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In order to explore the prevalence of thalassemia among the Yao population in Guangdong Province, China,
the situation of p and o thalassemia patients in the district is analyzed by Hb hemoglobin electrophoresis and
gene detection. The results have shown that the proportions of CD17 and BE to the positive f-thalassemia
patients are the highest, which are the most common types of the p-thalassemia gene mutations; the
p-thalassemia gene double heterozygous mutation is the least; in addition, the a-thalassemia gene detection
has shown that among the positive mutation types, the ao/ae has accounted for the largest proportion,
and the 003.7/a0 mutation case is the least. In summary, due to the high coincidence of f-thalassemia
positive rates degree between the hemoglobin electrophoresis detection and the gene diagnosis, the higher
positive rate of hemoglobin electrophoresis would indicate the higher p-thalassemia gene carrying rate
and incidence rate to some extent. Therefore, to a certain extent, it can be considered that the incidence of
a-thalassemia is less different among different ethnic groups and regions in Guangdong Province; however,
there is a significant difference between p-thalassemia among the Yao nationality and other ethnic groups

in Guangdong Province.
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In1925,thepediatrician Cooley in Detroit, USA, reported
a disease characterized by severe anemia, skeletal
deformation, and hepatomegaly and splenomegaly;
this kind of disease was first seen in immigrants from
Mediterranean countries such as Italy!!l; therefore, it
was named as Mediterrancan anemia, i.c. thalassemia.
Thalassemia is the most common inherited incomplete
dominant mono-genetic hereditary hemoglobinopathy
among humans®*. Its clinical manifestations include
hemolytic anemia and methemoglobinemia, as well as
the tissue hypoxia and the compensating erythrocytosis
caused by the increase or decrease of hemoglobin
oxygen affinity. Hemoglobin is a kind of binding
protein that consists of globin and heme, whose relative
molecular mass is 64,000, Human hemoglobin is the
tetrad formed by the polymerization of 2 pairs (4 bars)
of hemoglobin monomers. Among the hemoglobin
monomers, the P-chain contains 146 amino acid
residues, which can reduce the stability of hemoglobin.
The Hb A, which is composed of a2B2 tetrad, is the
most important type of hemoglobin globin, accounting
for 97% of total hemoglobin in healthy adults and
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transporting 98.5% of the oxygen in blood; hemoglobin
A2 (HbA?2) is composed of a pair of a-chains and a pair
of d-chains (0262). HbA2 is extremely significant for
the diagnosis of hemoglobinopathy™. In 1982, WHO
defined o-thalassemia as the hemoglobinopathy caused
by the imbalance between the ratios of a-globin and
B-globinl®; its clinical manifestation is the anemia with
small cells, hypochromia, hemolysis, and hereditary; in
addition, based on the different involved types of globin,
it is classified into o-thalassemia and B-thalassemial”.
Furthermore, the most common and dangerous
types of thalassemia are the a-thalassemia and the
B-thalassemia, which are caused by the mutations
of the a or B globin genes respectively; besides, the
phenotypes of them appear as an autosomal recessive
inheritance!®. The severe a-thalassemia fetus (Bart’s
fetal anasarca) is often dead fetus in uterus occurred
at late pregnancy, or immediately dies after birth; child
patients with severe B-thalassemia usually develop the
symptoms at 3-6 months after birth, whose lives rely on
blood transfusion, and most of them would die in their
childhood®. In summary, the situation of Yao patients
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with B and o thalassemia in Guangdong Province is
analyzed through Hb hemoglobin electrophoresis and
gene tests. Clinically, the simple diagnostic methods
of thalassemia often lead to misdiagnosis; therefore,
the accuracy of diagnosis can be improved through the
combination of two diagnostic methods; especially for
the Yao thalassemia patients, it is found that a series
of joint diagnostic methods of o-thalassemia can
improve the specificity of diagnosis, thereby reducing
the unnecessary genetic diagnosis; in addition, the
coincidence degree of p-thalassemia is high. The
combined diagnostic methods not only reduce both
the physical and economic burdens of thalassemia
patients but also have great significances for the
family inheritance. Research objects were thalassemia
patients of the Yao nationality carrying p and o genes
in Guangdong Province, China. The informed consent
signed by the patients or their family members was
obtained and this study was approved by the medical
ethics committee of The Sixth Affiliated Hospital of
Guangzhou Medical University /People’s Hospital of
Qingyuan City. Phenotype screening techniques and
genetic diagnosis are the main methods for discovering
thalassemia carriers. There are many screening methods
for thalassemia, which are mainly hematology and
hemoglobin analysis such as erythrocyte morphology,
erythrocyte index, erythrocyte osmotic fragility,
hemoglobin physiochemical properties determination,
hemoglobin electrophoresis, etc. Among all the
screening methods, electrophoresis analysis is the
most commonly used and effective method, which is
an indispensable means for diagnosing Hb diseases.
Specifically, the capillary electrophoresis (CE) has the
characteristics of high sensitivity, high resolution, high
efficiency, fastness, simple operations, the high degree
of automation, and various modes of operation; in
addition, it also requires fewer samples with low costs,
which has better diagnostic effects for thalassemia.
However, due to the differences in geographical
environments and ethnic composition, the screening
cutoff values used in various regions of China also vary;
all localities should select appropriate cutoff values
based on actual conditions. In terms of gene diagnosis,
BCR and its related technologies derivatives have
become the most commonly used methods for gene
diagnosis. In the detection of deficient thalassemia,
gaf BCR and the derived mBCR are widely used;
in the detection of point mutations, BCR-RDB is the
most efficient and accurate method for detecting such
kind of thalassemia in China. The research objects
were a total of 1659 samples of thalassemia patients
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from the Yao nationality who were diagnosed in the
The Sixth Affiliated Hospital of Guangzhou Medical
University /People’s Hospital of Qingyuan City. from
January 1st, 2012 to December 31st, 2018. The clinical
diagnosis criteria of thalassemia are as follows: The
MCYV cutoff values used in China vary widely, mostly
7911 or 80fl. Clinically, a small number of thalassemia
patients with no small cells and hypochromia can be
seen; therefore, the cutoff value of MCV is set to 801l
to improve the sensitivity of screening and reduce the
rate of missed diagnosis; HbA2<2.4%, hemoglobin
electrophoresis shows abnormal band Hb H, Hb Bart’s,
and Hb CS is suspected of a-thalassemia; hemoglobin
electrophoresis suggests Hb A2>3.2% and/or Hb F>2%,
through hemoglobin electrophoresis, the abnormal
bands in addition to Hb H, Hb Bart’s, and Hb CS is
suspected of B-thalassemia. The process from screening
to diagnosis. Genetic diagnosis of all 1659 samples
involved in hemoglobin electrophoresis screening
was difficult to perform; therefore, only samples with
positive phenotype screening results were genetically
diagnosed to save the cost. The specific steps taken by
the study were shown in fig. 1:

Blood samples: a total of 3mL of the peripheral
venous blood was drawn and collected in the EDTA
anticoagulation tubes. The 3mL of EDT anticoagulant
blood was statically settled at 2-8° for several hours, or
the blood sample could be centrifuged at 4800rpm for
7 min; the plasma was carefully discarded as much as
possible for the reason that once the plasma thickness in

Hemoglobin electrophoresis

Blood routine screening screening

Hemoglobin electrophoresis

Positive blood routine screening screening positive

Supplementary hemoglobin
electrophoresis dat

Supplementary blood routine
examination data

l

gene diagnosis

Fig. 1: The processes from screening to diagnosis
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the test tube exceeds 3mm, the analysis results would be
affected. A total of 90uL of lysate was added into a small
cup, added with 18uL of precipitated erythrocytes, and
mixed well. The sample cup was placed on the SEBIA
automatic sampling frame and pushed into the inlet of
the automatic hemoglobin electrophoresis instrument.
The diluted sample was injected into a capillary tube and
electrophoresed at a constant voltage for 8 min, and the
temperature was controlled by software. Hemoglobin
was directly detected at an absorbance of 425nm,
and an electrophoresis profile was displayed on the
system screen. The relative values of each hemoglobin
fragment were automatically displayed and the profile
was analyzed. The hemoglobin electrophoresis band
would automatically correspond to the corresponding
background area. A total of 300pL of EDT anticoagulant
peripheral blood was pipetted into a sterile 1.5mL
centrifuge tube, added with 3 times volume of 1xBuffer
ERL, mixed by inversion, placed at room temperature
for 5 min, and centrifuged at 14000rpm for 1-3 min;
the supernatant was discarded. A total of 240mL Buffer
WTL was added to the pellet of the centrifuge tube; the
sample was mixed well by shaking, added with 2pL of
RNase, and again mixed well by shaking. A total of
250mL Buffer BL was added; the sample was oscillated
and mixed, incubated in the 65° dry bath for 10 min,
and oscillated well twice until the sediment block was
completely shattered. After the incubation, the sample
was added with 250mL of anhydrous ethanol, oscillated
and mixed well; then, all the liquid in the centrifuge
tube was pipetted to the adsorption column, centrifuged
at 8000rpm for 1 min, the filtrate in the collection tube
was discarded, and the adsorption column was placed
back into the collection tube. The adsorption column
was added with 500uL of Buffer HB, centrifuged at
>8000rpm for 1 min, and the filtrate was discarded. The
adsorption column was added with 650uL of DNA Wash
Buffer, centrifuged at 8000rpm for 1 mi, and the filtrate
was discarded. The above DNA Wash Buffer step was
repeated once. The absorption column was centrifuged
at 13000rpm for 2 min, dried with filter paper to

diluted to 50uM after the origin concentration was
determined by a UV spectrophotometer, and stored at
-20°. As shown in Table 1, the human o and B gene
structures are very similar, and each has three exons
and two introns (IVS1, IVS2). The human alpha-globin
gene contains three exons in its transcribed region, and
the exon is separated by two introns of different sizes
(which is also called intervening sequences, IVS). The
data of hemoglobin electrophoresis, blood routine tests,
and gene diagnosis were recorded through an electronic
spreadsheet, and the statistical analysis was performed
by using SBSS statistics software. The count data were
analyzed by B-test and T-test; the test result B<0.01
indicated statistical differences. The normal distribution
of overall data was determined by a histogram. The
ROC curve was used to test the diagnostic significance
and the optimal cut-off value; in terms of the test results,
the area under the curve was above 0.9 indicated high
diagnostic significance, 0.4-0.7 indicated normal
diagnostic significance; the area under the curve was
below 0.4 indicated low or no diagnostic significance.
The 1418 cases of positive data distributions of a and 3
thalassemia determined by hemoglobin electrophoresis
were shown in Tables 2 and 3.

It can be seen from Table 2 and Table 3 that CD17 and
BE accounted for the largest proportion of B-thalassemia
gene mutations in the detection of thalassemia in
the Yao area of Guangdong, which was one of the

TABLE 1: HUMAN A AND B GENE PRIMER
SEQUENCE

Primers Base sequence Length (nt)
LF GGCCGCACTGACCCTCTT 18

LR GCTGAACCATCCCCTGTCC 19

B1 AGGTACGGCTGTCATCAC 18

B2 ACTTATCCCCTTCCTATGAC 20
B2F2 ACTCTTGGGTTTCTGATAGG 20

B3F GCTAATAGCAGCTACAATCC 20

B3R CCAAGGTTTGAACTAGCTC 19

TABLE 2: GENE MUTATIONS OF B THALASSEMIA
AND THE PROPORTIONS

] B thalassemia genes Phenotypes  Cases (n)
remove the excess absolute ethanol; the collection tube  ghalassemia gene 126
was discarded, and the adsorption column was placed  heterozygotes
into a sterilized 1.5mL Eppendorf centrifuge tube. CD41-42 B0 58
The adsorption column was added with 50uL of 70°  |vS-1I-654 B* 75
preheated Elution Buffer to the center of its filter and  ¢pq7 o 234
placed at 60° for 5 min to facilitate the full dissolution  gg gE 173
of DNA; then, it was centrifuged at 10000rpm for  tatapoxnt-29 g 145
1 min. The above Elution Buffer step was repeated once; g thalassemia gene double
the DNA liquid in the centrifuge tube was collected,  heterozygotes 23
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most common types of the P-thalassemia gene; the
double heterozygous mutation of the [-thalassemia
gene was the least, which was in line with the actual
situation; among the positive mutation types detected
by a-thalassemia gene, the ao/ao accounted for
the largest proportion, and was the most common
type of o-thalassemia gene mutation; the number of
a3.7/a0 mutations was the least. It can be inferred from
fig. 2 that based on the current reasonable interval of
Hb A2 (2.4-3.2%), a total of 289 cases of Hb A2 were
smaller than the normal range, accounting for 2.54%
of the total number; 585 cases of HbA2 were higher
than the normal range, accounting for 6.01% of the total
number. Therefore, these results indicated that the 93%
confidence range for Hb A2 content of hemoglobin
electrophoresis in the general population was 2.14—
3.63%. As can be seen from fig. 3, based on the cut-
off value (Hb A26.3%) of the current a-thalassemia
hemoglobin electrophoresis screening, only 72.09%
of the a-thalassemia gene carriers were in the range,
which caused the false negative rate of 24.01% of the
a-thalassemia hemoglobin electrophoresis screening.
As can be seen from fig. 4, based on the cut-off value
(Hb A2>2.9%) of the current B-thalassemia hemoglobin
electrophoresis screening, 8 cases were out of the

95.7%, Hb F: 4.3%, Hb A2: 1.9%, Hb A: 32.2%, Hb F:
42.1%, Hb A2: 3.3%. All the three cases were eligible
for the screening criteria of B-thalassemia hemoglobin
electrophoresis screening of Hb F>2.0%.

As can be seen from Table 4, there was no significant
difference in Hb and MCH between a-thalassemia gene
carriers and normal people, and MCV was statistically
different; in addition, there was no statistical difference
in Hb between B-thalassemia gene carriers and normal
people, and MCV and MCH had statistical differences.

2

(0]
0.0 0.5 1.0 15 20 25 3.0 3.5 4.0
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Fig. 3: The bar charts of hb a2 distribution of a-thalassemia
gene carriers

range, and the results of hemoglobin electrophoresis 0
were Hb A: 91%, Hb F: 4.8%, Hb A2: 0.3%, Hb A: 35
TABLE 3: GENE MUTATIONS OF A THALASSEMIA ®
AND THE PROPORTIONS 5
a thalassemia genes Cases (n)
--EA/aa 123 20
-a37/aa 67 15
-a®7/aaa 73
-a*?/aa 89 10
-/ aa 114
-a/aa 236 5
-a%/aa 123 0
0 2 4 6 8
2500 Hb A2(%)
Fig. 4: The bar charts of hb a2 distribution of p-thalassemia
gene carriers
2000
TABLE 4: THE COMPARISON OF BLOOD ROUTINE
1500 TESTS BETWEEN THALASSEMIA GENE CARRIERS
AND HEALTHY PEOPLE
1000 aand B aand B
thalassemia thalassemia T B
positive negative
50 Hb  117.92:21.93  147.67:22.44 -2.690 0.016
o¢ > ., MCV 62.41+8.51 88.07+12.32 -8.013  <0.02
Hb A2(%) MCH 26.80+3.00 34.63+£54.53 -1.463  0.152
Fig. 2: The approximate normal distribution curve of HB A2
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