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Chapter 1 
 

Introduction 
 
Hemoglobinopathies constitute a major health problem worldwide, with a 
high carrier frequency, particularly in certain regions where malaria has been 
endemic. These disorders are characterized by a vast clinical and 
hematological phenotypic heterogeneity. Over 1,200 different genetic 
alterations that affect the DNA sequence of the human α-like (HBZ, HBA2, 
HBA1, and HBQ1) and β-like (HBE1, HBG2, HBG1, HBD, and HBB) 
globin genes are mainly responsible for the observed clinical heterogeneity. 
These mutations, together with detailed information about the resulting 
phenotype, are documented in the globin locus-specific HbVar database 
(Molchanova T.P., and T.H.J. Huisman: Human hemoglobin variants: a gene 
spesific database-HUGO Mutation Database MeetingSan Francisco, 
October, 1996;  Chui,D.H., Hardison,R., Riemer,C., Miller,W., Carver,M.F., 
Molchanova,T.P., Efremov,G.D., and Huisman,T.H. (1998). An electronic 
database of human hemoglobin variants on the World Wide Web. Blood 91, 
2643-2644. Hardison,R.C., Chui,D.H., Riemer,C.R., Miller,W., 
Carver,M.F., Molchanova,T.P., Efremov,G.D., and Huisman,T.H. (1998). 
Access to a syllabus of human hemoglobin variants (1996) via the World 
Wide Web. Hemoglobin 22, 113-127.). Family studies and comprehensive 
hematological analyses provide useful insights for accurately diagnosing 
thalassemia at the DNA level. For this purpose, numerous techniques can 
provide accurate, rapid, and cost-effective identification of the underlying 
genetic defect in affected individuals. 
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Chapter 2 
 
 
 

THE SCHEME OF THE DNA  IDENTIFICATION  OF  HUMAN  HB  VARIANTS 
    
 

Preparation of genomic DNA from human blood 
���� 

Amplification of globin gene of interest 
���� 

Control of PCR specificity by agarose gel run 
���� 

Brief purification of amplified fragment for 
sequencing 

���� 
Sequencing reactions using amplified fragment as a 

template and internal primers 
���� 

Sequencing gel electrophoresis 
���� 

Autoradiography and reading the sequence 
���� 

Mutation 
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Chapter 3 
 
 

Preparation of genomic DNA from human blood 
 

 
Description 
This method that developed by Ponz et al (Hemoglobin, 6:27, 1982) is based on lysis of 
washed RBC , digestion of  the  proteins of the  WBC nucleus with Proteinase K , followed 
by extraction of digested proteins with phenol. This method yields DNA with size 100-150 
kb, whose quality is adequate for PCR and sequencing. This procedure allows for the 
preparation of 20-30 samples simultaneously. 
 
Time required 
2 days 
 
Special equipment 
 
Centrifuge ( 40C) 
Adams Nutator (Clay Adams, Becton, Dickinson and Company, Parsippany, N.J., 07054, 
USA ) 
Microcentrifuge Model 235C 
Thermostat at 370C 
 
Reagents 
 
5x Isotonic saline stock solution 
0.7 M NaCl                    40.9 g 
0.025 M KCl                  1.85 g 
0.035 M MgCl2x6H2O     7.1 g 
H2O       till 1 L (here and below: firstly add water less than needed volume, adjust pH, then 
add water till needed volume) 
pH 7.4 
 
Lysing solution ( fresh prepared ) 
131 mM NH4Cl           7.14 g 
0.9 mM NH4HCO3      0.07 g 
H2O       till 1 L 
pH 6.5 
 
STE buffer 
0.1 M NaCl               5.84 g 
0.05 M Tris               6.06 g 
1 mM EDTA             0.372 g 
H2O       till 1 L 
Adjust pH to 7.4 with 2N HCl 
 
Proteinase K Type XVIII, "Sigma", USA . Solution of the   20 mg/ml in H20. Store at -200C 
 
20%  Sodium Dodecyl Sulfate ( SDS ). Store at room temperature. 
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Phenol saturated with 1 M Tris-HCl pH 8.5 
Phenol             500 ml 
1 M Tris-HCl      500 ml 
Mix, leave at room temperature 30 minutes, then remove top layer.  Add 0.1M Tris-HCl pH 
8.5   buffer till 1L, mix, leave for 30 min at room temperature ,remove top layer. . Repeat 
last step three times. Store at 40C 
 
 
8 M CH3COONH4 Solution 
Mix 15.4 g CH3COONH4  and  H2O  till 25 ml. Store at room temperature. 
 
TE Buffer 
10 mM Tris              1.21 g 
1 mM Na2EDTA       0.372 g 
H2O            till 1 L 
Adjust pH to 7.5 with 1N HCl 
 
Chloroform, Ethanol are commercially available from Fisher Scientific Co. 
 
Methods 
1. Place 2-3 ml of EDTA collected blood in a 15 ml polypropylene tube. Add chilled 1x 
isotonic saline solution till 15 ml. Mix gently by inverting tube. 
2. Centrifuge at 2500 rpm for 5 min at 40C and discard the supernatant plasma by 
aspiration. Do not aspirate buffy coat! The buffy coat is a top white broad band of WBC. 
3. Repeat steps 1-2 twice. 
4. Lyse cells with 5 v of lysing solution for 50-60 min on ice. Mix suspension by inverting 
tube 2-3 times during the lysis. 
5. Centrifuge at 3000 rpm for 15 min at 40C. Transfer the supernatant ( hemolysate ) to a 
new 15-ml tube and store at  - 700C. 
6. Wash pellet twice by lysing solution. Discard the supernatant. 
7. Resuspend pellet in 5 ml of STE buffer. Shake the tube to broke the pellet. Add 125 µµµµl of 
20% SDS and 25 µµµµl of Proteinase K  ( 20 mg/ml solution ) . Mix gently. 
8. Place the tube into thermostat at 370C for 15 hr. Then add additional 25 µµµµl of Proteinase 
K and incubate 1-2 hr. 
9. Extract solution with 5 ml of phenol equilibrated with 0.1M Tris-HCl pH 8.5 and mix 
gently the two phases at room temperature for 20-30 min using the Nutator. 
10. Separate the two phases by centrifugation at 3000 rpm for 15 min at room temperature. 
11. Transfer the viscous aqueous phase to a new 15-ml tube with Pipetman P-1000 using 
cut off tip and repeat the extraction with phenol. 
12. To the aqueous phase, add 5 ml of chloroform and mix gently the two phases at room 
temperature for 20-30 min by the Nutator. 
13. Separate the two phases by centrifugation at 3000 rpm for 15 min at room temperature. 
14. Transfer the viscous aqueous phase to a new 15-ml tube with Pipetman P-1000 using 
cut off tip. 
15. To the aqueous phase, add 0.7 ml of 8 M ammonium acetate and ethanol till 15 ml (~2 
v) to precipitate DNA. Swirl gently the tube until the solution is throughly mixed.  
Keep for 1 hr at -200C.  
16. Transfer precipitated DNA into 1.5 ml eppendorf with Pipetman P-1000 using cut off tip. 
If the DNA precipitate becomes fragmented collect it by centrifugation at 3000 rpm for 3 
min at room temperatures. 
17. Wash the DNA precipitate twice with 75% ethanol. 
18. Remove carefully ethanol. Air-dry the pellet in the heat block at 370C until the last 
visible traces of ethanol have evaporated (~ 15-30 min). Do not allow the pellet of DNA to 
dry completely; otherwise, it will be very difficult to dissolve DNA pellet! 
19. Dissolve DNA pellet in 200 µµµµl of TE buffer. 
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20. Estimate the concentration of DNA; dilute 5 µµµµl of DNA in 2 ml of H2O. Read O.D. at 260 
nm. Calculate DNA concentration: O.D.260 x 400 ( dilution factor ) x 50 = µµµµg/ml ( A260 =1 = 
50 µµµµg/ml of double-stranded DNA ). Store DNA at 40C. 
 

 
Chapter 4 
 

 DNA identification of α α α α  globin variants 
 
Description 
DNA identification of α  Hb variants is based on sequencing of specifically amplified 
α2 and α1 genes by asymmetric PCR. Amplification is provided with the forward primer that is the 
common for both α2 and α1−  globin genes, while the reverse primers are specific because of 
sequence differences in the 3' flanking regions of the two genes. The PCR products are 785 
bp(α2 ) and 795 bp ( α1 ) long. The sequencing primers for exons 1,2,3 are the same for both α  
globin genes. 
 
 
Specific Reagents 
 
10 % Tween-20 in H2O 
Formamide freshly deionised: mix 0.5 mL formamide with 30 mg AG 501 x 8 ( D ) resin ( Bio-Rad, 
Richmond, CA, USA ); after 30 minutes use the supernatant 
Primers ( Table ) 
Forward primer 1 µM in TE buffer 
Reverse primers 50 µM in TE buffer 
Store at - 20oC 
 
 

Method 
Procedure for PCR 
 Defrose reagents by placing on ice and keep them on ice. 
 
 Set up the reaction mixture  for one DNA sample as follows: 
 
1. Pipet into a 0.5 mL GeneAmp tube  -208.5 µL  H2O 
                                                       - 30 µL  10 x MOPS 
                                                       - 6 µL  5 mM dNTPs 
                                                       - 18 µl   10 % Tween-20 
                                                       - 22.5 µL  Formamide 
                                                       - 6µL  1 µM Forward primer 
                                                        - 3 µL 50 µM Reverse primer α2  or α1 
                                                        −6  µL   0.1-2 µg/µL genomic DNA  
                             Total volume         300 µL 
2. Mix, spin, divide the mixture  as 100 µL in three 0.5 mL GeneAmp tubes, overlay with 50  µL of 
light mineral oil. 
3. Place the tube in the PCR machine and denature the DNA at 99oC  for 7 min. 
4. Reduce the temperature to 850C, and add 2.5 U TaqDNA polymerase ( 0.5 µL ). 
5. Perform the cycling reaction ( use the " Step-Cycle" program ): denaturation for 59 seconds at 
940C plus 1 second\cycle, annealing for 59 seconds at 680C and extension for 90 seconds at 
720C . Repeat for 35 cycles. 
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6. Add 2.5 U TaqDNA polymerase ( 0.5 µL ) after 18th cycle. 
7. Maintain the tube for 7 min at 650C. 
8. Store at 40C. 
 
 

Agarose gel analysis of PCR products 
1. Prepare agarose gel: 2 g agarose suspend in 100 mL of 1 x TBE buffer. Heat until the 
suspension become to the homogeneous solution and cool to about 60-700C. 
2. Prepare the plastic plate and set up the combs. 
3. Pour the warm agarose solution into the mold. Check to see that there are no air bubbles in the 
agarose. 
4. After 40 min remove carefully combs and place the plate with the gel into the electrophoresis 
tank.  Add just enough 1 x TBE buffer to cover the gel. 
5. Take off 7µl of PCR solution avoiding the mineral oil to mix with 1 µl of the gel-loading buffer. 
6. Apply the samples into the wells. 
7. Run electrophoresis for 30-45 min at 80 V. Expected PCR products move between xylene 
cyanol FF and bromophenol blue. 
8. Dilute 2.5 µl of ethidium bromide-stock solution in 50 mL 1 x TBE buffer ( till 0.5 µg/mL ). Stain 
the gel for 10 min.  Wash the  gel with the 1 x TBE buffer 30-60 min.  
9. Ethidium bromide DNA-bands visualized in UV light are detected with Transilluminator ( 312 
nm ) . Photographs of the gel are done using Photo Documentation Hood and Polaroid Film. 
 
 

Purification of Asymmetric PCR  Product for Sequencing  
Remove carefully the mineral oil from each PCR tube. Collect the final PCR product from three 
tubes (100 µL each ) in one 1.5 mL eppendorf tube and precipitate through the addition of 100 µL 
8 M ammonium acetate and 800 µL absolute alcohol. After centrifugation, the precipitate was 
washed twice with 75 % alcohol, dried for 15 min at 37oC, and dissolved in 20 µL of deionized 
water.  

Sequencing 
1.  4 µL of purified  PCR product  use for each sequencing reaction. 
2.  See for sequencing  separate chapter below. 
3. Use for sequencing reading sequencing-reading chart of alpha2- and alpha1-globin genes.  
 

 
HEMOGLOBIN, 18(3), 25 1-255 (1994)  

T. P. Molchanova, D.D. Pobedimskaya, Yu. V. Postnikov  

 

SHORTCOMMUNICATION  
A SIMPLIFIED PROCEDURE FOR SEQUENCING AMPLIFIED DNA  
CONTAINING THE a2- OR al-GLOBIN GENE  

 
Identification of structural changes in a chain variants  
through sequencing of amplified DNA is an attractiv e procedure; it  
not only allows the determination of the amino acid  replacement  
but also identifies the specific a-globin gene (a2 or al) that is  
mutated. A review of the recent literature (mainly the issues of  
the journal Hemoglobin) suggests that some 15 to 20  a chain variant have 
been identified by this approach. Amplification of both  
a-globin genes, however, has been complicated by th eir unusually  
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high GC content (average 60% with peaks as high as 70-80%); such  
segments are known for their thermal stability and for a tendency  
to form secondary structures which interfere with t he annealing of  
the primers, and thus with the extension reaction d uring the 
amplification process.  

To circumvent these complications some investigator  amplify only a small 
segment of the a2- and al-globin genes  
(1,2), while others (3,4) have developed a more com plex approach  
of involving multiple amplifications and a purifica tion of the PCR  
product. Here we would like to present a rather sim ple, one-step  
amplification procedure for either the a2- or the al-globin gene,  
which in our hands has consistently provided a PCR product suitable  
for sequencing of the three exons.  
Amplification was with the primers listed in Table I; the forward primer 
is the same for the two a-globin genes, while the r everse primers are 
specific because of sequence differences in the 3’ flanking regions of 
the two genes. The PCR products are 785 bp (a2) and  795 bp (al) long. 
Amplification was in a Perkin Elmer Cetus (Norwalk,  CT, USA) DNA Thermal 
Cycler. Table II lists the composition of the mixtu re used in this 
process. Formamide was added to decrease the meltin g temperature of the 
GC pairs which increases the efficiency of annealin g of the primers and 
the extension of the PCR product. Tween-20 was usef ul for stabilizing 
the Taq polymerase. Amplification was asiiietrical because the ratio of 
forward primer to reverse primer was 1 to 25.  
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Specific  identifications of the most common variants 
 

Allele-specific amplification ( ASA ) for the identification of  α α α α  variant  -                               
Hb G-Philadelphia [a 68 ( E17 ) Asn-Lys ] 

Description 
ASA is based on the fact that Taq-polymerase is unable to amplify target sequences if one of the 
oligonucleotide primers forms a mismatch at its 3' end. Two primers are required to detect a 
particular mutation, one that is perfectly matched to the normal allele, while the other is non-
complementary to the normal allele at its 3' end but forms a perfect duplex with the mutant 
sequence. Thus, each primer can direct amplification only in an allele-specific mode, yielding one 
polymerase chain reaction ( PCR ) product in one of the two PCR assays when a homozygote is 
studied, and one in each of the assays when DNA from a heterozygote is analyzed ( Postnikov et 
al, 1993 ). 
Hb G-Philadelphia  ( α 68 Asn-Lys ) can be resulted from the mutation in α2  globin gene ( AAC-
>AAA) and also in α2α1 hybrid gene ( AAC->AAG ) ( Molchanova et al, 1994 ).  To detect these 
two mutations in two different α  genes it is necessary to use ASA with two specific sets of 
primers ( Table below).     
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Table         Primers for ASA 
 
Hb variant                                Primers          a              Sequences of primers 
                                                                                   5'-------------------------->3' 
 
G-Philadelphia 
[ α2 ] 68 AAC-->AAA        A-specific, forward      N     GGTGGCCGACGCCCTGACCAAC 
                                     G-specific, forward      M         GGTGGCCGACGCCCCTGACCAARb 

                                     α2 specific, reverse            GGGAGGCCCATCGGGCAGGAGGAAC 
 
G-Philadelphia                 A-specific, forward      N     GGTGGCCGACGCCCTGACCAAC 
                                     G-specific, forward      M       GGTGGCCGACGCCCCTGACCAARb          
[ α2α1 ] 68 AAC-->AAG     α1 specific, reverse           GGGGGGAGGCCCAAGGGGCAAGAA 
aN = normal; M = mutant 
bR = G or A 
 

Method 
Each DNA sample was analyzed in two tubes, one with the normal primer and the second with 
the mutant allele-specific primer. To avoid false-negatives due to ' lapsus manus ', all necessary 
components were premixed in one solution, exept for the the allele-specific primers, the genomic 
DNA and the Taq-polymerase. 
1. Pipet into a 1.5 mL eppendof          75.5 µL H2O 
                                                      10 µL 10 x MOPS 
                                                        1 µL 5 mM dNTPs 
                                                        5 µL Formamide 
                                                      0. 5 µL 100 µM one of the specific reverse primer ( α2  or  α1 ) 
                                                                        Total volume 92 µl 
2. Divide this mixture in two 0.5 mL GeneAmp tubes marked " N " and " M " as 46 µL in each. 
3. Add to tube N 1 µL of  25 µM forward primer-A 
          to tube M 1 µL of 25 µM forward primer-G 
4. Add 1 µL of genomic DNA ( concentration is 0.01--1 µg\µL ) into N and M tubes. Mix, spin, 
overlay with 25 µL of light mineral oil. 
5.Place the tube in the PCR machine and denature the DNA at 99oC  for 7 min. 
6. Dilute 5 U/µL of TaqDNA polymerase as: 0.5 µL Taq, 0.4 µL 10 x MOPS, 3.1 µL H20. 
7. Reduce the temperature to 850C, and add 2 µL of diluted TaqDNA polymerase in each tube. 
8. Perform the cycling reaction ( use the " Step-Cycle" program ): denaturation for 45 seconds at 
950C, annealing for 45 seconds at 600C and extension for 60 seconds at 720C plus 2 
seconds\cycles . Repeat for 30 cycles. 
9. Maintain the tube for 7 min at 650C. 
10. Store at 40C. 
Agarose gel analysis of PCR products  is provided as on the page....Place "N" and "M" PCR 
probes for the same DNA samples in neighboring gel's tracks. Expected  439 bp PCR products 
move slightly slower than bromophenol dye in 2 % Agarose gel. The typical picture of ASA 
identification of Hb G-Philadelphia with the mutations in α2 and α1  is presented in the Fig below. 
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Detection of Hb G-Philadelphia by ASA 

 

 
 
 

Application for new conclusions. 
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Chapter  5 
 

DNA Identification of  ββββ  Globin Variants 
 
Description 
DNA identification of β  Hb variants is based on sequencing of specifically amplified two 
β  fragments by asymmetric PCR. The first fragment 706 bp contain the exons 1 and 2 - and the 
second fragment 1098 bp contain the exon 3 of β  gene . The strategy of PCR and sequencing of 
β  globin gene present in Fig. below. 
 
 

 
 
 

Strategy for PCR of β  globin gene. 
 

FA  β  ( 1,2 )  − forward primer for amplification of β  gene fragment contained exons 1,2. 
FA  β ( 3 )     −  forward primer for amplification of β  gene fragment contain exon 3. 
RA  β  ( 1,2 ) -  reverse  primer for amplification of β  gene fragment contained exons 1,2. 
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RA  β ( 3 ) -    reverse  primer for amplification of β  gene fragment contain exon 3. 
 
 
Specific Reagents 
Primers ( Table  below) 
Forward primer 1 µM in TE buffer 
Reverse primer 100 µM in TE buffer 
Store at - 20 oC 
 

 
 

Table.    Primers for Amplification of  ββββ - gene 
 
 
Primer Location relative to 

the cap site (bp)  
Length 
mer 

Sequence 
5’�-----� 3’ 

Forward primer for 
amplification of β  gene 
fragment contained 
exons 1,2. 

-140 -> -116 25 GCCAAGGACAGGTACGGCTGTCATC 

Reverse  primer for 
amplification of β  gene 
fragment contained 
exons 1,2 

+540 -> +566 27 CCCTTCCTATGACATGAACTTAACCAT 

Forward primer for 
amplification of β  gene 
fragment contain exon 3 

+617 -> +634 18 CAGTGTGGAAGTCTCAGG 

Reverse  primer for 
amplification of β  gene 
fragment contain exon 3 

+1690 -> 1715 26 ATTTTCCCAAGGTTTGAACTAGCTCT 

 
 
 
 
 

General Method (see applications also) 
Procedure for PCR 
Defroze reagents by placing on ice and keep them on ice. 
 Set up the reaction mixture for one DNA sample as follows: 
1. Pipet into a 0.5 mL GeneAmp tube  -253.5 µL  H2O 
                                                       - 30 µL  10 x MOPS 
                                                       - 6 µL  5 mM dNTPs 
                                                      -  3 µL  1 µM Forward primer a: FAβ(1,2) b: FAβ(3) 
                                                       - 1.5 µL 100 µM Reverse primer a: RAβ(1,2) b: RAβ(3) 
                                                        -6 µL 0.1-2 µg/µL genomic DNA 
                      Total volume              300 µL                                          
Use pair of forward (a) and reverse (a) primers for PCR of β fragment contained exons1,2, and 
pair of forward (b) and reverse (b) primers for PCR of β fragment contained exon 3. 
2. Mix, spin, divide the mixture  as 100 µL in three 0.5 mL GeneAmp tubes, overlay with 50 µL of 
light mineral oil. 
3. Place the tube in the PCR machine and denature the DNA at 99oC  for 7 min. 
4. Reduce the temperature to 850C, and add 2.5 U TaqDNA polymerase (0.5 µL ). 
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5. Perform the cycling reaction (use the " Step-Cycle" program ): denaturation for 60 seconds at 
940C, annealing for 60 seconds at 560C and extension for 120 seconds at 720C plus 1 sec/cycle . 
Repeat for 33 cycles. 
6. Maintain the tube for 7 min at 650C. 
8. Store at 40C. 
 

Agarose gel analysis of PCR products 
1. Prepare agarose gel: 2 g agarose suspend in 100 mL of 1 x TBE buffer. Heat until the 
suspension become to the homogeneous solution and cool to about 60-700C. 
2. Prepare the plastic plate and set up the combs. 
3. Pour the warm agarose solution into the mold. Check to see that there are no air bubbles in the 
agarose. 
4. After 40 min remove carefully combs and place the plate with the gel into the electrophoresis 
tank.  Add just enough 1 x TBE buffer to cover the gel. 
5. Take off 7µl of PCR solution avoiding the mineral oil to mix with 1 µl of the gel-loading buffer. 
6. Apply the samples into the wells. 
7. Run electrophoresis for 30-45 min at 80 V. Expected PCR products move between  xylene 
cyanol FF and bromophenol blue. 
8. Dilute 2.5 µl of ethidium bromide-stock solution in 50 mL 1 x TBE buffer ( till 0.5 µg/mL ). Stain 
the gel for  10 min  Wash the  gel with the 1 x TBE buffer 30-60 min.  
9. Ethidium bromide DNA-bands visualized in UV light are detected with Transilluminator ( 312 
nm ) . Photographs of the gel are done using Photo Documentation Hood  and Polaroid Film . 
 

Purification of Asymmetric PCR  Product for Sequencing  
Remove carefully the mineral oil from each PCR tube. Collect the final PCR product from three 
tubes (100 µL each ) in one 1.5 mL eppendorf tube and precipitate through the addition of 100 µL 
8 M ammonium acetate and 800 µL absolute alcohol. After centrifugation, the precipitate was 
washed twice with 75 % alcohol, dried for 15 min at 37oC, and dissolved in 20 µL of deionized 
water.  
 

Sequencing 
1.  4 µL of purified  PCR product  use for each sequencing reaction. 
2.  See for sequencing  Chapter 8. 
3. Use for sequencing reading sequencing-reading chart of beta-globin gene (Chapter    ). 
 
 

 
Applications 
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 Identification of the most common Hb variants 
with the Allele - Specific  Amplification (A S A ) of globin gene fragments 

 
 
Description 
ASA is based on the fact that Taq-polymerase is unable to amplify target sequences if one of the 
oligonucleotide primers forms a mismatch at its 3' end. Two primers are required to detect a 
particular mutation, one that is perfectly matched to the normal allele, while the other is non-
complementary to the normal allele at its 3' end but forms a perfect duplex with the mutant 
sequence. Thus, each primer can direct amplification only in an allele-specific mode, yielding one 
polymerase chain reaction ( PCR ) product in one of the two PCR assays when a homozygote is 
studied, and one in each of the assays when DNA from a heterozygote is analyzed  ( Scheme          
) ( Postnikov et al, 1993 ). 
 
                  "N" - TUBE                                                        "M" - TUBE 
 
 
Normal allele 5'------------------------o--------3'      Normal allele 5'---------------------------o------------3' 
                       ----> ...............<-----                                 ---->                     /---- 
                       3'  5'   <--Taq          3'    5'                                           3'   5'                            3'  5' 
                                              normal primer                                                                                                            mutant primer                                                  
                                              match                                                       mismatch 
 
 
Mutant allele 5'-------------------------*-------3'      Mutant allele 5'-----------------------------*----------3' 
                       ---->                 /-----                                 --->........................<--- 
                      3'   5'                        3'   5'                                           3'  5'     <--Taq                 3'   5' 
                                                             normal primer                                                                                                             mutant primer 

                                             mismatch                                                       match 
                                   �                                                                � 
 
                               P C R                                                              P C R 
                       I-----------------------------I                                    I-----------------------------I 
                       
                       One fragment from                                        One fragment from 
                       normal  allele                                                mutant  allele                   
 

                                   +                                                   + 
 
 
Scheme  Principle of the Allele - Specific Amplification ( A S A ) for the point mutation                                                      
identification in heterozygotes using common forward primer and two specific .                                     
reverse primer in the two different tubes: "N"- normal ( set of common forward and reverse 
normal primers ), "M"- mutant ( set of common forward and reverse mutant primers). 
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General Method for the Allele-Specific PCR. 
Each DNA sample was analyzed in two tubes, one with the normal primer and the second with 
the mutant allele-specific primer. To avoid false-negatives due to ' lapsus manus ', all necessary 
components were premixed in one solution, except for the the allele-specific primers, the genomic 
DNA and the Taq-polymerase. 
a.  ASA procedure for Hb S, HbE and Hb C 
1. Pipet into a 1.5 mL eppendorf                     74 µL H2O 
                                                                    10 µL 10 x MOPS 
                                                                     1 µL 5 mM dNTPs 
                                                                      5 µL Formamide 
                                                                      2 µL 25 µM of the common forward primer 
                                                                      Total volume 92 µL 
2. Divide this mixture in two  0.5 mL GeneAmp tubes marked "N" and "M" as 46 µL in each. 
3. Add  to the tube "N "1 µL of 25 µM  A-specific  reverse "N"-primer 
           to the tube" M" 1 µL of 25 µM  X-specific reverse  " M"-primer ( X = S or C or E ) 
4. Add 1 µL of genomic DNA ( concentration is 0.01--1 µg\µL ) into "N" and "M" tubes. Mix, spin, 
overlay with 25 µL of light mineral oil. 
5.Place the tube in the PCR machine and denature the DNA at 99oC  for 7 min. 
6. Dilute 5 U/µL of TaqDNA polymerase as: 0.5 µL Taq, 0.4 µL 10 x MOPS, 3.1 µL H20. 
7. Reduce the temperature to 850C, and add 2 µL of diluted TaqDNA polymerase in each tube. 
8. Perform the cycling reaction ( use the " Step-Cycle" program ): denaturation for 45 seconds at 
950C, annealing for 45 seconds at 680C and extension for 35 seconds at 720C plus 1 
seconds\cycles . Repeat for 30 cycles. 
9. Maintain the tube for 7 min at 650C. 
10. Store at 40C. 
 
b.  Multiplex ASA assays for the differential detection of Hbs C and E were carried with three 
primers in each tube: a common  non-specific forward primer and two specific reverse primers for 
normal alleles (N ), and the same common non-specific forward primer and two specific reverse 
primers for the mutant alleles (M ). 
1. Pipet into a 1.5 mL eppendorf                     72 µL H2O 
                                                                    10 µL 10 x MOPS 
                                                                     1 µL 5 mM dNTPs 
                                                                      5 µL Formamide 
                                                                      4 µL 25 µM of the common forward primer 
                                                                      Total volume 92 µL 
2. Divide this mixture in two  0.5 mL GeneAmp tubes marked "N" and "M" as 46 µL in each. 
3. Add to the tube "N " 0.8 µL of 25 µM  A-specific  reverse "N"-primer for Hb C 
                                  1.2 µL of 25 µL   A-specific  reverse  "N"-primer for Hb E 
            to the tube" M" 0.8 µL of 25 µM  C-specific reverse  " M"-primer 
                                  1.2 µL of 25 µM  E-specific reverse  " M"-primer 
4. Add 1 µL of genomic DNA ( concentration is 0.01--1 µg\µL ) into "N" and "M" tubes. Mix, spin, 
overlay with 25 µL of light mineral oil. 
5.Place the tube in the PCR machine and denature the DNA at 99oC  for 7 min. 
6. Dilute 5 U/µL of TaqDNA polymerase as: 0.5 µL Taq, 0.4 µL 10 x MOPS, 3.1 µL H20. 
7. Reduce the temperature to 850C, and add 2 µL of diluted TaqDNA polymerase in each tube. 
8. Perform the cycling reaction ( use the " Step-Cycle" program ): denaturation for 45 seconds at 
950C, annealing for 45 seconds at 680C and extension for 35 seconds at 720C plus 1 
seconds\cycles . Repeat for 30 cycles. 
9. Maintain the tube for 7 min at 650C. 
10. Store at 40C. 
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c.  ASA procedure for  Hb D-Los Angeles and Hb O-Arab 
 
1. Pipet into a 1.5 mL eppendorf                     79 µL H2O 
                                                                       10 µL 10 x MOPS 
                                                                        1 µL 5 mM dNTPs 
                                                                        2 µL 25 µM  non-specific reverse primer 
                                                                         Total volume 92 µL 
                                                                      
                                                                      
2. Divide this mixture in two  0.5 mL GeneAmp tubes marked "N" and "M" as 46 µL in each. 
3. Add to the tube "N " 1 µL of 25 µM  A-specific  forward "N"-primer 
           to the tube" M" 1 µL of 25 µM  X-specific forward  " M"-primer ( X = O or D ) 
                                   
4. Add 1 µL of genomic DNA ( concentration is 0.01--1 µg\µL ) into "N" and "M" tubes. Mix, spin, 
overlay with 25 µL of light mineral oil. 
5.Place the tube in the PCR machine and denature the DNA at 99oC  for 7 min. 
6. Dilute 5 U/µL of TaqDNA polymerase as: 0.5 µL Taq, 0.4 µL 10 x MOPS, 3.1 µL H20. 
7. Reduce the temperature to 850C, and add 2 µL of diluted TaqDNA polymerase in each tube. 
8. Perform the cycling reaction ( use the " Step-Cycle" program ): denaturation for 45 seconds at 
950C, annealing for 45 seconds at 640C for Hb O-Arab and 65o C for Hb D-Los Angeles; 
extension for 40 seconds at 720C plus 1 seconds\cycles . Repeat for 30 cycles. 
9. Maintain the tube for 7 min at 650C. 
10. Store at 40C. 
 
Agarose gel analysis of PCR products  is provided as on the page...   .Place "N" and "M" PCR 
probes for the same DNA samples in neighboring gel's tracks. Expected PCR products 
moveslightly slower than bromophenol dye in 2 % Agarose ge. 
Please, see original publication above.  
 
 

The next chapters are following; 
DNA Identification of  γγγγ  Globin Variants 
DNA Identification of  δδδδ    Globin Variants 
Primers and Sequencing with the Sanger dideoxy-mediated 
chain-termination method. 
 
 
 
 
 

 
 

 
 
 
 
 
 
 




