SOP: inTAC-Seq protocol
Version: 2.0
OFFICIAL copy, distributed on 10/4/19

CIMAC

Date: October 3rd, 2019
Signature: _____________________________
Sean Bendall, PI, Stanford CIMAC

Introduction
ATAC seq (Assay for Transposase-Accessible Chromatin using sequencing) is a highly validated epigenomic
profiling assay that quantifies chromatin accessibility for regulation of transcription using preferential
transposon insertion by Tn5 transposase enzyme (Buenrostro et. al., 2013). This bulk assay is traditionally
carried out on live cells, but this limits its application to only assaying populations sorted on surface markers.
We developed the ability to carry out ATAC seq on fixed and permeabilized cells that have been sorted on
intracellular markers. The following protocol outlines the standard ATAC seq from the original paper and our
novel inTAC seq (Intracellular fluorescent activated cell sorted transposase accessible chromatin sequencing)
technique (Buenrostro et. al., 2013).
This protocol is carried out with live starting material with 50000 cells for the standard ATAC protocol and 35 million cells for inTAC protocol. There will be 3 technical replicates for each sample and if possible 2
biological replicates as well. The technical replicates will be processed together to ensure reproducible
genome alignment and calling peaks of accessibility.
Reagents
1. FoxP3 fix/perm buffer kit --- eBiosciences
2. Qiagen MiniElute purification kit
3. Nextera library prep (Tn5) kit from Illumina [FC-121-1030]
4. NEBNext PCR kit (M0541S)
5. Nuclease-free Water
6. DNA LoBind Tubes (Eppendorf #022431021)
7. AMPure® XP Beads (Beckman Coulter, Inc. #A63881)
8. ATAC permeabilization buffer [prepared fresh]
• 10mM Tris-Cl pH7.4
• 10mM NaCl
•
3mM MgCl2
•
0.1% Igepal CA-630
9. 2X Reverse crosslinking buffer [prepared fresh]
•
50mM Tris-Cl
•
2mM EDTA
•
2% SDS
•
0.4M NaCl
•
[added last] 1:100 dilution NEB P8107S proteinase K
10. IDT forward primer and IDT backward barcode primers [primer seq info in Supplement]
• IDT forward primer + each reverse barcode primer resuspended to 100mM stock
concentration
• Each barcode primer mix with forward and 1 reverse primer diluted to 25mM working
concentration for application in PCR amplification
11. Sybr-Green in DMSO
Equipments
1. Magnetic rack
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Cold room / 4C centrifuge
PCR tubes
PCR machine
qPCR machine [96 well plates, seals]
Shaking heating block
Bioanalyzer
Hi-Seq4000

Procedure
The protocol is divided into separate sections, but it is best to carry out the full protocol
sequentially in one go. There are steps which can be delayed for up to a day or 2 as indicated but
there will likely be DNA degradation. To carry out standard ATAC, skip directly to lysis step onwards
and skip reverse crosslinking step.

Prepping samples
1. Harvest cells from culture as appropriate for sample type
2. Transfer 3-5 million cells per sample into FACS tubes

Cell surface staining
1. Block non-specific Fc-mediated interactions: Pre-incubate the cells with 20 μL of Human Fc Receptor
Binding Inhibitor Purified per 100 µL for 10-20 minutes at 2-25°C before staining [optional]
2. Wash 1X with CSM at 250G
3. Resuspend the cells in predetermined titers of the cell surface staining master mix of flow cytometry
antibodies in total volume of 100 ul in CSM.
4. Incubate for at least 30 minutes at room temperature. Protect from light.
5. Wash 2X with CSM at 250G for 5min.

Fix and Permeabilization buffer prep
1. Prepare fresh Foxp3 Fixation/Permeabilization working solution by mixing 1 part of Foxp3
Fixation/Permeabilization Concentrate with 3 parts of Foxp3 Fixation/Permeabilization Diluent. One
mL of the working solution is required for each sample, if staining in tubes.
2. Prepare a 1X working solution of Permeabilization Buffer by mixing 1 part of 10X Permeabilization
Buffer with 9 parts of distilled water. 8.5 mL of the working solution is required for each sample, if
staining in tubes.

Fix/Perm and stain:
1. Add 1 mL of Foxp3 Fixation/Permeabilization working solution to each tube and pulse vortex briefly.
2. Incubate for 5 minutes at room temperature. Protect from light.
3. Add 2 mL of 1X Permeabilization Buffer to each tube and centrifuge samples at 600 x g for 5 minutes
at room temperature. Discard the supernatant. Repeat 1X.
4. Block with CSM 1ml/sample for 15min at room temperature. [Optional]
5. Wash 1X with Permeabilization Buffer at 600 x g for 5 minutes.
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6. Add intracellular antibody mix to cell pellet and re-suspend thoroughly in Permeabilization Buffer un
to 100ul total volume.
7. Incubate for at least 30 minutes at room temperature. Protect from light.
8. Add 2 mL of 1X Permeabilization Buffer to each tube and centrifuge samples at 600 x g for 5 minutes
at room temperature. Discard the supernatant. Repeat 1X.
9. Re-suspend stained cells in 200ul CSM.

FACS run
1. Run compensations and samples on FACS, gate out populations of interest [at least 200K cells per
population]
2. Keep cells on ice at all times.
3. Wash 1X in cold PBS
4. Re-count cells and take 50K cells per iATAC sample (critical: Ensure counting is exact) in cold PBS.

inTAC Lysis
1. Spin down cells at 500G for 5min and aspirate (critical: very carefully, remove as much liquid as
possible (Note: Pellet at an angle, may not be visible depending on cell type)
2. Cell lysis - with freshly prepared, cold lysis buffer - by adding 50ul onto cell pellet slowly, dropwise
without pipetting
3. Centrifuge for 10min at 500G at 4C and aspirate carefully.

inTAC Transposition
1. Make up master mix (MM) to 50ul per sample . Preparation as below: 1 sample mix X number of
samples + 1:
TD rxn
25ul
buffer [2X]
Tn5 TDE

2.5ul

Nucleasefree water

22.5ul

2. Briefly vortex master mix and spin down
3. Add 50ul of MM to each sample and pipette 2-3 times only (do not pipette excessively).
4. Spin down quickly and place in heating block at 37C for 30min with shaking at 300RPM.

Reverse cross-linking of fixation
1. Prepare 2X reverse crosslinking buffer fresh and add 1:100 of proteinase K last and mix well
2. Keep samples on ice and add 50ul of 2X reverse cross-linking buffer, pipette 3X to mix
3. Place on 65C shaker for 6h at 300rpm [maximum overnight if needed]

DNA purification after reverse crosslinking
1. Carry out Qiagen Mini elute PCR purification with 100ul starting volume
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2. Elute in 11.5ul of EB buffer 2X (23ul total)
3. Store at 4C for a few days if needed

Post-transposition DNA purification via Qiagen MinElute PCR Purification Kit (28006):
1) Cleanup reaction with a Qiagen MinElute Kit. Make sure to keep the kit exclusive to ATACseq experiments, specifically the cleanup of pre-amplification product. Using the kit for
other purposes, such as using it to cleanup post-amplification product may lead to
contamination of pre-amplified samples with post-amplified product.
a. The Zymo DNA Clean and Concentrator-5 Kit (cat# D4014) is also an option for DNA
purification. Just be sure to be consistent with the choice of DNA-cleanup kit for a
given study, even though the Qiagen MinElute and Zymo DNA Clean and
Concentrator-5 kits are known to be equivalent in their DNA purification functions.
2) Add 5 volumes of Buffer PB to 1 volume of the PCR reaction and mix with a pipette.
3) Remove MinElute columns from 4°C and place at room temperature. Add the PCR reaction
with Buffer PB to the MinElute column and centrifuge for 1 minute at 13,000 rpm
4) Discard the flow through. Place the MinElute column back into the same collection tube.
5) Wash the sample with 750 ul Buffer PE. Centrifuge for 1 minute at 13,000 rpm
6) Discard the flow through. Place the MinElute column back into the same collection tube.
Centrifuge the column for an additional 1 minute at maximum speed to remove residual
ethanol from Buffer PE, as this may interfere with other assays.
7) Place the MinElute column in a clean 1.5 ml microcentrifuge tube.
8) Add 11.5 ul of Buffer EB to the center of the MinElute column's membrane. Let the column
stand for 1 minute, then centrifuge for 1 minute at 13,000 rpm.
9) Repeat steps 7 and 8.
10) Place the eluted sample on ice and discard the MinElute column. The sample may be kept at
4°C overnight or for a few days.
Pre-amplification of transposed fragments:
Initial rtPCR Cycling Conditions
72°C
5 min
98°C
30 sec
Lid temperature: 105°C
Then 3 cycles of:
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cycles using NEBNext 2x MasterMix:
3 Cycle Pre-Amplification
25 uM Primer Ad1
25 uM Primer Ad2
2x NEBNext Master Mix
Transposed Sample

2.5 ul
2.5 ul
25 ul
20 ul
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98°C
10 sec
63°C
30 sec
72°C
1 min
Hold at 12°C

Total volume: 50 ul

2) Remove tubes from thermocycler and store on ice. Proceed to "qPCR amplification to
determine additional cycles" immediately.
a. Note: Using the Omni-ATAC protocol, the total number of cycles required for
amplication ranges between 5 and 12 cycles. Library complexity may become a
concern if more than 12 cycles are required for amplification. It's important that all
libraries undergo at least a 3 cycle pre-amplification to add on the appropriate
Illumina adapter sequences required for sample barcoding.
qPCR amplification to determine additional cycles using the KAPA Library Quantification Kit
The KAPA Library Quantification Kit (cat#KK4854) comes with standards that range from 20 pM to
0.0002 pM. Utilizing this kit after the pre-amplification allows for the calculation of sample
concentrations which are utilized to estimate final sample concentrations and determine the
number of cycles to be added to properly amplify libraries.
1) Pre-amplified samples should be diluted 1000 fold to fall within the concentration range of
the standards. To do this, first dilute 40x by adding 2 ul of sample into 78 ul of 10 mM TrisCl, pH 8.5. Next, dilute 4 ul of this 50x mixture in 96 ul of 10 mM Tris-Cl, pH 8.5 for a 25x
dilution. This results in a cumulative 1000x dilution.
2) Each qPCR reaction will be a 10 ul total volume. When first opening the kit, add the primer
to the enzyme mix. This will make the mix 5 parts enzyme and 1 part primer mix. For each
10 ul reaction, you will add 6 ul of this reaction mix (effectively adding 5 ul enzyme mix and
1 ul primer mix).
3) Run all samples in triplicate using 2 ul of library / standard / no template control per 10 ul
reaction.
a. Each well should contain 2 ul of DNA, 2 ul of sterile water, and 6 ul of the KAPA
reaction mix.
b. When running the no template control, substitute the 2 ul of DNA for 2 ul of sterile
water, effectively adding 4 ul of water to 6 ul of KAPA reaction mix.
c. After aliquoting samples for the KAPA Library Quantification qPCR, store them at 4°C
until after additional cycles have been calculated.
4) Run KAPA qPCR reactions according to the following thermal profile:
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KAPA Library Quantification Cycling Conditions
95°C
5 minutes
Then 35 cycles of:
95°C
30 seconds
60°C
45 seconds

Lid temperature: 105°C
Total volume: 10 ul

5) At the end of the run, extract the Ct values for all of the samples, and save them onto Box.
The file name for the raw data from the instrument should follow this format:
"Initials_ATACseq_PreAmp_qPCRrawfile_MonthDDYYYY".
6) Input the Ct values onto the qPCR template spreadsheet and calculate the number of cycles
required for the final amplification. The file name for the spreadsheet containing the qPCR
calculations should follow this format:
"Initials_ATACseq_PreAmp_CycleCount_MonthDDYYYY".
7) Input the number of pre-amplification cycles, as well as the total number of cycles of PCR
amplification, onto the master ATAC-seq spreadsheet.
8) Using the remainder of the pre-amplified DNA, run the required number of additional cycles
calculated in step 6. Remove the pre-amplified samples from 4°C (now containing 48 ul)
back into the thermocycler without the addition of any more reagents. Run reactions
according to the following thermal profile:
Final rtPCR Amplification Cycling Conditions
98°C 30 seconds
Then run N cycles, where
N = # of calculated cycles
63°C 30 seconds
72°C 1 min

Lid temperature: 105°C
Total volume: 48 ul

Post-amplification DNA cleanup with AMPure XP Beads
1) Leave AMPure beads at room temperature for 30 minutes before use.
2) Make fresh 70% ethanol and keep on ice
3) Vortex AMPure slurry for 30 seconds to resuspend beads evenly. Also, be sure to pipette
slowly to keep bead volumes consistent.
4) Off magnet - Add 1.8 times PCR product volume (48 ul) of bead slurry to DNA (reduce to 1:1
ratio to exclude more primer dimers).
5) Vortex briefly
6) Spin down and incubate the sample at room temperature for 5 minutes
7) On magnet - Pipette out the clear solution slowly, leaving 5 ul in the microcentrifuge tube.
Do not take up any beads.
8) Add 200 ul of 70% ethanol without pipetting. Incubate for 30 seconds at room temperature.
9) Remove as much ethanol as possible by pipetting.
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10) Repeat steps 8 and 9 for a total of two washes.
11) Leave beads to dry for 2 minutes. Do not over dry and crack beads.
12) Off magnet - Add 20 ul of Buffer EB and pipette mix 20 times to create a homogeneous mix.
Avoid adding bubbles.
13) Incubate at room temperature for 2 minutes.
14) On magnet - After the solution becomes clear, remove 18 ul of DNA and place into
Eppendorf 1.5 ml DNA LoBind tubes. Do not remove any beads when eluting.
15) Store ATAC libraries at 4°C
Library Fragment Size Determination with Agilent Tapestation 2200
1) Click the "2200 Tapestation" icon on the computer
2) Remove the buffer and the ladder from 4°C storage.
3) Create the standard by adding 2 ul of ladder to 2 ul of buffer
4) Obtain an 8-well PCR strip and aliquot 3 ul buffer and 1 ul of sample to each well
5) Add the PCR strip and the tips to the appropriate reservoir. The tips must be aligned to the
same side (e.g. all tips facing the left side). All 16 tips must be added for the instrument to
run.
6) Gently tap the tape on the edge of the lab bench to get rid of bubbles; insert the tape (blue
side on the left). If there is an error message, flip the tape over to the other side. Select
tubes on the screen via the left panel.
7) Start and save the file. File format should be as follows:
"Initials_ATACseq_Tapestation_MonthDDYYYY"
8) As samples are running, label the samples with samples names on the screen.
9) Remaining tapestation lanes can be used later. Wrap up unfinished tape and store it at 4°C.
10) Obtain sample concentration values between 150bp and 600 bp. Calculate the average size
and the molarity within this region for each sample.
Note: Tapestation plots (signal intensity versus fragment size in bp) should have a band around
200 bp, 400 bp and 600 bp as these are approximate lengths in bp of DNA wrapped around
nucleosomes. The 200 bp band should be the largest in signal intensity, followed by 400 bp
and then 600 bp.
ATAC-seq library concentration determination with the KAPA Library Quantification Kit
The KAPA Library Quantification Kit (cat#KK4854) comes with standards that range from 20 pM to
0.0002 pM. Most ATAC libraries should be approximately 30 nM post-amplification, although 5-fold
variation is possible and not detrimental to results. The minimum targeted concentration is 4 nM,
as Illumina instruments require this concentration of DNA to be input into their sequencing
protocols. For more information on qPCR amplification, see Buenrostro et. al 2015 (PMID:
25559105).
1) Post-amplification samples need to be diluted 20,000 fold to fall within the concentration
range of the standards. First, dilute the samples 100x by adding 1 ul of sample to 99 ul of 10
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mM Tris-Cl, pH 8.5. Next, dilute 1 ul of this diluted mixture in 199 ul of 10 mM Tris-Cl, pH 8.5
for a 200x dilution. This gives a 20,000x cumulative dilution.
2) Each qPCR reaction will be a 10 ul total volume. When first opening the kit, add the primer
to the enzyme mix. This will make the mix 5 parts enzyme and 1 part primer mix. For each
10 ul reaction, you will add 6 ul of this reaction mix (effectively adding 5 ul enzyme mix and
1 ul primer mix).
3) Run all samples in triplicate using 2 ul of library / standard / no template control per 10 ul
reaction.
a. Each well should contain 2 ul of DNA, 2 ul of sterile water, and 6 ul of the KAPA
reaction mix.
b. When running the no template control, substitute the 2 ul of DNA for 2 ul of sterile
water, effectively adding 4 ul of water to 6 ul of KAPA reaction mix.
c. After aliquoting samples for the KAPA Library Quantification qPCR, store them at 4°C
until after additional cycles have been calculated.
4) Run KAPA qPCR reactions according to the following thermal profile:
KAPA Library Quantification Cycling Conditions
95°C
5 minutes
Then 35 cycles of:
95°C
30 seconds
60°C
45 seconds

Lid temperature: 105°C
Total volume: 10 ul

5) At the end of the run, extract the Ct values for all of the samples, and save them onto Box.
The file name for the raw data from the instrument should follow this format:
"Initials_ATACseq_PostAmp_qPCRrawfile_MonthDDYYYY".
6) Input the Ct values onto the qPCR template spreadsheet and calculate sample
concentrations. The file name for the spreadsheet containing the qPCR calculations should
follow this format: "Initials_ATACseq_PostAmp_CycleCount_MonthDDYYYY".
Next Generation Sequencing (NGS) Pooling
1) Go to: https://support.illumina.com/help/pooling-calculator/pooling-calculator.htm
2) Type in the average concentration (nM) into the website
3) For pooled library concentration take the common denominator or the lowest average
concentration and round it to the nearest whole number
4) For total pooled library volume – we usually do 20ul to conserve sample, but this number
can be adjusted
5) Calculate and save data in excel. The file name should be formatted as:
"Initials_ATACseq_Pooling_MonthDDYYYY"
6) Obtain pcr tubes and 1 lobind tube
7) For buffer – you can use EB buffer, IDTE buffer or Tris-HCl (ph 8.5)
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8) Make the dilution then transfer the pooling volume into lobind tube. Repeat for all samples.
For samples that don’t need to be diluted, add the necessary library volume directly into the
lobind tube for NGS.
9) Vortex and spin down final pooled libraries
10) Run samples on the Illumina HiSeq-4000 SFGF.
11) Optional: Run low depth sequencing at Greenleaf/Chang lab as another QC measure

Data processing and analytics
The HiSeq4000 outputs NGS data in fasta/fastq format. The Kundaje ENCODE processing pipeline is used to
process the raw sequencing data to a genome aligned and filtered BAM file and a peak-called BED file
(Figure 1, Left). The called peaks of accessibility are then annotated and compared between samples (Figure
1, Right). Transcription factor foot printing is then carried out to predict active gene expression pathways
(Figure 1, Right).
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Figure 1. Overview of data processing (Left in red) and data analytics (Right in blue)
pipeline.
Our data processing pipeline is the ENCODE standard Kundaje pipe with numerous quality assessment
checks done on the genome aligned BAM files (Figure 1). The data processing pipeline starts with the paired
end reads getting cleaned by trimming to remove the sequencing adapters using the cutadapt package
(Martin, 2011). The reads are then aligned to the hg19 or hg38 human genome assembly using Bowtie2
algorithm (Langmead & Salzberg, 2012)(Figure 2). Unmapped reads, multi-mapped reads, PCR duplicates
and reads mapping to mitochondrial DNA are removed using SAMtools (H. Li et al., 2009)(Figure 2). The
genome aligned and filtered reads (BAM format) are fed into the MACS2 algorithm to call peaks of
accessibility. The Irreproducible Discovery Rate (IDR) is used to filter significant hits across replicates (Q. Li,
et. al., 2011).
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Figure 2. Quality assessment 1: Alignment and read count log after alignment with
bowtie2 and filtering with Kundaje ENCODE pipeline (ATAC data of CAR T therapy
product).
The aligned reads are checked for their distribution around the transcription start site (a known site of high
chromatin accessibility) (Figure 3). The read density also follows a known distribution of fragment lengths by
nucleosome spacing (Figure 3). Further QC steps were carried out using the ATACseqQC R package to obtain
the NFR score distribution and the read coverage of promoter vs transcript read coverage (Figure 4). We see
an expectedly higher proportion of reads at the promoter. The final QC step is the read distribution at
putative CTCF binding sites on the genome (Figure 4). CTCF is a well-known higher chromatin structural
regulator by regulating topological association domain boundaries. We expect to see transposon insertion
flanking CTCF sites and comparatively negligible insertion at the CTCF binding area. We see this
characteristic pattern from our CAR T therapy product ATAC data, thereby signifying accurate higher
chromatin structure capture (Figure 4).
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Figure 3. Quality assessment 2: Read density at transcription start sites have a
characteristic open distribution in ATAC seq (Left and Right top). The fragment lengths
are distributed by nucleosome spacing and the distribution is a secondary check for a
successful transposition experiment.

Figure 4. Quality assessment 3: NFR score distribution as well as promoter vs
transcript read coverage is of CAR T therapy product is shown (top plot). CTCF motif
footprint depicted by read density of positive strand (red) and negative strand (blue) at
putative CTCF binding sites as curated by MotifDB (bottom plot).
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Data analytics
Upon passing all the QC steps, all the samples from an experiment are combined into 1 matrix with peaks as
features and the corresponding sequencing depth normalized read counts per sample for each peak. In
order to compare between experiments, the data must be processed similarly and normalized together. The
list of peaks is the union of significant peaks across samples and they are generated by MACS2 after
combining all the sample BAM files and running it with a significance cutoff of q score < 0.01. These peaks
are annotated using the GREAT algorithm (Mclean et al., 2010) (Figure 1). The peaks are annotated with
significantly associated gene and genomic features such as regulatory regions and then proteins and
features in similar pathways are associated using CHIPseeker package (Yu, Wang, & He, 2015). The matrix is
then fed into DESeq2 to identify differentially accessible peaks between samples in an experiment (Love et.
al., 2014). Further motif analysis is carried out using the Brockman algorithm with curated position weight
matrices of transcription factors and chromatin-binding proteins from the JASPAR database (de Boer &
Regev, 2018). The transcription factor occupancy variation across samples can shed light on differentially
active gene expression programs. In conclusion, we have outlined our novel experimental technique (inTAC),
as well as the processing and analytics pipeline for the data.
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Supplement
ATAC forward and reverse primer seq [to order from IDT]
FORWARD primer:
Ad1_noMX AATGATACGGCGACCACCGAGATCTACACTCGTCGGCAGCGTCAGATGTG
REVERSE primers [24 unique barcodes]:
Ad2.1_TAAGGCGA CAAGCAGAAGACGGCATACGAGATTCGCCTTAGTCTCGTGGGCTCGGAGATGT
Ad2.2_CGTACTAG CAAGCAGAAGACGGCATACGAGATCTAGTACGGTCTCGTGGGCTCGGAGATGT
Ad2.3_AGGCAGAA CAAGCAGAAGACGGCATACGAGATTTCTGCCTGTCTCGTGGGCTCGGAGATGT
Ad2.4_TCCTGAGC CAAGCAGAAGACGGCATACGAGATGCTCAGGAGTCTCGTGGGCTCGGAGATGT
Ad2.5_GGACTCCT CAAGCAGAAGACGGCATACGAGATAGGAGTCCGTCTCGTGGGCTCGGAGATGT
Ad2.6_TAGGCATG CAAGCAGAAGACGGCATACGAGATCATGCCTAGTCTCGTGGGCTCGGAGATGT
Ad2.7_CTCTCTAC CAAGCAGAAGACGGCATACGAGATGTAGAGAGGTCTCGTGGGCTCGGAGATGT
Ad2.8_CAGAGAGG CAAGCAGAAGACGGCATACGAGATCCTCTCTGGTCTCGTGGGCTCGGAGATGT
Ad2.9_GCTACGCT CAAGCAGAAGACGGCATACGAGATAGCGTAGCGTCTCGTGGGCTCGGAGATGT
Ad2.10_CGAGGCTG CAAGCAGAAGACGGCATACGAGATCAGCCTCGGTCTCGTGGGCTCGGAGATGT
Ad2.11_AAGAGGCA CAAGCAGAAGACGGCATACGAGATTGCCTCTTGTCTCGTGGGCTCGGAGATGT
Ad2.12_GTAGAGGA CAAGCAGAAGACGGCATACGAGATTCCTCTACGTCTCGTGGGCTCGGAGATGT
Ad2.13_GTCGTGAT CAAGCAGAAGACGGCATACGAGATATCACGACGTCTCGTGGGCTCGGAGATGT
Ad2.14_ACCACTGT CAAGCAGAAGACGGCATACGAGATACAGTGGTGTCTCGTGGGCTCGGAGATGT
Ad2.15_TGGATCTG CAAGCAGAAGACGGCATACGAGATCAGATCCAGTCTCGTGGGCTCGGAGATGT
Ad2.16_CCGTTTGT CAAGCAGAAGACGGCATACGAGATACAAACGGGTCTCGTGGGCTCGGAGATGT
Ad2.17_TGCTGGGT CAAGCAGAAGACGGCATACGAGATACCCAGCAGTCTCGTGGGCTCGGAGATGT
Ad2.18_GAGGGGTT CAAGCAGAAGACGGCATACGAGATAACCCCTCGTCTCGTGGGCTCGGAGATGT
Ad2.19_AGGTTGGG CAAGCAGAAGACGGCATACGAGATCCCAACCTGTCTCGTGGGCTCGGAGATGT
Ad2.20_GTGTGGTG CAAGCAGAAGACGGCATACGAGATCACCACACGTCTCGTGGGCTCGGAGATGT
Ad2.21_TGGGTTTC CAAGCAGAAGACGGCATACGAGATGAAACCCAGTCTCGTGGGCTCGGAGATGT
Ad2.22_TGGTCACA CAAGCAGAAGACGGCATACGAGATTGTGACCAGTCTCGTGGGCTCGGAGATGT
Ad2.23_TTGACCCT CAAGCAGAAGACGGCATACGAGATAGGGTCAAGTCTCGTGGGCTCGGAGATGT
Ad2.24_CCACTCCT CAAGCAGAAGACGGCATACGAGATAGGAGTGGGTCTCGTGGGCTCGGAGATGT

