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Abstract 8 

Background: Despite recent decreases in the cost of sequencing, shotgun metagenome 9 

sequencing remains more expensive compared with 16S rRNA amplicon sequencing. 10 

Methods have been developed to predict the functional profiles of microbial communities 11 

based on their taxonomic composition, and PICRUSt is the most widely used of these 12 

techniques. In this study, we evaluated the performance of PICRUSt by comparing the 13 

significance of the differential abundance of functional gene profiles predicted with 14 

PICRUSt to those from shotgun metagenome sequencing across different environments. 15 

Results: We selected 7 datasets of human, non-human animal and environmental (soil) 16 

samples that have publicly available 16S rRNA and shotgun metagenome sequences. As 17 

we would expect based on previous literature, strong Spearman correlations were 18 

observed between gene compositions predicted with PICRUSt and measured with 19 

shotgun metagenome sequencing. However, these strong correlations were preserved 20 

even when the sample labels were shuffled. This suggests that simple correlation 21 

coefficient is a highly unreliable measure for the performance of algorithms like 22 

PICRUSt. As an alternative, we compared the performance of PICRUSt predicted genes 23 
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to metagenome genes in inference models associated with metadata within each dataset. 24 

With this method, we found reasonable performance for human datasets, with PICRUSt 25 

performing better for inference on genes related to “house-keeping” functions. However, 26 

the performance of PICRUSt degraded sharply outside of human datasets when used for 27 

inference. 28 

Conclusion: We conclude that the utility of PICRUSt for inference with the default 29 

database is likely limited outside of human samples and that development of tools for 30 

gene prediction specific to different non-human and environmental samples is warranted. 31 

 32 

Key words: microbiota functional profile prediction, inference, sample type, functional 33 

category 34 

 35 

Introduction 36 

Recent advances in next generation sequencing are revolutionizing our understanding of 37 

complex microbial communities. Amplicon sequencing of marker genes provides 38 

information regarding the phylogenetic diversity and taxonomic composition of 39 

microorganisms present in the environment, while shotgun metagenome sequencing 40 

provides additional information on the relative abundance of functional genes. Although 41 

knowledge of taxonomy and functional genes of microorganisms are both important, 42 

functional genes are more directly related to pathways and therefore are essential for 43 

understanding the roles microorganisms play with regards to different physiological or 44 

ecological outcomes. However, the higher cost of metagenome sequencing hinders its 45 

application in studies consisting of a large number of samples, which are usually 46 
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necessary in order to ensure adequate statistical power for detecting true differences [1]. 47 

Additionally, metagenome sequencing can also be very challenging for low biomass 48 

samples or samples that are dominated by non-microbial DNA [2, 3].  49 

 50 

In order to address this problem, tools have been developed to predict microbial 51 

functional genes from their taxonomic compositions inferred from more cost-effective 52 

amplicon sequencing, including PICRUSt, Tax4Fun and FaproTax [4-6]. Among these 53 

tools, PICRUSt is the most widely used and has been applied in hundreds of projects on 54 

various environments, including human gut [7, 8], murine [9, 10], fish [11], coral [12], 55 

water [13], plant [14], bioreactor [15] and soil [16]. PICRUSt predicts the genes of 56 

organisms without sequenced genomes based on mapping their 16S rRNA genes to 57 

homologous taxa with fully sequenced genomes. The predictions of PICRUSt are 58 

therefore limited by currently available genomes, which are highly biased towards 59 

microorganisms associated with human health and biotechnology use [17]. 60 

 61 

In order to gauge the reliability of PICRUSt predictions in different environments and for 62 

different functional categories, we utilized human, non-human animal (gorilla, mouse and 63 

chicken) and environmental (soil) datasets that were sequenced for both 16S rRNA 64 

marker genes and shotgun metagenomes. We compared the predicted functional profiles 65 

from PICRUSt to the functional profiles measured with shotgun metagenome sequencing. 66 

We demonstrated that simple correlations such as Spearman correlation overstate the 67 

accuracy of PICRUSt by not taking into account the low variance of functional profiles 68 

generated from shotgun metagenome sequencing. As an alternative metric, we used 69 
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PICRUSt results for inference with simple statistical models and found reasonable 70 

performance for human datasets, which presumably reflected the better reference 71 

information we currently have for human genomes, but a sharp decrease in performance 72 

for inference in non-human samples. 73 

 74 

Results 75 

Spearman correlation is not a reliable measurement for the prediction accuracy of gene 76 

contents 77 

In order to test the accuracy of PICRUSt from a range of environments, we compared 78 

PICRUSt predictions to the results of shotgun metagenome sequencing on publicly 79 

available datasets for which both metagenome and 16S rRNA sequences were available 80 

(Table S1). As we would expect from previous literature [4], gene content estimation 81 

from PICRUSt was robustly correlated with gene contents from metagenome sequencing 82 

with Spearman correlations in the range of 0.62 to 0.84 (Fig. 1). For example, in one soil 83 

sample (Fig. 1a), there is a clear correlation between the relative abundance of each gene 84 

from PICRUSt and the relative abundance from metagenome sequencing (Spearman’s 85 

rho = 0.85). However, if the same comparison is made with the sample labels shuffled, 86 

the correlation that was observed is not substantially impacted (Spearman’s rho = 0.84) 87 

(Fig. 1b).  88 

 89 

The likely explanation for this observation is that across environments, there is less 90 

variation between metagenome functional profiles of samples than their taxonomic 91 

profiles (Fig. 2), an observation that has been previously made for human samples in the 92 
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Human Microbiome Project [18]. In the datasets we examined, despite sample labels 93 

being shuffled, the relative abundance of genes from PICRUSt estimates were highly 94 

correlated with the relative abundance of gene estimates from metagenome sequencing, 95 

with correlation coefficients always higher than 0.5. The PICRUSt predictions were often 96 

only marginally higher on the unpermuted data than those with sample labels shuffled, 97 

with perhaps the gorilla dataset as an exception (Fig. 1c). However, even in the gorilla 98 

samples, the difference between Spearman coefficients for permuted and unpermuted 99 

samples was only 0.12. For the 2 soil datasets, the Spearman coefficients for the 100 

unpermuted samples were not significantly different from those for the permuted samples 101 

(P = 0.508 and 0.794).  102 

 103 

PICRUSt results for inference showed higher consistency with metagenome sequences in 104 

human samples than non-human samples 105 

As an alternative evaluation to Spearman correlation, we compared how PICRUSt’s gene 106 

predictions performed in a t-test to genes detected with shotgun metagenome sequencing 107 

in each of our datasets. For this purpose, we formed a null hypothesis for each gene in 108 

each dataset that there is no difference in the mean of that gene’s distribution of relative 109 

abundance between the two groups in the dataset. For example, for each of the 5,574 110 

genes detected by both PICRUSt and metagenome sequencing in the Human_KW dataset, 111 

we used a t-test to generate a P-value for the difference in gene composition between 112 

rural and urban samples. Across all the genes, there was a reasonable correlation 113 

(rho=0.49) of P-values from t-tests run on metagenome sequencing data and those on 114 

PICRUSt data (Fig. 3; top left panel). Unlike our results for Spearman correlation, this 115 
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rho value is sensitive to sample permutation, as when we repeated this procedure on 116 

permuted data, the correlation between P-values generated from metagenome sequencing 117 

and those from PICRUSt approached zero (Fig. 4). We saw a similarly robust correlation 118 

(rho=0.554) for our Human_TY dataset evaluating a null hypothesis comparing US and 119 

non-US samples. However, when we extended this analysis to non-human datasets (using 120 

the null hypotheses for each study listed in Table S1), the inference produced by 121 

PICRUSt showed a much lower similarity to inference produced by metagenome 122 

sequencing (Fig. 3). 123 

 124 

In order to ensure that the differences in performance were not due to differences in 125 

sample sizes, we randomly sub-sampled each larger dataset (without replacement) to 10 126 

samples (5 per group) and re-calculated the comparison of P-values between PICRUSt 127 

and metagenome sequencing (Fig. S1). Even at a smaller size, data from the human 128 

studies showed greater concordance than those from other environments. We conclude 129 

that the difference in sample sizes between datasets does not explain the variability of 130 

PICRUSt accuracy between different samples types in our study. Likewise, the effect 131 

sizes of the associations with metadata, measured as R2 in a PERMANOVA test, were 132 

not substantially higher in human samples (Table S1). It therefore also seems unlikely 133 

that effect size alone can explain the better concordance we observed between inference 134 

results from PICRUSt and metagenome sequencing for human samples. 135 

 136 

In order to further investigate the consistency of PICRUSt and metagenome sequencing, 137 

we next asked how many genes were detected by both methods or by each method 138 
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individually. For some datasets, such as the Human_KW dataset, PICRUSt failed to 139 

predict many genes that were detected by metagenome sequencing. For other datasets, 140 

such as the soil datasets, many genes that PICRUSt predicted were not detected in 141 

metagenome sequencing and there were also many genes seen in metagenome 142 

sequencing but not in PICRUSt (Fig. 3). For the chicken dataset with an average 143 

metagenome sequencing depth of 31 million reads/sample and the gorilla dataset of 27 144 

million reads/sample, 23.4% and 26.1% of PICRUSt predicted genes could not be 145 

detected by metagenome sequencing (Fig. 3). In addition, the metagenome sequencing of 146 

the Human_KW dataset with an average sequencing depth of 10 million reads/sample 147 

detected 13,880 genes and PICRUSt missed 59.8% of them (Fig. 3). 148 

 149 

PICRUSt performs differently for different functional categories 150 

We next investigated the discrepancy between PICRUSt and metagenome sequencing for 151 

inference in different functional categories (Fig. 5). When comparing the P-values from 152 

PICRUSt data to P-values from metagenome sequencing, there was a lack of significant 153 

correlations in the human gut samples for some categories including Signaling molecules 154 

and interaction, Immune system, Endocrine system, Cell growth and death, Nervous 155 

system, Digestive system, Environmental adaptation, Cardiovascular diseases, Immune 156 

diseases, Substance dependence, Circulatory system, Excretory system and Viral protein 157 

family. PICRUSt appeared to have a closer match to the metagenome sequencing data for 158 

categories such as Folding, sorting and degradation, Translation, Transcription, 159 

Replication and repair, Nucleotide metabolism, Glycan biosynthesis and metabolism, 160 

Drug resistance, Neurodegenerative diseases, Endocrine and metabolic diseases and 161 
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Aging. For the genes only detected by one method, most of the genes missed by 162 

PICRUSt belong to Environmental Information Processing, Organismal Systems and 163 

Human Diseases, while those associated with Metabolism were more likely predicted 164 

(Fig. S2). Among the genes predicted by PICRUSt but not detected by metagenome 165 

sequencing, most of them belong to Cellular processing and signaling, Signaling 166 

molecules and interaction, Genetic information processing, Substance Dependence and 167 

Viral protein family (Fig. S3). 168 

 169 

Discussion 170 

Microbial community functional profiles are typically of much lower variance compared 171 

to their taxonomic profiles likely because of the large proportions of “core” or 172 

“housekeeping” functions [18-20]. In this study, we showed that this lack of variance in 173 

functional profiles between samples leads to a strong correlation between functional 174 

profiles from metagenome sequencing and those estimated from references with 175 

PICRUSt, even when the sample labels are randomly shuffled (Fig. 1c). We argue that 176 

this result shows that metrics commonly used to measure gene prediction performance, 177 

such as Spearman correlation between gene composition estimated with PICRUSt and 178 

metagenome sequencing, do not give a satisfactory measure of overall accuracy. As an 179 

alternative, we evaluated the performance of PICRUSt at a community level based on 180 

inference from simple statistical models testing the association between genes and 181 

metadata. Unlike simple Spearman correlations, evaluation with inference methods are 182 

highly sensitive to shuffling sample labels (Fig. 4), which indicated that inference 183 

methods are much less affected by the relatively low variance of functional profiles. The 184 
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inference-based approach also has the advantage of reflecting the common use of 185 

PICRUSt to reveal predicted functional profiles associated with different metadata 186 

categories [11, 12, 21-23]. Incorrect estimation of differential abundance could lead to 187 

false discovery of signature genes, and this concern motivated our approach to determine 188 

the reliability of PICRUSt produced inference in different systems. 189 

 190 

In this study, we selected 7 datasets from different environments which include human, 191 

non-human animal and environmental (soil) samples. With inference methods, we found 192 

that PICRUSt and metagenome sequencing had more consistent assessment from human 193 

datasets than non-human animals or environmental datasets. It is likely that these 194 

differences reflected the bias of genome databases towards human-related 195 

microorganisms. However, PICRUSt still missed a large percentage of genes that were 196 

detected with metagenome sequencing in human samples, and an increase in metagenome 197 

sequencing depth could presumably increase the number of genes that are potentially not 198 

detected by PICRUSt (Fig. 3; Table S1). Likewise, PICRUSt sometimes predicted many 199 

genes not found in metagenome sequencing even in samples with presumably adequate 200 

sequencing depth of millions of reads per sample, which suggested that these additional 201 

genes are likely false predictions. 202 

 203 

As a meta-analysis across multiple studies, there are systemic factors that may influence 204 

the results of this study, including different sample sizes, sequencing designs and effect 205 

sizes of associations with the metadata. We repeated our analysis on subsampled datasets 206 

that were rarified to the number of samples in the smallest dataset that we examined and 207 
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observed a similar pattern of results with inference more consistent between PICRUSt 208 

and metagenome sequencing for human studies (Fig. S1). This result suggests that 209 

difference in sample size does not explain the better inference performance of PICRUSt 210 

for the human studies. While differences in effect size and experimental design are harder 211 

to control, the human studies did not have an obviously higher effect size than the non-212 

human studies as measured with a PERMANOVA test (Table S1). It therefore also seems 213 

unlikely that differences in effect sizes of associations with the metadata can explain our 214 

results. 215 

 216 

Our study also examined the performance of PICRUSt for different functional categories. 217 

This approach was motivated by the presumed bias in current genome databases toward 218 

culturable microorganisms [24]. We reasoned that the unculturable state of 219 

microorganisms could be caused by specific requirements for nutrients, temperature, pH, 220 

beneficial interactions with other microbes or extremely slow growth rates [25], which in 221 

turn could lead to bias in gene families in different microorganisms. Likewise, different 222 

microorganisms and genes also have different rates of horizontal gene transfer and the 223 

accuracy of gene content estimation may therefore vary depending on the type of the 224 

genes and microbial groups [26]. We found that PICRUSt performed best for “house-225 

keeping” functions such as transcription and translation while the accuracy of functions 226 

related to environmental information processing was generally much lower (Fig. 5). 227 

Future algorithms for gene prediction could explicitly incorporate this performance 228 

variance into a confidence score that could give users estimated error rates for prediction 229 

of a given gene family. 230 
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 231 

Our analysis suggests that in order to better predict microbial functional profiles in 232 

certain environments, it will be of utility to develop tools specific to that environment. 233 

There have been encouraging examples in the literature of efforts to make environmental 234 

specific databases such as CowPI, a functional inference tool specific to the rumen 235 

microbiome, which had better estimates than PICRUSt when used for predicting 236 

functional profiles in the bovine environment [27]. We can look forward to similar future 237 

refinements in the next generation of these algorithms that will use appropriate reference 238 

databases for an environment and analyze individual functional categories to yield 239 

confidence scores for each prediction. 240 

 241 

Methods 242 

The datasets used in this study include 2 human datasets (named as Human_KW [28] and 243 

Human_TY [29] in our study after the initials of their first authors), 1 gorilla [30], 1 244 

mouse [31], 1 chicken [32] and 2 soil datasets Soil_LWM [33] and Soil_AAN [34]. Each 245 

dataset has publicly available 16S rRNA and metagenome sequences and is associated 246 

with a two-level categorical metadata. The Human_KW study compared urban and rural 247 

subjects in China, while US and non-US subjects were compared for the Human_TY 248 

study. In the gorilla study, the dry and wet seasons were compared while the mouse study 249 

compared community composition of two enterotypes. Lean and fat broiler chicken lines 250 

were compared for the chicken study. For the Soil_LWM study, Amazon dark earth and 251 

agricultural soil were compared, while forested and deforested soils were compared for 252 

the Soil_AAN study. Information regarding data locations, sequencing depth, sample 253 
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sizes and effect sizes (measured as R2 in the PERMANOVA test with the function 254 

‘adonis’ in the R package ‘vegan’) for each study are listed in Table S1.  255 

 256 

The PICRUSt predictions of the 16S rRNA sequences in the datasets followed the 257 

developer’s instructions [4]. The authors’ metagenome analysis results were used when 258 

available [29, 31, 33, 34], otherwise the raw sequences were analyzed with humann2 259 

following the developer’s instructions [35]. In each dataset, all PICRUSt-predicted gene 260 

families and pathways were compared to those from metagenome sequencing to 261 

determine their discrepancy in the number and types of genes revealed. For genes 262 

detected by both PICRUSt and metagenome sequencing, we used two sets of methods to 263 

evaluate their consistency. In a first set of methods, we analyzed the Spearman 264 

correlation between PICRUSt-predicted gene composition and those from metagenome 265 

sequencing. As a control, we permuted the sample labels 100 times and re-calculated 266 

Spearman correlation between PICRUSt estimates and metagenome sequencing estimates 267 

with sample labels shuffled. 268 

 269 

In a second set of methods, we analyzed the consistency of PICRUSt and metagenome 270 

sequencing in the P-values they generated for null hypotheses of no association with 271 

metadata. For this purpose, P-values were produced with a t-test of the 2 distinguishable 272 

groups in each dataset (Table S1). P-values from the t-test were log10 transformed and 273 

multiplied by either 1 or -1 to include the direction of change as indicated below: 274 

P_t=log10(P)* t /abs(t) 275 
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P_t is the transformed P-value, P is the P-value from t test, and t is the statistic of t-test. 276 

We then estimated the consistency of the log-transformed P-values from PICRUSt and 277 

metagenome sequencing with Spearman’s correlation. To determine whether this method 278 

is affected by the low variance of functional profiles, we permuted sample labels of the 279 

metagenome sequencing gene compositions 100 times and re-calculated the log-280 

transformed P-values and their correlation with the PICRUSt results. 281 

 282 

In order to correct for differences in sample size, each dataset was also subsampled to 5 283 

samples per group to ensure that the different sample sizes of datasets were not unduly 284 

influencing our results. The PICRUSt predictions and metagenome sequencing were also 285 

compared in each of the 48 level 2 functional categories.  286 

 287 
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 413 

Fig. 1. Spearman correlations between PICRUSt and shotgun metagenome sequencing in 414 

unpermuted and permuted datasets. A and B: An example showing the correlations 415 

between genes relative abundances estimated by PICRUSt and metagenome sequencing 416 

in a soil sample (sample BulkAG3 in soil_AAN dataset) for unpermuted (A) and 417 

permuted (B) sample labels. C: Comparison of Spearman’s rho between PICRUSt and 418 

metagenome sequencing in unpermuted (red) and permuted data (blue) in all datasets. In 419 

each of the 100 permutations, all sample labels were shuffled for every gene.  420 

 421 
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Fig. 2. Taxonomic (A) and functional profiles (B) of the 7 datasets in our study. The 422 

taxonomic profiles were plotted at the class level and the functional profiles were plotted 423 

at the broadest functional category of the KEGG database for visualization.  424 

 425 

Fig. 3. Comparison of inferences based on gene composition estimated with PICRUSt 426 

and metagenome sequencing in each of the 7 datasets. The Venn diagrams (left in each 427 

panel) show the number of genes detected by both PICRUSt and metagenome sequencing 428 

or by only one method, with those detected by PICRUSt in pink and those by 429 

metagenome sequencing in blue. The plots (right in each panel) show log-transformed P-430 

values of the t-test evaluating the null hypothesis for each dataset (see methods and Table 431 

S1) from metagenome sequencing (x-axis) and PICRUSt (y-axis) for genes in common 432 

between the two methods. The sign of the log-transformed P-values reflect the direction 433 

of change (see methods). For example, in the Human_KW dataset, genes higher in urban 434 

subjects are in the upper-right hand quadrant and genes lower in urban are in the lower-435 

right hand quadrant. The table (inset lower right corner) shows the percentage of genes 436 

called by only one method for each dataset and the coefficients of Spearman’s 437 

correlations between log-transformed P-values based on gene composition estimated by 438 

PICRUSt and metagenome sequencing. 439 

 440 

Fig. 4. The results of inference methods in unpermuted and permuted datasets. The red 441 

points are the Spearman’s rho of log-transformed P-values from PICRUSt and 442 

unpermuted metagenome sequencing data for each dataset. The boxplots of blue points 443 

show the Spearman’s rho of log-tranformed P-values from PICRUSt and permuted 444 
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metagenome sequencing data in 100 permutations. In each of the 100 permutations, all 445 

sample labels were shuffled for every gene.  446 

 447 

Fig. 5. Spearman’s rho of the correlations between log-transformed P-values from 448 

PICRUSt and metagenome sequencing in 48 KEGG functional categories at the second 449 

hierarchy level with the bar colors indicating the functional categories at the first 450 

hierarchy level.   451 
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Mean of the Spearman’s rho 
(unpermuted) 0.827 0.782 0.622 0.809 0.747 0.840 0.753

Mean of the Spearman’s rho 
(permuted) 0.809 0.688 0.503 0.789 0.706 0.838 0.750

P-value of the difference 
between the 2 sets of rho 4.41E-07 < 2.2e-16 4.6E-08 0.0435 0.000142 0.505 0.794

C
●●●●●●●●
●●
●●●●●●●●
●●●●
●●●●●●●●●●●
●●●●
●●●
●
●●●●●●●●●
●
●●
●●●
●●●●●●●●●●●
●●●●●●●●●●●●●
●●●●
●●●●●●●●
●●●●●
●
●
●●●●●

●

●

●●●
●●

●

●
●
●

●

●

●

●●

●

●

●

●●

●
●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●
●

●●●
●

●●

●
●●●
●

●●

●

●●

●

●●

●

●
●
●●
●●●
●
●

●

●

●●

●

●
●
●
●

●
●
●●●
●
●●●

●

●●
●

●
●

●

●

●
●●●
●

●

●

●

●
●●●●●
●
●

●
●
●●
●

●
●●
●
●

●
●
●
●

●

●
●
●

●
●●

●

●

●

●

●

●
●●
●
●

●
●
●●●●
●●
●
●●
●

●●●●●●●●●●
●●

●

●

●
●●●
●
●●●
●
●

●
●

●

●
●

●
●●
●

●
●

●
●●
●

●
●

●●
●

●

●●●
●
●●
●

●
●●●●●
●●

●
●●
●●

●

●
●●

●

●
●
●
●●

●
●●

●

●●●
●●
●
●

●
●
●
●●●●●●●●●●

●●
●●●

●
●
●
●
●●●●

●

●

●

●
●

●

●●
●●
●

●

●
●
●●●●

●
●●●
●
●
●
●
●
●
●
●
●
●
●●●●
●
●
●

●
●

●

●

●

●

●

●

●

●
●●
●●

●

●

●●●
●
●

●
●
●
●
●
●

●

●

●●●
●
●

●

●
●
●

●

●
●

●

●

●
●●●
●
●

●

●

●
●

●

●
●
●
●
●

●

●
●

●

●●●●

●

●

●

●

●

●●●
●
●●●

●
●●●

●

●

●
●

●

●●●
●

●

●

●●●
●
●
●

●

●

●

●

●

●

●

●
●●●●
●
●
●●●
●
●●
●

●

●
●
●
●

●

●
●
●
●●●

●

●

●

●

●
●●
●

●

●

●

●
●
●

●
●

●

●

●

●

●

●
●●

●

●
●●●
●
●
●
●

●

●
●
●

●

●

●

●
●●

●

●

●

●

●

●

●
●
●

●

●

●

●

●●●

●●

●

●

●●●

●

●

●
●

●

●

●

●
●

●

●

●

●●

●

●

●

●
● ●●

●
●

●

●

●

●

●●

●
●●●

●

●

●
●●

●

●●●
●

●●
●

●●

●

●

●
●

●
●
● ●●
●

●●
●●●
●
●

●
●
●
●

●
●●●

●
●●
●

●

●
●
●

●

●

●

●

●
●●

●

●

●
●
●
●
●

●●●
●●
●
●●●

●
●●

●●

●●●
●
●
●
●●

●

●
●
●

●

●

●

●

●●●

●

●

●●

●
●●

●
●●

●
●●
●

●●
●●
●

●●

●●●
●
●●●●

●
●

●
●
●
●

●

●

●
●

●

●

●

●
●
●● ●
●●●

●●●●●●
●●
●

●●

●●● ●
●

●
●●

●

●

●
●

●
●

●

●

●
●
●

●

●

●
●

●
●●

●●
●

●●●●
●●
●
●●

●●

●● ●●
●●●●

●

●
●

●

●

●

●

●

●
●●

●

●

●
●

●
●●

●
● ●

●● ●●
●
●

●●●

●●

●●●●
● ●
●●

●
●
●
●

●

●

●

●
●
●
●

●

●

●
●
●
●●

●
●●

●

●●●
●●
●●●

●●

●●
●

●
●
●
●●

●

●
●
●

●

●

●

●

●

●●

●

●

●
●

●

●●
●

●
●●●

●
●●
●

●●●

●●

●
●

●
●
● ●●●

●

●
●
●
●

●

●
●

●
●●

●

●

●
●

●
●
●

●
●●
●●●●●

●
●●
●

●●

●●●●
●
●●

●

●

●
●
●
●

●

●

●

●●
●

●

●

●
●

●
●●

●●●
●● ●
●●●●●
●

● ●

●●●●
●

●
●●

●

●

●
●

●

●

●

●

●●●

●

●

●
●

●

●
●

●●●
●●
●
●
●●●

● ●

●
●

●●●●
●
●
●
●

●

●
●

●

●

●

●

●

●
●●

●

●

●
●

●
●●
●●
●

● ●● ●
●●
●●
●

●●

● ●
●●●

●
●●

●

●

●

●

●

●

●

●

●●●
●

●

●
●

●

●
●

●●
●

●●● ●
●
●

●
● ●

●
●

●●●●●●
●●

●

●
●
●

●

●

●

●

●
●●

●

●

●
●

●

●

●● ●●
●●
●●●●●●●

●●

●●●●
●●●●

●

●

●

●
●

●

●

●

●●
●

●

●

●
●

●
●●

●
●●

●●●●
●●

●●
●

●●

● ●●●
● ●●●

●

●

●

●

●

●

●

●
● ●
●

●

●

●

●

●

●●

●●
●●
●
●●●

●
●●●

●●

●●●●
●●
●●

●

●
●

●
●

●

●

●

●
●●

●

●

●
●
●●
●●●●

●●●●●●
●●
●

●●

● ●●
●●●

●
●

●

●

●
●
●

●

●

●
●●

●
●

●

●
●
●

●

●
●●
●

●
●●●●

●
● ●●

●●

●●
●●
●●●●

●

●
●

●

●

●

●

●
●●●

●

●

●
●

●
●

●
●●●

●
●
●●●
●

●
●●

●●

●●●●
●● ●●

●

●
●

●

●

●

●

●

●

●●
●

●

●
●
●

●
●● ●●● ●●●
●
●

●●●

●●

●●
●
●
●
●
●●

●

●

●
●
●

●

●

●

●●
●

●

●

● ●

●
●
●
●●●
●
●●●
● ●
●●
●

●
●

●
●●
●●●●●

●

●
●

●

●

●

●

●
●
●●

●

●

●
●

●
●●
●●●

● ●
● ●
●
●

●
●●

●
●

●●●●
●●●●

●

●
●

●
●

●

●

●

●
●●

●

●

●

●
●

●●
●●●
●●

●●●
●
●

●●

● ●

●●●●●●●
●

●
●
●
●
●

●

●

●
●

●●

●

●

●
●

●
●
●
●●●

●
●●● ●●

●
●

●

●●

●
● ●

●
● ●●●

●

●

●

●

●

●

●

●
●●
●

●

●

●
●

●
●●

●●
●

●
●
● ●
●
●

●
●●

●
●

●
●●
●●●●●

●

●
●
●

●

●

●

●

●● ●
●

●

●
●

●

●
●
●●●

● ●
●● ●

●
●●●

●●

●
●●●

●
●●●

●

●
●

●
●
●

●

●

●
●●

●

●

●
●

●
●●
●●
●

●●●●
●

●
●●●

●●

●●●●
●
●
● ●

●
●
●
●
●

●

●

●

●
●
●
●

●

●
●

●
● ●●●●

●●●●● ●●●
●

●●

●
●

●● ●● ●●

●

●

●

●

●

●

●

●

●
●●
●

●

●
●

●●●
●●●

●
●●●

●●
●●
●

●●

●●●
●● ●●●

●

●

●
●
●

●

●
●

●● ●
●

●

●
●

●

●
●

●●●
●
● ●●●
●
●●
●
●●

●● ●●●●
●●

●

●●●

●

●

●

●
●

●●

●

●

●
●

●

●●

●●●
●

●●● ●●●●
●

●●

●
●●●
●●●
●

●
●
●
●

●
●

●

●
●

●●

●

●

●●

●

●
●●● ●

●●●●
●
●

●●
●

● ●

●●●
●

●
●
●
●

●

●

●
●
●

●

●
●

●
●●

●

●

●
●

●

●
●

●
● ●

●●
●●●

●
●●●

● ●

●●●●
●●
● ●

●

●
●

●
●

●

●

●

●
●●

●

●

●
●
●

● ●
●●●

●
●●●
●●

●
●
●

● ●

●●● ●
●●
●●

●
●

●
●

●

●

●

●
●●●

●

●

●
●

●
●

●
●●

●

●● ●●
●

●
●●
●

●●

●
● ●
●●●●

●

●
●
●

●

●

●

●

●

●
●●
●

●

●
●

●

●
●
●●
●

●
●

●●●
●
●

●●

●●

●●●●
● ●
●●

●

●

●

●

●

●

●

●

●
●
●

●

●

●
●

●
●

●
●●
●

●●●●
●●
●
● ●

●
●

●
●●●

●●
●●

●

●
●

●
●

●

●

●

●
●
●

●

●

●
●

●

●
●

●●●
● ●● ●

●●
●●●

●●

●●●
●●●●●

●
●

●

●

●

●

●

●

●
●
●

●

●

●
●

●
●●
●●
●

●
●●●●
●

●●
●

●●

●
●
●●●●●
●

●
●

●
●

●

●

●

●

●●●
●

●

●

●

●
●●

●
●
●●●

●●
●● ●●●

●
●

●●●●●●●
●

●

●
●

●
●

●

●

●
● ●●

●

●

●
●
●

●
●
●●●
●
●●●●●
●●

●
●

●

●●●
●
●

●
●●

●
●

●

●

●

●

●

●

●
●●

●

●

●
●

●

●
●
●
●
●

●●
●● ●●
●●
●

●●

●●
●●
●●●●

●
●
●
●
●

●

●

●
●
●
●

●

●

●
●
●

●
●
●●●
●●●●●

●
●●
●

●●

●●●
●●●●

●

●

●

●

●
●

●

●

●

●●●

●

●

●●

●
●
●

●●
●

●●●●
●●●●●

●●

●●●
●
●
●

●●

●
●
●

●
●

●

●

●

●
●●

●

●

●●
●
●●
●

●
●

●
●
●●

●●
●●

●

●●

●●●
●
●
●
● ●

●
●
●

●
●

●

●
●

●
●●
●

●

●
●

●

●●
●

●

●

●● ●●●
●

●●●

●●

●●
●●
●●●
●

●

●
●

●
●

●

●

●

●
●●
●

●

●
●

●

●

●
●●
●

●●
●●●
●

●●
●

●●

●●●
●●●
●●

●
●
●
●
●
●

●

●

●
●●

●

●

●
●
●●●

●● ●

●
●●●
●●

● ●●

● ●

●●●
●
●
●

●●

●

●
●
●

●

●

●

●

●●
●

●

●

●●

●

●

●
●●●

●
●● ●

●●
●●
●

● ●

●●●●●●
●●

●

●
●
●

●

●

●

●

●
●●

●

●

●
●

●

●
●

● ●
●

●
●●
●

●●
●
●●

●●

●●●
●●
●●

●

●

●

●
●
●

●

●

●

●●●

●

●

●
●

●
●●●
●

●
●●●●●
●
●● ●

●●

●●●●
●●●
●

●
●

●
●
●

●

●
●

●
●●

●

●

●

●
●

●
●

●
●●

●
●●
●

●●
●
●

●

●●

●●●
●
●●● ●

●
●●
●
●

●

●

●

●●●
●

●

●
●

●
●
●●
●●

●
●●●●

●

●
●●

●●

●●●●
●
●
●●

●
●●●

●

●

●

●

●
● ●

●

●

●
●
●
●
●
●●●

● ●●●●
●
●
●●

●●

●●● ●
●

●
●

●

●

●
●
●
●

●

●
●

●●
●
●

●

●
●

●
●●

●●●
●
●●●
●●
●

●
●

●●

●●●
●●●●●

●

●
●

●

●

●

●

●

●
●●

●

●

●
●
●

●

●
●●

●

●●
●●●

●
●
●●

●●

●●●●
●●
●●

●

● ●
●

●

●

●

●

●
●●

●

●

●
●

●
●

●

●
●
●

●
●●
●
●
●

●●

●

●●

● ●●●●●●●

●
●
●

●

●

●

●

●

●
●●

●

●

●
●

●

●

●
●● ●●
● ●●
●
●

● ●
●

●●

●●●●
●
●
●

●

●

●
●

●
●

●

●

●

●●
●

●

●

●●
●
●

●●
●

●

●
●

●
●
●

●
●●●

●●

●●●●●●●●

●

●
●

●
●
●

●

●

●
●●

●

●

●
●

●
●●

●●●
●

● ●●●

●

●
●●

● ●

●●●●●
●
●●

●
●
●

●

●

●

●

●

●●●

●

●

●

●

●

●
●

●●●
●
●●●

●●
●●
●

●
●

●
● ●
●

●●●
●

●

●
●

●

●

●

●

●

●
●●

●

●

●●
●
●

●
● ●●

●
●●●
●●

●●
●

●
●

●●●
●●●●●

●

●
●

●

●

●

●

●

●
●●

●

●

●
●

●
●
●
●●●

●
●●●

●●

●
●
●

●●

●● ●●
●
●

● ●

●

●
●

●

●

●

●

●

●
●
●
●

●

●
●
●

●● ●●●

●●●●
●
●

●●
●

●
●

●●●
●●●●

●

●

●
●
●
●

●

●

●

●

●●

●

●

●

●
●

●

●●
●
●

● ●●● ●●●
●
●

●●

●●●
●●
●
●

●

●

●

●

●
●
●

●
●

●●●

●

●

●
●

●

●
●
●●●
●●● ●
●● ●●●

●●

●
●

●●●●●
●

●

●
●

●

●

●

●

●

●
●

●

●

●

●
●

●
●
●●●
●
●●●●●
●
●●
●
●●

●●●●
●●●●

●

●
●
●

●

●

●

●
●●
●

●

●

●

●
●
●
●
●
●●
●

●● ●
●●

●●●

●●

●●●
●● ●●●

●

●
●
●

●

●

●

●

● ●●

●

●

●
●
●
●
●
●●●

●
●●● ●●
●
●●

●●

●●●●
●●●●

●

●

●

●

●

●

●

●

●
●●

●

●

●
●

●
●●

●●●
●

●
●●

●
●

●
●●

●●

●●●●●●●●

●

●

●
●
●

●

●

●
●● ●

●

●

●
●
●

●
●

●●●
●●●●
●●

●
●
●

●
●

●
●●

●
●
●

●
●

●

●

●
●
●

●

●

●

●
●●
●

●

●
●

●
●

●
●●●
●

●●●
●●●●●

●●

●
●●●
●

●
●
●

●

●
●

●

●
●

●

●
● ●●

●

●

●
●

●
●●
●●●
●●●●
●●●●●

●●

●
●●●
●●●●

●

●
●
●

●

●

●

●

●●●

●

●

●

●
●
●●

●●●
●
●●●●
●

●
●●

● ●

●●●●
●

●

●●

●

●
●
●
●

●

●

●

●
●●

●

●

●

●

●
●●
●●●
●

●●●●
●
●●
●

●●

●●●
●●●
●●

●

●
●

●

●

●

●

●

●●
●

●

●

●
●

●

●●

●●
●

●●
● ●●●

●●
●

●●

● ●●
●
●●
●●

●

●
●●
●

●

●

●

●
●●

●

●

●

●
●

●
●

●●
●

●●●
●
●
●

●
●●
●

●

●●
●

●●
●

●●

●

●

●

●

●

●

●

●

●
●●

●

●

●

●

●
● ●
●●
●

●●
●●●●
●
●●

●●

●●
●●
●
●

● ●

●

●
●

●
●

●

●

●
●●

●
●

●

●
●

●

●
●
●●●
●●
●

●
●●●●●

●
●

●●●●
●
●

● ●

●

●
●

●●
●

●
●

●
●●

●

●

●
●
●
●

●
● ●

●

●
●●●●

●
●●

●
●●

●●●●
●●●●

●
●

●

●

●

●

●

●

●
●●

●

●

●
●
●

●●

●
●●

●
●●

●
●
●

●●
●

●●

●●●
●
●
●

●●

●

●
●

●

●
●

●

●
●

●
●
●

●

●

●
●
●
●
●●●

●
●●●
●●●●
●

●●

●●
●

●
●●●●

●
●

●

●

●

●

●

●

●●
●

●

●

●
●

●
●
●●

●
●

●
●●● ●●
●
●

●

●●

● ●●●
●●●●

●
●
●
●●●

●

●
●

●●

●

●

●
●
●●●

●●●
●●

●
●●
●
●●

●

●●

●●●●●●●●

●

●
●
●
●

●

●

●

●
●●

●

●

●
●
●
●●
●●●

●
●●●●●●●
●

●
●

●●
●●●●●●

●

●
●
●

●
●

●

●

● ●
●

●

●

●
●
●

●
●
●●●
●●●●●
●

●
●●

●●

●●●
●
●●●●

●
●
●
●
●

●

●

●

●
● ●

●

●

●
●

●

●
●
●●●
●●
●
●
●
●

●●
●

●
●

●●●●●●●
●

●
●
●
●

●

●

●

●

●
●●

●

●

●
●

●

●
●

●●●
●
●● ●●●

●
●
●

●●

●●●
●●
●●

●

●
●
●

●

●

●

●

●

●
● ●

●

●

●
●

●
●●

●
●●
●●
●●●●

● ●
●

●
●

●●●●
●●

●
●

●
●

●

●
●
●

●
●

●
●
●

●

●

●
●

●
●●

●●●
●
●●●
●●●●●

● ●

●●
●
●
●
●
●

●

●

●
●
●

●

●

●

●

●
●●

●

●

●
●
●
●●
●●●

●
●●●● ●

●●●

●
●

●●●
●●

●
●●

●

●

●

●

●

●

●

●

●
●●
●

●

●

●
●
●

●
●
●
●

●
●●●
●●●
●

●

●●

●●●●●●●

●

●

●

●

●

●

●

●

●

●
●●

●

●

●
●

●

●
●
●

●●

●●
●

●●
●

● ●
●
●●

●●
●

●●●●
●

●
●
●
●

●

●

●

●
●●●

●

●

●
●
●
●
●
●●●

●●●●
●
●
●●●

●●

●●●●
●
●●

●

●

●
●
●

●

●

●
●

●●●

●

●

●

●
●
● ●

●●●

●
●●●

●●
●
●●

●●

●●●●
●●
● ●

●

●
●

●

●
●

●

●

●
●●

●

●

●

●
●

●
●

●●●
●● ●

●●●
●●
●

●●

●
●●●
●
●●●

●

●
●

●

●

●

●
●

●●
●●

●

●
●

●
●●

●●●

●
●●

● ●
●
●
●●

●●

●●●●
●
●
●●

●

●

●
●
●

●

●

●

●
●●

●

●

●
●

●
●
●
●●
●

● ●●●
●●
●
●●

●●

●●
●
●
●●
●●

●

●

●

●

●

●

●

●

●
●●

●

●

●
●

●
●●
●●●

●●●●
●●

●
●
●

●
●

●●
●●●●

●●

●

●
●
●

●

●

●

●
●
●●

●

●

●
●

●

●

● ●●●
●
●

●
● ●●
●

●
●

●●

●●●●
●
●
●
●

●

●
●

●

●

●

●
●

●●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●
●

●●

●

●●

●

●
●

●

●

●

●

●

●

●
●●

●

●

●

●
●
●

●
●

●
●●

●
●

●

●

●
●

●

●

●

●

●

●

●
●

●
●

●
●

●

●

●

●

●
●

●●

●

●

●

●
●

●
●●

●●

●

●

●●●

●
●

●
●

●

●

●●
●

●
●
●

●

●

●

●

●

●

●
●

●
●

●

●

●

●

●

●

●
●

●
●

●

●

●

●●

●●

●

●

●
●

●

●●

●
●

●●●
●●
●

●

●●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●●

●

●

●
●●

●
●

●●
●

●

●
●

●

●
●
●

●

●

●

●

●

●

●
●

●

●

●

●
●

●●

●

●
●●

●
●
●

●

●

●

●●

●

●

●
●

●●●

●●

●●
●●

●

●

●
●●
●

●

●

●

●

●

●
●

●●

●
●

●

●

●

●
●●

●●●●

●

●

●
●

●

●●●●

●

●

● ●
●

●

●●

●

●

●●

●

●

●

●

●●

●

●●

●

●

●●

●● ●

●

●

●

●
●
●

●

●

●

●
●

●

●
●

●●

●●
●

●
●
●●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●●

●
●

●
●

● ●

●● ●

●

●

●
●

●●
●● ●

●

●●
●

●
● ●

●

●

●●

●
●

●
●

●

●

●

●
●

●●

●

●
●●

●
●

●

●

●

●●●

●

●

●

●

●

●●

●

●

●●●
●●

●
●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●●●

●●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●
●

●●
●●

●

●

●

●
●

●●

●
●

●

●

●

●
●

●
●●●●

●
●

●

●
●●
●

●

●

●
●

●

●
●

●

●

●
●
●●●

●

●
●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●
●

●
●

●
●

●

●

●
●

●

● ●

●
●

●

●

●
●

●
●

●●
●

●

●

●

●

●

●
●

●

●

●

●●

●

●

●●●
●

●
●●

●

●
●
●●

●●
●
●

●
●●

●
●

●
●

●

●
●

●

●●

●

●

●

●

●

●

●

●

●

●●

●

●

●
●

●

●

●
●

●

●

●
●●

●

●

●

●

●
●
●

●

●
●

● ●
●

●
●●

●

●

●●

●

●

●●

●
●

●

● ●
●●

●
●
●

●

●
●
● ●
●

●
●

●

●

●

●
●

●

●●

●
●

●
● ●●●
●
● ●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●●

●

●
●

●

●

●

●
●

●

●●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●
●

●
●

●
●

●

●
●

●

●
●
● ●

●●
●

●
●●
●

●

●

●
●

●
●

●

●
●

●
●●●
●

●
●

●

● ●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●
●

●
●

●

●●

●

●●

●

●●
●

●

●
●

●
●●

●●●

●

●

●

●

●●

●

●

●●

●

●●

●
●

●
●

●
●

● ●●

●

●
●

●●

●●
●●

●

●
●

●

●

●
●

●●
●

●

●●●
●

●

●

●

●

●

●

●

●

●

●●

●
●

●

●

●●

●●

●●
●

●

●●

●

●

●●

●●
●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●
●

●

●
●

●
●

●●
●

●

●

●
●

●

●

●

●
●

●

●

●●

●
●

●

●●

● ●●
●
●

●

●
● ●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●
●
●
●●

●

●

●
●

●
●

●

●
●

●

●

●
●
●

●

●●

●

●

●
●

●

●

●●

●
●

●

●
●

●

●

●●
●

●

●

●

●

●

●
●

●●

●●

●
●

●

●

●

●
●

●
●●
●
●

●
●

● ●
●

●

●

●

●

●

●

●

●
●

●

●

●●

●

●

●●

●
●● ●●

●

●

●

●

●●●

●

●
●

●
●

●

●

●●●

●

●

●

●

●

●●

●●

●

●
●
●

●

●

●

●●

●

●
●

●

●●

●

●

●

●

●
●

●●●

●

●

●
●

●●

●
●●

●
●
●

●

●

●

●

●

●

●

●
●

●
●

●

●

●● ●
●

●

●

●●

●

●

●●●

●
●
●
●

●

●

●

●
●

●

●●

●

●

●

●

●

●

●

●

●
●

●

●
●

●
●

● ●
●
●

●

●●
●

●
●

● ●

●
●

●●

●
●●

●●

●
●●

●

●
●
●
●

●
●

●

●

●

●

●

●

●

●
●

●

●

●●●
●
●

●

●
●
●●

●

●

●

●

●

●
●

● ●

●
●

●

●
●

●
●
●

●

●

●

●

●

●

●●

●●

●

●

●

●
●

●

●●●●

●●

●

●●

●

●

●
●

●●

●
●
●

●
●

●
● ●
●
●

●
●

●●

●

●

●

●

●

●

●

●

●
●

●
●

●

●

●
●
●●

●
●

●●
●

●

●

●

●

●
●
●

●

●

●

●
● ●

●●●

●

●

●

●

●

●

●●

●

●

●

●●

●

●

●

●●
●

●●●●

●●

●
●

●

●

●
●

●

●●

●
●

●●●
●●●

●

●
●

●

●

●

●

●

●

●●

●
●

●

●

●
●

●
●●
●

●
●
●

●

●

●

●●
●

●

●●
●

●

●

●●●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●
●

●●
●

●

●
●
●

●

●

●●●

●
●

●
●

●

●
●

●
●

●
●●●●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●
●

●

●
●

●
●
●

●
●

●

●

●
●
●

●
●
●
●
●

●

●
●

●

●
●

●
●

●

●

●

●

●

●

●

●

●
●

●●

●●

●

●●
●

●

●

●

●

●

●
●

●

●●

●
●

●

●●

●

●

● ●

●●

●●●
●
●●

●

●

●

●

●

●

●

●●

●

●

●●

●

●●●
●

●
● ●

●

●

●
●

●

●●

●●

●

●

●●●

●

●
●

●

●

●●

●

●

● ●

●
●

●

●●

●●

●
●
●

●
●

●

●

●

●
●

●

●

●

●

●
●

●

●●

●●

●

●

●
●
●●

●

●●●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●●

●●●
●
●

●

●●●

●

●

●
●

●

●

●●
●

●●
●

●

●

●

●

●

●

●●

●
●

●

●●
●

●

●
●
●
●

●●
●

●

●●

●
●

●●

●
●

●

●
●

●

●

●
●
●
●

●
●●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●●

●●

●●

●

●

●

●

●

●
●
●
●

●●

●●
●

●
●●●

●

●

●

●

●

●●

●●

●

●

●

●

●

●

●
●●

●●

●
●

●

●●

●

●

●

● ●

●

●

●

●
●

●●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●
●

●

●

●
●

●●●

●
●

●

●

●

●

●
●●

●

●

●

●
●
●

●
●●

●

●

●

●

●

●

●

●

●
●

●

●●●
●

●
●●

●
●

●
●

●

●
●

●

●

●
●

●
●

●
●●

●
●

●

●
●●●

●

●●
●
●

●

●

●●

●

●

●

●
●

●

●

●

●

●●●
●

● ●

●

●

●

●

●

●

●

●
●

●

●●
●

●
●

●
●

●
●

●

●

●

●

●

●

●●

●●

●

●
●
●●

●

●
●●

●
●

●

●

●
●
●●

●

●

●●

●
●

●

●

●

●●
●●

●

●
●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●
●

●

●●●

●●●
●

●

●

●

●

●

●
●
●●

●

●

●

●
●

●
●
●

●

●

●

●

●

●

●●

●●

●

●
●

●
●

●●
●
●

●

●

●
●

●
●●●

●

●

●●

●

●
●

●
●

●●
●

●●
●

●●●
●

●

●

●

●

●

●

●

●●

●

●

●●

●
●●

●

●●
●
●●

●

●●●●●

●
●

● ●

●

●●

●●●●

●

●

●

●

●

●●

●
●

●

●

●

●●

●●
●●

●
●
●

●

●

●
●
●

●

●

●
●

●

●●

●

●

●
●
●

●

●

●

●
●●●

●

●

●

●

●

●

●

●

●

●

●

●●

●
●●

●

●●
●●

●

●

●

●

●

●●

●
●

●

●

●●
●

●
●
●

●

●

●

●

●

●

●
●

●●

●

●
●

●●

●
●●
●

●

●●

●

●
●

●
●

●

●

●
●

●●
●

●●

●

●

●
●●
●
●
●

●

●

●

●

●

●

●

●

●

●●

●
●

●
●

●

●
●

●

●●●
●

●

●

●

●

●

●
●

●
●

●
●

●

●●

●
● ●

●

●

●

●

●

●

●●

●

●

●

●
●

●
●

●
●●●
●

●
●

●

●

●
●
●

●

●

●●

●
●●

●

●

● ●

●

●● ●

●●●●

●

●

●

●

●

●

●

●
●

●●

●
●

●

●
●●

●●●●

●

●

●

●

●

●●

●
●

●

●

●
●●

●
●●

●

●

●●

●

●

●●

●

●

●

●●

●
●

●

●
●

●
●
●●●

●●●●

●

●

●●

●

●
●

●
●

●

●

●
●●

●

●
●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●
●

●
●●

●

●

●
●

●

●
●

●
●
●
●

●● ●

● ●

●

●

●

●

●

●

●

●●

●

●

●

●●

●
●

●
●

●●
●

●

●

●

●

●
●

●

●

●

●●

●
●

●

●
●

●●

●

●

●

●
●
●
●●

●

●

●

●

●

●

●

●
●

●

●

●
●

●
●

●
●
●
●

●

●

●

●

●

●

●
●
●

●●

●

●

●

●
●

●●
●
●

●

●

●

●

●

●

●

●

●
●

●
●

●●

●
●

● ●

●
●
●

●

●● ●
●

●
●

●●

●
● ●

●
●

●●
●●●

●●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●●

●

●
●

●

●

●

●

●
●●

●●

●

●

●
●●

●
●

●

●

●

●

●

●

●

●●

●●

●

●
●

●
●

●

●●●
●

●
●

●

●

●
●●

●
●

●

●

●

●
●

●●

●
●

●
●●
●
●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●
●
●
●

●
●

●

●

●
●

●

●●

●

●

●

●

●●●

●●
●

●

●

●

●

●

●

●
●

●

●

●

●
●

●
●

●
●

●
●

●

●
●

●

●
●

●

●

●

●

●

●

●●
●

●●

● ●
●
●
●

●
●●

●
●

●

●

●

●

●

●

●

●●

●
●

●
●

●●●●

●

●

●●

●

●

●

●

●

●
●

●
●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

● ●

●
●

●

●●

●●

●●

●
●

●

●

●

●

●

●
●●

●

●

●
●

●
●

●

●●

●

●
●

●
●●
●●●

●

●

●

●

●

●

●

●

●●

●

●

●●

●●

●
●

●

●
●

●
●

●

●

●
●

●

●

●

●

●

●

●●●

●
●●

●

●

●

●

●

●

●
●

●

●●

●

●

●

●

●
●●
●

●

●
●

●

●●

●

●

●

●

●●

●
●●

●
●

●●●
● ●

●

●●
●

●

●

●

●

●

●

●

●

●
●

●●

●●

●

●

●

●

●

●

●●

●

●

●
●

●

●
●

●

●
●●

●
●

●

●
●

●

●

●

●

●

●

●

●
●

●●

●

●●

● ●

●

●●●

●●
●
●

●
●

●

●

●

●

●

●

●

● ●

●

●

●●
●

●●

●●

●
●
●

●

●

● ●

●

●

●

● ●

●
●

●

●

●

●
●
●

●
●

●
●

●

●

●

●

●

●●
●

●

●

●

●

●
●

●●
●

●

●

●

●

●

●

●

●

●

●

●

● ●

●
●

●
●
●

●
●

●

●

●

●
●
●
●

●

●

●●

●

●
●

●
●

●

●
●

●
●●
●●
●

●

●

●

●
●

●

●

●

●●

●
●

●●
●●
●
●

●

●

●
●

●

●

●

●
●●
●

●

●

●
●

●

●

●

●
●●

●

●

●
●

●

●

● ●

●
●

●

●
●

●

●

●●●
●

●

●

●

●

●

●
●
●

●

●

●

●

●
●●

●●

●
●

●

●●

●

●●

●

●

●

●

●

●

●

●

●

●●

●

●

● ●

●

●

●
●

●
●

●●
●

●

●

●

●

●
●
●

●

●

●

●
●
●

●●●

●

●

●

●

●

●

●
●

●●

●

●

●

●

●

●
●

● ●

●

●

●

●

●●
●
●

●

●

●●

●
●

●

●●

●

●
●●●
●

●
●

●
●

●

●

●

●

●

●

●

●●

●

●

●

●

●
●
●●

●

●
●●

●

●

●●
●

●

●
●

●

●

●

●

●
●
● ●

●

●

●

●
●

●

●

●
●

●
●

●

●
●

●

●

●

●
●

●

●

●●
●

●

●●●

●
●

●●

●

●●

●●

●
●●

● ●

●

●
●●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●●
●

●
●
●●

●

●

●

●

●

●

●

●
●

●

●

●●●
●

●
●

●

●

●

●

●

●

●●

●●

●

●

●●●

●
●
●●

●

●

●

●

●

●●

●

●

●

●●

●

●
●

●

●

●

●
●

●

●
●●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●
●

●
●

●
●

●

●

●

●

●

●
●● ●
●

●

●

●●

●

●
●

●

●

●

●

●

●

●
●

●●

●

●

●
●

●

●●

●
●●

●
●

●

●●
●
●

●

●

●

●

●
●●

● ●

●
●
●
●
●

●

●

●
●●

●

●

●

●

●

●

●

●●

●

●

● ●

●

●
●●
●

●

●●

●

●

●
●

●

●
●

●
●

●

●

●

●●

●

●●

●

●

●

●

●

●

●
●

●
●

●

●
●

●●

●

●
●●
●

●●

●

●●

●●

●
●

●●

●

●●

●●

●
●●●●
●

●
●

●

●

●

●

●
●

●

●

●

●
●

●

●

●●

●

●

●●

●●●

●

●

●

●
●

●

●●●

●

●

●

●
●

●

●
●●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●
●●

●
●
●

●

●
●

●●

●
●

●
●

●

●

●

●

●

●
●
●●

●

●

●●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●
● ●

●

●

●

●

●●
●●

●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●●

●

●
●
●●

●

●●
●
●

●

●

●

●
●

●
●

●
●

●
●

●

●

●

●●

●●●

●
●

●●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●● ●

●

●

●
●●

●

●

●

●●

●
●●

●

●

●

●
●

●
●●

●

●

●

●

●

●

●
●

●●

●

●

●

●
●

●●

●

●

●

●

●

●

●
●

●
●

●
●

●●

●

●
●

●
●

●
●

●●

●

●

●
●
●
●

●

●

●

●

●

●

●

●●

●
●

●
●

●

●
●
●

●●●●

●

●

●

●

●

●

●

●
●

●

●

●
●
●

●

●●

●

●

●
●

●

●

●
●

●

●

●

●
●

●

●

●●
●

●

●

●

●

●

●

●
● ●

●
●

●●

●●
●

●

●

●
●

●
●●

●
●●

●

●

●

●

●

●

●

●

●

●
●

●
●

●

●

●
●●
●

●
●

●
●

●

●

●

●

●

●

●●●●

●

●
●

●

●
●

●

●

●

●

●

●

●

●●

●
●

●

●
●

●
●

●
●

●

●
●

●●●

●

●
●

●

●●

●
●

●

●●

●●

●

●

● ●●

●
●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●
●●

●
●●

●
●

●

●
●

●

●
●

●

●

●

●

● ●●

●

●●

●

●

●

●

● ●

●
●

●●

●

●●

●
●

●

●
●
●

●

●●

●

●
●
●

●

●

●

●●

●
●
●

●

●

●●● ●●
●
●
●

●
●

●

●

●

●

●

●

●

● ●

●●

●
●

●●
●

●

●

●

●

●

●

●

●

●

●

●
●

●●

●
●

●
●
●

●

●
●

●

●

●

●

●

●

●●

●

●

●

●●

●
●

●

●

●

●

●

●

●

●

●

●●●

●
●

●
●

●●●

●
●

●

●
●

●

●●
●●

●●

●

●

●

●

●

●

●

●

●

●

●

●●

●
●

●
●

●●
●

●

●

●

●
●

●

●●
●●

●

●

●

● ●

●

●●

●

●

●

●

●

●

●

●

●
●

●

●
●

●●

●

●●●●

●●

●

●
●●

●

●

●

●●

●

●
●

●

●

●●
●
●

●
●
●●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●●
●
●

●●

●
●

●

●

●
●

●

●●

●●

●

●

●

●
●

●●
●

●

●

●

●

●

●

●
●

●

●

●

●●

●

●

●

●
●
●●

●

●

●

● ●

●

●

●

●

●
●

●
●
●

●
●

●
●
●

●●●●
●●

●

●

●

●
●

●

●
●

●●

●

●

●●

●●●●

●

●

●

●

●

●

●
●
●

●●●
●

●

●

●
●

●

●
●●

●

●

●

●

●

●

●●

●

●

●

●●

●
●

●

●
●
●●

●

●

●

●

●
●
●

●

●
●

●

●

●
●

●

●

●

●

●●

●

●●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●●

●

●

●

●

●
●
●

●●

●

●

●

●
●

●

●
●

●

●

● ●

●

●

●●

●●

●

●
●

●

●

●
●

●
●

●

●●

●

●●

●
●

●●

●
●

●

●
●

●●

●
●

●
●

●

●
●●

●

●

●

●

●

●

●

●

●

●●

●

●

●●

●

●

●
●

●

●

●

●

●

●

●
●

●

●
●●

●

●
●

●
●●

●
●

●

●

●

●

●

●

●

●●

●
●

●

● ●
●●

●

●
●

●

●●
●

●

●
●

●

●

●
●

●

●

●
●●

●
●

●●

●

●●●
●

●
●
●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●
●
●

●●●●

●

●

●

●

●

●

●

●●

●

●

●●
●

●
●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●
●

●●
●

●●
●●

●

●
●

●

●

●
●

●

●

●

●●

●

●

●
●

●

●
●●

●
●

●
●

●

●

●

●

●

●
●

●
●

●

●

●
●
●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

●●

●
●

●
●

●

●

●
●●

●

●
●

●

●

●
●

●

●

●
●
●

●●

●
●

●●●●●●

●

●

●

●

●

●

●

●

●

●●

●

●

● ●

●

●
●
●

●

●

●●●

●

●
●

●

●●●

●

●

●

●

●
●

●●●

●

●

●

●

●

●

●●

●
●

●

●

●

●

●

●●
●
●

●
●

●

●

●

●●●

●

●

●●

●

●●

●
●

●
●

●
●●

●
●
●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●●●●

●

●●

●

●
●●

●

●
●

●●●

●
●●

●

●

●

●

●

●

●●

●
●

●

●●

●

●

●●

●
●

●

●●
●

●

●
●

●

●
●

●

●

●
● ●

●
●

●●●●

●

●●

●

●

●

●

●

●

●

●

●

●

●●

●
●

●●

●

●

●
●

●

●

●
●

●

●

●

●

●

●●
●

●

●

●

●

●
●

●
●

●

●

●

●●

●

●

●

●

●
●

●

●●

● ●

● ●

●
●
●
●●

●

●●

●●

●●

●●

●●
●

●
●

●

●

●
●●● ●●
●

●

●

●

●

●

●

●

●

●

●

●●

●
●

●

●

●●

●
●
●
●
●

●

●
●

●

●●●
●

●

●

●●
●

●

●

●

●

●

●

●

●●

●
●

●

●

●

●
●

●

●

●●●
●

●
●
●

●

●●

●
●

●
●

●
●

●

●

●

●

●

●

●
●●

●

●

●
●

●
●

●

●

●
●

●

●

●

●
●

●
●

●
●

●●
●

●
●

●
●
●

●

●

●
●
●

●
●
●●
●
●

●

●

●

●
●
●

●

●

●

●

●

●

●
●

●
●

●

●●
●
●

●

●●
●●

●●

●

●

●
● ●

●

●

●●

●
●

●

●

●

●
●

●●
●
●
●●

●

●

●

●

●

●

●

●

●

●

●

●
●

●
●

●●
●

●

●

●
●●●

●

●

●

●

●
●

●●

●

●

●
●

●

●●
●

●

●

●

●

●
●

●

●

●

●

●

●
●

●●

●●

● ●

●●

●

●

●

●
●●

●

●

●
●

●

●
●

●

●

● ●●
●●
●
●

●●

●

●

●

●

●

●

●
●

●
●

●

●

●
●

●
●

●
●

●

●
●

●

●

●

●

●

●●
●
●●

●
●

●●●

●
● ●
●

●

●
●

●
●

●
●

●
●
●

●

●

●
●

●
●

●

●

●
●
●

●

●●

●

●

●
●

●

●

●

●●

●
●

●
●

●● ●●

●●

●

●

●

●

●

●

●

●

●

●
●

●●

●
●

●
●

●
●

●●

●
●●

●

●●●●●

●●

●
●

●

●
●

●●●

●

●

●

●

●

●

●
●

●

●

●

●●

●
●

●
●
●
●

●
●●

●

●
●

●●

●

●

●

●

●
●
●

●
●

●●●
●●●
●●●

●

●

●

●

●

●

●

●

●●

●

●

●
●

●● ●
●

●
●

●

●

●

●

●

●

●
●

●
●●

●

●

●

●●

●

● ●
●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●●●
●

●

●

●

●

●

●
●
●

●
●

●
●

●

●
●

●
●

●●

●●●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●●
●●

●
●

●

●

●

●
●

●

●

●

●

●
●

● ●

●●

●●

●

●●

●

●

●

●
●

●

●

●
●

●

●

●

●
●

●

●

●

●
●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●●

●

●

●●

●
●

●

●

●●
●

●

●

●

●

●

●

●

●

●
●

●●

●

●

●

●
●

●

●●●
●

●

●

●●●

●●
●
●

●

●

●
●

●
●●●

●

●

●

●

●

●

●●

●

●

●

●
●●

●

●

●●
●

●

●
●

●

●

●
●
●

●
●
●

●

●

●●

●
●

●
●
●

●●
● ●
●

●
●

●

●

●

●

●

●

●

●
●

●

●

●
●

●
●●●

●●●●

●

●

●●

●

●
●
●●
●

●

●
●

●

●
●

●

●

●

●
●

●

●

●●

●
●

●

●
●

●
●

●
●
●●

●
●●

●

●
●

●
●

●
●

●●

●
●
●

●

●

●

●

●

●●

●●
●

●

●

●

●

●

●

●

●

●

●
●

●
●

●
●

●
●
●
●

●
●
●●

●

●

●
●

●

●
●

●
●

●

●

●
●●

●
●

●

●

●

●

●

●

●

●
●

●
●

●

●

●

●

●

●●●
●
●

●

●

●

●●

●
●

●●

●

●

●
●

●

●

●

● ●●
●

●
●●●

●

●

●

●

●

●

●

●

●

●●

●

●

●
●

●
●●
●

●
●

●

●
●

●

●
●

●

●●

●●

●

●

●
●
●

●
●

●
●

●

●
●

●●

●●

●●

●

●

●

●
●

●

●

●●

●●●

●

●
●

●
●

●

●

●●

●

●
●

●
●

●●
●
●●●●

●

●

●

●

●

●
●

●

●

●

● ●

●●

●
●

●
●●

●

●●

●

●

●

●

●

●

●

●
●●●

●

●

●
●●

●●
●

●

●

●
●

●

●

●

●

●
●

●

● ●●
●

●

●

●

●

●●
●

●

●●
●

●

●●

●
●

●

●●

●

●

●
●●

●● ●●
●

●

●

●

●

●
●

●

●

●

●●

●

●

●●

●
●

●
●

●

●●
●

●

●

●

●

●

●●
●
●

●
●

●●
●

●

●●

●

●

●

●

●

●

●●

●
●

●

●
●

●●

● ●
●●

●

●●●

●●

●
●

●

●

●

●

●

●
●

●

●

●
●●
●
●

●

●
●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●●
●

●●

●

●

●

●

● ●
●
●

●

●

●

●●

●

●●
●

●

●
●

●
●

●
●

●●

●

●

● ●

●

●●
●
●

●
●

●

●

●
●

●

●

●

●

●
●

●

●
●

●

●

●●
●

●

●
●

●●●●

●

●

●

●

●

●

●

●
●

●
●

●
●

●

●
●●

●●
●●

●

●

●

●

●

●●

●
●

●
●

●

●

●

●
●●

●

●

●

●

●

●

●●

●

●

●

●
●

●●

●
●●
●
●

●

●

●

●
●

●

●

●

●

●
●

●
●

●

●
●

●●

●
●●●● ●

●

●

●

●

●

●

●

●

●

●
●

●

●

●●

●
●
●●

●●●
●

●

●

●

●

●

●
●●●
●
●

●

●

●

●● ●

●

●

●

●

●

●

●
●

●

●

●

● ●

●●

●

●

●●

●
●

●

●

●

●
●●

●

●

●
●

●●●

●
●

●●●

●
●

●
●

●
●
●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●●

●
●

●
●

●

●

●

●
●

●
●

●●

●

●

●

●

●

●
●●

●

●

●

●

●

●

●

●

●●

●

●
●

●
●

●
●
●
●

●●
●

●

●

●
●
●

●

●

●
●

●
●●

●
●

● ●
●

●●
●

●
●●●

●

●

●

●

●

●

●

●
●

●

●

●●

●

●
●●

●
●

●
●

●

●

●

●

●

● ●

●●

●

●

●
●
●

●●
●

●

●

●

●

●

●

●
●

●●

●

●●

●
●

●

●
●

●
●

●
●

●

●

●●●

●

●

●●

●
●
●

●

●

●
●●

●

●●
●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●
●
●

●

●●●
●

●

●

●●
●

●
●

●
●

●

●

●
●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●●

●
●

●
●●●

●

●●

●

●
●

●

●

●
●

●

●

●

●●

●

●

●

●
●
●●

●

●●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●●
●
●

●

●

● ●

●

●

●

●

●

●
●●
●
●

●

●

●
●

●
●

●●

●

●

●

●

●

●
●

●
●

●

●

●

●
●

●

●
●

●

●

●
●

●

●
●

●

●

●

●

●
●

●

●

●

● ●

●●

●
●

●
●●●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●●

●

●
●

●
●
●

●

●

●

●

●

●

●

●

●●

●

● ●

●

●

●

●

●

●

●

●

●

●
●

●●

●

●
●

●

●

●
●

●

●

●

●

●

●

●●

●
●

●

●

●●

●

●

●

●
●

●
●●

●●●
●●

●

●

●

●

●
●

●

●

●

●
●

●

●

●
●

●

●
●

●

●

●
●

●
●

●

●
●

●

●●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●●

●

●

●

●●

●
●

●

●●
●

●

●

●

●

●●●
●

●

●

●

●

●
●●

●●

● ●
●
●
●

●
●

●
●●

●

●

●

●

●

●

●

●
●

●

●

● ●

●

●●

●

●
●

●
●●

●

●
●

●

●
●

●●

●
●

●●●

●
●

●

●

●

●

●

●

●

●
●

●
●

●

●
●
●●

●

●●
●

●

●●
●

●

●

●

●

●

●

●

●

●
●
●

●●

●
● ●
●
●●
●●
●

●

●

●

●

●

●

●

●

●●

●

●

●●

●

●

●

●

●●

●

●

●

●

●

●

●

●●●
●

●

●

●

●●
●
●●

●

●

●●

●

●

●
●

●
●

●

●

●

●

●

●●

●●

●
●●

●

●●
●●

●

●

●

●

●
●●

●

●

●
● ●●

●●●●
●

●

●

●

●

●

●

●

●

●

●

●●

●●

●
●
●
●

●●
●●●

●

●●
●

●●

●
●

●

●

●

●
●

●
●●

●

●

●

●

●●

●

●

●
●

●

●●

●

●

●●●
●

●●●

●

●

●

●

●

● ●

●
●

●

●●

●
●

●●
●

●
● ●

●

●

●
●

●

●

●

●

●

●

●

●
●

●●

●
●

●

●
●●

●

●

●

●

●

●

●
●

●●

●

●●

●

●

●

●

●

●●
●

●

●

●

●

●

●

●

●

●

●●

●
●

●

●

●
●●

●

●

●

●
●

●

●
●

●

●
●

●
●

●
●●

●

●

●
●●

●
●
●●

●

●

●

●

●

●

●

●

●

●

●●

●
●

●●

●

●

●
●

●
●
●

●
●

●

●

●

●
●
●

●

●●●

●

●
●

●●
●●

●

●

●

●

●

●●

●●

●

●
●

●●

●

●●

●●

●●

●

●

●
●
●

●●

●
●

●
●●

●●

●

●

●●

●

●
●

●

●

●

●

●

●

●

●

●

●

●●

●
●

●
●

●

●

●
●

●
●●

●

●

●

●
●●

●
●

●●
●

●

●
●●

●●●

●

●

●
●

●

●

●
●

●

●

●

● ●

●

●

●

●
●
●

●
●

●

●

●

●
●

●

●
●

●●

●
●

●

●
●

● ●

●●
●●●

●

●

●

●

●

●

●

●

●

●

●
●

●●

●

●

●

●
●●

●
●

●
●

●

●

●
●

●
●●

●
●
●

●

●●
●

●
● ●

●

●

●

●

●

●

●●

●
●

●

●
●

●●

●
●●
●

●
●

●

●

●●

●●

●

●

●●

●

●
●

●
●

●
●

●
●

●

●●●●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●
●
●●

●
●●

●

●

●

●

●
● ●

●

●

●

●

●●
●

●

●

●

●

●

●
●

●

●

●
●

●●

●

●
●

●●

●●
●
●

●
●
●
●

●
●
●

●

●
●

●●

●●
●

●

●

●

●
● ●

●

●●

●

●

●

●

●

●
●

●

●

●

●●

●

●

●
●

●●●
●

●
●

●●

●

●

●

●

●

●

●

●
●

●

●

●●

●

●
●●
●

●

●

●

●

●

●●

●
●

●

●●

●
●

● ●●●

●

●
●

●

●

●● ●

●

●

●
●

●

●●

●

●

●

●●
●

●

●●●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●
●

●

●●

●

●

●

●

●●●

●●
●

●

●

●

●

●
●

●●

●●

●

●
●

●
●

●●●
●

●
●●
●

● ●

●
●

●●
●

●

●

●●

●

●

● ●●
●●●

●●
●●

●

●

●

●

●

●

●

●

●

● ●

●

●
●
●●

●

●●

●
●

●

●

●●

●

●
●
●
●

●

●

●
●●

●

●●

●

●

●

●

●

●

●●

●
●

●

●●
●●

●

●
●

●
●

●

●
●●

●
●

●

●

●

●

●

●

●
●

●

●

●●●●●●

●●●
●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●●

●
●

● ●

●

●

●●

●

●
●●

●

●

●

●●●

●
●●

●

●

●

●

●

●

●
●

●
●

●

●
●

●
●

●

●
●●●

●

●
●

●
●●●

●
●

●

●

●

●

●

●●

●
●

●

●●

●

●
●●
●

●

●

●

●

●

●

●

●
●

●
●

●

●

●

●
●

●

●
● ●
●

●

●

●
●

●

●●

●
●

●●

●

●
●

●
●

●

●

●

●●

●

●

●●

●●

●

●
●
●
●

●●
●●

●●●
●

●

●●●

●●

●
●

●

●●

●

●

●●
●●●

●

●
●

●
●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●
●

●●●
●

●

●

●

●

●

●
●●●●●

●
●●

●● ●

●

●

●

●

●

●

●

●

● ●

●

●

● ●●

●
●
●
●

●
●
●

●

●●

●
●

●
●

●●

●●

●

●●

●

●●●●

●
●●
●

●

●

●

●

●

●

●

●

●

●

●
●

●
●

●

●

●
●

●
●
●●

●

●

●
●
●

●
●

● ●●●

●
●●

●
●

●
●

●

●
●

●

●

●

●

● ●

●

●●

●
●

●
●
●
●

●●● ●●●●●

●

●

●●

●

●
●

●
●

●
●
●
●

●

●● ●
●

●

●

●

●

●

●

●

●

●
●

●●

●

●

●●●●

●
●
●

●

●

●

●●●

●
●

●
●●
●

●
●
●
●

●
●

●

●

●●

●

●

●
●

●
●

●

●●●
●

●●
●

●

●

●
●
●

●
●

●●

●

●

●●

●
●●

●
●

●
●
●
●●

●

●●

●

●

●

●

●

●

●

●

●

●
●

●●

●●

●
●●
●

●

●

●

●

●

●

●

●●

●

●

●

●
●
●

●●
●

●

●

●

●

●

●

●

●

●

●●

●

●

●

● ●

●

●

●

●●●

●

●

●
●

●
●●
●

●●

●
●

●
●
●

●●

● ●●
●

●

●
●

●

●
●

●

●

●

●

●

●

●

●●

●
●

●
●

●

●
●●
●

●

● ●

●

●

●●

●

●
●●

●

●

●

●●●

●
●
●

●

●

●

●

●

●

●●

●●

●

●

●●●

●
●

●●

●
●

●

●

●●
● ●

●

●

●

●

●

●●

●
●

●

● ●●●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●
●●

●
●

●
●

●

●

●

●
●
●
●

●
●
●

●

●

●●

●●
●

●

●

●

●

●

●

●
●

●
●

●

●
●

●
●

●●
●●

●

●
●
●

●

● ●●

●
●

●●

●
●●

●●

●●
●
●
●

●
●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●
●

●

●
●●

●●
●
●

●

●

●●

●

●

●
●
●

●

●

●
●●

●●●

●

●

●

●

●

●

●

●

●●

●

●●

●
●

●
●

●●

●
●●

●

●●
●
●

●

●

●●

●

●
●

●
●

●●

●
●●

●

●

●●

●

●

●

●

●

●

●

●

●●

●

●

●
●

●

●
●●

●
●
●
●

●
●

●

●

●●

●

●

●

●

●●

●

●

●
●

●

●

●

●

●
●

●

●
●
●

●

●

●●
●

●

●

●

●

●
●

●

●●

●

●

●●

●

●

●

●

●

●
●
●
●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●
●

●

●

●●

●
●

●

●

●

●

●

●

●

●

●
●

●
●

●

●

●

●
●

●

●

●

●

●

●

●
●●

●

●

●

●

●●

●

●

●

●
●

●
●

●

●

●

●

●
●●

●

●

●

●●
●

●

●

●

●

●

●

●●

●

●

●

●

●
●

●
●

●

●
●

●
●

●

●

●

●
●

●

●
●

●

●●

●

●

●
●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●
●

●

●

●

●
●

●

●
●

●
●

●
●●

●

●

●

●

●
●●

●

●

●●

●

●

●●●●●
●

● ●●●

●

●

●
●

●

●

●
●

●

●●

●

●

●
●

●

●

●

●

●

●

●

●
●●
●
●
●

●●

●

●●

●

●

●

●

●

●● ●

●

●

●

●

●

●

●

●

●●
●

●

●

●

●

●

●

●
●●

●

●

●

●

●
●

●

●

●

●
●

●
●

●

●
●

●

●

●

●

●●
●

●
●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●●●

●

●

●

●

●●

●

●●

●
●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●
●

●
●●

●●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●●

● ●

●

●

●

●

●

●●●

●

●

●

●

●
●

● ●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●
●
●●●

●
●

●

●

●

●
●

●

●

●
● ●

●
●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●
●
●

●

●

●

●

●

●

●
●

●

●
●

●
●

●

●

●

●●
●

●

●●

●

●●
●

●

●

●

●

●
●

●

●

●
●●

●●

●
●

●

●

●

●

●

●

●

●
●●●●

●

●

●●

●

●

●●

●

●

●

●

●●
●
●

●

●

●

●
●

●

●

●

●

●

●

●
●
●

●

●
●

●

●●

●

●

●

●

●●
●

●

●

●

●

●
●

●●

●

●

●

●

●

●

●

●
●●

●
●

●

●

●

●

●

●

● ●
●
●

●

●

●
●●

●

●
●

●

●

●
●●
●

●

●

●
●●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●
●

●

●
●●

●

●

●

●
●

●

●

●

●
●
●
●

●●

●●

●

●
●

●

●

●
● ●

●

●

●
●

●

●

●

●

●●

●

●
●

●
●●

●

●
●

●

●●●
●

●

●
●●

● ●
●

●

●

●
●

●●

●

●

●

●

●

●●

●

●

●
●

●

●

●

●
●

●

●●
●●

●
●

●

●
●

●

●●

●

●

●

●
●

●

●

●

●

●

●

●●

●
●●

●●
●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●●
●

●

●

●

●
●

●

●

●

●

●

●

●●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

● ●●
●

●
●●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●●

●

●●

●

●

●

●

●

●

●

● ●

●

●

●●
●

●

●

●

●

●

●

●
●●

●

●

●

●

●

●

●

●●
●

●

●

●
●

●

●

●

●●

●●

●

●
●

●

●●

●

●
●●

●

●

●

●

●

●●
●

●

●
●

●

●

●

●●

●

●

●
●●

●

●●●

●

●

●

●●●

●

●

●

●
●
●●

●
●
●
●

●
●●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●●

●

●●●

●●●

●
●
●

●

●

●

●

●

●

●

●

●●
●

●●●

●

●

●

●

●

●

●

●

●

●●

●

●
●

●

●

●

●

●

●
●

●

●

●
●

●

●
●

●

●

●

●

●
●

●●

●

●

●

●

●
●

●

●●

●

●
● ●

●

●

●

●

●

●

●

●

●

●

●
●
●

●
●

●

●

●

●●●

●

●

●

●

●

●
●●

●

●

●

●●
●

●

●

●

●

●●

●
●●

●
●

●●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●
●

●

●
●
●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●●

●

●

●

●

●●

●

●

●●
●

●

●

●

●

●
●
●

●

●

●

●

●
●

●

●
●●●

●
●
●

●
●

●

●

●

●
●●

●

●
●

●

●

●

●

●

●

●

●

●●

●

●

●●
●

●

●●

●

●

●

●

●●

●

●

●

●

●
●

●

●

●

●

●

●●●

●

●
●

●

●●

●

●

●

●

●

●●
●

●

●

●
●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●●

●

●

●

●
●

●

●

●

●

●●●

●●
●

●
●

●
●

●
●

●

●

●
●

●

●●

●
●

●

●

●

●
●
●

●

●

●

●

●●

●

●
●●

●

●●
●●

●
●
●

●

●

●

●

●

●
●
●●

● ●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●●

●

●●

●

●

●

●
●

●

●●
●
●●
●

●
●
●

●

●

●

●
●

●
●

●

●

●

●

●

●

●●

●

●●●

●

●
● ●

●

●
●●

●
●

●

●

●

● ●

●

●
●
●

●

●

●

●

●●
●

●

●●●

●

●●

●

●

●

●

●

●
●●

●●

●

●

●
●●

●

●
●

●

●

●
●

●

●
●

●

●

●●
●

●
●●

●

●

●

●

●

●●
●

●

●

●

●

●

●
●

●

●
●
●

●
●

●

●

●
●●

●

●
●
●

●
●
●

●

●

●

●

●

●
●

●

●

●

●

●

●●●
●

●●
●

●

●

●

●

●
●●

●

●
●
●

●
●

●

●

●
●

●

●

●●

●

●

●
●

●

●
●

●

●

●

●
●
●

●

●

●

●●●

●

●

●
●

●

●

●

●

●
●●
●

●
●
●

●
●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●●

●

●

●
●

●●

●

●

●●
●

●

●
●●

●

●

●

●

●

●

●

●

●●●

●
●●

●

●
●

●

●

●
●

●

●

●

●

●

●

●●

●

●●●

●

●

●

●

●
●

●
●

●
●
●

●

●

●

●

●●

●

●

●●●

●
●

●

●

●

●

●

●

●

●
●

●●
●

●

●

●
●

●

●

●

●

●
●

●

●

●

●
●

●

●

●
●

●

●

●
●

●
●●

●

●
●
●

●
●

●

●

●
●
●

●

●●●

●●
●

●

●

●

●

●

●●●

●●
●

●

●●
●

●

●

●
●

●●●

●

●

●
●

●

●
●

●

●
●

●
●

●●●

●

●

●

●

●●
●

●

●
●
●

●

●

●●

●

●

●

●

●

●●

●

●
●
●

●●

●

●

●

●
●

●

●

●●

●●
●

●

●
●

●

●

●

●

●

●
●
●

●

●●●

●

●
●●

●

●

●

●

●
●

●

●

●
●
●

●
●●

●

●
●
●
●

●●●

●
●

●

●

●

●●

●

●

●
●

●
●

●

●

●

●●

●

●

●

●

●

●

● ●

●●
●

●

●●
●

●

●

●

●

●

●●

●

●
●●

●

●

●

●

●
●

●
●

●
●

●

●

●

●

●

●

●●

●

●
●●

●

●

●

●

●
●
●

●

●●
●

●

●

●

●

●● ●

●

●

●
●

● ●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●●

●

●

●
●

●
●

●

●

●

●

●

●

●
●
●

●●
●

●

●
●

●

●

●●●

●
●
●

●

●
●

●

●

●●
●

●

●

●

●

●

●●●

●

●
●

●
●●

●

●

●

●

●

●●

●
●●
●

●

●

●

●

●

●

●

●

●

●

●●

● ●
●

●

●●

●

●

●

●

●

●

●

●

●

● ●
●

●
●●

●

●

●●

●

●●

●

●●●

●

●

●
●

●

●●
●

●
●

●

●

●

●
●

●

●

● ●

●
●●

●

●
●

●

●

●
●●

●

●

●

●

●

●●

●

●
●

●

●●
●

●

●

●
●

●

●
●●

●

●●

●

●

●
●

●

●
●

●

●

●

●

●

●

●
●
●

●●
●

●
●●

●

●

●●

●

●
●●

●
●

●

●

●

●

●

●

●

●●

●

●

●

●

●
●●

●

●
●●

●
●
●

●

●

●

●

●

●

●
●

●●
●

●

●
●

●

●

●
●●

●

●

●

●

●●

●●

●
●
●

●

●

●

●

●●●

●

●●
●

●

●

●

●

●●

●

●

●
●●

●

●
●

●

●
● ●

●

●
●●

●
●

●
●

●

●●

●

●
●

●

●

●

●

●

●

●
●

●

●●●

●

●
●

●

●

●
●
●

●●
●

●

●
●

●

●

●

●

●

●

●

●

●● ●

●

●
●●

●

●
●

●

●

●

●

●

●
●

●

●

●
●

●
●

●●

●

●
●
●

●

● ●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●●

●

●

●

●

●

●

●

●

●●
●

●●

●
●

●

●●

●

●

●●

●

●
●

●

●

●

●

●

●

●

●

●●

●

●

●●
●

●

●●●

●
●●

●

●
●
●

●

●
●●

●●

●

●

●
●●

●

●

●●

●

●

●

●

●

●

●

●

● ●

●
●●

●

●

●

●

●

●

●
● ●

●

●
●

●

●

●

●

●

●
●●

●

●

●
●

●

●

●

●

●●

●

●
●

●

●

● ●
●

●

●●
●

●●●

●

●

●
●

●

●
●
●

●
●

●

●

●

●

●

●

●●●

●

●●

●

● ●●

●

●
●

●

●
●

●●

●

●

●

●

●

●

●

●
●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●●
●

●
●

●
●

●

●

●

●

●

●

●

●
●

●●

● ●

●

●

●

●
●●

●●

●
●

●

●
●

●
●
●●
●

●
●
●
● ●● ●

●
●

●

●
●●

●
●

● ●

●

●

●

●
●

●

●

●

●
●●

●●●
●

●

●
●

●
●

●
● ●

●●

●

●

●

●

●

●●
●

●

●

●

●
●

●
●

●

●

●

●

●

●
● ●

●●

●

●

●

●

●

●

●

●

●
●

●●
●●●
●

●
●

●

●

●●
●

●
●

●

●

●

●

●●●

●

●●

●●
●
●●

●●●

●

●

●
●●

●●

●

●

●

●

●

●●

●

●
●
●●

●

●

●

●

●

●

●

●

●●
●

●●

●

●

●

●

●●●

●

●

●●●
●

●
●

●●●
●

●
●

●
●
●

●

●

●

●

●
●

●●

●

●

●
●
●

●
●●

●

●

●

●

●

●
●
●

●

●

●

●

●

●
●

●
●

●

●●
●

●
●

●●

●

●

●

●●

●
●
●

●

●

●

●

●

●

●●
●

●

●
●

●

●

●●●

●

●

●

●●

●●
●

●

●

●
●

●

●

●

●●

●

●

●

●

●
●
●●

●

●

●

●
●●

●
●

●●

●

●

●

●

●

●
●

●

●

●

●

●
●

●
●

●

●

●

●●

●●
●

●●

●

●

●

●

●
●●

●

●●

●
●●

●
●

●

●

●

●

●

●● ●

●

●

●

●

●

● ●
●
●

●

●

●

●
●
●
●

●

●●

●●

●

●●

●

●●

●

●

●

●

●

●

●

●

●
●●

●●
●●

●

●

●

●

●

●●
●

●
●

●

●

●

●

●●
●

●

●●
●

●

●
●
●

●

●

●
●

●

●
●●

●

●

●

●

●

●
●●

●

●

●●●
●

● ●
●

●

●

●
●

● ●

● ●

●

●

●

●

●

●
●●●

●

●
●

●
●

●
●
●

●●●

●

●

●
●●

●●

●
●

●

●
●
●
●

●

●●●
●●
●●

●

●

●

●●

●●●

●

●

●
●

●

●
●
●●

●

●
●●
●

●
●

●

●

●

●
●
●

●●
●

●●

●

●

●

●

●
●

●

●

●●

●

●

●
●

●
●

●

●

●
●

●
●●

●●

●
●

●

●●●●

●

●

●

●●

●● ●

●

●

●

●

●

●
●
●

●●

●

●

●

●
●●●

●

●
●
●

●
●
●
●

●●●

●

●

●

●

●●
●

●

●

●

●

●● ●

●

●

●

●

●●●●

●
●

●

●
●

●
●
●
● ●

●●

●

●

●
●
●

●

●
●

●
●●●
●

●

●

●

●

●

●●●

●●

●

●

●

●●
●

●

●

●

●

● ●

●
●

●
●

●
●

●
●

●

●

●

●●

●

●

●

●

● ●●

●

●

●

●

●
●
●

●

●

●

●

●
●

●

●
●

●
●

●

●

●

●
●
●

●

●

●

●
●●

●●
●

●

●

●

●
●

●●

●●

●

●
●

●

●

●
●

●

●

●

●●●
●

●

●

●

●

●

●

●

●

●
●

●
●

●

●

●

●
●●●

●

●

●
●

●
●

●●

●

●

●

●
●

●●
●

● ●

●

●

●

●

●

●
●

●

●

●●●

●
●●

●
●

●●

●

●
●●

●
●

●
●

●

●

●

●
●

●

●
●
●

●

●
●

●

●

●

●

●●

●●
●

●●

●

●

●

●

●
●●

●

●

●●
●●●

●

●

●
●

●

●

●

●

●

●
●

●
●

●

●

●
●
●

●

●●●
●

●
●
●

●
●

●
●

●

●●●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

● ●●

●
●

●

●

●

●
●●

●

●

●
●●

●
●
●

●

●

●
●

●●

●●●
●

●

●
●

●

●

●● ●

●

●

●

●

●●●
●

●

●
●

●

●

●

●
●

●●

●

●

●

●

●

●
●

●

●
●
●

●●

●

● ●

●

●

●

●

●● ●

●
●

●

●

●

●

●
●

●
●

●

●●●●

●

●
●

●

●

●

●

●

●

●

●
●

●●

●

●

●●●

●

●●
●

●
● ●●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●●●

●●
●●

●●

●
●

●

●
●

●

●
●

●

●

●

●

●

●
●

●

●
●

●

●
●
●

●

●

●

●

●

●

●

●●

●●

●●

●

●

●

●

●

●

● ●
● ●

●●●

●

●

●

●

●

●
●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●
● ●

●●
●●

●
●
●●

●

●

●

●

●

●

●

●

●

●

●

●●●
●

●
●

●

●
●

●

●

●
● ●

●
●

●

●

●

●

●

●

●

●

●

●
●

●
●●

●

●

●

●
●

●

●●●

●

●

● ●

●

●
●
●
●

●

●
●●
●●●

●

●

●

●

●

●
●
●
●

●
●

●

●

●

●

●●
●

●

●
●●

●●

●

● ●

●
●

●

●

●

● ●

●●

●

●

●

●

●

●

●

●

●

●
●

●
●●●

●
●

●

●●

●
●

●

●●

●

●

●

●●●

●

●

●●●
●

●
● ●

●
●

●
●

●

●●●

●
●

●

●

●

●

●
●
●

●

●

●
●

●
●
●
●

●

●

●

●●

●●●

●
●

●

●

●

●

●●●

●

●●
●

●●
●

●●

●

●

●

●

●

●

●

●●

●

●
●

●

●●●

●

●●
●●

●

●
●

●

●

●

●

●

●●
●

● ●

●

●

●

●
●
●
●

●

●●
●

●
●

●●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●●

●●

●

●

●

●

●
●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●
●●
●
●

●
●●
●●

●
●

●●●

●

●

●
●
●

●●

●

●

●

●

●●

●

●

●
●●●
●
●●
●

●

●

●

●

●●
●
●
●

●

●

●

●

●●
●

●

●
●●

●
●

●
●

●

●

●

●

●

●

●●

●
●

●

●

●

●

●
●
●

●

●
●●
●●
●●

●
●

●
●

●

●

●

●

●
●

●

●

●

●
●

●

●

●

●●●
●

●●

●

●
●

●

●
●

●● ●

●●

●
●

●

●
●
●
●

●

●

●●
●

● ●●
●

●
●

●
●

●

●
●

●
●

●

●

●

●

●

●

●

●

●
●●
●

●●
●

●

●

●

●
●

●●
●●●

●

●

●

●
●

●
●

●

●●●

●
●
●●

●

●

●
●

●

●●

●

●●

●

●

●

●

●

●●

●

●

●

●

●
●●●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●
●
●

●

●●
●●

●
●●

●
●

●●

●

●

●

●

●●

●

●

●

●

●
●
●
●

●

●

●

● ●
●●

●

●
●

●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●●
●

●

●

●

●

●

●●
●

●●

●

●

●

●

●

●
●

●

●

●

●

●

●●

●

●
●

●
●

●

●
●
●

●
●

●

●

●

●●●
●

●

●
●
●
●

●
●●

●
●

●

●

●

●

●
●

●
●

●

●

●

●

●●●

●

●
●

●

●

●

●●
●

●

●
●

●

●●●

●

●

●

●

●

●

●

●
●

●

●●●

●
● ●
●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●●●
●●●

●

●

●

●

●●●

●

●●
●

●

●

●

●

●

●
●

●

●●●
●
●●
●

●

●

●

●
●

●

●
●

●
●

●

●

●

●●
●
●

●

●
●●
●

●●
●

●

●

●
●

●

● ●●

●
●

●

●

●

● ●

●
●

●

●●

●●
●
●

●

●

●

●
●

●

●
●

●

●
●

●

●

●

●
●

●●

●

●
●●

●●●

●

●

●

●

●

●
●
●
●

●●

●
●

●

●

●
● ●

●

●●
●

●●●●

●

●

●

●

●

●●
●

●
●

●●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●●●

●●

●

●

●

●

●● ●

●

●

●

●

●

●
●●

●

●

●

●

●

●

●●

●
●

●
●

●

●●

●●

●

●
●

●

● ●●●

●

●

●

●

●

●
●

●

●●

●

●

●

●

●
●●

●

●
●
●
●

●
●

●

●●●

●

●

●
●●

●
●

●

●

●

●
●●●

●

●
●

●●
●●

●

●

●

●

●

●

●
●●

●
●

●

●

●

●

●

●●

●

●●●

●

●●
●

●

●

●

●

●

●

●

●

●●

●
●

●

●

●

●●

●

●
●
●

●

●●
●

●

●

●
●

●

●●
●

●●

●

●

●

●
●
●

●

●

●●

●

●
●

●
●

●

●

●

●

●

●●●

●
●

●

●

●

●
●
●●

●

●

●

●
●

●
●

●

●

●

●

●
●

●

●●

●●

●

●

●

●

●
●●

●

●

●
●

●
●●●

●●
●

●

●

●
●●

●●

●

●

●

●

●

●
●

●

●

●●

●
●

●●

●●

●

●

●

●●●

●
●

●

●

●

●

●
●●

●

●●
●●●

●
●

●

●

●
●●

●

●
●

●
●

●●

●

●●
●●

●

●
●

●●●

●
●

●●

●

●

●

●

●●

●●

●

●

●

●

●

●

●

●

●●●
●

●●
●

●

●

●

●

●

●
●●

●
●

●

●

●

●●
●
●

●

●

●
●

●●

●●

●
●
●

●

●

●
●

●

●●

●

●

●

●

●
●●

●

●

●
●

●●●●

●
●
●

●

●

●●●

●●

●

●

●

●● ●
●

●

●

●
●
●
●●●

●

●

●
●

●

●

●

●

●●

●

●

●

●

●
●
●

●

●●●

●

●

●
●

●

●●

●
●

●
●
●

●

●

●

●

●

●

●●●

●

●
●

●

●●●
●

●

●

●

●●

●
●●

●●

●

●

●

●

●

●
●

●

●

●

●●
●

●

●

●

●●

●

●
●

●
●●

●

●

●

●

●

●
●●

●

●
●
●●

● ●●

●
●
●

●
●
●

●

●
●
●

●

●

●

●

●● ●

●

●

●

●

●
●
●

●
●●
●●●

●●

●

●● ●

●

●

●

●

●

●

●
●

●

●

●●

●

●

●
●●
●

●●●
●
●

●

●● ●●

●

●

●

●●●●
●

●

●
●● ●●

●
●●
●●
●●
●

●
●●● ●

●

●

●

● ●● ●●●●●
● ●
●●●
●
●●
●●
●

●

●●●●

●

●

●

●● ●
●●●●●●
●●● ●●
●●

●
●

●●
●●●●

●

●

●

●●
●
●
●●●●●●●
●
●●●●●
●●
●

● ●●●

●

●

●

●●●●● ●●●●
●●●
●●●
● ●

●●●
●

●
●●

●

●

●

●●●● ●●
●

●●●

●

●
●
●●

●
●●●

●

● ●●
●

●

●

●

●
●●●●
●
●●●
●●
●●

●
●●●
●●

●

●
● ●●

●

●

●

●●●●●●●● ●●
●
●

●
●●

●
●●●

●

●
●
●
●

●

●

●

●●●
●●●●●●●
●●●●

●●●●●

●
●●
●

●

●

●

●

●●
●●●
●
●
●●
●●
●● ●●●●
● ●

●
●●●●

●

●

●

● ●●●
●●●
●●●

●

●
●

●

●
●●●●
●●

●
●
●

●

●

●

●●●
●

●●●
●●●●

●●●
●

●
●

●
●

●
●●●

●

●

●

●

●●●
●

●●●

●
●●

●●
●●
●● ●●●●●

●
●●

●

●

●

●
●●
●●●●●●

● ●
●●●
●
●

●●●
●

●●
●
●

●

●

●

●
●

● ●
●

●
● ●●●
●

●
●
●
●●●

●● ●
●
●●●

●

●

●

●●●
● ●
●
●●●
●
●
●●

●● ●●●●

●

●
●

●●

●

●

●

●●●
●

●●●●
●
●
●
●●●●●●

●●

●

●
●●●

●

●

●

●●●●●●●
●
●●
●●●●●●●

●
●

●
●●●●

●

●

●

●● ●●●
● ●●●●

●

●●●
●

●
●●●
●
●●
●●

●

●

●

●●
●●
●●
●

●
●●
●●

●● ●●●●●
●

●●●
●

●

●

●

●
●●
●●●●
●
●●

●

●●●
●●●●●
●●
● ●
●

●

●

●

●●●●●●
●
●●●●●
●
●●

●
●
●●

●

●●
●●

●

●

●

●● ●●●●
●●
●
●●

●●
●● ●● ●●

●

●●
●
●

●

●

●

●
●

●●●●●●●● ●●
●
●●● ●●●

●

●●
●●

●

●

●

● ●
●●●●

● ●●
●●●●
●

●

●
●●●

●

●●●
●

●

●

●

●
●
●●●●●

●●●
●

●
●●
●

●●
●● ●

●
●●
●

●

●

●

●●
●●●●
●
●
●
●●●
●

●
●●●

●●
●
●●
●●

●

●

●

●●●
●
●●
●●
●●●●●●●●
●
●●

●

●
●●
●

●

●

●

●●●
●
●●●

●●●●

●●●●
●
●●
●
●

●●● ●

●

●

●

●

●
●

●●●
●●●●
● ●●●●●

●
●●
●

●
●●●

●

●

●

●●
●●

●

●●●●
●●●
●
●●●●●
●

●

●
●●●

●

●

●

●●●
●

●●
●●
●
●●●●
●●

●
●●●
●●
●●●

●

●

●

●●
●
●

●●●●●●●
●●●●●●

●
●

●

●●●●

●

●

●

●●●
●

●●●●●●
●
●●●●●
●● ●

●
●
●●●

●

●

●

●
●●●●●●●●●
●

●●●
●
●●

●●
●

●●●●

●

●

●

●●
●●●
●
●
●●●

●
●● ●●●●
●●

●

●
●

●●

●

●

●

●
●●
●●●●●
●●
●
●●
●●
●●●●

●
●●●●

●

●

●

●●
●

●
●●●●

●
●●
●●●

● ●
●●
●

●
●●●●

●

●

●

●●●
●
●
●
●

●●
●
●●●●

●●●
●

●

●

●●
●
●

●

●

●

●
●●

●●●●
●●●●●●●
●●

●
●●●
●●●●

●

●

●

●
●
●●●●
●
●
●● ●

●●●●
●●

● ●
●
●●●●

●

●

●

●●●
●
●●●
●

●●
●

●● ●

●
●

●●●

●

●● ●
●

●

●

●

●●●
●
●●●

●
●●●

●
●●●●●●●

●

●●●
●

●

●

●

●●●●
● ●●
●

●●
●
●

●
●●
●●●

●

●

●
●

●
●

●

●

●

●●●●●●●
●●
●

●

●
●●

●
●

●
●

●

●
●●●●

●

●

●

●● ●
●

●

●
●●●●●

●
●●●●●

●
●
●

●●●●

●

●

●

●●●●●●●●●●

●
●
●●●●●●

●

●

● ●
●●

●

●

●

●●
●●●●
●●●
●●
●
● ●●●●

●
●

●

●●
●
●

●

●

●

●
●●
●
●●●●
●●●

●● ●●● ●●
●

●

●
●●●

●

●

●

●
●
●
●
●●●

●●●●●●
●
●
●

●
●
●
●

●●●●

●

●

●

●●●●
●

●●
●●●● ●●●●●●

●●●
●

● ●
●

●

●

●

●
●●●
●●●●
●

●
●
●●●
●

●●●●

●
●●
●
●

●

●

●

●●●●●●●●
●
●

●●●●
●●●

●●

●

●
●●
●

●

●

●

●●●●
●●●●●
●

●

●●●
●
● ●●●●

●
●
●●

●

●

●

●●●●●●●
●

●
●●
●●●
●

●●
●●

●

●●●●

●

●

●

●●
●
●
●●●
●●●

●

●●●● ●●
●●
●

● ●
●
●

●

●

●

●●
●●● ●●● ●●●●
●●
●●●●●
●
●●

●
●

●

●

●

●●●●●
●
●●

●●
●
●●●●●
●●●
●●●●●

●

●

●

●●●●
●
●●

●
●●
●

● ●●●●
●

●●●
●●●●

●

●

●

●●●
● ●●●●
●●●●
●
●●●
●●●

●

●●
●
●

●

●

●

●
●●●●●●●● ●●●●●●
●
●●●

●
●●●●

●

●

●

●●●
●●●●●●●
●

●●
●● ●●●
●
●

●
●●●

●

●

●

●●●●
●

●
●
●
●●●
●●
●

●
●●●

●
●
●●
●
●

●

●

●

●●●●
●
●●●●●●

● ●●●
●●●●

●

●
●●●

●

●

●

●
●
●●●●●●●●

●
●
●●●
●

●
●
●

●

●●●●

●

●

●

●●● ●
●
●
●

● ●● ●●●●●●
●●●

●
●●●●

●

●

●

●●●
●
●
●●
●

●
●●●●●●● ●●●
●

●●
●●

●

●

●

●
● ●●

●
●●●●
●
●● ●●
●
●
●●●
●
●

●
●
●

●

●

●

●● ●●
●●
●

●●●●●●●
●
●●●●

●

●
● ●●

●

●

●

●
●●●●●

●
●
●●

●

●
●●

●
●●●●
●
● ●
●

●

●

●

●

●●●●●●●
●●●
●
●

●●●●
●● ●

●

●●●●

●

●

●

●● ●● ●
●● ●
●●●●● ●●

●●●
●

● ●●●
●

●

●

●

●
●●
●●
●

●●
●●●
●●●
● ●●●●

●

●
●●●

●

●

●

●
●●●●

●
●●

●
●●●●●●●●
●●

●

●●

●
●

●

●

●

●●● ●
●●●

● ●
●●
●●●
●

●●●●

●
●●●
●

●

●

●

●●●●●●● ●●●●●●●

●
●
●

●●

●

●●
●●

●

●

●

●●
●●●●●

●● ●●●●●●
●
●●●

●

●
●●●

●

●

●

●●●
●
●●●●●●●●●●●
●●●●

●
●●●
●

●

●

●

●●●●●
●●

●
●●

●
●●●●
●
●
●

●
●

●●
●
●

●

●

●

●●●●●
●
●●●●

●
●●●●
●●●
●

●

●
●●●

●

●

●

●●●
●●●

● ●
●
●●●
●●
●

●●
●●●●

●
●●

●

●

●

● ●●●
●

●
●
●●
●
●

●●●●
●●●●

●
●
●●●

●

●

●

●●●●●
●●●

●

●
●●
●
●●

●
●●●

●

● ●●●

●

●

●

●●●●● ●●●
●●

●

●● ●●●●●●
●

●
●●
●

●

●

●

●
●
●● ●●
●
●

●
●●
●●●

●●● ●●

●

●●●
●

●

●

●

●
●●●●●

●●
●●●●● ●●●●●●
●

●
●●
●

●

●

●

●●
●

●

●●●
●●●
●

●●●
●●
●
●●
●
● ●●●

●

●

●

●
●

●●●
● ●●
●
●
●●
●●

●●
●

●●●
●
●●●

●

●

●

●●
●●● ●●●●●●● ●●●
●●●●

●●
●

●●

●

●

●

●●●●
●●

●
●●●
●

● ●●●●●●●
●

●
● ●●

●

●

●

●
●●
●

●●●
●
●●●●●●
●●●●●●

●●
●●

●

●

●

● ●●
●
●

● ●●●●
●
●●
●●●●● ●

●
●
●● ●

●

●

●

●
●●●●
●

●
●●●● ●
●
●
●●●
●

●
●
●●●

●

●

●

●

●
●●●●●●
●
●

●●

●
●●●
●●
●●
●
●●●●

●

●

●

●● ●●●●●●
●●

●●
●●
●●●●
●

●
● ●●

●

●

●

●

●●●●●●
● ●●●
●
●●
●
●●●●●●
●●●●

●

●

●

●● ●●●
●●●●●●●●
●●● ●

●●

●
●●

●
●

●

●

●

●●●●
●●●●●
●●
●●
●

●●●●
●

●
●●●●

●

●

●

●
●
●●●●●●●
●●

● ●●●●●●

●

●

●●● ●

●

●

●

●●
●●●

●●
●●

●
●

●

●

●

●

●

●

●●●

●

●

●

●

●
●●●
●●●
●
●
●
●●●●
●

●
●●●●

●

●
●
●●
●

●

●●
●●●●
●●

●●
●
●●

●
●

●

●
●●●●●●●●●

●

●
●
●

●

●

●

●●
● ●●●

●
●
●●●

●●●●●
●●
●
●

●●

●

●

●

● ●
●●●●
●
●●●

●
●
●
●

●●
●

●
●

●
●●● ●

●

●
●
●

●
●

●

●●
●

●●
●
●●

●●●

●

●
●
●

●●
●

●

●●●

●
●
●

●

●
●
●●
●

●
●
●
●●●

●
●

●
●
●
●●●●●

● ●●

●

●

●

●
●
●●●● ●● ●

●
●
●

●●

●

●●
● ●●●

●
●
●●

●●
●

●

●
●● ●●

●
●
●
●●

●
●

●
●
●
●
●●●

●
●

●
●

●

●
●●

●
●●●

●
●
●●●

●
●
●●
●

●

●

●
●●●●

●

●●●

●●●

●
●
●

●●●●●●

●
●
●
●●

●

●
●●●●

●

●●●●

●
●
●
●●
●●●

●
●

●

●
●●●

●

●

●

●●
●
●● ●

●
●●

●

●

●●

●●●●●●●
●
●●

●

●
● ●

●
●●

●
●

●
●

●

●
●

●
●●●

●

●
●
●●
●

●●
●●

●

●

●
●

●

●●
●
●●
●

●

●●
●

●
●●

●

●
●
●

●
●
●

●
●

●

●●

●●
● ●
●● ●●
●

●
●

●●
●●
●●
●●

●
●

●●
●

●
●

●

●
●●

●●
●●

●

●

●
●

●●●

●
●●

●●
●

●
●●
●●
●●

●

●●
●

●
●

●
●● ●●
●
●●
●

●

●
●

●
●●

●

●
●
●
●●●

●
●●●

●
●
●
●
●

●●
●

●
●●
●
●
●

●
●●●
●
●

●

●

●

●
●

●
●
●

● ●

●

●
●

●

●
●●
●●
●
●

●
●
●●

●●
●●●

●●●

●
●
●

●

●●●●●●
●
●●

●

●●
●

●

●
●●●
●●
●●

● ●
●

●●

●
●●●

●●

●●●
●
●

●
●●

●

●
●

●
●

●
●●

●
●●

●

●

●

●

●●●
●
●

●
●● ●●●
●

●

●
●
●
●

●

●
●●
●

●

●

● ●●

●

●●●●●●
●
●
●

●
●

●

●

●●
●

●●●●
●●
●
●

●●●

●●●
●
●●

● ●
●
●
●

●
●

●
●

●●
●
●

●●
●●●●

●

●
●

●
●●

●
●
●●●

●
●●

●

●

●

●

●
●●● ●●

●

●
●
●
●
●●

●●●

●
●●

●
● ●

●●
●
●

●
●●

●

●
●

●●●●
●
●

●

●

●

●
●

●
●

●●●
●
●●●
●●●

●
●●
●

●
●
●
●

●
●●
●
●●

●
●

●●

●

●●●●●●

●

●
●

● ●●●●
●

●
●
●●

●

●●
●

● ●

●
●
●●●
●●

●
●

●
●

●

●

●●●●●
●
●

●
●●

●
●
●

●
●●
●

●
●

●

●

●

●
●

●
●

●

●

●●● ●
●
●●●●
●

●●
●

●

●●●●
●

●
●●

●
●
●
●

●
● ●

●
●

●●
●
●

●

●●

●●●

●

●●
●●●

●
●

●●

●

●
●

●

● ●●
●

●●●●
●

●
●
●●

●

● ●
● ●●●
●●●

●
●

●

●
●

●●
●
●●
●
●●
●●

●
●●

●

●
●
●●
●
●
●●●

●
●

●

●
●

●

●●
●
●●
●

●
●

●
●

●
●

●

●
●
●
●
●
●●●

●

●●

●●●

●
●●
●
●●●
●

●
●
●

●
●

●

●

●

●●
●

●

●

●

●

●●

●
●●

●
●●●●●

●
●●●

●

●

●●

●

●●
●●
●

●

●●●●

●

●
●

●
●
●●
●

●
●●●

●
●
●●●

●

●●
●●

●
●●●

●

●●●●

●

●●●●
●
●●● ●
●

●
●●

●
●
●●●●

●
●

●
●
●
●
●

●

●
●

●●
●

●●● ●●
●

●
●
●

●●● ●
●
●
●●

●
●
●

●

●
●

●
●
●

●●

●
●
●

●●●

●

●
●

●
●●●

●
●
●●●
●

●

●
●●

●
●
●●●●
●●

●

●

●
● ●

●

●
●
●●
●

●

●●
●●
●

●●
●

●
●
●
●
●
●

●●●

●
●●
●
●

●
●●●
●

●●● ●●
●

●
●●●●

● ●●

●●●

●
●
●

●

●
●

●

●●●●
●
●●

●
●
●●●●

●

● ●●
●●●● ●

●
●● ●

●

●
●●●●
●●

●
●●

●

●
●●

●●●
●●
●●

●

●
●

●

●
●●

●

●

●

●

●
●●●●

●●

●
●

●

●

●

●

●
●●
●

●
●

●●

●●

●

●
●●●
●
●

●

●

●●

●

●
●
●

●
●
●

●
●

●
●●●

●
●

●●●

●

●
●●●
●
●●
●●

●

●
●●

●
●
●●

●
●

●
●
●●

●

●
●

●

●

●

●●●● ●

●
●

●●●

●
●

●

●
●

●
●

●●
●
●●
●●●

●

●

●●●
●● ●●
●

●
●

●
●●

●●
●

● ●●
●

●
●

●

●

●

●

●

●●
●

●●
●
●●●
●●

●
●
●

0.5

0.6

0.7

0.8

Human_KW Human_TY Gorilla Mouse Chicken Soil_LWM Soil_AAN
Dataset

rh
o

Group
●

●

permuted
unpermuted

A B

●

●

●●●●●

●

●
●●●

●
● ●

●●●●●●●●●

●

●
●

●

●

●

●●●

●

● ●

●

●

●●

●

●

●

●

●

●●●

●●

●●●●

●

●●●●

●
●●

●
●

●●

●

●●●●●●●●●●●●●

●

●

●●●●

●

●
●

●●●●

●

●

●● ●●

●

●

●
●
●

●

●●● ●●●

●

●

●

●●●●

●

●

●

●

●

●
●
●●

●

●

●

●
●

●●●

●

●

●
●

●●
●●
●
●●●●●
●
●●●●●●●
●●●●

●
●

●
●●
●

●

●
●●
●
●●●●
● ●
●

●

●
●

●●●●●●●●

●

●

●

●
●●●●

●

●

●●●●
●
●●

●
●●●

●

●

●

● ●

●
●

●
●

●●

●

●

●

●

●
●

●
●

●

●

● ●

●●

●●● ●●

●

●
●

●●●

●

●

●

●●

●
●●

●

●

●●●

●

●●

●

●
●

●

●

●

●
●●●

●●
●

●●
●
●

●●
●

●●●●

●

●

●●

●

●

●

●●

●

●

●

●
●

●

●●●
●

●

●

●

●●

●

●

●●●
●

●

●

●

●

●

●●●●●●●●●●

●

●

●●

●

●●●●
●

●

●

●

●

●

●
●
●

●●
●

●

●●

●
●

●

●

●
●

●

●
●

●
●

●●

●

●

●

●

●

●●●●

●
●

●

●●

●

●

●●
●

●●●
●

●●●●●●●●●●●

●

●

●

●●●●

●

●

●●● ●●●●●

●
●

●●●

●

●

●

●●●●

●

●●●●

●

●

●

●

●●

●

●●

●

●●

●
●

●●●

●

●
●●●

●

●●●●●●
●

●●

●

●●●●●●●●●●
●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●

●●●●

●
●

●

●

●

●

●
●

●

●●●

●

●

●

●

●
●

●
●●●

●
●●●●

●

●
●

●

●
●

●
●●

●
●●●●●

●

●●●

●●●

●●

●●
●
●●●●●●●●

●

●

●●
●●●●●

●

●●

●

●

●
●

●

●●

●

●

●●●●●●●
●

●

●

●

●●●
●

●

●● ●

●

●●●●

●

●●

●

●
●
● ●●

●

●

●

●●●
●

●

●

●
●●

●

●

●

●

●

●●●●●
●

●
●

●

●

●

●

●

●

●
●

●●●● ●

●

●

●

●
●●
●

●
●●●

●●●

●
●

●

●●
●

●●●●●

●
●●●●●●●●●●●●●●● ●●●

●●
●

●●●●●

●
●

●

●

●●

●

●

●●●

●
●

●

● ●

●

●
●●

●

●●●●●●●

●

●

●

●
●●●●●●●●
●
●●●●●●●●
●

●●
●

●
●

●●●●●●●●
●●●●
●
●●●●●●●●●●●●●●●

●
●●●

●

●

●

●

●
●

●

●
●

●●●●●●●

●

●

●
●●

●●●●●●●

●

●●● ●
●
● ●●
● ●●●●

●
●
●●●●

●

●●

●●

●

● ●
●

●
●●
●

●●

●

●●●●●●●●●●●

●

●●●●

●●

●●●●

●

●●●●
●

●

●
●

●
●

● ●
●●●● ●● ●

●

●●●
●●●●●

●

●

●

●●●●●●●● ●●●●●
●

●●●
●

●●●●●●●●● ●●●●

●

●●●
●

●●

●
●

●●

●

●
●
●●

●

●

●

●

●
●

●
●

●

●
●
●

●

●● ●●●
● ●

●

●
● ●

● ●

●●

●

●●●●●●●●●●●●

●

●

●●●

● ●

●● ●
●

●●
●●

●

●

●
●
●

●●●●● ●●●●●
●
●

●●
●

●

●●●●

●

●●●●

●

●●

●

●●●
●●

●●●●●●

●

●●
●

●●●●●
●●●●●●●●●

●

●

●

●

●

●
●

●
●●

●
●

●●●●

●

●●●
●
●●

●

●● ●●●
●

●
●

●●●
●●●

●

●
●●

●

●

●●
●●
●

●

●● ● ●●
●
●● ●●●●
●●● ●

●●

●
●●

●

●●●●
●●●●●●

●

●
●

●
●●
●

●

●
●

●
●

●
●●●

●

●

●

● ●

●●●

●

●

●
●●●●●

●

●●
●●

●

●
●

●
●

●

●

●

●

●
● ●

● ●

●

●

●

●

●
●

●●●

●

●●●

●

●●
●

●

●

●●●●●●●●

●

●

●
●

● ●
● ●

●

●

●

●

●
●●●●●●

●

●

● ●
●●●●●●

●

●
●

●●●●
●●

●●●●●●

●

●

●

●
●

●

●

●

●

●

●
●

● ●

●

●

●●

●

●
●

● ●
●●●●
●●●●●●

●

●●
●
●●●

●
●

●

●●●

●

●

●●●

●
●

●
●

●

●

●●●
●
●

●●

●

●

●
●●●

●●

●●●●
●

●

●

●

●

●

●

●●

●

●

●

●● ●●●●●●●●

●

●

●●
●●●●●

●

●●●

●

●

●

●

●

●●●●●●●●
●●

●

●

●

●
●

●

●

● ●
●● ●●

●
● ●
●●

●
●●●●

●

●●

●

●
●●

●●●●●
●
●
●●●●●

●

●

●

●●●●●●●●●●●●●
●

●

●●●●●

●

● ●

●●

●●●

●
●

●
●●●●

●
●

●
●

●
●

●●●

●

●●●
●

●

●

●
●

●

●●●

●●
●●

●●

● ●
●

●●
●

●
●

●

●

●

●●●●●

●

●● ●●●●

●

●●●●● ●●●
●●
●
●
●

●

●●
●
●●

●
●

●

●
● ●

●●●●

●●

●
●●

●●
●

●●●●●●●●●●●●

●
●●●●●●●●●●●●●●●●●

●

●●●●●●●●●●●

●
●●

●
●

●●●●●●

●

●●●●●●●●●

●
●

●

●
●●

●●●●●

●

●●●●●●●

●
●

●
●

●

●
●

●

●

●

●

●

●

● ●

●
●●

●

●
●

●●●●●
●

●

●
●●

●

●●●

●

●
●

●● ●●●

●

●

●

●

●
●

●
●

●●●
●
● ●●
●●
●
●●●

●

●●● ●●●●●●●

●

●
●●

●●

●

●

●

●●●●●● ●

●

● ●●

●

● ●●●●●

●

●●●● ●
●

●●● ●●●●●●●●●●●●●
●

● ●

● ●●
●

●●●●●
●
●

●

●●●●●●
● ●

●

●
●

●
●

●

●

●

●●

●

●●
●●●●

●

●●●
●●●●

●

●

●

●

●

●

●

●

●

●

●●

●

●●

●
●

●●●●●●●●●●●●
●

●
●

●
●

●

●

● ●

●●

●
●

●
●

●

●

●
●
●

●●●

●
●

●●

●

●

●

●

●

●

●

●●●●●●●●●●
●
●

●

●

●

●
●

●●●●

●

●

●●

●●

●

●
●

●

●
●

●●

●
●●
●●●
●

●●●●
●

●

●

●

●
●

●
●

●

●

●

●

●

●
●●

●●

●

●●●
● ●

●●

●

●●

●

●

●●●●●●●●●●
●●

●●

●

●

●
●●●

●

●

●
●●

●

●

●

● ●

●
●

●

●
●

●●

●

●

●

● ●●●

●

●●●●●●●●●●●● ●●●●●●

●

●
●

●●●●●

●

●●

●

●●

●●●

●

●●

●

●

●

●

●

●●
●

●●●●
●

● ●
●

●●
●

●

●

●

●

●●●

●

● ●
●● ●●

●
●

●

●●●●●●●●●●●●●●●●●

●

●●●●

●

●

●

●

●
●

●
●●

● ●●●●●●●●

●
●

●

●●●●●●●●
●

●●●
●

●

●

●

●

●
●

●
●

●
●●●●●

●
●●●●

●
●

●●●●

●

●●●●●●

●

●

●

●

●
●

●
●

●● ●●●●
●
●●
●
●

●●●●● ●●●●● ●●●●●●●● ● ●●●●
●

●

●
●●●●●●●●
●●
●●

●

●

●
●
●
●

●

●

●
●
●●●●●●

●
●●●●●●●●●●

●

●●●●●●●●●●●●●●●●● ●●●●

0.000 0.001 0.002 0.003

0.
00

0
0.

00
2

0.
00

4
0.

00
6

0.
00

8
0.

01
0

Unpermuted
Spearman's rho = 0.851

 P < 2.2e−16

Relative abundance from PICRUSt

R
el

at
ive

 a
bu

nd
an

ce
 fr

om
 m

et
ag

en
om

e

●

●

●●●●●

●

●

●●●

●●

●

●
●●

●
●●●●●

●
●● ●

●

●

●●●

●

● ●

●

●

●●

●

●

●

●

●

●●●
●

●

●●●●

●

●●●●

● ●●

●
●

●●

●

●●●●●●●●●●●●●

●

●

●●●●

●

●
●

●●●
●

●

●

●● ●●
●

●

●
●
●

●

●●● ●●
●

●

●

●

●●●●

●

●

●

●

●

●
●
●●

●

●

●

●
●

●●●

●

●

●●

●●
●●●●●●●●

●
●●●●●●●
●●

●●

●
●

●●●●

●

●
●●●●●●●●

●●

●

●●
●●●●●●●●

●

●

●

●
●●

●●
●

●

●●●●●●●
●●

●●

●
●

●

●
●● ●

●
●

●●

●

●

●

●

●

●
●●

●

●

● ●

●●

●●●
●

●

●

●
●

●●●

●

●

●

●●
● ●●

●

●

●●●

●

●●

●

●
●

●

●

●

●
●
●●

●
●

●
●●

●
● ●

●●

●

●●●

●●

●●

●

●

●

●●

●

●

●

●●

●

●●●
●

●

●

●

●●

●

●
●●●
●

●

●

●

●

●

●●●●●●●●●●

●

●

●●
●

●●●●
●

●

●

●
●

●
●

●

● ●●
●

●

●●

●

●

●

●

●
●

●

●

●

●
●

●●

●

●

●

●

●

●●●●
●

●

●

●●

●

●

●●

●

●●●●●●●●●●●
●
●●●

●

●

●

●●●●
●

●

●●● ●●●●●
●

●

●●●

●

●

●

●●●●

●

●●●●

●

●

●

●

●●

●

●●

●

●●

●
●

●●
●

●

●
●●●

●

●●●●●●
●

●●

●

●●●●●●●●●●

●
●●●●●●●●●●●●●●●●●●●●●●●●●
●

●●●●●●●●

●

●

●●●●

●

●
●

●

●

●●
●

●

●●●

●

●

●

●

●
●

●
●●●

●
●●●●

●

●●

●

● ●●
●●

● ●●●●●

●

●●●

●●●

●●

●●
●●●●●●●●●

●

●

●●
●●●●●

●

●●

●

●

●

●
●

●●

●

●

●●●●●●●
●

●

●

●

●●●
●

●

●●
●

●

●●●●

●

●●

●

●●● ●●

●

●

●

●●● ●

●

●

●
●●

●

●

●

●

●

●●●●●
●●
●

●

●

●

●

●

●

●
●

●●●● ●

●

●

●

●

●
●
●

●
●●●●●●

●
●

●

●●●●●●●●
●

●●●●●●●●●●●●●●● ●●●
●●

●●●●●●

●
●

●
●●●

●

●

●●●

●

●

●

● ●

●

●●●
●

●●●●●●●

●

●

●

●
●●●●●●●●

●

●●●●●●●●
●

●●●●
●

●●●●●●●●

●
●●●

●
●●●●●●●●●●●●●●●

●
●●●

●

●

● ●

●●
●

●

●●●●●●●●

●

●

●●● ●●●●●●●

●

●●● ●
●
●

●●
●

●
●●●

●

●
●●●
●

●

●

●

●●

●

● ●●
●

●●
●

●●

●

●●●●●●●●●●●

●

●●●●

●

●

●●●●

●

●●●●
●

●

●

●

●
●

●
●

●●●●
●

●
●

●

●●
●●●●●●

●

●

●

●●●●●●●● ●●●●●
●

●●●
●

●●●●●●●●● ●●●●

●

●●●

●
●●

●
●

●●

●

●●●●

●

●

●

●
● ●
●

●
●

●

●●

●

●● ●
●
●

● ●

●

●
●

●● ●

●●

●

●●●●●●●●●●●●

●

●
●●●

●

●

●● ●●●●●●
●

●

●

●●
●
●
●●
● ●●●●●
●
●

●

●

●

●

●●●●

●

●●●●

●

●●

●

●●●
●●

●●●●●●

●

●●

●

●●●●●
●
●●●●●●●●

●

●

●

●

●

●●
●

●
●

●
●

●●●●
●
●●●
●
●●

●

●● ●●●●●
●●●●●●●

●

●●●

●

●

●●
●●
●

●

●● ●
●

● ●●● ●●●●
●

●● ●

●

●

●
●●

●

●●●
●

●●●●●●

●

● ●
●

●
●

●

●

●

●

●

●

●
●●●

●

●

●

●
●

●●●

●

●

●
●●●●●

●

●●

●
●

●

●

●

●
●

●

●

●

●

● ● ●

●
●

●

●

●
●

●
●

●●●

●

●●●

●

●
●

●

●

●

●●●●●●●●
●

●

●

●

● ●
● ●

●

●

●

●

●
●●●●●●

●

●

● ●
●●●●●●

●

●

●

●●
●
●

●

●

●●●●
●
●

●

●

●

●●

●

●

●

●

●

●
●

● ●

●

●

●●

●

●

●
● ●

●●
●
●
●●●●●●

●

●●
●
●●●

●
●

●

●●
●

●

●

●●●

●

●

● ●

●

●

●●●
●

●
●●

●

●

● ●●●
●

●
●●●●
●

●

●

●

●

●

●

●●

●

●
●

●●
●

●
●●●●●●

●

●

●● ●●●●●

●
●●●

●

●

●

●

●

●●●●●●●●
●
●

●
●

●●

●

●

●

●

●

●●
●
●

●
● ●
●●

●

●●●●

●

●●

●

●
●●

●●●●●
●
●
●
●●●●

●

●

●

●●●●●●●●●●
●●●
●

●

●●●●●

●

●
●

●●

●●●

●
●● ●●●●

●
●

●
●

●
●

●●●

●

●●●●

●

●

●
●

●

●●●

●●
●
●

●●

● ●
●

●●
●

●

●

●●

●

●●●●●

●

●●
●●●●

●

●●●●● ●●●●●●
●
●

●

●

●●
●●

●
●

●

●

●
●

●●●●

●
●
●●●

●●
●

●●●●●●●●●●●●

●
●

●●
●

●●●●●●●●●●●●●

●

●●●●●●●●●●●
●●●

●●
●●●●●●

●

●●●●●●●●●

●●

●

●
●●●●●●●

●

●●●●●●●

●
●

●
●●

●

●

●

●

●

●

●

●

●
●

● ●●

●

●

●

●●●

●

●
●

●

● ●
●

●

●
●●

●

●

●

●●
●
●●

●

●

●

●

●
●

● ●●●●
●
● ●
●●●●●●●

●

●●● ●●●●●●●

●

●
●●

●
●

●
●

●

●●●●●● ●

●

● ●●

●

● ●●●●●

●

●●●● ●
●

●●●
●●

●●●●●●●●●●●
●

●

●

● ●●
●

●●●●●
●
●

●

●●●●●●

●
●

●

●●

●
●

●

●

●

●
●

●

●●
●●
●●

●

●
●●●●●●

●

●

●

●

●

●

●

●

●

●

●●

●

●●

●●

●●●●●●●●●●●●

●
●●●

●
●

●

● ●

●●

●
●

●●

●

●

●

●

●

●●●
●

●

●●

●

●

●

●

●

●

●
●●●●●●●●●●●●

●

●
●

●

●
●●●●

●

●

●●

●
●

●

●

●

●

●
●

●●

●
●
●

●
●●

●
●●●●

●

●

●

●

●● ●●

●

●

●

●

●

●●

●

●●

●

●●●
● ●

●●

●

●●

●
●

●●●●●●●●●●
●●

●●

●

●

●

●●●

●

●

●●●

●

●

●

●
●

●

●

●

●●

●●

●

●

●

● ●●●

●

●●●●●●
●●●●●● ●●●●
●
●

●
●

●

●●●●●

●

●

●

●

●●
●●●

●

●●

●
●
●

●

●

●●

●

●●●●

●

● ●
●

●●

●

●
●

●

●

●●●

●

● ●
●● ●●

●
●

●

●●●●●●●●●●●●●●●●●

●

●●●●

●

●

●

●

●
●

●

●●

● ●●●●●●●●

●
●

●

●
●●●●●●●

●
●●●

●
●

●

●

●

●
●● ●

●
●●●

●●
●
●●●●

●

●

●●●●

●

●●●●●●

●

●

●

●

●

●

●
●●● ●●●●

●
●●
●●

●●●●● ●●●●● ●
●

●●●●●● ● ●●●●
●

●

●
●●●●●●●●

●
●
●●

●

●
●

●
●
● ●

●

●
●
●●●●●●

●

●●●●●●
●
●●●

●

●●●●●●●●●●●●●●●●● ●●
●

●

0.000 0.001 0.002 0.003

0.
00

0
0.

00
2

0.
00

4
0.

00
6

0.
00

8
0.

01
0

Permuted
Spearman's rho = 0.837

 P < 2.2e−16

Relative abundance from PICRUSt

Pe
rm

ut
ed

 re
la

tiv
e 

ab
un

da
nc

e 
fro

m
 m

et
ag

en
om

e

.CC-BY-NC 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted May 30, 2019. ; https://doi.org/10.1101/655746doi: bioRxiv preprint 

https://doi.org/10.1101/655746
http://creativecommons.org/licenses/by-nc/4.0/


1 2 3 4 5 6 7 8 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 73 75 77 79 81 83 85 87 89 91 93 95 97 99 101 103 105 107 109 111 113 115 117 119 121 123 125 127 129 131 133 135 137 139 141 143 145 147 149 151 153 155 157 159 161 163 165 167 169 171 173 175 177 179 181 183 185 187 189 191 193 195 197 199 201 203 205 207 209 212 214

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Other
Planctomycetia
Acidimicrobiia
Acidobacteria−6
Verrucomicrobiae
Coriobacteriia
Epsilonproteobacteria
Deltaproteobacteria
Solibacteres
Fusobacteriia
Thermoleophilia
Betaproteobacteria
[Spartobacteria]
Acidobacteriia
Erysipelotrichi
Gammaproteobacteria
Alphaproteobacteria
Bacilli
Actinobacteria
Bacteroidia
Clostridia

Human_TY

1 2 3 4 5 6 7 8 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 73 75 77 79 81 83 85 87 89 91 93 95 97 99 101 103 105 107 109 111 113 115 117 119 121 123 125 127 129 131 133 135 137 139 141 143 145 147 149 151 153 155 157 159 161 163 165 167 169 171 173 175 177 179 181 183 185 187 189 191 193 195 197 199 201 203 205 207 209 212 214

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Other
Planctomycetia
Acidimicrobiia
Acidobacteria−6
Verrucomicrobiae
Coriobacteriia
Epsilonproteobacteria
Deltaproteobacteria
Solibacteres
Fusobacteriia
Thermoleophilia
Betaproteobacteria
[Spartobacteria]
Acidobacteriia
Erysipelotrichi
Gammaproteobacteria
Alphaproteobacteria
Bacilli
Actinobacteria
Bacteroidia
Clostridia

1 2 3 4 5 6 7 8 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 73 75 77 79 81 83 85 87 89 91 93 95 97 99 101 103 105 107 109 111 113 115 117 119 121 123 125 127 129 131 133 135 137 139 141 143 145 147 149 151 153 155 157 159 161 163 165 167 169 171 173 175 177 179 181 183 185 187 189 191 193 195 197 199 201 204 206 208 210 212 214

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Other
09123 Folding, sorting and degradation
09103 Lipid metabolism
09193 Cellular processes and signaling
09121 Transcription
09191 Metabolism
09112 Enzyme families
09194 Poorly characterized
09108 Metabolism of cofactors and vitamins
09102 Energy metabolism
09124 Replication and repair
09104 Nucleotide metabolism
09105 Amino acid metabolism
09122 Translation
09131 Membrane transport
09101 Carbohydrate metabolism

1 2 3 4 5 6 7 8 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 73 75 77 79 81 83 85 87 89 91 93 95 97 99 101 103 105 107 109 111 113 115 117 119 121 123 125 127 129 131 133 135 137 139 141 143 145 147 149 151 153 155 157 159 161 163 165 167 169 171 173 175 177 179 181 183 185 187 189 191 193 195 197 199 201 204 206 208 210 212 214

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Other
09123 Folding, sorting and degradation
09103 Lipid metabolism
09193 Cellular processes and signaling
09121 Transcription
09191 Metabolism
09112 Enzyme families
09194 Poorly characterized
09108 Metabolism of cofactors and vitamins
09102 Energy metabolism
09124 Replication and repair
09104 Nucleotide metabolism
09105 Amino acid metabolism
09122 Translation
09131 Membrane transport
09101 Carbohydrate metabolism

Soil_AANHuman_KW Soil_LWMChickenMouseGorilla

A

B

.CC-BY-NC 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted May 30, 2019. ; https://doi.org/10.1101/655746doi: bioRxiv preprint 

https://doi.org/10.1101/655746
http://creativecommons.org/licenses/by-nc/4.0/


Dataset

Percentage of 
genes not 
predicted by 
PICRUSt

Percentage of 
genes predicted 
but not in 
metagenome

Spearman’s 
rho of 
transformed 
P-values

Human_KW 59.8% 0.68% 0.490 *

Human_TY 13.9% 16.7% 0.554 *

Gorilla 7.60% 26.1% 0.313 *

Mouse 29.6% 67.1% 0.206 *

Chicken 8.81% 23.4% -0.0324

Soil_LWM 34.5% 61.9% 0.125 *

Soil_AAN 62.6% 62.2% 0.127 *
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Mean of Spearman’s 
rho (unpermuted) 0.490 0.554 0.313 0.206 -0.0324 0.125 0.127

Mean of Spearman’s 
rho (permuted) -0.000486 -0.000833 -0.00103 -0.000602 0.0178 0.000146 -0.00364
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09196 Viral protein family
09155 Excretory system
09157 Sensory system

09149 Aging
09106 Metabolism of other amino acids

09192 Genetic information processing
09158 Development

09153 Circulatory system
09164 Substance dependence

09162 Immune diseases
09125 RNA family

09165 Cardiovascular diseases
09159 Environmental adaptation

09154 Digestive system
09104 Nucleotide metabolism

09144 Cellular community − eukaryotes
09166 Endocrine and metabolic diseases

09163 Neurodegenerative diseases
09145 Cellular community − prokaryotes

09194 Poorly characterized
09193 Cellular processes and signaling

09110 Biosynthesis of other secondary metabolites
09108 Metabolism of cofactors and vitamins

09168 Drug resistance
09111 Xenobiotics biodegradation and metabolism

09142 Cell motility
09156 Nervous system

09103 Lipid metabolism
09102 Energy metabolism

09143 Cell growth and death
09109 Metabolism of terpenoids and polyketides

09105 Amino acid metabolism
09107 Glycan biosynthesis and metabolism

09101 Carbohydrate metabolism
09152 Endocrine system

09191 Metabolism
09151 Immune system

09141 Transport and catabolism
09124 Replication and repair

09121 Transcription
09112 Enzyme families

09122 Translation
09161 Cancers

09123 Folding, sorting and degradation
09167 Infectious diseases

09133 Signaling molecules and interaction
09131 Membrane transport
09132 Signal transduction
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