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A unique and universal
molecular barcode array

Sarah E Pierce!, Eula L Fungz, Daniel F Jaramillo?,
Angela M Chu?, Ronald W Davis??, Corey Nislow>* &
Guri Giaever®®

Molecular barcode arrays allow the analysis of thousands of
biological samples in parallel through the use of unique
20-base-pair (bp) DNA tags. Here we present a new barcode
array, which is unique among microarrays in that it includes

at least five replicates of every tag feature. The use of smaller
dispersed replicate features dramatically improves performance
versus a single larger feature and allows the correction of
previously undetectable hybridization defects.

Molecular barcode arrays are used to detect samples that have been
labeled by the addition of short, identifying DNA sequences known
as “barcodes” or “tags”. These arrays are best known for their use
with the tagged strains of the yeast deletion collections? (Fig. 1a).
Each deletion strain in these collections contains at least one unique
20-bp tag. The inclusion of tags allows the yeast deletion mutants to
be phenotyped in pooled cultures with changes in individual strain
abundance measured simultaneously using a barcode array
(Fig. 1b). This provides a powerful system for identifying the
genes required for growth in any condition of interest?'°.
Barcode arrays are flexible with regards to the types of samples
they can be used to measure because tags can be incorporated
into many diverse biological samples. For example, the inclusion of
tags in molecular inversion probes allows > 10,000 single nucleo-
tide polymorphisms (SNPs) to be assayed in a single tube!®.
Tags have also been used in conjunction with siRNA vector
libraries to facilitate genome-wide gene-knockdown screens in

mammalian cells!12,

Figure 1 | Description of the competitive growth assay. (a) Each strain in
the yeast deletion collection contains a unique uptag and downtag, both of
which are flanked by universal primers. (b) To phenotype the strains, they
are first pooled at approximately equal abundance. This pool is then grown
competitively, and the barcodes are PCR-amplified in two PCRs from the
genomic DNA. The PCR products are hybridized to a tag array, and tag
intensity is used to determine any changes in the amount of each strain
present. Strains with deletions in genes that are important for survival under
the growth condition will be underrepresented in the treatment sample
compared to the control. (c) Outline of the TAG4 array design.
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Here we present a new barcode array with improved perfor-
mance and affordability. The driving force behind the design of this
new barcode array was to reduce the overall array size to minimize
cost, making barcode array methods more accessible to the yeast
community. We achieved this reduction in size and improved
performance by using smaller dispersed 8-pm replicate features,
which occupy less total space than the single larger 24-um features
used on our previous tag array. We included five replicates of each
tag because the smallest available 8-pum feature Affymetrix array
contains ~ 100,000 features, meaning the array could not have been
reduced any further in size by including fewer replicates.

We also reduced the size of the array by removing two groups of
features that were found to be uninformative on the two previous
barcode arrays (TAG1, refs. 13,14 and TAGS3, ref. 2). We removed
the mismatch probes, which are normally used to estimate the
fraction of signal that is attributable to nonspecific hybridization,
because we found that unassigned tag features are a better estimate
of nonspecific hybridization (Supplementary Fig. 1 online). We
also removed the probes for detecting each tag’s antisense strand
because the sense strand is the designed tag sequence and has
superior hybridization behavior (data not shown). In total, we
removed 75% of the tag probes present on previous tag arrays.

In addition to these changes, we added two extra sets of features
to the array to improve its use with the yeast deletion collection.
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Table 1 | Data reproducibility

Pair 1 Pair 2 Pair 3 Mean
TAG4 1 replicate 0.9924 0.9905 0.9918 0.9916
TAG4 2 replicates 0.9948 0.9936 0.9949 0.9944
TAG4 3 replicates 0.9956 0.9946 0.9959 0.9954
TAG4 4 replicates 0.996 0.9951 0.9964 0.9959
TAG4 5 replicates 0.9963 0.9954 0.9967 0.9962
TAG3 0.9929 0.9934 0.9954 0.9939

Three samples were each hybridized to a pair of TAG4 arrays (five 8-pm features for each probe)
and a pair of TAG3 arrays (a single 24-um feature for each probe). The correlation of the raw tag
values is reported for each pair. Values averaged over one to five replicate features are also
shown for the TAG4 array. At most three 8-um features are needed to equal the performance

of a single 24-um feature. Higher reproducibility is achieved when the five TAG4 replicates are
averaged rather than taking their median (data not shown).

One such set includes features designed to improve the detection of
yeast deletion strains with sequence errors in their tags. The other
set is an extensive collection of control features. For these 24 control
tags, we increased the number of replicate features from 5 to
55 per tag, with the additional 50 replicates evenly spaced across
the array (Fig. 1c).

Finally, we have included detailed information on fitness profil-
ing of the yeast deletion collections using the TAG4 array (Supple-
mentary Methods online). In combination with the availability of
an affordable barcode array, these tools will make the fitness
profiling method more accessible to the yeast community and
will provide a solid template for the development of other barcode
array applications.

To assess the quality of TAG4 data relative to data obtained with
our previous tag array, we hybridized the same sample to each array
multiple times. Comparing multiple hybridizations of the same
sample allowed us to measure the error introduced by array
performance. We repeated this experiment with three independent
tag PCR reactions, each hybridized to a pair of TAG3 arrays and a
pair of TAG4 arrays. We found that TAG4 data are more repro-
ducible than data obtained with the TAG3 array (Table 1) as
measured by the correlation of data from each pair of duplicate
hybridizations. We also used this experiment to measure the impact
of replicate features on the reproducibility of TAG4 data. As
expected, data from a single 8-pum feature is not as reproducible
as data from a 24-pm feature. But reproducibility surpassing
that of a single 24-um feature is achieved with as few as three
8-um features (Table 1), even though these features occupy only
one-third of the space.

To test the ability of the TAG4 array to accurately measure
differences in tag abundance, we hybridized a set of samples
with defined tag-concentration differences. We prepared these
samples by mixing uptag PCR and downtag PCR in varying
quantities while maintaining the total amount of tag PCR in
each mixture constant (Fig. 2a). We examined three known tag
ratios (Fig. 2). These three ratios are well resolved for tags with
average signal intensity above 200 arbitrary fluorescent units
(afu), but the signal ratio deviates from the actual tag ratio
for many of these tags. In general, the array data tend to under-
estimate the difference in tag concentration between the two
samples, and this effect increases with increasing tag intensity.
This pattern suggests that the probe signal is saturating as the
tag concentration increases (Fig. 2b). We derived a correction
function that adjusts the intensity values to correct for this
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saturation. Applying this correction improves the overall resolution
and accuracy of tag ratios (Fig. 2c.e).

Another benefit of using replicate features is that they allow the
identification and correction of outlier data. We identify outlier
probes by comparing the signal from replicate features and looking
for cases in which one replicate does not agree well with the other
four (Fig. 3). In addition to looking for individual outlier probes,
our masking algorithm also compares neighboring features to look
for regions of the array in which probes differ consistently from
their replicates. Any regions with a high density of probes that differ
from their replicates by more than 10% are removed. At this level of
stringency, only 0.24% of probes are removed from each array, on
average. Masking this small fraction of probes is nonetheless
extremely useful, as we have observed that otherwise these outlier
points result in calls of false sensitivity or resistance for some strains
(data not shown). This technique permits correction of hybridiza-
tion problems as well as washing and staining irregularities that are
not visible in the raw data, and would not have been detected by the
standard outlier detection software. The replicates remaining after
the removal of outliers are averaged to generate an intensity value
for each tag. This type of error correction requires an array with at
least three replicate features for each probe.

Some strains in the yeast deletion collection have been shown to
have incorrect tag sequences. To improve the ability of the TAG4
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Figure 2 | Ability to resolve known TAG ratios. Defined ratios of uptag and
downtag PCR were hybridized to a series of arrays. (a) The amount of tag PCR
loaded on each array (a normal hybridization uses 30 pl uptag PCR and 30 pl
downtag PCR). (b) Dotted lines indicate the three tag ratios that were
hybridized; points of corresponding color show the actual signal ratios.

(c) The nonlinearity of the data is correctable by adjusting the signal ratio
as a function of tag intensity. (d-e) Density plots comparing the separation
of tag ratios before (d) and after (e) correction (bin size, 0.05).
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array to detect these strains, we included on the array both the
original sequences and the actual tag sequences as determined by
sequencing!®. We included corrected probes for 818 tags (Supple-
mentary Table 1 online). Most repaired tags have an increased
intensity relative to their unrepaired counterpart in pooled deletion
strain data. On average, the hybridization signal of the repaired
probe was threefold greater than that of the original probe. For
cases in which the repair did not result in the expected level of
improvement, we manually inspected the original sequence data,
which revealed the cause to be poor-quality sequencing data or
errors in base-calling (Supplementary Fig. 2 online).

We have found that array performance can be improved by
splitting larger features into smaller replicates. This is an important
finding because it has implications for the design of microarrays
in general. In some cases the need to include a large number of
probes may currently prevent the inclusion of replicate features.
However, the number of features available on a typical array is
increasing rapidly (currently, there are at least 6,500,000

Figure 3 | Utilization of feature replicates to detect and mask array defects.
Array defects that are not visible in raw data can be detected by comparing
each replicate on the array to its replicate mean. (a) Heat map of replicate
comparisons for a TAG4 array with several defects. (b—f) Detailed analysis for
the regions marked with red boxes. (b) Raw intensity data. (c) Heat map.
Brightest green and red points differ from the probe mean by at least 20%.
(d) Extreme outliers. White points differ from the probe mean by at least
10%. (e) Masked regions. Regions selected for masking with are shown in
white. (f) Masked regions shown on the heat map.

unique features). As array technology advances, the option of
including replicate features will soon become available even for
applications such as gene expression profiling that require a large
number of probes.

The use of replicates is also extremely advantageous because it
allows previously uncorrectable array defects to be automatically
detected and masked without losing data for any of the tags. This
benefit should not be limited to barcode arrays, or even to the
Affymetrix array platform. Defects such as the ones we have
observed most likely occur with all types of microarrays, but
without replicate probes, detecting them will often be impossible.
The use of replicates would be an especially valuable approach for
situations in which data accuracy is critical, such as arrays used for
clinical applications.

Note: Supplementary information is available on the Nature Methods website.
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Supplementary Figure 1. Use of unassigned tag probes to estimate background
hybridization. TAG probes were specifically designed to minimize cross-hybridization.
As aresult, mismatch probes are a poor indicator of background hybridization because
they predominantly detect the match product. This is apparent because the average
mismatch probe intensity for a tag with an ORF assigned is ~10 fold higher than the
intensity of an unassigned tag probe, meaning ~90% of the mismatch probe signal is due
to the specific product not cross hybridization. The best estimate of background signal is
the average intensity of the unused tag probes, which detect only cross-hybridization. The
low signal of these unassigned probes shows that cross hybridization for TAG probes is
extremely low. EX1057
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Supplementary Figure 2. Effect of repairs on tag performance. For 818 tags with
suspected sequence errors in the yeast deletion collection strains, the actual tag sequence
as determined by high-throughput sequencing was included on the array in addition to the
original tag sequence. The intensity of the repaired probe is plotted against the intensity
of the original tag probe. The size of each point represents the severity of the tag defect,
estimated by summing the distances of each difference to the closest end of the tag.
Differences near the center of the probe are known to have a greater impact on
hybridization, so this score provides a rough estimate of the degree to which the
hybridization of each tag to the original probe will be impacted by the defect. Larger
circles indicate more severe tag defects. As expected, most tags with small defects fall
near the diagonal, indicating their hybridization is not significantly altered, while tags
with larger defects fall increasingly far above the diagonal, indicating their hybridization
has improved. The sequencing data for tags that did not fit this pattern were re-examined
by hand. The most obvious outliers correspond to poor quality sequence data or
basecalling errors (red points). Some borderline cases that were checked by hand were
not associated with sequencing problems (blue points). Errors were found in 25 of the
818 repairs made, giving an estimated error rate of 3.1% for the tag sequencing results.
On average the repaired probe was 3-fold brighter than the original probe (Supplementary
Table 1). Due to space constraints, the corrected version was only included on the array
for tags that met two criteria: they could be corrected by modifying their complement on
the array (e.g. single base-pair deletions, insertions or substitutions within the TAG
sequence), and they hybridized less than 60x above background in existing data, as tags
that hybridize above this threshold already provide usable data for phenotypic profiling,
and are therefore less likely to benefit from correction.



Supplementary Table 1. Detailed information on the repaired tags. For 818 tags with suspected

sequence errors in the yeast deletion collection strains, the actual tag sequence as determined by high-
throughput sequencing was included on the array in addition to the original tag sequence (see also
Supplementary Figure 1). The original and corrected tag sequences for each of these 818 tags are listed.

Both versions are present on the TAG4 array. Average signal intensity for each of the two versions is also
listed, along with our estimate of the severity of the change made to the tag (see Supplementary Figure 1).

The last column gives our recommendation for which of the versions to use with the yeast deletion

collection. Tag experiments not involving the yeast deletion collection should always use the original

version of each tag, as the original set of tag sequences were designed to have uniform hybridization

behavior and minimal cross-hybridization.
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GTAGACGGAGGATTATTCAC
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CTTGCGAAGTGTATTCACCA
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TGAGAGAGCGTGCATCCTAA
TGAGCTGCACGGTCTCCTTA
TGAGGTCGATAGGCTCTCCA
TGATGGTCACGTTGGACATA
TTCTTCTAGGTCGCAGTCCA
GTAGATAGAGGATCAGCATC
TTTCATGCCGTAGCGTCGAA
TTTCATGGAGCTGTCGCGTA
TTTGACGCCTGGCACTCGTA
AAGAGGATAAAGCGGTCTCC
AAGGAGTGAAACTTAGGTCC

AAGTCTATAAAGATCGGCCC

Repaired sequence
GTAGACGGAGGATTATCAC
CTGTGAGCAATCAGCCGATA
CTGCTGCGAAGTTCCCGAGAA
CTTGGCGAAGTGTATTCACCA
GAAGTGCGGCTAACATGCTA
GACCCATTCTACAGCGTAA
GAGAGACCATGCAGCGATA
GAGAGTGGATCGCTCATAA
GAGGGTCAATCCTGAGTAA
GAGTAGCGAATGCCAGCCA
CGTTCGCGCAGCAATGTTA
GGATTGCGACATCGACTCA
GGCCGTTCACAGGATACTTA
GGGAATACGTTAGACCGCA
GTACTTAGGTGACCGGAAA
GTCGTGGACTATGATTCAA
TCATCCCGAGCGACTGTTA
TCTGGGCCCGGTGTCATATA
TCTGCTCTACTGCGTAGCCA
TTGGATGACGTGTGATTCA
TCTGGATTATCGCAGCTCA
TGAAGAGCGTGCATCCTAA
TGAGCTGCACGGTCTCCCTA
TGAGGTCGATAGGCTCTCTA
TGATGGCACGTTGGACATA
TTCTTCTAGGTCGCATCCA
GTGATAGAGGATCAGCATC
TTTCATGCCGTAGTGTCGAA
TTTCAGGAGCTGTCGCGTA
TTGACGCCTGGCACTTGTA
AAGAGGATAAAGTGGTCTCC
AAGGAGTGAAACTTAGGTAC
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ACGAGGAAATAGACCTGCCC
ACGGTTGAACACATATTCCC
GGATAGTGAGATACCTCCAC
GTCCTAGTAGCACTGACTCA
CACGGATTAAGAGGAGCACC
CAGAGGCCAAGAGCTGATAC
GTAGCTCTAGCCATCACTGA
CGTTGCGCCACCGATAGTAT
CTCAGGTCAATATACTCTCG
CTGTCTAGCACGTACCGAGA
GATCATTCACGATACTCACG
TGTAGCGATTGCAGTCGTCC
CTCGAAGCCTCTCAGGATAG
CTCGACCAATGTGGACCGAT
CTCGCCTAATAGACTTTACG
GATGACATGGCACGAGCTTC
GATGGCTGAATGACGTTTAC
GATTGAGTAATTGAGCGACC
GCGGTCAATTAGTGGACTCC
GTTGAGCGACATTTCATACC
TGGGTAGAGTTTAGCTCCTC
TGGTGCTTAGCGTATCCTCC
TGTTACTTATAGTGCCCAGC
TTAGAGTGATTGATCGCAGC
TTCATCGGAGAGCTGGCTAC
TTGGTCGAGTGCGCTTCATC
AACAACCCAAACGTCTGGTG
AGTCTTCCAAATTCTCTGCG
CAATGCCAAGAGAAGTCGCG
CATGCCTAACTCATTATCGG
CATTTCTGAATACACCAGCG
GAGTCATAATGCGATCCAAG
GATTGTCCACCCATATCTAG
GCAATACTTCTCACATCAGG
GCATAGCCACCGATCATTAG
GTCACTTCACCTCTTGGGAG
TCACTGACATTTCGATCCAG
TCATATACATTCTCTCCGGG
CAGAGATGACAAGATTGGCT
CATGGTCGAGCAAACAAGCT
CCCAGCGGAAGCCGTTATAT

CGGCTAGAAGAATGAATGCT

AATAGGTACACATGCTCCC
AATCTCCTGACTGGCAGAC
ACAATCTGAAATGCGCGGC
ACCATCAGAAATACGTGCC
ACCCGATAAAGTTAATCGC
ACGAGGAAATAGACCTGCC
ACGGGTGAACACATATTCCC
GGATGTGAGATACCTCCAC
GTCCTAGTAGCACTGACCCA
CACGGATTAAGAGGAGCGCC
CAGGGCCAAGAGCTGATAC
GTAGCTTAGCCATCACTGA
CGCTGCGCCACCGATAGTAT
CTTAGGTCAATATACTCTCG
CTGTCTAGCGCGTACCGAGA
GATCATTCACAATACTCACG
TGTAGCGATTGCCGTGTCC
CTCGAACCTCTCAGGATAG
CTCGACCAATGTGACCGAT
CTCGCCTAATAGACTTACG
GATGACATGGCACAGCTTC
GATGGCTGAATGACTTTAC
GATTGAGCAATTGAGCGACC
GCGTCAATTAGTAGACTCC
GTTAGCGACATTTCATACC
TGGTAGAGTTTAGCTCCTC
TGGTGCTTGCGTATCCTCC
TGTTACTTATAGTGGCCCAGC
TTAGAGTTGATTGATCGCAGC
TTCATCGGAGAGCTGGCTAT
TTGGTCGAGTGCGCTCATC
AACAACCCAAACGTCTAGTG
AGTCTTCAAATTCTCTGCG
CAATGGCAAGAGAAGTCGCG
CATGCCTACTCATTATCGG
CATTTCTGAATACACAGCG
GAGTTATAATGCGATCAAG
GATTGTCACCCATATCTAG
GCAATCTTCTCACATCAGG
GCATAGCCACCCATCATTAG
GTCATTCACCTCTTGGGAG
TCACTGACAATTCGATCCAG
TTATATACATTCTCTCCGGG
CAGAGATGACAAGATTGGT
CATGGTGAGCAAACAAGCT
CCCAGCGAAGCCGTTATAT

CGGCTGAAGAATGAATGCT
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CGTGGGCAATACAGTTGAAT
CTGACGGAATAGGGCATAAT
GAAATTGAGGAGACGCACCT
GCAAGCCATGCGAATGTACT
GCCCACATATCGGACGGAAT
GCCTACGGAATTGGCAGACT
GTGATGTTACGTCATGTAGC
TCACGGGAGGCGCTTACTTT
TCCTGCTCAGCGCATAGATT
TCTTATCGACCAGGGCGGTT
TGCGACGCCGCTGCATTTAT
TGCTTGACGGCTTCGGATAT
TACCCATGTCCAGATCGGGA
TATCCCTTACGCCTGGAGGA
TATGCGTAATGGGTGTTCCA
TCTTTCCCACGTTGACTGAA
TGATCTGCACTGATTCTCCA
TGGCCCATATCACTTATCGA
GTCGGGACATGCCTCGATAT
AATAGTTGAAAGGACCTCCC
AATGGTTCAAAGAGACCGCC
AGCTGAACAATAAGGCGGCC
CTCGTGACATAGCCATAGAT
CAGTGTTCAAGATCCTAGAC
CGAGTATAAGCTATCCTACC
TCGTCCTGACTCGCTGGTAA
ACGCAGATAAATCACCTCGG
ACGCAGTAACACTATGCACG
CTATGATTAAGTCGTAGCCC
CACGTAGAACGCTTCGGAAC
CCTTCTGTACCAGGACGAGA
CGGTCACGACGACGAGATAT
TACTGCACGTACTGTCAGCA
CACCTGCTACCAAGTATAGA
CGGCGAGTACAATTCATAGA
CGGCGTCCAAGGTCGTTATA
CTGAGCGTAAGTGATTGTAC
GGCAGTCAATTTGCTGAGAC
CTCTCTTAATCTTCACGAGG
GAGGAGTTACCCGACCCTAT
GAGTCAGGACGAATTGTTCA
GAGTTGAATGCAGATAGCTC
GATAACTCGTTCCACAGACA
GATAGAATGTGATCGACCGA
GATAGATCACGATACGATGC
GATAGGTTACAGGCGTATTC

CTGATCCCAGAATCCTATGG

CGTGGCAATACAGTTGAAT
CTGACGGAATAGGGCATGAT
GAAATTGAGGGACGCACCT
GCAAGCCATGCGATGTACT
GCCCACATATCGGACGGAAAT
GCCTACGGAATGGCAGACT
GTGAGTTACGTCATGTAGC
TCACGGGAGCGCTTACTTT
TCCTGCTCAGCGTATAGATT
TCTTATCGACCCGGGCGGTT
TGCGACGCTGCTGCATTTAT
TGCTTGACGGCTCGGATAT
TACCCATGTCCAGTCGGGA
TATCTCTTACGCCTGGAGGA
TATGCGTAATGGATGTTCCA
TCTTTCCCACTTGACTGAA
TGATCCGCACTGATTCTCCA
TGGCCCATATCACTTACCGA
GTTGGGACATGCCTGATAT
AATAGTTGAACGGACCTCCC
AAGGTTCAAAGAGACCGCC
AGCTGAACAATAAGCGGCC
TCGTGACATAGCCATAGAT
CAGTTTCAAGATCCTAGAC
TGAGTATAAGCTATCCTACC
TCGTCCTGAATCGCTGGTAA
CCGCAGAAAATCACTTCGG
CCGCAGTAACACTTGCACG
CTATGATTAAGTGTAGCCC
CCGTAGAACGCTTCGGAAC
CCTTCTTACCAGGACGAGA
CGGTCAGACGACGAGATAT
TCTGCACGTACTGTCAGCA
CACCTGCTACCAAGTTAGA
CGGCGAGTACAATCCATAGA
CGGCGTCCAAGGTCGTTACA
CTGAGCGTAAGTGATGTAC
TGCAGTCAATTTGCTGAGAC
TTCTCTTAATCTTCACGAGG
GAGGAGTACCCGACCCTAT
AGTCAGGACGAATTGTTCA
AGTTGAATGCAGATAGCTC
GATAACTCGTTCCACAGCA
GATAGAATGCGATCGATCGA
GTAGATCACGATACGATGC
ATAGGTTACAGGCGTATTC

CTGATCCAGAATCCTATGG
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TAAGCCCGATCAGCATGGAC

TGCTATTGACTGGATTGCAC

TTAGGGTTAGGCATTCGTCC

TTCTGGCTAGATTCGGGATC

TTGTCTGCATGATGATGGAC

TTTAAGGCGTTGGAGTTCAC

AAGAAATTAACCTCCTCCGG

AAGATTCCAAACTCATCCGG
TCCATTGGCCCGTACTGATG
TCCTAGCTCCCTATGGATGG
TGCTGGGACTATTGCATAAG
TTCATGGACTGCTGTGCCAG
AACAGCCCAAACCGGATGGT
CGTTCAAGGTGCGCCCAATT
GCGGCGGGACCCTTATTTAT
GGACCTTGACATGCCATCAT
GGATCATACCTCCCAGGGTT
GCTGGAGCAATTTGATACCA
GGCTCAGAATGCGTTGCCAA
TTCGGGCCACTGATCTTTAA
TCATGCAGGGATGCGCCTTT
TTGGCTGCATGGGCCTTCAT
AATCATGCACAAAGTTCGCC
AATTCAAACACCATGTCGCG
ACAATAACACCTACGCGGGT
ACTCTAAATCAACATCGGCG
ACTGAAAGTTGGAGAACCCT
ACTTAAATCTCAACAGCGGC
ACTTGAACACTCTCCAATGG
ACTTGCCGAAACGAACAGTC
AGAAGTAACATAGTTGCCGC
AGACAAAGCACCCACGTTGG
AGACCAACATAGAGCCCTGG
ATATCGTGAACCATTGGGAC
ATCAAGGCAACCGCCAGTAG
ATCATAACGTAATAGGGCGG
ATCGAAACTAATAGGCCGTC
AGTGCTACACAAGCCTAGAC
CTGATGTTACCATACGAGAC
CTGGAGATACATGGATGCAC
GCCGTTAAGTTGGATCAAGC
TAGATCGGATACGCTGGCCT
TCGTGGGAGATGTCCTACTC
TCAGTCGGAGCGGCTTATCT
ATCAGATCAACCTCACTAGG

GTCCATAGACGTTGATACCA

TAAGCCCGTCAGCATGGAC

TGCTATTGACTGGATTGCTC

TTAGGGTTAGGCGTTCGTCC

TTCTGGCTAGATTCGGATC

TTATCTGCATGATGATGGAC

TTTAAGGCGTTGGATTCAC

AAGAAATTAATCTCCTCCGG

AAGATTCCAAACTCATTCGG
TCCATTGCCCGTACTGATG
TCTAGCTCCCTATGGATGG
TGTTGGGACTATTGCATAAG
TTCATGGACGCTGTGCCAG
AACAGCCCAACCGGATGGT
CTTCAAGGTGCGCCCAATT
GCAGCGGGACCCTTATTTAT
GAACCTTGACATGCCATCAT
GGATCATACCTCCCGGGTT
GCGGAGCAATTTGATACCA
GGCTCGAATGCGTTGCCAA
TTCGGGCCTACTGATCTTTAA
TCATGCAGGGATGGCCTTT
TTGGCTGCATGGGCCTTAT
AATCATCACAAAGTTCGCC
AACTCAAACACCATGTCGCG
ACAATAACACCTATGCGGGT
ACTCTAATCAACATCGGCG
ACTGAAGTTGGAGAACCCT
ACTTAAATCTCAACACGGC
ACTTGAACACTCCCAATGG
ACTTCCGAAACGAACAGTC
AGAAGTACATAGTTGCCGC
AGACAAAGCACCCACTTGG
AACCAACATAGAGCCCTGG
ATATCGTGAACCATTGGAC
ATCAAGGCAACCGCCAGGAG
ATCATACGTAATAGGGCGG
ATCGAAATTAATAGGCCGTC
GGTGCTACACAAGCCTAGAC
CTATGTTACCATACGAGAC
CGGAGATACATGGATGCAC
GCCGTTGAGTTGGATCAAGC
AAGATCGGATACGCTGGCCT
TCGTGGGAGATGTCCTATTC
CCAGTCGGAGCGGCTTATCT
ATCAGATCAACCCCACTAGG

GTCCATAGACGCTGATACCA
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GTCCCGAGACGGCTAGTTAT
TCCGGGTCACTCGCTGATAT
CCCGCGATAACGGTCTAGTA
GCCTCGCCAGCAGGTATATT
CGTTACGCAATAGTACCTAC
TCACGTATATTGACTCCGAC
CGCCTGAGACACTGATACAG
CGTTAGAAGCGTGGCTACCA
TACTCCACTCCGGTGAGGAT
TAGACCGGCGACCTGTGTTT
GTAAGTTGGTCGAGCTACCT
GTAATACCCTTCACCTGAGA
TAGTTCACGCTGGACGTAGT
CGAGCGTCAAGGACTGTACT
CGAGCTATAACTGTATCTCC
CGTCAGCGAAGTCGATCTAA
GTGCATCTACCGATTATAGG
GTTAGACTATTCAGTACGCG
CGAGGCGTAAGCCGTCTTTA
CTTCTGGTACAGCGACTGAC
GTCTACACGTCTCTACGATG
TCCTTAGACTCGTAGCTCGA
AGACTAAGAACGAGCCCTCT
ATACCAGAAGCAACTCTCGT
CCGGTATTAACTACTGTTCC
ATACCGGGAACGAAGAGTCC
GCCTGGAATGCCGCCTATTA
GCCTTACAGTCGATTACCAA
ATTTCCTAACGTAGCTGACC
GTGTTTATACGTTGAGCACG
GTAGCGTGACCGCGTCTATA
GCGTTTAATGTGAGCTACGA
GCGTTCGGAGACCGTACTTA
CGTCAATTACACTATACCGG
CAGGCGTTAATAGTAAGGAC
GTAGCGTCACGGAGTTCTAA
GTAGCGGACGCGCCTATATT
CGTATGTAAGCGTGCGTAAT
CGAGACATAAGTGTACCTAC
ACGTCCTCAAAGTGCAGACA
ATCGTTCGACATCTAAGACG
ATCGTTACACAACTTGAGCG
TAGTACGTCTCGACTGACTC
CGTAGTTCACCACAGTCAGA
CTACCTAATCGACAGCAGAG
CTACCTGAATCATACTACGG

CTCGGTCTACATAGGATTAC

TCCCGAGACGGCTAGTTAT
CCCGGGTCACTCGCTGATAT
CCCCGATAACGGTCTAGTA
GCCCCGCCAGCAGGTATATT
CGTTACGCAATAGTACCTC
TCCGTATATTGACTCCGAC
CGCCTGAGACATGATACAG
CGTTAGAAGCGTGGCACCA
TACTCCACTCCGTGAGGAT
TAGACCGGCGCCTGTGTTT
TTAAGTTGGTCGAGCTACCT
TTAATACCCTTCACCTAGA
TAGTTCACGCTCGACGCAGT
CGAGCGTCAAGGACTGTAC
AGAGCTATAACTGTATCTCC
CGTCAGGAAGTCGATCTAA
GTCATCTACCGATTATAGG
TTAGACTATTCAGTACGCG
AGTAGCGTAACCAGTCGATA
CTTCTGGTACAGTGACTGAC
GTCTACACGTCTCTACGCTG
TCCTTAGACTCGTAGCTCGGA
AGACTAAGACGAGCCCTCT
ATACCAGAAGCAACTCTCT
CCGGTAGTAACTACTGTTCC
ATACCCGGAACGAAGACTTC
GCCTGGAATGCCGCCATTA
CCTTACAGTCGATTACCAA
ATTTCCAACGTAGCTGACC
GTGTTTTACGTTGAGCACG
GTAGCGTGACCGCGCTATA
ACGTTTAATGTGAGCTACGA
GCGTTCGGAGCCCGTACTTA
CGTCAATTACCTATACCGG
CAGGCGTTAATGTAAGGAC
GTACGTCACGGAGTTCTAC
GTAGCGGACGCGTCTATATT
CGCATGTAAGCGTGCGTAAT
CGAGATATAAGTGTACCTAC
ACGTCCTCAAGTGCAGACA
ATCGTTCGACATCTAGACG
ATCGTTACACAATTTGAGCG
TAGTACGCTCGACTGACTC
CGTAGCTCACCACAGTCAGA
CTACTAATCGACAGCAGAG
CTATCTGAATCATACTACGG

CTCGGTCTACATAGGTTAC
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CTTCGTGACACTATTATCCG
TAGCCCACGTCACTTTAGAG
TATGATCTACTCCACTTGCG
TATTTGTGACTCTCCCGACG
TCACGTTCACTGCATTCGAG
TCCATAGTAGCTGAGCGCAG
TCGATAATCTTTGTAGCGCG
TCGGGTCCACCTGTACTTAG
TCTTCATACTCTCTGCGAGG
CAACGAGGTTTAAGTACAGG
CAAGACCAAGCAGCACTGTG
CAATTATACCGAAGCACCGT
CACAACGGATTAGAAGCGCG
CACGGTACAATACGGACGAC
CACTTGGCAATAAACCCATG
CACTTTGAAGCACAATCACG
CAGAACCTTTCGGAAGCCAA
CAGACCAAGCCACATAGTGT
CATTCGAGAAGGAAGAGTTC
CATTCTAGCAGAGAGACACT
CATTTAACTTCAATCGCGGC
CCAAGGTAAGATTTAGGACC
CCAATACCAATATAGCCTGG
CCAGCTCTACCAGATAATGA
CCCAAAGTTTCTCACAGATG
CCGTGAAGCCCTCGATAGAA
CCGTTAGGACAATATCTTCC
CCTAAACAGAAGTATCGCTC
CCTAACTCCCTGAGAAGGAA
CCTAACTGAGTCTAAGGCAA
CCTAATATAAGCATCTCCGG
CCTAGATGAATAGAGCATGG
CCTATGAAGCTATCGCAACA
CCTCATAGAAGGTCAGACAC
GCGATATACATCATTCGGAC
GCGATTATACTCACAGGGCA
GCTATCTGAATGTCTTAGGC
GCTATTACAGTGTCAGAGAC
CGTCTAATACCTAATCACGG
GAGCGGTTACATAGTCGATC
GAGCGTAATATGGTAGACTC
GTTCGCCGACGACTTCGATA
TATAGTATCGAGGAGCGACC
ATGAAGAAGGAGACCTCGCT
CAGCTTACAGAAGGTGAGAT
CTCACTTCAATGCAATGCGA
CTCTGTTTAATGGCGCAGCA

CTTCGTGACCTATTATCCG
TAGCCCCGTCACTTTAGAG
TAGATCTACTCCACTTGCG
TATTTGTGACTCTCTCGACG
TCACTTCACTGCATTCGAG
TCCATATAGCTGAGCGCAG
TCGATAATCTTGTAGCGCG
TCGGGTTCACCTGTACTTAG
TCTTCATACTCTCTGCGGG
CAACGAGGTTAAGTACAGG
CAAGCCAAGCAGCACTGTG
CAATTATACCGAAGCACGT
CACAACGGATTAAAGCGCG
CACCGACAATACGGACGAC
CACTTGGCAATAAAGCATG
TGCTTTGAAGCACATCACG
CAGAACTTTCGGAAGCCAA
CAGACCAAGCCACAAGTGT
TATTCGAGAAGGAAGATTC
CATTCTAGCAGAAGACACT
CATTAACTTCAATCGCGGC
CAAGGTAAGATTTAGGACC
CCGATACCATGATATCCTGG
CCAGCTCTACCAGTAATGA
CCAAAGTTTCTCACAGATG
CCGTGAAGCCCTCGATAGA
CGTTAGGACAATATCTTCC
CCTAAGCAGAAGTATCGCTC
CTAACTCCCTGAGAAGGAA
CCTAACTGAGTTAAGGCAA
CCTAATATAAGATCTCCGG
CCTAGATGGATAGAGCATGG
CCTATGAACTATCGCAACA
CCTATAGAAGGTCAGACAC
GCGATATCATCATTCGGAC
GCGATTACACTCACAGGGCA
GCTATCTGAATGTCTCAGGC
GCTATTACAGTGTCAGAAAC
CGTCTATACCTAATCACGG
GACGGTTACATAGTCGATC
GACGTAATATGGTAGACTC
GTTCGCCGGCGACTTCGATA
CATAGTATCGAGGAGCGACC
ATGAGAAGGAGACCTCGCT
AAGCTTACAGAAGGTGAGAT
CTCACTGCAACGCCATGCGA
CTCTGTTTAATGGCGCGCA
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CTGGGCCAAGTTCTGAGACA

CTTCCATGAATCCAGCGAGA

CTTCGGGAATAGTCATGCCA

CTTGGGAAGGTCTTGCACTA

CGCCGCGTAAGCAACAAATT

CGCGTTACAAAGACACACTT

CGCTATATCAGGACACCTAA

CGCTTACTACAATGTCAGCA

CGGAATCCACCCAGATATGA

CGGACCAGACTCACATGGAA

CTAACAGAGGTACAGATCGG

CTAAGACCCGCACATATTGT

CTAAGCCTATGCAATATCGC

GCTCAGTTACCATTCGGACG

GTATGCTCACATCCCGGAGA

GTCTCTTACTAGCGCCAGGT

GTATGTTACTATATGCCCGG

GGTCTGCGACGCTAGTCTTA

GGTGAATTTGGAGACCTTCT

GGTGACATCGTCCTAGAGAA

GGTGCCGGACATCAAATATA

GGTTATACCGTGATCCCACT

GGCGACATCATCTTACCGTA

GGGCCATAAGTGTTGTTACA

GGGCTATGACCCATTGTCCA

GGGTACTCAGGCATAGCAAA

GGGTAGAGAGATTTCACTCA

GGGTCCATACGCCATCGTTA

GGGTCGATAGCCAGTCCTTA

GGGTCGCTACCTACTCTGAT

GGTTATATCAGTCACGTAGC

GGTTGCATAGCAGCGTCACT

GGTTGCGACCCGCTCATATT

GGTTGGATACATTTGACGCA

GGTTTAGCACACTTTACTCC

GTAAATGCGGAGGATTCCAT

GTAAATGTTTGAGAGCGTCC

GTAACAGATGATCGCCAAGG

GTAACTACCTTGACCGACAT

GTAATGGGAGTAGATCATCC

CACGACTAACTAGGGTACAC

CCTGATACACTATAATCGCG

CCTGCGCTACACAGTATTAG

CTGCGAATACGCTCACATGA

GCTGGCCTACATCCGTATGA

TTCTCGGGACTGGTCGTACT

CTGGGCCAAGTTCTGAGAC

CTCCATGAATCCAGCGAGA

TTCGGGAATAGTCATGCCA

CTTGGGAAGGTTTTGCACTA

CGCCGCGTAAGCAACAATT

TGCGTTACAAAGACACACTT

CGCTATATCACGACACCTAA

CGCTTACTACAATGACAGCA

CGGAATCCATCCAAATATGA

CGGACAGACTCACATGGAA

CTAACAGAGGTACAGATTGG

CTAGACCCGCACATATTGT

CTAGCCTATGCAATATCGC

GCTCAGTTACATTCGGACG

GTATGCTCACATCCCGGATA

GTCTCTTACAGCGCCAGGT

GTATGTACTATATGCCCGG

GGTCCGCGACGCTAATCTTA

GTGAATTTGGAGACCTTCT

GGTGACATCGTCCTAGAAA

GGCGCCGGACATCAAATATA

GGTTATATCGTGATCCCACT

GGGACATCATCTTACCGTA

GGGCCATAAGTGTGTTACA

GGCTATGACCCATTGTCCA

GGGTACTTAGGCATAGCAAA

GGTTAGAGAGAGTTCCACCC

GGTCCATACGCCATCGTTA

GGGTCGATAGCCAGTTCTTA

GGTCGCTACCTACTCTGAT

GGTTATATAGTCACGTAGC

GGTTGCATAGCAGCATCACT

GGTTGCACCCGCTCATATT

GGTTGGATACATCTGACGCA

GGTTTAGCACATTTACTCC

GTAACGCGGAGGATTCCAT

GTAAATATTTGAGAGCGTCC

GAACAGATGATCGCCAAGG

GTACTACCTTGACTGACAT

TTAATGGGAGTAGATCATCC

CACGCTAACTAGGGTACAC

CCCGATACACTATAATCGCG

CCTGCGCTACACAATATAG

CTGCAATACGCTCACATGA

GCTGGCCTACATCCGTATAA

TTCTCGGGACTGGTCGTAT
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AACATGGTAAACGACTCTCC
CGACCGTCACACGTATGAGA
GCGGTAGTACAGTCGCATCA
GCGGTCGTAATCCTCACTAA
ACGGCGATAAAGTCTATGAC
ACGGCGCGAAAGCGTCATAA
ACGGGCTCAAAGTATGATAG
ACGGGTATAAAGTTGTACGC
GTACTAGCATATCATCGACG
TAGGTAGCCATAGTGACGAA
TCTCGATTACTCTCGTAGCG
ATCGGTCGAACCCTCGGATA
GCAAGGCGCACCCATAGTTA
GTGTCACAGTCGGGACCTTT
GCAATCGTTGAGAATCGGAT
CCGCTTTAATCCGACGGGTA
CCGCTTATACCCTGAGAGGA
CCGAGTTAAGGTTACCACAA
CCGAGCTAACGGTGCCATAA
CCGACTTGACCACAATGTTA
CCCTATATCACCGAATGAGA
CCCACGTTAATCATCGAGAA
CAGCTCCTAAGACTTGGACA
CACTTCCAACTCGGAGGAGA
ATTCGGCGACAACGCATTTA
ATGGTGTGAACCTTCTCAGA
ATGCGGAGAACCTCTGACAA
CTACCAGACCGACGGAGATA
CCGATAGAATAGTAGAGCCT
AGAAACCAAGACTCCGTCGT
TCTATCCACTGCGGACGAGT
GTACGCCTACGCAGGTGTAA
GTAATGTTCTTCACCCTCAG
ACGCTGGTAAAGTCCATACA
ACGCTGCGAAAGGTGAATAC
TCTAGTCCACTCGTGCTGAG
GACGCACCACAGGCTAGTAT
GCACGTACATTACTGACGAA
GCACTAGCATTACATCTCGA
GCACTGAGAGCGACCGTAAT
GCAGGAGCAGAGCTTATATC
GCAGGGACATTACGATCAGT
GCTGTGAATTGCATGACGCT
GGGTGCATAGACTGTCACTC
GAGTAGATACAGGTCACGAT
GTATTTGTACGTCGCAGGAC
TGCGGTCTACTGCTATACTA

AACATGGTAAACGACTCCC
CGCCCGTCACACGTATGAA
GCGGTAGTACATCGCATCA
GCGGTCGTAATCCTCATAA
ACGGCGATAAGTCTATGAC
ACGCGCGAAAGCGTCATAA
ACGGGCTCAAAGTATGATAA
ACGGTATAAAGTTGTACGC
GTACTGCATATCATCGACG
TAGGTAGCCTAGTGACGAA
TCCGATTACTCTCGTAGCG
ATCGTCGAACCCTCGGATA
GCAAGGCGCACCATAGTTA
GTGTCACAGTGGGACCTTT
ACAATCGTTGAGAATCGGAT
CCGCTTAATCCGACGGGTA
CCGCTTATACTCTGAGAGGA
CCGAGTTAAGGTTACACAA
CCGAGCTAACGGTGCATAA
CCGACTTGACCATAATGTTA
CCCTATATCACCGAATAGA
CCACGTTTATCATCGAGAA
CAGCTCCTAAGCTTGGACA
ACTTCCAACTCGGAGGAGA
ATTCAGCGACAACGCATTTA
ATGTGTGAACCTTCTCAGA
ATGCGGCTAACGCCTCACAA
CTACTAGACCGACGGAGATA
CCGATAGAATAGAGAGCCT
AGAAATCAAGACTCCGTCGT
TCTATCACTGCGGACGAGT
GTACGCATACGCAGTGTAA
TTAATGTTCTTCACCCTCAG
ACGCTGGTAATGTCCATACA
ACGCTGCGAAAGGTGAATC
TCTAGTCCATCGTGCTGAG
GACGCACCACAGGTAGTAT
GCGCGTATATTACTGACGAA
GCACTAGCATTACATCCCGA
GCACTGAGAGCGATCGTAAT
GCAGGAGCAGAGTTTATATC
CAGGGACATTACGATCAGT
GCTGTAATTGCATGACGCT
GGTGCATAGACTGTCACTC
GAGTAGGTACAGGTCACGAT
GTATTTGTACGTCGCAGGC
TGCGGTCTATGCTATACTA
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CGTGCGTGACACAGTACCTA
GGTAATGGGCTCGACTATAT
GGTACGCGAGGATATTACTA
GGTATGCACGCGCCATCTAT
GGTCCTAGACGATTATGGAT
GTACACCTCACTCGATGGAG
GTACAGACATTGTTACTCCC
GTACGACTATGAGGGATTCA
GTACGAGTCGGACGTTCCTA
ACAGAGAGAAATGCGTCGCC
GGACCTCGATACCCGTTGTA
TGCTCTCGACGTGCGTAGAT
ACTGCACAACAACGGGACGT
CCAGTCAACTCGTCGATAAG
CGCATCCTAAGGTAGACTAA
CGTGTAATAAGTTCTACGCC
CGTGTAGAAGCTGTGTACCA
CTACTCTTAATTCGACTGCG
CAAATAGTAATACGCCTCCG
CAATCTTTAATACGCACGCG
CACCCGGAACTACTATGAAG
CTAGTCTTAATTGCACTCCG
GCACACTATCCTAGAATCTG
TATCCGGTAGACGGGTTATC
CGATGGACAAGGTAGTCACA
GTTGACCTATATTCACGCGC
GGTGTTCGACCTGTCAGCAT
GGTAAGTCCTGGTCACCGTT
GGGTCCTTACAGTGCCTACT
GGCGGTGACCCGTTCTATAT
GGCCTTAGACGACTCGCATA
CCGACTACAACTTCTTAGAG
TACAGTAGAGTAGAGGTTCC
GCGCAGCGACCTATCTAGTA
GACGAATTAGACAGTCAGCT
CTGTCAGTAAGTTATCGTCC
CGTAATCTAAGTAGTCAGCC
CACTGGTGAAGAGGACTACA
ATCATTGTAACCGCGTGACA
ATCATAGGAACGTATAGCCC
AACTTACGAAACTGACCGCG
TCGTTGCGACCTATGCGTAG
TAGCCTCGACCTAGAGTATA
GTGGGCGTACCGTTATCTAC
GTACCGAGAGCTACGGACTT

GCGATTAGACGCACGTACCT

CGTGCGTGACACGTACCTA
GGTAATGGGCTCGACTTAT
GTACGCGAGGATATTACTA
GGTATGCACCGCCATCTAT
GGTCTAGACGATTATGGAT
TTACACCTCACTCGATGAG
TTACAGACATTGTTACTCCC
TTACGACTATGAGGGATTCA
TTACGAGTCGGACGTTCCTA
ACAGAGAGAATGCGTCGCC
GGACCCCGATACCCGTTGTA
TCTCTCGACGTGCGTAGAT
ACTGCAAACAACGGGACGT
CCAGTCAACTCTTCGATAAG
TGCATCCTAAGGTAGACTAA
CGTGTAATAAGTTCTATGCC
CGTGTAGAAGATGTGTACCA
CTACTCTAATTCGACTGCG
TAAATAGTAATACGCCTCCG
CAATCTTTAATACCACGCG
CACCCGGACTACTATGAAA
CTAGTCTTTATTGCACTCCG
GTACACTATCCTAGAATCTG
TATCCAGTAGACGGGTTATC
CGATGGACAAGTAGTCACA
TTGACCTATATTCACGCGC
GATGTTCGACCTGTCAGCAT
GGTAAGTCTGGTCACCGTT
GGGTCCTTTAAAGTGCCTACT
AGTGGTGACCCTTCTATAT
GGCCTAGACGACTCGCATA
CGACTACAACTTCTTAGAG
TACAGTAGAGTAGAGGTCC
GCGCAGCGCCTATCTAGTA
GACGAATTAGACAGTCAGTT
CTGTCAGTAAGTTATGTCC
CTAATCTAAGTAGTCAGCC
TACTGGTAAAGAGGACTACA
ATCATTGTAATCGCGTGACA
ATCATAGGAACGTATAGTCC
AACTTACGAAACTACCGCG
TCGTTGCGACCTATGTGTAG
TAGTCTCGACCTAGAGTATA
GTGGGCGTACCGTTATCTAT
GTACCGAGAGTTACGGACTT

GCGATTAGACCACGTACCT
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GACGAATGCGAGCGACCATA
GACCTGTCACGACTAGCAGA
CTGTAGTAATAGTACGTCGC
CGTAAACATATACACTGCGG
CGAATTATACCTAAGGCGAC
CGAATGATAAGTATGACGGC
CTTGAAGTCTTGGCACAATG
CTTGCAGCATCAATGGCACG
CTTGCCTAATATGGGCTACC
CTTGCGACAGATCATTAGCA
CTTGCTTACCCGACTATATG
CTTTAAGTCTGGGTAACTCG
CTTTAGCTCCACGCAGTGTG
GAAACAAGCAGATTTGCGGC
GAAAGGCGGAGCAATTACTC
GACAATCCATCCGAATCGTG
GACACCTATGTAGCAATGAC
GACACTATCCCAGACGGAGT
GACAGAGATGGAGATCACCC
GACATAGGCTACCCAACTTG
GACATCCAATTATGAGCACG
GACATTAAGTGGGCGTAACC
GACGCAAGGTCCGGTAATCA
ATATCTCTAACCGCGCATAG
CGAAATAGGCCAGAATCCGC
AGCGCATAACAGCGACACGT
AACCGGAGAAACTACGCCGT
TTCTGCGTAGCGCGTGTATC
TTCTCGTAGCTGCGCCTAGT
TCGTATTACTCGTCTCCAGG
TCGTCACGTCTCACTGGTTA
GTGCCGCCACTAGCGTATAT
GTGCCGAGACTCCACTGTTA
CTGCGTCAAGTGTGTAGAAT
CGGGTCAGAAAGAGATACTC
CGCCGCGCAAGCTGTATTAA
CGCCGCTCAAGGCTATGATA
GATGGGATAGCACCGCACTA
GCAGGCTACCCGAGCTTATA
GCATTAGAAGGTCTGGACTA
GCCACATGAGCCTAGAGCTA
GCTCCAAGCCTTCGAGAGTA
GCTGATAATGCTGAGGACTA
GTTTCACAGGTACTGCAACA
GTCTGCTAGAGCCGACGTTA
TAAACGCCGATGGAGCACGA
TAAAGTGTCTGGAGATCCGA

GACGAATGGAGCGACCATA
ACCTGTCACGACTAGCTGA
CTGTAGTATAGTACGTCGC
TGTAAACATATACACTGCGG
CGAATTATACCTAAAGCGAC
CGAATGATAAATATGACGGC
CTTGAAGTCTTGGCACATG
CTTCAGCATCACTGGCACG
CTTGCCTAATATGGGCTACT
CTTGCGACAGATCATTGCA
CTTGCTTACCCGACTATTG
CTTTAGTCTGGGTAACTCG
CTTTAGCTCACGCAGTGTG
GTAACCAGCCGATTTGAGGC
GAAAGGCGGAGCAATACTC
GACAATCCACCGAATCGTG
GACAACTATGTAGCAATGAC
GACACTATCCCAGACGGTGT
GACAGTGATGAGATCACCC
GATATAGGCTACCCAACTTG
GACATCCAATTATGAGTACG
GACATAAGTGGGCGTAACC
ACGTAAGGTCCGGTAATCA
ATATCTCTAACGCGCATAG
AGAAATAGGCCAGAATCCGC
AGCGCATAAAGCGACACGT
ACCGGAGAAACTACGCCGT
TTCTGCGTAGCGTGTGTATC
TTCTCGTAGCTGCGTCTAGT
TTGTATTACTCGTCTCCAGG
TCGTCACGTCTCAATGGTTA
GTGCCGCCACTAGCGATAT
GTGCCGAGACTCCACTGTA
CTGTGTCAAGTGTGTAGAAT
CGGGCAGAAAGAGATACTC
CGCCGCGCAAGCTGTATTA
CGCCGCTCAAGGCTATGAT
GATGGGATAGCACCGCATA
GCAGGTACCCGAGCTTATA
GCATTAGAAGGTCTGGCTA
GCCCATGAGCCTAGAGCTA
GCTCCAAGCCTTTGAGAGTA
GCTGATAATGCTGAGACTA
GTTTCACAGGTACTGCACA
GTTGCTAGAGCCGACGTTA
TAAACGCCGATGGAGACGA
GAAAGTGTCTGGAGATCCGA
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TACCTTTACGTCCCGGAGGA
TAGGCCATAGGCGAGTCTCA
TAGTTCTGACTCCTCATGCA
TATGATCCATGCGACTCGGA
TGATTTCTACTGCGGCGCGA
TGCGACACCTCGGCTTATGA
TGCGAGCAGTGGCTATTATA
TGCGCCGCCAGTCTGTTATA
TGGCCTAGACTGCTGTCAGA
TGGTCGATACGGTTGCTCAA
TGTAGTACCTCTGGCCCTGA
TGTTAGCACTTCTCATCCGA
TTAGCTCGCTCATCATGTCA
TTCTGTAGATGTAGTGCCCA
GTCCGCGTACCCTGTGTTTA
ACTGCTTTAACCTGCAAGAC
AGGATTTCAACCCGAACGAC
ATCGGAAGAACTCTGAATCC
GTCCGGCAGGTACTGTATAA
TGGTCTAGCGTGAGTCATAA
ATTAGCTTAACTACCGTCCG
CGAAGTGAATATAAGTGCCC
CGAGGCTAATAGAATTGACC
CGATTATTAAGTCAGCACCC
CGATTTCTAAGGATCTGGAC
CGTCTTAATTCATACAGGCC
CGTTGAGTAATAGGGATTCC
CTCTTGGCAATTACTAGACC
CTTGAGGGAATCGAATCTAC
CTTTGCGGAATCTATACTCC
GACCATTGAATATGTCGAGC
GAGCCTGTAATATACTTGCC
GAGGTCACAATTTGCTACAC
GTTTCAGCAGAGGCGATCTC
TAATATGCTTGACGAGGTGC
TAGATGCCACTATTACTGCC
TAGGGAGGATCGTTCACCAC
TATAGATGATGTAGCCCAGC
TATGTGGACTGGAGACTTTC
TGCCGGGAGATTCGTTATAC
TGCCTATGAGGAGTATGAAC
TGCGATCCAGTGCCATAGAC
TGGAGAGGGTCCTACCTAAC
AATGTGGAACAATAGTCCCG
AACAATGAAACGCTTCTCCG

ACTTCCCTAAACTTGTTCGG

TACTTTACGTCCCGGAGGA
GGGGCCATAGGGAGTCTCA
AGTTCTGACTCCTCATGCA
TATGATCCTGCGACTCGGA
TGATTTCTACGCGGCGCGA
TGCGAACCTCGGCTTATGA
TGCGAGCAGTGGCTATTAA
TGCGCCGCCAGTCTGTTATG
TGGCTAGACTGCTGTCAGA
TGGTCGATACGGTGCTCAA
TGTAGTACCTCTGGCCCGA
CGTTAGCACTTCTCATCCGA
TTAGCTCGCTCATCATGTA
TTTGTAGATGTAGTGCCCA
GTCCGCGTCCCTGTGTTTA
ACTGCTTTACCTGCAAGAC
AGGATTTCAACCCGACGAC
ATCGGAAGAATCTGAATCC
GTCCGGCAGTACTGTATAA
TGGTCTAGGTGAGTCATAA
ATTAGTTTAACTACCGTCCG
CGAGTGAATATAAGTGCCC
CAAGGCTAATAGAATTGACC
CGATTATTAGTCAGCACCC
CGTTTCTAAGGATCTGGAC
CGTCTTAATTCATACGGCC
GTTAAGTAATAGGGATTCC
CTCTTGGCAATTACCAGACC
CTTAGGGAATCGAATCTAC
CTTTGCGGAATCTATATTCC
GACCATGGAATATGTCGAGC
GAGCCTTAATATACTTGCC
CAGGTCACAATTTGCTACAC
GTTTCAGAGAGGCGATCTC
TAATATGTTTGACGAGGTGC
TAGATGTCGCTATTACTGCC
TAGGGAGATCGTTCACCAC
TATAGAGGTGTAGCCCAGC
TATGTGGACTGGAGATTTC
TGCCAGGAGATTCGTTATAC
TGCTATGAGGAGTATGAAC
TGCGATCCGGTGCCATAGC
TGGAGAGGTCCTACCTAAC
GATGTGGACAATAGTCCCG
AACAATGAACGCTTCTCCG

ACTTCCCTAGACTTGTTCGG
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AGACCGAAATCTAATCCCGG
CGATTTAACTTGATGTCCCG
CGTCTCCCAATCATTTAGAG
CTAAGAGGCTTGAATCAGAG
CTAGATTTAATTCGCCACCG
CTCTATATCCACCAGTTTGG
CTGTTTCAATATCCTGACCG
GAACTCTTTCTACATCCGGG
GAATCTACCCACATACTTGG
TCCGGCATTTGATCTACGCG
TCCTGTAGATCCCTATGCGG
TGAATGCACTGGAGCCTACG
TGCCTCGACTCCTTTGTAGG
TGGCTGATAGATTATGCTCG
TGTTCCCTAGCCTCAGGTAG
TTAGTCATATCTCAGGCTGG
TTCTAGCCGTCCGCAGTTTG
TTGCTACACGGCTGTGCATG
GCTAGACCATGCTCCAGGAT
GGACCCATAGCACTCTGATT
GGATAGGCAGATGCACTTAT
GCCATCCGACCGATTGATTA
GCCGGTGGAATGTTATATCA
GCGCAGGGAGATCCATATCA
GCTTTCCACCCGGTAGGATA
GGCCAATTCTGGTACGCCTA
GTCCTCTCACCTTATTGGGA
GTTTCCCGAATGTGTGCGAA
GTCCCTGTACCTTAGAGACT
TGTATTCACTCCTTCCGGGA
TGTCACATCTTTCCATCGGA
TGTCAGCCCGGCCATGTATA
TTAATAGCCTTGAGCAGCGA
TTAATCGGCTGGAGCTGCTA
TTGACACGCTTGAGTCCAAA
CGCTTATTAGAATCACGTCC
CGGACAGAATGTACGAGCTA
CGGACATCACAGTCACGAGT
TACGTTATATCCGACTAGCC
CTTTCCAATACGGTGTACGA
GCACTCGTACTCACGGAGAT
ACCGTTCCAAACTATAAGCG
CTCTGTGAATACCGAGTACA
GAACTATGCTGACAGTACCG
CGGAGACCACGCAATCGTAA
GAACTCTCGTACAGTAGATC
CTAGTGAAGTGGAGCCAATA

AGACAGAGGTTAATCCCGG
CGATTTAACTGATGTCCCG
CGTCTCCCAATTATTTAGAG
CTAAAGGCTTGAATCAGAG
CTAGATATAATTCGCCATCG
CTCTATATCCACCAATTTGG
CTGTTTCAATACCCTGACCG
GAACCTTTCTACATCCGGG
GATCTACCCACATACTTGG
TCCGGCATTTGATCACGCG
TCCTGTAGACCCTATGCGG
TGAATGCCTGGAGCCTACG
TGCCTCGACTCCTTGTAGG
TGGCGATAGATTATGCTCG
TGTTCCCTAGCTTCAGGTAG
TTAGTCATACTCAGGCTGG
TTCTAGCCGTCTGCAGTATG
TTGCTACACGGCTGTACATG
GCAGACCATGCTCCAGGAT
GGACTCATAGCACTCTGATT
GGATAGGCAGATGCCTTAT
GCCATCCGACCGATTAATTA
GCCGGTGGATGTTATATCA
GCGCAGGGAGTCCATATCA
GCTTTCCACCCGGTAGATA
GGCCAATTCTGGTACGCTA
GTCCTCTCACTTTATTGGGA
GTTTCCCGAAGTGTGCGAA
GTCCCTGTACATTAGAGACT
TGTATTCACTCCTTCTGGGA
TTCACATCTTTCCATCGGA
TGTCAGCCCGCCATGTATA
CTAATAGCCTTGAGCAGCGA
TTAATCGCTGGAGCTGCTA
TTGACACGTTGAGTCCAAA
CGCTTATTAGAATCACGTC
CGGATAGAATGTACGAGCTA
CGGACATCACATCACGAGT
TACGTTATATCTGACTAGCC
CTTTCCAATGCGGTGTACGA
GCACTCGTAACTCACGGAGAT
ACCGTTCCAACTATAAGCG
CTCTGTGAATACCGAGTCA
GAACTATGCTGACAGCACCG
CGGAGACCACGCAACCGTAA
GAACTCTCGTACATAGATC
CTAGTGAAGTGGAGCCATA
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GTCTGTGTACGGGATACTAA

CTAGTGGCAATCATCAGACA

GACTCACGAATGCGGAGACT

GACTGCAATCACTCCAGATG

GACTGTCGAGCACCCATTGA

GAGACGTTACGACCAAGCTA

GAGAGTAAGTTGACCTACCC

GAGATCGTAATCGAGTCACA

GAGCCACGAAGTTCTGCGAA

CTATACCCACCAGTGATGAG

CCAGCTATAAGCATATTGCC

ATAATTTCAACCTCAGCCGG

ATCAAACCAGAATTGCGGCG

CCACATCCAATCATAGGAGG

TTCGGATCAGGGCTGCACTT

TTGGGCGCAGTGCCTCTTAT

AGGCATCCAAATGTATGGCA

GATCAATCCCTTCACAGGAA
CTGTGGCAATCCCAATTAAC
GATTATTCAATGTCCAGGCC
TGGGAGCAGTTTGCATTACC
TTCCATTGATACTTCCGGGC
TTTATTGAGATTGGCGGCAC
GCTCCCAATGTTTCCGAATG
GGTCGCCTAATTTCCAAGGG
GTGAGATCCCACGCTCTGTT
AGGTACACAAGACAGCCCGT
AGGTATATCCAACCATCCGT
AGTCGGAACCATATACAGCC
AGTTACTCAACCATGCTTCG
AGTTGTATAGAATCACCGGC
CTCATTACAGGATAGGACAG
GCATAGCTCATGGCACATAA
GCATCAAGTTCTTCACAGCA
GCATCCGGCATCAGACGTTA
GCATCTGTACGATCTCAGCA
GCATGAGACAGTGCGATATA
GCGACACTCTCATACGATAT
CTGGATTGACACTAGCATAC
CCAGTTATACGCAGACATAC
CGTGTCTTACAGCACTACAT
GTATGTGGAGAGCCTATCAT
GTCAGAGGATCGAGCCACTT
GTCATGTTACCTGAGGAGAT

GTCCGTATAGCGGGCACTTT

GTCTGTGTATGGGATACTAA

CTAGTGGCAATATCAGACA

GACTACGAATGCGGAGACT

GACTACAATCACTCCAGATG

GACTTTCGAGCACCCATTGA

AGACGTTACGACCAAGCTA

GAGAGAAGTTGACCTACCC

GAGATCGAATCGAGTCACA

GAGCCACGAAATTCTGCGAA

CTATCCCACCAGTGATGAG

CCAGTTATAAGCATATTGCC

ATAATTTCAACCTAGCCGG

ATTAAACAGAATTGCGGCG

CCACACCAATCATAGGAGG

TTCGGATCAGGGCTGACTT

TTGGGTGCAGTGCCTCTTAT

AGGCATCTAAATGTATGGCA

TATCAATCCCTTCACAGGAA
CTGTGGCAATCCAATTAAC
GATTATTCAATGTCAGGCC
GGGAGCAGTTTGCATTACC
TCCATTGATACTTCCGGGC
TTTATTGAGATTGGTGGCGC
GCTCCCCATGTTTCCGAATG
GGTCGCCTAATTTCAAGGG
GTGAATCCCACGCTCTGTT
AGGTACAAAGACAGCCCGT
AGGATATCCAACCATCCGT
AGTCGGGACCATATACAGCC
AGTTACTCACCATGCTTCG
GTTGTATAGAATCACCGGC
CTCATTACAGGATGGACAG
GATAGCTCATGGCACATAA
GCATCAAGTCTTCACAGCA
GCATCCGGCATCGACGTTA
GCATCTGTACGTCTCAGCA
GCATGAGACAGTGGCGATATA
GCGATACTCTCATATGATAT
TCCAGATTGACACTAGCATAC
CCAGTTATACGCAGAATAC
CGTTTCTTACAGCACTACAT
GTATGTGGAGAGCCTTCAT
GTCAGAAGATCGAGCCACTT
GTCATGTTACCTGAGAGAT

GTCCGTATAGCGGGTACTTT
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GTCTTCGAGGAGGATTCTAT
GTTAGCGCAGAGGCTCCTAT
AAGTTCGTAAAGACACGCCC
AATACACTAAAGCTCGGTCC
ATCTGAGCACAACTAGGACG
CAGTAGCAACTATTCTAGCC
CAGTAGTCAAGAGTCGGACA
GAGACAGTCGAGCGATCAAT
TCTTACGCCTCGCTAGTTAG
TCTTAGGTACTTGCAGTGAC
ATCTGGGTAAATAGGTACGC
GCTACGTTACCATGTGCAGA
GTTACTCGACGGCAGCAGTT
TCCTCACTAGCTGTGCAGTA
ACCGGATCAAAGTAGACCCG
ATAATGCTAACGACCAGTCC
CTCGTATGACAGGATAGTAC
TACGCGGTACGATTTCTGAA
GCATTCTAAGTGTTCAGACG
GCCACAGGCAGGGCATATTA
TACCTTCTACGCTATCTGAG
TAGTCGGTAGCATGAGTCTA
AGGTAGTGAACAGTGTCATC
TAGTCAGAGGGAGTATTCTC
CGACTGTCACCACGGTTAGT
CAGCTTCAAGAGTACATACG
GTACTTTACCTCGACGGACG
CGTAGTCGAGACGAGACATC
GTCGAAGTTTGTGGACTATC
TCTCGGGACGTTGCGCTATA
GCGTACTTACTATCACGTAG
AGAAGTCGAACAGCCTCTAC
GCAGATATACAGTTATGGCG
GCAGTGTTACATGCAGTCAG
GCTACTCTACCCTGGTTAGG
GCTGAGCTACATATTTCGAG
GGACTATAATTTACGGACCG
GGTATTTGACACTGTGATCG
GGTGTCTAATTGTATGCACG
GTCATCAGACCCTGCTGTAG
GTCCCTATACCCGTGTTGAG
GTGATTATAGGATAGCCTCG
GTGCAGGTACATTGATCTAG
GTTCCTATATCCATGACTCG
GTTCCTCTACATTGCTGACG
ATGCTTGCAGAACCGTCAGC
CAAATATGATACACCGCGTC

GTCTTCGAGGAGGATTTAT
GTTAGCGCAGAGGCTCCAT
AAGTTCGTAAAGACACCCC
AATACACAAAGCTCGGTCC
ATCTGAGCACAACTAAGACG
CAGTAGCAACTATTCTAGC
CAGTAGTCAAGAGTGGACA
GAGACGTCGAGCGATCAAT
TCTTACGGCTCGCTAGTTAG
TCTTAGGACTTGCAGTGAC
ATCTGGTAAATAGGTACGC
GCTACGTTACCATGGTGCAGA
GTTACTCGAGGCAGCAGTT
TCTTCACTAGCTGTGCAGTA
ACGGATCAAAGTAGACCCG
ATATGCTAACGACCAGTAC
CTCGTATGACAGGTAGTAC
TACGAGGTGCGATTTCTGAA
GCATTCTAAGTGTTCAGAG
GTCACAGGCAGGGCATATTA
TACTTCTGGGCTATCTGAG
TAGTCGGTAGCATAAGTCTA
AGGTTGTGAACAGTGTCATC
TAGTCAGAGGGATATTCTC
CGACTGTCACCACGATTAGT
CAGCTTCAGAGTACATACG
GTACTTTACTCGACGGACG
CGTAGTCGGACGAGACATC
GTCGAAGTTTGGGACTATC
TCTGGGACGTTGCGCTTTA
GCGTACTTACTATCACGTTG
AGAAGACGGACAGCCTCTAC
ACAGATATACAGTTATGGCG
TCAGTGTTACATGCAGTCAG
CCTACTCTACCCTGGTAGG
CCTGAGCTACATATTTCGAG
TGACTATAATTTACGGACCG
TGTATTTGACACTGTGATCG
TGTGTCTAATTGTATGCACG
GTCATCAGACCTGCTGTAG
ATCCCTATACCCGGGTTGAG
ATGATTATAGGATAGCCTCG
GTGCAGGACATTGATCTAG
ATTCCTATATCCATGACTCG
CTTCCTCTACATTGCTGACG
ATGCTCGCAGAACCGCAGC
TAAATATGATACACCGCGTC
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ATGGTTATAGAGAATCGCCC

ATGTTTACACACAAGCTGCC

ATTCAATGAGAACTGCCCGA

CAAAGATTGAGACAGCCGTC

CAAATGTGGTGACAAGCCAT

CAACAAATCATTCACCGTGG

CAACATAATGACACCTCGTG

CAACATGCTTCAAGAATCGG

CAGGTCACACATACCATAGG

CATAAACTGATTACACGGCC

CATAAATCTTAGGACACCGG

CATAAGGAAGAGGGTATCTC

CATACCAAGTAGGACACCTG

CATACCATACCGAACTGAGG

CATCAAACACCCAGATTGGT

CCCACTAGAATAGACCATGT

CCCGAAGCCCTGATAAGAGA

CCCGGATGACAATGACCGAT

CCCGGCATACAGAACAATTT

CCCTACTCACAAGTGTATGA

CCGAGCCAAGGACCATTAAG

CCGAGCGAATAATATAGCGT

GCCAGTTACAGTCATGCCTA

CCGGAATTAACGTATCTCAC

CCGGCAAGATTTCTCAATAC

CCGGGCAGACACCGATATTA

CCGTACAACTGGTTCACAAA

GCGCCGCACAGAGTCTTATA

GCGCTTCGACTCATATACAA

AGTAGAAACATCGAGTCCGC

ACAGGCGGAAAGATAGTTCT

AGCTCGAAATAGCCATACCT

AGCTGGGTACAAATAGCGAT

AGGCCGTCAAATGTCGGACT

TTACCCAGCCTCGGGAGTAT

TTCAGTGGATCGGATAGCTT

TTCCGACGTTCTGGCAGGAT

TTCTGCTGAGCGCCGTCAAT

TTTGCGCGAGGCTGTCCTAT

ACTTCGGGAAAGGGACCACA

ACGACTGTAAAGGCTAGTAC

ATCGGGAACGCCAGCCAATA

ATGCCGGGAACCGTTGACAA

ATTTGGGTAACGCTTGCAGA

TAGACGGACGGCGCTCATTA

CCTTGGTGACAATATGTACG

ATGGTTATAGAGAATCGCTC

ATGTTTACACACAAGTTGCC

ATTCAAGAGAACTGCCCGA

CAAAGATTGAGCAGCCGTC

CAAATTGGTGACAAGCCAT

CAACAAACATTCACCGTGG

CAACAAATGACACCTCGTG

TAACATGCTTCAAGAATCGG

CAGGTTACACATACCATAGG

CATAAACTGATTACACGACC

CATAAATCTAGGACACCGG

CATAAGGAAGAGGGTTCTC

CATATCAAGTAGGACACCTG

CATACCATCCCGAACTGAGG

CATCAAACACCCAGATGGT

CCCATAGAATAGACCATGT

CCTGAAGCCCTGATAAGAGA

CTGGATGACAATGACCGAT

CCCGGCATCAGAACAATTCT

CCCCACTCACAAGTGTATGA

CCGAGCCAAGACCATTAAG

CCGAGTGAATAATATAGCGT

GCCAGTTACAGTCATGCTA

TCGGAATTAACGTATCTCAC

CCGGTAAGATTTCTCAATAC

CCGGGCAGACCCGATATTA

CCGTCAACTGGTTCACAAA

GCGCCGCACAGAGTCTATA

CGCTTCGACTCATATACAA

AGTAGAAACATCGAGTCGC

ACAGGCGGAAAGATATTCT

AGCTTGAAATAGCCATACCT

AGCTGGGTGCAAATAGCGAT

AGGCCGTAAATGTCGGACT

TTACCCAGCTCGGGAGTAT

TTCGTGGATCGGATAGCTT

TTCCGACGTTCTGGCAGAT

TTCTGCTGAGCGCCGTCAT

TTTGCGCGAGGCTGCCTAT

ACTTCGGGAAGGGACCACA

ACGACTGCAAAGGCTAGTAC

ATCGGGGCGCCAGCCAATA

ATGCCGGGAGCCGTTGACAA

ATTGGGTAACGCTTGCAGA

TAGACGGTCGGCGGCTCATTA

CCTTGGTGACAATATGACG
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CCTTTAATCATAATCGCGGC
CCTTTGAGACACTAGATGAG
CGAGATCCAAGGCCCATGAT
CGAGGTCTACCCGAATCAGT
CGATCAAGCGGTCACAATAT
CGGCGCAATAATGTCACAGA
CGGGATATAAACGGACATTC
CGGGCGATACCACTCAGATT
CGGTAATAAGGTAGGCTATC
CGTAAGCCGGTACAAAGTGC
CGTACCTAATATGAATCGGG
CGTCCTATACCATAATTCGG
CGTCTTGAAGTCCACCAGGA
GCGGATACCGATGGCCTATT
GCGGCCATACCGGATACTAT
GCGGTCTCAATACAAACTCA
GCGTCACACGAGCCGATATT
TCGGGTCTAGGATGCTCTAC
GAATACGTGTGAATATGCGC
CTGAGAAGGTAGAGCACACT
AGCACAATAACGTACCGTCG
ACCTGCGTAAAGGATAGCAC
ACCTCTCTAAAGTACAAGCG
AAACTCTAAACAGCTCTCGG
TCGGAGTACGTTGAGTTATC
CGTTCTCTAAACAAACAGGG
GAAGTTTACTCACACTAGCC
GAAGTTGTAGACACGTCGCC
CTAGCGGTAAGTAGGTTTCA
CCGTTGTTAAGTGATACACG
CCGTTAGTAAGTACACATCC
TCGCTTCCAGCAGTACGGTA
TCGCTGTGAGCATCGCTGTA
GTCTGTTACTACGGTATCAG
TTCACGCGGTCGCAGTATCT
CCTACTGTACGAGCCAATAA
GCATTGATAGAGAGCTAGTC
GCCAATATGTGTGACGACGA
GAAGAGTCCTTACGAAGTCG
GTGACTACCGGCTATGAGAT
TACTGTGGAGGATAGTCAAC
GTGAGAGACTCGATGACATA
TCGGTTTCACGTATGACGCG
GCGTTGCACGTCCACTGAAA
ATATAACGATACCACCCGTG
CAACGAAACATTATTGCCGC
GCGGAGATACCGTGACCTAT

CCTTTAATTATAATCCGGC
CCTTTAAGACACTAGATGAG
CGGGATCCAAGGCCCATGAT
CGAGGTCCACCCGAATCAGT
CGATCAAGTGGTCACAATTT
CGCGCAATAATGTCACAGA
CGGGATATAAACGGACATC
CGGACGACACCACTCAGATT
CGTAATAAGGTAGGCTATC
CGTAAGCCGGTACAAAGTGT
CGTATCTAATATGAATCGGG
TGTCCTATACCATAATTCGA
CGTTTGAAGTCCACCAGGA
CGGATACCGATGGCCTATT
CGGCCATACCGGATACTAT
GCGGTTCAATACAAACTCA
GCGTCACACGAGCGATATT
TCGGTCTAGGATGCTCTAC
GAATACGTGTGAATATGCGT
CTGAGAAGGTAGAGCACAT
GCCACAATAACGTATCGTCG
ACCTGCTAAAGGATAGCAC
ACCTCTCTAAAGTACAAGC
AAACTCTAAACAGCTCTCG
CGGAGTACGTTGAGTTATC
CGTTTTCTAAACAAACAGGG
GAAGTTTACTCAACTAGCC
GAAGTGTAGACACGTCGCT
CTAGCGGTAAGTAGGTTTA
CCGTTGTAAGTGATACACG
CCGTTAGTAATACACATCC
TCGCTTCCACAGTACGGTA
TCGCTGGAGCATCGCTGTA
GTCTGTTACACGGTATCAG
TTCACGCGGTGCGGTATCT
CCTACTGTACGAGTCAATAA
GATTGATAGAGAGCTAGTC
GCCAATATGGTGATGACGA
GAAGAGTCCTTATGAAGTCG
GTGATTACCGGTTATGAGAT
TACTGTGAGGATAGTCAAC
GTGAGAGACTCGATGACCTA
TCGGTTTCAGTATGACGCG
GCGTTGCACGTCACTGAAA
ATATAACGGTACCACCCGTG
CAACGAAACATTATTGCCG
GGGGAGATACCGTGACCCTAT
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GTACGGTGACGCCCTAGTAT

GTGTAGTTACGGCGATCCCA

ATCGAAGGAACGCTAAGTCC

CGACCGGAACTTCTCGATAA

GACGGCGCAATCGCTCTATA

GTACGTGTAATGTTGGTCAC

GTGTATTAGAGCCAGCCGAC

GTGCTCGACCTACTGTGACT

GATGACGAGAGCATGATCTA

ATCCCTCTAACCGGGTAGGA

AGTCGCGGAAATTGGTTACA

AGTCCCTGAACATCCTTAGA

ACGCCTTGAAAGCTCTTCGA

GTGGCACGCGCATCGTATTT

TTCGCAGTATGGATCGGTAT

TTAACGGTGGTGAGTCTCCT

TCCCGGTGACGTGTAGCTTA

CTTAGGAGACATGAGTAGAC

CTAAGTGTAGCACCACATCA

CAGAAGCGACAGAGACTGCT

TCTACTATCGCTGATCCGAG

TCTACGGAGGTGCATCAGTA

TAGCTCGCATCACTGACGGA

GCGCCTACAGGGAGTTATAC

GCGCCCATACCGTTAGTAGA

GACGAGAATGGACTACACGT

CACTTAACGTGATGACACAG

AAGACCTAACAAGTGCGCCG

GATGGCCCAGGGACTCTTAA

GATGGTCGAGGACTACCCTT

GATTTCAATTATCGGGACCG

GCAAAGGAGGAGTATATCTC

GCAAATAGTGAGGACAGTTC

GCTAATCCACCCTGGGAGAT

GGGATGAGAGACTTCCATAT

GGGATTTACGAGTATGTCTC

ATCTTGACATAACGTAGGCG
GCTTGACTACGACTTAGCAC
TGCGTTCGAGTCACTTAGCT
AGTCTCGTAACATGCGATAC
AGTCTGCTAAATTGTCCGAC
CGTGGCTCAAGGTTAGTACA
CGTGGGACACAGTCGATCAT
GAGTGAGTAATGCTACGTCA

GTTTAGGTACTCCCTCACGA

GTACGTGACGCCCCAGTAT

GTGTAGTTCGGCGATCCCA

ATCGAAGGAACGCTAAGTTC

CGACCGGAACTCGTCGATAA

GACGGCGCAATGCTCTATA

GTACGTGTATGTTGGTCAC

GTGTATTAGAGCCAGCGAC

GTGCTTGACCTACTGTGACT

GATGACGAGGCATGATCTA

AGCCCTTAACCGGGTAGGA

AGTCGCGGAATTGGTTACA

AGTCCCTTGAACATCCTTAGA

GCGCCTTGAAAGCTCTTCGA

GTGCACGCGCATCGTATTT

TTCCCAGTATGGATCGGTAT

TTAACGGTGGTGAGTGTCCT

TCCCGGTGCGTGTAGCTTA

CTTAGAGACATGAGTAGAC

CTAAGAGTAGCACCACATCA

TAGAAGCGCAGAGACTGCT

TCTACTATGCTGATCCGAG

GCTACGGAGGTGCATCAGTA

TAGCTCGCATCATGACGGA

GCGTCTACAGGGATTATAC

GCGCCCATATCGTTAGTAGA

GACGAGAATGACTACACGT

CACTTAACGTGATGATACAG

AAGACCTAACAAGTGTGCCG

ATGGCCCAGGGACTCTTAA

GATGGTCGGGGACTCCCTT

GATTTCAACTATCGGGACCG

GCAAAGGAGGAGATATCTC

CAAATAGTGAGGACAGTTC

GCTAATCCACCTGGGAGAT

GGGATGAGAGACTTTCATAT

GGGATTTACGAGTTTGTCTC

ATTTGACATAACGTAGGCG
GCTTGACTATGACTTAGCAC
TGCGTTCGAGTCACTTGCT
AGCTCGTAACATGCGATAC
AGACTCTAAATTGTCCGAC
CGTGGCTCAAGGTTAGTAA
CGTGGGACACAGTCGACCAT
GAGTGAGTATGCTACGTCA

GTTTAGGACTCCCTCACGA
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TGCTAGTTAGGAGTATCGCA
CGCTGCATACACTGATATAC
CATACTCAACTGAATGTCCG
GTTCGTAGAGATGATCGTCA
GAGCTTCTAAGTTACTCTCC
GCTCTCTGACAGTCCTATAT
GCTCTTATACTCGACATGAC
GTATCTACAGTCTCTGAGCA
GTTCGTGTACCTCGCCGATT
GCACGACCAGCTCTTAGGAT
CGTCGCCAATATGATCGAAT
CGGTTCGGAATCCAGACGAT
CGGCGACCACCATTAGTGAT
ACCACGACAAAGTCAGTGCG
ACCAAGAACACGCTACGGGT
GTCCTTCTACGATGCTAGGC
GTCCTTATACTGATACCTGC
CTCCAATATCGCATACGAGA
AACTCTTCAAACATACGGCG
TCGTTCGACTTATCGCTACG
TCGTTAGTACGGTAGGTATC
TAGCATCTAGCGTATCAGCA
GTACCAGAGTTGCATATCAC
GACCGTCAATCGCGTCAGAT
CTGTACTTAATGGTAGAGCC
CTCACGACATCCAGGAGTAT
CGAATACAGTGACAGAGCTG
CACTCAACGTCATCAGAAGT
AGCTATATCAAGCAAGCGTC
TCGTGGGTACTTCGAGTTCA
TAGCACTGAGGCAGCGTCTA
GTGGAGTGACGTATCTCTAA
GTACATCTCGTGAGCAGAGC
GCGAGCGTACTATACATAAC
CTTAATTCGCGCTAAATGGC
CTTAGACACTCTGACCATAG
CTTATTGGACAGGAGCACAT
GTGGTCCCAGAGCCATTGTT
GAAGACTGGTGAATCTATCG
GAATATAATTGACCCACGCC
GAATCAGCCATAATGAGGTC

GAATCTCGAATAGCGGTACA

TGCTCGTTAGGAGTATCGCA
CGCTGCATACACGATATAC
CAACTCAACTGAATGTCCG
GTCGTAGAGATGATCGTCA
GAACTTCTAAGTTACTCTCC
GCTCTCTGACAGTCCTAAT
GATCTTATACTCGACATGAC
GTACTACAGTCTCTGAGCA
GTTCGTTACCTCGCCGATT
GCACGACTAGCTCTTAGGAT
CGTCGCCAATTTGAACGAAT
CGGTTCGGAAACCAGACGAT
CGGCGACCACCATAGTGAT
ACCACACAAAGTCAGTGCG
ACCAAGAACACGTTACGGGT
GTCCTCTACGATGCTAGGC
GTCTTATACTGATACCTGC
CTCCAATATGCATACGAGA
AACTCTTCAAACATACGGCC
TCCTTCGACTTATCGCTACG
TCGTTGTACGGTAGGTATC
TAACATCTAGCGTATCAGCA
GTATCAGAGTGCATATCAC
GATCGTAATCGCGTCAGAT
CTGTACTTAATGGTAGAGTC
TTCACGACATCCAGGAGTAT
CGAATACAGTGACAGTGCTG
CACTCAACGTCATCGAAGT
AGCTATATCAAGCGAGCGTC
TCGGGGGTACTTCGAGTTCA
TAGCATTGAGGCAGCGTCTA
GTGGAATGACGTATCTCTAA
GTACATCTCGTGAGCTGAGC
GCGAGCTACTATACATAAC
CTTAATTCGCGCTAAATAGC
CTTAGCCACTCTGACCATAG
CTTATTTGACAGGAGCACAT
GTGGTCCAGAGCCATTGTT
GAAGACTGGTGAATTATCG
GAATATAATTGACCCACGC
AATCAGCCATAATGAGGTC

GAATTTCGAATAGCGGTACA
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Supplementary Methods

Preparation of tag samples. Pooled growth, purification of genomic DNA, tag
PCR, and array hybridization were performed as described in the attached
Supplementary Protocols. All tag samples used in this paper were from the
heterozygous deletion pool after 20 generations of growth in YPD. Arrays were
washed using a custom-built array washing station as follows: after sample
hybridization, arrays were washed for 110 sec with a continuous flow of 6xSSPE-
T (6%xSSPE + 0.01% Tween), then for 420 sec with 3xSSPE-T (3xSSPE + 0.01%
Tween), and for 90 sec with 6xSSPE-T. After staining (as described in
Supplementary Methods), the arrays were washed for 510 sec with a continuous
flow of 6xSSPE-T.

Data analysis. Intensity values for each probe were extracted using Affymetrix
GeneChip Operating Software (Affymetrix). For the purpose of benchmarking the
arrays, array data was not normalized and array defects were not masked.
Unless otherwise indicated, intensity values refer to the raw probe intensity
averaged over the five replicates. Where ratios are used, the median of the
unassigned (background) tag probes is subtracted from the raw values before
taking their signal ratio.

Correcting tag ratios. To compensate for array saturation, raw tag intensities
are multiplied by 200031 (tegintensity) This correction function was derived by
minimizing the average distance between the signal ratio and the known tag ratio
over a range of linear, polynomial, and exponential functions. Tags with control
intensity of less than 200 afu were not included in this minimization because
these tags are omitted from strain sensitivity analysis. This correction factor also
increases the correlation of the up and downtag ratios for normal experimental
arrays (data not shown). A constant approximation of background hybridization is
subtracted from the raw intensity values before taking their ratio. This constant
was also included in the minimization, and the resulting value was approximately
equal to the median intensity of the unassigned tag probes for this series of
arrays (minimization 60, unassigned probes 58.9).

Masking outlier data. To mask outlier data, areas with an unusually high
number of outliers are first identified. For each probe, if at least 13 of the 25
probes in the surrounding 5 probe x 5 probe neighborhood differ from their
trimmed replicate mean (the mean of the middle three replicates) by more than
10%, the probe is selected for masking. These regions are then padded by also
including any probes that are within a 5-probe radius (the square root of (row
distance? + column distance?) < 6). Extreme outlier probes are also discarded
(points for which the replicate intensity > (1.35 - 0.000025(mean intensity))*
mean intensity, and mean intensity > 200). These extreme outliers are typically
caused by bright pieces of debris on the array that affect only a single probe, and
are therefore not padded. Intensity values are then calculated for each tag by
averaging all unmasked replicates.



Supplementary Protocols

For more information see http://chemogenomics.stanford.edu/.

Pool construction:

. Obtain the YKO collections as frozen glycerol stocks in 96 well microtiter
plates (available at http://www.openbiosystems.com).

. Convert frozen stocks to solid colonies. Allow plates to thaw completely
(cells may have settled prior to being frozen). Insert a 96-well pin tool (e.g.
V&P Scientific, Inc. catalog # VP407A), into thawed 96-well plates, swirl
gently then transfer to a Nunc Omni Tray (VWR catalog # 62409-600)
containing 50ml of YPD-agar including 200ug/ml Geneticin G418 (Agri-Bio
catalog #3000). Allow pin to dwell on agar for 5-10 sec.

. Before each transfer, dip pin tool in water followed by 95% ethanol, then
carefully flame the pin tool. Allow pin tool to cool. Make certain that the
level of ethanol in the wash container exceeds the level in the water
container to ensure all carry-over cells are flamed and removed. Change
water frequently.

. Grow colonies until they reach maximal size @ 30°C (2-3d).

. After colonies have reached full size, scrape the entire contents of all
plates (in a laminar flow hood to avoid contamination) into a 50 ml conical
centrifuge tube containing YPD liquid media + 200ug/ml G418.

. Make note of any strains that are missing or appear as slow-growing
colonies. For these strains go to the original frozen stock and streak them
out individually using standard yeast procedures.

. For slow-growing strains add a colony-equivalent of cells using a sterile
flat toothpick and add them to the conical tube. Measure the O.D.ggo Of the
pool and adjust to a final 50 O.D.gee/ml (0.D.600 1.0 ~ 2.2 x 107 cells/ml for
diploid strains).

« Add glycerol to 15% or DMSO to 7%, mix well and aliquot into individually
capped PCR tubes with 10-25ul of pool and store at -80°C.

Note: Hybridization to the tag array will identify any of those strains that are
still underrepresented '. These strains can then be spiked in to the pools
individually at the start of each experiment.

Pooled growth:

Heterozygous deletion pool:
e Thaw and inoculate frozen aliquot of pool into 100ml of YPD such that on
average 1000 cells/strain are present (O.D.gpo ~ 0.003).



e Allow cells to recover overnight (9 generations in YPD @ 30°C with
shaking at 250rpm) without allowing them to saturate (O.D.gp < 2).

e Dilute culture into condition of interest to not less than 125 cells/strain

(O.D.soo = 00625)

Grow cells logarithmically for 5 generations until O.D.ggp = 2.

Save not less than 1 O.D.gg of cells.

Batch dilute culture to not less than 125 cells/strain (O.D.g00 = 0.0625).

Continue to grow and collect the log culture and dilute and save every 5

generations until cells have reached 20 generations.

Homozygous deletion pool:

e Thaw and dilute a frozen aliquot of pool into condition of interest to not
less than 125 cells/strain (O.D.gp0 = 0.0625).

Grow cells logarithmically for 5 generations until O.D.gpp = 2.

Save not less than 1 O.D.gqo Of cells.

Batch dilute culture to not less than 125 cells/strain (O.D.gp0 = 0.0625).
Continue to grow and collect the log culture and dilute and save every 5
generations until cells have reached 20 generations.

Notes: Control samples should be generated as above, but using YPD for all
growth steps in place of the selective condition.

For heterozygous profiling, cells are first recovered for 9 generations before
being subjected to the condition of interest. This is to allow the cells to
recover from freezing. The cells are then grown in the condition of interest
and collected at 5, 10, 15 and 20 generations. Because heterozygous
deletion phenotypes can be subtle, optimum results are usually obtained at
the 20 generation time point. However, for further resolution, the earlier time
points can be informative in ranking the strains. (If two strains are both
completely absent from the final sample, their sensitivities can not be
compared without earlier time points showing which strain dropped out of the
pool faster, or individual growth curves).

For homozygous profiling, cells are not recovered in YPD before growth in the
condition of interest. Because 15% of all homozygotes are slow-growing
strains, a recovery phase would cause many strains to drop out of the pool
before treatment even begins. The cells are grown in the condition of interest
straight from the frozen stock and collected at 5, 10, 15 and 20 generations.
Because heterozygous phenotypes are less subtle than homozygous
phenotypes, optimum results are usually obtained at the 5 generation time
point. Using an earlier time point also minimizes the condition-independent
loss of slow-growing strains from the pool.

Although we use 125 cells/strain in order to minimize volume (and therefore
compound consumption) it is preferable to use a greater number of



cells/strain to reduce the sampling error when batch diluting. For example,
using 1000 cells/strain yields a theoretical sampling error of ~3%.

Genomic DNA purification:

Purify genomic DNA from cells collected in during pooled growth. We use 1-2
O.D. of cells for each sample. Although any prep for genomic DNA can be
used, we use Zymo Research YeaStar kit (catalog # D2002).

PCR Amplification of tags:

e Using ~0.2ug of genomic DNA as template, set up two PCR reactions,
one for the uptags and one for the downtags following the recipe below
(primer sequences are in the Recipes section).

e Cycle as described below in 100 ul using any thermocycler with a heated

lid.
PCR Mix (100pl):

H20

PCR buffer

MgC|2

dNTPs

UP or DN mix

Taq polymerase
Genomic DNA (~0.2ug)

PCR Program:

94°C 3

94°C 30”

55°C 30”

72°C 30"

go to step 2 29X
72°C 3

4°C

Noobkhwd =

Array hybridization and scanning:

Stock

10x
50mM
10mM
50uM
5U/ul

Final

1X
2.5mM
0.2mM
1uM
5U

Volume
55
10



e Incubate the probe array (Affymetrix Genflex Tag 16K Array v2, Part No.
511331) filled with 140ul 1x hybridization buffer at 42°C for 10’ with
rotation at 20rpm (we use an Affymetrix GeneArray Hybridization Oven
640) to pre-wet array.

e Add 30pl of uptag PCR and 30ul of downtag PCR to 90ul of hybridization
mix for a total volume of 150pl into a 0.5ml microfuge tube.

e Boil each tube for 2’ and then set on ice for 2’.

e Remove 1x hybridization buffer from each array.

e Add hybridization mix to each array, place a Tough Tag (Diversified
Biotech, Inc., Boston, MA) over each gasket and hybridize in the oven for
10-16 hrs at 42°C rotating at the array at 20rpm.

e Remove hybridization mix and wash as follows (into the bottom gasket,
one mix = pipetting the fluid up and down into the microarray using150ul

of liquid):
Solution changes Mixes per solution change
Wash A @ R.T. 2 4
Wash B @ 42°C 6 4
Wash A @ R.T. 1 2

e Remove the wash A, and add 140yl of biotin staining mix to the array
(make up more than one array’s worth of staining mix to minimize pipetting
inaccuracies)

e Incubate for 10’ @ 42°C with 20rpm rotation

e Remove hybridization mix and wash as follows:

Solution changes Mixes per solution change
Wash A @ R.T. 6 4

e Fill up array with Wash A before scanning, taking care to avoid bubbles.

e Clean glass side of arrays with isopropanol and a cotton swab.

e Scan (we use an emission wavelength of 560 nm using an Affymetrix
GeneArray Scanner).

Notes: The Affymetrix fluidics station may also be used for the
staining/washing steps using the manufacturer’s instructions.

Analysis of microarray results:

Outlier masking:

e For each probe, look at all probes within the surrounding 5 probe x 5
probe region. If at least 13 of the 25 probes in this region differ from their
trimmed replicate mean (the mean of the three middle replicates,



excluding the highest and lowest replicates) by more than 10%, consider
this probe an outlier.

e Once these outlier probes have been identified, pad them by also
including any probes that are within a 5-probe radius (the square root of
row distance2 + column distance2 < 6).

e Also discard extreme single-probe outliers (points for which the replicate
intensity > (1.35 - (mean intensity)*0.000025) * mean intensity, and mean
intensity > 200). These extreme outliers are typically caused by bright
pieces of debris on the chip that affect only a single probe, and are
therefore not padded.

¢ Intensity values are then calculated for each tag by averaging all
unmasked replicates.

Array normalization:

e The uptags and downtags should be normalized separately because they
are amplified separately, and the intensities of the individual PCR
reactions will affect tag intensity on the array

e Average all unmasked values for each tag prior to normalizing the data.

« Normalize array data using quantile normalization®. To normalize a set of
arrays:

o For each set of tags (up and down), rank values obtained from
each array in order of increasing intensity.

o For each rank, assign the tag at that rank for each array to the
median of all values at that rank.

Notes: This method of normalizing is dependent on a standard curve to which
the arrays are normalized (the standard curve used above is the median of
the control arrays). To keep this curve from changing over time, it is best to
calculate one standard curve from a set of arrays and keep it for normalizing
future arrays.

Only experiments with a similar distribution of tag intensities can be
normalized together. For example, het and hom experiments must be
normalized separately, and experiments with different generation times
should also not be normalized together.

Non-parametric analysis (best for large-scale studies):

e For each tag, calculate the mean of the controls (u;) and the standard
deviation of the controls (o).

e Compute the 90™ percentile of the standard deviations across genes for
the uptags (k,), and separately for the downtags (kq).

e For each uptag with treatment intensity t, calculate (uc —t) / (¢ + ky).

e For each downtag with treatment intensity t, calculate (pc —t) / (oc + kq).



e For each strain, average all tags that are > 200 afu in the control arrays to
obtain a final sensitivity score. If a strain has no useable tags, set the
score to zero, indicating no information is available for that strain.

e Strains that are sensitive will have positive scores, while strains that are
resistant will have negative scores.

e Using 3 standard deviations from the mean is a stringent cutoff, but it also
suffers from a high false negative rate with few false positives. The cutoff
for sensitivity is therefore up to the user.

Notes: This method works best for large scale studies where it is possible to
generate a set of control arrays to use against many treatment sets (> 10
control arrays). Although a large number of control arrays are required, one
set of controls can be used to analyze many experimental arrays. One major
benefit is that the control arrays do not need to be processed on the same
day as the drug arrays to obtain a good result.

One caveat is that it is important that the control arrays represent as diverse a
set of samples as the treatment arrays (cells grown on different days, tag
PCRs done in different runs etc.) otherwise the standard deviation for tags in
the control set will be deceptively small, making strains appear more
sensitive/resistant than they actually are.

CelCompare (small scale studies):

e Multiply raw tag values by to correct for array saturation e

e For each tag, average the normalized values for all unmasked replicates

¢ Normalize the averaged values using quantile normalization

e To estimate background hybridization, take the mean intensity of the
unassigned tag probes.

e For each tag, take the log2 ratio of (control — background)/(treatment —
background).

e For each strain, average all tags that are > 200 afu in the control arrays to
obtain a final sensitivity score.

e Strains that are sensitive will have positive scores, while strains that are
resistant will have negative scores.

e The score corresponds to the log2 ratio of cells present in the control vs.
the treatment sample.

0.00031*(tag intensity)

Notes: This method works best for small-scale studies where it would be
inconvenient to generate the large number of control arrays required for non-
parametric analysis. Because only a small number of control arrays are used,
it is best to use control and drug arrays that were processed together (cells
grown on the same day, PCR amplified together, etc.) to minimize any
variation between the control and drug samples that is not related to the
treatment.



Any strains for which the treatment value is indistinguishable from
background have reached there maximum sensitivity score, so they may
actually be more sensitive than they appear in your data. To resolve the
sensitivity of these strains, sample earlier time points or examine the growth
of the strain individually as described below.

The data for strains with low representation in the pool is prone to noise due
to increased sampling error. One class of strains that is especially prone to
this problem is the slow-growing strains ', so data from these strains should
be carefully confirmed.

Recipes:
Primers:
NAME SEQUENCE
UPTAG 5'- GAT GTC CAC GAG GTC TCT - 3
DNTAG 5'-CGG TGT CGG TCT CGT AG - 3'
BUPKANMX4 5' biotin- GTC GAC CTG CAG CGT ACG - 3'
BDNKANMX4 5' biotin- GAA AAC GAG CTC GAATTCATCG-3
B213 5 -CTG AAC GGT AGCATCTTGAC -3

(the B213 oligonucleotide is a biotinylated control that hybridizes to the border
of the microarray)

UP mix = UPTAG and BUPTAGKANMX4 each at 100 pm/ul, mix in a 1:1
ratio.
DN mix = DNTAG and BDNKANMX4 each at 100 pm/ul, mix in a 1:1 ratio.

2X Hybridization buffer:
(Final 1X'is 100mM MES, 1 M[Na+], 20 mM EDTA, 0.01% Tween 20)

For 50 ml:

8.3 ml of 12X MES Stock

17.7 ml of 5M NaCl

4.0 ml of 0.5M EDTA

0.1 ml of 10% Tween 20

19.9 ml of H,0

Store at 4°C (shield from light)

12X MES stock (1.22M MES, 0.89 M[Na+]) (10ml):
0.70 g MES free acid monohydrate

1.9 g MES Sodium Salt

8 ml of H,0

Mix and adjust volume to 10 ml

The pH should be between 6.5 and 6.7.



Filter through a 0.2pum filter
Store at 4°C (shield from light)

Hybridization mix (90 pl final):

75 yl 2X hybridization buffer

0.5ul 213 ctrl oligonucleotide (0.2fm/pul)

12 pl of mixed oligonucleotides(12.5pm/ul)
3 pI 50X Denhardt's

The mixed oligonucleotides consist of 8 primers: the 4 amplification primers
and their complements, all unbiotinylated, at 100pm/ul, mixed 1:1 for a final
concentration of 12.5pm/ul each. These primers help keep the PCR product
single stranded by annealing to the common regions. Without these oligos,
the sense and antisense strands from two different tags could hybridize by
their common primer ends.

Wash A (6x SSPE-T):

Stocks 1 liter
20x SSPE 300mi
10% Tween Tmi
H>0 699mi
Wash B (3x SSPE-T):

Stocks 1 liter
20x SSPE 150ml
10% Tween Tmi
H>0 849ml

Biotin staining mix:

51.4 pl w/ 20X SSPE

3.4yl 50X Denhardt's

1.7ul 1% Tween 20

0.29 Ml 1mg/ml streptavidin-phycoerythrin (Molecular Probes catalog #S-
866)

114 pl dH20
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