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Distribution, spread and detection methods of antibiotic resistance
genes in livestock manure and soil system
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Abstract: There are increasing concerns about antibiotic resistance genes (ARGs) as emerging
environmental contaminants. Antibiotics have been routinely utilized in livestock farming as feed
additives to promote animal growth, prevent and treat diseases caused by various bacteria pathogens.
Most of them could not be totally absorbed by animals but induce the development of antibiotic
resistance bacteria (ARB) and ARGs in animal intestinal tracts. The residual antibiotics, ARB or ARGs
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are discharged with fecal. Therefore, animal wastes are important reservoirs of antibiotics, ARB, and
ARGs. Antibiotic resistance may be transferred to the soil environment through composting and
manure fertilization process. Furthermore, ARGs can disseminate in the environment by horizontal
gene transfer, and even spread along the food chain, which poses a huge threat to the environment and
human health. In this paper, the profiles of the occurrence, distribution and spread of ARGs in animal
manure-soil system are reviewed in detail. The main detection methods of antibiotic resistance are
discussed. Composting is still an effective way to reduce the spread of antibiotic resistance genes in
animal manure and therefore should be an important consideration in the future.

Keywords: Antibiotic resistance genes, Manure, Soil, Detection methods
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Table 1 PCR primers of antibiotic resistance genes with high frequency in the environment

Efe | i 24 AL PCR 54551 PR 230k
Target gene Resistance mechanism Primer sequence (5'—3") Product size (bp) Reference
tetM Protection F: ACAGAAAGCTTATTATATAAC 171 [35]

R: TGGCGTGTCTATGATGTTCAC
tetO Protection F: ACGGARAGTTTATTGTATACC 171 [35]
R: TGGCGTATCTATAATGTTGAC
tetQ Protection F: AGAATCTGCTGTTTGCCAGTG 169 [35]
R: CGGAGTGTCAATGATATTGCA
tetW Protection F: GAGAGCCTGCTATATGCCAGC 168 [35]
R: GGGCGTATCCACAATGTTAAC
tetG Efflux F: GCAGAGCAGGTCGCTGG 134 [36]
R: CCYGCAAGAGAAGCCAGAAG
(F52%)
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tetC
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dfrA7
ogxA
ogxB
gepA
aac(6)-Ib-cr
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aadAl
aacC2
aacC4
aphA3
arm-A
rmt-B
blaCTX-M
blaTEM
blaSHV-1
ermB

ermC

Efflux

Efflux

Deactivate

Protection

Protection

Protection

Protection

Protection

Efflux

Efflux

Efflux

Deactivate

Protection

Deactivate

Deactivate

Deactivate

Deactivate

Protection

Protection

Deactivate

Deactivate

Deactivate

Protection

Protection

F:

R:

o]

AO RO T AT ™M ™MW ®TW ™M PTW m”TW o ®”T O ®T ™M MT O m”TM o o@®TN o o®T @™ M omT o ®mT o ”T X

CAGTGAAAATTCACTGGCAAC
ATCCAAAGTGTGGTTGAGAAT

GCGGGATATCGTCCATTCCG

: GCGTAGAGGATCCACAGGACG

: CAATAATTGGTGGTGGACCC
: TTCTTACCTTGGACATCCCG

CGCACCGGAAACATCGCTGCAC

: TGAAGTTCCGCCGCAAGGCTCG

TCCGGTGGAGGCCGGTATCTGG

: CGGGAATGCCATCTGCCTTGAG

TCCGTTCATTCGTTCACGCC

: TTACACCAGCGCGAATTGGTGCAG

: AGCATTACCCAACCGAAAGT
: TGTCAGCAAGATAGCCAGAT

AAATGGCGTAATCGGTAATG

: GTGAACAGTAGACAAATGAAT

: CTCGGCGCGATGATGCT
: CCACTCTTCACGGGAGACGA

TCCTGATCTCCATTAACGCCCA

: ACCGGAACCCATCTCGATGC

CCAGCTCGGCAACTTGATAC

: ATGCTCGCCTTCCAGAAAA

TTGCGATGCTCTATGAGTGGCTA

: CTCGAATGCCTGGCGTGTTT

GCAAGTTCATTGAACAGGGT

: TCTAAACCGTCGAGTTCGGCG

ATCTGGCTATCTTGCTGACA

: TATGACGGGCTGATACTGG

ACCCTACGAGGAGACTCTGAATG

: CCAAGCATCGGCATCTCATA

ATGACCTTGCGATGCTCTATG

: CGAATGCCTGGCGTGTTT

TGACTGGGCACAACAGACAA

: CGGCGATACCGTAAAGCAC

: ATGGATAAGAATGATGTTGTTAAG
: TTATTTCTGAAATCCACTAGTAATTA

ATGAACATCAACGATGCCCTC

: TTATCCATTCTTTTTTATCAAGTATAT

ATGTGCAGYACCAGTAARGTKATGGC

: ATCACKCGGRTCGCCNGGRAT

TCGGGGAAATGTGCG

: GGAATAAGGGCGACA

TGATTTATCTGCGGGATACG

: TTAGCGTTGCCAGTGCTCG

CCGATACCGTTTACGAAATTGG

: TACTTTGGCGTGTTTCATTGC

: GAAATCGGCTCAGGAAAAGG
: TAGCAAACCCGTATTCCACG

185

207

468

163

191

128

273-292

151-170

392

131

570

482

428

284

384

486

697

774

756

336

195

100

190

293

(E:3R)
[36]

[36]
[16]
[16]
[16]
[16]
[37]
[37]
[38]
[38]
[38]
[38]
[38]
[39]
[39]
[39]
[39]
[40]
[40]
[41]
[41]
[41]
[16]

[16]
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