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Summary 

Four lyophilised genomic DNA preparations from genotyped and phenotyped donors were 
evaluated for their suitability to serve as WHO Reference Reagents to standardise blood group 
genotyping procedures for common Caucasian and Black African alleles, in an international 
collaborative study.   
 
Introduction 
The molecular bases of almost all the clinically significant blood group polymorphisms are 
known and blood group genotyping is becoming increasingly used as it has a number of 
advantages over conventional blood group serology: when reliable and consistent serological 
reagents are unavailable to type minor antigens and variants; for blood typing red cells with a 
positive direct antiglobulin test; typing multiply transfused patients.  Genotyping can also be 
used to resolve reagent typing discrepancies and predicting fetal Rh D phenotype and some other 
clinically important blood groups from cell-free fetal DNA in maternal blood. 
International Society of Blood Transfusion (ISBT) workshops on molecular blood group 
genotyping have been held at 2 yearly intervals since 2004 [1-3] with the multiple aims of 
functioning as an external quality assurance scheme, improving communication between 
genotyping laboratories, identifying methodology, and assessing the accuracy and reliability of 
methods and laboratories.  The report from the Third ISBT workshop, held in 2008, noted an 
overall high level of diagnostic accuracy with a small improvement from previous workshops, 
but still room for further improvement [3].  Similar conclusions were drawn from a fourth 
workshop in 2010 (unpublished).  For example, in the third workshop, only 24 of 33 laboratories 
obtained completely correct results for samples obtained from a patient with abnormal anti-D 
serology and two multiply transfused patients.  Thus a requirement for standardisation in 
molecular blood group genotyping through the availability reliable and well validated DNA 
reference materials of consistent quality and DNA concentration was identified.  
The aim of the present study was to evaluate the first four of an envisaged larger panel of 
lyophilised DNA preparations produced from consenting blood donors for their suitability to 
serve as World Health Organization (WHO) Reference Reagents for common alleles found in 
Caucasian and black African populations, in an international collaborative study organised under 
the auspices of the ISBT.  
 
Materials and methods 
Candidate WHO Reference Reagents for blood group genotyping 
Blood samples were collected from consenting donors of previously determined genotype and 
phenotype according to local ethical practice.  Each donor was tested and found negative for 
HIV, HTLV, Hepatitis B, Hepatitis C, and Syphilis.  Red cells were stored frozen in aliquots at -
80oC and in liquid nitrogen for further serological phenotyping if necessary, and lymphoblastoid 
cell lines were established following EBV transformation.  Master and working cell banks were 
produced to ensure a continual future cell supply.  Four cell lines, termed RBC1, RBC4, RBC5 
and RBC12 were selected for bulk production of DNA for the first 4 candidate reference 
reagents.  Large-scale cell culture was carried out and genomic DNA extracted from cell pellets 
using Gentra Puregene chemistry (Qiagen, UK).  Genomic DNA extracted using the same 
purification procedure from EBV-transformed cell lines did not show EBV infectivity.  Each of 
the genomic DNA preparations was diluted to 10 µg/ml in 2 mM Tris, 0.2 mM EDTA containing 
3 mg/ml trehalose, dispensed into glass ampoules (0.25 ml/ampoule) and lyophilised.  The 
preparations were coded as shown in Table 1.  The ampoules were stored in the dark at -20oC, 
except for a small number that were stored at temperatures ranging from -150oC to +56oC for 
accelerated degradation studies.  Upon reconstitution with 50 µl distilled/deionised water 



WHO/BS/2011.2166 
Page 3 

 
(nuclease-free), the DNA concentration was approximately 50 µg/ml in 10 mM Tris, 1 mM 
EDTA containing 15 mg/ml trehalose.  The quality of the extracted and freeze-dried DNA 
preparations was confirmed by agarose gel electrophoresis, spectrophotometry and real-time 
QPCR.  
Full details of the product characterisation and fills are located in the relevant Reference Material 
Design Dossier at NIBSC. 
Fill details are summarised in Table 1. 
 
Acquisition of bulk material for replacement reagents 
Master cell banks of each of the 4 lymphoblastoid cell lines used as the source of DNA have 
been established at NIBSC.  These allow for consistent genotype replacement upon exhaustion 
of the present ampoule stocks, and provide a source of DNA for the addition of further alleles to 
the genotype profile. 
 
Collaborative study participants 
A total of 29 laboratories in 19 countries from Europe, North and South America, the Middle 
East, China and Australia participated in the study (Appendix 1).  Each was assigned a code 
number, which does not reflect the order of listing.   
 
Study design 
Each participant was provided with 3 ampoules of each of the candidate Reference Reagents 
10/232, 10/234, 10/236 and 10/238 which were coded as shown in Table 1.  Participants were 
requested to perform blood group genotyping on the reconstituted contents using their usual 
method(s) for the genes listed in Table 3, analysing ampoules A-D on day 1, ampoules E-H on 
day 2 and ampoules I-L on day 3.  Participants were requested to indicate which genes they 
detected in the reconstituted contents of each ampoule on results sheets provided.  They were not 
asked to report predicted phenotypes to avoid possible transcriptional errors or use of 
inconsistent terminology.  The study protocol is given in Appendix 2. 
 
Results 
Results were returned by 29 laboratories.  A range of methods was used by the laboratories, the 
most common being classical PCR using allele or sequence specific primers (Table 2).  Ten 
laboratories used different methods for detecting different genes; laboratory 14 returned 2 
complete sets of results using PCR-SSP and BeadChip array, so these data were considered 
separately (laboratory 14a and 14b, respectively) to give a total of 30 sets of results.  Table 3 
shows the number of laboratories that tested for each gene, the serological phenotypes of the 
samples, and the phenotypes predicted by the study organisers from the genotypes returned by 
the laboratories.   
 
RBC1 (10/232; D, E, K), RBC4 (10/236; A, H, J) and RBC5 (10/238; C, F, L) 
These samples had been selected to represent a range of common alleles in homozygous and 
heterozygous combinations.  There were relatively few genotyping errors in the results returned 
by the study participants as judged both from the serology and the consensus predicted 
phenotypes, although only 11 laboratories tested for all genes requested.  A further laboratory 
(lab 10) tested for all genes with the caveat that their methodology would not detect all GYPA*N 
alleles.  Errors were of two types: intra-laboratory inconsistency where the result from one of the 
replicated samples was inconclusive or did not agree with those of the others replicates (shown 
by labs 3, 14b, 19, 22, 26 for one or more samples/genes) and consistent but incorrect 
genotyping (Kidd genotype of RBC1 by lab 2, Duffy genotype of RBC5 by lab 16, and 
Dombrock genotype of RBC1, RBC4 and RBC5 by lab 16).  Twenty-four sets of data were free 
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from any errors, but many laboratories did not test for a number of genes.  Laboratory 14 
returned an error-free set of data using conventional PCR (lab 14a), but data with several 
anomalies using BeadChip array (lab 14b). 
 
RBC12 (10/234; B, G, I) 
This sample was selected to contain alleles that are common in individuals of African origin, but 
extremely rare in other populations.  This sample is D−, but has the inactive RHDΨ gene.  It is 
also V+ VS+ and so has a nucleotide change in RHCE, and is Fy(a−b−) and so is homozygous 
for a nucleotide change in the promoter region of DARC.  One laboratory did not test for RHDΨ 
and so incorrectly predicted a D+ phenotype.  The other laboratories recognised the presence of 
RHDΨ apart from one that could not distinguish RHDΨ from RHD*DVa.  No laboratories 
reported testing for the VS polymorphism.  All laboratories identified the FY*Bnull allele and so 
correctly predicted an Fy(a−b−) phenotype. 
 

Stability 
In NIBSC’s experience, lyophilised DNA extracted from cell lines shows good stability. 
Preliminary accelerated degradation studies on ampoules of RBC1, 4, 5 and 12 stored at -150°C, 
-20oC, +45°C and +56°C for 6 months were carried out.  DNA quantification (Nanodrop 
spectrophotometer readings) showed that all ampoules had concentrations of ≥50 ng/µl after 
reconstitution (mean 56.8ng/µl; range 52.8 – 60.7; SD 2.8; Figure 1).  All samples looked in 
good condition using agarose gel electrophoresis (Figure 2), and appeared to have better integrity 
than the commercial control sample (lanes 2 & 19).  There was an indication of slight 
degradation in some of the 45°C and 56°C samples as judged from a small decrease in DNA size 
compared with the ampoules stored at -20oC and -150°C.  Some degradation in three of the 56°C 
samples, and possibly 2 of the 45°C samples was also suggested by increased cycle threshold 
values from real-time QPCR of a 486 bp sequence on chromosome 11 (Table 4).  The data were 
analysed using the DEGTEST program where the percentage amount of DNA in each of the 
ampoules stored at -20oC, +45°C and +56°C was expressed relative to the relevant sample stored 
at -150°C.  The analysis did not run successfully for 10/236 and 10/238 as insufficient loss was 
observed.  The predicted losses of activity for 10/232 and 10/234 are shown below: 

 
Code  Predicted percentage loss per year at -20°C 

10/232  0.197% 

10/234  0.120% 
 

Thus, based on the preliminary data, the preparations should be sufficiently stable at -20oC for 
many years, particularly as they are intended only as qualitative controls in PCR. 
It is proposed to test ampoules stored at elevated temperatures at 1-2 yearly intervals to monitor 
degradation and confirm that the preparations are still fit for purpose i.e., give the appropriate 
reactions in the relevant genotyping tests. 
 

Instructions for Use 
The draft Instructions for Use to accompany this reference material are provided in Appendix 3. 
 

Participant feedback 
All of the participants accepted the recommendation to establish RBC1, RBC4, RBC5 and 
RBC12 as WHO Reference Reagents for blood group genotyping.  
 
 



WHO/BS/2011.2166 
Page 5 

 

Discussion  
This study demonstrates an overall high level of accuracy in blood group genotyping for 
common alleles, but the identified errors and inconsistencies, and the limited genotyping 
capabilities of many laboratories, indicate a need for validated reference materials to control test 
procedures and ensure they are sufficiently sensitive.  The finding that the majority of 
laboratories reported genotypes in accordance with those determined by the study organisers and 
the serological phenotypes validates the use of RBC1, RBC4, RBC5 and RBC12 as reference 
reagents for blood group genotyping, subject to the ongoing demonstration of adequate stability.  
The reference reagents are intended for qualitative use only i.e., to give positive or negative 
results for a particular allele from which red cell phenotype can be inferred; quantification of 
DNA is not required.  It is therefore recommended that RBC1, RBC4, RBC5 and RBC12 are 
established as the first four WHO Reference Reagents for blood group genotyping to control test 
procedures for common alleles in Caucasian and black African populations as listed in the IFU.  
The success of the present project allows for the possibility of expanding the current panel both 
in terms of extending the allelic profiles of the same 4 DNA preparations, and the preparation of 
DNA from additional consenting donors to cover, for example, clinically important alleles found 
in other populations.  As the cost of molecular genotyping decreases, it is anticipated that such 
methodology will become increasingly used world-wide. 
 

Proposal 
It is proposed that RBC1 (10/232), RBC4 (10/236), RBC5 (10/238) and RBC12 (10/234) are 
established as the first four WHO Reference Reagents for blood group genotyping to control test 
procedures for common alleles in Caucasian and black African populations. 
 

Implementation plan 
Blood group genotyping laboratories and manufacturers of genotyping kits will be informed 
about the availability of the Reference Reagents directly and through the ISBT e.g., through the 
external quality assurance workshops. 
The report of the collaborative study will be published in an international scientific journal.  
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Table 1   Summary of fill details 
 
 Cell line (phenotype) 

 RBC1 
(AR1R1) 

RBC4 
(OR1R2) 

RBC5 
(Brr) 

RBC12 
(OψD) 

NIBSC code 10/232 10/236 10/238 10/234 

Study code D, E, K A, H, J C, F, L B, G, I 
Mean weight of the dispensed solution 
(number of fill weights measured) 

0.26 g 
(102) 

0.27 g 
(102) 

0.27 g 
(77) 

0.27 g (72) 

Imprecision of the filling (coefficient of 
variation) 

0.33% 0.65% 0.72% 0.49% 

Residual moisture 1.1% 1.1% 1.6% 0.89% 
Number of ampoules for distribution as 
WHO reference reagent 

2785 1776 2682 1951 
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Table 2   Methods used by participating laboratories 
 
Lab PCR-

ASP or 
PCR-
SSP 

PCR-
RFLP 

Multiplex  
SSP or 
RFLP 
PCR 

Real 
time 
PCR 

BeadChip 
array 

BloodChip 
array 

Luminex 
array 

5’ 
nuclease 
assay 

1 x         
2 x        
3     x    
4 x   x     
5 x x       
6 x        
7 x    x     
8        x 
9       x  
10 x        
11 x x       
12 x        
13 x        
14a x        
14b     x    
15 x   x     
16 x x       
17 x        
18 x   x     
19    x     
20 x        
21 x  x  x    
22 x        
23   x  x    
24 x        
25 x     x   
26 x        
27 x    x    
28   x      
29     x    
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Table 3   Comparison of serological phenotype with predicted phenotype from 
blood group genotyping for samples A-L  
 
   Predicted phenotype from reported results 

Polymorphism Serology Number of 
labs testing 
for gene 

Correct for all 
replicates testeda 

Incorrect or inconsistent 
results 

RBC1 (D, E, 
K) 

    

MN M+N- 19 
(GYPA*M, 
GYPA*N) 

M+N- (17)b; M+N- with 
caveat that not all N 
alleles are detected (lab 
10)c 

 

Ss S+s+ 23 (GYPB*S, 
GYPB*s) 

S+s+ (23)  

D D+ 25 (RHD)  
23 (RHDψ)  

D+ (25; RHDψ not 
detected by 23 labs) 

 

Cc C+c+ 27 
(RHCE*C) 
29 (RHCE*c) 

C+c+ (27); c+ (2; 
RHCE*C  not testedd) 

 

Ee E+e+ 30 
(RHCE*E) 
28 (RHCE*e) 

E+e+ (28); E+ (2; 
RHCE*e not testedd) 

 

Kk K+k+ 29 (KEL*1, 
KEL*2) 

K+k+ (29)e  

Duffy Fy(a-b+) 28 (FY*A, 
FY*B) 
27 
(FY*BNull) 

Fy(a-b+) (28)e   

Kidd Jk(a-b+) 28 (JK*A, 
JK*B) 

Jk(a-b+) (27)e Jk(a+b+) (lab 2) 

Dombrock not tested 20 (DO*A, 
DO*B) 

Do(a-b+) (19)e Do(a+b+) (lab 16) 

     
RBC4 (A, H, 
J) 

    

MN M+N+ 19 
(GYPA*M, 
GYPA*N) 

M+N+ (18)b  

Ss S-s+ 23 (GYPB*S, 
GYPB*s) 

S-s+ (23)  

D D+ 25 (RHD);  
23 (RHDψ) 

D+ (25); RHDψ not 
detected by 23 labs) 
 

 

Cc C+c- 27 
(RHCE*C) 
28 (RHCE*c) 

C+c- (26); c+ (1; 
RHCE*C  not testedd) 

C+c- for samples A and J, C+ 
but c inconclusive for sample H 
(lab14b) 

Ee E-e+ 29 
(RHCE*E) 
28 (RHCE*e) 

E-e+ (26); E- (2;  
RHCE*e not testedd); e+ 
(1, RHCE*E not tested) 

Inconclusive results for both E 
and e for samples A and H, E-
e+ for sample J (lab 14b) 

Kk K-k+ 29 (KEL*1, 
KEL*2) 

K-k+ (29)  

Duffy Fy(a-b+) 28 (FY*A, Fy(a-b+) (27); Fy(a-b+) Fy(a-b+) for sample A, Fy(a-b-
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FY*B) 27 
(FY*BNull) 

in absence of FY*BNull 
result (1)f 

) for samples H and J (lab 16) 

Kidd Jk(a+b+) 28 (JK*A, 
JK*B) 

Jk(a+b+) (28)  

Dombrock not tested 20 (DO*A, 
DO*B) 

Do(a-b+) (18) Do(a+b+) (lab 16); Do(a-b-) 
for sample A (lab 19)  

     
RBC5 (C, F, 
L) 

    

MN M-N+ 19 
(GYPA*M, 
GYPA*N) 

M-N+ (16)b M-N+ for samples C and F, M-
N- for sample L (lab 3); M-N+ 
for samples F and L, no results 
for sample C (lab 22) 

Ss S-s+  S-s+ (22) S-s+ for samples F and L, no 
results for sample C (lab 22) 

D D- 24 (RHD);  
23 (RHDψ) 

D- (23) D- for samples F and L, no 
results for sample C (lab 22) 

Cc C-c+ 28 
(RHCE*C) 
29 (RHCE*c) 

C-c+ (26); c+ (1; 
RHCE*C not tested) 

C-c+ for samples C and F (lab 
3), C-c- for sample L (lab 3);  
C-c+ for samples F and L, no 
results for sample C (lab 22) 

Ee E-e+ 29 
(RHCE*E)  
29 (RHCE*e) 

E-e+ (27); E- (1;  
RHCE*e not tested); e+ 
(1, RHCE*E not tested) 

E-e+ for samples F and L, no 
results for sample C (lab 22) 

Kk K+k- 29 (KEL*1, 
KEL*2) 

K+k- (27) K+k- for samples C and F, K-
k- for sample L (lab 3); K+k- 
for samples F and L, no results 
for sample C (lab 22) 

Duffy Fy(a+b+) 28 (FY*A, 
FY*B) 27 
(FY*BNull) 

Fy(a+b+) (23); 
Fy(a+b+) in absence of 
FY*BNull result (1) 

Fy(a+b+) for samples C and F, 
Fy(a-b-) for sample L (lab 3); 
Fy(a-b+) (lab 16); Fy(a+b+) for 
samples F and L, no results for 
sample C (lab 22); Fy(b+), 
FY*A inconclusive (sample C 
only tested; lab 26) 

Kidd Jk(a+b-) 28 (JK*A 
JK*B) 

Jk(a+b-) (26) Jk(a+b-) for samples C and F, 
Jk(a-b-) for sample L (lab 3); 
Jk(a+b-) for samples F and L, 
no results for sample C (lab 22) 

Dombrock not tested 20 (DO*A, 
DO*B) 

Do(a-b+) (19) Do(a+b+) (lab 16) 

     
RBC12 (B, G, 
I) 

    

MN M+N+ 19 
(GYPA*M, 
GYPA*N) 

M+N+ (17)b M+N- with caveat that not all 
N alleles are detected (lab 10)c 

Ss S-, s not 
tested 

23 (GYPB*S, 
GYPB*s) 

S-s+ (23)  

D D- 25 (RHD)  
23 (RHDψ) 

D- (RHD and RHDψ 
detected (6); exon 5 
negative and RHDψ 
detected (1); exon 5 
negative (1); RHDψ 

D+ (RHDψ not tested; lab19) 
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detected (15); RHDψ or 
RHD*Dva detected (1)  

Cc C-c+ 27 
(RHCE*C) 
29 (RHCE*c) 

C-c+ (27); c+ (2; 
RHCE*C not testedd) 

 

Ee E-e+ 29 
(RHCE*E)  
28 (RHCE*e) 

E-e+ (27); E- (2;  
RHCE*e not testedd); e+ 
(1, RHCE*E not tested) 

 

Kk K-, k not 
tested 

29 (KEL*1, 
KEL*2) 

K-k+ (29)  

Duffy Fy(a-b-) 28 (FY*A, 
FY*B) 27 
(FY*BNull) 

Fy(a-b-) (28)g  

Kidd Jk(a+b+) 28 (JK*A 
JK*B) 

Jk(a+b+) (28)  

Dombrock not tested 20 (DO*A, 
DO*B) 

Do(a-b+) (19) Do(a+b+) (lab 16)  

 
aNumbers of laboratories obtaining each result are shown in parentheses; laboratory 26 tested samples A-
D only 
bLaboratory 18 tested samples E-H only for GYPA*M and GYPA*N 
cLaboratory 10 offers GYPA*M typing only as not all GYPA*N alleles are detected 
dLaboratory 15 only tested samples C, F, L for RHCE*C and RHCE*e as the assays could only be 
performed on RHD-negative samples 
eLab 22 did not test sample D 
fLab 14a did not test sample H for FY*A, FY*B 
gLaboratory 21 reported detection of homozygous GATA mutation, hence phenotype is Fy(b-) 
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Table 4   Cycle threshold (Ct) values from real-time QPCR 
 
 Storage temperature oC 

Preparation -150 -20 +45 +56 

10/232   (RBC 1) 20.00 19.92 20.34 20.69 

10/234   (RBC 12) 20.13 20.02 20.37 20.61 

10/236   (RBC 4) 20.68 20.73 20.68 21.18 

10/238   (RBC 5) 20.27 20.23 20.22 20.33 
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Figure 1   Nanodrop spectrophotometer readings of reconstituted contents 
of ampoules of RBC1 (232), RBC4 (236), RBC5 (238) and RBC12 (234) 
stored at -150oC, -20oC, +45oC and +56oC for 6 months 
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Figure 2   Agarose gel electrophoresis of RBC1 (10/232), RBC4 (10/236), 
RBC5 (10/238) and RBC12 (10/234) stored at -150oC, -20oC, +45oC and 
+56oC for 6 months 
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Connie M. Westhoff, Sunitha Vege, New York Blood Center, Long Island City, NY, USA 
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Appendix 2  Collaborative study protocol 
 

COLLABORATIVE STUDY TO EVALUATE LYOPHILISED DNA PREPARATIONS FOR 
THEIR SUITABILITY TO SERVE AS INTERNATIONAL (WHO) REFERENCE 

REAGENTS FOR BLOOD GROUP GENOTYPING (CS459) 
 

COLLABORATIVE STUDY PROTOCOL 
 
AIM  
 
To evaluate lyophilised DNA preparations for their suitability to serve as International (WHO) 
Reference Reagents for blood group genotyping. 
 
 MATERIALS PROVIDED 
 
12 ampoules of human DNA lyophilised in trehalose labelled as A-L.  Store unopened ampoules at -
20oC or below. 
 
RECONSTITUTION 
 
Do not open ampoules or reconstitute until the day of assay. 
If necessary, tap the ampoules to ensure the lyophilised plug is visible at the bottom, and open 
according to the Instructions for Use (IFU) accompanying the materials.  Reconstitute the contents of 
each ampoule with 50 µl deionized or distilled water according to the IFU.  Check that the contents 
have dissolved completely before use.  Following reconstitution, the concentration of DNA is ~50 
ng/µl in 10 mM Tris 1 mM EDTA containing 15 µg/µl trehalose. 
 
Please take into account that these preparations contain material of human origin and apply all 
relevant safety procedures for use and subsequent disposal.  
 
METHODS 
 
Use your usual method(s) for blood group genotyping, e.g., microarray and/or PCR kits. 
 
ASSAY DESIGN 
 
DAY 1:  Reconstitute and analyse ampoules A-D for the genes listed on the results sheet. 
DAY 2:  Reconstitute and analyse ampoules E-H for the genes listed on the results sheet.  
DAY 3:  Reconstitute and analyse ampoules I-L for the genes listed on the results sheet. 
Please enter the results on the assay results sheets provided.   
 
Return the results to:   Dr SJ Thorpe by 15th April 2011. 
Tel:  +44 (0)1707 641251; Fax:  +44 (0)1707 641057; email: susan.thorpe@nibsc.hpa.org.uk 
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Collaborative Study to assess lyophilised DNA preparations as candidate International 
Reference Reagents 

 
ASSAY RESULTS SHEET DAY 1 

Name: 

Laboratory: 

Method: 

Date: 

 
Please indicate the genes detected with X 

 Ampoule 

 A B C D 

Genes     

GYPA*M     

GYPA*N     

GYPB*S     

GYPB*s     

RHD     

RHD     

RHCE*C     

RHCE*c     

RHCE*E     

RHCE*e     

KEL*1     

KEL*2     

FY*A     

FY*B     

FY*BNull     

JK*A     

JK*B     

DO*A     

DO*B     
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Collaborative Study to assess lyophilised DNA preparations as candidate International 
Reference Reagents 

 
ASSAY RESULTS SHEET DAY 2 

Name: 

Laboratory: 

Method: 

Date: 

 
Please indicate the genes detected with X 

 Ampoule 

 E F G H 

Genes     

GYPA*M     

GYPA*N     

GYPB*S     

GYPB*s     

RHD     

RHD     

RHCE*C     

RHCE*c     

RHCE*E     

RHCE*e     

KEL*1     

KEL*2     

FY*A     

FY*B     

FY*BNull     

JK*A     

JK*B     

DO*A     

DO*B     
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Collaborative Study to assess lyophilised DNA preparations as candidate International 
Reference Reagents 

 
ASSAY RESULTS SHEET DAY 3 

Name: 

Laboratory: 

Method: 

Date: 

 
Please indicate the genes detected with X 

 Ampoule 

 I J K L 

Genes     

GYPA*M     

GYPA*N     

GYPB*S     

GYPB*s     

RHD     

RHD     

RHCE*C     

RHCE*c     

RHCE*E     

RHCE*e     

KEL*1     

KEL*2     

FY*A     

FY*B     

FY*BNull     

JK*A     

JK*B     

DO*A     

DO*B     
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Appendix 3  Draft Instructions for Use 
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