IMGT®, the international ImMMunoGeneTics information system® (http://www.imgt.org) provides a
standardized way to compare immunoglobulin sequences and to delimit the FR-IMGT and CDR-IMGT in

| | |
the process of antibody humanization and engineering, whatever the chain type (heavy and light), N
whatever the species (e.g. murine and human) [1-3]. IMGT® is based on the IMGT-ONTOLOGY concepts I g - 0 o m a I n a p I g n a n m - 0

of classification (IMGT gene and allele nomenclature approved by HGNC and WHO-IUIS), of description
(IMGT labels), and of numerotation (IMGT unique numbering). IMGT/HighV-QUEST analyses NGS data

| | | | | | |
(im0 s b b enemaneanaten sraies v s e oo oer. - OvVel IMGT® contribution for antibody engineering and humanization
provides the CDR-IMGT and FR-IMGT delimitation and the evaluation of the number of IMGT
physicochemical classes changes. IMGT/mAb-DB provides links to IMGT/3Dstructure-DB (if 3D
structures are known) and to IMGT/2Dstructure-DB and IMGT Colliers de Perles (if sequences are

available in INN or in the literature). These new tools and database contribute to the invaluable help Veronique Giudicelli, Eltaf Alamyar, Frangois Ehrenmann, Claire Poiron, Chantal Ginestoux, Patrice Duroux, Marie-Paule Lefranc Information
rought by IMGT® for the analysis of recombinant antibody sequences and further characterization of SYStCIIl@

specificity or potential immunogenicity. IMGT®, the international ImMunoGeneTics information system®, LIGM, Université Montpellier 2
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The IMGT unique numbering and the IMGT/HighV-QUEST and IMGT/DomainGapAlign tools provide the delimitations

of the FR-IMGT and CDR-IMGT for the analysis of antibody paratope or loop grafting in antibody engineering.

The IMGT/mAb-DB with its links to the other IMGT® databases and tools, based on the IMGT-ONTOLOGY concepts,

bridge the gap between sequences and 3D structures facilitating the analysis of antibody/antigen interactions. IMGT® is funded by the Centre National de la Recherche SC|ent|f|que (CNRS)’ the Ministere de | Enselgnement SuPe”eur et de la Recherche, IMGT founder and director: Marie-Paule Lefranc (Marie-Paule.Lefranc@igh.cnrs.fr) Computer manager: Patrice Duroux (Patrice.Duroux@igh.cnrs.fr) © 2010 F. Ehrenmann and C. Ginestoux ul»:énsnsmompmm
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Analysis of antibody sequences: IMGT/Collier-de-Perles IMGT/3Dstructure-DB contact analysis

IMGT/DomainGapAlign displays your sequences with IMGT gaps and, for V', with delimitations of the FR-IMGT and CDR-IMGT, according to the IMGT . . . .
unique numbering for V-DOMAIN [3], and for ‘C’, with delimitation of the strands and loops, according to the IMGT unique numbering for C-DOMAIN [4]. CDR-IMGT lengths FR-IMGT and antlbOdy humanization Make your own IMGT Collier de Perles If one 3D structure is available (for example 1ce1 for alemtuzumab), it is /’/: CDR-IMGT lengths

Clicking on the ‘IMGT Collier de Perles’ button gives access to the complete IMGT Collier de Perles with, for V-DOMAIN, the list of AA class changes, [8.10.12] possible to query IMGT/3Dstructure-DB [7,8]: [8.10.12]
compared to the closest germline V and J genes and alleles. o A standardized comparison of V domain sequences for antibody humanization Using the IMGT/Collier-de-Perles tool, IMGT Colliers

IMGT/DomainGapAlign QUERY b A changes inFR-and COR-IMGT includes the delimitation of the FR-IMGT and CDR-IMGT, the determination of the de Perles can be displayed: * tovisualize hydrogen bounds in the IMGT Collier de Perles on two layers
Paste your domain sequences in FASTA format. Select ‘V’ for sequences of the variable domains of the light and heavy chains. Gene and allele Species Domain  Smith-Waterman  Identity percentage  Overlap FRIMGT | itgront A CDR-IMGT lengths (e.g. [8.8.13]), the percentage of identity between FR-IMGT * on one or two layers * to check the contact analysis table. The tables show that all hydrogen bond
V [calculated on 91 amino acids for VH (FR1-, FR2-, FR3-, FR4-IMGT: 25, 17, 38, @ Domain type |variable (v) * with the VH or VL coloring of the CDR-IMGT interactions of alemtuzumab with its ligand (CD52 mimotope) only involve

Select ‘C’ for sequences of the constant domains of the light and heavy chains. To delimit the domains (CH1, CH2, CH3) of the heavy ] nome zzii:gz . cor o e FRIMGT (1.26) a || R B e _ ' '
chains, an easy way is to check with IMGT Alignments of alleles (in IMGT Repertoire). Select the number of alignments to display. T —— 11) and 89 for V-KAPPA (FR1-, FR2-, FR3-, FR4-IMGT: 26, 17, 36, 10)] and the « with the IMGT amino acid physicochemical classes amino acids from the CDR-IMGT.
number of IMGT amino acid physicochemical class changes e y -
' [6] for the FR-IMGT. This allows to evaluate the Doman chain Dornain Chain

FR1-IMGT COR1-IMGT FR2-IMGT CDRZ-IMGT FR3-IMGT CDR3-IMGT FR4-IMGT BT (pod) ) (IS
@ CDR-IMGT col ' ' - (F) (&) j -
color type 2 (IGK,IGL,T number of IMGT amino acid class changes. ; _— )5 Contacts of VH 1cel_H with (Ligand) 1cel_P

Antibody amino acid sequences are analysed per domain using the IMGT/DomainGapAlign tool. Several sequences of the same
domain type (V or C) may be analysed simultaneously.

&

AA changes

(1-26) (27-38) (39-55) (56-65) (66-104) (105-117)  (118-128) Ainlieliess e e

Paste tei (s) in FASTA f  bel A B BC C c' cc” c" D E F FG G ¥555F  (-+-) dissimilar
aste your protein sequence(s) in e heloW (1-15) (16-26)  (27-38)  (39-46)  (47-55) (56-65)  (66-74) (75-84)  (85-96)  (97-184)  (105-117)  (118-128) g —
>alemtuzumab VH = = = = > = > = - > L712V (- +)  similar

QVOLQESGPGLVRPSQTLSLTCTVSGFTFTDFYMNWVRQPPGRGLEWLGF IRDKAKGY TTEYNPSVKGRVTMLYDTSKNQFSLRLSSVTAADTAVYYCAREG 19 15 16 23 26 27 38 3941 46 47 55 56 65 66 74 75 80 84 85 89 95 97 104 105 11112 117 118 128 FR3-IMGT (66-104) S74>G (+ +-) similar
HTAAPFDYWGQGSLVTVSS
>alemtuzumab VL [ (PP [ [P [..] PP I I (P I |

DIQMTQSPSSLSASVGDRVTITCKASQNIDKYLNWYQQKPGKAPKLLIYNTNNLQTGVPSRFSGSGSGTDFTFTISSLO alemtuzumab_VH QVQLQESGP.GLVRP SQTLSLTCTVS GFTF....TDFY MNWVRQPP GRGLEWIGF IRDKAKGYTT EYNPSVK.G RVTMLVDTSK NQFSLRLSSVTA ADTAVYYC AREGHT.AAPFDY WGQGSLVTVSS

e Paste your profeln sequence(s) n FASTA fomat below IGHV4-59°01 QVOLQESGP. GLVKP SETLSLTCTVS GGSI....SSYY WSWIROPP GKGLEWIGY IYYS...GST NYNPSLK.S RVTISVDTSK NOFSLKLSSVTA ADTAVYYC AREGHT.AAPFDY WGQGTLVTVSS FRA-IMGT (118-129) Ti22>8 (+-¥) simiar
~alemtuzumab CHL (Homo sapiens) R 0 FIF  TDF MN V R FROK YT E VG M R s
ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLGTQTYTCNVNHKPSNTKVDKKY | \ -REGIDN- | |—N |

>alemtuzumab_CH2 L & Amino acid insertions Length
APELL GGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPT alemtuzumab_VL DIQMTQSPSSLSASY GDRVTITCKAS QNI N NLQTGVP.S RFSGSG..SG TDFTFTISSLQP EDIATYYC LQHIS....RPRT FGQGTKVEIK. oF () very cisammir L-PART1 L-PARTZ V-D-J-REGION | I

Eg{giﬁgumab s IGKV1-33*01 DIQMTOSPSSLSASY GDRVTITCQAS QDI S NLETGVP.S RFSGSG..SG TDFTFTISSLQP EDIATYYC QQYDN....LPRT FGQGTKVEIK. S205T (+-4) similar |

= T 130>F --) dissimil
GQPREPQVYTLPPSRDEL TKNQVSLTCLVKGFYPSDTAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKL TVDKSRWQOGNVFSCSVMHEALHNHYTOKSLS (Homo sapiens) K N DK NT N O LHIS R CDR1-IMGT (27-38) e f:j) il v 4 ¥

Upload a file | Parcourir... || Reset LSPGK | V-REGION 11 o) (o) R @ CDR3-IMGT length 9 | 16 14 7 7 171 37 5
>alemtuzumab CL Y37>F (-+-) dissimilar

Select a domain type v LI TVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHOGLSSPVTKSFN 15 V'DOMAI N FR1 'I MGT FRZ'IMGT FR3'IMGT FR4'| MGT TOta| . Y d in titl
RGEC Gene and allele Species Domain Smith-Waterman Identity percentage Overlap -7 very dissimilar ey s | List of the Residue@Position pair contacts:

Select - - = " S . . ., ---) very dissimilar A B c c! css D NI . -
ecta species T R @ sequence sets to test IMGT/DomainGapAlign are available here C LGHGLFOL or #02 Homo saplens ! 634 100 o8 izl p) Il l T l T l T VH (V D-J REGION) 25 17 38 11 91 Click ‘R@P* for IMGT Residue@Position cards Al FT BT cl El ¢ T DT c l

Srith-Waterman score above IGHG1*01 or *02 or *03 Homo sapiens 2 742 100 110 =) Gl
Upload a file | Parcourir... | Reset IGHG1*01 or *02 Homo sapiens 3 738 100 107 T smier VL (V—J-REGlON) 26 17 36 10 89 Order Atom contacts
Displayed alignments | Display IMGT Coliers de Perles Select a domain type c -

D-REGION

N-REGION | N-REGION @ Background color | IGK 80% chemical classes ~|
J-REGION
1

s
=

EEO@ <@z E@'ﬂ =)

L-INTRON-L V-REGION

[ I ITTT . . . . 4
CDR3-MGT DONOR- @ Domain sequence DIQMTQSPSSLSASVGDRVTITCKASQNI DKYLNWYQQKPGKAPKLLIY Contacts of Domain Chain Domain Chain Click ‘R@p* for IMGT Residue@Position cards

SPLICE NNLQTGVP.SRFSGSG. . SGTDFTFTISSLOPEDIATYYCLQHIS. V-KAPPA 1cei_L (Liga nd) 1ce:|__P 4
. . .RPRTFGQGTKVEIK = el Order Atom contacts
Summary: IMGT
Num

List of the Residue@Position pair contacts:

I78=M (+ +-) similar
879>L (---)  very dissimilar
KB80>R (+ + +) wvery similar

DONOR-SPLICE ACCEPTOR-SPLICE

INIT-CODON V-INTRON

Residue Domain  Chain Residue Domain Chain  Total Polar Hydrogen

Number of

CDR-IMGT different AA AA changes

.
@

Rasidug Murmber of residues Atorn contact types

CONtacts Tty From 1 From 2 Total Polar Hydrogen

THR
ALA
ASP
SER.
ALA
ASP
ALA
ASP
ASP
ALA
THR
SER.
ALA
GLY
THR
GLY
THR
SER.
GLY
SER.
SER.
THR
SER.
SER.
SER.

lcel P 4
lcel P 13
lcel P 14
lcel P 5
lcel P 16
lcel P
lcel P
lcel P
lcel P
lcel P
lcel P
lcel P
lcel P
lcel P
lcel P
lcel P
lcel P
lcel P
lcel P
lcel P
lcel P
lcel P
lcel P
lcel P
lcel P

(] Sequence sets to test IMGT/DomainGapAlign are available here

. A B BC C D E EF F FG G . . . . Igluﬁn?l Residue Domain  Chain Residue Domain  Chain  Total Polar Hydrogen
Select a species [Homo sapiens (Human) = 71 Engisn name (1-15) (16-26)  (27-38)  (39-45) (77-84) (85-96) (97-104)  (105-117)  (118-128) CDR-IMGT lengths Humanized antibodies used in oncology [5] ) CDR-IMGT lengths
—_— —_— SER lcel P 1
- [6.3.9]

A S L e 1 10 15 16 2326 27 38 3941 45 77 80 84 85 89 96 97 104 105 A chansenin TR an Cormer [6.3.9] AA wi
3. . . with IMGT
Displayed alignments <] ) ity hiGT Coters 0o Pt 87654321]........ [....]123]...... 1.1 1 | 1.1...11234567]..]...|12345677654321]...]...... |12] FRAMGT | Hamber of AA changes Humanized CDR-IMGT | Closest Homo sapiens | FR-IMGT class change PRO lcel P 21
T

| Align and IMGT-gap my sequence(s) | | Clear the form |

S\

N
N

EEEOEEEEL T [DEEEN

= alemtuzumab_CH1  ....ASTKGPSVFPLAPSSKSTS. . .GGTAALGCLVK DYFP..EPVT VSWNSGALTS....GVHTFPAVLQSS antibody antibody gene and allele identity in FR-IMG SER el P 3

IGHG1*01 «++ . ASTKGPSVFPLAPSSKSTS. . . GGTAALGCLVK DYFP..EPVT VSWNSGALTS....GVHTFPAVLQSS
| Align and IMGT-gap my sequence(s) | | Clear the form (Homo sapiens) SER. lcel P 20
PRO lcel P 12

SER lcel P 14
FRO lcel P 12
SER lcel P 12
SER lcel P 11
SER lcel P 18
AL lcel P
ASP lcel P
THR lcel P
SER lcel P
SER lcel P
AL lcel P

.

VOO O

FR1-IMGT (1-26) 1 Q245K (+--) dissimilar

NN

FRZ-IMGT (39-55) 0
FR3-IMGT (66-104) 1 E68>Q (++-) similar
0

alemtuzumab_CH2  ..APELLGGPSVFLFPPKPKDTLMI.SRTPEVTCVVV DVSHEDPEVK FNWYVDGVEVH. ..NAKTKPREEQYN STYRVVSVLTVLHQDW. . LNGKEYKC KVSMKA. .LPAPT EKTISKAK. .. FRA4-IMGT (118-129) o
IGHG1*01 . . APELLGGPSVFLFPPKPKDTLMI . SRTPEVTCVWV DVSHEDPEVK FNWYVDGVEVH. ..NAKTKPREEQYN STYRVVSVLTVLHQDW. . LNGKEYKC KVSMKA. .LPAPT EKTISKAK. .. . 74.72% 24
[8.8.16] IGHV7-4-1*02

IMGT/DomainGapAlign RESULTS (Homo sapien) pe— T bevacizumab (68/91)

different AA AA changes

, Lo - . %
IMGT/DomainGapAlign identifies the closest germline V-REGION (for ‘V’) and the closest C-DOMAIN (for ‘C’). The IMGT gene and alemtuzumab_CH3  ....GQPREPQVYTLPPSRDELT. ..KNQVSLTCLVK GFYP..SDIA VEWESNGQPEN...NYKTTPPVLDSD GSFFLYSKLTVDKSRW. . QQGNVFSC SVMHEA.LHNHYT QKSLSLSP... D2ESN (+ +-) similar 90.10%
PAIY 9 ( ) ( ) 9 IGHG1*01 « . .GQPREPQVYTLPPSRDELT. . .KNQVSLTCLVK GFYP..SDIA VEWESNGQPEN. ..NYKTTPPVLDSD GSFFLYSKLTVDKSRW. . QQGNVFSC SVMHEA.LHNHYT QKSLSLSP. .. CDR1-IMGT (27-38) 3 S36>D (---) very dissimilar trastuzumab [8.8.13] IGHV3-66*01 (82/91)

allele name of the closest sequence(s) from the IMGT reference directory is (are) provided with a percentage of identity. (Homo sapiens) NSTK () dissimilar

For instance, the V-REGION of the alemtuzumab domains are identified as having 73 % and 86.32 % identity with the Homo sapiens COR2-IMGT (56-65) Nt o vy dsimer alemtuzumab [6.3.9] IGKV1-33*01 97.75%

Gene and allele Species Domain Smith-Waterman Identity percentage Overlap S65>N (---) very dissimilar (87/89)

IGHV4-59*01 and IGKV1-33*01, respectively. -, Homo sapiens 8 . - a2 92.13%
a 0

The constant domain of the light chain has 100% identity with Homo sapiens IGKC*01. The combined results of CH1 and CH3 of the A . o c o o o F o . bevacizumab | [6.3.9] IGKV1-33*01 (82/89) 7
heavy chain identifies the Homo sapiens IGHG1*01 (CH1: K120, CH3: D12, L14) (there is no amino acid difference with IGHG1*02). (1-15) (16-26)  (27-38)  (39-45) (77-84) (85-96) (97-104)  (105-117)  (118-128) 93.25%
IGHG1*03 would have been characterized by CH1: R120, CH3: E12, M14. —_— — > frastuzumab | [6.3.9] IGKV1-39701 (83/89) 5

1 10 15 16 2326 27 38 3941 45 77 80 84 85 89 96 97 104 165
IMGT nomenclature is based on the CLASSIFICATION axiom and concepts of IMGT-ONTOLOGY [1]. IMGT gene and allele names 87654321|........ [....1123]...... 11 [ 1.1-..11234567|..]...|12345677654321] ... | .. .... 112] _ . (s)
were approved by the HUGO Nomenclature Committee (HGNC) and by the WHO-IUIS Nomenclature Committee [2]. They are used alemtuzumab_CL ... .RTVAAPSVFIFPPSDEQLK. . . SGTASVVCLLN NFYP..REAK VQWKVDNALQSG..NSQESVTEQDSKD STYSLSSTLTLSKADY . . EKHKVYAC EVTHQG..LSSPV TKSFNRGEC. . Note that the use of the IMGT unique numbering would enable to reach 100% 15 0 16

by Enfrer Gene (NCBI)’ Genecards’ Vega (Wellcome Trust Sanger InstitUte), Ensembl (EBI) '(Sfm%?;p,ens) +«+ « RTVAAPSVFIFPPSDEQLK. . . SGTASVVCLLN NFYP..REAK VOQWKVDNALQSG. .NSQESVTEQDSKD STYSLSSTLTLSKADY . .EKHKVYAC EVTHQG..LSSPV TKSFNRGEC. . for the FR-lMGT |dent|ty PO.SitiOnS to be checked for antlbOdy humanization: 39 Al BT cl C.T c..l
(FR2-IMGT) as it interacts with CDR3-IMGT and anchor positions 55 and 66.

A B Cc c’ c” D E
[1] Lefranc et al., In Silico Biology 5:45-60 (2005) [3] Lefranc et al., Dev. Comp. Immunol. 27:55-77 (2003) l T l T l T l [7] Kaas et al. Nucl. Acids Res. 32: D208-210 (2004)
[2] Lefranc. WHO-IUIS report. Dev. Comp. Immunol. 32:461-463 (2008) [4] Lefranc et al., Dev. Comp. Immunol. 29:185-203 (2005) [5] Magdelaine-Neuzelin et al. Crit. Rev. Oncol. Hematol. 64: 210-225 (2007) [6] Pommié et al. J. Mol. Recognit. 17: 17-32 (2004) [8] Ehrenmann et al. Nucl. Acids Res. 38: D301-D307 (2010)
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The nucleotide sequences are analysed with IMGT/V-QUEST and IMGT/JunctionAnalysis: ﬂ

- = = . . . . . . . | - 3 . x . agn N N u u u
The IMGT® database for therapeutic monoclonal antibodies T QU i e e o o T sy s [ Dt sl o e IGTY-QUEST s e High-Throughput analysis of NGS rearranged nucleotide sequences of IG and TR

mutations (analysis of sequences by batch of 50, synthesis view, advanced parameters) [12]. frequency.

FR1-TMET

IMGT/mAb-DB Query page IMGT/JunctionAnalysis analyses accurately the junctions of antibody rearranged sequences (IGHD genes and alleles, N- and Number of analysed sequences: -
GTmAbD5 1D = J P-REGION, “gc” content, amino acid physicochemical properties, pl) [13].

user_seq 80 user_seq 42 user_seq 33 user_seq 22 an W
| search || Reset |

IMGT/mAb-DB is the monoclonal antibodies T [ : S mAbs and FPIA approved for therapeutic and diagnostic use (in 2010) S B Analysis Submission Analysis Outputs

database of IMGT® the international el —_ i ——— The IMGT/mAb-DB Query page allows requests on several IMGT/V-QUEST QUERY BE™ This release of IMGTIV-QUEST uses IMGTiJunctionAnalysis for the analysis of the JUNCTION I IMGT/HighV-QUEST has been developed by IMGT®, the international
' : e : ar fields. These are organized in 5 sections:

Position 1 2

« Provide a title for the analysis.

T ImMunoGeneTics Information System® [14], to answer the problematic of the v Select the species and. the

7

: . : Posit
R adalimumab | panitumumab | golimumab | canakinumab ustekinumab ‘Eb Hyphens {') Sl'IOW nUCIEDtlde Identlty‘ dﬂts {) represent QGES osition

I m M u n O G e n e Tl CS | n fO rm a tl O n S ySte m ® aaioeten el i —ii] W (2002) (2006) (2009) (2009) (2009) - . o . . =
analysis of the antigen receptor data from Next-Generation Sequencing (NGS). The ez i el )1_summaryx

receptor type of the r @ IMGT_HighV-QUEST_main_folder (named according to the analysis title)

Entres In IMGT/3Dstructure-DB g —_—

[
e —— G
Isotype and format = Entries In IMGT/2Dstructure-DB z v HUMIRA®/ | VECTIBIX™ | SIMPONI™ ILARIS® STELARA™ ‘ Citing IMGTA-QUEST: Giudicelli, V. et al. Nucl. Acids Res. 2004, 32,'W435-440 PMID: 15215425 Oceurence nb | 44
pe }77 e IMGT/mAb DB ID TRUDEXA®
0 « Upload the text file containing

| search || Reset

in 5U-REGION

1 1 A FPIA or RPI format Frequency 100%
(http //WWW I mgt o rg ) th at IS th € g Io bal refe rence in (o, e speciee sl . 2l INN and other names BE= vau are in the new IMGTA-QUEST, upgraded for multiple sequences and with new functionaliiies S Dber 1 30 2ccoss 103 ocal e conainin e mrasTA et
- 5T T BT ST 3 5 - , . Sequence nunber 1: user_seq | c i . A A R _i A S —— the FASTA sequences. ) 2_IMGT-gapped-nt-sequences.txt
3 [ BUSHOTEh-003 [ edtecolonap] Biumonch Wheln [STUmonaD] — cabned NEwl Results of IMGT/JunctionAnalysis analysis of the expressed repertoires of antigen receptors - immunoglobulins (IG) or ‘
SpeRlicly Bnptame " . . ORTHOCLONE OKT3® | PANOREX® ZEVALIN® BEXXAR® | PROSTASCINT® . . .
. . . , CD9BhC (i ), FRP-1 (fusion P ) I . ) _ . . . . . . . . =
| M G T/mAb_ D B p rovi d es &) uni q ue expe rtl S ed :g;:;:fa:ti\f}l;?::eptortypeZ;Zit}vi;re:eptorlypelm) & " SpGCIfICIty (target name and target SpeC|eS) The IMGTIV- QUEST now warks on several sequences (up to fity by batch). Sequence comparad with the hurman |G set frorn the IMGT reference directary Shows the results of IMGT/JunctionAnalysis for the user sequences, per chain type. Amino acids of the JUNCTIONSs are colored according to the IMGT AA physicochemical classes [5]. a nt' bOd 1es an d T Cel I rece pto Irs (TR) -re p rese nts a crucla I Ch aI Ie n g e fo r th e Stu d y Of 4_IMGT-gopped-A-sequences.i a SI n g Ie fl Ie I n Z I P fo m at
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