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A B S T R A C T

Background: Multiply-transfused patients are prevalent in Jazan region, Saudi Arabia. Alloimmunization may 
occur in case of red cell incompatibility. Therefore, extensive serotyping for other blood groups is essential. Two 
alleles of the Diego (DI) blood group system, DI*A and DI*B encode the main DI antigens Di(a + b–) and Di 
(a–b+), respectively. Anti-Dia and anti-Dib can be involved in transfusion reactions and pregnancy issues. This 
study aimed to investigate the allele and genotype frequencies of the DI blood groups in Jazan Province of Saudi 
Arabia.
Methods: One-hundred-fifty samples were collected from Saudi blood donors in Jazan Province. DNA was 
extracted and sequence-specific primers were designed to amplify the SNV region (rs2285644), which distin
guishes the DI*A allele from the DI*B allele. The resulting PCR amplicons were sequenced.
Results: The frequency of DI*B alleles was 100 %, while the DI*A allele was not observed. Therefore, the only 
detected genotype was DI*B/DI*B at 100 %.
Conclusions: This study reported the allele and genotype frequencies of the DI blood group system in Saudi 
Arabia. This study may help establish a national database for blood groups in Jazan region. Moreover, it may 
help to reduce the risk of alloimmunization by providing matching blood units.

1. Introduction

In 1955, an anti-Dia antibody, which was identified as being pro
duced against the first antigen in the Diego (DI) system, by a Venezuelan 
patient suffering from serious hemolytic disease of the fetus and 
newborn (HDFN) (Layrisse et al., 1955). The Diego (DI) blood group 
system is considered the tenth system (system symbol: DI, System 
number: 010) according to the International Society of Blood Trans
fusion (ISBT) (International Society of Blood Transfusion, 2023).

The DI antigens are carried on a glycoprotein molecule that traverses 
the red cell membrane several times forming seven extracellular loops 
with both the carboxyl and amino termini located intracellularly. This 
glycoprotein is known as anion exchange 1 (AE1) and also denoted as 
band 3 (Schofield et al., 1994). Moreover, is composed of 911 amino 
acid residues. It acts as an anion transporter and crucially interacts with 
the cytoskeleton, allowing it to maintain the structural integrity of the 
red cell membrane (Telen, 1995).

Twenty-three antigens have been identified to date, which belong to 
the DI blood group system. Three high-prevalence antigens (Dib, Wrb, 
and DISK) have been identified, while the remaining antigens are low 
prevalence. Six of these antigens form antithetical pairs, including Dia/ 
Dib, Wra/Wrb, Wu/DISK, Mo(a+)/Hg(a+), BOW+/NFLD+ and Jn(a+)/ 
KREP+ (International Society of Blood Transfusion. Red cell immuno
genetics and blood group terminology [Online], 2023; Figueroa, 2013). 
These antigens are represented by a single gene, SLC4A1 gene, which is 
located on chromosome 17q21.31. The gene is composed of 20 exons, 
which span approximately 20 Kbp of the human genome (Schofield 
et al., 1994). The most important antigens are Dia and Dib, which result 
from a single nucleotide variation (rs2285644). For example, in Di(a +
b-), the nucleotide change c.2561C > T leads to amino acid substitution 
p.Pro854Leu (Bruce et al., 1994).

The antibodies of the DI antigens, i.e. anti-Dia and anti-Dib, can be 
involved in hemolytic transfusion reactions (HTR) as well as the HDFN. 
Anti-Dia can cause mild to severe and fatal HDFN as well as severe 

* Corresponding author.
E-mail addresses: ajjhalawani@uqu.edu.sa (A.J. Halawani), sebrahim@jazanu.edu.sa (S.E.B. Abdalla), shamlana@ksu.edu.sa (G. Shamlan), mhabibullah@jazanu. 

edu.sa (M.M. Habibullah). 

HOSTED BY Contents lists available at ScienceDirect

Journal of King Saud University - Science

journal homepage: www.sciencedirect.com

https://doi.org/10.1016/j.jksus.2024.103571
Received 22 May 2024; Received in revised form 28 November 2024; Accepted 28 November 2024  

Journal of King Saud University - Science 36 (2024) 103571 

Available online 4 December 2024 
1018-3647/© 2024 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access article under the CC BY-NC-ND license 
( http://creativecommons.org/licenses/by-nc-nd/4.0/ ). 

mailto:ajjhalawani@uqu.edu.sa
mailto:sebrahim@jazanu.edu.sa
mailto:shamlana@ksu.edu.sa
mailto:mhabibullah@jazanu.edu.sa
mailto:mhabibullah@jazanu.edu.sa
www.sciencedirect.com/science/journal/10183647
https://www.sciencedirect.com
https://doi.org/10.1016/j.jksus.2024.103571
https://doi.org/10.1016/j.jksus.2024.103571
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jksus.2024.103571&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


immediate/ delayed HTR (Issitt and Anstee, 1998). On the other hand, 
anti-Dib may lead to mild HDFN with a positive direct antiglobulin test 
and may show no symptoms In terms of the blood transfusion, anti-Dib 

can cause moderate and delayed HTR (Thompson et al., 1967). It has 
been reported that autoanti-Dib has been observed in a few cases (Issitt 
and Anstee, 1998).

The prevalence of the Dia and Dib antigens varies from one popula
tion to another. For the Dia antigen, it has been reported in 12 % of 
Japanese, 11 % of Chippewa Indians, 5 % of Chinese, 1 % of Hispanics, 
and 0.47 % of Poles (Reid et al., 2012). In addition, in South American 
Indians, the prevalence varies from 2 % in Caracas Indians to 54 % in 
Kainganges Indians. Concerning the Dib antigen, it is a high prevalence 
antigen that has been observed as 99 % and 100 % in native Americans 
and most populations, respectively (Reid et al., 2012).

Given the importance of the DI blood group system and its clinical 
significance, this study aims to investigate the frequencies of the DI al
leles and genotypes in the Saudi population living in Jazan Province of 
Saudi Arabia.

2. Materials and methods

2.1. Blood samples

This study was carried out between October 2023 and January 2024. 
Ethical approval was obtained from Jazan Health Ethics Committee 
(reference number: 2386) and was in compliance with the Declaration of 
Helsinki. Informed consent was obtained from all subjects involved in 
the present study. All participants who contributed to the current study 
provided informed consent.

The sample size was calculated as a total of 143 samples and was 
rounded to 150 samples as previously described by Halawani et al. 
(2022) (Halawani et al., 2022).

One-hundred-fifty blood samples were collected from the blood bank 
center at King Fahad Central Hospital, Jazan Province, Saudi Arabia. 
The samples were received in ethylene diamine tetraacetic acid tubes.

2.2. Inclusion criteria

Inclusion criteria included Saudi citizens living in Jazan Province 
who were healthy and donated blood voluntarily. The age of the blood 
donors was 18 years old or above and free from any infectious diseases 
such as hepatitis.

2.3. Exclusion criteria

Any blood donors from other nationalities or unsuccessful blood 
donations were excluded from this study.

2.4. DNA extraction

DNA extraction was carried out using a GeneJET Whole Blood 
Genomic DNA Purification Mini Kit (Thermo Fisher Scientific, Paisley, 
United Kingdom) according to the manufacturer’s instructions. The DNA 
purity and quantification were assessed by NanoDrop 200 spectropho
tometer (Thermo Fisher Scientific, Paisley, United Kingdom).

2.5. PCR primers

PCR preparation began with designing a primer pair using the Na
tional Center for Biotechnology Information primer BLAST tool to 
amplify a single nucleotide variation responsible for the DI*A and DI*B 
alleles (ID: rs2285644). Table 1 demonstrates the primer pair used to 
amplify the target of interest. The target size for the PCR product was 
450 base pairs. The human growth hormone was used as an internal 
control, as described by Touinssi et al. (2008) (Touinssi et al., 2008). The 
primer pair was manufactured by Macrogen (Seoul, South Korea).

2.6. PCR setup

PCR experiments were conducted using 1X Phusion Green Hot Start 
II High-Fidelity PCR Master Mix (Thermo Fisher Scientific, Paisley, 
United Kingdom), 50 ng of DNA template, and 0.5 μM of each forward 
and reverse primer. The cycling conditions were optimized as follows: 
initial denaturation at 98 ◦C for 30, followed by 35 cycles of denatur
ation 98 ◦C for 10 s; annealing 60 ◦C for 30 s; and extension 72 ◦C for 30 
s. Then, the final extension at 72 ◦C for 10 min followed by a 4 ◦C hold. 
Finally, the PCR amplicons were observed using 2 % agarose gel 
electrophoresis.

2.7. Sequencing reactions

The PCR amplicons were shipped abroad for sequencing services 
(Macrogen, Seoul, South Korea). MacVector Software (Version 12.7) 
was used to assess the sequencing electropherograms and evaluate the 
genotyping outcomes (MacVector, Inc., North Carolina, United States).

2.8. Statistical analysis

The data were analyzed to determine the rates of the alleles as well as 
the genotypes of the DI*A and DI*B and were demonstrated as per
centages. Data comparison of the present study with other ethnic 
backgrounds was carried out by calculating the p-values using the chi- 
square test to demonstrate any statistically significant differences. The 
p-values < 0.05 and < 0.01 indicated significant and highly significant 
differences, respectively.

3. Results

One-hundred-fifty DNA samples were conducted to the PCR re
actions followed by Sanger sequencing. The prevalence of the DI alleles 
is listed in Table 2. The only observed allele in the Saudi population 
living in Jazan Province was DI*B with a frequency of (n = 300, 100 %). 
Regarding the genotyping, according to the allelic outcomes, the only 

Table 1 
The primer pairs used to amplify the DI*A and DI*B alleles.

Primer 5′ to 3′ sequence Product size (bp) Chromosomal location

DI- rs2285644-F ACACAGAGAAACAAGGCCCC 450 chr17:44250982 + 44251431
DI- rs2285644-R CTACGTCAAGCGGGTACAGG
HGH-F* GCCTTCCCAACCATTCCCTTA 429 chr17:61995373–61995801
HGH-R* TCACGGATTTCTGTTGTGTTTC

DI: Diego, Bp: base-pair, HGH: human growth hormone, F: forward, R: reverse.
*The HGH was used for internal control.

Table 2 
The frequencies of DI alleles among 150 Saudi Arabians living in Jazan Province.

Allele Predicted antigen Observation (n) Frequency (%)

DI*A Dia 0 0
DI*B Dib 300 100

DI: Diego.
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genotypes observed was DI*B/DI*B (n = 150, 100 %) as shown in 
Table 3. Data comparison of the present study with various ethnicities is 
shown in Table 4.

4. Discussion

Jazan Province of Saudi Arabia is endemic for hemoglobinopathies, 
such as thalassemia and sickle cell disease (Alsaeed et al., 2018). Some of 
these are transfusion-dependent patients, who require receiving blood 
transfusion regularly. Accordingly, extended phenotyping for such pa
tients is crucial to preclude the risk of red cell alloimmunization 
(Halawani et al., 2022). Therefore, knowledge of the frequencies of 
various blood group antigens is essential and may assist in preventing 
such issues. Many research studies were conducted among the Saudi 
Arabian population who live in Jazan Province. These include fre
quencies of ABO, RH, KEL, MNS, JK, FY, LE, LU and DO blood groups 
(Saboor et al., 2020; Halawani et al., 2021; Halawani et al., 2022; 
Halawani et al., 2021; Halawani et al., 2023; Daniels, 2023).

In this study, we identified the frequencies of the DI blood group 
system. The frequency of the DI*B allele was determined to be 100 % as 
it is a high prevalence antigen. Accordingly, the only detected genotype 
was DI*B/DI*B. On the other hand, there was no observation regarding 
the DI*A allele. These findings of the present study are consistent with 
other reported studies investigating different ethnicities. For example, 
Italians in Naples (Belsito et al., 2015), Esan in Nigeria, Gambian in 
Western Division-Mandinka, British from England and Scotland, and 
Toscani in Italy have shown similar findings (1000 Genomes Project 
Consortium, 2015).

However, very few studies have reported the incidence of the DI*A 
allele, which demonstrates variations in the DI*B allele compared to the 
present study. For example, the frequencies of the DI*A allele were re
ported in other ethnicities and they range from 0.6 % in Native Alaska/ 
Aleut to 6 % in Chinese (Chengdu) (Gong et al., 2014) as demonstrated 
in Table 4.

Our findings demonstrate that there were statistically significant 
differences (p < 0.05) between the Saudis living in Jazan Province and 
Han Chinese in Beijing, Han Chinese South, Japanese in Tokyo, Chinese 
(Shen-Zhen), Colombian in Medellín, Brazilian Japanese descendants, 
and Southern Brazilians (Nathalang et al., 2016; Wu et al., 2002; Flôres 
et al., 2014; da Costa et al., 2016). Interestingly, observations of high 
statistically significant differences (p < 0.01) were seen between the 
population of the current study and Han Chinese (Shanghai), Korean 
(Seoul), Korean, Chinese (Chengdu), Japanese, and Mexican Ancestry in 
Los Angeles, and Peruvian in Lima (Nathalang et al., 2016; Delaney 
et al., 2015; Ye et al., 2015; Kim et al., 1999; Gong et al., 2014).

Building an extended panel for the multiply transfused patients is 
crucial by investigating many alleles/antigens of different blood group 
systems. It is highly recommended for healthcare providers in Saudi 
Arabia to switch to blood group genotyping especially for such patients. 
This protocol investigates the DNA alleles accurately compared to the 
conventional serotyping, and avoids mistyping especially in patients 
receiving recent transfusions (Daniels, 2023). In other words, those 
patients may suffer from red cell alloimmunization due to the wrong 
typing of the donor red cells in their bloodstream.

The limitations of this study may include that only two alleles were 
investigated regarding the DI blood group system. However, these two 

alleles are the main ones among the system and cause the most clinically 
significant outcomes in cases of mismatched antigens during blood 
transfusion or pregnancies.

5. Conclusions

This study reported the frequencies of the DI alleles and genotypes in 
Saudi blood donors living in Jazan Province. This may help establish a 
national database and design an extended phenotyping panel to include 
blood groups. As a result, this will provide better transfusion practices 
and may assist in reducing the risk of the alloimmunization of the red 
cells.

Table 3 
The frequencies of the DI genotypes among Saudis in Jazan Province, Saudi 
Arabia.

Genotype Predicted phenotype Observation (n) Frequency (%)

DI*A/DI*A Di(a+b− ) 0 0
DI*A/DI*B Di(a+b+) 0 0
DI*B/DI*B Di(a− b+) 150 100

DI: Diego.

Table 4 
Comparison of the frequency of DI alleles between the Jazan population (present 
study) and various ethnic backgrounds.

Population Count Allele 
frequencies

p- 
values¥

DI*A DI*B

Saudis (Current study) 150 0.0000 1.0000 −

Bengali in Bangladesh (Nathalang et al., 
2016)

172 0.012 0.988 0.185

Chinese Dai in Xishuangbanna, China (
Nathalang et al., 2016)

186 0.016 0.984 0.121

Han Chinese in Beijing (Nathalang 
et al., 2016)

206 0.029 0.971 0.035*

Han Chinese South (Nathalang et al., 
2016)

210 0.029 0.971 0.036*

Japanese in Tokyo (Nathalang et al., 
2016)

208 0.038 0.962 0.015*

Central Thais (Halawani et al., 2021) 1,011 0.0183 0.9817 0.090
Southeast Asian (Delaney et al., 2015) 942 0.0145 0.9855 0.132
Filipino (Delaney et al., 2015) 1,333 0.0075 0.9925 0.287
Chinese (Shen-Zhen) (Wu et al., 2002) 1,766 0.0357 0.9643 0.018*
Han Chinese (Shanghai) (Ye et al., 

2015)
403 0.0447 0.9553 0.008**

Korean (Seoul) (Kim et al., 1999) 116 0.0474 0.9526 0.005**
Korean (Delaney et al., 2015) 1,033 0.0580 0.9420 0.002**
Chinese (Chengdu) (Gong et al., 2014) 300 0.0600 0.9400 0.002**
Japanese (Delaney et al., 2015) 1,022 0.0430 0.9570 0.009**
African ancestry in Southwest United 

States (Nathalang et al., 2016)
122 0.008 0.992 0.266

Esan in Nigeria (Nathalang et al., 2016) 198 0.0000 1.000 −

Gambian in Western 
Division–Mandinka (Nathalang et al., 
2016)

226 0.0000 1.000 −

British From England and Scotland (
Nathalang et al., 2016)

182 0.0000 1.000 −

Toscani in Italy (Nathalang et al., 2016) 214 0.0000 1.000 −

Italians (Naples) (Belsito et al., 2015) 225 0.0000 1.0000 −

American Native (Delaney et al., 2015) 970 0.0110 0.9890 0.189
Colombian in Medellín (Nathalang 

et al., 2016)
188 0.037 0.963 0.016*

Mexican Ancestry in Los Angeles (
Nathalang et al., 2016)

128 0.047 0.953 0.007**

Peruvian in Lima (Nathalang et al., 
2016)

170 0.106 0.894 0.000**

Puerto Rican in Puerto Rico (Nathalang 
et al., 2016)

208 0.024 0.976 0.056

Alaska Native/Aleut (Delaney et al., 
2015)

621 0.0065 0.9935 0.324

Hawaiian/Pacific Islander (Delaney 
et al., 2015)

522 0.0060 0.9940 0.352

Brazilian Japanese descendants (Flôres 
et al., 2014)

209 0.0431 0.9569 0.010*

Brazilians (Novaretti et al., 2010) 4,326 0.0181 0.9819 0.097
Southern Brazilians (da Costa et al., 

2016)
373 0.0282 0.9718 0.033*

¥Chi-Square test.
*Significant differences from Saudis,
**highly Significant differences from Saudis.
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