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Abstract
Background  Third-generation sequencing (TGS) based on long-read technology has been gradually used in 
identifying thalassemia and hemoglobin (Hb) variants. The aim of the present study was to explore genotype varieties 
of thalassemia and Hb variants in Quanzhou region of Southeast China by TGS.

Methods  Included in this study were 6,174 subjects with thalassemia traits from Quanzhou region of Southeast 
China. All of them underwent common thalassemia gene testing using the DNA reverse dot-blot hybridization 
technology. Subjects who were suspected as rare thalassemia carriers were further subjected to TGS to identify rare or 
novel α- and β-globin gene variants, and the results were verified by Sanger sequencing and/or gap PCR.

Results  Of the 6,174 included subjects, 2,390 (38.71%) were identified as α- and β-globin gene mutation carriers, 
including 40 carrying rare or novel α- and β-thalassemia mutations. The αCD30(−GAG)α and Hb Lepore-Boston-
Washington were first reported in Fujian province Southeast China. Moreover, the βCD15(TGG> TAG), βIVS−II−761, β0-
Filipino(~ 45 kb deletion), and Hb Lepore-Quanzhou were first identified in the Chinese population. In addition, 
35 cases of Hb variants were detected, the rare Hb variants of Hb Jilin and Hb Beijing were first reported in Fujian 
province of China. Among them, one case with compound αααanti3.7 and Hb G-Honolulu variants was identified in this 
study.

Conclusion  Our findings may provide valuable data for enriching the spectrum of thalassemia and highlight the 
clinical application value of TGS-based α- and β-globin genetic testing.
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Introduction
Thalassaemia is a worldwide hereditary blood disorder 
affecting globin chain synthesis, which results in the 
unbalanced globin chain production, leading to ineffec-
tive erythropoiesis, increased hemolysis, and deranged 
iron homoeostasis [1, 2]. The α- and β- thalassemia are 
the most common thalassemia, showing high preva-
lences in the regions such as Mediterranean, Middle East, 
Indian subcontinent, Southeast Asia and South China 
[3, 4]. The incidence of thalassemia in Fujian province of 
Southeast China is about 6.8% [5, 6]. Quanzhou, which 
has the largest population in Fujian, shows a notable 
diversity and complexity of thalassemia and hemoglo-
bin (Hb) variants. Rare and novel α- and β-globin gene 
variants have been increasingly identified in Quanzhou 
region [7–10] .

No effective medical treatment for thalassemia inter-
media or major is available at present. Conventional thal-
assemia gene detection before marriage or pregnancy 
or prenatal diagnosis is the most effective and low-cost 
intervention mean to prevent and control of the birth 
defect of thalassemia major or intermedia. However, con-
ventional thalassemia genetic detection based on DNA 
reverse dot blot hybridization and gap-PCR often leads to 
misdiagnosis of rare and novel thalassemia [11]. In recent 
years, the third-generation sequencing (TGS) based on 
long reads has been used in identifying α- and β-globin 
gene variants, manifesting remarkable advantages in 
identifying single-nucleotide variants, indels and struc-
tural variants [12, 13]. A prospective study conducted by 
Xu et al. [14] has demonstrated the application value of 
TGS technology in molecular diagnosis of thalassemia. 
Subsequently, a series of studies has reported more rare 
or novel thalassemia by using TGS [15–17] .

The aim of the present study was intended to identify 
rare α- and β-globin gene variants in Quanzhou of South-
east China by using the TGS technology, hoping that 
our experience and practice could help establish a more 
optimized method for the prevention and treatment of 
thalassemia.

Materials and methods
Samples
This prospective study enrolled 6,174 subjects with posi-
tive hematological screening results or one of the couples 
was identified as a thalassemia carrier from April 2021 
to October 2023 at Quanzhou Women’s and Children’s 
Hospital, excluding those reported in our previous case 
reports from January 2013 to March 2021 [8]. They 
included 2,595 males and 3,579 females ranging in age 
from newborns to 54 years. All cases deny recent blood 
transfusions within 14 days, and no genetic relationship 
was exists in all samples. No included subject received 
transfusion within 14 days before testing, and no genetic 

relation existed between the samples. Informed consent 
was obtained from all subjects before conventional thal-
assemia gene detection. Subjects who were suspected as 
a rare thalassemia or Hb variants carriers (individuals 
with positive hematological screening results but elicited 
negative conventional thalassemia gene testing results) 
were subjected to α- and β-globin gene sequencing based 
on TGS technology. This study was approved by the eth-
ics committee of The Women’s and Children’s Hospital of 
Quanzhou (No.2021No.61).

Hematological screening analysis
Routine blood analysis and Hb electrophoresis were car-
ried out for hematological screening analysis. Approxi-
mately 4  ml peripheral blood was collected from each 
subject and anticoagulated with EDTA-K2. Routine blood 
detection was conducted using an automated cell coun-
ter (Sysmex XS-1000i; Sysmex Co., Ltd., Kobe, Japan). 
The Hb components were analysed by Hb electrophore-
sis (Sebia, Evry Cedex, France). Positive hematological 
screening results that met one of the following indexes 
were diagnosed (which was only suitable for individu-
als older than 2 years) [8]: a mean corpuscular volume 
(MCV) ≤ 82  fl., and/or a mean corpuscular hemoglobin 
(MCH) ≤ 27 pg, and/or Hb A2 levels ≥ 3.4% or ≤ 2.6%, or 
an Hb F value ≥ 2.0%. All patients with positive hema-
tological analysis results underwent thalassemia gene 
testing.

Conventional thalassemia gene testing
About 2  ml peripheral blood was collected from 
each of the enrolled subjects for conventional thal-
assemia gene testing. Genomic DNA was extracted 
using the automatic nucleic acid extractor (Ruibao 
Biological Co., Ltd., Taiwan). Twenty-three common 
genotypes of α- and β-thalassemia mutations were 
identified in the Chinese population using the PCR 
reverse dot-blot hybridization technique (PCR-RDB) 
[18], including the deletional (-α3.7, -α4.2, --SEA) and 
non-deletional α-thalassaemia mutations (αCSα, αQSα 
and αWestmeadα), and 17 common β-thalassemia muta-
tions: CD41-42(-TCTT), IVS-II-654(C > T), − 28(A > G), 
CD71/72(+ A), CD17(AAG > TAG), CD26(GAG > AAG), 
CD43(GAG > TAG), − 29(A > G), CD31(-C), − 32(C > A), 
IVS-I-1(G > T), CD27/28(+ C), − 30(T > C), CD14-15(+ G), 
Cap + 40–43(–AAAC), initiation codon(ATG > AGG) and 
IVS-I-5(G > C) [7].

TGS and data analysis
The peripheral blood samples from 127 subjects who 
were suspected as rare globin gene variant carriers were 
sent to Berry Genomics laboratory for TGS, which was 
performed based on the PacBio Sequel II platform for α- 
and β-globin gene detection as described in our previous 
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report [16]. In brief, the purified DNA samples were 
quantified using the Qubit dsDNA BR assay kit (Ther-
moFisher Scientific). Then, optimized primers were used 
to generate specific amplicons that encapsulate known 
structural variation regions, and single nucleotide varia-
tion in the α- and β-globin gene. Double barcode adapt-
ers were ligated to the 5’ and 3’ ends after purification 
and end repair, and then Sequel Binding and Internal Ctrl 
Kit 3.0 (PacBio) was used to prepare SMRT bell libraries. 
Finally, third-generation sequencing was performed on 
the PacBio Sequel II System after loading primed DNA-
polymerase complexes onto the SMRT cells [16].

By referring to alignment of the subreads, the consen-
sus circular sequence was mapped to the GRCh38 ref-
erence and variants called (FreeBayes software, version 
1.2.0). WhatsHap (version 0.18) software was used for 
Linkage analysis (in cis or trans) in the long read based 
phasing. Alignments of variant and wild-type molecules 
was manifested by Integrative Genomics Viewer [16].

Sanger sequencing
Sanger sequencing was performed to verify the globin 
gene variants detected by TGS. Specific primers accord-
ing to the known DNA sequences were designed to per-
form PCR. All the designed primers were synthesized 
by Invitrogen (Shanghai) Trade Co., Ltd. The operation 

process of Sanger sequencing was performed following 
our previous study [16].

Results
The detection rate of α- and β-thalassaemia
In our study, 2,390 subjects carrying α- and 
β-thalassemia mutations were identified, including 1,615 
cases with α-thalassemia variants, 719 cases harboring 
β-thalassaemia variants, and 56 cases with both α- and 
β-thalassaemia, reaching a total detection rate of 38.71% 
(2,390/6,174), and the α-thalassemia, β-thalassaemia 
and complex α- and β-thalassaemia detection rate were 
26.16%, 11.65% and 0.91%, respectively. Among these, 
2,349 subjects with common α- and β-thalassemia muta-
tions were identified by conventional thalassemia gene 
testing, reaching a positive thalassemia detection rate of 
38.05% (2,349/6,174). In addition, 40 cases with rare or 
novel thalassemia mutations were identified by TGS, and 
a case with --SEA/αα that missed the diagnosis by conven-
tional PCR-RDB technology but later was identified by 
TGS.

Common and rare α-thalassemia variants
As delineated in Table 1, in the 1,615 subjects diagnosed 
with α-thalassemia, the --SEA/αα (70.84%) genotype was 
the most prevalent deletional mutation, followed by -α3.7/

Table 1  Distribution of α-thalassemia genotypes in Quanzhou region of Southeast China
Genotypes Cases Frequency Class
--SEA/αα 1144 70.84% Common
-α3.7/αα 301 18.64% Common
-α4.2/αα 59 3.65% Common
αQSα/αα 25 1.55% Common
αCSα/αα 21 1.30% Common
-α3.7/--SEA 19 1.18% Common
-α3.7/-α3.7 10 0.62% Common
αWestmeadα/αα 7 0.43% Common
-α4.2/--SEA 5 0.31% Common
-α3.7/-α4.2 3 0.19% Common
αCSα/--SEA 2 0.12% Common
αQSα/--SEA 1 0.06% Common
αCSα/-α3.7 1 0.06% Common
αCSα/αCSα 1 0.06% Common
--THAI/αα 5 0.31% Rare
αIVS−II−55(T> G)α/αα 2 0.12% Rare
--FIL/αα 2 0.12% Rare
--THAI/-α3.7 1 0.06% Rare
αCD30α/αα 1 0.06% Rare
αCD15α/αα 1 0.06% Rare
ααCD117/118/αα 1 0.06% Rare
αIVS−II−119(−G)(+​C​T​C​G​G​C​C​C), IVS−II−55(T> G)α /--SEA 1 0.06% Rare
αIVS−II−119(−G)(+​C​T​C​G​G​C​C​C), IVS−II−55(T> G)α /αα 1 0.06% Rare
αααanti3.7/αα* 1 0.06% Rare
Total 1615 100.00% /
*:In this case, Hb G-Honolulu was also compounded
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αα (18.64%) and -α4.2/αα (3.65%). The most common 
non-deletional mutation was αQSα/αα (1.55%), followed 
by αCSα/αα, and αWestmeadα/αα, with frequencies 1.30% 
and 0.43%, respectively. Besides, 29 cases that may cause 
Hb H disease were detected, among which, -α3.7/--SEA 
was the most common (1.18%). A patient with homozy-
gous αCS was also classified as having Hb H disease, who 
was a female and exhibited a remarkably low level of 
Hb (86 g/L), slightly low level of MCV (81fL) and MCH 

(25.2pg), and a slightly increased level of serum iron 
(28.36 µmol/L).

In this study, including 10 genotypes of rare α-globin 
gene variants, were diagnosed by TGS. Notably, --THAI/αα 
manifested a higher frequency. In addition, αCD30(−GAG)α 
was first reported in Fujian province South China. To 
the best of our knowledge, the complex genotype of 
αIVS−II−119(−G)(+​C​T​C​G​G​C​C​C), IVS−II−55(T> G)α/--SEA and 
a case compound αααanti3.7 with Hb G-Honolulu were 
first identified in the Chinese population (Figs. 1 and 2). 

Fig. 1  Identification of rare α-globin gene variants using third-generation sequencing (TGS). A: A rare CD30(-GAG) (HBA2:c.91_93delGAG) identified 
in Fujian province. A case with IVS-II-119(-G;+​C​T​C​G​G​C​C​C) (HBA2:c.301-24delGinsCTCGGCCC) (B) associated with IVS-II-55(T-> G) (HBA2:c.300 + 55T > G) 
(C) in cis and also compounded with --SEA (D) in trans was identified by TGS. E: --THAI/-α3.7. A case with αααanti3.7 (F) associated with Hb G-Honolulu 
(HBA2:c.91G > C) (G) in trans was detected by TGS
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In addition, the rare variants of --FIL/αα, ααCD15/αα, and 
ααCD117/118/αα were identified again in Quanzhou region 
of Southeast China.

Common and rare β-thalassemia variants
A total of 719 cases were diagnosed as β-thalassemia, 
among which βIVS−II−654/βN (36.02%) and βCD41–42/βN 
(26.01%) were the most common β-thalassemia muta-
tions, followed by βCD17/βN (19.61%), βCD26/βN (5.70%), 
and β−28/βN (3.48%), which accounted for about 90.82% 
of β-thalassemia variants (Table 2). In this study, we also 
identified 7 cases of β-thalassemia intermedia or major, 
with βIVS−II−654/βIVS−II−654 being the most common 
genotype.

In addition, 24 cases including 12 genotypes of rare 
β-thalassemia variants were identified, of which SEA-
HPFH was the most frequent (Table  2). Among them, 
the rare βCD54–58/βN and βCD53/βN were diagnosed again 
in Quanzhou region using TGS, while, the Chinese 
Gγ+(Aγδβ)0 had not been described in Quanzhou region 
before (Figs. 3 and 4). The Hb Lepore-Boston-Washing-
ton identified in this study was the first reported case 
in Fujian province of Southeast China. Moreover, the 
βCD15(TGG> TAG), βIVS−II−761, β0-Filipino(~ 45  kb deletion), 

and Hb Lepore-Quanzhou were first reported in the Chi-
nese population by us.

Compound α- and β-thalassemia variants
Of the 6,174 enrolled subjects, 56 cases (0.91%) were 
diagnosed as compound α- and β-thalassemia, among 
which --SEA/αα/βIVS−II−654/βN, -α3.7/αα/βCD41–42/βN and 
-α3.7/αα/βCD17/βN were the three most prevalent geno-
types (Table 3).

Hb variant genotypes
TGS was also carried out to confirm the exact hemo-
globin variants in subjects with abnormal Hb band(s). 
Thirty-five cases of Hb variants were detected, includ-
ing 11 cases of Hb Q-Thailand [CD74(GAC > CAC)], 2 
cases of Hb G-Honolulu [CD30(GAG > CAG)], one case 
of Hb Beijing [CD16(AAG > AAT), and one case of Hb 
Jilin [CD139(AAA > CAA)], all of which were induced 
by α-globin gene mutation. In addition, 17 cases of Hb 
New York [CD113(GTG > GAG)], and three cases of Hb 
J-Bangkok [CD56(GGC > GAC)] that caused by β-globin 
gene mutation were identified.

Fig. 2  The rare α-globin gene variant was further confirmed by third-generation Sanger sequencing and gap-PCR. A: CD30(-GAG) (HBA2:c.91_93delGAG). 
B:IVS-II-119(-G;+​C​T​C​G​G​C​C​C) (HBA2:c.301-24delGinsCTCGGCCC). C:IVS-II-55(T-> G) (HBA2:c.300 + 55T > G). D: Hb G-Honolulu (HBA2:c.91G > C). E: Electro-
phoresis result of αααanti3.7. P: Positive control; N: negative control; 1: αααanti3.7 carrier. F: Electrophoresis result of --THAI. N: negative control; 1: --THAI thalas-
semia carrier
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Discussion
Of the 6,174 subjects with suspected thalassemia 
traits, 1,615 (26.16%) were identified as harboring 
α-thalassemia variants, 719 (11.16%) as harboring 
β-thalassemia variants, and 56 (0.91%) as harboring both 
α- and β-thalassemia, with an overall detection rate of 
38.71% (2,390/6,174)]. Notably, α-thalassemia manifests a 
higher incidence than β-thalassemia, and --SEA/αα, -α3.7/
αα and -α4.2/αα were the most common α-thalassemia 
genotypes, which is consistent with the neighboring 
provinces of China, and also consistent with the other 
previous studies in Quanzhou region [8, 18–21].

In this study, we identified 1,615 subjects with 
α-thalassemia mutations, among them, the most com-
mon non-deletional mutation was αQSα/αα, followed by 
αCSα/αα, and αWestmeadα/αα. However, αCS was reported 
to be the most prevalent non-deletional α-thalassemia in 
Southeast Asia, and αWestmead was displayed a more higher 
incidence in Guangxi province of China [20]. Patients 
with compounded heterozygous or homozygous of αQS 
and αCS are likely to develop moderate anemia similar to 

Hb H disease [22]. Our present study identified a case of 
homozygous αCS exhibiting remarkable moderate anemia 
similar to Hb H disease, which is consistent with a previ-
ous study [22]. As such, couples both carrying αCS should 
be recommended for performing prenatal thalassemia 
gene testing after pregnant. Of the 16 cases identified 
by TGS, 10 belong to the rare α-thalassemia genotype. 
The --THAI/αα manifested a higher frequency in the rare 
α-thalassemia genotype, which is also consistent with the 
previous studies [7, 8] suggesting that TGS could be rec-
ommended as a routine method for detection of --THAI 
in Quanzhou region. The αCD30(−GAG) is a rare HBA2 glo-
bin gene variant with few reports available, which could 
be used as a predictor of α+ or α0-thalassemia accord-
ing to IthaGenes database. Previous studies reported 
that patients with αCD30(−GAG) combined with deletional 
α0-thalassemia were likely to develop mild to severe 
anemia [23, 24]. In the present study, we described the 
αCD30(−GAG) again in the Chinese population, and for 
the first time in a cohort in Fujian province. In addi-
tion, our finding first displayed a complex genotype of 

Table 2  Distribution of β-thalassemia genotypes in Quanzhou region of Southeast China
Types Genotypes Cases Frequency Class
Heterozygote βIVS−II−654/βN 259 36.02% Common

βCD41–42/βN 187 26.01% Common
βCD17/βN 141 19.61% Common
βCD26/βN 41 5.70% Common
β−28/βN 25 3.48% Common
βCD27/28/βN 15 2.09% Common
βCD71–72/βN 5 0.70% Common
βCD43/βN 5 0.70% Common
βCAP+40–43βN 3 0.42% Common
βInt/βN 3 0.42% Common
βIVS−I−1/βN 2 0.28% Common
βCD14–15/βN 2 0.28% Common
SEA-HPFH 5 0.70% Rare
Hb Lepore-Boston-Washington 4 0.56% Rare
βIVS−II−806/βN 3 0.42% Rare
Chinese Gγ+(Aγδβ)0 2 0.28% Rare
βCD53/βN 2 0.28% Rare
βIVS−II−672/βN 2 0.28% Rare
βCD15/βN 1 0.14% Rare
βCD54–58/βN 1 0.14% Rare
Filipino(~ 45 kb deletion) 1 0.14% Rare
βIVS−II−761/βN 1 0.14% Rare
βIVS−II−180/βN 1 0.14% Rare
Hb Lepore-Quanzhou 1 0.14% Novel

Compound heterozygote βIVS−II−654/βIVS−II −654 2 0.28% Common
βCD41–42/βCD41–42 1 0.14% Common
βCD26/β−28 1 0.14% Common
βIVS−II−654M/β−28 1 0.14% Common
βCD41–42/βCD17 1 0.14% Common
βCD41–42/β−28 1 0.14% Common
Total 719 100.00% /
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Fig. 4  The rare β-globin gene variant was further confirmed by third-generation Sanger sequencing technology (TGS) and gap-PCR. A: Electrophoresis 
result of SEA-HPFH and Chinese Gγ+(Aγδβ)0. N: negative control; 1: SEA-HPFH; 2: Chinese Gγ+(Aγδβ)0. B: The Filipino (~ 45 kb deletion) was further confirmed 
by Sanger sequencing (NC_000011.10:g.5112884 _5231358del118475). C: CD15(TGG > TAG) (HBB: c.47G > A). D:CD54-58(-​T​A​T​G​G​G​C​A​A​C​C​C​T)

 

Fig. 3  Identification of rare β-globin gene variants using third-generation sequencing (TGS). (A, B): Identification of the rare δβ-thalassemia of SEA-HPFH 
and Chinese Gγ+(Aγδβ)0 by TGS. (C, D): Identification of the rare Filipino (~ 45 kb deletion) and rare CD15(TGG > TAG) (HBB: c.47G > A) by TGS. E: Detection 
of the rare CD54-58 (-​T​A​T​G​G​G​C​A​A​C​C​C​T) mutation in HBB gene by TGS. F: Identification of the rare variant of IVS-II-761 (HBB: c.316–90 A > G) by TGS.
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αIVS−II−119(−G)(+​C​T​C​G​G​C​C​C), IVS−II−55(T> G)α/--SEA in a 
Chinese pediatric patient with normal hemoglobin value 
(114  g/L) and a slightly low level of mean corpuscular 
hemoglobin (MCH, 26.8pg). In addition, we identified a 
patient with IVS-II-119(-G)(+ ​C​T​C​G​G​C​C​C) and IVS-II-
55(T > G) in HBA2 located in cis by TGS, who exhibited 
normal hematological screening results, suggesting that 
both variants in α2 may be benign variants. Moreover, 
a rare case of compound αααanti3.7 with Hb G-Honolulu 
was first identified in Chinese population with normal 
hematological screening results.

In the present study, we identified 719 cases carrying 
β-thalassemia variants, and the most frequent mutation 
was IVS-II-654(C > T) and CD41-42(-TCTT), which is 
similar with the finding in other regions of South China 
[5, 19, 21]. However, in Yunnan province, CD26(G > A) 
was reported to be the most frequency β-thalassemia 
mutation [25]. In the present study, we also identified 
7 cases with β-thalassemia intermedia or major were 
also identified, with a detection rate of 0.11%(7/6,174), 
indicating that a more optimized and comprehensive 
thalassemia prevention and control method should be 
carried out. Moreover, we also identified 12 genotypes 
of rare β-thalassemia variants, including βCD15(TGG> TAG) 
which is known as rare variant condition that may lead 
to β0-thalassemia and has been frequently reported in 
Iran, Pakistan and India [26–28]. Interestingly, it is for 
the first time that we described the rare βCD15(TGG> TAG) 
variant in the Chinese population, and it is also for the 
first time that we displayed an extremely rare variant of 
IVS-II−761 (HBB: c.316–90 A > G) in the Chinese popu-
lation, knowing that βCD15(TGG> TAG) may lead to β+ or 
β0-thalassemia, which was first discovered in the United 
States of America [29]. Interestingly, the patient with 
IVS-II-761 (HBB: c.316–90  A > G) exhibited low levels 
of MCV (68fL), MCH (19.7pg), and Hb A2 (1.5%), which 
may result in β-thalassemia. Furthermore, this study also 
firstly present a rare deletional Filipino (~ 45 kb deletion) 
in the Chinese population, which was mentioned in our 
previous study [30]. This finding may further confirm the 
mobility and complexity of the population in Quanzhou 
region. The Filipino (~ 45 kb deletion) was first reported 
in a Filipino family [31]. A previous study conducted by 
Tan et al. [32] reported that the Filipino (~ 45 kb deletion) 

caused 73.3% of β-thalassemia in the Orang Asli in Sabah 
and Sarawak, which are indigenous/aboriginal peoples 
in East Malaysia. It was found in our study that the vari-
ants of IVS-II−806 (HBB: c.316−45G > C) and IVS-II−672 
(HBB: c.316–179  A > C) exhibited variable hematologi-
cal profiles, but they would lead to β-thalassemia or not 
needs more investigation.

Notably, we identified 11 cases of δβ-thalassemia in this 
study, among which SEA-HPFH was the most frequently 
detected mutation, which may lead to δβ-thalassemia. 
This finding is consistent with our previous study [8]. 
It was also for the first time that we identified another 
rare δβ-thalassemia of Chinese Gγ+(Aγδβ)0 in Quan-
zhou region, although it has been reported in Chinese 
populations of other regions [33]. Also, we identified a 
novel 7.414  kb deletion NG_000007.3:g.63511_70924del 
that partially covers HBB and HBD globin genes and 
may cause δβ-thalassemia in Quanzhou region, and 
we named it as Hb Lepore-Quanzhou [34]. In addi-
tion, we first described four cases of Hb Lepore vari-
ant (NG_000007.3:g.63633_71046 del) with one bp 
different with Hb Lepore-Boston-Washington, which 
has been reported by our previous study [35]. More 
attention should be paid to the screening and diagnosis 
of the rare δβ-thalassemia, knowing that homozygous 
δβ-thalassemia or co-occurring heterozygosity with 
β-thalassemia may lead to β-thalassemia intermedia or 
major.

In this study, we identified 35 cases of Hb variants, 
including Hb New York and Hb Q-Thailand as the 
most common two hemoglobin variants. Notably, both 
the rare Hb Jilin [α139(HC1)Lys > Gln (AAA > CAA); 
HBA2:c.418  A > C] and Hb Beijing [α16(A14)Lys > Asn 
(AAG > AAT); HBA2:c.51G > T] detected in the pres-
ent study were first reported in Fujian province, though 
they were mentioned in our previous study [36]. The Hb 
Jilin is an extremely rare α-chain variant, which was only 
occasionally reported in the literature [37]. In addition, 
Hb Beijing is also a rare condition, with few reports avail-
able in the literature [38, 39].

By using the TGS technique, we identified a diverse 
range of α- and β-globin gene variants in the present 
study, among which --SEA/αα was diagnosed as a common 
genotype by TGS, which was missed in the conventional 

Table 3  Distribution of compound α and β-thalassemia in Quanzhou region of Southeast China
Genotypes --SEA/αα -α3.7/αα -α4.2/αα ααWS/αα ααCS/αα ααQS/αα -α3.7/--SEA

βIVS−II−654/βN 12 6 0 0 0 1 0
βCD41–42/βN 5 8 1 5 1 0 1
βCD17/βN 1 7 0 0 1 0 0
βCD26/βN 1 3 0 0 0 0 0
βIVS−I−1/βN 0 0 0 0 1 0 0
βCD71–72/βN 1 0 0 0 0 0 0
βCAP+40–43βN 1 0 0 0 0 0 0
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thalassemia gene testing. This study further has strength-
ened the application value of TGS, suggesting that TGS 
may prove to be a powerful tool for the diagnosis of com-
mon and rare α- and β-globin gene variants.

In this study, we succeeded in identifying rare α- and 
β-globin gene variants by TGS in Quanzhou region 
of Southeast China, including a variety of thalassemia 
and Hb variants such as βCD15(TGG> TAG), βIVS−II−761, β0-
Filipino (~ 45  kb deletion), Hb Lepore-Quanzhou, Hb 
Jilin and Hb Beijing. These findings expanded the preva-
lence and spectrum of thalassemia in Fujian province of 
Southeast China, suggesting that the detection of thalas-
semia genes based on TGS could be used as a first-line 
tool for globin gene variant detection.
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