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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 p and p values were
determined using the “psych” package in R. Values of Spearman's p > 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.
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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.

13



z"?q -E-‘ég ) é‘gq @&Q )
SN L F NI L &
ST, F 8 S&S, &
R ¥ & & &, Sels & & v,
FFEFE o DI DS EFFTLE o pISF
SIS EESIT SSSSssesed
SIITI TITISY STIITF TSI
(€] 3 N R P ) = [ch S S € 5 5 (1]
GH2 e (o ooz mre et s e an GHOT s feoss w @ ears (i e s own GHIL
GH3 o as mes (8o s ann pas mr GHOB i gor 6 o s oot (s ) iz 2 GHI2
GH4 @ s o & &) @)@ a7 @0 GH73  bes oo os @)@ eors (2 oo) 20 @ GH14
GHS  wes o (80 o oz pers a0 par Bt (THT7O e s s 02 s gord e mez i s GH22
GHS st sz ma oz ey more F a boe ans CTH77  ar am s (80 am a2 ap me e o GH44
GHO s ez moro fenz) o0 more (haih am0 s w2 GHT78 i i) (i) o2 fere ot fldl) 2 20 s 'GH45
GHI10 6& @)@ e &0 eewfma) b e @ GHB4 i@ @ & o i seri oont il d i GH46
GHI3 s o (o st mots a2 o ess it (FHBB ooy i (it P8 Pl pots (bl a2 5ae e GHA7
GHI5 e i seo (@) o moe a0 (g see a8 GHO2 e sazows e 4 peta (el o 22 ws GH48
GH16 B (pil) (o) for2 (ond)  Bate (a2 By B3 Bed  GHO4 G () (ar (o (one  (Rad) et e fs s GH49
GHIT ot (o (on B s ae e osar et (GHYS ooy () (it a0 sz pata (bl e 3wz GHS2
GH 18 #cis 6ot ot fore (on2)  mats (Rt (an Bot () GHO7  bas bes pas @wie alic (Aol () b e w3 GHS4
GH19 ot a5 (45 20 G20 Betd (oot (Gat Gai 8220 GHOD bt (i) (i Bss0 641 Batd Batt Bt 5a0 Bt QGHSS
GH20 s (o) (5 (oms () pare (Bt} (a0 s (im0 GH102 et (ar wot7 ezt gezp (a2 (a2 eat et war GHSS
GH23 s s5 s (mihiaar Bate (a2 Gat mss st GH 103 @t (a5 wrr e gem (a2 (w2 et Gt s GHS9
GH24 an o ar sz e (w2 sz (ae ms B0 GH104 68 sa0 sao vz G2 Bed (o4 Ben 69 8 GHE2
GH25 s a5 we s 6w owis (F2 s b mr GHLOS v 8 e e ap  sas (e e s me  GHO4
GH26 a3 s Bss sem Ge1  Batd (et 263 Be3 Bz (GH 106 sees f ) az & para (hdl) gm0 w3 GHO6
GH27 e o ooes @ @D owre (fel) s e an GH108 aor ) (A1) 02 G eara(an) an ey e GH70
GH28R 5oz 72 zs 3 @5 Bats (a2 23 B3 ) (GH 10O ees bae sazs soso car  fhad)fhat) b ez e GHT71
GH29 i (o (e o o2 pers (aa) 50 psa r (GH1T0 et ses ot oo sz mar a2 bz a0 sz GHT4
GH30 o0 a5 e a0 @  eors (Al 20 s gz (GH113 (w7 es ot weso wa w2 @@ @@ GHT5
GH31 se2 a5 Bes o0 o mee (A2l s B a0 (FH 114 swmo s pam (ooche o (er et bas B GHT9
GH32 i s bezz Gne) (e (bl (Bel) saa gos Biz (GHT 1S w8 mez san am &3 Bats 8es sz 822 s GHS0
GH33 st (B (e bomo a0 s a2 s bes Baas (G117 ez (P (P Bes0 Baz  Bsp mes ez Bad bz (GHS1
GH3S Bat sat e (6w (on2) Betd ma man Bet () (GH 125 et F2 Bt med Bz Bt (R B B4 b2 (GHS2
(GH36 A7 e Bas (oo (et Bais(ASl s Bt Baz (1127 Bt Bes Bas B Gh1 Esta a2 Baz B B2 (QHSS5
(GH37 Ba Bato Bato Gez fs Betd 8 =1 Bas Bez (G 1 30) B Bes mes ar Gt omsid (hal) B o=z ws GHS86
GH3R #cs o acti (ohd (ond etz Bete (P2 ks Pz (G133 Gotz st G2 ©012 Gz Bata et et sess B8 (GHST
GH39 s &ad @i che feaz (w2 sz s Bad o (GH140 e« F2 Rz A7 Bata (Fiz e zar i GHS89
GH42 wr aq (ar jow oo (san (e se f2 sz GH 144 e B8 PE 82 @) Batd Be B s B2 GHOL
GH43 1 55 pss o0 D0 Baie (A8 s B Ay (GH 145 ee (o (Pn an A8 Batd e Bz me ms (GHO93
(GHS5() Gat Gat a0 Gar o (et (Aot Gat @at Gal (GH 146G W & @5 e &z (e e s s ws GH96
GHS1 ot sos os forz o2 Bute (Ad) 53 Bas a3 (GH133 e Gt Gz G2 est (e e ma G @ GHOB
(GHS3 Be2 5 Bes a3 @@ Btd Batd 543 B3 A0 (GH 1S4 Pt P2 cem a3 B Baa () mez mas w3 (GH100
GHS7 es (o (e (B sar (sar) (Ran) s aem 20 (GH 163 Be3 e Ba B Al patt B B2 B GHI101
GHG3 e =5 Bes (ou B0 #ee As B A D0 (GH GG @ sa eaz on s eets G Ga s on GH107
Terrabacteria group Proteobacteria
Ac  Actinobacteria Al Alphaproteobacteria
Ch Chloroflexi Be Betaproteobacteria
Cy Cyanobacteria/Melainabacteria group ~ de delta/epsilon subdivisions
Dt Deinococcus-Thermus Ga Gammaproteobacteria
Fi Firmicutes 01 Oligoflexia
FCB group Thermotogae

Ba Bacteroidetes/Chlorobi group

Ge Gemmatimonadetes

Th Thermotogae

3
&S e
$&e, §F§

59”%:" - & & -\‘b\ A,m 3
TESEL o B FDF
sSEIE SIS

WSS LTS
hes) fob A G man  hedd (e A G g GHI111
o Gomab Gz me o ws o 62 o2 GHI12
s H cais o hest fets a2 s s GH116
& e o e f2 F2 G GH118
@ @ o @@ & e w GHII9
A& dot cals s opn Ba0 (de) Ge de1 @1 GH120
@ @ G @ @ @ @ GHIZI
W@ o) o) o) wi it GH 122
W8 We Baz0 eamigatt we as ws  (GH123
Bi2 Bat0 Bat0 FD Bz Boz Bz s fe  (QHI124
Ba3 Eo3 Asto Aelo B3 Ba2 83 (GH126
e W3 cais vei (e W3 e v GHI128
i@ A s sai)aar) o) e @ (GH129
Bed Bos A3 (w3 W3 (adnfman) ws an ws GHI134
Gaz Ga2 Ga2 Gaz Ga2 Gaz GHI135
Asi2 Aci2 Bad0 add) (a2 o2 etz isz GH136
2 P2 PR PO reto feto 3 P2 P8 (GH137
A Bato Bat0 Gozt mexr  (Adt) (adt) Be2 82 B (GH 138
e wn i e s an GH139
R A @ @ omom  GH141
ang s Aew sars s (GH142
mrdn me me e o we e ea se GH143
Gyio ded A2 Ac2 Gyio GH147
A s ) m () (aa) (e ) GEI148
“ o 6 6 @ 81 GH149
PR e Bati Bal Ba3 Ba3 B3 (GH 150
Gas 805 Bas B W GH151
Fill & Sae Fi3 stz (A2 Ae2 A2 ) B2 GH]52
LRGN et s ee B GH156
Ba3 Aoiz Agi2 Gyio 9 B b3 Ba3 B (GH157
Bl B2 oz B2 o (eMbe B Bl B2 (G158
Gas 6 Ga3 A3 Gay a3 @ GH159
Adz Aod e EIS ) bl h2 e B GH160

*® GH161

B2 &2 s B2 sz Ba2 Bw 82 s B2 (G164
o o canopzem  oF o 6 G &5 (GH16S
Boé B4 Bat (Fi bez (he Bt Bad B (S 167
* e GH168
Acidobacteria

Ad Acidobacteriia
Bl Blastocatellia

PVC group

Pl Planctomycetes
Ve Verrucomicrobia

Aquificae

Aq Aquificae

& §
& @ &
o O S
S ¥ &
NI & F
ST v s
q’?&@“ﬂ'@ S N T
L &5 S ngm\'y
S5 & & bod
LA PSS PEFESL
oé? S8 &85 S0y
N =R
3
FoR @ of e me RS RO e
O 5 8as Gpth oyiz  (hat) (Ral) Bat st G
B33 Bat0 Bat0 o) (do1) ot 003 ot
Bad Bad Badi Bal Ad3 Bad Bad Bod Bad
Az Aotz wéie s Ga Kat Aot et Goe
Bad Bad Bad Bal Bad Bat Bad Bad B
F3 F2 F2 Fe Fz F4 F2 F@ Fd
Ba3 Ba3 Ba3 Be2) Be2! Ba9 dei Bad B3 Ba3
Ba2d Bald Fitd Fg Fig Batg Balé
Gab
Bed Bod Cy2 Bold Be3 Bed Bed Bod Bed
A3 A0 ARD A3 A3 AdlAdL A3 B4 A3

Bald Bald Bald 8250 Baté Bald Bad Ba2d Ba%0
Balé Balé Bald Bail Bald Bad Bad a2} BaZl
sata e st 831 fand pen a2 e
wate ) P a0 e (Rd) a3 P oaso
A3 A3 AD A3 AR Bald Bad Bad Ba2d A
ot e e aass B B9 B3 s sz
Bals Bald BaS1 Bal Bald Ball Bald Bald Ba2d
PP P AN Adé AdE Gal AN AW
Gal? P P Acll Act! Ba3 Bad Ba3
Ga5 Ba5 BaS Vo3 Va3
Adt Ao ch1 o ont Ad1 Ad1 A1 Fs Cml
dod ded  ded
L W2 Va2 Me2 PI3 We2
Bas 805 BaS
Ba2 P3P} B05% Ba2 AS del Ba2 Bad Ba2
A3 A3 AD AB AB Baté A3 A3 Galt A
BaXl o3 ded Ba27 Ball ded ded dod
L Ch1 Cmt 3 F3 R 3 CM
Batd
LI L LY
Ga$ oS Gal Fib Fia Fi4 Bab A
PO BaS BaS P3P
Occupancy
025 050 075 1.00

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.
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