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Abstract 14 

Respiratory viruses, such as the 2009 pandemic strain of influenza A virus (IAV, H1N1pdm09), target 15 

cells found in the human respiratory epithelium. These cells, which form a pseudostratified epithelial 16 

layer along the airways, constitute the first line of defence against respiratory pathogens and play a 17 

crucial role in the host antiviral response. However, despite their key role in host defence, it remains 18 

unknown how distinct cell types in the respiratory epithelium respond to IAV infection and how these 19 

responses may contribute to IAV-induced pathogenesis and overall disease outcome. Here, we used 20 

single cell RNA-sequencing (scRNA-seq) to dissect the host response to IAV infection in its natural 21 

target cells. scRNA-seq was performed on human airway epithelial cell (hAEC) cultures infected with 22 

either wild-type pandemic IAV (WT) or with a mutant version of IAV (NS1R38A) that induced a robust 23 

innate immune response. We then characterized both the host and viral transcriptomes of more than 24 

19,000 single cells across the 5 major cell types populating the human respiratory epithelium. For all 25 

cell types, we observed a wide spectrum of viral burden among single infected cells and a disparate 26 

host response between infected and bystander populations. Interestingly, we also identified multiple 27 

key differences in the host response to IAV among individual cell types, including high levels of pro-28 

inflammatory cytokines and chemokines in secretory and basal cells and an important role for luminal 29 

cells in sensing and restricting incoming virus. Multiple infected cell types were shown to upregulate 30 

interferons (IFN), with type III IFNs clearly dominating the antiviral response. Transcriptional changes 31 

in genes related to cell differentiation, cell migration, and tissue repair were also identified. Strikingly, 32 

we also detected a shift in viral host cell tropism from non-ciliated cells to ciliated cells at later stages 33 

of infection and observed major changes in the cellular composition. Microscopic analysis of both WT 34 

and NS1R38A virus-infected hAECs at various stages of IAV infection revealed that the transcriptional 35 

changes we observed at 18 hpi were likely driving the downstream histopathological alterations in the 36 

airway epithelium. To our knowledge, this is the first study to provide a comprehensive analysis of the 37 

cell type-specific host antiviral response to a respiratory virus infection in its natural target cells – 38 

namely, the human respiratory epithelium.   39 
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Introduction 40 

Respiratory viruses, including Influenza A virus (IAV), pose a significant threat to global public health 41 

and represent a major source of morbidity and mortality in humans. IAV in particular, causes not only 42 

yearly seasonal outbreaks, but also sporadic pandemics that can have devastating consequences 1,2. 43 

The most recent IAV pandemic, which was first detected in Mexico in 2009, was caused by the 2009 44 

IAV H1N1 pandemic virus (H1N1pdm09) 3. This virus, which disproportionately affected people under 45 

the age of 65, spread quickly and ultimately led to thousands of deaths worldwide 4. Notably, in most 46 

people IAV causes only mild disease; however, some individuals develop more severe or even fatal 47 

disease outcomes 5,6. Although a number of studies have shown that IAV pathogenesis and disease 48 

severity are influenced by host innate immune and inflammatory responses, the specific host factors 49 

involved and how they shape IAV pathogenesis, remain elusive 7,8.  50 

 The main target cells for IAV infection and replication are airway epithelial cells 9,10. These cells, 51 

which form a pseudostratified layer along the human respiratory tract, are the first cells to encounter 52 

invading respiratory pathogens and play a critical role in host defence 11. Several distinctive cell types 53 

comprise the airway epithelium, including ciliated, secretory, goblet, and basal cells 12. Anchored by a 54 

collective network of adhesion molecules and cell-cell junctions, airway epithelial cells form a strong 55 

physical barrier that is impermeable to many pathogens. In addition, distinct cell types make use of 56 

unique defensive strategies to combat viral infection. For example, secretory and goblet cells secrete 57 

mucus and antimicrobial peptides onto the luminal surface of the airway epithelium, whereas ciliated 58 

cells facilitate the removal of viral and cellular debris from the respiratory tract 12. In addition to these 59 

extracellular defences, the host innate immune response in airway epithelial cells provides another 60 

essential layer of protection. In particular, the interferon (IFN) system coordinates the production of 61 

hundreds of different host effector proteins that (i) transform the local environment and establish an 62 

intracellular “antiviral state,” (ii) impair the propagation, spread, and transmission of viral pathogens, 63 

and (iii) shape downstream adaptive immune responses 13–16.  64 

 During viral infection, the IFN response is activated by the recognition of specific pathogen-65 

associated molecular patterns (PAMPs) by one or more pattern recognition receptors (PRRs). PRRs 66 

relevant to IAV, including Toll-like receptor 3 (TLR3), Melanoma differentiation-associated protein 5 67 

(MDA5), and retinoic acid-inducible gene I (RIG-I), are known to be expressed under both naive and 68 

IFN-stimulated conditions in the human airway epithelium 17–20. Upon recognition, PRRs bind to their 69 
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cognate PAMPs and activate downstream signalling pathways that ultimately lead to the induction of 70 

both type I and III IFNs 21. Notably, type III IFNs are particularly abundant at mucosal sites and play an 71 

important role in epithelial antiviral defence, whereas type I IFNs are expressed more ubiquitously in 72 

multiple host tissues 21. Activation of either pathway leads to the upregulation of hundreds of IFN-73 

stimulated genes (ISGs), as well as many pro-inflammatory cytokines and chemokines 13–16,21. The 74 

former interferes with viral replication directly, whereas the latter recruit and activate innate immune 75 

cells and instigate downstream adaptive immune responses.  76 

 Beyond the canonical IFN and pro-inflammatory responses, viral infection also leads to the 77 

induction of genes involved in programmed cell death (PCD), wound healing, and tissue repair. IAV 78 

infection in particular, has been shown to induce multiple forms of PCD, including both extrinsic and 79 

intrinsic apoptosis, necroptosis, and pyroptosis 22–26. Strikingly, recent studies have identified several 80 

PRRs that can activate both antiviral and PCD pathways following viral infection 27,28. Together these 81 

pathways, as well as pathways involved in host epithelium repair, play a pivotal role in dictating the 82 

severity and outcome of disease following IAV infection 7,29–32. However, within its natural target cells, 83 

it is currently unknown how key components of the multifaceted host response are distributed among 84 

the distinct cell types or how the latter may influence IAV disease progression and pathogenesis.  85 

IAV has evolved various strategies to evade recognition by the host innate immune system.  86 

Many of these strategies target IFN production and as such, previous scRNA-seq studies have only 87 

been able to detect IFN in a few cells following IAV infection 33–36. The non-structural 1 (NS1) protein, 88 

which contains a conserved RNA-binding domain (RBD) (amino acids 1-73) and an effector domain 89 

(amino acids 74-230), is the main protein by which IAV antagonizes the host response 37,38. The RBD 90 

is believed to sequester viral RNA transcripts in the cell to prevent recognition of these transcripts by 91 

PRRs and avoid activation of key innate immune signalling cascades 39. Notably, RBD disruption at 92 

amino acid position 38 completely abrogates the dsRNA binding capacity of NS1 39. Moreover, this 93 

mutation leads to attenuation of viral replication in both primary murine airway epithelial cell (mAEC) 94 

cultures and in mice 40,41. Indeed, previous studies of mAEC cultures infected with the IAV NS1R38A 95 

mutant virus (NS1R38A) uncovered a critical regulatory role for NS1 in both induction of and sensitivity 96 

to the host innate immune response 40. Therefore, despite regional differences in the cellular 97 

composition between the human and murine respiratory epithelium 42, and species-specific immune 98 
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antagonizing effects by NS1 43, this specific feature of NS1 can be utilized to exaggerate an antiviral 99 

response in order to dissect  the IFN response to IAV infection in its natural target cells. 100 

Multiple fundamental aspects of the host response to IAV infection in the human respiratory 101 

tract are unknown, including how crucial innate immune components are distributed among distinct 102 

epithelial cell types and how this distribution may influence infection outcome. Additionally, from the 103 

viral perspective, very little is known about the nature and extent of viral transcription that occurs in 104 

these cell types or how IAV infection may alter the overall composition of the respiratory epithelium. 105 

Here, we provide the first comprehensive analysis of the host response to IAV infection in its natural 106 

target cells. To mimic natural IAV infection, we infected human airway epithelial cell (hAEC) cultures 107 

with a low multiplicity of infection (MOI) of either wild-type pandemic IAV (WT) or the NS1R38A mutant 108 

virus. In total, we characterized the individual host and viral transcriptomes for more than 19,000 single 109 

cells across the 5 major hAEC cell types in mock, WT, and NS1R38A infected cultures. We observed a 110 

large heterogeneity in viral burden and disparate host response among virus-infected and bystander 111 

cell populations accompanied with a dynamic change in the cellular composition in both the WT and 112 

NS1R38A infected cultures. This revealed that infected cells are the main producers of IFNs, with a 113 

dominant role for IFN lambda. Furthermore, we observed transcriptional changes among genes 114 

associated with inflammasome activation, cell death, wound healing, and tissue repair, that are likely 115 

responsible for the observed downstream phenotypic changes in airway epithelial cell architecture 116 

during later stages of infection. Collectively, these results provide a comprehensive overview of the 117 

complex antiviral response to IAV infection and the associated viral pathogenesis at the natural site of 118 

infection, namely the human respiratory epithelium.  119 
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Material and Methods 120 

Cell lines 121 

The human embryonal kidney cell line 293LTV (Cellbiolabs; LTV-100) was maintained in Dulbecco’s 122 

Modified Eagle Medium supplemented with GlutaMAX (Gibco), 1mM sodium pyruvate (Gibco), 10% 123 

heat-inactivated fetal bovine serum (FBS; Thermo Fisher Scientific), 100  µg/ml Streptomycin (Gibco), 124 

100 IU/ml Penicillin (Gibco) and 0.1 mM MEM Non-Essential Amino Acids (Gibco). The Madin-Darby 125 

Canine Kidney II (MDCK-II) cell line was maintained in Eagle`s Minimum Essential Medium (EMEM, 126 

Gibco), supplemented with 5% heat-inactivated FBS (Thermo Fisher Scientific), 100 µg/ml 127 

Streptomycin and 100 IU/ml Penicillin (Gibco). All cell lines were maintained at 37°C in a humidified 128 

incubator with 5% CO2. 129 

 130 

Primary human airway epithelial cell (hAEC) cultures  131 

Primary human bronchial cells were isolated from patients (>18 years old) undergoing bronchoscopy 132 

or pulmonary resection at the Cantonal Hospital in St. Gallen, Switzerland, in accordance with our 133 

ethical approval (EKSG 11/044, EKSG 11/103 and KEK-BE 302/2015). Isolation and establishment of 134 

well-differentiated primary human airway epithelial cell cultures was performed as previously described 135 

44. The hAEC cultures were allowed to differentiate for at least four weeks prior to use. 136 

 137 

Recombinant Influenza A virus 138 

The Influenza A/Hamburg/4/2009 (H1N1pdm09) virus strain in the pHW2000 reverse genetic backbone 139 

was kindly provided by Martin Schwemmle, University of Freiburg, Germany, and was used as template 140 

to generate the Influenza A H1N1pdm09NS1R38A virus mutant using site-directed mutagenesis 45. Both 141 

H1N1pdm09 (WT) and H1N1pdm09NS1R38A (NS1R38A) viruses were rescued by transfecting 1 µg of 142 

each of the eight individual genomic segments into co-cultures of 293LTV and MDCK-II cells using 143 

lipofectamine 2000 according manufacturer instructions (Thermo Fisher Scientific). After 6 hours the 144 

maintenance medium was exchanged to infection medium (iMEM), which is composed of Eagle's 145 

Minimum Essential Medium (EMEM), supplemented with 0,5% of BSA (Sigma-Aldrich), 100 µg/ml 146 

Streptomycin and 100 IU/ml Penicillin (Gibco) and 1 µg/mL Bovine pancreas-isolated acetylated trypsin 147 

(Sigma-Aldrich) and 15 mM HEPES. Forty-eight hours post-transfection virus containing supernatant 148 

was cleared from cell debris through centrifugation for 5 minutes at 500x rcf before aliquoting and 149 
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storage at -80°C. Working stocks were prepared by propagating the rescued virus onto MDCK-II cells 150 

for 72 hours in iMEM after which the supernatant was clarified from cellular debris before aliquots were 151 

stored at -80°C. The viral titer was either determined by TCID50 or by Focus Forming Unit (FFU) unit 152 

assay on MDCK-II cells as described previously 46,47.  153 

 154 

Single cell RNA-sequencing of hAEC cultures 155 

hAEC cultures from 2 different human donors were inoculated in duplicate with 10,000 TCID50 of either 156 

the WT or NS1R38A virus or Hank’s Balanced Salt Solution (HBSS) as mock (untreated) control and 157 

incubated for 1 hour at 37°C in a humidified incubator with 5% CO2. Afterwards inoculum was removed, 158 

and the apical surface was washed three times with HBSS, after which the cells were incubated for an 159 

additional 17 hours at 37°C in a humidified incubator with 5% CO2. For each condition one of the 160 

duplicate samples was fixed in 4% formalin solution for later immunofluorescence analysis. The apical 161 

surface of the remaining inserts was washed four times with 200 µL of HBSS followed by a final washing 162 

step of both the apical and basolateral surface with 200 and 500 µL of HBSS, respectively. Cells were 163 

dissociated from the Transwell® insert by adding 200 and 500 µL of TrypLE (Thermo Fisher Scientific) 164 

to apical and basolateral compartment and an incubation step of 10 minutes at 37°C in a humidified 165 

incubator with 5% CO2. This was followed by a gentle disruption of the cell layer through pipetting using 166 

a large bore-size pipette tip, and an additional incubation of 20 minutes at 37°C in a humidified incubator 167 

with 5% CO2. Dissociated cells were transferred into 800 µL wash solution, which is composed of Air-168 

Liquid Interface (ALI) medium supplemented with 0.1% Pluronic (Thermo Fisher Scientific), and the 169 

remaining clumps were gently disrupted through pipetting using a large bore-size pipette tip. Next three 170 

cycles of centrifugation for 5 minutes at 250x rcf and resuspension in 1 mL washing solution were 171 

performed. Afterward the cells were resuspended in 300 µL washing solution and the cell number, cell 172 

viability and cell size were assessed with trypan blue on a Countess II (Thermo Fisher Scientific). The 173 

single cell partitioning was performed on a Chromium Controller (10x Genomics) using the Chromium 174 

Single Cell 3' Reagent Kit (version 2, 10x Genomics) according to manufacture protocol. The obtained 175 

partitions were further processed using the Chromium Single Cell 3' Reagent Kit (version 2, 10x 176 

Genomics) to generate Nextera XT sequencing libraries that were sequenced on a HiSeq3000 177 

(Illumina), using a single flow cell lane for each library. 178 

 179 
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Computational analysis scRNA-seq data 180 

The raw sequencing data was processed using the CellRanger software package (10x Genomics, 181 

version 2.1.1) with a concatenation of the human genome CRCh38 and the viral H1N1pdm09 strain as 182 

reference sequence. The resulting unique molecule identifier (UMI) count matrix of each individual 183 

sample was pre-processed, filtered individually in Seurat (v2.3.4) by plotting global distribution of gene, 184 

UMI, and mitochondrial counts per cell for each sample 48. Cell partitions that expressed genes in fewer 185 

than 5 cells, along with those that expressed fewer than 1000 genes or for which the total mitochondrial 186 

gene expression was greater than 30% were removed. Following the preliminary analyses and filtering 187 

the data of the 3 different conditions (mock, WT, and NS1R38A) was merged with its biological 188 

counterpart (donor 1904 or 2405) prior to data scaling, normalization and regressing out unwanted 189 

sources of variation (number of UMI’s, mitochondrial content, cell cycle phase and proportion of viral 190 

mRNAs) prior to integrating all 3 different conditions via canonical correlation analysis (CCA). The 191 

proportion of viral mRNA found in a cell was inferred from the amount of unique molecular identifiers 192 

(UMI) that aligned with viral segments in that cell. This number was then divided by the total UMI count 193 

(cellular and viral mRNAs) in the same cell to give proportion per cell. Because of potential ambient 194 

viral RNA contamination in neighbouring cell partitions in the WT and NS1R38A virus-infected conditions 195 

we categorized cells as either “virus-infected” or “bystander” when the proportion of viral mRNA was 196 

above or below a threshold of 0.05, respectively. For the computation of the viral heterogeneity, fraction 197 

of missing genes and relative gene expression of influenza virus in hAEC cultures we modified previous 198 

published scripts 35. For cell type annotation, the resulting integrated dataset was used for unsupervised 199 

graph-based clustering was used to annotate the different cell types in mock, and WT and NS1R38A 200 

virus-infected hAEC cultures using both cluster-specific marker genes and well-known canonical marker 201 

genes to match identified clusters with specific cell types found in the respiratory epithelium. Further 202 

downstream analysis, such as differential gene expression, pathway enrichment analysis and data 203 

visualization was performed with a variety of R-packages 48–51. Calculations were performed on UBELIX 204 

(http://www.id.unibe.ch/hpc), the High Performance Computing (HPC) cluster at the University of Bern. 205 

 206 

Complete Influenza virus genome sequencing 207 

Viral RNA was extracted from 10,000 TCID50 WT and NS1R38A virus containing inoculum using the 208 

QIAamp Viral RNA mini kit (Qiagen), according to the manufactures protocol. The viral genomic 209 
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segments were amplified using the SuperScript IV One-Step RT-PCR system (Thermo Fisher) 210 

according to the previously described M-RTPCR protocol 52. Amplified PCR products were analysed on 211 

a 2100 bioanalyzer system (Agilent) using a High Sensitivity DNA chip according to the manufactures 212 

guidelines. The sequencing libraries of the individual samples were prepared using the Oxford 213 

Nanopore Technology (ONT) ligation sequencing kit (SQK-LSK109) in combination with the native 214 

barcoding kit (EXP-NBD104). The barcoded samples were pooled together and loaded on a MinION 215 

flowcell (ONT, R9.4) mounted on a MinION MK1b device and sequenced using MinKNOW software 216 

(v2.1), according to manufacture protocols. The raw squiggle data was processed and demultiplexed 217 

using the Albacore basecaller (v2.3.4). Reads from the inoculum virus samples were then aligned 218 

against the reverse genetic plasmid-based Influenza A/Hamburg/4/2009 reference sequence using 219 

minimap2 (v2.11) after which nucleotide variants were called with Nanopolish and translated into a new 220 

consensus sequence (v0.11.1) 53. Sequencing depth for the genomic segments in each sample was 221 

analysed with Samtools (v1.8) 54. Calculations were performed on UBELIX (http://www.id.unibe.ch/hpc), 222 

the High-Performance Computing (HPC) cluster at the University of Bern. 223 

 224 

Immunofluorescence 225 

The hAEC cultures were fixed and stained for immunofluorescence as previously described 44. The 226 

mouse monoclonal antibody directed against the Influenza A Virus NP Protein (clone C43; ab128193, 227 

Abcam) and polyclonal rabbit anti-ZO1 (Tight junctions; 61-7300, Thermo Fisher Scientific) were used 228 

as primary antibodies. Alexa Fluor® 488-labeled donkey anti-mouse IgG (H+L), Alexa Fluor® 647-229 

labeled donkey anti-Rabbit IgG (H+L) (Jackson Immunoresearch) were applied as secondary 230 

antibodies. The Cy3-conjugated mouse monoclonal anti-beta tubulin antibody (TUB2.1; ab11309, 231 

Abcam) was applied as a tertiary antibody to visualize the cilia. All samples were counterstained with 232 

DAPI (4',6-diamidino-2-phenylindole; Invitrogen) to visualize nuclei. The immunostained inserts were 233 

mounted on Colorforst Plus microscopy slides (Thermo Fisher Scientific) in ProLong Diamond antifade 234 

mounting medium (Thermo Fisher Scientific) and overlaid with 0.17 mm high precision coverslips 235 

(Marienfeld). Imaging was performed by acquiring 200 nm stacks over the entire thickness of the sample 236 

using a DeltaVision Elite High-Resolution imaging system (GE Healthcare Life Sciences) using a step 237 

size of 0.2 µm with a 60x/1.42 oil objective. Images were deconvolved and cropped using the integrated 238 

softWoRx software package and processed using Fiji software package 55. Brightness and contrast 239 
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were adjusted identically for each condition and their corresponding control. For quantification, the 240 

TJP1/ZO1 marker was used to segment cells using the Interactive Marker-controlled Watershed plugin 241 

56. The subsequent mask was then used to measure cell sizes as well as tight junction intensity in a 15-242 

pixel band corresponding to the cell periphery and based on the initial mask. Cells at the edge of the 243 

field of view were excluded from the analysis.  244 

 245 

Data 246 

Single cell transcriptome data will be deposited in an open-access public repository, and scripts used 247 

for analysis and figure generation will be become available at Github upon publication. 248 

 249 

Results 250 

Single-cell RNA sequencing of pandemic IAV-infected human airway epithelial cells. 251 

To define the host response to pandemic IAV infection in its natural target cells, we infected primary 252 

human airway epithelial cell (hAEC) cultures with pandemic IAV at a multiplicity of infection (MOI) of 253 

0.03 and then profiled the transcriptomes of uninfected cells as well as cells harvested 18 hours post-254 

infection (hpi) using single-cell RNA sequencing (scRNA-seq) (Fig. 1a) 57. hAEC cultures derived from 255 

two distinct biological donors were infected with either wild-type pandemic IAV (WT) or a NS1 mutant 256 

virus (NS1R38A) with abrogated dsRNA binding capacity 39-27. Prior to infection, both WT and NS1R38A 257 

were rescued from cloned DNA and minimally passaged on MDCK-II cells and then whole genome 258 

amplicon sequencing was used to confirm that no genetic changes were introduced following viral 259 

passaging (Supp. Table 1). Quantification of the apical viral yield at 18 hpi revealed that the NS1R38A 260 

infectious viral progeny were two-fold lower than the WT infectious viral progeny; however, their viral 261 

RNA yields were comparable (Fig. 1b). The former observation, which has been reported previously, 262 

suggests that the mutation in NS1R38A negatively influences the production of infectious viral progeny 263 

37,38. Notably, we also performed whole genome amplicon sequencing on the WT and NS1R38A virus-264 

infected hAECs at 18 hpi and found that no additional mutations were introduced during multi-cycle 265 

replication (Supp. Table 1). As such, any discrepancies in the host response between WT and NS1R38A 266 

virus-infected hAECs are due to the single non-synonymous R38A mutation in the NS1 gene. 267 

 Following IAV infection, we collected approximately 300,000 cells from our mock, WT, and 268 

NS1R38A virus-infected hAEC cultures for each biological donor. Cells were then partitioned for cDNA 269 
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synthesis and barcoded using the Chromium controller system (10x Genomics), followed by library 270 

preparation, sequencing (Illumina), and computational identification of individual cells (Fig. 1a). We 271 

captured a total of 20,282 single cells, 19,903 of which remained following the removal of cells that 272 

expressed an unusually low or high number of genes or an abnormally high amount of mitochondrial 273 

RNA (Supp. Fig. 1a). These 19,903 cells were comprised of 8,017 mock cells, 5,626 WT cells, and 274 

6,260 NS1R38A cells (Fig. 1c). Of note, since our partitioning input was 10,000 cells per condition, our 275 

recovery rate was consistent with the previously reported rate of 50-65% 58.   276 

 Global analysis of both host and viral transcriptomes in all 19,903 cells revealed that in each 277 

condition the host mRNA transcripts displayed an expected binomial distribution (Fig. 1d). Moreover, 278 

the viral mRNA transcripts were only detected in WT or NS1R38A virus-infected conditions (Fig. 1d). We 279 

found that the proportion of viral mRNA per cell varied considerably among cells in primary hAEC 280 

cultures, which is similar to previous studies in IAV-infected A549 cells or mice 35,59,60.  281 

 282 

Identification of infected and bystander cells in IAV-infected hAEC cultures. 283 

When a population of cells is infected with a virus, not all cells in this population become truly infected. 284 

Instead, some cells, referred to as bystanders, are exposed to the virus but remain uninfected. Since 285 

infected and bystander cells have previously been shown to respond to viral infection in distinct ways, 286 

it is important to demarcate and compare these two populations. Thus, similar to previous studies, we 287 

applied a threshold that categorized cells as infected or bystander and removed any empty partitions 288 

containing displaced viral mRNAs 35,36. The latter occasionally occurs due to the nature of droplet-based 289 

single cell sequencing, whereby highly abundant transcripts, such as lysis-derived host mRNAs and 290 

viral mRNAs, may “leak” into neighbouring single cell partitions 35,36,58. Using this approach, we 291 

classified 1625 and 1701 cells as “infected” in the WT and NS1R38A virus-infected samples, respectively 292 

(Fig. 2A). For each sample, this represents approximately 30% of all cells exposed to the virus and 293 

suggests that WT and NS1R38A had infected a similar proportion of cells at 18 hpi. The latter was 294 

confirmed using immunofluorescence in a parallel experiment (Fig. 2B). The remaining cells in the WT 295 

and NS1R38A virus-infected hAEC cultures were categorized as bystanders (4001 and 4559, 296 

respectively), whereas all cells in the mock hAEC cultures were categorized as unexposed.  297 

Since NS1 plays a major role in IAV replication we also assessed whether the R38A mutation 298 

may influence the relative expression of the different viral mRNA segments. Our analysis showed that 299 
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R38A did not alter the relative expression of the viral mRNA segments and that both WT and NS1R38A 300 

virus-infected hAEC cultures displayed a similar viral mRNA segment ratio with the order M > NS >> 301 

HA > NP > NA >> PB2 ~ PB1 ~ PA (Fig. 2C,D). Interestingly, this order is distinct from the order that 302 

was previously observed in IAV-infected A549 cells (M > NS >> NP > NA > HA >> PB2 ~ PB1 ~ PA) 35. 303 

Moreover, in both WT and NS1R38A virus-infected hAEC cultures we found that the vast majority of 304 

infected cells express all the 8 viral mRNA segments in infected cells (Fig. 2E). The latter is in stark 305 

contrast to previous studies on IAV using prototypic viral strains and indicates that infection in a more 306 

natural in vivo-like environment with a contemporary strain of IAV exhibits distinct viral properties 35.  307 

 308 

Dynamic changes in cell composition occur in the respiratory epithelium following IAV infection. 309 

As mentioned previously, the respiratory epithelium is comprised of several specialized cell types that 310 

likely respond to IAV infection in distinct ways. To annotate these cell types and identify potential cell 311 

type-specific host and/or viral responses in mock, WT, and NS1R38A virus-infected hAEC cultures, we 312 

performed unsupervised graph-based clustering on the integrated dataset using Seurat (Fig. 3A). We 313 

then used both cluster-specific marker genes and well-described canonical marker genes to match 314 

identified clusters with specific cell types found in the respiratory epithelium (Fig. 3B). In all hAEC 315 

cultures, we identified 5 distinct clusters, 4 of which corresponded to the well-known basal, secretory, 316 

goblet, and ciliated cell populations, and 1 cluster that corresponded to the recently described 317 

preciliated cell type (Fig. 3C). We also detected several cells expressing high levels of FOXI1, a recently 318 

defined marker for a rare group of cells called ionocytes (Fig. 3B). However, because these cells are 319 

rare, and since we only detected a few, we chose to exclude them from our subsequent analyses 59,61. 320 

Finally, we observed 1 small satellite cluster that was comprised mainly of cells from our WT and 321 

NS1R38A virus-infected hAEC cultures. Careful inspection of this cluster revealed that the majority of 322 

cells found in it expressed very high levels of viral transcripts, suggesting that the host cell transcript 323 

levels may have been too low to classify these cells as a particular type. Cells in this cluster were thus 324 

categorized as “undefined” in our dataset (Fig. 3C). Notably, the observed cell types are consistent with 325 

previous scRNA-seq studies and indicate that our hAEC model recapitulates the respiratory epithelium 326 

in vivo 42,59,61. 327 

To determine whether any changes in the cellular composition occurred during viral infection, 328 

we compared the relative proportion of distinct cell types found in mock hAEC samples to those found 329 
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in WT and NS1R38A virus-infected hAEC samples. Interestingly, compared to uninfected hAEC cultures, 330 

we observed a pronounced reduction in the ciliated and goblet cell populations for both WT and NS1R38A 331 

virus-infected hAEC cultures (Fig. 3D). We also found an increase in the basal cell population in both 332 

virus-infected samples; however, this increase was more pronounced (34% versus 42%) in the WT 333 

sample than the NS1R38A sample (Fig. 3D). Lastly, compared to uninfected hAEC sample, we detected 334 

an increase in secretory cells in the NS1R38A virus-infected hAEC sample only (Fig. 3D). Since this 335 

increase is not observed in the WT sample, it is possible that WT’s ability to counteract the host antiviral 336 

response is responsible. Taken together, our results indicate that the cellular composition of the human 337 

respiratory epithelium undergoes dynamic changes during IAV infection.      338 

 339 

Ciliated cells become infected at later time points during pandemic IAV infection. 340 

Human-associated influenza viruses’ have a predominant affinity for non-ciliated cells, such as 341 

secretory cells, and therefore it is intriguing that we observed a decline in ciliated cells instead 62,63. To 342 

determine if this decline or other changes in the cellular composition correlated with cell tropism and/or 343 

viral burden, we first established the viral distribution and burden per cell type in WT and NS1R38A virus-344 

infected cultures. We categorized individual cells by both infection status and cell type to identify the 345 

proportion of infected cells for each type (Fig. 4A). For both WT and NS1R38A virus-infected cultures, 346 

we identified infected cells in all distinct cell types; however, the majority of infected cells were found in 347 

the secretory and ciliated cell populations (Fig. 4B). A small proportion of basal cells were infected in 348 

both WT and NS1R38A virus-infected samples, whereas a relatively large proportion of goblet and 349 

preciliated cells were infected in both conditions (Fig. 4A).  350 

 To further investigate viral distribution, we then sub-categorized infected cells from each cell 351 

type by viral burden. To this end, infected cells were grouped to those with a low viral burden (2-10% 352 

viral mRNA), an intermediate viral burden (10-25% viral mRNA), a medium viral burden (25-50% viral 353 

mRNA), or a high viral burden (≥50%). Interestingly, we detected the highest number of infected cells 354 

with either a high or medium viral burden in the secretory cell populations of both the WT and NS1R38A 355 

virus-infected hAEC cultures (Fig. 4C). In contrast, the goblet and preciliated populations contained the 356 

lowest number of infected cells with either a high or medium viral burden; however, this could be due 357 

to the small size of these populations. Compared to infected cells in the secretory cell population of 358 

both WT and NS1R38A virus-infected samples, the overall viral burden was lowest in the basal cell 359 
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population, whereas it was intermediate in the ciliated cell population (Fig. 4C). These results likely 360 

indicate that distinct cell types become infected at various times throughout IAV infection and/or that 361 

certain cell types may be more permissive to IAV infection than others.  362 

It is important to note that since the average replication cycle of IAV is approximately 6 - 8 hours 363 

64,65, and because we performed single cell RNA sequencing at 18 hpi, we could not discriminate 364 

between cells that became infected early on from cells that became infected at later time points during 365 

infection. Thus, to elucidate whether distinct cell types became infected at different time points 366 

throughout infection, we monitored in a parallel experiment WT and NS1R38A cell tropism in virus-367 

infected hAEC cultures at 6, 12, and 18 hpi via immunofluorescence analysis. In line with previous 368 

reports, we observed that non-ciliated cells were the predominant initial target cell population for both 369 

WT and NS1R38A viruses; however, beyond 12 hpi, we detected positive IAV-antigen signal that 370 

occasionally overlapped with ciliated cell markers (e.g. beta-tubulin IV) (Fig. 4D). The latter indicates 371 

that distinct cell types become infected over the course of IAV infection and supports our 372 

aforementioned finding that secretory (non-ciliated) cells harbour the highest viral burden in WT and 373 

NS1R38A virus-infected hAEC cultures. This indicates our scRNA-seq dataset includes both major and 374 

minor target cell type populations that become infected during the first 18 hours of a pandemic IAV 375 

infection. 376 

 377 

Disparate global host response among infected and bystander cell populations.  378 

We next sought to elucidate the global host response to pandemic IAV infection in its natural target 379 

cells. Following the categorization of individual cells into unique populations based on their infection 380 

status (unexposed, infected, bystander), cell type (ciliated, secretory, basal, goblet, preciliated), and 381 

viral burden, cells were placed in one of four main subsets for analysis: WT infected, WT bystander, 382 

NS1R38A infected, or NS1R38A bystander (Supp. Fig. 02). We then performed both global and cell type-383 

specific differential gene expression analysis between each subset and the equivalent cells in the mock 384 

(unexposed) hAEC condition. The latter enabled to disentangle the global host transcriptional response 385 

within each subset and led to the identification of 20 distinct host gene expression profiles (one per cell 386 

type in each subset) (Supp. Table 2). Of note, we also calculated differential gene expression between 387 

NS1R38A and WT subsets (e.g. NS1R38A infected cells versus WT infected cells) and between infected 388 
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and bystander subsets from the same condition (e.g. WT infected cells versus WT bystander cells). 389 

These comparisons and their results are summarized in Supplementary Tables (Supp. Table 3).  390 

 Compared to mock hAECs, we identified a combined total of 468, 153, 560, and 254 unique 391 

differentially expressed genes (DEG) in WT infected, WT bystander, NS1R38A infected, and NS1R38A 392 

infected subsets, respectively (Fig. 5A). Both common (i.e. present in all cell types) and cell type-393 

specific DEGs were detected in each subset. Common DEGs that were upregulated in the WT and/or 394 

NS1R38A infected subsets consisted mainly of genes related to the host antiviral response; however, 395 

more of these genes were upregulated in the NS1R38A infected subset. Additionally, DEGs that were 396 

upregulated in both subsets were often induced to a higher amplitude in the NS1R38A infected subset. 397 

For example, IFIT1 was significantly upregulated in secretory cells in both WT and NS1R38A infected 398 

subsets; however, the increase was approximately 10-fold higher in the NS1R38A infected secretory cells 399 

(Supp. Table 3). 400 

 Clustering of the DEGs summarized in Figure 5A uncovered a core group of 10 genes that were 401 

consistently upregulated in WT and NS1R38A cells, regardless of both infection status and cell type (Fig. 402 

5B). This group included well-known ISGs (e.g. MX1, ISG15, and IFIT1), the transcription factor STAT1, 403 

genes involved in apoptosis (IFI27 and NUPR1), and IFI44L, which was recently identified as a 404 

feedback regulator for the host antiviral response 66. DEG clustering also revealed that on the whole, 405 

downregulated genes tended to be more cell type-specific (Fig. 5C). Interestingly, a number of 406 

downregulated DEGs were canonical cell type markers, including classical hAEC markers such as 407 

MUC5AC, MUC5B, ITGB1, and TUBB4B (Fig. 5C). Other classical markers were contra-regulated 408 

depending on the cell type. For example, SCGB1A1, a well-known marker for secretory cells, was 409 

significantly downregulated in NS1R38A infected secretory cells, but significantly upregulated in WT 410 

infected basal cells (Fig. 5C). Finally, we identified multiple DEGs with established roles in cellular 411 

differentiation, proliferation, or migration (Fig. 5C).  412 

To identify any significantly enriched biological pathways among the different conditions we 413 

next performed pathway enrichment analysis on the 20 distinct host gene expression profiles. This 414 

demonstrated that the majority of upregulated DEGs in both WT and NS1R38A virus-infected hAECs 415 

were related to IFN signaling pathways (Fig. 5D). Notably, these pathways were not only enriched in 416 

all distinct cell types, but also in both the infected and bystander populations. More cell type-specific 417 

patterns were identified for downregulated DEGs, including depletion of the cilium assembly and the 418 
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organelle biogenesis and maintenance pathways in both WT and NS1R38A infected ciliated cells and 419 

preciliated cells (Fig. 5D). In addition, pathways associated with cap-dependent translation initiation 420 

were depleted only in WT and NS1R38A infected basal and secretory cells. Finally, we also found that 421 

cell adhesion-associated pathways (L1CAM interactions) were depleted in both NS1R38A infected and 422 

bystander basal cell populations, whereas Rho GTPase effector pathways were depleted in NS1R38A 423 

infected basal cells only (Fig. 5D). These data suggest that multiple cell types in the human airways, 424 

and particularly infected ciliated, basal, and secretory cells, undergo dynamic transcriptional changes 425 

following IAV infection that may alter the overall cellular composition of the respiratory epithelium. In 426 

addition, the depletion of these pathways may help explain the aforementioned differences in cellular 427 

composition we observed among mock, WT, and NS1R38A virus-infected hAECs in Fig. 3D. 428 

 429 

Important role for luminal cells in sensing and restricting incoming IAV  430 

Given the complexity of the host antiviral response, as well as the paucity of information available on 431 

how distinct cell types in the human airway epithelium contribute to this response, we next examined 432 

the expression of multiple key antiviral signaling molecules in more detail. We aimed to establish a 433 

comprehensive map of the host antiviral response for each cell type during IAV infection. To achieve 434 

this aim, we first generated a manually curated list of genes related to essential innate immune and 435 

inflammatory pathways, including PRR genes, IFNs and their receptors, ISGs, as well as chemokines 436 

and cytokines (Table X). Cells were again grouped into 4 main subsets (WT infected, WT bystander, 437 

NS1R38A infected, and NS1R38A bystander) as in Figure 5.  438 

 As expected, many canonical host antiviral genes were strongly upregulated in the NS1R38A 439 

virus-infected hAEC cultures, and to a lesser extent, in the WT virus-infected hAECs (Fig. 6A). This 440 

pattern was particularly evident for cytosolic PRRs (RIG-I/DDX58 and MDA5/IFIH1), the type III IFNs 441 

(IFNL1, IFNL2, and IFNL3), and most ISGs (e.g. IFIT1, IFIT2, IFIT3, ISG15). Interestingly, we found 442 

that in unexposed cells several genes were predominantly expressed in luminal cell types (ciliated, 443 

secretory, and goblet cells), including the endosomal PRR TLR3 and the transcription factor IRF1. 444 

Additionally, in unexposed cells, the PRR/adaptor gene STING/TMEM173 was mainly expressed in 445 

ciliated, preciliated, and basal cells, whereas the antiviral transcription factor IRF3 was ubiquitously 446 

expressed in all unexposed cell types (Fig. 6A). For genes with low basal expression levels, such as 447 
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cytosolic PRRs RIG-I/DDX58 and MDA5/IFIH1 and transcription factors IRF7 and IRF9, no specific 448 

expression patterns were detected in unexposed hAEC cultures.  449 

 Following IAV infection, RIG-I/DDX58, MDA5/IFIH1, IRF1, and IRF7 expression levels were 450 

strongly induced, particularly in the NS1R38A infected and bystander subsets. Expression of TLR3 and 451 

IRF9 was also upregulated, albeit to a lesser extent (Fig. 6A). For RIG-I/DDX58 and MDA5/IFIH1, we 452 

found that expression levels were highest in the NS1R38A secretory, goblet, and basal cell populations 453 

in both infected and bystander subsets. Among the WT infected and bystander subsets, WT infected 454 

basal cells upregulated RIG-I/DDX58 and MDA5/IFIH1 expression to the greatest degree. IRF1 and 455 

IRF7 expression levels increased in most cell populations following IAV infection; however, IRF1 456 

expression was still highest in luminal cell types. Notably, IRF3 expression was not upregulated 457 

following infection, likely because it is activated via a two-step phosphorylation event (Fig. 6A).  458 

 Type III IFNs were dramatically upregulated following IAV infection, especially in the NS1R38A 459 

infected subset. IFNB1 expression was also elevated following infection; however, IFNL1, IFNL2, and 460 

IFNL3 expression clearly dominated the innate immune response. In contrast to IFNB1, other type I 461 

IFNs were not upregulated following IAV infection in hAECs (Fig. 6A). Interestingly, a recent scRNA-462 

seq study in IAV-infected A549 cells also found that type III IFNs were highly induced after infection 463 

with a lab-adapted strain of IAV 60. When we systematically quantified the overall fraction of cells that 464 

expressed type I and/or type III IFNs in the WT and NS1R38A virus-infected hAECs, we found that 465 

infected cells were the primary producers of both type I and type III IFN (Fig. 6B). Indeed for IFNL1, 466 

over 50% of cells in the NS1R38A infected subset upregulated IFNL1 compared to 24% of cells in the 467 

NS1R38A bystander subset. This pattern was also detected in the WT infected and bystander subsets, 468 

whereby 8% and 1% of cells upregulated IFNL1, respectively (Fig. 6B).  469 

 Within the WT infected subset, IFNL1 expression was fairly homogenous among distinct cell 470 

types; however, the exaggerated expression of IFNL1 in the NS1R38A infected subset revealed that a 471 

greater fraction of ciliated, secretory, goblet, and basal cells upregulated IFNL1 compared to cells in 472 

the preciliated population (Fig. 6B). When cells were grouped according to the amplitude of IFNL1 they 473 

expressed (low, medium, or high), we found that the basal population contained a lower fraction of 474 

IFNL1-positive cells that expressed medium or high levels of IFNL1 compared to infected ciliated, 475 

secretory, or goblet cells. We also grouped cells by viral burden and analyzed the fraction of IFNL1-476 

positive cells in the low, intermediate, medium, and high categories. Overall, cells with a lower viral 477 
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burden also had a lower fraction of IFNL1-expressing cells. Despite this finding, we did not detect a 478 

significant correlation between viral burden and IFNL1 expression; however, the latter is likely due to 479 

the “high” IFNL1 category, which contained a smaller fraction of IFNL1-expressing cells than cells in 480 

the “medium” IFNL1 category (Fig 6. B, Supp. Fig. 3).  481 

 Interestingly, IFNL2 and IFNL3 displayed nearly identical expression patterns to IFNL1, but 482 

overall a lower fraction of cells expressed these IFNs and cells that did express them tended to do so 483 

at a lower amplitude (Fig. 6B, 6C). Of all IFNs, IFNB1 was upregulated in the smallest fraction of cells 484 

in all WT and NS1R38A subsets. In the NS1R38A infected subset, IFNB1 was expressed in 22% of cells 485 

across all cell types, whereas in the WT infected subset, IFNB1 was expressed in 2% of cells and was 486 

upregulated only in secretory, goblet, and basal cell types (Fig. 6B).  487 

 Multiple ISGs were strongly upregulated following pandemic IAV infection, including several 488 

that have been shown to inhibit various stages of the IAV life cycle. Similar to what we observed for 489 

PRRs and IFNs, ISG induction was most prominent in the NS1R38A virus-infected hAEC cultures, but 490 

still strongly induced in the WT virus-infected hAECs (Fig. 6A). Notably, several ISGs were basally 491 

expressed in specific cell types in the unexposed (mock) hAEC cultures. For example, IFITM3, which 492 

was previously shown to restrict IAV entry into host cells, was basally expressed in secretory, goblet, 493 

and basal cell populations. Following IAV infection, IFITM3 expression was upregulated in most cell 494 

types in both WT and NS1R38A virus-infected hAEC cultures. Similarly, we observed strong induction 495 

following IAV infection for the IFN-induced GTP-binding protein Mx1, the ubiquitin-like protein ISG15, 496 

and the cellular exonuclease ISG20 (Fig. 6A). Most IFIT family members were also highly induced in 497 

both WT and NS1R38A virus-infected hAEC cultures, with the latter being most evident in secretory, 498 

goblet, and basal cells (Fig. 6A). Interestingly, the pattern and amplitude of SOCS1 expression, a 499 

negative feedback regulator, appeared to coincide with that of IFNL1. In contrast, we found that the 500 

negative feedback regulator USP18 was ubiquitously upregulated in all subsets (Fig. 6A). This indicates 501 

that virus-infected cells possibly modulate the autocrine Type I and III IFN signalling cascade. 502 

 On the whole, these results provide a comprehensive overview of the host IFN response to 503 

pandemic IAV infection in its natural target cells. They highlight an important role for luminal cells in 504 

sensing and restricting incoming respiratory viruses and identify several key antiviral genes that are 505 

induced in a cell type-specific manner following IAV infection. Finally, they demonstrate that infected 506 

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted April 4, 2020. ; https://doi.org/10.1101/2020.04.03.014282doi: bioRxiv preprint 

https://doi.org/10.1101/2020.04.03.014282
http://creativecommons.org/licenses/by-nc-nd/4.0/


19 
 

cells are the primary producers of both type I and type III IFNs and that type III IFNs are the dominant 507 

IFNs driving the host antiviral response to IAV in human airway epithelial cells.   508 

 509 

High levels of inflammatory cytokines and chemokines in secretory and basal cells. 510 

Beyond the interferon response, IAV infection also activates the inflammatory response. The latter 511 

involves induction of multiple cytokines and chemokines, which in turn initiates immune cell recruitment 512 

from the bloodstream. This process, while crucial for viral clearance, can also exacerbate local 513 

inflammation and cause tissue damage. To better understand the host response to pandemic IAV in its 514 

natural target cells, we thus analysed the expression profile of key cytokines and chemokines in the 515 

unexposed, WT virus-infected, and NS1R38A virus-infected hAECs. Of interest, we found that a number 516 

of cytokines and chemokines were basally expressed in unexposed secretory and goblet cells, including 517 

CCL20, CXCL1, CXCL17, and CXCL8. Conversely, other chemokines, such as CCL2, CXCL10, 518 

CCL5/RANTES, CXCL9, and CXCL11 were only detected in IAV-infected hAECs (Fig. XX).  519 

 Overall, we found that many inflammatory cytokines and chemokines were strongly upregulated 520 

following IAV infection, particularly in the NS1R38A infected and bystander subsets. CXCL10, for 521 

example, was upregulated in most cell types in both WT and NS1R38A virus-infected hAECs; however, 522 

its induction was especially prominent in NS1R38A infected secretory, goblet, and basal cells. CXCL10 523 

was also highly induced in NS1R38A bystander secretory and basal cells, and to a lesser extent, in WT 524 

infected secretory and basal cells (Fig. 6D). A similar expression profile, albeit not as strong, was 525 

observed for CXCL11; however, in this case, we found that CXCL11 expression was highest in the 526 

basal cell population for all subsets. Interestingly, many cytokines and chemokines were expressed 527 

most prominently in basal cells. For example, CCL20 and CXCL9 expression was highly upregulated 528 

in NS1R38A infected and bystander basal cells, whereas CXCL17 expression was strongly induced in 529 

WT infected basal cells and in NS1R38A infected and bystander basal cells. CCL2 was also slightly 530 

upregulated in basal cells in NS1R38A infected and bystander subsets (Fig. 6D). Finally, along with 531 

CCL2, CCL20, and CXCL9, CCL5/RANTES was barely detectable in WT infected and bystander 532 

subsets; however, it was upregulated in NS1R38A infected secretory, ciliated, and basal cells.   533 

 IL6, a cytokine that has both pro-inflammatory and anti-inflammatory effects and has been 534 

linked to airway epithelial regeneration, was upregulated in secretory and goblet cells in both NS1R38A 535 

infected and bystander subsets (Fig. 6D). Notably, IL13, a cytokine that can stimulate goblet cell 536 
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differentiation and induce MUC5AC overexpression, was not upregulated in either WT or NS1R38A virus-537 

infected hAECs at 18 hpi 67. In contrast, macrophage migration inhibitory factor (MIF) expression was 538 

induced in most cell types in both WT and NS1R38A bystander subsets. Lastly, we found that interleukin 539 

1 receptor antagonist (IL1RN), a key modulator of IL1A and IL1B-related responses, was strongly 540 

upregulated in basal cells in both NS1R38A infected and bystander subsets (Fig. 6D). Together these 541 

results suggest that at 18 hpi NS1R38A virus-infected hAECs generate a much stronger inflammatory 542 

response to IAV infection than WT virus-infected hAECs. Moreover, upregulation of IL1RN indicates 543 

that NS1R38A virus-infected hAECs may be trying to counteract this potent inflammatory response. 544 

Finally, our results show that the inflammatory response in both WT and NS1R38A virus-infected hAECs 545 

is cell-type specific and that secretory and basal cells tend to induce the highest levels of inflammatory 546 

cytokines and chemokines, suggesting a critical role in bridging the innate and adaptive immune 547 

response. 548 

 549 

IAV infection induces a complementary programmed cell death (PCD) pathway response. 550 

Another important aspect of the inflammatory response is activation of programmed cell death (PCD) 551 

pathways. Recent studies have shown that in addition to inducing antiviral and inflammatory pathways, 552 

some PRRs can also activate PCD (ref). Moreover, IAV infection has specifically been shown to induce 553 

PCD pathways, such as apoptosis, necroptosis, and pyroptosis. For these reasons, and because many 554 

PRRs were strongly upregulated in WT and NS1R38A virus-infected hAECs, we also determined the 555 

expression profiles of key genes involved in PCD in unexposed, WT, and NS1R38A virus-infected hAECs.  556 

 Following IAV infection, we found that the pro-apoptotic death receptor ligand TNFSF10/TRAIL, 557 

which activates the cell extrinsic apoptosis pathway, was strongly upregulated in both WT and NS1R38A 558 

virus-infected hAECs (Fig. 6D). Notably, in unexposed hAECs, TNFSF10/TRAIL was basally expressed 559 

in goblet and secretory cells; however, following infection its expression was upregulated in most cell 560 

types in WT and NS1R38A virus-infected hAECs. This upregulation was particularly strong in the NS1R38A 561 

infected and bystander subsets (Fig. 6D). Moreover, other members of the TNF family, including 562 

TNFSF13B/BAFF, TNFSF14/LIGHT, TNFAIP3/A20, and TNFAIP8, were also induced in the WT 563 

infected, NS1R38A infected, and NS1R38A bystander subsets. Interestingly, TNFSF13B/BAFF 564 

upregulation was strongest in secretory, goblet, and basal cells in both WT and NS1R38A virus-infected 565 

hAECs, whereas TNFAIP3/A20 induction was highest in secretory, goblet, and ciliated cells (Fig. 6D).  566 
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Despite the strong upregulation of TNFSF10/TRAIL, other crucial effectors of extrinsic 567 

apoptosis remained unchanged following IAV infection. For example, we observed only a small increase 568 

in CASP3, CASP7, FAS, and TNFRSF10B/DR5 expression and no increase in CASP6, CASP8, 569 

TNFRSF10A/DR4, and FADD expression (Fig. 6D). Furthermore, several negative regulators of 570 

extrinsic apoptosis, such as CFLAR/FLIP and BIRC3/cIAP2, were upregulated following IAV infection. 571 

This upregulation was most prominent in the NS1R38A infected and bystander subsets (Fig. 6D). A 572 

similar expression pattern was observed for key PCD genes involved in cell intrinsic apoptosis and 573 

necroptosis. For example, upon IAV infection expression of BAK, BCL2, MLKL, and RIPK3 remained 574 

unaltered. In addition, we found only a slight increase in BAX, RIPK1, and RIPK2 expression (Fig. 6D). 575 

However, the pro-apoptotic factors BBC3/PUMA and PMAIP1/NOXA were elevated in NS1R38A infected 576 

and bystander subsets. Of interest, BBC3/PUMA expression was upregulated mainly in secretory and 577 

goblet cells, whereas PMAIP1/NOXA expression was prominent in NS1R38A infected basal, secretory, 578 

and ciliated cells and NS1R38A bystander basal cells (Fig. 6D). Intriguingly, we also found that the anti-579 

apoptotic gene IFI6 was strongly induced in both WT and NS1R38A virus-infected hAECs. Expression 580 

was upregulated in all cell types; however, it was highest in secretory, goblet, and basal cells in both 581 

WT and NS1R38A virus-infected hAECs.  582 

Finally, we found some expression changes in PCD genes involved in inflammasome activation 583 

and pyroptosis. For example, IFI16 and CASP1 expression levels were induced in NS1R38A virus-584 

infected hAECs, particularly in the NS1R38A bystander subset. IFI16 induction was most prominent in 585 

goblet cells, whereas CASP1 expression was elevated in basal, secretory, and goblet cells. However, 586 

no expression changes were detected for PYCARD/ASC or GSDMD in either the WT or NS1R38A virus-587 

infected hAECs (Fig. 6D). Notably, NLRP3, which facilitates inflammasome activation in human 588 

macrophages, is not expressed in respiratory epithelial cells. These results demonstrate that at 18 hpi 589 

IAV infection induces a balanced duality between activation and repression of different PCD pathways. 590 

 591 

IAV infection leads to disruption of the airway epithelial cell barrier architecture. 592 

Because we observed diverse transcriptional changes related to cellular differentiation, proliferation, 593 

migration, and inflammation in the airway epithelium following IAV infection, we also assessed the gene 594 

expression signatures of host factors known to be involved in maintaining airway epithelial barrier 595 

integrity. The latter is essential to prevent severe epithelial damage and promote disease resolution. 596 
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We first evaluated factors involved in cell adhesion, including several integrins and tight junction genes. 597 

Expression of tight junction protein 1 (TJP1/ZO1) was slightly decreased in both WT and NS1R38A 598 

infected secretory cells. Additionally, the integrins ITGB1 and ITGAV exhibited reduced expression in 599 

NS1R38A infected basal cells (Fig. 7A). Conversely, the tight junction protein CLDN4 was upregulated 600 

in NS1R38A infected basal cells and in most cell types in the WT and NS1R38A bystander subsets. We 601 

also found that expression of the pro-fibrotic factor IGFBP5 was increased in NS1R38A infected and 602 

bystander secretory cells as well as in NS1R38A infected goblet and basal cells (Fig. 7A).  603 

 We also evaluated factors involved in cell migration, differentiation, and wound healing, such 604 

as members of the matrix metalloproteinase (MMP) and keratin families. Among the MMPs, MMP13 605 

was upregulated in multiple cell types in the NS1R38A infected and bystander subsets. In addition, we 606 

observed that MMP9 expression was slightly elevated in WT bystander basal cells, whereas MMP10 607 

expression was reduced in NS1R38A infected basal cells (Fig. 7A). The canonical basal cell marker 608 

KRT5 was upregulated in both WT and NS1R38A bystander subsets and induced most prominently in 609 

the WT bystander basal cell population. Similarly, expression of KRT13 was upregulated in the WT 610 

bystander subset (Fig. 7A). Interestingly, KRT6A and KRT17, markers of progressive inflammation and 611 

wound healing, were also predominantly upregulated in the WT and NS1R38A bystander subsets (Fig. 612 

7A). Together these results indicate that pandemic IAV infection leads to dynamic, often cell-type 613 

specific, transcriptional changes in the airway epithelium that are known to have a detrimental influence 614 

on cell adhesion, barrier integrity, cell migration, differentiation, and wound healing.    615 

 Given the aforementioned transcriptional changes, as well as the virus-induced changes in 616 

cellular composition, we next examined how these changes influence the overall morphology of the 617 

airway epithelium. To this end, we performed a 36-hour time course experiment with mock, WT, and 618 

NS1R38A virus-infected hAEC cultures. In this experiment, the hAEC cultures were fixed every 12 hours 619 

and then immunostained using antibodies against the viral NP protein, the tight junction protein 620 

TJP1/ZO1, and beta-tubulin 4 (TUBB4). TJP1/ZO1 and TUBB4 were used to assess the architecture 621 

of the epithelial barrier using z-stack images acquired over a distance of 25 - 30 microns (Fig. 7B). One 622 

feature we noticed was that in WT virus-infected hAECs the viral NP staining increased gradually over 623 

time, but in the NS1R38A virus-infected hAECs the staining decreased from 24 hours onward (Fig. 7B). 624 

At 12 hpi, no gross morphological changes were observed in any of the hAEC cultures, which is in line 625 

with our previously results. However, after 24 hours we observed morphological aberrations in the 626 
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TJP1/ZO1 tight junctions’ architecture in both WT and NS1R38A virus-infected hAEC cultures. These 627 

aberrations were even more apparent at 36 hpi (Fig. 7B). Using the TJP1/ZO1 tight junction architecture 628 

as a reference, we quantified the morphology of individual cells at the different time points in more 629 

detail. Specifically, we used image-based analysis to measure cell surface area, circularity, and 630 

elongation of the cells (Fig. 7C-G). This revealed a slight reduction in the number of cells in the WT and 631 

NS1R38A virus-infected hAEC cultures (Fig. 7C) that coincided with an increase in cell surface area, a 632 

loss of cell circularity, and an increase in the overall elongation of the cell periphery (Fig. 7G). 633 

Interestingly, we observed that these morphological aberrations occurred mostly in the proximity of the 634 

viral antigen-positive foci and that these changes were most pronounced in the NS1R38A virus-infected 635 

hAEC cultures (Fig. 7A). Overall, these results indicate that the profound transcriptional changes in 636 

IAV-infected natural target cells at 18 hpi likely drive morphological changes in the human airway 637 

epithelium with a detrimental effect on airway epithelial morphology and likely on airway epithelial barrier 638 

integrity at 24 hpi and onwards.   639 

Discussion 640 

To our knowledge, this is the first study to provide a comprehensive analysis of the cell type-specific 641 

host antiviral response to a respiratory virus infection in its natural target cells – namely, the human 642 

respiratory epithelium. Using scRNA-seq and primary well-differentiated hAEC cultures infected with 643 

either WT or NS1R38A mutant IAV, we addressed multiple fundamental questions related to pandemic 644 

IAV infection in the human airways. Prior to our host transcriptional analysis, we first showed that all 645 

major cell types present in the human respiratory epithelium in vivo, could also be identified in primary 646 

well-differentiated hAEC cultures under both unexposed and virus-infected conditions. Moreover, in 647 

virus-infected hAECs, we demonstrated that both infected and bystander cells could be identified in 648 

each cell type. Interestingly, at 18 hpi, major changes in cellular composition were observed for both 649 

WT and NS1R38A virus-infected hAECs compared to mock hAECs, including an overall decline in the 650 

number of ciliated and goblet cells as well as an increase in basal cell populations. Furthermore, we 651 

detected a shift in viral cell tropism from non-ciliated to ciliated cell types at later time points following 652 

IAV infection. Similar to previous studies, we found that the viral burden varied greatly among single 653 

infected cells, and additionally, we showed that this wide spectrum was present in all major epithelial 654 

cell types. An extensive analysis of the host antiviral response in both WT and NS1R38A virus-infected 655 

hAECs, revealed 20 unique host transcriptional profiles (one for each cell type for both infected and 656 
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bystander populations). As expected, NS1R38A-infected hAEC cultures induced a much stronger host 657 

innate immune response than WT-infected hAECs. Compared to bystander cells, we also found that 658 

infected cells were the main producers of IFNs, with a dominant role for IFN lambda. Additionally, we 659 

identified a number of cell type-specific differences in the host antiviral response, including a central 660 

role for luminal cells in sensing and restricting incoming IAV, and an important role for secretory and 661 

basal cells in terms of cytokine and chemokine production. Finally, we observed multiple changes in 662 

genes related to differentiation, proliferation, migration, and inflammation among these 20 different 663 

transcriptional profiles. Microscopic analysis of WT and NS1R38A virus-infected hAECs at various time 664 

points following IAV infection suggested that the transcriptional changes we observed at 18 hpi were 665 

likely responsible for the downstream phenotypic changes in airway epithelial cell architecture during 666 

later stages of infection. Altogether, these results provide the first in-depth overview of the cell-type 667 

specific host antiviral response to pandemic IAV infection in the human airway epithelium.   668 

Major cell types found in the human respiratory epithelium include basal cells, secretory cells, 669 

goblet cells, ciliated cells, and preciliated cells. In addition, rare cell types such as the newly identified 670 

ionocyte population, may also be present 42,59,61. Here, we used scRNA-seq to demonstrate that all 671 

major cell types found in the human respiratory epithelium in vivo can be annotated in primary well-672 

differentiated hAEC cultures under both unexposed and virus-infected conditions. Moreover, in virus-673 

infected conditions, we could identify infected and bystander cells for each major cell type. While we 674 

did identify several ionocytes in our analysis, due to the small number of cells a distinct cluster could 675 

not be identified. As such, we chose to exclude ionocytes from our subsequent analyses. However, it 676 

would be interesting to investigate whether ionocytes and other rare cell types contribute to the host 677 

antiviral response in future studies. Additionally, given the dynamic changes we observed in cellular 678 

composition at 18 hpi, it would also be interesting to analyze IAV-induced host responses at different 679 

stages of virus infection. However, due to technical interference by an increased abundance of viral 680 

mRNAs as well as the displacement of host and viral mRNAs into neighbouring single cell partitions, 681 

temporal analysis during viral infection may be challenging 35,58. Despite these challenges, our study 682 

provides a basic framework for future studies characterizing the host response to IAV and other 683 

respiratory pathogens in an authentic in vitro model that recapitulates the human respiratory epithelium 684 

in vivo.  685 
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Previous studies have demonstrated that at early time points of infection human IAV strains 686 

predominantly infect non-ciliated cells 62. Moreover, this tropism is thought to be due to the expression 687 

pattern of the 2,6-linked sialic acid receptor 62,63. We indeed found that at 6 hpi non-ciliated cell types 688 

were favoured by the human pandemic 2009 A/H1N1 IAV strain; however, at later time points the viral 689 

tropism changed to include other cell types, such as ciliated cells. The affinity of pandemic IAV for 690 

ciliated cells has been observed previously as early as 8 hpi – a finding that is consistent with our 691 

observations at 12 hpi and onwards 68. Here, we show for the first time, that secretory cells are the 692 

predominant target cells of human pandemic IAV and that goblet, basal, ciliated, and preciliated cells 693 

represent secondary target cells. This broad cell tropism may be driven by the relatively weak binding 694 

capacity of the viral HA protein to the 2,3-linked sialic acid receptor or by an alteration in sialic acid 695 

receptor distribution during infection due to changes in the overall cellular composition of the airway 696 

epithelium 68,69. Nonetheless, the broad cell tropism of human pandemic IAV towards cell populations 697 

generally targeted by avian-like IAV strains has the potential to facilitate the emergence of genetically 698 

reassorted novel IAV strains, some of which may have pandemic potential 62. Additionally, the finding 699 

that both non-ciliated and ciliated cells are infected by human pandemic IAV at different time points 700 

during infection may also be important in terms of IAV pathogenesis, disease progression, and future 701 

cell type-specific antiviral therapies.  702 

In concordance with previous scRNA-seq studies using a lab-adapted strain of IAV, we also 703 

observed a wide spectrum of viral burden among cells infected with pandemic IAV 35,36,60. Our study 704 

also showed that the large heterogeneity in viral burden was not dependent on the intrinsic dsRNA 705 

binding capacity of the NS1 protein, as infected cells in WT and NS1R38A hAEC cultures displayed a 706 

similar spectrum of viral burden. Moreover, since we detected this wide heterogeneity in viral burden 707 

among infected cells in all cell types, our results suggest that this phenomenon is not ascribed to a 708 

particular cell population. Other variables known to influence viral heterogeneity, such as defective 709 

interfering particles in the virus stock or the usage of a high MOI inoculum, were not present in our 710 

experimental settings 33,35,70. The former was corroborated by complete genome sequencing and the 711 

presence of viral mRNAs from all 8 segments of IAV in both WT and NS1R38A hAEC cultures. Other 712 

variables like cell cycle state or expression levels of ISGs that can modulate virus replication did not 713 

show a strong positive correlation with viral burden. Thus, similar to previous studies in cell lines, the 714 

key factors that drive viral heterogeneity in primary well-differentiated hAEC cultures remain elusive; 715 
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however, it is possible that this heterogeneity occurs stochastically 33,35,70. Future studies that 716 

simultaneous detect the host transcriptome and proteome within single virus-infected cells in a temporal 717 

setting may shed more light on this matter.  718 

Our study underscores the importance of type III IFNs during IAV infection in the respiratory 719 

epithelium. Similar to Ramos and colleagues, we found that infected cells are the main producers of 720 

both type I and III IFNs and that IFN signalling occurs in both an autocrine and paracrine manner 60. 721 

Moreover, we found that IFNL1 was strongly induced following IAV infection in both WT and NS1R38A 722 

virus-infected hAEC cultures and that IFNL2, IFNL3, and IFNB1 were induced to a lesser extent. We 723 

also provide a comprehensive overview of the innate immune response among distinct cell types in 724 

both infected and bystander cells following IAV infection. These analyses identified an important role 725 

for cell types that are exposed to the apical surface of the airway epithelium (luminal cells) in sensing 726 

and restricting incoming IAV. Luminal cells, including ciliated, secretory, and goblet cell types, were 727 

shown to be fully equipped to induce a robust IFN response towards an IAV inoculum with a relatively 728 

low MOI, which is in contrast to the previous observation in A549 cells 35,60. Although the reasons for 729 

these luminal cell differences remain unclear, they are likely driven by the fact that luminal cells are the 730 

first cells to encounter IAV and other respiratory viruses. In this context, it would thus be interesting to 731 

investigate whether a similar robust response ensues in these cell types after infection with another 732 

respiratory virus. Previous studies have shown that type III IFNs are produced prior to type I IFN upon 733 

IAV-infection, and that the amplitude of IFN production plays a pivotal role virus-induced pathogenesis 734 

32,71. We observed a much higher induction of IFN gene expression in NS1R38A versus WT virus-infected 735 

cells, and in line with this we also observed a more pronounced change in the airway epithelium 736 

architecture in NS1R38A virus-infected hAEC cultures. These results demonstrate that the hAEC culture 737 

model can be used to dissect the role of IFNs in virus-induced pathogenesis and respiratory epithelium 738 

barrier integrity. 739 

Following IAV infection, we observed that several markers of progressive inflammation and 740 

wound healing were only upregulated in bystander cells, including several extracellular matrix modifying 741 

enzymes. Their transcriptional signature change at 18 hpi indicates disruption to the integral structural 742 

framework of the airway epithelial cell barrier and cellular homeostasis. This is in line with the observed 743 

deteriorated expression of cell type-specific markers in virus-infected cells and dynamic changes in the 744 

cellular composition at 18 hpi. Intriguingly, IAV-infected mice displayed similar deteriorated of cell type-745 
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specific marker expression in virus-infected cells 32. However, we demonstrate that the magnitude of 746 

the disruption to the airway epithelial cell barrier architecture coincides with the degree of the host 747 

immune response, as illustrated by the more pronounced disruption of the tight junction architecture in 748 

the NS1R38A virus-infected hAEC culture. Resembling observed histopathologic changes in mice, rhesus 749 

macaques experiments, or humans that succumbed during the 1918, 1957, and 2009 influenza A virus 750 

pandemics 29,72–75. Thereby our study provides a novel framework to investigate the molecular 751 

mechanistic facets that underline ciliated epithelium degeneration and desquamation exterior of the 752 

adaptive immune response. 753 

Combined these results for the first time highlight the Influenza A virus-induced dynamic and 754 

cell-type specific transcriptional changes that occur on a single cell level at the natural site of infection, 755 

namely the human respiratory epithelium. Therefore, this study embodies the first steps in generating 756 

a comprehensive overview of the complex virus – host interactions within the heterogenous cellular 757 

composition of the human respiratory epithelium. 758 
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Figure legends 933 

Figure 01. Overview of scRNA-seq workflow and evaluation of captured single cells.    934 

A) Overview of the experimental workflow for scRNA-seq analysis. Primary well-differentiated hAEC 935 

cultures were infected with either wild-type pandemic IAV (WT) or a mutant version of IAV (NS1R38A) 936 

that no longer antagonizes the host antiviral response. Cells were harvested 18 hours post-infection 937 

(hpi) and then partitioned into single cells using the Chromium Controller (10x Genomics). mRNA from 938 

single cells was subsequently reverse transcribed into cDNA and cDNA libraries were prepared and 939 

sequenced on the Illumina platform. The Cell Ranger pipeline (10x Genomics) was used to align and 940 

count both host and viral reads in individual cells and a variety of software packages were employed 941 

for downstream data analysis. B) Quantification of apical viral yield at 18 hpi for hAEC cultures that 942 

were derived from 2 distinct biological donors (1904 and 2405). Apical viral yield was determined for 943 

both WT (orange) and NS1R38A (purple) virus-infected conditions and is given as the viral RNA yield 944 

(genome equivalents/µL; left y-axis) and viral titer (Focus Forming Units (FFU)/mL; right y-axis). C) 945 

Stacked bar graph illustrating the number of single cells captured for analysis. Shown for mock, WT, 946 

and NS1R38A virus-infected hAEC cultures for each biological donor (donor 1904 shown in red, donor 947 

2405 shown in blue). D) Scatter plot displaying the total number of host and viral mRNAs per cell for 948 

each condition (mock in green, NS1R38A in purple, WT in orange). Each point in the graph represents 949 

an individual cell. The global distribution for host mRNA is shown as a yellow line, whereas the global 950 

distribution of viral mRNA is depicted as an orange rug plot.  951 

 952 

Figure 02. Assessment of viral characteristics in WT and NS1R38A virus-infected cells.   953 

A) Bar graph illustrating the fraction of infected (orange) and bystander (green) cells present in both 954 

WT and NS1R38A virus-infected hAEC cultures. B) Immunofluorescence images showing mock, WT, 955 

and NS1R38A virus-infected hAEC cultures stained with DAPI (nuclei in blue; panel on left) and for the 956 

viral nucleoprotein antigen (nucleoprotein shown in green; panel on right). Representative images for 957 

each condition are shown at 18 hpi. C) Relative fraction of expression of viral mRNA per cell in both 958 

WT and NS1R38A conditions for each IAV gene segment (only infected cells are included). Cells are 959 

ordered by increasing viral burden (from left to right) along the x-axis. D) Box plot summarizing the 960 

relative fraction of viral mRNA for each IAV gene segment for both WT (orange) and NS1R38A (purple) 961 

conditions. E) Bar plot showing the percentage of infected cells expressing each of the 8 viral gene 962 
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segments for both WT and NS1R38A conditions. The percentage of cells whereby a specific IAV gene 963 

segment is present (green) or absent (orange) is shown for each viral gene segment (x-axis).  964 

 965 

Figure 03. Dynamic changes in cellular composition following pandemic IAV infection.  966 

A) t-distributed stochastic neighbour embedding (t-SNE) visualization of the scRNA-seq data for all 967 

single cells in the mock (green), WT (orange), and NS1R38A (purple) conditions following integration of 968 

the datasets in Seurat. B) t-SNE plots illustrating the expression patterns of several canonical airway 969 

epithelial cell type-specific markers (purple). The t-SNE plots shown in Figures A-C are presented in 970 

the same spatial orientation (i.e. the location of cells expressing the canonical markers in Figure B 971 

corresponds to the location of the specific cell types in Figure C). C) t-SNE visualization of the major 972 

cell types in primary well-differentiated hAEC cultures. Individual cell types were annotated using a 973 

combination of unsupervised graph-based clustering in Seurat and expression analysis of canonical 974 

cell type-specific markers. D) Stacked bar graph showing the relative percentage of each cell type in 975 

mock, WT, and NS1R38A virus-infected hAEC cultures at 18 hpi.  976 

 977 

Figure 04. Shift in viral host cell tropism at later stages of pandemic IAV infection.  978 

A) Stacked bar graph displaying the percentage of infected (orange) and bystander (green) cells per 979 

cell type for both WT and NS1R38A virus-infected hAEC cultures at 18 hpi. B) Bar graph showing the 980 

percentage of infected cells broken down by cell type for both WT and NS1R38A conditions. C) Graph 981 

showing the relative viral burden (x-axis; low, intermediate, medium, or high) among infected cells in 982 

each cell type (y-axis) for both WT and NS1R38A conditions. D) Immunofluorescence staining showing 983 

viral host cell tropism at 6, 12, and 18 hpi for mock, WT, and NS1R38A hAEC cultures. For each time 984 

point, the viral antigen is shown in green (nucleoprotein, left panel), the ciliated cells are shown in red 985 

(ß-tubulin IV; middle panel) and the overlay is shown in the right panel. 986 

 987 

Figure 05. Global host antiviral response in WT and NS1R38A virus-infected hAEC cultures.  988 

A) Venn diagrams showing the overlap of differentially expressed genes (DEG) among different cell 989 

types for each of the following: 1) WT infected cells, 2) WT bystander cells, 3) NS1R38A infected cells, 990 

and 4) NS1R38A bystander cells. For each comparison, DEGs identified in every cell type (“common” 991 

DEGs) are displayed in the centre of the Venn diagram. B) Venn diagram comparing the “common” 992 
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DEGs identified in each of the comparisons above. A total of 10 core DEGs were present in all IAV-993 

infected cells, regardless of the infection status (infected or bystander), cell type (ciliated, secretory, 994 

basal, goblet, or preciliated), or virus used for infection (WT or NS1R38A virus). C) Hierarchical cluster 995 

analysis of DEGs identified in WT and NS1R38A conditions among different cell types in both infected 996 

and bystander populations. For each of the 20 distinct DEG profiles identified, the top 5 upregulated 997 

(red) and downregulated (blue) DEGs are annotated in the heatmap. D) Dot plot illustrating pathway 998 

enrichment analysis performed on the 20 distinct DEG profiles. Enriched pathways are displayed on 999 

the left (y-axis) and the direction of enrichment is indicated at the top of the graph (downregulated in 1000 

blue on the left panel; upregulated in red on the right panel). Significantly enriched pathways for WT 1001 

(bottom 2 panels) and NS1R38A (top 2 panels) are shown for infected (orange) and bystander (green) 1002 

populations from each cell type (x-axis). Dots were adjusted in size and colour to illustrate the gene 1003 

ratio and adjusted p-value for a particular pathway, respectively.   1004 

 1005 

Figure 06. Cell type-specific host antiviral response to pandemic IAV infection.  1006 

A) Heatmap illustrating the average expression levels for well-known antiviral genes, including PRR 1007 

sensing and adapter genes (left panel), IFN genes and their receptors (middle panel), and ISG genes 1008 

(right panel). Expression levels for individual genes are shown in columns and stratified by condition, 1009 

infection status, and cell type (rows; representative colours shown in legends). B) Stacked bar plots 1010 

showing the fraction of cells expressing low (yellow), medium (orange), or high (red) levels of either 1011 

type I or III IFNs. Green represents the fraction of cells that were not expressing the IFN in question. 1012 

For each bar graph, the cells are divided by condition, infection, status, and cell type. C) Bar graphs 1013 

illustrating the fraction of cells expressing different levels of type I and III IFNs (low, medium, or high 1014 

expression levels are coloured yellow, orange, or red, respectively; negative cells coloured green). In 1015 

these plots, WT and NS1R38A cells are divided by viral burden (i.e. bystander cell with no viral burden 1016 

or infected cell with a low, intermediate, medium, or high viral burden; categories are labelled on the 1017 

left side of each plot). D) Heatmap showing the average expression levels of various cytokines and 1018 

chemokines (left panel) as well as many genes involved in programmed cell death (right panel). The 1019 

heatmap is stratified by condition, infection status, and cell type (rows) for each gene (columns).  1020 

 1021 

 1022 
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Figure 07. Disruption of the respiratory epithelium architecture by pandemic IAV infection.   1023 

A) Heatmap illustrating the average expression levels of a variety of genes involved in cell adhesion 1024 

(left panel) or keratin genes previously linked to cell differentiation in the respiratory epithelium (right 1025 

panel). Expression levels for individual genes are shown in columns and divided by the condition, cell 1026 

type, and infection status (rows). B) To monitor morphological changes hAECs were inoculated with 1027 

10,000 TCID50 of either WT or NS1R38A IAV and fixed at 12, 24, and 36 hpi for immunofluorescence 1028 

analysis. Formalin-fixed cultures were stained with different antibodies to highlight viral infected cells 1029 

(nucleoprotein, green), ciliated cells (ß-Tubulin IV, red), and tight junction borders (ZO-1, purple). The 1030 

tight junction images were binarized (ZO-1, white) using a custom image analysis script. Maximum 1031 

intensity projection images obtained from z-stacks are shown for two different donors. Binarized tight 1032 

junction images were used to calculate the following: C) the number of cells analysed overall, D) the 1033 

percentage of cells with cilia, E) the surface area of individual cells, F) the length of the tight junction 1034 

border of each cell (perimeter), and G) the shape of individual cells (circularity). Each measurement 1035 

was calculated for mock (green), WT (orange), and NS1R38A (purple) virus-infected hAEC cultures at 1036 

12, 24, and 36 hpi.  1037 

 1038 
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NS1_1904_AAACCTGGTACTCAACNS1_1904_AAACGGGAGACAAGCCNS1_1904_AAACGGGAGATAGTCANS1_1904_AAACGGGAGATGTTAGNS1_1904_AAACGGGAGTATCGAANS1_1904_AAACGGGCAGCCTATANS1_1904_AAACGGGCAGTATAAGNS1_1904_AAACGGGGTTAAGACANS1_1904_AAAGATGAGATCCGAGNS1_1904_AAAGATGGTAGCTGCCNS1_1904_AAAGATGTCTGGTTCCNS1_1904_AAAGCAACACATGACTNS1_1904_AAAGCAAGTCTAGTGTNS1_1904_AAAGTAGAGCTCAACTNS1_1904_AAAGTAGCAATAGAGTNS1_1904_AAAGTAGCATATACGCNS1_1904_AAAGTAGGTGCACGAANS1_1904_AACACGTAGTCCGTATNS1_1904_AACACGTCAATGCCATNS1_1904_AACCATGGTGCGAAACNS1_1904_AACCATGGTGCTCTTCNS1_1904_AACCGCGAGGCAGTCANS1_1904_AACCGCGTCTGCGTAANS1_1904_AACGTTGCATCCAACANS1_1904_AACGTTGGTCATGCCGNS1_1904_AACTCAGTCCATGAACNS1_1904_AACTCCCGTCTCTCGTNS1_1904_AACTCCCGTGACTCATNS1_1904_AACTCTTAGCGGATCANS1_1904_AACTCTTGTCGATTGTNS1_1904_AACTCTTTCCAGGGCTNS1_1904_AACTGGTAGACTTTCGNS1_1904_AACTTTCAGGCGACATNS1_1904_AACTTTCGTAGCCTCGNS1_1904_AAGACCTTCTGGAGCCNS1_1904_AAGCCGCAGGTGTTAANS1_1904_AAGCCGCCAGATTGCTNS1_1904_AAGGTTCGTCTAGAGGNS1_1904_AAGTCTGAGACAATACNS1_1904_AAGTCTGCATCGTCGGNS1_1904_AAGTCTGCATGAACCTNS1_1904_AAGTCTGGTCCAGTGCNS1_1904_AAGTCTGGTGACGCCTNS1_1904_AAGTCTGGTTACCAGTNS1_1904_AATCCAGAGCTGCAAGNS1_1904_AATCCAGCAAACCTACNS1_1904_AATCCAGGTTAAGTAGNS1_1904_AATCCAGGTTGAGGTGNS1_1904_AATCGGTCAGTAAGCGNS1_1904_ACACCAATCGCAAGCCNS1_1904_ACACCCTCACGTAAGGNS1_1904_ACACCCTTCAGCCTAANS1_1904_ACACCCTTCCGCTGTTNS1_1904_ACACCCTTCGAACGGANS1_1904_ACACCGGAGACAATACNS1_1904_ACACCGGAGGACAGAANS1_1904_ACACCGGGTTCCAACANS1_1904_ACACCGGGTTGCCTCTNS1_1904_ACACTGACATCGATTGNS1_1904_ACAGCCGCATCGTCGGNS1_1904_ACATACGAGAGTAAGGNS1_1904_ACATACGCACCTGGTGNS1_1904_ACATACGCAGGTTTCANS1_1904_ACATCAGCAATCGGTTNS1_1904_ACATCAGCACAGCCCANS1_1904_ACATCAGGTCTAGTCANS1_1904_ACATCAGTCTACTCATNS1_1904_ACCAGTACAATTCCTTNS1_1904_ACCCACTAGTTGTAGANS1_1904_ACCGTAAGTTACCAGTNS1_1904_ACCTTTAAGGGAACGGNS1_1904_ACCTTTACAACTTGACNS1_1904_ACGAGCCGTAGCACGANS1_1904_ACGAGCCTCTTGAGACNS1_1904_ACGAGGACACGTCAGCNS1_1904_ACGATGTCAGCCTTTCNS1_1904_ACGCAGCGTTCCCGAGNS1_1904_ACGCAGCTCAAAGACANS1_1904_ACGCCAGAGATCTGAANS1_1904_ACGGAGATCTTGAGACNS1_1904_ACGGCCACAAAGGAAGNS1_1904_ACGGCCATCGGAATCTNS1_1904_ACGGGCTAGCTATGCTNS1_1904_ACGGGCTCACCTGGTGNS1_1904_ACGGGCTTCAGCTTAGNS1_1904_ACGGGTCCACGAGAGTNS1_1904_ACGGGTCTCACCGGGTNS1_1904_ACGTCAAAGAGCCTAGNS1_1904_ACGTCAAGTATTCTCTNS1_1904_ACTATCTAGGACATTANS1_1904_ACTATCTGTTCCACAANS1_1904_ACTATCTTCACATAGCNS1_1904_ACTGAACAGAATCTCCNS1_1904_ACTGAACCATTGAGCTNS1_1904_ACTGAACTCGACCAGCNS1_1904_ACTGAGTCAGCCTATANS1_1904_ACTGAGTGTGGGTCAANS1_1904_ACTGATGCACGGTAGANS1_1904_ACTGATGGTGTGGCTCNS1_1904_ACTGATGTCCCTGACTNS1_1904_ACTGATGTCTAACGGTNS1_1904_ACTGCTCGTCAATGTCNS1_1904_ACTGCTCTCGGTTAACNS1_1904_ACTGTCCAGCTAGCCCNS1_1904_ACTTACTCAGCTTCGGNS1_1904_ACTTGTTCAAGGACACNS1_1904_ACTTTCAAGAGTCGGTNS1_1904_ACTTTCAAGGGAAACANS1_1904_ACTTTCAAGTTAGCGGNS1_1904_AGAGCGAAGAACAATCNS1_1904_AGAGCTTCACAGGAGTNS1_1904_AGAGCTTTCGTAGGAGNS1_1904_AGAGTGGAGCAGCGTANS1_1904_AGAGTGGAGGCAATTANS1_1904_AGAGTGGCAATAGAGTNS1_1904_AGATCTGCAATACGCTNS1_1904_AGATCTGTCCGAACGCNS1_1904_AGCAGCCAGTGCCATTNS1_1904_AGCATACGTACCCAATNS1_1904_AGCATACGTCCAAGTTNS1_1904_AGCATACTCTTAGAGCNS1_1904_AGCCTAACACCAACCGNS1_1904_AGCCTAACAGCATGAGNS1_1904_AGCGGTCCAAGACACGNS1_1904_AGCGTATTCTAGAGTCNS1_1904_AGCGTCGTCAAAGTAGNS1_1904_AGCTCCTGTCGCGAAANS1_1904_AGCTCTCGTGGCTCCANS1_1904_AGCTTGACATAGAAACNS1_1904_AGCTTGAGTGGGTCAANS1_1904_AGCTTGAGTGTGTGCCNS1_1904_AGGCCACAGTACGCCCNS1_1904_AGGCCACCAATCCGATNS1_1904_AGGCCGTAGTGGGTTGNS1_1904_AGGCCGTTCGGCGGTTNS1_1904_AGGGAGTAGAGAGCTCNS1_1904_AGGGAGTAGGCATTGGNS1_1904_AGGGAGTGTTCGTTGANS1_1904_AGGGTGAAGTGGGATCNS1_1904_AGGGTGAGTCCATCCTNS1_1904_AGGGTGATCTGAGGGANS1_1904_AGGTCATAGGACGAAANS1_1904_AGGTCATTCTCCGGTTNS1_1904_AGGTCCGGTAGAGCTGNS1_1904_AGGTCCGGTGCGATAGNS1_1904_AGGTCCGTCTGGCGACNS1_1904_AGTAGTCCACAGACAGNS1_1904_AGTCTTTCACCAGGCTNS1_1904_AGTCTTTCACCGAAAGNS1_1904_AGTCTTTGTATTCTCTNS1_1904_AGTCTTTGTCGAAAGCNS1_1904_AGTCTTTTCATGTGGTNS1_1904_AGTGAGGGTCTTCGTCNS1_1904_AGTGAGGGTTGTCTTTNS1_1904_AGTGGGAAGATCGGGTNS1_1904_AGTGGGACAATCACACNS1_1904_AGTGGGACACTATCTTNS1_1904_AGTGGGAGTAACGTTCNS1_1904_AGTGTCACATCACAACNS1_1904_AGTTGGTGTGAGGCTANS1_1904_ATAACGCCAGAGTGTGNS1_1904_ATAACGCTCAGGCCCANS1_1904_ATAGACCCAATCGAAANS1_1904_ATAGACCGTGTTAAGANS1_1904_ATAGACCGTTACTGACNS1_1904_ATAGACCTCACAGTACNS1_1904_ATCACGAAGCCGCCTANS1_1904_ATCACGAAGCGAAGGGNS1_1904_ATCACGACACCCATGGNS1_1904_ATCATCTCAGGTGCCTNS1_1904_ATCATCTGTAGCGTAGNS1_1904_ATCATCTTCACCGGGTNS1_1904_ATCATGGAGTCGATAANS1_1904_ATCCACCAGTGAATTGNS1_1904_ATCCACCGTACTCAACNS1_1904_ATCCACCTCTATCCCGNS1_1904_ATCCGAAAGTGGGTTGNS1_1904_ATCTACTCACGAAAGCNS1_1904_ATCTACTGTAGGACACNS1_1904_ATCTACTGTTGGTTTGNS1_1904_ATCTACTTCCGAACGCNS1_1904_ATCTGCCCAGCTGTATNS1_1904_ATGAGGGAGCGATAGCNS1_1904_ATGAGGGGTACAGACGNS1_1904_ATGCGATCAGAGCCAANS1_1904_ATGCGATGTAAGAGGANS1_1904_ATGGGAGGTGTGACGANS1_1904_ATGGGAGTCTCGAGTANS1_1904_ATGTGTGCAAACCCATNS1_1904_ATTACTCAGAAGAAGCNS1_1904_ATTACTCAGACAATACNS1_1904_ATTACTCAGTACGTTCNS1_1904_ATTATCCAGACGCAACNS1_1904_ATTATCCAGCGCTTATNS1_1904_ATTATCCCATGCCTTCNS1_1904_ATTCTACGTGGTCCGTNS1_1904_ATTGGACCATGAAGTANS1_1904_ATTGGACGTACACCGCNS1_1904_ATTGGTGAGTCCTCCTNS1_1904_ATTGGTGGTCAGAGGTNS1_1904_ATTGGTGTCAACACCANS1_1904_ATTTCTGGTCTCCCTANS1_1904_ATTTCTGGTTCGTGATNS1_1904_CAACCTCCACAACGCCNS1_1904_CAACCTCCATGTCGATNS1_1904_CAACTAGCACACTGCGNS1_1904_CAAGAAAAGTTGAGATNS1_1904_CAAGAAATCGGAATCTNS1_1904_CAAGATCCATTCGACANS1_1904_CAAGATCTCAGGATCTNS1_1904_CAAGGCCAGCTAGGCANS1_1904_CAAGGCCGTCTTGTCCNS1_1904_CAAGTTGAGGACAGAANS1_1904_CACACCTTCAAGGTAANS1_1904_CACACTCGTGTTTGTGNS1_1904_CACAGGCAGTAAGTACNS1_1904_CACAGGCCACGGTAAGNS1_1904_CACAGTAAGTGTCCCGNS1_1904_CACAGTACAGCTTCGGNS1_1904_CACAGTATCCATTCTANS1_1904_CACATTTAGGCGACATNS1_1904_CACATTTTCGCGATCGNS1_1904_CACCACTCAAACCCATNS1_1904_CACCAGGCATTTCAGGNS1_1904_CACTCCACAAATACAGNS1_1904_CACTCCACAGCTGCTGNS1_1904_CACTCCAGTCCGTTAANS1_1904_CAGAATCGTCGGCATCNS1_1904_CAGAGAGTCACAATGCNS1_1904_CAGATCAAGGAGTACCNS1_1904_CAGATCATCAACCATGNS1_1904_CAGATCATCTGCCAGGNS1_1904_CAGCATACAATCCGATNS1_1904_CAGCCGACAAGTAGTANS1_1904_CAGCCGACACGTCAGCNS1_1904_CAGCCGAGTAGCGCAANS1_1904_CAGCCGAGTGAGGGAGNS1_1904_CAGCGACCAATGCCATNS1_1904_CAGCGACGTTGCGCACNS1_1904_CAGCTAAAGAAGGTTTNS1_1904_CAGCTAACACACTGCGNS1_1904_CAGCTAACAGGGATTGNS1_1904_CAGCTGGAGGAGCGAGNS1_1904_CAGCTGGAGGTGATATNS1_1904_CAGCTGGGTACCGTATNS1_1904_CAGCTGGTCCGAAGAGNS1_1904_CAGGTGCGTAAGAGGANS1_1904_CAGGTGCTCCAAACTGNS1_1904_CAGGTGCTCCGCGCAANS1_1904_CAGGTGCTCGGAATCTNS1_1904_CAGTCCTCACGGTAGANS1_1904_CAGTCCTGTGCCTGGTNS1_1904_CATATGGGTCTCCCTANS1_1904_CATATGGTCACATAGCNS1_1904_CATATGGTCAGTTAGCNS1_1904_CATATTCAGCGATGACNS1_1904_CATATTCGTCAGAATANS1_1904_CATATTCGTCGCATATNS1_1904_CATCCACAGCACGCCTNS1_1904_CATCCACTCGTTTATCNS1_1904_CATCCACTCTGCTGTCNS1_1904_CATCGAAAGTCCGGTCNS1_1904_CATCGGGAGTCTCCTCNS1_1904_CATCGGGGTTCACCTCNS1_1904_CATGCCTCAAGCCTATNS1_1904_CATGCCTGTTTGGGCCNS1_1904_CATGGCGGTGAAATCANS1_1904_CATGGCGTCGGACAAGNS1_1904_CATTATCTCCAGATCANS1_1904_CATTCGCAGTGTGAATNS1_1904_CATTCGCAGTTGAGTANS1_1904_CATTCGCGTCGGGTCTNS1_1904_CCAATCCCAAAGGAAGNS1_1904_CCACCTAAGCACCGCTNS1_1904_CCACCTAGTCAACATCNS1_1904_CCACGGAGTGAGGGAGNS1_1904_CCACTACCATTCCTCGNS1_1904_CCAGCGAAGGTAGCTGNS1_1904_CCAGCGACAATGGATANS1_1904_CCAGCGACACGGCCATNS1_1904_CCAGCGAGTCTCTTTANS1_1904_CCAGCGAGTGTTGAGGNS1_1904_CCATGTCAGGCTATCTNS1_1904_CCATGTCAGTACGCGANS1_1904_CCATGTCCACGGTGTCNS1_1904_CCATGTCTCATGTCCCNS1_1904_CCATGTCTCGCTTGTCNS1_1904_CCATTCGGTTGAGGTGNS1_1904_CCCAATCAGCCATCGCNS1_1904_CCCAGTTAGATCTGAANS1_1904_CCCAGTTAGCTTATCGNS1_1904_CCCAGTTAGGGAGTAANS1_1904_CCCAGTTAGTACCGGANS1_1904_CCCATACTCGTACGGCNS1_1904_CCCTCCTAGGACAGAANS1_1904_CCCTCCTTCGGAATCTNS1_1904_CCGGGATAGAGGTACCNS1_1904_CCGGTAGAGACTTTCGNS1_1904_CCGGTAGAGTATCGAANS1_1904_CCGGTAGGTCTAGCGCNS1_1904_CCGTACTAGCTGCGAANS1_1904_CCGTACTCAACACCCGNS1_1904_CCGTACTCACAGTCGCNS1_1904_CCGTACTCACGAGGTANS1_1904_CCGTACTCACTAGTACNS1_1904_CCGTGGACACCGTTGGNS1_1904_CCGTGGAGTTCGCGACNS1_1904_CCGTTCAAGAGCTTCTNS1_1904_CCGTTCATCCTGCCATNS1_1904_CCTAAAGCACAGGCCTNS1_1904_CCTAAAGCAGCTGGCTNS1_1904_CCTAAAGTCCGTAGTANS1_1904_CCTACACGTCAGGACANS1_1904_CCTACCACAGGAACGTNS1_1904_CCTAGCTAGCCACCTGNS1_1904_CCTAGCTCATTTGCCCNS1_1904_CCTAGCTTCTTCATGTNS1_1904_CCTATTAAGCACGCCTNS1_1904_CCTATTACATGCTAGTNS1_1904_CCTATTAGTATCTGCANS1_1904_CCTATTATCCTTGGTCNS1_1904_CCTCAGTAGACTTTCGNS1_1904_CCTCAGTAGCCACGTCNS1_1904_CCTCAGTAGTGGAGTCNS1_1904_CCTCAGTCATCCAACANS1_1904_CCTCAGTGTCTCCACTNS1_1904_CCTCAGTTCTCGCTTGNS1_1904_CCTTACGAGGATCGCANS1_1904_CCTTACGCATGGTCTANS1_1904_CCTTCCCAGGCCGAATNS1_1904_CCTTCCCGTCTCAACANS1_1904_CCTTCCCTCGGAAATANS1_1904_CCTTCCCTCGTCTGAANS1_1904_CCTTTCTCAACGATGGNS1_1904_CCTTTCTGTAAGTGGCNS1_1904_CGAATGTGTCATGCATNS1_1904_CGACCTTCAATGGATANS1_1904_CGACTTCAGAGTCGGTNS1_1904_CGACTTCGTCAACTGTNS1_1904_CGACTTCTCTCGCATCNS1_1904_CGAGAAGGTCCGAACCNS1_1904_CGAGCACTCCGTTGCTNS1_1904_CGAGCACTCTTTAGGGNS1_1904_CGAGCCACAGTCCTTCNS1_1904_CGAGCCATCCTAGGGCNS1_1904_CGATCGGAGACTTTCGNS1_1904_CGATGGCGTCGACTATNS1_1904_CGATGGCGTTCCGTCTNS1_1904_CGATGTAAGACCCACCNS1_1904_CGATGTATCGCAAGCCNS1_1904_CGATTGACAAGCGATGNS1_1904_CGCCAAGAGAGGACGGNS1_1904_CGCCAAGAGAGGGATANS1_1904_CGCGTTTAGTCTCCTCNS1_1904_CGCTGGAAGATGTTAGNS1_1904_CGCTTCACATTTGCTTNS1_1904_CGCTTCAGTGCTTCTCNS1_1904_CGCTTCATCATTTGGGNS1_1904_CGGACGTCAAGGACACNS1_1904_CGGACGTCATTAGCCANS1_1904_CGGACGTGTGATAAACNS1_1904_CGGAGCTCATTAACCGNS1_1904_CGGAGTCGTACTCTCCNS1_1904_CGGCTAGTCCACGACGNS1_1904_CGTAGCGCAGCTTCGGNS1_1904_CGTAGCGCATGCTGGCNS1_1904_CGTAGGCCAATGGACGNS1_1904_CGTAGGCGTCGAGATGNS1_1904_CGTCACTAGTACGTAANS1_1904_CGTCACTTCACGCGGTNS1_1904_CGTCAGGAGTCTTGCANS1_1904_CGTCAGGCAGCTTAACNS1_1904_CGTCCATAGTTAAGTGNS1_1904_CGTCCATTCGGAATCTNS1_1904_CGTCTACAGTAACCCTNS1_1904_CGTCTACAGTCGTTTGNS1_1904_CGTCTACAGTTTGCGTNS1_1904_CGTGTAACATTTGCTTNS1_1904_CGTGTCTTCTGACCTCNS1_1904_CGTTAGATCAAGGCTTNS1_1904_CGTTCTGGTAGAGCTGNS1_1904_CGTTGGGGTCTAGTCANS1_1904_CGTTGGGTCTGAAAGANS1_1904_CTAACTTAGCTACCTANS1_1904_CTAACTTCACACATGTNS1_1904_CTAACTTTCGCTTGTCNS1_1904_CTAAGACAGCTGATAANS1_1904_CTAAGACCAAGCGATGNS1_1904_CTAAGACGTTAAGGGCNS1_1904_CTAATGGCACTATCTTNS1_1904_CTACACCCAGTACACTNS1_1904_CTACACCGTACAGTGGNS1_1904_CTACACCGTTCGCGACNS1_1904_CTACCCAAGATACACANS1_1904_CTACCCATCGACAGCCNS1_1904_CTACGTCAGGACGAAANS1_1904_CTACGTCTCACATAGCNS1_1904_CTACGTCTCCGTACAANS1_1904_CTAGCCTGTCGCGTGTNS1_1904_CTAGCCTTCCTTTACANS1_1904_CTAGTGACACCTGGTGNS1_1904_CTAGTGAGTCCATCCTNS1_1904_CTAGTGAGTGTCAATCNS1_1904_CTCACACAGCCTCGTGNS1_1904_CTCAGAACAATGAAACNS1_1904_CTCAGAAGTCTGATCANS1_1904_CTCCTAGGTAGCACGANS1_1904_CTCCTAGGTCTTGCGGNS1_1904_CTCCTAGTCTGTGCAANS1_1904_CTCGAAACAATCCGATNS1_1904_CTCGAGGCACCAGATTNS1_1904_CTCGAGGCACGCTTTCNS1_1904_CTCGAGGCAGCATGAGNS1_1904_CTCGAGGGTTGAACTCNS1_1904_CTCGGAGCATTACCTTNS1_1904_CTCGGAGGTAGGCTGANS1_1904_CTCGGGATCTTGTCATNS1_1904_CTCGTACAGAAGGTTTNS1_1904_CTCGTACGTTACCAGTNS1_1904_CTCTAATTCACTTCATNS1_1904_CTCTACGGTTACGGAGNS1_1904_CTCTACGTCACCACCTNS1_1904_CTCTGGTAGCTAGTCTNS1_1904_CTCTGGTCAGTAAGATNS1_1904_CTGAAACAGCGATAGCNS1_1904_CTGAAACGTACTTGACNS1_1904_CTGAAGTTCACAATGCNS1_1904_CTGATAGGTACGCACCNS1_1904_CTGATAGGTCCCTTGTNS1_1904_CTGATCCCACATAACCNS1_1904_CTGATCCGTCAGGACANS1_1904_CTGATCCGTTCAGCGCNS1_1904_CTGCCTAGTAGCTAAANS1_1904_CTGCCTAGTCAGTGGANS1_1904_CTGCGGAAGTATTGGANS1_1904_CTGCTGTAGGAGTCTGNS1_1904_CTGCTGTCACAACTGTNS1_1904_CTGGTCTGTCCTCTTGNS1_1904_CTGGTCTTCTTACCTANS1_1904_CTGTTTAAGTCGATAANS1_1904_CTGTTTACAAGCTGAGNS1_1904_CTGTTTAGTACGAAATNS1_1904_CTTACCGAGTGTACCTNS1_1904_CTTCTCTCAACACCTANS1_1904_CTTGGCTAGGACGAAANS1_1904_CTTGGCTTCCGTTGCTNS1_1904_CTTGGCTTCTGTACGANS1_1904_CTTTGCGAGCAATCTCNS1_1904_CTTTGCGGTAAAGTCANS1_1904_CTTTGCGGTATATCCGNS1_1904_GAAACTCAGGGTTCCCNS1_1904_GAAACTCAGTGGGATCNS1_1904_GAAATGACAACGCACCNS1_1904_GAAATGACACAGTCGCNS1_1904_GAACATCAGGGTATCGNS1_1904_GAACATCGTGCTTCTCNS1_1904_GAACATCTCACTTCATNS1_1904_GAACCTAAGGGCTTGANS1_1904_GAACGGAGTCCAGTATNS1_1904_GAAGCAGCACACAGAGNS1_1904_GAATAAGAGCTCTCGGNS1_1904_GAATAAGAGGACAGAANS1_1904_GAATAAGCAGACGCCTNS1_1904_GACAGAGCACGGTGTCNS1_1904_GACGCGTAGCCGTCGTNS1_1904_GACGCGTCACAAGACGNS1_1904_GACGCGTGTCGAGTTTNS1_1904_GACGGCTAGGAGCGAGNS1_1904_GACGGCTAGTGGTCCCNS1_1904_GACGGCTAGTTAACGANS1_1904_GACGGCTAGTTATCGCNS1_1904_GACGTGCAGAGCTGGTNS1_1904_GACGTGCTCGCGTAGCNS1_1904_GACGTGCTCTCAACTTNS1_1904_GACGTTAAGTGAACATNS1_1904_GACGTTACATATACGCNS1_1904_GACTAACAGATTACCCNS1_1904_GACTAACCACTGCCAGNS1_1904_GACTAACCATCCGTGGNS1_1904_GACTAACTCAGGCCCANS1_1904_GACTAACTCTGCGGCANS1_1904_GACTGCGGTACTCAACNS1_1904_GACTGCGGTGATAAACNS1_1904_GAGCAGACAGCATACTNS1_1904_GAGGTGAAGCACGCCTNS1_1904_GAGGTGAAGTACGCCCNS1_1904_GAGTCCGAGCGTTGCCNS1_1904_GATCAGTGTAGAGCTGNS1_1904_GATCAGTGTGTTGGGANS1_1904_GATCGATGTAAGTTCCNS1_1904_GATCGATTCCCATTTANS1_1904_GATCGCGTCACAATGCNS1_1904_GATCGTAAGCTGGAACNS1_1904_GATCGTACATTTCAGGNS1_1904_GATCTAGCAATTGCTGNS1_1904_GATCTAGTCCCTCAGTNS1_1904_GATCTAGTCTGCCAGGNS1_1904_GATGAAACAGATCGGANS1_1904_GATGAAATCCTCTAGCNS1_1904_GATGAGGCATATACGCNS1_1904_GATGAGGTCGTCTGCTNS1_1904_GATTCAGTCGACAGCCNS1_1904_GCAAACTCAAGCTGTTNS1_1904_GCACATAAGGACGAAANS1_1904_GCACATAAGTTACGGGNS1_1904_GCACTCTAGAAGGTTTNS1_1904_GCACTCTAGGCTAGGTNS1_1904_GCACTCTCATGTCCTCNS1_1904_GCACTCTGTAGGGACTNS1_1904_GCACTCTTCAGCAACTNS1_1904_GCACTCTTCAGTACGTNS1_1904_GCAGCCAAGCCTTGATNS1_1904_GCAGCCACAAACAACANS1_1904_GCAGCCACATATACGCNS1_1904_GCAGTTATCGAATGCTNS1_1904_GCATACAGTTTGACACNS1_1904_GCATACATCCTTGCCANS1_1904_GCATGATAGGTGCACANS1_1904_GCATGATAGTGTGGCANS1_1904_GCATGATCAGGTGCCTNS1_1904_GCATGCGCATTTCAGGNS1_1904_GCATGCGTCACCGGGTNS1_1904_GCATGTAAGGTGTGGTNS1_1904_GCATGTATCTGTCTCGNS1_1904_GCCAAATAGGGTCGATNS1_1904_GCCAAATAGTATCGAANS1_1904_GCCAAATGTACCATCANS1_1904_GCCAAATTCGTCTGCTNS1_1904_GCCTCTAAGTCGATAANS1_1904_GCGACCATCTACTCATNS1_1904_GCGAGAACAGCCACCANS1_1904_GCGAGAAGTAAACACANS1_1904_GCGAGAATCGTTTATCNS1_1904_GCGCAACCATCACGATNS1_1904_GCGCAACCATTTGCCCNS1_1904_GCGCAACTCGTCTGAANS1_1904_GCGCAGTCATTCTCATNS1_1904_GCGCCAAAGCTCCTTCNS1_1904_GCGCGATGTAAGGATTNS1_1904_GCGCGATTCGCAGGCTNS1_1904_GCGCGATTCTTTACACNS1_1904_GCGGGTTGTAAGTAGTNS1_1904_GCTCCTAAGAATAGGGNS1_1904_GCTCCTAGTCGCTTTCNS1_1904_GCTCTGTGTGATAAGTNS1_1904_GCTCTGTTCACGAAGGNS1_1904_GCTCTGTTCCGTTGCTNS1_1904_GCTCTGTTCGGTCTAANS1_1904_GCTGCAGAGTAGCGGTNS1_1904_GCTGCAGGTATGGTTCNS1_1904_GCTGCAGGTTATCACGNS1_1904_GCTGCGAGTAGCTAAANS1_1904_GCTGCGAGTCATACTGNS1_1904_GCTGCGAGTCGCTTTCNS1_1904_GCTGCGAGTTTGACACNS1_1904_GCTGGGTAGAAACCGCNS1_1904_GCTGGGTCAGCTGTATNS1_1904_GCTGGGTGTACCGAGANS1_1904_GCTTCCACAGGCAGTANS1_1904_GCTTCCACATGTAAGANS1_1904_GCTTGAAAGCCTATGTNS1_1904_GCTTGAAAGTACTTGCNS1_1904_GGAAAGCGTGGTTTCANS1_1904_GGAAAGCTCCTAGTGANS1_1904_GGAACTTCAGGGAGAGNS1_1904_GGAACTTTCGTCTGCTNS1_1904_GGAATAACAAGGCTCCNS1_1904_GGAATAAGTCATTAGCNS1_1904_GGACAAGGTCTAGGTTNS1_1904_GGACAAGGTGACGGTANS1_1904_GGACAGATCTTGTTTGNS1_1904_GGACATTAGGCCCTTGNS1_1904_GGACGTCAGAGCTGCANS1_1904_GGACGTCAGGATGTATNS1_1904_GGACGTCAGTCATCCANS1_1904_GGACGTCAGTTTAGGANS1_1904_GGAGCAAAGGAACTGCNS1_1904_GGAGCAATCACTGGGCNS1_1904_GGATGTTTCCTAGGGCNS1_1904_GGATTACAGAGTTGGCNS1_1904_GGATTACGTAGCGCTCNS1_1904_GGATTACGTCTCCATCNS1_1904_GGCCGATCAGGTCCACNS1_1904_GGCCGATTCCGTAGTANS1_1904_GGCGTGTAGATCTGAANS1_1904_GGCGTGTAGCTGCAAGNS1_1904_GGCGTGTCAACACCTANS1_1904_GGCGTGTCAATGTAAGNS1_1904_GGCTCGATCAGAGCTTNS1_1904_GGCTCGATCAGTTTGGNS1_1904_GGCTCGATCTTCGAGANS1_1904_GGCTGGTAGATCACGGNS1_1904_GGCTGGTGTCTGGAGANS1_1904_GGCTGGTGTGCTTCTCNS1_1904_GGCTGGTTCAGCATGTNS1_1904_GGGAATGAGCCCAGCTNS1_1904_GGGAATGTCCGTCAAANS1_1904_GGGAATGTCGCAAGCCNS1_1904_GGGACCTGTACAGTTCNS1_1904_GGGACCTTCCCAAGATNS1_1904_GGGAGATTCATTGCCCNS1_1904_GGGCACTAGCAATCTCNS1_1904_GGGCACTAGCACAGGTNS1_1904_GGGTCTGCAGCCAGAANS1_1904_GGGTCTGTCAGGCAAGNS1_1904_GGGTTGCAGAACAACTNS1_1904_GGTATTGAGGAGTTGCNS1_1904_GGTATTGTCGGAAATANS1_1904_GGTGCGTAGGGTTCCCNS1_1904_GGTGCGTGTAGATTAGNS1_1904_GGTGCGTTCCAACCAANS1_1904_GGTGTTAAGCCCAGCTNS1_1904_GGTGTTAAGTGGACGTNS1_1904_GGTGTTAGTCTAGAGGNS1_1904_GTAACGTAGACTGGGTNS1_1904_GTAACTGCAGTGGGATNS1_1904_GTAACTGGTTGAACTCNS1_1904_GTAACTGTCACTATTCNS1_1904_GTAACTGTCCGCAAGCNS1_1904_GTAACTGTCGGCTACGNS1_1904_GTACGTATCCAGGGCTNS1_1904_GTACTCCAGTAGCCGANS1_1904_GTACTCCGTACATCCANS1_1904_GTAGGCCCAATGGAATNS1_1904_GTAGGCCTCATGCATGNS1_1904_GTATCTTAGTGCCATTNS1_1904_GTATCTTCAACTGCGCNS1_1904_GTATCTTGTGTTCTTTNS1_1904_GTCAAGTAGCGCTCCANS1_1904_GTCAAGTTCCACGTTCNS1_1904_GTCAAGTTCTTCGAGANS1_1904_GTCACGGCATGGTTGTNS1_1904_GTCACGGGTGCAACTTNS1_1904_GTCATTTCAAGCTGGANS1_1904_GTCCTCATCTTGCAAGNS1_1904_GTCGGGTAGTGAATTGNS1_1904_GTCGGGTCACAGACTTNS1_1904_GTCTCGTAGAGACTATNS1_1904_GTCTCGTCACTGAAGGNS1_1904_GTCTCGTGTTAGATGANS1_1904_GTCTCGTTCAGAGGTGNS1_1904_GTGAAGGAGGCAATTANS1_1904_GTGCATAGTTCGTCTCNS1_1904_GTGCATAGTTGAGGTGNS1_1904_GTGCGGTCACGTCTCTNS1_1904_GTGCGGTGTCTAAAGANS1_1904_GTGCTTCAGACAATACNS1_1904_GTGCTTCGTACTCGCGNS1_1904_GTGCTTCGTCTTGCGGNS1_1904_GTGCTTCGTGCACGAANS1_1904_GTGGGTCCAAGCTGGANS1_1904_GTGGGTCGTATAGGGCNS1_1904_GTGTGCGAGATCACGGNS1_1904_GTGTTAGAGATGGCGTNS1_1904_GTGTTAGAGCTGATAANS1_1904_GTTACAGTCTTGTTTGNS1_1904_GTTCATTGTGAGGGTTNS1_1904_GTTCGGGCATAGACTCNS1_1904_GTTCGGGTCACAACGTNS1_1904_GTTCGGGTCGGTGTTANS1_1904_GTTCTCGGTCCGTTAANS1_1904_GTTCTCGTCTGGCGTGNS1_1904_GTTTCTAGTAAATGACNS1_1904_GTTTCTAGTGGTTTCANS1_1904_GTTTCTAGTGTCTGATNS1_1904_GTTTCTATCAGGCCCANS1_1904_TAAACCGGTCGCTTCTNS1_1904_TAAACCGTCCTACAGANS1_1904_TAAGAGACACTTCGAANS1_1904_TAAGAGAGTATCACCANS1_1904_TAAGCGTAGGGCTTCCNS1_1904_TAAGCGTTCCAACCAANS1_1904_TAAGTGCCAGACAAGCNS1_1904_TACACGAAGAGTAATCNS1_1904_TACACGACAGCTTCGGNS1_1904_TACACGATCTTGAGACNS1_1904_TACAGTGGTCTCTCTGNS1_1904_TACAGTGGTGCGATAGNS1_1904_TACAGTGTCGTCCAGGNS1_1904_TACAGTGTCTCATTCANS1_1904_TACCTATAGTACATGANS1_1904_TACCTATAGTGTACGGNS1_1904_TACCTATCAAACGCGANS1_1904_TACCTATTCCTTTCTCNS1_1904_TACCTTAGTTCTCATTNS1_1904_TACGGATCACGGCCATNS1_1904_TACGGATCACTATCTTNS1_1904_TACGGATCAGACGTAGNS1_1904_TACGGATGTCTAACGTNS1_1904_TACGGTAAGGCTAGGTNS1_1904_TACGGTACATTCTCATNS1_1904_TACGGTAGTATGAAACNS1_1904_TACTCATGTAAGTGGCNS1_1904_TACTCATGTTTACTCTNS1_1904_TACTCGCAGGACTGGTNS1_1904_TACTCGCTCGTAGGAGNS1_1904_TACTTACGTCCTGCTTNS1_1904_TACTTGTAGAGGACGGNS1_1904_TAGCCGGAGCTAGTCTNS1_1904_TAGCCGGCAGGGCATANS1_1904_TAGCCGGTCAGAGGTGNS1_1904_TAGGCATGTCTAAAGANS1_1904_TAGGCATTCCGTAGTANS1_1904_TAGTGGTCACGTGAGANS1_1904_TAGTTGGGTGATGTCTNS1_1904_TATCAGGGTATCGCATNS1_1904_TATCAGGTCACATAGCNS1_1904_TATCAGGTCACGCATANS1_1904_TATGCCCGTACCGGCTNS1_1904_TATTACCAGACGCACANS1_1904_TCAACGAAGACGACGTNS1_1904_TCAACGAGTCGAGTTTNS1_1904_TCAACGAGTGGCTCCANS1_1904_TCAACGATCGGATGGANS1_1904_TCACAAGGTAAATGACNS1_1904_TCACGAACAATGAATGNS1_1904_TCACGAACAGTAGAGCNS1_1904_TCACGAAGTACATCCANS1_1904_TCAGCAACAGGGCATANS1_1904_TCAGCAATCTGGCGACNS1_1904_TCAGGATCATCTATGGNS1_1904_TCAGGATCATGATCCANS1_1904_TCAGGATCATTTCAGGNS1_1904_TCAGGTACACTGTTAGNS1_1904_TCAGGTATCAACGGGANS1_1904_TCAGGTATCAGCTCTCNS1_1904_TCATTACCAGACAAATNS1_1904_TCATTACGTACTCGCGNS1_1904_TCATTACTCCAGATCANS1_1904_TCCACACGTCGCATCGNS1_1904_TCCCGATAGCAGGTCANS1_1904_TCCCGATAGGCAAAGANS1_1904_TCCCGATAGTGGTAATNS1_1904_TCCCGATCATCTATGGNS1_1904_TCCCGATGTCTGATCANS1_1904_TCGAGGCAGGGTATCGNS1_1904_TCGCGAGTCTTGCAAGNS1_1904_TCGCGTTGTCGTTGTANS1_1904_TCGCGTTGTTCCCGAGNS1_1904_TCGGGACCAATCCAACNS1_1904_TCGGGACTCCTCAATTNS1_1904_TCGGTAATCGCCGTGANS1_1904_TCGGTAATCTTGCCGTNS1_1904_TCGTACCGTGTAAGTANS1_1904_TCGTAGAAGCCAGGATNS1_1904_TCTATTGAGCCATCGCNS1_1904_TCTATTGGTCCCTTGTNS1_1904_TCTATTGGTCTAGTCANS1_1904_TCTATTGTCAGCCTAANS1_1904_TCTTCGGAGTGGAGTCNS1_1904_TCTTCGGTCGGACAAGNS1_1904_TCTTTCCAGAGTACATNS1_1904_TCTTTCCCAATAGCAANS1_1904_TCTTTCCGTCGAAAGCNS1_1904_TCTTTCCTCTGTCTCGNS1_1904_TGAAAGATCTTGTATCNS1_1904_TGACGGCAGGGATCTGNS1_1904_TGACGGCAGTGTCCCGNS1_1904_TGACGGCGTTGCTCCTNS1_1904_TGACTTTTCAGTACGTNS1_1904_TGAGAGGTCGGATGTTNS1_1904_TGAGCATAGTGTACGGNS1_1904_TGAGCATCAGGACGTANS1_1904_TGAGCCGCATGAGCGANS1_1904_TGATTTCCATCAGTCANS1_1904_TGCACCTAGAGCTGCANS1_1904_TGCCAAACACGCCAGTNS1_1904_TGCCCATAGGACCACANS1_1904_TGCCCATAGTACACCTNS1_1904_TGCCCATGTCTGCGGTNS1_1904_TGCCCTAAGGGCTCTCNS1_1904_TGCCCTACAGACGCCTNS1_1904_TGCCCTATCCTCTAGCNS1_1904_TGCGCAGAGCCAGTTTNS1_1904_TGCGCAGAGGACGAAANS1_1904_TGCGCAGAGGTGATTANS1_1904_TGCGCAGCAGATCCATNS1_1904_TGCGCAGTCGGTTAACNS1_1904_TGCGGGTAGCAATCTCNS1_1904_TGCGGGTCAATGGTCTNS1_1904_TGCTACCAGTCGTTTGNS1_1904_TGGACGCAGACACGACNS1_1904_TGGACGCGTAGATTAGNS1_1904_TGGACGCGTTCTCATTNS1_1904_TGGCCAGAGCTGATAANS1_1904_TGGCCAGCAGTCAGAGNS1_1904_TGGCCAGGTACCTACANS1_1904_TGGCGCAAGCTAAGATNS1_1904_TGGCGCACAAGCTGTTNS1_1904_TGGCGCAGTAGCTGCCNS1_1904_TGGCGCAGTCATGCCGNS1_1904_TGGCGCATCTTACCTANS1_1904_TGGCTGGCATCCGTGGNS1_1904_TGGGAAGCACCAGGTCNS1_1904_TGGGCGTCAACAACCTNS1_1904_TGGGCGTGTCTGCGGTNS1_1904_TGGTTAGAGGAATGGANS1_1904_TGGTTAGCACGTAAGGNS1_1904_TGGTTAGTCTCGTTTANS1_1904_TGGTTCCAGACGACGTNS1_1904_TGGTTCCCAGATGAGCNS1_1904_TGTATTCAGTGTCTCANS1_1904_TGTCCCAGTTGGTTTGNS1_1904_TGTGGTAGTTTAGCTGNS1_1904_TGTGGTATCTGTGCAANS1_1904_TGTGGTATCTTTACGTNS1_1904_TGTGTTTTCACCCTCANS1_1904_TGTGTTTTCATATCGGNS1_1904_TGTTCCGAGAAGGGTANS1_1904_TTAACTCAGCAGGCTANS1_1904_TTAACTCTCGGAATCTNS1_1904_TTAGGACCAGCAGTTTNS1_1904_TTAGGACGTAATTGGANS1_1904_TTAGGACGTCTTCTCGNS1_1904_TTAGTTCCAAATTGCCNS1_1904_TTATGCTAGGGCACTANS1_1904_TTATGCTTCAACGGGANS1_1904_TTATGCTTCGCTAGCGNS1_1904_TTATGCTTCTGTTTGTNS1_1904_TTCCCAGAGGTGATATNS1_1904_TTCCCAGCACCTCGTTNS1_1904_TTCGAAGCAATAAGCANS1_1904_TTCGAAGCATATACGCNS1_1904_TTCGAAGGTCCTGCTTNS1_1904_TTCGGTCAGGGCATGTNS1_1904_TTCTACACACACAGAGNS1_1904_TTCTACAGTGAGTATANS1_1904_TTCTACATCTCACATTNS1_1904_TTCTCAACAATCGAAANS1_1904_TTCTCAAGTCTGGAGANS1_1904_TTCTCCTCACGACTCGNS1_1904_TTCTTAGCAGGCGATANS1_1904_TTCTTAGCATGGTAGGNS1_1904_TTGAACGAGAGTCTGGNS1_1904_TTGAACGAGCAGCCTCNS1_1904_TTGACTTCAAGTAATGNS1_1904_TTGCCGTAGGCCATAGNS1_1904_TTGCGTCTCTCGAGTANS1_1904_TTGGAACAGCGACGTANS1_1904_TTGGAACCATACGCCGNS1_1904_TTGGCAAAGGATGCGTNS1_1904_TTGGCAACATGCTAGTNS1_1904_TTGTAGGCAGACGTAGNS1_1904_TTTACTGAGGGAGTAANS1_1904_TTTACTGTCAGCACATNS1_1904_TTTATGCAGAATAGGGNS1_1904_TTTATGCCAAGCCTATNS1_1904_TTTATGCGTCAGAAGCNS1_1904_TTTCCTCTCTGCTTGCNS1_1904_TTTGCGCAGTGTACCTNS1_1904_TTTGCGCTCATAGCACNS1_1904_TTTGTCAAGATCCCATNS1_1904_TTTGTCAAGGCATGTGNS1_1904_TTTGTCAGTACAGTTCNS1_1904_TTTGTCATCTCTAGGANS1_1904_TTTGTCATCTTGCAAGNS1_2405_AAACCTGAGGGTCGATNS1_2405_AAACGGGAGTACATGANS1_2405_AAACGGGGTGAGTATANS1_2405_AAACGGGTCTTGCATTNS1_2405_AAAGATGAGGAATCGCNS1_2405_AAAGATGCAATAGAGTNS1_2405_AAAGATGCAATGGTCTNS1_2405_AAAGATGTCGTTTATCNS1_2405_AAAGTAGCATTGAGCTNS1_2405_AAATGCCCATGCTAGTNS1_2405_AACACGTCATTGTGCANS1_2405_AACACGTGTTGTGGAGNS1_2405_AACCATGAGGCTAGCANS1_2405_AACCATGCAGGCGATANS1_2405_AACCATGTCACATACGNS1_2405_AACCATGTCTATCCCGNS1_2405_AACCATGTCTGATACGNS1_2405_AACGTTGGTACGAAATNS1_2405_AACTCCCCACGTCTCTNS1_2405_AACTCCCGTCTTGCGGNS1_2405_AACTCTTTCGGCTACGNS1_2405_AACTGGTAGGCCGAATNS1_2405_AACTTTCTCAGGATCTNS1_2405_AAGACCTCATCACAACNS1_2405_AAGCCGCAGGCTACGANS1_2405_AAGCCGCCACTGTTAGNS1_2405_AAGGAGCGTATAGGGCNS1_2405_AAGTCTGCAACGATGGNS1_2405_AAGTCTGCAACTTGACNS1_2405_AAGTCTGCAAGCCCACNS1_2405_AAGTCTGTCTAACTTCNS1_2405_AATCCAGCACATTCGANS1_2405_AATCCAGGTTACGCGCNS1_2405_ACACCAAAGGAGCGAGNS1_2405_ACACCCTAGACTTTCGNS1_2405_ACACCCTAGAGACTTANS1_2405_ACACCCTGTGAGGGAGNS1_2405_ACACTGAGTCTGGAGANS1_2405_ACAGCCGCAAGTCATCNS1_2405_ACAGCCGGTTCGAATCNS1_2405_ACAGCTACACAGGTTTNS1_2405_ACAGCTAGTCAATACCNS1_2405_ACATACGCAGGGCATANS1_2405_ACATCAGCACCGTTGGNS1_2405_ACATCAGCAGTTCATGNS1_2405_ACATCAGGTGACCAAGNS1_2405_ACATGGTGTCAGAGGTNS1_2405_ACATGGTGTCTTCAAGNS1_2405_ACCAGTAAGAAGGACANS1_2405_ACCAGTAAGGACATTANS1_2405_ACCAGTACAGTACACTNS1_2405_ACCCACTAGGATATACNS1_2405_ACCCACTCATGGTCATNS1_2405_ACCCACTGTTCGCTAANS1_2405_ACCGTAACACTTGGATNS1_2405_ACCGTAACATGCAATCNS1_2405_ACCGTAATCACGCGGTNS1_2405_ACCTTTATCCAGATCANS1_2405_ACGAGGAAGGACACCANS1_2405_ACGAGGAAGGACAGCTNS1_2405_ACGAGGAGTTTAGCTGNS1_2405_ACGATACGTAAGGATTNS1_2405_ACGATGTGTCACCCAGNS1_2405_ACGCAGCTCTCTGCTGNS1_2405_ACGCCAGCAAGCTGGANS1_2405_ACGCCGATCTATCCTANS1_2405_ACGGGCTAGTGTACCTNS1_2405_ACGGGCTCAAGTTCTGNS1_2405_ACGGGTCAGTTAGCGGNS1_2405_ACGGGTCGTCTCTTTANS1_2405_ACGTCAATCGAATGGGNS1_2405_ACTATCTGTTCATGGTNS1_2405_ACTATCTTCTGAAAGANS1_2405_ACTGAACGTGTGTGCCNS1_2405_ACTGAACGTTACGCGCNS1_2405_ACTGAACGTTGAGTTCNS1_2405_ACTGAGTCACGGTGTCNS1_2405_ACTGAGTGTTTGTGTGNS1_2405_ACTGAGTTCTGACCTCNS1_2405_ACTGATGTCAAACCGTNS1_2405_ACTGCTCCAGTAAGATNS1_2405_ACTGCTCGTGGTGTAGNS1_2405_ACTGCTCGTTGTTTGGNS1_2405_ACTGTCCTCGCAAGCCNS1_2405_ACTTACTAGCATGGCANS1_2405_ACTTACTAGCTAGTCTNS1_2405_ACTTACTGTTCGCTAANS1_2405_ACTTACTTCCGCAAGCNS1_2405_ACTTACTTCGGCGCTANS1_2405_ACTTGTTTCACATACGNS1_2405_ACTTTCATCATTGCGANS1_2405_AGAATAGAGATATGGTNS1_2405_AGAATAGCACCGCTAGNS1_2405_AGAATAGGTAACGTTCNS1_2405_AGACGTTAGTCGTTTGNS1_2405_AGACGTTAGTGTCCCGNS1_2405_AGACGTTCAGAGTGTGNS1_2405_AGACGTTCAGCCAATTNS1_2405_AGACGTTCATGCCACGNS1_2405_AGACGTTGTTATGCGTNS1_2405_AGACGTTTCATGCAACNS1_2405_AGAGCGACACTTCTGCNS1_2405_AGAGCGATCACTTACTNS1_2405_AGAGCTTCATAAGACANS1_2405_AGAGCTTTCTGTCTATNS1_2405_AGAGTGGTCAAGAAGTNS1_2405_AGATCTGAGAGTACCGNS1_2405_AGATCTGCATCCCATCNS1_2405_AGATCTGTCCCAAGTANS1_2405_AGATTGCAGTGTCCCGNS1_2405_AGATTGCGTGCTAGCCNS1_2405_AGCAGCCGTCGGGTCTNS1_2405_AGCATACAGCAACGGTNS1_2405_AGCATACGTACAGTGGNS1_2405_AGCCTAAAGGTCGGATNS1_2405_AGCCTAATCCTTAATCNS1_2405_AGCCTAATCTGCGACGNS1_2405_AGCGGTCCAAGTCTACNS1_2405_AGCGGTCCAGCTGTATNS1_2405_AGCGTATAGGCTCTTANS1_2405_AGCGTATCAGGTCTCGNS1_2405_AGCGTATCATCACGATNS1_2405_AGCTCCTGTCATCGGCNS1_2405_AGCTCTCCACGAGAGTNS1_2405_AGCTCTCTCCTACAGANS1_2405_AGGCCACAGACCTTTGNS1_2405_AGGCCACAGTGTCTCANS1_2405_AGGCCGTTCCGTAGGCNS1_2405_AGGGATGGTCACCTAANS1_2405_AGGTCATCATACTACGNS1_2405_AGGTCATGTAATTGGANS1_2405_AGGTCATGTTCCCGAGNS1_2405_AGTAGTCCATCGGAAGNS1_2405_AGTAGTCGTTCCATGANS1_2405_AGTCTTTAGATCGGGTNS1_2405_AGTCTTTGTCCGAACCNS1_2405_AGTCTTTTCCCTAATTNS1_2405_AGTGGGATCCAAGTACNS1_2405_AGTGGGATCGTAGGTTNS1_2405_AGTGTCAAGGAGTAGANS1_2405_AGTTGGTGTACCATCANS1_2405_ATAAGAGAGTAGGCCANS1_2405_ATAAGAGCAACCGCCANS1_2405_ATAAGAGCAATCGGTTNS1_2405_ATAAGAGGTCGACTGCNS1_2405_ATAAGAGGTGTTTGTGNS1_2405_ATAGACCGTTTACTCTNS1_2405_ATCACGACAGCGTTCGNS1_2405_ATCACGAGTGGTCCGTNS1_2405_ATCACGATCTTGTACTNS1_2405_ATCATCTAGGCACATGNS1_2405_ATCATCTCAGGAATGCNS1_2405_ATCCACCCACACATGTNS1_2405_ATCCGAAAGCGATTCTNS1_2405_ATCGAGTCATCAGTCANS1_2405_ATCGAGTCATGAAGTANS1_2405_ATCGAGTGTAACGCGANS1_2405_ATCGAGTTCCTCATTANS1_2405_ATCTGCCAGTGAAGTTNS1_2405_ATCTGCCGTGGTAACGNS1_2405_ATGAGGGTCTGTCCGTNS1_2405_ATGCGATTCAGTCAGTNS1_2405_ATGGGAGAGGCTCAGANS1_2405_ATGTGTGCACGAAATANS1_2405_ATGTGTGGTACAAGTANS1_2405_ATGTGTGGTTACAGAANS1_2405_ATGTGTGGTTAGATGANS1_2405_ATTATCCGTTCCCGAGNS1_2405_ATTATCCTCCGTCAAANS1_2405_ATTCTACTCCGAAGAGNS1_2405_ATTGGACAGCGCCTTGNS1_2405_ATTGGTGAGTTGTCGTNS1_2405_ATTGGTGGTCTGGTCGNS1_2405_ATTGGTGGTGTAACGGNS1_2405_ATTGGTGTCCCTAATTNS1_2405_ATTGGTGTCTGCAAGTNS1_2405_ATTTCTGGTCTCTTATNS1_2405_CAACCAACACGGCTACNS1_2405_CAACCAAGTACCGCTGNS1_2405_CAACCTCAGTGGGTTGNS1_2405_CAACCTCGTCCGACGTNS1_2405_CAACTAGCATTTGCTTNS1_2405_CAAGAAACAGGGATTGNS1_2405_CAAGAAATCGTTGACANS1_2405_CAAGATCTCTTGCCGTNS1_2405_CAAGGCCCACAGACTTNS1_2405_CAAGTTGAGATGCGACNS1_2405_CAAGTTGCACGAGAGTNS1_2405_CACAAACCATCGACGCNS1_2405_CACAAACGTTCACGGCNS1_2405_CACACAACACATGTGTNS1_2405_CACACAAGTCTTTCATNS1_2405_CACACAATCTAACCGANS1_2405_CACACCTAGCAACGGTNS1_2405_CACACTCAGTGACTCTNS1_2405_CACACTCCAGTAGAGCNS1_2405_CACACTCTCAATAAGGNS1_2405_CACAGGCAGCACAGGTNS1_2405_CACAGGCAGCCCAGCTNS1_2405_CACAGGCCACCTTGTCNS1_2405_CACAGTAGTCATGCCGNS1_2405_CACAGTAGTCGAGATGNS1_2405_CACAGTATCAAGGTAANS1_2405_CACATAGAGATAGCATNS1_2405_CACATAGAGGCCCGTTNS1_2405_CACATAGGTGACTCATNS1_2405_CACATTTAGATAGCATNS1_2405_CACCACTAGTGACTCTNS1_2405_CACCACTCACAGCGTCNS1_2405_CACCACTCAGTCACTANS1_2405_CACCACTGTAGCGATGNS1_2405_CACCACTGTGCAGTAGNS1_2405_CACCAGGGTCAACATCNS1_2405_CACCAGGGTGAGTGACNS1_2405_CACCAGGTCTTCAACTNS1_2405_CACCTTGAGACACTAANS1_2405_CACCTTGAGACGACGTNS1_2405_CACCTTGGTGTGACGANS1_2405_CACTCCAAGAAACCGCNS1_2405_CACTCCAAGTCGTACTNS1_2405_CACTCCAGTTCAGCGCNS1_2405_CAGAATCGTACCGAGANS1_2405_CAGAATCGTGAGCGATNS1_2405_CAGAGAGAGCTAGTCTNS1_2405_CAGAGAGAGCTCCCAGNS1_2405_CAGAGAGAGTGGGTTGNS1_2405_CAGAGAGTCCGTTGCTNS1_2405_CAGATCAAGGACATTANS1_2405_CAGCAGCCACCACCAGNS1_2405_CAGCAGCTCCGCGTTTNS1_2405_CAGCCGATCCCAAGATNS1_2405_CAGCCGATCTTGGGTANS1_2405_CAGCCGATCTTTACACNS1_2405_CAGCGACAGAATAGGGNS1_2405_CAGCTAAAGCATCATCNS1_2405_CAGCTAACATTATCTCNS1_2405_CAGCTGGAGTGGTAATNS1_2405_CAGCTGGGTGTAAGTANS1_2405_CAGGTGCTCTGAGGGANS1_2405_CAGTAACAGTGGTAATNS1_2405_CAGTAACGTCGACTATNS1_2405_CAGTCCTGTAGCGTGANS1_2405_CAGTCCTTCGTAGGTTNS1_2405_CATATTCCAGCTTAACNS1_2405_CATATTCTCAAGGTAANS1_2405_CATCAAGGTCTAGAGGNS1_2405_CATCAGAAGCTAAACANS1_2405_CATCAGAAGTCTCCTCNS1_2405_CATCAGAGTGTTGAGGNS1_2405_CATCGAACATATGAGANS1_2405_CATCGAAGTTCCATGANS1_2405_CATCGGGAGATCGGGTNS1_2405_CATCGGGAGCGCCTCANS1_2405_CATCGGGCAACCGCCANS1_2405_CATGCCTAGACGCAACNS1_2405_CATGGCGAGTAAGTACNS1_2405_CATTATCCAGTGAGTGNS1_2405_CATTATCTCCCTTGTGNS1_2405_CATTCGCAGGCCCTCANS1_2405_CATTCGCCAGGGTTAGNS1_2405_CATTCGCTCATAGCACNS1_2405_CCACCTACATCTGGTANS1_2405_CCACCTAGTAGCGTGANS1_2405_CCACGGACATTCGACANS1_2405_CCACTACCATGGTCTANS1_2405_CCAGCGACACTGTTAGNS1_2405_CCAGCGACAGACTCGCNS1_2405_CCAGCGAGTCTAGTGTNS1_2405_CCAGCGATCCTAGTGANS1_2405_CCATGTCCAGCTCGCANS1_2405_CCATGTCGTAATCGTCNS1_2405_CCATGTCTCGGTCCGANS1_2405_CCATTCGTCTTGTATCNS1_2405_CCCAATCAGAATCTCCNS1_2405_CCCAATCCAAGACGTGNS1_2405_CCCAGTTTCGCTTGTCNS1_2405_CCCAGTTTCGGAGGTANS1_2405_CCCATACCACCCATTCNS1_2405_CCCATACCAGTTTACGNS1_2405_CCCATACTCTGTCAAGNS1_2405_CCCTCCTAGAGCTGCANS1_2405_CCCTCCTTCCAAACACNS1_2405_CCGGTAGCAACACCCGNS1_2405_CCGGTAGCAGCTGCACNS1_2405_CCGGTAGTCACTTATCNS1_2405_CCGTTCAGTAAATGACNS1_2405_CCTAAAGCAGTAAGCGNS1_2405_CCTAAAGGTGTATGGGNS1_2405_CCTACCAAGGCATTGGNS1_2405_CCTATTACACGAGGTANS1_2405_CCTATTATCGCTTGTCNS1_2405_CCTCAGTAGGGCTTCCNS1_2405_CCTCAGTCACATGACTNS1_2405_CCTCTGAAGTTTCCTTNS1_2405_CCTTACGGTATTCTCTNS1_2405_CCTTCGACAGAGTGTGNS1_2405_CCTTCGAGTTAAGACANS1_2405_CCTTTCTAGATAGTCANS1_2405_CCTTTCTCAACGATGGNS1_2405_CCTTTCTCATGTCGATNS1_2405_CGAATGTAGTAGTGCGNS1_2405_CGAATGTTCATCTGCCNS1_2405_CGACCTTCAAAGGCGTNS1_2405_CGACTTCCACGGTGTCNS1_2405_CGACTTCGTCGAAAGCNS1_2405_CGAGAAGTCGGCGCTANS1_2405_CGAGCACTCCGCATAANS1_2405_CGAGCCAGTCTGCGGTNS1_2405_CGATCGGCACCAGGTCNS1_2405_CGATCGGCAGTATGCTNS1_2405_CGATCGGTCCTTTACANS1_2405_CGATGTAAGCACGCCTNS1_2405_CGATGTACAAGGACACNS1_2405_CGATTGAAGAGACTATNS1_2405_CGATTGACAGTATGCTNS1_2405_CGATTGAGTTATGCGTNS1_2405_CGATTGATCATGCATGNS1_2405_CGATTGATCGGAGCAANS1_2405_CGCCAAGGTAAAGGAGNS1_2405_CGCGGTATCTGGTATGNS1_2405_CGCGTTTTCGTAGGAGNS1_2405_CGCTATCAGCTTATCGNS1_2405_CGCTATCGTATATGAGNS1_2405_CGCTATCTCTCAAGTGNS1_2405_CGCTGGAAGTGTTTGCNS1_2405_CGCTGGATCTACTATCNS1_2405_CGCTGGATCTGGCGACNS1_2405_CGCTTCAAGCTGAAATNS1_2405_CGGACACCAGGACCCTNS1_2405_CGGACACGTCTTCTCGNS1_2405_CGGACACTCATTGCCCNS1_2405_CGGACGTAGCTGGAACNS1_2405_CGGACGTGTAGAAGGANS1_2405_CGGACGTGTTCCTCCANS1_2405_CGGACTGGTTCCGGCANS1_2405_CGGACTGTCAAACGGGNS1_2405_CGGAGCTAGCTTATCGNS1_2405_CGGAGCTAGTGTACCTNS1_2405_CGGAGCTTCCTATTCANS1_2405_CGGAGTCAGGGTTCCCNS1_2405_CGGAGTCGTATATCCGNS1_2405_CGGAGTCGTGTCGCTGNS1_2405_CGGAGTCTCCTTGGTCNS1_2405_CGGCTAGAGAAGATTCNS1_2405_CGGCTAGAGACAGACCNS1_2405_CGGCTAGAGTGGGTTGNS1_2405_CGGCTAGAGTGTTAGANS1_2405_CGGTTAAGTCCATCCTNS1_2405_CGTAGCGAGGTGCTAGNS1_2405_CGTAGCGCAGATAATGNS1_2405_CGTAGGCAGACTTGAANS1_2405_CGTAGGCAGAGGACGGNS1_2405_CGTAGGCGTAAGAGAGNS1_2405_CGTAGGCGTCTCATCCNS1_2405_CGTCACTCAATCGGTTNS1_2405_CGTCACTGTCATTAGCNS1_2405_CGTCAGGAGCGCCTCANS1_2405_CGTCAGGCAGTAAGATNS1_2405_CGTCAGGCATTAGGCTNS1_2405_CGTCAGGGTGTCTGATNS1_2405_CGTCCATCAAAGCAATNS1_2405_CGTCCATCAGTTTACGNS1_2405_CGTCTACAGTAGATGTNS1_2405_CGTCTACAGTAGCGGTNS1_2405_CGTCTACTCGGTGTCGNS1_2405_CGTGTCTAGGCCCGTTNS1_2405_CGTTAGAAGCCCAATTNS1_2405_CGTTCTGCATGCTGGCNS1_2405_CGTTGGGAGAAGATTCNS1_2405_CTAAGACAGACGCTTTNS1_2405_CTAAGACAGGGTTTCTNS1_2405_CTAAGACCAATCACACNS1_2405_CTAAGACCACATGACTNS1_2405_CTAAGACCATCAGTCANS1_2405_CTAAGACGTAAATGTGNS1_2405_CTACACCAGAGCTGCANS1_2405_CTACATTAGTTCGCATNS1_2405_CTACATTTCCGATATGNS1_2405_CTACATTTCCTAAGTGNS1_2405_CTACGTCGTCCAGTTANS1_2405_CTACGTCTCAGAGCTTNS1_2405_CTAGTGATCAGCATGTNS1_2405_CTCACACAGGGTATCGNS1_2405_CTCACACCATCCGCGANS1_2405_CTCAGAAAGAAACCTANS1_2405_CTCAGAAGTGTGCCTGNS1_2405_CTCATTAAGGCCCTCANS1_2405_CTCATTACAGTAAGATNS1_2405_CTCATTATCCATGAGTNS1_2405_CTCCTAGCACACATGTNS1_2405_CTCCTAGCACCAGATTNS1_2405_CTCCTAGCACTAAGTCNS1_2405_CTCCTAGGTAGCACGANS1_2405_CTCGAAAAGGGATCTGNS1_2405_CTCGAAACAAGGACTGNS1_2405_CTCGAAAGTGACTACTNS1_2405_CTCGAGGAGACCGGATNS1_2405_CTCGAGGCAGGACGTANS1_2405_CTCGGAGTCTCAACTTNS1_2405_CTCGGGAAGGTGCTTTNS1_2405_CTCGGGAGTCCGTTAANS1_2405_CTCGGGATCCCGGATGNS1_2405_CTCGTCATCGGTTCGGNS1_2405_CTCTAATAGTACTTGCNS1_2405_CTCTAATGTAGCGCAANS1_2405_CTCTGGTTCGAATGGGNS1_2405_CTGAAACGTTTCGCTCNS1_2405_CTGATAGAGTCAAGCGNS1_2405_CTGATAGCAGATCGGANS1_2405_CTGATAGCATAGGATANS1_2405_CTGATCCGTAAGGGAANS1_2405_CTGCCTACACGAAAGCNS1_2405_CTGCCTAGTTGTACACNS1_2405_CTGCCTATCCCAGGTGNS1_2405_CTGCGGACACATCTTTNS1_2405_CTGCGGACAGATAATGNS1_2405_CTGCTGTTCTTTACACNS1_2405_CTGTGCTTCTGTCTCGNS1_2405_CTGTTTAAGACATAACNS1_2405_CTGTTTAAGAGGTTATNS1_2405_CTGTTTAGTGATGTCTNS1_2405_CTTAACTGTTCGTTGANS1_2405_CTTAACTTCTCCAACCNS1_2405_CTTAGGAAGATGTCGGNS1_2405_CTTAGGAAGCAATCTCNS1_2405_CTTAGGACAGACAGGTNS1_2405_CTTCTCTGTGTTTGTGNS1_2405_CTTCTCTTCACATGCANS1_2405_CTTCTCTTCATCGGATNS1_2405_CTTGGCTAGCAGGTCANS1_2405_CTTGGCTAGTCAAGCGNS1_2405_CTTGGCTTCCTTTCTCNS1_2405_CTTTGCGAGAATCTCCNS1_2405_GAACATCCACATCCGGNS1_2405_GAACATCCACTTCGAANS1_2405_GAACATCTCATGCATGNS1_2405_GAACCTAAGGCTCTTANS1_2405_GAACCTAAGTAGATGTNS1_2405_GAACCTACAAGTACCTNS1_2405_GAACCTACACGGTAGANS1_2405_GAACCTACATTGGCGCNS1_2405_GAACCTATCAAGAAGTNS1_2405_GAACGGAAGGGATACCNS1_2405_GAACGGATCTGCTGTCNS1_2405_GAAGCAGAGCGTAGTGNS1_2405_GAAGCAGTCATGTAGCNS1_2405_GAATAAGCACAACGCCNS1_2405_GAATAAGGTACAGTGGNS1_2405_GAATAAGGTTTGACTGNS1_2405_GAATGAAGTAAAGGAGNS1_2405_GACACGCAGATATACGNS1_2405_GACACGCGTGAACCTTNS1_2405_GACACGCGTTGTGGAGNS1_2405_GACAGAGAGTGAACATNS1_2405_GACGCGTAGCGTGAACNS1_2405_GACGCGTCACGCATCGNS1_2405_GACGCGTGTTCCATGANS1_2405_GACGCGTTCAGCGACCNS1_2405_GACGGCTCAGGACCCTNS1_2405_GACGTGCTCTCGCTTGNS1_2405_GACTACAGTGAACCTTNS1_2405_GACTACATCTGCTGCTNS1_2405_GACTGCGAGCCACGTCNS1_2405_GACTGCGTCAGCTTAGNS1_2405_GAGCAGAAGGGTTCCCNS1_2405_GAGCAGAGTCTCTTTANS1_2405_GAGGTGAAGTGCGTGANS1_2405_GAGGTGACAGCGTAAGNS1_2405_GAGTCCGCAATGGAATNS1_2405_GAGTCCGTCTGTCTCGNS1_2405_GATCAGTGTACCGGCTNS1_2405_GATCAGTGTATCAGTCNS1_2405_GATCAGTGTGATGTGGNS1_2405_GATCGCGAGGGTGTTGNS1_2405_GATCGTAGTGAGCGATNS1_2405_GATCGTATCGAGCCCANS1_2405_GATGAAAAGTGGTAATNS1_2405_GATGAAATCTAACCGANS1_2405_GATGAGGGTACTCTCCNS1_2405_GATGAGGTCACCGGGTNS1_2405_GATTCAGGTCCGAATTNS1_2405_GCAAACTGTTCCGTCTNS1_2405_GCAAACTTCTATCCTANS1_2405_GCAATCAAGCGTGTCCNS1_2405_GCACATAAGTATCGAANS1_2405_GCACATATCATCTGCCNS1_2405_GCACATATCTGCAGTANS1_2405_GCACATATCTGCGTAANS1_2405_GCACTCTGTCTGCAATNS1_2405_GCAGCCATCGTGGTCGNS1_2405_GCAGTTACAATCGGTTNS1_2405_GCATACAAGCCGGTAANS1_2405_GCATACACACGACTCGNS1_2405_GCATACAGTATCGCATNS1_2405_GCATACAGTCCAGTTANS1_2405_GCATACATCGGACAAGNS1_2405_GCATACATCTTGTTTGNS1_2405_GCATGATCACACAGAGNS1_2405_GCATGATGTCTAGCGCNS1_2405_GCATGCGAGCCAGAACNS1_2405_GCATGCGGTAAGGGAANS1_2405_GCATGCGGTAGAGGAANS1_2405_GCATGCGGTCCTAGCGNS1_2405_GCATGCGGTTCAGGCCNS1_2405_GCATGCGTCTGCAGTANS1_2405_GCATGCGTCTTAGCCCNS1_2405_GCATGTACAAGACGTGNS1_2405_GCATGTACACTAAGTCNS1_2405_GCCAAATCAAGGTTCTNS1_2405_GCCAAATCAATCTACGNS1_2405_GCCAAATGTGCCTGGTNS1_2405_GCCTCTATCAACGGGANS1_2405_GCCTCTATCTTGTCATNS1_2405_GCGACCACACTCGACGNS1_2405_GCGACCACAGCAGTTTNS1_2405_GCGACCATCCCTCAGTNS1_2405_GCGAGAAGTCAGAATANS1_2405_GCGCAACAGAAGCCCANS1_2405_GCGCAACAGTAGGTGCNS1_2405_GCGCAACGTAGAGGAANS1_2405_GCGCAACTCCATTCTANS1_2405_GCGCAGTAGAGGTTATNS1_2405_GCGCAGTCAATAGCAANS1_2405_GCGCCAACAGGAATGCNS1_2405_GCGCCAAGTTCGGCACNS1_2405_GCGCCAATCGTTTGCCNS1_2405_GCGCGATAGCGTTTACNS1_2405_GCGGGTTCAATCACACNS1_2405_GCTCCTAAGCGATCCCNS1_2405_GCTCTGTAGTATGACANS1_2405_GCTCTGTCAAGCTGGANS1_2405_GCTGCAGGTCAAGCGANS1_2405_GCTGCTTAGAGGGCTTNS1_2405_GCTGCTTAGCTAAGATNS1_2405_GCTGGGTGTGTGCGTCNS1_2405_GCTTCCAAGCACCGCTNS1_2405_GCTTCCACACGAGAGTNS1_2405_GCTTGAAGTAACGACGNS1_2405_GCTTGAATCCTGCCATNS1_2405_GGAAAGCAGTGTTGAANS1_2405_GGAACTTAGTATTGGANS1_2405_GGAACTTGTACAGACGNS1_2405_GGAACTTGTGACGCCTNS1_2405_GGAACTTTCCAAGCCGNS1_2405_GGAACTTTCTTAGAGCNS1_2405_GGAATAAGTTATCCGANS1_2405_GGACAAGGTACCATCANS1_2405_GGACAGACATGAACCTNS1_2405_GGACAGAGTCTTCAAGNS1_2405_GGACAGAGTTCAGTACNS1_2405_GGACAGATCAAACCGTNS1_2405_GGACAGATCTTTAGTCNS1_2405_GGACATTCAAAGAATCNS1_2405_GGACGTCCAACTGCGCNS1_2405_GGACGTCCACATCCGGNS1_2405_GGACGTCGTGTATGGGNS1_2405_GGAGCAAAGAATGTTGNS1_2405_GGAGCAATCACGCATANS1_2405_GGATGTTCACATCCAANS1_2405_GGATGTTGTACCGTATNS1_2405_GGATGTTTCTAACTCTNS1_2405_GGATTACCAAATACAGNS1_2405_GGATTACCAGACAAATNS1_2405_GGATTACGTTGTTTGGNS1_2405_GGCAATTCACGAAATANS1_2405_GGCCGATAGTGTGGCANS1_2405_GGCGTGTAGAGCAATTNS1_2405_GGCGTGTCATCCTAGANS1_2405_GGCGTGTTCAAGATCCNS1_2405_GGCTCGAAGAGTAAGGNS1_2405_GGCTCGAGTACCGCTGNS1_2405_GGCTGGTGTCTTTCATNS1_2405_GGGAATGCAATAAGCANS1_2405_GGGACCTTCATCTGTTNS1_2405_GGGAGATGTCGACTATNS1_2405_GGGATGAGTCATACTGNS1_2405_GGGCACTAGTTCGATCNS1_2405_GGGCACTTCGAATGGGNS1_2405_GGGCATCCACGGTGTCNS1_2405_GGGTCTGAGTTGTCGTNS1_2405_GGGTCTGCAATTGCTGNS1_2405_GGGTCTGGTATAAACGNS1_2405_GGGTCTGTCAGTCAGTNS1_2405_GGGTCTGTCCTGTAGANS1_2405_GGGTTGCAGGCATGTGNS1_2405_GGGTTGCAGTGCTGCCNS1_2405_GGGTTGCGTAGTAGTANS1_2405_GGTGCGTAGTAACCCTNS1_2405_GGTGTTAAGTGGGTTGNS1_2405_GGTGTTAGTATCTGCANS1_2405_GTAACGTGTAGAAAGGNS1_2405_GTAACGTTCGAATGCTNS1_2405_GTAACTGCATTACGACNS1_2405_GTAACTGTCTGGAGCCNS1_2405_GTACGTAAGCACAGGTNS1_2405_GTACGTAGTTTGTTTCNS1_2405_GTACTCCAGCCACTATNS1_2405_GTACTCCAGGCGATACNS1_2405_GTACTCCCACAGGAGTNS1_2405_GTACTCCCAGATCCATNS1_2405_GTACTTTAGATAGCATNS1_2405_GTACTTTCACATAACCNS1_2405_GTACTTTCAGGGTTAGNS1_2405_GTACTTTCATCCTAGANS1_2405_GTAGGCCGTCTTGCGGNS1_2405_GTAGTCAAGTGGTCCCNS1_2405_GTAGTCAGTCATACTGNS1_2405_GTAGTCATCAGGCCCANS1_2405_GTCACAAGTCTGCAATNS1_2405_GTCACAAGTGAAAGAGNS1_2405_GTCACAATCTTCCTTCNS1_2405_GTCACGGAGGTACTCTNS1_2405_GTCATTTAGGCTCATTNS1_2405_GTCATTTCATCACGTANS1_2405_GTCCTCACATTTCAGGNS1_2405_GTCCTCAGTTATTCTCNS1_2405_GTCGGGTCAGTTTACGNS1_2405_GTCGGGTGTCACAAGGNS1_2405_GTCGGGTGTGGCGAATNS1_2405_GTCGGGTTCAGTTCGANS1_2405_GTCGGGTTCCAGTAGTNS1_2405_GTCGTAAAGACTCGGANS1_2405_GTCGTAATCCCATTTANS1_2405_GTCTCGTAGCTACCTANS1_2405_GTCTCGTTCTTATCTGNS1_2405_GTCTTCGAGGCCATAGNS1_2405_GTCTTCGGTAGAAAGGNS1_2405_GTCTTCGGTCTGATCANS1_2405_GTCTTCGGTGTGGCTCNS1_2405_GTGAAGGGTAGGAGTCNS1_2405_GTGAAGGTCAGCTGGCNS1_2405_GTGCATAAGATTACCCNS1_2405_GTGCATACAACTGCGCNS1_2405_GTGCATACATCGACGCNS1_2405_GTGCGGTAGCAAATCANS1_2405_GTGCGGTAGTTCGCGCNS1_2405_GTGCGGTCACATAACCNS1_2405_GTGCGGTTCACTGGGCNS1_2405_GTGCTTCGTTAAGGGCNS1_2405_GTGCTTCTCCGATATGNS1_2405_GTGCTTCTCGGTGTCGNS1_2405_GTGCTTCTCTGGGCCANS1_2405_GTGGGTCAGCCAGTAGNS1_2405_GTGTTAGCAACAACCTNS1_2405_GTGTTAGCATCGGGTCNS1_2405_GTGTTAGTCACAGGCCNS1_2405_GTTACAGCAAGCGAGTNS1_2405_GTTCATTAGACTGTAANS1_2405_GTTCATTTCGTCCAGGNS1_2405_GTTCGGGTCCTCAACCNS1_2405_GTTCGGGTCGACCAGCNS1_2405_GTTCTCGAGTAGATGTNS1_2405_GTTTCTAAGAAGGCCTNS1_2405_GTTTCTACACATGGGANS1_2405_GTTTCTATCCTGTAGANS1_2405_TAAGAGACACTGTCGGNS1_2405_TAAGAGATCTGAGGGANS1_2405_TAAGCGTCAGGGTACANS1_2405_TAAGCGTGTAAGGGAANS1_2405_TAAGTGCAGTAGCGGTNS1_2405_TAAGTGCCATCCCATCNS1_2405_TACACGAGTGCCTGGTNS1_2405_TACACGAGTTCCCGAGNS1_2405_TACAGTGAGTCTCGGCNS1_2405_TACAGTGTCTGACCTCNS1_2405_TACAGTGTCTTTCCTCNS1_2405_TACCTATCAGCTTAACNS1_2405_TACCTATCATCTCCCANS1_2405_TACCTATTCTAACCGANS1_2405_TACCTTATCAGAGGTGNS1_2405_TACGGATAGACAAGCCNS1_2405_TACGGATCACAGTCGCNS1_2405_TACGGATTCTCTTATGNS1_2405_TACGGGCAGGCTCTTANS1_2405_TACGGGCCAATCGAAANS1_2405_TACGGGCGTTATGCGTNS1_2405_TACGGTATCATAAAGGNS1_2405_TACTCATCACGGTAAGNS1_2405_TACTCGCAGATCTGAANS1_2405_TACTTACTCTGTCTATNS1_2405_TACTTGTAGAAACGCCNS1_2405_TAGAGCTCACGCCAGTNS1_2405_TAGAGCTGTTCACCTCNS1_2405_TAGCCGGGTCATTAGCNS1_2405_TAGCCGGTCCTTGCCANS1_2405_TAGTGGTGTACGAAATNS1_2405_TAGTTGGTCCCTCTTTNS1_2405_TATCAGGAGACTACAANS1_2405_TATCAGGCAGTCTTCCNS1_2405_TATCAGGCATTCACTTNS1_2405_TATCTCACAATCAGAANS1_2405_TATCTCATCAACGGCCNS1_2405_TATCTCATCCAGTAGTNS1_2405_TATGCCCGTCCAAGTTNS1_2405_TATTACCAGAGAGCTCNS1_2405_TCAACGATCTTTACACNS1_2405_TCAATCTCAAGACACGNS1_2405_TCAATCTCAGAAGCACNS1_2405_TCAATCTCATTCTTACNS1_2405_TCAATCTGTTGTGGCCNS1_2405_TCACGAAAGCCTCGTGNS1_2405_TCAGATGCAAGAAAGGNS1_2405_TCAGATGCAATGCCATNS1_2405_TCAGCAACAATAGCAANS1_2405_TCAGCAACAGCTGTATNS1_2405_TCAGCAAGTACCGCTGNS1_2405_TCAGCAAGTCCTCCATNS1_2405_TCAGCTCAGTGAAGTTNS1_2405_TCAGCTCAGTGTCCCGNS1_2405_TCAGCTCCAATAGCAANS1_2405_TCAGGTACATCGGTTANS1_2405_TCAGGTAGTTCGTTGANS1_2405_TCATTACGTCAAGCGANS1_2405_TCATTTGAGAGGGCTTNS1_2405_TCATTTGAGGTACTCTNS1_2405_TCATTTGCAATGTTGCNS1_2405_TCATTTGGTAAGGGAANS1_2405_TCATTTGTCGACGGAANS1_2405_TCCACACCACACCGACNS1_2405_TCCACACGTTACCGATNS1_2405_TCCACACGTTGCGTTANS1_2405_TCCCGATAGCCGCCTANS1_2405_TCCCGATGTCATGCATNS1_2405_TCGAGGCAGCTGAACGNS1_2405_TCGAGGCTCCTCGCATNS1_2405_TCGAGGCTCCTGTAGANS1_2405_TCGCGAGAGAGACTTANS1_2405_TCGCGAGCACTCTGTCNS1_2405_TCGCGAGTCCCAACGGNS1_2405_TCGCGTTCAACACGCCNS1_2405_TCGCGTTGTCCGTTAANS1_2405_TCGCGTTTCGTTTGCCNS1_2405_TCGGTAAGTACGCACCNS1_2405_TCGGTAAGTTGCGTTANS1_2405_TCGTACCTCCACGTTCNS1_2405_TCTATTGAGCCAGAACNS1_2405_TCTATTGCAAGCCTATNS1_2405_TCTCATAAGAAGGCCTNS1_2405_TCTCATAAGTACTTGCNS1_2405_TCTCTAAGTAGCGTGANS1_2405_TCTCTAATCCTCGCATNS1_2405_TCTCTAATCTACTCATNS1_2405_TCTGAGAAGTGTGAATNS1_2405_TCTGAGATCTGCTGTCNS1_2405_TCTGGAACAGTTCATGNS1_2405_TCTGGAACATCGGGTCNS1_2405_TCTGGAAGTCGATTGTNS1_2405_TCTGGAAGTCTAACGTNS1_2405_TCTTCGGAGCTAAACANS1_2405_TCTTTCCGTCCATCCTNS1_2405_TGAAAGACAATGGACGNS1_2405_TGAAAGACAGCTGGCTNS1_2405_TGAAAGATCCCTGACTNS1_2405_TGACGGCGTTCAGTACNS1_2405_TGACTAGAGCGTCTATNS1_2405_TGACTAGCATATACCGNS1_2405_TGACTAGGTAGGCATGNS1_2405_TGACTTTAGACTACAANS1_2405_TGACTTTAGATGTGGCNS1_2405_TGAGAGGAGGATTCGGNS1_2405_TGAGCATAGTGAAGAGNS1_2405_TGAGCATTCCGCGGTANS1_2405_TGAGCATTCTCTGTCGNS1_2405_TGAGCATTCTTGTATCNS1_2405_TGAGCCGAGCTCCCAGNS1_2405_TGAGCCGCAAAGGAAGNS1_2405_TGAGCCGGTTCCGTCTNS1_2405_TGAGCCGTCGGCCGATNS1_2405_TGAGGGAAGAGTACCGNS1_2405_TGAGGGAAGATACACANS1_2405_TGATTTCGTAGAGGAANS1_2405_TGATTTCGTCAATGTCNS1_2405_TGATTTCGTGCACCACNS1_2405_TGCACCTGTAATTGGANS1_2405_TGCCAAAAGGTGTTAANS1_2405_TGCCAAATCATATCGGNS1_2405_TGCCAAATCCCTTGCANS1_2405_TGCCCATTCATACGGTNS1_2405_TGCCCTAGTAAGTAGTNS1_2405_TGCGGGTGTCTAGTCANS1_2405_TGCGTGGAGAGTCTGGNS1_2405_TGCTGCTAGGACTGGTNS1_2405_TGGACGCAGCAACGGTNS1_2405_TGGACGCCACGGTAGANS1_2405_TGGCCAGAGGCCATAGNS1_2405_TGGCCAGGTACAGCAGNS1_2405_TGGCCAGGTTGTGGCCNS1_2405_TGGCGCAGTCAACATCNS1_2405_TGGCTGGGTCTAGGTTNS1_2405_TGGCTGGGTTGGTTTGNS1_2405_TGGCTGGTCAACGGCCNS1_2405_TGGGAAGAGACTACAANS1_2405_TGGGAAGAGGCTAGCANS1_2405_TGGGCGTAGATGTAACNS1_2405_TGGGCGTTCATCTGCCNS1_2405_TGGTTAGAGCTCCCAGNS1_2405_TGGTTAGAGTACGCGANS1_2405_TGGTTCCCATGGTTGTNS1_2405_TGTATTCTCGAACTGTNS1_2405_TGTCCCAAGGTGCACANS1_2405_TGTCCCAGTCATGCATNS1_2405_TGTCCCATCCAATGGTNS1_2405_TGTGTTTCACGTAAGGNS1_2405_TGTGTTTTCGTTACGANS1_2405_TGTTCCGAGCGGCTTCNS1_2405_TGTTCCGCAAGAGGCTNS1_2405_TGTTCCGCATGTAGTCNS1_2405_TTAACTCAGCCGATTTNS1_2405_TTAACTCCATTGGTACNS1_2405_TTAACTCTCCGAGCCANS1_2405_TTAGGCACACGGCGTTNS1_2405_TTAGGCAGTAAATGACNS1_2405_TTAGGCAGTCTAGCCGNS1_2405_TTAGGCATCACTTATCNS1_2405_TTATGCTTCCAAACTGNS1_2405_TTCCCAGTCCCTGACTNS1_2405_TTCGAAGGTGGCCCTANS1_2405_TTCTACAAGTTTCCTTNS1_2405_TTCTCAACAAAGAATCNS1_2405_TTCTCAATCACAATGCNS1_2405_TTGAACGGTAACGTTCNS1_2405_TTGAACGGTAGCGCTCNS1_2405_TTGAACGGTTGTCTTTNS1_2405_TTGAACGTCCAATGGTNS1_2405_TTGAACGTCCGCTGTTNS1_2405_TTGACTTCAAGTTCTGNS1_2405_TTGACTTGTATCACCANS1_2405_TTGACTTTCATCACCCNS1_2405_TTGCCGTAGGTCGGATNS1_2405_TTGCCGTCACCAGGCTNS1_2405_TTGGAACAGGCATGGTNS1_2405_TTGGCAACATGACGGANS1_2405_TTGGCAATCTTCATGTNS1_2405_TTGTAGGGTGCCTTGGNS1_2405_TTTACTGCAAGGTTTCNS1_2405_TTTATGCAGAGCAATTNS1_2405_TTTATGCAGAGTACCGNS1_2405_TTTATGCGTATTAGCCNS1_2405_TTTATGCTCTATCGCCNS1_2405_TTTCCTCAGCTCCTCTNS1_2405_TTTGCGCAGTGCGTGANS1_2405_TTTGCGCGTGCACTTANS1_2405_TTTGGTTCAGTCTTCCNS1_2405_TTTGTCACATGGTCTANS1_2405_TTTGTCATCGGAAACGWT_1904_AAACCTGCATACGCCGWT_1904_AAACGGGTCCCTCAGTWT_1904_AAATGCCCACGTAAGGWT_1904_AACACGTAGGATGGTCWT_1904_AACCGCGGTGCATCTAWT_1904_AACGTTGGTGCCTGTGWT_1904_AACTCAGAGTTTGCGTWT_1904_AACTCAGTCTCGCATCWT_1904_AACTCCCTCTTCGAGAWT_1904_AACTCTTGTCCGAGTCWT_1904_AACTGGTAGACAAAGGWT_1904_AAGCCGCAGATCCCATWT_1904_AAGGAGCGTCAAAGCGWT_1904_AATCCAGCAAGGCTCCWT_1904_AATCCAGCACATGTGTWT_1904_AATCCAGCATGTCCTCWT_1904_AATCCAGGTCCGTTAAWT_1904_ACACCGGAGAAGGGTAWT_1904_ACAGCCGTCTGCAAGTWT_1904_ACATACGTCGGTCCGAWT_1904_ACATCAGCAAGGGTCAWT_1904_ACATCAGCAATGGATAWT_1904_ACATGGTCACGGTAAGWT_1904_ACCTTTACACGAAACGWT_1904_ACGATACTCAGCATGTWT_1904_ACGATGTAGCCGCCTAWT_1904_ACGATGTTCACTTCATWT_1904_ACGCCAGCAGTCAGAGWT_1904_ACGCCGAGTGAAATCAWT_1904_ACGGAGAAGTGGTAGCWT_1904_ACGGCCATCAGGCGAAWT_1904_ACGTCAACAGTCGATTWT_1904_ACGTCAAGTTCACGGCWT_1904_ACTGAACGTAGTACCTWT_1904_ACTGAACGTGCAGGTAWT_1904_ACTGAGTCACCCATGGWT_1904_ACTGTCCCAGACTCGCWT_1904_ACTTACTAGTGTGAATWT_1904_ACTTGTTTCCCTGACTWT_1904_AGACGTTGTATAAACGWT_1904_AGAGCGACATGCTGGCWT_1904_AGAGTGGAGAGACTATWT_1904_AGCAGCCAGTGGTCCCWT_1904_AGCCTAAGTGCGATAGWT_1904_AGCGTATCAAGAAAGGWT_1904_AGCGTATTCCACGCAGWT_1904_AGCGTCGAGAAAGTGGWT_1904_AGCTCTCCAGCTGCACWT_1904_AGCTCTCTCGCTTAGAWT_1904_AGGCCACTCTACTCATWT_1904_AGGTCCGTCTGTTGAGWT_1904_AGTAGTCCACAAGACGWT_1904_ATAAGAGAGGGTATCGWT_1904_ATAAGAGCAAATCCGTWT_1904_ATAAGAGCACAGGCCTWT_1904_ATAGACCTCTGGAGCCWT_1904_ATCACGATCGAATGGGWT_1904_ATCCGAAAGACACTAAWT_1904_ATCCGAACATCGACGCWT_1904_ATCGAGTCAATGTAAGWT_1904_ATCGAGTGTAGTGAATWT_1904_ATCTACTAGTGGTCCCWT_1904_ATCTGCCAGTTGAGATWT_1904_ATGTGTGCATGGGAACWT_1904_ATTGGTGAGAGCTGGTWT_1904_ATTGGTGGTGAAAGAGWT_1904_CAACTAGAGTACGCCCWT_1904_CAACTAGTCAACACTGWT_1904_CAAGATCCATGTCTCCWT_1904_CAAGTTGGTCTCTCGTWT_1904_CACAAACAGATGGGTCWT_1904_CACACAAAGTACGTTCWT_1904_CACACTCTCCCAGGTGWT_1904_CACATAGGTAAGAGAGWT_1904_CACCACTAGACACTAAWT_1904_CACCAGGGTTCCTCCAWT_1904_CACCTTGCACCATCCTWT_1904_CAGATCATCTGCGACGWT_1904_CAGCAGCCAATCCAACWT_1904_CAGCATAAGCCAGTTTWT_1904_CAGCATAGTACACCGCWT_1904_CAGCATATCACGAAGGWT_1904_CAGCTAAAGCATGGCAWT_1904_CAGTAACAGACTTTCGWT_1904_CATCAGACAGACGCCTWT_1904_CATCGGGTCGCAGGCTWT_1904_CATTCGCCAGTTTACGWT_1904_CATTCGCGTCCCTTGTWT_1904_CCACCTAGTAAGTTCCWT_1904_CCATTCGCAATGACCTWT_1904_CCATTCGCAATGGTCTWT_1904_CCATTCGGTACACCGCWT_1904_CCCATACAGCGCCTTGWT_1904_CCCTCCTGTGATGATAWT_1904_CCGGGATCACAACTGTWT_1904_CCGGGATTCGCTTAGAWT_1904_CCGGTAGGTAAGTAGTWT_1904_CCGTACTAGTTACCCAWT_1904_CCGTTCACATGCCTTCWT_1904_CCTACACAGCTAAACAWT_1904_CCTAGCTAGGGTGTGTWT_1904_CCTCTGAGTTCCATGAWT_1904_CCTCTGATCAGCATGTWT_1904_CCTTCGAAGCTAAACAWT_1904_CCTTTCTGTCATTAGCWT_1904_CCTTTCTTCACCGGGTWT_1904_CGAACATCAGTCAGAGWT_1904_CGAATGTGTTCCCGAGWT_1904_CGAATGTTCAGAAATGWT_1904_CGAGCACAGGGAACGGWT_1904_CGAGCACCAATCCGATWT_1904_CGAGCCACAATTGCTGWT_1904_CGATGGCTCCCTCAGTWT_1904_CGATTGATCAACCAACWT_1904_CGCCAAGAGGATGGTCWT_1904_CGCGTTTTCGCGTTTCWT_1904_CGCTATCCATCTGGTAWT_1904_CGGACGTCATGACATCWT_1904_CGGACGTTCACTCTTAWT_1904_CGGACTGAGCTCCCAGWT_1904_CGTAGCGAGAGCTATAWT_1904_CGTAGGCCATAAGACAWT_1904_CGTCACTCAGGGTTAGWT_1904_CGTCACTTCACCATAGWT_1904_CGTCAGGCACGACTCGWT_1904_CGTCTACCAGCTCGACWT_1904_CGTGAGCAGGGTGTTGWT_1904_CGTGTAAAGACAAGCCWT_1904_CGTGTCTTCCGCTGTTWT_1904_CGTTAGACAGGTTTCAWT_1904_CGTTAGATCGTGACATWT_1904_CGTTCTGAGCGTGTCCWT_1904_CGTTGGGAGATATACGWT_1904_CTAACTTGTACGCACCWT_1904_CTAATGGGTAACGTTCWT_1904_CTACCCACACATCCAAWT_1904_CTACCCAGTAAGCACGWT_1904_CTACGTCAGTTAGGTAWT_1904_CTAGTGACAACTTGACWT_1904_CTAGTGATCAGAGACGWT_1904_CTCACACAGCACCGCTWT_1904_CTCGAAATCTCTAAGGWT_1904_CTCGAGGAGGTTCCTAWT_1904_CTCGGGAAGAGACTTAWT_1904_CTCTAATAGCTCTCGGWT_1904_CTGAAACAGTTGTAGAWT_1904_CTGAAGTGTATAATGGWT_1904_CTGCCTATCGCAAACTWT_1904_CTGCCTATCTCGAGTAWT_1904_CTGTGCTTCCACTGGGWT_1904_CTGTTTAAGAATTCCCWT_1904_CTGTTTAGTGCAACTTWT_1904_CTTACCGAGAAGGGTAWT_1904_CTTAGGAGTCTGGAGAWT_1904_CTTTGCGTCGTCCGTTWT_1904_GAACGGAGTCTCAACAWT_1904_GAATGAAGTACCAGTTWT_1904_GACGTGCAGATCCCGCWT_1904_GACGTGCTCTTCATGTWT_1904_GACTAACAGGCAAAGAWT_1904_GACTAACAGTCATCCAWT_1904_GACTGCGGTGGTGTAGWT_1904_GAGGTGATCTCGGACGWT_1904_GATCGCGGTCTCTCGTWT_1904_GATCTAGCACTCAGGCWT_1904_GATCTAGTCCGAAGAGWT_1904_GCAATCAGTTACGACTWT_1904_GCACATAGTTAAGATGWT_1904_GCAGCCAAGCAGACTGWT_1904_GCAGCCATCAACACCAWT_1904_GCATACAGTCGGGTCTWT_1904_GCATGTAAGACAGGCTWT_1904_GCATGTACAGACGCTCWT_1904_GCATGTAGTACCGCTGWT_1904_GCATGTAGTATCACCAWT_1904_GCGCAGTAGTGACATAWT_1904_GCGCAGTTCGGACAAGWT_1904_GCGCCAATCGGCTACGWT_1904_GCTCCTAGTAAGTTCCWT_1904_GCTCCTATCATTGCGAWT_1904_GCTGCTTCAACTGCTAWT_1904_GCTTCCACATAGAAACWT_1904_GCTTCCAGTCTGGTCGWT_1904_GGACAAGAGAAGGACAWT_1904_GGAGCAACATGGTAGGWT_1904_GGATGTTCAGAAGCACWT_1904_GGATTACTCACAACGTWT_1904_GGCGACTTCGCGTTTCWT_1904_GGGAGATCATTTCACTWT_1904_GGGATGAAGTTGTAGAWT_1904_GGGATGACAGGTCTCGWT_1904_GGGCACTCATGTAAGAWT_1904_GGTATTGCAATACGCTWT_1904_GGTATTGCAGGTCCACWT_1904_GGTATTGTCAGGTTCAWT_1904_GGTATTGTCGCACTCTWT_1904_GGTGCGTAGTTCGCGCWT_1904_GTAACTGAGACGACGTWT_1904_GTAACTGGTAAACACAWT_1904_GTACTCCTCAGCTCGGWT_1904_GTACTTTCAAGCTGAGWT_1904_GTAGGCCCATCGGACCWT_1904_GTAGGCCTCCTAGTGAWT_1904_GTCGGGTAGTTAAGTGWT_1904_GTCGGGTGTAAATGTGWT_1904_GTCGTAAGTCGATTGTWT_1904_GTCTTCGGTAGCGTAGWT_1904_GTGCGGTCACAGCCCAWT_1904_GTGGGTCGTGCATCTAWT_1904_GTTCATTCAGGCAGTAWT_1904_GTTCGGGCAAATACAGWT_1904_GTTTCTACAAGTTCTGWT_1904_TAAACCGCAACACCCGWT_1904_TAAGTGCAGGACCACAWT_1904_TAAGTGCAGGCGATACWT_1904_TAAGTGCCAGGAACGTWT_1904_TAAGTGCGTCACCTAAWT_1904_TACACGATCGTCCGTTWT_1904_TACCTATAGGGTATCGWT_1904_TACCTATCAACAACCTWT_1904_TACCTATCAATCAGAAWT_1904_TACCTATTCTGAAAGAWT_1904_TACGGATGTGTTGAGGWT_1904_TACGGGCAGAAGGTGAWT_1904_TACGGGCTCAAAGTAGWT_1904_TAGACCACAGATGGCAWT_1904_TAGACCACATGGTTGTWT_1904_TAGACCATCGGTGTTAWT_1904_TAGAGCTAGCCACGTCWT_1904_TAGGCATAGTGGTAATWT_1904_TATCTCACATCGGGTCWT_1904_TATGCCCAGATGCCAGWT_1904_TATGCCCCAAACGTGGWT_1904_TATGCCCGTCGAATCTWT_1904_TCAATCTGTACCTACAWT_1904_TCAGATGGTGATAAGTWT_1904_TCAGGTAGTAGCCTATWT_1904_TCATTACAGCCAGGATWT_1904_TCATTTGGTTATTCTCWT_1904_TCCACACAGTACGCGAWT_1904_TCCACACCAACTGCGCWT_1904_TCCCGATTCCTCAATTWT_1904_TCGAGGCCATAGGATAWT_1904_TCGCGTTGTGAGGGAGWT_1904_TCGTACCCAGTCCTTCWT_1904_TCGTACCGTAAATGACWT_1904_TCGTACCTCAGTCCCTWT_1904_TCTCATAGTTCGCTAAWT_1904_TCTCTAACACCAACCGWT_1904_TCTTTCCAGATGGCGTWT_1904_TCTTTCCTCATGCTCCWT_1904_TGAGCATTCTTACCGCWT_1904_TGAGCCGGTTTCGCTCWT_1904_TGCCAAAAGTGGGATCWT_1904_TGCGGGTTCGATGAGGWT_1904_TGCTACCCACGGATAGWT_1904_TGCTACCCATTGGGCCWT_1904_TGCTGCTTCGCCAAATWT_1904_TGGACGCGTAAGTGGCWT_1904_TGGCCAGCAGCCAGAAWT_1904_TGGCCAGGTCTAAAGAWT_1904_TGGCGCAGTGCAGACAWT_1904_TGGCTGGTCCCTCAGTWT_1904_TGTATTCGTGTCAATCWT_1904_TGTCCCAAGAGTTGGCWT_1904_TGTTCCGAGAAAGTGGWT_1904_TTAACTCGTAACGACGWT_1904_TTAGGACCACGAAAGCWT_1904_TTCGGTCAGCTAACTCWT_1904_TTCTACAAGTTAGCGGWT_1904_TTCTACATCTGGCGACWT_1904_TTCTCAATCCAGGGCTWT_1904_TTCTCCTGTCTCTTTAWT_1904_TTGGAACTCCTTGACCWT_1904_TTGGCAACACGGCTACWT_1904_TTTACTGAGCATGGCAWT_1904_TTTGGTTAGATCACGGWT_1904_TTTGTCAAGCTAAGATWT_2405_AAACCTGGTACAGCAGWT_2405_AAACCTGTCTTCATGTWT_2405_AAACGGGCAGTCACTAWT_2405_AAACGGGGTACCGTATWT_2405_AAACGGGGTCTCCCTAWT_2405_AAAGATGGTTCGAATCWT_2405_AAAGCAAGTAGCTCCGWT_2405_AAAGCAAGTTGCCTCTWT_2405_AAAGCAATCTCAAGTGWT_2405_AAAGTAGAGCGATTCTWT_2405_AAAGTAGGTAAACACAWT_2405_AAAGTAGTCTCGCATCWT_2405_AAATGCCAGAGACTATWT_2405_AAATGCCAGTAGGCCAWT_2405_AAATGCCCAAAGCGGTWT_2405_AAATGCCGTCCAAGTTWT_2405_AAATGCCTCATCACCCWT_2405_AAATGCCTCCTAGGGCWT_2405_AAATGCCTCCTAGTGAWT_2405_AACACGTGTACCGGCTWT_2405_AACCATGCAATCGGTTWT_2405_AACCATGCAGTACACTWT_2405_AACCGCGCATCGGTTAWT_2405_AACCGCGCATCTACGAWT_2405_AACCGCGTCAAGAAGTWT_2405_AACCGCGTCACCTCGTWT_2405_AACGTTGAGACTAAGTWT_2405_AACGTTGCATGTCGATWT_2405_AACGTTGTCGTATCAGWT_2405_AACTCAGAGGGTCGATWT_2405_AACTCAGCATAGTAAGWT_2405_AACTCAGCATCACGATWT_2405_AACTCAGGTCGCGTGTWT_2405_AACTCAGTCCCGGATGWT_2405_AACTCCCAGTCAAGGCWT_2405_AACTCCCGTTCAGTACWT_2405_AACTCCCTCGTACGGCWT_2405_AACTCCCTCGTCCAGGWT_2405_AACTCTTAGCGCCTCAWT_2405_AACTCTTCACGACGAAWT_2405_AACTCTTCATGAAGTAWT_2405_AACTCTTTCACGACTAWT_2405_AACTCTTTCCGCTGTTWT_2405_AACTTTCAGGATGGAAWT_2405_AACTTTCAGGTGATATWT_2405_AACTTTCCAGAGCCAAWT_2405_AAGACCTAGCTAGTTCWT_2405_AAGACCTGTTCCACTCWT_2405_AAGCCGCAGGTGATTAWT_2405_AAGCCGCCACCAGTTAWT_2405_AAGCCGCCAGCTCGACWT_2405_AAGCCGCCAGTCAGCCWT_2405_AAGCCGCGTCTAGCGCWT_2405_AAGCCGCTCTTGTACTWT_2405_AAGGAGCAGACGCTTTWT_2405_AAGGAGCAGCGTTCCGWT_2405_AAGGAGCAGCTAGTGGWT_2405_AAGGAGCTCAAACCGTWT_2405_AAGGAGCTCACGAAGGWT_2405_AAGGCAGCAGCTGCACWT_2405_AAGGCAGCATTGAGCTWT_2405_AAGGCAGGTACTCTCCWT_2405_AAGGCAGGTATTCTCTWT_2405_AATCCAGGTCGGCATCWT_2405_AATCCAGTCGCATGATWT_2405_AATCCAGTCTTGTCATWT_2405_AATCGGTCATGAACCTWT_2405_AATCGGTGTGCGAAACWT_2405_AATCGGTTCATACGGTWT_2405_ACACCAACACGCGAAAWT_2405_ACACCCTCATCGATGTWT_2405_ACACCCTGTTGCTCCTWT_2405_ACACCCTGTTGGTAAAWT_2405_ACACCGGAGGCGATACWT_2405_ACACCGGAGGCTAGGTWT_2405_ACACCGGCATCTCCCAWT_2405_ACACCGGTCAACCATGWT_2405_ACACTGAAGTGACTCTWT_2405_ACAGCCGGTGTGCGTCWT_2405_ACATACGCATGTCCTCWT_2405_ACATCAGCAATGGAGCWT_2405_ACATCAGGTCCCTTGTWT_2405_ACATGGTAGCGACGTAWT_2405_ACCAGTAAGCACAGGTWT_2405_ACCAGTAAGGACAGCTWT_2405_ACCAGTAAGGACTGGTWT_2405_ACCCACTGTACAAGTAWT_2405_ACCGTAAAGACGCACAWT_2405_ACCGTAACAGCTATTGWT_2405_ACCGTAACATGTCGATWT_2405_ACCGTAATCCGCTGTTWT_2405_ACCTTTATCGCCTGTTWT_2405_ACGATACCAGTATCTGWT_2405_ACGATACGTAGCTCCGWT_2405_ACGATGTAGGCGATACWT_2405_ACGATGTAGTATTGGAWT_2405_ACGATGTCAGACAAATWT_2405_ACGATGTCAGTGGGATWT_2405_ACGATGTGTCCATGATWT_2405_ACGATGTGTTGTTTGGWT_2405_ACGCAGCTCGACGGAAWT_2405_ACGCCAGAGTGTCTCAWT_2405_ACGCCAGGTACTCAACWT_2405_ACGCCGACATTGAGCTWT_2405_ACGCCGAGTCACTTCCWT_2405_ACGCCGATCAGTGCATWT_2405_ACGCCGATCGTCCAGGWT_2405_ACGGAGACAGTCACTAWT_2405_ACGGAGACATCTGGTAWT_2405_ACGGAGAGTCAAACTCWT_2405_ACGGCCAAGGCAGGTTWT_2405_ACGGCCAGTTCATGGTWT_2405_ACGGCCATCCAAATGCWT_2405_ACGGCCATCTGCTGTCWT_2405_ACGGGCTCACATGTGTWT_2405_ACGGGTCAGAGACGAAWT_2405_ACGGGTCAGCTTCGCGWT_2405_ACGGGTCCAAGGACACWT_2405_ACGGGTCTCACGCATAWT_2405_ACGGGTCTCCAGAGGAWT_2405_ACGTCAAAGTGTGGCAWT_2405_ACGTCAACAGCTTAACWT_2405_ACGTCAACATCATCCCWT_2405_ACGTCAAGTATAGGTAWT_2405_ACGTCAAGTTATCCGAWT_2405_ACGTCAATCCTGCTTGWT_2405_ACGTCAATCTAGCACAWT_2405_ACTATCTAGTAAGTACWT_2405_ACTATCTGTAGGCTGAWT_2405_ACTATCTGTTCCGTCTWT_2405_ACTATCTTCCACGCAGWT_2405_ACTATCTTCGATCCCTWT_2405_ACTATCTTCTCTGAGAWT_2405_ACTGAACAGAGCTGCAWT_2405_ACTGAACAGTTGTAGAWT_2405_ACTGAACCAAGGTTCTWT_2405_ACTGAGTAGATAGGAGWT_2405_ACTGAGTCAATAAGCAWT_2405_ACTGAGTCAGCTATTGWT_2405_ACTGAGTCAGCTGTTAWT_2405_ACTGAGTCATCCTTGCWT_2405_ACTGAGTCATGCTAGTWT_2405_ACTGAGTGTCCCTTGTWT_2405_ACTGAGTGTCGGCTCAWT_2405_ACTGAGTTCAGCTCTCWT_2405_ACTGAGTTCAGGATCTWT_2405_ACTGAGTTCGTTTGCCWT_2405_ACTGATGGTTATCGGTWT_2405_ACTGCTCAGTTAGGTAWT_2405_ACTGCTCCACCTCGTTWT_2405_ACTGCTCCAGACGCAAWT_2405_ACTGCTCGTGTTGAGGWT_2405_ACTGCTCTCATACGGTWT_2405_ACTGTCCCAGGATCGAWT_2405_ACTGTCCGTACTTAGCWT_2405_ACTGTCCTCAATACCGWT_2405_ACTGTCCTCACCATAGWT_2405_ACTGTCCTCCAAAGTCWT_2405_ACTGTCCTCGGTTAACWT_2405_ACTTACTAGTCCTCCTWT_2405_ACTTACTGTTCCCTTGWT_2405_ACTTACTTCACATACGWT_2405_ACTTACTTCACCACCTWT_2405_ACTTACTTCGCAAACTWT_2405_ACTTGTTAGCAGGCTAWT_2405_ACTTGTTCACGGATAGWT_2405_ACTTGTTGTGCGATAGWT_2405_ACTTGTTGTTACGACTWT_2405_ACTTGTTTCTGTTTGTWT_2405_AGAATAGCATATGAGAWT_2405_AGAATAGTCGTTTATCWT_2405_AGACGTTAGCGTGAACWT_2405_AGACGTTAGGGTATCGWT_2405_AGACGTTCACCAGTTAWT_2405_AGACGTTCACCGGAAAWT_2405_AGACGTTCAGTCTTCCWT_2405_AGACGTTGTTCCATGAWT_2405_AGACGTTTCGTCTGCTWT_2405_AGAGCGAGTCTAACGTWT_2405_AGAGCTTAGTGTTGAAWT_2405_AGATCTGGTACCATCAWT_2405_AGATCTGGTACTTGACWT_2405_AGATCTGTCCAGGGCTWT_2405_AGATCTGTCCCTAACCWT_2405_AGATCTGTCGTAGGTTWT_2405_AGATTGCAGTCACGCCWT_2405_AGATTGCGTGCCTGGTWT_2405_AGCAGCCAGAAACCTAWT_2405_AGCAGCCGTAGGCATGWT_2405_AGCAGCCGTCTAACGTWT_2405_AGCAGCCGTGCGATAGWT_2405_AGCAGCCGTTAAGTAGWT_2405_AGCAGCCTCCTTTCGGWT_2405_AGCATACTCGCTGATAWT_2405_AGCATACTCGGATGTTWT_2405_AGCCTAATCACAGTACWT_2405_AGCCTAATCAGTGTTGWT_2405_AGCCTAATCTAACTTCWT_2405_AGCGTATAGACGCAACWT_2405_AGCGTATCACGAGGTAWT_2405_AGCGTATTCTTCGGTCWT_2405_AGCGTCGTCACTATTCWT_2405_AGCTCTCAGGCTAGGTWT_2405_AGCTCTCTCCAGGGCTWT_2405_AGCTTGACAAGAAAGGWT_2405_AGCTTGAGTCGGCTCAWT_2405_AGCTTGATCATTGCCCWT_2405_AGGCCACAGACCACGAWT_2405_AGGCCGTAGTGAATTGWT_2405_AGGCCGTCAAGTTCTGWT_2405_AGGCCGTCACGTCAGCWT_2405_AGGCCGTTCCGCAAGCWT_2405_AGGGAGTCACTCAGGCWT_2405_AGGGAGTGTCACCCAGWT_2405_AGGGATGAGGGTATCGWT_2405_AGGGATGGTAAGTGTAWT_2405_AGGGATGGTCCCTACTWT_2405_AGGGTGAAGAGATGAGWT_2405_AGGGTGACAGTAAGCGWT_2405_AGGGTGATCCGTCATCWT_2405_AGGTCATAGAGTCGGTWT_2405_AGGTCATAGTGCCAGAWT_2405_AGGTCATCAAAGTCAAWT_2405_AGGTCATCACAAGACGWT_2405_AGGTCATGTGCGGTAAWT_2405_AGGTCCGCATTGCGGCWT_2405_AGGTCCGTCCGTTGTCWT_2405_AGTAGTCAGGCGTACAWT_2405_AGTAGTCTCTGATTCTWT_2405_AGTCTTTAGGCAGTCAWT_2405_AGTCTTTGTGAACCTTWT_2405_AGTCTTTTCGCCCTTAWT_2405_AGTGAGGAGACTGGGTWT_2405_AGTGAGGAGCCAACAGWT_2405_AGTGAGGCAAGCCGTCWT_2405_AGTGAGGGTCACAAGGWT_2405_AGTGAGGTCAATCACGWT_2405_AGTGGGAAGGATCGCAWT_2405_AGTGGGATCCAGTAGTWT_2405_AGTGGGATCGTCACGGWT_2405_AGTGTCAAGGAATGGAWT_2405_AGTTGGTCACTTGGATWT_2405_AGTTGGTGTGAGTGACWT_2405_AGTTGGTTCTAAGCCAWT_2405_AGTTGGTTCTGTTGAGWT_2405_ATAACGCAGAAACCGCWT_2405_ATAACGCTCGTCGTTCWT_2405_ATAAGAGAGGGCATGTWT_2405_ATAAGAGAGGGCTTGAWT_2405_ATAAGAGCAAAGAATCWT_2405_ATAAGAGGTGACGCCTWT_2405_ATAGACCGTGTTAAGAWT_2405_ATAGACCGTTGTGGAGWT_2405_ATAGACCTCGCTAGCGWT_2405_ATCACGAAGCCACGCTWT_2405_ATCACGACAATCCAACWT_2405_ATCACGACACGTAAGGWT_2405_ATCACGAGTTCGTGATWT_2405_ATCATCTCATCCCACTWT_2405_ATCATCTTCACAACGTWT_2405_ATCATCTTCTTGTCATWT_2405_ATCATGGAGTCTCAACWT_2405_ATCATGGCAGATGGCAWT_2405_ATCATGGTCAGCAACTWT_2405_ATCATGGTCAGCGATTWT_2405_ATCATGGTCTATCCTAWT_2405_ATCCACCCACATGGGAWT_2405_ATCCACCGTGGTGTAGWT_2405_ATCCACCTCCAGAAGGWT_2405_ATCCACCTCGGAATCTWT_2405_ATCCACCTCTGAAAGAWT_2405_ATCCACCTCTTGCCGTWT_2405_ATCCGAAAGGCAGTCAWT_2405_ATCGAGTGTTAAGATGWT_2405_ATCTACTGTAGCACGAWT_2405_ATCTACTGTAGCGCAAWT_2405_ATCTACTTCGCCCTTAWT_2405_ATCTGCCAGACAGGCTWT_2405_ATCTGCCAGGTAAACTWT_2405_ATCTGCCAGTTCCACAWT_2405_ATCTGCCCAATCCGATWT_2405_ATCTGCCCACGTTGGCWT_2405_ATCTGCCGTTGCTCCTWT_2405_ATCTGCCTCACGACTAWT_2405_ATCTGCCTCTTAGCCCWT_2405_ATGAGGGAGACTTTCGWT_2405_ATGAGGGTCACGCATAWT_2405_ATGAGGGTCGTTTAGGWT_2405_ATGCGATAGAGGTACCWT_2405_ATGCGATAGCAATCTCWT_2405_ATGCGATCAGATAATGWT_2405_ATGCGATCAGCATGAGWT_2405_ATGCGATGTCGATTGTWT_2405_ATGCGATGTTGTACACWT_2405_ATGGGAGAGTGTGGCAWT_2405_ATGGGAGTCCTTGCCAWT_2405_ATGTGTGAGCAGGTCAWT_2405_ATGTGTGCATGCCTAAWT_2405_ATTACTCAGGTGGGTTWT_2405_ATTACTCGTTGTCTTTWT_2405_ATTACTCTCCCTAACCWT_2405_ATTATCCAGGCGTACAWT_2405_ATTATCCCACGCCAGTWT_2405_ATTATCCTCTGCAGTAWT_2405_ATTCTACCAAGCGTAGWT_2405_ATTCTACTCACCGTAAWT_2405_ATTGGACAGGGTCGATWT_2405_ATTGGACCACCACGTGWT_2405_ATTGGTGAGATCTGCTWT_2405_ATTGGTGGTGAGGGTTWT_2405_ATTGGTGTCTGGTATGWT_2405_ATTTCTGAGGACACCAWT_2405_ATTTCTGGTATTACCGWT_2405_CAACCAAGTCCGTCAGWT_2405_CAACCAAGTGTAAGTAWT_2405_CAACCTCAGAGTCTGGWT_2405_CAACCTCAGTGTGGCAWT_2405_CAACCTCGTCTTTCATWT_2405_CAACCTCGTTAGGGTGWT_2405_CAACTAGTCGAATCCAWT_2405_CAAGATCCAATAAGCAWT_2405_CAAGATCCACCGCTAGWT_2405_CAAGATCTCAACACACWT_2405_CAAGGCCAGACCTAGGWT_2405_CAAGGCCCAGGACGTAWT_2405_CAAGTTGAGAGTACCGWT_2405_CAAGTTGAGGGTTCCCWT_2405_CAAGTTGCACGGACAAWT_2405_CACAAACAGGAGTTTAWT_2405_CACAAACTCTATCGCCWT_2405_CACAAACTCTTTAGGGWT_2405_CACACAAGTCTACCTCWT_2405_CACACAATCCAATGGTWT_2405_CACACCTAGACGACGTWT_2405_CACACCTAGAGTTGGCWT_2405_CACACCTGTCTTGATGWT_2405_CACACCTGTGCGCTTGWT_2405_CACACCTGTGTTTGTGWT_2405_CACACTCAGATGGCGTWT_2405_CACACTCTCAGCACATWT_2405_CACAGGCAGTTTGCGTWT_2405_CACAGGCTCGCTTGTCWT_2405_CACAGGCTCTAACTTCWT_2405_CACAGTACAGGAATGCWT_2405_CACAGTAGTGAGTATAWT_2405_CACAGTATCATGCATGWT_2405_CACATAGCATGGTCATWT_2405_CACATAGTCAAAGACAWT_2405_CACATAGTCCGCGTTTWT_2405_CACATAGTCGGTGTCGWT_2405_CACATAGTCGTCTGCTWT_2405_CACATTTAGGAGTAGAWT_2405_CACATTTAGGTTACCTWT_2405_CACATTTAGTTACGGGWT_2405_CACATTTTCGCCCTTAWT_2405_CACCACTCACAGGTTTWT_2405_CACCACTCACTTACGAWT_2405_CACCACTTCAACTCTTWT_2405_CACCACTTCCTTGACCWT_2405_CACCAGGCATTCCTGCWT_2405_CACCTTGCACAGAGGTWT_2405_CACCTTGCAGATCCATWT_2405_CACTCCACACGTTGGCWT_2405_CACTCCACATGCTGGCWT_2405_CACTCCATCGTTTAGGWT_2405_CAGAATCCACATTTCTWT_2405_CAGAATCCAGCTGCACWT_2405_CAGAATCGTGAGCGATWT_2405_CAGAATCTCATTATCCWT_2405_CAGAATCTCCGTACAAWT_2405_CAGAGAGCAGATCTGTWT_2405_CAGATCAAGATCTGAAWT_2405_CAGATCAGTAAGGGCTWT_2405_CAGATCATCCGCGGTAWT_2405_CAGCAGCCAGGCAGTAWT_2405_CAGCAGCGTAAGCACGWT_2405_CAGCATAAGCTGTTCAWT_2405_CAGCATACAATGTAAGWT_2405_CAGCATAGTGTCCTCTWT_2405_CAGCATATCACGATGTWT_2405_CAGCATATCCCTAACCWT_2405_CAGCCGACAGGATCGAWT_2405_CAGCCGATCGTACGGCWT_2405_CAGCGACAGAATAGGGWT_2405_CAGCGACAGCACCGCTWT_2405_CAGCGACCATCTATGGWT_2405_CAGCTAAAGCGATTCTWT_2405_CAGCTAAAGTGCTGCCWT_2405_CAGCTAAGTGTATGGGWT_2405_CAGCTAATCTTGACGAWT_2405_CAGCTAATCTTGAGACWT_2405_CAGCTGGGTGTTGAGGWT_2405_CAGCTGGTCTACGAGTWT_2405_CAGGTGCAGCCCAATTWT_2405_CAGGTGCAGTTAACGAWT_2405_CAGGTGCGTAAATGACWT_2405_CAGGTGCGTTCCGTCTWT_2405_CAGTAACAGTTAACGAWT_2405_CAGTAACCAAACTGTCWT_2405_CAGTCCTAGGGAACGGWT_2405_CAGTCCTGTAAATGTGWT_2405_CAGTCCTGTCTTCGTCWT_2405_CAGTCCTTCAAAGTAGWT_2405_CATATGGAGGGATGGGWT_2405_CATATGGCAACACCTAWT_2405_CATATGGTCTCTAGGAWT_2405_CATATTCAGCTGATAAWT_2405_CATCAAGAGTTGTAGAWT_2405_CATCAAGCATTGTGCAWT_2405_CATCAGAGTACGAAATWT_2405_CATCAGATCGCCCTTAWT_2405_CATCCACCACTGAAGGWT_2405_CATCCACTCAGCTCTCWT_2405_CATCGAAGTGCCTGCAWT_2405_CATCGAATCGGTGTTAWT_2405_CATCGGGAGACAAAGGWT_2405_CATCGGGAGAGGGCTTWT_2405_CATCGGGCACCACCAGWT_2405_CATCGGGGTTGAGGTGWT_2405_CATCGGGTCTAACTGGWT_2405_CATGACAAGTTATCGCWT_2405_CATGACACAGCTTCGGWT_2405_CATGCCTTCATATCGGWT_2405_CATGCCTTCTCGGACGWT_2405_CATGGCGCACGAGAGTWT_2405_CATGGCGGTAAGGGAAWT_2405_CATTCGCAGACTGTAAWT_2405_CATTCGCAGCTCAACTWT_2405_CATTCGCAGTAACCCTWT_2405_CATTCGCTCAGCACATWT_2405_CCAATCCCAGTAAGATWT_2405_CCAATCCGTACCCAATWT_2405_CCACCTAAGTTCGATCWT_2405_CCACCTAGTATTCTCTWT_2405_CCACCTAGTCGCGTGTWT_2405_CCACCTATCTGTTGAGWT_2405_CCACGGAAGCAATATGWT_2405_CCACGGAAGCGATGACWT_2405_CCACGGAGTCTCTTTAWT_2405_CCACTACCACGCGAAAWT_2405_CCACTACGTGCTGTATWT_2405_CCACTACGTTCAGACTWT_2405_CCACTACTCAGATAAGWT_2405_CCACTACTCCAGAAGGWT_2405_CCAGCGAAGTGTACTCWT_2405_CCAGCGAGTATAAACGWT_2405_CCAGCGATCGCGTTTCWT_2405_CCATGTCAGCAATCTCWT_2405_CCATGTCGTAGGACACWT_2405_CCATGTCGTCTCTCGTWT_2405_CCATGTCGTCTTGTCCWT_2405_CCATGTCGTTGTTTGGWT_2405_CCATGTCTCCTTAATCWT_2405_CCATGTCTCGGAGCAAWT_2405_CCATGTCTCTGTCAAGWT_2405_CCATTCGAGGCATGGTWT_2405_CCATTCGAGGCATGTGWT_2405_CCATTCGCAGCTTAACWT_2405_CCATTCGCATTAGGCTWT_2405_CCATTCGGTTTGCATGWT_2405_CCCAATCAGCCCGAAAWT_2405_CCCAATCCAAGCGCTCWT_2405_CCCAATCCAATGGAGCWT_2405_CCCAATCGTAAGGATTWT_2405_CCCAATCGTAAGTAGTWT_2405_CCCAATCGTCATGCATWT_2405_CCCAATCGTGGTACAGWT_2405_CCCAATCTCCGCAGTGWT_2405_CCCAATCTCGTTACAGWT_2405_CCCAGTTAGGGCTTCCWT_2405_CCCAGTTAGTGACTCTWT_2405_CCCAGTTCAGATCCATWT_2405_CCCAGTTGTCAGTGGAWT_2405_CCCATACAGGGAAACAWT_2405_CCCATACTCAGCATGTWT_2405_CCCTCCTAGCGATATAWT_2405_CCCTCCTCAATAACGAWT_2405_CCCTCCTCACGCATCGWT_2405_CCCTCCTGTGCCTGTGWT_2405_CCCTCCTTCCGCGGTAWT_2405_CCGGGATAGGGATACCWT_2405_CCGGGATCATTCACTTWT_2405_CCGGGATGTACCCAATWT_2405_CCGGGATGTACTCTCCWT_2405_CCGGTAGAGACGCTTTWT_2405_CCGGTAGCACCCATTCWT_2405_CCGTACTAGACGCTTTWT_2405_CCGTACTCAACGCACCWT_2405_CCGTACTGTGACTCATWT_2405_CCGTGGAAGTCGTTTGWT_2405_CCGTGGACAGAAGCACWT_2405_CCGTGGAGTGTGACCCWT_2405_CCGTTCAAGGCCGAATWT_2405_CCGTTCACAGTCGATTWT_2405_CCGTTCAGTTCCACAAWT_2405_CCTAAAGAGCACCGCTWT_2405_CCTAAAGCAAAGCGGTWT_2405_CCTAAAGCAGGCTGAAWT_2405_CCTAAAGCATCATCCCWT_2405_CCTAAAGGTAGGAGTCWT_2405_CCTAAAGGTCGCGTGTWT_2405_CCTAAAGTCTCTGTCGWT_2405_CCTACACAGTCTTGCAWT_2405_CCTACACTCATATCGGWT_2405_CCTACACTCGTAGGAGWT_2405_CCTACACTCTATCCCGWT_2405_CCTACCAAGACGACGTWT_2405_CCTACCATCAGCGACCWT_2405_CCTAGCTCAGCAGTTTWT_2405_CCTATTACATATGCTGWT_2405_CCTATTAGTTAGTGGGWT_2405_CCTATTAGTTTAGGAAWT_2405_CCTATTATCCGAATGTWT_2405_CCTATTATCCGGGTGTWT_2405_CCTCAGTAGCTCCCAGWT_2405_CCTCTGAAGAAGAAGCWT_2405_CCTCTGAGTCCGACGTWT_2405_CCTCTGATCAAGGCTTWT_2405_CCTTACGAGGACCACAWT_2405_CCTTACGCATGGGACAWT_2405_CCTTCGAAGTACGACGWT_2405_CCTTCGAAGTATGACAWT_2405_CCTTCGACAAGCGAGTWT_2405_CCTTCGACACCAGGTCWT_2405_CCTTTCTAGCTAAGATWT_2405_CCTTTCTCACCAACCGWT_2405_CCTTTCTCAGTACACTWT_2405_CCTTTCTCATGCCTAAWT_2405_CGAACATGTCTACCTCWT_2405_CGAATGTTCAACGAAAWT_2405_CGACCTTCAAGCTGGAWT_2405_CGACTTCCAAGCGCTCWT_2405_CGACTTCTCATGCATGWT_2405_CGACTTCTCGTTTGCCWT_2405_CGAGAAGCAAGCGCTCWT_2405_CGAGCCAAGCCATCGCWT_2405_CGAGCCAAGTAGGCCAWT_2405_CGAGCCAAGTCTTGCAWT_2405_CGAGCCAGTAACGACGWT_2405_CGAGCCAGTGTGACGAWT_2405_CGAGCCATCTCCTATAWT_2405_CGATCGGGTCGAGTTTWT_2405_CGATCGGGTTCTGGTAWT_2405_CGATTGAAGCACCGTCWT_2405_CGATTGAGTCCCGACAWT_2405_CGATTGAGTTCGGGCTWT_2405_CGATTGATCATCGATGWT_2405_CGATTGATCTCTAGGAWT_2405_CGCCAAGTCACCCGAGWT_2405_CGCCAAGTCTGGTTCCWT_2405_CGCGGTACACAAGCCCWT_2405_CGCGGTAGTGTAACGGWT_2405_CGCGGTATCCCTTGCAWT_2405_CGCGTTTAGAGTCGGTWT_2405_CGCTATCAGCTACCTAWT_2405_CGCTATCAGTATCGAAWT_2405_CGCTGGACACGGTAGAWT_2405_CGCTGGATCGCCAGCAWT_2405_CGCTTCACAGCGTAAGWT_2405_CGCTTCAGTACAGTTCWT_2405_CGGACACAGTTCCACAWT_2405_CGGACACGTCTCCACTWT_2405_CGGACACTCAGAAATGWT_2405_CGGACGTGTCTCTCTGWT_2405_CGGACTGAGTGAATTGWT_2405_CGGACTGCATCGACGCWT_2405_CGGACTGTCTTCGAGAWT_2405_CGGAGTCAGTACTTGCWT_2405_CGGAGTCGTTCGGGCTWT_2405_CGGAGTCTCAACACGTWT_2405_CGGCTAGAGGAGCGAGWT_2405_CGGCTAGCATACCATGWT_2405_CGGCTAGTCGAATGGGWT_2405_CGGGTCAAGCTAGCCCWT_2405_CGGGTCAGTAAGGGCTWT_2405_CGGGTCATCTTGTCATWT_2405_CGGTTAAAGCTCCTCTWT_2405_CGGTTAAGTCGGGTCTWT_2405_CGGTTAAGTGGTGTAGWT_2405_CGGTTAATCGAATGCTWT_2405_CGTAGCGCAGTATGCTWT_2405_CGTAGCGGTCCCGACAWT_2405_CGTAGCGGTTAAGAACWT_2405_CGTAGGCGTAGCAAATWT_2405_CGTCACTAGCGGATCAWT_2405_CGTCACTTCTAACCGAWT_2405_CGTCAGGCATTTGCCCWT_2405_CGTCAGGTCGAATGCTWT_2405_CGTCAGGTCGGACAAGWT_2405_CGTCCATAGAGACTTAWT_2405_CGTCCATAGGCTCAGAWT_2405_CGTCCATCACAGGAGTWT_2405_CGTCCATCATGTTCCCWT_2405_CGTCCATGTGCCTGTGWT_2405_CGTCTACTCATCGCTCWT_2405_CGTCTACTCCCATTATWT_2405_CGTGAGCAGGACAGAAWT_2405_CGTGAGCCAATGGATAWT_2405_CGTGAGCGTAAGTAGTWT_2405_CGTGAGCTCCTTGACCWT_2405_CGTGTAAAGGACAGAAWT_2405_CGTGTAACAGTATGCTWT_2405_CGTGTAACATTTCACTWT_2405_CGTGTAAGTCACAAGGWT_2405_CGTGTAATCACGGTTAWT_2405_CGTGTAATCACTCCTGWT_2405_CGTGTCTAGCTACCGCWT_2405_CGTGTCTAGGTGCACAWT_2405_CGTGTCTCAAGGCTCCWT_2405_CGTGTCTTCAGCTCTCWT_2405_CGTGTCTTCGCAAGCCWT_2405_CGTTAGACAGCGAACAWT_2405_CGTTAGAGTCGGCATCWT_2405_CGTTAGAGTTCGAATCWT_2405_CGTTCTGGTGTTAAGAWT_2405_CGTTCTGTCCAGTATGWT_2405_CGTTGGGAGCTAACAAWT_2405_CGTTGGGTCGTCACGGWT_2405_CTAACTTCATGTCTCCWT_2405_CTAACTTTCCCTAACCWT_2405_CTAAGACAGCTTTGGTWT_2405_CTACACCCACAGGAGTWT_2405_CTACACCGTTGAGGTGWT_2405_CTACATTCAGATTGCTWT_2405_CTACATTGTAAGTGTAWT_2405_CTACATTGTACAGTGGWT_2405_CTACCCAAGAGGTAGAWT_2405_CTACCCAAGGTTCCTAWT_2405_CTACCCAAGTGGACGTWT_2405_CTACCCACAAACCTACWT_2405_CTACCCACAGCGTCCAWT_2405_CTACGTCAGTATTGGAWT_2405_CTACGTCAGTGCTGCCWT_2405_CTACGTCCAACTGGCCWT_2405_CTACGTCCATGAACCTWT_2405_CTACGTCGTCGGCTCAWT_2405_CTAGAGTAGGGCTCTCWT_2405_CTAGCCTAGCTGGAACWT_2405_CTAGCCTGTATCTGCAWT_2405_CTAGCCTTCCGAACGCWT_2405_CTAGTGATCATTGCCCWT_2405_CTCACACAGACCTAGGWT_2405_CTCACACCAATACGCTWT_2405_CTCAGAACACCAGGTCWT_2405_CTCAGAAGTACATCCAWT_2405_CTCATTAGTTTGCATGWT_2405_CTCCTAGAGCCCGAAAWT_2405_CTCCTAGTCCCAAGTAWT_2405_CTCGAAATCGGTTAACWT_2405_CTCGAGGAGACCTAGGWT_2405_CTCGAGGCAATAAGCAWT_2405_CTCGAGGCACCTCGGAWT_2405_CTCGAGGGTTCGGCACWT_2405_CTCGGAGAGTTCGCGCWT_2405_CTCGGAGCACAAGACGWT_2405_CTCGGGATCATCTGTTWT_2405_CTCGGGATCCACGAATWT_2405_CTCGTACGTACATGTCWT_2405_CTCGTACGTCAATACCWT_2405_CTCGTACTCACCCTCAWT_2405_CTCGTACTCGTTTGCCWT_2405_CTCGTCAGTTACGTCAWT_2405_CTCGTCATCTCGATGAWT_2405_CTCTAATAGGCTCATTWT_2405_CTCTAATTCTCTAGGAWT_2405_CTCTACGAGCAGCGTAWT_2405_CTCTACGCAATGGATAWT_2405_CTCTACGTCAAAGACAWT_2405_CTCTGGTAGCGAAGGGWT_2405_CTCTGGTAGTACACCTWT_2405_CTCTGGTGTGGTCTCGWT_2405_CTCTGGTGTTCCCTTGWT_2405_CTGAAACAGCTCCTCTWT_2405_CTGAAACGTTATCACGWT_2405_CTGAAACTCGTTACGAWT_2405_CTGAAGTAGTTCCACAWT_2405_CTGATAGCAGCAGTTTWT_2405_CTGATAGGTGAAGGCTWT_2405_CTGATAGTCCTTGGTCWT_2405_CTGATAGTCGAGGTAGWT_2405_CTGATCCAGGATGGAAWT_2405_CTGATCCCACGAAACGWT_2405_CTGATCCCAGACGCCTWT_2405_CTGATCCCATCAGTACWT_2405_CTGATCCGTAAGGGCTWT_2405_CTGCCTAAGATGAGAGWT_2405_CTGCCTATCGGCCGATWT_2405_CTGCCTATCTTGCAAGWT_2405_CTGGTCTCATGGTAGGWT_2405_CTGGTCTGTGTCAATCWT_2405_CTGGTCTTCGCCAAATWT_2405_CTGTGCTAGGACGAAAWT_2405_CTGTGCTCAGTACACTWT_2405_CTGTGCTCAGTTCATGWT_2405_CTGTTTACATCCTTGCWT_2405_CTGTTTACATCTACGAWT_2405_CTGTTTAGTTTGACTGWT_2405_CTGTTTATCTGATACGWT_2405_CTTAACTGTACATGTCWT_2405_CTTAACTGTTTAGGAAWT_2405_CTTAACTTCTTCCTTCWT_2405_CTTAACTTCTTTACACWT_2405_CTTACCGCACACCGCAWT_2405_CTTACCGCATACGCTAWT_2405_CTTAGGACAAGGACTGWT_2405_CTTAGGAGTAATTGGAWT_2405_CTTCTCTAGAGATGAGWT_2405_CTTCTCTGTGTTAAGAWT_2405_CTTCTCTGTTGGACCCWT_2405_CTTCTCTGTTTGCATGWT_2405_CTTGGCTCAGATAATGWT_2405_CTTGGCTTCTTCTGGCWT_2405_CTTTGCGTCTCCTATAWT_2405_GAAACTCTCGTACGGCWT_2405_GAAATGACAGGAATGCWT_2405_GAAATGAGTCTGATCAWT_2405_GAAATGAGTGTGGTTTWT_2405_GAAATGAGTTACGGAGWT_2405_GAAATGATCGGTGTCGWT_2405_GAAATGATCTTGACGAWT_2405_GAACATCCAAACCCATWT_2405_GAACATCCAGGGTACAWT_2405_GAACATCGTCTCCCTAWT_2405_GAACATCGTTCGCTAAWT_2405_GAACCTAAGACAGAGAWT_2405_GAACCTAAGCTAAACAWT_2405_GAACCTAAGGATGGTCWT_2405_GAACGGAAGGAGCGAGWT_2405_GAACGGACACGAAGCAWT_2405_GAAGCAGCAGACAAATWT_2405_GAAGCAGCAGATGGCAWT_2405_GAAGCAGGTAGCCTCGWT_2405_GAATAAGAGAAGGCCTWT_2405_GAATAAGGTGCAACTTWT_2405_GAATAAGTCAGCTCGGWT_2405_GAATGAACAGACGCTCWT_2405_GACACGCCAACACGCCWT_2405_GACACGCCATACAGCTWT_2405_GACACGCGTAACGTTCWT_2405_GACAGAGAGAAGGTGAWT_2405_GACAGAGAGGCAATTAWT_2405_GACAGAGTCTTATCTGWT_2405_GACCTGGAGTATGACAWT_2405_GACCTGGCAGTAAGATWT_2405_GACCTGGTCGTTACAGWT_2405_GACGCGTCATCACCCTWT_2405_GACGCGTTCAACCATGWT_2405_GACGCGTTCAGGATCTWT_2405_GACGGCTAGTCTCAACWT_2405_GACGGCTCATTCCTGCWT_2405_GACGTGCCAATGAATGWT_2405_GACGTGCTCCTGCCATWT_2405_GACGTTAGTCTGCCAGWT_2405_GACGTTATCAACTCTTWT_2405_GACGTTATCCTCAACCWT_2405_GACTAACCAAGGCTCCWT_2405_GACTAACGTAACGACGWT_2405_GACTAACTCGAATCCAWT_2405_GACTACAAGTTGCAGGWT_2405_GACTACACAACACCCGWT_2405_GACTACACACAACTGTWT_2405_GACTACAGTAAGTAGTWT_2405_GACTACAGTACTCAACWT_2405_GACTACATCTGGTATGWT_2405_GACTGCGAGCTGCGAAWT_2405_GACTGCGCATTCGACAWT_2405_GAGCAGAAGTGTGGCAWT_2405_GAGCAGAGTCTAACGTWT_2405_GAGCAGATCCAGAAGGWT_2405_GAGCAGATCTGGCGACWT_2405_GAGTCCGAGCGAAGGGWT_2405_GAGTCCGCAACTGGCCWT_2405_GATCAGTTCACAAACCWT_2405_GATCGATAGAGGGCTTWT_2405_GATCGATTCTCAAACGWT_2405_GATCGATTCTGAAAGAWT_2405_GATCGCGGTTAAGAACWT_2405_GATCTAGCAGTATCTGWT_2405_GATCTAGCATCCCATCWT_2405_GATCTAGCATCCTAGAWT_2405_GATCTAGGTGTTCTTTWT_2405_GATCTAGTCCGCAGTGWT_2405_GATGAAAGTCACCCAGWT_2405_GATGAAATCGGAAATAWT_2405_GATGAAATCTGGTGTAWT_2405_GATGAGGGTCAGATAAWT_2405_GATGAGGTCACGATGTWT_2405_GATGAGGTCAGAGACGWT_2405_GATGAGGTCAGCACATWT_2405_GATGCTACAAGTAGTAWT_2405_GATTCAGCACGAGGTAWT_2405_GATTCAGCAGCATACTWT_2405_GATTCAGCAGCGTAAGWT_2405_GATTCAGCAGCTGTTAWT_2405_GATTCAGGTAAGTTCCWT_2405_GATTCAGTCCTCGCATWT_2405_GATTCAGTCGCTAGCGWT_2405_GCAAACTAGAGTGACCWT_2405_GCAAACTAGCTGGAACWT_2405_GCAAACTCATATGCTGWT_2405_GCAAACTGTACGACCCWT_2405_GCAAACTGTTTGACTGWT_2405_GCAATCACAGTGACAGWT_2405_GCAATCAGTCGCGTGTWT_2405_GCAATCAGTGTTGGGAWT_2405_GCACATACAGCTTAACWT_2405_GCACTCTAGAAGATTCWT_2405_GCAGCCAAGCTAACAAWT_2405_GCAGCCACACTACAGTWT_2405_GCAGCCAGTTCCGTCTWT_2405_GCAGTTAAGAAACCTAWT_2405_GCAGTTAAGCCACTATWT_2405_GCAGTTACACTTCGAAWT_2405_GCAGTTATCACAGGCCWT_2405_GCAGTTATCCAGATCAWT_2405_GCATACAGTAGCGATGWT_2405_GCATGATAGATCCCGCWT_2405_GCATGCGTCCTAGAACWT_2405_GCATGCGTCTGATACGWT_2405_GCATGTAAGCTCCCAGWT_2405_GCATGTAAGTCAATAGWT_2405_GCATGTAAGTTGTAGAWT_2405_GCATGTACATAGAAACWT_2405_GCATGTATCAAGCCTAWT_2405_GCATGTATCATTCACTWT_2405_GCCAAATAGCGAGAAAWT_2405_GCCAAATAGGGTTTCTWT_2405_GCCAAATCACATTAGCWT_2405_GCCAAATTCGCCATAAWT_2405_GCCTCTAAGAACTCGGWT_2405_GCCTCTAAGAAGGTTTWT_2405_GCCTCTAAGCGCCTTGWT_2405_GCCTCTAAGGACTGGTWT_2405_GCCTCTACACAACGCCWT_2405_GCGACCACAAACTGTCWT_2405_GCGACCACACCACCAGWT_2405_GCGAGAAAGCATCATCWT_2405_GCGAGAACATCGATTGWT_2405_GCGAGAACATGAACCTWT_2405_GCGAGAATCGAATGCTWT_2405_GCGAGAATCGTCCGTTWT_2405_GCGCAACAGAAACGAGWT_2405_GCGCAGTAGTGCCAGAWT_2405_GCGCAGTTCTAGAGTCWT_2405_GCGCCAATCAGGCAAGWT_2405_GCGGGTTAGCGTAATAWT_2405_GCGGGTTCATACAGCTWT_2405_GCGGGTTGTTGGTGGAWT_2405_GCGGGTTTCGCCGTGAWT_2405_GCGGGTTTCTGTCCGTWT_2405_GCTCCTAAGCTGCGAAWT_2405_GCTCCTAGTCAACTGTWT_2405_GCTCTGTGTACAGTTCWT_2405_GCTGCAGCATCAGTCAWT_2405_GCTGCAGGTCTCCATCWT_2405_GCTGCAGGTGTTCTTTWT_2405_GCTGCAGTCTCTGAGAWT_2405_GCTGCGAGTCGCTTCTWT_2405_GCTGCGAGTGTATGGGWT_2405_GCTGCTTCACCAGCACWT_2405_GCTTCCAAGGCCCGTTWT_2405_GCTTCCAAGGCGTACAWT_2405_GCTTCCACACGGCCATWT_2405_GCTTCCAGTCGTCTTCWT_2405_GCTTGAACACGGATAGWT_2405_GCTTGAATCCAAGCCGWT_2405_GCTTGAATCCTGTAGAWT_2405_GGAAAGCCACTCGACGWT_2405_GGAACTTAGTACGACGWT_2405_GGAACTTCATGCATGTWT_2405_GGAACTTGTCTGCCAGWT_2405_GGAACTTTCGTCACGGWT_2405_GGAATAAAGAGTACATWT_2405_GGAATAAAGGGTGTGTWT_2405_GGACAAGAGTCAATAGWT_2405_GGACAAGGTTGATTGCWT_2405_GGACAGACACGTGAGAWT_2405_GGACAGAGTTACTGACWT_2405_GGACAGATCAGCCTAAWT_2405_GGACATTCAGTGACAGWT_2405_GGACATTCATACTACGWT_2405_GGACATTTCATTATCCWT_2405_GGACGTCAGAGGGCTTWT_2405_GGACGTCCACAAGTAAWT_2405_GGAGCAACATATGCTGWT_2405_GGATGTTAGTAGATGTWT_2405_GGATGTTCAGTCCTTCWT_2405_GGATGTTTCTATGTGGWT_2405_GGATTACCACAGGAGTWT_2405_GGATTACCATTCCTCGWT_2405_GGATTACTCTGGCGACWT_2405_GGCAATTAGCGTGAGTWT_2405_GGCAATTGTCGGCACTWT_2405_GGCCGATAGTACACCTWT_2405_GGCCGATCAACTTGACWT_2405_GGCCGATGTCATCGGCWT_2405_GGCCGATGTCGAATCTWT_2405_GGCCGATGTTCAGTACWT_2405_GGCCGATTCGTTTGCCWT_2405_GGCGACTCACATGTGTWT_2405_GGCGTGTGTAGAGTGCWT_2405_GGCTCGAAGATGAGAGWT_2405_GGCTCGAAGGCCGAATWT_2405_GGCTCGAGTAGCAAATWT_2405_GGCTGGTCAGGACGTAWT_2405_GGGAATGAGAGTTGGCWT_2405_GGGAATGGTGCCTTGGWT_2405_GGGAGATCAGGTCCACWT_2405_GGGAGATTCCGAATGTWT_2405_GGGATGAAGTCTCCTCWT_2405_GGGATGACATGGATGGWT_2405_GGGATGATCGGTCTAAWT_2405_GGGCACTAGCCACTATWT_2405_GGGCATCCAATGGTCTWT_2405_GGGCATCGTAAATACGWT_2405_GGGTCTGAGAAGAAGCWT_2405_GGGTCTGGTACCATCAWT_2405_GGGTCTGTCATGTCTTWT_2405_GGGTTGCAGCGTAATAWT_2405_GGGTTGCCAAACGCGAWT_2405_GGTATTGAGATCACGGWT_2405_GGTATTGCAATGTAAGWT_2405_GGTATTGGTGCTTCTCWT_2405_GGTGAAGGTAACGACGWT_2405_GGTGCGTTCAACACTGWT_2405_GGTGTTAAGGATTCGGWT_2405_GGTGTTACAATGTAAGWT_2405_GGTGTTACAGTTCATGWT_2405_GGTGTTAGTACTTAGCWT_2405_GGTGTTATCAGATAAGWT_2405_GTAACGTCAAGCTGTTWT_2405_GTAACGTCACATTCGAWT_2405_GTAACGTTCTGTCCGTWT_2405_GTAACTGCACGAAGCAWT_2405_GTAACTGCAGACGTAGWT_2405_GTAACTGGTAAATGACWT_2405_GTACGTAAGCAGACTGWT_2405_GTACGTAAGGGAAACAWT_2405_GTACGTAGTCTGCAATWT_2405_GTACGTATCATCACCCWT_2405_GTACTCCAGCTACCTAWT_2405_GTACTCCTCACAGGCCWT_2405_GTACTTTCAAGTTCTGWT_2405_GTACTTTGTAAACGCGWT_2405_GTACTTTGTTCAGACTWT_2405_GTACTTTTCGTGACATWT_2405_GTAGTCACATGACGGAWT_2405_GTATCTTCATGCCCGAWT_2405_GTATCTTGTATAGGTAWT_2405_GTATCTTGTTTGACACWT_2405_GTATCTTTCGACCAGCWT_2405_GTATTCTAGAAGAAGCWT_2405_GTATTCTAGCTTCGCGWT_2405_GTATTCTCAGATGGGTWT_2405_GTATTCTGTACCGCTGWT_2405_GTCAAGTAGAAACCATWT_2405_GTCAAGTAGCTACCGCWT_2405_GTCAAGTCATGAAGTAWT_2405_GTCAAGTGTACTTCTTWT_2405_GTCAAGTTCATACGGTWT_2405_GTCAAGTTCTAACTGGWT_2405_GTCACAACACTTCGAAWT_2405_GTCACAACAGCCACCAWT_2405_GTCACAACAGGGTACAWT_2405_GTCACAAGTCCGCTGAWT_2405_GTCACAATCCGAACGCWT_2405_GTCACAATCGACCAGCWT_2405_GTCACGGTCACAGTACWT_2405_GTCATTTAGCAGCGTAWT_2405_GTCATTTAGTACGTAAWT_2405_GTCATTTCAGACGCTCWT_2405_GTCCTCAAGCGATATAWT_2405_GTCGGGTTCGTGGTCGWT_2405_GTCGTAAAGCTGTTCAWT_2405_GTCGTAACAGACGCTCWT_2405_GTCTCGTGTTAAGGGCWT_2405_GTGAAGGGTGGTCCGTWT_2405_GTGAAGGTCTCTGAGAWT_2405_GTGCAGCAGTCAAGCGWT_2405_GTGCAGCTCGTGACATWT_2405_GTGCATAAGGTGTGGTWT_2405_GTGCATACAAGGTGTGWT_2405_GTGCATAGTTAAAGACWT_2405_GTGCATATCCTTTCGGWT_2405_GTGCGGTAGCTAGCCCWT_2405_GTGCGGTCAGACAAGCWT_2405_GTGCTTCAGGTGATTAWT_2405_GTGCTTCTCAAAGTAGWT_2405_GTGCTTCTCGCTTGTCWT_2405_GTGGGTCCATATACGCWT_2405_GTGGGTCCATGCAATCWT_2405_GTGGGTCCATTGGGCCWT_2405_GTGGGTCTCAGTTGACWT_2405_GTGTTAGCAGAGTGTGWT_2405_GTGTTAGGTTGCCTCTWT_2405_GTGTTAGTCAGCTGGCWT_2405_GTTAAGCTCGACAGCCWT_2405_GTTAAGCTCTTAACCTWT_2405_GTTACAGCAAACCCATWT_2405_GTTACAGGTCGCATATWT_2405_GTTCATTAGAGTAATCWT_2405_GTTCATTAGGATATACWT_2405_GTTCATTCATTACCTTWT_2405_GTTCATTCATTTCACTWT_2405_GTTCATTCATTTGCCCWT_2405_GTTCATTGTCTTCAAGWT_2405_GTTCGGGAGATATGCAWT_2405_GTTCGGGAGTCCAGGAWT_2405_GTTCGGGGTCACTTCCWT_2405_GTTCGGGGTGCCTGGTWT_2405_GTTCGGGTCACGACTAWT_2405_GTTCGGGTCAGCATGTWT_2405_GTTCGGGTCCCAGGTGWT_2405_GTTCGGGTCCTGTACCWT_2405_GTTCTCGCACGTCAGCWT_2405_GTTCTCGCAGGTGCCTWT_2405_GTTCTCGGTAGCGATGWT_2405_GTTTCTACAAGCCTATWT_2405_GTTTCTATCAGCGATTWT_2405_TAAACCGGTTCCACGGWT_2405_TAAGAGAAGCTGATAAWT_2405_TAAGAGACACAACTGTWT_2405_TAAGAGAGTAGCGTCCWT_2405_TAAGCGTCACGGACAAWT_2405_TAAGCGTGTTCGAATCWT_2405_TAAGCGTTCAGCACATWT_2405_TAAGTGCTCTGTGCAAWT_2405_TACACGAAGGCGATACWT_2405_TACACGATCCTCATTAWT_2405_TACAGTGAGCGCTCCAWT_2405_TACCTATAGAGCTATAWT_2405_TACCTATAGGGCTTCCWT_2405_TACCTATCAAGTAATGWT_2405_TACCTTAGTAGCTAAAWT_2405_TACCTTATCCCAAGTAWT_2405_TACCTTATCTCCGGTTWT_2405_TACGGATAGTCATGCTWT_2405_TACGGATCAGATCTGTWT_2405_TACGGATGTCTGATTGWT_2405_TACGGATTCATAGCACWT_2405_TACGGATTCTTCAACTWT_2405_TACGGGCAGAAGGTTTWT_2405_TACGGGCAGTGAACATWT_2405_TACGGGCCACCCATGGWT_2405_TACGGGCCATCGATGTWT_2405_TACGGGCCATCGGGTCWT_2405_TACGGGCGTTCCACGGWT_2405_TACGGGCTCTAACCGAWT_2405_TACGGGCTCTACTCATWT_2405_TACGGTAAGCCACGCTWT_2405_TACGGTAAGCGGATCAWT_2405_TACGGTACAAGGACACWT_2405_TACGGTACAGACGTAGWT_2405_TACGGTAGTACAGCAGWT_2405_TACTCATCACCATGTAWT_2405_TACTCGCGTAGAGTGCWT_2405_TACTCGCTCAGAAATGWT_2405_TACTTACAGTTAGGTAWT_2405_TACTTACCACAGCCCAWT_2405_TACTTACTCAACGGCCWT_2405_TACTTGTCAAGGGTCAWT_2405_TACTTGTCACGACGAAWT_2405_TACTTGTGTCTGCCAGWT_2405_TACTTGTTCAGAAATGWT_2405_TAGACCACATGTCCTCWT_2405_TAGACCAGTCTGCGGTWT_2405_TAGACCATCAGCTCTCWT_2405_TAGACCATCTTAGCCCWT_2405_TAGAGCTCAAGGTTTCWT_2405_TAGAGCTCACCATGTAWT_2405_TAGAGCTTCTCGGACGWT_2405_TAGCCGGAGATAGGAGWT_2405_TAGCCGGAGCTATGCTWT_2405_TAGCCGGGTCGTCTTCWT_2405_TAGCCGGTCACGCGGTWT_2405_TAGGCATAGAATGTTGWT_2405_TAGGCATAGCTAGTGGWT_2405_TAGGCATAGGCTAGACWT_2405_TAGGCATAGGGTATCGWT_2405_TAGTGGTCACGGACAAWT_2405_TAGTGGTGTGTCTGATWT_2405_TAGTGGTGTTGCGCACWT_2405_TAGTTGGAGGAACTGCWT_2405_TAGTTGGAGTTATCGCWT_2405_TAGTTGGGTCTAAAGAWT_2405_TATCAGGGTTCACGGCWT_2405_TATCTCAAGGGCTCTCWT_2405_TATCTCAGTGCACGAAWT_2405_TATCTCATCGGAGGTAWT_2405_TATGCCCAGTGCGATGWT_2405_TATGCCCTCTGTCTCGWT_2405_TCAACGAAGGGTTCCCWT_2405_TCAACGAAGGTGCTTTWT_2405_TCAATCTCACAGATTCWT_2405_TCAATCTGTTACCGATWT_2405_TCACAAGAGTCCAGGAWT_2405_TCACAAGCATCATCCCWT_2405_TCACAAGTCACATGCAWT_2405_TCACGAATCGCCCTTAWT_2405_TCAGATGAGACACTAAWT_2405_TCAGATGAGCCACTATWT_2405_TCAGATGCAGGGTACAWT_2405_TCAGATGCAGGTCTCGWT_2405_TCAGATGTCCCGGATGWT_2405_TCAGCAAGTCGCCATGWT_2405_TCAGCAATCGTTACAGWT_2405_TCAGCAATCTCCAACCWT_2405_TCAGCTCAGAGGTTATWT_2405_TCAGGATAGACTCGGAWT_2405_TCAGGATTCTATGTGGWT_2405_TCAGGTAAGTTAAGTGWT_2405_TCAGGTATCGCCCTTAWT_2405_TCATTACAGACAATACWT_2405_TCATTACAGCGATGACWT_2405_TCATTACTCAGAGACGWT_2405_TCATTACTCGCCATAAWT_2405_TCATTACTCTGGGCCAWT_2405_TCATTTGGTCAGAATAWT_2405_TCATTTGTCACCGGGTWT_2405_TCCACACTCTTCGGTCWT_2405_TCCCGATAGCCCAATTWT_2405_TCCCGATTCCTTGGTCWT_2405_TCGAGGCCATGTCGATWT_2405_TCGAGGCGTTCCACTCWT_2405_TCGAGGCTCTACTTACWT_2405_TCGAGGCTCTGAGTGTWT_2405_TCGCGAGGTAGAAGGAWT_2405_TCGCGTTAGCCCAACCWT_2405_TCGCGTTAGCCGCCTAWT_2405_TCGCGTTAGGATGCGTWT_2405_TCGCGTTTCATCATTCWT_2405_TCGGGACCACCCATGGWT_2405_TCGGTAAAGCTGCGAAWT_2405_TCGGTAAAGTGTACGGWT_2405_TCGGTAACAAGGACTGWT_2405_TCGGTAACATGAAGTAWT_2405_TCGGTAAGTCTACCTCWT_2405_TCGGTAAGTGAAATCAWT_2405_TCGGTAAGTTGGTAAAWT_2405_TCGGTAATCGTTGCCTWT_2405_TCGTACCCACGAGGTAWT_2405_TCGTACCCATGGTCTAWT_2405_TCGTAGACAAACGTGGWT_2405_TCGTAGAGTAAATACGWT_2405_TCGTAGAGTAACGTTCWT_2405_TCGTAGATCACCGTAAWT_2405_TCTATTGCATCACAACWT_2405_TCTATTGCATCCAACAWT_2405_TCTATTGCATTCCTCGWT_2405_TCTATTGGTTCGTGATWT_2405_TCTCATACACAACGCCWT_2405_TCTCATACATGCATGTWT_2405_TCTCTAAGTTCGTGATWT_2405_TCTGAGAAGGCCATAGWT_2405_TCTGAGAGTGCGGTAAWT_2405_TCTGAGATCATTCACTWT_2405_TCTGGAAAGCGATTCTWT_2405_TCTGGAAAGGAATCGCWT_2405_TCTGGAACAGTATGCTWT_2405_TCTGGAACATTACCTTWT_2405_TCTGGAAGTAACGACGWT_2405_TCTTCGGGTAGAGGAAWT_2405_TCTTCGGGTGTGCCTGWT_2405_TCTTCGGTCGTCGTTCWT_2405_TCTTTCCTCAGTCAGTWT_2405_TCTTTCCTCAGTGTTGWT_2405_TGAAAGACACTAAGTCWT_2405_TGAAAGAGTCCAGTTAWT_2405_TGACAACGTAGAGCTGWT_2405_TGACAACGTCTTTCATWT_2405_TGACGGCAGGCAGTCAWT_2405_TGACGGCCAGCCTGTGWT_2405_TGACGGCCATGTCCTCWT_2405_TGACTAGCAGTCAGAGWT_2405_TGACTAGCATGGTCTAWT_2405_TGACTTTAGCCAGTTTWT_2405_TGACTTTAGTCGTACTWT_2405_TGACTTTCAGCGATCCWT_2405_TGACTTTGTAGCACGAWT_2405_TGACTTTGTCACTTCCWT_2405_TGACTTTTCAGTTAGCWT_2405_TGACTTTTCGCATGATWT_2405_TGAGAGGAGATCTGCTWT_2405_TGAGAGGAGGCCCTCAWT_2405_TGAGCATAGATCGATAWT_2405_TGAGCATTCAACGAAAWT_2405_TGAGCATTCAGTACGTWT_2405_TGAGCATTCATTGCGAWT_2405_TGAGCATTCCGAATGTWT_2405_TGAGCCGAGACAAAGGWT_2405_TGAGCCGCATCCAACAWT_2405_TGAGCCGTCAACGCTAWT_2405_TGAGGGAGTCAAAGATWT_2405_TGATTTCCACAGGTTTWT_2405_TGATTTCCACCGCTAGWT_2405_TGATTTCCATTTGCCCWT_2405_TGATTTCGTCTAAAGAWT_2405_TGATTTCTCTTCATGTWT_2405_TGCACCTGTGTTGAGGWT_2405_TGCACCTGTTACGACTWT_2405_TGCACCTTCACTCCTGWT_2405_TGCCAAAAGCGACGTAWT_2405_TGCCAAAAGGACAGCTWT_2405_TGCCAAAAGTGGTCCCWT_2405_TGCCAAAAGTTCCACAWT_2405_TGCCAAATCCCAACGGWT_2405_TGCCAAATCCCTTGTGWT_2405_TGCCAAATCTATGTGGWT_2405_TGCCCATAGGCTAGCAWT_2405_TGCCCTACACCAGCACWT_2405_TGCCCTAGTCCAGTATWT_2405_TGCCCTATCTTACCGCWT_2405_TGCGCAGAGAAGGACAWT_2405_TGCGCAGCACTCTGTCWT_2405_TGCGCAGCACTGAAGGWT_2405_TGCGCAGGTTCTGAACWT_2405_TGCGGGTAGGGTATCGWT_2405_TGCGGGTGTATAATGGWT_2405_TGCGGGTGTCTGGAGAWT_2405_TGCGGGTTCTAACTCTWT_2405_TGCGTGGCAATGGACGWT_2405_TGCGTGGCAGACAGGTWT_2405_TGCTACCGTCGACTATWT_2405_TGCTACCGTGTGCGTCWT_2405_TGCTACCGTTGATTGCWT_2405_TGCTGCTAGAGTGACCWT_2405_TGCTGCTCAGTCGTGCWT_2405_TGCTGCTCATCCGGGTWT_2405_TGCTGCTGTAGGCTGAWT_2405_TGCTGCTGTATGGTTCWT_2405_TGCTGCTTCAAGAAGTWT_2405_TGCTGCTTCGCATGGCWT_2405_TGGACGCAGCTTCGCGWT_2405_TGGACGCAGGGTGTTGWT_2405_TGGACGCTCATCGCTCWT_2405_TGGCCAGCAAGGTTTCWT_2405_TGGCCAGGTTGTACACWT_2405_TGGCCAGTCAGTTAGCWT_2405_TGGCGCAAGCGGATCAWT_2405_TGGCGCAGTAGGCTGAWT_2405_TGGCGCAGTCACACGCWT_2405_TGGCGCAGTCCTGCTTWT_2405_TGGCGCAGTTCGCTAAWT_2405_TGGCGCATCTACGAGTWT_2405_TGGCGCATCTTGTATCWT_2405_TGGCTGGAGCAGGCTAWT_2405_TGGCTGGAGCGATATAWT_2405_TGGGAAGAGCTCCTCTWT_2405_TGGGCGTAGGGTCTCCWT_2405_TGGGCGTTCATATCGGWT_2405_TGGTTAGGTTCCAACAWT_2405_TGGTTCCCAGTAACGGWT_2405_TGGTTCCCAGTGGGATWT_2405_TGGTTCCCATCCAACAWT_2405_TGGTTCCGTCATTAGCWT_2405_TGGTTCCGTGTTCGATWT_2405_TGTATTCGTAGCTTGTWT_2405_TGTATTCTCCTTGGTCWT_2405_TGTCCCAAGCGCTCCAWT_2405_TGTCCCAAGGATGCGTWT_2405_TGTCCCACAATGAAACWT_2405_TGTCCCACACATGTGTWT_2405_TGTCCCACACTAAGTCWT_2405_TGTCCCAGTCTGATTGWT_2405_TGTGGTAAGAAACGCCWT_2405_TGTGGTAAGCGATCCCWT_2405_TGTGGTACATCCTAGAWT_2405_TGTGGTACATGGGAACWT_2405_TGTGGTAGTCGAGATGWT_2405_TGTGGTATCTGCTTGCWT_2405_TGTGTTTAGACAGGCTWT_2405_TGTGTTTAGGCCCTCAWT_2405_TGTGTTTTCTTCGAGAWT_2405_TGTTCCGAGCAACGGTWT_2405_TGTTCCGCAGCAGTTTWT_2405_TGTTCCGGTAGCGCAAWT_2405_TGTTCCGGTGGTCCGTWT_2405_TTAACTCCAGCATGAGWT_2405_TTAACTCGTAAGGGAAWT_2405_TTAACTCGTACGACCCWT_2405_TTAGGACCAAGTTGTCWT_2405_TTAGGACCAGCTGCACWT_2405_TTAGGACGTCAGAAGCWT_2405_TTAGGACGTTTGACACWT_2405_TTAGGACTCAGCCTAAWT_2405_TTAGGACTCGTGGGAAWT_2405_TTAGGCAAGACAAGCCWT_2405_TTAGGCAAGCTAACTCWT_2405_TTAGGCACACAGCGTCWT_2405_TTAGTTCCATTCTCATWT_2405_TTAGTTCGTCCTGCTTWT_2405_TTATGCTCAATGCCATWT_2405_TTCCCAGAGCTTTGGTWT_2405_TTCCCAGTCCCGACTTWT_2405_TTCGAAGCAGCCAATTWT_2405_TTCGGTCTCAACACGTWT_2405_TTCTACAAGCAGCCTCWT_2405_TTCTACATCACCTTATWT_2405_TTCTCAAAGTGCTGCCWT_2405_TTCTCAACACGGCGTTWT_2405_TTCTCAATCTCACATTWT_2405_TTCTCCTGTCAAAGATWT_2405_TTCTCCTGTTGCTCCTWT_2405_TTCTCCTTCATTATCCWT_2405_TTCTCCTTCTCCTATAWT_2405_TTCTTAGAGAATGTGTWT_2405_TTCTTAGGTACTTAGCWT_2405_TTCTTAGTCGGCTTGGWT_2405_TTCTTAGTCGTGGTCGWT_2405_TTGAACGAGTATTGGAWT_2405_TTGAACGGTATGAAACWT_2405_TTGACTTCACAAGACGWT_2405_TTGACTTTCGCTGATAWT_2405_TTGACTTTCTAACTTCWT_2405_TTGCCGTAGTAAGTACWT_2405_TTGCCGTTCCATGAACWT_2405_TTGCGTCCACGGATAGWT_2405_TTGCGTCCACGTAAGGWT_2405_TTGCGTCCAGTCGATTWT_2405_TTGCGTCCATGGTCATWT_2405_TTGCGTCTCCACGTGGWT_2405_TTGCGTCTCCGGCACAWT_2405_TTGCGTCTCCTCTAGCWT_2405_TTGGAACAGAATGTGTWT_2405_TTGGAACTCAGCGATTWT_2405_TTGGCAAAGAACAACTWT_2405_TTGGCAACATAAAGGTWT_2405_TTGGCAAGTACCATCAWT_2405_TTGGCAAGTGCGATAGWT_2405_TTGGCAATCAACCAACWT_2405_TTGTAGGAGCGTTGCCWT_2405_TTGTAGGAGTGTTTGCWT_2405_TTGTAGGCATATACGCWT_2405_TTGTAGGGTACGCACCWT_2405_TTGTAGGTCCTCAATTWT_2405_TTTACTGCACCACGTGWT_2405_TTTACTGGTAGAGGAAWT_2405_TTTACTGGTCCAACTAWT_2405_TTTATGCCACCAGTTAWT_2405_TTTATGCCATTACCTTWT_2405_TTTCCTCTCTCTAGGAWT_2405_TTTGCGCAGCCATCGCWT_2405_TTTGGTTCACTTAACGWT_2405_TTTGGTTCATTAGCCAWT_2405_TTTGGTTTCTTGAGACWT_2405_TTTGTCAAGATCGGGTWT_2405_TTTGTCAAGCCAGTAG
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Figure 3
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Figure 4
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Figure 5
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Figure 6
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Figure 7
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