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(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


Eisenbacteria
Acidobacteria

Actinobacteria

Proteobacteria
Thermoplasmatota

Methylomirabilota
Nitrospirota

Thermoproteota

Myxococcota

MAG Phylum

CSP-1-3

Desulfobacterota

a

Number of MAGs

H
ig

he
st

ta
xo

no
m

ic
 r

an
k

Species

Genus

Order

0 40

0250
Normalized peptide

abundance (%)
Summed MAG 

relative abundance (%)

bNitro.NS7.9
Nitro.NS7.3
Nitro.NS7.8
Nitro.NS7.15
Binatia.2*
Nitroso.1*
Nitroso.3
Methyl.4
Nitroso.2
CSP1.3.2
Binatia.1
Nitro.NS7.5
Nitro.NS7.19
Nitro NS7.4
Nitro.NS7.13
Actino.1
Methyl.1*
Nitro.NS7.6
Nitro.NS7.7
Nitro.NS7.18
Nitro.NS7.12
Methyl.2
Methyl.3
Nitro.NS7.14
Nitro.NS7.17
Nitro.NS7.2
Binatia.4*
Binatia.7*
Binatia.3
Binatia.6
Binatia.5*
CSP1.3.1*
Microm.1*
Gaiel_VAXT01.3*
Gaiel_VAXT01.1
Nitro 2-02.10
Steroid-FEN-1191.1*
Nitro.40CM-3.1
Rhizo-Methyloc.1
Roku-AR37.2
Burk.1
Roku-AR37.1
Thermopl.1*
Nitro.2-02.20
Thioh.1
Steroid.1*
Nitro.2-02.11
Anaerom.1
Gaiel_GMQP.2

Non-unique 
specialized hits

Peptide assignment

M
et

ag
en

om
e 

A
ss

em
bl

ed
 G

en
om

e

15

Metagenome Metaproteome

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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


Nitrospiraceae

c
Acidobacteriota

Actinobacteriota

Eisenbacteria

CSP-1

Methylomirabilota

Myxococcota

Nitrospirota

Proteobacteria

e

To
ta

l n
um

be
r 

of
 v

M
A

G
 li

nk
ag

es
 p

er
 p

hy
la

12

7

4

3

2

2

1

1

0 2 4 6 8 10 12

vM
A

G
.3

3
vM

A
G

.9
5

Actinobacteria

central
metab.

Phenolics

Peptidase

Osmoprotectants

CODHCO2

Sugars

Peptidase

nxr

NO2
-

NO3
-

central
metab.

CO

***
[NH4]

% N

% C

vM
AG.95

vM
AG.33

vM
AG.74

vM
AG.92

vM
AG.105

vM
AG.94

vM
AG.91

vM
AG.106

vM
AG.2

vM
AG.47

vM
AG.63

vM
AG.62

vM
AG.69

vM
AG.49

*

d

Host phyla

b

R
 (

P
ea

rs
on

)

1

-1

-0.3

0.3

a

Summed vMAG
relative abundance (%)

Total peptides 
recruited

Caudovirales

K
n
o
w

n
 

ta
xo

n
o
m

y

N
o
ve

l g
e
n
e
ra

U
b
iq

u
ito

u
s

n
o
ve

l g
e
n
e
ra

This study
Prairie Pothole, ND

East River, CO
Amazon River

Prior study: Columbia River, WA
RefSeq + NCBI + ICTV

Metagenome Metaproteome

V
ira

l m
et

ag
en

om
e 

ss
em

bl
ed

 a
ge

no
m

e

400

vMAG.33
vMAG.86
vMAG.40
vMAG.18
vMAG.30
vMAG.93
vMAG.27
vMAG.95
vMAG.41
vMAG.25
vMAG.88
vMAG.20
vMAG.76
vMAG.31
vMAG.80
vMAG.3

vMAG.29
vMAG.38
vMAG.26
vMAG.67
vMAG.74
vMAG.78
vMAG.92
vMAG.1

vMAG.87
vMAG.34
vMAG.6

vMAG.13
vMAG.28
vMAG.16
vMAG.35
vMAG.22
vMAG.79
vMAG.32
vMAG.72
vMAG.73
vMAG.12
vMAG.65
vMAG.37
vMAG.21
vMAG.7

vMAG.94
vMAG.66

vMAG.105
vMAG.46

vMAG.109
vMAG.90
vMAG.91
vMAG.36
vMAG.19
vMAG.44

vMAG.103
vMAG.75
vMAG.99
vMAG.81

vMAG.111
vMAG.45

vMAG.104

Known taxonomy

Novel Genera

Singletons

vMAG Novelty

0 10

n=5 n=17 n=26

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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/


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

The copyright holder for this preprintthis version posted March 14, 2022. ;https://doi.org/10.1101/2022.03.11.484050doi:bioRxiv preprint 

https://doi.org/10.1101/2022.03.11.484050
http://creativecommons.org/licenses/by-nc-nd/4.0/

