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Transition of antimicrobial resistome in wastewater treatment
plants: impact of process configuration, geographical location
and season
Ryo Honda 1,2✉, Norihisa Matsuura 1, Sovannlaksmy Sorn 3, Sawako Asakura4, Yuta Morinaga3, Than Van Huy3,
Muhammad Adnan Sabar 3, Yalkhin Masakke3, Hiroe Hara-Yamamura1 and Toru Watanabe 5

Antimicrobial resistome in wastewater treatment plants was investigated via shotgun metagenomic analysis over a variety of
geographical locations, seasons, and biological treatment configurations. The results revealed that the transition of the
antimicrobial resistome occurred at two locations during wastewater treatment, which resulted in a distinctive antimicrobial
resistome in influent wastewater, activated sludge, and treated effluent. The antimicrobial resistome in influent wastewater was
characterized by a high abundance of antibiotic resistance genes (ARGs) on clinically important drugs, whereas sludge retained a
higher abundance of multidrug ARGs associated with efflux pump. Seasonality was the primary factor affecting antimicrobial
resistome in influent wastewater, which partially succeeded to the subsequent resistome of activated sludge and treated effluent.
Importantly, some ARGs on clinically important drugs in influent wastewater passed through the biological treatment to be
discharged in the treated effluent, except in the membrane bioreactor process.
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INTRODUCTION
Antimicrobial resistance (AMR) is a major threat to human health.
A recent study reported that AMR is now the leading cause of
death in the world, and it was associated with 1.3 million deaths in
20191. According to O’ Neil2, the health burden caused by AMR
will continue to increase, resulting in 10 million annual deaths in
2050. To prevent the spread of AMR, the “One Health” approach is
urgently needed, which is a collaborative effort by multiple
disciplines to attain optimal health for people, animals, and the
environment3. Among the environmental pathways of AMR
spread, wastewater has been regarded as the primary source of
the emergence of AMR in the water environment. Particularly, the
discharge of untreated wastewater has been reported to result in
a significant increase in AMR prevalence in the water environment
in various countries4–9. Accordingly, wastewater treatment plants
(WWTPs) have emerged as an important barrier to prevent the
spread of AMR in wastewater into the water environment.
However, WWTPs can also act as AMR reservoirs, retaining it in
the activated sludge and potentially discharging it into treated
effluent10–13. Particularly, studies have revealed that WWTP
effluent still contains a certain abundance of antimicrobial-
resistant bacteria (ARB) and antimicrobial resistance genes
(ARGs)14–17. Hence, treated effluent from WWTPs can be another
major source of AMR in water bodies and drinking water resources
receiving the treated effluent18–21.
Although both wastewater and treated effluent are the major

anthropogenic sources of AMR in water environments, waste-
water, and treated effluent may exhibit different AMR traits. The
major source of AMR in wastewater is the gut microbiome,
wherein the AMR is enriched via exposure to antimicrobial doses
from people in the sewershed community. In contrast, AMR in
treated effluent mainly originates from activated sludge, which is

exposed to a variety of stresses that induce the coselection and
enhancement of AMR (e.g., heavy metals, reactive oxygen species
(ROS), disinfectants, and sub-lethal concentrations of antimicro-
bials)22–24. Hence, the discharge of AMR via wastewater or treated
effluent poses a qualitatively different impact on water environ-
ment. Several studies have demonstrated the difference in the
antimicrobial resistome of influent wastewater and treated
effluent using the shotgun metagenomic approach25–27. These
studies have provided fundamental insights through case studies
by targeting a single WWTP; however, the factors that generally
govern the fate of antimicrobial resistome among various WWTPs
with different biological process configuration, and geographic
location are yet to be comprehensively understood. Moreover,
these studies analyzed the shotgun metagenomic sequence data
based on raw reads of the observed ARGs, which are highly biased
compared to the original proportion of each ARG, because a
longer gene appears to have greater numbers of gene fragments
in shotgun metagenomic sequencing. For example, mexB, which
exhibit multiple resistance, and tetQ, which exhibit tetracycline
resistance, are 3141- and 1974-bp long, respectively, whereas
mphB, which exhibits macrolide resistance, and qnrS, which
exhibit fluoroquinolone resistance, are 477 and 657 bp long,
respectively. This could result in five–tenfold overestimations in
the proportion of long ARGs in a raw reads-based quantification.
Therefore, the appropriate normalization of raw reads is essential
to acquiring accurate snapshots of the antimicrobial resistome
and understanding the mechanism and the factors involved in the
transition of antimicrobial resistome from influent wastewater to
treated effluent in WWTPs.
This study aimed to reveal the key factors governing the

transition of antimicrobial resistome during wastewater treatment
processes. Accordingly, the antimicrobial resistome in influent
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wastewater, activated sludge, and treated effluent was investi-
gated using systematic sampling and shotgun metagenomic
analysis over a variety of geographical locations, seasons, and
biological treatment configurations. In this study, all the ARG data
were curated after normalization as reads per kilobase (RPK) to
obtain an accurate snapshot of the antimicrobial resistome, which
reflects the original proportion of the gene copy number in a
sample. In addition, the common characteristics and differences in
the antimicrobial resistome (i.e., ARG abundance and composition)
in influent wastewater, activated sludge, and treated effluent, were
identified by introducing an appropriate normalization. Moreover,
regarding the differences among the resistome and their associa-
tion with the microbial community, this study revealed the impact
of key factors influencing the antimicrobial resistome and its
transition during wastewater treatment processes.

RESULTS AND DISCUSSION
ARG abundance in the wastewater treatment process
Influent wastewater, activated sludge, and treated effluent were
collected from five municipal WWTPs with different biological
treatment process configuration (Fig. 1). The total ARG abundance
per 16 S bacterial population in influent wastewater substantially
decreased in activated sludge, regardless of the process config-
uration and geographical location of the WWTPs. The total ARG
abundance in influent wastewater from all the WWTPs was
32–50% (Fig. 2a). No remarkable difference in the total ARG
abundance in influent wastewater among the WWTPs located in

different municipalities was observed. The total ARG abundance in
the activated sludge collected from all the WWTPs decreased
substantially to 5–19%. This decrease from influent wastewater to
activated sludge was observed in all samples regardless of the
season or process configuration. A slight increase or no
remarkable change in the total ARG abundance was observed
from sludge to the final effluent collected from all WWTPs,
although the reduction in the bacterial population was substantial.
The ARG abundances observed in this study are consistent with
the typical range of total ARG abundance reported in the literature
based on the metagenomic approach, which was reported as
20–40%28,29. Similarly, the decrease in the ARG abundance from
influent wastewater to activated sludge was reported in previous
studies. The metagenome-based total ARG abundance in acti-
vated sludge was reported to decrease by 12–13% from influent
wastewater to 8–9%28. Further, studies based on high-throughput
qPCR reported a 10–20% decrease in the abundance of major
ARGs from influent to sludge15,17. However, several studies on
culture-based AMR assays have reported no remarkable change or
only a slight increase in the AMR abundance in sludge and final
effluent compared to those in influent wastewater14,30–33. This is
probably because the culture-based assays target only target
specific bacteria groups of fecal origin (e.g., coliform, E. coli, and
Salmonella), whereas metagenomic approaches cover the entire
bacterial community. Observation of the total ARG abundance at
each treatment stage revealed that the ARG abundance decreased
during biological treatment (Fig. 2b). However, no change in the
total ARG abundance from influent wastewater was observed after
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equalization tank.
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primary sedimentation until the equalization tank. This indicates
that primary sedimentation and retention in the equalization tank
had no apparent effect on the ARG abundance in influent
wastewater. The total ARG abundance decreased to 15–21%
during the CAS process and 10–12% during the MBR process
when the primary-treated wastewater entered the biological
treatment stage.
The total ARG abundances in the treated effluent were similar to

those in the activated sludge and apparently lower than those in
influent wastewater (Fig. 2). Although the 16 S bacterial popula-
tion in the treated effluent reduced by 1.0–1.7 log compared to
that in sludge, no remarkable change in the total ARG abundance
was observed. These trends in the ARG abundance were
consistent with those reported in previous studies17,28. The
change in the total ARG abundance before and after chlorination
was not remarkable (Fig. 2b). Previous studies have reported that
the log reduction in ARGs in secondary treated effluent is limited
under the typical chlorination intensity of 15mg ×min L−1 (see
refs. 34–37), although the population of ARB is substantially
reduced. Similarly, in the present study, chlorination reduced the
total bacteria population; however, the impacts of chlorination on
the reduction in ARG abundance were limited.
In accordance with total ARG abundance, the ARG composition

also exhibited a remarkable change from influent wastewater to
activated sludge. Only 45–50% of ARGs in influent wastewater
remained in activated sludge, and 84–91% of the remaining ARGs
in the sludge were carried over to the treated effluent (Fig. 3). The
proportion of multiple antimicrobial resistance (MAR) genes in the
sludge increased, regardless of the process configuration and
location of WWTPs (Fig. 4). Particularly, the proportion of ARGs

with broad resistance to more than six drug classes increased
notably in the activated sludge compared to the influent
wastewater. This remarkable change in ARG abundance and
composition from wastewater to sludge indicates that activated
sludge maintained its unique antimicrobial resistome. During
biological treatment, part of the activated sludge was returned to
the beginning of the biological treatment after thickening in the
final sedimentation tank. The returned thickened sludge (namely
return sludge) mixed with the primary-treated wastewater to
constitute the activated sludge. Under the typical operating
conditions of WWTPs, the flow rate of the return sludge is
configurated as 1/2–3/4 of the flow rate of the primary-treated
wastewater38. Meanwhile, the suspended solids (SS) concentration
of the return sludge is typically thickened to 6000–12,000 mg L−1,
which is 3–5 times higher than that of activated sludge in the
aeration tank. Hence, most of the biosolids in the activated sludge
originated from the return sludge. The estimated biosolids ratio of
primary-treated wastewater to return sludge in the aeration tank is
1:200–1000. The flow rate of the return sludge in WWTP B was
25–40% of that of the primary-treated effluent, whereas the SS in
the return sludge was 3.4–4.4 times higher than that in activated
sludge. Thus, the antimicrobial resistome in activated sludge was
mainly comprised of those in the return sludge rather than those
in influent wastewater. Consequently, the impacts of influent
wastewater on the antimicrobial resistome in the activated sludge
was relatively small.
Seasonal differences were also observed for both ARG

abundance and composition. The increase in the ARGs with broad
resistance (<6) was more notable in summer (+ 0.9–6.5%) than in
winter (+ 1.5–11%). In contrast, the proportion of ARGs resistant to
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two drug classes was remarkably higher in winter. These results
indicated the seasonality of ARG compositions in influent waste-
water and activated sludge. In addition, the ARG proportion
resistant to each drug class differed between influent wastewater
and activated sludge (Fig. 5). Particularly, compared to the sludge
samples, the influent wastewater samples in all WWTPs were
mostly composed of ARGs resistant to tetracycline, fluoroquino-
lone, and macrolide. Moreover, seasonality was observed in the
proportion of ARGs resistant to some drug classes. For example,
the proportion of ARGs resistant to macrolide and streptogramin
was larger in winter, whereas those resistant to aminoglycoside
exhibited a large proportion regardless of the season. The
comparison of the total ARG abundance and AMR compositions
revealed that the following characteristics in the antimicrobial
resistome in the WWTPs: (i) the total ARG abundance in influent
wastewater was ~30–50% regardless of season and geographical
location of WWTPs, (ii) the total ARG abundance substantially

reduced in the sludge regardless of the process configuration, (iii)
ARG composition and proportion of MAR changed from influent
wastewater to sludge and with season, (iv) chlorination substan-
tially reduced bacterial population but had no marked effect on
the abundance of AMR.

Transition of ARG composition during wastewater treatment
The ARG composition at five WWTPs was compared via principal
component analysis (PCA) (Fig. 6a). The primary factor distinguish-
ing ARG compositions was the treatment stage (i.e., influent
wastewater, activated sludge, and treated effluent), whereas
seasonality was the secondary factor. In contrast, geographic
location and process configuration of WWTPs had no apparent
effect on the ARG compositions in influent wastewater and
activated sludge. The influent wastewater was mostly character-
ized by negative PC1 scores except for WWTP E in summer, whose

(a) Winter (b) Summer

Fig. 3 Number of ARGs shared by influent wastewater, activated sludge, and treated effluent of the target WWTPs in different seasons.
a Winter and b summer.
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(f) Sludge, Winter  (ARG to 2 drug classes)
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(g) Sludge, Summer (ARG to 1 drug class )
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(h) Sludge, Summer  (ARG to 2 drug classes)
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Fig. 5 Proportion of ARG resistant to various drug classes in wastewater and sludge in winter and summer. a ARGs to a single drug class in
influent wastewater in winter, b ARGs to two drug classes in influent wastewater in winter, c ARGs to a single drug class in influent wastewater
in summer, d ARGs to two drug classes in influent wastewater in summer, e ARGs to a single drug class in activated sludge in winter, f ARGs to
two drug classes in activated sludge in winter, g ARGs to single drug class in activated sludge in summer, h ARGs to two drug classes in
activated sludge in summer.
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Fig. 6 Comparison of the ARG composition and microbial community during wastewater treatment processes by principal component
analysis (PCA). a ARG composition in influent wastewater, activated sludge, and treated effluent at various WWTPs with different process
configurations. b ARG composition in each treatment stage of CAS and MBR processes at WWTP B. c 16S-based microbial community in
influent wastewater, activated sludge, and treated effluent at various WWTPs with different process configurations. d 16S-based microbial
community in each treatment stage of CAS and MBR processes at WWTP B.
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influent wastewater may contain some sludge due to sampling
restrictions (as described in “Methods”). The negative PC1 values
indicated the influence of AMR on critically important antimicro-
bials, including quinolones (qnrS, qnrVC), macrolides (ermG, mel),
aminoglycosides (APH(3’), cmlA, aad(6), AAC(6’)), colistins (ICR),
cephalosporins, and carbapenem (ESBL genes of MOX, OXA, CfxA,
VEB, FOX, GES, and CMY) (Fig. 6a and Supplementary Table 4a). In
contrast, the activated sludge samples were characterized by MAR
genes, which exhibited highly positive PC1 scores (Fig. 6a). Among
the top 30 ARGs with highly positive PC1 loadings, 19 ARGs were
efflux pumps associated with broad resistance to five or more
antibiotic classes (mexD, medQ, mexW, mexI, mexK, mexN, MuxC,
MucB, and mexF) (Supplementary Table 4b). Typically, the efflux
pump functions as a resistance to not only antimicrobials but also
a broad range of cell stresses. During biological treatment, sludge
bacteria are exposed to various kinds of cell stresses (e.g.,
antimicrobials, heavy metals, toxic trace chemicals, and oxidative
stress by aeration). In an aeration tank, these cell stresses may
result in the enhancement or coselection of antimicrobial
resistance23,24,39–42. Interestingly, the treated effluents were
plotted at an intermediate range between influent wastewater
and sludge groups (Fig. 6a). Treated effluent is expected to exhibit
a similar ARG composition as sludge if each ARG in sludge is
equally reduced in the final sedimentation. However, this PCA
result demonstrated that the ARG compositions in treated effluent
were not solely affected by activated sludge but also by influent
wastewater. This is consistent with the findings that the ARGs
originating from influent wastewater partly remained in the final
effluent of the WWTP (Fig. 3). Some ARGs were not detected in
activated sludge, although they were found both in influent
wastewater and treated effluent, as shown in Fig. 3. Bacterial DNA
originating from wastewater were present in activated sludge at
lower abundances than that originating from the return sludge.
Hence, some ARGs of wastewater origin were present but at a
lower abundance than the detection threshold, which was ~1 per
30 million reads.
The secondary factor affecting ARG composition was season,

which was represented by PC2 (Fig. 6a). Samples collected in
winter exhibited positive PC2 scores, which were characterized by
ARGs of antibiotic inactivation associated with resistance to
β-lactams, such as cephalosporins; carbapenem; and ESBL-
producing genes of OXA, MOX, GES, SHV, CMY, and ADC
(Supplementary Table 5a). In contrast, samples collected in
summer mostly exhibited negative PC2 scores, which were mainly
characterized by ARGs of efflux pumps associated with MAR. The
seasonal difference in ARG composition was larger in influent
wastewater than in activated sludge. This may be attributed to the
seasonal use of clinical antimicrobials in Japan (as discussed
below). Treated effluents in winter and summer were also
distinguished by PC2. The PC2 scores of the treated effluents in
winter and summer were intermediate ranging between those of
influent wastewater and activated sludge in winter and summer,
respectively. This supports the hypothesis that the treated effluent
was not only affected by activated sludge but also by influent
wastewater.
The shift in ARG composition occurred at two locations during

the course of the treatment process according to the PCA scores
in each treatment stage of WWTP B (Fig. 6b). No notable change
occurred in the ARG compositions in the influent wastewater
(WW) even after primary sedimentation until equalization tank.
However, the PC1 scores turned positive when the primary-
treated wastewater was subjected to biological treatment. All the
sludge in the biological treatment of both CAS and MBR exhibited
similar ARG compositions that were associated with highly
positive PC1 scores. These results indicated that ARG composition
remarkably changed at the beginning of biological treatment. This
shift in the ARG composition is consistent with the shift in the total
ARG abundance and MAR proportion during biological treatment

(Figs. 2 and 4). During the CAS process, a second shift in the ARG
composition was observed in the secondary treated effluent after
final sedimentation (STE(CAS)). CAS effluent was plotted at an
intermediate range between those of the wastewater and sludge
groups, suggesting that the ARG composition of the CAS effluents
was not only affected by sludge but also by wastewater. This
indicated that ARGs of wastewater origin were partly retained in
the CAS effluent. In MBR, however, no remarkable change from
sludge to MBR effluent was observed. MBR effluents exhibited
positive PC1 scores, indicating that their ARG compositions
remained similar to those of sludge. This demonstrated that the
second shift in the ARG compositions occurred in CAS at final
sedimentation but not in MBR, in which the sludge was eliminated
via membrane filtration. These differences between CAS and MBR
effluents demonstrated that the ARG composition in the treated
effluent was affected by the process configuration, particularly at
the sludge separation stage. Moreover, the ARGs of wastewater
origin were likely substantially reduced through membrane
filtration in the MBR, whereas their reduction was limited in final
sedimentation in CAS. The second shift in the ARG composition in
CAS likely occurred via the overflow of ARGs of wastewater origin
at the final sedimentation.

Association of microbial community with ARG composition
Some phylogenetic classes were found to be associated with
specific ARG groups during wastewater treatment. The relative
abundance of Bacteroidia and Flavobacteriia classes in Bacteridetes,
Bacilli, Clostridia, and Erysipelotrichi classes in Firmicutes, Fusobac-
teriia, Eplilonproteobacteria, Gammaproteobacteria, and Synergistia
classes (hereinafter referred to as microbial group A) had relatively
high correlations with some ARGs to macrolide (ErmA, ErmB, ErmF,
ErmG, mefC, mefE, and mel), quinolone (QnrD and QnrS),
tetracycline (tet3, tetM, tetO, tetQ, tetS, and tetW) and vancomycin
(vanB, vanW, vanX, and vanY), whereas microbial group A had
relatively low correlations with most ARGs to sulfonamide (sul1,
sul2, and sul4) and with multidrug ARGs of the efflux pump (most
of the mex and Mux genes) (Fig. 7). Microbial group A mostly
consisted of phylogenetic classes for commensal bacteria and
anaerobic bacteria which are often abundant in the gut
microbiome. These bacteria were abundant in influent wastewater
and possibly harbored ARGs to macrolide, quinolone, tetracycline,
and vancomycin in influent wastewater. Interestingly, some
phylogenetic classes (hereinafter referred to as microbial group
C) had the opposite trend of correlations to microbial group A.
Microbial group C mostly consisted of phylogenetic classes, which
are often associated with water and soil environments, namely
Alphaproteobacteria, Deltaproteobacteria, Cytophagia, and Nitros-
pira and classes in Acidobacteria, Actinobacteria, Chloroflexi,
Planctomycetes, and Verrumicrobia phyla, etc., which were
abundant in the sludge samples (Supplementary Table 6b).
Microbial group C had relatively high correlations with ARGs to
sulfonamide (sul1, sul2, and sul4) and to multiple antimicrobials by
efflux (most of the mex and Mux genes) (Fig. 7). Hence, these
microbes in activated sludge possibly harbored and reserved the
efflux pump ARGs with broad resistance in activated sludge.
As observed in the ARG composition, the microbial community

was differed among the influent wastewater, activated sludge, and
treated effluent samples (Fig. 6c). Unlike the ARG composition,
however, the seasonal change did not exhibit a remarkable effect
on the microbial community. In contrast, process configuration
exhibited a greater impact on the microbial community in the
sludge samples. The influent wastewater samples exhibited
negative PC1 scores, whereas the activated sludge samples
exhibited highly positive PC1 scores. The microbial community
of influent wastewater was characterized by microbes with highly
negative PC1 loadings, which were mainly composed of anaerobic
enteric bacteria, such as Bacteroidetes, Firmicutes, and
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Gammaproteobacteria, including Enterobacteriaceae and Aeromo-
nadaceae (Supplementary Table 6a). In contrast, the sludge
samples were characterized by microbes with highly positive
PC1 loadings, which largely consisted of aerobic bacteria,
including Deltaproteobacteria and Planctomycetia (Supplementary
Table 6b). Similarly, the PC1 scores of the treated effluent were
plotted at an intermediate range: between those of influent
wastewater and activated sludge, as observed in the ARG
composition. This suggested that the microbial community in
the treated effluent was not only affected by activated sludge but
also by influent wastewater. Hence, some microbes in influent
wastewater were not reduced but retained in the final effluent of
WWTPs. If these microbes harbored ARGs and remained in the
treated effluent, the ARG composition in the treated effluent
would be partly dependent on the influent wastewater character-
istics. In the present study, most of the microbes characterizing
the influent wastewater belonged to microbial group A, which had
high correlations with ARGs to macrolide, quinolone, tetracycline,
and vancomycin and was found abundantly in influent waste-
water (Fig. 7). These bacteria were potential carriers of ARGs to
clinically important drugs remaining in the treated effluent.
Transition of the microbial community also occurred at two

locations during the treatment process, as observed in the ARG
compositions (Fig. 6d). The first shift occurred when primary-
treated wastewater was subjected to biological treatment, during
which the PC1 scores turned from negative to positive. The sludge
group was divided into CAS and MBR groups, which were
characterized by negative and positive PC2 scores, respectively.

The second shift in the microbial community occurred at the
sludge separation stage after biological treatment. Treated
effluents exhibited intermediate PC1 scores of those of the
wastewater and sludge groups. Therefore, the shift in the
microbial community corresponded with that of the ARG
composition. Importantly, the second shift in the microbial
community after the sludge separation stage was observed in
both CAS and MBR. This indicates that process configuration,
particularly sludge separation, had no remarkable effect on the
microbial community of the treated effluent but had a notable
effect on the ARG composition.
In summary, the microbial community and antimicrobial

resistome had the following relations during wastewater treat-
ment: (i) anaerobic enteric bacteria abundant in influent waste-
water were associated with ARGs to macrolide, fluoroquinolone
and tetracycline; (ii) the microbial community drastically changed
at biological treatment, during which the microbes were
associated with multidrug ARG became more abundant; (iii) the
microbial community in CAS effluent and MBR effluent did not
differ remarkably, whereas antimicrobial resistomes were distinc-
tively different.

Determinative factors of antimicrobial resistome in WWTPs
The transition in the antimicrobial resistome in the wastewater
treatment process exhibited a common tendency regardless of
the geographical locations of the WWTPs. In summary, the
transition in the ARG composition occurred at two locations

CMY CTX GES IMP OXA OXY SHV TEM VEB mecA ErmA ErmB ErmF ErmG ErmH ErmQ ErmT ErmX macA macB mefA mefB mefC mefE mel MexA MexB MexC MexD MexE MexF mexGmexH mexI mexJ mexK mexL mexMmexN mexP mexQmexV mexWmexY MuxA MuxB MuxC QepA QnrB QnrD QnrS QnrV sul1 sul2 sul3 sul4 tet3 tet4 tetA tetB tetM tetO tetQ tetS tetT tetW tetX vanB vanH vanJ vanR vanS vanT vanW vanX vanY
0.11 -0.18 0.49 -0.63 0.07 -0.06 0.09 0.31 0.20 0.31 0.35 0.41 0.77 0.52 0.02 -0.34 0.03 -0.23 0.12 -0.52 0.08 -0.19 0.38 0.35 0.74 -0.26 -0.36 -0.36 -0.60 -0.34 -0.53 0.28 0.28 -0.55 0.19 -0.45 -0.19 0.05 -0.51 -0.19 -0.55 0.04 -0.54 -0.54 -0.42 -0.56 -0.53 0.08 0.29 0.27 0.61 0.17 -0.61 -0.65 0.00 -0.33 0.57 0.01 0.03 0.04 0.27 0.64 0.48 0.31 0.09 0.45 -0.30 0.38 0.01 -0.24 -0.23 0.19 0.06 0.19 0.42 0.29

-0.02 -0.03 0.32 -0.56 -0.06 -0.19 0.09 0.09 -0.22 0.26 0.16 0.38 0.45 0.18 -0.18 -0.15 -0.01 -0.13 0.61 -0.31 -0.03 -0.14 0.54 0.19 0.50 -0.16 -0.02 -0.18 -0.29 -0.20 -0.22 0.18 0.18 -0.20 0.09 -0.03 0.06 -0.14 -0.25 -0.15 -0.34 0.01 -0.29 -0.22 -0.19 -0.17 -0.21 0.14 -0.06 0.25 0.37 -0.02 -0.36 -0.35 0.00 -0.11 0.30 -0.38 0.16 -0.04 0.20 0.38 0.13 0.40 0.05 0.16 -0.11 0.30 0.29 -0.08 -0.08 0.00 0.04 0.41 0.52 0.16

0.17 -0.08 0.34 -0.59 0.03 -0.11 0.13 0.17 0.06 0.13 0.26 0.35 0.46 0.24 -0.11 -0.30 -0.10 -0.14 0.29 -0.37 0.23 -0.29 0.64 0.24 0.49 -0.19 -0.15 -0.26 -0.42 -0.25 -0.36 0.33 0.33 -0.46 0.43 -0.24 -0.12 0.02 -0.40 -0.12 -0.38 -0.04 -0.41 -0.42 -0.28 -0.44 -0.32 0.01 0.05 0.22 0.49 0.08 -0.40 -0.54 -0.06 -0.22 0.34 -0.25 -0.07 -0.07 0.13 0.43 0.27 0.12 0.02 0.23 -0.13 0.23 -0.04 -0.15 -0.32 0.10 0.26 0.34 0.33 0.37

0.17 -0.10 0.33 -0.61 0.03 -0.08 0.09 0.20 0.13 0.27 0.26 0.38 0.56 0.35 -0.09 -0.31 -0.06 -0.13 0.21 -0.40 0.23 -0.28 0.47 0.49 0.53 -0.19 -0.17 -0.28 -0.45 -0.26 -0.38 0.20 0.20 -0.47 0.46 -0.28 -0.14 -0.01 -0.43 -0.13 -0.40 -0.03 -0.43 -0.45 -0.31 -0.45 -0.35 -0.02 0.09 0.22 0.53 0.18 -0.44 -0.54 -0.06 -0.23 0.38 -0.20 -0.06 -0.04 0.19 0.53 0.34 0.24 0.01 0.32 -0.18 0.33 -0.02 -0.16 -0.31 0.07 0.21 0.30 0.30 0.29

0.17 -0.08 0.33 -0.57 0.02 -0.11 0.09 0.17 0.11 0.41 0.17 0.34 0.50 0.30 -0.10 -0.30 -0.09 -0.12 0.25 -0.38 0.20 -0.28 0.46 0.56 0.47 -0.16 -0.15 -0.26 -0.42 -0.26 -0.34 0.21 0.21 -0.42 0.45 -0.24 -0.11 -0.01 -0.40 -0.11 -0.38 -0.06 -0.41 -0.43 -0.29 -0.42 -0.33 -0.04 0.08 0.26 0.51 0.17 -0.41 -0.49 -0.08 -0.20 0.30 -0.28 -0.08 -0.08 0.13 0.46 0.27 0.26 -0.02 0.26 -0.14 0.48 0.02 -0.15 -0.31 0.03 0.21 0.36 0.28 0.33

0.16 -0.08 0.39 -0.54 0.01 -0.08 0.11 0.21 0.21 0.12 0.35 0.41 0.50 0.34 -0.10 -0.30 -0.03 -0.10 0.02 -0.39 0.25 -0.22 0.26 0.34 0.47 -0.19 -0.16 -0.28 -0.42 -0.20 -0.32 0.20 0.20 -0.40 0.56 -0.26 -0.02 0.00 -0.36 -0.10 -0.36 -0.02 -0.37 -0.41 -0.25 -0.36 -0.30 -0.02 0.22 0.19 0.59 0.36 -0.40 -0.47 -0.07 -0.21 0.31 -0.18 -0.02 -0.03 0.22 0.47 0.31 0.15 -0.01 0.30 -0.16 0.24 0.08 -0.12 -0.28 0.05 0.13 0.52 0.07 0.62

0.18 -0.14 0.57 -0.56 -0.09 0.02 0.06 0.26 0.34 0.32 0.33 0.45 0.65 0.61 0.04 -0.45 0.08 -0.20 0.01 -0.59 0.18 -0.26 0.28 0.36 0.72 -0.21 -0.36 -0.42 -0.62 -0.27 -0.47 0.20 0.20 -0.50 0.28 -0.43 -0.17 0.09 -0.53 -0.16 -0.50 -0.01 -0.54 -0.57 -0.37 -0.53 -0.48 0.02 0.22 0.24 0.73 0.36 -0.55 -0.62 -0.06 -0.33 0.53 0.14 -0.05 0.09 0.35 0.63 0.57 0.31 0.01 0.51 -0.29 0.39 -0.04 -0.19 -0.35 0.19 0.04 0.25 0.16 0.36

0.14 -0.01 0.37 -0.69 0.25 -0.17 0.12 0.22 -0.02 0.20 0.11 0.30 0.59 0.20 -0.04 -0.23 -0.18 -0.14 0.30 -0.43 0.22 -0.28 0.69 0.23 0.44 -0.18 -0.13 -0.13 -0.36 -0.30 -0.37 0.34 0.34 -0.40 0.47 -0.27 0.08 0.13 -0.29 -0.13 -0.38 -0.04 -0.38 -0.32 -0.17 -0.43 -0.35 -0.06 0.05 0.20 0.50 0.06 -0.45 -0.61 -0.08 -0.15 0.22 -0.31 -0.03 -0.10 0.04 0.35 0.17 0.33 -0.01 0.19 -0.15 0.29 0.08 -0.17 -0.05 0.07 0.25 0.36 0.32 0.39

0.08 -0.19 0.39 -0.50 0.02 0.01 0.32 0.24 0.09 0.47 0.38 0.32 0.59 0.39 -0.05 -0.18 0.12 -0.13 0.03 -0.39 -0.09 -0.16 0.17 0.42 0.59 -0.20 -0.28 -0.19 -0.46 -0.27 -0.39 -0.01 -0.01 -0.47 0.18 -0.32 -0.13 -0.03 -0.46 -0.14 -0.41 -0.05 -0.45 -0.42 -0.34 -0.44 -0.34 -0.01 0.17 0.51 0.51 0.18 -0.48 -0.49 -0.08 -0.20 0.44 -0.06 -0.05 0.13 0.27 0.47 0.31 0.36 0.03 0.28 -0.25 0.50 0.07 -0.17 -0.31 0.18 0.08 0.27 0.42 0.24

0.70 -0.11 0.10 0.51 -0.09 -0.05 -0.07 -0.16 0.13 -0.03 -0.03 -0.09 -0.34 -0.18 -0.03 -0.11 -0.09 -0.12 -0.03 0.09 -0.14 0.18 -0.16 -0.05 -0.19 -0.11 -0.24 -0.11 -0.10 -0.08 -0.11 -0.03 -0.03 -0.16 -0.06 -0.03 -0.06 -0.05 -0.14 -0.03 -0.19 -0.04 -0.19 0.06 -0.13 -0.13 -0.13 -0.06 -0.07 -0.10 0.06 -0.22 0.04 0.05 -0.04 -0.08 -0.24 -0.13 -0.13 -0.12 -0.21 -0.26 0.05 -0.09 -0.08 -0.27 -0.14 -0.05 -0.07 -0.04 -0.11 -0.06 -0.05 -0.05 -0.05 -0.05

-0.08 -0.10 -0.19 -0.05 0.13 0.23 0.91 0.42 -0.30 -0.04 -0.04 -0.21 -0.12 -0.07 -0.04 0.61 0.31 0.00 -0.04 0.07 -0.15 0.10 -0.09 -0.05 -0.21 0.00 -0.07 0.39 0.03 -0.08 -0.06 -0.04 -0.04 -0.13 -0.07 -0.07 -0.06 -0.05 -0.13 -0.04 -0.02 -0.05 -0.02 0.12 -0.11 -0.06 0.08 -0.07 -0.08 0.68 -0.12 -0.24 -0.06 -0.05 -0.04 0.13 -0.09 -0.01 0.13 0.45 0.02 -0.25 -0.21 -0.10 -0.08 -0.19 -0.09 -0.05 0.00 -0.05 0.00 -0.06 -0.07 -0.05 -0.05 -0.05

0.22 -0.12 -0.01 -0.03 -0.10 -0.03 -0.01 -0.14 0.39 -0.05 -0.05 -0.19 -0.19 0.31 -0.05 -0.08 0.77 -0.01 -0.05 0.11 -0.19 -0.02 -0.14 -0.08 -0.09 0.03 -0.15 -0.09 -0.07 -0.05 -0.06 -0.05 -0.05 -0.12 -0.09 -0.06 -0.09 -0.07 -0.05 0.06 -0.11 -0.06 0.02 -0.08 0.02 -0.07 -0.01 -0.08 -0.10 -0.07 -0.17 -0.05 0.10 0.13 -0.05 -0.06 0.24 0.27 -0.13 0.29 0.21 -0.09 0.10 -0.14 -0.04 0.03 -0.05 -0.07 -0.08 -0.07 -0.02 -0.09 -0.08 -0.07 -0.07 -0.07

-0.16 0.01 -0.17 -0.05 0.01 -0.07 -0.10 0.04 0.02 -0.09 -0.10 0.32 0.04 -0.06 -0.08 -0.02 -0.14 0.03 -0.10 -0.01 0.04 -0.06 -0.09 -0.12 -0.18 0.08 0.13 0.00 0.09 0.17 0.21 -0.10 -0.10 0.09 -0.16 0.10 -0.01 -0.12 0.13 0.36 0.12 -0.03 0.14 0.06 0.26 0.22 0.15 -0.16 0.31 -0.21 -0.08 0.09 0.00 0.10 -0.03 0.03 -0.06 -0.21 -0.04 -0.16 0.03 -0.04 -0.11 0.38 0.12 -0.07 0.12 -0.12 -0.04 0.02 0.01 -0.13 -0.05 -0.14 -0.08 -0.14

-0.10 -0.05 0.04 0.09 0.01 0.47 0.17 -0.06 -0.08 -0.15 -0.15 0.16 -0.19 0.11 -0.04 0.11 0.13 -0.10 -0.15 -0.12 0.22 0.04 -0.17 -0.21 -0.14 0.01 -0.09 0.04 -0.01 0.01 -0.06 -0.15 -0.15 0.02 -0.23 -0.14 -0.05 -0.09 -0.15 -0.04 0.06 -0.01 0.00 0.10 0.04 -0.04 0.00 -0.15 -0.21 0.07 0.11 0.02 -0.03 -0.07 0.01 -0.07 -0.03 0.49 0.01 0.35 0.08 -0.08 0.21 0.13 -0.11 0.08 -0.12 -0.20 -0.15 -0.04 0.03 0.27 -0.15 -0.21 -0.19 -0.21

-0.11 -0.23 0.03 -0.05 0.31 -0.11 -0.07 -0.01 0.42 -0.06 0.35 -0.08 0.22 -0.07 0.30 -0.15 -0.10 -0.03 -0.09 -0.18 -0.15 0.27 -0.11 -0.11 0.12 -0.05 -0.22 -0.03 -0.06 -0.19 -0.20 -0.08 -0.08 -0.16 -0.15 -0.08 -0.13 0.25 -0.20 -0.09 0.02 -0.11 -0.08 -0.11 -0.17 -0.22 -0.16 -0.04 0.32 -0.09 0.07 0.07 -0.01 -0.12 -0.06 -0.13 0.00 0.39 -0.27 0.13 -0.08 -0.03 -0.05 -0.11 -0.10 -0.04 -0.25 -0.09 -0.14 -0.11 -0.22 0.69 0.15 -0.12 -0.10 -0.12

-0.11 -0.03 -0.09 0.26 -0.04 0.49 -0.13 -0.25 0.25 -0.13 -0.15 -0.22 -0.25 0.01 0.16 -0.13 0.26 -0.12 -0.15 -0.05 0.08 -0.08 -0.28 -0.20 -0.02 -0.06 0.05 -0.15 0.02 0.27 0.10 -0.15 -0.15 0.09 -0.21 -0.16 -0.02 0.11 -0.03 0.15 0.25 -0.11 0.14 0.05 0.18 0.06 0.15 0.00 -0.05 -0.03 -0.04 -0.08 0.13 0.03 -0.10 -0.21 0.10 0.68 -0.32 0.23 0.07 -0.13 0.16 -0.30 -0.07 -0.01 -0.12 -0.18 -0.21 0.09 0.00 0.27 -0.18 -0.21 -0.20 -0.22

0.12 -0.16 0.18 0.28 -0.02 0.00 0.11 0.11 0.31 -0.13 -0.14 -0.37 -0.23 0.16 0.08 -0.01 0.48 -0.21 -0.14 0.03 -0.23 0.18 -0.30 -0.20 -0.08 -0.07 -0.41 -0.07 -0.20 -0.11 -0.23 -0.14 -0.14 -0.24 -0.24 -0.21 -0.15 0.02 -0.17 0.00 -0.18 -0.12 -0.19 -0.08 -0.22 -0.23 -0.20 0.07 -0.10 0.06 -0.14 -0.15 0.08 0.02 -0.10 -0.17 -0.02 0.53 0.04 0.34 -0.04 -0.34 0.20 -0.33 -0.14 -0.13 -0.20 -0.18 -0.14 -0.14 -0.06 0.23 -0.20 -0.20 -0.18 -0.20

0.51 -0.11 0.22 0.48 -0.09 -0.05 -0.08 -0.10 0.41 -0.09 -0.10 -0.25 -0.31 0.02 0.05 -0.17 0.25 -0.15 -0.10 -0.02 -0.21 0.15 -0.26 -0.14 -0.09 -0.06 -0.41 -0.15 -0.20 -0.13 -0.20 -0.10 -0.10 -0.24 -0.17 -0.15 -0.13 0.00 -0.24 -0.04 -0.23 -0.10 -0.25 -0.08 -0.20 -0.23 -0.23 -0.02 -0.03 -0.06 0.02 -0.14 0.06 0.02 -0.08 -0.16 -0.14 0.33 -0.18 0.17 -0.12 -0.31 0.19 -0.25 -0.14 -0.22 -0.18 -0.13 -0.18 -0.10 -0.19 0.23 -0.17 -0.14 -0.12 -0.14

0.43 -0.13 0.11 0.20 -0.15 0.01 -0.09 -0.22 0.41 -0.08 -0.08 -0.20 -0.25 0.24 -0.07 -0.19 0.65 -0.11 -0.08 0.09 -0.21 -0.01 -0.20 -0.11 -0.04 -0.04 -0.28 -0.18 -0.16 -0.07 -0.14 -0.08 -0.08 -0.21 -0.13 -0.14 -0.12 -0.10 -0.16 0.00 -0.21 -0.09 -0.13 -0.10 -0.08 -0.16 -0.11 0.03 -0.08 -0.12 -0.06 -0.13 0.08 0.07 -0.08 -0.15 0.17 0.28 -0.18 0.19 0.12 -0.17 0.24 -0.19 -0.09 -0.07 -0.10 -0.10 -0.14 -0.09 -0.10 -0.04 -0.13 -0.11 -0.10 -0.11

0.09 -0.07 0.13 0.40 -0.13 0.36 0.12 0.13 0.15 -0.15 -0.15 -0.29 -0.31 0.18 0.15 0.01 0.38 -0.17 -0.15 -0.05 0.02 0.08 -0.30 -0.21 -0.09 -0.10 -0.29 -0.10 -0.15 -0.01 -0.15 -0.15 -0.15 -0.12 -0.25 -0.21 -0.16 0.09 -0.19 -0.08 -0.04 -0.09 -0.10 0.01 -0.14 -0.14 -0.08 0.00 -0.15 0.15 -0.09 -0.11 0.04 -0.01 -0.07 -0.17 -0.01 0.66 0.02 0.28 -0.03 -0.20 0.31 -0.36 -0.17 0.03 -0.16 -0.20 -0.19 -0.05 -0.06 0.10 -0.24 -0.21 -0.19 -0.21

0.34 -0.20 0.07 0.29 -0.11 0.44 0.25 0.05 0.15 -0.10 -0.10 -0.24 -0.32 0.16 -0.01 0.01 0.46 -0.18 -0.10 0.01 -0.10 0.05 -0.26 -0.15 -0.13 -0.11 -0.34 -0.05 -0.16 -0.10 -0.20 -0.10 -0.10 -0.21 -0.18 -0.23 -0.17 -0.06 -0.31 -0.10 -0.16 -0.12 -0.17 0.04 -0.17 -0.20 -0.10 -0.02 -0.11 0.14 0.00 -0.20 -0.04 -0.05 -0.11 -0.13 0.12 0.43 -0.10 0.26 -0.02 -0.21 0.29 -0.27 -0.19 -0.01 -0.17 -0.14 -0.18 -0.13 -0.08 0.03 -0.19 -0.14 -0.13 -0.15

0.59 -0.12 0.12 0.61 -0.14 0.16 -0.05 -0.06 0.13 -0.10 -0.10 -0.15 -0.36 -0.11 0.19 -0.10 -0.05 -0.18 -0.08 -0.01 0.01 0.20 -0.24 -0.14 -0.20 -0.16 -0.24 -0.17 -0.12 -0.01 -0.10 -0.08 -0.08 -0.12 -0.17 -0.11 -0.10 0.14 -0.17 -0.07 -0.10 -0.02 -0.16 0.05 -0.10 -0.10 -0.10 -0.08 -0.13 -0.04 0.02 -0.21 0.03 0.01 0.00 -0.16 -0.24 0.23 -0.09 -0.03 -0.19 -0.22 0.18 -0.20 -0.10 -0.15 -0.21 -0.13 -0.13 0.01 -0.13 -0.01 -0.15 -0.14 -0.10 -0.14

-0.06 -0.09 -0.14 0.06 0.09 0.18 0.82 0.42 -0.16 -0.07 -0.07 -0.30 -0.09 -0.07 0.26 0.59 0.29 -0.03 -0.07 -0.05 -0.07 0.20 -0.13 -0.10 -0.20 0.01 -0.16 0.35 0.00 -0.13 -0.13 -0.07 -0.07 -0.10 -0.11 -0.11 -0.10 0.22 -0.18 -0.07 -0.02 0.05 -0.08 0.05 -0.16 -0.09 0.01 -0.11 -0.08 0.64 -0.13 -0.23 -0.01 -0.07 0.06 0.08 -0.17 0.25 0.12 0.53 -0.03 -0.25 -0.18 -0.17 -0.03 -0.13 -0.16 -0.09 -0.07 -0.08 -0.10 0.03 -0.11 -0.10 -0.09 -0.10

-0.08 -0.11 -0.17 -0.08 -0.16 0.13 0.00 -0.08 0.13 -0.11 -0.11 0.19 -0.14 0.14 0.00 -0.12 0.24 -0.09 -0.11 0.06 0.01 -0.15 -0.14 -0.16 -0.14 0.10 0.00 -0.12 -0.04 0.27 0.14 -0.11 -0.11 -0.03 -0.19 -0.07 -0.18 -0.05 0.05 0.59 0.03 -0.13 0.06 -0.07 0.24 0.11 0.11 -0.08 -0.01 -0.15 -0.10 0.01 0.03 0.05 -0.12 -0.07 0.24 0.05 -0.12 -0.05 0.11 -0.10 0.10 0.14 0.18 0.06 0.07 -0.14 -0.16 -0.10 0.02 -0.18 -0.18 -0.15 -0.14 -0.16

0.28 -0.07 -0.04 0.46 -0.13 0.37 -0.13 -0.17 -0.06 -0.14 -0.14 -0.19 -0.41 0.00 -0.12 0.08 0.20 -0.23 -0.14 0.17 0.03 0.09 -0.36 -0.20 -0.25 -0.14 -0.09 -0.14 -0.02 0.09 -0.05 -0.14 -0.14 -0.02 -0.24 -0.15 -0.08 -0.17 0.03 0.04 0.00 0.25 0.00 0.16 0.07 0.00 0.01 -0.12 -0.18 -0.09 -0.16 -0.27 0.10 0.10 0.27 -0.17 0.03 0.39 0.10 0.17 -0.07 -0.12 0.21 -0.25 0.17 -0.03 -0.20 -0.18 -0.17 -0.04 0.16 -0.21 -0.06 -0.19 -0.18 -0.19

-0.02 0.00 -0.12 0.28 -0.05 0.55 0.39 0.07 0.00 -0.14 -0.15 -0.24 -0.34 0.06 0.09 0.29 0.41 -0.14 -0.15 -0.04 0.10 -0.01 -0.28 -0.19 -0.17 -0.02 -0.13 0.06 -0.05 0.07 -0.06 -0.15 -0.15 -0.03 -0.22 -0.16 -0.16 0.03 -0.19 0.12 0.03 0.00 -0.02 0.09 -0.02 -0.04 0.03 -0.13 -0.16 0.40 -0.08 -0.23 0.04 -0.03 0.02 -0.09 0.04 0.57 -0.04 0.44 -0.01 -0.20 0.14 -0.29 0.00 0.00 -0.13 -0.19 -0.17 -0.10 0.03 -0.02 -0.25 -0.21 -0.19 -0.21

0.02 -0.13 -0.13 0.12 -0.10 0.29 0.13 0.05 -0.02 -0.11 -0.11 -0.19 -0.08 0.04 0.36 0.46 0.06 -0.12 -0.12 -0.09 0.26 0.05 -0.20 -0.16 -0.23 0.06 -0.06 0.08 -0.04 -0.05 -0.08 -0.12 -0.12 0.01 -0.20 -0.22 -0.11 0.29 -0.08 -0.01 0.03 0.71 -0.04 -0.03 0.10 0.04 -0.09 -0.19 -0.20 0.06 -0.12 -0.10 0.00 -0.13 0.73 -0.08 0.02 0.72 0.43 0.55 -0.06 0.12 0.07 -0.20 0.52 0.28 -0.25 -0.15 -0.19 -0.06 0.07 0.02 -0.16 -0.16 -0.15 -0.16

0.17 -0.01 0.11 0.43 -0.15 0.24 -0.14 -0.10 0.30 -0.15 -0.15 -0.28 -0.22 0.13 0.46 0.01 0.20 -0.14 -0.16 -0.15 0.19 0.10 -0.26 -0.21 -0.10 0.02 -0.28 -0.10 -0.12 -0.09 -0.16 -0.16 -0.16 -0.01 -0.24 -0.19 -0.09 0.39 -0.19 -0.07 -0.04 0.20 -0.14 -0.06 -0.07 -0.10 -0.18 -0.02 -0.22 -0.06 -0.04 -0.06 0.11 -0.06 0.22 -0.14 -0.08 0.83 0.04 0.31 -0.11 -0.10 0.28 -0.31 0.06 0.17 -0.17 -0.20 -0.24 -0.09 -0.07 0.17 -0.23 -0.22 -0.20 -0.22

0.14 -0.01 0.24 0.35 -0.05 -0.07 -0.10 0.12 0.36 -0.08 -0.09 -0.26 0.01 0.13 0.70 -0.09 0.07 -0.16 -0.10 -0.26 0.16 0.22 -0.14 -0.13 0.04 -0.06 -0.35 -0.14 -0.22 -0.16 -0.25 -0.11 -0.11 -0.11 -0.15 -0.19 -0.08 0.63 -0.22 -0.11 -0.13 0.04 -0.24 -0.20 -0.21 -0.22 -0.28 0.05 -0.13 0.04 0.01 -0.03 0.05 -0.14 0.05 -0.18 -0.21 0.68 0.03 0.16 -0.14 -0.10 0.24 -0.25 -0.06 0.11 -0.22 -0.11 -0.15 -0.10 -0.18 0.20 -0.18 -0.15 -0.11 -0.15

0.12 0.01 0.06 0.37 -0.07 0.34 -0.20 -0.29 0.32 -0.12 -0.12 -0.25 -0.21 0.04 0.23 -0.23 0.16 -0.02 -0.12 -0.09 -0.02 -0.02 -0.26 -0.17 0.03 0.10 -0.22 -0.08 -0.03 0.05 -0.03 -0.12 -0.12 0.05 -0.21 -0.13 -0.19 0.16 -0.19 0.02 0.03 -0.14 -0.05 -0.04 -0.02 -0.03 -0.06 0.04 -0.01 -0.15 0.07 0.02 0.04 0.00 -0.12 -0.07 0.07 0.61 -0.37 0.12 -0.06 -0.18 0.26 -0.31 -0.14 0.04 -0.05 -0.16 -0.23 -0.07 -0.13 0.37 -0.21 -0.18 -0.16 -0.18

0.04 -0.21 0.20 -0.14 0.07 -0.04 -0.09 -0.11 0.59 -0.01 0.02 -0.18 0.16 0.20 0.47 -0.19 0.23 -0.09 -0.01 -0.32 -0.05 0.08 -0.09 -0.05 0.18 0.06 -0.30 -0.12 -0.22 -0.14 -0.22 -0.08 -0.08 -0.18 -0.11 -0.27 -0.13 0.42 -0.27 0.03 -0.10 0.05 -0.19 -0.31 -0.08 -0.23 -0.25 -0.07 -0.05 -0.07 0.16 0.14 -0.07 -0.22 0.06 -0.19 0.15 0.75 -0.19 0.44 0.07 0.01 0.16 -0.13 0.05 0.17 -0.31 -0.03 -0.16 -0.14 -0.20 0.66 -0.13 -0.03 -0.04 -0.07

0.12 -0.14 -0.09 -0.08 -0.14 0.27 -0.11 -0.25 0.32 -0.06 -0.06 -0.10 -0.18 0.32 -0.06 -0.18 0.69 -0.03 -0.06 0.09 -0.06 -0.14 -0.15 -0.08 -0.03 0.00 -0.01 -0.17 -0.02 0.10 0.03 -0.06 -0.06 -0.03 -0.10 -0.10 -0.09 -0.08 -0.04 0.10 0.02 -0.07 0.11 -0.04 0.13 0.01 0.10 -0.05 -0.09 -0.15 -0.10 -0.01 0.06 0.09 -0.06 -0.11 0.40 0.36 -0.21 0.19 0.25 0.03 0.21 -0.14 -0.03 0.16 -0.03 -0.08 -0.11 -0.01 0.03 -0.10 -0.10 -0.08 -0.07 -0.08

0.02 -0.23 -0.02 -0.23 0.01 -0.03 0.15 0.20 -0.14 -0.07 -0.08 -0.05 0.21 -0.07 0.10 0.49 -0.18 -0.33 0.16 -0.17 0.33 0.12 0.17 0.01 -0.12 -0.16 -0.09 0.00 -0.18 -0.32 -0.33 0.03 0.03 -0.18 0.17 -0.24 0.09 0.15 -0.20 -0.16 -0.21 0.83 -0.26 -0.06 -0.17 -0.16 -0.28 -0.09 -0.09 0.06 0.04 -0.26 -0.08 -0.32 0.82 -0.20 -0.02 0.22 0.67 0.46 -0.18 0.21 -0.02 -0.05 0.57 0.16 -0.30 -0.06 0.01 -0.20 0.05 -0.06 0.07 0.16 0.03 0.08

-0.19 0.12 -0.55 0.41 -0.17 -0.01 -0.21 -0.43 -0.35 -0.13 -0.13 -0.13 -0.58 -0.51 -0.13 0.09 -0.19 0.38 -0.14 0.61 -0.17 -0.02 -0.25 -0.18 -0.46 0.22 0.74 0.20 0.67 0.72 0.81 -0.14 -0.14 0.58 -0.17 0.45 0.11 -0.15 0.75 0.24 0.74 -0.12 0.74 0.42 0.60 0.72 0.77 0.02 -0.22 -0.33 -0.54 0.02 0.50 0.70 -0.10 0.29 -0.34 -0.34 -0.17 -0.34 0.07 -0.29 -0.52 -0.16 -0.03 -0.39 0.39 -0.18 0.05 0.56 0.21 -0.22 -0.08 -0.19 -0.17 -0.19

-0.34 0.18 -0.54 0.34 0.13 -0.12 -0.19 -0.30 -0.37 -0.17 -0.17 -0.10 -0.38 -0.54 -0.12 0.30 -0.27 0.29 -0.17 0.55 -0.16 0.18 -0.29 -0.23 -0.56 0.20 0.54 0.39 0.68 0.35 0.58 -0.17 -0.17 0.58 -0.23 0.47 0.35 -0.16 0.68 0.16 0.59 -0.05 0.62 0.58 0.48 0.59 0.56 0.02 -0.04 -0.36 -0.56 -0.12 0.53 0.62 -0.03 0.36 -0.48 -0.41 -0.02 -0.30 -0.17 -0.41 -0.61 0.12 -0.04 -0.42 0.36 -0.22 0.11 0.29 0.38 -0.24 0.11 -0.23 -0.22 -0.24

-0.35 0.21 -0.69 0.39 0.02 -0.07 -0.20 -0.35 -0.29 -0.16 -0.17 -0.25 -0.52 -0.60 -0.14 0.27 -0.25 0.40 -0.17 0.64 -0.27 0.09 -0.33 -0.22 -0.59 0.35 0.60 0.41 0.73 0.53 0.76 -0.17 -0.17 0.68 -0.21 0.54 0.19 -0.17 0.77 0.43 0.68 -0.09 0.73 0.53 0.60 0.72 0.68 -0.03 0.01 -0.36 -0.65 -0.07 0.54 0.74 -0.07 0.44 -0.36 -0.42 -0.17 -0.32 -0.18 -0.46 -0.68 -0.11 0.08 -0.42 0.46 -0.21 0.05 0.32 0.36 -0.26 0.02 -0.24 -0.22 -0.24

-0.21 0.58 -0.45 0.48 -0.18 -0.08 -0.18 -0.33 -0.24 -0.10 -0.10 -0.20 -0.52 -0.35 -0.10 0.22 -0.21 0.86 -0.10 0.47 -0.22 -0.12 -0.18 -0.13 -0.43 0.76 0.43 0.61 0.75 0.31 0.79 -0.10 -0.10 0.82 -0.16 0.72 -0.03 -0.14 0.60 0.11 0.57 -0.11 0.66 0.37 0.53 0.77 0.57 -0.08 -0.04 -0.27 -0.48 0.40 0.35 0.76 -0.10 0.82 -0.35 -0.33 -0.23 -0.30 -0.11 -0.28 -0.49 -0.15 -0.09 -0.10 0.75 -0.13 -0.02 0.33 0.11 -0.17 -0.10 -0.14 -0.13 -0.14

-0.28 -0.13 -0.34 0.02 0.66 -0.11 -0.11 -0.11 -0.29 -0.10 -0.09 -0.25 -0.05 -0.34 -0.09 0.27 -0.01 -0.18 -0.09 0.34 -0.25 0.59 -0.31 -0.14 -0.32 -0.26 0.21 0.11 0.37 0.02 -0.05 -0.10 -0.10 0.18 -0.17 0.26 0.05 -0.13 0.33 -0.09 0.18 -0.07 0.36 0.50 -0.05 0.16 0.14 -0.15 0.17 -0.21 -0.39 -0.44 0.24 0.29 -0.06 0.01 -0.24 -0.28 0.10 -0.11 -0.20 -0.35 -0.43 0.02 -0.16 -0.43 -0.20 -0.13 0.55 -0.11 0.64 -0.16 0.20 -0.13 -0.11 -0.13

-0.33 0.22 -0.65 0.41 -0.13 -0.09 -0.23 -0.41 -0.18 -0.13 -0.13 -0.28 -0.59 -0.54 -0.13 0.16 -0.22 0.41 -0.13 0.62 -0.30 0.12 -0.28 -0.19 -0.50 0.44 0.49 0.32 0.67 0.52 0.73 -0.13 -0.13 0.69 -0.17 0.58 0.01 -0.15 0.68 0.52 0.59 -0.15 0.66 0.41 0.48 0.69 0.61 -0.01 -0.02 -0.35 -0.60 -0.01 0.52 0.80 -0.13 0.46 -0.25 -0.41 -0.22 -0.34 -0.19 -0.46 -0.62 -0.25 0.10 -0.35 0.53 -0.17 0.04 0.22 0.24 -0.21 -0.07 -0.18 -0.17 -0.18

-0.14 0.08 -0.38 0.09 -0.29 0.00 -0.13 -0.29 0.06 -0.07 -0.07 -0.08 -0.39 -0.26 -0.07 -0.08 -0.07 0.19 -0.07 0.29 -0.19 -0.23 -0.18 -0.08 -0.25 0.37 0.32 0.06 0.24 0.59 0.59 -0.07 -0.07 0.30 -0.10 0.24 -0.09 -0.10 0.44 0.93 0.36 -0.08 0.33 0.06 0.58 0.49 0.44 -0.10 -0.12 -0.19 -0.32 0.06 0.26 0.35 -0.08 0.18 0.15 -0.16 -0.25 -0.17 -0.03 -0.25 -0.29 -0.15 0.42 -0.11 0.25 -0.09 -0.13 0.10 0.07 -0.12 -0.10 -0.10 -0.09 -0.10

-0.20 0.56 -0.28 0.30 -0.12 -0.08 -0.13 -0.25 -0.21 -0.10 -0.10 0.04 -0.33 -0.15 -0.08 0.21 -0.16 0.70 -0.10 0.28 -0.06 -0.15 -0.10 -0.14 -0.34 0.68 0.24 0.55 0.57 0.10 0.53 -0.10 -0.10 0.64 -0.16 0.58 0.03 -0.12 0.38 0.05 0.33 -0.11 0.42 0.30 0.38 0.55 0.32 -0.06 -0.09 -0.24 -0.28 0 .38 0.26 0.52 -0.10 0.72 -0.31 -0.29 -0.10 -0.26 -0.10 -0.21 -0.30 0.15 -0.12 0.02 0.68 -0.14 -0.01 0.14 0.13 -0.17 -0.10 -0.15 -0.13 -0.15

-0.27 0.08 -0.26 0.21 -0.11 -0.01 -0.19 -0.14 -0.04 -0.08 -0.13 0.18 -0.19 -0.18 -0.14 0.09 -0.16 0.06 -0.10 0.23 0.22 0.13 -0.02 -0.03 -0.26 0.01 0.25 0.07 0.28 0.01 0.24 -0.12 -0.12 0.39 0.03 0.38 0.43 -0.12 0.13 -0.14 0.26 -0.15 0.29 0.35 0.01 0.28 0.23 0.33 0.04 -0.28 -0.19 -0.04 0.39 0.38 -0.14 0.13 -0.33 -0.30 0.14 -0.30 -0.10 -0.13 -0.20 0.17 -0.27 -0.14 0.39 -0.12 0.15 0.18 0.03 -0.19 -0.03 -0.12 -0.17 -0.14

-0.19 0.75 -0.27 0.39 -0.19 -0.07 -0.12 -0.27 -0.18 -0.06 -0.06 -0.30 -0.40 -0.20 -0.06 0.27 -0.13 0.91 -0.06 0.30 -0.22 -0.24 -0.10 -0.09 -0.32 0.92 0.14 0.75 0.67 0.00 0.56 -0.06 -0.06 0.75 -0.11 0.66 -0.04 -0.09 0.39 0.03 0.31 -0.06 0.39 0.32 0.36 0.59 0.30 -0.10 -0.13 -0.16 -0.35 0.44 0.29 0.58 -0.05 0.95 -0.26 -0.21 -0.21 -0.20 -0.27 -0.27 -0.36 -0.13 -0.07 0.08 0.83 -0.08 -0.09 0.04 0.12 -0.10 -0.07 -0.09 -0.08 -0.09

-0.30 -0.16 -0.43 0.12 0.65 -0.11 -0.12 -0.13 -0.25 -0.09 -0.09 -0.26 -0.13 -0.42 -0.09 0.30 -0.13 -0.18 -0.09 0.41 -0.21 0.54 -0.27 -0.13 -0.35 -0.27 0.26 0.08 0.38 0.06 0.00 -0.09 -0.09 0.18 -0.13 0.27 0.08 -0.11 0.30 -0.09 0.21 -0.11 0.39 0.51 -0.10 0.16 0.13 -0.02 0.18 -0.22 -0.41 -0.47 0.28 0.31 -0.10 -0.01 -0.31 -0.33 0.16 -0.22 -0.28 -0.37 -0.48 -0.10 -0.19 -0.49 -0.09 -0.12 0.58 -0.04 0.68 -0.15 0.05 -0.13 -0.12 -0.13

-0.33 0.03 -0.60 0.36 0.13 -0.09 -0.19 -0.08 0.01 -0.10 -0.10 -0.25 -0.27 -0.47 -0.11 0.18 -0.21 0.19 -0.12 0.41 -0.28 0.22 -0.32 -0.16 -0.42 0.12 0.32 0.17 0.48 0.28 0.42 -0.12 -0.12 0.42 -0.20 0.37 0.01 -0.16 0.39 0.21 0.42 -0.11 0.52 0.38 0.19 0.44 0.39 -0.02 0.55 -0.29 -0.51 -0.13 0.32 0.58 -0.09 0.21 -0.28 -0.35 -0.15 -0.30 -0.23 -0.34 -0.54 -0.18 -0.04 -0.40 0.35 -0.14 0.08 0.15 0.18 -0.17 -0.08 -0.18 -0.15 -0.17

-0.03 -0.12 -0.28 -0.07 -0.24 0.02 -0.12 -0.24 0.31 -0.06 -0.07 -0.08 -0.28 -0.02 -0.07 -0.16 0.31 -0.03 -0.06 0.19 -0.21 -0.16 -0.18 -0.09 -0.15 0.16 0.15 -0.14 0.03 0.42 0.34 -0.07 -0.07 0.08 -0.11 0.07 -0.11 -0.09 0.23 0.82 0.17 -0.08 0.20 -0.05 0.40 0.27 0.28 -0.11 -0.03 -0.18 -0.24 -0.05 0.18 0.22 -0.08 -0.06 0.34 0.03 -0.25 0.03 0.10 -0.17 -0.12 -0.12 0.37 -0.05 0.04 -0.08 -0.11 -0.01 0.03 -0.12 -0.09 -0.10 -0.07 -0.10

-0.37 0.05 -0.62 0.27 0.31 -0.13 -0.21 -0.32 -0.29 -0.14 -0.14 -0.25 -0.39 -0.55 -0.14 0.26 -0.22 0.12 -0.15 0.60 -0.26 0.40 -0.30 -0.19 -0.51 0.10 0.45 0.26 0.61 0.33 0.43 -0.15 -0.15 0.54 -0.16 0.50 0.14 -0.16 0.62 0.30 0.47 -0.16 0.62 0.56 0.28 0.50 0.45 -0.01 0.05 -0.36 -0.57 -0.28 0.49 0.64 -0.14 0.27 -0.33 -0.47 -0.03 -0.33 -0.25 -0.49 -0.64 -0.09 -0.04 -0.48 0.24 -0.19 0.34 0.10 0.55 -0.24 0.07 -0.20 -0.19 -0.21

0.06 -0.17 -0.29 0.23 -0.13 -0.06 -0.14 -0.20 -0.21 -0.09 -0.09 0.36 -0.29 -0.23 -0.09 -0.10 -0.16 0.13 -0.09 0.38 0.06 0.00 -0.10 -0.10 -0.23 -0.16 0.71 -0.18 0.24 0.71 0.64 -0.09 -0.09 0.21 -0.12 0.14 0.09 -0.11 0.54 0.08 0.60 -0.11 0.60 0.05 0.54 0.44 0.65 0.07 -0.04 -0.23 -0.23 0.14 0.15 0.39 -0.09 -0.13 -0.29 -0.27 -0.05 -0.23 0.47 0.07 -0.22 0.10 -0.09 -0.32 -0.01 -0.12 -0.02 0.80 -0.08 -0.15 -0.09 -0.13 -0.12 -0.13

-0.29 0.65 -0.36 0.45 -0.22 -0.11 -0.15 -0.29 -0.15 -0.08 -0.08 -0.31 -0.46 -0.27 -0.08 0.29 -0.15 0.79 -0.08 0.39 -0.22 -0.03 -0.14 -0.12 -0.38 0.83 0.12 0.69 0.69 -0.04 0.52 -0.08 -0.08 0.81 -0.13 0.72 0.03 -0.11 0.38 0.02 0.31 -0.10 0.41 0.40 0.21 0.58 0.29 0.02 -0.07 -0.23 -0.41 0.31 0.42 0.71 -0.09 0.90 -0.31 -0.29 -0.15 -0.24 -0.33 -0.36 -0.43 -0.16 -0.12 0.00 0.87 -0.11 -0.02 -0.01 0.11 -0.14 -0.08 -0.12 -0.11 -0.12

-0.10 0.20 -0.33 0.24 -0.37 -0.01 -0.22 -0.37 0.09 -0.04 -0.10 -0.24 -0.54 -0.12 -0.14 -0.05 0.20 0.34 -0.13 0.36 -0.32 0.02 -0.29 -0.10 -0.29 0.49 0.18 0.17 0.39 0.35 0.52 -0.13 -0.13 0.54 -0.16 0.50 -0.15 -0.17 0.41 0.58 0.29 -0.13 0.39 0.21 0.36 0.56 0.40 -0.12 -0.16 -0.29 -0.38 0.12 0.37 0.63 -0.13 0.40 0.13 -0.12 -0.24 -0.11 -0.02 -0.30 -0.25 -0.19 0.17 -0.03 0.39 -0.09 0.02 0.00 0.09 -0.21 -0.09 -0.16 -0.15 -0.17

-0.29 -0.13 -0.47 0.27 0.35 -0.11 -0.16 -0.12 -0.20 -0.10 -0.09 -0.28 -0.20 -0.42 -0.08 0.17 -0.18 -0.10 -0.10 0.46 -0.27 0.65 -0.30 -0.14 -0.34 -0.14 0.18 0.06 0.39 0.13 0.09 -0.10 -0.10 0.30 -0.15 0.18 -0.04 -0.11 0.40 0.04 0.26 -0.11 0.39 0.34 -0.08 0.14 0.22 -0.06 0.33 -0.25 -0.42 -0.35 0.28 0.53 -0.09 0.02 -0.29 -0.31 -0.11 -0.14 -0.19 -0.37 -0.46 -0.16 -0.12 -0.45 0.01 -0.13 0.13 -0.03 0.29 -0.14 0.15 -0.14 -0.12 -0.14

-0.18 -0.12 -0.29 0.20 -0.05 -0.09 -0.06 -0.25 -0.16 -0.09 -0.09 -0.33 -0.38 -0.24 -0.03 0.08 0.18 -0.06 -0.09 0.42 -0.28 0.68 -0.30 -0.12 -0.30 0.02 0.10 0.04 0.35 0.15 0.12 -0.08 -0.08 0.38 -0.13 0.25 -0.10 -0.06 0.39 0.14 0.22 -0.06 0.32 0.23 -0.05 0.21 0.29 -0.12 -0.13 -0.16 -0.40 -0.25 0.39 0.62 -0.05 0.08 -0.09 -0.08 -0.16 0.12 0.01 -0.37 -0.34 -0.23 -0.02 -0.27 -0.02 -0.12 0.05 -0.09 0.05 -0.11 0.21 -0.10 -0.11 -0.09

-0.21 0.54 -0.30 0.31 -0.23 -0.07 -0.11 -0.24 -0.10 -0.06 -0.06 -0.25 -0.38 -0.23 -0.06 0.18 -0.16 0.67 -0.06 0.28 -0.21 -0.23 -0.11 -0.08 -0.29 0.74 0.14 0.55 0.52 0.13 0.51 -0.06 -0.06 0.57 -0.10 0.50 -0.05 -0.08 0.35 0.27 0.28 -0.07 0.31 0.24 0.34 0.49 0.28 -0.06 -0.11 -0.16 -0.32 0.29 0.29 0.48 -0.06 0.71 -0.17 -0.22 -0.20 -0.21 -0.25 -0.28 -0.34 -0.14 0.06 0.01 0.70 -0.07 -0.11 0.01 0.09 -0.09 -0.11 -0.08 -0.07 -0.08

-0.31 0.06 -0.40 0.28 0.25 -0.15 -0.18 -0.29 -0.21 -0.11 -0.11 -0.03 -0.29 -0.36 -0.11 0.30 -0.16 0.05 -0.11 0.48 -0.05 0.43 -0.17 -0.16 -0.39 0.02 0.29 0.21 0.43 0.01 0.21 -0.11 -0.11 0.46 -0.15 0.48 0.32 -0.13 0.33 -0.09 0.27 -0.11 0.43 0.48 0.01 0.32 0.21 0.27 -0.03 -0.30 -0.38 -0.23 0.46 0.51 -0.09 0.22 -0.40 -0.38 0.24 -0.27 -0.20 -0.34 -0.44 0.04 -0.20 -0.34 0.26 -0.15 0.41 0.10 0.43 -0.19 -0.02 -0.16 -0.15 -0.16

-0.18 0.41 -0.46 0.39 -0.39 0.08 -0.18 -0.41 -0.03 -0.12 -0.12 -0.26 -0.61 -0.27 -0.12 0.11 -0.03 0.53 -0.12 0.45 -0.16 -0.21 -0.13 -0.16 -0.38 0.66 0.28 0.39 0.52 0.36 0.68 -0.12 -0.12 0.67 -0.07 0.52 0.03 -0.11 0.46 0.52 0.42 -0.11 0.46 0.27 0.48 0.61 0.46 0.05 -0.21 -0.26 -0.43 0.17 0.43 0.64 -0.10 0.58 -0.04 -0.17 -0.24 -0.22 -0.17 -0.34 -0.33 -0.28 0.15 -0.03 0.69 -0.16 -0.16 0.12 0.10 -0.21 -0.16 -0.17 -0.16 -0.17

-0.29 0.60 -0.42 0.45 -0.21 -0.10 -0.17 -0.37 -0.27 -0.09 -0.09 -0.27 -0.53 -0.35 -0.09 0.25 -0.21 0.76 -0.09 0.48 -0.25 0.03 -0.19 -0.13 -0.42 0.80 0.27 0.64 0.73 0.17 0.64 -0.09 -0.09 0.85 -0.16 0.72 -0.01 -0.13 0.56 0.20 0.44 -0.11 0.53 0.39 0.38 0.67 0.44 -0.05 -0.16 -0.26 -0.46 0.29 0.44 0.78 -0.09 0.84 -0.30 -0.33 -0.21 -0.25 -0.24 -0.38 -0.49 -0.15 -0.03 -0.07 0.76 -0.12 -0.04 0.08 0.14 -0.16 -0.01 -0.13 -0.12 -0.13

-0.30 0.56 -0.46 0.51 -0.24 -0.11 -0.18 -0.37 -0.21 -0.09 -0.10 -0.32 -0.57 -0.41 -0.10 0.27 -0.19 0.75 -0.10 0.49 -0.25 0.02 -0.20 -0.13 -0.44 0.74 0.33 0.61 0.76 0.19 0.68 -0.10 -0.10 0.87 -0.15 0.79 0.05 -0.13 0.52 0.10 0.49 -0.12 0.57 0.47 0.34 0.73 0.49 0.04 -0.12 -0.26 -0.52 0.24 0.51 0 .82 -0.10 0.82 -0.36 -0.35 -0.16 -0.30 -0.26 -0.39 -0.54 -0.23 -0.10 -0.14 0.81 -0.13 0.08 0.17 0.14 -0.16 -0.09 -0.14 -0.12 -0.14

-0.21 0.63 -0.41 0.46 -0.21 -0.03 -0.15 -0.35 -0.27 -0.09 -0.10 -0.24 -0.53 -0.31 -0.10 0.25 -0.19 0.86 -0.10 0.43 -0.19 -0.12 -0.15 -0.12 -0.41 0.81 0.35 0.65 0.75 0.22 0.72 -0.10 -0.10 0.84 -0.12 0.73 -0.04 -0.12 0.53 0.08 0.49 -0.10 0.58 0.39 0.45 0.73 0.49 -0.08 -0.14 -0.24 -0.44 0.38 0.37 0.73 -0.09 0.87 -0.31 -0.29 -0.21 -0.28 -0.17 -0.29 -0.44 -0.17 -0.09 -0.04 0.79 -0.13 -0.01 0.22 0.14 -0.16 -0.10 -0.14 -0.13 -0.14

-0.22 0.24 -0.52 0.55 -0.05 0.19 -0.04 -0.25 -0.38 -0.21 -0.22 -0.20 -0.59 -0.44 -0.05 0.37 -0.12 0.47 -0.21 0.49 -0.11 0.06 -0.42 -0.29 -0.61 0.35 0.55 0.46 0.70 0.46 0.73 -0.23 -0.23 0.69 -0.34 0.56 0.11 -0.13 0.60 0.07 0.71 -0.01 0.73 0.57 0.60 0.79 0.69 -0.08 -0.11 -0.24 -0.58 0.07 0.43 0.66 0.02 0.47 -0.43 -0.07 -0.01 -0.14 -0.06 -0.36 -0.45 -0.12 -0.08 -0.27 0.36 -0.29 0.08 0.45 0.26 -0.18 -0.11 -0.31 -0.30 -0.32

-0.37 0.28 -0.57 0.45 0.06 -0.14 -0.23 -0.34 -0.34 -0.15 -0.16 -0.25 -0.47 -0.57 -0.15 0.29 -0.23 0.40 -0.16 0.63 -0.28 0.23 -0.35 -0.22 -0.57 0.32 0.49 0.48 0.78 0.30 0.61 -0.16 -0.16 0.71 -0.25 0.61 0.32 -0.20 0.69 0.11 0.59 -0.14 0.66 0.65 0.40 0.65 0.58 0.08 -0.02 -0.38 -0.63 -0.09 0.61 0.77 -0.12 0.51 -0.49 -0.47 -0.10 -0.36 -0.25 -0.50 -0.66 -0.01 -0.14 -0.43 0.52 -0.20 0.14 0.24 0.36 -0.25 0.10 -0.22 -0.20 -0.22

-0.09 0.23 -0.43 0.48 -0.24 0.01 -0.18 -0.41 -0.01 -0.15 -0.15 -0.38 -0.60 -0.32 -0.14 0.05 0.05 0.35 -0.14 0.50 -0.40 -0.02 -0.36 -0.21 -0.38 0.49 0.13 0.28 0.47 0.37 0.50 -0.15 -0.15 0.45 -0.25 0.33 -0.18 -0.20 0.43 0.52 0.31 -0.15 0.35 0.24 0.32 0.45 0.36 -0.03 -0.06 -0.29 -0.45 -0.02 0.40 0.62 -0.13 0.40 -0.07 -0.16 -0.36 -0.16 -0.19 -0.50 -0.32 -0.32 0.11 -0.25 0.47 -0.19 -0.20 -0.01 0.10 -0.15 -0.14 -0.20 -0.19 -0.21

-0.21 -0.06 -0.31 -0.04 0.83 -0.09 -0.10 0.00 -0.16 -0.07 -0.03 -0.19 0.12 -0.26 -0.05 0.27 -0.11 -0.08 -0.08 0.24 -0.21 0.29 -0.24 -0.11 -0.26 -0.21 0.16 0.18 0.27 -0.05 -0.07 -0.08 -0.08 0.02 -0.14 0.12 0.10 -0.08 0.24 -0.08 0.12 -0.07 0.29 0.40 0.05 0.04 0.01 -0.13 0.31 -0.17 -0.29 -0.31 0.06 0.04 -0.06 0.03 -0.21 -0.22 0.12 -0.17 -0.26 -0.25 -0.36 0.07 -0.14 -0.34 -0.17 -0.10 0.45 -0.07 0.73 -0.10 0.12 -0.11 -0.10 -0.11

-0.29 0.13 -0.41 0.17 0.40 -0.14 -0.16 -0.25 -0.37 -0.13 -0.12 0.01 -0.22 -0.32 -0.11 0.24 -0.23 0.17 -0.13 0.46 -0.14 0.28 -0.24 -0.18 -0.40 0.11 0.35 0.28 0.49 0.22 0.29 -0.13 -0.13 0.37 -0.21 0.30 0.07 -0.16 0.54 0.13 0.33 -0.12 0.48 0.39 0.27 0.30 0.28 -0.09 -0.02 -0.30 -0.37 -0.09 0.27 0.43 -0.10 0.26 -0.36 -0.38 0.01 -0.24 -0.11 -0.32 -0.43 0.17 -0.10 -0.33 0.17 -0.17 0.20 0.10 0.52 -0.20 0.07 -0.18 -0.16 -0.18

-0.30 -0.09 -0.28 0.13 0.19 -0.15 -0.15 -0.08 -0.22 -0.13 -0.11 0.07 -0.08 -0.30 -0.06 0.13 -0.16 -0.12 -0.13 0.26 -0.06 0.38 -0.24 -0.18 -0.32 -0.17 0.23 0.06 0.33 0.09 0.10 -0.12 -0.12 0.22 -0.22 0.20 0.25 -0.11 0.30 -0.04 0.24 -0.07 0.27 0.41 0.03 0.20 0.22 0.03 0.14 -0.28 -0.30 -0.26 0.34 0.33 -0.05 -0.01 -0.36 -0.31 0.07 -0.21 -0.11 -0.27 -0.34 0.29 -0.15 -0.35 0.06 -0.17 0.19 0.03 0.23 -0.18 0.13 -0.18 -0.16 -0.18

-0.33 0.03 -0.46 0.28 0.28 -0.13 -0.16 0.01 0.01 -0.10 -0.10 -0.16 -0.10 -0.34 -0.10 0.24 -0.20 0.09 -0.10 0.31 -0.18 0.24 -0.23 -0.14 -0.35 0.01 0.13 0.19 0.38 -0.03 0.13 -0.10 -0.10 0.27 -0.18 0.26 0.15 -0.14 0.19 -0.10 0.20 -0.12 0.32 0.40 -0.07 0.18 0.13 0.09 0.52 -0.26 -0.37 -0.19 0.27 0.39 -0.11 0.17 -0.37 -0.35 0.00 -0.28 -0.31 -0.30 -0.43 -0.01 -0.21 -0.35 0.34 -0.13 0.14 0.00 0.25 -0.16 -0.06 -0.14 -0.12 -0.14

-0.32 -0.09 -0.34 0.05 0.20 -0.16 -0.16 -0.05 -0.13 -0.11 -0.11 0.09 -0.04 -0.34 -0.12 0.15 -0.20 -0.15 -0.09 0.23 -0.01 0.39 -0.15 -0.12 -0.33 -0.15 0.23 0.05 0.29 0.04 0.12 -0.11 -0.11 0.27 -0.09 0.31 0.31 -0.13 0.24 0.09 0.22 -0.07 0.27 0.41 0.03 0.25 0.21 0.05 0.26 -0.29 -0.29 -0.29 0.33 0.32 -0.05 0.01 -0.29 -0.41 0.10 -0.25 -0.18 -0.26 -0.39 0.26 -0.07 -0.33 0.09 -0.15 0.27 -0.02 0.22 -0.21 0.16 -0.13 -0.13 -0.15

-0.19 0.06 -0.53 0.25 0.27 -0.12 -0.23 -0.35 -0.40 -0.13 -0.13 -0.04 -0.37 -0.54 -0.12 0.14 -0.28 0.26 -0.13 0.63 -0.23 0.09 -0.31 -0.18 -0.48 0.06 0.77 0.23 0.60 0.68 0.73 -0.13 -0.13 0.46 -0.21 0.38 0.23 -0.17 0.86 0.35 0.72 -0.13 0.78 0.44 0.75 0.63 0.71 -0.06 -0.11 -0.35 -0.54 -0.05 0.38 0.54 -0.11 0.20 -0.37 -0.42 -0.10 -0.35 0.06 -0.31 -0.59 0.04 0.02 -0.48 0.09 -0.17 0.17 0.55 0.48 -0.21 0.12 -0.18 -0.16 -0.18

Color scale: 1.0 0.8 0.6 0.4 0.2 0.0 -0.2 -0.4 -0.6 -0.8 -1.0

SULFON-
AMIDE TETRACYCLINE AMINOGLYCOSIDEQUINOLONEMULTIDRUG (Efflux)MACROLIDE

B

C

Microbial
group

BETA-LACTAM

A

Microbial
group

Phylum Class
Microbial

group
Phylum Class Phylum Class

Microbial
group

Phylum Class

Bacteroidetes Bacteroidia Parvarchaeota (unspecified) TM7 (unspecified) Bacteroidetes Cytophagia

Bacteroidetes Flavobacteriia Parvarchaeota Micrarchaea TM7 SC3 Bacteroidetes Sphingobacteriia

Firmicutes Bacilli Parvarchaeota Parvarchaea TM7 TM71 Bacteroidetes Saprospirae

Firmicutes Clostridia Bacteroidetes (unspecified) TM7 TM73 Acidobacteria Acidobacteria6

Firmicutes Erysipelotrichi Chlamydiae Chlamydiia GN02 3BR5F Acidobacteria Holophagae

Fusobacteria Fusobacteriia Chlorobi Ignavibacteria GN02 BD15 Acidobacteria Solibacteres

Proteobacteria Epsilonproteobacteria OD1 (unspecified) GN02 GKS2174 Acidobacteria Chloracidobacteria

Proteobacteria Gammaproteobacteria OD1 (unspecified) Proteobacteria Betaproteobacteria Actinobacteria Acidimicrobiia

Synergistetes Synergistia OD1 ABY1 Actinobacteria Actinobacteria

OD1 SM2F11 Actinobacteria Thermoleophilia

OD1 ZB2 BRC1 PRR11

OP11 WCHB164 Chlorobi OPB56

SR1 (unspecified) Chlorobi SJA28

TM6 F38 Chloroflexi Anaerolineae

TM6 SBRH58 Chloroflexi Chloroflexi

TM6 SJA4 Chloroflexi TK17

Cyanobacteria 4C0d2

CBA

Fig. 7 Correlation coefficients between the relative abundance of ARGs and phylogenetic classes of microbial community, which were
present at >1% abundance in at least one of the composite samples. The high-resolution original data tables of correlation coefficients are
provided as referred in “Data ävailability”.
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during the course of the wastewater treatment process. Conse-
quently, distinctive ARG compositions were developed in the
influent wastewater, activated sludge, and treated effluent. In the
present study, seasonality was the primary factor characterizing
the “wastewater resistome” (i.e., antimicrobial resistome in influent
wastewater and primary-treated wastewater). The wastewater
resistome is likely to reflect the clinical use of antimicrobials in the
sewershed community. Thus, the wastewater resistome was
affected by seasonality in antimicrobial use. The wastewater
resistome was mainly characterized by ARGs resistant to
aminoglycoside, cephalosporins, macrolides, quinolones, and
tetracyclines (Fig. 5 and Supplementary Table 4a), which are
commonly used antimicrobials in clinics in Japan43 (Fig. 8). In
Japan, the prescription of 3rd-generation cephalosporins, macro-
lides and other antimicrobials has increases seasonally in winter
(Dec–Feb)43–45. Accordingly, the abundance of ARGs to cephalos-
porins and macrolides increased in the wastewater resistome (Fig.
5 and Supplementary Table 5a). This seasonality in the wastewater
resistome was likely partially succeeded to the subsequent
resistome of activated sludge and treated effluent in accordance
with its dependence on the wastewater resistome.
The “sludge resistome” was less diverse and had no apparent

determinative factors except the seasonality succeeded from
influent wastewater. The sludge resistome was not markedly
affected by the process configuration, operating parameters nor
geographical location of the WWTPs, although higher BOD in
wastewater and short sludge retention time (SRT) possibly
affected the difference of sludge resistome among the WWTPs
only in summer (Supplementary Fig. 1 and Supplementary Table
1). Hence, the unique resistome was developed in activated
sludge while sludge was retained in the biological treatment
system via the circulation of return sludge. In the biological
treatment, microbes which harbor resistance genes to broad
virulence could be gradually enriched by coselection through
exposure to various virulent substances while being circulated and
retained in the biological treatment. Consequently, all the
observed resistomes in activated sludge were characterized by a
higher abundance of ARGs associated with a broad AMR under the
efflux pump (Supplementary Table 4b). A high abundance of
multidrug ARGs in sludge was also reported in past studies26,27.
Ng et al.26 reported that sludge in MBR exhibits a higher
abundance of multidrug ARGs of the mex gene family, which
exhibit broad resistance to most drug classes. The increased
abundance of the mex gene family in the “sludge resistome” was
also observed in the present study. Hence, activated sludge is an
important reservoir and potential source of ARGs with multiple
resistances, which may be discharged from WWTP effluent into
water environment.
The primary factor affecting the “effluent resistome” was the

process configuration of the sludge separation stage. The second

shift in the ARG composition from “sludge resistome” to “effluent
resistome” occurred during the final sedimentation. However, this
second shift was not observed in MBR, suggesting that the
configuration of sludge separation is the key factor characterizing
the “effluent resistome”. Understanding the resistome in treated
effluent is essential because WWTPs are an important barrier for
preventing the spread of AMR into the environment. Past studies
reported that treated effluent had a different antimicrobial
resistome from that of influent wastewater46,47. However, the
present study revealed that the resistome of treated effluent is not
fully independent of that of influent wastewater. On the contrary,
~90% of ARGs in treated effluent were common to influent
wastewater (Fig. 3). These facts demonstrated that a certain
portion of ARGs in influent wastewater bypassed biological
treatment and final sedimentation to be retained in the treated
effluent. Raza et al.48 reported that some ARGs commonly present
in influent wastewater and treated effluent were associated with
opportunistic pathogenic bacteria. In this study, the phylogenetic
classes, including opportunistic pathogenic bacteria, were asso-
ciated with ARGs of wastewater origin. These findings also support
that ARGs of wastewater origin possibly passed through the
wastewater treatment processes and remain in the effluent. In
contrast, the MBR effluent had a similar resistome to sludge, which
is markedly different from the wastewater resistome. This suggests
that sludge separation is the key step to excluding ARGs of
wastewater origin from treated effluent. Membrane filtration in
MBR achieves a good reduction of microbes and extracellular
ARGs in the supernatant, whereas the final sedimentation tank is
mechanistically unable to eliminate microbes and extracellular
ARGs which are present in the supernatant. Therefore, the
independence of the resistome in the MBR effluent of the
wastewater resistome implies that ARGs of wastewater origin were
abundant in the supernatant of activated sludge. In fact,
extracellular ARGs are reportedly abundant in the treated effluent
of CAS49. Eliminating ARGs in the supernatant of activated sludge
is important to reduce ARGs of wastewater origin in the treated
effluent. The results of this study suggested that application of
MBR could be effective for reducing ARGs of wastewater origin
discharged via WWTP effluent. Actually, MBR reportedly exhibited
a good reduction in extracellular genes even with an MF
membrane due to cake layer filtration50. In this study, the effluent
resistome from conventional final sedimentation was not only
composed of ARGs from sludge but also ARGs from influent
wastewater. Hence, treated effluent is a potential source of a large
variety of ARGs, including both multidrug ARGs with broad AMR
from activated sludge as well as ARGs to clinically important drugs
from influent wastewater. Therefore, reducing ARG in WWTP
effluent is essential to reducing the variety of ARGs discharged
into the water environment.
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In this study, remarkable difference and seasonal change of
antimicrobial resistome in influent wastewater, activated sludge
and treated effluent were revealed. However, the statistical
comparison could not be performed because seasonal composite
samples were used in the present study. Antimicrobial resistome
in influent wastewater, activated sludge and treated effluent have
hourly change and daily fluctuation caused by various environ-
mental factors including sewershed and operating conditions.
Further studies are expected on the fluctuations of antimicrobial
resistome during wastewater treatment and factors causing the
fluctuations for more mechanistic understanding on fate of
antimicrobial resistance in WWTPs. Despite these limitations,
WWTPs were likely to reserve a unique resistome, which is
distinctive from resistome in wastewater, independent of geo-
graphical locations. This finding demonstrated that a WWTP is
potentially a unique and important reservoir of AMR in the
environmental domain in any country. Uniformity (or difference)
of antimicrobial resistome in WWTPs among different countries is
expected to be examined further for better understanding of the
role of WWTPs as the source and reservoir of AMR. More
importantly, this study demonstrated that conventional waste-
water treatment processes are not optimized to reduce ARGs of
wastewater origin, which abundantly compose ARGs to clinically
important antimicrobials. Development of novel process design
and optimization of operating conditions are expected to enhance
the role of a WWTP as a barrier to prevent the spread of AMR from
wastewater into aquatic environment.

METHODS
Sampling at wastewater treatment plants
Influent wastewater, activated sludge, and treated effluent
samples were collected at five municipal WWTPs located in
different municipalities in Japan. The target WWTPs were selected
to ensure variation in the biological treatment process configura-
tion: conventional activated sludge (CAS) process at WWTP A, CAS
and MBR processes treating identical wastewater in parallel at
WWTP B, enhanced biological phosphorus removal (EBPR) process
at WWTP C, anaerobic–anoxic–oxic (A2O) process at WWTP D, and
oxidation–ditch (OD) process at WWTP E (Fig. 1). The treatment
capacity and operating conditions of the target wastewater
treatment processes are listed in Supplementary Table 1. The
influent wastewater samples were collected before primary
sedimentation except for that from WWTP E, where the influent
wastewater was collected at the point of wastewater inflow into
an aeration tank because influent wastewater directly flowed into
the aeration tank without primary sedimentation. The sludge
samples were collected from an aeration tank (or oxic tank). The
treated effluent samples were collected after chlorination before
being discharged to the environment. Samples were collected at
each WWTP in dry weather three times both in winter (Dec
2018–Feb 2019) and summer (Jun–Aug 2019), at least two weeks
apart. In February and August, samples were collected from WWTP
B at each treatment stage (Fig. 1). All samples were transported to
the laboratory on ice and processed within 24 h after sampling.

Sample processing
For the influent wastewater and sludge samples, 50 mL of the
sample was first centrifuged at 10,000×g for 15 min. Next, DNA
was extracted from the centrifuged pellets using a FastDNA Spin
Kit for Soil (MPBiomedicals, USA). For the treated effluent samples,
the samples were first concentrated via membrane filtration. The
sample volume of the treated effluent was 200mL, except that of
the MBR effluent collected at WWTP B, where 2 L of the sample
was filtrated. The solid particles in the treated effluent samples
were collected on 0.2-µm polycarbonate membrane filter
(K020G047A, Advantec-Toyo, Japan) through vacuum filtration.

Thereafter, DNA was extracted directly from the membrane filter
using the FastDNA Spin Kit for Soil (MPBiomedicals, USA). The
concentration of each DNA extract was measured using a
spectrophotometer (μCuvette Biophotometer, Eppendorf, Ham-
burg, Germany). A seasonal composite extract of DNA was
prepared to eliminate daily fluctuations and obtain each seasonal
average (winter or summer). To prepare the composite DNA
extract, the extracts from the samples collected on the different
three days (with at least 2-week interval) in the same season
(winter or summer) for each sample type (wastewater, sludge, or
treated effluent) at each WWTP were mixed together to achieve
an equal mass (ng) of DNA. A total of 43 DNA extracts of the
samples were prepared for the subsequent analyses, as listed in
Supplementary Table 2.

Microbial population and community analysis based on 16 S
rRNA gene
The microbial community of each sample was analyzed by
targeting the V3-V4 regions of the 16 S rRNA gene. Accordingly,
a sequence library was prepared via a two-step tailed
polymerase chain reaction (PCR) using ExTaq Hot Start
(Takara-bio, Japan). The primer sequences and PCR amplifica-
tion conditions are listed in Supplementary Table 3. The
prepared library was purified using a Wizard SV Gel and PCR
Clean-UP System (Promega, Madison, USA). After validating the
library quality using a Fragment Analyzer with a dsDNA 915
Reagent Kit (Agilent Technologies, USA), a paired-end sequence
of 2 × 300 bp was acquired using a MiSeq System (Illumina,
USA) with MiSeq Reagent Kit v3 (Illumina, USA). Raw sequen-
cing data were trimmed and filtered using Fastx toolkit version
0.0.14 and sickle version 1.33. To obtain the paired-end library,
trimmed reads were merged using FLASH version 1.2.11.
Quantitative Insights into Microbial Ecology 2 (QIIME2) version
2020.2 was employed for taxonomy analysis. Chimeric
sequences were removed using the dada2 plugin before
classifying them into operational taxonomic units (OTUs) under
the reference library of Greengene (ver. 13_8) with criteria of
97% identity. The sequence data were deposited in the DRA
database of DNA Data Bank of Japan (DDBJ) with accession
numbers of SAMD00281909–00281924, SAMD00281876–
00281891, SAMD00206914–00206922, SAMD00233324–
00233332, SAMD00282801 and SAMD00282798 (Supplemen-
tary Table 2).
The microbial population in each sample was quantified based on

the 16 S rRNA gene using real-time PCR assay with a universal primer
set of 341 F (5′-CCTACGGGNGGCWGCAG-3′) and 805 R (5′-GAC-
TACHVGGGTATCTAATCC-3′)51. For the PCR assay, a PCR reaction
mixture (20 μL) of each sample was prepared using Brilliant III Ultra-
Fast SYBR Green QPCR Master Mix Kit (Agilent Technologies, USA),
after which amplification was detected using a real-time PCR system
(Mx3000P, Agilent Technologies, USA). The PCR conditions were:
denaturation at 95 °C for 3min followed by 40 cycles of annealing at
55 °C for 45 s and extension at 72 °C for 1min.

Shotgun metagenomic sequence analysis
The shotgun metagenomic sequences of the sample DNA extracts
were then analyzed using a HiSeq X system. The DNA in a sample
was fragmented to 500 bp using Covaris S220 (Covaris Inc.,
Massachusetts, USA). The sequence library was prepared using KAPA
HyperPlus Kit with FastGene Adapter Kit (FastGene, Japan). After
validation of the library quality using a Fragment Analyzer with a
dsDNA 915 Reagent Kit (Agilent Technologies, USA), the paired-end
sequence of 2 × 151 bp was acquired using a HiSeq X system
(Illumina, USA). The raw paired-end sequences were filtered and
trimmed using the Enveomics collection pipeline52. After quality
trimming, the ARGs for each fragment sequence were identified
using BLASTn against Comprehensive Antibiotic Resistance Database
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(CARD) ver. 3.0.753 with an E-value cutoff of 1 × 10−5. According to
the BLAST output, the read count of each identified ARG was
aggregated to obtain the “raw ARG profile,” which was composed of
the list of ARGs and their read count present in each sample. The
read count of a gene fragment tends to become larger when the
original gene length is longer. To exclude the bias caused by the
gene length, the read count of each ARG were normalized as reads
per kilobase (RPK), according to the subject sequence length (slen) in
the CARD database. The read count of the 16 S rRNA gene in each
sample was counted using Parallel-META 354. The read count of 16 S
rRNA gene was also normalized as RPK according to the 16 S rRNA
gene length of E. coli as 1541 bp55. The normalized ARG profile (i.e.,
the list of ARGs and their RPK in a sample) was called “ARG profile.”
The relative proportion of each ARG in a sample was calculated as
the ratio of RPK of the ARG to the sum of RPK of all ARGs. The list of
ARGs and their proportion in a sample was termed “ARG
composition.” The total ARG abundance of a sample was calculated
as the ratio of the sum of RPK of all ARGs to the RPK of 16 S rRNA
gene. The shotgun metagenomic sequence data were deposited in
the DRA database of DNA Data Bank of Japan (DDBJ) as accession
numbers of SAMD00282059–00282074, SAMD00206783–00206785,
SAMD00206872–00206884, SAMD00206896–00206913, and
SAMD00282809–00282810 (Supplementary Table 2).

Multivariate analysis
The antimicrobial resistome and microbial community in the
samples were compared using principal component analysis PCA
via R version 4.0.0. The ARG composition data and genus-level
OTU abundance data were used in the PCA to compare the
antimicrobial resistome and microbial community, respectively. In
both PCAs, scaling was performed to focus on the relative change
in each component rather than the absolute change in abundant
components.

DATA AVAILABILITY
All sequence data are available from the DRA database of DNA Data Bank of Japan
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