MATERIALS AND METHODS

Multiplex RT-PCR


We used a qualitative multiplex RT-PCR, an in vitro diagnostic test designed to detect 28 different translocations or chromosomal rearrangements, including more than 80 breakpoints or mRNA splice variants, which have been found to be specific markers for particular subtypes of leukemia. The following are the steps involved in the entire protocol. 

(A)
RNA extraction


RNA was extracted from fresh peripheral blood/bone marrow aspirate fluid using Qiagen RNA extraction kit and was stored at -80°C until the next step. The following are the steps of RNA extraction 

1.
Mix 1 volume of human whole blood with 5 volumes of Buffer EL 
in an appropriately sized tube. (typically 4000–7000 leukocytes 
per microliter)

2. 
Incubate for 10–15 min on ice. Mix by vortexing briefly 2 times 
during incubation.

3.
Centrifuge at 400 x g for 10 min at 4°C, and completely remove 
and discard supernatant.

4.
Add Buffer EL to the cell pellet (use 2 volumes of Buffer EL per 
volume of whole blood used in step 1. Re-suspend cells by 
vortexing briefly.

5. 
Centrifuge at 400 x g for 10 min at 4°C, and completely remove 
and discard supernatant.

6. 
Add Buffer RLT to pelleted leukocytes according to the table 
below. Vortex or pipet to mix.

7.
Pipet lysate directly into a QIAshredder spin column in a 2 ml 
collection tube and centrifuge for 2 min at maximum speed to 
homogenize. Discard QIAshredder spin column and save 
homogenized lysate.

8.
Add 1 volume (350 μl or 600 μl) of 70% ethanol to the 
homogenized lysate and mix by pipetting. Do not centrifuge.
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Figure No 1:Qiagen RNA extraction Kit with reagents 

9. 
Carefully pipet sample, including any precipitate which may 
have formed, into a new QIAamp spin column in a 2 ml 
collection tube without moistening the rim. Centrifuge for 15 s at 
8000 x g (10,000 rpm). Maximum loading volume is 700 μl. 

10.
Transfer the QIAamp spin column into a new 2 ml collection 
tube. Apply 700 μl Buffer RW1 to the QIAamp spin column and 
centrifuge for 15 s at 8000 x g (10,000 rpm) to wash. Discard 
flow-through and collection tube.

11. 
Place QIAamp spin column in a new 2 ml collection tube. Pipet 
500ul of Buffer RPE into the QIAamp spin column and centrifuge 
for 15s at 10,000 rpm. Discard flow-through and collection tube.

12.
Carefully open the QIAamp spin column and add 500 μl of 
Buffer RPE. Close the cap and centrifuge at full speed (14,000 
rpm) for 3 min.

13.
Place the QIAamp spin column in a new 2 ml collection tube and 
discard the old collection tube with the filtrate. Centrifuge at full 
speed for 1 min.

14.
Transfer QIAamp spin column into a 1.5 ml microcentrifuge tube 
and pipet 30–50 μl of RNase-free water directly onto the 
QIAamp membrane. Centrifuge for 1 min at 8000 x g (10,000 
rpm) to elute. 

(B)
Conversion to complimentary DNA (cDNA) 

The extracted RNA is converted to cDNA using Thermoscientific cDNA conversion kit. The steps of the cDNA conversion are as follows: 

1. 
Incubate the tubes containing RNA in a heating block/water bath 
at 70°C for 5 min (to remove protein by heat denaturation)

2. 
Chill on ice 

3. 
Prepare cDNA Synthesis Mix as follows 

(Number of samples + negative control) x volume of each reagent 

	cDNA reaction mixture for 1 reaction

	Colour code 
	Reagent
	Volume

	Red
	5x cDNA synthesis buffer
	8 ul

	Purple 
	dNTP Mix
	4 ul

	Blue
	RNA primer (random hexamer)
	2 ul

	Yellow 
	RT enhancer
	2 ul

	Black 
	Verso enzyme mix
	2 ul

	
	Water (PCR grade)
	6 ul

	Total volume 
	24 ul 
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Figure No 2:Thermoscientific cDNA conversion kit with reagents

4. 
Add 16 ul of template (extracted RNA and negative control)

5. 
Vortex the mixture - Each reaction mixture is 40 ul

6. 
Place the tubes in the thermo-cycler with the following cycling 
program 

	
	Temperature 
	Time
	No. of cycles 

	cDNA synthesis
	42°C
	60 min
	1 cycle

	Inactivation
	95°C
	2 min
	1 cycle 


7. 
cDNA ready. Sample was stored at -20°C till the next step. 

(C)
Nested Master PCR reactions
The cDNA was put through a nested PCR with the initial 8 primers designed for to locate the lane of interest, if any. The steps of the first master PCR amplification are as follows 

1. 
The number of PCR reactions was determined (Eg: one pt 
sample + negative sample = 16 PCR reactions)

2. 
The first master polymerase mix (FM) was prepared using 
Kappa Biosystems reagents.

	Number of samples +negative control 
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Number of PCR reactions
	16
	24
	32
	40
	48
	56
	64
	72
	80
	88
	96

	5x Kapa 2G buffer A
	120
	180
	240
	300
	360
	420
	480
	540
	600
	660
	720

	dNTP mix (10Mn)
	9
	13
	18
	22
	26
	31
	35
	39
	44
	48
	52

	Kapa 2G fast Hotstart DNA polymerase (5U/ml)
	7
	11
	14
	18
	21
	25
	28
	31
	35
	38
	42

	ddH2O
	129
	193
	257
	321
	385
	449
	513
	567
	630
	693
	756

	Total volume
	265
	397
	529
	661
	792
	925
	1056
	1177
	1309
	1439
	1570


3. 
The tubed were mixed by pipetting to avoid bubbles. Tubes 
were label from M1 to M8 

4. 
Add FM to each tube as per the table 
	Number of samples + negative control 
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Transfer volume ul
	32
	48
	64
	80
	96
	112
	128
	144
	160
	176
	192
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Figure No 3:Kappa Biosystem reagents for master mix

5. 
Master primer solutions from the Hemavision kit for the first


master PCR reaction were added (M1 PCR 1 through M8 PCR 1) to corresponding tubes containing FM (resultant – reaction mix –RM) according to the table 

	Number of samples + negative control 
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Transfer volume ul
	11
	16
	21
	27
	32
	37
	43
	48
	54
	59
	64


6. 
The tubes were mixed by pipetting to avoid bubbles 

7. 
Tubes were labeled for each sample and negative control 

8. 
20 ul of RM was added to each tube 

9. 
5ul of respective cDNA was added to each 8 set sample and 5 ul of negative control of cDNA
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Figure 4:Hemavision kit – Primers for Master PCR reaction

10. 
The tubes were placed in thermal cycler with the following cycling program.
	Step
	Temperature
	Time
	Cycles

	1
	95°C
	3 min
	1 cycle

	2
	95°C

58°C

72°C
	15 sec

30 sec

30 sec
	25 cycles

	3
	4°C
	Hold
	Hold



11. 
First PCR mix is ready.
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Figure No 5:Thermocycler

The steps for the second nested PCR amplification are as follows

1. 
The nested polymerase mix (NM) was prepared for similar number of PCR reactions as in the previous step

	Number of samples +negative control 
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Number of PCR reactions
	16
	24
	32
	40
	48
	56
	64
	72
	80
	88
	96

	5x Kapa 2G buffer A
	120
	180
	240
	300
	360
	420
	480
	540
	600
	660
	720

	dNTP mix (10Mn)
	9
	13
	18
	22
	26
	31
	35
	39
	44
	48
	52

	Kapa 2G fast Hotstart DNA polymerase (5U/ml)
	7
	11
	14
	18
	21
	25
	28
	31
	35
	38
	42

	ddH2O
	199
	298
	398
	497
	596
	695
	795
	881
	979
	1077
	1175

	Total volume
	335
	502
	670
	837
	1003
	1171
	1338
	1491
	1658
	1823
	1989


2. 
The tubes were mixed by pipetting to avoid bubbles

3. 
Tubes were labeled from M1 to M8

4. 
Nested PCR mix was transferred to each tube as per table 

	Number of samples + negative control 
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Transfer volume ul
	40
	61
	81
	102
	122
	142
	162
	183
	203
	224
	244


	Number of samples + negative control 
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Transfer volume ul
	11
	16
	21
	27
	32
	37
	43
	48
	54
	59
	64


5. 
Nested primer for the solutions from Hemavision Kit (M1 PCR II through M8 PCR II) was added to corresponding tubes containing NM (resultant – reaction mix –RM2) – according to the table.

6. 
Respective primer solutions was added to corresponding tubes

7. 
8 set of tubes were labeled for each sample and one set for negative control 

8. 
24 ul of RM2 was delivered to each tube 

9. 
1.0 ul of first master PCR reaction was added to corresponding master PCR tube 

10. 
Tubes were placed in the thermal cycler with the following cycling program 

	Step
	Temperature
	Time
	Cycles

	1
	95°C
	3 min
	1 cycle

	2
	95°C

58°C

72°C
	15 sec

30 sec

30 sec
	20 cycles

	3
	72°C
	10 min
	1 cycle

	4
	4°C (if required)
	Hold
	Hold


11. 
Final PCR product was ready for loading into the gel. 

12.
Agarose gel electrophoresis: The final PCR product was subjected to electrophoresis, with an additional lane having the molecular marker (DNA ladder), in a 2% Agarose gel with addition of ethidium bromide. The results were documented using a UV light source. 

(D) 
Nested Split out PCR reactions

Depending on the presence of a positive band in a lane, the sample was subjected to a second round of spilt out nested PCR reactions with more specific primers provided in the Hemavision kit  to identify the specific translocation. The steps were as follows:

1.
cDNA synthesis for spilt out amplification: Steps are similar to the previous procedure for cDNA synthesis 

2.
Calculate the volume of reagents required per lane of split out x number of split out for one sample (5 ul for each split out)

	cDNA reaction mixture for one spilt out lane (5ul)

	Colour code 
	Reagent
	Volume

	Red
	5x cDNA synthesis buffer
	1 ul

	Purple 
	dNTP Mix
	0.5 ul

	Blue
	RNA primer (random hexamer)
	0.25 ul

	Yellow 
	RT enhancer
	0.25 ul

	Black 
	Verso enzyme mix
	0.25 ul

	
	Water (PCR grade)
	0.75 ul

	
	RNA extracted (template)
	2ul

	Total volume 
	5 ul


3.
Spilt out PCR amplifications: The volume of the split out polymerase mix depends on

· the number of master PCR reactions showing translocation specific PCR product 

· the number of patient sample 

· number of negative controls  (one per each spilt out reaction)

4. 
First split out polymerase mix: Calculate for I sample extra – to compensate for pipetting errors

	Total mixture for 1 reaction

	Reagent
	Volume 

	5x Kapa 2G buffer A
	7.5 ul

	dNTP mix (10Mn)
	0.5 ul

	Kapa 2G fast Hotstart DNA polymerase (5U/ml)
	0.4 ul

	ddH2O
	6.6 ul

	Total volume
	15 ul 


5.
Mix by pipetting to avoid formation of bubbles 

6.
Set up rows of PCR tubes 

· One set for each sample having a specific positive reaction in the master amplification 

· One set of negative control for each type of spilt out setup


7.
Transfer 15 ul of first split out polymerase mix to each tube 


8.
Add 5 ul of first split out primer solutions set (MX)-PCR -1 to 


each sample and negative control tube 


9.
Add 5 ul of cDNA sample to each set of tubes


10.
Place PCR tubes in thermal cycler with the following program

	Step
	Temperature
	Time
	Cycles

	1
	95°C
	3 min
	1 cycle

	2
	95°C

58°C

72°C
	15 sec

30 sec

30 sec
	25 cycles

	3
	4°C
	Hold
	Hold



11.
Nested split out PCR amplification: Volume of the nested split 

out polymerase mix depends on the number of split out PCR 

reactions prepared in the previous procedure. 

	Total mixture for 1 reaction

	Reagent
	Volume 

	5x Kapa 2G buffer A
	7.5 ul

	dNTP mix (10Mn)
	0.5 ul

	Kapa 2G fast Hotstart DNA polymerase (5U/ml)
	0.4 ul

	ddH2O
	10.6 ul

	Total volume
	19 ul 


12.
Calculate for one sample extra to compensate for pipetting errors. Mix 
by pipetting to avoid formation of bubbles.
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Figure No 6 Hemavision kit primers for Split out reactions


13.
Set up rows of PCR tubes 

· One set for each sample having a specific +ve reaction in the master amplification 

· One set of negative control for each type of spilt out setup


14.
Transfer 19 ul of the spilt out polymerase mix to each tube 


15.
Add 5 ul of identified split out primer solutions set (MX)-PCR II to 

each sample and negative control.


16.
Add 1 ul of each first split out PCR reaction to each set of tubes 

containing corresponding primer solutions and nested split out 

polymerase mix.


17. 
Place the PCR tubes in thermal cycler with the following 


program. 

	Step
	Temperature
	Time
	Cycles

	1
	95°C
	3 min
	1 cycle

	2
	95°C

58°C

72°C
	15 sec

30 sec

30 sec
	20 cycles

	3
	72°C
	10 min
	1 cycle 

	4
	4°C (if required)
	Hold
	Hold 



18.
Final PCR for loading into the gel is ready.
Result: 

The positive band obtained on the Agarose gel electrophoresis was compared with the molecular marker lane base pair and the translocation was identified by referring to the key provided by the Hemavision. 

Quality control procedure

The internal control fragment of 911 bp was amplified in all lanes, which checks for the integrity of the RNA sample and for the presence of PCR inhibitors. To achieve maximal specificity and sensitivity of the test, specific cDNA primers and a nested PCR system employing translocation specific nested primer pairs was been used.


