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Gene co-occurences

and zinc, co-occurring with resistance genes towards
aminoglycosides and macrolides. Another distinctly iso-
lated copper resistance gene cluster (the ‘copper cluster’)
consisted mainly of resistance genes that are part of the cop
operon together with the nickel and cobalt resistance gene
nrsD/nreB, but no ARGs. Moreover, another set of metal
resistance genes conferring resistance to arsenic, copper
and silver (the ‘MRG cluster’), was strongly interconnected
via three resistance gene operons (ars, pco and sil), but clus-
tered separately from ARGs. The ‘MRG cluster’ was lightly
connected, via two arsenic resistance genes, to a large clus-
ter (the ‘ARG-BMRG cluster’) of resistance genes towards
metals, biocides and antibiotics, and MGEs such as intI1
and ISCR transposases. The arsenic resistance genes were
specifically connected to mercury resistance genes and the
class 1 integrase (intI1) of the large cluster.
In the ‘ARG-BMRG cluster’, mercury resistance

genes, and qacE∆1 that confers low-level resistance
towards multiple chemical classes of antibacterial bio-
cides, were strongly connected to a range of different
ARGs conferring resistance to a range of different
antibiotic classes (for more details see the heat map
and the bar graph in Additional file 5: Figure S10 and
Additional file 1: Figure S11, respectively). There was
also a strong association of BMRGs and/or ARGs with

MGEs, such as intI1 and transposases including ISCR1
and ISCR2. For the integrases, qacE∆1, mercury resist-
ance genes and resistance genes towards aminoglyco-
sides frequently occurred with intI1 (Additional file 1:
Figure S12). For the transposases, qacE∆1 and resist-
ance genes to sulfonamides and aminoglycosides
frequently occurred together with ISCR1, whereas re-
sistance genes to sulfonamides, amphenicols, tetracy-
clines, and mercury were highly frequent with ISCR2
(Additional file 1: Figure S13).
Another network was built to investigate the co-

occurrence of BMRGs and ARGs in the same bacterial
strain irrespective of their location on chromosome or
plasmid (Fig. 9; for more details see the heat map in
Additional file 6: Figure S14). In this case, resistance
genes were not as distinctly clustered as for the plasmids.
Some additional biocide resistance genes conferring resist-
ance to different chemical classes of biocides such as acids,
alcohols and peroxides co-occurred with resistance genes
to a range of antibiotics, such as aminoglycosides,
beta-lactams, tetracyclines, sulfonamides and amphe-
nicols. Interestingly, in genomes resistance genes to-
wards arsenic, copper, mercury and silver were
connected with many ARGs, in contrast to the situ-
ation on plasmids.

Fig. 8 Co-occurrence network of resistance genes on plasmids. The network was built based on the observed co-occurrence pattern of BMRGs
with ARGs on 4582 plasmids. The network was filtered such that only connections between BMRGs and ARGs, and between integrases/transposases
and resistance genes were kept if the connected genes occurred together on at least 10 plasmids. No connections are shown between ARGs to better
emphasize the co-selection potentials. The thickness of each connection (edge) between two resistance genes (nodes) is proportional to the
number of times the two resistance genes co-occurred on the same plasmids
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BacMet Demo
http://bacmet.biomedicine.gu.se/
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Moving towards a risk 
assessment tool

• Incorporate data on selective concentrations and 
co-selection opportunities

• Make BacMet useful for practical risk assessment 
and management 



University of 
Gothenburg

Johan Bengtsson-Palme    |    www.microbiology.se    |    @bengtssonpalme    |    johan.bengtsson-palme@microbiology.se

BacMet Update
• Current data will remain and be expanded upon 

• Substance-based rather than gene-based focus – commonly the starting point for risk 
assessment 

• MICs and LOECs for different species, PNECs for resistance selection and HGT 

• New genes will be added (from literature and this project) 

• Context information (hosts, mobility potential, co-location with other resistance genes), 
based on available genome data 

• Relative abundance in different environment types
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Discussion tasks

How	can	the	BacMet	database	support	biocide	resistance	risk	assessment	during	approval/
authorization	of	biocides?
What	needs	to	be	changed	to	be	able	to	use	the	BacMet	database	for	the	regulatory	process?

Proposed	structural	changes?

Proposed	new	categories?

Proposed	links	with	other	relevant	databases?

BacMet	currently	is	a	substance-based	database.	How	to	incorporate	results	for	products?

Who	takes	the	minutes?

Who	would	like	to	present	the	results?

Short	introduction	round	(3-4	sentences	per	person)
http://bacmet.biomedicine.gu.se/


