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Abstract

COVID-19 is caused by the coronavirus SARS-CoV-2 and currently has detrimental human health,
community and economic impacts around the world. It is unclear why some SARS-CoV-2-positive
individuals remain asymptomatic, while others develop severe symptoms. Baseline pulmonary levels
of anti-viral leukocytes, already residing in the lung prior to infection, may orchestrate an effective
early immune response and prevent severe symptoms. Using "in silico flow cytometry”, we
deconvoluted the levels of all seven types of anti-viral leukocytes in 1,927 human lung tissues. Baseline
levels of CD8+ T cells, resting NK cells and activated NK cells, as well as cytokines that recruit these,
are significantly lower in lung tissues with high expression of the SARS-CoV-2 entry receptor ACE2.
We observe this in univariate analyses, in multivariate analyses, and in two independent datasets.
Relevantly, ACE2 mRNA and protein levels very strongly correlate in human cells and tissues. Above
findings also largely apply to the SARS-CoV-2 entry protease TMPRSS2. Both SARS-CoV-2-infected
lung cells and COVID-19 lung tissues show upregulation of CD8+ T cell- and NK cell-recruiting
cytokines. Moreover, tissue-resident CD8+ T cells and inflammatory NK cells are significantly more
abundant in bronchoalveolar lavages from mildly affected COVID-19 patients, compared to severe
cases. This suggests that these lymphocytes are important for preventing severe symptoms. Elevated
ACE2 expression increases sensitivity to coronavirus infection. Thus, our results suggest that some
individuals may be exceedingly susceptible to develop severe COVID-19 due to concomitant high pre-

existing ACE2 and TMPRSS expression and low baseline cytotoxic lymphocyte levels in the lung.
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Introduction

Coronaviruses are viruses belonging to the family of Coronaviridae (1). They are large, single-stranded
RNA viruses that often originate from bats and commonly infect mammals. While the majority of
coronavirus infections cause mild symptoms, some can cause severe symptoms, such as pneumonia,
respiratory failure and sepsis, which may lead to death (2, 3).

Coronavirus zoonosis constitutes a serious health risk for humans. Indeed, in recent history,
transmissions of three types of coronaviruses to humans have led to varying numbers of deaths. The
outbreak of the Severe Acute Respiratory Syndrome (SARS) epidemic, which is caused by the SARS
coronavirus (SARS-CoV), originated in Guangdong, China in 2002 and led to nearly 800 deaths (4). The
Middle East Respiratory Syndrome coronavirus (MERS-CoV) outbreak, which emerged in Saudi
Arabia in 2012, similarly caused about 800 deaths, although with over 8,000 cases, nearly four times as
many cases were reported (4). Finally, Coronavirus Disease 19 (COVID-19), caused by Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), is currently causing a pandemic. On 1 May 2020,
the World Health Organization reported over 3 million confirmed cases and over 220,000 patients to
have succumbed to COVID-19 around the world (5). However, the factual number of deaths is probably
considerably higher (6). In addition, this figure is still soaring, on 1 May 2020 at a rate exceeding 6,400
deaths per day (5).

To infect target cells, coronaviruses use their spike (S) glycoprotein to bind to receptor
molecules on the host cell membrane. Angiotensin-converting enzyme 2 (ACE2) has been identified as
the main SARS-CoV-2 entry receptor on human cells (7, 8), while the serine protease TMPRSS2, or
potentially cathepsin B and L, are used for S-protein priming to facilitate host cell entry (7). SARS-CoV-
2 S-protein has a 10 to 20-fold higher affinity to human ACE2 than SARS-CoV S-protein (9). Moreover,
ACE2 expression proportionally increases the susceptibility to S protein-mediated coronavirus
infection (10-12). Hence, increased expression of ACE2 is thought to increase susceptibility to COVID-

19 (13-15).
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Epithelial cells of the respiratory tract, including the lung, are primary SARS-CoV-2 target cells
(16-18). These cells can sense viral infection via pattern recognition receptors (PRRs). PRRs, including
Toll-like receptors and NOD-like receptors, recognize pathogen-associated molecular patterns
(PAMPs) (19). Upon PRR activation, a range of pro-inflammatory cytokines and chemokines are
produced and released in order to activate the host's immune system. Interferons (IFNs), in particular
type I and type III IEN, are among the principal cytokines to recruit immune cells (19, 20).

Six types of leukocytes have been implicated in detecting and responding to viral infections in
the lung, a major site of SARS-CoV-2 infection, which also presents with severe COVID-19 symptom:s.
The cytotoxic activities of CD8+ T cells and NK cells can facilitate early control of viral infections by
clearing infected cells and avoiding additional viral dissemination (21, 22). Dendritic cells specialize in
sensing infections, including by viruses, and inducing an immune response (23). CD4+ T cells
contribute to viral clearance by promoting production of cytokines and interactions between CD8+ T
cells and dendritic cells (24). M1 macrophages interact with pulmonary epithelial cells to fight viral
infections in the lung (25). Finally, neutrophils may contribute to clearance of viral infections through
phagocytosis of virions and viral particles. However, their precise role is uncertain (26).

SARS-CoV-2 is considerably more efficient in infection, replication and production of
infectious virus particles in human lung tissue than SARS-CoV (17). Strikingly, despite this, SARS-CoV-
2 initially does not significantly induce type I, II or III IFNs in infected human lung cells and tissue (17,
27). When this does occur, it may in fact promote further SARS-CoV-2 infection, as IFNs directly
upregulate expression of the SARS-CoV-2 receptor ACE2 (28). These observations suggest that baseline
levels of leukocytes, which already reside in the lung prior to infection, may be important in mounting
a rapid immune response against SARS-CoV-2 infection and prevent severe COVID-19 symptoms. As
stated above, ACE2 expression level may be a predictor of increased susceptibility to COVID-19 (10-
15)}. Thus, we here investigated the relationship between ACE2 and TMPRSS2 expression and the

levels of seven leukocyte types implicated in anti-viral immune response in human lung tissue.

Results
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We used bulk RN Aseq gene expression data from the 578 human lung tissues present in the Genotype-
Tissue Expression (GTEx) database (29, 30), because this is the largest publicly available dataset with
clinical information. Using an established “in silico flow cytometry” pipeline (31), we estimated the
levels of CD8+ T cells, resting and activated NK cells, M1 macrophages, dendritic cells, CD4+ T cells
and neutrophils in these tissues (Fig. Sla-c, Table S1). We compared these to ACE2 expression levels
in these lung tissues. This revealed that ACE2 expression is negatively correlated with the levels of
CD8+T cells, resting and activated NK cells and M1 macrophages (p < 8x10-¢, Pearson correlations) (Fig.
la-c). However, there are no statistically significant correlations between ACE2 expression and the
levels of CD4+ T cells, dendritic cells and neutrophils (p > 0.05) (Fig. S2a-d). Thus, the levels of a majority
of leukocytes involved in anti-viral immune responses are significantly lower in lung tissues with high
ACE2 expression levels.

It is possible that some of above observations are linked to phenotypic characteristics, such as
sex, age, body mass index (BMI), race or smoking status. To test the robustness of our findings, we
applied multivariable regression analysis that includes these five covariates (Table S2), as well as the
levels of the seven above leukocyte types or states. This showed that only 4 of the 12 variables
significantly contribute to predicting ACE2 expression levels, specifically the levels of CD8+ T cells,
resting NK cells, activated NK cells and M1 macrophages (Fig. 1a-c, Table S3). Notably, none of the
five added phenotypic covariates showed statistically significant contributions. Consistently, we found
limited statistically significant correlations between these variables and ACE2 expression in univariate
analyses, irrespective of whether they were analyzed as continuous data or binned into discrete ordinal
categories (Fig. S4a-j). Thus, the levels of four types of leukocytes that respond to viral infection are
low in lung tissue with high ACE2 expression levels independently of phenotypic covariates.

Next, we tested whether above observations could be validated in an independent cohort of
individuals. For this, we used the, to our knowledge, largest publicly available lung tissue dataset. The
Laval University, University of British-Columbia, Groningen University (LUG) dataset includes

microarray gene expression data of 1,349 human lung tissues. Following determination of ACE2
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expression levels and estimation of the levels of CD8+ T cells, resting NK cells, activated NK cells and
M1 macrophages (Fig. S1la-c, Table S1), we found that three of the four also negatively correlated with
ACE2 expression in this independent dataset (p<2x10%) (Fig. 1d-f). With a correlation coefficient of
R=0.096, only M1 macrophages did not correlate with ACE2 expression in this dataset (Fig. S3). Thus,
our observations indicate that the baseline levels of three types of cytotoxic lymphocytes, specifically
CD8+ T cells, resting NK cells and activated NK cells, are robustly and consistently low in lung tissue
with high expression of the SARS-CoV-2 receptor ACE2.

To more rigorously assess our observations, we employed a range of additional analyses.
Although highly statistically significant (all p values <4.1x10+, Fig. 1), the absolute Pearson R values
between baseline levels of ACE2 and the three lymphocyte types were seemingly low, as they ranged
between 0.2 and 0.3 (Fig 1a-c). To test how strong these are in relative terms, we calculated the Pearson
R and p values of 1000 randomly sampled other genes. This revealed that the ACE2 R and p values were
significantly lower than expected by chance (all one-sample ¢ test p<2.2x10-¢; Fig 2a,b). In addition,
these R and p values ranked in the top 0.4 to 11 percentiles of strongest and most significant correlations
for each of the three leukocyte types (Fig 2a,b). Thus, the seemingly low correlations between ACE2
mRNA and cytotoxic lymphocyte levels in the lung are not only highly statistically significant, but also
strong in relative terms.

Further, we tested how well ACE2 mRNA and protein levels correlate. Using the mRNA and
protein levels in 52 cell lines, we find that ACE2 mRNA levels strongly correlate with ACE2 protein
levels in human cells (Pearson R=0.8155, p=1.8x10-'3; Fig. 2c). In fact, ACE2 ranks in the top 1.8 percentile
of over 12,000 genes with the strongest mRNA-protein level correlations (p<2.2x10-'6; Fig 2d). Using two
ACE2-specific antibodies, immunochemistry on 40 human tissues also shows a strong ACE2 mRNA-
protein correlation (p=0.0011, Kruskal-Wallis test; Fig. 2e) and this is additionally validated by a meta-
analysis that we conducted using nine published studies (Pearson R=0.7130 , p=0.0013; Fig. 2f, Table
S4). Therefore, we conclude that ACE2 mRNA and protein levels very strongly correlate, both in

human cells and in human tissues.
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Above, we found that baseline ACE2 levels in the lung negatively correlate with CD8+ T cells
and resting and activated NK cells in multivariate analyses and in an independent dataset (Fig. 1a-f).
Several cytokines, including CCL2-5, CXCL9, CXCL10, CXCL16 and IL18, are known to chemotactically
attract CD8+ T cells and NK cells (32-37). Consistently, we find that the baseline levels of these
chemokines in human lung tissue typically significantly correlate with the baseline levels of CD8+ T
cells and resting and activated NK cells (Fig. 2g, Fig. S5). Additionally, as expected given our above
results, we find significant negative correlations between the levels of ACE2 and the levels of six of
these eight cytokines in the lung (Fig. 2h). These findings lend further support to our previous
observations, suggesting that high levels of said cytokines in the lung establish a favorable milieu for
cytotoxic lymphocytes, which correlates with low ACE2 levels.

Next, we assessed the direct consequences of SARS-CoV-2 infection. In vitro SARS-CoV-2
infection of human lung cells invariably leads to upregulation of all eight abovementioned CD8+ T cell-
and NK cell-attracting cytokines, with six of these increases showing statistical significance (Fig. 2i).
Similarly, compared to control lung tissues, all eight cytokines are upregulated in lung tissues from
COVID-19 patients, with five showing statistical significance (Fig. 2j). Moreover, the levels of CD8+ T
cells and NK cells are higher in bronchoalveolar lavages of mildly affected COVID-19 patients than in
severe cases, with CD8+ T cells and a subset of NK cells, inflammatory NK cells, showing a statistically
significant higher level (Fig. 2k). These findings are corroborated in a different cohort of patients,
additionally showing a highly significant increase in a tissue-resident signature score for CD8+ T cells
(Fig. 2k). Thus, together, these observations suggest that SARS-CoV-2 infection of lung cells stimulates
CD8+ T cell- and NK cell-attracting cytokines and that these cytotoxic lymphocytes are important for
preventing severe symptoms of COVID-19.

Finally, we tested whether the levels of the SARS-CoV-2 host cell protease TMPRSS2 shows
similar correlations with the levels of CD8+ T cells and NK cells in the lung. In univariate analyses,
baseline TMPRSS2 levels in the lung show significant negative correlations with these lymphocyte

levels, although in multivariate analyses, these are only statistically significant for CD8+ T cells and
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activated NK cells (Fig. 3a-c). The corresponding R and p values are typically also significantly lower
than expected by chance (Fig. 3d,e). Furthermore, TMPRSS2 mRNA and protein levels strongly
correlate (R=0.8048, p<2.2x10-'¢, Fig. 3f) and TMPRSS?2 is in the top 2.5 percentile of genes that show the
strongest mRNA-protein correlation (p<2.2x10-6, Fig. 3g). Additionally, TMPRSS2 expression tends to
correlate negatively with CD8+ T cell- and NK cell-attracting cytokines (Fig. 3h). Therefore, albeit
typically to a lesser extent, baseline TMPRSS2 expression levels in the lung negatively correlate with
the levels of CD8+ T cells and NK cells in a manner similar to ACE2.

Taken together, our observations suggest that a subgroup of individuals may be exceedingly
susceptible to developing severe COVID-19 due to concomitant high pre-existing ACE2 and TMPRSS2

expression and low baseline levels of CD8+ T cells and NK cells in the lung (Fig. 3i).

Discussion

We investigated the baseline expression levels of the SARS-CoV-2 host cell entry receptor ACE2 and
the host cell entry protease TMPRSS2 and the baseline levels of all seven types of anti-viral leukocytes
in 1,927 human lung tissue samples. Although SARS-CoV-2 cellular tropism is broad (16-18), we
focused on lung tissue. In addition to epithelial cells elsewhere in the respiratory tract, alveolar
epithelial cells are thought to be a primary SARS-CoV-2 entry point (16, 28). Consistently, the SARS-
CoV-2 receptor ACE2 is expressed in these cells at the mRNA and protein levels (28, 38-40). Moreover,
in severely affected COVID-19 patients, the lungs are among the few organs that present with the most
life-threatening symptoms. “Cytokine storm”-induced acute respiratory distress syndrome (ARDS),
widespread alveolar damage, pneumonia, and progressive respiratory failure have been observed (41,
42). These indications frequently require admission to intensive care units (ICUs) and mechanical
ventilation and may ultimately be fatal.

Early after infection, rapid activation of the innate immune system is of paramount importance
for the clearance of virus infections. Infected cells typically do so through release of pro-inflammatory

cytokines and chemokines, in particular type I and III interferons (19, 20). Notably, however, several
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studies have highlighted multiple complexities related specifically to SARS-CoV2 and innate immune
system activation at early stages. First, unlike SARS-CoV, SARS-CoV-2-infected lung tissue initially
fails to induce a range of immune cell-recruiting molecules, including several interferons (17, 27),
suggesting that leukocytes are ineffectively recruited to infected lung shortly after infection. Second,
the host cell entry receptor ACE2 has been identified as an interferon target gene (28). Thus, even when
interferons are upregulated in order to recruit immune cells, concomitant upregulation of ACE2
expression may in fact exacerbate SARS-CoV-2 infection (28).

These findings suggest that the levels of immune cells that already reside in the lung prior to
infection are more critical for dampening SARS-CoV-2 infection at early stages than they are for fighting
infections of other viruses. Cytotoxic lymphocytes, including CD8+ T cells and NK cells, are key early
responders to virus infections and these are the cells whose baseline levels we here identify as
significantly reduced in lung tissue with elevated ACE2 and TMPRSS2 expression. That these immune
cells are important in preventing severe COVID-19 is supported by the fact that their levels are
significantly higher in bronchoalveolar lavages from mild patients than from severe patients.
Therefore, our results suggest that individuals with increased baseline susceptibility to SARS-CoV-2
infection in the lungs may also be less well equipped from the outset to mount a rapid anti-viral cellular
immune response (Fig. 3i).

Several observations indicate that these cytotoxic lymphocytes are critically important for effective
control of SARS-CoV-2 infection. Recent studies showed that CD8+ T cells in peripheral blood are
considerably reduced and functionally exhausted in COVID-19 patients, in particular in elderly
patients and in severely affected patients that require ICU admission (43-45). Reduced CD8+ T cell
counts also predict poor COVID-19 patient survival (43). Additionally, CD8+ T cell- and NK cell-
attracting cytokines are upregulated in SARS-CoV-2-infected human lung cells and in lung tissues from
COVID-19 patients and the levels of CD8+ T cells and NK cells are higher in bronchoalveolar lavages

of mildly affected COVID-19 patients than in severe cases (46, 47).
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We found that the five phenotypic parameters, sex, age, BMI, race and smoking history did not
statistically significantly contribute to variation in ACE2 expression in human lung tissue, neither in
univariate nor in multivariate analyses. This is consistent with some studies but inconsistent with
others (42, 48-50). These paradoxical observations may be partially explained by varying gender, age
and race distributions within each study cohort.

Further research will be required to elucidate the precise mechanisms of SARS-CoV-2-induced
activation of the innate immune system early after infection. However, the link that we identified
between high baseline ACE2 and TMPRSS2 expression and reduced cytotoxic lymphocyte levels in
human lung tissue prior SARS-CoV-2 infection is striking. It suggests that increased susceptibility to
SARS-CoV-2 infection in the lungs may be accompanied by a poorer ability to mount a rapid innate
immune response at early stages. This may predict long-term outcome of individuals infected with
COVID-19, given that the levels of CD8+ T cell and NK cell are significantly higher in bronchoalveolar
lavages of mild cases compared to severe patients (46, 47). Finally, it may contribute to the substantial
variation in COVID-19 clinical presentation, ranging from asymptomatic to severe respiratory and

other symptoms.

Methods

Discovery dataset and processing
Gene expression data and corresponding phenotype data from human lung tissues (n=578) were

obtained from the Genotype-Tissue Expression (GTEx) Portal (https://gtexportal.org), managed by the

National Institutes of Health (NIH). Gene expression data were publicly available. Access to phenotype
data required authorization. The GTEx protocol was previously described (29, 30). Briefly, total RNA
was extracted from tissue. Following mRNA isolation, cDNA synthesis and library preparation,
samples were subjected to HiSeq2000 or HiSeq2500 Illumina TrueSeq RNA sequencing. Gene
expression levels were obtained using RNA-5eQC v1.1.9 (51) and expressed in transcripts per million

(TPM). Reported expression levels were loga-transformed, unless otherwise indicated.
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Validation dataset and processing
For validation purposes, the Laval University, University of British-Columbia, Groningen University
(LUG) lung tissue dataset (n=1,349) was used. This dataset was accessed via Gene Expression Omnibus

(GEO; https://www.ncbi.nlm.nih.gov/geo), accession number GSE23546, and was previously described

(52). Briefly, total RNA from human lung tissue samples was isolated, quantified, quality-checked and
used to generate cDNA, which was amplified and hybridized to Affymetrix gene expression arrays.
Arrays were scanned and probe-level gene expression values were normalized using robust multichip
average (RMA). These normalized values were obtained from GEO. To collapse probe-level expression
data to single expression levels per gene, for each gene the probe with the highest median absolute
deviation (MAD) was used. The MAD for each probe p was calculated using equation (1).
MAD(p) = M(|p; — M(p)]) )

Herein, M is the median, p; denotes probe p's expression level in sample i, and M(p) represents the

median signal of probe p.

In silico cytometry

The levels of seven types of leukocytes involved in anti-viral cellular immune response, specifically
CD8+ T cells, resting NK cells, activated NK cells, M1 macrophages, CD4+ T cells, dendritic cells and
neutrophils, were estimated in the discovery and validation lung tissue samples using a previously
described approach (31). Specifically, the following workflow was used. First, only non-log-
transformed expression values were used. Thus, where required, expression values for all samples in
the discovery and validation datasets were reverse-log:-transformed using equation 2.

c=20-1 &)

Herein, c denotes the calculated non-log:-transformed expression counts and ¢; denotes the previously
reported log>-transformed expression counts. Next, to compensate for potential technical differences
between signatures and bulk sample gene expression values due to inter-platform variation, bulk-mode

batch correction was applied. To ensure robustness, deconvolution was statistically analyzed using 100
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permutations. Pearson correlation coefficients R, root mean squared errors (RMSA) and p values are

reported on a per-sample level in Fig. S1a-c and Table S1.

Univariate statistical analyses

Logz-transformed expression levels of ACE2 in lung tissue samples were compared to the estimated
levels of seven leukocyte types or states. Pearson correlation analyses were performed to determine
Pearson correlation coefficients R and p values. P values were adjusted at a false discovery rate of 0.05
to yield g values, as previously described (53). Straight lines represent the minimized sum of squares
of deviations of the data points with 95% confidence intervals shown. Continuous phenotypic
covariates were analyzed in the same way and, additionally, as discrete ordinal categories after binning.
Discrete and binned phenotype data were statistically evaluated using Mann-Whitney U tests. All
analyses were performed in the R computing environment (R Project for Statistical Computing, Vienna,

Austria).

Multivariate regression analyses
Multivariate analyses were performed using standard ordinary least squares regression, summarized

in equation 3.

V= fo+ ) BiX)+ ®)
k=1

Herein, f, denotes the intercept, while B, represents the slope of each variable X, in a model with n

variables and & denotes the random error component. These analyses was performed using R.

Messenger RNA and protein levels in human cells

Available ACE2 and TMPRSS2 mRNA and corresponding protein levels in 52 and 124 human cell lines,
respectively, were obtained from references (54, 55). The correlations between mRNA and protein
levels were analyzed by linear regression analysis using Pearson correlations. Pearson coefficients R
for mRNA-protein level correlations were also determined for 12,015 other genes. To test whether the
ACE2 and TMPRSS2 coefficients and p values were statistically significantly lower than for other genes,

one-sample f tests were used.
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Messenger RNA and protein levels in human tissues
Two types of analyses were performed to compare mRNA and protein levels in human tissues. First,
mRNA expression levels from 40 human tissues were obtained from the Human Protein Atlas

(https://www.proteinatlas.org). These represented the consensus normalized mRNA expression levels

from three sources, specifically, Human Protein Atlas in-house RNAseq data, RNAseq data from the
Genotype-Tissue Expression (GTEx) project and CAGE data from FANTOMS5 project. Corresponding
ordinal human tissue protein expression levels ('not detected', low’, high') were also obtained from the
Human Protein Atlas. These were based on immunohistochemical staining of the tissues using DAB
(3,3'-diaminobenzidine)-labeled antibodies (HPA000288, CAB026174), followed by knowledge-based
annotation, as described on said website. A Kruskal-Wallis test was performed to assess whether
mRNA and protein levels significantly correlated. Second, a meta-analysis was performed. For this,
mRNA and protein expression levels were obtained from nine different sources. Tissue mRNA levels
were obtained from six sources, as determined by Northern blot (56), quantitative RT-PCR (57),
microarray hybridization (58), RNA sequencing (59) and cap analysis of gene expression (60). Tissue
protein levels were obtained from three sources, as determined by mass spectrometry (61) and
immunohistochemistry (39, 62). For each source and tissue, mRINA and protein expression levels were
scored as not detected’, low', 'intermediate’ or 'high' and these received scores of 0-3, respectively. For
each tissue, final mMRNA and protein scores were calculated by averaging and scores from the respective
six and three sources (Table S4). Strength and significance level of the correlation between the final
scores were determined by linear regression analysis using Pearson correlation.

Cytokine levels in SARS-CoV-2-infected lung cells

SARS-CoV-2-induced fold increases in the expression levels of eight cytotoxic lymphocyte-attracting
cytokines, CCL2-5, CXCL9, CXCL10, CXCL16 and IL18, were determined from reference (27). These
represent fold increase in expression in Calu-3 lung cells, 24 hours after infection with SARS-CoV-2 at
a multiplicity of infection of 2, compared to uninfected Calu-3 cells.

Cytokine levels in control and COVID-19 lung tissues
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Baseline levels of above eight cytokines in lung tissues were obtained from the GTEX project, as
described above, and compared to the baseline levels of ACE2, TMPRSS2, CD8+ T cells, resting and
activated NK cells in these tissues, estimated as described above. Their levels were compared using
Spearman's rank correlations (R and p values). For comparison of cytokine levels in post-mortem
COVID-19 lung tissues (n=2) to those in healthy, uninfected lung tissues (n=2), fold increases were
determined following RNAseq analyses and previously reported (27).

Lymphocyte levels in COVID-19 bronchoalveolar lavages

The levels of CD8+ T cells, NK cells and inflammatory NK cells in bronchoalveolar lavages from mild
(n=2) and severe (n=22) COVID-19 patients were reported elsewhere and determined using single-cell
RNAseq (46). Statistical significance levels were assessed using Mann-Whitney U tests. The levels of T
cells and NK cells, as well as CD8+ T cell tissue-resident signature score, in bronchoalveolar lavages

from moderate (n=3) and severe/critical (n=5) COVID-19 patients were reported in another study (47).
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Figure 1. Baseline levels of cytotoxic lymphocytes inversely correlate with ACE2 expression in the

lung.

(a-c) The correlations between the baseline levels of CD8+ T cells, resting NK cells and activated NK
cells (x-axes) and the those of the SARS-CoV-2 host cell receptor ACE2 (y-axes) in human lung tissue
are shown. Data are from the GTEx dataset (n=578). (d-f) The same correlations are shown for lung
tissues in the LUG dataset (n=1,349). Regression lines and 95% confidence intervals are shown. R and p
values: Pearson correlations; g values: Benjamini-Hochberg-adjusted p values using a false discovery
rate of 0.05; mp values: multivariate p values (see Table S3).
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Figure 2. Levels of ACE2 mRNA, ACE2 protein, CD8+ T cells, NK cells and cytokines in lung cells,
lung tissues and COVID-19 patient samples.

(a, b) Pearson R and -logio(p values) of correlations between 1000 randomly sampled genes and the
levels of indicated lymphocytes in lung tissues were determined and plotted. ACE2 Pearson R and p
values are shown as red diamonds. Blue lines indicate means with 95% confidence intervals. Percentiles
for ACE2 with respect to the 1000 random R and p values are shown. Data are from the GTEx dataset
(n=578). P values: one-sample t tests. (c) Correlations between ACE2 mRNA and protein levels in 52
cell lines. R and p values: Pearson correlations. (d) Pearson correlation R values between mRNA and
protein levels of 12,016 genes are compared to the ACE2 R coefficient (red diamond). The box represents
the median and interquartile range. The ACE2 R percentile is also shown. P value: one-sample ¢ test.
(e) Bar graph showing the correlation between ACE2 mRNA and protein levels in human tissues.
Means with standard errors of the means are shown. Samples are from the Human Protein Atlas. P
value: Kruskal-Wallis test. (f) Meta-analysis scatter plot showing the correlation between ACE2 mRNA
and protein levels in 17 human tissues. Data are from 9 different studies, as detailed in Table S4. P
value: Pearson correlation. (g, h) Heatmaps showing Spearman correlations between the levels of ACE2
or indicated cytotoxic lymphocytes and eight cytokines that recruit these cells in human lung tissues
from the GTEx dataset (n=578). Colors of tiles represent Spearman R, as per scale bar on the right.
Spearman significance levels are shown by asterisks. See also Fig. S5. (i, j) Fold increase in expression
levels of indicated cytokines in Calu-3 lung cells 24 hours after SARS-CoV-2 infection compared to
uninfected Calu-3 cells (i), and in post-mortem COVID-19 lung tissues (n=2) to those in healthy,
uninfected lung tissues (n=2) (j). (k) Comparison of indicated fractions of lymphocyte levels in
bronchoalveolar lavages of mild/moderate and severe COVID-19 patients, as determined in two
separate studies (46, 47). The second also determined a tissue resident (TR) score for CD8+ T cells.
Numbers in the mild/moderate column on the left show fold increase compared to the respective severe
cases on the right. Asterisks in the severe column on the right represent statistical significance levels,
as determined my Mann-Whitney U tests (top panel), or ¢ tests (middle and bottom panels) comparing
mild/moderate to severe cases. P value abbreviations: ¥, p<0.05; **, p<0.01; ***, p<0.001; ****, p<0.0001; ¥,
p<2.2x10-1.
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Figure 3. Levels of TMPRSS2 mRNA, TMPRSS2 protein and cytokines in lung cells and tissues.
(a-c) Pearson correlations between baseline levels of indicated lymphocytes and TMPRSS2 in human
lung tissue, as Figure 1a-c. Data are from the GTEx dataset (n=578). (d, ) Pearson R and -logu(p values)
of correlations between 1000 randomly sampled genes and the levels of indicated lymphocytes in lung
tissues, as in Figure 2a,b. TMPRSS2 Pearson R and p values are shown as green diamonds. (f)
Correlations between TMPRSS2 mRNA and protein levels in 124 cell lines. R and p values: Pearson
correlations. (g) Pearson correlation R values between mRNA and protein levels of 12,016 genes are
compared to the TMPRSS2 R coefficient (green diamond). The box represents the median and
interquartile range. The TMPRSS2 R percentile is also shown. P value: one-sample ¢ test. (h) Heatmap
showing Spearman correlations between the levels of TMPRSS2 and cytokines in human lung tissues
from the GTEx dataset (n=578), as in Figure 2h. (i) Individuals with high baseline levels of ACE2 and
TMPRSS2 show low baseline tissue-resident levels of cytotoxic lymphocytes in the lung. We propose
that this may jointly predispose these individuals to development of severe COVID-19.
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Supplementary Information

Low baseline pulmonary levels of cytotoxic lymphocytes as a predisposing risk factor for severe
COVID-19
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Figure S1. In silico cytometry statistics.

Per-sample statistics of in silico cytometry on human lung tissues are shown for the GTEx (n=578) and
LUG (n=1,349) datasets. (a) Pearson correlation coefficients R. (b) Root mean square errors (RMSE). (c)
p values. P values < 2.2x10-6 were processed as equal to 2.2x10-¢. Source data are provided in Table S1.
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Figure S2. Correlations between baseline anti-viral leukocyte levels and ACE2 expression
levels in human lung tissues.

(a-d) The correlations between the baseline levels of indicated immune cell types (x-axes) and the
expression level of the SARS-CoV-2 host cell receptor ACE2 (y-axis) in human lung tissue are shown.
Data are from the GTEx dataset (n=578). Regression lines and 95% confidence intervals are shown. R
and p values: Pearson correlations; g values: Benjamini-Hochberg-adjusted p values using a false
discovery rate of 0.05. See also Figure 1.
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Figure S3. Correlation between baseline M1 macrophage
levels and ACE2 expression level in human lung tissue.

The correlation between these variables is shown as described in
Figure S2. Data are from the LUG dataset (n=1,349).
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Figure S4. Univariate analyses of phenotypic covariates included in multivariate analyses.
Univariate analyses of five covariates that were included in multivariate analyses of ACE2 and
TMPRSS2 expression in human lung tissue using the GTEx dataset (Tables S2, S3). (a) Sex. (b) Age, (c)
Race. (d, e) Body mass index. (f-j) Smoking behavior, referring to smoking status (smoker/non-smoker)
(f), number of units smoked during the smoke period (g, h) and number of years smoked (j, j). P values
in categorical analyses: Mann-Whitney U tests. R and p values in continuous analyses: Pearson
correlations. P values in panels h and j are only shown if p<0.05. Sample numbers (n) are shown on the
X-axes.

Supplementary Page 2 of 12


https://doi.org/10.1101/2020.05.04.075291
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.05.04.075291. this version posted July 31, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder. It is made available under a CC-BY-NC-ND 4.0 International license.

a b c
10 o R=0.3818 10d ° R=0.1582 10 °
1 & p<22x107"® I p=13x10" i e o
o o © =Y o
N & o
" 3
o 5
4 R =0.6627
5 ° p<22x107"6
2] n=578
T T T T T T T T T T T T T
0.0 0.1 0.2 0.3 0.0 0.1 0.2 0.3 0.00 0.05 0.10 0.15 0.20
CD8+ T cells NK cells resting NK cells activated
d e f
° 40 ©
o o
81 o ) 8 ° © o
0 0 64 [Te)
| — —
O o o
O o &)
PO 4+
& 00 R=0.7386 o2& R=0.3477
° p<2.2x1071° ¢ p<22x1071° ° p=2.9x10"5
2 ° n=578 2 ° n=578 o] © n=578
T T T T T T T T T T T T T
0.0 0.1 0.2 0.3 0.0 0.1 0.2 0.3 0.00 0.05 0.10 0.15 0.20
CD8+ T cells NK cells resting NK cells activated

Figure S5. Correlations between baseline levels of cytotoxic lymphocytes and CCL4 and
CCL5 in human lung tissue.

The correlations between baseline levels of the chemokines CCL4, CCL5 and CD8+ T cells, resting and
activated NK cells in human lung tissue are shown. Data are from the GTEx dataset (n=578). R and p
values: Spearman correlations. See also Figure 2g.
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29 072923843 071907274 156575773 0782376 0682771  15.65758 132 081529304 062630844 156575773 076203 0706059 1565758
30 055756861  0.82973695  15.6575773 0726186 073166  15.65758 133 080319014 065161174 156575773 0774558 0703944 1565758
31 062325326 079139104 156575773 0813847  0.649338  15.65758 134 067283271 076493473 156575773 0809132 0.65769 1565758
32 063886768 077930092 156575773 0805055  0.660688  15.65758 135 0.60445736 07972835 156575773 0799303  0.665812 1565758
33 044888773 089528101  15.6575773 0736178 0715388  15.65758 136 0.67770028 07593337 156575773 0810735  0.658945 1565758
34 068212751 074938995 156575773 0811061 0663174  15.65758 137 073847589 072632252 156575773 0739253 0720143 1565758
35 073205242 068283704 156575773 0.68782 0758606  15.65758 138 074601418 072300831 156575773 0662395 0771096 1565758
36 068262106 075168703 156575773 0819304 0652341  15.65758 139 070236846 073427486 156575773 0758509 0702472 1565758
37 048008816  0.88349271 156575773 0762902 0701996  15.65758 140 081865779 057914457 156575773 0678185 0757806 1565758
38 045440411 089026941 156575773 0685527 0761058  15.65758 141 074338605 072207604 156575773 042344 0908166 1565758
39 060434542 079776549  15.6575773 0768102  0.690433  15.65758 142 084727784 0.64446399 156575773 081911 064399 15.65758
40 082054193 057404279 156575773 0835847 0617019 1565758 143 081034984 066762845 156575773 0669108 0769303 1565758
41 069813151 075070076  15.6575773 0835447 0633442 15.65758 144 087262691 056850327 156575773 0816395  0.660872 1565758
42 062125354 078878221 156575773 0774305  0.690438  15.65758 145 073770041 071204382 156575773 0793646  0.684506 1565758
43 075157392 068798327 156575773 0821192 0634717  15.65758 146 072007362 072191013 156575773 0761751  0.693291 1565758
44 038777408 092960941 156575773 0736161 0721822  15.65758 147 035159383 095375304 156575773 0735312 0718459 1565758
45 082524164 063701517 156575773 0774914  0.694771  15.65758 148 068133293 074550045 156575773 0860572 0577393 1565758
46 051701022 086026052 156575773 0817019 065777  15.65758 149 064469881 078311107 156575773 0738542 0728356 1565758
47 056007914  0.83677468  15.6575773 08374 0597228 1565758 150 076699006  0.65770387 156575773 0736961 0715982 1565758
48 071308175 070717759 156575773 0763472 070808  15.65758 151 065261002 077708712 156575773 0852436  0.606723 1565758
49 062706859 079677808  15.6575773 0723793 0732254  15.65758 152 069092728 072802414 156575773 0815421 0643371 1565758
50 071172223 074130879 156575773 0840075 0586469  15.65758 153 066815765 075516493 156575773 0852101  0.600422 1565758
51 077950068  0.64522993  15.6575773 0780776  0.690774  15.65758 154 072338 072113486 156575773  0.823008  0.647346  15.65758
52 068360264 074101263 156575773 0781202  0.687471  15.65758 155 061294783 080524366 156575773 081933 0649554 1565758
53 084172362 0.62704355  15.6575773 0784475 0654503  15.65758 156 068029826 076974972 156575773  0.824095  0.637462 1565758
54 031660643 095729498  15.6575773 0796829  0.669602  15.65758 157 06574042 077689403 156575773 0793561  0.684478 1565758
55 068785982 075314287  15.6575773 0700059 0745584  15.65758 158 066517798 075270397 156575773 0779435  0.670839 1565758
56 070464449 074925695  15.6575773 0795957  0.679328  15.65758 159 060275426 079751146 156575773 0761359 0703594 1565758
57 070970752 074479217 15.6575773 0823785 0631725  15.65758 160 064954584 077630178 156575773 0768137  0.696951 1565758
58 062238004 079602679 156575773 0793232  0.683047  15.65758 161 033783197 09496664 156575773 0826736  0.647421 1565758
59 052698581  0.84930394 156575773 0819992  0.646026  15.65758 162 064145073 077269795 156575773 0736982 071602 1565758
60 073123587 070101211 156575773 0749767  0.699034  15.65758 163 057302665 082115977 156575773 0762553  0.681568 1565758
61 07674915 070041919 156575773 0727959 0726717  15.65758 164 066410007 076511238 156575773 0711566 0737221 1565758
62 062789934 078044364 156575773 0770688 0703886  15.65758 165 069744735 072988507 156575773 074463 0720025 1565758
63 060410025 080136883 156575773 0737926 0714894  15.65758 166 084479041 063148691 156575773 0844184 0609722 1565758
64 057227658  0.82550032  15.6575773 0749034 0706154  15.65758 167 065019929 075998999 156575773 0737026 0722095 1565758
65 076991092  0.65403992 156575773 0746872 0711794  15.65758 168 061418142 081586006 156575773 0782789  0.677807 1565758
66 068588497 073930282  15.6575773 0742272 0717509  15.65758 169 024425278 099608952 156575773 0724606 0723865 1565758
67 060545218 080540731  15.6575773 0693004 074553  15.65758 170 079420928 068015397 156575773 0820238  0.638723 1565758
68 072715468 070593705  15.6575773 0725727 0725521  15.65758 171 069498389 072872033 156575773 0677837 0760919 1565758
69 0.82042443 063454869 156575773 0805247  0.660876  15.65758 172 054730348 08376161 156575773 0757639 0709778 1565758
70 071425946 07176295 156575773 0.825733  0.620069 1565758 173 059771908 0.80182968 156575773 0752393  0.699098 1565758
71 077765493 066701741 156575773 0766407 069845  15.65758 174 079089542 061525168 156575773 0772723 0.691779 1565758
72 070485216 071288925 156575773 0738098 0727688  15.65758 175 073268118 071735237 156575773 0789165  0.662873 1565758
73 070049108 072082562 156575773 0761357 0701782  15.65758 176 064544132 077395979 156575773 0790608  0.678914 1565758
74 049204211 087118578 156575773 0772676 0.688762  15.65758 177 072990485 073814333 156575773 0755187 0712886 1565758
75 074102721 069347067 156575773 0738963 0717142 15.65758 178 069403073 075451906 156575773 0859342  0.61968 1565758
76 068292334 074742974 156575773 0820638  0.654015  15.65758 179 071895773 070207397 156575773 0787019  0.674599 1565758
77 068202831 074271381 156575773  0.804679  0.677565  15.65758 180 084347043 061851737 156575773 0740603 0718527 1565758
78 066058818 077004578 156575773 0814325  0.667653  15.65758 181 070251848 075091921 156575773 077875 0650124 1565758
79 061258367 07911726 156575773 071589 0727023 1565758 182 072978884 072399499 156575773 0806435  0.669966 1565758
80 066021942 076245576 156575773 0757175 0711845  15.65758 183 059919488 081391231 156575773 0658888 0772346 1565758
81 073545094 070171276 156575773 0745553 071137  15.65758 184 066052791 075134944 156575773 0.69686 0749192 1565758
82 076539688 070190687  15.6575773 0812 0653151  15.65758 185 065048202 077740456 156575773 0753158 0706553 1565758
83 052249671 085192189 156575773 0747185 0716424 15.65758 186 054895017  0.84003207 156575773 0733403 0714169 1565758
84 050301948 086526106  15.6575773 0803403  0.669913  15.65758 187 076845936 066732278 156575773 0774229  0.685554 1565758
85 051410756  0.85722208  15.6575773 0787927  0.672406  15.65758 188 060680086  0.80270009 156575773 0715689 0736403 1565758
86 054248051  0.84295889 156575773 0672214 076654  15.65758 189 054034402 084167912 156575773 0818287  0.660603 1565758
87 054325456  0.83888963  15.6575773 0705861 0743058  15.65758 190 069362566 074127999 156575773 074269 0723009 1565758
88 0.67174415 07604468 156575773 0704747 0743665  15.65758 191 034119349 095065248 156575773 0838666  0.614078 1565758
89 019835402 1.04850401 2 0804903 0.650558 1565758 192 076556764 0.65038664 156575773 0814702 0.660265 1565758
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193 0.72599161 0.74095472 15.6575773 0.7571 0.715478 15.65758 296 0.69769203 0.74067558 15.6575773 0.73447 0.722677 15.65758
194 0.66043078 0.75269024 15.6575773 0.75468 0.709712 15.65758 297 0.62942763 0.79526233 15.6575773 0.740265 0.722765 15.65758
195 0.56001772 0.83338094 15.6575773 0.716521 0.732976 15.65758 298 0.34273059 0.95188053 15.6575773 0.757274 0.714485 15.65758
196 0.81838675 0.60658809 15.6575773 0.821864 0.636654 15.65758 299 0.86048091 0.54256793 15.6575773 0.841756 0.592278 15.65758
197 0.77302519 0.63590636 15.6575773 0.647836 0.784919 15.65758 300 0.61614358 0.79170506 15.6575773 0.800507 0.654171 15.65758
198 0.54390926 0.84098442 15.6575773 0.747368 0.708886 15.65758 301 0.67335919 0.75445336 15.6575773 0.770732 0.701699 15.65758
199 0.67961129 0.75558107 15.6575773 0.763616 0.689703 15.65758 302 0.35345743 0.94275013 15.6575773 0.768785 0.698409 15.65758
200 0.60649215 0.7960565 15.6575773 0.812353 0.6419 15.65758 303 0.71042911 0.74494089 15.6575773 0.767138 0.701982 15.65758
201 0.48456997 0.87433601 15.6575773 0.79388 0.651875 15.65758 304 0.8477898 0.53334989 15.6575773 0.864484 0.58774 15.65758
202 0.81596176 0.64460334 15.6575773 0.761849 0.690674 15.65758 305 0.67903314 0.73579422 15.6575773 0.731853 0.725057 15.65758
203 0.74966186 0.66777995 15.6575773 0.781606 0.663368 15.65758 306 0.63507411 0.79044464 15.6575773 0.737426 0.715749 15.65758
204 0.75464334 0.65831696 15.6575773 0.821076 0.660814 15.65758 307 0.64005978 0.78176292 15.6575773 0.77896 0.686587 15.65758
205 0.74968041 0.72670082 15.6575773 0.796044 0.666209 15.65758 308 0.66719365 0.75715937 15.6575773 0.671694 0.759826 15.65758
206 0.81399703 0.58351606 15.6575773 0.791838 0.680987 15.65758 309 0.68957512 0.75765528 15.6575773 0.753502 0.716508 15.65758
207 0.68506628 0.75996461 15.6575773 0.789881 0.689701 15.65758 310 0.48493149 0.88565917 15.6575773 0.756836 0.700051 15.65758
208 0.6360702 0.78975549 15.6575773 0.809869 0.647442 15.65758 311 0.39856453 0.92223475 15.6575773 0.758049 0.707652 15.65758
209 0.58242464 0.81682636 15.6575773 0.724377 0.731891 15.65758 312 0.78137492 0.66483924 15.6575773 0.790423 0.68897 15.65758
210 0.68684771 0.75712965 15.6575773 0.804232 0.670361 15.65758 313 0.78942621 0.64359881 15.6575773 0.814714 0.667971 15.65758
211 0.75432658 0.70731847 15.6575773 0.772383 0.700347 15.65758 314 0.76627041 0.66710032 15.6575773 0.824011 0.654317 15.65758
212 0.74763336 0.70352207 15.6575773 0.79732 0.668725 15.65758 315 0.825058 0.58586794 15.6575773 0.811953 0.63457 15.65758
213 0.7345029 0.69096848 15.6575773 0.820374 0.643138 15.65758 316 0.69565437 0.72924025 15.6575773 0.736519 0.721321 15.65758
214 0.38555341 0.92473624 15.6575773 0.786387 0.671845 15.65758 317 0.61540866 0.79928767 15.6575773 0.817248 0.628069 15.65758
215 0.66480243 0.77317655 15.6575773 0.722954 0.725167 15.65758 318 0.67771209 0.75088031 15.6575773 0.70467 0.746934 15.65758
216 0.53238055 0.8501063 15.6575773 0.661335 0.76966 15.65758 319 0.52363313 0.85124364 15.6575773 0.75058 0.71488 15.65758
217 0.49614753 0.87117367 15.6575773 0.747917 0.713147 15.65758 320 0.87085539 0.54369011 15.6575773 0.673283 0.761646 15.65758
218 0.62848809 0.78155805 15.6575773 0.754777 0.713618 15.65758 321 0.81630204 0.61709377 15.6575773 0.816021 0.658796 15.65758
219 0.34756065 0.9461676 15.6575773 0.812003 0.672584 15.65758 322 0.64594725 0.7857347 15.6575773 0.745291 0.710347 15.65758
220 0.71911963 0.70564645 15.6575773 0.752694 0.706264 15.65758 323 0.44286124 0.89777843 15.6575773 0.762003 0.70251 15.65758
221 0.59834917 0.81128019 15.6575773 0.790308 0.685963 15.65758 324 0.56375425 0.82688696 15.6575773 0.743416 0.704938 15.65758
222 0.47498616 0.87943216 15.6575773 0.836905 0.637796 15.65758 325 0.66011937 0.77486623 15.6575773 0.730243 0.715486 15.65758
223 0.60689839 0.79634132 15.6575773 0.799052 0.669879 15.65758 326 0.64587618 0.7778332 15.6575773 0.76491 0.691397 15.65758
224 0.50019681 0.86724342 15.6575773 0.793398 0.663917 15.65758 327 0.81350517 0.63650257 15.6575773 0.83337 0.653997 15.65758
225 0.62729209 0.79058412 15.6575773 0.781364 0.688733 15.65758 328 0.67892547 0.74199618 15.6575773 0.7595 0.706742 15.65758
226 0.46225126 0.88865426 15.6575773 0.780071 0.690821 15.65758 329 0.67768412 0.75595947 15.6575773 0.783379 0.683794 15.65758
227 0.67231135 0.76832341 15.6575773 0.787926 0.675839 15.65758 330 0.57931722 0.82302225 15.6575773 0.823863 0.638998 15.65758
228 0.64748332 0.76768051 15.6575773 0.82181 0.631713 15.65758 331 0.8277393 0.60774943 15.6575773 0.727557 0.728405 15.65758
229 0.62251406 0.78420097 15.6575773 0.843974 0.604237 15.65758 332 0.63872241 0.78657921 15.6575773 0.85217 0.641538 15.65758
230 0.8183653 0.67757687 15.6575773 0.731429 0.728452 15.65758 333 0.79485073 0.61411864 15.6575773 0.783887 0.686954 15.65758
231 0.75270747 0.71496551 15.6575773 0.763006 0.705997 15.65758 334 0.67857081 0.75136256 15.6575773 0.822722 0.645722 15.65758
232 0.6068207 0.79963664 15.6575773 0.74788 0.711903 15.65758 335 0.63648825 0.78721863 15.6575773 0.742859 0.718157 15.65758
233 0.58879924 0.8080764 15.6575773 0.750129 0.707874 15.65758 336 0.81332719 0.61821189 15.6575773 0.733941 0.722593 15.65758
234 0.19851404 1.02630196 2 0.796418 0.649542 15.65758 337 0.57055958 0.82872707 15.6575773 0.825853 0.627373 15.65758
235 0.71390061 0.74582221 15.6575773 0.719688 0.729439 15.65758 338 0.63713995 0.78837872 15.6575773 0.758108 0.704373 15.65758
236 0.76283788 0.68148595 15.6575773 0.76701 0.698827 15.65758 339 0.68086742 0.75679822 15.6575773 0.71921 0.721512 15.65758
237 0.60732441 0.79707316 15.6575773 0.557045 0.836521 15.65758 340 0.72934189 0.72734226 15.6575773 0.757114 0.710346 15.65758
238 0.54137454 0.84031461 15.6575773 0.786279 0.675397 15.65758 341 0.83192681 0.64921726 15.6575773 0.75686 0.717091 15.65758
239 0.57237844 0.82061417 15.6575773 0.772489 0.694027 15.65758 342 0.78246491 0.63642252 15.6575773 0.829994 0.634412 15.65758
240 0.89292037 0.45411744 15.6575773 0.791821 0.645896 15.65758 343 0.60465147 0.80669847 15.6575773 0.79388 0.683538 15.65758
241 0.65583111 0.75916878 15.6575773 0.725282 0.728549 15.65758 344 0.53641883 0.84358496 15.6575773 0.780861 0.675445 15.65758
242 0.774149 0.70954979 15.6575773 0.835758 0.615321 15.65758 345 0.68972396 0.74980173 15.6575773 0.731879 0.718151 15.65758
243 0.67806547 0.76133731 15.6575773 0.749561 0.716408 15.65758 346 0.75841901 0.68770193 15.6575773 0.77734 0.681967 15.65758
244 0.49364517 0.86885487 15.6575773 0.667615 0.773075 15.65758 347 0.80725538 0.64476958 15.6575773 0.752977 0.706004 15.65758
245 0.536933 0.84322847 15.6575773 0.765581 0.683119 15.65758 348 0.5775612 0.86913574 15.6575773 0.79143 0.662081 15.65758
246 0.70872418 0.7067122 15.6575773 0.734532 0.72122 15.65758 349 0.69500163 0.75067582 15.6575773 0.722789 0.727697 15.65758
247 0.77589014 0.67296294 15.6575773 0.674216 0.766718 15.65758 350 0.66147917 0.7569634 15.6575773 0.829693 0.633217 15.65758
248 0.80072619 0.61393943 15.6575773 0.803479 0.666537 15.65758 351 0.61676661 0.79240063 15.6575773 0.781361 0.685954 15.65758
249 0.65988256 0.77526385 15.6575773 0.787501 0.678435 15.65758 352 0.82856033 0.60122032 15.6575773 0.654186 0.7776 15.65758
250 0.68068467 0.74091501 15.6575773 0.76172 0.703398 15.65758 353 0.70617192 0.72990498 15.6575773 0.712173 0.734328 15.65758
251 0.73244551 0.70928926 15.6575773 0.795979 0.678793 15.65758 354 0.73457706 0.68664734 15.6575773 0.824215 0.647241 15.65758
252 0.75354693 0.67422913 15.6575773 0.776025 0.688462 15.65758 355 0.31359627 0.9629867 15.6575773 0.769599 0.669602 15.65758
253 0.63254677 0.79478404 15.6575773 0.798442 0.680254 15.65758 356 0.45186184 0.89129695 15.6575773 0.805541 0.659896 15.65758
254 0.6153526 0.79113624 15.6575773 0.738534 0.71802 15.65758 357 0.59299302 0.81308118 15.6575773 0.79006 0.69253 15.65758
255 0.56034604 0.82753621 15.6575773 0.787161 0.676819 15.65758 358 0.53800577 0.84725377 15.6575773 0.736027 0.732259 15.65758
256 0.77369824 0.65969904 15.6575773 0.744086 0.717224 15.65758 359 0.76431043 0.70604349 15.6575773 0.714312 0.735142 15.65758
257 0.85411372 0.56176758 15.6575773 0.786093 0.665727 15.65758 360 0.17025679 1.03808476 2 0.761171 0.70684 15.65758
258 0.57687458 0.81685974 15.6575773 0.801868 0.644505 15.65758 361 0.68547218 0.75350995 15.6575773 0.688967 0.757115 15.65758
259 0.69854543 0.73007923 15.6575773 0.735325 0.72027 15.65758 362 0.66379789 0.75864982 15.6575773 0.827252 0.637705 15.65758
260 0.26945451 0.97889818 15.6575773 0.820929 0.652595 15.65758 363 0.73369752 0.71775636 15.6575773 0.818534 0.667334 15.65758
261 0.84318789 0.58198357 15.6575773 0.742597 0.714365 15.65758 364 0.64338608 0.77553813 15.6575773 0.835611 0.609172 15.65758
262 0.69618896 0.75954336 15.6575773 0.81396 0.632136 15.65758 365 0.69103689 0.7409776 15.6575773 0.776392 0.696328 15.65758
263 0.44164111 0.89711877 15.6575773 0.825774 0.638587 15.65758 366 0.64556511 0.76519122 15.6575773 0.766746 0.691208 15.65758
264 0.63749278 0.78479043 15.6575773 0.705999 0.744879 15.65758 367 0.69142432 0.75020049 15.6575773 0.824394 0.627898 15.65758
265 0.86949088 0.57450335 15.6575773 0.817806 0.658609 15.65758 368 0.71035602 0.70416429 15.6575773 0.74401 0.696828 15.65758
266 0.8281639 0.5636942 15.6575773 0.768556 0.680677 15.65758 369 0.57393374 0.82158152 15.6575773 0.80995 0.653886 15.65758
267 0.66002965 0.75860091 15.6575773 0.849624 0.608813 15.65758 370 0.7680132 0.64222566 15.6575773 0.822591 0.612494 15.65758
268 0.75685307 0.71151029 15.6575773 0.737617 0.723191 15.65758 371 0.51849301 0.85746835 15.6575773 0.728594 0.726031 15.65758
269 0.57332907 0.82288263 15.6575773 0.710483 0.723503 15.65758 372 0.74486079 0.68363681 15.6575773 0.768782 0.709896 15.65758
270 0.84539899 0.59464806 15.6575773 0.784225 0.68118 15.65758 373 0.71912939 0.72351411 15.6575773 0.7362 0.723434 15.65758
271 0.76104507 0.65077789 15.6575773 0.728 0.728922 15.65758 374 0.66855253 0.75030359 15.6575773 0.802292 0.64371 15.65758
272 0.6640011 0.76063509 15.6575773 0.740465 0.716417 15.65758 375 0.71500557 0.7087689 15.6575773 0.728628 0.710208 15.65758
273 0.66142851 0.75573128 15.6575773 0.792563 0.679757 15.65758 376 0.57674964 0.82619145 15.6575773 0.759353 0.693681 15.65758
274 0.09561775 1.06392067 0.92081875 0.804311 0.656906 15.65758 377 0.75240956 0.69466386 15.6575773 0.763747 0.704828 15.65758
275 0.59691428 0.81195173 15.6575773 0.764963 0.695617 15.65758 378 0.73022512 0.73899983 15.6575773 0.772411 0.695916 15.65758
276 0.66214351 0.77044357 15.6575773 0.796255 0.672442 15.65758 379 0.71941842 0.7101646 15.6575773 0.73949 0.724477 15.65758
277 0.77865783 0.65298519 15.6575773 0.827325 0.657303 15.65758 380 0.67653551 0.747337 15.6575773 0.795691 0.664514 15.65758
278 0.54618294 0.84078972 15.6575773 0.662821 0.768781 15.65758 381 0.80205415 0.63943573 15.6575773 0.729668 0.723158 15.65758
279 0.6933973 0.73413878 15.6575773 0.762835 0.700561 15.65758 382 0.67812514 0.74188468 15.6575773 0.789552 0.671616 15.65758
280 0.68076046 0.7351417 15.6575773 0.751751 0.695009 15.65758 383 0.70053945 0.73368547 15.6575773 0.81552 0.665196 15.65758
281 0.64173496 0.7808481 15.6575773 0.738474 0.711002 15.65758 384 0.57307317 0.81988861 15.6575773 0.788056 0.68082 15.65758
282 0.62576569 0.80110413 15.6575773 0.816107 0.653323 15.65758 385 0.66552644 0.76345452 15.6575773 0.775621 0.694257 15.65758
283 0.7198404 0.69761934 15.6575773 0.775223 0.682029 15.65758 386 0.65402125 0.76145584 15.6575773 0.798758 0.641243 15.65758
284 0.55056818 0.83413069 15.6575773 0.836076 0.628981 15.65758 387 0.6513516 0.76530441 15.6575773 0.72543 0.73445 15.65758
285 0.70713266 0.71949422 15.6575773 0.751681 0.701574 15.65758 388 0.31307892 0.95940365 15.6575773 0.786517 0.681791 15.65758
286 0.42489912 0.90477606 15.6575773 0.783174 0.692962 15.65758 389 0.61140943 0.79425297 15.6575773 0.755092 0.696874 15.65758
287 0.731716 0.71285487 15.6575773 0.768599 0.690812 15.65758 390 0.73779991 0.67695028 15.6575773 0.740136 0.722908 15.65758
288 0.81458549 0.62653519 15.6575773 0.741483 0.706972 15.65758 391 0.26437683 0.98097019 15.6575773 0.78094 0.683336 15.65758
289 0.66883619 0.74993427 15.6575773 0.779969 0.693146 15.65758 392 0.49064682 0.8706901 15.6575773 0.823799 0.640414 15.65758
290 0.59842802 0.80157266 15.6575773 0.68451 0.759285 15.65758 393 0.53421455 0.84814431 15.6575773 0.786727 0.677893 15.65758
291 0.65410643 0.77468509 15.6575773 0.818814 0.645443 15.65758 394 0.76957242 0.64990945 15.6575773 0.80014 0.675833 15.65758
292 0.71982128 0.70302377 15.6575773 0.748352 0.713861 15.65758 395 0.76838601 0.69168466 15.6575773 0.855299 0.613982 15.65758
293 0.84054467 0.58340764 15.6575773 0.772643 0.689538 15.65758 396 0.74465165 0.72117884 15.6575773 0.731772 0.717993 15.65758
294 0.65200613 0.78014444 15.6575773 0.682554 0.758181 15.65758 397 0.82607666 0.56872887 15.6575773 0.760158 0.703722 15.65758
295 0.43740953 0.8993488 15.6575773 0.764508 0.673325 15.65758 398 0.54116533 0.84420808 15.6575773 0.823615 0.648303 15.65758
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399 0.75380773 0.69201404 15.6575773 0.754296 0.710553 15.65758 502 0.68434553 0.74872971 15.6575773 0.709174 0.745781 15.65758
400 0.70056472 0.73641256 15.6575773 0.828156 0.62062 15.65758 503 0.83047442 0.65821388 15.6575773 0.872401 0.59495 15.65758
401 0.30317843 0.97100511 15.6575773 0.744932 0.720282 15.65758 504 0.6976008 0.72715378 15.6575773 0.756366 0.70927 15.65758
402 0.42704837 0.90400651 15.6575773 0.760689 0.697853 15.65758 505 0.45165395 0.89565841 15.6575773 0.795147 0.685827 15.65758
403 0.73250295 0.68569706 15.6575773 0.743454 0.716956 15.65758 506 0.79364162 0.68147898 15.6575773 0.821229 0.585546 15.65758
404 0.63998157 0.77148253 15.6575773 0.797208 0.674443 15.65758 507 0.72811617 0.69173956 15.6575773 0.735752 0.722935 15.65758
405 0.18982386 1.02679717 2 0.803261 0.64979 15.65758 508 0.3902897 0.92240038 15.6575773 0.735647 0.712962 15.65758
406 0.83707936 0.55007538 15.6575773 0.767848 0.693432 15.65758 509 0.67516731 0.76343468 15.6575773 0.731546 0.696748 15.65758
407 0.74339517 0.67975992 15.6575773 0.833875 0.634358 15.65758 510 0.75947913 0.70850583 15.6575773 0.647702 0.782054 15.65758
408 0.74793287 0.67889893 15.6575773 0.820188 0.623863 15.65758 511 0.68924142 0.75321705 15.6575773 0.786892 0.686214 15.65758
409 0.70750911 0.71679886 15.6575773 0.824295 0.654846 15.65758 512 0.6297176 0.785607 15.6575773 0.719129 0.72712 15.65758
410 0.77867297 0.67583158 15.6575773 0.700145 0.749118 15.65758 513 0.72722106 0.72063911 15.6575773 0.695228 0.754684 15.65758
411 0.69289092 0.7567346 15.6575773 0.787082 0.681237 15.65758 514 0.68145715 0.74036507 15.6575773 0.74899 0.716309 15.65758
412 0.83317722 0.56288769 15.6575773 0.789655 0.679567 15.65758 515 0.51438259 0.85866594 15.6575773 0.796234 0.651528 15.65758
413 0.70542758 0.74607318 15.6575773 0.818843 0.651949 15.65758 516 0.43424789 0.9026355 15.6575773 0.795587 0.655116 15.65758
414 0.60418303 0.81035751 15.6575773 0.788503 0.683418 15.65758 517 0.71897431 0.7125138 15.6575773 0.754364 0.699159 15.65758
415 0.77263732 0.68624395 15.6575773 0.749337 0.713422 15.65758 518 0.71162204 0.73098453 15.6575773 0.805436 0.654452 15.65758
416 0.77999501 0.64430522 15.6575773 0.857768 0.596827 15.65758 519 0.67510939 0.74560581 15.6575773 0.716585 0.739683 15.65758
417 0.65819066 0.76349394 15.6575773 0.721292 0.738618 15.65758 520 0.55766011 0.83863379 15.6575773 0.882547 0.567297 15.65758
418 0.84534771 0.61412027 15.6575773 0.742444 0.719647 15.65758 521 0.59129059 0.80753152 15.6575773 0.856421 0.604516 15.65758
419 0.72107122 0.74360552 15.6575773 0.756215 0.697051 15.65758 522 0.74657949 0.66745387 15.6575773 0.828337 0.626874 15.65758
420 0.69186243 0.76327487 15.6575773 0.823636 0.661281 15.65758 523 0.7467179 0.6935483 15.6575773 0.678775 0.763916 15.65758
421 0.67704186 0.7557326 15.6575773 0.824067 0.644177 15.65758 524 0.5065352 0.86178731 15.6575773 0.847128 0.638282 15.65758
422 0.61801931 0.79213051 15.6575773 0.838228 0.606988 15.65758 525 0.78742553 0.69741061 15.6575773 0.733981 0.721383 15.65758
423 0.39774019 0.92016505 15.6575773 0.826148 0.66437 15.65758 526 0.66099005 0.75171893 15.6575773 0.737659 0.722559 15.65758
424 0.66725127 0.76451426 15.6575773 0.764849 0.688124 15.65758 527 0.56290276 0.83293325 15.6575773 0.772807 0.712841 15.65758
425 0.86750801 0.54605993 15.6575773 0.750045 0.692775 15.65758 528 0.611358 0.8006772 15.6575773 0.683897 0.747429 15.65758
426 0.65224792 0.76255366 15.6575773 0.71395 0.738439 15.65758 529 0.74761565 0.708675 15.6575773 0.63868 0.789178 15.65758
427 0.70968908 0.70488503 15.6575773 0.812222 0.649952 15.65758 530 0.65065973 0.78088125 15.6575773 0.834756 0.639608 15.65758
428 0.8144281 0.61899063 15.6575773 0.794581 0.670675 15.65758 531 0.73842592 0.73296533 15.6575773 0.74666 0.707866 15.65758
429 0.55162367 0.8352793 15.6575773 0.711564 0.739971 15.65758 532 0.63274813 0.79526962 15.6575773 0.712008 0.733241 15.65758
430 0.81451033 0.65313459 15.6575773 0.774304 0.678878 15.65758 533 0.47611626 0.87863921 15.6575773 0.760208 0.706667 15.65758
431 0.64322032 0.76959099 15.6575773 0.815513 0.651896 15.65758 534 0.6269829 0.78209819 15.6575773 0.790969 0.682922 15.65758
432 0.76139424 0.6525384 15.6575773 0.699841 0.747594 15.65758 535 0.60912433 0.80380809 15.6575773 0.73324 0.729745 15.65758
433 0.70921862 0.72550022 15.6575773 0.811825 0.637925 15.65758 536 0.74499571 0.70205367 15.6575773 0.832417 0.653584 15.65758
434 0.57747588 0.82639924 15.6575773 0.759339 0.701199 15.65758 537 0.27125903 0.99280928 15.6575773 0.719435 0.731626 15.65758
435 0.71591986 0.72409077 15.6575773 0.72731 0.729214 15.65758 538 0.61933423 0.79427226 15.6575773 0.758461 0.694801 15.65758
436 0.47779155 0.880142 15.6575773 0.834849 0.618359 15.65758 539 0.59298449 0.81821617 15.6575773 0.723226 0.724692 15.65758
437 0.49645427 0.86737501 15.6575773 0.791193 0.687659 15.65758 540 0.69632199 0.74780338 15.6575773 0.759046 0.701491 15.65758
438 0.57743264 0.82305894 15.6575773 0.640255 0.78536 15.65758 541 0.8432606 0.57369159 15.6575773 0.802775 0.672218 15.65758
439 0.72408992 0.73562376 15.6575773 0.747989 0.71532 15.65758 542 0.67268601 0.7613017 15.6575773 0.743187 0.721746 15.65758
440 0.65438578 0.76223506 15.6575773 0.775596 0.682084 15.65758 543 0.33926101 0.94618681 15.6575773 0.8015 0.671635 15.65758
441 0.77561601 0.673137 15.6575773 0.664528 0.77254 15.65758 544 0.68111123 0.76874461 15.6575773 0.701943 0.74554 15.65758
442 0.65915061 0.75561091 15.6575773 0.744109 0.702744 15.65758 545 0.67881553 0.74609584 15.6575773 0.74564 0.721689 15.65758
443 0.64163782 0.78081529 15.6575773 0.823738 0.662318 15.65758 546 0.54046712 0.84097136 15.6575773 0.828306 0.638664 15.65758
444 0.63293546 0.78185073 15.6575773 0.728052 0.732315 15.65758 547 0.74375653 0.7035178 15.6575773 0.760761 0.709859 15.65758
445 0.47748474 0.87907839 15.6575773 0.704574 0.745085 15.65758 548 0.62636949 0.78886823 15.6575773 0.741058 0.720378 15.65758
446 0.79135335 0.64989083 15.6575773 0.723887 0.731429 15.65758 549 0.61438182 0.80033816 15.6575773 0.805449 0.600432 15.65758
447 0.78444278 0.66513336 15.6575773 0.794666 0.671867 15.65758 550 0.67019108 0.75087283 15.6575773 0.721638 0.732072 15.65758
448 0.66124032 0.75088453 15.6575773 0.836126 0.613719 15.65758 551 0.7569947 0.71983827 15.6575773 0.647006 0.784101 15.65758
449 0.84725654 0.57327395 15.6575773 0.755826 0.700347 15.65758 552 0.58326934 0.81337943 15.6575773 0.738943 0.71594 15.65758
450 0.6443371 0.78954395 15.6575773 0.75978 0.715384 15.65758 553 0.68913881 0.74352379 15.6575773 0.752531 0.662123 15.65758
451 0.64475131 0.76588908 15.6575773 0.770362 0.669441 15.65758 554 0.78771451 0.68555313 15.6575773 0.855221 0.539384 15.65758
452 0.74418936 0.67489822 15.6575773 0.855937 0.585868 15.65758 555 0.69969 0.75047493 15.6575773 0.780485 0.695053 15.65758
453 0.72247041 0.72688859 15.6575773 0.762756 0.700346 15.65758 556 0.76775235 0.64835877 15.6575773 0.780038 0.673303 15.65758
454 0.51252129 0.86008798 15.6575773 0.743388 0.722329 15.65758 557 0.69798146 0.72025493 15.6575773 0.848988 0.593368 15.65758
455 0.22879971 1.04332886 15.6575773 0.758161 0.713607 15.65758 558 0.66441686 0.7613705 15.6575773 0.831556 0.561812 15.65758
456 0.49451615 0.86879374 15.6575773 0.784977 0.667649 15.65758 559 0.74960655 0.68920277 15.6575773 0.708012 0.747469 15.65758
457 0.61730463 0.79382221 15.6575773 0.809956 0.658432 15.65758 560 0.65651583 0.76636283 15.6575773 0.76714 0.701602 15.65758
458 0.72501316 0.74525514 15.6575773 0.803999 0.652058 15.65758 561 0.76831415 0.69572604 15.6575773 0.793772 0.672402 15.65758
459 0.69454045 0.74772783 15.6575773 0.788514 0.685062 15.65758 562 0.60516233 0.80489271 15.6575773 0.764574 0.64737 15.65758
460 0.63909089 0.77040152 15.6575773 0.765208 0.706371 15.65758 563 0.73098764 0.72198431 15.6575773 0.81134 0.654706 15.65758
461 0.66181163 0.75262712 15.6575773 0.787266 0.667723 15.65758 564 0.7850624 0.64925151 15.6575773 0.858014 0.629467 15.65758
462 0.55251219 0.83822132 15.6575773 0.829424 0.64137 15.65758 565 0.714201 0.70662617 15.6575773 0.857895 0.617429 15.65758
463 0.80513944 0.68464999 15.6575773 0.744724 0.711264 15.65758 566 0.1812916 1.01924653 2 0.765667 0.668773 15.65758
464 0.70250859 0.73723424 15.6575773 0.768015 0.701385 15.65758 567 0.17227393 1.03528054 2 0.741609 0.725371 15.65758
465 0.59414622 0.80920074 15.6575773 0.848811 0.622095 15.65758 568 0.79890394 0.66154572 15.6575773 0.718383 0.724958 15.65758
466 0.61966274 0.78486906 15.6575773 0.796293 0.662787 15.65758 569 0.76437784 0.6876607 15.6575773 0.776485 0.699374 15.65758
467 0.52473404 0.85249113 15.6575773 0.808454 0.671259 15.65758 570 0.40525942 0.91632942 15.6575773 0.785652 0.674369 15.65758
468 0.60496308 0.80896415 15.6575773 0.742548 0.721366 15.65758 571 0.62821331 0.790657 15.6575773 0.79425 0.673281 15.65758
469 0.61949589 0.79070222 15.6575773 0.811742 0.669353 15.65758 572 0.54054335 0.84392697 15.6575773 0.748109 0.7239 15.65758
470 0.69907747 0.73108434 15.6575773 0.73915 0.723346 15.65758 573 0.76135566 0.71534245 15.6575773 0.764618 0.701386 15.65758
471 0.74682731 0.72107425 15.6575773 0.754893 0.717161 15.65758 574 0.68841508 0.74224981 15.6575773 0.700809 0.750011 15.65758
472 0.68695287 0.72899135 15.6575773 0.782761 0.691515 15.65758 575 0.5650588 0.82783287 15.6575773 0.873118 0.513347 15.65758
473 0.70027547 0.74764463 15.6575773 0.76757 0.691957 15.65758 576 0.61925186 0.78776 15.6575773 0.778786 0.645726 15.65758
474 0.67665174 0.74817816 15.6575773 0.78047 0.692034 15.65758 577 0.75747844 0.66199282 15.6575773 0.736532 0.728779 15.65758
475 0.73865186 0.68108967 15.6575773 0.859199 0.559392 15.65758 578 0.52336018 0.85151132 15.6575773 0.747596 0.714281 15.65758
476 0.52289529 0.85180319 15.6575773 0.668443 0.768252 15.65758 579 0.829477 0.607059 15.65758
477 0.33180736 0.95022672 15.6575773 0.716968 0.732784 15.65758 580 0.833785 0.659942 15.65758
478 0.59534322 0.81261156 15.6575773 0.815329 0.652696 15.65758 581 0.797244 0.663176 15.65758
479 0.702301 0.72743886 15.6575773 0.803292 0.672427 15.65758 582 0.807191 0.666704 15.65758
480 0.76350165 0.70133905 15.6575773 0.790684 0.678166 15.65758 583 0.654101 0.769864 15.65758
481 0.77611628 0.7048954 15.6575773 0.80878 0.667171 15.65758 584 0.787908 0.686874 15.65758
482 0.71592386 0.69943891 15.6575773 0.797176 0.647981 15.65758 585 0.831786 0.653351 15.65758
483 0.7804117 0.67984787 15.6575773 0.75695 0.702238 15.65758 586 0.792458 0.677405 15.65758
484 0.85593272 0.61143133 15.6575773 0.770794 0.690627 15.65758 587 0.799621 0.676005 15.65758
485 0.74228279 0.7278532 15.6575773 0.828818 0.628046 15.65758 588 0.804854 0.659336 15.65758
486 0.60588402 0.80759028 15.6575773 0.763802 0.697486 15.65758 589 0.7692 0.68541 15.65758
487 0.71823562 0.70427794 15.6575773 0.801204 0.669957 15.65758 590 0.819506 0.645388 15.65758
488 0.6636924 0.77504323 15.6575773 0.759127 0.700359 15.65758 591 0.739765 0.716171 15.65758
489 0.69713735 0.73683862 15.6575773 0.759708 0.706338 15.65758 592 0.703424 0.728333 15.65758
490 0.67121011 0.77080842 15.6575773 0.710417 0.741314 15.65758 593 0.880527 0.599636 15.65758
491 0.78699172 0.64169254 15.6575773 0.797238 0.676997 15.65758 594 0.74548 0.717302 15.65758
492 0.60100456 0.81047883 15.6575773 0.761262 0.706335 15.65758 595 0.802857 0.672605 15.65758
493 0.81389203 0.64419667 15.6575773 0.764715 0.697881 15.65758 596 0.809635 0.592931 15.65758
494 0.65987459 0.77273028 15.6575773 0.770325 0.700429 15.65758 597 0.836957 0.646949 15.65758
495 0.699245 0.74799964 15.6575773 0.851678 0.599122 15.65758 598 0.839056 0.6416 15.65758
496 0.79823767 0.65839407 15.6575773 0.760197 0.694588 15.65758 599 0.81157 0.680155 15.65758
497 0.29238768 0.97692468 15.6575773 0.72815 0.720757 15.65758 600 0.800692 0.655562 15.65758
498 0.44636892 0.89441426 15.6575773 0.756012 0.713311 15.65758 601 0.780288 0.698029 15.65758
499 0.73933841 0.70345159 15.6575773 0.797833 0.682087 15.65758 602 0.755929 0.689811 15.65758
500 0.58807227 0.81453685 15.6575773 0.714215 0.734489 15.65758 603 0.81974 0.663588 15.65758
501 0.77527752 0.71043088 15.6575773 0.710306 0.745301 15.65758 604 0.723193 0.731441 15.65758
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605 0.836401 0.628687 15.65758 708 0.687113 0.751077 15.65758
606 0.911251 0.419262 15.65758 709 0.775649 0.668987 15.65758
607 0.818817 0.6423 15.65758 710 0.73186 0.728451 15.65758
608 0.815959 0.587867 15.65758 711 0.794779 0.668587 15.65758
609 0.775377 0.701169 15.65758 712 0.746058 0.714136 15.65758
610 0.810637 0.676703 15.65758 713 0.783579 0.684422 15.65758
611 0.783418 0.686293 15.65758 714 0.793903 0.623058 15.65758
612 0.827488 0.651619 15.65758 715 0.797154 0.664462 15.65758
613 0.830243 0.633429 15.65758 716 0.829359 0.654034 15.65758
614 0.76299 0.706539 15.65758 717 0.794461 0.67782 15.65758
615 0.777326 0.683108 15.65758 718 0.746753 0.713377 15.65758
616 0.792992 0.688547 15.65758 719 0.764302 0.709912 15.65758
617 0.791698 0.667083 15.65758 720 0.821783 0.669849 15.65758
618 0.746328 0.709129 15.65758 721 0.600036 0.803218 15.65758
619 0.824635 0.653013 15.65758 722 0.773492 0.697938 15.65758
620 0.780386 0.695657 15.65758 723 0.748952 0.708535 15.65758
621 0.890327 0.548828 15.65758 724 0.802202 0.669293 15.65758
622 0.765789 0.695786 15.65758 725 0.872055 0.608634 15.65758
623 0.793323 0.67593 15.65758 726 0.821294 0.652607 15.65758
624 0.799253 0.685113 15.65758 727 0.726352 0.722836 15.65758
625 0.707269 0.713864 15.65758 728 0.659818 0.765166 15.65758
626 0.815809 0.659695 15.65758 729 0.782503 0.684321 15.65758
627 0.756838 0.708618 15.65758 730 0.688529 0.744634 15.65758
628 0.758913 0.712994 15.65758 731 0.773486 0.705232 15.65758
629 0.806806 0.670664 15.65758 732 0.691429 0.749325 15.65758
630 0.725551 0.702166 15.65758 733 0.71483 0.729752 15.65758
631 0.789219 0.677406 15.65758 734 0.78104 0.684301 15.65758
632 0.798177 0.671401 15.65758 735 0.75907 0.690635 15.65758
633 0.771027 0.67813 15.65758 736 0.610114 0.800979 15.65758
634 0.809229 0.666031 15.65758 737 0.756082 0.695542 15.65758
635 0.752316 0.7117 15.65758 738 0.76771 0.686997 15.65758
636 0.745579 0.711261 15.65758 739 0.804666 0.665904 15.65758
637 0.745375 0.717513 15.65758 740 0.664061 0.753398 15.65758
638 0.828201 0.622256 15.65758 741 0.810006 0.663316 15.65758
639 0.819101 0.644291 15.65758 742 0.749778 0.721999 15.65758
640 0.783208 0.690717 15.65758 743 0.810336 0.665186 15.65758
641 0.639238 0.786195 15.65758 744 0.712186 0.735793 15.65758
642 0.728835 0.728735 15.65758 745 0.783865 0.679325 15.65758
643 0.5941 0.810263 15.65758 746 0.796486 0.682023 15.65758
644 0.743587 0.716656 15.65758 747 0.796407 0.671123 15.65758
645 0.819951 0.659432 15.65758 748 0.804208 0.675282 15.65758
646 0.71859 0.736019 15.65758 749 0.800447 0.654541 15.65758
647 0.817048 0.659215 15.65758 750 0.767746 0.693829 15.65758
648 0.814462 0.666707 15.65758 751 0.732253 0.728506 15.65758
649 0.737011 0.71207 15.65758 752 0.751563 0.699475 15.65758
650 0.751921 0.716585 15.65758 753 0.81538 0.675123 15.65758
651 0.771256 0.690252 15.65758 754 0.823838 0.657871 15.65758
652 0.779024 0.688401 15.65758 755 0.758944 0.710429 15.65758
653 0.784727 0.669316 15.65758 756 0.695817 0.739976 15.65758
654 0.763146 0.688507 15.65758 757 0.826663 0.628033 15.65758
655 0.761684 0.700649 15.65758 758 0.853517 0.595221 15.65758
656 0.744078 0.718388 15.65758 759 0.797715 0.681695 15.65758
657 0.839238 0.631888 15.65758 760 0.785589 0.691973 15.65758
658 0.712365 0.70875 15.65758 761 0.795076 0.679921 15.65758
659 0.781958 0.696883 15.65758 762 0.768809 0.719103 15.65758
660 0.764964 0.708114 15.65758 763 0.84491 0.646007 15.65758
661 0.781655 0.694766 15.65758 764 0.773846 0.684647 15.65758
662 0.88273 0.513199 15.65758 765 0.84135 0.614592 15.65758
663 0.708519 0.743325 15.65758 766 0.808888 0.672955 15.65758
664 0.78099 0.685178 15.65758 767 0.782672 0.682618 15.65758
665 0.705255 0.723169 15.65758 768 0.7018 0.747612 15.65758
666 0.78502 0.685646 15.65758 769 0.820353 0.624411 15.65758
667 0.696065 0.734747 15.65758 770 0.763721 0.692248 15.65758
668 0.832355 0.645889 15.65758 771 0.770611 0.680024 15.65758
669 0.687384 0.756173 15.65758 772 0.725137 0.731628 15.65758
670 0.778759 0.689232 15.65758 773 0.739857 0.718038 15.65758
671 0.739144 0.727058 15.65758 774 0.855136 0.583444 15.65758
672 0.766936 0.700403 15.65758 775 0.752022 0.712958 15.65758
673 0.831052 0.656697 15.65758 776 0.736903 0.721651 15.65758
674 0.76816 0.703657 15.65758 777 0.793606 0.622588 15.65758
675 0.80481 0.656479 15.65758 778 0.822497 0.644963 15.65758
676 0.830248 0.662945 15.65758 779 0.825582 0.619915 15.65758
677 0.799644 0.675043 15.65758 780 0.772236 0.692406 15.65758
678 0.755421 0.682801 15.65758 781 0.791914 0.653098 15.65758
679 0.807969 0.663481 15.65758 782 0.808445 0.672087 15.65758
680 0.778601 0.703357 15.65758 783 0.793581 0.687456 15.65758
681 0.678404 0.759408 15.65758 784 0.679075 0.760631 15.65758
682 0.844275 0.562663 15.65758 785 0.775771 0.674573 15.65758
683 0.771829 0.692486 15.65758 786 0.855273 0.603479 15.65758
684 0.827057 0.658848 15.65758 787 0.766861 0.699522 15.65758
685 0.8889 0.520816 15.65758 788 0.833812 0.63632 15.65758
686 0.779557 0.685926 15.65758 789 0.671904 0.767981 15.65758
687 0.826954 0.656704 15.65758 790 0.627788 0.780373 15.65758
688 0.769125 0.699903 15.65758 791 0.691161 0.754252 15.65758
689 0.881961 0.496594 15.65758 792 0.800067 0.633382 15.65758
690 0.710025 0.745151 15.65758 793 0.681481 0.747214 15.65758
691 0.815741 0.637419 15.65758 794 0.896852 0.506732 15.65758
692 0.864562 0.58562 15.65758 795 0.826931 0.646884 15.65758
693 0.731239 0.725962 15.65758 796 0.81027 0.685558 15.65758
694 0.725731 0.733802 15.65758 797 0.833139 0.601492 15.65758
695 0.809398 0.650864 15.65758 798 0.866313 0.595174 15.65758
696 0.844813 0.629186 15.65758 799 0.761802 0.70396 15.65758
697 0.772659 0.696847 15.65758 800 0.708014 0.73629 15.65758
698 0.785803 0.684959 15.65758 801 0.777637 0.693333 15.65758
699 0.875638 0.559683 15.65758 802 0.820679 0.64775 15.65758
700 0.745452 0.708584 15.65758 803 0.783761 0.667992 15.65758
701 0.629989 0.794424 15.65758 804 0.745293 0.71143 15.65758
702 0.814794 0.658299 15.65758 805 0.722151 0.743919 15.65758
703 0.755485 0.715518 15.65758 806 0.761253 0.710745 15.65758
704 0.831513 0.634615 15.65758 807 0.73444 0.683018 15.65758
705 0.852114 0.583726 15.65758 808 0.768755 0.704782 15.65758
706 0.849181 0.608123 15.65758 809 0.746894 0.717701 15.65758
707 0.766739 0.672542 15.65758 810 0.707796 0.743212 15.65758
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811 0.691524 0.75594 15.65758 914 0.716453 0.742462 15.65758
812 0.78693 0.666508 15.65758 915 0.654978 0.773194 15.65758
813 0.745628 0.698497 15.65758 916 0.625046 0.795415 15.65758
814 0.74929 0.713002 15.65758 917 0.714263 0.730403 15.65758
815 0.768514 0.698464 15.65758 918 0.770429 0.693096 15.65758
816 0.842632 0.584736 15.65758 919 0.749573 0.693034 15.65758
817 0.7051 0.730224 15.65758 920 0.772131 0.695857 15.65758
818 0.76721 0.699879 15.65758 921 0.766798 0.691671 15.65758
819 0.787893 0.671389 15.65758 922 0.756766 0.698513 15.65758
820 0.780374 0.682974 15.65758 923 0.640414 0.779451 15.65758
821 0.785363 0.692493 15.65758 924 0.750113 0.706342 15.65758
822 0.859342 0.549345 15.65758 925 0.719802 0.728077 15.65758
823 0.767217 0.704088 15.65758 926 0.777063 0.679308 15.65758
824 0.739796 0.720221 15.65758 927 0.663746 0.766772 15.65758
825 0.728577 0.733938 15.65758 928 0.719106 0.712363 15.65758
826 0.733453 0.726341 15.65758 929 0.751487 0.692049 15.65758
827 0.732387 0.72961 15.65758 930 0.790472 0.674228 15.65758
828 0.815105 0.630482 15.65758 931 0.605095 0.802587 15.65758
829 0.839441 0.65636 15.65758 932 0.755214 0.715396 15.65758
830 0.834698 0.650292 15.65758 933 0.697897 0.74966 15.65758
831 0.771269 0.704258 15.65758 934 0.785667 0.692032 15.65758
832 0.789611 0.686827 15.65758 935 0.739355 0.719973 15.65758
833 0.735719 0.72393 15.65758 936 0.741586 0.708798 15.65758
834 0.814591 0.616849 15.65758 937 0.771365 0.688013 15.65758
835 0.790419 0.689815 15.65758 938 0.740556 0.698675 15.65758
836 0.78473 0.682878 15.65758 939 0.696002 0.751329 15.65758
837 0.813936 0.656387 15.65758 940 0.806964 0.656185 15.65758
838 0.829929 0.611358 15.65758 941 0.681813 0.755193 15.65758
839 0.772189 0.694661 15.65758 942 0.668765 0.764835 15.65758
840 0.707238 0.720096 15.65758 943 0.677381 0.757851 15.65758
841 0.685376 0.754889 15.65758 944 0.751058 0.663902 15.65758
842 0.769271 0.691431 15.65758 945 0.732774 0.689789 15.65758
843 0.744316 0.714659 15.65758 946 0.67583 0.757583 15.65758
844 0.880236 0.542133 15.65758 947 0.771558 0.680492 15.65758
845 0.760082 0.702195 15.65758 948 0.697133 0.727558 15.65758
846 0.763591 0.702477 15.65758 949 0.810621 0.659512 15.65758
847 0.809324 0.672497 15.65758 950 0.784512 0.665114 15.65758
848 0.822625 0.612721 15.65758 951 0.840039 0.615174 15.65758
849 0.766008 0.712739 15.65758 952 0.694421 0.744816 15.65758
850 0.785518 0.69913 15.65758 953 0.712999 0.7328 15.65758
851 0.675955 0.765904 15.65758 954 0.838536 0.616874 15.65758
852 0.800859 0.602692 15.65758 955 0.65724 0.771597 15.65758
853 0.858401 0.561668 15.65758 956 0.744268 0.710347 15.65758
854 0.769692 0.692131 15.65758 957 0.729235 0.72432 15.65758
855 0.816124 0.659429 15.65758 958 0.70442 0.729031 15.65758
856 0.771042 0.692388 15.65758 959 0.775332 0.695943 15.65758
857 0.771223 0.686221 15.65758 960 0.630596 0.789718 15.65758
858 0.670844 0.76087 15.65758 961 0.701197 0.723258 15.65758
859 0.737992 0.727044 15.65758 962 0.806464 0.633677 15.65758
860 0.672762 0.762582 15.65758 963 0.703745 0.725434 15.65758
861 0.887975 0.483904 15.65758 964 0.582657 0.822075 15.65758
862 0.73406 0.723293 15.65758 965 0.700899 0.717601 15.65758
863 0.816208 0.655008 15.65758 966 0.696693 0.742772 15.65758
864 0.841274 0.657643 15.65758 967 0.720849 0.714114 15.65758
865 0.799198 0.687463 15.65758 968 0.716702 0.729774 15.65758
866 0.835788 0.629502 15.65758 969 0.756091 0.676041 15.65758
867 0.777863 0.689189 15.65758 970 0.761053 0.694696 15.65758
868 0.695276 0.752255 15.65758 971 0.825623 0.619598 15.65758
869 0.712226 0.736885 15.65758 972 0.760872 0.685556 15.65758
870 0.773715 0.697803 15.65758 973 0.767353 0.701338 15.65758
871 0.79545 0.687114 15.65758 974 0.751818 0.716972 15.65758
872 0.765891 0.688616 15.65758 975 0.672787 0.758048 15.65758
873 0.795922 0.683263 15.65758 976 0.70122 0.735332 15.65758
874 0.769179 0.682906 15.65758 977 0.548242 0.841881 15.65758
875 0.760249 0.70093 15.65758 978 0.653347 0.778939 15.65758
876 0.819652 0.651266 15.65758 979 0.657986 0.758886 15.65758
877 0.70846 0.709759 15.65758 980 0.693729 0.739627 15.65758
878 0.803284 0.649877 15.65758 981 0.75958 0.68512 15.65758
879 0.80757 0.666417 15.65758 982 0.787659 0.682513 15.65758
880 0.775111 0.697829 15.65758 983 0.783072 0.673346 15.65758
881 0.763048 0.704407 15.65758 984 0.852235 0.565936 15.65758
882 0.768287 0.701009 15.65758 985 0.756683 0.704229 15.65758
883 0.767751 0.694695 15.65758 986 0.776682 0.70108 15.65758
884 0.822764 0.634876 15.65758 987 0.744442 0.717364 15.65758
885 0.850516 0.640262 15.65758 988 0.705559 0.729741 15.65758
886 0.591747 0.816696 15.65758 989 0.691645 0.735575 15.65758
887 0.73863 0.725974 15.65758 990 0.766992 0.682072 15.65758
888 0.748382 0.720216 15.65758 991 0.723486 0.723949 15.65758
889 0.804458 0.656342 15.65758 992 0.624424 0.793921 15.65758
890 0.769842 0.692604 15.65758 993 0.224089 1.000564 15.65758
891 0.778384 0.691461 15.65758 994 0.742459 0.701235 15.65758
892 0.728208 0.728898 15.65758 995 0.669515 0.762791 15.65758
893 0.81855 0.672021 15.65758 996 0.800951 0.650713 15.65758
894 0.704846 0.746881 15.65758 997 0.688341 0.743621 15.65758
895 0.72821 0.730615 15.65758 998 0.680654 0.742041 15.65758
896 0.77736 0.658292 15.65758 999 0.750087 0.70924 15.65758
897 0.701517 0.744183 15.65758 1000 0.781958 0.684516 15.65758
898 0.784194 0.643621 15.65758 1001 0.837911 0.624383 15.65758
899 0.802241 0.66083 15.65758 1002 0.771139 0.686127 15.65758
900 0.825347 0.655826 15.65758 1003 0.735688 0.722035 15.65758
901 0.783879 0.671634 15.65758 1004 0.747783 0.686443 15.65758
902 0.812159 0.651685 15.65758 1005 0.727815 0.690349 15.65758
903 0.787115 0.68212 15.65758 1006 0.762345 0.700186 15.65758
904 0.765787 0.695202 15.65758 1007 0.718939 0.72389 15.65758
905 0.789955 0.691247 15.65758 1008 0.746073 0.719766 15.65758
906 0.743388 0.691064 15.65758 1009 0.705781 0.738709 15.65758
907 0.657245 0.76763 15.65758 1010 0.793995 0.65613 15.65758
908 0.379121 0.93263 15.65758 1011 0.723311 0.723929 15.65758
909 0.778152 0.68659 15.65758 1012 0.629387 0.786832 15.65758
910 0.708266 0.741077 15.65758 1013 0.77112 0.669028 15.65758
911 0.741949 0.703251 15.65758 1014 0.77787 0.66907 15.65758
912 0.732645 0.709869 15.65758 1015 0.669405 0.76766 15.65758
913 0.733462 0.719083 15.65758 1016 0.705858 0.742072 15.65758
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1017 0.680278 0.753871 15.65758 1120 0.71271 0.741053 15.65758
1018 0.753652 0.662044 15.65758 1121 0.590683 0.814181 15.65758
1019 0.820061 0.647687 15.65758 1122 0.717742 0.722819 15.65758
1020 0.72079 0.723806 15.65758 1123 0.692886 0.739174 15.65758
1021 0.776586 0.688046 15.65758 1124 0.630878 0.791091 15.65758
1022 0.687348 0.754433 15.65758 1125 0.735303 0.720045 15.65758
1023 0.690358 0.739867 15.65758 1126 0.631029 0.780588 15.65758
1024 0.783328 0.661857 15.65758 1127 0.722456 0.724475 15.65758
1025 0.506323 0.861537 15.65758 1128 0.531931 0.848575 15.65758
1026 0.67595 0.754128 15.65758 1129 0.70148 0.746213 15.65758
1027 0.757751 0.710844 15.65758 1130 0.763469 0.685513 15.65758
1028 0.75452 0.709793 15.65758 1131 0.639119 0.773494 15.65758
1029 0.757314 0.696604 15.65758 1132 0.772997 0.687042 15.65758
1030 0.815508 0.612907 15.65758 1133 0.828557 0.623948 15.65758
1031 0.71877 0.729066 15.65758 1134 0.695512 0.755683 15.65758
1032 0.743899 0.715105 15.65758 1135 0.742055 0.690035 15.65758
1033 0.790251 0.658635 15.65758 1136 0.6752 0.765561 15.65758
1034 0.732677 0.729678 15.65758 1137 0.813241 0.638919 15.65758
1035 0.35503 0.964937 15.65758 1138 0.800103 0.673278 15.65758
1036 0.709782 0.76099 15.65758 1139 0.778431 0.663085 15.65758
1037 0.531547 0.847224 15.65758 1140 0.665075 0.758563 15.65758
1038 0.732107 0.723587 15.65758 1141 0.239762 0.998118 15.65758
1039 0.744643 0.674368 15.65758 1142 0.66556 0.757436 15.65758
1040 0.627713 0.793194 15.65758 1143 0.700001 0.735559 15.65758
1041 0.756276 0.688384 15.65758 1144 0.678126 0.762227 15.65758
1042 0.653043 0.780371 15.65758 1145 0.747102 0.705114 15.65758
1043 0.560027 0.833088 15.65758 1146 0.803634 0.660102 15.65758
1044 0.711066 0.725508 15.65758 1147 0.783473 0.669712 15.65758
1045 0.756527 0.710687 15.65758 1148 0.747155 0.708985 15.65758
1046 0.818695 0.634769 15.65758 1149 0.725198 0.702334 15.65758
1047 0.695607 0.735414 15.65758 1150 0.685829 0.75145 15.65758
1048 0.714009 0.72878 15.65758 1151 0.502274 0.864317 15.65758
1049 0.712248 0.741944 15.65758 1152 0.782728 0.672239 15.65758
1050 0.775953 0.672263 15.65758 1153 0.72986 0.727101 15.65758
1051 0.744133 0.703175 15.65758 1154 0.773939 0.697421 15.65758
1052 0.772121 0.684686 15.65758 1155 0.687333 0.743767 15.65758
1053 0.713474 0.728495 15.65758 1156 0.707543 0.731405 15.65758
1054 0.771891 0.685924 15.65758 1157 0.845588 0.611515 15.65758
1055 0.809628 0.654636 15.65758 1158 0.710151 0.732487 15.65758
1056 0.760103 0.692118 15.65758 1159 0.641018 0.772645 15.65758
1057 0.78302 0.678274 15.65758 1160 0.661364 0.776176 15.65758
1058 0.745836 0.714558 15.65758 1161 0.808727 0.653302 15.65758
1059 0.768741 0.697168 15.65758 1162 0.766915 0.69704 15.65758
1060 0.704826 0.749205 15.65758 1163 0.686071 0.753808 15.65758
1061 0.775161 0.683603 15.65758 1164 0.599673 0.805603 15.65758
1062 0.732497 0.702145 15.65758 1165 0.794448 0.629683 15.65758
1063 0.794772 0.653777 15.65758 1166 0.802811 0.644151 15.65758
1064 0.704785 0.741416 15.65758 1167 0.651216 0.772093 15.65758
1065 0.610918 0.803309 15.65758 1168 0.795941 0.674203 15.65758
1066 0.73975 0.703612 15.65758 1169 0.72548 0.711849 15.65758
1067 0.578734 0.819566 15.65758 1170 0.739106 0.712871 15.65758
1068 0.755852 0.712753 15.65758 1171 0.730707 0.71683 15.65758
1069 0.757024 0.697733 15.65758 1172 0.698956 0.743106 15.65758
1070 0.790732 0.687048 15.65758 1173 0.809202 0.661838 15.65758
1071 0.63718 0.77523 15.65758 1174 0.821564 0.578432 15.65758
1072 0.672559 0.764661 15.65758 1175 0.632834 0.784984 15.65758
1073 0.551601 0.837156 15.65758 1176 0.577107 0.821497 15.65758
1074 0.838523 0.610499 15.65758 1177 0.707338 0.741701 15.65758
1075 0.78146 0.649677 15.65758 1178 0.715981 0.736117 15.65758
1076 0.757695 0.682712 15.65758 1179 0.764327 0.675078 15.65758
1077 0.765066 0.691627 15.65758 1180 0.807443 0.655474 15.65758
1078 0.798581 0.656941 15.65758 1181 0.681317 0.739627 15.65758
1079 0.66402 0.761724 15.65758 1182 0.73531 0.704112 15.65758
1080 0.720704 0.730526 15.65758 1183 0.66009 0.755459 15.65758
1081 0.660943 0.768078 15.65758 1184 0.740376 0.714956 15.65758
1082 0.819114 0.637775 15.65758 1185 0.776033 0.672729 15.65758
1083 0.74674 0.695437 15.65758 1186 0.740137 0.69061 15.65758
1084 0.709397 0.741257 15.65758 1187 0.63157 0.787747 15.65758
1085 0.711678 0.738512 15.65758 1188 0.754081 0.697833 15.65758
1086 0.688208 0.753062 15.65758 1189 0.74844 0.685375 15.65758
1087 0.793762 0.656493 15.65758 1190 0.727209 0.735502 15.65758
1088 0.708538 0.730728 15.65758 1191 0.656472 0.77443 15.65758
1089 0.801037 0.669775 15.65758 1192 0.796227 0.658925 15.65758
1090 0.641376 0.776633 15.65758 1193 0.772166 0.672837 15.65758
1091 0.736028 0.720062 15.65758 1194 0.715671 0.736194 15.65758
1092 0.674931 0.768255 15.65758 1195 0.52654 0.849773 15.65758
1093 0.776621 0.659614 15.65758 1196 0.732145 0.726056 15.65758
1094 0.767389 0.680831 15.65758 1197 0.705633 0.734931 15.65758
1095 0.790682 0.632699 15.65758 1198 0.768547 0.702023 15.65758
1096 0.841569 0.63514 15.65758 1199 0.71499 0.738296 15.65758
1097 0.743903 0.704644 15.65758 1200 0.764234 0.694914 15.65758
1098 0.805389 0.618343 15.65758 1201 0.673909 0.756292 15.65758
1099 0.696449 0.748044 15.65758 1202 0.682181 0.744902 15.65758
1100 0.719927 0.715891 15.65758 1203 0.774757 0.684742 15.65758
1101 0.69704 0.73399 15.65758 1204 0.680445 0.757292 15.65758
1102 0.651679 0.771676 15.65758 1205 0.69218 0.741157 15.65758
1103 0.755278 0.670244 15.65758 1206 0.76709 0.67628 15.65758
1104 0.720316 0.722533 15.65758 1207 0.736914 0.707589 15.65758
1105 0.737407 0.719694 15.65758 1208 0.708526 0.729553 15.65758
1106 0.662154 0.766654 15.65758 1209 0.708515 0.728573 15.65758
1107 0.830692 0.631771 15.65758 1210 0.740751 0.717606 15.65758
1108 0.791845 0.666042 15.65758 1211 0.623889 0.794416 15.65758
1109 0.649861 0.777237 15.65758 1212 0.807316 0.656808 15.65758
1110 0.686171 0.760505 15.65758 1213 0.762856 0.706352 15.65758
1111 0.816981 0.643317 15.65758 1214 0.712044 0.736508 15.65758
1112 0.764978 0.679219 15.65758 1215 0.588046 0.817042 15.65758
1113 0.614046 0.795592 15.65758 1216 0.755743 0.686084 15.65758
1114 0.639398 0.78214 15.65758 1217 0.757567 0.666973 15.65758
1115 0.704238 0.733455 15.65758 1218 0.278226 0.974871 15.65758
1116 0.755563 0.695235 15.65758 1219 0.725258 0.723067 15.65758
1117 0.785704 0.692678 15.65758 1220 0.70005 0.736196 15.65758
1118 0.758935 0.708937 15.65758 1221 0.58577 0.814576 15.65758
1119 0.781297 0.676508 15.65758 1222 0.723187 0.720456 15.65758
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1223 0.714422 0.730269 15.65758 1288 0.75075 0.679543 15.65758
1224 0.577502 0.822202 15.65758 1289 0.769074 0.714154 15.65758
1225 0.693312 0.751261 15.65758 1290 0.672913 0.755533 15.65758
1226 0.791282 0.685651 15.65758 1291 0.791189 0.677605 15.65758
1227 0.564387 0.829423 15.65758 1292 0.687371 0.748525 15.65758
1228 0.747661 0.704331 15.65758 1293 0.728507 0.727564 15.65758
1229 0.720655 0.713909 15.65758 1294 0.712912 0.744501 15.65758
1230 0.662961 0.769072 15.65758 1295 0.770852 0.664634 15.65758
1231 0.72137 0.721816 15.65758 1296 0.722733 0.720011 15.65758
1232 0.686161 0.748134 15.65758 1297 0.779218 0.666609 15.65758
1233 0.809834 0.661821 15.65758 1298 0.647898 0.772769 15.65758
1234 0.76412 0.698151 15.65758 1299 0.796565 0.6778 15.65758
1235 0.689511 0.733263 15.65758 1300 0.777649 0.685544 15.65758
1236 0.792592 0.657457 15.65758 1301 0.697163 0.750899 15.65758
1237 0.766558 0.712442 15.65758 1302 0.723201 0.736601 15.65758
1238 0.761543 0.706918 15.65758 1303 0.663783 0.771957 15.65758
1239 0.550016 0.837194 15.65758 1304 0.79649 0.632939 15.65758
1240 0.730906 0.726227 15.65758 1305 0.716883 0.734674 15.65758
1241 0.793114 0.681477 15.65758 1306 0.826048 0.635109 15.65758
1242 0.784768 0.672592 15.65758 1307 0.81099 0.665067 15.65758
1243 0.747936 0.716881 15.65758 1308 0.721699 0.720644 15.65758
1244 0.725548 0.721379 15.65758 1309 0.779726 0.691522 15.65758
1245 0.629535 0.794369 15.65758 1310 0.707097 0.750393 15.65758
1246 0.839963 0.619946 15.65758 1311 0.768244 0.65827 15.65758
1247 0.630581 0.786691 15.65758 1312 0.693818 0.742331 15.65758
1248 0.802012 0.65231 15.65758 1313 0.654357 0.774034 15.65758
1249 0.704737 0.732707 15.65758 1314 0.731014 0.727412 15.65758
1250 0.684682 0.75004 15.65758 1315 0.820342 0.606148 15.65758
1251 0.751803 0.681922 15.65758 1316 0.719218 0.72763 15.65758
1252 0.727949 0.725403 15.65758 1317 0.792234 0.649942 15.65758
1253 0.695998 0.751598 15.65758 1318 0.607372 0.801541 15.65758
1254 0.484333 0.874303 15.65758 1319 0.767538 0.694009 15.65758
1255 0.698134 0.743205 15.65758 1320 0.672924 0.771797 15.65758
1256 0.714551 0.727829 15.65758 1321 0.700652 0.744471 15.65758
1257 0.66066 0.782367 15.65758 1322 0.704809 0.723656 15.65758
1258 0.785997 0.641922 15.65758 1323 0.814738 0.629158 15.65758
1259 0.784753 0.691787 15.65758 1324 0.790582 0.628781 15.65758
1260 0.779707 0.685682 15.65758 1325 0.718023 0.713256 15.65758
1261 0.825568 0.627843 15.65758 1326 0.783174 0.692256 15.65758
1262 0.72802 0.711189 15.65758 1327 0.675715 0.755211 15.65758
1263 0.75862 0.696339 15.65758 1328 0.659093 0.769057 15.65758
1264 0.747344 0.700294 15.65758 1329 0.668308 0.758882 15.65758
1265 0.694342 0.746211 15.65758 1330 0.669046 0.752132 15.65758
1266 0.860389 0.599314 15.65758 1331 0.744776 0.714642 15.65758
1267 0.759755 0.703841 15.65758 1332 0.670585 0.764935 15.65758
1268 0.642002 0.777851 15.65758 1333 0.68995 0.740489 15.65758
1269 0.776608 0.633207 15.65758 1334 0.607847 0.796431 15.65758
1270 0.744324 0.704364 15.65758 1335 0.754045 0.70841 15.65758
1271 0.741291 0.712387 15.65758 1336 0.611958 0.805104 15.65758
1272 0.744685 0.694415 15.65758 1337 0.746985 0.705477 15.65758
1273 0.702378 0.745417 15.65758 1338 0.753129 0.69097 15.65758
1274 0.779596 0.6634 15.65758 1339 0.825727 0.661501 15.65758
1275 0.756676 0.701942 15.65758 1340 0.697593 0.745985 15.65758
1276 0.677364 0.771027 15.65758 1341 0.621878 0.792016 15.65758
1277 0.714177 0.733026 15.65758 1342 0.760842 0.704345 15.65758
1278 0.722679 0.730909 15.65758 1343 0.771142 0.677164 15.65758
1279 0.702159 0.743194 15.65758 1344 0.775522 0.678941 15.65758
1280 0.74375 0.702985 15.65758 1345 0.488443 0.872785 15.65758
1281 0.812572 0.642327 15.65758 1346 0.687731 0.754729 15.65758
1282 0.720098 0.735015 15.65758 1347 0.72357 0.736731 15.65758
1283 0.749565 0.69603 15.65758 1348 0.756148 0.677644 15.65758
1284 0.75384 0.709555 15.65758 1349 0.727772 0.709451 15.65758
1285 0.779544 0.686506 15.65758

1286 0.585673 0.817444 15.65758

1287 0.62267 0.793432 15.65758
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Table S2. Phenotypic characteristics of GTEx lung tissue donors

Number of
Feature individuals (%) Median (range)
Sex
Female 183 (31.7)
Male 395 (68.3)
Age
<40 73 (12.6) 56 (21 -70)
40-49 93 (16.1)
50-59 200 (34.6)
60-69 190 (32.9)
>69 22 (3.8)
Body mass index
<25 155 (26.8) 27.7 (17.0 - 35.4)
25-30 246 (42.6)
>30 177 (30.6)
Race
Caucasian 493 (85.9)
Black/African American 70 (12.2)
Asian 10 (1.7)

American Indian/Alaska Native 1 (0.2)
Smoking status

Non-smoker 180 (32.0)

Smoker 382 (68.0)

Table S3. Multivariate analysis of ACE2 expression in human lung tissue

Variable P value S.E. tvalue  pvalue

CD8+ T cells -2.719 0.584 -4.656  4.02e-06  **
NK cells resting -3.128 0.583 -5.366  1.18e-07  ***
NK cells activated -2.281 0.704 -3.241 0.0013 o
M1 macrophages -4.963 1.339 -3.707 0.0002 o
CD4+ T cells 0.453 0.513 0.882 0.3781
Dendritic cells -12.793 6.688 -1.913 0.0563
Neutrophils -0.398 0.469 -0.848 0.3971

Sex = male (vs. female) 0.065 0.056 1.16 0.2466

Age 0.004 0.002 1.799 0.0726

BMI -0.004 0.006 -0.556 0.5787

Race = Caucasian (vs. non-Caucasian) -0.096 0.073 -1.313 0.1899
Smoking status = yes (vs. no) -0.025 0.058 -0.433 0.6650

Abbreviations: S.E., Standard Error.
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Table S4. Meta-analysis of ACE2 mRNA and protein levels in 17 human tissues
Source data of Fig. 2f.

(2]
5
5p
£ 2
2 . e 9 o
5 £ Y Ok E | r £ 3
a8 = 5 B 3 B8 3 5 3
= Q. — =) o o Q
G.) ) E S = o] Q = E =
Source  Source a0 > g 5 g2 £ 2 £ £ 3
o .8 o = g = B § =G »
data data & 2 £ B 8 8§ = 5 B ¥ - o F 32 ¢ g8 =z
T £ & § © ¢ § 2 =2 35 £ © g E = & &
type method < <« m U U &8 O ¥ 3 48 0 ©8 & & @ &»h = Ref
mRNA NB 0 N N 3 2 0 N 3 0 O N 0 2 0 N N 3 M
mRNA gqRT-PCR 1 1 0o 2 2 1 2 2 1 1 1 0 3 1 0 1 3 (2
mRNA MA 2 2 2 2 2 1 N 3 2 2 N 1 3 2 N N 3 3]
mRNA  RNAseq 2 N 2 2 1 1 3 3 0 0 0 1 3 2 N 0 3 [4
mRNA  RNAseq N N N N N N N N N N 1 N N N N N N [g
mRNA CAGE 0 N 0 1 2 0 1 1 0 0 0 N 3 0 0 N 2 I6]
Protein MS N N 0 1 0 N 1 3 1 0 0 N N N N N 3 [
Protein IHC 3 1 1 N 1 N N 3 1 3 2 3 3 3 3 0 N [8]
Protein IHC 0o 0 0 1 2 0 3 3 0 O O O 3 0 o0 0 3 [

Scores (averages)

mRNA score 10 15 10 20 18 06 20 24 06
05 03 10 10 00 20 30 07 10 07 15 30 15 15 00 30

Protein score L5
Abbreviations: CAGE, cap analysis of gene expression; IHC, immunohistochemistry; MA, microarray; MS, mass
spectrometry; N, not determined; NB Northern blot.
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