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Point mutations, insertions, and/or deletions in the
human oncogene loci are commonly associated with the de-
velopment of various cancers, such as lung, breast, and
colon (1-4).  A multiplex PCR assay has been developed to
amplify codon #12, #13 and #61 of human oncogenes K-
Ras & codon #61 of human oncogenes N-Ras from genomic
DNA.   The PCR primers designed have similar Tm  and no
obvious 3'-end overlap to enhance multiple amplification.
With positive control and primers provided, the Kit will gen-
erate the 162bp (exon1, K-Ras), 133bp (exon2, K-Ras), and
the 103bp (exon2, N-Ras) PCR products.  The point muta-
tion in Ras gene can further be analyzed using SSCP or
sequence-specific probes.

Analyse Mutations In MPCR Products
Mutation detection can be divided into two catego-

ries:  (1) insertion/deletion, which can be detected directly
from regular electrophoresis;  and (2) point mutation scan-
ning , where a stretch of DNA is searched for unknown point
mutations.  The screening methods can be divided into two
types:  (a) those simple methods which rely on differences
in electrophoretic properties being generated between mu-
tant and wild-type nucleic acid by point mutations, (b) and
other group which includes cleavage methods and the
carbodiimide method.  Sequencing is more frequently used
to detect unknown mutations than it is for diagnostic pur-
poses.

Single-strand conformation polymorphism
(SSCP)

The SSCP method relies on the fact that single-strand
DNA in solution under certain conditions has a defined sec-

ondary structure.  This secondary structure can be altered
when one of the bases is changed and the alteration in sec-
ondary structure is detected by electrophoresis in non-de-
naturing gels.  Thus normal and mutant strands will have a
different mobility (5,6,7).

The simplicity of this method has made it very popu-
lar recently  despite its failure to detect 100% of mutations,
and will ensure its future use.  If an application can tolerate
a maximum of around 80% detection, SSCP is the method
of choice.  Some improvement has been made via RNA SSCP
in improving the proportion of mutations detected, but it is
difficult to see modification bringing it up to a certain 100%.

Denaturing gradient-gel electrophoresis (DGGE)
and related techniques

When ds DNA is electrophoresed into a gradient of
increasing denaturant a portion of a given strand separates
but the strands are anchored together by the portion (higher
melting domain) which has not melted at this point.  This
split in the duplex suddently arrests the movement of mol-
ecule in the gel.  If a single base change is present in a
similar duplex in the split portion, the denatutant concen-
tration for strand separation is usually different, thus the
arrest of movement occurs at a different position in the gel
and a mutation can be detected by the differential positions
of arrest (8, 9).  The difference between the positions of
arrest is greater if heteroduplex molecules (between mu-
tant and wild-type) are used.  The gel is poured with an
increasing gradient of denaturant (formamide) and run at
60oC in a special apparatus needed to keep the tempera-
ture constant.  The length screened is 50-100 bp and it is
possible to use unlabelled DNA.
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Conduct Ras Gene Multiplex PCR

Compare hybridization sig-
nal to determin if a mutation
in Ras gene occurs

Hybridize MPCR products with
a labelled wt. Ras probe & a
mu. Ras probe, respectively.

Figure 1. Outline for using a MPCR in conjunction with other methods to
scann mutations in Ras gene.

Isolate DNA

Prepare Target Sequences

Directly sequencing above MPCR products using exon-specific
PCR primers;  or
Sequencing specific exon region with corresponding PCR prim-
ers after analyzing mutations-scanning data.

Analyse mutations in
above MPCR product us-
ing SSCP or DGGE proto-
col.
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                                                             K-RAS Gene Sequences

EXON 1

      10                       20       30       40       50       60
cattttcatt atttttatta taaggcctgc tgaaaATGAC TGAATATAAA CTTGTGGTAG
gtaaaagtaa taaaaataat attccggacg actttTACTG ACTTATATTT GAACACCATC

       70        80        90     100      110     120
TTGGAGCTGG TGGCGTAGGC AAGAGTGCCT TGACGATACA GCTAATTCAG AATCATTTTG
AACCTCGACC ACCGCATCCG TTCTCACGGA ACTGCTATGT CGATTAAGTC TTAGTAAAAC

     130       140     150                     160      170                     180
TGGACGAATA TGATCCAACA ATAGAGgtaa atcttgtttt aatatgcata ttactggtgc
ACCTGCTTAT ACTAGGTTGT TATCTCcatt tagaacaaaa ttatacgtat aatgaccacg

EXON 2

                       10                        20                       30       40                       50                       60
cactgtaata atccagactg tgtttctccc ttctcagGAT TCCTACAGGA AGCAAGTAGT
gtgacattat taggtctgac acaaagaggg aagagtcCTA AGGATGTCCT TCGTTCATCA

       70       80       90      100     110     120
AATTGATGGA GAAACCTGTC TCTTGGATAT TCTCGACACA GCAGGTCAAG AGGAGTACAG
TTAACTACCT CTTTGGACAG AGAACCTATA AGAGCTGTGT CGTCCAGTTC TCCTCATGTC

     130      140      150     160     170     180
TGCAATGAGG GACCAGTACA TGAGGACTGG GGAGGGCTTT CTTTGTGTAT TTGCCATAAA
ACGTTACTCC CTGGTCATGT ACTCCTGACC CCTCCCGAAA GAAACACATA AACGGTATTT

     190      200      210      220                      230                      240
TAATACTAAA TCATTTGAAG ATATTCACCA TTATAGgtgg gtttaaattg aatataataa
ATTATGATTT AGTAAACTTC TATAAGTGGT AATATCcacc caaatttaac ttatattatt

PCR PRIMERS & AMPLICONS



MPCR KIT DESCRIPTION

MPCR Amplification Kits include all necessary MPCR
amplification reagents with the exception of Taq Polymerase.
These kits have been designed to direct the simultaneous
amplification of specific regions of human DNA.

MPCR Kits come in two quantities:
• 50X 50µL reaction kits
• 100X 50µL reaction kits

Each kit offers Maxim’s optimal primer/buffer system
which will enhance amplification specificity.

Figure 1 shows quality control MPCR results obtained
by following MPCR kit manual using different primers
against the positive control.

For optimal results, please read and follow the in-
structions in this manual carefully. If you have any ques-
tions, please contact Maxim Biotech Customer Service at
(650) 871-1919.

Product Gene 5’/3’ Tm Amplicon Accession Intron Genomic
Code Size No. Span Size

RAS-K-exon1 K-RAS gene exon-1 66oC/64oC 162bp L00045 no 162bp
RAS-K-exon2 K-RAS gene exon-2 64oC/68oC 133bp L00046 no 133bp
RAS-N-exon2 N-RAS gene exon-1 66oC/67oC 103bp L00041 no 103bp

MPCR PRIMER INFORMATION
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Lane N: PCR using RAS-P001 Primers without positive (Negative)
Lane 1: PCR using RAS-P001 Primers withwith 1X positive
Lane 2: PCR using K-Ras-Exon-1 Primers with 1X positive
Lane 3: PCR using K-Ras-Exon-1 Primers with 1X positive
Lane 4: PCR using N-Ras-Exon-1 Primers with 1X positive
Lane M: DNA M.W. Marker

      N      M      1        2     3       4



KIT COMPONENTS

Product Code Kit Component Amount

RAS-B001 2X RAS MPCR Buffer 1250 µl X2
(containing chemicals, enhancer,
stabilizer and dNTPs)

RAS-C001 10X RAS Pos. Control 50 µl X2

RAS-P001 10X RAS MPCR Primers 250 µl X2

MRB-0014 DNA M.W. Marker (100bp Ladder) 100 µl X2

MRB-0011P ddH2O (DNase free) 2.0 ml X2

Instruction Manual

  MP-70126

50X50µL MPCR reaction kit
Store all reagents at -20°C

  MP-70125

100X50µL MPCR reaction kit
Store all reagents at -20°C

NOTE: SPIN ALL TUBES BEFORE USING AND VORTEX ALL

REAGENTS FOR AT LEAST 15 SECONDS BEFORE USING!!
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Product Code Kit Component Amount

RAS-B001 2X RAS MPCR Buffer 1250 µl
(containing chemicals, enhancer,
stabilizer and dNTPs)

RAS-C001 10X RAS Pos. Control 50 µl

RAS-P001 10X RAS MPCR Primers 250 µl

MRB-0014 DNA M.W. Marker (100bp Ladder) 100 µl

MRB-0011P ddH2O (DNase free) 2.0 ml

Instruction Manual



PROCEDURE

25.0 µl 2X MPCR BufferMixture
5.0µl 10X MPCR Primers
0.5µl Taq DNA Polymerase(5U/µl)
5.0µl Specimen cDNA or

10X Control cDNA from kit
14.5µl H2O
50.0µl Mineral Oil (optional)

*: :32P dNTPs may be used here to achieve higher sensitivity and better quantitation.
5-10 µCi [a-32P]dCTP (3000 Ci/mmole) should be used here per MPCR.
Keep final dNTPs concentration same as without 32P-dNTPs.

B. EDTA concentration in test sample must not exceed 0.5 mM because Mg++ concentration in
MPCR Buffers is limited to certain ranges. Additional Mg++   may be added to the PCR
mixture to compensate for EDTA.  We strongly recommend running an MPCR reaction with
the positive control provided in the kit. Since the MPCR DNA polymerase needed in each
reaction is in a very small volume, it is recommended that all of the PCR components be
premixed in a sufficient quantity for daily needs and then dispensed into individual
reaction vials.  This will help you to achieve more accurate measurements.

3.   PCR thermocycle profile:
Reaction profiles will need to be optimized according to the machine type and needs of user.  Please take note
that temperature variations occur between different thermocyclers, therefore, the annealing temperature in
the sample profile below is given as a range. It will be necessary to determine the optimal temperature for
your individual thermocycler.  An example of a time-temperature profile for the positive control PCR reaction
optimized for Perkin Elmer machine types 480, 2400, and 9600 is provided below:

                   58      61      64     67       70°C

4.  Agarose Gel Electrophoresis:
To fractionate the MPCR DNA product electrophoretically, mix 10µl of the MPCR product with 2µl 6X loading
buffer. Run the total 12µl alongside 10 µl of DNA marker* from the MPCR kit on a 2 % agarose gel containing
0.5 mg/ml ethidium bromide.  Electrophorese and photograph.  (Hint:  Best results are obtained  when the
gels are run slowly at less than 100 volts).

* DNA Marker contains linear double stranded DNA bands of 1,000; 900, 800, 700; 600; 500; 400; 300; 200;
   and 100 base pairs (bp).

7

 Volume (Per assay) Reagent  (Add in order)

Note: A 2-step PCR thermocycle profile was found to be more effective than a 3-step PCR thermocycle profile
for MPCR amplification. For 2-step PCR, use 94-95°C for denaturation and 68-70°C for annealing and exten-
sion. The 72°C step is omitted.

1. Taq DNA polymerase from Perkin-Elmer or its derivatives are highly recommended for MPCR.
Ampli-Taq Gold, however, is not recommended because its own optimal buffer system is required.

2. Reaction Mixture Preparation:

A. Set up MPCR reactions with the test samples and MPCR buffers provided in the MPCR kit
according to the table on the next page:

Temperature Time Cycles

96°C 1 min 2X
68-70°C* 4 min

94°C 1 min 28-35X
68-70°C* 2 min

70°C 10 min 1X

25°C soak

PCR Protocol:

*The performance of MPCR kit against annealing temperatures.
  The above gel picture is an illustration of different annealing
  tempeatures on MPCR kit MP-70126.



TROUBLESHOOTING

Observation

1.1. No signal or missing some bands
during amplification even using
positive control provided in kit.

1.2. Too many nonspecific bands.

1.3. No difference in gene expression
among treatments

Possible Cause

1.1a.The annealing temperature in
thermocycler is too high.

1.1b. Dominant primer dimers.

1.2a.The annealing temperature  in
the thermocycler is too low.

1.2b. Pre-PCR mispriming.

1.2c. cDNA is interfering with MPCR

1.3a. PCR amplification of this
specific gene has passed the
exponential phase.

1.3b. Variation in sample preparation,
RT reaction and amounts of
input cDNA.

Recommended Action

1.1a. Decrease PCR annealing
temperature 3-5oC gradually.

1.1b. Use any one of "Hot Start" PCR
procedures.

1.2a. Increase PCR annealing
temperature 3-5oC gradually.

1.2b. Use any one of "Hot Start" PCR
procedures.

1.2c. Clean cDNA with Phenol/
Chloroform.

1.2d. Use Maxim's 3MTM-MPCR Kit.

1.3a. Decrease PCR cycle number or
decrease the input cDNA.

1.3b. Run a parallel PCR with a
house-keeping gene to
eliminate variables.

1. MPCR AMPLIFICATION
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PRECAUTIONS AND STORAGE

Storage

1. Store all MPCR Kit components at -20°C. Under these conditions components of the kit are stable for 1 year.
2. Isolate the kits from any sources of contaminating DNA, especially amplified PCR product.
3. Do not mix MPCR kit components that are from different lots.  Each lot is optimized individually.
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