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(alloantigen)®ll =% % < W, 5 & H % (alloimmunization)ol] ]3] HLA 3-A 7} A4 <2
7hs ol ok sl o3l AP H A E 5F A (alloantibody) et L g+t $hx}
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o] A ¥ HLA-DQ 7} o] 2o "X = F 8 do] & X HA] f+ 2] Eurotransplant 2}
1] = 9] Organ Procurement and Transplantation Network (OPTN)ol| A = A1 7-0] 2] A A}
715 2}2] HLA-DQ ¥ HAS A4 02 @ 731l ). o]+ ] 4] % de novo DQ
DSA & o] A =3517] 913 4] o)W, WALALe] 4§ o] Ao] &yt § F7FA o= AL
E X&dst7] o g7] "ol AAE GRS 7 s W vl o] i ) HANE
Al8sk= Aolth. OPTN & YAl 7]%A¢] HLA-A, -B, -C, -DRBI, -DRB3/4/5, -
DQAI1/DQBI, -DPB1 7}A] HAALE Al 88} =5 4 3Fal )
Sk A e 25 ool A Ael AE = 20193 69 @A HARL 7] 5 Aol 4]
Al 71Z 2} 28 AL o] HLA &' AR HLA-A, -B, -DR @ 7S 4= AALR 14 &)
AL vk LRI, gk o] Aol A dhe] A Aol A = AR F7FHLA E 1 HAE 9
S A A Batol] w3k gt o] glof o)A F HAL 7[F Aol thEk HLA & HALE A3
3717} B 7Hsatet. o] 9 22 Aol A= o] 2] $- PRA AAAMI A DQ A7} 71 E ] T

2t o] 310] DSA 1A ¢ 4= §lth DSA & ABMR W &t7|Fol| E3hsw, 22 3AE

QI A A= o8+ (linkage disequilibrium, LD)¢| o= A= FX] &= -3+
QI LD &5o] A grh HLA 324 6 H 4 A9 Thetol 3.6

st A7 o2 Em 4 Ak AMAS FHA 72 Fd A 75 sk
HLA class I #} HLA class I & o] o1 Q1aL, AlH A -2 A A &F FH A - 9

CT‘
N
N
off
2
iy
A
B

ol

Alolof EA) sl &E %4 vl A (heat shock protein), & 3 A} &} (tumor necrosis factor),

WA 5 W A28 gelshs Buae SYRhY HLA FAAES 95 7bte)

W] Wil et Al Ao ¥ = o] At (Figure 1). wHEbA] gh=421<]
Auf A& W =9} LD, HLA-A, -B, -DR ¥ A HZ 0|83} ujnL% A &3] HLA-DQ
£ A5 T Ak

B o150 4= HLA-A, -B, -DR A K5 ©]&3}o] HLA-DQ & |53t T2 13
= 7WEskaL, o] R g 0 7 o] 53 HLA-DQ & PRA #559l] 4 -8-3o] DQ DSA o] -
= A5 18] L o 5% DQ DSA 9] A 84 = dobr At sl
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Figure 1. Gene map of human leukocyte antigen (HLA) region. The HLA region spans from

chromosome 6p21.1 to p21.3, and consist with class II, class III and class L.?
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Korean,
Low resolution
HLA-A,-B,-C,-DR,-DQ
registered at AMC until

2019.04.29
\ {n = 6,0086) /
Registered until 2018.10.29 Registered after 2018.10.29
{n=5,603) {n =403}
Allele frequency and haplotype LD and ﬁNN
frequency analysis DQ prediction

{n=5,603) accuracy analysis

{n = 403)
LD and ANN
DQ prediction training
{n= 5,603}

Figure 2. Patient selection flowchart for developing, training and evaluation of HLA-DQ

prediction program.



2) HLA-DQ DS

=% pDQ DSA ¢} 2 4] PRA

£ o]&3k] PRA

o =% HLA-DQ

ok 2008 1€ 1938 2017 129

o] /1 SAB PRA class I #} SAB PRA class

1l o, gk} 7] 5 2}2] HLA-A, -B, -DR Z 3}7}

S

2

I A 2 A8

i
~
B

-

< 1,567

sic

]

885 1 9] A}

37}

1
s

(e}
A

4ol

F ol 9l o] e %) ol

gl gxp F 7|5 A ek $x1e] HLA-DQ & %L

= = o= DQ

o)
P

F At (Figure 3).

S

DSA o] H &g 37}



Patients transplanted
between 2008-2017
with class | and || PRA f/u.
Recipient and donor
HLA-A,-B,-DR known
(n=1,567)

o /

Donor HLA-DQ or
Patient HLA-DQ unknown
{n=682)

Donor HLA-DQ and
Patient HLA-DQ known
{n=2885)

Figure 3. Patient selection flowchart for evaluation of DQ DSA accuracy.



3) Predicted DQ DSA 2] 9734 -84 H”7}

o ¥ HLA-DQ & 974 &84S H7tst7] 914l 2008 1€ 1 4F-H 2017
d 1249 31 D7HA] 10 | 713F Wl Al o] A& Alsstar, A aobrbi 1ol A SAB PRA
class I 7} SAB PRA class II FA |23kl o, 3kx}el 7] F2}2] HLA-A, -B, -
DR A#7} 257 ol ghrdl $atE A i o= Aotk o] 713F ol Aol 2 &
F3ato] o] 48 2 3] o] AF A& Shx} I A o] 9] o] thE 7] o] 2] o] Qli= 3
A= A9l ehar 1,567 2] EA7F AR HAw o] T HARA 71T Al A S A E
gk 319 9] $kA7E Aol EH AT HARAF 715 A4 Sxbe 715 A
HLA-DQ &' HAFE Al 3 o(n = 152 )7} HLA-DQ &' HALE Al d3HA] e8> o
(n=167 )22 E5F3sto] £45 A 35 th (Figure 4).

oz AA 715 Aol sae AAsATE 20139 19 1 3
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20139 12 ¥ 31 A7HA] A=otib ol A A 715 Aol A& Al d)étal, SAB PRA
class I 2} SAB PRA class Il AE EF Al )5} o, $-219] HLA-A, -B, -DR Z2 3}, 7|
TA9] HLA-A, -B, -DR, -DQ A7} B5F iz §4Q #4458 vl o= 4hghrh o
N FAT} oA AT S A efstar F 9278 9] SAIF LI QAT 2 gkt

T H
o] 54 Thg H o} T (Table 1),



Patients transplanted
between 2008-2017
with class | and Il PRA f/u.
Recipient and donor
HLA-A-B,-DR known

{n=1,567)
Deceased donor Living donor
transplantation transplantation
{n=319) {n=1,248)
| | |
I | ABO compatible KT
transplanted within 2013
Donor DQ known Donor DQ unknown Donor DQ known
{n=152) {n=167) {n=92)
;
DQ DSA (+) DQ DSA (-) pOQ DSA (+} pDQ DSA(-) DQ DSA {+) DQ DSA ()
{n=14) {n=138) {n=24) {n=143) {n=12) {n = 80)

Figure 1. Patient selection flowchart for evaluation of DQ DSA’s clinical significance.

Abbreviation: DSA, donor specific antibody; pDQ, predicted DQ; PRA, panel reactive

antibody.



Table 1. Comparison of baseline characteristics between each group

Deceased Deceased
donor KT, donor KT, Living
donor donor donor Pval
HLA-DQ  HLA-DQ KT value
known unknown (n=92)

(n=152) (n=167)
Mean age, y (SD) 49.7 (11.1)  46.4(11.4) 42.8(12.2) <0.001*
Female recipient, n (%) 73 (47.4) 73 (43.7) 35 (38.0) 0.312
Transplant year 2015-2017 2010-2014 2013
fs"]s)t)' KT follow up (days), mean 213(353) 908 (1120) 1114 (690) < 0.001%
Number of HLA-DR mismatch,
mean (SD) 0.9 (0.8) 0.9 (0.7) 1.0 (0.7) 0.439
Number of HLA-DQ mismatch,
mean (SD) 0.8 (0.8) - 0.8 (0.6) 0.917
Total PRA performed, n 384 302 176
AV@rage PRA performed per 25 18 1.9
patients, n

2012.08- 2012.08- 2012.08-
Date of PRA performed 2019.02 2019.02  2019.02
Number of patients with pre-KT ac
and post-KT PRA, n (%) 70 (46.1) 42 (25.1) 29 (31.5) <0.001
Patients HLA-DQ known, n (%) 25 (16.4) 11 (6.6) 54 (58.7)  <0.001*¢
Donor HLA-DQ known, n (%) 152 (100.0) 0 (0.0) 92 (100.0)
Patient and donor HLA-DQ 25 (16.4) 0 (0.0) 54 (58.7)

known, n (%)

Abbreviation: KT, kidney transplantation; SD, standard deviation; PRA, panel reactive

antibody.

P < 0.05 for deceased donor KT with donor HLA-DQ known and living donor KT.

P < 0.05 for deceased donor KT with donor HLA-DQ unknown and living donor KT.

°P < 0.05 for deceased donor KT with donor HLA-DQ known and deceased donor KT with

donor HLA-DQ unknown.
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2. HLA 33 A}

HLA JEAALE 98l e akel A A 71 5AE 7 S = sequence-based typing
(SBT)= A| 383} T). AVITA Cross™ HLA-A SBT (Biowithus, Seoul, South Korea),
AVITA Cross™ HLA-B SBT (Biowithus), AVITA Cross'™ HLA-C SBT (Biowithus),
AVITA™ HLA-DRBI SBT (Biowithus), AVITA™ HLA-DQBI SBT (Biowithus)Z A}-8-a}
of A FEom HAF AAE AU

= A} 7] 5 2Fe] 7 9- sequence-specific primer (SSP) %R ©] HLA & H HALE A8
stelth. HAMIERZ= HLA-A, -B, -C, -DR & BioSewoom™ HLA-A, -B, -C, -DR
PCR/SSP Kit (BioSewoom Inc., Seoul, Korea)S AF-&3l o A4 oA HALS
Al&skith. 20159 11 D5-E HAL 7|SAke] AA7E F88] A8 45 AVITA™
HLA-DQBI SBT (Biowithus)Z ©]-&3}o] HLA-DQ °ll i3l SBT AAMS F71= 733}t
At

ERoll A HLA EEAANS Al 8etal, A-gopibE ol A A HLA FE A S
Al ekA] gr2 ghatEol tial = BhlollA Aldg 7 FEAA A3 E adE A}
g3kl

3. Single antigen bead PRA Z A}

SAB PRA 7 A}= One lambda AF2] LABScreen Single Antigen Luminex PRA 7| E
(LABScreen®™ Single Antigen, One lambda, Canoga Park, CA, USA)Z A}-&3}%it}
LABScreen Single Antigen Luminex system ©l| A}-8-%] = v}o] 4 2 H| = (microbead)= °F
5.6 um 2 74 o] =2 2~ E] d(polystyrene) &2 A U F-o] T = = F FF =49 &
Lol w100 7HA] A Z=E o S = ok 2 Aol AR T8 PRA M| =
o= 71 HLA &-¢o] ¥-2 o] At} Luminex A8 F 79 glo] A& ALE-3}o
FF =g AEFok=, 11 5 shvbs &7 A ' (classification channel) ZA] wj-o] 3 2 H]
To A Mo E glsta I o Yol A= KA Y (report channel) 24 vlo] A=

H] =l F-2hE] of Q1= B A A (probe)ol] A ek sAbolu) whul ) 22 A 5ok A

PRA A3} 58 Al APl A AlAI 8= ol wheh 7l= Aol o8 A+t st

¥ 7} % (mean fluorescence intensity, MFI) ¢t -3}aL, 1 ¢k

o] 1,000 o]A}o]H A 41 2] H-24(tail analysis)S F3] SA o2 F2)3F AFE Ho|=

(baseline normalized) % ¥

11



4. QB EFIY L o] 2IF HLA-DQ ¢S X2 1% /it
HLA-DQ ¢ =9 7|2 < g &8 Qg
oo A #HEE HLA g5 2 Juj 3

051
n:
m
il
il
=
fr
rot
=
w)
e,
E

LD ¢85 LD gto] 7M=& ti " dAE A9 sk= sl o]t Locus M ol

HAF A2 M1, M2 7F 9o sl tf /- 2] RI=E 242} pl, p2 2 3FaL, locus N @]

42 N3, N4 7} 1o e o g7 d z}o] RIEE Z}2} p3, p4 2 sk -5 Ml
N3 7Fe] LD gk (D)= th- 3 2ol g ol gt

Piz — Pibs _ P BPs
minippy paps) minip ' 1—p)s pl—p )

DIIE =

871 A A P & 578 tE A2 M1 7 N3 71| A Wl E yepdith
T3 HLA A E g2 S77F B2 45 371 7219 P9 Py 72 M1 7 N3
7Fold diHf-dxE9] T3S o] gt

B ol A= HLA-B, -DR, -DQ 2] LD £ o] §-3}o] HLA-DQ & 4| =3} v}, ube}
A #x}2] HLA-B, -DR I H] A G S 3 locus o] Ul | AAL2 17381 237] 2] & 4]

8319} WA} 71 ZAS] HLA-A, -B, -DR #1218 0 2 HE| B = 7153 HLA-B, -DR

Mg e e

N

AdujA S Fotar, 7 A ES 25 HLA-DQ 9}2] LD & #3+ &
HolE= HLA-DQ & ol S3to.2 Ag skt

r
o,
ol
filo
2
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£
an
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Figure 5. Basic structure of neural network with one hidden layer.
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2}
hot Q152 7|W & o] &3] &l 3= HI E(bin)rt 1 o] 2L Y #| =
7(

/)
R AR AR % 354 (6% 59) el A =8 74A ) SRk
3 g

PN
Onc-hot €159 W] = 7} 2plo] SYHQ) o] 4y wigo] B2 Q]

4 ; JREE:
AR A% WE 2 WA o 5 Bol, 20 A0 QD T A5 6]t AR

= 27} 50 419] o4k WE|} 20 1419 A% el ke A BE e ATUARS
120 (620) 7§ 9] 9HlQ ==5 7HXI T

OF AP ASS o1 ASH QAN 29 ASLS BT 95 E ) (feed
forward) UW|E$ Ao, A3 W3+ LeakyReLu, W% “dF3}(Batch normalization),
Hom SRR WX + b 4 W ol F A% G d I

H] A 8} LeakyReLu = =8 3}, v x| A 73} i
wol MET ShgH o R $He e A HRE S 2} el A wH o] Pt

=
|
SE2 FAEY softmax & ©]83te] ZFDQ 7 EA S SEfeE ¥

77He] =9

gttt =9 AT Y softmax A gkt A A @AY ghe] A2~ dE=ZY] &4 3HS
Toko] AL e 7S o] &3l A utete] Q1AW ghebr|H o gh5& 85kl
=
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Network Architecture
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Figure 6. Artificial neural network composed with two hidden layers.
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Table 2. Hyperparameter settings of artificial neural network learning

Parameter Settings
Learning rate 0.05
Optimizer Adam '¥
Max epoch 100
Embedding size 100
Hidden size 60
Hidden layer number 8

Dropout
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6. 95 HLA-DQ & ©]-83 PRA DSA £4]

HLA-DQ A X7} gl HAZ S oA DQ FE S 5313S i, 5% DQ
+ pDQ (predicted DQ)= W s} AT}, W AR} 7|5 Ao 2] 3kAtE o & 7|54}
o] pDQ & %83l SAB PRA A& #4513t} 5% DQ ol H3l] &7 ¥ DSA &
pDQ DSA = W3l ot A7 A tldSl HARAF 715 o] 2] 82} 319 W ] 2012
89 2UHE 2019 2¢¥ 28 U7HA] A% EE PRA ATE A48T pDQ =
FAFTFOoZ A SH 1, tpebA] FAFF 2= PRA 415 Al 313l

7.DQDSA 9 91449 ofw] £
W kel A% Aeobeld, Bk, ANEUSEY, w20 283 1AL
of

Nz, A 2R B ARE BF

)
o
fu
i g
dr
ol

e
N
N

o

>

o

<

=

!

o

AV

nz

[‘ o

ST

(biopsy ABMR confirmed), @ =2 HAF 4
ABMRE| {&7|Eg ERHSebA Rt )4 o2 ABMRe] 24l¥ o] ABMRO| wE
o

2HAE A RAT P o=

N
b
il
=2
rlo
M
=
g
o
w2
«
w2
[
w2
o
o
1)
[
&
©

|25 w2 (clinically suspicious), @ Z=Z]HA} Ak
A2 S (biopsy ABMR confirmed not), ® 440z

(clinically suspicious not)S. 2 53} tF. ABMR X5+

>
5]
<
=
o
o,
>,
i
)
N &
rlr
M

ddusts,  AWFEALE WIS 2 E(intravenous immunoglobulin,  IVIG),
2] 5 A] W (rituximab), X 2 H 2% (bortezomib) X 55 W2 74 -2 433}
ZAAA A3 Banff 2017 Kidney Meeting Reporte] Tt 7]<=of wlhe}

45T Banff 2017 Kidney Meeting Reportol] 4] :=ABMRS &5 &3 vl 7] A

AH-HE-g-(active ABMR), THd &5/ A v]7lAd A HF-HE-S(chronic active ABMR),
AR o] 27 §lo] Cad FAI Q! A9-= Hral At Active ABMRS D w4 £4]
e A, @ A e FHZol FA} i 9] Atele] oAbl A=

of
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Table 3. Banff 2017 classification of ABMR'

Antibody-mediated changes

Active ABMR; all 3 criteria must be met

1. Histologic evidence of acute tissue injury, including 1 or more of the following:
Microvascular inflammation (g > 0 and/or ptc > 0), in the absence of recurrent or de
novo glomerulonephritis, although in the presence of acute TCMR, borderline
infiltrate, or infection, ptc = 1 alone is not sufficient and g must be = 1
Intimal or transmural arteritis (v > 0)

Acute thrombotic microangiopathy, in the absence of any other cause

Acute tubular injury, in the absence of any other apparent cause
2. Evidence of current/recent antibody interaction with vascular endothelium, including 1
or more of the following:

Linear C4d staining in peritubular capillaries (C4d2 or C4d3 by IF on frozen sections,
or C4d > 0 by IHC on paraffin sections)

At least moderate microvascular inflammation ([g + ptc] =2) in the absence of
recurrent or de novo glomerulonephritis, although in the presence of acute TCMR,
borderline infiltrate, or infection, ptc = 2 alone is not sufficient and g must be = 1

Increased expression of gene transcripts/classifiers in the biopsy tissue strongly
associated with ABMR, if thoroughly validated

3. Serologic evidence of donor-specific antibodies (DSA to HLA or other antigens). C4d

staining or expression of validated transcripts/classifiers as noted above in criterion 2

may substitute for DSA; however thorough DSA testing, including testing for non-HLA

antibodies if HLA antibody testing is negative, is strongly advised whenever criteria 1

and 2 are met

Chronic active ABMR; all 3 criteria must be met for diagnosis

1. Morphologic evidence of chronic tissue injury, including 1 or more of the following:
Transplant glomerulopathy (cg >0) if no evidence of chronic TMA or chronic
recurrent/de novo glomerulonephritis; includes changes evident by electron
microscopy (EM) alone (cgla)
Severe peritubular capillary basement membrane multilayering (requires EM)3
Arterial intimal fibrosis of new onset, excluding other causes; leukocytes within the
sclerotic intima favor chronic ABMR if there is no prior history of TCMR, but are
not required
2. Identical to criterion 2 for active ABMR

3. Identical to criterion 3 for active ABMR

Abbreviations: ABMR, antibody-mediated rejection; cg, Banff chronic glomerulopathy
score; DSA, donor-specific antibody; g, Banff glomerulitis score; IHC,
immunohistochemistry; ptc, Banff peritubular capillaritis score; TCMR, T-cell-mediated
rejection.

"Modified from '
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8. SA &4

) HH- A=} 7l %= (allele frequency)™ SAS version 9.4 (SAS Institute Inc., Cary,
NC) Z=2 139 ALLELE procedure & &3l F43th dulAlE Wl (haplotype
frequency) = HAPLOTYPE procedure & &3l 73}t

S vt o w2 o] el Afolrt Al FrolAle A Ee
Fisher’s exact test & ©| &3} &7 4330t BE A4 2] 4T (statistical
significance level) 0.05 ©]}oll A, ] &-& (p-value)> 57 A (two-sided) 2. = =) 3}
A} mfo]laAR A E A 2016 =13, SPSS statistics (version 19.0, IBM SPSS,
Chicago, IL), MedCalc (version 19.0.3, MedCalc Software bvba, Ostend, Belgium)E- 5 7|

wzoeo R ALEE T
9. 4 FAT 9143

2 AFE Ao Y AT A Ys] SAHTHE: S2019-0353-

0001)2 Wk 433 3} AT},
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Table 4. Accuracy of HLA-DQ genotype predicted by linkage disequilibrium and artificial

neural network in 403 Koreans

LD ANN
HLA-DQ No. of
genotype  patients Accurately Accuracy Accurately Accuracy
predicted No. (%) predicted No. (%)
02,02 1 1 100.0 1 100.0
02,04 9 9 100.0 6 66.7
02,05 4 2 50.0 2 50.0
02,06 20 19 95.0 20 100.0
02,07 8 7 87.5 7 87.5
02,08 12 6 50.0 10 83.3
02,09 7 6 85.7 6 85.7
04,04 9 7 77.8 8 88.9
04,05 14 11 78.6 11 78.6
04,06 29 20 69.0 18 62.1
04,07 14 5 35.7 7 50.0
04,08 13 7 53.9 10 76.9
04,09 16 11 68.8 11 68.8
05,05 10 10 100.0 10 100.0
05,06 29 24 82.8 26 89.7
05,07 17 12 70.6 11 64.7
05,08 16 6 37.5 7 43.8
05,09 10 10 100.0 10 100.0
06,06 27 27 100.0 27 100.0
06,07 33 23 69.7 21 63.6
06,08 33 25 75.8 20 60.6
06,09 26 23 88.5 22 84.6
07,07 8 7 87.5 7 87.5
07,08 11 6 54.6 6 54.6
07,09 8 7 87.5 5 62.5
08,08 3 2 66.7 3 100.0
08,09 9 4 44.4 6 66.7
09,09 7 7 100.0 7 100.0
Total 403 304 75.4 305 75.7

Abbreviations: ANN, artificial neural network; LD, linkage disequilibrium.
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2) Allele level accuracy
4038 o] F=AL tFoz § LD dae]Fe] G o

H
ek 62.0 ©1 4 100% ) 25 B3 o 72k ol A A4 o2 87.1%2] 4

fl

52 BT} (Table 5). DQ8 ©] 62.0%= 714 2& A2 B om DQ2, DQ5
DQ6, DQY = 90% ©]/d2] A EE B,

A3A e A e = -T2 Tl whet 74.0 ol A 100%9] #3251
RaL, A A o7 87.3%°] B EE Kol LD &arg]Fel o3 53 fFAsHIth
DQ8 9] =7} 74.0% = 71 wekth DQ2, DQS, DQ6, DQY = 90% o] o] A et &
H T} (Table 5). LD &L g] 53 Q1341748 7 DQR oA 71 & A& B
t}.

x2
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Table 5. Accuracy of HLA-DQ allele predicted by linkage disequilibrium and artificial

neural network in 403 Koreans

LD ANN
HLA-DQ HLA-DQ Accurately Accurately
allele allele count . Accuracy . Accuracy

predicted predicted

(%) (%)
count count

02 62 62 100.0 62 100.0
04 113 85 75.2 88 77.9
05 110 105 95.5 100 90.9
06 224 219 97.8 219 97.8
07 107 85 79.4 80 74.8
08 100 62 62.0 74 74.0
09 90 84 933 81 90.0
Total 806 702 87.1 704 87.3

Abbreviations: ANN, artificial neural network; LD, linkage disequilibrium.
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Table 6. Accuracy of HLA-DQ genotype predicted by linkage disequilibrium and artificial

neural network, according to HLA-A, -B, -DR genotype frequency in Korean (interval)

HLA-A, B, -DR Patient  Correct DQ = Genotype  Correct DgNN Genotype
genotype frequency
(interval) (n) genotype accuracy genotype accuracy
(n) (%) (n) (%)
0.1< <1 9 9 100.0 9 100.0
0.01 < <0.1 111 90 81.1 85 76.6
0.001 < <0.01 165 124 75.2 126 76.4
0.0001 < <0.001 79 54 68.4 55 69.6
0 < <0.0001 39 27 69.2 30 76.9

Abbreviations: ANN, artificial neural network; LD, linkage disequilibrium.
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Table 7. Accuracy of HLA-DQ genotype predicted by linkage disequilibrium and artificial

neural network, according to HLA-A, -B, -DR genotype frequency in Korean (cumulative)

HLA-A, -B, -DR Lb ANN
genotype Patient
frequency (n) Correct DQ Genotype Correct DQ Genotype
(cumulative) genotype accuracy genotype accuracy
(n) (%) (n) (%)
>0.250000 1 1 100.0 1 100.0
>0.200000 4 4 100.0 4 100.0
>0.150000 5 5 100.0 5 100.0
>0.100000 9 9 100.0 9 100.0
>0.075000 18 17 94.4 17 94.4
>0.050000 36 34 94.4 34 94.4
>0.025000 65 58 89.2 56 86.2
>0.010000 120 99 82.5 94 78.3
>0.007500 141 111 78.7 112 79.4
>0.005000 168 128 76.2 128 76.2
>0.002500 216 164 75.9 162 75.0
>0.001000 285 223 78.3 220 77.2
>0.000750 303 234 77.2 231 76.2
>0.000500 315 243 77.1 242 76.8
>0.000250 340 265 77.9 260 76.5
>0.000100 364 277 76.1 275 75.6
>0.000075 371 283 76.3 282 76.0
>0.000050 373 284 76.1 284 76.1
>0.000025 384 291 75.8 291 75.8
>0.000010 389 295 75.8 294 75.6
>0.000005 391 296 75.7 296 75.7
>0.000001 393 297 75.6 297 75.6
>0.0000001 393 297 75.6 297 75.6
>0.0000000 403 304 75.4 305 75.7

Abbreviations: ANN, artificial neural network; LD, linkage disequilibrium.
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Figure 7. Accuracy of HLA-DQ genotype predicted by linkage disequilibrium and artificial

neural network in 403 Korean population, according to HLA-A, -B, -DR genotype frequency.

Abbreviations: ANN, artificial neural network; LD, linkage disequilibrium.
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Table 8. Results of predicted HLA-DQ by artificial neural network and linkage

disequilibrium in 403 Koreans

Predicted DQ result Patient number
LD TP, ANN TP 276
LD TP, ANN FN 28
LD FN, ANN TP 29
LD FN, ANN FN 70
Total 403

Abbreviations: ANN, artificial neural network; FN false negative; LD, linkage

disequilibrium; TP, true positive.
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3. 0]2] 32}o)| A 2] DQ DSA AT = £
1) thAF Aol 4 2] DQ DSA 9] H-3%

312} 9} 7] 2219 HLA-DQ A2 <1 Q= Algo| A shxjol| A A 83+ PRA
=2 BA3te] sk} 715 219] HLA-DR, -DQ &< %] o] u}& DR DSA, DQ DSA 248 o
™ a3k 1,970 7§ ¢ PRA Z 37} B4 tiAto] =S
ohool2] § BE 7IZEE Ha 1 Dol A A 3,340 Lol At (median=575, W 7=683.2,

il
=)
=
_o‘h
¥
&
(o]
(o]
(9]
o,
1o,
riet
)
2
>
>

HLA-DQ & ¢ X|(mismatch, MM) - 3¥3= 0 MM ©] 221 8(25.0%), 1 MM ©] 507

il

H(57.3%), 2 MM ©] 157 "8 (17.7%)¢] ¥-XZ B3t} 123 DR ¥ DQ MM & W5 1L
[eX)

A3 5ol oMM 2 130, 1 MM 2 128 ™, 2 MM 2 375, 3MM < 132, 4MM
212099 BXE B3O DROMM?S 170 ZF 40 'H(23.5%)°1 4 DQ MM 7} 3l
AT} (Table 9).

HLA-DQ 2] w2 post-op DQ DSA A WX+ 0 MM 2 4% 0%
(0/221), 1 MM 2] 7% 12.0%(61/507), 2 MM 2] 73-%- 18.5%(29/157)2] B EZ X o] MM
7t 571eE DSA T A & o] TAA LR FolshA = UATH(P <0.001).

HLA-DR £ X]o] w}Z post-op DR DSA 24 Hl%== 0 MM 9] 49 0%
(0/170), 1 MM 2] 4%
DSA 7} &&= AT}

HLA-DR ¥} HLA-DQ 59 %] o525 »% 1¢39S v, DQ 1 MM ¢l 4%

O 11.3%(56/497), 2 MM <] 79 17.9%(39/218)Z % 10.3%0l A]

DR MM 7} 0, 1, 2 2 57}l wel DQ DSA WA 5 o] Z+2} 0.0% (0/39), 11.8% (44/372),
17.7%(17/96) 2 5 7}3FA T (P = 0.006). ¥ DQ 2 MM ¢l 4$-DRMM 7}0, 1,2 & 5
7}skell whel DQ DSA A E-©] 100%(1/1), 16.7%(6/36), 18.3%(22/120)0. % ZF7}8}+=
7d3Fo] HZE A] & kT} (P =0.650).
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Table 9. DQ DSA frequency after kidney transplantation, according to HLA-DR/DQ antigen

mismatch number

DQAg DRAg AgMM patient, Patient with DQ DSA, Patient with DR DSA,
MM MM n n (%) n (%)

0 0 130 0 (0%) 0 (0%)
0 1 89 0 (0%) 6 (6.7%)
0 2 2 0 (0%) 0 (0%)
Subtotal 221 0 (0%) 6 (2.7%)
1 0 39 0 (0%) 0 (0%)
1 1 372 44 (11.8%) 44 (11.8%)
1 2 96 17 (17.7%) 17 (17.7%)
Subtotal 507 61(12.0%) 61 (12.0%)
2 0 1 1 (100%) 0 (0%)
36 6 (16.7%) 6 (16.7%)
2 120 22 (18.3%) 22 (18.3%)
Subtotal 157 29 (18.5%) 28 (17.8%)
Grand total 885 90 (10.2%) 95 (10.7%)
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2) 2 A PRADSA 9} LD €285 2 A4 4o 2 o33 DSA ] v] il

885 g o] €hats} o] 59 7|TAE O E HLA-DQ B9 HAE A3
thoolet Il = LD Earel 53 J1E A4S o] 838kl HLA-DQ & <533t 84t
o} 715 2k2] pDQ & o] &3t 3l Aol A AldH 1,970 7 ©] PRA AL A5 A&
Atk fxpek 7152k A DQ 2 ol &3S wel DQ DSA HE o
DQ & dl=3ked A4 sh3l& w2l pDQ DSA ¢ A& o -5 W ash3itt.

LD 2 o 53t DQ DSA ¢ 7% AA| AAtd a5 7= o2 shgls o M=
97.3% (1,714/1,761), 5-°] %= 98.6% (206/209) % 1A UX]&-2 97.5% (1,920/1,970)] A

o

olt
3

.

s

.

t} (Table 10). Sl &A AT o2 o %3 DQ DSA = AA| HAALZAAE 7Fo 2 89S
] 7= 96.3% (1,697/1,761), S°l% 98.6% (206/209), A AA L 96.6%
(1,903/1,970) ©] At} (Table 11).
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Table 10. Contingency table of DQ DSA between PRA result using patient and donor’s
tested HLA-DQ and predicted HLA-DQ by linkage disequilibrium

PRA DQ DSA
Total
() )
(+) 1,714 3 1,717
LD pDQ DSA
(-) 47 206 253
Total 1,761 209 1,970

Abbreviations: DSA, donor specific antibody; LD, linkage disequilibrium; pDQ, predicted
DQ; PRA, panel reactive antibody.
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Table 11. Contingency table of DQ DSA between PR A result using patient and donor’s tested

HLA-DQ and predicted HLA-DQ by artificial neural network

PRA DQ DSA
Total
() )
(+) 1,697 3 1,700
ANN pDQ DSA
(-) 64 206 270
Total 1,761 209 1,970

Abbreviations: ANN, artificial neural network; DSA, donor specific antibody; pDQ,

predicted DQ; PRA, panel reactive antibody.
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Table 12. False negative DQ DSA predicted by linkage disequilibrium and artificial neural

network
Eell)ls;];ggasisvz AFI\EIIII\SIepI]l)e(%ag\éZ LD DQ gllele ANN D.Q.allele Korean
Patient number ~ Patient number prediction prediction frequency
(n = 885) (n = 885) accuracy (%) accuracy (%) (%)
DQ2 0 (0.0) 0 (0.0) 100.0 100.0 8.8
DQ4 2(0.2) 2(0.2) 75.2 77.9 12.7
DQ5 2(0.2) 1(0.1) 95.5 90.9 15.6
DQ6 2(0.2) 5(0.6) 97.8 97.8 28.1
DQ7 10 (1.1) 6 (0.7) 79.4 74.8 14.0
DQ8 4 (0.5) 7 (0.8) 62.0 74.0 9.6
DQ9 1(0.1) 2(0.2) 93.3 90.0 11.2
Total 21 (2.4) 23 (2.6) 87.1 87.3 100.0

Abbreviations: ANN, artificial neural network; DSA, donor specific antibody; LD, linkage

disequilibrium; pDQ, predicted DQ.
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DQ o|Z T2 WS A3 S v, DQ DSA S FA A H3t Al S 4
i A, 7152 DQ & #3 d5E 459 8449 DQ E #X d 5ot 5 A
DQ DSA & A7FA| = h=8te] Aol A A9l gk 4571 AT LD &arelF< At
2313 S u DQ DSA 7} ¥l ol E 21 1 47 7l ¢] PRA #H A} 5 DQ DSA MFI 7}

—
LAY

=
Ruis

5,000 = = 21220 7N (20/47, 42.6%) ©] A TF LD pDQ DSA 7} #1&/d o| ™ 2 714
ALl E Table 13 o] A 2] 33t}

01 F A 7 S 0]-8-31% 2 v, DQ DSA 7} 94 o1 ¥ 23 1 64 71 2] PRA A
A} Z MFI 7} 5,000 2 A 22 22 71 (22/64, 34.4%) ©] AT}, o] 5 AH- A4 = Table 14
o Aelskitt.
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Table 13. Cases with false negative DQ DSA predicted by linkage disequilibrium

Patient HLA LI;;‘T)%B Donor HLA L%"ggb P?ﬁgf‘“ Comments
A2,All 06,08 A2,A24 06,06 DQ6 (4,073) DQ6 DSA
B62,B48 B46,B48 considered

Cw4,Cw8 Cw8,Cwl12 as
DR4,DR15 DR8&,DR15 autoantibody
DQ7,DQ8 DQ7,DQ6

A2,A33 05,06 A24,A24 05,05 DQ7 (11,901)  Donor DQ7

B62,B48 B7,B51 was
Cw10,Cw8 Cw7,Cwl4 incorrectly
DR14,DR15 DRI1,DR14 predicted
DQ5,DQ6 DQ7,DQ5

Abbreviations: DSA, donor specific antibody; LD, linkage disequilibrium; pDQ, predicted

DQ.
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Table 14. Cases with false negative DQ DSA predicted by artificial neural network

Patient HLA Aﬁ?&l;‘g o Donor HLA AI\]?ISI‘;’]; 0 PI?QI]%?A Comments
A2,A31 06,09 Al11,A30 06,09 DQ6 (9,477) DQ6 DSA
B61,B48 B47,B48 considered as

Cwl10,Cw4 Cwo6,Cw8 autoantibody
DRS&,DR9 DR9,DR13
DQ8,DQ9 DQ9,DQ6
A2,A24 05,06 A2,A24 06,06 DQ8 (7,310) Donor DQS8
B7,B46 B7,B61 was
Cwl,Cw7 Cwl10,Cw7 incorrectly
DR1,DRS DRS8,DR15 predicted
DQ5,DQ6 DQ8,DQ6

Abbreviations: ANN, artificial neural network; DSA, donor specific antibody; LD, linkage
disequilibrium; pDQ, predicted DQ.
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A A 2} 715 AFe] HLA 'H S o] &3Fo] #4243k PRA F A A &= DQ

DSA 7} 73 ?1dl LD &are] 5 = e 44 el DQ DSA 7} = Aoz 25 &

A1k o 71 Itk LD €A1l < 3 ol-DQ8 (2,529), DQS (1,490), DQY (3,868)-<F <134l

73 3 of|- DQ8 (2,529), DQS (1,490), DQS (3,669)-= ©] T 22 LD 9} 213417 4o

)
FEAOR AR TS P SA

X
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4. HARAL 715 Aol 2] #ate| o] ¥ B3}

T 41178 ] Aol A S-S g o R 9 AE 9 PRA A& Al sk
oh AR 715 Aol k= F 319 e, AA 7S Aol Ak
20139 19 1 95H 2013 129 31 Y71A] o] A& Al gk 82t 2 W& thf o= 5

HARR} 715 o] 2] &2} F o] 2] M PRA HAME B Al 8)51e] de novo DSA
S g e FAE 1147 oA, o] F 19.3% (22/114)°1 4] de novo DSA 7} &
. Class I de novo DSA TF 2FAY 3l 3L2}= 4.4% (5/114), class 1I de novo DSA Tt

o)
_O‘ﬂ
O
) ﬂ

SEA}E= 7.0% (8/114), ©] % class I 7} class I1 DSA 7} 5 A] of] A3+ 3kx}= 7.9%
(9/114) oAt} &¥LE de novo DSA A E-S DQ DSA & pDQ DSA 7} 11.4%
(13/114) = 7H& 3=k}

MA 7152 = o] 2] A3 PRA TAAFES 5 A 3314 de novo DSA & #HHsh
e S A= 29 ol AL, o] F 31.0% (9/29)° A de novo DSA 7} A &S th. Class
I DSA 7+ 9HA 3 S121= 0% (0/29), class 1T DSA T 228 81 3F21= 20.7% (6/29), class 1
3} class 11 DSA 7} 5 Aol A3k 3kx}= 10.3% (3/29) o]oH, &-1E WA E -2 DQ
DSA 7} 24.1% (7/29)= 7H& 3=k},

HARAF 715 Aol A & Al ek ko] o] 4 § A= vhE sE9F 24T (Table
15). 34 2% ABMR ©] oA A Y, =484 23 ABMR ©] obd Aoz %l
ke 0] 86.2% = U5 24| 51 T}

o] 2] A% DQ %= pDQ DSA 7} <= w3t §li= o AFO] &) ABMR A & of 4
of zpo]7} EAe=A BAEGTE DQ Hi= pDQ DSA 7} Sl o] §lE wHTh
ABMR A 85 W& 7} A o] 9] 8k 5= Skt (221 (0dds ratio, OR) 16.2, P < 0.001)
(Table 15). DQ =+ pDQ DSA & & thA] Ala+3}31e] DQ DSA 4/ 73 pDQ DSA
TR UFAS W, 7 o Aol o] ABMR e Bl A 8 of = {23 ZFo] & B

o] ] ¢ kT} (P=0.152) (Table 16).
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Table 15. Clinical presentation of deceased donor kidney transplantation recipients according

to presence of DQ or predicted DQ DSA

Patients with Patients without Total
DQ or pDQ DSA  DQ or pDQ DSA
(n=38) (n=281) (n=319)
ABMR treated' 22 (57.9) 22(7.8) 44 (13.8)
Biopsy ABMR confirmed 18 (47.4) 12 (4.3) 30(9.4)
Biopsy_suspicious 3(7.9) 9@3.2) 12/ (3.8)
Clinically_suspicious 1(2.6) 1(0.4) 2(0.6)
ABMR not treated 16 (42.1) 259 (92.2) 275 (86.2)
Clinically suspicious not 12 (31.6) 180 (64.1) 192 (60.2)
Biopsy ABMR confirmed not 4 (10.5) 79 (28.1) 83 (26.0)

'ABMR treatment rate was significantly higher in patients with DQ or pDQ DSA group (OR
14.4, P<0.001)

Abbreviation: ABMR, antibody-mediated rejection; DSA, donor specific antibody, pDQ;
predicted DQ.

Data presented as n (%)
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Table 16. Clinical presentation of deceased donor kidney transplantation recipients according

to real DQ DSA or predicted DQ DSA

DQ DSA (+) pDQ DSA (+)
(n=14) (n=24)
ABMR suspected and treated' 6 (42.9) 16 (66.7)
Biopsy_ ABMR confirmed 4 (28.6) 14 (58.3)
Biopsy_suspicious 2 (14.3) 14.2)
Clinically_suspicious 0 (0.0) 14.2)
ABMR not treated 8 (57.1) 8(33.3)
Clinically_suspicious not 8(57.1) 4 (16.7)
Biopsy_ ABMR confirmed not 0 (0.0) 4 (16.7)

"There was no significant difference in ABMR treatment rate between DQ DSA group and
pDQ DSA group (P=0.152).

Abbreviation: ABMR, antibody-mediated rejection; DSA, donor specific antibody, pDQ;
predicted DQ.

Data presented as n (%)
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¥ AL 715 AHe] HLA-DQ & RE.E2:= 75 pDQ DSA o 7ol whe} L2l ),
pDQ DSA 7} A 3k Lol 4] ABMR 2 %] 82 WS- 3-5-0] pDQ DSA 7} A3} 4] 9
ol Bl 3l 2] 3 Al 2= %t} (P < 0.001) (Table 17).
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Table 17. Clinical presentation of deceased donor kidney transplantation recipients with

unknown donor HLA-DQ, according to predicted DQ donor specific antibody presence

pDQ DSA (+) pDQ DSA (-)
(n=24) (n=143)
ABMR suspected and treated' 16 (66.7) 13 (9.1)
Biopsy_  ABMR confirmed 14 (58.3) 8 (5.60)
Biopsy_suspicious 1 (4.2) 5(3.9)
Clinically_suspicious 1 (4.2) 0 (0.0)
ABMR not treated 8 (33.3) 130 (90.9)
Clinically_suspicious not 4 (16.7) 92 (64.3)
Biopsy_ ABMR confirmed not 4 (16.7) 38 (26.6)

'ABMR treatment rate was significantly higher in patients with pDQ DSA than patients

without pDQ DSA (P < 0.001).

Abbreviation: ABMR, antibody mediated rejection; DSA, donor specific antibody; pDQ,

predicted DQ.

Data presented as n (%)
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o] 2] 2o de novo DQ =+ pDQ DSA 7} @A gk 73} de novo DQ B+ pDQ
DSA 7} A k4] &2 70 2 LS W de novo DQ DSA 5=+ de novo pDQ DSA 7}
LAY g o Al ABMR 2 X 55 WS g5 o] o5k A =3kt (P=0.001) (Table 18).
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Table 18. Clinical presentation of deceased donor kidney transplantation recipients according

to de novo DQ DSA
De novo De novo
DQ or pDQ DSA (+) DQ or pDQ DSA (-)

(n=13) (n=101)
ABMR suspected and treated' 7 (53.8) 15 (14.9)
Biopsy  ABMR confirmed 5(38.5) 7(6.9)
Biopsy_suspicious 2 (15.4) 6 (5.9)
Clinically_suspicious 0 (0.0) 2(2.0)
ABMR not treated 6 (46.2) 86 (85.1)
Clinically_suspicious not 4 (30.8) 36 (35.6)
Biopsy  ABMR confirmed not 2 (15.4) 50 (49.5)

'ABMR treatment rate was significantly higher in patients with de novo DQ or pDQ DSA

than patients without de novo DQ or pDQ DSA (P = 0.001).

Abbreviation: ABMR, antibody mediated rejection; DSA, donor specific antibody; pDQ,

predicted DQ.

Data presented as n (%)
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5. H ARz 715 Aol 4] &alket A A 7] Aol 4] $Rte) vl

AR 7] Aol 2] gkxfek A A 75 Aol 4] 2kAkE Wi o = DQ DSA
Wy 3} o)Ak 4 32 8] 1l &S U (Table 19). HAFAF 715 Al A4o] 218 w1 7] Z212] DQ
£ B2 gl M= pDQ DSA & 24 ol ARS8tk Aol 4 2] - 2013 d
Lol o] 25 Al FAbE N T o] 235G, Al PRA AP HASHE 7] A
2 A Al Aol PRA HAME Al 88hA] &2

S AR} 7] 5 Ao 2] kel A A 7] 5 Al o] 4] B} 5 o] 4] A% DQ DSA
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Table 19. Clinical presentation of patients who had kidney transplantation with DQ DSA

Deceased donor KT with ~ Living donor KT with

DQ or pDQ DSA (+) DQ DSA (+)

(n=38) (n=12)

ABMR suspected and treated' 22(57.9) 10 (83.3)
Biopsy  ABMR confirmed 18 (47.4) 7 (58.3)
Biopsy_suspicious 3(7.9) 3 (25.0)
Clinically_suspicious 1(2.6) 0 (0.0)
ABMR not treated 16 (42.1) 2 (16.7)
Clinically_suspicious not 12 (31.6) 1(8.3)
Biopsy_ ABMR confirmed not 4 (10.5) 1(8.3)

'ABMR treatment rate was not significantly different in patients who had deceased donor
kidney transplantation and living donor kidney transplantation with DQ or pDQ DSA (P =
0.109).

Abbreviation:. ABMR, antibody mediated rejection; DSA, donor specific antibody; KT,
kidney transplantation; pDQ, predicted DQ.

Data presented as n (%)
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6. H AR} 715 21 o) 2] A el Al pDQ DSA F7 AbeEl £4
Y ALR} 7] 5 Al o] A Bz} F 7] 5 Ae] HLA-DQ & B2+ 167 T 24 '

A o] 2 A B - pDQ DSA 7F SR H Ut} o] 5 o] ¥ pDQ DSA 7} @ 0% F%
¥ 3217} 5.4% (9/167), ©12] 5 pDQ DSA 7} MFI 3,000 1| o] T2 DSA ¢} 3H7 &

=

O

¢}
0_1_,

o

= 327} 2.4% (4/167), pDQ DSA 7} MFI 3,000 ©]4+¢] th2 DSA ¢} 3H7] 54 & =
3k2}7} 6.0% (10/167) ©) AT

o] 2] ¥ pDQ DSA 7} ©= 0.2 55 32} 9 F 2 2 clinically suspicious

not, 2 "> biopsy confirmed not, 5 8 <> biopsy ABMR confirmed = & = 1t} 322

AALeE PRA FAF 23 ABMR & €315 51 F 4 -2 873k, rituximab, IVIG &

o] ABMR X 55 ¥ofor} sl 2 A 2o]= 9} Bl A 2 2] F X(tacrolimus) X 5 &

UTE 7] vl S T 3 EApoll ARt A A FAL A cdd 7F HAE S B S

A

), T2 Alo] A5 Al A ZHALA C4d S0 E ABMR 70| 2 Q sl thrule

e

o

out antibody-mediated rejection without evident complement deposition)= A~71S K.
= 4

Al

o]

o
rL

(Table 20). 3l A5l A pDQ DSA 7} A& HEH A7) A2 o
Aol Rar, e AEE w9 pDQ DSA = 3 i MFI = 5,747 ©] it}
pDQ DSA €} MFI 3,000 7] 5+2] T} DSA 7} ¢ 545 Alo] == 41 o] 3
T} o] < class I DSA 7} & REEl 797} 3 71, class I DSA 7} & REEl 4571 1 71 o] it}
A7) Aol 2~ F %272} PRA AALE 3] ABMR & 7102 512171 3 o] it} 3
W % 292 DQ o] 99 T FA 7L sHE ATt o] & A= S Btk o

A1 o] 5 PRA HARE @ WWE Aldste] A ¥ FolE o 5 Il

F
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_

=2

(Table 21).

AL 71522 DQ & R 2 At A
g1o] DQ 3|7+ MFI 5,000 o] 0.2 A& H A0
DSA £ o AH #xt7k4 7 Ak o] & F

29} 715 219] HLA-A, -B, -DR & & 2] &} 31t} (Table 22).
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Table 20. Characteristics of patients who developed pDQ DSA without any other antibodies

after kidney transplantation and confirmed as antibody-mediated rejection by kidney biopsy

KT PRA pDQ DSA

. . .
Case date test date (MFI) Kidney biopsy result ABMR Tx
1 2010.08 2018.09 None NT
2017.01 None NT
2014.09 DQ5(5,129)  vO0, g1, cg0, ptcl (diffuse), Yes
c4d0 (0 %)
2013.06 None NT
2 2008.11 2015.11 DQ6(4,596)  vO0, g2, cg0, ptc2 (focal), Yes
c4d0 (0 %)
3 2008.04 2018.08 DQ9(15,205) vO0, g2, cg3, ptc3 (diffuse), Yes
c4dl (5 %)
2017.04 DQ9(12,505) NT
2016.10 DQ9(13,102) NT
2015.11  DQ9(9,315) 0, gl, cg0, ptc2 (diffuse), Yes
c4dl (<5 %)
4 2017.06 2017.12 DQ7(4,437) vl, g2, cgl, pte3 (focal), Yes
c4d0 (0 %)
5 2011.06 2014.08 DQ7(5,260) vO0, gl, cgl, ptel (diffuse), No

c4d0 (0 %)

'ABMR treatment includes therapeutic plasma exchange, rituximab and intravenous
immunoglobulin.

Abbreviations: ABMR, antibody-mediated rejection; cg, Banff chronic glomerulopathy
score; DSA, donor-specific antibody; g, Banff glomerulitis score; KT, kidney transplantation;
NT, not tested; pDQ, predicted DQ; ptc, Banff peritubular capillaritis score; Tx, treatment; v,

Banff intimal arteritis score.
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Table 21. PRA and biopsy results of patients with predicted DQ DSA and non-DQ DSA less

than MFI 3,000

Test non-DQ pDQ DSA . . ABMR
Case KT date date DSA (MFI) (MFI) Kidney biopsy result T
6 2012.02 2017.04 None DQ2(12,985), NT
DQ6(2,834)
2016.09 NT NT v0, g1, cgl, ptc2 (focal), Yes
cddl (5 %)
2016.07 None DQ2(8,848), vO0, gl, cg2, ptc3 (diffuse),
DQ6(3,772)  ¢4d3 (70 %)
2016.06 None DQ2(11,386), NT
DQ6(5,504)
2016.04 None DQ2(9,413), vO0, g3, cgl, ptc3 (diffuse), Yes
DQ6(5,139)  ¢4d3 (70 %)
2016.02 A33(1494) DQ2(11,189), vO0, gl, cgl, ptc3 (diffuse), Yes
DQ6(7,504)  c4d3 (60%)
7  2010.09 2019.02 None DQ9(3,961) vl, g1, cg0, ptc2 (focal), Yes
c4do
2018.11 None DQ9(3,683) NT
2018.09 None DQ9(2,848) NT
2018.07 None DQ9(3,648) NT
2018.06 None DQ9(5,322)  vO0, g2, cg0, ptc3 (diffuse), Yes
cddl (7 %)
2014.05 NT NT v0, g3, cg0, pte3 (diffuse), Yes
c4d0 (0%)
2014.04 DR13(1772) DQ9(14,351) vO0, gl, cg0, ptc0, c4d0 (0 %)
8 2015.09 2017.06 B51(1654) DQ6(2,798)  vO0, g2, cgl, ptc3 (diffuse), Yes
cddl (5 %)
9 2010.08 2018.06 None DQ7(14,907) NT mPD
2017.01 A2(1,019) DQ7(10,249) NT

'ABMR treatment includes therapeutic plasma exchange, rituximab and intravenous

immunoglobulin.

Abbreviations: ABMR, antibody-mediated rejection; cg, Banff chronic glomerulopathy

score; DSA, donor-specific antibody; g, Banff glomerulitis score; KT, kidney transplantation;

mPD, methylprednisolone; NT, not tested; pDQ, predicted DQ); ptc, Banff peritubular

capillaritis score; Tx, treatment; v, Banff intimal arteritis score.
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Table 22. Kidney transplant recipients with HLA-DQ unknown donor, who developed post
KT non-DSA DQ antibody with MFI over 5,000 without any other antibodies

Test ABMR
Case KT date date pDQ nDSA Kidney biopsy result o
10 2012.01 2019.01 DQ7(11,739) vO0, gl, cg0, ptc3, c4d0 (0 %) No

2018.07 none

11 2009.02 2012.09 DQ9(9,215) vl, g0, cg0, ptc0, c4d1(<5%) No

127 2009.01 2014.03 DQ7(6,962) vO0, g2, cg0, ptc2 (focal), c4d0 (0%) Yes

13 2013.09 2018.08 DQ7(7,111) NT No
2014.06 none

'ABMR treatment includes therapeutic plasma exchange, rituximab and intravenous
immunoglobulin.

"Donor and patient HLA-A, -B, -DR identical.

Abbreviations: ABMR, antibody-mediated rejection; cg, Banff chronic glomerulopathy
score; DSA, donor-specific antibody; g, Banff glomerulitis score; KT, kidney transplantation;
nDSA, non-DSA; NT, not tested; pDQ, predicted DQ; ptc, Banff peritubular capillaritis

score; Tx, treatment; v, Banff intimal arteritis score.
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W = WA HLA-DQ & =LA 5 WA aql v >0
o]2] & DQ A7 =2 HIEE &%= A2 2003 | Iniotaki-Theodaraki ‘&
o oJa] A5 Bl HAUTE? o] 52 4lgol A F- A 6 /MY 511078 T 11 8] #3t
oA DSA7F A& Ao, o 11 ] $x} F 109 (90.9%)°1 4] DQ DSA 7} 574 =]
Athal Barskelnh, et s 919t o4 2710 4= % DQ DSA 9 AF-1ks &

.

=
= $219] 50~66%°14 DQ DSA 7} HEH v A HaEo] 2y Qics

7.283) o] 2 E 3] HLA- DQ«] Ol A}A ZF QAo

> -{II

Z}=l o] u}2} Eurotransplant & 2011 1
5-E, UNOS & 2015 U F-H A} 7] 525 o2 HLA-DQ I HALE 9 F-3}3)
Al = Atk o] < SAB PRA FAME &8 DQ A 9] So]Al A=o] ofe] A
N A golad Ax= Tedo] Zith F, HLA-DQ E U X 7} H A} 7] o] & d 2ol
] ¥7438le] ABMR 9] 1t}

ol
Jo
o

S FA = EA U HLA-DQ DSA o 35 %7]4]

»

A= E 7] & LS 37 el

o]x & A} 7]He] vd = HLA-DQ DSA ¢ 94+ o] oo th3l 43}
Aol & Eakar -2 vheb= 2019 W AR WAL 7152 e] HLA-DQ 3 HALE
I A 5ol Estar A enh wheba HAF 7] 5A; Aol A S ke 21219

PRA AL DQ A7 HE 5 3l W] DSA o -5 ¥H e = gloh. o] o] &2 Aol A
a
[

7
H ool A A ko]l &35, HLA-C/B ©| 4] 5-E] HLA-DRB1/DQBI1 7}
Aol AA] 0+ extended haplotype <& Wl<ntt} 5
th® ) mEhA @=ele] 363 LD | § S bW HLA-A, -B, -DR 235 0] §-3}o]
HLA-DQ 27} o] 53 5 glt).

Lewontin ¥} Kojima = 7 7} 52 7L o] o] th 727} 2914 o2 #d

22l common haplotype & H.Q!

94 o, e Aelel 9t B4 A7 @ FA5 s AL 2o linkage
disequilibrium o] 2= 012 A& ALESHATLH LD = B2 Wy 2 o] fate] 5=
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10.6%°] 1, A33-B44 LujA| o] F2}9) o] o) wrEo]dtha sy LufA| 3 o

A Reel A BT S5 o)t el 18% 7} Holok gk et Eelo] A
A33-B44 A o] 8.2% HEET S, o= HE RIEeF AA| AF NI 2}

17} 6.4%7}F €tk o] el gk Alxke: th Hf-dx}F Hl ol ofsf Aas] ks vhs o vl
itk wheba] 2 Aol AR A e Ao ® Aatst RS S W o AA
T} o] P =0.166 (A33 H1%), P, =1 — P, = 0.834, P; = 0.106 (B44 YW1 5=), 4= 1 — P; =
0.894 2} a2 S+ w, PPy =0.166 X 0.894 =0.148, P, Py =0.834 X 0.106 = 0.088 5o~ 2
2 3kQ 0.088 2 ol == T Nk} AA B Mo AE Yo F Blolt
(0.064/0.088 = 0.727). ] 2 A 73+ LD 3t -1 914 1 Aol 9] 3k 7HA Al ==, 1 9l
IWHESE E2 1D E HolE Ao g ket 5= ik AA el A vzl A 7 o
FAAZE FAR FAENS FEE dHTAA] vEe] )¢ A= LD

coefficient 2} 31 ST}, A47] of| Al 2] 7d-9- A33-B44 haplotype 2] LD coefficient & 0.064 ©]

T}, 18] 31 LD coefficient & 7] 3k BH 0. 2 513}k A2 Lewontin’s LD (D)2}l g

LD 7} A sh= o) fr 2= A7 7 A7 ek A A = b A &2 A el A
= 0e SEAFAE 7L de el Aol Si R fe] HuA At
L 2 (crossing over)7F A1 41 8] doju= 3 Foll 317] vl Zell linkage equilibrium & Ej
of =ealx] g2 7 F-oltt. E4 = haplotype &2 EAsE 54 dl g4 23o]
AEiaow AEzo] mgo] H7] o] e Aol SRSl ZpAd gl o) 3

Aol A & RER Aobdsks 7hs ol o] 2 gt F 714 7]
ol Aol 2z flEnitt 553 haplotype Rl %= E Uel= sl s A AA L
ok oobe Fi= RISvt 7 2 RlE R 3 ¥ = HLA-DR4 H Hf-A 242 771 o
ZUh= A3} (Table 23) R1557H0} HLA-DR4 of] A 35| o] 91 HLA-DQ 9 &7} th2
U= A& 2 Ho] 531 Q) T} (Table 24).%9
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Table 23. The three most common HLA-DR4 alleles in different racial groups*®

White African-American  Asian-Pacific Islander Hispanic
1 DRB1*04:01 DRB1*04:01 DRB1*04:05 DRB1%*04:07
2 DRB1*04:04 DRB1*04:05 DRB1*04:03 DRB1*04:04
3 DRB1*04:07 DRB1*04:04 DRB1*04:06 DRB1*04:02
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Table 24. Common HLA-DR4 alleles and it’s DR-DQ linkage in different racial groups®®

White

African-American

Asian-Pacific
Islander

Hispanic

DRB1#*04:01
DRB1*04:03
DRB1*04:04
DRB1*04:05
DRB1*04:06
DRB1*04:07

DQB1*03:01/03:02
DQB1*03:02/03:05
DQB1*03:02/04:02
DQB1*03:02/02:01
DQB1#04:02

DQB1*03:01/02:01

DQB1%*03:01/03:02
DQB1%*03:02/03:01
DQB1%*03:02/04:02
DQB1*03:02/05:03
DQB1%*04:02/02:01
DQB1%*03:02/03:01

DQB1*03:01/03:02
DQB1%03:02/03:05
DQB1*03:02/04:02
DQB1#04:01/04:02
DQB1#03:02
DQB1#03:02

DQB1*03:01/03:02
DQB1*03:02/03:05
DQB1*03:02/04:02
DQB1*03:02/02:01
DQB1%04:02

DQB1*03:02/03:01
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HLA-DQ & d|Z3}=1] 9o LD & ¢]£3t= & 318]Z& 2 DR-DQ LD, B-DR-
DQ LD % A-B-DR-DQ LD % ©]%= stH+E A ¥H A ARE-3jof g}, I A 5-of A = B-
DR-DQ LD & ©]8-3}3it}. o] = HLA-B ol A %E HLA-DRB1/DQBI 7}4] LD block ©]
G vk 2o & & A 317] wWlitol™, B-DR haplotype ©] 577} Wol v
3 HLA &l d80] 7%
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LD ¢} 1A E = T8 o5 25 DQ8 iAol Bewert 7 stk
oh. DQ8 9] o ATt LD S F o F4 A 62.0%, 1IFAF GO 4 A
74.0% ©] AT} o]i= DQS8 ©] o1 7= o] 9li= B-DR-DQ haplotype 2] LD ¥ 9} = 3¢ o]

A= Ao Z o] AR T} Table 25 = HLA-B-DR-DQS8 haplotype | 4] HLA-B-DR ¥} DQ8
°] LD ¢} 319 haplotype ¢] HLA-B, -DR JH.Z o] &3}o] DQ & | =3}%S vl HLA-
B-DR #} pDQ 9] LD £ H|uL3gk Zojt} DQS ©] X3HE 74 572 HLA-B-DR-DQS
haplotype % 61 (61/74, 82.4%) <F2] haplotype oIl 1 HLA-B-DR ©] DQ8 ©] £]¢] t}&
DQ ¥ ¥ LD 7} ¥ =3k} =, d=r¢lell A DQ8 ¥ A ¥e] 31+ HLA-B-DR haplotype
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= DQ8ol 5olAow 2 LD E HolA ¥, v T/ DQ dEH FAsHAY
H 2 d9S B} webs 89 HLA-B-DR haplotype ol tha] 4= 32 Qo) A 7
ek TS o83l H g oS o] o]yt & HLA-B-DR haplotype | 4] <]
=% DQ 9] ¥ ¥ DQ2 2.7% (2/74), DQ4 23.0% (17/74), DQ5 1.4% (1/74), DQ6 20.3%
(15/74), DQ7 24.3% (18/74), DQ8 17.6% (13/74), DQY 10.8% (8/74) ©] 1 t}. 54 HLA-B-
DR haplotype & A1H = 79, 4] DQ &8 o] DQ8 Yol &= &3} 25 oS3l 74

1 “O

M om

AN}

$7F EA% 4 9101 53] DQ4, DQ6, DQT & A% o] 58 o] F Ao 1l

.
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Table 25. LD coefficient of patients with HLA-B-DR-DQ8 and HLA-B-DR-predicted DQ
using same HLA-B-DR

HLA B-DR-DQ8 HLA-B-DR-DQS8 (D" HLA-B-DR-predicted DQ (D")
frequency (%)
4812 62-04-08 (0.885) 62-04-08 (0.885)
0.889 35-04-08 (0.474) 35-04-08 (0.474)
0.765 51-04-08 (0.313) 51-04-04 (0.540)
0.489 61-04-08 (0.337) 61-04-04 (0.410)
0373 48-04-08 (0.558) 48-04-08 (0.558)
0271 61-08-08 (0.220) 61-08-06 (0.366)
0265 60-04-08 (0.157) 60-04-04 (0.586)
0256 64-08-08 (0.701) 64-08-08 (0.701)
0255 27-04-08 (0.458) 27-04-08 (0.458)
0.244 61-12-08 (0.170) 61-12-07 (0.681)
0.244 51-12-08 (0.101) 51-12-07 (0.436)
0238 71-04-08 (0.253) 71-04-07 (0.414)
0226 35-08-08 (0.344) 35-08-06 (0.455)
0225 46-04-08 (0.564) 46-04-08 (0.564)
0216 39-04-08 (0.965) 39-04-08 (0.965)
0.133 62-11-08 (0.032) 62-11-07 (0.787)
0.128 55-04-08 (0.103) 55-04-04 (0.747)
0.123 44-04-08 (0.078) 44-04-04 (0.775)
0.12 13-04-08 (0.249) 13-04-04 (0.568)
0.109 54-04-08 (-0.096) 54-04-04 (0.968)
0.087 51-08-08 (-0.051) 51-08-04 (0.395)
0.055 59-04-08 (-0.094) 59-04-04 (0.948)
0.053 75-04-08 (0.000) 75-04-04 (0.000)
0.052 38-04-08 (0.747) 38-04-08 (0.747)
0.047 56-04-08 (0.453) 56-04-08 (0.453)
0.046 52-04-08 (0.330) 52-04-04 (0.337)
0.046 64-04-08 (-0.060) 64-04-04 (1.033)
0.045 44-12-08 (0.185) 44-12-07 (0.647)
0.044 58-04-08 (0.038) 58-04-04 (0.690)
0.042 61-09-08 (-0.114) 61-09-09 (0.999)

63



0.035
0.034
0.028
0.028
0.027
0.027
0.027
0.026
0.025
0.019
0.018
0.018
0.018
0.017
0.016
0.016
0.016
0.015
0.014
0.013
0.012
0.012
0.011
0.01
0.009
0.009
0.009
0.009
0.009
0.009
0.009
0.009
0.009
0.009

60-08-08 (-0.039)
67-04-08 (0.292)
62-08-08 (-0.003)
37-04-08 (1.087)
54-08-08 (-0.092)
39-08-08 (-0.078)
46-08-08 (-0.118)
48-08-08 (0.067)
55-08-08 (0.019)
71-08-08 (-0.002)
62-09-08 (-0.094)
71-11-08 (0.332)
58-12-08 (0.623)
57-04-08 (0.403)
07-08-08 (-0.094)
54-11-08 (-0.014)
62-14-08 (-0.112)
60-09-08 (-0.099)
07-04-08 (0.051)
44-08-08 (-0.026)
46-09-08 (-0.117)
71-12-08 (0.125)
61-11-08 (-0.109)
35-12-08 (-0.115)
48-13-08 (0.596)
59-08-08 (0.596)
44-07-08 (-0.126)
44-13-08 (-0.129)
54-14-08 (-0.111)
58-08-08 (-0.020)
13-08-08 (-0.072)
62-07-08 (0.065)
63-04-08 (0.887)
52-08-08 (2.414)

60-08-06 (0.988)
67-04-04 (0.494)
62-08-06 (0.444)
37-04-08 (1.087)
54-08-06 (0.940)
39-08-06 (0.872)
46-08-06 (0.979)
48-08-06 (0.272)
55-08-06 (0.575)
71-08-06 (0.438)
62-09-09 (0.910)
71-11-07 (0.499)
58-12-08 (0.623)
57-04-08 (0.403)
07-08-07 (0.830)
54-11-07 (0.955)
62-14-07 (0.501)
60-09-09 (1.029)
07-04-04 (0.616)
44-08-06 (0.354)
46-09-09 (0.939)
71-12-07 (0.628)
61-11-07 (0.900)
35-12-09 (0.429)
48-13-06 (0.713)
59-08-04 (1.329)
44-07-02 (0.993)
44-13-06 (0.999)
54-14-05 (0.993)
58-08-04 (0.374)
13-08-06 (0.839)
62-07-02 (0.498)
63-04-08 (0.887)
52-08-06 (4.684)
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0.009
0.009
0.009
0.009
0.009
0.009
0.008
0.002
0.001
0.001

58-11-08 (-0.023)
48-12-08 (-0.106)
51-09-08 (-0.124)
51-12-08 (0.101)
13-09-08 (-0.078)
54-12-08 (-0.091)
56-11-08 (-0.083)
35-09-08 (-0.125)
51-11-08 (-0.128)
48-11-08 (-0.128)

58-11-07 (0.731)
48-12-07 (0.924)
51-09-09 (1.019)
55-12-07 (0.921)
13-09-09 (1.046)
54-12-07 (0.860)
56-11-07 (0.872)
35-09-09 (1.046)
51-11-07 (0.931)
48-11-07 (0.955)
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32219 HLA-A, -B, -DR - 218 Qo] w2 HLA-DQ &5 A g == LD

A5 AFAAE ZF0.1% o] d2] WIEE Kol oA 100%2] AT =sE
RO, 0.025% ©]/Fo] Rl E Hol= oA 90% o] /de] e s B it wheba 3F
T 2 AFAHRE Al A &5k 2lo] ol 5 ¥ HLA-DQ ¢F t] £°] HLA-A, -B, -DR

e

ARG Qe oS S & Zo] AAFgozH Add d8EE H =Y 5 3
S Ao 7 AL
Table 26 & LD &1l 55 ©]-8-3 of| 52 &3k v, Q1 F A H W& o] 83t

o Zo] 24 FFA AR Abg o]t} Table 26 <% & 1>2] 2 2] HLA-DQ £ DQ4, DQ6 ¢!
tl LD &318]F 2 = DQ4, DQ6 & oS53l Q&AW o == DQ6, DQ6 = <53}
St LD &ag]5o 2 o3k HLA-B-DR-DQ (D)2 46-08-06 (0.979), 51-08-04
(0.395)2 =2 LD

51-08-06 (0.210)2. 2 LD ¢titg] &l A 3 HAZ o =3 DQ o] A2 w7} =9ht) <=
g I1>9] 49-% LD &g &S o] 8344 o 53}%S ul, B-DR-DQ haplotype 2] 3

= B o, 7} 3 % WA HLA-B-DR-DQ (D) 46-08-06 (0.979),

A F7 kel o sk HLA-B-DR-DQ (D)2 44-13-06 (0.999), 61-04-04 (0.410)Q] WA F
HA =4 ZhS 44-13-06 (0.999), 61-04-08 (0.337) 0.2 AWM A oS3k & o] Al =7}
=9kt

i)
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Table 26. Cases with accurately predicted DQ by linkage disequilibrium and falsely

predicted by artificial neural network

Genotype IS; eerc;?lte};pcif
HLA frequency B-DR-pDQ
DQ | DQ by ANN
-A, i q DO 2*h1*h2 frequency(%)
Case | -B, DR,DQ/ p;ey ' p;ey ' p haplotype (D) Interpretation
'_DDI({)’ Biéi?f // LD | ANN | DR,pDQ/ by LD pDQ
A,B,DR,DQ B, DR, pDQ
| 02,24 0.148162 04,06 | 06,06 0.4462 1* choice pDQ Strong LD
46,51 0.029974 0.0256 freq:0.02967 with high D'
08, 08 0.010069 46-08-06(D:0.979)
04,06 | 0.002755 51-08-04(D:0.395)
2™ choice pDQ
freq:0.02561
46-08-06(D:0.979)
51-08-06(D:0.210)
o |0233 2.391717 04,06 | 06,08 1.9180 1t choice pDQ DQ4 and
61,44 | 0.067258 0.0561 freq:0.06622 DQS8 could
04, 13 0.036411 44-13-06(D:0.999) | not be
04,06 | 0.020635 61-04-04(D:0.410) | discriminated
2" choice pDQ
freq:0.05612
44-13-06(D:0.999)
61-04-08(D:0.337)

Abbreviations: ANN, artificial neural network; LD, linkage disequilibrium; pDQ, predicted

DQ.
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LD ¢i8]&E o] &3& ul, -4 g5l DQ & o5 AHEHl & 4 &l Bkt
Table 27 <% III> 3+2}2] HLA-B, -DR, -DQ genotype frequency © 0.000403% <17,
HLA-DR, -DQ genotype frequency i= 0.871473%= HLA-B 33} o] F-of w2 Q% 2}0]
7} 2,000 |jf o] %ol T, o] $k2te] B-DR LD = °Fskil DR-DQ LD = %3 A 0. & A 7h¢
. o] ¥ &k 7 F-olli= HLA-DR HHtH5 o] 8-5to] HLA-DQ & ol 53t 2ol ¥ 4
g 4= lth LD ¢318]F2 B-DR-DQ B HE K5 312 38}7] W&o B-DR LD 7} kgt
AAFE A LD eFare] &5 AHgshe DQ o= A g7t "olxl Ao m oA AR

¥

d

Table 27 <% IV>E Sl 32 AW 0 2 DQ4 S A e o =3 A7 LD

18 FO 2 F DQ4 5 DQ8 = A5t o 53t} 7153k HLA-B-DR-DQ haplotype =3

O

ofN o

35-04-08 (D' 0.474)T} 35-04-04 (D' 0.329) =5 D'0] 0.3 o] 42| #kS Holu & x}o]

mim

K olx ¢rokr). LD <] &S HLA-B-DR haplotype & A4l 3}o] o] & 714 =& pr
Zk= DQ 2 d& gttt o] A9 7Hs 3k o] 2 haplotype ] A LD & H.ol= 45

T LD &daglFo] S /FE HE 5 Ak

flo

=2
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Table 27. Cases with accurately predicted DQ by artificial neural network and falsely

predicted by linkage disequilibrium

2" choice pDQ
freq:0.00875
35-04-04(D:0.329)
35-14-05(D:0.675)

Genotype Genotype
HLA frequency Frequency
A DQ 1 DQ 1y 1 b pDQ 5-DRpDQ
’ DR,DQ/ | pred. | pred. 2*h1*h2 frequency(%) )
Case -B, Interpretation
B,DR,DQ/ | by by haplotype (D)
DR, ABDR/ | ANN | LD | DPR.PDQ/ by LD pD
DQ | ABDRD B, DR, pDQ y LD pDQ
Q
I 02,02 0.871473 | 05,06 | 05, 04 0.1447 1* choice pDQ Rare B-DR-
27,59 | 0.000403 0.0008 freq:0.00078 DQ but
01,08 | 0.000000 27-01-05(D:1.001) | frequent DR-
05,06 | 0.000000 59-08-04(D:1.329) | DQ
haplotype,.
2" choice pDQ Newly
freq:0.00043 introduced due
27-01-05(D:1.001) | to
59-08-06(D:0.617) recombination
between HLA
class I and I
v 02, 26 1.427393 | 04,05 | 08, 05 1.1447 1* choice pDQ DQ4 and DQS8
35,35 0.008746 0.0112 freq:0.01122 could not be
04,14 | 0.003008 35-04-08(D:0.474) | discriminated
04,05 | 0.001057 35-14-05(D:0.675)

Abbreviations: ANN; artificial neural network, LD; linkage disequilibrium, pDQ; predicted

DQ.
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LD ¢+ti12] %S HLA-B, -DR 4 2.2 o] &-35}o] t}ak3h haplotype & 41 311, o]
haplotype ©] ®1X%=(2 X haplotype 1 X haplotype 2)2} LD & ©]-8-3}o] DQ & o 5 3t}
=, 74 =8 W2 B ol haplotype 2394 71 & DS Hol= DQ = A9

FA4gsA DQ & dS53 AtdlE HES - 27 159 DQ ¥
I FAG Apo] 2 29 R o 5% DQ FHol AA DQ FHE A A it dAskE A
& HAsginh old Fe FrF it 403 W F LD &
genotype ol A EUX I 99 o] A5 259 DQE A &3}
A} 69 7 (69/99, 69.7%)2] genotype ©] A EHaHA & =H Tk (-

=
-
250 159 =529 DQE BF 183 w9 genotype o A EE 92.6%

K
Au)
mlN
o
s
ofo
ol
22
o
=2

£
2y
1%
_?L'
32
K

(373/403)°] @3tk 1Y AFo A= LD XS oW 7|F o2 FHAPAE & Ao
gk AF7) o] Fo] R %] gro} T T AV Qs A o7 ALHHTH
A oA s BA5SS v pDQ DSA ¢ 444 Her=

SAES BAE9S W LD g F o2 =3 DQ7 DSA ¢ 9S50 L1%E 7}
% = ST} (Table 12). 871 W o] Al7go] 2 #AE 2 &<t F4#2g A<l A, DQ7
o] EUA shi= 45 DQ7 DSA o T E-2 20.8%= DQ2 (10.8%, P = 0.03), DQ4
(2.7%, P = 0.03), DQ5 (7.5%, P = 0.002), DQ6 (9.5%, P = 0.0065), DQS (9.8%, P = 0.06),
DQY (0.0%, P =0.03) & o] ELX|s}+= 4-5-HT} DSA7FH Bo| AEH T Havt
AT 3k R, DQ7 DSA ¢F th& DQ & ell gk DSA AFo] o] AFH-g (P =0.78)°]
L, o] 213 A (P=0.34)0] 73 2Fo] & Kol = e o= oA At

DSA 7} o} DQ A = o5

I
fr
I
fuic]
o
>
jg
>~
10
fru
i
o

=
“ MFIL 7} 5,000 7] 5131 &A1 E0] 2t} DQ DSA 7} T o2 WAl gk 7 -9- o] A 44
7FA] 11 7R 2 o] 2l ABMR & ¢ 271 DQ DSA 9] 3+ MFI 2
ERu7F UM ol 2 & uff, DQ | S T2 1o A %A O & 7S E = MFI 5,000
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Ab] Joofof 3k A o]t}
Table 28 2] 5 &&= 2009 W A17g0] A S Al g3k 322 $1x}9] HLA & A2, A30,

B13, B27, Cwl, Cw6, DR1, DR7, DQ2, DQ5 ©] 3, 7] 5-A}2] HLA = A30, A33, B13, B61,

o v
92}

DR7, DR14, DQ2, DQ7 ©. & PRA A} DQ7 DSA

T 71529 DQ & LD &atg] 53 QIS4 A W oS T2 a9S o] &35S wol =
DQ2, DQ5 & |53}, DSA 7} §l& Ao 2 &A1 3F3IT) o] $hxle] 4 9- LD daeF
o] 4] HLA-B-DR-DQ haplotype 13-07-02 (D' 0.993), 61-14-05(D' 0.951)°] 7}’ D'o] 331
AT DQ E #8392 we] HLA-B, -DR, -DQ genotype 51 %=7} 0.079%% °} DQ2,
DQ5 7k 7Fg e Aol e HHRE AEE T 7|ZAke] A4 DQ < DQ2, DQ7 &
HLA-B-DR-DQ haplotype 13-04-07 (D’ 0.141), 61-07-02 (D' 0.640)°-Z DQ2, DQ5 H.t}
HLA-B-DR-DQ D7} ©tx| 9k LD & a18] & 4 7Hs 3 DQ 2 3} % 3y A th (Table 29).
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Table 28. PRA test results of a patient with false negative PRA DQ DSA, using donor HLA-

DQ prediction by linkage disequilibrium and artificial neural network

PRA test date DQ antibody (MFI)

2017-10-16  DQ8(3776), DQI(4159), DQ7(10557)

2015-12-10  DQ4(6435), DQ7(8857), DQ8(9787), DQI(11440)

2015-09-18  DQ7(6433), DQ4(7062), DQ9(9654), DQ8(9672)

2015-05-20  DQ4(7172), DQ7(9151), DQ8(10818), DQ9(11399)

2014-12-29  DQ4(11246), DQ8(15924), DQ7(17732), DQI(17962)
2014-10-29  DQ7(5944), DQ6(7233), DQY(9061), DQ8(10278), DQ4(10617)
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Table 29. HLA-DQ predicted by HLA-B-DR-DQ linkage disequilibrium in a donor with
HLA-A30, A33, B13, B61, DR7, DR14, DQ2, DQ7

HLA-B, -DR, -DQ B-DR B-DR-pDQ 2*h1*h2 frequency (%)
genotype haplotype haplotype (D)
B13, Bo6l 13-07 freq: 0.0790
DR7,DR14 61-14 13-07-02 (D:0.993)
DQ2,DQ7 61-14-05 (D:0.951)
13-14 freq: 0.0001
61-07 13-14-05 (D:0.333)

61-07-02 (D:0.640)

freq: 0.00004
13-14-07 (D:0.141)
61-07-02 (D:0.640)

73



AR ALl BE ol 4 o F o} gste] /1SAt DO F AL A3 7
A A

1 9131, DQ5 & 7HA = - o] A 2w ol 7t A

)
H
r]I
olo
i)
Jo
1o
r
0
i
oX,

o

o] thi= Har7F ATE (P <0.001).Y & Ao A F 71| of| F T2 13 5% DQS &

62%, 1 FA1 o] =7} 74% 7 wEokth DQ DSA A S =5 o 58k 49 A A gt
] 1.1%°l1 41 DQ8 DSA 7} 91 &4d& ®.3lth PRA HAL 4 DQ8 #4774 ¥ = 7

ol
w)
=
o
(o,
e
©,
~
N
{
N
N,
o
=2

- 18.3% (22/120)% 7Fg =3tk DQ 1 MM {1 74 -%-9ll 2
2} DQ DSA A Eo] 2] &}A 718tk (P = 0.006). DQ 2 MM ¢! 7-$-ol &= DR &

u}

o ELA7E S7Hgel Wk DQ DSA 7 el sl S7FsHA] ekt (P = 0.650). DQ
DSA 24l DR @91 =UA oA H7F 223 45 v AL o2 Aol A Bad
v} ATt

Willicombe 5~ 505 2kz}2] 53 o]2H o5 ## S w, DR match/DQ
match, DR match/DQ MM, DR MM/DQ match, DR MM/DQ MM <+ A}o] o] o] 213 A&
71ZF (P = 0.74), rejection free survival (P = 0.23), 54 Al 2 A RS (P=0.73)2 -2
3 zFo] 7} §19l 21}, ABMR free survival & DR MM/DQ MM i-©] 88.5%¢%] ¥HA DR
match/DQ match, DR match/DQ MM, DR MM/DQ match 7" 98.0%, 97.4%, 98.6%%=
DR MM/DQ MM %9l 4] ABMR free survival ©] +2]3tA] @SS X3t} (P =
0.001). =3+ DR, DQ & ¥ %]l & DSA A E©°] DR MM/DQ MM -9l 4] 7L ] -]

B8] 25 o} (P=0.001) DR 3 DQ 7} 2.5 B X 3} 75 wied 14 o] Z7}a}
= Ao R B9

200455 20121 Alolol] T} R A=A AMA 2G| A8 A3t
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Table 1. Two-digit allele frequency of HLA-A, -B, -DR in Korean (2n=5,603)

Allele Allele Allele Allele
HLA-A Frequency HLA-B Frequency DR_ Frequency D Q_ Frequency
(%) (%) (%) (%)
02 28.75 62 10.24 04 22.17 06 25.89
24 23.07 44 10.01 13 10.23 05 15.92
33 15.85 51 9.75 15 10.08 07 14.08
11 10.68 61 9.28 09 9.77 04 13.01
26 6.54 54 6.85 08 9.5 08 11.53
31 5.78 35 6.02 14 8.29 09 11.53
30 4.43 58 5.84 12 7.58 02 8.04
03 1.76 13 5.18 01 6.55
01 1.67 46 4.51 07 6.22
32 0.66 07 4.18 11 4.84
29 0.61 60 3.88 17 2.32
68 0.17 48 3.52 10 1.64
23 0.02 27 3.15 16 0.8
34 0.01 52 2.59
75 2.06
55 2.05
59 2.04
37 1.5
71 1.35
64 1.23
39 1.23
38 1.01
67 0.8
56 0.6
08 0.47
57 0.33
47 0.14
50 0.12
63 0.04
49 0.02
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Table II. Haplotype frequencies for A-B-DR and B-DR-DQ in Korean (2n=5,603)

Haplotype Haplotype
No. A-B-DR Frequpenc};p(%) No. B-DR-DQ Frequpenc};p(%)
1 33-44-13 4.68 1 44-13-06 5.738
2 33-58-13 2.81 2 62-04-08 4.812
3 24-07-01 2.531 3 54-04-04 3.472
4 33-44-07 2.28 4 07-01-05 3.168
5 11-62-04 2.135 5 58-13-06 3.099
6 30-13-07 2.122 6 61- 09-09 2.889
7 24-52-15 1.891 7 44-07-02 2.619
8 24-54-04 1.716 8 46-08-06 2.536
9 02-46-08 1.664 9 13-07-02 2.526
10 02-27-01 1.556 10 27-01-05 2.167
11 24-62-04 1.296 11 52-15-06 2.166
12 33-58-17 1.293 12 51-09-09 1.739
13 02-62-04 1.275 13 59-04-04 1.633
14 24-59-04 1.061 14 58-17-02 1.62
15 24-61-09 1.027 15 61-14-05 1.563
16 02-54-04 0.952 16 13-12-07 1.4
17 01-37-10 0.878 17 37-10-05 1.317
18 30-64-04 0.788 18 51-04-04 1.17
19 02-61-09 0.76 19 62-15-06 1.022
20 26-61-09 0.754 20 46-09-09 0.979
21 02-46-09 0.725 21 51-15-06 0.924
22 24-51-09 0.723 22 35-04-08 0.889
23 02-54-15 0.716 23 54-15-06 0.888
24 02-13-12 0.699 24 51-14-05 0.82
25 02-61-14 0.66 25 35-15-06 0.786
26 24-51-04 0.638 26 54-08-06 0.769
27 02-51-14 0.628 27 51-04-08 0.765
28 02-51-04 0.588 28 64-04-04 0.76
29 02-51-12 0.586 29 61-15-06 0.758
30 11-54-04 0.568 30 62-11-07 0.752
31 02-48-14 0.558 31 35-04-04 0.693
32 02-51-09 0.546 32 51-14-07 0.671
33 03-44-13 0.519 33 60-04-04 0.667
34 02-35-14 0.51 34 61-12-07 0.665
35 02-35-04 0.509 35 48-14-05 0.651
36 26-62-14 0.496 36 62-12-07 0.642
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0.053
0.052
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193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231

11-44-13
24-44-07
24-71-04
02-13-04
26-61-14
11-61-09
33-61-09
01-08-17
68-44-07
24-35-12
11-35-15
33-54-04
02-55-14
24-62-14
02-71-08
11-48-14
32-44-12
26-27-04
02-54-12
24-35-08
11-27-04
26-35-08
33-58-07
26-61-08
02-39-08
31-59-04
02-46-14
24-52-04
30-13-09
11-62-15
31-51-16
24-59-14
31-62-04
11-60-12
02-54-14
02-44-07
24-58-17
11-54-11
11-51-11

0.111
0.111
0.11
0.11
0.109
0.108
0.108
0.107
0.107
0.107
0.107
0.106
0.104
0.104
0.104
0.103
0.101
0.099
0.096
0.094
0.094
0.094
0.094
0.094
0.093
0.093
0.093
0.092
0.092
0.092
0.091
0.09
0.09
0.09
0.089
0.089
0.089
0.085
0.085

193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231

60-14-07
58-04-07
55-13-06
51-04-07
67-04-04
07-11-07
39-12-07
38-08-06
51-07-02
52-04-04
39-14-05
61-04-07
56-04-08
52-04-08
61-15-05
13-14-05
64-04-08
35-07-02
07-10-05
35-04-07
52-12-09
44-12-08
51-15-07
58-04-08
37-09-09
54-13-06
61-09-08
58-08-04
60-15-07
61-11-09
75-11-07
60-13-06
48-16-05
67-15-06
07-08-06
61-10-05
56-08-06
64-08-06
44-17-02

0.052
0.052
0.051
0.051
0.051
0.05
0.05
0.049
0.048
0.048
0.048
0.048
0.047
0.046
0.046
0.046
0.046
0.045
0.045
0.045
0.045
0.045
0.045
0.044
0.044
0.044
0.042
0.042
0.042
0.04
0.04
0.039
0.039
0.038
0.038
0.038
0.037
0.037
0.037
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232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270

02-27-04
24-62-13
26-38-15
24-54-12
24-61-11
31-35-08
26-62-09
02-75-04
02-75-14
24-54-15
11-61-11
11-48-11
31-35-04
11-54-14
33-51-04
24-55-11
02-27-15
24-55-08
33-58-14
33-61-04
11-62-12
26-51-12
33-35-04
26-44-13
26-35-12
24-62-11
33-58-01
11-55-12
26-61-12
26-55-09
02-71-14
33-58-09
24-27-04
33-58-11
26-35-09
02-51-16
26-59-04
11-48-04
24-48-15

0.085
0.085
0.084
0.084
0.084
0.084
0.082
0.081
0.081
0.081
0.08
0.08
0.08
0.079
0.079
0.078
0.078
0.078
0.077
0.077
0.077
0.077
0.077
0.077
0.076
0.076
0.076
0.076
0.076
0.075
0.075
0.075
0.075
0.073
0.073
0.072
0.071
0.07
0.07

232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257

59-15-06
37-12-07
13-17-02
71-12-07
54-08-04
27-08-04
27-14-05
60-08-08
35-01-05
60-01-05
75-14-07
39-12-09
60-16-05
60-04-07
67-04-08
38-12-07
75-12-09
61-12-09
58-08-06
58-14-07
62-10-05
60-07-02
46-13-06
46-08-04
46-01-05
64-12-07

0.037
0.036
0.036
0.036
0.036
0.036
0.035
0.035
0.035
0.035
0.035
0.034
0.034
0.034
0.034
0.034
0.033
0.033
0.032
0.032
0.031
0.031
0.03
0.03
0.03
0.03
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271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309

33-44-01
24-48-12
26-13-12
11-60-09
33-27-04
33-44-15
11-27-01
33-07-01
02-61-13
11-27-12
26-46-08
11-35-08
02-75-08
11-35-12
26-48-14
30-64-01
26-62-11
30-51-08
33-44-08
24-07-15
24-38-08
33-48-12
03-27-15
11-55-14
31-58-17
31-62-12
26-62-12
33-51-12
26-46-04
24-07-11
02-38-08
11-39-04
24-51-13
02-60-12
11-67-09
11-44-07
33-51-09
26-48-09
33-60-04

0.07
0.069
0.069
0.069
0.068
0.067
0.067
0.067
0.066
0.065
0.065
0.065
0.064
0.064
0.064
0.063
0.063
0.063
0.061
0.061
0.061

0.06

0.06

0.06

0.06

0.06

0.06
0.059
0.059
0.059
0.059
0.058
0.058
0.057
0.057
0.057
0.056
0.056
0.055
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310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348

11-61-15
11-54-08
11-62-08
11-61-04
31-35-12
26-35-14
24-39-08
11-35-13
24-51-11
02-56-14
02-50-07
31-39-04
02-39-12
31-13-07
11-61-08
33-07-15
11-55-11
02-13-01
26-61-11
26-37-10
24-46-04
02-39-15
31-35-15
31-55-14
26-51-04
02-13-08
24-13-13
11-54-10
02-67-16
33-54-09
11-61-14
02-48-08
24-13-04
33-35-12
24-13-08
11-51-12
26-52-15
02-46-15
31-54-04

0.055
0.055
0.055
0.055
0.054
0.054
0.054
0.054
0.053
0.053
0.053
0.053
0.053
0.053
0.052
0.052
0.052
0.052
0.052
0.052
0.052
0.051
0.051
0.051
0.051
0.05
0.05
0.05
0.05
0.05
0.05
0.049
0.049
0.049
0.049
0.049
0.049
0.049
0.048
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349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387

33-51-14
24-54-11
11-71-09
26-58-13
02-59-11
33-58-08
33-44-14
30-13-08
02-67-04
24-37-10
33-44-12
24-58-13
24-55-04
11-61-07
33-44-11
26-55-04
24-59-09
26-55-15
33-61-08
30-62-04
02-71-12
24-48-11
01-37-09
26-60-04
11-52-15
31-48-04
03-35-14
30-13-15
11-51-14
11-37-10
24-52-12
24-75-09
11-54-01
02-44-01
11-39-15
11-71-04
24-39-11
11-35-09
31-71-08

0.048
0.048
0.048
0.048
0.048
0.047
0.047
0.047
0.046
0.046
0.046
0.046
0.046
0.046
0.046
0.046
0.046
0.045
0.045
0.045
0.045
0.044
0.044
0.043
0.043
0.043
0.043
0.043
0.043
0.043
0.043
0.042
0.042
0.041
0.041
0.041
0.041
0.041
0.041
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388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426

11-54-15
31-13-12
11-61-12
11-75-15
24-60-07
26-55-11
30-07-01
31-35-09
31-51-11
24-27-12
26-56-04
31-48-11
11-48-09
24-75-12
02-55-12
24-07-08
24-61-07
31-51-13
24-59-15
31-44-13
02-27-11
11-56-04
31-60-09
31-60-04
03-62-04
03-07-15
03-50-07
29-07-10
26-54-08
11-52-14
26-38-04
33-13-07
26-35-11
31-62-14
01-37-15
11-38-15
24-52-09
33-62-15
02-39-14

0.041
0.04
0.04
0.04
0.04

0.039

0.039

0.039

0.039

0.039

0.039

0.038

0.038

0.038

0.038

0.038

0.037

0.037

0.037

0.037

0.037

0.037

0.037

0.037

0.036

0.036

0.036

0.036

0.036

0.036

0.035

0.035

0.035

0.035

0.035

0.035

0.035

0.035

0.035
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427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458

11-58-13
31-38-14
02-27-08
33-48-15
31-27-01
33-46-12
24-38-15
31-61-01
11-38-12
02-56-09
11-55-08
03-44-11
24-55-15
24-55-13
33-71-04
24-54-13
02-44-08
24-56-11
11-13-04
26-55-08
30-13-14
02-07-15
24-75-15
31-56-09
02-44-11
33-61-15
24-71-09
31-46-09
02-46-13
26-56-14
11-38-08
02-46-01

0.035
0.035
0.034
0.034
0.034
0.034
0.034
0.034
0.034
0.034
0.033
0.033
0.033
0.033
0.033
0.032
0.032
0.032
0.032
0.032
0.032
0.031
0.031
0.031
0.031
0.031
0.03
0.03
0.03
0.03
0.03
0.03
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Table III. HLA-A-B-DR-DQ haplotype frequency in Korean

No. A-B-DR-DQ Haplotype Frequency (%)
1 33-44-13-06 4.671
2 33-58-13-06 2.81
3 24-07-01-05 2.531
4 33-44-07-02 2.253
5 30-13-07-02 2.122
6 11-62-04-08 1.96
7 24-52-15-06 1.891
8 24-54-04-04 1.637
9 02-46-08-06 1.622
10 02-27-01-05 1.556
11 33-58-17-02 1.293
12 24-62-04-08 1.117
13 02-62-04-08 1.073
14 24-61-09-09 1.027
15 24-59-04-04 1.016
16 02-54-04-04 0.94
17 01-37-10-05 0.878
18 02-61-09-09 0.75
19 30-64-04-04 0.742
20 24-51-09-09 0.723
21 26-61-09-09 0.722
22 02-54-15-06 0.716
23 02-46-09-09 0.707
24 02-13-12-07 0.699
25 02-61-14-05 0.599
26 11-54-04-04 0.568
27 02-51-09-09 0.546
28 03-44-13-06 0.51
29 26-62-14-07 0.476
30 02-38-15-05 0.449
31 02-75-15-06 0.428
32 02-59-04-04 0414
33 29-07-08-07 0.408
34 11-13-12-07 0.407
35 02-48-14-05 0.402
36 24-51-04-04 0.401
37 24-46-08-06 0.383
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38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76

02-35-04-08
02-51-14-05
32-44-04-04
24-61-14-05
31-51-08-04
24-51-15-06
24-54-08-06
02-51-04-04
02-35-14-05
02-62-12-07
02-35-11-07
02-48-11-07
24-61-12-07
31-61-14-05
02-62-11-07
02-51-12-07
02-54-08-06
24-60-09-09
26-62-04-08
11-55-04-04
24-51-14-07
26-62-15-06
11-67-16-05
02-62-15-06
33-51-13-06
02-51-15-06
24-35-04-04
26-27-01-05
02-37-10-05
02-35-15-06
31-51-15-06
02-48-12-07
02-51-04-08
02-75-01-05
24-60-04-04
03-08-17-02
02-51-14-07
11-39-08-06
02-48-04-08

0.38
0.373
0.367
0.365
0.356
0.344
0.342
0.331

0.33

0.33
0.321
0.317
0.316
0.315
0.313
0.311
0.305
0.302
0.301

0.3
0.298
0.296
0.295
0.288
0.281
0.274
0.264
0.264
0.259
0.252

0.25
0.249
0.247
0.247
0.247
0.246
0.244
0.244
0.243
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77
78
79
80
81
82
&3
&4
&5
86
87
88
&9
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115

02-48-09-09
02-60-04-04
24-35-15-06
02-61-12-07
24-48-09-09
24-61-15-06
30-64-08-08
24-62-15-06
24-51-04-08
24-46-09-09
02-35-12-09
11-51-04-04
02-61-04-04
02-61-12-08
11-75-12-07
33-58-04-04
02-75-09-09
31-62-11-07
02-44-13-06
02-51-12-08
24-35-04-08
24-54-14-05
02-51-11-07
33-58-15-06
02-61-15-06
31-51-09-09
02-62-04-04
31-07-01-05
02-61-11-07
11-60-11-07
02-07-01-05
02-35-14-07
24-35-11-07
01-57-07-09
24-51-08-06
33-62-04-08
24-51-14-05
02-62-09-09
02-71-04-07

0.238
0.237
0.237
0.235
0.235
0.233
0.229
0.228
0.227
0.226
0.225
0.22
0.217
0.215
0.215
0.215
0.213
0.212
0.211
0.207
0.204
0.203
0.202
0.201
0.198
0.196
0.193
0.191
0.185
0.183
0.181
0.18
0.18
0.178
0.178
0.178
0.175
0.171
0.17
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116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154

26-54-04-04
33-46-08-06
11-51-09-09
02-61-04-08
02-52-15-06
02-62-14-05
24-51-12-07
11-62-04-04
02-48-14-09
02-35-08-06
02-60-08-06
24-13-12-07
02-46-04-08
31-61-11-07
11-46-08-06
24-61-08-06
31-51-04-08
31-61-04-08
24-60-12-07
02-75-12-07
33-44-09-09
31-61-09-09
02-60-15-06
26-39-08-06
30-13-13-06
24-60-08-06
03-35-07-09
24-13-07-02
26-54-14-05
02-35-09-09
02-60-14-05
02-55-09-09
02-61-08-06
26-35-04-04
11-60-04-04
02-35-12-07
02-55-11-07
02-60-09-09
11-60-15-06

0.169
0.167
0.166
0.165
0.163
0.16
0.158
0.157
0.156
0.155
0.155
0.155
0.154
0.153
0.152
0.152
0.152
0.151
0.15
0.149
0.149
0.148
0.147
0.147
0.147
0.145
0.142
0.142
0.142
0.141
0.14
0.139
0.139
0.139
0.137
0.136
0.135
0.135
0.135
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155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193

24-54-09-09
31-46-08-06
11-51-04-08
24-35-14-05
11-60-14-05
11-62-09-09
24-62-09-09
02-35-04-04
02-13-07-02
02-39-04-08
33-44-04-04
26-61-15-06
24-62-04-04
30-47-13-06
02-51-08-06
31-61-15-06
02-13-09-09
24-60-11-07
26-61-04-04
33-44-04-08
33-61-14-05
11-35-04-08
03-27-01-05
02-67-12-07
02-58-13-06
02-58-17-02
02-60-11-07
02-46-12-07
02-48-15-06
11-07-01-05
24-27-01-05
26-35-15-06
02-54-09-09
11-60-08-06
24-35-09-09
24-62-12-07
24-61-04-04
24-44-13-06
02-55-04-04

0.135
0.135
0.134
0.134
0.133
0.132
0.13
0.129
0.128
0.128
0.128
0.127
0.125
0.125
0.124
0.124
0.123
0.123
0.123
0.123
0.123
0.122
0.121
0.12
0.119
0.119
0.119
0.117
0.117
0.116
0.116
0.116
0.115
0.115
0.115
0.115
0.114
0.112
0.111
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194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232

11-44-13-06
24-44-07-02
26-61-14-05
31-51-12-07
11-61-09-09
33-61-09-09
01-08-17-02
11-35-15-06
68-44-07-02
11-62-14-05
26-56-11-07
02-61-08-08
02-71-04-08
31-51-14-05
31-62-15-06
24-60-15-06
24-60-04-08
31-51-08-06
33-54-04-04
02-46-04-04
02-54-12-07
24-71-04-07
33-58-07-02
24-60-14-05
31-59-04-04
24-62-14-05
24-48-14-05
31-51-16-05
11-60-12-07
24-58-17-02
30-13-04-04
02-55-14-05
11-27-04-08
11-48-14-05
11-51-11-07
24-61-08-08
24-62-13-06
26-35-04-08
31-51-04-04

0.111
0.111
0.109
0.109
0.108
0.108
0.107
0.107
0.107
0.104
0.103
0.102
0.102
0.102
0.102
0.1
0.098
0.098
0.097
0.096
0.096
0.095
0.094
0.093
0.093
0.092
0.091
0.091
0.09
0.089
0.089
0.086
0.085
0.085
0.085
0.085
0.085
0.085
0.085
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233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271

24-54-12-07
24-48-04-04
26-51-14-05
31-62-04-08
02-44-07-02
02-54-14-05
11-48-11-07
11-61-11-07
11-62-11-07
24-61-04-08
11-54-11-07
11-54-14-05
24-48-04-08
02-27-15-06
02-48-15-07
24-55-11-07
11-62-12-07
26-44-13-06
30-13-09-09
02-62-08-06
11-55-12-07
24-51-12-09
26-51-12-09
26-61-12-07
33-58-01-05
02-71-08-06
26-55-09-09
33-58-09-09
26-62-09-09
33-51-04-04
02-51-16-05
11-35-04-04
11-62-15-06
24-54-15-06
26-35-09-09
26-59-04-04
31-71-04-07
24-54-04-08
24-59-14-05

0.084
0.083
0.083
0.082
0.08
0.08
0.08
0.08
0.08
0.08
0.079
0.079
0.079
0.078
0.078
0.078
0.077
0.077
0.077
0.076
0.076
0.076
0.076
0.076
0.076
0.075
0.075
0.075
0.073
0.073
0.072
0.072
0.071
0.071
0.071
0.071
0.071
0.07
0.07
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272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310

24-51-08-04
26-13-12-07
11-48-04-04
11-51-08-04
11-27-01-05
33-07-01-05
33-44-15-06
02-39-08-06
02-61-13-06
02-35-08-08
02-46-14-05
11-27-12-07
11-62-11-08
26-46-08-06
31-51-14-07
02-75-08-06
24-27-04-07
33-58-11-07
02-55-04-08
26-27-04-08
30-64-01-05
31-61-08-06
31-71-04-08
26-38-15-06
02-61-14-07
24-35-08-08
26-61-08-06
33-44-01-05
02-75-14-05
03-27-15-06
11-55-14-05
24-55-08-06
24-62-11-07
26-62-12-07
31-58-17-02
31-62-12-07
33-48-12-07
02-51-12-09
24-35-14-07

0.069
0.069
0.068
0.068
0.067
0.067
0.067
0.066
0.066
0.065
0.065
0.065
0.065
0.065
0.065
0.064
0.064
0.064
0.063
0.063
0.063
0.063
0.063
0.062
0.061
0.061
0.061
0.061
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.059
0.059
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311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349

26-35-08-08
02-13-04-04
11-51-08-06
24-38-08-07
24-51-13-06
02-60-12-07
02-71-14-05
11-44-07-02
11-67-09-09
24-07-15-06
24-48-15-06
26-61-04-08
11-60-04-08
26-48-09-09
31-35-08-06
32-44-12-07
33-51-09-09
02-27-04-08
11-54-08-06
11-61-04-04
24-35-12-07
26-48-14-05
02-51-08-04
11-35-13-06
11-60-09-09
24-48-12-07
26-35-14-05
02-50-07-02
02-56-14-05
31-13-07-02
31-39-04-08
31-62-15-05
02-13-01-05
02-13-04-08
11-55-11-07
26-37-10-05
31-71-04-04
33-07-15-06
33-27-04-08

0.059
0.058
0.058
0.058
0.058
0.057
0.057
0.057
0.057
0.057
0.057
0.057
0.056
0.056
0.056
0.056
0.056
0.055
0.055
0.055
0.055
0.055
0.054
0.054
0.054
0.054
0.054
0.053
0.053
0.053
0.053
0.053
0.052
0.052
0.052
0.052
0.052
0.052
0.052
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350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388

26-51-04-04
26-62-04-04
31-35-15-06
02-67-16-05
11-54-10-05
24-07-11-07
24-13-13-06
26-35-12-09
33-54-09-09
02-46-15-06
26-52-15-06
02-59-11-07
11-71-09-09
24-54-11-07
26-58-13-06
33-58-04-07
11-35-12-07
26-46-04-08
30-13-08-06
30-51-08-06
33-44-14-05
24-37-10-05
24-52-04-04
24-52-04-08
24-58-13-06
24-59-09-09
26-55-04-04
30-64-04-08
33-35-04-04
33-44-11-07
33-44-12-07
33-61-04-04
02-48-04-04
11-35-08-06
24-39-08-06
24-59-04-08
26-55-15-06
26-62-11-07
30-62-04-08

0.051
0.051
0.051
0.05
0.05
0.05
0.05
0.05
0.05
0.049
0.049
0.048
0.048
0.048
0.048
0.048
0.047
0.047
0.047
0.047
0.047
0.046
0.046
0.046
0.046
0.046
0.046
0.046
0.046
0.046
0.046
0.046
0.045
0.045
0.045
0.045
0.045
0.045
0.045
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389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427

32-44-12-08
33-58-14-05
01-37-09-09
24-48-11-07
24-51-11-07
24-61-11-07
24-62-04-07
26-51-14-07
30-13-04-08
33-44-08-06
33-51-12-09
33-58-04-08
02-13-08-06
02-38-08-07
02-75-04-04
03-35-14-05
11-37-10-05
11-51-14-05
11-52-15-06
11-61-14-05
02-62-14-07
11-54-01-05
24-75-09-09
02-44-01-05
11-35-09-09
11-39-15-06
11-54-15-06
24-39-11-07
26-61-11-07
31-35-04-04
11-75-15-06
24-61-11-09
31-13-12-07
26-55-11-07
30-07-01-05
31-35-04-08
31-35-09-09
02-55-12-07
02-75-04-08

0.045
0.045
0.044
0.044
0.044
0.044
0.044
0.044
0.044
0.044
0.044
0.044
0.043
0.043
0.043
0.043
0.043
0.043
0.043
0.043
0.042
0.042
0.042
0.041
0.041
0.041
0.041
0.041
0.041
0.041
0.04
0.04
0.04
0.039
0.039
0.039
0.039
0.038
0.038
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428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466

11-48-09-09
24-07-08-06
24-61-04-07
24-75-12-07
31-48-11-07
02-27-11-07
24-59-15-06
24-61-07-02
30-64-08-06
31-44-13-06
31-48-04-08
31-60-04-08
31-60-09-09
31-61-08-08
33-35-12-07
02-71-12-07
03-07-15-06
03-50-07-02
11-52-14-05
11-61-08-06
29-07-10-05
02-67-04-04
11-38-15-05
11-39-04-08
11-51-08-08
11-58-13-06
24-52-09-09
26-35-08-06
26-35-11-07
26-38-04-08
33-13-07-02
33-62-15-06
02-27-08-06
02-56-09-09
11-38-12-07
30-13-15-06
31-27-01-05
31-35-12-09
31-61-01-05

0.038
0.038
0.038
0.038
0.038
0.037
0.037
0.037
0.037
0.037
0.037
0.037
0.037
0.037
0.037
0.036
0.036
0.036
0.036
0.036
0.036
0.035
0.035
0.035
0.035
0.035
0.035
0.035
0.035
0.035
0.035
0.035
0.034
0.034
0.034
0.034
0.034
0.034
0.034
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467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502

31-62-14-05
33-46-12-07
33-48-15-06
33-60-04-04
02-39-15-06
02-51-08-08
02-75-12-09
03-44-11-07
24-55-13-06
24-55-15-06
31-55-14-05
33-58-08-04
24-54-13-06
24-56-11-07
24-60-14-07
26-61-09-08
33-58-14-07
02-39-12-07
02-44-11-07
24-55-04-08
24-60-07-02
24-75-15-06
31-56-09-09
31-71-08-04
33-61-04-08
33-61-15-06
02-27-04-04
02-46-01-05
02-46-13-06
02-60-04-08
02-62-11-08
11-38-08-06
11-71-04-08
24-27-12-07
24-71-09-09
31-46-09-09

0.034
0.034
0.034
0.034
0.033
0.033
0.033
0.033
0.033
0.033
0.033
0.033
0.032
0.032
0.032
0.032
0.032
0.031
0.031
0.031
0.031
0.031
0.031
0.031
0.031
0.031
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
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Table IV. HLA-DQ incorrectly predicted by linkage disequilibrium and correctly predicted

by artificial neural network

Genotype

HIAA frequency FGenotype FGenotype B-DR-pDQ

iy DQpred. DQ pred. requency requency haplotype (D

B gmvel WD wAw wibee e RS

-DQ A,B,DR / DR, pDQ B, DR, pDQ

A,B,DR,DQ

02, 02 0.871473 05, 04 05, 06 0.1447 0.0008 27-01-05(D:1.001)
27,59 0.000443 59-08-04(D:1.329)
01, 08 0.000000
05, 06 0.000000
02, 31 1.078139 04, 02 02, 08 1.3444 0.0010 61-04-04(D:0.410)
61, 61 0.000812 61-07-02(D:0.640)
04, 07 0.000006
02, 08 0.000000
11,31 0.720254 09, 05 05, 07 0.1131 0.0046 35-12-09(D:0.429)
35,35 0.004076 35-14-05(D:0.675)
12, 14 0.000050
07, 05 0.000032
02,26 1.427393 08, 05 04, 05 1.1447 0.0112 35-04-08(D:0.474)
35,35 0.008746 35-14-05(D:0.675)
04, 14 0.003008
04, 05 0.001057
02, 02 0.892836 04, 04 04, 08 1.3884 0.0812 51-04-04(D:0.540)
51, 54 0.001668 54-04-04(D:0.968)
04, 04 0.011196
08, 08 0.000059
02,24 0.871473 07, 05 05, 06 0.0761 0.0185 07-08-07(D:0.830)
07,27 0.005068 27-01-05(D:1.001)
01, 08 0.002925
05, 06 0.002904
24,24 2.226751 08, 08 04, 08 0.8928 0.0856 35-04-08(D:0.474)
62, 35 0.076313 62-04-08(D:0.885)
04, 04 0.012131
08, 04 0.006408
02, 33 0.848775 07, 04 07,08 1.0548 0.0008 39-11-07(D:1.455)
39, 44 0.000732 44-04-04(D:0.775)
04, 11 0.000238
07, 08 0.000177
02, 03 0.305543 02, 04 02, 06 0.0507 0.0002 50-17-02(D:1.000)
50, 51 0.000182 51-08-04(D:0.395)
17,08 0.000076
02, 06 0.000045
26, 33 1.078139 02, 04 02, 08 1.3444 0.0311 44-07-02(D:0.993)
61, 44 0.025818 61-04-04(D:0.410)
04, 07 0.008254
02, 08 0.002568
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02, 11 1.818019 04,09 08,09 2.2668 0.0396 54-04-04(D:0.968)
62, 54 0.033280 62-09-09(D:0.910)
04, 09 0.009494
08, 09 0.004540
24,31 0.198378 06,06 04,06 1.1949 0.0232 51-15-06(D:0.996)
51, 54 0.011055 54-08-06(D:0.940)
08, 15 0.002856
04, 06 0.000582
02, 24 2.107743 08,06 04,06 1.6902 0.0098 46-04-08(D:0.564)
46, 52 0.006376 52-15-06(D:1.007)
04, 15 0.009715
04, 06 0.003767
31,33 1.078139 02,04 02,08 1.3444 0.0618 44-07-02(D:0.993)
44,51 0.040189 51-04-04(D:0.540)
04, 07 0.011509
02, 08 0.006850
11, 11 0.261347 08,06 04,06 1.2629 0.0008 27-04-08(D:0.458)
27,55 0.000370 55-08-06(D:0.575)
04, 08 0.000133
04, 04 0.000003
24,26 2.107743 08,06 04,06 1.6902 0.0392 35-04-08(D:0.474)
35,52 0.030775 52-15-06(D:1.007)
04, 15 0.009820
04, 06 0.005622
02, 24 2.226751 08,08 04,08 0.8928 0.0856 35-04-08(D:0.474)
62,35 0.076313 62-04-08(D:0.885)
04, 04 0.025127
08, 04 0.010285
24,24 0.448697 05,04 04,07 1.4274 0.0204 51-14-05(D:0.445)
60, 51 0.010168 60-04-04(D:0.586)
04, 14 0.004859
07,04 0.001729
01, 02 1.083925 06,07 05,06 0.3408 0.0003 37-15-06(D:0.784)
62,37 0.000407 62-14-07(D:0.501)
14, 15 0.000146
05, 06 0.000083
02, 26 1.818019 09,04 08,09 2.2668 0.0100 48-09-09(D:1.018)
60, 48 0.007153 60-04-04(D:0.586)
04, 09 0.000715
08, 09 0.000239
02, 31 1.232717 05,04 05,08 1.5372 0.0509 27-01-05(D:1.001)
27,51 0.033726 51-04-04(D:0.540)
01, 04 0.008294
08, 05 0.004929
03,24 0.871473 07,05 05,06 0.0761 0.0185 07-08-07(D:0.830)
07,27 0.005068 27-01-05(D:1.001)
01, 08 0.000548
05, 06 0.000548
11,24 1.232717 05,04 05,08 1.5372 0.0046 07-01-05(D:0.997)
07,75 0.003438 75-04-04(D:0.000)
01, 04 0.000815
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08, 05 0.000759
02, 26 2.226751 04,07 04,08 0.1866 0.0241 54-04-04(D:0.968)
71, 54 0.016732 71-04-07(D:0.414)
04, 04 0.000984
08, 04 0.000345
24,33 0.050543 06,02 02,08 0.3055 0.0103 35-08-06(D:0.455)
35, 58 0.007325 58-17-02(D:0.999)
17, 08 0.002463
02, 08 0.001577
02, 24 1.399373 08,07 04,07 1.1309 0.0152 35-04-08(D:0.474)
35, 61 0.012961 61-12-07(D:0.681)
04, 12 0.010210
07,04 0.002605
02, 31 1.232717 05,04 05,08 1.5372 0.0509 27-01-05(D:1.001)
27,51 0.033726 51-04-04(D:0.540)
01, 04 0.008294
08, 05 0.004929
02, 31 2.226751 04,04 04,08 1.3884 0.0001 07-04-04(D:0.616)
07, 67 0.000054 67-04-04(D:0.494)
04, 04 0.000026
08, 04 0.000007
31,33 0.213349 06,09 04,09 1.2851 0.0041 44-08-06(D:0.354)
44, 51 0.002614 51-09-09(D:1.019)
08, 09 0.001603
09, 04 0.001088
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Table V. HLA-DQ correctly predicted linkage disequilibrium and incorrectly predicted by

artificial neural network

Genotype

HLA frequency Genotype Genotype
-A, Frequency by  Frequency by B-DR-pDQ
DQ pred. DQ pred.
B gmeer TIOGER aWee ANGQ )
-DQ A,B.DR/ DR, pDQ B, DR, pDQ
A,B,.DR,DQ

11, 30 1.344444 02,04 02,08 1.0781 0.0388 13-07-02(D:0.993)
13, 51 0.059322 51-04-04(D:0.540)

04,07  0.016466
02,04  0.009366
02,24  0.148162 06,04 06, 06 0.4462 0.0256 46-08-06(D:0.979)
46,51  0.029974 51-08-04(D:0.395)
01,08  0.010069
04,06  0.002755
11,24  1.232717 05,08 05,05 0.0000 0.0000 07-01-05(D:0.997)
07,27  0.016764 27-04-08(D:0.458)
01,04  0.004967
08,05  0.004320
02,33  2.391717 06,04 06, 08 1.9180 0.0564 44-13-06(D:0.999)
61,44  0.067258 61-04-04(D:0.410)
04,13  0.036411
04,06  0.020635
02,11  0.542323 07,05 05,09 0.0146 0.0000 48-11-07(D:0.955)
48,52  0.000753 52-14-05(D:0.547)
11,14 0.000352
07,05  0.000241
02,24  0.149672 08,07 04,08 2.2268 0.0116 62-04-08(D:0.885)
71,62  0.033652 71-04-07(D:0.414)
04,04  0.010348
07,08  0.005926
24,26  0.198378 04,06 06, 06 1.1949 0.0130 51-08-04(D:0.395)
62,51  0.013029 62-15-06(D:0.827)
08,15  0.001686
04,06  0.000408
02,02  0.152365 09,07 04,09 2.2668 0.0030 60-09-09(D:1.029)
71,60  0.003961 71-04-07(D:0.414)
04,09  0.000929
07,09  0.000464
24,33 1.344444 02,04 02,08 1.0781 0.0024 44-07-02(D:0.993)
44,52  0.002686 52-04-04(D:0.337)
04,07  0.004276
02,04 0.002114
24,30  0.542323 07,05 05,09 0.0146 0.0006 48-11-07(D:0.955)
48,51  0.013333 51-14-05(D:0.445)
11,14 0.000010
07,05  0.000007
33,33 1.204494 07,06 06, 09 0.1892 0.0002 48-12-07(D:0.924)
48,51  0.003061 51-13-06(D:0.813)
12,13 0.000337
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07,06  0.000337
02, 33 1.262895 06,08 04, 08 0.4700 0.0005 46-08-06(D:0.979)
46,48  0.019228 48-04-08(D:0.558)
04,08  0.001035
08,06  0.000877
02, 11 0.110610 07,09 07,07 0.3521 0.0090 13-12-07(D:0.991)
13,35  0.010203 35-12-09(D:0.429)
12,12 0.003877
07,09  0.002085
24,33 0.226307 06,04 06, 06 1.3559 0.0585 44-13-06(D:0.999)
44,51  0.067303 51-08-04(D:0.395)
08,13  0.023874
04,06  0.006483
02,31  0.144680 05,04 05,06 0.8715 0.0220 27-01-05(D:1.001)
27,51  0.025435 51-08-04(D:0.395)
01,08  0.014291
04,05  0.011115
02,02  0.809215 06,05 06,06 0.0036 0.0000 39-08-06(D:0.872)
39,54  0.006314 54-14-05(D:0.993)
08,14  0.000390
05,06  0.000258
33,33  0.189177 09,06 06,07 1.2045 0.0373 35-12-09(D:0.429)
35,44  0.041690 44-13-06(D:0.999)
12,13 0.004586
09,06 0.001121
31,33  0.226307 06,04 06, 06 1.3559 0.0585 44-13-06(D:0.999)
44,51  0.067303 51-08-04(D:0.395)
08,13  0.042549
04,06  0.033271
02,24  1.232717 05,08 04, 08 0.0002 0.0000 07-01-05(D:0.997)
07,35  0.056337 35-04-08(D:0.474)
01,04  0.027469
08,05  0.019979
24,30  1.344444 02,04 02,08 1.0781 0.0249 13-07-02(D:0.993)
13,61  0.029520 61-04-04(D:0.410)
04,07  0.010326
02,04  0.004904
30,31  0.024509 04,08 06, 08 0.1476 0.0026 51-08-04(D:0.395)
64,51  0.002995 64-08-08(D:0.701)
08,08  0.002415
08,04  0.001630
33,33 1.204494 07,06 06, 09 0.1892 0.0002 48-12-07(D:0.924)
48,51  0.003061 51-13-06(D:0.813)
12,13 0.000337
07,06  0.000337
24,26  1.262895 08,06 04, 06 1.5747 0.0049 27-04-08(D:0.458)
27,54  0.004044 54-08-06(D:0.940)
04,08  0.000808
08,06  0.000436
02,02  1.262895 08,06 04,08 0.4700 0.0017 35-04-08(D:0.474)
35,46  0.046557 46-08-06(D:0.979)

117



04,08  0.018040
08,06  0.012805
24,33 1.262895 08,06 04, 08 0.4700 0.0078 62-04-08(D:0.885)
62,71  0.010029 71-08-06(D:0.438)
04,08  0.000049
08,06  0.000003
24,26  1.690237 08,06 04, 06 2.1077 0.0035 27-04-08(D:0.458)
27,52 0.011174 52-15-06(D:1.007)
04,15  0.003818
08,06  0.002383
02,31  0.020695 09,04 06, 08 0.0805 0.0017 35-12-09(D:0.429)
35,51  0.004372 51-08-04(D:0.395)
08,12  0.005075
09,04  0.001656
02,11  0.809215 06,05 06,07 0.2547 0.0009 39-08-06(D:0.872)
39,61  0.016947 61-14-05(D:0.951)
08,14  0.003361
05,06  0.003003
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Table VI. HLA-DQ incorrectly predicted both linkage disequilibrium and artificial neural

network
Genotype
HLA frequency
X DO BDRIO ppp DO pp ppp
-B, DR,DQ/ by by LD pDQ (D) pDQup pDQany pDQann
-DR, B,DR,DQ/ LD frequency ANN frequency frequency
-DQ A,B,DR/
A,B,DR,DQ
02, 24 0.025079 05, 61-14-05(D:0.951)  0.0281 05, 0.5423 0.0281
62, 61 0.004252 07  62-11-07(D:0.787) 07

11, 14 0.004565
08, 05 0.000219

02, 02 0.261347 08, 27-04-08(D:0.458)  0.0029 06, 1.2629  0.0029
27,39 0.000024 06 39-08-06(D:0.872) 08

04, 08 0.000245

04, 04 0.000000

24,33 0.006618 06, 44-13-06(D:0.999) 0.0146 02, 1.1580  0.0146
61, 44 0.000958 02  61-07-02(D:0.640) 06

07,13 0.004347

02, 07 0.000818

02, 31 1.690237 04, 51-04-04(D:0.540) 0.0284 04, 2.1077  0.0284
61, 51 0.020634 06 61-15-06(D:0.859) 06

04, 15 0.005609

08, 06 0.002867

02, 33 0.098851 06, 51-15-06(D:0.996) 0.0141 06, 1.0615  0.0141
75, 51 0.000008 07  75-12-07(D:0.000) 07

12, 15 0.000851

07, 05 0.000000

02, 24 0.254689 05, 59-14-05(D:0.933)  0.0003 05, 0.8092  0.0003
62, 59 0.000112 06  62-08-06(D:0.444) 06

08, 14 0.000215

07, 06 0.000002

11, 24 1.818019 04, 51-04-04(D:0.540)  0.0877 04, 2.2668  0.0877
61, 51 0.061226 09  61-09-09(D:0.999) 09

04, 09 0.010922

08, 09 0.003508

02, 24 0.213349 06, 60-08-06(D:0.988)  0.0300 06, 1.2851 0.0300
60, 61 0.000923 09  61-09-09(D:0.999) 09

08, 09 0.008042

09, 04 0.000163

02, 33 0.386505 05, 35-14-05(D:0.675)  0.0392 05, 1.2294  0.0392
35, 58 0.015429 06  58-13-06(D:0.991) 06

13, 14 0.028743

07, 06 0.010143

11, 24 0.212621 06, 60-08-06(D:0.988)  0.0061 06, 1.2851 0.0061
62, 60 0.000674 09  62-09-09(D:0.910) 09

08, 09 0.001109

08, 09 0.000165

03,24 0.432197 02, 50-17-02(D:1.000)  0.0004 02, 0.5390  0.0004
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50, 51 0.000275 04  51-04-04(D:0.540) 04

17, 04 0.000230

02, 08 0.000082

31,33 1.229450 06, 51-13-06(D:0.813)  0.0059 06, 0.0055  0.0000
62, 51 0.005287 07  62-14-07(D:0.501) 06

13, 14 0.000216

05, 06 0.000201

24,33 1.144652 05, 51-14-05(D:0.445)  0.0693 04, 1.4274  0.0693
51, 54 0.009866 04  54-04-04(D:0.968) 05

04, 14 0.003239

08, 05 0.000155

02, 26 0.009235 08, 48-04-08(D:0.558) 0.0010 04, 0.4700  0.0007
71,48 0.000062 06  71-08-06(D:0.438) 08

04, 08 0.000227

07, 07 0.000000

02, 02 0.848775 07, 35-11-07(D:0.971)  0.0422 04, 1.0548  0.0422
35, 54 0.003941 04  54-04-04(D:0.968) 07

04, 11 0.006346

07, 08 0.000252

02, 02 0.848775 07, 35-11-07(D:0.971)  0.0422 04, 1.0548  0.0422
35, 54 0.003941 04  54-04-04(D:0.968) 07

04, 11 0.006346

07, 08 0.000252

02, 11 0.133860 05, 48-14-05(D:0.705)  0.0081 05, 0.8092  0.0081
61,48 0.004341 06 61-08-06(D:0.366) 06

08, 14 0.001300

08, 05 0.000316

02, 33 2.391717 06, 58-13-06(D:0.991) 0.2984 06, 1.9180  0.2984
62, 58 0.034060 08  62-04-08(D:0.885) 08

04, 13 0.072079

04, 06 0.010847

24, 26 1.818019 04, 51-04-04(D:0.540)  0.0877 04, 2.2668  0.0877
61, 51 0.061226 09  61-09-09(D:0.999) 09

04, 09 0.013406

08, 09 0.004142

02, 24 1.537210 05, 07-01-05(D:0.997)  0.0563 04, 0.0002  0.0000
07,35 0.043949 08  35-04-08(D:0.474) 08

01, 04 0.027469

04, 05 0.007490

02, 24 0.107507 06, 52-15-06(D:1.007)  0.0291 06, 1.0615  0.0291
61,52 0.010570 07  61-12-07(D:0.681) 07

12, 15 0.018361

08, 06 0.008131

02, 30 1.232717 04, 51-04-04(D:0.540)  0.0068 04, 0.0002  0.0000
75, 51 0.004464 05  75-01-05(D:1.017) 08

01, 04 0.000044

08, 05 0.000000

02, 31 0.230651 05, 51-14-05(D:0.445)  0.0087 05, 0.3669  0.0087
51, 54 0.007102 05  54-14-05(D:0.993) 05

14, 14 0.000297

07, 05 0.000104
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02, 11 2.266814 08, 35-04-08(D:0.474)  0.0376 08, 1.8180  0.0376
35,51 0.034352 09  51-09-09(D:1.019) 09

04, 09 0.005578

09, 04 0.002106

02, 26 0.144158 06, 35-08-06(D:0.455)  0.0001 05, 0.8715  0.0001
35,48 0.000063 05  48-01-05(D:0.891) 06

01, 08 0.000027

08, 05 0.000012

02, 02 0.197662 06, 60-08-06(D:0.988) 0.0105 06, 1.1949  0.0105
60, 61 0.002850 06 61-15-06(D:0.859) 06

08, 15 0.001525

08, 06 0.000300

02, 24 0.448697 08, 46-04-08(D:0.564) 0.0051 04, 0.0040  0.0000
46, 51 0.002615 05  51-14-05(D:0.445) 08

04, 14 0.004499

07, 04 0.000933

02, 33 0.432197 04, 55-04-04(D:0.747)  0.0157 02, 0.5390  0.0157
55, 58 0.004155 02  58-17-02(D:0.999) 04

17, 04 0.004587

02, 08 0.001660

02, 33 0.186643 04, 58-04-04(D:0.690)  0.0029 04, 2.2268  0.0017
60, 58 0.000840 04  60-04-04(D:0.586) 08

04, 04 0.001744

07,04 0.000266

26, 33 0.691104 02, 44-07-02(D:0.993)  0.0294 02, 02172  0.0294
62, 44 0.022457 07  62-14-07(D:0.501) 07

07, 14 0.022618

02, 05 0.000901

02, 24 0.340754 05, 56-14-05(D:0.749)  0.0009 05, 1.0839  0.0009
60, 56 0.000095 06  60-15-06(D:0.865) 06

14, 15 0.000194

07, 06 0.000006

02,32 0.448697 05, 27-14-05(D:0.935)  0.0005 04, 1.4274  0.0005
27,44 0.000137 04  44-04-04(D:0.775) 05

04, 14 0.000206

07,04 0.000000

02, 03 0.386505 05, 35-14-05(D:0.675)  0.0725 05, 1.2294  0.0725
35, 44 0.028482 06  44-13-06(D:0.999) 06

13, 14 0.005475

07, 06 0.001836

24,33 0.386505 06, 44-13-06(D:0.999) 0.0747 05, 1.2294  0.0747
44, 48 0.003104 05  48-14-05(D:0.705) 06

13, 14 0.012010

07, 06 0.002522

02, 02 0.148162 06, 46-08-06(D:0.979)  0.0049 06, 0.4462  0.0049
71, 46 0.003913 06  71-08-06(D:0.438) 06

08, 08 0.003461

04, 06 0.000984

02, 24 2.226751 08, 62-04-08(D:0.885) 0.2316 08, 0.8928  0.2316
62, 62 0.052066 08  62-04 haplo 62-04 08

04, 04 0.033048
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08, 04 0.006994

02, 31 0.107507 07, 37-12-07(D:1.033)  0.0010 06, 1.0615  0.0010
37,51 0.000127 06 51-15-06(D:0.996) 07

12, 15 0.000000

08, 06 0.000000

02, 24 0.848775 07, 48-11-07(D:0.955)  0.0133 04, 1.0548  0.0133
48, 51 0.010574 04  51-04-04(D:0.540) 07

04, 11 0.005701

07, 08 0.002190

02, 11 0.448697 05, 61-14-05(D:0.951) 0.0109 04, 1.4274  0.0037
71, 61 0.000256 07  71-04-07(D:0.414) 05

04, 14 0.000983

07,04 0.000039

02, 02 0.068956 05, 48-14-05(D:0.705)  0.0029 05, 1.0839  0.0029
48, 48 0.001549 06  48-15-06(D:0.604) 06

14, 15 0.002176

07, 05 0.000627

24,24 0.340754 05, 60-14-05(D:0.895)  0.0119 05, 1.0839  0.0119
62, 60 0.005865 06  62-15-06(D:0.827) 06

14, 15 0.000831

07, 06 0.000170

24,31 1.144652 05, 51-14-05(D:0.445) 0.0121 04, 1.4274  0.0121
51,55 0.004838 04  55-04-04(D:0.747) 05

04, 14 0.000918

08, 05 0.000213

02, 31 0.134344 05, 35-14-05(D:0.675)  0.0028 04, 0.0006  0.0000
35,55 0.000248 06  55-08-06(D:0.575) 06

08, 14 0.000467

04, 05 0.000026

02, 02 1.054834 07, 51-11-07(D:0.931)  0.0499 07, 0.8488  0.0499
62, 51 0.021903 08  62-04-08(D:0.885) 08

04, 11 0.009326

07, 04 0.002852

11, 24 2.107743 06, 52-15-06(D:1.007)  0.2094 06, 1.6902  0.2094
62, 52 0.024417 08  62-04-08(D:0.885) 08

04, 15 0.082030

04, 06 0.006111

02, 33 0.386505 06, 13-13-06(D:1.087)  0.0026 05, 1.2294  0.0026
13,35 0.001026 05  35-14-05(D:0.675) 06

13, 14 0.000003

07, 06 0.000002

02, 24 0.230651 05, 48-14-05(D:0.705)  0.0107 05, 0.3669  0.0107
48, 51 0.009179 05  51-14-05(D:0.445) 05

14, 14 0.006886

07, 05 0.003041

11, 24 2.226751 08, 39-04-08(D:0.965)  0.0208 08, 0.8928  0.0208
39, 62 0.003684 08  62-04-08(D:0.885) 08

04, 04 0.001631

08, 04 0.000400

02, 24 0.166716 06, 51-15-06(D:0.996) 0.0216 06, 1.0615  0.0216
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61, 51 0.005112 07  61-12-07(D:0.681) 07

12, 15 0.009240

09, 06 0.000696

01, 02 0.144158 06, 54-08-06(D:0.940) 0.0012 05, 0.8715  0.0012
62, 54 0.000073 05  62-01-05(D:0.694) 06

01, 08 0.000000

08, 05 0.000000

11, 31 1.061529 05, 38-15-05(D:0.824)  0.0073 05, 0.0989  0.0073
38, 61 0.001579 07  61-12-07(D:0.681) 07

12, 15 0.000115

07, 06 0.000084

26, 33 1.917967 06, 44-13-06(D:0.999) 0.0673 04, 2.3917  0.0673
61, 44 0.056356 04  61-04-04(D:0.410) 06

04, 13 0.017156

08, 06 0.005419

26, 26 1.574719 06, 46-08-06(D:0.979)  0.2447 06, 1.2629  0.2447
62, 46 0.027876 08  62-04-08(D:0.885) 08

04, 08 0.000484

04, 06 0.000072

02, 29 2.107743 06, 07-15-06(D:0.793)  0.0015 04, 0.0726  0.0002
07,48 0.001060 08  48-04-08(D:0.558) 07

04, 15 0.000128

04, 06 0.000050

02, 02 2.391717 08, 27-04-08(D:0.458)  0.0001 06, 1.9180  0.0001
27,39 0.000042 06  39-13-06(D:1.000) 08

04, 13 0.000015

04, 06 0.000005

02, 31 1.690237 04, 51-04-04(D:0.540) 0.0284 04, 2.1077  0.0284
61, 51 0.020634 06 61-15-06(D:0.859) 06

04, 15 0.005609

08, 06 0.002867

24,24 0.166716 06, 52-15-06(D:1.007)  0.0101 06, 1.0615  0.0101
52,54 0.001276 07  54-12-07(D:0.860) 07

12, 15 0.003247

09, 06 0.000036

02, 24 0.340754 05, 35-14-05(D:0.675)  0.0283 05, 1.0839  0.0283
35,52 0.010743 06 52-15-06(D:1.007) 06

14, 15 0.019962

07, 06 0.007000

02, 24 0.197662 06, 35-15-06(D:1.003)  0.0096 06, 1.1949  0.0138
35,51 0.005544 04  51-08-04(D:0.395) 06

08, 15 0.004495

08, 06 0.000973

24,24 0.448697 05, 51-14-05(D:0.445)  0.0693 04, 1.4274  0.0693
51, 54 0.046618 04  54-04-04(D:0.968) 05

04, 14 0.018824

07, 04 0.009757

24,30 0.003657 02, 13-07-02(D:0.993) 0.3002 02, 1.1580  0.3002
13, 44 0.000035 06  44-13-06(D:0.999) 06

07,13 0.005105

08, 06 0.000000
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02, 02 2.266814 09, 46-09-09(D:0.939)  0.0966 08, 1.8180  0.0966
62, 46 0.012105 08  62-04-08(D:0.885) 09

04, 09 0.019343

09, 04 0.003057

24,24 0.138149 06, 35-08-06(D:0.455) 0.0072 04, 0.1323 0.0008
35, 61 0.004757 07  61-12-07(D:0.681) 07

08, 12 0.001143

07, 08 0.000479

02, 31 0.006233 05, 48-14-05(D:0.705)  0.0078 05, 0.8092  0.0077
48, 51 0.002166 04  51-08-04(D:0.395) 06

08, 14 0.005331

09, 04 0.001111

03, 33 0.013502 04, 44-04-04(D:0.775)  0.0133 04, 1.5747  0.0133
44, 54 0.000026 06  54-08-06(D:0.940) 06

04, 08 0.000047

09, 06 0.000002

02, 24 0.013122 07, 07-08-07(D:0.830)  0.0052 06, 0.7929  0.0007
07, 51 0.002650 07  51-12-07(D:0.436) 07

08, 12 0.000528

07,09 0.000000

31,33 0.277047 02, 58-17-02(D:0.999) 0.0182 02, 0.0871 0.0182
62, 58 0.013897 07  62-14-07(D:0.501) 07

17, 14 0.000950

02, 05 0.000909

24,24 0.448697 05, 51-14-05(D:0.445)  0.0693 04, 1.4274  0.0693
51, 54 0.046618 04  54-04-04(D:0.968) 05

04, 14 0.018824

07, 04 0.009757

24,33 0.386505 05, 51-14-05(D:0.445)  0.0513 05, 1.2294  0.0513
51, 58 0.041833 06  58-13-06(D:0.991) 06

13, 14 0.026716

07, 06 0.016803

11, 33 0.106425 02, 44-07-02(D:0.993) 0.0119 02, 0.6771 0.0119
44, 54 0.000585 07  54-12-07(D:0.860) 07

07,12 0.001059

02, 09 0.000496
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Table VII. HLA-DQ predicted by linkage disequilibrium with incorrect first choice but

correct second choice

Predicted DQ by LD (Ist)

Predicted DQ by LD (2nd)

HLAA_ HL]_;,A_ Héﬁ ) Héé_ 2*h1*hl frequency 2*h1*hl frequency
B-DR-DQ haplotype (D") B-DR-DQ haplotype (D")
02,31 61,51 04,15 08,06 04, 06 08, 06
freq:0.01774 freq:0.01160
51-04-04(D:0.540) 51-04-08(D:0.313)
61-15-06(D:0.859) 61-15-06(D:0.859)
02,02 27,59 01,08 05,06 05, 04 05, 06
freq:0.00078 freq:0.00043
27-01-05(D:1.001) 27-01-05(D:1.001)
59-08-04(D:1.329) 59-08-06(D:0.617)
11,24 61,51 04,09 08,09 04, 09 08, 09
freq:0.06760 freq:0.04420
51-04-04(D:0.540) 51-04-08(D:0.313)
61-09-09(D:0.999) 61-09-09(D:0.999)
02,33 35,58 13,14 07,006 05, 06 07, 06
freq:0.03911 freq:0.01537
35-14-05(D:0.675) 35-14-07(D:0.172)
58-13-06(D:0.991) 58-13-06(D:0.991)
03,24 50,51 17,04 02,08 02, 04 02, 08
freq:0.00042 freq:0.00028
50-17-02(D:1.000) 50-17-02(D:1.000)
51-04-04(D:0.540) 51-04-08(D:0.313)
31,33 62,51 13,14 05,006 06, 07 06, 05
freq:0.00429 freq:0.00327
51-13-06(D:0.813) 51-13-06(D:0.813)
62-14-07(D:0.501) 62-14-05(D:0.325)
02,02 35,54 04,11 07,08 07, 04 07, 08
freq:0.04014 freq:0.00267
35-11-07(D:0.971) 35-04-08(D:0.474)
54-04-04(D:0.968) 54-11-07(D:0.955)
02,02 35,54 04,11 07,08 07, 04 07, 08
freq:0.04014 freq:0.00267
35-11-07(D:0.971) 35-04-08(D:0.474)
54-04-04(D:0.968) 54-11-07(D:0.955)
02,11 61,48 08,14 08,05 05, 06 05, 08
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freq:0.00599
48-14-05(D:0.705)
61-08-06(D:0.366)

freq:0.00353
48-14-05(D:0.705)
61-08-08(D:0.220)

02,31 61,61 04,07 02,08 04, 02 08, 02
freq:0.00096 freq:0.00081
61-04-04(D:0.410) 61-04-08(D:0.337)
61-07-02(D:0.640) 61-07-02(D:0.640)
11,31 35,35 12,14 07,05 09, 05 07, 05
freq:0.00458 freq:0.00408
35-12-09(D:0.429) 35-12-07(D:0.351)
35-14-05(D:0.675) 35-14-05(D:0.675)
02,33 62,58 04,13 04,006 06, 08 06, 04
freq:0.29825 freq:0.00053
58-13-06(D:0.991) 58-04-04(D:0.690)
62-04-08(D:0.885) 62-13-06(D:1.186)
24,26 61,51 04,09 08,09 04, 09 08, 09
freq:0.06760 freq:0.04420
51-04-04(D:0.540) 51-04-08(D:0.313)
61-09-09(D:0.999) 61-09-09(D:0.999)
02,24 07,35 01,04 04,05 05, 08 05, 04
freq:0.05633 freq:0.04391
07-01-05(D:0.997) 07-01-05(D:0.997)
35-04-08(D:0.474) 35-04-04(D:0.329)
02,26 35,35 04,14 04,05 08, 05 04, 05
freq:0.01122 freq:0.00875
35-04-08(D:0.474) 35-04-04(D:0.329)
35-14-05(D:0.675) 35-14-05(D:0.675)
02,24 61,52 12,15 08,06 06, 07 06, 08
freq:0.02881 freq:0.01057
52-15-06(D:1.007) 52-15-06(D:1.007)
61-12-07(D:0.681) 61-12-08(D:0.170)
02,30 75,51 01,04 08,05 04, 05 08, 05
freq:0.00665 freq:0.00435
51-04-04(D:0.540) 51-04-08(D:0.313)
75-01-05(D:1.017) 75-01-05(D:1.017)
02,02 51,54 04,04 08,08 04, 04 04, 08
freq:0.08124 freq:0.05312

51-04-04(D:0.540)
54-04-04(D:0.968)

51-04-08(D:0.313)
54-04-04(D:0.968)
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02,31 51,54 14,14 07,05 05, 05 05, 07
freq:0.00866 freq:0.00709
51-14-05(D:0.445) 51-14-07(D:0.349)
54-14-05(D:0.993) 54-14-05(D:0.993)
02,24 07,27 01,08 05,06 07, 05 06, 05
freq:0.01846 freq:0.00342
07-08-07(D:0.830) 07-01-05(D:0.997)
27-01-05(D:1.001) 27-08-06(D:0.422)
02,11 35,51 04,09 09,04 08, 09 04, 09
freq:0.03092 freq:0.02410
35-04-08(D:0.474) 35-04-04(D:0.329)
51-09-09(D:1.019) 51-09-09(D:1.019)
02,26 35,48 01,08 08,05 06, 05 08, 05
freq:0.00006 freq:0.00005
35-08-06(D:0.455) 35-08-08(D:0.344)
48-01-05(D:0.891) 48-01-05(D:0.891)
24,24 62,35 04,04 08,04 08, 08 08, 04
freq:0.08556 freq:0.06669
35-04-08(D:0.474) 35-04-04(D:0.329)
62-04-08(D:0.885) 62-04-08(D:0.885)
02,33 39,44 04,11 07,08 07, 04 07, 08
freq:0.00076 freq:0.00056
39-11-07(D:1.455) 39-04-08(D:0.965)
44-04-04(D:0.775) 44-11-07(D:0.974)
02,03 50,51 17,08 02,06 02, 04 02, 06
freq:0.00021 freq:0.00018
50-17-02(D:1.000) 50-17-02(D:1.000)
51-08-04(D:0.395) 51-08-06(D:0.210)
02,02 60,61 08,15 08,06 06, 06 06, 08
freq:0.00653 freq:0.00232
60-08-06(D:0.988) 60-15-06(D:0.865)
61-15-06(D:0.859) 61-08-08(D:0.220)
02,33 55,58 17,04 02,08 04, 02 08, 02
freq:0.01568 freq:0.00415
55-04-04(D:0.747) 55-04-08(D:0.103)
58-17-02(D:0.999) 58-17-02(D:0.999)
26,33 61,44 04,07 02,08 02, 04 02, 08
freq:0.03022 freq:0.02561

44-07-02(D:0.993)
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61-04-04(D:0.410)

61-04-08(D:0.337)

26,33 62,44 07,14 02,05 02, 07 02, 05
freq:0.02939 freq:0.02242
44-07-02(D:0.993) 44-07-02(D:0.993)
62-14-07(D:0.501) 62-14-05(D:0.325)
02,03 35,44 13,14 07,006 05, 06 07, 06
freq:0.07241 freq:0.02846
35-14-05(D:0.675) 35-14-07(D:0.172)
44-13-06(D:0.999) 44-13-06(D:0.999)
02,11 62,54 04,09 08,09 04, 09 08, 09
freq:0.03597 freq:0.03214
54-04-04(D:0.968) 54-09-09(D:0.825)
62-09-09(D:0.910) 62-04-08(D:0.885)
02,02 71,46 08,08 04,006 06, 06 04, 06
freq:0.00492 freq:0.00385
46-08-06(D:0.979) 46-08-06(D:0.979)
71-08-06(D:0.438) 71-08-04(D:0.372)
24,31 51,54 08,15 04,06 06, 06 04, 06
freq:0.01421 freq:0.01039
51-15-06(D:0.996) 51-08-04(D:0.395)
54-08-06(D:0.940) 54-15-06(D:1.006)
02,24 46,52 04,15 04,006 08, 06 04, 06
freq:0.00975 freq:0.00632
46-04-08(D:0.564) 46-04-04(D:0.307)
52-15-06(D:1.007) 52-15-06(D:1.007)
02,24 48,51 04,11 07,08 07, 04 07, 08
freq:0.01163 freq:0.00760
48-11-07(D:0.955) 48-11-07(D:0.955)
51-04-04(D:0.540) 51-04-08(D:0.313)
31,33 44,51 04,07 02,08 02, 04 02, 08
freq:0.06128 freq:0.04007
44-07-02(D:0.993) 44-07-02(D:0.993)
51-04-04(D:0.540) 51-04-08(D:0.313)
02,02 48,48 14,15 07,05 05, 06 05, 07
freq:0.00292 freq:0.00155
48-14-05(D:0.705) 48-14-05(D:0.705)
48-15-06(D:0.604) 48-15-07(D:0.274)
24,24 62,60 14,15 07,06 05, 06 07, 06
freq:0.00826 freq:0.00480
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60-14-05(D:0.895)
62-15-06(D:0.827)

60-15-06(D:0.865)
62-14-07(D:0.501)

11,11 27,55 04,08 04,04 08, 06 04, 06
freq:0.00066 freq:0.00052
27-04-08(D:0.458) 27-08-06(D:0.422)
55-08-06(D:0.575) 55-04-04(D:0.747)
24,26 35,52 04,15 04,06 08, 06 04, 06
freq:0.03851 freq:0.03002
35-04-08(D:0.474) 35-04-04(D:0.329)
52-15-06(D:1.007) 52-15-06(D:1.007)
02,24 62,35 04,04 08,04 08, 08 04, 08
freq:0.08556 freq:0.06669
35-04-08(D:0.474) 35-04-04(D:0.329)
62-04-08(D:0.885) 62-04-08(D:0.885)
02,02 62,51 04,11 07,04 07, 08 07, 04
freq:0.03830 freq:0.01760
51-11-07(D:0.931) 51-04-04(D:0.540)
62-04-08(D:0.885) 62-11-07(D:0.787)
11,24 62,52 04,15 04,006 06, 08 06, 04
freq:0.20846 freq:0.00098
52-15-06(D:1.007) 52-04-04(D:0.337)
62-04-08(D:0.885) 62-15-06(D:0.827)
02,33 13,35 13,14 07,006 06, 05 06, 07
freq:0.00249 freq:0.00098
13-13-06(D:1.087) 13-13-06(D:1.087)
35-14-05(D:0.675) 35-14-07(D:0.172)
24,24 60,51 04,14 07,04 05, 04 07, 04
freq:0.01094 freq:0.00895
51-14-05(D:0.445) 51-14-07(D:0.349)
60-04-04(D:0.586) 60-04-04(D:0.586)
02,24 48,51 14,14 07,05 05, 05 05, 07
freq:0.01068 freq:0.00874
48-14-05(D:0.705) 48-14-05(D:0.705)
51-14-05(D:0.445) 51-14-07(D:0.349)
01,02 62,37 14,15 05,006 06, 07 06, 05
freq:0.00029 freq:0.00022
37-15-06(D:0.784) 37-15-06(D:0.784)
62-14-07(D:0.501) 62-14-05(D:0.325)
02,26 60,48 04,09 08,09 09, 04 09, 08
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freq:0.00756
48-09-09(D:1.018)
60-04-04(D:0.586)

freq:0.00301
48-09-09(D:1.018)
60-04-08(D:0.157)

02,31 27,51 01,04 08,05 05, 04 05, 08
freq:0.05071 freq:0.03316
27-01-05(D:1.001) 27-01-05(D:1.001)
51-04-04(D:0.540) 51-04-08(D:0.313)
03,24 07,27 01,08 05,06 07, 05 06, 05
freq:0.01846 freq:0.00342
07-08-07(D:0.830) 07-01-05(D:0.997)
27-01-05(D:1.001) 27-08-06(D:0.422)
26,33 61,44 04,13 08,06 06, 04 06, 08
freq:0.06622 freq:0.05612
44-13-06(D:0.999) 44-13-06(D:0.999)
61-04-04(D:0.410) 61-04-08(D:0.337)
26,26 62,46 04,08 04,06 06, 08 06, 04
freq:0.24406 freq:0.00042
46-08-06(D:0.979) 46-04-04(D:0.307)
62-04-08(D:0.885) 62-08-06(D:0.444)
02,29 07,48 04,15 04,006 06, 08 06, 04
freq:0.00139 freq:0.00080
07-15-06(D:0.793) 07-15-06(D:0.793)
48-04-08(D:0.558) 48-04-04(D:0.253)
02,31 61,51 04,15 08,006 04, 06 08, 06
freq:0.01774 freq:0.01160
51-04-04(D:0.540) 51-04-08(D:0.313)
61-15-06(D:0.859) 61-15-06(D:0.859)
11,24 07,75 01,04 08,05 05, 04 05, 08
freq:0.00425 freq:0.00336
07-01-05(D:0.997) 07-01-05(D:0.997)
75-04-04(D:0.000) 75-04-08(D:0.000)
02,26 71,54 04,04 08,04 04, 07 04, 08
freq:0.02410 freq:0.01653
54-04-04(D:0.968) 54-04-04(D:0.968)
71-04-07(D:0.414) 71-04-08(D:0.253)
24,24 52,54 12,15 09,06 06, 07 06, 09
freq:0.00979 freq:0.00080

52-15-06(D:1.007)
54-12-07(D:0.860)

52-12-09(D:0.848)
54-15-06(D:1.006)
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02,24 35,52 14,15 07,06 05, 06 07, 06
freq:0.02733 freq:0.01074
35-14-05(D:0.675) 35-14-07(D:0.172)
52-15-06(D:1.007) 52-15-06(D:1.007)
24,24 51,54 04,14 07,04 05, 04 07, 04
freq:0.05694 freq:0.04659
51-14-05(D:0.445) 51-14-07(D:0.349)
54-04-04(D:0.968) 54-04-04(D:0.968)
24,33 35,58 17,08 02,08 06, 02 08, 02
freq:0.01034 freq:0.00732
35-08-06(D:0.455) 35-08-08(D:0.344)
58-17-02(D:0.999) 58-17-02(D:0.999)
02,02 62,46 04,09 09,04 09, 08 09, 04
freq:0.09422 freq:0.00151
46-09-09(D:0.939) 46-04-04(D:0.307)
62-04-08(D:0.885) 62-09-09(D:0.910)
02,24 35,61 04,12 07,04 08, 07 04, 07
freq:0.01182 freq:0.00922
35-04-08(D:0.474) 35-04-04(D:0.329)
61-12-07(D:0.681) 61-12-07(D:0.681)
02,31 27,51 01,04 08,05 05, 04 05, 08
freq:0.05071 freq:0.03316
27-01-05(D:1.001) 27-01-05(D:1.001)
51-04-04(D:0.540) 51-04-08(D:0.313)
02,24 07,51 08,12 07,09 07,07 07, 09
freq:0.00521 freq:0.00253
07-08-07(D:0.830) 07-08-07(D:0.830)
51-12-07(D:0.436) 51-12-09(D:0.151)
31,33 62,58 17,14 02,05 02, 07 02, 05
freq:0.01818 freq:0.01387
58-17-02(D:0.999) 58-17-02(D:0.999)
62-14-07(D:0.501) 62-14-05(D:0.325)
02,31 07,67 04,04 08,04 04, 04 04, 08
freq:0.00006 freq:0.00004
07-04-04(D:0.616) 07-04-04(D:0.616)
67-04-04(D:0.494) 67-04-08(D:0.292)
24,24 51,54 04,14 07,04 05, 04 07, 04
freq:0.05694 freq:0.04659

51-14-05(D:0.445)
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54-04-04(D:0.968)

54-04-04(D:0.968)

24,33 51,58 13,14 07,06 05, 06 07, 06
freq:0.05082 freq:0.04159
51-14-05(D:0.445) 51-14-07(D:0.349)
58-13-06(D:0.991) 58-13-06(D:0.991)
31,33 44,51 08,09 09,04 06, 09 04, 09
freq:0.00254 freq:0.00077

44-08-06(D:0.354)
51-09-09(D:1.019)

44-08-04(D:0.028)
51-09-09(D:1.019)

132



Abstract

A study on prediction of HLA-DQ in cadaver donors

and it’s clinical significance

Soo-Kyung Kim
Department of Laboratory Medicine

College of Medicine, Ewha Womans University, Seoul, Korea

BACKGROUND: Donor-specific HLA antibodies (DSA) against human leukocyte antigen
(HLA) are known to cause antibody-mediated rejection (ABMR), therefore being an obstacle
to organ transplantation. The importance of HLA-A, -B, and -DR in renal transplantation is
well known. Korean Organ Network for Organ Sharing requires HLA-A, -B, and -DR type
of donor and recipient for deceased donor kidney transplantation. Importance of HLA-DQ in
renal transplantation has not been well known until recently. Recent studies show that DQ
DSA is the most common de novo DSA detected after transplantation, and ABMR and graft
loss are significantly increased in the presence of DQ DSA. The U.S. and European organ
transplantation system requires HLA-DQ type of deceased donor. However, deceased donor
HLA-DQ typing is not required in Korea and therefore it is difficult to determine whether
detected DQ antibodies are DSA or not, after deceased donor transplantation. Because the
HLA gene has strong linkage disequilibrium (LD), certain ethnicity carries a characteristic
haplotype. In this study, HLA-DQ was predicted with HLA-A, -B, and -DR. PRA results
were re-analyzed by using predicted patient and donor HLA-DQ. We also examined the

significance of the predicted DQ (pDQ) DSA by reviewing patient’s medical record.

METHODS: HLA-DQ prediction program was developed using LD algorithm and artificial
neural network (ANN). Low resolution HLA-A, -B, -C, -DR, and -DQ types of 5,603
Koreans were used to analyze haplotype frequency and to develop DQ prediction program
using ANN. The other data set of 403 Koreans with known HLA-A, -B, -C, -DR, and -DQ

types were used to analyze accuracy of the program. The LD algorithm produces B-DR-DQ
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haplotype and calculates LD, and picks HLA-DQ which shows highest LD. ANN were used
to incorporate multi-layer perceptron. To assess the accuracy of the PRA DQ DSA, 1,970
PRA tests performed on 885 renal transplant recipients with known patient and donor HLA-
A, -B, -DR, and -DQ were analyzed. In addition, to evaluate the clinical significance of
HLA-DQ in renal transplantation, we evaluated the results of PRA and clinical results in 319
patients. With these patients, renal biopsy, creatinine, urine protein and treatment were
reviewed and categorized into biopsy confirmed ABMR, clinically suspicious ABMR,
biopsy not confirmed but treated with ABMR, clinically not suspicious ABMR, and biopsy

confirmed as not ABMR.

RESULTS: Accuracy of HLA-DQ genotype predicted with LD algorithm was 75.4% and
ANN was 75.7%. Accuracy of HLA-DQ allele predicted with LD algorithm was 87.1% and
ANN was 87.3%. Accuracy of the DQ DSA was 97.5% with LD algorithm and 96.6% with
ANN. It showed that patients with DQ or pDQ DSA had a significantly higher chance of
receiving ABMR treatment than those without DQ or pDQ DSA (odds ratio 16.2, P <0.001).
There was no significant difference in the ABMR treatment rate between the group with DQ
DSA and the group with pDQ DSA (P = 0.152). Among the patients with unknown donor
HLA-DQ, 5.4% of the patients developed PRA DQ antibodies without other DSAs.

CONCLUSIONS: The DQ prediction program developed in this study will be useful in
determining DSAs when donor HLA-DQ information is not available. In Korea, deceased
donor HLA-DQ type is not required yet. Therefore, the prediction program would be helpful
in timely diagnosis and treatment for patients who were transplanted with HLA-DQ
unknown deceased donor. However, considering inaccuracies of the prediction program
developed in this study, deceased donor HLA-DQ typing should be incorporated in

transplantation program in Korea.
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