nb of sequences < 5)

4 ¥ Results of IMGTunctionAnalysis g I_EEMMM 7 no IMGT Collier de Perles
" with full list of eligible D-GENEs 10. I V-REGION mutation statistics 13. [J Sequences of V- V-J- or V-D-)- REGION (nt and 'AA’) with gaps in FASTA
@ without list of eligible D-GENES 11. [ V-REGION mutation hot spots andaziess s LRh I nene I RESIGH AL

5. [ Sequence ofthe JUNCTION ¢nt and'a4) 14. 7 Annotation by INGT/Automat

© B. Synthesis view

1. W alignment for V-GENE
2. ¥ v-REGION alignment
3. ¥ V-REGION translation
4. ¥ V-REGION protein display

¥ V-REGION protein display (with A4 class colors)

¥ V-REGION protein display (only A4 changes displaved)
¥ V-REGION most frequently occurring A4

¥ Results of IMGT/unctionAnalysis

w -~ ;o

Advanced parameters

Selection of IMGT reference directory set | F-ORF« inframe P = & with all alleles © With allele *01 only
Search for insertions and deletions & No " Yes (slower, the nb of submitted sequences in a single run is limited to 10)
Nb of D-GENES in IGH JUNCTIONS (defaultis 1) I ot :' IV RECIN

Parameters for IMGT/JunctionAnalysis [Gefact =] Nb of accepted mutations: [ defaut _+ | in D-REGION

default = | in §'J-REGION

| Done

Nl




IMGT/V-QUEST ‘Detailed view’: Result Mo

Gene

summary e

http://www.imgt.org

Information
system

Sequence number 1: AF184762

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

=AF184762

atggagtttgggetgagetgggttticcttgttgetattttaaaaggtgtecactgtgag
gtgcagctggtggagtctgggggaggettagteccagectgggggatecctgaaactetoe
tgtgcagectetgggticacccteagtggotecaaatgtgcactgggtecgecaggectee
gggaaagggctggagtoggttggccgtatoaaaaggaatgctgagtotoacgcgacagea
tatgctgcgtegatgagaggoaggctcaccatetocagagatgaticaaagaacacggeg
tttctgcaaatgaacagectgaaaagogatgacacggecatgtattattgtgtygatoogy

ggagatgtttacaaccgacagtggggccagggaaccctggtcaccgtetecteageatee 5 :
ccgaccagocccaaggtcttoccogotgagoctetgoagcacccagecagat Automatic EE\IEilljfitIC)r]

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
[CORL-IMGT.COR2-IMGT.CDR3-IMGT] 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 ‘Detailed view’: M
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

»3eql
caggtgcagctggtgcagtoctggagctgagytgaagaagocctggggcctcagtgaaggte
tcctgocaaggecttotggttacacctttaccagoctatggtatcagotgggtgogacaggco
cctggaceagggecttgagtggatgggatggetcagogettaceaatggtaacaceaactat C LASS I F I CATI O N
gcacagaagctoccagggcagagtcaccatJaeccacagacacatccacgagcacagoctac
atggagctgaggagcoctgagatctgacgacaecggoccgtgtattactgtgogagaggtata
cgtgcttttgatatctggggoccaagggaccacggtcaccgtotogage
Result summary: Productive |G%QEE| sequence (no stop codon and in-frame junction)
Y-GEME and allele IGHY1-18*01 score = 1426 identity = 99,65% (287/288 nt)
J-GEME and allele IGHI3*02 (a) score = 164 identity = 81,63% (40/49 nt)
D-GEME and allele by IMGT/ JunctionAnalysis IGHD2-2*02 D-REGIOM is in reading frame 3
[CORT-IMGT.CORZ-IMGT.COR3-IMGT] lengths and AA JUNCTION | [8.8.9] CARGIRAFDIW

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

&\H‘_




IMGT/V-QUEST ‘Detailed view’: M
Result summary table T

http://www.imgt.org

Information
system

Number of analysed sequences: 4 jl

seql seqs seqld seqd

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

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

Sequence number 1: seq1i

Sequence compared with the human |G set from the IMGT reference directo -
a P human IG set d il For D-GENE,
»seql _ 1
caggtgcegotggtgcagtctggagctgaggtgeagaagocctggggcctcagtgaaggte Other pOtentlal D
tcctgcaaggcttotggttacacctttaccagotatggtatcagotgggtgogacaggce _ mutatlon parameter
cctggacaagggcttgagtggatgggatggatcagegocttacaatggtaacacaaactat . .
gcacagaagctocagggcagagtcaccatgaccacagacacatoccacgagcacagoctac - am|n0 aC|d Sequence
atggagctgaggagocctgagatotgacgacacggocgtgtattactgtgocgagaggtata
cgtgcttttgatatoctggggoccaagggaccacggtcacocgtotogage /
Result summary: Productive IGH rearrapgQed sequence (no stop codon and in-frame junction)
YW-GEMNE and allele IGHY1-18*01 //scnre = 1426 identity = 99,65% (287/288 nt)
J-GEME and allele JGH13*02 (3) ! score =64 ideptity = 84.53% (40049 ot}
D-GEME and allele by IMGT/JunctionAnalysis IGHDZ-2*02 D-REGIOM is in reading frame 3
[CORT-IMGT. COREZ-IMGT. CORE-IMGT] lengths and AA JURCTION | [8.8.4] CARGIRAFDIWY

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

s\_l*_




IMGT/V-QUEST ‘Detailed view’: Mo
Result summary table T

http://www.imgt.org

Information
system

Number of analysed sequences: 4 =

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

»3eql
caggtgcagctggtgcagtctggagoctgaggtgaagaagoctggggocctcagtgaaggte
tcctgoaaggocttotggttacacctttaccagotatggtatcagotgggtgocgacaggoce
coctggacaagggcttgagtggatgggaetggatcagogocttacaatggtagacacaBaCTat
goEcagaadgotocagdgoagedtcacCcatJECCACAJRCACATCCACTRCACETCCTAD
atggagctgaggagoctgagaetetgecgacacggoogtgtattactgtgogagaggtata
cgtgocttttgatatctggggoccaagggaccacggtecaccgtotogage

Result summary: Productive IGH rearranged sequence (no stop codon and in-frame junction)
Y-GEME and allele IGHY1-18*01 score = 1426 identity = 99,65% (287/288 nt)
J-GEME and allele IGHI3*02 (a) score = 164 identity = 81,63% (40/49 nt)
D-GEME and allele by IMGT/ JunctionAnalysis IGHNZ-2*+02 D-REGIOM is it reading frame 3

| [CDRI1-IMGT.CDRZ2-IMGT.COR3-MGT] 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’: f}}m

Summary table Tics gl es™

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 Functionality ‘ \_REGION ‘ V-REGIGH J-GEME and | D-GEMNE and | D-REFiIGN CDR-IMGT LA JUNCTION JUNCTION
(1] allele SCOle Tenty % (nt) §| allele allele redimmg mame | lengths Trdime
zeql IGHY-69*06  |fProductive 1050 ?;1'3?2929 ) IGH13*02 IGHD3-16*%02 |2 [8.8.21] CARGGDYDYIWGSYRASDAF DY in-frame
seq? IGHY1-69*0/ Froductive 1300 (9;32?;333 nt) IGHJ4*01 IGHDE-13*01 1 [8.8.21] CARERNGAYTSSWN GOYWSF DO in-frame
seqd IGHY4-34%1 Froductive 1411 (92?83?2%835 n) IGHJE*02 IGHD2-2*02 3 [8.7.20] SIS RRARE WO G DAY in-frame
zeqd IGHY4-34*01 Froductive 1294 (925?',??;;5 ) IGHJE*02 IGHD3-10%01 2 [8.7.20] CARDFSPSPPGHYDARMNDMDWWY in-frarme
seqh IGHY4-34*01 Froductive 1284 (Q;TE?EWSDS n IGHJE™03 IGHD3-22*01 2 [B.7.21] CARYYFDTSGY PR MEY MDA in-frame
seqb IGHY4-34%1 Froductive 1258 (9235?,?29;5 n) IGHJE*02 IGHD2-2*02 3 [8.7.258] CARGHETAIRERPPTIGP MY SY DM DAY 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*0620 |GHWA-34%01 (51 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




IMGT/V-QUEST ‘Detalled view’:
9. V-REGION mutation table

Information
system

http://www.imgt.org

Nucleotide substitution

Amino acid change

9, V-REGION mutation table =
FR1-IMGT CDRA-IMGT FRZ2-IMGT CDHE-II'I.I'IGT\ FR3-IMGT / CDR3-IMGT
g3id=a ga3=t GI0=Y(---) f148=c, L50=P - - -} alTo=t 199=L (+ + a24b=c EBZ=f0---) g319=c
cT7=t S26=F (---) c105=t c177=qQ, 158=L (+ + +) A250=g
c108=t 11 86=c \FEEEI‘PL MO T =W+ - +)
t111=c 1189=a C2T1=0, L91=4 [+ - +)
c191=q, TE4d=K (- --) c309=1
alll=g, TE4=K (---)
W
< >
Terming

Zotero




IMGT/V-QUEST ‘Detalled view’:
9. V-REGION mutation table

[IH

Gehe

Tics

http://www.imgt.org

Information
system

Nucleotide substitution

Amino acid change

9, V-REGION mutation table =
FR1-IMGT CDRA-IMGT FR2-IMGT CDHE-II'I.I'IGT\ FR3-IMGT / CDR3-IMGT
g33=3 go83=f, G28=V (- f149=¢ La0=P (- - -} alva=t, I59*—*LI{+\ a2da=c, EB2=4(-- -} g319=¢
c77=t S26=F (---) c105=t c1¥T=g, 158=L (+ + +) a2afd=g
c108=t 1 8h=c \FEEEI:*L LB T =+ - )
t11=c 1189=a c271 =0, L91=Y (+f +)
c181=3, TEA=K (- - -} c309=t
al32=g, TE4=kK (---)
W
< / >
Terminé / zotero

/

Volume

Hydropathy

(+ : conserved classes)
(- : different classes)
Physicochemical properties (+ : conserved classes)
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IMGT/V-QUEST ‘Detalled view’:

S8
SO

2
—

12. Link to the IMGT/Collier-de-Perles tool

()]
S
o
=
(o))
£
.”W.
o
=
<

o
ol
1

CDR-IMGT lengths

[8.8.17]

IMGT Collier de Perles for V-DOMAIN



IMGT/DomainGapAlign

Sequence name: ALEMTUZUMAB

Information
system

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

V gene and allele Species
[GHV4-59*01 Homo sapiens | 1 404

Jgene and allele Species

IGHI4*01 Homo sapiens 1 94
IGH]4*02 Homo sapiens 1 94
IGHI4*03 Homo sapiens 1 94

Domain Smith-Waterman Score

V-REGION

identity percent

Identity percentage
73.0

Domain Smith-Waterman Score

@ Alignment with the closest V gene and allele from the IMGT domain directory

FR1-IMGT CDR1-IMGT
{1-28) {27-38)
A B BC
(1-15) (16-26) {27-38)
> >
1 10 15 16 23 26 27 38

ALEMTUZUMAB QVQLQESGE.GLVRE SQTLSLTCTVS GFIE...
IGHY4-59*01  QVQLQESGP.GLVKE SETLSLTCTVS GGSI

FRZ-IMGT CDR2-IMGT
{39-55) (56-85)
C o cren cn
(39-46)  (47-53)  (56-85) (66-74)
> > >
3941 46 47 55 5§ 85 66 T4 7

JIDFY MNWVRQPFF GRGLEWIGF

Identity percentage Overlap Align your sequence with

02.9
02.9
92.9

Overlap
100

14
14
14

FR3-IMGT
(66-104)

D
{75-84)

CDR3-IMGT
(105-117)

....5SYY WSWIRQPP GKGLEWIGY IYYS...GST NYNPSLE.S RVIISVDTSKE NQFSLELSSVIA ADTAVYYC AR
(Homo sapiens) R @ FTF TDF |MH V R H RDE YT |E v G ML R

IRDERFGYTT EYNPSVK.G RVIMLVDTSK NQFSLRLSSVIA ADTAVYYC AR

@ Alignment with the closest J gene and allele from the IMGT domain directory

ALEMTUZUMAB .FDYWGQGSLVIVSS

IGHI4*01 {FDYWGQGTLVIVSS
(Homo sapiens) ]

14 / 91 FR-IMGT AA differences

http://www.imgt.org

FG

b

IMGT/DomainGapAlign provides analysis of IG amino acid sequences, per domain (V, C) ‘



Im

Towards «Potential iIimmunogenicity evaluation » “éf:t:')—

Tics

http://www.imgt.org

Comparison with the closest human germline genes:

VH alemtuzumab
bevacizumab
trastuzumab

V-KAPPA alemtuzumab
bevacizumab

trastuzumab

V-REGION

identity
percent

73 %

72.40 %
81.63 %
86.32 %
87.40 %

86.32 %

FR-IMGT
AA
differences

14 /91

23

9

2 189

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



[IH

IMGT/3Dstructure-DB My

G

Information

o Tics system®
http://www.imgt.org
MGT Collier de Perles : Home sapiens (Human) IGHV V-DOMAIN from b12 (1hzh_H)
CDR-IMGT lengths [8.8.20]
Hydrogen bonds
PASAD
Q D
D W
N S F S
Y Q Y R N /
Y P Y F
M (@ @ @) _(V)e(N —@
D L Ve S|a9| |l T)55|W &4 E |ee
\J R A H A G ; F
118 |W Q A 230 41 (W M S )

G S)io4|C C V)es (M W T) (A
K G Y S R E F) (K
9 MM O_©@ O 0 ¢
T E V K A Q V) (Q
T V A V)4 (P G) 5(RHD
V K T S L
I K D A R
V) 15(P A G)is S
S

ST T A e N e A N I




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

ComPair
ComPair
DomPair
ComPair
ComPair
DomPair
ComPair
ComPair
DomPair

DomPair

IMGT molecule name IMGT. . Chain IMGT. ch.ain Domain
description ID description number
CAMPATH-1H, alemfuzumab, FAB-GAMMA- g
MABCAMPATH® 1_KAPPA leel R VRCHL b1
[02]
lcel | L-KAPPA [D1]
[02]
CDS2 (synthetic peptide) Peptide leel P Peptide
MNumber of residues Atom contact types
Uit 1 Unit 2 Resg“tea
CONMECES Total From 1 From 2 Total Polar Hydrogen
Domain  Chain| | Domain  Chain
WH cel H | CHL el H 19 17 o 9 125 9 1
Y-KAPPA 1cel L B3 45 24 21 532 61 6
(Ligand) 1cel P 25 19 12 7 216 40 9
ZH1 cel H WH el H 19 17 9 8 125 9 1
C-RAPPA 1cel L B8 58 28 30 498 40 6
WKAPPA 1cel ) WH lcel H B3 45 21 24 532 61 6
C-KAPPA 1cel L 18 18 8 137 19 2
(Ligand) 1cel P 16 14 7 7 171 37 5
C-KAPPA lcel | CHI lcel H B8 58 30 23 498 40 6
YW-KAPPA 1cel L 18 18 10 g 137 19 2
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Contacts V-KAPPA-(Ligand)

Recidue  MNumber of residues Atom contact types
tacts | |

contac Total From 1 From 2 Total Polar Hydrogen hitp:/Aww.imgt.org
16 14 7 7 171 37 5

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

Order Order Atom contacts

IMGT IMGT

Residue Domain Chain Residue Domain Chain Total Polar Hydrogen

Num Num
R@P | | EEEEEEEE lcel P 1 o0 0
e | || | EEEEEE 1P 21 0O 0
rap (SN RSN N AR el o 3 s s leel P 3 2 0
roe [ -« = ielP 20 4 |
ey [ [ [ | N lelP 12 2 0
e | || | EEEEC el P 14 3 1
ded | [ | | EEEEEGN el P 12 1 0
o [ E - ¢ = felP 12 3 0
ror [ - ¢ = S lelP 11 2 0
e | || | EEEEC el P 18 3 1
ded | [ [ | EEEEN leel P 4 2 0
o [ - ¢ o D el p ? 0
o [ - 0 RoT lcel P 1 0
ree [ -« = lel P 9 4 1
roe [ - 5 = lelP 20 6 1
o NMENEEI 0~ «  we 7 2 0 KaasO.etal 2004



Contacts VH-(Ligand)

IMGT Residue Domain Chain IMGT Residue Domain Chain Total Polar Hydrogen
Num Num http://www.imgt.org

g | || | [ elP 4 O 0
e | | | | [T el P 13 1 0
ded | [ | | FEEEET el P 14 2 2
RGP S5 PHE F WH  lcelH R@P 6 SR S 1ol P 5 0 0
RGP 55 PHE F WH  lcelH R@P 7  ALA A lelP 16 0 0
RGP S5 PHE F WH  fcelH RGP 8  ASP D fe1 P 1 0 0
7 AA A lel P 9 3 2
8 A% D lelP 20 6 1
& A% D el P 11 2 1
RGP 66 GU E VH  lcelH R@P 7  ALA A lel P 1 0 0
ree [ ENE R e 2 e T el P 13 2 1
ree [AE R cce «+ o s lel P 5 2 0
7 ALA A lel P 5 0 0
i Gy G lel P 2 1 0
2 TR T lel P 9 2 0
i Gy G el P 24 4 0
2 TR T lelP 21 5 0

3 SER S lcel P 9 2 1 ‘
i Gy G lel P 11 0
3 SR S lelP 11 4 1
3 SR S lel P Bl 0
2 TR T lel P 3 0 0
SRS 1ol P 7 2 0
SRS lel P 4 0 0

- EEEENNE < < s 5 0 0 KaasQ etal 2004
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