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ANnEGwRITY
NMEATINENWUSIINUINTTHVBVALFaN ABO 3235 Polymerase

Chain Reaction - Restriction Fragment Length Polymorphism

@ a 6 1@ 6
1329929 IWdnenns, 519luns Wik, Heinrich F. Steger*,
av 6 [ a 6
U515k NHUWIA** A Aa Waaanmmqa**

a aa a aa & s & Aa v A oA [l
MEMITINENDTINE, *MITUAITENTAT, **DUINITNDA AIUSUNVEMTRT NW?’JV!E/?E?E!L"ZT&/GYVW L?f&/ﬂm 50200

umAmgia : nyidan ABO gnauaxaaeiiu A Buas O B allele Smeuwaiiealalmausnsian A allele
7’#@7"%4%%’0 b26(C — G), 703(G — A), 796(C — A) uag 803(G — C) 74"777/%7ﬁﬂ%mmagﬁhuﬁﬂuuﬂm 0
allele ueNENN A 1A B allele 771’@?’71,1,7/7%'\7 261(G — del) ¥ lAiAe frameshift uae premature stop codon
5’@3;71/5&’&1#1‘ : Aﬁ’amﬂﬁi ABO genotype elen polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLE) 38quas3ons : ushaehadansisnelaindmau 70 Mo lneidongisae
gl A vy B uasngl O ae/Nay 20 718 uasyLa1amy AB 10 718 61339 ABO phenotype 210 clotted blood
aefvmymlunaaaneasdlaenindindeaunsmvin izl monocional anti-Al, anti-A, anti-B, anti-
A,B Uasd13sueynuUiiiaentiu A1 cell uag B cell 8615974 aoe/nidam EDTA blood grinianadie
FE55 Chelex  e199Uniin ABO alleles #eis PCR-RFLP laeld primer mo-57/mo-46 iiaeneiii
loludan exon 6 Ay ABO F624-649/ABOR770-798 ifinaeneididiua ludas exon 7 1 PCR product 990
mo-57/mo-46 Je/enel KpnI ?@ﬁmvﬁfuww@'a GGTAC!C Lﬁamﬂﬁ) O allele #a& PCR product 9710
ABO F624-649/ABOR770-798 eioeidnel Hpa I Ssdammsnmesia CL CGG uae/aa Alu I aadiena
Jumee AGJL CT Lﬁl@@ﬁ%} Ballele 1933 cleavage product memIh electrophoresis U4 8.5% poly-
acrylamide gel 71 polymerase chain reaction-sequence specific primer (PCR-SSP) Z@H(Z?sf primer 261X/
261C [nmenefidwanas O allele iuyis 261(G — del) #399 PCR product #7e) 2% agarose gel elec-
trophoresis Wan15@n : 35 PCR-RFLP Z@E/%’J primer mo-57/mo-46 ia¢ Kpn I ﬂu‘ﬁlﬁ O allele Kpn
I el fragment 2@ 87, 164 bp A vi3a B allele Kpn I [Ngloewan 252 bp 1f0% primer ABO
F624-649/ABOR770-798 ua¢ Hpa II A %59 O allele Hpa Il ¢foe/l@ 4 fragment @9 78, 19, 24, 54 bp
B allele {6949 703(G — A) Hpa Il g0e/lé) 3 fragment @9 97, 24, 54 bp uel fragment 9419 19, 24,
54 bp fvwadnaseraalumy (Kol primer ABO F624-649/ABOR770-798 uaseioeidne Alu I auiis

Ipsudiuati 10 Swian 2546 ualiamant 17 Swau 2546
Fasmsdnndualiy Gade way.Sausas Indnenns madmmensiven aasunmemaes avianendendeslna 2.5l 50200

Msas leIneasgeEasLEMslafin T 13 atufl 1 inmesN-Tines 2546
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Ballele Alultoelé 81 94bp A 0 O allele Alu I [xieloeinéo 175 bp 1iiavh fragment fieioeléan
Kpn I §usanasanny Hpa II visaTeinelian Kpn I 4asasanny Alu I & s1s0uenans sy Nwmugn Ty
Z@gf@“ﬁii{ 1) genotype OO Kpn I Wiy 87, 164 bp Hpa II Wy 78 bp Alu I Wy 175 bp  2) genotype AA
Kpn I Wy 252 bp Hpa II Wy 78 bp Alu I Wy 175 bp  3) genotype BB Kpn I Wy 252 bp Hpa II Wy
97 bp AlulIwy 81, 94 bp 4) genotype AB Kpn I WU 252 bp Hpa II Wy 78, 97 bp Alu I Wy 81,
94, 175 bp  b) genotype AO Kpn I Wy 87, 164, 252 bp Hpa II Wy 78 bp Alu I Wy 175 bp  6)
genotype BO Kpn [ Wi 87, 164, 252 bp Hpa Il W 78, 97 bp Alu I W 81, 94, 175 bp m39399 PCR-
SSP 1 O allele asnuLnUABWOTNA 195 bp ThINE O allele [Nwuunu@Swe M3613739 ABO pheno-
type 719&/35 serology 37135 PCR-SSP &asnuenansiyoniugnasaiilu OO, AA, BB, AB, AO, BO
[ e n1381399 ABO phenotype 70 Neniungiidon O 20 318, A 20 9%, B 18 31, AB 9 91¢) B
27w Usy A B 171 mwaaa PCR-RFLP uay PCR-SSP wukilu genotype 00 20 718, AA 3 712, AO
17 378, BB 6 71, BO 14 718 uay AB 10 T Il phenotype 7ils B ¥ 2 3 genotype i BO wag
phenotype A B A genotype 1w AB a5yl : M3w339 ABO genotype @3e/35 PCR-RFLP 1) §113052)
ANBETIYIUINTINTBWYIFD0 ABO Sanailironndnaiumsaaamdu O #e55 PCR-SSP asiums
#1979 phenotype MeD serology  2) ABO genotype WZ@H@@@ﬁQJﬂUﬁmﬂuu ABO phenotype 3) 3%
PCR-RFLP awm71/1/53&/%77%1/@77)@m@gamamnﬁdm@maau (2% mawa@mﬁ

Key Words : ® ABO genotype ® ABO alleles ® PCR-RFLP

nsmsladiaineuazagmansusnislaiio 2546:13:37-52.

wydan ABO WhmgRemsrunusniichmuleg
Karl Landsteiner 1wil 6.6 1900 aumglidion A
A N G A A . Ao
Suandian A UWAARoAUAIN anti-B SN @t
vg{ifan B Huaufiau B uwdadonuaddl anti-A
Tndsn AUNgGan AB AVLaUGAU A UaY B UL
(=1 A A . . Ao 1
Wadanuas 13l anti-A uag anti-B Tudsn aumy
o O laifduaudian A vie B uwsinfonuas ue
719 anti-A, anti-B 1Y anti-A B 1453 Laufias
YU ABO UONNMAsWULMAARDALAIAD WL
Uganene) wdiaiianan inSaiian epithelial
cell endothelial cell Uaz lWaNTFANAS 1 shane
e Lasthun uaufiuafssuy ABO Reauldias
PNANTTINMNG (naturally occurring antibody) Toalsd
Sufludasldsumanssdusnnian Feiuszn ABO

2 N A o o A o o
"NLIIHLLE)H@]L”Q%V]N@'ﬂ’mﬁ’]@mm’mﬂﬂ@iﬂ:@’]%ﬂ’ﬁiﬂ

2,3

Waauarmatgnaneaieng'”® mausaseanamsy
Gon ABO gnenuauéeiu’ siiefifudesvsiari
A ABO gene, H gene LAY secretor gene %ﬂ
I#sumnnmaevaameiugnam 84 A, B, H, Se
EaLa (dominant gene) £l O, h, se e
#on (recessive gene) luammsidion A uazaumy
Han B #1505 genotype oy homozygous
(AA, BB) ¥3auU1 heterozygous (AO, BO) Auvy
Ham AB & genotype Wy heterozygous (AB)
wa Aungdan O & genotype \WwuL homozy-
gous (00)*

ABO gene aguuimiﬂsﬁm_jﬁ 9 fhunis 9q
34.1-q34.2 U5NaueE 7 exon é“@l,l,a@ﬂugﬂﬁ 1
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Intron 1 2 3 <4 5 6

Bases 12982 724 1451 1686 554 1052 }

fusaska?l 176 wWisuain arginine
W glycine(176Arg — Gly)  2.)

|

Intron

5-UTR

FUILE 703(G — A) YT
axfiludnumidg 235 (Gly — Ser) 3.)
UL 796(C — A) ¥ l¥inT
aeillusuminls 266(Leu — Met) 4)
e FunralUE 803(G — C) ¥ lvinTn
asilughumis 268 (Gly — Ala ) M3
fnseariluaonlfinadonsia

Gesdnaadsfiudsldowlesd trans-

1 2 3 4 5 6

Exon 3 5
Bases 28 70 57 48 36 135

7 J ferase 16974 LAMIH nucleotide
691

substitution NMuMks 297(A — Q),

gﬂﬁ 1 Genomic organization of the ABO gene

- = exon D = intron
UTR

untranslated region

awiden A 7l A1 allele fivuwahedlolne
L%N%JLL@ initiation codon AU stop codon NI
19,514 base pairs (bp)° sluﬁwmwilﬂu exon 1-7
&9¢ transcribe (s MRNA 11634 1,065 bp (AF
134412 : A101 allele) coding nucleotide se-
quence muslmzyagiw exon ﬁ 6 uaz 7° A1l allele
\14 standard reference dvSuiSeufieuiudada
Su Auiidl B allele feduwatindlolne uanshe
9N A1 allele # exon 6 Ua¥ exon 7 §11% 7
Fumbdasnumiaaf 297(A — ), 526(C — ),
657(C —» T), 703(G — A), 796(C — A), 803
(G = C) ag 930(G — A) (AF 134414 : B101 al-
lele) LLazﬁ 3" untranslated region AN 1 fuvisha
Funns 1096(G — A) NMTANWEFUIETES
fu ABO wuhiiiealolng 4 dumisfivildnis
s3unInsiilianciiu A uay B usnensriuda’ 1)
U 526(C — G) Mlrmssonsaasdly

657(C — T),930(G — A) ez 1096
(@ - A) s auams
sunnagilu (silent mutation)® A
wyidan O 78l 01 allele Hdéfy
wathealalnduanensnn Al allele
Aoshumiasf 261 51 G deletion[261(G — del)] 7
exon 6 (AF 134415 : 001 allele) ﬁﬂﬁlﬁ@ frame-
shift mutation L&% premature stopcodon @umj'
A0R O 963 inactive transferaseenzyme ?&JVLQJ
MNNTENIaUGAL A wae B 6
mIeTIamgiian ABO Tnernltazema pheno-
type laeldmadiams serology é’aaﬁ%mm@pﬂu
NRRANARDI %qmﬁwé“nmsl,mzmjmmLﬁ@lﬁa@
LLmﬁULLau@uaﬁﬁathw (agglutination) laena
WLAUAAY A Way B Uwliadanuad (cell group-
ing) HALHTIWIN anti-B LY anti-A Tugsu (serum
grouping) W6 LNTEHTU Shaehadaniitios M3
5299 serology 01avh e balemysaludarilsilé
mMensafSuaiiiam ABO alleles §2833 poly-
merase chain reaction- restriction fragment
length polymorphism (PCR-RFLP)® WAD poly-

merase chain reaction- sequence specific

a a 6 a a { % {
Nsas lafeIneasgeEasuSMslafia 7 13 atfufl 1 unmes-Tnes 2546
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primer (PCR-SSP)** druufiiymla Sntads
A OLENANUNURNTINTY genotype OO,
AA, BB, AB, AO uay BO deiiselumidams
fgaviyns Agariynes Agmidaingme uagyld
ymuvsAeatignéns Weietoudislunsuanemy
Haauu cell grouping LRE serum grouping GLﬁNa
Vl,aiﬂa@@é’aqﬁu (ABO discrepancy)

PCR-RFLP 1umscn37a ABO alleles 0nevh
PCR o Banaiiifue Tagld primer finson
LTI IMInTIaIE exon 6 WAL exon 7 1
PCR product 1Nelaeeel Testriction enzyme ﬁﬁ
eaEsasUTidasmsld fragment 20
AN T Pe0 cleavage product fensYh electro-
phoresis 6],% polyacrylamide gel W3eLiey DNA
fragment ﬁu&éummmgm positive LY nega-
tive control oWl Kpn 1 Wrineniansiashummi
261(G — del) 1w O allele  towla#sl Hpa 1T uae
Alu 1 1¥d08m579 B allele Aidhummis 703(G —
A)*" PCR-SSP \flumsvh PCR douianBanasd
Lgum%ﬂ% allele specific primer mﬂﬁ”fumaa
PCR product MEMITN electrophoresis GL‘H) aga-
rose gel 51535%‘7;@31%3% primer NG specific
band %‘%

Januseaen
WWam37a ABO genotype @335 PCR-RFLP

Y ad
TQuAITNS
MsshuiatheLian
WUFL9Aaa clotted blood Way EDTA
blood MNEL5NAlafinfisensidan ansnne
Faes uvanenadeslng 1w 70 e loada
= Y A (% g
\enpLINAGSL
1. juSneny A 20 18 My B 20 T8 vig O

20 M& Uagny AB 10 T

2. lwfusmens) A uazmy B ldfimsdnseid
maa@umLLavmi@nﬁermmam dolnldsaths
751 genotype mamawml,mu homozygous Way
heterozygous

® Heterozygous AO Uay BO 1Hanany
13nang A uawy B FEnewAnImeLl ATk
g O
[ {ﬁmmmmflu homozygous AA LAY

BB enamiuinans A uawy B Aidenmy] A
v B uavaanmiy AB vadidnevs] A vda
B ugidiiomaj AB

fAmermueitlatmaannalimidoiusan
dhinlessmaidvathadumednuaidneg
M56392%1Ha0 ABO 69833 serology

61592 ABO phenotype 210 whole blood
Lﬁ@dﬁ%ﬁ’;&ﬁ% slide test NU anti-A, anti-B, anti-
A B uazamaiudunameitinnsginlunaan
naaad’ lauthidadenuesan cotted blood 31
ﬁ?ﬂﬁﬁ%mﬁu monoclonal anti-A, anti-Al , anti-
B, anti-A B (gufismslafiauimndsmmaaing)
washESushugisenfumasanesgm Al cells
AL B cells auwaanUReN agglutination Lay
hemolysis
mMslesesdnthefitdwe

afnRdwaan EDTA blood e Chelex® lne
WaN whole blood 30 UL futhnas 1 mL, Tn
microcentrifuge tube 2@ 1.5 mL wehene
a4 vortex i iSinBanuauan shaznendild
'y khudnadnening (10,000 g, 1 W) amhu 3 I~
geauiflwhite Gadin Chelex 100 (BioRad,
USA) aalthwavhasenas Farinan 150 ML vhly
aufiguinndl 56°C fediu vortex wasvi i
3,000 g, 10 AW il lwihdan 8 wi
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vortex wazthlLi 10,000 g, 1 Wi aléharod
Swe wltfulignmnf -20°C aundhasmesey
1190573 ABO alleles 32235 PCR-RFLP

¥ PCR 2 reaction I@&JN&N primer mo-57/mo
46 o fisensfn ABO lugdam exon 6°
primer ABOF624-649/ABOR770-798 Wd\‘llE]Lﬂ?\}N“ﬂEﬂEJ
Fugn exon 7 ¢oik

1. mo-57 (forward : 5- CGGGATCCATGT
GGGTGGCACCCTGCCA -3') ey mo-46 (re-
verse : 5- CGGAATTCACTCGCCACTGCCT
GGGTCTC-3)

2. ABOF624-649 (forward : 5- GTGCGT
GGACGTGGACATGGAGTTCC-3) ey ABOR
770-798 (reverse : 5-CAGGTAGTAGAAATCG
CCCTCGTCCTTGG-3)

bR

primer mo-57/mo-46

Reaction mixture 15 UL Usgnauemefiawe
1/5¥3104 1,000 genome copies (%@Lﬁemwhﬁuﬁw
aaAEWaN Chelex 1.5 ML), 0.2 UM of each
primer, 100 UM dNTPs, 0.3 unit Taqg poly-
merase WAy 20 mM Tris-HCl pH 8.4, 50 mM
KCl, 1.5 mM MgCl, 0.01% BSA, 0.05% Tween-
20 ¥ PCR amplification L'%NG’T’JEJ denaturation
94°C 2 wift e Asasgngfiiu
pRME ﬁdﬁ denaturation 94°C 30 241 annealing
63°C 30 371 AL extension 72°C 1 WYl S
10 99U Ua¥ denaturation 94°C 30 241l anneal-
ing 61°C 30 AW wax extension 72°C 1 W1#
W 25 99U (Hybaid PCR machine, United
Kingdom) 973 PCR product MeMIMh electro-
phoresis I@EJ load PCR product 8 UL slu, 2%
agarose gel £lanenel ethidium bromide ANNGN
ﬁﬂ{l 50V L‘ﬁ%l{]m 40 ‘Hﬂﬁ m@mmnﬁﬁummm
251-252 bp

mstiaadaam ted Kpn 1

tloe) PCR product 910 mo-57/ mo-46 4 ML
I@EJL@N 10 unit Kpn I (Invitrogen, USA) Wz b
mM MgCl_ incubate figaunn® 37°C funm 3
“El’ﬂm §1379 cleavage product feMI¥ electro-
phoresis Glu 8.5% polyacrylamide gel ANNGIN
¢ 56 V, 16.5 41l Slode silver nitrate A9
DNA fragment 23410 87 Wag 164 bp Wiy
UAWIEINATZIU (100 bp ladder, Invitrogen,
USA) uasidrunzasnuingidan 0O, AA, BB, AB,
AOQO, BO 1111 control
Primer ABOF624-649/ABOR770-798

Reaction mixture 15 L Ustneudaeniating
Ba1sEanns 1,000 genome copies, 0.26 MM of
each primer, 100 JIM dNTPs, 0.3 unit Taqg poly-
merase WAy 20 mM Tris-HCl pH 8.4, 50 mM
KCl, 1.5 mM MgClz, 0.01% BSA, 0.05% Tween-
20 ¥ PCR amplification L'%NG’T’JEJ denaturation
94°C 2 Wit e mAsmasgngfiiu
0L éﬁf‘: denaturation 94°C 45 77 annealing
60°C 30 3171 UaE extension 72°C 1 WAl Nk
35 99U 11 PCR product §1¥1 ethanol precipita-
tion MEMILAN 70% ethanol Wag 0.5 mM MgCl,
incubate ﬁqmqﬁﬁm 16 907 1l 10,000 g, 15
P9 qf supernatant V]Ajd ﬂuéﬁﬁ’m 70% ethanol
anede YaoeioBlukefgnmgitoadunm 1
Falug G 10 mM Tris HCI, pH 85 51w 15 L
Lﬁaaxma 13739 precipitate product I@H‘Vﬁ elec-
trophoresis U% 2% agarose gel NDINUDLAEU
@A 175 bp
mstiaadaam o Hpa II

10 precipitate product 4 UL sneloe@ig 10
unit Hpa II (Invitrogen, USA)GLH 20 mM Tris-
HCl pH 74, 10 mM MgCl2 (React 8, Invitrogen,

a a 6 a a { % {
Nsas lafeIneasgeEasuSMslafia 7 13 atfufl 1 unmes-Tnes 2546
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USA) incubate ﬁqmmﬁ 37°C 3 Falws e
cleavage product MENITh electrophoresis SL%
8.56% polyacrylamide gel 6133391 DNA fragment
WA 78 Uay 97 bp
mataadaeiowled Al 1

matloadne AluT ¥ PCR amplification 108
G]fgﬁ primer ABOF624-649/ABOR770-798 o reac-
tion mixture 15 L A&y PCR &3y Hpa
I usimseioedny Alu T s ethanol precipi-
tation 41 PCR product 4 UL sneloaenamalis
10 unit Alu I (Invitrogen, USA) kag 10 mM
MgCl_ incubate ﬁqmmﬁ 37°C 3 Halw 993
cleavage product MEnITh electrophoresis S]M
8.5% polyacrylamide gel 3331 DNA frag-
ment 1WA 81 LaE 94 bp

fiwarasauyldan 00, AA, BB uay AB i
15 control Idamnifisnvesmafigainausignii
MEANARNTNENST ADUUNNEFERS JvInende
Bl 61373 genotype #1833 PCR-SSP i
5 serology Aifwevaseumgdan AO uag BO 1
mmgu%mﬂiaﬁmﬁﬁmmﬂﬁa@ AUCUANEIANFRS
NInenaedeslvs wazldEutiumg ABO geno-
type A1NM3A379 PCR-RFLP Way PCR-SSP
Blood Centre, University Hospital, Lund, Swe-

den

M99 1 ABO phenotyping by serologic method

1190523 O allele @835 PCR-SSP"

ynmausmeneEulugn exon 6 1ol primer
261X /261C G.Td‘i 261X (forward : 5-GTGGAA
GGATGTCCTCGTGGTAC-3")ae 261C(re-
verse:5-AATGTCCACAGTCACTCGCCACT-3)

Reaction mixture 10 YL Usznaume@idwe
138104 667 genome copies (ﬁmﬁ@alﬁma 1
ML), 0.5 ?M of each primer, 200 IM dNTPs, 0.4
unit Tag polymerase bay 20 mM Tris-HCI pH
8.4, 50 mM KCI, 1.5 mM MgClZ, 0.01% BSA,
0.05% Tween-20 whlt/ldlueidns PCR Toeiims
At lRnmn Rl 94°C 1 w7, 66°C 30 G
WAL 72°C 30 271 13 35 50U @593 PCR prod-
uct %@ﬁmm@ 195 bp I@EJSL% 2% agarose gel elec-
trophoresis  positive control ﬁaaﬁumm@wg
Aam 00 LAY negative control AAAELDYDIAL
Vyidon AB
nMsutlanavsidan

N130152302835 serology

mauitana ABO phenotype 310 cell grouping
LAY serum grouping LLﬂvaﬂquﬁ 1

PCR-RFLP
mMIudawa ABO genotype ARG HIIREN

samamstiosvasienlas Kpn I, Hpa I uay Alu
I GTGLLﬁ@GGL%Eﬂ‘ﬁ 2 uaves9f 2 expected

Cell grouping*

Serum grouping*

Blood group

Anti-A Anti-A1 Anti-B Anti-A,B A1 cell B cell
A + + + 0 +
B 0 0 + + 0
(0] 0 0 0 + +
AB + + + 0 0

* = standard tube tests for ABO type of red cells and serum; + = agglutination; 0 = no agglutination

Thai Journal of Hematology and Transfusion Medicine Vol 13 No. 1 January-March 2003



MIATIRENHILMIRUNTINTRMYHan ABO 43

a. | —» tivtron s intron 3 #— | —> exon o
- ¢ OARRIARLE CECACUGIEN SAZClocala TRACCECBCE Colrictosn TRl cag \ t agrangaly
-
toeto et (EIncoce i clggelcoaca Plprtatgngrinn EEEencatic aacatagacn

€ nllcle : 261 € ddal

oo o |

teoTeAaACEA oM EItoigs CIECAtnei OUnCoRiiEe Eitanc ity nigocatan agaas |

I * intron 6

wwen s <— |

| mthagronist gosstssecs opanteLoRE SRCAMESWEL RaGaEtEEy - 3°

B P> exon 7

5T pigegtleg pacpigpaca lggagliccr cgaccacgty ggoglggaga cctgactee

\L Fpoa i)

getgticgee accctgeace col(glgeticta

B aliele : 703 G-—FA ; undigess

‘iﬂ Fpe 11 ( internal conteol }

\L Hpa 11 Cinternal contral )

CERaagagce cgugagpcct tocacctacga

exon 7 $—

ggeepgecce cagltoccagy coctacatcog Caaguacgag gecuatict actacotg - 3°

c. \ —>» exon 7

5'- glgcpty gacgiggaca (ggagliccg cgaccacglg ggogtpgaga (colgactoc

N T

getgttogpe  accctgeace co(g)getteta

B allele : 703 G—>A

CEEangoage cggragpgpect tecacclacga

exan 7 €—

Hoegocgoool caglceccagp cetacalcee Caag ERCEgAL ggcgan[&:}_ ac 1;),‘;I.jg -

gﬂﬁ 2 A, B and O alleles detection by PCR-RFLP.

a. PCR exon 6 amplification with primer mo-57/46 followed by Kpn I restriction
b. PCR exon 7 amplification with primer ABOF624-649/R770-798 followed by Hpa I restriction
c¢. PCR exon 7 amplification with primer ABOF624-649/R770-798 followed by Alu I restriction

fragment 289i5am 00, AA, BB, AB, AO uag
BO usnslSlusad 3
PCR-SSP
TWLLRLASWaTWA 195 bp naoehaug
0 allele (00, AO, BO) tldnuwnufiduaewia
195 bp WaAIN kA O allele (AA, BB, AB)

WANSANW
fusaelafia 70 318 M3aTaa serclogy Whing
\d80 0 20 T8 Mgldan A 20 T8 Mylden B 18
T8 Mjien AB 9 M8 uasviiian B 2 18

valden A B19® vy idan B Uz A B
weak o . weak weak
Hanwazuanshennenn@idelt maien B
wea!
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a1919%1 2 Nucleotides detectable by PCR-RFLP and PCR-SSP

Primers Mutation Alleles PCR product Restriction Fragments
designation detectable start end enzyme specificity obtained(bp)*
PCR-RFLP
mo-57/46 intron b intron 6
261G — del 0 Kpn'1 GGTAC! C 87+164
261 =G AB 252
ABOF624-649/ exon 7 exon 7
R770-798
703G — A B Hpa II clcaa 97+24+54
703 =G A0 78+19+24+54
703G — A B Alul AGl CT 81+94
703 =G AO 175
PCR-SSP
261X/261C exon 6 intron 6
261G — del o] not done 195
261 =G AB -
* 19, 24 and 54 bp fragments can not be detectable by polyacrylamide gel electrophoresis.
m’i‘l\‘l‘ﬁ 3 ABO genotyping by PCR-RFLP and PCR-SSP
ABO genotype Expected fragments (bp) from PCR-RFLP PCR-SSP
Kpn 1 Hpa II* Alul
00 87, 164 78, 19, 24, b4 175 195
AA 252 78, 19, 24, b4 175 -
BB 252 97, 24, b4 81, 94 -
AB 252 97, 78, 19, 24, b4 81, 94, 175 -
AO 87, 164, 252 78, 19, 24, b4 175 195
BO 87, 164, 252 97, 78, 19, 24, b4 81, 94, 175 195

* 19, 24 and 54 bp fragments can not be detectable by polyacrylamide gel electrophoresis.

SodeeuanhUffGenliueauty anti-A, anti-B,  body eungiien B fuaufiau B iuRaumad
‘weal

anti-A,B ¢85 slide test s g 2+ LAyl
Antoue mixed-field agglutination (mf) AU anti-B
ua anti-A B daeATsnasgulunaaanaans wu
anti-A Wz weak anti-B liiSsdslsivhffBent

WinRoauasmassioauas iy unexpected anti-

G A ¥ Y aa .
\Waidanuasae M3Ingda serology ¢IEAD slide
test 39l iusanadiumdon O s
MI§3I cell grouping LAY serum grouping W\a
BufwadneiBnasgmibmeaanenamuidu B

A < A o ann 3 Wja
miflon A B - dindaauasinfienbineauiy
weal
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anti-A WNALANAY anti-B wae anti-A B ¢eA3
slide test  usimamsIansiFondaeATsnmsgInln
vaaaneassnLNdaRanunvhUiRTe Winaau
i anti-A_ Twa 2 7 anti-A wagling 4 fiu
anti-B, anti-A,B »LQJW‘U anti-A bag anti-B iu%%u
uazlany unexpected antibody AuwyLA0A
A B Hupufiian A uuiiudiafanuasios ms
71979 slide test Avutlanalunyidon B ueims
§1379 cell grouping kAE serum grouping WU

v

A B GL‘H:‘S'IEJ“IJEN B e A B VL@%@@GHNN
weak wg/ak weak

U

e

1AnAsaangdandluam 1 Tdan o
e B _uavA B WilauAn
MEEITRANHYNIRUINTINT ML Fan ABO
#e3% PCR-RFLP loel¥ primer mo-57/46 1
eneiEie ABO ludhn exon 6 (L%S\I(%GLLG]' intron 5 a4
24 intron 6) l¢ PCR product 252 bp &m0 A
30 B allele @ O allele 22l¢ PCR product 251
bp Lﬁaqmﬂ@mmm 261(G — del) *’7; exon 6 Lﬁla
¥ PCR product 7 dantlaadnenanlest Kpn 15
amsdnzdeamdus GGTACL ¢ lueudisl O
allele KpnI &iaﬂé’faamﬂu 2 fragments Ao 87,
164 bp lueufid A vi30 B allsle Kpn I laitloe
Wi 252 bp WilawAn(gU7 2 a uasmaed 2)
Fewslatiatds Kon T ewisl genotype 0O 39
WU 87, 164 bp @il genotype AA, BB, AB
Kpn IVLN'EJ'astaa 252 bp ﬂuﬁﬁ genotype AO
v30 BO Kpn I tharldineauiiasand O allele
1nsdlsigoniiiaang A v B allele ST 3
fragments 6 87, 164, 252 bp (19171 3) FuuLy
ntiaeas Kpn 1 11 genotype OO, AA, BB, AB,
AO uaz BO LLﬂNVLzﬂ%Eﬂ“‘?II 3a lumstios PCR
product el Kpn I WU nonspecific band 2116
1l5¥ann4 110 bp F3NMeE wouddweiifennms
wdlouraauueiidely Kpn 1 wmelémaanaen

Kpn I 311 electrophoresis U4 polyacrylamide
gel lnalild PCR product e sanuunufEne
2110 110 bp s

ii0l¥ primer ABOF624-649/R770-798 1l
2enefis ABO luahin exon 7 2zl¢ PCR product
175 bp 10t PCR product sndasdasianlss]
Hpa I Saflemudumesoddus cl caa Tu
AUl A 0 O allele Hpa I avsiosfishumis
7014 702, 7201 721, 744} 745 panidu 4 frag-
ment A0 78, 19, 24 54 bp AUAIE B allele 4
FAWAUS 703(G > A) Hpa 11 aitloefidhumls
7014 702 cleavage product ﬁﬂ(gf 3 fragment h)
97, 24, 54 bp (;s‘ﬂ‘ﬁ' 2 b uagan T 2) Funvk
7204 721 uaw 744 745 s internal control Fag
A B uay O allele dnsdanld deiu fragment
9010 24, 54 bp Sewd dnnan AT genotype
00, AA, AO Wiinthadny Hpa I agld 78, 19, 24,
54 bp el genotype BB ¢ 97, 24, 54 bp A4
7151 genotype AB vi0 BO Hpa I thoe/ldtnedau
flasnil A ve 0 allele Tesmlsitioeniiasans
B allele 33% 5 fragment &0 97, 78, 19, 24, 54 bp
(@n‘mﬁ 3) Lﬁaqmﬂﬁlﬁmamaa fragment 291® 19,
24, 54 bp Jamaan polyacrylamide gel »L?,J'
fanT0aTnld Fovi fragment Tiasrany3ed
Wi 97, 78 bp JUuULMSERYYRs Hpa I lu
genotype 00, AA, BB, AB, AO Lia% BO uansly
h?;ﬂ“ﬁ 3b Hpa Il A nonspecific band 91416
1l5zana4 130 bp FaRenuueTEe ey Hpa
T waeléh Hpa T snvh electrophoresis 1og s
18 PCR product finuunufiduwoana 130 bp

PCR product ‘ﬁlﬁ@nﬂm? amplification I@ﬂ“gﬁ
primer ABOF624-649/R770-798  ilavianeioeidne
ol Alu 1 3eflenasuesiaddins AGL CT
Tnaniisl B allele fisumis 703G — A) Alulag

a a 6 a a { % {
Nsas lafeIneasgeEasuSMslafia 7 13 atfufl 1 unmes-Tnes 2546



46 1509509 TNARENNT LATALY

] iuilh

i -

g‘ﬂﬁ 3 The PCR-RFLP patterns of ABO alleles

a. PCR amplification with primer mo-57/46 followed by Kpn I restriction which digested O allele.

lane 1. undigest 252 bp; lane 2. genotype OO; lane 3. genotype AA; lane 4. genotype BB;

lane 5. genotype AB; lane 6. genotype AO; lane 7. genotype BO; lane 8. 100 bp ladder DNA
b. PCR amplification with primer ABOF624-649/R770-798 followed by Hpa II restriction which digested all alleles

but gave different fragments.

lane 1. undigest 175 bp; lane 2. genotype OO; lane 3. genotype AA; lane 4. genotype BB;

lane 5. genotype AB; lane 6. genotype AO; lane 7. genotype BO; lane 8. 100 bp ladder DNA
c. PCR amplification with primer ABOF624-649/R770-798 followed by Alu I restriction which digested B allele.

lane 1. undigest 175 bp; lane 2. genotype OO; lane 3. genotype AA; lane 4. genotype BB;

lane 5. genotype AB; lane 6. genotype AO; lane 7. genotype BO; lane 8. 100 bp ladder DNA

elnefignuvs 704 | 705 I, fragment ¢ 81,
9 bp Wil A vid O allele Alu T ligoeinde
175 bp wilowds GU7 2 ¢ wagermedt 2) auiif
genotype BB Liatasdny Alu T wu 81, 94 bp
aufisl genotype BO uay AB Al I gasldinedou
w123 B allele wsl A vi3a O allele toe/lslldRomy
81,94 175 bp dauAwAil genotype AA, AO,
00 Al 1 deelalldiaemdn 175 bp (il 3)
gﬂl,muma?eiamad Alu Isl,u genotype OO, AA,

BB, AB, AO uax BO uansllugui 3¢ A4
wefiGswdauded nonspecific band W@
Usesnns 120 bp TG Fmmuannmeh Alu 1
#171 electrophoresis I@Eﬂéﬂﬂl PCR product
NINTIVANBIULNNUNTINGRADT PCR-SSP
aies O allele WA genotype 0O, AO,
BO awnuLaUaEWeTnA 195 bp AUl geno-
type AA, BB, AB lawuunu@idue sUuuums
91779 PCR-SSP 204Aufiil genotype 0O, AA, BB,
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M99 4 ABO phenotypes and genotypes in this study

ABO phenotype Numbers tested

ABO genotype Numbers found

A 20 AA 3
AO 17
B 18 BB 6
BO 12
2 BO 2
weak
AB 9 AB 9
A B 1 AB 1
weak
@) 20 00 20
1 &2 3 @ 85 8§ 7 aa’lim‘,

514 4 The PCR-SSP pattern of O allele.

lane 1. 100 bp ladder DNA; lane 2. geno-
type OO; lane 3. genotype AA; lane 4. geno-
type BB; lane b. genotype AB; lane 6. geno-
type AO; lane 7. genotype BO

AB, AO &g BO LLﬂ@ﬂ*’ﬂugﬁﬁ 4 PNNMIGITA
Snwazmaiignsivasiinelaia 70 T fe
35 PCR-RFLP Way PCR-SSP iiu genotype OO
20 T8, AA 3 718, AO 17 31, BB 6 718, BO 14
T8, AB 10 M8 ufuivevgiden B wuiiu
genotype BO #(3 2 118 vjiion A B wuin
genotype AB (1717t 4) M37999 O allele TneA%
PCR-SSP |¢nasanndasiunatioadne Kon 1 uas
MIATI B allele lnemstioadne Alu I [dnasan
ARNTIUMSEaaMe Hpa 11

Primer 74/ PCR-RFLP daaifismensfifis
989aulenva]  primer ABOF624-649/R770-798
fqnEadudisnumis 624-649 709 exon 7 uasavgn
Fidums 770798 dumks 649 ua 770
umisiliflenauanehaiuszin A, B uag O
allele §9vs ABOF624-649/R770-798 Aaifieene/|d
s A, B uat O allele % PCR product 1410 175
bp primer mo-57/mo-46 ﬂﬁg@]l,%m’f%“?ll@ﬁl,mm 497-
519 994 intron 5 Lm@@émjmﬁ@hl,mm 27-50 289
intron 6 LAeMU 519 284 intron 5 WALV
27 989 intron 6 Lﬁ%@ﬁl,lmmﬁ A, B gy O allele
wilonn mavh PCR-RELP Toeildllsisndudos
a enzyme restriction site ‘*7II primer L6 primer
mo57/mo-46" fivhanl¥aenuuudmsurh ABO
genotyping a¢ cloning G’T@ﬁuﬁdﬁ artificial se-
quence L,miﬂag'ﬁm 5 %ﬂlﬁju restriction site UM
BamH I (G| GATCC) way EcoR I (G{ AATTC)
SAu@8 primer mo-57/mo-46 {xaENeE A
¥30 B & PCR product 910 252 bp (artificial
mo-57 + intron 5 + exon 6 + intron 6 + artificial
mo-46) & O allele Sldumia 261(G — del) 7
exon 6 PCR product 34iuheanadi 251 bp
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wowlasl Hpa 11 1638910 Haemophilus
parainfluenzae AANNTAEFANTEDLANFUUE
ClCGG iasnn Hpa I @aee/ael PCR product
29 3 funis Fesimdsnnyh PCR amplification
Fuiudind ethanol precipitation WAt buffer
o A 9§y o v G A
T manzanie W Hpa 1 nomldidisdl Hpa 1
A0 nonspecific band 251AL5aNMs 130 bp
nonspecific band $01aTUNUMTHUaNE 1 Hpa
1T &08) internal control VLN"MN@ (WU fragment 216
v ¢ o A
121 bp 36ne) onled Al 1 deeifinemia B
allele s 703(G — A)lSguwAentiu Hpa I
Alu 1 @R88@n Arthrobacter luteus Sanu@ng
Famtiaenddus AGL CT Al T ol
1 I ] o oA 1o @ % °
doenewmzdariumiaien auudomh etha-
nol precipitation nautia ﬁdﬁﬁﬁ&lﬂ% AluTan

26 Alu I\laiﬁ internal control

N Hpa II
Feinsanumatasdaed genotype 00, AA, BB,
AB, AO uag BO i control ynese Alu vl
1 nonspecific band WeLlsEANGs 120 bp 3970
snnstlasessuueiiGelunssuumena ud
nonspecific band ﬁl&iwmmmmawa

Lﬁlaél% primer mo-57/mo-46 Lﬁlmmaﬁu ABO
uaztlatdaionlest Kpn T 39088890 Klebsiella
pneumoniae LASAANNALWLSD GGTACL C ln
Aufifl O allele Sidhumsis 261(G — del)ft exon 6
Amusdusdiu GGTACC ag 1 vk Kpn 1
etionld aufifl A v B allele Kpn I lsitos Kpn
I ¥l nonspecific band 2WA5¥N™ 110 bp
sslsimumumsuana Kpn'| Fanlasifidoene

12,13,17

Sefifldothantaans M361339§0L PCR
product MEMITh electrophoresis 1% agarose
gel ﬁauﬂﬂﬂ&iaaé’w restriction enzyme s
A G d‘ o zil/ 2 v o 14
(ﬂi’)ﬁ]’ﬂ@LE]%L@VMWW@&E]U%I%»L@] LLﬂSEJWHsLMVITIU

133104299 PCR product Taenlszsnmanensid

A @ lil ¥ 1% “ 9. . ‘ﬂl
YDIDUADENE DN ethidium bromide (W4
mﬂﬂumwwsﬂaqéhaEmalﬁmmmdLL@iamuvbJMﬁu
9: v A G AA A A a
ihanaadwarimuaaiitlulnaindatn flu
Tnadwdhsndudalulfisenmaiaenetu dori
JWavegayu PCR product U agarose gel M
G % A nl\lLi/ \ A
WUNANNNYDINLALD AT LLONENNNALD LD
anesusnn . d3snas PCR product fhlieosana
FosuiSulmslmnaemamanzan Wiosnmsuana

A YA 1 ¥ A [} 1%
n3lihan l#sulanannmstiosldvde ieos &
153794 PCR product Avhangaganniiuany
ANNTOURN restriction enzyme oavh Witk L
wasilananyidonda  M3vh PCR-RFLP 4
G’Taﬂ% polyacrylamide gel Wagan cleavage
product fiveuléan Hpa I (78, 97 bp) uay Alu
I(81, 94 bp) HvALANGITULaEAD 19 bp Wag
13 bp FNNEGT agarose gel %@ﬁmmmmsﬂu
MIueNuee (resolution) tioeazuentile wims
taLAag Kpn 1 cleavage product mé’fﬁ“ﬂm@
619714 77 bp (87, 164 bp) agarose gel 8123518
1% uel fragment 294101 87 bp a1aealsing wu
WM fragment 9@ 164 bp

~ LY 1 A G (% % as

MAFINGINE AN MEDAENAMENT Chelex,
salting out VR phenol chloroform Chelex W
chelating resin Rdmsznaudn styrene divinyl-
benzene copolymer & iminodiacetate ion Lﬂu@:
MDA polyvalent metal ion “I,éfa AT
Chelex sansntlasriumadaesiaasdiduwaiio
amnenEEaulussrmadiudioatinfdaaanan
waa lealU3urtu metal ion @i catalyst ¥l
A G £ 4 tﬂ‘ (% ldld Aa
@Law,aﬁmEJm\L@L;Jaagﬁlumnmwuqmmw@maz
low ionic strength”® Chelex Thidnhe VLS\J'éTmsL%
organic solvent FUTHEATEFRFINA  UARD
f187Aa1N Chelex fdaidufa laianananinlia
153N0468M 391973 OD RGN 260 nm (7 1594
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NnASuefaraléan Chelex 1n3dmiln single
strand U984 double strand v Wiiai
¥m OD 260 AstFanasnnnenaiuase mie
PSsnmddwadiana bean Chelex dosvnéneds
hybridization ustlwmatfrifiens sndumaed
Buafglumain PCR SMdunauazdiwn ge-
nome copies NXNINAMWIMATAINLUSRMADRTI
NENA
o A G anA

mM¥h PCR-SSP fiaq77a O allele WiishTa
@ o VY 1% L
Sauaztsntiammelidiosld restriction enzyme

v Ay A A A .
LLG]ENME]L&EJL%@HWVLNN internal control primer
Iuﬂuﬁﬁ genotype AA, BB, AB %\‘1\13\1'3? O allele 2¥
lunuupuddue  hinlusmasnasagoulan
A G ldl ° ° é/d 1 l:l ~a
AdaihaYh PCR Hammwsiamaiiazenstiv
3okl neemaa PCR-SSP anadiaswana lUBnlay
L@ internal control primer FaflanusanIniiay
a A 9 A o

iAsenefBuwe wauldnnngy wadunsusein
AMMNTBIILIUMANNTENEY ueasisy e
primer il internal control ﬁaqvl,siiumuﬁu
primer 989 ABO alleles faImMInsa

Jusnalafin 70 T sansauenANwULILY
ny3xlé 6 wwUAD genotype OO, AA, BB, AB,
AO uaz BO misdinuiiiyniszasaiiiesdioms
NeFaUNS Mnafia PCR-RFLP ifiaa1am ABO
genotype UekidiImam gene frequency 9
fhothaidesnnguinauuuidanvsiie Hasey
AN ABO genotype 14 6 U1 luawinadn ea
MIANENNLANDIARTIAN gene frequency T9MS3
N gene frequency doaiTUfoehaRaAULLEN
2eh9%ae 300 318 20 LALARIAIWIDL gene fre-
quency fie7a e luens Hardy-Weinberg
equilibrium M%@VLN'

p+g+r1r =1 LAY

P+ q +17 +2pq + 2pr + 2qr = 1

Toelst

p = frequency of A allele;

q = frequency of B allele;

r = frequency of O allele

ﬁuﬁa@umﬁa@ 0 (00) & gene frequency
Wy 1 M;;leﬁaG] A (AA § gene frequency
WU p?, AO Fy gene frequency WNMY 2pr) W;l:
\H9m B (BB & gene frequency WMy ¢°, BO a
gene frequency WMy 2qr) LLaSW;J:Lﬁa@ AB (AB)
b gene frequency WNNU 2pg Lwif?ﬁﬂumju
Lssnnsfivhan@nmfnsrman genetic drift M3
anenaAoune wasmassfiiu nonrandom
mating  Hardy-Weinberg law anavisn ks lei

MsATIanyiiandeis serology lausm
ﬂﬁﬁ%&n agglutination 210 cell grouping L&Y
serum grouping Viﬂﬁuem ABO subgroup mﬂW;j
BoauUndle® A Uy B Suaufiau A use B
uuiwassaunfindoaunanind denainen
mafl mutation YlFmsssanlesiidammm
shawlseiaueudiauliforns’ dfmaoua
Lﬁ(ﬂmﬂmiﬁ point mutation ﬁ@iﬁl,mm 646(T —
A), 871(G — A), 1054(C — T), 1054(C — G),
1060(C — del) 38 hybrid A-O1v allele 1% intron
6% B {IAAN point mutation Fihumns 641
(T - G), 669(G — T), 871(G — A) e 1054
(C—>T)** mMea323 ABO alleles Mg/t PCR-
RFLP Wiy PCR-SSP* wananeiuvius 703(G —
A) UaE 261(G — del) WdaSisnsnInaTIafisiumi
SuldBnAosumia 467, 526, 796, 803, 871 g
1096 6L 526(C — @), 796(C — A), 803
(G — C) uag 1096(G — A) Hn339uen B allele
s 467(C — T) Wosrauen Asian A, A” uag
asAB allele MLy 871(G — A )EL%WT%)LL&JT] A
La% Bx A'l467(C — T)] i A’ allele Fenusnnii

a a 6 a a { % {
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gnluawaie® A’ allele Slshuvis 467(C — T)
9901 nucleotide deletion ﬁ@i?LL‘Vﬁiﬂ 1060(C —
del) ‘ﬁﬂ,ﬁlﬁ@ frameshift reading frame XA
aanin 1,129 bp ci>-AB allele a point mutation
fidhumis 467(C — T) uae 803(G — C) ¥nlims
JnBusnansaasila, (construct protein
Lﬁé&lwﬂu AAAB) i@ abnormal enzyme ﬁﬁ%ﬁd\lﬁ
Fouaudilan A uar B®  au ds-AB AnsAaNa
serology i) AWe B

ak  weak

(A B) finnnilaws] AB
meﬁm‘mﬂ' O @u cisAB & genotype W dis-
AB/O  dwSunafnmidiivems A Bl
0 allele 391341 cisAB  Twn3dian B® phe-
notype AM3e3a serology ) AWeak B LRENU
anti-A 1350 B? allele finannsil mutation
fidums 657(T — C) uae 703(A — G) a1 B al-
lele (construct protein Lﬂﬁiam‘]‘ju BABB)” ﬂz
vinanuitling anti-a Tdsddlands B
phenotype miﬁﬂmﬁvlsimmsmuaﬂvlé‘h;:Ju%am
A BuaxB fenafienndfiesslmmiiasann
@373 ABO alleles i\ 2 dunada 261(G —
del) g 703(G — A)
A BUsyB 30333 PCR-RFLP uag PCR-
SSP fidumisdusn uazmsaTauiNas ey

MIMANNNAUNGIUD
(=]

watheale et 33 DNA sequencing 336ia9s
msdnmiuete

aqu

MEEITRANHUENINUINTINYD YA ABO
fiffuguanmafial point mutation e A, B
uay O allele B allele u§N§19a1N A allele “71'
6L 703(G — A) O allele UaNENINN A Liay
B allele fishuvnis 261(G — del) mwh PCR-RFLP
Tawl¥ primer ABOF624-649/R770-798 amplify
ABO alleles A9a8U51904 exon 7 WA Hpa 11

v3a Alu 1 doenfiunsns1a B allele fisnummis 703
(G — A) primer mo-57/mo-46 & amplify ABO
alleles A9ON151904 exon 6 Wesl Kpn 1 doeiita
@579 O allele fidnumnhs 261(C — del) lash
cleavage product 7 ldanuanasintu vl
snansnuenvsiien 6ifii genotype 00, AA, BB,
AB, AO ey BO m561532 ABO genotype el
3% PCR-RFLP |¢Hasanadasiumsasiaiu O
91N PCR-SSP 590UM5@57a phenotype 01eA5
serology §15A% PCR-RFLP o lilvandld
FushethsfiBueandsdeaameifing Wi 11

li) lﬂl !
AN LERSEWDLEBEINE)

Nadnssadszne
TavpunmnefdRugeaas mednidng
MaNS Laseunasladty ausuans
a v A | dl 4 | A | =)
avminendoiFasinal Alkenasiniladonsinm

-t
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ABO Genotyping by Polymerase Chain Reaction-Restriction
Fragment Length Polymorphism

Ruangrong Cheepsattayakorn, Tanin Bhoopat*, Heinrich F. Steger*,

Pranee Pisaipong**, and Ladda Fongsatitkul* *

Department of Pathology, *Department of Forensic Medicine, **Blood Bank, Faculty of Medicine,
Chiang Mai University, Chiang Mai 50200

Background: The ABO phenotype is controlled by A, B and O genes. The B allele differs from the A allele at positons 526
(C = @), 703(G — A), 796(C — A) and 803(G — C) which cause amino acid changes. The O allele differs from the A and
B alleles at position 261(deletion of G), this causes a shift in the reading frame that creates a premature stop codon. Objective:
To determine ABO genotype by polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) Materials
and Methods: Blood samples were collected from 70 blood donors including 20 donors with group O, 20 with group A, 20 with
group B and 10 with group AB. ABO phenotype was identified by red cell and serum grouping. Red cell typing was per-
formed by standard tube tests using anti-A, anti-Al, anti-B and anti-A,B monoclonal antibodies. Serum grouping was done
with standard AZ and B cells. DNA was extracted from EDTA blood by the Chelex method. PCR was performed with primers
mo-57/mo-46 and ABO F624-649/R770-798 to produce DNA fragments from exon 6 and 7, respectively. Exon 6 fragments from
mo-57/mo-46 were digested with Kpn I which cleaved a specific GGTACC stretch in the O allele. In the exon 7 fragments
from ABO F624-649/R770-798 amplicon, Hpa II cut a CCGG and Alu I cut a AGCT sequence in B alleles, respectively. Cleav-
age products were analyzed on 8.5% polyacrylamide gels. The polymerase chain reaction-sequence specific primer (PCR-
SSP) was performed with primers 261X/261C. PCR products were electrophoresed in 2% agarose gel. Results: For the O
allele, Kpn I generated 87 and 164 bp fragments for the mo-57/46 amplicons. A or B alleles lack a restriction site for Kpn I,
the 252 bp amplicons were not cleaved. The 175 bp long ABO F624-649/R770-798 of A or O alleles were digested by Hpall to
give 78, 19, 24 and 54 bp fragments. B alleles however gave 97, 24 and 54 bp fragments due to a base substitution at position
703(G — A). The 19, 24 and 54 long fragments cannot be detected because of the small amount of DNA in the corresponding
bands. Alu I split the 175 bp ABO F624-649/R770-798 amplicons into two fragments of 81 and 94 bp for the B allele; A or
O alleles were not cleaved. The ABO genotypes were determined by the intersection of the cleavage fragments from Kpn
I Hpa II and/or Alu I as follows; 1) genotype OO : 87 and 164 bp from Kpn I: 78 bp from Hpa II: 175 bp from Alu I 2) geno-
type AA : 252 bp from Kpn I; 78 bp from Hpa II; 175 bp from Alu I 3) genotype BB: 252 bp from Kpn I 97 bp from Hpa II;
81 and 94 bp from Alu 1. 4) genotype AB: 252 bp from Kpn I: 78 and 97 bp from Hpa II; 81, 94 and 175 bp from Alu I 5)
genotype AQ: 87, 164 and 252 bp from Kpn I 78 bp from Hpa II; 175 bp from Alu I 6) genotype BO: 87, 164 and 252 bp from
Kpn I 78 and 97 bp from Hpa II; 81, 94 and 175 bp from Alu I. In the PCR-SSP, the 195 bp amplicon for O allele was found.
The ABO genotypes could be evaluated using O allele detection by PCR-SSP and ABO blood grouping by serologic method.
The ABO phenotypes of 70 donors were as follows: 20 O; 20 A; 18 B; 9 AB; 2 Bweak and 1 AweakB. ABO genotypes by PCR-RFLP
and PCR-SSP were as follows: 20 OO; 3 AA; 17 AO; 6 BB; 14 BO; 10 AB. Both of the Bweak were heterozygous BO and the

AweakB was genotype AB. Conclusion : The ABO genotype using PCR-RFLP can 1) give the result concordant with PCR-
SSP for O allele and combine with blood group serology 2) show the result compatible to ABO phenotype. 3) apply with

DNA samples from other types of tissues.
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