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Abstract:

Rare and novel ﬁ—g]obin gene mutations could be misdiagnosed among patients with Q- and ﬂ—tha]assemia
using routine Hb typing and DNA analysis. In coinheritance of O- and ﬁ—tha]assemia, Hb AZ might be lower
than normal level and thus arouses no suspicion for the presence of ,B—tha]assemia. Although the common
ﬂ—g]obin gene mutations in a given region are detected in routine DNA tests, cases of co-inherited Q-thalassemia
can be missed in detecting ,B—tha]assemia without prior indication. High resolution melting (HRM) analysis was
used to scan ﬁ—g]obin genes in 140 samples. Rare and novel ,B—g]obin gene mutations were Identified in three
cases of ﬂ—tha]assemia trait, namely, HBB: ¢.2T>G, Hb Monroe [HBB:c.92G>C] together with nt-42 [HBB: c.-
92C>@G] mutation and 14-nucleotide (+AGGGCAATAATTTC) insertion downstream of IVSI-561 together with
IVSI-1 [HBB:¢.92+1G>T] mutation. In addition, Hb Agenogi [HBB:c.271G>A] was present in one case of G.-thalassemia
trait, and among three cases of Hb H disease one co-inherited Hb Korle-bu [HBB:c.220G>A] and two nt-28
[HBB:c.-78A>G] mutations. Thus, HRM scanning for ﬂ—g]obin gene mutations provides a useful tool in providing
information for counseling at risk couples.
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Introduction

Beta (B)—thalassemia is the most common hemato-
logical disease in Southeast Asia, including Thailand,
with a prevalence of 3-9%."” Almost all are caused by
point mutations resulting in reduced or the absence of
B-globin chain synthesis.” B-Thalassemia diagnosis
plays an important role in providing counseling informa-
tion to couples in this region of the world.

Currently, diagnosis of B—thalassemia is based on
clinical and hematological data including hemoglobin
(Hb) typing; however, confirmation requires genotyping.
In routine Hb typing, relatively elevated HbA, (> 3.5%)
level is indicative of B-thalassemia trait.” This may not
be the case when a subject is a carrier of both 8- and
O-thalassemia. As rare and novel mutations are not
included in routine DNA analysis of B-globin gene, this
can lead to false-negative results, impacting correct
pre-natal counseling. This problem can be avoided by
sequencing across the whole B-globin gene region, but
this technique remains too costly on a routine basis.
This report describes the application of high resolution
melting (HRM) analysis of amplicons across the whole
B—globin gene®® allowing detection of putative rare or
novel mutations identified by subsequent DNA sequenc-
ing. This strategy allowed us to identify 6 rare B—globin
mutations and one novel -thalassemia mutations among

140 samples.

Materials and Methods
Samples

Surplus blood samples from routine thalassemia
screening were obtained from the Blood Disease Diag-
nostic Laboratory, Ramathibodi Hospital, Mahidol Uni-
versity, Bangkok, Thailand.

Thalassemia screening consisted of complete blood
count (CBC) using a Sysmex XS-1000i automated blood
cell counter (Kobe, Japan), and Hb typing using Capil-
larys 2 capillary electrophoresis (CE) (Sebia, Lisses,
France). Genotyping of common B and O-thalassemia
present in Thailand were identified by multiplex PCR

0

as previously described.” " Thirty presumptive non-

thalassemia, 30 identified B—thalassemia trait, 40 iden-
tified Ol-thalassemia 1 trait and 40 Hb H disease samples
were subjected to HRM analysis. Of 140 cases, 91 were
females and 49 were males with ages ranging from 1-79
years (median = 30 years).

The study protocol was approved by the Ethics
Committee of Ramathibodi Hospital, Mahidol Univer-
sity (MURA2012/23).

Methods

HRM analysis was conducted using six primer sets
(P1-P6) (Table 1) to amplify regions of known common
mutations found in the Thai population,9 viz. nt-87[HBB:c -
137C>G], nt-31[HBB:c.-81A>G], nt-28[HBB:c.-78A>(l,
codon17[HBB:c.52A>T], codon19[HBB:c.59A>G], IVSI-
1[HBB:¢.92+1G>T], codon41/42[HBB:c.126_129delCTTT],
codon71/72[HBB:c.216_217insA], IVSII-664[HBB:c.316-
197C>T], and codon126[HBB:c.380T>G] (Figure 1). The
20-ml PCR mixture consisted of 50 ng of genomic DNA,
4 uL of 56X Colorless GoTag Flexi Buffer (Promega,
Madison WI, USA), 1.2-2.9 mM MgCIZ, 0.2mM dNTPs,
0.3-0.8 UM each primer pair, 0.65 U GoTag DNA poly-
merase and 0.5 pL LightCycler 480 ResoLight Dye (Roche
Diagnostics, Penzberg, Germany). PCR amplification
was performed in a LightCycler 480 Real-Time PCR
System (Roche Diagnostics, Penzberg, Germany) using
the following thermocycling conditions: 94° for 5 minutes;
followed by 40 cycles of 94° for 20 seconds, annealing
temperature appropriate for each primer set (Table 1)
for 60 seconds and 72°C for 45 seconds. HRM analysis
was conducted by heating at 95°C for 1 minute, then
at 40°C for 1 minute, followed by 60 - 90°C at 25 acqui-
sitions/°C for fluorescence signal detection. Data were
analyzed using LightCycler 480 Gene Scanning Software,
Version 1.5 (Roche Diagnostics) and presented as
difference plots.

All 140 samples were analyzed using HRM analysis.
Samples positive by HRM scanning (i.e. having different
HRM pattern from wild type and common mutation
controls) were subsequently identified by DNA sequenc-

ing at the U2Bio (Thailand) Co., Ltd, Thailand.
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nt-87, nt-31, nt-28,

cd17, cd19, IVSI-1

cd71/72 1VSII-654, cd126

P1
Initiation codon
(ATG>AGG)

Hb Monroe
|_—

*  *<

P3 P5

IVSII-561
*

Promoter IVSIH
Yol
Hb Agenogi
B-globin gene Hb Korle-bu
P2 — P4 — — P66
cda1/a2 No common cd126
mutation

Figure 1 Diagram indicating the locations of primers used in high resolution melting profiling of the B-globin

T . . . . . 10
gene. Box indicates location and common [-thalassemia mutations in Thailand”. *denotes rare and novel

[-thalassemia mutations identified in this study.

Table 1 Primers used in the study

Primer Sequence 5- 3’ Amplicon size (bp) annsaling (°c)
P1-F CTGTCATCACTTAGACCTCACCCTG 336 57
P1-R GAGTCTTCTCTGTCTCCACATGCC
P2-F TGGTATCAAGGTTACAAGACAGGTT 373 57
P2-R CATCAAGCGTCCCATAGACTCAC
P3-F GCACCTTTGCCACACTGAG 406 66
P3-R CCAAATAGTAATGTACTAGGCAGACTG
P4-F ACTTTACACAGTCTGCCTAGTACATTA 317 57
P4-R CTTTAGAATGGTGCAAAGAGGCAT
Po-F CTTTCAGGGCAATAATGATACAATG 366 65
P5-R ACCACTTTCTGATAGGCAGCCT
P6-F TGCTGGCCCATCACTTTG 297 65
P6-R TGCACTGACCTCCCACATTC

F, forward; R, reverse. Reference sequence NG_000007.3.

Results

HRM analyses were consistent with multiplex PCR-
based B-globin genotyping of all 30 nonthalassemia,
25/30 B-thalassemia trait, 39/40 O-thalassemia 1 trait
and 37/40 Hb H disease samples (Table 2). DNA se-
quencing of amplicons with unidentified HRM profiles,
having a different HRM pattern from the wild type and
common mutation controls, (Figure 2) revealed among

the five B-thalassemia trait samples, one O-thalassemia

one trait sample and three Hb H disease samples. Re-
garding the B—thalassemia trait samples, two cases had
compound heterozygosity 14-nucleotide (+AGGGCAA
TAATTTC) insertion downstream of IVSII-661[HBB:c.
316-290_316-289insAGGGCAATAATTTC] with IVSI-1
[HBB:¢.92+1G>T] mutation (sample U1), and Hb Monroe
[HBB:c.92G>C] with nt-42 [HBB: ¢.-92C>G| mutation
(sample U3)], a case of HBB:c.2T>G initiation codon
mutation (sample U2), a case of SNP at IVSII-657 [HBB:
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Figure 2 High resolution melting (HRM) profiles of samples U1-U7 with B-thalassemia mutations unidentified

from comparison with HRM profiles of known common mutations in Thailand
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Table 2 High resolution melting (HRM) analysis of 140 samples

Sample (n)

HRM analysis

Known profile (n)

Unidentified profile* (n)

Nonthalassemia (30) Wild type (30) None
[-thalassemia trait (30) Cd41/42 (11) Initiation codon (ATG>AGG) (1)
IVSII-654 (5) Hb Monroe (1)
Nt-28 (2) IVSII-561 (+14 bp) (1)
Cd19 (2) SNP at IVSII-657 (T>C)(1)
IVSI-1 (2) SNP 151609812 (1)
Nt-28 (1)
Nt-31 (1)
Nt-92 (1)
Cd17 (1)
IVSI-5 (1)
Cd71/72 (1)
Cd126 (1)

Wild type® (1)

O-thalassemia 1 trait (40)

Wild type (38)

Hb Agenogi (1)
SNP 15713040 (T>C) (1)

Hb H disease (40)

Wild type (37)

Hb Korle-bu (1)

Nt-28 (2)

*Genotyped by sequencing: “No B—globin gene mutation was found by PCR-based genotyping and DNA sequencing

€.316-194T>C] and SNP rs1609812 [HBB: ¢.316-185C>T]
present with codon 71/72 [HBB:c.216_217insA] mutation
(sample U4), and one nonthalassemia case, previously
identified as B—thalassemia trait by Hb typing (sample
Ub). The single O-thalassemia one trait sample had Hb
Agenogi [HBB:c.271G>A] together with SNP 15713040
[HBB:c.9T>C] (sample U6) and among the three Hb H
disease samples had nt-28 [HBB:c.-78A>G] trait (samples
U7and U8) and Hb Korle-bu [HBB:c.220G>A] (sample
U9) (Figure 3). Hematological data of these nine cases

are shown in Table 3.

Discussion
In this study, HRM analysis of amplicons covering
the entire B—globin gene region in 140 samples allowed
us to detect 8 B—globin mutations not identified by
multiplex PCR method. This demonstrated the utility

of conducting HRM analysis to confirm identification

of the B—globin mutations and to reveal any false nega-
tive results, thereby obviating the need to sequence all
samples under investigation. Among the nine samples
one novel mutation (samples U1), three rare Hb variants
(samples U3, UG, and U9) and six known B—thalassemia
mutations (samples U1, U2, U3, U4, U7, and U8) were
found. The misidentification and false negative results
from PCR-based technique (without confirmation by
DNA sequencing) highlight the sensitivity of HRM pro-
filing in screening for B—thalassemia traits.

High Hb Azlevel (> 3.6%) is used as a presumptive
diagnosis of B—thalassemia trait.” Notably, no false
negatives were present among the 30 nonthalassemia
samples. However, co-inheritance of O-thalassemia
trait or Hb H disease negates this criterion. In addition,
genotyping for B—thalassemia and Hb variants, prefer-
ably uses HRM profiling as it detects common mutations

present in the data set as well as unknown mutations,

J Hematol Transfus Med Vol 27 No. 3 July-September 2017
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Figure 3 DNA sequencing chromatogram of amplicons of samples U1-U7 unidentified by high resolution melting

analysis: Panel A, U1; panel B, U2; panel C and D, U3; panel E, U4; panel F, U7.

which can subsequently be identified by DNA sequencing,
as exemplified in this study.

The novel insertion mutation in IVSII of case Ul was
predicted to generate a cryptic acceptor splice site at
IVSII-593 using the Splice View Program of WebGene
(http://www.ith.cnr.it/webgene/) with score of 92 and
using the NNSPLICE 0.9 version of Splice Site Predictor
(http://www fruitfly.org/seq_tools/splice.html) with a
score of 0.97, producing a B+-tha1assemia phenotype.
Moreover, the patient subsequently received a diagno-
sis of iron deficiency anemia with a ferritin level of 2.2
ng/mL and serum iron level of 21 mg/dL. Thus, the two
mutations of 3° and 3* were suspected to occur in cis
consistent with B-thalassemia trait Hb typing results,
whereas anemia in case Ul was caused by iron defi-

ciency (Table 3).

The rare initiation codon (case U2) leads to a BO-
thalassemia phenotype and has been reported in Chinese,

Korean and Thai families."™

Hematological data of
case U2 was more consistent to thalassemia intermedia
than B-thalassemia trait, though exhibiting extremely
low Hb F, but no other mutation was found suggesting
the other conditions such as severe iron deficiency
anemia were present. Unfortunately, the patient was
lost to follow-up. Hb Monroe (case U3), also known as
Hb Kairouan, is an unstable hemoglobin previously
reported in African-American, Bangladeshi, Indian,

16-19

Iranian, Tajikistan and Tunisian families, ™ but this is
the first case reported in Thailand. The related report
in the Tajikistan subject homozygous Hb Monroe is
co-inherited with heterozygous nt-42, indicating that

HBB:c.92G>C is present with nt-42 in cis.”” Whether
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this represented the situation with case U3 is unknown;
however, the hematological picture of B—thalassemia
trait suggested only one allele of B—globin gene was
affected. Mild anemia in case U4 was identified as
[-thalassemia trait because the patient was HIV posi-
tive.

Co-inheritance of B-thalassemia with 0-thalassemia
trait or Hb H disease results in normal percent Hb AZ
level, and HRM profiling provides a convenient means
of detecting and identifying this genotype. Hb Ageno-
gi (case U6) did not appear as an abnormal peak during
routine Hb typing using Capillarys-2 CE (data not shown).
Hb Agenogi has previously been reported in Japanese
and Sicilian families® but this poses the first
reported case in Thailand. Heterozygosity of this Hb
variant shows normal hematological data and clinically
asymptomatic presentation. Moreover, the abnormal
hematological parameters of one case U6 is probably
due to the presence of O-thalassemia 1 trait (%)
However, Hb Korle-bu (case U9) appeared as an abnor-
mal Hb peak in Hb typing (data not shown). This Hb
variant has previously been described in English and
Thai families.”*” The presence of Hb Korle-bu did not
affect the Hb H disease condition of case U9 (Table 3).
On the other hand, co-inheritance of nt-28 (A>G), a
[3*-thalassemia, with Hb H disease (cases U7 and US)
resulted in less anemia with higher total hemoglobin
and hematocrit (Table 3).

In conclusion, HRM profiling to detect B—globin gene
mutations has proven to be a sensitive and reliable
method and should be considered the technique of

choice in such screening programs.
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