A SR IR Mar. 20, 2025, 52(3): 1134-1147

Microbiology China CSTR: 32113.14.j.MC.240462
tongbao@im.ac.cn DOI: 10.13344/j.microbiol.china.240462
http://journals.im.ac.cn/wswxtbcn Copyright ©2025 Microbiology China All Rights Reserved

— RS FFR  R  S FOAT B T A 2 2 2 2
Sy

%ﬁ)ﬁla f%iﬂ%lza 1’29 %%57 3’ ?ﬁ% 19 ?ﬁi}k“*l’zo %ﬁ%ﬁ*l

1 NS R AdrRleessbe POE SR O AY F B8 E R E AL, NN AR 010070
2 WE RS AmrRlE2Ebe WS AR KRR A YR R IR O S5 A RS L

WS FEAIAE 010070
3 WA T AR IEE R R S L, LT #i R 125000

e, WwEH, RE, M, R, SRS, —BRRS AT 0L Al R AR T Y 07 o 5 e R A BEIR A A (0], T WA TE AR,
2025, 52(3): 1134-1147.

AN Ni, XU Ruiyang, WU Xi, LI Juan, LI Guanhua, ZHANG Dejian. Screening, identification, and genome-wide analysis of a
straw-degrading strain of Bacillus subtilis[J]. Microbiology China, 2025, 52(3): 1134-1147.

i E: I FFI RER/HEBAERIRELERE. ML EE R TEEZ, [BH] Mk
FLE M RAREATEEE FJ AN, RACLIZREM, FaomAae i, [7&] 8aRr kR
FFRFMFLEAH, FAAKBEE. At @R EXFBEENTEFHARFINEEH, RIELAY
FHM, FRENEE BRI, KAERANF AT RAE. [£R] fida B b ifeg e 5
AF # (Bacillus stercoris) HS6-2, K & J& f# X3 & % @ AT 4T 30 d A= 180 d 49/ fif F X 55.74%F=
84.77%, HATRLR EH T 25.2%H 11.99%; RARLH T2 8 NI f L8, st & B Aoy 4%
Bi& o R T3] 3.63. 12.27 42 3.48 U/mL; &R AN 5 o4 &8, CAZy RixARE E 189 4~ 3%
B4, @45 71 MEFKEEE, FRSMAARR T EEEMBOBLR. [£4£] A4 HS6-2 A 4
e . T F. AHMRERSE, ERBEMA T OEARTGEZRAES, HARBFLEEH G
FEEARAET 2R L.

XiEIR): RARBE; #HEFRATH,; itk KBAK;, 24R74a

FEITH: ERE AR A 422068028, 21868018); [E & B A & 11%1(2022YFD1500902-3); N 52 7 B 18 X BB 1%
(2022YFDZ0060)

This work was supported by the National Natural Science Foundation of China (22068028, 21868018), the National Key
Research and Development Program of China (2022YFD1500902-3), and the Science and Technology Program of Inner
Mongolia Autonomous Region (2022YFDZ0060).

*Corresponding authors. E-mail: LI Guanhua, liguanhual984@126.com; ZHANG Dejian, zhangdejian00@163.com

Received: 2024-06-07; Accepted: 2024-07-10; Published online: 2024-08-06



TR S| AR A A A BRI 07 M M Ak (R 4 O3 1135

Screening, identification, and genome-wide analysis of a
straw-degrading strain of Bacillus subtilis

AN Ni!, XU Ruiyang!?, WU Xi?, LI Juan!, LI Guanhua™'?, ZHANG Dejian"!

1 Key Laboratory of Herbage and Endemic Crop Biology, Ministry of Education, School of Life Sciences, Inner
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2 Inner Mongolia Engineering Technology Research Center of Germplasm Resources Conservation and Utilization,
School of Life Sciences, Inner Mongolia University, Hohhot 010070, Inner Mongolia, China

3 Huludao Ecological Environment Protection Service Center, Huludao 125000, Liaoning, China

Abstract: [Background] Increasing the straw degradation efficiency is a key path to improve
soil quality and curbing soil degradation. [Objective] To screen out the strains with strong
degradation effect on straw, optimize the culture conditions and mine the functional genes of the
strain. [Methods] Soil samples were collected from a low-temperature and arid area in northern
China. The hydrolysis circle assay, cell density assay, and enzyme activity measurement were
employed to screen the isolates and characterize the strain screened out. Field degradation
experiments were carried out, and functional genes of the strain were mined by whole genome
sequencing. [Results] Bacillus stercoris HS6-2 with strong stress tolerance was isolated. In the
field, this strain showed the straw degradation rates of 55.74% and 84.77% after rooting for 30
and 180 days, respectively, which were 25.2% and 11.99% higher than those in the control.
Under the optimized conditions, the strain showed the endo-cellulase, exo-cellulase, and filter
paper enzyme activities of 3.63, 12.27, and 3.48 U/mL, respectively. The results of whole
genome sequencing showed that the CAZy family members were encoded by 189 genes,
including 71 glycoside hydrolases, some of which were involved in lignocellulose degradation.
[Conclusion] HS6-2 as a mildly halophilic and basophilic strain with tolerance to drought and
low temperatures demonstrates good application potential in straw degradation, which provides
technical support for the research and development of microbial agents serving straw returning.
Keywords: straw-degrading microorganisms; Bacillus subtilis; stress tolerance; fermentation
optimization; whole genome
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BIEIREE, Aied SRS, RRY, N
SR L7 328 30 (0 % I8 S8 AT A 95 2 7R ) 2
fEFFI# & (Bacillus) . 5 i 74 J& (Pseudomonas) |
£ 4k P it 1 J& (Cellulomonas) . % B Bk H )&
(Ruminococcus)&, LA ELEA A i 75 A% (Penicillium) |
AR # (Trichodema) . & il 7 (Aspergillus)550-'1,
Hovp, B %27 fL 16 (Bacil lus subtilis)ff: o —#
AN LRI, HA AR5 . o
Kl SR MR T, AR TR ARG, B2
RO . AR AR pH {E, i 1%
FRATRER AL A BT 53 A SR FE >
Wang 55U LR, B 2R AT RN ] 2 2 RIRS #F HE
JErh, K HERE AR RN EER 1-2 d, s HE
NE LA o 5 27 AT T 4 b R R v m] DA e s H
T RETE , DAL F R o 2F 4 = A U7 AR fF
EMAC T AR T 5 XS A 58, O e A AT AL IS
W, RAEELA YR, ik R s, JFe
KB R, I IR AR B R R i T e
LA

i R

1.1 @

Nl RN R AL S ea R RIS R/
il . NEH BIRKGEIL TR SR ZE. N5
T EA XMRER ) B IR JE R A TSR DU
B AR AUE L AR L RS AR X
HORAL B IR 34 1
1.2 BHFE. TEAFMNE

LB FiFRdk | e 4 R Mgt b gR 5L | e
73 T 7 32 5% 5 R 7 R 1l O A 1 R R S5 S
BROISIMCH] . 4 B ALK 2H DNA $2HGA &, K
AR b a0 A R 2\l ; DreamTag DNA
4 WF, Thermo Scientific B/ A PR/ 5 3,5-—
fili 3L /K #7188 (3,5-dinitrosalicylic acid, DNS), AJ
VEPEVER . RRE . AR BB TR

RN . BEREE FUOR B LA 4 R SE, Rt
PR AR A A . 2E R e, RR-2
Al RRAR; LA LEaetETE, dbatit
Mrid s A IR TR A |l ERREFR4E, il
—ERF G A R A 2R L R G PCRAY,
Bio-Rad /A ] .
1.3 FEHERE R TFiL

5.0 g HIEFESINA 45.0 mL JCRKIE
4], 37°C. 200 r/min 553% 30 min J5 80 °C/KI%
30 min, 37 °C. 200 r/min & #ER55F 24 h, 74
10 f5 46 BE AR B LT i 107-1076 R4 - 8B,
FFREEHC 0.1 mL 2R IR A T LB {5972, 37 °C
FIEIGF 24-48 h RIEHURTE . KR IE
A, PRBUAREIE X RIL T LB K dk o el
b, 37 °CR)'E 535 24-48 h |5 T 4 °CIR-AF .

4l Ak 0 TR R R T 2 4 2R O A 1 R
BE, 37 °CEIE R 5% 24-48 h BIL KRR L, SN
A 1.0 mg/mL NIZRZIG4H 30 min, £ 1.0 mol/L
NaCl & 78I 2 30 min, 2375 BH B8l 5 1 V% HLAZ .
W Al Ak 1 R AR SR T UE R i N AR 1 i B R
B, HEWESEVIE SR K R RIEK G E
BHARME B A6 R BERE 7, (B8R
KU = 7 AR, X B RE ) = A AR
— B RIEAS . AR TR 55
14 FBHEBENEE

WA R A ALY e . WA TR Y
R B, NZ%. TRSEESRIESITH %
T, B2 CHR[2010) TR AR EA 7 AR BAE AL 255 .

AW E . YN SR 41 DNA 2
BUKH A LB DNA, wFa@ 514 27F
(5'-AGTTTGATCMTGGCTCAG-3")F1 1492R
(5'-GGTTACCTTGTTACGACTT-3)¥" 4 H i) I
FRAY 16S rRNA JE[H , PCR [ WA % : #ik DNA
(10 ng/uL) 1 pL., Primer 27F (10 umol/L) 0.5 uL,
Primer 1492R (10 pmol/L) 0.5 uL, 10xBuffer (¥
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Mg*) 2.5 uL, dNTPs (2.5 mmol/L) 1 puL, DreamTaq
DNA %415 U/uL) 0.2 uL, ddH,0 #M 2 25 nLY,
PCR [ W £51F: 94 °C 5 min; 94°C40s, 58 °C
40's, 72°C 60 s, 30 P ; 72 °C 10 min, 4 °C
LR N o FEYIZE 1 %35 N WH B I H ik A ) f %
A TAY TRE) R A RA RT3
16S rRNA JE[H P41 T BLAST 41 HEXT, e
(R  vo  LE X285 SRR T MEGA 11 /i A 7
Clustal ZJ751 XA K neighbor-Joining 44
ARG KRB,

1.5 i Ah

Pl il 45 . BRECH R TRRR IRV 2 142
FhF LB AR FE 5, 37°C., 200 r/min FEPRES
FE12h, BEIHANFI.

ARG REARTF A B kR, DL LB W AASS
FRIE R LAY, ARSI H A, R R R I
e A . 43 E NaCl W 10,
30, 70, 110 1 150 g/L, ¥4h pH K 7.0, 9.0,
11.0 #1 13.0, PEG6000 ¥ %4 0., 100.0. 150.0,
250.0 F1350.0 g/L, ¥EIEIREE N 37, 28, 20, 15
F4°C, Lh3% MR, 180 r/min 355 24 h,
G3CCEE LN E ODsoo , B BE VR A1 12 1158 4t i 2%
JE, Syt R kR 2 L mim Az . TR
T 32 W AR I I 32 1 S0 0 . DAl B 95 4 T
4D TR A 200 i 28 185 Sk R, e A =R (1) TS AR X 20
FfL B . DAAET 8 B RO R A K R, AR
B 3 EK

AERT 240 55 =N ) S 3 2% 14 T TRTAR P 24t
B R MRl S IR A )< 100% (1)
1.6 AEEFHMK

Hid pH MYBAE : DL LB WA RE 55 50 BLAil
K 3 A ZE i (pH 3.0-6.0 PR B IR 2% ik
pH 7.0-8.0 FBEERERZZ ik, pH 9.0-11.0 FI T
RIR- 2 AN ), R KRR S W iR pH
4358 5.0, 6.0, 7.0, 8.0 F1 9.0, RN

3%, 37 °C. 180 r/min 3537 48 h, MEL4ER
it % 77 I A M 2%

o3 B YR S Bl TR v FE B o . LA LB A
BRSNS ANUSINEEREE , 23 51 10 g/L
AT . RERE . RTEEMETERY . FLBE . LAY
R ILL LRGN, IFE— 20 b f 3 e 5 Ak 2
Sk 5. 100 15, 20, 25 #1130 g/L, #AhE
3%, 37 °C. 180 r/min 537 48 h, MEL4E R
Tt 1% 77 ) A M %

il AR R FE A . DL LB AR ES
FRENHER, ANTSINREREE, 3 3Esin 10 g/L &
L BiREwTRy . SAbER . BiRREL . IR I,
FFH— 20 2 fe i IR R B 43 8 5.10.,15., 20,
25 1130 g/L, $%EME 3%, 37 °C. 180 r/min £
F% 48 h, M £ 2 R WS 7 S A L

oG EEMEE: DL LB AR 3 3t
i, HL 1%, 2%, 3%. 4%, S%NHEFIE,
180 r/min 3557 48 h, Ml £F 4k 2 WS 1 M 4 i
1.7 AHEZREGFEHHNE

KWLERG , BURRER 2.0 mL T 5 000 r/min
B0 30 min, FrAS b IE W RD AR B . DNS i
I O E T AT e K WG 1P, fE HLgE
WAE A 1.5 mL 1%% FF L2548 2 005w (N
VT 4 2R ) % it 21 2 R W W (D) 27 4 2 1)
5% 50.0 mg UEAC T (DRACERIS), 25 1B MA 1.5 mL
0.05 mol/L . pH 4.8 ARG 0P, IIA 0.5 mL
FHLEF I, 50 °CAR:HR 30 min, BUH J5 FEAIA 2.0 mL
DNS W, 7EWE KA 28 5 min J5 BSR4,
FEMA 11.0 mL Z&18/K, b 8345 5w
540 nm K N RIERE . 1 min IKYIHEREHR ™A
1 pumol A0 BT e i & o o 1 ST ) HA00

. mx10’

@@‘(ﬁ(U/mLFW )

K@) mAEBGEERE R ; 10° 4 mg ik
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ng MREG Vo BRI, mL; t RS iAfE],
min; 180 N E > i .
1.8 FEFHEHEIRRE R
IR 2 LI FEFFAS I ) (CK)FFS
FEANTA T o 1RO 20 5 4 B 2 30 19 50 S R 4l
TIVI S/ INBE(2 2.0 em) 285 B E IR TG 25.0 g,
HA 4.0 mL W (& #0292 10" CFU/mL), fin
14 5.0 kg, WAEHEA 300 HEe ML, T
AP E KRG 1020 cm )2 . SEEFEHL- N
56t WA DL R T BT 2@ A 30 A Al o 3 Bl X
(122°2'-124°5'E, 47°56'-49°19'N), [R{4&IH 1 i}
[k 2023 425 A 3 H. 4r51F 30d fi1 180 d )5
BURMAS 3 4, whik it = E &, R
KA R
1.9 EREANFREDEEESHT
DR 00 7 p b T 1 R BOE RN A A R
AFSERL, A HEEE S B A R A

(Kyoto encyclopedia of genes and genomes,
KEGG) /Kb & ¥ 16 V£ i (carbohydrate-active

enzymes, CAZy)NBEEUIEE, H4 Hi L 5 5 4%
IREFHE EA T BLAST HuXT, X Bk SE DR 4 2k 1 7
iRe ol
1.10 BURSHh

He 4>k A Microsoft Excel #1 SPSS #4117
Gt b, HRDE 7 225 i (one-way ANOVA)
AT MR I . 45 SR DL “meantSD” KUK,
P<0.05 /R LR T &

2 ERE54M

2.1 FEFHREE HS6-2 L ELR
2.1.1 EESFEEHER

PR L SRR 151 BRI, &0
2RGS0 2k 1 HAA 2R 102 R, IZak1s
— R B . U R I RN ZF 4E 2 Y T AR
HS6-2 (K 1A-1C). HFE HS6-2 B 7% 2 AL REA

BT 6, FRE TR HAA R IS
22 QYL YIS, B A R 22 IR
FRYE, ZFEMdhAd BEARE G, BHMIESRR®
(1D, 1E). MR FIFENI A E L N
ZEHLFF TR R
2.1.2 HEBENETEHER

22 SCHR [20] 70 35 B A AL 38 A Ry 95 8 2
HIFFH RIS . bk HS6-2 R AL AL F
2t 0 1 Sk PR, 2R R M AR 5 K [
PE, AL, TR R TEN « B A R AR
REE IR L, (B HA RN 2 R 2 W 5k
213 DTFEMFLEEER

VEPEIE 514 PCR ¥ 14 Ttk HS6-2 1Y 16S
rRNA JE[H P91 5F 61T BLAST R4 Hext, R
neighbor-joining JIEMH RS K B . TEPk HS6-2
5 5 2% TR bk HE IE 28 8 #F 18 (Bacillus stercoris)
D7XPN1 AT [Rl—Ah37 5332 (81 2), RGO R IR,
LR E A A AL G 2 R FI %
FONHENE ZE AT R, w440 B. stercoris HS6-2.
2.2 Ekk HS6-2 BIHLIE M S 47

DL 1% NaCl 5 5% B 4 2% B B, 115
ANTA] NaCl i B4 B2 TR AH X 40 2% B, DL 43
BT BRI P o B R R X6) 200 %% B . NaCl ¥k
g 3%, k3] 98.70%; Bl NaCl He &1
T, FEGT 200 i 28 5 3 0L, 24 NaCl R B3 in
F] 70, 110 Al 150 g/L i, AHXT 425 AR
2 34.20%. 11.69%7F1 5.54% (& 3A), XKW
R R NaCl Bk Z5E I AE )y, H
A2 F 0, ML Triiper 25285 Y (i 50443
KRG, FIBNZE AR EEERMAEY . Ll pH 7.0
FER B A ML B B, T HTIRR T B . BRTAR
FIAIRT AN 2R BETE pH 9.0 IFREIAF 79.26%,
H5 pH 7.0 B AH HLJC i35 25 5 Bl % pH BT,
AEXT 240 % B /L, 4 pHAEFH 22 11.0 F113.0
mF, JLP oA K ( 3B), X #EWEE HS6-2 7E
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1 TEREH HS6-2 =N, BERSMEZREEBER A HAMSI; B: WHEOHT;
C: LR, D: WKIES; E: 2RI EER,

Figure 1 Enzyme production of straw-degrading microorganism HS6-2 and its characteristics of colony and
Gram staining. A: Protease test; B: Amylase test; C: Cellulose test; D: Colony morphology; E: Gram staining.

2 ETFEH HS6-2 B9 16S rRNA EFFHHMBRZELEN 5 PEUE N GenBank B%5; )

{84 bootstrap A7 ; AR 0.005 0 K JF A kL2257 .

Figure 2 Phylogenetic tree of HS6-2 constructed based on 16S rRNA gene sequence. The value in
parentheses represents the GenBank login number; The numerical values on the branch indicates the support
rate of bootstrap; Ruler 0.005 0 suggests evolutionary differences in sequences.
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Mo PE S5 T A K RE 12 B E g, HAE
Hh B 55 B A1 R H R R B 57

DI 37 °CH5 3% (1) 40 I 25 3 R Je e, Zr M iz i
M AR o TR PR 1) i I B R 28-37 °C, L
BRI R ) FEL T 200 if 285 32 1T 58 87% 5 MR R 25 20,
15 il 4 °CHY, TR A AF X 200 1t 2 B o 38 5 R
% 31.72%. 13.22%%1 1.01% (&1 3C), FHWZH
RETERCAIRTERLE N A . LUARESIIN PEG6000 Hif 1%
TR 20 O AU, S TR T T 5 . TR
PR AF X 4 it 3% BE 7E PEG6000 % B2 A 350.0 g/L I}
A%, U8 11.71%; MHELZ TS, FEHREER 100,
150 Fi1 250 g/L B 35330 R 4T, AF X200 b0 2% 5 3531

37 28 20 15 4
Temperature (°C)

fEfEIAF] 90.54% . 83.33%F1 80.18%, SN
PEG6000 I JC i 2 22 5 (&1 3D), [Kit, HEWrZ G
FLAsm i 5
2.3 Efk HS6-2 K& ML

M 4 AT, AR pH. kIR . SRR R
X PE HS6-2 AR K K™ Migsg i AR . pH {EAE
5.0-9.0 YEIEI P, TR 4 R R E) 108 LA L,
JfH pH 7.0 Bl ff, 1ETREL. WYL R 54
YILF 4 Z W43 31355 7x10° CFU/mL., 1.13 U/mL
F19.02 U/mL, JEACHHETE pH 9.0 B e, A
1.03 U/mL (& 4A), T LAE#E pH 7.0 1F M fieidi pH
1B o 6 Fl IR 25 14 4 f 2% B 33k 31 10° i 2,

olb—L1 [ [ L [
0 100 150 250 350
Concentration of PEG6000 (g/L)

B3 ®EHk HS6-2 HUE M A Mdh; B: M6 C. mHKi; D: W5

Figure 3  Stress resistance analysis of HS6-2. A: NaCl resistance; B: Alkali resistance; C: Low temperature

resistance; D: Drought resistance.
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Figure 4 Cellulase production and growth of HS6-2 under different conditions. A: pH; B: Carbon sources;
C: Concentrations of carbon source; D: Nitrogen sources; E: Concentrations of nitrogen source; F:
Inoculation size.
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oAb, R UE A R A 2 R A K A A R
H 7™ Bl RE 77 A1 o X P RE 2 R T QI ™ 4 497 dn i
ZPHESE R RS s R, m R
RIS TE— B L b 23l A ™ i, 76 A BRI 35
FrEE, WAV Z SR E SRR, SBOR
FACAE 0 ER 7 il A ARG BRAR AR A8 R AR OIS
TS SO S A S FUE I Py D) £F 4
RN, DRAUHETE Ao, AP Alik 1.26. 0.9 U/mL
(¥l 4B), FrLABERRZNE A mid il . 2Lk
JEH 10 /L B, 3 PhEE e, INUISF4E R
AN LT 2 2R AT AR 43 A 5 3.6, 12.27 FH
3.48 U/mL (& 4C), FrLAiE#E 10 g/L FLBES AE
Ry EOE IR . 6 PP AR SAE T A0 A R BR
JIk 2 AL AP R E] 107 B %, Ho 4 A0
KRR WA I A e B HE %, I FLN VDT 4 35 il
SN Y R B AR ARG fe i, Arlis ) 1.06.
9.02 1 1.03 U/mL (&l 4D), Fif LRI RS 0k 1
i iE AR . YA YYRIVREE N 15 g/L B, N
VIZF YR . AP UIET 4 3= B AR ACIS fe e, 40
MkF] 1.91, 11.33 F1 1.26 U/mL (& 4E), frLd
EFE 15 g/L BEARWIH T fe A A foeidi UIMR B o 2
Jf 2 B B A B I 2 BB T, L 5%
PR 0 T A KA O HE RS, I HL 3 RIS S 1tk
R —F(E 4F), FrRLERE 5% N ol R .
PR HS6-2 F5FF 4 HH 30 d #1 180 d 13 pH
DA FEFT IS R N 1 FoR . WS InpE s 1
pH {ERFFAHXS R E , FEFH AR R BT
#, £ 30 d Al 180 d J JE MR fe =i ik 55.74%F
84.77%, ¢ CK Zr Wi 25.2%F 11.99%, H
30 d J5 S fRE CK fEE R E LS, BWH
Pk HS6-2 M TT LA 2 42 e B PGS iR
47 JL JER i I )
2.4 Fkk HS6-2 £ EFEEMF
P PR HS6-2 2R FA /N 4 115 531 bp,
C+G i 43.84%, THINEE RS2t 4 390 4,

BT it 3 R B K 3 648 690 bp, b, 4ifi
XS 5 4 LA LU R 88.66% , Fft Al
KR 831 bp, HARIEN 11 4, JEgwh
RNA J:[A 126 1>, 145 30 1~ rRNA . 86 1~ tRNA
F110 4~ sSRNA, ARSI 1B 45 L, JR15—4%
AN T dife SR DX Il 1 5 DA BR L DR 2H P 8 (K] 5)

*®1 BITREER

Table 1 Straw-degrading rate
Straw-degrading Strain pH Straw-degrading
time (d) rate (%)
30 HS6-2 6.30+0.36 55.744+3.51
CK 6.25+£0.03 44.51+1.77
180 HS6-2 6.43+0.08 84.77+1.62
CK 6.47+0.11  75.69+3.43
0.00 Mb
Uy
il S
//f@,\\ e y/ ‘ 2 7
s Pt
A » 2\
[T 78\
f—"- <
HS6-2 = |8
: 4115531 bp =z
= \== =/
o \Z= S/
<\ =S/
&5 L S/
7 A
N // \\\\ @
eqd) 7P /' R "
i
Pl R
R ]98 Mb
E5 BEtkHS6-22EFAEE SMEUEERE

A B AR R, A B4 0 i R T B T e g
. ncRNA ., G+C & Ml G+C skew fH .

Figure 5 Circular genome map of strain HS6-2.
The outer circle is the position coordinates of the
genome sequence. From the outside to the inside, it
is the result of gene function annotation, ncRNA,
G+C content and G+C skew value, respectively.
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Figure 6
Carbohydrate-related modules;

Annotation result of genome KEGG database (A) and CAZy database (B). CBM:
CE: Carbohydrate esterolytic enzyme;

GH: Glycoside hydrolase; GT:

Glycosyltransferase; PL: Polysaccharide lyase; AA: Oxidoreductase.
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Figure 7 Singular enrichment analysis acyclic graph tree.
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