Thalassemia

MOIGCUIar DiagnOSiS in Thalassa (Greek letter )= the sea

: Defective globin synthesis,
B-thalassemia Normal o= B (o/B = 1)

The alpha (o) thalassemias are concentrated in
Southeast Asia, Malaysia, and southern China.
The beta () thalassemias are seen primarily in
the areas surrounding Mediterranean Sea, Africa
and Southeast Asia.
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% ;%35 Shih HC B -thalassemia: usually caused by gene
mutations, 1-3% in Taiwanese
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HbVar: A Database of Human Hemoglobin
Variants and Thalassemias
Summaries of mutation categories
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Porotic hyperostosis on parietal bone (UIOWA). Hair-on-end appearance (eMedicine).
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B - Thalassemia

Clinical
Syndrome Genotype Hgb (g/dl) Hgb Analysis

Minor (Trait) B/ or p/p°  10-13 T Hgb A2, T Hgb F

Intermedia BB 7-10 T Hgh A2, 11T Hgb F

Major BB or BIp° <7 7 Hgb A2, 117 Hgb F



Incidence of Hemoglobin Variants
in Taiwan

Hb CS= a3’ deletion 0.5%
Hb J-Meinung (J-Bangkok, Korat) 0.065%
Hb G-Taichung 0.049%

Hb E 0.027%
Hb Kaoehsiung (Hb New: York) 0.022%
Hb, G-Traiwan-Ami 0.57% in Ami tribe
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Clinical Diagnosis ofi Hemoglobin
Gene Mutation

a - thalassemia /- thalassemia Hb variant

MCV =80 fl Normal

MCH =27 pg Normal

a =25%

Hb EP VASCHS) 5= 50%

Ferritin Normal Normal Normal

GPHEMOGLOBIN | Hemoglobin
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Hb Hekinan in a Taiwanese Subject: A T Substitution at
Codon 27 of the a1-Globin Gene Abclishes an Haelll
Site
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Hemaoglobin (Hgb) Hekinan [alpha 27(B8);
Glu--Asp] is a rare « -chain variant found
mainly in Black, Japanese, and Thailand.
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CBC data was collected using a full automated
blood cell counter (Sysmex XE-2100 combine
with SP-1000i series; Sysmex Co., Chuo-Ku,
Kobe, JAPAN).

Hemoglobin (Hgb) analysis was used
electrophoresis by automated HPLC (PRIMUS
CLC385; Kansas city, Missouri, USA) as shown in
Fig. 2A.




CBC and Ferritin data

Items
RBCx10*3l  Hgb
M:4555 M
Name

WX

XX Ak 0.2 3 5 69.( 20.6 29.9 | 521 4

X g : 72.9 21.7 29.7 |

Automated HPLC (PRIMUS CLC385; Kansas
city, Missouri, USA)

HbX 35.2%

Fig.24. Hemoglobin electrophoretic patbern (HbA 63.6%, Hba: 1.2% and HbX 35.2%)

HPLC and Capillary Eletrophoresis

HBX 35.2%
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% X%ﬁlO yr-old
Peripheral smear
Note:
Hypochromia +
Microcytosis  +
Anisocytosis +

High-Performance Liquid
Chromatography, HPLC

Iltems HbA2 HbF
Name 1.5-3.5% <1.0%
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= 5'- GCGATCTGGGCTCTGTGTTCT-3"
= 5'- GTTCCCTGAGCCCCGACACG-3"'

= 5'- ACTGCAGCCTTGAACTCCTG-3'

Schematic rej tation of a-thal ia-1 of Soulh-East Asian type {SEA).

The positions of primer A and B are used to amplify the normal area, A and C amplify
_the breakpoint.
Design by Chang Jan-Gowth, MD
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Restriction enzyme

B Selective amplification of the a 1-globin and
a 2-globin exonl genes was performed using
specific primers:
P1F (5-CTC TTC TGG TCC CCA CAG AC-3’) SUELTE
P4R (5'-CAG GAC GGT TGA GGG TGG CCT-3’) Haelll BECT

Sequence

Source:
A Excolf strain-that carries the Haelll gene from Haemophilus aegypticus

B PCR products were analyzed on an ABI PRISM
310 Genetic Analyzer (Applied Biosystems Co., v
(ATCC 11116).

Foster City, California, USA)

PCR-RFLP

P1 primer: 5'-CTC TTC TGG TCC COA CAG AC-3' F
Codon 27 GAG —>GAT

P4 primer: 5-CAG GAC GGT TGA GGG 166G CCT-3"1

EXON 1
COGGCACTCT TCTGETCOCC ACAGACTCAG AGAGAACCCA C(]T(iL'T GICTCCTGCC
GACAAGACCA ACGTCAAGGC CGOCTOGGGT AAGOTCGGOG CGCACGCTGM COAGTATGGT




EXON 1
CGGCACTCT TCTGGTOOOC ACAGACTCAG AGAGAACCCA CC fTGCT GTCTOCTGOC “ “ H L
:il;\l'AA[ TACCA ACGTCAAGGT CGOCTGGGGT AAGGTOGGEG (H'[ iCTGOG CGAGTATGGT Rapd IMIeu‘lhr ﬂe"tlﬁmnn of ﬁ-
i i - - - -
thalassemia using high resolution
melting analysis

Schematic representation of homo- and
heteroduplexes of PCR amplicons
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Expert Rev Mol Diagn. 3:811-8,2003

JpR— HRM Applications

-\

H il '\.‘ = Mutation discovery (gene scanning)
; A Singl;é:;:g;;gm What's . Screerﬁng for. Io'ss of heterozygosity
g ! = DNA fingerprinting

o *\{? c;{ HRM? = SNP. genotyping

é i 2 = Characterization of haplotype blocks

= DNA methylation analysis

Temperature ['C]

High-resolution melting analysis is a new method introduced in 2003 = DNA mapplng

HRM characterizes nucleic acid samples based on their disassociation (melting) behavior o SpeC|eS identification

Samples can be disc ated according to their sequence, length, GC content or strand A A 4 R
Cz:]{)ﬂ:;@:’:zr;y.hgrlmmx ed according to their sequence, length, content or stran = Somatic acqu",.ed mutation ratios
Even single base changes such as SNPs (single nucleotide polymorphisms) can be readily e HLA com pat' bl“ty typlng

identified. = Association (case/control) studies
A closed-tube, post-amplification method done that uses simple and inexpensive generic dye o g P
chemisty. = Allelic prevalence in a population

= Identification of candidate predisposition genes.




HRM Workflow in the LC480®

= [n a Gene Scanning experiment, sample DNA is
first amplified via real-time PCR in the presence
of a proprietary saturating DNA dye.

= A melting curve is then performed using high

data acquisition rates, and data are finally
analyzed using a Gene Scanning Software, by
three basic steps

LightScanner, Idaho Technology

Rotor-Gene™ 6000, corbettlifescience

Normalization/Temperature
shifting/Difference Plot
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Molecular Pathology

Differentiation by ? Lr:::eclr]i::on + :;semon | gre:mespiﬂ deletions (1, -2, —4)
ITI&"II‘Ig curve shape S — Deletion oly A site

IVS = intervening sequence

(From Stamatoyannopoulos G, Neinhuis AW, Leder P, Majerus PW: The Molecular Basis of Blood Disease. Philadelphia, W8 Saunders, 1987.)

Primers use for HRM analysis of HBB
gene mutations

CD41-42

CD71-72 IVS 2:654
Hb J—i\/\emung i Hb Kaohsiung

|
CD17
! cp27-28
i

Leagth of PICR

) —_
Detecrion for Sequence (5710 3) amplicen (bp)

Promoter and P1 5 -CCAATCTACTCOCAGGAGCA- 3 (forward)

pr2l
P28 GGEAGAGAGAGTCAGTGOCTA- 1 (reverse)

P2 S ACTTCTCCTCAGCAGTCAGLT-3' (revense) 134

: I
1 I
1 I
I i
P45 -AGACACCATGGTGCALCTGAC- 3 (forward) 204 h v
P33 GAAGACTCTTGGOTTTCTGA- 3 (forwand)

Pa5  TCATTCGTCTGTTTOCCATTCTAAAC. 1 (revens)
P75 -GAGCCTTCACCTTAGGGTT -3 (revene) 164
Ph 3 -CTCCTGATGCTGT TATGGGE-1 (forward)

PO 5 -AGAAAACATCAAGGGTOCCA- 3 (reverse)

P10 -GTGTACACATATTGACCAAATCAGGGTA -3 (forwand)
P11 5 GOTAGCTGGATTGTAGE TG -3 (revene)

P12 5-ATTTATATGCAGAAATATTG-3 (revene)

P13 5 -CTGGATTATTCTGAGTCCAAGE-3 (forwand)

P14 3 -ATTAGGCAGAATCCAGATGCTC- 3 (reverse)

404

193

Exon 3

“Block sumghe rmeleotide polymorphiun, (SNP)




Promoter and Exon 1

Mormalized and Temp-Shifted Difference Plot

Screening of the A58 genes mutations
promoter and exon 1 regions

Primer set (P1+P2)

[ L] ] w
Temperature (T}

Lingih of FCE | Anseuling
aumphcon (bgy | Tesmp ()

Pl ¥ CEAATC TAC OO AGGAGEA
P2 GOCAGAGAGAGTEAGTOOCTA-Y

Confirmed by direct sequencing
I — of PCR products

. €52A5T+ ¢.9C>T (heterozygous)
©79G>A+ c.9C=T (heterozygous)
. €-79A=G+ ¢ .0C=T (heterozygous)
c-784G+ ¢ 9C>T (heterozygous)
. C-78A=G+ c.0C=T (heterozygous)
c9C>T (heterozygous)
. €.52A5T+ ¢.9C>T (homozygous) (T/T)
84 85insC+ ¢ 9C-T (homozygous) (C/C)
. ¢.-78A=G+ c.9C=T (homozygous) (T/T)
¢-784G+ ¢ 9C>T (homozygous) (C/C) .
. ¢.84_85insC+ ¢.9C>T (homozygous) (C/C) el

Normalized and Temp.Shiftad Differenea Plot

Bol B0l = .1
TG

Screening of the HBB genes mutations in promoter and exon 1. We are unable to distinguish the

HBB mutations in promoter and exon 1 from the melting curve due to the interference of 1 SNP.

Cc.9C>T

Promoter and Initiation codon

Normalized and Temp-Shifted Difference Plot

2471
19471
17471 c.-78A>G Promoter -28 A>G;
o 15171 beta+
¢
g 13471
£
211471 Promoter -29 A>G;
= beta+
2 917 o
b Initiation codon
% 74T ATG>AGG ;beta0
Primer set (P1+P3) T
& 5171
3471
d-type DNA
(A) is High-resolution melting curves —— 1471
& i 5 052
Termp st )

Seqursce (510 ¥}
CAATCTACTCCCAGGAGTA-F (forwand)
1 4 GGEAGAGAGAGTCAGTGOCTA Y (revene)

3 £ ACTICTCCTCAGGAGTOAGHT S (revene)




Screening of the A58 genes
mutations in exon 1

Normnlized and Temp-Shifted Difference Plot

Wikd-rype

c.\K9'(__3>A HbE, Codon 26 (GAG>AAG); beta+

Codon 17 (A>T);
AAG(Lys)>TAG(stop codon); beta0
(A) is High-resolution melting curves and (B) is difference plots with redesigned new primer set

The ¢.79G 2A>T and c.84_85insC are casily to be distinguished in the normalized

Codons 27/28 (+C); GCC CTG(Ala
and temp-shifted difference plot.

Ser) =>GCC C CTG; betad /

- ) Length of PCR.
k3 g
Detection for Sequence (5 10 3') amplicon {(bp)

Promotes and Pl F"-CCAATCTACTCCCAGGAGCA-Y {forward) . = Wild-type DNA
Exon | P2 5 GGCAGAG) CAGTGCCTA 3 {reverse) 5 g

“Promeser and

Iminatica codon

Primer set
“Fxen | P4 5 AGACACCATGGTGCAL CTGAC-1' (forward) 2

o5 . o6 o
P 5SACTTCTCCTCAGGAGTCAGGT-3 (revere) 4 o

Hormaliied and Tomp. Shilied Diffarsmes Plot

Screening of the ABB genes
mutations: exon 2 region

nplicated melting curve due to the interference of 3 SNPs.

.171C>G, ¢.315+16G>C and c.315+74T>G)

Exon? P33 -GAAGACTCTTGGGTTTCTGA-3 (forward)
o P65 - TCATTCGTCTGTTTCCCATTCTAS

AC-3' (zevene)
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ed a new primer set

the 2 SNPs in order to block the SNPs inte

P S -GAAGACTCTTGGGTTTCTGA- 3 (forward)
PO3 -TCATTCGTCTGITICCCATTCTAAAC-3 (revene)

P75 -GAGCCTTCACCTTAGGGTTI -3 (revesse)

PR 3 CTOCTGATGCTGTTATGGGE- 3 (forward)
P93 -AGAAAACATCAAGGGTOCCA-Y (reverse)

The curve of ¢.170G>A (Hb J-Meinung, Hb J-
Bangkok, Korat) shift to the group of wild type DNA
by using the primer sets

P3 I GAAGACTCTTGGCTTICTGA- 3 (forward)
PO3 - TCATTCGTCTGTTTCCCATTCTAAAC- 3 (zeverse)

P75 -GAGCCTTCACCTTAGGGTT-3 (reverse)

Screening of the HBB genes
mutations: intron 2

Hermalized and Temp-Shifted Difference Flot

SNP
Codon43 G—T, -+—
GAG(Glu)—>TAG (stop A— . 1T70G=A
fjedens: s _#=—c.216_217ins A
€130 G>T —F ) %

b 123 124insT
/gl ¢ 125 127delTC

—

«——c.125_127dqg

(Homozygo

Meinung
Codon 71/72 +A; betaO

2ITCTT: Codon 41/42 —TCTT,; betaO

"I}v <216 217Tms A

Wild-rype

(A) is High-resolution melting curves and (B) is difference plots with
redesigned new primer set The ¢.216_217insA is
easily to be distinguished in the normalized and temp-shifted
difference plot.

P8 5°-CTCCTGATGCTGTTATGGGC-3 (forward)
“-AGAAAACATCAAGGGTCCCA-3 (reverse)

(O e ——

[ e 316197
(Heterozyd

lu'{ ‘ —wt (Heterul

wt (Homezygous) / \
/ 4

. W
=g 316197 C-T (Homozygo]

(A) is High-resolution melting curves and (B) is difference plots with redesigned
new primer set The ¢.316-197 C>T (heterozygous), wild-type
(heterozygous), wild-type (homozygous) and ¢.316-197 C>T (homozygous) are
easily to be distinguished in the normalized and temp-shifted difference plot.

P105"-GTGTACACATATTGACCAAATCAGGGTA-3" (forward)
P11 5"-GGTAGCTGGATTGTAGCTGC-3” (reverse)

10



Intron 2

Normalized and Temp-Shifted Difference Plot

— ¢.316-197 =T

(Heterozygous)

[ A wt (Heterozygous) - L | -
| (A) is High-resolution melting curves and (B) is difference plots with redesigned new
primer set for blocking the SNP. The ¢.316-197 C>T is easily to be
=\

/
wi [IIOI}]OZ}'QOILS)\ distinguished in the normalized and temp-shifted difference plot.
== e S Y . S

/

N ¢.316-197 C=T (Homozygo PLOS -GTGTACACATATTGACCAAATCAGGGTA-F (forward)

T ) ] Pl 5" GGTAGCTGGATTGTAGCTGC 37 (reverse)
ATTG-3' (reverse)
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Screening of the ¢.341T>A (Hb
Kaohsiung or New York): Exon 3

=

F— c3ITEA

/N WildepeDNA
- e > ‘ T
N

igNEREdNEEqd

|

Screening of the Hb variant, c.341T>A
Hb Kaohsiung (Hb New York)

Discussion

Panel Sequence HRM analysis_, offers _several benefits i_ncluding_ lowering
manpower, time-saving, and decreasing the risk of PCR

5-CCAATCTACTCCCAGGAGCA-3’ (Forward)--P1 carryover contamination.

5-ACTTCTCCTCAGGAGTCAGGT-3' (Reverse)--P3
The HRM analysis is the most cost-effective in
5-AGACACCATGGTGCACCTGAC-3’ (Forward)--P4 diagnostic laboratories with moderate to high patient
5-GGCAGAGAGAGTCAGTGCCTA-3' (Reverse)--P2 sample volumes. This is because up to 96 or 384 DNA
samples can be analyzed within 2 h by a single medical
technologist (including data interpretation).

Our; results suggest that HRM is a feasible and: highly.
5-GTGTACACATATTGACCAAATCAGGGTA-3'(Forward)--P10 accurate method for the screening and identification of
5'-GGTAGCTGGATTGTAGCTGC-3' (Reverse)--P11 [ -thalassemia, therefore, it could replace the currently

methods applied in the screening of /A -thalassemia and
prenatal diagnosis

5-GAAGACTCTTGGGTTTCTGA-3'(Forward)--P5
5-AGAAAACATCAAGGGTCCCA-3' (Reverse)--P9
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