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Abstract

pregnancy to have a healthy child.
one affected pregnancy.

test in order to investigate the status of the embryos reliably.
Results: Three out of five embryos were transferable.

healthy girl.

Background: Beta thalassemia is an autosomal recessive genetic disease with the symptoms of severe anaemia, ineffective erythro-
poiesis and bone deformities. Preimplantation genetic diagnosis is a noninvasive clinical tool for couples who are at risk of affected

Objectives: Here we report a PGD test for a couple who were heterozygous for CD36/37(-T) mutation in HBB gene and had terminated

Methods: Haplotype analysis of 6 flanking STR markers as well as variant detection by cycle sequencing were included in our PGD

Conclusions: One normal and one carrier embryo were transferred which resulted in the singleton pregnancy and the birth of a
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1. Background

The thalassemia is a group of autosomal recessive in-
herited disorders caused by mutations in the a- and -
globin genes leading to decreased production of one of the
globin chains of hemoglobin (Hb) (1).

Mutations in HBB gene (OMIM No. 141900) on chro-
mosome 11p15 result in either reduced (5+) or absent (50)
[-globin chain synthesis leading to S-thalassemia (OMIM
No. 613985) (1, 2) which is the most common autosomal
recessive inherited disorder among hemoglobinopathies
worldwide (3, 4).

Based on the nature of the HBB gene mutations, clini-
cal features of 5-thalassemia major patients (5) include se-
vere anemia, ineffective erythropoiesis, hyperplastic ery-
throid marrow, osteopenia, bone deformities and organ
(esp. heart and liver) damage (1, 6).

The most frequent mutations in the HBB gene are point
mutations, however more rarely, the deletions of the en-
tire beta-globin gene cluster or of locus control region beta
(OMIM No. 152424) are reported to be causative too (6).

Prenatal diagnosis using amniocentesis and chorionic
villus sampling techniques is used throughout the world
in order to prevent the birth of the HBB affected children

(3). However the rate of termination of one or more preg-
nancy is high in some cases (5). Alternatively, Preimplan-
tation genetic diagnosis can be used in which the healthy
embryos are selected before implantation and decrease
the need for pregnancy termination.

Three decades have passed from the first time that PGD
was applied for human (7-11). Briefly a single cell biopsy is
performed from each embryo on which the DNA analysis
is carried out using different methods such as polymerase
chain reaction PCR, PCR-RFLP, ARMS PCR or fluorescent in
situ hybridization (FISH) (3, 12). However, one of the prob-
lems associated with PGD is the possibility of misdiagnosis
due to allele drop-out (ADO) (5).

2. Objectives

Here we report a reliable PGD technique for (-
thalassemia in which both cycle sequencing and linkage
analysis were employed (3). This screening resulted in the
birth of a carrier girl.
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3. Methods

3.1. Patients

The PGD was performed for a couple (32 year old female
and 39 year old male) with consanguineous marriage who
were both carrier for CD36/37(-T) in HBB gene. These couple
had the history of pregnancy and subsequently abortion of
one affected fetus. Two cycles of PGD with 4 embryo trans-
fer had been performed for this couple in another PGD cen-
ter which did not end in pregnancy.

The informed consent for PGD testing was obtained
from the couple. The study was approved by the local ethics
committee.

3.2. Test Procedure

Two different tests (STR based linkage analysis and Cy-
cle sequencing) were used to study the CD36/37(-T) muta-
tion in HBB gene.

For linkage analysis 3 upstream (D11S1338,
D11S1760 and D1154891) and 3 downstream (D11S1871,
D11S2351 and D11S4181) STR markers were included.
Primer design was carried out using primer blast
tool (https://[www.ncbi.nlm.nih.gov/tools/primer-
blast/), GeneRunner software and SNPcheck website
(https://genetools.org/SNPCheck/snpcheck.htm)  (Table
1). Two multiplex PCR were performed to amplify the
STR markers and the fragments were separated on 3130
Genetic Analyzer using GS 500 Liz size standard. The data
was analyzed by GeneMarker software.

The PGD workup started with DNA sample analysis of
the couple and additional family members. STR haplotyp-
ing for family members was performed, in order to identify
the most informative STR markers linked to the HBB gene,
to be used in the following clinical PGD cycle.

Blastomeres from 5 embryos were received from IVF
center. After cell lysis and DNA extraction, whole genome
amplification (WGA) was performed on each blastomere
and positive and negative control samples using the Pi-
coplex WGA kit from Rubicon Genomics. The PGD test was
performed on the purified products.

4. Results

The STR haplotypes which were linked to the HBB nor-
mal and mutant alleles were inferred by investigating the
family members (Figure 1). The DNA of aborted fetus was
not available for this purpose.

Three out of five embryos were transferable from
which one was homozygous for normal variant (embryo 2)

Table 1. Primers Designed for Cycle Sequencing and Linkage Analysis. Forward
Primers of the STR Markers Were Fluorescently Labeled with FAM.

Primer Sequence

Sequencing primer

F: GCACTGACTCTCTCTGCCTATTG
CD36/37(-T)

R: GTGCAGCTCACTCAGTGTGG

Flanking STR markers

F: AAGACGGTTTAACTGTATATCTAAGAC
D1151338

R: TTATCTAATGCTACTTATTTGGAGTG

F: TTCATCAATACAGGATCTCAAGTG
D11S1760

R: AATACTGCTGCATCATGACTTG

F: TTGTGAGCTTGCTTCTACTCTG
D11S4891

R: CATCCTCTAAGTATACCCAGACTAGG

F: TAAAAGGAGCTGAATGCACAG
Dus1871

R: AAGAAGTTGCCCTGATGTCTG

F: ACCTATCTATTCCAGGAGTCACTG
D1152351

R: AAGCTTCCTTCACATTCTTACAG

F: GCCTGGGCAACAAGAGTAAGT
D1154181

R: AGTCTGGTTCACCCTACCCTAC

and two were Heterozygous for CD36/37(-T) mutation (em-
bryos 1 and 4) in HBB gene. The other two embryos iden-
tified to be homozygous for CD36/37(-T) mutation in HBB
gene (Figure 1and 2).

One homozygous normal and one heterozygous em-
bryos were transfered which ended in a singleton preg-
nancy.

PND was performed at 15th week of gestation and the
conception of a female fetus which was heterozygous for
CD36/37(-T) mutation was confirmed. The healthy girl was
born.

5. Discussion

B-thalassemia is a hemoglobinopathy which is caused
by mutations in the HBB gene (3, 13).

Prenatal diagnosis and subsequent termination of the
affected pregnancy is a major alternative for high-risk cou-
ples (14).

In comparison to prenatal diagnosis, PGD is a noninva-
sive diagnostic tool to identify genetic disorders prior to
pregnancy so reduces selective termination of the affected
pregnancy and moral dilemmas (3). Since the first intro-
duction of PGD it has been used widely to prevent the af-
fected pregnancy of different genetic disorders (15).
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263 || 269 269 || 271 269 || 271
126 || 114 115 || 140 126 || 114
239 || 243 243 || 241 239 || 239
M |IN N N N M
169 || 169 176 || 165 171 || 171
172 || 172 172 || 178 160 || 172
219 || 219 223 || 219 219 || 219
I:l‘ 0 STR Order:
271 || 263 271 || 271
114 || 126 140 || 114 D11S51338
241 || 239 241 || 239 D1181760
N M N M D11S4891
169 || 169 165 || 167 HBB
170 || 172 M/M 178 || 172 D11S1871
219 || 219 219 || 219 D11S2351
D11S4181
Embryo 1 Embryo 2 Embryo 3 Embryo 4 Embryo 5
263 || 271 271 || 271 263 || 271 263 || 271 263 || 271
126 || 140 114 || 140 126 || 114 126 || 140 126 || 114
239 || 241 241 || 241 239 || 239 239 || 241 239 || 239
STR MarkerResults| N N N M M M N M M
172 || 178 170 || 178 172 || 172 172 || 178 172 || 172
219 || 219 219 || 219 219 || 219 219 || 219 219 || 219
SequencingResults N/M N/N M/M N/M M/M

Figure 1. Results of STR-based linkage analysis and cycle sequencing used in PGD for Beta thalassemia. Locus dropout was observed for D1151871 in all embryos

However, ADO is reported as a common problem of
PGD which may lead to false results in both recessive and
dominant inherited disorders. In order to lower the risk
of misdiagnosis, testing two cells from each embryo or in-
creasing the informative markers at each side of the mu-
tated gene is recommended (3, 16-18). According to the
ESHRE guideline, analysis of at least two flanking markers
which are closely linked to the causative gene reduces the
risk of ADO from 5% to 1% (16).

Here we reporta PGD test for HBB gene for a couple who
were carrier for CD36/37(-T) mutation. Although the couple
we studied had consanguineous marriage and both had
the CD36/37(-T) mutation, but based on the family study
and haplotype analysis we found that the mutation was
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not inherited from a common ancestor.

There was conformity between the results of the link-
age analysis and cycle sequencing.

Locus dropout was observed for D11S1871in all embryos.

Embryos 1 and 2 were transferred and resulted in sin-
gleton pregnancy and birth of a carrier girl.

Using both cycle sequencing and indirect analysis by 6
flanking STR markers (3 upstream and 3 downstream mark-
ers) our test was reliable and easy to interprete.
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Ref Sequence: TGCTGGTGGTCTACCCTTGGACCCAGAGGTTCTTTGAGTCC
Cd36/37(-T): TGCTGGTGGTCTACCCT-GGACCCAGAGGTTCTTTGAGTCC

Figure 2. Sequencing result of the embryo 5 with forward primer in comparison to the reference sequence
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