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Supplemental Results
Utilization of refractory organic matters

Nitrogen and sulfur metabolism

Supplemental Figures
Fig. S1. Taxonomic annotation of mOTU of samples from ME and MT.

Fig. S2. Alpha-diversity indexes at different taxonomy levels.
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Fig. S3. Beta-diversity at each classification level of taxonomy and KO in MT and ME
samples.

Fig. S4. Distribution of the best average nucleotide identity (ANI) of MAGs between ME
and MT.

Fig. S5. Distribution of sequence similarities between ME and MT.

Fig. S6. Venn plots of MAGs at each taxonomic level, KOs and metabolic modules
comparation.

Fig. S7. Labeled Sankey network of taxonomy and function between ME and MT.

Fig. S8. Comparison among the MAGs belonging to ME-specific (red), MT-specific (blue)
and cross-habitat classes.

Fig. S9. Abundancy of representative metabolic genes in samples from ME (red) and MT
(blue).

Fig. S10. Co-occurrence trees of tested metabolic genes compared between ME and MT.

Supplemental Datasets and Tables (accompanying excel files)
Additional file 2: Table S1. mOTU table and rarefied table at species level and KO.
Additional file 3: Table S2. Distribution of all annotated KOs within MAGs above

middle-quality in ME and MT.

Supplemental Results

Utilization of refractory organic matters

For complex polymers, cellulose and lignin are reported as the most abundant but typical
refractory terrestrial biopolymers on Earth', and chitin is the most abundant refractory
biopolymer in marine and has a number of different marine and terrestrial sources™. The
representative ge encoding glucuronoyl esterase in degradation of lignin-cellulose* was found
in 130 (of 1,176) of all MAGs of ME and MT, with similar proportion of MAGs in each habitat,
9% of total MAGs in ME and 11% in MT. These MAGs belong to 17 class-level clades,
including 4 (of 9) cross-habitat classes (i.e., Alphaproteobacteria, Bacteroidia,
Gammaproteobacteria, Verrucomicrobiae), and 13 (of 72) MT-specific clades (e.g.,
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Acidobacteriae, Planctomycetes, Hydrogenedentia, etc) (Fig. 5A, Additional file 3: Table S2).
The chitinase encoded gene chi for chitin degradation was found in 184 (of 1,176) MAGs in
ME and MT samples (32% of total MAGs in ME and 14% in MT), distributed in 2/3 ME-
specific classes (i.e., Deinococci and Polyangia), 21 (of 72) of MT-specific classes (e.g.,
Desulfobacteria, Latescibacteria, Lentisphaeria, Marinisomatia, etc) and all nine cross-habitat
class-level clades (Fig. 5A, Additional file 3: Table S2). The similar scenario that same
metabolic genes occur in various taxa was also found in degradation of aromatic compounds,
alkanes, L-sugars and D-AAs (Fig. 4A, 5A, Additional file 3: Table S2).

Nitrogen and sulfur metabolism

The nitrate/nitrite respiratory genes are wide distributed among ME-specific, MT-specific and
cross-habitat taxa (Fig. SA, Additional file 1: Fig. S9, Additional file 3: Table S2). For
example, both the assimilatory gene nasA4 and the dissimilatory gene napA for nitrate reductase
(from nitrate to nitrite) were relative abundant in both ME and MT. Gene nas4 was found in
276 (of 1,176) MAGs (55% of total MAGs in ME and 20% of MT) while gene nap4 was found
in 95 (of 1,176) MAGs (~ 11% of total MAGs in ME and 9% in MT) (Fig. 5A, Additional file
3: Table S2). The nirK gene for nitrite reductase was found in 361 (of 1,176) MAGs (22% of
total MAGs in ME and 32% in MT).

For sulfur metabolism, sat gene encoding sulfate adenylyltransferase in both assimilatory
and dissimilatory sulfate reduction was found in 427/1,176 of MAGs (5% of total MAGs in ME
and 40% in MT), distributed in 45 class-level clades. Genes for sulfite reductase, cys/ (NADPH-
dependent) and sir (ferredoxin-dependent) were found in 30% of total MAGs in ME and 40%

in MT, distributed in 30 and 41 class-level clades, respectively.



87

88
&9

90
91
92
93
94

95

96

Supplemental Figures

Fig. S1. Taxonomic annotation of mOTU of samples from ME and MT.

(A) Annotation percent of mOTU in different samples.

mOTUs are annotated by phyloFlash. Each color bar show percent of mOTUs in a
sample that can be annotated to this taxon level but not to any lower taxon level.
Horizontal lines show the minimum percent of mOTUs that can be annotated to the
specific taxon level. For example, 83.48% mOTUs of any sample can be annotated at

class level.
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97  (B) Relative abundance of taxa to class level among samples from the MT and ME.
98 mOTUs were annotated by phyloFlash. Any class with abundance not less than 5% in any

99  sample are marked.
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Fig. S2. Alpha-diversity indexes at different taxonomy levels. Shannon is in left

and richness is in right. Indexes are based on annotation of phyloFlash at each level.

Richness shows that MT and ME is significantly different at phylum, class, order and

species level, but Shannon index shows no significant difference at any taxon level.
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Fig. S3. Beta-diversity at each classification level of taxonomy and KO in MT and

ME samples.

Left is used Bary-Cruit distance, while right is used binary Jaccard distance. NMDS
ordination of taxonomy are based on SSU rRNA sequences at each classification level
(from domain to species). SSU rRNA are assembled by phyloFlash from raw read.
The ellipse shader shows the regression area of 95% confidence level. Genes are

annotated by KEGG Ortholog (KO) and abundance is normalized as TPM (Methods).

Red represents samples from ME, while blue represents samples from MT.
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128  Fig. S4. Distribution of the best average nucleotide identity (ANI) of MAGs
129  between ME and MT.

130  Each count represents a MAG with its the most similar MAG with the highest ANI
131  against MAGs of the other location. ANI of MAGs between two habitats are

132 calculated by fastANI. Be aware of that MAGs that share less than 80% ANI (brown
133 dash line) and/or 30% of their gene content are too divergent to be compared based on
134 the ANI measurement. MAGs that share more than 95% ANI (green line) are

135  regarded as the same species.
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Fig. SS. Distribution of sequence similarities between ME and MT.

(A) Amino acid identity. (B) Nucleotide identity. Amino acid sequences from MT and ME

are blast against each other using diamond with parameters “-e 0.00001 --id 30 --query-cover

50 --subject-cover 50 -b 4. 18674547 of total 29970697 sequences have at least one sequence

of the same protein family in the other environment. Nucleotide sequence identity of gene pairs

from amino acid sequence comparisons are calculated by blastn with parameters
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152 Fig. S6. Venn plots of MAGs at each taxonomic level, KOs and metabolic modules

153  comparation.
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156  Fig. S7. Labeled Sankey network of taxonomy and function between ME and MT. This

157  graph is corresponding to the Fig. 2D.
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160  Fig. S8. Comparison among the MAGs belonging to ME-specific (red), MT-specific (blue)
161 and cross-habitat classes. (A) GC content. (B) Genome size. (C) Predicted optimal growth

162  temperature. Significant difference between ME and MT is using ggsignif package in R°.
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176 (B) Genome size
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192 (C) Predicted optimal growth temperature
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Fig. S9. Abundancy of representative metabolic genes in samples from ME (red) and MT
(blue). Genes are corresponding to the gene IDs in Fig. 4, Fig. 5 and Additional file 3: Table
S2.
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203 (B) Nitrogen and sulfur metabolism
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Fig. S10. Co-occurrence trees of tested metabolic genes compared between ME
and MT. Colored branches represent the same correlation clusters between ME and
MT; black branches represent the clusters that positions are different between ME and

MT.
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