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Molecular Testing for Malaria: Overview of Standards

 A number of consensus-adopted standards have been used in the development of this document. These include:

1. MORU Standard Operating Procedure: Gel Electrophoresis (Watcharee, Naowarat, Supatchara, & Sarun, 2009).

2. Recommended Genotyping Procedures (RGPs) to identify parasite populations (World Health Organization, 2007).

3. MMV Guide to Malaria Genotyping (World Health Organization, 2008).

4. Biosafety in Microbiological and Biomedical Laboratories (BMBL) 5th Edition (U.S. Department of Health and Human Services, 2007).
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1. Scope
This SOP describes the method used to separate and visualize amplified products from msp1, msp2 and glurp PCR.
2. Abbreviations

bp
Base pairs

DBS
Dried Blood Spot

glurp
Glutamate rich protein gene

ml
millilitre
mM
milimolar

msp1
Merozoite surface protein gene 1

msp2
Merozoite surface protein gene 2

M
Molar

nPCR
Nested Polymerase chain reaction

PCR
Polymerase chain reaction

SOP
Standard Operating Procedure

(L
microlitre
3. Personnel qualifications
3.1. Medical fitness

Occupational health programs should be in place to monitor/address staff vaccinations and deal with exposures to potentially infected materials.
3.2. Education and training

Training must be given on the following topics:

· Wearing and use of personal protective equipment and clothing;

· Handling of potentially infectious materials;

· Prevention of incidents and steps to be taken by workers in case incidents (including biological, chemical, electrical and fire hazards) occur;

· Procedures;

· Waste management;

· Impact of results for patient management and research.

Training must be provided:

· When a new staff member takes up post;

· Annually;

· When there is a change in conditions or best practices.
4. Procedure
4.1. Principle
Gel electrophoresis is the method of size-separating DNA fragments using an electric field. DNA is negatively charged and will migrate towards a positive charge when suspended in an appropriate matrix.

Agarose gel provides an appropriate matrix. An agarose gel is created by suspending dry agarose in a buffer solution, boiling until becomes clear, pouring it into a casting tray and allowing it to cool until set.

Several factors influence how fast the DNA migrates. These include:

· DNA molecule size
· Amperage used
· Concentration of agarose in the gel. 
After electrophoresis the DNA is stained with a DNA binding agent (ethidium bromide) and visualized under UV light. 
4.2. Samples

Samples used in the SOP are derived from msp1 (SOP-05), msp2 (SOP-06) and glurp (SOP-07) PCR. 
4.3. Required Materials and Equipment
0.5 x TBE (1 L) (Add 900 ml distilled water to 100 ml 5 x TBE)



1 x Gel loading dye 







Ethidium bromide (10 mg/ml stock solution
)
Agarose powder

Gel tray (casting mold) with comb for 13 samples

Electrophoresis chamber and power pack

Microwave or boiling water bath

Clean piece of parafilm or similar strong disposable plastic or small tubes

1-20 (l single channel automatic pipette and tips

UV transilluminator

Fine tip marker pen

Table 1. Solutions commonly required for gel electrophoresis.
	Stock Solution
	Ingredient
	Quantity

	5 x TBE (1 L)
	Tris-HCL
	54 g

	
	Boric acid
	27.5 g

	
	0.5 M EDTA pH 8.0 (186.12 g EDTA disodium salt in 1 L)
	20 ml

	
	Distilled water
	Make up to 1 L

	1 x Gel loading buffer (100 ml)
	30 ml glycerol
	

	
	10 mM Tris-HCl pH 7.5
	0.16 g

	
	10 mM EDTA pH 8.0
	0.37 g

	
	Bromophenol blue
	0.25 g

	
	Xylene cyanol
	0.25 g

	
	Distilled water
	Make up to 100 ml

	Ethidium bromide (10 mg/ml) 

(store in 1-2 ml aliquots)
	Dilute ethidium bromide liquid stock accordingly

	Make up 10 ml

	1 kb ladder

(if using pre-diluted ladder, follow manufacturer’s recommendation on quantity)
	Gel loading buffer
	300 (l

	
	1 kb ladder stock (1 (g/(l)
	100 (l

	
	Distilled water
	600 (l


4.4. Procedural steps

	Important points to remember:

· Ethidium bromide is a known carcinogen. Take special care not to contaminate yourself and laboratory work surfaces.

· Take care when pipetting to prevent sample mix up. Always follow the worksheet order when loading gels. 


	1. Review sample worksheet and cross check samples.

NB. It is very easy to make errors as gels cannot be labeled.

	2. Gather all required supplies and samples.

	Preparation of agarose gels

NB. Products from msp2 and glurp PCR are run on 2% agarose gels. Products from msp1 PCR are run on 3% agarose gels.

3. Dissolve agarose in 0.5 x TBE by heating the mixture in a microwave or boiling waterbath until all the agarose particles have dissolved.

PCR

Quantity of agarose required / gel volume

50 ml

100 ml

150 ml

msp2 & glurp

1 g

2 g

3 g

msp1
1.5 g

3 g

4.5 g

NB. Add the agarose powder to 0.5 x TBE with constant swirling to prevent clumping of agarose. 

	4. Cool to approximately 50 ºC.

5. Assemble gel tray with comb/s and pour in molten agarose.

6. Leave at room temperature for 30 min to set.

7. Remove well-forming comb/s.

8. Pour 0.5 x TBE over gel to cover it completely.

	Loading the gel.

9. Label appropriate number of tubes or positions along parafilm according to sample worksheet order.

10. Pipette 1 (l of gel loading buffer into each tube or onto the parafilm.

11. Mix 4 (l each sample with the gel loading buffer and load into a separate well on the gel.

NB. Paired samples (Day 0 and post treatment) must be run side by side on the gel.

12. Load the P2 and N2 controls

NB. The N0 control must be loaded onto at least one gel.

13. Load 5 (l of the DNA ladder.

NB. The ladder must be run either side of the gel. If the gel is very wide, load additional ladder every 10 samples.

14. Run the gel according to manufacturer’s recommendations for the particular power pack and gel apparatus.

15. The gel is ready for staining when the dye front reaches to within 1  cm of the gel end.

	Staining the gel.
16. Immerse the gel in ethidium bromide staining solution (10 (l ethidium bromide stock solution in 100 ml 0.5 x TBE) for 30 min.

NB. Staining solution may be used for approximately 2 weeks if kept in the dark at room temperature.

	17. View the gel using the UV transilluminator and take a photograph using a digital camera.

NB. UV safety goggles must be worn when working at the UV transilluminator.


5. Quality Control

Reagents should be prepared and stored according to this SOP. Storage conditions should be checked twice daily and temperatures recorded on a daily temperature chart. 

5.1. Negative Control

· The N0 (DNA extraction control) need only be run on a gel once to confirm the absence of contamination.

· The N1 (pPCR) controls do not need to be run and should be saved in case of any problems. N1 controls can be used to verify the absence of contamination in the pPCR in case of any problems with nPCR.

· The N2 (nPCR) controls must always be run with nPCR samples. These confirm the absence of contamination throughout the entire process.

5.1. Positive Control

· The P1 (pPCR) controls do not need to be run and should be saved in case of any problems. P1 controls can be used to verify the success of pPCR in case of any problems with nPCR.

· The P2 (nPCR) controls must always be run with nPCR samples. These confirm the success of the entire process.

6. Procedure limitations
· The quality of the DBS sample is of critical importance for every step of recrudescence versus reinfection testing. 

· Poor quality samples and/or insufficient DNA extraction may result in a lack of PCR products and/or spurious bands.

· The appropriate quality-assured storage of reagents and samples is also critical to ensure the highest quality PCR results.

· Standard procedures should be followed exactly at all times. This will ensure the highest quality reproducible results are obtained.
7. Interpretation and Reporting of Results

Result interpretation is described in SOP-09 Manual Scoring of Recrudescence Versus Reinfection Results.
8. Safety Precautions
Toxic chemicals, irritants, carcinogens and non-ionizing radiation are used in this SOP (see table 2). Precautions must be taken to ensure personnel and work area safety.

Table 2. Hazardous materials used in gel electrophoresis.
	Material
	Hazards
	Precautions
	First Aid


	Ethidium Bromide
	May be fatal if inhaled. Harmful if swallowed of absorbed through skin. Causes irritation to skin, eyes and respiratory tract. May cause heritable genetic damage.
	Goggles

Lab coat

Fume hood Gloves
	Inhalation: 
If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. CALL A PHYSICIAN IMMEDIATELY. 
Ingestion: 
Induce vomiting immediately as directed by medical personnel. Never give anything by mouth to an unconscious person. Get medical attention. 
Skin Contact: 
Immediately flush skin with plenty of water for at least 15 minutes. Remove contaminated clothing and shoes. Wash clothing before reuse. Thoroughly clean shoes before reuse. Get medical attention if irritation develops. 
Eye Contact: 
Immediately flush eyes with plenty of water for at least 15 minutes, lifting upper and lower eyelids occasionally. Get medical attention if irritation persists.

	Agarose
	Nuisance dust
	Goggles

Lab coat
	Inhalation: 
Remove to fresh air. Get medical attention for any breathing difficulty. 
Ingestion: 
Give several glasses of water to drink to dilute. If large amounts were swallowed, get medical advice. 

Skin Contact: 
Wash exposed area with soap and water. Get medical advice if irritation develops. 
Eye Contact: 
Wash thoroughly with running water. Get medical advice if irritation develops.

	Tris-HCl
	Harmful if swallowed, may cause irritation to eyes and skin
	Goggles

Lab coat

Gloves

Ventilated Fume hood
	Inhalation: 
Remove to fresh air. Get medical attention for any breathing difficulty. 
Ingestion: 
Induce vomiting immediately as directed by medical personnel. Never give anything by mouth to an unconscious person. Get medical attention. 
Skin Contact: 
Immediately flush skin with plenty of water for at least 15 minutes. Remove contaminated clothing and shoes. Wash clothing before reuse. Thoroughly clean shoes before reuse. Get medical attention if irritation develops. 
Eye Contact: 
Immediately flush eyes with plenty of water for at least 15 minutes, lifting upper and lower eyelids occasionally. Get medical attention if irritation persists.

	Boric Acid
	Harmful if swallowed or inhaled, causes irritation to eyes, skin and respiratory tract. Affects central nervous system, liver and kidneys.
	Goggles

Lab coat

Gloves

Fume hood
	Inhalation: 
Remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. Call a physician. 
Ingestion: 
Induce vomiting immediately as directed by medical personnel. Never give anything by mouth to an unconscious person. 
Skin Contact: 
Remove any contaminated clothing. Wash skin with soap or mild detergent and water for at least 15 minutes. Get medical attention if irritation develops or persists. Wash clothing before re-use. 
Eye Contact: 
Immediately flush eyes with plenty of water for at least 15 minutes, lifting lower and upper eyelids occasionally. Get medical attention immediately.

	EDTA
	Harmful if swallowed or inhaled, causes irritation to eyes, skin and respiratory tract.
	Goggles

Lab coat

Gloves
	Inhalation: 
Remove to fresh air. Get medical attention for any breathing difficulty. 
Ingestion: 
Induce vomiting immediately as directed by medical personnel. Never give anything by mouth to an unconscious person. Get medical attention. 
Skin Contact: 
Immediately flush skin with plenty of water for at least 15 minutes. Remove contaminated clothing and shoes. Wash clothing before reuse. Thoroughly clean shoes before reuse. Get medical attention if irritation develops. 
Eye Contact: 
Immediately flush eyes with plenty of water for at least 15 minutes, lifting upper and lower eyelids occasionally. Get medical attention if irritation persists.

	Bromo-phenol blue
	Harmful if swallowed or inhaled, causes irritation to eyes, skin and respiratory tract.
	Goggles

Lab coat

Gloves
	Inhalation: 
Remove to fresh air. Get medical attention for any breathing difficulty. 
Ingestion: 
Induce vomiting immediately as directed by medical personnel. Never give anything by mouth to an unconscious person. Get medical attention. 
Skin Contact: 
Immediately flush skin with plenty of water for at least 15 minutes. Remove contaminated clothing and shoes. Wash clothing before reuse. Thoroughly clean shoes before reuse. Get medical attention if irritation develops. 
Eye Contact: 
Immediately flush eyes with plenty of water for at least 15 minutes, lifting upper and lower eyelids occasionally. Get medical attention if irritation persists.

	Xylene cyanol
	May cause eye, skin, and respiratory tract irritation. May be harmful if swallowed, inhaled, or absorbed through the skin. The toxicological properties of this material have not been fully investigated
	Goggles

Lab coat

Gloves
	Inhalation: 
Remove to fresh air. Get medical attention for any breathing difficulty. 
Ingestion: 
Induce vomiting immediately as directed by medical personnel. Never give anything by mouth to an unconscious person. Get medical attention. 
Skin Contact: 
Immediately flush skin with plenty of soap and water for at least 15 minutes. Remove contaminated clothing and shoes. Wash clothing before reuse. Thoroughly clean shoes before reuse. Get medical attention if irritation develops. 
Eye Contact: 
Immediately flush eyes with plenty of water for at least 15 minutes, lifting upper and lower eyelids occasionally. Get medical attention if irritation persists.


Always practice universal precautions (treat all patient specimens as potentially infectious material:

· Wear good quality, single-use, disposable medical examination gloves.

· Wear a laboratory coat or gown.

· Wash hands after removal of gloves.

Universal precautions always apply in the laboratory environment. In addition, laboratory staff should:

· Wear sturdy, closed-toe shoes;

· Put on protective eye wear for high-risk activities such as working with UV light;

· Refrain from drinking, eating, smoking and storing food anywhere in the laboratory; and

· Remove gloves and wash hands before touching clean areas such as door handles, lift/elevator buttons and telephones.
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10.  Appendices
Appendix A – Bench Top Reference
Molecular Testing for Malaria (MTM) Bench Top Reference

Gel Electrophoresis - Document ID: BTR-08
	1. Review sample worksheet and cross check samples.

2. Gather all required supplies and samples.

	Preparation of agarose gels

NB. Products from msp2 and glurp PCR are run on 2% agarose gels. Products from msp1 PCR are run on 3% agarose gels.

3. Dissolve agarose in 0.5 x TBE by heating the mixture in a microwave or boiling waterbath until all the agarose particles have dissolved.

PCR

Quantity of agarose required / gel volume

50 ml

100 ml

150 ml

msp2 & glurp

1 g

2 g

3 g

msp1
1.5 g

3 g

4.5 g



	4. Cool to approximately 50 ºC.

5. Assemble gel tray with comb/s and pour in molten agarose.

6. Leave at room temperature for 30 min to set.

7. Remove well-forming comb/s.

8. Pour 0.5 x TBE over gel to cover it completely.

	Loading the gel.

9. Label appropriate number of tubes or positions along parafilm according to sample worksheet order.

10. Pipette 1 (l of gel loading buffer into each tube or onto the parafilm.

11. Mix 4 (l each sample with the gel loading buffer and load into a separate well on the gel.

NB. Paired samples (Day 0 and post treatment) must be run side by side on the gel.

12. Load the P2 and N2 controls

NB. The N0 control must be loaded onto at least one gel.

13. Load (l of the DNA ladder.

NB. The ladder must be run either side of the gel. If the gel is very wide, load an additional ladder for every 10 samples.

14. Run the gel according to manufacturer’s recommendations for the particular power pack and gel apparatus.

15. The gel is ready for staining when the dye front reaches to within 1cm of the gel end.

	Staining the gel.
16. Immerse the gel in ethidium bromide staining solution (10 (l ethidium bromide stock solution in 100 ml 0.5 x TBE) for 30 min.

	17. View the gel using the UV transilluminator and take a photograph using a digital camera.

NB. UV safety goggles must be worn when working at the UV transilluminator.
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� Stable for 1 year at +4 ºC in a dark container.


� Ethidium bromide is extremely toxic by inhalation therefore, do not use the powdered form in the laboratory. Ethidium bromide solutions are available and should be purchased.


� Always seek medical attention if large doses are inhaled, digested or if any irritation appears on contact.
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