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Introduction
  Human platelet antigens (HPA) are immunogenic 

polymorphic forms of platelet membrane glycoproteins. 
The nomenclature of HPA currently recognises 21 HPA 
biallelic systems, all of which except one are defined 
by a single amino acid substitution, generally caused 
by a single nucleotide polymorphism (SNP) in the gene 
encoding the relevant membrane glycoprotein (http://
www.ebi.ac.uk/ipd/hpa/). Alloimmune responses to 
HPA-1 to HPA-6 and HPA-15 have been reported to 
contribute to clinical complications of varying severity 
among different populations1,2. Alloimmunisation may 
occur through exposure to non-self HPA, commonly 
during pregnancy, in which case it can cause 
neonatal alloimmune thrombocytopenia, or via blood 
transfusion, when it leads to the risk of post-transfusion 
purpura and platelet transfusion refractoriness.

With the characterisation of the molecular basis 
of HPA polymorphisms and rapid developments 

in sensitive polymerase chain reaction (PCR) 
techniques, HPA molecular typing has virtually 
replaced serological typing3. High-throughput PCR 
techniques such as allele-specific PCR, melting curve 
analysis, and 5'-nuclease assays have also enabled 
widespread population typing and comprehensive 
HPA allele frequencies have been reported in diverse 
populations using these techniques4. Among Asian 
populations, considerable prevalence data are available 
for Chinese people and, to a lesser extent, Indian 
populations5-8. Allele frequency data among Malays 
are, however, lacking.   Malaysia is a multiethnic 
country with a population size of about 28.3 million. 
The majority of the inhabitants are Malays (54.4%), 
Chinese (25.0%) and Indians (7.5%) (http://www.
statistics.gov.my). The three major ethnic groups each 
originate from different parts of Asia: the Indo-Malay 
Archipelago in South-East Asia, China in East Asia, 
and India in South Asia respectively. The mixture of 

Background. Human platelet antigens (HPA) are determinant in several platelet-specific 
alloimmune disorders, such as neonatal alloimmune thrombocytopenia, post-transfusion purpura 
and platelet transfusion refractoriness. The distribution of HPA systems in the Malaysian 
population is not known. Defining the patterns of HPA systems provides a basis for risk 
assessment and management of the above complications. 

Materials and methods. The aim of this study was to investigate the distribution of HPA 
-1 to -6 and -15 in the three major ethnic groups (Malay, Chinese and Indian) in the Malaysian 
population. A total of 600 random donor samples, 200 from each of the three ethnic groups, 
were genotyped by means of real time polymerase chain reaction (PCR) with hydrolysis probes 
and PCR-restriction fragment length polymorphism (PCR-RFLP). 

Results. The most common genotype observed in this study was HPA-1a/1a-2a/2a-3a/3b-
4a/4a-5a/5a-6a/6a-15a/15b (17%) followed by HPA-1a/1a-2a/2a-3a/3a-4a/4a-5a/5a-6a/6a-
15a/15b (14.33%). The allele frequencies of HPA in Malays and Chinese were found to be similar 
those of other East and South-East Asian populations, while those of Indians were comparable 
to the frequencies found in Europeans. 

Conclusion. The results of this study have been useful for determining the distribution of 
HPA polymorphisms in this region and for potential clinical implications. 
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the predominant races within South and East Asia 
provided us a unique opportunity to study HPA allele 
frequencies in Asian populations simultaneously. 
We aimed to characterise HPA allele frequencies 
for seven of the clinically relevant HPA systems 
among our population with the hope of providing an 
informative background of HPA polymorphisms in 
Asia and consequently enabling risk assessment in 
multi-ethnic environments.

Materials and methods
Study population

Blood samples were collected into Vacutainer® 
(Becton-Dickinson, Franklin Lakes, NJ, USA) tubes 
containing ethylenediaminetetraacetic acid (EDTA). 
Samples were collected from 600 blood donors, equally 
divided between the three major ethnic groups (Malay, 
Chinese, and Indian). All participants in this study were 
unrelated individuals of Malaysian nationality and were 
grouped according to their self-reported ethnicities. 
Informed consent was obtained from all subjects and the 
study was approved by the institution's review board.  

DNA extraction
Genomic DNA was isolated from the EDTA-

anticoagulated whole blood samples using either 
phenol-chloroform extraction or by spin-column 
utilising the QIAamp DNA blood mini kit (Qiagen, 
Hilden, Germany). Procedures were performed 
according to the manufacturer's instructions. The 
concentration of each DNA sample was standardised 
through serial dilution so that each working volume 
(2.25 µL) contained 10 ng of DNA.

Genotyping of HPA 1-5, 15 by single nucleotide 
polymorphism genotyping assay

Genotyping for HPA-1 -5 and -15 was performed on a 
Roche LightCycler 480 II real-time PCR system (Roche, 
Mannheim, Germany) using TaqMan® SNP genotyping 

assays (Applied Biosystems, Foster City, CA, USA). 
Primers and probes (Table I) were either obtained as 
pre-designed SNP genotyping assays or were custom 
designed using the Custom TaqMan Assay Design Tool 
(https://www.appliedbiosystems.com/tools/cadt/)9. 
Tests were performed as recommended and under the 
thermal conditions stated in the protocol provided by 
the manufacturer: a temperature hold at 95 °C for 10 
minutes, followed by a two-step cycle consisting of a 
15-second denaturation step at 92 °C and a 1 minute 
annealing/extension step at 60 °C, repeated for 40 
cycles. Results were analysed with LightCycler 480® 
Software Version 1.5 (Roche). All genotyping assays 
were designed to target SNP as identified in the 
Immuno Polymorphism Database (http://www.ebi.
ac.uk/ipd/hpa/) and according to their reference in the 
dbSNP database. 

HPA-6 genotyping by polymerase chain reaction 
restriction fragment length polymorphism

HPA-6 wa  s genotyped by an alternative method 
to TaqMan® SNP genotyping using PCR-RFLP 
with the MvaI restriction enzyme, as part of an 
earlier study. The SNP-containing region was 
amplified using TopTaq PCR Master Mix (Qiagen) 
with the following primer sequences; forward 
5'-CTGGCTGGCTGGGATCCCAGTG-3' and 
reverse 5'-CCCTGCAGTTCTCCTCACCTGAG-3'10. 
The thermal cycling conditions involved an initial 
denaturation step for 3 minutes at 94 °C followed by 
a three-step cycle consisting of denaturation at 94 °C 
for 30 seconds, annealing at 60 °C for 30 seconds, 
and extension at 72 °C for 1 minute, repeated for 30 
cycles. The amplified product with a size of 240 bp 
was treated with FastDigest MvaI restriction enzyme 
(Fermentas, Hanover, MD, USA) at 37 °C for 5 
minutes. The final RFLP products were resolved in 
2% agarose gel stained with ethidium bromide, and 
visualised under ultraviolet light.

Table I - Assay ID and corresponding TaqMan® SNP Genotyping Assay probe sequences used for HPA-1 to -5 and 
-15 detection.

 Assay ID dbSNP No. Probe sequence [VIC/FAM] Specificity

818008_30 rs5918 GCTCCTGTCTTACAGGCCCTGCCTC[C/T]GGGCTCACCTCGCTGTGACCTGAAG HPA-1

11442703_10 rs6065 AAGACCCTGCCCCCAGGGCTCCTGA[C/T]GCCCACACCCAAGCTGGAGAAGCTC HPA-2

3017440_10 rs5911 CGGGTGAATGGGGGAGGGGCTGGGG[C/A]TGGGCAGCCCCCAGTCCACCTGGGG HPA-3

11416452_20 rs5917 GGTACCAAGCTGGCCACCCAGATGC[A/G]AAAGCTCACCAGTAACCTGCGGATT HPA-4

29770100_20 rs10471371 GTTTATTCTCAACATGGGAGTCAGG[A/G]TGATCTTTTGACAAATTAAATGGAA HPA-5

3226894_10 rs10455097 TATATTTATTATCTTGACTTCAGTT[A/C]CAGGATTTACCAAGAATTTGAAGTA HPA-15

Genotyping of HPA in the Malaysian population
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Statistical analysis
Genotype and allele frequencies were determined 

through direct counting. The validity of the 
Hardy-Weinberg equilibrium for each of the HPA 
system was tested based on heterozygosity using 
the population genetics software Arlequin11. A chi 
square (χ2) test or Fisher's exact test was performed 
to compare the genotype values and allele frequencies 
between populations. We used an alpha level of 0.05 

for all statistical tests. Bonferroni's adjusted P-values 
were applied when multiple hypothesis testing was 
performed, for example for analysis between different 
population groups. Hierarchical clustering was 
performed using the seven HPA systems tested and 
their corresponding frequencies for the "a" alleles in 
the three Malaysian groups and 26 chosen worldwide 
populations as shown in Table II. Euclidean distance 
was used as the similarity measure between alleles 

Table II - Frequency distribution of HPA alleles in various populations worldwide.

Population n HPA frequency distribution

1a 1b 2a 2b 3a 3b 4a 4b 5a 5b 6a 6b 15a 15b

Malay (This study) 200 0.9750 0.0250 0.9625 0.0375 0.5025 0.4975 0.9950 0.0050 0.9500 0.0500 0.9925 0.0075 0.5150 0.4850

Malaysian Chinese 
(This Study) 200 1.0000 0.0000 0.9675 0.0325 0.5725 0.4275 0.9975 0.0025 0.9825 0.0175 0.9825 0.0175 0.4975 0.5025

Malaysian Indian 
(This Study) 200 0.8850 0.1150 0.9600 0.0400 0.6200 0.3800 0.9975 0.0025 0.9400 0.0600 0.9950 0.0050 0.4075 0.5925

America

Argentinean23 192 0.8780 0.1220 0.8750 0.1250 0.6120 0.3880 1.0000 0.0000 0.9270 0.0730 1.0000 0.0000 0.5110 0.4890

Amerindian Toba23 27 1.0000 0.0000 0.9440 0.0560 0.3890 0.6110 1.0000 0.0000 1.0000 0.0000 1.0000 0.0000 0.6850 0.3150

Brazilian (White)24 400 0.7800 0.2200 0.9000 0.1000 0.6300 0.3700 1.0000 0.0000 1.0000 0.0000 - - - -

Brazilian (Black)24 150 0.9030 0.0970 0.8100 0.1900 0.6660 0.3340 1.0000 0.0000 0.8760 0.1240 - - - -

Brazilian (Amerindian)24 70 1.0000 0.0000 0.8210 0.1790 0.7570 0.2430 1.0000 0.0000 1.0000 0.0000 - - - -

Africa

Algerian25 485 0.8347 0.1653 0.8347 0.1653 0.6296 0.3704 1.0000 0.0000 0.8431 0.1569 - - 0.5300 0.4700

Beninese22 154 0.8960 0.1040 0.7080 0.2920 0.6790 0.3210 1.0000 0.0000 0.8180 0.1820 1.0000 0.0000 0.6460 0.3540

Cameroonian22 118 0.9070 0.0930 0.7630 0.2370 0.6140 0.3860 1.0000 0.0000 0.7460 0.2540 1.0000 0.0000 0.6910 0.3090

Congolese22 125 0.9040 0.0960 0.7760 0.2240 0.5960 0.4040 1.0000 0.0000 0.7320 0.2680 1.0000 0.0000 0.7010 0.2990

Central African22 110 1.0000 0.0000 0.6070 0.3930 0.5000 0.5000 1.0000 0.0000 0.5950 0.4050 1.0000 0.0000 0.6980 0.3020

Moroccan26 107 0.7480 0.2520 0.8180 0.1820 - - - - - - - - - -

104 - - - - 0.6820 0.3180 - - - - - - - -

108 - - - - - - 1.0000 0.0000 - - 1.0000 0.0000 - -

112 - - - - - - - - 0.8610 0.1390 - - - -

South African
(Bantu Speaker)27 150 0.8905 0.1095 0.8135 0.1865 0.6995 0.3005 1.0000 0.0000 0.6835 0.3165 - - 0.8075 0.1925

South African (Indian)27 150 0.8930 0.1070 0.9305 0.0695 0.6695 0.3305 1.0000 0.0000 0.9370 0.0630 - - 0.4395 0.5605

South African (White)27 150 0.8205 0.1795 0.9005 0.0995 0.5735 0.4265 1.0000 0.0000 0.8870 0.1130 - - 0.5405 0.4595

Tunisian28 90 0.7500 0.2500 - - 0.6940 0.3060 - - 0.7790 0.2210 - - - -

Europe

Austrian29 911 0.8520 0.1480 - - - - - - - - - - - -

907 - - 0.9180 0.0820 - - - - - - - - - -

906 - - - - 0.6120 0.3880 - - - - - - - -

100 - - - - - - 1.0000 0.0000 - - 1.0000 0.0000 - -

931 - - - - - - - - 0.8920 0.1080 - - - -

254 - - - - - - - - - - - - 0.5 0.5

British30 134 0.8400 0.1600 0.9250 0.0750 0.6270 0.3730 1.0000 0.0000 0.9140 0.0860 1.0000 0.0000 0.5240 0.4760

Croatian31,32 219 0.8540 0.1460 0.8900 0.1100 0.5750 0.4250 - - 0.8950 0.1050 - - - -

558 - - - - - - - - - - - - 0.5300 0.4700

Czech33 235 0.8300 0.1700 0.9000 0.1000 0.5900 0.4100 - - 0.9300 0.0700 - - - -
(continues on next pages)
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Table II - Frequency distribution of HPA alleles in various populations worldwide (continued from previous page).

Population n HPA frequency distribution

1a 1b 2a 2b 3a 3b 4a 4b 5a 5b 6a 6b 15a 15b

Danish34 557 0.8300 0.1700 - - - - - - - - - - - -

163 - - 0.9200 0.0800 0.6300 0.3700 - - - - - - - -

131 - - - - - - 1.0000 0.0000 - - - - - -

427 - - - - - - - - 0.9200 0.0800 - - - -

100 - - - - - - - - - - 1.0000 0.0000 - -

100 - - - - - - - - - - - - 0.5000 0.5000

French35 6192 0.8480 0.1520 - - 0.6200 0.3800 - - 0.8740 0.1260 - - - -

525 - - 0.9200 0.0800 - - - - - - - - - -

1242 - - - - - - - - - - - - 0.4550 0.5450

German36 1583 0.8400 0.1600 - - - - - - - - - - - -

1576 - - 0.9300 0.0700 - - - - - - - - - -

1562 - - - - 0.6000 0.4000 - - - - - - - -

1643 - - - - - - - - 0.9200 0.0800 - - - -

Italian37 144 0.8500 0.1500 0.8900 0.1100 0.6100 0.3900 1.0000 0.0000 0.9000 0.1000 1.0000 0.0000 - -

Lebanese38 205 0.8100 0.1900 - - - - - - - - - - - -

Macedonian39 122 0.8650 0.1350 - - - - - - - - - - - -

132 - - 0.8520 0.1480 - - - - - - - - - -

115 - - - - 0.5780 0.4220 - - - - - - - -

126 - - - - - - - - 0.9090 0.0910 - - - -

Norwegian40 105 0.8670 0.1330 0.9430 0.0570 0.4710 0.5290 1.0000 0.0000 0.9290 0.0710 - - 0.4950 0.5050

Poland41 135 0.8240 0.1760 - - - - - - - - - - - -

211 - - 0.9010 0.0990 - - - - - - - - - -

130 - - - - 0.5820 0.4180 - - - - - - - -

103 - - - - - - 1.0000 0.0000 - - - - - -

166 - - - - - - - - 0.9440 0.0560 - - - -

300 - - - - - - - - - - - - 0.4850 0.5150

Slovenian42 152 0.8320 0.1680 0.8990 0.1010 0.6670 0.3330 - - 0.8920 0.1080 - - - -

90 - - - - - - - - - - - - 0.5270 0.4630

Spanish43 727 0.8100 0.1900 - - - - - - - - - - - -

462 - - 0.9000 0.1000 - - - - - - - - - -

662 - - - - 0.6500 0.3500 - - - - - - - -

264 - - - - - - 1.0000 0.0000 - - - - - -

454 - - - - - - - - 0.8800 0.1080 - - - -

254 - - - - - - - - - - 1.0000 0.0000 - -

385 - - - - - - - - - - - - 0.4740 0.5200

Swiss44 500 0.8090 0.1910 0.9180 0.1090 0.5910 0.4070 0.9970 0.0030 0.9340 0.0660 - - - -

Welsh45 392 0.8253 0.1747 0.9018 0.0982 0.6071 0.3929 1.0000 0.0000 - - - - - -

339 - - - - - - - - 0.9027 0.0973 - - - -

166 - - - - - - - - - - 1.0000 0.0000 0.5241 0.4759

Asia

Indian5 1164 0.9244 0.0756 0.9979 0.0021 0.0100 0.9900 0.9953 0.0047 0.9562 0.0438 0.9923 0.0077 - -

Pakistani46 593 0.8850 0.1150 0.9200 0.0800 0.6900 0.3100 1.0000 0.0000 0.9000 0.1000 - - 0.5900 0.4100

Northeastern 
Thai15 300 0.9720 0.0280 0.9380 0.0620 0.5330 0.4670 1.0000 0.0000 0.9630 0.0370 0.9850 0.0150 0.4950 0.5050

Thai14 500 0.9850 0.0150 0.9520 0.0480 0.5600 0.4400 1.0000 0.0000 0.9680 0.0320 0.9860 0.0140 0.4910 0.5090

Indonesian7 107 0.9910 0.0090 0.9390 0.0610 0.5050 0.4950 1.0000 0.0000 0.9950 0.0050 0.9670 0.0330 - -
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Table II - Frequency distribution of HPA alleles in various populations worldwide (continued from previous page).

Population n HPA frequency distribution

1a 1b 2a 2b 3a 3b 4a 4b 5a 5b 6a 6b 15a 15b

Vietnamese13 120 0.9860 0.0140 0.9530 0.0470 0.4860 0.5140 1.0000 0.0000 0.9720 0.0280 0.9860 0.0140 0.4770 0.5230

Han Chinese6 1,000 0.9940 0.0060 0.9515 0.0485 0.5945 0.4055 0.9955 0.0045 0.9860 0.0140 0.9865 0.0135 0.5320 0.4680

Taiwanese8 300 0.9967 0.0033 0.9600 0.0400 0.5750 0.4250 0.9983 0.0017 0.9850 0.0150 0.9633 0.0367 0.5380 0.4620

Japanese20 73 0.9980 0.0020 0.9000 0.1000 0.7180 0.2820 0.9890 0.0110 0.9730 0.0270 0.9730 0.0270 - -

Korean19 200 0.9880 0.0120 0.9230 0.0770 0.5550 0.4450 0.9900 0.0100 0.9780 0.0220 0.9800 0.0200 - -

Oceania

French Polynesian13 81 0.9750 0.0250 0.9130 0.0870 0.5990 0.4010 1.0000 0.0000 0.9750 0.0250 0.9320 0.0680 0.4630 0.5370

Australian47 185 0.8580 0.1420 0.9270 0.0730 0.6190 0.3810 1.0000 0.0000 0.9050 0.0950 - - - -

and populations. The distance tree was constructed 
using clustering with the unweighted pair-group 
method with an arithmetic mean. Cluster 3.0 
software and Java TreeView (Eisen Lab, University 
of California, Berkeley) were used for the analysis 
and visualisation of the results, respectively. 
Principal component analysis was also performed to 
summarise the distribution of populations according 
to their continents of origin based on the HPA allele 
frequencies using PAST statistical software12. 

Results
Results of genotyping for HPA-1 to -6 and -15, 

of the 600 samples are shown according to racial 
groups in Table III. All results were consistent 
with Hardy-Weinberg equilibrium except HPA-4 in 
Malays (P=0.003) among whom no heterozygous 
HPA-4a/4b individuals were observed but a single 
HPA-4b homozygous individual was identified. The 
most common genotype found in the subjects of 
this study was HPA-1a/1a-2a/2a-3a/3b-4a/4a-5a/5a-
6a/6a-15a/15b (17%), followed by HPA-1a/1a-2a/2a-
3a/3a-4a/4a-5a/5a-6a/6a-15a/15b (14.33%). The 
former has the highest prevalence among Malays 
(20%) and Chinese (23%), while the latter is most 
common among Indians (16%). Chinese subjects 
were also found to have a lower number of haplotype 
combinations (n=15) as compared to Malays and 
Indians (n=22 each) implying that the Malays and 
Indians in Malaysia may have more diverse origins 
as compared to the Chinese in the country.

Table II shows the distribution of HPA alleles 
found in our study together with the distributions 
reported for other populations worldwide. Results 
of hierarchical clustering and principal component 
analysis performed on selected populations are 
graphically represented in Figures 1 and 2, respectively.

Discussion
HPA genotyping of donor blood and establishment 

of a donor registry for HPA is useful to manage 
platelet-specific alloimmunisation and facilitate the 
selection of matching HPA types for patients who 
possess rare alleles. Among all the HPA alleles tested, 
only HPA-4 showed significant disequilibrium, which 
was limited to Malays. Low heterozygosity usually 
implies a certain degree of inbreeding in a population. 
However, such a conclusion should not be drawn in 
this case because the HPA-4b allele is present at an 
extremely low frequency. It is interesting that the 
HPA-4b allele, commonly associated with Japanese 
and Koreans, has been found in mainland China 
and India but has not been observed in other 
South-East Asian populations such as the Indonesian7, 
Vietnamese13, and Thai14,15. It is possible that the 
HPA-4b allele has only recently been introduced to 
the Malay gene pool through admixture with other 
ethnic groups and it is not widely spread as yet in the 
gene pool. Most of the cases of platelet immunisation 
against HPA-4 have been reported in Japan with only 
two cases of neonatal alloimmune thrombocytopenia 
due to anti-HPA -4b reported having been reported 
in Caucasians16,17. Apart from HPA-4b, HPA-6b 
is also nearly exclusively found within the Asian 
population18.

The "b" allele generally occurred at low frequencies 
(<0.1) in all HPA systems tested except for HPA-1, 
3 and -15. The HPA-1b allele frequency among 
Indians was 0.115, which was significantly higher 
than the frequency of 0.025 and 0 recorded among 
Malays and Chinese, respectively. The absence of 
the HPA-1b allele among Chinese subjects in our 
population reflects its extremely rare occurrence 
among East Asian populations, similar to that reported 
in many other studies6,8,19,20. When comparing HPA-1 
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 Table III - Gene frequencies of HPA-1 to -6 and -15 in the Malaysian population.

System Genotype Malay Chinese Indian

No.  % *p-value Allele frequency No.  % *p-value Allele frequency No.  % *p-value Allele frequency

a b a b a b

HPA-1 aa 190 95.0 200 100.0 155 77.5

ab 10 5.0 0 0.0 44 22.0

bb 0 0.0 1.000 0.9750 0.0250 0 0.0 1.0000 0.0000 1 0.5 0.482 0.8850 0.1150

HPA-2 aa 185 92.5    188 94.0 185 92.5

ab 15 7.5 11 5.5 14 7.0

bb 0 0.0 1.000 0.9625 0.0375 1 0.5 0.182 0.9675 0.0325 1 0.5 0.268 0.9600 0.0400

HPA-3 aa 49 24.5    66 33.0 78 39.0

ab 103 51.5 97 48.5 92 46.0

bb 48 24.0 1.000 0.5025 0.4975 37 18.5 0.665 0.5725 0.4275 30 15.0 0.221 0.6200 0.3800

HPA-4 aa 199 99.5    199 99.5 199 99.5

ab 0 0.0 1 0.5 1 0.5

bb 1 0.5 0.003 0.9950 0.0050 0 0.0 1.000 0.9975 0.0025 0 0.0 1.000 0.9975 0.0025

HPA-5 aa 180 90.0    193 96.5 177 88.5

ab 20 10.0 7 3.5 22 11.0

bb 0 0.0 1.000 0.9500 0.0500 0 0.0 1.000 0.9825 0.0175 1 0.5 0.520 0.9400 0.0600

HPA-6 aa 197 98.5    193 96.5 198 99.0

ab 3 1.5 7 3.5 2 1.0

bb 0 0.0 1.000 0.9925 0.0075 0 0.0 1.000 0.9825 0.0175 0 0.0 1.000 0.9950 0.0050

HPA-15 aa 50 25.0    46 23.0 36 18.0

ab 106 53.0 107 53.5 91 45.5

bb 44 22.0 0.479 0.5150 0.4850 47 23.5 0.395 0.4975 0.5025 73 36.5 0.462 0.4075 0.5925

*p-value of Hardy-Weinberg test

Figure 1 - Heat-map showing gene frequencies for the "a" 
allele of HPA-1 to -6 and -15, together with a cluster 
dendrogram showing the relationships of various 
racial groups based on the frequency distribution. 
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genotypes between the three racial groups, all pairs 
were significantly different (Malay and Chinese, 
P=0.03; Malay and Indian, P<0.001; Chinese and 
Indian, P<0.001) indicating that each group has 
different risks of alloimmunisation caused by the 
HPA-1 system. It should, however, be noted that the 
risk of neonatal alloimmune thrombocytopenia is 
modulated not only by anti-HPA antibodies, but also 
by factors such as HLA type21. 

Comparisons of each of the three Malaysian 
racial groups to each of the other populations using 
Fisher's exact test as shown in Table II, revealed 
significant differences (P<0.001) for the HPA-2 
and -5 allele frequencies to those in populations of 
African origin. The "b" alleles of these two systems 
were observed to be generally higher in Africa, and 
show a gradual decrease toward the east22. Lower 
frequencies of these alleles have been reported in 
Europeans and Asians. 

The cluster dendr  ogram illustrated in Figure 1 
shows that Malays are clustered near to Indonesians 
and Vietnamese which are then joined by Thais and 
the other East Asian populations, including Chinese 
of Han and Malaysian origin, Koreans and Taiwanese. 
This would be consistent with the hypothesis of 
a central migratory origin of South-East Asian 
populations, possibly together with Polynesians 

who cluster closely together with the above groups. 
Malaysians of Indian ethnicity cluster together 
with the Indians of South Africa, consistent with a 
common point of emigration. Principal component 
analysis showed similar results although we limited 
the analysis to HPA-1 to -5 and -15 due to the 
non-availability of HPA-6 frequency data for many 
of the populations studied. As reported by Kulkarni 
et al.5, the allele frequencies of Indians, composed 
mainly of Maharashtrians, Parsis and various other 
native groups in northern India, is substantially 
different from those of all other populations 
due to the unusually high predominance of the 
HPA-3b allele in this group. This aberrancy remains 
unexplained. The clustering of related racial groups 
using a limited set of six to seven HPA markers 
reveals the utility of HPA polymorphisms in charting 
population movements.  

In conclusion, this study provid  es comprehensive 
information on HPA allele distribution among the 
major ethnic groups in Malaysia. We show that the 
HPA allelic profile of Malays is closely linked to that 
of other ethnic groups within the South-East Asian 
region. This information can serve as an outline 
for future clinical research associated with platelet 
disorders and also form the basis of a databank on 
platelet antigen polymorphisms. 

Figure 2 - Principal component analysis based on the gene frequencies of HPA-1 to -5 and -15 showing 
the relationships among various racial groups worldwide. Contributions of the first and second 
components were 69.76% and 16.95%, respectively.
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