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Table 1

Blood group systems recognized by the International Society of Blood Transfusion [78].

Mo, Name (symbaol) Gene name(s) Mo. of antigens
001 ABO ABO 4
ooz MMS GYPA, GYPB 46
003 P1PK A4GALT 3
004 Rh (RH) RHD, RHCE 54
005 Lutheran (LU i 20
006 Kell (KEL) KEL 35
007 Lewis (LE) LE {FUT3) 6
008 Duffy (FY) FY {DARC) 5
o009 Kidd (JK) JK [(SLC14A1, HUT11A) 3
o010 Diego (DI) DI (SLC4A1, AE1, EPB3) 22
011 Yt (¥T) YT (ACHE) 2
012 Xg (XG) XG (PBDX) 2
013 Sdanna (5C) SC{ERMAP) 7
014 Dombrock (DO) DO (ART4) 8
015 Colton (CO) CO (AQP1 ) 4
016 Landsteiner-Wiener (LW LW (ICAM4, CD242) 3
017 Chido-Rodgers { CH/RG) CH ((4B), RG (C4A) 9
018 H (H) H({RIT1) 1
019 Kx (XK) XK 1
o020 Gerbich (GE) GE (GYPC) 11
021 Cromer { CROM) CROM [ DAF) 18
022 Knops (KN) KN (CR1) 9
023 Indian (IN) IN {CD44) 4
024 Ok (0K) OK (BSG, EMPRIN) 3
025 Raph {RAPH) RAPH (CD151) 1
026 John Milton Hagen { JMH) JMH (SEMATA, CD108, SEMA-L) 6
027 N T{GONTZ, IGnT) 1
028 Globoside (GLOB) GLOB (B3GALNT1) 1
029 Gill {GIL) GIL (AQP3) 1
030 Rh-assodated glycoprotein (RHAG) RHAG 4
031 FORS (FORS) FORS {GBGT1, ASGALNT) 1
032 JR(]JR) JR (ABCG2) 1
033 Lan (LAN) LAN (AB(BG) 1
034* Vel (VEL) [3-5] VEL {5MIM1 ) 1

* The Vel blood group has not been officially approved by the ISBT.

M St-Louts / Transfusion and Apheresis Scence 50 (2014) 175-182



SISTEMA DE GRUPO SANGUINEO ABO

* 1900... Karl Landsteiner

* Primero Ay B, luego “O”
(Ohne). Finalmente AB.

* 4 antigenos
 Estructura

» Expresion diferencial

Blood grouping based on RBC agglutination (Landsteiner, 1900)

EBC Dr.5t.Dr. Plee.Dr. Sturl. Dr. Erdh. Mr. Zar. Mr. Land.
Serum
Dr. 5t. -
Dr. Plesa.
Dr. Sturl.
Dr. Erdh. =
Mr. Zar. -
Mr. Land. -

+ +

+ +
+ +
(+ agglutination - no agglutination)

+ 1+ + 0 +
A
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GENETICA DEL GRUPO SANGUINEO ABO
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What Is the product of ABO blood
group gene and H gene ??



Gal 5 1—4GlcNAc 5-R (Type 2)

A allele

|A transferase] UDP-GalNAc

a 1,3-N-acetylgalactosaminyliransferase

UDP-Fuc (H transferase)

a 1,2-fucosyltransferase

UPD

{gal 3 1—4GIcNAc 5-R

I Hantigen
Fuce 1

O allele

[ 1

O transferase

B allele

—

—_— ——

UDP-Gal [B transferase]
a 1,3-galactosyltransferase

UPD

Inactive
> V
GalNAc 1-+3Gial 5 1-+4GIcNAC 5 -R cé.m B1—+4GIcNAc SR | |Gal a 1—*3(‘22ia| B1—4GIcNAc 5-R
Fuc:an Fucajl. Fumﬂ1
A antigen O (H) antigen B antigen

Hosoi E, 2008




nt.: nucleotide position

ABO gene a.a.: amino acide
Exon 1 2 3 4 o 6 7
sl H ] .
28 70 57 48
I\' 1065nt.
cDNA
355 a.a.
A4
nt. 261297 526 657703 796 803 930
GA C G CG G
A allele : = : Q " H —
a.a. Arg Gly Leu Gly
: GG G T A AC A
B El”E|E.' ! v ! I 1 e 1 1
Gly Ser  Met Ala
L &G ‘F" * Q {; {-3 CI.IG G i
O allele | v H —

The Journal of Medical Investigation Vol. 55 2008




Exon
Number 6 7
.2 122456667 778888911
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Position || 77 6671316239105 6
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B alleles
B101 FGEFGFT *A*A*C* * A
B301 FOFGFT*FAFAFCHF *FATF*
B[A}Ul #G*G*****A*C**H*
0O alleles
001 A®®E® x % % £ # # %
0[}2 &G** #A‘*T***A &
003 *GSG*** **A****
E v v L L oo E
ﬁg é},%% 6] ggméza{Ezggﬁ
ZET 5 ECEEETTRTERERE SN E
£ 2= 4 SEsEsEs B
LA EZEetlZZz0Z000>0Z2 5
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b

Represenuative alleles ap the ABO locus.  Nucleotide and  deduced amino acid
sequences are compared among a dozen ARG alleles whose sequenees were determined
by Yamamoto and colleagues. The cis-48 and B2 alleles are incloded in the 4 and &
alleles, respectively, because of higher relative sequence homology. The nueleotide
substitutions that resull in amino acid substitutions are shown in bald type. A = deletion
of mueleotide.



Codominant

Blood Blood
Type A Type B
AO B O

B Aalele

TIE

Blood Type A Blood'ly AB Blood Type 8 Blood Type O

U.S. National Library of Medlcme



Molecular basis associated with variant A transferases>4

(ABO*A101 taken as the reference allele sequence]

Phenotype Nucleotide change

Amino acid change

467C=T

467C>T. 1059-1061delC
1054C=T

1054C=>G

506C>G; 703G>A; 829G>A
871G=A

646 T=A

A or B-O' hybrid
798-804insG

467C=T,; 646T=A

407C>T, 467C>T, 1060delC
350C>G; 467C>T, 1060delC
203G>C; 467C>T, 1060delC
965A=>C

502C=>G

Prol56Leu

Prol56Leu; fs and 21 extra amino acids
Arg352Trp

Arg352Gly

Argl76Gly; Gly235Ser; Val277Met
Asp291 Asn

Phe216Ile

Phe216Ille; Val277Met

ts

Prol56Leu; Phe2l6lIle

Thr136Met; Prol56Leu; Pro3541s
Prol56Leu; Glyl177Ala; Pro354is
Arg68Thr; Prol56Leu; Pro354ts
Glu3d22Gly

Argl68Gly




Molecular basis associated with variant B transferases®

(ABO*B101 taken as the reference allele sequence)

Phenotype Nucleotide change Amino acid change
B3 1054C=>T Argd52Trp
B, 871G=>A Asp291Asn
B, 641T>G Met214Arg
B 669G=>T Glu223Asp
B, 873C>G Asp291Glu
B., 721C=T Arg241Trp
B,, 548A>G Aspl83Gly
B.,, 539G=>A Argl80His
B, 1036A>G Lys346Glu
B., 1055G>A Arg352GIn
B, 863T=>G Met288Arg




Molecular basis associated with the O phenotype’

[ABO*A101 taken as the reference allele sequence)

Allele Nucleotide change Amino acid change

0 261delG 88 ts; codon 116Stop
Oy 526C>G; 802G>A Argl76Gly; Cly268Arg




IMMUNOHEMATOLOGY

An extensive polymerase chain reaction-allele-specific
polymorphism strategy for clinical ABO blood group genotyping
that avoids potential errors caused by null, subgroup, and
hybrid alleles

Bahram Hosseini-Maaf, Asa Hellberg, M. Alan Chester, and Martin L. Olsson

TRANSFUSION 200747:2110-2125.



Standard

I High resalufon

Primer
Mmix

Predominantly A alleles

O alleles, Rare O alleles
including O hybrids cis-AB & B(A) alleles B alleles
2 3 4 5 B 7 8 9 10 11 12
h w w
OF panel B{A)lcis-AB panel A% panel BY panel
¥

A% panel [ nt.646A-positive]

TRANSFUSION 200747:2110-2125.
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Exon 1 Exon 2 Exon 5
2B bp 5T bp 36 bp
Exon & Exan T
E;B“EP"" Ef,;': 138 bp BEE bp
HCH HH |
281 dal (s M— ~=ul G46T
261dalG Im— il GAGA
261 dalG — -l AGTT -l TOGA -l 1061dalC
261G — -l BO2A
BBinsG = =] 155+33T
240-4 20T =[] 322T
261G - -] TOGC
261G I— -l 10615
261G I -l 46TT -] 1061dalC
464 = =] {55+33T 261G I— —all 374445 -] 502G —mill GAGA -l 714
156-190G = ==] 203C -l 3500 -l 407T -] 5424 -] B04insG
=] 203+1delG =il 9964
261G — -] TOOC/TO3A
261G - -] TOGA
90-92G K5 261G — -l 5394 -l T21T -] 873G
=Y 155+5A —ag] 548G - 563G —=ll 1055A
-l 5560 -l 1036G
261 dalG M— -] 46T7C -l THGA -l 10615
il 46TT =il TOGC -l 1061dalC
261G - -l GAGA -=mgl] 5204
-] GB1A
-l 7TAT
261G = -y 526G -] 640G
-] TO3A
-l TAGC/BO3C
-] TOGA/BO3S
-l BO3A

TRANSFUSION 200747:2110-2125.
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Brief Communication: Molecular Characterization
of O Alleles at the ABO Locus in Chilean Aymara

and Huilliche Indians

Elena Llop,' Hugo Henriquez,’> Mauricio Moraga,’ Mario Castro,>® and Francisco Rothhammer

1,4%

IHuman Genetics Program, ICBM, Faculty of Medicine, University of Chile, Chile
Jffﬂrphoiogy Program, ICBM, Faculty of Medicine, University of Chile, Chile
Department of Anthropology, Faculty of Social Sciences, University of Chile, Chile
_Umvermfy of Tarapaca, CIHDE, Arica, Chile

“Faculty of Health Sciences, Diego Portales University, Chile

AMERICAN JOURNAL OF PHYSICAL ANTHROPOLOGY 131:5385-538 (2006)



TABLE 3. (Gene frequencies of (} alleles of the AB() blood group syetem defined molecularly in Souwth American Amerinds

Other

Population 0! o O alleles n* References
Arara (Brazil) 0.0 0.97 - 15 (Olsson et al. {19498)
Lormare {Baolivia) 0.27 080 .13 252 Roubinet et al. (2001
Aymara (Chile) 0.356 0.85 - 188 This study
Cayvapa (Ecuador) 0.60 0.39 .11 148 Roubinet et al. (2001
Chango (Chile 0.39 0.81 - B0 Henriquez et al. {2004)
Huilliche {Chile) 0.19 0.81 - 180 This study
Kayapo (Brazil) 0.18 0.84 - 18 Olsson et al. {1998)
Parakans (Brazil) 0.35 .85 - 124 Barjas-Castro et al. (2003)
¥anomama (Brazil 0.09 0.91 - 17 Olsson et al. {19498)

® n indicates the number of chromosomes analyzed.

TARBLFE 4 Apgoeintion between mutation GH484 and
alleles (¥ and %

Number of individuals aceording

to mutation 5424 to the homozygote
or heterozygote state

Genotype GG A Ab
Aymars
ovo? A 0 0
ot/ow a5 [ 0
oY 01 12 0
Huilliche
oo’ 4 0 0
otor 15 5 a
oot 39 12 0
Eantia,qn
oYo 18 1] i}
oo 28 3 0
ooty 23 10 0

TARLE 5. Percentagea of (7195424 gliala in various
Amerindian populaticons

MG EEA)
allels

Population Country frequencies References
Arara Brazil 0.458 Olsson et sl {1998)
Avmara Chile 0.119 This study
Cayapa Ecuador 0.041 Roubinet et al. (2001)
Huilliche Chile 0.113 This study
Kayapo Brazil 0.395 Olsson et al. (1998)
Pareksna Brazil 0,097 Barjas-Castro et al. (2003)
Yanomama Brazil 0428 Olsson et al. {1988)




W Rev Meéd Chile 2004 132: 663-672

Caracterizacion genético molecular
de habitantes de Caleta Paposo,

ultimo reducto Chango en Chile

Hugo Henriquez B, Mauricio Moraga V, Elena Llop R,
Francisco Rothhammer E.

Molecular and genetic
characterization of Changos
descenaants living in Paposo Cove



Tabla 2. Resultados de la caracterizacion molecular
via PCR-RFLP (Grupo sanguineo ABO)
y PCR-ASP (Grupo sanguineo Dufly) para la
poblacién de caleta Paposo

Sistema Frecuencia

ABO ABO*O101 0,39
ABO*0201 0,53
ABO*A 0,08
ABO*B 0

Duffy  FY*A 0,58
FY*B 0,42

FY- (nulo) 0




CLASIFICACION ABO MOLECULAR

Ex 4: PCR-RFLP BstUI

Ex 6: PCR-RFLP Kpnl
148pb 65/83

187pb  54/133

{{{d

nis

(LLER

[
et

Ex 7: PCR-RFLP Mbol
373pb  68/(72/24)96/209

Ex 7: PCR-RFLP Ddel
373pb  97/(169/107)276
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Modifying the red cell surface: towards an ABO-universal blood
supply

Martin L. Olsson'™ and Henrik Clausen”

‘Drivision of Haematology and Trans fusion Medicine, Department of Laboratory Medicine, Lund University and University Hos pital
Blood Centre, Lund Swalen, "Depu rirmeni of Pathology, Beth Lirasl Deaconess Medical Center angd Harvard Medioal School, Bostan, MA,
L5A, and '*Depu rirent of Cellular and Molecular Mediane, University of Copenhagen, Copenbagen N, Denrmark

& 2000 The Authaons
Jowmnal Complation @ 2007 Blackwe! Publshing Ltd, British jowrnal of Resmartoloagy, 140, 3-12
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: Digest galactose geco™ )
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Enzymatic digestion
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SISTEMA DE GRUPO SANGUINEO Rh o
RHESUS



Table 1.

Rh antigens listed in sequence of initial discovery®

Year of 05 incidenoe in a
Armigen discowvery Camcasian pojpulaciomn
(K] 193091940 =5
[ 16241 To
[ 141 80
E 1543 a0
« 16045 a8
o 162465 1
Hr,, 1950 N
r 1953 [T
Be? 1253 = 1
L 16354 -1
™ 1255 E |
W 1255 |
o 1258 |
L 1258 =5
Cearh) 1258 To
Hr 1250 = Q0
hr* 16350 0=
R 1 x50 =1
cE 1631 A0
CE 16x51 =1
L 16x5 2 To
o~ 16x52 = 1
Rh2a 1 S5 H0
hr* 15x5-4 w1
Rh29 1557 e QICN
Evans ] w1
Rh32 1271 E |
Rh33 1571 - 1
Rh35 16371 - 1
H* 16972 ]
hr® 1972 0=
Tar 1975 =1
Rh39 170 T QICY
Rh-il 1280 To
Rh-i2 1280 =1
Crawton 1280 =1
Mou 1651 = Q0
v 122 = Q5
Riw 1983 = 1
FPTT 1588 = 1
Seo 126850 ]
RARC 1580 = 1
JAL 12590 - 1
STEM 1993 = 1
LOWCR 16354 |
AR 16304 s QICN
JATIK 12095 |
[EENCS 03 - 1
CINR B0 - 1

“From the 2800 meport of the ST Commiitios on Terminoksgy e Bed Coell Surbioe
Anbigeres Vox Sang 2006 BT A 06 5



SISTEMA DE GRUPO SANGUINEO Rh o0 RHESUS: GENETICA

2 genes homologos: RHD y RHCE en el cromosoma 1. 69 Kb vy
enfrentados por sus extremos 3'.

- SMP1

» Cajas Rh

* 1 gen “accesorio”: RHAG, codificado en el cromosoma 6(homologia:40%)
« Homologia de mas de 90% en su secuencia (D y CE)

» Codifican para proteinas de transmembrana de 12 dominios(417 aa)

» Antigenos C y c solo difieren en 4 aa, uno de ellos critico.

* Prolina 226, critico para polimorfismo E/e.

* Herencia: Mendeliana Dominante.



Tdeogran Tdeogran

HE=) i

F F

131 131
122 122
1p21 121
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1341 1341



(ene map

RHD RHCE
| | RHERHs AHC/RHE |
1 2 a 45 & 7 a 9 10 10 9 B 7 &6 5 4 3 2 1
' O I'IE!-gDIII LB I; I'DSﬁElpj Ho-H -I 2t B
=5 000 =5 000
ATG Mot sTOP  sTOP Mot ATG
I';.rlﬂwrl hnmﬂ

BHC/BHe (178AC: 203G—A; 307T>C) encode G (I60L, S88N, S103P)
RHE/RHe (6T6C>G) encode Efe (P226A)
-} Rhesus box

H1 kbp
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REBC lipid
bilayer

e |
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Table 5.7 Locations of D epitopes, according to the model

of Liu et al. [260].

D epitope Extracellular loop required
epD2 (some) 3+4+6

epD3 (most) 6+ other RhD-specific residues*
epD3 (some) 6

epD4 6+ other RhD-specific residues*
epDS (some) 3+4

epDS (some) 3+4+6

epD5 (one) 4+6

epD&/7 (some) 3+4

epD&/7 (some) 3+4+6

epD8 1+24+3+45

epD9 (some) 6

epD9 (some) 6+ other RhD-specific residues*

Fhome epitopes also appear to require the presence of EhD-specific

cytoplasmic and/or transmem brane residues tostabilize the

confguration.

Daniels, 2002. Human Blood Groups



Table 5.8 Estimated number of D antigen sites per red cell
tor various Rh phenotypes [167,208,266,268).

Phenaotype D sites per cell (range)
DCeldce 9900-14600
DcEfcde 12000-19700
Dceldce 12000-23 200
DCe/DCe 14 500-22 800
DCe/DcE 23000-31000
DcE/DcE 15800-33 300
D—/D— 110000-202 000

For numbers of C, ¢, and esites, see Table 5.9,

Daniels, 2002. Human Blood Groups

(h)
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" RhAG polypeptide [} Residues in RhD differing from RhCE
I RhD polypeptide [l Cc associated residues on RhCE
1] RhCE polypeptide [ Ee associated residues on RhCE
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The International Journal of Transfusion Medicine

Vox Sanguinis

Vi Songuinis [2009)

© 2009 The Authar(s|
GRI GI NAL PAP E R. Journal compilation & 20488 International Society af Blood Tra?us:usir:.[';

DOI: 10111114 2304102009 01243

A new blood group system, RHAG: three antigens resulting
from amino acid substitutions in the Rh-associated
glycoprotein

L. Tilley,' C. Green,' ). Poole," A. Gaskell,' K. Ridgwell,” N. M. Burton,” M. Uchikawa,” H. Tsunf.'ﬂgu'am:i,:1 K. []gasa'n.mara,:1
C. A. Akkek® & G. Daniels’

'Internotional Biood Group Reference Llaboratory and Bristol Institute for Trarsfusion Sciences, NHS Blood and Transplant, Bristol, UK
]Deparrme.r‘. t of Biochemistry, University of Bristol, Bristol, UK

Eiapcm ese Rea Cross Tokyo Blood Center and lapanese Red Cross Central Blood Institute, Tokyo, daparn

"E\?parrmen t of immunclogy and Transfusion Medicine, Osls, Narway
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SISTEMA DE GRUPO SANGUINEO Rh o RHESUS: VARIABILIDAD Y
REARREGLOS

RHD RHCE

D-positive 12 3 as 67891 12345678810

DCCW(e)/D-- mw-.—
16C Q41R 226A

DY/Rh32
nvr) | -EHIHHHHHHHHE-- HHHHHHHEHHE-

DCW- 1sc-4
-I-I-I-I-I-I-I-I-I-D-rz-l];l;l-l-l-l-l-l-l-l-l—
(AM) Q41R
P G -- | -
(Glo) Q41R

D- | o - o o -
Evans+ (D)

Evans+ D- =ji--E-EFEFE-E-E- - - 2 -
(AT)

Evans+ D.- =IHHHHHHHHHE-MHHHHHEHHH K+
(Dav)
De-  -SHIHHHHHHHHE-4 H { HHIHHHIHH -
(Bol)

Do T HHHHHHHHH H H HHHHHHH-
(LZ)

(C)E variant . g HEHIHIHIHE--BHHIN H H HH H H -

(DKK-EKK) 103 t10sp E-z26p



RHD RHCE

D-negative
G123456?391ﬂ 2345678 910
r -l-l-I-D-D-D-DlH—D-D-D—D—D—D—D—D—D—D—
(SF)

(CefCe MH HHHHHHHHEIFAHHHHHHHHHF

(Clee® VS+ VS SHHH HIH HHHHE-
r Llr.-‘.2F~r v L245V G336C L245V Gaaec
CML* Wm
frameshift (200)

* BHD and BHCE identified in a Dpositive patient, with
chironic myeloid laukemia, who became D-negative



SISTEMA DE GRUPO SANGUINEO Rh o0 RHESUS: ANTIGENO D

* Difiere de RhCE por 32 a 35 aa.
* Aprox. 35000 por célula.
* Resistente a tratamientos enzimaticos.

» Expresiones alteradas: Du, D mod, D null, D parcial

49 112 226
109/ “fe2 A 358
RBC lipid 384
bilayer * 21 L: T
b 6 4

R -— e
) U 4D8AD\_, COOH
NH 417

2



« Mas importantes: Du y D parcial.

D categories

Anti-D from

Cells I Illa Ille IVa IVb Va VI
II 0 + + + v + +
I1a + 0 0 + + + +
IITh + 0 0 + + v +
IIlc + 0 0 + + + +
[Va 0 Vv 0 0 0 + +
Vb 0 Vv Vv 0 0 0 +/0
Va + 0 0 + + 0 +/0
VI 0 0 0 +/0 +/0 0 0
VII + +/0 +/0 + + +/0 +
DFR + 0 +/0 + + 0 0
DET 0 NT A 0 0 +/0 +/0

+ = positive; +/0 = positive with some sera and negative with other sera; 0 = negative;
V =variable strength of positive reaction and some sera negative; NT = not tested.
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Molecular basis of partial D phenotypes

Weak D DHMi
DHR"  OVa&  gype 45 TEBII
R2zeK, T¥Pe4  Gosop — cogsy
L34P H1EEF" Gasss DIl
f “\,\5 ({_ "/ ~ A354R
W K"".g' | ./)} *J:/\i__mmu*
' | ¢ 1 @353R
RBC lipid
bilayer
VISR
NH. — \_J| DHo \J - COOH
‘ OV Type & RE2AET
E223K
D% “Not made anti-D

Molecular basis of weak D7 11.16,18

Type 9

P
TEE;?BLS A294P  DAU-O
f T379M
Type 17 BetS |Type 12 [TyBe 11/
R114W T \|G2TTE [ | Typo2
\ ,I . If | /G385A
|
; . H- | /|
P % .
H:{I: o i / Type 10
e \ | 1< 4 W393R
3
SO, 2/
T‘r’pe 5] I TYF)E 5 U || /
1oa NH S A149D / '| | QOH
Type 18 Type 23 k\
Type 3 R7W Type 22
b G212C .' H\ Type 22
e Type 24 Type 7

V270G Tw:e 8
G307R

* anti-D made by one
person with Type 1

L338P G339E



Definitions of weak D and partial D

The terms weak D and partial D have often been used to
determine how a patient is transfused or whether anti-D
immunoglobulin prophylaxis should be given. These terms,
however, are not adequately defined and, therefore, not suit-
able for this purpose. Three types of differentiating defini-
tions have been used, but none is satisfactory.

1 Weak D antigens have all D epitopes partial D antigens
lack one or more D epitopes. This is difficult to define
serologically, because a negative reaction with a particular
monoclonal antibody or by a specific method could result
from weak expresson of the epitope, rather than its
absence. DIIla appears to have all epitopes, but individu-
als with DIIla red cells often make anti-D and so their
red cells must be lacking at least one D epitope.

2 Individuals with partial D antigens can make anti-D;
those with weak D antigens cannot. This is the usual
interpretation of the dichotomy, but it is dependent on
an immune response. If anti-D has not been found in any
person with a particular D variant, this does not mean
that another patient with the same variant will not make
anti-D following immunization with D+ red cells. For
example, weak D types 4-2 and 15 have been classed as
weak D, yet all have subsequently been found in numer-
ous patients who have made alloanti-D (Wagner et al,
2000).

3 In partial D, the RhD proteins have amino acid changes
outside of the membrane, whereas in weak D the RhD
proteins have one or more amino acid substitutions
within either the membrane-spanning domains or the
cytoplasmic loops of the protein, but not externally
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Mutations in RHID encoding the D-negative phenotype

Associated
Mechanism haplotype  Ethnicity
Gene deletion ce Caucasians
Duplication of 37 bp at intron 3/exon 4 junction;
missense mutations; stop codon in exon 6
|[RHD pseudogene) ce Blacks
48G>=A 1 exon 1; Trpl6Stop Ce
121C=T in exon 1; Gln41Stop Ce
270G=A in exon 2; TrpY0Stop cE Chinese
990C=>G in exon 7; Tyr330Stop Ce
711del C in exon 5; fs; Val245Stop cE Chinese
906insGGCT in exon 6; fs; IVS6 + 2t=>a Ce Chinese
5" end of exon 4 del ACAG; fs; Met1675top Ce Caucaslans
600 delG; Leu228Stop
635G=T in exon 5; Gly212Val Ce
IVS8+ 1 g=a Ce Caucasians
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Fig. 3. Reporting of D typing anomalies and selection of red cells.
Adapted from: (Milkins er al, 2013) Guidelines for pre-transfusion
compatibility procedures in blood transfusion laboratories. Transfu-
sion Medicine, 23, 3-35. With permission from John Wiley & Sons.
*Weak reaction is defined by local policy and in line with manufac-
turers’ instructions — likely to be <3+ or <2+ depending on system
used. Recommendation in dashed box is not in the UK guidelines.



TABLE 1. Frequency of D variants found in a population of 360 Brazilian blood donors, RHCE allele association,

and flow chart used for identification of the variant

Associated
RHCE allele Flow chart D variant Number Percent
ce 3 Weak D Type 4.2.2 110 30.50
ce 3 Weak D Type 4.0 81 2250
Ce 1 Weak D Type 3 59 16.40
cE 2 Weak D Type 2 25 6.95
Ce 1 Weak D Type 38 21 5.83
Ce 1 Weak D Type 1 19 528
ce 3 DAR1 14 3.90
Ce 1 pv! 6 1.66
ce 1 DAUB 6 1.66
ce 1 DMH 4 1.11
ce 1 DAUO 2 0.56
ce 4 DOL2 2 0.56
ce 4 DAUS 1 0.27
ce 1 DAU1 - ! 1 027
Ce 1 DNB 1 0.27
Ce 1 Weak D Type 18 1 0.27
ce 4 DY Type 2 1 0.27
ce 5 D" Type 6 1 0.27
ce 6 D" Type 2 1 0.27
ce 3 Weak D Type 4.1 1 0.27
ce/Ce 4 DV Type 1/RHDy 1 0.27
celce 3 DAR1/Weak D Type 4.2.2 1 0.27
celce 3 Weak D Type 4.2.2/Weak D Type 4.0 1 0.27
Total 360 100.00

TRANSFUSION 2014;54:962-969.




Amplification of exon 3, exon 4, exon
5, exon 7 and exon 9 in Multiplex PCR
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Fig. 1. Flow Chart 1 applied when all exons of the multiplex PCR procedures are amplified.
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Fig. 7. Multiplex PCR analysis on 4% agarose gel. Lanes 1
through 6 correspond to Flow Charts 1 through 6, respectively.
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HOW bo I...?

How we incorporate molecular typing of donors and patients into
our hospital transfusion service

Hedyeh Shafi, Thab Abumuhor, and Ellen Klapper
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Table 4
Cenotyping tools available.

Platform Company Analysis Note
Research developed

GenomeLab™ SNPstream™ Beckman Coulter, USA 19 Ags (22 Ags [13.30-32]
MALDI-TOF MS Sequenom Biosdence, USA 13 Ags [17]
OpenArray™ Life Technologies, USA 17 Ags |3536]
SMaPshot™ Life Technologies, USA 35 Ags[16 Ags [3334]

Commercially available
BLOODchip Reference
IDCore

IDCore+

IDCore™”

IDHPA

BioArray™ HEA Beadchip™
BioArray™ HPA

BioArray™ RHCE Beadchip™
BioArray™ RHD Beadchip™
HIFI BLOOD 96™

Progenika Biopharma SA, Spain (Crifols/Novartis)
Progenika Biopharma SA, Spain (Grifols/Novartis)
Progenika Biopharma SA, Spain (Grifols/Novartis)
Progenika Biopharma SA, Spain (Grifols/Novartis)
Progenika Biopharma SA, Spain ( Grifols/Novartis)
Immucor, USA

Immucor, USA

Immucor, USA

Immucor, USA

AXD Science, France

128 SNPs or 33 RBC and 12 PLT Ags
23 RBC Ags

33 RBC Ags

37 RBC Ags

12 PLT Ags

24 SNPs or 38 RBC Ags

22 PLT Ags

35 variants

75 variants

29 RBC Ags

CE marking [19.40.41]
[41]

[41]

[41]

[41]

CE marking [48-50]
CE marking [50]

[50]

[50]

CE marking [ 50]
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Table 1
Capabilities of selected sequencing platforms from Illumina and Life Technologies.

System Sequence output Read length Time
[llumina MiSeq (v3 chemistry) Upto 15Gb 2 % 300 bp 65h

HiSeq 2500 (v4 chemistry) Upto1Tb 2x125bp 6 days
Life Technologies lon PGM (lon 318 chip) Upto 2Gb 35-400 bp 44-73h

lon Proton (PI chip) Upto 10Gb 200 bp 2-4h

Blood group genes
~150,000bp

- Exome
~30-60Mbp

Human GEBI']CIITIE Exome
~3.2x10° bp ~30-60Mbp

Fig. 1. A representation of the approximate relative proportions of the
human exome as compared to the human genome (A) and the proportion
of the exome encoding blood group related genes (B).
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