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Abstract

Although the taxonomy of coral microbiomes is well documented, their functional role
in coral ecosystems remains poorly understood. Access to the genomes of microbial
communities can enhance our understanding of their metabolism, capabilities, and
interactions with corals and their environment. We downloaded raw coral
(meta)genomes from the NCBI-SRA database, including genetic information from the
coral host but also from its associated microbiome. Microbiome information is
commonly discarded as contaminants and never used. Employing the MAGs Factory
pipeline, we extracted eukaryotic and prokaryotic genomes from the downloaded coral
(meta)genomes. This workflow assembles raw reads into contigs and groups them into
Metagenome-Assembled Genomes (MAGs). To filter complete MAGs, we used BUSCQO’s
completeness metrics, the implications of which are discussed. We obtained 36
complete eukaryotic MAGs, all classified as corals, and 31 prokaryotic MAGs classified
within the Pseudomonadota and SAR324 phyla. We placed them in a broad
phylogenomic context using for that the bacterial genomes available in the GTDB
reference database. We identified bacterial species previously not known to be
associated with corals. The availability of their genomes is crucial for advancing our
understanding of their roles within the coral holobiont.
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1. INTRODUCTION

Corals are the structural basis of many benthic habitats named coral gardens. Coral’s
three-dimensional structure creates a complexity that serves as refugee or nursery to
many other associated species (Miller etal., 2012). These habitats contain a wide
diversity, included many species of commercial interest, and play a significant role in
biogeochemical cycles (Bo etal., 2015; Chimienti et al., 2020; Terzin etal., 2021).
Moreover, coral gardens provide crucial ecosystem services to society (Brenner et al.,
2010), as tourism attraction, food supply or water filtering.

Corals belong to the phylum cnidaria. They live
in colonies in which each individual is called
polyp (Fig. 1.1) and is function-specialised. In
most cases, they are covered by a self-made

skeleton, made of organic compounds, such as
gorgonin or calcium carbonate. Corals thrive in a
wide range of conditions, from shallow coastal
waters (Agarwal et al., 2024) to greater depths
that can reach the 3000 m (Freiwald & Roberts, Figure 1.1. lllustration of the coral

2005; Lumsden et al., 2007), where temperature Corallium rubrum and its polyps. The top
right circular illustration represents a
. zoom of the illustration. Each white
tropical (Andrello etal., 2022) and polar  ;rporescent element is a  polyp.

latitudes (Pierrejean et al., 2020). (Ballesteros and Sagarra, 2015).

and pressure are extreme. They are also found in

Each coral is a holobiont, meaning it is not only the cnidarian species but also includes
an associated microbiome (Hou et al., 2015). These microorganisms play an important
role in the metabolism of holobionts (Siboni et al., 2008) and can be essential, as seen
in the case of coral bleaching (Van Oppen & Lough, 2018). Massive coral mortalities have
occurred due to the loss of photosynthetic coral-associated microorganisms caused by
rising temperatures (Coker et al., 2012; Van Oppen & Lough, 2018; Lishchenko et al.,
2024).

Phylogenetic surveys have shown that the dominant coral microbiome organisms belong
to the taxon Proteobacteria (particularly Gamma- and Alphaproteobacteria) as well as
Actinobacteria, Bacteroidetes (especially Flavobacteria), and Cyanobacteria (Blackall
et al., 2015; Littman et al., 2009; Rohwer et al., 2002; Sunagawa et al., 2010). While the
diversity of coral-associated microorganisms is well-documented (Bourne et al., 2016;
Mohamed et al., 2023), the specific roles of each microorganism in the holobiont's
functioning remain insufficiently studied (Glasl et al., 2020). Understanding the genomes
of these associated microorganisms is crucial to know their functions and interactions
with the corals’ host and the environment.
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To obtain the genomes of the coral microbiome, A. Bonacolta and J. del Campo
(colleagues from the research group), developed the MAGs Factory pipeline (Fig. 1.2). It
is based on the assumption that a raw coral genome is actually a metagenome, as it
includes the genomes of its microbiome. This is why we refer to coral genomes as
(meta)genomes. The MAGs Factory pipeline groups the sequences of a raw coral
(meta)genome into Metagenome Assembled Genomes (MAGs), which belong to the
holobiont microbiome. Since we obtained the coral (meta)genomes from the Sequence
Read Archive of the National Center for Biotechnology Information (NCBI-SRA), we have
been able to reuse samples and leverage previous sapling efforts, making this a low-cost
project.

ann,
1} n — L MAG T
(/4% ) v ) :____ __ ) | MAGs Factory ) : MAG 2

I - LS

— —— — MAG X

Yy

b

Coral sample Holobiont's reads Microbiome's genomes

Figure 1.2. General process of the MAGs extraction. Raw coral (meta)genomes are uploaded to NCBI-
SRA database. Then we downloaded them. Using the MAGs Factory pipeline, we assembled the raw
reads into contigs, and we grouped them into MAGs.

2. OBIJECTIVES
Coral (meta)genomes were randomly split in 12 batches. Our objectives are:

e Obtain MAGs processing coral meta(genomes) from batches one and two with the
MAGs Factory pipeline.

e Assign taxonomy to the resulting MAGs and place them in a phylogenetic tree.

e Build a script that integrates the MAGs Factory steps to automate the process of
extracting MAGs.

3. MATERIALS AND METHODS

3.1 Data obtention

On February 2022, we downloaded all (meta)genomes from the NCBI-SRA database that
matched with “coral genome” search (Fig. 3.1.A). We obtained 6000 coral
(meta)genomes that belong to 215 BioProjects of 50 different coral species. As we
acquired the (meta)genomes from NCBI-SRA database, we get the raw sequencing reads.

3.2 MAGs Factory: from metagenomes to genomes

We did not remove the coral genomes from the raw (meta)genomes because it would’ve
required a super clean coral genome specific to each species we processed. Additionally,
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most coral genomes are not contamination-free and thus extracting with them would

extract microbe reads too.

Adapter trimming (fastp)

We trimmed reads adapters using the Adapter Trimming module of fastp (S. Chen et al.,
2018) for paired-end data (Fig. 3.1.B). It searches for the overlap of each pair and

the
adapter

considers non-overlapped

bases as content to
remove. The advantage of this tool
is that it can trim adapters with

even only one base in the tail.
Metagenomes assembly (megahit)

Clean reads were assembled into
contigs using Megahit (D. Li etal.,
2015), a NGS de novo assembler
(Fig. 3.1.C). Megahit uses succinct
de Bruijint graphs (SdBG; Bowe
etal.,, 2012) to represent k-mers
overlapping in a compressed way.
Then, the contigs are generated by
traversing paths through the graph.
Megahit follows a multiple k-mer
size strategy, so multiple SdBGs are
generated iteratively from a small k
to a large k. In each iteration,
corrections are made. While small
k-mer SdBGs are useful to filter
erroneous edges and fill gaps, large
SdBGs allow

k-mers resolving

repeats.

SdBG construction is done with a
parallel algorithm that exploits the
parallelism of a graphics processing
(GPU, CUDA-enabled) by
adapting  the BWT-
construction algorithm CX1 (Liu
et al., 2014).

unit
recent

A) Data obtention

NCBI SRA
"Coral genome”

¥

Raw genomes

[ N

reads
! —
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Figure 3.1. Workflow diagram. Prok c.: prokaryote contigs;

euk c.: eukaryote contigs.
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Domain sorting (tiara)

We separated the eukaryotic contigs from the prokaryotic ones using Tiara (Karlicki et al.,
2022) (Fig. 3.1.D), a deep-learning-based tool. Contigs splitting is done in two steps with
two distinct two-layer feed-forward neural network architectures. First, contigs are
separated in six classes: bacteria, archaea, prokaryote, eukaryote, organelle or unknown.
Second, contigs classified as organelle are differentiated between mitochondria, plastids
or unknown. For the following steps, we considered archaea, bacteria and prokaryote
contigs as prokaryotic and eucaryote, mitochondria and plastid contigs as eucaryotic.

The Tiara classification process is the same in both steps. Initially, contigs are divided into
5kb fragments, each of which is classified into a class based on the training dataset. Then,
an average probability for each class is calculated for each contig, based on their
fragment's classification. If the probability of a class is higher than a threshold (we used
the default value 0.65), the contig is assigned to that class. However, if no individual
probability exceeds the threshold, the contig is classified as unknown, unless the
cumulative probabilities of bacteria and archaea together surpass it, then is classified as
prokaryote.

Binning (metaWrap)

The binning step consists of grouping the contigs that belong to the same genome in the
same 'bin’, so each 'bin' contains a MAG. This task is especially difficult in metagenomics
studies because there’s not a reference genome that could be used as a template to
assemble the contigs.

Prokaryotic contigs binning was conducted in two stages. Initially, due to the absence of
consensus on the "best" binner, three binning versions were created using CONCOCT
(Alneberg et al., 2013), Metabat2 (Kang et al., 2019), and MaxBin2 (Wu et al., 2016) (Fig.
3.1.E). Subsequently, the three versions were refined into more complete bins running
the metaWRAP-Bin_refinement module (Uritskiy et al., 2018) (Fig. 3.1.F). However, for
the eukaryotic contigs binning, only the first stage was applied because previous tests
indicated that the metaWRAP-Bin_refinement module required a significant amount of
time for eukaryotic contigs. Despite CONCOCT, Metabat2 and Maxbin2 being
independent tools, we executed them using the metaWRAP-Binning module.

CONCOCT uses Gaussian mixture models (GMMs) (Fraley, 1998) to cluster contigs into
genomes based on sequence composition (k-mer frequencies) and coverage across
multiple samples. It determines the number of different genomes performing a model
selection using the Bayesian information criteria (BIC) (Fraley, 1998).

MaxBin2 estimates the number of bins using single-copy marker genes. It also calculates
tetranucleotide frequencies and contigs coverage levels. With all this information, an
expectation-maximization (EM) algorithm calculates the probability that a contig belongs
to a bin and makes the bins.
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MetaBAT2 computes for each contig pair, the abundance distance probability (ADP) and
the tetranucleotide frequency distance probability (TDP), which is calculated from a
distribution model from 1,414 reference genomes. Both probabilities are then
combined, and the resulting distance is used to build a distance matrix, based on which,
bins are iteratively made.

The metaWRAP-Bin_refinement module produces a different bin set based on the
original ones using Binning_refiner (Song & Thomas, 2017). Then, CheckM (Parks et al.,
2015) identifies single-copy genes expected in the genome of each bin's taxonomy, both
in the original set and the refined bins. Based on this data, completion! and
contamination? metrics are computed. We set thresholds of 50% for minimum
completion and 10% for maximum contamination to determine output bins.

Completeness estimation (BUSCO)

Once we had the MAGs (or bins), we estimated their completeness using BUSCO
(Benchmarking Universal Single-Copy Orthologs) (Manni et al., 2021) (Fig. 3.1.G). It
encompasses 193 odb10 (OrthoDB v10) data sets. When a sequence is provided, a
phylogenetic approximation is performed to select the most appropriate dataset. This
process is carried out using the 'auto-lineage' option, which places the input sequence
within a set of precomputed phylogenetic trees using SEPP (Warnow, 2015) and pplacer
(Matsen et al., 2010). Subsequently, if the input sequence is classified as bacterial,
archaeal, or viral, Prodigal (Hyatt et al., 2010) performs gene prediction. For eukaryotic
sequences, MetaEuk (Levy Karin et al., 2020) is used for this task. Finally, HMM (Eddy,
2011) compares the predicted genes with those in the dataset, classifying matches as
unique, duplicated, fragmented or missing. Then, calculates the completeness by
calculating the ratio of unique and duplicated matches to the total number of genes in
the assigned set.

We defined a criterion to select the complete MAGs based on the BUSCO completeness
metric. Prokaryote complete MAGs were those with a completeness above 70% and
eukaryote ones were those with a completeness greater than 50%.

3.3 MAGs taxonomical classification

We classified complete MAGs with three different methods to compare the classification
results (Fig. 3.1.H).

1. Completion: “percentage of expected single-copy genes that is found in a bin” (Uritskiy et al.,
2018)

2. Contamination: “percentage of single-copy genes that are found in duplicate” (Uritskiy et al.,
2018)
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Bin Annotation Tool (BAT)

Initially, BAT predicts Opening Reading Frames (ORFs) for each MAG using Prodigal. Next,
DIAMOND (Buchfink et al., 2015) queries the predicted ORFs protein translations to the
National Center for Biotechnology Information (NCBI) non-redundant protein database
(nr) (Sayers et al., 2022). Then, each ORF is classified by determining the Last Common
Ancestor (LCA) of all hits within a specified range of the top hit (parameter r), and the
top-hit bit-score is registered for the subsequent step. Finally, each MAG is classified
based on all its ORFs’ classifications and its corresponding bit-score, evaluating total bit-
score evidence to assign each MAG to a taxon.

rRNA-based classification (rRNA-BC)

Using rrn-hmmer, a tool developed by members of our group, we extracted the rRNA
operons from each MAG. This tool utilizes an hmm profile constructed using rRNA
sequences to identify similar patterns in the provided MAG rRNA sequences. It's
important to note that the hmm profile differs between eukaryotes and prokaryotes due
to variations in their rRNA sequences. The tool also filters out rRNA sequences that are
shorter than 4500 bases in eukaryotes and 3500 bases in prokaryotes.

For MAGs classification, we submitted prokaryotic MAGs rRNA sequences to SILVA, a
specialized database for rRNA. SILVA compared these sequences against its database, as
well as those in the European Nucleotide Archive (ENA), Genome Taxonomy Database
(GTDB), All-Species Living Tree (LTP), and Ribosomal Database Project (RDP), providing
classifications from each database. The MAGs rRNA sequences of eukaryotic bacteria
were submitted to BLAST (Basic Local Alignment Search Tool), which compared them
with the sequences in the NCBI database and provided taxonomic classifications
accordingly.

GTDB-Tk classify workflow

The GTDB-Tk (Chaumeil et al., 2020) classification tool places MAGs in a reference tree
and classifies each MAG based on the tree's topology. When rank assignments are
ambiguous, RED (Parks et al., 2018) value is used to resolve them. In addition, species
assignments are established using ANI, as calculated with FastANI (Jain et al., 2017).

To place the MAGs in the reference tree, GTDB-Tk first predicts and identifies genes using
Prodigal and HMM. Subsequently, each genome is assigned to the domain with the
highest proportion of identified marker genes. The selected domain-specific markers are
aligned with HMMER, concatenated into a single multiple sequence alignment, and
trimmed with the ~5000-column bacterial or archaeal mask used by GTDB-Tk. Then,
FastTree (Price et al., 2009, 2010) with pplacer places the genomes into the domain-
specific reference tree, which contains the reference genomes of the GTDB-Tk release
220.
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3.4 MAGs phylogenomic placement

As we didn’t find any eukaryotic microorganism, we only did a phylogenomic placement
for prokaryotic MAGs.

We built two phylogenomic trees with the obtained MAGs using two different tools,
VBCG (Tian & Imanian, 2023) and GTDB-Tk (Fig. 3.1.1). While VBCG tool builds the tree
only using the provided MAGs and just 20 bacterial core genes, GTDB-Tk tool also
includes reference genomes from the GTDB database and uses 120 bacterial and 122
archaeal marker genes.

GTDB-Tk de novo workflow

GTDB-Tk places provided genomes within the reference tree using de novo workflow. It
places them as explained before (3.3: MAGs taxonomical classification; GTDB-Tk classify
workflow). Given that our bacterial tree comprised 107,262 sequences and it was very
difficult to edit, we repeated the procedure, this time filtering the reference genomes
aligned with HMM and selecting those closely placed to the provided MAGs.

VBCG

VBCG first uses Prodigal to predict the gene and protein sequences of the provided
MAGs. Then, HMM is used to identify the 20 validated bacterial core genes (VBCG).
Muscle (Edgar, 2004) aligns them and Gblocks (Castresana, 2000) select conserved
blocks. After, alignments are concatenated and MAGs that have four or less unique
marker genes are removed. Finally, FastTree builds the tree with the concatenated
alignments.

3.5 MAGs Factory script

We automated the MAGs extraction in a Python script (Code S1). It integrates the steps
from metagenome assembly (Fig. 3.1.C) to binning refinement (Fig. 3.1.F).

From lines 001 to 010 we import all the necessary modules to execute the script. From
lines 012 to 049 we define all the path variables. Note that all of them depend on the
MOTHER_DIR variable, which contains the path to the directory where all the other
directories are placed. From lines 053 to 286 we define the 18 functions that later we
call. Finally, from lines 294 till the end, eight steps are carried out to extract the MAGs.

The first step consists of submitting the megahit jobs to Condor (lines 294 to 299). To
avoid the execution of next steps before the end of these jobs, we made a loop that only
ends when none of the job IDs is in the condor queue (lines 301-318). In the second step,
we execute a bash script that groups in the same file all the contigs that belong to the
same (meta)genome (lines 321-325).

The third step consists of submitting the Tiara jobs to Condor (lines 327-331). Next, we
use the same strategy as in Megahit to wait until the end of these jobs (lines 333-350).

7
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In the fourth step, we run a bash script that moves the contigs into ‘euk’ or ‘prok’
directories based on their Tiara classification (lines 356-359).

All the remaining steps involve metawrap tasks (lines 364-399). In the fifth step, we run
a bash script that renames the original genomes and move them to another folder (line
366), which will be a metawrap input. Then, in the sixth step, with the execution of other
bash script the file names of these new folder are written in a file called datasets.txt (line
370), which also will be a metawrap input. The seventh step consists of submitting the
metawrap jobs to condor (line 374). Here, we wait again for the jobs end with the same
loop as before (lines 377-393). Finally, in the eight step, with the MAGs already build, the
last bash script is executed to rename the MAGs and assign them an unique ID (line 398).

4. RESULTS
4.1. Metagenomes

We obtained MAGs from all processed (meta)genomes (Table 4.1), with a mean number
of 5.7 MAGs per (meta)genome. Although we found prokaryotic MAGs in all the
(meta)genomes, complete ones were only present in those (meta)genomes that had a
genomic source. Conversely, complete eukaryotic MAGs were only found in
(meta)genomes with a transcriptomic source.



Table 4.1 | (Meta)genomes metadata. All (meta)genomes platform is Illumina. Numbers between brackets in “Prok MAGs” and “Euk MAGs” represent the number of complete MAGs, that is the
number of MAGs that had a BUSCO completeness above 70% in prokaryotes and above 50% in eukaryotes. Bold (meta)genomes are the ones, who’s MAGs are placed in tree of Fig. 4.2.

. . . . Contigs ) Prod. Prok. Euk.
Genome run Sample name Submiter Organism Samplinglocation Instrument Strategy Source M) Bases (G) Tissue MAGs MAGs MAGs
DRR235373 SAMD00231992 AORI F.ancora Kenting National Park, Taiwan HiSeqXTen RNA-Seq T 34.0 10.2 ovaries 5 2(0) 3(2)
DRR235374 SAMD00231993 AORI F. ancora Kenting National Park, Taiwan HiSeqXTen RNA-Seq T 33.4 10.0 ovaries 6 2(0) 4(2)
DRR235375 SAMD00231994 AORI F. ancora Kenting National Park, Taiwan HiSeqXTen RNA-Seq T 33.9 10.2 ovaries 5 2(0) 3(1)
DRR235376 SAMD00231995 AORI F.ancora Kenting National Park, Taiwan HiSeqXTen RNA-Seq T 33.5 10.0 ovaries 5 2(0) 3(2)
DRR235377 SAMD00231996 AORI F.ancora Kenting National Park, Taiwan HiSeqXTen RNA-Seq T 33.5 10.0 ovaries 5 2(0) 3(1)
DRR235378 SAMD00231997 AORI F. ancora Kenting National Park, Taiwan HiSegXTen RNA-Seq T 34.1 10.2 ovaries 6 2(0) 4(2)
DRR235379 SAMD00231998 AORI F.ancora Kenting National Park, Taiwan HiSeqXTen RNA-Seq T 33.4 10.0 ovaries 5 2(0) 3(2)
DRR235380 SAMD00231999 AORI F. ancora Kenting National Park, Taiwan HiSeqXTen RNA-Seq T 33.4 10.0 ovaries 5 2(0) 3(1)
DRR235381 SAMD00232000 AORI F.ancora Kenting National Park, Taiwan HiSeqXTen RNA-Seq T 33.4 10.0 ovaries 5 2(0) 3(2)
DRR235382 SAMD00232001 AORI F.ancora Kenting National Park, Taiwan HiSeqXTen RNA-Seq T 33.4 10.0 ovaries 6 2(0) 4(1)
DRR235383 SAMD00232002 AORI F. ancora Kenting National Park, Taiwan HiSeqXTen RNA-Seq T 33.5 10.0 ovaries 5 1(0) 4(2)
DRR235384 SAMD00232003 AORI F.ancora Kenting National Park, Taiwan HiSeqXTen RNA-Seq T 33.7 10.1 testes 6 2(0) 4(3)
DRR235385 SAMD00232004 AORI F. ancora Kenting National Park, Taiwan HiSegXTen RNA-Seq T 33.7 10.1 testes 4 2(0) 2(2)
DRR235386 SAMD00232005 AORI F.ancora Kenting National Park, Taiwan HiSeqXTen RNA-Seq T 334 10.0 testes 6 2(0) 4(1)
DRR235387 SAMD00232006 AORI F. ancora Kenting National Park, Taiwan HiSeqXTen RNA-Seq T 34.0 10.2 testes 5 2(0) 3(1)
DRR235388 SAMD00232007 AORI F.ancora Kenting National Park, Taiwan HiSeqXTen RNA-Seq T 33.8 10.1 testes 6 2(0) 4(2)
DRR235389 SAMD00232008 AORI F.ancora Kenting National Park, Taiwan HiSeqXTen RNA-Seq T 34.0 10.2 testes 5 1(0) 4(1)
DRR235390 SAMD00232009 AORI F.ancora Kenting National Park, Taiwan HiSeqXTen RNA-Seq T 33.4 10.0 testes 5 2(0) 3(1)
DRR235391 SAMD00232010 AORI F.ancora Kenting National Park, Taiwan HiSeqXTen RNA-Seq T 33.5 10.1 testes 5 1(0) 4(1)
DRR235392 SAMD00232011 AORI F. ancora Kenting National Park, Taiwan HiSeqXTen RNA-Seq T 33.6 10.1 testes 5 1(0) 4(2)
DRR235393 SAMD00232012 AORI F.ancora Kenting National Park, Taiwan HiSeqXTen RNA-Seq T 33.6 10.1 testes 5 2(0) 3(2)
DRR235394 SAMD00232013 AORI F. ancora Kenting National Park, Taiwan HiSeqXTen RNA-Seq T 33.8 10.1 testes 5 2(0) 3(2)
DRR235395 SAMD00232014 AORI F.ancora Kenting National Park, Taiwan HiSeqXTen RNA-Seq T 33.8 10.1 testes 5 2(0) 3(1)
ERR2188869 SAMEA104366359 REFUGE2020 A. tenuis - Il. HiSeq 2000 WGS G 242.7 48.5 - 6 1(0) 5(2)
ERR2190369 SAMEA104368292 REFUGE2020 F. fungites Great Barrier reef/Red Sea IL. HiSeq 2000 WGS G 165.7 49.7 Sperm 5 5(2) 0(0)
ERR2191367 SAMEA104368919 REFUGE2020 G. fascicularis Great Barrier reef/Red Sea Il. HiSeq 1500 WGS G 170.0 51.0 Sperm 3 3(1) 0(0)
ERR2192880 SAMEA104372105 REFUGE2020 P. speciosa Australia Il. HiSeq 2500 RNA-Seq T 238.7 47.7 - 7 2(0) 5(2)
ERR2216064 SAMEA104421631 Penn State C. cruxmelitensis Chimney Rock, England NextSeq 500 WGS G 324 9.0 - 6 6(5) 0(0)
ERR2216065 SAMEA104421631 Penn State C. cruxmelitensis Chimney Rock, England NextSeq 500 WGS G 33.7 9.5 - 8 8(5) 0(0)
ERR2216066 SAMEA104421631 Penn State C. cruxmelitensis Chimney Rock, England NextSeq 500 WGS G 33.6 9.3 - 7 7(4) 0(0)
ERR2216067 SAMEA104421631 Penn State C. cruxmelitensis Chimney Rock, England NextSeq 500 WGS G 33.3 9.4 - 8 8(5) 0(0)
ERR571458 SAMEA2673766 REFUGE2020 P. lutea Orpheus Island, Australia Il. HiSeq 2500 WGS G 74.7 22.4 Sperm 1 0(0) 1(0)
ERR571459 SAMEA2673766 REFUGE2020 P. lutea Orpheus Island, Australia IL. HiSeq 2500 WGS G 147.1 44.1 Sperm 13 11(6) 2(0)
ERR571463 SAMEA2673766 REFUGE2020 P. lutea Orpheus Island, Australia IL. HiSeq 2500 WGS G 99.2 29.8 Sperm 9 7(3) 2(0)
ERR571494 SAMEA2675461 REFUGE2020 P. lutea Orpheus Island, Australia Il. HiSeq 2000 EST T 146.2 29.2 - 8 1(0) 7(2)

AORI: Atmosphere and Ocean Research Institute (The University of Tokyo), REFUGE2020: Reef Future Genomics 2020 consortium, Penn State: Pennsylvania State University, Prok. MAGs:
Prokaryotic MAGs, Euk. MAGs: Eukaryotic MAGs, F. ancora: Fimbriaphyllia ancora, A. tenuis: Acropora tenuis, F. fungites: Fungia fungites, G. fascicularis: Galaxea fascicularis, P. speciosa:
Pachyseris speciosa, C. cruxmelitensis: Calvadosia cruxmelitensis, P. lutea: Porites lutea, 1l.a: lllumina, RNA-Seq: RNA sequencing, WGS: Whole Genome Sequencing, EST: Expressed sequence tag,
T: transcriptomic, G: genomic.
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4.2. MAGs

From the 35 coral metagenomes analysed (Table 4.1), 201 MAGs were extracted (Table
4.2). According to BUSCO classification, 101 were bacterial and 100 were eukaryotic.
Thirty-one prokaryotic MAGs had a BUSCO completeness above 70% (Table 4.3), while
thirty-six eukaryotic MAGs had a BUSCO completeness above 50% (Table S1).

Table 4.2 | MAGs count. The number of metagenomes samples analysed of each coral specie is shown in
brackets.

Eukaryote Prokaryote Total
uncompl. compl. total uncompl. compl. total

Acropora tenuis (1) 3 2 5 1 0 1 6
Calvadosia cruxmelitensis (4) 0 0 0 10 19 29 29
Fimbriaphyllia ancora (23) 48 30 78 42 0 42 120
Fungia fungites (1) 0 0 0 3 2 5 5
Galaxea fascicularis (1) 0 0 0 2 1 3 3
Pachyseris speciosa (1) 3 2 5 2 0 2 7
Porites lutea (4) 10 2 12 10 9 19 31
Total (35) 64 36 100 70 31 101 201

uncompl.: uncomplete MAGs (under BUSCO completeness threshold).
compl.: complete MAGs (above BUSCO completeness threshold).

From the complete MAGs, eukaryotes (Table S1) had significantly more contigs than
prokaryotes (Table 4.3). The average number of contigs in eukaryote complete MAGs
was 25071 contigs/genome, while in prokaryotes was 900 contigs/genome. However,
N50 contig length was bigger in prokaryote complete MAGs (39337 bp) than in eukaryote
ones (2292 bp).

Table 4.3 shows an overview of the complete prokaryotic MAGs metrics. MAGs names
are composed by its genome run name, an abbreviation of their coral host, and a unique
number that acts as the MAG id, so it’s unique for each MAG. Note that all bacterial
complete MAGs that exceed the completeness threshold belong to G. fascicularis, P.
lutea, F. fungites or C. cruxmelitensis corals.
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Table 4.3 | Metrics of complete prokaryotic MAGs. GTDB column shows if the MAG is placed in the reference tree (Y) or not (N) and in brackets the number of single marker genes

identified of the 120 marker genes set.

Contig N50

Completeness

Single BMG

Duplicated

Sin./Dupl.

GTDB (No. single

MAG name Coral specie No. of contigs (bp) (%) (%) BMG (%) BMG No. BMG MG of 120)
ERR2191367_Gfas_01 G. fascicularis 393 25031 96.1 96.1 0.0 - 688 Y (114)
ERR2190369_Ffun_02 F. fungites 1574 9462 83.2 79.1 4.1 19.3 688 Y (64)
ERR571459_Plut_03 P. lutea 124 68262 94.1 94.0 0.1 940.0 688 Y (110)
ERR571459_Plut_04 P. lutea 452 68262 98.9 98.8 0.1 988.0 688 Y (116)
ERR2190369_Ffun_05 F. fungites 679 13019 90.2 89.2 1.0 89.2 688 Y (100)
ERR2216064_Ccrux_06 C. cruxmelitensis 39 61118 74.7 74.5 0.2 372.5 432 Y (101)
ERR2216067_Ccrux_07 C. cruxmelitensis 34 64630 76.6 76.6 0.0 - 124 Y (96)
ERR2216066_Ccrux_08 C. cruxmelitensis 31 62155 77.4 77.4 0.0 - 124 Y (96)
ERR2216065_Ccrux_09 C. cruxmelitensis 42 49347 83.1 82.9 0.2 414.5 432 Y (116)
ERR2216065_Ccrux_10 C. cruxmelitensis 711 23579 87.5 87.3 0.2 436.5 432 Y (120)
ERR2216067_Ccrux_11 C. cruxmelitensis 91 64595 87.2 87.0 0.2 435.0 432 Y (119)
ERR2216064_Ccrux_12 C. cruxmelitensis 1575 2514 100.0 82.3 17.7 4.6 124 Y (74)
ERR571463_Plut_13 P. lutea 1148 3758 72.1 69.3 2.8 24.8 833 Y (102)
ERR571459_Plut_14 P. lutea 118 71781 78.0 76.7 1.3 59.0 833 Y (80)
ERR571459_Plut_15 P. lutea 117 71516 97.3 94.8 2.5 37.9 833 Y (108)
ERR571459 _Plut_16 P. lutea 923 5518 83.4 83.2 0.2 416.0 833 Y (105)
ERR571459_Plut_17 P. lutea 745 5748 81.6 81.4 0.2 407.0 833 Y (106)
ERR571463_Plut_18 P. lutea 682 9896 90.9 90.4 0.5 180.8 833 Y (107)
ERR571463_Plut_19 P. lutea 510 10582 91.0 90.6 0.4 226.5 833 Y (111)
ERR2216065_Ccrux_20 C. cruxmelitensis 160 58182 90.3 90.3 0.0 - 124 Y (113)
ERR2216067_Ccrux_21 C. cruxmelitensis 57 71870 89.5 89.5 0.0 - 124 Y (113)
ERR2216067_Ccrux_22 C. cruxmelitensis 153 63741 89.5 89.5 0.0 - 124 Y (113)
ERR2216065_Ccrux_23 C. cruxmelitensis 61 67978 88.7 88.7 0.0 - 124 Y (111)
ERR2216066_Ccrux_24 C. cruxmelitensis 55 73460 72.6 72.6 0.0 - 124 Y (99)
ERR2216066_Ccrux_25 C. cruxmelitensis 181 71186 89.5 88.7 0.8 110.9 124 Y (110)
ERR2216064_Ccrux_26 C. cruxmelitensis 164 51364 89.5 88.7 0.8 110.9 124 Y (112)
ERR2216064_Ccrux_27 C. cruxmelitensis 65 60463 87.1 86.3 0.8 107.9 124 Y (106)
ERR2216064_Ccrux_28 C. cruxmelitensis 4169 2639 100.0 24.2 75.8 0.3 124 N (3)
ERR2216065_Ccrux_29 C. cruxmelitensis 4392 2548 100.0 21.0 79.0 0.3 124 N (0)
ERR2216066_Ccrux_30 C. cruxmelitensis 4288 2544 100.0 22.6 77.4 0.3 124 N (2)
ERR2216067_Ccrux_31 C. cruxmelitensis 4156 2705 100.0 21.0 79.0 0.3 124 N (1)

G. fascicularis: Galaxea fascicularis, P. lutea: Porites lutea, F. fungites: Fungia fungites, C. cruxmelitensis: Calvadosia cruxmelitensis, BMG: BUSCO Marker Genes, MG: marker genes
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4.3. MAGs taxonomic assignment
Prokaryotic MAGs
According to taxonomic classifications, we split the 31 MAGs into eight groups (Fig. 4.1).

All successful classifications for MAGs 1-5 were agree! (Fig. 4.1). GTDB-Tk provided the
most specific classification, it classified all of them till the specie Comamonas
acidovorans (Table S2). ENA, RDP and SLV did it in the same way for three of the five
MAGs but only till Delftia genus, which is equivalent to Comamonas (Bilgin et al., 2015).
BAT classified all of them till the order Burkholderiales.

MAGs 6-12 classifications were agreed till Alphaproteobacteria class (Fig. 4.1). While
GTDB-Tk was able to classify all of them till family range, BAT did it only till phylum,
except in one case that also specified the class (Table S2). RDP and SLV classified three
MAGS till genus and family respectively. GTDB-Tk and RDP and SLV differ in the order
classification, GTDB-Tk classified them inside UBA8366 and RDP and SLV inside
Rhodospirillales order. However, RDP and SLV classified them in different families. RDP
did it inside Rhodospirillaceae and SLV inside Terasakiellaceae family.

Domain Phylum Class Order Family Genus Specie
5
5
3
MAGs 1-5 3
3
Bacteria Pseudomonadota Gammaproteobacteria Burkholderiales Burkholderiaceae Comamonas C. acidovorans
6 1
7
MAGs 6-12 z 3
Bacteria Pseudomonadota Alphaproteobacteria
1
MAG 13 1
Bacteria Pseudomonadota Alphaproteobacteria Rhodobacterales Rhodobacteraceae Thalassobius T. autumnalis
2
MAGs 14-15 . 2
Bacteria Pseudomonadota Alphaproteobacteria Rhodobacterales Rhodobacteraceae Thalassococcus T. halodurans
4
MAGs 16-19 . : T 4
Bacteria Pseudomonadota Alphaproteobacteria Rhodobacterales Rhodobacteraceae Maritimibacter M. harenae
7
8
MAGs 20-27 o 2
Bacteria
2
MAGs 28-30 2
Bacteria
1
MAG 31 i
Bacteria Bacteroidota Bacteroidia Flavobacteriales  Flavobacteriaceae Polaribacter
BAT GTDB-Tk ENA RDP SLV

Figure 4.1. MAGs taxonomical classification comparison between different tools. Colour bars represent the maximum
range where each tool has classified the MAGs. Numbers inside colour bars represent the number of MAGs of the groups
that has been classified till this range. Behind colour bars is shown the classification in which tools has not contradictions.
It does not show the failed classifications, where MAG was not classified.

1Table S2, which shows classification of each MAGs, shows discrepancies in the class and assignation.
This is because Betaproteobacteria class, within BAT, ENA and RDP classified MAGs 1-5, is included in
Gammaproteobacteria class in GTDB and SLV databases (Parks et al., 2018).
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MAGs 13-19, were all classified successfully by BAT and GTDB-Tk, and both classifications
agreed (Fig. 4.1). MAGs 13 and 16-19 were classified by BAT and GTDB-Tk till specie, as
Thalassobius autumnalis and Maritimibacter harenae respectively (Table S2). Whereas
MAGs 14 and 15 were classified by BAT till genus and by GTDB-Tk till Thalassococcus
halodurans specie. MAGs 20-27 were all classified by BAT till phylum Proteobateria (also
named Pseudomonadota), however, GTDB-Tk classified all of them inside XYD2-FULL-50-
16 order, which is inside SAR324 phylum. RDP classified two MAGs inside Aestuariispira
genus, and SLV classified the same two inside Terasakiellaceae family. Both taxa are
inside of Proteobacteria phylum.

BAT did not assign to the remaining MAGs any phylum classification (Fig. 4.1), it only
indicated that they were inside Bacteria domain (Fig. 4.1). GTDB-Tk did not assign any
classification to those MAGs because in the align step less than 4 marker unique genes
were identified. MAG number 31 was classified by ENA, RDP and SLV inside Polaribacter
genus (Table S2), which is inside Bacteroidota phylum. Finally, two of the three remaining
MAGs were classified by RDP inside Aestuariispira genus and by SLV inside
Terasakiellaceae family.

The GTDB and LTP databases did not provide any classification for the rRNA sequences
of the submitted MAGs.

Eukaryotic MAGs

All classifications for eukaryotic MAGs corresponded to coral genomes (Table S3). BAT
classified all the eukaryotic complete MAGs inside the Scleractinia order, except two that
were unclassified. BLAST only found results for 15 of the 36 eukaryotic MAGs (Table S3).
It classified the MAGs coming from A. tenuis and the MAGs coming from P. Jutea as the
same specie coming from. Nine F. ancora MAGs as the 6 G. fascicularis chromosome,
and the P. speciosa MAGs as Siderastrea sidereal 13" chromosome.

4.4, Phylogenomic placement of prokaryotic MAGs

Twenty-seven prokaryotic MAGs were successfully placed in the GTDB reference tree
(Fig. 4.2). The remaining four were excluded by the tool because in the align step less
than 4 marker unique genes were identified (Table 4.3).

In https://github.com/moscatlauramartinez/TFM MAGs Factory is the GTDB tree
including our MAGs. Since we could not edit this tree, we present a smaller version in

Figure 4.2. This version was generated using the same tool but only includes the GTDB
genomes that were closest to our MAGs in the original.

The analysed MAGs were placed into two different phyla: 19 within Pseudomonadota
and 8 within SAR324. Five Pseudomonadota MAGs (1-5) were placed inside Comamonas
genus, which belongs to Gammaproteobacteria class, order Burkholderiales and
Burkholderiaceae B family. The nearest specie of these five MAGs was C. acidovorans.
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The remaining 14 Pseudomonadota MAGs were assigned to the Alphaproteobacteria
class. Of these, seven were placed in the Rhodobacterales order and Rhodobacteraceae
family. Within this group, one MAG (13) was placed in the Thalassobius genus, with T.
autumnalis being the nearest specie. Two MAGs (14,15) were placed next to
Thalassococcus genus, with T. halodurans as the closest species, and four MAGs (16-19)
were placed in the Maritimibacter genus, with M. harenae as the nearest specie. The
remaining seven Alphaproteobacteria MAGs (7-12) could not be assigned to any specific
order, but their closest sequence was identified as JAQWUYO01 sp..

All MAGs in the SAR324 phylum (20-17) were placed under the SAR324 class and XYD2-
FULL-50-16 order. These MAGs could not be placed within any family or genus, but their
nearest sequence was JAERRUO1 sp., a contig isolated from a gas hydrate in the Gulf of
Mexico that is classified under the JAERRUO1 family and genus.

VBCG tree (Fig. S1) placed 25 of the 31 provided MAGs, grouping them in the same way
as GTDB-Tk. The seven unplaced MAGs did not have enough marker genes.
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Figure 4.2. GTDB phylogenetic tree. It contains 27 of the 31 prokaryote MAGs placed.
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5. DISCUSSION
5.1. MAGs production

As seen in Table 4.1, all processed (meta)genomes produced MAGs. However, we can
see a clear relationship between the domain of the complete MAGs produced and the
sequencing strategy. This distinction is due to the method of the sequencing strategy.
RNA sequencing (RNA-seq) involves sequencing mRNA by anchoring the adapter to the
poly(A) tail of mRNA (Yu etal.,, 2020). The fact is that this tail is only present in
eukaryotes' mRNAs, leading to exclusive sequencing of eukaryote cells. Therefore, we
did not obtain prokaryotic complete MAGs from (meta)genomes sequenced by this
method because as any prokaryotic cell had mRNA with a poly(A) tail. On the contrary,
WGS sequences all DNAs, so the lack of complete eukaryotic MAGs in WGS sequenced
(meta)genomes could be due to the predominance of prokaryotic cells in the coral
holobiont.

As each coral specie is sequenced with one technique only, in any case we have obtained
complete MAGs from both domains, except in P. lutea. In this coral, we obtained
complete prokaryotic MAGs from the WGS sequenced (meta)genomes and one
eukaryotic MAG from the (meta)genome sequenced by Expressed Sequence Tags (EST).

5.2. Prokaryotic MAGs BUSCO’s completeness

According to BUSCQO’s completeness values (Table 4.3), MAGs 28-31 are the most
complete, achieving 100% completeness. However, they have not been included in the
GTDB reference tree due to the lack of marker genes, which appears to be contradictory.

Note that the proportion of single/duplicate BUSCO marker genes in the unplaced MAGs
(28-31) is significantly lower than in the included ones. In fact, metawrap considers
duplicated single-copy genes a contamination metric. Additionally, the unplaced MAGs
(28-31) had a higher number of contigs and a much lower N50 contig length, indicating
a high level of fragmentation. For future selection of complete MAGs, we recommend
evaluating not only MAG completeness but also single/duplicated proportion, number
of contigs, and N50 length.

5.3. MAG’s discrepant classifications

As seenin Figure 4.1, Table S2, and Table S3, different tools sometimes provided different
classifications for the same MAG. These discrepancies occur because each method uses
different parts of the MAG for classification. We used three different methods to classify
MAGs: BAT, GTDB-Tk, and rRNA-BC. BAT classifies genomes based on ORFs, rRNA-BC uses
rRNA sequences, and GTDB-Tk relies on a set of 120 marker genes. Since the sequences
selected for comparison with the database differ in each case, the classifications do not
always match. In fact, these tools classify only the selected sequences from the MAG,
not the entire MAG itself.
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Additionally, the same sequences can provide different classifications when compared
with different databases. This happened with prokaryote MAGs 6-12 (Table S2); ENA did
not classify these MAGs, RDP classified them as belonging to the Aestuariispira genus,
and SLV classified them as part of the Terasakiellaceae family. A possible explanation is
that each database compares the provided rRNA sequences with their reference
sequences in different ways.

5.4. Absence of microeukaryotic organisms

The fact that we did not find eukaryotic MAGs is not because there are none. It is
probably because there was much more genetic material from the coral than from the
associated microeukaryotes.

Since we did not remove the coral genome from the downloaded meta(genome) sample,
it makes sense that we found coral genomes in the eukaryote MAGs (Table S3). BAT
classified all MAGs within the Scleractinia order, which is logical because all the corals
these MAGs belong to are from this order.

BLAST classified the MAGs of A. tenuis and P. lutea as the same species. This means that
the rRNA of these two species is well differentiated from others. Furthermore, BLAST
classified F. ancora MAGs as G. fascicularis, both of which belong to the Euphylliidae
family. This indicates that the rRNA of these two species is not very different, which is
not surprising since they belong to the same family. However, P. speciosa MAGs were
classified as S. siderea coral, which is also a scleractinian coral, but belongs to a different
family.

5.5. Phylogenetic trees

All GTDB-Tk MAGs classifications are consistent with their placement in the GTDB tree,
except in MAGs 6-12 classifications. These are classified by GTDB-Tk inside the
Alphaproteobacteria class, UBA8366 order and GCA-2696645 family (Table S2).
However, in the GTDB reference tree, they are placed outside the UBA8366 order (Fig.
4.2). It may be that these discrepancies are due to small differences between the GTDB-
Tk classifying workflow and the GTDB-Tk de novo workflow.

GTDB-Tk was able to place 27 of the 31 complete prokaryotic MAGs (Fig. 4.2), two more
than VCBG, which placed 25 (Fig. S1). Both tools grouped the MAGs in the same way.
This could be due to the fact that 19 of the 20 marker genes used by VBCG, are also
included in the 120 marker gene set used by GTDB-Tk.

We gave more importance to the GTDB tree because the reference genomes provided
more information about the MAGs context. Furthermore, its bootstrap values were
much higher than the VBCG ones, which provided us with more confidence. However,
VBCG is much faster, using one node and twelve tasks per node, it lasts 4 min 30 s in
building the tree, while GTBD lasts 36 h and 22 min under the same conditions. We
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consider that VBCG can be useful to have a first and quick approximation of a genome
set clustering and its relationships.

MAGS context

Most of the genomes placed near MAGs 1-5, classified as C. acidovorans (Fig. 4.2), were
not associated with the marine environment. Even so, some of them were isolated from
animal samples.

MAGs 6-19, placed within Alphaproteobacteria class, had marine-related genomes near
them. In addition, some of them were associated with marine animals, such as
Colpophyllia natans or Eunicella verrucosa corals.

All genomes placed within the order XYD2-FULL-50-16, where MAGs 20-27 are, are
related with the marine environment. Those genomes belong to a wide range of
conditions. Note that, near MAGs 20-27, there are genomes associated with corals, such
as P. lutea.

5.6. Coral microbiome diversity

In C. cruxmelitensis metagenome we found seven MAGs (6-12) classified inside
Alphaproteobacteria class and eight more (20-27) inside XYD2-50-16 order (Fig. 5.1).
Note that the four unplaced genomes (28-31) also belong to this coral species.

In P. lutea genomes we found five of the six groups of bacteria placed in the GTDB
reference tree (Fig. 5.1). There are the four MAGs (16-19) classified as M. harenae, the
two MAGs (14, 15) placed next to T. halodurans, two more MAGs (3,4) classified as C.
acidovorans and the one (13) classified as T. autumnalis.

In F. fungites and G. fascicularis genomes we only found two (2, 5) and one (1) C.
acidovorans MAGs respectively.

C. cruxmelitensis P. lutea F. fungites G. fascicularis
Comamonas acidovorans Thalassococcus halodurans Unclassified (Alphaproteobacteria class)
Thalassobius autumnalis B Maritimibacter harenae XYD2-FULL-50-16 order

B Failed MAGs

Figure 5.1. Coral prokaryotic diversity. The photo inside each circle is of the coral it represents. Photos
authors: David Fenwik (C. cruxmelitensis), Emre Turak (P. lutea), Zarinah Waheed (F. fungites), Larry Basch
(G. fascicularis).
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C. acidovorans

In reviewing the literature, no data were found on the association between the
bacterium C. acidovorans and the corals where we found it, P. lutea, F. fungites, or G.
fascicularis. However, previous reports have shown C. acidovorans associated with the
coral Montastraea franksi (Rohwer et al., 2001, 2002). Additionally, a recent study
identified bacteria of the genus Comamonas in P. lutea and G. fascicularis corals (R.-W.
Chen et al., 2024), and Li et al. (2013) reported bacteria of the order Burkholderiales
associated with P. lutea and G. fascicularis.

C. acidovorans is a Gram-negative and motile bacteria widely distributed (Wen et al.,
1999). It can be found causing human infections (Yildiz et al., 2019) as in the marine
environment (Sindhu & Potty, 2015). Comamonas genus bacteria associated with corals
are capable of metabolizing DMSP/DMS (J. Li et al., 2013). These molecules, produced
by marine phytoplankton, promote cloud formation when they are vaporized within
water into the atmosphere, reducing the solar radiation that reaches the earth’s surface
(Hegg et al., 1991).

Rhodobacteraceae family

T. halodurans, T. autumnalis, and M. harenae belong to Rhodobacteraceae family, which
is highly associated with corals (Pujalte et al., 2014; Rubio-Portillo et al., 2016; Luo et al.,
2021). Becker at al. (2021) report the relation between Thalassobius and Thalassococcus
genus with the Stony Coral Tissue Loss Disease (SCTLD).

While T. halodurans was also found Pootakham et al. (2019) in P. lutea, we did not find
any study that reports the presence of T. autumnalis or M. harenae in corals. Even so,
other near bacteria of the Thalassobius genus (Fig 4.2), such as Thalassobius
mediterraneus, were found in P. lutea (Pootakham et al., 2019) and other coral species
(Sekar et al., 2006). However, Maritimibacter genus is not related with any coral specie,
but it does with some fishes (Messyasz et al., 2021).

T. halodurans was isolated for the first time from the marine sponge Halichondria
panicea, in Friday Harbor, San Juan Island, WA, USA (Lee et al., 2007). It is a bacteria
Gram-negative, with gliding motility, strictly aerobic and halophilic. It is Oxidase- and
catalase-positive and it can reduce nitrate to nitrite but not to nitrogen gas (Nz) (Lee
et al., 2007).

T. autumnalis also is a Gram-negative bacteria non-motile and aerobic. Is
chemoorganotroph and oxidase and catalase positive (Pujalte etal.,, 2018). It was
isolated from coastal seawater surrounding cultivated oysters, in the Mediterranean
Sea, at Vinaroz coast, Spain. We did not find any report apart from Pujaltre et al. (2018)
that describes this bacterium.
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M. harenae is Gram-negative, strictly aerobic, and nonmotile. It is positive for glucose
fermentation, nitrate reduction, and catalase and oxidase activities (Khan et al., 2021).
It was isolated from sea sand in South Korea by Khan et al. (2021). Apart from this study,
there’s no literature published that expands the knowledge about this bacterium.

XYD2-FULL-50-16 order

No reports are referring to the order XYD2-FULL-50-16, nor the class SAR324 in the genus
Calvadosia. However, some studies have indicated the presence of bacteria from the
class SAR324 in the water surrounding corals (Doyle et al., 2022). For instance, Jansen et
al. identified this class involved in methane oxidation within the plankton of deep-water
coral reefs at depths of 260—-350 m. Additionally, Glasl et al. (2020) found these bacteria
in the water surrounding shallower corals (less than 10 m depth). Furthermore, bacteria
from the SAR324 phylum were found within P. lutea and G. edwardsi corals, where they
are involved in carbon fixation (Cardenas et al., 2022).
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6. CONCLUSIONS

VI.

Whole Genome Sequencing (WGS) is an effective sequencing technique for
obtaining prokaryotic Metagenome-Assembled Genomes (MAGsS).

The completeness metric provided by BUSCO is not ideal for selecting MAGs, as
it includes duplicated single-copy genes, which indicate contamination. Instead,
unique single-copy genes offer a more accurate measure of MAG completeness.

Our results demonstrate that the MAGs Factory pipeline is well-suited for
obtaining prokaryotic MAGs from coral (meta)genomes. However, it is
insufficient for constructing eukaryotic MAGs from the coral microbiome.

The classification tools in this study sometimes provided varying classifications
for the same MAG because they compared different sequences. BAT classified
MAGs based on ORFs, rRNA-BC used rRNA sequences, and GTDB-Tk relied on a
set of 120 marker genes. Although GTDB-Tk offered the most accurate
classifications, BAT successfully classified almost all MAGs.

We reported, for the first time, the presence of C. acidovorans in the corals P.
lutea, F. fungites, and G. fasciularis, as well as the association of T. autumnalis
and M. harenae with corals, specifically in P. lutea. Additionally, we identified the
class SAR324 as part of the coral microbiome.

In addition to the taxonomic novelties of the coral microbiome, we obtained 31
bacterial genomes. All of them have a completeness greater than 70% according
to BUSCO, and 28 have a unique single-copy gene percentage higher than 72%,
indicating a contamination level below 30%. Analysing these genomes can help
identify genes that enhance our understanding of the role of these bacteria in
the coral holobiont and the functioning of coral gardens.
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8. SUPPLEMENTARY MATERIALS

Code S1. Script that manages and executes Mehagit (Fig. 3.1.C) to Metawap (Fig. 3.1.F) programs.

001. #!/usr/bin/env python
002. import time

003. import glob

004. import argparse

005. import gzip

006. import os

007. from pathlib import Path
008. import re

009. import subprocess
010. import numpy as np
011. import pandas as pd
012. import htcondor

013.
014. # GENERAL DIRS:
015. MOTHER_DIR = '/data/coral/scratch/laura_workflow/testl10/'

016. DATA DIRECTORY = MOTHER DIR + 'data/'

017. OUTPUT DIRECTORY = MOTHER DIR + 'data/metagenomes/"'
018. COMPRESS RATIO = 4

019. WALLTIME_RATIO = 6/2.5 # hours/GB

020. MAXWALLTIME = 24 # hours

021. ALLOWED CPUS = [2**1 for 1 in range(4)]

022. PROGRAM = MOTHER DIR + 'scripts/'

023. LOG_FOLDER = MOTHER DIR + 'processing/'

024.

025. # MEGAHIT DIRS:

026. MEGAHIT DAT DIR = DATA DIRECTORY + 'raw mod'

027. MEGAHIT OUT DIR = OUTPUT DIRECTORY + 'megahit'

028. MEGAHIT PROGRAM = PROGRAM + 'l-megahit/ngs assembly.sh'
029. MEGAHIT LOG DIR = LOG_FOLDER + 'megahit/logs'

030.

031. # NAMES DIR

032. NAMES PROGRAM = PROGRAM + 'others/names.sh'

033.

034. # TIARA DIRS

035. TIARA INP DIR = Path(f'{DATAiDIRECTORY}metagenomes/megahit/batch')
036. TIARA OUT DIR = Path (f'{DATA DIRECTORY}metagenomes/tiara')

037. TIARA PROCESSING FOLDER = Path(_ file ).parent.resolve()
038. TIARA PROGRAM = (TIARA PROCESSING FOLDER / 'run tiara.sh')
039. TIARA LOG_DIR = LOG_FOLDER + 'tiara/logs'

040.

041. # LOOP DIR

042. LOOP_PROGRAM = PROGRAM + 'others/post tiara.sh'
043.

044.

045. # METAWRAP

046. MW raw DIR = DATA DIRECTORY + 'raw'

047. MW_datasets_DIR = PROGRAM + '3-metawrap'

048. MW_1 STEP = PROGRAM + '3-metawrap/first step.sh'
049. MW_2 STEP = PROGRAM + '3-metawrap/second step.sh'
050. MW_3_ STEP = PROGRAM + '3-metawrap/metawrap.sub'’
051. MW 4 STEP = PROGRAM + '3-metawrap/fourth step.sh'

052.

053. # FUNTIONS

054.

055. def def parser():

056.

057. parser = argparse.ArgumentParser ()

058.

059. subparsers = parser.add subparsers (dest='command')

060.

061. # add subparser to get file info

062. parser a = subparsers.add parser('get file info', help='a help')
063. parser a.add argument ('--output', '-o', help='csv to store the file information
to'") - -

064.

065. # add subparser to get dataset resources need
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066. parser b = subparsers.add parser ('resources')

067. parser b.add argument ('--input', '-i', help='csv with file information')
068. parser b.add argument ('--output', '-o', help='csv with dataset resources
information') B B

069.

070. # add subparser to get dataset resources need

071. parser c = subparsers.add parser ('submit')

072. parser c.add argument ('--input', '-i', help='csv with dataset and resources
information')

073.

074. return parser

075.

076.

077. def get fastg file info(fastqg file):

078.

079. # get the first 4 lines of the file containing one read

080. # assuming the structure for each read is the same

081. with gzip.open(fastqg file,'rt') as f:

082. lines = [f.readline() for i in range(4)]

083.

084. # If we want to count the number of lines in the file we can do this
085. # But it takes loooooong

086. #n_lines = 4

087. #for 1 in f:

088. # n lines += 1

089.

090. # Get read length

091. # assuming all reads are equal length

092. read length = len(lines[1]) - 1

093.

094. # Quick and dirty approximation to get the number of reads in a file
095. # assuming fixed compression ratio

096. n_bytes read = sum(map(len, lines))

097. n_bytes file = os.path.getsize(fastq file)

098. n_reads = int(n_bytes file*COMPRESS RATIO/n bytes read)

099.

100. return((fastq file, read length, n_ reads))

101.

102.

103. def get file info(output file):

104.

105. 1 = glob.glob (f'{MEGAHIT DAT DIR}/*fastg*")

106. file info = [get fastq file info(fastqg file) for fastqg file in 1]
107. df = pd.DataFrame.from records(file info, columns=['filename', 'read length',
'n reads']) B B B
108. df.sort _values(by=['filename', 'n reads'], inplace=True)

109. df.to_csv(output file, index=False)

110.

111. def compute dataset resources(file info, file resources):

112.

113. df in = pd.read csv(file info)

114. df in['dataset'] = df in.filename.str.extract (MEGAHIT DAT DIR +
r'/(.*) _[12]\.trim\.fastg\.gz"') -

115. df in['data GB'] = df in.read length*df in.n reads*2/1024/1024/1024
116.

117. df resources = pd.DataFrame(df in.groupby('dataset').data GB.sum())
118. df resources|['request memory GB'] =
np.clip(2**Hp.round(np.log2(df:resourges.dataiGB)), 4, 64)

119. df resources|['cputime h'] = df resources|['data GB']*WALLTIME RATIO
120.

121. df resources|['request cpu'] = np.clip(2**np.ceil(np.log2(df resources.cputime h
/ MAXWALLTIME)), 1, 8)

122. df resources['walltime h'] =
(dfiresourcgs.cputimeih/dfiresoarces.requesticpu).astype('int')

123.

124. df resources.to csv(file resources)

125.

126.

127. def build default resources():

128. '"''Build a dataframe with default resources (8 cores, 64GB RAM)

129. to request for each megahit job'''

29



Laura Moscat Martinez
Final Master Thesis

130.

131. # Identify the datasets in the data directory

132. # by listing the files and getting the identifiers of each sample
133. data_path = Path (MEGAHIT DAT DIR)

134. fastg list = data path.glob('*fastqg')

135. extract dataset = lambda x: re.match(r'(.*) [12]\.trim\.fastq', x.name) [1]
136. datasets = list (set (map(extract dataset, fastq list)))

137.

138. # Build the dataframe with default resources

139. df = pd.DataFrame ({'dataset': datasets,

140. 'request memory GB': 64,

141. 'request cpu': 8

142. 1)

143.

144. return df

145.

146.

147. def submit (dataset resources):

148. ids_list = []

149. if dataset resources:

150. df = pd.read csv(dataset resources)

151. else:

152. df = build default resources()

153.

154. for ind, row in df.iterrows():

155.

156. dataset = row['dataset']

157.

158. # If the output folder already exists raise a warning and continue
159. # it means that the dataset has already been processed
160. output folder = os.path.join(MEGAHIT OUT DIR, dataset)
161. if os.path.exists (output folder):

162. print (f'Output folder for dataset {dataset} already exists, skipping
it")

163. continue

164.

165. idl = submit_single (row)

166. ids list.append(idl)

167. #print (ids_list)

168. return ids_list

169.

170. def submit single(job_description):

171.

172. ds = job description['dataset']

173. output folder = os.path.join(MEGAHIT OUT DIR, ds)

174. ngs_assembly job = htcondor.Submit ({

175. "executable": MEGAHIT PROGRAM,

176. "output": f"{MEGAHIT LOG DIR}/megahit {ds} $(ClusterId).out",
177. "error": f"{MEGAHIT LOG DIR}/megahit {ds} $(ClusterId).err",
178. "log": f"{MEGAHIT LOG DIR}/megahit {ds} $(ClusterId).log",
179. "request cpus": job description['request cpu'],

180. "request memory": f"{job description|['request memory GB']}GB",
181. "texperiment": '"coral\"',

182. "+flavour": '"long"',

183. "environment": f'DATASET={ds}"

184. })

185.

186. schedd = htcondor.Schedd ()

187. submit result = schedd.submit (ngs_assembly job)

188. print (submit result.cluster())

189. id = submit result.cluster()

190. return id

191.

192.

193. def main(args):

194.

195. if args.command == 'get file info':

196. get file info(args.output)

197. elif args.command == 'resources':

198. compute dataset resources (args.input, args.output)

199. elif args.command == 'submit':
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200. ids_list2 = submit (args.input)

201. #print (ids_1list2)

202. return ids_list2

203.

204.

205. def exec bash(script path):

206. try:

207. resultado = subprocess.run(['/bin/bash', script path], check=True,
text=True, capture output=True)

208. print (f"Bash:\n{resultado.stdout}")

209.

210. except subprocess.CalledProcessError as e:

211. print (f"Error Bash: {e}")

212. print (f"Error:\n{e.stderr}")

213.

214.

215. def exec bash larg(programa, argumentol) :

216. try:

217. resultado = subprocess.run([programa, argumentol], check=True, text=True,
capture output=True)

218. print (f"Bash:\n{resultado.stdout}")

219.

220. except subprocess.CalledProcessError as e:

221. print (f"Error Bash: {e}")

222. print (f"Error:\n{e.stderr}")

223.

224. def exec bash 2arg(programa, argumentol, argumento2):

225. try:

226. resultado = subprocess.run([programa, argumentol, argumento2], check=True,
text=True, capture output=True)

227. print (£":Bash:\n{resultado.stdout}")

228.

229. except subprocess.CalledProcessError as e:

230. print (f"Error Bash: {e}")

231. print (f"Error:\n{e.stderr}")

232.

233.

234. def sub condor submit (script path):

235. try:

236. resultado = subprocess.run(['condor submit', script path], check=True,
text=True, capture_ output=True) h a
237. #print (f"Salida del script de Bash:\n{resultado.stdout}")
238.

239. except subprocess.CalledProcessError as e:

240. print (f"Error Bash: {e}")

241. print (f"Error:\n{e.stderr}")

242.

243. frase = resultado.stdout

244, match = re.search(r'cluster (\d+)\.', frase)

245. job _id = match.group (1)

246. return (job_id)

247.

248. def tiara submit():

249. tiara ids list = []

250. for input file in TIARA INP DIR.glob('*contigs fixed.fa'):
251.

252. # check if the file has already been processed

253. contigs_file name = input_ file.name

254, base name = input file.name.split('."') [0]

255. if len(list (TIARA OUT DIR.glob(f'{base name}*'))) > 0:
256. print (f'file {contigs file name} has already been processed')
257. continue

258. id = tiara submit single (input file)

259. tiara ids list.append(id)

260. #print (tiara ids list)

261. return(tiara ids list)

262.

263. def tiara submit single(input file):

264.

265. ds = input file.name.split('.") [0]

266. contigs_file name = input file.name
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267.

268. tiara job = htcondor.Submit ({

269. "executable": str (TIARA PROGRAM),

270. "output": f"{TIARA LOG DIR}/{ds} $(ClusterId).out",
271. "error": f"{TIARA LOG DIR}/{ds} $(ClusterId).err",
272. "log": f"{TIARA LOG DIR}/{ds} $(ClusterId).log",
273. "request cpus": 1.0,

274. "request memory": "8.0GB",

275. "texperiment": '"coral"',

276. "+flavour": '"long"',

277. "environment": f'CONTIGS FILE={contigs_file name}'
278. })

279.

280. #print (tiara job)

281. #return

282.

283. schedd = htcondor.Schedd ()

284. submit result = schedd.submit (tiara job)

285. #print (submit result.cluster()

286. return (submit result.cluster())

287.

288.

289. # CODE

290.

291.

292. # MEGAHIT

293.

294. if name == "' main_ ':

295. print ('>>i MEGAHIT 1/2 (main) has started (1/8): assembling reads into
contigs') a

296. parser = def parser()

297. args = parser.parse_args()

298. ids_list3 = main(args)

299. #print (ids_list3)

300.

301. 1 = 'running jobs'

302. while i == 'running jobs':

303. queue = subprocess.run(['condor g'], capture output=True, text=True)
304. queue_out = queue.stdout

305. i = '"jobs finished'

306. for id in ids 1list3:

307. if str(id) in queue_out:

308. i = 'running jobs'

309. if i == 'running jobs':

310. print ('not all jobs finished')

311. print (queue_ out)

312. print (ids_ 1ist3)

313. time.sleep (5)

314. continue

315. else:

316. print('all jobs finished')

317. print ('>>f MEGAHIT 1/2 (main) has finished')
318. break

319.

320.

321. # NAMES

322. if _name_ == "_main_ ":

323. print ('>>1 MEGAHIT 2/2 (names) has started (2/8): transfering files from
megahit to batch folder') -

324. exec bash (NAMES PROGRAM)

325. print ('>>f MEGAHIT 2/2 (names) has finished')

326.

327. # TIARA
328. print('>>i TIARA 1/2 (main) has started (3/8): domain classification')
329. if name == ' main_':

330. tiara ids DEFlist = tiara submit ()

331. print(tiara ids DEFlist)

332.

333. i = 'running jobs'

334. while i == 'running jobs':

335. queue = subprocess.run(['condor g'], capture output=True, text=True)
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336. queue_out = queue.stdout

337. i = '"jobs finished'

338. for id in tiara ids DEFlist:

339. if str(id) in queue out:

340. i = 'running jobs'

341. if 1 == 'running jobs':

342. print ('not all jobs finished')

343. print (queue out)

344. print (tiara ids DEFlist)

345. time.sleep (5)

346. continue

347. else:

348. print('all jobs finished')

349. print ('>>f TIARA 1/2 (main) has finished')

350. break

351.

352.

353. # LOOP WORKFLOW

354.

355.

356. if name_ == "_main_":

357. print ('>>i TIARA 2/2 (loop) has started (4/8): preparing files for metawrap
assignment') B

358. exec bash (LOOP_PROGRAM)

359. print ('>>f TIARA 2/2 (loop) has finished')

360.

361.

362. # METAWRAP

363.

364. if name_ == "_main_":

365. print ('>>1 METAWRAP 1/4 has started (5/8): coping files from raw mod to raw
folders'") B B
366. exec_bash larg(MW_1 STEP, DATA DIRECTORY)

367. print ('>>f METAWRAP 1/4 has finished')

368. print('-——===----—— ")

369. print ('>>i METAWRAP 2/4 has started (6/8): building datasets.txt file')
370. exec_bash 2arg(MW_2 STEP, MW _raw DIR, MW datasets DIR)

371. print ('>>f METAWRAP72/4 has finished')

372. print('-——-=="--"---——— ")

373. print ('>>i METAWRAP 3/4 has started (7/8): binning contigs')

374. mw_job id = sub_condor submit (MW 3 STEP)

375.

376. import time

377. 1 = 'running jobs'

378. while i == 'running jobs':

379. queue = subprocess.run(['condor g'], capture_ output=True, text=True)
380. queue out = queue.stdout

381. i = '"jobs finished'

382. if mw_job id in queue_ out:

383. i = 'running jobs'

384. if i == 'running jobs':

385. print ('not all jobs finished')

386. print (queue out)

387. print (mw_job id)

388. time.sleep (5)

389. continue

390. else:

391. print('all jobs finished')

392. print ('>>f METAWRAP 3/4 has finished')

393. break

394.

395.

396. if _ name_ == "_main_ ":

397. print ('>>1i METAWRAP 4/4 has started (8/8): organising MAGs in All Bins
directory') B B
398. exec_bash larg(MW_4 STEP, OUTPUT_DIRECTORY)

399. print ('>>f METAWRAP 4/4 has finished')

400.

401. print ('ALL DONE !!!")
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Table S1 | Metrics of complete eukaryotic MAGs.

MAG name Coralspecie  No. of contigs c°"(tb'lg))N 50 c°mp(l‘,2t)e"ess Single BMG (%) D:;l:;z;d s'"éﬁg pL No.BMG
DRR235375_Fanc_01  F. ancora 23789 3050 88.5 88.1 0.4 220.3 954
DRR235383_Fanc_02 F. ancora 19871 3162 88.4 87.9 0.5 175.8 954
DRR235381_Fanc_03 F. ancora 22497 3072 88.3 88.1 0.2 440.5 954
DRR235373_Fanc_04  F. ancora 23960 3115 88.2 87.6 0.6 146.0 954
DRR235378 Fanc_05  F. ancora 22578 3049 88.2 87.6 0.6 146.0 954
DRR235382_Fanc_06  F. ancora 21399 3033 88 87.3 0.7 124.7 954
DRR235379_Fanc_07  F. ancora 22141 3071 86.9 86.4 0.5 172.8 954
DRR235376_Fanc_08  F. ancora 24898 2985 86.8 86.2 0.6 143.7 954
DRR235390_Fanc_09  F. ancora 25279 3009 86.3 85.1 1.2 70.9 954
DRR235387_Fanc_10  F. ancora 25861 3035 86.1 85.3 0.8 106.6 954
DRR235380_Fanc_11  F. ancora 21919 3072 85.8 85.5 0.3 285.0 954
DRR235392_Fanc_12  F. ancora 26376 2952 85.8 85.3 0.5 170.6 954
DRR235377_Fanc_13 F. ancora 24078 3101 85.7 85.2 0.5 170.4 954
DRR235393_Fanc_14  F. ancora 20699 2957 85.6 85.3 0.3 284.3 954
DRR235389_Fanc_15  F. ancora 25794 2948 85.4 85.1 0.3 283.7 954
DRR235384_Fanc_16  F. ancora 35180 2448 84.9 82.7 2.2 37.6 954
DRR235395_Fanc_17  F. ancora 23870 2945 84.9 84.2 0.7 120.3 954
DRR235374_Fanc_18  F. ancora 22803 3024 84.6 84 0.6 140.0 954
DRR235391_Fanc_19  F. ancora 25231 2944 84.5 83.9 0.6 139.8 954
DRR235386_Fanc_20  F. ancora 25740 2905 84.4 83.9 0.5 167.8 954
DRR235388_Fanc_21  F. ancora 24944 2927 84.2 83.5 0.7 119.3 954
DRR235394_Fanc_22  F. ancora 29610 2590 84.1 82.8 1.3 63.7 954
DRR235385_Fanc_23 F. ancora 25608 2964 84 83.4 0.6 139.0 954
ERR571494_Plut_24 P. lutea 71378 2303 79.2 71.4 7.8 9.2 255
ERR571494_Plut_25 P. lutea 71378 2303 79.2 71.4 7.8 9.2 255
DRR235373_Fanc_26  F. ancora 17088 3105 68.7 68.4 0.3 228.0 954
DRR235394_Fanc_27  F. ancora 17779 2805 67.5 66.8 0.7 95.4 954
DRR235384_Fanc_28  F. ancora 15240 2999 67.2 67 0.2 335.0 954
DRR235385_Fanc_29  F. ancora 14857 3328 64.8 64.5 0.3 215.0 954
DRR235388_Fanc_30  F. ancora 17212 2882 62.9 62.5 0.4 156.3 954
DRR235374_Fanc_31  F. ancora 15891 2957 62.6 62.1 0.5 124.2 954
DRR235393 Fanc_32  F. ancora 13908 2868 59.6 59.3 0.3 197.7 954
ERR2192880_Pspe_33  P. speciosa 57367 2487 57.8 56.4 1.4 40.3 954
ERR2192880_Pspe_34  P. speciosa 57367 2487 57.8 56.4 1.4 40.3 954
ERR2188869_Aten_35  A. tenius 47158 2652 54.5 52.5 2 26.3 255
ERR2188869_Aten_36 A. tenius 47158 2652 54.5 52.5 2 26.3 255

F. ancora: Fimbriaphyllia_ancora, P. lutea: Porites lutea, P. speciosa: Pachyseris speciosa, A. tenuis: Acropora tenuis,
BMG: BUSCO Marker Genes.
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Table S2 | All individual classifications for complete prokaryotic MAGs.

Domain  Phylum Class Order Family Genus Specie
MAG ERR2191367_Gfas_01
BAT Bacteria  Proteobacteria Betaproteobacteria Burkholderiales
GTDB Bacteria Pseudomonadota Gammaproteobacteria Burkholderiales  Burkholderiaceae B Comamonas Comamonas acidovorans
ENA -
RDP -
SLV -
MAG ERR2190369_Ffun_02
BAT Bacteria  Proteobacteria Betaproteobacteria Burkholderiales
GTDB Bacteria Pseudomonadota Gammaproteobacteria Burkholderiales  Burkholderiaceae B Comamonas Comamonas acidovorans
ENA Bacteria  Proteobacteria Betaproteobacteria Burkholderiales Comamonadaceae Delftia
RDP Bacteria  Proteobacteria Betaproteobacteria Burkholderiales = Comamonadaceae Delftia
SLV Bacteria  Proteobacteria Gammaproteobacteria Burkholderiales = Comamonadaceae Delftia
MAG ERR571459 Plut_03
BAT Bacteria  Proteobacteria Betaproteobacteria Burkholderiales
GTDB Bacteria Pseudomonadota Gammaproteobacteria Burkholderiales  Burkholderiaceae B Comamonas Comamonas acidovorans
ENA Bacteria  Proteobacteria Betaproteobacteria Burkholderiales =~ Comamonadaceae Delftia
RDP Bacteria  Proteobacteria Betaproteobacteria Burkholderiales =~ Comamonadaceae Delftia
SLV Bacteria  Proteobacteria Gammaproteobacteria  Burkholderiales =~ Comamonadaceae Delftia
MAG ERR571459_Plut_04
BAT Bacteria  Proteobacteria Betaproteobacteria Burkholderiales
GTDB Bacteria Pseudomonadota Gammaproteobacteria Burkholderiales  Burkholderiaceae B Comamonas Comamonas acidovorans
ENA Bacteria  Proteobacteria Betaproteobacteria Burkholderiales Comamonadaceae Delftia
RDP Bacteria  Proteobacteria Betaproteobacteria Burkholderiales Comamonadaceae Delftia
SLV Bacteria  Proteobacteria Gammaproteobacteria Burkholderiales Comamonadaceae Delftia
MAG ERR2190369_Ffun_05
BAT Bacteria  Proteobacteria Betaproteobacteria Burkholderiales
GTDB Bacteria Pseudomonadota Gammaproteobacteria Burkholderiales  Burkholderiaceae B Comamonas Comamonas acidovorans
ENA -
RDP -
SLV -
MAG ERR2216064_Ccrux_06
BAT Bacteria  Proteobacteria
GTDB Bacteria Pseudomonadota Alphaproteobacteria UBA8366 GCA-2696645
ENA -
RDP -
SLV -
MAG ERR2216067_Ccrux_07
BAT Bacteria  Proteobacteria
GTDB Bacteria Pseudomonadota Alphaproteobacteria UBA8366 GCA-2696645
ENA -
RDP Bacteria  Proteobacteria Alphaproteobacteria Rhodospirillales  Rhodospirillaceae  Aestuariispira
SLV Bacteria  Proteobacteria Alphaproteobacteria Rhodospirillales  Terasakiellaceae
MAG ERR2216066_Ccrux_08
BAT Bacteria  Proteobacteria
GTDB Bacteria Pseudomonadota Alphaproteobacteria UBA8366 GCA-2696645
ENA -
RDP -
SLV -
MAG ERR2216065_Ccrux_09
BAT Bacteria  Proteobacteria
GTDB Bacteria Pseudomonadota Alphaproteobacteria UBA8366 GCA-2696645
ENA -
RDP -
SLV -
MAG ERR2216065_Ccrux_10
BAT Bacteria  Proteobacteria
GTDB Bacteria Pseudomonadota Alphaproteobacteria UBA8366 GCA-2696645
ENA -
RDP Bacteria  Proteobacteria Alphaproteobacteria Rhodospirillales  Rhodospirillaceae  Aestuariispira
SLV Bacteria  Proteobacteria Alphaproteobacteria Rhodospirillales  Terasakiellaceae
MAG ERR2216067_Ccrux_11
BAT Bacteria  Proteobacteria
GTDB Bacteria Pseudomonadota Alphaproteobacteria UBA8366 GCA-2696645
ENA -
RDP Bacteria  Proteobacteria Alphaproteobacteria Rhodospirillales  Rhodospirillaceae  Aestuariispira
SLV Bacteria  Proteobacteria Alphaproteobacteria Rhodospirillales  Terasakiellaceae
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MAG ERR2216064_Ccrux_12
BAT Bacteria  Proteobacteria Alphaproteobacteria
GTDB Bacteria Pseudomonadota Alphaproteobacteria UBA8366 GCA-2696645
ENA -
RDP -
SLV -
MAG ERR571463 Plut_13
BAT Bacteria  Proteobacteria Alphaproteobacteria Rhodobacterales Roseobacteraceae Thalassobius Thalassobius autumnalis
GTDB Bacteria Pseudomonadota Alphaproteobacteria Rhodobacterales Roseobacteraceae Thalassobius Thalassobius autumnalis
ENA -
RDP -
SLV -
MAG ERR571459 Plut_14
BAT Bacteria  Proteobacteria Alphaproteobacteria Rhodobacterales Roseobacteraceae Thalassococcus
GTDB Bacteria Pseudomonadota Alphaproteobacteria Rhodobacterales Roseobacteraceae Thalassococcus Thalassococcus halodurans
ENA -
RDP -
SLV -
MAG ERR571459_Plut_15
BAT Bacteria  Proteobacteria Alphaproteobacteria Rhodobacterales Roseobacteraceae Thalassococcus
GTDB Bacteria Pseudomonadota Alphaproteobacteria Rhodobacterales Roseobacteraceae Thalassococcus Thalassococcus halodurans
ENA -
RDP -
SLV -
MAG ERR571459_Plut_16
BAT Bacteria  Proteobacteria Alphaproteobacteria Rhodobacterales Roseobacteraceae Maritimibacter Maritimibacter harenae
GTDB Bacteria Pseudomonadota Alphaproteobacteria Rhodobacterales Roseobacteraceae Maritimibacter Maritimibacter harenae
ENA -
RDP -
SLV -
MAG ERR571459_Plut_17
BAT Bacteria  Proteobacteria Alphaproteobacteria Rhodobacterales Roseobacteraceae Maritimibacter Maritimibacter harenae
GTDB Bacteria Pseudomonadota Alphaproteobacteria Rhodobacterales Roseobacteraceae Maritimibacter Maritimibacter harenae
ENA -
RDP -
SLV -
MAG ERR571463 Plut_18
BAT Bacteria  Proteobacteria Alphaproteobacteria Rhodobacterales Roseobacteraceae Maritimibacter Maritimibacter harenae
GTDB Bacteria Pseudomonadota Alphaproteobacteria Rhodobacterales Roseobacteraceae Maritimibacter Maritimibacter harenae
ENA -
RDP -
SLV -
MAG ERR571463 Plut_19
BAT Bacteria  Proteobacteria Alphaproteobacteria Rhodobacterales Roseobacteraceae Maritimibacter Maritimibacter harenae
GTDB Bacteria Pseudomonadota Alphaproteobacteria Rhodobacterales Roseobacteraceae Maritimibacter Maritimibacter harenae
ENA -
RDP -
SLV -
MAG ERR2216065_Ccrux_20
BAT Bacteria  Proteobacteria
GTDB Bacteria SAR324 SAR325 XTD2-FULL-50-16
ENA -
RDP -
SLV -
MAG ERR2216067_Ccrux_21
BAT Bacteria  Proteobacteria
GTDB Bacteria SAR324 SAR325 XTD2-FULL-50-16
ENA -
RDP -
SLV -
MAG ERR2216067_Ccrux_22
BAT Bacteria  Proteobacteria
GTDB Bacteria SAR324 SAR325 XTD2-FULL-50-16
ENA -
RDP -

SLV




Laura Moscat Martinez
Final Master Thesis

Domain  Phylum Class Order Family Genus Specie
MAG ERR2216065_Ccrux_23
BAT Bacteria  Proteobacteria
GTDB Bacteria SAR324 SAR325 XTD2-FULL-50-16
ENA -
RDP -
SLV -
MAG ERR2216066_Ccrux_24
BAT Bacteria  Proteobacteria
GTDB Bacteria SAR324 SAR325 XTD2-FULL-50-16
ENA -
RDP -
SLV -
MAG ERR2216066_Ccrux_25
BAT Bacteria  Proteobacteria
GTDB Bacteria SAR324 SAR325 XTD2-FULL-50-16
ENA -
RDP -
SLV -
MAG ERR2216064_Ccrux_26
BAT Bacteria  Proteobacteria
GTDB Bacteria SAR324 SAR325 XTD2-FULL-50-16
ENA -
RDP Bacteria  Proteobacteria Alphaproteobacteria Rhodospirillales  Rhodospirillaceae  Aestuariispira
SLV Bacteria  Proteobacteria Alphaproteobacteria Rhodospirillales  Terasakiellaceae
MAG ERR2216064 Ccrux_27
BAT Bacteria  Proteobacteria
GTDB Bacteria SAR324 SAR325 XTD2-FULL-50-16
ENA -
RDP Bacteria  Proteobacteria Alphaproteobacteria Rhodospirillales  Rhodospirillaceae  Aestuariispira
SLV Bacteria  Proteobacteria Alphaproteobacteria Rhodospirillales  Terasakiellaceae
MAG ERR2216064_Ccrux_28
BAT Bacteria
GTDB -
ENA -
RDP Bacteria  Proteobacteria Alphaproteobacteria Rhodospirillales  Rhodospirillaceae  Aestuariispira
SLV Bacteria  Proteobacteria Alphaproteobacteria Rhodospirillales  Terasakiellaceae
MAG ERR2216065_Ccrux_29
BAT Bacteria
GTDB -
ENA -
RDP Bacteria  Proteobacteria Alphaproteobacteria Rhodospirillales  Rhodospirillaceae  Aestuariispira
SLV Bacteria  Proteobacteria Alphaproteobacteria Rhodospirillales  Terasakiellaceae
MAG ERR2216066_Ccrux_30
BAT Bacteria
GTDB -
ENA -
RDP Bacteria  Proteobacteria Alphaproteobacteria Rhodospirillales  Rhodospirillaceae  Aestuariispira
SLV Bacteria  Proteobacteria Alphaproteobacteria Rhodospirillales  Terasakiellaceae
MAG ERR2216067 Ccrux_31
BAT Bacteria
GTDB -
ENA Bacteria  Bacteroidetes Flavobacteriia Flavobacteriales Flavobacteriaceae  Polaribacter
RDP Bacteria Bacteroidetes Flavobacteriia Flavobacteriales Flavobacteriaceae Polaribacter
SLV Bacteria Bacteroidetes Flavobacteriia Flavobacteriales Flavobacteriaceae Polaribacter
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Table S3 | All individual classifications for complete eukaryotic MAGs.

MAG name

BAT classification

BLAST classification

DRR235375_Fanc_01
DRR235383_Fanc_02
DRR235381_Fanc_03
DRR235373_Fanc_04
DRR235378_Fanc_05
DRR235382_Fanc_06
DRR235379_Fanc_07
DRR235376_Fanc_08
DRR235390_Fanc_09
DRR235387_Fanc_10
DRR235380_Fanc_11
DRR235392_Fanc_12
DRR235377_Fanc_13
DRR235393_Fanc_14
DRR235389_Fanc_15
DRR235384_Fanc_16
DRR235395_Fanc_17
DRR235374_Fanc_18
DRR235391_Fanc_19
DRR235386_Fanc_20
DRR235388_Fanc_21
DRR235394_Fanc_22
DRR235385_Fanc_23
ERR571494_Plut_24
ERR571494_Plut_25
DRR235373_Fanc_26
DRR235394_Fanc_27
DRR235384_Fanc_28
DRR235385_Fanc_29
DRR235388_Fanc_30
DRR235374_Fanc_31
DRR235393_Fanc_32
ERR2192880_Pspe_33
ERR2192880_Pspe_34

Eukaryota, Opisthokonta, Eumetazoa, Anthozoa, Hexacorallia, Scleractinia
Eukaryota, Opisthokonta, Eumetazoa, Anthozoa, Hexacorallia, Scleractinia
Eukaryota, Opisthokonta, Eumetazoa, Anthozoa, Hexacorallia, Scleractinia
Eukaryota, Opisthokonta, Eumetazoa, Anthozoa, Hexacorallia, Scleractinia
Eukaryota, Opisthokonta, Eumetazoa, Anthozoa, Hexacorallia, Scleractinia
Eukaryota, Opisthokonta, Eumetazoa, Anthozoa, Hexacorallia, Scleractinia
Eukaryota, Opisthokonta, Eumetazoa, Anthozoa, Hexacorallia, Scleractinia
Eukaryota, Opisthokonta, Eumetazoa, Anthozoa, Hexacorallia, Scleractinia
Eukaryota, Opisthokonta, Eumetazoa, Anthozoa, Hexacorallia, Scleractinia
Eukaryota, Opisthokonta, Eumetazoa, Anthozoa, Hexacorallia, Scleractinia
Eukaryota, Opisthokonta, Eumetazoa, Anthozoa, Hexacorallia, Scleractinia
Eukaryota, Opisthokonta, Eumetazoa, Anthozoa, Hexacorallia, Scleractinia
Eukaryota, Opisthokonta, Eumetazoa, Anthozoa, Hexacorallia, Scleractinia
Eukaryota, Opisthokonta, Eumetazoa, Anthozoa, Hexacorallia, Scleractinia
Eukaryota, Opisthokonta, Eumetazoa, Anthozoa, Hexacorallia, Scleractinia
Eukaryota, Opisthokonta, Eumetazoa, Anthozoa, Hexacorallia, Scleractinia
Eukaryota, Opisthokonta, Eumetazoa, Anthozoa, Hexacorallia, Scleractinia
Eukaryota, Opisthokonta, Eumetazoa, Anthozoa, Hexacorallia, Scleractinia
Eukaryota, Opisthokonta, Eumetazoa, Anthozoa, Hexacorallia, Scleractinia
Eukaryota, Opisthokonta, Eumetazoa, Anthozoa, Hexacorallia, Scleractinia
Eukaryota, Opisthokonta, Eumetazoa, Anthozoa, Hexacorallia, Scleractinia
Eukaryota, Opisthokonta, Eumetazoa, Anthozoa, Hexacorallia, Scleractinia
Eukaryota, Opisthokonta, Eumetazoa, Anthozoa, Hexacorallia, Scleractinia
N/A

N/A

Eukaryota, Opisthokonta, Eumetazoa, Anthozoa, Hexacorallia, Scleractinia
Eukaryota, Opisthokonta, Eumetazoa, Anthozoa, Hexacorallia, Scleractinia
Eukaryota, Opisthokonta, Eumetazoa, Anthozoa, Hexacorallia, Scleractinia
Eukaryota, Opisthokonta, Eumetazoa, Anthozoa, Hexacorallia, Scleractinia
Eukaryota, Opisthokonta, Eumetazoa, Anthozoa, Hexacorallia, Scleractinia
Eukaryota, Opisthokonta, Eumetazoa, Anthozoa, Hexacorallia, Scleractinia
Eukaryota, Opisthokonta, Eumetazoa, Anthozoa, Hexacorallia, Scleractinia
Eukaryota, Opisthokonta, Eumetazoa, Anthozoa, Hexacorallia, Scleractinia
Eukaryota, Opisthokonta, Eumetazoa, Anthozoa, Hexacorallia, Scleractinia

Galaxea fascicularis genome assembly, chromosome: 6

Galaxea fascicularis genome assembly, chromosome: 6
Galaxea fascicularis genome assembly, chromosome: 6
Galaxea fascicularis genome assembly, chromosome: 6

Galaxea fascicularis genome assembly, chromosome: 6
Galaxea fascicularis genome assembly, chromosome: 6

Galaxea fascicularis genome assembly, chromosome: 6
Galaxea fascicularis genome assembly, chromosome: 6
Galaxea fascicularis genome assembly, chromosome: 6
Porites lutea genome assembly, chromosome: 11
Porites lutea genome assembly, chromosome: 11

Siderastrea siderea genome assembly, chromosome: 13
Siderastrea siderea genome assembly, chromosome: 13

ERR2188869_Aten_35
ERR2188869_Aten_36

Eukaryota, Opisthokonta, Eumetazoa, Anthozoa, Hexacorallia, Scleractinia, Astrocoeniina, Acroporidae, Acropora
Eukaryota, Opisthokonta, Eumetazoa, Anthozoa, Hexacorallia, Scleractinia, Astrocoeniina, Acroporidae, Acropora

Acropora palmata genome assembly, chromosome: 14
Acropora palmata genome assembly, chromosome: 14
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MAGs classified as C. acidovorans

MAGs i within Alphap ia class
MAGs classified within XYD2-FULL-50-16 order
MAGs classified next to 7.

MAGs classified as T. autumnalis

MAGs classified as M. harenae
MAGS unplaced in GTDB reference tree

Bootstrap values:
* 100%

=+ 95-99.99%

< 90-94.99%

0.1

Figure S1. Phylogenetic tree built by VBCG.

ERR2216064_Ccrux_06
ERR2216067_Ccrux_11
ERR2216065_Ccrux_10
ERR2216065_Ccrux_09
ERR2216064_Ccrux_12
ERR571463_Plut_13
ERR571459_Plut_15
ERR571463_Plut_18
ERR571463_Plut_19
ERR571459_Plut_17
ERR571459_Plut_16
ERR571459_Plut_04
ERR571459_Plut_03
ERR2191367_Gfas_01
ERR2216064_Ccrux_28
ERR2216067_Ccrux_31
ERR2216066_Ccrux_30
ERR2216065_Ccrux_29
- ERR2216067_Ccrux_22

ERR2216065_Ccrux_23

ERR2216066_Ccrux_25
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ERR2216067_Ccrux_21

- ERR2216064_Ccrux_26

ERR2216064_Ccrux_27

ERR2216065_Ccrux_20
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