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A unique and universal
molecular barcode array

Sarah E Piercel, Eula L Fungz, Daniel F Jaramillo2,
Angela M Chu?, Ronald W Davis>3, 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-pum features
used on our previous tag array. We included five replicates of each
tag because the smallest available 8-um 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 TAG3, 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
CTGCGAGCAATCAGCCGATA
CTGCTGCGAAGTTCCGAGAA
CTTGCGAAGTGTATTCACCA
GAAGTGCGGCTAATATGCTA
GACCCAATTCTACAGCGTAA
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CGTTCGCGCACGCAATGTTA
GGATTGCGACATCGACTTCA
GGCCGTTCACAGGCTACTTA
GGGAATTACGTTAGACCGCA
GTACATTAGGTGACCGGAAA
GTCGGTGGACTATGATTCAA
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TCTGCTTTACTGCGTAGCCA
TCTGGATGACGTGTGATTCA
TCTGGATTACTCGCAGCTCA
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
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GTACTTAGGTGACCGGAAA
GTCGTGGACTATGATTCAA
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TCTGGGCCCGGTGTCATATA
TCTGCTCTACTGCGTAGCCA
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TCTGGATTATCGCAGCTCA
TGAAGAGCGTGCATCCTAA
TGAGCTGCACGGTCTCCCTA
TGAGGTCGATAGGCTCTCTA
TGATGGCACGTTGGACATA
TTCTTCTAGGTCGCATCCA
GTGATAGAGGATCAGCATC
TTTCATGCCGTAGTGTCGAA
TTTCAGGAGCTGTCGCGTA
TTGACGCCTGGCACTTGTA
AAGAGGATAAAGTGGTCTCC
AAGGAGTGAAACTTAGGTAC
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AATCTCCTAAACTGGCAGAC
ACAATCTGAAATAGCGCGGC
ACCATCAGAAATACTGTGCC
ACCCGGATAAAGTTAATCGC
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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