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Background: Duffy blood group genotyp-
ing is useful to ensure transfusion safety
and determine the association of Duffy
blood group polymorphism with diseases,
and therefore has its clinical significance.
In order to improve the existing methods
for genotyping of Duffy blood group, which
normally require post-PCR manipulation, a
new method was developed by using 5′-
nuclease assay (NA) with TaqMan minor
groove binding (MGB) probes. Methods:
Primers and TaqMan-MGB probes were de-
signed and synthesized to genotype FY*A
and FY*B alleles at Duffy blood group lo-
cus on a real-time PCR platform. A to-
tal of 120 samples were genotyped by us-
ing the new 5′-NA and conventional poly-
merase chain reaction with allele-specific

primers (PCR-ASP). The results obtained
by the two methods were compared.
Results: There was a complete concor-
dance of results for all samples genotyped
by 5′-NA and PCR-ASP. The retesting re-
sults of 5′-NA were consistent with those of
the initial testing. The detection limit of 5′-
NA was determined as 100 pg per reaction.
The FY*A and FY*B allelic frequencies were
93.3% and 6.7% respectively in the Chinese
Han population in Dalian. Conclusions: The
5′-NA for genotyping of Duffy blood group is
simple, rapid, reliable, reproducible, sensi-
tive, and high-throughput and is superior to
PCR-ASP used in routine genotyping. J.
Clin. Lab. Anal. 29:203–207, 2015. C©
2014 Wiley Periodicals, Inc.
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INTRODUCTION

Duffy blood group is a clinically significant blood group
system. The antigens of Duffy blood group system are lo-
cated on the surface of the red blood cells and include
Fya, Fyb, Fy3, Fy4, Fy5, and Fy6 (1). Among these anti-
gens, Fya and Fyb are the most important ones in trans-
fusion medicine. Using both antibodies against either Fya

or Fyb, four phenotypes have been defined: Fy (a+b–),
Fy (a+b+), Fy (a–b+), and Fy (a–b–) (2). The Fy (a–b–)
phenotype is dominant among black populations and rare
among nonblacks (3). The Duffy blood group locus is lo-
cated on the long arm of chromosome 1 (1.q22–1.q23) and
consists of three major alleles: FY*A (encoding the Fya),
FY*B (encoding the Fyb), and FY*BES (4, 5). The FY*A
and FY*B alleles differ by a single nucleotide polymor-
phism (SNP) at nucleotide 125 (G125A, rs12075) resulting
in the amino acid change Gly42Asp (6). FY*BES whose

homozygote corresponds to the Fy (a–b–) phenotype is
caused by a SNP from T to C at position-33 in the GATA
box motif of the FY*B promoter. This SNP disrupts the
binding site for the GATA-1 erythroid transcription fac-
tor, abolishes erythroid expression of the FY*B in the
erythroid lineage but not in other tissues (7,8). FY*BES is
also common in black people, but is rare in many other
populations (9).

Clinically, both antibodies against Fya or Fyb may re-
sult in hemolytic disease of the newborn and hemolytic
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transfusion reactions (1, 10). Moreover, several recent
studies have shown that FY*A and FY*B polymor-
phism is associated with serum concentration of mono-
cyte chemoattractant protein-1 (MCP-1) and affects
susceptibility to Plasmodium vivax malaria (11,12). There-
fore, the genotyping of Fya and Fyb antigens is useful to
ensure transfusion safety and determine the association
of FY*A and FY*B polymorphism with diseases.

The discovery of the molecular basis of Duffy blood
group system has promoted the development of several
molecular methods. So far, several methods have been de-
scribed to genotype Fya and Fyb antigens, such as poly-
merase chain reaction with restriction fragment length
polymorphism (PCR-RFLP) (13), polymerase chain re-
action with allele-specific primers (PCR-ASP) (14), melt-
ing curves analysis (15, 16), multiplex SNaPshot (17),
and high-resolution melting (HRM) analysis (18). Among
them, both PCR-ASP and PCR-RFLP are most widely
used.

Recently, 5′-NA with TaqMan minor groove binding
(MGB) probes has been widely used for SNP genotyping
(19). Because this assay is simple, rapid, sensitive, and ac-
curate, it may be useful for genotyping of blood group. In
this study, we developed a new 5′-NA with TaqMan-MGB
probes to genotype FY*A and FY*B alleles at Duffy blood
group locus on the high-throughput 96-well platform of
the ABI Prism R© 7300 Sequence Detection System. We ad-
ditionally reported gene frequencies of FY*A and FY*B
in the indigenous Chinese Han population.

MATERIALS AND METHODS

Blood Samples

A total of 120 EDTA-anticoagulated whole blood sam-
ples were collected from randomly selected unrelated
blood donors of Chinese Han nationality in Dalian Blood
Center. All the blood donors have given informed con-
sent. Genomic DNA was isolated from whole blood sam-
ples using commercially available DNA isolation kit on
MagCore R© Automated Nucleic Acid Extractor (RBCBio-
science, Taipei, Taiwan) according to the manufacturer’s
instructions.

PCR-ASP

Conventional PCR-ASP was performed to genotype
FY*A, FY*B, and FY*BES alleles according to a method
reported by Olsson et al. (14). PCR products were elec-
trophoresed on 2% agarose gel containing 0.5 μg/mL
ethidium bromide and visualized under UV transillumi-
nator.

5′-NA with TaqMan-MGB Probes

Sequences for the Duffy blood group genes were ob-
tained from the GenBank (NG 011626). For FY*A and
FY*B alleles, sequence-specific forward, reverse primers,
and two allele-specific TaqMan-MGB probes were de-
signed by using Primer Express Software 2.0 (Applied
Biosystems, Foster City, CA, USA) (Table 1). The probes
were labeled with the reporter dye FAM or VIC at 5′ ends,
corresponding to the sequence of the allele FY*A or the
allele FY*B, respectively. The 3′ends were labeled with a
MGB and a nonfluorescent quencher (MGB-NFQ). The
primers and probes were synthesized by Applied Biosys-
tems.

The PCR mixtures included 2 μL of purified genomic
DNA, 12.5 μL of 2X TaqMan Universal PCR Master Mix
Ⅱ (Applied Biosystems, Foster, City, CA, USA), 1.125 μL
of each primer (20 μM), 0.25 μL of each primer (20 μM)
and 9.125 μL of distilled water in a final reaction volume
of 25 μL. The 5′-NA was performed on the ABI Prism
7300 sequence detection system (Applied Biosystems) un-
der the following conditions: 1 pre-PCR heat step at 95°C
for 10 min, followed by 40 cycles at 95°C for 15 s and
at 60°C for 1 min. After the PCR was completed, results
were analyzed on the ABI Prism R© 7300 sequence detec-
tion system with the SDS software v1.4 (Applied Biosys-
tems), using the allele discrimination function to detect
the end-point fluorescent intensity of FAM and VIC in
each well. The genotyping results were sorted into three
distinct groups, corresponding to the three genotypes, ho-
mozygous FY*A/FY*A, FY*B/FY*B and heterozygous
FY*A/FY*B.

Statistical Analysis

Comparisons of the FY*A and FY*B allelic frequencies
between Dalian and other Chinese Han populations were
assessed by the χ2 test. A two-tailed P-value of less than
0.05 (P < 0.05) was considered statistically significant
difference.

RESULTS

One hundred and twenty blood samples were genotyped
using the 5′-NA with TaqMan-MGB probes. Of them,
105 samples were genotyped as FY*A/FY*A, 14 sam-
ples were genotyped as FY*A/FY*B, and one were geno-
typed as FY*B/FY*B. Representative results are shown in
Figure 1.

To test the reproducibility of the 5′-NA, five
FY*A/FY*A, five FY*A /FY*B, and one FY*B/FY*B
samples were reexamined. The retesting results were con-
sistent with those of the initial testing.
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TABLE 1. Primer and TaqMan-MGB Probes Sequences Used in 5′-NA

Primers or probes Sequence (5′–3′) Tm (°C) Length (mer) Final concentration (μM)

Forward primer TGTGAATGATTCCTTCCCAGATG 59.8 23 0.9
Reverse primer CACTGGTGAGGATGAAGAAGGG 59.6 22 0.9
Probe for FY*A FAM-AGACTATGGTGCCAAC—MGB 65.0 16 0.2
Probe for FY*B VIC-AGACTATGATGCCAACC-MGB 66.0 17 0.2

The polymorphic sites are bolded and underlined.

In order to determine the detection limit of 5′-NA
for genotyping of Duffy blood group, the quanti-
fied DNA obtained from homozygous FY*A/FY*A,
FY*B/FY*B, or heterozygous FY*A/FY*B was diluted
with distilled water to a final concentration ranging
from 12.5 pg to 1 pg/μL. Results showed that at least
50 pg of genomic DNA for homozygous FY*A/FY*A
and FY*B/FY*B, and 100 pg of genomic DNA for
heterozygous FY*A/FY*B could be detected. Thus, the
detection limit of 5′-NA for genotyping of Duffy blood
group was determined as 100 pg per reaction.

The samples tested by the 5′-NA were also genotyped by
conventional PCR-ASP. There was a 100% concordance
between the two assays (Table 2). As expected, no FY*BES

allele was observed in the 120 tested samples by PCR-ASP.

The FY*A and FY*B allelic frequencies in the Chinese
population from different geographic regions are listed
in Table 3. The allelic frequencies in the Chinese Han
population in Dalian are similar to those reported in the
other areas of China (20–22).

DISCUSSION

Conventional PCR-ASP and PCR-RFLP are widely
used for Duffy blood group genotyping. However, there
are several disadvantages in these methods. For exam-
ple, post-PCR manipulation such as agarose gel elec-
trophoresis and visual interpretation are required, which
are time-consuming and laborious, and also increase the

Fig. 1. Genotyping of FY*A and FY*B alleles at Duffy blood group locus using 5′-nuclease assay with TaqMan minor groove-binding probes.
(A) Representative amplification curves of homozygous FY*A/FY*A. Homozygous FY*A/FY*A are reflected by an increase in the fluorescent
intensity of dye FAM but not VIC. (B) Representative amplification curves of homozygous FY*A/FY*B. Heterozygous FY*A/ FY*B are reflected
by both increase in the fluorescent intensity dye FAM and VIC. (C) Representative amplification curves of homozygous FY*B/FY*B. Homozygous
FY*B/FY*B are reflected by an increase in the fluorescent intensity of dye VIC but not FAM. (D) End-point fluorescent signals from several
samples. Homozygous FY*A/FY*A showed an increased fluorescence along the Y-axis, homozygous FY*B/FY*B along the X-axis, whereas
heterozygous FY*A/FY*B showed an increase in fluorescence intensity along both the X-axis and Y-axis.
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possibility of cross-contamination. Moreover, data cap-
ture and analysis for genotyping is not readily automated.

Besides PCR-ASP and PCR-RFLP, a multiplex SNaP-
shot method for genotyping of Duffy blood group has
been reported (17). This method can simultaneously geno-
type both Duffy and Dombrock blood groups. However,
the multiplex SNaPshot method also needs post-PCR ma-
nipulation. Moreover, because the initial purchase of the
genetic analyzer is rather costly, it is normally not avail-
able for routine genotyping of Duffy blood group.

To overcome the disadvantages of the methods men-
tioned above, we have developed a new method of 5′-
NA with TaqMan-MGB probes for genotyping of Duffy
blood group. By using this method, FY*A and FY*B alle-
les in genomic DNA samples can be readily discriminated
according to the fluorescence intensity of the reporter dye
FAM and VIC, specific to the allele FY*A and FY*B in
a single-closed tube. Because no post-PCR manipulation
is needed for 5′-NA, testing time is saved and potential
cross-contamination is minimized. The comparison be-
tween 5′-NA with TaqMan-MGB probes and PCR-ASP
demonstrates that the 5′-NA with TaqMan-MGB probes
can be readily applied to Duffy blood group genotyping
with a complete concordance with PCR-ASP. In addition,
the new method is a simple, rapid, reliable, reproducible,
and high-throughput assay in comparison to the conven-
tional assays. Furthermore, data capture and result in-
terpretation can be automated that will largely decrease
genotyping errors. In this study, the detection limit of this
method was examined using three samples and a good
detection limit was obtained, which suggests that this
method can be applied to the genotyping of Duffy blood
group from limited amounts of DNA samples. Maeda
et al. (23) reported a 5′-NA with TaqMan-MGB probes
for genotyping of ABO blood group in forensic casework
and the detection limit of the method was similar to our
method. It suggests that our method may be useful for
forensic casework.

Recently, the Light CyclerTM, SYBR Green I fluores-
cent dye-based melting curves analysis and HRM analysis
methods for Duffy blood group genotyping have been re-
ported (15, 16, 18). Although these methods do not need
post-PCR manipulation such as agarose gel electrophore-
sis, the melting curves analysis is disadvantaged by the
low throughput. In the HRM analysis method, the spe-
cial equipment for measuring HRM is now rarely used in
medical laboratory.

It is worth noting that the 5′-NA with TaqMan-MGB
probes was used for genotyping of G125A but not GATA-
1 sites, thus, the FY*BES from FY*B alleles cannot be dis-
criminated by using our method. Nevertheless, FY*BES is
rare in nonblack populations (9). In this study, no FY*BES

allele was detected by using PCR-ASP in the 120 Chi-
nese Han donors. Therefore, our method is suitable for
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TABLE 3. Gene Frequencies of Duffy Blood Group in the Chinese Populations from Different Geographic Regions

Geographic region

Alleles Daliana (N = 120) Chengdu (20) (N = 198) Jiangsu (21) (N = 146) Zhejiang (22) (N = 102)

FY*A 93.3% 94.7% 93.8% 94.1%
FY*B 6.7% 5.3% 6.2% 5.9%

aThis study.
Dalian vs. Chengdu, P = 0.476; Dalian vs. Jiangsu, P = 0.814; Dalian vs. Zhejiang, P = 0.735.

Duffy blood group genotyping in Chinese and other non-
black populations. For black populations, the combina-
tion of 5′-NA with TaqMan-MGB probes and PCR-ASP
is needed.

In conclusion, we have developed a new method for
genotyping of Duffy blood group using the 5′-NA with
TaqMan-MGB probes, which is simple, rapid, reliable, re-
producible, sensitive, and high-throughput. This method
is superior to conventional PCR-ASP used in routine
genotyping of Duffy blood group. In future, we will de-
velop a 5′-NA with TaqMan-MGB probes for the geno-
typing of GATA-1 site at Duffy blood group locus.
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