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increase the efficiency and yield of existing microfluidic droplet generators (Fig. 1b). With this setup, a pool of 42 

permeabilized cells or nuclei with pre-indexed transcriptomes can be encapsulated at much higher fill rates, aiming 43 

for multiple cells per droplet. Groups of cells contained in the same droplet will then share the same microfluidic 44 

(round2) barcode, but their single-cell transcriptomes can still be distinguished by the pre-indexing (round1) bar-45 

code. Importantly, this concept is superior to cell hashing with DNA-labelled antibodies6 or lipids7, which encode 46 

a cell’s identity by a single index sequence but do not barcode the entire transcriptome. Therefore, cell hashing can 47 

identify and exclude doublets from the downstream analysis, but cannot resolve their transcriptomes. To distin-48 

guish our new concept from conventional combinatorial indexing on multiwell plates, but still pay tribute to the 49 

elegant design of the original methods, we named it “single-cell combinatorial indexing with fluidic indexing” 50 

(scifi). 51 

 52 

Results 53 

Our method is fundamentally based on the assumption that microfluidic droplet generators can tolerate substantial 54 

overloading while maintaining a stable droplet emulsion with the desired random loading distribution. We suc-55 

cessfully validated this assumption for the popular Chromium platform commercialized by 10x Genomics3, 8 (Fig. 56 

1d-f), on which we focused our technology development due to its large user base and scalability through parallel-57 

ization into channels. Beyond this specific platform, the scifi method can be easily adopted to boost the throughput 58 

of other microfluidic platforms including Drop-seq1 and inDrop2, and it would also be relatively straightforward to 59 

implement for sub-nanoliter well plate assays such as Cyto-seq9, Seq-Well10, and Microwell-seq11. 60 

To test the capacity for overloading of the Chromium system, we prepared a nuclei suspension from human Jurkat 61 

cells and loaded it onto the system at different concentrations while omitting the lysis reagents. Without lysis 62 

reagents, the nuclei that have been loaded into the emulsion droplets stay intact and can be counted under a light 63 

microscope (Fig. 1d and Supplementary Fig. 2a-b). We first assessed the maximum recommended loading con-64 

centration for the Chromium device, which is 15,300 nuclei per microfluidic channel. Based on 609 representative 65 

droplet images, we found that only 16.4% of droplets contained one or more nuclei (average of 0.2 nuclei per 66 

droplet). Importantly, massive overloading did not clog the microfluidic channels and still resulted in a stable 67 

droplet emulsion (Supplementary Fig. 2c). As we scaled the loading concentration to 191,000; 383,000; 765,000 68 

and 1,530,000 nuclei per channel, droplet fill rate and the number of nuclei per droplet increased in a controlled 69 

fashion (Fig. 1e-f). When loading 1.53 million nuclei per channel, which constitutes ~100-fold overloading, we 70 

increased the droplet fill rate to 95.5% with an average of 9.6 nuclei per droplet (628 droplet images evaluated). 71 

Loading multiple cells or nuclei into the same droplet is a promising approach only in combination with pre-72 

indexing of the entire transcriptome, which would allow us to assign the RNA reads from a single droplet to the 73 

individual cells that were contained within it. To develop a suitable pre-indexing strategy, we modeled the droplet 74 

fill rate with a zero-inflated Poisson distribution (Supplementary Fig. 2d-e), and we calculated the expected per-75 

centage of doublets for defined numbers of round1 barcodes as a function of the droplet fill rate (calculations for 76 

96, 384, or 1,536 barcodes are shown in Fig. 1g). This analysis demonstrated that scifi-RNA-seq can distinguish 77 

large numbers of single cells with relatively few round1 indices, which has important practical advantages (includ-78 

ing easier handling, higher throughput, and lower setup cost). We independently confirmed this result by Monte 79 

Carlo simulations of the scifi process (Supplementary Fig. 2f). Due to the high complexity of the microfluidic 80 

round2 barcode (i.e., 737,000 indices when using off-the-shelf reagents), two-round scifi-RNA-seq already exceeds 81 

the barcoding capacity of much more tedious, damaging, three-round combinatorial indexing (Fig. 1h). 82 

The method design for scifi-RNA-seq is outlined in Fig. 1c, and shown with detailed oligonucleotide sequences in 83 

Supplementary Fig. 1. Similar to sci-RNA-seq4, 12 and SPLIT-seq5, permeabilized cells or nuclei are indexed with 84 

barcoded oligo-dT primers by reverse transcription on multiwell plates. This step labels the entire transcriptome 85 
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AM9260G), 50% glycerol (Sigma cat. no. G5516-100ML), 0.1% Triton-X100 (Sigma cat. no. X100-100ML), 1 341 

mM freshly added DTT (Sigma cat. no. 646563-10x.5ML)) was added. Reactions were incubated for 10 min at 55 342 

˚C, then cooled for 1 min on ice. The enzyme was inactivated by addition of 2.5 µl 10x Stop Solution (included 343 

with Lucigen cat. no. TNP92110) for 5 min at room temperature. Next, the volume was brought to 50 µl and the 344 

fragmented cDNA was purified with a 1.0x SPRI cleanup, eluting in 17 µl of EB buffer (Qiagen cat. no. 1014609). 345 

Library enrichment: 15 µl of tagmented cDNA were mixed with 5 µl of 10 µM barcoded P7 primer. Per reaction, 346 

a mix of 28.5 µl nuclease-free water, 50 µl NEBNext High Fidelity 2x Master Mix (NEB cat. no. M0541S), 1 µl 347 

of 100x SYBR Green in DMSO (Life Technologies cat. no. S7563) and 0.5 µl of 100 µM Partial-P5 primer were 348 

added. Reactions were incubated in a qPCR cycler: 72 ˚C for 3 min (for end fill-in after tagmentation), 98 ˚C for 349 

30 sec, Cycle {98 ˚C for 10 sec, 65 ˚C for 30 sec, 72 ˚C for 30 sec, plate read}. During the run, we monitored the 350 

fluorescence signal and removed samples from the thermocycler when they reached >4000 RFU. To complete 351 

unfinished PCR products, we incubated for 5 min at 72 ˚C in another thermocycler. Libraries were cleaned with a 352 

0.7x SPRI cleanup with AMPure XP beads. All wells with the same P7 barcode were pooled, and subjected to a 353 

0.8x SPRI cleanup, eluting in 0.2 bead volumes of EB buffer (Qiagen cat. no. 1014609). The final library concen-354 

tration was measured with the Qubit High Sensitivity DNA assay (Thermo Fisher Scientific cat. no. Q32854), and 355 

1.5 ng were run on a Bioanalyzer High Sensitivity DNA chip (Agilent cat. no. 5067-4626). 356 

Next-generation sequencing: Libraries were diluted to 2.0 nM with EB buffer (Qiagen cat. no. 1014609) containing 357 

0.1% Tween-20 (Sigma cat. no. P7949-500ML), and sequenced on the Illumina NovaSeq 6000 platform with 358 

standard sequencing primers and a read structure of 21 bases (Read 1), 8 bases (Index 1, i7), 16 bases (Index 2, i5), 359 

78 bases (Read 2). Depending on the expected number of single-cell transcriptomes, NovaSeq 6000 SP (Illumina 360 

cat. no. 20027464), S1 (Illumina cat. no. 20012865) or S2 (Illumina cat. no. 20012862) reagent kits were used. 361 

 362 

Theoretical expectation of collisions for scifi-RNA-seq experiments 363 

To obtain an expectation of cell doublets per compartment (droplet and/or well), we used the birthday problem as 364 

described by others4, 13, where the probability of collision of n cells in c compartments is defined as 365 

𝑝(𝑛, 𝑐) ≈ 1 − (
𝑐 − 1

𝑐
)

𝑛(𝑛−1)

2  366 

and the amount of cells per compartment c at a collision rate p is given by the reverse problem 367 

 𝑛(𝑝, 𝑐) ≈ √2𝑐 ∙  ln (
1

1−𝑝
). 368 

In this framework, combining pre-indexing with a microfluidic droplet generator is equivalent to the expectation 369 

of placing cells in a number of compartments that is the product of the number of pre-indexing compartments and 370 

the number of droplets with beads in the microfluidic device. These estimates provide a useful upper bound, but 371 

are an overestimate due to high-order collisions expected for high numbers of cells or nuclei. 372 

 373 

Monte Carlo experiments on microfluidic device loading 374 

As a complementary approach that makes no assumptions about specific distributions, we performed the following 375 

Monte Carlo experiments: We generated two vectors of size n for which we randomly sampled integers from the 376 

range of combinatorial indexing compartments r1 and microfluidics barcodes r2. We then calculated the fraction 377 

of non-one occurrences of the same r1 integer in the r2 compartments. This was repeated for a range of input cell 378 

numbers (n), r1 and r2 compartments and 100 iterations (i). 379 
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 530 

Supplementary Figure 4: Human cell line mixture experiment 531 

a) Selection of highly variable genes as input for principal component analysis. b) Variance explained by princi-532 
pal components. c) PCR projections of PC1 to PC7. Cell line assignments based on round1 indices are coloured. 533 
d) Transcriptome signatures measured by scifi-RNA-seq correctly identify each cell line in an RNA-seq data-534 
base. Of note, the CEM cell line was derived from T-cells and REH cells have a B-cell origin, which might ex-535 
plain their similarity to Jurkat and NALM6, respectively.  536 
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3. MATERIALS AND METHODS 

The following section contains detailed step-by-step protocols for CROP-seq (page 72) and scifi-RNA-seq 

(page 93). Both methods are provided as open source protocols and can be used for academic research 

without limitation. All oligonucleotide sequences, reagents and buffers required to reproduce our results 

are included in supplementary tables. The analysis code is available via public Github repositories, and 

raw data is available from the Gene Expression Omnibus (links and accession numbers can be found in the 

respective manuscript). To help interested labs to establish the protocol, we included detailed figures with 

exemplary results and data. 

As both methods are actively used and may evolve over time, we will make future updates of the protocols 

available via dedicated supplementary websites: 

http://crop-seq.computational-epigenetics.org 

http://scifi-rna-seq.computational-epigenetics.org 

 

  

http://crop-seq.computational-epigenetics.org/
http://scifi-rna-seq.computational-epigenetics.org/
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3.1. Step-by-step protocol for CROP-seq (CRISPR droplet sequencing) 

Authors: Paul Datlinger (pdatlinger@cemm.oeaw.ac.at), André F Rendeiro*, Christian Schmidl*, Thomas 

Krausgruber, Peter Traxler, Johanna Klughammer, Linda C Schuster, Amelie Kuchler, Donat Alpar and 

Christoph Bock (cbock@cemm.oeaw.ac.at). 

Future updates of the protocol will be shared via http://crop-seq.computational-epigenetics.org. 

3.1.1. Pooled, amplification-free cloning of gRNA libraries 

Validation of the CROPseq-Guide-Puro plasmid preparation 

Order the CROPseq-Guide-Puro plasmid from Addgene (86708), perform plasmid DNA extraction, and val-

idate by restriction digestion and Sanger sequencing. 

Plasmid validation by restriction digestion 

Restriction enzyme Buffer Temperature [C] Expected fragments [bp] 

SapI CutSmart 37 C 1171, 3394, 5649 

SphI NEB Buffer 2.1 65 C 1110, 3787, 5317 

 
Plasmid validation by Sanger sequencing 
Primer ID Primer sequence [5’ > 3’] Validates element(s) 
86708_p1 GAGGGCCTATTTCCCATGATTCC hU6, BsmBI site 
86708_p2 CAAATGCATGCTCTTCAACCTC BsmBI site, gRNA backbone, 3’ LTR 
86708_p3 GAGACAAATGGCAGTATTCATCCAC EF-1a 
86708_p4 TAAGTGCAGTAGTCGCCGTG EF-1a, Puro 
86708_p5 AGTCTTGTAAATGCGGGCCA Puro 
86708_p6 CACACTGAGTGGGTGGAGAC Puro 
86708_p7 AGCAACAGATGGAAGGCCTC WPRE 
86708_p8.1 TTGGGCACTGACAATTCCGT 3’ LTR, filler or gRNA 
86708_p10 GACGAACCACTGAATTGCCG Psi, Gag 
86708_p11 GGGAGCTAGAACGATTCGCA RRE 
86708_p12 TTCCTTGGGTTCTTGGGAGC cPPT 
86708_p13 CGAGTCAGTGAGCGAGGAAG 5’ LTR 

Preparation of CROPseq-Guide-Puro vector backbone 

Plasmid digestion 

Digest CROPseq-Guide-Puro plasmid and gel-purify the 8,333 bp fragment as indicated. Once prepared, 

the backbone fragment can be frozen at -20 C and re-used for cloning further gRNA libraries. 

Vector digestion mix    
 Per reaction Master mix for # of digestions 
Component Volume Amount 4 6 8 10 12 
CROPseq-Guide-Puro   5 g 

     

NEB Buffer 3.1 2.5 l 1x 10.0 15.0 20.0 25.0 30.0 

BsmBI 2 l 20 U 8.0 12.0 16.0 20.0 24.0 

Nuclease-free water  to 25 l      

mailto:pdatlinger@cemm.oeaw.ac.at
mailto:cbock@cemm.oeaw.ac.at)
http://www.medical-epigenomics.org/
http://www.addgene.org/86708/
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Distribute 25 l of vector digestion mix per well into a tube strip, incubate: 1 hour at 55 C (digestion), 20 

min at 80 C (inactivation of the enzyme), hold at 10 C. 

UV-free gel extraction  

<Note> Based on SNAP UV-Free Gel Purification Kit (Invitrogen cat. no. 45-0105) 

Prepare required number of 0.8% agarose gels with TAE buffer containing 1.8 g/ml Crystal Violet: 

Example for one gel: 0.4 g agarose in 50 ml TAE, plus 40 l of 2 mg/ml Crystal Violet Solution 

Important: use a thin comb for more intense bands, TBE is not compatible with this kit 

Load 8 g of DNA ladder in 25 l of water, mixed with 5 l of 6x Crystal Violet Loading Dye 

Load 25 l of each plasmid digestion, mixed with 5 l of 6x Crystal Violet Loading Dye 

Run at 80 V and observe the separation of bands with the naked eye  

Once the bands are sufficiently resolved, stop and isolate 8,333 bp fragment with gel-cutting tips 

Transfer gel slice to 1.5 ml tube, weigh to estimate the agarose volume (assuming that 1 mg ~ 1 l) 

Add 2.5 volumes of Sodium Iodide Solution 

Incubate at 42 C with occasional vortexing, until the agarose is completely dissolved 

Add 1.5 volumes of Binding Buffer, mix and load onto SNAP Purification Column 

Centrifuge at 3,000 rcf for 30 seconds 

Pour the flow through back onto the column and repeat the centrifugation, for a total of three times 

After the last centrifugation step, discard the flow through 

Wash two times with 400 l of 1x Final Wash Buffer, discard flow through after second centrifugation 

Centrifuge column for 1 min at > 10,000 rcf to remove residual wash buffer 

Transfer the column to a fresh 1.5 ml tube and elute with 40 l of EB buffer (10,000 rcf for 1 min) 

Important: incubate for at least 1 min to allow absorption into the column 

Transfer the eluate back to the column, and elute a second time as described above 

Measure 1 l of the eluate in a Qubit HS assay to determine the concentration of dsDNA 

<Safe Stopping Point> The backbone fragment can be stored at -20 C and re-used 

<Troubleshooting> If required, perform ethanol precipitation to further concentrate the DNA: pool multiple 

gel-purification reactions, add 1/10 volume of 3M sodium acetate, pH 5.5 and 2.5 volumes of 100% ice 

cold ethanol. Precipitate DNA for 30 min at -80 C, then spin for 20 min at 20,000 rcf at 4 C to pellet. Wash 

pellet two times with room temperature 70 % ethanol, leave to dry (take care not to over-dry the pellet) 

and elute in a smaller volume of EB buffer. 

Assembly of gRNA-encoding ssDNA oligonucleotides into vector backbone by Gibson Assembly 

Design gRNAs  

Recommended for manual design: https://benchling.com/, for automated design: https://github.com/ 

boutroslab/cld/. Order as separate ssDNA oligos, with 18 and 35 bases of homology to the hU6 promoter 

and gRNA backbone for Gibson Assembly. The 5’ prefix also adds a G as a constant first base for more 

https://benchling.com/
https://github.com/boutroslab/cld)
https://github.com/boutroslab/cld)
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efficient transcription from the hU6 promoter. Examples for positive controls (targeting essential genes) 

and negative controls (non-targeting) can be found in the original publication of CROP-seq (Supplemen-

tary Table 2). 

<Example> TGGAAAGGACGAAACACCG (5’ prefix, hU6 promoter and G as first base) + gRNA + 

GTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGC (3’ postfix, gRNA backbone) 

Gibson Assembly  

Dilute gRNA-encoding ssDNA oligos to 100 M with EB buffer. Pool all oligos contained in the library (in-

cluding positive and negative controls) in equal amounts. Dilute the oligo pool 1:1000 in EB buffer, result-

ing in a molarity of 100 nM. Set up Gibson assembly reactions for each library and the included NEBuilder 

HiFi positive control, as described below. 

Assembly of gRNA-encoding ssDNA oligos into the vector backbone by Gibson Assembly 

 Per reaction 

Component Volume Amount 

CROPseq-Guide-Puro backbone fragment (8,333 bp)  11 fmoles 
Library ssDNA oligos, pooled (100 nM) 2.0 l 200 fmoles 

NEBuilder HiFi DNA Assembly Master Mix 10 l 1x 

Nuclease-free water  to 20 l 

 

<Note> We use the following online tool to calculate the volume of backbone fragment required: 

http://nebiocalculator.neb.com/#!/dsdnaends 

Incubate at 50 C for 1 hour, then dialyze the reaction against water: 

Fill a 6 cm cell culture dish with HPLC-quality water, place membrane filter on top 

Pipette 20 l of the Gibson Assembly reaction and let float on top of the filter for 30 min 

<Note> This removes salts and makes the electroporation more efficient 

About 10 l of the Gibson Assembly reaction can be recovered after the filtration 

Electroporation of Lucigen Endura cells 

Preparations 

Prepare mixture of ice and water 

Thaw one vial of Lucigen Endura electrocompetent cells on ice (takes about 20 min, sufficient for cloning 

one gRNA library with two electroporations) 

Pre-chill two 1 mm electroporation cuvettes on ice 

Place two empty 2 ml tubes on ice 

Pre-warm Lucigen recovery medium at 37 C 

Pre-warm two 25 x 25 cm LB-agar plates containing 100 g/ml carbenicillin at room temperature 

http://nebiocalculator.neb.com/#!/dsdnaends
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Electroporation 

Aliquot 25 l of bacteria into pre-chilled 2 ml tubes, and keep on ice 

Add 10 l of de-salted Gibson Assembly to the bacteria and gently tap the tube to mix 

Transfer to electroporation cuvette, tap to bring contents to the bottom, check for air bubbles 

Prepare P1000 pipette filled with 1 ml of Lucigen recovery medium 

Electroporate with the following settings: 25 F, 200 , 1.5 kV   

Immediately after the pulse, add the prepared Lucigen recovery medium 

Gently pipet up and down two times, then transfer to round-bottom tubes 

Take a note of the time constant for the electroporation (should be ~4.5 msec) 

Incubate for 1 hour at 37 C for recovery 

Prepare a 1:100 dilution (10 l bacteria plus 990 l SOC medium), and plate 100 l on a 10 cm LB-agar 

dish 

Plate the remaining bacteria onto the 25 x 25 cm LB-agar plates 

Incubate for 20 hours at 32 C 

Plasmid preparation 

The next day, count colonies on the 1:1000 dilution plate and calculate the library coverage as follows: 

(number of colonies x 1000) / (number of gRNAs in library) 

Retrieve bacteria from plates as follows: 

Add 20 ml of pre-warmed LB medium to the plate, scrape off bacteria, and transfer to 50 ml tube 

Add another 30 ml of pre-warmed LB medium, tilt plate and transfer to 50 ml tube 

Spin at 4,700 rcf for 15 min to collect a bacterial pellet and discard supernatant 

Proceed with plasmid extraction using the Endo-Free Plasmid Mega kit (Qiagen #12381) according to the 

manufacturer’s instructions 

3.1.2. Next-generation sequencing of gRNA sequences for library quality control or pooled screens 

gRNA sequences are amplified from a CROPseq-Guide-Puro plasmid library or from the gDNA of trans-

duced cells (pooled screen) in a single PCR reaction with specially designed primers. This step adds all 

sequences required for compatibility with Illumina sequencers. In addition, i7 barcodes are provided for 

sample multiplexing, and stagger sequences can increase library complexity for Illumina sequencing.  

 

Primers for amplification of gRNAs for next-generation sequencing 

Primer ID Primer sequence [5’ > 3’] 

CROPseq_libQC_i5_s1 AATGATACGGCGACCACCGAGATCTACACACACTCTTTCCCTACACGACGCTCTTCCGATCTTCTTGTGGAAAGGACGAAACACCG 

CROPseq_libQC_i5_s2 AATGATACGGCGACCACCGAGATCTACACACACTCTTTCCCTACACGACGCTCTTCCGATCTATCTTGTGGAAAGGACGAAACACCG 

CROPseq_libQC_i5_s3 AATGATACGGCGACCACCGAGATCTACACACACTCTTTCCCTACACGACGCTCTTCCGATCTGATCTTGTGGAAAGGACGAAACACCG 

CROPseq_libQC_i5_s4 AATGATACGGCGACCACCGAGATCTACACACACTCTTTCCCTACACGACGCTCTTCCGATCTCGATCTTGTGGAAAGGACGAAACACCG 

CROPseq_libQC_i5_s5 AATGATACGGCGACCACCGAGATCTACACACACTCTTTCCCTACACGACGCTCTTCCGATCTTCGATCTTGTGGAAAGGACGAAACACCG 
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CROPseq_libQC_i5_s6 AATGATACGGCGACCACCGAGATCTACACACACTCTTTCCCTACACGACGCTCTTCCGATCTATCGATCTTGTGGAAAGGACGAAACACCG 

CROPseq_libQC_i7:1 CAAGCAGAAGACGGCATACGAGATCGAGTAATGTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTGTGTCTCAAGATCTAGTTACGCCAAGC 

CROPseq_libQC_i7:2 CAAGCAGAAGACGGCATACGAGATTCTCCGGAGTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTGTGTCTCAAGATCTAGTTACGCCAAGC 

CROPseq_libQC_i7:3 CAAGCAGAAGACGGCATACGAGATAATGAGCGGTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTGTGTCTCAAGATCTAGTTACGCCAAGC 

CROPseq_libQC_i7:4 CAAGCAGAAGACGGCATACGAGATGGAATCTCGTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTGTGTCTCAAGATCTAGTTACGCCAAGC 

CROPseq_libQC_i7:5 CAAGCAGAAGACGGCATACGAGATTTCTGAATGTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTGTGTCTCAAGATCTAGTTACGCCAAGC 

CROPseq_libQC_i7:6 CAAGCAGAAGACGGCATACGAGATACGAATTCGTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTGTGTCTCAAGATCTAGTTACGCCAAGC 

 
Functional elements 
    5’ part of i5 or i7 Illumina adapter 
    i7 index for sample multiplexing 
    3’ part of i5 or i7 Illumina adapter 
    stagger sequence to increase complexity for Illumina sequencing 
    primer binding site on CROPseq-Guide-Puro 

 

To retain a good library representation and reduce bias, multiple PCR reactions should be performed for 

each gRNA plasmid library or gDNA preparation. The number ultimately depends on the size of the gRNA 

library, but we mostly use four parallel PCR reactions. These reactions can use the same i7 barcode, so 

that they are demultiplexed into the same file during data processing. 

 

qPCR amplification of gRNAs from the plasmid library or gDNA of transduced cells  

 Per reaction 

Component Volume Amount 

CROPseq-Guide-Puro plasmid library  
or gDNA from a pooled screen 

 10 ng 
or 100 ng 

Q5 Hot Start High-Fidelity 2x Master Mix 25 l 1x 

CROPseq_libQC_i5 primer (10 M) 2.5 l 500 nM 

CROPseq_libQC_i7 primer (10 M) 2.5 l 500 nM 

Optional: SYBR Green, 100x 0.5 l 1x 

Nuclease-free water  to 50 l 

 

By adding SYBR Green, the reactions can be run in a qPCR machine and stopped just before reaching the 

plateau phase. This ensures that the optimal number of enrichment cycles is used. When running multiple 

samples, the machine can be paused during the denaturation phase. Pierce the foil to remove finished 

reactions, and resume the amplification of the remaining samples. 

Incubate as follows: 

98 C for 30 sec (initial denaturation) 

40 cycles { 98 C for 10 sec 

      72 C for 45 sec    } 

stop qPCR reactions just before they reach the plateau phase 

Clean PCR products with a 2.0x AMPure XP bead clean-up 
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Quality control on an Agilent Bioanalyzer High Sensitivity DNA chip should show a single band at 282 bp 

(an example is shown on the following page, in the Expected results section) 

Measure the dsDNA concentration in a Qubit HS assay 

Dilute library to 4 nM with EB buffer + 0.1% Tween based on size and concentration measurements 

Sequence on an Illumina MiSeq machine, using a 150-cycle v3 flowcell with a read configuration of 167 

bases (read 1) and 8 bases (i7 index). While this is the cheapest option, NextSeq and HiSeq instruments 

can be used instead 

3.1.3. Expected results for the pooled, amplification-free cloning of gRNA libraries 

gRNAs amplified from the plasmid pool during library quality control, or from genomic DNA in a classical 

pooled screen. The 282 bp PCR product is compatible with Illumina sequencing without further pro-

cessing. 

 

 

Typical representation of the gRNA library in the plasmid pool (left) and when amplified from genomic 

DNA in a pooled screen (right, day 10 post transduction). 
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3.1.4. Lentivirus production and cell culture for CROP-seq screens 

Production of lentiviral particles 

Prerequisites: 

Plasmid pool of gRNA library cloned as described in part A, and validated by NGS 

Plasmid preparations of the 3rd generation lentiviral packaging plasmids pMDLg/pRRE (Addgene 

12251), pRSV-Rev (Addgene 12253), and pMD2.G (Addgene 12259) 

Cell line(s) stably expressing Cas9 after transduction with lentiCas9-Blast (Addgene 52962). The lenti-

virus production and transduction protocols below can be used to produce this cell line 

<Note> The required scale of the lentivirus production depends on the size of the gRNA library and the 

planned experiments. For most applications 10 cm dishes, or even 6-well plates should suffice, due to 

the relatively high titers achieved with the CROPseq-Guide-Puro construct. Numbers for both formats 

are provided below (color-coded). 

<Important> Dispose of lentivirus-containing materials according to your institute’s biosafety guide-

lines. Persons performing experiments with lentivirus must be properly trained. 

Prepare lentivirus packaging medium: Opti-MEM I, 5% FCS, 200 M sodium pyruvate, no antibiotics 

Seed HEK293T cells at 7 million cells per 10 cm dish in 12 ml of lentivirus packaging medium, or at 

1.2 million cells per well on a 6-well plate in 2 ml of lentivirus packaging medium 

The next morning proceed with the transfection 

Prepare transfection mixtures A and B as indicated below 

 

Transfection of HEK293T cells for lentivirus production 

  10 cm dish 6-well plate 

Transfection mix Component Volume Amount Volume Amount 

A CROPseq-Guide-Puro gRNA library, plasmid pool  10.2 g 
 

1.7 g 

pMDLg/pRRE  5.4 g 
 

0.9 g 

pRSV-Rev  5.4 g  0.9 g 

pMD2.G  5.4 g  0.9 g 

Opti-MEM I 1.5 ml  250 l  

P3000 enhancer reagent 36 l  6 l  

B Opti-MEM I 1.5 ml  250 l  

Lipofectamine 3000 reagent 42 l  7 l  

 

Prepare lipid-DNA complexes by combining transfection mixes A and B, and incubating for 20 min at 

room temperature 

In the meantime, remove 6 ml, or 1 ml of medium from the HEK293T cells 

Add 3 ml or 500 l of lipid-DNA complexes to the HEK293T cells, and gently agitate 

After 6 h of incubation at 37 C and 5% CO2 exchange medium for 12 ml or 2 ml of fresh lentivirus 

packaging medium 

Collect lentivirus-containing medium after 24 h, store at 4 C, add 12 ml or 2 ml of fresh lentivirus 

packaging medium 

http://www.addgene.org/12251/
http://www.addgene.org/12253/
http://www.addgene.org/12259/
http://www.addgene.org/52962/
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Collect lentivirus-containing medium after 48 h, pool with supernatant obtained the previous day 

and filter through a 0.45 m filter to remove cells 

Aliquot lentivirus preparation into cryotubes and freeze at -80 C 

Proceed with titration of the lentivirus preparation and pooled screening 

Titration of lentivirus preparations (optional) 

<Note> To save time, transductions for pooled screens can be performed with variable volumes of the 

virus preparation. All transduction conditions are then selected for 2 days, and the condition with the 

desired MOI can be chosen for the screen. 

Seed HEK293T cells onto 24-well plates at 50,000 cells per well in 500 l of complete culture me-

dium (DMEM, 10% FCS, penicillin-streptomycin) 

Grow overnight at 37 C and 5% CO2 so that cells reach 30% to 50% confluence 

Exchange culture medium for 450 l complete culture medium, supplemented with 8 g/ml 

polybrene 

Thaw one vial of the lentivirus preparation from storage at -80 C 

In a 96-well plate, prepare a 1:5 dilution series of the lentivirus preparation in complete culture me-

dium with polybrene, ranging over 10 wells (dilution factors from 1:5 to 1:9,765,625) 

Test the original stock, and each dilution in duplicate, by adding 50 l per well to the 24-well plate 

with HEK293T cells (this requires 2 x (1 + 10) = 22 wells). 

The remaining two wells serve as untransduced controls.  Add 50 l complete culture medium con-

taining polybrene to test for toxicity of polybrene to cells (possible for some cell types). 

24 h post transduction exchange the medium for 500 l complete culture medium without 

polybrene 

48 h post transduction start selection with puromycin and renew selective medium every 2-3 days. 

The table below provides common antibiotic concentrations we use for puromycin selection, but ul-

timately the concentration will depend on the cell line used. 

 

Examples of selection conditions used in our lab  

Cell line 
c(Puromycin) [g/ml] 

to select for gRNA 
c(Blasticidin) [g/ml] 

to select for Cas9 
K562 2 30 

Jurkat 2 25 

MV4-11 1 20 

KBM7 0.5 20 

HEK293T 2.25 22.5 

NALM-6 0.75 30 

 

As soon as cells in the untransduced controls are dead, remove medium and wash once with 1x PBS 

Stain colonies for 15 min in a solution of 1% (w/v) crystal violet in 10% ethanol 

Wash several more times with 1x PBS, count colonies for two dilution factors, and two replicates 

each 

Calculate the virus titer (transducing units/ml) as: 

(average number of resistant colonies) x (dilution factor of well) x (1,000 l/50 l) 
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Example for a typical gRNA library: 

56 and 66 colonies were counted for the well with dilution factor 15,625 

((56 + 66) / 2) x (15,625) x (1,000 l/50 l) = 1.9 x 107 TU/ml 

Transduction of suspension cells for pooled CROP-seq screens 

Seed suspension cells in 6-well plates at 5 million cells per well in 2 ml of complete culture medium 

(depends on cell line), supplemented with 8 g/ml polybrene and blasticidin (we recommend to keep 

up selection for lentiCas9-Blast throughout the screen, as it is easily silenced; please refer to the table 

above for suggestions on blasticidin concentrations for various cell lines). 

Option 1 (virus titer was measured): Add calculated volume of lentivirus preparation for the desired 

MOI to one well, use a second well as untransduced control. 

Option 2 (virus titer unknown): Transduce five wells with different volumes of the lentivirus prepara-

tion (e.g. 250 l or 50 l of the original stock, or 50 l of 1:3, 1:6 and 1:12 dilutions). The sixth well is 

left untransduced. 

Immediately after addition of lentiviral particles, centrifuge the plate for 45 min at 1,200 rcf and 37 C 

(spinfection), followed by over night incubation at 37 C and 5% CO2. 

24 h post transduction, pellet cells in 15 ml tubes, remove supernatant. Transfer cells to T75 cell cul-

ture flasks in 30 ml of fresh complete culture medium supplemented with blasticidin (still only select-

ing for lentiCas9-Blast). 48 h post transduction, start selection for the gRNA library by adding puromy-

cin directly to the flask. Renew selective medium containing blasticidin and puromycin every 2-3 days 

for a total of 7-10 days to allow for efficient genome editing. If option 2 was chosen, select the flask 

with about 30% surviving cells after 2 days of puromycin selection.  

Transduction of adherent cells for pooled CROP-seq screens 

Seed adherent cells in 15 cm dishes at 5 million cells per plate in 20 ml of complete culture medium 

(depends on cell line) supplemented with 8 g/ml polybrene and blasticidin (we recommend to keep 

up selection for lentiCas9-Blast throughout the screen, as it is easily silenced; please refer to the table 

above for suggestions on blasticidin concentrations for various cell lines). 

Option 1 (virus titer was measured): Add calculated volume of lentivirus preparation for the desired 

MOI to one plate, use a second plate as untransduced control. 

Option 2 (virus titer unknown): Transduce five plates with different volumes of the lentivirus prepara-

tion (e.g. 250 l or 50 l of the original stock, or 50 l of 1:3, 1:6 and 1:12 dilutions). A sixth plate is 

used as the untransduced control. 

After addition of lentiviral particles, swirl the plate gently to mix and incubate over night at 37 C and 

5% CO2. 24 hours post transduction, exchange medium for fresh complete culture medium supple-

mented with blasticidin (selecting for lentiCas9-Blast). At 48 h post transduction, start selection for 

the gRNA library by adding puromycin directly to the plate. Renew selective medium every 2-3 days 

for a total duration of 7-10 days to allow for efficient editing. If option 2 was chosen, select the plate 

with about 30% surviving cells after 2 days of puromycin selection. 
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3.1.5. Single-cell RNA-seq based on Drop-seq 

Modified from: Macosko et al. 2015 and additional protocols (http://mccarrolllab.com/dropseq/) 

Droplet microfluidics 

Prepare cells 

Collect cells by centrifugation at 300 rcf for 5 min 

<Note> Centrifugation speed and time might need to be adjusted for other cell types 

Wash once with 1 ml of PBS-0.01% BSA (make fresh on the day of the run) 

Remove supernatant and resuspend in 1 ml of PBS-0.01% BSA 

Filter through a 40 m cell strainer to obtain a single-cell suspension 

Measure cell concentration twice using a cell counter 

<Note> We use a CASY device, but any alternative method can be used 

Dilute to 220 cells per l using PBS-0.01% BSA in a tube that allows easy uptake by the syringes 

Check concentration of diluted cells twice 

Prepare beads 

Mix 1.6 ml of Drop-seq lysis buffer (stored at 4 C) with 80 l of DTT (stored at room temperature) 

Dilute Drop-seq beads as follows 

Resuspend Drop-seq beads (stored at 4 C) by very gentle shaking 

Immediately transfer the equivalent of 225,000 beads to a 1.5 ml tube 

Centrifuge for 1 min at 1,000 rcf 

Remove supernatant and take up beads in 1.5 ml of lysis buffer with DTT (150 beads per l) 

Transfer to a tube that allows easy uptake by the syringes 

Drop-seq 

<General comment> To load syringes, cut a 200 l pipet tip without filter on both ends (to reduce shear 

force and to facilitate attachment to the syringe). After loading, invert the syringe, pull up whatever is 

left in the tip, discard tip, tap or push to remove air bubbles and attach a safe-lock needle and tubing 

using tweezers (be careful not to puncture your fingers!). Press syringe until tubing is free of air bub-

bles. 

Load oil into a 10 ml syringe 

Load cells into a 3 ml syringe 

Place Drop-seq microfluidic device on microscope stage 

Attach tubing for oil and cells and connect the outlet to a 50 ml tube (labelled “waste”) 

Prepare a second 50 ml tube for collecting droplets once the run is stable 

Load beads 

<Critical step> Loading the beads is a critical step, as they can easily settle or clump. This can clog the 

needle or lead to an uneven bead concentration throughout the run. 

http://mccarrolllab.com/dropseq/
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Remove plunger from 3 ml syringe, then insert magnetic mixing disc and push plunger back 

Set plunger of the empty syringe to 1.5 ml, attach to the pump 

Set up the magnet to 1 jump per second and keep switched on 

Detach empty syringe from pump 

Use a P1000 to gently mix the bead solution (careful not to form air bubbles) 

Load the syringe while gently agitating the bead solution; immediately invert the syringe to avoid 

clogging the needle (hold syringe with needle facing upwards) 

Gently push the bead solution through the tubing, then connect tubing for bead solution to the mi-

crofluidic device 

Finally, attach the syringe to the pump with the needle facing downwards (the magnet is still running 

and starts mixing immediately) 

Set flow rate to 1.6 ml/h for cells and beads, 8 ml/h for the oil, and make sure the pump is set to the 

specific syringe type 

Start the pumps in the order cells > beads > oil 

<Note> Cells are started first to avoid a backflow of lysis buffer contained in the bead solution 

<Troubleshooting> If you want to stop the run for whatever reason, the order is beads > cells > oil 

Check droplets from time to time under the microscope by adding a few drops from the outlet tub-

ing onto a glass slide. 

<Note> About 5% of droplets should contain a bead. Cells are lysed within seconds and are therefore 

not visible. 

Start collecting droplets in a 50 ml tube if the droplet size is homogenous 

As the run progresses, the mixing disk will stop jumping because it gets blocked by the plunger (ap-

proximately when the plunger reaches the 0.4 ml marking). A typical run lasts for 35-40 min, filling 

the 50 ml tube to 7.5 – 10 ml. Make sure to retrieve the mixing disc from the bead syringe at the 

end. 

Proceed with droplet breakage on the same day. When performing multiple runs per day, 50 ml 

tubes containing droplets can be stored at 4 C and further processed together. 

Droplet breakage 

Remove as much oil below the droplet layer as possible 

Add 30 ml of 6x SSC buffer 

Add 1 ml of perfluoroctanol 

Shake forcefully by hand 6 times to break the droplets 

Bead capture 

Label the top side of a 0.22 m filter unit, remove plunger from a 20 ml syringe, attach syringe to 

0.22 m filter unit, place on a fresh 50 ml tube and pour the bead-containing sample into the syringe 

Then place plunger back and filter as usual 

Discard 50 ml tube with flowthrough and the syringe, but keep the filter containing the beads 

<Note> The beads are retained in the 0.22 m filter unit, due to their relatively large diameter 
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Washing beads 

Place filter unit (top side up) on a fresh 50 ml tube, pour 6x SSC buffer into a reservoir, take up 20 ml 

from the reservoir with a fresh syringe, attach to filter unit on 50 ml tube and wash the beads 

Repeat once for a total of two washes  

Keep the wash fraction and filter, and discard the syringe 

<Note> Beads are still retained in the filter unit, and only washed in the process 

Eluting beads 

Invert the filter unit and place it on a fresh 50 ml tube 

Cut a 200 l tip without filter on both ends, it will serve as an adapter to connect the bottom side of 

the 0.22 m filter to a 10 ml syringe 

Then elute beads three times with 10 ml of 6x SSC buffer 

<Note> Beads have now been collected in the 50 ml tube in a total volume of 30 ml 

Concentrating beads 

Spin 50 ml tubes for wash and elution fractions for 2 min at 1,250 rcf with brake speed set to 50% 

(or use ‘soft’ setting if available) 

<Note> Reducing the brake speed is critical, to prevent kicking beads back into solution 

Compare pellets between wash and elution fraction, discard wash fraction unless there is a pro-

nounced pellet as well 

Remove supernatant from the elution fraction until only about 1 ml remains in the tube 

Wash bead pellet once with 10 ml 6x SSC buffer, centrifuging with the above settings 

Remove the supernatant carefully with a P1000 pipette 

Take up the pellet in 200 l of 5x reverse transcription (RT) buffer and transfer to a 1.5 ml tube 

Spin 1.5 ml tube at 1,250 for 2 min with brake speed set to 50% (or ‘soft’ setting) 

Remove as much of the RT buffer as possible without disturbing the beads 

Immediately proceed with the reverse transcription 

Preparation of cDNA library 

Reverse transcription 

Prepare reverse transcription master mix as indicated in the table below. The volumes provided al-

ready compensate for 10% dead volume. 

Reverse transcription master mix 

  Per reaction Master mix for # of Drop-seq runs  

Component Stored at Volume Amount 1 2 3 4 5 6 

Nuclease-free water RT 75 l to 200 l 82.5 165 247.5 330 412.5 495 
Maxima 5x RT buffer -20 C 40 l 1x 44 88 132 176 220 264 
20% Ficoll PM-400 4 C 40 l 4% 44 88 132 176 220 264 
10 mM dNTPs -20 C 20 l 1 mM 22 44 66 88 110 132 
Recombinant RNase inhibitor -20 C 5 l 200 U 5.5 11 16.5 22 27.5 33 
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50 M template switching oli-
gonucleotide 

-80 C 10 l 2.5 M 11 22 33 44 55 66 

Maxima H-RTase -20 C 10 l 2000 U 11 22 33 44 55 66 

Resuspend bead pellet(s) from the previous step in 200 l of reverse transcription master mix 

Transfer to a 96-well plate and incubate in a thermocycler with heated lid 

30 min at 25 C 

90 min at 42 C 

Storage at 4 C 

<Safe stopping point> The finished reverse transcription reaction can be stored at 4 C over night or 

left at 4 C in the thermocycler 

Exonuclease I treatment 

Wash 1 (centrifuge 96-well plate for 2 min at 1,250 rcf with brake speed set to 50% throughout) 

Wash beads once with 200 l of TE-SDS 

Wash beads twice with 200 l of TE-TW 

Wash beads once with 200 l of 10 mM Tris, pH 8.0 

Prepare exonuclease I master mix as indicated in the table below. The indicated volumes already ac-

count for 10% dead volume 

 

Exonuclease I master mix 

  /reaction Master mix for # of Drop-seq runs 

Component Stored at Volume Amount 1 2 3 4 5 6 

Nuclease-free water RT 170 l to 200 l 187 374 561 748 935 1122 

10x Exonuclease I buffer -20 C 20 l 1x 22 44 66 88 110 132 

Exonuclease I -20 C 10 l 200 U 11 22 33 44 55 66 

 

Remove supernatant carefully, and resuspend the bead pellet in 200 l of exonuclease I master mix 

Incubate for 45 min at 37 C 

Wash 2 (centrifuge 96-well plate for 2 min at 1,250 rcf with brake speed set to 50% throughout) 

Wash beads once with 200 l of TE-SDS 

Wash beads twice with 200 l of TE-TW 

<Safe stopping point> Sample can be stored in TE-WE at 4 C 

SMART PCR to enrich cDNA library 

Pellet beads by centrifuging for 2 min at 1,250 rcf with the brake speed set to 50% 

Remove supernatant and resuspend bead pellet in 400 l of nuclease-free water 

Estimate bead concentration 

<Note> Drop-seq beads have a very high sedimentation rate, make sure to mix thoroughly immedi-

ately before pipetting bead-containing solution 

Prepare PCR tube strip, containing 7.5 l of 6x gel loading dye per well (one well per bead sample) 

<Note> The gel loading dye helps to evenly distribute beads in the counting chamber later on 
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Mix bead solution by pipetting up and down with a P200 

Quickly remove 37.5 l of bead suspension, mix with the 6x gel loading dye in the tube strip and load 

20 l into each of the two chambers of a disposable Incyto C-Chip with Fuchs-Rosenthal grid 

Count >4 squares for both chambers and calculate the average number of beads per square 

Calculate total amount of beads per tube as 

[(Average number of beads per square) x 5,000 x 1.2] * 0.3625 = x beads in original tube 

where 5,000 is the chamber volume factor, 1.2 the dilution factor (gel loading dye) and multiplica-

tion by 0.3625 converts to the total amount of beads left in the original tube (now containing 362.5 

l) 

Dilute bead solution to 220 beads per l as follows 

Pellet beads by centrifuging for 2 min at 1,250 rcf with the brake speed set to 50% 

Remove supernatant and resuspend in (x / 220) = y l of nuclease-free water, where x is the total 

number of beads in the pellet, as calculated above 

Calculate number of PCR reactions as 

y / (20+1) = n PCR reactions 

where y is the volume used for diluting beads, 20 is the volume for 4,400 beads used in a single PCR 

reaction, and +1 accounts for 5% dead volume during pipetting 

Prepare SMART PCR master mix as indicated in the table below 

 

SMART PCR master mix 

  /reaction 

Component Stored at Volume Amount 

Nuclease-free water RT 4.6 l to 50 l 

100 M SMART PCR primer -20 C 0.4 l 0.8 M 
2x Kapa HiFi HotStart ReadyMix -20 C 25 l 1x 

 

Aliquot 20 l of beads into 96-well plates 

<Note> This corresponds to 4,400 beads or approximately 220 cells per PCR 

Add 30 l of SMART PCR master mix per well 

Incubate PCR as follows 

95 C for 3 min 

4x {  98 C for 20 sec, 

     65 C for 45 sec, 

   72 C for 3 min  } 

10x { 98 C for 20 sec, 

  67 C for 20 sec, 

  72 C for 3 min  } 

72 C for 5 min 

Storage at 4 C 
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<Note> Depending on the cell type, the number of PCR cycles might need optimization. These cycle 

numbers have worked well on cell lines. 

Purification, quality control and pooling of SMART-PCR enriched cDNA 

Purification of SMART PCR products 

<Note> Perform with multichannel pipettes in 96-well format  

Add 30 l of room temperature AMPure XP beads to each PCR reaction (0.6x bead to sample ratio) 

Incubate for 10 min at room temperature 

Place on magnet for 5 min 

Wash twice with 80% ethanol (5 sec per wash) 

Leave to dry for 5 min 

Elute in 10 l nuclease-free water 

Run 1 l of randomly selected wells on a Bioanalyzer High Sensitivity Chip according to the manufac-

turer’s instructions. This should confirm high quality of the cDNA (peak maximum >1000 bp without 

bands that would indicate degradation), and low or undetectable amounts of primer dimer for-

mation (peak at 150 bp). 

<Troubleshooting> If a pronounced primer dimer peak is present at 150 bp, repeat the 0.6x AMPure 

XP bead clean-up one more time. Usually, this removes the peak entirely. 

Measure the dsDNA concentration for all wells using a Qubit HS DNA assay 

Based on these measurements, pool all SMART PCRs for a particular Drop-seq run in equal amounts 

Measure the dsDNA concentration of each pool using a Qubit HS DNA assay, this concentration is 

needed for the Nextera XT library preparation. 

<Safe stopping point> Enriched cDNA pools can be kept at 4 C, or stored long-term at -20 C 

Nextera XT library preparation 

Tagmentation 

In a PCR tube strip, prepare 1 ng of pooled cDNA per Drop-seq run in a total volume of 5 l of nucle-

ase-free water 

Preheat a thermocycler to 55 C 

Transfer Nextera XT Neutralization Buffer from storage at 4 C to room temperature 

Prepare Nextera XT tagmentation master mix as indicated in the table, the volumes are already ac-

counting for 10% dead volume 

 

Nextera XT tagmentation master mix 

                                        Master mix for # of Drop-seq runs 

Component Stored at Volume 1 2 3 4 5 6 

Nextera TD buffer -20 C 10 l 11 22 33 44 55 55 
Amplicon tagment enzyme -20 C 5 l 5.5 11 16.5 22 27.5 27.5 

 

Add 15 l of tagmentation master mix per well, and pipette up and down to mix 
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Incubate at 55 C for 5 min 

Immediately add 5 l of Neutralization Buffer to stop the reaction 

Incubate at room temperature for 5 min 

Nextera XT PCR enrichment 

Prepare Nextera XT PCR master mix as indicated in the table below. The volumes provided already 

account for 10% dead volume lost during pipetting. 

 

Nextera XT PCR master mix    

 / reaction Master mix for # of Drop-seq runs 

Component Stored at Volume 1 2 3 4 5 6 

Nuclease-free water RT 8 l 8.8 17.6 26.4 35.2 44 44 

Nextera PCR mix -20 C 15 l 16.5 33 49.5 66 82.5 82.5 

10 M New-P5-SMART PCR 
hybrid oligo 

-20 C 1 l 1.1 2.2 3.3 4.4 5.5 5.5 

10 M Nextera N70X oligo -20 C 1 l 1.1 2.2 3.3 4.4 5.5 5.5 

 

Add 25 l of Nextera XT PCR master mix to the tagmentation reaction, bringing the volume to 50 l 

Incubate PCR 

95 C for 30 sec 

10x { 95 C for 10 sec, 

  55 C for 30 sec, 

  72 C for 30 sec  } 

72 C for 5 min 

Storage at 4 C 

Purification of the final library 

Clean-up 1 (perform with multichannel pipettes in the PCR tube strip) 

Add 30 l of room temperature AMPure XP beads to each PCR reaction (0.6x bead to sample ratio) 

Incubate for 10 min at room temperature 

Place on magnet for 5 min 

Wash twice with 80% ethanol (5 sec per wash) 

Leave to dry for 5 min 

Elute in 32 l of nuclease-free water, then transfer 30 l to a fresh PCR tube strip 

Clean-up 2 

<Note> Both clean-up steps are required to remove PCR primers that might interfere with sequencing 

Add 30 l of room temperature AMPure XP beads to each PCR reaction (1.0x bead to sample ratio) 

Incubate for 10 min at room temperature 

Place on magnet for 5 min 

Wash twice with 80% ethanol (5 sec per wash) 

Leave to dry for 5 min 

Elute in 10 l of nuclease-free water, then transfer to 1.5 ml tubes for long-term storage at -20 C 
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Library quality control and next-generation sequencing 

Quality control and dilution of the CROP-seq library 

Run 1 l of the final library on a Bioanalyzer High Sensitivity DNA chip according to the manufac-

turer’s instructions. 

<Note> To increase the likelihood that fragments contain the gRNA sequence, CROP-seq uses a 

slightly larger library fragment size. This is achieved by adding more cDNA as input for the Nextera 

XT tagmentation reaction. Sometimes, the final library might appear a bit skewed towards larger 

fragments, which does not have a negative impact on the sequencing results. 

Estimate the average size of the library from the Bioanalyzer profile. 

<Note> For symmetrical libraries the peak maximum can be used; for skewed libraries the average 

fragment size is estimated based on the fragment distribution. We usually use 575 bp. 

Measure the concentration of dsDNA in a Qubit DNA HS assay, according to the standard protocol 

Calculate the molarity of your library as 

c(dsDNA)[ng/ul] / (average size [bp] x 660 g / mol) x 1,000,000 = molarity of library [nM] 

where 660 g / mol is the molecular weight of a DNA basepair and 1,000,000 is a conversion factor 

Dilute your library with EB-0.01% Tween to reach a molarity of 4 nM 

Next-generation sequencing on Illumina HiSeq 3000/4000 instruments 

Drop-seq Custom Read1 Primer is spiked into the HP10 primer solution, located in column 11 of the 

cBot Reagent Plate at 1 μM final concentration. High sequence complexity needed for optimal base 

calling performance is achieved by adding 20-30% PhiX as spike-in. Cluster generation and Read 1 

primer hybridization should be completed using the Illumina cBot protocol: 

‘HiSeq_3000_4000_HD_Exclusion_Amp_v1.0’. 

Next-generation sequencing on Illumina NextSeq 500 instruments 

Libraries are sequenced on an Illumina NextSeq 500 instrument using the 75 cycle High Output v2 kit. 

Load 1.8 pM library without PhiX spike-in and provide Drop-seq Custom Read1 Primer at 0.3 μM in 

position 7 of the reagent cartridge. Set the read configuration to 20 bases (Custom Read1), 8 bases 

(Index1) and 64 bases (Read2). 

<Note> When setting up the run in the Illumina Basespace, the read length of only 20 bases for Custom 

Read1 results in a warning. We ignore this warning and proceed with the run, because any additional 

bases would just read from the A-tail, thus reducing sequencing quality. However, when sequencing 

with this setup, the data has to be demultiplexed manually. 
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3.1.6. Expected results for single-cell RNA-seq by Drop-seq 

Typical Bioanalyzer profiles for SMART-PCR enriched cDNA and final Nextera XT libraries 

 

Measured cell doublet rate for the described Drop-seq setup, measured in a species mixing experi-

ment on HEK293T (human) and 3T3 (mouse) cell lines. The mixing ratio was 1:1. 

 
Table summarizing sequencing results for a typical NextSeq 500 run 
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3.1.7. Materials 

Reagents required for pooled, amplification-free cloning of gRNA libraries 
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Reagents required for lentivirus production and cell culture for CROP-seq screens 
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Reagents required for single-cell RNA-seq based on Drop-seq 

Modified from: Macosko et al. 2015 and additional protocols (http://mccarrolllab.com/dropseq/) 
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3.2. Step-by-step protocol for scifi-RNA-seq 

Authors: Paul Datlinger (pdatlinger@cemm.oeaw.ac.at), Thorina Boenke and Christoph Bock 

(cbock@cemm.oeaw.ac.at) 

Future updates of the protocol will be shared via http://scifi-rna-seq.computational-epigenetics.org 

 

Preparations prior to the experiment 

Prepare custom i7 transposome (Appendix A) and corresponding buffers (Appendix F) 

For fixing cells, cool a 50 ml aliquot of 100% methanol at 4 C 

Cool a 500 ml bottle of 1x PBS at 4 C 

Thaw an aliquot of 10% BSA at 4 C overnight in the fridge 

Prepare 10% IGEPAL CA-630 solution (5 ml in 15 ml Falcon, vortex some minutes to dissolve, store in 

the dark at 4°C) 

Prepare plates with barcoded reverse transcription primers (1 l of 25 M per well, store at -20°) 

For human/mouse mixing experiments, grow one T75 flask of Jurkat cells and four 15 cm dishes of 

3T3 cells 

Buffer preparations on the day of the experiment 

For scifi-RNA-seq without fixation, use the tables in Appendix D to prepare: 

  PBS-BSA-SUPERase 

  Nuclei Preparation Buffer 

  Nuclei Wash Buffer 

If following the nuclei fixation protocol, use the tables in Appendix E to prepare: 

  Nuclei Preparation Buffer without Digitonin and without Tween-20 

  Nuclei Wash Buffer without Tween-20 

  4% Formaldehyde in 1xPBS 

  PBS-BSA-SUPERase 

3.2.1. Single-cell combinatorial fluidic indexing 

Whole cell fixation for cell lines 

<Note> Cool centrifuge to 4 C and pellet cells at 300 rcf for 5 min throughout 

Transfer 5 million cells in growth medium to a 15 ml tube and pellet 

Wash once with 10 ml of ice-cold 1x PBS (resuspending carefully) and pellet 

Fix cells in 5 ml ice-cold methanol at -20 C for 10 min 

Wash 2x with 5 ml ice-cold PBS-BSA-SUPERase 

Resuspend cells in 200 l of ice-cold PBS-BSA-SUPERase 

Filter through cell strainer (40 m or 70 m depending on cell size) 

Use 5 l of the sample for cell counting (duplicates), dilute to 5000 cells/l with ice-cold PBS-BSA-

SUPERase 

Proceed immediately to step 2 (reverse transcription) 

mailto:pdatlinger@cemm.oeaw.ac.at
mailto:cbock@cemm.oeaw.ac.at)
http://scifi-rna-seq.computational-epigenetics.org/
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Nuclei isolation for cell lines 

Transfer 5 million cells in growth medium to a 15 ml tube and pellet (300 rcf, 5 min, room tempera-

ture) 

Wash once with 10 ml of ice-cold 1x PBS and pellet (300 rcf, 5 min, 4 C) 

Resuspend in 500 l ice-cold Nuclei Preparation Buffer 

Incubate on ice for 5 min to lyse plasma membrane 

Add 5 ml of ice-cold Nuclei Wash Buffer and pellet (500 rcf, 5 min, 4 C) 

Resuspend nuclei in 200 l of ice-cold PBS-BSA-SUPERase 

Filter through cell strainer (40 m or 70 m depending on cell size) 

Use 5 l of the sample for nuclei counting (duplicates), dilute to 5000 nuclei/l with ice-cold PBS-

BSA-SUPERase  

Proceed immediately to step 2 (reverse transcription) 

Nuclei isolation with formaldehyde fixation for primary cells 

Transfer 5 million cells in growth medium to a 15 ml tube and pellet (300 rcf, 5 min, room tempera-

ture) 

Wash once with 10 ml of ice-cold 1x PBS and pellet (300 rcf, 5 min, 4 C) 

Carefully resuspend in 500 l ice-cold Nuclei Preparation Buffer without Digitonin and without 

Tween-20 

Incubate on ice for 5 min to lyse plasma membrane 

Add 5 ml of ice-cold Nuclei Wash Buffer without Tween-20 and pellet (500 rcf, 5 min, 4 C) 

Remove supernatant, resuspend in 5 ml of ice-cold 4% Formaldehyde in 1x PBS 

Fix on ice for 15 min, then spin immediately (500 rcf, 5 min, 4 C) 

Remove supernatant (pellet is hard to see in this step) 

Add 1.5 ml of ice-cold Nuclei Wash Buffer without Tween-20, mix and transfer to 1.5 ml tube 

Spin (500 rcf, 5 min, 4 C) 

Wash one more time with 1.5 ml of ice-cold Nuclei Wash Buffer without Tween-20 

Spin (500 rcf, 5 min, 4 C) 

Remove supernatant, carefully resuspend pellet in 200 l of ice-cold Nuclei Wash Buffer without 

Tween-20 

Snap-freeze in liquid nitrogen, then store at -80 C <Safe Stopping Point> 

Thaw frozen samples in a water bath at 37 C for exactly 1 min, then immediately place on ice 

Spin (500 rcf, 5 min, 4 C) 

Remove supernatant, and resuspend pellet in 250 l of ice-cold Permeabilization Buffer, incubate for 

5 min on ice 

Add 250 l of ice-cold Nuclei Wash Buffer without Tween-20 per sample 

Spin (500 rcf, 5 min, 4 C) 

Wash with 250 l of ice-cold Nuclei Wash Buffer without Tween-20 per sample 

Spin (500 rcf, 5 min, 4 C) 

Take up in 100 l of ice-cold PBS-BSA-SUPERase 

Use 5 l of the sample for nuclei counting (duplicates), dilute to 5000 nuclei/l with ice-cold PBS-
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BSA-SUPERase  

Proceed immediately to step 2 (reverse transcription) 

Reverse transcription (round 1 indexing) 

<Note> Avoid harsh centrifugation, spin down plates for a maximum of 30 sec at 50 rcf 

Set thermocycler to 55 C (incubation mode, with heated lid set to 60 C) 

Thaw plate containing barcoded reverse transcription primers (1 l of 25 M per well) and place on 

ice 

Add 10000 cells or nuclei (2 l per well) to the pre-dispensed primer, record well assignments 

Incubate for 5 min at 55 C, then place on ice immediately (denaturation of RNA secondary struc-

tures) 

Prepare Reverse Transcription Master Mix as described below and distribute into 8-tube strip on ice 

 

Reverse Transcription Master Mix  
 Per reaction Number of 96WP 384WP 
Component Volume 

(l) 
Amount 1 2 3 4  

Nuclease-free water 3 to 10 µl 330 660 990 1320 1416 

RT buffer, 5x 2 1x 220 440 660 880 944 

DTT, 100 mM 0.5 5 mM 55 110 165 220 236 

dNTPs, 10 mM 0.5 0.5 mM 55 110 165 220 236 

RNaseOUT RNase inhibitor (40 U/µl) 0.5 20 U 55 110 165 220 236 

Maxima H Minus reverse transcriptase (200 U/µl) 0.5 100 U 55 110 165 220 236 

Dispense into 12-tube strip for multichannel   62 123 185 246 250 

 

Add 7 l of Reverse Transcription Master Mix with a multichannel pipette and slowly pipette two 

times to mix 

Seal and spin plate (maximum of 30 sec at 50 rcf) 

Incubate (with heated lid set to 60 C): 

50 C for 10 min 

3 Cycles { 8 C for 12 sec 

  15 C for 45 sec 

  20 C for 45 sec 

  30 C for 30 sec 

  42 C for 2 min 

  50 C for 3 min    } 

50 C for 5 min 

store at 4 C 

Pooling and cell counting 

Cool two centrifuges suitable for 15 ml tubes and 1.5 ml tubes to 4 C, thaw 10x Ampligase Buffer 

(Lucigen) 

Remove 96-well plate(s) from thermocycler, place on ice 

Add 40 µl of 1xPBS-1%BSA per well, then pool via a tube strip in a 15 ml tube on ice 
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Wash with an additional 50 µl of 1xPBS-1%BSA per well, and add to pool for better recovery 

Fill up to 15 ml with 1xPBS-1%BSA 

Pellet for 5 min at 500 rcf at 4 C and carefully remove supernatant 

Slowly resuspend nuclei in 1.0 ml of 1x Ampligase Buffer (dilute Lucigen stock 1/10 with H2O) 

Filter through cell strainer (40 m or 70 m depending on cell size) into 1.5 ml tube 

Pellet for 5 min at 500 rcf at 4 C and remove supernatant almost completely without disturbing the 

pellet 

<Note> Aim for a volume smaller than 15 µl, which is the maximum input for the Thermocycling Liga-

tion 

Centrifuge for 30 sec at 500 rcf at 4 C to bring the remaining liquid to the bottom of the tube 

Dilute sample 1:200 prior to cell counting (1 l sample + 199 l 1x Ampligase Buffer) 

Load 20 l into a Fuchs Rosenthal counting chamber (Incyto DHC-F01) 

Count five squares per sample and calculate the cell concentration as follows 

Cells per l = [(Cells in five squares / 5) x 200 (dilution factor) x 5000 (volume factor)] / 1000 

Thermocycling ligation (round 2 indexing) 

<Note> Some parts of this section were adapted from the 10x Genomics documentation:  

CG000168_ChromiumSingleCellATAC_ReagentKits_UserGuide_RevA.pdf 

<Note> scifi-RNA-seq was tested for loading amounts between 383k and 2M nuclei per microfluidic 

channel 

<Note> How many single-cell transcriptomes are recovered depends on sample quality and type 

Transfer between 383k and 2M cells/nuclei to a tube-strip on ice 

Bring the volume to 15 l with 1x Ampligase Buffer 

Thaw the following reagents from the 10x Chromium Single Cell ATAC kit: 

    Gel Beads, Reducing Agent B 

Place Chromium Chip E in 10x Chip Holder and close 

For unused channels: add 75 l (row 1), 40 l (row 2) and 240 l (row 3) of 50% glycerol solution 

Prepare Thermoligation Master Mix as described below, keep on ice 

 

Thermoligation Master Mix 
 Per reaction Number of channels (+ 10% overhead) 

Component Volume (l) 1 2 3 4 5 6 7 8 

Nuclease-free water 47.4 52.1 104.3 156.4 208.6 260.7 312.8 365.0 417.1 

Ampligase Buffer, 10x 11.5 12.7 25.3 38.0 50.6 63.3 75.9 88.6 101.2 

Ampligase Enzyme (100 U/µl) 2.3 2.5 5.1 7.6 10.1 12.7 15.2 17.7 20.2 

Reducing Agent B 1.5 1.7 3.3 5.0 6.6 8.3 9.9 11.6 13.2 

Bridge Oligo, 100 µM 2.3 2.5 5.1 7.6 10.1 12.7 15.2 17.7 20.2 

 

Add 65 l of Thermoligation Master Mix to each sample, bringing the volume to 80 l 

Mix gently, then load 75 l into Row 1 of the chip (bottom center, avoid air bubbles), wait > 30 sec 

to allow priming 

In the meantime, vortex 10x Gel Beads for 30 sec (use 10x Vortex Adapter) and bring contents to 
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bottom of the wells 

Load 40 l of Gel Beads into Row 2 of the chip (bottom center, avoid air bubbles) 

Dispense 240 l of Partitioning Oil into Row 3 of the chip (pipette along the wall of the inlet) 

Attach gasket, aligning the notch with the top left-hand corner of the chip 

Run chip in the 10x Chromium Controller (takes ~ 7 minutes, immediately proceed with next step) 

Place 8-tube strip on ice 

Remove chip from instrument, discard gasket and fold back chip holder lid to present wells at 45 de-

grees 

Transfer 100 l of the emulsion into the tube strip on ice (very slowly, should take 20 sec in both di-

rections) 

Incubate emulsion droplets in thermocycler (lid: 105 C, volume: 100 l) according to the program 

below: 

    12 Cycles {     95 C for 30 sec 

  59 C for 2 min      } 

    store at 15 C 

During the incubation: 

    Thaw Cleanup Buffer for 10 min at 65 C, check for precipitate, cool to RT 

    Equilibrate to room temperature: Reducing Agent B, Dynabeads MyOne Silane, SPRIselect beads 

Proceed immediately with the cleanup steps 

Silane bead cleanup 

Add 125l of Recovery Agent to each sample at room temperature 

Invert ten times to mix, centrifuge briefly 

<Note> This results in a pink oil phase at the bottom and a smaller aqueous phase containing the 

sample on top 

Slowly remove 125 l of the pink oil phase from the bottom of the tube, discard 

Prepare Dynabead Cleanup Master Mix as described below, keep on ice 

 

Dynabead Cleanup Mix 
 Per reaction Number of channels (+ 10% overhead) 

Component Volume (l) 1 2 3 4 5 6 7 8 

Cleanup Buffer 182 182 400.4 600.6 800.8 1001.0 1201.2 1401.4 1601.6 

Dynabeads MyOne SILANE 8 8 17.6 26.4 35.2 44.0 52.8 61.6 70.4 

Reducing Agent B 5 5 11.0 16.5 22.0 27.5 33.0 38.5 44.0 

Nuclease-free water 5 5 11.0 16.5 22.0 27.5 33.0 38.5 44.0 

 

Add 200 l of Dynabead Cleanup Mix per sample, pipet mix 

Incubate for 10 min at room temperature 

Prepare Elution Solution I as described below 
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Elution Solution I 
 Per reaction Number of channels (+ 10% overhead) 

Component Volume (l) 1 2 3 4 5 6 7 8 

Buffer EB 49 49 107.8 161.7 215.6 269.5 323.4 377.3 431.2 

10% Tween 20 0.5 0.5 1.1 1.65 2.2 2.75 3.3 3.85 4.4 

Reducing  Agent B 0.5 0.5 1.1 1.65 2.2 2.75 3.3 3.85 4.4 

 

Place tube strip on magnetic separator (position: high) until supernatant clears 

Remove and discard supernatant along with white precipitate at the bottom of the tube 

Wash with 300 μl of 80% ethanol for 5 seconds, then wash with 200 μl of 80% ethanol for 5 seconds 

Spin tube strip, place on magnetic separator (position: low) and remove residual ethanol 

Remove from magnet and immediately add 40.5 μl Elution Solution I 

<Note> Shear clumps with a thin pipette tip or needle 

Incubate for 1 min at room temperature to elute sample from beads 

Place on magnetic separator (position: low) and transfer 40 μl of each sample to a fresh tube strip 

SPRI cleanup 

Add 40 μl of SPRIselect beads (ratio 1.0x) per sample 

Pipet mix and incubate for 5 min at room temperature to allow DNA binding to the beads 

Place on magnetic separator (position: high) until supernatant clears 

Wash twice with 200 μl of 80% ethanol 

Spin tube strip briefly, then place on magnetic separator (position: low) and remove residual ethanol 

Resuspend beads in 22 μl of EB Buffer, incubate 2 min at room temperature to elute 

Place on magnetic separator (position: low) and transfer 20 μl of each sample to a fresh tube strip 

Template switching 

Prepare Template Switching Master Mix as described below 

Template Switching Master Mix 
 Per reaction Number of reactions (+ 10% overhead) 

Component Volume (l) 1 2 3 4 5 6 7 8 

RT buffer, 5x 10 11 22 33 44 55 66 77 88 

Ficoll PM-400, 20% 10 11 22 33 44 55 66 77 88 

dNTPs, 10 mM 5 5.5 11 16.5 22 27.5 33 38.5 44 

Recombinant Ribonuclease Inhibitor 1.25 1.38 2.75 4.13 5.5 6.88 8.25 9.63 11 

Template Switching Oligo, 100 µM 1.25 1.38 2.75 4.13 5.5 6.88 8.25 9.63 11 

Maxima H Minus reverse transcrip-
tase (200 U/µl) 

2.5 2.75 5.5 8.25 11 13.75 16.5 19.25 22 

 

Add 30 µl of Template Switching Master Mix per sample, mix and incubate (heated lid: 60 C): 

    25 C for 30 min 

    42 C for 90 min 

store at 4 C 

<Safe stopping point> Samples can be left in the thermocycler overnight, and stored at 4 C for sev-

eral days  
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3.2.2. cDNA enrichment, library preparation and next-generation sequencing 

SPRI cleanup 

Add 50 μl of AMPure XP beads (ratio 1.0x) per sample 

Pipet mix and incubate for 10 min at room temperature to allow DNA binding to the beads 

Place on magnetic separator until supernatant clears 

Wash three times with 100 μl of 80% ethanol 

Remove residual ethanol by pipetting 

Resuspend beads in 17 μl of EB Buffer, and incubate 2 min at room temperature to elute sample 

from beads 

Place on magnetic separator and transfer 15 μl of each sample to a fresh tube strip 

cDNA enrichment 

Prepare cDNA Enrichment Master Mix as described below 

 

cDNA Enrichment Master Mix 
 Per reaction Number of reactions (+ 10% overhead) 

Component Volume (l) 1 2 3 4 5 6 7 8 

Nuclease-free water 33 36.3 72.6 108.9 145.2 181.5 217.8 254.1 290.4 

NEBNext High Fidelity 2x Master Mix 50 55 110 165 220 275 330 385 440 

Partial-P5 Primer, 100 µM 0.5 0.55 1.1 1.65 2.2 2.75 3.3 3.85 4.4 

TSO Enrichment Primer, 100 µM 0.5 0.55 1.1 1.65 2.2 2.75 3.3 3.85 4.4 

SYBR Green, 100x in DMSO 1 1.1 2.2 3.3 4.4 5.5 6.6 7.7 8.8 

 

Add 85 µl of cDNA Enrichment Master Mix per sample, bringing the volume to 100 µl 

Run reactions in qPCR cycler (heated lid: 105 C) 

<Note> When samples reach > 1000 RFU, pause run after the plate read and transfer samples to sec-

ond thermocycler 

    98 C for 30 sec 

    Cycle and stop when ready { 98 C for 20 sec 

    65 C for 30 sec 

    72 C for 3 min, plate read     } 

    72 C for 5 min (in second thermocycler) 

    store at 4 C 

cDNA cleanup (0.8x, 0.6x) and quality control 

Add 80 μl of AMPure XP beads (ratio 0.8x) per sample 

Pipet mix and incubate for 10 min at room temperature to allow DNA binding to the beads 

Place on magnetic separator until supernatant clears 

Wash three times with 100 μl of 80% ethanol and remove residual ethanol by pipetting 

Resuspend beads in 42 μl of EB Buffer, and incubate 2 min at room temperature to elute sample 

from beads 

Place on magnetic separator and transfer 40 μl of each sample to a fresh tube strip 
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Add 60 µl of nuclease-free water to bring the sample volume to 100 µl 

Add 60 μl of AMPure XP beads (ratio 0.6x) per sample 

Pipet mix and incubate for 10 min at room temperature to allow DNA binding to the beads 

Place on magnetic separator until supernatant clears 

Wash three times with 100 μl of 80% ethanol and remove residual ethanol by pipetting 

Resuspend beads in 17 μl of EB Buffer, and incubate 2 min at room temperature to elute sample 

from beads 

Place on magnetic separator and transfer 15 μl of each sample to a fresh tube strip 

Use 1 µl of each sample to measure the concentration of double-stranded DNA with the Qubit HS 

assay 

Load 1.5 ng on the Bioanalyzer High Sensitivity DNA chip to check the size distribution of the cDNA 

<Note> The size distribution of a typical cDNA library is shown in Appendix B, Figure 1a 

Tagmentation with i7-only transposome 

Dilute cDNA to 0.2 ng/µl with nuclease-free water 

Per tagmentation reaction, distribute 5 µl (1 ng) into a 96-well plate on ice 

<Note> Tagment entire sample for maximum library complexity. Typically, 6-15 tagmentations of 1 

ng are required 

Prepare Tagmentation Master Mix as described below 

 

Tagmentation Master Mix 
Component Per reaction [µl] Number of reactions (+ 10% overhead)              x 

Nuclease-free water 11.25  

Tn5 Reaction Buffer, 5x 5  

Dimethylformamide 2.5  

Freshly diluted i7-only transposome 
(1:4.5 in Tn5 Dilution Buffer) 

1.25  

 

Add 20 µl of Tagmentation Master Mix per well and mix by pipetting 

Incubate for 10 min at 55 C 

Place reactions on ice for 1 min 

Add 2.5 µl of 10x Stop Solution (Lucigen), mix by pipetting and incubate for 5 min at room tempera-

ture 

Add 22.5 µl of nuclease-free water per well 

Add 50 μl of AMPure XP beads (ratio 1.0x) per sample 

Pipet mix and incubate for 10 min at room temperature to allow DNA binding to the beads 

Place on magnetic separator until supernatant clears 

Wash three times with 100 μl of 80% ethanol 

Remove residual ethanol by pipetting 

Resuspend beads in 17 μl of EB Buffer, and incubate 2 min at room temperature to elute sample 

from beads 

Place on magnetic separator and transfer 15 μl of each sample to a fresh plate 

Add 5 µl of 10 µM barcoded P7 primer per well 
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<Note> If processing 1-2 samples that should be sequenced on the same flow cell, sequencing com-

plexity of Index1 can be increased by using multiple P7 primers per sample 

Prepare Enrichment PCR Master Mix as described below 

 

Enrichment PCR Master Mix 
Component Per reaction [µl] Number of reactions (+ 10% overhead)              x 

NEBNext High Fidelity 2x Master Mix 50  

Partial-P5 Primer, 100 µM 0.5  

SYBR Green, 100x in DMSO 1  

Nuclease-free water 28.5  

 

Primer name Sequence         Index 

Partial-P5 AATGATACGGCGACCACCGAGA No index 

P7-001 CAAGCAGAAGACGGCATACGAGATTCGCCTTAGTCTCGTGGGCTCGG TAAGGCGA 

P7-002 CAAGCAGAAGACGGCATACGAGATCTAGTACGGTCTCGTGGGCTCGG CGTACTAG 

P7-003 CAAGCAGAAGACGGCATACGAGATTTCTGCCTGTCTCGTGGGCTCGG AGGCAGAA 

P7-004 CAAGCAGAAGACGGCATACGAGATGCTCAGGAGTCTCGTGGGCTCGG TCCTGAGC 

P7-005 CAAGCAGAAGACGGCATACGAGATAGGAGTCCGTCTCGTGGGCTCGG GGACTCCT 

P7-006 CAAGCAGAAGACGGCATACGAGATCATGCCTAGTCTCGTGGGCTCGG TAGGCATG 

P7-007 CAAGCAGAAGACGGCATACGAGATGTAGAGAGGTCTCGTGGGCTCGG CTCTCTAC 

P7-008 CAAGCAGAAGACGGCATACGAGATCAGCCTCGGTCTCGTGGGCTCGG CGAGGCTG 

 

Add 80 µl of Enrichment PCR Master Mix per well and mix by pipetting 

Run reactions in qPCR cycler (heated lid: 105 C) 

<Note> When samples reach > 4000 RFU, pause run after the plate read and transfer samples to sec-

ond thermocycler 

    72 C for 3 min (for end fill-in after tagmentation) 

    98 C for 30 sec 

    Cycle and stop when ready { 98 C for 10 sec 

    65 C for 30 sec 

    72 C for 30 sec, plate read     } 

    72 C for 5 min (in second thermocycler) 

    store at 4 C 

Library cleanup (0.7x, 0.8x) and quality control 

Add 70 µl of AMPure XP beads to each PCR reaction (0.7x ratio) 

Pipet mix, and incubate for 10 min at room temperature to allow DNA binding to the beads 

Wash twice with 200 l 80% ethanol, then remove residual ethanol 

Resuspend bead pellets in 27 µl of EB Buffer, incubate for 2 min at room temperature to elute 

Place on magnetic separator, transfer 25 l of sample to a fresh plate 

Pool all samples with the same P7 index in a 1.5 ml tube 

Add AMPure XP beads at a ratio of 0.8x 

Pipet mix, and incubate for 10 min at room temperature to allow DNA binding to the beads 

Wash twice with 200 l 80% ethanol, then remove residual ethanol 
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Resuspend bead pellets in 0.2 bead volumes, incubate for 2 min at room temperature to elute 

Place on magnetic separator, transfer sample to a fresh tube 

Measure final library concentration with the Qubit High-Sensitivity DNA assay 

Run 1.5 ng on a Bioanalyzer High Sensitivity DNA chip 

<Note> The size distribution of a typical scifi-RNA-seq library is shown in Appendix B, Figure 1b 

Next-generation sequencing on the Illumina NovaSeq 6000 platform 

Dilute library to 2.0 nM with EB + 0.1% Tween-20 and submit for sequencing 

The volume of 2.0 nM library required for loading differs between flow cells 

<Note> Choose reagent kit depending on the number of cells in the library. The sequencing depth per 

cell will greatly influence the quality of single-cell transcriptomes. Aim for at least 10,000 reads per 

cell. 

 

NovaSeq 6000 
Flow Cell Type 

Loading Volume [µl] 

SP 100 

S1 100 

S2 150 

 

Illumina NovaSeq 6000 Run Parameters 

Reagent Kits 
NovaSeq 6000 SP Reagent Kit (100 Cycles), Illumina #20027464 
NovaSeq 6000 S1 Reagent Kit (100 Cycles), Illumina #20012865 
NovaSeq 6000 S2 Reagent Kit (100 Cycles), Illumina #20012862 

Read Structure 

Read 1: 21 bases 
Index 1 (i7): 8 bases 
Index 2 (i5): 16 bases 
Read 2: 78 bases 
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Appendix A: Preparation of the custom i7 transposome and activity check 

Oligonucleotides for custom i7 transposome assembly 

Oligo ID Oligo sequence [5’ > 3’] 

Tn5-top_ME [5Phos]CTGTCTCTTATACACATCT 

Tn5-bottom_Read2N GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAG 
 
Functional elements 
    5’ phosphorylation (required for transposition mechanism) 
    mosaic end for association with Tn5 transposase 
    i7 primer binding site for enrichment PCR 
 

Anneal oligonucleotides 

Prepare Annealing Buffer as described in Appendix F 

Dissolve lyophilized oligonucleotides at 100 M in EB buffer 

Set up annealing reactions according to the table below 

 

Anneal oligonucleotides for transposome assembly 
 Per reaction 
Component Volume Amount 

Tn5-top_ME, 100 M  22.5 l 45 M 

Tn5-bottom_Read2N, 100 M 22.5 l 45 M 
Annealing Buffer, 10x 5 l 1x 

 

Anneal in thermocycler: 95 C for 3 min, 70 C for 3 min, ramp to 25 C at a rate of 2 C per minute 

Add 180 l of nuclease-free water to the annealed oligonucleotides and mix 

<Safe stopping point> The diluted oligo cassette can be aliquoted and frozen for future transposome 

assemblies 

Load Tn5 transposase 

Mix 20 l of the diluted oligo cassette from the previous step with 20 l of 100% glycerol 

<Note> Glycerol is extremely viscous, use slow reverse pipetting 

Add 10 l of EZ-Tn5 Transposase (Lucigen #TNP92110) and mix well by pipetting 

Incubate for 30 min at 25 C 

Store at -20 C until ready to use 

Optional activity test of custom transposome in a qPCR assay 

<Note> This optional test allows you to compare the activity of your custom i7-only Tn5 with that of 

the ATAC Enzyme provided by 10x Genomics, to better estimate the amount needed. Generally, a 

1:4.5 dilution of custom Tn5 works well, but in case of problems this test is recommended. 
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Set up PCR reactions as indicated in the table below 

PCR product for tagmentation test 
 Per reaction 
Component Volume per 6.6 reactions Amount per reaction 

pUC19 plasmid (NEB, 50 pg/l) 33 l 250 pg 

Q5 HotStart High-Fidelity Master Mix, 2x 165 l 1x 

pUC19-FWD (AAGTGCCACCTGACGTCTAAG), 100 M  1.65 l 500 nM 

pUC19-REV (CAACAATTAATAGACTGGATGGAGGCGG), 100 M 1.65 l 500 nM 

Nuclease-free water 128.7 l to 50 l 

 

Distribute 50 l into six wells of a tube strip 

Run PCR in a thermocycler: 

98 C for 30 sec 

31 cycles { 98 C for 10 sec 

                             68 C for 30 sec 

                             72 C for 1 min   } 

72 C for 2 min, storage at 12 C 

To each 50 l PCR reaction, add 6.25 l of CutSmart Buffer (10x) and 6.25 l of DpnI 

Incubate at 37 C for 1 hour, 80 C for 20 min, storage at 12 C 

<Note> This step digests the template plasmid 

Pool the six PCR reactions in a 2 ml tube, add 5 volumes (1500 l) of PB Buffer (QiaQuick PCR Purifi-

cation Kit), mix 

Continue with QiaQuick PCR purification using two columns, elute in 30 l each and pool 

Measure Qubit HS of a 1/10 dilution and dilute the PCR product to 25 ng/l with EB buffer 

<Note> This typically results in about 400 l of 25 ng/l solution 

Run 100 ng (4 l) of PCR product on a 1% agarose gel containing ethidium bromide, next to 500 ng (1 

l) of GeneRuler 1 kb DNA Ladder 

<Note> The size of the desired band is 1961 bp 

Set up tagmentation reactions as indicated below 

Tagmentation Test Master Mix 
 Per 3.3 reactions 
Component Volume Amount per reaction 

pUC19 PCR product from above (25 ng/l) 6.6 l 50 ng 

ATAC Buffer from 10x Genomics Single Cell ATAC Kit 23.1 l N/A 

 

Transfer 9 l of Tagmentation Test Master Mix to three wells of a tube strip on ice 

Add nuclease-free water and Tn5 enzymes as indicated below 

Tagmentation Test Conditions 
 Tagmentation 

Component 
Positive 
Control 

Negative 
Control 

Test 

ATAC Enzyme from 10x Genomics Single Cell ATAC Kit 3 - - 

Custom i7 transposome - - 6 

Nuclease-free water 3 6 - 
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Incubate at 37 C for 60 min, storage at 4 C 

Add 1.75 l of 1% SDS solution and incubate at 70 C for 10 min to dissociate Tn5 from the DNA 

Dilute reactions 1/100 with EB buffer 

Run qPCR reactions in triplicates, as indicated below 

qPCR reactions for transposome activity check 
 Per reaction 
Component Volume Amount 
Tagmentation reaction (1/100 diluted) 2 l  

GoTaq qPCR Master Mix, 2x 10 l 1x 

FWD primer (AAGTGCCACCTGACGTCTAAG), 100 M  0.1 l 500 nM 

REV primer (CAACAATTAATAGACTGGATGGAGGCGG), 100 M 0.1 l 500 nM 

Nuclease-free water 7.8 l to 20 l 

 

Run qPCR reactions in thermocycler: 

95 C for 2 min 

40 cycles { 95 C for 30 sec 

  68 C for 30 sec 

  72 C for 2 min + plate read   } 

stop when plateau is reached 

Calculate tagmentation efficiency for each condition as: 

Tagmentation efficiency [%] = 100 / [2 ^ (average CtSample - average CtNegative Control)]  
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Appendix B: Expected results 

 

 
 

Figure 1 Expected results for scifi-RNA-seq. a) Typical size distribution of enriched cDNA measured on 

the Agilent Bioanalyzer. b) Final fragment distribution of a final scifi-RNA-seq library measured on the 

Agilent Bioanalyzer. c-e) Typical performance metrics on the Illumina NovaSeq 6000 platform. 
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Appendix C: Materials 

 

 
  

Reagent (alphabetical order) Supplier Cat. No. Comment on use
Agarose Sigma A9539-100G custom i7-only Tn5 activity check
Agilent Bioanalyzer High Sensitivity DNA chip Agilent 5067-4626 scifi-RNA-seq library prep

Ampligase Enzyme & Buffer, High Concentration (100 U/ul) Lucigen A0102K scifi-RNA-seq library prep

AMPure XP beads Beckman Coulter A63880 scifi-RNA-seq library prep

BSA Sigma A8806-5 scifi-RNA-seq library prep

Cell strainer 40 um A. Hartenstein ZS40 scifi-RNA-seq library prep
Cell strainer 70 um A. Hartenstein ZS70 scifi-RNA-seq library prep

Chromium Single Cell ATAC Library & Gel Bead Kit, 16 rxns 10x Genomics 1000110 scifi-RNA-seq library prep

Chromium Single Cell E Chip Kit, 48 rxns 10x Genomics 1000082 scifi-RNA-seq library prep

Counting Chamber, Fuchs Rosenthal Incyto DHC-F01 scifi-RNA-seq library prep

Digitonin, 2% Promega G944A scifi-RNA-seq library prep
Dimethylformamide Sigma D4551-250ML scifi-RNA-seq library prep

dNTPs, 10 mM Thermo Fisher Scientific R0193 scifi-RNA-seq library prep

DpnI NEB R0176L custom i7-only Tn5 activity check

DTT Sigma 646563-10x.5ML scifi-RNA-seq library prep

EB Buffer Qiagen 1014609 scifi-RNA-seq library prep
EDTA, 0.5M Invitrogen AM9260G custom i7-only Tn5 activity check

Ethanol, absolute Merck 603-002-00-5 scifi-RNA-seq library prep

Ethidium bromide AppliChem A2273,0015 custom i7-only Tn5 activity check

EZ-Tn5 Transposase Lucigen TNP92110 scifi-RNA-seq library prep

Ficoll PM-400 Sigma F5415-50ML scifi-RNA-seq library prep
Formaldehyde, 16% Thermo Fisher Scientific 28908 scifi-RNA-seq library prep

GeneRuler 1kb DNA Ladder Thermo Fisher Scientific SM0311 custom i7-only Tn5 activity check

Glycerol Sigma G5516-100ML scifi-RNA-seq library prep

GoTaq qPCR Master Mix Promega A600A custom i7-only Tn5 activity check

IGEPAL CA-630 Sigma I8896-50ML scifi-RNA-seq library prep
Maxima H Minus Reverse Transcriptase, 4x 10000 U Thermo Fisher Scientific EP0753 scifi-RNA-seq library prep

Methanol Fisher Scientific M/4000/17 scifi-RNA-seq library prep

MgCl2, 1M Ambion AM9530G scifi-RNA-seq library prep

NaCl, 5M Sigma S5150-1L scifi-RNA-seq library prep

NaOH, 10M Sigma 72068-100ML scifi-RNA-seq library prep
NEBNext High Fidelity 2x Master Mix NEB M0541S scifi-RNA-seq library prep
NovaSeq 6000 S1 Reagent Kit (100 Cycles) Illumina 20012865 next-generation sequencing

NovaSeq 6000 S2 Reagent Kit (100 Cycles) Illumina 20012862 next-generation sequencing

NovaSeq 6000 SP Reagent Kit (100 Cycles) Illumina 20027464 next-generation sequencing
PBS, 1x Gibco 14190-094 scifi-RNA-seq library prep

pUC19 plasmid NEB N3041A custom i7-only Tn5 activity check
Puradisc 25 mm Polyethersulfone Syringe Filter, 0.2 µm, sterile GE Healthcare 6780-2502 scifi-RNA-seq library prep

Q5 HotStart High-Fidelity 2x Master Mix, 500 rxns NEB M0494L custom i7-only Tn5 activity check

QiaQuick PCR Purification Kit Qiagen 28106 custom i7-only Tn5 activity check
Qubit dsDNA HS Assay Kit Thermo Fisher Scientific Q32854 scifi-RNA-seq library prep

Recombinant RNase inhibitor Takara 2313A scifi-RNA-seq library prep
RNaseOUT RNase inhibitor Invitrogen 10777019 scifi-RNA-seq library prep

SDS solution, 10% in water Sigma 71736-100ML custom i7-only Tn5 activity check
SPRIselect beads Beckman Coulter B23318 scifi-RNA-seq library prep
SUPERase In RNase Inhibitor Thermo Fisher Scientific AM2696 scifi-RNA-seq library prep
SYBR Green, 10000x in DMSO Life Technologies S7563 scifi-RNA-seq library prep, custom i7-only Tn5 activity check
TAPS Sigma T9659-100G scifi-RNA-seq library prep
Tris-HCl, pH 7.5, 2M Sigma T2944-100ML scifi-RNA-seq library prep
TritonX-100 Sigma X100-100ML scifi-RNA-seq library prep
Tween-20 Sigma P7949-500ML scifi-RNA-seq library prep
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Appendix D: Buffers for isolation of nuclei or whole cells without fixation 

 

 
  

PBS-BSA-SUPERase

Component Stock Unit Final Unit Per 5 Mio Nuclei Per 5 Mio Whole Cells

PBS, 1x 890 9890

BSA, 10% (w/v) 10 % (w/v) 1 % (w/v) 100 1100

SUPERase In Rnase Inhibitor (20 U/ul) 20 U/ul 0.2 U/ul 10 10

Nuclei Preparation Buffer

Component Stock Unit Final Unit Per 5 Mio Nuclei

Nuclease-free water 470.25

Tris-HCl, pH 7.5, 2M 2 M 10 mM 2.75

NaCl, 5M 5 M 10 mM 1.1

MgCl2, 1 M 1 M 3 mM 1.65

BSA, 10% (w/v) 10 % (w/v) 1 % (w/v) 55

SUPERase In Rnase Inhibitor (20 U/ul) 20 U/ul 0.2 U/ul 5.5
Tween-20 10 % (v/v) 0.1 % (v/v) 5.5

IGEPAL CA-630, 10% (v/v) 10 % (v/v) 0.1 % (v/v) 5.5

Digitonin 2 % (v/v) 0.01 % (v/v) 2.75

Nuclei Wash Buffer

Component Stock Unit Final Unit Per 5 Mio Nuclei
Nuclease-free water 4785

Tris-HCl, pH 7.5, 2M 2 M 10 mM 27.5

NaCl, 5M 5 M 10 mM 11

MgCl2, 1 M 1 M 3 mM 16.5
BSA, 10% (w/v) 10 % (w/v) 1 % (w/v) 550

SUPERase In Rnase Inhibitor (20 U/ul) 20 U/ul 0.2 U/ul 55
Tween-20 10 % (v/v) 0.1 % (v/v) 55



 

  109 

Appendix E: Buffers for isolation of nuclei with formaldehyde fixation and permeabilization 

 

 
  

DAY1: Nuclei isolation, fixation and flash-freezing

Nuclei Preparation Buffer without Digitonin and without Tween-20

Component Stock Unit Final Unit Per 5 Mio Nuclei

Nuclease-free water 4545.75

Tris-HCl, pH 7.5, 2M 2 M 10 mM 26.125
NaCl, 5M 5 M 10 mM 10.45
MgCl2, 1 M 1 M 3 mM 15.675

BSA, 10% (w/v) 10 % (w/v) 1 % (w/v) 522.5

SUPERase In Rnase Inhibitor (20 U/ul) 20 U/ul 0.2 U/ul 52.25
IGEPAL CA-630, 10% (v/v) 10 % (v/v) 0.1 % (v/v) 52.25

Nuclei Wash Buffer without Tween-20

Component Stock Unit Final Unit Per 5 Mio Nuclei

Nuclease-free water 75407.2
Tris-HCl, pH 7.5, 2M 2 M 10 mM 428.45

NaCl, 5M 5 M 10 mM 171.38
MgCl2, 1 M 1 M 3 mM 257.07

BSA, 10% (w/v) 10 % (w/v) 1 % (w/v) 8569
SUPERase In Rnase Inhibitor (20 U/ul) 20 U/ul 0.2 U/ul 856.9

4% Formaldehyde in 1x PBS
Component Stock Unit Final Unit Per 5 Mio Nuclei
PBS, 1x 39188

Formaldehyde, 16% 16 % 4 % 13063

PBS-BSA-SUPERase
Component Stock Unit Final Unit Per 5 Mio Nuclei
PBS, 1x 890

BSA, 10% (w/v) 10 % (w/v) 1 % (w/v) 100

SUPERase In Rnase Inhibitor (20 U/ul) 20 U/ul 0.2 U/ul 10

DAY2: Thawing, nuclei permeabilization

Nuclei Wash Buffer without Tween-20

Component Stock Unit Final Unit Per 5 Mio Nuclei

Nuclease-free water 2992
Tris-HCl, pH 7.5, 2M 2 M 10 mM 17

NaCl, 5M 5 M 10 mM 6.8

MgCl2, 1 M 1 M 3 mM 10.2

BSA, 10% (w/v) 10 % (w/v) 1 % (w/v) 340

SUPERase In Rnase Inhibitor (20 U/ul) 20 U/ul 0.2 U/ul 34

Permeabilization Buffer

Component Stock Unit Final Unit Per 5 Mio Nuclei

Nuclei Wash Buffer without Tween-20 (from above) 1083.5

Digitonin 2 % 0.01 % 5.5
Tween-20 10 % 0.1 % 11

PBS-BSA-SUPERase
Component Stock Unit Final Unit Per 5 Mio Nuclei
PBS, 1x 1958
BSA, 10% (w/v) 10 % (w/v) 1 % (w/v) 220

SUPERase In Rnase Inhibitor (20 U/ul) 20 U/ul 0.2 U/ul 22
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Appendix F: Buffers for transposome assembly and tagmentation 

 

 
  

Annealing Buffer

Component Stock Unit Final Unit Per 1 ml Unit

Nuclease-free water 875 µl

Tris-HCl, pH 7.5, 2M 2 M 10 mM 5 µl

NaCl, 5M 5 M 500 mM 100 µl

EDTA, 0.5M 0.5 M 10 mM 20 µl

Tn5 Reaction Buffer, 5x

Component Stock Unit Final Unit Per 100 ml Unit

Nuclease-free water 87.5 ml

TAPS powder 50 mM 1.216 g

MgCl2, 1 M 1 M 25 mM 2.5 ml

adjust pH to 8.5 with 10 M NaOH, then fill up to 100 ml with nuclease-free water

filter through 0.2 µm filter under a cell culture hood and aliquot

Tn5 Dilution Buffer

Component Stock Unit Final Unit Per 10 ml Unit
Tris-HCl, pH 7.5, 2M 2 M 50 mM 250 µl

NaCl, 5M 5 M 100 mM 200 µl

EDTA, 0.5M 0.5 M 0.1 mM 2 µl

Glycerol 100 % 50 % 5000 µl
Triton X-100 100 % 0.1 % 10 µl

Before using this buffer, add 1/100 volumes of fresh 0.1M DTT 0.1 M 1 mM
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Appendix G: Oligonucleotides in tubes 

 

 
  

Oligonucleotide ID Used for step Oligonucleotide sequence [5' > 3'] Index sequence
Tn5-top_ME Transposome Assembly [5Phos]CTGTCTCTTATACACATCT

Tn5-bottom_Read2N Transposome Assembly GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAG

pUC19-FWD Transposome Activity Test AAGTGCCACCTGACGTCTAAG

pUC19-REV Transposome Activity Test CAACAATTAATAGACTGGATGGAGGCGG

Bridge Oligo Thermoligation Barcoding CGTCGTGTAGGGAAAGAGTGTGACGCTGCCGACGA[ddC]

Template Switching Oligo Template Switching AAGCAGTGGTATCAACGCAGAGTGAATrGrGrG

Partial-P5 cDNA Enrichment, Enrichment PCR AATGATACGGCGACCACCGAGA

TSO Enrichment Primer cDNA Enrichment AAGCAGTGGTATCAACGCAGAGT

P7-001 Enrichment PCR CAAGCAGAAGACGGCATACGAGATTCGCCTTAGTCTCGTGGGCTCGG TAAGGCGA

P7-002 Enrichment PCR CAAGCAGAAGACGGCATACGAGATCTAGTACGGTCTCGTGGGCTCGG CGTACTAG

P7-003 Enrichment PCR CAAGCAGAAGACGGCATACGAGATTTCTGCCTGTCTCGTGGGCTCGG AGGCAGAA

P7-004 Enrichment PCR CAAGCAGAAGACGGCATACGAGATGCTCAGGAGTCTCGTGGGCTCGG TCCTGAGC

P7-005 Enrichment PCR CAAGCAGAAGACGGCATACGAGATAGGAGTCCGTCTCGTGGGCTCGG GGACTCCT

P7-006 Enrichment PCR CAAGCAGAAGACGGCATACGAGATCATGCCTAGTCTCGTGGGCTCGG TAGGCATG

P7-007 Enrichment PCR CAAGCAGAAGACGGCATACGAGATGTAGAGAGGTCTCGTGGGCTCGG CTCTCTAC
P7-008 Enrichment PCR CAAGCAGAAGACGGCATACGAGATCAGCCTCGGTCTCGTGGGCTCGG CGAGGCTG

Modifications
[5Phos] 5' phosphorylation

Underlined Tn5 mosaic end

[ddC] Dideoxycytosine to block 3'-extension

r The following base is RNA
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Appendix H: Set of 384 barcoded reverse transcription primers with fixed bases for error correction 

 

 

plate_name plate_well oligo_ID oligo_seq[5'>3'] index_ID index_seq fixed_base1_N fixed_base2_V
SCIFI_LIG384_plate1 A01 SCIFI_LIG384_001 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAAGTGATTAGCAATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_001 AGTGATTAGCA A A
SCIFI_LIG384_plate1 A02 SCIFI_LIG384_002 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAGAATCCCCCTAATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_002 GAATCCCCCTA A A

SCIFI_LIG384_plate1 A03 SCIFI_LIG384_003 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNACCTGGGAAACTATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_003 CCTGGGAAACT A A
SCIFI_LIG384_plate1 A04 SCIFI_LIG384_004 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNATACCTCCCAGGATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_004 TACCTCCCAGG A A
SCIFI_LIG384_plate1 A05 SCIFI_LIG384_005 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAATTTGTGGTATATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_005 ATTTGTGGTAT A A

SCIFI_LIG384_plate1 A06 SCIFI_LIG384_006 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNACCCGAGAGATCATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_006 CCCGAGAGATC A A
SCIFI_LIG384_plate1 A07 SCIFI_LIG384_007 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAGAGTATAGGGTATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_007 GAGTATAGGGT A A

SCIFI_LIG384_plate1 A08 SCIFI_LIG384_008 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNATCTTAATTGAGATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_008 TCTTAATTGAG A A
SCIFI_LIG384_plate1 A09 SCIFI_LIG384_009 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAACGTTCTGTCGATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_009 ACGTTCTGTCG A A

SCIFI_LIG384_plate1 A10 SCIFI_LIG384_010 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNACATAATGGCGAATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_010 CATAATGGCGA A A
SCIFI_LIG384_plate1 A11 SCIFI_LIG384_011 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAGGCCGGAACATATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_011 GGCCGGAACAT A A

SCIFI_LIG384_plate1 A12 SCIFI_LIG384_012 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNATCACTTCAAGAATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_012 TCACTTCAAGA A A
SCIFI_LIG384_plate1 B01 SCIFI_LIG384_013 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAAGCTGGCCTTCATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_013 AGCTGGCCTTC A A
SCIFI_LIG384_plate1 B02 SCIFI_LIG384_014 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNACTGCACATTGGATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_014 CTGCACATTGG A A

SCIFI_LIG384_plate1 B03 SCIFI_LIG384_015 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAGGTCCTTCGATATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_015 GGTCCTTCGAT A A
SCIFI_LIG384_plate1 B04 SCIFI_LIG384_016 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNATTCGCACCCGAATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_016 TTCGCACCCGA A A

SCIFI_LIG384_plate1 B05 SCIFI_LIG384_017 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNACCGTAAATTACATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_017 CCGTAAATTAC A A
SCIFI_LIG384_plate1 B06 SCIFI_LIG384_018 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAGTAGTCGATATATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_018 GTAGTCGATAT A A

SCIFI_LIG384_plate1 B07 SCIFI_LIG384_019 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNATGTAAGAATCAATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_019 TGTAAGAATCA A A
SCIFI_LIG384_plate1 B08 SCIFI_LIG384_020 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAAGGCCCGCCGTATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_020 AGGCCCGCCGT A A

SCIFI_LIG384_plate1 B09 SCIFI_LIG384_021 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNACTCCACGCAAGATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_021 CTCCACGCAAG A A

SCIFI_LIG384_plate1 B10 SCIFI_LIG384_022 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAGTCTTTGATTAATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_022 GTCTTTGATTA A A
SCIFI_LIG384_plate1 B11 SCIFI_LIG384_023 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNATAGAGCCCGCCATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_023 TAGAGCCCGCC A A

SCIFI_LIG384_plate1 B12 SCIFI_LIG384_024 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAAGAAATGGAGGATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_024 AGAAATGGAGG A A
SCIFI_LIG384_plate1 C01 SCIFI_LIG384_025 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTCAGCGCTGGTTATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_025 CAGCGCTGGTT T A

SCIFI_LIG384_plate1 C02 SCIFI_LIG384_026 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTGTTGACGAATAATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_026 GTTGACGAATA T A
SCIFI_LIG384_plate1 C03 SCIFI_LIG384_027 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTTGCATCAGCGCATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_027 TGCATCAGCGC T A

SCIFI_LIG384_plate1 C04 SCIFI_LIG384_028 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTAGCCATATGAGATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_028 AGCCATATGAG T A
SCIFI_LIG384_plate1 C05 SCIFI_LIG384_029 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTCCTGCCCCTGTATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_029 CCTGCCCCTGT T A

SCIFI_LIG384_plate1 C06 SCIFI_LIG384_030 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTGGTATAAAACCATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_030 GGTATAAAACC T A

SCIFI_LIG384_plate1 C07 SCIFI_LIG384_031 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTTAAAGTCATGCATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_031 TAAAGTCATGC T A
SCIFI_LIG384_plate1 C08 SCIFI_LIG384_032 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTAGAACTCAGAAATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_032 AGAACTCAGAA T A

SCIFI_LIG384_plate1 C09 SCIFI_LIG384_033 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTCAGCTTAATCGCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_033 CAGCTTAATCG T C
SCIFI_LIG384_plate1 C10 SCIFI_LIG384_034 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTGGCTTAAGAGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_034 GGCTTAAGAGA T C

SCIFI_LIG384_plate1 C11 SCIFI_LIG384_035 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTTCACCTGTCGGCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_035 TCACCTGTCGG T C
SCIFI_LIG384_plate1 C12 SCIFI_LIG384_036 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTATAGTGATACTCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_036 ATAGTGATACT T C

SCIFI_LIG384_plate1 D01 SCIFI_LIG384_037 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTCATCAGCGAACCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_037 CATCAGCGAAC T C
SCIFI_LIG384_plate1 D02 SCIFI_LIG384_038 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTGCGCCATGGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_038 GCGCCATGGGA T C

SCIFI_LIG384_plate1 D03 SCIFI_LIG384_039 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTTGTTGAACTCCCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_039 TGTTGAACTCC T C

SCIFI_LIG384_plate1 D04 SCIFI_LIG384_040 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTATATACGCAGTCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_040 ATATACGCAGT T C
SCIFI_LIG384_plate1 D05 SCIFI_LIG384_041 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTCGCACGACGTACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_041 CGCACGACGTA T C

SCIFI_LIG384_plate1 D06 SCIFI_LIG384_042 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTGGGACAGAAGGCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_042 GGGACAGAAGG T C
SCIFI_LIG384_plate1 D07 SCIFI_LIG384_043 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTTTAACAAGTATCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_043 TTAACAAGTAT T C

SCIFI_LIG384_plate1 D08 SCIFI_LIG384_044 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTACTCCTGGGTACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_044 ACTCCTGGGTA T C
SCIFI_LIG384_plate1 D09 SCIFI_LIG384_045 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTCAGAAAACCCCCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_045 CAGAAAACCCC T C

SCIFI_LIG384_plate1 D10 SCIFI_LIG384_046 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTGCACGAGCAGTCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_046 GCACGAGCAGT T C

SCIFI_LIG384_plate1 D11 SCIFI_LIG384_047 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTTATTATGCTTCCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_047 TATTATGCTTC T C
SCIFI_LIG384_plate1 D12 SCIFI_LIG384_048 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTAGCGACTGTATCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_048 AGCGACTGTAT T C

SCIFI_LIG384_plate1 E01 SCIFI_LIG384_049 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCCCTTGCGACAGCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_049 CCTTGCGACAG C C
SCIFI_LIG384_plate1 E02 SCIFI_LIG384_050 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCGTTAGATTGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_050 GTTAGATTGCA C C

SCIFI_LIG384_plate1 E03 SCIFI_LIG384_051 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCTAAATACCATCCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_051 TAAATACCATC C C
SCIFI_LIG384_plate1 E04 SCIFI_LIG384_052 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCATATTTTTTAGCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_052 ATATTTTTTAG C C

SCIFI_LIG384_plate1 E05 SCIFI_LIG384_053 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCCCCTAAACGCTCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_053 CCCTAAACGCT C C
SCIFI_LIG384_plate1 E06 SCIFI_LIG384_054 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCGATTGTTAGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_054 GATTGTTAGGA C C

SCIFI_LIG384_plate1 E07 SCIFI_LIG384_055 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCTACCGAGTCTCCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_055 TACCGAGTCTC C C

SCIFI_LIG384_plate1 E08 SCIFI_LIG384_056 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCAGAACAAATTGCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_056 AGAACAAATTG C C
SCIFI_LIG384_plate1 E09 SCIFI_LIG384_057 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCCTTGATCTCATCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_057 CTTGATCTCAT C C

SCIFI_LIG384_plate1 E10 SCIFI_LIG384_058 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCGCCACGCGTTACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_058 GCCACGCGTTA C C
SCIFI_LIG384_plate1 E11 SCIFI_LIG384_059 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCTATAGATACGGCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_059 TATAGATACGG C C

SCIFI_LIG384_plate1 E12 SCIFI_LIG384_060 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCATACCCAGCCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_060 ATACCCAGCCA C C
SCIFI_LIG384_plate1 F01 SCIFI_LIG384_061 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCCCCGGATGTACCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_061 CCCGGATGTAC C C

SCIFI_LIG384_plate1 F02 SCIFI_LIG384_062 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCGATCTCGGCTTCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_062 GATCTCGGCTT C C
SCIFI_LIG384_plate1 F03 SCIFI_LIG384_063 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCTAGCCGCTTTGCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_063 TAGCCGCTTTG C C
SCIFI_LIG384_plate1 F04 SCIFI_LIG384_064 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCCTAAATACAGCCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_064 CTAAATACAGC C C

SCIFI_LIG384_plate1 F05 SCIFI_LIG384_065 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCGGGTTTTACCAGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_065 GGGTTTTACCA C G
SCIFI_LIG384_plate1 F06 SCIFI_LIG384_066 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCATATCCATTGCGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_066 ATATCCATTGC C G

SCIFI_LIG384_plate1 F07 SCIFI_LIG384_067 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCCTCCCGAGAGTGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_067 CTCCCGAGAGT C G
SCIFI_LIG384_plate1 F08 SCIFI_LIG384_068 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCGAATATCTCCGGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_068 GAATATCTCCG C G

SCIFI_LIG384_plate1 F09 SCIFI_LIG384_069 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCTACTAACCCACGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_069 TACTAACCCAC C G
SCIFI_LIG384_plate1 F10 SCIFI_LIG384_070 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCAAATGATACAAGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_070 AAATGATACAA C G

SCIFI_LIG384_plate1 F11 SCIFI_LIG384_071 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCCCCCATTATTTGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_071 CCCCATTATTT C G
SCIFI_LIG384_plate1 F12 SCIFI_LIG384_072 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCGAGTCGCGACGGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_072 GAGTCGCGACG C G
SCIFI_LIG384_plate1 G01 SCIFI_LIG384_073 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGTGGTTGTGGCCGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_073 TGGTTGTGGCC G G

SCIFI_LIG384_plate1 G02 SCIFI_LIG384_074 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGATTCAAGGAAAGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_074 ATTCAAGGAAA G G
SCIFI_LIG384_plate1 G03 SCIFI_LIG384_075 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGCCAAGATCTGGGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_075 CCAAGATCTGG G G

SCIFI_LIG384_plate1 G04 SCIFI_LIG384_076 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGATACTGTATCAGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_076 ATACTGTATCA G G
SCIFI_LIG384_plate1 G05 SCIFI_LIG384_077 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGCCGATTCGTGCGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_077 CCGATTCGTGC G G

SCIFI_LIG384_plate1 G06 SCIFI_LIG384_078 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGTGACAACGCTGGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_078 TGACAACGCTG G G
SCIFI_LIG384_plate1 G07 SCIFI_LIG384_079 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGGGCTGTCTTATGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_079 GGCTGTCTTAT G G

SCIFI_LIG384_plate1 G08 SCIFI_LIG384_080 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGACCCTGGCCTGGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_080 ACCCTGGCCTG G G
SCIFI_LIG384_plate1 G09 SCIFI_LIG384_081 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGCGTACGCTTATGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_081 CGTACGCTTAT G G
SCIFI_LIG384_plate1 G10 SCIFI_LIG384_082 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGTTGCACTTAATGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_082 TTGCACTTAAT G G

SCIFI_LIG384_plate1 G11 SCIFI_LIG384_083 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGGACAAAGAGAAGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_083 GACAAAGAGAA G G
SCIFI_LIG384_plate1 G12 SCIFI_LIG384_084 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGAACCACAGCACGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_084 AACCACAGCAC G G

SCIFI_LIG384_plate1 H01 SCIFI_LIG384_085 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGCTTATCTAGAGGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_085 CTTATCTAGAG G G
SCIFI_LIG384_plate1 H02 SCIFI_LIG384_086 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGTAATGTGGTCAGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_086 TAATGTGGTCA G G

SCIFI_LIG384_plate1 H03 SCIFI_LIG384_087 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGGCGCGCGAGCTGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_087 GCGCGCGAGCT G G

SCIFI_LIG384_plate1 H04 SCIFI_LIG384_088 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGTCCATGTGTGTGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_088 TCCATGTGTGT G G
SCIFI_LIG384_plate1 H05 SCIFI_LIG384_089 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGGGAGGAATCCAGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_089 GGAGGAATCCA G G
SCIFI_LIG384_plate1 H06 SCIFI_LIG384_090 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGATCAAAATAGGGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_090 ATCAAAATAGG G G
SCIFI_LIG384_plate1 H07 SCIFI_LIG384_091 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGCAAGACTGCCAGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_091 CAAGACTGCCA G G
SCIFI_LIG384_plate1 H08 SCIFI_LIG384_092 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGTAGGATGGACCGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_092 TAGGATGGACC G G
SCIFI_LIG384_plate1 H09 SCIFI_LIG384_093 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGGATCGGACCTAGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_093 GATCGGACCTA G G

SCIFI_LIG384_plate1 H10 SCIFI_LIG384_094 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGCCCAAAGGAATGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_094 CCCAAAGGAAT G G
SCIFI_LIG384_plate1 H11 SCIFI_LIG384_095 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGTACCTAACGCAGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_095 TACCTAACGCA G G

SCIFI_LIG384_plate1 H12 SCIFI_LIG384_096 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGGTCAGGTTCAGGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_096 GTCAGGTTCAG G G
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SCIFI_LIG384_plate2 A01 SCIFI_LIG384_097 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAACCTCCAACCCATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_097 ACCTCCAACCC A A
SCIFI_LIG384_plate2 A02 SCIFI_LIG384_098 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNACGTTTCAGCCAATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_098 CGTTTCAGCCA A A

SCIFI_LIG384_plate2 A03 SCIFI_LIG384_099 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNATAAGGTTAGATATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_099 TAAGGTTAGAT A A
SCIFI_LIG384_plate2 A04 SCIFI_LIG384_100 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAATATACCAGACATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_100 ATATACCAGAC A A

SCIFI_LIG384_plate2 A05 SCIFI_LIG384_101 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAGGAGAGACTGTATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_101 GGAGAGACTGT A A
SCIFI_LIG384_plate2 A06 SCIFI_LIG384_102 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNACTCATCTTAGCATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_102 CTCATCTTAGC A A

SCIFI_LIG384_plate2 A07 SCIFI_LIG384_103 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAAATTTGGCCGTATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_103 AATTTGGCCGT A A
SCIFI_LIG384_plate2 A08 SCIFI_LIG384_104 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNATTAAGGAAGTAATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_104 TTAAGGAAGTA A A

SCIFI_LIG384_plate2 A09 SCIFI_LIG384_105 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAACCGATCCAGAATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_105 ACCGATCCAGA A A

SCIFI_LIG384_plate2 A10 SCIFI_LIG384_106 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNACAACGGGACTGATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_106 CAACGGGACTG A A
SCIFI_LIG384_plate2 A11 SCIFI_LIG384_107 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNATCCAGTACAACATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_107 TCCAGTACAAC A A

SCIFI_LIG384_plate2 A12 SCIFI_LIG384_108 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAGAGGACGATGCATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_108 GAGGACGATGC A A
SCIFI_LIG384_plate2 B01 SCIFI_LIG384_109 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAAAGGGTCGCTTATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_109 AAGGGTCGCTT A A

SCIFI_LIG384_plate2 B02 SCIFI_LIG384_110 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNACCCATGTAGCAATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_110 CCCATGTAGCA A A
SCIFI_LIG384_plate2 B03 SCIFI_LIG384_111 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAGTGAAGTGGACATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_111 GTGAAGTGGAC A A

SCIFI_LIG384_plate2 B04 SCIFI_LIG384_112 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNATAATAATTACAATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_112 TAATAATTACA A A
SCIFI_LIG384_plate2 B05 SCIFI_LIG384_113 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAGCTGTAACGTGATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_113 GCTGTAACGTG A A

SCIFI_LIG384_plate2 B06 SCIFI_LIG384_114 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAAAAAGCTGCGTATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_114 AAAAGCTGCGT A A

SCIFI_LIG384_plate2 B07 SCIFI_LIG384_115 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNACGCGCAAACAGATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_115 CGCGCAAACAG A A
SCIFI_LIG384_plate2 B08 SCIFI_LIG384_116 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNATAATTTTCCCCATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_116 TAATTTTCCCC A A

SCIFI_LIG384_plate2 B09 SCIFI_LIG384_117 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAGGATACTGGTTATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_117 GGATACTGGTT A A
SCIFI_LIG384_plate2 B10 SCIFI_LIG384_118 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAAGGGGGAAGCGATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_118 AGGGGGAAGCG A A

SCIFI_LIG384_plate2 B11 SCIFI_LIG384_119 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNACAACGCCAAAAATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_119 CAACGCCAAAA A A
SCIFI_LIG384_plate2 B12 SCIFI_LIG384_120 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAACGAAGCCTGTATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_120 ACGAAGCCTGT A A

SCIFI_LIG384_plate2 C01 SCIFI_LIG384_121 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTTACGTTGCCAGATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_121 TACGTTGCCAG T A
SCIFI_LIG384_plate2 C02 SCIFI_LIG384_122 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTAATTAACTTATATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_122 AATTAACTTAT T A

SCIFI_LIG384_plate2 C03 SCIFI_LIG384_123 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTCTCGGTATGGGATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_123 CTCGGTATGGG T A

SCIFI_LIG384_plate2 C04 SCIFI_LIG384_124 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTTCGTGTGAATTATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_124 TCGTGTGAATT T A
SCIFI_LIG384_plate2 C05 SCIFI_LIG384_125 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTATAATTAGTTCATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_125 ATAATTAGTTC T A

SCIFI_LIG384_plate2 C06 SCIFI_LIG384_126 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTGGCTAATTCCTATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_126 GGCTAATTCCT T A
SCIFI_LIG384_plate2 C07 SCIFI_LIG384_127 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTAGAAGGTCGTGATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_127 AGAAGGTCGTG T A

SCIFI_LIG384_plate2 C08 SCIFI_LIG384_128 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTCGTGAGGGGGTATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_128 CGTGAGGGGGT T A
SCIFI_LIG384_plate2 C09 SCIFI_LIG384_129 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTTAGGCTAAAGGCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_129 TAGGCTAAAGG T C

SCIFI_LIG384_plate2 C10 SCIFI_LIG384_130 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTGAAGTGGCTTCCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_130 GAAGTGGCTTC T C
SCIFI_LIG384_plate2 C11 SCIFI_LIG384_131 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTATCGCATAGCGCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_131 ATCGCATAGCG T C

SCIFI_LIG384_plate2 C12 SCIFI_LIG384_132 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTCTCCTAAGCTCCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_132 CTCCTAAGCTC T C

SCIFI_LIG384_plate2 D01 SCIFI_LIG384_133 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTAAATCATGATTCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_133 AAATCATGATT T C
SCIFI_LIG384_plate2 D02 SCIFI_LIG384_134 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTCGCATACGGAACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_134 CGCATACGGAA T C

SCIFI_LIG384_plate2 D03 SCIFI_LIG384_135 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTTGCAGCCACAGCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_135 TGCAGCCACAG T C
SCIFI_LIG384_plate2 D04 SCIFI_LIG384_136 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTACCTGGTGCTTCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_136 ACCTGGTGCTT T C

SCIFI_LIG384_plate2 D05 SCIFI_LIG384_137 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTGTTTTCATAAGCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_137 GTTTTCATAAG T C
SCIFI_LIG384_plate2 D06 SCIFI_LIG384_138 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTAAACTGAGATGCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_138 AAACTGAGATG T C

SCIFI_LIG384_plate2 D07 SCIFI_LIG384_139 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTCAGTGCGCTGTCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_139 CAGTGCGCTGT T C
SCIFI_LIG384_plate2 D08 SCIFI_LIG384_140 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTTGAGTGGGCCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_140 TGAGTGGGCCA T C
SCIFI_LIG384_plate2 D09 SCIFI_LIG384_141 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTATTCTCTCAACCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_141 ATTCTCTCAAC T C

SCIFI_LIG384_plate2 D10 SCIFI_LIG384_142 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTCCTCCTTTACGCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_142 CCTCCTTTACG T C
SCIFI_LIG384_plate2 D11 SCIFI_LIG384_143 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTAGAGAACTTTACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_143 AGAGAACTTTA T C

SCIFI_LIG384_plate2 D12 SCIFI_LIG384_144 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTTACTACCAGGTCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_144 TACTACCAGGT T C
SCIFI_LIG384_plate2 E01 SCIFI_LIG384_145 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCATTGCTACATCCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_145 ATTGCTACATC C C

SCIFI_LIG384_plate2 E02 SCIFI_LIG384_146 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCGGAGTCACACGCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_146 GGAGTCACACG C C
SCIFI_LIG384_plate2 E03 SCIFI_LIG384_147 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCCGGTGGAGCTCCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_147 CGGTGGAGCTC C C

SCIFI_LIG384_plate2 E04 SCIFI_LIG384_148 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCTTCGGCCCAATCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_148 TTCGGCCCAAT C C
SCIFI_LIG384_plate2 E05 SCIFI_LIG384_149 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCACGAGACACCCCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_149 ACGAGACACCC C C
SCIFI_LIG384_plate2 E06 SCIFI_LIG384_150 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCGTCTAGACAAACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_150 GTCTAGACAAA C C

SCIFI_LIG384_plate2 E07 SCIFI_LIG384_151 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCACCGTACGTTGCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_151 ACCGTACGTTG C C
SCIFI_LIG384_plate2 E08 SCIFI_LIG384_152 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCCTAACCCTCTCCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_152 CTAACCCTCTC C C

SCIFI_LIG384_plate2 E09 SCIFI_LIG384_153 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCTAGATTTAACTCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_153 TAGATTTAACT C C
SCIFI_LIG384_plate2 E10 SCIFI_LIG384_154 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCAGATTAGAGTACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_154 AGATTAGAGTA C C

SCIFI_LIG384_plate2 E11 SCIFI_LIG384_155 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCGGGACGTTTTCCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_155 GGGACGTTTTC C C
SCIFI_LIG384_plate2 E12 SCIFI_LIG384_156 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCTATACCAAGAACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_156 TATACCAAGAA C C

SCIFI_LIG384_plate2 F01 SCIFI_LIG384_157 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCCGGCGAGCCAGCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_157 CGGCGAGCCAG C C
SCIFI_LIG384_plate2 F02 SCIFI_LIG384_158 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCATTTGAAAACGCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_158 ATTTGAAAACG C C
SCIFI_LIG384_plate2 F03 SCIFI_LIG384_159 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCCCCTTTCTGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_159 CCCTTTCTGGA C C

SCIFI_LIG384_plate2 F04 SCIFI_LIG384_160 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCTGACTGCAGCGCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_160 TGACTGCAGCG C C
SCIFI_LIG384_plate2 F05 SCIFI_LIG384_161 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCACGATCAAGTTGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_161 ACGATCAAGTT C G

SCIFI_LIG384_plate2 F06 SCIFI_LIG384_162 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCGAAATGCTGACGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_162 GAAATGCTGAC C G
SCIFI_LIG384_plate2 F07 SCIFI_LIG384_163 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCGCTACCTGAAGGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_163 GCTACCTGAAG C G

SCIFI_LIG384_plate2 F08 SCIFI_LIG384_164 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCAGGAACTACACGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_164 AGGAACTACAC C G
SCIFI_LIG384_plate2 F09 SCIFI_LIG384_165 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCTCGGCCGGTCAGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_165 TCGGCCGGTCA C G

SCIFI_LIG384_plate2 F10 SCIFI_LIG384_166 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCTTTTCCAGCGTGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_166 TTTTCCAGCGT C G
SCIFI_LIG384_plate2 F11 SCIFI_LIG384_167 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCAATCGTAGCCGGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_167 AATCGTAGCCG C G
SCIFI_LIG384_plate2 F12 SCIFI_LIG384_168 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCGTAAACTACGAGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_168 GTAAACTACGA C G

SCIFI_LIG384_plate2 G01 SCIFI_LIG384_169 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGACGAGTATCTGGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_169 ACGAGTATCTG G G
SCIFI_LIG384_plate2 G02 SCIFI_LIG384_170 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGCAAAGGGTGGTGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_170 CAAAGGGTGGT G G

SCIFI_LIG384_plate2 G03 SCIFI_LIG384_171 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGTAGGTGAGAAAGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_171 TAGGTGAGAAA G G
SCIFI_LIG384_plate2 G04 SCIFI_LIG384_172 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGAGCGGATTAGTGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_172 AGCGGATTAGT G G

SCIFI_LIG384_plate2 G05 SCIFI_LIG384_173 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGGTTTGTATGTCGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_173 GTTTGTATGTC G G

SCIFI_LIG384_plate2 G06 SCIFI_LIG384_174 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGAACACATCTGAGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_174 AACACATCTGA G G
SCIFI_LIG384_plate2 G07 SCIFI_LIG384_175 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGCTACCAATGACGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_175 CTACCAATGAC G G
SCIFI_LIG384_plate2 G08 SCIFI_LIG384_176 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGTGAGGGCTCGGGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_176 TGAGGGCTCGG G G
SCIFI_LIG384_plate2 G09 SCIFI_LIG384_177 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGAAATGTGTCGCGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_177 AAATGTGTCGC G G

SCIFI_LIG384_plate2 G10 SCIFI_LIG384_178 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGGCCCACACCGGGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_178 GCCCACACCGG G G
SCIFI_LIG384_plate2 G11 SCIFI_LIG384_179 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGCCGGTAGCTCCGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_179 CCGGTAGCTCC G G

SCIFI_LIG384_plate2 G12 SCIFI_LIG384_180 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGAAGAATTATGGGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_180 AAGAATTATGG G G
SCIFI_LIG384_plate2 H01 SCIFI_LIG384_181 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGTCTCGTCATATGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_181 TCTCGTCATAT G G

SCIFI_LIG384_plate2 H02 SCIFI_LIG384_182 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGGACTTTTGGTCGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_182 GACTTTTGGTC G G

SCIFI_LIG384_plate2 H03 SCIFI_LIG384_183 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGATTTCGTTCCAGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_183 ATTTCGTTCCA G G
SCIFI_LIG384_plate2 H04 SCIFI_LIG384_184 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGTCCCGGAGCCAGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_184 TCCCGGAGCCA G G
SCIFI_LIG384_plate2 H05 SCIFI_LIG384_185 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGGGGGGCCGGACGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_185 GGGGGCCGGAC G G
SCIFI_LIG384_plate2 H06 SCIFI_LIG384_186 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGACTACGTTTGGGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_186 ACTACGTTTGG G G

SCIFI_LIG384_plate2 H07 SCIFI_LIG384_187 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGCTTTAATCTAAGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_187 CTTTAATCTAA G G
SCIFI_LIG384_plate2 H08 SCIFI_LIG384_188 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGAGGCAAAAATCGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_188 AGGCAAAAATC G G

SCIFI_LIG384_plate2 H09 SCIFI_LIG384_189 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGTTTGATTCTCGGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_189 TTTGATTCTCG G G
SCIFI_LIG384_plate2 H10 SCIFI_LIG384_190 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGAGGGACATCGAGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_190 AGGGACATCGA G G

SCIFI_LIG384_plate2 H11 SCIFI_LIG384_191 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGGATCCTTACCCGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_191 GATCCTTACCC G G
SCIFI_LIG384_plate2 H12 SCIFI_LIG384_192 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGCGATCCTCGCGGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_192 CGATCCTCGCG G G
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SCIFI_LIG384_plate3 A01 SCIFI_LIG384_193 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNATATTGGCACTTATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_193 TATTGGCACTT A A
SCIFI_LIG384_plate3 A02 SCIFI_LIG384_194 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAAAAGAATCGCCATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_194 AAAGAATCGCC A A

SCIFI_LIG384_plate3 A03 SCIFI_LIG384_195 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAGGAAGCCCATTATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_195 GGAAGCCCATT A A
SCIFI_LIG384_plate3 A04 SCIFI_LIG384_196 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNACCCCTTCGCAGATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_196 CCCCTTCGCAG A A

SCIFI_LIG384_plate3 A05 SCIFI_LIG384_197 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNATGTCTATTCACATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_197 TGTCTATTCAC A A
SCIFI_LIG384_plate3 A06 SCIFI_LIG384_198 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAGAACGCTTTGAATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_198 GAACGCTTTGA A A

SCIFI_LIG384_plate3 A07 SCIFI_LIG384_199 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAAGGGACCCACCATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_199 AGGGACCCACC A A
SCIFI_LIG384_plate3 A08 SCIFI_LIG384_200 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNACACATCGTTTTATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_200 CACATCGTTTT A A

SCIFI_LIG384_plate3 A09 SCIFI_LIG384_201 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAATGGTTCTCCGATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_201 ATGGTTCTCCG A A

SCIFI_LIG384_plate3 A10 SCIFI_LIG384_202 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNATGCCGCTGAAAATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_202 TGCCGCTGAAA A A
SCIFI_LIG384_plate3 A11 SCIFI_LIG384_203 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAAACACTCTAGTATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_203 AACACTCTAGT A A

SCIFI_LIG384_plate3 A12 SCIFI_LIG384_204 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNATCCTCGGGGTCATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_204 TCCTCGGGGTC A A
SCIFI_LIG384_plate3 B01 SCIFI_LIG384_205 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAAGAATCGCTAGATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_205 AGAATCGCTAG A A

SCIFI_LIG384_plate3 B02 SCIFI_LIG384_206 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAGAAGTCAGGTAATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_206 GAAGTCAGGTA A A
SCIFI_LIG384_plate3 B03 SCIFI_LIG384_207 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNACGCGGCTCATCATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_207 CGCGGCTCATC A A

SCIFI_LIG384_plate3 B04 SCIFI_LIG384_208 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAAACCCAAATATATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_208 AACCCAAATAT A A
SCIFI_LIG384_plate3 B05 SCIFI_LIG384_209 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNATCTCAGAACTGATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_209 TCTCAGAACTG A A

SCIFI_LIG384_plate3 B06 SCIFI_LIG384_210 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAGCAATTAGGAGATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_210 GCAATTAGGAG A A

SCIFI_LIG384_plate3 B07 SCIFI_LIG384_211 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAAGTAAACGCGTATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_211 AGTAAACGCGT A A
SCIFI_LIG384_plate3 B08 SCIFI_LIG384_212 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNACATACAGCATGATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_212 CATACAGCATG A A

SCIFI_LIG384_plate3 B09 SCIFI_LIG384_213 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAACGCAGAGAGAATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_213 ACGCAGAGAGA A A
SCIFI_LIG384_plate3 B10 SCIFI_LIG384_214 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNATGACGCGATTTATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_214 TGACGCGATTT A A

SCIFI_LIG384_plate3 B11 SCIFI_LIG384_215 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAAACATTCACCAATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_215 AACATTCACCA A A
SCIFI_LIG384_plate3 B12 SCIFI_LIG384_216 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAGGCCTCATATTATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_216 GGCCTCATATT A A

SCIFI_LIG384_plate3 C01 SCIFI_LIG384_217 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTGACGCTCACTGATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_217 GACGCTCACTG T A
SCIFI_LIG384_plate3 C02 SCIFI_LIG384_218 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTCCGGGCGGAGCATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_218 CCGGGCGGAGC T A

SCIFI_LIG384_plate3 C03 SCIFI_LIG384_219 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTTTCCCGTTTAAATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_219 TTCCCGTTTAA T A

SCIFI_LIG384_plate3 C04 SCIFI_LIG384_220 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTGTAACTGAGTGATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_220 GTAACTGAGTG T A
SCIFI_LIG384_plate3 C05 SCIFI_LIG384_221 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTAACCTATGCCTATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_221 AACCTATGCCT T A

SCIFI_LIG384_plate3 C06 SCIFI_LIG384_222 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTCCAAAGAACATATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_222 CCAAAGAACAT T A
SCIFI_LIG384_plate3 C07 SCIFI_LIG384_223 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTTCTCGGGTGACATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_223 TCTCGGGTGAC T A

SCIFI_LIG384_plate3 C08 SCIFI_LIG384_224 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTGGTGTTGTTTTATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_224 GGTGTTGTTTT T A
SCIFI_LIG384_plate3 C09 SCIFI_LIG384_225 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTAACCCGTAGTACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_225 AACCCGTAGTA T C

SCIFI_LIG384_plate3 C10 SCIFI_LIG384_226 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTCTGCCTACTAACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_226 CTGCCTACTAA T C
SCIFI_LIG384_plate3 C11 SCIFI_LIG384_227 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTTCAGTATTTATCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_227 TCAGTATTTAT T C

SCIFI_LIG384_plate3 C12 SCIFI_LIG384_228 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTGCTAGGGAAAACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_228 GCTAGGGAAAA T C

SCIFI_LIG384_plate3 D01 SCIFI_LIG384_229 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTAGTTACGAGGGCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_229 AGTTACGAGGG T C
SCIFI_LIG384_plate3 D02 SCIFI_LIG384_230 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTCGACCTAGGTTCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_230 CGACCTAGGTT T C

SCIFI_LIG384_plate3 D03 SCIFI_LIG384_231 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTGCCTCGATAGGCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_231 GCCTCGATAGG T C
SCIFI_LIG384_plate3 D04 SCIFI_LIG384_232 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTATTAGTCAAACCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_232 ATTAGTCAAAC T C

SCIFI_LIG384_plate3 D05 SCIFI_LIG384_233 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTCTTACTGAACTCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_233 CTTACTGAACT T C
SCIFI_LIG384_plate3 D06 SCIFI_LIG384_234 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTTCAATTGTGCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_234 TCAATTGTGCA T C

SCIFI_LIG384_plate3 D07 SCIFI_LIG384_235 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTGTACATGTCACCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_235 GTACATGTCAC T C
SCIFI_LIG384_plate3 D08 SCIFI_LIG384_236 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTACGTATCATTACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_236 ACGTATCATTA T C
SCIFI_LIG384_plate3 D09 SCIFI_LIG384_237 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTCATGGACTCTGCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_237 CATGGACTCTG T C

SCIFI_LIG384_plate3 D10 SCIFI_LIG384_238 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTTCATGCTCCATCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_238 TCATGCTCCAT T C
SCIFI_LIG384_plate3 D11 SCIFI_LIG384_239 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTGCTAACTCTGCCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_239 GCTAACTCTGC T C

SCIFI_LIG384_plate3 D12 SCIFI_LIG384_240 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTCCCTACTTCAACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_240 CCCTACTTCAA T C
SCIFI_LIG384_plate3 E01 SCIFI_LIG384_241 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCAGTACTACGCGCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_241 AGTACTACGCG C C

SCIFI_LIG384_plate3 E02 SCIFI_LIG384_242 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCTCACCGGCTATCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_242 TCACCGGCTAT C C
SCIFI_LIG384_plate3 E03 SCIFI_LIG384_243 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCACTATTTAATACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_243 ACTATTTAATA C C

SCIFI_LIG384_plate3 E04 SCIFI_LIG384_244 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCCGGACTTGCTGCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_244 CGGACTTGCTG C C
SCIFI_LIG384_plate3 E05 SCIFI_LIG384_245 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCTCACATCTTCCCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_245 TCACATCTTCC C C
SCIFI_LIG384_plate3 E06 SCIFI_LIG384_246 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCGACCACCTGTACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_246 GACCACCTGTA C C

SCIFI_LIG384_plate3 E07 SCIFI_LIG384_247 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCATCAATCCCAGCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_247 ATCAATCCCAG C C
SCIFI_LIG384_plate3 E08 SCIFI_LIG384_248 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCCCAAGCAGGCCCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_248 CCAAGCAGGCC C C

SCIFI_LIG384_plate3 E09 SCIFI_LIG384_249 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCTGTGCATAGTTCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_249 TGTGCATAGTT C C
SCIFI_LIG384_plate3 E10 SCIFI_LIG384_250 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCAACGCAGTCCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_250 AACGCAGTCCA C C

SCIFI_LIG384_plate3 E11 SCIFI_LIG384_251 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCGCGTTGGTAATCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_251 GCGTTGGTAAT C C
SCIFI_LIG384_plate3 E12 SCIFI_LIG384_252 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCCTTCAGTAGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_252 CTTCAGTAGGA C C

SCIFI_LIG384_plate3 F01 SCIFI_LIG384_253 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCTAGCCTTCTGTCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_253 TAGCCTTCTGT C C
SCIFI_LIG384_plate3 F02 SCIFI_LIG384_254 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCGTCCCACGAAGCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_254 GTCCCACGAAG C C
SCIFI_LIG384_plate3 F03 SCIFI_LIG384_255 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCTAGTTCCTATTCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_255 TAGTTCCTATT C C

SCIFI_LIG384_plate3 F04 SCIFI_LIG384_256 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCCCCAACCGGTGCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_256 CCCAACCGGTG C C
SCIFI_LIG384_plate3 F05 SCIFI_LIG384_257 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCTCTTAAAGATTGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_257 TCTTAAAGATT C G

SCIFI_LIG384_plate3 F06 SCIFI_LIG384_258 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCGGTCTCCTTGCGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_258 GGTCTCCTTGC C G
SCIFI_LIG384_plate3 F07 SCIFI_LIG384_259 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCAATGAGCAGAGGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_259 AATGAGCAGAG C G

SCIFI_LIG384_plate3 F08 SCIFI_LIG384_260 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCCATATTCCCTTGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_260 CATATTCCCTT C G
SCIFI_LIG384_plate3 F09 SCIFI_LIG384_261 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCTGTTACCCGTAGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_261 TGTTACCCGTA C G

SCIFI_LIG384_plate3 F10 SCIFI_LIG384_262 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCGATAATTTTCTGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_262 GATAATTTTCT C G
SCIFI_LIG384_plate3 F11 SCIFI_LIG384_263 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCAACCTTGAGGGGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_263 AACCTTGAGGG C G
SCIFI_LIG384_plate3 F12 SCIFI_LIG384_264 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCCGATAAAACGCGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_264 CGATAAAACGC C G

SCIFI_LIG384_plate3 G01 SCIFI_LIG384_265 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGCCTAGAGAGTTGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_265 CCTAGAGAGTT G G
SCIFI_LIG384_plate3 G02 SCIFI_LIG384_266 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGGTCACCATGGAGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_266 GTCACCATGGA G G

SCIFI_LIG384_plate3 G03 SCIFI_LIG384_267 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGCTGTGGCCCCGGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_267 CTGTGGCCCCG G G
SCIFI_LIG384_plate3 G04 SCIFI_LIG384_268 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGTGGGAGGCGAAGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_268 TGGGAGGCGAA G G

SCIFI_LIG384_plate3 G05 SCIFI_LIG384_269 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGGCTGCCGTCACGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_269 GCTGCCGTCAC G G

SCIFI_LIG384_plate3 G06 SCIFI_LIG384_270 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGATCTTCTATGTGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_270 ATCTTCTATGT G G
SCIFI_LIG384_plate3 G07 SCIFI_LIG384_271 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGCTACTTGCTCTGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_271 CTACTTGCTCT G G
SCIFI_LIG384_plate3 G08 SCIFI_LIG384_272 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGTGGGCCTTTAGGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_272 TGGGCCTTTAG G G
SCIFI_LIG384_plate3 G09 SCIFI_LIG384_273 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGGATACACCGGCGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_273 GATACACCGGC G G

SCIFI_LIG384_plate3 G10 SCIFI_LIG384_274 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGTGCGCTCGGATGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_274 TGCGCTCGGAT G G
SCIFI_LIG384_plate3 G11 SCIFI_LIG384_275 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGCACAGGTCAAAGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_275 CACAGGTCAAA G G

SCIFI_LIG384_plate3 G12 SCIFI_LIG384_276 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGTCTGAGTGCCCGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_276 TCTGAGTGCCC G G
SCIFI_LIG384_plate3 H01 SCIFI_LIG384_277 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGGTTGTGTAGCTGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_277 GTTGTGTAGCT G G

SCIFI_LIG384_plate3 H02 SCIFI_LIG384_278 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGATGCGGGGCGGGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_278 ATGCGGGGCGG G G

SCIFI_LIG384_plate3 H03 SCIFI_LIG384_279 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGCCGGTGTAAACGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_279 CCGGTGTAAAC G G
SCIFI_LIG384_plate3 H04 SCIFI_LIG384_280 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGTGGCAAGTTCGGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_280 TGGCAAGTTCG G G
SCIFI_LIG384_plate3 H05 SCIFI_LIG384_281 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGGTAGAATGAGTGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_281 GTAGAATGAGT G G
SCIFI_LIG384_plate3 H06 SCIFI_LIG384_282 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGCCCTATGGCCCGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_282 CCCTATGGCCC G G

SCIFI_LIG384_plate3 H07 SCIFI_LIG384_283 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGTCTATCCTCATGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_283 TCTATCCTCAT G G
SCIFI_LIG384_plate3 H08 SCIFI_LIG384_284 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGGAGTGTACTTGGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_284 GAGTGTACTTG G G

SCIFI_LIG384_plate3 H09 SCIFI_LIG384_285 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGATCGCGAGTACGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_285 ATCGCGAGTAC G G
SCIFI_LIG384_plate3 H10 SCIFI_LIG384_286 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGCGGTCCCAAGTGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_286 CGGTCCCAAGT G G

SCIFI_LIG384_plate3 H11 SCIFI_LIG384_287 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGTTCTGGGAGAGGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_287 TTCTGGGAGAG G G
SCIFI_LIG384_plate3 H12 SCIFI_LIG384_288 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGAACTTCGAAAAGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_288 AACTTCGAAAA G G
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SCIFI_LIG384_plate4 A01 SCIFI_LIG384_289 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAGCGTCCACACAATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_289 GCGTCCACACA A A
SCIFI_LIG384_plate4 A02 SCIFI_LIG384_290 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNACGAGGTGCCGTATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_290 CGAGGTGCCGT A A

SCIFI_LIG384_plate4 A03 SCIFI_LIG384_291 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNATTTATTAGACGATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_291 TTTATTAGACG A A
SCIFI_LIG384_plate4 A04 SCIFI_LIG384_292 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAGGGCTCCGACAATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_292 GGGCTCCGACA A A

SCIFI_LIG384_plate4 A05 SCIFI_LIG384_293 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAAAGTTTATCAAATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_293 AAGTTTATCAA A A
SCIFI_LIG384_plate4 A06 SCIFI_LIG384_294 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNACACGTGTGCGGATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_294 CACGTGTGCGG A A

SCIFI_LIG384_plate4 A07 SCIFI_LIG384_295 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAACGTCAAGGATATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_295 ACGTCAAGGAT A A
SCIFI_LIG384_plate4 A08 SCIFI_LIG384_296 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAGTGACAGCTACATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_296 GTGACAGCTAC A A

SCIFI_LIG384_plate4 A09 SCIFI_LIG384_297 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAAGCTTTACATGATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_297 AGCTTTACATG A A

SCIFI_LIG384_plate4 A10 SCIFI_LIG384_298 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNATATGAACAACTATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_298 TATGAACAACT A A
SCIFI_LIG384_plate4 A11 SCIFI_LIG384_299 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAGTAGATCGCTAATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_299 GTAGATCGCTA A A

SCIFI_LIG384_plate4 A12 SCIFI_LIG384_300 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAAAGCGTCTACCATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_300 AAGCGTCTACC A A
SCIFI_LIG384_plate4 B01 SCIFI_LIG384_301 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNACATTTTTGAAGATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_301 CATTTTTGAAG A A

SCIFI_LIG384_plate4 B02 SCIFI_LIG384_302 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNATGTAGCTTACCATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_302 TGTAGCTTACC A A
SCIFI_LIG384_plate4 B03 SCIFI_LIG384_303 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAGTGAGCGGCAAATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_303 GTGAGCGGCAA A A

SCIFI_LIG384_plate4 B04 SCIFI_LIG384_304 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAATGAGCCTGATATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_304 ATGAGCCTGAT A A
SCIFI_LIG384_plate4 B05 SCIFI_LIG384_305 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNATCGAAACGAGGATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_305 TCGAAACGAGG A A

SCIFI_LIG384_plate4 B06 SCIFI_LIG384_306 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAGACAGTAGTCCATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_306 GACAGTAGTCC A A

SCIFI_LIG384_plate4 B07 SCIFI_LIG384_307 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNATTTAGCTCGGTATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_307 TTTAGCTCGGT A A
SCIFI_LIG384_plate4 B08 SCIFI_LIG384_308 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAGCTTGAGGACCATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_308 GCTTGAGGACC A A

SCIFI_LIG384_plate4 B09 SCIFI_LIG384_309 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAACAGACGCCTAATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_309 ACAGACGCCTA A A
SCIFI_LIG384_plate4 B10 SCIFI_LIG384_310 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNATTGGACAGGGCATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_310 TTGGACAGGGC A A

SCIFI_LIG384_plate4 B11 SCIFI_LIG384_311 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNAAAATTCAGTATATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_311 AAATTCAGTAT A A
SCIFI_LIG384_plate4 B12 SCIFI_LIG384_312 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNACTGTCGAAATAATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_312 CTGTCGAAATA A A

SCIFI_LIG384_plate4 C01 SCIFI_LIG384_313 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTTGGGTATCAGGATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_313 TGGGTATCAGG T A
SCIFI_LIG384_plate4 C02 SCIFI_LIG384_314 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTGCTATCAGTCTATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_314 GCTATCAGTCT T A

SCIFI_LIG384_plate4 C03 SCIFI_LIG384_315 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTAAGGCGGTAAGATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_315 AAGGCGGTAAG T A

SCIFI_LIG384_plate4 C04 SCIFI_LIG384_316 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTCGATTGGGTTTATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_316 CGATTGGGTTT T A
SCIFI_LIG384_plate4 C05 SCIFI_LIG384_317 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTTGCCCAGCATAATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_317 TGCCCAGCATA T A

SCIFI_LIG384_plate4 C06 SCIFI_LIG384_318 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTGCACTGGGCGCATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_318 GCACTGGGCGC T A
SCIFI_LIG384_plate4 C07 SCIFI_LIG384_319 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTATGGGAATAAAATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_319 ATGGGAATAAA T A

SCIFI_LIG384_plate4 C08 SCIFI_LIG384_320 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTCTACCCGGTTGATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_320 CTACCCGGTTG T A
SCIFI_LIG384_plate4 C09 SCIFI_LIG384_321 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTCATCCAGATCACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_321 CATCCAGATCA T C

SCIFI_LIG384_plate4 C10 SCIFI_LIG384_322 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTGAAGCAATTAGCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_322 GAAGCAATTAG T C
SCIFI_LIG384_plate4 C11 SCIFI_LIG384_323 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTATGGCGTCCTTCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_323 ATGGCGTCCTT T C

SCIFI_LIG384_plate4 C12 SCIFI_LIG384_324 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTCAATATATTGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_324 CAATATATTGA T C

SCIFI_LIG384_plate4 D01 SCIFI_LIG384_325 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTTTGGACGACCGCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_325 TTGGACGACCG T C
SCIFI_LIG384_plate4 D02 SCIFI_LIG384_326 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTGATTGACCAAACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_326 GATTGACCAAA T C

SCIFI_LIG384_plate4 D03 SCIFI_LIG384_327 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTCGAACATACCTCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_327 CGAACATACCT T C
SCIFI_LIG384_plate4 D04 SCIFI_LIG384_328 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTTTCATCCAATACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_328 TTCATCCAATA T C

SCIFI_LIG384_plate4 D05 SCIFI_LIG384_329 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTGCGGGAAAGGCCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_329 GCGGGAAAGGC T C
SCIFI_LIG384_plate4 D06 SCIFI_LIG384_330 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTCAGGGATCACTCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_330 CAGGGATCACT T C

SCIFI_LIG384_plate4 D07 SCIFI_LIG384_331 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTGTGTTACTTCCCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_331 GTGTTACTTCC T C
SCIFI_LIG384_plate4 D08 SCIFI_LIG384_332 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTACGGGTGTTGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_332 ACGGGTGTTGA T C
SCIFI_LIG384_plate4 D09 SCIFI_LIG384_333 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTCCTGATGGTAGCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_333 CCTGATGGTAG T C

SCIFI_LIG384_plate4 D10 SCIFI_LIG384_334 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTTTCGTGCTTTCCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_334 TTCGTGCTTTC T C
SCIFI_LIG384_plate4 D11 SCIFI_LIG384_335 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTGACGCGACGATCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_335 GACGCGACGAT T C

SCIFI_LIG384_plate4 D12 SCIFI_LIG384_336 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNTATTGTTAACGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_336 ATTGTTAACGA T C
SCIFI_LIG384_plate4 E01 SCIFI_LIG384_337 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCCAAGCGCGTCCCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_337 CAAGCGCGTCC C C

SCIFI_LIG384_plate4 E02 SCIFI_LIG384_338 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCTTATCGTCAAGCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_338 TTATCGTCAAG C C
SCIFI_LIG384_plate4 E03 SCIFI_LIG384_339 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCCTAGAAGTCGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_339 CTAGAAGTCGA C C

SCIFI_LIG384_plate4 E04 SCIFI_LIG384_340 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCTCGGCATGATCCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_340 TCGGCATGATC C C
SCIFI_LIG384_plate4 E05 SCIFI_LIG384_341 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCGACGGCGCACACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_341 GACGGCGCACA C C
SCIFI_LIG384_plate4 E06 SCIFI_LIG384_342 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCAGACCGTGGACCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_342 AGACCGTGGAC C C

SCIFI_LIG384_plate4 E07 SCIFI_LIG384_343 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCCAGGTGACGGCCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_343 CAGGTGACGGC C C
SCIFI_LIG384_plate4 E08 SCIFI_LIG384_344 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCTCGTGTCGGAGCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_344 TCGTGTCGGAG C C

SCIFI_LIG384_plate4 E09 SCIFI_LIG384_345 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCTTTCGTGTAGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_345 TTTCGTGTAGA C C
SCIFI_LIG384_plate4 E10 SCIFI_LIG384_346 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCGCCAGTGCTTTCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_346 GCCAGTGCTTT C C

SCIFI_LIG384_plate4 E11 SCIFI_LIG384_347 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCATGTTGCGGGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_347 ATGTTGCGGGA C C
SCIFI_LIG384_plate4 E12 SCIFI_LIG384_348 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCCGCTTGTATAGCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_348 CGCTTGTATAG C C

SCIFI_LIG384_plate4 F01 SCIFI_LIG384_349 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCTCGTCACTGGCCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_349 TCGTCACTGGC C C
SCIFI_LIG384_plate4 F02 SCIFI_LIG384_350 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCGCTTTTACTGACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_350 GCTTTTACTGA C C
SCIFI_LIG384_plate4 F03 SCIFI_LIG384_351 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCAGCAGGGACGCCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_351 AGCAGGGACGC C C

SCIFI_LIG384_plate4 F04 SCIFI_LIG384_352 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCCCGCTCGACTACTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_352 CCGCTCGACTA C C
SCIFI_LIG384_plate4 F05 SCIFI_LIG384_353 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCTTCTGATTTTGGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_353 TTCTGATTTTG C G

SCIFI_LIG384_plate4 F06 SCIFI_LIG384_354 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCGATGTGCGTGTGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_354 GATGTGCGTGT C G
SCIFI_LIG384_plate4 F07 SCIFI_LIG384_355 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCACCCCGCTCCTGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_355 ACCCCGCTCCT C G

SCIFI_LIG384_plate4 F08 SCIFI_LIG384_356 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCCAGATTGTAACGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_356 CAGATTGTAAC C G
SCIFI_LIG384_plate4 F09 SCIFI_LIG384_357 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCTGCTCCACCAAGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_357 TGCTCCACCAA C G

SCIFI_LIG384_plate4 F10 SCIFI_LIG384_358 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCGCGATATTCGGGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_358 GCGATATTCGG C G
SCIFI_LIG384_plate4 F11 SCIFI_LIG384_359 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCACAGGGGCAACGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_359 ACAGGGGCAAC C G
SCIFI_LIG384_plate4 F12 SCIFI_LIG384_360 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNCCTCTGATCCGTGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_360 CTCTGATCCGT C G

SCIFI_LIG384_plate4 G01 SCIFI_LIG384_361 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGTCATTGACTTGGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_361 TCATTGACTTG G G
SCIFI_LIG384_plate4 G02 SCIFI_LIG384_362 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGGGAAATCGTACGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_362 GGAAATCGTAC G G

SCIFI_LIG384_plate4 G03 SCIFI_LIG384_363 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGAACTTACTGCGGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_363 AACTTACTGCG G G
SCIFI_LIG384_plate4 G04 SCIFI_LIG384_364 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGCGACGGATTAAGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_364 CGACGGATTAA G G

SCIFI_LIG384_plate4 G05 SCIFI_LIG384_365 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGTTGCGATGTCCGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_365 TTGCGATGTCC G G

SCIFI_LIG384_plate4 G06 SCIFI_LIG384_366 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGGGATCGCACAGGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_366 GGATCGCACAG G G
SCIFI_LIG384_plate4 G07 SCIFI_LIG384_367 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGACCAAATTGTAGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_367 ACCAAATTGTA G G
SCIFI_LIG384_plate4 G08 SCIFI_LIG384_368 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGCTGGTCAGTTTGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_368 CTGGTCAGTTT G G
SCIFI_LIG384_plate4 G09 SCIFI_LIG384_369 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGGCCAAGGCGCCGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_369 GCCAAGGCGCC G G

SCIFI_LIG384_plate4 G10 SCIFI_LIG384_370 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGATGTAAGTCTTGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_370 ATGTAAGTCTT G G
SCIFI_LIG384_plate4 G11 SCIFI_LIG384_371 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGGGTGCTCCACAGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_371 GGTGCTCCACA G G

SCIFI_LIG384_plate4 G12 SCIFI_LIG384_372 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGCTGGTAGAGGTGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_372 CTGGTAGAGGT G G
SCIFI_LIG384_plate4 H01 SCIFI_LIG384_373 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGGCAGATTCCAGGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_373 GCAGATTCCAG G G

SCIFI_LIG384_plate4 H02 SCIFI_LIG384_374 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGATGGTTGCAATGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_374 ATGGTTGCAAT G G

SCIFI_LIG384_plate4 H03 SCIFI_LIG384_375 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGGCGGGTAGATAGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_375 GCGGGTAGATA G G
SCIFI_LIG384_plate4 H04 SCIFI_LIG384_376 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGCCACTCTTGGGGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_376 CCACTCTTGGG G G
SCIFI_LIG384_plate4 H05 SCIFI_LIG384_377 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGGTGAGGTATGTGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_377 GTGAGGTATGT G G
SCIFI_LIG384_plate4 H06 SCIFI_LIG384_378 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGAACGTTTATACGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_378 AACGTTTATAC G G

SCIFI_LIG384_plate4 H07 SCIFI_LIG384_379 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGGTGCCGCCAGCGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_379 GTGCCGCCAGC G G
SCIFI_LIG384_plate4 H08 SCIFI_LIG384_380 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGCGCGTTACTCAGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_380 CGCGTTACTCA G G

SCIFI_LIG384_plate4 H09 SCIFI_LIG384_381 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGTGATTGATGGAGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_381 TGATTGATGGA G G
SCIFI_LIG384_plate4 H10 SCIFI_LIG384_382 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGGTTACGGGCCGGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_382 GTTACGGGCCG G G

SCIFI_LIG384_plate4 H11 SCIFI_LIG384_383 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGACCAGCATACAGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_383 ACCAGCATACA G G
SCIFI_LIG384_plate4 H12 SCIFI_LIG384_384 [5'phos]ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNGCGAGTTTAATGGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN SASI_384 CGAGTTTAATG G G
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4. DISCUSSION 

Pooled CRISPR screens record the abundance of gRNAs, but cannot reveal more detailed cellular phe-

notypes. This limits them to simple readouts such as cell proliferation and survival, unless reliable 

screening reporters are developed to select relevant sub-populations. Due to their limited information 

content, pooled genetic screens suffer from high false-positive rates and require extensive follow-up 

experiments to validate potential hits. High-resolution phenotypes such as RNA-seq have previously 

been restricted to arrayed screens, which are severely limited by cost and labor and work best with 

cell lines that can be cultured indefinitely. Single-cell CRISPR screens constitute a new paradigm for 

functional genetics. They use individual cells as “micro-laboratories for genetic perturbations” 

(Wagner & Klein, 2017), and they allow phenotypes to be recorded as entire transcriptomes. This al-

lows for reporter-free screening based on transcriptional signatures, which should be suitable for a 

wide range of phenotypes. Even for biological experiments without extensive prior knowledge, rele-

vant screening signatures can be developed from non-targeted control cells included in the assay.  

In the following section, I will compare CROP-seq to alternative technologies for single-cell CRISPR 

screening and discuss applications where single-cell CRISPR screening provides the most benefit over 

existing methods. Finally, I will discuss current limitations and how they could be addressed by future 

technology development. 

4.1. Advantages of CROP-seq over competing technologies 

CROP-seq was published as part of the first wave of methods combining pooled CRISPR screens with 

a single-cell RNA-seq readout. Alternative protocols include Perturb-seq (Adamson et al., 2016, Dixit 

et al., 2016) (jointly developed by the Jonathan Weissman and Aviv Regev labs), CRISP-seq (Jaitin et 

al., 2016) (Ido Amit lab) and Mosaic-seq (Xie et al., 2017) (Gary Hon lab). The distinguishing feature of 

CROP-seq is the direct detection of gRNA sequences from scRNA-seq data. All competing technologies 

Figure 10 Comparison of CROP-seq with alternative methods. This figure was reprinted from Na-
ture Methods with permission from the publisher (Wagner & Klein, 2017). CROP-seq has the 
unique feature of capturing the gRNA sequence in a polyadenylated transcript, such that it is di-
rectly detectable from single-cell RNA-seq data. In contrast, alternative methods rely on a co-ex-
pressed indexing transcript containing a guide barcode. Besides other advantages, this design de-
cision makes CROP-seq compatible with standard one-step library cloning, while alternative tech-
nologies rely on arrayed cloning and lentivirus production to avoid recombination issues. 
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rely on the indirect detection of polyadenylated indexing transcripts containing guide barcodes 

(GBCs). This fundamental difference in the method design is illustrated in Figure 10. 

One disadvantage of the indirect detection approach is that it necessitates a two-step, arrayed cloning 

procedure for the CRISPR library. GBCs and gRNA sequences are cloned in succession, and the link 

between a gRNA and its GBC has to be established for example by Sanger sequencing. While arrayed 

library cloning might still be feasible for single-cell CRISPR screens with limited cell numbers, the ap-

proach is inelegant, labor-intensive and reduces the library complexity. Inevitably, Perturb-seq, CRISP-

seq and Mosaic-seq will run into a major bottleneck as screens get larger. In contrast, CROP-seq pro-

vides full compatibility with established one-step protocols for pooled library cloning, and it even al-

lows researchers to re-use existing oligonucleotide pools from established libraries. In combination 

with new technologies for ultra-high throughput scRNA-seq, such as combinatorial indexing and scifi-

RNA-seq, CROP-seq can easily scale to gene-family-wide or even genome-wide libraries without 

changes to the protocol. 

An even more concerning problem with the Perturb-seq, CRISP-seq and Mosaic-seq designs is the 

pronounced recombination between the gRNA and GBC, with up to 50% re-shuffling of barcode to 

perturbation associations (Hill et al., 2018). The problem is rooted in lentivirus biology. Lentiviral par-

ticles are pseudo-diploid, meaning that one virion contains two separate copies of the single-stranded 

RNA genome, even though only one provirus ultimately integrates into the host genome.  

Figure 11 CROP-seq avoids lentiviral switching of gRNA to GBC associations. a) Perturb-seq, CRISP-seq and 
Mosaic-seq rely on the detection of indexing transcripts containing Guide Barcodes (GBCs), co-expressed with a 
pre-determined gRNA. CROP-seq can detect gRNAs directly from single-cell RNA-seq data. Panel a was reprinted 
under the CC-BY-NC-ND 4.0 International License (Adamson et al., 2018). b) Lentiviral particles are pseudo-dip-
loid. When produced from a mixture of gRNA plasmids, they contain two heterotypic copies of the single-
stranded RNA genome. Template switching during lentiviral reverse transcription leads to high rates of shuffling 
of gRNA to GBC associations. CROP-seq avoids this issue altogether, and is the only method fully compatible 
with a pooled workflow. Hill et al. measured the recombination rate using two lentiviral constructs in which a 
fluorophore was co-expressed with a pre-determined DNA barcode. Panel b was modified and data was re-
plotted as percent barcode recombination for clarity (Hill et al., 2018).  
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When a library of gRNA-expressing transfer plasmids is supplied during the lentivirus production, vir-

tually all of the resulting lentiviral particles will contain two heterotypic genome copies. When a len-

tiviral particle successfully transduces a cell, the contained reverse transcriptase associates with the 

RNA genome to synthesize a DNA copy that is later integrated into the host genome. During the re-

verse transcription of the minus strand DNA, template switching occurs at a rate of 1 event per 

kilobase. This can result in shuffling of the GBC to perturbation associations at a rate proportional to 

the distance between the pair of sequences.  

Figure 11 provides detailed schematics of the four method designs. In Perturb-seq, CRISP-seq and 

Mosaic-seq, the distance between the gRNA and its associated barcode is between 2.7 and 2.9 kb, 

which is expected to result in the maximum possible swap rate of 50%. Indeed, this could be experi-

mentally confirmed in an elegantly designed experiment (Hill et al., 2018): two separate lentiviral 

transfer plasmids expressing either GFP or BFP, separated from a pre-determined DNA barcode by a 

distance of 2.4 kb, were constructed and used for lentivirus production. Since the fluorescent proteins 

differ only by three base substitutions, the region had almost perfect homology. When lentivirus was 

produced in a pooled fashion from a mixture of both plasmids, up to 50% of fluorophore-positive cells 

carried the wrong barcode. However, producing the lentiviral particles in an arrayed format did not 

result in recombination. Consequently, the original papers describing Perturb-seq, CRISP-seq and Mo-

saic-seq avoided the issue by performing the lentivirus production, transduction and selection of tar-

get cells in an arrayed format and combining cells with different perturbations right before the scRNA-

seq analysis. This process does not scale to larger CRISPR screens. In contrast, CROP-seq avoids the 

recombination problem altogether by reading the gRNA sequence directly and was applied in a pooled 

fashion throughout our experiments. 

An updated version of Perturb-seq has been described that minimizes lentiviral recombination 

through decoy transfer plasmids without homology to the screening vector (Adamson et al., 2018). 

While quite effective, this method reduces the viral titer by about ten-fold, which severely limits its 

applicability to large screens or primary material. Another implementation of Perturb-seq, which was 

jointly developed with the biotechnology company 10x Genomics, abandons the original method de-

sign altogether. Instead, gRNAs are captured with specially designed reverse transcription primers 

that are used in addition to the standard poly-T primer targeting the transcriptome. Unfortunately, 

this locks the method into the 10x Genomics ecosystem and does not provide compatibility with any 

other single-cell technology platform. Furthermore, the protocol largely relies on artificial capture se-

quences, which are incorporated into the gRNA backbone and necessitate a compatible gRNA expres-

sion vector. Since capture sequences are placed at key locations of the gRNA backbone, the new gRNA 

enrichment method is not compatible with many interesting screening modes that rely on the recruit-

ment of modifier proteins via RNA aptamers, such as CRISPR activation or epigenetic editing. 

In summary, CROP-seq has the unique feature of direct gRNA detection from scRNA-seq data. This 

facilitates the cloning of large gRNA libraries, and maintains compatibility with already designed oli-

gonucleotide pools that might be available in labs specializing in genetic screening. CROP-seq is the 

only method that provides full compatibility with pooled screening, without resorting to arrayed len-

tivirus production and transduction. Due to its unique design, CROP-seq avoids the gRNA/GBC shuf-

fling issues associated with alternative methods. These practical and conceptual advantages have led 

to the widespread adoption of CROP-seq, as highlighted in Figure 12. 
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Figure 12 CROP-
seq has been 
adopted by labs 
world-wide. The 
map highlights 195 
labs that have or-
dered CROP-seq 
reagents from the 
plasmid distributor 
Addgene at the 
time of writing. 

 

4.2. The value of single-cell resolution in CRISPR screens 

Due to the high cost of single-cell analyses and next-generation sequencing, we cannot yet realize the 

full potential of single-cell CRISPR screens. Today, they are often used as a secondary line of screening, 

for instance to follow up on hits from a genome-wide CRISPR screen (Adamson et al., 2016). As the 

cost for a single-cell transcriptome drops even further, it seems realistic that pooled CRISPR screens 

with scRNA-seq readout will eventually become the primary method of CRISPR screening. However, 

single-cell CRISPR screens are not just a high-throughput alternative to arrayed platforms. Even with 

a limited number of perturbations, they can offer unique insights for biological questions where single-

cell resolution matters. 

For example, single-cell technologies proved particularly useful for the analysis and deconvolution of 

heterogeneous cell populations. Likewise, technologies such as CROP-seq are promising approaches 

to pinpoint the effect of a particular perturbation to various cellular subsets in a heterogeneous mix-

ture. Indeed, most biological problems cannot be faithfully modelled by cell lines. Our initial CROP-

seq screens were done in Jurkat cells, an immortalized human cell line established from a patient with 

T cell leukemia in 1977 (Schneider et al., 1977). Using T cell receptor activation as our screening sig-

nature, we could identify most but not all of the expected gene interactions. It seems that already 

when screening for a relatively simple gene expression signature, the results can be confounded by 

pre-existing mutations and signaling deficiencies of the investigated cell line (Gioia et al., 2018). Going 

forward, we would like to study more complex behaviors of human T cells, such as T-cell mediated 

cytotoxicity of CD8+ T cells, or the profound specification of CD4+ T helper cell subsets. To ask these 

questions, we need to consider the complexity of the human T cell repertoire, with diverse naive, 

effector and memory subsets, which will be greatly facilitated by single-cell CRISPR screens. 

Another research field revolutionized by single-cell methods is the study of development at the cellu-

lar, organ or even whole organism level. Differentiation is a continuous process, but not necessarily 

perfectly synchronized between cells. Therefore, a large population of cells sampled by scRNA-seq will 
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contain single cells at multiple stages of the differentiation process, and the proportion of cells corre-

sponds to the duration of a particular stage. The single-cell data can then be projected into a lower-

dimensional space, and developmental trajectories can be derived by computational methods (Qiu et 

al., 2017). In a screening setting, this allows the unbiased and continuous classification of measured 

single cell phenotypes along the differentiation path, instead of relying on binary selection based on 

a marker protein. Developmental single-cell CRISPR screens are particularly interesting for processes 

where the exact outcome is unclear and marker proteins fail to achieve a fully representative readout. 

This is often the case in cellular transdifferentiation and reprogramming, where single-cell studies 

have proven useful to uncover competing cell fates that are limiting the conversion efficiency 

(Treutlein et al., 2016). Technologies such as CROP-seq can introduce defined genetic perturbations 

into these systems, and can accurately describe the identity of cells based on single-cell transcrip-

tomes. For instance, the induced differentiation process could be computationally reconstructed to 

assess the enrichment of gRNAs in certain developmental stages. 

Single-cell CRISPR screening is especially useful when little is known about the biological system and 

the induced response. Cells with non-targeting control gRNAs can be used as an internal reference to 

derive a relevant signature for screening. For example, in our CROP-seq screen in Jurkat cells, we were 

able to derive a relevant T-cell activation signature purely from the scRNA-seq data, using a principle 

component analysis of unstimulated and stimulated control cells. This makes the assay self-calibrat-

ing, and it allows researchers to screen for multiple gene expression signatures defined in silico that 

might represent different aspects of the biological process (for instance T cell proliferation, activation, 

differentiation into subsets and exhaustion due to overstimulation with antigen). As our scientific 

knowledge on a topic grows, it is even possible to revisit old screens with an updated screening signa-

ture without repeating the experiment in the lab. 

Another especially interesting application is the combination of genome-wide, positive selection 

screens with a single-cell transcriptome readout. Positive selection screening has been introduced in 

section 1.1.7 as an effective way to identify acquired resistance mechanisms to cancer drugs. Genome-

wide CRISPR activation could be used to induce resistance in a small subset of the perturbed cells, and 

scRNA-seq could provide a full transcriptome signature for each of the screening hits. This allows re-

searchers to filter out false positive hits and uncovers the exact molecular mechanism of resistance, 

such as activation of an alternative signaling pathway for survival. 

Single-cell CRISPR screening is also particularly relevant for rare cells that cannot be cultured easily. 

The high capture efficiency of single-cell RNA-seq ensures that most of the material is effectively con-

verted into a sequencing library, and the detailed whole-transcriptome readout can get away with a 

lower screening coverage when performing screens on scarce primary material. 

Another interesting perspective that only single-cell technologies can provide is CRISPR screening with 

a multi-omics readout from the same cell. For instance, RNA and protein expression have been quan-

tified from the same single cell by methods such as CITE-seq (Stoeckius et al., 2017), REAP-seq 

(Peterson et al., 2017) and Abseq (Shahi et al., 2017). More recently, a combined scRNA-seq and 

scATAC-seq readout has been achieved (Cao et al., 2018). A method called Perturb-ATAC combined 

CRISPR perturbations with single-cell ATAC-seq (Rubin et al., 2019), although at a very low throughput 
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using a small integrated fluidic circuit. Taken together, these new developments could open up new 

and exciting possibilities for screening at the single-cell level. 

4.3. Current limitations of single-cell CRISPR screens 

One limitation of CRISPR screens in general is that they are still largely applied to cell line models. The 

efficiency of single-cell RNA-seq protocols to process scarce material, along with the complexity of the 

transcriptome readout, promise screens in smaller cell populations such as those derived from pri-

mary material or patient samples. However, the delivery of the components required for CRISPR ge-

nome editing into these cells is challenging. One promising approach is to derive cells from a Cas9-

expressing mouse model (Jaitin et al., 2016). Shortening the gRNA spacer sequence to 15 nucleotides 

results in dead RNAs (or dRNAs), which still bind to the target locus but lose their ability to cut the 

genome. This approach allows to suppress cutting in the SpCas9 mouse, and introduce other functions 

such as CRISPR activation (Liao et al., 2017). Screening in primary human cells is even more challeng-

ing, and will require the delivery of CRISPR components as protein (Shifrut et al., 2018) or mRNA to 

achieve efficient editing. Comparing the two approaches, mRNA seems the preferred choice because 

it can be produced cheaply and in large quantities with one standardized in vitro transcription proto-

col. By cloning the desired open-reading frames into a construct containing a T7 promoter, 3’ and 5’ 

untranslated regions for transcript stability and a hard-coded poly-A tail, this approach can be ex-

tended to a wide range of desired genome editing functions such as CRISPR activation, enhancer ed-

iting, random mutagenesis, base editing and many more. 

Another major limitation is the current throughput and high cost of scRNA-seq protocols, which limits 

the number of perturbations that can be screened. Two scenarios seem particularly interesting. Tar-

geting entire gene families (epigenetic modifiers, transcription factors, kinases) at very high single-cell 

coverage in the range of 1,000 cells per gene can reveal fine details in the associated transcriptome 

signatures to fully characterize the effect of each perturbation. Given that a typical gene family has 

between 500 and 1,000 members, this would require the profiling of 500,000 to 1,000,000 cells. On 

the upper end of the throughput requirements, we could think about rudimentary genome-wide sin-

gle-cell screens at a limited coverage of 100 cells per gene. For human cells with their roughly 20,000 

genes (Willyard, 2018), this would require a throughput of at least 2 million profiled cells. There is 

reason for optimism that disruptive technologies such as combinatorial indexing and scifi-RNA-seq will 

help reach these ambitious goals in the coming years. 

One CROP-seq specific disadvantage is that the cloning capacity for combinatorial perturbations is 

limited. As already mentioned, CROP-seq places the gRNA expression cassette in the 3’ LTR to achieve 

a direct readout of gRNAs. Large inserts, such as dual or triple gRNA expression cassettes, might render 

the LTR nonfunctional and could result in low viral titers. While CROP-seq can still achieve combina-

torial perturbations by superinfection of cells with multiple lentiviral particles, the multiplicity of in-

fection cannot be tightly controlled and leads to the sampling of unwanted single perturbations and 

higher order interactions. 

Finally, since CROP-seq, Perturb-seq, CRISP-seq and Mosaic-seq are all based on scRNA-seq in micro-

fluidic droplet generators, they require the dissociation of the material into a single-cell suspension. 
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Thus, they are limited to cell-autonomous processes. With pooled optical screens, introduced in sec-

tion 1.2.1, there is an emerging complementary platform to assess important biological phenomena 

such as cell-cell interactions, cell morphology and other spatial phenotypes.  

In summary, through our work on CROP-seq, we have demonstrated that CRISPR screening at the 

single-cell level is feasible, and that it provides unique advantages over existing methods. As the 

throughput of scRNA-seq continues to grow, so will the potential of single-cell CRISPR screens. With 

scifi-RNA-seq, we provide a promising method to scale CROP-seq screens to whole gene families and 

eventually to the genome-wide level. Technologies such as CROP-seq have the potential to revolution-

ize functional genetic screening, and will enable many exciting applications in the future. 
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