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Qihai Zhou, Qiuyan Guo, Xinyuan Cui, Tao Meng, Zhuting Pang, Song Wang, Hua Chen, et al. 2025. Species-level exploration of

the gut microbiome in the leaf-eating Presbytis monkeys reflected the effects of anthropogenic activity and specialized dietary

niches: conservation on the fourth biodiversity level. iMetaOmics 2: €70051. https://doi.org/10.1002/imo02.70051
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Anthropogenic Disturbance Gradients Drive Compositional Shifts Reflect Folivory/Karst
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‘Sphingobacterium_Unclassified

Brevundimonas terrae

‘Corynebacterium halotolerans YIM 70093 = DSM 44683

Nocardiopsis_Unclassified 1 5

Salinicoccus_Unclassified

Lutealibacter_Unclassified

Oxalicibacterium horti 1

Erythrobacter atlanticus

Dietzia_Unclassified

‘Corynebacterium 1_Unclassified 05

Arcticibacter_Unclassified :

Clostridium sensu stricto 1_uncultured bacterium

Cellvibrio_Unclassified

Nesterenkonia_uncultured bacterium 0

Cytophagaceae_uncultured bacterium

‘Sphingopyxis_Unclassified

p—1088—a5 gut group_L uncultured bacterium -0.5
UCG-014_ rumen bacterium
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Parvibacter_Unclassified
Rikenella_uncultured bacterium -1
‘Campylobacter troglodytis
Rickettsiales Incertae Sedis_uncultured bacterium
Cl R-7 group_t bacterium -15
Ruminococcaceae UCG-010_uncultured bacterium )
Rumlnococcaceae uncultured bacterium

R-7 group_L Ct
Treponema succinifaciens DSM 2489
Phascolarctobacterium_Unclassified
Prevotellaceae NK3B31 group_uncultured bacterium
[Eubacterium] coprostanoligenes group_Unclassified
Prevotella 9_uncultured bacterium
Ruminococeus 1_Unclassified
dgA-11 gut group_uncultured bacterium
Bradymonadales_uncultured bacterium
hoa5-07d05 gut group_uncultured bacterium
WCHB1-41_uncultured bacterium
Treponema pectinovorum
‘Spirochaetaceae_Unclassified
Prevotellaceae UCG-004_Unclassified
Prevotellaceae UCG-003_uncultured bacterium
Prevotella 2_uncultured bacterium
ODP1230B8.23_Unclassified
Lachnospiraceae AC2044 group_uncultured bacterium
Lachnospiraceae AC2044 group_Unclassified
Candidatus Hepatincola_uncultured bacterium
Candidatus Stoquefichus_Unclassified
Bacteroides_uncultured bacterium
Treponema 2_Unclassified
‘Anaeroplasma_uncultured rumen bacterium
Desemzia_Unclassified
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Relative Abundance
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B Bacteroidetes

B Firmicutes

B Proteobacteria

B Verrucomicrobia

M Actinobacteria
Planctomycetes
Tenericutes
Spirochaetae

B Cyanobacteria

M Saccharibacteria

W entisphaerae

M Others

BTYH YHZOO

B Ruminococcaceae
H Rikenellaceae

B Verrucomicrobiaceae
Burkholderiaceae
Micrococcaceae
Planctomycetaceae

B Caulobacteraceae

M Prevotellaceae

B Carnobacteriaceae
Moraxellaceae

B Lachnospiraceae

BTYH HYHGZ  YHZOO

W p-2534-18B5 gut group

B Bacteroidales S24-7 group

B Mollicutes RF9_norank
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B WCHB1-41_norank
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B Flavobacteriaceae
M Bacillaceae
M Rickettsiales Incertae Sedis
l Sphingobacteriaceae
Ml Spirochaetaceae
M Cellvibrionaceae
B Rhodobacteraceae
W Others

W p-2534-18B5 gut group_uncultured

B Bacteroidales S24-7 group_uncultured

B Akkermansia muciniphila ATCC BAA-835

B Rikenellaceae RC9 gut group_uncultured

B Pandoraea norimbergensis
p-1088-a5 gut group_uncultured
Ruminococcaceae UCG-014_uncultured
Arthrobacter gandavensis

m Brevundimonas_Unclassified

B Mollicutes RF9_uncultured

B Desemzia_Unclassfied

B Acinetobacter_Unclassified
Ruminococcaceae UCG-005_uncultured

m hoa5-07d05 gut group_uncultured

Ruminococcaceae UCG-010_uncultured
B WCHB1-41_uncultured
Brevundimonas intermedia
Salinicoccus_Unclassified
M Bacillus_Unclassified
mCitricoccus_Unclassified
B Rickettsiales Incertae Sedis_uncultured
M Prevotella 7_Unclassified
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HYHGX HYHGZ YHZOO
Phylum Number of bins “ ‘ ‘\

[l Firmicutes 840
[ Bacteroidota 189
[l Proteobacteria 59
[[] Actinobacteriota 51
. Verrucomicrobiota 15 Bl Leaves [ Buds Il coms Sweet Potatoes (W vegetables

Il Roots Stems Berries Seeds | steamed bread of corn and sorghum [l Apples Bananas Seeds

[T spirochaetota 14
[l Tremoplasmatota 4
[l Cyanobacteria 4
[l Planctomycetota 4
Il others 19

(©)

® Oscillospiraceae
o = Lachnospiraceae
Fa mi Iy = Acutalibacteraceae
= Ruminococcaceae

= Firmicutes H Muribaculaceae

= Bacteroidota

= Actinobacteriota

= Proteobacteria

= Spirochaetota
Verrucomicrobiota
Chloroflexota
Planctomycetota

= Gemmatimonadota

= Cyanobacteria

= Campylobacterota

= Desulfobacterota

= Methanobacteriota

= Thermoplasmatota
Myxococcota

w Others

EC:3.2.1.21 S-S metabolism
0 0

3 10

7 20

1 30

15 40

19 51
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BAQ!
= CAG-138
= Micrococcaceae
= UBA1381
= Propionibacteriaceae
Xanthomonadaceae
= CAG-382
= Treponemataceae

DSM-1321
= Caulobacteraceae

60

Relative Abundance(%)
Relative Abundance(%)
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320
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=0
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2L
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5888
58
ek
g

38
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Streplosporanglaceae

HYHGX BTYH HYHGZ YHZOO HYHGX BTYH HYHGZ YHZOO

GH5  cazy family

u CAG-110_Unclassified
Oscillospiraceae_Unclassified
Lachnospiraceaé_Unclassified
Prevotella_Unclassifi

Dietzia_ Unclass fied

Species

80- CAG-115_Unclassified

= Peribacills Unclassmed
Phll12 U ssifie
= Treponema D Unclassified

RUGA472 Unclassified
= Nocardioides_Unclassified
= Ruminococcus_Unclassified
» UMGS363_UnClassified
= Pseudomonas_A Undasslred
mRUG572_Unclassified
- Muribaculaceae_Unclassified
AG-382_Unclassified
. -Devnsna Onclassified
mRCI s|
-Cellwbno Unclassifi
G-594” Unclassmed
- Nocardlopsls Unclassified
Others

Relative Abundance(%)

1,199 MAGs

HYHGZ YHZOO
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endoglucanase beta-glucosidase
[EC:3.2.1.4] [EC:3.2.1.21]
EC:32174 ;
Cellulose Cellodextrin [emcellulase] Cellobiose
| [EC3214] |
[EC:3.2.1.91]
[EC:3.2.1.91]

Proportion(%) &
s (=] o
T T 9

]
=
1

3214

3212

I 3219

Enzmy

cellulose 1,4-beta-cellobiosidase

40~ mg/g

Concentration
P2 (%]
= =
l l

—
=]
1

I ECHYM1.Bin17
D ECHYME Bin42

I ECHYME Bin82

 SUCS Bind
|:| ECHYM2 Bingt

[l EcHvM4 Binze
GenelD

K & o A

ERA TR FERINRE

Cellulose degradation (D)

[EC:3.2.1.4]

[EC:3.2.1.21]

332

BTN CAZy-familly

s m
[EC32191] I
1.27mgalg
=
S
£0.8-
=
=
[17]
e
504-
0 _

Proteobacteria,g__Cellvibrio | | Unclassified

Protecbacieriacf__Cellvibrionaceae 0 Unclassified

Actinobacteriota;g  Mocardiopsis | | Unclassified

Actinobacteriota;g__ Cellulomaonas |:| Unclassified
taxonomy

EC:3.2.1.21

B GH5 e

1 S-S metabolism

TYMI3-1 5801405 Rumincosmdum E spoi0ssesas
SWF14.8inEg_ Ruminickasiidum_E
ZWy1 Binidsy_ Ruminicistridum_E
¥YME-1 BinZ14q_ Ruminiciasiiolum E
NMSE.BinZg_ Ruminicistidum_E
YYF7-1 BINZG3:g_ CAG-115
SUCTBINED:g_CAG-115
FME-1BINZI0g CAG-115
DS6.BINS3:g_CAG-115
HYM3-1.BIn150:g_CAG-115
TYME-1LBINTT:g_CAG-NS
SUC4BINERG_CAG-115

HYMIZ-1 BIn2T3:g_ CAG-115
ECHYMEBIN31)g_ CAG-115
YYFE-1.BIn107:g_ CAG-115

SUCA BIndl:g_ CAG-115

SWNE.BINT g CAG-115
YYFT-2 Bn22 1 Ruminocooacess

TYM31 BIN111g_ UBASE3S
ZWYIBITEg_UBASE34
TYFi2-18in31g_ UBA1I04
HYF30-1 BIN03g_ UBA1304
¥YFE-2.BINZ35:;g_ Rumincooccus,_F
YYF7-2Ein110:3_HUNDD?
ZWY9BIn127:g_Fim-04
HYM3-1.BiN244; FImm-04
YYME-15in244:g_ UBA3ESS
¥YFE-1 8240y UBA3ESS
TYF12-1 BINET__ RUMINGCOCELS_ ©
YY1 Bin23y_ Ruminococous_C
NE3 BIndg_ Ruminoeomys_C
TYM3-18in539_ Ruminoeocus_C
HYF30-1.Bin 160 _Rumingeoccus_C
HYM12-1 BIR3%E_ RUMINOCOCEeUs, G Spatives12s
HYF30-1 Bin116:g_Ruminccocous
EWF14.BIn76:g_Ruminocoeeus
HYM12-1 Bir7g_ Ruminococous
TYM13-1 BiRZ3g__ RUMINOCocous
TYFi2-1 Bin20Zg_ Ruminccocous
S04 BIN36:g_ Rumincogeeus
EWF14.BIM95:g_ RUMINCCoceUs

GH5
Includes 29
enzymes,
such as
EC:3.2.14
EC:3.2.1.21
EC:3.2.1.91
EC:3.2.1.8
EC:3.2.1.45

EC:3.21.21 S-S metabolism

0 0

3 10
7 20
1 30
15 40
19 51

GH5  cazy family Group

0 4

2 82
5 161
7 239
10 318



120+ (D) Family UBA1067 |msssm Verrucomicrobiota
® 1004 Enterobacteriaceae §  Proteobacteria
Thermoguttaceae = Planttomycetes
S o0 & HGM11327 |«
5 so{ —ouP DTUO72 =
% «f o e o
2 Borkfalkiaceae =
0- UMGS1883
@Oﬁ\*@?’%g@ UMG1840
oy
polysaccharides  degrading enzymes activities e 8 Rumimigg;ﬁggg :
Starch () P 3 QAMXO01 =
: B0 Phylum € Qscillospiraceae ==
Inulin % = CAG-382 jmm
Pectin s 80 w CAG-272 s Oscillospirale
. 60 Acutalibacteraceae
Cellulose 8 0 UBA1381 jm
E 20 Monoglobaceae ==
Z 5 . Lachnospiraceae jme—
A AR . HGM11514 =
. O o 7 g% & (O
Arabinoxylan & 6@@\{\&“0}0@‘\&@@" & Enterococcaceae
& F ,bo‘}q@‘e o« Aerococcaceae
v < « Sphingobacteriaceae &
S W3P20-009 &
S
(F) E . 8 UBAQ32 =
= © = ‘O Rikenellaceae
N 2 = .
- § £ @  Paludibacteraceae
Host-derived Sugar o “E’ "; 5 8 8 g Muribaculaceae
“” o E t IIN fa1] Barnesiellaceae
8 0 O E ; E Bactercidaceae

&%  Atopobiaceae
@%ellulomonadaceae J

............................................. o
& 0 20 40
Ney Number of MAGs
(G)

The end products bacterial fermentation on polysaccharides (e.g., Hz, CO2)

ZWY9.Bin28 d__Archaeap_Methanobacteriota,c__Methanobacteria;o_Methanobacteriales;f_Methanobacteriaceae;g__Methanobrevibacter A

HYM12-1Bin1589 d_ Archaea,p_ Methanobacteriota;c Methanobacteria.o Methanobacteriales:f Methanobacteriaceae;g Methanobrevibacter A's  Methanobrevibacter A smithii
ECHYM6.Bin135 d__Archaea;p__ Thermoplasmatota,c_ Thermoplasmata;o__Methanomassilicoccales;f _Methanomethylophilaceae;g_Methanomethylophilus

YYF7-1.Bin179 d__ Archaea;p_ Thermoplasmatota;c__Thermoplasmata;o__Methanomassilicoccales:f Methanomethylophilaceae;g MX-02;s MX-02 sp006954405
SJC6.Bin162 d__Archaea;p Thermoplasmatota,c_ Thermoplasmata,o Methanomassilicoccales f Methanomethylophilaceae,g  UBAT1

ECHYM6.Bin109 d__Archaea,p_ Themmoplasmatota,c__ Thermoplasmata,o__Methanomassiliicoccales,f_Methanomethylophilaceae,g_ UBAT1

o+ B 1 A A8 = MAGSAE % 48 BV 5% 5 fE P 69 5 2 AF

EC32121
0
3
7

Cazy Family
4
82
161
239
318
397
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(A) (B)

o | t d d t' th MAGs OXdD|OXC|Group |Taxon
Xa a e eg ra a Ion pa Way ECHYM4.Bin55 |0 1 HYHGX|p__Actinobacteriofa;c__Actinomycefia;oMycobacteriales;f Mycobacteriaceae;g_Rhodococcus
EX trace"u |ar ECHYM6.Bin150 |1 0 |HYHGX|p__Firmicutes;c__Bacilli;o_Bacillales_Af_ Planococcaceaeg_ Solibacillus
ECHYM6.Bin27 |1 0 |HYHGX|p_ Firmicutes;c_ Bacili;o_ Bacillales B _DSM-1321;g_ Peribacillus
Oxal ate ECHYM5.Bing3 |0 1 |HYHGX|p__Proteobacteria;c__Gammaprotecbacteria;o__Burkholderiales;f__Burkholderiaceae;g__Oxalicibacterium
ECHYM6.Bin121 |0 1 |HYHGX|p__Proteobacteria;c_ Gammaprotecbacteria;o Enterobacterales;i_ Enterobacteriaceae;g_ Escherichia;s_ Escherichia coli
SJC4.Bind4 1] 1 BTYH p__Actinobacteriota;c__Coriobacteriia;o__Coriobacteriales;T__Eggerthellaceae;g__ 7304
OXIT ZWY3.Bin15 0 1 BTYH p_ Bacteroidota;c_ Bacteroidia;o_ Bacteroidales;T_ Muribaculaceae;g__ Paramuribaculum
ZWYT Bin134 0 1 BTYH p_ Bacteroidota;c_ Bacteroidia;o__ Bacteroidales;i_ Muribaculaceae;g_ UBAT173
SJC6.Bind7 0 1 BTYH p_ Proteobacieria;c_ Gammaproteobacteria;o_ Burkholderiales;f_Burkholderiaceae;g_ Oxalobacter
SJC8.Bin24 0 1 BTYH p_ Protecbacteria;c_ Gammaprotecbacteria;o_ Burkholderiales;f _Burkholderiaceae;g_ Oxalobacter
NMS5.Bin15 1] 1 BTYH p__ Proteobacteria;c_Gammaproteobacteria;o__Burkholderiales:f_Burkholderiaceae;g__Oxalobacter;s__ Owxalobacter sp300760095
C O 2 SWF14.Bin65 0 1 HYHGZ p__Actinobacteriota;c__Coriobacteriia,o__Coriobacteriales;f _Eggerthellaceae;g__ Adlercreutzia
XGBM19.Bin60 0 1 HYHGZ p__Bactercidofa;c__Bacteroidia;o__Bacteroidales;f__Muribaculaceae;g__ CAG-485
XGBM19.Bin68 0 1  HYHGZ p__Bacteroidota,c__Bacteroidia;o__Bacteroidales;i_Muribaculaceae;q_ CAG-873
SWF14.Bin89 0 1 HYHGZ p__Bacteroidota;c__Bacteroidia;o__Bacteroidales;f_Muribaculaceae;g__Paramuribaculum
(\ XGBW28.Bin190 0 1  HYHGZ p__Bacteroidota,c__ Bacteroidia;o__Bacteroidales;i_Muribaculaceae;g_ Paramuribaculum
00' XGBM19.Bin61 0 1 HYHGZ p__Bacteroidota;c__Bacteroidia,o__Bactercidales;f _Muribaculaceae;g_ UBAT173
‘Q:Q SWM18.Bin107 0 1 HYHGZ p__Bacteroidota;c__Bacteroidia;o__Bacteroidales;f_P3:g__ Phil12
° Formate
(C ) ° oxalate (D ) 0.025+ -
decarboxylase g:ig;gﬂase
= . OXdD(p = 0.0025) 0.020 OXC(p = 0.296)
%0_02- %
3 . § 0015+ R
2 £
5 &
2 001- @ 00104 |
° ] s .
o 73
14 L]
0.0054 , $
: . i =
0+ L ﬂh’ === ;& 04 . e o
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(E) : (F) (G) sy
Rhod - 6.69.19 4] o _ _ Oxalobacter(p = 1.82e-17)
. odococcus(p = 6.69e-19) Oxalicibacterium(p = 4.05e-21)
F10- g S
5 83 S 104
g g E
2 3 2
g ® 2 8
= 54 ] )
57 . £ 5054
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= . @ 14 2
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o
i

%]
1
b
o

1
.

-

-
1

(=]
-
f

Relative abundance(%)
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