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Original Article
Evaluation of Test Kits for HLA Allele Detections Using

Next Generation Sequencing Technique
Patcharin Boonpokkrong’, Sriprapai Khanuntong', Tamonwan Tupmongkol’, Atthapol Srisuddee’,

Sirilak Phiancharoen' and Oytip Nathalang®
"National Blood Centre, Thai Red Cross Society; “Organ Donation Centre, Thai Red Cross Society; °Graduate Program, Faculty of Allied

Health Sciences, Thammasat University

Abstract:

Background: Currently, many Thai patients who have registered for unrelated stem cell donors from the Thai
Stem Cell Donor Registry (TSCDR) but could not find human leukocyte antigens (HLA) - matched donors. One
factor that influenced the selection was donors’ HLA allele typing results reported as low/intermediate resolution.
Thus, more time was needed to perform high resolution typing in order to identify HLA-A, -B, -C and -DRB1
alleles. Objective: To evaluate next generation sequencing (NGS) platforms for high resolution HLA allele typing.
Materials and Methods: HLA allele typing was performed in 24 known DNA samples using commercial reagent
kits. The HLA typing results of 5 loci (HLA-A, -B, -C, -DRB1 and -DQB1) were compared with the results obtained
from the proficiency testing programs. Results: The three commercial kits could identify 4 digits resolution
typing of each locus and the concordance with the known alleles was 99.05%, 98.18% and 99.09% for Holotype
HLA, NGSgo, and AllTypeNGS assay, respectively. Times requiring for the whole process of typing varied from
31 hours (AllTypeNGS assay), 32 hours (NGSgo) and 41 hours and 30 minutes (Holotype HLA), respectively. Test
limitations were due to different primer design and software analysis. Conclusion: In this study, we evaluated
NGS platforms for high resolution HLA typing. All kits were able to give HLA typing results as the same
alleles with more than 98% accuracy. Differences in testing time, procedures and program analysis were found.
However, the analysis for cost of reagents and number of samples tested are needed to be considered before
HLA typing by NGS can be implemented in TSCDR.

Keywords : @ HLA typing @ Allele @ Next generation sequencing
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Table 1 HLA typing results of 24 known DNA samples
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Association (APHIA) k8¢ The American Society for
Histocompatibility and Immunogenetics (ASHI) 1434 22
§0Ens waranlasins Proficiency testing domsdadss
0¥ty guiSuimaeiing smmmalnedwn 2 dhoghs %
Tuimadusiioungumes w.e. 2558 £ iWandguen
W61, 2560 TEABLAGILERILL Table 1
3Fmsfnn

shénoens DNA 5 24 ShathssmasaLmiada HLA-
A, -B, -C, -DRB1 uay -DQB1 é’hymﬁwmmﬁﬁmw
syl 3 U590 Aa Holotype HLA (Omixon Ltd., Buda-
pest, Hungary); NGSgo (GenDx, Utrecht, Netherlands)
ey AllType NGS assay (One Lambda, Thermo Fisher
Scientific, Canoga Park, CA, USA) I@Elﬁﬁm‘t;m 3 151
1515510, DNA @6 1.35 g, 09 pg Uaw 0.05 ug aio 1

HLA alleles

Sample
No. A A B B C C DRB1 DRB1 DQB1 DQB1
1 23:01 29:02 53:01 81:01 06:02 18:01 08:04 13:02 04:02 06:04
2 02:02 23:01 15:16 44:10 04:01 14:02 07:01 15:03 02:02 06:02
3 02:01 68:02 08:01 56:01 03:03 03:04 08:01 13:04 03:19 04:02
4 74:01 - 35:01 53:01 04:01 16:01 01:02 11:01 03:19 05:01
5 01:01 26:01 07:.02 08:01 03:04 07:02 13:04 16:01 03:19 06:02
6 02:02 23:01 15:16 44:10 04:01 14:02 07:01 15:03 02:02 06:02
7 24:02 68:01 40:01 44:02 03:04 16:04 04:04 11:04 03:01 03:02
8 29:02 33:.03 15:31 45:01 04:27 16:01 04:01 15:03 03:02 06:02
9 23:17 68:15 08:01 15:10 03:04 07:01 03:01 11:01 02:01 06:02
10 02:01 03:01 15:01 27:05 02:02 03:04 04:01 13:01 03:02 06:03
11 74:01 - 15:.03 50:01 02:10 06:02 03:02 13:02 04:02 06:09
12 02:02 68:02 42:01 53:01 04:01 17:01 03:01 08:04 02:01 04:02
13 29:02 68:02 13:02 16:37 03:04 06:02 01:01 03:01 02:01 05:01
14 23:01 33:.03 07:.02 18:01 05:01 07:02 11:01 14:54 03:19 05:03
15 02:01 11:01 27:02 56:01 01:02 02:02 01:01 16:01 05:01 05:02
16 02:01 03:01 16:01 27:05 02:02 03:04 04:01 13:01 03:02 06:03
17 02:01 02:05 27:05 50:01 01:02 06:02 01:01 07:01 02:02 05:01
18 11:01 24:02 156:01 16:12 03:03 04:01 11:01 12:02 03:01 -
19 23:01 74:01 15:03 58:02 02:10 06:02 03:01 07:01 02:01 02:02
20 01:37 32:01 40:02 57:01 02:02 06:02 07:01 15:01 03:.03 06:02
21 02:01 31:01 15:17 51:01 07:01 15:02 04:07 13:02 03:01 06:04
22 11:01 26:01 35:01 38:01 02:02 12:03 10:01 11:01 03:01 05:01
23 02:07 30:01 13:02 46:01 01:33 06:02 04:05 09:01 03:03 04:01
24 11:01 24:07 27:06 35:05 03:04 04:01 12:02 14:05 03:01 05:03
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Table 2 The NGS primer sets of each vender were used to identify HLA alleles

Commercial kit

Primer set

Targeted region

Holotype HLA

HLA-A,-B,-C,-DQB1

Whole gene

HLA-DRB1 Intron 1 to exon 5
NGSgo HLA-A-B,-C Whole gene
HLA-DRBY, -DQB1 Exon 2,3
AllType NGS assay HLA-A-B,-C, Whole gene

HLA-DRB1, -DQB1

Exon 2 to 3 UTR

soeha ludumaume PR amplification SNNAGU AU
primers 989 AllType NGS assay ki multiplex ﬁ‘ﬂima‘u
el primers 334 11 loci EL‘LL PCR reaction Lfni primers
289 Holotype HLA La¥ NGSgo T singleplex “?‘ifl prim-
ers LENMNTHAR locus Lg% §195UNSATIA 5 loci Gdie
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NGS assay 5 magnetic beads Lﬂ‘aLLEm‘tJm@ amplicon
LLaﬂu%umu quantitation 984 AllType NGS assay ¢
Gl%m‘%ad fluorometer (Qubit, Thermo Fisher Scientific,
MA, USA) Wl NGSgo Uat Holotype HLA 1#ia304 real-
time PCR (LightCycler 480, Roche Molecular Systems,
CA, USA) a"’m%m@%m sequencer ﬁi@’ﬁﬁuﬁwm Holotype
HLA wae NGSgo 14 19304 Miseq (Ilumina, CA, USA)
ﬁwm AllType NGS assay sl%m%ad Ion S5 (One Lambda,
Thermo Fisher Scientific, CA, USA) I@&w‘hmswmaamm
SumanielugomsWomasdauhvan Ainguan 49
ftunaulasse suanslss Figure 1
Hoyamduiuausandulfanniedas sequencer azaon
wsl,ugﬂl,mu FASTO file a7when NGSgo 289135 GenDx
1GH ‘ﬁ? ¢ Holotype HLA 989138 Omixon %38 BAM file
mﬂﬂz?&n AllType NGS assay 989138 One Lambda Uy
Aemeidnslusunsumsulanavasuda s alusunsa
HLA Twin (Omixon Ltd., Budapest, Hungary) 1‘%?%50 &N
Holotype HLA, I‘ﬂil,mi&l NGSengine (GenDx, Utrecht,
Netherlands) i%ﬁuﬁﬁm NGSgo ey T1Jsunan Type Stream
(One Lambda, Thermo Fisher Scientific, Canoga Park,
ca, usa) e AllType NGS assay \#doyaaonsnids
HLA allele WdnhsnAemneimiasasasnnaudanndndrad
usindnda fdeldiRuufisnnamInTa HLA-A, -B, -C,

-DRB1 u&% -DOB1 3¢6U high resolution ¥83%0§133a%149 3
1A FuwamIaTadhatseuguaummwi ldannlasims

NAFOUANNTINYFNIUMINTIA HLA

HANISANL
NamMesaLdeTmheaTIav HLA S88a 99in HLA-
A, -B, -C, -DRB1 Wwag -DQB1 3¢61 high resolution ¢3¢
wadla NGS mmmmaaﬁy’a 3 Pathandadarionsa 108

lo A

99aaa T 24 deehs WuTwanagnaaau single
allele T0UFaY locus WL 4 duwvks Taenhen Holotype
HLA shansnuanagnéaaili single allele 31431 107 ¢
Sadia (99.07%) Aéhaehi 1 31 fo wsnenan 17 hisansoueng
Soin HLA-A I8 dmwhen NGSgo sammutlanagndfoadu
single allele 4114314 106 ¢FaiA (98.15%) &aehi 2 eha
VaNEIeY 3 uay 23 asnInuengdaia HLA-DRBI |¢ uay
‘&Wiﬂ AllType NGS Assay mmsm,l,ﬂawagﬂé?amﬂu single
allele 11634 107 §Fadn (99.07%) lashathomanenas 5
lisnansouendada HLA-B 16 measidundausadlu Table
3 g Table 4

LﬁaLﬂ‘%amLﬁwnaﬂumiﬂﬁﬁ@mmm%q 3 1ASMauA
¢a% PCR amplification ADINEUHE HLA typing WU
nmﬁiﬂumwmaﬁ”’aw@mmmﬁwm Holotype HLA, NGSgo
uaY AllType NGS Assay Aa 41 #1109 30 w7 32 #2lg
L8 31 s ey Fenaiuensnaieidiasaniunan
QBTGNP i f} sg@wﬁwm Holotype HLA uay
NGSgo 1%‘55&1&’3611%%%@1@% PCR amplification 7 ‘%”ﬂm
30 wifl mmzﬁmﬁm AllType NGS Assay s lums
¥ PCR amplification Wi 2 32l 30 wifl saugarien
289 AllType NGS Assay fidupan purification aMEAH
¢1a1h PCR amplification LLazﬁG\ﬁWEme Holotype HLA a

TUGD amplicon normalization WNIARIAININ amplicon
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Holotype HLA
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PCR amplification
(7 hrs 30 min)

NGSgo

\ 4

PCR amplification
(7 hrs)

AllType NGS Assay

Amplicon quantitation

(30 min)

A 4

PCR amplification
(2 hrs 30 min)

A 4

Purification (30 min)

v

Amplicon quantitation

(30 min)

A 4

Amplicon normalization

(1 hr)

A 4

Library preparation

(8 hrs 25 min)
-Pooling (liquid handling)
-Clean up
-Fragmentation
-Liquid handling (adaptor,
ligation)

-Purification
-Size selection

-Quantitation

A 4

Amplicon quantitation

(1 hr)

\ 4

Library preparation

(6 hrs 25 min)
-Pooling (liquid handling)
-Fragmentation
-Adaptor ligation
-Clean up, size selection

-Liquid handling (indexing)

-Pooling, clean up, size selection

-Quantitation

A 4

Sequencing by Miseq
(15 hrs 25 min)

A 4

Library preparation

(9 hrs 45 min)
-Fragmentation
-Adaptor ligation
-Size Selection
-Amplification, Purification
-Quantitation
-Pooling
-Loading (Ion Chef)

Sequencing by Miseq
(15 hrs 25 min)

A 4

Data analysis (9 hrs)

Sequencing by Ion S5
(14 hrs 25 min)

Data analysis (3 hrs)

Total time 41 hrs 30 min

Data analysis (3 hrs)

Total time 32 hrs

Total time 31 hrs

Figure 1 Next generation sequencing workflow for HLA typing among 3 venders
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Table 3 Concordance rate compared with the EQC HLA typing results

% Concordance

HLA locus Holotype HLA NGSgo AllType NGS Assay
HLA-A 95.24 100.00 100.00
HLA-B 100.00 100.00 95.45
HLA-C 100.00 100.00 100.00
HLA-DRB1 100.00 90.91 100.00
HLA-DQB1 100.00 100.00 100.00
Average 99.05 98.18 99.09

Table 4 HLA allele discrepancies reported by 3 venders

Sample No. Results reported by
Holotype HLA NGSgo AllType NGS Assay
HLA-A
(No. 17) A*02:01, 02:06 A*02:01, 02:05 A*02:01, 02:06
A*02:14, 02:22
HLA-B
(No. 5) B*07.02, 08:01 B*07:02, 08:01 B*07.02, 08:01
B*08:156, 42:01
HLA-DRB1
(No. 3) DRB1*08:01, 13:04 DRB1*08:01, 13:04 DRB1*08:01, 13:04
DRB1*08:77, 13:04
(No. 23) DRB1*09:01, 04:05 DRB1*09:01, 04:05 DRB1*09:01, 04:05

DRB1*09:21, 04:05

quantitation éﬁu%%@]aum‘sm library preparation 1’95 KIa
ﬂﬁﬁ@qmﬁmmﬂﬁaﬂﬂmmniwgwﬁm NGSgo, Holotype
HLA uay AllType NGS Assay $Naa1ey  &wisusvey
e iees sequencer gavhenio 3 U3tmiklnAlAuaiu
mAeTiRaMIATadadatanh NERdsAensinals
nasfet Tasrfiavasdusenauanaetiude Sgwﬁwm
989 AllType NGS Assay 1¥i16304 Ton S5 1% BAM file
du NGSgo Way Holotype HLA luiekas Miseq a2l
FASTO file Tsunsafi 3iemeinasiamiliseesnamas
MaUseraanausnentiy namde lsunssdmsuiensing
mam@ﬁwm Holotype HLA e 9 Flag LL@iS};@ﬁW&nmm
NGSgo 4% AllType NGS Assay 1H0m mmaassing
e 3 F1las anfinasnuaiun SreTnaINeLs
PCR amplification 4 data analysis ?Jaqmﬂ%sg@ﬁwmt,wiaz
VaEemauenenerin loeaansnSasdduannidas ldvann
gstil AlType NGS Assay, NGSgo way Holotype HLA

Fas0l
1 6 v o A (=3 A
Twlsznelng - mavgneahesmadduiidiadielafiaan
Jusnafilallgandivm thiefidmaiitheillomanudisne
é( = 1 ‘9-/’ % 1 1A lil/
Tumstungdaudumesousn Ioun wet any wjidon 1o
1 uazngulsn malignant diseases wonNNHEIE7TING
75729388 HLA ¥%i@ high resolution $ausaundeuas
1 % Y A o Y Y Yo 1 %
frananmismadunduiaerh lidihaldsumsgnaels
G X .4y 2 o 6]7 ¢ ¢ |
522U FenmenRenUT BN MSEIAR AR SLaRA WU
o AX A P . X A

rihefimunzdenaiens HLA high resolution &5gegsim
wadlunswuRUSneuUD HLA identical match 1§20
ﬁﬂaaﬁ%wmﬁauﬁwwa HLA low/intermediate resolu-
tion” MIATASHGA HLA cewmaiin NGS aananssy
mmazlﬁaﬂmzﬁu high resolution D single allele 284
usiay locus WL 4-6 duvis lenagndasiouay 98 il
Wisufleuniung allele consensus 289 EQC program N
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