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Thalassemia  is  a  group  of  genetically
heterogeneous  diseases  characterized  by  hemolytic
anemia.  To  investigate  molecular  characteristics  of
α-  and  β-thalassemia  among  young  individuals  of
marriageable  age  in  Guangdong  Province,  24,788
subjects  with  suspected  thalassemia  were
genetically  tested  for  α-  and  β-thalassemia  by  Gap-
PCR  and  reverse  dot  blot  during  2018–2019.  For
suspected  rare  thalassemia  cases,  DNA  sequencing
was  performed  to  identify  rare  and  unknown
thalassemia  gene  mutations.  A  total  of  14,346
thalassemia  carriers  were  detected,  including  7,556
cases  of  α-thalassemia  with  25  genotypes  and  8  α-
gene  mutations  identified,  5,860  cases  of  β-
thalassemia  with  18  genotypes  and  18  β-gene
mutations  identified,  and  930  cases  of  compound
α/β-thalassemia. Among them, the frequency of --SEA

deletion  was  the  highest  in  α-thalassemia  (66.01%),
followed by -α3.7 (17.98%) and -α4.2 (8.22%), and the
frequency  of  CD41-42  (-TCTT)  mutation  was  the
highest in β-thalassemia (38.38%), followed by IVS-II-
654 (C > T) (25.67%), -28 (A > G) (15.76%), and CD17
(10.01%).  In  addition,  5  rare  mutations  (--THAI  and
HKαα,  CD113,  -90,  and  CD56)  were  found  in  the
study  population.  Our  results  revealed  molecular
epidemiological background of α- and β-thalassemia
in  Guangdong  Province,  which  can  support
optimization  of  thalassemia  prevention  and  control
strategies.  We  demonstrated  that  thalassemia  is
heterogeneous  with  significant  geographical
differences and population specificity.
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Thalassemia  is  a  group  of  genetically
heterogeneous  diseases  characterized  by  hemolytic
anemia  due  to  a  genetic  defect  that  results  in
insufficient  or  reduced  synthesis  of  one  or  more

hemoglobin  chains[1].  The  two  most  common  types
are  α-  and  β-thalassemia.  Alpha-thalassemia  is  a
group  of  hemolytic  anemias  caused  by  impaired
α-globin  chain  synthesis  owing  to  deletion  or
functional  defects  in  the  four  alpha-globin  genes
located  on  chromosome  16.  Beta-thalassemia  is  a
group  of  hemoglobinopathies  in  which  β-chain
synthesis  is  partially  or  completely  inhibited  due  to
mutations,  or  rare deletions,  of  the two beta-globin
genes  located  on  chromosome  11.  The  clinical
phenotypes  of  thalassemia  range  from
asymptomatic  to  fatal  hemolytic  anemia  with
considerable  variation.  At  present,  patients  with
moderate  or  severe  thalassemia  often  manifest
lifelong anemia requiring blood transfusions and iron
chelation;  however,  the  definitive  cure  is  through
bone marrow transplantation.

Worldwide,  thalassemia  is  most  frequent  in
South  China,  the  Middle  East,  Southeast  Asia,  the
Mediterranean  region,  and  the  Indian
subcontinent[2]. Thalassemia has been reported to be
highly prevalent in Hainan, Guangxi, and Guangdong
in  southern  China[3].  A  meta-analysis  indicated  that
the  prevalence  of  α-,  β-,  and  compound
α/β-thalassemia  in  mainland  China  was  7.88%,
2.21%,  and  0.48%,  respectively[3].  Thalassemia
imposes  considerable  financial  burdens  on  many
families  and  society,  and  has  become  a  serious
public health problem.

Guangdong  Province,  located  in  southern  China,
has more than 100 million permanent residents that
account for 8% of the population in China and has a
high  incidence  of  thalassemia.  To  date,  there  are
few  studies  on  molecular  spectrum  of  α-  and
β-thalassaemia  among  young  individuals  of
marriageable age in Guangdong Province based on a
large sample. The free pre-pregnancy eugenic health
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examination  project  has  been  conducted  in
Guangdong  Province  for  comprehensive  prevention
and  control  of  thalassemia  major.  Therefore,  using
data  from  this  project,  we  conducted  a  large-scale
investigation  to  detect  and  analyze  α-  and  β-
thalassemia gene mutations in subjects suspected to
have thalassemia in Guangdong Province in order to
decode  the  epidemiological  background  of
thalassemia  and  provide  data  to  support
optimization  of  thalassemia  prevention  and  control
strategies.

Individuals  who  participated  in  the  free  pre-
pregnancy  eugenic  health  examination  project  in
Guangdong  Province  from  January  2018  to
December  2019  were  screened  and  patients
suspected  of  having  thalassemia  were  enrolled  in
this  study.  The  study  subjects  were  premarital  or
preconception  stage  couples  and  pregnant  women.
Peripheral  venous  blood  samples  were  collected
from  each  subject  and  molecular  testing  for
thalassemia  was  performed.  Subjects  that  were
determined  to  be  thalassemia  carriers  were  further
offered genetic counseling. The study was approved
by  the  Ethics  Committee  of  the  Family  Planning
Research  Institute  of  Guangdong  Province.  All
participants provided written informed consent.

Mean  corpuscular  volume  (MCV)  and  mean
corpuscular  hemoglobin  (MCH)  were  commonly
used  as  screening  indicators  for  thalassemia,  with
the cut-off  values of MCV and MCH being 80 fL and
27  pg,  respectively.  Positive  thalassemia  screening
was  defined  as  MCV  <  80  fL  and/or  MCH  <  27  pg,
while subjects with MCV ≥ 80 fL and/or MCH ≥ 27 pg
were regarded as non-carriers of thalassemia or non-
clinically  thalassemia carrier.  Approximately 2 mL of
venous  blood  was  collected  to  test  hematological
parameters,  including  MCV  and  MCH,  which  were
measured by an automated cell counter according to
standard  laboratory  procedures.  Subjects  were
suspected to be thalassemia carriers if they had MCV
and/or MCH values below the cut-off values (MCV <
80 fL  and/or  MCH <  27  pg).  All  thalassemia-positive
samples  were  stored  as  blood  cards  and  sent  to
Guangzhou  KingMed  Diagnostics  Group  Co.,  Ltd.
(Guangzhou,  China)  for  genetic  detection  of
thalassemia.  Genomic  deoxyribonucleic  acid  (DNA)
was isolated from peripheral blood leukocytes using
TIANamp Genomic  DNA kits  (TIANGEN Biotech,  Co.,
Ltd., Beijing, China), according to the manufacturer’s
instructions.  Gap-polymerase  chain  reaction  was
used  to  detect  the  three  common  deletional
α-thalassemia  types  (--SEA,  -α3.7,  and  -α4.2),  and
polymerase chain reaction-reverse dot blot was used

to  detect  α-thalassemia  and  β-thalassemia
mutations  using  the  thalassemia  gene  detection  kit
(Yaneng  Bioscience  Co.,  Ltd.,  Shenzhen,  China).
Three  α-thalassemia  point  mutations  and  17
common  β-thalassemia  mutations  were  revealed  in
the  Chinese  population  and  are  as  follows:  Hb
Constant  Spring  (Hb  CS;  HBA2:  c.427T  >  C),  Hb
Westmead  (Hb  WS;  HBA2:  c.369C  >  G),  Hb  Quong
Sze (Hb QS; HBA2: c.377T > C), CD41-42 (-TCTT), IVS-
II-654 (C > T), CD43 (GAG > TAG), CD26 (GAG > AAG),
-28 (A > G), CD17 (AAG > TAG), CD31 (-C), -30 (T > C),
CD71-72 (+A), IVS-I-5 (G > C), Int (ATG > AGG), CD14-
15 (+G), CD27-28 (+C), -29 (A > G), -32 (C > A), IVS-I-1
(G > T),  and Cap (-AAAC) (HGVS nomenclature were
shown  in  Table  1).  For  suspected  rare  thalassemia
cases,  DNA  sequencing  was  performed  to  identify
rare and unknown thalassemia gene mutations. Data
analysis was performed with IBM SPSS Statistics v.26
software  (IBM Corp.,  Armonk,  NY,  USA).  Descriptive
statistics  was  used  to  analyze  the  genotypic  and
allelic frequencies of thalassemia.

A  total  of  24,788  subjects  (12,397  men  and
12,391 women), ranging from 20 to 54 years of age,
were  screened  for  thalassemia.  Of  all  the  samples,
14,346  (57.87%)  were  diagnosed  with  thalassemia,
including  7,556  cases  of  α-thalassemia  alone
(52.67%),  5,860  cases  of  β-thalassemia  alone
(40.85%),  and  930  cases  of  compound
α/β-thalassemia  (6.48%).  The  previous  survey
showed that the overall prevalence of thalassemia in
the  Guangdong  population  was  16.45%[4].  The
prevalence of α-, β-, and combined α-/β-thalassemia
were  12.03%,  3.80%,  and  0.63%  respectively[4].  In
agreement  with  the  findings  of  other  studies  on
thalassemia  in  Guangdong  Province,  there  were
more  cases  of  α-thalassemia  in  this  study[4,5].
Currently, over 1,000 gene mutations of thalassemia
have  been  entered  in  the  IthaGenes  database;
α-thalassemia  mutations  are  primarily  deletions,
while  β-thalassemia  mutations  are  primarily  point
mutations.  Thalassemia  is  heterogeneous,  with
significant  geographical  differences  and  population
specificity[5,6].

Among  the  7,556  α-thalassemia  cases,  7,245
(95.88%)  cases  had  heterozygous  mutations,  282
(3.73%)  cases  had  compound  heterozygous
mutations,  and  29  cases  (0.38%)  had  homozygous
mutations.  Meanwhile,  25 different genotypes were
identified.  The three most  frequent mutations were
seen  in  genotypes  --SEA/αα  (67.83%),  -α3.7/αα
(14.93%),  and  -α4.2/αα  (6.60%).  Five  common  Hb  H
genotypes  were  detected,  including  two  deletional
types  (--SEA/-α3.7)  and  (--SEA/-α4.2),  and  three  non-
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deletional  types  (--SEA/-αCS),  (--SEA/-αWS),  and  (--SEA/
-αQS).  In addition,  two rare α-thalassemia genotypes
were  detected,  including  two  cases  of  Thai
thalassemia  (--THAI,  NC_000016.10： g.149863_
183312del)  and  two  cases  of  Hong  Kongαα  (HKαα)
thalassemia (Table 2). However, the genotypes of α-
thalassemia differed in regions and populations; the
-α3.7/αα and -α4.2/αα genotypes were more frequent
than  the  --SEA/αα  genotype  among  the  Li  people  in
Hainan,  and  the  ααCS/αα  genotype  was  more
frequent than the -α4.2/αα genotype in the Baise and
Yulin  regions[7-9].  Among  the  5,860  cases  of  β-
thalassemia, 18 different genotypes were identified.
The  most  frequent  genotype  was  �βCD41-42/βN

(38.05%),  followed  by  βIVS-II-654/βN  (25.70%),  β-28/βN

(15.87%), and βCD17/βN (10.00%), and the above four
genotypes accounted for 89.62% of all β-thalassemia
genotypes.  In  addition,  three  rare  genotypes  of  β-
thalassemia were detected, including βCD113/βN (eight
cases),  β-90/βN  (two  cases),  and  βCD56/βN  (one  case)
(Table  2).  Among  the  930  cases  of  compound  α/β-
thalassemia,  458 cases  (49.25%)  had α+  thalassemia
and  β-thalassemia,  457  cases  (49.14%)  had  α0

thalassemia and β-thalassemia, 15 cases (1.61%) had
Hb  H  disease  and  β-thalassemia  (Table  2)  (The
specific  genotypes  were  shown  in  Supplementary
Table  S1,  available  in  www.besjournal.com).  Hb  H
disease is  caused by the loss of function of three α-

Table 1. Allelic frequencies of thalassemia in Guangdong Province

Mutation HGVS Allele (n) Frequency (95% CI)

α-thalassemia

--SEA NG_000006.1: g.26264_45564del19301 5,823 66.01 (64.32, 67.72)
-α3.7 NG_000006.1: g.34164_37967del3804 1,586 17.98 (17.10, 18.88)
-α4.2 N/A 725 8.22 (7.63, 8.84)
ααCS HBA2: c.427T > C 271 3.07 (2.72, 3.46)
ααWS HBA2: c.369C > G 252 2.86 (2.52, 3.23)
ααQS HBA2: c.377T > C 161 1.82 (1.55, 2.13)
--THAI NC_000016.10: g.149863_183312del 2 0.02 (0.00, 0.08)
HKαα N/A 2 0.02 (0.00, 0.08)

Total α-thalassemia 8,822 100

β-thalassemia

CD41/42 (-TTCT) HBB: c.124_127delTTCT 2,606 38.38 (36.92, 39.88)

IVS-II-654 (C > T) HBB: c.316-197C > T 1,743 25.67 (24.48, 26.90)

-28 (A > G) HBB: c.-78A > G 1,070 15.76 (14.83, 16.73)

CD17 (AAG > TAG) HBB: c.52A > T 680 10.01 (9.28, 10.80)

CD26 (CAG > AAG) HBB: c.79G > A 212 3.12 (2.72, 3.57)

CD71-72 (+A) HBB: c.216_217insA 172 2.53 (2.17, 2.94)

CD27/28 (+C) HBB: c.84_85insC 74 1.09 (0.86, 1.37)

CD43 (G > T) HBB: c.130G > T 62 0.91 (0.70, 1.17)

-29 (A > G) HBB: c.-79A > G 60 0.88 (0.67, 1.14)

IVS-I-1 (G > T) HBB: c.92+1G > T 45 0.66 (0.48, 0.89)

CD14/15 (+G) HBB: c.45_46insG 35 0.52 (0.36, 0.72)

Initiation condon (ATG > AGG) HBB: c.2T > G 10 0.15 (0.07, 0.27)

CD113 (GTG > GAG) HBB: c.341T > A 9 0.13 (0.06, 0.25)

Cap (-AAAC) HBB: c.-11_-8delAAAC 6 0.09 (0.03, 0.19)

-90 (C > T) HBB: c.-140C > T 2 0.03 (0.00, 0.11)

IVS-I-5 (G > C) HBB: c.92+5G > C 2 0.03 (0.00, 0.11)

CD56 (GGC > GAC) HBB: c.170G > A 1 0.01 (0.00, 0.08)

CD31 (-C) HBB: c.94delC 1 0.01 (0.00, 0.08)

Total β-thalassemia 6,790 100

　　Note. Data  are  presented  as  numbers  or  percentages; CI,  confidence  interval;  HGVS,  Human  Genome
Variation Society.
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globin  genes  and  the  clinical  severity  of  patients  is
variable,  depending  on  the  type  of  α-globin
mutations.  Clinically,  patients  with  double
heterozygous  thalassemia  often  present  with  mild
anemia. This is due to the reduced synthesis of both
α-  and  β-globin  chains,  which  extenuates  the
imbalance  of  globin  chain  synthesis  and  alleviates
anemia  symptoms.  Since  mild  compound  α/β-
thalassemia rarely causes phenotypic aggravation of
the  disease,  attention  should  be  paid  to  whether
both  spouses  are  α-  or  β-thalassemia  heterozygous
carriers  or  compound α/β-thalassemia gene carriers

in the premarital  and preconception examination.  If
both  spouses  are  double  heterozygous  thalassemia
carriers,  the  risk  of  having  a  child  with  thalassemia
major may increase.

In this study, eight different mutation types of α-
thalassemia  were  detected,  and  the  three  deletion
mutations  (--SEA,  -α3.7,  and  -α4.2)  accounted  for
approximately 92% of all α-thalassemia mutations in
Guangdong Province (Table 1). The �--SEA deletion was
the  most  common  mutation  (66.01%),  followed  by
-α3.7  deletion  (17.98%)  and  �-α4.2  deletion  (8.22%),
which  was  similar  to  the  findings  of  α-thalassemia

Table 2. Genotype, case and frequency of thalassemia in Guangdong Province

Genotype Cases (n) Frequency (95% CI) Genotype Cases (n) Frequency (95% CI)

α-thalassemia β-thalassemia

　--SEA/αα 5,125 67.83 (65.98, 69.71) 　βCD41-42/βN 2,230 38.05 (36.49, 39.67)

　-α3.7/αα 1,128 14.93 (14.07, 15.83) 　βIVS-II-654/βN 1,506 25.70 (24.42, 27.03)

　-α4.2/αα 499 6.60 (6.04, 7.21) 　β-28/βN 930 15.87 (14.87, 16.92)

　ααCS/αα 221 2.93 (2.55, 3.34) 　βCD17/βN 586 10.00 (9.21, 10.84)

　ααWS/αα 134 1.77 (1.49, 2.10) 　βCD26/βN 193 3.29 (2.85, 3.79)

　ααQS/αα 134 1.77 (1.49, 2.10) 　βCD71-72/βN 143 2.44 (2.06, 2.88)

　--THAI/αα 2 0.03 (0.00, 0.10) 　β27-28/βN 68 1.16 (0.90, 1.47)

　HKαα/αα 2 0.03 (0.00, 0.10) 　βCD43/βN 56 0.96 (0.72, 1.24)

　--SEA/-α3.7 132 1.75 (1.46, 2.07) 　β-29/βN 50 0.85 (0.63, 1.12)

　--SEA/-α4.2 70 0.93 (0.72, 1.17) 　βIVS-I-1/βN 36 0.62 (0.43, 0.85)

　-α3.7/-α4.2 25 0.33 (0.21, 0.49) 　βCD14-15/βN 34 0.58 (0.40, 0.81)

　--SEA/ααWS 19 0.25 (0.15, 0.39) 　βInt/βN 10 0.17 (0.08, 0.31)

　-α3.7/ααCS 7 0.09 (0.04, 0.19) 　βCD113/βN 8 0.14 (0.06, 0.27)

　-α3.7/ααWS 7 0.09 (0.04, 0.19) 　βCAP/βN 4 0.07 (0.02, 0.17)

　--SEA/ααCS 7 0.09 (0.04, 0.19) 　β-90/βN 2 0.03 (0.00, 0.12)

　--SEA /ααQS 7 0.09 (0.04, 0.19) 　βIVS-I-5/βN 2 0.03 (0.00, 0.12)

　-α4.2/ααQS 3 0.04 (0.01, 0.12) 　βCD56/βN 1 0.02 (0.00, 0.10)

　-α4.2/ααCS 2 0.03 (0.00, 0.10) 　βCD31/βN 1 0.02 (0.00, 0.10)

　-α4.2/ααWS 2 0.03 (0.00, 0.10) 　Total β-thalassemia 5,860 100

　ααCS/ααWS 1 0.01 (0.00, 0.07)

　-α3.7/−α3.7 13 0.17 (0.09, 0.29) Compound α/β-thalassemia

　-α4.2/−α4.2 10 0.13 (0.06, 0.24) 　α+ thalassemia and β-thalassemia 458 49.25 (44.84, 53.97)

　ααWS/ααWS 3 0.04 (0.01, 0.12) 　α0 thalassemia and β-thalassemia 457 49.14 (44.74, 53.86)

　ααCS/ααCS 2 0.03 (0.00, 0.10) 　Hb H disease and β-thalassemia 15 1.61 (0.90, 2.66)

　ααQS/ααQS 1 0.01 (0.00, 0.07) 　Total Compound α/β-thalassemia 930 100

　Total α-thalassemia 7,556 100

　　Note. Data are presented as numbers or percentages; CI, confidence interval; α+ thalassemia, one of the 4
alpha genes being mutated or deleted; α0 thalassemia, two of the 4 alpha genes being mutated or deleted; Hb
H disease, three of the 4 alpha genes being mutated or deleted.
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studies  conducted  in  Fujian,  Yunnan,  and
Hubei[6,10,11].  The other most  common α-thalassemia
point  mutations  (and  their  respective  allele
frequencies)  are:  ααCS  (3.07%),  ααWS  (2.86%),  and
ααQS  (1.82%).  Among  the  non-deletion  mutations,
the  detection  rate  of  ααWS  was  higher  than  that  in
previous  studies[4].  In  addition,  �--THAI  mutations,
regarded as rare mutations in  China,  were detected
in  two  cases,  and  the  allelic  frequency  was  only
0.02% in this study. Because of the rarity of the --THAI

mutation  in  southern  China,  it  is  not  routinely
detected,  which  usually  leads  to  missed  diagnosis.
Furthermore,  two  cases  were  identified  as  positive
for  HKαα/αα  with  the  allele  frequency  of  0.02%  in
Guangdong  population.  It  was  reported  that
HKαα/αα  carriers  and  -α3.7/αα  carriers  had  similar
phenotypes  and  showed  small-cell  hyperpigmented
anemia  or  normal  hematologic  manifestations[12].  If
one  spouse  is  a  carrier  of  α-thalassemia  and  the
other has positive hematological phenotypes, or if a
baby was born with severe or moderate thalassemia,
but  no  mutations  were  detected  by  applying  the
routine  thalassemia  diagnostic  kit,  rare  mutations
should  be  seriously  considered  to  prevent  missed
diagnosis[6].  Meanwhile, eighteen different mutation
types  of  β-thalassemia  were  detected  in  this  study,
and CD41-42 (-TTCT)  mutation is  the  most  common
mutation  (38.38%),  followed  by  IVS-II-654  (C  >  T)
(25.67%),  -28  (A  >  G)  (15.76%),  and  CD17  (AAG  >
TAG)  (10.01%)  (Table  1).  In  addition,  three  rare  β-
thalassemia  mutations  were  detected,  including
CD113 (GTG > GAG), CD56 (GGC > GAC), and -90 (C >
T).  The  genotype  proportions  coincided  with  the
allelic  frequencies  of  β-thalassemia.  The  types  and
frequencies  of  β-gene  mutations  correlate  with  the
regional  and  ethnic  distribution.  The  CD41-42
mutation  was  the  most  frequent,  in  consistent  with
the  findings  in  Hainan  and  Yulin  of  Guangxi[8,10].
However,  the  IVS-II-654  mutation  was  the  most
frequent  in  Fujian  and  Hubei[6,11],  and  the  CD17
mutation was the most frequent in Baise of Guangxi
and  Yunnan[8,10].  It  was  reported  that  the  IVS-II-654
mutation  had  the  highest  frequency  with  40.81%,
followed  by  CD41-42(-TCTT)  (32.44%)  in  the  Hakka
population  in  Guangdong[5].  The  reason  for  this
discrepancy  may  be  due  to  the  ethnic  specificity  of
β-thalassemia.  Moreover,  we  identified  three  rare
types  of  mutations,  and  did  not  detect  compound
heterozygotes  and  homozygotes  of  β-thalassemia.
The  most  likely  explanations  are  the  following:
1)  the  implementation  of  the  premarital  and
preconception  screening  programs  for  thalassemia
may have resulted in a lower birth rate of compound

heterozygotes  and  pure  heterozygotes;  and
2)  severe  acute  anemia  may  result  in  a  higher
mortality  rate  among  children  due  to  the  lack  of
diagnostic  facilities  and  treatment  measures.  Under
these  circumstances,  it  appears  that  most
homozygotes  and  compound  heterozygotes  would
have  died  early  in  life  without  effective  medical
rescue.  The  results  indicate  that  β-thalassemia  is
diverse and genetically  heterogeneous,  and the few
rare and unknown gene mutations should be further
investigated.

The  limitation  of  this  study  is  that  it  did  not
demonstrate the prevalence of thalassemia because
the study included only subjects suspected of having
thalassemia,  and  did  not  include  randomized
population.

In  conclusion,  this  study  investigated  the
genotype  distribution  and  allele  frequencies  of  α-
and  β-thalassemia  among  young  individuals  of
marriageable  age  in  Guangdong  Province,  and
demonstrated  that  thalassemia  is  heterogeneous
with  significant  geographical  differences  and
population  specificity.  Our  findings  is  important  to
decode  the  epidemiological  background  of
thalassemia.  In  addition,  the  results  suggested  that
the detection of rare and unknown thalassemia gene
mutations  should  be  given  serious  consideration.
Moreover,  the  study  provided  a  valuable  reference
for  genetic  counseling  and  prenatal  diagnosis  and
data  to  support  optimization  of  thalassemia
prevention and control strategies.
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