
  

The Global Coral Microbiome Project dataset. Coral microbiome DNA sequences were 

selected from samples collected by the Global Coral Microbiome Project (GCMP) as described 

in Pollock et al (1), but including additional locations outside of Australia in Panama, Saudi 

Arabia, Columbia, Singapore, and Réunion that were not described in that manuscript. Briefly, 

samples were collected from water, sediment, and corals from 457 coral colonies, then DNA 

was extracted using the MoBio Powersoil DNA Isolation Kit and processed by the Earth 

Microbiome Project at the CMI center. PCR was run on the V4 region of the 16S rRNA gene 

using 515f/806r primers (5’-GTGTGCCAGCMGCCGCGGTAA-3’) and sequenced using Illumina 

HiSeq with 125bp paired-end reads. Sequences were downloaded from the Earth Microbiome 

Project via QIITA project ID 10895 (specifically prep id 3439). In QIITA, these sequences were 

processed using standard EMP workflows: fastq files were demultiplexed using 12bp Golay 

codes with the QIIME 1.9.1 split_libraries script (default parameters), trimmed to 100nt, and 

then subjected to quality control with deblur 1.1.0 (default parameters). 

 

Analytical steps and code availability. We downloaded the Earth Microbiome Project GCMP 

‘all.biom’ (CRC32 id: 8817b8b8) and ‘all.seqs.fa’ (CRC32 id: ac925c85) from QIITA and 

reimported the sequences into QIIME2 2020.11 (2) and filtered to only samples collected from 

coral mucus, tissue, or skeleton. All analytical steps for the results described in this manuscript, 

including relevant parameters and explanations, are available at 

https://zenodo.org/record/4551201. Additionally, a live copy of the code is maintained on GitHub 

as part of the GCMP Global Disease Project at 

https://github.com/zaneveld/GCMP_Global_Disease/tree/master/analysis/organelle_removal. 

 

Construction of reference taxonomies and taxonomic assignment. Reference taxonomies 

were constructed using Greengenes 13_8 (3), and SILVA 132 (4) as base references. 

Sequences and annotations from the Metaxa2 BLAST database (5) were extracted with a 
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BLAST utility (“blastdbcmd -entry all -db blast -out metaxa2.fasta”). Mitochondrial sequences 

were selected from the Metaxa2 database and manually annotated as Bacteria / Proteobacteria 

/ Alphaproteobacteria / Rickettsiales / Mitochondria in the style of each base reference (SILVA 

132 or greengenes_13_8). These supplementary mitochondrial sequences were then added to 

each base reference to create the expanded reference taxonomies. GCMP sequences from 

coral mucus, tissue, or skeleton samples were annotated with each reference taxonomy using 

the q2 feature-classifier classify-consensus-vsearch method (6). 

 

Investigation of differentially classified sequences. Sequences labeled differently by an 

expanded taxonomy compared to the associated base taxonomy were separately investigated 

with Blast2GO(13) using the public QBlast NR database (blastn-short; e-value 10-3; word size 7; 

hsp length cutoff 33, low complexity filter was on). Blast2GO outputs contained scientific names 

which were expanded into full lineages by querying the NCBI Taxonomy database (14) via 

Biopython’s Entrez module (15). 

 

Alpha and beta diversity metrics. Non-phylogenetic alpha (observed_features, dominance, 

simpson_e) and beta diversity metrics (bray_curtis) were generated for each version of the 

results (SILVA, Greengenes, SILVA + Metaxa2, and Greengenes + Metaxa2) in QIIME2 using 

the QIIME2 Python API. Alpha and beta diversity were then compared across coral families 

using the column ‘taxonomy_string_to_family’ in the GCMP metadata. In this analysis, we 

accounted for the effects of improved identification of mitochondria on rarefaction analysis. 

Because expanding the taxonomies results in additional annotations of mitochondria, which are 

then removed, the expanded taxonomies may cause more samples to fall below a given 

rarefaction threshold (e.g. here a minimum of 1000 reads/sample). To allow for fair comparison 

of taxonomies despite this issue, we compare only samples that survive rarefaction under each 

paired taxonomic scheme (e.g. Greengenes and Greegenes + Metaxa2 or SILVA and SILVA + 

https://www.zotero.org/google-docs/?lqRrDy
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Metaxa2). This is a conservative choice, as not applying this correction would result in a larger 

(possibly artifactual) observed difference between the base and expanded taxonomies due to 

sample size differences. This analysis was repeated for GCMP samples derived from coral 

mucus, tissue, and skeleton separately.  

 

Application to chronic Montipora White Syndrome microbiomes. As a further 

demonstration of the effects of coral mitochondria removal, we used the expanded SILVA 

taxonomy as the reference for annotations of a dataset of whole crushed coral microbiomes 

from a study of chronic Montipora White Syndrome (cMWS; Brown et al., in preparation). 

 

Evaluation of accuracy of extended taxonomic references. To test the effect of these 

additional reference sequences on classification of non-mitochondrial sequences, we annotated 

several mock communities of known composition with each of the four reference taxonomies 

using the QIIME2 quality-control evaluate-composition method (6). To test for non-inferiority of 

the expanded taxonomies, assignments created with the base taxonomies were used as the 

“expected” taxa and assignments created with the expanded taxonomies were used as the 

“observed” taxa. We compared assignments of mock communities 12-16 (7–9) and 18-22 (9–

11) from Mockrobiota (12) which were chosen for compatibility with QIIME2. 

 

Comparison of annotation of Aquarickettsiales sequences. In order to test whether 

expanded taxonomies might misannotate key coral symbionts that are relatively close 

taxonomic relatives of mitochondria, 38 Aquarickettsiales 16S sequences from previous coral 

microbiome studies (16,17) were imported into QIIME2 and annotated with the q2 feature-

classifier classify-consensus-vsearch method (6) using each of the reference taxonomies. 
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