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Resumen

El ciclo del carbono mantiene en equilibrio la concentracién de didxido de carbono y otros gases
en la atmosfera que influyen directamente en el clima del planeta y en la acidez del océano. Los
organismos herbivoros cumplen un papel importante en el ciclo del carbono. Sin embargo, los
microorganismos que habitan sus intestinos son los verdaderos responsables de la degradacion de
celulosa y la consecuente produccion de gases con efecto invernadero, como CO. y metano. En
este trabajo investigamos el microbioma intestinal del escarabajo Pasalido Veturius sp. en el
parque nacional de Braulio Carrillo de Costa Rica. Veturius sp. se alimenta unicamente de madera
en descomposicion y ademds presenta comportamiento subsocial, caracteristicas que sugieren que
el Pasalido adquiere y comparte simbiontes microbianos que son fundamentales para una eficiente
producciéon de biomasa y energia. Para evaluar esta hipdtesis se realizd un andlisis de los
microbiomas del intestino de adultos y larvas, asi como del material que rodea las galerias en las
que los Pasalidos viven en los troncos. Se utilizo secuenciacion de amplicones del gen de ARNr
16S para determinar la estructura y composicion de las comunidades microbianas, luego utilizamos
estos resultados para seleccionar un grupo de individuos para realizar un analisis metagendmico
de las funciones presentes en estos microorganismos y reconstruir sus genomas. Los resultados
obtenidos sugieren que las comunidades microbianas asociadas con los intestinos de larvas y
adultos y con el material de la galerfa son distintas entre si, compartiendo menos del 3% de las
especies presentes (total de OTUs en el sistema= 11 712). Entre los tres tipos de muestra
estudiados, las galerias presentaron la mayor diversidad (3178 especies) y riqueza (chao=6714)
entre los microbiomas. Firmicutes y Euryarchaeota fueron los filos dominantes en los intestinos
de los adultos y las larvas. Entre las familias mas abundantes de Firmicutes se encontraron los
Clostridiaceae, Lachnospiraceae y Ruminococcaceae, todos degradadores de celulosa. Un total de
766 genomas parciales de bacterias y arqueas fueron reconstruidos utilizando las secuencias de los
metagenomas de adultos, larvas y sustrato asociado a las galerias; 101 de los cuales fueron
clasificados como genomas completos (MAGs por sus siglas en inglés). Todos estos MAGs
cuentan con un gran espectro de genes envueltos en degradacion de celulosa y vias de metabolismo
de carbono. Nueve genomas parciales reconstruidos del intestino de las larvas mostraron genes
utilizados como marcadores moleculares de metanogénesis, lo cual sugiere que en este lugar es
donde ocurren los pasos finales para completar la degradacion de celulosa. Finalmente, se
compararon los metagenomas del Pasalido con los de otros sistemas que degradan celulosa y
encontramos evidencia de evolucion convergente de las funciones metabdlicas encontradas en las
larvas del Pasélido con el rumen de las vacas. Los resultados obtenidos sugieren que Veturius sp.,
asi como otros escarabajos similares son hasta ahora no reconocidos pero importantes
contribuidores en el ciclo del carbono y la produccién bidtica de metano, importante gas de
invernadero; y que el microbioma intestinal del Pasélido es importante para la ecologia y fisiologia
del escarabajo.
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Abstract

The global carbon cycle is responsible for maintaining the carbon dioxide and methane
concentration in the atmosphere, influencing the weather and ocean acidification. Herbivores play
an important role in the carbon cycle. However, the microorganisms that inhabit their guts are the
ones responsible for the cellulose breakdown and consequent release of greenhouse gases such as
CO. and methane. Here we studied the gut microbiome of the Passalid beetle Veturius sp., from
Braulio Carrillo National Park, Costa Rica. Veturius sp. only feed on decay wood and presents a
subsocial behavior that may lead to the acquisition and sharing of microbial symbionts for efficient
biomass and energy production. Family groups from different logs in the forest were sampled and
the gut microbiome of larvae and adults as well as the woody gallery material (substrate) in which
they resided was analyzed. The structure and composition of the communities was determined
using amplicon sequencing of 16S rRNA genes. These results were then used in order to select the
samples to perform metagenomic sequencing for further functional analysis and genome
reconstruction. The results showed that adult, larvae and gallery material harbor significantly
different communities, sharing less than 3% of total OTUs (total OTUs in the system= 11 712),
with the gallery woody substrate having the higher diversity (3178 observed species) and richness
(chao=6714). Firmicutes and Euryarchaeota were the dominant phyla in adults and larvae gut. The
most abundant families of Firmicutes included Clostridiaceae, Lachnospiraceae and
Ruminococcaceae, all known for its cellulose degradation capacity. A total of 766 partial genomes
were reconstructed using the metagenomic sequences from adult, larvae and substrate; 101 of were

classified as metagenome assembled genomes (MAG). Larvae and adults are enriched in
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microorganism with genomes having a myriad of glycosyl hydrolases, and other functions related
to carbon metabolism; furthermore, methanogenesis markers were found in the larval partial
genomes, suggesting that those performed the final steps of cellulose decomposition. Finally, the
Veturius sp. metagenomes were compared with datasets from other cellulolytic systems, the results
showed evidence of convergent evolution of functions between the larvae and cow rumen,
suggesting that Veturius sp. and other beetle larvae are unexplored, yet important contributors to
the carbon cycle and the biotic production of the greenhouse gas methane. The Passalid

microbiome is important to the ecology and physiology of these beetles.
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1 Introduction

Insects are one of the most abundant and diverse groups of animals in the planet. They have
evolved different strategies to colonize every environment in the planet, distinct types of behavior,
and stablish symbiotic relationships with microorganisms'. Furthermore, because of this great
ecological versatility, insects are able to feed on almost any available substrate in the environment.
Among insects, the order Coleoptera is the most diverse group containing over 380 000 described
species distributed in 178 families. Beetles account for 45% of insects and about 38% of all
described animals’. They have inhabited our planet for about 285 million years (Permian), and can
be found in any habitat presenting both diurnal and nocturnal lifestyles. In the forest, most beetles
inhabit the treetops, but they can also be found under rocks, associated with trees, in the foliage,
and colonizing fallen logs in decomposition+ . They have a broad diet that includes plants and roots,
some eat seeds and grains, some are predators of insects or other small organisms, others are
fungivores, and many feed on decaying organic matter. The life cycle of the Coleoptera can range
from a few weeks to two or three years, it starts with the eggs from which larvae emerge (which
can be mobile or sessile). Beetle larvae have two to five larval instars, after which they pass into
the state of pupae, in this stage the individuals do not require food and are immobile. The final
stage is the adult, in which they reach sexual maturity and therefore is the reproductive phase. It
has been estimated that Costa Rica harbors over 35 000 species of beetles belonging to 110

different families:.

The beetle from the Passalidae family are a homogeneous and cosmopolitan group that

preferentially inhabits tropical environments~. The Passalid beetles in Costa Rica are distributed



2
in about 50 species, ranging in size between 15mm to S0mm. They have black elytra and prominent

jaws". The Passalid diet consists of decomposing wood, the adults colonize decaying tree logs in
the forest by chewing inside and creating chambers that they inhabit for the rest of their life.
Particularly, the beetles from Passalidae show subsocial behavior, they live in familiar groups in
which one can found individuals from three simultaneous generations living inside the tree logs*".
Furthermore, the adults take care of their larvae and prepare specific chambers that they later use
to lay the eggs. Inside the chambers the adults and larvae feed on the substrate material (chewed
wood mixed with feces) that covers the totally of the chambers; it has been proposed that the
substrate is rich on partially digestive molecules that can easily absorbed in the beetle gut. Also,
the substrate represents an ideal vehicle for the horizontal transmission of microbes between adults

and larvae=».

The microbiota of the insect gut plays a major role in their physiology, development and
environmental adaptability. Close interactions between insects and microbes are abundant and
widespread; moreover, it has been estimated that the majority of insects in the planet have
developed symbiotic relationships with a microbial partner+s. Several experiments imposing
nutrient depleted diets on insects have demonstrated that the microbial communities are able to
supply the insect host with the missing nutrients required for its growth'. These findings are not
surprising given the large amount of evidence of this type of interactions between microbes and

animal hosts, including humans.
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Recent advances in sequencing technologies have allowed researchers to study the microbial

diversity of the planet, their role in the biogeochemical cycles, and the interactions of these
microbes with the different components of the ecosystem, including animals. Herbivores have
evolved different yet efficient strategies to host microbial communities that assist them on the
decomposition of plant material, playing an important role in the global carbon cycle. Invertebrate
herbivores as termites and beetles are abundant and widespread in tropical forests worldwide
proving to be efficient agents of degradation of recalcitrant plant material and significantly
contributing to the carbon cycle™*. The ability of insects to breakdown cellulose lays on the
establishment of a microbial community in their guts responsible for the production of secreted
enzymes for the hydrolysis of cellulose molecules as well as its many degradation byproducts==.
They acquire their microbiota mainly from the materials on which they feed; many of these
microorganisms have adapted to the digestive tract environment and over time, developed
mutually beneficial relationships with their host which provides the host with the ability to utilize
nutrients that otherwise will be unavailable for them.*»» The microorganisms in insect guts and in
the rumen of some mammals are able to completely decompose plant material producing
intermediate metabolic products that can be uptake by the host and fermented by the microbial
community>. The final steps of the remineralization of organic matter produce the greenhouse
gasses CO, and CH.. Methane, which is primarily produced in nature by anaerobic archaea and by
the alphaproteobacteria Rhodopseudomonas palustris, is considered the most potent greenhouse
gas, as it has 34 times the warming potential of CO. by mass». It has been estimated that these
archaea produce one Gigaton of methane each year in anoxic environments, representing about

2% of the CO. fixed annually via photosynthesis”.



4
The carbon cycle is fundamental for the life on Earth»~. It regulates the temperature in the surface

working as the thermostat of the planet by controlling the equilibrium of CO, concentrations in the
atmosphere and the ocean». Microorganism actively participate in the carbon cycle, especially in
the fast carbon cycle. The photosynthetic primary producers fix inorganic carbon from the
atmosphere and transform it in organic molecules that are later respire by heterotrophic
organisms*. Herbivory in the rain forest largely contribute to the fast carbon cycle by the
breakdown of carbon fixed by plants in the form of cellulose to CO. and methane*. However,
human activity since the industrial revolution have alter the carbon thermostat in the planet
increasing the levels of CO, in the atmosphere causing global warming and ocean acidification»».
In recent years, international efforts have been proposed to keep CO, emissions under 450 ppm by
the year 2100 aiming to decrease the effects of global warming. The use of bioenergy and other
renewable and clean energies have been getting attention as potential strategies to reduce CO. in
the atmosphere=. Currently, bioenergy produced from plant biomass provides about 10% of the
global supply with 50EJ/year, bioethanol and biodiesel represent only 3EJ/year. Despite the
efforts in recent years to optimize the enzymatic production of bioenergy, the efficiencies obtained
for this process are still limiting the wider industrial production. The molecular heterogeneity and
recalcitrance of cellulose and similar compounds are the major challenges that have to be overcome

in order to achieve increased efficiencies in biorefineries*=.

The production of clean energies, depend on the discovery of new enzymes in nature capable of
hydrolyze lignocellulose in plant biomass. Glycosyl hydrolases (GH) encoded in the genomes of

microorganisms are important for the degradation of these complex polysaccharides*. The
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conversion of cellulose to glucose require the action of a combination of these enzymes including

endo-1-4-beta-glucanases, exo-1-4-beta-glucanases, beta-glucosidases and carbohydrate binding
modules; the latter attached with different affinities to catalytic domains facilitating the action of
the hydrolases*. Many glycosyl hydrolases have been discovered in microorganism and classified
in different groups according to their activity, amino acid sequence, and other intrinsic properties.
The family GHS is one of the largest including enzymes with different substrate specificities
including cellulases, mannanases, xylanases and xyloglucanases which hydrolyze the larger
cellulose molecules*». Because of the vast diversity of sequences in GHS, this was divided in
several subfamilies of CAZy enzymes and then included in the CAZy GH Clan A together with
other 19 families of GHs that share similar catalytic properties*. The GH10 family, mainly
containing xylanases, GH3 mainly glucosidases and GH43 which includes beta-xylosidases, beta-
galactatosidase and other endo-glucanase activities; are just some of the GH families that include
phylogenetically diverse enzymes that are involved in cellulose degradation*+. Moreover, a new
mechanism has been recently discovered in GH61s and CBM33s which are capable of catalyze
the oxidative cleavage of cellulose*. Glycosyl hydrolases act as individual enzymes or as
multienzymatic complexes called cellulosomes“2. Similar to GHs, cellulosomes are
phylogenetically diverse and have been isolated in multiple environments. They present sequence
and affinity heterogeneity but one common feature is the high efficiency of their hydrolytic
activity=. Therefore, cellulosomes have been studied because of their biotechnological potential.
Systems involving insects and gut symbionts have shown great potential for the discovery of new

CAZy enzymes, though the exploration of these have only recently started:+«.
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There are several examples of host-bacteria symbiotic associations enabling the organisms to

efficiently degrade carbon to produce energy and biomass. One of the first studied systems is the
beetle Melolontha melolontha (Coleoptera:Scarabaeidae), where terminal restriction fragment
length polymorphisms (t-RFLP) were exploited to study the microbial diversity associated with
this beetle and revealed that the midgut and the hindgut harbor different microbial communities*.
However, their most important finding was that the hindgut microbiota was specialized in
carbohydrate fermentation and methanogenesis. They found that Clostridiales, Bacillales,
Lactobacillales and Actinobacteria were the most important bacterial groups, and suggested that
those were responsible for cellulose degradation. The only methanogenic archaea found in this
study was Methanobrevibacter sp.~. Another study of beetle-associated microbiota, this time in
Pachnoda ephippiata (Coleoptera:Scarabaeidae), showed a similar structure of the community that
were consistent with previous findings, but proposing that there were differences between the
midgut and the hindgut due to the high alkalinity of the midgut. The hindgut instead consisted in
an anaerobic environment ideal for fermentation+=. Similar findings were later described for the
bark beetle Dendroctonus frontalis (Curculionidae), unlike the previous studies, the authors found

a high abundance of Proteobacteria in the gut of this beetle».

More recently, a metagenomic study of the hindgut of Anaplophora glabripennis (Cerambycidae),
an important agricultural pest, showed that Firmicutes and Actinobacteria were the dominant
groups. Their metagenomes were rich in laccases, xylanases and other glycosyl hydrolases
necessary for cellulose degradation”. A second study of the microbial community of the wood-

boring beetle A. glabripennis demonstrated that these beetles acquire specific bacterial groups
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from the environment, as well as from vertical transmission; these bacteria were involved in

nutrient acquisition, nitrogen metabolism and other important processes.”

The microbial communities of insects and other animals that feed on plant material have also been
studied. These studies include the higher termites Nasutitermes and Amitermes, which host
Spirochaetes and Fibrobacteres in their paunch (P3 segment), these microbes, along with other
nitrogen fixing bacteria, encode hydrolytic enzymes involved in the degradation of
lignocellulose’#»+. Other environmental and economically important symbiotic cellulose
degradation system is the mammal rumen, especially cow rumen. This particular environment
harbors a diverse and dynamic community consisting in Fibrobacteres, Firmicutes as
Ruminococcus and others, and Bacteroidetes that contribute to the efficient degradation of
cellulose and influence the physiology of the host »=. Many other mammal rumens have been
sequenced and studied for their capability of cellulose degradation including goat+, sheep**, the
tammar wallaby”, and even the baleen whale®. All of them were consistent in demonstrating the
primarily roles of the microbes that produce the glycosyl hydrolases and other enzymes for

cellulose degradation.

In this study we use amplicon sequencing of the molecular barcode gene 16S rRNA to carefully
explore the microbial diversity of adult, larval guts and the substrate (explained above) of Passalid
beetles in Costa Rica. I then used shotgun metagenomics aiming to explore functional capabilities
of the diverse taxa in the Veturius sp. (Coleoptera: Passalidae) gut, specifically mining for

homologs of known genes involved in cellulose degradation and other vital metabolic processes
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such as nitrogen fixation. Furthermore, I reconstructed the genomes of the most important

members of the community to determine their role in the carbon transformations, the ecology and

physiology of the beetle, and overall functional capacity and novelty of these organisms.



2 Scientific question
Do Passalid beetles from Costa Rica harbor gut microbial communities enriched in bacteria
and archaea that aid them in the complete degradation of cellulose all the way to methane as
well as other metabolic processes involved in the carbon cycle, contributing to their physiology

and ecology?

3 Justification

Advances in biotechnology and molecular ecology, specifically those involving the so called “next
generation sequencing” technologies, have allowed the microbiological exploration of almost
every existing environment on the planet. Over the last 15 years, researchers have uncovered the
microbial diversity in the biosphere and its complexity, however, we don’t fully understand its
functional capabilities and dynamics, as well as the interactions between microbial communities
and the environment.

The dramatic declines of fossils fuel reservoirs actively affect the economies of developing
countries and have produced military conflicts around the world. Moreover, the excessive use of
fossil fuels has caused severe damage to the planet. Therefore, it is crucial to find alternative and
cleaner sources of energy. In recent years, researchers have turned their attention to natural systems
looking for organisms able to use enzymes that can potentially facilitate various industrial
processes in fields as medicine, food, energy and environmental conservation.

Environmental systems that depend on cellulose degradation are of great biogeochemical and

biotechnological interest. These consist on microbes that breakdown cellulose and other
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recalcitrant derivates converting them into smaller molecules that then are available to the host

and other members of the community to feed; and in the process they largely contribute to the
carbon cycle in the planet and the production of greenhouse gases. From a biotechnological point
of view, the microbes that are involved in cellulose degradation are important since their genomes
encode for the specific enzymes that carry the process. Furthermore, these enzymes have been
subjected to evolutionary processes that have selected for efficiency and affinity for thousands of
years.

Costa Rica is known worldwide because of its environmental consciousness and large efforts
towards conservation of natural resources. More recently, the country has committed itself to
achieve carbon neutrality by the year 2021 (Decreto N°37926+) by promoting the use of clean
energies. The purpose of this project is to contribute to these efforts by exploring the Passalid
beetle gut in search for new enzymes, specially glycosyl hydrolases, with potential use in
bioenergy production and biotechnology. These beetles feed only on decomposing wood and also
show subsocial behavior which is infrequent in beetles, characteristics that suggest that the
microbes in their guts harbor important enzymes for cellulose degradation. Therefore, I intended
to study the microbial communities that inhabit the gut of adults and larvae of five Veturius sp.
family groups, as well as the microbial communities of their surrounding environment, seeking to
understand: i) the taxonomical composition of the system by using high-throughput sequencing of
the 16S rRNA gene to survey the members of these communities and to make comparisons
between the samples in order to find the potential host-microbe interactions. ii) how some
microorganisms play important roles in the communities by reconstructing their genomes in order

to explore in detail their metabolic capabilities and mine for the specific enzymes that breakdown
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cellulose and drive other important processes. ii1) how is the Passalid beetle cellulose degradation

compared to other model systems like termites and rumen, and how this influence their ecology.
In order to do this, I first performed a preliminary analysis of 69 amplicon sequencing samples of
the 16S rRNA gene in order to determine the influence, if any, of our molecular biology methods
in the diversity of the system. Then, I selected 15 samples of adults, larvae and substrate
corresponding to 5 family groups of Veturius sp. consistently extracted with one method to carry
out the in deep analysis of the community composition. Giving the abundance and novelty of
archaea found on the previous analysis, we decided to sequence the gut contents of five larvae in
full lanes of Illumina HiSeq 2000, and to pool two adults and two substrate samples to be
sequenced in one lane each. These seven metagenomes were used for the read-based analysis and
for the metagenomic comparisons done in IMG/M platform. For consistency, we co-assembled
and binned the adult and substrate pool metagenomes with the corresponding two larvae in order

reconstructed genomes of the taxonomical groups in the system.
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4 Hypothesis

The Passalid beetle Veturius sp. from Costa Rica harbor gut microbial communities enriched in
bacteria and archaea that completely breakdown cellulose producing methane and CO.; and aid
them in other biogeochemically important functions contributing to the host physiology and

ecology.

5 Research aims

5.1 Main aim

To determine the composition of the gut microbial communities of five family groups of Veturius
sp. (Passalidae) beetles from Costa Rica and the substrate present in their habitat, and explore their

potential for cellulose degradation.

5. 2 Specific aims

I. To optimize the DNA isolation methods to the study the taxonomical and functional
distributions in the Passalid beetle Veturius sp. microbial communities.

II. To determine the structure and composition of the microbial communities in the guts of
adults and larvae of the Passalid beetle Veturius sp. as well as in the substrate material
present in the galleries that they inhabit.

III.  To identify enzymes and metabolic pathways potentially involved in cellulose degradation
in the Veturius sp. system.

IV.  To reconstruct the genomes of the microorganisms likely involved in cellulose degradation

and other processes important for the ecology and physiology of the beetles.
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V. To compare the Passalid beetle microbial communities with those of other cellulolytic

systems to identify similarities and unique features.

6. Methods

6.1 Sample collection and processing

Beetle specimens were collected in collaboration with INBio’s Bioprospection research staff
during two field trips to the Braulio Carrillo National Park, Quebrada Gonzdlez sector, Heredia
Province (10° 9" 36" N, 83° 58’ 28" W), between August 2011 and March 2012 (permit: R-CM-
INBi10-094-202-OT). The interior of decomposing logs was sampled (logs sampled showed a
decomposition level that allows colonization by beetles), to collected larvae and adults from the
Passalid beetle genus Verturius sp. Only logs that presented at least three adult and three larvae
specimens were collected, all the individuals found were collected. All insects were transported to
the laboratory at room temperature inside vented polyethylene containers and surrounded by the
woody material in which they were collected (hereafter referred as substrate). All the individuals
were alive at the time of the DNA extraction in the lab. The specimens were placed at -20°C in a
sterile petri dish for 10-20 minutes prior the dissection. Additionally, we sterilely collected 1 -5 g
of the substrate from where the beetles were found in 50mL Falcon tubes for metagenomic DNA
extraction. Once in the lab, all beetles were dissected in sterile conditions, using scissors and
forceps to extract the digestive tract. Beetle taxonomic identification was carried out in lab by
experts at the Costa Rican National Biodiversity Institute (INBio) and voucher specimens were

deposited at INBio’s insect collection.



14
6.2 DNA extraction and library preparation

The DNA extractions of 15 samples (5 adult guts, 5 larvae guts and 5 substrates) belonging to five
family groups of Veturius sp. were performed by INBio’s research staff using three commercial
DNA extraction kits: MP, MoBio PowerSoil kit and Epicentre including some modifications to
the manufacturer’s protocols. These modifications included different incubation times in buffers
and the use of previously heated elution buffers to obtain improved extraction yields. Each sample
was fractioned to in six equal parts (by weight) before performing the DNA extraction. All adult
and larvae gut samples were processed using the three DNA extraction kits with and without
sonication, none of the substrate samples were sonicated because these lack of animal tissues. The
additional sonication steps were done with the intention to test whether this facilitates the
extraction of gDNA from microorganisms that were strongly attached to the gut tissue. The
detection of these taxa was performed by pairwise comparison of the 16S rRNA sequences
obtained for the sonicated/non-sonicated samples. Samples including the gut contents and gut
epithelium (called epithelium samples) were not sonicated either in order to detect if tightly
attached taxa that could be absent or underrepresented in the gut content samples, similarly the
differences were determined using the 16S rRNA data. DNA samples were shipped with dry ice
to the Joint Genome Institute (JGI) in Walnut Creek California for 16S rRNA amplicon sequencing
(454 Titanium FLX) of the V4-V5 region using the EMP primers, and shotgun metagenomic
sequencing (Illumina HiSeq 2000). See Table 1 for a summary of samples, treatments and DNA
extraction methods.

After performing a preliminary analysis of the microbial community composition of all the

samples, comparing the diversity and richness obtained for the 16S rRNA amplicons of the 69
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samples, we selected seven samples extracted using the MoBio extraction kit (more consistent in

terms of yields and diversity) for metagenomic sequencing (Illumina runs) in collaboration with
JGI. These samples included the gut microbiome of five individual larvae (larvae from logs 1-5),
one pooled sample from two adult guts (logs 3 and 4) and one pooled sample from the gallery

material associated with these insects (from logs 3 and 4 as well).

6.3 16S rRNA amplicon and metagenome analysis

All 16S rRNA sequence libraries were quality filtered and processed using Qiime* as previously
described. Briefly, sequences that showed Phred quality scores lower than 33, as well as the ones
that contained homopolymers and mismatches in the barcode and adapter sequences were filtered
out of the analysis. In order to include all samples in the analysis, these were randomly rarified to
46 500 sequences (number of reads in the samples with lowest yield) per sample for alpha and beta
diversity calculations. OTUs were defined at 97% sequence similarity to create the OTU table
using the greengenes database v13.8. Unifrac distances were calculated and used for ordination
analysis of beta diversity.

The metagenome sequences were quality filtered (quality score > 30) using cutadapt® v1.9, and the
remaining reads were assembled in megahit v1.0.3 using kmer sizes from 31 — 91 nucleotides
with a kmer step of 30, the minimum contig length was set to 1000 base pairs. We used Bowtie2
to map the reads back to the assembly using alignment preset options local, mode very-fast, the
mapping files were sorted and indexed with SAMtools® v1.8. The unsupervised binning of the
contigs was performed using Metabat2 using differential coverage and tetranucleotide

frequencies. Finally, Anvio® v3 was used to construct the metagenomic database in which we
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stored the contigs, the coverage profiles and the functional annotations. Anvio was also used for

the manual curation of the metagenomic bins, each bin was visualized individually and evaluated
based on its: differential coverage, sequence composition, as well as the completion (% of single
copy core genes in bin) and contamination (% of redundant single copy core genes in bin) in terms
of the number of single copy core genes found in each bin. The manual curation involved the
careful examination of each bin coverage, separating the contigs with similar tetranucleotide
frequencies but with coverages inconsistent with the rest of the bin. If necessary, the gene content
and order of dubious contigs was examined in order to detect chimeric contigs, or to confirm the
quality of the contigs. After manual curation, the reconstructed metagenomic bins that presented
completion >70%, contamination less than 7% and were larger than 1 Megabase were classified
as metagenome assembled genomes (MAGs). We called open reading frames (ORFs) in all
metagenomic bins and MAGs using Prodigal*, and performed taxonomical and functional
annotation by sequence similarity against the ones in publicly available databases including:
RefSeq, COG, CAZY and others with Diamond” using the more-sensitive setting (evalue <
0.00001). Taxonomical classification of MAGs was attempted using average nucleotide identities
(ANI) with FastANI», and kmer-based sequence classifiers Kraken* and Centrifuge”. The final
taxonomical approximation of the MAGs was done using sequence similarity of single copy core
genes (Campbell gene set*) compared with the KBase bacteria and archaea genomes reference
database. The taxonomical information of the top hit obtained for each gene was tabulated to
determine the highest taxonomical level that was common for the majority of the genes. The

metabolic model reconstruction of MAGs was performed in the KBase platform®.
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The comparative metagenomics analysis of the Passalid metagenomes versus other cellulose and

insect-associated metagenomes (Supplementary Table 1) was performed using the open access
platform Integrated Microbial Genomes and Metagenomes (IMG/M) from the JGI; by using
IMG/M we ensure that all metagenomes were quality filtered and processed using the same
pipeline. IMG/M uses state- of-the-art algorithms for the processing of metagenomic data
including quality filtering with BBMap tools, assembly programs as Newbler and SPADES, gene
calls with Prodigal and annotations by sequence similarity using BLAST and HMMER for Pfam
and other protein profile searches”. Moreover, IMG/M contains functional and taxonomic
annotations for reads and assembled genes that are constantly being updated. The normalization
of the data was done by total reads and by gene content for unassembled and assemble data,

respectively”».

The R packages RColorBrewer (https://cran.r-
project.org/web/packages/RColorBrewer/RColorBrewer.pdf) and  Viridis  (https://cran.r-

project.org/web/packages/viridis/vignettes/intro-to-viridis.html) were implemented to define

colorblind and print friendly color schemes for the figures.

6.4 Phylogenetic analysis
The phylogenetic analysis were performed in MEGA7”. Multiple sequence alignments were done
in MUSCLE implemented in MEGA using the default settings. Reference sequences were

retrieved from GenBank. The evolutionary model was selected based on Akaike values calculated
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in MEGAY7 selection model tool. Maximum likelihood was used to construct the phylogeny. The

trees were edited in MEGAT7.

6.5 Statistical analysis

All the anova tests used to evaluate the significance found in the comparisons made in this study
were performed in R Studio Version 1.1.383. The ANOSIM analysis was implemented in Qiime,
the R statistic varies from 0 to 1, values closer to 1 indicates higher separation between the groups,
and values close to 0 suggest no difference between groups. Furthermore, the difference obtained
for sample type is statistically significant (p < 0.05). In contrast, we obtained a R value close to 0
for family group (adult and larvae collected from the sample log along with their corresponding
substrate). The Metastats analysis to determine the number of OTUs that were differentially
abundant in between two sample types was performed in MOTHUR. The metagenomic
comparative analysis was performed using Spearman correlations clustering implemented in
IMG/M. The metagenomic gene hits data was normalized to the corresponding metagenome total

gene count.
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7 Results

7.1 Gut dissections and influence of DNA isolation on the microbial diversity

7.1.1 The gut of adults and larvae present anatomical and physiological differences

After successfully collecting five familiar groups of Passalid beetles from the sampling site, the
plastic containers were inspected in order to discard any dead individuals or other organisms that
were not part of the sampling effort. Then, the specimens were dissected in order to obtain the guts
preventing the contamination of the sample with the environment or other tissues. The first
observation we recorded is that the gut of the adults and larvae are anatomically different (Figure
1B, 1D). The adult gut was similar to the one in other insects, this was compartmentalized and the
contents consisted of a mixture of wood materials that were wet and dark suggesting that these
were subject to chemical and enzymatical transformations. On the other hand, the larval gut
consists of a straight tube with no evidence of compartmentalization, at least to the naked eye and
after stereoscopic inspection. The contents of the larval gut also differed from the adult’s as these
were dryer and less mixed, more similar to the substrate material, in which it is possible to

recognize wood fibers. These differences are important for further analysis and data interpretation.
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Figure 1. Veturius sp. (Coleoptera: Passalidae) individuals, guts and gut contents. A- Veturius sp.
adult and the gallery material (substrate). B- Passalid adult dissected gut. C- Passalid larvae and
the gallery material (substrate). D- Passalid larvae dissected gut. Black letters code for: A= Adult

in the trunk gallery surrounded by GM= gallery material, L= larvae.

In total we processed 69 samples for 16S rRNA gene amplicon sequencing and shotgun
metagenomics (Table 1). The samples were distributed as follows: 29 adult, 29 larvae and 11
substrate samples. From the total, 44 of the samples corresponded to gut content, and 14 samples
included gut contents plus gut epithelium. Finally, 22 of the 69 samples received the sonication

treatment.



Table 1. Samples for DNA isolation and 16S rRNA amplicon sequencing.
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Sample* Sample Type Stage Treatment Extraction Method
Faml_BA Gut content Adult No sonication MP
Faml BL Gut content Larvae No sonication MP
Fam1 BSA Gut content Adult Sonication MP
Fam1_BSL Gut content Larvae Sonication MP
Fam1 BSU Gut content Substrate No sonication MP
Faml _MA Gut content Adult No sonication Mobio
Faml_ML Gut content Larvae No sonication Mobio
Faml_MSA Gut content Adult Sonication Mobio
Fam1l MSL Gut content Larvae Sonication Mobio
Fam1l _MSU Gut content Substrate No sonication Mobio
Fam2_BA Gut content Adult No sonication MP
Fam2_BL Gut content Larvae No sonication MP
Fam2_BSA Gut content Adult Sonication MP
Fam2_BSL Gut content Larvae Sonication MP
Fam2_BSU Gut content Substrate No sonication MP
Fam2_MA Gut content Adult No sonication Mobio
Fam2_ ML Gut content Larvae No sonication Mobio
Fam2_MSA Gut content Adult Sonication Mobio
Fam2_MSL Gut content Larvae Sonication Mobio
Fam2_MSU Gut content Substrate No sonication Mobio
Fam3 _BA Gut content Adult No sonication MP
Fam3_BA Epithelium Adult No sonication MP



Fam3_BepA
Fam3_BL
Fam3_BSA
Fam3_BSL
Fam3_BSU
Fam3_MA
Fam3_MepA
Fam3_MepA
Fam3_ML
Fam3_MSA
Fam3_MSL
Fam3_MSU
Fam4_BA
Fam4_BepA
Fam4_BepL
Fam4_BL
Fam4_BSA
Fam4_BSL
Fam4_BSU
Fam4_MA
Fam4_MepA
Fam4_MepL
Fam4_ML

Fam4_MSA

Epithelium
Gut content
Gut content
Gut content
Gut content
Gut content
Epithelium
Epithelium
Gut content
Gut content
Gut content
Gut content
Gut content
Epithelium
Epithelium
Gut content
Gut content
Gut content
Gut content
Gut content
Epithelium
Epithelium
Gut content

Gut content

Larvae

Larvae

Adult

Larvae

Substrate

Adult

Adult

Larvae

Larvae

Adult

Larvae

Substrate

Adult

Adult

Larvae

Larvae

Adult

Larvae

Substrate

Adult

Adult

Larvae

Larvae

Adult

No sonication

No sonication

Sonication

Sonication

No sonication

No sonication

No sonication

No sonication

No sonication

Sonication

Sonication

No sonication

No sonication

No sonication

No sonication

No sonication

Sonication

Sonication

No sonication

No sonication

No sonication

No sonication

No sonication

Sonication

MP

MP

MP

MP

MP

Mobio

Mobio

Mobio

Mobio

Mobio

Mobio

Mobio

MP

MP

MP

MP

MP

MP

MP

Mobio

Mobio

Mobio

Mobio

Mobio
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Fam4_MSL
Fam4_MSU
Fam5_BA
Fam5_BepA
Fam5_BepL
Fam5_BL
Fam5_BSA
Fam5_BSL
Fam5_BSU
Fam5_EA
FamS5_EepA
Fam5_EepL
Fam5_EL
Fam5_ESA
Fam5_ESL
Fam5_ESU
Fam5_MA
Fam5_MepA
Fam5_MepL
Fam5_ML
Fam5_MSA
Fam5_MSL

Fam5_MSU

Gut content
Gut content
Gut content
Epithelium
Epithelium
Gut content
Gut content
Gut content
Gut content
Gut content
Epithelium
Epithelium
Gut content
Gut content
Gut content
Gut content
Gut content
Epithelium
Epithelium
Gut content
Gut content
Gut content

Gut content

Larvae

Substrate

Adult

Adult

Larvae

Larvae

Adult

Larvae

Substrate

Adult

Adult

Larvae

Larvae

Adult

Larvae

Substrate

Adult

Adult

Larvae

Larvae

Adult

Larvae

Substrate

Sonication

No sonication

No sonication

No sonication

No sonication

No sonication

Sonication

Sonication

No sonication

No sonication

No sonication

No sonication

No sonication

Sonication

Sonication

No sonication

No sonication

No sonication

No sonication

No sonication

Sonication

Sonication

No sonication
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Mobio

Mobio
MP

MP

MP

MP

MP

MP

MP
Epicentre
Epicentre
Epicentre
Epicentre
Epicentre
Epicentre
Epicentre
Mobio
Mobio
Mobio
Mobio
Mobio
Mobio

Mobio
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*The number at the beginning of the sample name represents the beetle family group. The letter

after the number is for the method as in column 4: M= Mobio, B= MP, E= Epicentre. After method:
A= Adult, L= larvae, SU= substrate, epA= epithelium adult, epL= epithelium larvae, SA=

sonicated adult, SL= sonicated larvae.

7.1.2 Effect of methods on the diversity of 16S rRNA gene amplicons

Three runs of 454 sequencing worth of data from 69 metagenomic DNA samples (Table 1) were
processed in order to determine any biases due to the methods or the sampling procedures. In order
to be able to compare the 69 samples, and determine the influence of the DNA extraction method,
the sonication treatment, and the presence of gut tissue (epithelium) in the microbial diversity; the
samples were rarefied to 5600 sequences per sample. Then, diversity was evaluated using several
alpha diversity metrics which calculate richness (chaol), richness and evenness (Shannon), or the

sum of phylogenetic distances (PD whole tree). The results of the analysis are summarized in Table

2.
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Table 2. Alpha diversity of the 69 samples of 16S rRNA amplicons from adults, larvae and

substrate of the Veturius sp.

Sample* chaol PD whole tree Shannon Extraction Method
Fam1_BA 6942.58147 110.60405 8.196718684 MP
Fam1_BL 5317.602941 96.33563 7.693401658 MP
Fam1_BSA 5845.305785 108.26982 8.197369362 MP
Fam1_BSL 4513.257511 81.35535 7.581689168 MP
Fam1_BSU 10071.21812 146.03182 10.83567555 MP
Faml_MA 11860.00714 201.49126 9.838713453 Mobio
Fam1_ML 6130.487252 107.51615 8.649605054 Mobio
Fam1_MSA 6597.715953 128.61134 9.050413274 Mobio
Fam1_MSL 6468.926366 118.85203 9.035112493 Mobio
Fam1_MSU 8572.207607 127.29079 10.66957529 Mobio
Fam2_BA 6732.472585 113.36913 8.4694718 MP
Fam2_BL 3892.151899 72.8708 7.107822532 MP
Fam2_BSA 5267.219595 94.92654 7.648265796 MP
Fam2_BSL 3923.141221 78.46411 7.578412522 MP
Fam2_BSU 7886.784884 111.56631 10.49600311 MP
Fam2_MA 5345.952778 103.96622 8.739499319 Mobio
Fam2_ML 5052.514851 90.81476 8.427981824 Mobio
Fam2_MSA 6500.016393 119.67019 8.482940299 Mobio
Fam2_MSL 6775.200441 119.61558 8.874203626 Mobio
Fam2_MSU 7896.357877 102.24554 10.43546708 Mobio



Fam3_BA
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Fam5_BSU
Fam5_EA
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Fam5_EepL
Fam5_EL
Fam5_ESA
Fam5_ESL
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Fam5_MA
Fam5_MepA
Fam5_MepL

Fam5_ML

3054.654639
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Fam5_MSA 33 3.70337 3.424122123 Mobio
Fam5_MSL 11197.38046 188.97264 9.849371502 Mobio
Fam5_MSU 4260.38247 60.75013 8.958851233 Mobio

*Fam= beetle family group. The letter after the number is for the method as in column 4: M=
Mobio, B= MP, E= Epicentre. After method: A= Adult, L= larvae, SU= substrate, epA=

epithelium adult, epL= epithelium larvae, SA= sonicated adult, SL= sonicated larvae.
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Figure 2. Effect of the DNA isolation method on the alpha diversity of the sample. A- Chaol

richness index. B- PD whole tree or “Faith’s diversity index”. C- Shannon diversity index.
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This analysis showed that there are not significant differences (p> 0.05) related to the DNA

isolation method (Figure 2), however, the samples extracted using the Mobio extraction kit
presented more consistent results in terms of total number of reads and alpha diversity. Therefore,
in order to dereplicate the dataset, we selected the 15 samples of adult, larvae and substrate of each
family group extracted using the Mobio kit for further diversity analysis. These samples showed
comparable yields allowing us to rarified this subset to 10 900 sequences per sample. The
taxonomical classification of the reads was not considered at the time of the selection of these
samples. The epithelium samples were not considered for further analysis as these showed a high
abundance of Eukaryotic reads, most of which were classified as Coleoptera. Therefore, the

epithelium samples presented the lowest yields and diversity of microbial reads.

7.2 The larvae and adults of Veturius sp. harbor specialized microbial communities

7.2.1 Structure and composition of the Veturius sp. gut microbial community

In order to study the structure and composition of the microbial communities in the Veturius sp.
gut and their substrate, we analyzed the alpha and beta diversity using several metrics and
statistical tests. The values obtained for the Shannon alpha diversity index, which considers
richness and evenness, showed that the substrate is slightly more diverse than the adult and the
larvae gut. The Inverse Simpson index, which is more weighted on the abundant taxa than
Shannon, also showed a similar trend (Figure 3). There was not an obvious difference between the

adult and larvae diversity when using these metrics.
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Next, I evaluated the richness of the communities in the different sample type (Figure 4), and found

that the substrate showed the larger number of observed species (OTU criteria= 97%) compared

to the adult and the larvae gut (p< 0.05). However, the difference observed in the richness estimator

Chaol was not significant (p< 0.05) between any of the sample types. Moreover, the Faith's

Phylogenetic Diversity “PD whole tree”, which estimates phylogenetical richness of the sample

by adding the distances of the branch of the phylogenetic that is produced with the OTUs of each

sample, also did not show differences between the sample types. These data showed that the only

difference between the communities in the substrate, adult and larvae is in the total observed

OTUs, the other richenss metrics were not significantly distinct.
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Figure 4. Microbial richness of the communities and the substrate of Veturius sp. Observed
species calculated using an OTU criteria of 97% similarity. Ns= non-significant. *= significant

compared to the substrate. Larvae= orange, Adult= cyan, Substrate= purple.

Next, I compared the beta diversity of the samples, using principal component analysis (PCoA)
based on unifrac distances (calculated phylogenetic distances between the OTUs found in the
system), and obtained three discrete clusters of samples, one group including the five adults, one
for the five larvae, and one containing the five substrate samples; when weighted unifrac distances
were considered the two principal components explained 79.7% of the variation (Figure 5A). The
principal component analysis of unweighted unifrac (which does not consider the abundance of
the taxa), produced the same clustering of the samples, but the two principal components explained
40.1% of the variation (Figure 5B). These results indicate that the microbial communities of the

substrate, the larvae gut and the adult gut are composed of phylogenetically distinct microbial taxa.



33

>

e
.

Axis.2 [20.1%]

=
.

i

0.1 0.2

o

-0.2 -0.1 0.0
Axis.1 [59.6%]

@

e
[

e

Axis.2 [11.4%)]

=
(%)

-0.25 0.00 0.25
Axis.1 [28.7%)]

Figure 5. PCoA of five Veturius sp. families based on 16S rRNA sequences based on weighted

(A) and unweighted (B) Unifrac. Larvae= orange, Adult= cyan, Substrate= purple.

An analysis of similarities ANOSIM was performed to statistically test the robustness of the

clustering observed in Figure 5. The results are summarized in Table 3.
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Table 3. Analysis of similarities of the Veturius sp. gut and substrate microbial communities.

Variable R statistic P value*
Sample type** 0.9633 0.001
Family group -0.3393 0.994
Extraction method 0.1755 0.133

*999 permutations per test.

**Sample type= adult gut, larvae gut, substrate

These results support the clustering observed in Figure 5 as the R value obtained for sample type
is 0.9633.

Being aware of the differences in the adult gut, larvae gut and substrate; I explored the uniqueness
of the OTUs found in each sample type. To do this we calculated the number of unique and shared
OTUs between sample type. Finally, we applied the statistical test Metastats to determine the
number of OTUs that were differentially abundant in between two sample types (Table 4). From
the total 11 712 OTUs in the analysis, the substrate was the sample type with the most unique
OTUs with 5230, doubling the number of unique OTUs found in the adult gut. The larvae showed
the lowest unique OTUs with 1981. The larvae, adult and substrate share only 360 OTUs (3.07%)
(Supplementary Figure 1). The pairwise comparison between adult and larvae to the substrate
showed that the digestive tracts of adults and larvae shared a low number of OTUs with the
substrate, with the larvae being the lowest with 79. The adult gut and the larvae gut shared the

most OTUs with 1109. The Metastats analysis also showed that adult and larvae gut had the lowest
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value of differential OTUs with 628; the adult and the substrate had 1198 differential OTUs, and

larvae and substrate had 1421 of these OTUs (Table 4).
In summary, the analysis showed that the microbial communities in the guts of the adult, the larvae,

and the substrate of Veturius sp., are different in terms of community composition and structure.

Table 4. Distribution of OTUs in the Veturius sp. gut and substrate microbial communities.

Shared Different
Adult Larvae Substrate
OTUs (p<0.05) *
Unique OTUs 2526 1981 5230
Adult - Larvae 1109 628
Adult -Substrate 427 1198
Larvae - Substrate 79 1421
All 360

*Different OTUs calculated with Metastats.

Total OTUs= 11712 (97%)

7.2.2 Phylogenetic distribution of the microbial communities in Veturius sp.

The length and quality of our amplicon sequences, and the universality of the primer set used to
sequence our samples, allows the use of the reads to assess the distribution of the sequences at the
kingdom level. The communities in the Passalid beetle were dominated by bacteria, however,
archaeal sequences were abundant in our dataset, especially in the larvae samples (average= 18%
+3), followed by the adults (average= 3.5% + 3.5) (Figure 6). Interestingly, archaeal sequences

were barely detected in the substrate samples (0.08% =+ 0.1), indicating an enrichment in the larval
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gut environment. A 15.28% of the sequences passed the quality filtering but didn’t obtain a

taxonomic classification when compared to the sequences available in the greengenes database
(Fig 6). These sequences probably belong to novel taxa with no current known close relative in
the tree of life. Even though we consider these unclassified sequences interesting, we did not
perform any further classification efforts, however, they were not removed from downstream

analyses and were summarized under the category “unclassified” in our phylogenetic distributions.
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Figure 6. Phylogenetic distribution at the kingdom level of Veturius sp. microbial communities.

Sample codes as in Table 1. Epithelium samples were not considered in this analysis.

The OTUs in the microbial communities were taxonomically classified to evaluate their

distribution at the phylum level, and facilitate the identification of high order differences between
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the microbial communities. Similar to other environmental microbiomes, the substrate samples are

dominated by members of the phylum Proteobacteria (48.0% + 4.7), followed by Bacteroidetes
(9.6% + 3.5), Acidobacteria (7.8% + 4.5) and Verrucomicrobia (6.2 + 2.8). On average 14.9% of
sequences in the substrate samples were not assigned to any known taxa (Figure 7). The larvae
microbial communities were dominated by Firmicutes (46.9% + 6.3), followed by the archaeal
phylum Euryarchaeota (18.7% + 3.2) and the Proteobacteria (8.6% =+ 2.8). In the larval
communities, 6.74% of the sequences could not been assigned to any known taxonomic group.
Finally, in the adult microbial communities the most predominant groups were the Firmicutes
(23.6% + 5.0) and the Tenericutes (23.9% + 11.9), followed by the Proteobacteria (9.2% + 4.9).
The adults showed the most unassigned sequences with 24.2% + 12.0, suggesting that these

samples harbor the largest diversity of novel taxa.
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Figure 7. Phylogenetic distribution at the phylum level of Veturius sp. microbial communities.
Sample codes as in Table 1.

The phylum Firmicutes, which includes members of families as Clostridiaceae, Lachnospiraceae
and Ruminococcaceae, is the most abundant in the Veturius sp., especially in the larvae where it
constitutes nearly half of the bacteria found in their gut. Besides the already mentioned presence
of archaeal sequences, most predominantly Euryarchaeota, another unexpected group found to be
abundant in the system is the Tenericutes. The physiological involvement of these groups in the
physiology and ecology of the Passalids will be discussed later. The phyla Firmicutes (23.0% in
adults, 46.9% in larvae, 0.3% in substrate), and Euryarchaeota (3.6% in adults, 18.7% in larvae,

0.1% in substrate) were abundant in the adult and larvae guts compared to the substrate. The
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Tenericutes were abundant in the adults (24.0%) but presented low abundance in larvae (1.5%),

and substrate (0.1%). The heatmap in Figure 8 shows the abundance of sequences from these three
phyla at the family level. Sequences belonging to the several families showed in the heatmap are
mostly absent (<1%) in the substrate and highly present in the larvae and adults. The clustering at
the bottom of the heatmap also shows that the diversity in the sequences from the three phyla is
enough to group the three different communities in discrete clusters (Bray Curtis similarity). These
results agree with the hypothesis that the larvae and adults Passalids harbor specialized microbial

communities.
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Euryarchaeota in the Verturius sp. gut and substrate microbial communities. Cluster colors: Blue=
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Substrate, Green= Larvae, Red= Adult. The sample clustering shown at the bottom was based on

Bray Curtis distances.

A high taxonomical diversity was found in the dataset. The most dominant phylum in the adult
and larvae communities was the Firmicutes. The tree in Supplementary figure 2 shows that the
majority and the most abundant Firmicutes OTUs in the dataset were Clostridia (triangles). This
figure also shows the lower abundance and diversity of Firmicutes in the substrate. To improve
the resolution of the results in Supplementary figure 2 (too busy given the large amount of
Firmicutes OTUs in our samples), I then filtered the OTUs to keep the ones that have a minimum
of five reads in at least 25% of the samples (Figure 9). After filtering, all remaining OTUs were
classified in the order Clostridia; most in the families Ruminococcaceae, and Lachnospiraceae as
the second family in abundance. Isolates from these families are recognized cellulose degraders
and have biotechnological relevance. The most abundant OTUs were commonly detected in both
larvae and adults, and very sparsely in the substrate. Only two Ruminococcaceae OTUs that passed
the filtered were found in the substrate sample, similar to seven OTUs of Lachnospiraceae that

were also detected in the substrate.
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Figure 9. Neighbor joining tree of filtered Firmicutes OTUs in the Veturius sp. gut (Larvae=
orange, Adult= cyan,) and substrate (purple). Only OTUs with at least five reads in >25% of the

samples are shown. The size of the circle correlates with the abundance of the OTU.

OTUs from the order Bacilli were found in both adult and larvae guts, however they showed a

higher diversity and abundance in the adult gut. Similar to the results presented in Figure 9, the
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order Bacilli was underrepresented and sparse in the substrate samples. None of the Bacilli OTUs

passed the data filtering threshold described above (Supplementary Figure 3).

The Euryarchaeota were also abundant, especially in the larvae (18.73%), and to a lesser extent in
the adult samples. Supplementary Figure 4 shows the large diversity of sequences belonging to
this archaeal phylum. The distribution of Euryarchaeotal sequences in the three sample types
resemble the one observed for the Firmicutes, being which were scattered and underrepresented in
the substrate. This figure also shows the higher abundance of archaea in the larval gut. The archaeal
class of methanogens Methanomicrobia showed the most diversity and abundance, this class
includes the orders Methanosarcinales and Methanomicrobiales which are strictly carbon reducing
methanogens. Next, I applied the same filtering to the Euryarchaeota OTUs (Figure 10) and
obtained seven OTUs, including six similar to known methanogenic archaea. Four OTUs were
classified as Methanimicroccocus, family Methanosarcinales. The other OTU was classified as
vadinCA11, which corresponds to a single uncultured lineage in the archaea clade that has been
previously detected in rumen and anaerobic digestors using molecular methods. It is noteworthy

that, even at very low abundance, four of the seven OTUs were detected in substrate samples.
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least five reads in >25% of the samples are shown. The size of the circle correlates with the

abundance of the OTU.

Finally, Figure 10 and the Supplementary Figure 5 shows the diversity of Tenericutes (known
intracellular parasites with small genomes) and the high abundance of OTUs of this phylum in the
adult samples. A total of 16 OTUs (15 of which were classified as Mollicutes and the other in the
group CK-1C4-19) presented at least 5 reads in 25% of the samples. These Mollicutes OTUs were

poorly detected in the larvae and substrate samples.

In summary, the community survey performed showed that the communities in the larval gut, adult
gut and the substrate are different; and that the major driver of this differences is the sample type
over family group and other important environmental variables. Our results were consistent over

five different family groups.

7.3 The microbiomes of Veturius sp. include organisms with the genetic capacity of cellulose

breakdown and other carbon transformations

7.3.1 Metagenomic sequencing of the Veturius sp. gut and substrate

The results obtained in the community composition analysis showed that larvae and adult guts are
diverse and differentially enriched in microorganism from the phyla Firmicutes and
Euryarchaeota, the latter being especially abundant in the larvae gut. These results, combined with
the expectation that the larvae is more efficient degrading cellulose, motivated us to invest most

of our efforts in deeply sequencing the larvae samples. Therefore, the five larvae samples were
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sequenced in individual Illumina HiSeq 2000 lanes. The remaining two lines in the run were used

to sequence a pooled DNA samples of the adults from families 3 and 4, and a pool of DNA from

the substrate also from families 3 and 4. The results obtained for the metagenomic sequencing and

the assembly and annotations performed in the JGI platforms are summarized in Table 5.

Table 5. Summary of the metagenomes of Passalid beetle and substrate.

Larvael Larvae2 Larvae3 Larvaed4 Larvae5s Adult Substrate
Metagenome size
511 654 52750 804 003 402 414 77 567 142 922 170 323
(Kb)

Gene count 1063212 125251 1 802 558 832 561 206 349 425 036 433 068
CDS count * 1051900 123727 1786624 823 392 204 189 424 225 428 463
CDS % * 98.94 98.78 99.12 98.9 98.95 99.81 98.94

Function
43.04 50.56 39.37 53.29 36.14 57.5 43 .57
Prediction %*
No function
55.9 48.22 59.75 45.61 62.81 94.06 55.37
prediction %*

Orthologs % 0 0 0 0 0 0 0
COG %* 47.87 46.25 422 49.15 434 6.02 49.15
KOG % 0 0 0 0 0 0 0
Pfam %* 48.13 44.64 42 .48 48.72 39.73 6.25 46.56

TIGRfam %* 10 0 0 0 0 0 7

Enzyme %* 21.21 19.83 17.75 20.27 18.84 2.67 23.29

KEGG % * 2191 21.02 18.61 21.41 19.63 3.14 24 .98
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Not KEGG %* 77.02 77.76 80.5 77.49 79.32 96.67 73.96

MetaCyc %* 14.09 13.4 11.96 13.68 12.5 1.29 16.39

* Assembled data

The data showed a wide range of metagenomic reads obtained from each sample. The most data
were obtained for the Larvae 3 followed by Larvae 1 and Larvae 4, with almost 500Mb. The adult
and substrate pools produced 143 Mb and 170 Mb, respectively. The poorest samples in terms of
data produced were Larvae 2 and Larvae 5. On average we obtained more than 140 million genes
in the seven metagenomes from which more than 98% were protein coding sequences. The
percentages of pseudogenes and dubious sequence calls are negligible in the dataset. One
interesting, though difficult to overcome, feature of the data is that only 42.3% of the genes have
predicted functions. Compared to other functional databases as TIGRfam and KEGG, the COG
and Pfam annotations produced the highest percentage of hits (ca. 49%). The Larvae 5

metagenome presented the lowest number of gene annotations.

7.3.2 Genome reconstruction of dominant taxa

The 16S rRNA amplicon sequence analysis of the microbial communities related to Veturius sp,
revealed that they were diverse and enriched in bacteria and archaea. In order to explore the genetic
potential of these organism and further understand their possible ecological roles, I attempted to
reconstruct the genomes of the most abundant taxonomical groups using the metagenomic reads.
The co-assembly of the metagenomes of the Larvae 3, Larvae 4 and the pool metagenomes of the
adults 3+4 and substrate 344 produced 1 161 239 contigs larger than 1kb containing a total 2 .734

713 841 bp. The largest contig was 412 893bp long (average contig size= 2 355bp), and the N50
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was 2 600bp. All the metagenomic reads were mapped back to the co-assembly to generate

coverage maps for each contig (Table 6). The contigs were then binned and manually curated to
create comprehensive genome bins. The final collection consisted in 766 bins accounting for 1 022
999 923 nucleotides, which represent 37.41% of all nucleotides stored in the contigs database, and
72.61% of nucleotides stored in the profile database. From the total 766 bins, 391 were larger than
IMb, from which 101 were >70.00% completion and <7.00% contamination, these bins were then
classified, and further refer to those as MAGs (Table 7). The summary of the entire collection of

bins is in Supplementary table 2.

Table 6. Number of metagenomic reads mapped to the co-assembly.

Metagenomic sample Mapped reads
Adult 96 407 495
Larvae 3 262 766 215
Larvae 4 161 378 257
Substrate 138 542 298

The clustering in Figure 11 shows the distribution of the bins and MAGs in the four co-assembled
metagenomes based on the coverage of the reads mapped to the bins. Most of the bins were mapped
back to the larvae metagenomes, however, only a percentage is present in both larvae, the majority
of the bins were found in one or the other larvae. Finally, the substrate has a distinct group of bins

that are not represented in the beetles. The clustering on top of the metagenomes was calculated
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using the differential coverage of bins that were found across the samples (Supplementary Table

2). The clustering shows the substrate as an outgroup presenting a different set of bins than the
beetle guts. As expected, the adult and larvae are grouped in the other clade with the larvae next
to each other. These results are consistent with our community composition analysis based on 16S

rRNA sequences.

Larvae 4
\lj Larvae 3
"B Adult
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Figure 11. Metagenomic community analysis based on 766 bins. Pink branch: metagenomic bins

dominant in adult gut. Green branch: metagenomic bins enriched in substrate Blue branch:
metagenomic bins found in both larvae samples. Non-colored branch: metagenomic bins dominant
in only one larvae sample. The intensity of black of each bin was calculated using Maximum

normalized ratios being grey= absent, and black= 100% of bin present in the sample.

Table 7. Summary of 101 MAGs reconstructed from the Verurius sp. gut and substrate

metagenomes.
Bin Length (Mb) contigs NS50 %GC  %completion %redundancy
Bin 78 4.059491 125 56286  43.04 99.28 0.72
Bin 315 1.643355 38 59693  27.53 99.28 0.72
Bin 340 1.785043 152 17065 51.08 99.28 2.88
Bin 552 2.254344 143 23041 3334 99.28 432
Bin 178 4475214 99 71984  36.18 97.84 1.44
Bin 438 1.078999 23 77003  38.56 97.12 0.00
Bin 57 4487127 61 102697 46.02 97.12 0.72
Bin 322 2.224147 222 13019 3483 97.12 0.72
Bin 191 2.639116 114 33214 5288 97.12 2.16
Bin 470 2477736 159 20932 50.18 97.12 2.16
Bin 11 4.077 96 75577  53.18 97.12 3.60
Bin 127 2.762037 90 55910 50.58 97.12 3.60
Bin 505 2.24753 178 17326  41.76 97.12 3.60

Bin 74 1.828126 45 67879  38.90 96.40 2.88
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The histogram in Figure 12 shows the length distribution of the 766 bins in the collection. The

average bin size obtained was 1.3Mb. Bin length, % completeness and %redundancy were proxies

used to defined the MAGs and to estimate the quality of the rest of the metagenomic bins. The

dominant members of the community (with some exceptions due to methodological limitations)

present the best metagenomic bins because these are more deeply covered. In our dataset, 391 bins

were larger than 1Mb, 235 were between 0.3-1Mb, and only 141 were smaller than 300 000bp.

Furthermore, the average number of ORFs obtained was 1 290 per bin. The other 290 genomic
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bins that did not pass the cutoff for MAG but were larger than 1Mb were no considered for further

analysis; these bins included many genes and genomic context that are valuable to explore.

eqth (MB)

B

Metagenomic bins

Figure 12. Histogram of the lengths in Mb of the reconstructed bins from Veturius sp. gut and
substrate metagenomes.

Another important proxy to consider in a collection of bins is the GC content. One can hypothesize
that in a given environmental sample that shows large microbial diversity, the expected average
%GC of the community will be around 50%. The average %GC of our collection was 46.52%,

presenting a slight bias towards the low GC content.
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Metagenomic bins

Figure 13 %GC of the reconstructed bins from Veturius sp. gut and substrate metagenomes. Red

dashed line represents the average %GC of the collection= 46.52.

The collection of metagenomic bins reconstructed here are large, have low redundancy and contain
thousands of genes. The further analysis is focused on the 101 MAGs and in the archaeal bins.
These comprise the dominant microorganism in the system but also represent novel taxonomical
groups from which little is known about their genome content and functional capacities. Only one
of the bins that we classified as archaeal met our definition of MAG in terms of redundancy or
completion, the reasons why this happened are discussed later. However, these archaeal bins are

large and high-quality bins that can be analyzed.

From the 101 MAGs, 78 were present in the larvae samples, 15 in the substrate and 9 in the adult.
It is important to consider that all the reads from the four metagenomic samples were included for
the co-assembly, therefore it is possible for any MAG to contain contigs that have good coverage

in all samples if this microorganism was present and abundant in all four samples. The distribution
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of the MAGs in the four metagenomes as well as its approximated taxonomy is summarized in

Table 8. The anvio pipeline includes the taxonomic classification of bins by comparing the set of
single copy core genes found in a given bin to the corresponding homologs in the MG-RAST
reference database of genomes. This method was able to classify only 21 of our 766 bins. This
suggests that our bins belong to novel organisms that are not represented in the current curated
databases.

Several strategies were used in order to assign taxonomy to the 101 MAGs. First, kmer base
algorithms like FastANI were used to compare the MAGs to the genomes in the refseq reference
genome database. This method failed to classified all the MAGs with the exceptions of two: Bin
399 classified as Lactococcus lactis (ANI>97%) and Bin 299 as Limnobacter sp. (ANI>97%). The
rest of the MAGs presented ANIs below than 90% when compared to the GenBank database,
suggesting again the novelty of these MAGs. Similar results were obtained with Kraken and
Centrifuge. Then, a custom strategy was designed to rank the MAGs to an approximate taxonomy
by comparing the set of single copy core genes from each MAG to the genes in the KBase curated
database of bacterial and archaeal genomes. The taxonomic information of the top hit to the
database was extracted for each gene in the MAG, and tabulated to manually determined the

highest taxonomical rank that was consistent in the majority of the genes in the MAG (Table 8).
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Table 8. Normalized ratio of the MAGs in the metagenomic samples and their approximate

taxonomic classification.

MAG Adult*  Larvae 3* Larvae 4* Substrate*  Approximated taxonomy**
Bin 407 0.00 0.00 0.00 1.00 Actinobacteria (27/47)
Bin 398 0.00 1.00 0.00 0.00 Alistipes sp. (66/82)
Bin 143 1.00 0.00 0.00 0.00 Bacillales (37/63)
Bin 553 0.27 0.00 1.00 0.00 Bacillales (22/41)
Bin 106 0.00 0.03 1.00 0.00 Bacteria (47/47)
Bin 139_2 0.00 0.00 1.00 0.00 Bacteria (18/18)
Bin 16 0.00 0.00 1.00 0.00 Bacteria (63/63)
Bin 167 0.00 0.00 0.00 1.00 Bacteria (70/70)
Bin 17 0.00 0.11 1.00 0.00 Bacteria (27/29)
Bin 172 0.00 1.00 0.00 0.00 Bacteria (29/30)
Bin 207_1 0.00 1.00 0.00 0.00 Bacteria (39/39)
Bin 217 0.00 0.00 1.00 0.00 Bacteria (48/48)
Bin 248 0.00 1.00 0.00 0.00 Bacteria (39/39)
Bin 260 1.00 0.00 0.00 0.00 Archaea (4/4) **%*
Bin 284 0.08 0.06 1.00 0.00 Bacteria (41/41)
Bin 379 0.00 0.00 0.01 1.00 Bacteria (34/36)
Bin 433 0.00 0.00 1.00 0.00 Bacteria (49/49)
Bin 446 0.00 1.00 0.00 0.00 Bacteria (49/49)
Bin 504 0.00 1.00 0.00 0.00 Bacteria (49/49)
Bin 536 1.00 0.00 0.06 0.00 Bacteria (29/29)
Bin 549 0.00 0.00 1.00 0.00 Bacteria (46/46)



Bin 74 0.00 0.00 1.00 0.00 Bacteria (48/48)

Bin 78 0.00 0.00 0.00 1.00 Bacteria (80/81)

Bin 85 0.00 0.00 1.00 0.00 Bacteria (45/46)

Bin 89 0.00 0.00 1.00 0.00 Bacteria (59/59)

Bin 83 0.00 1.00 0.01 0.00 Bacteroidetes (34/46)

Bin 57 0.00 0.00 0.00 1.00 Bacteroidetes (34/51)

Bin 441 0.00 0.00 1.00 0.00 Betaproteobacteria (56/66)
Bin 211 0.01 0.00 0.03 1.00 Chthoniobacter flavus

Ellin428 (32/87)
Bin 397_2 0.00 0.00 0.00 1.00 Chthoniobacter flavus

Ellin428 (43/88)

Bin 184 0.00 0.00 1.00 0.00 Clostridia (29/68)

Bin 552 0.00 1.00 0.00 0.00 Clostridia (61/88)

Bin 123_1 0.00 1.00 0.00 0.00 Clostridiales (31/53)
Bin 124_1 0.00 1.00 0.08 0.00 Clostridiales (43/65)
Bin 127 0.00 0.00 1.00 0.00 Clostridiales (23/48)
Bin 134 0.01 1.00 0.00 0.00 Clostridiales (25/39)
Bin 161 0.00 1.00 0.05 0.00 Clostridiales (23/70)
Bin 272 0.00 1.00 0.04 0.00 Clostridiales (37/54)
Bin 322 0.00 1.00 0.00 0.00 Clostridiales (43/63)
Bin 330_1 0.00 1.00 0.00 0.00 Clostridiales (69/95)
Bin 340 0.00 1.00 0.00 0.00 Clostridiales (40/72)
Bin 361 0.00 1.00 0.00 0.00 Clostridiales (26/63)

Bin 405 0.00 0.00 1.00 0.00 Clostridiales (61/68)
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Bin 357 0.00 1.00 0.61 0.00 Ruminococcaceae (33/49)
Bin 503 0.00 1.00 0.03 0.00 Ruminococcaceae (28/79)
Bin 519 0.00 1.00 0.02 0.00 Ruminococcaceae (17/40)
Bin 58 0.00 0.03 1.00 0.00 Ruminococcaceae (26/59)
Bin 86 0.00 0.00 1.00 0.00 Ruminococcaceae (33/61)
Bin 508_1 0.00 0.00 0.00 1.00 Solimonas sp. (36/81)
Bin 250 0.00 0.00 0.00 1.00 Sphingobium sp. (59/111)
Bin 363 0.00 0.00 0.00 1.00 Terriglobus sp. (80/98)
Bin 11 0.00 0.01 0.00 1.00 Verrucomicrobia (30/66)
Bin 191 0.00 0.00 0.00 1.00 Verrucomicrobia (41/64)
Bin 502 0.00 0.00 0.00 1.00 Verrucomicrobia (25/62)

*Maximum normalized ratio= number of reads recruited to a contig divided by the maximum number of
reads recruited to that contig in any sample.

** Approximated taxonomy was determined based on sequence similarity of single copy core genes
(Campbell set of genes«) to the KBase genome database.

***The archaecal MAG260 was confirmed by phylogenetic analysis of single copy core genes and

methanogenesis markers (below).

The phylogenetical distribution of the MAGs agrees with the dominant phyla found in the 16S
rRNA analysis (Figure 14). The Firmicutes was the most represent phylum with 57 MAGs,
including 27 MAGs classified in the order Clostridiales, 10 Ruminococcaceae, two
Lachnospiraceae; four MAGs were classified in the class Bacilli, including two Lactococcus, and
the rest with best classification of Firmicutes. The only Firmicutes MAGs in the adults were 1

Lactococcus and one Bacillales. The second group in importance were the MAGs with no known



63
phylum classification with 18 MAGs, followed by the Proteobacteria with 11. The Proteobacteria

were distributed across the main classes with two Alpha-, two Beta-, two Delta- and five
Gammaproteobacteria; only two MAGs were classified as Actinobacteria. The five
Verrucomicrobia MAGs reconstructed were exclusively present in the substrate, similar to the two
Actinobacteria and the only one Acidobacteria seen. The one archaecal MAG was only present in
an adult sample. six MAGs were classified as Bacteroidetes, four of which were present in the

Substrate and two in the larvae.
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Figure 14. Taxonomical distribution of MAGs in the three metagenome sample types. Bacteria=

MAGs with no classification at the phylum level.

7..3.3 Cellulose degradation in the Veturius sp. gut

The next step was to explore the MAGs in order to understand their potential role in the system.
Passalid beetles feed only on wood material consisting mainly of lignocellulose. Thus, the first
function that were searched in our MAGs were glycosyl hydrolases and other functions involved
in the digestion of wood material. To do this, the ORFs predicted in the 101 MAGs were compared

to the sequences in the CAZY database for functional classification. We parsed the data to keep
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the top hit of every function with a cutoff e-value =0.00001, then the genes with hits were grouped

based on CAZy clans and family classification.

Data on Figure 15 show the distribution of glycosyl hydrolases (GH) clans (CAZy classification
system for glycosyl hydrolases families that share a fold and catalytic machinery), glycosyl
transferases (GT), carbohydrate binding modules (CBM) and carbohydrate esterases (CE) in the
MAGs (these were normalized by the total number of ORFs in each MAG). Additionally, the
MAGs were clustered based on the presence of these functions (Figure 16). As predicted, the
MAGs are enriched in cellulose degradation and other carbon transformation functions;
furthermore, I found a great diversity of genes related to this process (Supplementary Table 4).
The GH-A clan presented the highest abundance among the glycosyl hydrolases, these include
several families of -glucosidases and f3-galactosidases, including GH2 (1.24% of hits), GHS
(0.63% of hits), GH9 (0.12% of hits), GH 10 (0.3% of hits), GH28 (0.62% of hits) and GH30
(0.11% of hits) families of cellulases with endoglucanase (cellulase), exoglucanase and
endoxylanases, between other activities. Clans GH-B and GH-H were also highly abundant in the
MAG:s, the former includes GH7 which cleave 3-1,4 glycosidic bonds in cellulose and also has
xylanase activity, and GH16 that consists of a large variety of hydrolases that are active on plant
polysaccharides. The GH-H clan comprises GH13, which shows activity on polysaccharides such
as amylose, and the amylopectin and the transglucosylases GH70 and GH77. The clan GH-K
showed intermediate abundance in the MAGs, this contains the family GH18 of chitinases. GH43
was abundant within the MAGs (GH-F) representing 1.17% of the hits.

All the MAGs also showed significant presence of GTs, CEs and CBMs (Supplementary Table 4).

GTs are expected to be abundant as they form the glycosidic bond, taking part in the biosynthesis
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of oligo and polysaccharides; these molecules are metabolically important for biomass and energy

production. CEs were consistently abundant among the MAGs, especially in the Firmicutes. CEs
are interesting as they have been shown to catalyze the hydrolysis of ester bonds in hemicellulose
and pectin, two of the more recalcitrant molecules in the plant cell wall. CBMs were also abundant
across all MAGs, however, they showed higher abundances in terms of genes and sequences in
the larval MAGs (Figure 15 and Supplementary Table 4). Finally, AAs were significantly less
abundant in our MAGs suggesting that lignin breakdown is being performed by other
microorganisms that we failed to assemble and bin, or that some of the GHs in our MAGs have

this activity (Supplementary Table 4).
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Figure 15. Heatmap of the glycosyl hydrolase clan and other CAZy functions related to cellulose
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glycosyl hydrolase, GT= glycosyl transferases, CE= carbohydrate esterases, AAs= auxiliary

activities, PL= polysaccharide lyases, CBMs= carbohydrate binding modules. The origin of each
MAG is showed in groups: Red (L)= Larvae, Blue (A)= Adult, and Green (S)= Substrate. Data
was normalized by dividing the number of genes belonging to a GH clan or CAZy function to the

MAG gene count.

Figure 16 shows the hierarchical clustering of the MAGs based on the presence of carbohydrate
active enzymes, and therefore their genetically capability to use similar strategies for cellulose
breakdown based on gene content. Looking closer at the clustering, 4 semi-discrete groups of
MAGs were distributed in two big branches (Figure 16). The first branch includes Cluster 1, which
contains the majority of MAGs and is highly dominated by Firmicutes. Cluster 1 also includes one
Proteobacterial MAG, two Bacteroidetes MAGs, four Unclassified bacterial MAGs and the single
archaeal MAG detected. Cluster 2a consists of seven MAGs, four of these are Unclassified
bacteria. The second branch contains Cluster 2b and Cluster3, the former shows the most diversity
of MAGs in terms of taxonomic affiliation including unclassified bacteria, Proteobacteria,
Actinobacteria and Bacteroidetes MAGs. Finally, Cluster 3 includes the Verrucomicrobial MAGs.
They were exclusively present in the substrate, suggesting that these bacteria use its own particular

strategy for cellulose degradation.
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Figure 16. Hierarchical clustering of the abundances of carbohydrate active enzymes in the MAGs
reconstructed from the Passalid metagenomes. The clustering was calculated from Figure 15. Blue

stars= Unclassified MAGs.

I then searched in the IMG/M annotation for carbohydrate active genes assembled from the seven
metagenomes in order to consider genes in other microorganisms that did not make it to bins and
did not passed our definition of MAG. For this calculation, I normalized the number of hits
obtained for each function to the total number of genes in the respective metagenome. The
hierarchical clustering on the top and right of Figure 17 was calculated based on the relative gene

abundance.
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The adult metagenome presented the lowest abundance and diversity of these cellulolytic
functions. On the contrary, the substrate showed the highest diversity of genes. Both larval
metagenomes and the substrate showed a high abundance of glycosyl hydrolases (Supplementary
Table 5). Interestingly, this is the first comparison in which the adult metagenome clustered

separated from the larvae given the lowest abundance of glycosyl hydrolases. The cellulases GH2

(B-mannosidase), GH3 (-glucosidase) and GH92 (o.-mannosidase) were the most abundant in the
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larvae and substrate. These showed low abundance in the adult. GH43 (o-L-arabinofuranosidases

and B-D-xylosidase) and GH88 (glucuronyl hydrolase) showed higher abundance in the larvae
metagenomes (Supplementary Table 5). Besides being one of the largest families of glycosyl
hydrolases, GH5 were not in the group with the highest abundance in our metagenomes, suggesting
that the system relies on other cellulases for plant material degradation. Chitinases were only
detected in the substrate metagenomes. The differences between the MAGs and the entire

community analysis will be discussed later.

In summary, I was able to produce a set of high-quality MAGs and metagenomic bins comprising
a considerable phylogenetic diversity. Moreover, I found evidence that the genomes I
reconstructed could be capable of cellulose degradation since they encode a myriad of enzymes
with activities involved in this process. By examining the distribution of the functions in the
MAGs, I found that these genomes may use different strategies to degrade recalcitrant plant
molecules. In terms of the entire community, the larvae and substrate were both rich in
carbohydrate active enzymes, however, they showed different patterns in their distribution. The

adult has the lowest abundance and diversity of glycosyl hydrolases.

7.3.4 Methanogenesis in the Veturius sp. gut

The phylogenetic analysis based on 16S rRNA sequences showed a large abundance of archaea,
especially in the larvae samples. Hence, I searched our metagenomic bins for archaeal bins that
can give us a better hint into their role in the community. To do this, I looked at the single copy

core genes and other phylogenetic markers traditionally used for archaea, such as genes involved
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in methane metabolism. The selection of these markers was guided by the taxonomical

classification of the archaea in the 16S rRNA data, as it is more probable to assemble and bin

genomes of the abundant microorganisms in the system. By this procedure, I was able to classify

9 metagenomic bins as archaea along with the previously identified archaecal MAG260.

Table 9. Summary of archaeal bins reconstructed from the Passalid gut and substrate

metagenomes.
Length (Mb) contigs N50 %GC Jocompletion Yredundancy
MAG 260 2.163051 60 66296 4295 9198 6.79
Bin 348 1.027575 122 9507 50.57  54.94 247
Bin 517 0.573118 98 6534 48.59  24.07 1.23
Bin 146 0.505845 99 5287 47.83 16.05 1.85
Bin 101 0.447055 83 5636 49.20 16.67 1.23
Bin 5 0.428931 88 4698 48.02 16.05 4.32
Bin 435 0.328622 56 6783 48.80 741 0.00
Bin 299 0.306028 48 6730 48.37 17.90 2.47
Bin 87 0.239842 25 13173 4223  6.79 0.00
Bin 458 0.228178 37 6988 4352 741 0.62

The reconstructed archaeal bins ranged in size from 2.16Mb to 0.23Mb and the average %GC was

47. The % redundancy of the bins < 7%; and with the exception of the MAG, the %completion

ranged from 55% - 6.8% based on the presence of single copy core genes (Supplementary Table
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6). Interestingly, MAG260 was only detected in the adult metagenome, all the other archaeal bins

were detected in the larvae. None of these organisms was detected in the substrate metagenome.

Bin_299

Bin_5

Bin_146

C. Methanoplasma MPT1
Bin_348

Bin_101

Bin_517

Bin_435

Thermoplasma acidophilium
Methanosarcina bakeri
Methanosarcina mazei
Bin_438

Bin_87

Methanospirillum hungatei
Methanobrevibacter cuticularis
Methanobrevibacter filiformis
Methanobrevibacter ruminantium
Methanococcus vanielli
Methanococcis voltae
MAG_260

Sulfolobus solfataricus
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Figure 18. Phylogenomics of archaeal bins. Green: putative Candidatus Methanoplasma clade.
Brown: putative Methanosarcina clade. Phylogenomics performed based on 13 concatenated
single copy core genes. The reference sequences included in this tree were retrieved from full

genomes in GenBank.
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In order to have a better taxonomic classification of the bins, I concatenated the single copy core

genes that were shared between the bins to perform a phylogenomics analysis. I included the
closest homologs of these genes from known archaea as reference. The majority of the bins cluster
with Candidatus Methanoplasma termitum, this strain was isolated from an enriched culture of
termite gut contents and its genome was recently sequenced (Figure 18). Ca. Methanoplasma
termitum has been classified in a new order of methanogenic bacteria, the
Methanomassiliicoccales. It has been proposed that these archaea use a new metabolic strategy for
energy metabolism (Figure 19): a Fpo-like coenzyme related to F., to reduce hydrogen. Therefore,
I searched for these genes in the bins included in this cluster and was able to find homologs for the
mentioned hydrogen reducing coenzyme in Bin348 only, which encodes all the subunits of
Coenzyme F.,-reducing hydrogenase. These results suggest that the Methanomassiliicoccales use

similar strategies for energy production.
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but are present in other members of the order. Empty black circles= genes not found in our bins.

Blue square= F.,, complex found in bin 348. Adapted from Lang et al*.

Next, I searched these bins for methyl-coenzyme M reductase (mcr) genes, key enzymes for
methanogenesis. Full length sequences were recovered for mcrC (subunit C in the complex) in
four of the bins, all of which are part of the Methanomassiliicoccales clade in the phylogenomics
analysis. The mcrC in BinlO1, Bin517 and Binl46 clustered with their homolog in Ca.

Methanoplasma termitum (Figure 20). Interestingly, the mcrC of Bin348 was positioned in a
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different clade outside this group. This result, in addition of the evidence of the presence of the

Coenzyme F..-reducing hydrogenase genes in the same bin, indicates that Bin348 does not belong
to the Methanomassiliicoccales clade, and that it was probably grouped within this clade because

of lack of phylogenetic resolution (Further discussion later).
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NZ CP010070 C. Methanoplasma termitum
Bin 348

65 NZ CP017686 C. Methanomethylophilus alvus

e NC 020892 C. Thermoplasmatales archaeon BRNA1
—
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Figure 20. Maximum likelihood tree of mcrC full length genes from reconstructed archaeal bins.

Bootstrap= 100 000 generations. The reference sequences included in this tree were retrieved from

full genomes in GenBank.
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No homologs of mcr were found in Bin458 and Bin87, these were classified as putative

Methanosarcina based on phylogenomics. Given that all known Methanosarcina are
methanogens, the absence of homologs of mcr in these bins can be explained by their size. These
are the two shortest archaeal bins with 0.23Mb and 0.24Mb, and % completion of 7.4 and 6.8
respectively.

Homologs of mcr were also absent in MAG260. Contrary to Bin458 and Bin87, MAG260 is
2.16Mb in size, has a % completion of 92 and encodes for 2 257 ORFs. Therefore, the absence of
this key gene suggests that this organism is not capable of performing methanogenesis. The
clustering of MG260 in the phylogenomics tree is also interesting, it is positioned in a clade
separated from the other Euryarchaeota indicates that it might belong to a new class in this phylum.
However, a much comprehensive phylogenetic analysis needs to be done to confirm this. In order
to obtain more information about the possible role of MAG260 in the adult gut, a metabolic model
of was constructed employing the 2 257 ORF predicted to be coded by this MAG. No gap filling
methods were used in the model as we are confident of the completion of the MAG, and preferred
to avoid possible biases in our interpretation of the model. The lack of genes in methane
metabolism pathways was confirmed with the model (Supplementary figure 6). Moreover, the
model shows that the MAG?260 is capable of fixing nitrogen as it encodes the nitrogenase complex,
nitrogen fixation has been previously found in methanogenic archaea. Incomplete TCA cycle and
Pentose phosphate pathways were found, but no evidence of oxidative phosphorylation genes and
cytochromes. The MAGs also lacks of RuBisCo based carbon fixation genes suggesting a

fermentative metabolism.
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The collection of 766 metagenomic bins includes high quality partial genomes of microorganism

from two domains in the tree of life, and eight different phyla. The average genome size was >1Mb
and an average of more than 1000 genes per bin (about half of them lacking annotations in the
current database), therefore this collection constitutes a valuable resource to the study of microbial

ecology and for bioprospecting purposes.

7.4 Comparative metagenomics of Veturius gut and substrate

7.4.1 The Veturius sp. gut has convergently evolved to resemble rumen

In order to compare the Veturius sp. system and other cellulolytic metagenomes, as well as the
metagenomes from other beetles, I aimed to perform a global comparison of the proteins found in
the systems. Then, to compare the functional capabilities of these systems, I utilized the COG
(Clusters of Orthologous Genes) annotations to all the predicted ORFs of a set of metagenomes
available in the IMG database along with the Verurius metagenomes. The gene hits to these
functions were collected in all the metagenomes, then the data was normalized to the total gene
count of the respective metagenome. The resulting matrix was used to generate a hierarchical
cluster by calculating the correlation coefficient based on the similarity of the functional
characterization of the genomes (Figure 21). The cluster showed two major branches, one branch
included the adult metagenome by itself, suggesting that it is functionally different from the other
metagenomes. The second branch also shows two major groups, the first includes the leaf-cutter
ant fungus garden and refuse dump metagenomes, the metagenomes associated with the fungus

garden of bark beetles: the mountain pine beetle Dendroctonus frontalis and Dendroctonus
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ponderosae, and the Passalid substrate (gray branch in Figure 21). Again, clustering of this groups

reflects functional similarities between the microbes in these metagenomes.

The most interesting result was obtained for the larvae, they clustered in the same branch as the
termite hindgut and the rumen from different mammals. The five larvae metagenomes are included
in one branch having the rumen from Bovines from Vernon Texas, the goat rumen and the Musk
oxen rumen as its closest neighbors. The next group of metagenomes in proximity to the Passalid
larvae are the metagenomes of the hindgut of Cubitermes termites. The second half of the cyan
branch includes the Nasutitermes termites, the sheep and other bovine rumen. This result indicates
that the microbes of the Passalid larvae encode for similar proteins that the ones encoded in the
rumen and in the hindgut of termites. Furthermore, our analysis implies the existence of

evolutionary processes selecting for microbes carrying these functions.
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Figure 21. Functional clustering of cellulolytic and other insect-associated metagenomes.

Spearman correlation clustering based on COG functions. Branch containing the Passalid beetle

metagenomes are shown in red.

A similar analysis but this time using the taxonomic classification of the ORFs in the metagenomes
was performed to test whether this clustering matches the one obtained for the functional
comparison. I used the same approach, calculating the correlation coefficient, but in this case of
the taxonomy assigned to the genes in the metagenomes at the class level. The taxonomical
clustering is mostly consistent with the functional clustering, as it shows that the taxa present in
the rumen, termite and Passalid larvae metagenomes share taxa (Figure 22). The Passalid substrate
clustered again with the bark beetles and the leaf cutter ants (gray branch). The position of the
adult metagenome differed from that seen in the functional analysis, as this clustered in the cyan

branch, more similar to the Passalid larvae, the termites and the rumen.
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Figure 22. Taxonomical clustering of cellulolytic and other insect-associated metagenomes.
Spearman correlation clustering based on taxonomy at the class level. Branches containing the

Passalid beetle metagenomes are shown in red.
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7.4.2 Cellulose degradation and methanogenesis in Veturius sp. and other cellulolytic systems
The results from the previous sections showed that Passalid larvae, rumen and the termite hindgut
have similar genes, and therefore, they might be using similar strategies to generate energy and
biomass from plant material. Therefore, I expect that cellulose degradation and methanogenesis
are the most important catabolic processes in these systems. I previously showed that the Passalid
larvae microbial communities are dominated by Firmicutes bacteria and methanogenic archaea.
The Firmicutes are known to encode cellulases that help termites and rumen to digest cellulose,
and methanogenic archaea are also active and abundant in the termite hindgut and the rumen. Thus,
next I compared the distribution of genes of carbohydrate active enzymes and methanogenesis

functions in insect and rumen metagenomes.
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Figure 23. Heatmap of the functions related to cellulose breakdown on cellulolytic and other
insect-associated metagenomes. Blue= glycosyl hydrolase, Red= other carbohydrate active

enzymes. Data was normalized to the total gene count of each metagenome.

The heatmap in Figure 23 shows that the Passalid larvae were grouped again with the termites and
the rumen in the first cluster (left to right). The Passalid adult and substrate grouped in a second
cluster with the bark beetles and the ants; the heatmap shows that the major cause of the separation
of this second cluster is the difference in the abundance of the functions in the top of the figure.

These include the Pfams for the most important cellulases and GHs: GH2, GH3, GHS, GH10 and
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GH43. There is a third cluster on the far right that similarly to the second cluster, shows a

significantly high abundance of GH2, GH3, GHS, GH10 and GH43; however, these metagenomes
also showed higher abundance of GH97, GH20 and fucosidase in comparison to the other two

clusters.

7.4.3 Methanogenesis in insect metagenomes

Encouraged by the results obtained in the previous sections where I found evidence of the presence
of methanogenic archaea in the Passalid adults and larvae, I compared the abundance of the
functions related to methanogenesis in the Passalid metagenomes to other insects capable of
producing methane.

The heatmap in Figure 24 shows that the Passalid larvae and the termites have similar abundances
and distribution of functions related to methanogenesis (left cluster). The adult showed
significantly less abundance, however, it was grouped in an intermediate abundance group along
with other termites. This result is consistent with the 16S rRNA data that showed the presence of
methanogenic archaea in the Passalid adult but in a lower abundance compared to the larvae.
Finally, the Passalid substrate clustered with the ants and the bark beetles on the extreme right
cluster, this branch shows the lowest abundance and lowest number of genes involved in these

pathways.
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Figure 24. Heatmap of the functions related to methanogenesis and methane metabolism on insect-
associated metagenomes including Veturius sp. Data was normalized to the total gene count of

each metagenome.

Together, these results suggest the existence of convergent evolution between the Veturius sp.
larvae guts and the rumen microbial communities. The similarities between the two systems lay
both on the phylogenetical affiliation of the members of the community as well as in their genetic

potential.
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7.4.4 Nitrogen fixation in the Veturius sp. gut and substrate metagenomes

Insects often establish symbiotic relationships with nitrogen fixing microorganisms to supply their
nitrogen requirements. The genomes of potential nitrogen fixers were reconstructed from the
metagenomic sequences of Veturius sp. A total of 92 open reading frames of the subunits of the
nitrogenase (nif) were found in 32 of the bins in the collection. The nitrogenase was found in 11
MAGs (10.9% of reconstructed MAGs), one of which was the archacal MAG260. The phylogeny
in Figure 25 shows a clade in the tree with no known similar sequences when the public databases
were searched. Nitrogenase subunits were also found in bacterial and archaeal bins (shown in red

in Figure 25)
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Figure 25. Maximum likelihood tree of nifH full length genes from reconstructed in Veturius sp.
MAGs and bins. Bootstrap= 100 000 generations. The reference sequences included in this tree
were retrieved from full genomes in GenBank. Branches containing MAGs are shown in cyan,

branches containing bins are shown in red.

In order to explore the genetic potential for nitrogen fixation in the seven Veturius sp.
metagenomes, I compared the abundance of the nitrogenase subunits in the adult, larvae and
substrate metagenomes, with the metagenomes of other insects. The three nitrogenase subunits

nifD, nifH and nifK were found in similar abundances in all the metagenomes included in the
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analysis. The gene anfG was the one that showed the lower abundance in all metagenomes (Figure

26). The relative abundances of these subunits are summarized in Supplementary Table 7. There

were not significant differences in the average relative abundances of the metagenomes per insect

type.
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Figure 26. Relative abundance of genes for the nitrogenase complex subunits in the Veturius sp.

and other insect metagenomes (A). Average per insect for replicates of metagenomes related to the
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same type of insect but not biological replicated (B). Passalid adults and substrate only have one

replicate. Data was normalized to the total gene count of each metagenome.

The lack of significant differences between the abundance of genes related to nitrogen fixation in
the insect metagenomes suggest that Verurius sp. microbial communities also include organisms

capable to perform this process.
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8 Discussion

The results obtained in this study suggest that the Veturius sp. adult and larvae gut, as well as their
substrate’s microbial communities, have a vast phylogenetical diversity, and that their
communities are distinct to each other. These microbial communities are enriched in
microorganisms with the genetic potential to play important roles for the community itself and for
the host, such as cellulose degradation, nitrogen fixation and methanogenesis. Furthermore, we
showed that the microbial communities of Veturius sp. are abundant and diverse in terms of the
genes involved in these processes. Furthermore, our findings suggest that the adult and larvae gut
communities cooperatively degrade cellulose, this characteristic might be one major driver for the
subsocial behavior of these beetles. The functional capacity and the phylogenetic diversity in the
larvae microbial communities resembles the one of the mammal rumen, suggesting that these
animals have convergent evolutionary trajectories toward an effective digestion of plant material
in their guts. As part of our analysis we created a collection of partial genomes of relevant members
of the Passalid beetle microbial communities comprising a large phylogenetic and functional
diversity. This collection represents a valuable resource for further microbial ecology studies of
Costa Rica biodiversity. Finally, I combined the findings in the study to propose a model for the

ecology of the Passalid beetle and their microbial communities.

8.1 Influence of the methodological strategy in the microbial diversity
Advances in molecular biology and deep sequencing have allowed researchers to explore the
microbial diversity of many ecosystems in the planet. However, the field of microbial ecology is

still in the early stages; hence, the validation of methods is required to obtain meaningful and
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consistent conclusions. There are several variables that could have influenced the final results of

the sequencing runs in terms of both sequence yield and detected microbial diversity. Some of
these variables included the anatomical differences in the adult and larval gut, the differential
physical conditions of the gut contents and the substrate samples, the presence of chemical
inhibitors in the sample; and some others that are inherent of molecular biology protocols as the
use of different buffer solutions and reagents, the method used for cell lysis and the persistence of
nucleases among others. Because of the lack of a gold standard methods for DNA extraction in
ecological studies, we tested different protocols for metagenomic DNA isolation in the lab and
tested their impact in the diversity obtained for the community. By comparing the results of several
alpha diversity metrics we demonstrated that the extraction kit used does not significantly
influence the microbial community diversity and composition. It is vital to test the influence of the
methodology in the experimental results as there are several examples in which DNA extraction
protocols or other molecular biology techniques significantly impacted the diversity obtained of
the microbial communities. In fact, in a study of human fecal microbiome samples that used two
of the same DNA isolation kits that we used in our experiment, the authors found that the method
introduced significant differences in the abundances of Firmicutes including Ruminococcaceae,
Clostridiaceae and Lachnospiraceae, as well as other members of Enterobacteriaceae”. We did not
detect this effect in our data. Gram positive bacteria represent a challenge for molecular studies
based on DNA isolation; they have strong cell walls and some of them produce spores that are
hard to lyse. Different approaches can have been used aiming to obtain good DNA from
communities that include these bacteria, the most commonly used involve physical methods such

as vortexing, bead beating and sonication, and the use of chemicals to dissolve the components of
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the cell wall»». The physical methods, especially the ones involving bead beating, have proven to

produce consistent results in terms of diversity and yields when applied to different sample types
such as mock communities” , activated sludge», or other more difficult samples to extract such as
plant woodchips®. In order to test the possibility of missing interesting taxonomical groups that
could be tightly attached to gut epithelia, as these can be involved in intricate relationships with
the host, I compared the alpha diversity of samples that were processed using the same protocols
of DNA isolation but including only gut contents versus gut contents plus epithelia. No significant
differences were found in diversity between the samples or total sequencing yields; however, the
epithelium samples presented a large amount of eukaryotic sequences that had to be filtered out
causing a significant reduction of the microbial sequence yields. Given the universality of the
primers used in this study we compared our sequences to the ones in available databases and
confirmed that more than 90% of the eukaryotic sequences were similar to beetle rRNA sequences.
It has been previously shown that the primer set used in this study (as well as other common
primers used for amplicon sequencing of 16S rRNA regions) can be reliably used to study the
diversity of eukaryotes and archaea”. Therefore, the archaeal sequences were kept for the analysis
and only the eukaryotic sequences, as they were highly dominated by the own beetle, were filtered

out.

8.2 The larvae and adults of Veturius sp. harbor specialized microbial communities
One of the most interesting results obtained was the striking difference found between the adult,
the larvae and the substrate microbial communities, and the consistency of the composition of this

communities showed in the beta diversity comparison. The sample type was the most important
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driver of the variation to the microbial community composition, overpowering the contribution of

beetle family and other variables like geographical location, tree species, and other environmental
factors. The beta diversity clustering observed in the ordination analysis was supported by the
differences in the phylogenetic groups that dominated each sample type. The Passalid substrate
samples were largely dominated by Proteobacteria, the adults by Firmicutes and Tenericutes, and
the larvae by Firmicutes and Euryarchaeota. Contrary to the findings, one could hypothesize that
the communities in the adult and the larvae are similar, and that the subsocial behavior of these
beetles is due the need to share the microbes that encode the genes for cellulose degradation.
Moreover, the initial expectation was that the microbial community in the substrate was also
similar to the beetle gut, as it constitutes the ideal vehicle for the horizontal transmission of
microbes between the larvae and the adult. This was the case for the wood feeding beetle
Anoplophora glabripennis. In a more modest clone study of the microbial diversity related to this
beetle, the authors found more similar microbial communities between different life stages of the
beetle and the wood material, and concluded that the microbes in the larvae gut where either
vertically transmitted or, environmentally acquired from the bark they feed on». Also, a
metagenomic study of the Mountain pine beetle Dendroctonus ponderosae showed that the beetle
fungus garden and the Lodgepole pine where they were sampled have similar microbial
communities dominated by Proteobacteria®. Likewise, the results of another 16S rRNA clone
library in the bark beetle Dendroctonus valens LeConte also showed similar microbial
communities in the larvae and adult, again dominated by Proteobacteria*. Finally, a study of the
bacterial communities associated to another Curculionidae, the pine weevil beetle Hylobius abietis,

found that these were very similar in individuals across Europe and dominated by Proteobacteria
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followed by Firmicutes*. Contrary to those previous findings in other beetle species, these results

suggest that the communities in Veturius sp. are different, only sharing about 3% of the more than
11 000 OTUs. Moreover, there are high order differences in the dominant taxa even at the phylum
level. I hypothesize that adult and larvae have distinct ecological roles and therefore, have evolved
to harbor specialized microbial taxa that facilitates the metabolic processes necessary for their
ecology.

The Passalid adult and larval guts are enriched in microorganisms capable of cellulose degradation
all the way to methane and carbon dioxide. Their communities are abundant in Clostridiales
including members of Clostridiaceae, Ruminococcaceae and Lachnospiraceae, as well as some
other Bacilli. The larvae are also enriched in methanogenic archaea comprising members of several
classes of Euryarchaeota. These results are consistent with the ones found in other cellulolytic
microbial communities such as the cow rumen and the termite hindgut. Several studies of mammal
rumen have identified the Firmicutes as the taxa carrying the largest and more diverse repertoires
of carbohydrate active enzymes»=*+. In a study of the hindgut of two different species of termites,
the authors found that the taxa carrying the cellulolytic capacity differ between the species; in
Amitermes wheeleri the most abundant phyla where the Firmicutes and Spirochaetes whereas in
Nasutitermes corniger the community was dominated by the Spirochaetes and Fibrobacteres™».
Both Spirochaetes and Fibrobacteres showed significant abundance in the Veturius sp.
metagenomes. Similar to the Passalid beetles, cow rumen is also enriched in methanogenic
archaea, most of these are classified as Methanobrevibacter based on the results of a recent
metagenomic study*. All together, these results suggest the Veturius sp. gut as a phylogenetically

and functionally diverse cellulolytic system with characteristics similar to the cow rumen, and to
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lesser degree the termite hindgut. The Passalid gut is a source of novel microorganisms capable

of perform important metabolic processes that has not been explored yet.

8.3 The microbiomes of Veturius sp. include organisms with the genetic capacity of cellulose
breakdown and methanogenesis

The analysis of the metagenomes of Verurius sp. showed that their associated microbial
communities harbor diverse microorganisms capable to perform the complete degradation of
cellulose all the way to methane (data not shown). In order to understand more about the biology
of these microorganisms were mined the genes that populate the pathways for the degradation of
these compounds with the advantage of being able to consider the genomic context of the genes in
the genomes reconstructed from the metagenomic reads. In total 766 partial genomes were
reconstructed from microorganisms that inhabit the Verurius sp. gut and its substrate. These
genomes are distributed among seven bacterial phyla and the archaeal phyla Euryarchaeota. From
the 766, 101 met the criteria for a MAG, and therefore the analysis was concentrated in those near
complete, high quality genomes. Because of the implicit limitations of metagenomics, the taxa
with the highest probability of being successfully binned are the ones showing abundant and
evenly distributed populations. Hence, the binned genomes often represent the important
organisms in the system=#*. The majority of the MAGs reconstructed from the Passalid
metagenomes correspond to Firmicutes, and they contain a large number of glycosyl hydrolases
and other genes coding for carbohydrate active enzymes. This result adds evidence to the key role
that the Firmicutes have in the degradation of cellulose in the Passalid gut. Other researchers have

attempted to assemble genomes from cellulolytic metagenomes, specifically from the cow rumen.
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In one of the first studies, the authors were able to assemble 15 genomes of uncultured bacteria

from the phyla Firmicutes, Bacteroidetes and Spirochaetes. More recently, others have taken
advantage of the methodological improvements and the computational efficiency of novel
bioinformatic algorithms to assemble larger number of genomes. In a 2018 study the authors used
a combination of HiSeq Illumina sequencing and Hi-C Illumina sequencing” (alternative library
preparation method that uses crosslinked strategies to capture DNA molecules that are physically
adjacent), to reconstruct draft genomes of 898 microorganism assembled from 43 cow rumen
metagenomes. The majority of their MAGs were classified in the Firmicutes and Bacteroidetes
phyla, followed by genomes of Actinobacteria, Proteobacteria and Euryarchaeota*. Their
collection resembles ours in terms of taxonomical affiliation of the genomes and in their overall
functional capacity. Both datasets showed thousands of novel sequences that encode for
carbohydrate metabolism (estimation based on the percentage of sequences with good matches to
the public databases), however there is a significant difference in terms of the phylogenetical
affiliation of the bacteria that carry the enzymes. While in cow rumen MAGs the majority of the
glycosyl hydrolases are detected in Bacteroidetes (Prevotellaceae), in the Passalid beetle these are
significantly more abundant in the Firmicutes, specifically in the Clostridiales. The approximated
taxonomy of the archaea found in both collections is also distinct, 25 of the 28 archaeal genomes
in the cow rumen dataset were similar to known ruminant Methanobrevibacter, whereas our partial
genomes are more similar to the Methanomassiliicoccales. This group is of particular interest as it
has been shown to encode for novel coenzymes that allowed them to perform a novel type of

energy metabolism, this archaea has been detected also in the rumen of Chinese goats*.
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There is evidence of the presence of other archaea in the 16S rRNA data comprising the five major

classes of Euryarchaeota, including an abundant OTU similar to a unique clade that contains
vadinCA11, and WCHD302, an archaea obtained from an aquifer contaminated with organic
solvents. Unfortunately, no genomes were yet assembled for these other classes. Together the cow
rumen and the Passalid beetle MAGs substantially improved our knowledge of microbes
specialized in degrading cellulose, producing a new set of more than 1000 genomes of
microorganisms from cellulolytic environments. Most of these organisms cannot be grown in the
laboratory under current culturing methods. Both datasets are a valuable resource for
bioprospecting purposes, as will be the study of the ecology of other taxa such as Verrucomicrobia

and Acidobacteria.

8.4. The Veturius sp. microbiomes contain microorganisms capable of preforming nitrogen
fixation

The microbiomes of Veturius sp. contain homologs for nitrogenase subunits similar in abundance
and diversity to what has been described in termites’, a well-known case of symbiotic gut
microbes that fix molecular nitrogen from the atmosphere’». Termites, as well as other wood
feeding insects in the forest, live on diets that are dramatically depleted in nitrogen; with carbon
to nitrogen ratios up to two orders of magnitude higher in wood material than in insect biomass* .
Nitrogen is a limiting factor in the ecosystem as it is abundant in proteins and other biomolecules.
Therefore, the establishment of symbiotic relationships with nitrogen fixing microorganism are
essential for the survival and ecological success of wood feeding insects. Similar to termites, which

depend on Spirochaetes and other bacteria to supplement their nitrogen requirement, leaf-cutter
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ants species rely on Proteobacteria to provide them with this valuable resource*+. Nitrogen fixing

bacteria have been isolated also from bark beetles Dendroctonus terebrans
(Coleoptera:Curculionidae)”. In-situ acetylene reduction has been demonstrated in larvae of the
stag beetle Dorcus rectus (Coleoptera:Luconidae), however, the microorganisms responsible were
not identified”. Moreover, nitrogenase activity was also demonstrated in Odontotaenius disjunctus
(Coleopteroa:Passalidae), in this case, the major contributor to nitrogen fixation was a member of
the Bacteroidetes, Paludibacter propionicigenes, according to nif sequence analysis”. The
microbiome of Veturius sp., also a wood feeding beetle, is likely to have symbiotic nitrogen fixers;
the nitrogenase sequences found in this study include bacteria and archaeal homologs. One of these
homologs was included in the archaecal MAG260, binned from the adult metagenome of Veturius
sp. To our knowledge, this is the first report of nitrogen fixing archaea in insect gut microbiomes.
The in-situ activity, as well as the isolation of this archaea in culture, is yet to be experimentally

proven.

8.5. Model of cooperative cellulose degradation in Veturius sp.

Wood feeding animals rely on microbes to degrade recalcitrant cellulose and lignin molecules into
more easily digestible compounds for the host. Therefore, the microbial communities in the gut of
Passalid beetles, and other animals, heavily influence their ecology in terms of habitat selection,
diet and behavior. Based on our findings, we propose a model to explain how the enrichment of
specific microbial taxa involved in carbon metabolism in the gut of the Passalid beetles contributed
in the evolution of the characteristic subsocial behavior of this Coleopteran family (Figure 27). In

the model we propose that the larvae are more intensively contributing to the cellulose breakdown
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in the system. The beetle larvae are very voracious and rapidly growing », thus, the larvae have a

high energy demand to produce biomass. Additionally, the larval gut occupies the majority of its
body, consisting of a tube that lacks anatomical compartmentalization. It is because of this features
that we believe that the gut contents transit rapidly thought the gut preventing for a complete
digestion of the plant material before its ejection in the feces. Another piece of empirical support
is the important level of integrity of the gut contents on the direct observations of the material
inside the larval gut at the moment of extraction. Therefore, these feces of the larvae are rich in
smaller sugars product of cellulose breakdown that accumulates in the substrate surrounding the
galleries that Veturius sp. inhabits inside decay tree logs. Both larvae and adults then feed on the
more easily digestible sugars in the substrate. The larvae eventually completely transform cellulose
to CO. and CH. by the metabolic action of Firmicutes and methanogenic archaea. The adult
metagenomes, on the other hand, were significantly depleted in cellulases like GH5, GH10 and
others involved in the first steps of cellulose breakdown; this is why we believe they mostly
consume the small sugars released by the larvae. Thus, the subsocial behavior of the Passalid can
be explained by the dynamics of their relationship where the larvae assist with the digestion of the

adult, and the adult provides the larvae with protection and a habitat.



Figure 27. Proposed model of microbe-assisted cellulose degradation in the Passalid beetle

Veturius sp.

It is important to consider the limitations of our models as it was purely created based on a sample
set of metagenomes and 16S rRNA data for a particular time in five families of Passalid beetles.
The validation of the model requires future experiments involving gene expression measurements
and controlled laboratory experiments.

This study aims to contribute with our knowledge of the biological diversity of Costa Rica, and to
obtain a better understanding the contribution of microorganisms that inhabit the guts of beetles in
the forest in biogeochemical processes with global relevance. This work also contributes with a
dataset of partial genomes that can be further used to better understand the ecology and natural
history of these and other beetles in the tropics. The genome collection and the assemblies

generated in this project are a source of thousands of genes with potential biotechnological interest
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worth to further explore. These enzymes can be potentially use in the generation of clean energy,

cooperating to the country efforts towards carbon neutrality and conservation.
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9 Conclusions

The DNA isolation methods tested did not affect the yield and the diversity of the
sequences. However, the MoBio protocol produced higher yield and more consistent
results.

The gut of the Veturius sp. adult, larvae and their substrate harbor different microbial
communities enriched in specific taxonomic groups. The main driver of the functional and
taxonomical variation is the sample type itself.

Adult and larval gut microbial communities are dominated by Firmicutes that encode for
thousands of carbohydrate active enzymes.

The larval microbial communities are enriched in methanogenic archaea.

The Veturius sp. harbor bacteria and archaea capable to perform methanogenesis and
nitrogen fixation. These processes have not been previously documented in this insect.

I found evidence of functional convergence evolution between the larvae and the cow
rumen. Both systems selected for microbes with similar enzymatic capabilities for cellulose
degradation.

The Veturius sp. gut microbial communities influence the ecology and physiology of these

beetles.
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11 Supplementary information

Supplementary figure 1. Venn diagram of OTUs detected in the Veturius sp. gut and related
substrate.
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Supplementary figure 2. Neighbor joining tree of Firmicutes in the Passalid beetle gut and
substrate. Shape are assigned for OTUs at the class level. The size of the shape correlates with
the abundance of sequences in the OUT. Larvae= orange, Adult= cyan, Substrate= purple.
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Supplementary figure 3. Neighbor joining tree of Bacilli in the Passalid beetle gut and substrate.

Shape are assigned for OTUs at the class level. The size of the shape correlates with the abundance

of sequences in the OUT. Larvae= orange, Adult= cyan, Substrate= purple.
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Supplementary figure 4. Neighbor joining tree of Euryarchaeota in the Passalid beetle gut and
substrate. Shape are assigned for OTUs at the class level. The size of the shape correlates with the

abundance of sequences in the OUT. Larvae= orange, Adult= cyan, Substrate= purple.
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Supplementary figure 5. Neighbor joining tree of Tenericutes in the Passalid beetle

gut and

substrate. Shape are assigned for OTUs at the class level. The size of the shape correlates with the

abundance of sequences in the OUT. Larvae= orange, Adult= cyan, Substrate= purple.
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Supplementary figure 6. Methane metabolism KEGG pathway reconstruction of arqueal MAG260.

Light blue= gene present in the genome.
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Taxon_oid Status Genome Name / Sample Name | Sequencing | IMG NCBI Sequencing | Genome
Center Genome ID | Bioproject Method Size *
Accession
3300000064 | Draft Bovine rumen microbial Texas A 3300000064 Ilumina 37196857
communities (NEW) from and M
Vernon, TX, USA University
2199352026 | Draft Bovine rumen microbial Texas A 2199352026 Ilumina 26083354
communities from Vernon, and M GAIIx
TX, USA, Sample 669 University
2075704000 | Draft Bovine rumen microbial Texas A 2075704000 Ilumina 615647036
communities from Vernon, and M GAIIx
TX, USA, Sample 511 University
2140918032 | Draft Bovine rumen microbial Texas A 2140918032 Ilumina 97713687
communities from Vernon, and M GAIIx
TX, USA, Sample 669 University
3300003523 | Permanent | Camel rumen microbial Beijing 3300003523 Ilumina 1259982046
Draft communities from Jandagh- Genomics HiSeq
Isfahan, Iran - Sample 1 Institute 2000
(BGI)
3300021254 | Draft Sheep rumen microbial DOE Joint 3300021254 2300814014
communities from New Genome
Zealand - Tag 1494 SPADES Institute
assembly JGI
3300021256 | Draft Sheep rumen microbial DOE Joint | 3300021256 2245364709
communities from New Genome
Zealand - Tag 1283 SPADES Institute
assembly JGI
3300021399 | Draft Sheep rumen microbial DOE Joint 3300021399 2322534639
communities from New Genome
Zealand - Tag 1265 SPADES Institute
assembly JGI
3300000079 | Draft Sheep rumen microbial DOE Joint | 3300000079 | PRINA202380 160232843
communities from New Genome
Zealand - High methane Institute
(JGI)
3300021431 | Draft Sheep rumen microbial DOE Joint 3300021431 2473673371
communities from New Genome
Zealand - Tag 1435 SPADES Institute
assembly (JGI)
3300028327 | Permanent | Nasutitermes corniger P3 DOE Joint | 3300028327 | PRINA366361 | Illumina 1301161126
Draft segment microbial Genome HiSeq
communities from Max Planck | Institute 2000,
Institute, Germany - Nc150P3 JGID Ilumina
(SPAdes) HiSeq
2500
3300002450 | Permanent | Termite gut P3 segment DOE Joint 3300002450 | PRINA405701 | Illumina 1316108521
Draft microbial communities from Genome HiSeq
Max Planck Institute, Germany | Institute 2000,
-Col91 P3 JGI) Ilumina
HiSeq
2500
3300002469 | Permanent | Termite gut P3 segment DOE Joint | 3300002469 | PRINA405704 | Illumina 1212366489
Draft microbial communities from Genome HiSeq
Max Planck Institute, Germany | Institute 2000,
- Th196 JGI) Illumina
HiSeq
2500
3300006045 | Permanent | Termite gut P3 segment DOE Joint | 3300006045 | PRINA366256 | Illumina 3193530320
Draft microbial communities from Genome HiSeq
Max Planck Institute, Germany | Institute 2000,
- Nt197 P3 JGI) Illumina
HiSeq
2500
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3300002505 | Permanent | Termite gut P3 segment DOE Joint | 3300002505 | PRINA366256 | Illumina 885584058
Draft microbial communities from Genome HiSeq
Max Planck Institute, Germany | Institute 2000,
- Nt197 P3 JGI) Ilumina
HiSeq
2500
3300002449 | Permanent | Termite gut P3 segment DOE Joint 3300002449 | PRINA405703 | Illumina 712348561
Draft microbial communities from Genome HiSeq
Max Planck Institute, Germany | Institute 2000,
-Mpl193 P3 JGI) Ilumina
HiSeq
2500
3300006226 | Permanent | Termite gut P3 segment DOE Joint | 3300006226 | PRINA405704 | Illumina 3211497060
Draft microbial communities from Genome HiSeq
Max Planck Institute, Germany | Institute 2000,
- Th196 JGI) Ilumina
HiSeq
2500
2044078006 | Permanent | Dendroctonus frontalis DOE Joint 2044078006 454 GS 41255331
Draft bacterial communities from Genome FLX
Mississippi, USA Institute Titanium
JGID
2029527007 | Permanent | Dendroctonus ponderosae DOE Joint 2029527007 454 GS 28121448
Draft fungus gallery microbial Genome FLX
communities from Grand Institute Titanium
Prairie, Alberta - Hybrid pine JGI)
2032320008 | Permanent | Dendroctonus ponderosae DOE Joint 2032320008 454 GS 29279222
Draft fungus gallery microbial Genome FLX
communities from Grand Institute Titanium
Prairie, Alberta - MPB hybrid JGID
beetle
2038011000 | Permanent | Fungus garden microbial 454 Life 2038011000 454 GS 465469652
Draft communities from Atta Sciences, FLX
colombica in Panama - from DOE Joint Titanium
dump top Genome
Institute
(JGI)
2040502000 | Permanent | Fungus garden microbial 454 Life 2040502000 454 GS 482217958
Draft communities from Atta Sciences, FLX
colombica in Panama - dump DOE Joint Titanium
bottom Genome
Institute
(JGI)
2029527006 | Permanent | Fungus garden microbial 454 Life 2029527006 454 GS 83167033
Draft communities from Atta Sciences, FLX
colombica in Panama -fungus DOE Joint Titanium
garden bottom Genome
Institute
(JGI)
3300001451 | Permanent | Goat rumen bacterial Cornell 3300001451 Ilumina 1986802579
Draft communities from Langston, University
Oklahoma, USA - velvet
Assemble
3300001425 | Permanent | Goat rumen bacterial Cornell 3300001425 Ilumina 1986802579
Draft communities from Langston, University
Oklahoma, USA - velvet
3300001376 | Permanent | Goat rumen bacterial Cornell 3300001376 Illumina 64563911
Draft communities from Langston, University
Oklahoma, USA
2029527005 | Permanent | Atta colombica fungus garden DOE Joint 2029527005 | PRINA337000 | 454 100904834
Draft Top Genome
Institute
JGID)
3300000114 | Draft Passalidae beetle gut microbial | DOE Joint | 3300000114 | PRINA337866 | Illumina 804003313
communities from Costa Rica - | Genome HiSeq
Larvae (3ML+3BL) 2000
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Institute
JGID
3300000838 | Draft Passalidae beetle gut microbial | DOE Joint | 3300000838 | PRINA337868 | Illumina 77567223
communities from Costa Rica - | Genome HiSeq
Larvae (SML+5BL) Institute 2000
JGID
2225789003 | Draft Passalidae beetle gut microbial | DOE Joint | 2225789003 | PRINA337865 | Illumina 52750108
communities from Costa Rica - | Genome HiSeq
Larvae (2ML+2BL) Institute 2000
JGID
3300000062 | Draft Passalidae beetle gut microbial | DOE Joint | 3300000062 | PRINA337864 | Illumina 511653920
communities from Costa Rica - | Genome HiSeq
Larvae (IML+1BSL) Institute 2000
JGID
3300000036 | Draft Passalidae beetle gut microbial | DOE Joint | 3300000036 | PRINA337863 | Illumina 170323120
communities from Costa Rica - | Genome HiSeq
Gallery material Institute 2000
(4MSU+4BSU+3MSU+3BSU) | (JGI)
3300000836 | Draft Passalidae beetle gut microbial | DOE Joint | 3300000836 | PRINA336847 | Illumina 142922252
communities from Costa Rica - | Genome HiSeq
Adult (4AMA+4BA+4MSA) Institute 2000
JGID
2225789004 | Draft Passalidae beetle gut microbial | DOE Joint | 2225789004 | PRINA337867 | Illumina 402413667
communities from Costa Rica - | Genome HiSeq
Larvae (4BL+4ML+4MSL) Institute 2000
JGID
3300005702 | Permanent | Rangifer tarandus Macrogen 3300005702 454 GS 1150694
Draft platyrhynchus rumen microbial FLX
communities from Svalbard, Titanium
Norway - Sample 549
3300028797 | Draft Bovine rumen microbial DOE Joint 3300028797 Illumina 2488214290
communities from tropical Genome HiSeq
cattle in Woodstock, Institute 2500-1TB,
Queensland, Australia - JGID Illumina
Gonzalo_04 NovaSeq
3300028048 | Draft Bovine rumen microbial DOE Joint 3300028048 | PRINA502607 | Illumina 1571803452
communities from Lethbridge, | Genome HiSeq
Alberta, Canada - RIG_02 Institute 2500-1TB
JGID
3300028886 | Draft Bovine rumen microbial DOE Joint 3300028886 Illumina 2155694303
communities from Lethbridge, | Genome HiSeq
Alberta, Canada - RIG_04 Institute 2500-1TB,
JGID Tllumina
NovaSeq
3300026549 | Draft Bovine rumen microbial DOE Joint 3300026549 | PRINA469173 | Illumina 1135002002
communities from Lethbridge, | Genome HiSeq
Alberta, Canada - RIG_01 Institute 2500-1TB
(JGI)
3300028914 | Draft Bovine rumen microbial DOE Joint 3300028914 Illumina 2126034691
communities from tropical Genome NovaSeq,
cattle in Woodstock, Institute Illumina
Queensland, Australia - JGI HiSeq
Gonzalo_03 2500-1TB
3300028888 | Draft Sheep rumen microbial DOE Joint | 3300028888 Ilumina 3739977822
communities from Palmerston Genome HiSeq
North, Manawatu-Wanganui, Institute 2500-1TB,
New Zealand - 1728 DNA JGID Ilumina
GHGlow gp2 NovaSeq
3300028833 | Draft Sheep rumen microbial DOE Joint | 3300028833 Illumina 3705415280
communities from Palmerston Genome HiSeq
North, Manawatu-Wanganui, Institute 2500-1TB,
New Zealand - 1742 DNA JGID Ilumina
GHGhigh gp2 NovaSeq
3300028805 | Draft Sheep rumen microbial DOE Joint | 3300028805 Illumina 3185923025
communities from Palmerston Genome HiSeq
North, Manawatu-Wanganui, 2500-1TB,
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New Zealand - 1766 DNA Institute Ilumina
GHGlow gp2 JGI NovaSeq
3300028832 | Draft Bovine rumen microbial DOE Joint | 3300028832 Illumina 3318270658
communities from tropical Genome HiSeq
cattle in Woodstock, Institute 2500-1TB
Queensland, Australia - JGID
Gonzalo_01
3300026522 | Draft Bovine rumen microbial DOE Joint | 3300026522 | PRINA469174 | Illumina 539890075
communities from Lethbridge, | Genome HiSeq
Alberta, Canada - RIG_03 Institute 2500-1TB
(JGI)
3300028887 | Draft Bovine rumen microbial DOE Joint | 3300028887 Ilumina 3065012227
communities from tropical Genome HiSeq
cattle in Woodstock, Institute 2500-1TB,
Queensland, Australia - JGID Ilumina
Gonzalo_02 NovaSeq
3300028591 | Draft Sheep rumen microbial DOE Joint | 3300028591 | PRINA502469 | Illumina 3866467842
communities from Palmerston Genome HiSeq
North, Manawatu-Wanganui, Institute 2500-1TB
New Zealand - 1770 DNA JGID
GHGhigh gp2
2088090023 | Draft Sample MXFH National 2088090023 86883302
Research
Council of
Canada
2088090024 | Permanent | Sample MXSH National 2088090024 90948594
Draft Research
Council of
Canada
2088090022 | Permanent | Sample MXST National 2088090022 86700198
Draft Research
Council of
Canada
2088090021 | Permanent | Sample MXFT-1 National 2088090021 75338853
Draft Research
Council of
Canada
3300014826 | Draft Sheep rumen microbial University 3300014826 | PRINA214227 337153485
communities from Wyoming, of Missouri
USA - O_aries_Forg_1366
3300014043 | Draft Sheep rumen microbial University 3300014043 | PRINA214227 294134892
communities from Wyoming, of Missouri
USA - O_aries_Forg_1248
3300011989 | Draft Sheep rumen microbial University 3300011989 | PRINA214227 249485710
communities from Wyoming, of Missouri
USA - O_aries_Con_7429
3300014047 | Draft Sheep rumen microbial University 3300014047 | PRINA214227 312807947
communities from Wyoming, of Missouri
USA - O_aries_Forg_1003
3300014057 | Draft Sheep rumen microbial University 3300014057 | PRINA214227 647724957
communities from Wyoming, of Missouri
USA - O_aries_Forg_1208
3300013830 | Draft Sheep rumen microbial University 3300013830 | PRINA214227 181596033
communities from Wyoming, of Missouri
USA - O_aries_Con_1239
3300012016 | Draft Sheep rumen microbial University 3300012016 | PRINA214227 557664762
communities from Wyoming, of Missouri
USA - O_aries_Forg_1397
3300011977 | Draft Sheep rumen microbial University 3300011977 | PRINA214227 192833035
communities from Wyoming, of Missouri
USA - O_aries_Con_1111
3300011979 | Draft Sheep rumen microbial University 3300011979 | PRINA214227 189845674
communities from Wyoming, of Missouri
USA - O_aries_Con_1396
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3300012007 | Draft Sheep rumen microbial University 3300012007 | PRINA214227 421047043
communities from Wyoming, of Missouri
USA - O_aries_Forg_1009
3300000210 | Draft Sheep rumen microbial DOE Joint | 3300000210 | PRINA202380 | Illumina 212657803
communities from New Genome HiSeq
Zealand - Low methane Institute 2000
emitting sheep JGI)
3300001477 | Permanent | Sheep rumen microbial DOE Joint 3300001477 Ilumina 220428912
Draft communities from New Genome HiSeq
Zealand - Rank02_low Institute 2000
(JGI)
3300001484 | Permanent | Sheep rumen microbial DOE Joint | 3300001484 Ilumina 456493960
Draft communities from New Genome HiSeq
Zealand - Rank12_low Institute 2000
(JGI)
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Supplementary table 2. Summary of 766 bins reconstructed from the Passalid gut and substrate

metagenomes.
Bin Length (Mb) | contigs | N50 %GC | %completion | %redundancy
Bin 78 4.059491 125 56286 | 43.04 | 99.28 0.72
Bin 315 1.643355 38 59693 | 27.53 | 99.28 0.72
Bin 340 1.785043 152 17065 | 51.08 | 99.28 2.88
Bin 552 2.254344 143 23041 | 33.34|99.28 432
Bin 178 4475214 99 71984 | 36.18 | 97.84 1.44
Bin 438 1.078999 23 77003 | 38.56 | 97.12 0.00
Bin 57 4.487127 61 102697 | 46.02 | 97.12 0.72
Bin 322 2.224147 222 13019 | 34.83 | 97.12 0.72
Bin 191 2.639116 114 33214 | 52.88 | 97.12 2.16
Bin 470 2477736 159 20932 | 50.18 | 97.12 2.16
Bin 11 4.077 96 75577 | 53.18 | 97.12 3.60
Bin 127 2.762037 90 55910 | 50.58 | 97.12 3.60
Bin 505 2.24753 178 17326 | 41.76 | 97.12 3.60
Bin 74 1.828126 45 67879 | 38.90 | 96.40 2.88
Bin 330_1 1.501955 174 11303 | 25.93 | 96.40 6.47
Bin 167 2.969866 28 176920 | 60.29 | 95.68 1.44
Bin 485 1.824596 187 13368 | 32.12 | 95.68 3.60
Bin 124 _1 2.792969 247 17612 | 3541 | 95.68 6.47
Bin 41 2.140966 150 21377 | 58.30 | 94.96 0.72
Bin 445 4.87312 112 79576 | 41.36 | 94.96 3.60
Bin 397_2 4.254739 312 20569 | 60.41 | 94.96 3.60
Bin 405 1.727392 110 25836 | 27.27 | 94.96 5.76
Bin 317_1 1.478132 129 15668 | 41.40 | 94.96 7.19
Bin 184 2.122613 212 13166 | 53.06 | 94.24 1.44
Bin 195 2.071625 131 25436 | 41.30 | 94.24 1.44
Bin 270 1.728146 114 22373 | 52.55 | 94.24 1.44
Bin 553 1.111015 44 36367 | 39.27 | 93.53 0.00
Bin 163 2.294155 88 41857 | 55.01 | 92.81 2.16
Bin 123_1 1.928882 160 18352 | 37.79 | 92.81 2.16
Bin 316 1.264829 76 21964 | 29.40 | 92.81 2.88
Bin 526 2.034256 139 24169 | 46.54 | 92.81 6.47




Bin 407 5446711 295 25761 | 60.09 | 92.09 0.00
Bin 503 2.145093 153 18626 | 54.07 | 92.09 0.72
Bin 284 3.116704 179 24358 | 57.57 | 92.09 1.44
Bin 461 2.90979 163 26579 | 68.61 | 92.09 1.44
Bin 361 1.817726 157 14407 | 56.50 | 92.09 1.44
Bin 174 3.168773 265 15063 | 49.08 | 92.09 2.88
Bin 260 2.163051 60 66296 | 42.95|91.98 6.79
Bin 379 1.284114 74 24513 | 45.65 | 91.37 0.00
Bin 266 3.625865 129 40612 | 38.88 | 91.37 0.72
Bin 4 2.107329 99 36416 | 53.04 | 91.37 2.16
Bin 211 3.547183 151 39950 | 64.07 | 90.65 3.60
Bin 511 2.231954 178 15218 | 51.16 | 89.93 2.16
Bin 363 4.425913 391 14809 | 57.77 | 89.21 2.16
Bin 398 1.667669 218 8935 5492 | 89.21 3.60
Bin 433 1.641575 162 12858 | 50.03 | 88.49 0.72
Bin 106 1.713734 173 11847 | 53.76 | 88.49 1.44
Bin 64_1 1.442541 93 20121 | 28.34 | 88.49 3.60
Bin 399 2.504482 95 56972 | 34.57 | 88.49 5.04
Bin 230 2.176001 279 9680 37.48 | 87.77 0.72
Bin 440 1.745623 175 13785 | 46.15 | 87.77 0.72
Bin 442 1.342311 61 35512 | 2541 | 87.05 2.88
Bin 518_1 1.669738 192 11340 | 37.38 | 87.05 432
Bin 72 2.02646 266 8858 48.10 | 86.33 3.60
Bin 89 3.267142 65 90990 | 49.90 | 85.61 2.16
Bin 113 1.33199 156 10480 | 39.65 | 85.61 2.16
Bin 58 1.353409 196 7932 49.22 | 84.89 0.72
Bin 225_1 3.670433 192 27043 | 60.04 | 84.89 3.60
Bin 201 3.020484 168 26512 | 52.71 | 8345 0.00
Bin 14 1.573518 158 12697 | 49.53 | 83.45 2.16
Bin 161 2.601191 272 13020 | 59.77 | 82.01 2.16
Bin 85 1.307863 75 31481 | 27.15 | 81.29 0.00
Bin 504 0.669606 20 60436 | 42.94 | 81.29 1.44
Bin 446 1.362137 236 6395 53.30 | 80.58 0.00
Bin 481 2.634059 170 22640 | 51.76 | 80.58 1.44
Bin 250 3.029708 284 14034 | 66.90 | 80.58 2.16
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Bin 16 2.897163 381 9874 58.11 | 80.58 2.88
Bin 155 2.586332 230 14613 | 37.93 | 80.58 2.88
Bin 272 2.814037 148 24555 | 40.70 | 79.86 1.44
Bin 62 0.661441 39 23487 | 38.68 | 79.14 0.00
Bin 208 2.241333 131 25527 | 51.32 | 78.42 1.44
Bin 232_1 1.210797 114 13147 | 30.71 | 78.42 1.44
Bin 86 2.251322 115 26149 | 55.34 | 7842 2.16
Bin 172 1.152459 125 10543 | 4044 | 78.42 2.16
Bin 549 1.920274 206 10868 | 49.22 | 78.42 2.88
Bin 143 2.059154 370 6147 3792 | 78.42 5.76
Bin 96 2.067989 67 54941 | 41.82 | 77.70 0.72
Bin 372 4351562 403 14336 | 53.03 | 76.98 0.72
Bin 502 3.970695 170 38348 | 62.04 | 76.98 2.88
Bin 352 0.768602 17 82075 | 42.94 | 76.26 0.00
Bin 536 1.582449 368 4308 40.22 | 76.26 2.88
Bin 288 2.455874 215 16120 | 54.01 | 75.54 3.60
Bin 223 2.83604 342 10232 | 54.32 | 75.54 5.04
Bin 133 1.616156 103 20840 | 54.85 | 74.82 0.72
Bin 206 2.648174 335 10027 | 39.04 | 73.38 2.16
Bin 193 2.17889 175 16450 | 51.94 | 73.38 2.16
Bin 217 2.841096 220 18244 | 51.70 | 73.38 2.88
Bin 522 1.455003 116 17665 | 33.58 | 72.66 0.00
Bin 202 2.084695 381 6004 39.54 | 72.66 0.72
Bin 23 1.350307 75 29196 | 27.68 | 72.66 0.72
Bin 519 3.346523 450 9284 43.05 | 72.66 1.44
Bin 406_1 1.281203 184 8045 27.86 | 72.66 2.88
Bin 301 1.750208 136 25956 | 38.19 | 72.66 432
Bin 248 1.570354 193 10065 | 53.25 | 71.94 2.16
Bin 508_1 3.793885 380 12401 | 61.88 | 71.94 2.88
Bin 17 1.546744 279 6096 35.60 | 71.94 3.60
Bin 308 1.494432 216 8487 3150 | 71.22 2.88
Bin 139_2 3.240482 442 9080 47.81 | 71.22 432
Bin 83 2.531595 254 14000 | 42.63 | 71.22 432
Bin 357 1.191913 150 9727 52.93 | 70.50 0.00
Bin 134 1.21814 195 7104 49.94 | 70.50 0.72
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Bin 24 1.67139 148 15144 | 42.48 | 70.50 1.44
Bin 441 1.621338 290 6028 54.30 | 70.50 1.44
Bin 207_1 2497164 213 15131 | 48.04 | 70.50 3.60
Bin 82 2.006976 156 18796 | 48.48 | 69.78 0.00
Bin 452 1.872703 277 7959 41.01 | 69.78 0.72
Bin 43 2.059199 178 15276 | 47.25 | 69.78 2.88
Bin 157 2.483054 301 10138 | 42.07 | 69.06 2.88
Bin 293 1.457157 234 7187 57.67 | 69.06 3.60
Bin 20 2.466846 172 21343 | 54.48 | 69.06 432
Bin 213 1.589973 281 6378 56.04 | 68.35 0.00
Bin 545 1.84384 117 21858 | 37.04 | 68.35 0.72
Bin 205 0.994471 164 7068 3597 | 68.35 0.72
Bin 371 1.795609 133 18333 | 49.38 | 68.35 2.16
Bin 391 2.317005 272 10044 | 50.94 | 68.35 6.47
Bin 478 1.243558 129 11474 | 51.14 | 67.63 0.00
Bin 135 2.61259 208 19389 | 52.64 | 67.63 3.60
Bin 140 2.340999 131 29767 | 47.95 | 6691 1.44
Bin 510 0.899961 104 10357 | 45.72 | 6691 2.16
Bin 413 3.71797 439 10433 | 49.39 | 66.91 2.88
Bin 344 4.355285 440 15921 | 59.97 | 66.91 5.76
Bin 67_3 1.744328 260 7988 34.38 | 66.19 2.16
Bin 294 2.649591 349 9164 40.20 | 66.19 3.60
Bin 457 2.81087 334 10898 | 40.21 | 65.47 2.16
Bin 138_1 2.791617 357 9865 32.21 | 6547 5.04
Bin 121 1.901052 258 8850 51.40 | 64.75 2.16
Bin 253 2.39101 355 8040 51.75 | 64.75 5.04
Bin 235_2 3.249813 441 8787 43.33 | 64.75 5.76
Bin 480 1.092801 181 6467 36.04 | 64.03 1.44
Bin 153 1.455869 95 22177 | 48.44 | 64.03 432
Bin 245_2 2.848732 494 6561 35.87 | 64.03 6.47
Bin 460 0.962737 198 5071 3451 | 63.31 432
Bin 240 2.247855 347 7522 52.21 | 62.59 2.16
Bin 181 3.087274 266 16815 | 41.05 | 62.59 432
Bin 137 1.186618 142 10731 | 2645 | 62.59 432
Bin 383 2.207743 322 8208 3940 | 62.59 5.04
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Bin 472 2.985561 404 9337 40.74 | 62.59 5.76
Bin 171 2.995673 359 10974 | 60.16 | 61.15 0.72
Bin 378 2.017208 214 12150 | 48.13 | 61.15 0.72
Bin 144 1.966208 229 11050 | 57.81 | 61.15 1.44
Bin 198 1.039959 241 4386 4323 | 61.15 1.44
Bin 499 1.750481 228 9090 46.67 | 61.15 432
Bin 346 2.553383 421 6784 70.36 | 60.43 0.00
Bin 91 0.52394 37 19929 | 48.90 | 60.43 0.00
Bin 426 3.233951 107 48576 | 62.98 | 60.43 2.16
Bin 258 2.434398 413 6823 38.68 | 60.43 3.60
Bin 408_2 3.345295 598 5988 67.11 | 60.43 5.04
Bin 281 3.288507 256 17989 | 69.19 | 60.43 7.19
Bin 241 4.964589 448 14675 | 65.53 | 59.71 2.16
Bin 366 4.057355 343 16094 | 41.12 | 59.71 7.19
Bin 151 1.038332 227 4844 39.82 | 58.99 0.72
Bin 469 1.977611 228 11423 | 41.61 | 58.99 1.44
Bin 466_3 2.387109 203 15119 | 64.94 | 58.99 432
Bin 541 1.413049 164 10738 | 27.83 | 58.99 432
Bin 544 1.212752 253 5021 41.71 | 58.27 0.72
Bin 537 1.809605 319 6235 52.89 | 58.27 3.60
Bin 404 2.098512 285 9179 43.26 | 56.83 0.00
Bin 2 1.640554 281 6455 49.77 | 56.83 0.72
Bin495_1 2.130047 246 11197 | 4997 | 56.83 5.76
Bin 233 0.870713 47 30051 | 25.48 | 56.12 0.00
Bin 475 0.615721 86 9195 41.55 | 56.12 0.00
Bin 165 3.018961 280 14761 | 69.04 | 56.12 2.88
Bin 26 1.721404 261 7716 30.65 | 56.12 3.60
Bin 434 0.831645 173 5118 61.49 | 55.40 0.00
Bin 314 1.804157 197 12117 | 48.34 | 55.40 3.60
Bin 150 1.482521 184 10217 | 27.89 | 55.40 3.60
Bin 348 1.027575 122 9507 50.57 | 54.94 2.47
Bin 52 0.587023 100 6431 34.79 | 54.68 0.00
Bin 162 1.886773 335 6056 56.73 | 54.68 0.72
Bin 105 0.605977 126 5107 42.89 | 54.68 0.72
Bin 276 2.275768 338 8341 52.30 | 53.96 0.72
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Bin 419 1.167591 256 4510 43.78 | 53.96 2.16
Bin 403 2.180322 396 6199 3445 | 53.96 5.04
Bin 354 2.11223 300 8185 56.95 | 53.24 0.72
Bin 136 1.185556 251 4949 3141 | 53.24 5.04
Bin 142 2.249594 287 9650 55.89 | 52.52 1.44
Bin 525 1.800569 304 6502 43.04 | 52.52 2.16
Bin 210_1 1.798268 326 6265 63.99 | 52.52 5.76
Bin 219_1 1.125378 273 4195 66.70 | 52.52 7.19
Bin 194 1.976427 240 10528 | 41.65 | 51.80 0.72
Bin 104 2.00188 255 10221 | 47.12 | 51.80 2.16
Bin 368_2 3.110501 383 10216 | 59.20 | 51.80 2.88
Bin410_1 2.765708 327 10753 | 59.60 | 51.80 2.88
Bin 395 0.986023 208 4925 43.33 | 51.80 432
Bin 389 0.519342 107 5123 37.75 | 51.08 0.00
Bin 33 3.129955 381 10352 | 56.27 | 51.08 2.16
Bin 59 1.142205 160 8828 37.26 | 51.08 2.88
Bin 280 2.815397 561 5423 43.20 | 51.08 7.19
Bin 336 1.294482 229 6181 44.62 | 50.36 1.44
Bin 158 2.569999 378 8254 40.59 | 50.36 5.76
Bin 423 2.25367 531 4199 69.27 | 49.64 0.00
Bin 239 0.607658 81 8714 26.56 | 49.64 0.00
Bin 159 1.778446 241 9254 48.16 | 49.64 1.44
Bin 249 2.761357 462 6815 33.59 | 49.64 5.76
Bin 387 2.015641 314 6989 60.17 | 48.92 0.72
Bin 261 1.580199 372 4165 61.71 | 48.92 3.60
Bin 246 0.362533 6 63937 | 39.59 | 48.20 0.00
Bin 339 1.548233 237 7058 52.99 | 48.20 0.72
Bin 228 1.519536 322 5076 27.99 | 48.20 6.47
Bin 302 1.22176 310 3927 62.11 | 47.48 0.00
Bin 283 1.189047 183 7303 4473 | 4748 0.00
Bin 7 1.009723 195 5649 48.69 | 47.48 0.00
Bin 319 1.980545 380 5630 38.29 | 47.48 5.76
Bin 219_4 4.665721 457 16573 | 67.36 | 47.48 7.19
Bin 509 1.11292 214 5681 53.57 | 46.76 0.72
Bin 338_5 2.94434 343 10756 | 61.86 | 46.76 1.44
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Bin 273 1.375063 283 5086 37.07 | 46.76 1.44
Bin 192 0.607282 125 5027 39.69 | 46.76 2.16
Bin 422 2.889441 639 4774 63.45 | 46.76 3.60
Bin 291_2 1.904538 410 4874 4041 | 46.76 5.04
Bin 231_4 3.207577 208 24141 | 58.76 | 46.76 6.47
Bin 444 _1 1.95751 350 5981 50.36 | 46.76 791
Bin 189_3 2.423909 293 10050 | 65.54 | 46.04 0.72
Bin 298_2 1.824113 268 7858 39.08 | 46.04 5.04
Bin 512_1 2.153194 371 6390 56.62 | 46.04 7.19
Bin92_2 1.657494 365 4604 3291 | 46.04 9.35
Bin 429 1.316987 243 6050 40.96 | 45.32 0.00
Bin 353 0.493503 62 9193 42.74 | 45.32 0.00
Bin 520_1 1.183599 240 5363 42.34 | 45.32 1.44
Bin 298_1 1.030341 208 5023 3992 | 4532 1.44
Bin 216 1.702459 395 4368 36.28 | 45.32 3.60
Bin 190 1.833348 301 6967 46.93 | 45.32 5.76
Bin 282 4.162415 767 5772 57.87 | 45.32 791
Bin 154_1 2.199717 503 4440 59.13 | 45.32 8.63
Bin 18 1.142318 215 5764 53.64 | 44.60 0.00
Bin 455 2.024928 405 5254 55.88 | 44.60 2.88
Bin 337 4.983503 943 5669 64.23 | 43.88 0.00
Bin 267 1.8331 280 7345 57.68 | 43.88 0.00
Bin 179 0.575875 105 5831 3451 | 43.88 0.00
Bin 147 1.23268 236 5508 35.34 | 43.88 1.44
Bin 323 2.676289 369 8824 5491 | 43.88 2.16
Bin 297 1.80484 270 7448 30.12 | 43.88 2.16
Bin 117_2 2.517584 388 7338 44.14 | 43.88 791
Bin 374 0.631403 127 5373 4049 | 43.17 0.72
Bin 222 3.347851 709 5066 44.60 | 43.17 2.88
Bin 484 1.900898 387 5264 49.04 | 43.17 5.04
Bin 51 2.012832 478 4122 34.44 | 43.17 6.47
Bin 345_4 0.792659 106 10152 | 28.36 | 43.17 10.07
Bin 53 1.570902 374 4124 38.30 | 42.45 0.00
Bin 271 2.071502 330 7010 65.07 | 42.45 0.72
Bin 516_1 2.615587 341 11064 | 37.93 | 42.45 6.47
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Bin 237_2 2.810284 159 25547 | 67.76 | 41.73 0.00
Bin 13 1.300732 319 4082 4047 | 41.73 0.00
Bin 269 0.673108 137 5141 62.37 | 41.73 0.72
Bin 231_3 2.745338 180 20757 | 61.38 | 41.73 1.44
Bin 148 1.651691 245 7888 30.67 | 41.73 1.44
Bin 464_2 1.120027 111 14047 | 69.00 | 41.73 1.44
Bin 236 2.546217 408 7323 66.33 | 41.73 2.16
Bin 531_3 1.108292 181 7035 43.84 | 41.73 2.88
Bin 54_2 1.201301 97 16897 | 41.60 | 41.73 5.04
Bin 345_6 1.088092 132 10032 | 26.74 | 41.73 6.47
Bin 300 0.95049 83 13575 | 56.98 | 41.01 0.00
Bin 94_2 0.863348 205 4252 2991 | 41.01 2.16
Bin454_2 0.793239 85 13838 | 66.15 | 41.01 5.76
Bin 237_1 0.246192 29 11359 | 67.03 | 41.01 18.71
Bin 333 1.308351 282 4861 41.95 | 40.29 0.72
Bin 189_1 2.921293 346 10778 | 66.02 | 40.29 6.47
Bin 345_1 1.520648 409 3597 28.53 | 40.29 10.07
Bin 49 1.158838 265 4563 38.33 | 39.57 0.00
Bin 535_2 3.398883 799 4335 68.49 | 39.57 7.19
Bin 141 1.087828 254 4196 60.62 | 38.85 0.00
Bin 232_2 0.294306 38 8623 30.33 | 38.85 1.44
Bin 289 0.957255 227 4341 37.38 | 38.85 5.04
Bin 10 0.309427 51 6424 53.94 | 38.13 0.00
Bin436_2 1 | 1.442341 208 9354 3492 | 38.13 2.16
Bin 345_5 1.06668 158 8100 27.67 | 38.13 6.47
Bin 160_1 2.103783 438 4953 3798 | 38.13 791
Bin 529 0.344268 73 5296 3729 | 37.41 0.72
Bin 450 1.402358 288 5234 42.09 | 3741 2.16
Bin495_2 1.106086 206 5677 50.46 | 37.41 5.76
Bin 345_7 1.035427 201 5357 29.16 | 37.41 5.76
Bin 238 0.935811 222 4275 28.14 | 3741 6.47
Bin 244 _3 1.713006 49 55619 | 41.33 | 3741 9.35
Bin 463 0.904236 191 5070 44.75 | 36.69 0.00
Bin 432 0.399328 34 17330 | 57.05 | 36.69 0.00
Bin 464_1 4.148689 350 15380 | 69.38 | 36.69 2.16
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Bin 338_1 1.450802 264 5875 63.49 | 36.69 432
Bin 306_1_1 | 2.241718 177 17899 | 40.09 | 36.69 5.04
Bin 268_2 2.358883 366 7403 39.54 | 36.69 8.63
Bin 338_7 0.212555 55 3748 63.04 | 36.69 8.63
Bin 138_3 1.795755 331 5833 32.30 | 35.97 0.00
Bin 214 0.856568 111 8939 46.35 | 3597 0.00
Bin 183 0.800637 112 8035 53.82 | 35.97 0.00
Bin 331 1.973955 380 5692 4433 | 35.97 0.72
Bin 375 0.895839 215 4171 45.58 | 35.97 1.44
Bin483_2 2.64926 486 6329 4049 | 35.97 791
Bin 390 0.267549 69 4060 28.14 | 35.80 1.85
Bin 370 1.625371 378 4369 60.64 | 35.25 0.00
Bin 527 0.305572 36 9958 49.51 | 35.25 0.00
Bin 27 1.289252 284 4847 52.56 | 35.25 2.16
Bin 326_1 0.764726 149 5706 59.54 | 35.25 2.16
Bin 530 0.61537 161 3831 36.08 | 35.25 2.16
Bin 306_2 0.830075 154 6512 37.92 | 35.25 791
Bin 335 1.164291 205 6242 41.66 | 34.53 0.72
Bin 32 0.502789 135 3668 5691 | 33.81 0.00
Bin 305 2.619543 470 6156 50.88 | 33.81 1.44
Bin 343 1.358573 277 5075 38.41 | 33.81 2.16
Bin 220 1.659387 425 3899 38.76 | 33.81 2.88
Bin 453_1 1.577589 191 10796 | 39.63 | 33.81 432
Bin 341_3 1.529197 117 16576 | 58.86 | 33.81 791
Bin 341_1 1.32548 86 21165 | 57.31 | 33.09 0.00
Bin 338_8_1 | 1.125345 132 10728 | 62.21 | 33.09 0.00
Bin 540 0.689554 182 3756 38.44 | 33.09 0.00
Bin 414 0.754326 157 4936 46.42 | 33.09 0.72
Bin 93 1.686223 305 6233 56.12 | 33.09 1.44
Bin 54_1 1.463233 126 19252 | 44.89 | 33.09 2.16
Bin 268_5 0.896879 166 5838 39.93 | 33.09 5.04
Bin 55_4 1.69764 232 8935 49.57 | 33.09 791
Bin 295 0.393116 86 4615 42.72 | 32.37 0.00
Bin 329 2.093323 296 8931 60.47 | 32.37 2.16
Bin 320_1 0.845149 183 4746 31.68 | 32.37 7.19
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Bin 546 1.177937 225 5571 43.22 | 31.65 0.00
Bin 21 0.973405 219 4599 55.03 | 31.65 0.00
Bin 309 0.329361 88 3786 29.99 | 31.65 0.00
Bin 500 0.325751 11 45706 | 39.15 | 31.65 0.00
Bin 539 1.357301 265 5276 35.14 | 31.65 1.44
Bin 516_2 0.508396 112 4619 37.84 | 31.65 432
Bin 103 0.410162 71 6074 53.32 | 30.94 0.00
Bin 454_1 2.136338 249 10274 | 66.95 | 30.94 0.72
Bin 36 1.455488 276 5571 54.29 | 30.94 0.72
Bin 25 0.588196 138 4292 38.78 | 30.94 0.72
Bin 321 2.742851 457 6534 39.55 | 30.94 2.16
Bin 94_1 0.668049 151 4571 29.62 | 30.94 791
Bin 243_1 0.776067 213 3541 3791 | 30.94 12.23
Bin 226 1.18807 281 4304 42.70 | 30.22 0.72
Bin 436_3 1.018908 168 7086 3478 | 30.22 2.88
Bin 327_1 0.91353 174 5551 46.13 | 30.22 5.76
Bin 489 1.124631 223 5539 46.34 | 29.50 0.72
Bin 382 1.718075 434 3925 38.39 | 29.50 1.44
Bin 512_2 1.722926 273 7235 55.89 | 29.50 2.16
Bin 521 2.278774 508 4523 49.18 | 29.50 3.60
Bin 38_2 1.946472 408 5046 67.44 | 29.50 3.60
Bin 410_5 1.681584 200 10183 | 58.00 | 28.78 0.00
Bin 48 0.810036 150 5695 46.10 | 28.78 0.00
Bin 90 0.727662 115 7982 54.35 | 28.78 0.00
Bin 477 0.586263 157 3787 39.12 | 28.78 0.00
Bin 170 2.081329 423 5229 65.41 | 28.78 2.16
Bin 268_4 1.348387 214 7392 39.49 | 28.78 2.88
Bin 45 0.519365 124 4257 33.05 | 28.78 432
Bin 244_4a | 2.206646 50 63723 | 41.12 | 28.78 5.04
Bin 373 0.635169 145 4238 31.50 | 28.06 0.00
Bin 459 0.587138 136 4420 41.51 | 28.06 0.00
Bin 186 0.527526 91 5997 42.67 | 28.06 0.00
Bin 126 0.426357 86 5331 31.06 | 28.06 0.00
Bin 402 0.350648 66 6459 29.75 | 28.06 0.00
Bin 482 2.156403 513 4245 63.48 | 28.06 2.16
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Bin 219_5 3.514206 576 6764 66.43 | 28.06 2.88
Bin415_1 0.802386 205 3959 63.23 | 28.06 432
Bin 244_6 1.704828 47 58367 | 42.83 | 28.06 6.47
Bin 259 1.266018 166 8606 6192 | 27.34 0.00
Bin 30 1.99575 345 6439 56.40 | 27.34 1.44
Bin 243_5 1.560174 269 6644 37.88 | 27.34 2.88
Bin 46 1.413761 314 4578 38.34 | 27.34 432
Bin 231_5 0.444641 47 11612 | 57.84 | 27.34 5.76
Bin 466_2 3.599738 359 14815 | 64.34 | 27.34 7.19
Bin 465 0.54195 115 4946 51.16 | 26.62 0.00
Bin 417 0.392956 82 4956 36.18 | 26.62 0.00
Bin 554 1.045159 239 4534 56.45 | 26.62 0.72
Bin 355_1a | 3.510892 669 5640 36.70 | 26.62 2.16
Bin 231_1 2.268837 245 14126 | 60.88 | 26.62 432
Bin 291_4 1.008113 249 4197 41.15 | 26.62 10.07
Bin 80 0.847114 150 5813 49.57 | 25.90 0.00
Bin 67_2 0.794438 131 7124 3494 | 25.90 0.00
Bin 538 0.478305 124 3923 5536 | 25.90 0.00
Bin 471 0.302812 57 5459 36.75 | 25.90 0.00
Bin 99 0.709238 94 9374 34.59 | 25.90 0.72
Bin 338_4 2.602922 403 7633 64.03 | 25.90 1.44
Bin 356 1.700859 386 4399 60.11 | 25.90 1.44
Bin 120 1.672877 389 4406 49.51 | 25.90 1.44
Bin 453_3 0.570039 104 6028 39.88 | 25.90 3.60
Bin 494 _3 0.498827 119 4104 49.79 | 25.90 3.60
Bin 345_8 0.870161 88 14103 | 25.88 | 25.90 791
Bin494_2 0.921439 141 7004 48.22 | 25.18 0.00
Bin 207_3 0.129828 19 7486 4726 | 25.18 0.00
Bin92_1 0.480092 110 4599 3272 | 25.18 0.72
Bin 488 0.79992 213 3586 38.42 | 25.18 2.16
Bin 355_6 1.861236 432 4327 37.60 | 25.18 5.04
Bin483_1_2 | 1.74613 280 7610 3998 | 25.18 5.76
Bin 355_5a | 3.104736 762 3996 38.06 | 25.18 10.07
Bin 497 1.250291 285 4608 44.68 | 24.46 0.00
Bin 304 0.745121 154 4757 38.12 | 24.46 0.00

135



Bin 313 0.542184 139 3776 39.33 | 24.46 0.00
Bin 173 0.452732 40 12813 | 54.07 | 24.46 0.00
Bin 180 1.510578 282 5702 56.49 | 24.46 0.72
Bin 535_1 0.793415 164 5090 68.60 | 24.46 0.72
Bin 351 1.322053 287 4666 51.21 | 24.46 1.44
Bin 306_6 1.193113 153 10298 | 37.66 | 24.46 1.44
Bin 55_2 0.787844 155 5317 48.92 | 24.46 1.44
Bin 166 1.010032 210 4838 52.17 | 24.46 2.88
Bin 154_2 2.450763 694 3426 59.40 | 24.46 3.60
Bin 338_6_1 | 4.923525 692 8513 63.41 | 24.46 5.04
Bin 535_5 1.716091 301 6254 68.98 | 24.46 9.35
Bin 517 0.573118 98 6534 48.59 | 24.07 1.23
Bin 439 0.52142 120 4457 35.64 | 23.74 0.00
Bin 345_3 0.199088 47 4476 29.03 | 23.74 0.00
Bin 139_5 1.173869 177 8130 48.21 | 23.74 0.72
Bin 176 0.822506 169 5408 42.04 | 23.74 0.72
Bin 287 0.762878 96 9420 50.64 | 23.74 0.72
Bin 38_1 0.775275 130 6780 66.73 | 23.74 5.76
Bin 547 0.261327 52 5656 30.12 | 23.02 0.00
Bin 63 2.152398 544 3943 66.65 | 23.02 0.72
Bin 221 0.852017 212 3992 5745 | 22.30 0.00
Bin 139_1 0.503634 128 3936 49.27 | 22.30 0.00
Bin 256 1.107775 220 5347 54.63 | 22.30 0.72
Bin 355_4 1.772507 459 3734 37.22 | 22.30 1.44
Bin 479 1.014953 218 4780 35.26 | 22.30 1.44
Bin 94_4 0.072392 20 3469 30.55 | 22.30 5.04
Bin243_2 1| 1.79936 409 4510 39.56 | 22.30 6.47
Bin 69 1.48836 190 10116 | 26.70 | 21.60 3.09
Bin 448 1.265774 328 3714 67.51 | 21.58 0.00
Bin 528 0.639673 150 4258 40.87 | 21.58 0.00
Bin 427 0.598063 84 7667 62.14 | 21.58 0.00
Bin 534 0917646 245 3712 5220 | 21.58 0.72
Bin 243_3 1.750278 506 3354 38.36 | 21.58 7.19
Bin 296 0.514008 91 6048 43.04 | 20.99 1.23
Bin 368_1 2.239228 357 7126 58.58 | 20.86 0.00
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Bin 506 1.317288 264 5329 54.41 | 20.86 0.00
Bin 115 0.706579 202 3426 31.82 | 20.86 0.00
Bin 255 0.564211 105 5558 33.64 | 20.86 0.00
Bin 108 1.297701 275 4946 38.48 | 20.86 2.88
Bin 122_2 3.236888 647 5134 57.04 | 20.86 6.47
Bin 532 0.673953 182 3646 71.32 | 20.14 0.00
Bin 189_4 0.108787 22 5772 65.47 | 20.14 0.00
Bin 551 0.714283 115 7084 35.54 | 20.14 0.72
Bin 70 0.292121 42 8589 27.20 | 20.14 0.72
Bin 243_6 1.278023 315 4113 3642 | 20.14 1.44
Bin 436_2 2 | 0.583756 104 6416 3472 | 20.14 1.44
Bin483_1_1 | 1.925685 317 7185 39.55 | 20.14 2.88
Bin494_1 0.778487 145 5784 51.06 | 20.14 3.60
Bin 117_1 2.592079 596 4410 44.63 | 20.14 432
Bin 247 0.82815 189 4466 56.42 | 1942 0.00
Bin 209 0.659978 156 4261 35.65 | 19.42 0.00
Bin 451 0.269572 34 8358 45.84 | 1942 0.00
Bin 245_1 0.912233 189 4998 38.09 | 19.42 1.44
Bin 327_2 0.710519 128 6038 45.85 | 1942 1.44
Bin 444 _2 0.297126 58 5298 51.07 | 1942 1.44
Bin44_1la 1.263013 274 4569 61.78 | 19.42 7.19
Bin 42 0.865354 171 5235 56.59 | 18.71 0.00
Bin 428 0.851258 201 4306 59.71 | 18.71 0.00
Bin 39 0.526294 117 4826 5436 | 18.71 0.00
Bin 35 0.482543 127 3843 41.69 | 18.71 0.00
Bin 401 0.43548 127 3359 32.59 | 18.71 0.00
Bin 6 0.377369 53 8952 49.19 | 18.71 0.00
Bin 535_4 0.250665 62 4144 68.37 | 18.71 0.00
Bin9 1.364892 274 5489 54.37 | 18.71 0.72
Bin 197 0.780669 143 6177 5343 | 18.71 0.72
Bin 15 0.592112 138 4408 35.61 | 18.71 0.72
Bin 152 0.334789 94 3606 40.52 | 18.71 0.72
Bin 204 1.675556 391 4346 57.96 | 18.71 1.44
Bin 535_3 3.793178 1087 3331 68.86 | 18.71 2.16
Bin 187 1.826771 518 3465 40.35 | 18.71 2.16
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Bin 355_3 1.571998 408 3783 37.02 | 18.71 2.16
Bin231_2 1 | 1.203459 239 5210 59.23 | 18.71 5.04
Bin 359 1.521754 403 3796 37.89 | 17.99 0.00
Bin 493 0.799573 110 8424 54.02 | 17.99 0.00
Bin 324 0.312567 84 3701 4595 | 17.99 0.00
Bin415_2a | 0.811836 164 5286 6133 | 17.99 1.44
Bin 533 0.408367 95 4236 57.31 | 17.99 1.44
Bin 252 _1 3.481543 656 5377 65.56 | 17.99 2.16
Bin 338_8_2 | 0.977293 135 9089 62.46 | 17.99 2.88
Bin 299 0.306028 48 6730 48.37 | 17.90 2.47
Bin 50 0.736379 57 20090 | 31.37 | 17.27 0.00
Bin 523 0.481321 97 5620 42.08 | 17.27 0.00
Bin 342 0.396219 101 3876 61.06 | 17.27 0.00
Bin 412 0.637601 156 4215 4705 | 17.27 0.72
Bin 264 0.918084 259 3465 37.13 | 17.27 1.44
Bin 252_3 2.099096 385 5567 64.68 | 17.27 5.04
Bin 101 0.447055 83 5636 49.20 | 16.67 1.23
Bin44_1b 1.787797 405 4452 61.22 | 16.55 0.00
Bin 306_5 0.693412 83 11098 | 39.46 | 16.55 0.00
Bin 303 0.663173 92 8581 49.22 | 16.55 0.00
Bin 262 0.638441 107 6602 66.75 | 16.55 0.00
Bin 55_3 0.573052 120 5032 4948 | 16.55 0.00
Bin 212 0.37351 85 4698 52.12 | 16.55 0.00
Bin 111 0.36133 25 19720 | 31.41 | 16.55 0.00
Bin 462 0.334473 44 10457 | 52.02 | 16.55 0.00
Bin 60 0.318078 72 4746 61.15 | 16.55 0.00
Bin 77 0.312606 78 4130 52.16 | 16.55 0.00
Bin 168 0.816799 180 4628 52.76 | 16.55 1.44
Bin 318 0.671345 185 3640 3541 | 16.55 1.44
Bin 355_5b | 2.380086 664 3467 35.02 | 16.55 2.88
Bin 122_1 4.095473 1013 4098 56.29 | 16.55 432
Bin 327_5 1.117962 190 6667 44.82 | 16.55 432
Bin 345_2 0.283475 68 4066 28.07 | 16.55 5.04
Bin 146 0.505845 99 5287 47.83 | 16.05 1.85
Bin 5 0.428931 88 4698 48.02 | 16.05 432
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Bin 384 0.202846 20 13105 | 32.08 | 15.83 0.00
Bin 436_1 0.174393 37 4662 35.27 | 15.83 2.16
Bin 292 0.619383 176 3475 3729 | 15.11 0.00
Bin 251 0.385463 63 6519 46.59 | 15.11 0.00
Bin 306_3 0.192275 46 4670 3892 | 15.11 0.00
Bin 355_1b | 2.057098 460 4532 3339 | 15.11 0.72
Bin 160_5 1.481529 248 6593 3735 | 15.11 0.72
Bin 244 _5 1.487714 58 37937 | 42.89 | 15.11 1.44
Bin 265 0.69107 177 3845 53.76 | 15.11 1.44
Bin 306_1_2 | 0.600013 51 16169 | 39.20 | 15.11 1.44
Bin 131 0.53275 126 4398 36.51 | 15.11 1.44
Bin 520_3 0.117565 29 4200 41.69 | 15.11 2.88
Bin 406_2 0.858137 176 5330 2849 | 15.11 432
Bin 177 0.522657 120 4299 3331 | 14.39 0.00
Bin 56 0.26237 64 4075 5428 | 14.39 0.00
Bin 431 0.385783 67 7192 3446 | 14.39 0.72
Bin 550 0.756802 178 4084 48.79 | 13.67 0.00
Bin 416 0.386598 77 5477 43.61 | 13.67 0.00
Bin 367 0.336946 72 4648 38.97 | 13.67 0.00
Bin 385 0.332604 95 3540 33.37 | 13.67 0.00
Bin 110 0.279386 85 3243 38.87 | 13.67 0.00
Bin 231_2 2 | 1.744429 338 5661 60.69 | 13.67 1.44
Bin415_3 1.400561 254 5928 62.80 | 13.67 2.16
Bin 355_7a | 1.96656 395 5319 33.52 | 13.67 432
Bin 410_3 1.252776 200 6922 61.56 | 12.95 0.00
Bin 476 0.923446 285 3125 63.27 | 12.95 0.00
Bin 119 0.651023 96 8245 45.14 | 12.95 0.00
Bin 114 0.496845 100 5281 59.61 | 12.95 0.00
Bin 420 0.416648 94 4356 60.43 | 12.95 0.00
Bin 182 0.400774 108 3741 35.75 | 12.95 0.00
Bin 145 0.383933 69 5403 46.94 | 12.95 0.00
Bin 380 0.315262 62 6289 50.62 | 12.95 0.00
Bin 328 0.237786 30 9911 48.84 | 12.95 0.00
Bin 149 0.63913 106 7003 65.27 | 12.95 0.72
Bin 277 0.351512 48 9104 46.80 | 12.95 0.72
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Bin 320_3 0.268966 83 3070 33.02 | 12.95 0.72
Bin 65 0.254142 62 4056 3933 | 12.95 0.72
Bin 116 1.000033 263 3718 58.78 | 12.23 0.00
Bin 79 0.597805 130 4486 40.56 | 12.23 0.00
Bin 514 0.553229 92 7164 55.37 | 12.23 0.00
Bin 341_4 0.291207 30 11425 | 57.36 | 12.23 0.00
Bin 492 0.2344 59 3965 46.98 | 12.23 0.00
Bin 95 0.201136 18 13805 | 54.41 | 12.23 0.00
Bin 199 0.935981 195 4750 32.19 | 12.23 0.72
Bin 175 0.634282 158 4049 39.63 | 12.23 0.72
Bin 332 1.558388 381 4056 60.72 | 12.23 1.44
Bin 474_3 4.563975 1137 3998 3457 | 11.73 3.70
Bin 376 0.364649 71 5496 52.56 | 11.51 0.00
Bin 311 0.282243 75 3833 38.23 | 11.51 0.00
Bin 275 0.280004 52 5941 4291 | 11.51 0.00
Bin 73 0.243632 38 8108 35.12 | 11.51 0.00
Bin 410_4 1.493432 152 12138 | 56.89 | 11.51 0.72
Bin 466_1 0.657866 183 3361 63.13 | 11.51 0.72
Bin 274 1.149926 207 6265 3278 | 11.51 1.44
Bin 244_4b | 1.089262 24 70889 | 41.77 | 11.51 2.88
Bin 355_7_2 | 2.706391 467 6765 35.00 | 10.79 0.00
Bin 219_3 1.742672 320 6193 66.52 | 10.79 0.00
Bin 125 0.662989 176 3694 52.31 | 10.79 0.00
Bin 109 0.644386 146 4535 60.98 | 10.79 0.00
Bin 286 0.449801 130 3416 61.52 | 10.79 0.00
Bin 1 0.292921 54 6076 55.55 | 10.79 0.00
Bin 92_3 0.290795 89 3134 32.59 | 10.79 0.00
Bin 200 0.246079 61 3937 44.68 | 10.79 0.00
Bin 355_2 3.315196 540 7197 36.70 | 10.79 0.72
Bin 29 0.920516 220 4157 43.67 | 10.79 0.72
Bin 524 0.297805 65 4255 49.68 | 10.79 0.72
Bin 338_3 2.235426 232 13251 | 58.84 | 10.79 1.44
Bin 531_2 0.090418 22 4036 43.84 | 10.79 432
Bin 138_2 1.864057 408 4478 33.26 | 10.07 0.00
Bin 508_3 1.128988 163 8268 63.95 | 10.07 0.00
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Bin 235_1 1.002869 193 5196 43.17 | 10.07 0.00
Bin 231_7 0.969501 214 4802 63.00 | 10.07 0.00
Bin 19 0.48902 126 3891 41.39 | 10.07 0.00
Bin 397_1 0.282208 66 4520 60.09 | 10.07 0.00
Bin 263 0.224125 37 6263 52.24 | 10.07 0.00
Bin 443 0.209312 39 5015 40.70 | 10.07 0.00
Bin 44_2 1.655041 470 3420 61.27 | 10.07 0.72
Bin 341_5 0.798086 105 9061 59.23 | 10.07 0.72
Bin 252_4 2.900953 731 3949 64.45 | 10.07 1.44
Bin 225_2 0.914264 186 4829 60.34 | 10.07 1.44
Bin 312 0.667491 176 3869 39.77 | 10.07 2.16
Bin 244 _1 0.751352 79 10208 | 42.24 | 9.35 0.00
Bin 138_5 0.445894 113 3690 32.17 | 9.35 0.00
Bin 362 0.439074 108 4242 51.24 | 935 0.00
Bin 358 0.408897 104 3869 6134 | 9.35 0.00
Bin 364 0.31597 63 5603 66.70 | 9.35 0.00
Bin 97 0.261891 58 4809 61.86 | 9.35 0.00
Bin 326_2 0.081678 20 4079 5997 | 9.35 0.00
Bin 64_3 0.034248 3 19274 | 28.94 | 9.35 0.00
Bin 468 0.642007 198 3114 38.31 | 9.35 1.44
Bin 61 0.548405 135 3782 38.86 | 9.35 1.44
Bin 34 0.586354 121 4918 36.05 | 9.26 3.09
Bin 156 0.471643 75 7034 49.71 | 8.64 3.70
Bin 377 0.568026 144 3809 6133 | 8.63 0.00
Bin 388 0.272288 31 10104 | 40.19 | 8.63 0.00
Bin 123_3 0.019548 6 2946 38.69 | 8.63 0.00
Bin 130 0.987229 279 3462 58.09 | 8.63 0.72
Bin 507 0.402047 123 3150 69.62 | 8.63 0.72
Bin 88 0.321209 92 3354 3445 | 8.63 0.72
Bin 243_4 0.55921 116 5018 37.59 | 8.63 2.88
Bin 139_4 0.747451 156 4759 48.61 | 791 0.00
Bin 218 0.511453 145 3468 63.61 | 791 0.00
Bin 350 0.473466 87 5825 45.52 | 791 0.00
Bin 447 0.43143 98 4609 58.32 | 791 0.00
Bin 498 0.409109 111 3611 61.61 | 791 0.00
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Bin 542 0.390128 69 6420 61.12 | 791 0.00
Bin 98 0.380715 99 3772 40.66 | 7.91 0.00
Bin 393 0.344627 54 7118 55.63 | 791 0.00
Bin 515 0.329988 56 6867 64.01 | 791 0.00
Bin 487 0.294762 68 4290 59.37 | 791 0.00
Bin 501 0.203099 22 11955 | 55.12 | 791 0.00
Bin 55_1 0.154883 37 4083 49.85 | 791 0.00
Bin 430 0.347173 87 3752 37.68 | 791 1.44
Bin 435 0.328622 56 6783 48.80 | 7.41 0.00
Bin 458 0.228178 37 6988 4352 | 741 0.62
Bin 31 0.217146 44 4736 4043 | 741 0.62
Bin 394_7_3 | 2.585756 555 4807 42.82 | 741 2.47
Bin 234 0.396574 38 14402 | 41.19 | 7.19 0.00
Bin 486 0.367508 88 3970 4733 | 7.19 0.00
Bin 185 0.266131 60 4794 5122 | 7.19 0.00
Bin 227 0.260554 56 4768 47.27 | 7.19 0.00
Bin 37 0.225837 42 5685 42.82 | 7.19 0.00
Bin 84 0.216443 60 3490 5741 | 7.19 0.00
Bin243_2 2| 0.213852 53 4357 37.89 | 7.19 0.00
Bin 347 0.206375 50 3967 5723 | 7.19 0.00
Bin 425 0.202511 36 6483 50.09 | 7.19 0.00
Bin 124_2 0.175077 45 3886 36.27 | 7.19 0.00
Bin 520_2 0.058726 16 3379 41.52 | 7.19 0.00
Bin 87 0.239842 25 13173 | 4223 | 6.79 0.00
Bin 394_5b | 7.467061 1512 5204 29.50 | 6.79 2.47
Bin 235_4 1.882315 269 8443 4235 | 647 0.00
Bin 464_4 1.360458 198 7880 7136 | 6.47 0.00
Bin 188 0.527554 110 4932 3509 | 647 0.00
Bin 437 0.40302 122 3115 68.73 | 6.47 0.00
Bin 12 0.385343 107 3592 3395 | 647 0.00
Bin 531_1 0.275466 67 4018 43.74 | 6.47 0.00
Bin 424 0.268565 62 4354 4540 | 6.47 0.00
Bin 325 0.266479 57 4555 3640 | 647 0.00
Bin 254 0.225419 26 9758 51.57 | 6.47 0.00
Bin 118 0.209665 46 4837 3955 | 647 0.00
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Bin 411 0.204636 38 5708 4442 | 647 0.00
Bin 3 0.542165 127 4322 37.78 | 647 0.72
Bin 464_3 0.006992 2 4013 66.82 | 6.47 0.72
Bin 310 1.075002 297 3580 7138 | 6.17 1.23
Bin 252_2 1.871458 415 4424 65.09 | 5.76 0.00
Bin 189_2 0.933979 165 6464 6598 | 5.76 0.00
Bin 215 0.427969 111 3937 39.17 | 5.76 0.00
Bin 496 0.386196 114 3218 66.67 | 5.76 0.00
Bin 8 0.324769 94 3457 63.82 | 5.76 0.00
Bin92_4 0.264042 50 6903 33.14 | 5.76 0.00
Bin 279 0.256797 26 11855 | 39.06 | 5.76 0.00
Bin 268_1 0.213557 55 3911 39.64 | 5.76 0.00
Bin 235_3 1.463036 335 4286 42.81|5.76 0.72
Bin 555 0.201666 45 4340 40.93 | 5.56 0.00
Bin 394_4a | 5.944026 1176 5355 34.50 | 5.56 1.23
Bin 394_4b | 0.739808 207 3465 35.07 | 5.56 1.85
Bin 338_2 1.441389 350 4030 62.62 | 5.04 0.00
Bin 285 0.499251 148 3249 64.86 | 5.04 0.00
Bin 75 0.473584 73 7111 60.49 | 5.04 0.00
Bin 449 0.372478 105 3636 3536 | 5.04 0.00
Bin 360 0.237374 69 3421 35.77 | 5.04 0.00
Bin 169 0.222696 35 6523 47.39 | 5.04 0.00
Bin 543 0.208216 53 3944 43.55 | 5.04 0.00
Bin 408_1 0.185351 60 2897 64.21 | 5.04 0.00
Bin 418 0.270729 55 5148 56.70 | 5.04 0.72
Bin 128 0.476316 92 4756 41.37 | 5.04 1.44
Bin 229 0.604408 104 6657 3422 | 5.04 5.04
Bin 394_5a | 3.77632 895 4159 3324 | 4.94 1.85
Bin394_2c | 5.21728 1175 4508 33.76 | 4.32 0.00
Bin 396 0.230176 38 6907 4378 | 432 0.00
Bin394_7_1 | 3.299299 657 5213 42.66 | 4.32 0.00
Bin 410_2 1.144817 150 9891 53.69 | 4.32 0.00
Bin 338_6_2 | 0.990055 123 10071 | 60.16 | 4.32 0.00
Bin 291 _1 0.786122 168 4997 38.22 | 4.32 0.00
Bin 365 0.260547 50 4988 37.18 | 4.32 0.00
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Bin 76 0.20327 17 22038 | 52.30 | 4.32 0.00
Bin 210_2 0.002529 1 2529 61.25 | 432 0.00
Bin 421 0.318425 44 9509 6197 | 432 1.44
Bin 290 0.200298 44 4539 38.86 | 3.70 0.00
Bin 66 0.293767 82 3553 37.71 | 3.70 0.62
Bin 394_6¢c | 2.352774 477 5181 39.18 | 3.70 1.23
Bin 491 1.3278 166 10211 | 54.96 | 3.60 0.00
Bin 392 0.434301 66 8075 42.61 | 3.60 0.00
Bin 100 0.387857 97 3883 37.93 | 3.60 0.00
Bin 112 0.272214 71 3958 63.93 | 3.60 0.00
Bin 369 0.260082 35 8919 50.81 | 3.60 0.00
Bin 68 0.253393 71 3532 33.26 | 3.60 0.00
Bin 327_3 0.162771 44 3650 44.30 | 3.60 0.00
Bin 330_2 0.071024 3 33122 | 27.59 | 3.60 0.00
Bin 518_4 0.049198 14 3035 38.01 | 3.60 0.00
Bin 394_6b | 2.09528 374 6096 36.21 | 3.09 0.00
Bin 278 0.314267 81 3697 4044 | 3.09 0.00
Bin 71 0.220112 49 4599 48.58 | 3.09 0.00
Bin 307 0.452158 58 10448 | 35.50 | 2.88 0.00
Bin 231_6 0.445649 127 3330 59.68 | 2.88 0.00
Bin 409 0.293694 25 15627 | 46.72 | 2.88 0.00
Bin 129 0.292763 52 5937 47.21 | 2.88 0.00
Bin 508_6 0.115962 18 7705 60.49 | 2.88 0.00
Bin 494_5 0.041041 12 3451 47.84 | 2.88 0.00
Bin 320_2 0.030854 9 3538 3227 | 2.88 3.60
Bin 28 0.625623 110 5943 33.09 | 2.47 0.00
Bin 306_7 0.237568 34 7322 37.99 | 247 0.00
Bin 334 0.231053 44 5171 48.23 | 247 0.00
Bin 513 0.226176 31 7637 46.78 | 2.47 0.00
Bin 242 0.210937 26 11427 | 36.16 | 2.47 0.00
Bin 210_3 0.157683 49 3054 63.07 | 2.47 0.00
Bin394_6d | 4.433278 961 4714 38.04 | 2.47 0.62
Bin 394_4c | 2.702061 559 4968 3386 | 247 0.62
Bin 394_7_2 | 2.190507 532 4162 39.60 | 2.16 0.00
Bin 327_4 0.36275 64 5567 45.06 | 2.16 0.00
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Bin453_2 0.067779 15 4585 39.84 | 2.16 0.00
Bin 317_3 0.059917 17 3752 38.34 | 2.16 0.00
Bin 81 0.23445 48 5086 61.42 | 2.16 0.72
Bin 473 0.458124 61 9174 58.19 | 2.16 1.44
Bin394_1d | 3.37812 766 4433 38.68 | 1.85 0.62
Bin 224 0.231035 43 5597 45.74 | 1.85 1.23
Bin394_la | 5.202305 1184 4480 36.77 | 1.44 0.00
Bin 381 0.380165 71 5606 3326 | 144 0.00
Bin 508_4 0.306031 78 3573 62.04 | 1.44 0.00
Bin 203 0.25495 44 6332 56.56 | 1.44 0.00
Bin 47 0.240907 41 6918 4374 | 1.44 0.00
Bin 341_6 0.193795 52 3621 57.15 | 1.44 0.00
Bin 520_4 0.144285 35 3820 41.56 | 1.44 0.00
Bin 160_4 0.13977 33 4667 3735 | 144 0.00
Bin 244 _2 0.075958 20 3518 4232 | 1.44 0.00
Bin 257 0.457542 105 4329 3625 | 144 0.72
Bin 386 0.244948 23 14618 | 44.68 | 1.23 0.00
Bin 394_2a | 3.706801 951 3799 30.86 | 1.23 0.62
Bin394_2d | 1.681698 468 3444 33.70 | 1.23 0.62
Bin 548 0.274899 41 8571 3126 | 1.23 0.62
Bin474_1 3.559292 814 4455 26.57 | 0.72 0.00
Bin394_6a | 2.718347 578 4914 37.08 | 0.72 0.00
Bin394_1c | 2.275293 600 3756 40.90 | 0.72 0.00
Bin 107 1.165633 110 14666 | 54.49 | 0.72 0.00
Bin 268_3 0.437107 120 3764 40.51 | 0.72 0.00
Bin 22 0.382947 65 6593 45.64 | 0.72 0.00
Bin474_4 0.320676 80 4208 31.73 1 0.72 0.00
Bin 400 0.220504 27 10198 | 25.99 | 0.72 0.00
Bin 164 0.206671 58 3540 56.27 | 0.72 0.00
Bin 306_4 0.12781 30 4535 37.5310.72 0.00
Bin 67_1 0.121248 27 5179 34.67 | 0.72 0.00
Bin494_4 0.037226 7 5865 48.14 | 0.72 0.00
Bin 326_3 0.01634 3 5418 5825 | 0.72 0.00
Bin 394_2e | 3.219397 829 3788 34.65 | 0.72 0.72
Bin 394_2b | 3.085194 716 4323 29.87 | 0.72 0.72
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Bin394_1g | 1.63323 348 4950 3545 0.62 0.00
Bin 349 0.306369 52 6963 57.27 | 0.62 0.00
Bin394_le | 1.483219 351 4184 41.01 | 0.62 0.62
Bin394_1b | 1.382079 329 4215 36.29 | 0.00 0.00
Bin 394_2f | 1.163814 325 3486 38.64 | 0.00 0.00
Bin474_2 0.432723 96 4467 30.83 | 0.00 0.00
Bin 132 0.418477 62 8032 4242 | 0.00 0.00
Bin 139_3 0.358712 85 4168 45.80 | 0.00 0.00
Bin 196 0.283303 45 7673 39.24 | 0.00 0.00
Bin 394_2h | 0.275902 77 3347 32.39 | 0.00 0.00
Bin 394_1f | 0.270395 67 3776 34.00 | 0.00 0.00
Bin 102 0.268748 42 6587 56.62 | 0.00 0.00
Bin 40 0.220662 31 8769 37.34 | 0.00 0.00
Bin 456 0.211624 38 7641 67.71 | 0.00 0.00
Bin 467 0.206618 37 6546 45.21 | 0.00 0.00
Bin 490 0.2023 18 19414 | 62.02 | 0.00 0.00
Bin394_4d | 0.121754 30 4205 31.79 | 0.00 0.00
Bin 394_2¢g | 0.090906 26 3186 42.53 | 0.00 0.00
Bin 341_2 0.054557 9 7539 56.25 | 0.00 0.00
Bin 464_5 0.037187 12 2908 68.72 | 0.00 0.00
Bin 518_3 0.032617 10 3251 39.09 | 0.00 0.00
Bin 160_3 0.02997 7 4921 3546 | 0.00 0.00
Bin 207_2 0.029094 9 3260 46.42 | 0.00 0.00
Bin 291_3 0.027917 8 3513 38.83 | 0.00 0.00
Bin 123_4 0.021154 3 10946 | 39.56 | 0.00 0.00
Bin 512_3 0.019879 6 3246 54.12 | 0.00 0.00
Bin 368_3 0.018076 6 3140 55.03 | 0.00 0.00
Bin 320_4 0.015919 5 2839 31.81 | 0.00 0.00
Bin 232_4 0.006979 2 3865 32.05 | 0.00 0.00
Bin 64_2 0.004673 1 4673 30.69 | 0.00 0.00
Bin 508_5 0.003819 1 3819 57.89 | 0.00 0.00
Bin 518_2 0.003146 1 3146 36.55 | 0.00 0.00
Bin 317_2 0.002995 1 2995 37.90 | 0.00 0.00
Bin 232_3 0.002587 1 2587 32.66 | 0.00 0.00
Bin 531_4 0.002517 1 2517 43.66 | 0.00 0.00
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Supplementary table 3. Maximum Normalized ratio of 766 bins reconstructed from the Passalid

gut and substrate metagenomes in the metagenomic samples.

Bin Adult Normalized ratio | Larvae3 Normalized ratio | Larvae4 Normalized ratio | Substrate Normalized ratio
Bin 78 0.00 0.00 0.00 1.00
Bin 315 0.03 0.00 1.00 0.00
Bin 340 0.00 1.00 0.00 0.00
Bin 552 0.00 1.00 0.00 0.00
Bin 178 0.00 0.00 0.00 1.00
Bin 438 0.00 0.00 1.00 0.00
Bin 57 0.00 0.00 0.00 1.00
Bin 322 0.00 1.00 0.00 0.00
Bin 191 0.00 0.00 0.00 1.00
Bin 470 0.00 0.00 1.00 0.00
Bin 11 0.00 0.01 0.00 1.00
Bin 127 0.00 0.00 1.00 0.00
Bin 505 0.00 1.00 0.00 0.00
Bin 74 0.00 0.00 1.00 0.00
Bin 330_1 0.00 1.00 0.00 0.00
Bin 167 0.00 0.00 0.00 1.00
Bin 485 0.00 0.02 1.00 0.00
Bin 124_1 0.00 1.00 0.08 0.00
Bin 41 0.00 1.00 0.27 0.00
Bin 445 0.00 0.00 0.00 1.00
Bin 397_2 0.00 0.00 0.00 1.00
Bin 405 0.00 0.00 1.00 0.00
Bin 317_1 0.00 1.00 0.00 0.00
Bin 184 0.00 0.00 1.00 0.00
Bin 195 0.00 1.00 0.01 0.00




149

Bin 270 0.00 0.00 1.00 0.00
Bin 553 0.27 0.00 1.00 0.00
Bin 163 0.00 0.00 1.00 0.00
Bin 123_1 0.00 1.00 0.00 0.00
Bin 316 0.00 1.00 0.00 0.00
Bin 526 0.00 1.00 0.07 0.00
Bin 407 0.00 0.00 0.00 1.00
Bin 503 0.00 1.00 0.03 0.00
Bin 284 0.08 0.06 1.00 0.00
Bin 461 0.00 0.01 0.00 1.00
Bin 361 0.00 1.00 0.00 0.00
Bin 174 0.00 1.00 0.05 0.00
Bin 260 1.00 0.00 0.00 0.00
Bin 379 0.00 0.00 0.01 1.00
Bin 266 0.00 0.00 0.00 1.00
Bin 4 0.02 0.00 1.00 0.00
Bin 211 0.01 0.00 0.03 1.00
Bin 511 0.00 1.00 0.15 0.00
Bin 363 0.00 0.00 0.00 1.00
Bin 398 0.00 1.00 0.00 0.00
Bin 433 0.00 0.00 1.00 0.00
Bin 106 0.00 0.03 1.00 0.00
Bin 64_1 0.00 1.00 0.00 0.00
Bin 399 0.03 0.00 1.00 0.00
Bin 230 0.00 1.00 0.00 0.00
Bin 440 0.00 1.00 0.01 0.00
Bin 442 0.00 1.00 0.00 0.00
Bin 518_1 0.00 1.00 0.00 0.00
Bin 72 0.00 0.00 1.00 0.00
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Bin 89 0.00 0.00 1.00 0.00
Bin 113 0.00 1.00 0.00 0.00
Bin 58 0.00 0.03 1.00 0.00
Bin 225_1 0.00 0.00 0.00 1.00
Bin 201 0.12 0.01 0.23 1.00
Bin 14 0.00 1.00 0.10 0.00
Bin 161 0.00 1.00 0.05 0.00
Bin 85 0.00 0.00 1.00 0.00
Bin 504 0.00 1.00 0.00 0.00
Bin 446 0.00 1.00 0.00 0.00
Bin 481 0.00 1.00 0.00 0.00
Bin 250 0.00 0.00 0.00 1.00
Bin 16 0.00 0.00 1.00 0.00
Bin 155 1.00 0.00 0.06 0.04
Bin 272 0.00 1.00 0.04 0.00
Bin 62 0.00 0.00 1.00 0.00
Bin 208 0.00 1.00 0.10 0.00
Bin 232_1 0.00 0.00 1.00 0.00
Bin 86 0.00 0.00 1.00 0.00
Bin 172 0.00 1.00 0.00 0.00
Bin 549 0.00 0.00 1.00 0.00
Bin 143 1.00 0.00 0.00 0.00
Bin 96 0.00 1.00 0.01 0.00
Bin 372 0.03 0.00 1.00 0.00
Bin 502 0.00 0.00 0.00 1.00
Bin 352 0.00 0.00 1.00 0.00
Bin 536 1.00 0.00 0.06 0.00
Bin 288 0.00 0.00 1.00 0.00
Bin 223 0.00 1.00 0.01 0.00
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Bin 133 0.00 0.00 1.00 0.00
Bin 206 0.00 0.00 1.00 0.00
Bin 193 0.00 1.00 0.00 0.00
Bin 217 0.00 0.00 1.00 0.00
Bin 522 0.00 1.00 0.02 0.00
Bin 202 0.20 0.00 1.00 0.00
Bin 23 0.00 0.00 1.00 0.00
Bin 519 0.00 1.00 0.02 0.00
Bin 406_1 0.00 0.00 1.00 0.00
Bin 301 0.00 1.00 0.19 0.00
Bin 248 0.00 1.00 0.00 0.00
Bin 508_1 0.00 0.00 0.00 1.00
Bin 17 0.00 0.11 1.00 0.00
Bin 308 0.00 0.03 1.00 0.00
Bin 139 2 0.00 0.00 1.00 0.00
Bin 83 0.00 1.00 0.01 0.00
Bin 357 0.00 1.00 0.61 0.00
Bin 134 0.01 1.00 0.00 0.00
Bin 24 0.00 1.00 0.00 0.00
Bin 441 0.00 0.00 1.00 0.00
Bin 207_1 0.00 1.00 0.00 0.00
Bin 82 0.00 0.00 1.00 0.00
Bin 452 0.01 1.00 0.01 0.00
Bin 43 0.00 1.00 0.01 0.00
Bin 157 0.00 1.00 0.47 0.00
Bin 293 0.00 1.00 0.02 0.00
Bin 20 0.00 0.05 1.00 0.00
Bin 213 0.00 0.00 1.00 0.00
Bin 545 0.00 1.00 0.00 0.00
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Bin 205 0.00 0.00 1.00 0.00
Bin 371 0.00 1.00 0.00 0.00
Bin 391 0.00 1.00 0.04 0.00
Bin 478 1.00 0.00 0.00 0.00
Bin 135 0.00 1.00 0.02 0.00
Bin 140 0.00 1.00 0.01 0.00
Bin 510 0.00 0.11 1.00 0.00
Bin 413 0.00 0.00 0.00 1.00
Bin 344 0.00 0.00 0.00 1.00
Bin 67_3 0.00 1.00 0.00 0.00
Bin 294 0.00 1.00 0.00 0.00
Bin 457 0.00 1.00 0.03 0.00
Bin 138_1 0.00 1.00 0.00 0.00
Bin 121 0.00 1.00 0.00 0.00
Bin 253 0.00 0.01 1.00 0.00
Bin 235_2 0.00 1.00 0.00 0.00
Bin 480 0.00 1.00 0.00 0.00
Bin 153 0.00 1.00 0.00 0.00
Bin 245_2 1.00 0.00 0.00 0.00
Bin 460 0.00 1.00 0.00 0.00
Bin 240 0.00 1.00 0.10 0.00
Bin 181 0.00 0.00 1.00 0.00
Bin 137 0.00 1.00 0.10 0.00
Bin 383 0.00 0.00 1.00 0.00
Bin 472 0.00 1.00 0.01 0.00
Bin 171 0.00 0.00 1.00 0.00
Bin 378 0.00 1.00 0.01 0.00
Bin 144 0.00 0.00 1.00 0.00
Bin 198 0.00 1.00 0.01 0.00
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Bin 499 0.00 0.00 1.00 0.00
Bin 346 0.00 0.01 0.00 1.00
Bin 91 0.00 0.00 0.00 1.00
Bin 426 0.00 0.00 0.00 1.00
Bin 258 0.04 1.00 0.29 0.00
Bin 408_2 0.00 0.00 0.00 1.00
Bin 281 0.03 0.00 0.08 1.00
Bin 241 0.00 0.00 0.02 1.00
Bin 366 0.00 0.00 0.00 1.00
Bin 151 0.00 0.00 1.00 0.00
Bin 469 0.00 1.00 0.03 0.00
Bin 466_3 0.00 0.00 0.00 1.00
Bin 541 0.00 0.00 1.00 0.00
Bin 544 0.00 1.00 0.10 0.00
Bin 537 0.00 1.00 0.09 0.00
Bin 404 0.00 0.00 1.00 0.00
Bin 2 0.00 1.00 0.33 0.00
Bin 495_1 0.00 1.00 0.00 0.00
Bin 233 0.00 1.00 0.00 0.00
Bin 475 1.00 0.00 0.00 0.00
Bin 165 0.00 0.00 0.00 1.00
Bin 26 0.00 1.00 0.02 0.00
Bin 434 0.00 1.00 0.00 0.00
Bin 314 0.00 0.00 1.00 0.00
Bin 150 0.00 1.00 0.00 0.00
Bin 348 0.00 1.00 0.00 0.00
Bin 52 1.00 0.00 0.02 0.01
Bin 162 0.00 1.00 0.07 0.00
Bin 105 0.00 0.00 1.00 0.00
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Bin 276 0.00 1.00 0.28 0.00
Bin 419 0.00 1.00 0.00 0.00
Bin 403 0.00 1.00 0.26 0.00
Bin 354 0.00 0.00 1.00 0.00
Bin 136 0.00 1.00 0.00 0.00
Bin 142 0.05 0.00 1.00 0.00
Bin 525 0.00 1.00 0.13 0.00
Bin 210_1 0.00 0.00 0.00 1.00
Bin219_1 0.00 0.00 0.00 1.00
Bin 194 0.00 1.00 0.00 0.00
Bin 104 0.00 1.00 0.00 0.00
Bin 368_2 0.00 0.00 0.00 1.00
Bin410_1 0.00 0.00 0.00 1.00
Bin 395 0.00 1.00 0.00 0.00
Bin 389 1.00 0.00 0.00 0.00
Bin 33 0.00 0.00 0.00 1.00
Bin 59 0.00 0.00 1.00 0.00
Bin 280 0.00 0.00 0.00 1.00
Bin 336 0.00 1.00 0.18 0.00
Bin 158 0.14 0.04 1.00 0.00
Bin 423 0.00 0.00 0.02 1.00
Bin 239 0.00 1.00 0.20 0.00
Bin 159 0.00 1.00 0.01 0.00
Bin 249 1.00 0.00 0.00 0.00
Bin 387 0.00 1.00 0.10 0.00
Bin 261 0.00 0.00 0.00 1.00
Bin 246 0.00 0.00 1.00 0.00
Bin 339 0.00 1.00 0.00 0.00
Bin 228 0.00 0.00 1.00 0.00
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Bin 302 0.00 0.00 0.00 1.00
Bin 283 0.00 1.00 0.02 0.00
Bin 7 0.00 1.00 0.00 0.00
Bin 319 0.00 1.00 0.02 0.00
Bin 219 4 0.00 0.00 0.00 1.00
Bin 509 0.00 0.04 1.00 0.00
Bin 338_5 0.00 0.01 0.00 1.00
Bin 273 0.00 1.00 0.03 0.00
Bin 192 0.00 1.00 0.00 0.00
Bin 422 0.00 0.00 0.00 1.00
Bin 291 2 0.00 1.00 0.00 0.00
Bin 231 4 0.00 0.00 0.00 1.00
Bin 444 _1 0.00 1.00 0.05 0.00
Bin 189_3 0.00 0.00 0.02 1.00
Bin 298_2 0.00 1.00 0.00 0.00
Bin 512_1 0.00 1.00 0.00 0.00
Bin92_2 0.00 0.00 1.00 0.00
Bin 429 0.00 1.00 0.04 0.00
Bin 353 0.00 0.01 1.00 0.00
Bin 520_1 0.00 1.00 0.13 0.00
Bin 298_1 0.00 1.00 0.03 0.00
Bin 216 1.00 0.00 0.00 0.00
Bin 190 0.00 1.00 0.07 0.00
Bin 282 0.00 0.00 0.00 1.00
Bin 154_1 0.00 0.00 0.00 1.00
Bin 18 0.00 1.00 0.00 0.00
Bin 455 0.00 0.00 1.00 0.00
Bin 337 0.01 0.09 0.01 1.00
Bin 267 0.00 1.00 0.01 0.00
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Bin 179 0.00 1.00 0.44 0.00
Bin 147 0.03 0.00 1.00 0.00
Bin 323 0.00 0.01 1.00 0.00
Bin 297 0.00 1.00 0.00 0.00
Bin 117_2 0.00 0.00 0.00 1.00
Bin 374 0.03 0.00 1.00 0.00
Bin 222 0.00 0.00 0.00 1.00
Bin 484 0.00 1.00 0.01 0.00
Bin 51 0.00 0.00 0.00 1.00
Bin 345_4 0.00 1.00 0.00 0.00
Bin 53 0.00 1.00 0.00 0.00
Bin 271 0.15 0.00 0.17 1.00
Bin 516_1 0.00 1.00 0.02 0.00
Bin 237_2 0.00 0.00 0.00 1.00
Bin 13 0.00 0.00 0.00 1.00
Bin 269 0.00 1.00 0.48 0.00
Bin 231_3 0.00 0.00 0.00 1.00
Bin 148 0.01 0.00 1.00 0.00
Bin 464_2 0.00 0.00 0.00 1.00
Bin 236 0.00 0.00 0.00 1.00
Bin 531_3 0.00 0.00 1.00 0.00
Bin 54_2 0.00 0.00 1.00 0.00
Bin 345_6 0.00 1.00 0.02 0.00
Bin 300 0.00 1.00 0.79 0.00
Bin94_2 0.00 1.00 0.00 0.00
Bin454_2 0.00 0.00 0.00 1.00
Bin 237_1 0.00 0.00 0.00 1.00
Bin 333 0.00 0.08 1.00 0.00
Bin 189_1 0.00 0.00 0.00 1.00
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Bin 345_1 0.00 1.00 0.00 0.00
Bin 49 0.00 1.00 0.03 0.00
Bin 535_2 0.00 0.00 0.00 1.00
Bin 141 0.00 1.00 0.00 0.00
Bin 232 2 0.00 0.00 1.00 0.00
Bin 289 0.01 1.00 0.29 0.00
Bin 10 0.00 0.30 1.00 0.00
Bin436_2_1 | 0.00 0.00 1.00 0.00
Bin 345_5 0.00 1.00 0.00 0.00
Bin 160_1 0.00 0.06 1.00 0.00
Bin 529 0.00 0.00 1.00 0.00
Bin 450 0.00 0.00 1.00 0.00
Bin 495_2 0.00 1.00 0.00 0.00
Bin 345_7 0.00 1.00 0.00 0.00
Bin 238 0.00 0.00 1.00 0.00
Bin 244 3 0.00 0.00 0.00 1.00
Bin 463 0.00 1.00 0.00 0.00
Bin 432 0.00 1.00 0.87 0.00
Bin 464_1 0.00 0.00 0.00 1.00
Bin 338_1 0.01 0.00 0.02 1.00
Bin 306_1_1 | 0.00 0.00 1.00 0.00
Bin 268_2 0.00 0.00 1.00 0.00
Bin 338_7 0.02 0.00 0.04 1.00
Bin 138_3 0.00 1.00 0.01 0.00
Bin 214 0.00 0.77 1.00 0.00
Bin 183 0.00 0.27 1.00 0.00
Bin 331 0.00 1.00 0.06 0.00
Bin 375 0.00 1.00 0.00 0.00
Bin 483_2 0.00 1.00 0.16 0.00
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Bin 390 0.00 1.00 0.30 0.00
Bin 370 0.00 0.04 0.00 1.00
Bin 527 0.00 0.50 1.00 0.00
Bin 27 0.00 0.00 1.00 0.00
Bin 326_1 0.00 0.00 1.00 0.00
Bin 530 0.01 1.00 0.45 0.00
Bin 306_2 0.01 0.02 1.00 0.00
Bin 335 0.00 0.04 1.00 0.00
Bin 32 0.00 1.00 0.00 0.00
Bin 305 0.00 0.00 1.00 0.00
Bin 343 0.01 1.00 0.18 0.00
Bin 220 0.00 1.00 0.00 0.00
Bin453_1 0.00 0.00 1.00 0.00
Bin 341_3 0.00 0.00 0.00 1.00
Bin 341_1 0.00 0.00 0.00 1.00
Bin 338_8_1 | 0.00 0.00 0.00 1.00
Bin 540 0.00 1.00 0.00 0.00
Bin 414 0.00 1.00 0.04 0.00
Bin 93 0.00 0.01 1.00 0.00
Bin 54_1 0.00 0.00 1.00 0.00
Bin 268_5 0.01 0.01 1.00 0.00
Bin 55_4 0.00 1.00 0.00 0.00
Bin 295 0.00 0.00 1.00 0.00
Bin 329 0.03 0.24 0.02 1.00
Bin 320_1 0.00 0.00 1.00 0.00
Bin 546 0.00 0.99 0.25 0.00
Bin 21 0.00 1.00 0.07 0.00
Bin 309 1.00 0.00 0.00 0.00
Bin 500 0.00 0.03 1.00 0.00
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Bin 539 0.03 0.00 1.00 0.00
Bin 516_2 0.01 1.00 0.08 0.00
Bin 103 0.00 0.09 1.00 0.00
Bin454_1 0.00 0.00 0.00 1.00
Bin 36 0.00 1.00 0.18 0.00
Bin 25 1.00 0.00 0.00 0.00
Bin 321 0.01 0.07 1.00 0.00
Bin94_1 0.00 1.00 0.00 0.00
Bin 243_1 0.00 0.03 1.00 0.00
Bin 226 0.01 0.00 1.00 0.00
Bin 436_3 0.00 0.00 1.00 0.00
Bin 327_1 0.00 0.04 1.00 0.00
Bin 489 0.03 0.06 1.00 0.00
Bin 382 0.00 1.00 0.14 0.00
Bin 512 2 0.00 1.00 0.00 0.00
Bin 521 0.00 0.02 1.00 0.00
Bin 38_2 0.00 0.00 0.00 1.00
Bin 410_5 0.00 0.00 0.00 1.00
Bin 48 0.00 0.00 1.00 0.00
Bin 90 0.00 0.33 1.00 0.00
Bin 477 1.00 0.00 0.00 0.00
Bin 170 0.00 0.00 0.00 1.00
Bin 268_4 0.00 0.00 1.00 0.00
Bin 45 0.00 1.00 0.00 0.00
Bin 244 _4a | 0.00 0.00 0.00 1.00
Bin 373 0.00 1.00 0.29 0.00
Bin 459 0.01 1.00 0.57 0.00
Bin 186 0.00 0.12 1.00 0.01
Bin 126 0.00 1.00 0.35 0.00
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Bin 402 0.00 0.04 1.00 0.00
Bin 482 0.00 0.00 0.00 1.00
Bin 219_5 0.00 0.00 0.00 1.00
Bin415_1 0.02 0.03 1.00 0.00
Bin 244_6 0.00 0.00 0.00 1.00
Bin 259 0.00 0.31 0.00 1.00
Bin 30 0.00 1.00 0.00 0.00
Bin 243_5 0.00 0.00 1.00 0.00
Bin 46 0.00 1.00 0.47 0.00
Bin 231_5 0.00 0.00 0.00 1.00
Bin 466_2 0.00 0.00 0.00 1.00
Bin 465 0.00 1.00 0.50 0.00
Bin 417 0.00 1.00 0.21 0.00
Bin 554 0.00 1.00 0.17 0.00
Bin 355_1a | 0.00 1.00 0.00 0.00
Bin 231_1 0.00 0.00 0.00 1.00
Bin 291 4 0.00 1.00 0.00 0.00
Bin 80 0.05 0.00 1.00 0.00
Bin 67_2 0.00 1.00 0.00 0.00
Bin 538 0.04 0.00 1.00 0.00
Bin 471 0.00 0.00 1.00 0.00
Bin 99 0.00 1.00 0.74 0.00
Bin 338_4 0.00 0.00 0.00 1.00
Bin 356 0.00 0.00 0.00 1.00
Bin 120 0.01 1.00 0.31 0.00
Bin 453_3 0.00 0.03 1.00 0.00
Bin494 3 0.00 1.00 0.00 0.00
Bin 345_8 0.00 1.00 0.00 0.00
Bin494_2 0.00 1.00 0.00 0.00
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Bin 207_3 0.00 1.00 0.04 0.00
Bin92_1 0.00 0.04 1.00 0.00
Bin 488 0.01 0.03 1.00 0.00
Bin 355_6 0.02 1.00 0.01 0.00
Bin483_1_2 | 0.00 1.00 0.07 0.00
Bin 355_5a | 0.00 1.00 0.00 0.00
Bin 497 0.00 1.00 0.08 0.00
Bin 304 0.00 1.00 0.16 0.00
Bin 313 1.00 0.00 0.00 0.00
Bin 173 0.00 0.23 1.00 0.00
Bin 180 0.00 0.00 1.00 0.00
Bin 535_1 0.00 0.00 0.00 1.00
Bin 351 0.00 0.01 1.00 0.00
Bin 306_6 0.00 0.00 1.00 0.00
Bin 55_2 0.01 1.00 0.04 0.00
Bin 166 0.00 1.00 0.12 0.00
Bin 154_2 0.00 0.00 0.00 1.00
Bin 338_6_1 | 0.00 0.00 0.00 1.00
Bin 535_5 0.00 0.00 0.00 1.00
Bin 517 0.00 1.00 0.00 0.00
Bin 439 1.00 0.00 0.00 0.03
Bin 345_3 0.00 1.00 0.00 0.00
Bin 139_5 0.00 0.00 1.00 0.00
Bin 176 0.00 1.00 0.27 0.00
Bin 287 0.00 0.93 0.99 0.00
Bin 38_1 0.00 0.00 0.00 1.00
Bin 547 0.00 0.03 1.00 0.00
Bin 63 0.00 0.00 0.00 1.00
Bin 221 0.00 1.00 0.02 0.00
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Bin 139_1 0.00 0.06 1.00 0.00
Bin 256 0.00 0.01 1.00 0.00
Bin 355_4 0.01 1.00 0.17 0.00
Bin 479 0.00 1.00 0.00 0.00
Bin94_4 0.00 1.00 0.02 0.00
Bin243_2_1 | 0.00 0.00 1.00 0.00
Bin 69 0.00 0.00 0.00 1.00
Bin 448 0.00 0.01 1.00 0.00
Bin 528 0.00 0.01 1.00 0.00
Bin 427 0.00 0.27 0.00 1.00
Bin 534 0.00 0.00 0.00 1.00
Bin 243_3 0.00 0.00 1.00 0.00
Bin 296 0.00 0.14 1.00 0.00
Bin 368_1 0.00 0.00 0.00 1.00
Bin 506 0.00 0.01 1.00 0.00
Bin 115 0.00 0.00 1.00 0.00
Bin 255 0.00 1.00 0.36 0.00
Bin 108 0.01 0.08 1.00 0.00
Bin 122 2 0.00 0.00 0.00 1.00
Bin 532 0.00 0.00 0.08 1.00
Bin 189 4 0.00 0.00 0.00 1.00
Bin 551 0.00 1.00 0.00 0.00
Bin 70 0.00 1.00 0.13 0.00
Bin 243_6 0.00 0.00 1.00 0.00
Bin436_2_2 | 0.00 0.01 1.00 0.00
Bin483_1_1 | 0.00 1.00 0.01 0.00
Bin494_1 0.00 1.00 0.00 0.00
Bin 117_1 0.00 0.00 0.00 1.00
Bin 247 0.00 1.00 0.00 0.00
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Bin 209 0.00 0.04 1.00 0.00
Bin 451 0.00 1.00 0.00 0.00
Bin 245_1 1.00 0.03 0.00 0.01
Bin 327_2 0.00 0.01 1.00 0.00
Bin 444 _2 0.00 1.00 0.18 0.00
Bin44_la 0.00 0.00 0.00 1.00
Bin 42 0.00 0.03 1.00 0.00
Bin 428 0.02 0.00 0.10 1.00
Bin 39 0.00 0.00 1.00 0.00
Bin 35 0.05 1.00 0.01 0.00
Bin 401 0.00 1.00 0.01 0.00
Bin 6 0.17 0.00 1.00 0.00
Bin 535_4 0.00 0.00 0.00 1.00
Bin9 0.00 1.00 0.14 0.00
Bin 197 0.00 1.00 0.02 0.00
Bin 15 1.00 0.00 0.00 0.01
Bin 152 0.00 1.00 0.00 0.00
Bin 204 0.00 0.02 0.00 1.00
Bin 535_3 0.00 0.00 0.00 1.00
Bin 187 0.00 0.00 0.00 1.00
Bin 355_3 0.01 1.00 0.06 0.00
Bin231_2_1 | 0.00 0.00 0.00 1.00
Bin 359 0.00 0.00 0.00 1.00
Bin 493 0.00 0.36 1.00 0.00
Bin 324 0.00 1.00 0.00 0.00
Bin415_2a | 0.00 0.01 1.00 0.00
Bin 533 0.00 0.03 1.00 0.00
Bin 252 1 0.00 0.00 0.00 1.00
Bin 338_8_2 | 0.00 0.00 0.00 1.00
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Bin 299 0.00 0.64 0.89 0.00
Bin 50 0.17 0.63 1.00 0.02
Bin 523 0.00 0.03 1.00 0.00
Bin 342 0.00 1.00 0.00 0.00
Bin 412 0.00 1.00 0.01 0.00
Bin 264 0.00 1.00 0.04 0.00
Bin 252 3 0.00 0.00 0.00 1.00
Bin 101 0.05 0.01 1.00 0.00
Bin44_1b 0.00 0.00 0.00 1.00
Bin 306_5 0.03 0.00 1.00 0.00
Bin 303 0.00 0.99 091 0.00
Bin 262 0.00 0.24 1.00 0.00
Bin 55_3 0.17 1.00 0.04 0.00
Bin 212 0.00 1.00 0.14 0.00
Bin 111 0.18 0.68 1.00 0.01
Bin 462 0.00 0.39 1.00 0.00
Bin 60 0.00 1.00 0.38 0.00
Bin 77 0.00 1.00 0.00 0.00
Bin 168 0.23 1.00 0.15 0.00
Bin 318 0.00 1.00 0.17 0.00
Bin 355_5b | 0.00 1.00 0.00 0.00
Bin 122 1 0.00 0.00 0.00 1.00
Bin 327_5 0.00 0.00 1.00 0.00
Bin 345_2 0.00 1.00 0.10 0.00
Bin 146 0.00 0.90 0.57 0.00
Bin 5 0.00 0.85 0.64 0.00
Bin 384 0.19 0.58 1.00 0.01
Bin 436_1 0.00 0.09 1.00 0.00
Bin 292 0.00 0.01 1.00 0.00
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Bin 251 0.00 0.58 1.00 0.00
Bin 306_3 0.02 0.10 1.00 0.00
Bin 355_1b | 0.00 1.00 0.00 0.00
Bin 160_5 0.00 0.02 1.00 0.00
Bin 244 5 0.00 0.00 0.00 1.00
Bin 265 0.00 1.00 0.00 0.00
Bin 306_1_2 | 0.00 0.00 1.00 0.00
Bin 131 0.00 0.08 1.00 0.00
Bin 520_3 0.00 1.00 0.31 0.00
Bin 406_2 0.00 0.01 1.00 0.00
Bin 177 0.01 0.01 1.00 0.00
Bin 56 0.00 1.00 0.12 0.00
Bin 431 0.00 1.00 0.65 0.00
Bin 550 0.00 1.00 0.23 0.00
Bin 416 0.00 0.08 1.00 0.02
Bin 367 0.01 1.00 0.45 0.00
Bin 385 0.00 1.00 0.00 0.00
Bin 110 0.00 0.00 0.00 1.00
Bin231_2_2 | 0.00 0.00 0.00 1.00
Bin415_3 0.02 0.00 1.00 0.00
Bin 355_7a | 0.00 1.00 0.00 0.00
Bin410_3 0.00 0.00 0.00 1.00
Bin 476 0.00 0.00 0.00 1.00
Bin 119 0.00 0.19 0.98 0.00
Bin 114 0.00 0.98 0.92 0.00
Bin 420 0.00 1.00 0.07 0.00
Bin 182 0.00 1.00 0.04 0.00
Bin 145 0.00 1.00 0.10 0.00
Bin 380 0.00 1.00 0.92 0.00
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Bin 328 0.00 0.46 1.00 0.00
Bin 149 0.00 0.27 1.00 0.00
Bin 277 0.00 0.84 1.00 0.00
Bin 320_3 0.00 0.00 1.00 0.00
Bin 65 0.00 0.68 1.00 0.00
Bin 116 0.00 0.00 0.00 1.00
Bin 79 0.00 1.00 0.00 0.00
Bin 514 0.00 0.22 1.00 0.00
Bin 341 4 0.00 0.00 0.00 1.00
Bin 492 0.00 0.00 1.00 0.00
Bin 95 0.00 0.24 1.00 0.00
Bin 199 0.17 0.05 1.00 0.00
Bin 175 0.00 1.00 0.01 0.00
Bin 332 0.01 0.00 0.08 1.00
Bin474 3 1.00 0.00 0.00 0.00
Bin 376 0.00 1.00 0.50 0.00
Bin 311 0.00 1.00 0.01 0.00
Bin 275 0.00 0.14 1.00 0.00
Bin 73 0.00 0.99 0.84 0.00
Bin410_4 0.00 0.00 0.00 1.00
Bin 466_1 0.00 0.00 0.00 1.00
Bin 274 0.00 0.01 1.00 0.00
Bin 244_4b | 0.00 0.00 0.00 1.00
Bin 355_7_2 | 0.00 1.00 0.00 0.00
Bin219_3 0.00 0.00 0.00 1.00
Bin 125 0.00 0.01 1.00 0.00
Bin 109 0.00 0.00 0.00 1.00
Bin 286 0.03 0.00 0.09 1.00
Bin 1 0.00 1.00 0.87 0.00
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Bin92_3 0.00 0.00 1.00 0.00
Bin 200 0.00 1.00 0.00 0.00
Bin 355_2 0.01 1.00 0.01 0.00
Bin 29 0.00 1.00 0.16 0.00
Bin 524 0.00 1.00 0.06 0.00
Bin 338_3 0.00 0.00 0.00 1.00
Bin 531_2 0.01 0.04 1.00 0.00
Bin 138_2 0.00 1.00 0.05 0.00
Bin 508_3 0.00 0.00 0.00 1.00
Bin 235_1 0.00 1.00 0.13 0.00
Bin 231_7 0.00 0.00 0.00 1.00
Bin 19 0.00 1.00 0.07 0.00
Bin 397_1 0.00 0.00 0.00 1.00
Bin 263 0.00 1.00 0.83 0.00
Bin 443 0.00 1.00 0.36 0.00
Bin44_2 0.00 0.00 0.00 1.00
Bin 341_5 0.00 0.00 0.00 1.00
Bin 252 4 0.00 0.00 0.00 1.00
Bin 225_2 0.00 0.00 0.00 1.00
Bin 312 0.01 0.01 1.00 0.00
Bin 244_1 0.00 0.00 0.00 1.00
Bin 138_5 0.01 1.00 0.01 0.00
Bin 362 0.00 1.00 0.02 0.00
Bin 358 0.00 0.01 1.00 0.00
Bin 364 0.00 0.22 1.00 0.00
Bin 97 0.00 0.34 1.00 0.00
Bin 326_2 0.00 0.06 1.00 0.00
Bin 64_3 0.00 1.00 0.00 0.00
Bin 468 0.00 0.00 0.00 1.00
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Bin 61 0.00 1.00 0.28 0.00
Bin 34 0.02 0.00 0.00 0.98
Bin 156 0.00 1.00 0.00 0.00
Bin 377 0.02 0.00 0.13 1.00
Bin 388 0.55 0.40 1.00 0.00
Bin 123_3 0.00 1.00 0.02 0.00
Bin 130 0.00 0.00 0.00 1.00
Bin 507 0.00 0.00 0.03 1.00
Bin 88 0.15 1.00 0.25 0.00
Bin 243_4 0.01 0.00 1.00 0.00
Bin 139 4 0.00 0.01 1.00 0.00
Bin 218 0.00 0.00 0.00 1.00
Bin 350 0.00 1.00 0.10 0.00
Bin 447 0.00 0.20 0.00 1.00
Bin 498 0.00 0.00 0.04 1.00
Bin 542 0.00 0.93 0.99 0.00
Bin 98 0.00 0.00 1.00 0.00
Bin 393 0.00 0.25 1.00 0.00
Bin 515 0.00 0.28 1.00 0.00
Bin 487 0.00 0.99 0.86 0.00
Bin 501 0.00 0.27 1.00 0.00
Bin 55_1 0.07 0.99 0.27 0.00
Bin 430 0.00 0.14 1.00 0.00
Bin 435 0.07 0.25 0.97 0.00
Bin 458 0.00 0.16 1.00 0.00
Bin 31 0.00 1.00 0.54 0.00
Bin394_7_3 | 1.00 0.00 0.05 0.00
Bin 234 0.00 1.00 0.01 0.00
Bin 486 0.00 0.00 0.00 1.00
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Bin 185 0.00 0.00 1.00 0.00
Bin 227 0.00 1.00 0.00 0.00
Bin 37 0.00 0.17 1.00 0.00
Bin 84 0.00 1.00 0.19 0.00
Bin243_2_2 | 0.00 0.00 1.00 0.00
Bin 347 0.00 0.02 1.00 0.00
Bin 425 0.00 0.99 0.93 0.00
Bin 124 2 0.01 1.00 0.23 0.00
Bin 520_2 0.02 1.00 0.18 0.00
Bin 87 0.53 0.21 0.99 0.00
Bin394_5b | 1.00 0.00 0.03 0.00
Bin 235_4 0.00 1.00 0.01 0.00
Bin 464_4 0.00 0.00 0.00 1.00
Bin 188 0.00 0.07 1.00 0.00
Bin 437 0.00 0.00 0.00 1.00
Bin 12 0.01 0.01 1.00 0.00
Bin 531_1 0.00 0.01 1.00 0.00
Bin 424 0.00 1.00 0.19 0.00
Bin 325 0.00 1.00 0.37 0.00
Bin 254 0.00 0.26 1.00 0.00
Bin 118 0.01 0.03 1.00 0.13
Bin411 0.00 0.00 1.00 0.00
Bin 3 0.01 0.03 1.00 0.00
Bin464_3 0.00 0.00 0.01 1.00
Bin 310 0.00 0.00 0.00 1.00
Bin 252 2 0.00 0.00 0.00 1.00
Bin 189 2 0.00 0.00 0.00 1.00
Bin 215 0.00 0.00 1.00 0.00
Bin 496 0.00 0.00 0.00 1.00
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Bin 8 0.00 0.00 0.00 1.00
Bin92_4 0.00 0.00 1.00 0.00
Bin 279 0.62 0.31 0.99 0.00
Bin 268_1 0.01 0.05 1.00 0.00
Bin 235_3 0.00 1.00 0.01 0.00
Bin 555 0.00 1.00 0.47 0.00
Bin394_4a | 1.00 0.00 0.03 0.00
Bin394_4b | 1.00 0.00 0.03 0.01
Bin 338_2 0.00 0.00 0.00 1.00
Bin 285 0.00 0.00 0.00 1.00
Bin 75 0.03 0.20 0.02 1.00
Bin 449 0.01 0.01 1.00 0.00
Bin 360 0.09 0.04 1.00 0.00
Bin 169 0.00 0.54 1.00 0.00
Bin 543 0.00 1.00 0.33 0.00
Bin 408_1 0.00 0.00 0.00 1.00
Bin 418 0.00 0.18 0.00 1.00
Bin 128 0.02 0.05 1.00 0.00
Bin 229 0.00 1.00 0.00 0.00
Bin394_5a | 1.00 0.00 0.02 0.00
Bin 394_2c 1.00 0.00 0.05 0.00
Bin 396 0.00 1.00 0.09 0.00
Bin394_7_1 | 1.00 0.00 0.04 0.00
Bin410_2 0.00 0.00 0.00 1.00
Bin 338_6_2 | 0.00 0.00 0.00 1.00
Bin291_1 0.00 1.00 0.00 0.00
Bin 365 0.00 0.07 1.00 0.00
Bin 76 0.00 1.00 0.74 0.00
Bin 210_2 0.00 0.00 0.00 1.00
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Bin 421 0.05 0.22 0.03 1.00
Bin 290 0.00 0.99 0.08 0.00
Bin 66 0.00 0.01 1.00 0.00
Bin 394_6¢ 1.00 0.00 0.04 0.00
Bin 491 0.00 0.00 0.00 1.00
Bin 392 0.00 0.01 1.00 0.00
Bin 100 0.01 1.00 0.23 0.00
Bin 112 0.00 0.00 0.00 1.00
Bin 369 0.00 0.00 0.00 1.00
Bin 68 0.00 1.00 0.00 0.00
Bin 327_3 0.00 0.00 1.00 0.00
Bin 330_2 0.00 1.00 0.00 0.00
Bin 518_4 0.00 1.00 0.07 0.00
Bin394_6b | 1.00 0.00 0.04 0.00
Bin 278 0.01 1.00 0.07 0.00
Bin 71 0.00 0.00 1.00 0.00
Bin 307 0.00 0.01 1.00 0.00
Bin 231_6 0.00 0.00 0.00 1.00
Bin 409 0.00 1.00 0.02 0.00
Bin 129 0.00 0.00 0.00 1.00
Bin 508_6 0.00 0.00 0.00 1.00
Bin494_5 0.00 1.00 0.00 0.00
Bin 320_2 0.00 0.01 1.00 0.00
Bin 28 0.03 0.01 1.00 0.00
Bin 306_7 0.00 0.00 1.00 0.00
Bin 334 1.00 0.00 0.04 0.00
Bin 513 0.00 0.35 1.00 0.00
Bin 242 0.00 1.00 0.09 0.00
Bin 210_3 0.00 0.00 0.00 1.00
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Bin394_6d | 1.00 0.00 0.04 0.00
Bin 394_4c 1.00 0.00 0.04 0.00
Bin394_7_2 | 1.00 0.00 0.03 0.00
Bin 327_4 0.00 0.00 1.00 0.00
Bin453_2 0.00 0.02 1.00 0.00
Bin 317_3 0.00 0.99 0.24 0.00
Bin 81 0.04 0.29 0.03 1.00
Bin 473 0.00 0.08 0.00 1.00
Bin394_1d | 1.00 0.00 0.05 0.00
Bin 224 0.00 0.01 1.00 0.00
Bin394_1a | 1.00 0.00 0.06 0.00
Bin 381 0.01 0.02 1.00 0.00
Bin 508_4 0.00 0.00 0.00 1.00
Bin 203 0.00 1.00 0.00 0.00
Bin 47 0.00 0.00 1.00 0.00
Bin 341_6 0.00 0.00 0.00 1.00
Bin 520_4 0.01 1.00 0.28 0.00
Bin 160_4 0.00 0.03 1.00 0.00
Bin 244 2 0.00 0.00 0.00 1.00
Bin 257 0.00 0.00 0.00 1.00
Bin 386 0.00 1.00 0.06 0.00
Bin394_2a | 1.00 0.00 0.06 0.00
Bin394_2d | 1.00 0.00 0.05 0.01
Bin 548 0.00 0.00 0.00 1.00
Bin474_1 1.00 0.00 0.00 0.00
Bin394_6a | 1.00 0.00 0.04 0.00
Bin 394_1c 1.00 0.00 0.07 0.00
Bin 107 0.00 0.00 0.00 1.00
Bin 268_3 0.00 0.00 1.00 0.00
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Bin 22 0.00 0.01 1.00 0.00
Bin474_4 1.00 0.00 0.00 0.00
Bin 400 0.00 1.00 0.00 0.00
Bin 164 0.00 0.00 1.00 0.00
Bin 306_4 0.00 0.00 1.00 0.00
Bin 67_1 0.00 1.00 0.07 0.00
Bin494_4 0.00 1.00 0.03 0.00
Bin 326_3 0.00 0.00 1.00 0.00
Bin 394 _2e | 1.00 0.00 0.06 0.00
Bin394_2b | 1.00 0.00 0.04 0.00
Bin394_1g | 1.00 0.00 0.05 0.00
Bin 349 0.00 0.00 0.00 1.00
Bin394_1le | 1.00 0.00 0.05 0.00
Bin394_1b | 1.00 0.00 0.07 0.00
Bin 394_2f 1.00 0.00 0.07 0.00
Bin474_2 1.00 0.00 0.00 0.00
Bin 132 0.00 0.01 1.00 0.00
Bin 139_3 0.01 0.00 1.00 0.00
Bin 196 0.00 0.01 1.00 0.00
Bin394_2h | 1.00 0.00 0.05 0.00
Bin 394_1f 1.00 0.00 0.04 0.00
Bin 102 0.01 0.00 0.06 1.00
Bin 40 0.00 0.00 1.00 0.01
Bin 456 0.01 0.01 1.00 0.00
Bin 467 0.00 1.00 0.05 0.00
Bin 490 0.00 0.00 0.00 1.00
Bin394_4d | 1.00 0.00 0.04 0.00
Bin 394 _2g | 1.00 0.00 0.07 0.00
Bin 341 2 0.00 0.00 0.00 1.00
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Bin 464_5 0.00 0.00 0.01 1.00
Bin 518_3 0.00 1.00 0.02 0.00
Bin 160_3 0.09 0.01 1.00 0.00
Bin 207_2 0.00 1.00 0.00 0.00
Bin291_3 0.03 1.00 0.20 0.00
Bin 123_4 0.00 1.00 0.07 0.00
Bin 512 3 0.00 1.00 0.00 0.00
Bin 368_3 0.00 0.00 0.00 1.00
Bin 320_4 0.00 0.01 1.00 0.00
Bin 232 4 0.00 0.04 1.00 0.00
Bin 64_2 0.00 1.00 0.00 0.00
Bin 508_5 0.00 0.00 0.00 1.00
Bin 518_2 0.00 1.00 0.00 0.00
Bin317_2 0.02 1.00 0.00 0.00
Bin 232 3 0.00 0.00 1.00 0.00
Bin 531_4 0.00 0.00 1.00 0.00
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Supplementary Table 4. Veturius sp. genes of the major CAZy enzymes classification groups

normalized to total gene count of the MAG.

MAG GHs GTs CBMs CEs AAs PLs
MAG106 0.03607333 0.09047901 0.0277942 0.01301005 0 0.00059137
MAG11 0.06710875 0.09973475 0.03156499 0.02254642 0.00265252 0.00557029
MAG113 0.02760524 0.07522429 0.01863354 0.00483092 0 0

MAG123 0.07440311 0.07773459 0.047196 0.01499167 0.00055525 0.00666297
MAG124 0.03963893 0.07731554 0.02433281 0.00588697 0 0

MAG127 0.08756941 0.07090987 0.02947458 0.01366937 0 0.00170867
MAG133 0.03730846 0.07461692 0.02598268 0.01199201 0 0.00199867
MAG134 0.0407498 0.08394458 0.02852486 0.00814996 0 0

MAG139 0.06689342 0.06386999 0.03590325 0.01284958 0.00037793 0.00340136
MAG14 0.02758621 0.08401254 0.02570533 0.01191223 0 0

MAG143 0.05448065 0.07433809 0.01527495 0.01069246 0.00050916 0.00050916
MAG155 0.06357173 0.07695525 0.01589293 0.01045588 0 0.00041824
MAG16 0.09223847 0.09561305 0.02587177 0.01724784 0.00037495 0.00187477
MAG161 0.0691009 0.07027876 0.02630546 0.01099333 0 0.00235571
MAG163 0.03082852 0.10115607 0.01926782 0.01589595 0.00192678 0

MAG167 0.05087659 0.09659677 0.02990718 0.01512547 0.00309385 0

MAG17 0.04940711 0.085639 0.03623188 0.00988142 0 0.00065876
MAG172 0.02491103 0.04181495 0.02313167 0.00622776 0 0.00088968
MAG174 0.13458012 0.07224056 0.03630363 0.00990099 0.0003667 0.00256692
MAG178 0.05584281 0.07549121 0.03826267 0.0188728 0.00206825 0.00853154
MAG184 0.05428987 0.07561803 0.02278236 0.01357247 0.00048473 0

MAG191 0.05645816 0.10966694 0.03452478 0.01665313 0.0016247 0.0016247
MAG193 0.07286673 0.07142857 0.03403643 0.01486098 0.00047939 0.0033557
MAG195 0.08690987 0.07403433 0.03165236 0.01180258 0.00053648 0.00053648
MAG201 0.03332211 0.08515651 0.02356109 0.01581959 0.00639515 0.00067317
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MAG202 0.04580897 0.07651072 0.01900585 0.01461988 0.00146199 0.00097466
MAG206 0.08336463 0.07960946 0.03492302 0.01502065 0 0.0022531
MAG207 0.12779553 0.07348243 0.0397079 0.01277955 0.00091283 0.01232314
MAG208 0.04443383 0.07978978 0.02341137 0.00668896 0.00047778 0

MAG211 0.0516129 0.11520737 0.0328725 0.01996928 0.0015361 0.00675883
MAG217 0.08096367 0.09992101 0.0335703 0.01184834 0 0.00078989
MAG223 0.09594645 0.0792116 0.02491633 0.01375976 0 0.00446263
MAG225 0.04558707 0.09117413 0.01219189 0.02120329 0.0045057 0.00079512
MAG23 0.03483607 0.06215847 0.0239071 0.00751366 0 0.00068306
MAG230 0.05736138 0.07552581 0.02772467 0.01481836 0.00047801 0.00573614
MAG232 0.0300158 0.05924171 0.02290679 0.01105845 0 0

MAG24 0.08698413 0.08253968 0.03746032 0.01650794 0.00063492 0.00253968
MAG248 0.0377943 0.08612144 0.0291202 0.0086741 0.00123916 0.00061958
MAG250 0.04011461 0.08627826 0.01973894 0.01878383 0.00541229 0.00095511
MAG260 0.02791316 0.07487816 0.01595038 0.01019052 0.0013292 0.00044307
MAG266 0.05645876 0.07833284 0.0268992 0.01684895 0.00354715 0.00177357
MAG270 0.04307692 0.07384615 0.03692308 0.01046154 0 0.00123077
MAG272 0.04593373 0.07567771 0.02673193 0.0188253 0.00075301 0.00150602
MAG284 0.06871838 0.06576728 0.04637437 0.01602024 0.00210793 0.00210793
MAG288 0.0306834 0.11715481 0.0204556 0.0153417 0.0009298 0.0004649
MAG301 0.05864752 0.09275883 0.02274087 0.01137044 0.00119689 0

MAG308 0.02822322 0.09108403 0.01667736 0.01539448 0.00064144 0

MAG315 0.03424223 0.08877616 0.03360812 0.01331642 0 0

MAG316 0.03099017 0.06198035 0.02191988 0.00680272 0 0

MAG317 0.03046716 0.07379824 0.01624915 0.01150982 0 0
MAG322 0.06428571 0.06116071 0.02455357 0.009375 0 0.00223214
MAG330 0.03411029 0.05628198 0.02728823 0.00795907 0 0.0005685
MAG340 0.0385289 0.07589025 0.03327496 0.01517805 0 0.00058377
MAG357 0.05622837 0.08217993 0.02422145 0.01211073 0 0
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MAG361 0.05170316 0.0663017 0.0377129 0.01216545 0 0.00304136
MAG363 0.06432459 0.07991094 0.03884216 0.0212766 0.00593765 0.00074221
MAG372 0.06277007 0.07596088 0.01546509 0.01751194 0.00204685 0.00068228
MAG379 0.04041204 0.09587956 0.01743265 0.01030111 0 0.00079239
MAG397 0.05087719 0.11278195 0.02631579 0.01654135 0.00175439 0.00150376
MAG398 0.09022082 0.06687697 0.0340694 0.01388013 0 0.00252366
MAG399 0.06356099 0.08132649 0.01223845 0.01381761 0.00039479 0.00039479
MAG4 0.03924491 0.07848982 0.02136115 0.00943865 0 0.00099354
MAG405 0.02834225 0.07272727 0.02620321 0.00748663 0 0.00053476
MAG406 0.03016086 0.06367292 0.02345845 0.00737265 0.00067024 0.00201072
MAG407 0.08317472 0.07213552 0.03102398 0.02055577 0.00247431 0.00190331
MAG41 0.06481013 0.09265823 0.02278481 0.01367089 0.00050633 0.00050633
MAG433 0.03715776 0.09322034 0.01955671 0.01173403 0 0.00065189
MAG438 0.02520161 0.06653226 0.02318548 0.00403226 0 0
MAG440 0.03512623 0.06860593 0.02744237 0.01536773 0.00109769 0.00164654
MAG441 0.03974654 0.0921659 0.02073733 0.01382488 0.00057604 0.00115207
MAG442 0.03275261 0.07317073 0.02926829 0.00905923 0 0.00139373
MAG445 0.06034858 0.08518519 0.02374728 0.01851852 0.00566449 0.00130719
MAG446 0.05684211 0.06877193 0.02245614 0.00912281 0 0.00070175
MAG461 0.03716091 0.10850985 0.02526942 0.01263471 0.00371609 0.00222965
MAG470 0.08040422 0.07601054 0.02899824 0.01362039 0 0.0013181
MAG481 0.10627247 0.07710747 0.02556932 0.0155813 0 0.00239712
MAG485 0.04231228 0.08224076 0.03098927 0.00774732 0 0.0011919
MAGS502 0.0734447 0.11175115 0.03197005 0.01612903 0.00201613 0.00345622
MAGS503 0.10147213 0.06992639 0.03259727 0.01209253 0 0.00052576
MAGS505 0.06852444 0.06989493 0.03197807 0.01096391 0 0.00091366
MAG508 0.03811406 0.09119142 0.03585545 0.01637493 0.0053642 0.00254094
MAGS511 0.07778915 0.09160696 0.0174002 0.01023541 0 0.00204708
MAGS518 0.0566879 0.07770701 0.04140127 0.01082803 0.00063694 0.00063694
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MAG519 0.13147139 0.06982289 0.04087193 0.01089918 0.0003406 0.0023842
MAGS522 0.05054645 0.08128415 0.01775956 0.01912568 0.00068306 0
MAGS526 0.04177411 0.08767406 0.03094379 0.00928314 0.00051573 0.00103146
MAGS536 0.04539474 0.07565789 0.02236842 0.00723684 0 0.00131579
MAG549 0.0472534 0.08387478 0.0218547 0.02008269 0.001772 0

MAGS552 0.05078125 0.07080078 0.03027344 0.00927734 0.00048828 0.00097656
MAGS553 0.06543967 0.06237219 0.03271984 0.00715746 0 0.00408998
MAGS57 0.06980938 0.08140134 0.02782071 0.02395672 0.00489438 0.00360639
MAGSS 0.03283369 0.07066381 0.02712348 0.01498929 0 0

MAG64 0.03789731 0.05806846 0.02322738 0.00672372 0 0.00061125
MAG72 0.08145766 0.08145766 0.02197213 0.01393355 0 0.00107181
MAG74 0.04705882 0.1124183 0.02614379 0.00980392 0.00065359 0.00130719
MAGT78 0.04814004 0.07795405 0.04595186 0.01695842 0.0035558 0.01531729
MAGS3 0.08452594 0.08005367 0.04025045 0.01788909 0.00044723 0.009839
MAGS85 0.0251046 0.05299861 0.03138075 0.00488145 0 0

MAG86 0.05185185 0.07314815 0.02361111 0.01435185 0.00092593 0.00138889
MAGS89 0.11995899 0.08373206 0.02768284 0.01435407 0.00068353 0.00205058
MAG96 0.05298701 0.06857143 0.0187013 0.01246753 0 0.00571429
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Supplementary Table 5. Glycosyl hydrolases in the seven Veturius sp. metagenomes. Data
normalized to the metagenome bin count.

Adult Substrate | Larvae 1 | Larvae 2 | Larvae 3 | Larvae 4 | Larvae 5
Chitinase 0 2.3091E-05 6.5838E-06 | 0 2.7738E-06 | 2.4022E-06 | O
Glycoside hydrolase 97 2.3528E-06 | 3.9255E-05 0.00013168 | 7.984E-05 8 4879E-05 | 7.567E-05 4.8462E-05
Glycosyl hydrolase 1 0.00014117 | 0.00029326 0.00020222 | 0.00026347 | 0.00015811 | 0.00028106 | 8.2385E-05
Glycosyl hydrolase 10 3.7644E-05 | 0.00017318 0.00015895 | 0.00016766 | 0.00010152 | 0.00014173 | 0.00015992
Glycosyl hydrolase 12 0 46182E-06 | 0 0 0 0 0
Glycosyl hydrolase 14 0 0 9.4055E-07 | O 7.7667E-06 | 4.8045E-06 | O
Glycosyl hydrolase 20 1.1764E-05 | 0.0002794 0.00019375 | 0.00011178 | 0.00016809 | 0.00015855 | 0.00016477
Glycosyl hydrolase 26 0 5.7728E-05 74303E-05 | 7.1856E-05 | 6.3243E-05 | 5.405E-05 3.3923E-05
Glycosyl hydrolase 3 7.0583E-05 | 0.00061884 0.00054928 | 0.0004471 0.0004133 0.00041438 | 0.00052339
Glycosyl hydrolase 30 1.6469E-05 | 0.00013393 0.00014484 | 6.3872E-05 | 0.00011206 | 0.00014293 | 0.00017931
Glycosyl hydrolase 4 5.1761E-05 | 1.6164E-05 0.00017024 | 0.00011976 | 0.00018918 | 0.00016695 | 9.6923E-06
Glycosyl hydrolase 45 0 46182E-06 | 0 0 0 0 0
Glycosyl hydrolase 46 0 6.9273E-06 | 0 0 0 0 0
Glycosyl hydrolase 47 14117E-05 | 1.6164E-05 | 0 0 0 0 0
Glycosyl hydrolase 48 0 46182E-06 | 0 0 0 0 0
Glycosyl hydrolase 49 0 2.3091E-06 9.4055E-07 | O 1.6643E-06 | 0 0
Glycosyl hydrolase 52 0 23091E-06 | 0 0 55477E-07 | 0 0
Glycosyl hydrolase 53 2.3528E-06 | 6.4655E-05 1.787E-05 3.1936E-05 | 1.276E-05 2.162E-05 2.4231E-05
Glycosyl hydrolase 57 2.3528E-06 | 6.4655E-05 0.00010628 | 0.00010379 | 7.7667E-05 | 9.2486E-05 | 0.00011146
Glycosyl hydrolase 59 0 6.9273E-06 2.8216E-06 | 7.984E-06 7.7667E-06 | 1.2011E-06 | 4.8462E-06
Glycosyl hydrolase 61 0 0 0 0 0 0 0
Glycosyl hydrolase 62 0 0 0 0 4.4381E-06 | 3.6033E-06 | O
Glycosyl hydrolase 63 1.6469E-05 | 2.7709E-05 4.7027E-06 | 7.984E-06 7.212E-06 3.6033E-06 | 1.9385E-05
Glycosyl hydrolase 65 2.1175E-05 | 2.54E-05 2.6335E-05 | 3.1936E-05 | 1.9972E-05 | 3.9637E-05 | 9.6923E-06
Glycosyl hydrolase 67 4.7055E-06 | 2.7709E-05 4.1384E-05 | 2.3952E-05 | 3.6615E-05 | 2.8827E-05 | 3.3923E-05
Glycosyl hydrolase 7 0 0 0 0 0 0 0
Glycosyl hydrolase 70 0 0 0 0 1.1095E-06 | O 0
Glycosyl hydrolase 71 0 1.1546E-05 9.4055E-07 | O 1.1095E-06 | 1.2011E-06 | 0
Glycosyl hydrolase 76 2.3528E-06 | 1.8473E-05 6.0195E-05 | 0.00011178 | 3.9388E-05 | 6.0056E-05 | 9.6923E-06
Glycosyl hydrolase 79 0 2.3091E-06 1.8811E-06 | O 1.1095E-06 | 1.2011E-06 | O
Glycosyl hydrolase 81 0 1.6164E-05 | O 0 0 6.0056E-06 | 0
Glycosyl hydrolase 85 4.7055E-06 | 2.3091E-06 0 0 0 4.8045E-06 | 0
Glycosyl hydrolase 9 0 6.0037E-05 4.8908E-05 | 0 42717E-05 | 3.8436E-05 | 3.3923E-05
Glycosyl hydrolase 92 4.7055E-06 | 0.00028633 0.00064898 | 0.00033533 | 0.00042495 | 0.00056092 | 0.00068815
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Glycosyl hydrolase 108 0 9.2364E-06 3.1979E-05 | 1.5968E-05 | 9.9858E-06 | 1.3212E-05 | 2.4231E-05
Glycosyl hydrolase 5 4.7055E-06 | 0.00015471 0.00017118 | 5.5888E-05 | 0.00019195 | 0.00019698 | 0.00013085
Glycosyl Hydrolase Family 88 | 5.1761E-05 | 5.5419E-05 0.00034236 | 0.00030339 | 0.00018862 | 0.00020659 | 0.00035862
Glycosyl hydrolases 11 0 1.8473E-05 9.4055E-07 | O 1.1095E-06 | 2.4022E-06 | O
Glycosyl hydrolases 15 0 8.7746E-05 9.4055E-07 | O 44381E-06 | 12011E-06 | O
Glycosyl hydrolases 16 14117E-05 | 0.00012469 0.00012509 | 3.1936E-05 | 9.0427E-05 | 8.5279E-05 | 0.00014054
Glycosyl hydrolases 17 0 9.2364E-06 9.4055E-07 | O 1.6643E-06 | 1.2011E-06 | 4.8462E-06
Glycosyl hydrolases 18 2.1175E-05 | 0.00017087 0.00014578 | 8.7824E-05 | 0.00011151 | 8.7681E-05 | 7.7539E-05
Glycosyl hydrolases 2 2.8233E-05 | 0.00029557 0.00066214 | 0.00042315 | 0.00060525 | 0.00056452 | 0.000504
Glycosyl hydrolases 25 0 4.8491E-05 5.9254E-05 | 9.5808E-05 | 5.936E-05 6.9665E-05 | 2.4231E-05
Glycosyl hydrolases 28 7.0583E-06 | 8.5437E-05 0.00010158 | 0.00010379 | 6.9901E-05 | 7.567E-05 0.00010177
Glycosyl hydrolases 31 1.6469E-05 | 0.00023784 0.00027182 | 0.00020758 | 0.00017253 | 0.00018978 | 0.00020354
Glycosyl hydrolases 32 0 4.1564E-05 9.4055E-05 | 6.3872E-05 | 8.2106E-05 | 0.00012371 | 2.4231E-05
Glycosyl hydrolases 35 1.8822E-05 | 7.851E-05 5.0789E-05 | 4.7904E-05 | 2.9957E-05 | 3.3631E-05 | 5.8154E-05
Glycosyl hydrolases 38 2.8233E-05 | 4.3873E-05 0.00015331 | 7.1856E-05 | 0.0002502 0.00012612 | 3.8769E-05
Glycosyl hydrolases 39 0 9.0055E-05 5.6433E-05 | 1.5968E-05 | 54367E-05 | 4.4441E-05 | 1.4538E-05
Glycosyl hydrolases 43 6.3525E-05 | 0.00019396 0.0004524 0.00036726 | 0.00028903 | 0.000436 0.00046039
Glycosyl hydrolases 6 0 6.9273E-06 | 0 0 0 0 0
Glycosyl hydrolases 8 7.0583E-06 | 9.4673E-05 1.0346E-05 | 2.3952E-05 | 8.8763E-06 | 1.2011E-05 | 9.6923E-06
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Supplementary Table 6. Normalized ratio of the archaeal bins in the metagenomic samples.

Adult * Larvae3 * Larvae4 * Substrate *
MAG 260 1.00 0.00 0.00 0.00
Bin 348 0.00 1.00 0.00 0.00
Bin 517 0.00 1.00 0.00 0.00
Bin 146 0.00 0.90 0.57 0.00
Bin 101 0.05 0.01 1.00 0.00
Bin 5 0.00 0.85 0.64 0.00
Bin 435 0.07 0.25 0.97 0.00
Bin 299 0.00 0.64 0.89 0.00
Bin 87 0.53 0.21 0.99 0.00
Bin 458 0.00 0.16 1.00 0.00

*Maximum normalized ratio= number of reads recruited to a contig divided by the maximum

number of reads recruited to that contig in any sample.
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Supplementary Table 7. Nitrogenase subunits and anfG in the Veturius sp. gut and substrate

metagenomes. Data normalized to the metagenome gene count.

Adult Substrate Larvae 1 Larvae 2 Larvae 3 Larvae 4 Larvae 3
anfG 0 0 0 0 0 0 0
nifD 0 0 3.7622E-06 | O 1.6643E-06 | 1.2011E-06 | O
nifH 1.1764E-05 | 2.3091E-06 | 4.9849E-05 | 5.5888E-05 | 2.2745E-05 | 3.243E-05 | 6.7846E-05
nifK 0 2.3091E-06 | O 0 1.6643E-06 | 2.4022E-06 | 9.6923E-06




