


base extension (SBE) and dideoxy sequenc-
ing methods. The genotypes were also
checked for Mendelian Inheritance errors as
an additional quantification of accuracy.
The results of these studies demonstrated a
call rate of 97.48 percent, a reproducibility
value of 99.988 percent, and an estimated
accuracy of 99.8 percent.

These validation studies were also
repeated with the next-generation
Mapping 10K 2.0 Array prior to the newer
array•s commercial launch. The results of
these studies demonstrated a call rate of
98.9 percent, a reproducibility value of
99.99 percent, and an estimated accuracy
of 99.7 percent. 

Finally, this Technical Note also presents
concordance data between the Mapping
10K Array and the next-generation
Mapping 10K 2.0 Array, which was deter-
mined to be 99.9 percent, demonstrating
the consistency of both formats. 

Assay Development and

Optimization 

PCR OPTIMIZATION

The one-primer PCR is the critical step of
this assay, as it reduces genome complexity

G E N O T Y P I N G

 ~14K 
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Figure 2: PCR conditions specified in the

Mapping Assay result in the majority of PCR

product in the 250 to 1,000 base pair range.

No PCR fragments were observed when the

genomic DNA was replaced with H
2
O.
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Figure 3 : (A) Optimum call rate and concordance were achieved at an annealing temperature of

59°C. (B) The highest concordance and call rates were achieved when the primer concentration

was 0.75 µM. (C) Optimal results were achieved with 35 cycles of PCR. (D) A minimum of 20 µg

of PCR product per GeneChip
®

Mapping 10K Array produced optimal genotyping results. Each

optimal condition is highlighted with light blue and light red.

Amplified Human Genomic DNA

Fragments Generated from GeneChip
®

Mapping Assay Protocol

Optimized PCR Conditions
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fragments. Different incubation time peri-
ods were also compared and optimal condi-
tions were determined to be approximately
30 minutes of incubation (Figure 4B).
However, neither call rate nor concordance
rates were significantly affected by incuba-
tion periods from 25 to 35 minutes. This
tolerance range enables the assay to be per-
formed in a high-throughput manner.  

Since DNase stability and activity are
sensitive to buffer components, various
buffers were tested to increase the robust-
ness of the fragmentation step. In each
case, QIAGEN® Buffer EB was used, and
remains a critical component of the buffer
system for fragmentation.

When the Mapping Assay was per-
formed with the initial (pre-optimized)
buffer, call rate was significantly changed
by slight variation in the amount of DNase
(Figure 4C), indicating that the system was
not stable enough for the DNase reaction.
As seen in Figure 4D, the optimized buffer
system stabilized the enzyme and gave rise
to more robust results. The GeneChip
Mapping Assay Kit contains this optimal
fragmentation buffer. As with all steps in
this assay, it is crucial to use all reagents in
the kit, as well as the others that are exactly
specified in the GeneChip® Mapping Assay

Manual.

OPTIMIZATION OF DNA LABELING 

Affymetrix developed a proprietary GeneChip
DNA Labeling Reagent for the Mapping
Assay, which was used in the entire assay
development and validation process. The
labeling reaction is catalyzed by Terminal
Deoxynucleotidyl Transferase (TDT).  

To achieve the most efficient labeling,
TDT and the GeneChip DNA Labeling
Reagent were titrated over a range of con-
centrations. Figure 5A illustrates that call
rate was affected more significantly than
concordance values by the GeneChip DNA
Labeling Reagent concentration. Next, the
optimal reaction time was determined by
evaluating genotype call rates and concor-
dance values of fragments that were sub-
jected to different labeling reaction times.
As seen in Figure 5B, a reaction time of
two hours is specified.

protocol, the PCR yield after purification
was, on average, 8 µg /100 µl PCR.  

To ensure the assay is robust across two
popular thermocyclers … MJ Tetrad® (PTC-
225) and ABI GeneAmp® PCR System
9700 96-well-block thermocyclers … PCR
protocols were optimized for both systems.
Different denaturing, annealing, and
extension times were used for the two PCR
systems to compensate for differences in
their respective ramping speeds. The
GeneChip® Mapping Assay Manual clearly
defines and delineates thermocycler-specific
protocols. Under the recommended condi-
tions, their performances were virtually
indistinguishable (Table 1).

OPTIMIZATION OF FRAGMENTATION 

Probes on the Mapping 10K Array are
comprised of 25-mer oligos, which provide
high sensitivity and specificity for detec-
tion. In order to maximize hybridization
efficiency to the GeneChip arrays, PCR
amplified targets (250 to 1,000 bp) are
fragmented with DNaseI (DNase), which
is particularly suited for this assay because
it generates a random distribution of 
fragments. However, DNase is especially
sensitive to factors such as buffer system,
reaction temperature, and incubation time.
Therefore these conditions were optimized
for maximum performance of DNase in the
Mapping Assay.

As shown in Figure 4A, DNA fragment
size distribution was sensitive to the
DNase amount used in each reaction.
When a lower concentration of DNase was
used, less digestion occurred, resulting in
longer fragments. Conversely, a higher
concentration of DNase resulted in smaller

by preferentially amplifying fragments of
proper size. As shown in Figure 2, the PCR
conditions amplify fragments in the 250 to
1,000 bp range. Annealing temperatures,
cycle number, and primer concentration
were evaluated to determine conditions
that would result in the highest SNP call
rate and concordance values with reference
genotypes. Call rate and concordance val-
ues were also used to determine the ideal
amount of PCR product that should be
hybridized to the GeneChip® Mapping
10K Array. Call rate was defined as the
number of genotypes that were called by
the software, divided by the total number
of SNPs on the array. Concordance rate was
defined as the percentage of genotype calls
that were concordant with reference geno-
types determined by SBE.

Several examples of PCR optimization
results are illustrated in Figures 3A to 3D.
Figure 3A shows that the optimal anneal-
ing temperature was 59°C. However, the
relative consistency of call rate and concor-
dance within the 58°C to 60°C tempera-
ture range indicates the robustness of the
temperature range for the assay. Optimal
primer concentration was determined to be
0.75 µM, but as shown in Figure 3B, the
assay tolerates some level of concentration
variations. According to Figure 3C, 35
cycles of PCR produced optimal results,
while call rates were significantly
decreased when the cycle numbers were
less than or greater than 35. Finally, Figure
3D shows that 20 µg of PCR product per
array achieved call rates of >90 percent.
Lower call rates and concordance values
were observed when less PCR product was
used per array. Using the optimized PCR

PCR Conditions

Optimal MJ

Optimal PE

µg/RXN

8.3

8.7

Call Rate

95.7%

95.6%

Concordance Rate

99.6%

99.6%

Table 1: Comparison of call rate and concordance values between the MJ Tetrad
®

(PTC-225) 

and the ABI GeneAmp
®

PCR System 9700 96-well-block thermocyclers when each follows the 

thermocycler-specific protocol detailed in the GeneChip® Mapping Assay Manual.

Comparison of Call Rate and Concordance Using Two Thermocyclers
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Assay Performance 

GENECHIP
®

MAPPING 10K AND MAPPING 10K

2.0 ARRAYS AND ASSAY PERFORMANCE

The performance of the GeneChip Mapping
10K and Mapping 10K 2.0 arrays were
evaluated with three performance specifi-
cations: genotyping accuracy, reprodu-
cibility, and call rate. The following section
describes the results of the performance
evaluation of the original Mapping 10K
Array and the next-generation Mapping
10K 2.0 Array. 

Accuracy

Genotyping accuracy was approximated
by measuring the concordance of geno-
types generated from the original
Mapping 10K Array compared to geno-
types generated by single-base extension
(SBE) and dideoxy sequencing. Genotypes
generated with the Mapping 10K 2.0
Array were also compared to reference
genotypes from SBE genotyping.  

As an additional check for accuracy, the
rate of Mendelian Inheritance was meas-
ured in five CEPH family trios on the
original Mapping 10K Array and with
three Hispanic family trios on the
Mapping 10K 2.0 Array. Finally, geno-
types from the Mapping 10K 2.0 Array
were compared to genotypes from the
original Mapping 10K Array to determine
concordance between the two.

CONCORDANCE WITH GENOTYPES BY SBE

To confirm the genotyping accuracy,
Affymetrix compared Mapping 10K geno-
type calls to SBE genotype calls from 
543 SNPs across the same 40 Caucasian
individuals used in the Allele Frequency 
Project (AFP). 

Initial results showed that there were 
98 discordant genotypes out of 21,191
comparisons across the 40 individuals
(Table 2A). This resulted in a concordance
value of 99.54 percent. This number is
likely to be an underestimate of the
Mapping 10K genotyping accuracy
because many of the discordant genotypes
may have resulted from SBE genotyping
errors, which were revealed when com-
pared with dideoxy sequencing. 

0.06 0.12 0.18 0.240.06 0.12 0.18 0.240.06 0.12 0.18 0.240.06 0.12 0.18 0.24 0.30 0.36 0.40 0.56
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90%
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100%
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0.30 0.40 0.50 0.60
DNase U

Initial Buffer System
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100%

0 0.1 0.2 0.3 0.4
DNase U

Call Rate

Concordance Rate

Call Rate

Concordance Rate
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70%
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Units of DNase

Figure 4: (A) Gel images showing effect of DNase concentration. 20 µg DNA was fragmented

with 0.06 to 0.56 units of fragmentation reagent in replicates. 4 µl of solution was mixed with 

4 µl of 2X gel loading buffer and was loaded to each lane of a 4% agarose gel and run at 120V

for 40 minutes. Amount, in units, of fragmentation reagent is listed above the image. 

(B) 20 µg DNA was fragmented with 0.24 units of fragmentation reagent for 20 to 45 minutes.

Variations of detection rates and call rates are shown in relation to incubation time with DNase.

An incubation time of 30 minutes achieved the highest call rates. (C) Call rate and concordance

variations as a function of DNase amount in an initial buffer system. (D) Call rate and 

concordance variations as a function of DNase amount in an optimal buffer system. In each 

figure, optimal conditions are highlighted with light blue and light red.

Titration of Amount of GeneChip
®

Fragmentation Reagent
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Five SNPs accounted for a disproportion-
ate 59 of the discordances. Although these
five SNPs far exceeded the SNP selection
criteria in terms of the excellent clustering
characteristics of their genotypes, they were
excluded from the set of 11,555 SNPs on
the chance that the SBE genotypes were
correct.

CONCORDANCE OF MAPPING 10K 2.0 WITH SBE

SNPs on the Mapping 10K 2.0 Array were
also compared to SBE genotype calls to
determine accuracy. The genotypes of two
samples were genotyped on three arrays,
each from a different lot for a total of six
arrays. The genotypes generated with the
Mapping 10K 2.0 were then compared to
reference genotypes generated with SBE.
The average concordance for the two sam-
ples was 99.6 percent across three lots (not
shown). 

CONCORDANCE WITH DIDEOXY 

SEQUENCING DATA

A set of 60 SNPs in six individuals 
from the Human Variation Panel was
selected for comparison between Mapping
10K-generated genotypes and genotypes
generatedwith dideoxy methods. They con-
sisted of two Caucasians, two African-
Americans, and two Asians. The 60 SNPs
were chosen for sequencing based on
Affymetrix calls, where each SNP had two

Call Rate Concordance Rate

75
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95

100

0 0.1 0.2 0.3 0.4 0.5
GeneChip® DNA Labeling Reagent (mM)

80%

90%

100%

1 2 4 16
Labeling Time (Hrs)

Call Rate

Concordance Rate

A.

B.

Figure 5: (A) Call rates and concordance values for the optimal GeneChip
®

DNA Labeling

Reagent concentration of  0.14 mM (light blue and light red). Concordance was not affected by

DNA Labeling Reagent concentration to the extent of that of call rate. (B) Neither call rate nor

concordance were significantly affected by labeling time. The assay produces optimal results at

an incubation time of two hours. 

Optimization of GeneChip
®

DNA Labeling Reagent  

SNPs

543

60

Individuals

40

6

Single Base

Extension

Dideoxy

Sequencing

Genotype Calls

21,191

341

Discordances

98

1

Discordant SNPs Est. Accuracy

33

1

99.54 +/- .24%

99.71 +/- .74%

A. Concordance Measurements on the GeneChip® Mapping 10K Array

Table 2: (A) Data from the comparison studies between reference genotypes, Single-Base Extension, and Dideoxy Sequencing on the Mapping 10K

Array. The number of SNPs, individuals, and genotypes per study are listed in addition to the number of discordant calls and estimated accuracy. 

Concordance Measurements and Mendelian Inheritance Analysis
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Inds X Reps

16 x 9

Calls

1,623,443

Not Consensus

192

Reproducibility

99.988%

% Not Consensus

0.012%
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A allele homozygotes, two heterozygotes,
and two B allele homozygotes from among
the six individuals. Out of a total of 341
genotype calls made on both the Mapping
10K Array and with dideoxy sequencing,
one was discordant, providing a concor-
dance value of 99.71 percent (Table 2A).

MENDELIAN INHERITANCE AS A

MEASUREMENT OF ACCURACY

Another measurement of accuracy is to
check the genotypes against the rules of
Mendelian Inheritance … genotype calls
that fail to follow the prescribed pattern of
inheritance are indicative of genotyping
inaccuracies. To test the accuracy of the
Mapping 10K Array, five family trios 
consisting of two parents and one child
were genotyped. Mendelian Inheritance
errors were identified with PedCheck 
software. The five trios in the validation set
had 61 errors out of 167,649 genotype

calls, which is a 0.036  percent inheritance
error rate (Table 3A). It is important to
note that the 99.96 percent accuracy may
be a slight overestimate because errors in
non-informative crosses cannot be detected,
as in the cases where both parents are 
heterozygotes.

To test the accuracy of the Mapping 10K
2.0 Array, three Hispanic family trios con-
sisting of two parents and one child (for a
total of nine individuals) were genotyped
(Table 3B). Across the three trios, there
were 60 Mendelian inconsistencies out of
229,662 total genotype calls, for an overall
consistency rate of 99.97 percent.

CONCORDANCE OF MAPPING 10K 2.0 ARRAY

WITH ORIGINAL MAPPING 10K ARRAY 

Concordance of genotypes for SNPs in
common on the Mapping 10K and
Mapping 10K 2.0 arrays also provides a
measure of accuracy, as both arrays use the

Mapping Assay. Internal validation tests
resulted in 99.9 percent concordance
between the original Mapping 10K Array
and the Mapping 10K 2.0 Array.

In summary, genotyping accuracy was
approximated by measuring concordance
with SBE and dideoxy sequencing, as well
as obtaining the Mendelian Inheritance
error rate. These studies resulted in accuracy
measurements of 99.54 percent, 99.71 
percent, and 99.96 percent, respectively.
Given that 99.54 percent is an underesti-
mate because of SBE errors and 99.96 
percent is an overestimate because errors
with heterozygote parents are undetected,
99.7 percent is a reasonable estimate for
genotyping accuracy.

Comparison of Reproducibility

To measure the reproducibility of the
genotype calls on the Mapping 10K Array, 
a validation data set of 16 individuals 
(eight Caucasians, four African-Americans,
and four Asians) from the Human Variation
Panel was run in triplicate on three sets of
arrays manufactured from three different
lots, for a total of nine replicates (Table 4).
Genotype calls from each experiment were
compared against a consensus set of geno-
type calls based on all nine replicates. Out
of 1,623,443 genotypes from 144 arrays,
there were 192 calls that were inconsistent
with the consensus calls. This translates
into a reproducibility of 99.99 percent.

To measure the reproducibility of the
genotype calls on the Mapping 10K 2.0
Array, six samples from three different
ethnic groups were run in triplicate on
arrays from three different wafer lots for a
total of nine arrays for each sample.
Reproducibility was calculated for each
triplicate on each wafer lot, and averaged
between lots and found to be 99.99 per-
cent (Table 5A).

Additionally, to determine the repro-
ducibility of the Mapping Assay, three
replicate assays were prepared and run on
arrays from three wafer lots for a total of
nine assays for each sample. Again, the
reproducibility for each triplicate on each
wafer lot was averaged between lots and
found to be  99.99 percent (Table 5B).

(A.) Mendelian

Inheritance

(CEPH families)

with GeneChip®

Mapping 10K Array

(B.) Mendelian

Inheritance

(Hispanic families)

with GeneChip®

Mapping 10K 2.0 

Array

Total CallsTrios
% PedCheck 

Error Rate

PedCheck 

Error Rate
Est. Accuracy

5

3

61

60

0.04%

0.03%

99.96%

99.97%

167,649

229,662

Table 3: (A)Data from Mendelian Inheritance error checks using PedCheck software to validate

genotype calls of five family trios consisting of two parents and one child on the GeneChip Mapping

10K Array. (B) Data from Mendelian Inheritance error checks using PedCheck software to validate

genotype calls of three family trios consisting of two parents and one child on the GeneChip

Mapping 10K 2.0 Array.

Data from Reproducibility Study 

Table 4: A data set of sixteen individuals from the Human Variation Panel was run in triplicate on

three sets of arrays manufactured in three wafer lots for a total of nine replicates. Genotype calls

were compared against a consensus set of genotype calls based on all nine replicates. 

Mendelian Inheritance as a Measurement of Accuracy  



Comparison of Call Rates

Call rate measures the number of genotypes
called per array divided by the total num-
ber of SNPs on the array. The call rate
across 104 individuals from Caucasian,
African-American, and Asian ethnic
groups was 97.48 percent on the Mapping
10K Array, as shown in Table 6. 

Call rate was also validated on the
Mapping 10K 2.0 Array. DNA from fifteen
individuals from Caucasian, Hispanic,
African-American, and Asian populations
were run in triplicate across arrays from
three wafer lots. The call rate was deter-
mined to be 98.7, 98.8, and 99.1 percent,
respectively, for each of three lots.  
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Wafer/Assay

NumErrs

Compared

ReproRate

Lot A

3

60,291

99.995%

Lot B

2

60,481

99.997%

Lot C

10

60,427

99.983%

A. Three assay replicates on one wafer

African-Americans

NumErrs

Compared

ReproRate

4

60,296

99.993%

2

60,827

99.997%

2

60,851

99.997%Asians

NumErrs

Compared

ReproRate

1

60,091

99.998%

6

60,357

99.990%

4

60,351

99.993%Caucasians

NumErrs

Compared

ReproRate

Assay 1

8

60,384

99.987%

Assay 2

2

60,538

99.997%

Assay 3

5

60,277

99.992%

B. One assay on three wafers

African-Americans

NumErrs

Compared

ReproRate

3

60,571

99.995%

0

60,794

100.000%

4

60,609

99.993%Asians

NumErrs

Compared

ReproRate

4

60,300

99.993%

3

60,389

99.995%

8

60,110

99.987%Caucasians

Comparison of Reproducibility 

Table 5: (A) Data from individuals from three ethnic groups were run in triplicate on arrays from

three wafer lots for a total of nine replicates. Genotype calls were compared against a consensus

set of genotype calls based on all nine replicates. (B) Three replicate assays were prepared for the

same samples and run on arrays from three wafer lots for a total of nine assays for each sample. 

CONCLUSION 

The Mapping 10K and Mapping 10K 2.0
arrays are genotyping products which 
provide more than 10,000 human geno-
types in one experiment, using a proven
one-primer assay. The Mapping Assay
optimization and performance validation
studies demonstrate that the assay is
extremely robust and provides highly
accurate and reproducible results for both
the original Mapping 10K and the next-
generation Mapping 10K 2.0 arrays. 

As part of the Mapping Assay develop-
ment process, PCR conditions, buffer,
DNase amount, incubation time, and reac-
tion time and temperature were optimized.
The assay was then validated over a series
of experiments, which demonstrated high
accuracy, reproducibility, and call rates.

The concordance data between the orig-
inal Mapping 10K and the next-genera-
tion Mapping 10K 2.0 arrays demonstrate
that the Mapping Assay is robust and reli-
able across the suite of GeneChip DNA
Analysis products, offering researchers the
opportunity to compare data from differ-
ent arrays or different studies. 

African-American

Caucasian

Asian

Total

Average per Individual 11,263 11,555 97.48%

Individuals

42

42

20

104

Calls

468,426

478,128

224,836

1,171,390

Attempted

485,310

485,310

231,100

1,201,720

Call Rate

96.52%

98.52%

97.29%

97.48%

Call Rates for Three Major Ethnic Groups

Table 6: The call rates of genotypes from three ethnic groups are shown based on the number of

genotype calls. 
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