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Introduction

Mutation, variation, and methylation status quantification of specific nucleotides of Sanger sequencing traces is valuable for a variety
of applications including disease study and diagnosis (1,4), quantification of drug resistance in a population, such as, antibiotic
resistance in bacteria (2), and heteroplasmy studies of mitochondrial DNA (3).

Quantification of allele ratios in gene expression and genomic analyses is useful for disease diagnosis and developing treatment protocols
for patients in individualized medicine. Understanding the early stages of disease is invaluable since early detection is vital for
efficacious treatment. Quantification of the presence of disease-causing markers can be used as a tool for early screening for diseases,
such as, methylation status of genes associated with various cancers (1) and heteroplasmy in mitochondrial DNA (3). Quantification of
variant alleles can be used to monitor specific genes for drug-resistant mutations: BRC-ABL gene in CML patients and antiviral-target
genes of hepatitis C virus (HCV) and human immunodeficiency virus (HIV). Mutation quantification can be used to measure
antibiotic-resistant mutations in bacterial strains within a sample (2), useful for monitoring infections and microbial source tracking.

Determining the concentration of different alleles in DNA can be problematic. Two alleles of one gene may differ at only one position
with sequence identity for all other positions of the gene. Mutation detection from cancer cells isolated from tumors may contain

normal genes from co-isolated normal cells, resulting in a low frequency mutation allele. Promoter regions may be differentially or
hyper-methylated and mtDNA may contain regions of heteroplasmy. Quantification of regions containing a high degree of variability
may result in some positions not analyzed. Quantification of alleles that occur at low frequency may be below the detection limit of the
technique used. The “Mutation Quantifier” function of Mutation Surveyor software solves the above problems. Mutation Surveyor
software will align reference and sample sequences, detect mutations and quantify the wild type and variant alleles. Other methods used
to determine such allelic variation may be just as robust but can be more expensive, such as, mass spectrometry, TagMan® assay, and 2nd
generation sequencing using Illumina/Solexa 1G Genomic Analyzer or Roche/454 FLX Genome Sequencers.

The “Mutation Quantifier” function will quantify the presence
of multiple alleles at a specific location in the genome.
Sanger sequencing traces are aligned to a reference sequence
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software—two variations are identified. The top trace is the
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reference trace, the middle trace is the sample trace, and the
third trace is the mutation electropherogram displaying the
differences between the reference and sample. The top text box
shows the amino acid sequence for this gene--the reference
sequence is the top amino acid string, the sample amino acid
sequence is displayed below. The bottom chart is the mutation
table displaying the reported variations. This human sample
contains two variations. The quantification results of these
variations using Mutation Surveyor are identical to

Tagman measurement.

950 1,000 1,050 1,100

EER

700 75r0 860 850 930 95r0 1 ,0r00 1 ,OTSD 1 ,11 00
Mutd  |Frame |Mulalion |mFlNA IrﬂllnlensitylArea |Uverlap |Drop |Noise |SnFi<'
895  207T>TC:69P>P/P 1006 545 088 024 250.00 285
Flgure 1 2 975 2158>AG:72N>N/S 1501 752 1.00 076 250,00 4.25

J




Using the Quantify function of Mutation Surveyor software

Procedure

1. Run Mutation Surveyor software to detect mutations.

2. Click the Mutation Quantifier icon . and Input standards (figure 2).
3. Software displays the DNA Quantification results table (figure 3) for all identified mutations. Clicking on a row in the table will open

the Quantification-Electropherogram window for that mutation point (figure 4). Three traces will be displayed: 0% standard, unknown or

sample data trace, and 100% standard (or 50% standard for some data sets containing limited variation).

Figure 2: Mutation Quantifier Options dialog box is used to
select standards. The “Points of Interests” field may be used
to enter specific loci for quantification of mutation peaks.

Figure 3: The DNA Quantification report provides the
results of Mutation Quantifier. SC (single color) Drop
indicates the intensity drop of the wild type or normal
allele. SC (single color) Gain indicates the gain in intensity
measured for the variant allele. Question marks in the table
indicate inconclusive data caused by poor standards or poor
neighboring peaks of the same color.

Methodology

Intensity Ratio of the neighboring same

color peaks is consistent in the samples.
The intensity of traces varies significantly between samples
due to DNA concentration variations. However, the intensity
patterns from the peaks of the same color are essentially the
same if the two samples are run under the same experimental
condition. One mutation will cause a drop in intensity of the
normal allele and a gain of intensity of a new allele. The
intensity ratio between two peaks of the same color in the
same trace is used to quantify the DNA mutations. At

least one standard; 0%, 50% or 100% of mutation; will be
used in Mutation Surveyor Quantify to determine the
unknown concentration.

Figure 4: Quantification-Electropherogram window
displaying three traces after clicking a cell in the DNA
Quantification table. The gain of intensity for T in the sample
is 67.38%(I). A decrease of intensity for C in the sample
trace could not be calculated [?%(D)]—all C positions are
heterozygous. The position of interest is marked with a red
dot in all electropherograms. The software uses the intensity
ratio of current peak compared to the neighboring peaks of
the same color in the same trace; short, red horizontal bars
indicate Ts used for ratio calculation. Neighboring peaks at
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No | Con... | Sample | GenBank | Ba.. | Standard | Standard2 | Mutation | SCDrop [ SCG... |
1 1F (4) Heterozygote_F.... SUR1_02.. 150 0%-SUR1_NORM_.. 0%-Heteroz.. A->C % %
5 1F(4) Heterozygote_F... SUR1_02. 207 0%-SURI_NORM_.. 50%-Heter. T-C  50% 50%
9 1F(4) Heterozygote F... SUR1_02.. 215 0%-SURT_NORM_.. 50%-Heter. A->G  4301% 50%
13 1F(4) Heterozygote F.. SUR1_02. 250 0%-SURT_NORM_.. 0%-Heteoz. G->A 7% %
2 1F(4) Mosaic_F.abl SUR1_02.. 150 0%-SURI_NORM_.. 0%-Heteroz. A>C 7% %
6 1F(4) Mosaic_F.abl SURT02. 207 0%-SURINORM_. 50%-Heter. T-C  27.12% 2384%
10 1F(4) Mosaic_F.abl SUR1_02.. 215 0%-SURI_NORM_.. 50%-Heter. A>G  8025% 725%
14 1F(4) Mosaic_F.abl SURT_02. 250 0%-SURT_NORM_. 0%-Heteoz. G->A 7% %
3 1F(4) NomalF.abl SURT_02.. 150 0%-SURI_NORM_.. 0%-Heteroz. A>C 7% %
7 1F(4) Nomal_F.abl SUR1_02.. 207 0%-SURI_NORM_.. 50%-Heter.. T->C  9954% 94.98%
11 1F(4) Nomal_F.ab1 SUR1_02.. 215 0%-SURI_NORM_.. 50%-Heter. A->G  3628% 0%
15 1F(4) NomalF.abl SURI02. 250 0%-SURT_NORM_. 0%-Heteoz. G->A 7% %
4 1F(4) SURINORM_2.. SUR102. 150 0%-SURI_NORM_. 0%-Heteoz. A>C 7% %
8 1F(4) SURINORM_2.. SUR1_02. 207 0%-SURT_NORM_. 50%-Heter. T-C 0% 0%
12 1F(4) SURI_NORM_2.. SUR1_02.. 215 0%-SURI_NORM_.. 50%-Heter. A->G 0% 0%
16 1F(4) SURI_NORM_2.. SUR1_02. 250 0%-SURI_NORM_.. 0%-Hetetoz. G->A 7% %
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In the example displayed in Figure 4 the mutation peak is identified by Mutation Surveyor software as C>CT. The intensity of C is
decreased and intensity of T is increased (CT peak denoted by red dot in sample trace). The intensity ratios of neighboring T peaks for each

of the three samples are calculated: R.(T;) = L (Tm)/lx(T,- )- Substitute C for T in this equation to calculate the intensity ratios of the

neighboring C peaks for each of these three samples. The subscript index of x represents Std 1, sample or unknown, or Std 2. The subscript
index of m represents the mutation point. The index of i (i=1,2,..8) stands for the neighboring T or C peaks. Four peaks from right side and
four peaks from left side are selected. Close neighboring T peaks differing by 1 bps are not selected because the mutation may affect their
intensities I(Ti). The software will exclude heterozygous peaks from the quantification calculation.

The three samples are marked as Standard 1 [normal (0% mutation)], unknown (x), and Standard 2 [(homozygotes as 100% mutation or
heterozygotes as 50% mutation)]. The percentage drop in intensity of C is calculated as a ratio of ratios comparing the eight neighboring
peaks (subscript indices: j indicates peak number; 0 indicates 0% standard; x indicates unknown or sample, 100 indicates 100% standard):
[Ro(C;) — R.(C)]/[Ro(G) — Rypo(C;)]. The gain of the T signal is calculated using the a formula: [R.(T;) — Ro(T;)]/[R100(T}) — Ro(T})].
‘I'he sottware averages the relative drop to the 8 neighboring peaks of the same color to determine the percentage ot the wild type peak 1n the
sample. The software averages the relative gains to determine the percentage of the variant peak in the sample. Therefore, we are able to
determine two factors: Percent intensity drop of the normal allele and percent intensity gain of the new allele—using peak heights from

the electropherograms.

Discussion

During the base-calling process, the instrument will often adjust the intensities of the different colors so that peak heights for the four types
of the bases appear to be approximately the same intensity. This automatic normalization step makes it difficult for software to compare data
from one run to another run using all colors. For this reason, peak heights of the same color are compared within a single sequencing trace;
quantification errors are reduced significantly.

The height ratio of the same color peaks in a trace is externally compared to the height ratio of the same peaks with the same color of other
traces. This will correct the normalization errors of the traces among different colors and different traces. Base-calling software often
reduces background rather extensively, resulting in traces that look great to impress the customer, but exacerbates quantification analysis.
Mutation Surveyor software contains an integrated base caller. This base caller provides highly accurate base calling and has been designed
to gently subtract baseline and smooth traces to retain quantitative information. Please select “Load Raw Data” under Process--Options to
apply this function to obtain highly reliable quantification results.

Noise data and saturated peaks contribute to unsatisfactory quantification results. High quality data is essential for DNA quantity measure-
ments. The traces of the two control samples (0% and 100%) should be obtained from similar experimental conditions to reduce errors. We
have found the quantification error rate to be about 2-3% if the three samples have adequate quality. The sensitivity is approximately 5% (5).
The software provides two measures for quantification: Single Color (SC) drop and Single Color (SC) gain. SC gain gives accurate results
for smaller gains, such as, (0-0.35). SC drop gives more accurate results for larger drops, such as, (0.65-1.00).
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