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Abstract 

Clustered Regularly Interspaced Short Palindromic 

Repeats ( CRISPR)  is the special arrangements of the 

nucleotide array with alternating between short direct 

repeat separated by a short spacer sequence.  Along 

with the CRISPR system, they encode an adaptive 

immune system of bacteria that protects bacterial cell 

against bacteriophage and plasmid infection.  The 

CRISPR system is found diversely among bacterial 

species; moreover, these arrays are able to transfer 

from generation to generation via vertical transfer. 

However, reports regarding the survey of the CRISPR 

arrays diversity in Salmonella enterica isolated from 

various sources, in order to further contribute to the 

understanding and application, is still limited in 

Thailand. Here we described CRISPR-I and CRISPR-

II systems found in S.  enterica, following the analysis 

of 117 isolates of S. enterica from various sources. The 

results found that 48 (41%) and 71 (83%) of S. enterica 

isolates were positive for CRISPR- I and CRISPR- II, 

respectively.  The nucleotide analysis showed that the 

CRISPR-I and CRISPR-II spacers varied between each 

isolate, ranged between 2- 15 and 1- 17 spacers, 

respectively.  Moreover, sequencing analysis indicated 

that the direct repeat region in both CRISPR- I and 

CRISPR-II has a high diversity. Our study also showed 

that in silico PCR- RFLP of CRISPR region, and 

phylogenetic tree construction of the spacers from 

Salmonella enterica serovar Weltevreden (S. Weltevreden) 

isolated from different sources indicated that it has 

discrimination ability between intra- serovar.  These 

results imply that the CRISPR array could probably 

apply as a molecular marker for epidemiological study 

in S. enterica. 
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INTRODUCTION 

 Clustered Regularly Interspaced Short 

Palindromic Repeats (CRISPR) are a special 

characteristic of a DNA arrays containing conserved 

short repetitive direct repeat, which are embedded 

between a short variable sequence called spacer (Rath 

et al., 2015). The nucleotide sequence of spacers is 

similar to some parts of those derived from invading 

bacteriophage or plasmid, suggesting that the CRISPR 

arrays are part of a specific immune system against 

previous infectious bacteriophage and plasmid 

(Horvath et al., 2010; Terns et al., 2011; van der Oost 

et al., 2009). It is widely acknowledged that bacteria 

have a mechanism to uptake and integrate a new spacer 

DNA from bacteriophage or plasmid into their genome 

(Barrangou et al., 2007; Horvath et al., 2010). After the 

acquisition of spacers, the direct repeat and spacers are 

transcribed as a short RNA called CRISPR-RNA 

(crRNA). This crRNA coupled together with a 

CRISPR-associated protein (Cas) subsequently cleave 

known bacteriophage or plasmids DNA (Marraffini et 

al., 2010; Pougacha et al., 2012). Diversity in spacer 

number and nucleotide sequences have been report 

even in the same bacterial species. This probably due 

to the differences between the habitat, hosts, as well as 

loss or duplication of the acquired CRISPR arrays, 

which resulted in very extensive diversity that occur 

both inter-species and intra-species (Fabre et al., 2012; 

Horvath et al., 2008; Koonin et al., 2013; Pourcel et al., 

2005; Sheludchenko et al., 2015). Moreover, these 

variation arrays are able to be transferred from the 

parent strain to the daughter strain via vertical transfer 

(Iranzo et al., 2013). 

According to the characters as mentioned 

above, the CRISPR arrays have diverse aspect for 

applications in biomedical science. For example, the use 

of CRISPR arrays as genetic markers in the 

epidemiological study, especially for outbreak investigations   
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which have been proved to be efficient in several 

pathogenic bacteria.  It was first described in 

Mycobacterium tuberculosis complex (MTBC), which 

indicated that each different strain of MTCB contains 

polymorphisms in the CRISPR arrays (Groenen et al., 

1993; Kamerbeek et al., 1997). A comparative study of 

genotyping for outbreak tracking of Campylobacter 

jejuni by CRISPR sequencing, amplified fragment 

length polymorphism (AFLP) and multilocus sequence 

typing ( MLST)  demonstrated that the power of 

discrimination of those three techniques was closely 

related ( Schouls et al. , 2003) .  The high resolution 

discrimination by CRISPR genotyping was also shown 

in Yersinia pestis ( Pourcel et al. , 2004; Pourcel et al. , 

2005).  

In the case of S. enterica, an enteric pathogen 

commonly causes of foodborne illness in human, it has 

tremendous diversity in the subspecies and serovar 

levels since it comprises of six subspecies and more 

than 2,500 serovars ( Kauffmann, 1971) .  Considering 

this, an efficient laboratory method for serotyping is 

very important for epidemiological study. Pulsed-field 

gel electrophoresis ( PFGE) , the gold standard method 

developed for separation of large bacterial chromosome, 

has proven helpful in determining the relationship of 

serotype for tracking an outbreak of S. enterica (Zou et 

al. , 2010; Zou et al. , 2012) .  However, PFGE is a 

complicated technique that requires skilled personnel 

and needs an expensive instrument. Comparative study 

of CRISPR-multi-virulence locus sequence (CRISPR-

MVLST)  with PFGE technique has been established 

and evaluated in S.  Newport.  The result demonstrated 

that both typing approaches have a high discrimination 

potential for tracking and clustering the source of 

outbreak of S. Newport (Shariat et al., 2013). Because 

of the CRISPR- MVLST is a sequencing based 

technique, hence, this approach is still not practically 

for routine screening since it is unaffordable to most 

laboratories.  All of this information suggested that the 

CRISPR arrays probably contribute the information 

helpful for serotyping of S. enterica.  

Although several studies have been reported 

that the S. enterica contains 2 types of CRISPR arrays 

in the chromosomes, and application of CRISPR typing 

and subtyping for improved laboratory surveillance 

have been reported (Aarestrup et al., 2003; Fabre et al., 

2012; Shariat et al. , 2013; Shariat et al. , 2015).  There 

have been no report on the investigation of the CRISPR 

array system in S.  enterica isolated from various 

sources in Thailand. Accordingly, the aim of this study 

was to investigate the diversity of the CRISPR arrays 

in S.  enterica isolated from various sources and 

applying the in silico PCR- RFLP technique as a 

tracking tool for determining the relationship of S. 

enterica serotypes isolated from various sources.  

 

MATERIALS AND METHODS  

Bacterial samples 

 A total of 117 S. enterica samples in this study 

were derived from our previous study and were isolated 

from animal dung and meat samples (Lertworapreecha 

et al., 2016). The feces samples were collected from 40 

small- scale local farms as 100 from individual swine, 

75 from pooled chicken, and 25 from individual cattle. 

Forty samples of both pork and chicken meat were 

collected from fresh markets in Phatthalung Province, 

Thailand, between June- December, 2014.  Isolation, 

identification and serovar typing of S.  enterica was 

carried out as described previously ( Lertworapreecha 

et al., 2016). 

 

Amplification of CRISPR arrays  

 DNA extraction was carried out by picking 

approximately 2-3 colonies of S. enterica into a 1.5 mL 

microcentrifuge tube containing 200 L of TE buffer 

( 10 mM Tris- HCl containing 1 mM EDTA, pH 8.0) 

and boiling for 10 minutes. DNA was stored in -20 C 

until further use.  CRISPR array amplification was 

performed using primers specific for CRISPR- I 

( F_CR- I:  5’ - GCTGGTGAAACGTGTTTATCC- 3’ ; 

R_CR-I: 5’-ATTCCGGTAGATYTKGATGGAC-3’,) and 

CRIRPR-II (F_CR-II: 5’-AACGCCATGGCCTTCTCCTG-

3’; R_CR-II: 5’-CAAAATCAGYAAATTAGCTGTTC-

3’) (Grissa et al., 2007). Polymerization of target DNA 

was carried out using Phusion High- Fidelity DNA 

polymerase (Thermo Fisher Scientific, MA, USA). The 

reaction mixture ( 50 mL)  composes of 1X PCR 

reaction buffer, 3 mM MgCl2, 0.2 mM dNTPs, 0.2 mM 

of each specific CRISPR primer, and 2 Unit of DNA 

polymerase. Amplification condition was performed as 

described, initial denaturation at 94 °C for 5 min, 

followed by 40 cycles of denaturation at 94 °C for 50 

min, annealing at 50 °C for 1 min, primer extension at 

72 °C for 1 min, and one cycle with a final extension 

step at 72 °C for 5 min. The amplification product was 

analyzed and visualized by 1. 5 %  agarose gel 

electrophoresis stained with a GelRedTm ( Thermo 

Fisher Scientific, MA, USA).  

 

CRISPR analysis 

 All PCR products from positive samples were 

purified and analyzed by nucleotide sequencing 

( Biobasic:  Canada) , and all sequences were analyzed 

for CRISPR- I and CRISPR- II by CRISPRFinder 
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program (Grissa et al., 2007). The diversity of CRISPR-

I, CRISPR- II and direct repeat were aligned using 

Bioedit (Hall, 2004)  and MEGA7 program (Kumar et 

al., 2016). The consensus sequence of direct repeat was 

constructed by WebLoGo (Crooks et al., 2004). 

 

In silico PCR-RFLP 

 The in silico PCR- RFLP of the CRISPR 

arrays were simulated by NEBcutter V2. 0 ( Vincze et 

al. , 2003) , using the BstUI restriction enzyme which 

recognizes and cuts at specific sequence ( CG/ CG) 

along the CRISPR. Determination of the DNA size was 

also analyzed by the software (NEBcutter V2.0). 

 

RESULTS AND DISCUSSION 

Detection and Variation of CRISPR-I and CRISPR-II 

in S. enterica 

 A total 117 of S. enterica isolated from various 

sources were subjected for detection of CRISPR-I and 

CRISPR-II. Of these, 48 (41%) and 71 (60.68%) isolates 

were PCR- positive for CRISPR- I and CRISPR- II, 

respectively.  The numbers of spacers of the CRISPR-I 

and CRISPR- II were between 2- 16 spacers and 1- 17 

spacers, respectively.  The nucleotide length of the 

spacer in both CRISPR-I and CRISPR-II were between 

30-37 nucleotides.  The nucleotide length of the direct 

repeat in CRISPR-I and CRISPR-II were between 26-29 

and 25-30 nucleotides, respectively (Table 1).  

 

Table 1 S. enterica isolated from various sources, and number of spacer and direct repeat of the CRISPR-I and CRISPR-II. 

Isolates 

No. 

Source Serovar CRISPR-I Number 

of Spacer 

CRISPR 

length (bp) 

DR length 

(bp) 

CRISPR-II Number 

of Spacer 

CRISPR 

length (bp) 

DR length 

(bp) 

1 swine feces Weltevreden -    + 13 820 29 

2 swine feces Rissen -    -    

3 swine feces Weltevreden + 8, 4 517, 276 29 + 15 943 29 

4 swine feces Weltevreden -    + 8 516 29 

5 swine feces Weltevreden -    + 15 944 29 

6 swine feces Rissen -    -    

7 swine feces Weltevreden -    + 16 1005 29 

8 swine feces Stratford -    + 15 943 26 

9 swine feces Typhimurium -    + 15 941 25 

10 swine feces Sandown + 14 881 29 -    

11 swine feces Typhimurium + 8, 7 517, 457 29 + 17 1058 27 

12 swine feces Typhimurium + 14 883 29 + 14, 1 885, 86 29 

13 swine feces Cremieu -    + 4 269 29 

14 swine feces Weltevreden -    + 16 1004 29 

15 swine feces Typhimurium + 8, 6 517, 397 29 + 15 947 29 

16 swine feces Paratyphi B -    -    

17 swine feces Weltevreden -    + 15 943 29 

18 swine feces Weltevreden -    + 16 1000 29 

19 swine feces Paratyphi B + 7, 6 456, 398 29 + 16 1005 29 

20 swine feces Weltevreden -    + 15 944 29 

21 swine feces Panama -    + 9 577 29 

22 swine feces Weltevreden + 15 940 29 + 15 943 29 

23 swine feces Weltevreden -    + 17 1055 29 

24 swine feces Weltevreden + 11 701 29 + 15 944 29 

25 swine feces Typhimurium + 16 1004 26 + 15 945 29 

26 swine feces Typhimurium -    -    

27 swine feces Weltevreden + 13 821 29 + 16 1002 29 

28 swine feces Braenderup + 13 819 26 -    

29 swine feces Rissen -    -    

30 swine feces Rissen + 14 880 29 + 16 1003 29 

31 swine feces Saintpaul + 7 456 29 -    

32 swine feces Weltevreden -    + 16 1004 29 

33 swine feces Amsterdam -    + 16 1005 29 

34 swine feces Rissen -    -    

35 swine feces Amsterdam -    + 13 822 30 

36 swine feces Typhimurium -    -    

37 swine feces Typhimurium -    + 7, 6 456, 395 29 

38 swine feces Weltevreden -    + 16 1007 29 

39 chicken feces Weltevreden -    -    

40 chicken feces Sandown -    -    

41 chicken feces Weltevreden -    + 12 764 27 

42 chicken feces Fillmore -    + 16 1003 29 

43 chicken feces Hadar + 2 147 26 -    

44 chicken feces Muenchen -    -    

45 chicken feces Hadar -    -    

46 chicken feces Choleraesuis -    + 14 884 29 

47 chicken feces Hadar + 15 947 29 + 16 1000 29 

48 chicken feces Braenderup -    + 15 945 29 
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Table 1 (continued) 

Isolates 

No. 

Source Serovar CRISPR-I Number 

of Spacer 

CRISPR 

length (bp) 

DR length 

(bp) 

CRISPR-II Number 

of Spacer 

CRISPR 

length (bp) 

DR length 

(bp) 

49 chicken feces Istanbul + 16 1004 29 -    

50 chicken feces Bardo + 15 958 29 + 16 1006 29 

51 chicken feces Bardo + 12 766 29 -    

52 chicken feces Braenderup -    + 16 1006 29 

53 chicken feces Braenderup -    + 16 1004 29 

54 chicken feces Weltevreden -    + 15 947 29 

55 chicken feces Weltevreden + 6 396 29 + 16 1008 29 

56 chicken feces Magherafelt -    -    

57 chicken feces Braenderup + 16 1005 29 + 16 1006 29 

58 chicken feces Braenderup -    + 16 1006 29 

59 chicken feces Virginia + 16 1004 29 -    

60 chicken feces Braenderup -    + 16 1005 29 

61 chicken feces Rissen + 16 1026 29 + 16 1004 29 

62 chicken feces Weltevreden + 9 569 30 + 15 942 29 

63 chicken feces Bardo + 9 579 29 + 16 1001 25 

64 chicken feces Paratyphi B + 2 147 26 -    

65 chicken feces Glostrup -    + 15 947 29 

66 chicken feces Mbandaka -    + 15 944 29 

67 chicken feces Weltevreden  + 15 946 29 + 10 640 27 

68 chicken feces Hadar + 16 1008 29 -    

69 cattle feces Bardo + 4 272 29 + 17 1063 29 

70 cattle feces Bardo + 4 269 26 + 16 1004 29 

71 cattle feces Weltevreden -    + 15 946 29 

72 chicken meat Typhimurium -    + 15 945 29 

73 chicken meat Albany -    -    

74 chicken meat Albany -    -    

75 chicken meat Typhimurium + 15 948 29 + 10 640 29 

76 chicken meat Kotu -    -    

77 chicken meat Albany -    -    

78 chicken meat Albany -    -    

79 chicken meat Weltevreden + 14 885 29 + 11 696 27 

80 chicken meat Albany -    -    

81 chicken meat Typhimurium -    -    

82 chicken meat Typhimurium + 16 1005 29 + 15 964 29 

83 chicken meat Albany -    -    

84 chicken meat Typhimurium + 14 883 29 + 15 944 29 

85 chicken meat Albany -    -    

86 chicken meat Albany -    + 16 1005 29 

87 chicken meat Albany -    -    

88 chicken meat Give + 5 333 29 + 4 272 29 

89 chicken meat Albany -    -    

90 chicken meat Albany -    -    

91 chicken meat Typhimurium + 14 883 29 + 13 822 29 

92 chicken meat Typhimurium + 16 1009 29 + 15 944 29 

93 vegetable Typhimurium + 14 883 29 -    

94 vegetable Anatum + 7 455 29 -    

95 vegetable Anatum + 7 455 29 + 12 761 29 

96 vegetable Weltevreden +    -    

97 vegetable Typhimurium +    -    

98 vegetable Weltevreden -    -    

99 vegetable Weltevreden -    -    

100 vegetable Weltevreden -    -    

101 pork Anatum + 7 455 29 + 12 760 29 

102 pork Weltevreden + 8 516 29 -    

103 pork Rissen -    -    

104 pork Typhimurium + 14 883 29 + 15 944 29 

105 pork Give + 6 394 29 + 4 272 29 

106 pork Give + 5 333 29 + 4 272 29 

107 pork Anatum + 8 516 29 + 2 150 29 

108 pork Amsterdam + 4 272 29 + 16 1005 29 

109 pork Weltevreden + 15 942 29 -    

110 pork Typhimurium + 15 946 29 -    

111 pork Weltevreden +    -    

112 pork Weltevreden -    + 11 700 29 

113 pork Weltevreden -    + 16 1006 29 

114 pork Weltevreden -    + 16 1006 29 

115 pork Typhimurium -    + 16 1005 29 

116 pork Weltevreden -    -    

117 pork Weltevreden -    + 12 760 29 

Total CRISPR positive  48(41%)   71 (60.68%)   
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The direct repeat sequence alignment of 

CRISPR-I and CRISPR-II indicated that high diversity 

of single nucleotide polymorphisms (SNPs) found 

scattered in both CRISPR-I and CRISPR-II, which can 

be divided in 30 and 105 diverse patterns. Clustering 

the polymorphisms of the direct repeat of CRISPR-I by 

phylogenetic tree construction indicated that of all 30 

patterns can be classified into 4 (A-D) groups (Figure 1). 

Whereas, among the 105 diverse patterns of CRISPR-II 

can be classified into 6 (A-F) groups (Figure 2).  

 

 
 

Figure 1  Diversity of the direct repeat of CRISPR- I isolated from S.  enterica.  A)  Variation of nucleotide 

composition in the direct repeat from different sources of S. enterica. B) Nucleotide alignment and phylogenetic 

tree analysis of direct repeat (Neighbor joining with 1000 bootstrap: MEGA 6). C) Consensus sequence of direct 

repeat from different sources of S. enterica (constructed by WebLoGo).     
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Figure 2 Diversity of the direct repeat of CRISPR- II isolated from S.  enterica.  A)  Variation of nucleotide 

composition in direct repeat from different sources of S. enterica. B) Nucleotide alignment and phylogenetic tree 

analysis of direct repeat ( Neighbor joining with 1000 bootstrap:  MEGA 6) .  C)  Consensus sequence of direct 

repeat from different sources of S. enterica (constructed by WebLoGo).     
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Alignment comparison of the CRISPR- I and 

CRISPR- II spacers sequences were further performed 

in S.  Weltevreden as it is the most common serovar 

found in this study.  The phylogenetic tree constructed 

from the sequence alignment of the CRISPR- I spacer 

clearly showed that S.  Weltevreden was divided into 

two groups, corresponding to the source pig and 

chicken. In contrast to CRISPR-I, the phylogenetic tree 

constructed from sequence alignment of the CRISPR-

II spacer was unable to discriminate between S. 

Weltevreden isolated from pig and chicken (Figure 3). 

There is an evidence indicated that the diversity of 

CRISPR array is the result of the accumulation of 

bacteriophage and plasmid invasion (Barrangou, 2015; 

Marraffini et al. , 2 0 1 0) .  Furthermore, the number of 

spacers probably implies a variety of bacteriophage 

found in the environment (Sheludchenko et al., 2015). 

The number of spacers in CRISPR- I and CRISPR- II 

were different; our study found that CRISPR- II has 

diverse spacers in terms of number and nucleotide 

variation more than those in CRISPR- I.  This finding 

probably due to the fact that CRISPR- II is composed 

of Cas9 protein, which cleave the target DNA more 

efficiently than other Cas proteins found in CRISPR- I 

(Deltcheva et al., 2011; Jinek et al., 2012). 

 

In silico PCR-RFLP 

The nucleotide sequence analysis of the 

CRISPR-I of S. Weltevreden revealed a high diversity 

in the number and nucleotides of the direct repeat 

region as well as the nucleotide sequence of the spacer 

region.  It is possible to apply the nucleotide sequence 

of CRISPR-I as an epidemiological marker. The results 

of in silico PCR- RFLP using the BstUI restriction 

enzyme and simulation separating in high resolution 

gel electrophoresis ( Spreadex® gels)  demonstrated 

that the enzyme was able to generate several DNA 

banding patterns. Interestingly, these different patterns 

correspond to S.  Weltevreden isolated from different 

sources.  Most of isolates from swine showed closely 

related DNA banding patterns indicated that it 

probably originated from the same lineage (Figure 4).  

 

 

 
Figure 3  Comparison of CRISPR-I (A) and CRISPR-II (B) spacers in S. Weltevreden. The phylogenetic tree 

was constructed by MEGA 6 ( Neighbor joining with 1000 bootstrap) .  Numbers next to each node represents 

percent support for the node. Scale bar represents fractional amount of genetic change. 
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Figure 4 In silico PCR-RFLP of CRISPR-I of S. Weltevreden isolated from different sources, digested by BstUI 

and simulation separating in high resolution gel electrophoresis (Spreadex® gels).  
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A diversity of CRISPR systems were also 

found in Gram-positive bacteria, such as Streptococcus 

thermophilus, lactic acid bacteria and Bifidobacterium, 

which can be used as a genotyping tool in those 

bacterial species ( Briner et al. , 2015; Horvath et al. , 

2008; Sheludchenko et al., 2015). A large and differing 

CRISPR cluster exhibit in these systems are likely 

dynamic and suggesting that they are important for 

survival and evolutionary relatedness in those bacteria. 

The CRISPR polymorphisms have also been used for 

the serological distinction of Shigella subtypes. 

However, the results indicated that the method may not 

be specific enough to distinguish each subtype because 

of the large variety of Shigella serotypes. Interestingly, 

the results suggested that CRISPR analysis able to use 

as a tool for identification of Shigella species (Yang et 

al., 2015).  

Taken together, our finding was different 

from the previous study in Shigella.  Based on the 

findings, CRISPR arrays of S.  enterica are diverse, 

allowing them to be used as an alternative tool for 

tracking the S.  enterica outbreak.   Although this is 

study reports an in silico simulation method, it 

indicates that the nucleotide sequences, and, thus, the 

results can be reliable and feasible.   
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