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Chapter I. Genetic Information 
 

There has been a growing recognition of the influence of genetic factors in human disease. 

The appreciation of the importance of inherited components of common diseases, 

congenital malformations, and cancer has increased substantially in recent years. At the 

same time, revolutionary developments have occurred in the basic science of genetics. 

Major efforts have focused on the application of molecular genetics to understanding 

heritable disease, and extraordinary progress has been made to use these advances in the 

practice of medicine. The approaches to diagnosis, genetic counseling, and screening of 

individuals at risk for genetic disease have been revolutionized by the application of 

molecular genetics. 

 

The scope of molecular genetics extends from the structure of genes to the functioning of 

their products in a cell. This field is dominated by powerful and rapidly changing 

technology involving the manipulation of DNA, RNA, and protein, resulting in a constant 

interchange between new insights in basic science and application to medical problems. A 

fundamental goal of molecular genetics is to identify a heritable disease at the level of the 

affected gene and to chemically define the precise mutation. Once the mutation has been 

identified, efforts are made to understand what impact it has on the functioning of the cell, 

tissue, organ, and organism. The mutation is traced from DNA to the corresponding RNA 

copies of the gene, to the protein translated from the RNA. Studies at this level of the 

effects of mutations generally provide novel insights into the biologic design of the normal 

cellular constituents. 

 

In this laboratory activity it is expected that students can improve their understanding on 

genetic information and implement it in clinical setting using clinical problem of a major 

thalassemic patient. Some techniques in molecular biology will also be practiced and 

introduced to give the students more insight into the advancement of biomolecular 

technology. 
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Clinical problem 

Case Title: Major Thalasemia 

This is a routine visit for Tata Semia, a 5 years young boy, to Thalassemia Clinic, Hasan 

Sadikin General Hospital, for routine blood transfusion.  

History of present illness: 

At six month of age, Tata was noted to have major thalassemia and had to get blood 

transfusion weekly to overcome his anemia.  

Past medical history: 

Six months after he was born in a normal delivery with the birth weight of 3050 g, his 

parents observed that their baby getting pale, and brought him to a pediatrician. From the 

examination it was found that Tata was suffering from major thalassemia. Since then, Tata 

had to follow routine blood transfusion at Thalassemia Clinic, Hasan Sadikin General 

Hospital. First he received blood transfusion every two weeks, but due to his anemia which 

getting more severe, Tata has now to visit the clinic twice in a week for blood transfusion.  

Family history 

Tata is the second child in his family. His sister doesn’t show any sign of thalassemia. 

From his parents it was noted that there is a family member from both side who has a 

similar health problem like Tata has. 

Physical examination 

Weight: 13.5 kg; Height: 100.5 cm 

Pulse: 112 bpm. Respiration: 24/min.  

He presents as a week and pale boy who looks older than his age, due to darker skin at 

some parts of his body and a typical Cooley face due to widen bone face.  

HEENT: anemic conjunctiva and slight jaundice sclera 
Heart: Cardiomegali 
Lung: Clear to auscultation and resonant to percussion over all fields 
Abdomen: Clearly enlarge with the liver was slightly tender 4 cm below costal margin and 
the spleen was palpable for Schoeffner IV  
Extremities: thin, with wasted musculature  
Skin: dark on several parts of the body  
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Laboratory Patient    Normal 

Hb (g/dl) 5    11,5 – 15,5 

Hemoglobin A2 (%) 6    1,5 - 3  

Hemoglobin F (%) 92    < 2 

Bilirubin (mg%) 4    0,2 - 1  

Urine analysis 

Bilirubin 2+    Negative 

Peripheral blood smear showed marked heavy poikilocytosis, hypochromic, 

microcytosis, target cell, and nucleated red blood cells. 

Course: 

In spites of getting routine blood transfusion, Tata also receives chelating agent to reduce 

the effect of hemosiderosis. The doctor prescribes multivitamin supplementation daily. 

From the genetic screening it was found that both his parents are carriers for -

thalassemia with type of IVS I nt 5, so that Tata has mutation in beta globin chain with 

homozygote form of IVS I nt 5. The result of DNA analysis using ARMS-PCR from Tata 

can be seen on line 5 in the following figure.  

      1    2    3     4    5     6   7    8    9    10  11  12   

  443 pb 
  267 pb 
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Overview thalassemia 

 

The thalassemias are hereditary disorders characterized by reduction in the synthesis of 

globin chains (alpha or beta). Reduced globin chain synthesis causes reduced hemoglobin 

synthesis and eventually produces a hypochromic microcytic anemia because of defective 

hemoglobinization of red blood cells. Thalassemias can be considered among the 

hypoproliferative anemia, the hemolytic anemia, and the anemia related to abnormal 

hemoglobin, since all of these factors may play a role. 

 

The thalassemia is genetic defects in the coordinated synthesis of - and -globin peptide 

chains; a deficiency of  chains is termed -thalessemia while a deficiency of  chains is 

termed -thalassemia. Patients suffering from either of these conditions present with 

anemia at about 6 months of age as HbF synthesis ceases and HbA synthesis would 

become predominant. The severity of symptoms leads to the classification of the disease 

into either thalassemia major, where a severe deficiency of globin synthesis occurs, or 

thalassemia minor, represents a less severe imbalance. Occasionally, an intermediate form 

is seen. Therapy for thalassemia major involves frequent transfusions, leading to risk of 

complications from iron overload. Unless chelation therapy is successful, the deposition of 

iron in peripheral tissues, termed hemosiderosis, can lead to death before adulthood. 

Carriers of the disease usually have thalassemia minor, involving mild anemia. 

Ethnographically, the disease is common in persons of Mediterranean, Arabian, and East 

Asian descent. As is the case for sickle cell anemia (HbS) and glucose 6-phosphate 

dehydrogenase deficiency, the abnormality of the carrier’ erythrocytes afford some 

protection from malaria. Maps of the regions where one or another of these diseases is 

frequent in the native population superimpose over the areas of the world where malaria is 

endemic.  

-thalassemia is usually due to a genetic deletion, which can occur because the -globin 

genes are duplicated; unequal crossing over between adjacent  alleles apparently has led 

to the loss of one or more loci. In contrast, -thalassemia can result from a wide variety of 

mutations. Known events include mutations leading to frameshifts in the -globin coding 

sequence, as well as mutations leading to premature termination of peptide synthesis. Many 

-thalassemia result from mutations affecting the biosynthesis of -globin mRNA. Genetic 
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defects are known that affect the promoter of the gene, leading to inefficient transcription. 

Other mutation results in aberrant processing of the nascent transcript, either during 

splicing out of the two introns from the transcript or during polyadenylation of the mRNA 

precursor. 

 

If a fetus is suspected of being thalassemic because of its genetic background, recombinant 

DNA techniques can be used to determine if one or more globin genes are missing from its 

genome. Fetal DNA can easily be obtained (in relatively small quantities) from amniotic 

fluid cells aspirated early during the second trimester of pregnancy. Regions of interest are 

amplified from the fetal DNA by polymerase chain reactions and digested with restriction 

enzymes that divide the globin genes among restrictions fragments of several hundred to 

2000 base pairs. These fragments are separated by electrophoresis through an agarose gel 

and hybridized with radioactive cDNA for - and/or -globin using the Southern blot 

technique. If one or more globin genes are missing, the corresponding restriction fragment 

will not be detected or its hybridization to the radio active cDNA probe will be reduced (in 

the case when only one of two diploid genes is absent). 

 

Diagnosis of genetic disorders 

 

With knowledge of the nature of mutations available at the DNA level, diagnosis of 

mutation is aimed at direct examination of an individual’s DNA. Diagnosis can now be 

achieved by examination of the DNA from a single cell, and almost any cell from an 

individual can suffice. Although our diagnostic possibilities still exceed our therapeutic 

capabilities, molecular genetics promises the treatment of disease through direct correction 

of a mutation at the DNA level. In some cases, a gene can be corrected in a somatic cell by 

replacement with a normal or modified gene into the germ-line of an animal has been 

accomplished. One portion of this chapter reviews certain essential facts that provide an 

understanding of how our genetic equipment is organized; another discusses applications 

that have an impact on this study of human disease. 

 

The most striking advantage of the diagnosis of genetic disease through the molecular 

genetic approach is that a gene can be identified through examination of the DNA from 

almost any cell of a patient. The cell can be obtained at any time in the life of the 
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individual. Frequently, whole blood is used as a source of DNA, coming from the 

nucleated cells present in the circulation. Alternatively, buccal elpithelial cells, cells shed 

from the urinary tract, and even a single sperm can serve as a source for DNA to be 

examined. In prenatal diagnosis, chronic villus sampling can be used, or amniocytes can be 

obtained from amniocentesis. Rare fetal cells in the maternal circulation also can be 

isolated, providing a noninvasive access to fetal DNA. In combination with in vitro 

fertilization, a cell can be dissected from the cultured human embryo (without apparent 

harm!) and used for diagnosis before implantation. 

 

Diagnosis of genetic disorder can be accomplished by either the direct approach or the 

indirect approach. In the direct approach, we examine a gene for mutations associated with 

a disease; in the indirect approach, generally applied before a gene has been characterized, 

we follow a “disease” gene by its linkage with defined sequences that are inherited with 

high probability. In general, the direct examination of a gene provides a diagnosis with 

absolute certainty and represents an essential goal in the advancement of the diagnostic arm 

of molecular genetics. 

 

Extraction of chromosomal DNA from whole blood 

DNA, the genetic substance in biological cells, is large polymer of the de-

oxyribonucleotide monomers. This experiment introduces the student to a general method 

for isolation and partial purification of nucleic acids from white blood cells. The procedure 

consists of disrupting the cell wall or membrane, dissociating bound proteins, and 

separating the DNA from other soluble compounds. The isolated DNA is characterized and 

quantified by ultraviolet spectroscopy under native and denaturing conditions. 

 

 

Isolation of DNA 

 

Because of the large size and the fragile nature of chromosomal DNA, it is very difficult to 

isolate in an intact, undamaged form. Several isolation procedures have been developed 

that provide DNA in biologically active form, but this does not mean it is completely 

undamaged. These DNA preparations are stable, of high molecular weight, and relatively 

free of RNA and protein. Here, a general method will be described for the isolation of 
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DNA in a stable, biologically active form from microorganisms. The procedure outlined is 

applicable to many microorganisms and can be modified as necessary. 

 

Designing an isolation procedure for DNA requires extensive knowledge of the chemical 

stability of DNA as well as its condition in the cellular environment. The experimental 

factors that must be considered and their effects on various structural aspects of intact DNA 

are outlined below. 

1. pH 

(a) Hydrogen bonding between the complementary strands is stable between pH 4 and 10 

(b) The phosphodiester linkages in the DNA backbone are stable between pH 3 and 12 

(c) N-glycosyl bonds to purine bases (adenine and guanine) are hydrolyzed at pH values of 

3 and less. 

2. Temperature 

(a) There is considerable variation in the temperature stability of the hydrogen bonds in the 

double helix, but most DNA begins to unwind in the range 80-900C. 

(b) Phosphodiester linkages and N-glycosyl bonds are stable up to 1000C. 

3. Ionic Strength 

(a) DNA is most stable and soluble in salt solutions. Salt concentrations of less than 0.1 M 

weaken the hydrogen bonding between complementary strands. 

4. Cellular Conditions 

(a) Before the DNA can be released, the bacterial cell wall must be lysed. The ease with 

which the cell wall is disrupted varies from organism to organism. In some cases 

(yeast), extensive grinding or sonic treatment is required, whereas in others (B.subtilis), 

enzymatic hydrolysis of the cell wall is possible. 

(b) Several enzymes are present in the cell that may act to degrade DNA, but the most 

serious damage is caused by the deoxyribonucleases. These enzymes catalyze the 

hydrolysis of phospodiester linkages 

(c) Native DNA is present in the cell as DNA-protein complexes. The proteins (basic 

proteins called histones) must be dissociated during the extraction process. 

5. Mechanical Stress on the DNA 

(a) Gentle manipulations may not always be possible during the isolation process. 

Grinding, shaking, stirring, and other disruptive procedures may cause cleavage 
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(shearing or scission) of the DNA chains. This usually does not cause damage to the 

secondary structure of the DNA, but it does reduce the length of the molecules. 

 

Now that these factors are understood, a general procedure of DNA extraction will be 

outlined. 

 

Step 1. Disruption of the cell membrane and release of the DNA into a medium in 

which it is soluble and protected from degradation 

The isolation procedure described here calls for the use of an enzyme, lysozyme, to disrupt 

the cell membrane. Lysozyme catalyzes the hydrolysis of glycosidic bonds in cell wall 

peptidoglycans, thus causing destruction of the cell wall and release of DNA and other 

cellular components. The medium for solution of DNA is a buffered saline solution 

containing EDTA. DNA, because it is ionic, is more soluble and stable in salt solution that 

in distilled water. The EDTA serves at least two purposes. First, it binds divalent metal ions 

(Cd2+, Mg2+, Mn2+) that could form salts with the anionic phosphate groups of the DNA. 

Second, it inhibits deoxyibonucleases that have a requirement for Mg2+ or Mn2+. Citrate has 

occasionally been used as a chelating agent for DNA extraction; however, it is not an 

effective agent for binding Mn2+. The mildly alkaline medium (pH 8) acts to reduce 

electrostatic interaction between DNA and the basic histones and the polycationic amines, 

spermine and spermidine. The relatively high pH also tends to diminish nuclease activity 

and denature other proteins. 

 

Step 2. Dissociation of the protein-DNA complexes 

Detergents are used at this stage to disrupt the ionic interactions between positively 

charged histones and the negatively charged backbone of DNA. Sodium decocyl sulfate 

(SDS), an anionic detergent binds to proteins and gives them extensive anionic character. A 

secondary action of SDS is to act as a denaturant of deoxyribonucleases and other proteins. 

Also favoring dissociation of protein DNA complexes is the alkaline pH, which reduces the 

positive character of the histones. To ensure complete dissociation of the DNA-protein 

complex and to remove bound cationic amines, a high concentration of a salt (NaCl or 

sodium perchlorate) is added. The salt acts by diminishing the ionic interactions between 

DNA and cations. 
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Step 3. Separation of the DNA from other soluble cellular components  

Before DNA is precipitated, the solution must be deproteinized. This is brought about by 

treatment with choloform-isoamyl alcohol and followed by centrifugation. Upon 

centrifugation, three layers are produced: an upper aqueous phase, a lower organic layer, 

and a compact band of denatured protein at the interface between the aqueous and organic 

phases. Chloroform causes surface denaturation of proteins. Isoamyl alcohol reduces 

foaming and stabilizes the interface between the aqueous phase and the organic phases 

where the protein collects. 

The upper aqueous phase containing nucleic acids is then separated and the DNA 

precipitated by addition of ethanol. Because of the ionic nature of DNA, it becomes 

insoluble if the aqueous medium is made less polar by addition of an organic solvent. The 

DNA forms a threadlike precipitate that can be collected by “spooling” onto a glass rod. 

The isolated DNA may still be contaminated with protein and RNA. Protein can be 

removed by dissolving the spooled DNA in saline medium and repeating the chloroform-

isoamyl alcohol treatment until no more denatured protein collects at the interface. 

RNA does not normally precipitate like DNA, but it could still be a minor contaminant. 

RNA may be degraded during the procedure by treatment with ribonuclease after the first 

or second deproteinization steps. Alternatively, DNA may be precipitated with isopropanol, 

which leaves RNA in solution. Removal of RNA sometimes makes it possible to denature 

more protein using chloroform-isoamyl alcohol. If DNA in a highly purified state is 

required, several deproteinization and alcohol precipitation steps may be carried out. It is 

estimated that up to 50% of the cellular DNA is isolated by this procedure. The average 

yield is 1 to 2 mg per gram of wet packed cells. The isolated DNA has a molecular weight 

on the order of 10 x 106. 
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Characterization of DNA 

 

The DNA isolated in this experiment is of sufficient purity for characterization studies. 

DNA has significant absorption in the UV range because of the presence of the aromatic 

bases, adenine, guanine, cytosine, and thymine. This provides a useful probe into DNA 

structure because structural changes such as helix unwinding affect the extent of 

absorption. In addition, absorption measurements are used as indication of DNA purity. 

The major absorption band for purified DNA peaks at about 260 nm. Protein material, the 

primary contaminant in DNA, has a peak absorption at 280 nm. The ratio A260/ A280 is 

often used as a relative measure of the nucleic acid/protein content of a DNA sample. The 

typical A260/ A280 for isolated DNA is 1.9 A smaller ratio indicates increased contamination 

by protein.  

 

Materials 

1. 1 ml EDTA blood 

2. RBC (red blood cell) lysis solution (150 mM NH4Cl, 0.5 mM EDTA, 10 mM KHCO3, 

KOH) 

3. Cell lysis solution (10 mM Tris-HCl pH 8.0, 25 mM EDTA, 0.5 % SDS) 

4. RNAse (10 mg/ml) 

5. Ammonium acetate 5M 

6. Isopropanol 

7. Ethanol 70 % 

8. TE buffer 

9. Eppendorf tube 
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Method 

1. Add 300 ul blood + 900 ul (3 x volume blood) RBC Lysis Solution to Eppendorf tube. 

Invert the tube 2-3 times during the preparation. Incubate the sample for at least 10 

minutes at room temperature. Do not allow the sample to sit in the RBC Lysis Solution 

for extended periods of time, this can be detrimental to the sample. 

2. Centrifuge at room temperature at 13.000 – 16.000 rpm for 20 seconds. Remove the 

supernatant leaving behind the Visible layer of white blood cells pellet. Then repeat 

step 1 until virtually all of the red blood cells are gone. Then vortex the pellet to spread 

the cells into the remaining drops of supernatant. 

3. Add 300 ul of Cell Lysis Solution to the centrifuge tube and right away pipette up and 

down to lyse the cells (make sure the solution is homogenous). 

4. Add 1,5 ul of RNAse A (10 mg/ml) to the centrifuge tube. Mix the solution by 

inverting it several times and then incubate in a 370C water bath for 15 minutes. This 

can be run longer. 

5. To precipitate protein, add 100 ul of Protein Precipitation Solution (5 M ammonium 

acetate) to the centrifuge tube and then vortex until the solution looks milky. 

6. Centrifuge at 13.000 – 16.000 for 3 minutes. The precipitated proteins will form a light 

brown pellet. If a protein pellet is not visible, repeat step 5. 

7. Then pour the supernatant containing the DNA into a clean eppendorf tube containing 

300 ul ml of isopropanol, do this at room temperature. 

8. Mix the tube by inverting 25-30 times until white DNA pellet becomes visible (make 

sure all the pellet becomes visible). 

9. Centrifuge at 13.000 – 16.000 rpm for 1 minute. The DNA should be visible as a small 

white pellet. 

10. Pour of the supernatant and add 300 uL ethanol 70%. Invert several times to wash the 

DNA 

11. Spin again and pour off the 70% ethanol. Then let the DNA air dry. Use a cotton swab 

to remove the excess supernatant on the sides of the tube. 

12. Rehydrate the DNA in 100 ul of TE. Place in 37 0C Water bath for 2 hours to get the 

DNA in solution. Make sure that it is a homogenous solution. 

13. Store at -200C 
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Polymerase Chain Reaction 

 

The polymerase chain reaction (PCR) is an in vitro technique, which allows the 

amplification of a specific deoxyribonucleic acid (DNA) region that lies between two 

regions of known DNA sequence. The PCR is a tube system for DNA replication that 

allows a “target” DNA sequence to be selectively amplified, or enriched, several million-

fold in just a few hours. Within a dividing cell, DNA replication involves a series of 

enzyme-mediated reactions, whose end result is a faithful copy of the entire genome. 

Within a test tube, PCR uses just one indispensable enzyme – DNA polymerase – to 

amplify a specific fraction of the genome. 

 

During cellular DNA replication, enzymes first unwind and denature the DNA double helix 

into single strands. Then, RNA polymerase synthesizes a short stretch of RNA 

complementary to one of the DNA strands at the start site of replication. This DNA /RNA 

heteroduplex acts as a “priming site” for the attachment of DNA polymerase, which the 

produces the complementary DNA strand. During PCR, high temperature is used to 

separate the DNA molecules into single strands, and synthetic sequences of single-stranded 

DNA (20-30 nucleotides) serve as primers. Two different primer sequences are used to 

bracket the target region to be amplified. One primer is complementary to one DNA strand 

at the beginning of the target region: a second primer is complementary to a sequence on 

the opposite DNA strand at the end of the target region. 

 

To perform a PCR reaction, a small quantity of the target DNA is added to a test tube with 

buffered solution containing DNA polymerase, the four deoxyriobonucleotides building 

blocks of DNA, the buffer consists of KCl, Tris-,MgCl2, and oligonucleotide primers (left 

primer and right primer). The polymerase is the Taq polymerase, named for Thermus 

aquaticus, from which it was isolated. This enzyme remains stable at high temperatures. 
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The PCR mixture is taken through replication cycles consisting of: 

1. Denaturation. One to several minutes at 94-96o C, during which the DNA is 

denatured into single strands 

2. Annealing. One to several minutes at 50-65o C, during which the primers hybridize 

or “anneal” (by the way of hydrogen bonds) to their complementary sequences on 

either side of the target sequence; and 

3. Extension. One to several minutes at 72o C, during which the polymerase binds and 

extends a complementary DNA strand from each primer. 

This replication cycle is taken through 20-30 cycles of amplification. 

 

Amplification Refractory Mutation System (ARMS) 

 

There are several PCR-based approaches to the analysis of known mutation, including 

amplification refractory mutation system (ARMS). ARMS is devised for rapid detection of 

the point site mutation in the gene. A typical ARMS assay comprises two PCRs, each 

conducted using the same substrate DNA, using 2 pairs of primers (4 specific primers) i.e., 

2 control primers, 1 common primer and ARMS primer that consists of mutant type and 

wild type (normal). The amplification is same with other PCR (denaturation: 92o C I min; 

annealing: 65 o C 1 min; extension: 72 oC 1.5 min) x 25 cycles and extra extension: 72 o C 

3 min. The superiority of ARMS are: 

1. More simple because radioactive labeled  was not required 

2. Point mutation, small insertion or deletion can be directly identified 

3. Heterozygous and homozygous form can be distinguished directly without DNA 

parents’ identification. 

 

Polymerase Chain Reaction Techniques 

An amplification refractory mutation system (ARMS) was devised for rapid detection of 

the point mutation in the globin gene, using 4 oligonucleotide primers in the same time to 

detect the suspicious site of mutation, i.e. IVS1-nt5. 
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Reagents: 

 

a. Oligonucleotide primer 

Control A primer contents of 24 nucleotides: 5’CAA TGT ACT ATG ACCT CTT 

TGC ACC’3 

Control B primer contents of 25 nucleotides: 5’GAG TCA AGG CTG AGA AGA 

TGC AGG A3’ 

Common C primer contets of 20 nucleotides: 5’ACC TCA CCC TGT GGA GCC 

AC3’ 

IVS1-nt5 mutant primer contents of 30 nuclotide: 5’CTC CTT AAA CCT GTC 

TTG TAA CCT TGT TAG3’ 

IVS1-nt5 normal primer contents of 30 nuleotides: 5’CTC CTT AAA CCT GTC 

TTG TAA CCT TGT TAC3’  

 

Variation of primers were used to detect mutant gene area, they were: 

(Stock solution concentration for each primer: 1 M) 

IVS1-nt5 mutant: Control A primer 

                               Control B primer 

                               Control C primer 

                                IVS1-nt5 mutant primer 

IVS1-nt5 normal: Control A primer 

                                Control B primer 

                                Control C primer 

                                IVS1-nt5 normal primer 

 

b. PCR Buffer 10X 

10mM Tris pH 8.3 

50 mM KCl 

1.5 mM MgCl2 

0.01% Gelatin 
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c. dNTP stock solution 10 X 

   Deoxynucleotide Triphosphates solution (Perkin Elmer-Cetus), neutralized by 

NaOH to pH 7.0 

dNTP stock solution consists of : 50 mM dATP (deoxyadenin triphosphates) 

    50 mM dTTP (deoxytimin triphosphates) 

            50 mM dGTP (deoxyguanin triphosphates) 

    50 mM dCTP (deoxycytosin triphosphates) 

 

d. Taq Polymerase (Perkin Elmer-Cetus) 

   Stock solution: 0.50 U 

 

e. ddH2O 

All solution (1a- 1e) were stored at –20oC 

  

f. Mineral oil (Paraffin Liquid) 

 

Procedure: 

1. Make PCR mix for (in cold condition): 

a. Mutant 

PCR mix in eppendorf tube 0.5 ml consists of: 

PCR buffer solution 10 X        = 2.5 l 

dNTP solution 10 X          = 2.0 l 

Primer: control A primer         = 1.0 l 

        control B primer         = 1.0 l 

        control C primer         = 1.0 l 

        IVS1-nt5 mutant         = 1.0 l 

Taq polymerase 0.5 U             = 0.2 l 

       Genomic DNA                         = 1.0 l                    

       Sterilized ddH2O                      = 15.0 l 

                                           Total                = 25.0 l 
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b. Normal 

PCR mix in eppendorf tube 0.5 ml consists of: 

PCR buffer solution 10 X       = 2.5 l 

dNTP solution 10 X         = 2.0 l 

Primer: control A primer        = 1.0 l 

        control B primer        = 1.0 l 

        control C primer        = 1.0 l 

        IVS1-nt5 normal        = 1.0 l 

Taq polymerase 0.5 U            = 0.2 l 

       Genomic DNa                         = 1.0 l                    

       Sterilized ddH2O                     = 15.0 l 

                                           Total               = 25.0 l 

 

For each detection make blank PCR mix by changing genomic DNA with sterilized 

ddH2O, while other reagents composition are same.                       

 

2.  Add 25 l paraffin liquid or mineral oil to 25 l PCR mix, in order to avoid evaporation 

while incubate in high temperature 

 

3.  Centrifuge the solution at 5000 rpm in 30 seconds 

 

4.  Put all eppendorf tubes that filled by PCR mix into PCR machine or Programmable       

Thermal Controller. The amplification program is: 

 Denaturation :  93o C in 1 minute 

 Annealing :  65o C in 1 minute               25 cycles  

 Extension :  72o C in 1.5 minutes 

             Extra extension: 72o C in 3 minutes, than 4o C to store the PCR product. 
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Agarose gel electrophoresis 

Resolution of large DNA fragments on agarose gels 

 

Materials  

1. Electrophoresis buffer TAE or TBE (50 x stock solution, pH ~ 8.5: 242 g Tris base, 57.1 

ml glacial acetic acid, 37.2 g Na2EDTA.2H2O, and H2O to 1 liter)  

2. Ethidium bromide solution (1000 x stock solution, 0.5 mg/ml: 50 mg ethidium bromide, 

100 ml H2O. Working solution, 0.5 g/ml: dilute stock 1:1000 for gels or stain solution) 

3. Agarose gel (~1 % agarose in 1x TAE or TBE buffer) 

4. 10 x loading buffer (20% (w/V) Ficoll 400, 0.1 M Na2EDTA, pH 8.0, 1.0% (w/v) SDS, 

0.25% (w/v) bromphenol blue and 0.25% (w/v) xylene cyanol) 

5. Horizontal gel electrophoresis apparatus 

6. Gel casting platform 

7. Gel combs (slot formers) 

8. DC power supply 

 

Method 

1. Prepare the gel, using electrophoresis buffer and electrophoresis-grade agarose (see the 

Table below) by melting in a microwave oven or autoclave, mixing, cooling to 550C 

pouring into a sealed gel casting platform, and inserting the gel comb. Ethidium 

bromide can be added to the gel and electrophoresis buffer at 0.5 g/ml. 

CAUTION: Ethidium bromide is a potential carcinogen. Wear gloves when handling. 

2. After the gel has hardened, remove the seal from the gel casting platform and withdraw 

the gel comb. Place into an electrophoresis tank containing sufficient electrophoresis 

buffer to cover the gel ~ 1 mm 
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Table: Appropriate Agarose Concentrations for Separating DNA Fragments of Various 

Sizes 

Agarose (%) Effective range of resolution of linear DNA fragments (kb) 

0.5 30 to 1 

0.7 12 to 0.8 

1.0 10 to 5 

1.2 7 to 0.4 

1.5 3 to 0.2 

 

3. Prepare DNA sample with an appropriate amount of 10x loading buffer and load 

samples into wells with a pipettor. Be sure to include appropriate DNA molecular 

weight markers. 

4. Attach the leads so that the DNA migrates to the anode or positive lead and 

electrophoresis at 1 to 10 V/cm of gel 

5. Turn off the power supply when the bromphenol blue dye from the loading buffer has 

migrated a distance judged sufficient for separation of the DNA fragments 

6. Photograph a stained gel directly on an UV transilluminator or first stain with 0.5 g/ml 

ethidium bromide 10 to 30 min, destaining 30 min in water, if necessary. 
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Elektrophoresis hemoglobin 

 

Hemoglobins (Hb) are group of proteins whose chief functions are to transport oxygen 

from the lungs to the tissues and carbon dioxide in the reversing direction. They are 

composed of polypeptide chains called globin, and iron protoporphyrin heme groups. A 

specific sequence of amino acids constitutes each of four polypeptide chains. Each normal 

hemoglobin molecule contains one pair of alpha and one pair of non-alpha chains. In 

normal adult hemoglobin (HbA), the non-alpha chains are called beta. The non-alpha 

chains of fetal hemoglobin are called gamma. A minor (3%) hemoglobin fraction called 

HbA2 contains alpha and delta chains. In a hereditary inhibition of globin chain synthesis 

called thalassemia, the non-alpha chains may aggregate to form HbH (4) or Hb Bart’s 

(4). 

 

The major hemoglobin in the erythrocytes of the normal adult is HbA and there are small 

amounts of HbA2 and HbF. In addition, over 400 mutant hemoglobins are now known 

some of which may cause serious clinical effects, especially in the homozygous state or in 

combination with other abnormal hemoglobin. Wintrobe divides the abnormalities of 

hemoglobin synthesis into three groups: 

1. Production of abnormal protein molecule (e.g. sickle cell anemia) 

2. Reduction in the amount of normal protein synthesis (e.g. thalssemia) 

3. Development anomalies (e.g. hereditary persistance of fetal hemoglobin / 

HPFH) 

 

Electrophoresis is generally considered the best method for separating and identifying 

hemoglobinopathies. One protocol for hemoglobin electrophoresis involves the use of two 

systems. Initial electrophoresis is performed in alkaline buffers. Cellulose acetate is the 

major support medium used because it yields rapid separation of HbA, F, S and C and 

many other mutants with minimal preparation time. However, because of the electrophoretc 

similarity of many structurally different hemoglobins, the evaluation must be supplemented 

by a procedure that measures some other property. A simple procedure, which confirms the 

identification of both HbS and HbC, as well as HbA, HbF and many other mutants, is 

citrate agar electrophoresis. This method is based on the complex interactions of the 

hemoglobn with the electrophoretic buffer (acid pH) and the agar support. Electrophoresis 
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is a simple procedure requiring only minute quantities of hemolysate to provide highly 

specific (but not absolute) confirmation of the presence of HbS, HbC and HbF as well as 

several other abnormal hemoglobins.    

 

Principle of the experiment: 

Very small samples of hemolysates prepared from whole blood are applied to the Cellulose 

Acetate Membrane. The hemoglobin in the sample are separated by electrophoresis using 

an alkaline buffer (pH 8.2-8.6), and are stained with Ponceau S Stain. The patterns are 

scanned on a scanning densitometer, and the relative percent of each band determined. 

 

Objective of the experiment: 

Identification of hemoglobin variants. 

 

Materials: 

-  Hemolysate preparation: wash the whole blood by adding twice of the volume with NaCl 

0.9%, mix well and centrifuge 5,000 rpm in 5 minutes, pippette the supernatant and let 

the red blood cells (RBCs). Wash the sedimented RBCs three times using the same 

procedure above. Lysis the sedimented RBCs with twice volume of H20. Sediment the 

debris by adding one volume of CCl4 and centrifuge at 5000 rpm for 15 minutes. 

Supernatant will be yielded as Hb solution in concentration approx. 8 – 10 gr%. One to 

two drops of KCN will preserve the hemolysate for several weeks.  

- Cellulose acetate strip / membrane: 2.5 x 14.5 cm 

- Tris bufer (pH 8.6): 12 gr Tris, 1.22 gr EDTA and 1.5 gr Boric acid dissolved in 

H20 to 1 litre.    

- Staining solution : Ponceau 0.5% in TCA 5% 

- Destaining solution : Acetic acid glacial 5% 

- Clear aid solution : A mixture of 8 volume of Metanol and 2 volume of acetic 

acid glacial 
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Procedure of the experiment: 

1 Soak the cellulose acetate strip in Tris buffer for 5 minutes, and dry it using filter paper. 

Put the strip on the electrophoretic chamber and use filter paper as bridge to the buffer. 

Apply two ul of the hemolysate on the strip, and turn on the power supply for 20 - 35 

minutes on 25 0 - 350 V. 

2 After the electrophoresis finish, soak the strip in staining solution for 5 minutes. 

3 Wash the strip with destaining solution. 

4 Soak again the strip in Methanol for 2 minutes. 

5 Soak the strip in clear aid solution for 5 minutes and let it dry in room temperature. 

Results: 

Hemoglobin variants will be viewed as red bands on the cellulose acetate strip. 

 

Discussion: 

Most hemoglobin variants cause no discernible clinical symptoms, so are of interest 

primarily to research scientists. Variants are clinically important when their presence leads 

to sickling disorders, thalassemia syndromes, life long cyanosis, hemolytic anemia or 

erythrocytosis, or if the heterozygote is of sufficient prevalence to warrant genetic 

counseling. At birth, the majority of hemoglobin in the erythrocytes of the normal 

individuals is fetal hemoglobin, HbF. Some of the major adult hemoglobin, HbA, a small 

amount of the HbA2, is also present. At the end of the first year of life and through 

adulthood, the major hemoglobin present is HbA with up to 3.5% HbA2 and less than 2% 

HbF. 

 

The thalassemias are a group of hemoglobin disorders characterized by hypochromia and 

microcytosis due to the diminished synthesis of one globin chain (the , and ) while 

synthesis of the other chain proceeds normally. This unbalanced synthesis results in 

unstable globin chains. These precipitate within the red cell, forming inclusion bodies that 

shorten the life span of the cell. In -thalassemias, the -chains are dimished or absent. In 

-thalassemia, the -chains are affected. Another quantitative disorder of hemoglobin 

synthesis, hereditary persistent fetal hemoglobin (HPFH), represents a genetic failure of the 

mechanisms that turn off gamma chain synthesis at about four months after birth, which 

results in a continued high percentage of HbF. It is a more benign condition than the true 
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thalassemias, and persons homozygous for HPFH have normal development, are 

asymptomatic and have no anemia. 

 

The most common hemoglobin abnormalities are: 

Sickle Cell Trait 
This is a heterozygous state showing HbA and HbS, and a normal amount of HbA2 on 

cellulose acetate. Results on citrate agar show hemoglobins in the HbA and HbS migratory 

positions (zones). 

Scikle Cell Anemia 
This is a homozygous state showing almost exclusively HbS, although a small amount of 

HbF may also be present. 

Sickle-C Disease 
This is heterozygous state demonstrating HbS and HbC. 

Sickle Cell-Thalassemia Disease 
This condition shows HbA, HbF, Hb, and HbA2. In Sickle Cell β-Thalassemia HbA is 

absent. 

Thalassemia-C Disease 
This condition shows HbA, HbF and HbC. 

C Disease 
This is a homozygous state showing almost excelusively HbC. 

Thalassemia Major 
This condition shows HbF, HbA and HbA2. 

Some abnormal hemoglobins have similar electrophoretic mobilities and must be 

differentiated by other methologologies and must be differentiated by other methodologies. 

Further testing required: 

1. Citrate agar electrophoresis may be a necessary follow-up test for confirmation of 

abnormal hemoglobins detected on cellulose acetate. 
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2. Isoelectric focusing, high performance liquid chromatography, globin chain analysis 

(both acid and alkaline) and structural studies may be necessary, in order to positively 

identify some of the more rare hemoglobins. 

3. Anion exchange column chromatography is the most accurate method for quantitating 

HbA2.   

The result of the electrophoresis can be evaluated in two ways : 

1. Qualitative evaluation: The hemoglobin plates may be inspected visually for the 

presence of abnormal hemoglobin bands. The Helena Hemo Controls provide a marker 

for band identification. 

2. Qualitative evaluation: Determine the relative percent of each hemoglobin band by 

scanning the cleared and dried plates in the densitometer using a 525 nm filter. 

 


