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Accurate determination of HLA ambiguous results based on group-specific haploid

full-length sequencing

Wang Song-xing', Yang Hui?, He Liu-mei', Hong Wen-xu', Zou Hong-yan', Xu Yun-ping' ('Institute of Transfusion
Medicine of Shenzhen Blood Center, Shenzhen 518035, Guangdong Povince, China; >Shenzhen Jin Baihui Biological

Co., Ltd., Shenzhen 518035, Guangdong Province, China)

Abstract

BACKGROUND: Due to the polymorphism of HLA, a large number of ambiguities have been generated by conventional
HLA typing techniques, and confirmed stereotypes of ambiguous results based on group-specific haploid full-length

typing are rarely reported.

OBJECTIVE: To analyze the accuracy of HLA-typing ambigulity based on group-specific haploid full-length sequencing.
METHODS: The low-resolution results were used as the starting point for two ambiguous samples. Sanger sequencing
(PCR-SBT) based on haploid full-length was performed after group-specific amplification.

RESULTS AND CONCLUSION: One case showed a new A*02:03:01 allele, which was found a mutation in NT817 from
C to T in comparison with A*11:01:01:01. The other case indicated another new C*07:02:01:01, which was found a
mutation in NT879 from A to G in comparison with C*08:01:01. In conclusion, these results indicate that the
group-specific haploid full-length sequencing method can be used to accurately classify HLA alleles and to discover new

alleles.
Subject headings: HLA Antigens; Genes; Tissue Engineering

Funding: the Medical Research Foundation of Guangdong Province, No. A2016222; the Special Foundation for
Strategic Emerging Industries Development in Shenzhen, No. JSSGG20160328103642937; the Science and Technology
Research and Development Foundation of Shenzhen, No. JCYJ20160427172335974; the Research Project of

Shenzhen Health and Family Planning System, No. 201401077

Cite this article: Wang SX, Yang H, He LM, Hong WX, Zou HY, Xu YP. Accurate determination of HLA ambiguous
results based on group-specific haploid full-length sequencing. Zhongguo Zuzhi Gongcheng Yanjiu.

2017;21(20):3208-3215.

0 3|5 Introduction
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1 ##lFAA3%  Materials and methods

1.1 &kt JEREESE.

1.2 AP AE T2016412 H ZESIIN T I 0o il
PSR AT i, T F20174E1 H 5E 1

1.3 ## DNARRIGAF & (K EGentrad 7]); A, BAI
DRB1 5 fif PCR-SBT HLA 4> %4 3% 71 (Atria & &, #it 5
A531C08, B514D08#11R27L07); PCR-SSPHLA{X 7} ##/>
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JFASCEE S 56 A AN
1.4 RK¥E7H*k
141 WREFEH  RAHLAN éj\ifb(PCR SBT) ik, R
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Al IRBIAERTE Sy, B S INAER 5
1.42 HLAR SPCRY M 1429 uL PCRTFIEHIAI0.5 pL
DNAZR A i (1) LB L B PCRI N AR RIE A, N1 uLBBTAR
DNA(20-100 mg/L)FIHH R 0 J2 R4, A i X PCR R ¥ A
FUH30.5 L. FHEFEF: 98 'C 2min; 98 C 158,63 C
15s, 72 'C 4 min, 10/Mi#; 98 C 15s, 60 C 155,
72 ‘C 3min, 10M§3; 98 C 158, 57 'C 158,72 C
3min, 10ME; BJEH72 CIHEM 2 min, 4 CHRA7.
Y¥hgi W E, M2 uL PCRFE=Y, KA %Ik s i e vk
I TT AT BGRE,  FVK mT DL T I %) 4% I ) AT 24k
IR,
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F1 HLA 2KNFSBRIRTEEERRIEREE PCR-SBT A LallF3MEE%R
Table 1 HLA-A sequencing primers of Full-length Sequencing Kit (Group-specific Haplotype PCR-SBT Method)

Specificity Mix Sequencing primer Direction Region / Comment
A*01, *36 MSA101 SAO01 FW EX1-12 Standard
SA02 REV EX1-11-E2
SA03 FW 11-EX2-12-EX3
SA04 REV EX1-11-E2-12
SA05 FW 12-EX3-13
SA06 REV EX2-12-EX3-13
SA07 FW 13-EX4
SA08 REV EX3-13
SA09 FW 1I3-EX4-14-EX5-15
SA10 REV 13-EX4-14
SA11 FW 14 -EX5-15-EX6 - 16
SA12 REV EX4-14 -EX5-15
SA13 FW 15-EX6-16 - EX7-17
SA14 FW EX6 - 16 - EX7 - 17 - EX8
SA15 REV 15-EX6 - 16 - EX7 - 17 - EX8
A*02, *68, *69, *80 MSA102 Standard
SA16 FW EX4-14 -EX5-15 instead of SA09 if A*80 is present
If individual is A*02,*68 use mixes MSA103 and MSA104
A*02, *69, (*68) MSA103 Standard In few instances coamplification of A*68
A*01,*30 *36, *68, *69, *80  MSA104 Standard
SA16 FW EX4-14 -EX5-15 instead of SAQ9 if A*80 is present
A*23, *24 MSA105 Standard
A*31, *33 MSA106 Standard
Except A*33:07 SA17 REV 15-EX6 - 16 - EX7 - 17 instead of SA15
A*29, *32, *74 MSA107 Standard
SA17 REV 15-EX6-16 - EX7 - 17 instead of SA15
A*03, *30 MSA108 Standard Gene up to intron 7
SA01 FW EX1-12 Cannot be used, primer not included in
PCR product
SA18 REV 14 -EX5-15-EX6 - 16 instead of SA15
If individual is A*03,*30 use mixes MSA109 and MSA110
A*01, *02, *03, *11, MSA109 Standard
*36, *68, *69, *80 SA16 FW EX4-14 -EX5-15 instead of SAQ9 if A*80 is present
A*30 MSA110 Standard
A*11 MSA111 Standard
A*29, *80 MSA112 Standard
SA16 FW EX4-14 -EX5-15 instead of SAQ9 if A*80 is present
A*25, *26, *29, *31, MSA113 Standard
*32, *33, *34, *66, *74,*43? SA17 REV 15-EX6-16 - EX7 - 17 instead of SA15
Heterozygous MSA114 Standard

JWeFE FIEW. AT 570% L1200 pL/FLuEE: 1
W BEERWE B min 5 W 78 IS Ui, HIn AR $70%
L2200 pL/ALYEEE 20, REER B minjs 58 Wy Big
o ZIL R E 20 minfy QB2 A K S » INAAddH,0 40 pL/
SLE MR, WATIRA) . BES minja & T4 1, 4tk
PR SE AR AE I ddH, O o REZE B2 min s W EY
TEIREDHR SN ALH o ik J5 = mT LAAE-20 CERA715 ds
1.4.4  HLAG AT Y ARSEHLAA KA P2 AL 6
(414 S % R PCR-SBT )AL I 51 015 H 8 (R1)
FITHLA 4= & 0 43 B3R 57 & (4L 7 2 247 7 PCR-SBT
PR)CAL s 751015 B R (R2) P2 AL 75 (5 2., 1E+¢
BN AN I 514, AR4E4.5 pL ddHO. 1 pLillf7
5191, 0.5 uLIMFIR AW 2 pL 5x3il 7 9 i i e it s AR R

3210

h8 WLl S AR R AT N2 pLitalifk 5 i PCR 4
TN S N, AR R DN S N ARFR 10 ple 7800 TE
AR SN RIB AW, S0, B TPCRIGEMAL
o MR R NAERE: 98 °C 2 min; 96 °C 10s, 50 C 5s,
60 'C 2 min, JL30MEIR; 4 °C {RAF. IS 58 1
AT 7 SN =) gt . e =4 m] LAfE2-8 Cid i
1%

1.4.5 WP RN =Ygt REALIT RN = inAN2 pL
NaAc/EDTAFI25 uL To/K 41, ARG RS, HEBE
15 min. 2 000xg, 2030 min. {818 KV, 100xg, &
01 mine BEFLIT SOV =85 InN50 pL AR 4> £180% (1)
40, 2 000%g, B05 min. {85 RNV, 100xg, B
1 min. FFALAMAFEBER15 uL, 95 °C, A&¥E2 min, 4%
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#2 HLA 2KNFHEIRT SRS RIEEEE PCR-SBT #%)C L milF5IMERR
Table 2 HLA-C sequencing primers of Full-length Sequencing Kit (Group-specific Haplotype PCR-SBT Method)

Specificity Mix Sequencing primer Direction Region / Comment
C*01, (*02) MSC301 SCO01 FW EX1-11-EX2-12-EX3-13 Standard
SC02 REV 5'UT-EX1-11
SC03 FW EX2-12 - EX3
SCo04 REV 5'UT - EX1-11-EX2
SC05 FW 12-EX3-13
SC06 REV EX2-12 - EX3
Sco7 FW 13- EX4
SC08 REV EX3-13
SC09 FW I3-EX4-14-EX5-15
SC10 REV 13 - EX4
SC11 FW EX5-15-EX6-16 - EX7 - 17
SC12 REV I3-EX4-14 -EX5
SC13 FW I15-EX6 - 16 - EX7 - 17 - EX8
SC14 REV EX4-14-EX5-15
SC15 FW EX7 -17 - EX8
SC16 REV I15-EX6-16 - EX7 - 17
C*02 MSC302 Standard
C*03 MSC303 Standard
SC17 FW EX1-11-EX2-12 instead of SCO1
C*03 MSC304 Standard Gene up to intron 7, alternative for MSC304
SC17 FW EX1-11-EX2-12 instead of SCO1
SC18 FW 15-E6-16-EX7-17 instead of SC15
SC19 REV EX5-15- EX6 - 16 - EX7 instead of SC16
C*04,*18 MSC305 Standard
C*05, *08 MSC306 Standard
C*06,*12 MSC307 Standard Gene up to intron 7
SC18 FW 15-E6-16-EX7-17 instead of SC15
SC19 REV EX5-15- EX6 - 16 - EX7 instead of SC16
C*07, *18 MSC308 Standard
SC20 FW EX1-11-EX2-12-EX3 instead of SCO1
c*07 MSC309 Standard Gene up to intron 7, alternative for MSC309
SC20 FW EX1-11-EX2-12-EX3 instead of SCO1
SC18 FW 15-E6-16-EX7-17 instead of SC15
SC19 REV EX5-15- EX6 - 16 - EX7 instead of SC16
C*14 MSC310 Standard Gene up to intron 7
SC18 FW 15-E6-16-EX7-17 instead of SC15
SC19 REV EX5-15 - EX6 - 16 - EX7 instead of SC16
C*15 MSC311 Standard
C*16 MSC312 Standard
C*17 MSC313 Standard
Heterozygous MSC314 Standard

P58 B m RN vk _EA 1. AR YRS P AR AR hi ERLI
s WARREM H ML, 1EE T-20 CE&M N AT

1.4.6  WPBCEAATI AT R EUSI, 0P AGE
SCE A AT 30 mintE 4T T4, A& U, B s 4TTF
W, YmitSample Sheet, 14N BT AN I FRAS
5 ARSI S N o AR IS PRI i N 4 I
TN AL AT IR I . 4 B Ja shisedll, W SR ah 5

Pi. fF FAssign SBTRABATHER T, & EHLA
SRS
1.4.7 e

PEIERE 25 HLA-APH PE 8 ok I 45 31 S5 A*01 :

01 :01: 01, HLA-CPFHM: Fisz bk &5 S5 C*03 © 02 :

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

02 : 01, BAYEm# S : HLA-A. HLA-C ¥ B i ki 45

RESHAPE, BIPCRY IGE S, W4t YR1.4.210 )7 ik
ATHLURAS I, VK RISk DL R BESRALE R — K S 50
R L, RMERA AR B0, NESRN. &
VRSB 34 T RSO BH P o it RBP4 o 45 ks
JE T BRI 7 ] MEAT R 25 SR 0 0 o R 5 SR B
PE: KRS R RZY3 ks, W pug ST, LT s
W, ZIRAEAHTIG RS BIHLARL G KU gh BT E: ik
S5 RA Ry G, o e

1.6 ERAIRIEAT W20k 0] 45 AR AR LUK 2
DRI RNE NS A, WA Ry Wy 8, g
T HE R A K B A Sangerill i (PCR-SBT) 3 /i .
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Figure 1 Sample 1 sequencing results by low-resolution kit
Bl B s, bR TLEQ}%%EE%'J@#F&% 2, 3, 45N
WIS A*02 03 244 A*11 1 01, {HF 1 ANASUUECA. 55, BE
BT

2658
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Figure 3 The new allele full-length comparison with
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Figure 2 Sample 1 sequencing results by low-resolution kit
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Figure 4 Sample 2 sequencing results by low-resolution kit 5 #HEELS5S C*08:01:01 &4Lkxt

Bl R, FRA 2 R R Gy 15 2, 3, 4 MR T Figure 5 The new allele full-length comparison with HLA-
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2 #£R  Results
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35 65 S 45 R C*07 1 024/ C*08 © 014 7 W&o %
N, BT AMSTECORIE, BERURTILIN . MREEHLAA K
I3 IR ) o (4L S P 2% R PCR-SB T )CA AU 51 )
5 B (£2)HMSC3064 #C*08, MSC308% 1#1C*07,

TR ik B Bl 2R 53 4B TR, AR AT
TP A5y B 48 5L, C*07 & 02 & 01 @ 0124 A B A4
LR, %L 5C*08 1 01 01LbAk, 7ENT879HHAKRESE
X G(ES), hTIRAEES AR L, W5 144
PR 7 HCAGAE JCGG, MM 5 T gm i i 5L 2 1 45
I AL PRS2 R o

3 i}i¢ Discussion

HLAZAAAE T AR P e 2 SRR RG22 —
HLAM S 7 T BRAMRNZ B B AE . HLA-A,
-B, -C, -DRB1RI-DQB17E 55 {7 5 PRI7K P-4 WA k2 54
MR RERCR A BRI, oAb, BOR MBI R, 1
VEFIAS Fo VP 65 TC 00 40 B R0 AH B A ) 5 il ., DPA RN
DPB1 VGt AT f 7 (AT 40 M I A A% A b bt 3 2 01,
WFFU AR I HLA-DRBA S5 5 [R5 23 25 7 L 5 5 iy 1L
FEATFRCHE™, T LEAE IR DA FLA S50 B DR 25 i 2
HER DT . HTHLAM R 280, AL RIK
S BTN 2 B AR (SBT) B4 S I HAT SR Gehrif,
WP Refs S BT IR A KPS BURIKS: G R A
1) 2 A1k 5 G R B AFEAT R PEIE B e 1, AR A
PR R e T A B DR 22 2 P R v 20 e o L 4 IR ==
BRI, IMGT 3.9.054l B, HLA- T K[ T 22158 34h
BT, 1, HAMESAN D P RAT B 2 SR

AEHLALL LR A0k, I B i 3 07 i 7
SRS HLASE BRI R 2 A0 S 7 AT 70 B, dn URFHLA T 26
KEHM2, 3, 4=AHMNEFRHT o BASI, 1fsEFR EHLA-

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

[ BEKERBIEHTNINE T, FIFHLAR TR Z
AR T Z PR TR I A0 57 AN X 38, (IR 5
FEAERRE AT VR RE ISR H T IHLA S = S A
AT A5 35 40%-60% . 55— 5T, F AT 8% EHLA
(143 7= S PCRY 4 5 | M) T AR B 11, IRA 54
IR A . T, ARG HLAD 7 4 AR 4
JEXT R R BERMGARATY 1, HTHLAZ YRR, %%
AR 150 () 2% A5 1 VR B 0 T A T 2R R 8 SR AT 0 e P55
1023, 720084 20094F , 1% & 1 J7 i 22 1 Jrks: HL
e L R R A AN S S e R I,
It A% 5 SBTA K W9 0T [ 45 - 43 Lk 43 T A HLA-A 66%,
HLA-B 71%, HLA-C 58%, 7EFTA7iX L85 5L T A2 b il
P LASRAS A B I 5 T 4 3

JIT IR I HLAB AR 19 0] &85 3= 2 (0 S R ] 4 S s, —
R SN I TR 1 2 S T R 2 Ak s e e
PN AN [R]85 57 56 DR B IS 3 4 110 4L T AR A A ] 1 2% 45
Fll o A AR HESE B HLA-A*022% S HLA-A* 11 5t 8 T
%5—2%, MHLA-C*087%AHLA-C*07: 373ul)E T8 2%,
H i fif g HLA S DR 43 RS B 9 0] 19 5 V47 3 22 AT
PCR-SSPy:. GSSP. GSA. LK pafill vk, B4y
B R L . S IR SIS WL (RSCA) S S
e, WANEAT ARSI I Ge T P AR
W], R AR5 (NGS) 7 il JH T3 SL R 2 fry i 2221,
{HAZNGS R H AR T AT R A7 78 AR 1
A 6 LA KORE I 45 2 B S AENGS AN KIS & T3 Mg
br 23 0233 AR S Ty vk S A A A T L LA
BFB, (HERSLRTvEE S — e R B3Ny B A
JEK Sy N R), AN AT R A HLA- B0 5 43 Y
HIGN o BT HLASE A FE R A 0 A FLAT Bl . M3 2 53
P, RIS DR 20 7 e I 3 5 RN A7 A T A SO 1T LA
AR, DRI R 5 07 58 PR AT I ST 6 1 A
PR o3 TRt L ok —hon] o 98 [ [F 51 B 1R (NMDP) il i
[y 5% DL AR R DR kv ) s T LA T e HE B A A 7 ]
ST FE R A P 0 — AN B AN g B LA FE R A
FZIENMDPELSE . SR <1/5J7 ITHLA- T 2548407 BL PR A4
H<1/1077 (RIHLA- 11 284507 5 8]y 5 WL A A7 R AP, T84,
TG AT 73 T 85 SR A, 8 2545 2% T8 R R RE AR HLA S5 A7 i K]
O AT B AN WA S A

FEARSCH, ARHEHLA A KM 323 R0 o (2L S vk o
B PCR-SBT L )ANE A AICAL 553 7 51 45 S8 2 23 59 1]

MSA1024 #4A*02, MSA1TMM1P #EA*11, MSC3069 i
C*08, MSC308% HiC*07, 4™ 4y i vk I&] el 4™ 489 2%

R, SRS DR o3 A A5 HR O B R Ty 2 45 Rk
A*02 : 03 @ 01 AT A AL HE DY, %R 5A*1 1 01 ¢
01 : 01K, FENT817HCAAERENT, kA
R AN BT L, GRS 1250 % 15 7 HGCCAL A GTC,
T S 50 2 B ) 2 R i 2 R A P 15 25 281 Bk
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PRI 43 45 Bl C*07 & 02 & 01 & 012 & & i S bl , 1%k
[K15C*08 : 01 : 01tkEe, 7ENT879HAKERAE NG, H
FHA RS =4 T E, WG S 1440 25565 1 il
CAGZE HCGG, Mili 3 B gt i) 2 FE R 7 2 AL AL 1%
FEATR o AR I P A2 IR 119 D5 2 75 A8 25 S A A R (1) 2
FIRIE, A IR N AT J5 2R ERER R

FEAKTFFE S DR A Tk 6 5t 9 D) Al 7 557 P A i Bk,
JIT LAY S48 R 23R 77 3 2 HLA GRS 53 oA A 4 K
e 5 1 B i e HLA-AFTHLA-CAS A% 4 m 46 3L, g Sz |,
PRI A 2 w7 AR 56 AR 7 B B 1 e, X T HLA-B.
-DRB1F1-DQB1# 4% P4 o] 45 F Al 2 [FIFEAT 2001 . mrfE#
R TSI A THLA-A. -B. -C. -DRB1f1-DQB1}t
DRI 73 ) T HLAZH A S Pk S A4 4 A D P (¥ T8 5 SUSBT
SangerJi ik, ZiAFERHAEHLA-A. -B. -C. -DRB1AHI
-DQBE R AR T2, Al e v S R A K A A
Y S S HLA-AL -B. -C. -DRB1HI-DQB1A: 4]
TE AN T BN & F XA TPCRY 1 5epid 1
Jeis AR FER BT — 00 E R A K 5 [ R HLA
HNFE SN T ENE AT 123850 & LUK 2 75 0
R RAE R SR, AIXHLA-A. -B. -C. -DRB1fI
-DQB1 I K A A7 S5y SE RIBEAT I 3 20 L, A7 R DA% 1
Al GRENLE oy AR SRR S I BT T R e R R
Tk BRIy P 4 R, e —H TR, bR
T o %7 OO 5 BT A AN [ 10 S5 A0 B DR 4R e T AT
I C A0 FF AR5 ILSE 0 = 2 Wi P S A . ik ix
ol SOl 1) 59, RS A T 4 R S 982>, HLA-ACK
4.4%, HLA-B}44.4%, HLA-CHO% ™, Fl42 itk /b4y
PG P9 1) 4 ol 75 K FH SR B S N, — U S 5 1)
1:(PCR-SSP)&5 HoAth J7 ik #h 76 . PCR-SSP ML |- ] A
LRI TR P T 23 UGG I, AR AR S A AE s )
Wt TAER I M LSO 2 0 S, Lk DAAE
h KA 53 8 S v g AR 1 T 20 TR 4 I 0k,
BT E R B Ty BN, ARG v AN AL B2,

gi LA, T HLAZLRS v s s A K e o ALy
AT DAVER 2 BB P 1T 45 RO R B A R . A Al
FH 153 53 BB 43 ¥ 43 BB IR B RE P 1] 45 AT
Yo, AR H RS o) T 4 TS AR R AL I R T 2
T EAR 2> R G A AR I B, {2 R 22 (AT 5
R, R T I K B i L AR S R S
MK, BT A [ Py A5 0 7 i 56t o il 60 T 48 o P v
I BN HAN, JFRVEZAR HE B R B A
W7 SO AN B A, A BRI B e AR, A
TR R BERARRRE A 9 AT 45 SR 1t B, I R R e 8
JEAIE o3 R AN B I (R B AR R B

B B LB MK F EF P SRl A g i A

3 F Marcel GJ Tilanus #44%. Christina EM Voorter 1544 ZE 3
BB B AR RS TR AR
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TEZ Tl SOt E — A TR, FRFEHRA AL LR
T TAE A PAE 3 BB A — AL TR, ¥R T EMITI,

FUZIHEE PIAAEHR L RIAT LFE AR A EF R,

1R AR AR Rl 7 EA MR EFRR, L
FHRBERBEHEXFETTAREZNFLHEER L (FRHF
R EBL RS EFRPRES L RGEFILD.

XELHE LF AT % CNKI R 2] 5 Lkl £ %347 3
REE,

XEBHF: LFZLENDRTIFERRESF, FERFLRE
H o

TEZFERG: % —VE& TR AR E 6998 3F 8 I4Y Rom AT A A
TAE, X PHF R BRI R . HIE(OIET IR R )R BAER
TARBH KMAMRG . NFFAR, TEZEE.

XEHI: 3 F BRAT L& 5 AR R RBRALE T patn £
Wi,

TR, R —BFAHRRIE, XFLRTLEC 5L
A HAAALE T A E L, AR (oir kT FT ) “F
- B AL MAE A -ABE 5 XEE3.07 &%, ELEIIAGELT,
ARF AT LB QAT RIA R RS, AR &, R AT
AR P R, THR. BN, ik, 3. k. RBBEEIEL LK,
FAZ AT EG, ARSI R ST R &,

3
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