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Effects of” Temperature and St.rrr g on the Changes f-*AIltlblOth Re51stance

Genes and Microbial Commumtles 1n ‘Anaerobic, Dlgestlon of Dairy Manure

XU-Ji-fei' ZHANG Qiu-ping' , ZHU Tlam-]lao’l QIN Shuai', ZHU Wen- ho' , PANG Xiao-ke', ZHAO Ji* 7

(1. Sehool of Ecology and Environment, |Inner Mongoha Unlversny, Hohhot 010021, China; 2. Inner Mongoha Key Laboratory of
EnVIronmental Pollution Control and Waste ReSource’ Rdecyt_le gefter Mongolia University, Hohhot 010021, China)

Abstract To investigate the effects of temperature and %tlrrlnvf on antibiotic resistance genes ( ARGs) and microbial communities
during the anaerobic digestion of dairy manure, mesophilic and thermophilic anaerobic digestion experiments were performed with and
without stirring. Two-way analysis of variance indicated that temperature affected biogas production more strongly than stirring (n* =
0.934 >0.911) , and thermophilic and stirring increased the total biogas yield by 13.93% and 12. 63%, respectively. The effect of
temperature on the removal of ARGs was also stronger than that of stirring (17° =0.992 >0.920) , where thermophilic conditions
enhanced the reduction of ARGs and MGEs to 0. 09-1. 53 (logarithm) , while stirring had no significant effects. When temperature was
altered from mesophilic to thermophilic, the microbial communities shifted, with Firmicutes becoming the dominant phylum after
thermophilic anaerobic digestion, with a relative abundance of >86% . Network analysis demonstrated that eight genera including
Sedimentibacter, Sphaerochaeta, and Pseudomonas were the hosts of ARGs and MGEs, and the redundancy analysis suggested that
physicochemical parameters play important roles in shaping microbial communities, especially TAN and TVFAs, which indirectly
affected the ARGs by altering their host bacteria.

Key words ; anaerobic digestion; stirring; temperature; antibiotic resistance genes( ARGs) ; microbial communities
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T RV A3 AR 20 PRI, T RE AN Rk T REAE
TR RV B A 52 AR, AT 52 el R 4803 k.
%I ARGs (I HI A .

H AT, 5B i b e — 38 A B AE X IR A TH AL
ARG ARGs M52 AN LW 2. A SC DL KL 4
BZE P ) ARGs S BIFFE N 42, T J N [ i 3 AN
() i 23 %) DR AR A s, 3 AR 5 U 3 RN 4
Xt ARGs #1 7] # 3f &t 1% JC 14 ( mobile genetic
elements, MGEs) 3= UL i AE W75 52, 43
FLIHF . ARGs, MGEs DL M 4 A Wit 2 18] B9 B
ERAR A THI ARGs BIREHL T. 21z
T2

1 #MR5FZ*

1.1 REA R

B 2R S P 5 — KB A b, TR
B KBV RT3 e 4 [
8%, Mk IR A T Ak JERE. R S RO UKL pBLAE R
6.76, T 7 HE A 2 7 UL solubld chemical oxfeon=
dentand; SCOP )78 575. 00 mg-L~"L, i A4 otal
ammonia nitrqgéh, TAN) ¥ i g 531.55 ‘m.“gi:_-“l“ ,.:_4%
¥ R (ol volatile fatty acids, TV‘FAS) ‘7@ 1
3, 963- 49I“,-mg-L_1‘.--' B N i
L2 i . g A

AT e 2 28 4 45 08 B 000 mL TR A
I IR BEAT KA TR R 48—, AR T R HE
IR B SV A P 400 mL [ 555 h
8% MITHALIEURL , T IR ZE , MORAE T3 A Z 5 min
B 1 PRI, it i T 3 G PR A D R R
HSHOKESSEE, B THIE/KGR SR, ik E 4 44
B A3 AE 35°C F 55°C T % % Bl £ 3K 0 A1 200
remin "' ARYIC N MO, M1, TO A1 T1, FEIE WL 1,
AT 3 AT

£1 FAREHLLESHEE

Table 1  Operational parameters of anaerobic digestion

fba Ab PR W/ C PEPEE A /v min 7!
PR AN MO 35 0
RN TE R E Ml 35 200
R TO 55 0
o A 4 T 55 200

1.3 ARACRAE R BALAR R A 2
ISR OV A% B 24 h 7R IR HITE AU
Hr{X (MRU Optima7 , 78 [ ) I {8 < Y b 5 . IR
AR R LB T A Rm IR SITHAL = 100 7E [ %
OCEE 3 WG TR ROV AR R 1 mL T

BEOEN,EE 3K, 4°C, 12000 r-min ST
B0 5 min, IEOH F BB A AE  TTRE Y
THEHU DNA.

JBLEARE H (total solids, TS) % 105°C HETF1&
WZE ; SCOD R HIH 55 B2 #1436 6 BE 1 22 5 TAN
WK FH AN TG0 o O B VA I s pH ER 2
ike pH i (FHE S-3E, L) M ; TVFAs SR L
LI E .

1.4 DNA $EHUZ 2 & PCR

FI A I R 2 DNA $2 B0 7 & (KR DP-
328, b5t ) PEEURE 2 FHAE S UTTE Y %) DNA , 4 I it
AR, $RBUE AY DNA AR fUE /M T
( Nanodrop-2000, 3% [&] ) 5 I e B Az 26 B, FH 1% B
JEWHEE S L PR AS I DNA 5284 PE. 7E Bio-Rad CFX96
system H1XF 7 > ARGs (tetA | tetC tetG tet@’, tet()
et Fil teX ) o3 A~ MGEs Cintll | inul2 #1916/
1545) RN 165 tRNA) HEAT5E Bt 4BT, L1k
HIE B 2580k [22,23 ], qPCR BK R (20
ML) :10 pl/2 x SGFast gPCR Master Mix, 0. SALAT
S 1514 (10, ol - 1)y 1L DNA B, 87wl I
R K. BN A P 95 G 3 min; 95°C 2HES
s, B 30, s 72 CAEM 30 s, 3 40 R,

L5 pdhy L%

FEHE DNA 2 2 IR G YA /L, R

#Tlumina NovaSeq SE-& 9E47716S rRNA E@E{WE,

=

Wy X388 V3 ~ V4 X, 51918 338F (ACTCCTACG
GGAGGCAGCAG ) #1 806R ( GGACTACHVGGGTW
TCTAAT) . J5ibf 7 51 28 B 4% I 45 2 /& B 1 )7 4, O
£ SILVA 16S rRNA 5045 e kA7 e X
1.6  FdlEstr

AR 56 B SR Microsoft Excel #1447 %%
B SPSS 22. 0 AT R R 5 22500 . WU Z 5 2257
Mt K Pearson A4, CANOCO 4. 5 #AFHEAT T
A5 HT, Cytoscape 3. 6.0 HE4T R 4% 43 #7, Origin Pro
9.0 MR 3.2.5 fEA.

2 HR5ITR

2.1 JREGHEERE

PRAETHA B =R i 1 fros , s 17
SRR, UEY A BIRREIRAS ) 35°C T 55°C IR
ALY FIAESS 45 d FIR 30 d i) H =S /N T RO
ALY 5% (BN 20 mL) , BEA AT R0 A AL as o, DL H
PR IR AT AR [ B 1(a) ], 35C 4
RS ERLES 6 ~30 d, 1 55°C &4 T =< 4E
HFTESE 3 ~16 d, HAl 10 d A=< Rt s T 35C,
Ui PA R R IR T DRSS A R B R R A T AR
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L 42 %

W= MO, M1, TO AT B K 7= A R 4 )
223,340, 703 H1720 mL-d~". TO F1 T1 B K=K,
R MO A M1 (1 3. 15 50 2. 12 4%, EH
A2 (P <0.01) 48 &R, 7l i Mo 5
M1 A1 TO 5 T1, & B AHEE MO 1 &, M1 .3 (P <
0.01) 278 1 i K™ HE M T0 5 T1 Z K
PRAERIC W 2 . R I B AR A R R T
R DR Ak AR T e IR A A T R )
Xﬁﬁm_zﬁ:ﬁﬁﬁﬁ’ﬂm THALE B S El 1(b)
Ffizs , MO, M1, TO F1 T1 ()5 7= 84 515 120
5767.5 833%[15 933 mL. H AR Z 5 25 43 B vl AR
BEFNBEPEXT B A B A W E S (P <0.001).
Hrp RE W (n* =0.934) KFHHE(n°
0.911) X = FHZHAEH (n* =0.845). T0 F1 T1 &)™
SR MO AT ML B8N T 13.93% F1 2. 88%, E
IR A AT AR =R, 5 Lin %50 (52 45 R —
. 35C &M FHERERTR S = TE AR, ML B PR R R
MO B2 (P <0.01) ¥ 12.63% . i T0 5 TF = [
BB E R, R T H R E T A
YER. 32 ﬁtﬁ@%%ﬁ?ﬁ#?ﬁﬁ%ﬂmm% =
Mﬁwm7m¢%ﬁﬁmwmmmzmv“_ﬁ$
Bt A m%ﬁlﬁii et B AR B R 2
S A 5 T 200 R T 4 éﬁ&ﬁﬁﬁkﬁ% ) %ﬂjﬁ
50% Eﬁjﬁﬁ%ﬁ% TR ‘i'é fﬁmgﬂ
o8 ) W Y ; &
s ﬁFﬁ%l?ﬂ%23$bm$%%ﬁ
TH TS 45N T 79% FIHC T 7%, Forbt MO 55 M1 &
TO 5 T1 ZEJCH] i 22 5. I A4 5 SCOD ¥k Ji

A

400 + [F

A A ML

6 000
5000
4 000

3000

B AR /mL

2000

1 000

0 # A
(E! 3 6 9 1l2 1I5 IIS 2'1 2I4 2IT-’ SIU 3'3 3I() 3I9 4.2 4I5
AL w/d
MO | Mg 1 T g R
RAESE P AR e g
e T

hg 1 Blogas productlon rate and total blogas-yleld ~

in anaeroblc ‘digestion
=

H1 SCOD) /ﬁﬁiﬁﬁ%*ﬂ%f%ﬂﬂ%ﬁ#&ﬁ ﬁ
%%ﬁﬁﬁdTﬁﬁEMEmm%B%Lmﬁwﬁ
fif e T iR T 4 R B R TVFAs R TR
THALZS S WAL, H 4 éﬂilﬂlﬂ%%ﬁﬁ%i%,
A T1 WU B3 (P <0.01) ik T HoAl 3 4. TAN
W PE AT BE Y 531,55 mg-L~" Jh & 866.26 ~
953.92 mg-L™", 4 ML EER. HERE

FEAR T34.99% ~63. 17 %, Hoh mid sk b i Ak 4 ZHACPRAY pH (E 4 k.
*2 REEUCFEHXEF
Table 2 Physicochemical parameters after anaerobic digestion
Qb Qb3 G5 TS/% SCOD/mg-L~! TAN/mg-L "' TVFAs/mg-L~! pH
GV N e MO 6.25£0.42a 3 158.33 £235.70d 918. 06 £73. 69a 3124.31 £62.23a 6.52 0. 02a
RN TE R E Ml 6.86 +0. 82a 3991.67 +117. 85¢ 953.92 +143. 78a 3300. 33 £373. 39a 6.78 +0.29a
FRAE T0 7.08+0.18a  4658.33 £117.85b 866. 26 +36. 95a 3212.32 £124. 46a 6. 66 =0.02a
e M R T1 7.53+1.15a  5575.00 £408.25a 870.24 +71.72a 2508.25 +285. 18b 6.89 0. 13a

2.2 ARGs 5 MGEs F£E45 1k

THAL IR R LRGN 2] 7 Fh ARG , 045 SMESR
tetC 1 tetG , B AR ORI 6 11 FE ] tetO | tet() %H
tetT, VA B 55 PR RE IR terX. LA terQ (466 3 3 JiF
55,0 7.45 x 10° copies » mL™" | A] BE& tetQ 7EWS 4
s BRI 22 ) ] B AL RS TerC OB 4 X 3 e 1K
5 2.33 x10°copies-mL ™.

Ph 16S rRNA M85 X HE K, ARGs 55 16S tRNA
Y Xk RS LU AEAE A ARGs BYARX = 5. 22 R4
fBJ5, MO ~ T1 H' ARGs A9 B A XF = & 4 51 4

0.177.0.309 ., 0.019 F10.020[ & 2(a) ]. XA
ROT 2T as AT R | PR R AL B AR
HIXT ARGs S AHXT F B B A B F % m (P <
0.001). 5= &5 KA, I X ARGs SAH X 3=
JERY SN (> =0.992) KT (n* =0.920) K —
HAHAEM (* =0.917) ,T0 I T1 749 v EAH Xt
FE B EMET Mo 1 M1, B ERAMEEA T
ARGs [ 2:B% , 5 Sun % B 58 45 1 — 20 K7
A7 4 A 2 DRRE R = B 0 6 B S T AR R
LR AR = BE 8 X BB AR 22 |, A5 3 45 5 AR
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FER) AL B (XTE(E ) , 45 RN 2 (b) Frs. 7 #
ARGs 7E TO F1 T1 H1( R84 0. 09 ~ 1. 53 ( X4k
), & T MO F1 M1 19 L BR 1 0. 02 ~0. 68 (X4
i) , i —2E B = AT A E ARGs 19 A Bk, Bl
AIEFEEB 2 ARGs 1R 25 B, 1 U, tetA F terG () #H
XFFEBETE MO H 43 S 3G 0 T 0.07 0. 43 (X £X
), MAE M1 H 0053 JIREAR T 0. 11 1 0. 19 (X 4%
{H). TetC F tetO WIAHXTFEEFE M1 R B3 (P <
0.01)fikF MO. 5 TO #HEL, T1 1 tetC | tetT Fl tetX
(ARG 3= BE AR, fh DL b0 Bl 80, B $E X ARGs
R M 6 AN [R) 1) I B 45 0 T g A 22 5. B FEAE
AT ] i Z AL tetA | tetC N terG B 255, 7E
ER S F AR T tetC . tetT T tetX W EFR. A
5% 22 B v 3 R S0 U0 AL 0TI S 3R 8 | et D tetO
(25 bR SR M AR R BERE X ARG 1

0.35

S

0.025

ARGsH] %42 HE

0.020

0.015 ¢
0.010
0.005 +

U 1 1 1
DO MO M1

0.195
0.156 - (c)
0.117 F E imei2
0.078 | ¥ Tn9i6/1545
0.039 + VA intll

0.0052

0.0039 +

MGEsH 4§ He

0.0026 -

0.0013 | §

0

Do MO M1 T Tl

SR I R AT .

THAL IR 3 Fh MGEs # BT 354 0. 006,
ZIREAEALE B M1 PR 0. 178, Hifth 3 44k
FEYTRELE 2(c) 1. RETHAL)G 3 Fl MGEs A XS
FEXTEE A AL 2 (d) Fizs. MO W ined1 A1 inel2
AR 32 B 43 S B AR T 0. 72 A1 0. 67 (X 4UME ) ,
Tn916/1545 WARXT F BEJL-F- o284k, AHILZ 7, TO
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