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Genetic Haemoglobin Disorders

» Heterogeneous
» Inherited

» Thalassaemia
- Quantitative (reduced) production of globin
» Abnormal Haemoglobins
> Qualitative defect (Hb-S, Hb-D)
- Some may also have a quantitative defect (Hb-E)




Genetic Classification of Thalassaemia

o-Thalassaemias:
o -Thalassaemias
o" -Thalassaemias
Deletion
Non-deletion
With o or B-chain Hb structural variants

With B-Thalassaemia
B-Thalassaemias:

[°-Thalassaemias
B*-Thalassaemias

With o or B-chain Hb structural variants

With a-Thalassaemia
opB-Thalassaemia:
Hereditary Persistence of Fetal Haemoglobin (HPFH):
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Molecular Genetic Methods

= Mutation Analysis

- Specific methods
- Amplification Refractory Mutation System (ARMS)
- Dot Blot & Reverse Dot Blot
- Sequencing
- Non specific methods
- DGGE
- SSCP

= Linkage analysis




Amplification Refractory Mutation
System (ARMS)

IVSI-5 (G-C)
A. 5’ -GGCCCTGGGCAGGTTACTATEAAGGTTACAAGACAGGTTTAAGGAG-3

Mutation primer <--3’ TTCCAATGTTCTGTCCAAATTCCTC-5'

GGTTACAAGACAGGTTTAAGGAG-3'
TTCCAATGTTCTGTCCAAATTCCTC-5'

C 5’ -GGCCCTGGGCAGGTTGGTAT GGTTACAAGACAGGTTTAAGGAG-3'

Normal Primer Lmm 3 TJTETTCCAATGTTCTGTCCAAATTCCTC-5"
D 5’ -GGCCCTGGGCAGGTTGCTAT GGTTACAAGACAGGTTTAAGGAG-3'
Normal Primer i B ATITGTTCCAATGTTCTGTCCAAATTCCTC-5'

(S. Ahmed 2013)




Amplification Refractory Mutation
System (ARMS)




Multiplex ARMS PCR for
Thalassaemia

(S. Ahmed et al, 2000)

Primer | Mutations Amplified
ID: Pooled: Product size:
AD-1 Fr 8-9 (+G) 215 bp
IVSI-5 (G-C) 285 bp
Fr41-42 (-TTCT) 439 bp
IVSI-1 (G-T) 280 bp
Del 619bp 242 bp
AD-2 Cd 5 (-CT) 205 bp
Fr16 (-C) 238 bp
IVSI-1 (G-T) 280 bp
Cd 30 (G-0O) 280 bp
Cd 30 (G-A) 280 bp
IVSII-1 (G-A) 634 bp
AD-3 Cd 15 (G-A) 500 bp
Cap+1 (A-Q) 567 bp




Linkage Analysis
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Mutation !

Punjabi

Pathan

Sindhi

Baluchi

Mohaijir

All

Common mutations
IVSI-5 (G-C)
Fr 8-9 (+G)
Del 619 bp
Fr41-42 (-TTCT)
IVSI-1 (G-T)

Uncommon mutations
Cd 15 (G-A)
Cd 30 (G-C)
Cd 5 (—CT)
Fr 16 (—C)
Cap+1 (A-C)
Hb-E
Cd 30 (G-A)
IVSII-1 (G-A)

Rare mutations
—88 (C-T)
IVSI-1 (G-A)
Fr 47-48 (+ ATCT)
Fr 126-131 (—17 bp)
Cd 39 (C-T)
IVSI minus 25

Total

107 (27:2%)
146 (37-:2%)
14 (3'6“0)
36 (9-2%)
19 (4-8%)

4 (3:6%)
5(3-8%)
1(2:8%)
6 (1-5%)
(2:3%)
(0-8%)
(0-8%)
6 (]'5"0)

g
3
3

1 (0-3%)
1 (0-3%)
2 (0°5%)
0 (0-0%)
0 (0-0%)
0 (0-0%)

393 (100%)

27 (12:9%)
103 (49:1%)
4 (1:9%)
18 (86%)
4 (1-9%)

13 (6:2%)
1 (0-5%)
16 (7:6%)
8 (3:8%)
(3:8%)
(0 0%)

2 (1-0%)

1 (0-5%)

2 (1:0%)
0 (0:0%)
0 (0:0%)
2 (1'000)
1 (0:5%)
0 (0:0%)

210 (100%)

114 (43'900)
29 (11:2%)

36 (13:9%)
16 (6:2%)
33 (12-7%)

5(1:9%)
19 (7-3%)
0 (0-0%)
6 (2-3%)
0 (0:0%)
0 (0:0%)
0 (0-:0%)
0 (0:0%)

0 (0:0%)
1 (0-4%)
0 (0:0%)
0 (0-0%)
0 (0:0%)
1 (0-4%)

260 (100%)

131 (76-2%)
4 (8:1%)
2 (1:2%)
1 (0-6%)
2 (1-2%)

9 (5:2%)
3 (1:7%)
1 (0-6%)
6 (3:5%)
0 (0-0%)
0 (0:0%)
2 (1:2%)

1 (0:6%)

0 (0-0%)
0 (0:0%)
0 (0:0%)
0 (0-0%)
0 (0-0%)
0 (0-0%)

172 (100%)

75 (41-4%)
23 (12:7%)
29 (16:0%)
11 (6-1%)
7 (3:9%)

8 (4-4%)
4 (2:2%)
2 (1-1%)
3 (1:7%)
3 (1:7%)
10 (5-5%)
4 (2:2%)
2 (1:1%)

0 (0-0%)
0 (0:0%)
0 (0:0%)
0 (0-0%)
0 (0:0%)
0 (0-0%)

181 (100%)

454 (37-3%)
315(25:9%)

85 (70%)
82 (6:7%)
65 (5.4%)

49 (4-0%)
42 (3-5%)
0 (2-5%)
9 (2:4%)
zu (1-6%)
3 (1:1%)
1 (0-9%)
10 (0-8%)

3 (0:3%)
(0-2%)
(0 2%)

2 (0-2%)

1(0-1%)

1(0-1%)

1216 (100%)

© 1996 Blackwell Science Ltd, British Journal of Haematology 94: 476482

(S. Ahmed et al, 1996)



IVSI-1 (G-A)
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-527 (+ATA)
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Cd 45 (+T)
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o— T halassaemia in Pakistan
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(S. Ahmed 1998; S. Khan et al, 2003)



PCR for a—-Thalassaemia

AN -3.7 kb B
C
o




opf-Thalassaemia in Pakistan
Inv/Del Gy(Ay3B)°

H3

H1 N\
=== |NVERSION 15.2kb I_
sz H5
1 H 3 4 5B i 2y "3 At %
665bp = 641bp
— — —
AT1bp - —

(S. Ahmed and M. Anwar, 2005)




Abnormal Haemoglobins in
Pakistan

A Hb-S/Thal (3.5%)

——— | Hb-S/S(2.0%)

‘ Hb-E/Thal (3.5%)
Hb-E/E (2.0%)

Hb-S/E (0.1%)

T. Major (89%)

(S. Ahmed 1998)




Distribution of Thalassaemia Genes

Index families Control Families

183/591 (31%) 0/397 (0%)

General Population
(5%)

(S. Ahmed et al, 2002)



Clinical Applications

Prenatal Diagnosis

Diagnosis in previously transfused patients
Silent thalassaemia alleles

Distinction between structural variants
Thalassaemia intermedia

x-thalassaemia

B-Thalassaemia carriers in certain situations
Rare thalassaemias




Prenatal Diagnosis

Identify Couple at Risk

\/

Pregnancy

v

Fetal Sampling

v

Affected Fetus ‘ Lab Diagnosis * Normal Fetus

\/

Termination of Pregnancy




Prenatal Diagnosis by ARMS

=  Mutation
1. Father
2. Mother
3. CVS
4. CVS
5. —-ve

= Normal
6. CVS
7. CVS
8. +ve
9. -ve
10. Blank




Misdiagnosis in PND (<0.5%)

Maternal Contamination in Fetal Sample
PCR Failure

Clerical Mistakes

Meotic Crossover in linkage analysis
Non paternity

(S. Ahmed 2007)




PND for Thalassaemia in Pakistan
Armed Forces Institute of Pathology (AFIP)
Genetic Resource Centre (GRC)




Thalassaemia Intermedia

Mild/Silent alleles
Co-incidental x-thalassaemia trait

Co-incidental structural variants
Xmn-| polymorphism
opB-Thalassaemia




Thalassaemia Intermedia in
Pakistan

Xmn-|l +/+ genotype 14 36%) | 6 years 13 years
B*-mutation 6 (15%) | 3 years 8 years
B*-mutation and coincidental 6 (15%) 11% years 18 years
a—-thalassaemia

Unidentified thalassaemia mutation 2 (6%) 7Y2 years 12V2 years
Coincidental a-thalassaemia 11 (28%) | 92 years 13V years
Total 39 7 years 14 years

(S. Ahmed 1998)




Silent p-thalassaemia Trait
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B-Thalassaemia Trait and Interacting
Structural Hb Variants
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