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Supplementary Methods
Sample selection
[bookmark: OLE_LINK202][bookmark: OLE_LINK203][bookmark: OLE_LINK200][bookmark: OLE_LINK201][bookmark: OLE_LINK683][bookmark: OLE_LINK684][bookmark: OLE_LINK402][bookmark: OLE_LINK13][bookmark: OLE_LINK396][bookmark: OLE_LINK397][bookmark: OLE_LINK834][bookmark: OLE_LINK835][bookmark: OLE_LINK663][bookmark: OLE_LINK664][bookmark: OLE_LINK392][bookmark: OLE_LINK393][bookmark: OLE_LINK398][bookmark: OLE_LINK399][bookmark: OLE_LINK400][bookmark: OLE_LINK401][bookmark: OLE_LINK394][bookmark: OLE_LINK395][bookmark: OLE_LINK407][bookmark: OLE_LINK408]A total of 46 vertebrate meta-transcriptomic libraries were selected from our previous study1 based on the criteria listed in the main text. Although only the vertebrate class Sarcopterygii (i.e. lungfish) were collected in Chile and Nigeria, we retained these data as they were the only samples obtained outside of China (Table S1). All of the samples were kept at -20°C during transit and were transferred to -80°C for storage.
[bookmark: OLE_LINK465][bookmark: OLE_LINK466]     As we reported previously1, internal organs including the gut, liver and gill were harvested for cartilaginous and jawless fish, while gut, liver and lung samples were obtained for amphibians and reptiles. For lungfish, all four tissue types (gut, liver, lung and gill) were harvested. For lancelets, the entire individual was used due to their small body size. For ray-finned fish, only two gill libraries meet the screening criteria and were selected. All animal specimens were stored at -80°C before RNA extraction.
RNA library preparation and sequencing
[bookmark: OLE_LINK410][bookmark: OLE_LINK411][bookmark: OLE_LINK928][bookmark: OLE_LINK929][bookmark: OLE_LINK412][bookmark: OLE_LINK413][bookmark: OLE_LINK14][bookmark: OLE_LINK15]Total RNA was extracted from homogenates of individual animal specimens as previously reported1. Aliquots of RNA solutions from several individuals of a particular taxonomic group were then pooled in equal quantity and libraries constructed using the TruSeq total RNA library preparation protocol (Illumina). Host rRNA, including cytoplasmic rRNA and mitochondrial rRNA, was removed using the Ribo-Zero-Gold kit (Human/Mouse/Rat, Illumina). Paired-end (150bp) sequencing was performed on a HiSeq4000 platform. The size of each library is provided in Table S1.
Data processing
[bookmark: OLE_LINK972][bookmark: OLE_LINK973][bookmark: OLE_LINK974][bookmark: OLE_LINK1101][bookmark: OLE_LINK1102][bookmark: OLE_LINK1108][bookmark: OLE_LINK1109]For each library, sequencing reads were adaptor- and quality-trimmed with Trimmomatic followed by de novo assembly using the Trinity program (version 2.5.1) with default parameter settings. The Trinity program is an efficient and robust method for the de novo assembly of transcriptomes from RNA-seq data2,3 and has been commonly used in previous studies1,4,5. No filtering of host or bacterial reads was performed prior to assembly.
Estimation of ARG abundance
[bookmark: OLE_LINK68][bookmark: OLE_LINK69][bookmark: OLE_LINK1054][bookmark: OLE_LINK840][bookmark: OLE_LINK841]We used the expanded Structured Antibiotic Resistance Genes database (SARG version 2.0)6 for ARG annotation as this is a comprehensive resistance genes database integrating the two most commonly used databases - the Antibiotic Resistance Genes Database (ARDB)7 and the Comprehensive Antibiotic Resistance Database (CARD)8,9 - as well as sequences retrieved and validated from the non-redundant protein database (NCBI-NR).
[bookmark: OLE_LINK918][bookmark: OLE_LINK919][bookmark: OLE_LINK1065][bookmark: OLE_LINK1066]Gene expression normalization was performed using the RPKM (reads per kilobase per million reads) method10, combined with the use of stably expressed host genes11,12. We used a host rather than a bacterial gene because our aim was to assess the ARG abundance ‘per host’ rather than ‘per bacteria cell’. Gene abundances were calculated as (1): 

[bookmark: OLE_LINK444][bookmark: OLE_LINK445][bookmark: OLE_LINK446][bookmark: OLE_LINK447][bookmark: OLE_LINK448]in which RPKMARG is the ARG expression and RPKMhost is the expression of a stably expressed host gene.
     RPKM is calculated as (2):

[bookmark: OLE_LINK455][bookmark: OLE_LINK456]in which Nreads is the number of mapped reads to the gene, gene length is the length of the gene in base-pairs, and library size is the total number of reads in the corresponding library.
[bookmark: OLE_LINK457][bookmark: OLE_LINK458][bookmark: OLE_LINK449][bookmark: OLE_LINK450]     Five host reference genes, including the ribosomal protein S13 (RPS13), ribosomal protein S23 (RPS23), ribosomal protein L32 (RPL32), Elongation factor 1 alpha complex (EF1a), and NADH dehydrogenase 1 alpha subcomplex (NDUFA) were selected as previous studies have shown that they are stably expressed12-14. Reads were mapped to assembled contigs annotated to these genes using bowtie215, and the number of mapped reads was obtained by samtools16. We also attempted to find the reference sequences of these genes for read mapping. However, as no reference genome or gene sequence were available for several vertebrate orders (even for classes), we used the assembled contigs for host gene abundance estimation. The average number of mapped reads and average length of contigs annotated to the gene was used as Nreads and gene length as provided in equation (2). Notably, not all these genes were stably expressed in all libraries (Fig. S1). Therefore, only the best one (NDUFA) was used in subsequent analysis.
Evaluating ARG richness in individual animal specimens by PCR
[bookmark: OLE_LINK461][bookmark: OLE_LINK462][bookmark: OLE_LINK922][bookmark: OLE_LINK923][bookmark: OLE_LINK459][bookmark: OLE_LINK460][bookmark: OLE_LINK924][bookmark: OLE_LINK925][bookmark: OLE_LINK467][bookmark: OLE_LINK468][bookmark: OLE_LINK471][bookmark: OLE_LINK472][bookmark: OLE_LINK930][bookmark: OLE_LINK931][bookmark: OLE_LINK1191][bookmark: OLE_LINK1192][bookmark: OLE_LINK1193][bookmark: OLE_LINK1194]Each RNA library comprised several individuals of the same taxonomic group sampled from the same site. PCR assays were performed on individual animal specimens to confirm the results obtained from the meta-transcriptomic data. Accordingly, 20 RNA libraries were selected from different tissue types in different animal classes, with the exception of jawless fish and lancelets for which no RNA solutions remained in our laboratory (Table S3). We targeted 22 ARGs that were (i) found in at least one of the seven animal classes in the meta-transcriptomic libraries, and (ii) presented as many ARG types as possible. We designed primers based on both the reference sequences in the database and the contigs of each gene. Considering that the RNA solutions were extracted approximately two years ago, we also amplified two viral fragments that were found in two libraries from our previous study1 to assess the RNA quality and consider as positive controls (Table S8). Total RNA was first reverse transcribed using one step RT-PCR kit (TaKaRa), followed by nested PCR targeting the conserved regions of each ARG or virus. The target PCR products were then assessed in 2% agarose gels and further validated by Sanger sequencing. A total of 21 ARGs were successfully amplified. However, because the blaTEM and cat genes were amplified in all RNA solutions and in negative controls they were excluded from the PCR assays.
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Supplementary Figures
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[bookmark: OLE_LINK999][bookmark: OLE_LINK1000][bookmark: OLE_LINK997][bookmark: OLE_LINK998]Figure S1. Abundance of five host reference genes. Abundance were calculated as RPKM and were log transformed in the bar plot. These genes were previously shown to be stably expressed in other studies and hence were utilized here. However, not all these genes were stably expressed in all libraries and therefore only the best, NDUFA, was considered in the downstream analysis.
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Figure S2. Relative abundance of the 20 most common ARGs in each library.
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[bookmark: OLE_LINK985][bookmark: OLE_LINK986][bookmark: OLE_LINK966][bookmark: OLE_LINK967][bookmark: OLE_LINK987][bookmark: OLE_LINK988][bookmark: OLE_LINK976][bookmark: OLE_LINK977]Figure S3. Total ARG abundance of each habitat (a-d) and sampling site (e-h) in individual tissue types. Each dot represents a meta-transcriptomic library. Cross bars indicate the mean values. No statistical analysis was performed due to the small number of libraries per tissue type per habitat/site.
[bookmark: OLE_LINK1007][bookmark: OLE_LINK1008][bookmark: OLE_LINK983][bookmark: OLE_LINK984][bookmark: OLE_LINK991][bookmark: OLE_LINK992][bookmark: OLE_LINK1013][bookmark: OLE_LINK1014][bookmark: OLE_LINK968][bookmark: OLE_LINK969]
[image: ]Figure S4. PCR assays using individual animal specimens confirmed that terrestrial and amphibious vertebrates have greater ARG diversity, while a lower diversity is observed in marine fish. Differences between habitats were assessed in total specimens (a) and each tissue type, including gut (b), liver (c), gill (d) and lung (e) using a Kruskal-Wallis test. Each dot represents an individual specimen. The horizontal box lines represent the first quartile, the median, and the third quartile. Whiskers denote the range of points within the first quartile − 1.5× the interquartile range and the third quartile + 1.5× the interquartile range. Diamonds represent the mean values.
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[bookmark: OLE_LINK1018][bookmark: OLE_LINK1019]Figure S5. Heat map of resistance gene (a) and gene variant (b) levels. Colors represent log transformed relative abundances. Bray-Curtis dissimilarity and Pearson correlation coefficients were used to hierarchically cluster (using the UPGMA method) samples and ARGs, respectively.
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[bookmark: OLE_LINK993][bookmark: OLE_LINK994][bookmark: OLE_LINK1017]Figure S6. Non-metric multidimensional scaling (NMDS) analysis based on both ARG type (a-c) and gene levels (d-f) in individual tissues revealed the clear separation of the marine fish resistome. Each dot represents a meta-transcriptomic library. Ellipses were drawn at a confidence level of 0.95. No statistical analysis was performed due to the small number of samples in some groups.
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[bookmark: OLE_LINK989][bookmark: OLE_LINK990]Figure S7. ARG abundance, diversity and clustering patterns across habitats. The omp36 and ompF genes that can cause resistance only when there are mutated alleles present were excluded. Each dot represents a meta-transcriptomic library. Cross bars in the dot plot indicate the mean values. In the box plot, the horizontal box lines represent the first quartile, the median, and the third quartile; whiskers denote the range of points within the first quartile − 1.5× the interquartile range and the third quartile + 1.5× the interquartile range. In the NMDS plot, ellipses were drawn at a confidence level of 0.95.
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