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Fig.1 Genetic context of some of ISCR elements. Boxes represent the open reading frames of the various genes with arrows indicating the direction of
transcription. ISCRs are show in black. The integrase gene intIl of class 1 are shaded grey. The resistance genes that co-mobilized with ISCRs are depicted
with a hatched pattern. Other genes are depicted in white boxes. Accession numbers of the nucleotide sequences of the various gene arrays are included on the

right.
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Table 1

1

ISCR

Antibiotic resistance genes and bacteria associated with ISCR elements

Reference or Genbank accession

ISCRs family Adjacent resistance genes Bacteria
number
ISCRI Chloramphenicol resistance gene catA Il E . coli Aeromonas salmonicida L06822
Trimethoprim resistance genes dfrAl8 dfrA23 E. coli Salmonella enterica Citrobacter freundii K. AJ746361 AY 162283
dfrA3b dfrA10 dfrA19 pneumoniae AY0049746 AJ310778 5
Plamid-mediated quinolone resistance genes E. coli C. freundii K. pneumoniae Enterobacter 11 -14 16
qnrAl qnrA3 qnrB10 qnrB4 qnrB2  qnrB6 cloacae S . Keurmassar
16S rRNA methylase genes armA rmtB C. freundii E. coli K. pneumoniae Serratia 15  FJ556900
marcescens A . baumannii
Class A B-lactamase  genes bla crx.ma Proteus mirabilis S . enterica- Infantis K . pneumoniae AY079169 AF174129 29 -
blacrxao  blacrewis  blacrxa:  blacrxmao Acinetobacter spp . E . cloacae Morganella morganii 30 AJ416344  AY536519
blavgps blapps 3 E. coli  P. aeruginosa  Enterococcus faecium — AY740681
Streptococcus agalactiae Aeromonas punctaia
Class C B-lactamase genes blapyy, blacyy., S. enteritidis K. pneumoniae E . coli Enterobacter ~AJ237702 X92508 AF167990
bla cyy.s bla cyy.o bla cyy.10 bla cyy-11 aerogenes AB061794 AF381618
blayox - 1 AF357600 D13304
ISCR2 Trimethoprim resistance genes  dfr18 dfrIX Vibrio cholerae E . coli Pasteurella piscicida AY055428 X57730 AJ605332
dfrA20
Florfenicol reistance gene floR E . coli Aeromonas spp . P . piscicida D37826
Tetracycline repressor tetR A . salmonicida AJ250203
Sulfonamide resistance gene —sul2 P . piscicida D37825
ISCR3 16S rRNA methylase gene rmtB S. marcescens E . coli AB103506
quinolone efflux pump genes gepAl qepA2 E. coli 21 -22 31
ISCR4 Metallo-beta-lactamase gene blaspy _ P . aeruginosa AJ492820
ISCR5 Class D B-lactamase gene blagys s P . aeruginosa AJ519683
ISCR6 Aminoglycoside-modifing gene ant 4’ 1l b P . aeruginosa AY114142
ISCR9 Sulfonamide resistance gene sul2 S . maliophilia AM182032
ISCRIO Sulfonamide resistance gene —sul2 S. maltophilia AM182033
ISCRI11 Metallo-beta-lactamases  blayy., blayiy., Acinetobacter spp. P . aeruginosa 2
ISCRI2 Metallo-beta-lactamases  blagpy.; P . aeruginosa 2
ISCRI14 16S rRNA methylases genes rmiD P. aeruginosa K. pneumoniae 32
ISCRI5 Metallo-beta-lactamase genes — bla ypy.; P . aeruginosa AM998375
ISCRI9 Class D B-lactamase genes blaox,.is P . aeruginosa 33
" ISCR2 IS CR3 int11/ gro EL
ISCRI 65 % groEL GroEL
ISCRI 1-C ISCR2
1 sul2 rmtB qepA ISCR3 GenBank
EU491958  FJ744121 rmiB gepA
23-24
Aeromonas . spp sul2 floR
ISCR2 o ISCR3
ISCR3 Orf2 ISCRI
ISCR2 5% 57% ISCR4 orf495 ISCR3
SGI1 7 79 % blagpy., ISCR4
2 SGIl  ISCR3 1 IS CR4 groEL I-F
floR  tetA/R 1-D ISCR5 Pseudomonas
aeruginosa bla oy, 45 *  ISCR5
16S rRNA rmtB ORF  ISCR3 ISCR4 91%
gepA  ISCR3 e 78% ISCR6 ant 4" 1 b 26
1-E SGI1 rmtB ISCR3 ISCR5 89 %
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88% ISCR7 ISCRS "
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7o ISCR qepA2 Cattoir 2008
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orilS 1 respectively. B The transposase misread the similar termination
14 2.F Chen 2009 sequence ter[S-2. C  TerIS-land some parts of 3" CS are deleted and
thereby creating an integron-ISCRI fusion. D  An aberrant RC
B_ replication of the ISCRI elements carries the gnrA and truncated qac/
sul genes.  D-E  The proposed integration event between this
ISCRI 3’ qnrB2 intermediate and class 1 integron are marked the big X" . The single
gqnrB2 ISCRI nucleotide difference of the sul genes are indicated with black and white
Toleman arrowhead at the positions of variation. F A complex class 1 integron
ISCRI qnrB2 that carries gnrA gens is generated.
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Insertion sequence common region element a novel gene-capturing system in

bacteria-A review

Yuting Deng Zhenling Zeng Jianhua Liu"®  Zhangliu Chen
College of Veterinary Medicine National Reference Laboratory of Veterinary Drug Residues Guangdong Provincial Key
Laboratory of Veterinary Pharmaceutics Development and Safety Evaluation South China Agricultural University Guangzhou
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Abstract Insertion sequence common region ISCR elements are insertion sequences that have similarities to the IS97 family in
both structure and function. ISCR elements differ from the insertion sequences by that they lack terminal inverted repeats IRs
do not generate directly repeated sequence on insertion and are thought to be transposed by a mechanism termed rolling-circle

RC transposition. ISCR elements as a novel gene-capturing system can mobilize any piece of adjacent DNA sequences. This
powerful gene mobilization mechanism provides antibiotic resistance genes with a highly mobile genetic vehicle to transfer between
different species of bacteria. Nineteen members of the ISCR family have been discovered until now in many Gram-negative
pathogens. The majority of these elements are found to be closely associated with antimicrobial resistance genes that are not
necessary components of the host genome suggesting that ISCR elements may be responsible for the rapid transmission of
bacterial multi-drug resistance. This review described some important aspects of ISCR elements including their structure
characteristics  classification mobilization mechanism origins and evolutions.

Keywords ISCR bacteria antibiotic resistance gene horizontal transmission
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