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Figure S1. Differences in GH abundance within prokaryotic communities in different 

environments. The OTUs corresponding to the CAZy genomes were determined based on a 16S 

rRNA-V4 region identity of greater than 98.6% or 100%. The GH abundance was calculated separately 

for the two sample sets, with each grey point representing an EMP sample. For the boxplots, the middle 

line indicates the median, the box represents the 25th-75th percentile, and the whisker indicates the 

10th-90th percentile of observations. EMPO classified 17 microbial environments (level 3) into free-

living or host-associated (level 1), and saline or non-saline (for free-living) or animal or plant (for host-

associated) (level 2). Host-associated environments are represented in cyan, while free-living 

environments are represented in orange. 
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Figure S2. Deterministic processes dominate the assembly of GH communities. Pairwise Raup-

Crick between communities indicates that the GH genes are either more similar (-0.95 > Raup-Crick > 

-1) or less similar (0.95 < Raup-Crick < 1) to each other than expected by random chance (1000 

randomizations). Any other value of Raup-Crick indicates that the GH communities are stochastically 

assembled (-0.95 < Raup-Crick < 0.95). The vertical dashed lines mark the positions of -0.95 and 0.95 

in panels. The contribution ratios of deterministic and stochastic processes are also marked in panels. 
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Figure S3. Similarity of GH composition across various environments. Principal coordinate 

analysis (PCoA) of the GH distribution characteristics in EMPO level 3 environments was performed 

using the PAST3 software based on the Bray-Curtis method. 
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Figure S4. A co-occurrence network diagram exhibiting the correlations between various GH 

families within the environment. The EMPO classified environmental samples into 17 microbial 

environments. The hypersaline (saline) environmental samples were too few to be displayed. A co-

occurrence network was constructed by Gephi, and the pairwise Spearman's ρ and p values were 

determined using the “psych” package in R. Values of Spearman's ρ > 0.8 and p < 0.01 were considered 

to indicate valid relationships (connecting lines in the network diagram).  
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Figure S5. Potential impact of prokaryotic-encoded GHs on their environmental adaptability. 

Comparisons between bins were analyzed using the Wilcoxon rank test. ** p < 0.01, *** p < 0.001. 
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Figure S6. Taxonomic source statistics of GH families in all EMP samples. The number of 

prokaryotic genera encoding GHs in EMP samples was counted using the NCBI Taxonomy database. 

The different colors in the figure indicate the prokaryotic genera from distinct taxonomic groups. 
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Figure S7. Diverse taxonomic sources of GH families in prokaryotic communities. Statistical 

analyses were carried out at EMPO level 3. The colors in the figure indicate the median number of 

source prokaryotic genera of GH families in all EMP samples from the same environment, with 

increasing values from blue to red. Only 76 GH families with an occupancy of less than 0.75 in all 

EMP samples are displayed, and the other 76 GH families are shown in Figure 6. 
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Figure S8. Most common prokaryotic genera of GH families in EMPO environments. The most 

common prokaryotic genus was defined as the genus that appeared in the most samples and had an 

occupancy of at least 0.05 in all samples. The EMP samples were classified into 17 microbial 

environments by EMPO. Different colors represent different taxonomic groups. The circle size 

indicates the occupancy of the genus in all samples within a single environment. Only 76 GH families 

with an occupancy of less than 0.75 in all EMP samples are displayed, and the other 76 GH families 

are shown in Figure 7. Specific information on the prokaryotic genera can be found in Figure S9. 
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Figure S9. Specific information on the most common prokaryotic genera. Based on NCBI 

Taxonomy statistics, different colors represent prokaryotic genera from different taxonomic groups, 

and subgroups are shown in bold. The genus codes correspond to those shown in Figure 7, Figure S8, 

and Figure S12. 

  

http://www.baidu.com/link?url=fVSZ_HSHCrUMROEatm8yiKA0ZRbXXOAfNQXJYhb0UGOULsSneW_NPAkc1oNog4D4oNBW82O6C7etUYHeI7bfyyprir7Ihbl1YMMsGbnEXWy&wd=&eqid=ad4136e100007a56000000025ff21624
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Figure S10. Environmental temperature and pH affect the occupancy and abundance of GH 

families in prokaryotic communities. Statistical analyses were carried out based on 2381 EMP 

samples with recorded temperature information and 1183 samples with recorded pH values. The EMP 

samples were categorized into 5 groups according to environmental temperature and pH: low temp (≤ 

10°C), moderate low temp (> 10°C and ≤ 20°C), medium temp (> 20°C and < 30°C), moderate high 

temp (≥ 30°C and < 45°C), and high temp (≥ 45°C); acidic (≤ 5), slightly acidic (> 5 and ≤ 6.5), neutral 

(> 6.5 and < 7.5), slightly alkaline (≥ 7.5 and < 9) and alkaline (≥ 9). The occupancy of each GH family 

in samples within different temperature or pH groups is represented by the circle size. Colors represent 

the median abundance of the GH family across all EMP samples where the family was detected within 

the same group, with values shown as GH/1000, increasing from blue to red. 
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Figure S11. Diverse taxonomic sources of GH families in prokaryotic communities under 

different environmental temperature and pH conditions. The EMP samples were categorized into 

5 groups according to environmental temperature and pH. The colors in the figure indicate the median 

number of source prokaryotic genera of GH families in all EMP samples from the same environment, 

with increasing values from blue to red. 
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Figure S12. Most common prokaryotic genera of GH families in various environments. The most 

common prokaryotic genus was defined as the genus that appeared in the most samples and had an 

occupancy of at least 0.05 in all samples. The EMP samples were divided into 5 groups according to 

environmental temperatures and pH. Different colors represent different taxonomic groups. The circle 

size indicates the occupancy of the genus in all samples from a single environment. Specific 

information on the prokaryotic genera can be found in Figure S9. 
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Figure S13. Variations in the abundance of GHs encoded by prokaryotic communities across 

different ENVO environments. The GH abundance is expressed as the GH/1000 value, i.e., the 

number of GH genes per thousand prokaryotic genes in a sample. Each grey point represents an EMP 

sample. For the boxplots, the middle line indicates the median, the box represents the 25th-75th 

percentile, and the whisker indicates the 10th-90th percentile of observations. 
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Data S1. Data on GH abundance in EMP samples. 

Data S2. Abundance of 152 GH families in EMP samples. 

Data S3. Correlations of different GH families in various environments. 

Data S4. Information on taxonomic sources of GH families in prokaryotic communities. 


