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We thank Liam Shaw for his letter (1), “Null models for
gene enrichment in plasmids,” and appreciate the de-
tailed simulation regarding the enrichment analysis of
AMR genes on different types of plasmids, which con-
firms our original conclusions that conjugative plas-
mids are enriched in these genes (2). We agree that
considering the plasmid size is a good point when
using a null model for the enrichment analysis as it
tests for a completely neutral accumulation of genes.
However, using a completely neutral model for all
genes on plasmids does not capture the reality of
gene content constraints. Conjugative plasmids con-
tain a much larger portion of genes that are involved in
transfer and maintenance than other plasmids. Hence,
the proportion of genes that can be readily ex-
changed is much smaller than suggested by the entire
genome size. Additionally, we note that different plas-
mid types have very different biology, and hence the
plasmid type is an important category to test for.

In a broad sense, the successful establishment of
AMR genes on different plasmids will be shaped by
factors related to plasmid-host evolutionary adapta-
tions, plasmid mobility, and extrinsic selection pres-
sures that may impact the fate and maintenance
of the resistance. For example, previous research
showed that transfer of AMR gene-bearing conjuga-
tive plasmids, even when costly, is sufficiently fast to
exhibit maintenance in the absence of positive selec-
tion (3). On the other hand, compensatory adaptation
and positive selection of plasmid-borne resistance are

important to maintain the nonmobilizable plasmids
(4). The extent to which interaction between the above
factors and the potentially paradoxical role of these
process, together with the phylogenetic barriers for
plasmid transfer (e.g., most nonmobilizable plasmids
circumscribed to a single bacterial species, while con-
jugative plasmids spread across bacterial families) (5),
contribute to the distribution of AMR genes in differ-
ent plasmid categories is an intriguing question that
currently remains unresolved.

Regarding the description of the “shared” AMR
genes on different plasmids, we use the term “trans-
ferred” (2), which may need further clarifications. Our
initial attempt was to obtain an overall distribution of
AMR genes in different plasmid categories based on
network analysis. We reconstructed the network with
plasmids and AMR genes as the network nodes; when
an AMR gene was “shared” between two plasmids,
both plasmids were linked to the AMR gene by edges.
We don't introduce a distinction between “trans-
ferred” and “shared” terms simply because the net-
work analysis is an extended analysis of the results
presented in ref. 2, SI Appendix, figure S3 that indi-
cates extensive horizontal transfer of AMR genes across
plasmid categories, and, importantly, the significant
role of conjugative plasmids in mediating the transfer
of AMR genes within the plasmid community is inferred
based on the network topology, which is fully sup-
ported by previous studies (5, 6). We are, nevertheless,
grateful for the opportunity to clarify this point.
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