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Objective The CRISPR-Cas system is an adaptive immune defense system in the bacterial and archaeal ge-
nomes that protects it from the invasion of exogenous DNA such as phages and plasmids, preventing the horizontal trans-
fer of genes,and thus maintaining the stability of its own genome. The aim of this study is to analyze the gene structural
features of the CRISPR-Cas system in the C. dif ficile genome and explore its role in the defense against phage infection.

Methods The genomic sequence of 100 C. dif ficile strains was downloaded from the Nucleotide database, CRISPR-
CasFinder was used to identify CRISPR-Cas system distribution in the genome,and casl gene,repeat sequence and spacer
homology information were analyzed through MEGA, BLLAST and RNAfold softwares; PHASTER was used to predict
prophage content in the genome,and the relationship between the number of prophages and spacers was analyzed . Re-
sults Among the 100 strains of C. difficile 96 strains (96%) contained the complete CRISPR-Cas system,3 strains
(3%) only contained “orphan CRISPR arrays”,1 strains (1%) only contained questionable CRISPR arrays. A total of
703 confirmed CRISPR arrays,872 questionable CRISPR arrays and 204 cas gene clusters were found. Some CRISPR ar-
rays were located in prophage regions. The CRISPR-Cas systems were all of type I-B. The phylogenetic classification of
the casl gene was consistent with the CRISPR-Cas system typing. There were 26 unique repeates,highly conserved,and
19 species could form stem-loop structures. Thirty-two-point-three percent of spacers targeted phages and plasimads.and
some spacers could match both mutiple phages or plasmids. There was a negative correlation between the number of spac-
ers and prophages(r = —0. 4759, P <C0. 0001). Conclusion Both the carrying rate of the C. dif ficile CRISPR-Cas
system and the average number of carriers per strain were much higher than those in most other clinically common patho-

gens,and the system gene structure is complete. The large number of spacer sequences targeting phages in its CRISPR-
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Cas system.,which helps to resist phage invasion.and thus brings some difficulties in developing phage therapy strategies.
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Fig. 1 The genetic structure of C. dif ficile Type I-B
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DR1-IB - GTTTTAGATTAAC - TATATGGAATGTAAATT -
DR2-IB - GTTGAAGAATAACATGAGATGTTTTTAAAT - -
DR3-IB - GTTTTATATTAAC - TAAGTGGTATGTAAAG - -
DR4-IB - GTTTTATATTAAC - TAAGTGGTATGTAAAT - -
DR5-IB - GTTTTATATTAAC - TATATGGAATGTAAAT - -
DR6-IB - GTTTTATATTAAC - TATGTGGTATGTAAAT - -
DR7-IB -TTTTACATTCCATATA - GTTAATCTAAAAC- -
DR8-IB - GTTTTAGATTAAC - TATATGGAATGTAAAT - -
DR9-IB - CTTTACATACCACATA - GTTAATATAAAAC- -
DR10-IB - ATTTAAATACATCTCATGTTACTGTTTAAC- -
DRI11-IB - CTTTACATTCCATATA - GTTAATATAAAAC - -
DR12-IB - ATTTATAACTAAC - TTAGTGTAATTTAAAC - -
DR13-IB - GTTTTATATTAAC - TATATGGAATGTAAATC -
DR14-IB --TTTTAGATTAAC - TATATGGAATGTAAAT - -
DR15-IB - CTTTACATACCACTTA - GTTAATATAAAA - --
DR16-IB - CTTTACATACCACATA - GTTGATATAAAAC - -
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DR18-IB - GTTTTATATTAAC - TATGTGGTATGTAAATTT
DR19-IB AGTTTTATATTAAC - TAAGTGGTATGTAAAG - -
DR20-IB - ATTTACATTCCATATA - GTTAATATAAAACG -
DR21-IB - ATTTTATATTAAC - TATGTGGTATGTAAAT - -
DR22-IB - ATTTTATATTAAC - TATGTGGTATGTAAAG - -
DR23-IB - GTTTTATATTAAC - TAATTGGTATGTAAA - - -
DR24-IB - GTATTATATTAAC - TATGTGGTATGTAAAG - -
DR25-IB ACTTTACATTCCATATA - GTTAATATAAAAC --
DR26-IB - GTATTATATTAAC - TAAGTGGTATGTAAAGT -
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Fig.3 Alignment results of 26 repeat sequences
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Fig. 4 Secondary structure and MFE of partial repeats
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Fig. 5 Distribution of spacer sequences in the CRISPR array near
the cas gene cluster
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Fig. 6 The relationship between the number of spacer sequences
and prophages in C. dif ficile
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