คู่มือปฏิบัตกิ ารอณูพนั ธุศาสตร์ ทางการแพทย์
Contents
Page
Genetic Analysis .........................................................................................................................1-16
Human genomic DNA preparation........................................................................................ 1-8
Amplification of a specific DNA fragment from human DNAsamples by PCR .....................9-10
Digestion of PCR products by restriction endonuclease ...................................................11-12
Analysis of undigested- and digested-PCR products by agarose-gel electrophoresis .....13-14
Analysis of PCR amplicon by High resolution melting (HRM) using LightCycler 480 ........15-16
Genetic Qualitative and Quantitative Analysis ............................................................................17-26
Designing of primers for PCR and restriction fragment length polymorphism (RFLP) by
web-based programs ..................................................................................................................27-30
Molecular Cloning and Protein Expression .................................................................................31-55
Nucleic acid preparations and quantification ...................................................................33-36
Amplification and analysis of full-length specific cDNA.....................................................37-40
Gene cloning ....................................................................................................................41-45
Studies of recombinant protein expressed in mammalian cells.........................................46-55

กรุ ณาตอบแบบประเมินโครงการ(แบบสอบถาม) ที่ http://goo.gl/Ftmnjx

GENETIC ANALYSIS
Nanyawan Rungroj1, Choochai Nettuwakul2, Nalinee Chongjaroen3, Watip Tangjittipokin3,
Nirinya Sudtachat2,4
1

Division of Molecular Genetics, 2Division of Medical Molecular Biology, Department of Research and
Development, 3Department of Immunology, Faculty of Medicine Siriraj Hospital, Mahidol University,
4
Medical Biotechnology Unit, National Center for Genetic Engineering and Biotechnology,
National Science and Technology Development Agency

INTRODUCTION
Genetic analysis is a term used to describe the study of a sample of DNA
(deoxyribonucleic acid) to look for mutations (changes) that cause or may increase risk of disease
or affect the way a person responds to treatment. It includes molecular technologies such as
polymerase chain reaction (PCR), DNA sequencing, mutation screening and detection, DNA
microarrays, and cytogenetic methods such as karyotyping and fluoresence in situ hybridisation.
In this workshop, the participants will have hand-on experience and observation on the
following laboratory techniques: human genomic DNA preparation from blood sample,
amplification of a specific DNA fragment from human DNA samples by PCR technique,
molecular analysis of human gene mutation or polymorphism by restriction fragment length
polymorphism (RFLP) method, and detection of DNA fragments by agarose gel electrophoresis.
Thus, the laboratory practice is divided into five parts (Parts I-V). The details of each part are
given below.
Part I. Human genomic DNA preparation
Purified genomic DNA is required in genetic analysis including DNA amplification and
downstream applications such as restriction digestion, DNA sequencing, and gene cloning. The
white blood cells (WBC) of peripheral blood are usually the most convenient source of human
genomic DNA. It is estimated that 10 ml of whole blood yield approximately 250 μg of DNA.
There are many different methods described for DNA preparation from whole blood. A standard
phenol/chloroform extraction method is commonly used in the laboratories. However, there are
also kits on the market which are designed for convenient and quick isolation of genomic DNA
from whole blood samples. In this workshop, we provide two methods as described below:
1. Human genomic DNA preparation from blood sample using phenol/chloroform
2. Human genomic DNA preparation from blood sample using Gentra® Puregene® Blood
Kit (QIAGEN)

-1-

1.

Human genomic DNA preparation from blood sample using phenol/chloroform

PRINCIPLE
Generally, the standard method of DNA preparation, including treatment with SDS and
proteinase K, phenol and chloroform/isoamyl alcohol extractions and ethanol precipitation is
applied for blood samples. The first step is used for disruption of the plasma membrane and
subcellular organelles, and digestion of cellular proteins of WBC by virtue of an ionic detergent
and a proteolytic enzyme, respectively. SDS is also able to inhibit RNase and DNase activity.
Phenol and chloroform cause the denaturation and precipitation of proteins. Utilization of an
initial phenol extraction coupled with two phenol/chloroform extractions simultaneously remove
proteins and lipids from nucleic acid containing solutions. In this step, chloroform stabilizes
phenol, makes the solvent denser, improves efficiency of deproteinization and facilitates lipid
removal. Finally, about 2-3 volumes of ethanol in salt solution make DNA precipitate.
The protocol described below is used for DNA extraction from approximate 10 ml blood
volume. Different volume of blood sample can be performed in the same manner, with the
proportionally altered volume of reagents used in each step. The isolated DNA can be used for
PCR, molecular cloning, and other molecular biology applications.
EQUIPMENTS, MATERIALS AND REAGENTS
Equipments and materials
1. Centrifuge
2. Microcentrifuge
3. Spectrophotometer
4. Shaking water bath
5. Vortex mixer
6. Fume hood
7. 15 ml Screw-cap plastic tube
8. 1.5 ml Microcentrifuge tube
9. 2 ml Screw-cap tube
10. Sterile Pasteur pipette and rubber bulb
11. Test tube
12. Automatic pipettes and tips
13. Test tube rack
14. Microcentrifuge tube rack
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15. Sterile glassware (e.g. beaker, cylinder)
Reagents
1. 1x Phosphate-buffered saline (PBS), pH 7.3
(137 mM NaCl, 2.7 mM KCl, 1.4 mM KH2PO4, 4.3 mM Na2HPO4.7H2O)
2. 1x RBC lysis buffer
(155 mM NH4Cl, 10 mM KHCO3 and 0.1 mM EDTA)
3. TE 20-5 (20 mM Tris-HCl pH 7.5 and 5 mM EDTA; dilute from 50x TE 20-5)
4. 10% SDS solution (sterile by autoclave)
5. 2 mg/ml Proteinase K in TE 20-5 (freshly prepare before use)
6. Phenol (equilibrated several times with 0.1 M Tris-HCl pH 8.0 and added 8hydroxyquinoline, as an antioxidant to 0.1% w/v)
7. 24:1 (v/v) Chloroform-isoamyl alcohol (the latter is defoaming agent)
8. 4 M NaCl solution
9. Absolute ethanol (chilled at -20C)
10. 70% Ethanol
11. Sterile distilled water
METHODS
1. Centrifuge 10 ml whole blood sample in 15-ml screw-cap plastic tube at 3,000 rpm,
4C for 5 minutes.
Note: Blood sample is obtained by venipuncture. Approximately 10 ml of peripheral
venous blood from a subject is collected into the 15-ml sterile screw-cap plastic tube
containing 100 µl of 10% (w/v) EDTA solution as anticoagulant.
2. Take off plasma using a Pasture pipette.
3. Wash whole cells twice with 1x PBS; in each washing, centrifuge and discard PBS by
a Pasture pipette.
4. Add 3-5 volumes of 1x RBC lysis buffer and incubate at room temperature or at 4C
for 10 minutes.
5. Centrifuge and discard RBC lysate.
6. Repeat steps 4-5 once or twice.
7. Wash WBC twice with 1x PBS.
8. Add 4 ml of TE 20-5 solution. Resuspend WBC pellet by vigorous shaking, until all
clumps disappear.
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9. Add 200 µl of 10% SDS (final concentration is about 0.5%).
10. Add 200 µl of 2 mg/ml proteinase K (final concentration is about 100 µg/ml).
11. Incubate mixture at 37C overnight.
12. To extract proteins, add 1/2 volume of phenol and 1/2 volume of chloroform-isoamyl
alcohol (24:1) to the mixture, and mix gently but thoroughly.
13. Centrifuge at 2,500 rpm for 10 minutes.
14. Insert Pasteur pipette into the bottom layer and suck out organic phase.
15. Repeat steps 12 to 14.
16. Add 1 volume of chloroform-isoamyl alcohol (24:1) and repeat steps 13 to 14.
17. Repeat step 16.
18. To precipitate DNA out of aqueous phase, add 1/10 volume of 4 M NaCl and 2
volumes of chilled absolute ethanol.
19. Collect DNA by centrifuge at 3,000 rpm for 10 minutes.
20. Decant solution and wash DNA once with 5 ml of 70% ethanol.
21. Repeat step 19. Decant ethanol and drain well.
22. Leave tube open at room temperature to dry DNA pellet.
23. Dissolve DNA in 0.5-1.0 ml of sterile distilled water.
24. Aliquot 10 µl of DNA solution to 490 µl of distilled water (1:50 dilution)
25. Measure optical density (OD) at 260 and 280 nm.
26. Calculate OD260/280 ratio to observe purity (the ratio of pure DNA is 1.8) and
estimate concentration of DNA by formula:

DNA concentration in µg/ml or ng/µl = OD260 x 50 x dilution factor
2. Human genomic DNA preparation from blood sample using Gentra® Puregene® Blood
Kit (QIAGEN)
PRINCIPLE
In this experiment, the Gentra® Puregene® Blood Kit (QIAGEN) is used for genomic
DNA isolation from blood samples. When purifying DNA from whole blood, the red blood cells
(RBC), which lack genomic DNA, are first lysed to facilitate their separation from white blood
cells (WBC). DNA is purified from WBC by first lysing the cells with an anionic detergent in
the presence of a DNA stabilizer. The DNA stabilizer works by limiting the activity of DNases
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that are contained in the cell and elsewhere in the environment. Contaminating RNA is then
removed by treatment with an RNA digesting enzyme. Other contaminants, such as proteins, are
removed by salt precipitation. Finally, genomic DNA is recovered by precipitation with alcohol
and dissolved in a buffered solution containing a DNA stabilizer. This purified DNA is ready for
immediate use in sensitive downstream applications.
EQUIPMENTS, MATERIALS AND REAGENTS
Equipments and materials
1. Centrifuge
2. Microcentrifuge
3. Spectrophotometer
4. Shaking waterbath
5. Vortex mixer
6. 15 ml Screw-cap plastic tube
7. 1.5 ml Microcentrifuge tube
8. 2 ml Screw-cap tube
9. Sterile Pasteur pipette and rubber bulb
10. Test tube
11. Automatic pipettes and tips
12. Test tube rack
13. Microcentrifuge tube rack
14. Sterile glassware (e.g. beaker)
Reagents
1. Gentra® Puregene® Blood Kit (QIAGEN)
1.1 RBC Lysis Solution
1.2 Cell Lysis Solution
1.3 RNase A Solution
1.4 Protein Precipitation Solution
1.5 DNA Hydration Solution
2. Isopropanol
3. 70% Ethanol
4. Sterile distilled water
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METHODS
Cell Lysis
1. Add 9 ml RBC Lysis Solution to a 15 ml screw-cap plastic tube containing 3 ml
whole blood. Invert to mix and incubate 5 minutes at room temperature. Invert again
at least once during the incubation.
2. Centrifuge at 2,000 x g for 2 minutes to pellet the white blood cells (WBC).
3. Pour off the RBC lysis supernatant leaving behind the WBC pellet and drain tube for
at least 10 seconds on clean, absorbent paper. Less than 200 1 residual liquid should
remain.
4. Vortex the tube vigorously to resuspend the cell in the residual liquid.
5. Add 3 ml Cell Lysis Solution to the resuspend cells.
6. To lyse the cells, pipette up and down or vortex on high speed for 10 second. Usually
no incubation is required; however if cell clumps are visible, incubate at 37°C until
the solution is homogeneous.
RNase Treatment (Optional)
1. Add 15 l RNase A Solution to the cell lysate.
2. Mix the sample by inverting the tube 25 times and incubate at 37°C for 15 minutes.
Protein Precipitation
1. Cool sample to room temperature by placing on ice for 3 minutes.
2. Add 1 ml of Protein Precipitation Solution to the cell lysate.
3. Vortex at high speed for 20 seconds to mix the Protein Precipitation Solution
uniformly with the cell lysate.
4. Centrifuge at 2,000 x g for 5 minutes. The precipitated proteins should form a tight,
dark brown pellet. If the protein pellet still loose, repeat step 3, follow by incubation
on ice for 5 minutes and then repeat step 4.
DNA precipitation
1. Pour the supernatant containing the DNA into a clean 15 ml centrifuge tube
containing 3 ml 100% Isopropanol.
2. Mix the sample by inverting gently 50 times until the white threads of DNA form a
visible clump.
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3. Centrifuge at 2,000 x g for 3 minutes. The DNA will be visible as a small white
pellet.
4. Pour off supernatant, add 3 ml 70% Ethanol and invert tube several times to wash the
DNA pellet.
5. Centrifuge at 2,000 x g for 1 minute. Carefully pour off the ethanol, invert and drain
the tube on clean absorbent paper and allow to air dry 10-15 minutes.
DNA hydration
1. Add 300 µ1 of sterile distilled water or DNA Hydration Solution, rehydrate DNA by
incubating at 65C for 1 hour or overnight at room temperature.
2. Sample may be centrifuge briefly and then transfer to a storage tube.
3. Aliquot 10 µl of DNA solution to 490 µl of distilled water (1:50 dilution)
4. Measure optical density (OD) at 260 and 280 nm.
5. Calculate OD260/280 ratio to observe purity (the ratio of pure DNA is 1.8) and
estimate concentration of DNA by formula:
DNA concentration in µg/ml or ng/µl = OD260 x 50 x dilution factor
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Gentra® Puregene® Blood Kit (QIAGEN)
https://www.qiagen.com/~/media/nextq/image%20library/fc/00/40/fc_0040_gentra/1_8.ashx
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Part II. Amplification of a specific DNA fragment from human DNA samples by PCR
PRINCIPLE
Polymerase chain reaction (PCR) is a very powerful molecular biology technique that has
been commonly used in medical and biomedical research laboratories for a variety of tasks, such
as detection of hereditary diseases, identification of genetic fingerprints, diagnosis of infectious
diseases, cloning of gene, genotyping of specific mutations, and paternity testing. A specific
DNA fragment or gene of interest can be amplified and isolated from human genomic DNA
sample by PCR using its respectively well-designed primers. The amount of genomic DNA
sample used can be varied from 25-250 ng. The PCR product may be subsequently used for
analysis of genetic variations such as mutation or single nucleotide polymorphism (SNP) by
various techniques.
In this experiment, the PCR is set for amplification of exon 17 of SLC4A1 gene. The
PCR products will be used for mutation analysis by the RFLP method in Part III.

EQUIPMENTS, MATERIALS AND REAGENTS
Equipments and materials
1. Microcentrifuge
2. PCR thermal cycler
3. Automatic pipettes and tips
4. Microcentrifuge tubes (0.2, 0.6 and 1.5 ml)
5. Microcentrifuge tube rack
6. Marking pens
Reagents
1. Genomic DNA sample (25 ng/l)
2. Oligonucleotide primers (10 pmole/µl L- and R-primers)
3. 2 mM dNTPs
4. 25 mM MgCl2
5. 5x PCR buffer
6. Taq DNA polymerase (5 U/l GoTaq®, Promega)
7. Sterile deionized water
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METHODS
1. Prepare the following PCR master mix for four PCR reactions; three DNA samples
(sample: A, B, and C) and one negative control (without DNA).
Component

1 reaction

4 reactions
(with 10% excess)

5x PCR buffer

5.0 l

22 l

25 mM MgCl2

1.5 l

6.6 l

2 mM dNTP mix

2.5 l

11 l

10 pmolel L-primer

1.25 l

5.5 l

10 pmolel R-primer

1.25 l

5.5 l

Sterile deionized water

8.4 l

36.96 l

Taq DNA polymerase (5 U/l)

0.1 l

0.44 l

Total

20 l

88 l

2. Mix the master mix thoroughly and centrifuge it briefly.
3. Dispense 20 l of the master mix into each PCR tube.
4. Add 5 l of 25 ng/l template DNA (or sterile deionized water for the negative
control) to the individual tubes containing the master mix.
5. Mix the reaction mixture thoroughly and centrifuge it briefly.
6. Place the reaction tubes in a PCR machine.
Program the machine as follows:
1. Pre-PCR:

94C

5 min

Denaturation

94C

30 sec

Annealing

66C

30 sec

Extension

72C

30 sec

3. Post-PCR extension: 72C

5 min

2. PCR cycle:

For 35 cycles.
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Part III. Digestion of PCR products by restriction endonuclease
PRINCIPLE
If a mutation (or SNP) creates or abolishes a cleavage site of restriction endonuclease,
restriction fragment length polymorphism (RFLP) is a simple method for the analysis. Mutation
analysis by RFLP is based on the size difference between normal and mutant alleles after
restriction endonuclease digestion (Figure 1), when one allele is digested and the other is not (or
vice versa). Different sizes of DNA fragments of the digested PCR products can be directly
examined by agarose-gel electrophoresis.
In this experiment, the PCR products from Part II are digested with restriction
endonuclease (HpaII) for detection of a mutation in SLC4A1 gene.

A

B

Figure 1.

PCR products of wild-type (A) and mutant (B) alleles. The mutation due
to a single nucleotide substitution (G>A) abolishes HpaII restriction site.
Thus, PCR product of the wild-type allele can be digested into two
fragments whereas that of the mutant allele cannot. The size difference
after the enzyme digestion can be analyzed by agarose-gel electrophoresis.
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MATERIALS
Equipments and supplies
1. Waterbath
2. Automatic pipettes and tips
3. Microcentrifuge tubes (0.6 ml)
4. Microcentrifuge tube rack
5. Marking pens
Reagents
1. PCR products (from Part II)
2. Restriction enzyme (10 U/l Hpa II)
3. 10x Buffer 1 (BioLab)
4. Sterile distilled water
METHODS
1. Prepare the following master mix of restriction endonuclease digestion reaction for
three PCR products (A, B, and C).
Component

1 reaction

3 reactions
(with 10% excess)

10x Buffer 1

1.5 l

4.95 l

Restriction enzyme Hpa II (10 U/l)

0.75 l

2.48 l

Sterile deionized water

2.75 l

9.07 l

5 l

16.5 l

Total

2. Mix the master mix thoroughly and centrifuge it briefly.
3. Dispense 5 l of the master mix into each tube.
4. Add 10 l of PCR product to the individual tubes containing the master mix.
5. Mix the reaction mixture thoroughly and centrifuge it briefly.
6. Place the reaction tubes in a waterbath at 37C for 2 hours.
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Part IV. Analysis of undigested- and digested-PCR products by agarose-gel electrophoresis
The undigested- and digested-PCR products (from Parts II and III) are analyzed by
agarose gel electrophoresis, stained with ethidium bromide, and recorded by gel documentation.

EQUIPMENTS, MATERIALS AND REAGENTS
Equipments and materials
1. Horizontal gel electrophoresis
2. Power supply
3. Gel documentation system
4. Automatic pipettes and tips
5. Microcentrifuge tube rack
6. Parafilm
7. Plastic boxes for gel staining and destaining
Reagents
1. PCR products (from Parts II and III)
2. Pre-made 2% agarose-gel slab (2 g agarose in 100 ml 1x TAE buffer)
3. 1x TAE buffer (40 mM Tris-acetate, 1 mM EDTA)
4. 6x loading dye [0.25% (w/v) bromophenol blue, 0.25% (w/v) xylene cyanol FF, 15%
Ficoll (Type 400; Sigma) in distilled water]
METHODS
1. On a small strip of parafilm, thoroughly mix 10 l of undigested-PCR product (from
Part II) and 15 l of digested-PCR product (from Part III) with 2 l and 3 l of 6x
gel-loading dye, respectively.
2. Load 150 ng of 100-bp DNA markers (mixed with gel-loading dye) in the first lane of
agarose-gel slab placed in electrophoresis take and covered with 1x TAE buffer.
3. Load all 12 l of undigested-PCR product and all 18 l of digested-PCR product in
order as shown below.

-13-

4. Turn on power supply and run electrophoresis at constant 100 volts for 40 min.
5. After electrophoresis, stain the gel in 0.5 g/ml ethidium bromide solution for 10 min
and destain it in a large volume of distilled water for 15 min.
6. Visualize the stained undigested- and digested-PCR products on UV transilluminator
and capture the gel picture by gel documentation system.
7. Discard the gel in an appropriate container and clean up the UV transilluminator.

REFERRENCES
1. Sambrook J, Russell D. Molecular cloning: a laboratory manual. 3rd ed. Cold Spring Harbor
Laboratory Press; New York: 2001.
2. GENTRA® PUREGENE® HANDBOOK, QIAGEN® VERSION JUNE 2011
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Part V. Analysis of PCR amplicon by High resolution melting (HRM) using LightCycler 480
Introduction
High Resolution Melting (HRM) is a novel, homogeneous, close-tube, post-PCR method,
enabling genomic researchers to analyze genetic variations (SNPs, mutations, methylations) in
PCR amplicons. HRM characterizes nucleic acid samples based on their disassociation (melting)
behavior. Samples can be discriminated according to their sequence, length, GC content or strand
complementarity. Even single base changes such as SNPs (single nucleotide polymorphisms) can
be readily identified.

Materials and instruments
1. PCR amplicon
2. Resolight dye
3. LightCycler 480

Procedure
The PCR products are mixed with Resolight dye and analyzed by HRM analysis for
detection of the known mutation.
1. Prepare the following master mix of HRM reaction for
3 PCR products (A1, A2 and A3)
3 spiked PCR products with known mutation (A1+GG, A2+GG and A3+GG)
3 PCR products (B1, B2 and B3)
Component

1 reaction

9 reactions
(with 10% excess)

10x Buffer 1

0.5 l

4.95 l

Restriction enzyme Hpa II (10 U/l)

1.5 l

14.85 l

Total

2.0 l

19.8 l

2. Mix the mater mix thoroughly and centrifuge it briefly.
3. Dispense 2 μl of the master mix into well 1-6 and 10-12 of a 96-well plate.
4. Add 8 μl of each PCR product (A1, A2 and A3) to well 1-3 add 4 μl of each PCR product
and 4 μl of known mutation amplicon (A1+GG, A2+GG and A3+GG) to well 4-6
add 8 μl of each PCR product (B1, B2 and B3) to well 10-12
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5. Seal the 96-well plate with sealing foil and centrifuge it briefly.
6. Place the 96-well plate in a Lightcycler 480 machine.
Program the machine as follows:
1. Denaturation 95ºC 1 min
2. Renaturation 40ºC 1 min
3. High-resolution melting 84-95ºC with 25 acquisitions
(per ºC) of continuous florescence detection
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Genetic Qualitative and Quantitative Analysis by
Real-time Polymerase Chain Reaction
Watip Tangjittipokin
Department of Immunology, Faculty of Medicine Siriraj Hospital, Mahidol University

INTRODUCTION
Real-time Polymerase Chain Reaction (PCR) is the state-of-the-art technique to study
nucleic acids. Since its development in the 1990s, many different assay formats have been
developed and the number of real-time PCR machines of different design is continuously
increasing. Real-time PCR is used for absolute and relative quantifications of DNA and RNA
template molecules and for genotyping in a variety of applications.

Real-time PCR uses

fluorescent probes or dyes and dedicated instruments to monitor the accumulation of amplicons
produced throughout the progress of a PCR reaction.
The first real-time thermocyclers, produced by Applied Biosystems, became
commercially available in 1997.

Today, the ABI 7700 is the best-selling real-time PCR

instrument. It is based on a conventional 96-well blockcycler with an additional fluorimeter
device. Only a little later, Roche Diagnostics started distributing the LightCycler based on an
entirely different instrument design, which was originally developed by Idaho Technologies.
With the iCycler, RioRad offers a cost-effective fluorimeter device, which can be combined with
their conventional PCR machines.

Real-time PCR systems are now available from many

companies, such as MJ Research (DNA Engine Opticon Continuous Fluorescence Detection
System), Stratagene (Mx400), Thermo Hybaid (Chimaera Quantitative Detection System),
Corbett Research (Rotor-Gene 3000) and Cepheid (Smartcycler).
Real-time PCR is the ability to monitor the progress of the PCR as it occurs (i.e., in real
time). Data is therefore collected throughout the PCR process, rather than at the end of the PCR.
This completely revolutionizes the way one approaches PCR-based quantitation of DNA and
RNA. Reactions are characterized by the point in time during cycling when amplification of a
target is first detected rather than the amount of target accumulated after a fixed number of
cycles. The higher the starting copy number of the nucleic acid target, the sooner a significant
increase in fluorescence is observed. In contrast, an endpoint assay measures the amount of
accumulated PCR product at the end of the PCR cycle.
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All real-time PCR systems detect a fluorescent dye, then correlate this fluorescence signal
with the amount of PCR product in a reaction. There are several methods for detecting and
evaluating fluorimetric PCR reactions. The most commonly used fluorescence formats fall into
two classes:
1. Sequence-Independent Detection Assays
Rely on fluorophores that bind to all double-stranded DNA molecules regardless of
sequence; for example:


SYBR Green I is a minor groove binding dye. It binds double-stranded DNA, and upon
excitation emits light. Thus, the fluorescent signal (measured at 530 nm) increases
proportionally with the increasing amount of dsDNA during PCR.



Ethidium bromide



YO-PRO-1: intercalating dyes

2. Sequence-Specific Probe Binding Assays
Rely on fluorophores coupled to sequence-specific oligonucleotide hybridization probes
that only detect certain PCR products; for example:


Single labeled probes (SimpleProbe format)



Hybridization probes (HybProbe format)



Hydrolysis probes (“TaqMan” format)
For quantitative analysis, the amplification curves are evaluated.

The amplification

process is monitored either through the fluorescence of dsDNA-specific dyes (like SYBR Green
I) or of sequence-specific probes. Each curve consists of at least three distinct phases: 1) an
initial lag phase in which no product accumulation can be measured, 2) an exponential phase, and
3) a plateau phase. The exponential phase in principle could be extrapolated to the start of the
reaction (Cycle 0) to calculate the template copy number, but the error would be too high. The
template copy number can be estimated with greater precision from the number of cycles needed
for the signal to reach an arbitrary threshold. The threshold must intersect the signal curve in its
exponential phase, in which the signal increase correlates with product accumulation. The
intersection point is the so-called threshold value (CT) or crossing point (CP). This point may be
between two successive cycles (i.e. it may be a fractional number). For exact quantifications, the
efficiency of the amplification reaction must be known. It is crucial that the amplification
efficiencies of standards and unknowns are identical.
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Melting curves represent the temperature dependence of the fluorescence. They are
recorded subsequent to the amplification of the target sequence by PCR. The detection can be
performed either with dsDNA-specific dyes or with sequence-specific probes. Melting curves of
sequence-specific probes are used for genotyping, resolving single base mismatches between
target sequence and probe, whereas SYBR Green I is used most frequently for product
characterization. It has been reported that melting curves measured with SYBR Green I can also
be utilized for genotyping of insertion/deletion polymorphisms and of single nucleotide
polymorphisms (SNPs).
Real-time PCR techniques have had an will continue to have a substantial impact on life
sciences and molecular medicine for several reasons: the robust assays are fast and easy to
perform; the risk of carry-over contamination is minimal because of the closed-tube formats of
the analyses; post-PCR processing is not required; and the results obtained have a high precision,
provided that the evaluation is done correctly. The advantages of real-time PCR are exploited in
clinical diagnosis and the monitoring of infectious diseases and tumors. The technique is applied
for the analysis of age dependent diseases, cytokine and tissue-specific expression, forensic
samples, epigenetic factors like DNA methylation and for food monitoring. The field of
applications is still growing rapidly, which suggests that real-time PCR become one of the most
important techniques in molecular life sciences and medicine.

EQUIPMENTS, MATERIALS AND REAGENTS
Equipments and materials
1. LightCycler 480 system (Roche Applied Science)
2. LightCycler 2.0 system (Roche Applied Science)
Reagents
ANALYSIS METHODS
1. Absolute Quantification
2. Relative Quantification
3. Melting Temperature (Tm) Calling
4. Melting Curve based Genotyping
5. Endpoint Genotyping
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RESULTS AND INTERPRETATION
Gene expression
Quantification is the method of choice to determine concentrations of unknown sample by
comparing its crossing point with the standard curve.

Melting curve based genotyping analysis
Melting curves of sequence-specific probes are used for genotyping, resolving single base
mismatches between target sequence and probe.

In melting curves, the signal decreases

gradually as a result of a temperature-dependent quench and more abruptly at a certain
temperature because of the melting of the products (dsDNA or ssDNA/probe hybrid). The
melting temperature (Tm) of a product is defined as the temperature at which the steepest
decrease of signal occurs. This can be identified conveniently as the peak value (s).

Perfect
Match
Mismatch

Mismatch

Perfect
Match
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Demonstration of SYBR Green I-based real-time RT-PCR using LightCycler
EQUIPMENTS, MATERIALS AND REAGENTS
Equipments and materials
1. LightCycler instrument: Roche Applied Science
2. LightCycler centrifuge adapter
3. LightCycler capillaries and plastic stopper (cap)
Reagents
1. Viral RNA Extraction kit:

QIAamp Viral RNA Mini kit, QIAGEN

2. LightCycler-RNA Amplification kit SYBR Green I:
Roche Applied Science Kit components:
a. LightCylcer-RT-PCR Enzyme Mix
b. LightCycler-RT-PCR Reaction Mix SYBR Green I,
5x conc. (contains a final concentration of 3 mM MgCl2)
c. MgCl2 stock solution, 25 mM
d. H2O, sterile-filtered, PCR grade

METHODS
1.

Viral RNA Extraction
Dengue RNA will be extracted by using QIAamp Viral RNA Mini Kit (QIAGEN)

according to the supplier’s instruction without modification. RNA will be eluted with 40 l
DEPC-treated distilled water twice and stored at -70°C until use.
2.

Cycling conditions
General remarks: the following experimental protocol gives a guideline for optimization

of the cycle parameters:
Parameter

Value

Denaturation temperature (°C)

95

Denature time (sec)

0

Annealing temperature (°C)

depend on primer

Annealing time (sec)

10

Elongation temperature (°C)

72

Elongation time (sec)

length of product (bp)/25
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Experimental protocol consists of five programs:
•

Program 1: Reverse transcription of template RNA

•

Program 2: Denaturation of cDNA/RNA hybrid

•

Program 3: Amplification of cDNA

•

Program 4: Melting curve analysis for product identification

•

Program 5: Cooling the rotor and thermal chamber

3.

Preparation of master mix
Prepare a master mix by multiplying the amount in the volume column by the number of

reactions to be cycled, plus one additional reaction. Proceed as described below for a 20 l
standard reaction.
3.1 In a 1.5 or 0.6 ml reaction tube on ice, add the following components in the order
mentioned below:
Component

Volume (l)

Final conc.

H2O, sterile, PCR grade

7.0

LC-RT-PCR Reaction Mix-

4.0

1x

25 mM MgCl2

1.6

5 mM

Sense Primer

1.0

0.5 M

Anti-sense Primer

1.0

0.5 M

LC-RT-PCR Enzyme Mix

0.4

Dengue RNA

5.0

SYBR Green I, 5x conc.

Total volume

20.0

3.2 Mix gently; pipette 15 l master mix into the pre-cooled LightCycler callilary.
3.3 Seal each capillary with a stopper (cap) and place the adapters, containing the
capillary into a standard microcentrifuge. Centrifuge at 700 x g for 5 sec (3,000 rpm)
Note: Place the centrifuge adapters in a balanced arrangement within the centrifuge.
3.4 Place the capillaries in the rotor of the LightCycler instrument.
3.5 Cycle the samples as described.
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Demonstration of melting curve based genotyping analysis using LightCycler480

EQUIPMENTS, MATERIALS AND REAGENTS
Equipments and materials
1. LightCycler 480 instrument: Roche Applied Science
2. Human DNA
3. Standard swing bucket centrifuge containing a rotor for multiwell pates with suitable
adaptors
4. LightCycler multiwall plate 384 or 96
Reagents
1. LightCycler 480 genotyping master: Roche Applied Science Kit components:
LightCycler-RT-PCR Reaction Mix SYBR Green I, 5x conc. (contains a final
concentration of 3 mM MgCl2)
a. LightCycler 480 genotyping master, 5x conc.
b. MgCl2 solution, 25 mM
c. Water, PCR grade

METHODS
1. Human DNA Extraction
DNA will be extracted by using phenol chloroform method. DNA will be diluted with
distilled water to final concentration 25 ng/l and stored at -70°C until use.
2. Preparation of master mix
Prepare a master mix by multiplying the amount in the volume column by the number of
reactions to be cycled, plus one additional reaction. Proceed as described below for a 20 l
standard reaction.
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2.1 Add the following components in the order as mentioned below in 96 plate:
Component

Volume (l)

H2O, sterile, PCR grade

4.15

Primer-L

0.25

Primer-R

0.25

Simple probe

0.25

Genotype master

2

MgCl2

0.6

DNA

2.5
Total volume

10.0

2.2 Mix gently; Seal with foil, centrifuge spin down.
2.3 Place the plate in the LightCycler instrument.
2.4 Cycle the samples as described.
3. Cycling protocol
Pre-incubation

1 cycle (s)

None

Amplification

45 cycle (s)

Quantification

Melting curve

1 cycle (s)

Melting Curves

Cooling

1 cycle (s)

None Pre-incubation

-24-

Program setting

4. Analysis by Tm calling
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Designing of primers for PCR and restriction fragment length polymorphism (RFLP) by
web-based programs
Dr. Nanyawan Rungroj, Ph.D., Prof. Pa-thai Yenchitsomanus, Ph.D.
Department of Research and Development, Faculty of Medicine Siriraj Hospital

INTRODUCTION
Primer is one of the basic components in PCR reaction. Primers are short singlestranded,
synthetically synthesized oligonucleotides that are complementary to the beginning or the end of
the DNA fragment to be amplified. They anneal by adhering to the DNA template at these
starting and ending points, where the DNA polymerase binds and begins the synthesis of the new
DNA strand. The objective of PCR is to amplify a specific DNA segment without any
nonspecific by-products. In principle, each physical and chemical component of PCR can be
modified to produce a potential increase in yield, specificity, or sensitivity. Yet the most critical
parameter for successful PCR is optimal primer design. A poorly designed primer can result in
little or no product, due to nonspecific amplification and/or primer-dimer formation leading to
reaction failure, even when all the other parameters are properly optimized.
Some thoughts on designing primers
• A primer length of 18-24 nucleotides is optimal for most PCR applications.
• Oligonucleotide GC-content should be 40-60%. • Avoid run of three or more identical
nucleotides.
• Optimal melting temperature (Tm) is 55-65°C.
The approximate Tm can be calculated using the Wallace rule as the following
equation: Tm (°C) = 2 (A+T) + 4 (G+C)
(A, T, G, and C are numbers of respective nucleotide in the primer)
• Calculated Tm for both primers used in reaction should not differ >5°C.
• The primer should not have inverted repeat sequences or should not be selfcomplementary or complementary to any other primer in the reaction mixture, in order to
avoid hairpin and primer-dimer formation.
• Primer 3' terminus design is critical to PCR success since the primer extends from
the 3' end. The 3' end should not be complementary over greater than 3-4 bases to
any region of the other primer (or even the same primer) used in the reaction and
must provide correct base matching to template.
• If possible, primers should start and end with G or C.
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Primer design for PCR by web-based program
The objective of primer design for PCR is to choose oligonucleotides complementary to
relatively unique sequences flanking the segment to be amplified. Primer design is the most
elegant from individual thought, but software is also available from many commercial and
academic sources to assist in the process. Some useful web-based programs are available i.e.
Primer3, GeneFisher, and ExonPrimer.

Primer design for RFLP by web-based program
The detection of mutations and single nucleotide polymorphisms (SNPs) by PCR
technique is commonly used in molecular medical biology and molecular genetics researches. If
mutations or polymorphisms create or abolish the sites of restriction endonuclease, restriction
fragment length polymorphism (RFLP) is a simple tool for detection of such variant in DNA
samples of suspected individuals. This analysis is based on the size difference between DNA
sequences from normal and mutant alleles when they are digested with restriction enzymes.
These different sizes of PCR products can be resolved by agarose gel electrophoresis. If the
mutation or SNP of interest does not affect any restriction sequences, so “derived cleaved
amplified polymorphic sequence (dCAPS) technique” can be employed by introducing an
artificial restriction enzyme site. This is achieved using primer containing additional mismatched
bases adjacent to the mutation or SNP site. A web-based program called “dCAPS Finder 2.0”
facilitates the design of mismatched PCR primers to create or remove a restriction enzyme site
relative to the mutation or polymorphism being analyzed.

Demonstration of primers design by web-based programs
Materials
1. Computer (with internet connection)
2. Web-based programs: Primer3 (v. 0.4.0) and dCAPS Finder 2.0
3. DNA sequence of gene or fragment to be amplified
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Methods
Designing of primer for PCR by Primer 3 program
1. Access “Primer3” program (http://frodo.wi.mit.edu/primer3/).

2. Input a sequence (FASTA format) into the large data-entry box provided.
3. Click on the check boxes labeled Pick left primer and Pick right primer.
4. Set parameters i.e. primer size, primer Tm, and primer GC% according to the basic of
primer design.
Note: Detail of parameters can be read from Primer3 Input Help
(http://fokker.wi.mit.edu/cgi-bin/primer3/primer3_www_help.cgi)
5. Click on Pick primers
6. The output displays the best left and right primers and their characteristics (starting
position, length, Tm, and so forth) including a representation of the location of the
primers and some number of additional primer pairs.
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Designing of primer for RFLP by dCAPS Finder 2.0 program
1. Access “dCAPS Finder 2.0” program (http://helix.wustl.edu/dcaps/dcaps.html).

2. Input the two identical sequences, except for the mutation or SNP position, into the
boxes provided. The SNP should be in the middle of the sequence with approximately
25 nt on each side. No more than 60 nt. should be entered in each box.
3. Enter the number of mismatches allowed in the PCR primer and run the program.
- The output from the zero mismatch will show whether a CAPS marker is present.
- If a CAPS marker is not generated, enter 1 mismatch to search for a dCAPS marker.
- Increase the number of mismatches in each run until a potential dCAPS marker has
been identified.
* The dCAPS primer should include the necessary mismatches 5’ of the mutation and
not include the nucleotide being analyzed.
4. The reverse primer should be approximately 200-300 nt of the dCAPS primer such that
the two sequences can be resolved, after digestion with appropriate restriction
endonuclease, on a high-resolution agarose gel.
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MOLECULAR CLONING AND PROTEIN EXPRESSION
Nunghathai Sawasdee, Pa-thai Yenchitsomanus
Division of Molecular Medicine, Department of Research and Development,
Faculty of Medicine Siriraj Hospital Mahidol University

INTRODUCTION
Molecular Biology is the subject that studies molecular basis of biological processes.
These processes are constituted and driven by biomolecules which are present within living
organisms. The biomolecules interact and function coordinately in each process. The most
important process is known as “Central Dogma in Molecular Biology” in which the genetic
information that is stored in DNA molecule is transcribed into RNA intermediate and further
translated into protein. DNA can self-replicate and RNA can be reversed transcribed to DNA.
This process is actually very complicated and tightly regulated.

The molecular biology

techniques, which have continuously been developed for several decades, are the powerful and
efficient tools for studying this and other processes.
This course will provide the students with hand-on experiences in using and applying
different molecular biology techniques for experimental studies. As the model for practical
learning, molecular cloning of human genes into prokaryotic and eukaryotic vectors will be
practiced. The students will have the opportunity to conduct all steps of the molecular cloning,
starting from mRNA and cDNA preparation, plasmid isolation, restriction endonuclease
digestion, ligation, transformation, protein purification, immunoblot and immunofluorescence
analyses of proteins, cell analysis by flow cytometry, etc. After completion of this course, it is
expected that the students will acquire knowledge and skills in using and applying these
techniques for their own research studies.

-31-

Cloning steps
Cloning vector
Target genes

Amplification of target
genes by PCR

Digest at both ends of PCR
product by restriction
enzymes

Digest cloning vector by
restriction enzymes

Check digestion and
determine concentration of
DNA by agarose gel
eloctrophoresis

Check digestion and
determine concentration of
DNA by agarose gel
eloctrophoresis

Ligation between target
DNA and cloning vector

Transformation of the ligation
mixture to E.coli (competent
cells)

Select transformants on LB
plate plus antibiotic

Screen positive clones which
contain target gene

By miniprep DNA and digested
with restriction enzymes

By colony PCR
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1. Nucleic acid preparations and quantification
1.1 RNA isolation and quantification
Equipment and supplies
1)
2)
3)
4)
5)

Reagents

Refrigerated centrifuge
Microcentrifuge
Automatic pipettes and tips
Microcentrifuge tubes and racks
Gloves and marking pens

1)
2)
3)
4)
5)

DEPC-treated water
TRIzol® Reagent (Invitrogen)
75% ethanol
Isopropyl alcohol
Chloroform

Methods
1. Harvest cells by centrifugation at 2,500 rpm for 5 min and remove media.
2. Add 0.5 ml of TRIzol® reagent.
3. Homogenize cells by pipetting up and down several times and incubate at
room temperature (RT) for 5 min.
4. Add 0.1 ml of chloroform, shake vigorously by hand for 15 sec and incubate
at RT for 3 min.
5. Centrifuge at 15,000 rpm for 15 min at 4 C.
6. Collect the aqueous phase of the sample to a new microcentrifuge tube.
7. Add 0.25 ml of isopropanol and incubate at RT for 10 min.
8. Centrifuge at 15,000 rpm for 10 min at 4 C and remove the supernatant.
9. Wash the RNA pellet with 1 ml of 75% ethanol.
10. Centrifuge at 12,000 rpm for 5 min and discard the wash.
11. Air-dry RNA pellet at RT for 5 min.
12. Dissolve RNA with 20 l of DEPC-treated water.
13. Take 1 l of RNA solution to measure optical density (OD) at 260 and
280 nm using Nanodrop spectrophotometer (a ratio of ~2.0 is generally
accepted as “pure” for RNA).
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1.2 cDNA preparation using SuperScript® III First-Strand Synthesis System
(Invitrogen)
Equipment and supplies
1)
2)
3)
4)
5)

Reagents

PCR thermal cycler
Microcentrifuge
Automatic pipettes and tips
Microcentrifuge tubes and racks
Gloves and marking pens

1)
2)
3)
4)
5)
6)
7)
8)
9)

DEPC-treated water
50 µM oligo(dT)20
10 mM dNTP mix
10X RT buffer
25 mM MgCl2
0.1 M DTT
RNaseOUT™ (40 U/µl)
SuperScript® III RT (200 U/µl)
RNase H (2 U/µl)

Methods
1. Combine the following in a 0.2 ml microcentrifuge tube.
Component
up to 5 µg total RNA

Amount (1 reaction)
n

50 µM oligo(dT)20

0.5

10 mM dNTP mix

0.5
to 5 µl

DEPC-treated water

5

Total (l)

2. Incubate the tube at 65 °C for 5 min, then place on ice for at least 1 min.
3. Prepare the following cDNA Synthesis Mix in a 0.2 ml microcentrifuge tube.
Component
10X RT buffer

Amount (1 reaction)
1

25 mM MgCl2

2

0.1 M DTT

1

RNaseOUT™ (40 U/µl)

0.5

SuperScript® III RT (200 U/µl)

0.5
5

Total (l)
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4. Add 5 µl of cDNA Synthesis Mix to RNA/primer mixture (from 1), mix
gently, and collect by brief centrifugation.
5. Incubate at 50 °C for 50 min in PCR machine.
6. Terminate the reactions at 85 °C for 5 min, chill on ice and collect the reactions
by brief centrifugation.
7. Add 0.5 µl of RNase H and incubate the tubes at 37 °C for 20 min.
8. cDNA synthesis reaction can be stored at −20 °C or used immediately.
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1.3 Preparation of backbone vector for cloning to E. coli using QIAprep Spin
Miniprep Kit (QIAGEN)
Equipment and supplies
1) Shaking incubator

1)

2)
3)
4)
5)
6)
7)

2)
3)
4)
5)
6)
7)

Centrifuge and microcentrifuge
Nanodrop Spectrophotometer
Automatic pipettes and tips
Microcentrifuge tubes and racks
Gloves and marking pens
QIAprep spin columns

Reagents
LB broth with antibiotic
(50 g/ml of ampicillin)
Buffer P1
Buffer P2
Buffer N3
Buffer PB
Buffer PE
Sterile deionized water (SDW)

Methods
1. Pick up a single E. coli harboring vector (backbone vector) into 5 ml of LB broth
containing 50 g/ml of ampicillin and shake at 37 C for overnight.
2. Harvest E. coli cells by centrifuging at 2,500 rpm for 10 min.
3. Resuspend E. coli pellet with 250 µl of Buffer P1 (addition of RNase A
20 g/ml), pipetting up and down several times, and transfer to a 1.5 ml
microcentrifuge tube.
4. Add 250 µl of Buffer P2 and gently invert the tube 4–6 times to mix (Do not
allow the lysis reaction to proceed for more than 5 min).
5. Add 350 µl of Buffer N3, invert the tube immediately but gently 4–6 times and
centrifuge at 13,000 rpm for 10 min.
6. Apply the supernatants from step 5 to the QIAprep spin column by pipetting.
7. Centrifuge for 30–60 sec and discard the flow-through.
8. Wash the QIAprep spin column by adding 0.5 ml Buffer PB and centrifuging
for 30–60 s. Discard the flow-through.
9. Wash QIAprep spin column by adding 0.75 ml Buffer PE and centrifuging at
13,000 for 1 min.
10. Discard the flow-through, and centrifuge for an additional 1 min to remove
residual wash buffer.
11. Place the QIAprep column in a clean 1.5 ml microcentrifuge tube.
12. Elute DNA by adding 50 µl of sterile deionized water to the center of
QIAprep spin column
13. Let the column stand for 1 min, and centrifuge at 13,000 for 1 min.
14. Take 1 l of DNA vector to measure OD at 260 and 280 nm using Nanodrop
spectrophotometer (a ratio of ~1.8 is generally accepted as “pure” for DNA).
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2. Amplification and analysis of full-length specific cDNA
2.1Amplification of full-length target cDNA by PCR
Equipment and supplies

Reagents

1) PCR thermal cycler

1) cDNA template

2) Microcentrifuge

2) Pfx PCR buffer (10X)

3) Automatic pipettes and tips

3) MgSO4 (50 mM)

4) Microcentrifuge tubes and racks

4) Enhancer solution (50X)

5) Gloves and Marking pens

5) dNTP mix (2 mM each)

6) Ice box

6) Forward primer (10 µM)
7) Reverse primer (10 µM)
8) Pfx DNA polymerase (2.5 U/l)
9) Sterile deionized water (SDW)

Methods
1. Prepare the following PCR master mix for three PCR reactions; cDNA sample,
positive control (control cDNA) and negative control (without cDNA).

Component

1 reaction

Pfx PCR buffer (10X)

10

MgSO4 (50 mM)

1

Enhancer solution (50X)

5

dNTP mix (2 mM each)

2.5

Forward primer (10 µM)

1

Reverse primer (10 µM)

1

Sterile deionized water

28.3

Pfx DNA polymerase (2.5 U/l)

0.2

Total (l)

49

2. Mix the master mix thoroughly and centrifuge it briefly.
3. Dispense 49 l of the master mix into 0.2 ml microcentrifuge tubes labeled
cDNA sample and positive control, and 24.5 l to tube labeled negative
control.
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4. Add 1 l of cDNA template (or 1 l of control cDNA for the positive control,
or 0.5 l of sterile deionized water for the negative control) to the individual
tube containing the master mix.
5. Mix the reaction mixture thoroughly and centrifuge it briefly.
6. Place the reaction tubes in a PCR thermal cycler and run as the following
program.
PCR Program:
94 C

5 min

Denaturation

94 C

30 sec

Annealing

55 C

40 sec

Extension

68 C

40 sec

68 C

7 min

a. Pre-PCR:
b. PCR cycle:

For 35 cycles
c. Post-PCR extension:

7. Store PCR products at 4 C for further experiments.
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2.2 Analysis of PCR products by agarose gel electrophoresis
Equipment and supplies

Reagents

1) Electrophoresis apparatus
2) Power supply
3) Gel documentation system
4) Automatic pipettes and tips
5) Microcentrifuge tubes and racks
6) Gloves
7) Parafilm

1) PCR products and plasmid
2) TAE buffer (0.5X)
3) Pre-made 2% agarose-gel slab
4) Gel-loading dye (6X)
5) DNA marker
6) Staining solution (3X Gel-Red)
7) Destaining solution (Deionized Water)

Methods
1. On a small strip of parafilm, thoroughly mix the following:


5 l of PCR products with 1 l of 6X gel-loading dye.



2 l of plasmid) with 3 l of sterile water and 1 l of 6X gel-loading dye.

2. Load 6 l of DNA markers (mixed with gel-loading dye) in the first lane of
agarose-gel slab placed in electrophoresis chamber and covered with 0.5X
TAE buffer.
3. Load all 6 l of each mixture in order as shown below.

1

2

3

4

5
1: DNA marker
2: PCR products from cDNA template
3: PCR products (positive control)
4: PCR products (negative control)
5: Vector for cloning

4. Place the cover and turn on power supply.
5. Set the power pack at constant 100 volts for 40 min.
6. Turn off the power pack.
7. Stain the gel in staining solution for 5 min.
8. Destain the gel in destaining solution for 5 min.
9. Visualize and capture image by using gel documentation system
10. Analyze the results.
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2.3 Purification of PCR products using QIAquick PCR Purification Kit (QIAGEN)
Equipment and supplies

Reagents

1) Nanodrop spectrophotometer

1) TAE (0.5X)

2) Water bath

2) Pre-made 2% agarose-gel slab

3) Microcentrifuge

3) Gel-loading dye (6X)

4) Power supply

4) DNA marker

5) Electrophoresis apparatus

5) Buffer PB

6) LED transilluminator

6) Buffer PE

7) Gel documentation system

7) Sterile deionized water (SDW)

8) Automatic pipettes and tips

8) Staining solution (1X Gel-Red)

9) Microcentrifuge tubes and rack

9) Destaining solution (Deionized Water)

10) QIAquick spin column
11) Gloves
12) Parafilm

Methods
1. Add 5 volumes of Buffer PB to 1 volume of the PCR product and mix by
inverting.
2. To bind DNA, apply the sample to the QIAquick column, and centrifuge for 1
min.
3. Discard flow-through and place QIAquick spin column back in the same
collection tube.
4. To wash, add 0.75 ml of Buffer PE to QIAquick spin column and centrifuge
for 1 min.
5. Discard the flow-through and centrifuge the QIAquick spin column at 13,000
rpm for an additional 1 min.
6. Place QIAquick column into a new 1.5 ml microcentrifuge tube.
7. To elute DNA, add 30 µl of SDW to the center of the QIAquick membrane, let
the column stand for 1 min, and centrifuge the column at 13,000 rpm for 1
min.
8. Take 1 l of purified PCR products to measure OD at 260 and 280 nm using
Nanodrop spectrophotometer.
9. Analysis of purified PCR products by agarose gel electrophoresis (Optional).
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3. Gene cloning
3.1 Restriction endonuclease digestion of DNA
Equipment and supplies
1)
2)
3)
4)
5)

Reagents

Water bath
Microcentrifuge
Automatic pipettes and tips
Microcentrifuge tubes and racks
Gloves and marking pens

1)
2)
3)
4)
5)

PCR products and vector
Restriction enzymes
Buffer (10X)
BSA (100X)
Sterile deionized water (SDW)

Methods
1. Prepare the following master mix of restriction endonuclease digestion
reactions for PCR products and plasmid.

Component

1 reaction

Buffer 4(10X)
Restriction enzyme 1 (20 U/l)
Restriction enzyme 2 (20 U/l)
BSA (100X)
Sterile deionized water
Total (l)

4
0.5
0.5
0.4
34.6
40

2 reactions
(with 20% excess)
8.8
1.1
1.1
0.88
76.12
88

2. Mix the master mix thoroughly and centrifuge it briefly.
3. Dispense 40 l of the master mix into each tube.
4. Add 10 l of purified PCR products or 10 l of plasmid (100 ng/l) to the
individual tubes containing the master mix.
5. Mix the reaction mixture thoroughly and centrifuge it briefly.
6. Place the reaction tubes in a water bath at 37 C for overnight.
7. Purify digested product with QIAquick PCR Purification Kit followed
manufacturer's instructions.
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3.2 DNA Ligation and E. coli transformation

Equipment and supplies
1)
2)
3)
4)
5)

Reagents

Water bath
Automatic pipettes and tips
Microcentrifuge tubes and racks
Gloves and marking pens
Ice box

1)
2)
3)
4)
5)
6)

T4 DNA Ligase Buffer (10X)
Vector and insert DNA
Sterile deionize water
T4 DNA Ligase
LB broth
LB plate with 50 g/ml of ampicillin

7) DH5 competent cells
Methods
1. Set up the following reaction in a 0.6 ml microcentrifuge tube.
Component

Amount (l)

T4 DNA Ligase Buffer (10X)
up to 100 ng of Vector DNA
up to 100 ng of insert DNA
Sterile deionize water
T4 DNA Ligase (20U/l)

1
n
n
to 10
1

Total

10

2. Gently mix the reaction and centrifuge briefly.
3. Incubate at 16 C for overnight and chill on ice.
4. Add all 10 l of the reaction to 100 l of competent DH5 cells and mix gently.
5. Incubate the tube on ice for 30 min.
6. To transform DNA into E. coli cells, heat shock at 42 C for exactly 1 min and
place tube on ice immediately for another 5 min.
7. Add 900 l of fresh LB broth to the tube and shake at 37 C for 1 hr.
8. Spread 100 l of cell suspension onto LB agar plate containing ampicillin.
9. Harvest another 900 l of the transformed cells by centrifugation at 2,500 rpm
for 5 min, discard supernatant, resuspend cell pellet in 100 l fresh LB broth
and spread onto LB agar containing ampicillin.
10. Incubate the plates at 37 °C for overnight (up-side-down position).
11. Observe the colonies on the plate and store at 4 C for further characterization.
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3.3 Screening of transformants harboring recombinant plasmid by PCR
Equipment and supplies

Reagents

1) PCR thermal cycler

1) PCR buffer (10X)

2) Microcentrifuge

2) dNTP mix (2 mM each)

3) Automatic pipettes and tips

3) Primer T7 F (10 µM)

4) Incubator

4) Primer T7 R (10 µM)

5) Microcentrifuge tubes and racks

5) Taq DNA polymerase (5 U/l)

6) Gloves and Marking pens

6) Sterile deionized water (SDW)

7) Ice box

7) E. coli from transformation plate

Methods
1. Pick a single colony from transformation plates using a tip and grid on a new
plate (master plate), then swirl tip into a 0.2 ml microcentrifuge tube
containing 5 l of SDW.
2. Do the step 1 with the other 13 colonies.
3. Incubate master plate for overnight.
4. Prepare the following PCR master mix for 15 PCR reactions; 14 transformants
and negative control (without transformant).

1 reaction (l)

15 reactions (l)
(with 20% excess)

PCR buffer (10X)

1

18

dNTP mix (2 mM each)

1

18

Primer T7 F (10 µM)

0.5

9

Primer T7 R (10 µM)

0.5

9

Sterile deionized water

1.96

35.28

Taq DNA polymerase (2.5 U/l)

0.04

0.72

5

90

Component

Total

5. Mix the master mix thoroughly and centrifuge it briefly.
6. Dispense 5 l of the master mix into the tube containing 5 l of transformant
with SDW or only SDW.
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7. Mix the reaction thoroughly and centrifuge it briefly.
8. Place the reaction tubes in a PCR thermal cycler and run as the following
program.
PCR Program:
94 C

5 min

Denaturation

94 C

30 sec

Annealing

55 C

30 sec

Extension

72 C

30 sec

72 C

7 min

a. Pre-PCR:
b. PCR cycle:

For 32 cycles
c. Post-PCR extension:

9. Check the PCR products by agarose gel electrophoresis as described in A.2.2
above and analyze the results.
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3.4 Preparation and analysis of recombinant plasmid

Equipment and supplies
1)
2)
3)
4)
5)

Reagents

Shaking incubator
Centrifuge and microcentrifuge
Nanodrop spectrophotometer
Automatic pipettes and tips
Microcentrifuge tubes and racks

1) E. coli from master plate
2) LB broth with 50 g/ml of ampicillin

6) Gloves and Marking pens

Methods
1. Pick up a colony carrying recombinant plasmid (positive from PCR) from
master plate into 5 ml of LB broth containing 50 g/ml of ampicillin and shake
at 37 C for overnight.
2. Isolate recombinant plasmid from E. coli following method as described
above.
3. To check the size of insert DNA, digest recombinant plasmid following
reaction as below.
Component

Single digestion

Double digestion

1
0.5
0.1
3
5.4
10

1
0.5
0.5
0.1
3
4.9
10

Buffer (10X)
Restriction enzyme 1(20 U/l)
Restriction enzyme 2 (20 U/l)
BSA (100X)
Recombinant plasmid (100 ng/l)
Sterile deionized water
Total (l)

4. Mix the reaction thoroughly and centrifuge it briefly.
5. Place the reaction tubes in a water bath at 37 C for overnight (or 1 hr).
6. Check the digested products by agarose gel electrophoresis as described above and
load samples to the gel as shown below.
7. Analyze the results

1

2

3

4
1: DNA marker
2: Non digestion of recombinant plasmid
3: Single digestion of recombinant plasmid
4: Double digestion of recombinant plasmid
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4. Studies of recombinant protein expressed in mammalian cells
4.1 Liposome-mediated recombinant plasmid transfer to HEK 293T cells
Equipment and supplies

Reagents

1) CO2 incubator

1) Complete DMEM

2) Laminar air flow

2) Opti-MEM

3) Microcentrifuge

3) LipofectamineTM 2000

4) Automatic pipettes and tips

4) Recombinant plasmid

5) 6-wll plates

5) GFP recombinant plasmid

6) Glass coverslips

6) Vector backbone

7) Microcentrifuge tubes and racks
8) Gloves and marking pens
Methods
1. Prepare cells for four experiments:


3 wells of a 6-well plate for Analysis of target gene by real-time PCR.



3 wells of a 6-well plate for Detection of target protein by SDS-PAGE and
Western blotting.



4 wells of a 6-well plate for detection of target protein by flow cytometry.



4 wells of a 6-well plate containing glass coverslips for detection of target
protein by Immunofluorescence staining.

2. A day before transfection, seed 5 x 105 human embryonic kidney 293T (HEK
293T) cells in 1 ml of Dulbecco’s Modified Eagle Medium (DMEM)
supplemented with 10% fetal bovine serum, 100 U/ml penicillin and 100
µg/ml streptomycin (complete medium) in a 6-well plate (for gene analysis by
real-time PCR or protein characterization by Flow cytometry and SDS-PAGE
and Western blotting) and on glass coverslips in a 6-well plate (for
immunofluorescence staining).
3. Maintain cells at 37 C with 5% CO2 for overnight (the cells will be 70-90%
confluent at the time of transfection).
4. Prepare transfection samples (solutions A and B) for four characterization
techniques as follow:
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For target gene analysis by real-time PCR and target protein detection by
SDS-PAGE and Western blotting, prepare the following in a 1.5 ml
microcentrifuge tube for each technique.
-

Solution A: 50 l of Opti-MEM with 1 g of your recombinant plasmid
or 1 g of control recombinant plasmid (positive control) or pcDNA3.1
empty vector (negative control), mix gently.

-

Solution B: 50 l of Opti-MEM with 2 l of LipofectamineTM 2000, mix
gently (3 tubes).



For characterization of target protein by Immunofluorescence staining and
flow cytometry, prepare the following for each technique.
-

Solution A: 50 l of Opti-MEM with 1 g of your recombinant plasmid
or 1 g of control recombinant plasmid (positive control no.1) or GFP
recombinant plasmid (positive control no.2) or backbone vector
(negative control), mix gently.

-

Solution B: 50 l of Opti-MEM with 2 l of LipofectamineTM 2000, mix
gently (4 tubes).

5. Incubate at room temperature (RT) for 5 min.
6. Combine solution A and B, mix gently and incubate at RT for 20 min
7. Gently remove old media from well containing cells for transfection.
8. Gently add 900 l of serum free DMEM media to each well.
9.
solution in the well.
10. Incubate cells at 37 C with 5% CO2 for 4-6 hr.
11. After 6 hr incubation, remove transfection mixture add 2 ml of DMEM
complete medium, then an additional incubate cells at 37 C with 5% CO2 for
48 hr prior to further characterizations.
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4.2 Analysis of target gene expression by real-time PCR
Equipment and supplies

Reagents

1) LightCycler® 480

1) cDNA

2) Microcentrifuge

2) SYBR Green Master Mix (2X)

3) Automatic pipettes and tips

3) Forward primer (10 µM)

4) 96 well PCR plate and plastic seals

4) Reverse primer (10 µM)

5) Microcentrifuge tubes and rack

5) Primer β-actin F (10 µM)

6) Gloves and marking pens

6) Primer β-actin R (10 µM)

7) Ice box

7) Sterile deionized water (SDW)

Methods
1. Collect transfected cells from the 6-well plate by pipetting and transfer to each
1.5 ml microcentrifuge tube.
2. Isolate RNA and prepare cDNA from transfected cells followed the protocols
above.
3. Prepare the following PCR master mix for four PCR reactions each primer
pairs; target gene and β-actin
PCR master mix for target gene
1 reaction

4 reactions
(with excess 20%)

5

21

Forward primer (10 µM)

0.5

2.1

Reverse primer (10 µM)

0.5

2.1

Sterile deionized water

3

12.6

Total (l)

9

37.8

Component
SYBR Green Master Mix (2X)
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PCR master mix for β-actin

5

4 reactions (l)
(with excess 20%)
21

Primer β-actin F (10 µM)

0.5

2.1

Primer β-actin R (10 µM)

0.5

2.1

Sterile deionized water

3

12.6

Total

9

37.8

Component

1 reaction (l)

SYBR Green Master Mix (2X)

4. Mix the master mix thoroughly and centrifuge it briefly.
5. Transfer 9 µl of master mix to 4 new tubes and add 1 µl of cDNA to each tube; (1)
cDNA of recombinant plasmid transfected cells, (2) cDNA of positive vector
control, (3) cDNA of negative vector control and (4) PCR negative control (without
cDNA).
6. Mix the reactions thoroughly and transfer to 96 well PCR plate.
7. Seal plate with plastic seals tightly and centrifuge it briefly.
8. Place the reaction plates in a LightCycler® 480 machine and run as the following
program.
PCR Program:
a. Pre-PCR:

94 C

5 min

Denaturation

94 C

20 sec

Annealing

55 C

20 sec

Extension

72 C

20 sec

Denaturation

95 C

1 min

Renaturation

40 C

1 min

Melting

96 C

b. PCR cycle:

For 35 cycles
c. Melting curve

With 5 acquisition (per C) of continuous fluorescence detection
9. Analyze real time PCR results

-49-

4.3 Detection of recombinant protein expressed in mammalian cells
4.3.1 Detection of target protein by SDS- PAGE and Western blotting

Equipment and supplies
1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)
12)
13)
14)

Reagents

Vertical electrophoresis apparatus
Power supply
Protein transfer apparatus
Rocker
Microcentrifuge
Heat block
Automatic pipettes and tips
50 ml tubes and racks
Microcentrifuge tube
Gloves and Marking pens
Nitrocellulose membrane
Filter paper
Plastic box
Forceps and scalpel

1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)
12)
13)
14)
15)

Ethanol (70%)
SDS-PAGE running buffer (1X)
SDS reducing sample buffer (4X)
Acrylamide solution (30.8%)
Tris-HCl, pH 8.8 (3.0 M)
Tris HCl, pH 6.8 (0.5 M)
SDS (10%)
Ammonium persulfate (10%)
TEMED
Distilled water (DW)
Coomassie Brilliant blue G staining solution
DAB solution
Transfer buffer
TBST (1X)
Skim milk in TBST (5%)

16) Primary antibody
17) HRP conjugated antibody

Methods
1. To prepare samples for loading, disperse transfected cells in the 6-well plate
by pipetting up and down and transfer to each 1.5 ml tube.
2. Centrifuge the cell suspension at 2,500 rpm for 5 min and remove media.
3. Add 100 l of lysis buffer to lyse cells and incubate on ice for 15 min.
4. Centrifuge at 15,000 rpm and collect supernatant (cell lysate).
5. Mix 18 l of cell lysate with 6 l of 4x RSB into a 0.6 ml microcentrifuge tube,
heat at 95 C for 5 min and centrifuge briefly.
6. To prepare the gel for SDS-PAGE, clean glass plates and combs with 70%
ethanol
7. Assemble the glass-plate sandwich using two clean glass plates and a spacer
according to the manufacturer's instruction.
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8. Prepare 10% resolving gel solution as following:

Component

1 gel

Distilled water
30.8% Acrylamide mix
3.0 M Tris-HCl, pH 8.8
10% SDS
10% Ammonium persulfate
TEMED
Total (ml)

3.945
2.505
0.945
0.075
0.057
0.00375
7.5

9. Mix the components by swirling.
10. Using the P1000 autopipette, immediately apply the resolving gel solution
into the gap between the glass plates until the height of the solution in the
sandwich is about 6 cm.
11. Slowly cover the top of the gel with a layer (about 1 cm thick) of deionized
water. Be careful not to disturb the gel surface.
12. Allow the gel to polymerize 60 min at room temperature.
13. Pour off the overlay water from the upper part of resolving gel and remove
the remaining water as much as possible with tissue paper.
14. Prepare 3.85% the stacking gel solution as following:
Component

1 gel

Distilled water

1.83

30.8% Acrylamide mix

0.375

3.0 M Tris-HCl, pH 8.8

0.75

10% SDS

0.03

10% Ammonium persulfate

0.0225

TEMED

0.00225

Total (ml)

3

15. Mix the components by swirling and apply the stacking gel solution into the
center of the sandwich along the edge of one of the spacers until the height of
the solution in the sandwich is almost reach the top of plates.
16. Insert a comb into the layer of stacking gel solution.
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17. Allow the stacking gel to polymerize 30 min at room temperature.
18. Attach gel sandwich to gel holder using the manufacturer's instructions and
place it to the electrophoresis chamber.
19. Pore running buffer into the chamber up to the comb level.
20. Slowly and carefully take out the comb from the solidified gel.
21. Load 1.5 l of protein marker and 15-20 l of each sample into the wells of the
gels as shown below. Add an equal volume of 1xRSB to any empty wells to
prevent spreading of adjoining.

1 2 3
11 12

4

5

6

7

8

9 10

22. Attach the electrophoresis apparatus to an electric power supply and adjust
the voltage to be 100 volts.
23. Run the gel for 1 hr and disconnect the power supply.
24. Remove the glass plates from the electrophoresis apparatus.
25. Remove the gels from glass cassette and remove stacking gel.
26. Excise part 1 of gel and stain with Coomassie Brilliant blue G staining
solution at RT for overnight and destain with tap water for several times until
band clearly developed.
27. Part 2- 3 of the gel used to establish a western blot.
28. Equilibrate all of materials including filter paper, nitrocellulose membrane
and gel in transfer buffer.
29. Assemble all of materials as the following:

-52-

30. Remove any air bubbles by gently rolling a glass stirring rod or a pipette.
31. Transfer proteins from gel to membrane for 90 min at 85 mA.
32. Turn off the power supply and disassemble the apparatus. Remove from
blotting apparatus and mark orientation.
33. Immerse the membrane in 6 ml of blocking solution (5% Skim milk in TBST)
and incubate at room temperature for 30 min with shaking.
34. Rinse the nitrocellulose membrane with TBST and incubate the membrane
with 6 ml of primary antibody diluted in TBST (1:1,000) for overnight at 4 C
with shaking (or 2 hr at room temperature).
35. Wash the membrane with TBST for 3 times, 3 min each time, with continuous
shaking.
36. Incubate the membrane with 6 ml of HRP-conjugated antibody diluted in
blocking solution (1:1,000) for 1 h at room temperature with shaking.
37. Wash the membrane as described above
38. Add 1 ml of chemiluminescent substrate to the membrane and incubate at RT
for 5 min.
39. Detect the signal by gel documentation system and analyze the results.
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4.3.2 Immunofluorescene staining and fluorescence microscopy
Equipment and supplies
1) Fluorescence microscope
2) Automatic pipettes and tips
3) Tubes and rack
4) Forceps
5) 24-well plate
6) Microscope slides

Reagents
1)
2)
3)
4)
5)
6)
7)
8)
9)

PBS (1X)
Paraformaldehyde (4%)
Triton X-100 (0.2%)
BSA in PBS (1%)
Primary antibody
Secondary antibody conjugated fluorescein
Hoechst 33342
Mounting media
Nail polish

Methods
1. Remove medium from the 6-well plate containing the transfected cells on
glass coverslips (from B.4.1) by gently pipetting.
2. Gently wash the transfected cells on glass coverslips in the 6-well plate once
with 1 ml of PBS.
3. Fix with 1 ml of 4% paraformaldehyde in PBS at RT for 15 min and gently
wash thrice with PBS (fixed cells can be store at 4 C in dark until ready to do
the next step).
4. For the coverslip containing GFP transfected cells, mount coverslip with 10 l
of mounting media onto microscope slide and store at 4 C in dark.
5. For the coverslips with other transfection, transfer the coverslip containing
transfected cells to a 24-well plate.
6. To permeabilize cells, add 0.5 ml of 0.2% Triton X-100 to each 24-well plate
containing coverslip, incubate at RT for 15 min and wash twice with PBS,
5 min each.
7. To block non-specific protein, add 0.5 ml of 1% BSA in PBS at RT for 30 min.
8. Remove blocking solution, add 200 l of primary antibody (mouse anti-Myc
antibody) diluted in PBS (1:1,000) and incubate for 1 hr at RT.
9. Gently wash thrice with PBS for 5 min each.
10. Add 200 l of secondary antibody (Alexa Fluor®488 conjugated goat antimouse antibody) diluted in PBS (1:1,000) containing 10 µg/ml of Hoechst
33342 and incubate at RT in dark for 30 min.
11. Wash thrice with PBS for 5 min each and mount coverslip with 10 l of
mounting media onto microscope slide.
12. Seal the edge of the coverslip with clear nail polish and let it dry.
13. Observe and capture image by fluorescence microscope and analyze the
results (or store at 4 C in dark until ready to view under microscope).
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4.3.3 Flow cytometry

Equipment and supplies
1) Flow cytometry
2) Automatic pipettes and tips
3) Tubes and rack

Reagents
1)
2)
3)
4)

PBS (1X)
Paraformaldehyde (4%)
Triton X-100 (0.2%)
BSA in PBS (1%)

5) Primary antibody
6) Secondary antibody conjugated fluorescein
Methods
1. To collect the transfected cells, disperse the cells in the 6-well plate by gently
pipetting up and down and transfer to each 5 ml tube.
2. Centrifuge the cell suspension at 2,000 rpm at 4 C for 5 min and remove
media.
3. Wash the cells with 2 ml of PBS, gently mix, centrifuge at 2,000 rpm at 4 C for
5 min and remove PBS.
4. Add 1 ml of 4% paraformaldehyde in PBS at RT for 15 min and centrifuge at
2,000 rpm at 4 C for 5 min.
5. Wash the cells as described in step 3, 3 times (fixed cells can be store at store
at 4 C in dark until ready to do the next step).
6. For the GFP transfected cells, store at 4 C in dark until ready to observe by
flow cytometry.
7. For other transfected cells, add 1 ml of 0.2% Triton X-100 to each tube,
incubate at RT for 15 min and wash twice with 2 ml of PBS.
8. To block non-specific protein, add 1 ml of 1% BSA in PBS, incubate at RT for
30 min and remove blocking solution.
9. Add 200 µl of primary antibody diluted in PBS (1:1,000), gently mix, incubate
for 1 hr at RT, add 1 ml of PBS, then centrifuge at 2,000 rpm at 4 C for 5 min.
10. Wash the cells as described above.
11. Add 200 µl of secondary antibody conjugated fluorescein diluted in PBS
(1:1,000), gently mix, incubate at RT in dark for 30 min, add 1 ml of PBS, then
centrifuge at 2,000 rpm at 4 C for 5 min.
12. Wash the cells as described in step 3, 3 times.
13. Characterize by flow cytometry and analyze the results.
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