Supplementary Material

1. Metagenome Sequencing and Analysis Process
1.1. DNA Extraction and Sequencing

According to the manufacturer's instructions, the total DNA of the soil microbial community was extracted
from 0.25 g (total wet weight) of soil using a soil DNA extraction kit (E.Z.N.A.® Soil DNA Kit, Omega), and
each soil sample was extracted three times [57]. For the quality inspection of samples, TBS-380, NanoDrop2000,
and 1% agarose gel electrophoresis were adopted to detect the concentration, purity, and integrity of the DNA,
respectively. The results of all samples were above grade B, which meets the requirements of standard library
construction. Therefore, subsequent steps could be carried out. The DNA was fragmented by a gene company
(Covaris M220, China), and fragments interrupted by about 400 bp were screened. A NEXTFLEX Rapid DNA-
Seq (Bio Scientific, USA) library construction kit was utilized to build a PE library [58]. After bridge-PCR
amplification, metagenome sequencing was carried out using an Illumina NovaSeq6000 (Illumina, USA)
sequencing platform [59].

1.2. Data Quality Control and Splicing Assembly

Fastp v0.20.0 (https://github.com/OpenGene/fastp) was used for the quality control of the original data [60].
BWA was adopted to compare reads to the DNA sequence of the host, and contaminated reads with a high
comparison similarity were removed. The splicing assembly of the optimized sequence was conducted by
utilizing Megahit V1.1.2 (https://github.com/voutcn/megahit) based on the principle of succinct de Bruijn
graphs. Contigs (= 300 bp) were selected as the final assembly results in the splicing results [61].

1.3. Non-redundant Gene Set Construction

CD-HIT v4.6.1 (http://www .bioinformatics.org/cd-hit/) was utilized to cluster the predicted gene sequences
of all samples (default parameters: 90% identity, 90% coverage) [62]. For each sample, the longest gene was
taken as the representative sequence to construct a non-redundant gene set. SOAPAligner v.soap 2.21release
(https://github.com/ShujiaHuang/SOAPaligner) was adopted to compare the high-quality reads with the non-
redundant gene set of each sample (default parameter: 95% identity) [63-64], and the abundance information of
genes in the corresponding sample was counted. Prodigal V2.6.3 (https://github.com/hyattpd/Prodigal) was
used to predict the ORF of the assembled contigs [65], and genes with s nucleic acid length greater than or equal
to 100 bp were chosen and translated into amino acid sequences, and a statistical table of the gene prediction
results of each sample was obtained.

1.4. Species and Functions Annotation

DIAMOND (https://github.com/bbuchfink/diamond) was used to compare the non-redundant gene set
with the NR database (https://ftp.ncbi.nlm.nih.gov/blast/db/FASTA/) (parameter: blastp; E-value < 1e-5), and
species annotation information at the various taxonomic levels of kingdom, phylum, class, order, family, genus,
and species was obtained [66-67]. "Taxonomy level abbreviation_name" was selected as the annotation method for
the microbial species. If the species could not be identified at the current taxonomy level, it was annotated as
"taxonomy level abbreviation_unclassified_abbreviation of the lowest taxonomic level that can be recognized_name". The
abbreviations of the taxonomy level are k (kingdom), p (phylum), c (class), o (order), f (family), g (genus), and s
(species).

DIAMOND was adopted to compare the sequence of the non-redundant gene set with the gene database
of KEGG (http://www.genome.jp/kegg/) to obtain its functional information corresponding to the gene. The
sum of the gene abundance corresponding to the KO, Pathway, EC, and Module was used to calculate the
abundance of corresponding functional categories [68].

1.5. Bioinformatics analyses

Bioinformatics data were analyzed using the R statistical software package in RStudio version 0.99.446
(RStudio, Inc. 2015). Microbial relative abundance was calculated using the RPKM (reads per kilobase million)
method [70]. The richness (Chaoindex) and diversity (Shannon and Simpson index) indices of the microbial
species were used to examine the a diversity, and were displayed using the R statistical software [71]. The



diversity was estimated using the principal component analysis (PCA) [72], and a permutational multivariate
analysis of variance (PERMANOVA) based on the Bray—Curtis distance was adopted to investigate the
composition differences in the microbial communities among the various samples [73]. The correspondence
between the relative abundance of microbial communities at the class level in the different samples was
visualized using Circos-0.67-7 (http://circos.ca/ (accessed on 10 March 2023)). The characterization of the
microbial communities in each treatment was performed via the linear discriminant analysis effect size (LEfSe)
(http://huttenhower.sph.harvard. edu/ galaxy/ root? tool_ id=lefse_upload (accessed on 12 March 2023)) for the
biomarker discovery and explanation, which emphasized the different microorganisms among the groups [74-
75]. The soil chemical properties were regarded as environmental factors, and a redundancy analysis (RDA)
(RPKM > 1%) was employed to assess the associations between the soil environmental factors and archaea [76].
A correlation network between a soil biochemical property and a community composition of enriched soil
bacteria and archaea at the genus level was considered statistically significant if Spearman’s correlation
coefficient (r) was > 0.7 and the p_value was < 0.05 [56]. The “Networkx” package was employed to assess the
associations between the soil variables and the bacterial community composition. KEGG Orthology (KO) and
KEGG level 2 terms were used to investigate the function genes of the soil microbial community in this study.
To explore the significant differences between the functional microbes, a Kruskal-Wallis H test was conducted
for the nonparametric testing of three independent samples. Then, a post hoc test based on Tukey-Kramer was
also implemented to compare the selected groups in pairs.
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Figure S1. (a) Base distribution of raw data summarized based on base position: PSBC_3. The abscissa is the base position
coordinate of the reads, and the ordinate is the base quality of the reads. In this figure, the range specified by the vertical "I"
is the distribution interval of the base quality of all reads, the vertical square is the interquartile value range of quality, and
the thick line is the median of the quality value. The left side of the dotted line shows the base mass of readl, and the right
side shows the base mass of read2. (b) Base quality distribution of raw data summarized based on base position: PSBC_3.
The abscissa is the base coordinate of the reads, and the ordinate is the percentage of bases A, C, G, T, and N of all reads at
the sequencing position (such as the first sequencing base). Different bases are represented by different colors.



@ (b)

Figure S2. Venn diagrams of (a) bacterial, (b) fungal, and (c) archaeal communities at the species level.
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Figure S3. Circos diagram of (A) soil bacterial and (B) archaeal communities at the genus level. The left semicircle represents
the species abundance composition of the samples, and the right semicircle represents the distribution ratio of species in
different samples at the genus level. The genera with RPKM < 1% are merged into the others in this figure.
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Figure S4. The linear discriminant analysis (LDA) score of soil (a) bacterial and (b) archaeal communities. The comparison
policy was set to all-against-all and the threshold value was set to 3.5.
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Figure S5. Influence of high-dose biochar application on the relative abundance of soil (A) bacterial and (B) archaeal
functional composition at KEGG_L1.



Carbohydrate metabolism

ko00620 B

k000020 g

ko00030 % *

k000640 %% JE

ko00053 1% %
12

Mean proportion(%)

Transport and catabolism

ko04145

ko04137 1 ];g
1 1 ]
0 0.05 0.1 0.15 0.2
Mean proportion(%)
Endocrine and metabolic disease
k004931 Je
E3
ko04932 JE In
1 1 ]
0 20 40 60 80

Mean proportion(%)

Figure S6. Kruskal-Wallis H test bar plot of functional composition at KEGG_L3.
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Figure S7. (a) Cladogram of soil fungal communities. The colored dots represent the microbial groups that are significantly
enriched in the corresponding group, and from the center outward, they represent the phylum, class, order, family, and
genus levels. The colored shadows represent trends of the significantly differed taxa. Yellow nodes represent microbial taxa
that have no significant effect on differences between groups. (b) LDA score of each colored dot (LDA > 3.5).
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