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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:
· Recommended Genotyping Procedures (RGPs) to identify parasite populations (World Health Organization, 2007).
· MMV Guide to Malaria Genotyping (World Health Organization, 2008).
· Biosafety in Microbiological and Biomedical Laboratories (BMBL) 5th Edition (U.S. Department of Health and Human Services, 2007).
Signature Page

By signing this page, staff members providing malaria recrudescence versus reinfection testing confirm they have read this SOP and guarantee to implement the procedures contained within.
	Name
	Designation/affiliation
	Signature
	Date of signing

	
	
	
	[DD/MM/YYY]

	
	
	
	[DD/MM/YYY]

	
	
	
	[DD/MM/YYY]

	
	
	
	[DD/MM/YYY]

	
	
	
	[DD/MM/YYY]

	
	
	
	[DD/MM/YYY]

	
	
	
	[DD/MM/YYY]

	
	
	
	[DD/MM/YYY]

	
	
	
	[DD/MM/YYY]

	
	
	
	[DD/MM/YYY]

	
	
	
	[DD/MM/YYY]

	
	
	
	[DD/MM/YYY]

	
	
	
	[DD/MM/YYY]


Version History
This SOP may be adapted to suit the particular needs of the individual laboratory. It is important to bear in mind that the purpose of an SOP is to ensure testing quality and result reproducibility. 
	Version number
	Revision(s) & reason for amendment
	Date of approval
	Approved by (lab supervisor / manager)

	1.1
	Minor Text changes
	09.02.2015
	Mehul Dhorda

	
	
	[DD/MM/YYY]
	

	
	
	[DD/MM/YYY]
	

	
	
	[DD/MM/YYY]
	

	
	
	[DD/MM/YYY]
	

	
	
	[DD/MM/YYY]
	

	
	
	[DD/MM/YYY]
	

	
	
	[DD/MM/YYY]
	

	
	
	[DD/MM/YYY]
	

	
	
	[DD/MM/YYY]
	


Contents

1Molecular Testing for Malaria: Overview of Standards


2Signature Page


3Version History


4Contents


61.
Scope


62.
Abbreviations


63.
Personnel qualifications


63.1.
Medical fitness


63.2.
Education and training


74.
Procedure


74.1.
Principle


74.2.
Samples


74.3.
Required Reagents, Materials and Equipment


74.4.
Supplies


74.5.
Equipment


84.6.
Master Mix Reagents


84.7.
Procedural steps


125.
Quality Control


125.1.
Negative Controls


135.2.
Positive Controls


146.
Procedure limitations


147.
Interpretation and Reporting of Results


158.
Safety Precautions


169.
Bibliography


1810.
Appendices


19Appendix A – PCR Reagent Concentration and Master Mix Tools


20Appendix B – Bench Top Reference


24Appendix C – Master Mix Worksheet


25Appendix D –PCR result Worksheet


1Appendix E – Recommended glurp Primer Sets




1. Scope

This SOP describes the method used to amplify the glurp gene from extracted Plasmodium falciparum DNA. The method applies to day zero and post-therapy human blood samples used for the determination of recrudescence versus reinfection.
2. Abbreviations
dNTP
Deoxynucleotidetriphosphate
DBS
Dried Blood Spot

GLURP
Glutamate Rich Protein

glurp
Gene encoding GLURP
MgCl2
Magnesium Chloride

MSP
Merozite Surface Protein

(M
micromolar

ml
milliliter

mM
milimolar

msp
The gene encoding MSP
nPCR
Nested PCR

Pf
Plasmodium falciparum
pPCR
Primary PCR

PCR
Polymerase chain reaction

s
Second

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
The most widely used genetic markers for malaria genotyping are the antigen genes msp1, msp2 and glurp.  These markers have been shown to adequate discriminatory power for recrudescence versus reinfection testing (World Health Organization, 2007).

This protocol uses two stages of PCR to increase sensitivity and specificity for glurp. The first stage is a primary PCR (pPCR) in which glurp is amplified. The second stage is a nested PCR (nPCR) in which strain-specific primers are used to amplify from the pPCR template. There is one set of primers for the pPCR and 1 set for the nPCR.

4.2. Samples

Parasite DNA samples are obtained using the DBS DNA extraction protocols of SOP-3 or SOP-04. Extracted DNA is ready for use in PCR.
4.3. Required Reagents, Materials and Equipment
4.4. Supplies
1.5 ml microcentrifuge tubes and racks

0.2 ml PCR tubes (with cap) and racks

0.1-10 µl, 1-20 (l, 100-200 (l and 1000 (l single channel automatic pipettes

Filter pipette tips for the above pipettes

Mineral oil (sterile) (if using thermocycler without heated lid)

Fine tip marker pens

Disposable gloves

4.5. Equipment
Microcentrifuge 

Vortex 

Thermocycler

4.6. Master Mix Reagents

Nuclease-free water – maintain 500-1000 (l aliquots at room temperature.

PCR buffer (MgCl2-free) (composition varies) – maintain 100 (l aliquots at -20ºC.

MgCl2 (concentration varies) – maintain 50 (l aliquots at -20ºC.

dNTP (concentration varies) – maintain 50 (l aliquots at -20ºC.

Taq DNA Polymerase – maintain 50 (l aliquots at -20ºC.

Primers – make stock solutions (e.g. 5, 10 or 25 mM) and maintain in 50 (l aliquots at -20ºC.

NB. See PCR Reagent Concentration and Master Mix Tools in Appendix A.
4.7. Procedural steps

	Important points to remember:
· Never used expired reagents as it is not possible to assure accuracy of results.

· There are two stages of PCR, the primary PCR (pPCR) and the nested PCR (nPCR).

· Preparation of reagents must be performed in clean area, separate from amplification.

· Employ stringent cleaning procedures to limit contamination.

· Keep a separate set of single channel pipettes for reagent preparation. These are not for any other use!

· Aliquot large quantities of PCR reagents and store appropriately.

· Always include a DNA extraction (N0), positive (P1 and P2), and negative (N1 and N2) controls with each batch (see section 5 for more details).

· Refer to Appendices for information on primers and dilutions.


	1. Ensure the thermocycler is available for the appropriate amount of time.

	2. Print out a master mix worksheet (Appendix C). Either print out a PCR worksheet (Appendix D) and record the ID number of each sample to be tested on a separate numbered line OR use the printed worksheet from the PCR of msp1 or glurp. Results for each batch should be kept on the same worksheet.
NB. Keep day 0 and post-therapy samples from each patient in numerical order.

	3. Record the DNA extraction (N0), positive (P1), positive (P2) and negative (N1) controls on the worksheet.

NB. All controls are essential to assure quality testing (see section 5 for details).

	Stage 1: pPCR - Steps Performed in the Master Mix / Clean Room

4. Wash hands with soap and water and put on gloves.

5. Thoroughly clean work area and all equipment (including pipettes) with water.

6. Gather all required supplies and remove master mix reagents from the freezer to thaw at room temperature.

NB. Only remove Taq Polymerase from freezer when required. Taq Polymerase is the last reagent to be added to the master mix.

7. After thawing, vortex* (5 s) and centrifuge (5 s) reagents for a few seconds each.

*Taq polymerase should be mixed by gently flicking the side of the tube a few times, it should not be vortexed.

8. Label sufficient number of 0.2 ml microcentrifuge tubes according to the sample order on the worksheet.

NB. If possible, include sample ID number as well as worksheet position.
9. Label a 0.2 ml tube for each of the following controls: N0, N1 and P1.

10. Prepare Master Mix in a 1.5 ml microcentrifuge tube (labeled pPCR MM) to the worksheet below
 (also see Appendices C and D for template worksheets). Vortex, add Taq, flick and briefly centrifuge
.
Reagent (pPCR)

Final Conc.

Vol. x1 sample

Vol. x N samples

Check / tick when added

1.

Nuclease-free water

Up to 18 (l

2.

PCR Buffer

1 x

3.

MgCl2
2 mM

4.

dNTP

125 µM

5.

Primer - forward

250 nM

6.

Primer - reverse

250 nM

7.

Taq Polymerase

0.4 U

Total

18 (l

NB. See Appendix A for information on master mix calculations. Complete and store worksheet for each batch of PCR reactions. 
11. Return all stock reagents to the freezer.

12. Mix by flicking the side of the tube a few times and briefly centrifuge (5 s).

13. Aliquot 20 (l master mix into each labeled 0.2 ml tube (for samples and controls). 

14. Ensure work area is cleaned and all pipettes are set to the maximum volume before moving on to next step.

NB. When using a thermocycler without a heated lid, add 25 (l mineral oil to each PCR tube.  Keep PCR tube lids closed in between addition of reagents and when transporting samples between preparation areas.

	Stage 1: pPCR - Steps Performed in the DNA Room

NB. PCR facilities may vary. In some cases a separate DNA room may not be available. It is recommended that master mix preparation and addition of template DNA be kept as separate as possible (i.e. separate rooms or at least separate areas and pipettes). In ALL cases, amplified products should be kept completely separate from master mix preparation areas (always in a separate room with dedicated equipment and supplies).

15. Wash hands with soap and water and put on gloves.

16. Using a new pipette tip each time, add 2 (l sample DNA to the appropriately-labeled tube.

NB. Take great care not to create aerosols when pipetting. Keep PCR tube lids closed in between addition of reagents and when transporting samples between preparation areas.

17. Add control samples: 2 (l nuclease-free water to N1, 2 (l of the positive control (see section 5) to P1 and 2 (l of the DNA extraction negative control to N0.

18. Perform the pPCR in the thermocycler according to the following program:

Step no.

Cycle

Temperature (ºC)

Time

(min)

No. of cycles

1

Initial Denaturation

95

5

1

2

Denaturation

94

1

25

3

Annealing

58

2

4

Extension

72

2

5

Final extension

72

5

1

NB. Reactions should be removed from the thermocycler and stored at +4 ºC until ready for use in the nPCR (second stage). For periods longer than 48 hrs, samples should be stored at -20 ºC.Turn the thermocycler off after use.

	Stage 2: nPCR - Steps Performed in the Master Mix / Clean Room

19. Set the master mix. There is only 1 primer pair for glurp.

20. Wash hands with soap and water and put on gloves.

21. Thoroughly clean work area and all equipment (including pipettes) with water.

22. Gather all required supplies and remove master mix reagents from the freezer to thaw at room temperature.

NB. Only remove Taq Polymerase from freezer when required. Taq Polymerase is the last reagent to be added to the master mix.

23. After thawing, vortex* (5 s) and centrifuge (5 s) each.

*Taq polymerase should be mixed by gently flicking the side of the tube a few times, it should not be vortexed.

24. Label sufficient number of 0.2 ml microcentrifuge tubes according to the sample order on the worksheet. Indicate “nPCR” on each tube.

NB. If possible, include sample ID number as well as worksheet position.
25. Label the control tubes: N0 nPCR (for the DNA extraction negative control), N2 (for N1 template) and P2 (for P1 template).

26. Prepare Master Mix in a 1.5 ml microcentrifuge tube (labeled nPCR MM) according to the worksheet below
 (See Appendices C and D for full range template worksheets). Vortex, add Taq, flick and briefly centrifuge
.
Reagent (nPCR)

Final Conc.

Vol. x1 sample

Vol. x N samples

Check / tick when added

1.

Nuclease-free water

Up to 18 (l

2.

PCR Buffer

1 x

3.

MgCl2
2 mM

4.

dNTP (each)

125 µM

5.

Primer - forward

250 nM

6.

Primer - reverse

250 nM

7.

Taq Polymerase

0.4 U

Total

18 (l

NB. See Appendix A for information on master mix calculations and stock solutions. Complete and store worksheet for each batch of PCR reactions. 
27. Return all stock reagents to the freezer.
28. Mix by flicking the side of the tube a few times and briefly centrifuge (5 s).



	29. Aliquot 18 (l master mix into each labeled 0.2 ml tube (for samples and controls).

NB. Add 25 (l mineral oil to each PCR tube. Keep PCR tube lids closed in between addition of reagents and when transporting samples between preparation areas 

30. Ensure work area is cleaned and all pipettes are set to the maximum volume before moving on to next step.

	Stage 2: nPCR - Steps Performed in the DNA/Amplification Room

NB. Master mix for nPCR is taken to the DNA/Amplification room for addition of template DNA. Amplified DNA should never be introduced into clean rooms.

31. Wash hands with soap and water and put on gloves.

32. Using a new pipette tip each time, add 2 (l template DNA (from the pPCR) to the appropriately-labeled tube.

NB. Take great care not to create aerosols when pipetting. Keep PCR tube lids closed in between addition of reagents and when transporting samples between preparation areas.

33. Add control samples – 2 (l N1 into N2, P1 into P2 and N0 into N0 nPCR.

34. Perform the nPCR in the thermocycler according to the following program:

Step no.

Cycle

Temperature (ºC)

Time

(min)

No. of cycles

1

Initial Denaturation

95

5

1

2

Denaturation

94

1

30

3

Annealing

58

2

4

Extension

72

2

5

Final extension

72

5

1

NB. Reactions should be removed from the thermocycler and stored at +4 ºC until ready for gel electrophoresis. For periods longer than 48 hrs, samples should be stored at -20 ºC. Turn the thermocycler off after use.

	35. The samples are ready for gel electrophoresis according to SOP-08.


5. Quality Control
5.1. Negative Controls

The negative controls employed in this SOP are as follows:

	Control ID
	Description
	Purpose
	Corrective Action 

(in event of failure)

	N0
	Plain filter paper negative control made during DBS DNA extraction (SOP-03 or SOP-04).
	To check DNA extraction process for cross-contamination of samples.
	· Clean scissors/punch

· Clean pipettes

· Use new filter tip with each sample

· Discard water and use a fresh aliquot

	N1
	A negative control for pPCR in which water is added instead of template DNA.
	To check pPCR process for cross-contamination of samples.
	· Clean pipettes

· Use new filter tip with each sample

· Discard water, buffer, dNTP, primer and remake.

	N2
	A negative control for nPCR in which N1 is added instead of template DNA.
	To check nPCR process for cross-contamination of samples.
	· Clean pipettes

· Use new filter tip with each sample

· Discard water, buffer, dNTP, primer and remake.


5.2. Positive Controls

The positive controls employed in this SOP are as follows:

	P1
	A positive control for pPCR in which control DNA is added instead of template DNA. 
	To check that all reagents and pPCR conditions work.
	· Discard water, buffer, dNTP, primer and remake.

· Use new Taq Polymerase.

	P2
	A positive control for nPCR in which control P1 is added instead of template DNA. 
	To check that all reagents and nPCR conditions work.
	· Discard water, buffer, dNTP, primer and remake.

· Use new Taq Polymerase.


Positive control stock
Positive control stock solutions can be made using purified Pf DNA. The table below displays strains that can be used in each PCR. ( marks indicate where strains template DNA is suitable for PCR.
	Template DNA
	Locus / Strain

	
	msp1
	msp2
	glurp

	
	K1
	MAD20
	RO33
	FC27
	3D7/IC
	N/A
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DNA from each strain should be kept in separate 10 (l aliquots of 1 ng ul-1 stock. To make 100 (l of 25 pg ul-1 positive control working solution, add 2.5 (l of the 1 ng ul-1 stock to 97.5 (l water.  All control stock and working solutions should be kept at -20 ºC. See Appendix A for details on making stock solutions.

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.
7. Interpretation and Reporting of Results

Results are reported on the worksheet in Appendix C after gel electrophoresis of PCR products (see SOP-08).
8. Safety Precautions
Although extracted DNA is a low biohazard risk specimen, 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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Appendices

Appendix A – PCR Reagent Concentration and Master Mix Tools

1. Making stock solutions

To dilute a stock solution into a working solution remember:

	What you want
	X Volume

	What you have
	


Before calculating, ensure all units are the same (multiple or divide by appropriate factor):

	
	pg (l-1or pM
	ng (l-1or nM
	(g (l-1 or (M
	mg (l-1 or mM

	pg (l-1  or pM
	1
	103
	106
	109

	ng (l-1 or nM
	103
	1
	103
	106

	(g (l-1 or (M
	106
	103
	1
	103

	mg (l-1 or mM
	109
	106
	103
	1


Example:

I have a stock solution of 1 ng (l-1 and want to make a 50 (l working solution of 25 pg (l-1.

Step 1: Change the 1 ng (l-1 to pg (l-1:

From the chart, the difference is a factor 103 therefore, 

1 ng (l-1 = 1 x 103 pg (l-1 = 1000 pg (l-1
Step 2: Plug the numbers into the equation:
	25  pg (l-1 (what you want)
	50 (l
(volume you want)
	=
	1.25 (l

	1000  pg (l-1 (what you have)
	
	
	


Therefore, take 1.25 (l stock and add 48.75 (l to make 50 (l of a 25 pg (l-1 working solution.

2. PCR Tools

There are a range of tools available online to assist in calculating the concentrations and required volume of reagents in a master mix based on the number of samples. A sample of tools can be found at:
· Sigma-Aldrich PCR MasterMix Calculator: http://www.sigmaaldrich.com/life-science/molecular-biology/pcr/learning-center/pcr-tools.html 

· Finnzymes OD Conversion: http://www.finnzymes.com/java_applets/od_conversion.html
· Promega DNA and Temperature Conversions and Conversion Factors for Molecular Biology: http://www.promega.com/biomath/Default.htm 

Appendix B – Bench Top Reference

Molecular Testing for Malaria (MTM) Bench Top Reference

Document ID: BTR-07 glurp – pPCR Prep in Clean Room
	1. Print out a PCR worksheet and record the ID number of each sample to be tested on a separate numbered line. Keep pairs in sequence.

	2. Record the DNA extraction (N0), positive (P1), positive (P2) and negative (N1) controls on the worksheet.

	Stage 1: pPCR - Steps Performed in the Master Mix / Clean Room

3. Wash hands with soap and water and put on gloves.

4. Thoroughly clean work area and all equipment (including pipettes) with water.

5. Gather all required supplies and remove master mix reagents from the freezer to thaw at room temperature.

6. After thawing, vortex* (5 s) and centrifuge (5 s) reagents for a few seconds each. *Do not vortex Taq polymerase!
7. Label sufficient number of 0.2 ml microcentrifuge tubes according to the sample order on the worksheet.

8. Label a 0.2 ml tube for each of the following controls: N0, N1 and P1.

9. Prepare Master Mix in a 1.5 ml microcentrifuge tube (labeled pPCR MM) according to the worksheet below:

Reagent (pPCR)

Final Conc.

Vol. x1 sample

Vol. x N samples

Check / tick when added

1.

Nuclease-free water

Up to 18 (l

2.

PCR Buffer

1 x

3.

MgCl2
2 mM

4.

dNTP

125 µM

5.

Primer - forward

250 nM

6.

Primer - reverse

250 nM

7.

Taq Polymerase

0.4 U

Total

18 (l

10. Return all stock reagents to the freezer.

11. Mix by flicking the tube a few times and briefly centrifuge (5 s).

12. Aliquot 18 (l master mix into each labeled 0.2 ml tube (for samples and controls).

13. Add 25 (l mineral oil to each PCR tube.

14. Ensure work area is cleaned and all pipettes are set to the maximum volume before moving on to next step.


Molecular Testing for Malaria (MTM) Bench Top Reference

Document ID: BTR-07 glurp – pPCR Prep in DNA Room
	Stage 1: pPCR - Steps Performed in the DNA Room

NB. PCR facilities may vary. In some cases a separate DNA room may not be available. It is recommended that master mix preparation and addition of template DNA be kept as separate as possible (i.e. separate rooms or at least separate areas and pipettes). In ALL cases, amplified products should be kept completely separate from master mix preparation areas (always in a separate room with dedicated equipment and supplies).

15. Wash hands with soap and water and put on gloves.

16. Using a new pipette tip each time, add 2 (l sample DNA to the appropriately-labeled tube.

NB. Take great care not to create aerosols when pipetting. Keep PCR tube lids closed in between addition of reagents and when transporting samples between preparation areas.

17. Add control samples – 2 (l nuclease-free water to N1, 2 (l of the positive control (see section 5) to P1 and 2 (l of the DNA extraction negative control to N0.

18. Perform the pPCR in the thermocycler according to the following program:

Step no.

Cycle

Temperature (ºC)

Time

(min)

No. of cycles

1

Initial Denaturation

95

5

1

2

Denaturation

94

1

25

3

Annealing

58

2

4

Extension

72

2

5

Final extension

72

5

1

NB. Reactions should be removed from the thermocycler and stored at +4 ºC until ready for use in the nPCR (second stage). For periods longer than 48 hrs, samples should be stored at -20 ºC.Turn the thermocycler off after use.


Molecular Testing for Malaria (MTM) Bench Top Reference

Document ID: BTR-07 glurp – nPCR Prep in Clean Room
	Stage 2: nPCR - Steps Performed in the Master Mix / Clean Room

19. Wash hands with soap and water and put on gloves.

20. Thoroughly clean work area and all equipment (including pipettes) with water.

21. Gather all required supplies and remove master mix reagents from the freezer to thaw at room temperature.

NB. Only remove Taq Polymerase from freezer when required. Taq Polymerase is the last reagent to be added to the master mix.

22. After thawing, vortex* (5 s) and centrifuge (5 s) reagents for a few seconds each. *Do not vortex Taq polymerase!
23. Label sufficient number of 0.2 ml microcentrifuge tubes according to the sample order on the worksheet. Indicate “nPCR” and the allele (e.g. K1) on each tube.

NB. If possible, include a second sample ID number as well as the worksheet position.
24. Label the control tubes: N0 nPCR (for the DNA extraction negative control), N2 (for N1 template) and P2 (for P1 template).

25. Prepare Master Mix in a 1.5 ml microcentrifuge tube (labeled nPCR MM) according to the worksheet below:

Reagent (nPCR)

Final Conc.

Vol. x1 sample

Vol. x N samples

Check / tick when added

1.

Nuclease-free water

Up to 18 (l

2.

PCR Buffer

1 x

3.

MgCl2
2 mM

4.

dNTP (each)

125 µM

5.

Primer - forward

250 nM

6.

Primer - reverse

250 nM

7.

Taq Polymerase

0.4 U

Total

18 (l

26. Return all stock reagents to the freezer.

27. Mix by flicking the tube a few times and briefly centrifuge (5 s).

28. Aliquot 18 (l master mix into each labeled 0.2 ml tube (for samples and controls).

29. If required (for thermocyclers without heated lids), add 25 (l mineral oil to each PCR tube.

Ensure work area is cleaned and all pipettes are set to the maximum volume before moving on to next step.


Molecular Testing for Malaria (MTM) Bench Top Reference

Document ID: BTR-07 glurp – nPCR Prep in DNA Room
	Stage 2: nPCR - Steps Performed in the DNA/Amplification Room

NB. Master mix for nPCR is taken to the DNA/Amplification room for addition of template DNA. Amplified DNA should never be introduced into clean rooms.

30. Wash hands with soap and water and put on gloves.

31. Using a new pipette tip each time, add 2 (l template DNA (from the pPCR) to the appropriately-labeled tube.

NB. Take great care not to create aerosols when pipetting. Keep PCR tube lids closed in between addition of reagents and when transporting samples between preparation areas.

32. Add control samples – 2 (l N1 into N2, P1 into P2 and N0 into N0 nPCR.

33. Perform the nPCR in the thermocycler according to the following program:

Step no.

Cycle

Temperature (ºC)

Time

(min)

No. of cycles

1

Initial Denaturation

95

5

1

2

Denaturation

94

1

30

3

Annealing

58

2

4

Extension

72

2

5

Final extension

72

5

1

NB. Reactions should be removed from the thermocycler and stored at +4 ºC until ready for use in the nPCR (second stage). For periods longer than 48 hrs, samples should be stored at -20 ºC. Turn the thermocycler off after use.

	34. The samples are ready for gel electrophoresis according to SOP-08.


Appendix C – Master Mix Worksheet

	Date:
	Initials:

	
	


	glurp pPCR
	
	
	
	

	Reagent
	Final Conc.
	Vol. x1 sample
	Vol. x N samples
	Check / tick when added

	1.
	Nuclease-free water
	Up to 18 (l
	
	
	

	2.
	PCR Buffer
	1 x
	
	
	

	3.
	MgCl2
	2 mM
	
	
	

	4.
	dNTP (each)
	125 µM
	
	
	

	5.
	Primer - forward
	250 nM
	
	
	

	6.
	Primer - reverse
	250 nM
	
	
	

	7.
	Taq Polymerase
	0.4 U
	
	
	

	
	Total
	
	18 (l
	
	


	glurp nPCR
	
	
	
	

	Reagent
	Final Conc.
	Vol. x1 sample
	Vol. x N samples
	Check / tick when added

	1.
	Nuclease-free water
	Up to 18 (l
	
	
	

	2.
	PCR Buffer
	1 x
	
	
	

	3.
	MgCl2
	2 mM
	
	
	

	4.
	dNTP (each)
	250 µM
	
	
	

	5.
	Primer - forward
	250 nM
	
	
	

	6.
	Primer - reverse
	250 nM
	
	
	

	7.
	Taq Polymerase
	0.4 U
	
	
	

	
	Total
	
	18 (l
	
	


Appendix D –PCR result Worksheet
	Date
	Staff Initials
	
	
	
	
	

	
	
	
	
	
	
	

	Number
	Sample ID
	PCR Product Sizes (bp) for control, indicate band sizes or leave blank
	Comments
&
Results

	
	
	msp1
	msp2
	glurp
	

	
	
	K1
	MAD20
	RO33
	FC27
	3D7/IC
	
	

	1
	
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	
	

	5
	
	
	
	
	
	
	
	

	6
	
	
	
	
	
	
	
	

	7
	
	
	
	
	
	
	
	

	8
	
	
	
	
	
	
	
	

	9
	
	
	
	
	
	
	
	

	10
	
	
	
	
	
	
	
	

	11
	N0
	
	
	
	
	
	
	

	12
	N1
	
	
	
	
	
	
	

	13
	P1
	
	
	
	
	
	
	

	14
	N2
	
	
	
	
	
	
	

	15
	P2
	
	
	
	
	
	
	


Appendix E – Recommended glurp Primer Sets

	User / Source
	PCR
	Locus
	Allele
	Primer
	Sequence
 (primer differences are shown in bold, underlined font)
	Reference

	
	
	
	
	Forward
	Reverse
	
	

	WHO, MORU, IPC and UMB
	pPCR
	glurp
	N/A
	(
	
	ACATGCAAGTGTTGATCCTGAAG

TGAATTTGAAGATGTTCACACTGAAC
	(World Health Organization, 2007)

	
	
	
	
	
	(
	TGTAGGTACCACGGGTTCTTGTGG

GTGGAATTGCTTTTTCTTCAACACTAA
	

	
	nPCR
	
	
	(
	
	TGTTCACACTGAACAATTAGATTTAGATCA

ATGAATTTGAAGATGTTCACACTGAAC
	(Calderaro, et al., 2007)

	
	
	
	
	
	(
	TGTAGGTACCACGGGTTCTTGTGG

GTGGAATTGCTTTTTCTTCAACACTAA
	


�		�


�				�
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� It is recommended to aliquot out and store all new reagents. The required volume of each aliquot depends upon workload and subsequent PCR batch size. These are general recommendations.  


� Make sufficient Master Mix for 2 extra reactions to account for error.


� Keep on ice until ready to use.


� Make sufficient Master Mix for 2 extra reactions to account for error.


� Keep on ice until ready to use.
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