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Abstract

b-thalassemia (b-thal) is one of the most prevalent inherited blood disorders in Ganzhou, south

China. Next-generation sequencing was used to screen for thalassemia carriers in the general

population. During the screening, we identified a novel b-thal variant in a 46-year-old Chinese

man, which was validated by Sanger sequencing. Based on the patient’s clinical data, this novel

mutation was classified as severe b0. However, the patient was mildly anemic (hemoglobin,

89 g/L), which was inconsistent with typical b0 carrier characteristics. On further evaluation,

quantitative PCR indicated the presence of six a genes, while molecular analysis and pedigree

analysis revealed the coexistence of aaaanti3.7 and aaaanti4.2. Therefore, we report a novel b-thal
variant combined with six a genes. We describe the patient’s clinical phenotype and the process

of molecular diagnosis. This case extends the spectrum of thalassemia variants.
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Introduction

The b-globin protein (HBB) is synthesized

from the b-globin gene (HBB) located on

chromosome 11. b-globin in combination

with a-globin forms the most common

adult hemoglobin (HbA).1 Abnormal HBB

variants influence every stage of gene

expression, affecting the stability and
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synthesis of the b-globin chain, resulting in
inherited forms of b-thalassemia (b-thal).
More than 300 variants of HBB resulting
in b-thal have been described globally,

according to the human hemoglobin (Hb)
variant (HbVar) database.2 HBB variants

alter the synthesis of HBB either partially
(bþ) or completely (b0), with varying effects

on clinical severity.3

b-thal carriers are clinically characterized
by a low mean corpuscular volume (MCV)

and mean corpuscular Hb (MCH), elevated
Hb A2 levels,4 and normal Hb levels.

Common b-thal variants are identified
through hematological indices; 17 HBB

mutations have been detected in the
Chinese population through reverse dot-

blot hybridization (RDB).5 However, rare
or novel b-thal variants could be missed

when using these common methods. In a
population with a high prevalence of thal-

assemia, couples are at risk of having chil-
dren with severe b-thal, including those

with rare thalassemia. Therefore, gap-
PCR, multiplex ligation-dependent probe

amplification, and Sanger sequencing are
used to identify potential carriers of rare

b-thal variants.6,7

The frequency of thalassemia alleles in

Ganzhou, southern China, is 9.49% which
is relatively high.8 The Thalassemia

Prevention Program plays a vital role in

regions where the thalassemia prevalence

is high. Thalassemia screening strategies

and methods vary among regions. Next-

generation sequencing (NGS) is a competi-

tive method that could improve screening

for thalassemia carriers, and provide an

integrated assessment strategies in popula-

tions with a high thalassemia prevalence.9

To accurately assess the prevalence of thal-

assemia in the population and avoid miss-

ing rare thalassemia variants, NGS was

applied for the genetic screening of thalas-

semia in Ganzhou.
During the screening, a novel heterozy-

gous variant was identified in a 46-year-old

Chinese man. This novel frameshift variant

in the b-globin gene [NM_00518.4 (HBB):

c.194dup and: p.(Lys66Glnfs*8)] was vali-

dated through different methods. This

b-thal mutation correlated with the abnor-

mal hematological parameters of the

patient. We herein report the variant for

the first time.

Case presentation

A 46-year-old Chinese man (the patient)

and his wife approached our genetic labo-

ratory for thalassemia carrier status screen-

ing before their wedding. As shown in

Figure 1, this was the patient’s second wed-

ding. Hematological screening of the

Figure 1. Pedigree chart and blood cell morphology. (a) Black arrow indicates the patient and (b) Black
arrow indicates abnormal red blood cells from the patient seen under optical microscopy.

2 Journal of International Medical Research



patient revealed changes in his erythrocyte
morphology, low hematological indices,
and high levels of hemoglobin (Hb)A2.
The patient’s wife had normal hematologi-
cal indices and HbA2 levels. Hematological
data were not available for some family
members, including the patient’s 80-
year-old mother; his father was deceased.
DNA extracted from saliva samples of the
patient’s mother showed her genotype to be
aaaanti3.7/aa, bN/bN. The patient’s ex-wife
and 16-year-old daughter refused to partic-
ipate in the hematological investigation or
to provide DNA samples. The patient’s
sister and brother agreed to additional
family investigation. Study participants
gave their informed written consent to pro-
vide all hematological and clinical data, and
denied any history of blood transfusion.
Study approval by an ethics committee or
institutional review board was waived
because of the voluntary nature of testing.

Full-length HBB, HBA1, and HBA2
sequences were amplified from the DNA
of study participants by PCR as previously
described by He et al.,10 and the amplicons
were confirmed to contain all exons and
introns; this ensured that as many variants
as possible could be detected in the HbVar
database. Sequencing libraries were con-
structed using the Illumina HiSeq

Sequencing Library Preparation Protocol.
These libraries underwent paired-end
sequencing for 100 base pairs using an
Illumina HiSeq 2000 sequencing system,
and bioinformatic analysis was performed
as described previously.10 The direct
sequencing of HBB was performed to vali-
date the novel variant using forward
primer: 50-AGAAACTGGGCATGTGGA
GA-30 and reverse primer: 50-ACGATCCT
GAGACTTCCACA-30.

Family members were also tested for the
presence of a- or b-thalassemia-associated
common deletions using HBA1 and HBA2
quantitative (q)PCR; cycling conditions
and primer details have been described pre-
viously.11 Bands corresponding to aaaanti4.2

and aaaanti3.7 were obtained using 4% aga-
rose gel electrophoresis following gap-
PCR; PCR and primer details have been
described previously.12 Hematological find-
ings of the patient and his wife, sister, and
brother are shown in Table 1. The patient’s
hematological parameters included a low
MCV and MCH, and elevated HbA2
levels. Direct sequencing indicated a HBB
frameshift variant (Figure 2); this was a
novel variant, HBB:c.194dup (Figure 2).
A single G was duplicated at position 194,
which resulted in a premature stop codon at
codon 72. Prediction tools PolyPhen-2

Table 1. Hematological and molecular data of the family carrying the HBB: c.194 dup mutation.

Parameter Patient Wife Sister Brother Normal

Sex-age (years) M-46 F-39 F-43 M-55 –

RBC (1012/L) 4.02 4.38 4.67 4.59 3.5–5.0

Hb (g/L) 89 121 127 107 110–160

MCV (fL) 67.6 80.6 84.1 77.5 80.0–100.0

MCH (pg) 22.1 27.6 28.1 22.7 27.0–24.0

HbA (%) 94.8 96.9 97.3 96.8 �94.5

HbA2 (%) 5.0 2.7 2.6 2.7 2.6–3.5

HbF (%) 0.2 0.4 0.1 0.5 <2

a-genotype aaaanti4.2/aaaanti3.7 aa/aa aa/aa aaaanti4.2/aa aa/aa
b-genotype bCD64M/bN bN/bN bN/bN bN/bN bN/bN

RBC: red blood cell count; Hb: hemoglobin; MCV: mean corpuscular volume; MCH: mean corpuscular Hb; –: NA; HbA:

adult hemoglobin; HbF: fetal hemoglobin.
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Figure 2. Sanger sequencing of the HBB: c.194 dup mutation. Forward and reverse sequencing data show
the codon 64 duplication in the heterozygous state. Numerous ambiguities are seen as overlapping peaks.

Figure 3. Copy numbers of HBA1 (2) and HBA2 (4) as determined by qPCR.
N, negative, aa/aa; P: positive, SEA/aa; qPCR, quantitative PCR.
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(http://genetics.bwh.harvard.edu/pph2/)

and SIFT (http://sift.jcvi.org/index.php)

were used to predict the impact of the

novel variant. According to American

College of Medical Genetics and

Genomics guidelines, strong evidence of

pathogenicity (PVS1, PM2, and PP3) was

obtained. The patient did not carry any of

the common a-thalassemia variants, as indi-

cated by gap-PCR and NGS. However, his

Hb level was low and qPCR showed the

amounts of HBA2 and HBA1 to be 4 and

2, respectively (Figure 3). PCR indicated

the presence of both aaaanti4.2 and aaaanti3.7

(Figure 4), so the patient’s thalassemia

genotype was described as aaaanti4.2/
aaaanti3.7, bCD64M/bN. The patient’s wife

was shown to be aa/aa, bN/bN. The report-

ing of this study conforms to CARE

guidelines.13

Discussion and conclusions

Many variants responsible for b-thal have
been identified and extensively character-
ized. Most result from single base substitu-
tions, deletions, or insertions in coding
regions or at exon–intron classical junction
regions that affect almost every stage of
HBB expression, including transcription,
splicing, polyadenylation, or translation of
mRNA.14

In this study, a novel variant [HBB:
c.194dup] was characterized in the hetero-
zygous state. Taking the hematological
indices into account, it was expected to be
classified as the b0 type. However, the Hb
level of the patient was low. Subsequently,
qPCR indicated the presence of both
aaaanti4.2 and aaaanti3.7. These triplicated
alleles resulted from an unequal crossover
between the homologous X-, Y-, and Z-box

Figure 4. Agarose gel electrophoresis of PCR amplicons. Lanes 1 and 2, samples from patient’s mother
positive for aaaanti3.7 and negative for aaaanti4.2; lane 3, marker; lanes 4 and 6, negative controls for aaaanti3.7

and aaaanti4.2, respectively; lanes 5 and 7, positive controls for aaaanti3.7 and aaaanti4.2, respectively; lanes
8 and 9, samples from patient positive for aaaanti3.7 and aaaanti4.2 ; lanes 10 and 11, samples from patient’s
sister negative for aaaanti3.7 and aaaanti4.2; lanes 12 and 13, samples from patient’s brother negative for
aaaanti3.7 and positive for aaaanti4.2.
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segments of the a-globin gene cluster during
meiosis. Further pedigree analysis ruled out

aanti4.2aaanti3.7a/aa as an alternative possi-
bility for the a thalassemia genotype,

which could have resulted from an unequal
crossover between aaaanti3.7 and normal aa.

The patient’s a-thalassemia genotype of
aaaanti4.2/aaaanti3.7 is in agreement with

those of his brother and mother. These
alpha triplications result in a higher a
chain expression in carriers than in healthy
individuals. The a chain expression hierar-

chy is aaaanti4.2> aaaanti3.7>HK aa¼ aa.11

Therefore, the coinheritance of triplicated
alleles in the patient aggravated the clinical

features of the novel heterozygous b0-thal,
because of the uneven ratio of a and b
chains. This could explain his low Hb
levels. However, the Hb level in this patient

was much higher than that seen in a previ-
ous patient (Hb, 56 g/L) diagnosed with

aaaanti4.2/aa, b41–42/bN.11 Additionally, five
triplicated a-globin cases coinherited with

heterozygote b-thal presented with various
clinical manifestations of anemia.15 Further
studies into regulatory regions or genetic

modifiers may elucidate the precise effects
of this novel variant.

In summary, novel thalassemia variants
could be identified in populations where

thalassemia is prevalent. Updating the spec-
trum of variants will enable greater preci-

sion in prenatal diagnosis and genetic
counselling. Moreover, including new

b-thal variants identified locally will
improve screening for b-thal mutations

using the traditional RDB hybridization
method. This will overcome the limitations

of regular screening for only the 17
most common b-thal mutations. Future
studies should focus on developing a

time- and cost-efficient method of compre-
hensive DNA screening, using tools such

as NGS.
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