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BRAF RQ kit is intended for the detection BRAF V600 mutations
in human genomic DNA. This kit is designed for use with Real-
Time PCR machine. This kit is for research use only!

1- Introduction

BRAF oncogene is among the most frequently mutated kinases in
human cancer. Mutations in codon V600 have been reported in
different types of cancers including 40-50% of melanomas, 10-
70% of thyroid carcinomas, 10% of colorectal cancers and 3-5%
of non-small cell lung cancers (NSCLC).

Most of the BRAF mutations are located in codon 600 and
constitute V60OE, V600Ec, V600D, V600K, V600R.

BRAF RQ Kit provides ready to use reagents for detection of
these five mutations based on Real-Time PCR technology. In this
method application of fluorescent probes and analysis of
fluorescent kinetics allows detection of amplified product without
requiring  post-amplification analysis. Therefore, test is
accomplished much faster and possibility of contamination with
the PCR product is reduced sharply. This kit also includes internal
control for preventing false negative results due to failure in DNA
extraction or PCR reaction.

2- Kit Contents
The kit contains a manual and CD and following reagents:

Label Content Quantity | Volume

PCR Mix for quality control 2 480 pl

PCR Mix to check V600E mutation 1 480 pl

V600EC Mix | PCR Mix to check V600Ec mutation 1 480 pl
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| | PCR Mix to check V600D mutation 1 480 pl
PCR Mix to check V600K mutation 1 480 pl
| PCR Mix to check V600R mutation 1 480
| 1% Positive control 1 250
BRAF Neg | Negative control 1 250 pl
Water PCR Grade Water 1 200 pl

3- Storage and Stability

The kit components should be shipped and stored at -20°C and
are stable until the expiry date mentioned. Avoid repeated freeze-
thaws especially for PCR Mix more than few times to prevent
reduced sensitivity.

4- General Precautions

In order to prevent false results, always pay attention to the

following points:

e Treat all samples as potentially infectious.

o Within the pre-PCR work area, assign three separate spaces
for; a) Sample storage and extraction; b) Reagent preparation
where the Master Mix is aliquoted into tubes; and c) Reaction
preparation area for addition of templates to the tubes.

e Always wipe the working surfaces with 70% Ethanol before
and after work.

e Thaw kit components on ice completely, mix by flickering
followed by a quick spin and store on crushed ice after.

e Do not place PCR tubes on crushed ice. Use cold blocks

instead.
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5- Additionally Required Iltems

To use this kit, you need the following items:

Real-Time PCR machine and accessory computer
Adjustable pipetters and nuclease free filtered tips
Vortex Mixer

DNA extraction kit and required equipment/items
PCR microtubes

Disposable powder-free gloves

Cold block

6- Specimen
Sections of fixed tissue (paraffin block) or unfixed tissue can be
examined. Note that tumor tissue is heterogeneous with uneven

distribution of mutant cells; therefore different parts of tissue may
produce different results.

7- DNA Extraction

DNA extraction can be performed with different kits from various
manufacturers. We recommend using:
e QIAamp Fast DNA Tissue Kit (Cat. no. 51404, Qiagen
GmbH, Hilden, Germany)

e Roche; High Pure FFPET DNA Isolation Kit (Cat. No. 06
650 767 001, Roche Diagnostics GmbH, Mannheim,
Germany)

Note that, the minimum volume of DNA required for the test is 40
microliters. We recommend extracting 100 microliters or higher
volume of DNA, enough to repeat the test if necessary.
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8- Protocol: DNA Sample Assessment

Before examining a sample for BRAF mutations, quality of DNA
should be assessed. If the results are within the desired range,
then the second test for detecting BRAF mutations will be
performed. To qualify DNA extraction, follow steps below.

Note! Check the volume of extracted DNA sample and make sure
it is more than 40 microliters and preferably about 100 microliters.
Volumes less than 40 microliters are not enough to proceed.

First, thaw the BRAF Ctrl Mix on ice completely, mix by inversion
followed by a quick spin and store on crushed ice after. Place the
required number of microtubes on cold block including one for
each sample, plus two for negative control and water.

Pipette 20l of BRAF Ctrl Mix to each microtube. Continue by
adding 5ul of DNA sample, Negative control and Water to
each tube.

Cap the tubes and inspect visually to make sure all are caped
securely. Place tubes in the machine.

9- Programming Real-time PCR

Rotor-Gene or StepOne could be setup using templates provided
in the CD. Templates may also be downloaded from our website
www.novingene.com. For Rotor-Gene, select “BRAF 0.2” or
“BRAF 0.1” according to the PCR tubes.

You may also set up the machine as below.

Step Temperature and time Cycles
1 95°C x 3 min 1
95°C x 15 sec
2 60°C x 60 sec 4
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Fluorescence should be collected at 60°C for FAM/Green and
VIC/Yellow dyes/channels.

All mixes contain ROX with final concentration of 300nM in the
reaction.

10- Analysis: Sample Assessment

Data Analysis is performed in two steps. First, the test validity is
assessed and then DNA sample analysis. As the initial step,
results of negative control will be evaluated.
Perform quantitative analysis for both DNA sample (FAM/Green
channel) and with the
threshold set at 0.1 for both channels.
Note that, a sample is considered Positive only if it has a
sigmoid graph and log phase, and only then CT is reliable
and can be used. In the absence of sigmoid graph and log
phase, sample can not be considered as positive (even CT
present) result is not reliable.
Test is valid only if:
1) Water sample is Negative in FAM/Green channel and it is
Positive in VIC/Yellow channel with CT of 27-33.
2) Negative controls is Positive in VIC/Yellow channel with
CT of 27-33.
3) Negative control is Positive in FAM/Green channel with
CT of 23-28.
Expected results for a valid test are summarized in Table1.
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Sample FAM/Green
NTC Neg
Negative Ctrl Pos (CT: 23-28)

Table1. Expected results for valid Sample Assessment.

If above are met, then the test results are valid and may
proceed to DNA sample assessment.

B) DNA sample Quality Analysis:

DNA sample is qualified only if sample is positive in
FAM/Green channel with CT of 22-30 and positive in VIC/Yellow
channel with CT of 27-33. This sample can be further examined
for BRAF mutations.

Sample should be diluted with water, if a sample is positive in
FAM/Green channel with CT of less than 22 and positive in
VIC/Yellow channel with CT of 27-33. Dilute the sample to reach
CT of 22-27. By 2X dilution of sample, CT is increased one cycle.
After diluting the sample, proceed to the BRAF mutation test.
Result is invalid, if a sample in FAM/Green channel has CT
above 30 or if VIC CT is below 27 or above 33. In this case,
repeating DNA extraction is recommended.

DNA sample Quality Analysis is summarized in Table 2.

VIC/Yellow Result

CT: 27-33 Valid

CT: 27-33 Sample dilution
| CT<27 or CT>33 Invalid

Table2. DNA Quality Analysis
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11-Protocol: Detection of BRAF mutations

To detect BRAF mutations, each sample should be examined
with six mixes, one for DNA quantitation and one for each of five
mutations. Therefore, to examine only one sample, 24 microtubes
are required; six for the sample, 6 for the Positive control, six for
the Negative control and six for NTC. Respectively for each extra
sample, 6 microtubes will be added. Therefore, for two samples,
30 microtubes and for three samples 36 microtubes are required.
Figure1 shows tube setup for three samples.

To start, Place required number of tubes on cold block organized
in series of six each.

Pipette 20ul of BRAF Ctrl Mix to each tube in the first series.
Pipette 20ul of V600E Mix to each tube in the second series.

Pipette 20l of to each tube in the third series.
Pipette 20l of V600D Mix to each tube in the fourth series.
Pipette 20ul of to each tube in the fifth series.

Pipette 20l of V600R Mix to each tube in the sixth series.
Continue by adding 5ul of extracted DNA, Positive control,
Negative Control and water to each tube. Consider the first
and second tube in each series for positive control and
Negative control and the third for water/NTC. The next tubes
would be for samples.

Cap the tubes and visually inspect to make sure all are caped
securely. Place tubes in the machine and program it according to
the section 9.

Note: if using Rotor-Gene attach the locking ring too.
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20ul BRAF Ctrl Mix in each tube mmm)
20ul V600E Mix in each tube
20ul V600Ec Mix in each tube
20ul V600D Mix in each tube
20ul V600K Mix in each tube
20ul V600R Mix in each tube

.0.0.l‘ m {1 5ul Sample 2 in each tube
. M - ¢~ 5ulSample 3 in each tube

.0.0.l‘ O <— 5ulSample 1 in each tube
@

.O‘O.l‘ ® (1 5Sul Neg Ctrl in each tube
.0.0.l‘ 0 {— 5ul water in each tube

. . @a > 4mm 5ul Pos Ctrl in each tube

11111

Fig1. Tubes setup for Mixes and samples.

12-BRAF Mutation Detection Analysis

Before analyzing results for BRAF mutations, test validity should
be verified. To do so, results of positive and negative controls and
samples with Control Mix will be examined. If the test is valid,
then may proceed to BRAF mutation analysis.

To analyze results, set threshold at 0.1 for FAM/Green and
VIC/Yellow channel.

Note that a sample is considered Positive only if it has a
sigmoid graph and log phase, and only then CT is reliable. In
the absence of sigmoid graph and log phase, sample is
considered Negative and CT if present is not reliable.
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A) Test is valid only if:

1) NTC is Negative in FAM/Green channel with all Mixes, and

2) Positive Ctrl, Negative Ctrl and NTC are Positive in
VIC/Yellow channel with each Mix with a CT of 27-33, and

3) Positive and Negative controls are Positive in FAM/Green
channel with Control Mix with a CT of 22-27, and

4) Positive control is Positive in FAM/Green channel with each
of specific Mixes with a CT of 30-35, and

5) Sample is Positive in VIC/Yellow channel with all mixes with
CT of 27-33.

6) Sample is Positive in FAM/Green channel with Control Mix
with a CT of 22-30 and

Above steps for Test validation are summarized in Figure 1.

If all above are met, then the Test is valid and results can be

analyzed further for BRAF mutations.

10
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Yes i
NTC/Pos/Negctrl
+Ctrl Mix — — g
VIC/Yellow: NO _
CT: 27-33
Yes l

o [

Yes l

NO ——

Yes l

Sample + All Mixes

VIC/Yellow ~— NO — _
CT: 27-33

Yes l

Yes l

Fig 1. Test validation flowchart
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B) Data analysis for BRAF mutations

1)

Select the patient’s samples, which are positive in FAM/Green
channel with BRAF specific mixes with a CT of 20-40, and
document the CTs in the Table 3.
Calculate ACT for the above selected samples through the
following equation.

ACT = Mutation Mix CT - Control Mix CT
Document the ACT in the Table 3 too.
If the ACT is within the valid range as mentioned in the Table
3, the sample has the BRAF mutation.
If a sample is positive for two or more BRAF mutations, it is
considered positive for the mutation with the lowest ACT and
negative for the other mutations.

Above steps for detection of BRAF mutations are summarized in

Figure 2.
BRAF Mix | ValidcT | SaMPle | voigact | SamPle | pesuit
cT ACT
ctiMix | 22-30 - Pass
, V600E or

600E Mix |  20-40 <73 VE00K P
600Ec Mix | 20-40 <106 V600EC Pos
600D Mix 20-40 <96 V600D Pos
VB0OK Mix | 20-40 <9 V600K Pos
VBOOR Mix | 20-40 <83 V600R Pos

Table 3. Valid CT and ACT ranges for BRAF Mixes.

12
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As an example, If CT of a sample is 24.7 with Control Mix, 32.2 with
VG600E Mix, 25.5 with V600Ec Mix, 37.4 with V600D Mix, 39.1 with
V600K Mix and 43.5 for V60OR mix, then ACT is 10.5 for V600E (35.2 -
24.7), 5.8 for V600Ec (30.5-24.7), 15.7 for V600D and 17.4 for V600K,
18.8 for V6OOR (Table. 4). According to table 3, delta CT for V600Ec is
in valid range, and patient is Positive for V600Ec.

BRAF Mix | Valid CT SacmTp'e Valid ACT Szrg?r'e Result
Ctrl Mix 22-30 24.7 - Valid
V60OE Mix | 20-40 35.2 <73 10.5 Neg

V600Ec Mix 20-40 30.5 <10.6 5.8 Positive
V600D Mix |  20-40 40.4 <96 15.7 Neg
V600K Mix | 20-40 42.1 <9 17.4 Neg
VB600R Mix 20-40 43.5 <8.3 18.8 Neg

Table 4. BRAF mutation analysis for a specific sample.

Note that a normal sample may cross-react with some of the mutation
specific mixes. However, the calculated ACT will always fall outside the
valid range. Therefore, a sample with CT of 20-40 in FAM/Green
channel for BRAF mutation mixes, will only considered positive only if
ACT is within the valid range.

Note: if sample is positive with V600E Mix, it could be positive for
either of V600OE and V600K Mutation.

13
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No
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Fig 2. Sample analysis flowchart for BRAF mutation detection

Results can also be interpreted as below

e Sample is Negative for BRAF mutations, if it is negative in
FAM/Green channel with all mixes or has CT above 40.

e Sample is Negative for BRAF mutations if it is positive in
FAM/Green channel with CT of 20-40 for one or more BRAF
mixes, but ACT is higher than cutoff range (Table 3).

14
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e Sample is Positive for BRAF mutations, if sample has a valid
CT and ACT is lower than cutoff range (Table 3) in
FAM/Green channel for one of the five BRAF mixes. Briefly,

O

O

It is Positive for V60OE or V600K if with V60OE Mix has a
CT=<40 and ACT<7.3.

It is Positive for V600Ec if with V600Ec Mix has a CT<40
and ACT<10.6.

It is Positive for V600D if with V600D Mix has a CT<40 and
ACT<9.6.

It is Positive for V600K if with V600K Mix has a CT<40 and
ACT<0.

It is Positive for V60OR if with V600R Mix has a CT<40 and
ACT<8.3.

e If a sample has a valid CT and ACT (Table 3) for more than
one Mix, sample is Positive for the BRAF mutation, which has
the lowest ACT.

Interpretation of results for BRAF mutation test are summarized in

Table 5.

Note that, if a sample is Negative with this kit in terms of BRAF

mutations, the following conditions should be considered:

o Sample is Negative only for BRAF mutations which was
mentioned and it could be Positive for other BRAF mutations.

o Sample is Positive for BRAF mutations in quantities below the
sensitivity of the kit.

15
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BRAF Mix Sag11;_) le SaAlg;.)rle Conclusion

>40 - Neg for 600E mutation

, 20-40 >7.3 Neg for 600E mutation

O00E Mix 2040 | <73 | Posfor 600E or 600K

mutation

>40 - Neg for 600Ec mutation
600Ec Mix 20-40 >10.6 | Neg for 600Ec mutation
20-40 <10.6 | Pos for 600Ec mutation

>40 - Neg for 600D mutation

600D Mix 20-40 >9.6 Neg for 600D mutation
20-40 <9.6 Pos for 600D mutation

>4(0 - Neg for 600K mutation

V600K Mix 20-40 >9 Neg for 600K mutation
20-40 <9 Pos for 600K mutation

>4(0 - Neg for 600R mutation

600R Mix 20-40 >8.3 Neg for 600R mutation
20-40 <8.3 Pos for 600R mutation

Table 5. Interpretation of results for BRAF mutation.

13- Analytical Sensitivity

Analytical sensitivity of this assay is equivalent to the percentage
of mutated BRAF DNA that can be identified in the background of
wild-type DNA and is mentioned in Table 6. The sensitivity
depends on the DNA quantity in a sample. Maximum sensitivity of
is achieved when a sample with Control Mix has a CT of 22-27 in
FAM/Green channel; with CT of 28-30, the sensitivity will

decrease for some mutations.

16
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Reaction Ctrl Mix CT: | Ctrl Mix CT:
22-27 28-30
V600E 1% 20,
V600EC 0.5% 1%
V600D 0.5% 1%
V600K 1% 20,
V600R 29, 49%

Table 6. Sensitivity of the BRAF mutation detection assay.

17



/
N

~ S| Novin
BRAF RQ (v1.0) “Gene @9

18



