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Barrieres immunologiques en transplantation

Systeme HLA (=

CUEIE
CMH)

ransplantation d'un organe chez un individu non apparenté

- Reconnaissance par le systeme immunitaire du
receveur d'un « corps étranger »

- Mise en route de mécanismes immunologiq! 4
(alloréactivité)

- Destruction du greffon (rejet)

Barrieres immunologiques dans la transplantation:
Complexe Majeur d’'Histocompatibilité (CMH)
= systéme HLA (Human Leukocyte Antigen)




Expression des molecules du Fonction:

Présentation antigénique
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Genétique du systeme HLA Geénes d'intérét en
2 haplotypes parentaux

transplantation:
HLA-A, -B, -C, -DRB1, -DQAT1,
-DQB1, -DPA1, -DPB1
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Importance de la compatibilite Typage HLA

donneur/receveur

Kaplan Meier Curve-Overall Graft Failure
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: — S En Janvier 2025:
Le Complexe Majeur d’Histocompatibilité est > 40000 alleles décrits

la region la plus polymorphe du genome > >20 000 protéines
différentes
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Polymorphisme et nomenclature des genes

HLA

@ Phénotypag HLA-A2
e

Basse résolution

HLA-A*02:01

HLA- Haute résolution

A*02:01:01
Séquencage HLA-A*02:01:01:01,




Polymorphisme et nomenclature des genes

HLA

Hyphen used to separate Suffix used to denote
gene name from HLA prefix changes in expression |
'y &
Separator | [~ Field Separators Suffix | Meaning
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Années 1950:
Découvertedela = == == = == = = - - - -— == - == o
molécule HLA-A2

A*02:01:01:01
A*02:02:01:01
A*02:03:01:01
A%¥02:05:01:01

H oL

A*02:1198
A*02:1109
A*02:1200
A*Qd: 1201
A*(2:1202
A*02:1203
A%02:1204
A*02:1205
A*Q2:1206

2025:

Il existe plus

de 1200

molécules



Polymorphisme et nomenclature des genes
HLA

# EMBL-EBI home % Services #2 Research & Training & About us Q, EMEL-EEI

@ IPD-IMGT/HLA

https://www.ebi.ac.uk/ipd/imgt/

Overview IMGT/HLA KIR MHC NHKIR HPA ESTDAB

Welcome to IPD-IMGT/HLA

Release 3.59 (2025-01) Version Report - Build f03bbe9

The IPD-IMGT/HLA Database provides a specialist database for sequences of the human major histocompatibility complex (MHC)
and includes the official sequences named by the WHO Nomenclature Committee For Factors of the HLA System. The IPD-
IMGT/HLA Database was originally part of the international ImMunoGeneTics project (IMGT). For more information about the
database and what data and tools are available please see our @ about page.




Polymorphisme et nomenclature des genes
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En cas de proposition d'un greffon...

PRE- INSCRIPTION PROPOSITION D’UN
INSCRIPTION I GREFFON Allele results

Group Allele  folerance range: (0) i

Antlcorps antl-H LA .[f % A2 A*02:01:01:01, 02:01:01:02L-02:01:01:133, 02:01:01:134Q-02:01:01:251,
L A - ‘ 02:01:01:252Q-02:01:01:254, 02:01:02:01-02:01:03, 02:01:04, 02:01:05-02:01:07,
p— 02:01:10-02:01:12, 02:01:14Q-02:01:21, 02:01:23-02:01:30, 02:01:32-02:01:50,
Immunlsatlon contre - 02:01:52-02:01:58, 02:01:62-02:01:67, 02:01:69, 02:01:71-02:01:75, 02:01:78-02:01:107,
B*44'02 Al 02:01:109-02:01:126, 02:01:128, 02:01:130-02:01:126, 02:01:138-02:01:141, 02:01:143,

\\-_._..p / 02:01:144, 02:01:146-02:01:156, 02:01:158-02:01:164, 02:01:166-02:01:211,
02:01:213-02:01:221, 02:04:01, 02:04:02, 02:09:01:01, 02:09:01:02-02:09:01:04, 02:11:01:01,

Mais as contre B*44.03 e 02:11:01:02-02:11:01:08, 02:11:03, 02:11:05-02:11:14, 02:24:01, 02:25, 02:26, 02:30:01,
p ° 02:30:02, 02:31, 02:40:01, 02:59, 02:60:01:01, 02:60:01:02, 02:60:02, 02:64:01, 02:64:02,
I I I [ -{ 02:66-02:69, 02:71, 02:74:01-02:76:01, 02:77, 02:85-02:86:02, 02:89:01-02:90, 02:96-02:97:02,

02:101:02, 02:105, 02:107, 02:109, 02111, 02:116, 02:118-02-121, 02:123, 02:132-02:134,
02°138-02140:01, 02-145, 02-147, 02-150:01-02:151, 02:153:01, 02:153-02, 02:157:01-02:168,
02:171:02, 02:173, 02:175-02-177, 02-181-02:183, 02-185, 02:187-02:189, 02:192-02:194,
02:196-02°207, 02-210-02:216, 02-218, 02:220, 02:221, 02:224, 02:228, 02:234-02:238, 02:240,
02:241, 02:246, 02251, 02:252, 02:254, 02:256, 02257, 02:262, 02:263, 02266, 02270,
Typage eén urgence 24h/24 02°273.02:277, 02:283, 02:285, 02:287-02-289-02, 02-261, 02202, 02:293Q, 02:294.
02:296:01-02:289, 02:302, 02-306-02:308, 02:311.02:313, 02:316-02:318, 02:322, 02:325, 02:327,

~ . : :
qPCR 9 basse resolutlon 02:329, 02:336, 02:341-02:243, 02:346-02:348, 02:351-02:354, 02:357, 02:360-02:365, 02:367,

02:368, 02:371, 02:372, 02:374, 02:375, 02:377-02:381, 02:383-02:386, 02:388-02:394, 02:396,
02:397, 02:399-02:401, 02:406, 02:407, 02:411, 02:414, 02:416, 02:418, 02:422-02:425, 02:430,

A*oz A*24 02:434-02:436, 02:4400Q-02:446, 02:448, 02:455-02:462, 02:464, 02:467, 02:469, 02:479,
y

02:481-02:483, 02:485, 02:486, 02:488, 02:491, 02:494, 02:497, 02:498, 02:500Q, 02:502-02:504,

*02:01, A*24:03
A . F . * 02:508, 02:510, 02:512, 02:515, 02:518-02.524-02, 02:526, 02:528:01, 02:530, 02°533-02:539,
. . 02:542, 02:547, 02:551-02:556, 02:559, 02:561-02-565, 02-569, 02:573, 02:574, 02:578, 02:579,
B*07-05 B*57-01 B 08 B*44:02 ou B*44:03 ? 02:584, 02:587-02:590, 02:596-02:600, 02:605Q-02:607, 02:610:01-02:611, 02:613-02:616,
VJ, Vi 02:619:02-02:621, 02:624, 02:627, 02:629, 02:632, 02:635, 02:637, 02:638, 02:640, 02:642,
c*07 C*04 02:645, 02:647-02:650, 02:653, 02:654, 02:656, 02:658-02:661, 02:663-02:665, 02:669, 02671,
C*07-01 c*08-01 5 02'674. 02-677, 02-679, 02:685-02-690 02:692. 02°604, 02-695, 02-689, 02-701-02-708,
Vi, D & 02:712-02:714, 02716, 02:719, 02:720, 02:722, 02724, 02:726, 02:728Q-02:730, 02:733, 02:735,
D RB1 *1 0 D RB1 *1 1 02:736, 02:738-02:740, 02:742, 02:744, 02:745, 02:747, 02:750-02:758, 02:761-02:763, 02:765,
D RB 1 *01 '01 A 02769 02-770, 02772, 02-776, 02:779, 02-781-02-783, 02°785, 02786, 02:794, 02:795Q,
oV iy 02:798, 02:302, 02:308, 02:810, 02:812, 02:816, 02:819-02:821, 02:823-02:825, 02:8270Q, 02:828,
* D Q B 1 *03 D Q B 1 *05 02:830:01, 02:830:02, 02:834-02:836, 02:839, 02:844-02:847, 02:852, 02:853, 02:856, 02:857,
D RB 1 1 5‘01 y 02:861, 02862, 02:864:01:01-02:866, 02:368-02:870, 02:874-02:676, 02:882, 02:884:01-02-885,
c 02:889, 02:691, 02:803, 02:894, 02:899-02:901, 02:903-02:906, 02:908, 02:909, 02:911, 02:913,
* D PB1 *02 DPB1 *04 02:016, 02:917, 02:919, 02:920, 02:923, 02:026, 02:928, 02:930, 02:931, 02:934, 02:038-02:940,
DQ B1 05 02 ’ 02:942, 02:944, 02:950, 02:953, 02:956-02:960, 02:964, 02:965, 02:968-02:970, 02:972, 02:974,

02:975, 02:978, 02:980, 02:982, 02:983, 02:986, 02:987, 02:992-02:993:02, 02995, 02:996,

Typage HLA du receveur
NGS = Haute résolution
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En cas de proposition d'un greffon...

PRE- INSCRIPTION PROPOSITION D’UN
INSCRIPTION | GREFFDN
Immunisation contre ;:5 |
B*44:02 &7

Mais pas contre B*44 03

Typage HLA du receveur Typage en urgence 24h/24
NGS - Haute résolution qPCR > basse résolution

AN02:01, Av24:03 gL Proposition
B*07:05, B*57:01 S B*44:02 0u B*44:037
C*07:01, C*08:01 C*07, C*04 acceptable
DRB1*01:01, DRB1*10, DRB1#11
DRB1*15:01 DQB1*03, DQB1*05
DQB1*05 02, DPB1*02, DPB1*04

) P O e ST S S s




Typage HLA du receveur

En cas de proposition d'un greffon...

# "' ; -

A*02:01, A*24:03
B*07:05, B*57:01
C*07:01, C*08:01
DRB1*01:01,
DRB1*15:01
DQB1*05:02,
Immunisation contre
B*44:02
Mais pas gak

- :A /l°(]

Proposition

acceptable

Typage du donneur
A*02, A*24
B*08, B*44
C*07, C*04
DRB1*10, DRB1*11
DQB1*03, DQB1*05
DPB1*02, DPB1*04



En cas de proposition d'un greffon...

Predire le typage haute résolution

Hap'oDee Romain LHOTTE
(Laboratoire HLA Hopital Saint-Louis/Centrale Supele

https://github.com/JasonMendoza2008/HLATypingImputationBenchmarks/releases/tag/HaploDee

Deep Learning

Réseau de 5 neurones
5 x 86 798 858 parametres

Entrainement sur > 150 000 typages HLA

A-B-C-DRB1-DRB345-DQA1-DQB1-DPA1-DPB1
- Extrapolation A-B-C-DRB1-DQB1 en haute résolution

e A*02, A*24

@ B*08, B*44
' : . e C*07, C*04
’ E : N DRB1*04, DRB1*13
: ; ' A =i DQB1*03,

i : i i i DQB1*05




En cas de proposition d'un greffon...

A*02:01, A*24:03 A*02, A*24
B*07:05, B*57:01 B*08, B*44
C*07:01, C*08:01 o C*07, C*04
DRB1*01:01, Prop05|t|on DRB1*10, DRB1*11
DRB1*15:01 DQB1*03, DQB1*05
DQB1*05:02, acceptable EEYTFoNT Y
Immunisation contre ?

B*44.02 .
Mais pas gantre R*44.0

Avoir le typage

haute résolution
du donneur




En cas de proposition d'un greffon...

Typage HLA du receveur Typage du donneur
A*02:01, A*24:03 A*02, A*24

B*07:05, B*57:01 B*08, B*44
C*07:01, C*08:01 141 C*07, C*04
DRB1*01:01, PrOPOSItIon DRB1*10, DRB1*11
DRB1*15:01 acceptab|e DQB1*03, DQB1*05
DQB1*05:02, - DPB1*02, DPB1*04
Immunisation contre .

B*44:02 haute résolution

Mais pas contre B*44:03

du donneur

@ Technique @ Réalisable @ Haute résolution
rapide 24h/24
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Améliorer la compatibilité donneur/receveur

Typage HLA par sequencage nanopore

MINISTERE

DES SOLIDARITES
ET DE LA SANTE
Al

herrd

{pﬁu"‘ FE L] L . - -
e 2 « Améliorer l'acces a la liste nationale d’attente
et développer la transplantation d’organes

2.2. Améliorer la transparence de I'allocation des greffons

Axe 1: Harmoniser les critéres d‘inscription sur la liste nationale d’attente

ACTIONS :
- Etendre les recommandations de la HAS? aux critéres d'inscription sur liste d'attente.

» Réévaluer régulierement les critéres d'inscription organe par organe.

Axe 2 : Développer des outils informatiques permettant d’optimiser I'allocation
des greffons

ACTIONS :
I « Développer le typage HLA en haute résolution 24 heures sur 24. I

« Développer un logiciel de volumétrie et de mesures sur Cristal Images.

« Poursuivre |la construction et I'evaluation des scores®®,




Ameliorer la compatibilite donneur/receveur

Typage HLA par sequencage nanopore

FULL GENE CHARACTERIZATION

nD 7 P omi{on e
NANO ORE \ m*‘ A DQA1, DQB1,
lechnologies

and DPA1

KEY REGION CHARACTERIZATION

. p— — — 1 —EZ) HLA-DRB1/3/4

[ sum §
m L HLA-DRBS,

HLA-DPB1

1 SAMPLE

Total Hands-On-Time: 50min | DNA to Sequencer: ~ 3h40min | DNA to Results: ~5h

12 SAMPLES

Total Hands-On-Time: 1Th50min | DNA to Sequencer: ~ 4h40min | DNA to Results: ~16h

Nanopore DNA sequencing e | -~
'\\ T —
=2 LONG-RANGE PCR RAPID SEQUENCING DATA A ’ e = -
. e ——
; 8 il :—:‘" Y 1 PER: 2H50min LIBRARY PREPARATION [
g & : b AT : J_I_r,_|—|_ Hands-(n Time: T0min Library Prep: 40min Sequencing Time: Thadmin Anabysis Time
i ) ’ < Nanopore A’ @ o ot
» a A . ¥ ;5 ; Ry .

LONG-RANGE PCR RAPID SEQUENCING DATA ANALYSIS
Ao LIBRARY PREPARATION
PCR: 2h50min

& & & & &
£
{ ’ Hands-On Time: 10min Library Prep: 1h40min Sequencing Time; 12h Analysis Time: 2min/sample
i lonic curren
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Workbook

Data input® Genomic DNA preparationAmplicon quantitation Library preparatior Sample sheet » .JSON

Dm}/éﬂl_l Genomic DNA & Master Mix Prep R — {
[
Espes rirmiant name: DE2ENDECR BD " WETE P - =, fa—
Experiment name 2025005CRSG Doemior: £ 55 e et e e ot et 2 iyt runLengthHours™: 12,
Dea: 50305 .y . . - -
Number of samples {up to 24) s — - —— - enrichDepletefAdaptive SamplingEnabled™ false,
MpOne CUmS [IL] Rea UM [IL] - . " . . P
Please select one option: Flexibis starting gDNA volums [uL) > P —— . g."mgm_m.r %0 enrichDepletefdaptiveSamplingRefFile™ null,
B P = ‘sdaptiveSamplingChannelStart™ 1,
Modoulargrade watss =4 E Dillued F;{L;Ié::r:mrlll: 1:':!: "EH:| E.p'tnl EE |II'IEE-|'I-EI'II'E|EI1:|" E1.|.:'_'.
Tootail vo s -] Tood &l vodurms 130 - . . - . —
Library preparation — — enrichDepleteddaptiveSamplingBedFile™: null,
. N S | Gus | s e | R L o “s houldEmw ichAdaptiveSamplingR ef™: true,
Libra i -ation kit: Rapld Barcoding Kit 3 ($QK-RBK110.35) mgds I aa cemc | wobma |vdume wdums | 2| 2 Foums  arractcs | - r
il pewses |maiad |Gl [ el wR | 33 e barcodeBalancingEnabled™: fake,
R R 1 EMaZ5nsr e 0a Liull 450 [=F} =15 a0 =y = -
— s“di:nue: e | 3 ssomssmcmeTa wst 501 b e barcodeBalancingC ustomBarcodes™ fake,
3 DEBmaTSIEEr IO (1] 1960 F 23 100 1] - - v,
Select the first index 1 jmnm:murfﬁ = 1 barcodeBalancingBarcodeSelection™: null,
Automatically assigned last g 5 BREZIEZHM0E B sEal  zi L] 100 1 H 21
& ALvcor Z0E3m@ ety ein Fl 1zal 1E 2 a0 minRead LEI'Igth 1000,
T TEWiragHD == [=1z] [Ts] [=1x] 11 e o - L
Flow cell data b =z i activeChannelSelecion™ trus,
Flow cell type Lot [ Flowoell_ID___ Expiration Date muxsScanPericd™: 1.5,
R9.4.1 [FLO-MIN106D)} 1103908 § FRAI59432 20250305 “roupChangePeri
Amplicon gquantitation Library preparation
Flow eellre- | o & ] Date of washing Experiment name: | Z0250305CR56 ] Library pooling
erator: CRSG umber ol les]
used s - 2025 0105 |3§.e: * I Z0Z5.05.05 ‘I Humber of Totaslpool amourt (L[ 68
Smount!zample (L) 8.5
Number of pores Experiment name: 20250305C RSG Bead based purification { size selection
. — Instrument data Operator: SR Pasition of the frss sample | Bet et oo 0| 24
Devce 'Dé:;;PDD:;W 10 on MNa2563 Date: 2025.03.06
- Library preparation plate
# Sampleip | Amplification A::n':nn Amplicon [uL) |Water ()| Total volume fpr} |EStimated input|  Exclude
Devics ID of MINION In MINKNO'W: Position 1D of GrIGION In MINKNOW P plate position | noiy P H H ¥ {ng} sample zsugﬁ! 2 3 4 5 & ki 8 E] 10 11 12
1 SiTalo250552  AOT 87,0 23 52 7.5 200,0 O i B
2 D50573220CF  BO1 59,0 34 41 7.5 200,0 O B [P
3 DEBmar2505  CO1 54,0 37 38 7.5 200,0 o c [peosees
4 D50573912CF DO 63,0 3,2 43 7.5 200,0 O o [izcRisTal
5 BREeri25062;  EO1 51,0 3,0 36 7.5 200,0 O b0
6 ALVCOr25063  FO1 53,0 3,8 37 7.5 200,0 | E [“meos
7 TEMnegH20 G01 20 7.5 00 7.5 15,0 O i
8 TEMposTIRjU  HO1 54,0 37 13 7.5 200,0 O = [Ernegtz
RBOT




Typage HLA par sequencage nanopore
Parametres

*"'-‘ AN . v &
e '.“""u,' N ,l.;__%
AL ;
]-ll" .; t:}.: ‘r'\-. = g 1l

B AR § N :
} Run Iength Number of samples  Run length (hours) I"-_ "‘ B y .’h-;‘e’-‘.\\ 3 o

&
2 4 g RN “ [

3 5 } R (il

4-12 12

13-24 =sample number

» Minimum read length: 1000

» Time between pore scans:

0,75h/1,5h .

) Baseca”ing: ngh Accuracy MEDION ERAFZER(R) GAMING NOTEBOOK BEAST X25

Device name Omixon

2 ,FastS: 4000 reads/file Proces=ssor AMD Ryzen 9 S988HX 3.38 GH=z

MNWIDIA GeForce RTX 30368

» .FastQ: 4000 reads/file Installed RAM  32.0 GB

Device ID

» Filtering Qscore: 7 Product ID

System type &4-bit operating system, x64-based processor




Typage HLA par séquencage nanopore e
MinKnow: contréle du MinIon {2 NANOPORE

400 k-~

300 k4

Nombre de reads
généreés

200 k{

Températu
re

100 k{

Speed (bases per second)

0s 10m 20m 30m 40m 50m th  1h10m 1h20m 1h30m 1h40m 1h50m  2h
Time

h10m 1h20m 1h30m 1h40m 1h50m
Time

Vitesse de Longueur des

reads

translocatio
n

Estimated bases

(=13 703b 134kb 198kb 262kb 3.26kb 39kb 454kb 518kb 582kb 646
Estimated read length

1h 10m 1h 40m 2h 10m 2h 40m 3h 10m 3h 40m
Time

Etat des

' Activité des
canauxX IIIIIIII=III "

pores

State time equivalent (%)
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Basecalling
Guppy 6.1.5 (GPU version)

Base calling (RNN, raw) Device Control Data
Basecallng (W) ) s
- Parameters learned from

W i g training data Données brutes: .Fast5

i _,-.-QP

Extraction of blocks of
features

Bidirectional
information
flow

Base prediction Fichier output: .FastQ

Genotyping analysis software

for Nanopore™-based typing
v Version2.10
Decode to sequence

/ Résultats
analysés .htr

O NANOPORE
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Interprétation

Version2.1.0

Nanotyper™

m [0

.... Genotyping dashboard ot onana 10800 oy o
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[ +] ] Il.ll III o
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Typage HLA par sequencage nanopore

Interprétation
Nanotyper™

Genotyping analysis software
for Nanopore™-based typing

Versien2.1.0

‘Copyrght  Omikon Bocomputing U, ll ihts reserved.
of NAKOTYPE areg L

HEREOADODESHL B8 DEEE

it oot Bt oot Brranes G ity Sherad Shew Sup  Bew Makkes Amignment Ge Amsgrmant Comment Approve  RepctPevcks Export Turn Show S &
Al rasni L Akl 1 Allals 2 nuLn.ll Mimaichas Mo/t Lea Dinly S Frac isan Feoe }L| o n-ul Result Appedous| Resuht LDenklf LDdemik FRCHE
HLA-A HLA-B HLA-C HLA-DRB1 HLA-DRB3 HLA-DRE4 HLA-DRBS HLA-DOA1 HLA-DOB1 HLA-DPA1 HLA-DPE1
o’ u 2025TYP3sfhi250272815_2025-01-31_08-53-31
02:01:01:01 18:01:01:02 12:03:01:01 13:01:00:01 g ey 01:02:01:05 06:02:01:01 01:03:01.0 02:00:02:01
®8 coom i‘. B 510030 A 8 50000 A 8 50010 i‘. ® or:0n0201 ‘| o clarta s A @[ ororono i‘. 01:03:01:07 |. B oe03:01:22 A ® 105000 ‘|‘ 04:02:01:16

_
Measure
HLAS Overall @
HLA-C . .
Primary QCs for Interpretation @
HLA-DRB 1 Minimum r.u-fv.-.hu:c for key exan(s) @
Ky exan allele imbalance @
HLA-DRB3 Coverage @
HLA-DRB4 Secondary OCs for Interpretation @
iy exon maximum spot noise mtiod
HLA-DRBS Other exon maximum spot noise m@tio @O
Minimum coverage for cther excns &
HLA-DQAT Other exon allele imbalance (@
Fead length (M50)
HLA-DQBT : S
HLA-DP A1

HLA-DPBE1

HLA-A

PASSED

HLA-C
PASSED

e 21 5%
o 1452%
@ 201

@ 051 :049
e 2319

HLA-DRE1

PASSED

659
058:042
1169909

054 :046
2643

HLA-DRE3

PASSED

o & 1586
o e 0505
@ @ 272962

HLA-DRES

PASSED

@ 05:05

263153

HLA-DQA1

PASSED

HLA-DQB1

PASSED

HLA-DPA1

PASSED

@ 753
@ 059:04]

@ 111625

]

@ 1255%
8 %637%
& 578

@ 059:041
e 3576
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Interprétation
Nanotyper™

Genotyping analysis software
for Nanopore™-based typing

FastQ
Sample XX
Couverture/profondeur
insuffisante

i 4 & @

Seislon  Senvers  Todls | Games  Sesslons View

& =
L.}

i
< 2@

o7 ®:

FastQ
Sample XX
Couverture/profondeur
insuffisante

®: 03 @3

=

Merged FastQ
Sample XX
ouverture/profondeur
OK




Typage HLA par sequencage nanopore

Interprétation
Nanotyper™

21

Fit v Eit v

Abgamant  Allels |

Genotyping analysis software
for Nanopore™-based typing

Versien2.1.0

Copyright & Omixon| mmm.nmm“

. ' Overview

Hm.‘-

Bl

ﬁn-nc

& Export Overview

HLA-A

a" 11 2025TYP3sfhi2502]

Measure

02:01:01:0
.m 25:01:01:01

‘.ETotaI(?jJ

Reads with sufficient length (@
After gene filtering (D

Reads used for consensus generation (@

Summary of read usage throughout the steps of the genotyping process.

Read count Total ratio (%)

42557 100
42151 99
31832 748
30256 711

Mappability

The columns show the number of available reads by locus, the number of reads map
and corresponding ratios relative to the total number of processed reads.

Locus  Mumber of available reads Number of mapped reads Ratio (%a)
HLA-A A 2767 45
HLA-B A 4038 66
HLA-C A 4404 72
HLA-DRBT  MA 10069 16.4
HLA-DRBS | MA 7689 125
HLA-DOAT NA 4553 7.
HLA-DOBET NA 8791 14.3
HLA-DPAT NA 5550 90
HLA-DPBT | MNA 5520 a0

Total mapped read count is 53388 which corresponds to the mappability of 86.8% .

HLA-DPE1

b |

02:01:0201
g 04:02:01:16

q

HLA-DRES  HLA-DQA1  HLA-DOB1  HLA-DPA1  HLA-DPE1

HLA-A HLA-B HLA-DRE1  HLA-DRE4

Allele 1 [l Allele 2

hwerage allele ratio: 53.9% : 46.1%

Read length histogram

MNumber of reads within the specified length interval

rBRERRRRRRR

Supporting read count

Average size: 2915

All genes
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Version2.10

Nanotyper™
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Version2.1.0

Interprétation
Nanotyper™
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HLA-DPB1*463:01:01:03

HLA-DPB1*04:02:01:01

HLA-B*P1:.C1

HLA-B*P1:C2

for Nanopore™-based typing

Typage HLA par séquengage Nnanopore

Version2.10

Interprétation
Nanotyper™

Copyright & Omixon Biocomputing Ltd., allrights reserved.
A

Reference | A | [ A |
Region [ IIEEREIIEET

Base statistics

Depth
Reads perbase statistics
Reference | G | b 1: d . b . f d . b | G |
region  EEN TN Mumber of reads supporting each base at position 1163 ftor all read tracks available.
Allele AC T G INSERT DELETE e
2 ] HLA-A*P1C]1 1120 1301 1{CCG=2, ATT=1, A=1,TCT=1,T=1} 36 __.
HLA-AP1C2 2037 1293 5{A=3,(T=3,0G=2, T=2,C(G=2,G=1,TG=1,GT=1} 25

Phasing Fhaszd region Fhased region Fhased region Fhased region Fhased region Fhased region Fhased region Fhased region Fhased region Fhased region Fhased region Fhased region Fhased region Fhased region Fhased region Fhased region Fhased region Fhased region Fhaszd regio

Variants Straight 736/731:Cross: 27710

consensus | NI IVINELIETOMLEORORETE OARAR I 00RO T MR R TR AR

e CCTCTTCTCTCTAGACAATTAAGGAATGACGTC TCTGAGGAAATGGAGGGGAAGACAGTCCC TAGAATACTGATCAGGGGTCCCC TTTGACCCC TGCAGCAGCCTTGGGAACCGTGACTTIITCCTCTCAGGCCT
Read CCTCTTCTCTCTAGACAATTAAGGAATGACGTC TCTGAGGAAATGGAIGGGAAGACAGTCCC TAGAATACTGATCAGGGGTCCCCTTTGACCCCTGCAGCAEICCTTGGGAACCGTGAEKTT TTCCTCTCAGGCCT
CCTCTTCTCTCTAGACAATTA[MGGAATGACGTC TCTGAGGAAATGGAGGGGAAGACAGTCCCTAGAATACTGATCAGGGGTCCCCTTTGACCCCTGCAGCAGCCTTGGGAACCGTGACTTTTCCTCTCAGGCCT
049 CCTCTTCTCTCTAGACAATTAAGGAATGACGTC TCTGAGGAAATGGAGGGGAAGACAGTCCCTAGAATACTGATCAGGGGTCCCCTTTGACCCCTGCAGCAGCCTTGGGAACCGTGACTTTTCCTCTCIAG|GCHET T
- CCTCTTCTCTCTAGACAATTAAGGAATGACGTCTCTGAGGAAA TGGMGGGGMMG#CJ\GTCCCTMGJ\J\TMCTGMTCMGGGGTCCCCTTTGJ\CCCCTGCMGCJ\G.CTTGGGA.MCCGTGMC.TTTCCTCTCMGG'CCT'I
CCTCTTCTCTCTAGACAATTAAGGAATGACGTCTCTGAGGAAA TGGMGGGGMMG#CJ\GTCCCTMGJ\J\TMCTGMTCGGGTCCCCTTTGJ\CClCC.GCﬂ.GCEGCC-ﬂGGnMCCGTGMCTTTTCCTCTCMGGCCT'I
. ICCTCTTCTCTCTnGACAﬂTTJ\nGGnATGﬂCGTCTCTGlAGGA.n.A TGGMGGGGMMG#CJ\GTCCCTMGJ\J\TMCTGMTCMGGGGTCCCCTTTGJ\CCCCTGCMGCJ\GCCET“GMMC'CGTGMCTTTTCCTCTCMG(‘CCT'I
ICHATCTTCTCTCTAGACAATTAAGGAATGACGTCTCTGAGGAAA THHGGEIGAAGACAGTCCCTAGAATACTGATCAIGGGTCCCCITTGACCCCTGCAGCAGCCTTGGGAACGTGACTT TTccllllcA G sl
CCTCTTCTCTCTAGACAATTAAGGAATGACGTCTCTGAGGAAA TGGAGGGG.R..R.GAC#.GTCCCTG-TACTGATCAGGGGTCCCCTTTG#.CCCCTGCAGCEGCCTTGGGAACCGATTTTCCTCTCA.GCC.
ccTCITIACTC TC TAFNACHAMTIENG GIHABGHCIG TC TCTGAGGAAA TGGAMGGGAAGACAGTIICC TAGAANERTGAITCAGGGG TEICCCTTTGAKCCCTGCAGCAGCIUTITGFNGAACCIGTGACTT TTCCTCTCAGGCCTH
Depth — — — — S — —
e CCTCTTCTCTCTAGACAATTAAGGAATGACGTC TCTGAGGAAATGGAGGGGAAGACAGTCCC TAGAATACTGATCAGGGGTCCCCTTTGACCCCTGCAGCAGCCTTIGGGAACCGTGACTTITIITCCTCTCAGGCCIT
Read CCCTCTTCTCTCTAGACAATTAAGGAATGACGTCTCTGAGGAAA TGGA.GGGAAGACAGTCCCTHGAATACTGATCAGGGGTCCCCTTTGHCCCCTGCEGCGC-TGGGAACCGTGACTTTTCCTCTCAGGCCT'I
:CCTCTITCTCTCTAGACAHTTAAGGAATGHCGTCTCTGAGGAAA TGGA-GGGAAGACAGTCCCT.AGAATACTGATCAGGGGTCCCCTTTGACCCCTGC.GCAGCCTTGGGAACCGTGACTTTTCCTCTCAGGCCT'I
ggs ' CCTCTTCTCTCTAGACAATTAAGGAATGACGTCTCTGAGGAAATGGAIGGAAGACAGTCCC TAGHEITACIIGEITCAGIKEGGTCCCCTTTGACCCCTGCAGCAGCHIITGGGAACCGTGACTT TTCCTCTCAGGCCT ]
:CCTCT-TCTCTAGACAETTAAGGAATGECGTCTCTGAGGAAA TGGAGGGGAAGACA!:TCCCThﬁAATACTGATCAGGGGTCCCCTTTIGA-CCTGCAGCAGCCTTGGGAACCGTGACTTTEC-CTCAGGCCT'I
CCTCTTCTCTCTAGACAATTAAGGAATGACGTCTCTGAGGAAA TGGAIGGGGAAGACAGTCCCTEGAATAFTGATCAGGGGTCCCCTTTGACCCCTGCAGCAGCC_:GGAACCGTGACTTTTCCTCTCAGGCCT'I
B ccTcTHTCTCTAGACAATTAAGGAATGACGTC TCTGAGGAAATGGAGGGGAAGACAGTICCTAGAATACTGATCAGGGGTCCCCT TGACCCCTGCAGCAGCECTTGGGAACC|[GTGACTTTTCCTHMCAGGCC T
:CCTCT-TCTCTAGACAETTAAGGAATGECGTCTCTGAGGAAA TGGAGGGGAAGACA!,TCCCThhAATACTGATCAGGGGTCCCC.TTGACCCTGCAGCAGCCTTGGGAACCGTGACTTT TCETCAGGCCT?
' CCTCTTCTCTCTAGACAATTAAGGAATGACGTCTCTGAGGAAATGGAGGGGAAGACAGTIIC TAGAATACTGATCAGGGGT[CCCCTTTGACCCCTGCAGCAGCCIITGGGAACCGTGACTTTTCCTCTCAGGCCH
e T T T Te T e TIAMACAA T TAAGGAATGACGTE T TRAGGAAA TEGAGGIICEA cACAG TOCC TAGAATAC TG AT CAG G WITEHEEENT TITcAr rCrC TRECAGrAGEC TTaGGAAC G TGAC TT TTrEElc TCAG GO C T
Depth e P ——

s ~ . n . S —— — — - prp——— e e - - - - —r— - i



Typ dage HLA Pars e guencage nanopore By

Interprétation
Nanotyper™

%@} m Algorithme

Phasing

Filtre des reads
Comparaison a des groupes d’alléles de la base de données
IMGL{HhBution des reads a I'alléle 1 ou a F'alléle 2
- Consensus 1
- Consensus 2
Comparaison a tous les alléles de la base de données
IMGT/HL_9

TYPaGgprise des reads et comparaison a la référence

Mapping
Alignement des reads a la référence



Or Gregory Gatoullat
Laboratory of Immunclogy
Reims University

rue du general Koenig 51082
Reimsa

51100

France

Dear Dr Gregory Gatouillat

Thank you for the comnwnicaiion regarding your new HLA sequence (submiasion number HWS10065815)
The WHO Nomenclaturs Commitiese for Factors of the HLA System has officially named your sesguence:

DRB1*13:113N

F( ANTHONY
: : ) n n n r Genotyping analysis software
Saving lives through stem cells C for Nanopore™-based typing

Version2.1.0

‘Copyght © Omison Biscomputig L1, ol rihts eserved,
Al terms and conitions related to the use of NANOTYPE are govered by the NANOT YPE E
ore Techinol

30 April, 2024

Region Position Type Reference

This information will be included in the next full Momendature report and will also be listed in a monthiy o 217 DELETE i

update on new sequences assigned which will be published in HLA, Human Immunclogy and the

Infermational Joumnad of immunogenedics,

o sapiens] MHC HLA Class II gene, HLA-DRB1*13NEW

In the pulsli where th first t ted th clature should - :

n the publication where this sequence first appears. it is suggested a sentence on the nomenclature shoul

be addad: A AGEICGA]
The name A*32-187 has been offically assigned by the WHO Nomenclature Commitiee for Factors of the [

HLA Systemn in Aprl 2024, This fbllows the agreed policy thad, subject fo the conditions sfafed in the most
recant Nomenclature Report (Marsh f al. 2010), names will be assigned lo new sequences as they are
identified. Lists of such new names will bé published in the following WHO Nomenciature Rapor.

Reference

Marsh SGE, Albert ED, Bodmer WF, Bontrop RE, Dupont B, Erich HA, Femandez-\ifia M, Geraghty DE, FGSCMAVLTVTLMVLSSPLALAGDTRPRFLEYSTSECHFFNGTERVRELI]

Holdsworth R, Hurley CK, Lau M, Lee KW, Mach B, Maiers M, Mayr WR, Miller CR, Parham P, Petersdorf
EW, Sasazuki T, Strominger JL. Svejgaard A Terasaki P1, Tiercy JM, Trowsdale J . Nomenclature for
Factors of the HLA System, 2010. Tisswe Anfigens (2010) 75 281455 » (

| would appreciate a copy of any paper describing your allele sequence, once it has been publkshed.

Best wishes
>

Professor Steven GE Marsh

Chairman, WHO Nomenciature Commitiee for Factors of the HLA System
Chief Boinformatics & Immunogensatics Oficer and Deputy Director of Research, Anfhony Nolan Research instifule

Frofessar of mmunogenedics, UCL Cancer inshitude

steven.ma ucl.ac.uk
Direct Line +44 20 7284 831

Anthony Nolan anthonvholan.ora
Researchinstitute 3033030303

G G f X@ina ¢

protein (HLA-DRB1)

European Nucleotide Archive G e n B a n

https://www.ebi.ac.uk/ena/browser/home https://submit.ncbhi.nlm.nih.gov/about/bankit/

Table @
annotations Submit a sequence to the IPD-IMGT/HLA
Database »
@ i v’ https://ww.ebi.ac.uk/ipd/imgt/hla/submission/
LATOR




Typage HLA par sequencage nanopore

for Nanopore™-based typing

Version2.10

Interprétation
Nanotyper™

Echantillon controle

| ||. IT1C HLA-DPB1

® HLA-DPB1*04:02:01:02 + ® HLA-DPB1*06:01:01:01 Overall ® PASSED

® HLA-DPB1%04:02:01:02  + @ HLA-DPB106:01:01:01 Primary QCs for Interpretation ©
Minimurn coverage for key exon(s) @ @ 335 M
Key exon allele imbalance ® 051:049 0]

® HLADPB1*04:02:01:02  + @ HLA-DPB1*06:01:01:01 T | o

® HLA-DPB1*04:02:01:02 + @ HLA-DPB1*06:01:01:01 Secondary QCs for Interpretation @ Déséquilibre du
Key exon maximurm spot noise ratio @ ® 2641% D) . d

. . Other exon maximum spot noise ratio @ @ 16% [0 ratlo reads

® HLA-DPB1*463:01:01:03 + ® HLA-DPB1*906:01 Minimum coverage for other exons @ e 176 D)
Cther exon allele imbalance @ ® 055:045 0] fo rWa rd/reve rse

® HLADPB1%04:02.01:02  + ® HLA-DPB1*06:01:01:01 Read length (N30) @ ® 2970 ol ?

ex4 ex5

ex3
oPE 1504020102 - - - - - T - - - - -
DPB1*06:01:01:01 -- - - - - - - - --#- - - -+ - -

DPB1*463:01:01:03 -- - - - - 4 - - --4- - - -+ - -
. DPB1+906:01 - --- - - - ~ - TN -~- - - - - -




De la compatibilité antigenique ...a la Compatibilité épitopique

| DONNEUR | | DONNEUR

A2, A24 A2, A24 A*02:01, A*24:03 A*02:01, A*24:03

B7, B57 B8, B44 B*07:05, B*57:01 B*08:01, B*44:02

Cw7, Cw8 Cw4, Cw7 C*07:01, C*08:01 C*04:01, C*07:01

DR1, DR10, DR11 DRB1*01:01, DRB1*10:01,

DR15 DQ6, DQ7 DRB1*15:01 DRB1*11:01

DQ5, DQ6 DP2, DP4 DQB1*05:02, DQB1*03:01,

il 6 cirferences DQB10G02 y. ol des différens ,

6 différences DPB1%02:01, Y-a-t-il de_s. d!fff_-:evnses

DPB1*04:02 DPB1*04:02

« mauvais mismatch »? P
/

‘ HLA eplets(“/
\\

« bon mismatch »?
T !
ANTIGEN

Pas de réactivité

Risque d‘allo-réactivité




(J ry (J

...a la Compatibilité epitopique

Un épitope peut étre commun a plusieurs molécules HLA
Not all HLA epitope

mismatches are equal

Sebastiaan Heidt' and Frans H.J. Claas'

Patien

B*18:01 = « Bon mismatch »: Aucune différence aux yeux du systeme immunitaire du patient




De la compatibilité antigénique..... ...a la Compatibilité epitopique

Number of foreign "epitopes” on the same HILLA-B51 mismatch for:

Patient A Patient B Patient C Patient D Patients E

. BNl s

£

-

Pr FJ. Class

many quiet some few few no



Séquencage Long

e $eR8Ad possible le typage HLA haute
-~ résolution des donneurs d'organes
24h/24

8-

Changement de concept de compatibilité
donneur/receveur en transplantation
» Compatibilité épitopique

EMS-3D

Mismatch électrostatique

HLA MATCHMAKER

Prédiction d’'une allo-

réactivité des épitopes
des lymphocytes B
ELLIPRO PIRCHE

Prédiction d'une allo-
réactivité
des lymphocytes T

Exposition/

A
.. HLA Eplet Registry

https://epregistry.com.br/ b ”m
T B Dowbases - =] Missr ] Publications [T MNew patern Ceontaet

» Mismotch Colculator

modal

Mismatched Mismatched

HLA peptides :
Self-MHC-II HLA peptides

' 3 . ising the
00990000000 , comprising

Restriction PIRCHE-II score

00999, 900

— .“........

s} Mismatched
HLA antigen

Mieux prédire un allo-réactivitedieux apparier les donneurs/receveurgProlonger la durée de vie des greffon




Merci
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