


base extension (SBE) and dideoxy seq
ing methods. The genotypes were Figure 3 : (A) Optimum call rate and concordance were achieved at an annealing temperature of

hecked for Mendeli Inherit 59°C. (B) The highest _Concordance and caII_ rates were achieved when the primer concentration
checked tor Mienaelian Inheritance error pyyeapis uM. (C) Optimal results were achieved with 35 cycles of PCR. (D) A minimum of 20 ug
TaNETo [o[1iTe]a -V M [VETRV ) ifor=\i[o] s Me) MF=TRNI =0 of PCR product per GeneChip® Mapping 10K Array produced optimal genotyping results. Each

The results of these studies demonstrat optimal condition is highlighted with light blue and light red.
call rate of 97.48 percent, a reproducibil
value of 99.988 percent, and an estima

Optimized PCR Conditions

accuracy of 99.8 percent. A. Optimal Temp

These validation studies were al 100%
repeated with the next-generatic sin, |1
Mapping 10K 2.0 Array prior to the newe
arrayes commercial launch. The results 90% F
these studies demonstrated a call rate
98.9 percent, a reproducibility value 85%
99.99 percent, and an estimated accut 0%
of 99.7 percent. 55°C 58°'C 59°C 60°C

Finally, this Technical Note also presel B Call Rate [ ] Concordance Rate
concordance data between the Mapgp
10K Array and the next-generatio B. . Optimal Primer Concentration
Mapplng 10K 2.0 Array, which was detg 122;" I o o
mined to be 99.9 percent, demonstratil &
the consistency of both formats. 80% [~

70%
Assay Development and 60% L —@— Call Rate
Optimization 509% |- Concordance Rate
PCR OPTIMIZATION 40% : : : :
The one-primer PCR is the critical step 0 05 1 1.5 2
this assay, as it reduces genome compl il 27 (CRmeEn e ()
C. Optimal Cycle Number
Figure 2: PCR conditions specified in the 105%

Mapping Assay result in the majority of PCR

product in the 250 to 1,000 base pair range. 100% —_—
No PCR fragments were observed when the 95% //
genomic DNA was replaced with H,0O.

90% [ =@ Call Rate

Amplified Human Genomic DNA
Fragments Generated from GeneChip® 85%
Mapping Assay Protocol 80%

H Concordance Rate

20 25 30 85 40 45

Genomic Cycle Number

DNA H,O  Marker

D. Optimal PCR Product (pg)/Array
100%
el
<+1000bp 90% |
14K 80%
SNPs <400bp 70% =@— Call Rate
<+ 200bp 60% | Concordance Rate
500/0 PSR ST N S ST ST S N S P SR S ST S I T T S S ST SO S S T S S

0 5 10 15 20 25 30 85 40
PCR Product (ug)/Array
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by preferentially amplifying fragments girotocol, the PCR vyield after purificatiofragments. Different incubation time peri-
proper size. As shown in Figure 2, the P@Rs, on average, 8 ug /100 yl PCR.  ods were also compared and optimal condi-
conditions amplify fragments in the 250 to To ensure the assay is robust acrossttams were determined to be approximately
1,000 bp range. Annealing temperaturgsgpular thermocyclers ... MJ TefRtC- 30 minutes of incubation (Figure 4B).
cycle number, and primer concentrati®25) and ABI GeneAmpPPCR System However, neither call rate nor concordance
were evaluated to determine conditioB300 96-well-block thermocyclers ... PG&es were significantly affected by incuba-
that would result in the highest SNP cafirotocols were optimized for both systention periods from 25 to 35 minutes. This
rate and concordance values with referébiéterent denaturing, annealing, antblerance range enables the assay to be per-
genotypes. Call rate and concordance eatension times were used for the two P&Rmed in a high-throughput manner.

ues were also used to determine the idgattems to compensate for differences iBince DNase stability and activity are
amount of PCR product that should bimeir respective ramping speeds. Tkensitive to buffer components, various
hybridized to the GeneChipMapping GeneChip® Mapping Assay Manual clearly buffers were tested to increase the robust-
10K Array. Call rate was defined as tldefines and delineates thermocycler-specifiss of the fragmentation step. In each
number of genotypes that were called prgotocols. Under the recommended condase, QIAGENBuffer EB was used, and
the software, divided by the total numbdéions, their performances were virtuallgmains a critical component of the buffer

of SNPs on the array. Concordance rate wdistinguishable (Table 1). system for fragmentation.

defined as the percentage of genotype calls When the Mapping Assay was per-
that were concordant with reference gel®TIMIZATION OF FRAGMENTATION formed with the initial (pre-optimized)
types determined by SBE. Probes on the Mapping 10K Array atmuffer, call rate was significantly changed

Several examples of PCR optimizatioomprised of 25-mer oligos, which providy slight variation in the amount of DNase
results are illustrated in Figures 3A to 3igh sensitivity and specificity for dete¢Figure 4C), indicating that the system was
Figure 3A shows that the optimal annedion. In order to maximize hybridizatiomot stable enough for the DNase reaction.
ing temperature was 59°C. However, tledficiency to the GeneChip arrays, PGR® seen in Figure 4D, the optimized buffer
relative consistency of call rate and conamyplified targets (250 to 1,000 bp) argystem stabilized the enzyme and gave rise
dance within the 58°C to 60°C temperdragmented with DNasel (DNase), whidd®o more robust results. The GeneChip
ture range indicates the robustness of thegarticularly suited for this assay becatdapping Assay Kit contains this optimal
temperature range for the assay. Optintalgenerates a random distribution dfagmentation buffer. As with all steps in
primer concentration was determined to ragments. However, DNase is especidhys assay, it is crucial to use all reagents in
0.75 uM, but as shown in Figure 3B, theensitive to factors such as buffer systém,kit, as well as the others that are exactly
assay tolerates some level of concentragaaction temperature, and incubation timgpecified in th&eneChip® Mapping Assay
variations. According to Figure 3C, 3%herefore these conditions were optimiz&d !,
cycles of PCR produced optimal resulfer maximum performance of DNase in the
while call rates were significantlfMapping Assay. OPTIMIZATION OF DNA LABELING
decreased when the cycle numbers werss shown in Figure 4A, DNA fragmenAffymetrix developed a proprietary GeneChip
less than or greater than 35. Finally, Figwsize distribution was sensitive to thBNA Labeling Reagent for the Mapping
3D shows that 20 pug of PCR product p@Nase amount used in each reactigkssay, which was used in the entire assay
array achieved call rates of >90 percémhen a lower concentration of DNase waesvelopment and validation process. The
Lower call rates and concordance valussd, less digestion occurred, resultinglateling reaction is catalyzed by Terminal
were observed when less PCR product leager fragments. Conversely, a higheeoxynucleotidyl Transferase (TDT).
used per array. Using the optimized PGQRncentration of DNase resulted in smalleiTo achieve the most efficient labeling,

TDT and the GeneChip DNA Labeling

Table 1: Comparison of call rate and concordance values between the MJ Tetrad® (PTC-225) Reager_n Were. titrated qver arange of con-
and the ABI GeneAmp® PCR System 9700 96-well-block thermocyclers when each follows the [RRSESEUIIERN ST TIECRSENIFEEECRERe 1
thermocyclerspecific protocol detailed in the GeneChip® Mapping Assay Manual. rate was affected more significantly than

concordance values by the GeneChip DNA
Labeling Reagent concentration. Next, the
optimal reaction time was determined by
PCR Conditions pg/RXN Call Rate Concordance Rate evaluating genotype call rates and concor-
Optimal MJ 8.3 95.7% 99.6% dance values of fragments that were sub-
Optimal PE 8.7 95.6% 99.6% jected to qm‘elrent labeling reac.t|on t_lmes.

As seen in Figure 5B, a reaction time of
two hours is specified.

Comparison of Call Rate and Concordance Using Two Thermocyclers

GENOTYPING 3



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

with 0.06 to 0.56 units of fragmentation reagent in replicates. 4 pl of solution was mixed with
4 pl of 2X gel loading buffer and was loaded to each lane of a 4% agarose gel and run at 120V (23gl\i\E.fy;'\f(@s'\f\mesGsl?(KpAe'\é'g%ﬁm&1°K

for 40 minutes. Amount, in units, of fragmentation reagent is listed above the image. : . .
(B) 20 pug DNA was fragmented with 0.24 units of fragmentation reagent for 20 to 45 minutes. The performance of the GeneChip Mapping
Variations of detection rates and call rates are shown in relation to incubation time with DNase. 10K and Mapping 10K 2.0 arrays were
An_m_cubanon time of _30 minutes achieved the_hlghes_t pall rates. (C) Call rate and concordance evaluated with three performance specifi-
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 cations: genotyping accuracy, reprodu-
figure, optimal conditions are highlighted with light blue and light red. cibility, and call rate. The following section

describes the results of the performance
evaluation of the original Mapping 10K

Titration of Amount of GeneChip® Fragmentation Reagent

Units of DNase Array and the next-generation Mapping
A. 0.06 0.12 0.18 0.24 0.30 0.36 0.40 0.56 10K 2.0 Array.
Accuracy

Genotyping accuracy was approximated

'fggsp by measuring the concordance of geno-
:50bpp 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
100%  o—=e —7eo—o rate of Mendelian Inheritance was meas-
ured in five CEPH family trios on the
original Mapping 10K Array and with
80% | —8— Call Rate three_ Hispanic family trips on the
Mapping 10K 2.0 Array. Finally, geno-
types from the Mapping 10K 2.0 Array

B. Optimal Incubation Time for DNase

90%

Concordance Rate

70%

15 20 25 30 35 40 45 50 were compared to genotypes from the
Time (min) original Mapping 10K Array to determine
C. Initial Buffer System concordance between the two.

100% @ ®
CONCORDANCE WITH GENOTYPES BY SBE
80%/ To confirm the genotyping accuracy,

Affymetrix compared Mapping 10K geno-

60%|
- C type calls to SBE genotype calls from
all Rate .
40% . 543 SNPs across the same 40 Caucasian
2o Concordance Rate individuals used in the Allele Frequency
0 0.1 0.2 0.3 0.4 Project (AFP).
DNase U Initial results showed that there were
5 Optimal Buffer System 98 dlsc_ordant genotypes out pf .2.1,191
100% —0—— —————0 | comparisons across the 40 individuals
(Table 2A). This resulted in a concordance
959% | value of 99.54 percent. This number is
likely to be an underestimate of the
90% | —@— Call Rate Mapping 10K genotyping accuracy
c because many of the discordant genotypes
oncordance Rate p
— ‘ 024 ‘ ‘ may have resulted from SBE genotyping
0 010 020 030 040 050 060 errors, which were revealed when com-
DNase U pared with dideoxy sequencing.

4 GENOTYPING



. _ . ] Five SNPs accounted for a disproportion-
Figure 5: (A) Call rates and concordance values for the optimal GeneChip® DNA Labeling 59 of the di d Alth h th
Reagent concentration of 0.14 mM (light blue and light red). Concordance was not affected by a_'te of the discoradances. Although t e§e
DNA Labeling Reagent concentration to the extent of that of call rate. (B) Neither call rate nor five SNPs far exceeded the SNP selection
concordance were significantly affected by labeling time. The assay produces optimal results at criteria in terms of the excellent clustering
an incubation time of two hours. L .

characteristics of their genotypes, they were
excluded from the set of 11,555 SNPs on
the chance that the SBE genotypes were
correct.

Optimization of GeneChip® DNA Labeling Reagent

A 100 ——M————— CONCORDANCE OF MAPPING 10K 2.0 WITH SBE
SNPs on the Mapping 10K 2.0 Array were
- 'H_.——.\O also compared to SBE genotype calls to
a0l determine accuracy. The genotypes of two
samples were genotyped on three arrays,
851 each from a different lot for a total of six
o =8~ Call Rate arrays. The genotypes generated with the
Concordance Rate Mapping 10K 2.0 were then compared to
750 o S 03 o 05 reference genotypes generated with SBE.
GeneChip® DNA Labeling Reagent (mM) The average concordance for the two sam-
ples was 99.6 percent across three lots (not
B. 100% I ShOWn).

CONCORDANCE WITH DIDEOXY
SEQUENCING DATA

90% ] A set of 60 SNPs in six individuals
I from the Human Variation Panel was
- selected for comparison between Mapping
80%’ 10K-generated genotypes and genotypes

2 4 16 generatedith dideoxy methods. They con-
i) sisted oftwo Caucasians, two African-
B Call Rate [ ] Concordance Rate Americans, and two Asians. The 60 SNPs
were chosen for sequencing based on
Affymetrix calls, where each SNP had two

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

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

SNPs Individuals Genotype Calls Discordances Discordant SNPs Est. Accuracy
Single Base
. 543 40 21,191 98 33 99.54 +/- .24%
Extension
Dideoxy
. 60 6 341 1 1 99.71 +/- .74%
Sequencing

GENOTYPING 5



Table 3: (A)Data from Mendelian Inheritance error checks using PedCheck software to validate Mapping Assay' Internal validation tests
genotype calls of five family trios consisting of two parents and one child on the GeneChip Mapping resulted in 99.9 percent concordance
10K Array. (B) Data from Mendelian Inheritance error checks using PedCheck software to validate between the original Mapping 10K Array
genotype calls of three family trios consisting of two parents and one child on the GeneChip and the Mapping 10K 2.0 Array.

Mapping 10K 2.0 Array. N ’

In summary, genotyplng accuracy was

Mendelian Inheritance as a Measurement of Accuracy approximated by measuring concordance
with SBE and dideoxy sequencing, as well
0, .« w . .
Trios | Total Calls | PedCheck | % PedCheck | oy acoyracy as obtaining the Mendelian Inheritance
Error Rate Error Rate . .
- error rate. These studies resulted in accuracy
(A.) Mendelian measurements of 99.54 percent, 99.71
Inheritance t d 9996 ¢ tivel
(CEPH families) 5 167,649 61 0.04% 99.96% percent, an -J0 percent, respectively.
with GeneChip® Given that 99.54 percent is an underesti-
Mapping 10K Array mate because of SBE errors and 99.96
(B.) Mendelian percent is an overestimate because errors
Inheritance with heterozygote parents are undetected,
(Hispanic families) | 3 | 229,662 60 0.03% 99.97% 99.7 percent is a reasonable estimate for
with GeneChip® .
Mapping 10K 2.0 genotyping accuracy.
Array

Comparison of Reproducibility
To measure the reproducibility of the
A allele homozygotes, two heterozygotealls, which is a 0.036 percent inheritangenotype calls on the Mapping 10K Array,
and two B allele homozygotes from amogigior rate (Table 3A). It is important toa validation data set of 16 individuals
the six individuals. Out of a total of 34hote that the 99.96 percent accuracy mg@jght Caucasians, four African-Americans,
genotype calls made on both the Mappihg a slight overestimate because errorsaim four Asians) from the Human Variation
10K Array and with dideoxy sequencingpn-informative crosses cannot be detectednel was run in triplicate on three sets of
one was discordant, providing a conces in the cases where both parents amays manufactured from three different
dance value of 99.71 percent (Table 2Aheterozygotes. lots, for a total of nine replicates (Table 4).
To test the accuracy of the Mapping 10&enotype calls from each experiment were
A REMENT o Ay 2.0 Array, three Hispanic family trios coneompared against a consensus set of geno-
Another measurement of accuracy is Sigting of.two. pa_rgnts and one child (fortgpe calls based on all nine replicates. Out
check the genotypes against the ruled @l of nine individuals) were ggnotypedf 1,623,443 genotypes from ;44 arrays,
Mendelian Inheritance ... genotype cklRble 3B). Acrqss _the three trlps, thetkere were 192 calls that WereilnconS|stent
that fail to follow the prescribed pattern §f€"e 60 Mendelian inconsistencies outwith the consensus calls. This translates

inheritance are indicative of genotypir?g29’662 total genotype calls, for an overato a reproducibility of 99.99 percent.

inaccuracies. To test the accuracy of Qﬁgsistency rate of 99.97 percent. To measure the reproducibility of the
i [ i [ type calls on the Mapping 10K 2.0

Mappmg 10K Array’ five fam”y trIOSCONCORDANCE OF MAPPING 10K 2.0 ARRAY geno : .

consisting of two parents and one childTH ORIGINAL MAPPING 10K ARRAY Array, six samples from three different

were genotyped. Mendelian Inheritan€®ncordance of genotypes for SNPs SfniC groups were run in triplicate on
errors were identified with PedChedommon on the Mapping 10K ancTays from three different wafer lots for a
software. The five trios in the validation Sefapping 10K 2.0 arrays also provides!@i@l of nine arrays for each sample.

had 61 errors out of 167,649 genotypeeasure of accuracy, as both arrays us&fRyoducibility was calculated for each
triplicate on each wafer lot, and averaged

between lots and found to be 99.99 per-

Table 4: A data set of sixteen individuals from the Human Variation Panel was run in triplicate on cent (Table 5A).
three sets of arrays manufactured in three wafer lots for a total of nine replicates. Genotype calls Additionally, to determine the repro-
were compared against a consensus set of genotype calls based on all nine replicates. - ' .

ducibility of the Mapping Assay, three

Data from Reproducibility Study 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
16x9 1,623,443 192 0.012% 99.988% wafer lot was averaged between lots and
found to be 99.99 percent (Table 5B).

Inds X Reps| Calls |Not Consensus| % Not Consensus | Reproducibility
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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

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.

Comparison of Reproducibility

A.Three assay replicates on one wafer

Wafer/Assay LotA LotB Lot C studies demonstrate that the assay is
NumeErrs 3 2 10 extremely robust and provides highly
Compared 60,291 60,481 60,427 accurate and reproducible results for both
African-Americans | ReproRate 99.995% 99.997% 99.983% the original Mapping 10K and the next-
NumErrs 4 2 2 generation Mapping 10K 2.0 arrays.
Compared 60,296 60,827 60,851 As part of the Mapping Assay develop-
Asians ReproRate 99.993% 99.997% 99.997% ment process, PCR conditions, buffer,
NumE 1 5 2 DNase amount, incubation time, and reac-
umerrs . . ..
Compared 60,091 60,357 60351 tion time and temperaturg were optlmlzed._
Caucasians ReproRate 99.998% 99.990% 99.993% R assgy was the_” validated over a S.enes
of experiments, which demonstrated high
B. One assay on three wafers accuracy, reproducibility, and call rates.
Assay 1 Assay 2 Assay 3 The concordance data between the orig-
NumErrs 3 2 5 inal Mapping 10K and the next-genera-
Compared 60,384 60,538 60,277 tion Mapping 10K 2.0 arrays demonstrate
African-Americans | ReproRate 99.987% 99.997% 99.992% that the Mapping Assay is robust and reli-
NumErrs 3 0 4 able across the suite of GeneChip DNA
Compared 60571 60,794 60,609 Analysis _products, offering research(_ars the
Asians ReproRate 99.995% 100.000% 99.993% opportunity to _compare dafta from differ-
ent arrays or different studies.
NumErrs 4 3 8
Compared 60,300 60,389 60,110
Caucasians ReproRate 99.993% 99.995% 99.987%

Comparison of Call Rates Call rate was also validated on tRererences
Call rate measures the number of genotyMapping 10K 2.0 Array. DNA from fifteen i, wm. pi x., Yang, 6., Matsuzaki, H., Huang, J.,
called per array divided by the total nurindividuals from Caucasian, Hlspamyf'e' R., Ryder, TB., Webster, TA., Dong, S., Liu, G.,

KV\/ Kennedy, G.C., Ku\p D.
ber of SNPs on the array. The call rAfrican-American, and Asian pOpU|at|0mEgor|thms for large-scale genotyping microarrays.

across 104 individuals from Caucasiwere run in triplicate across arrays frgtf”matics 19(18): 2397-2408 (2003).

. . Matsuzaki, H., Loi, H., Dong, S., Tsai, Y.Y,, Fang, J.,
African-American, and Asian ethnthree wafer lots. The call rate was det@ly J, bi X 'Liu, W.M., Yang, G., Liu. G., Huang, J..
groups was 97.48 percent on the Mappmined to be 98.7, 98.8, and 99.1 perce@ﬁt”.“eo‘y G.C., Ryder, B, Marcus, G.A. Walsh, PS.,

X X htiver, M.D., Puck, J.M., Jones, K.W., Mei, R.
10K Array, as shown in Table 6. respectively, for each of three lots. Parallel genotyping of over 10,000 SNPs using a one
primer assay on a high density oligonucleotide array.
2004 Mar; 14(3): 414-25. Erratum in: Genome

Research. 14(4): 786 (2004).

O'Conrell, J.R., Weeks, D.E. PedCheck: a program for
identification of genotype incompatibilities in linkage
analysis. Am J Hum Genet 63(1): 259-266 (1998).

Kennedy, G.C., Matsuzaki, H., Dong, S., Liu, W.M.,
Huang, J., Liu, G., Su, X., Cao, M., Chen, W., Zhang, J.,

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

Call Rates for Three Major Ethnic Groups

ivi Liu, W,, Yang, G., Di, X., Ryder, T,, He, Z., Surti, U.,
Individuals Calls Attempted Call Rate Phillips, M.S., Boyce-Jacino, M.T,, Fodor, S.R, Jones, K.W.

African-American 42 468,426 485,310 96.52% Large-scale genotyping of complex DNA.

N Nat Biotechnol. 21(10):1233-1237 (2003).
Caucasian 42 478,128 485,310 98.52% Epub 2003 Sep 07.
Asian 20 224,836 231,100 97.29% Affymetrix GeneChip® Mapping Assay Manual.

.aff trix. t/d load I

Total 104 1,171,390 | 1,201,720 | 97.48% Ok Tramualpt (2003, Poraomosds/mantetef
Average per Individual 11,263 11,555 97.48%
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