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Microbial community diversity and tetracycline resistance gene
abundance in manure-soil model under chlortetracycline stress

ZOU Yong', HUANG Weihong', CHEN Yongjie, FENG Huijun, LI Jinhong, REN Haixin, SUN Yongxue
(National Laboratory of Veterinary Drug Safety Evaluation (Environment Estimation)/Guangdong Provincial Key
Laboratory for Veterinary Pharmaceutics Development and Safety Evaluation/College of Veterinary, South
China Agricultural University, Guangzhou 510642, China)

Abstract: [Objective] To explore the effects of chlortetracycline on microflora diversity and tetracycline
resistance gene (TRG) abundance in manure-soil environment. [ Method] Four different chlortetracycline
dosages were adopted, including 0 (control), 10, 100, 1 000 pg. Samples were collected on the 1st, 7th, 14th,
28th and 56th day. High-throughput sequencing and qPCR were utilized to investigate the changes of microbial
community diversity and TRG abundance. [Result] Firmicutes could tolerate toxic effect of 10 ug
chlortetracycline, and was sensitive to 100 and 1 000 pg chlortetracycline. Actinobacteria could tolerate toxic
effects of 100 and 1 000 pg chlortetracycline, its survival and reproduction had some advantages. The relative

abundances of proteobacteria in all chlortetracycline groups on the 28th day were significantly lower than that of
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control group, and usually significantly higher than control group on other sampling dates. Three TRGs (tetO,

tetT and tetW) were detected in chlortetracycline-manure-soil model, their changing trends of abundance were

similar. Compared with the 1st day, the relative abundances in all groups on the 56th day decreased

significantly. The day dissipation rates in 10 pg chlortetracycline group were significantly higher than other

groups in period II, while their relative abundances on the 7th day were significantly higher. The day

dissipation rates in 100 pg chlortetracycline groups were significantly lower than other groups in period IV,

while the relative abundances on the 56th day were significantly higher. [ Conclusion] In manure-soil

environment, the sensitivity degrees of different bacterium communities to chlortetracycline stress were

different, chlortetracycline can change microbial community composition by changing the relative abundances

of dominant bacteria. Chlortetracycline stress can change the day dissipation rates of TRGs, thereby affect the

relative abundances of TRGs. The results can provide a basis for further research on ecological risk evaluation

of antibiotic residue in poultry raising.

Key words: chlortetracycline; microbial community diversity; tetracycline antibiotic; resistance gene;

abundance; day dissipation rate

A, 3 [ 57 58 b B 4 BT A 5 W #E B il
8 i t, SR P AE AL SR N FF A e 58 AR, 29
60%~90% LA Ji 28 BA T = 4 1) T 2B 385 PR HE 22 2R
Barpt2, [m, JEAE AR — I K E, A
ARG I 8.64 10 1, R FE PR E R KHIPIA &R
RV REPUER, SPERSERAEER 73.5%.
SRR TR REIUE R, BIE AR IR
BT B IR AR A b - 15
HIUSREPUERKREE, KNESER PR E R
5 iH, N 55.6 ngrkg s K H EIR 75% . Bk R AE 148
H DY 3R 3R 2R P A 2 2 U IR AR IR BB
T a5 1, AR JE T 55 DY 3R 3R R i AR 2= R A
YT AN T a5 R, WM 2= RBP4 R 25 B A
(Tetracycline resistance gene, TRG) s& —F& 7L fa F
K75 4 . TRGs AN FETE A B 7] 38 ik Ji pr i
F, T FL7E 4H B4 A0 12 2L A7 4l B T3CRI AR 55 )5 T e AR
FRfa e gk e 47 . L3R TRGs 7T B2 13
EYE G, B R AR g RE I N,
LR 9 NG TRGsH R & B b, 115
1 TRGs X &84 9.9x10°~1.1x1072, s ¥
TRGs X &89 3.3x107°~5.2x 107", HEjl el 1k
et FH 4% 5 DY 28 3 i RO TRGs M 3%,
RN TSI R EIRE . HlH K&K
B 1 VU 3R =P A4E =M TRGs 5200 38 5 4= 4 (1)
T HABIRN .

AR NS B RN R T, WEENFEL
SRR FEIIGE, B G5 Rk 4 T BEMAE
WYy R B AR AS B RS, R v T B AR AT A
TR T T VR 45 4 2 AR PE AR AL, TS qPCR BARAHF 7L

TRGs X & & AL, AT — B IR IR TR 24
Pk B B ARSI PP A S 14— KA

1 AR

1.1 g
EHEWEHKEECEMHARER AR, gifF
(w)95%; 10xPCR Buffer. dNTP Mixture. rTaq
DNA E 48§ SYBR Premix Ex Taq II(E V) Gkl
H e Bl &) 2 H TaKaRa 2 F$E4t. 74
FER A M B VR EEIEE Y (RIR RSN
PrAER), TR B AR L R =M T A RS
YLfr) 5~20 cm RZ, BE SR LA RER .
BER 3N RD RS, pH 5.77. F/KE (w)12.5%-
% 77 mg-kg ' A& 660 mg-kg '\ LM 270 mg-kg '
1.2 753k
1.2.1 2FF-%E LR EAHE LEY
2mm 5 T REXFTERTE 74 BETER
A NPT, AR 2 mm 0 5 B F-20 C UK
FEORAT o A1 FH Al 7K ¥ 42 5 22 T ) BSORH R B2 114 B
W, IR RIEA SRS, 7 REBEAA 10 cm,
w15 em WARGAEEE R b, AR LA E
0.5 kg JHFEHE 10 g, WX RAMEF R P&
B, %R HE5 8 0410, 100 F1 1 000 pg,
FHAYIWE 3 REL . SUHEAEZET 25 C H=ER
AT NI TR, R ER B ALK, LIRS KER
RRFFKER 50%, B ROGHEI A0y 12 he 7EALEE
JE 55 1.7 14,28 Fll 56 K[1) 20:00—21:00 KEFE
HET-20 CUKMAEA. RIS 4 8. T8 CH
1~7 R). T (56 8~14 R). 1ITHA (56 15~28 R) M
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IV (58 29~56 K).

1.2.2 TRGs ZHEZ AR FREL0.9 g Ff i, K
i E.ZN.A"13% DNA #2507 & (Omega Biotek,
F ) 7RI BUS DNA. PCR SN FERE: 94 °C il
A5 5 min; 94 °C 28 30 s, 1Bk 30 s (R WL 1),

72 °C &4 45 s, 35 MEIF; 72°C LA 10 min™. H
F& TRGs F1 16S rDNA KI5 an# 1 fion. K
A 25 uL 1) PCR R M.AK % : ddH,0 18.375 pL.
10xPCR Buffer 2.5 puL. dNTP Mixture 2 pL. | F##514%
0.5 uL. DNA #54% 1 pL F1 rTag DNA 247 0.125 L.

*1 BREESIMER

Table 1 Primers of target genes

H 5L S5 (5'—3") B K /Mop 1B KR/ C IR

tetA F: GCTACATCCTGCTTGCCTTC 210 55/60 [11]
R: CATAGATCGCCGTGAAGAGG

tetB F: AAAACTTATTATATTATAGTG 169 40/47 [12]
R: TGGAGTATCAATAATATTCAC

tetT F: AAGGTTTATTATATAAAAGTG 167 45/40 [13]
R: AGGTGTATCTATGATATTTAC

tetM F: ACAGAAAGCTTATTATATAAC 171 45/57 [13]
R: TGGCGTGTCTATGATGTTCAC

tetO F: ACGGARAGTTTATTGTATACC 171 60/60 [13]
R: TGGCGTATCTATAATGTTGAC

tetW F: GAGAGCCTGCTATATGCCAGC 168 60.5/60 [13]
R: GGGCGTATCCACAATGTTAAC

16S rDNA F: CCTACGGGAGGCAGCAG 193 58/58 [14]
R: TTACCGCGGCTGCTGGCAC

2 PCR P2y a2tk sobe. B A poki s e, anr:

A TAY TR (Rig) B A R 2 =

o WP B A% 1 J5R kL JE AT 40 R IR RE R
D160 nm/Daso nm 1 1.8~2.0 2 [8], 15 B FTHEEL ] DNA
AHFFEG T o X FRRLHEAT 10 {586 RS, 115Uk
ULE, i qPCR FrifE 2R . K H 20 pL i) qPCR 2
N {k & : SYBR Premix Ex Tag II 10 pL. ddH,0
7.4 uL. E R B14% 0.8 uL 1 DNA f54- 1 L.
AFRERRE 3 REH, /£ LightCycler®6 S22 6
%€ B PCR 1X (Roche, Fiit) LM .
123 FHadzn A 1.7, 14,28, 56 KT
HAEHERM T smAEHPRER 3 KESF
rn iR A, HEHL DNA, 1843 G MER T M 2 =l o
1.3 HIESH

K ACE Al Chaol f8EUVF M HEE + 5 H,
Shannon F5#Ux BLEEVE 2 FE1% . R SPSS 23.0 B
K & J5 24> #r % TRGs %4 & (TRGs *ﬁﬁ/\
#==TRGs F£ X ¥ I %/16S rDNA # J1 %) #t47
E%T@E’%ﬁ Fisher’s ﬂﬁ*ﬁﬁ%@“iﬁﬁ%ﬁi&i%%%’

15341, SigmaPlot #ATEEK 22| . TRGs AHXS
) H IR (Day dissipation rate, DDR) 11522

http://xuebao.scau.edu.cn

Ni =N
DDR = —— 2 % 100%,
NT

A, T AAEER 2 AN SRAE I [a] 55000 18] B B 18], N, R
TRGs TE 5 HT R AE RS 8] SRR b AR X & =, N, N
TRGs TE5 5 KAEIT (8] SUFE S AR & & o

2 ERG5H

21 £BERMETETERSPEFZHMENTL
2.1.1 o ZHMISHSAT IS SRR (A R
A& F R AR RN % 5L K 241 DNA 37 =8
S F A, AR Z) 32 000 450 k& T4, 1
97% FF B MBI K P _EILERS 456 AN FP 2K
BAESY 2R I0 (OTU). Frfa il 4 10 78 35 % 5w
T 90% (5 2), XM )T 21 OTU J¥ 41 i %
1, e SRR il i 4 K 4y B R ) LS 0 o i
[ ZEK:, %40 OTU % ACE 5%, Chaol &%
Shannon ¥REUEMA 2 FAEHE. H 1 REERA
1] ACE $84UA1 Chaol fa%m T X R4, H A KA
I ] 4 55 2% 2 1Y) ACE 48401 Chaol fi5 45 X/ I 4H
I, WREIR NS F RIS | RUHEFEEEA R
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Table 2 Analysis of a diversity index of microflora in
manure-soil model under chlortetracycline stress

KEE m(BHER)
] g

OTU ACE Chaol Shannon &
HED % R B F/%

ESPN 0K HR) 214 259 249 2.853 998
10(fi%) 216 271 286 2819 99.8
100(+) 229 289 290 2952 99.8

1000() 239 302 310 3.224 998

FIK OCME) 367 390 391 5414 999
10(fi%) 382 416 437 5410 998
100(f)y 361 393 395 5285 998
1000(%) 345 374 388 5278 99.9

14K OCWHE) 370 380 382 5474 999
10(1E) 376 397 405 5518 999
100(H) 379 395 398 5605 99.9
1000() 375 399 406 5408 99.9

28K OCHHR) 396 409 414 6319 999
10(fK%) 390 397 398  6.124 999
100(H) 387 397 404  6.152  99.9
1000(%) 388 412 419  6.010 99.9

HS6K  OCHER) 396 407 411 6476 99.9

10(fi%) 385 395 398 6435 999
100(H) 391 403 416  6.467 99.9
1000(F) 387 400 404 6552 999

1) OTU A 45 £ % T

100 =

80

AR BE/%
3

40

20

FE b2 5

AR, HARKTAER AR, 5 7 KRS HE R
=T, ACE 84U\ 416 BER % 374, Chaol #5 4K
M 437 FEAKZ 388, o RAFIN 8] 4 55 3 AN [F) 71 &
YEF N ACE #5401 Chaol #5548 fb AN K, ] B4
N FRNET R 7T RIS T &5 BN
FE MR o & RAFERS ) 455 22011 Shannon
TRE35 5 BRI, 378 &8 R VA 2 FEVEY
EFER T REA B .

212 WAABEE M TIKCEREE S H R
WE 1R B E 1K, JEAER ] Firmicutes
T AR 3 B f v, HARON TR ] Actinobacteria
FIAF L 1] Proteobacteria; 55 7 Fl 14 K, JEEERE ]
FERE 3= BE>7R T8 B 11 AH N 32 BE> T804 B 1) AR R 3 B2
55 28 F1 56 R, A TE B | TAHN 3= > L BE TR ] AH XS
FESTR B T T F . BN RR SRS, &F R
rh e 7 B A TS B 1D B R AR B R T
A A e R I EH)ERERE 5 7.
28 1 56 K HIAENS =F B 0 3 vy T o0 IR, A0
JE SR ) AR T 3 B ) R A T R A
TEBE T TAHAT F= BE R 2R 28 R &2 &% R H B EK
T XL AL, AR R 22 2 T A (3% 3).

JE KV REUE S R 18] 2 P . AT REAE AT
TRGs B HREJE Clostridium. ¥ % &
Streptomyces- 5E¥KH J& Streptococcus FFIRIT
J& Corynebacterium, 12 1# J& FIEEEK # J& J& T )5 BE 1
'], 25 R B FE IR 1 8 8 T IR B 1] . ml e
TE SR VE ) B R AR B R B RAT B i A0 = i B
Wi J& Sphingomonas, ¥HZ N5 M & & T2 ¥ B
[]o FRIRAT B J& HAE N £ B2 AR 1 R BIEE 56 REF

JEEETE ] Firmicutes
AR FL T ] Proteobacteria
JHZR T ] Actinobacteria
HUFT T 1] Bacteroidetes
FRFFHE ] Acidobacteria
£S5 HE ] Chloroflexi
ZEHIEE ] Gemmatimonadetes
PERLE 1] Verrucomicrobia
GAL 15

TEAGIRTERR ] Nitrospirae
HARWN

0
1 23 456 78 910111213 14151617 1819 20

1~5. 6~10 11~15, 16~20 4351 0, 105 100+ 1 000 pg £ 2B AL, & 41H FIRE SR 5 IRARERAESR 1.7, 14, 28, 56 FRAERIFE
E1 £ERMETELERESHKFE LHNRBERENEE

Fig.1 Relative abundances of dominant bacteria at phylum level in manure-soil model under chlortetracycline stress
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Table 3 Discrepancies of the relative abundances of dominant bacteria at phylum level in manure-soil model under

chlortetracycline stress

%

i m(& 5 H)ng EAPN HIR H14RK 24K 56K
TR 0%t iE) 14.69¢ 22.57¢ 22.55d 16.21d 18.35b
Actinobacteria 10(1) 14.37¢ 21.65d 25.45b 17.55¢ 16.29¢

100(7) 16.16a 23.36b 23.79¢ 20.57a 18.57b
1 000(%) 15.57b 24.58a 26.81a 19.41b 19.18a
JEEETH ] 0t &) 82.77a 45.12b 40.06a 32.54b 32.70b
Finmicutes 10(1%) 82.95a 46.06a 39.41a 33.57a 34.49a
100(+1) 80.79b 44.18¢ 37.29 31.12¢ 31.65¢
1 000(%) 80.91b 41.58d 36.81b 31.32¢ 26.96d
BRI O(X] ) 1.75¢ 24.12¢ 27.24¢ 38.74a 35.45¢
Proteobacteria 10(1%) 1.72¢ 24.96b 28.07b 36.69b 35.23¢
100() 1.98b 24.94b 29.52a 36.58b 36.39b
1 000(7) 2.38a 26.21a 28.33b 35.98b 37.75a

DR B 1R 71 #0385 LAA — AR B F8 8, £ 7 R B AN £ F R 2 Z(P>0.05, Fisher’ s # #: 3s i%)

80|I I
60

40

AT %

20

B

JERs T & Kurthia

RENH R

R 8 Clostridium

PEARATE & Corynebacterium
B 1R )8 Streptomyces
+ATE R Terrisporobacter
AT & Lysobacter
BN R Sphingomonas
BEBRTE 8 Streptococcus
rpig A AR B B Mesorhizobium
5 SCFF & Mycobacterium
FEARI B )8 Bradyrhizobium
AT L2 AT 1% J& Agrobactrium
HARHER

0
123456 78 91011121314151617 1819 20

1~5, 6~10. 11~15. 16~20 4354 0, 10, 100 1 000 pg &85 R FI =, ZH P MRS S K IRARELESE 1.7, 14,28, 56 K RAENFER
B2 €EZMETEIERRFESIKFE LHRBREFETER

Fig. 2 Relative abundances of dominant bacteria at genus level in manure-soil model under chlortetracycline stress

SRy o B R R AN R AR 1 R B
56 RFFELIIM, &H &P, @A EHE 56 KIIHXS
F R T HR A AR B R AR S 1R E
97 ORI, 25 R B AR, &% R ARG R A
56 KRR XS = B S v TR R A b R A
(# 4).
22 £BERMETELTEEG TRGs FELTK
Xt HTA FE S 34T B A5 TRGs A&, A8
3 Fft TRGs: tetO- tetT F tet W, ¥ F ik 85%~
100%. £ qPCR K754 34 2% 4 101%~109%,
ISR R* ¥4 0.999. tetO. tetT Fl tetW K £
http://xuebao.scau.edu.cn

FEAR R F AR AEXS TR0 28 1 K, B4 56 K
[ BE R = FE 3 B 2 kb &8 RARAIELAE 7 R
SR 3 2 v T R 0 ) B R b v R
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[E A AR & o terT tetO R tetW HEPH 3= FE (1)
DDR ZZ 4L -+ 43 AH4LL: % 44 DDR 7£ T FAIILHA AH
I, 75 LAV B0 8 22 5 11 1 &5 2R &
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Table 4 Discrepancies of the relative abundances of dominant bacteria at genus level in manure-soil model
under chlortetracycline stress

L) m(& 5 2)/ug IR FTR HF14R H24R H56R
R & O(X ) 16.66b 28.23a 26.15a 21.72a 20.78b
Clostridium 10(1%) 15.54¢ 28.42a 24.52b 21.70a 21.48a
100(4) 15.06¢ 28.60a 25.95a 20.50b 20.02¢
1 000( ) 20.51a 26.44b 24.60b 21.88a 17.42d
PEARFT 0%} %) 12.00b 1.87b 0.18b 0.52a 0.02a
Corynebacterium 10(1i%) 12.10b 2.78a 0.15b 0.05b 0.02a
100(H) 13.53a 1.38d 0.96a 0.06b 0.02a
1 000( ) 13.08a 1.66¢ 0.07¢ 0.07b 0.03a
L i O(RF ) 0.07a 1.61a 2.06a 453a 3.53¢
Sphingomonas 10(fi%) 0.06a 1.57a 1.78bc 3.62b 3.65¢
100(H) 0.10a 1.36b 1.80b 3.22¢ 4.09b
1 000(%) 0.07a 1.18¢ 1.69¢ 3.35bc 5.25a
BERR R O(XT ) 2.61c 0.81b 0.09b 0.06a 0a
Streptococcus 10(fE6) 2.82¢ 1.02a 0.05b 0.01bc 0a
100(*1) 3.17b 0.36¢ 0.27a 0.02b 0a
1 000( ) 3.56a 0.42¢ 0.05b Oc 0.01a
W R OCKT R) 0.06a 10.55¢ 12.43b 5.59d 6.14b
Streptornyces 10(1%) 0.07a 9.77d 12.63b 8.43b 421c
100(H) 0.06a 11.81b 10.69¢ 9.35a 6.29b
1 000(7) 0.04a 12.87a 14.14a 8.00¢ 8.07a

DARR B & R 5 e LAH — AR B 785, L FRRLEE £ F R R H(P>0.05, Fisher’s # #ith %)

®5 EBHEMWETEIRRG 3 NMURRFENE RMAHER (TRGs) HiBERERL WL
Table S Day dissipation rate changes of three tetracycline resistance genes (TRGs) in manure-soil model
under chlortetracycline stress

VU R U AE 2T 24 3 1A m(EHR) ug i 1T 37 11134 IV
tetO (EaRiG) 13.28 —4.67 3.28 1.06
10(fi) 10.88 6.81 4.19 -5.95
100(4) 13.51 -3.58 5.44 —34.47
1 000(5) 13.94 -31.32 3.35 -3.79
tetT 0% ) 13.73 8.07 6.67 0.83
10(1i%) 11.62 13.80 5.97 ~11.49
100(+1) 13.92 10.39 6.79 -36.98
1 000(7=) 14.21 —24.66 6.58 -3.68
tetW 0K HR) 13.92 -0.22 428 -0.26
10(fi%) 13.16 9.60 322 -6.22
100(1) 14.06 1.03 5.10 -36.41
1 000(7=) 14.15 ~14.80 3.78 -5.58
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KL E]

L RAE I B AN R 7 07 M — M RVNG 7 B, o b R SRAE IR [ AN [R] Ab B2 (8] 22 5 AN K 2% (P>0.05, Fisher’s K HAG 96 ; AH ] Ab 220
1 RME 56 R EJ7 LA — MRS T8k, R IR AR BRALSS 1 RS 56 RALHLRIZ 7 A3 (P>0.05, Fisher’s FEHfiY5015%)

3 EFHFPETEIERG 3 NMUIFRIERMAHEE (TRGs) B ZEEL

Fig.3 Relative abundance changes of three tetracycline resistance genes (TRGs) in manure-soil model under
chlortetracycline stress
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TE X B A 22 A 1 RS e 7 T, o 8% 5% I [ (1) 2E
K, %4 OTU #&. ACE 5 %(. Chaol & %M
Shannon F8EUEARY) 2 AR, Ko &F R4
) ACE #5%{. Chaol 8% A Shannon 5434 5 % 1
AR, X P Ae 5 4 87 3 10 P B I A FH A
Ko Liu S 70 3 W 350 4 55 A T o I B
PERT, T BRI FE 245 3%, 1) 58 o5 S i AE P 1 25
FEEH; Chessa 7L R TCs H HE 7 15200 1A
BEEEM), 7 d J5VEHE T T B, 60 d 58403 0%
Xiong & LR BLAN T 45 2=, #8380 I
AR VE S5 h B TR R Y e MEAE T Lt D
NN LI AP A E W E RN . T UL R
HRIE, W 2 45 RS ISR T LR A
I, 5 BN EA R EEH 2, HEFEES
ZREPE AR T RS SR E 45 2R

MRS 541 B BE = FE A TRGs AR & B AR ]
R T JELEE TR [ AH O = B R AR, TR T 1A
FESCHE S Ik, 7540 TRGs HIXT & & Bk R I gD,
P78 TRGs MIXT & =TT B8 5 B B = AL
5o FHFFUOR BN TRGs (B [ 1A 32 B )R>
i, A BT 8 38 & TCs—¢ 3R 857 TRGs
TH IR o

AMARAMAHENEESHAEREREAR
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