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Genetic Analysis 

DNA extraction 

Good quality DNA can be extracted with many commercial kits. A 

quick and cheap method of DNA extraction by Chelex is 

described: 

1. Make 5-7% suspension of Chelex (Biorad, USA) and keep 

at 4oC. 

2. Lyse 150 μL blood in EDTA with 3 ml distilled water. 

3. Centrifuge at 5000 rpm for 2 minutes to pallet the white 

cells. 

4. Repeat red cell lysis step if the white cell pallet contains 

too many red cells. 

5. Shake the Chelex suspension and add 150 μL to the white 

cell pallet. 

6. Vortex for 15-20 seconds. 

7. Place the tube in a heating block at 95oC for 20 minutes.
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8. Vortex for 15-20 seconds. 

9. Centrifuge at 5,000-7,000 rpm for 2 minutes. 

10.The clear supernatant contains the DNA and can be used 

for further analysis. 

PCR for thalassaemia mutations 

Most of the β-thalassaemia mutations are point mutations that 

can be detected by Amplification Refractory Mutation System 

(ARMS). Table 14.1 gives a list of the ARMS primers for β-

thalassaemia mutations in different populations. The ARMS PCR 

can be done in separate reactions for each mutation or as 

multiplex PCR for several mutations in one reaction. 

ARMS (separate reactions) 

1. In the first round of PCR common mutations are tested. 

2. In the second and the third rounds the samples that do not 

show the common mutations are tested for the uncommon 

and the rare mutations respectively. 

3. The list and the sequences of primers for β-thalassaemia 

mutations in the different world populations are given in 

Table 14.1. For convenience the primers may be given 

serial numbers because these are easier to remember and 

document than the full nomenclature of the allele. 

4. In each PCR reaction the ARMS primer for a mutation is run 

with one of the two “common primers”. 

5. The primers 1 and 2 are used to amplify an 861 bp 

fragment of the 3’ end of β-globin gene. This serves as an 

internal control in the ARMS PCR. The same primer pair 

also detects the 619 bp deletion. If the 619 bp deletion is 

present the 861 bp internal control fragment is reduced to 

242 bp. 
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Table 14.1. ARMS primers for β-thalassaemia mutations in different 

populations. The sequence of primers for the mutant and the normal 

alleles are given. Each ARMS primer is used with one of the common 

primers. (No. 3 & 4). The amplified product sizes are also given. The 

primers 1 and 2 are used to amplify an 861 bp fragment of the distal 

portion of β-globin gene as PCR internal control. 

Control and common primers 

1. Control-F 5'-CAATGTATCATGCCTCTTTGCACC 

2. Control-R 5'-GAGTCAAGGCTGAGAGATGCAGGA 

3. Common-1 5’-ACCTCACCCTGTGGAGCCA 

4. Common-2 5’-CCCCTTCCTATGACATGAACTTAA 

Allele  Primer sequence   Used with Size 

 

Asian mutations 

Fr 8-9 (+G) M 5’-CCTTGCCCCACAGGGCAGTAACGGCACACC  3 215 

Fr 8-9 N  5’-CCTTGCCCCACAGGGCAGTAACGGCACACT  3 215 

IVSI-5 (G-C) M 5’-CTCCTTAAACCTGTCTTGTAACCTTGTTAG  3 285 

IVSI-5 N  5’-CTCCTTAAACCTGTCTTGTAACCTTGTTAC  3 285 

Fr 41-42 (-TTCT) M5’-GAGTGGACAGATCCCCAAAGGACTCAACCT 3 439 

Fr 41-42 N 5’-GAGTGGACAGATCCCCAAAGGACTCAAAGA 3 443 

Del 619bp-F 5'-CAATGTATCATGCCTCTTTGCACC   2 242 

Del 619bp-R 5'-GAGTCAAGGCTGAGAGATGCAGGA  1 242 

Cd 15 (G-A) M 5’-TGAGGAGAAGTCTGCCGTTACTGCCCAGTA  4 500 

Cd 15 N  5’-TGAGGAGAAGTCTGCCGTTACTGCCCAGTG  4 500 

Cd 5 (-CT) M 5’-ACAGGGCAGTAACGGCAGACTTCTCCGCGA 3 205 

Cd 5 N  5’-ACAGGGCAGTAACGGCAGACTTCTCCGCAG 3 205 

IVSI-1 (G-T) M 5’-TTAAACCTGTCTTGTAACCTTGATACGAAA  3 281 

IVSI-1 (G-A) M 5’-TTAAACCTGTCTTGTAACCTTGATACGAAT  3 281 

IVSI-1 N  5’-GATGAAGTTGGTGGTGAGGCCCTGGGTAGG 4 450 

Cd 30 (G-C) M 5’-TAAACCTGTCTTGTAACCTTGATACCTACG  3 280 

Cd 30 (G-A) M 5’-TAAACCTGTCTTGTAACCTTGATACCTACT  3 280 

Cd30 N  5’-TAAACCTGTCTTGTAACCTTGATACCTACC  3 280 

Fr 16 (-C) M 5’-TCACCACCAACTTCATCCACGTTCACGTTC  3 238 

Fr 16 N  5’-TCACCACCAACTTCATCCACGTTCACGTTG  3 239 

IVSII-1 (G-A) M 5’-AAGAAAACATCAAGGGTCCCATAGACTGAT  3 634 

IVSII-1 N 5’-AAGAAAACATCAAGGGTCCCATAGACTGAC  3 634 

Cap+1 (A-C) M 5’-ATAAGTCAGGGCAGAGCCATCTATTGGTTC  4 567 

Cd 48 (+ATCT) M 5’-ATAACAGCATCAGGAGTGGACAGATAGATC  3 467 

IVSI-25 M 5’-CTCTGGGTCCAAGGGTAGACCACCAGCATA  3 354 

-88 (C-T) M 5’-TCACCTAGACCTCACCCTGTGGAGCCTCAT  4 655 

Cd 37 (TGG-TAG) 5’-CCCCAAAGGACTCAAAGAACCTCTGCGTCA  3 431 

Cd 37 N  5’- TCCCCAAAGGACTCAAAGAACCTCTGCGTC 3 432 

Cd 44 (-C) 5’- CAGCATCAGGAGTGGACAGATCCCCATAGA 3 451 

Hb-D Punjab 5’-TCTGTGTGCTGGCCCATCACTTTGGCAAGC  2 584 

Hb-D Iran 5’-CAACCTGCCCAGGGCCTCACCACCAACATG  3 254 
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Table 14.1. (Continued….) 

Allele  Primer sequence   Used with Size 

 

Mediterranean mutations 

IVSI-110 M (G-A) 5’-ACCAGCAGCCTAAGGGTGGGAAAATAGAGT 3 390 

IVSI-110 N 5’-ACCAGCAGCCTAAGGGTGGGAAAATACACC 3 390 

IVSI-1 (G-A) M 5’-TTAAACCTGTCTTGTAACCTTGATACGAAT  3 281 

IVSI-1 N  5’-TTAAACCTGTCTTGTAACCTTGATACGAAC  3 281 

C 39 M (C-T) 5’-CAGATCCCCAAAGGACTCAAAGAACCTGTA  3 436 

C 39 N  5’-TTAGGCTGCTGGTGGTCTACCCTTGGTCCC  4 436 

IVSI-6 M (T-C) 5’-TCTCCTTAAACCTGTCTTGTAACCTTCATG  3 286 

IVSI-6 N  5’-TCTCCTTAAACCTGTCTTGTAACCTTCATA  3 286 

IVSII-1M (G-C) 5’-AAGAAAACATCAAGGGTCCCATAGACGCAG  3 634 

IVSII-1 N 5’-AAGAAAACATCAAGGGTCCCATAGACTGAC  3 634 

IVSII-745 M (C-G)5’-TCATATTGCTAATAGCAGCTACAATCGAGG  2 738 

IVSII-745 N 5’-TCATATTGCTAATAGCAGCTACAATCGAGC  2 738 

 

Far Eastern mutations 

Fr 41-42 (-TTCT) M5’-GAGTGGACAGATCCCCAAAGGACTCAACCT 3 439 

Fr 41-42 N 5’-GAGTGGACAGATCCCCAAAGGACTCAAAGA 3 439 

C17 M (A-T) 5’-CTCACCACCAACTTCATCCACGTTCACATA  3 211 

IVSII-654 M (C-T)5’-GAATAACAGTGATAATTTCTGGGTTAACGT  2 830 

Hb-E Cd 26 (G-A) (M)5’-TAACCTTGATACCAACCTGCCCAGGGCGTT 3 267 

 

African Mutations 

-28 M (A-G) 5’-AGGGAGGGCAGGAGCCAGGGCTGGGCTTAG 4 624 

-88 M (C-T) 5’-TCACTTAGACCTCACCCTGTGGAGCCTCAT  4 655 

C 24 M (T-A) 5’-TGGGGCAAGGTGAACGTGGATGAAGTTAGA 4 472 

Hb-S-M  5’-CCCACAGGGCAG TAACGGCAGACTTCTGCA 3 208 

Hb-S-N  5’-CCCACAGGGCAGTAACGGCAGACTTCTGCT  3 208 

Hb-C-M  5’-CCACAGGGCAGTAACGGCAGACTTCTCGTT  3 207 

Hb-C-N  5’-CCACAGGGCAGTAACGGCAGACTTCTCGTC  3 207 

 

PCR conditions for ARMS 

The ARMS PCR is done in 15-25 l reaction mixture containing 5 

pM of each primer, 0.5 units of Taq polymerase, 30 µM of each 

dNTP, 10 mM Tris HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl2, 100 

mg/ml gelatine and ~300 ng of genomic DNA. 

The thermal cycling profile consists of an initial denaturation at 

95oC for 2 minutes followed by 25 cycles of denaturation at 94oC 

for 1 minute, primer annealing at 65oC for 1 minute, and DNA 
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extension at 72oC for 1½ minutes. 

At the end of the PCR the amplified products are separated on 10 

X 10 cm 6% polyacrylamide gel for 30 minutes at 150 volts. The 

gels are stained in 0.1% silver nitrate (Figure 14.1). 

 

 

Figure 14.1. Silver stained polyacrylamide gel electrophoresis after 

ARMS PCR. All lanes show 861 bp internal control fragment. Lanes 1-3 

show 285 bp fragment of the IVS1-5 mutation. The lanes 4-5 are 

negative for the same mutations. The lane 7 shows an allelic ladder for 

various thalassaemia mutations. 

 

Multiplex ARMS 

1. The multiplex ARMS PCR for 12 common and uncommon 

β-thalassaemia mutations found in the Pakistani population 

comprises three primer combinations (Table 14.2). 

2. The multiplexes AD-1 and AD-2 contain the ARMS primers 

used with the “common primer 3” while the AD-3 contains 

the ARMS primers that are used with the “common primer 

4”. 

3. The amplified products of the mutations in each multiplex 

are sufficiently different for resolution by mini 

polyacrylamide gel electrophoresis. However, the size of 
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the fragments generated by IVSI-1 and IVSI-5 differ by 

only 5 bp and are difficult to resolve on a mini gel. Similarly 

there is no difference between the fragments of Cd30 (G-

C), Cd30 (G-A) and IVSI-1 mutations. The problem of 

differentiating IVSI-1 and IVSI-5 is overcome by adding 

IVSI-1 primer to AD-1 and AD-2 multiplexes. The IVSI-5 

mutation is amplified with AD-1 combination, whereas the 

IVSI-1 mutation is amplified with AD-1 and AD-2 

combinations. Cd30 mutation amplifies with AD-2 but not 

AD-1 combination. The difference between Cd30 (G-C) and 

Cd30 (G-A) is only of academic interest because the same 

normal primer is used to differentiate between the 

homozygotes and heterozygotes of the two mutations. AD-

3 primer combination amplifies Cd15 and Cap+1 

mutations. AD-3 combination contains “common primer 4”. 

4. Allelic ladders for the three multiplexes can be prepared by 

pooling together the amplified products of individual 

mutations. The allelic ladder is kept frozen in aliquots. In 

each electrophoresis run 5 l of the allelic ladder is used. 

5. Amplified products of the multiplex ARMS and the 

respective allelic ladders are run on 6% polyacrylamide 

mini gels and are stained in 0.1% silver nitrate. 

6. Result of multiplex ARMS PCR is shown in Figure 14.2. 

Homozygous or heterozygous mutation 

1. Once the mutation is identified the next step is to find 

whether the mutation is homozygous or heterozygous. This 

is done by setting up a separate PCR reaction in which the 

normal allele of the respective mutation is tested (for 

primers see Table 14.1). 
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Figure 14.2. Silver stained mini polyacrylamide gel electrophoresis of 

the multiplex ARMS PCR products. Lane 1 and 5 show allelic ladders for 

the AD-1 and the AD-2 multiplexes. All lanes show the 861bp internal 

control fragment. The samples in lanes 2, 3 and 4 are positive for Fr 8-

9 (+G), IVSI-5 (G-C) and Fr 41-42 (-TTCT) mutations respectively. The 

lanes 6, 7 and 8 show Cd5 (-CT), IVSI-1 (G-T) and Fr 16 (-C) mutations 

respectively. 

 

Table 14.2. Three multiplex ARMS PCR combinations for 12 common 

and uncommon β-thalassaemia mutations seen in the Pakistani 

population. 

Primer Multiplex: Mutations Identified: 

AD-1 HBB:c.27_28insG (Fr 8-9 (+G) 

HBB:c.92+5G>C (IVSI-5 (G-C) 

HBB:c.124_127delTTCT (Fr 41-42 (-TTCT) 

HBB:c.92+1G>T (IVSI-1 (G-T) 

HBB:g.71609_72227del619 (del 619bp) 

AD-2 HBB:c.17_18delCT (Cd 5 (-CT) 

HBB:c.51delC (Fr 16 (-C) 

HBB:c.92G>C (Cd 30 (G-C) 

HBB:c.92G>A (Cd 30 (G-A) 

HBB:c.315+1G>A (IVSII-1 (G-A) 

AD-3 HBB:c.47G>A (Cd 15 (G-A) 

HBB:c.-50A>C (Cap+1 (A-C) 
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2. A true homozygote has two copies of the same mutation 

for example IVSI-5/IVSI-5. The homozygosity is 

ascertained by testing for the normal allele of the mutation 

in a separate PCR reaction. Absence of the normal allele 

confirms a true homozygote. 

3. A compound heterozygote shows two different mutations 

for example Fr 8-9/IVSI-5. It does not require further 

testing for the normal alleles. 

4. A heterozygote has the mutant as well as the normal allele 

for example IVSI-5/Normal. An individual known to have 

β-thalassaemia trait does not require testing for the normal 

allele. However, in a fetal sample where the phenotype is 

not known, testing for the normal allele is required. 

Sequencing of β-globin gene 

Sequencing of the β-globin gene is done to identify an unknown 

mutation or to confirm the results of ARMS PCR. The gene is 

approximately 1.5 kb in length. On a 36 cm capillary of the 

genetic analyzer approximately 600 bases can be sequenced in 

one run. The entire β-globin gene can be sequenced in four 

overlapping segments. Each segment is amplified by a pair of 

primers and one of the two primers is used for the sequencing 

reaction. The sequencing primers are given in Table 14.3. 

PCR Amplification 

The PCR amplification is done in a 50 l reaction mixture 

containing 10 pM of each primer, 1.0 units of Taq polymerase, 30 

µM of each dNTP, 10 mM Tris HCl (pH 8.3), 50 mM KCL, 1.5 mM 

MgCl2, 100 mg/ml gelatine, and ~300 ng of genomic DNA. 

The thermal cycling consists of an initial denaturation at 95oC for 2 

minutes followed by 25 cycles of denaturation at 94oC for 1 minute, 

primer annealing at 65oC for 1 minute, and DNA extension at 72oC 

for 1½ minutes. 
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At the end of the PCR the amplified products are separated on 

6% mini-polyacrylamide gel for 30 minutes at 150 volts. The gels 

are stained in 0.1% silver nitrate. 

 

Table 14.3. Sequencing primers for β-globin gene. (F= forward primer, 

R=reverse primer, S= sequencing primer). 

Set ID HBB Location Sequence 

Set 1 F1 

R1 

S1 

HBB:c. -683 

HBB:c. 55 

HBB:c. -683 

5`-AGACATAATTTATTAGCATGCATG 

5`-CCTTGCCCCACAGGGCAGTAACGGCAGACT 

5`-AGACATAATTTATTAGCATGCATG 

Set 2 F2 

R2 

S2 

HBB:c. -159 

HBB:c. 315+72 

HBB:c. -159 

5`-ACCTCACCCTGTGGAGCCAC 

5’ -CCCCTTCCTATGACATGAACTTAA 

5`-ACCTCACCCTGTGGAGCCA 

Set 3 F3 

R3 

S3 

HBB:c. 304 

HBB:c. 318 

HBB:c. 304 

5`-GAGAACTTCAGGGTGAGTC 

5’ -GAGCTGTGGGAGGAAGATA 

5`-GAGAACTTCAGGGTGAGTC 

Set 4 F4 

R4 

S4 

HBB:c. 315 +593 

HBB:c. *474 

HBB:c. 315 +593 

5`-CAATGTATCATGCCTCTTTGCACC 

5`-GAGTCAAGGCTGAGAGATGCAGGA 

5`-CAATGTATCATGCCTCTTTGCACC 

 

Purification of the amplified product 

The amplified product contains unused dNTPs and primers that 

must be removed before sequencing. This may be done by gel 

purification, enzyme digestion or column purification. 

Enzyme digestion 

1. The amplified DNA is incubated in a single step with 

exonuclease and alkaline phosphatase. This method cannot 

remove the non-specific amplified products. 

2. In a PCR tube 2-5 μl of the amplified product is incubated 

with 1 μl each of exonuclease and alkaline phosphatase at 

37oC for 15 minutes. The enzymes are inactivated at 80oC 

for another 15 minutes. The product is ready for use. 
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Cycle sequencing 

1. The cycle sequencing reaction requires extensive 

optimization therefore it is best done by a commercial 

sequencing kit. 

2. The “forward primer” used in the initial amplification is 

used as the sequencing primer (Table 14.3). It is used at a 

concentration recommended by the sequencing kit 

manufacturer. 

3. The volume of the purified amplified product (template) for 

use in the cycle sequencing reaction depends on the quality 

and the quantity of the initial amplification. It ranges from 

2 μl for very good amplification to 8 μl if the amplification 

is poor. The template DNA may be quantified for better 

results. 

4. The cycle sequencing parameters are also set as 

recommended by the kit manufacturer. 

Purification of the sequencing reaction 

The cycle sequencing reaction product contains many unwanted 

substances like unused dNTPs and fluorescent labelled ddNTPs. 

The later may cause dye blobs to appear in the electropherogram. 

These unwanted substances must be completely removed before 

the sample is run on a genetic analyzer. 

Commercial kits are available for clean-up of the sequencing 

reaction products. A low cost method based on ethanol 

precipitation is described: 

Ethanol precipitation method 

1. Add the following to the sequencing reaction product: 

a. Absolute ethanol, 50 μl 

b. EDTA 125 mM, 2 μl 
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c. Sodium acetate 3 M, 2 μl 

2. Vortex gently to mix and centrifuge briefly. 

3. Incubate at room temperature for 15 minutes. 

4. Centrifuge at 14,000 rpm for 15-25 minutes. 

5. Carefully remove the supernatant using a fine tipped 

pipette. 

6. Add 60 μl 70% ethanol. 

7. Vortex briefly and centrifuge at 14,000 rpm for 5 

minutes. 

8. Carefully remove the supernatant using a fine tipped 

pipette. 

9. Add 10 μl Hi-Di formamide and use for electrophoresis. 

Run conditions for genetic analyzer 

The run conditions are chosen as per manufacturer’s instructions. 

The results of normal sequence and the IVSI-5 (G-C) mutation 

are shown in Figure 14.3. 

Prenatal diagnosis of thalassaemia 

Prenatal diagnosis by mutation analysis 

1. Identify the parent’s mutations by testing the DNA of each 

parent or an affected child if any of the parents is not 

available. 
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Figure 14.3. Electropherogram of β-globin gene showing the sequence of the first exon-intron junction. The 

upper half shows the normal sequence whereas the IVSI-5 (G-C) substitution (arrow) can be seen as overlapping 

peaks (black and blue) in the lower part of the picture. 
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2. Carefully dissect the chorionic villus sample (CVS) to 

remove any maternal decidua and extract DNA from the 

CVS (fetus). 

3. Set up the ARMS PCR as described earlier. 

4. If both of the parents have the same mutation then label 

ten tubes and add the ARMS primers and the DNA samples 

as follows: 

a. Tubes 1-5: primers 1+2 + common primer + 

mutation primer. 

b. Tubes 6-10: primers 1+2 + common primer + 

normal primer for the mutation. 

c. Tubes 1-5: DNA of father, mother, CVS (in 

duplicate), and negative control for the mutation. 

d. In tubes 6-10: DNA of CVS (in duplicate), positive 

control for normal allele (normal DNA), negative 

control for normal allele (homozygous for the 

mutation) and no DNA (reagent blank). 

5. Run the ARMS thermal cycling profile and the gel 

electrophoresis as described earlier (Figure 14.4). 

6. If the two parents have two different mutations label nine 

tubes and add: 

a. Tubes 1-4: primers 1+2 + common primer + primer 

of the father’s mutation. 

b. Tubes 5-9: primers 1+2 + common primer + primer 

of the mother’s mutation 

c. In tubes 1-4 add DNA of father, CVS (in duplicate) 

and negative control for the father’s mutation. 
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d. In tubes 5-9 add DNA of mother, CVS (in duplicate), 

negative control for mother’s mutation and no DNA 

(reagent blank). 

 

 

Figure 14.4. Polyacrylamide gel electrophoresis of the prenatal 

diagnosis for β-thalassaemia. All lanes except lane 10 show 861bp 

internal control bands. Absence of any result in the reagent blank (Lane 

10) excludes a false positive result. Lanes 1 & 2 shows the parent’s 

mutations (IVSI-5). The lanes 3 & 4 show duplicate testing for the IVSI-

5 in the fetal DNA. The lane 5 is a negative control for IVSI-5 mutation. 

The lanes 6 & 7 show testing for the normal allele of IVSI-5. Its absence 

in the fetal DNA confirms that the fetus has homozygous IVSI-5. Lanes 

7 and 8 are negative and positive controls for the normal allele of IVSI-

5 respectively. Lane 8 is a negative control for the IVSI-5 allele. 

 

Prenatal diagnosis by linkage analysis 

If the parent’s mutation is not identified prenatal diagnosis can 

be done by linkage analysis. There are several single nucleotide 

polymorphisms (SNP) that are closely linked to the β-globin gene. 

The SNPs are inherited en-block with the β-globin gene and these 

can be used to track its inheritance. 

The SNPs are recognized by restriction enzymes. In the first step 

DNA of the parents and the affected child are tested to establish 

the linkage of the SNP with the chromosome carrying the 

mutation. Once the informative markers are identified the fetal 
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DNA is tested to determine its genotype. By convention the SNP 

is written “+” when it is present and “-“ when it is absent. 

Pre-requisites of linkage based prenatal diagnosis 

1. The couple must have a previously affected child. 

2. At least one fully informative or two partially informative 

markers should be available. The marker is called fully 

informative when both of the parents are heterozygous (-

/+). The marker is called non-informative if the parents are 

homozygous (+/+, or -/-) for the marker. Fetal diagnosis is 

possible by using more than one partially informative 

markers. 

3. A cross over during meiosis may result in dissociation of the 

marker and the gene of interest resulting in an error in 

diagnosis. 

SNP markers linked to the β-globin gene 

At least eight SNPs are closely linked to the β-globin gene (Table 

14.4). These markers can be used for the linkage based prenatal 

diagnosis of β-thalassaemia. 

Amplification Protocol for RFLP analysis 

PCR amplification is done in 15-20 l reaction mixture containing 

10 pM of each primer, 0.5 units of Taq polymerase, 30 µM of each 

dNTP, 10 mM Tris HCl (pH 8.3), 50 mM KCL, 1.5 mM MgCl2, 100 

mg/ml gelatine, and ~300 ng of genomic DNA. Thermal cycling 

consists of an initial denaturation at 95oC for 2 minutes followed by 

30 cycles of the following programme: 

 Denaturation:  94C for 30 seconds 

 Annealing:  

o 5’ψβ, 3’ψβ, Ava II, Hinf I: 56C for 1 minute 
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Table 14.4. List of the SNP markers linked to β-globin gene, restriction enzymes, primers for amplification and 

size of the restriction fragments. 

Locus Enzyme Primer Fragment Size (-) (+) Common 

Gγ Hind III F-AGTGCTGCAAGAAGAACAACTACC 

R-CTCTGCATCATGGGCAGTGAGCTC 

328 328 237 

91 

- 

Aγ Hind III F-ATGCTGCTAATGCTTCATTAC 

R- TCATGTGTGATCTCTCAGCAG 
635 

635 327 

308 

- 

5’ψβ Hinc II F-TCCTATCCATTACTGTTCCTTGAA 

R- ATTGTCTTATTCTAGAGACGATTT 

794 690 690 

104 

- 

3’ψβ Hinc II F-GTACTCATACTTTAAGTCCTAACT 

R- TAAGCAAGATTATTTCTGGTCTCT 

914 914 435 

479 

- 

β- Hinf I F-TGGATTCTGCCTAATAAAA 

R- GGGCCTATGATAGGGTAAT 

742 341 128 

213 

244 

154 

β- Ava II F-ACTCCCAGGAGCAGGGAGGGCAGG 

R- TTCGTCTGTTTCCCATTCTAAACT 

794 794 438 

356 

- 

β- RSA F-AGACATAATTTATTAGCATGCATG 

R- ACATCAAGGGTCCCATAGAC 

1152 411 330 

81 

646 

95 

Gγ Xmn-I F-GAACTTAAGAGATAATGGCCTAA 

R-ATGACCCATGGCGTCTGGACTAG 

641 641 418 

223 

- 

 



Genetic Analysis 

207 

o Gγ, Aγ, RSA, Xmn-I: 60C for 1 minute 

 Extension:   72C for 1 minute 30 seconds 

Enzyme digestion 

1. Take 1 µl of the restriction enzyme in 4 µl of reaction 

buffer in a 0.2 ml PCR tube. 

2. Add 5 µl of the amplified product to the enzyme 

buffer mix and incubated at 37oC overnight. 

Electrophoresis 

The enzyme digested amplified products are separated on 2% 

agarose gel run for 45 minutes at 150 volts or 6% mini-

polyacrylamide gel for 30 minutes at 150 volts. The agarose gels 

are stained in ethidium bromide while the polyacrylamide gels are 

stained in 0.1% silver nitrate. 

The results of genotyping at an SNP recognized by restriction 

enzyme Hinc-II in a couple with an affected child are shown in 

Figure 14.5. 

Testing for maternal contamination in CVS 

Maternal tissue in a CVS can be a potential source of error in 

prenatal diagnosis. Since the mother is a carrier of β-

thalassaemia she has the mutant and the normal alleles. A 

significant contamination of CVS by maternal tissue can make a 

normal or a homozygous fetal result to appear as thalassaemia 

trait. 

1. If the parents have the same mutation and the fetal 

diagnosis is “normal” or “homozygous (thalassaemia 

major)” maternal contamination is ruled out. 

2. If the parents have two different mutations and the 

mother’s mutation is not present in the CVS, maternal 

contamination is ruled out. 
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Figure 14.5. (A) Ethidium bromide stained agarose gel electrophoresis 

of Hinc-II digested fragments of β-globin gene. Father and the mother 

have -/+ genotype. The affected child of the couple has +/+ genotype 

indicating that the chromosome carrying the “+” sites in the father and 

the mother have the β-thalassaemia mutation. The fetal DNA has -/- 

genotype indicating that the fetus is unaffected by β-thalassaemia. 

 

3. If the parents have the same mutation and the fetal 

diagnosis is “heterozygous (thalassaemia trait)” 

maternal contamination cannot be ruled out. 

4. Meticulous cleaning of the CVS can safeguard against 

any errors due to maternal contamination. In a doubtful 

case short tandem repeat (STR) analysis can be done 

to test for maternal contamination. 

a. The CVS and the mother’s DNA are run for the 

STR loci (markers). An STR marker is called 

“informative” when its alleles can distinguish 

between the maternal and the fetal DNA. 
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b. At the D21S11 locus the following result indicates 

no maternal contamination: 

Mother:   Alleles 28,29 

CVS (fetus): Alleles 28,31 

c. At D21S11 locus the following result indicates 

maternal contamination. 

Mother:   Alleles 28,29 

CVS (fetus): Alleles 28,31(29) 

d. The STR locus D21S11 is often used because of 

its high degree of polymorphism. However, this 

marker can give a false positive result if the fetus 

has trisomy 21. 

PCR for -3.7 and -4.2 detection 

The -globin genes are difficult to amplify because these have 

several secondary structures that can be undone by adding 

special ingredients in the PCR buffer. A strategy for PCR based 

detection of -thalassaemia -3.7 kb and -4.2 kb deletions is 

described in Figure 14.6. The primers and their sequences are 

shown in Table 14.5. In the normal -genes the primers A+B are 

far apart and cannot amplify. The -3.7 deletion brings the two 

primers sufficiently close for the amplification to take place. In 

the absence of the -3.7 deletion the primers A+C amplify the 

normal sequence.  A similar approach is used for the -4.2 

deletion. The primers D+E amplify the abnormal fragment if 

present, and D+F amplify the normal sequence. 

PCR conditions 

PCR buffer for the amplification of α-globin genes contains 67 mM 

Tris-HCl, pH 8.8; 16.6 mM ammonium sulphate, 0.10 mg/ml 

Bovine Serum Albumin, 10 mM -mercaptoethanol, 4.0 mM 
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MgCl2, 10% DMSO, 200 µM dNTPs, and 2.0 units of a high quality 

Taq polymerase (AmpliTaq Gold, Life Technologies, USA). 

 

 

Figure 14.6. Strategy for the amplification of -thalassaemia-2 

deletions. The red and the dark blue boxes indicate the extent of the -

3.7 kb and the -4.2 kb deletions respectively. The primers A and C 

amplify a control fragment whereas primers A and B amplify only when 

the -3.7 kb deletion is present. Similarly, the primers D and F amply a 

control fragment while the primers D and E amplify a fragment only 

when the -4.2 kb deletion is present. 

 

Table 14.5. The primer sequences and the concentrations per reaction 

for detection of the  thalassaemia deletions. 

Primer ID Sequence Concentration  

A: 5’-CTTTCCCTACCCAGAGCCAGGTT 25 pmol/reaction 

B: 5’-CCCATGCTGGCACGTTTCTGAGG 25 pmol/reaction 

C: 5’-CCATTGTTGGCACATTCCGGGACA 25 pmol/reaction 

D: 5’-CCTTCCTCTCACTTGGCCCTGAG 20 pmol/reaction 

E: 5’-CCCTGGGTGTCCAGGAGCAAGCC 15 pmol/reaction 

F: 5’-CGCCTCCCTGGACAAGTT 15 pmol/reaction 

 

PCR for the normal and the mutant -3.7 kb alleles is carried out 

in two different tubes because the amplified product under both 

conditions is of the same size, and therefore, cannot be separated 

by gel electrophoresis. For the -4.2 kb deletion both of the 



Genetic Analysis 

211 

reactions are done in the same tube, as the amplified products 

considerably differ in size. The thermal cycling consists of 25 

cycles each of denaturation at 94oC for 1 minute, primer 

annealing at 60oC for 1 minute and extension reaction at 72oC for 

3 minutes. The extension in the last cycle is prolonged to 8 

minutes. At the end of the PCR the amplified products are 

separated on 2% agarose gel. 

PCR for δβ-thalassaemia 

The mutation detection strategy for inv/del G(A)o is shown in 

Figure 14.7. The primer sequences are given in Table 14.6. The 

primers B & C amplify 665 bp fragment of the normal γδ-genes. 

The inv/del G(A)o mutation brings the primers A & C target 

sequences in line and sufficiently close to allow amplification of a 

371 bp fragment of the γδ-genes. The heterozygotes show a 

normal 665 bp and an abnormal 371 bp fragment. The 

homozygotes show only the abnormal 371 bp fragment while the 

normal 665 bp fragment is absent. 

 

Figure 14.7. PCR screening strategy for the inv/del G(A)o mutation. 

 

Table 14.6. The PCR Primers for the detection of inv/del G(A)o 

mutation. 

Primer ID Sequence Concentration  

A: 5’-GAGCTGAAGAAAATCATGTGTGA 10 pmol/reaction 

B: 5’-CAATGTATCATGCCTTTTGCAC 10 pmol/reaction 

C: 5’-GCAGCCTCACCTTCTTTCATGG 10 pmol/reaction 
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PCR conditions 

PCR is carried out in a 25l reaction mixture containing 10 pM of 

each primer, 0.5 units of Taq polymerase, 30 mM of each dNTP, 

10 mM Tris HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl2, 100 mg/ml 

gelatine and ~300 ng of DNA. The thermal cycling comprises 30 

cycles of denaturation at 94oC for 1 minute, primer annealing at 

60oC for 1 minute, and extension at 72oC for 1 minute. The PCR 

amplified products are run on 6% mini-polyacrylamide gels at 

150V for 40 minutes. The gels are stained by silver nitrate. 

Low cost DNA lab 

PCR is done on an automated DNA thermal cycler. The other 

essential equipment used in a DNA lab includes micro-centrifuge, 

heating block, and gel electrophoresis system. Keeping in view 

the cost constraints the essential equipment for PCR, including 

DNA thermal Cycler, PCR Reader, Heating Block, PAGE System, 

DC Power Supply, and Micro-centrifuge, was developed at the 

Genetic Technology Instrumentation (GTI) division of the 

Genetics Resource Centre (Figure 14.8). 

The GTI-16 DNA thermal cycler has a 16 well format with real 

time graphic LCD display. It is programmable with a capacity to 

store 100 PCR programmes. The instrument has been extensively 

validated for all types of PCR applications. 

The GTI-PCR Reader-G is a unique fluorometer that is designed 

for endpoint analysis of FAM labelled PCR products. The 

fluorescence is measured through a data acquisition software 

installed on a computer. The instrument has been validated for 

qualitative and semi-quantitative endpoint analysis of PCR 

products amplified by the TaqMan® probe based chemistry. 

A DNA lab equipped with the GTI equipment was established at 

Fatimid Thalassaemia Centre Karachi in 2014 (Figure 14.9). The 

lab is providing regular service for prenatal diagnosis. 
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Figure 14.8. Low cost PCR equipment developed at the Genetic 

Technology Instrumentation (GTI) division of the Genetics Resource 

Centre (GRC), Rawalpindi, Pakistan. 

 

 

 

Figure 14.9. A lab for prenatal diagnosis of thalassaemia, equipped 

with the GTI equipment, was established at the Fatimid Thalassaemia 

Centre Karachi in 2014. 

 

 

 



Genetic Analysis 

214 

Bibliography 

1. Ahmed S and Anwar M (2005) Xmn-I Gγ-polymorphism in six unrelated 

Pakistani families with Inv/Del G(A)o -thalassaemia. Am J Haematol 

80: 303-305. 

2. Ahmed S, Petrou M, Saleem M (1996) Molecular genetics of -thalassaemia 

in Pakistan: a basis for prenatal diagnosis. Br J Haematol 94: 476-481. 

3. Ahmed S, Saleem M, Petrou M, Sultana N, Raashid Y, Waqar A, et al (2000) 

Prenatal diagnosis of -thalassaemia in Pakistan: experience in a Muslim 

country. Prenatal Diagnosis 20: 378-383. 

4. Baysal E and Huisman THJ (1994) Detection of common deletional -

thalassaemia-2 determinants by PCR. Am J Haematol 46: 208-213. 

5. Craig JE, Barnetson RA, Prior J, Raven JL, Thein SL (1994) Rapid detection 

of deletions causing delta beta thalassemia and hereditary persistence of 

fetal hemoglobin by enzymatic amplification. Blood 83: 1673-1682. 

6. den Dunnen JT, Dalgleish R, Maglott DR, Hart RK, Greenblatt MS, McGowan-

Jordan J, Roux A, Smith T, Antonarakis SE, Taschner PEM (2016) HGVS 

Recommendations for the Description of Sequence Variants: 2016 Update. 

Hum Mutation 37 (6)): 564–569. 

7. Hussain A, Ahmed S, Ali N, Malik AS, Anees M, Chaudhry AH, Ahmed P 

(2017) Rare β-globin gene mutations in Pakistan. Hemoglobin 41: 100-103 

doi. 10.1080/03630269.2017.1339612 

8. Naeem MA, Ahmed S, Khan SA (2018) Detection of asymptomatic carriers 
of malaria in Kohat district of Pakistan. Malar J 17:44 

doi.org/10.1186/s12936-018-2191-y 

9. Varawalla NY, Fitchies AC, Old JM (1992) Analysis of -globin haplotypes in 

Asian Indians: origin and spread of -thalassaemia on the Indian 

subcontinent. Hum Genet 90: 443-449. 


