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Introduction onclusions

Cable bacteria are centimeter-long filamentous 4 high quality genome drafts of cable bacteria were recovered (2 Electronema, 2 Electrothrix)
bacteria that can conduct long-distance electron Both Electronema genomes were circular, while one 1 Electrothrix genome was single-contig
transfer through coupling of sulfide oxidation The single-contig Electrothrix and 1 circular Electronema genomes were of novel species

and oxygen reduction. To elucidate the unique The novel species circular Electronema genome featured the most unique gene content and

physiology of cable bacteria, reliable genome challenges the current definition of genus Candidatus Electronema
reference sequences are required. Although

publically available cable bacteria genomes are

often fragmented and incomplete due to using

short reads for genome-centric metagenomics,

long-read DNA sequencing technologies, such as

N . tt b | df ENR-cMAG BRK-cMAG MAR-scMAG MAR-hgMAG MAR-mgqMAG
anopore sequencing, are yet 1o be applied tor MAG Completeness, % 93.2 94.1 92.0 93.9

the recovery of cable bacteria genomes. MAG Contamination, % 3.0 3.3 2.6 4.0 7.1
Contig count 1 1 1 37 9
SNP rate, % 0.002 0.03 0.8 1.4 1.0
. CDS count 2,847 2,807 3,409 2,849 3,484
Aim

] ] ] ] Hypothetical CDS, % 56.4 52.3 58.5 55.5 60.1
Recovery and characterization of circular or high MIMAG quality ranking Ha HO HQ HO T

quality cable bacteria genome drafts using long- . . Electronema Novel Novel . Electrothrix
Species taxonomy ranking , Electrothrix gigas o
read Nano pore sequen Ci ng GS Electronema Electrothrix aarhusiensis

Results

Recovered cable bacteria MAG statistics

A ANIDb, % Alignment coverage,

MAR_thAG 79 79 78 78 79 79 78 78 34 31 29 35 43 40 32 28 30 27 24 20 18
AW-3_4 79 78 77 78 78 79 77 78 fadle s 7 70 35 33 31 36 46 43 32 31 33 29 25 21 18
AW-5 79 78 77 78 78 79 77 78 34 32 30 35 46 42 32 29 32 28 25 20 17

AX-2 79 78 78 78 78 79 77 77 20 28 26 29 41 35 27 26 20 25 22 17 15
AU-1_5 79 78 78 78 79 79 77 78 79 76 76 78 78 38 35 34 38 48 45 35 31 34 30 27 23 20
Ca. E/E’Ctrothrixgigas LOE—1*4*5 79 78 77 78 78 79 77 78 290 28 26 29 40 35 26 26 28 21 16 13

AW-2 79 78 77 78 78 79 77 77 31 30 28 32 43 38 29 28 31 27 23 18 16
AUS-3 79 79 77 78 79 79 77 78 23 23 21 24 34 28 21 22 22 21 19 13 12
AX-1_4 79 79 77 78 78 80 77 78 5 76 77 76 36 34 33 37 47 43 33 31 33 30 26 21 19
AW-1 79 78 77 78 78 80 77 77 ( i 35 33 31 36 46 43 32 30 32 29 25 21 18
AS-4 5 79 78 78 78 78 79 77 78 30 29 27 30 41 36 27 27 28 26 23 17 15

() -
— J TB 79 78 78 79 79 78 77 78 27 25 24 28 36 34 25 24 25 19 15 14
- SY2 79 79 78 79 79 79 78 79 41 38 34 42 48 39 35 36 32 23 22
' \ MAN-1_4 - 80 79 78 79 79 79 79 78 23 23 21 25 36 31 23 22 25 22 21 13 12

ATG-1 1 81 81 79 80 80 79 79 79 22 22 20 24 33 26 20 22 19 19 10 9

MCF -+ 87 87 86 86 83 79 78 79 75 68 51 54 65 59 48 44 40 35 23 22
MAR~quAG - 87 86 86 86 83 79 78 79 68 51 53 64 50 44 40 35 23 21
AX-5 4 87 86 86 86 84 79 79 79 56.40 40 54 38 34 30 16 14

Ca. Electrothrix GM-3 41 86 85 85 83 79 79 79 a7 44.42 56 33 29 17 16

US4 - 86 87 84 79 79 79 45 42 381 33 21 21
. . . . . USH1 4 86 88 84 80 79 80 16 16 15 27 14 8 7
Single-strain Brackish-water  Marine sediment A5 e a7 65 o1 o0 o0 2 28 20 33 2

MAR-scMAG - 86 83 79 79 79 52 47 43 53 24 21

enrichment sample sediment sample sample AR-5 1 i > o 7 = 28

LOE-2 1 83 83 [l 81 80 81 22 23 21 12 1
EH-2 - 79 80 81 [flij 80 1 17 17 15 1 9
AUS—4 1 78 79 79 79.83 16 14 8 7 6
AUS-1_24 78 79 81 81 83 [Jil} 76 15 16 14 9 10 9
AR-4 - 75 76 76 76 75 21 20 16 15 14

DNeasy AR-34 76 77 75 75 76 13 12 11 15011 11
1 1 KV - 720731 73 /73 73 17 15 14 49 35
PowerSoil Kit BRK-cMAG ] -

75 74 17 15 57 41
36 36 47

SY1 4 72 73 74 73 74 15 14 13
Ca. Electronema UQ- 72 72 73 73 73 12 10 10 ST e
GSH 72 73 74 73 73 17 15 14 42 38 44 49
ENR-cMAG A 72 73 74 73 73 18 14 43 38 45
Circulomics F5 - 72 73 74 74 73 25 29
. Desulfobulbus_oligotrophicus - 717172 71 72 71
SRE XS kit Desulfobulbus_elongatus - 7172 73 73 73 72
> Desulfobulbus_alkaliphilus - 7727372 72 7
Desulfobulbus_propionicus - 71 72 73 73 73 72
Desulfobulbus_oralis A 70 71 72 72 72 71
Desulfomonile_tiedjei - 70 71 70 70 71
. . Desulfococcus_multivorans A 69 71 70 70 70
Natlve DNA S|Ze Se|eCted DNA Desulfovibrio_vulgaris 1 717170 70 71

T T T T

N N © © O 0N © N o 0o ©o

Ay
o

(=]
B O © O OO ® ® O N OO O OO ©® ® ®

o

i)
o

=
o

N B O AW R0 OO0 R OO N OO O© B~ OO0 OO0 00N O 0o N 0N
o
o

N W owN A OO0 00 WNOO 0 A0 NN DN OO 0N

@ H O A WA OO O OSSO NN
o Hh OB WA OO O OO HA OO®N OO

-
n

-
=]
=
o
-
=
=

-
w
-
E

_._
= o
@

_
(]
O ® ® 0@ ©O© N B OWWWs A ODOWNOOO 0000000 NN~ 00 0 NN

o © © o ©
-
o

i
=
o
-

35
44 {58 28
28 20 [flf 32

.—‘—i—‘-—‘—*O—‘—‘OO—‘OOOOOOOO—‘OOOOO—‘—‘OO—*OOOOOOOOOOOO

.m.,\,.\,&am,\,_.,\,,\,_.,\,,\,_._._._._._._._.,\,_._.,\,_._.,\,,\,_._._._._._._._._._._._._._._.

ZHd= N = 00 ® o N
L5\-1—~-a-ncnoo\l\lc)‘o‘
7= = = 0 ® N ~NoO

6-—‘—‘—*0\\1\1\10)8
@-AAammw\:ma
@-—A—Aamw\:\lm'o‘;
7= = = & ® NN~

?')-—AI\)—AQ(DEDCD\I

X
435/@\
Ny

3

23

V.

@-—-nm—xu-wmooco
%kj\-am—tmwcooooog,‘
P1= P = 00 oo
S = =00 0 o o
é)-ar\:—tmcoocom
@/-_._.

Nl il

-&. Q'J\ S -
AN
\'D_‘Qb\\’b(\o)
O XD

&

2 R T T

\]-._a-a-Am'o‘taco«)
\, =
7= =2 = AN o0 oy

A =
QA= = =00 0 eeF
%7-‘—‘-‘@«:0«:0’

>

%S._ddmmmm\:;‘,:‘,

o
7
b4
\,
7
o *Ea=2ien
@)-—A—A—Ab\l\l\l@ok&‘ommm
%

&
<

,y
,y
Qs
%

U
S
&

¢
K
7
3
,y
,y
7
_
’V
223 %
&
&

sequencing

Whole-genome-based comparisons for cable bacteria MAGs. HQ and MQ cable bacteria MAGs (and outgroups used for tree

Library prep building) were compared to each other using BLAST-based average nucleotide identity (ANIb, A) and genome alignment fractions (B).
+ Sequencing I

) Using ANI of 75-77 % as genus boundary, all cable bacteria MAGs from MAR sample were classified as Candidatus Electrothrix, while
[ MAGs from BRK and ENR were attributed to Candidatus Electronema.
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MAR—=hgMAG -
AW-3 44
AW-5+

AX-2 A

.. AU-1_54
Ca. Electrothrix gigas LOE_1_4_5-
AW-2 -+

AUS-3 1
AX-1_44
AW-1 A
AS-4 54

TB4

SY24
MAN-1_4 -
ATG-1 A

MCF A
MAR-mgMAG 4
AX-51

Ca. Electrothrix GM-3_4
US4+

USH A

A5
MAR-scMAG A
AR-5
LOE-2+
EH-2
AUS-4 A
AUS-1_2+
AR—4 1

AR-34

KV
BRK-cMAG
SY14

UQ+

GSH
ENR-cMAG
F54
Desulfobulbus_oligotrophicus
Desulfobulbus_elongatus A
Desulfobulbus_alkaliphilus -
Desulfobulbus_propionicus
Desulfobulbus_oralis A
Desulfomonile_tiedjei
Desulfococcus_multivorans
Desulfovibrio_vulgaris A
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ONT GridION lllumina NovaSeq o

(R9.4.1 chemistry) (2 x 151 bp)

61

48
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40

3 8328388823838 838822838 8838 8

Ca. Electrothrix gigas

31
46

Bootstrap support:

® 090-100 %

Long, error-prone Short, accurate " oron

Nanopore reads lllumina reads
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MAG origin:
MetaFlye assembly Previous studies

bioinformatics [kt

Medaka 2x polishing
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Ca. Electronema -
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Error-prone metagenome
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Ca. Electronema

Unique gene fraction (%)

Polished metagenome

ENR-cMAG - ] . 5.09 6.32 9.24

o O O O O O O O

Ensemble binning with DAS Tool:
(MetaBat2 MaxBin2 | Desulfobulbus_oligotrophicus | ! MARHOMAG
VAMB Me,taBinner) ‘—[ Desulfobulbus_elongatus] -

Desulfobulbus_alkaliphilus |

—y

MAR-mgMAG

DesuIfobulbus_propionicus]

+ Manual curation [Desulfobulbus_oralis Suspected MAG

v r } o | .
Desulfomonile_tiedjei :
— — . novelty
Bin 2  Desulfococcus_multivorans | : .
( — : BRK-cMAG{ 8.
{ Desulfovibrio_vulgaris | .

Metagenome assembled genomes A BPK-GMAR (kY-

Recovered MAGs

@
CO m pare M o) BRK-cMAG (Electronema—excluded) 4 g 41.29 68.65

pyani . . . :
F’I’Okka CM Seq GeTr?e identit;('zhresholdg(()%)

Roary

Gene-based comparisons of cable bacteria MAGs. A) Maximum-likelihood genome tree, built using 120 universal bacterial marker
LOW/ e genes and 100 bootstraps for HQ, MQ cable bacteria MAGs, with multiple outgroups included. B) Selected features of cable bacteria
MAG quality MAG SNP MAGs: quality metrics and relevant gene counts. C) Average amino acid identity (AAl) and percentage of conserved proteins (POCP)
estimates ARRRRRRRAN rates between cable bacteria MAGs and outgroups. POCP of 50 % was used as genus boundary to further confirm the classification of BRK-
VIAG Troe Eol\rlr?p/zrric;toerilg cMAG as a member of Candidatus Electronema. D) Unique gene fractions for MAGs recovered in this study, compared to other cable

bacteria MAGs (HQ and MQ), at different identity thresholds for gene clustering.
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