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Abstract: [Objective] To detect the distribution of CRISPR/Cas system in Shigella clinical strains
and to analyze the relationship between CRISPR/Cas system and virulence genes. [Methods] We
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used 10 pairs of primers of PCR assay for detection of the CRISPR/Cas system including CRISPR1,
cas2-casl genes, casbe-cas5 genes, cas7 gene, cse? gene, csel-cas3 genes and virulence genes
including ipaH, ial, ipaBCD, virA in 57 Shigella strains. The CRISPR sequences were analyzed using
CRISPR finder. The relativity between the presence of CRISPR/Cas system and virulence gene was
analyzed by »* -test. [Results] Among the 57 strains of Shigella, the number of spacers is little and its
sequences have similarity among different strains. The positive rate of CRISPR/Cas system is 84.2%.
However, 68.8% of Shigella strains analyzed contained insertion sequencese in cse2 gene or cas6e-casd
gene. The positive rates of ipaH, ial, vird and ipaBCD is 100%, 100%, 98.2% and 87.7%, respectively.
No statistical difference was found between the distribution of active-CRISPR/Cas system and the
ipaBCD gene. [Conclusion] CRISPR/Cas system was widely distributed in Shigella clinical strains.
Insertion sequences were presented in some strains. Our analysis of CRISPR/Cas system did not reveal
a potential link between its presence and the virulence genes in Shigella clinical isolates.

Keywords: Shigella, CRISPR/Cas system, PCR, Insertion sequence, Virulence gene
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Table 1 PCR primers and products for detection of CRISPRI1 locus and cas gene of Shigella
PCR
Gene Primer Primer sequence (5'—3) The length of PCR product (kb)

CRISPR1 CR1 fw AGCGACTAACTGGAATCTTG 0.7
CR1 rev CAATCTGGCTACTGGAAGTG

cas2-casl cas2 fw CCCATCCAAATCCACCGGAA ~1.0
casl rev CGCCTGCATTATGCTCGAAC

cas6-cas5 cas6 fw TTGCTGTTGTCGGTAGGCAT ~2.6/1.3
cas5 rev ATGAACTTCCTTCGCGCTCA

cas7 cas7 fw CACGTCCTTCATGCTTCCCT ~1.0
cas7 rev AACTGTGGTGCTGGATGGAG

cse2 cse2 ftw GCCCAGCGGATACGGATAAA ~1.6/0.4
cse2 rev ACGGATGGATTTCGCCTGTT

csel-cas3 csel fw TTTCTCCCTGGCGGCTTTAG ~2.6
cas3 rev GTCATTCCTGCTTCCAGCCT

R2 SHERYESHAEXERRASIMF

Table 2 PCR primers and products for detection of virulence genes of Shigella

PCR

Genes Primers Primer sequences (5'—3") The length of PCR products (bp)
ipaH ipaH fw TGGAAAAACTCAGTGCCTCT 423

ipaH rev CCAGTCCGTAAATTCATTCT
lal ial fw CTGGATGGTATGGTGAGG 320

ial rev GGAGGCCAACAATTATTTCC
vird vird tw CTGCATTCTGGCAATCTCTTCACATC 215

vird rev TGATGAGCTAACTTCGTAAGCCCTCC
ipaBCD ipaBCD fw GCTATAGCAGTGACATGG 612

ipaBCD rev ACGAGTTCGAAGCACTC
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Figure 1 The electrophoresis results of CRISPR1 and cas genes
M1 DL3000 marker M2 100 bp DNA ladder marker. A B mel-sf2006242/zz mel-sf2008123/zz  PCR
.1A 1B cas2-casl 2A 2B cas6e-cas5 3A 3B cas7 4A 4B cse2 S5A 5B csel-cas3 6A 6B CRISPRI.

Note: M1: DL3000 marker; M*: 100 bp DNA ladder marker. A and B represent the PCR product of the strains mel-sf2006242/zz and
mel-sf2008123, respectively. 1A, 1B: cas2-casl; 2A, 2B: cas6e-cas5; 3A, 3B: cas7; 4A, 4B: cse2; S5A, 5B: csel-cas3; 6A, 6B: CRISPRI.

M bp B M bp C M bp D

2 EREPSHEERIBEKER
Figure 2 The electrophoresis results of virulence genes
Note: M: 100 bp DNA ladder marker. A: ipaH; B: ial; C: vird; D: ipaBCD.
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CRISPR1 cas
9 2 3 CRISPR/Cas (Inactive-CRISPR/Cas) cas
15 CRISPR/Cas
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Table 3 The information of CRISPR1 in 57 clinical strains of Shigella

Number of repeats Spacers S. flexneri S. sonnei S. dysenteriae Total
1 - 9 0 0 9
3 1, %2 23 7 0 30
4 1, *3, *4 10 3 1 14
4 *1, *5, *6 0 2 1 3
10 *7-%15 1 0 0 1

Note: *1: TTACTGCTTGGTATGCGGAATCACACCCTGAA; *2: TAAGTGATATCCATCATCGCATCCAGTGCGCC; *3: TGTACGCGG
CGAGTTTTAGCGACAGGTCATCC; *4: GGGGCGATCAATTGAGCCGTACTTTTCTGAAA; *5: CCTGACGCGCCGCAGTATTTATCT
GCTCTGGC; *6: GGGTGCGTGTGGCTGCCAGTGCCGGAGAACGG; *7: AAAACCAAACTTCTCCATAAATTCCATAGCCG; *8:
GAGTCTATCAGCGACACTACCGGCAATAGCGA; *9: CTATAGCGCCAC GTTCCGAGCGCTGCGAGCTG; *10: GCATCCATGCCGA
CGCCTTTACGTGTGCGGGG; *11: GCGCGAATTTGTGCGCATGGGGCGCATTTTTGG; *12: ACGATGGCGATGCGTGAGAAAGG
GGGTCGATA; *13: AGTTCGCTGAGTAGCCTTTTTTCTGTGCCTAA; *14: GAGGTGGCAATACGCGTAGATCATTTGGTCGT; *15:
CAAAATATTACGAGCTTTCGTCAGGCCATGGAC.

%< 4 CRISPR/Cas RG] M iEELFELE E R 21 ()

Table 4 The distribution of CRISPR/Cas system in different serotype of Shigella

Group

S. flexneri S. sonnei S. dysenteriae Total
Active-CRISPR/Cas 9 5 1 15
Inactive-CRISPR/Cas 25 7 1 33
Absent-CRISPR/Cas 9 0 9
Total 43 12 57
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x5 ARAMNERESEHER ipaBCD HIKEKIED 1

Table 5 The relationship between ipaBCD and the different group of Shigella strains

Group ipaBCD+ ipaBCD— Chi-square P-value
Absent and inactive-CRISPR/Cas 39 3
Active-CRISPR/Cas 11 4 2.308 0.129
Total 50 7
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