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HIRFEE ML, AERE—, [B 8] FFLSEMAEMR ZFHIRAE, KA EDIRZHK, Frf
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¥ AT i B (Corynebacterium). B4 48 5 56.4F 14 & (Pseudogracilibacillus)%, #4447 H B & E 4K
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Bacterial community structure in pig manure composted with a
deodorizing strain combination

ZHANG Mingye'?, ZHAO Yuandong'?, SUN Jiang', WU Guofang®, WANG Lei’, WANG Yanwei'!,
HU Guoquan*!?
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Key Laboratory of Animal Genetics and Breeding on Tibetan Plateau, Ministry of Agriculture and Rural Affairs,
Academy of Animal Science and Veterinary, Qinghai University, Xining 810016, Qinghai, China

Abstract: [Background] Aerobic composting is a common resource utilization method to treat
agricultural solid waste, while odorous gases (NH3 and H2S) generated during the composting
process pose a threat to the health of humans and animals. Microbial deodorization has low
costs and good effects, while single strains have poor environmental adaptability and limited
effects. [Objective] To develop a combination of efficient deodorizing strains and optimize
microbial deodorization conditions to address the foul odor in composting. [Methods] The
effects of the deodorizing strain combination on the changes of bacterial community structure
during composting were studied by screening of deodorizing microbial strains and
temperature-controlled simulated composting. Furthermore, the relevant functional genes were
analyzed and annotated. [Results] The maximum release of NHs and H2S from the compost
supplemented with the deodorizing strain combination E was only about 40% of that from the
compost treated with the commercial microbial agent X. The species classification results show
that the phyla with relatively high abundance during composting include Proteobacteria,
Actinomycetota, Firmicutes and Bacteroidota. Group E showed higher relative abundance of
Proteobacteria and Actinomycetota than groups X and CK. The dominant genera included
Pseudomonas, Corynebacterium, and Pseudogracilibacillus, among which Corynebacterium
kept being dominant in group E. The annotation results from the KEGG database indicated that
the addition of the deodorizing strain combination E promoted the amino acid metabolism in the
microbial community during composting. Similarly, functional gene annotation results revealed
higher abundance of ammonia assimilation-related genes (gs, gdh, asn, and gln) and the
sulfur-containing amino acid synthesis-related gene (cysC), suggesting that the combination E
reduced NH3 and H2S emissions by facilitating the conversion of nitrogen and sulfur into amino
acids and other organic compounds. [Conclusion] The deodorizing strain combination E can
effectively inhibit the release of NH3 and H2S in the manure composting process, providing
microbial resources for the treatment of waste gases generated in the manure resource utilization
process.

Keywords: deodorizing strain combination; aerobic composting; NHs; H2S; bacterial
community
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EAESR, FREARBFRIEL A R, 2021 4F
AR A 67 128 J7 3k B 2020 4FE3E K 10.5%!1,
B & S IR L . EAEE, BB
AR R S5 0 R = Py AR AW i, b FAS 2
AL A KA E WA, a5t ARSI
Al REE R SR " U . HAT, B
TEAL A B A By X T E A I AR . IREA K
R R A 7 AR A OB AP AR T I At b 3
A, PR . L Z2EORA . &
Teoiml, AMUATUA LR A FEY R, &
AT LUK HERE ™ i Tl T, SR AL 7 5 sl Ay
TR, DAk B AR i B A,
SR, 75 85 200 1y S0 A 2o A v 2 R i R
SR FGE RS, B OIS R ) 2Bk
ZR(NHs) . AL & (H2S) g & A M (volatile
organic compound, VOC)J& % 1% SR,
3100, A3 S R OB T A Ry 3R S i e T
AN RIBA BN, sem gl b X i) A4 1
Wi, MR P AR NHy . NOs B
B EGET NHy, NoO |, No SRR R H
&R B R IEE] 13%-70%"), HaS MYTE 3=
BORTEMENE ARIBIN B, B TR W B
FET REAES, HEAD P B Bl 4 sl R AR Y
THOARSET) A2 R B0 T B R A8 1 Dt T 4 it iR
A 5N HoS™, [ B At 5 A B & A
FAL SR 2577 A HLSU, HLS Al MR R (B AR AR,
ROl ZEAR M BT, o2 3 AR HE i A

. HoS HEROM AR S FREE T 1 M 57 A
Y TAE N LA (g BREAL 1 T 2

HAT, AR A # 5 2AT LA B
fh2E A = W AT R R
B, BINA P R AT LATE AR AR
AT, I HAE A RO AU T A
DAY oy 2 3 I rp 8 s A B SR A A W A
JE FH 5 REE A 45 03k SR A0 1T, s BOe

A=Wy E U TN PRI R SEL B A []
VRS R AR AU BRTE A2
KT R AE PR BESE L Zhao U AHE
HEAE s v 2 2 20 T A A 200 T -8 A S sl A
PR e Ah B HEAL s T 29. 7% HE ;A
K SRR FHATH i AR B 3 3 v 43 B 3
AR AR A 0y 2 T RS A P I I T ) 7 ) 8] 2R S
HEFF, NHs #1 HaS BRI 2510800 T 62.84%
M 53.12%; Zhu SFPURBFR LI, BRI
BRI AT LAB A NHA™-N 7 Az R HENE i 2 NH;
A, [RIHE PR AR RAPER, el &
R R A A B v

WAE T & & F N o A i o Y
YER, AR 45k i 3l S 5 A HLA)
AR AR A, B DMFE & B 2 HE
NE S e vh B S A W IR 5 0 e Z e R B
R S ARG s, AR S BR
P R B K B £ 25 1 (terminal-restriction  fragment
length polymorphism, T-RFLP), PCR-Z M4 i
#E ¢ H, YK (polymerase chain reaction-denaturing
gradient gel electrophoresis, PCR-DGGE). 16S
rRNA i PR 5 B SO 45 07 W A I PR 58 Hh ) T 2
HAT—SC R BRE . AR, 233k 2 I e BT
X7 T AR B R , AT DL d A X A i
AW BE TR 51 B8 23 BT, DR S 2B 0 A S A
TR BSOS AR EE TR, A
B TERRVITE SR S AMENE A 25, LA RS
FHBRVEXS e, B INAE MR R TR bR 2H 5 X HEAE
A FEH NH; Fl HoS B py2m, Jf R4
BRI BT i IS IS A= W) 0 8 SRS T HE T 1 2
RS20 T R B0 2H SR Bl A2 AR B2

1 MR5r%

1.1 #&
HTEEREAECE U A AR TR IR s e
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FORFEFFHC A PU)148 # FHT , HULB R 2 3-5 cm
9 /INBE o HEAEEE DU A8 b0 T A S 36 Ll
15Uk A A AR T 2 M 5 K AR BT

JE i EE R B (Pichia kudriavzevii) 1--3,
AT IEmE mHEAN X, ARHEDEE
H B ZE AT B (Bacillus subtilis) . #14K ZE AT
(Bacillus licheniformis) . % ¥ ¥ 2F #1 AT 14
(Bacillus amyloliquefaciens), 1] Fg 1% BH 3 4 1Rl
AR A
1.2 EHFRE

A B AR 5 (/L) (NH4).S04 1.0,
CH;COONa 10.0, ZE[CER M 50 mL, 121 °CK
P 15 min; 4k [RERS W (/L) : NaCl 2.5, KoHPO4
5.0, MgS04-7H,0 2.5, FeSO4-7H,0 0.05, MnSO,4
0.05, JBBI P & £ 85 573 (g/L): NaxS-9H,0 0.8,
CH;COONa 10.0, K,HPO, 0.5, MgCl, 0.2,
NaHCO035.0, (NH4):S040.6, 121 °CK# 15 min.
B AR RIS INEE(1.5 g/100 mL), 121 °CKHH
15 min RIFE NIRRT SR A4 B SR RS IR 2k
(g/L): NaCl5.0, 4-P& 3.0, FEHM 10.0, 121 °C
K& 15 min, FEEERIEEIG IR AL : BrlEfg s oK
Fele 1:5 LGRS, T30 °C. 180 r/min $R%
1h, 2R, #HE 30 min, 2, %
FEICHRERE, USRS INEAE(1.5-2.0 g/100 mL),
pH H#X, 121 °CKA 15 min,
1.3 EFERFIFNERE

(NH4),SO4. CH;COONa, NaCl, K,HPO,,
MgS0O,:7H,0 . FeSO4:7H,O . MnSOj4. Na,S-9H,0 .
MgCly. NaHCOs, (NH4),SOs, Zr#rafi, bz
FEMRAEBHECA R A H AR BRI, B
g, VARG BRAEH 23 (RIS 5 A PR AW .

pH 11, MR -FER 2R ABR AR &
JEKG, =P an; HEREERIRE, L
—ERLEAER A IRA ] B2 WS TAES
B R ER A PR A F] ;. B PCRAY, I

e S R [ B 52 2 (L) AR WD 5 564103
JEEETE, DU S R R E PR 5 5 () A FR A
A5 DO, EIR M LR EYHR
AR G 2100 ZEP BT, LHERF
(P EDABRA R ; (#5205 &AM, 3
P ALR TR R A

14 BRREKNIESEE

BOEACAS IR SR 5.0 g INAK R
SR, NS KRR BEESER R 45 mL JoR
K, F 30 °C. 150 r/min &% 30 min, A
FEOMRAA ], BUR R ##E 20 min, W 10 mL
VW D EIHA 40 mL JBER R SRR R
ST R R IR = AP, T 30 °C,
180 r/min EHKETR, FFHE 3 d BB ) 4R
FEFRIEIATIAT, LN 5 K.

I 1 mL fJm — R E AR R, FHJCR A=
PRER K AT R ER B 22 107°, JL 100 pL 2488
JEE PR TR0 990 149 23 T A T Il L T R B A T 1
[ A 6Pl b, T 30 oCHE R 5 A 151 B
Ir 2-3 d, KA R I A SRR R AR L 11 ] AR 1k
Vi ERZeaifh, S Al 2-3 K, HRGH
e BUEAR R I BTN VS o aliib s i ST VR 1E
A PRI R R BRIk B TR, 4 °CI& i
A7, & H.

N T et R A A B A B R TR R AL RE RS A
SEPRARE FEI IR T AR, IO AERNER A
AR - PRIl A I R B v 2R R [ A
BE I ALk, BT 30 CCHIRKE MR 3 d,
R 12 h EIFIC A b v B A R O .
DA PR B A RR S M AE R T D P A, Bk
PRI | AR BRI BRI AR T 5 S

fiff 40 Bk 4 DNA - 42 il f) &
(TIANamp Bacteria DNA Kit, Tiangen)#&BUFAE
JE B0 AN TR TR PR Y SE T 2 DNA, 2 i35 1
PBIATIIHEAE . RAAE 16S rRNA FED i
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FH514% 27F (5-AGAGTTTGATCCTGGCTCAC
AG-3")Fl 1492R (5-TACGGYTACCTTGTTACG
ACT-3"i47 PCR ¥4, PCR JZ WK (20 pL):
DNA #i#z 80 ng,2xTaq PCR Master Mix 10.0 uL,
1E A5 #)(10 pmol/L)4 0.5 uL,ddH,0 8.0 pL.
PCR JZ W 451 : 95 °C 10 min; 95°C25s, 58 °C
25s, 72°C45s, 35 MEH; 72 °C 5min, PCR
PRI 1% R AR B L UK AR, o TR I
1§ Z G ML 4571 o M R /IN IE 0 1) 2% 7 T Xof
Ji ) PCR =ik 2 b s R A W R A IR
WF . K ARAF )7 5 F 5 % EzBioCloud Wil
(www.ezbiocloud.net) 17 [F I ¥ 41 L X, R F
W, e LRE, &i5ieH MEGA 7.0
AP R 50K B W8 1T bootstrap £ 55 15 50
WERGE R B MER e,
1.5 BRRBEAEHFHNTFE

W TS0 4 BRIA PR (B AUA N-43 . N-48,
WAL S-3. S-10)LA KRtk 1-1-3 e 24 N
BB AEEFREE S, T30 °C. 180 r/min R
B35 2 W HEUU (ODg00 29 0.8), #5HH . VAR N A
IR 2, s OREERIE R 2 K, T IE SR
B nER 1 PR R IR BRI IR 121 LR R A
Tl BEAS [R) A Tl A T B R B R AH 5 R -1, 70391l
24K A—H KT EE RG2S 5T, B 1.0 kg
BT 4L —ERE T, M 5% IR
WA U BT B 2 P A A-H AL TUAE D)
PrREFEHRASF TR, ET 30 CilFfT KEER:
Fto KT HEBRH TR AR B E AR
FERIMART S8 3E i L B T RIS S NH; Fil
HoS BYHERO™ A5, 25 (L 2H 3 A S5 KA 1Y)
FREEARR RS, BHRE3IANEL,
TE R B B[] At P A8 48 2 52 SRR I S A
M S BRAL SRR, R IR R 52 ho
1.6 EtREERLIETE, BITELMEX

F it — IR HE Y bR A RA S E 725

Fx1 MEVRREWRAEHEEZLE IR
Table 1 Combination of microbial deodorizing
strains to construct orthogonal test factor level table
Treatments N-43 N-48 S-3 S-10 1-J-3

A + + + + +
B + + + — -
C + - - + +
D + - - - -
E - + - + -
F - + - - +
G - - + + -
H - - + - +

+r Rl - AR

+: Inoculation; —: Not.

FEREATHEIX 2T R P A RACR , 0 ST 65 R R TR X
VESRRT B . DA RREFE ikl , 5 e e IR
1:6 L BIR G35], (EHENERY C/N 1E 25-30 Z
], SKEN 60% A0 . BURG ISR 700 g
IrEEH) 3 L BB BEM T, AR 5% TR
X A YIBR R RRRAL S B, ic ok X 4R E 4
25 A A G KR AR B B R R AR 1 5%
B, 0N CK, BHBE 3IANELE, T,
IRAY S5 SIS O TR A, A
TSR R R, B 12 RAV=E
i, 26 3-4 K30 °C, 5 5-9 KK 55 °C,
55 10-15 RETER. PIRENE R 11K,
AR BIE 2 Tk, R 15 d.

TR 14:00 526 ATHAAG DU ASUAG: T
NH; fl HoS BB .

KR ARG, FT SRR
PR b ) OREE AT B HE , BHHE S BEDLZEIR 5 A
JLHRE 50 g, REEMIFESE T 4 °CIRAE, &,
1.7 NERMEREEEENF

/H?K%E/Jﬁénnjiﬁif(ﬁ T%EW?F’I'ﬁHX
AR F, FETF Illumina NovaSeq/HiSeq ¥
PEAT i WP A Hr o R AARMERT Tllumina
TruSeq DNA SCPE £ SE B Fe s 2 s i L 1A
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H ML KBk 54 ) DNA FE AL FEHLAT T,
i H A Bifk, iHid End Repair Mix H 3'-5"& R4k
VIRG ARG B A 0, IFAE 3005 | AV,
TEEREBRVERT T, 3R o & A BT iy 42k
HZMiE, st site, FIH PCR LHEbE
b s BRI Sk i DNA FBr, [RB93
DNA S . FIH PicoGreen 2 A% IR Y kLRI
SPBEETT I iSO s IR TR 2100
A5 HTO PCR & 4 i BetbA T s s il B ik
DNA SCEM R BN . EHINT
1.8 HIED AL E

KH Origin 2021 3R {4 E4 7548 75 B 3 -4F
Wl 2B TV o A B s v IR AR A R
JBe 0y A BR 2 ml $2 4 i 5L ] & °F- 55 (https://www.

genescloud.cn/home)5E il -

2 ZREHM

21 EHMESHEMTTFEVFELERE
#HR

P8 S W TR B AT, A e AL B
B AT e 15 7 0 oy egalifb)a, 1580 51 HRM
AR 18 BRILBR R AR, 20545 - N-1-N-51,
S-1-S-18. 4l fb 15 21 i T bk 76 58 28 1= P2 9 ] 44
Rk A4, bR 72 h NI A Ol it
ik, 2 Z i A8 2] 2 ks O A ik
(N-43, N-48)F 2 b = 8B i K (S-3, S-10),

XF 4 BRIFHATHIE ML SRR E, WEEE
Wi 1R,

X 4 BRI 16S rRNA JE[H#E1 T PCR ¢34,
PCR ¥ 2% 2 AU SR A R A R w1
¥ o WK ARAS P 51 A% 2 EzBioCloud P ub i 7
Fext, ARG LFEMWE 2 s Bk
4 KRR 5 AR R B S T 8 A L P TR
97.37%-99.81%, Z5AITEAFELLE, i #
Pk N-43 #7452 #F 14 J& (Citrobacter) , & b
N-48 Sy {5 24 14 & (Pseudomonas),  [#kk S-10
PEAF i J& (Corynebacterium) ., TMi#Efk S-3 SR
B Ak 3H G 3 AT i (Acinetobacter  tandoii) DSM
14970 By = ARBUEE R 97.37%, /T 98.7%F)
Fia 22 5120, AT BB AR E LT IRN
2.2 BREEFYRITEN

¥ A-H AR B S bR A G R )
AET, BT 30 °CRIEBE, EFEPRAMEL A
FIRERCE I 3 s, A/ A, B, C. D, G,
H 9 NH; Il HoS MR R #RAE ST 8 h K FI I AE
NH; Bl & 4351 4 2.28 . 3.18,3.41,2.06. 3.30,
2.54 mg/m’, H,S Bt &5k 6.60.6.81.9.96
6.12, 11.05, 7.16 mg/m*, 414 E Y NH; fil HoS
FBECRAERT 8 h iR BUNEEE R EFF, 8-12 h i3
TR, ZIE—HRREEEE, B IR
EFH#a#, NH; 7E 36 h i FI4MH 0.28 mg/m®, it
i F CK 4l FFAM 7 445

1 BRREENEEESE
Figure 1
Strain S-10.

Colony morphology of deodorizing strains. A: Strain N-43; B: Strain N-48; C: Strain S-3; D:
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75, N-43 (PQ608538) :
'L Citrobacter freundii DSM 30039" (AJ233408) |
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B2 £T 16S rRNA ERFIIMEZNSUHRIRERNRZLEN

A: KR N-43; B: kK N-48;

C: HikkS-3; D: Wikk S-10, #E5HNEIFE SN GenBank B35 433 S BB bootstrap X455

ZIBERR RN B RO B R

Figure 2 Phylogenetic tree based on the 16S rRNA gene sequence of highly effective deodorizing bacteria.
A: Strain N-43; B: Strain N-48; C: Strain S-3; D: Strain S-10. The number in parentheses is GenBank
accession number; Number on the branch points represent the support percentages of bootstrap; Bar indicates

substitution per nucleotide position.

M4 EFEREA KL FE P NH; A1 HaS AR
AR, IR BE(E R B 0.28 mg/m’,
0.71 mg/m’, 7€ FFEJEAR B IR IR sl , ¥l
WIZH -G E RES I M il 5% 2E b NH; Fl HoS AR
i, IFHREB IR E , IRt ik b
Bk N-48 FIEFR S-10 21 AIRE Mk R H R4
A EAERIE LN M RE YIBE R R -
23 BMREREWKEEXEESEHERS
24 NH3 F1 H2S BRI A 220
23.1 BEFEHKRAAIHKEIES NH; B
A

T TR R AR R KRGS E
(PR N-48 Fl S-10) % 5 A HUHEIX 52 F2 H NH;
M HaS B sEm, Fdl G E R, B

X AR KB A B RS IR AR U hn 3
A ARG YR AT HEIX . HEIX R
NH; RN El 4A iR, /il 3 K254l CK
FAERA X, HMAEDRRERAS E 1) NH;
R A EIHEH, fEX—FrB CK 41 NH;
MR 2, 290 12.32 mg/m®, X 7] RE & HE
NE sk 2 UE D o A ML A NHs, 1
BCHENERI A NHs BEAlce s, a1 iy F 5
X FIfE Wb R RS E BS540 NHs B
WAME T 4] 7250 3—4 K 3 419 NH; B L
AL R RS, RIS, R 45 K
% P EI S, CK ZHAY NHs Bt — Bk
THE5 6 KikF| e KMH 69.39 mg/m®, 45 6-9 K
TFE A8 TR, 45 9—10 K HY I A T B
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——CK A Beo— —
4t —:—D —-—-E —+—F —«+—G ——H 12 —O—TD ——E —»—F —<—G ——H

B3 AERRERASXIEELETIED NH; (A, CO)F1 HoS (B, DYBERMAISEND  A-H: ASLKH

AR RERAS, Wk 1 PR,
Figure 3 Effects of different deodorizing strains on the release of NHsz (A, C) and H>S (B, D) during pig
manure fermentation. A—H: Different deodorizing strain combinations constructed in this experiment, as

shown in Table 1.

A 80, B
o M~ -~ i X
_gor e 40 |
E 507 I" .‘Q ‘|‘I :’é\ ‘IHI
2 a0t .‘" "‘. B30T [
30 | ;3: 20+
=z 20+ sy
10} 10
U I I . 0 b «=8 . -
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
Time (d) Time (d)

El 4 HEABIZIE NHs; (A HS B)IFER  X: RIHER: E: WEMBRREKRAS.
Figure 4 Release of NH3 (A) and H,S (B) during composting. X: Commercial bactericide; E: Deodorizing
strain combinations constructed in this experiment.
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JERRRRE s BB RIPER, sRI4L X A
PrRREFEMEAL S E M NH; BRCGESE 5 Rt R T
B, ARIBEREFIA X 5 6 KU H B ]
Frtas, 55 7 KPRk 2] i 56.34 mg/m3,
ZIR PR TR, 55 10 RIFIRIEARTRE, Mk R
WA S E M TGS —HIFEEE 8 R, Z
Je M B/INIE EE R BT, 55 9 K NHs BECE A 2%
DN RN EE 25.33 mgm®, ZJEIFIRT
M H— Bl TiRE . TERMEMEIEE R,
NH; W RSk R EFHE T,
ARG IR RRE BB, Rl R
BUNREE WS, 25 ETR, AR A
CK 4. B AR X 4l . AR R R4 A E
i) NHs B 1 5 KAE 7 518 69.39. 56.34,
25.33 mg/m®, 44 E /) NH; B K T 7
P X 4R CK 41, T HAEA kB R Bt
TREANB R, Peahie/ DN, BaBH I I Yk R e
PRZH G BEAE AR JCAR i b A1 i AT o NH F BRI,
IEHBS AR R R4S E AR X
X NH;3 B RIOCR 51 08 2%
232 MRREEHEASIHERZES HS B
A

HeRE it AR HoS BB ANIE 4B R,
FEBA K R, 28 4] CKOFIR A TE 4 X
WEM R R E MRS B HoS ARG SRR
FHIF . FERT 2 K HoS MBI RAL, 25 2-3 K
FRERIG I, o E A8 5 A, 1 CK 4
RN X 20w B, IF S 3 Ktk 24
AR R HoS R m e, 43 h
43.30 mg/m> F1 20.51 mg/m®, [ Bt E 41A4 H,S
R HA 8.20 mg/m’. 5 3-4 K 3 LAY HaS
PRI T %, AT R BHERG I T AR
i, BHRER ST HoS Bk B 4-5 K, TR
JER T, AR RIS YE TR, HaS Ayl /E
WS, 3 R HoS BCE FHRT ., 45 E M

BRI X Hpy B L TAHE, CK 414
X sz, HEMAT R F—BrBr CK 4 KR4y
BEHW e HoS HE &gt fh, 1ttt
MR R At A A DL B A o o fie e A
B HoS, FrAingesgte . 7e55 5 K2Jn 3 4
Hh HoS # T 8A TR, IF HAE AR AR A,
HEREEARREEHR, BRI, A4 E P
H,S Hy B fe s 6N 12.76 mg/m®, B BAKT
CK AR A X A Bt , BaBHAR
SR 6 (4 S A W BR L R AR LA E X HaS AR
A ARG B A 35O
24 WEHRESESDHEERELEMA
X 53

A0 R AHE VR T 43 43 B (principal component
analysis, PCA)UIE SA fii/n, PCl1 X EAE SRR
DIHRHE R 52.5%, PC2 N 14.7% o AS[m] HOFE B[]
(20 T RE VR 2546 78 PCL Bl B B4y B, BB
R IEAT, AR RN R A K A T
A

SRR SN NI W B 5L DR AR 25 %k HE I
TR A TR R S5 A A2, B TR R S R
10 B9 KR A 265004, S525R 401 5B Fs .
3 AR F LR TR &R
(Actinomycetota) . JEEER [ ](Firmicutes), LT
I"](Bacteroidota) . “2JE [ ](Proteobacteria) . i€
A1 (Spirochaetota) FIPE 4 B 1] (Verrucomicrobiotay)
S XL ST T AR AR XS A TR AT
i 90%DA b, 150 B X S T A W AE R T i AR
HORFE T EAE O JERE TR ) BEAS ) A T i i
(4 25 A R F ALY, Cao )
I 2 35 DR L4307 1 Jod A4 s M S 2o 7 o )
ERETE AL, A5 R WA T ) i B
W, RETEm RIS Ok, KR REH
MIXFFRE, B A AN IR, X5
AT 25 R —% . Wright ZEPSURGE T ik
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W AR JERERT . Pefl AT LLA)
PSR . WHSRRER F4d . Wang SEPRHFSY
SERWERW TR EREETT . LR
T AR T2 S SRS A s AR G L
WAEY), RN A R A4 T B EE,
It H B AR 5 1Y B A AL A0 48+ 1A ) B
TEFREMRE D] -

e B FL 12k, FHRMBES ARG, &
TNER RSP E A Pl i T TR A R
TR X A, AR IR R TRARXS
F 2[RI R T CK AR R X 4. Zead [
BB, E AR T AT T AR T
FE ST CK AMBEHEA X 4, 575508
29.96%F 7.19%. HEARBALGEHLE], JERER
IR TR 1T A A X = B i o B 1) 1% 22 Ak i 30
JeREARE S ey, TEHENE W) 46 B B RN R
BB B i A A8 b B E AR 8T
PIETETT . AR R T TR AR R R BT & S
REARAEass, b, SRR TRE A R AR NE i
MEREARA ML AR R S SR R
PR A, v DO AL i s A I
NEES SN REER, AR
FRE G S A SG, AT BE AR IR Y AR Ak A
NE H A B Y R A 3 T AR X 32 B AR 4k
AR R A G E h &R S-10 Al N-48
W53 R AR R T VRS TR TR T T A B, 00 TR
PR S-10 1 N-48 i b i 5 14 R o A ) Je AR
TE TR 158 BRHENE B &R 55 AL AT ML R

[ SC Sz 1 HERE o v 240 T D R S 7K
MR A o FEX A2 B ) A A B A FE R AT R &
(Brevibacterium) . /N& T [ J& (Brachybacterium) |
fiX B8 Bl B J8 (Pseudomonas) . 1 ¥ H )8
(Microbacterium) . 1 1#  [X. I J& (Nocardiopsis) .
BT 41 25 78 4T 1 J& (Pseudogracilibacillus) . FFT
4 J& (Corynebacterium)%s, 5 Chen 2PN 5E3%

U HENE A TR VR AR A R B R 5 SRBEAS AR AL
ANEEHE TR R B A0 HA R AR T, BB e i
NH4'-N %4k, HFEFFA 1 N EZ DL NOs-N
EALRBATESEAR S, WA RIL, FFIL NH;
By AR TR JE BE e = 5 A YR 1 AR
HAE AR, AMENERMEIR, Wb TARR
PRCA, P EUEEDI R R IR S R |
PEAF I R 5 AR 2 W UM OC, Ui IS X
SETE A M F B R IR A K .
EHERETHE N BIRES 1-4 KX, X4, E4H
J CK AL HA WIS B A EE, L Ed
Hh R R T JE %) 20 TR 0 AR N S B B 5 (12.2%)
5 6-8 KALT R b BL, 4N AR IE S5 F bl >
RS, B TR T ) AN B A A X T R
FRE, X —BBE 3 4N TR BR A S T AT
R RE . 5 12 RAETFEIRMARHNE, H
PRz ) [ 2L iR AT, fEX—Br B, CK 44F1 E
MR G TR S, AT R 8 e
NO; & bl NOs™, Bl NOy b N,O &
NOx, E HFEA i 1 1 & B9 AR XS 2 (12.86%)>
CK 41(10.51%), TR 4G E v L/
BRI TR AR T XA AP A R
T ZERATHR (12.04%) . AR RERA
4 B TABE YRR S-10 J& THEFF IS
R X AR 2 0 AT, ARESE
(45 SR WIS TN ) G2 TR0 B T HENE o 7
PR T TR S R ZF 4 25 AT TR 8 1 BE5E . HEAT
WETRWET], MR RS SS
N FAbi FE0], o RLrET T2
R IR N v X R A A BILA) 93 i R /Ny
BHLER, FRARHEARR) pH, W/ NH; B K& B,
T o CEPIR IR R, WINE RS T HA
A KL 8 it R R A6 A PR B4 (B 2T 20 2 A FF 147 19 AR
XPRRE, EHEAR T A DL & REAR, SRS

.
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AN ... ®mcocc
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2 Nocardiopsis
5] . dl D
'§ Microbacterium
_‘.3 Pseudomonas C
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E B Psychrobacter
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5 MEERITHEPAERLENER  A: QEHEE PCA 70HT; B:
20 TR R 7 s AR AR S
Figure 5 Composition of bacterial community in pig manure straw compost. A: PCA analysis of bacterial

community; B: Relative abundance of bacterial community at the phylum level; C: Relative abundance of
bacterial community at the genus level.

2R TR AR 7 1 DA AR X =

AN ZEP 9 (human

diseases) . #1515 E AL H(environmental information

2.5 HAERBFEINEE TR 2 il E#E (cellular processes) .
FHAETUAR LN P51 5 KEGG il 2 il

SEREARE VAT LT, FEARTE LA B T AL processing) F1AE #)1K & Gt (organismal systems).,

AEERE, W 6A FI7R, 7E Level 1 K | 382

S K 7S KGR AL BT (metabolism) |
W A% {5 AL il (genetic information processing) .

K 6B fran, 7F KEGG level 2 /K |, JE3%
FEFFHEIX AR R UE Y 25 H F & oKk
A W11 (carbohydrate metabolism), Zd AR (T
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M Genetic information processing
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M Human diseases

M Environmental information processing
M Organismal systems

A A QA AL SRS R A AR
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Samples

Relative abundance (%)

S O & S Y S . s S S S S ¢ )

6 KEGG @ EEXREERE S ITE

B 100
90 -
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®
39

B Carbohydrate metabolism
8 Amino acid metabolism
Il Metabolism of cofactors and vitamins
¥ Glycan biosynthesis and metabolism
M Replication and repair
M Energy metabolism
Metabolism of other amino acids
M Lipid metabolism
[1 Xenobiotics biodegradation and metabolism
M Translation
M Others

A A L

Figure 6 KEGG metabolic pathway related functional gene statistics. A: Level 1; B: Level 2.

i (amino acid metabolism) . 4fi[K 7 FfE A Z AL
i (metabolism of cofactors and vitamins), ZH#
B9 A= ) & A AL i (glycan biosynthesis and
metabolism) . R IERGE A (replication and
repair) . BEE Ui} (energy metabolism), HAthZ
FLR 1L 1f (metabolism of other amino acids). &
AR (lipid metabolism) . S5 A= 4 B fig A4 15T
(xenobiotics biodegradation and metabolism) A&
FHi% (translation) 2 D REIL K |5 HOAR & .

WAEY R R E MRS E BREA rh & 2R BT
W FIRR K Ak A A A I R St e 2 1 T R
LIRS R A ) R 3k R A A HE R
rh 3] 13.98%15.41%. 1AWk d, &M
B BRI S R IR A OG , R
O A A AL Y Sk . AT L
Vo 2 B R A A0 R Wk e . i B 2 R R B 1 T A
APLEMREGY; A, ARRILT] LIS 5E|
TR R, SRAR R, M oT R 1
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I TESS 4 RIGHEA, M T X B4 (CK 4)
MEH X A, BSINAYRRERAS E 3%
Pewm T ARG T RE AL R 0y B . X AT
DLUHIE T4 E BEINTECT A 8 AR
FERIGEIN(E 5C), 2 FEMRACHHZ A AR IE
(Corynebacterium glutamicum) & % 14 i ik 4%,
EREWSEH LS AR LA RS E SRS
AR, X R, HERE TP A R
R AR, IFEE RN, AR
AR B R, X555 4 K NHs BRI
PSR —E(E 4A). /KA G AR DI R 1)
FEXT AR HENE S B 14.52%-15.67%,
fire 7K Ak A 9 9 A RE 98 Ry SRR 1Y) 1 A 42 1t
ATP ZEfemP i, [lEH ™ Pyt nl DIVE A2
AP EAR, Bk, kK bEwRE. =
FEIR G 5 A B T 2R B G P8 22 0] 2 A E P
P AHE R, XKD T
AE YR R B MRS B 8 32 w2 LR it
W/ T NHs B 45
251 FTARH

¥ KEGG A AU % 5 DI RE L K5 B2 it
FrHext, Z5RWE 7 Fin. EIEREFFHERAEA
rFRSE D 2] 1 U0 P Dy il 35 DR 956 I A 7R 3 i
filEE D nirB . PR ER 14 SR EE D NR. 24 [ fb i
TR A KL [H (gs, gdh, asn, gin) . 45 % I iz T 5L
glsA DL J 2-Z5 R BN A g 5L K] nmo 4% nirB
A NR JERMEA LR EEIL A, s
b O R R TSR IR TR A =t iU iy T v
—, TEAMER SR 3525 TR R 5
i 2 AR IV R 30 5 S R S S A 2k P B SR
R G B FEA IS E nirB A1 NR 193
JEAME 2.13%2.34%H1 1.91%—2.96% 2 [f], H:
Hr, 55 4 REA E BFEAD nirB #l NR RS
FREEAR T CK AR X 241, JF H NRAHX

JEZ IR 22 0 B . X —S5 R, g
AR R FERAL A B RES LUk i iR R A 0 Ay
MR ER MR, 774 No 8l NH,, 9800 T AN R
R A R A S A AT AIF A Bk it
A NHS G IR, i/ NH;
= . ARG R EA NP RE =
SEEMVER, 4 4 RINEA E REA A
S I e S TR R 5 35 AT 1) = B A s e IE S T X
—4518 . X5 Xiao FPYBIFR AR —5, NH;
HE 5 vk 2D 7T R 5 2 R A 3 R B S R A
K, AN AT RE RS 5 & HEOR 1 0 G EE A
2,52 AR

BRI ARG B L N AN 8 i, AUt
Wik B-ZL ML I metC ., B R S 3 i 2 1 A ¢
FE cysU . BACHLIREh L FE Bl BL [ glpE . #ER
LR W pta, SERER LA LN mdh, BEsi
ik B-A BUEEIEN cysK. 2K BE AR A Al L N
cysC, VN StiigEh A A1 ssuB Al ssuC
55 o mdh 55 10A: P i R A G A T [ — A a4
& rp, mdn 7] DL 33 % NADH ({38 5 RERE 78 45
B AR 4 , DA 4 - B A 43 5% %) 75 42 5 cysC
REAS 1AL D 2B T B, 0k 40 8 o) 3 35 o
WOCRMAIH, hmE 8 %, 54 K. 58K,
%12 REFALA E FEASH Y cysC AHXTF 1 & F
23 [N B CK ZH A A X 4, JUHE THA X
41, XAJEEE B = B HoS MR aEE
W IR R (] 4B). BT RO i,
IO 2 2 T T LA A5 9 e 4 I A i T STV e
FRBYY, T ssuB Al ssuC i 5 ) 45 1 RE 6 2 S5 g
U5 R/ 5 A T R R R T, R, HE
JIEL o ) A TIT B E WS 0 0 B A P B R R AR AL
E B2 T B 2 M2 5 3] i 2 ik iR A A
TWA YA, I HS MRk
R
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Figure 7 Heat map of nitrogen cycle function genes.
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Figure 8 Heat map of sulfur cycling functional genes.
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3 Wik

AW ST 28 B AR SR Bk N-48 Hil S-10 43
& T BCE M TR e AR AT R . B ISR
HP Al P M T ] DA 3 S 5 A RD 4 SRS R Ak ik
R EE I A, HA KRR AT 1M, Qing
SN IE MG e o Bt — AR IR M R, %
it G AR A i 7 (Pseudomonas stutzeri) AD-1,
TR R RE 8 [A] B 1 28R HAS R 2R /L,
L FCER LB KRR A, MEAEAARTE T
HEWE R HA 5 1 1 o Chen S8 IFE 5 25 3k L
R AR B 1 BRI B L B (P stutzeri)
SDU10, Xt 4 48 P /K o NH,™-N 2B R £ i 1k 5|
97.6%. WAL, fBER b TR IR ALK HENE o Y 5 B
A HoS S5 46 AR ER , WD HENE t HoS ryHE
i S B H T (Pseudomonas pudita) i #
R T A g, KB HaS*. Geng
LW T5 IR 4 B 3 1 ARBESS AR HaS B
LA, X T A W B Rk B B A VA R R 2R o
A R B P AAAE 5 2 R E A G 3 Fh
Fiff . 2% WG A B (glutamine synthetase, GS) .
R BR 45 W (glutamate  synthase, GOGAT)FI4F
R i i (glutamate dehydrogenase, GDH)! ¥,
W)z T A SRR R A 7, T s SRR 1Y A
FFHRMAEE KR . AR P AR
AT NHs R BAJOEEER, A
P2 AR AT D 2 R A LA, HH%
T HA SR ani G, Ml sm iz FerER
WD AR A AR, X NHs A5 & B
A —E W ATATPE . ARG 4 B R0 2 AR TR
T8/ D HENE Hh NH3 F1 HoS AHERC A B K ) .

BRI REA R, B—RRMELLA
FIHAR R BR AR . X B SRRV 5 5 — AR AR
BRI DA R A% [T XS S HE AR 1Y) HaS /b 76.28%,
A 5 /N B9 7 J& (Micromonospor a) & it i 5

i, HoS BRI E T 78.69%. XHafgaF1!
A B 51 7 (Pseudomonas sp.) A21 ., ZF fAT &
(Bacillus sp.) A38 Jiti [l £ ffd 1 (Pseudomonas
stutzeri) S33 . fifphH{E A AT TR (Pseudochrobactrum
saccharolyticum) S61 & B R kA A, DU
TR B — TR ARG HENE R 2SO AN T i, 4551
FE, R B P A it A TR RE 65 P e
T A /= K i N N 0 e D3 B =3 ] 7
B PRk N-48 1 S-10 #4281 — 2332k Bk S vk 2
A E, R TR R R IEAs T A bR R
B RZH G E ARG FHBR SRR X BRSO . 45
RN, CK 4 KRB X, A B 5 itk
A E 1 NHs B AR AE = B Bk 31 i
A9 69.34, 56.34. 25.33 mg/m’; H,S Bt
TETHE B Bk BI04 (E , CK 2H 43.30 mg/m®, X 41
20.51 mg/m>., E 41 12.76 mg/m®, i I 7N A3
A= W LR R 4 G BB S A A ] NH; Rl HaS 1)
Bl AT RAET X, MEYpR R FEika
& E REA% S 1M ) NHs F1HS Rk, %2
NHs Fl HoS 19 5 e BRSO g FH TR X2
40% /AT o FEERSER R B TR . HE TR
(Pichia pastoris) . % [ (Rhizopus sp.) 20 i T 1
A=W A R R T B R A AR N A R T, X
TSR BREN 35.50% , 2R ZBRE N 31.30%,
PO T B RS A REF EPIRI A A
AT . B R K ZF (Trichodermareesei) . JK4¢
i 5% (Aspergillus glaucus) % il & T & 47 CR,
PR FRISA S T, 25 REH, FH
CR F#AKT NHs W#&, 38 7 HERE A A HLA
T,

Ding ZEUYHE ST T — FAIL £ 2% > 7 X 3t
B R Ge b (i AR U E D T IR &R, AR BREF
AT B . ASShHT B & (Acinetobacter) . #1FF 1
J& (Rhabdothermus) . & i i J& . ¥ FF i &
(Cryobacterium) £l '€ # i J& (Thermophagus) /&
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FER R, AR R S E A . ARIFSOR
2 2 ARG T 3 R 3 R v 40 R B R ) 4L B RN B
R ZREPE, [ —HERR T, SIS 8] B9 570
Pl ZFE AT & B dARARTR], S Pk R kAL
4 B BB — e g HgmE T ORi 2R
RIS 0 F & B A AR A BT 1
FEPEREAT ], JERERT ], WA ARTE T
PR R4S R R R A s |
INEFFERE . R REE . PR . SRR
R . REF A ZE AR . AR S R
BRI MRS E B 3Pk N-48 FIEE#E S-10 43571
J& AT A1 B M R i AR o R A T
UL A YIBR R EAR AL B 7ET IKEFIE KT
#B s TR, fEHE T AR R A HLA Y
R, AR T NH; A1 HoS B9 RRHE

4 H

Bk N-48 Fl S-10 Zead w1 % 8 J& TR
L & AR A B8, TR AR B S I B S8 X 1
TR AT DUA A0 R NHs 1 HoS AR, NH;
I HaS Y 5 e B ot (A WS iy P o 7 41 1
40% 2 A o 38 L PR R A HEIX 1 R R A A P
TEEEH, PR T A BT ] BT AR S
HARSE T R G R e b o s S A, i T
S ) R R RN SRR o TR AR AL T LKy
ANV I T A PRER L PR A BT 5 h R S
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