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Urumgqi

QIAO Yanhui, GUO Weipeng, MUYESAIER - Yisimayili ,XU Baohong.

Urumgi Blood Center, Urumqgi 830000, China.

Abstract; Objective To investigate the molecular genetic background of ABO subgroups among 23 multi-ethnic volun-
tary unpaid blood donors in Urumqi. Methods A total of 23 blood donor samples of ABO subgroups with ABO group dis-
crepancies detected by serological tube test were collected. Preliminary ABO genotyping was performed by polymerase chain
reaction with sequence-specific primers ( PCR-SSP) or real-time fluorescence polymerase chain reaction ( RT-PCR).
PacBio third-generation sequencing ( TGS) was then applied for full-length ABO gene sequencing and haplotype analysis for
all samples. Results A total of 46 haplotype sequences containing single nucleotide variants (SNVs) of ABO alleles were
obtained from 23 samples by TGS. Common known ABO alleles were identified including ABO™ Al. 02, ABO"B. 01, ABO”
0.01.01, ABO™ 0. 01. 02 and ABO™ 0. 01. 02. Known ABO subtype alleles included ABO " A2. 01 ,ABO" AW. 37 ,ABO"
AW. 25, ABO™ AW. 06 ,ABO™ B3. 01 ,ABO™ BW. 07 and ABO" BW34. Three novel ABO alleles were identified: ABO " A2.
NEW (c.1040_1041insA) ,ABO™ B. NEW(c.949A>G) and ABO ™ B. NEW (c. 1029G>A) , all of which have been deposi-
ted and released in NCBI GenBank. Conclusion Third-generation sequencing can accurately obtain the complete sequence
of ABO gene and distinguish haplotypes. This study elucidates the molecular genetic background of 23 ABO subtypes, provi-
ding a reference for accurate blood group typing and ensuring transfusion safety.
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ABO”™ B. NEW (L& #RANER ) ,9 F ABO AU %5
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~ABO*0.01.02,6 1~ ABO ™ A2. 01,8 I~ ABO * AW.
37,2 4~ ABO* A2. NEW (c. 1040_1041insA) ,2 />
ABO* AW. 25, it 4b ABO™ B3. 01 ,ABO* BW. 07,
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Table 1 Serological characteristics and genotypes of 23 ABO subtype specimens

_ . IEE R 2 5E R " PCR-SSP/ .
brA B -Al -H A, Be 0o MR RECeo bR PacBio TGS

1 HEREKE 2+ 4+ 0 1+° 1+ 0 0 AB A201B ABO ™ A2. 01/ABO* B. 01

2 HEIRG 1+ 4+ 0 24 1+ 0 0 A,B AB ABO* AW. 37/ABO* B. 01

3 MABERE 3+mf 4+ 0 24 1+° 0 0 AB AB ABO* AW. 06/ABO " B. 01

4 W% 4+ 2+ 0 3+ 0 0 0 AB, AB ABO* Al. 02/ABO " B3. 01
5 BHE 2+ 4+ 0 24° 1+ 0 0 A,B A201B ABO* A2. NEW/ABO* B. 01
6 MAEEIE 2+ 4+ 0 24 24 0 0 A B A201B ABO* A2. NEW/ABO* B. 01
7 HEEIRKE 1+ 4+ 0 2+ 1+ 0 0 A,B AB ABO * AW. 37/ABO * B. NEW
8  HEEIRME 14mf 4+ 0 248 1+ 0 0 AB AB ABO* AW. 37/ABO " B. 01

9 W% 4+ 1+ 2+ 24 0 1+" 0 AB, AB ABO* Al. 02/ABO ™ Bw34
10 EREKE 3+ 4+ 0 2+ 2+ 0 0 A,B A201B ABO* A2. 01/ABO~ BI102
11 Wk 4+ 24° 3+ 1+ 0 1+ 0 AB, AB ABO* Al. 02/ABO* BW. 07
12 YEERE 3+ 4+ 0 2+ 1+ 0 0 A,B A201B ABO " A2. 01/ABO" B. 01
13 4EHRE 2+ 4+ 0 2+ 0 0 0 A.B AB ABO* AW. 37/ABO* B. 01
14 4EB/RE 2+mf 4+ 0 2+mf 0 0 0 A;B AB ABO* AW. 37/ABO* B. 01
15 sk 3+ 4+ 0 2+ 1+ 0 0 A,B A201B ABO* A2.01/ABO " B. 01
16 4EBERIKE 2+ 0 0 3+ 1+ 3+ 0 A, A20101  ABO* AW. 25/ABO* 0. 01. 01
17 HEBERIK 0 0 0 4+ 1+ 2+ 0 A A, A01 ABO* AW. 37/ABO * 0. 01. 02
18 HEHEIKIK 0 0 0 4+ 1+ 3+ 0 A A, A01 ABO™* AW. 37/ABO * 0. 01. 02
19 W% 0 0 0 4+ 3+ 0 0 B B, BOI ABO* B. NEW/ABO™ 0. 01. 01
20 HEERE 2+ 4+ 0 2+ 1+ 0 0 AB AB ABO™ AW. 37/ABO * B102
21 Wk l+mf 4+ 0 1+ 14" 0 0 AB A201B ABO* AW. 25/ABO* B. 01
22 HEERE 2+ 4+ 0 2+mf 1+ 0 0 A,B A201B ABO ™ A2. 01/ABO " B. 01
23 MEERRE 3+ 4+ 0 24w 148 0 0 A,B A201B ABO " A2. 01/ABO" B. 01

T80 JCHESE 1+~ 4+  BEERORIE  w SR BEIRSS , o R EEIY IR, mf IRG LR, A,

LML T 6 4> ABO™ A2. 01 Fl1 2 /4~ ABO ™
AW. 25 DL 2 2 4~ ABO™ A2. NEW B4 10 K3 45 1F

35 ABO " B. 01 F1 ABO* Al. 02 &K JFH%} LA HT
B, A B 10 K SR TE ABO™ B-A 4,
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Table 2 ABO subtype alleles

204-546C>T %] c. 240-25A>G Z [a] & ABO " B-A [f
T5 I — B, 03 e 2H P4 T RE IR A AL e A%

LA BHRSCE (DA HIERYUE %
ABO * A2.01 ¢.467C>T;c. 1061delC exon 7 p- Pro156Leu; p. Pro354Argfs " 23 6
ABO™ AW. 37 ¢. 940A>G exon 7 p- Lys314Glu 8
ABO " AW. 06 c¢.502C>G,Intronl+5. 8 kb GATA exon 7,Intronl p. Argl68Gly 1

PP K IRIL : c. 28+5806T>C
ABO " AW. 25 ¢.467C>T;c. 829G>A;c. 1061delC exon 7 p. Pro156Leu;p. Val277Met ; p. Pro354 Argfs * 23 2
ABO* B3.01 ¢.297A>G;c. 526C>G;c. 657C>T; ¢. 703G>A exon 6,7 p. Argl76Gly;p. Gly235Ser; 1
c. 796C>A;c. 803G>C; c. 930G>A;c. 1054C>T p- Leu266Met ; p. Gly268Ala p. Arg352Trp
ABO " BW. 07 ¢.297A>G;c.526C>G;c. 657C>T; ¢. 7T03G>A exon 6,7 p. Argl76Gly;p. Gly235Ser; 1
¢. 796C>A;c. 803G>C; ¢. 930G>A;c. 1055G>A p- Leu266Met; p. Gly268Ala; p. Arg352Gln
ABO™ Bw34  ¢.297A>G;c. 502C>G;ce. 526C>G; c. 657C>T; exon 6,7 p. Argl68Gly;p. Argl76Gly;p. Gly235Ser; 1
c. 703G>A;c. 796C>A; ¢. 803G>Cj;c. 930G>A p- Leu266Met; p. Gly268Ala
ABO " A2. NEW ¢.467C>T;c. 1040_1041insA ;c. 1061delC exon 7 p- Prol56Leu; p. Asn347Lys; p. His348Pro; p. GIn349Pro; 2
p- Ala350Gly; p. Val351Gly; p. Arg352Pro; p. Asn353Glu
ABO " B. NEW ¢.297A>G;c. 526C>Gjc. 657C>T; c. 703G>A; exon 6,7 p- Argl76Gly; p. Gly235Ser;p. Leu266Met ; 1
c. 796C>A;c. 803G>C; c. 930G>A;c. 949A>G p- Gly268Ala;p. Lys317Glu

355

340 345 350
« W9 Lys Leu Arg Phe Th Ala Val Pro Lys Asn _His Gin Ala Val Arg Asn

IR
] <|[]j) 99aagctgaggttcactgcggtgcccaagaa ccaccaggcggtccggaaccegtgageggctgeca
» 1-H1-A2.01 => GGAAGCTGAGGTTCACTGCGGTGCCCAAGAA CCACCAGGCGGTCCGGAACCETGAGCGECTGCCA
» 5-H1-A2.NEW =+ GGAAGCTGAGGTTCACTGCGGTGCCCAAGAARICCACCAGGCGGTCCGGAACCEIGTGAGCGGCTGCCA
) 6-HI-AZNEW = GGAAGCTGAGGTTCACTGCGGTGCCCAAGANRCCACCAGGCGETCCEGAACCEGTGAGCEECTGCCA
€.1040_1041insA ¢.1061delC
30; 310 3 20
o] + Asp Glu Ser His Leu Asn Lys Tyr Leu Leu Arg H\sﬁPm The Lys Val_Leu Ser Pro Glu Tyr
B @D‘T jacgagagccacctgaacaagtacctgctgeg ggtgctct gagtac
) 2-H1-AW.37 => 5ACGAGAGCCACCTGAACAAGTACCTGCTGCGCCACBAACCCACCAAGETGCTCTCCCCCGAGTAC
€.940A>G
5 20 2: 80
e - Asp Phe Tyr Tyr Leu Gy Gy phe Phe Gy Gy Ser Val Gin Giu Gin Arg_Leu The Arg Ala
P <[][>) latttctactacctgggggggttcttcggggggtcggtgcaagaggtgcageggcteaccagggee
» 16-H1-AW.25 = JATTTCTACTACCTGGGGGGGTTCTTCGGGGGGTCGGTGCAAGAGATGCAGCGGCTCACCAGGGCC
» 21-H2-AW.25 = JATTTCTACTACCTGGGGGGGTTCTTCGGGGGGTCGGTGCAAGAGATGCAGCGGCTCACCAGGGCC
€.829G>A
160 16 170 17
XSRS b Ala Val Pro Arg Val Thr Leu Gly Thr wamn Leu Ser Val Leu Glu Val Ag Ala Tyr Lys
BN [<J[J>] cgcgaty gcgtgacget t tgtcagtgctggaggtgcgegectacaag
b 9-H2-Bw34 = (C6CGGTGCCCCGCGTGACGCTGEGGACCGGTIBIGGCAGCTGTCAGTGCTGGAGGTEB6CGCCTACAAG
» 3-H1-AW.06 = CGCGGTGCCCCGCGTGACGCTGEGGACCGGTBIGGCAGCTGTCAGTGCTGGAGGTGCGCGCCTACAAG
€502C>G
340 4 350
ey A9 Lys Leu Arg Phe Thr Ala Vol Pro Lys Asn His Gin Ala Val
P [<J[]>) 5aggaagctgaggttcactgcggtgcccaagaaccaccaggeggtceggaaccegtgagegget
» 11-H2-BW.07 =+ 3AGGAAGCTGAGGTTCACTGCGGTGCCCAAGAACCACCAGGCGGTCCAIGAACCCGTGAGCGGCT
» 4-H1-83.01 - SAGGAAccTGAcGTTcAcmcssmcccAAamccAccasscacrG‘A\cccam;\ecaecr
€.1055G>A
€.1054C>T
L s 320 A S -
[ ~ W Ao Hs s Pro mﬁ Val Leu Ser Pro Gl Tyr Leu Trp Asp Gin Gin Leu Leu Gy Trp Pro
A <J[])) ;9cgecacaaacccaccaaggtgcteteccccgagtacttgtgggaccagcagetgetgggetggece
b 19-H2-B.NEW = "6CGCCACAAACCCACCBAGGTGCTCTCCCCCGAGTACTTGTGGGACCAGCAGCTGCTGEGCTEGCCC

T HL R H2 2006 S5 | RIS A 2 HI R H2 R 40103
FRAE 6 A ABO™ A2. 01 BAERIF B L 1 Sk A R0 K, 8 A4
ABO™ AW. 37 HAFBUFH LA 2 ShiA Al

1 97h ABO TRV B F KB R RERE B IEEFT]

Figure 1 Haplotype sequence map of key mutation bases

in nine ABO subtype alleles
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NEW SEi 3, 3L HTE ABO™ B. 01 £ T35
b RAE T AN LS ¢ 1029G>A 5 343 i Ala
KEAEBRAE, 3 4> ABO Hr %5 5 K ¥4 E # NCBI
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AR TR 6 ANNE TN, BK AN 25 kb,
ABO FEIRF LS5 A B B, M2 g bt 4 = M
(BB RS, 0 D L AL WA TR IR H PR,
£l ABO MASHLIE G A AL " . ABO S 2875 2
SEUFFUE R 2 5 K ABO FE 111375 27 245 Fwf D fit
BRI EERNZE, KEZH ABO WA 4if ABO
WEREL R T A 0 6 F1 7 1 B BRA% IR AR ¢ 5
LAY %X B R B R B s i X, i KR
PEALTE PR S 5L B I IX R, J2 ABO R =41 &=
IR, TR S W B W R HE AL TR M S
HATE A5 ABO B AT 5C i1 B PR 5 748 2 1 4 5
FH B R 4 T 3 Al LR AR TC RS N2 1 F i
GRAF RS A BB R B R RS AR D) S
PR S HE R B H 00 T AR 4

AHFFE 23 4] ABO S RIBRAS | 4B R R S
A E TG LL Ay B AN 2,3 4] AB, F1 1 i By,
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1T TGS, 315 T 46 7 ABO K:[H SNVs 4 K i
RS A 3% 15 B ABO S B[4 | 3k 46 ABO %%
LY SNVs (8 EEE RSN F 6 F17, F
W ABO " B102 11 ABO " Bw34 K #% ISBT B £ Uk
SF,[HRSZE NCBI 1 dbRBC % FE rf g Ui 3% 91
%o 10 5 20 ShRAK: it ABO™ B102, 5 ABO”
B. 01 #HL, KK A . 930G>A i) LAY | ILFR A
MU B PR R AL H % R R B A
K, 5 ABO™ B. 01 % i 3 N & T [A] — it 1k 1%
U B AR ik i — 5] ABO* B102/
ABO* 001,

Kt ABO ™ A2. 01 1t 6 7], ML~ A Prli ik
Wl P B R 4 9, PR BRI 1 ) B e
1, ABO* A2. 01 e E AR IR L 0L, A5
TEWSCAE e ABO MEAYBRAS B, I oK 8 i v 27 gl A
1) A, B [RGB ZE, I SE R ABO ™ A2. 01 1)
KR AT RETE 2. ABO ™ A2. 01 (R T &4 ¢. 467C>
T, BAFAE— c. 1061delC , XM LA S48 G 3 ) 132
HESE R 64 DMZAFIR , [ 5k 355 i 2 k%051
FIAE KA TS N 354 3 Arg T IR, BHIF T 22
SRR BB A LS 45 R B
ABO ™ A2. 01 I THUH T IE#H B & k%05 +, 76 8
PRI AR Z A, W 8 s AN 21 R
BB, At A S M R IR S R T A A R 1Y
ARSI, AT REE i T2 A R b i el s o

AN, 5 ABO™ AW. 25 Fll ABO* A2. NEW (c.
1040_1041insA ) , #JE7E ABO ™ A2. 01 F:h 4%

BN T —A SNV, ENTER ABO™ A2. 01 10 4~
FAREAY | L A X L A RUAEAE ABO ™ B-A HE4
MG, HAETSEH ABO MV 4K 471 il e 4 AT
L8P Gueuning 251 FERR L RRIALH 1Y ABO
AR B R e 8 7 77 REA, IR Kk
OXFORD NANOPORE = fRill 7, M2 3] T 4 45 1)
AR, IR RS 9A5 T ABO™ Al. 01 ABO™ A2.
01 ABO" B. 01 . ABO" 0. 01. 01 . ABO" 0. 01. 02 F
ABO™ 0. 02 6 F ABO N &K 58 F 5], it
AT NEE L ABO™ B S5 5L 2 ABO™ A2 5
ABO™ 0. 02 Z&Av i Hm it AR e F 4l = A, IF 48
SE—ANGERE ST AT A I R DR S B R B A
B KA BT P 1L T RS 5 R A 2 ) ) 24 5% )
AT ) SR H S Wi ABO 4258 45 (v 25 R K H:
by 25 K6 A S 1R R 300 RIOAE 6 P W A A, AR5 R
WMELH T ABO ™ A2. 01 Bf5HIF 5 ABO ™ B-
AL TE c. 204-546C>T 7 55 Z AT S 30 B B[ 44
FRAE 53X — &5 Gueuning %518 3T ABO ™ B 5
FEPVET ABO* A2 5 ABO™ 0. 02 L5 —3K,
JEiE— LR ABO™ A2 B4 RIS B B 0] BE AR AL S
HH ABO™ B 5 ABO™ A ALK, % R BRAEL
AR, A TEZEE Iz e ABO ™ A2 XA ABO
S5 R A A AR DA — 2D BRI

Kith ABO™ AW. 37 3% 8 ], ¥ 2 4k B IR,
ABO™ AW. 37(c. 940A>G) | Fix A i1 Cai 251 75 -1
HEFRG A X A DU AR Rt A £ 3K
A8, BR R X 0 A Hofh 45 £ o R B R B
112220 AT ABO ™ AW. 37 S5 3 TR 4 461
B M ABO ™ AW. 37 0] RS2 AS i [X 4k 5 /K
RABERER ABO™ A2. 01 45—~ WLAHY ABO .
RIS IEN A Rt — 084, Bbah, (AR
SN B Z B ABO T AW. 37 5 B
S LR L[] F TR B A AR A B DRI S I 42 Il v
SERIN AwBABO “ AW, 37 5 O S e P 4[] 3t
FEmF I RA R A, IR A BT AT BE
A O B ARAFFRWEIE T X — A, 8
ABO ™ AW. 37 H3ASHR |17 5 F1 18 S HRAS L1 2% Ael
6 Je, W AL R B A HE S A PR, 3 AL O
ABO™ AW. 37/ABO" 0. 01. 02, Tl HiAfth 6 151 . 35 2 %%
RIS R A, BTY(5 912 A, B, 1 151k A,B) .

ARTFFE Y 9 S hRAS LI 2% 1F E RS 55 B Bt
J, 2 ARG H 55 B-B, R ARVERAE A AB_, TGS #5 H
ABO* Bw34 ,1£ ABO " B. 01 Z5 i 3L N IERE R AET
. 502C>G (p. Argl68Gly) , JE KU ABO™ Al 02/



i L 2 A 2026 4F 6 H %R 39 58 6 ] Chin J Blood Transfusion Jun,2026, Vol. 39, No. 6 + 755 -

ABO™ Bw34 ., %78 555 SL R AE 2015 4F i1 Chen
A E B R A R P R, FE R
ABO " Bw34/ABO™ 0. 01, HIfiL 1 2% 1F 22 8 ( Sk ¢
W) 0 B RCE R A B U A R B
AT S B E IS TR 64 SR AT S A ] )
155 B YURMAAAE X SAHIESE b R AR 4G 2 12 AR
SN EEY 9 SARAR Y ML 2F R AU — B, $En
RVl 1 B ) %) S5 57 S PR EAS ) 567 BE PR 2 [ )
A EAEH T e 2 S BERAUANE | R A] 587775 55 {7 5%
DR R B e A, S B i 2R S R A 22 7Y
ARG 9 SARA MG 2= K A5 Chen 1A 1Y
B, UM, B BUR R B RIS X ] B2 h
TR RIS AE 175 B AR LA S IE
A B RGBT R IEACE 3 T S xS 3
IR O I, HRIT, 55960K 500 3 PR R A RE S
FEPIFEAERT | LI e 1k 858 1 B 4 ML AT
KIEAMI , Chen 557 =R 25 ) HEBL R, BT 58
% p. Argl68Gly AR BUE B , X AT REREAR 1M 25
FoME B ARG E Pk, AT I 35 RIS P, 30 B 4t
JE P IV 2 B R BRI . (AR R R WS, AR i
3 SHRAWK I . 502C>G (p. Argl68Gly) 75, K
[ 178 K A AE ABO™ Al 01 Z5Asp FE IR L7
| ISBT Bd ¥ Hofi 44 8 ABO ™ AW. 06, H i 7%
SERAK A B A BURINES , BAFEIR G T %%
PR T 2002 AEFERRI 3 4 AN AHEH) Ax A
PR BMARIE " SCHRE HRIE , A/B B L5 B il
168 1 FERR 78 AL AT L) 5055 A 5 B B LAY
Tk P20 K] 168 1 E F R S ABO Hif
SRS T RCR M X, 3 SARABRK Y c.
502C>G b, ISAFAE Intronl +5. 8kb GATA 444 [X 1,
c.28+5806T>C %748 | LA W58 7w, ABO S H7E
W DX A7 AR S R T TG, & B X I ] 45
ST GATA YL R 5748 5 307 5 IR Jo i R )
Vb DX 5 1) 285 6 o7 i B, 90 3 M R R R AR, 3K
ABO BERIF% S/ b IS A 58 B B J5 00 7™ A s
AT AN ST B R L 4 SARA AB,
11 ShRA AB, 430K i ABO ™ B3. 01 (c. 1054C>
T) ABO™ BW. 07 (c. 1055G>A) , & 02, BN
RAAE ABO ™ B. 01 %55 3P IERE T, Ry HHAT B 3 1)
B XA S EURl— (L E (352 i) BAEMR K A T A
R AR , 435N p. Arg352Trp Fil p. Arg352GIn, P
BIFRA B IR 2 B PR I08055 , [ A At b XA
T EHUE P RiRE

ZE Tk, = AR BE % v B 4R L ABO [

SRIFHNIEA R4 BAE R AE ABO M %55
HAMEBFMHE AR AR5 S8 ARFFHIX 23
il 22 R ABO S AYHR M & bR AT T =AM ¥ 4
M, 345 T 46 4~ ABO JE N & K B IR 51, If &
B3 AL, FE T ABO I Y A5 A0 R 4
P W00 B R T A HL X ABO F B () 43 s AL 1Y
S, S 2 I DR A DX R R I AR B I 4 4
EUA SEBR R FA M, AR FE A7 — 2 B R BR
R A B, XA T 23 il ABO AR
A AT RETCIE 78 A B 5 B B R ST X T A ABO
R SRAR T | 5 S Tq i — B I RARAS i 4k S kb 72
FE 3 LRI A T J i S5 A 35 PR 4 (R A1 D) RE 36 TIE
AfrIasot,

F 25 9 5235 B/ Conflict of Interests

i AR 43 B R A EA R R,

£ 38 #t /£ B 4115 B =/Ethics Approval and Donor/Patient
Consent

FETAN IR S EL TSIV P E T
5:2025-01) s RAFR AN T A ik e 3 &5 F i Fl &
¥,
{£#& Tt/ Authors’ Contribution

3 A . SRkt 5 Rk BIESH LIRS 55w
Hy ARIRGRAR - AP BAR A ARARL AL S ABO A o

[ &% 3CHk]

[1] OGASAWARA K, SANO R, KOMINATO Y. Review of
ABO expression and variations based on transcriptional
regulation of the abo blood group gene[ J]. Transfus Med
Hemother, 2024,51(4) :210-224.

(2] 0, Z=med, FBA, . X 20 i ABO W
BRI 5 A0 03 T A ) 20T 58 S 2 i) ABO 37 55 fa Kt
PIEINE [T]. HEf LA, 2022, 35(1) :86-89.
ZHANG X, LI X I, ZHOU Z R, et al. Serological and
molecular study of 20 ABO subgroup samples in Sheny-
ang, including identification of 2 ABO new alleles[ J].
Chin J Blood Transfusion, 2022, 35(1) :86-89.

[3] CROSSLEY B M, BAI J F, GLASER A, et al. Guide-
lines for sanger sequencing and molecular assay monito-
ring[ J]. J Vet Diagn Invest, 2020, 32(6) :767-775.

(4] XUEHG, #1455, T35, % HPBIX RhD 25700
BT M 10 R PR 22 25 SRR ISR [ D). v I i
=i, 2024, 37(8) :879-885.

LIUJ Y, CUIDL, WANG F, et al. The gene polymor-
phism and phenotype of RhD variants among blood do-



- 756 -

(8]

(9]

[10]

[13]

o [ i 2 2026 4F 6 H 5 39 555 6 ] Chin J Blood Transfusion Jun,2026,Vol. 39, No. 6

nors in Chongqing[ J]. Chin J Blood Transfusion, 2024,
37(8) .879-885.

WENGER A M, PELUSO P, ROWELL W J, et al. Ac-
curate circular consensus long-read sequencing improves

variant detection and assembly of a human genome[ J].

Nat Biotechnol, 2019, 37(10) :1155-1162.

EWNRK, BREEF, BT, AF. S AN R E R A
TUREIN Z2 A5 VAT S B L AT (0] e R i Il 5 4 56

2025, 27(5) :701-711.

LIANG L X, LIANG J L, WEI Y M, et al. The applica-
tion of third-generation sequencing technology in the
study of blood group gene polymorphISM [ J]. J Clin
Transfus Lab Med, 2025, 27(5) :701-711.

SHAO LN, XIA Y X, YANG Y C, et al. PacBio Third-
Generation Sequencing Reveals an ABO Gene Promoter
Mutation, c.-35_-18del, Leading to Weakened B Anti-
gen Expression[ J]. Ann Lab Med,2024,44(6) . 614-
616.

WAL, TR =, BT HD A G DR g 4 AR AL
[M]. Jtst: ARTUZEHRREE, 2015:118-134.
SHANG H, WANG Y S, SHEN Z Y, et al. National
clinic laboratory operating procedures [ M ].
People’s Medical Publishing House, 2015.118-137.
7S, ABO WRIAGATI [ ], H FE i 2458, 2010,
23(8) :577-580.

XTIANG D. Detection of ABO subtypes[ J].
Transfusion, 2010, 23(8) :577-580.
RICE, AL, ABO M ARG Ir T ALY A 5T ik
JELJ]. PRI 2R, 2025, 28(2) :157-160.
SONG W Q, ZHOU S H. Advances in molecular biology

J Clin Hematol

Beijing

Chin J Blood

research on ABO blood group system[ J].
(China) , 2025, 28(2) :157-160.
SELTSAM A, HALLENSLEBEN M, EIZ-VESPER B, et
al. A weak blood group A phenotype caused by a new
mutation at the ABO locus[ J]. Transfusion, 2002, 42
(3):294-301.

XU C, ZHU Z, ZHU M, et al. Identification of a novel
ABO " 0.01. 01 allele with C. 801G>T mutation in a chi-
nese A, subtype individual[ J]. Blood Transfus, 2025,
23(4) :379-380.

SKRERDN, BRRde, JEIAE . 21 20 0 i R SRR ARG s
[M]. Jbst: ARTUEH AL, 2014:38-39.

ZHANG Y Z, XU H, ZHOU H Y. Principles of erythro-
cyte blood grouping and detection strategies [ M ]. Bei-
jing:People’s Medical Publishing House, 2014 .38-39.
OGASAWARA K, BANNAI M, SAITOU N, et al. Ex-
tensive polymorphism of ABO blood group gene: three
major lineages of the alleles for the common ABO pheno-
1996, 97(6) . 777-783.

types[ J]. Hum Genet,

[15]

[17]

[18]

[19]

[20]

[23]

B SKAE BN, ABO KT 5 I i 45 AN AT
Frokim sy 1 ()] hE S m A, 2026,39(1) ;18-
122.

JIA W T, ZHANG W, CUI L M. A case of special blood
type with discrepancy between ABO genotype and sero-
logical results[ J]. Chin J Blood Transfusion, 2026, 39
(1).118-122.

HULT A K, YAZER M H, JORGENSEN R,
Weak a phenotypes associated with novel ABO alleles

et al.

carrying the a2-related 1061¢ deletion and various mis-
sense substitutions[ J|. Transfusion,2010,50(7) ;1471-
1486.

WANG Z, CHU Y, XIAO Y, et al.
cally difficult ABO blood groups using single-molecule

Vox Sang, 2024,

Detecting serologi-

real-time sequencing technology [ J].
119(10) ;:1096-1105.

GUEUNING M, THUN G A, WITTIG M, et al. Haplo-
type sequence collection of ABO blood group alleles by
long-read sequencing reveals putative Al-diagnostic vari-
ants[ J]. Blood Adv,2023,7(6) :878-892.

CAI X, JIN S, LIU X, et al. Molecular genetic analysis
of ABO blood group variations reveals 29 novel ABO
subgroup alleles [ J ]. Transfusion, 2013, 53 ( 11 suppl
2) :2910-2916.

B, EWE B, 4. 20 ] ABO T AW. 37 SR fi ik
PR3 SR I A AT [T ] . TR E S I 4535, 2024,37(8) .
886-889.

HUANG X, LIS Y, LITT, et al. Analysis of ABO al-
lelic enhancement phenomenon in 20 cases with ABO”
AW. 37 allele[ J]. Chin J Blood Transfusion, 2024, 37
(8) :886-889.

TE%E, TA W, B0, 5. ABO W.BL 5 F it {4 224047

B DLAE OB DN 4 [ ). v [ i 2% A, 2024, 37

(2) :145-150.
SU J, WANG X G, YANG H X, et al. Molecular genet-
ic analysis and identification of novel alleles of ABO sub-
types[ J]. Chin J Blood Transfusion,2024,37(2) ; 145-
150.

222 BRAMEAR AR S RIME ABO BEXE M AL M i
%'357‘?%%%&0”' SrAT LY. o a2 A
2024,37(7) :766-772.

CHEN L L, ZHANG Y H, CHE J,
ABO serological phenotype and molecular biology results

et al. Analysis of
of 256 blood donors with ambiguous blood group [ J].
Chin J Blood Transfusion, 2024,37(7) :766-772.
CHEN Q, XIAO J Y, LU L, et al. A novel B allele with
¢. 502C>G mutation identified in a Chinese individual
[ J]. Transfusion,2015,55(6) ;:1582-1583.

(T #% 767 1)



i L 2 A 2026 4F 6 H %R 39 58 6 ] Chin J Blood Transfusion Jun,2026, Vol. 39, No. 6 - 767 -

(6]

[11]

[12]

[13]

BEBE i 8 A BRI S]. GB 15982-2012.

Hygienic standard for disinfection in hospitals[ S]. GB
15982-2012.

BT HUAIH ORI ST, WS/T 367-2012
Technical specification for disinfection in medical institu-
tions[ S]. WS/T 367-2012.

PR NGB FTAERGELS]. WS/T 313-2019.

Hand hygiene standard for medical staff[ S]. WS/T 313-
2019.

ETP WU KT R HERHEL S ], GB 18466-2005.
Discharge standard of water pollutants for medical institu-
tions[ S]. GB 18466-2005.

Mo FARSRAE AL (2019 JR) [Z]. [ T0BE 86 (2019)
98 +5,2019.

Blood Station Technical Operating Procedures (2019 E-
dition) [ z]. Guoweiyihan [2019] No. 98, 2019.
PICKERING J B A B. Efficacy of alcohol-based hand
sanitizer on hands soiled with dirt and cooking oil [ J].
Journal of Water & Health, 2011, 9(3) :429.

SAHA T, KHADKA P, DAS S C. Alcohol-based hand
sanitizer-composition, proper use and precautions [ J].
Germs, 2021,11(3) :408-417.

LARSON EL, COHEN B, BAXTER KA. Analysis of al-

cohol-based hand sanitizer delivery systems: efficacy of

[14]

[15]

foam, gel, and wipes against influenza A (HIN1) virus
on hands[ J]. Am J Infect Control, 2012,40(9) :806-
809.
s ARANET, XU, 45 A M B S = PR TR R
BT/ BN T TSR LT[ )], BB
EWRITHINT, 2024, 2(5) :1-5.
XIU H, XU BK, LIU Y, et al. Comparison of effects of
different hand sanitizers [ J]. Front Med Res, 2024, 2
(5):1-5.
i, R E, D E. AR ML AR ML B v s
SAHFRBCRT )], P ERS S, 2008, 8(6)
1340-1341.
CAO K W, XIAO X X, MA Y H. Analysis of air disin-
fection effect in mobile blood collection vehicles [ J].
Chin J Misdiagn,2008,8 (6) :1340-1341.
FREte B0 PR ZL, S OB TET R TE R R R
MR A BCR TN [ T]. S5 Rk 5 R If 445k, 2025,
17(3) .274-2717.
WANG X H, HUANG Y J, CHEN Y H, et al. Evalua-
tion of three-step hand washing method [ J]. J Practical
Clin Pathol ,2025,17 (3) :274-277.

(2026-02-26 Witk ,04-28 & [l ,05-27 k)

ARG 2R

(3% 756 1)

[24]

[25]

IR, AT, 255, 4 . 955C>G A8 B ABO 4
A PR SR I AT 5% B SRS 2T [ 0] Ik PR 1f 45
Ko, 2022,24(2) :147-150.

FENG C C, SHI L L, LI H, et al. A ¢.955C>G varia-
tion causing ABO Allelic Enhancement Phenomenon: A
Case and Literature Review [ J]. J Clin Transfus Lab
Med, 2022,24(2) :147-150.

LIN P H, LI L, LIN-TSAI S J, et al. A unique 502C>T

mutation in exon 7 of ABO gene associated with the Bel

phenotype in Taiwan [ J ]. Transfusion, 2003,43 (9) .
1254-1259.

LEE SY, IHM C, SHIN D J, et al. The p. R168Q mu-
tation is associated with the Bw phenotype and a predic-
ted decrease in the stability of the resulting ABO glyco-
syltransferase [ J ]. Transfusion, 2014, 54 (5) . 1298-
1304.

(2026-05-06 Wk ,05-22 111 ,05-28 H:ik)
AR H





