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Genetic Haemoglobin Disordersg
Molecular genetic techniques
Genetic basis in PakistanGenetic basis in Pakistan
Clinical applications



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)



α‐Thalassaemias:
αo ‐Thalassaemias

α+ ‐Thalassaemias

Deletion

Non‐deletion

With α or β‐chain Hb structural variants

With β‐Thalassaemia

β‐Thalassaemias:
βo ‐Thalassaemias

β+ ‐Thalassaemias

With α or β‐chain Hb structural variantsβ

With α‐Thalassaemia

δβ‐Thalassaemia:
Hereditary Persistence of Fetal Haemoglobin (HPFH):Hereditary Persistence of Fetal Haemoglobin (HPFH):



Polymerase Chain Reaction (PCR)Polymerase Chain Reaction (PCR)y ( )y ( )

(S. Ahmed 2013)







Mutation Analysis
◦ Specific methods

• Amplification Refractory Mutation System (ARMS)
Dot Blot & Reverse Dot Blot• Dot Blot & Reverse Dot Blot

• Sequencing
◦ Non specific methodsp

• DGGE
• SSCP

Li k l iLinkage analysis



(S. Ahmed 2013)





Multiplex ARMS PCR for Multiplex ARMS PCR for 
ThalassaemiaThalassaemia

Primer
ID:

Mutations
Pooled:

Amplified
Product size:

AD-1 Fr 8-9 (+G)
IVSI-5 (G-C)
Fr 41 42 ( TTCT)

215 bp
285 bp
439 bpFr 41-42 (-TTCT)

IVSI-1 (G-T)
Del 619bp

439 bp
280 bp
242 bp

d ( ) bAD-2 Cd 5 (-CT)
Fr 16 (-C)
IVSI-1 (G-T)
Cd 30 (G-C)
Cd 30 (G-A)
IVSII 1 (G A)

205 bp
238 bp
280 bp
280 bp
280 bp
634 bp

(S Ahmed et al 2000)

IVSII-1 (G-A) 634 bp

AD-3 Cd 15 (G-A)
Cap+1 (A-C)

500 bp
567 bp(S. Ahmed et al, 2000) p ( ) p



Linkage AnalysisLinkage AnalysisLinkage AnalysisLinkage Analysis



Linkage AnalysisLinkage AnalysisLinkage AnalysisLinkage Analysis

-/+ -/+/+ /+

+/+ -/+ -/+ -/-



(S. Ahmed et al, 1996)



IVSIIVSI--1 (G1 (G--A)A)IVSIIVSI--1 (G1 (G--A)A)



--527 (+ATA)527 (+ATA)



CdCd 45 (+T)45 (+T)CdCd 45 (+T)45 (+T)



Th l iTh l i i P kii P kiαα--ThalassaemiaThalassaemia in Pakistanin Pakistan

-α3.7 α/ α α 8.3%
-α3.7 α/ -α3.7 α 2.0%
α4 2 α/ α α 0 2%-α4.2 α/ α α 0.2%

Anti -α3.7 α α α/ α α 0.9%
-αSEA -αSEA / -α3.7 α ?
Non deletional α-thal ?

(S. Ahmed 1998; S. Khan et al, 2003)



ff h lh lPCR for PCR for αα--ThalassaemiaThalassaemia

-3.7 kbA

C

B

ψα1 α2 α1

-4.2 kb

C

F

D E



δβδβ--ThalassaemiaThalassaemia in Pakistanin Pakistan
Inv/Del Inv/Del GGγγ((AAγδβγδβ))oo

H5

H4H3

H2

H1
INVERSION 15.2kb

H5H2

(S. Ahmed and M. Anwar, 2005)



AbnormalAbnormal HaemoglobinsHaemoglobins ininAbnormal Abnormal HaemoglobinsHaemoglobins in in 
PakistanPakistan

T. Major (89%)
Hb-S/S (2.0%)
Hb-S/Thal (3.5%)

j ( )

Hb-E/E (2.0%)
Hb-S/E (0.1%)

Hb-E/Thal (3.5%)

(S Ah d 1998)(S. Ahmed 1998)



Distribution ofDistribution of ThalassaemiaThalassaemia GenesGenesDistribution of Distribution of ThalassaemiaThalassaemia GenesGenes

Index familiesIndex families
183/591183/591 (31%)(31%)

Control FamiliesControl Families
0/3970/397 (0%)(0%)183/591 183/591 (31%)(31%) 0/397 0/397 (0%)(0%)

General PopulationGeneral Populationpp
(5%)(5%)

(S. Ahmed et al, 2002)



Prenatal Diagnosis
Diagnosis in previously transfused patients
Silent thalassaemia alleles
Distinction between structural variants
Thalassaemia intermedia
α-thalassaemia
β-Thalassaemia carriers in certain situationsβ
Rare thalassaemias



P l Di iP l Di iPrenatal DiagnosisPrenatal Diagnosis

Identify Couple at Risk

Pregnancy

Fetal Sampling

Lab DiagnosisAffected Fetus Normal Fetus

Termination of Pregnancy



Prenatal Diagnosis by ARMSPrenatal Diagnosis by ARMSPrenatal Diagnosis by ARMSPrenatal Diagnosis by ARMS

Mutation
1.  Father
2.  Mother
3.  CVS
4.  CVS
5.  -ve
N lNormal

6.  CVS
7.  CVS
8 +ve8.  +ve
9.  -ve
10. Blank



Misdiagnosis inMisdiagnosis in PND (<PND (<0 5%)0 5%)Misdiagnosis in Misdiagnosis in PND (<PND (<0.5%)0.5%)

Maternal Contamination in Fetal Sample
PCR Failure
Clerical Mistakes
Meotic Crossover in linkage analysis
Non paternity

(S. Ahmed 2007)



PND for PND for ThalassaemiaThalassaemia in Pakistanin Pakistan
Armed ForcesArmed Forces Institute of Pathology (AFIP)Institute of Pathology (AFIP)Armed ForcesArmed Forces Institute of Pathology (AFIP)Institute of Pathology (AFIP)

Genetic Resource Centre (GRC)Genetic Resource Centre (GRC)
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ThalassaemiaThalassaemia IntermediaIntermediaThalassaemiaThalassaemia IntermediaIntermedia

Mild/Silent alleles
Co-incidental α-thalassaemia trait
Co-incidental structural variants
Xmn-I polymorphismXmn I polymorphism
δβ-Thalassaemia



ThalassaemiaThalassaemia IntermediaIntermedia ininThalassaemiaThalassaemia IntermediaIntermedia in in 
PakistanPakistan

Cause of Thalassaemia
Intermedia:

n (%): Mean age:

At
1st transfusion:

At
Examination:1 transfusion: Examination:

Xmn-I +/+ genotype 14 36%) 6 years 13 years

β+-mutation 6 (15%) 3 years 8 years

i d i id l 6 (15%) 11¼ 18β+-mutation and coincidental
α-thalassaemia

6 (15%) 11¼ years 18 years

Unidentified thalassaemia mutation 2 (6%) 7½ years 12½ years

Coincidental thalassaemia 11 (28%) 9½ years 13½ yearsCoincidental α-thalassaemia 11 (28%) 9½ years 13½ years

Total 39 7 years 14 years

(S. Ahmed 1998)



SilentSilent ββ thalassaemiathalassaemia TraitTraitSilent Silent ββ--thalassaemiathalassaemia TraitTrait

1     2     3

PCR:   Cap+1  mutation



ββ--ThalassaemiaThalassaemia Trait and Interacting Trait and Interacting ββ gg
Structural Structural HbHb VariantsVariants

Hb-D/β-thalassaemia Trait


